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This invention is concerned with mass spec-
trometers and provides improvements which
mit the suppression of so-calied “gh )
mass spectrogram and also the: mrmmmng of
“zero shift.” Moreover, the invention makes it 5.
possible to determine the mass spe_ctru,n:r of only
those ions having kinetic energy in excess of a
given amount and thus permits determin t'on
of the energy distribution of ions. produced ‘rom
a sample. Although applicable to mass spec-
trometers in general, it is particularly useiul to
those of the type of which sorting. of- iong in the
analyzer is conducted in a substantially constant
magnetic field, focussing of ions on the coll
tor. electrode being accomplished. by v n
the potential which propels the ions toward the
collector.

A mass spectrometer is an apparatus. fox; 1on-
izing molecules and sorting them in a magnetm
field according to specific mass. In. general it
comprises -an ionization chamber n w
heterogeneous mixture of molecules is ionized,
usually. by electron bombardment or by, therm 1
effect,”an analyzer. in which a magnetic. field
established, a plurality. of: electrodes for im.
pressing a potential on'the ions. in the chamber
and propelling them as a heterogeneous beam mto
the analyzer (wherein the jons are separated into
a plurality of divergent homogeneous beams)
a target or collector. electrode at the exit of the
analyzer, means for focussing any one: of the
homogeneous beams on the target, elther by
varying the propelling potent1a1 or the magnetm
fleld, and means for recordmg and amphfying
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correspondmg to the several homogeneous i
beams are indices of the abundance of eaacp of
the several kinds of ions formed from the ample
The record of the several currents is a
spectrum or spectrp .

ye 1ca1 peaks r1s1ng along T

ze lme at pomts correspondmg respectlvely to
the masses of the several ions ¢ created from the
sample. The height of ea i
be) a quantltatxve measure of the amount
correspondmg kind of ion. I-Iowever, in many rn-
stanges; the mass spectrogram is comphcated by
the presence. of “ghosts,” 1. e. small peaks,. prob-
ably. due to. the presence of metastable ions or
to ions. that have been slowed through collision
with occluded gas molecules on interior metallic
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2 .
surfaces of the spectrometer and consequently
form so-called “secondary rays. » See “Mass
Spectra and Isotopes™ by Aston, second ed1t1on.
1942 (Longmans Green & Co) pp. 61-63 Some-
times the ghosts’ appear separately as small rela-
tively wide peaks or bumps rising from the base—
line, At other. times, the ghosts coincide with
and mask or.increase “true” peaks that represent :
1dent1ﬁable stable components At st111 other
times, the ghost takes the form of a very w1de
shallow peak or bump that overhes several true
peaks, thus giving the impression that the base
or datum line has risen, and agam comphcat-
ing the measurement of true peak heights. -
short since the ghosts may appear separately
or overlappmg true peaks ‘they interfere with
accurate interpretation of mass spectra by g1v1ng
the false impression that the sample contains a
small proportion of a component which actually
is. absent or, in the case of overlap, an excessive
value for the quant1ty of a component that 1s

As. a result of my investigations, and 1rre-
spectwe of theories as to -‘what causes “ghosts »
I have. developed 1mprovements in mass spec-

A ometry Whlch permit the ehmmatmn of ghosts

in. g mass spectrum and also the el1m1nat10n of
base 11ne shift, wh1ch as indicated above, is be-
l1e ved to be merely another form of ghost. =~
-As T have already indicated, the ions produced
,1zat10n chamber are propelled by ‘elec-
tr1ca1 potentlals established between a plu-
rahty of electrodes disposed in the path of the
ion beam A spectrometer may be constructed
w1th only two such electrodes; but in order to

: form narrow beams wh1ch are easily focussed on

the target more than two propelhng electrodes
should- be. employed For example a spec-
trometer may have a pusher electrode in the ign-
ization chamber 1tse1f an 1ntermed1ate electrode

havmg a first slit. (S1) at the exit of the ioniza-

tion chamber and a termmal electrode at the

.........

