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The present invention relates to an improved 
arrangement for facilitating the introduction of 
specimens or objects into a vacuum chamber, 
such as the enclosure of an electron microscope, 
without destroying the vacuum of the entire 
chamber. 

It has previously been proposed in this connec 
tion to equip the vacuum apparatus in question 
with an auxiliary chamber which is capable of 
being temporarily cut oi‘f from the main vacuum 
chamber and into which specimens may be intro 
duced as a preliminary to their introduction into 
the main chamber. However, arrangements of 
this kind which have been heretofore provided 
are of complicated construction and are rela 
tively expensive to produce. It is an object of the 
present invention to provide simplified means for 
isolating the object supported from the remain 
der of the apparatus enclosure during introduc 
tion of specimens. 
The foregoing object is accomplished in ac 

cordance with one embodiment of the invention 
by providing the main wall of the apparatus en 
closure with a deformable section having an oper 
ating connection with a pair of concurrently 
movable closure members which are within the 
enclosure and which are adapted to isolate the 
object support in the desired manner. In the 
preferred construction, the object support is itself r 
connected to the deformable wall part so that the ‘Y 
motion of this part can additionally be employed 
to move the object support from an object-re 
ceiving position to an object-viewing position, 
and vice versa, or to adjust it for focusing pur 
poses when it is in the object-viewing position. 
The features which I desire to protect herein 

are pointed out with particularity in the ap 
pended claims. The invention itself, together 
with further objects and advantages thereof, may 
best be understood by reference to the following 
description taken in connection with the drawing 
in which Fig. 1 represents in partial section an 
electron microscope suitably embodying the in~ 
vention, and Fig. 2 is an enlarged fragmentary 
sectional View showing in detail certain of the 
operative parts of the construction of Fig. l. 
Referring particularly to Fig. 1, there is shown 

an elongated discharge enclosure of which the 
principal wall part comprises an elongated metal 
cylinder I Il. This connects at its upper extremity 
with a glass insulator I I which closes the end of 
the vacuum chamber and which further serves as 
a supporting means for a ñlamentary cathode I3. 
The cathode is supplied with heating current 
from an external source I4 and is associated with 
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an apertured anode I6 which acts to focus elec 
trons released from the cathode into a narrow 
beam and to project them axially of the micro 
scope structure. To this end the anode I6 may 
be maintained at a positive potential with respect 
to the anode by connection to a unidirectional 
potential source IB. An apertured diaphragm 20 
which is supported in direct contact with the wall 
of the enclosure I0 is connected through the en 
closure and through ground to the positive ter 
minal of the potential source I8 so that it has the 
effect of accelerating the electrons to a high 
velocity as they pass through the diaphragm. 
After traversing the diaphragm 20 the electron 
beam is caused to pass through an object support 
2I (shown in dotted outline in Fig. l and in full 
in Fig. 2') which is adapted to mount an object 
or specimen desired to be examined electron 
optically. For this purpose the specimen (not 
shown in the drawing) is supported in an aper 
ture 23 formed in the extremity of the object 
support so that it is in the direct path of the 
electron beam. Under these circumstances, the 
section pattern of the electron beam is modiñed 
in accordance with the structural character of 
the object under investigation as the beam tra 
verses the object. 
In order that the beam, thus conditioned, may 

be caused to provide an enlarged visible image of 
the object in accordance with the intended meth 
od of use of the microscope, the beam, after pass 
ing through the object, is caused to traverse an 
electron lens system of known character. In 
the arrangement shown the lens system is in two 
parts and includes as a ñrst part a series of three 
diaphragms numbered 26 to 28 inclusive. The 
diaphragms 2'6 and 28 are maintained at the po 
tential of the casing I0 (i. e., at ground potential) , 
and the intermediate diaphragm 21 being insu 
latingly supported, is biased to cathode potential 
through a terminal connection 30 which is 
brought into the microscope enclosure through an 
insulating bushing 3|. Because of the resultant 
difference in potential between the diaphragm 
2'I and diaphragms 26 and 28, lens ñelds are es 
tablished between these diaphragms which have 
the effect of refracting the electron beam in a 
manner analogous to the refraction of a light 
beam by an optical lens. The second part of the 
lens system comprises another series of three 
diaphragms, 34, 35 and 35, of which the central 
diaphragm is biased to a potential considerably 
below that of the outer diaphragms by a terminal 
connection 38 sealed through an insulating bush 
ing 39. Accordingly, additional lens ñelds are 
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formed within the spaces which separate the vari 
ous diaphragms last referred to. 
Viewing the lens system as a Whole, it may be 

said that the diaphragms 26, 21 and 28 form an 
objective lens, whereas the diaphragms 34, 35 
and 36 form a projecting lens. In order that the 
image produced by the latter may be made visible 
there is provided at the image plane of the lens 
an image-reproducing surface (indicated in 
dotted outline at 4|) which may comprise an elec 
tron-sensitive fluorescent screen. This screen 
may be viewed from outside the microscope 
through an appropriately positioned trans 
parent eye-piece 42. 

