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2 
3,226,467 it is conventional for some time to heat or “bake out' 

DoUBLE-WALLE5tfäA-HIGH VACUUM these Walls prior to the formation of the ultra-high 
WESSEL DEFENING AWORK CHAMBER vacuum. Such heating is usually carried out electrically, 
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A Cains. (C. 74-18) 

The present invention relates to double-walled ultra 
high vacuum vessels and to means for operating the same. 

For operations and investigations in nuclear and 
vacuum engineering and the like which are to be carried 
out under a high vacuum it is known for some time to 
employ an apparatus in which the actual evacuated work 
chamber is surrounded by a protective chamber which is 
likewise evacuated, but independently of the work cham 
ber. The amount of gases which might enter the work 
chamber through small leakages in the walls thereof may 
thus be reduced so considerably that an extremely high 
vacuum may be attained in the work chamber with a 
reasonable amount of pumping energy and within a short 
length of time. The expression “ultra-high vacuum' as 
used herein is supposed to mean pressures as low as about 
10-8 mm. Hg and less. The vacuum which is produced 
in the protective chamber is usually a "high” vacuum, 
that is, one of at least 103 mm. Hg and preferably one 
as low as 10-5 mm. Hg or less. The evacuation of the 
protective chamber is carried out by conventional means, 
for example, by a mechanical backing pump and by a 
diffusion pump. 
A similar pump unit may also be employed for evacu 

ating the work chamber, although it is then necessary to 
provide suitable means for preventing a back-diffusion 
of the fuel vapors of the diffusion pump. These means 40 
consist, for example, of several baffles, the last of which 
is located immediately in front of the work chamber 
and is maintained at a very low temperature, for ex 
ample, of -150° C. It is, however, also possible to em 
ploy for this purpose the conventional getter ion pumps 45 
or kryo-pumps which produce an ultra-high vacuum 
which is free of oil vapors. 

For the production and maintenance of an ultra-high 
vacuum it is of extreme importance to prevent as much 
as possible the liberation of any gases and even the 50 
smallest amounts thereof. The reason for this will be 
evident from the following considerations: 

Under atmospheric pressure, that is, at about 760 mm. 
Hg, one cubic meter of air contains 1.2 kg. of gas, while 
at a pressure of 10-9 mm. Hg it only contains 10-6 mg. 55 
of gas which originally, that is, under atmospheric pres 
sure, had a volume of only A000 mm. Even such ex 
tremely small amounts of gases when liberated may 
therefore increase the original pressure to twice its value. 
Such gases may be liberated, for example, from the Walls 60 
of the vacuum vessel, from the materials to be treated in 
this vessel, and from other sources. 

In order to prevent as much as possible a Subsequent 
liberation of gases from the walls of the work chamber 

5 

20 

25 

that is, either by induction or resistance. Since these 
walls lie between the work chamber which is maintained 
under an ultra-high vacuum and the surrounding pro 
tective chamber which is likewise maintained under a 
high vacuum, they are subjected to hardly any stresses 
and may therefore be made very thin. The walls them 
Selves may therefore be used as electric resistance ele 
ments and be heated very easily and economically. 
Although the above-mentioned problems are well 

known in the art and some of them have been adequately 
Solved for some time, there is a series of questions which 
have as yet not been solved satisfactorily. Ultra-high 
Vacuum apparatus are employed primarily for carrying 
out physical and other investigations and processes, for 
example, for examining very pure, gas-free surfaces, for 
certain evaporation processes, for use in connection with 
nuclear physics apparatus, such as accelerators, etc. It is 
also often advisable or even necessary to observe the pro 
ceedings occurring within the vacuum apparatus, to con 
trol electrical proceedings therein, or to move certain ele 
ments within the apparatus while it is in operation. For 
this reason, such apparatus are usually provided with in 
spection windows and with electrical lead-ins and lead-ins 
for transmitting mechanical movements into the ap 
paratus. 

Such devices have been applied for a long time in 
vacuum apparatus with a single wall, that is, without an 
evacuated protective chamber surrounding the work 
chamber. The inspection windows of these conventional 
vacuum apparatus usually consist of glass panes which are 
sealed around their edges by packings of an elastic ma 
terial. For lead-ins for movable mechanical elements and 
for electric conductors, bolted sealing means with pack 
ings of elastic materials, for example, shaft sealing rings, 
are mostly used. Such materials can, however, not be 
used for ultra-high vacuum apparatus since all of them 
without any exception have a vapor pressure which is 
considerably higher than the desired vacuum. 

