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4 Claims. (oi. zss-sis) 

The present invention relates to mass spectrogr-aphs of 
the parabola type, wherein mass and energy separation 
of an ion beam is had along predetermined parabolas. 

in parabola spectrograph ions traverse electrostatic and 
magnetic de?ection ?elds, whereby the de?ections as pro 
duced by the two ?elds are orientated perpendicular to 
each other ‘and to a medium ion beam path. The thus 
separated ions can be intercepted in a plane extending 
transversely to the beam. Ions of a particular mass m 
traverse this plane (or being absorbed therein) along a 
parabola. Ions of similar mass but different kinetic energy 

2 

arrive at different points on this parabola. 
ferent mass de?ne a different parabola. 

Thus, such parabola spectograph is simultaneously an 
energy as well as a mass spectrograph. Actually, it is 
an ideal apparatus. However, such parabola spectro 
graphs are not often being used. The reason is that the 
?elds only de?ect and separate, but they do not focus. 
In order to attain suf?cient resolving power, the ions have 
to travel through a collimator path comprised of two 
spaced diaphragm-s with narrow and aligned apertures. 
Such device resembles a camera obscura, the most simple 
kind of photographic apparatus. In order to produce 
a sharp image of any object point, the aperture must be 
very narrow indeed. ‘Of course, the amount of light 
available for such va camera is very small and thus re— 
quires excessively long exposure times are required. Pre 
cisely the same disadvantage is observed at the afore 
mentioned parabola spectrographs. 

it is an object of the present invention to provide a 
new andimproved focusing parabola spectrograph. 

It is another object of the present invention to focus 
the ion beam entering a parabola spectrograph through 
a single diaphragm aperture so that the width of the 
parabola is approximately of the same size as the diam 
eter of the diaphragm aperture. 

According to one aspect of the present invention in a 
preferred embodiment thereof, it is suggested to provide 
the following arrangement taken along the ion travel path, 
beginning at the ion source (entrance diaphragm aper 
ture). 

There is ?rst a pair of pole shoes de?ning a magnetic 
?eld, preferably a homogeneous one so as to curve the 
travel path of the ion ray. The two shoes have and 
de?ne ‘an entrance plane and an exit plane, orientated 
parallel to the axis of path~curvature, and being inclined 
to each other. The inclination preferably is an adjust 
able one. There is a plane of symmetry de?ned between 
the two pole shoes, which is orientated transversely to 
the axis of curvature of the ion beam travel path. 

Next there is a pair of electrode plates either of cylin 
drical or toroidal shape. The plates setup ‘an electrostatic 
?eld and they have ‘a curvature so that the center of the 
de?ected ion beam travels along a medium equipotential 
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surface setup between the plates. The plane de?ned by 
this curved center ray is parallel to the electric ?eld but 
is transverse to the said plane of symmetry of said pole 
shoes. 

While the speci?cation concludes with claims particu 
larly pointing out and distinctly claiming the subject mat 
ter which is regarded as the invention, it is believed that 
the invention, the objects, and features of the invention 
and further objects, features and advantages thereof will 
be better understood from the following description taken 
in connection with the accompanying drawing in which: 
FIGURE 1 illustrates schematically and in a perspec 

tive view the principle elements and features of a known 
parabola spectrograph; 
FIGURE 2 illustrates schematically the basic features 

of the inventive focusing parabola spectrograph with FIG 
URE 211 being a top and FIGURE 21] a side elevation; 
FIGURE 3 illustrates schematically the focusing e?ect 

produced with the apparatus shown in FIGURE 2; 
FIGURE 4 illustrates an adjustable pole shoe arrange 

ment for the magnetic de?ection system of the inventive 
parabola spectrograph; 
FIGURES 5 and 6 illustrate parabolas attained photo 

graphically with the inventive spectrograph; 
‘FIGURE 7 illustrates schematically a modi?cation of 

the focusing produced in case a toroid electrode system 
for the electrostatic ?eld is being used; 
FIGURE 8 illustrates schematically a complete focus 

ing parabola spectrograph according to the invention; and 
FIGURE 8a illustrates a 90° displaced view of the 

right-hand portion of FIGURE ‘8. 
For purposes of a general orientation, the principles 

involved in the known, nonfocusing parabola spectro 
graph shall be explained brie?y with reference to FIG 
URE 1. 

