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Resul ts  a r e  presented  for  the solution of the p rob lem,  which is i nco r r ec t l y  formula ted  ac -  
cording to A. N. Tikhonov, of the e s t ab l i shment  of the molecu la r -ve loc i ty  dis t r ibut ion func- 
tion in a molecu la r  b e a m  based  on expe r imen ta l  values  of the intensi ty.  It  is indicated that 
the distr ibution function obtained has  a non-Maxwellian c h a r a c t e r .  

One of the methods of de te rmin ing  the veloci ty  dis tr ibut ion function f(v)  in a f ree-molecu le  flow is the 
method of mechanica l  se lect ion [1-3]. A s y s t e m  for  de te rmin ing  the function f(v)  b y t h e  indicated method 
consis ts  of a mechanical  s e l ec t o r  and a de tec tor .  The mechanica l  se l ec to r ,  located in the molecu la r  b e a m  
and rota t ing with veloci ty  w, passes  only those molecules  of the b e a m  having veloci ty  in a ce r ta in  range 
[v0 (w)-  /h  (w) , v0 (w) + A2(w)], the s o - c a l l e d  pass  band of the se lec to r .  The de tec tor ,  which is  behind the 
se lec to r ,  r e co rd s  the molecules  that pass  through it .  

A s imple  mechanica l  se l ec to r ,  which has  a number  of advantages  compared  to s e l ec to r s  used e a r l i e r ,  
is desc r ibed  in [4]. In the p resen t  paper  we desc r ibe  the method of p rocess ing  the expe r imen ta l  data o b -  
tained using such a se lec to r .  

We a s s u m e  that all  the molecu les  that  move toward the sl i t  in front  of the s e l ec to r  of the co l l ima to r  
move para l l e l  to its axis .  Then the dis t r ibut ion function f (v) ,  de te rmined  by the method of mechanica l  
select ion,  is  found f rom the equation 

r o t  h , 

I H (Vo, v) v/(v)  dv = J(Vo) (1.1) 
Vo--AI 

Here  f (v)  dv is the number  of molecules  per  unit volume having veloci ty  in the in te rva l  Iv, v + dv]; 
J(v 0) is the r eco rded  intensi ty  of molecules  having veloci ty  f rom the in terva l  [v0-A l, v0 + A2]; H(v0, v) is the 
se l ec to r  t r a n s m i s s i v i t y ,  equal to the ra t io  of intensi ty of molecules  of the b e a m  with veloci ty  f r o m  the in- 
t e rva l  [v, v + dr] a t  the exi t  of the s e l ec to r  to the i r  intensi ty  a t  the en t rance  to it  (outside the in terva l  [v 0 -  
A1, v0 +A2] the function H(v 0, v) = 0). 

For  a s y s t e m  that cons is t s  of a plane r e v e r s i b l e  s e l e c t o r  and a detect ing device,  desc r ibed  in [4] and 
[5], r e spec t ive ly ,  the function H(v0, v) has the f o r m  

H (v 0, v) = ~lK (v0, v) 

Here  V is the capture coefficient ,  equal to the ra t io  of the intensi ty  of molecules  that en te r  the se lec -  
to r  to the intensi ty  of the f ree -molecu le  flow in front  of the se l ec to r  (for the flow intens i ty  we take the in-  
tens i ty  r eco rded  by the de tec tor  in the absence of the se lec tor ) ,  and K(v 0, v) is the t r a n s m i s s i o n  function of 
the se lec to r ,  equal to the ra t io  of the intensi ty of molecules  having veloci t ies  v f r o m  [v, v + dr] ,  pass ing 
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through the se lec tor ,  to the intensity of molecules 
entering the se lec tor  (outside the interval  [v 0 + A 1, 
v 0 +A 2] the function K(v 0, v) - 0). 

The t r ansmiss ion  function of a plane r eve r s i -  
ble se lec tor  pract ical ly  agrees  with the t r ansmis -  
sion function of a single-ring two--slot se lec to r  [4]. 