Tightly bolted, cemented, and other solidly mounted 
sealing means can also be applied in double-walled 
vacuum apparatus only with difficulty since they must be 
firmly connected to the walls into which they are inserted. 
They are therefore secured not only to the thicker outer 
wall of the protective chamber, but also to the usually 
thinner wall of the work chamber. This involves a series 
of difficulties. First, the lead-in apertures in the two 
walls must be in accurate alignment with each other. 
Second, by tightly bolting the sealing means to the thin 
wall of the work chamber, the latter may easily be de 
formed. Furthermore, it is very difficult to carry out the 
necessary assembly work between the two walls and, last 
but not least, any exchange of such packing means re 
quires a very great amount of time and effort. 
The same also applies to cementing or to metallic 

packings which must always be properly molded to attain 
a proper sealing effect. 

It is an object of the present invention to overcome all 
of these disadvantages by the provision of very simple and 
effective means. The invention concerns a double-walled 
ultra-high vacuum vessel with an outer wall which is 
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capable of resisting the outer atmospheric pressure and 
forms the outer wall of a protective chamber which may be 
highly evacuated, and with an inner wall which separates 
the protective chamber from an inner work chamber in 
which the desired ultra-high vacuum may be produced. 
The invention further concerns the provision of such a 
double-walled ultra-high vacuum vessel with one or more 
devices for transmitting mechanical movements or electric 
currents and potentials from the outside through both walls 
into the work chamber, and for permitting an inspection 
of the closed work chamber from the outside. In combina 
tion with such an apparatus and with such devices the in 
vention further resides in sealing these devices in the outer 
Wall by the employment of suitable sealing means which 
are conventional as such and may consist of solid or elastic 
Sealing means, for example, elastic sealing rings, packings, 
shaft sealing rings, bellows, metallic sealing means which 
are bolted and thereby deformed, or the like. The inven 
tion further consists in sealing such devices in the inner 
Wall by means of free, narrow gaps which are open at 
both ends and have a length of at least 10 mm. 
The objects, features, and advantages of the present in 

Vention will become more clearly apparent from the foll 
lowing detailed detailed description thereof which is to be 
read with reference to the accompanying drawings, in 
which: 
FIGURE 1 shows a diagrammatic cross section of a 

double-walled vacuum apparatus according to the inven 
tion; 
FIGURE 2 shows an enlarged cross section of a part 

of the apparatus according to FIGURE 1 with a lead-in 
for mechanically transmitting a rotary movement to the 
inside of the apparatus; 
FIGURE 3 shows a view of a part of the apparatus 

similar to FIGURE 2 with a lead-in for mechanically 
transmitting a reciprocating movement to the inside of 
the apparatus; 
FIGURE 4 shows another view similar to FIGURES 2. 

and 3 with a lead-in for conducting electric currents of 
different potentials but usually of low amperages into the 
apparatus; 
FIGURE 5 shows a further view similar to FIG 

URES 2 to 4 with a lead-in for conducting a strong elec 
tric current of a single potential into the apparatus; while 
FIGURE 6 shows an enlarged cross section of the in 

Spection window of the apparatus. 
In the drawings, FIGURE 1 shows a general view of 

the entire vacuum apparatus according to the invention, 
while FIGURES 2 to 6 show specific features and modifi 
cations thereof. The work chamber 1 of the vacuum ap 
paratus which is maintained under an ultra-high vacuum 
is defined by a wall 2 which is usually relatively thin and 
is, in turn, surrounded by a protective chamber 3 which 
is likewise evacuated and closed toward the outer atmos 
phere by a thicker outer wall 4 of a sufficient mechanical 
resistance. 
The protective chamber 3 is limited at its rear side, 

that is, at the right side of FIGURE 1, by an oval bottom 
5 Surrounded by the atmosphere Sa which is welded is to 
the cylindrical outer wall 4, while at the front side it is 
provided with a cover 6 which may be closed by a lock 
7 and may be opened by pivoting about a hinge 8. A 
Vacuum-tight closure of chamber 3 is attained, for ex 
ample, by a sealing ring 9 which is inserted between the 
flanges on wall 4 and the cover 6. Chamber 3 may be 
evacuated in a conventional manner through a vacuum 
line 10 to a vacuum of 10-5 to 10-6 mm. Hg by means 
of a pump unit 11. The outer wall 4 is supported by a 
frame, not shown. 
The relatively thin inner wall 2 between the protective 

