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This invention relates to mass spectrometry
and to mass spectrometers. More specifically,
the invention is directed to improvements in the
method of stakilizing ion beams and to apparatus
for carrying out the improved method. .

A ‘mass. gpectrometer is an analytical 1nstru-
ment for soiting and measuring ions. Ordi-
narily, it includes an ionization chamber in which
molecules of the sample to be .analyzed are
hombarded with a stréam of electrons to convert
them into ions. The ions formed are expelled
from the ionization chamber} by one or more re-
peller electrodes and aré propelled, by so-called
prepelling " or accelerating electrodes, into" and
through an analyzer chamber The analyzer
chamber" frequently takes the form of a curvi-
linear enclosure, say & tube. During passage
through the chamber, the heterogeneous beam
of ions is subjected to a transverse electrical or
magnetic field, or both to separate it into sep~
arate diverging ion beams, each of which is com-
posed of ions of a given mass-to-charge ratio
which differs from the mass-to-charge ratlo of
the ions forming the other beams,

The diverging beams may be success1ve1y fo-
cussed through an ex1t or resolvmg slit'in a ter-
minal electrode onto" a ‘ collector electrode. Al-
ternatwely 3, sihgle ‘one .of the ion" beams may
‘he continuously focussed on the’ resolvmg sllt to
the exclusion of the other beams. In e1ther event,
the focussing of the'ion beam or beams is achleved
by adiustment of ‘the potential applied to the : ac-
celerating electrodes. - 'The current produced by

ion dischargs at the éollector electrode is indica- .
tive of the amount of ions in the partmulal beam :

and hence’ const:tutes 2 ‘measure of the partial
pressure of the molecules (from which the ions
we: e derived) in the sample ‘being analyzed.

s indicated above, it may be expedient to focus
the mass spectrometer on a single mass peak or
step-wise on two or more mass peaks rather than
sweeping the d1verg1ng ion “beams successively
‘acress ‘the resolving: slit. -

where a'continuous concentration ofa single con-
stituent in a sample stream is sought in leak
detection wheie thé presence of an added con-
‘taminant is defected as it appeatrs in the atmos-

“Such a “fixed focus”
Instrument ' is used for contmuous momtorm'r;

(CL 250—41.9)
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centered on the resolving slit. Any appreciable
deflection of the subject beam from a centered
position will affect the apparent intensity of the
beam and hence, result in erroneous analysis.
Since the factors which govern the position of
the beam are in a typical instrument, the trans-
verse magnetic field and the accelerating voltage,
deviation of either of these variables from a pre-
selected fixed value will result in dlspla,cement of
the beam from a centered position.

- It has been proposed to stabilize the accelerat-
ing voltage against deviations from a pre-selected
value' by means of a voltage-dropping network
wherein a fraction of the accelerating voltage

1is compared with the voltage output of a standard
-cell.
- the fraction and the standard voltage is balanced

Any variation in ‘proportionality between

automatically by a servo-motor or other means
acting on the voltage source supplying the ac-~
celerating -electrodes. - However, the accuracy

~of 'such a system depends upon a resistance di-
“vider network, the long-term stability of which
s questionable. Moreover, the possibility of loss

of focus due to temperature sensitivity, varia-
tions in power 'supply to -an electromagnet, or
aging of a permanent magnet is in no way ac-

-~ counted for in such a voltage-dropping network.

30

“io

phere surrounding the” vessel under investlgar -

‘tion, and geneially under any circumstances in
which a smgle component or pre-selected group
of components is to’ be measured .

For accurate Analysis with a ﬁxed focus mass

50

spectrometer, 1t is zmportant that the particular .-

ion beam under investigation be at all times

‘We-have developed s method for holding a
given ion beam centered on the resolving slit

~which automatically compensates for fluctuations
‘in‘the accelerating voltage and also variations in

the strength of the magnetic field. 'The ifAvention
contemplates in a method of mass spectrometry .
which comprises ionizing a sample to be-analyzed,

-propelling the ions by means of a D. C. accelerat-

ing potential into an analyzer region, subJectlnrr
the ions in the analyzer region to a transverse

-magnetic field to separate them into individual

ion beams, focussing one of said ion beams
through.a resolving slit, and measuring the cur-
rent developed by discharge of the beam, the im-

‘provement comprising superimposing on the D: C.

accelerating ‘potential an A. C. component to
cause the ion beam to-oscillate transversely with

.respect the resolving slit and with an ‘amplitude

less  than- the width of the slit, detecting un-
centered -oscillation- of the beam and. adiusting

_the accelerating voltage to restore centered osci]-

lation.
The invention also includes one form of anpa~

-ratus for carrying out this method, which com-
-brises in a mass spectromster having an analyzer.

chamber, ionization chamber, accelerating elec-
trodes a source of D. C. voltage connected to de-
velop .an accelerating - potential - on the accel-
erating electrodes, means for establishing a,
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transverse magnetic field in the analyzer cham-
ber, a collector electrode, and a terminal elec-
trode having a resolving slit through which an
ion beam is focussed on the collector electrode,
the combination comprising a source of A. C.
voltage connected to impress an A, C. component
on the accelerating electrodes to-oscillate the ion
beam transversely with respect the resolving slit,
means for developing an A. C. signal responsive
to uncentered oscillation of the ion beam, and
means operative to vary the voltage applied from
the D. C. source to the accelerating electrodes re-
sponsive to said A. C. signal to restore the-beam
to a centered position.

