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Abstracf

A new, non—magnefic Time of Flight Mass Spectrometer has been
constructed. Preliminary work with this instrument indicates that the
theoretical mass resolution formula, previously derived by Lum,1964,
is in error. New mass resolution formulae which agree with experimental
observations, are presented. These formulae distinguish between even
and odd n numbers. A resolution of one part in six thousand has been
achieved with the instrument. Although higher resolutions are theoretically
possible, fhey have not been reached due to a splitting of the mass peaks
when large R.F. voltages are applied to the deflecting plates. Several
possible causes of this splitting are advanced, but no detailed’

investigation of the effect has been done to date. -

‘...h
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CHAPTER I

INTRODUCTION

A. Mass Spectroscopy.

Traditionally, mass measurements have been made ( see Duckwofth,
1958 3 with 1arge magnetic deflection type instruments. In such
instruments, ion béams of either éﬁnstant energy or constant velocity
are separated into different trajectories corresponding to the different
masses present in the beam. For the accurate comparison of two masses,

* the magnetic field shouid be the same gver both trajectories. Since it
is difficult to produce a uniform magnetic field over é.large region,
sqch comparisons are limited to ions whose masses are almost equal.

This so called doublet method may be used to compare the mass of a heavy
ion to fhe carbon standard, but it is often necessary to employ several
interﬁediate doublet determinétionso Hence, the error in the comparison
will be the sum of the errors in each of the doublet determinétions.
Thus an instrument which would permit the direct comparison of two

widely separated masses is of great importance.

Smythe and Mattauch‘in 1932 were the first to use a non-magnetic
fime of flight instrumenf to determine atomic masses. Since that time
mahy instruments of this type have been built, but all of them suffer
from low resolution, with the pbssible exception of the electric
quadrupole mass spectrometer., These instruments are not suited for the
direct determination of large mass differences since a wide range scan
must be made betweeh-the light and ﬁeavy masses. In 1964, Lum reported

on a high resolution, non-magnetic Tiwm: of Flight Mass Spectromeier.
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This spectrometer, which permits the direct comparison of light and heavy
masses, 1is essentiallj a velocity filter for a mono-energetic beam of
ions. The preliminary operation of a more sophisticated instrument will
be discussed in this thesis, and a more accurafe theory for the mass

resolution will be worked out.

B. Operating Principles

Figﬁre Iisa schématic diagram of the Time of Flight Mass
Spectrometer. Ions are produced in a surface ionization source ( Inghram
and Hayden, 1954 ) and then accelerated towards the ground slit by the
high voltage power supply. Ions which are able to pass through the
ground slit form an ion beam, represented by the dashed line in the
diagram; This beam, after passing sucessively through the'firstv
collimating stage, the first R.F. stage, the second collimating stage,
the second R.F. stage, and the third collimating stage, enters the
detecting system consisting of a magnetic mass analyser and a particle
detector., The two R.F. stages produce sinusoidally varying electric
fields of the same fréquency and amplitude, perpendicular to the ion
bean. Oniy those ions that pass the R.F. stages at zero field can enter
the detecting system. Hence, any ion that is detected, must have
travelled the distance between the two R.F. stages in an integral number
of half periods of the applied frequency. The condition for an ioﬁ
reaching the detector is

v = 2Lf/n I-1

where v is the vélocity of the ion, f is the applied frequency, n is the
integral number of half periods, and L is the distance between the two

R.F. stages.
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Using the principle of the conservation of energy, for an ion
starting at rest in the ion source and being accelerated by a potential
of V volts, the velocity can be eliminated from Eq. I-1l, giving upon
rearrangement, an expression for the mass of fhe detected ioh in terms

of the parameters of the Time of Flight Mass Spectrometer.

m = nZeV/Zsz2

where m is the mass of the ion and e its charge.

In practice, either the freduency or the voltage is varied, and the
ions of mass m will be detected for successive n numbers corresponding
to‘the particular values of thekfrequency or volfage that satisfy Eq. I-2.
Since mass differénces rather than absoluté masses are measured in
practice, the output of the detector versué frequency or voltage can be
used {o determine these mass differences. When the frequency is varied
( frequency sweeping ), the mass difference, Am, between two ions of

mass m and m+Am, relative to the mass m, is
Am/m ~ 2Af/f I-3

where Af is the difference in frequency between the two peaks, provided
‘that the n numbers are the same for the two peaks. If they are not, then
Eq. I-3 becomes

An/m « 2Af/f + 28n/n I-3a
where An is the difference in the n numbers.
Similar expressions for voltage sweéping are

Am/m = AV/V I-'t
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' and -Am/m ~ AV/V + 28n/n | I-4a

where AV is the voltage separation of the two peaks.