chamber 3 and the work chamber is likewise closed at 
the rear side by a bottom 5 which is integrally secured to 
Wall 2. At the front side, wall 2 carries a cover 16 which 
may be closed by a lock 17 and may be opened by pivot 
ing about a hinge 18, Work chamber 1 is mounted in 
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4. 
the protective chamber 3 on supports 19 which are prefer 
ably insulated relative to the outer wall 4. Near its outer 
ends the cylindrical part of wall 2 carries contact rings 20 
to which an electric current may be supplied through the 
conductors 21 which pass through sealed lead-in insulators 
22 to connecting terminals 23 at the outside. From a 
suitable source, not shown, an electric current, preferably 
alternating current, may be supplied to terminals 23 So as 
to heat the cylindrical part of wall 2 to a temperature of, 
for example, 450° C., whereby this wall will be freed of 
any adsorbed or occluded gases. A vacuum line 25 passes 
from work chamber 1 through the outer wall 4 to a pump 
unit 26 which is capable of producing the desired ultra 
high vacuum of, for example, 108 or an even higher 
vacuum within work chamber 1. The vacuum pump units 
may be of the type as mentioned in the beginning. They 
as well as their dimensions and operation are so conven 
tional that they do not need to be further described here 
1. 

The present invention concerns primarily the provision 
of suitable sealing means for the lead-ins M for trans 
mitting mechanical movements to the inside of work cham 
ber 1, as illustrated in detail in FIGURES 2 and 3, for 
electrical lead-ins E, as illustrated in FIGURES 4 and 5, 
and for the inspection windows W, as illustrated in FIG 
URE 6. The difficulties which are mentioned in the be 
ginning and which are overcome by the present invention 
are also due to the fact that these lead-ins and windows 
pass through or are mounted in the walls of both vessels of 
the Vacuum apparatus and must be designed so as not only 
to insure for a long time a tight and reliable sealing effect 
but also to permit an easy installation and repair thereof. 
As illustrated in FIGURE 2, for installing the lead-in 

M according to FIGURE 1, the outer wall 4 is provided 
with a bore 30 through which a rotatable shaft 3 extends 
which is sealed by a sealing ring 32, the outer part 33 of 
which is clamped by screws 34 between a fitting 35 and 
wall 4, while the inner part 36 thereof which is prefer 
ably provided with a spring 37 engages with shaft 31. 
The inside of sealing ring 32 is evacuated through bore 
30 toward the protective chamber 3. If the rotatable 
shaft 31 is designed as illustrated in FIGURE 2, it may 
also be slidable to some extent in the longitudinal direc 
tion to transmit longitudinal movements to the inside of 
work chamber 1. If, however, such longitudinal move 
ments should be prevented, shaft 31 may be provided with 
one or more shoulders, flanges, or the like. 
As shown in FIGURE 2, the diameter of the inwardly 

extending part 38 of shaft 3 is preferably slightly reduced 
and passes through a bore 39 in the inner wall 2 and 
through a bushing 40 thereon into work chamber 1. The 
length of this bushing including the thickness of wall 2 
preferably amounts to at least 10 mm. Within bore 39 
and bushing 40 the shaft portion 38 is surrounded by a 
tube 4 which is made of a material which does not re 
lease any gases, Such as glass, molten quartz, gastight 
ceramics, or the like. This tube 41 considerably reduces 
the friction on the inner lead-in which is exposed to a high 
Vacuum. Tube 4 which is of a greater length than that 
of bushing 40 including the thickness of wall 2, and thus 
projects therefrom, passes freely, that is, without any de 
formable sealing means, through bore 39 and bushing 
40 and it is separated therefrom only by narrow annular 
Spacing or diffusion gaps of a considerable length. 
The lead-in sealing arrangement according to FIGURE 

3 differs from that according to FIGURE 2 only insofar 
as a resilient member in the form of a corrugated tube 
or bellows 45 and a spline 46 on shaft 31 only permit the 
shaft to move in the longitudinal direction. The cor 
rugated tube 45 is soldered at one end to a collar 47 on 
shaft 31, while its other end is secured to a plate 48 which 
is clamped by screws 34 to the wall 4 between a fitting 
in the form of a ring 49 and an outer sealing disk 50 and 
an inner rubber ring 51. The inside of the corrugated 
tube 45 communicates through bore 30 with the vacuum 
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in the protective chamber 3 and it may be reinforced 
against pressure by the insertion of coil springs or the 
like. 