The invention will be more-clearly understood
by reference to the following details description
taken in conjunction with. the accompanymg
drawing in which:

Fig, 1 is a diagram of a mass spectrometer in:

accordance with the invention, showing one
‘means of varying the accelerating voltage respon-~
-sive-to an A, C. signal developed by an oseillating
beam.
. Fig. 2 is an enlarged -isometric -view of {le
terminal electrode showing one means of devel-
oping an A. C. signal responsive to. oscillation
of anion beam;

Fig. 3 is.a-sectional. elevatlon taken-on- the line
3—3 of Fig. 2;

Pigs. 4, 4A, 4B are.diagram, respectively, of-the
A. C. signal when the mean. ion beam. position
is centered on the resolving :slit, when :the ion
beam is centered to the left of the resolving. slit,
and when the ion beam is centered to the right

of--the: resolving slit, in .each .case: the ampli-.3:

tude of beam oscillation being:such that.no A.C.
signal is-developed by oscillation of a centered
beam; :

Figs. 5, bA - and 5B, are disgrams illustrating
the A, C. signal developed: by an-oscillating ien
beam, the mean position of which is centered
on, to the left of, and te-the -right- of the center
of -the-resolving: slit, respectively, when the .am-
plitude of- oscillation is-such-that an A. C.:signal
is developed by a.centered beam;

Fig. -6- is -an - isometric- view of the: terminal
electrode showing an alternative means of devel-
oping an A. C.-signal responsive-to oscﬂratmn of
‘an ion-beam; and .

Pig. 7 is a circuit diagram of-the vol-tagersup-
ply. circuit of -the mass speetrometer of Fig. 1
showing an.alternative means for varying the
accelerating voltage responsive to'an A. €. signal
-developed by an- oscillating ion beam.

- The mass spectrometer shown diagramiiatical-
ly in-Fig. 1 includes g.pair of -accelerating elec-
trodes 10, 11 and a repellet-electrode 12. ‘Argds
sample to be analyzed:is introduced into:the re-
gion between the repeller electrode and the flrst
accelerating electrode 19 and is:bombarded by

.an -electron beam I3 to .ionize the .mioleciiles.
Ions-thus. formed: are expelled:through a slit ‘{0A
in the first accelerdting electrode by dpplication
of a-positive- potential to .the: repeller electrode.
The: expelled ions are ‘decelerated between the

-electrodes 13 and il and are éxpelled fhrough
sit. t1A. ih-the electrode 1i- by means of & po-
tentidl impressed. between thie two decelerating
electrodes.

Voltage is supplied to fhe repeller and accel-
erating electrodes from 4 voltage: supply circuit
{4, including a D. C. voltage source 15 -connected
in series with a slidewire resistor' 16. Resistor
16 is tapped by a slider T which is connected
through a second slide-wire resistor 18 to the

<t
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4
positive side of the D. C. course 15. 'The re-
sistor (8 is grounded at 20 adjacent the end
thereof remote from slider (1. A lead 22 con-
nects the repeller electrode to resistor {8 on the
positive side of ground 20 and leads 23, 24 con-
nect the.two accelerating electrodes 10, if, re-
spectively, to-.spaced points on.the resistor (8
‘¢n the negative:side of groind 20. This arrange-
ment represents a conventional voltage supply

.circuit for a fixed-focus mass spectrometer

wherein any change in the voltage delivered from
the source or applied across resistor 18 results
in_proportional change in the voltage applied to
the . two a;cceleratmg electrodes and the re-

.peller.

. The:ions issuing - from slit {|A in the electrode
i1 are caused to pursue a curved path as indi-
cated by the ion beam 26, the curved path being
produced by a t1ansverse magnetic field devel-
oped by magnet 27. A- terminal electrode 30 is
placed in the path of the ion beam after it has
travélled through a 180° -arc, and is provided

‘with .4 resolving slit 31 through which a single

Geari of fons of a given mass-to-charge ratio
mdy be focusséd.” A collector electrode 32 is dis-
posed. behinid the teérminal electrode and ions
passing’ through the resolving slit 31 discharge
on .the . c¢ollector” ¢lectrode.  The collector elec-
trode is electrically connected to'a D. C. amplifier
34, which'in turn is connected to a sensing means
'36.which may be a.recorder or other sensing de-
vice. ' The current.developed at the collector elec-
trode by discharge of & particular ion beam is

~amplified  in "the amplifier 34 and recorded or
“otherwise .sensed ixi the sensing means 36.
{His extent, the operation of the mass spectrom-

To

eter of Fig. 1.1§ typical of so-called fixed-focus
instrumerits.

