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This invention relates to maSS Spectrometry 
and more specifically to methods and apparatuS 
for varying the resolving power of a maSS Spec 
trometer by electrical means. 
In mass spectrometry, a mixture to be analyzed 

is ionized, at least in part, by electron bombard 
ment. The ions are then segregated in accord 
ance with their mass-to-charge ratio and all the 
ions of a given mass-to-charge ratio are dis 
charged at a collector electrode. The segrega 
tion may be accomplished in various WayS. One 
common technique, and the one with which the 
present invention is concerned, involves pro 
pelling the unsegregated ions as a heterogeneous 
beam through a magnetic field, the direction of 
the field being transverse to the direction of ion. 
travel. In the magnetic field, the path of the 
ion beam is bent with ions of differing mass-to 
charge ratio assuming different radii of curvature 
so that the heterogeneous beam is separated into : 
a plurality of essentially homogeneous beams. 
A single ion beam is focussed on and discharged 
at a collector electrode, the discharge current 
being a function of the partial pressure in the 
original Sample of the particles from Which the 
ions of the beam are derived. Frequently the 
mass spectrum is Scanned by Successively focus 
ing the several Spatially separated beams On the 
collector electrode. 
In the conventional instrument, the resolution 

of the severa beams is accomplished by a barrier 
placed in front of the Collector electrode and hav 
ing a narrow sit through which ions" illust paSS 
to reach the collector. This slit is coirnolly re 
ferred to as the resolving slit and is oriented with 
its major axis parallel to the magnetic field. Ion S 
of differing mass-to-charge ratio are focusSed. On 
the resolving slit by varying the magnitude of 
the ion propelling field or by varying the Inag 
hetic field strength. The resolving power of Such 
an instrument is a function of the width of the 
resolving slit, i. e. the ength of its minor axis 
transverse to the direction of the magnetic field. 
By varying this dimension, as by substitution of 
a barrier having a different size slit or by me 
chanica, a distrient of the sit size, the resolving 
power of the mass spectrometer may be varied. 

have now discovered a method for Varying the 
resolving power electrically together with appa 
ratus designed for carrying cut the method in 
the incs, effective manner. As Willioeconne more 
apparent in the description of the accompanying 
drawings, there is a need for some simple and 
effective nethod of varying the resolving power 
of a GaSS spectronetter in Oder that the iStri 
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inent may be operable over: a wide range of ass 
numbers. Thus: the resolving power, most: effec 
tive at lowerinasses is inadequate. for resolving 
higher masses, whereas ... the higher resolving 
power necessary for the higher masses: interferes 
With analysis of the lower masses. In one aspect, 
the invention contemplates a method of varying 
the YeSolving, power of a mass spectrometer in 
Which an ion bean is focussed through a resolv 
ing Slit and onto a collector: electrode which coin 
priseS developing in the: region between: the re 
Solving slit and the collector electrodes an electro 
Static field having a component parallei to the 
direction of ion travel and in opposition to:ion 
tirave to the collector. electrode and a coirpo - 
net tranSWei'Se to the direction of ion trave and 
parallel to the minor axis, of the resolving slit, 
With the transverse. Component being of zero...in 
tensity at the axis of:Symmetry, and controlling 
the magnitude of the electrostatic field so that 
all ion beam of a given energy can traverse the 
distance between the resolving slit and the col 
lector electrode only in a path of: a width not 
exceeding. theninor axis of the resolving. Sit and 
Centered On the axis of Symmetry. 
By shaping the electrostatic field So as to form 

