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The main  parameters  of cryogenic  vacuum chambers  are examined  

and the possibi l i ty  of their  ca l cu la t ion  by the Monte Carlo method is 
shown. An algorithm for calculating the parameters and its realization 
on a computer are described. 

Many authors  [1-4] have used the Monte Carlo 
method and h igh-speed  digital  compute rs  to ca lcu la te  
the p a r a m e t e r s  of va r ious  e l emen t s  of cryogenic  v a c -  
uum chamber s .  Mainly, the p robab i l i t i e s  of ce r t a in  
events ,  such as,  for  example ,  a gas molecu le  hitting 
a c ryogenic  e lement ,  have been calcula ted.  

This paper  shows the poss ib i l i ty  of ca lcula t ing  by 
the Monte Carlo method the main p a r a m e t e r s  of a 
chamber  that d i r ec t ly  c h a r a c t e r i z e  the vacuum when'~ 
the local  laws of behav ior  of molecu les  a r e  known. 
These  p a r a m e t e r s  include,  for  example ,  the m o l e c -  
u lar  concentra t ion in the chamber  and the evacuat ion 
ra te  of the pumping sys t em.  It is  shown how these  
p a r a m e t e r s  a re  s imply  expres sed  in t e r m s  of the 
mean l i f e t ime  T of a molecu le  in the chamber .  If we 
s imula te  a random value t (the l i f e t ime  of molecu le s  
in the chamber)  and de t e rmine  i ts  a r i thmet ic  mean in 
N t e s t s ,  we can approx imate ly  de t e rmine  t- and the 
p a r a m e t e r s  that i n t e r e s t  us.  The p a r a m e t e r s  that 
have the meaning of the probabi l i t i es  of ce r t a in  events  
a re  desc r ibed ,  

To make the method acces s ib l e  for  p r ac t i ca l  c a l cu -  
la t ions ,  g e n e r a l - p u r p o s e  p r o g r a m s  w e r e  wr i t ten  for  
the M-20 compute r .  The p r o g r a m s  a re  genera l  p u r -  
pose in that they need not be changed when calcula t ing 
the p a r a m e t e r s  of a new chamber - -on ly  new input data 
must  be given. This is achieved by a un i form method 
of t racking  molecu le  t r a j e c t o r i e s ,  r e g a r d l e s s  of the 
specif ic  nature and compiex i ty  of the chambe r  geomet ry .  

P a r a m e t e r s  of the Cryogenic  Chamber s .  Qryogenic 
chambers  a re  used to produce  a high vacuum. The 
pump in such a chambe r  is r e p r e s e n t e d  by su r f aces ,  
cooled to the hydrogen or  hel ium t e m p e r a t u r e ,  on 
which the gas condensat ion occurs .*  F i g u r e  1 shows 
a c r o s s  sec t ion  of a cy l indr ica l  chamber .  The shie lds  
a re  usual ly  at the n i t rogen t e m p e r a t u r e  and a re  p laced 
so that the t he rma l  flux to the c ryogenic  e Iements  does 
not exceed the c r i t i c a l  value  and so that the consump-  
tion of c ryogenic  fluids is reduced.  In addition, c e r -  
tain gas components  a re  condensed on the shields .  

The main c h a r a c t e r i s t i c  of a vacuum chamber  is 
the number  of gas molecu les  in the chamber  in s t eady-  
state operat ion;  we shall  cal l  this number  N c. The gas 

flow into the chamber is determined by the intensity 
of the source (inleakage), i.e., the number of mole- 
cules that enter the chamber in 1 sec, which we shall 
call q. The removal of particles from the chamber 

occurs when they are captured by the pump system, 
and is characterized by the discharge intensity r, i.e., 
the number of molecules evacuated per second. 

f 

Fig.  1. Cross  sec t ion  of a chamber  
with a c ryogenic  pump: 1) c ryogenic  

e l emen t s ;  2) shields;  3) object.  