In agcordance with onie form of the present
invention . ds illiistrated in Figs. 1-3, a source 38
of A. C..viltage is coupled through a switch 38A
and a trarsforiner 38 to the D. C. voltage supply

eircuit 14 to. superimpose on the D. C. voltage

‘applied to the accelerating electrodes a compara-
tively small A.”C. comiponent. of a frequency o
when the switch 38A: is ¢losed.

.. A senisor electrode 42 is mounted adjacent and
convemently to the terminal-electrode 30 at one
e1id.of. the revdlving slit 31 and is insulated from
the terminal.electrode. A shield:44 is spaced from

.the front-of the:sensor electrode 42 and may be

grounded to the.terminal electrode 30. 'The shield
is apprqmmately the width of the ion beam so that
an-ion beanmt.cenfered.onthe resolving slit will not

strike.the. sensor electrode 42. The sensor elec-

trode 42 is connected to an A. C. amplifier 45, the
other_input. terminal .of which is conveniently
connected to ground or to terminal electrode 30
(as Shown).

A rever&blemotor 46 is mechanically connected
to slider {7 of the D..C. voltage supply circuit in
such 4. Tashion that.operation of the motor will

.adjust:the. position- of slider T with respect to

the slidéwire [6..-One coil 46A.of the motor is
connetted to the source 38 of A. C. voltage and
the other coil 468" of the motor is connected. to

the output of the'A. ‘C.amplifier 45,

‘The' arrangernent .of the terminal electrode,
sensor electrode and shield is best illustrated in
the'isortetric view of Fig. 2.and the sectional ele-
vation of Fig.'3. ..Referring to these figures, the
electrode 30'is pr’ovidechith‘ an elongated rectan-
gular resolving: slit-31. Sensor electrode 42 is
mourited’ across one end of the slit and conven-
fently :directly to. ¢lectrode .30 by means of in-
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5", .
sulating spacers 48, 49. A shield 44, conveniently
comprising a conductive metal strip, is rigidiy
affixed at 44A to the electrode 30 and offset there~
from to project across and above the central part
of sensor electrode 42. The end of .the shield
overlying the sensor electrode is approximately
the same width as the ion beam plus the peak-
to-peak amplitude of beam oscillation, and is
in vertical alignment with the resolving:slit, such
that the part of the beam -which strikes shield
44 is centered on the shield when' the portion
of the beam which passes through slit 31 is cen-
tered in the slit. It may or may not result that
shield 44 is centered above slit 3t since the ion
beam may be more or less curved. The terminal
electrode 30 and the sensor electrode 42 are con-
nected by leads 30A and 42A, respectively, to
amplifier 45 (shown in Fig. 1). Alternatively, the
terminal electrode and amplifier’ may be
grounded.

The operatmn of the apparatus illustmted in
Figs. 1-3 is best described with relation to the
diagrams of Figs. 4, 44, 4B. The voltage output
of the A. C. source is held at such a value that
the resultant oscillation of the ion beam has-an
amplitude just less than the width of the shield,
Hence, if the beam is perfectly centered . on the
resolving slit, oscillation thereof will be within
the region defined hy.the shield 44 (see Fig. 2),
and the beam will not fall upon the sensor elec-
trode 42 in any part of the oscillating cycle.. This
condition is illustrated in Fig. 4 wherein the
hase line 52 extends through two complete cycles
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of the A. C. component having a frequency. w.

Beneath the base line in the figure, the relation-
ship of the ion beam to the exit slit 34 and shield
44 is illustrated through various stages in the
oscillating cyele. Thus at zero amplitude, the

35

beam is centered on the resolving slit and shield. -

A quarter of a cycle later it has shifted toward
the lefthand edge of the shield. -A-quarter of a
cycle later it has returned to the centered or
gero amplitude position. Thereafter it proceeds

40

through the other half of the cycle, shifting to-

ward the right of the shield and again back to
the zero or centered position to.complete the
cycle. Since the amplitude of oscillation of the
beam is less than the width of the shield, it does

45

not strike the sensor electrode and no: signal is . -

produced.

In Fig. 4A, the same type of chart illustrates
the conditions existing when the beam is out
of focus to the left of the center of the resolving
slit. At zero amplitude, the beam is adjacent the
left edge of the resolving slit buf still on the
shield, and a quarter of a cycle later it has shifted
to the left, falling outside the resolving. slit.and
shield. In this position, the tail end of the beam
strikes the sensor electrode and a pip 84 is de-
veloped across leads 30A and 42A and delivered
to the A. C. amplifier 45. A qua,rter of a cycle
later the beam shifts back to its zero position,
thereafter shifting to the right of center of the
resolving slit and at the completion of .a cycle,
back to the zero amplitude position adjacent
the lefthand edge of the shield. In this manner

"a signal is developed between the sensor and
terminal electrodes for each cycle of oscillation,
the pips 54, 54A on base line §2 indicating the
relationship of these signals to the beam posi-
tion.