In the use of the apparatus, it is a prerequisite 
that the microscope enclosure shall be highly 
evacuated and to this end there is provided in 
connection with the enclosure an evacuating sys 
tem including pipes 44, 45 and 46, all of which 
may be connected to vacuum pumping apparatus 
(not shown). 
In order to facilitate the removal of examined 

objects from the object support 2| and to facili 
tate the introduction of new objects, the wall of 
the microscope enclosure in proximity to the ob 
ject support is provided with an opening 41 hav 
ing an externally operable closure member 48. 
This includes a rubber gasket part 49 which is 
adapted to seal tightly against an upset emboss 
ment 50 provided around the circumference of 
the opening 41. If desired, the closure member 
48 may be provided with locking means as indi 
cated at 53, but under operating conditions it 
will, if appropriately constructed, be held tightly 
closed merely by the action of the differential 
pressures existing outside and inside the micro 
scope enclosure. 

In introducing new specimens into the micro 
scope enclosure, it is desirable insofar as possible 
to avoid destroying the vacuum within the entire 
enclosed space, the most important consideration 
in this connection being the relatively long time 
required fully to re-exhaust the space, once air 
has been admitted. It is a principal concern 
of the present invention to provide a simple and 
reliable means by which the principal Vacuum 
may be protected during the object-introducing 
operation. 
The means provided in this connection include 

in the first instance a pair of movable closure 
members 56 and 51, the ñrst of these being :asso 
ciated with the accelerating electrode 20 and the 
second with the lens diaphragm 26. As clearly 
appears in Fig. 2, these closure members are on 
opposite sides of the object support 2| and when 
closed have the effect of isolating the object 
support from the remainder of the vacuum en 
closure. Each closure member is provided with a 
rubber gasket (56”, 51”) which permits it to 
seal tightly against an appropriately formed 
embossment on the cooperating diaphragm part. 

In order that the motion of ̀ the closure mem 
bers 56 and 51 may be controlled externally of 
the microscope enclosure, the enclosure wall is 
provided with an integrally formed deformable 
section comprising a collapsible, corrugated ring 
having two annular parts 60 and 6|. This ring is 
deformable in the longitudinal direction and to 
a smaller degree in the transverse direction. 
Extending inwardly from the inner surface of 
the ring there is provided an annular diaphragm 
or frame 63 on the central portion of which the 
object support 2| is mounted. Linkage members 
65 and 66 serve to connect the opposite surfaces 
of this frame with the closure members 56 and 
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51 in such a way that displacement of the frame 
serves to produce concurrent and oppositely di 
rected motions of the members. 
Accurately controlled motion of the deform 

able ring system 68, 6| is accomplished through 
the use of a threaded collar 61 which rides on a 
correspondingly threaded surface 61’ provided 
in connection with the enclosure cylinder I8. 
This collar loosely engages a pair of annular 
members 68 and 69 which slide in grooves pro 
vided in the outer surface of the collar and 
which connect with an externally projecting por 
tion of the frame 63 through an axially extending 
cylinder 1|. Accordingly, if the collar 61 is ro 
tated, for example, by means of handles 12, the 
the frame 63 is driven either up or down in ac 
cordance with the deformation of the parts 60 
and 6| as determined by the direction of rota 
tion of the collar. No twisting of the parts is 
permitted, because of the circumferential rigid- . 
ity of the ring structure. The range of move 
ment obtainable in this manner is suil‘iciently 
great to enable the object support 2| to be moved 
from the object-receiving position which it occu 
pies in the full line representation of Fig. 2 to 
the object-viewing position which is indicated 
by the dotted outline 2 I’ in the same figure. 

