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o165
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
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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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PULSE LENGTH DETERMINATION

FIG. 2

pulse length

PN DEPOI T O e T O T L T

80 60 40 20 o) 20 40 60 80

o 6 Deg i




60

<
o
s
g M
AN
= L
. (@]
> W_ 2 & o o < <
. ) o o ®)
ow o i = = =
n gl | " " " "
D 5 g L ¥ ¥
L U I \ - \\\
w \ ._ m ./ /z/ - \\ o)
w \ _. " \ \»z\\ N
8 g ! ! \ —Sg K
: _- L =¥ | \ —
: \ \ \ _——
-— “ P - ] _ \ \‘\\\
s | \ -l
. ! = «A.AI/JAAﬂA T T R LT T e T T
I ~ S \ e % \ i, i . ) NG k
» SN NN NNt
+ — ///, " . N S < " /./ ,,A\f-/»V -
: ././/AA"/ CHONN / N NSO ,/W, paahrt | \
1 <K NN\ N, ~_ // NN /// S S V/r/,/ " : : "
I‘I/wwanVVr////x}_ AOOOOONNNNS ST S ‘-Alhn N —
\ e
\ \ i .
/ d_ c .. \
— re=zi '
.- \ $ /
e R \ " o | /
s (Y]
"o
o2
ma
o
©
-—Q
[ )
3
5w
o
il & 1 1 /| |
< I (e}
S S o o o o &
= o O o (@]

S deg.

20

40

510)




FIL. GUARD DISC

LEAD — THROUGH DRAWING - OUT DISC
‘I
___ Jﬂ E—
Yy
(%) 7
" RRAPRAC N
A
»
................ =1\
o ® \
v T % g A
<
INSULATOR \
SLIT HOLDER

RIBBON FILAMENT
FIL. HOLDER

SOURCE ASSEMBLY FIG. 4



+0-

§|00K WW J [
180 V e [

o——/’~—-§
27\/5 50 K 100 K
o
g g 200 K
45 v

||'

o~ S sOK

ACCELERATING 8 DRAWING-OUT VOLTAGE SUPPLY
FIG. 5

ENERGY
_ ANALYSER
P PLATES
asv. I KWW
100K |

ww

100 K
+o—

ENERGY ANALYSER VOLTAGE SUPPLY
FIG.7



Side T Side T

OBJECT
) SLIT Qs

L3
+ . - e —

»

\
| DIVERGING RAYS IMAGE SHAPE
CENTRAL RAY EXPECTED

FOCUSSING IN ENERGY ANALYSER
FIG 6




SHIELDS CONDENSER
BRASS FRAME

SPACERS

CONDENSER SPRING CONTACT
WAVEGUIDE

VELOCITY  ANALYSER  MODEL |
FIG. 8

NI

s

BRASS PLATE



] /-:;ZT?‘ e /)

[ ] [ ] e
LB It} L  rusees

—— W | - GASKET
CONDENSER ONE SET OF CONDENSERS I 1

ACTUAL SIZE ‘\\‘\% 77 i
‘ * +———+ FRAME
\ ; % [ J 778

ARMCO STEEL,

4
Sl "2%" + MYKROID
ok - - Yrh |

END VIEW OF CONDENSERS
VELOCITY ANALYSER MODEL I IN POSTION

FIG. 9

RF LEAD CONDENSER

ADJ. SLIT .

SIDE VIEW OF CONDENSERS IN POSITION




“ENERGY ANALYSER MICROMETER

k \ ADJUSTMENT FOR
T N VELOCITY ANALYSER COLLECTOR SLIT
SOURCE i '
i e, ¥ ﬁ‘ﬁl
b Sy e o A SHIELD
/ O " _k“st 2 o Vg

¥
TO ELECTROMETE

\

PUMPING TO DIFFUSION
LEAD PUMP

SIDE VIEW OF RF MASS SPECTROMETER
FIG. 10



_—+
8l FIGII IMAGE SHAPE FROM /+ Ea
ENERGY ANALYSER +

5 +
Tt / LY \ slit 60/1000" wide

/ \
2 .
A \
6 "
\\c>
3
+
-5 o / 9
| =, \
\  slt 10/1000" wide &
4 'SHARP OUTS/DE
| o \
,? " \
4 A
O ,“/ k
|




Ix16° | Li, Li PEAKS FIG.12
amp.

[

CURRENT RATIO +L: 0935 -
Li — | = 1165

.6

ISOTOPE RATIO = .0862
(corrected for rate of
evaporation)




	1021
	2022
	3023
	4024
	5025
	6026
	7027
	8028
	9029
	10030
	11031
	12032
	13033
	14034
	15035
	16036
	17037
	18038
	19039
	20040
	21041
	22042
	23043
	24044
	25045
	26046
	27047
	28048
	29049
	30050
	31051
	32052
	33053
	34054
	front015
	i016
	ii017
	iii018
	iv019
	v020