There are shown two magnetic poles S and N produc 
ing in-between a (ideally assumed) homogeneous mag 
netic ?eld. A pair of electrode plates respectively con 
nected to plus and minus pole of an electric voltage source 
superimposes a parallel, homogeneous electrostatic ?eld 
upon the said magnetic :?eld. 
An ion beam 29 enters the two ?elds perpendicularly 

to the direction of the respective ?eld lines. If no mag 
netic and no electrostatic ?eld were there, the ion beam 
20 would proceed as indicated by the dashed line 28' 
and meet a plane 21 at the origin of a coordinate sys 
tem x—y. Plane 21 is perpendicular to line 20’. There 
may be positioned a photographic plate or the like in 
this plane 21, i.e., plane 21 may be part of such plate 
which is responsive to the ion beam. 
The electric ?eld E as resulting from a difference in 

potential as applied to electrode plates will de?ect the 
ion beam at an angle of 

1 _eEL 
(L) _' mug CEe 

wherein e is the charge of the ion, which is either the 
elementary charge or an integral multiple therefrom, m 
and v are mass and speed, respectively of the ions and 
L is the length of the electrode plates measured in the 
‘direction of undisturbed ion propagation. Assuming that 
the pole shoes and thus the width of the magnetic ?eld 
is of the same length L, and producing a magnetic in 
duction B, the ion ray will be de?ected by an angle de-. 
termined to 

(2) Jig-‘3 



». ' 3,194,561 

' 3 

These de?ections, however, do not occur'in the same 
plane, but the magnetic de?ection occurs in the direction 
y as de?ned, whereas the electrostatic de?ection occurs in 
the direction x. Orientation is determined by the rela 
tive position of magnetic north and south pole, and the 
speci?c potential levelapplied to any of the electrode 
plates. 

' The distance between the exit of the two ?elds and the 
projection plane 21 be I so that x=l-tg as and y-=l-tg am 
hence 

6 EL 

_ e BL 

<4) r "a? 

elimination of speedv v from the two equations resultsin 
the parabola equation 

(5) 

wherein C is a constant including the apparatus data I, L, 
E and B. For ions, of similar e/m value, but having dif 
ferent speeds, the beam is being spread so as to form the 
parabola 22 on screen plane 21. In case of uniform ioni 
zation, the parabola includes, of course, particles of'simi 
lar mass. , . 

Particles of different e/m' ratios form different parab 
lolas. Points pertaining tov different parabolas but form 
ing or de?ning a line parallel to axis y (x being constant) 
result from particles having similar energy ‘ 

e 
1/2 = const-—-- :1: 

m 

(though different mass), and points forming a line paral 
lel to axis x (y being constant) result from particles hav 
ing similar impulse mv. 
With reference to FIGURES 2 and 6 it now shall be 

explained and described in principle that by suitably form 
ing sectoria-l de?ecting ?elds it is possible to not only de 
?ect and spread particles to parabola points, but to focus 
the particles in both directions, x and y as de?ned. 

It would be very difficult both from practical as well as 
from theoretical standpoint, to superimpose electrical and 
magnetic sector ?elds at the same location. It is simpler "‘ 
and therefore better to place the sector ?elds in series 
along the ray travel path but at a short distance from each 
other. 