a Saddle, i. e. a region where the potential will 
be at a maximum in the longitudinal direction 
and a rhininum in the transverse: direction and 
On the axis of Syrinnetry, the field functions as 
a virtual resolying slit. When the potential at the 
Saddle point approaches the potential of the 
point from which the ions originated in the ion 
Source. If the Saddle is Wider than the resolv 
ing Sit, that is, if the region. Over. Which the Op 
posing potential is less than the starting poten 
tial of the iOS is wider than thenior axis. Of 
the resolving, slit, resolving power of the , mass 
Spectrometer Will be deterrained by the resolving 
Slit. If the electrostatic field strength is in 
creased, the saddle...is narrowed, i.e. the trans 
verse area, thereof having. 'an-, opposing, potentiai 
less than the potential energy of the ions is re 
stricted to a width less than the resolving slit 
and the electrostatic field then deterines the 
resolving power of the instrument. 
The energy of an ion is determined by the 

potential existing at the point of ion formation. 
In the accelerating field, ions gain kinetic energy 
at the expense of potential energy, the total ea 
ergy remaining constant. Hence, when the ions 
"enter the opposing electrostatic field between the 
resolving slit and the collector, they give up li 
retic : energy, if necessary, to the point. Where 

restored. if, 
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however, a particular ion seeks to traverse the 
Opposing field in a region where the bucking 
potential exceeds the potential energy of the ion, 
it will be blocked. As the opposing potential ap 
proaches the potential energy of a particular ion, 
the Saddle point for that ion narrows about the 
axis of Symmetry. This in effect inarrows the 
available path between the resolving slit and the 
collector for that ion. As this path becomes 
narrower than the resolving slit, the resolving 
power of the instrument is increased. 
The use of an opposing electrostatic field in the 

region of the collector electrode is not inew in 
maSS Spectrometry. Such a field has been es 
tablished by means of an electrode located be 
tWeen the resolving Slit and the collector elec 
trode and maintained at a potential opposing ion 
flow towards the collector electrode. However, 
the purpose of this prior use has been entirely 
different from the principles of the present inven- : 
tion and has related Solely to the blocking of 
"ghosts,' e. g. ionized fragments resulting from 
metastable transitions, or ions that have been 
slowed through collision with gas molecules or the 
Walls of the analyzer. These ghosts have been 
found to have an energy less than the energy of 
the ions of a given mass-to-charge ratio with 
which they are associated. The development of 
an electrostatic bucking potential of sufficient 
magnitude to block such lower energy ghost ions 3 
has been found to improve the operation of the 
mass spectrometry. However, the use of such a 
potential to vary the resolving power of a mass 
spectrometer is novel there having been no effort 
made to establish a field to act as a virtual 
resolving slit so as to restrict the path of the 
ions under investigation. 

For the purpose of this invention, I have found 
that a single electrode disposed between the re 
solving slit and collector electrode is not entirely 
Satisfactory for developing the type of electro 
static field necessary to vary the instrument's re 
Solving power. 

Accordingly, the invention also contemplates in 
a maSS Spectrometer having an ionization cham 
ber, means for ionizing molecules in the cham 
ber, an analyzer, means for propelling ions from 
the ionization chamber as a beam through the 
analyzer, means for sorting the ions of the beam 
in the analyzer according to their specific mass, 
and a target electrode for collecting ions imping 
ing thereon, the combination comprising a con 
ductive barrier disposed between the analyzer and 
the target electrode and having a resolving slit 
therein through which ions must pass in travel- 5. 
ling from the analyzer to the collector, a plurality 
of interconnected parallel electrodes disposed be 
tween the barrier and the target and having sits 
therein aligned with and wider than the resolving 
slit, and means for impressing on the said plu 
rality of electrodes a potential opposing ion 
travel from the barrier to the target. 

I have found that a plurality of parallel and 
interconnected electrodes permits development 
of a bucking field having optimum shape for the 
purposes of this invention. 
The invention will be more clearly understood 

from the following detailed description thereof 
taken in conjunction with the accompanying 
drawing Wherein: 

Fig. 1 is a Schematic diagram of a mass spec 
trometer adapted to the practice of the invention; 

Fig. 2 is an enlarged view of the collection end 
of the maSS Spectrometer of Fig. 1 showing the 
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4. 
nature of the field established between the col 
lector electrode and resolving slit; 

Fig. 3 is a diagram showing a plot of the trans 
We'Se Component of the electroStatic field in the 
region of the saddle point and illustrating its 
effect as a virtual resolving slit; 

Fig. 4 is a graph showing the variation in re 
Solving power and discharge current intensity as 
the transverse potential component of the elec 
trostatic field is varied; and 

FigS. 5 and 5A illustrate Sections of actual Ire 
COrdings of ion discharge currents showing the 
effect of variation in the width of the effective 
resolving slit in the case of a low mass number 
Spectrum and in the case of a high mass nun 
ber spectrum respectively. 

