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ABSTRACT: A mass spectrometer having an ion source, an 
analyzer, a collector, and slits along a path of ion travel from 
the source to the collector. The slits are adjustable to high and 
low resolution positions. Circuitry is provided such that the 
adjustment of the slits and scanning of the analyzer occurs in a 
coordinated fashion and the analyzer is scanned while a slit is 
maintained in each of its adjusted positions. 
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MASS SPEOMETEEQS HAVENG ADJUSTABLE BEAM 
DEWNWG SMTS 

This invention relates to mass Spectrometers. This applica 
tion is a continuation of application Ser. No. 557,272 filed 
June 13, 1966 for Mass Spectrometers, now abandoned. 
A mass spectrometer enables an analysis of a substance to 

be made by projecting ions along a beam and de?ecting the 
beam laterally, such de?ection may be carried out either elec— 
trostatically or magnetically. The beam at its source is passed 
through a narrow aperture to confine its width and similarly at 
the collector end it is passed through a narrow aperture so that 
only a part of the cross section of the beam is collected at an 
instant. By varying the lateral de?ection progressively, the 
beam is scanned and hence elements of different mass will be 
collected successively; this enables an analysis of the elements 
in the substance under investigation to be made. 

It follows that if the apertures are small then the cross-sec 
tional area of the beam impinging on the collector is small, so 
that as the de?ection is varied to scan the beam a series of nar 
row peaks will be received, and if this reception is displayed 
against a time base the peaks will be quite narrow. If on the 
other hand the apertures are large, the resolution will be low 
and instead of narrow peaks appearing on the display the 
peaks will be wide and also of a greater amplitude. 

It follows that low resolution will give greater Etivity to 
enable elements to be detected which would not be capable of 
detection with a high resolution, and on the other hand it is 
difficult accurately to determine the relative time instants at 
which the peaks occur so as to identify the elements; such 
identi?cation usually being made by comparison with the time 
instances of peaks received from a known substance used as a 
reference. 
On a low resolving power spectrum, metastable ions will be 

observed as broad peaks, possibly several masses wide. These 
metastable peaks are an aid to structural interpretation and 
are the result of the decomposition of an ion after acceleration 
in the source but generally before the magnetic analyzer. 
Whilst it will be difficult to measure the peak positions with 

‘ sufficient accuracy with a low resolution, the peaks will be 
much more clearly de?ned with a high resolution. Moreover, 
some elements may give several peaks representing the same 
nominal mass and a high resolving power is needed to dis 
criminate between them. 
According to the present invention, a mass spectrometer is 

provided with means for adjusting the e?'ective size of the 
apertures between limiting positions or states and means for 
rapidly changing over between the positions or states so as to 
obtain a rapid change from high resolution to low resolution 
or vice versa. 

According to one arrangement, the resolution is changed 
for successive scans so that successive scans are made with 
high resolution and low resolution alternately. In other ar 
rangements, the apparatus may be arranged normally to 
operate at a high resolution or a low resolution as the case may 
be, and means may be provided for changing over at will to the 
other type of resolution when this is required. The resolution 
may be controlled by slit apertures, the width of which is 
varied; alternatively electron lenses may be used and the ef 
fective aperture width controlled electrically in a known 
manner. 

In order that the invention may be more clearly understood, 
reference will now be made to the accompanying drawings in 
which: 

FIG. I shows graphically the types of display obtained with 
high resolution and low resolution; 

FIG. 2 shows the general arrangement of a known form of a 
mass spectrometer; 

FIG. 3 is a detail view to a larger scale than FIG. 2 showing 
apparatus for varying the width of a slit mechanically; 