the mtermedlate electrode forces the 1ons to
flow out of the ionization chamber through. the
aperture Si. Additional potential impressed be-
tween the intermediate and terminal electrodes
further accelerates the ions and propels them
through S into the analyzer. The two shts a1d
in colhmatmg the beam passing 1nto the analyz-
er. The potentlals 1mpressed between the pusher
and S1 and between S: and Sz (adJacent the en-

b trance to the analyzer) should be in the same d1-
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rect1on so as to aid each other in propelling the
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ions, and customarily the pusher is positive with - -

respect to both S1 and Sz, S2 being perforce nega~
tive with respect to S:.. However, in such an ar-
rangement either St or Sz (i. e. the electrodes in
which.they are disposed) ‘may be at ground po-

' - tential, and there are advantages to both such

arrangements My 1nvent10n is. apphcable to
either.
I have discovered that by provulmcr an auxil-

[
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iary potential producing means for imposing in-

the nelghborhood of the target an auxiliary po--

tential opposing the movement of ions from the

analyzer to the target, it is possible to-prevent -

the appearance of ghosts. Thus, by providing an’

interconnection between the circuit which sup-

15
“should be connectéed ahead of the large resist-
~ance shunted by the amplifier.

plies the propelling potential for the ions and the: -

target or a suppressor grid disposed in the frong

of the target in the path of the ions issuing from T

the analyzer with auxiliary potential producing

means in the interconnection; ghosts may be elim-
inated. There should be means for suitably ad-:

justing-the potential at the target (Fig. 3) or grid
(Figs. 1 and 2). By suitably adjusting this po-

tential, it-is possmle to prevent ions that have:

. no kinetic-energy at the point of their formation,
_ sayin ‘the path of the electron beain in'the ioniza-
tron chamber, from reaching the target. -In such

case, a spectrum is produced from only those ions ‘
that have initial kinetic energy. Such' g result!
is useful in analyzing the conditions-under which:

jonization occurs. -Moreover, by adjusting the po-
tential’ at- the farget or-grid to other values, it is
; p0551ble to suppress ions having less than any

" given kinetic energy so that the spectrum pro-
duced- represents only those ions having kinetic
energy above a -certain level.
not only for the determination of -energy- distri-
butlon ‘of an ion beam but also because'in many

mstances it permits a spectrum to be simplified’

by the elimination of certain peaks which may be

. without significance in the particular case:- ‘This:

. - permits more rapid calculation of numermal re-:
. sults from the spectrogram. .

N Especlally ‘when-the- spectrometer is of the type

in which the magnetic field is kept constant-and.

the shifting of beams with respect to the target
accomplished by variation of the propelling po-
tential; it is: des1rable to connect a condenser,
'preferably a var1able one, between the target and
the circuit which produced the propelling poten-
tial. In this fashion, ‘the capacity -coupling be-
- tween the target and suppressor grid in one case
- (or between the target and the end of the-ana-
‘lyzer “tube if no suppressor grid is interposed)

may be neutralized. This prevents erratic creep

‘of the baseline of the spectrum.
“- In g mass spectrometer in which-an mtermed1-

ate propellmg electrode (say the electrode con~
taining S1) ‘is grounded, the condenser may be.

‘connected d1rectly between thrs electrode and the
target )

“If the- termmal propelling electrode (say that'

_containing ‘Sz and connected to the analyzer)is

grounded,-the condenser should be connected into .

the circuit supplying the propelling potential with
a resistance in the circuit between the condenser
-and- the ground.
suppressor- grid is placed between ‘the analyzer

and the target, this suppressor grid being con-.

nected to a portion of the circuit that 1s positive
with respect to-the terminal electrode, i. e.'either
to ‘the infermediate electrode containing the slit
81, or‘to a point-in the network between the
pusher and the intermediate electrode through'a

This is desirable,

In such an ‘arrangement, the:
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4
battery, means being provided for varying the
potential at the suppressor grid, as described
hereinbefore.