Referring to Fig. 1, the spectrometer there 
shown diagrammatically comprises a cylindrical 
head () which connects with a sample inlet tube 
f f made of insulating material. Within the 
head, in the path of the gas entering from the 
inlet tube, there is a pusher or repeller electrode 
2 in the form of a conductive plate insulated 
from the rest of the apparatus. 
An electron beam 3 is produced within the 

head in the Space immediately following the elec 
trode 2 by means of an electron gun (not shown). 
The region of the electron beam is referred to 
as the ionization chamber 4, since gas molecules 
entering the head from the inet tube are 
ionized by the electron beam in this region. The 
front of the ionization chamber is formed by an 
intermediate propelling of collimating electrode 
5 which is electrically connected to the head 
and is provided with a slit Si that is substantially 
in line with the pusher electrode and with the 
path of the electron beam. A second propelling 
Or collimating electrode 6 is spaced in front 
of the first electrode by a ring 7 of insulating 
material and is provided with a slit S2 aligned 
With the slit S and the electron beam. The 
head ( OpenS into an analyzer tube f8 through 
the slit S.2. The analyzer tube in the illustrated 
type of spectrometer is semi-circular in shape 
and encloses an analyzer chamber 9. 
The opposite end of the analyzer tube 8 is 

plovided with an exit or resolving sit 2 which 
gives access to an ion collector or target 2. 
The head 0 of the spectrometer, analyzer tube 

8 and the collector electrode 2 are enclosed 
Within an enevelope 23 through a Wall of which 
the Sariple inlet, tube projects. A high de 
gree of vacuum is maintained Within the envelope 
by means of vacuum pumps (not shown) con 
nected to a gas outlet 24. Within the envelope 
and substantially surrounding the target is a 
metallic shield 2 in the form of a cylinder with 
a disk at its end interposed between the end of 
the analyzer tube and the target and having an 
aperture or Slit 28 in line with the target and 
the resolving slit at the end of the analyzer tube. 

Intermediate the resolving slit 20 and the 
shield 27 there is mounted, in accordance with 
the present invention, a plurality of intercon 
nected parallel electrodes 29 which function in 
the manner hereinafter explained. he entire 
instrument is maintained in a magnetic field 
transverse to the direction of travel of the ion 
bean by means of a magnet (not shown). A 
battery or other direct current Supply 30 is con 
nected in an energizing network across a poten 
tiometer 3. The positive end of this potention 
eter is connected through a slider 3A and a 
Switch 32 to a capacitor 33. A potential dividing 
network is connected acroSS this capacitor and 



5 
takes the form of...a... potentiometer 34 connected 
in: Series, with a second resistor. 35. A. lead36 
connected intermediate, the potentiometer 34, 
and resistor 35 is connected to the terminal pro 
pelling electrode 6... and to ground. Since the 
terminal. propelling electrode 6 is electrically 
connected to the analyzer tube, the latter is also 
grounded. Potentiometer 34 has a first slider 
34A, connected to the intermediate. propelling 
electrode 5. Pusher electrode: 2 is connected 
to the potential dividing: network by means of a 
slider 38 for reasons hereinafter explained. 
A second adjustable tap 34B of the potention 

