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This thesis describes a non-magnetic mass spectrometer incorporat-
ing the following components: a heated filament source, an electro-
static energy analyser, and a time-of-flight velocity analyser. The
last component measures the time required for an ion to go between two
small econdensers by means of a radio frequenecy voltage applied to the
condensers. If an ion passes succegsively through both condensers
when the field in them iz zero, it is collected and detected. It is
then possible to relate the % to the frequency of the applied voltage
when the energy of the ion and the distance between the centres of
the condensers is known.

Theory is presented which permits the caleulation of resolution
and current intensities. The values so obtained are realized

experimentally.
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1
INTRODUCTION

In the course of an inveastigetion into positive ion emission from
heated filaments it became apparent that a small mass spectrometer would
be desirable to determine the mass numbers of the enitted constituents.
The apparatus, as it was belng used for positive ion emission, consisted
of a filament source assembly, an olaetx-omua. snergy analyser and a
detecting device; thus the addition of a velocity or momentum analyser
would couvert it to a complete spectrometer. Since no variable field
electromagnets were available Tor a momentun analyser, it was firat
decided to construet a velocity analyser of the Wien type, using
permanent magnetron magnets, in which the electrie fileld would be the
variable parameter. Calculations revealed, however, that a compact
instrunent eouiﬁ not be built using the available components and so it
was decided to build a non-magnetic velocity analyser similar to that
used by Perry and Chaffee (13) in their precision measuvement of e/m
of the electron. This thesis is a description of a small spectrometer
employing this type of analyser.

The function of a mass spectrometer or spectrograph is to separate
the constituents of a heterogeneous beam of lons and display them in a
manney that ¢an be related to thelr masses. Instruments employing
glectric and masgnetic fields do this by separating the beam along a line
in space in a manner similar to the optical spectrograph. When greater
dispersion is required larger fields are constructed with the attendant
greater difficulty in obtaining homogeneity and stability. Recently
apparatus has been constructed in which time dispersion has been
enployed and in which frequency measurements replace magnetic field or

distance measurements to varying degrees. Thus, what is measured in
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this case is the time required for an ion to travel a certain predeter-
mined distance, either in a straight line or in a certaism number of
eyeles. This type of instrument, in what followe, will be called a
time~of-flight instrument.

A SHORT SURVEY OF TIME~OF~FLIGHT INGTRUMENT.

Time~of«flight instruments can be divided roughly into two large
groups as (1) those which use electric fields only, and {2) those which
employ both magnetic and electric fields. The first group depends upon
radio-frequency or pulsed fields transverse or parallel to the direction
of the beam to affect the necessary separation of the beam constituents.

In 1926 Smythe (17) developed theory which showed that if two
transverse electric fields were applied to a beam of ions only those
with certain velocities pass through under the following three conditions:
(1) each field had to have two similar halves whose distance between
centers was ealled a; (2) the distance between centres of the fields was
D= ..‘2., where & and n were odd integers; and (3) the veloeity of the ions
was Vg ® %i where ¥ was the frequency of the R.¥. field. Smythe and
Hattaueh (19), in 1932, constructed such a veloeity filter and combined
it with an electrostatic energy analyser (15) to obtain a complete
spectrometer. The instrument, however, had a troublesome characteristic -
"ghoet peaks" of undesirable velocities were obtained due to certain
symmetries in the mechanical construction. Smythe later overcame this
difficulty by using asymmetrical condensers, and used the apparatus to
deternine 016, abundance ratio (18). Other work has been done using
this method by Mattauch (12) and Hintenberger (8).

A similar, but simpler arrangement, has been used by Hammer (3),
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Kirchner (11) and Perry and Chaffee (13) as a veloecity analyser, in
which twe narrow condensers, separated by a suitable distance, act as
electrical shutters. Tyndall et al. (22) used an electrical shutter
system, for measuring ion mobilities in gases, in which each shutter
&emis&ad‘ of two ¢lose grids across which an R.F. field was applied to
a decelerating D.C. field., Thus only ions which passed through the
shutters when the total fileld was zero ever reached the collector.
Axtell et al. (8) have used this scheme as an isotope separator to
separate Ne22,

Bennett (3) and, more recently, Redhead (14) have constructed
instrumente in which the ion is accelerated im stages, until sufficient
enexgy is gained to overcome a retarding field in front of a collector.
The resolution of these two instruments is low, but the beam intensity is
high compared to the electric “shutter® types.

