

































































































































































Voltage Divider and Potentiometer Circuits.
The voltage divider circuit congists of a fabricated

high resistance unit in geries with a Decade type 654-A Voltage
Divider. The eireuit is illustrated in Figure 23,
In constructing the voltage divider, the following egquipment is
necessary.
1- Bakelite panel 8" x 15" x 2".
4~ IRC Precision wire wound resistors type Vi=-4, 100,000 ohms.0.l1%.
10~ IR? Frecision wire wound resistors type ¥W-4, 10,000 ohns. 0.1%.
1- 4 pole 2 position Yaxley switeh #1312,
1- single eircuit 1l position Yaxley switech #1211.
l- 1.0 megohm fixed resistor, 1 watt.
2= 20,000 Yaxley wire wound volume controls.
l- Ztched Yaxley dial plate marked l-2.
J= Etched Yaxley dial plates marked 0-10.
1=~ Triplett 1 voltameter, range 0-2000 volts.
1~ General Radio type 604~-A decade voltage divider.
U= General Hadio double plugs, type B74-M,
1O0= General Radio Binding posts, Type 138-VD.

solder, hook-up wire, cambric tubing, lugs, ete.

In operation the high potential supply provides a maximum

stabilised voltage of 1300 volts. By suitable adjustments of
the resistors on the voltage divider, any fractional voltage from

13500 volts to zero can be accurately secured and maintained.

The purpose of the potentiometer unit is to enable one to
determine peak intensities with greater accwracy than that attain-
able from observation of the extent of galvanometer deflection,

The deflection of the beam does not vary 1£noar1y with sgeale dis-
tance, due to the fact that the galvanometer scale lies in a single

plane rather than being curved about the mirror as centre; thus



while readings in the mid portion of the seale probably are

linear, those on either side of the median are not.

The potentiometer, then, will be used when a peak is
reached, indicated by the sudden deflection of the gulvanometer.
Knowing the zero setting for the galvanometer, the potentiometer
is adjusted 80 as to anply a reverse EMF thus bringing the
galvanometer back to the zero position. The reading of the
potentiometer is then assumed to be a measure of the intensity
of the peak, The eireuit diagram for the potentiometer unit

is given in Figure 24.
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Figure 23,
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Terninal Boards.

For convenience in connecting the leads to the maas
spectrometer tube carrying the various accelerabting voltages,
filament current, and trap current outlets, a Bakelite terminal
board was Tastened to the side of the magnet neafoat the ion
source. The board contains 8 binding posts for the following
supplies: "A", "B", "C“, "D" voltages, trap current (&),
ground connection, and two filament terminals. A schematic
diagram in Figure 25, illustrates the arrangement. A sinmilax
terminal board was provided for the leads to the three furnaces
around the tube. All leads to the board exclusive of the
filament and ground wires consist of ignition cable insulated
for 2000 volts. The filament and ground leads were run in with
number 128, and 4. guage type R solid copper conductor, with

700 volt inasulation,
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The Filament and Filament Control.

The mass spectrometer filament consists of & plece of
tungsten ribbon lmm. wide, 0.025 mm. thick and 10 mm. long,
bent into the shape of a horseshoe somewhat fla'ttmd. The
filement is spotwelded by nmeans of tungsten-nichrome inter seals
to heavy tungsten supports of 30 mil tungsten wire in a press
seal, The press seal is made in the form of a long stem of
8 mm. 0.D. pyrex joined by a ring seal to the outer filament
sten support of 17 mm. 0.D. pyrex. The filument asten is
illustrated in Figure 26. In order to limit the ionizing
beam of electrons, a shield is fastened to the end of the sten,
in front of the filament. This shield contains a slit of 0.2 mm.