" For pre}iminary Qork with t};e Time of Flight Mass Spectrometer, it
is convenient to use only a small portion of the mass spectrum, since
the mass peaks from different parts of the mass spectrum start to overlap
at high n numbers. A low resolution magnetic mass analyser is used to

select the ions in the desired mass range before de_tection.
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CHAPTER II
THEORY

A. Theoretical Mass Resolution

The mass resolution for this type of Time of Flight Mass Spectrometer

has been derived previously ( Lum, 1964 ) and is given by
Am/m = (16Vwb) /(mfvth) : I1-1

where w is the width of the collimating slits, b is the distance between
the R.F. plates, Vy is the amplitude of the R.F. voltage, and h is the
length of the R.F. plates in the direction of the ion beam. This equation

“

predicts that the resolution improves linearly with n.

When the frequency or voltage is swept, the same mass will be
detected at regular frequency or voltage intervals corresponding ( see
Eg. I-2 ) to successive n numbers. In experiments to be described in
IV ,E, it was observed that peaks for the same mass were alternately
"good" and "bad" in résolution for odd and even n respectively. This
effect, which is not predicted by Eq. I~1, will now be discussed, and

different mass resolution formulae for even and odd n will be derived.

For this purpose, the range, A%, in the time of flight of an ion
about an average time of flight,®, will be investigated. Time éero is
defined as the time when the R.F, field isbzero while an ion is passing
through an R.F. stage. The times that an ion enters and emerges from an

R.F. stage are defined as ti and t, respectively. An ion that did not

f
undergo an angular deflection in passing through an R.F. stage, must

have entered the stage at time -h/Cv ~nd emerged at time +h/2v. However,
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this ion does suffer a displacement, and leaves the R.F. stage moving
parallel to its original direction. This displacement is proportional
to Yy and is usually negligible compared to the slit widthsg If an ion
passes bhoth ﬁ.F. stages with no angular deflection in either one, it
must have travelled the distance between the R.F. stages in an integral

number of half periods of the applied frequency.
T=n1/2 | II-2

,.where T is the period of the applied frequency and T is the average

time of flight.

Since the instrument has fiﬁite slit widths, it is possible for the
jons to travel at various small angles to“the axis of the insttument and
still pass through all the slits, if it suffers the right angular
deflection at the R.F. stages. An ion, of course; suffers an angular

deflection if it enters the R.F. stage at some time other than ~h/2v.

The equation of motion in a direction perpendicular to the ion beam,

called the y direction, for an ion in an R.F. stage, is given by
mdvy = eVysinwtdt/b ' II-3

where vy is the velocity of the ion in the y direction,w is the angular
frequency of the R.F., and t is the time. Since the R.F. field is small

during the times under consideration, Eq. II-3 can be re-written as

L)

mdv = eV ptdt/d
yy/,

which upon integration, becomes,

- = - Ti--bt
Vyf Vyi erg(tf+ti)(tf ti)/2mb I
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where the subscripts i and f stand for the initial and final values
respectively. The quantity (tf—ti) is equal to the time of flight ( see

figure III ) of an ion through an R.F. stage. Ie,

tpty = BV ) II-5

Substitution of Eq. II-5 into Eq. II-4 yields

VorVyi = eVyo¢(ﬁf+ti)h/2mvb,

which can be written in a more convenient form as,

Vo Vyi = Kﬂtf+ti), 11-5

where K = heVya>/2mvb. - II-6a

An entry error time, t', will now be defined as the difference
between the time, ti' that an ion actually enters an R.F., stage and
the time,-h/2v, that it should have entered if it were to suffer no

angular deflection. Thus
tro=t, o+ h/2v. , II-7

The value of t' is positive if the ion enters later than -h/2v and
negative if earlier. By means of Eqs. II-5, II-6, and II-7, the entry

error time can be expressed in terms of the change in y velocity as
| . —— -
t' = (vyf vyi)/2K. , 11-8

The maximum y velocity that an ion can have upon emerging from one

»

slit and still pass through the next slit, both of width w, is

approximately given by

Vy < vu/Le I1-9
maxe
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where Le is the distance between the two slits.