Probably the simplest type of time-of-flight instrument is that

designed by Cameron and others (4) (21) (10). In this arrangement the

accolerated ions are pulsed and allowed to pass down g long drift tube
where they strike a collector. In sach pulse the faster, lighter ions
move toward the fromt of the pulse and the heavier, slower ones ave
left at the rear, thus light ions strike the collector befors the
heavier ones. The current from each pulse may be amplified and
displayed on an oscilloscope where the trace will indicate peaks as
various groups of ions arrive at the collector. For the dispersiom to
be large, a large path must be travelled and this necessitates: »
evacuating a large volune as well as gmsamm de-focussing diffieulties.
It is possible to obtain a large effective path if the ions are
eirculated in a magnetic field thus giving a large dispersion end high
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resclution., Goudsmit et al. (6) have timed the pulsed ions as they made
from 2 to 11 spirals, in a magnetic field 5 inches deep. The ion mass
¥ and time-of~flight T are related by the equation T = wz%. where H is
magnetic field stremgth, giving a linear resclution 4> for 'all nasees.

In an attempt to improve upon the Goudsmit instrument, Smith (16) has
constructed an instrument called a "synechirometer® in whiech ions are
focussed and pulsed after travelling 130° in a magnet field. The pulse,
in this cese, decelerates the ions and they rotate in a plane, in a
circle of smaller radius than their starting orbit, but they pass through
the pulser once in every c¢ycle. After a definite time a pulse is put

on the pulser agein and if an ion has the proper mass to be arriving at
that time, it is decelerated again to an orbit which leads to a detector.
Cne ion may make 20 or more ¢ycles before being pumod to arrive at the
eollector.

The largest time-of~flight spectrometer now under construction is
a trochoidal instrument at the National Bureau of Standards (C). While
it was originally designed w be a focussing, space dispersion instrument
using erossed magnetic and electric fields, it now imcorporates comdenser
"ghutters® which convert it to time-of-flight operation.

The eyelotron principle has been applied to produce a spectrometer
for light masses by Alvarez and Bloek (1) and Hipple (9) and these
methods have been used to measure some fundemental constants with great
ageuracy (20) .

It is evident now that time-of-flight instrunents are becoming
useful tools for mass spectrometry. They are potentially capable of
great accuracy eince they rely on frequency measurements which can be

made with high precision. They are especially appealing when one
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considers how the cost of building larger fields rises in proportion to

the regolution cbtainable.

THEORY

The following theory has been developed for the velocity analyser
to be described. GSeveral justifiable simplifications have been made to
shorten the caleulations. While only two condensers are treated here the
method could be extended to include more.

Congider a beam of monoenergetic ions passing in the direction of
the arrow between the condensers A and B (Figure 1) connected electrically
so that the plates above the centre line are of the same polarity and
those below are the same at any instant. Also assume that a « 1 or that
the condensers are almost infinitely thin, so that the time spent in them
is very much shorter than the time required to go between them. If an
RePo field iz applied to the condensers such that the field intensity in
the gap is e sin (wet +¢), at t = 0 and 6 = 0, there is no field in the
gap. also at half periode the field im the condenser is gero. If ﬁho
time required for an ion of mass m to go from the entrance of 4 to the
entrance of B ias 2....3:%. and this time is equal to &_gg where To is the
period of the field and n =1, 8, 5 +.., the ion will go through both
condensers and be collected without deflection. It is now possible to
relate wo to the mass of the ion m in the following manner.

wo = %%I and To = 2 iﬁaég&l
2

But if an ion is accelerated from rest through a voltage V it has gained


http:cand.ense.rs

o6

kinetic snergy eV vo = %Yu and
s DRI 2oV 1ine 26V &k
B I i oy
W » /W = nk (1)

Thus for a given frequency Wy masses which are related as follows will be
passed undeflected. If mp is lightest mace passed, i1.s., forn = 1
k=wy mp and n=n mnmg.

In practice, however, it is impossible to use an infinitely thin
condenser without using an infinitely high R.F. field t¢ produce some
deflection of undesirable lons. One is forced, then, to use condensers
of finite width where some finite time is reyuired for the ion's
rassage, and then to ealeulate what effect this will have on the
frequeney relation, the resclution and intensity of ion beam with the
ReFe field on.