If tube 41 is made of a suitable material, preferably 
of molten quartz, shaft 38 will remain movable through 
the lead-in according to the invention even though wall 2 
of work chamber is heated to higher temperature, for 
example, to 450° C. Naturally, the inner diameter of 
tube 41 must then be made of a size to allow for the 
thermal expansion of shaft 31. As previously mentioned, 
when the walls of work chamber are thus heated, they 
will be freed of any adhering, adsorbed or occluded gases 
to such an extent that a very high vacuum may be pro 
duced in the work chamber within a very short time. 
FIGURE 4 illustrates an electric lead-in which is very 

similar to the shaft lead-in according to FIGURES 2 and 
3. The outer wall 4 is again provided with a bore 30 
which is in axial alignment with the central bore 52 of a 
fitting 53 which is secured by screws 34 to wall 4 and 
clamps a sealing disk 50 and a rubber ring 51 similarly as 
in FIGURE 3 tightly against wall 4. Fitting 53 has a 
tubular extension 54 on the outer end of which a small 
terminal box 55 is mounted. The outer wall 56 of termi 
inal box 55 is provided with bores 57 through which elec 
tric conductors 58 are passed. These conductors are in 
sulated from wall 56 and are secured gastight thereto by 
glass insulators 59 which are fused to the conductors and 
to wall 56. Conductors 58 then pass through an insulat 
ing tube 6th of plastic, ceramics, glass, quartz, or the like 
which is loosely inserted into bores 52 and 30 so that 
the vacuum in chamber 3 also extends into the terminal 
bOX 55. 
Again similarly as in FIGURES 2 and 3, wall 2 of work 

chamber 1 has a bore 39 and it also carries on its inner 
side a bushing 40 of the same inner diameter as and co 
axially with bore 39. Bore 39 and bushing 40 contain an 
insulating tube 61 which is made of a material which does 
not give off any gases such as glass, motten quartz, gas 
tight ceramics, or the like, and which encloses the con 
ductors 58 leading into work chamber 1. Similarly as 
tube 41 in FIGURES 2 and 3, insulating tube 61 passes 
freely, that is, without any deformable sealing means 
through bore 39 and bushing 40 so as only to leave nar 
row diffusion gaps which should be of a considerable 
length, that is, at least 10 mm. The conductors 58 are 
also passed through insulating tubes 60 and 6 so as to 
leave similar diffusion gaps therein. 
The separation of insulating tubes 60 and 61 to form 

two parts has the advantage that bores 30 and 34 do not 
have to be as accurately aligned as it is necessary for a 
shaft lead-in as shown in FiGURES 2 and 3. The indi 
vidual parts of the lead-in may therefore be more easily 
assembled relative to each other. 
Whereas the electric lead-in according to FIGURE 4 

contains two or more conductors, for example, for con 
ducting electric currents of several different but relative 
ly low potentials into the work chamber 1, FIGURE 5 
illustrates another electric lead-in for a single conductor 
62 for conducting a strong current of one potential into 
the work chamber 1. Since this conductor 62 has a shaft 
like thickness which depends upon the strength of the 
current to be conducted, the lead-in is designed similar to 
the shaft lead-ins according to FIGURES 2 and 3, ex 
cept that it is more simple since the conductor 62 does 
not have to be movable like the shafts 3 in FIGURES 
2 and 3. Conductor 62 is therefore rigidly secured to 
the fitting 63 which may also serve as a connecting termi 
nal. In this event not only the conductor 62 but the fit 
ting 63 as well are made of a highly conductive material, 
such as copper or the like. The sealing disk 64 which 
together with a rubber ring 65 is inserted between fitting 
63 and wall 4 should in this case consist of a suitable 
insulating material, and screws 34 which Secure fitting 
63 to wall 4 and clamp the sealing disk 64 thereon are 
also insulated from fitting 63 by insulating bushings 66. 
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6 
The other features and parts of this lead-in are similar 
to those as described with reference to FIGURES 2 and 
3 and are therefore identified by the same numerals. 
Tube 41 which is preferably made of molten quartz also 
has the purpose of electrically insulating the conductor 
62 from wall 2 of the work chamber. 
FIGURE 6 illustrates the application of the inventive 