Such a se lec tor ,  schemat ica l ly  presented in 
Fig. la, consists of a thin ring 1 of radius R with 

entrance slot 2 and exit slot 3 of width h. The slot 

of the collimator of the free-molecule flow 4 and 

the slot of the detec tor  part i t ion 5, the centers  of which together  with the center  of the ring O lie on the 
same axis O102, a re  presented there.  The ring rota tes  with angular  velocity w. The axis of rotation of the 
ring 1 is perpendicular  to the O102 axis ,  and the length of the twist a rc  of the se lec tor  equals s. 

It is convenient to consider  the interact ion of such a se lec tor  with a flow for h << R, using the d iagram 
represented  in Fig. lb .  Two thin s t ra ight  s t r ips ,  which are  represented  in this figure by the s t ra ight  lines 
E1E 2 and F1F 2, perpendicular  to the O102 axis,  move in opposite directions with velocity ~0R. The distance 
between the s t r ips  equals 2R; the width h of the entrance slot  2 and exit slot  3 at  the s tr ips  E1E 2 and F1F 2 
equals the width of the slot  of the col l imator  4 and the parti t ion 5. The distance f rom the center  of the exit 
slot  3 up to the OIO 2 axis at  the moment  at  which the center  of the entrance slot 2 lies on this axis equals 
s. The flow boundary between the col l imator  and the partit ion is represen ted  by the s t ra ight  lines G1G 2 and 
HIH2. 

Since, by assumption,  all the molecules  that pass into the col l imator  slit  move parallel  to the O102 
axis,  when the sl i t  2 passes  the sl i t  4 the se lec tor  admits only those molecules having velocities in the 
range [v, v + dv], which occur  within the para l le logram ABCD, whose sides AD and BC lie on the flow 
boundaries and equal vh/wR, and whose height is the diagonal BD. The para l le logram ABCD moves as a 
whole with velocity v along the O102 axis.  

In Fig. lb  the dotted line plots the t race  of the exit slot  3 on a plane that is r igidly coupled with the 
para l le logram ABCD. It is c lea r  that through the se lec tor  there pass molecules which occur  in the hatched 
portion of the pa ra l l e logram ABCD, lying on the t race  of the exit slot 3. 

The t r ansmiss ion  function of the se lec tor  K(v0, v) equals the ratio of the hatched a rea  S' to the total 
a rea  S of the pa ra l l e logram ABCD (S = h2v/wR). To calculate S' we note that it is the common part  of the 
para l le lograms  ABCD and A1BICID1, which is obtained for the intersect ion of the t race of the slit  3 with the 
boundaries of the flow G1G2 and ttlH 2 and is the m i r r o r  image of ABCD with r e spec t  to the LIL 2 axis.  If 
the distance MMI between the centers  of these para l le lograms is denoted by x, then, as can be easi ly shown, 
the a rea  S'  is determined f rom the express ion 

/ h (2a - -  x ) 2 / 4 a ,  a ~ x ~ 2 a  

[h(2a @ x ) 2 / 4 a ,  - - 2 a  ~ x ~ - -  a 

a = A D  = A 1 D  1 = h v / o ) R  

The distance x is determined f rom the equation 

(1.2) 

x = 2 R  - -  s v / ( o f t  (1.3) 

We shall call  the velocity v0 for which S' is a maximum (x = 0) the principal  velocity of the molecules 
passed by the se lec to r  rotating with angular  velocity w: 

v o = 2 R  2 o)/s  (1.4) 

Such an express ion  was obtained in [4] for molecules passed by a se lec to r  on which the quantity h ~ 0 .  

Using (1.2)-(1.4), we obtain an express ion  for the t ransmiss ion  function 

K (~) = 

( l  -~ 28 - -  y)2 / 4S2, 

(2e 2 - -  I ~- 2y  - -  y2) / 4s  
( i  - -  2e - -  y)2 / 4e2, 

I + ~ y ~ t  + 2 8  

i - - 2 e ~ y ~ i - - e  

(1.5) 
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Solution (1.1) is assumed to be unique. 