Basically it appears unimportant in which succession the 
?elds are placed, but it has been found more practical to 
have the ion beam pass the magnetic ?eld ?rst and then 
the electrical ?eld. (See Ewald and Neumann Fokussier 
ende Parabelspektrographen, Zeitschrift fur Physik, vol 
ume 169 (1962), page 224 (2-26, 227).) The magnetic 
?eld can be either homogeneous or inhomogeneous, and 
the electrostatic ?eld can be produced by a pair of con 
centrically cylindrical electrode plates or by a toroidal 
condenser (see for example, Patent 3,061,720). 
FIGURE 8 illustrates a schematic view of a complete 

spectrograph, certain details thereof will be more fully 
explained with reference to FIGURES 2 and 4. 
There is ?rst a gas inlet pipe 1 constituting part of an 

anode structure of an ion producing and, accelerating 
system which includes the cathode 3, ‘separated electrically 
by means of an insulating annulus. The chamber 2 in 
cluding cathode and anode de?nes an electron collision 
or impact type ion source. The cathode 3 has an aperture 
through which pass ions accelerated at tin-adjustable volt 
age of 25 kilovolts. This part is of conventional design. 
The ions passing through cathode 3 enter a tubular 

aluminum casing 14 which is connected to two oil diffusion 
pumps 5. There is provided an additional ionization 
chamber inside of casing 14., which chamber is devised to 
investigate collision dissociation of ions. This chamber 

10 

l d 

is comprised of a tube 15 being about 6 cm. long with an 
inner diameter of about 3 mm. The ion beam passes 
through tube 15 in axial direction. By means of a valve 
(not shown) and a thin copper pipe 6 gas may enter this 
collision chamber. 

In further direction along the ion beam path, particu 
larly at the exit side of pipe 15, there is positioned a hori 
zontally slidable inlet diaphragm 7. One may use a dia 
phragm holder of conventional design supporting several 
diaphragms of different diameters and a selected one can 
berplaced into the path. The inventive apparatus has been 
built with a 0.3 mm. and a 0.05 mm. diaphragm. This 
diaphragm is the main particle entrance for the spectro 
graph and actually de?nes the “ion source” within the 
meaning of the following: For limiting the conical di 
mension'of the beam, a second diaphragm 8 is placed 
into the beam path having a diameter of 2 mm. aperture. 
This diaphragm is preferably made adjustable in both, 
horizontal and vertical directions; also diaphragm 8 can 
be removed entirely, since it is not essential for the basic 
function. I 

Proceeding along the ion beam path, at the end of cas 
ing 14 there is attached (for example, screwed) a flat 
vacum tube ill of high grade steel having a flange 11a is 
attached therewith and at an angle to the end of casing 
14. Tube 11 is positioned in the air gap of the de?ection 
magnet 16. The ?eld lines are prependicular to the plane 
of the drawing. Adjacent the entrance to the magnetic 
‘?eld there ‘is a stray ?eld diaphragm 9 having an aperture 
of 5 mm. This diaphragm 9 is secured to the ?ange 11a 
of tube 11 in the air gap. 
The magnet 10 is of the horseshoe type with the poles 

being apart by 13 mm. A pivotable pole shoe portion 16 
of the magnet at the exit thereof enables adjustment of the 
exit angle of the beam by $10". This will be more fully 
explained with reference ‘to FEGURE 4 below. No stray 
?eld diaphragm is provided at the exit side of the mag 
net. The magnet has a low ohmic coil feed with current 
up to 8 ‘amperes. There is preferably a power supply regu 
lator (not shown) stabilizing the supply voltage for the 
magnet within .1 %. , 

Reference numeral 12 designates the electrostatic de 
?ection system comprising the cylindrical electrode plates 
12a and 12b for producing electrical de?ection. Plates 
12a and 1211 are housed in an aluminum pipe 17 contigu 
ous with tube. 11 but of larger diameter. The electrode 
plates are so constructed and positioned that the entrance 
plane for the beam is exactly perpendicular to the center 
line or ray. 

