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Molecular -beam methods have become widely used in recent  t imes for  the study of flows of 
raref ied gases  [1]. However,  the very  f i rs t  experiments  with molecu la r  beams for  a gasdy-  
namie source  [2] showed that the measured  intensities fell below theoretical  predict ions.  Most 
devices for  the creation of a molecular  beam by means of a gasdynamic source  have pumping 
equipment of comparat ively  low capaci ty  and beam format ion in them occurs  with residual gas 
present .  It was shown [3] that the res idual  gas penetrates  into the jet  and significantly reduces 
the intensity of the molecu la r  beam. This and subsequent work [4, 5] were confined to mea-  
surements  of intensi ty (density) and there are  no data in the l i te ra ture  on the ef fec t  of residual 
gas on other  pa rame te r s  of the distr ibution function. The present  work was devoted to a study 
of the effect of residual gas on the distribution function in a molecular  beam defined f rom a 
jet in the sca t ter ing mode [6]. The work was per formed on the smal l  mo lecu la r -beam genera -  
tor [7] and on the VS-4 low-densi ty  gasdynamic tube [8] at the Institute of Thermal  Physics,  
Siberian Branch,  Academy of Sciences of the USSR. Measurements  of the distribution function 
by the t ime-of-f l ight  method [9] w e r e p e r f o r m e d  on the small  molecu la r -beam genera tor  and m e a -  
surements  of gas density on the VS-4. 

The experiments  on the smal l  mo lecu la r -beam genera tor  were pe r fo rmed  in the following manner .  A 
molecu la r  beam was defined by means of a sk immer  f rom a jet  which was formed by escape of gas through a 
convergent  nozzle. The beam was modulated in the pos t - sk immer  chamber  and passed through a col l imator  
into the detection chamber  where it  was t ransformed into an electr ical  signal by an ionization detector .  The 
signal f rom the de tec tor  was fed into a recording sys tem for  s torage and averaging of information in o rde r  
to increase  the s ignal - to-noise  ratio~ Analys is  of the data f rom t ime-of-f l ight  measurements  was perfo .rrned 
by means  of  s ta t is t ical  regular izat ion [10]. The density n I I of the molecular  beam, the hydrodynamic velocity 
w [[ ' and the para l le l  translational  tempera ture  T i[ were calculated f rom the recons t ruc ted  distribution [11]. 
Th6 e r r o r  in the determination of these quantities'~tid not exceed 10-15%. The technique for  ca r ry ing  out ex- 
per iments  on the VS-4 using an electron beam is descr ibed in [12, 13]. 

The experimental  conditions are  tabulated in Table 1, where Re.  is the Reynolds number calculated f rom 
the p a r a m e t e r s  in the cr i t ical  section of the nozzle and f rom its d iamete r  d .  ; P0 is the stagnation p res su re ;  Pl 
is the p r e s s u r e  of the residual  gas in the expansion chamber;  N = P0/Pl is the p r e s s u r e  ratio; Re L = Re,/./N-~ 
S [I = w J ~ / m  is the velocity ratio [14]; k is the Boltzmann constant; m is the mass  of the gas; Tf is the 
limiting translational  tempera ture ;  and T o is  the stagnation tempera ture .  Technical ly pure nitrogen with a 
stagnation temperature  of approximately 290~ was used as the working gas .  

The effect of the residual gas  in the p o s t - s k i m m e r  chamber  on the p a r a m e t e r s  of the molecular  beam was 
studied in the f i r s t  set of experiments  (see Table 1, modes 1-3)o For  this purpose ,  the p res su re  P2 of the r e s i -  
dual gas in the p o s t - s k i m m e r  chamber  was varied by throttling the evacuation sys tem between the limits 2 o 10 -6 
and 90 .10  -8 mm Hg with fixed stagnation conditions and unchanged n o z z l e - s k i m m e r  distance. The p ressu re  
in the detection chamber  remained roughly constant. 