In either arrangement, i. e. with 81 or 82
grounded, the target preferably is protected by a
shield or grid. In most types of apparatus, the
shield should be connected to ground. For ex-
ample in g, mass- spectrometer in whlch ‘the tar-
get'is connected to ground through a high resist-
ance which is shunted by an amplifier that is a

“part of the indicating or recording apparatus,
.. the shield should be connected directly to ground,
- by-passing the large resistance.
- rangement the condenser which connects the tar-

In such an ar-

get to the c1rcu1t supplying propelling potential

‘These and other aspects of my invention are

" described: in- detail hereafter with reference to

the accompanymOr drawings in which:

-Fig. 1isa schematic diagram illustrating a mass
spectrometer equipped for the practice of the in-
vention with a ferminal propelling electrode, i. e
thatat the analyzer, connected to ground:

Fig, 2:is a disgram illustrating a mochﬁcatlon
of the arrangement of Fig: 1;and = - :

Pig. -3 is a further .diagram 1llustrat1ng the
application of the -invention to a. spectrometer,
having “an - intermediate p10pe111ng electrode
grounded.

‘Referring - to Fig. 1, the spectrometer per se
comprises a cylindrical head or block 10, the rear
of -which ‘connects with a sample inlet tube {1
made of insulating material. ~“"'Within the head,
in the path of the gas from the inlet tube, there
is g ‘pusher or'inlet electrode 12 in the form-of
a conductive plate 1nsu1ated from the rest.of the
apparatus. ’

An “electron beam i3 :is produced w1th1n the
head i the space immediatély below the pusher
by means of an electron: gun (not shown). . The
space’in the head "in which the electron beam
passes is ‘kriown as ‘the ionization ‘chamber 14.
The froht-of the ionization chamber is formed
by an intermediate- propelling or .collimating
electrode 15 which is electrically connected to the
head and is provided with a'slit S: that is sub-
stantially in-line with the pusher electrode and
with the path of electron beam. A propellirg or
collimating electrode 16 provided with a second
slit Sz in line with the slit'S: and the electron
beam is spaced in front-of the first collimating
electrode by a ring 17 of insulating material. -

The head of the apparatus is connected to an
analyzer tube {8 through the slit Sz - The ana-
lyzer tube in this patrticular type of spectrometer

is bent ina sem1-c1rcle and encloses an analyzer -
chamber 9. :

In the operation of the spectrometer, a sample
of gas to be analyzed is- adlmtted to the ioniza-
tion chamber through the gas inlet tube. Mole-
cules of the gas sample are bombarded by elec-
trons of the beam and are thus jonized. The
resulting ions are ‘propelled ds an unsorted ion
beam into the analyzer tube by means of elec-
triéal potentials established between the pusher
and the' two collimating -electrodes. ~Thus; the
slits 81 and Sz through which the ions pass cause
the ions to emerge into the analyzer as-a thin
ribbon; a cross-section of which is defined ap-
proximately by the cross-section of the slits. In
the'a;nalyzer the unsorted ion beam is separated
into ‘a plurality of “diverging - ‘homogeneous™ ion
beams Bi, Bz, Bs by means of a magnetm field
produced in ‘the analyzer tube as well as in the
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héad of the apparatus by an electro-magnet (nut
shown).

-Any one of" the dxvergmg ion ‘beams: may be
focused on an exit slit.20. at the far end:of the
analyzer tube so that:it passes therethrough and
strikes an. ion collector: or target 2t.

