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The idea of using the core  of a je t  of expanding gas to fo rm a mo lecu la r  beam has led to the 
const ruct ion  of complex gasdynamic  f ac i l i t i e s  andhas  p r e s c r i b e d  a number  of spec i f i c  r e -  
qu i rements  for  the c rea t ion  Of h igh- in tens i ty  mo lecu la r  beams .  Two bas ic  r e q u i r e m e n t s  
a r e  high pumping speed and a s k i m m e r ,  the f i r s t  e lement  in the b e a m - g e n e r a t i n g  sys t em,  
which does not r e a c t  app rec i ab ly  on the jet .  The p r e s e n t  a r t i c l e  gives the r e s u l t s  of an ex-  
p e r i m e n t a l  invest igat ion of condit ions for  c r ea t i ng  a molecu la r  beam f rom a je t  of carbon 
dioxide downst ream of a sonic nozzle .  The posi t ion of maximum intensi ty  with room t e m -  
p e r a t u r e  gas in the source  is given by the group of v a r i a b l e s  (po d*)~ Kn~. By m e a s u r i n g  
the in tensi ty  and by m a s s - s p e c t r o m e t r i c  ana lys i s  of a mo lecu la r  beam for  spec i f ic  condi-  
t ions we have es tab l i shed  the CO 2 p r e s s u r e  in the s tagnat ion chamber  at  which condensat ion 
begins.  The inves t iga t ions  were  c a r r i e d  out in a m o l e c u l a r - b e a m  gene ra to r  with c ryogenic  
pumping. 

The in te rac t ion  of a je t  with a s k i m m e r  has been the subjec t  of lengthy d i scuss ion  [1-5], which has 
sought to e luc ida te  the d i s c r epancy  between e xpe r i m e n t a l  and t h e o r e t i c a l  va lues  of the absolu te  beam in-  
tens i ty .  A deta i led  study of the effect of s k i m m e r  geomet ry  on the molecua r  beam intensi ty  has been given 
in [6, 7]. However,  the flow conditions in these  r e f e r e n c e s  differed widely,  while the je t  s t r uc tu r e  was dif-  
fuse,  as  a ru le .  Pene t ra t ion  of the background gas into the je t  core  a p p r e c i a b l y  changes the m o l e c u l a r -  
beam p a r a m e t e r s  [8-11]. This  makes  it diff icul t  to c o r r e l a t e  the r e s u l t s  of b e a m - i n t e n s i t y  m e a s u r e m e n t s  
for  the di f ferent  s k i m m e r s .  

Addi t ional  p r o b l e m s  a r i s e  in expansions with condensation.  The effect of the s k i m m e r  on the c h a r a c -  
t e r i s t i c s  of a Condensed molecu la r  beam,  in pa r t i cu l a r ,  have not been studied.  

The p r e sen t  paper  gives the r e s u l t s  of an inves t igat ion of the in tensi ty  of a CO s mo lecu la r  beam formed 
f rom a j e t  downs t ream of a sonic nozzle,  over  a wide range  of s tagnat ion p r e s s u r e  (from expansion of a 
homogeneous gas to flow with condensation),  with n o z z l e - s k i m m e r  d i s tance  vary ing  f rom x = l n _ s k / d .  = 1 to 
134 c a l i b e r s .  Special  at tention was paid to the study of condit ions for  obtaining a molecu la r  beam with max-  
imum intensi ty ,  and with weak in te rac t ion  between the gas flow and the s k i m m e r .  

As well  as  measur ing  the to ta l  beam intensi ty ,  we conducted a m a s s - s p e c t r o m e t r i c  ana lys i s  of its 
composi t ion.  This  al lowed us to de t e rmine  the condit ions for  the s t a r t  of condensat ion in the expanding flow 
and to de te rmine  the effect of this  on the in tensi ty  of the molecu la r  beam. 