- If the value of the entry erro;’fime, ti, for the first R.F. stage
is different from thé entry error time, té, for the second R.F. stage,
then'the ion must have travelled the distance between the two R.F. stages
in soﬁe time other than the average time of flight,T. ?he difference,lt!,
between the actual time of flight and the average time of flight is

equal to the difference between the two entry error times,
- - t -
At' = lté tll, I1-10

In the calculation of té care must be taken to distinguish between
the even and odd n numbers. For an even n, the K value at the second R.F.
- stage has the same sign as at the first R.¥. stage; whereas, for odd n,

' the K value has the opposite sign corresponding to a change in the sign

of V..
y

Since the three collimating stages are I, L, and %L long, going in
the direction of the ion beam, the maximum value of vy entering the first
R.F. stage is iva/L, leaving the first R.F. stage and entering the

second R.F. stage is Tvw/L, and leaving the second R.F, stage is %2vw/L,

Table I shows some representative combinations of v_ in the three
collimating stages, and the corresponding éntry error times for the two
R.F. stages as well as the error in the time of flight, At', The entry
error times are calculated from Eq. II-8 and are in units of vw/2KL
( see Egs. I1I-8 and II-9 ). The velocities are in units of vw/L.

Figure II is a schematic representation of the different ion paths that

give rise to the errors listed in table I.
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Table I

lst R.F. Stage 2nd R.F. Stage " Error

neen n odd n even n odd

"vyi vyf ti vyi vyﬁ té té ] At At
0 0 0 o) 0 0 0 0 )
0 0 0 0 2 r2 32 2 2
0 n h ka} 0 7l 1 2 0
ha | s | a | 72 13 *3 L 2
2 0 72 0 0 0 4) 2 2
12 0 12 0 72 32 X 0 L
o 3 1 0 1 el k 2
*2 el =3 71 *2 +3 73 6 0

The maximum At' values listed in the last two columns of table I for
even and odd n, are 6 and 4 respectively. No other combinations of vy
can produce larger values of At!' for an ion that passes through all the

slits and is detected.

The range in the time of flight is equal to twice the maximum error in

the time of flight, ie,
AT = 28t I1-11

The range in the time of fiight will now be related to the mass
resolution of the instrument. If two singly charged ions of mass m and
m+Am are.accelerated by the same potential V, then their kinetic energies
.will be equal. Ie,

]/zmv2 = %(m+&m)v'2,
where v 73 the velocity of the ion of nass m, and v' is the velocity of

the ion of mass m+lm. If the mass difference, 4m, is small, then the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure JI. This fipgure shows the paths of the ions through the mass
spectrometer for the cichlt cases listed in table T. The sine waves are
superimposed on the R.F. stages to show which part of the R.¥. acts on
the ions. Only one value of v is given since the case for the other
value is very similar. Thesevelocities are in wnits of vw/L. The
numbers underneath the R.TP, stages are the entry error times, t', in
units of vw/2KL. The two coses for the second R.F. stazse are indicated,
the case for even n being given by the solid sine wave and the case for
‘odd. n by the dashed sine wave. The values at the right are the total
errors in the time of flight,At', the subscripts e and o referring to
the ry - and odd cares respectively.
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13

difference in velocities, &v = v-v', will be small, so that the above

" equation can be re-written as
Am/m % 20v/v. S II-12

Since the velocity, for an ion that is detected, is related to the
frequency as

v = 2L{/n : “I-1
and the period is the reciprocal of the frequency, Eq. II-12 becomes
An/m ~ 2AT/T, 11-13

where AT is difference in periods of the two frequencies at which the

masses are detected.

Two mass peaks can be resolved at their bases ( see figure IV ),
‘when the difference in their times of flight, nAT/2, is equal to the

range in the time pf flight,At. Thus,

AT = 2A%/n. r1-14
-Then by means of Eqs. II-1k, and II-11, EqO‘II—IB bécomes

Am/m & 80t'/nT. 1I-15

Hence, using the two maximum values of At' from table I, the

theoretical mass resolution for even n is

i

Am/m (48Vwb)/(n7‘:’Vth),' : 1I-16a

and for odd n is

Am/m

(32vwb)/ (n)rvth) . I1I-16b
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A comparison of Eqs. II-16a and II-16b with Fq. II-1 shows that the

Aresolutio# of the instrument given by Lum is incorrect by a factor of 2
for the odd peaks and a factor of 3 for the even peaks. The reason for
this is that>Lum only considered the time interval éver which one of the
R.F. stages transmits.ions through the next collimating stage as the

range in the time of flight.