' One can further see from FIGURES 8 and 8a, that pipe 
17 is attached to tube 11 at an angle to accommodate the 

I beam de?ection by the electrostatic de?ecion system oc 

so 

curring transversely to the magnetic de?ection. 
A brass pipe 18 secured to the aluminum pipe 17 con 

tains the photoplate 13 adjustably positioned therein. A 
ball hearing at the photoplate supporting element enables 
tilting of ph-otoplate 13 relative to the center line or ray. 

Details and function of the electrostatic and the mag 
netic de?ection systems will now be explained with refer 
ence to FIGURES 2 and 3. 
FIGURE 2 is actually composed of two portions, 2a 

and 2b, wherein 2a can be constructed as top view (cor 
responding to the view of FIGURE 8), and 2b as side 
elevation. ‘Better, however, is it to say, that the plane of 
the drawing for FIGURE 2a is a plane extending trans 
versely to axis 363 of the magnetic deflection, whereas the 
plane of the drawing of FTGURE 2b is a plane which is 
extending transversely to the axis 33 for the electrostatic 
deflection of the ion beam. ' 
The beam 25 is assumed to be of uniform mass and 

energy (speed). 7 

Thus, FIGURE 2a shows the radial travel path com 
ponent of the ion beam in the magnetic ?eld and the 
axial component in the electrical ?eld, whereas FIGURE 

7 2b shows the axial component of, the ion beam in the 
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magnetic ?eld and radial component in the electric ?eld. 
The ions are assumed to emanate from a point source 

A’, which in FIGURE 8 is diaphragm 7, and from com 
parison of FIGURES 2a and 2b one can see, that the ions 
form a conical beam having its apex at A’ and having a 
center line or ray 26. 

Reference numeral 10 again designates the magnetical 
de?ection system having pole shoes 10:: and 10b and 
setting up a magnetic sector ?eld having an entrance 
plane 27 extending perpendicular to the plane of the draw 
ing of FIGURE 2a. Center line or ray 26 enters the mag 
netic de?ection system perpendicularly to plane 27 and 
thus de?nes ‘an entrance angle e’=(). 
The center line or ray 26 leaves the magnetic de?ection 

system 10 at an exit angle e"=i=0. The exit plane 28 of 
system It) is also perpendicular to the plane of the draw 
ing 2a, but this exit plane is inclined by this speci?c angle 
6" to the plane of the drawing of FIGURE 2b. The de— 
?ection angle e" of liner or ray 26 is measured negative. 
The entrance and exit angles a’ and e", respectively of 
the various portions of the beam are considered positive, 
whenever the respective entrance and exit normal direc 
tions appear on one side of the center line or ray and 
the magnetic de?ection center (here 30) is on the other 
side. Since in FIGURE 2a the exit normal is on the same 
side as is center 30 relative to the leaving center line or 
ray 26, this angle e" is here to be considered of negative 
value. 

The distance between source A’ and the entrance plane 
27 is designated by I'm. pm is the angle of total de 
?ection of center line or ray 26 in the magnetic de?ection 
system 10 with am being the radius of curvature of this 
center line or ray during magnetic de?ection. Since the 
magnetic field is assumed homogeneous and constant, am 
is constant indeed. Planes 27 and 28 extend parallel to 
the ?eld lines between the pole shoes 10a and 101), there 
being a plane of symmetry between the pole shoes trans 
versely orientated to the ?eld lines and said planes 27, 28. 
The beam leaving the magnetic de?ection system now 

enters the electrostatic de?ection system 12 comprised of 
two cylindrically shaped electrode plates 12a and 12b. 
The two plates 12a and 12b are concentricaly disposed 
with 33 being the common axis. ¢e designates the angular 
width of the two plates and ae is the radius of curvature 
of the ion center line or ray 26. This center line or ray 
runs along an equipotential surface between plates 12a 
and 12b, and it de?nes a plane of curvature extending 
perpendicularly to the plane of symmetry of pole shoes 
10a and ltlb. This latter plane of symmetry can also be 
considered as coinciding with the line used to designate 
center line or ray 25 in FIGURE 2b. 
D designates the distance between center line or ray 

exit of the magnetic de?ection system (which is the spot 
where line or ray 26 traverses plane 28) and the entrance 
plane of the electrostatic de?ection system. The beam 
appears focused at point A” in a plane 29 spaced at a 
distance ["er from the exit plane of the electrostatic de 
?ection system. 