4Assume the dimensions given in the diagram and that an infinitely
thin beam of ions passes down the centre of the condenser gaps into the
collector C when no R.F. field is applied. Further, assume no fringing
of the fields from the condensers and that the deflection in the
condenser is small compared to the deflection arising in the drift
space. Let time start et ¢ = o when the ion enters the first condenser
A and gees a field corresponding to angle 6 , i.e., off sino « Condenser
4 effectively cerves %o pulse the beam of ions, for the deflection
depending on © is not permitted to be greater that + w or - w, if the
ion is to enter B. OSuppose the limits thereby set on are Op and
- 8y, these are now determined in the fellowing manner.

The equation of motion of an ion, in the y direction, in terms of
its momentum is t = ,&

Jalmv) = ﬁ at (2)

t =0
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vhere ”?9' is length of time vequired spent in the condenser. Since
&
the particle has no veloeity in the y direction vhen first entering A

the esuation may Ye solved to give

yeg B[ oosc =00 (cofyto)] (3)
The deflection after travelling to condenser B is

4=y | | (4)

Fhat 4 rvoquired 1s the condition on 0 that 4 > w, that is
2 ; :
'%W [me - Q08 (%*0)] z%

Set the Gp ”‘f%r by letting n = 1 in eguation (1), thus

W[ﬁﬂﬁe - 208 (Q'T%;‘“f' %g_*g)} *%’

or that o086 ﬁm(%;gée) ;%_‘;g having w&ﬁ::ﬁ
= Ve P

fpiting @. = @ this lust expresgion may be written
. !

808 ¢ »m(% &4«9) >/M¥K* "!‘E& {s)

proxisstions are made for simplificution, such as putting
'&%"% = 0, the loft hand side {lehes.) of {B) becomes zero, thus the
1shese must be plotted and the limit equal %o %am upon
it. Vhere this line outs the l.h.s. curve one finds the velue of ~ 9y
and + O, whioh indicate the length of the pulse. Figure 2 is a plot
of eguation (8).

Since ione are passing only within (94 + 6,) degrees instesd of
throughout 77 degrees, the rutio of current with R.Fs on and tuned for a
particular velocity to eurrent with R.Fs off 18712 % providing the
succesding condenser B does not further change (%) + 6g).
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Having determined the length of the pulse, the y-component of the
velocity of the ions after passing through both condensers may now be

determined. Hquation (2} now becomes

nv = nf t = 2ak

x
/ almv) = /7 at (6)
nv =90 t =0
This integral may be broken into parts in such a manner
t = 8 t =8l t = 2atl
¥z Vx ¥x
/i(mlﬂ/r,ét + /Zvdt + /th..
t =0 t = 8 t=8t1
Vg Yy
+ 1
Sinee no field exicts between condensers R » Qﬁ""
S rat=o

e

Solving (6) and putting on the limite

;uﬂﬁ.[ ¢os o - ¢os (er-— +6) + gos (n@i *9) - o8 (we.%ll.+6)]
m @ Vx vz

Vx
and pubstituting e = %) from equation (1) the veloeity in the
y-direction becomss
v -.&E..L%?..%i[ame - ¢os (ﬂ%mﬁr +e> *(m m!fa.w) - eaa(mmm w)J (

d vy &% 'z vy &+l
Now the total deflection at the collector slit will be sum of deflection
at entrance of condenser B and deflection dve e above velocity acting for

time &
Vx

iiai. D“m*;%

If Dygy is max deflection accepted by the collector again what is required

is the condition for to give D > Dyyx
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L4

o860 - cos le'% ) + gos (mro +e) - GO8 (nﬂ;&, 2a+l +e)

X

3;

“ . (Dmax - ¥B)

yjp=2 E1 [ccs@ - cos (%9_.#9)] nlw[aﬁsé -cos(ﬁ!ﬁ.-fa)]
u GoVx vz n nivovx a+l vx

Thus the following condition for eomplete removal of beam may be written

i nwe & 0w e) i nfwo 2atl
03 6 waa( ..3.,14»0) + gos ( «#%* eas( ..'%m+0)

Vg av
u—.mﬁm-w "%. - m
7 Blas1JL Tme L[ o PR <a+l P w)] -

Figures 2 and 3 are plotted using the following data:

1 = 9,855 cm. & = 008148 Dpay = 0.06 ems
a 5

8 = 043175 eme nel
Satl = 1.0314

atl % 10.17 cn. a

2atl = 10.49 cm.

