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PREFACE

Recontly Truman Frenkllin constructed a mass speciro-
néte%*af the Hior type For this depariment, Subsequently
this instrument was asgs e&bied.aﬂd mode ready for operatlion
by ¥m. Lull end Bdward OtlMealey. It had been the original
plan to produce ions by electron bombarduent of sauple

gases adaltted to the instrument through & conbrolled

}_n-a

lealk ir. Frenklin had included in the design. This is

sbtanderd praetice, but the lon curront produced by clectron

o -; A PN

bombardaent ig small and diffieuvlt to detect. Also, the

conbrolled lesk is ceribain to Incresse the vacuim oroblems,
Consecuently, for testing and adjusting the ingtrument 1t

wes decided t0 produce lons by thermionle emission from

divided into two parbss

1. Determining suitable methods of preparing the
filaments

2. Ubilization of these Pilamenbs in the mass

spectrometer oy prelimiory tests.
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fogquireunents

& consideration of the mass spectromeber snd its
charsoteristles indicates ceriain requiremsnts thesge fila-
mentg must gatisly. From the familiar equatlons,
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In this squation m is the wags of the lon, ¢ its charge in

glectro-magnetic unite, ¥ the mopgnetic field strength, »

the radlug ol arc described by the lon, ¥V the accelerablog
potentlal, v the velocivy of the lon, wond pd the sceelersbe

Ing potenticl expressed in electro-mognebic wnits.

The mess of an ion 1s nsuelly referred to in wmass unitss
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the maps unit being 1.66 x 10 k gus. Then
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Sonsideration of the preceding equation shovs the wmos

accurote dotermination of mags will be made by adjunsting

the sceolerating votentiel. Changes in the aeccelorating
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potentisl may have an effect upon the es
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it is probable that these will be smell since field emissi

is negligible for the acceleratlng notentiols ussad., In aun
cage bthe emission curvent wmey he kept at o Tizxed vaolue by

controlling the filament tempersiure.
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The Nier mass spectrometer utilizes a V-shaped mag-
‘netic field. The apex of the V lies upon a line conhecting
the defining slits. The angle subtended by the field is
such that the ion beam enters the field normal to it and at
a distance of r cms from the apex. In the field the beam
describes an arc with radius of r cms about the apex and
leaves the field normal to 1t on the other side of the Ve
hen these condltions are satisfied 1t is shown by Nierl
that the resoclution is,
S = ;1,0(2/2 cms,

wvhere A 1s the diztance fromvthe'source tc the apex of the
V, and®&{ one half the total angle filled by the ilon bean.
3ince 4 is essentially a constant & largely determines the
resolution. Since & will be determined by the width of the
defining slits, and the geometry of the filament, it is
desirable that the filament be as narrow as consistent with
emission requirements in order that line source conditions
may be c¢losely approxinated.

2,5,4,5,6

In the literature all wrlters agree that ions

1 A. O. Kler, Review of peclentific Instruments, 11, 212
(1940)
& Jde P. Blewett and ®, J. .Jones, The Physical Keview,

50, 464 (1936)

v

R. Héyden, Physical Review, 74, 650 (1948)

5. L. Hundley, Physical Review, ©U, 864 (19=7)
5 ¢. H. xunsman, Science, 62, 269 (1925)

S . . RBainbridge, Journal of the Franklin Institute,
212, 317 (1¢31)




produced by thermionle ecmission ere singly lonized. Then
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chenged k& will

current
rled to determine other mogses in Uhis vieinity., DBy chang-

va ~ *}1 ey
LG DO

Thug whon any un-

magnetizling evrrent being used can be found from the curve.
T - - 5y 7 o Lo & o
Then by observing V and spplylng the sguation,

muher of
of points for aueh a

vroblen sug

e}

Uk
g
aald
o
o
f.;

s
et
bk

250 masas




The slight variations in the magnetic fileld due to the
hysteresis of the iron core renders methods based on
current regul ation7 inadequate for an absolute determina-~
tion of H, This limitation would not exist if k were deter-

mined in terms of the flux as measured by a flux meter.