The head 10 of the spectrometer and the at-

tached analyzer tube {8 are enclosed within an
envelope 23 through the wall of which the sample
inlet: tube projects.. A high degree of vacuum
is maintained within: the envelope by means: of
vacuum. pumps: (not. shown) connected to a-gas
outlet 24. -
- The target. or collector electrode -is. connected
to.ground through a high resistance 25. This
resistance is shunted by an-amplifying and indi-
eating- . or recordmg apparatus 26.. Preferably,
this amphﬁer is a current amphﬁer of the. nega-
tive feed-back type so. as to minimize the effect
of the high resistance.

‘Within the envelope. and substantlally ‘sur-
rounding the target is a metallic shield 27 in the
form of a cylinder with a disk at its end inter-
posed between the end of the analyzer tube.and
the target. .This disk has an aperture or slit 28
in line with the target and the exit. slit. of the
analyzer tube.

_ The electrical circuit Wh1ch. produces the pro-
pelling potentials within the head of the mass
spectrometer is shown at.the left of Fig. 1.

.. A battery or other direct current supply 30 1s
connected in an energizing network to the ends
of a potentiometer 31. The positive end of this
potentiometer and its slider are connected
through a switch 32 in this network to a.con-
denser 33. The negative end of the potentiom-
eter 31 is connected to the opposite side of con-
denser 33.. A potential dividing network is con-
nected across this condenser and takes the form
of a potentiometer 34 connected in series with a
second resistance .35.. A lead connected inter-
mediate the resistances 34 and 35 is connected to
the terminal propelling electrode (6 and to
ground. The potentiometer 34 has a slider 34A
which is connected to the intermediate. propelling
electrode 15, which. contains the slit. Si. Since
the terminal propelling electrode 16 is electrically
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connected to the analyzer tube, this latter is also -

grounded.

The pusher electrode is connected to the po- |

tential dividing network between the condenser
and potentiometer 34. This represents conven-
tional means for connecting a power supply to the
electrodes of a mass spectrometer and thus forms
no part of the present invention. Substantially
similar means are described and 111ustrated in
United States Letters Patent 2,413, 668 issued to
me on December 31, 1946.

The path of the ion beams Bi, Bz, Bz with re-
spect to the exit slit and the target may be
changed either by varying the magnetic field or
the propelling potentials. The latter method is
preferable and may be practiced as follows:

. The switch 32 in the energizing network is

closed and the condenser 33 is charged to an.

appropriate level. Then the switch is opened
and the condenser is permitted to discharge
through the potential dividing network: and
through the propelling electrodes in the head of
the spectrometer. In this way, the propelling
potentials between the several electrodes. grady
ually decay while maintaining ‘relative values.
The potentials in the head may be adjusted rela-
tive. to each other by suitably adjusting the
slider of the potentiometer 34, such adjustments
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6.
being made to give optimum results: at the.target.
- A:variable condenser 40:is connected from the
target to the circuit supplying the propelling: po-
tentials. - The condenser is connected between:the

- target and the large resistance 2§ in such: fash-

ion that the path to: ground is: via the target, the
condenser and the resistance 3§:

A suppressor: grid 41 is interposed: between: the
end of the analyzer and the shield: surrounding
the target. It is apertured to permit the passage
of ion beams, this aperture being in line with. the
exit slit and the slit 28 in the shield. The: sup-
pressor. grid is connected to the. intermediate
electrode: 5, this conmection being made. through
an: auxiliary potential source. which, in the in-
stant case, comprises a potentiometer 50 shunted
by a battery.5l.. By varying the setting of the
slider of the potentiometer more ol less of the
auxiliary potential may he impressed on the sup-
pressor grid with the advantfages already: de-
seribed. - Thus, the suppressor grid may be main-
tained at. the potential of the intermediate. elec-
trode or adjusted to suit operating .conditions for
the suppression of. . iens havmg more or less
kinetic energy.: :