From Fizure 2, the pulse length to be expected for @ = 1.00 is
& 16°, For different G's the length will be slightly different. The
intensity of the beam on a peak will be down by a factor of %??W from the
intensity without the R.¥F. voltage on. If one accepts the limit of ‘
resolution as defined in optics, by the Rayleigh eriterion, then the

resolution may be determined from Figure 3 in the following manner. The
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shaded ares gives the fraction of the pulss that is collected for verious
@%s. It is soen that for ¢ = 1.00, curpent is collected for all the
pulse, but for @ = 1,02 the current is collected during the last half of
the pulse. In other words, only 1/2 ss much current is collected for
@ = 1.0B ag for @ = 1,00 vhen the frejuency is set €0 collect & = 1,00,
The Rayleigh eriterion vequires that this fraction be only 1/4, which is
found at A4%, that is, for o approximately ejual %o 1.00. 'Thus two
velocities v, and vy will be vesolved if % = 1,06 or since

2
(%) =EL, B =125 hat 18, the resolution - should be 0.1z

DESCRIPTIOR OF APRARATUS
The description of the apparstus e divided into four main groups:
(1) deseription of scurce and high voltage supply, (2) slectrostatic
energy enalyser, (3) velocity enalysur and (4) the vacuum syustem.

Since the upperatus had been primerily cet up to lovestigate
gayiuoe eniseion from ot filaments this method of obtalning lons wae
nsed throughout tho esperinmect, The essembly, shown 4n Figure 4 is
a ground glase joint with one section mounted on the end of the
slegtrostatic anwlyser housing with Apiezon wax. The tungsten filament,
040" wide by 001" thiok 4s held in position with two clamps mounted on
rods which enter the male section of the joint through adjustable brass
bollows. Thus with care the filament can be moved around when the source
is under vacuun. 4 filenent guard dise surrounds the filament to
straighten out the electrie lines of force. The “drawing-out™ dise is
meunted on the end of the energy analyser acsembly with ceramie atund-off
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insulators and the voltaze is applied through tungsten lead-ins through
the side of the glass wall. The slit holder plugs into the analyser
asgembly and is removable to permit the installstion of double object
slits. The emitting substance is made into a light paste with water,
or a solution, if soluble, and a very small quantity is placed on the
clean filament. It is then evaporated to dryness under a heat lamp.

For most of the experiment alternating current was used to heat
the filament. This was supplied from a 6.3V, secondary centre~tapped,
Hammond filament transformer, insulated for 2000 volis and ecapable of
delivering 10 amps. o more than 4 amps were ever used and the voltage
drop wae nsver greater than 2.5V RMS across the filawent. The secondary
centre top was connected to the positive side of the accelerating
voltage, the energy analyser housing being grounded.

Pigure 5, shows the potential divider system for supplying

accelerating and drawing~out voltage from a bank of 48V B. batteries.

The object slits of the energy analyser arve grounded and the £ilament

is maintained at high positive voltage. The drawing-out voltage betwsen
A and B may be varied from O - 100 volts and the accelerating voltage
may be varied from O = 430V in 45, 22.5, 15 and 9 volt steps by

putting part of the 45V battery effectively below ground. Hach of these
stepe is then variable om the 50k potentiometer.

If an ion isg shot into a cylindrical condenser, as in Figure &, it
will follow the curvature of the condenser if the centrifuzal force

balances the electrical force, i.e., if g..iﬁ =gk 2 gg.
p :

1/2 w? = 1/2 836V

r


http:Ul'ld.er
http:drawlng�o.ut

+12
Thus for any given voltage on the plates the arrangement should produce
a monoenergetic beam. Also the oylindrical condenser acts as a lens
focussing a diverging beam on side I to an image om side II, providing
the divergence is not too great.

The exact dimensions of this assembly are not available, but the
followlng dimensions are approximately correct and were used in the
caloculation of image position. The radius of the central beam through
the analyser equals 6.0", the angle of arc swept out by the plates, {g,
equals 60° and the distance between object slit and entrance to plates,
iz 1.0" or 1.25" depending on whether fine slits are in the slit holder
or not. Using Herszos's focussing equation (7).