Since presently the focusing produced by this arrange 
ment is of primary interest, the focusing itself will best 
be described with reference to the simpli?ed schematic 
illustration of FIGURE 3. The simpli?cation is had 
in that the center line or ray 26 is drawn as a straight line 
so as to illustrate only the speci?c focusing of the conical 
beam 25 of FIGURE 2. Thus, to revert to reality, the 
magnetic and electric de?ection (pm and ¢e) produced for 
the center line or ray 26 has simply to be superimposed 
upon the several rays of FIGURE 3. 
FIGURE 3 is also composed of two portions, FIGURES 

3a and 3b, which means that FIGURE 3a corresponds to 
FIGURE 2a with origin 30 removed to in?nity, and 
FIGURE 3a corresponds to FIGURE 2b but with origin 
33 assumed to be in in?nity so that the center line or ray 
26 appears as if it is unde?ected by either de?ection 
system. 
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The various exit and entrance planes of the de?ection 
systems now appear as vertical lines in FIGURE 3a and 
FIGURE 311. FIGURE 3a shows speci?cally the radial 
focusing effect of the magnetic ?eld, whereas FIGURE 
3b shows the radial effect produced by the electrostatic 
?eld, as well as the axial focusing produced by the mag 
netic ?eld. The last mentioned axial focusing is speci?cal 
ly produced by the magnetic stray ?eld at exit and en 
trance of the magnetic de?ection system with 6+0 and 
e"=i=0. Herzog, Mass Spectroscopy in Physics Research 
NBS Circular 522, Washington 1953, page 85 and Acta 
Phys. Aust 4, 431 (1951) has described that these stray 
?elds act like thin axial cylinder lenses having focal 
lengths 

(6) 
(7) 
at entrance and exit, respectively, of a magnetic de?ection 
system in general. Since instantly only e"-4|=0, only the 
exit surface 29 produces such a focusing effect. (Dashed 
line in FIGURE 3b.) 
FIGURE 3 permits to write the following equations. 

Here ["mr appears as the radial focal length of the mag 
netic ?eld, D is the aforementioned distance between the 
two de?ection systems measured along the travel path of 
the center line or ray. ampm is the length of the center 
ray travel path in-between the pole shoes and ae¢e is the 
corresponding length between the electrodes. The dis 
tance l"e,=l”,,z is the focal length as produced by the 
electrical system measured from the exit plane thereof. 
l’er is the radial focal length at the object side of the 
electrical de?ection system. l"mz can be calculated ap 
plying twice the lens equation simpli?ed for thin lenses 
in geometric optics 

f'zam ctg e’ 

1 Z’ 1 ’ 

£10): (am¢m_l’i:l—nizzmcbigee ’)'am ctg 6 H 
m‘ a ¢ _ aml’m ctg e ’ 

m m l’m—am ctg e’ 

In order to calculate the necessary geometrical data for 
the arrangement and design of the de?ection systems, the 
known radial lens equation for magnetic and electrical 
sector ‘fields are applied. 

(‘11) (I'm-em) (Vim-8'31“) =f2mr 
(12) _ (per-‘gag (l’ler_ger) :f2er 

wherein the following abbreviations are being used: 

(13) gl’mzam sin (¢m—e’—6") 

(16) ya=jg eta We. 