The same kind of analysis is carried out in Fig.
4B showing the signal developed when the mean
bheam position or zero amplitude position is to
the right of center of the resolving slit and
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‘(not shown).

. ] . .6 . L
shield. - Under these .conditions: a . single pulse
is developed during each.cycle of oscillation, il-
lustrated as the pips 56, 56A -on the base line
52.. However, the:signal developed when the
beam is to:the right of center is opposite in phase
to the signal developed when. the beam.to the
left of center, :although: both :signals have a
fundamental frequency of «» where the frequency
of. the voltage output of:the ‘A. C. source is .
Under these conditions, the output of the A. C.
amplifier impressed across motor.coil 468 (Fig.
1),:will be of the same frequency as the signal
impressed across motor. coil 43A from the A. C.
source 38. The motor will thus be energized in
the direction, depending upon the . phase .of the
output of the A. C. amplifier, to adjust the slider
IT in the appropriate direction to 1eturn tho
beam to a centered position. .

- - The foregoing discussion descnbes ‘the case-in
which the shield 44 has width equal to the beam
width - plus the peak-to-peak modulation am-
plitude. A second situation which -may ‘arise
either accidentally or deliberately in practice is
one in which the shield width is of the same
order as the beam width, being less than the
beam width plus the - peak-to-peak amplitude.
In this condition, the results: are as shown in
Pigs, 5, 5A, 5B, which  show the A. C. signal
developed on electrode 42 responsive to the three
conditions: of beam position, :i..e.; centered, de-
centered left and decentered right- respectively.
In each of these situations; a signal of frequency
2w and higher is developed:on electrode 42, but
only in the decentered-cases 5A, 5B -does this
signal contain a component of frequency .« which
is required to drive the motfor 46. - It is thus
noted that -although the superficial: appearance
of the signal depends strongly on - the relative
widths of the beam, the shield, and the modula-
tion amplitude, the actual operation of the in-
vention is insensitive to changes in these pa-
rameters within wide limits.

It is readily apparent. that the funct,lon of
shield 44 is simply to:prevent current of fre-
quency « from being collected on sensing elec-
trode 42 when the beam is properly centered, and
this function may- be served equally well by
simply cutting away part or all of -the central
portion of electrode 42, as-shown in Fig. 6, which
is an .isometric view similar to Pig.-2.

In the modification shown-in Fig.: 6, a sensor
electrode 60 is divided centrally into segments
60A, 60B.. The electrode segments.ars mounted
on terminal electrode 30 with their adjoining
edges spaced on opposite sides of the longitudinal
axis of resolving slit' 31. The sensor electrode
segments are insulated from the terminal elec-
trode by insulators 61, 62, respectively, and. ars
connected by a single lead 64-to the ampliﬁer
The intervening  space betwee
the segments performs the same function as
shield 44 (Fig. 2).

An important advantacre of the invention hes
in the fact that under no:condition is it neces~
sary to permit the central part:of the ion heam
to be impaired in any way. Accordingly, the
practice of the invention permits detection and
correction of a decentered beam long before the
degree of decentering is laige enough that the
beam strikes an edge of slit-31 ‘and impairs the
accuracy of the analysis by so doing.

The method and apparatus of -the present

‘invention thus has the fundamental and very

important advantage that the D. C. outvut of
the collector electrode 32 is uninterrupted and
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the further advantage that the beam centering
operatioh. may beé can'ied ‘on‘continvously rather
than penodically ‘Since’ the. outer or tail ‘edge
of the beam is used to‘develop the centering
signal, the intensity ‘of the discharge at the col-
lector electrode is not reduced since mnormal
practice is to discard this -portion -of the-ion
beam. Moreover, since the- amplitude ‘of fhe
oscillation of the beam’is less than. the width
of the ion slit, the discharge signal- developed

10

at the colleéctor electrode is not affected so long -

as the ion beam is'centered on the slit. “If either
of the .critical wvariables, -to-wit, ~accelerating
voltage or magnetic fleld ‘strength, vary from a
pre-selected value, the beam focus will shift in

15

one direction or another from center position .

and will immediately develop a signal at the
sensor electrode of the type shown - in Figs. 4A
or 4B, 5A or 5B. The reaction of the centering
cireuit will be -substantially 'instaritaneous to

effect o compensatory adjustment of the-ac- -~ is also used as the reference peak, such'a stepper

celerating wvoltage ‘to-return the beam :io a
centered position. For :this reason, any error
introduced into' the: collector electrode discharge
signal, as a consequence of variation.in: ‘beam
focus, will be of insignificant: duration.:-

Id the foregoing ‘description, a servo-motm
has been illustrated-and described as:one means
of adjusting the accelerating:voltage responsive
to production of an A. C. signal of the same fre-