eter. 34 is: connected to: the electrodes '29 in the 
collection, end of the ... mass spectrometer. By 
connecting the pusher electrode: to the poten 
tionetter through slider 38' rather than to the 
positive end of the potentiometer, as is the con 
ventional practice, the electrodes 29 may be oper 
ated at a somewhat higher positive potential 
than , the pusher electrode. Such relationship 
constitutes preferred practice for the reason that 
the potential on the axis of . Symmetry of the 
electrode 29, is inherently somewhat lower than 
the potential impressed on the electrode and for 2: 
optimum results it is desirable to be able to 
raise this potential (at the axis of Symmetry) 
near to that of the pusher electrode. This can 
only be done if electrode 29 is at a higher poten 
tial than the pusher electrode. 
The target or collector electrode 2 f is con 

nected to ground through a high resistance 42. 
This resistance is shunted by an amplifying and 
indicating or recording apparatus 44 which is 
preferably of the negative feed-back type so as to : 
minimize the effect of the high resistance. The 
Shield 2 is likewise connected to ground and 
hence the barrier in which the resolving slit 2) is 
located and the shield 27 are at the Same poten 
tial as the terminal accelerating electrode 6, 
Which is likewise grounded. A variable capacitor 
4S may be connected from the target to the 
circuit supplying the propelling potentials. The 
capacitor is connected between the target and 
the resistance 42 so that the path to ground is . 
from the target through the capacitor 46 and 
resistor 35. Although the incorporation of 
capacitor 46 in the output circuit forms no part 
of the invention which is in no way limited to 
the particular output circuit shown in the draw 
ing, the capacitor is desirable Since it provides 
means for balancing out the effects of capaci 
tance coupling between electrodes 2 and 29. 

In the operation of the spectrometer, a Sample 
of-gas to be analyzed is admitted to the ioniza 
tion chamber through the gas inlet tube. Mole 
cules of the gas Sample are bombarded and 
ionized by the electron beam. The resulting 
ions are propelled as an unsorted ion beam B. 
into the analyzer tube 8 by means of electrical 
potentials established between the pusher and 
the two collimating electrodes by the electrical. 
circuit as described. Thus, slits Sl, S2 in the 
propelling electrodes 5, 6 respectively, through 
Which the ions pass, cause the ions to. in merge, 
into the analyzer as a thin ribbon, a CrOSS Section 
of Which is defined approximately by the shape 
of the slits. In the analyzer the unsorted ion 
beam is separated into. a. plurality of diverging. 
homogeneous ion beams B, B2, B3. under the 
influence of the magnetic. field transverse to the: 
travel of the beams. 
One of the ion beans is focussed. On the re-- 

solving slit .29 and passes through this: slit to 
strike the collector electrode. Discharge; of the 
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beans at: the: collector-electrode: develops a dis 
charge current; which is amplified and recorded. 
in the econventional manner. The path", of the 
ionibeams. With respect to the resolving slit may 
be altered to focus one or more of the other ion 
beams on the resolving slit by varying either 
the magnetic field or the propelling potentials. 
The latter method is preferred and is accom 
plished as follows. The switch 32 in the energiz 
ing: network is closed and the condenser 33 is 
charged to an appropriate level. The Switch is 
then opened and the condenser is permitted to 
discharge through the potential dividing network 
and through the propelling electrodes in the head 

In this Way, the propelling 
potentials, between the several electrodes grad 
ually decay while maintaining constant relative 
values. The potentials in the head may be ad 
justed relative to each other by suitable adjust 
ment of the slider 34A of the potentiometer 34. 
As above described, the series of slits provided 

by the electrodes 29 intermediate the resolving 
slit and collector electrode makes it possible to 
vary electrically the apparent width of the re 

. Solving slit if these electrodes are maintained at 
a certain potential with respect to the potential 
of the ion Source: At SOrne point near the axis of 
symmetry of the electrodes. 29 there exists a 
saddle-point in the electrical potential, that is, 
the potential is at a maximum in the longitudinal 
direction and a minimum in the transverse di 
rection. 

he character of the electrostatic field be 
tween the resolving slit 20 and the shield 2, as 