Concurrently with motion of the object sup 
port from its object-receiving position to its ob 
ject-viewing position, the closure members 56 
and 51 are moved to the open positions 56’ and 
51’ in which they appear in dotted outline in 
Fig. 2. The converse motion of the closure mem 
bers obviously occurs when the object support 
is returned to its object-receiving position. In 
the use of the apparatus, after a given object 
has been investigated to the desired extent (i. e., 
with the object support in the position 2|’) the 
collar 61 is turned in the proper direction to 
bring the object support into its object-receiv 
ing position. Under these circumstances the 
closure members 56 and 51 are closed so that 
the object support is segregated from the re 
mainder of the microscope enclosure as previous 

" ly speciiied. Accordingly, the closure 48 may 
now be opened with the assurance that only the 
vacuum in the relatively small compartment be 
tween the diaphragms 20 and 26 will be lost. 
With this compartment open to the air, the ex 
amined object may be removed and a new object 
put in place in the object support, being intro 
duced through an opening 13 formed in the side 
of the supporting structure. (If desired, aux 
iliary mechanisms, not shown in the drawing, 
may be employed to assist in manipulating the 
object into the proper position in the object hold 
er.) With the new object in place, the closure 
member 48 is again closed and with the closure 
members 56 and 51 also retained in closed posi 
tion, the air-ñlled compartment is connected to 
the fore-vacuum pump (not shown). This con 
nection may be made, for example, through the 
agency of a three-way valve 15 located in the 
pipe 45. (This valve may also be used to cut 
the object compartment off from the pumping 
system and thereafter to break the vacuum in 
the compartment during object-changing pe 
riods.) After the fore-vacuum pump has re 
duced the pressure suñiciently, the valve 15 may 
be turned to a second position to reconnect the 
compartment with the high vacuum pump. Fi 
nally, when high vacuum conditions are achieved, 
the collar 61 may be again rotated to lower the 
.object support 2| to the object-viewing position 
and concurrently, to open the closure members 
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56 and’51. The last few turns of the collar 61 
may be used for the purpose of focusing the 
system, that is to say, for manipulating the ob 
ject into proper relation with respect to the 
lens system of the microscope. 
In connection with the last-named operation 

(i. e., the focusing of the microscope) it is fre 
quently necessary to provide for transverse ad 
justment of the object support in order to permit 
the object to be brought into a perfectly centered 
position. This is accomplished in accordance 
with a further feature of the present invention 
by providing means for exerting lateral force on 
the externally projecting part of the frame 63. 
An arrangement which may be employed in this 
connection is shown as comprising a micrometer 
screw 18 which is set into the laterally immov 
able cylinder 1| and which acts against the edge 
of the frame 63. The frame is slidably supported 
by annular plates 80 and 8| which are placed 
above and below it and moves against a compres 
sion spring 82. In view of the inherent flexibil 
ity of the deformable parts 60 and 6l, the region 
at which they are secured to the frame 63 is 
capable of appreciable transverse displacement. 
Accordingly, by proper adjustment of the mi 
crometer screw 18 and by the use cf a second 
screw (not shown) acting at right angles to the 
screw 18 the position of the object support with 
respect to the axis of the electron microscope 
may be very accurately controlled. 

It will be seen that the construction provided 
is of an extremely simple and compact character 
and that it adds very little to either the bulk or 
the cost of the microscope apparatus as a whole. 
Moreover, its ease and certainty of operation is 
such as to recommend it for use in microscopic 
apparatus for general application. 

It is apparent, further, that the structure 
which has been described may be used in other 
ways than for the introduction of specimens into 
the specimen chamber of an electron microscope. 
For example, a generally similar arrangement 
could obviously be used to facilitate the intro 
duction of photographic ñlms into the viewing 
chamber of such a microscope in order to obtain 
a photographic record of the specimen under in 
vestigation. Accordingly, Where the term “ob 
ject” is used in the appended claims I intend to 
designate not only specimens desired to be inves 
tigated microscopically but also other articles 
which may require from time to time to be intro 
duced into or removed from a vacuum chamber. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An electronic apparatus comprising a vac 

uum enclosure in the form of an elongated con 
tainer which is of cylindrical coniiguration over 
at least a portion of its length, an object support 
positioned within the enclosure, means for per 
mitting the introduction of objects into the en 
closure in proximity to the object support, and 
an arrangement for making possible the intro 
duction of such objects without destroying the 
vacuum in the entire enclosure, said arrange 
ment comprising movable closure means posi 
tioned within the enclosure and adapted when 
in closed position to isolate the object support 
from the remainder of the enclosure, a deform 
able metal ring forming an integral part of the 
wall structure of that portion of said container 
which is of cylindrical configuration, and means 
operatively connecting the said ring to the said 
closure means, whereby upon appropriate defor 
mation of the ring, the said closure means may 
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be moved from open to closed position and vice 
versa. 

