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The r e l a t i o n  be tween  the r m s  f l uc tua t i on  of  a l igh t  c u r r e n t  and the d e n s i t y  f luc tua t ion  in a t u r b -  
u len t  l iquid  f low i s  c o n s i d e r e d .  C r i t e r i a  a r e  e s t a b l i s h e d  fo r  the e f f ec t  of  m e d i u m  t u r b u l e n c e  on 
the r e f r a c t i v e  index  and on l ight  a t t enua t ion .  E x p e r i m e n t a l  a p p a r a t u s  and new e x p e r i m e n t a l  
d a t a  a r e  d e s c r i b e d .  

T h e r e  e x i s t s  a r e l a t i v e l y  s m a l l  amoun t  of  d a t a  in the l i t e r a t u r e  on i n t e r a c t i o n  of l igh t  with a t u r b u l e n t  
a t m o s p h e r e  [ ] ,  2] and on l ight  t ran, , ,~niss ion th rough  a t u r b u l e n t  l iquid [3, 4]. 

The  f l uc tua t i ons  of f low v e l o c i t y  u '  in a t u r b u l e n t  c u r r e n t  c r e a t e ,  in tu rn ,  p r e s s u r e ,  t e m p e r a t u r e ,  and 
i m p u r i t y  c o n c e n t r a t i o n  f l uc tua t i ons .  

In th i s  p a p e r  we r e s t r i c t  the  c o n s i d e r a t i o n  to p u r e  m e d i a ,  whose  t u r b u l e n c e  i s  c h a r a c t e r i z e d  by f luc -  
t u a t i o n s  of f low v e l o c i t y  and t e m p e r a t u r e  on ly .  The  o r d e r s  of  p r e s s u r e  P '  and t e m p e r a t u r e  T '  f l uc tua t i ons  
a r e  then d e t e r m i n e d  by the  e q u a t i o n s  

P '  ~ @5 <u> u', T' .~. Led <uS-'grad <T> (0.]) 

He re  (p) i s  the  a v e r a g e  l iquid  dens i ty .  (u> i s  the a v e r a g e  flow v e l o c i t y ,  L i s  a c h a r a c t e r i s t i c  length ,  
and (T)  i s  the a v e r a g e  t e m p e r a t u r e .  

F o r  d e n s i t y  f l uc tua t i ons  of  the  m e d i u m  we have ,  c o r r e s p o n d i n g l y ,  

r , , _  09  p ,  
p' ~.~ ~iv 1 . • tP' ~ <.o5) ~0.2) 

w h e r e  (p) i s  the a v e r a g e  p r e s s u r e .  

The  quan t i t y  8plOp i s  i n v e r s e l y  p r o p o r t i o n a l  to the s q u a r e  of the  sound p r o p a g a t i o n  v e l o c i t y  in the  
g iven  m e d i u m .  

] .  F l u c t u a t i o n  o f  t h e  R e f r a c t i v e  I n d e x  o f  L i g h t  

The  r e f r a c t i v e  index n i s  r e l a t e d  to the m e d i u m  d e n s i t y  p by the L o r e n t z -  L o r e n z  equa t ion  [5] 

(n 2 --- 1)/(n ~ - . - 1 )  --. ('p (1.1) 

w h e r e  C i s  c o n s t a n t  for  the  g iven  m a t e r i a l .  

App ly ing  to th i s  func t ion  the w e l l - k n o w n  R e y n o l d s  ru l e  [61, we ob ta in  the fo l lowing  r e l a t i o n  be tween  
the f luc tua t ion  in the  l igh t  r e f r a c t i v e  index n' and the f luc tua t ion  in the m e d i u m  d e n s i t y  

3 (p) (<n) 2 __ t)-1 (n 'n '  - i  2 <n> n') - -  (n) ' -O'--  2 <n> n'O --  n 'n '9 '  0 t1.2) 

t t ence  we have  fo r  the  a v e r a g e d  f l u c t u a t i o n s  
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3 <p) (,h~/-\'-' .... I) -l (n 'n '> - 2 (n)  <n'P'> -t-. <n'n'p'> (1.3) 