FIG. 4 is an extension of FIG. a, 
FIG. 5 is a horizontal sectional view taken on the line IV-IV 

of FIG. 3; 
FIG. 6 shows electrical control apparatus for varying the slit 

widths; 
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2 
MG. 7 is a detail view showing the variable aperture at the 

source end of the beam path; 
FIG. 8 shows in block form a circuit for synchronizing the 

aperture control with the de?ection scan; 
FIG. 9 shows graphically how the aperture control can be 

related to the de?ection scan; and 
FIG. 10 shows diagrammatically the arrangement of an 

electrostatic variable aperture. 
In FIG. 1, graph A shows an image obtainable with a high 

resolution and graph B similarly shows a low resolution image. 
In graph A, the peaks are quite narrow and therefore their 
positions along a time base may be measured accurately for 
identi?cation purposes. Graph 8 shows the same spectrum as 
shown in graph A but with a low resolution. It will be noted 
that the peaks are higher and wider in graph B and that there 
are some peaks visible which do not appear in graph A. How 
ever, it will also be noted that owing to the increased width of 
the individual peaks in graph B it is not possible accurately to 
determine the positioning of the peaks along a time base and it 
is most desirable that both types of resolution should be readi 
ly available. 
The mass spectrometer shown in FIG. 2 includes an ion 

source chamber 1 into which a specimen carrying probe 3 can 
be inserted so that ions can be liberated from the specimen. 
An electrode 5 to which an accelerating voltage of say 8 
kilovolts is applied serves to repel these ions from the chamber 
1 as a beam which passes ?rst through an electrostatic 
analyzer 7 including opposed conductive plates 8 between 
which a potential difference is maintained, then through the 
slit of a monitor collector 9 into a magnetic analyzer 11. In 
magnetic analyzer ll an electromagnet coil 12 establishes a 
strong magnetic ?eld which extendsin a direction transverse 
to the path of the ions, and since the ions are charged parti 
cles, their paths will be curved in the magnetic ?eld. The 
deflected ions, or certain of them if different groups of ions 
are de?ected through different degrees, pass through an ad 
justable slit 113 in a member 14 and are picked up by a collec 
tor electrode 15 associated with an electron multiplier 17, the 
output ofwhich is fed to a display 45. 
Mass spectrometers as described above are well known in 

the art, and the output from the electron multiplier 17 is used 
after ampli?cation to provide a record of the ions passing 
through the adjustable slit in member 13 on say a cathode ray 
tube display or on a record chart. The angular de?ection of an 
ion in passing through the magnetic analyzer 11 will depend 
upon the accelerating voltage, since that determines the speed 
of the ions, the intensity of the magnetic ?eld in the analyzer 
11, and the mass of the ion. 
One method of scanning a large range of a mass spectrum is 

to maintain the voltages used in the electrostatic analyzer 7 
and on the accelerating electrode 5 constant, and to scan by 
slowly decreasing the current used in the electromagnet coil 
12 of the magnetic analyzer 11. This progressively changes the 
de?ections of all the ions passing through the magnetic 
analyzer, so that the output from the collector 15, which may 
for instance be part of an electron multiplier, indicates the 
number of ions passing through the slit member 13. If the out 
put from collector i5 is presented on a cathode ray tube in the 
display 435 as the vertical de?ection with a horizontal scanning 
speed corresponding to the decay of the magnetic field in the 
magnetic analyzer H, the trace shows peaks if ions having 
such a mass number that they are de?ected to pass through 
the slitted member 13 are present. 

Magnetic scanning, as described above, is used where sen 
sitivity and quantitative accuracy are required and the 
scanning rate can be relatively low. Where a somewhat faster 
scanning rate is required, one can resort to “voltage" 
scanning, in which the magnetic ?eld in the magnetic analyzer 
is maintained constant but the voltage applied to the ac 
celerating electrode 5 and the electrostatic analyzer 7 are 
varied together to produce the desired variation in the de?ec 
tion in the beam in the magnetic analyzer. However, this tends 
to give a poorer resolution between adjacent peaks and the 
sensitivity of the mass spectrometer varies from end to end of 
the part of the spectrum which is scanned. 
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in ti-c apparatus shown in MG. 2, there will be the adjusta 
ble slit s3 at the collector end and a second adjustable slit W 
at the source end. which is shown in greater detail in H0. 7. 
The longitudinal axes of these slits will be perpendicular to the 
plane of the paper. The slits will be adjusted in a manner 
which will now be described. 