(17) “6 
fer =1/E sin x/gqba 

There are altogether the following twelve variable com 
‘ponents l'mrzl’mza 6' 5"! ‘15m’ am: r'rnr: I'Imza D: l'er: ae: ‘p6! 
l"er=l"ez, all having been de?ned ‘above and are ex 
plained with reference to FIGURES 2 and 3. 
The Equations 8, 9, 1O, 11 and 12 are ?ve conditions as 

between these twelve variables, so that one is free to select 
seven variables in the most suitable manner. After hav 
ing selected such seven values, the aforementioned equa 
tionsproduce the remaining ?ve values. '- a 
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An apparatus as illustrated in FIGURE 8 has been con 
structed having approximately the following data. 

Preliminarily, the following seven values were selected: 

And with the aid of the ?ve above listed equations, there 
resulted: 

l”m,=279 mm. 

Upon operating this apparatus, an entrance diaphragm 
(7 in FEGURE 8) was employed having an opening of 
.05 mm. diameter. A mass resolving power 

m 

Am 

of 2500 and a correspondingly de?ned energy resolving 
power'of 5 006 was produced matching exactly theoretical 
predictions. The theory regarding the mass and energy 
resolving power is described in our aforementioned paper 
(Z.f.Ph.) Vol. 169, pages 237, 238. No known parabola 

For 
photographically proving the existence of the parabolas, 
the exposure time was about 1 second. Smaller dia 
phragms ‘will likely result in still ‘considerably larger values 
for the resolving power. 
The adjusting of the apparatus can be carried out in 

the following rather simple manner, which will be ex 
plained with reference to FIGURE 4. There are shown 
pivotable, semicylindrical sections 16a and 1617 at the exit 
of the magnetic de?ection system for actually pivoting the 
exit plane 28 for determining the optimum value of angle 
a”. This plane is de?ned by coplanar surface portions 
16a’ and 1612’. A similar arrangement (or substitute) 
may be had at the entrance of the magnetic de?ection 
system to adjust 6'. Upon pivoting such elements, both 
radial and axial focal lengths at the image side vary but 
in opposite directions, so that relatively small pivot angles 
are required only for adjustment. In our aforementioned 
paper (Z.f.Ph. Vol. 169) on pages 234 and 235 there are 
described some quantitative results of the tilting of plane 
23. Also, the effect of varying the electrostatic ?eld is 
described therein. ' I 

Proceeding now to describe speci?c results obtained’ 
with the aforedescribed apparatus, an ion source was em 
ployed wherein electrons collide with atoms to produce 
the ions (chamber 2 in FIGURE 8—no gas introduced 
through pipe 6). In such a case the energy spectrum 
is rather small'so that only a small section of a parab 
012. will be observed. , FIGURE 5 is a reproduction of 
a photographic picture wherein multiplets at mass num 
bers 14, 16 and 27 have been photographed close to 
each other while the ?elds were varied. The length of the 
lines correspond to the energy range of the ion source em 
ployed. 7 

FIGURE 6 illustrates a relatively broad energy band 
of I-I+ ions resulting by impact dissociation for H24", ions. 
The latter were also taken from the electron impact ion 
source. The H2+ ions were fed to the chamber as de?ned 
by pipe 15 in FIGURE 8 ?lled with slightly pressurized 
xenon. The ions then were discharged towards the nar 
row diaphragm 7 constituting source A’ in FIGURE 2. 

Since for every ionization there is ‘actually involved a 
three particle collision, the ions produced secondarily by 

10 

3 
collision dissociation, are not even approximately mono 
energetic. This is the reason for the large energy range 
depicted in FIGURE 6. 

In our paper mentioned above (Z.f.Ph., Vol. 169, 
supra) pages 232 and 233 further results obtained with 
the inventive spectrograph are described. 