Equa t ion  [1.3) connec t s  the r m s  f luc tua t ion  of  the  r e f r a c t i v e  index with the  f luc tua t ion  c o r r e l a t i o n s  
of  the  r e f r a c t i v e  index and of  the  m e d i u m  d e n s i t y .  G e n e r a l l y  ( for  a s t r o n g l y  n o n i s o t h e r m i c  g a s  f low,  o r  a 
l iquid  f low at n e a r l y  c r i t i c a l  t h e r m o d y n a m i c  p a r a m e t e r s )  the f luc tua t ion  m a y  be c o m p a r a b l e  to the  a v e r a g e  
densi th ' .  In an i s o t h e r m i c  o r  q u a s i i s o t h e r m i c  l iquid flow, h o w e v e r ,  p'<< (p) ,  and,  c o r r e s p o n d i n g l y ,  n '  << (n).  

In th is  c a s e  

n' ~ (n ~ - -  1) (n 2 a_ 2) p'/6n <p) [1.4) 

Subs t i tu t ing  (1.4) in the f i r s t  (main) t e r m  of  the r i g h t - h a n d  s ide  of t l .3) ,  we have  

<n'n') ~ [(n 2 - -  t)/3 (p)12(n2 -i- 2) (p 'p ' )  (1.5) 

IL should  be kept  in mind  that  the  a v e r a g i n g  o p e r a t i o n  i s  p e r f o r m e d  o v e r  the c o r r e l a t i o n  r a d i u s ,  s i n c e  
the  t i m e  it t a k e s  l ight  to t r a v e r s e  a d i s t a n c e  equa l  to a c h a r a c t e r i s t i c  t u r b u l e n c e  s c a l e  i s  much  s h o r t e r  
than the  t i m e  s c a l e  of e x i s t e n c e  of t u r b u l e n t  p e r t u r b a t i o n s .  

It i s  seen  f rom (1.5) tha t  the  r m s  f luc tua t ion  Of the r e f r a c t i v e  index of l ight  in a t u r b u l e n t  m e d i u m  i s  
nonvan i sh ing .  T h i s  i m p l i e s  that  the  e f f e c t i v e  r e f r a c t i v e  index  in a t u r b u l e n t  m e d i u m  i s  l a r g e r  than that  
d e t e r m i n e d  by i t s  p h y s i c a l  p r o p e r t i e s .  

Dens i t y  f l uc tua t i ons  due to t e m p e r a t u r e  v a r i a t i o n  a r e  u s u a l l y  i m p o r t a n t  in g a s e s ,  p a r t i c u l a r l y  in 
l ight  t r a m m n i s s i o n  th rough  the a t m o s p h e r e  of the e a r t h .  

F o r  p u r e  m e d i a ,  p a r t i c u l a r l y  for  l igh t  t r a n s m i s s i o n  in the  ocean ,  i s o t h e r m i c  cond i t i ons  m a y  a r i s e ,  
and t u r b u l e n c e  wil l  a p p e a r  th rough  the  ac t ion  of p r e s s u r e  f l uc tua t i ons ,  a s  if  the l a t t e r  a r e  s m a l l .  

F o r  T=  eons t ,  T ' =  0, and it fo l lows  f rom (0.1), (0.2), and (1.5), that  

(<n'n '))  '~ ~ (n ~- - -  1) r 2, , .~ ((u'u '~) ' . '  ..\u~'Z ,, (1.6) 

w h e r e  ~' i s  the d e g r e e  of  f low t u r b u l e n c e ,  and M is  the Mach n u m b e r .  

In f i r s t  a p p r o x i m a t i o n ,  o b v i o u s l y ,  it  m a y  be a s s u m e d  that  the a p p a r e n t  e n h a n c e m e n t  of  the  l ight  r e -  
f r a c t i v e  index in a t u r b u l e n t  l iquid  An T is  of  the  o r d e r  of the r m s  f luc tua t ion  of  the p h y s i c a l  r e f r a c t i v e  in-  
dex ,  i . e . .  