7 .
Ppla G‘rove and Hial{am, Review of 3 —
ments, i%, 69’ (19115)’ of Selentiflc Instru




Filament and Coating Materials

The first filaments tried were tungsten spirals 15
mn long made of 5 mil wire, It was dlfficult to produce
these with sufficient uniformity. Further, between the
dlameter of the spiral and the warping that occurred in most
of them, line source conditions could not be approximated,
It was decided to use a platinum ribbon 0,050 inches wide,
0.001 inches thiek, and 1 inch long. Subsequent to the
arrivel of the platinmum ribbon a nickel ribbon of the same
dimenslons that was availlable in the department was tried
and found to be satlisfactory except for the faet that it
melted at currents of approximately l..0 amperes, Later
the platinum ribbon proved capable of sustaining eurrents
es high as 6,0 amperes without melting.

The initisl problem was to determine 1f the spectro-
meter would operate. Since no estimate could be made of the
number of ilons that might reach the Paraday chamber, it
seemed desirable to have a source capable of very large
emission. Assuming the original adjustment of the spectro-
meter to be poor, it should be possible to find some indicae
tion of the ion beam by using an extremely sensitive current
detector. Then as adjustments improved the resolution of
the lon beam 1t should be possible to use ilon sources whose
emlssion wes less copious.

For the first tests it was declided to use either



spodumene or pollueite, since both are reporied o have
large ewlssion curventz, For further work, particularly
adjuesting and testing the resolution, it will be desirable

}a- =]

mentloned in section one. ALfter some consideration of

regults veporied by

coating materisls were chosen for best. These ave lisbed

table 1 with the ions emitied.

J« Po Blewebtt ond B, J., Jones, Physical Deview, 50

- b T ey o - 7 2 oy =), £, £
R. Hayden, The Physiesl Review, 7l, 650 (19L#)
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¥, Blewett and B. J. Jonecs, The Physical Beview
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Coating Techniques

Blewett and Jonesl reported coating thelr fllaments
with oxldes usihg water éé é binder. The writer's first
coating was made wilth several drops of a & per cent suspen-
sion of Alg0sz. Most of the coating came off as the filament
was heated, and the emisslon from the remaining material wés
weak and erratic., Following a suggestion of Bainbridge2
it was found that strong stable emission was most consistent-
1y secured from a very thin uniform coating.

Alo0z, RBald, Uz0g, spodumene, and pollicite wererall
coated in the same manner. They were flrst ground until
they were extremely fine, and then one part of each was
mixed with one hundred parts of water, by mass. A drdp of
this suspension was plpetted onto the filament and evaporated
by gentle heating with a 2.0 to 2.5 ampere current. This was
repeated until the desired coating had been formed., This
thickness was characterized by a lightly powdered appearance
that only slightly dulled the sheen of the platinum.

Since HaCl and KCl are soluble in water they are more
difficult to coat. The writer was never able to secure sur-
faces that appeared as uniform as those made wlth suspensions,

tVhen the materlal was 1In solution the vrocedure was the sane

1 J. P. Blewett, and B. J. Jones, The Physical Review,
50, 464 (1936)

2 K. T. Balnbridge, Journal of Frankiin Institute, 212,
317 (1931)
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filament could be broughi bto the center of the eylinder

formed by the nlabe.
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using a potential of 510 volts on the plate. No two fila-
ments of the same type were preclsely alike, but there was
close agreement so long as the coatlngs were thin, and
reasonably uniforn,

It had been noticed in some of the preliminary tests that
turning off, or sharply reducing the filament current seemed
to shorten it's life. Therefore in these tests if the chosen
ion current was exceeded the heating current was not reduced,
but the ilon current was allowed to go as far below the set
value as it had exceeded it, Thus, over the period of the
test the average emission current could be kept at the dew
sired value without ever decreasing the filsment setilng,

Below are listed other detalls concerning the varlous
coating materials that could not be shown on the graph,

Pollucite was the strongest emitler of all the materials
tested. Currents as high as 502 were drawn from it for
fifteen minutes after it had already been run three hours at
currents between 0.1 and 0.5 w8, 1/2 hour at 54a, and 1/2
hour at 254a. Even then it was capable of & steady emission
at lower values. Emission started at spproximately 2.1
amperes.,

Spodumene was a very good source, but never as strong
28 pollucite. Emisslion started at approximately 2.5 amperes.