2. An electron microscope having an object 
support positioned Within the microscope en 
closure, a closable opening in the said enclosure 
for facilitating the introduction of objects into 
the enclosure in proximity to the said object 
support, movable closure means within the en 
closure and adapted when in closed position to 
isolate the object support from the remainder 
of the enclosure, a deformable metal ring form 
ing an integral part of the Wall of the said en 
closure and having an intermediate portion 
thereof capable of displacement in the axial di 
rection, and connections between said intermedi 
ate portion and said closure means, whereby 
upon appropriate axial displacement of said por 
tion the closure means can be moved from open 
to closed position and vice versa so as to permit 
the introduction of objects through said clos 
able opening without destroying the vacuum of 
the entire enclosure. 

3. An electronic apparatus comprising a vac 
uum enclosure, an object support Within the en 
closure, a closable opening in the enclosure for 
facilitating the introduction of objects into the 
enclosure in proximity to the said object sup 
port, movable closure means within the enclosure 
and adapted when in closed position to isolate 
the object support from the remainder of the en 
closure, an axially deformable metal ring form 
ing an integral part of the wall of the enclosure, 
a connection between said ring and said closure 
means whereby the motion of the latter may be 
controlled by deformation of the former, an in 
ternally threaded collar riding upon a cooper 
atively threaded external surface of the en 
closure, and a connection between said collar and 
said ring, whereby rotation of the former pro 
duces controlled deformation of the latter. 

4. An electron microscope including an object 
support positioned at an intermediate point along 
the axis of the microscope enclosure, a closable 
opening in the enclosure for facilitating the in 
troduction of objects into the enclosure in prox 
imity to the said object support, a pair of mov 
able closure elements positioned within the 
microscope enclosure on opposite sides of the ob 
ject support and adapted when in closed position 
to isolate the object support from the remainder 
of the enclosure, a collapsible metal ring form 
ing an integral part of the wall of the enclosure 
and having an intermediate portion thereof 
capable of both axial and transverse displace 
ment, connections between said intermediate por 
tion of the ring and said closure members where 
by upon appropriate axial displacement of said 
portion said closure members may be moved from 
open to closed position and vice versa, and a 
further connection between said intermediate 
portion and the object support whereby through 
transverse motion of said portion the object sup 
port may be manipulated» into alignment with the 
axis of the enclosure. 

5. An electron microscope including Within the 
microscope enclosure an object support having 
an object-receiving position and an object-view 
ing position, a closable opening in the wall of the 
microscope enclosure for facilitating the applica 
tion of objects to the object support when the 
latter is in its object-receiving position, a pair 
of closure members respectively positioned on op 
posite sides of the object support and adapted 
when in closed position to isolate the object sup 
port from the remainder of the enclosure thereby 
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to avoid destroying the vacuum of the entire 
closure while objects are being introduced 
through said closable opening, ̀a deformable struc 
ture forming a part of the Wall of the microscope 
enclosure While objects are being introduced 
support and the said structure for permitting the 
position of the object support to be controlled ex 
ternally of the enclosure through deformation of 
the said structure, and further connections be 
tween the said structure and the said closure 
member by which said members are moved from 
an open to a closed position concurrently with 
the motion of the obj ect support from its object 
viewing to its object-receiving position. 

6. An electron microscope including an object 
support positioned Within the microscope en 
closure, a closable opening in the enclosure for 

` facilitating the introduction of objects into the 
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enclosure in proximity to the said object support, 
a pair of movable closure members Within the 
enclosure on opposite sides of the object support 
and adapted when in closed position to isolate 
the object support from the remainder of the 
enclosure, a collapsible metal ring forming an in 
tegral part of the Wall of the enclosure, a frame 
extending inwardly from the said ring for secur 
ing the object support to the ring, linkages eX 
tending from the frame to the said closure mem 
bers for controlling the movement of the mem- 
bers in accordance with the movement of the 
frame, and means accessible outside of the en 
closure for controllably deforming the said ring, 
thereby to control through the resultant motion 
of the said frame both the said closure members 
and the said object support. 

SIMON RAMO. 
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