Ant  ~ ((n'n'))'.:, (1.7) 

To d e t e r m i n e  the v a r i a t i o n  of the  r e f r a c t i v e  index,  r e l a t e d  to the i n h o m o g e n e o u s  t u r b u l e n c e ,  the  e x -  
p e r i m e n t a l  a p p a r a t u s  shown s c h e m a t i c a l l y  in F i g .  1 was  m o u n t e d .  

The  b a s i c  unit  i s  an I T R - 1  i n t e r f e r o m e t e r ,  whose  p r i n c i p l e  of a c t i on  i s  b a s e d  on d i f f r a c t i o n  f rom a 
doub le  s l i t .  

A tnvo -chamber  ce l l  3,4 i s  l o c a t e d  on the path  be tween  the  d i a p h r a g m  1 and the o b j e c t  2. The c e l l s  
a r e  f i l l ed  by the i n v e s t i g a t e d  l iqu id ;  ce l l  4 has  a s a m p l e  and the l iquid in cel l  3 i s  in mot ion .  

The  d i f f e r e n c e  of r e f r a c t i v e  i n d i c e s  of  the r e s t i n g  and mov ing  l iqu ids  c r e a t e s  a p h a s e  shi f t  be tween  
the r a y s  p a s s i n g  th rough  the  d i f f e r e n t  c e l l s ,  which c a u s e s  a d i s p l a c e m e n t  of  the i n t e r f e r e n c e  p a t t e r n  ob -  
s e r v e d  in o c u l a r  5. 

Doubly  d i s t i l l e d  w a t e r ,  supp l i ed  to the c e l l s  by a pump 6 f rom a r e s e r v o i r  7. was  u sed  in the s t u d i e s .  
B e f o r e  the f inal  f i l l ing  the a p p a r a t u s  was  m u l t i p l y  f lushed  by a lcoho l ,  and then  by doubly  d i s t i l l e d  w a t e r .  

In p e r f o r m i n g  e x p e r i m e n t s  much  a t t en t ion  was  pa id  to c a r e f u l  t h e r m o s t a t i c  s t a b i l i z a t i o n  of the  i n v e s -  
t i ga t ed  l iqu id ,  a s  a t e m p e r a t u r e  v a r i a t i o n  g e n e r a t e d  a v a r i a t i o n  in the r e f r a c t i v e  index of  the l iquid .  

The l iquid  in the r e s e r v o i r  7 w'~s t h e r m o s t a t i c a l l y  s t a b i l i z e d  by a coi l  8, i n s ide  which the l iquid  was  
c i r c u l a t e d  f rom a t h e r m o s t a t  9. A UT-15  u l t r a t h e r m o s t a t ,  with s p e c i a l  t h e r m a l  i s o l a t i o n ,  s e r v e d  as  r e -  
s e r v o i r .  The  c i r c u l a t i n g  pump 6 was  s u b m e r g e d  in w a t e r  a l l  the way up to the e l e c t r i c  m o t o r ,  with the 
p u r p o s e  of  p r e v e n t i n g  suc t ion  of a i r  b u b b l e s  th rough  the pump box.  The  c e l l s  3, 4 w e r e  connec ted  to the 
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pump by a c o p p e r  tube  10 of d i a m e t e r  12/14 m m .  The  tube 10 p a s s e s  in the ce l l  t h rough  a h e a t e x e h a n g e r l l  
of the "tube i n s ide  tube"  type .  The  t h e r m o s t a t i c a l l y  c o n t r o l l e d  l iqu id ,  fed by the  t h e r m o s t a t  12, was  c i r -  
cu la ted  in the  e x t e r n a l  tube of the  hea t  e x c h a n g e r .  Such a s c h e m e  g u a r a n t e e s  c o n s t a n t  t e m p e r a t u r e  of  the 
i n v e s t i g a t e d  l iquid .  F o r  s m a l l e r  e f f e c t s  of t e m p e r a t u r e  f luc tua t ion  in the s u r r o u n d i n g  m e d i u m  the r o o m  was  
e s p e c i a l l y  t h e r m o s t a t i c a l l y  c o n t r o l l e d .  B e s i d e s ,  a c o p p e r  w i r e  hea t  e x c h a n g e r  13 with a t h e r m a l l y  i s o l a t i n g  
outer coating was mounted on the interferometer. Water from the thermostat 12 was fed into heat exchan- 

ger 13, passing through heat exchanger 11. 