The expe r imen t s  were  c a r r i e d  out on a m o l e c u l a r - b e a m  gene ra to r  with cryogenic  pumping [12]. A 
genera l  view of the gene ra to r  and the a r r angemen t  of the ins t rumenta t ion  is shown in Fig .  1, where 1-3 a r e  
sec t ions  of the s k i m m e r ,  the co l l ima to r ,  and the working a r e a ,  4-6 a r e  n i t r o g e n - h e l i u m  cryogenic  pumps,  
7 is a lamp, 8, 9 a r e  windows, 10 is the CO s source ,  11 is the s k i m m e r ,  12 is the co l l ima to r ,  13 is a s c r een ,  
14 is the ef fuser  source ,  15 is a modulator ,  16 is a to ta l  in tensi ty  sensor ,  a n d l 7  is the s e n s o r  of a type 1V[X- 
7301 m a s s  s p e c t r o m e t e r .  The expe r imen ta l  ins t rumenta t ion  10-17 was mounted on t r a v e r s e  devices  which 
allowed it to be moved under vacuum condit ions for  ad jus tment  and for  c a l i b r a t i o n ,  and during the e x p e r i -  
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ment. The adjustments were carried out using the lamp for step-by-step adjustment of the skimmer, col- 
limator, source, sensor, and effuser source (during calibration). 

The following items were used in the experiments: a sonic nozzle of diameter 1.91 mm; an aluminum 
skimmer in the shape of a truncated hollow cone of internal opening angle 40 ~ and external angle 45 ~ with 
entrance aperture diameter of 4.11 mm, and length of conicl part 116 ram; a collimator with entrance aper- 
ture diameter 3.24 ram, a total intensity sensor, a type LM-2 ionization tube with sensitive aperture diam- 
eter 3 ram; a type MX-7301 analyzer with collimating aperture diameter 2.5 mm. The skimmer-detector 
distance was 887 mm. The method of synchronous detection [12] was used in recording the molecular beam. 

The experiments were conducted with technically pure carbon dioxide. The gas temperature in the 
source was maintained at room value, and the pressure was varied from 33 to 742 mm Hg. The rarefac- 
tion at sections of the molecular-beam generator was varied (in mm Hg) from 8 �9 10 -6 to 6 �9 10 -5 in the skim- 
mer, from 1 �9 10 -.6 to 4 �9 10 -6 in the collimator, and from 9 �9 10 -7 to 2 �9 10- 6 in the working section. The vac- 
uum characteristics of the molecular-beam generator have been published in [13]. 

Figure 2 shows several typical relationships between the absolute intensity I as a function of the noz- 
zle-skimmer distance x, normalized by the nozzle diameter. The pressure in the source was 33.2, 134.2, 
210.1, 361.5, and 742 mm Hg (curves 1-5, respectively). The numeral 6 denotes the theoretical dependence 
of I T on x, obtained for ? = 1.4 and p0 = 33.2 mm Hg in the case of free-molecular flow over the skimmer 
[14]. Thevalue of the adiabatic exponent is not known. However, for qualitative comparison of the calcu- 
lated data with the experiments one can take T = 1.4. This is close to the actual values, since the vibra- 
tional-translational relaxation was frozen [15] in all of the investigations. 

It has been established experimentally that for P0 < 190 mm Hg the expansion of CO 2 takes place with- 
out condensation. For these conditions we examine the variation of molecular beam intensity as a function 
of the relative nozzle-skimmer distance. 
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We c o m p a r e  the  s k i m m e r  with  the  m a s s  f lux s e n s o r .  The  b a s i c  cond i t ion  fo r  n o r m a l  func t ion ing  of 
the  p u - s e n s o r  is  t ha t  the  nose  d e n s i t y  s h o c k  should  be  swa l lowed .  Th i s  o c c u r s  fo r  : R e = . ~ = o ~ u ~ d / ~  > 40 

