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1. 2 

This invention relates to a variable shunt per- is known, has less effect on magnetic scan than 
manent magnet and more particularly to the use on electric Scan. . 
of Such variable shunt magnet in mass spec- 2. A wider range of masses may be covered in 
trometry. a single sweep when magnetic scanning is em A mass Spectrometer is an analytical apparatus 5 ployed. 
which functions to sort and measure ions. Ordi- Further, there are two methods of scanning by 
narily it includes an ionization chamber into means of the magnetic field. One such method 
which molecules of the sample to be analyzed are involves gradually varying the current Supplied 
introduced. In the ionization chamber the mole- through an electro magnet by means of which 
cules are bombarded by a stream of electrons and 10 the magnetic field is established. 
converted into ions. So-called propelling or ac- Another means described in the present in 
celerating electrodes propel the ions from the vention comprises gradually varying the effective 
ionization chamber into and through an analyzer strength of the field established by a permanent 
chamber. During passage through the analyzer magnet. I accomplish this by adjustment of the 
chamber the ions are subjected to a transverse mechanical position of a permeable shunt across 
electric or magnetic field or both to separate the gap of a permanent magnet in which gap the 
then according to their mass-to-charge ratios so-called analyzer tube or chamber of the mass 
into a plurality of diverging ion beams. Each spectrometer is disposed. A permanent, magnet 
ion beam is composed of ions of the same spe- With a variable shunt as described and ilius 
cific mass and differing from the mass of the 20 trated herein has several advantages over an 
ions forming other beams. The diverging beams electro-magnet provided with means for varying 
are Successively focused on an ion collector by the current. These advantages include: 
varying the potential applied to the accelerating 1. The permanent magnet can be made in 
electrode or by varying the intensity of the almost any shape desired. In its application to 
transverse field in the analyzer tube. The cur- 25 mass spectrometry this permits a reduction of 
rent produced by the discharge of each beam the total area of the magnetic field to a mini 
on the ion collector is a measure of the partial mum which in turn makes possible a small com 
pressure of the molecules (from Which the ions pact unit. 
were derived) in the sample being analyzed. 2. When using a mechanical shunt a power 
As indicated above, the diverging ion beams 30 supply and current control circuit are eliminated. 

may be focused on the ion collector by varying In general, mechanical devices are simpler to 
the potential applied to the accelerating elec- maintain and service, particularly when the per 
trodes or by varying the strength of a trans- Sonnel using the instruments are not trained in 
verse magnetic field. The focusing of successive electronics. 
eams on the ion collector is commonly referred 3. The mechanical motion employed to move 3 5 

to as "scanning.' The advantages of using mag- the shunt can be simply transferred to a cali 
netic scanning, i.e. slow variation in the strength brated dial which will read the mass directly. 
of the transverse magnetic field rather than elec- The mechanical shunt arrangement therefore 
tric Scanning, i. e. Variation in the potential ap- makes possible a simple mass marker. 
plied to accelerating electrodes, may be listed as 40 The present invention is directed to a variable 
follows: shunt permanent magnet having spaced oppo 

1. The mass spectra obtained with magnetic site poles defining an air gap in which a magnetic 
scanning are more constant than the mass spec- field is established, and a magnetically permeable 
tra, obtained with electric Scanning. This is due member associated with the poles and movable 
to the following facts: 45 adjacent the air gap to shunt a portion of the 

d. When magnetic scanning is used the shift magnetic flux through the member. In a pre 
in a position of the electron beam is less than ferred embodiment two such permeable shunts 
when electric scanning is used. are provided; one in association with each pole 

b. When electric Scanning is used any varia- defining the air gap. echanical means are 
tion with time of space charges or surface 50 provided for moving the two shunts simulta 
charges will cause variations in the spectra. The neously so that their displacement is equal and 
effect of the space charges or Surface charges is opposite. As the shunts are brought closer to 
less apparent when magnetic scanning is used gether a greater proportion of the magnetic flux 
and consequently the variations resulting there- is by-passed through the shunts thus weakening 
from are minimized. 55 the field strength in the air gap. 