ICL proved to be an excellent source, and the most
stable emltter Uested. IEmlasion started at approximately
2.1 amperes.
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NaCl was quite short lived., Generally, it had becone
so erratic in its behaviour that the tests were concluded
after Ii5 mimites. HEmission started at about 2.2 amperes.

Ba0 was the poorest emitter tested. The highest currents
emltted were of the order of 10"8 amperes. mmigsion started
at 2.2 amperes and in the course of a twenty minute test it
was necessary to raise the filament current from 2.9 to l.5
amperes to maintain the wealt emission mentioned.

A1203 wes a good emitter for currents of the order of
10=7 amperes., At these currents it has been operated as
long as three hours., It was very unstable if the coating
was too thick. Emission started at about 2.2 smperes,

Uq0g was en excellent emlitter and proved to be almost
as stable as KCl., The material did not coat as evenly as the
others, but it apoeared to adhere better. It requires con-
siderable outgassing before tests can be made. The emission

started at approximately 2.8 amperes.
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PART II
Preparation of the Spectrometer

The decision to use thermionic emission as a source of
ions for the spectrometer tests had been made prior to the
writerts joining in the work. Toward this end a new head
plate had been constructed to replace the one that was part
of the electron bombardment assembly., The insulators and
filament supports were azlready in place so that it was only
necessary to mount the filament and align it with the slit
and the axis of the spectrometer tube.

Vhen the filament was coated and aligned the instrument
was closed, sealed, and exhaust started. The preliminary
exhaust proved to be difficult since the instrument had been
moved and a number of small leasks had developed. Further,
it had been exposed to atmospherlc pressure for several

months, and the metal walls requlred conslderable outgassing,

Standard techniques were practiced in the outgaasingl and

leak hnnting.g’B’u Approximately three weeks were required
to reduce pressures to the desired level,

For the ion beam to be apvreciable it is necessary

L S5« Dushman, Sclentifiec Foundations of Vacuum Techni-
ggﬂa, DD. 621{-"6370

& 5 Dushmen, Ibid, pp. 370-386-

3 C. H. Bachman, Experimental Electronics, pp. 128-13l.
L Se. Jnanananda, High Vacua, pp. 255-256,
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that the mean-free-path of the ions be approximately 60

ems, Caleulations based on data drawvm from several aoureess’6
glve values ranging from 600 to 900 ems for the mean=-free-
path at pressures of the order of 10”5 mn Hge Pressures of
this order assure the elimination of appreciable lon losses
due to collisions, Pressures of this order were maintained

through-out the tests.

5 S« Dushman, op. ¢it., p. 35
6 S Jnananand.a, 0D« E_&l-’ PP 3’-|-35
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Test Equinient

The vacuum system of the spectrometer employed an oil
diffusion pump backed by a mechanical fore pump. No freez-
ing trap was used though the usual drying flask filled with
P205 was employed, Pressures were read by a Pirani gauge
and an ionization gauge. The Pirani gauge only served to
indicate 1f the pressure was low enough to use the loniza-
tlon gauge. The gauges were located at the most remote
point of the system with respect to the pumps. Thus, the
pressure differential of the Instrument insured the exls-
tence of pressures considerably lower than those indicated by
the gauges.

The filament current was read and controlled by the
same Instruments and equipment used in the emigsion tests.
The emlssion current was also read by the same galvanometer,
but provision had been made for the measurement and con-
tinuous regulation of the accelerating potential, The po-
tential was read by an electro-static voltmeter with a range
of 0 to 600 volts. If the potential exceeded 600 volts it
was determined by reading the battery in parts and adding
these parts. The potential was roughly adjusted by the
number of cells used, and fine adjustments were made by means
of a 250,000 ohm potentlometer connected aecross the first
battery. The sliding tap of the potentiometer was used as
the negative terminal of the supply.