[16] (he re  po~, u~ a r e  the  gas  d e n s i t y  and v e l o c i t y  a t  the  s k i m m e r  e n t r a n c e ;  d is  the  s k i m m e r  d i a m e t e r ;  
and P2 i s  the  gas  v i s c o s i t y  behind  the  shock) .  The  v a l u e s  Rer = 10 in F ig .  2 a r e  i nd i ca t ed  by a v e r t i c a l  l ine .  
In a l l  c a s e s  t h e s e  va lue s  l i e  to  the  r i g h t  of t he  b e a m  i n t e n s i t y  m i n i m u m ,  fo r  which  R e ~ ,  2 v a r i e s  in the  r a n g e  
19-23,  i . e . ,  the  nose  shock  is  swa l lowed  in the  r e g i o n  of the  m i n i m u m .  T h e r e f o r e ,  the  n a t u r e  of the  r e l a -  
t i o n s h i p I  = f ( x ) i n t h e  s e c t i o n  b e f o r e  the  m i n i m u m  i n t e n s i t y  is  d e t e r m i n e d  e x c l u s i v e l y  by p r o c e s s e s  wi th in  
the  s k i m m e r ,  which  v a r y  in a c c o r d a n c e  wi th  the  v a r i a t i o n s  in the  Mach and R e y n o l d s  n u m b e r s  a t  the  s k i m -  
m e r  e n t r a n c e .  

S ince  no flow i n v e s t i g a t i o n s  w e r e  made  i n s i d e  the  s k i m m e r ,  our  r e p r e s e n t a t i o n s  of the n a t u r e  of the  
d e p e n d e n c e  of the  i n t e n s i t y  m u s t  be  c o n s t r u c t e d  f r o m  the g e n e r a l  q u a l i t a t i v e  o b s e r v a t i o n s .  

The  f low in the  s k i m m e r  can  be  c o n s i d e r e d  a s  f low in a n o z z l e  with a g iven  v e l o c i t y  d i s t r i b u t i o n  a t  
the e n t r a n c e ,  f o r  Moo >1.  F o r  f low e m e r g i n g  f r o m  th i s  nozz l e  the  c o l l i m a t o r  p e r f o r m s  the r o l e  of a s k i m -  
m e r .  

We note  tha t  f a c t o r s  such  a s  the  a p p e a r a n c e  of s h o c k  waves  in s ide  the  nozz l e ,  b o u n d a r y - l a y e r  g rowth ,  
and w i t h d r a w i n g  the s k i m m e r  f r o m  the  nozz l e  should  lead to a r e d u c t i o n  in the  a b s o l u t e  b e a m  in t ens i t y  

The p r e s e n c e  of a m i n i m u m  fo l lowing  the s h a r p  d e c r e a s e  in i n t ens i t y  in the  r e g i o n  w h e r e  the  n o s e  
shock  is swa l lowed  is  e v i d e n c e  of a t t e n u a t i o n  of the  e f fec t s  of c o n v e r s i o n  of k ine t i c  f low e n e r g y  into t h e r -  
ma l  e n e r g y  in the  shock  waves .  Th i s  may  be  a s s o c i a t e d  with  a c o r r e s p o n d i n g  a d j u s t m e n t  in the  shock  s t r u c -  
t u r e  (for  e x a m p l e ,  t r a n s i t i o n  f r o m  a Mach d i sk  to an x - s h a p e d  c on f igu ra t i on  and to a g e n e r a l  d i s a p p e a r a n c e  
of shocks  on the flow ax i s ) .  The ef fec t  of t h e s e  f a c t o r s  con t inues  to be  s e e n  even  at  g r e a t e r  x d i s t a n c e s .  

As  is known [16], m e a s u r m e n t s  m a d e  by p u - s e n s o r s  g ive  low v a l u e s  of m a s s  f lux fo r  R e ~ 2  @ 10. The 
r e a s o n  is that  f o r  i n c r e a s e d  f low r a r e f a c t i o n  the d i s p l a c e m e n t  t h i c k n e s s  i n c r e a s e s  and the  e f f ec t i ve  d i a m -  
e t e r  of the  s e n s o r  in le t  a p e r t u r e  d e c r e a s e s .  

In our  c a s e  in the  r e g i o n  Re~,2  ~ 10, in s p i t e  of the d e c r e a s e  in d e n s i t y  of the  i nc iden t  s t r e a m  wi th  
i n c r e a s e  of x, t h e r e  is  a s h a r p  i n c r e a s e  i n  the  r e c o r d e d  i n t e n s i t y  fo l lowing  the m i n i m u m .  This  is  ev idence  
of i m p r o v e d  p e n e t r a t i o n  of the  v i s c o u s  r e g i o n  i n s ide  the  s k i m m e r ,  and of a g r a d u a l  t r a n s i t i o n  to  m o l e c u l a r  
cond i t ions  in the  f low ove r  the  s k i m m e r  and the i n t e r n a l  flow. 