in PKG. d a slit 2ll is defined by the gap between two blochs 
20. it is assumed that the beam will pass in a direction normal 
to the paper vertically downwards through the slit 2i between 
these two blocks, the width of the slit 211 being indicated by 
thel'gap between the arrows in. The blocks 20 have slanting 
sides "which slide over jewel supports 22. A rod 23 presses 
down against the upper faces of the blocks 20 so that when the 
rod 23 pushes the blocks 20 downwards against the action of 
springs 2d the width of the slit 211 will increase, and similarly 
when the rod 23 is raised the blocks 20 will be pressed up 
wards by the springs 2st and will tend to move together and 
reduce the width of the slit 21. Thus, as the rod 23 is 
reciprocated, it causes reciprocation of the blocks 20. As the 
blocks 29 reciprocate, the supports 22 cam and guide the 
blocks 20 toward and away from one another according to the 
direction of reciprocation. 
The control of the vertical positioning of the rod 23 is as fol 

lows: an electric motor 23 (FIG. 3) operating through a 
slipping clutch 2h drives gear wheels 2'7 and 2h. The gear 
wheel 28 is mounted on a shaft 29 and carries a sleeve 30, and 
the shaft 29 makes a screw~threaded engagement 311 with a 
fixed bearing member 32. Thus when the shaft 29 and sleeve 
30 are rotated, the end of the shaft 29 will move upwards or 
downwards by a small amount and the lower end of the shaft 
29 pressed through a ball 33 against the upper end of the rod 
23 (also shown in lFllG. it) will cause the rod 23 to move up 
wards or downwards. in this manner the rotation of the shaft 
29 from the motor 23 controls the width of the slit 211. 

in order to limit the travel of the adjustment in each 
direction, the sleeve 3th carries a pin 3d (H6. 3); a cylindrical 
block 33 surrounds the sleeve 30 and this is cut away through 
a hemisphere to form shoulders 36 against which the pin 34 
will‘abut, and so the travel of the pin 3d and hence the rotation 
of ‘the shaft 29 will be limited. The blOCk 33 may be rotated 
and clamped in various positions to adjust the angular posi 
tioning of the shoulders 36 whilst a fine adjustment is provided 
by member 37 which is rotated to adjust the position of the 
nose‘3h against which the pin 3d abuts. 

lFlCi. t5 shows an electrical control circuit for the motors 25 
being operated;ithe slit controlling apparatus shown in MG. 4! 
willjbe provided both at the source end of the beam and at the 
collector end and these two apparatus can be controlled 
synchronously by the circuit shown in FIG. s. in the arrange 
ment shown in F116. 6 control is effected from the contacts Cd 
which will be actuated synchronously with the scan. it is as 
sumed that the source motor SM and the collector motor CM 
will each have two windings which when energized will cause 
the a motor concerned to rotate respectively in opposite 
directions. in the position shown in MG. ti, in which the selec 
tor switch is set for alternate high and low resolution during 
successive scans, closure of contacts, Cd at the scan will ener 
gize RL; this will change over the contacts RLT and lRL2 so 
that the source motor winding l and collector motor winding 
ll will now be energized. Rotation of these motors will change 
the slit opening until the pin 3d (FIG. 3) abum against one of 
thcshouldcrs 336, the motor will continue rotating for a while, 
thisggtation‘heing permitted by the slipping clutch 2s (FIG. 
3) until the motors have completed a specified number of 
turns when the limit switches LMt and Lit/i3 will open and cut 
offthc supply. At the same time the brake windings will be 
dcenergizcd so that the brahes will be applied. if now at the 
start of the next scan the contacts C4 open, RL will be deener 
gizcd so that contacts RM and R142 will revert to the positions 
shown in FIG. ti. When this happens the motor windings 2 will 
be energized so that both the motors will start up in reverse 
and the shaft 29 (FIG. 3) will be rotated in the reverse 
direction until the pin 3d abuts against the opposite stop face 
3b of the bloch 33 (F116. 3); this sequence will be repeated 
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recurrently and it will be seen that apertures will be alterna 
tively opened and closed. The selector switch shown in FIG. h 
is shown as having three positions; in the alternate position 
shown the sequence that is above described will occur. When 
moving the switch to a high resolution, the slits will remain 
continuously in the high resolution state and similarly may be 
controlled to remain continuously in the low resolution state 
by moving the selector switch to the appropriate position. in 
the arrangement described above provision has been made for 
changing between the aperture slit openings. The invention is 
not limited to this but additional intermediate openings may 
be obtained and these may be obtained by selection or they 
may be obtained automatically in sequence; thus instead of 
moving between an extreme high resolution state and an ex 
treme low resolution state the change may occur in steps. Al 
ternatively, the high resolution state may be preselected to a 
required value and similarly the low resolution state may be 
preselected. in the alternate position of the selector switch the 
change over may occur alternatively between the two 
preselected states. 