c. The “voltage effect,' about which very little One obvious application of such a variable 
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shunt permanent magnet is in the field of maSS 
spectrometry. As above described it is conven 
tional practice to establish a magnetic field 
across the analyzer of a mass spectrometer. AC 
cordingly, the invention also contemplates in a 
mass spectrometer comprising an ion Source an 
analyzer tube, means for propelling ions from 
the ion source through the analyzer tube and 

5 

means for producing a magnetic field acroSS the 
analyzer tube transverse to the path of ion 
travel, the improvement comprising a permanent 
magnet having its poles arranged on opposite 
sides of the analyzer tube, so that the analyzer 

0 

tube lies in an air gap between the poles, and 
means for varying the strength of the magnetic 
field across the air gap. 
The means for varying the strength of the 

magnetic field across the air gap comprises, in 
accordance with the foregoing description, a 
magnetic shunt disposed adjacent one pole of 
the magnet and adjustable by mechanical means 
to reduce or increase the distance between the 
shunt and the opposite pole. As the name im 
plies, the shunt acts as a by-pass through which 
the magnetic flux tends to travel between the 
two poles when the reluctance of the path 
through the shunt is less than the reluctance of 
the air gap. As the distance between the shunt 
and the opposite pole decreases the field strength 
across the air gap is reduced and as the distance 
between the shunt and the opposite pole in 
creases the field strength across the air gap is 
increased. 
A particular feature of the invention is that 

the shunt is preferably constructed in two parts, 
each part being in contact with one of the mag 
netic poles. The two parts of the shunt are 
mounted on the same shafts and the motion of 
the shunts toward or away from the opposing 
pole pieces is inade equai and opposite by the use 
of the left and right hand threads on the shafts. 
Thus as the several shafts are turned the two shunts, each contacting a separate pole piece, are 
forced closer together so as to decrease the re 
luctance of the shunt circuit and thus reduce the 
field strength across the air gap. Conversely, as 
the several shafts are turned in the opposite 
direction the two shunts are separated so as to 
correspondingly increase the reluctance of the 
shunt circuit and the field strength across the air 
gap. Since the forces, parallel to the shaft or 
shafts, which are due to the action of the mag 
netic field on the shunts, are approximately equal 
and opposite these forces merely cause longi 
tudinal stresses in the shaft and exert practically 
no resultant force on the end bearing. 
The invention will be more clearly understood 

by reference to the following detailed descrip 
tion thereof taken with relation to the accom 
panying drawings in which: 

Fig.1 is a plan view taken on the line - of 
Fig. 3 showing diagrammatically a part of a mass 
spectrometer and its relation to one pole of the 
permanent lagnet. - . . . 

Fig. 2 is an elevation of a variable shunt per 
manent magnet such as is employed with the ion 
Source and analyzer tube shown in Fig. 1. 

Fig. 3 is a sectional elevation taken on the line 
3-3 of Fig. 2 with the mass spectrometer an 
alyzer tube and ion source shown in phantom. 

Fig. 4 is a plain view taken on the line 4- 4 of 
Fig. 2. . . . 

In the drawings, the variable shunt permanent 
magnet of the invention is shown as constructed for use in a 160 mass spectrometer of the type 

4. 
wherein propelling electrodes are provided in the 
ion source. As will be apparent from the foll 
lowing description, the invention is not limited 
in its utility to mass spectrometry. Further, it 
is equally adapted to use with a maSS spectrome 
ter of substantially any curvature and is inde 
pendent of the particular means employed for 
ionizing the Sample molecules, propeling the 
sample molecules from the ionization chamber 
and the like. 
In Fig. 1 a part of a mass spectrometer includ 

ing the analyzer tube, ion source, and ion col 
lector is illustrated diagrammatically as it would 
appear in plan in relation to one pole of the 
variable magnet. Fig. 1 is a view taken sub 
Stantially oil the line -i of Fig. 3 wherein a 
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lished by means of apparatus shown in F 
and 4, Referring to these figures the variable 

two arcuate permanent magnets 42, 33. 

part of the mass spectrometer is shown in 
phanton. 
As shown in Fig. i the mass spectrometer com 

prises an ionization chamber i, an analyzer tube 
f2, and an ion collector 3 all of which are kept 
at low pressures during the operation of the 
instrument. The analyzer tube 2 is provided, 
at the end adjacent the ion collector 3, with an 
exit slit 15 through which ion beams are focused 
onto the collector i3 by means hereinafter 
described. - - - - - - - - - 