F i g u r e  3 shows the m o l e c u l a r  b e a m  i n t e n s i t y  a s  a funct ion  of p r e s s u r e  in the  s o u r c e  fo r  x = 1 3 4 ,  i . e . ,  
m a x i m u m  n o z z l e - s k i m m e r  d i s t a n c e  in the  p r e s e n t  e x p e r i m e n t s .  Here  the b r o k e n  l ine f o r  t he  p a r t i c u l a r  
c a s e  7 = 1 . 4  shows the  t h e o r e t i c a l  dependence  of  the  i n t ens i t y  on P0. 

F i g u r e  3 shows tha t  in the  r e g i o n  P0 < 190 m m  Hg, w h e r e  the  CO 2 expands  wi thout  c o n d e n s a t i o n ,  the 
b e a m  in t ens i t y  v a r i e s  v e r y  l i t t l e  with i n c r e a s e  in p r e s s u r e .  F a c t o r s  inh ib i t ing  the  i n c r e a s e  in i n t ens i t y  m a y  
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i nc lude :  1) i n c r e a s e  of i n t e r a c t i o n  with the  s k i m m e r  ; 2) a t t e n u a t i o n  in the n o n e q u i l i b r i u m  e x p a n s i o n  and 
a s s o c i a t e d  d e c r e a s e  in the  a d i a b a t i c  exponen t ;  and 3) the  d e v e l o p m e n t  of a f r e e - c o n d e n s a t i o n  p r o c e s s ,  an 
i n c r e a s e  in the n u m b e r  of d i m e r s ,  t r i m e r s ,  and so on. 

We now c o n s i d e r  the  e f fec t  of p r e s s u r e  P0 on b e a m  i n t e n s i t y  a t  c o n s t a n t  Knudsen  n u m b e r  ( K n J  a t  the  
s k i m m e r  e n t r a n c e .  The p a r a m e t e r  Knr i s  d e t e r m i n e d  in t e r m s  of the  i nc iden t  s t r e a m  p a r a m e t e r s  (we use  
a v i s c o s i t y - t e m p e r a t u r e  r e l a t i o n s h i p  with exponent  0.87 [17]) and the s k i m m e r  d i a m e t e r .  The p a r a m e t e r  
Kn~,  a long with the  Mach n u m b e r  (M J ,  which  can  be found, fo r  e x a m p l e ,  f r o m  the  r e l a t i o n s  g iven  in [18], 
d e t e r m i n e  the cond i t ions  fo r  i n t e r a c t i o n  of the  gas  wi th  the nose  of a s k i m m e r  of g iven  g e o m e t r y  and con -  
s t an t  t e m p e r a t u r e .  

With an i n c r e a s e  of P0 and wi th  Kn~ = c o n s t  the  n o z z l e - s k i m m e r  d i s t a n c e  i n c r e a s e s ,  and t h e r e f o r e ,  
if the  a d i a b a t i c  index is held cons t an t ,  the Mach n u m b e r  a t  the  s k i m m e r  e n t r a n c e  i n c r e a s e s .  Unde r  t h e s e  
cond i t ions  an i n c r e a s e  in Moo m u s t  lead  to l e s s  s c a t t e r i n g  of m o l e c u l e s  d u r i n g  i n t e r a c t i o n  with  the s k i m m e r ,  
and t h e r e  m u s t  t h e r e f o r e  be  an  i n c r e a s e  in the  r e l a t i v e  b e a m  in t e ns i t y ,  n o r m a l i z e d  to  the  t h e o r e t i c a l  va lue  
at  s o m e  va lue  of T = cons t .  The  da ta  in T a b l e  1 a r e  e v i d e n c e  of a c o n t r a r y  t endency .  (The t ab l e  shows v a l -  
ues  of n o r m a l i z e d  b e a m  i n t e n s i t y  I / I  T in the r e g i o n  p0 = 33-185 m m  Hg, and a l s o  the  v a l u e s  of n o z z l e - s k i m -  
m e r  d i s t a n c e  and Mach n u m b e r  ob ta ined  fo r  Kn~ = 1.5 and 7= 1.4.) 