in employing magnetic scanning the spectrum may be ob 
served either during the decay sweeps of the magnetic flux or 
during the recovery sweeps, i.e., the flux build up sweeps. it 
follows therefore that the decay sweeps may occur at high 
resolution and recovery sweeps at low resolution as shown in 
graph B of H6. 9, or the states may be reversed. 

Alternatively successive decay sweeps or successive 
recovery sweeps as the case may be occur alternatively at high 
and low resolution. ' 

Preferably scans are observed on decay sweeps. 
lFllG. lltl shows an electrostatic variable aperture which may 

be used in place of the mechanically varied aperture shown in 
MG. d. The aperture shown in MG. Mi comprises an entrance 
slit plate ‘Ml, a limiting screen or plate‘dld together with an 
electrostatic lens between the plate db and the screen M. 
The electrostatic lens is formed by the earthed slit apertured 

plates dill and d3 and the field forming slit apertured plate d2. 
The aperture in plate d0 limits the maximum aperture whilst 

the electrostatic lens has a focal plane in front of the screen 
ltd, thus the ion paths are dispersed and not all can pass 
through the aperture in plate dd. By varying the potential ap 
plied to the plate 42 the proportion of ion paths which can 
pass through screen M can be varied and thus the effective 
width of the aperture can be varied. 
For further description of the electrostatic type of aperture 

reference may be made to FIG. 2 of British Pat. No. 759917. 
The output from the mass spectrometer may be passed to 

display apparatus indicated at M» in FIG. 2 or alternatively to 
recording apparatus in which it may be recorded for instance 
on magnetic tape and thus may be in analogue or digital form. 
Many modifications and variations of the invention will be 

apparent to those skilled in the art in view of the foregoing 
detailed disclosure. Therefore, it is to be understood that, 
within the scope of the appended claims, the invention can be 
practiced otherwise than is specifically shown and described. 
We claim: 
i. in a mass spectrometer having an ion source, a collector, 

a means for de?ecting a beam laterally, and at least one means 
for varying the width of at least one aperture in an ion beam 
path, said means for varying the width of at least one aperture 
comprising: 

a. an electric motor including a drive shaft; 
b. a first gear mounted on said drive shaft; 
c. a ?xed bearing member; 
d. a shaft having first and second ends, said shaft threadably 

engaged with said ?xed bearing member allowing longitu 
dinal movement of said shaft relative thereto; 

c. a second gear mounted on said first end of said shaft and 
in engagement with said first gear; 

f. a sleeve surrounding and secured to said shaft near said 
first end thereof; 

g. a ‘rotatable. circular bloclt surrounding said sleeve and 
having a block recess around a portion of the periphery of 
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said circular block, said recess bounded on its ends by 
shoulders; 

h. said rotatable sleeve including a pin for engagement with 
said shoulders; 

i. a ball bearing engaging a face of said second end of said 
shaft; 

j. a member having a wedge-shaped end, the other end of 
said member engaging said ball bearing; and 

k. a pair of blocks defining an aperture therebetween. said 
blocks together forming a wedge-shaped recess cor 
responding to said wedge-shaped end of said member for 
engagement therewith, said member adapted to be moved 
in line with said aperture for causing said blocks to move 
relative to one another and vary the width of said aper 
ture. 