sealing means to the inspection windows as shown at W 
in FIGURE 1. A window frame 70 with an opening 71 
is inserted into an aperture in a part of the outer wall 
4 of chamber 3, for example, in the cover 6 as shown in 
FIGURE 1. The glass or quartz pane 72 is clamped by 
a mounting ring 73 and by screws 74 against a sealing 
disk 75 and a rubber ring 76 on frame 70. The number 
of screws 74 to be used depends upon the size of the win 
dow. After the protective chamber 3 has been evacuated, 
the glass or quartz pane 72 will be pressed by the outer 
atmospheric pressure against the sealing disk 75 and will 
thus be tightly sealed relative to the inside of chamber 3. 
The inner wall 2 which forms the wall of work cham 

ber also has an aperture into which another window 
frame 77 with an opening 78 is inserted. The window 
pane 79 is merely held in its proper position on window 
frame 77 by means of another mounting ring 80 and 
screws 3i, and does not require any special sealing means 
nor to be clamped tightly between frame 77 and ring 80. 
Screws 8, only need to be tightened to such an extent that 
the edge portion of pane 79 engages flatly against frame 
77. When the protective chamber 3 and the work cham 
ber 1 are both evacuated, the forces occurring within the 
two chambers will be so small that practically no me 
chanical stresses will act upon the window pane 79 and 
the pane will not be pressed against the window frame 
77 with such a force that it will be endangered. 
The edge portion of window pane 79 which engages 

with the window frame 77 has a width of approximately 
10 mm. Since the surfaces of both parts are not partic 
ularly finished and especially their engaging surfaces are 
not ground in accordance with each other, there will be 
narrow gaps 81 between them which serve as diffusion 
gaps similarly to the gaps 39 as described with reference 
to FIGURES 1 to 5. 
The lead-in, inspection, and sealing means according 

to the invention preferably have the following dimensions: 
In the mechanical lead-ins according to FIGURES 2. 

and 3 and also in the electric lead-ins according to FIG 
URE 5, the reduced shaft or conductor portion extend 
ing through the inner wall 2 has a diameter of about 12 
mm. The inner diameter of quartz tube 41 which is 
slipped over this portion is at least 0.05 mm. but not 
more than 0.2 mm. greater than the diameter of this re 
duced portion. The wall thickness of quartz tube 41 
amounts to about 2 mm. Gap 39 also has a width of 
at least 0.05 mm. and not more than 0.2 mm. There 
fore, the inner diameter of bushing 40 amounts to about 
16 mm. 
Although the lead-in through the inner wall has thus 

relatively large gaps which ordinarily would result in a 
serious leakage of pressure and would thus prevent the 
formation and maintenance of a very high vacuum in 
work chamber 1, these gaps result in the present case in 
a very good sealing effect since the protective chamber 
3 also contains a very high vacuum and since the free 
path of the molecules then amounts to at least 5 cm. at 
about 108 mm. Hg, but generally to considerably more, 
for example, to about 50 cm. at 106 mm. Hg. 

Although our invention has been illustrated and de 
scribed with reference to the preferred embodiments 
thereof, we wish to have it understood that it is in no 
way limited to the details of such embodiments, but is 
capable of numerous modifications within the scope of 
the appended claims. 

Having thus fully disclosed our invention, what we 
claim is: 

1. In an ultra-high vacuum vessel for reactions and 
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the like in a gas free area having an outer wall housing 
adapted to resist the outer atmospheric pressure, an inner 
wall defining an interior work chamber and spaced from 
said outer wall, said outer and inner walls defining a 
protective chamber surrounding said work chamber, in 
dependent conduit means for separately connecting said 
work chamber and said protective chamber to at least one 
pump unit for evacuating said work chamber to an ultra 
high vacuum and said protective chamber to a high vacu 
um, said outer and inner walls having respective aper 
tures substantially in alignment with each other, said 
apertures being of substantially the same area, means ex 
tending through at least one pair of said aligned aper 
tures in said walls for transmitting energy from the out 
side into said work chamber, and mechanical sealing 
means for sealing said energy transmitting means rela 
tive to said outer wall, means extending through said 
inner wall aperture spaced from the aperture wall and 
extending substantially on each side of the inner Wall, 
said energy-transmitting means extending through said 
last named means in the aperture in said inner Wall in a 
manner so as to leave a free narrow gap connecting said 
work and protective chambers, said gap having a con 
siderable length and forming a diffusion gap for substan 
tially sealing said work chamber relative to said protec 
tive chamber. 