The spectrometer is provided with a pumping 
system exhaust line 6 which may ba connected 
with a mercury diffusion pump, molecular pump, 
or any appropriate evacuating system not shown. 
An inlet line 8 provides means for introducing 
a sample to be analyzed. An electron gun 23 dis 
charges a beam of electrons through the ioniza 
tion chamber to ionize molecules as they pass 
from the inlet tube i8 into the chamber. Pro 
pelling electrodes 28, 27 are disposed within the 
ion source so as to propel the ions formed therein 
into and through the analyzer tube. Represen 
tation of this particular ion source is for illus 
trative purposes only, there being many modifi 
cations thereof equally applicable to the inven 
tion. 
As above described, the ions propelled from the 

source are formed in the analyzer tube into 
diverging beams of ions of a given specific mass. 
These diverging beams are successively focused 
on the ion collector f3 through the exit slit f5 by 
varying the magnetic field established in the 
analyzer tube 2 by means of the magnet shown 
in Figs. 2, 3 and 4. One pole 45 of the magnet 
is shown in Fig. 1. The ion collector 3 is linked 
with an amplification and sensing circuit (not 
shown) by a lead 23 sealed through the wall of 
the envelope 3. The lead 23 connects the col 
lector 3 to an amplifier 28 which is in turn 
linked to a sensing means (not shown) such as a 
recorder or the like. w - 

Accelerating electrodes 26, 27 are connected 
through lead 32, 33 respectively to a conventional 
voltage supply circuit (not shown). In a simi 
lar manner the propelling electrode 2 the 
electron gun 20 are connected to a more or less 
conventional voltage supply circuit. . . . 
The variable transverse magnetic field em 

ployed to focus successive ion beams through the 
slit 5 in accordance with the invention is estab. 

Figs. 2, 3 
shunt permanent magnet comprises a permeable, 
semi-cylindrical yoke 40 in which are disposed 

83. The 
magnets 42,43 are held against the end walls &QA 
and 40B respectively of the yoke 40. . . . 
The magnets are provided at their inner ends 
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with aligned arcuate pole pieces 44, 45 respec 
tively which are separated from each other by 
an air gap. The pole pieces are held against the 
inner ends of the magnets 42, 43 respectively by 
means of bolts 46, 47 extending inwardly from 
the end faces 40A, 49B of the yoke. The shape 
of the pole pieces is Such that the ail gap is bigger 
adjacent opposite ends. In this manner the rel 
atively enlarged ends of the spectrometer tube 
necessary for the formation of the ion source 
and the collector chamber are accommodated 
between the pole pieces. (See Fig. 3.) 
The field strength across the air gap is a func 

tion of the dimensions of the gap and of the 
strength of the permanent magnets 42, 43. To 
permit mechanical variation of this field strength 
I provide a pair of adjustable shunts 50, 5. The 
two shunts 50 and 5 engage the opposite pole 
pieces is and 45 respectively and are mounted 
on a plurality of shafts 53, 54 and 55. Both shunts 
are mounted on the same shafts and the motion 
of the shunts is made equal and opposite by the 
use of left hand and right hand threads on the 
shafts. - 

Referring to Fig. 3 it will be noted that the 
shaft 54 has right hand threads engaging the 
shunt 58 and left hand threads engaging the 
shunt 5. Rotation of the shaft 54 and like 
Wise the simultaneous rotation of the shafts 53, 
55 will cause the shunts 50, 5 either to approach 
each other or retreat from each other at the 
same rate. Since the forces, parallel to the 
shafts, which are due to the action of the mag 
netic field on the shunts are approximately equal 
and opposite these forces merely cause longi- : 
tudinal StreSSes in the shafts and exert practi 
cally no resultant force on the end bearings of 
the Shaft. Likewise side thrusts On the shunts 
are transmitted to bronze bearing inserts So that 
these side thrusts are not taken up by the Sev 
eral shafts. Inserts 56, 57, 58 associated with 
the shunt 5 are shown in Fig. 4 and One Such 
insert 59 associated with the shunt 50 is visible 
in Fig. 3. This arrangement nakes the mechani 
cally moving System Smooth in its operation. 
Interlocking gear means 60 connected to the 

several shafts 53, 54, 55 permit simultaneous ro 
tation of the shafts. 
The gear means comprises three spur gears 