Figure  la ,  b shows the molecu la r -beam density n It and the velocity rat io s/I  as functions of the p r e s -  
sure  P2 for  two tabulated modes:  1 (curves 1 and 3) and 2 (curves 2 and 4). The values of nil and S I[ were 
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n o r m a l i z e d  to t h e i r  m a x i m u m  v a l u e s  n m and Sm,  wh ich  w e r e  ob ta ined  b y  e x t r a p o l a t i n g  the  d a t a  to P2 = 0. An 
i n c r e a s e  in  the p r e s s u r e  of the  r e s i d u a l  g a s  in  the  p o s t - s k i m m e r  c h a m b e r  f r o m  2 �9 10 -6 to N 60 "10 -6 g i v e s  
r i s e  to a c o n s i d e r a b l e  d r o p  in  d e n s i t y  (by rough ly  a f a c t o r  of  2) f o r  m o d e  2,  wh i l e  the  v e l o c i t y  r a t i o  shows  no 
m a r k e d  change~ In th i s  r e g i o n ,  In n[I  depends  l i n e a r l y  on p r e s s u r e ,  With f u r t h e r  i n c r e a s e s  in 1~, t h e r e  i s  
o b s e r v e d  a t e n d e n c y  t oward  a r i s e  in  d e n s i t y  and a d r o p  in  the velociLy r a t i o  with the d e v i a t i o n s  f r o m  the i n i -  
t ia l  b e h a v i o r s  f o r  d e n s i t y  and v e l o c i t y  r a t i o  o c c u r r i n g  a l m o s t  s i m u l t a n e o u s l y .  C u r v e s  1 and 3, which c o r r e -  
spond to m o d e  1 with the  s m a l l e r  Reyno lds  n u m b e r ,  show the s a m e  t r e n d ,  but  the  e f fec t  of r e s i d u a l  gas  in the  
p o s t - s k i m m e r  c h a m b e r  on the p a r a m e t e r s  of the m o l e c u l a r  b e a m  b e c o m e s  ev iden t  c o n s i d e r a b l y  s o o n e r .  

To u n d e r s t a n d  the r e a s o n s  fo r  such  b e h a v i o r  of  the d e n s i t y  and v e l o c i t y - r a t i o  c u r v e s ,  we c o n s i d e r  what  
i s  r e c o r d e d  by a d e t e c t o r  in  the m o l e c u l a r  b e a m .  When the p r e s s u r e  of the r e s i d u a l  gas  i s  i n f i n i t e l y  low,  only  
m o l e c u l e s  in the  de f ined  b e a m  a r e  i n c i d e n t  on the d e t e c t o r ~  G r a d u a l  i n c r e a s e  in p r e s s u r e  l e a d s  to s c a t t e r i n g  
of t h e s e  m o l e c u l e s  and to  an i n c r e a s e  in  the  f r a c t i o n  of  r e c o r d e d  b a c k g r o u n d  m o l e c u l e s .  As long as  the  f r a c -  
t ion of b a c k g r o u n d  m o l e c u l e s  i s  s m a l l ,  the d e c r e a s e  in  r e c o r d e d  d e n s i t y  i s  e xpone n t i a l .  Changes  in  h y d r o d y -  
n a m i c  v e l o c i t y  and t e m p e r a t u r e  a r e  not  o b s e r v e d ,  s i n c e  the d e t e c t o r  on ly  s e e s  t h o s e  m o l e c u l e s  which d id  not  
u n d e r g o  c o l l i s i o n  o r  ~ h i c h  w e r e  s c a t t e r e d  at  s m a l l  ang l e s  on the  pa th  f r o m  the s k i m m e r .  F u r t h e r  i n c r e a s e  in 
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P2 leads to an increase in the contribution from molecules of the residual gas to the time-of-flight signal, 
~aich leads to a gradual broadening of the distribution function, to a decrease in the rate of fall of the density, 
and then to a r i se  that is proport ional  to the increase  in P2. Starting at some p re s su re ,  the detec tor  will r ecord  
mainly molecules  of the residual  gas from the p o s t - s k i m m e r  chamber .  Noticeable changes in the moments  of 
the distribution function s ta r t  at lower res idua l -gas  p r e s su re s  for  modes with lower beam-par t i c l e  densit ies 
at the entrance to the sk immer  (curves 1 and 3 in Fig.  1). 

The density dependence on the p r e s s u r e  P2 (in the l inear portion of Fig. la) can be descr ibed by means 
of the classical  scat ter ing formula  

nil/nm ---- exp(-..qn,12), (11 

where q i s  the differential scat ter ing c r o s s  section; n 2 is the number  density of res idua l -gas  molecules  in the 
pos t - sk immer  chamber;  and 12 is the distance in which scat ter ing occurs .  One can find q f rom Eqo (1) by using 
the dependence of ntt/n m on P2 (see Fig. la) and by assuming the dis tance/2 is equal to the l inear  dimension of 
the pos t - sk immer  chamber .  The n i t r ogen -n i t rogen  differential scat ter ing c ross  section calculated in this way 
was found to be approximately 110 o 10 -is cm 2, which is  consistent  with the resul ts  of o ther  authors.  