Let  the source  in tens i ty  q be constant with t ime .  
We shall  make the following assumption about the d i s -  
charge  intensi ty  r :  at any t ime it is propor t ional  to 
the number  of molecu les  in the chamber ,  i . e . ,  

r = o N, (1) 

where  ~ is the capaci ty  of the pump s y s t e m - - i t s  main  
c h a r a c t e r i s t i c .  

S teady-s ta te  conditions mean that q = r .  If we sub-  
s t i tute  for  r i ts value (1) under  s t eady-s t a t e  condit ions,  
we obtain q = crN c. Then, 

N~-- q (2) 
O" 

The mean  concent ra t ion  5c of molecu les  in a e h a m -  
b e t  of vo lume V is defined in t e r m s  of the p a r a m e t e r  

as follows: 

- ~ r  q 
n c = - V  - =  aV ' (3) 

The "pumping rate" parameter S is also easily de- 
fined in terms of (r: 

s = ~-q = ~  v .  (4) 
/'/c 

*Other pumps,  whose opera t ion  will not be con-  
s idered  here ,  a re  usual ly  used along with c ryogenic  
shields  in the chamber .  

Since the chamber  volume V and the inleakage q 
are  given,  the p rob lem of de te rmin ing  Nc, ne, and S 
reduces  to finding o-. To make it poss ib le  to ca lcula te  
o- by the Monte Carlo method,  let  us explain the s t a -  
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t i s t ica l  meaning of this p a r a m e t e r  by examining the 
r emova l  of molecu les  f rom a chamber .  

A molecu le  escapes  f rom the sur face  of the source  
and, having been re f lec ted  seve ra l  t imes  f rom the 
su r faces  of the chamber ,  a f te r  a ce r ta in  t ime  t is ab- 
sorbed by one of the cryogenic  e l ements .  This t ime 
i n t e r v a l - - f r o m  the moment  of escape  of a molecu le  to 
i ts  absorpt ion--we shall  cal l  the l i fe t ime of a m o l e -  
cule in the chamber .  Let us introduce the mean l i f e -  
t ime  t of a molecu le  in the chamber .  Then, if the 
chamber  contains N molecu les ,  each of which l ives ,  

on the average ,  %-seconds, the number  of molecu les  
that l eave  the chamber  in 1 sec (the d i scharge  in ten-  
s i ty  r) is given by the re la t ion  

1 - 
r =  -_- N. (5) 

t 

Compar ing express ions  (1) and (5), we obtain 

1 
(~ = - : - .  (6) 

t 

A convenient  p a r a m e t e r  for  evaluat ing pump de-  
sign is the mean  path l o f  a molecu le  before  absorp -  
tion, which is a function of the chamber  geome t ry  
(its design cha rac t e r i s t i c s )  and of the qual i ty of the 
cold shields .  This p a r a m e t e r  is re la ted  to T as 

l = v t ,  (7) 

where  V is  the mean ve loc i ty  of a molecu le  in the 

chamber .  
Thus, the p a r a m e t e r  7 contains essen t ia l  i n f o r m a -  

tion about the chamber  design.  Calculat ion of T by 
s imulat ion is much s i m p l e r  than that of %-, and it  does 
not r equ i r e  knowledge of the local  laws of va r i a t ion  of 
molecule  ve loc i ty .  

The m o l e c u l a r  concentra t ion at a point h/i can be 
de te rmined  as fol lows.* We iso la te  within the chamber  
a cube of unit volume AV whose cen te r  is at point M 
and r eco rd  for  each molecu le  i ts  r e s idence  t ime  in 
vo lume AV, which we cal l  At.  Then, using the mean 
t ime  At, the concentra t ion is wri t ten  as 

n(M) = q ~ t .  (8) 

Along with the p a r a m e t e r s  that c h a r a c t e r i z e  the 
vacuum in a chamber  d i rec t ly ,  in many cases  it is 
useful to cons ider  the p a r a m e t e r s  introduced in [1,5, 
6], which c h a r a c t e r i z e  the absorp t iv i ty  of a pump s y s -  
t em.  We shall desc r ibe  the m o r e  common of them here .  