6, 62, 63 affixed to the ends of shafts 53, 54, 55 
respectively adjacent the outer face of the yoke 
end 40A. The Several gears are all of the Same 
size and type so that application of a rotational 
force to one will be transmitted to the others 
without speed variation. However, the direction 
of rotation of the several gears Will vary. De 
pending on which is the drive gear, the thread 
ing on the several shafts is arranged. So that rota 
tion thereof will cause uniform movement of the 
two shunts. In Fig. 2, the center gear 6 is repre 
sented by means of the knob 64 as the drive 
gear. Since gears 6 and 63 will rotate in the 
opposite direction than that of gear 62, the 
threading on shafts 53, 55 is opposite to that on 
shaft 54. 
Any means may be employed to drive the Sev 

eral gears. In automatic mass spectrometer op 
erations it may be desirable to employ motor 
drive means so synchronized that shunt displace 
ment may be calibrated in terms of the mass of 
the ions focused on the collector electrode. Fur 
ther, each of the mounting shafts 53, 54, 55 may 
be separately and synchronously rotated, al 
though the simple gear arrangement shown is 
preferred. 
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The maximum field strength across the gap 

will be obtained when the shunts are in the open 
position as shown in Fig. 3. However, as these 
shunts are forced toward each other by counter 
clockwise rotation of shaft 54 and clockwise rota 
tion of shafts 53, 55 the magnetic field set up 
between the opposing poles of the two permanent 
magnets 42, 43 will be by-passed through the 
shunts so as to reduce the flux within the air gap. 
I claim: 
1. A variable shunt magnet for producing a 

controlled variable magnetic field in a mass spec 
trometer and comprising a pair of permanent 
magnets arranged with one pair of opposite poles 
defining an air gap, a permeable yoke connecting 
the other pair of opposite poles, a permeable 
member disposed adjacent the air gap in contact 
With One of the poles to shunt a portion of the 
flux away from the air gap and means for moving 
the permeable member in relation to the air gap 
to vary the polition of the flux shunted through 
the member. 

2. A variable shunt magnet for producing a 
controlled variable magnetic field in a mass spec 
trometer and comprising a pair of permanent 
magnets arranged with one pair of opposite poles 
defining an air gap, a permeable yoke connecting 
the other pair of opposite poles, a separate per 
neable member in contact with each of the poles 
defining the air gap and disposed adjacent the 
air gap, to shunt a portion of the fux away from 
the air gap and means for adjusting the per 
meable members in relation to the air gap to vary 
the portion of the flux shunted away from the 
all gap. 

3. A variable shunt permanent magnet for 
producing a controlled variable magnetic field in 
a maSS Spectrometer and comprising a permeable 
yoke, a pair of permanent magnets mounted in 
the yoke with one end of each magnet engaging 
the yoke, a separate pole piece mounted on the 
other end of each magnet and defining an air 
gap between said other ends of the two magnets, 
a separate permeable shunt engaging each pole 
piece adjacent the air gap and adapted to shunt 
a portion of the flux away from the air gap, and 
means for moving the two shunts with respect to 
each other to vary the strength of the magnetic 
field in the gap. 

4. Apparatus according to claim 3 wherein 
both-shunts are threaded on a plurality of shafts, 
One end of each of the Shafts being journaled 
through the yoke, means for rotating all of the 
shafts simultaneously and at the same rate, each 
shaft being threaded in opposite directions in the 
portions thereof passing through the two shunts 
so that rotation of the shafts causes equal and 
opposite linear motion of the shunts. 

5. Apparatus according to claim 4 wherein the 
means for rotating all of the Shafts simul 
taneously comprises a separate gear mounted on 
the Outer end of each Shaft, the Several gears 
being identical and interlocking and means for 
applying a driving force to one of the gears. 