A second set  of measurements  was devoted to a study of the effect of residual gas in the expansion cham-  
ber  on the recorded  pa rame te r s  of the molecular  beam. The measurements  were made over  the following pa- 
r a m e te r  ranges:  Re , ,  f rom 75 to 300; P0/Pl, f rom 200 to 3000; Re L, f rom 1.4 to 15; the measurements  were 
car r ied  out on the small mo lecu la r -beam genera tor  and on the VS-4 (see Table 1, modes 4-13 and modes 14-20, 
respectively).  Typical examples of the changes in the molecu la r -beam density n [~ (in a rb i t r a ry  units) and in 
the velocity rat io S [I as a function of the n o z z l e - s k i m m e r  distance in units of n6zzle- t ip  diameter ,  x+ = x / d , ,  
are shown in Fig. 2a, bo The measurements  were made under constant stagnation conditions and varying p r e s -  
sures  of the residual  gas.  Scattering in the p o s t - s k i m m e r  chamber  was taken into account in the analysis of 
the resul ts .  The r i se  in the density and veloci ty-ra t io  curves  in the initial port ion (at small  x~ was caused by 
gradual opening of the sk im mer  because of an inc rease  in the Knudsen number  of the sk immer .  The skimming 
effect does not depend on the p r e s s u r e  in the surrounding space.  In the absence of other  causes having an ef-  
fect  on beam pa rame te r s ,  therefore ,  measurements  of n |1 and S II for  all Pt should fall on a single curve.  Such 
a coincidence occurs  only at small  x+ within the limits of 'exper imental  e r r o r .  As x+ inc reases ,  the depar ture  
f rom a common curve occurs  ea r l i e r  when Pl is higher.  Fur ther ,  the density and velocity ratio pass through 
a maximum and decrease  with subsequent increase  in x+. Such behavior  of n l[ andSi i  was also noted for other 
modes.  The density and velocity ratio also decrease  when there is an increase  in the p ressu re  of the sur round-  
ing space at a fixed distance f rom the nozzle.  Since a study of sk immer  interact ion is not the subject of this 
paper,  all the resul ts  in the following will be given only for  distances x+ downstream from the maxima  of n ]I 
and S I[ where the s k i m m e r  interaction can obviously be neglected (for the three modes shown in Fig. 2, the 
Knudsen numbers  calculated f rom the local mean free path in the sk immer  cutoff and f rom the d iameter  of the 
cutoff evaulated at the maxima of the curves  in Fig. 2a a re  3.5, 2.25, and 1.3 for modes 11, 12, and 13, re -  
spectively; for  the Other modes (4-10) the Kaudsen numbers  a re  higher  than those given). 

Figure 2c shows measuremen t s  of the density n on the axis of the jet normal ized to the stagnation density 
n o for  the same conditions as in the ease of Fig. 2a, b. Calculated resul ts  for  isentropic  flow at I / =  1.4 (I/ is 
the ratio of heat capacit ies) are shown by the solid lineo In  regions c lose  to the nozzle, the density in the jet 
agrees with calculated values and iris equal to the density in the surrounding space in regions removed f rom 
the nozzle.  While the density curve shows a r i se  f rom point A to point B when Re L ~- 15, which cor responds  
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to the structure of a diffuse Mach disk, such a rise is completely absent from Re L ~- 5 and a smooth transition 
occurs to a density equal to the density of the surrounding space. 

Figure 3 shows the distribution of the partial densities of the components on the axis of an N 2 jet escap- 
ing into a CO atmosphere (mode 20), which was obtained by means of an electron beam in earlier studies [15]. 
The measured partial density relative to the background density, n/hi, is plotted on the ordinate and the reduced 
coordinate X = x+/q r~ is plotted along the abscissa. Curve 1 is an isentropie calculation; curves 2-4 are, re- 
spectively, the total density, the density of the gas in the jet, and the density of the penetrating component from 
the surrounding space. According to Fig, 3, the deviation of the gas density in the jet from the isentropic cal- 
culation takes place in a region where the presence of molecules of the penetrating component cannot yet be 
recorded. 