From the definition of mass resolution it can be seen that Egs. I-3
and I~k may be used to measure the experimental mass resolution of the
instrument when Af and AV are taken as the widths of the peaks at their

bases,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER IIT

APPARATUS AND TECHNIQUE

Ae. Introduction.

In I,B the basic machine layout ﬁas been Aescribedo The vacuum
system cbntaiﬁing the sourcé, collim;ting stages and the R.F. stages
consists of six inch drawn brass tubing evacuated by four Edwards EO2
§acuum pumps to ;n ultimate pressure of leLO"6 torr, The source is
insﬁlated from the rest of the system by an eight inch length of four
inch diahéter glass tubing. A low resolution magnetic mass analyser is
placed between slit S6 and the detector, Thé length of the instrument
between slits Sl and S6 is approximately 10Om., beiﬁg divided into the
first, seéond, and third collimating stages of approximate lengths 2.5m.,
5¢0m., and 2.5m. respectively. The R.F. deflecting plates are located in

the small regions (NB.’?xlO—zm° ) between slits 82 and S,, and between

31

‘slits Sh and Sc. All the collimating slité and the R.F., deflecting plates

5

are adjustable.while the instrument is evacuated. Slits S, and S6 have

1
their own separate adjustments while slits 82 and 53 and the R.F. plates
between them, the first R.F. assembly, and slits Sbr and 85 and the R,F,
plates between them, the second R.F. assembly, are each adjusted as a -

unite. The various components of the instrument will now be discussed in

greater detail.

B. Adjustable Slits and R.F. Deflecting Plates.

In order to align the slit system while the instrument is in
operation, externally adjustable slit assemblies were constructed.

Figure ¢ 1s a simplified diagram of tLe first R.F. assembly, which has

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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17

been designed so that the slits can be moved up and down, rotated, and
changed in width. The assembly, see view B, consists of a backing plate,

5, cn which is mounted the two halves of slit S.. The top half of the

2
slit, 81 is mounted so that it is free to slide towards or away from

tﬁe bottom half of the slit, 13, thus allowing the slit width to be
altered. The top R.F. deflecting plate.and the top half of slit'S5 are
mounted on‘the top half of slit Sao Similarly; the bottom R.F. deflecting

plate and the bottom half of slit S, are mounted on the bottom half of

5
slit S2° Slits S2 and 83 éré electrically connected to ground, while the
R.F. piates are insulated from ground by means of teflon spacers. The
backing plate is mounted on the base plate, 6, so that the entire slit
can be moved up or down without chénging‘the slit width. A‘hollow ‘

spindle, 7, is used to support the base plate so that it may be rotated.

The ion beam passes along the axis of the spindle and through the slits.

The adjustments for the Qidth, l; the vertical position, 2, and the
‘rotation are controlled by means of micrometer screw thimbles, see view A.
Bellows, 10, are used so that the motion‘of the micrometer sérew thimbles
.which are on the outside of the vacuum, may be transmitted to the push
rods, 9, which are on the inside of the vacuum. These push rods effect
the various adjustments of the assembly. Springs are employea to maintain
pressure between the push rods and their respective bearing surfaces. As
can be seen from the figure, the micrometer screw that'édjustssthe slit
position acts as a reference surface, 12, for the micrdmeter screw that
adjusts the slit widthe. In this way, the slit width remains constant
while the slit position is being adjusted; The bearing surfaces for the
push rods that control the the slit width, 14, and the slit position, 15,

_are curved to allc v movement between the push rods and theilr bearing
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18
surfaces while the slit is being rotated.