... established by the -electrodes 29, is illustrated in 
Fig. 2 Which is an enlarged View of the collection 
end of the Spectrometer. Equipotential lines 48 
are sketched in the diagram of Fig. 2 showing 
the Saddle point to be approximately in the 
region of the point S. If a Single electrode is 
used in place of the plural electrodes 29, the con 
figuration of the field is altered and different 
operation is obtained. The relationship of the 
resolving slit to the ion beams B, B2, B3 is 
shown Schematically above the resolving Slit 20. 
A plot of the transverse potential in the region 

of the Saddle point is shown in Fig. 3 for two 
values' W, W2 of voltage applied to the electrodes 
29. The horizontal axis of the plot represents the 
einergy cf the ions of a given beam in volts. 
Hence any of the ions of this particular beam 
which approach the saddle point at a distance 
from the axis of Symmetry such that the poten 
tial Curve W is above the energy of the ions, will 
not be able to penetrate the field. With the po 
tential W, only those ions will penetrate the 
field whose physical distance from the axis of 
Synnetry is less than 

2. 

Where D1 is the transverse dimension of that part 
of the field: which is at a potential less than the 
potential: energy of the particularion. If the 
transverse"potential is at the V2 level, only those 
ions of a potential energy represented by the hori 
Zontai:axis Will pass, Whose distance from the axis 
of Symmetry is less than. 

D. 
2. 

Henlee: by increasing the voltage.applied to the 
electrodes 29:So that the transverseccomponent of. 
potentialis, altered:from Vi to V2, as represented 
On the diagram, of Fig. 3, the virtual resolving slit 
developed by the: electrostatic field. Will.be.i.de. 
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creased by an amount equal to D1 minus D2 and 
the resolving power of the mass spectrometer Will 
be increased proportionately provided that D1 is 
shorter than the minor axis of the resolving slit 
29. 

Fig. 4 is a pict of the resolving power of the 
mass spectrometer and the ion beam intensity at 
the collector electrode as the voltage on the elec 
trodes 23 is increased. For a time, the effective 
Width of the virtual sit formed by the electro 
saic field is greater than the actual Width of the 
resolving slit 20 so that any increase in voltage 
applied to the electrodes 29 has no effect On the 
resolving power. At a certain critical potential 
represented by the point X on the horizontal axis 
of the plot of Fig. 4, the effective width of the Vir 
tual slit becomes equal to the width of the resolv 
ing slit. Any increase in potential applied to the 
electrodes 3 above the critical value X increases 
the resolving power by reducing the width of the 
virtual slit, to less than the width of the resolving 
slit. The ion beam intensity curve is seen to re 
main constant, considerably beyond the critical 
potential X. This is so because in the region be 
tween potential 3 and potential Y the virtual slit, 
although narrower than the resolving slit, is still 
wider than the ion bean itself. When the poten 
tial on the electrodes 2 is raised above the point 
where the transverse component is at the poten 
tial Y, the virtual slit becomes narrower than the 
ion beai) and the ion intensity drops rapidly to 
Zero. Thus there is a range of operation between 
potentials X and Y in which the resolving power 
is a function of the vicitage applied to the elec 
trodes 29 and yet, in which there is no loss in ion 
team intensity. 

in addition to providing means for varying the 
resolving power of the linass spectrometer, the 
lectrodes 23 also act as an energy filter to sup 

Y3t-Stalie ions in the nahnei taught in 
prior art, this function however being of Sec 

ondary inportance to the primary function of 
providing means for varying the resolving power. 
The advantages of being able to vary resolving 

power of 2 m2.'s scectrometer without altering the 
construction of the instrument are not inne 
diately apparent. It might seem that if a high 
resolving power is desirable in one set of circum 
stances, that an instrument having such a high 
resolving power would be satisfactory under all 
circumstances. However, this is not the case and 
the reasons why this is not so are illustrated in 
Figs. 5 and 5A. 
One important reason why the resolving power 