The capture  coeff ic ient  a of an individual t rap is the 
probabi l i ty  that a molecule  that has flown into the trap 
will hit  a c ryogenic  e lement  and be condensed on it. 

The coeff ic ient  of se l f -con tamina t ion  p is the p rob -  
abi l i ty that a molecule  that has escaped f r o m  the s u r -  
face of an object  placed in the chamber  will r e tu rn  to 
that object .  

The shielding coefficient/3 is  the probabi l i ty  that a 
photon emit ted  by the object  will  hit the cryogenic  
e lements  of the pump sys tem and be absorbed there .  

*Since molecular conditions are being considered, 
the concentration can differ from point to point. 

The shielding coeff ic ient  s e r v e s  to de t e rmine  the de-  
g r e e  of pro tec t ion  of the cryogenic  e lements  f rom 
the rma l  radiat ion.  Although this p a r a m e t e r  does c h a r -  
a c t e r i z e  the vacuum p rope r t i e s  of the pump, the de-  
s igne r  is a lmos t  always in te res ted  in the va lues  of 
both p a r a m e t e r s  at once.  Calculat ion of the coeff ic ient  
fl is s i m i l a r  to that of the p a r a m e t e r  a ,  so we shall  
not desc r ibe  it below. 

Stat is t ical  Simulat ion and C h a r a c t e r i s t i c s  of i ts  
Computer  Real izat ion.  To ca lcula te  the above p a r a m -  
e t e r s  by s ta t i s t ica l  s imulat ion,  we must  know the 
g e o m e t r y  of the chamber  and the local laws of behav-  
io r  of a gas molecu le .  The following local  laws were  
used in the calculat ion:  

1) diffusive law of radia t ion of the source  sur face :  
the number  of molecu les  emi t ted  in d i rec t ion  l is 
propor t ional  to the cosine of the angle ~0 between l 
and the normal  n to the sur face  at the emis s ion  point; 

2) diffusive law of re f lec t ion  (independent of the 
angle of incidence of the molecule) ;  

3) the f r ee  path is l imi ted  only by the chamber  
wal ls  (sufficiently high vacuum);  and 

4) molecu les  are  condensed with a probabi l i ty  of 1 
on the cold (for a given gas component) shields  and 
not at all on the warm shie lds .  * 

The ve loc i ty  of a molecu le  in each r e c t i l i n e a r  s e g -  
ment  of its t r a j e c t o r y  can also be s imula ted ,  but it is 
difficult  to cons ider  the local  laws (accommodat ion 
coeff ic ient ,  e tc . )  to be known here .  It is advisable ,  
t he re fo re ,  to t r a ce  the motion of a molecule  with con-  
stant ve loci ty ,  the value  of which is taken as 1 for  
convenience.  Thus,  the mean path I is de te rmined .  
If the mean l i fe t ime of a molecule  must  be obtained, 
then t = (1/'v) 7-** 

Now let us desc r ibe  the s ta t i s t i ca l  s imulat ion,  
which in our  p rob lem comes  down to t rac ing  the pos -  
sible " l i f e '  path of molecu les  f rom the moment  of 
escape  to absorpt ion.  If we assume the absence of in -  
t e rac t ion  between mo lecu l e s ,  we can t r ace  the t r a j e c -  
to ry  of each molecule  independently of the r e s t .  

The t r a j e c t o r y  of a molecu le  begins on the sur face  
of the source .  The points of escape  a re  chosen r a n -  

domly,  according to the radia t ion densi ty  of the 
source  sur face .  The d i rec t ion  of escape  is  chosen 
randomly f rom the set  of poss ib le  d i rec t ions ,  which 
a re  weighted in accordance  with the diffusive law of 
radiat ion.  

We de te rmine  the f i r s t  r e c t i l i n e a r  segment  of the 
t r a j e c t o r y ,  i . e . ,  we find the point of impact  of the 
molecule  against  one of the chamber  su r faces .  The 
molecule  can be e i the r  condensed o r  re f lec ted  at the 
impact  point, depending upon the physical  p rope r t i e s  
of the sur face .  By analyzing the physical  p rope r t i e s  of 

*In ealeula t ing /3 it  should be assumed that when a 
photon hits the shield it is absorbed with probabi l i ty  
e ,  where  e is the b lackness  coeff ic ient  of the shield.  