(1s' = ge) (le" - ge) = £
where fe 'W, ge = Lo cot{Z feo
the distance of the imagn le™ may be calcoulated
lo" = go * Wg-:i‘-;
and gives for le' = 1.0, le" = 20.8"; le' = 1.285", le" = 21.3%,

The voltage applied to th§ plates iz taken from a 45V B. battery
through a potential divider shown in Figure 7. The potentiometer Ry
provides coarse adjustment, Rg provides Tine adjustment and Rz controls
the range of voltage coversd by Rg. Care must be taken that Ry does
not become too small thus allowing excessive current to be drawn from
the battery. During an experiment a complete turn of the potentiameter
Rg produced a voltage change of about 0.7 volts.

f,.u:: BRIV BT

In the Tirst model of the analyser, condensers were built into a
length of wave-guide which was waxed in position agsinst a 3" x 5" x 1/2"
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brass plate as in Figure 8+ The polystrene spacers shown provided the
tengion necessarily to keep the assembly tight against the R.F. contacts.
The whole tube was extended by adding an egual length of wave-guide by
woans of wave~guide couplings. A hollow nickel tube, :028% o.d. served
as a collector at the end of this addition. Two R.F. shields bent from
shim brass were added in the progress of the experiment to ensure that
the R.¥, lead-ins were not influencing the beam after leaving the
condensers.

The electrostatic energy analyser previously described was
originally part of a mass spectrometer of the Smythe - Mattauch type
and it was realized that the velocity analyser section of this
instrument could be used to hold condensgers of the type used above.
This would provide accurate aligoment of the beam which was a doubtful
feature of the original system, and since the original model showed
signs of working it was decided to construct the necessary condensers.
Two varieties were cut from Armeo iron, one set 1/8" wide and another
1/4" wide. The method of mounting is shown in diagram, Figure 9.

The two halves of the condensers were separated with pleces of Kodapak
and were sufficiently tight in their frame to prevent aceidental
movement. The shields, made from wave-guide cut down the middle and
rejoined with solder, were inserted to ensure a field-free drift space.
Most of the results to be discussed were observed with the second model
of the apparatus. The distgnce between the condensers, centre to centre,
was measured with vernier calipers to a few parts in 10,000.

A Clough-Brengle R.F. signal generator served as the master
oscillator in the gsource of R.F, voltage. Its output was amplified by

a Hewlett-Packard audio oscillator for outputs up to 10V, while for
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higher voltages a tuned power amplifier using ﬁné'é was used. Nost of
the work was done in the range 100 ke. to 1 me. which provided for
frequencios up to the third harmonic of the ions being investigated.
The condenser plates were connected by a 10 henry choke, with one side
of the condensers grounded. Accurate checks on the frequency of
generator could be made with a Hewlett~Packard frequency counter.
Ion current was measured with a vibrating reed electrometer
employine the continuous voltage drop across a 1.02 x 1041 omm
Vietoreen resistor. Thus it was possible to detect currents as high as

10°11 gmps, and generally as low as 2 x 10”1 amps.

Y ﬁu, Syster

The velocity analyser of the second model was connected to the
electrostatic analyser with an O-ring gasket and the lid of the
velocity analyser was also mounted against a rectangular rubber gasket.
The lead-throughs for the collsctor current and B.F. voltages were of
the Kovar, glase-to-metal seal, variety. A Welsgh backing pump #ﬁﬁ a
DPI oil diffusion oil diffusion pump were used to obtain vacuum, No
traps were used in the lines and while in the early stages of the
experiment an ionization gauge showed a pressure range of about
3 - 5 x 105 mm. Hg., it is doubtful that preseure was maintained es

low in later woric.

o

RESULTS
It was expected before starting the experiment that if the apparatus

was working properly, the ion current measured by the electrometer would
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decrease upon applying the R.F. voltage and that when the frequency was
adjusted to the value given by equation (1) an increase would be observed.
The increase, however, would not restore the value of the original current
but would be less depending on the length of the pulse. Such expectations
were realized to some degree with the first model of the veloeity filter,
since the current versus frequency curve as obtained on a Brown recorder
connected to the electrometer indicated an increase at the fundamental
and higher harmonicse. It was felt that in this model the aligument of
the beam was poor and there might be some undesirable fringing fields
around hhg condensers which were disturbing the operation of the instrument.
Ag a result nost of the results obtained with any degree of certainty were
obtained with the second model of the ghalyser.