6. In a mass spectrometer comprising an ion 
source, an analyzer tube, means for propelling 
ions from the ion source through the analyzer 
tube and means for producing a magnetic field in 
the analyzer tube transverse to the path of ion 
travel, the combination comprising means for 
producing a controlled variable magnetic field 
across Said analyzer tube and including a pair 
of permanent magnets arranged With One pair 
of opposite poles disposed on opposite sides of 
the analyzer tube so that the analyzer tube lies 
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in the air gap between the poles, a permeable 
member disposed adjacent the air gap in contact 
With One of the poles to shunt a portion of the 
flux away from the air gap and means for mov 
ing the permeable member in relation to the air 
gap to Vary the portion of the flux shunted 
through the member. 

7. In a raaSS Spectrongheter comprising an ion 
Source, an analyze tube, means for propelling 
iOS froii) the ion source through the analyzer 
tube and ineans for producing a magnetic field 
in the analyzeir tube transverse to the path of 
ior travel, the combination comprising ineans 
for producing a controlled variable magnetic 
field across said analyzer tube and including a 
pair of periharzeit nagnets ari'anged with One 
pair of opposite poles disposed on opposite sides 
of the analyzer tube so that the analyzer tube 
lies in the air gap between the poles, a perimeable 
yoke connecting the other pair of opposite poles, 
and two permeable member's disposed adjacent 
the air gap each being in contact. With one of 
the poles to shunt a portion of the flux away 
from the air gap and means for adjusting the 
permeable members in relation to the air gap 
to vary the portion of the flux shunted a Way 
froii the aii' gap. 

8. In a mass spectrometer comprising an ion 
source, an analyzer tube, means for propelling 
ions from the ion source through the analyzer 
tube and means for producing a magnetic field 
in the analyzer tube transverse to the path of 
ion travel, the combination comprising means 
for producing a controlled variable magnetic 
field acroSS Said analyzer tube and including a 
permeable yoke, a pair of permanent magnets 
mounted in the yoke with one end of each mag 
net engaging the yoke, a Separate pole piece 
Inounted on the other end of each magnet and 
arranged on opposite sides of the analyzer tube 
so that the analyzer tube lies in an air gap be 
tween the pole pieces, a separate permeable 
shunt engaging each pole piece adjacent the air 
gap and adapted to shunt a portion of the flux 
away from the air gap, the shunts being nowable 
with respect to each other to vary the strength 
of the magnetic field in the gap. 

9. In a mass spectrometer conprising an ion 
Source, an analyzer tube, means for propelling 
the ions from the ion source through the analyzer 5 
tube and means for producing a magnetic field in 

- the analyzer tube transverse to the path of ion 
travel, the combination comprising means for 
producing a controlled waiiable magnetic field 
across said analyzer tube and including a per 

5 
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8 
meable yoke, a pair of permanent magnets 
mounted in the yoke with one end of each mag 
net engaging the yoke, a separate pole piece 
mounted on the other end of each magnet and 
arranged on opposite sides of the analyzer tube 
So that the analyzer tube lies in an air gap be 
tween the pole pieces, a separate permeable shunt 
engaging each pole piece adjacent the air gap 
and adapted to shunt a portion of the flux away 
from the air gap, the two shunts being threaded 
on a plurality of rods journaled to the yoke, 
each rod extending through both shunts and one 
end of each rod extending beyond the yoke, 
means for rotating all of the rods simultaneously 
and at the same rate, and each rod being thread 
ed in opposite directions in the portions thereof 
paSSing through the two shunts So that rotation 
of the rods causes equal and opposite linear 
notion of the shunts. 

10. A variable shunt permanent magnet for 
producing a controlled variable magnetic field in 
a maSS Spectrometer and comprising a permeable 
yoke, a pair of permanent magnets mounted in 
the yoke With one end of each magnet engaging 
the yoke, a separate pole piece mounted on the 
other end of each magnet and defining an air 
gap between Said other ends of the two magnets, 
a separate permeable shunt mounted in prox 
inity to the pole pieces adjacent to the air gap 
and adapted to shunt a portion of the flux away 
from the air gap, a separate bronze bushing 
mounted between each pole piece and the respec 
tive shunt with the pole piece and the shunt en 
gaging the bushing, and means for moving the 
two shunts with respect to each other to vary 
the strength of the magnetic field in the gap. 

HAROLD W. WASHIBURN. 
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