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SCOPE AR CONTINT:

A nev large double-focusing mass spectrometer and its
gpplication to the determination of precise atomic mass values
are described. A peak-matohing technique is desoribed by which
mass difference values are obtained fro.: voltage meagsurements.
The mass values obtained for Sras, Srpa end Zr9o have
largely resolved the discordance which had existed between the
nuclear transicutation data and mass spectroscopic data in that

region of the atomic mass table.
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in the becam, for a given radlo-frequency on the modulator, ions
of only one particular spccific charge will receive the correct
energy reductions necessary to bring them to the collector.
Thus, one can obtzin a mess spectrun by sweeping the applied
frequency, and determine mass differences in terms of frequency

differences,
Eiv) Parameters Used in Determining Mass Differences. The

specific cherge of the ions vhich are transmitted by a2 mugnetic
analyser can be determined from & knowledge of the initizl encrgy
and the radiug of the path tzken. In instruments using pholographic
detection, the radius of the path is the vuariable parameter, the
others beingz held fixed. Distunces between lines on the plate can
be measured, and mags differences calculated using the theoretical
expression for M as o function of #, Vith instrun=nis vhoere an
electrical collector, and hence a fixed path rodius is used,

mess differences can be determined by sweoping the magnetic ficld
strength or the ion energy, and noting the vulues of thoge
parcmetors which correspond with different mass spectral jeaks.

In large dcuble-focusing instruments, the trend is towvurd
swveoping the ion energy as it enters the mosnetic analyser. This
is effected by sweeping both the acceleration voltcge and the
cleotrostatic analyser voltage. Accordins to a theorem due to
Blcakney (1936), if all the electric fields experienced by the
ion beam are chunged in the ratio V'/V, then an ion beun of waos
M' will travel the path formerly travelled by a beom of moss M,

]
such that M /ii = V/V',





















FIGURE
EITRAKCE EXD OF MAGNETIC ANALYSER

The tube connecting the magnetic analyser to the
electrostatic analyser is removed to show the adjustable
slit (S3 in Fig. 3). The coil on the end section of the
nagnet can be seen at the right. The proton resonance

oscillator and probe are shown at the left.,

FIGURE

EXIT EFD CF MAGNETIC AWALYSER

The cylindrical object connected to the flange at
the end of the magnot is the electron mltiplier. The
micrometer adjustmsnt for the collector slit (S , in Fig. 3)
can be scen at the edge of the magnet gap. One pumping
station of the magnetic analyser tube is seen at right,

showing the mechanical and diffusion pumps and the
liquid air traps.
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clamped down by means of angle irons across its top. There are
four ports in the housing, onc where ions enter, one where ions
leave, and two pumping ports on the side of the housing. Vacuum
seals are made at these ports by means of neoprene "O" rings.
The pumping ports and pumps are shown in Fig. 8.

The position of the electrostatic analyser with respect to
the magnetic field is determined by three control arms, two of which
are shown in Fig. 9. The ion exit point can be positioned via
these axrms, with respect to the mzgnet entrance slit. The other
axm is at the source end of the analyser. The length of this arm
can be adjusted to pivot the analyser about the ion exit point.

The analyser is supported by three 2-inch ball bearings.

Bach ball bearing sits on a platform which rests on a cluster of
l=-inch ball bearings. The three-point suspension allows luvelling
of the analyser. The plates on which the clusters roll can be
levelled individually by three jack screws. One of these suspension
units is shown in Fig. 9. The whole analyser, which weighs about
three tons, can bo easily moved by hand on this suspension when

it is not locked "in position by the control erms,

The electrostatic analyser is conneoted to the magnetic
analyser by meens of a section of 3-inch coprer pipe, which conteins
two bellows. The bellows allow some motion (A1 in.) of the
unalyser in the direoction to und from the magnet, and also flex

to allow transverse motion of the analyser.





















/ TICUTS 13
SOURCE VOLYAGE SUPI'LIES
The isolation transformers and batteries are

housed in on oil«filled tank, vhile the AVa circuit sits

in a lucito box supported by lucite rcds.
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CIAPTER III

RESULTS OBTAINED AiiD DISCUSSION

1. Summary of liass Difference Detcrminations

measurements made during this investigation.