Ho positive results were obtained with condensers 1/4" wide and it
was presumed that the large width was responsible for some of the
difficulties. Another difficulty was always present, that of unsteady
ion current, The experiments were generally performed with spodumene
on the filament, producing Li ions, and the ion current steadied down
to a usable level after about 1 1/2 to 2 hours running with accelerating
fields on. Generally when the current was fluctuating the fluctuations
were as great as the peaks in the curreut expected; furthermore it was
impossible to set the adjustable collector slit so that the current could

be "peaked up" without the R.F. voltage on.

Drawing-out Voltage Zffects and Energy Spread
In order to obtain a sharp image and t0 collect maximum ion current

it was necessary to carefully adjust the drawing out voltage to a definite

value. This is probably explained by the focussing of the beam by the



«16
drawing-out disc which forms an electrostatic lens with the filament
guard disc and analyser housing. 411 experiments were performed after
this voltage was adjusted to given maximum current at a given energy
analyser voltage.

The energy spread of the ions could be determined in two ways;
gither by changing the accelerating voltage or by changing the voltage
on the plates of the energy analyser. The latter voltage was changed,
by driving the potentiometer of this supply with a synehronous motor.
By changing the potentiometer slowly, by hand, until half maximw: current
was obtained, it was found that the energy spread was approximately
2 volts in 430, The insertion of a vacuum tube voltueter into the
analyser circuit, when it was set for maximum curreut, was enough to
noticeably decrease the ion current. Figure 11 shows the shape of the
image from the analyser, plotted by moving the collsctor slit across in
front of the collector plate. Two sizes of slits were used and the
rarrower one gives the truer picture of the image. DNost noticeable in
both cases is the sharp edge on the outside ol the peak and the sloping
inside of the peak. The sharp edge is caused by the central ray and
defines the outside edge except for some energy spread noticeable at
the foot, while the inside slope is made up of the diverging rays which
are focussed inside the central ray. Figure 6 shows this effect
diagrammatically.

The image is broad when one considers that the exit slit of the
analyser is 1 :mm. wide. While the collector slit is in front of the
focus, it is not enough ahead to account for this width which is
probably a pressure effect. The pressure is capable of affecting the

total current collected and may also broaden the image. Since it was
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not possible to obtain a pressure below about 5 x 105 mm. Hg. some
effect should be present since the path length is about 60 em. in the
asystem. The effect of this on the total ion current is estimated as
follows. Assuming the motion of ions obey the kinetic theory of gases,
the mean free path is 1/¥@gme® where n = no. of molecules/em.5 =
XT | ¢is molecular diameter, p is the pressure. The number of ions

P
present in a beam after travelling distance x is N = Ngexp (—.’,‘( , where Ng

is the originsl number when x = o, Thus N _ X
¥, P -TETe
It x = 60 cm. T =293 A
p =5 x 10°° ma, Hg. =3 x 108 en,

k = Boltzmann const.
S & exp (~ 0.43) = .66
No
S0 only about 65% of the ions emitted are collected due to pressure effect.
If the pressure were decreased to 1079 mm, Hg. there would be 91%
transmission. It was observed that the best peaks and the most dependable
results were obtained after the pumps and ion current had been on for

about 1 1/2 to 2 hours.

Caleulation of Mass Number
The .?. of the ion passed in the velocity analyser is given by

;:; = Hi'gffz?g where V is accelerating voltage in statvolts (a+l) is
distance between condensers in om. and f is frequency in cycles/second.
This permits the absolute determination of %. if voltage, distance and
frequeney can be accurately measured. MNultiplication of ;:}. by No, the
faraday, gives the isotopic or atomic mass, Yable I gives the walues of

3 and atomic masses obtained with this instrument.
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TAHLE I
Frequeney Accel. Volt. m
Element ¢/8 stat. volts L Atomic Mass
147  5.188 x 105  1.3549 24452 x 10714 7.04
116
Wa®®  5.868 x 109 7.959 x 10-14 23 .03
4 2.199 x 10° 13.538 x 10~14 59.19

Because the EK* peaks cannot be resolved the value 39.19 is assumed %o

be the mass average of the isotopes.

Determination of the Faraday

The faraday may be determined from the following expression
Ne = E&,:JE& where My and Mp are isotopic mass. Using Wa®3 and Li7

. il |
e

Ne = %x 101% = 2,891 x 10'% esu/mole as compared with the accepted
value of 2.89¢ x 1014 which is used to calculate the masses in above
table.