20
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The invention has heen further described with
respect-to its operation ora: single mass: peak
wherein ‘the mass ‘peak of “interest is -also: used
as the basis for centering ithe’ apparatus.. ~This
is not'a’ necessary limitation of the apparatus or
the method since it-may be frequently desirable
to centéer on a relatively stronger peak .even
though’ such- a relatively stronger peak is of no
interest in the analysis. This is simply accom-
plished by placing a stepper switch in the D. C.
supply circuit’ 14, which may be manually or
automatically operated periodically to shift the
acceleratmg voltage to that required to focus the
stronger pesak on - the ‘resolving slit. .Such a
stepper switch in'the D C. supply circuit is con-
veniently ‘ganged to the switch 38A in the A. C.
voltage ‘supply circuit so that an A. C. compo-
nent is'impressed on the D. C. supply circuit only
when the reference peak is focussed on-the re-
solving slit. "Of course, if the peak of interest

switeh is not necessary in the D. C. supply cir-
cuit-and-the A. C. component may be impressed
on-the D.'C..voltage continuoisly.

Applicdtion of .the invention is not limited to

. the particular apparatus illustrated as preferred

30

quency as the beam modulation voltage: "Andther ..:

‘means of accomplishing this adjustment is'shown
in the circuit diagram of Fig. 7, which includes
a voltage supply circuit 68 substantially similar
to the circuit {4 of ‘Fig. 1. 'The circuit 68 in-

35

cludes a D. C.'voltage source €9 and a voltage .

divider network 70 connected to the accelerat-
ing electrodes (not shown). An oscillator 12 is
connected through g transformer 13 to apply an
A. C. voltage to the. circuit. A synchronous
rectifier 14 is connected to Teceive the signal
from the A. C. amplifier (not shown) and a syn-
chronizing signal from: dscillator:12. - When-the
input signal has the same frequency.as the syn-
chronizing -signal, the . rectifier- which “is-.con-

nected to circuit 68 across a resistor 15, develops ;.

a D. C. voltage across the résistor the polarity
of which is sensitive to the phase of ‘the input
signal. Hence, the voltage across the divider net-
work 18 is vaned responsive to the signal-de-

veloped by an off centered oscillating-beam and -

in a direction dependmg on. the “phase of- the
signal.

The invention has been described in some de—
tail with relation to a mass spectrometer operat-

ing on only a pre-selected mass peak. Such an . -

instrument is used for example; in leak detection
where the only component of interest is-a foreign
gas, say helium,; introduced into the-atmosphere
in a vessel under test and defected in the atmos-
phere surrounding -the vessel. However, con-
tinuous monitor - mass -spectrometers .are fre-
quently set up to focus on a number -of pre-
selected peaks.by varying: the .accelerating volt-
age in a step-wise fashion: -‘This type of opera-

tion distinguishes from-a:continuous scan mass .-

40
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spectrometer in which the accelerating voltage

is varied gradually -ever.a.given range to sweep
a, part or all of-the-mass spectra of a given
sample successively .aeross the resolving  slit.

When the accelerating voltage is varied. step-

wise in a -continuous -monitor instrument .to
monitor two .or more, components, the beam
centering method- and apparatus of the .inven-
tion is useful to hold.all of the successive beams
in a centered position,

70

75

‘that which would cause the heam to

means for accomplishing the improved operation.
It is entirely practical to produce the desired os-
cillation of the ion beam.by means other than
impression of an A. C. voltage'component on the
accelerating ‘electrodes. ~ For example, auxiliary
electrodes arranged transversely with respect to
the path of ion travel:will induce the same type
ofosclllation . when energized 'with an ‘A. C. volt-
age. - Alternatively, the magnetic field may be

varied in a rhythmic mahner to-accomplish .the

same purpose. At the same time, the correction

-applied by motor 46 (Fig.' 1), by the synchrohous

rectifier T4 (Fig. 7) or by other means sensitive

-to the Fourier component of the sensor electrode

output of the frequency of the beam osecillation,
is not restricted to the adjustment of the ac-
celerating potentials. Variation in the magnetic
fleld strength or an auxiliary field developed by
“deflecting electrodes will also accomplish the de-

‘sired -adjustment of the beam position with re-

spect to the exit slit.
We claim:

lIn mass spectrometry involving ionizing a
sample to be analyzed, propelling the ions by
means of a D, C. accelerating potential into an
analyzer region, subjecting the ions in the an-
alyzer region to a transverse magnetic fisld to
separate them into individual ion beams, focus-
sing one:of said ion beams through a resolving
slit, discharging the beam passing through the

resolving slit, and sensing the current developed

by discharge of the beam, the improvement gom-
prising superimposing on the D. C. accelerating

_potential an A. C. component to cause the ion

beam to oscillate transversely with respect to the
resolvmg slit and with an amrhtude less than
2 strike a side
edge of the slit, detecting uncentered oscillation
of the beam and adjusting the accelerating volt-

‘age to restore centered oscillation.