2. A mass spectrometer comprising: 
a. an ion source; 

b. a collector responsive to the impingement of ions; 
c. conduit means establishing a path for the travel of 

focused ions from the source to the collector; 
d. an analyzer along said path for de?ecting ions emitted by 

the source according to the mass/charge ratios of the 
ions; 

e. a slit structure positioned along said path for adjustably 
delineating the resolution of ions traveling along the path; 

f. slit condition control means operably connected to the slit 
structure to vary the resolving power of the slit structure 
automatically between scans of a continuing study involv 
ing a series of scans conducted while a beam of ions 
generated from a given sample is produced; and 

g. presettable means operably connected to the slit condi 
tion control means for establishing at least two pread 
justed and preset slit conditions for controlling said con 
dition control means such that said slit structure is repeti 
tively changed from one to another of said at least two 
conditions, whereby said analyzer de?ects said ions 
across said slit structure during one scan while said slit 
structure is in one of said at least two conditions and 
deflects said ions across said slit structure during another 
scan while said slit structure is in another of said at least 
two conditions. 

3. The mass spectrometer of claim 2 wherein the slit struc 
ture electrostatically controls ion resolution. 

4. The mass spectrometer of claim 2 wherein the slit struc 
ture comprises a plurality of relatively movable elements 
delineating a slit and the elements are relatively movable to 
adjust the transverse dimension of the slits and thereby the 
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6 
resolution of the ions. 

5. The mass spectrometer of claim 4 wherein the position 
control means includes a motor with a rotatable output shaft 
slit actuating structure, a slip clutch coupling the shaft to the 
actuating structure, and wherein the control means includes a 
motor energizing means operating the motor for a predeter~ 
mined period of time each time a slit resolution adjustment is 
made such that the shaft continues to rotate after the slit ad 
justment has been terminated by the presettable means. 

6. The mass spectrometer of claim 2 wherein there are two 
slit structures and said structures are synchronously adjusted 
into position by said condition control means and said 
presettable means. 

7. The method of analyzing a sample with a mass spec 
trometer including an ion source, an analyzer, a collector, and 
a slit structure along a path of ion travel from the source to the 
collector comprising the steps of: 

a. presetting a slit control mechanism to establish a plurality 
of predetennined slit conditions of differing degrees of 
resolution; 

b. ionizing a portion of said sample in the chamber to form a 
quantity of ions; 

c. establishing a beam of ions from the source to the collec~ 
tor; 

d. controlling the resolution of the beam by automatically 
actuatin'gl the slit control mechanism between scans to 
change e slit structure from one predetermined condi 
tion to another to adjust the resolution of the instrument 
to a selected one of said differing degrees of resolution; 
and 

e. scanning aid beam across said collector during one scan 
while said slit structure is in one of said predetermined 
conditions and then scanning said beam across said col 
lector during another scan while said slit structure is in 
another of said predetermined conditions while continu 
ing a study of ions from said sample whereby both rela 
tively high and relatively low resolution analysis of said 
sample is made in a single study involving a plurality of 
scans. 

8. The method of claim 7 wherein a second such slit struc 
ture is adjusted to one of a plurality of predetermined condi 
tions to further vary the resolution of the spectrometer. 

9. The method of claim 8 wherein the two slit structures are 
adjusted simultaneously and in synchronism. 

10. The method of claim 7 wherein the analyzer is scanned 
as the slit structure is maintained in each such predetermined 
condition. 