necessary to separate components of large maSS 
(sse Fig. 5A) is not ideal for components of low 
mass (see Fig. 5) is the recording speed reduction 
necessitated by an increase in resolving power. 
The spatial separation between ions of low maSS 
is sufficiently great to tolerate low resolving power 
and high recording speed which is desirable as 
resulting in faster analysis. 
In the analysis of the gases of comparatively 

low molecular weight, say of 70 or 80, or below, 
ions of the same mass number are formed from 
more than one type of molecule. Consider for 
example the mass number 44. Ions of this maSS 
number are formed from ionization of carbon di 
oxide and from ionization of propane, the atomic 
Weights of the respective ions being 44.04 and 
44.076 respectively. In any mass range it is de 
sirable to operate at such a resolving power that 
all ions having the same mass number can paSS 
through the resolving slit at one time. In Fig. 5 
trace A shows an actual trace obtained from the 
spectrum of ions of mass number 44 derived from 
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carbon dioxide and propane with the effective re 
Solving width being greater than the Spectrum. 
width. The Superposition of the CO2 and C3Ha 
peaks is evident, the Solid trace being a composite 
of the individual peaks shown in dotted lines. 
Trace B of Fig. 5 shows the result of analyzing 

the carbon dioxide propane mass number 44 spec 
trun in an instrument in which the effective re 
Solving slit is narrower than the spectrum width. 
In this circumstance, the two peaks are partially 
resolved but the overlapping precludes determi 
nation of the relative concentrations since it is 
difficult to tell the true height of either peak. 
This overlapping effect is shown by the dotted 
lines which have been sketched into the trace B, 
the height of each peak being due in part to the 
height of the adjoining peak. 
When it becomes a question of separating be 

tween ions of differing mass number, the resolu 
tion required is a function of the distances be 
tween adjacent masses for any given magnetic 
field strength. This distance is a function of the 
reciprocal of the molecular weight of the ions and 
hence as the raSS increases, the distance between 
adjacent peaks decreases. In the lower molecular 
weights, as represented by Fig. 5, there is sufficient 
spread between ions of differing mass number 
that they may be adequately resolved in an in 
strument having a resolving power sufficient to 
obtain the linear Superposition illustrated by trace 
A in that figure. However, if, for example, it is 
desired to analyze the isotopes of mercury which 
have mass numbers of 196, 198, 199, 200, 201, 202 
a.ind 204, the distances between the ion beans of 
adjacent masses is so Small that a resolving power 
of the Order of magnitude of that employed to 
obtain the trace A of Fig. 5 is not sufficient to re 
solve the mercury isotopes. This situation is illus 
trated by the trace A in Fig. 5A wherein, with the 
possible exception of the mass 204 peak, it is evi 
dently impossible to determine the concentration 
of the other mercury isotopes from the trace. 
This is because the effective resolving slit is wider 
than the physical spacing between adjacent 
raSSeS. 
Now if this effective resolving slit is reduced SO 

that it is narrower than the spacing between ad 
jacent na SSes, a trace B is obtained wherein com 
plete resolution between each of the mercury iso 
topes is achieved. The isotope 196 is present in 
Such small proportions; in order of magnitude of 
one-tenth of one percent, that it does not show up 
on either of the traces A and B. 

It should be obvious from the foregoing ex 
planation that the utility of a mass spectrometer 
for analyzing mixtures ovel a wide mass range 
is greatly increased by the ability to vary its re 
Solving power in accordance with the mass range 
of the particular Sample under investigation and 
that the same increase in utility is not achieved 
by pre-establishing the resolving power of the 
instrument at the high value necessary to resolve 
ion beams of comparatively large mass. 