The results shown in Figs. 2 and 3 were obtained with jets which are in the scattering mode. In this 
mode, gas molecules having a directed velocity collide with molecules penetrating into the jet from the sur- 
rounding space~ These collisions lead to the appearance of scattered molecules of the gas in the jet. If the 
gas in the surrounding space has the same composition as the gas in the jet, (which happens in most cases 
except for specially formulated experiments [6, 15]), the molecules of the surrounding space and the scattered 
molecules from the jet are indistinguishable. These two types form a gas background in which scattering of 
molecules with a directed velocity in the jet occurs. As is clear from Fig. 2c, the density of this background 
is almost constant and is considerably higher than the density of the unscattered molecules. 

Both unseattered molecules from the jet and background molecules are incident on the molecular-beam 
detector. The number of background molecules reaching the detector can be estimated from formulas for an 
effusion source with a temperature and pressure equal to that in the surrounding space and with an opening 
having a diameter equal to the diameter of the skimmer cutoff~ The molecular-beam density for efflux into a 
vacuum and S[I ~_ 3 is given by [14] 

n~n-z~ S~ § (2) 
', 2 , ' \ z f / ,  

w h e r e  n i s  the gas  d e n s i t y  in the cutoff  of a s k i m m e r  of r a d i u s  r;  L i s  the s k i m m e r - d e t e c t o r  d i s t a n c e .  Th i s  
e x p r e s s i o n  was  ob ta ined  f o r  the c a s e  w h e r e  the l a s t - c o l l i s i o n  s u r f a c e  i s  u p s t r e a m  of  the s k i m m e r .  A c c o r d i n g  
to [16], the  d e n s i t y  on the axis  of the j e t  h a s  the f o r m  

= B ~ ,  (3) 
no x~'~ 

w h e r e  B _~ 0.089 f o r  T = 1.4. An e s t i m a t e  of  xf can  be  m a d e  f r o m  the va lue  of  the l i m i t i n g  Mach  n u m b e r  Mf 
[14] a s s u m i n g  that  the  f low i s  con t inuous  and i s  d e s c r i b e d  by  i s e n t r o p i e  r e l a t i o n s  f o r  T = 1.4 up to Mf~ In that  
case, 

x f /d ,  .~" (pod, l:ro)~/v. 

The d e p e n d e n c e  of the l i m i t i n g  M a t h  n u m b e r  on the r a t i o  of hea t  c a p a c i t i e s  in the  f o r m  given  in [14] was  only  
e x p e r i m e n t a l l y  conf . i rmed f o r  a r g o n  but  the  d e p e n d e n c e  o f x f / d ,  on the  p a r a m e t e r s  P0' d . ,  and T O o b v i o u s l y  i s  a l s o  
m a i n t a i n e d  f o r  o t h e r  g a s e s .  T h e r e f o r e ,  

xdd,  N (p0d,,,~0)~. {4) 
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The choice of  ce is made in accordance with measurements .  Upon substitution of Eqs. (3) and (4) into Eq. (2) 
we obtain 

(5) 

This express ion indicates that the density in the molecular  beam is constant and its level is determined by 
stagnation p a r a m e t e r s  downstream from the las t -col l i s ion  surface.  The number  of molecules  with directed 
velocity at the detector  in the molecular  beam, as calculated f rom Eq. (5), is two to three o rde rs  of magnitude 
g rea te r  than the number  of background molecules  reaching the detector  over  almost  the entire region of mea-  
surement .  

Scattering in the expansion chamber  can be considered in the same way as i n the  pos t - sk immer  chamber :  

1l I1 ~ tl--e--q'na(~'--x--), (6) 

where ql is the differential sca t ter ing c ros s  section determined f rom the kind of gases  in the jet and in the 
surrounding space and f rom the solid angle of the s k i m m e r - d e t e c t o r  system; x 1 is the distance f rom the nozzle 
tip along the axis of the jet; x_ is the coordinate of the beginning of the scat ter ing region with a constant back- 
ground density; n_ is the density in the molecular  beam at a n o z z l e - s k i m m e r  distance equal to x... In a e c o r -  
dance with Fig.  2c, the density of background molecules  can be assumed equal to the density n 1 of the gas in the 
surrounding space.  The validity of the use of such a scat ter ing law for  molecules  reaching the detector  was 
f i rs t  demonstrated in [3]~ In the present  work, as in [3], the quantity In n I! depends l inearly on the coordinate.  
Results obtained at large values of the normalized coordinate X > 0~ are an exception. In this region, the 
contribution to the measured  signal f rom background molecules  becomes comparable  to that made by molecules 
having a directed velocity. The density n_ and the coordinate  x_ are not determined in Eq. (6). Thei r  indeter-  
minacy is associated with the fact  that there is no sharp boundary between efflux into a vacuum and into a sca t -  
tering region with a constant density of scat ter ing par t ic les ;  it is assumed n_ - n ~  The question of the value 
of x- will be discussed below. 