The -apparatus of F1g 2 is the same as that
of Fig: 1, like parts being indicated by like num-
bers, save in the following particulars: The sup-
pressor grid, instead of being connected: to the
intermediate electrode, is connected into the net-
work which supplies the propelling potential.
Specifically, the suppressor grid:is: connected
through the slider of the potentiometer 50. (the
potentiometer being shunted by a. battery 5
through a tap 43 which is.connected to the upper
portion of the potentiometer 34 below a small
portion 34B of the resistance of this potentiom-
eter. - The position of the tap 43. is chosen to
take off to the suppressor grid -a potential ap-
proximating that existing in the ionization cham-
ber in:the region of the electron beam. -This
latter potential depends upon the geometry of the
ienization ehamber. If the path of the electron
beam is halfway between the pusher and the in-
termediate electrode, the potential at that point
will be the average of the respective electrodes,
so that the resistance. 34B should be about. equal
to the resistance 34C between the tap 43 and the
slider 34A. With this arrangement, even though
no auxiliary potential be introduced from . the
battery 5i, ions that lack initial kinetic energy
will be suppressed.

To summarize, the result of the clrcuits lllus-
trated in Figs. 1 and 2, the battery 51 or other
D. C. potential source may be employed to pro-
‘duce at the suppressor grid a eurrent of such
strength, ‘direction -and potential that it just re-
pels the ions responsible for ghests and prevents
them from passing through the grid toward the
target. - The same circuit arrangements permit
adjustment of the potential at the suppressor grid
to a value such that only those ions with initial
kinetic energy will pass to the target. . Other ad-
justments may be made so that only those ions
having certain amounts of kinetic energy will pacs
the grid and strike the target.

The apparatus of Fig. 3 varies in several pa1-
ticulars from those of Figs. 1 and 2, but in gen-
eral ig adapted to accomplish the same purpose.
Parts that are common to the three types of ap-
paratus are indicated by like numbers. However,
it should be noted that the condenser 40 is di-
rectly connected between the target and the in-
let or pusher electrode, instead of being connected
to ground: through the resistance 35. Secondly,
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» . the intermédiate electrode: 15 containing the slit

| "8t is grounded and the terminal propelling.elec- |

| trode 16 containing the slit Sz is made negative
i with respect to the intermediate electrode.:' The
‘- analyzer tube is electrically connected to the ter-

-minal propelling electrode. and is at the same

Thirdly, the suppressor:grid:is elim- |

| -indted and an auxiliary potential to oppose move- -

' .ment of -certain ions .from the analyzer to the
| targeb.is imposed on the target itself, by means
. .of g variable auxiliary D. C. potential source con-
. nected between the target and ground. Thus, the
| slider of a potentiometer 52 is connected to the
" target and this potentiometer is shunted by a

battery 53, the lower end of the potentiometer
(as shown in Fig. 3) being connected to ground.

‘ By appropriately: setting this potentiometer 52,.

the potential at the target may be set.to a value
appropriate for the particular type of ion sup-
© pression required.

In all three. types of apparatus 111ustrated an

' electromagnet (not shown) is provided.: The
analyzer tube and the ionization chamber are both
. disposed between the poles of the magnet so that
L the lines of force between the poles are substan-
tially-perpendicular to the plane of the drawings.

| This is g conventional and well-understood. type -
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target.by an opposing potential maintained in the
neighborhood of the target. This opposing po-
tential.is obtained by means of any one of the
three combinations illustrated, in-that a potential
of required- value opposing that propelling the
ions is produced at the target or at the suppressor
grid. ~ . : R

I.claim:

- 1.:In.a mass spectrometer having an ionization

«chamber, means .for ionizing molecules in. the

chamber, an analyzer, & circuit for producing -a
potential to propel ions formed from the-mole~
cules as a beam into the analyzer, means for
sorting: the ions of the beam-in the analyzer ac-
cording to'specific mass and-a target for-catching

‘the sorted ions, the combination ‘which comprises

means connected to-the circuit for producing in

‘the neighborhood ‘of the target a potential oppos-

ing those of the sorted 1ons, and means for vary-‘ :
ing the opposing potential.”