2. In mass spectrometry involving ionizing a

‘sample to e analyzed, propelling the ions by

means of a D. C. accelerating potential into an
‘analyzer- region, subJectmg the ions in the an-
alyZer Tregion to a transverse magnetic field fo
separate them into individual ion beams, focus-

~sing one ‘of said ion beams through the resolving
‘.sht and sensing the current developed by dis-
charge of the beam, the 1mprovemenu comprising
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périodically superimposing on the D. C. accelerat-
"ing potential an'A. C. component to cause the
-ion-beam to oscillate transversely: with -respect
to the resolving slit-and. with an amplitude less
than that which would cause the beam to strike
a side edgé of the slit, detecting uncentered oscil-
lation of the bsam and adjusting the accelerat-
ing voltage to restore -centered oscillation.
3. In mass spectrometry involving ionizing a
sample to be analyzed, propelling the ions by
means of a D. C. accelerating potential-into an
analyzer region, subjecting the ions in the an-
alyzer region to-'a transverse magnetic: field to
separate them into individual ion beams, focus-
sing one of said ion beams through g resolving
" 8lit, discharging the beam. passing through the
resolving slit, and sensing the current developed
by discharge of the beam, the improvement: com-
prising superimposing. on the D. C. accelerating
potential an A. C. component to.cause the ion
beam to oscillate transversely with respect to-the
resolving slit and with an amplitude less- than
-that which would cause the beam to strike a side
edge of the slit, detecting uncentered oscillation

of the beam and adjusting the accelerating po-

tential responsive to the detected uncentered os-
cillation .of the beam to restore centered oscil-
lation. o

4,..In mass spectrometry involving ionizing a
sample to be analyzed, propelling the ions by
means of a D. C. accelerating potential into an
analyzer region, subjecting the ions in the an-
alyzer region to: a transverse magnetic field to
separate them into. individual ion beams, focus-
sing.one of said ion beams through a resolving
slit in-a terminal electrode, discharging the beam
passing through the resolving.slit, and sensing

o
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the current developed by discharge of the beam, .

the improvement comprising periodically super-
imposing. on the D. C. accelerating potential an

40

A, C. component to. cause the ion beam: to os- .

cillate transversely with respect to the resolving
slit and with an amplitude less than that which
would cause the beam to strike a side edge of the
slit, whereby the oscillating beam generates an
A. C. signal when it {s not centered on the resolv-
ing slit, and adjusting the accelerating potential
responsive to such A. C. signal to restore centered
oscillation. .

5. In mass spectrometry involvihg ionizing a
sample to be analyzed, propelling the ions by
means of 2 D. C. accelerating potential into an
analyzer region, subjecting the ions in the an-
alyzer region to a transverse magnetic field to
separate them into individual ion beams, focus-
sing one of. said ion beams through & resolving
slit, discharging the beam passing through the
resolving slit, and sensing the current developed
by discharge of the beam, the iImprovement com-
prising continuously superimposing on the D. C.
accelerating potential an A. C. component to
cause the ion beam to oscillate transversely with
respect to the resolving slit and with an ampli-
tude less than that which would cause the beam
to strike a side edge of the slit, whereby the oscil-
lating beam generates an A, C. signal when it is
not centered on the resolving slit, and adjusting
the accelerating potential responsive to such A. C.
signal to restore centered oscillation.

6. In & mass spectrometer having an analyzer
chamber, ionization chamber, accelerating elec-
trodes, a source of D. C. voltage connected to-im-
press an accelerating potential on the accelerat-
ing electrodes, means for establishing a trans-
verse magnetic field in the analyzer chamber, a
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collector electrode, and a terminal electrode hav-
ing a resolving slit through which an ion beam
is' focussed on the collector electrode, the com-
bination comprising a source of A. C. voltage con-
nected to impress an A. C. component on the ac-
celerating electrodes to cause oscillation of the
ion beam, means independent of said collector
electrode, to detect uncentered oscillation of said
beam and to develop an A.C. signal responsive to
such uncentered oscillation, and means operative
to vary the voltage applied from the D. C. source
to the accelerating electrodes responsive to said
A. C. signal. - ) :

7. In a mass spectrometer having an analyzer
chamber, ionization chamber, accelerating elec-
trodes, a source of D. C. voltage connected to
impress an accelerating potential on the acceler-
ating electrodes, means for establishing a trans-
verse magnetic field in the analyzer chamber, a
collector electrode, and a terminal electrode hav-
ing a resolving slit through which an ion beam
is focussed on the collector .electrode, the com-
bination comprising a source of A. C. voltage con-
nected to impress an A. C. component on the ac-
celerating. electrodes to. oscillate the ion beam
transversely -with respect to the resolving slit,
means independent of said collector for develop-
ing an A. C. signal responsive to uncentered oscil-
lation of the beam, and means operative to vary
the voltage applied to the accelerating electrodes
responsive to said A. C. signal to restore the beam
to.a centered position. - _ S