The magnetizing current was supplied by a 12 volt storage



ecell, and was regulated by three wire-wound resistors
comnected in series. Their resistances were 185, 22, and
8 ohms, while thelr current capaclties were 1.5, l.li, and
5.8 amperes respectively. The magnetizing currents employ=-
ed in these tests ranged from 0.l to 0,95 smperes,

The measurement of the very small currents that were
found at the collector requires speclal methods end equip-
ment. These are to be the subjeet of a report by J. J.

Freymouth,

19



Test of the Spectrometer

After a number of attempis had falled to detect an
ion beam 1t was decided to widen the slits at the filament
and adnlt larger currents to the spectrometer. Vhen this
was attempted it was found these slits were improperly
aligneds At the same time the Paraday collector was
connected to the second defining slit so that all ions pass-
ing through the first defining slit were counted. As a re-
sult of these changes a weak lon current was detected at
once.

1,2 the ion sources had been

In Hier's instruments
enclosed in a glass envelope that was sealed to the metal
spectrometer tube. If the reglon beyond the slits was to be
free of electric flelds the metal spectrometer tube and the
8lits had to be maintained at the same potentisl, With this
arrangenent the only electric fields in the vicinity of the
filament were between 1t and the slits., In our instrument
the entire envelope was metal and at ground potentlal with
respect to the fllament. Under these conditions ilons emitted
by the fillament were accelerated in all directions and only
a small portion reached the slits., This was remedied by
constructing a shleld of sheet nickel for the filament as

1
(1940)

10, ? A. O, Nier, Review of Secientific Instruments, 18, 398
1947

A. 0. Nier, Review of Scientific Instruments, 11, 212
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shown in Figure 2. This altered the field in the vicinity

of the filament so that all the ions were accelerated in the
direction of the slit. Before this change emission currents
of the order of 5 x 10"'5 amperes had given only weak ion.
currents at the collector. After it was installed emission
currents of the order of 10~7 amperes gave strong ion currents
at the collector.

In Figure 3 the mass numbers of the ions emitted by a
filament coated with pollucite were plotted against the
collector currents. The emission current was kept constant
at 1077 amperes. A calculation of the mass of the strong
line using equation 4, with a value for H determined by
standard methods5 and the observed value of V, was within
1.5 per cent of the accepted value for Cs. Pollucite was
reported4 as a coplous emitter of Cs with small traces of Na
and Al present. No indication of the latter could be found.
The impurities found in pollucite were known5 to vary with
the sample and its source. The masses determined as 79.8
and 139 mass units agree roughly with a number of elements
that might have been present as impurities., The mass at
289 if approximately correct seems to indicate the emlission

of a complex lon. 3Since the lines were several mass numbers

S Ao W Smith, Electrical Measurements in Theory and
Application, pp. 22b-§35.

4 K. T. Balnbridge, Journal of Franklin Institute, 212,
317 (1931)

9 J. P. Blewett and F. J. Jones, The Physical Review,
50, 464 (1936)
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wide, the identification of these impurities was not possible.
When further alignment and tests with other ion sources
Improve the resolution so that the abundance of the isotopes
can be evaluated, such work will be possible,

The readings to determine the masses discussed above
were telken in the following manner., Filrst the aceeslerating
potential was set at some value and the magnetizing current
adjusted to bring the strong line to 1t's meximum value, As
was shown earlier

It = m133Vi mass unit-volts,
where M 5q is the mass of the strong line. Then V was ade
justed to focus the other line belng investigated on the
collector, Then,

m g-m133v1/V2 mass units,
Af'ter this k was determined for snother value of V and the
line being checked was re-located., Since widely varying
values of k and V resulted in close sgreement for all the
magsesg plotted it was felt that no large errors exlsted in
the approximate values plotted on the graph.

The resolution obtained in these tests was poor, but
it must be pointed out that all the requirements of good
resolution had been sacrificed in favor of large currents.
Further, the magnet was only roughly adjusted. In view of
these facts the 1Initial tests of the spectrometer appeared
to be highly satisfactory. The agreement between the experi-
mental determination of the mass of the single isotope of
Cs and 1it's accepted value seemed to indicate that the orbit
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