Table I shows the mass differences calculated from doublet

Values obtained by

others are shown for comparison.

TABLE I
Mass Difference Values in mMU

Smith, 1958

c
d
e

Doublet (“his work) (Barlier Vork)
N,0 - CO0, 11,2390 = 30 11,286 210 (a)
11,2355 % 6* (b)
11.23788 X 32 (o)
N0 -3 5% b8.240 %12
co, -1 sr’° 36.999 =9 37,00 f18 (4)
**
03 -1 520 100,126 £ 25 100.12 < 5 (e)
#(zr%12%) - ke L,9ksk % 25
*
Actual doublet obse:ved was N2 - CO.
o " " " n CGHII{. - Sr86
&) Kerr and Duckworth, 1958
b) Scolman, (uisenberry and Nier, 1956

Duckworth, Woodcock and Freston, 1951
Collins, Johnson end Nier, 1954.

The probable errors quoted are made up of a conbination of the

statistical error ocalculated in the usual way from the spread of the
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readings, and an estimate of tho precision of the voltage measure-
ment. Only in thoe first and last doublets listed is tho statistieal
orror large enough to contribute to the total error.

The 1‘120 - 002 doublet was obssrved on four occesions
over @ period of nine days. %he change in its determined value
over this period was not significant compzred with the accurucy

of the voltage mezsurcments.

2. New Mase Values Dircotly C:loulated from These Differences

In determining the masses of Sr86, Sr88 and ngo, the

following masses were adopted.

(vuisenberry, Giese and Bemson, 1957)

c}? = 12.0038156 £ &
= 1.0081451 p 2 ( " " I 1" u)
k20 = 79.94177 10  (Duckworth, 1957)

1+

@137 = 34.9799720 £ 22 (Giesc ond Benson, 1957)
Table II shows the values obtained in this investiguti-n and by othars

for comp:rison.






FIGURE 22

NUCLIDIC CHAKD IN THE 50-NSUTRON RGION SHOWING REACTION Q-VALULS
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(1) %he S£88 - :3)1:86 liasg Difference. The § vaiues of Sr86(n,nu'ra7

ana Sr87(n, ‘C‘)Sraa have becn published (‘ay, 1955). The rosults are

conparcd with mass spectroscopio dete in Yoble III.

TABLE IIX

S;ae- @86 lags Difference, Atomic llass Units
Transimutetion date (Voy, 1955) 1.99698 % &
Mass s&i&tﬁggg‘(’)pigﬂﬁta. (Collins, Johnson 1,99748 ¥ 15
lass apoctroscopic data (Duckworth, ‘/oodcock .

and Vbreston, 1951) 1.9974 - 9
Mass spootroscopic date  (Tlis work) 1.05696 < §

The results of this investigation agree very well with the n,

mensurcments. The results of provious best mass doterminztions

disugree by about 0.5 ulil.

(11) Tho gz;9° - 5228 liass Difforence. ‘this difforcnce can be

obtained from nucleer reaction jevalues viz various routes.
Table IV gives these differences end compures them with the results

of this work and other mass spooctroscopic data,












CONCLUSIONS

A nev large double-focusing mass spectrometer has been
developed to the stage where it is useful for the determination
of precise atomic wess valucs. The precision of the mass
conparisons ‘that have been made with the instrument ranges from
onc part in 1.7 x 106 1o ono part in 3.2 x 107. The errors
in the less precise values are almost entirely due to the
uncertainty in the voltmeter readings.

Direct determinations of the magsses of Hl#, Sreo, Sr88
and Zr9 0 hove been made. The three last-mentioned appear to
resolve the se:ious discrepancies that have existed between mass
spectroscopic and nuclear transmutation deta for the Srea - Sr86
and the Zr9o - S:ra8 nass differences.

New mass values heve been determined for several other

nuclides by combining the results of this .orit vith existing

transiutation @-values.

The newv mass values recsultin; from this work are listed

in Table V.
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Yew Atomic Iiass Values Resulting
from this Viork

Hueclide Masa Value, in AU
T 14,0075273 ¥ 15
87 86.93691 * 6
580 85.93667 * 5
ol 86.93662 * 6
3500 87.933635% % 18
97 88.93404 X 6
4 © 89.93350 < 20
zrot 90,9380 T 21
21?2 91,9348 I 21