8. In a mass spectrometer having an analyzer
chamber, lonization chamber, accelerating elec-
trodes, a source of D. C. voltage connected to im-
press an accelerating potential on the accelerat-
ing electrodes, means for establishing a trans-
verse magnetic field in the analyzer chamber, a
collector electrode, and a terminal electrode hav-
ing a resolving slit through which an ion beam
is focussed. on the :collector electrode, the com-
bination comprising a source of A. C.voltage con-
nected to impress an-A. C..component on the ac-
celerating: electrodes to cause oscillation of the
ion beam, the source of A. C. voltage being
adapted to produce an A. C..component at the
accelerating electrodes of such magnitude. as to
cause beam oscillation of an amplitude just less
than the width of said resolving slit, means
cooperating with said terminal electrode and in-
dependent of: said collector electrode to detect
uncentered oscillation of sald heam and to de-

_velop an A, C. signal responsive to such uncen-

tered oscillation, means operative to vary the
voltage applied from the D. C. source to the ac-
celerating electrodes responsive to said A. C.
signal. T ' '

9. In a mass spectrometer having an analyzer
chamber, lonization chamber, accelerating elec-
trodes, a.source of D. C. voltage connected. to im~
press an accelerating potential on the acceler-
ating electrodes, means for establishing a trans-
verse magnetic field in the analyzer chamber, a
collector electrode, and a ‘terminal electrode
having a resolving slit through which an ion
beam Is focussed on the collector electrode, the
combination comprising & source of A. C. voltage
connected to impress an A. C. component on the
accelerating electrodes, a sensor electrode ‘dis-
posed adjacent the terminal electrode on the side
opposite - the collector electrode, an A. C.. am-
plifier connected to the sensor. electrode, means
operative to vary the voltage applied from the
D. C. source to the accelerating electrodes re-
‘sponsive to the output of said A, C. amplifier,”
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10. In a mass spectrometer having: an analyzer
~¢hamber, 1omzatlon chamber, accelerating “elec-
trodes, & source of D. C. voltage connected to
impress-an- aéceleratmg potential on the acceler-
ating' electrodes, means for establishing a trans-

vetse magrietic fleld in the analyzer chamber, a
collector elactrode, and a terminal electrode hav-
‘ing’ 8 résolving slit through which an ion beam
is focussed on the collector electrode, the com-
bination comprising a source of A. C. voltage
cohnected to impress an A. C. component on the
accelerating electrodes, a sensor electrode dis-
posed adjacent one end of said resolving. slit in
-thé focussing eléctrode on the side opposite the
collector ¢electrode and insulated from the termi-
nal'éléctrode, ant A, G. amphﬁer connected to.the
séxsor” eléctrode; and means operative to vary
the voltage applied- from the D. C. source to the

10

accelerating electrodes Teésponsive to the ‘output .

of said A. C. amplifier.

"11. 'In a mass spectrometer havmg an analyzer
chamber, lonization chamber, accelerating elec-
trodes, a voltage supply eircuit connected to im-

press an accelerating potential on the accelerat-.

ing electrodes, means for estdblishing a trans-
verse magnetic fleld in the- analyzer chamber, a
collector ‘electrodé, and & termmal electrode
havmg 8, resolvmg slit through which an ion
heam is-foCussed on ‘the collector electrode, the
comtbination ‘comprising a source-of A. C. volt-
age connected to impress-an A. C. component on
the- accelerating electrodes, o sensor ‘electrode
drsposed adjacent- one end of said resolving slit
in"the terminal electrode on the side opposite
the collector €lectrode and insulated from the
terminal electrode, an electrical shield mounted
in front of the sensof electrode and-grounded to
the terminal electrode, an A. C. amplifler con-
nected to the sensor electrode, and means oper-
ative to vary the voltage applied from the D. C.
source to the accelerating electrodes: responsive
to the output of said A. ‘C. ampliﬁer

12. Apparatus according to ‘claim 11- wherein
the sensor electrode is- mounted to the terminal
electrode aljacent one end of ‘the résolving slit
and is spaced from the terminal-electrode by in-
sulating ‘spacers.-

-13. Apparatus accordmg to claim 12 wherein
‘the -electrical ‘shield 1s ‘affixed ‘to the ‘terminal
electrode in 'conductive relationship and: is offset
‘outwardly to ‘overlie the central portion of the
sensor electrode without making electrical con-
nection thereto.