" 2. In a'mass spectrometer havmg an 1on1zat10n
chamber, means for ionizing molecules in the

- ‘chamber, an-analyzer, a circuit for producing a

25

of structure. " In this general type, focussing, i..e. .
- shifting of the homogeneous beams with respect .

| to the exit:slit of the analyzer, may be accom-
plished by varying the magnetic field or, as de-
scribed ‘hereinbefore, by varying the propelling
potential; Variation of the propelling potential
is, however, preferred since variation of the mag-

netic field when it encloses the ionization cham-

| per may bring about erratic results.

" In:the operation of the various apparatus il-
lustrated, the capacitance of the condenser be-
tween target and propelling circuit is adjusted
to neutralize the. capacity coupling between the

30
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target.and suppressor grid (Figs. 1 and 2) .or be- .

tween the target and the end of the analyzer tube
(Fig: 3).  In general, this adjustment will serve
thereafter. for the analysis of .subsequent  un-
known samples and readJustment will seldom be
necessary

“The principles underlymg the suppressmn of

ghosts with the several types of apparatus of the

- invention are as follows:

‘A -metastable ion may be formed by -electron

bombardment for. example when a molecule of
normal butane of mass 58 is subjected to bom-
bardment, it may lose an electron and sometimes
-becomes metastable, so that it may later lose a
methyl group-and attain:mass 43.
methyl group. is lost in the vicinity of the second
slit, which 1is: expenmentally shown to be the
case, kinetic energy of the ion is reduced and the
resulting ion behaves as though it had mass 32,

in the sense that it takes the same path in the

analyzer as do oxygen ions.. Such ions, however,

| move with less energy than do the oxygen ions. -

4Slow”. ions may result from:inelastic inter-
.action with the fields of the instrument, includ-

. ing fields of very small dimension in the vicinity ,

of the walls of the instrument, or of other ions,

‘with the result-that. they travel with low energy .

as-a secondary beam in-the analyzer. :

Like the secondary beams  formed of meta-
stable ions, the beam of slow ions may. coincide
with a beam to be detected or it may "oCcUr sepa-
rately.

. Both types of secondary beams are. character- ‘

. ized by lower energy. than the beams to be de-
- tected'and.may be prevented from reaching the

When- this :
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potential to propel ions formed from the mole-
cules as a beam into the analyzer, means for
sorting the ions of the beam-in the analyzer ac-
cording to specific mass, and a target for catch-
ing the sorted ions, the combination which com-
prises shielding means disposed around the tar-
geb, auxiliary -potential-producing means con-
nected to the circuit forproducing in the neigh-~
borhood of the target -a potential opposing the
movement of the sorted ions toward the target
and ‘including an auxiliary “electrode - ‘disposed
adjacent the target exteriorly of sald shleldmg
means. :

3. Ina mass spectrometer hav1ng an 10mzat10n
chamber, means for ionizing molécules in' the
chamber, an analyzer, a circuit for producing a
potential to propel ions formed from the mole-
cules ‘as a beam into the analyzer, means for
sorting “the ions of the beam in the analyzer
according to specific mass, and a target for catch-
ing the sorted ions, the combination which ecom-
prises shielding means disposed around the target
and connected to ground, a variable condenser
through which the target is connected to the cir-
cuit, and auxiliary potential-producing means
connected to the circuit for producing in the
neighborhood of the target a potential opposing
the movement of the sorted ions toward the
target.