Ho special care has been taken in obtaining these values and
therefore they serve to indicate how the instrument is working in its
early stages. The two greatest sources of error encountered are in
determining the accelerating voltage and the freguency of the peaks
accurately. Ain R.C.i. Senior Volt-Ohmyst vacuum tube voltmeter was
used to determine V in volts and this instrument was calibrated at
3 points 390, 400, 410 volts in the working range with a voltage divider
and potentiometer. Interpolation was made to 405 volte as indicated by
VeToVelis It is unlikely, however, that the scale of the meter could be

read to an aceuracy greater than one wolt, thus there is an error of
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at least g%sm Alse, as previously mentioned, the energy spread was
determined to be 2’%6"

The frequencies used are averages of at least two pesaks and these
vary from the mean by 0.5 ke. In the case of Li7, however, foer peaks
are averaged and the varietion is ¥ 5 kes The inconsistency arises
from variations in frequency over auceasai;e rung and not frm& inability
to measure the frequency accurately. This may be caused by a drifting
of the iimage off the collector s1lit due to a voltage drift on the energy
analyser or on the drawing-out voltage. BSuch a situation could be
improved if the resolution could be increased.

Figure 12 shows peaks of Lithium 6 and 7. The resolution is
approximately 1/8 and the Li7 peaks appear to be about 20 ke. wide at
1/2 maximum: The peak current of this curve is less than 1 x 1014 anmps
and the trace from the Brown recorder has to be averaged to smooth out
the noise at this low currents. The current ratioc of the two peaks
should 1nd$eatu the relative abundance of the two isotopes. ¥hen
corrected for rate of emission from the filamsat the ratio Li®: Li7 is
1/12 which agrees well with the accepted value. The Li® height and
hence the ratio is very sensitive to the background current which is
recorded whaﬁ the apparatus frequency is off the proper value. Using
the frequency ratio of Figure 12, 1.165, a value of atomic mass of Lif
can be added to Table I. :

Theory indicates that the resolution should be approximetely 0,12
and ghould be increased some by decreasing the collector glit width;
although this was tried, no definite increase could be observed.

The heights of the peaks are quite sensitive to the voltage applied

te the condensers. Generally the best results were obtained with
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voltabe between 12 and 15 volts R1.5.; below 12 the peaks are too broad
and gbove 15 the current becomes too small for good measurement. It
should also be possible %o obtain peaks at the harmonics of fundamental
freguency. This was carried cut for the second and third harmonics,
that is for n = 2 and n = 3, using potassium lons. BSmall peaks were
found at the sacond, while larger ones were obtained for the third
harmonic.

One would expeect the current intensity to have inereased in both
cages, in accordance with the number of pulses passed per unit time.
Thus the mecond hgrmonic should give twice the current and the third,
 threé times the current; however, it was only the third which gave an
increase over the fundamental, the second gave less. The fundamental
frequency gave a reduction of about 10 on the peaks compared to the
R.F, 1614 0ff, This is expected from the Theory.

In order to be sure that ions of different mass require different
frequencies to be passed, spodumense, socdium nitrate, and p@t&aﬁium
nitrate were im turn placed on the filament in that order and the
frequency for each wus checked at itsepproximate proper value. It was
also found, however, that each substance required successively lower
eurrent to produce a comparable ion current. In Table 11 this decreas-
‘ing order is compared with the corresponding order of the ionization
potentials of the atous.

TABLE II

Element Approx. Current Ionization Fot.

_ {amps) {volts)
Li 2.8 559
Ha 2.2 S.14
K 1.8 4454
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FUTURE WORK
Any further work with this type of instrument could be profitabdly
directed to increasing the resoluiion and intensity of the beam, The
resolution may be increased by using more equally-spaced condensers:
these might be narrower with corresponding higher R.F., fields. The
‘.

snsity could be increased by using higher harmonics thereby pulsing
the beam faster and better vacuum. There is some indication, from theory
not preseuted here, that an even number of condensers mst be used if
they are all to be in phase, if an odd number is used some must always
be 180° out of phase with the rest. This effect should be investigated
more closely.

#ith inereased resolution it should be possible to duplicate the
fregquenocy of the peaks more congistently and thus improve the accuracy

of absolute measurement of the % of the ions.
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