vTh; s1it system in figure V is the first R.F. assembly. The second
R.F. assembly is conétructed in exactly the same manner. Each of the
slits Sl and 36 is made in a very similar manner except that the RoFo
‘defiecting plates and the second slit in thelassembiy have been omitted,
it should be pointed Out that in the R.F, assemblies, the slits on either
side of the R.F. deflecting plates serve not only as collimating slits -
bﬁt also as electric field terminating plates. By proper adjustment of
the spacing in the R.F, assemblies ( Duékworth, 1958 ), the effective
boundary of the R.F, field can be made to céincideqwith the physical

boundary of the R.F, plates,

C. Radio Frequency Supply.

The electric fields in the R.F, deflecting stages were produced by
an R.F. oscillator whose frequency was approximately 15Mc. Since it is
desireable to have the centre of the R.F. deflecting stages at ground
potential, it is necessary té apply an R.F. voltage across the upper and
lower R.F, plates that is balanced with respect to ground. The output of
the R.F. oscillator is unbalanced, making it necessary to insert a balun
between the oscillator and the R,F. stages. This balun consists of a half
wavelength of coaxial cable, with the input at one end,and the output
between the centre conductor at the input end and the §entre conductor
at the other end. A short electrical connection is made between the
ground shields at each end. In order to keep the impedances matched, not
onlylmust the balun be fed from a source Qhose impedance is equal to the
characteristic impedance of the cable used to construct the balun, but

also the load on the output must have-an impedance of four times .ho
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characteristic impedancé of the cableo A schematic diagram of the R.F.
distribﬁtion system is presented in figure VI. The output of the signal
generator was fed by means of a quarter wavelength of cable t§ an
impedance matching network, thch provideé two outputs of 50sm each, A
h%lf wavelength of cable was used to connect each output to a balun, one
balun being used at each R.F. stageonype RG 58 A/U coaxial cable was

used throughout the distribution system.

Two éignal sources were used, a low power General Radio bridge
oscillator type 1330A; and é high power Colpitts‘oscillatoro The frequency
of éach of these oscillators could be continuously §aried by means of a
synchronous motor suitably attached to the tuning‘section° When the high
“power oscillator was used, the baluns were terminated by 200A., non-
inductive power resistors connected across the R.F, plates. When the low
power oscillator was used, a different method ¢f terminating the baluns
was employed. Since the RoF. voltage on the deflecting stages had to be
.large compared to the output of the low power oscillator, and it was
.desireable to have an undistorted sine waversignal across the R.F. plates,
‘a resonant circuit was used., The capacitance across the R.F. plates was
approximately 5 pfd. A coll consisting of twenty turns of copper wire
on a half inch diameter form, was connected across the R.F. plates, and
resonated at 15Mc. The balun, in fhis case, was terminated with a single
turn of wire one inch in diameter, coaxial with the prévious coil. A
grid dip oscillator, loosely couplea to the input end of the cable
system, was used to verify that the correct impedance matching had been

achieved.
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Do High Voltage Systems.

The ion beams uéed in the instrument were produced in a surface
~ionization source. In such a source, a salt ( in the present case Rbsoq)
of the required ions is coated on a filament. Pogitive ions are emitted
from the surface when the filament is heated to approximately 900°C.
These ions are extradted from the source through a narrow slit and
accelerated between the source élit and a ground slit by a Fluke 4304
high voltage power supply. This supply has a stability of 0.005% per

hour,

In order to obtain mass spectra with voltage sweeping, two techniques
were employed, The simplest of these consiéted of a slow voltage sweeping
system in which thé high voltage could be varied by about 0.5% in a |
period of half a minute. Figure VII is a schematic of the slow voltage
sweeping circuit. The resistor Ry a 200Ks helipot driven by a 25 rpm.
‘reversible motof, Borg 1003-4SY, is connected across a 45v. battery. The
high voltaée is connected to one side of the helipot and the ion source
to the moveable contact. Thus the voltage appearing on the source is
given by V+8V where §V varies from zero to 45y° as the moveable contact

is swept across the resistor.

As the voltage is swept in this system, particular masses will be
detectéd when the source voltage satisfies Eq. I-2. The frequency applied
to thé R.F. stagesvis kept constant. The output of the defector is
recorded on a strip chart, thus allowing the voltage separation of the
mass peaks to be determined.

| A fast voltage sweeping circuit was also tried, which permits the

display of the mass peaks on an oscililoscope. Figure VIIT is a block
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Figure VIII. A block diagram of the fast voltage sweeping circuits. The
sawtooth generator superimposes a variable amplitude sawtooth onto the
high voltage. This signal is fed into a variable amplitude square wave
generator. The sawtooth is twice the fregency of the square wave, and the
two are phase~locked to produce the composite signal indicated. This
signal is used as the accelerating voltage for the ion source. The output
of the detector is fed via an amplifier, into an electronic switch that
is phase-locked to the transitions of the sawtooth. The two outputs of
the switch are displayed on a dual beam oscilloscope which sweeps in
phase with the electronic switch. "ho power line is used as the mas.er
timing control by providing synchr--izing signa.s to the circuits,
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diagrém of this system., If an ion is detected for a particular high
voltage Vl, then the addition of a 120 cps. sawtooth signal frqm the
sawtooth generatdr, will sweep the high voltage through this peak one
hundred and twenty times a second. A second mass peak which is detected
at V., may Be treated in a similar manner. To make an accurate comparison