4. Ina mass spectrometer having an ionization
chamber, means for- ionizing molecules in the
chamber, an analyzer, a circuit for producing a
potential to propel ions formed from the mole-
cules as a beam into the analyzer, means for
sorting the ions of the beam in the analyzer ac-
cording to specific mass, and a target for catch-
ing" the - sorted - ions,  the combination which
comprises shielding means disposed around . the
target, a; condenser connected between the target
and -the- circuit, auxiliary potential-producing
means connected. to the circuit for producing in -
the neighborhood of the:target an auxiliary po-
tential opposing the movement of the sorted ions
toward. the target, and means for varying the
auxiliary potential:

- 5. In a mass spectrometer havmg an 1omzat10n
chamber, means for-ionizing molecules in the
chamber, an analyzer, a circuit for producing a

-potential to propel ions formed from the mole-

cules.as a beam into the analyzer, means for sort-
ing the ions of the beam in the analyzer accords
ing to specific mass, and a target for catching
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the sorted jons, the combination which comprises
a resistance through whieh the targetis ton-
nected to ground, ‘indicating méans ‘shint-con-
nected ‘Beross the resistance, and'a vanable ‘coh-
densér eoriheeted between the target and the cifr=
euit,  duxiliary ‘potential-producing means con-
nected to the circuit for prodiicing in the neigh-
borhood of the target an-auxiliary potential op-
posing the movement of the sorted ions toward
the target, and means for varying the auxiliary
potential. )

6. In a ‘Mass spectrometer: having an ioniza-
tion chamber, means for ionizing moleéulés in the
chamber, an analyzer, a circuit for producing a

potential to propel ions formed from the mole- |

cules a8 & beam into the analyzer means for sort-
ing the ions of the beam in the analyzer Fecord-
ing to specific mass, and a target for catching
the sorted ions, the combination which comprises
shielding means disposed around the target and
connected to ground, a resistance through which
the target is connected to ground, indicating
means shunt-connected across the resistance, a
condenser connected to the target in parallel
with the resistance and also connected to the cir-
cuit, and auxiliary potential producing means
connected to the circuit for producing in the
neighborhood of the target an auxiliary poten-
tial opposing the movement of sorted ions toward
the target.

7. In a mass spectrometer having a chamber in
which molecules are converted into ions and an
analyzer communicating with the chamber in
which the ions are sorted according to specific
mass, the combination which comprises a first
propelling electrode disposed in the chamber, an
intermediate propelling electrode and a terminal
propelling electrode both disposed along the line
of communication between the chamber and the

analyzer, the terminal electrode being connected 4

to ground, a circuit connected to the three pro-
pelling electrodes for establishing a potential be-
tween the first and intermediate electrodes with
the first electrode positive with respect to the
intermediate and a potential between the inter-
mediate electrode and the terminal electrode
with the latter negative with respect to the in-
termediate electrode, a target operatively asso-
ciated with the analyzer for collecting the sorted

ions, a condenser connected hetween the target 5

and the circuit and to ground through a resist-
ance in the circuit, an auxiliary potential source,
and a suppressor grid disposed between the ana-
lyzer and the target and connected to one of the
propelling electrodes other than the terminal
electrode through the auxiliary potential source.

8. Apparatus according to claim 7 provided
with a resistance through which the suppressor
grid is connected to the first electrode.

9. In a mass spectrometer having a chamber in
which molecules are converted into ions and an
analyzer communicating with the chamber in
which the ions are sorted according to specific
mass, the combination which comprises a first
propelling electrode disposed in the chamber, an
intermediate propelling electrode and a terminal
propelling electrode both disposed along the line
of communication between the chamber and the
analyzer, the terminal electrode being connected
to ground, a circuit connected to the three pro-
pelling electrodes for establishing a potential be-
tween the first and intermediate electrodes with
the first electrode positive with respect to the in-
termediate and s potential between the inter-
mediate electrode and the terminal electrode with
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the lattér hegative with tespect to the ‘inter-
mediate electrode, a target electrode operaﬁvely
assoc1ated 'with the analyzer foi ‘€ollecting the
sorted iohs, and a Gondenser connécted between
the target electrode and the éirenit and to ground
through g tesistance in-the ciréuit, an auki iary
potential sourée, and a-subbressor giid inteiposed
bétween the analyzei and ‘the taizet electidde
and ‘connected to a portion of the cifeuit that is
positive ‘with ‘respect 1o the terininal eleetiode
through the- atixiliaty'potenitial sourde. -