14, Apparatus according to claim 11 wherein

the means operative to vary the voltage ‘com-
prises a two-phase reversible motor mechanicaliy
‘connected ‘to ‘said- source of ‘D. ‘C - voltage, one
coil’ of ‘the motor bemg connected to the source
of’A. C. voltage and ‘the ‘other coil of ‘the motm
'being connected ‘to the A.-C. amplifter. "

" 15: Apparatus accordmg to claim 11 ‘wherein
‘the means operative ‘to ‘vary -‘the voltage ‘com-
prises g synchrohous rectifier connected to re-
“ceive ‘the ‘output sigital from said A, C. amphﬁer
“as an input-signdl and a signal ‘from.said ‘A. C.
‘source as a synchromzing slgnal and to. deyelop
a. voltage in said voltage supply “eircuit, ‘the
polarity of ‘which. is sensitive 'to the. phase of
said A. C. amplifier output signal ’

16. In a mass spectrometer’ haying an’ analyzer
chamber, jonization chamber, acceleratmg elec-
"trodes, a source of D. C. voltage connected to
impress an accelerating potential on thé ac-
celerating electrodes, means for establising a
transverse magnetic field in the analyzer cham-
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‘tial such that the ampll

- 12

ber, - collector - electrode. and. 4 terminal ele¢s
trode having a resolving slit through which an
ion beam is focussed. on.the collector electrode,
the -combination comprising a source of A, C.
voltage connected to impress.an A. C. component
on the accelerating electrodes, a sensor electrode
disposed adjacent one.end of said resolving slit
in the focussing electrode on the side opposite the
collector €lectrode and insulated from the termi-
nal electrode, the sensor electrode being non-re-
ceptive to ion discharge in the region overlying
an extension of ;the. longitudinal axis of the re-
solving slit. )

17.: Apparatus. according .to. claim._ 16 wherein
the..sensor. electrode. comprises. two physically
separated electrically connected segments spaced
from each other ‘on’opposite. sides of the longl-
tudinal: axis. of the Tesolving: slit,:

1118, In'u mass spectrometer. haying an. analyzer
chamber, ionization chamber, sccelerating elec-
trodes; & source.of D. C. voliage. connected to
impress an accelerating -potential: on' the ac-
celerating electroes,, means: for establishing a
transverse magnetic field in the analyzer cham-
ber, & terminal electrode having a resolving slit,
a sensor.electrode disposed in front of the termi-
nal electrode transversely with respect to. said
ion slit, and.means preventing the ion discharge
in an area defined by said: sensor electrode and
overlying. the Jlongitiidinal axis of the slit and
narrower than the slit, the method of holding an
ion beam in focus-on:the center of sald slit com-
prising impressing :arn- A, C. potential on said
accelerating electrodes 1o oscillate the ion beam,
maintaining: the magnitude 6f said A: C. poten-
tial such that the ®mplitude of beam oscillation
plus the average width:of-the beam: is greater
than the transverse width of said area and less
than the: transverse ‘width of said Yesolving slit.

19. In a mass spectrometer havinig ‘an analyzer
chamber 1omzat1éxn c'hamber acceleratmg elec—
trodes a Soutce of D voltage connected to im-
press an acceleratmg tential on the ‘secelerat-
ing electrodes S for estabhshmg -4 trans-
verse magnetzc fi d_ in. the analyzer chamber,
terminal electrode having a’ resoivmg slit, a
sensor ‘electrode disposed in ‘front of the ter-
minal. electrode transversely with respect o said
1on slit and means preventmg the ion discharge

in an ares deﬁned by said _sensor electrode and
“overlying  the longitudinal(a}us of the slit and

narrower ‘than’ the slit, 't
ion heam’in focus s)

“method of holding an
:center of said slit com-
mp ) *‘Cv potential on said
acceleratmg elee rodes to osclllate the Jon ‘beam,
mamtaimng the- magnit e of said A C. poten-
g of’ beam oscillation
plus the average ‘width of ‘the’ beam is less than
the transverse width of said area.

20, In mass spectrometry ’involvmg lonizing a
sample to’ ‘be analyzed subJecting the dons to 2
combmation of. électric . and. magnetic ﬁelds ‘to

‘separate ‘the ion beam intg a ‘plurglity .of di-

vergent beams edach havmg a characterlstlc mass-

‘toscharge ratio; and passing one such divergent

beam through'a’ resolvmg slit'into a. collector the
improvement: whi ‘commrises causing one .of
said beams’ to oseil late transveisely with respect
to the resolving, slit, dischargmg &_part of the
oscillating beam \_prior 10 it§ Yeaching the re-
solving slit, and‘; adjusting ‘the .bosition of ‘the

beam with respect to, the slit. responsive to ‘the

Fourier component of. ;the discharge signal ‘the
Trequency of which is'the same as the frequency
at which the beam is oscillated.
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91. In a mass spectrometer having an analyzer
chamber, ionization chamber, accelerating elec-

trodes for propelling ions from the ionization

chamber, means for establishing a transverse
magnetic ‘field across the analyzer .chamber, a

collector electrode, and a terminal electrode be-

tween the analyzer chamber and collector elec-
-trode and having a resolving slit therein, -the
combination comprising means for oscillating an
ion beam transversely with respect to said resolv-
ing slit, an auxiliary collector electrode being in-

14

sensitive to a beam passing centrally through the
resolving slit, and means operative to adjust the

* position of the beam responsive to the Fourier

10

'. component of the auxiliary electrode output
which is of the same frequency as the frequency

qf oscillation of the ion beam.
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