F r o m  what  has  been  sa id  i t  fo l lows  tha t  the  p r e s e n c e  of f low i n t e r a c t i o n  with the  s k i m m e r  cannot  e x -  
p l a in  the  r e l a t i v e  d e c r e a s e  in the  b e a m  i n t e n s i t y  to  t he  r i g h t  of the  m a x i m u m  on the c u r v e s  (F ig .  2) fo r  the  
cond i t i ons  e x a m i n e d .  

We tu rn  now to e x a m i n a t i o n  of the  r e l a x a t i o n  e f fec t s  a s s o c i a t e d  with e n e r g y  exchange  in the  i n t e r n a l  
d e g r e e s  of f r e e d o m .  

A c c o r d i n g  to  e s t i m a t e s  us ing  the t e chn ique  of [19], the  t r a n s l a t i o n a l  r e l a x a t i o n  m a y  be f r o z e n  in the  
r a n g e  of P0 and x i n v e s t i g a t e d ;  and the  p r o c e s s  of v i b r a t i o n a l - t r a n s l a t i o n a l  CO 2 r e l a x a t i o n  is  f r o z e n  [151. 
The quantity Pod. v a r i e d  a p p r o x i m a t e l y  in the  r a n g e  60 to  400 m m  Hg.  ram,  and t h e r e  was  not  r o t a t i o n a l  
e q u i l i b r i u m  in the  j e t  [20, 21]. T h e r e f o r e ,  the CO 2 e x p a n s i o n  can  p r o c e e d  with a d i a b a t i c  exponent  7 even  
g r e a t e r  than 1.4, and an i n c r e a s e  in P0 l e a d s  to  a d e c r e a s e  in 7. F o r  a j e t  with f r e e  b o u n d a r i e s  the d e c r e a s e  
in the exponent  wi th  i n c r e a s e  of Pod, is a c c o m p a n i e d  by a d e v i a t i o n  f r o m  the e q u i l i b r i u m  d e n s i t y  d i s t r i b u -  
t ion be low the i s e n t r o p i c  va lue  and a d e c r e a s e  in Mach n u m b e r  on the j e t  a x i s .  F o r  e x a m p l e ,  f o r  a v a r i a -  
t ion  in T f r o m  1.5 to 1.4 the  c a l c u l a t e d  b e a m  i n t e n s i t y  d e c r e a s e s  by  a p p r o x i m a t e l y  a f a c t o r  of 3.3. 

A t h i r d  f a c t o r  is  the  p r e c o n d e n s a t i o n  p r o c e s s ,  which  a l s o  l e a d s  to a d e c r e a s e  in the m e a n - m a s s  a d i a -  
ba t i c  index,  a s  a r e s u l t  of the  r e l e a s e  of c o n d e n s a t i o n  hea t .  However ,  th i s  e f fec t  can  h a r d l y  be d e c i s i v e  
p r i o r  to  the  onse t  of c o n d e n s a t i o n ,  b e c a u s e  of the  s m a l l  f r a c t i o n  of p a r t i c l e s  f o r m e d  in the  t o t a l  f low. 

T h e r e f o r e ,  the  n a t u r e  of the  dependenc e  of I on P0 shown in F ig .  3 fo r  e x p a n s i o n  without  c o n d e n s a t i o n  
(P0 < 190 m m  Hg) i s  d e t e r m i n e d  m o s t l y  by the n o n e q u i l i b r i u m  n a t u r e  of the  e x p a n s i o n  and by the a s s o c i a t e d  
changes  in T. 

A m a t t e r  of v e r y  g r e a t  i n t e r e s t ,  f r o m  the  v i ewpo in t  of f inding  the  o p t i m u m  n o z z l e - s k i m m e r  d i s t a n c e ,  
is  the  p o s i t i o n  of the  m a x i m u m  on the i n t e n s i t y  c u r v e s .  In our  w o r k  we t r i e d  to c o r r e l a t e  the  a v a i l a b l e  ex -  
p e r i m e n t a l  i n f o r m a t i o n ,  in o r d e r  to d e t e r m i n e  cond i t ions  fo r  which  a m a x i m u m  i n t e n s i t y  is  found fo r  a g iven  