Here y = v0/v, and ~ = h / s  << 1. When the change in f(v) An 
the range of the pass band is small ,  the velocity distribution in 
the fl0w in front of the se lec tor  can be determined direct ly  f rom 
the measurement  resul ts .  Actually, f rom (1.5) and (1.1) we obtain 

1-{-'2e 

J ('~ = n~'~176 I &~(~2 dy n,oV (,0) ~ (~) 

Hence 

J (v) @ in (1 4- 2s) (t --  e)~ (1.6) 
! (v) n,'"~ (~) ' ~ (,8) = ( t - -  2~) 0 T" 

When it is impossible  to neglect the change in f(v) on the 
pass band (which is typical for high-velocity molecular  beams) ,  
we must  solve the integral  equation (1.1) with kernel  (1.5). This 
initial equation of selection is a par t icu lar  case of an integral  
equation of the f i rs t  kind, the problem of obtaining the solution of 
which is incor rec t ly  formulated in the genera l  case .  Many works 
(see, e.g.,  [6-10]) are  devoted to methods of solving such problems,  
which are  somet imes  called inverse  problems.  

In the present  study, in o rde r  to solve the integral  equation 
we use the method of regular izat ion,  proposed in [6]. According 
to this method the family of approximate solutions fG(v),  con- 
verging for G - - 0  to the solution (1.1) if  the r ight  side of J(v 0) is 
given exactly,  a re  ext remals  of the functional 

M= [/, J] = N [], ]] + aS [/] 
vo+A2 

vo--A ~ 

[-( d/'/z -I- ] ~] d v  
-Q [/l = I L\W] 

0 

For  the numerical  solution of this variat ional  problem we use a correspondingly modified method of 
local variat ions [11], and for the choice of the solution based on the pa rame te r  ~ we use the method of [9]. 

As J(v0) we use the given intensities obtained on an MP apparatus ,  descr ibed in [5], for fo rechamber  
p ressure  155 tor r .  As the molecular -beam source we use an argon jet, flowing f rom a sonic nozzle of 
radius 0.1 ram. The gas in the fo rechamber  is at  room tempera ture  (293~ The distance f rom the skim- 
mer  of the f i rs t  aper ture  up to a section of the nozzle for which the interact ion with the sk immer  did not 
per turb the velocity distr ibution functions was selected based on the method proposed in [12]. The param-  
e te rs  of the se lec tor  were such that ~ = 0.031. 

The distribution function obtained, normalized to the maximum value,is  shown in Fig. 2 (curve 1); 
along the axis of absc i ssas  we plot a quantity equal to the ratio of the velocity to  4-2--fiT. Figure 3 i l lus t ra tes  
the buildup velocity according to ~ of the moments of the distribution function of the mean velocity u and 
the root-mean-square  deviation {dispersion) 2RT. 

From the theorems proved in [6], in par t icular ,  it follows that to obtain fa(v) differing f rom solution 
(1.1) by no more than e '  the function J(v0) must  be given with corresponding accuracy,  and, inversely ,  the 
specifying of J(v0) with a cer tain accuracy  does not enable us ,  for decreas ing ce, to obtain fa(v) differing 
f rom the solution (1.1) by less than e0" It is thus natural to expect that the accuracy  of the solution obtained 
will be worse than the accuracy  of the experimental  data. And although the exact  dependence between them 
is not obtained, in t r ia l  calculations [13, 9] the accuracy  of the solution is approximately 1.5-2 t imes worse 
than the accuracy  of the initial data. 

A widely used method of obtaining the distr ibution function is the method of searching for the solution 
of Eq. (1.1) in a definite class  of functions with one or  severa l  unknown pa ramete r s  [14, 15]. These 
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paramete r s  are  chosen so that the left side of (1.1) in a cer ta in  sense differs little f rom the measured  value 
of J(v0). As is indicated in [10], this method makes sense if and only if the solution of the equation actually 
belongs to this c lass .  

In studies on the determinat ion of the distribution function in high-velocity molecular  beams it is 
usual to assume that 

/n (v) ~ v ~ exp [-- (v -- u) ~ / 2/~T] 

Here n, u, and T are pa rame te r s .  

Since the d i rec t  solution of Eq. (1.1) gives the possibil i ty of finding the distribution function f(v) and, 
hence, also its moments  u and 2RT, we can, using the lat ter ,  examine how close the functions fn(v) approx- 
imate the numerica l  solution of the equation of selection. The functions fn(V), normal ized  to the maximum 
value, for n = 0 and n = 1 are given in Fig. 2 (curves 2 and 3). A compar ison  shows that the molecular -  
velocity distribution function in the molecular  beam is not Maxwellian. 
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