**We made a comple te  s imula t ion  with al lowance for  
the local laws of va r i a t ion  of m o l e c u l a r  ve loc i ty ;  this 
is a lso sequenced in rea l  t ime  on the M-20 computer .  



JOURNAL OF ENGINEERING PHYSICS 481 

the sur face ,  we can de t e rmine  the future  behavior  of 
the molecule. 

If the molecule is condensed, this fact is recorded, 

the in format ion  requ i red  for  fu r the r  calcula t ions  is  
put down, and t racking  of another  molecule  is  begun. 

If the molecule  is  ref lec ted ,  the next segment  of 
the t r a j ec to ry  is de t e rmined  from the ref lect ion law 
and the t r a ce  is continued. 

Some molecules  may wander too long in the chamber  
without being absorbed.  To make the t rac ing  of any 
par t i c le  f inal ,  we place an upper  l imi t  on the number  
of ref lec t ions .  If a molecule  undergoes  v re f lec t ions  
and is  not absol%ed, we stop t rac ing  i t  and move to 
the next molecule .  This ,  of course ,  i nc rea se s  the 
e r r o r  of the method. 

Having t raced  the t r a j ec to r i e s  of N molecules ,  we 
obtain the foIiowing informat ion :  

the lifetime t i of the i-th molecule; 
the path ~i of the i - th  molecule ;  
the r e s idence  t ime At i  of the i - th  molecule  in i so -  

lated volume AV; 
the path Ali  t raveled  by the i - th  molecule  in volume 

2xV; 
the number  n 9 of motecuIes  that have r e tu rned  to 

the object;  and 
the number  AN of molecules  that have undergone 

ref lec t ions .  
The v a l u e s  t i and At i a re  recorded  when the local 

va r ia t ion  of molecule  veloci ty  is  also s imula ted .  
The number  r~ of molecules  absorbed by a t rap  

is  recorded for  ca lcula t ion of the capture  coefficient  
of the trap. 

Fig.  2. F inding  the next segment  of the mo lec u l a r  
t r a jec to ry .  

The p a r a m e t e r s  that were  defined above as means  
of random values  a re  approximate ly  equal to the a r i th -  
met ic  mean  of the observed  va lues  in  N t e s t s :  

N N 

7 t , ;  r =  - 
N 

i=i  i=1 

N N 

The p a r a m e t e r s  that were  defined as probabi l i t ies  
of events are approximate ly  equal to the f requencies  
of these events in N tes t s :  

12~ - -  n# 
= - - ;  9 - - - - -  (t0) 

N N 

The ra t io  AN/N should be taken into account in e s t i -  
mat ing the accuracy of the calculat ion resu l t s .  We 

Fig.  3. Actual t rap designs (A, B, and C) and their  
schemat ic  r ep resen ta t ions  (a,b,  and c). 

did not es t imate  the accuracy  by the usual  s ta t i s t i ca l  
t e s t s ;  the ca lcula t ion  was stopped if s tabi l i ty  was ob-  
se rved  in  the appearance  of a given number  of s ign i -  
f icant f igures .  

The proposed method for calculat ing the p a r a m -  
e te r s  can be c a r r i e d  out without us ing a high-speed 
conqputer. The calcula t ions  were  made on a computer  
with a speed on the o rde r  of 20 000 operat ions  pe r  
second.  

The random laws were s imula ted  by the conven-  
tional method (using a p seudorandom-number  gen-  
e ra tor ) ,  which is descr ibed ,  for  example,  in [7]. 

The input data on the chamber  geomet ry  were  
wr i t ten  as  follows: the sur faces  were  given by equa-  
t ions in a fixed Car tes i an  coordinate  sys tem and the 
ne c e s sa r y  regions on these surfaces  were isolated by 
a special  sys tem of inequal i t ies .  Each surface was 
given a sign,  which coded i ts  physical  p roper t i es .  