2

of .the two masses, a 60 cps. square wave of amplitude approximately

-

equal to V.-V, may be superimposed on the sawtooth voltage at Vlo Now

21
the high voltage willlalternately sweep through the two mass peaks. If

the output of the detector is displayed on a dual beam oscilloscope in
such a manner that each beam displays alternate 120% of a second periods, )
the display of each beam will correspond toione of the two mass peaks.

The amplitude of the square wave can'now be adjusted to bring thebtwoA
peaké into vertical coincidence, at which time the amplitude of the

square wave will be equal to the voitage separation of the two mass

peaks.

E. Particle Detection

A low résolution, appréximately one part in thirty, magnetic mass
analyser was employed in such a manner that only the ions in a desired
mass range co@ld,reach thevdetector° The magnetic field for the analyser
is produced by a permanent magnef, andvthe magnetic field intensity
varied by‘means of én adjustable shorting bar across the poles. Ions in

- the desired maés range are detected by a Bendix 306 Windowless Photon
Detector. The output of this detector is measured by a Keithley 417
High Speed Pico-ammeter. In the case of fast voltage sweeping the output
is fed into an amplifier and associated qircuitry as shown in figure VIII;
The output of the pico-ammeter is -ecouded on a Ravsch and Lomb V.O.M.5

Strip Chart Recorders.
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CHAPTER IV

EXPERTIMENTAL RESULTS

A. Slow Voltage Sweeping

The motor used to drive the helipot in fhe slow voltage sweeping
circuit is self reversing, so that the high voltage'is alternately -
incréased and deqreased by approximately 45v. causing the recording on“
the strip chart to repéat itself every minute or so. This provides a
built in calibration for the recording since the voltage separation
between évery second peak of the same mass, providing that the mass peak
appears only once in the interval 6§V, is equal to 2§V. Then, because the
voltage sweep 1is 1inear,.a simple ratio of lengthé can be used to
determine the peak separationsvor widths. In figure IX the voltage,28V,
is 92v. since the actual SV provided by the sweeping circuit was hbév,
The width of the of the peak indicaéed is, by calculation, 6.2v. This
corresponds t9 a resolution of one part in three thousand. The theoretical
resolution for this recording is one part in four thousaﬁdo'The large

85 87

peaks are due to Rb 7 and the small ones to Rb ‘&

B. Fast Voltage Sweeping

The circuit for fast voltage sweeping was built and tried on the
mass éﬁectrometero However the technique was not employed extensively.
There are two reésons for this. Firstly, the resolution of the instrument
is not easily determined from the display on the oscilloscope since this
reqguires a preéise knowledge of the amplitﬁde of the sawtooth in the high

voltage circuit. This work is concerned with the preliminaronperation
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-of the spectrometer, thus msking an easy determination of the resolution
almost a neceésityo Secondly, it was found that the sawtooth generator :.
and possibly the square wave generator were picking up some A.C. noise
with the result that the peaks displayed on the oscilloscope were

unsteady, jumping back énd.fofth'over a small range.

C. Frequency Sweeping, High Power Oscillator

N

The frequency sweeping with the high power oscillator proved to be’
the most convenient for the preliminary work b;cause of its wide rangéo
Figure X is a recording of a frequency sweep over a range greater thaﬂ
one megacycle centred at 15Mce Although the resolution is not too high
in this par£icular recording, it does show a good stability and the wide
range over which the cable system can be used. It should be mentioned
that the high power oscillator was also used dufing,the slow voltége

sweep for the results shown in figure IX.