According to [6], the p a r a m e t e r  R = d,  p~rP~0p~/T 0 is a s imi lar i ty  cr i te r ion  for  the penetration process  in 
the scat ter ing mode. In [17], an analogous cr i ter ion,  ReL, was proposed for  general izat ion of the penetration 
process .  At constant To, Re L ~ d .  r i .e. ,  it agrees with the pa rame te r  R to the o rde r  of a constant factor .  
The s imi lar i ty  c r i t e r i a  R and Re L are the inverse  of the Knudsen number  o" based on the length of the mean 
f ree  path in the surrounding space and the maximum dimension of the jet evaluated in accordance with [16]. 

It was shown [17] that the prof i les  of the density of the gas in the jet and the density of the penetrating 
component are general ized in te rms  of the s imi lar i ty  coordinates ( n / n 0 ) B / ~  ~ X for  constant ReL" Much the 
same s imi la r i ty  can be expected for  the density in the molecular  beam. Indeed, the resul ts  shown in Fig. 4 for  
the measured  density n [i in the scat ter ing mode expressed in terms of the variables  } and/3, where } = in 
[n[r p02Ce-I/(s2ii + 1/2)], and fi=x+pt, fall on a single s t ra ight  line when Re L = const.  Pa r ame te r s  which remain 
constant in the experiments are  omitted.  F rom the s imi lar i ty  of the scat ter ing p rocess  (Fig. 4) follows the fact 
that the product  x.. Pl is unchanged when Re L is fixed and that neglecting it can only give an additive d isplace-  
ment of the origin along the x axis, which is unimportant  for the present  discussion.  

The exponent ce was taken to be 0.4. Here,  as in the following graphs,  the data shown correspond to r e -  
gions of decrease  in density and velocity ra t io  as x+ inc reases  (Fig. 2a, b), i .e. ,  to conditions where sk immer  
interaction has little effect. 

As is c lear  f rom Fig.  4, the slope of the lines is determined by Re L. The smal le r  Re L, the s teeper  the 
slope is and the more  intense the scat ter ing.  One can assume that the scat ter ing intensity is inverse ly  p ropo r -  
tional to ReL. The density in the molecular  beam then is 

,z,m (==,--=_) 
B r~ (P~ + )  IleL 

n ,  - -  Z -  ~ r  ~To)  ~ s~, + e 
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In this case ,  the dependence of } on fl+ = f l /Re  L should be constant  fo r  all Re L. This  conclusion i s  n ice ly  
conf i rmed  by  Fig .  5a where m e a s u r e m e n t s  at var ious  Re L are  shown. It should be noted that this g e n e r a l i z a -  
tion is  poss ib le  in the range  of Re L co r respond ing  to the region of app l icab i l i ty  of the condition requ i r ing  con-  
s tant  dens i ty  of the molecu les  in the s ca t t e r i ng  gas .  This  condition b r e a k s  down when Re L > 10-15 [15]. 

A c o m p a r i s o n  of the expe r imen ta l  da t a  with o the r  r e s u l t s  [3, 5] is  p r e s e n t e d  in F ig .  5b. The m e a s u r e -  
ments  of dens i ty  (or intensi ty)  in the p a p e r s  being compared  were  p re sen ted  in a r b i t r a r y  units and the re fo re  
the only compa r i son  pos s ib l e  i s  that of the s lopes  of the re la t ions  for  the densi ty  of the m o l e c u l a r  beam during 
s c a t t e r i n g  in t e r m s  of g e n e r a l i z e d  coord ina t e s .  F o r  this pu rpose ,  the s lopes  of the cu rves  compared ,  ~ = d �9 
(In })/dfil, are  plot ted along the o rd ina te  and/31 = q in lx l /ReL  is  plot ted along the a b s c i s s a .  At the p r e s e n t  t ime ,  
the authors  do not have publ ica t ions  avai lable  where  m e a s u r e m e n t s  of the veloci ty  d i s t r ibu t ion  function in the 
m o l e c u l a r  beam fo r  va r ious  P0 and Pl were  given toge the r  with the dens i ty .  In plott ing the expe r imen ta l  da ta  
in [3, 5], in gene ra l i zed  coord ina t e s ,  t he re fo re ,  the assumpt ion was  made  that the veloci ty  ra t io  was constant  
for  all x+ and equal to i t s  l imi t ing  value Sf ca lcu la ted  in accordance  with [13]o The convers ion  of the m e a s u r e d  
m o l e c u l a r - b e a m  in tens i ty  in these  p a p e r s  to dens i ty  was made by means  of the e~p re s s ion  n = I /wf ,  w h ~ e  wf 
i s  the hydrodynamic  ve loc i ty  de t e rmined  at the f reez ing  point.  The d i f fe ren t i a l  s ca t t e r ing  c r o s s  sect ion for  
n i t rogen was a s sumed  to be 110 o 10 -16 cm 2 and that fo r  argon, 149 o10 -16 cm 2 [5]~ 