io. Apparatus ‘aceording to clalm 9 in whxch
the ‘eondenser is variable. co-

11. In a mass spectrometer prov1ded. w_i’tfh
means for formmg ions, an -analyZer, 4 cifeu 'for
prodiicing & potentisl to propel the ions ¢
the analyzer; and a’ target eleetrode f 1
the ‘ions -fhﬁs-'ibropelled, the combination ‘Whieh
comprises an auxiliary potential producing means
for imposing in the neighborhood of the target an
auxiliary potential opposing the movement of
ions from the analyzer toward the target and in-
cluding an auxiliary electrode disposed adjacent
the target, and means for varying the auxiliary
potential.

12. In a mass spectrometer provided with
means for forming ions, an analyzer, a ecircuit for

. producing a potential to propel the ions through

6O

the analyzer, and a target electrode for receiving
the ions thus propelled, the combination which
comprises an auxiliary potential producing means
for imposing in the neighborhood of the target
an auxiliary potential opposing the movement of
ions from the analyzer toward the target, means
for varying the auxiliary potential, and a con-
denser connected between the target and the cir-
cuit.

13. In a mass spectrometer provided with
means for forming ions, an analyzer, a cireuit for
producing a potential to propel the ions through
the analyzer, and a target electrode for receiving
the ions thus propelled, the combination which
comprises an auxiliary potential producing means -
for imposing in the neighborhood of the target
an auxiliary potential opposing the movement of
ions from the analyzer toward the target, means
for varying the auxiliary potential, and a variable
condenser connected between the target and the
circuit.

14. In a mass spectrometer provided with
means for forming ions, an analyzer, a circuit for
producing a potential to propel the ions through
the analyzer, and a target electrode for receiv-
ing the ions thus propelled, the combination
which comprises an auxiliary potential producing
means for imposing in the neighborhood of the
target an auxiliary potential opposing the move-
ment of ions from the analyzer toward the tar-
get and including an auxiliary electrode disposed
adjacent the target, means for varying the aux-
iliary potential, and a shield disposed between the
target and auxiliary electrode.

15. In a mass spectrometer provided with
means for forming ions, an analyzer, a circuit for
producing a potential to propel the ions through
the analyzer, and a target electrode for receiving
the ions thus propelled, the combination which
comprises an auxiliary potential producing means
for imposing in the neighborhood of the target
an auxiliary potential opposing the movement of
ions from the analyzer toward the target and in-
cluding an auxiliary electrode disposed adjacent
the target, means for varying the auxiliary po-
tential, and a shield disposed between the target
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.and-the” aux111ary electrode and- connected to
i ground.--- -
2:716: T - mass spectrometer prov1ded with

- means for Jforming ions; an analyzer, a circuit for
.. producing; a potential to propel the ions. ‘through

the: analyzer, and a target electrode for receiving
the-ions thus propelled the combmatxon which
| comprises:a SUPPressor. grid disposed between the

analyzer -and the target; an auxiliary. potentml :

i producing:means connected to such grid for im-
! posing on the suppressor. gr1d an a.ux111ary poten-
. tial opposing: the movement of ions from the ana-
! lyzer toward the target, and ‘means-for. varymg
i the auxiliary potential.

(- 17.In -a. mass spectrometer prov1ded ‘'with

. means-for formmg the ions, an analyzer, a circuit

for -producing a - potential to -propel the ions

: through the analyzer, and a target electrode for
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receiving the ions thus propelled, the combination
which comprises an auxiliary potential producing
means connected to the target for imposing in
the nelghborhood of the target an auxiliary po-
tential opposing the movement of ions from the
analyzer toward the target and means for vary-
mg the auxmary potentral p
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