2. In an ultra-high vacuum vessel for reactions and 
the like in a gas free area having an outer wall adapted 
to resist the outer atmosphere pressure, an inner wall de 
fining a work chamber and spaced from said outer Wall, 
to form an evacuable area therebetween, said outer and 
inner walls defining a protective chamber surrounding 
said work chamber, at least one pump unit for evacuating 
said work chamber to a high vacuum, independent con 
nection means for separately connecting said work cham 
ber and said protective chamber to said respective pumps, 
said outer and inner walls having conforming apertures 
substantially in alignment with each other, interconnect 
ing means extending through at least one pair of Said 
aligned apertures in said walls for transmitting energy 
from the outside into said work chamber, aligned outer 
and inner inspection windows connected to the wall por 
tions surrounding at least one other pair of said aligned 
apertures, and mechanical sealing means in each cham 
ber wall for separately sealing said energy transmitting 
means and said outer inspection window to said outer 
wall, means extending through said inner wall aperture 
spaced from the aperture wall and extending substantially 
on each side of the inner wall, said energy transmitting 
means extending through said last named means in the 
aperture in said inner wall and the inner inspection win 
dow being connected to said inner wall in a manner so 
as to leave free narrow gaps connecting said Work and 
protective chambers and each having a considerable 
length and forming a diffusion gap for substantially seal 
ing said work chamber relative to said protective chamber. 

3. In an ultra-high vacuum vessel for reactions and the 
like in a gas free area having an outer Wall adapted to 
resist the outer atmospheric pressure, an inner wall defin 
ing a work chamber and spaced from said outer wall, 
said outer and inner walls defining a protective chamber 
surrounding said work chamber, means for separately con 
necting said work chamber and said protective chamber 
to at least one pump unit for evacuating said work cham 
ber to an ultra-high vacuum and said protective chamber 
to a high vacuum, said outer and inner walls having aper 
tures substantially in alignment with each other for per 
mitting the operation of reactions in the inner chamber, 
means extending through at least one pair of said aligned 
apertures in said walls for transmitting electrical energy 
from the outside into said work chamber, outer and inner 
inspection windows secured to the wall portions surround 
ing at least one other pair of said aligned apertures, me 
chanical sealing means for separately sealing said energy 
transmitting means and said outer inspection window to 
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8 
said outer wall, and means for connecting said inner 
inspection window without sealing means to said inner 
wall, means extending through said inner wall aperture 
spaced from the aperture wall and extending substantially 
on each side of the inner wall, said energy transmitting 
means extending through said last named means in the 
aperture in said inner wall and said inner inspection Win 
dow being connected to said inner wall in a manner So as 
to leave free narrow gaps connecting said work and pro 
tective chambers and each having a considerable length 
and forming a diffusion gap for substantially sealing said 
work chamber relative to said protective chamber. 

4. In an ultra-high vacuum vessel for reactions and the 
like in a gas free area having an outer wall adapted to 
resist the outer atmospheric pressure, an inner wall defin 
ing a work chamber and spaced from said outer wall, said 
outer and inner walls defining a protective chamber Sur 
rounding said work chamber, means for separately con 
necting said work chamber and said protective chamber 
to at least one pump unit for evacuating said work cham 
ber to an ultra-high vacuum and said protective chamber 
to a high vacuum, said outer and inner walls having aper 
tures Substantially in alignment with each other, means 
extending through at least one pair of said aligned aper 
tures in said walls for transmitting energy from the out 
side into said work chamber, and mechanical sealing 
means for sealing said energy-transmitting means rela 
tive to said outer wall, means extending through said 
innerwall aperture spaced from the aperture wall and 
extending Substantially on each side of the inner wall, 
said energy-transmitting means extending through said 
last named means in the aperture in said inner wall in a 
manner So as to leave a free narrow gap connecting said 
Work and protective chambers, said gap having a consider 
able length and forming a diffusion gap for substantially 
sealing said work chamber relative to said protective 
chamber. 

