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This invention is concerned with a device for 
adjusting or regulating the focal length of mag 
netostatic pole shoe lenses. 

Magnetostatic lenses are used in apparatus for 
projecting electrons, and especially in electron 
microScopes. If the focal length of Such lenses 
is to be regulated, they must be provided with 
mechanical means for affecting the magnetic 
flux. Known apparatus of this kind are usually 
So Constructed that regulation of the focal length 
is possible only within certain limits and in such 
a manner that they permit Only diminution 
thereof. 
The object of the invention is to construct the 

regulating or adjusting means So that the re 
fractive power of the lens is in one terminal po 
sition of the adjusting means nearly at Zero, 
thereby practically disconnecting the lens. This 
is of particular importance, e. g., in the case of 
an electron microScope Which is constructed for 
selectively making either ultramicroscopic ex 
poSures or electron-deflection exposures. It may 
under certain circumstances be essential, in such 
apparatus, to disconnect the lens effect of the 
lenses remaining in the beam path. 
This object is realized by the provision of a 

flux-regulating member Which is a SSociated with 
the fixedly disposed pole shoes, such regulating 
member surrounding the pole shoes concen 
trically and being axially adjustable relative 
thereto. The pole shoe System of such a lens 
therefore remains stationary during the regula 
tion, which is favorable for the formation of the 
field in the effective lens range, While the regula 
tion is effected by the displacement of the regu 
lating member which surrounds the pole shoes in 
the manner of a tubular jacket. 
The device is, in accordance With the inven 

tion, preferably so constructed that the flux 
regulating member engages in One terminal posi 
tion a coacting member which forms part of the 
magnetic circuit, thereby practically shunting 
the lens. The coacting member may be an ele 
ment which is fixedly connected with a pole shoe, 
or it may be in the form of an element which is 
axially adjustable just like the flux-regulating 
member. In this latter case the two members are 
brought into engagement in terminal positions 
thereof which correspond to the shunting of the 
lens, the plane of engagement of these members 
lying in an intermediate area between the two 
pole shoes of the lens. Such arrangement per 
mits retention of the symmetrical structure of 
the magnetostatic lens in any flux-regulating 
position. 
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2 
The displacement of the flux-regulating mem 

ber and, if desired, also of the coacting member, 
may be accomplished by rectilinear motion. It is, 
however, also possible to carry out the axial dis 
placement by rotation of the regulating member 
in the manner of a screw. A particularly simple 
embodiment may be obtained by choosing the 
pitch of the Screw thread so that an approxi 
nately ninety degree rotation of the correspond 

ing regulating member suffices to bring it from 
one to the other terminal position. 
The actuating means for rotating the corre 

sponding regulating member comprises a rodlike 
member Which is journalled in the vacuum Wall 
of the apparatus and is movable only in axial di 
rection, and drive means operated by the rodlike 
member which engages the regulating member 
at an eccentrically disposed point thereof. Spring 
means are provided for holding the correspond 
ing flux-regulating nember in a normal terminal 
position which is preferably the position in which 
the lens is shunted or short-circuited. 
The various objects and features of the inven 

tion. Will be brought Out in the course of the de 
tailed description Wihch Will presently be ren 
dered with reference to the accompanying draw 
ings. In these drawings, 

Fig. 1d. is a simplified perspective view of an 
embodiment of the apparatus which employs a 
regulating member which is axially movable in a 
straight-line motion; 

Fig. 1b shows the embodiment of Fig. 1a in 
traliaSWei'Se Sectional view; and 

FigS. 2d. and 2b illustrate in similar representa 
tion an embodiment having a flux-regulating 
member which is rotatable in the manner of a 
Screw, to bring about its axial displacement. 
The drawings show only the inner lens part of 

an apparatus such as an electron microscope. It 
is understood of course that this lens part is in 
Vacuum tight manner disposed within an outer 
housing or casing, which has been omitted from 
the drawings to keep them simple. 
Referring now to the embodiment shown in 

Figs. 1d, and 1b, numeral indicated a cylindrical 
pot magnet forming at the top the north pole and 
at the bottom the South pole for the associated 
magnetostatic lens. The upper pole shoe 5 is 
Secured to the central part 40 of a bridge mem 
ber having the arms 3 and 4 which are fas 
tened to and extend from the sleeve f3, the sleeve 
being mounted on the lid 2. The lower pole shoe 
6 is secured to the bottom member T. Fixedly 
asSociated With this pole shoe 6 is a coacting reg 
ulating member 7. The parts 6 and 7 may be 
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made integral, if desired. The upper pole shoe 
5 is Surrounded by the flux-regulating member 8 
which is axially movable relative to the pole shoe 
5 in Wardly and outwardly of the lid 2. The regu 
lating member 3 carries the laterally extending 
aims 9 and which are guided in slots and 
2 of the sleeve 3. Nunerals 4 and 5 designate 