183 



m o l e c u l a r - b e a m  s y s t e m .  Reduc t i on  of the e x p e r i m e n t a l  r e s u l t s  of the  p r e s e n t  w o r k  and of [6, 91 has  shown 
a c o r r e l a t i o n  be tween  the group  Pod. which  d e s c r i b e s  the cond i t ions  of gas  e x p a n s i o n  in the  j e t  s t  a g iven  
s t a g n a t i o n  t e m p e r a t u r e ,  and Kn~ ,  which d e s c r i b e s  the  cond i t ions  fo r  f low o v e r  the  s k i m m e r .  It was  shown 
tha t  wi th  r o o m  t e m p e r a t u r e  CO 2 and N 2 a s  s o u r c e s  the p o s i t i o n  of the m a x i m u n )  was d e s c r i b e d  by a c o n s t a n t  

va lue  in the  g roup  (P0d, )~  = cons t .  F i g u r e  4 shows the  p a r a m e t e r  (p0d.)~ x Kn~ a s  a func t ion  of p r e s -  
s u r e  in the  s o u r c e .  C u r v e  1 r e f e r s  to the  p r e s e n t  r e s u l t s  ( s k i m m e r  of 40/45~ and c u r v e  2 shows the r e -  
su l t s  of [6] wi th  N 2 ( s k i m m e r  25/32 ~ with  d i a m e t e r s  of 0.76 and 1.12 mm) .  C u r v e  3 shows the  data  of  [9] 
with CO 2 (30/40  s k i m m e r ) .  In the  p r e s e n t  w o r k  the g roup  (P0d,)~ Kn~ = 7.7 (ram Hg.  mm) ~ up to P0 ~ 190 
m m  Hg. In [6] ( see  F ig .  4, c u r v e  2) the dev i a t i on  of the  quan t i ty  (P0d.)0 .4 .Kn~ f r o m  a cons t an t  va lue  is  e v i -  
den t ly  connec ted  with  the  ef fec t  of the m o l e c u l a r  b a c k g r o u n d  a t  the  e x p a n s i o n  sec t ion .  It was shown in [9- 
11] that  the  i n c r e a s e  in backg round  p r e s s u r e  a t  the  s k i m m e r  s e c t i o n  and c o n s t a n t  P0 l eads  to  a d i s p l a c e -  
men t  in the  p o s i t i o n  of the m a x i m u m  i n t e n s i t y  u p s t r e a m  with  a s i m u l t a n e o u s  d e c r e a s e  in a b s o l u t e  i n t e n s i t y  
l eve l .  It should be  noted tha t  the  p e n e t r a t i o n  of gas  f r o m  the s u r r o u n d i n g  v o l u m e  is due not  only  to the  l e v e l  
of the  backg round  p r e s s u r e ,  but  a l s o  to  the  f low cond i t i ons ,  i . e . ,  to t he  p e n e t r a t i o n  of the  je t .  It  was shown 
in [22] tha t  the  p a r a m e t e r  ReL=Re./(po/pl)l/2: can be  used  a s  a c r i t e r i o n  fo r  p e n e t r a t i o n  of the  j e t  by m o l e -  
cu l e s  of the  s u r r o u n d i n g  s p a c e ,  w h e r e  R e ,  is  the  R e y n o l d s  n u m b e r  b a s e d  on p a r a m e t e r s  a t  the  son ic  s e c -  
t ion and the nozz l e  ex i t  d i a m e t e r ,  and Pl is  the  b a c k g r o u n d  p r e s s u r e .  In [6] ( s ee  F ig .  4, c u r v e  2) the  e f fec t  
Of b a c k g r o u n d  b e c a m e  n o t i c e a b l e  fo r  p0 _< 150 m m  Hg; Pl -<4 �9 10 -3 m m  Hg and ReL-< 50. 