The aforedescr'ibed parabola spectrograph produces 
?rst order focusing. However, focusing of a higher order 
in both directions are indeed conceivable. Here it be 
comes necessary to provide for curved magnetic ?eld 
exits and entrances. In lieu of the cylinder condenser as 
electrical de?ecting system, a toroidal condenser has to 
be used. The distance between the electrodes constituting 
a pair of de?ecting condensers can be selected su?iciently 
large so that a considerable portion of the entire energy 
spectrum (up to 20%) can be detected in one picture. 
Hence, such spectrographs are particularly suited for 
investigating energy and mass spectrum of high energy par 
ticles, for example, ?ssion products of heavy elements. 
The particles can emanate from thin layers and be charged 
into the spectrograph at their high initial energy. If the 
photosensitive plate is substituted by a narrow diaphragm, 
an electrical particle scanner or counter can be placed be 
hind the diaphragm' opening. In this case the apparatus is 
modified to constitute'a spectrometer. 

In case a toroid condenser is used in lieu of the cylin 
drical electrodes aforedescribed, the axial focusing thereof 

. is also to be considered. For a toroidal condenser we re 
for to U.S. Letters Patent issued to one of us, 3,061,720. 
This is to be explained with reference to FIGURE 7. 
The calculation is similar as aforedescribed, but Equa 
tion 8 is to be substituted by the equation 

(18) l'mr=D_l’ez 
In Equations 16 and 17, V2 is to be substituted by 

(19) \/2—ae/Re 
wherein R9 is the axial radius of curvature of the center, 
cquipotential surface between the electrodes of the toroid 
condenser. (See also Patent 3,061,720'in FIGURE 5.) 
a6 is the corresponding radial radius of curvature of this 
equipotential surface, which is equal to the radius of 
curvature of the center ray in the electrostatic de?ec 
tion field. It can be seen that the Equations 18 and 19 in 
clude cylinder condenser as special case with IRE->00. 
Using a toroid condenser requires that the axial lens equa— 
tion be taken under consideration which is 

70 

The number of arbitrarily selectable variables is new 
larger by two; namely, 5'82 and Re. 
The invention is not limited to the embodiments de 

scribed above but all changes and modi?cations thereof 
not constituting departures from the spirit and scope of 
the invention are intended to be covered by the following 
claims. 
We claim: 
it. In a mass spectroscope; spaced magnetic pole shoes 

establishing therebetween a substantially uniform mag 
netic ?eld for de?ecting an ion beam in a plane of mag 
netic deflection, condenser plate means establishing an 
electrostatic ?eld for de?ecting the ion beam in a plane 

' of electrostatic de?ection, said de?ection planes are per 

75 

vpendicular to each other wherein the magnetic ?eld and 
the electrostatic ?eld are arranged in sequence along the 
path of the beam such that the particles ?rst pass through 
the magnetic ?eld and subsequently pass through the 
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electrostatic ?eld, said pole shoes having mutually inclined 
entry and exit surfaces of the magnetic ?eld so as to form 
a sector magnetic ?eld to focus ions of like mass and 
energy in said plane of magnetic de?ection at a prede 
termined point a certain distance beyond the ?eld combi 
nation in the direction of ion travel, said condenser plate 
means providing the electrostatic ?eld de?ned by inner 
and outer boundaries of an arcuate passage through which 
the beam travels and forming an electrostatic sector ?eld 
to focus ions of the mentioned mass and energy in said 
plane of electrostatic de?ection at said predetermined 
point, whereby said ?elds together provide stigmatic point 
focusing for these ions. 

2. A mass spectroscope according to claim 1 which in 
cludes collimating means situated between an ion beam 
source and the magnetic ?eld provided with a single entry 
ms. 
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3. A mass spectroscope according to claim 1 wherein 
the said magnetic pole shoes are electromagnets provided 
with part cylindrical, rotatable inserts which enable the 
mutual inclination of the entry and exit surfaces at an 
adjustable angle. 

4. A mass spectroscope according to claim 1 wherein 
the condenser plate means are cylindrical. 
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