As is c l e a r  f rom Fig .  5b, good ag reemen t  of the da ta  (shown by the points) was obtained with the r e su l t s  
�9 of [5] for  argon (curve 1, Pl = 2.26 mm Hg; curve  2, Pl = 4.52 mm Hg; curve  3, Pl = 6.8 mm Hg). Some i n c r e a s e  
in ~ as fit i n c r e a s e s  for  maximum Pl is  obviously  connected with the fa i lu re  to cons ide r  the change in veloci ty  
ra t io .  On the o the r  hand, the condition for  cons tant  dens i ty  of the sca t t e r ing  molecu les  is  not fulf i l led at lower  
p r e s s u r e s  of the r e s idua l  gas even at l a rge  d i s t ances  f rom the nozzle  tip~ The dens i ty  of the sca t t e r ing  gas 
d e c r e a s e s  u p s t r e a m  with a r e su l t an t  drop in the e f fec t iveness  of the p r o c e s s  and a cor respond ing  d e c r e a s e  in 
the s lopes  of the cu rve s .  The absence of genera l i za t ion  of the expe r imen ta l  da ta  in [3] fo r  n i t rogen  (curve 4, 
P0 = 10 m m  Hg; curve 5, P0 = 50 mm Hg; curve 6, P0 = 100 mm Hg) may resu l t  f rom the effect  of molecu les  
re f lec ted  f rom the r e a r  wall of the s k i m m e r  and f rom the var ia t ion  in ve loc i ty  r a t io  not taken into cons idera t ion  
in the compar i son .  

The effect  of s ca t t e r i ng  on the d i s t r ibu t ion  function is  i l l u s t r a t e d  in Fig~ 2b where  the va r ia t ion  of the 
ve loc i ty  r a t i o  i s  shown as a function of the n o z z l e - s k i m m e r  d is tance  for  th ree  modes  with vary ing  p r e s s u r e s  
in the sur rounding space .  The d e c r e a s e  in veloci ty  r a t io  with i nc r e a s i ng  x+ may be assoc ia ted ,  f i r s t ,  with an 
i n c r e a s e  in the number  of molecu les  incident  on the d e t e c t o r  af ter  co l l i s ionwi th  the background gas ,  and, second,  
with an i n c r e a s e  in the r e l a t i v e  f r ac t ion  of the molecu les  of the sur rounding  space  r e c o r d e d  by the de tec to r .  
The second effect should also lead to a change in the behav io r  of the densi ty  dependence o n d i s t a n c e  in the d i -  
rec t ion  of a r e l a t ive  i n c r e a s e  of the densi ty  above an exponent ia l ly  decreas ing  curve .  Such a r e l a t ive  i n c r e a s e  
in densi ty  was actual ly  noted at l a r g e  d i s t ances  f rom the nozzle  tip. However,  this effect was ins igni f icant  over  
the g r e a t e r  por t ion  of the range  of x+. Under these condit ions,  accord ing  to Fig .  5a, the va r i a t ion  of the dens i ty  
of a m o l e c u l a r  beam with s ca t t e r i ng  taken into cons ide ra t ion  is  p ropor t iona l  to the var ia t ion  of S2~r o 
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Figure 6 shows the generalization of the experimental data for temperature in the modes 4-13. The 
combination | = (TII -T0)/(T f - T  0) is plottedon the ordinate and the distance in reduced coordinates is plotted 
on the abscissa~ All the data fall on a single curve within the limits of experimental e r ro r .  Data related to 
the region of strong skimmer interaction do not generalize in terms of the reduced coordinates and are not 
shown here~ As is clear from Fig~ 6, all points fall below unity, i .e. ,  the temperature in the molecular beam 
nowhere reaches its limiting value (calculated from Sf). 

The authors are grateful to A. IL Rebrov for valuable discussions. 
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