The s imula t ion  p r og r a m was wri t ten  so that i t  did 
not r e qu i r e  changes when a new chamber  with d i f fe r -  
ent geomet ry  was calculated;  o n l y d a t a o n t h e  geometry  
and physical  p roper t i e s  of the surfaces  of the new 
chamber  need be entered,  This p rogram un iversa l i ty  
was achieved as a r e su l t  of a uni form method of t r a c -  
ing molecule  t r a j ec to r i e s .  The method is explained in  
g r e a t e r  detai l  with the aid of Fig~ 2. 

Table 1 

Values of l for Sphere with Diffuse Radiation 

N 2000 I 6000 10000, 14000 18000 30000 TheoretiCalvatue 

/- 8.53 8.35 8.40 8,44 8.49 8.19 I 8.34 
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Table 2 

Values of l for Sphere with Uniform Radiation 

J N 2000 4000 

1 7 7.07 6.77 

6000 

6.73 

10000 18000 

6.73 6.69 

Theoretical 25000 value 

6.66 6.67 

Let a molecule a r r i ve  at point A from point M 
(previous step) and let  it be requi red  to de te rmine  the 
next segment  of its t r a j ec to ry ,  i . e . ,  the segment  AB. 

Table  3 

Capture Coefficients ~ for Actual and Schematic 
Traps  

Number o f  tests 
Diagram 

,000 13000 "t I 60~ 70~ I  600 1 06 ,oo  

Fig. 3,A O. 247 O. 248 

Fig. 3,a 0.272 0.284 

Fig. 3,B 0.250 0.244 

Fig. 3 ,b  0.300 0.302 

Fig. 3, C 0.524 0.516 

Fig. 3,c 0.468 0.472 

3.242 0.243 

0.278/0,278 

0. 238 ]0.238 

0,291 [0,292 

0.519 0,518 

0,477 0.475 

0.246 10.248 

0.281 10.284 

0.241:0.241 

0.293 10.293 
! 

0.516:0 515 

0.473 0.475 

0.248 0.246 

0,282 0.281 

0.241 3.241 

0.292 3.290 

o.518 Io.517 

0.476 10.473 

We rep re sen t  the equation of l ine L in p a r a m e t r i c  
form: 

X = X o --}- Oxt, Y = Yo "~ Vyt ,  Z = Zo + vzt, (11) 

where x0, Y0, and z 0 are the coordinates  of point A 
and v = (Vx, Vy,Vz), which is obtained by s imula t ion  
of the corresponding laws. The sense of the veloci ty 
vec tor  is given by the condition 

(A,~, n).(v, n) > 0, (12) 

where n is the normal  to the surface  at point A. Con- 
dition (12) means  that AM and v are on the same side 
re la t ive  to the normal .*  The points of in te r sec t ion  of 
l ine L with the sur faces  are  found by solving Eq. (11) 
jointly with the equations of the sur faces .  The requi red  
point (point B) is found by sort ing all points and e l i m-  
inating the extraneous ones by means  of a sys tem of 
checks.  In the f i r s t  place,  points that do not belong 
to the isolated regions a re  e l iminated  (point B l in Fig.  
2 would be e l iminated by this c r i te r ion) .  Then, the 
points that l ie i n t h e  opposite d i rec t ion of the flight of 
the molecule  a re  e l iminated.  These points would c o r -  
respond to negative col l is ion t imes ,  since the veloci ty 
vec tor  obeys condition (12). In Fig.  2, this is point 
B3. F r o m  the r ema in ing  points we select  the one c los -  
est  to point A, which will be the des i red  point (point 
B). 

There are special  cases  in which more  economical  
s imula t ion  is poss ib le .  In de te rmin ing  the capture 
coefficient,  it  is often sufficient to cons ider  a two- 

d imens ional  ra the r  than a t h ree -d imens iona l  model of 
a t rap  or  chamber .  This s impl i f ies  the wri t ing of input 
data and reduces  computat ion t ime.  In this case ,  the 
calculat ion is per formed by a separate  p rogram.  