5. In an ultra-high vacuum vessel for reactions and the 
like in a gas free area having an outer wall adapted to 
resist the outer atmospheric pressure, an inner wall defin 
ing a work chamber and spaced from said outer wall, said 
outer and inner walls defining a protective chamber sur 
rounding said work chamber, means for separately con 
necting said work chamber and said protective chamber 
to at least one pump unit for evacuating said work cham 
ber to an ultra-high vacuum and said protective chamber 
to a high vacuum, said outer and inner walls having aper 
tures substantially in alignment with each other, means 
extending through at least one pair of said aligned aper 
tures in said walls for transmitting energy from the outside 
into said work chamber and leaving a free narrow gap 
connecting said work and protective chambers, outer and 
inner inspection windows secured to the wall portions 
Surrounding at least one other pair of said aligned aper 
tures, mechanical Sealing means for separately sealing said 
energy-transmitting means and said outer inspection win 
dow to said outer wall, means extending through said free 
narrow gap spaced from the aperture wall and extending 
Substantially on each side of the inner wall, said energy 
transmitting means extending therethrough, and means for 
connecting said inner inspection window without sealing 
means to said inner wall, said gap having a considerable 
length and forming a diffusion gap for substantially seal 
ing said Work chamber relative to said protective chamber. 

6. In an ultra-high vacuum vessel for reactions and the 
like in a gas free area having an outer wall adapted to 
resist the outer atmospheric pressure, an inner wall defin 
ing a Work chamber and spaced from said outer wall, said 
Outer and inner walls defining a protective chamber sur 
rounding said Work chamber, means for separately con 
necting said Work chamber and said protective chamber 
to at least one pump unit for evacuating said work cham 
ber to an ultra-high vacuum and said protective chamber 
to a high vacuum, said outer and inner walls having aper 
tures substantially in alignment with each other, a tu 
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bular member secured to said inner wall in alignment 
with said aperture therein, means extending through at 
least one pair of said aligned apertures in said walls and 
through said tubular member for transmitting energy from 
the outside into said work chamber, and mechanical seal 
ing means for sealing said energy-transmitting means rela 
tive to said outer wall, said energy-transmitting means ex 
tending through said aperture in said inner wall and 
through said tubular member in a manner so as to leave 
a free narrow gap connecting said Work and protective 
chambers, said gap having a considerable length and 
forming a diffusion gap for substantially sealing said work 
chamber relative to said protective chamber. 

7. In an ultra-high vacuum vessel for reactions and 
the like in a gass free area having an outer wall adapted 
to resist the outer atmospheric pressure, an inner wall 
defining a work chamber and spaced from said outer 
wall, said outer and inner walls defining a protective 
chamber surrounding said work chamber, and having a 
relatively higher pressure than the inner chamber means 
for separately connecting said work chamber and said 
protective chamber to at least one pump unit for evac 
uating said work chamber to an ultra-high vacuum and 
said protective chamber to a high vacuum, said outer and 
inner walls having apertures substantially in alignment 
with each other and of substantially equal dimensions, 
a tubular member secured to said inner wall in alignment 
with said aperture therein, a quartz tube loosely extending 
through the bore of said tubular member, means extend 
ing through at least one pair of said aligned apertures in 
said walls and through said quartz tube for transmitting 
electrical energy from the outside into said work chamber, 
and mechanical sealing means for sealing said energy 
transmitting means relative to said outer wall, said 
energy-transmitting means extending through said aper 
ture in said inner wall and said quartz, tube in a manner 
so as to leave a free narrow gap connecting said work 
and protective chambers, said gap having a considerable 
length and forming a diffusion gap for substantially seal 
ing said work chamber relative to said protective chamber. 

8. In an ultra-high vacuum vessel for recations and 
the like in a gas free area having an outer wall adapted 
to resist the outer atmospheric pressure, an inner wall 
defining a work chamber and spaced from said outer 
wall, said outer and inner walls defining a protective 
chamber surrounding said work chamber, means for 
separately connecting said work chamber and said pro 
tective chamber to at least one pump unit for evacuating 
said work chamber to an ultra-high vacuum and said 
protective chamber to a high vacuum, said outer and 
inner walls having apertures substantially in alignment 
with each other, a tubular member secured to said inner 
wall in alignment with said aperture therein, a quartz 
tube loosely extending through the bore of said tubular 
member, a rotatable shaft extending from the outside 
atmosphere through one pair of said aligned apertures in 
said walls and through said quartz tube into said work 
chamber, and at least one shaft sealing ring slidably con 
nected to said shaft and secured to said outer wall for 
sealing said shaft relative to said outer wall, said shaft 
extending through said aperature in said inner wall and 
said quartz tube in such a manner so as to leave a free 
narrow gap connecting said work and protective cham 
bers, said gap having a relatively considerable length and 
forming a diffusion gap for substantially sealing said work 
chamber relative to said protective chamber. 