The particular recording in figure X shows how the mass peaks for
diffefenﬁ masses overlap at high n nﬁmbers. The small peak has a lower
repetition frequency than the large oné, thus thé small peak appears to
emerge from under the large one on the left hand side, move between two
large peaks, and then go back under a large peak from the right hand

side, as the frequency increases,

D. Frequency Sweeping, Low Power Oscillator

The low power oscillator using the resonant circuit to drive the
R.F. plates, had, in contrast to the high power oscillator, a working
" frequency range of only approximately 100Kc. However in this range the

mass peaks are quite good showing a resolution of one part in si:: thrusand.
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Figure XI is a recorder tracing of a freguency sweep using the low poﬁer
’scillator in which the peaks to the left are occuring at resonance and
the ones to the right are off resonance, It is impossible bo measure the

voltopze on the R,F, plates when the resonant circuit is employed since

this would disturb the resonance, The am l»uvde of the R.Fy voltage is
P g

estinmated to lie in the ranze 50 to 100v,

L.

If the R.F. voltage is increased, the peaks start to broaden and
split as can bec seen in figure XIT. This recorder tracing was token at
the same time as that in figure XTI, the only difference between the two
being an increase in the R.F., volta we for figure XTI, These effecls were
also observed when the high power oscillator was employed if the R.¥,

voltage was incressed much beyond 50v, In fi

fiz

ure XIT the odd peaks for
both of the masses, RbSS and 207 , have split and the even pesks for

hoth of the masses are broadened,

5. General Results

It was mentioned -in Chagter I that a low resolublon nmagnebic mass

anslyser was used so that only a small mass range could reach the

RPN NP S oy Es N - e eyt R TR
detentor, is a recorder tracs of bthe oubpub of the nuse

spectrometer without the megnetic mass analyser, bub with the particle
detector mounted dive ctly behind slit S,. Since there several mass pealks

present, it is difficult te make any accurabe mcasruenents of the

resolubion or the peak separations,

£

The experimental verification of the di ferend mass resolubtion for

~even and odd peaks can be seen in figure XTV, Both of the rubidiuwn mass
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peaks are present, but due to its greater intensity, the Rb ~ peak shows
the effect better. The even n number peaks have been marked with an E
and the odd peaks with an O. The widths of the even and odd peaks are in

the ratio of approximately three to two. This is in agreement with the

theory developed to explain this effect.

Figure XV shows a slow voltége sweep and a frequency sweep using
the high power oscill;tor. These two sweeps were taken one after the
other so that the conditions are the same for both sweeps. The voltage
sweep gives a resolution of one.part in twenty two hundred, while the
frequency sﬁeep gives a resolution of one part in twenty four hundred.
Since the resolutions are approximately the same, it indicates that the
frequency, in the voltage sweep, is as stable as the voltage, in the

frequency sweep.
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CHAPTIR V

e s i b P .

DISCUSSICN AND CONHCILUSTON

The new Time of Flight MHass Spectromebter shows significant
inprovement over the one used by Lum, in stability, reliability, and
ease of operation..However, with the present instrument a resolution
of at least one part in.twpnty thousand should be possibie, since the
voltages that have been applied to the deflecting plates are only a
small fraction of those that can be supplied by the oscilators, As
was seen in IV,E if an R.F., voltage grealer than about 50v. was applied

ot

to the deflecting plates, the odd mass peaks started to split while the
even mass peaks broadened, These elfects are not fully understood at

present and only possible causes for them will be advanced in this

It is thoughl that the broadening of the even mass peaks nay be due
to a component of the R,F., electric field in the directlion of the ion
beam. I this is the case, then as the lon beam passes through an R.F.

vart of it 1will receive an zcoeleraghion in the diveciion of the

ile Lhe obbar pary will receive z deccleration, The not effect
111 be cumuleative for the even mass pesks and cancel for the odd mass
peeks, Thus the even mass peaks will tend to become brozler than is

¢ ¥ill continue to iuerezsse

predicted By theory while the odd mass pea

in resolubion as the R,T.

If there is a2 harmonic distorticn of the t,F., signal, then instcad
“of having half periods that are all equsal to each other, it is possible

to oo Lwo divTerent nall
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not affect the even mass peaks, since an even number of consecutive half
.

periods will always yicld the same fiming interval no mstier where they

re taken. However, an odd number of half periods can yield two different

timing intervals depending on where the initial half period is taken.

rJ.

Thus, this type of distortion will cause the odd mass peaks to split if
the difference between the two timing intervals is sufficiently large,

while the even mags peaks will not be aflfected,

Although a high resolution has not been achieved in the preliminary
work due to the peak splitting and broadening, it is felt that the

instrument is capable of a much higher resolution once the exaclt cause

of these effects has been found and corrected,
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