We now c o n s i d e r  the  s p e c i a l  f e a t u r e s  a p p a r e n t  in the  p r e s e n t  w o r k  a s  r e g a r d s  the d e p e n d e n c e  of t he  
i n t ens i t y  of a CO 2 m o l e c u l a r  b e a m  on p r e s s u r e  in the  r e g i o n  p0_> 190 m m  Hg. It can  be  s een  in F ig .  3 tha t ,  
s t a r t i n g  a t  P0 ~ 190 m m  Hg, the  subsequen t  i n c r e a s e  in p r e s s u r e  in the  s o u r c e  l e a d s  to an  i n c r e a s e  in b e a m  
in t ens i t y .  Even m o r e  ev iden t  is  a change  in the  n a t u r e  of t he  d e p e n d e n c e  of i n t e n s i t y  in P0 in F ig .  5, which  
shows the d e p e n d e n c e  of the  r a t i o  I / I T  n o r m a l i z e d  to the  t h e o r e t i c a l  i n t e ns i t y ,  on P0 a t  the  po in t s  of m a x i -  
m u m  (cu rve  1) and m i n i m u m  (cu rve  2). The  d e c r e a s e  in I / I  T changes  a t  P0 ~ 190 m m  Hg to a s h a r p  i n c r e a s e .  
The  e f fec t  o b s e r v e d  cannot  be exp la ined  on the b a s i s  of the  u s u a l  i d e a s  of e x p a n s i o n  of a homogeneous  gas  
s t r e a m .  To exp l a in  i t  we  m u s t  t h e r e f o r e  look to i d e a s  r e g a r d i n g  c o n d e n s a t i o n  in an expand ing  s t r e a m .  

A d e r i v a t i o n  tha t  an i n c r e a s e  in i n t e n s i t y  is  a s s o c i a t e d  wi th  the c o n d e n s a t i o n  p r o c e s s  was  f i r s t  made  
in [23]~ and was c o n f i r m e d  in [24, 25]. in the  s tudy  of condensed  p a r t i c l e s .  The  c o n d e n s a t i o n  p r o c e s s  l eads  
to a r e d u c t i o n  in the  m e a n - m a s s  a d i a b a t i c  index,  a n d t h e r e f o r e ,  to a r e d u c t i o n  in the  n u m b e r  d e n s i t y  of p a r -  
t i c l e s  on the j e t  a x i s ,  c o m p a r e d  with the  i s e n t r o p i c  d i s t r i b u t i o n .  Th i s  i s  c o n f i r m e d  by the r e s u l t s  shown 
in F ig .  4. In F ig .  4 i t  can  be  s e e n  tha t  in the  r e g i o n  p0=190-742  m m  Hg the  p a r a m e t e r  (P0d,) ~ . K n ~  does  
not  r e m a i n  cons t an t  wi th  i n c r e a s e  in P0, but  d i m i n i s h e s  con t inuous ly .  It is  i n t e r e s t i n g  tha t  the  n o z z l e - s k i m -  
m e r  d i s t a n c e  a t  which  the  m a x i m u m  and m i n i m u m  i n t e n s i t i e s  a r e  ob ta ined  r e m a i n s  p r a c t i c a l l y  unchsnged  
( see  F ig .  2) in sp i t e  of the  i n c r e a s e  in p0. 

The i n c r e a s e  in m o l e c u l a r - b e a m  i n t e n s i t y  seen  in F i g s .  3 and 5 in the  r e g i o n  P0 > 190 m m  Hg is a p -  
p a r e n t l y  a r e s u l t  of n o n e q u i l i b r i u m  e n r i c h m e n t  of the  j e t  ax i s  by heavy  c l u s t e r s  of p a r t i c l e s .  On c o l l i s i o n  
with  the w a l l s  in the  i n t ens i t y  s e n s o r  the  c l u s t e r s  d e c o m p o s e  r i g h t  down to m o n o m e r s ;  t h e r e  is  an i n c r e a s e  
in the  n u m b e r  of p a r t i c l e s  wi th in  the s e n s o r  v o l u m e  and in the  r e c o r d e d  s i gna l .  