In calculat ing designs with periodic e lements ,  it  is 
sufficient  to indicate only one s tandard segment  and 
the means  of its periodic continuation.  This s imp l i -  
f ies  calculat ion of the p a r a m e t e r s  of open t raps ,  i . e .  ,, 
those with outputs not only to the working space of the 
chamber  but also to adjacent  t raps .  The amount of 
input data can also be reduced when the p a r a m e t e r s  of 
t raps  with a s y m m e t r y  plane a re  calculated.  In this 
case ,  it is sufficient to descr ibe  only half of the t rap  
and to code the s y m m e t r y  plane as a surface with m i r -  
r o r  ref lect ion.  

S ta t i s t i ca l - s imula t ion  p rog rams  have about one 
thousand t r i p l e - a d d r e s s  ins t ruc t ions .  The computat ion 
t ime is  a function of the complexity of the geometry  
and of the des i red accuracy.  In the following sect ion,  
we shall  give examples  of calculat ion of severa l  de-  
s ign ve r s ions ,  which will allow the effect iveness  of the 
method to be judged. 

Mean Path of Molecule in Spherical  Chamber .  To 
get an idea of the accuracy  obtained when the p a r a -  
me te r s  are  calculated by the Monte Carlo method, let 
us compare  the r e su l t s  of computer  calculat ion with 
the exact values  for  a spher ica l  chamber .  Fo rmu la s  
(15) and (16), below, are also of in te res t  for rough 
calculat ions  of the p a r a m e t e r s  of complex chambers .  

We shall consider  a spher ica l  chamber  of radius  
R on the inside surface  of which is placed a point 
source  with a diffusive law of radiat ion.* The chamber  
surface  ref lec ts  molecules  with probabi l i ty  Y, and r e -  
f lection is also diffuse. We shall  be in te res ted  in the 
mean  path of a molecule  1. For  the random v ~ u e ~ -  
(path) we can wri te  the equation 

l = d ~ Al ,  (13) 

where d is the length of the f i r s t  segment  of the t r a j e c -  
tory and A is a random value that takes on values  of 
1 and 0; a probabi l i ty  of 1 equals y. Convert ing to 
mean  values  in (13), we obtain l = d + 71; hence,  

i =  (14) 
1 - - y  

It r e m a i n s  to calculate  d, i . e .  , the mean  length of the 
chords drawn f rom the radia t ion point according to the 
diffusion law. Standard calculat ion gives d =4R/Tr, 

*With the escape of a molecule ,  the di rect ion is 
selected by means  of the normal  to the surface  of the 
source ,  which must  be or iented to the requi red  side. 

*The following diffusive law is assumed:  angles | 
and r which de te rmine  the d i rec t ion of flight of the 
molecule ,  are  d is t r ibuted  uni formly  on the in te rva l s  
[10,~/2] and [0,2~], respec t ive ly .  
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Table 4 

P a r a m e t e r  Values for  Cyl indr ica l  Chambers  

Diagram and Number of  tests 

parameters 100 t 500 I000 1500 2000 2500 2700 

-V 

Fig. 4a AI  

Fig. 4b ~ l  
P 

92.91 [ 94.53 
0.036 i 0.052 
0.56 0,51 

f / l .16  1 68.01 
0.026 0.041 
0,44 0.39 

95.30 
0.042 
0.49 

67.90 
0.034 
0.38 

96.13 
0.040 
0.50 

67.73 
0.036 
0.39 

96.00 
0.047 
0.50 

57.51 
0.034 
0.38 

95.50 
0.051 
0.5t 

67.40 
0.034 
0.39 

95,20 
0.050 
0.51 

67.41 
0.033 
0.39 

which, subst i tuted into (14), g ives  

r 4R (15) 

Computer  r e su l t s  for  R = 2 and 7 = 0.7 are  shown 
in Table  1. S imi la r  r e su l t s  for  a source  with uni form 
radia t ion  (equal numbers  of molecu les  in all  d i r e c -  
tions) a r e  given in Table  2. In the case  of a uni formly  
emit t ing source ,  for  the mean path [ w e  have 

f =  R- - - .  (16) 