I claim: 
1. In a mass spectrometer having an ioniza 

tion chamber, means for ionizing molecules in the 
chamber, an analyzer chamber, means for pro 
pelling ions from the ionization chamber as a 
beam through the analyzer chamber, means for 
Sorting the ions of the beam in the analyzer chan 
ber according to Specific mass, and a target elec 
trode for collecting ions impinging thereon, the 
combination comprising a conductive barrier dis 
posed between the analyzer charinber and the tal 
get electrode and having a slit therein through 
which ions must paSS in travelling from the ana 
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lyzer to the collector, an electrode disposed be 
tween the barrier and the target and having a slit 
therein aligned with the resolving slit, and means 
for impressing on Said electrode a potential of a 
polarity opposing ion travel from the barrier to 
the target and of Such magnitude as to prevent 
ion flow through the slit, adjacent its boundaries. 

2. In a mass Spectronetter having an ionization 
Chamber, means for ionizing molecules in the 
chamber, an analyzer chamber, means for pro 
pelling ions from the ionization chamber as a 
beam through the analyzer chamber, means for 
Sorting the ions of the beam in the analyzer 
chamber according to specific mass, and a target 
electrode for collecting ions impinging thereon, 
the combination comprising a conductive barrier 
disposed between the analyzer chamber and the 
target electrode and having a slit therein through 
which ions must pass in travelling from the ana 
lyZer to the collector, a plurality of interconnected 
electrodes disposed between the barrier and the 
target and having slits therein aligned with the 
ReSolving slit, 3.2d 28ails for impressing on said 
plurality of electrodes a potential opposing ion 
travel fi'On the barrier to the target. 

3. In a na SS Spectroneter having an ionization 
chamber, means for ionizing molecules in the 
chamber, an analyzer chamber, means for pro 
pelling ions from the ionization chamber as a 
bearin through the analyzer chaniber, means for 
SOrting the ions of the beam in the analyzer 
chamber according to specific mass, and a target 
electrode for Collecting ions impinging thereon, 
the Cornbination Cornprising a conductive barrier 
disposed between the analyzer chamber and the 
target electrode and having a slit therein through 
Which ions must pass in travelling from the ana 
lyzer to the collector, a plurality of interconnected 
electrodes disposed between the barrier and the 
target and having slits therein aligned with and 
wider than the resolving slit, and means for im 
preSSing on Said plurality of electrodes a poten 
tial opposing ion travel from the barrier to the 
target. 

4. In a maSS Specti'Oineter having an ionization 
chamber, means for ionizing molecules in the 
chamber, an analyzer chamber, means for pro 
pelling ions from the ionization chamber as a 
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bearn through the analyzer chamber, means for 
establishing a magnetic field across said analyzer 
for sorting the ions of the beam in the analyzer 
chamber according to specific mass, and a target 
electrode for collecting ions impinging thereon, 
the combination comprising a conductive barrier 
disposed between the analyzer charnber and the 
target electrode and having an elongated slit 
therein through which ions must pass in travel 
ling from the analyzer to the collector and ori 
ented with its major axis parallel to the magnetic 
fisld, a plurality of interconnected electrodes dis 
posed between the barrier and the target and 
having slits therein aligned with and wider than 
the resolving slit, means for impressing on said 
plurality of electrodes a potential opposing ion 
travel froin the barrier to the target, and means 
for varying the potential impressed on said elec 
trodes. 

5. in a mass Spectronieter having an ionization 
Chanoer, means for ionizing molecules in the 
chamber, an analyzer chamber, means for pro 
pelling ions from the ionization chamber as a 
bean through the analyzer chamber, means for 
Sorting the ions of the beam in the analyzer 
chaniber according to specific mass, and a target 
electrode for collecting ions inpinging thereon, 
the combination comprising a conductive barrier 
disposed between the analyzer chamber and the 
t3rget electrode and having a slit therein through 
which ions must pass in travelling from the ana 
lyzer to the Collector, an electrode disposed be 
tween the barrier and the target and having a 
Slit therein aligned with and wider than the re 
Solving slit, means for impressing on said elec 
E"Ode a potential to develop an electrostatic field 
acroSS Said slit preventing ion flow except through 
a central region of the slit, and means for varying 
the magnitude of the potential to vary the dimen 
sions of said central region. 
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