X J.05 mm. through which the electron beam passes,

The resistance of the tungsten filament is approximately
1 ohn, and this small value necessitates the provision of power
rheoatata for adjusting the filament current to within tolerable
limits. In the filament circuit we have placed in series, one
2,5 ohm IRC 50 watt power rheostat and one 0.5 ohm IRC 50 watt
power rheostat, The former is for coarse adjustment of the
current and the latter for fine adjustments during the course of

a run. It is always evident, during a run, that the filament
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Figure 26.
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current tends to decrease, and periodic adjustment of the 0.5

ohm resistor enables one to set upon andi hold the filament at

any desired value. It is of intereat to add that during the
preparation of the manuseript, & paper by Leifer and Urey (12)
disclosed that Nier of the Univeraity of MMunesota had devised

a ecirouit for heating the filament by a stabilised source of AC;
we intend to investigate this further. Our eireuit, run on 12 .
volts from high capacity storage batteries is fused at 10
amperes; and is controlled by a master toggle awiteh at the

control panel, A diaegram of the eireuit is given in Figure 27,

Msure 187,



It must be remembered above all, however, that at the
present time, there is not one substance suitable as a filament
material whieh has proved satisfactory for all types of mass
spectrometric analyses. Por example, the tungsten filament
iz decidedly unsuitable for examining the omvg.nliuotopoa
because of the rapidity with which incandescent tungsten
combines with gaseous oxygen. Horeover, investigations of
the type involving the examination of products of ionisation
of such substunces as naphthalene for example, invariably lead
to thermal decomposition of the compound upon the hot filament
and a minute surface layer of tungsten carbide is formed on the
filament. This acts in such a manner that although the ener-
gising filament current remains steady, the electron emission
drops trenendously, and the only remedy for increasing the emission
is to increase the filament current. Needless to say this often
results in a burned-out filament, with regard to coated type
filaments, only very general remarks can at this time be made,

If a platinum filament is used in routine abundance measurements
of the isotopes of oxygen, difficulty is exverienced in obtain-
ing sufficient electron current for jonising the oxygen. if
resort is had to a barium-atrontium oxide coating, tremendous
emission is attained on one had, but this soon becomes "poisoned”
by the oxygen and the emission drops. It is possible that this
poisoning is similar to catalytic poisoning and is due probably

to surface absorption.
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The graph given in Figure 28 is a typiesl series of
curves showing the relation between the filament current and
the plate current, and between the filament current and the

trap ewrrent, in the mass spectrometer tube.

The curves given in Pigures 29 and 30 are typiecal curves
showing the mass spectrums of ordinary Hitrogen and ordinary
earbon dioxide respectively. The conditions existing at the

time the analyses were made are described upon each curve.



Calculations on the Resolving Power.

From the geometry of the tube it is posaidle to predict
what resolving power to expect, It has been shown that the
angle focussing is independent of the angle through which the
ions ure deflected, and hence a 60° tube may be treated in the
same manner as a 180° or 90° type. It is therefore, sufficient
for a narrowly collimated beam such as is produced by slits
in the C and D plates to caleulate the resolving power by
assuning that the image of the entrance slit upon the exit
8lit is the same width as the entrance slit,

The resoiution is given by (21):

2
2y

since r is8 given approximately by

r ro -~ r width entrance slit - width exit slit
2

and in this case, the entrance slit is 0.85 mm or 10 mils.
while the exit slit is 0,50 »m or 1l mils.

therefore r 10-11 10.5 mils.
8

since ro is equal to O inches or 5000 mils,

m 5000 238
n 2x 108

The instrument should therefore distinguish between nass 237

and mass 238,
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Sunmary
1) The entire constructional details for building a modified
. Nier 180° type mass spectrometer have been given.

2) The electromagnet, cast of SARE 1010 steel, weighing 58935
pounds and eapable of dissipating 2360 watts was built
and provided with cooling coila,

3) An amplifier unit employing the FP=B4 tube capable of
detecting currents as low as 5 x 107" ampere was con-
structed, This unit receives and amplifies 250,000
times, the minute currents produced by the ions siriking
the collector box.

4) A high potential supply delivering 1300 volts D.C. has
been installed. This unit operating acrosa a voltage
divider circuit supplies the variable accelerating
potentiala for the ions.

5) Since in all mass spectrometric analyses, the intensity
of a given peak is assumed to be diroouy proportional to
the galvanometer deflection, and since the extent of the
latter does not follow a linear relationship oua a
uniplanar seale, a potentiometer unit Tor applying a
counter EMF thus "backing out" the peaks was constructed.
The peak measurements are then taken according to the
value of this counter EMF,

6) Caleulations demonstrate a resolving power of 1 in 238 for

our instrument,
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