Springs which hold the regulating inenber 3 in a 
desired terminal position, e. g., in its upper ter 
inal position, as shown. The downward dis 

placement of the member 3 is accomplished by a 
leverlike adjusting rod is which may be full 
crumed at 6d-Ab. When the member 8 is dis 
placed downwardly into its alternate terminal 
position, its transversely extending lower end 8 
Will be brought into engagement with the trans 
Versely extending upper end 9 of the coacting 
regulating member 7, thereby providing the de 
sired shunt for the lens. 
The adjusting lever 8 may be suitably mounted 

in Vacuitight nainner relative to the outer wall 
of the apparatus and inay be operated from the 
outside by a Suitable drive So as to displace it 
relative to the airn of the regulating member 
8, itS Wedgelike inher end coacting with the edge 
of an to depress the inenber 8 in Wardly in 
the nanner described above. Any suitable and 
desired guide means imay be provided for the leyer 
6. It is of course also possible to mount the 

lever pivotally and to provide suitable link 
means extending in Vacuu intight nanner to the 
Outside of the apparatus for actuation by the op 
erator SO as to rock the leve is for the purpose 
of moving the flux-regulating member 8 axially, 
as explained before, 
The above described structure shown in Figs. 1d. 

and 1b may easily be modified to make the co 
acting flux-regulating member movable in a 
manner Similar as the member 8. The two mein 
bers 8 and 7 may then be displaced simultane 
Ously SO that the transversely extending Surfaces 
8 and 9 at the free ends thereof engage in a 
plane Which corresponds to a central or interne 
diate region of the lens. It is only necessary for 
this purpose to ?nount the pole shoe i in a manner 
Similar to the mounting of the poie shoe 5 and 
to modify the member 2 to conform substantially 
to the structure of the inenber 8. Similar drive 
ineans, including a lever such as 3, may then be 
employed for operating the member . 
The actuating levers such as 5, one for the 

flux-regulating member 8 and one for the flux 
regulating member 7 (in a structure in which 
both of these flux-regulating members are now 
able), may form the prongs of an actuating fork 
having a shaftlike extension which projects in 
vacuuntight nanner to the outside for actuation 
by the operator. 
The device shown in Figs. 2a and 2b employs a 

rotatable flux-regulating member and a coacting 
member for rotating it to bring about the axial 
displacement thereof. Reference numerals in 
these figures, which correspond to those used in 
the first described embodiment, indicate identi 
cal parts. She upper pole shoe 2 is, in this 
fort of the invention, associated with a fux 
regulating member 22, and a similar flux-regu 
lating member 24 is associated with the lower pole 
shoe 23. The pole shoes 2} and 23 are fixedly 
Secured, each to the central part such as of 
a bridge member having arms 3 and is which are 
mounted on the corresponding lid and bottom 
members 2 and of the pot-shaped magnet f. 
The flux-regulating member 22 carries at its outer 
end a forked lateral extension forming the slot 
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4. 
25, and the member 24 carries at its outer end 
a similar forked lateral eXtension forming the 
Slot 2. A frame member 23 is provided which 
Carries drive pins 27 and 28 disposed in the slots 
23 and 26, respectively. The flux-regulating 
inernhei's 22 and 2i are nounted on the coacting 
pole shoes by ScieW thireads, as shown. Accord 
ingly, when the frame 29 is shifted laterally of 
tile lens structure, the pins 2i and 28 will rotate 
their aSSociated filX-regulating members 22 and 
23 to move these members axially for the pur 
pOSe Of bringing about the shunt for the lens, 
aS deScribed afore. The pitch of the screw 
threads is So that an approximately ninety de 
gree angilar displaceilent of the members 22 and 
3& Suffices for moving these enbers from the 
illustrated terminal positions (Fig. 2b) in which 
the lens has its Shortest focal length to the alter 
nate terminal position in which it is practically 
Short-circuited. 
To bring a Jout the adjustment, the frame 29 

is provided With a drive or actuating rod 30 which 
Which may be axially displaced by a suitable drive 
meains in the direction of the arrow 32. The rod 
3 extends in vacuumtight manner through the 
outer Wall of the apparatus to the outside, for 
actuation by the operator through the medium of 
any desired and Suitable actuating means so as 
to bring about the displacement as described. 
This particular Structure employing the frane 

2S therefoire makes it possible to move the fux 
regulating members 22 and 25 toward and away 
from each other by means of a single drive or 
actuating rod Such as the rod 30. A spring 3 is 
provided to hold the frame 29 in a normal posi 
tion, which is preferably the position in which the 
fiuX-regulating membel's are in engagement for . 
Short-circuiting the lens. Actuation of the drive 
rod 3 in the direction of the arrow causes angu 
lar displacement of the flux-regulating members 
22 and 24, and therewith axial motion thereof 
OutWardly, therefore gradually increasing the re 
fractive power of the iens. The spring shown at 
33 holds the forked portion of the flux-regulating 
member 22 in engagement with the pin 25 of the 
frame So as to eliminate any undesired play be 
tWeein the pin and the forked member. A simi 
lar Spring SA is provided at the other end of the 
Structure to coact, in a Similar manner and for 
similar purposes, with the forked portion of the 
fiuX-regulating member 24. 