Capture Coeff ic ient  of the Trap .  F igure  3 shows 
c ro s s  sec t ions  of t r aps  fo r  which the capture  co -  
eff ic ient  o~ was ca lcula ted .  The proposed  method makes  
it poss ib le  to e s t ima te  the extent  to which the va lues  of 
the p a r a m e t e r  a d i f fe r  when calcula ted for  the actual 
and schemat ic  t r aps .  In Fig.  3, the r e l a t ive  d imens ions  
of the t rap  e l emen t s  for  which the coeff ic ients  ~ were  
computed are  mainta ined.  The c ryogenic  e l emen t s  a r e  

shown by sol id  l ines  in the actual  des igns  and bydashed 
l ines  in the schemat i c s .  

The calcula t ion r e su l t s  a re  given in Table 3. The 
calcula t ion was made fo r  a two-d imens iona l  t rap model .  

It was assumed that the points of en t ry  of mo lecu le s  
into the t rap  w e r e  un i fo rmly  dis t r ibuted on the input 
l ine and at each point the d i rec t ion  of en t ry  is taken 
f r o m  the p ro jec t ion  of the diffusive law of radia t ion 
onto the plane.  

P a r a m e t e r s  for  Cyl indr ica l  Chambers .  Let  us 
cons ide r  two chamber s  that a re  open c i r c u l a r  cy l -  
inders .  Cyl indr ica l  objects  a re  placed on the axes of 
the cy l inders ;  the height  of the object  equals the 
chamber  height.  Cross  sec t ions  of the chambers  a re  
shown in Fig.  4, in which the cryogenic  e lements  of 
the t raps  a r e  indicated by dashed l ines.  Molecu les  
a r e  absorbed by the c ryogenic  e lements  with a p r o b -  
abi l i ty of 1. In the s imula t ion  it was assumed that the 
t r a j e c t o r y  of a mo lecu le  ended when it hit a c ryogenic  
e lement  or  the sur face  of the object .  

Table 4 shows the calcula t ion re su l t s  fo r  the mean 
path l -of  mo lecu le s  in the chamber ,  the mean  path A1 
of molecu les  in i so la ted  volume AV, and the se l f -  
contaminat ion coeff ic ient  p. It was assumed that the 
points of escape  of the molecu le s  were  un i fo rmly  d i s -  
t r ibuted ove r  the sur face  of the object  and that the 
d i rec t ions  of escape  w e r e  dis t r ibuted in space ac -  
cording to the diffusive law. The re f lec t ion  of m o l e -  
cules  was diffusive.  In Fig.  4, the re la t ive  d imens ions  

of the chamber  e lements  co r respond  to the d imensions  
of the calculated des igns .  

F , 

Fig.  4. Cross  sec t ions  of cy l indr ica l  chambers :  
R = 20 cm;  R 1 = 15 em; r = 5 c m ;  chamber  height 

h = 60 cm.  

NOTATION 

N c i s  the number  of molecu les  in the chamber  under  
s t eady-s ta te  condit ions;  q and r a re  the source  and d i s -  
charge  in tens i t i e s ,  r e spec t ive ly ;  ~0 is  the mean con-  
cen t ra t ion  of the molecu les  in the chamber ;  n(M) is 
the local  concent ra t ion  of the molecu les  at point M of 
the chamber ;  S is the pumping ra te ;  t is the mean 
l i fe t ime of the molecu le s  in the chamber ;  1 is the 
mean path of the molecu les  in the chamber  before  
absorpt ion;  At and A[  a re ,  r e spec t ive ly ,  the mean 
r e s idence  t ime  and the mean path of the molecule  in 
an isolated volume AV; ~ is the capture  coeff ic ient  
of the t rap;  /3 is the shielding coeff ic ient  of the c r y o -  
genic e l ements ;  p is the se l f -con tamina t ion  coeff ic ient  
of the object;  N is the number  of tes t s .  
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