The i n c r e a s e  in the  n u m b e r  of p a r t i c l e s  in c o n v e r s i o n  to m o n o m e r s  on the j e t  ax i s  m a y  be  a s s o c i a t e d  
with  the  fac t  tha t  the  t h e r m a l  v e l o c i t y  of the  c l u s t e r s  d e c r e a s e s  in the  c o n d e n s a t i o n  p r o c e s s ,  i . e . ,  the d i s -  
p e r s i o n  of the  c l u s t e r  p a r t i c l e s  d i m i n i s h e s .  In th i s  c a s e  an i n c r e a s e  in i n t e n s i t y  wi th  i n c r e a s e  of P0 i s  due,  
f i r s t l y ,  to t he  i n c r e a s e  in the  t o t a l  amoun t  of c o n d e n s a t e ,  and,  s econd ly ,  to an u p s t r e a m  shi f t  in the  c o n d e n -  
s a t i on  f r o n t  [26]. In the  p r e s e n t  e x p e r i m e n t s  the  ef fec t  of c o n d e n s a t i o n  and s e p a r a t i o n  fo r  P0 > 190 m m  Hg 
is a p p a r e n t  even  a t  d i s t a n c e  x-< 4, and the b e a m  in t ens i ty  in the i n i t i a l  e x p a n s i o n  s e c t i o n  not  only does  not  
d e c r e a s e ,  but  even  i n c r e a s e s  s o m e w h a t  with i n c r e a s e  in x ( see  F ig .  2). 

F r o m  F i g s .  2 and 5 ( cu rve  2), we can  o b s e r v e  tha t  the p r e s e n c e  of c o n d e n s a t e  p a r t i c l e s  in the  f low 
has  the  s t r o n g e s t  e f fec t  on the  i n c r e a s e  of i n t e n s i t y  in the  r e g i o n  w h e r e  t h e r e  is  m a x i m u m  in f luence  of v i s -  
cous  e f f e c t s ,  i . e , ,  in the  r e g i o n s  of m i n i m u m  a b s o l u t e  m o l e c u l a r - b e a m  in t ens i t y .  E v i d e n t l y  s c a t t e r i n g  of 

c l u s t e r s  i s  a p p r e c i a b l y  l e s s  than fo r  m o n o m e r s .  

The  u s e  of m a s s - s p e c t r o m e t r i c  d i a g n o s t i c s  has enab led  us to ob ta in  the  d e n s i t y  d i s t r i b u t i o n  of d i m e r s ,  
t r i m e r s ,  and q u a d r i m e r s  in the  m o l e c u l a r  b e a m  of CO 2 as  a func t ion  of P0 and x. F i g u r e  6 shows  the d e -  
pendence  of d e n s i t y  of d i m e r s , t r i m e r s ,  and q u a d r i m e r s  ( c u r v e s  1-3) on P0 fo r  x = 77. An  i n c r e a s e  in the 
n o z z l e - s k i m m e r  d i s t a n c e  does  not  change  the  n a t u r e  of the  d e p e n d e n c e .  The  m a x i m u m  fo r  the d i m e r s  is  

s e e n  a t  p0 = 190 m m  Hg. 
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The reduct ion in concentrat ion of d i m e r s , t r i m e r s ,  and quadr imers  for P0 > 190 mm Hg is evidence 
that there is a t ransi t ion in the p rocess  of nuclei formation to a process  of actual condensation, i.e., a v igor-  
ous growth of droplets  af ter  nuclei of cr i t ica l  s ize are  reached.  The origin of this p rocess  may be con- 
nected with the moment of formation of maximum dimer  concentration,  and assumptions were made in [25, 
27, 28] to descr ibe  thus,by the quantity Pod. at fixed gas tempera ture  in the source.  In our case Pod, ~365 
mm Hg" mm. 

Figure 7 shows the dimer  density as a function of x for source  p r e s s u r e s  : i20 ,200,  and 300 mm Hg 
(curves 1-3, respect ively) .  A decrease  in the number  of dimers  is observed only in the region where there 
is grea tes t  interaction of the flow with the sk immer .  

The resul ts  presented show how complex is the dependence of beam charac te r i s t i c s  on the physical  
process in the expansion of gases and on the conditions of interaction between the flow and skimmer. In 
many cases [3, 6, 8, i0, 11] a decisive factor is the flow regime and the residual gas pressure in the ex- 
pansion section. The data obtained have improved the conditions for choice of optimum parameters of a 
molecular-beam system. This question requires further development. 

The molecular beam generator described here, as the first measurements show, can be used to study 
the process of nonequilibrium gas condensation. 
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