It may be mentioned in conclusion, that the 
means for actuating the drive members, such as 
is and 38, respectively, or equivalent members, 
may be constructed along the lines of the drive 
means for certain regulating members as shown 
in Copending application Serial No. 244,195, filed 
August 29, 1951. 
I claim: 
l. In apparatus for projecting electrons includ 

ing fixedly disposed pole shoes forming a mag 
netOStatic lens, a device for regulating the refrac 
tive power of Said lens to adjust the focal length 
thereof, said device comprising a tubular movably 
mounted flux-regulating member forming part of 
the magnetic circuit of said lens, said movable 
fiuX-regulating member being disposed concen 
trically with respect to said pole shoes, and means 
for axially displacing Said movable flux-regulat 
ing member. 

2. The Structure defined in claim 1, together 
With a coacting flux-regulating member forming 
part of the magnetic circuit of said lens, said 
novable flux-regulating member engaging said 
coacting flux-regulating member in one of its 
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terminal positions for the purpose of substan 
tially short-circuiting said lens. 

3. The structure defined in claim 1, together 
with a movable coacting flux-regulating member 
forming part of the magnetic circuit of Said lens, 
means for axially displacing said movable coact 
ing flux-regulating member, corresponding ends 
of said flux-regulating members being in identi 
cal axial terminal positions thereof in engage 
ment in a plane which corresponds to an inter 
mediate range of said lens, said lens being Sub 
stantially short-circuited when the ends of Said 
flux-regulating members are in engagement in 
Said plane. 

4. The structure defined in claim 1, together 
with actuating means for rotating Said flux 
regulating member to effect the axial displace 
ment thereof. 

5. The structure defined in claim 1, together 
With screw thread means for rotating Said flux 
regulating member to effect the axial displace 
ment thereof, said screw thread means compris 
ing a thread having a pitch to provide for dis 
placement of said flux-regulating member from 
One to the other terminal position responsive to 
rotating it through about ninety degrees. 

6. The structure defined in claim 1, together 
with actuating means for rotating said flux-reg 
ulating member to effect the axial displacement 
thereof, said actuating means comprising a rod 
like axially movable member, and drive means in 
engagement with an eccentric point of said flux 
regulating member, said drive means being Oper 
able by said rodlike member to rotate said flux 
regulating member. 

7. The structure defined in claim 1, together 
with actuating means for rotating said flux-reg 
ulating member to effect the axial displacement 
thereof, said actuating means comprising a rod 
like axially movable member, drive means in en 
gagement with an eccentric point of Said flux 
regulating member, said drive means being oper 
able by said rodlike member to rotate said flux 
regulating member, and Spring means for holding 
said flux-regulating member in one terminal posi 
tion thereof. 

8. In apparatus for projecting electrons which 
includes fixedly disposed pole shoes forming a 
magnetostatic lens, a device for regulating the re 
fractive power of said lens to adjust the focal 
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length thereof, said device comprising a tubular 
flux-regulating member for each pole shoe which 
Surrounds the aSSociated pole shoe in the mannel' 
of a jacket, Screw thread means for rotatably Se 
curing each flux-regulating member, means for 
rotating said flux-regulating members to effect 
axial displacement thereof, corresponding ends of 
said flux-regulating members being in identical 
terminal positions in engagement to Substantial 
ly short-circuit said lens, said screw thread means 
having a pitch to provide for axial displacement 
of Said fiuX-regulating members from one to the 
other terminal position responsive to rotation 
thereof through about ninety degrees. 

9. The Structure defined in claim 8, together 
With actuating means comprising a rodlike axially 
in Ovable member, and drive means in engagement 
With eccentric points of said flux-regulating 
members, said drive means being operable by said 
rodlike member to rotate said flux-regulating 
iilenbers. 

10. The structure defined in claim 8, together 
With actuating means comprising a rodlike axially 
movable member, drive means in engagement 
With eccentric points of said flux-regulating mem 
bers, Said drive means being operable by said rod 
like member to rotate said flux-regulating mem 
bers, and Spring means for holding said flux-reg 
ulating members in identical normal axial ter 
ninal positions thereof. 

11. The structure defined in claim 8, together 
With actuating means comprising a rodlike axi 
ally movable member, drive means in engagement 
With eccentric points of said flux-regulating mem 
bers, Said drive means being operable by said rod 
like member to rotate said flux-regulating mem 
bers, and Spring means for holding said flux-reg 
ulating members in the axial terminal positions 
thereof in which said lens is substantially short 
circuited. 
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