9. In an ultra-high vacuum vessel for reactions in 
vacuo having an outer wall adapted to resist the outer 
atmospheric pressure, an inner wall defining a work cham 
ber and spaced from said outer wall, said outer and inner 
walls defining a protective chamber area surrounding said 
work chamber, conduit means for separately connecting 
said work chamber and said protective chamber to at 
least one pump unit for evacuating said work chamber 
to an ultra-high vacuum and said protective chamber to 
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10 
a high vacuum said outer and inner walls having aper 
tures substantially in alignment with each other, a tubular 
member secured to said inner wall in alignment with said 
aperture therein, a quartz tube loosely extending through 
the bore of said tubular member from the outer to the 
inner chamber, a shaft adapted to reciprocate in its longi 
tudinal direction and extending from the outside through 
one pair of said aligned apertures in said walls and 
through said quartz tube into said work chamber, a me 
tallic corrugated resilient sealing member secured at one 
end to said shaft, at least one elastic sealing ring inter 
posed between the other end of said metallic sealing 
member and said outer wall, and means for securing said 
other end and said sealing ring in sealing engagement to 
said outer wall, said shaft extending through said aper 
ture in said inner wall and said quartz tube in such a 
manner so as to leave a free narrow gap connecting said 
work and protective chambers, said gap having a rela 
tively considerable length and forming a diffusion gap 
for substantially sealing said work chamber relative to 
said protective chamber. 

10. In an ultra-high vacuum vessel for manipulating 
reactions therein under gas free conditions having an outer 
wall adapted to resist the outer atmospheric pressure, an 
inner wall defining a work chamber and spaced from 
said outer wall, said outer and inner walls defining a pro 
tective chamber surrounding said work chamber, conduit 
means for separately connecting said work chamber and 
said protective chamber to at least one pump unit for 
evacuating said work chamber to an ultra-high vacuum 
and Said protective chamber to a high vacuum, said 
outer and inner walls having apertures substantially in 
alignment with each other, a tubular member secured to 
said inner wall in alignment with said aperture therein, 
a quartz tube loosely extending through the bore of said 
tubular member to said work chamber, at least one elec 
tric conductor extending from the outside of the outer 
Wall through one pair of said aligned apertures in 
said walls but without engaging with said walls, and 
through said quartz tube into said work chamber, and 
elastic insulating sealing means connecting said conductor 
to Said outer Wall, said conductor extending through said 
aperture in said inner wall and said quartz tube in a 
manner So as to leave a free narrow gap connecting said 
work and protective chambers, said gap having a rela 
tively considerable length and forming a diffusion gap 
for Substantially sealing said work chamber relative to 
said protective chamber. 

11. In an ultra-high vacuum vessel used for reactions 
therein having an outer wall adapted to resist the outer 
atmospheric pressure, an inner wall defining a work cham 
ber and Spaced from said outer wall, said outer and inner 
Walls defining a protective chamber surrounding said work 
chamber, conduit means for separately connecting said 
Work chamber and said protective chamber to at least 
one pump unit for evacuating said work chamber to an 
ultra-high vacuum and said protective chamber to a high 
vacuum respectively, said outer and inner walls having 
apertures substantially in alignment with each other, a 
tubular member secured to said inner wall in alignment 
with said aperture therein and extending into said work 
chamber, a quartz tube loosely extending through the 
bore of said tubular member and having several leadin 
passages therein, a lead-in container hermetically closed 
toward the outside, elastic sealing means interposed be 
tween said container and said outer wall, means for 
Securing said leadin container to said outer wall so as to 
be sealed to said outer wall by said sealing means, at 
least two electric conductors extending from the outside 
through said lead-in container, said outer and said inner 
walls without engaging with said walls, and through said 
passages in said quartz tube into said work chamber in a 
manner so as to leave a free narrow gap connecting said 
Work and protective chambers, said gap being of con 
siderable length and forming a diffusion gap for substan 
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