The temperature in thermostats 9 and 12 was maintained identical within 0.01 ~ and at 2-3 ~ above 

r o o m  t e m p e r a t u r e .  

The  tube 10, t h rough  which the i n v e s t i g a t e d  l iquid  p a s s e d ,  had a tap  fo r  w a t e r  t r a n s m i s s i o n  into ce l l  
4. Thus ,  the l iquid in both c e l l s  had i d e n t i c a l  t e m p e r a t u r e .  B e f o r e  each  e x p e r i m e n t  the w a t e r  in ce l l  4 
w a s  changed by m e a n s  of v a l v e s  14 and 15. W a t e r  flow in the  ce l l  was  r e g u l a t e d  by an I tNO t r a n s f o r m e r  

16, supp l i ed  by the pump e l e c t r i c  m o t o r  17. 

The f eed ing  c u r r e n t  w a s  c o n t r o l l e d  by a v o l t m e t e r  18 of  c l a s s  0.2. The  w a t e r  f low was  d e t e r m i n e d  
by the vo l t age  of the c u r r e n t  supp l i ed  by the  pump  e l e c t r i c  m o t o r  6. 

All  e x p e r i m e n t s  w e r e  p e r f o r m e d  at  a l iquid  t e m p e r a t u r e  of 293~ with c e l l s  of l ength  250 and 500 m m .  

The i n s t r u m e n t  output  in i t s  o p e r a t i n g  r e g i o n  was  c o n t r o l l e d  by the s t a b i l i t y  of a b s e n c e  of  a p h a s e  
shi f t  be tween  the r a y s  p a s s i n g  th rough  the ce l l  for  the r e s t i n g  l iquid .  

At f ixed  w a t e r  f low the pa th  d i f f e r e n c e  of r a y s  p a s s i n g  th rough  l a y e r s  of r e s t i n g  and m o v i n g  l iquid 
was  d e t e r m i n e d ,  a f t e r  which the v a r i a t i o n  in the r e f r a c t i v e  index of  d i s t i l l e d  w a t e r , A n  T, g e n e r a t e d  by m o -  
t ion ,  was  d e t e r m i n e d  by a s t a n d a r d  c a l c u l a t i o n .  M e a s u r e m e n t  r e s u l t s ,  p e r f o r m e d  on a ce l l  of  length  250 
m m  and d i m n e t e r  10 r a m ,  a r e  shown in F ig .  2 a s  a funct ion of An T = f t K * ) .  

Here  

K* : (n 2 -- 1) M ~- [(n ~ --2)'~ C d "  

w h e r e  Cf i s  the  f r i c t i o n  coe f f i c i en t .  

T h o s e  r e s u l t s  a r e  in q u a l i t a t i v e  and o r d e r - o f - m a g n i t u d e  a g r e m n e n t  witb the  t h e o r e t i c a l  e s t i m a t e s  
g iven  above .  

2. C o e f f i c i e n t  of A t t e n u a t e d  Ray 

Figure 3 shows the dependence of the attenuated laser beam intensity on the liquid flow velocity and 
viscosity. The liquids investigated were distilled water, freon-113, and the polymethylsiloxane liquids 
PMS-1.5 and PMS-50. 

The experimental data shown in Fig. 3 were obtained for the following tube sizes and liquid par~'une- 
ters. 

Distilled water: a) the points I, 2. 3 correspond to experiments in tubes of diameter d = 50 mm and 
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length  l = 2.65 m at  the  fol lowing v i s c o s i t i e s :  v = 1 �9 10 -6, 0.44" 10 -6, and 0.42 �9 10 -6, r e s p e c t i v e l y ;  b) the  

po i n t s  4 c o r r e s p o n d  to d = 100 r a m ,  l = 2.65 m ,  and ~ = 1 �9 10-6; c) the po in t s  5 c o r r e s p o n d  to d = 140 r a m ,  

l = 2.65 m ,  and u = 1 �9 I0-6; d) the  po in t s  6 c o r r e s p o n d  to d=  72nma, l = 1.4 m ,  and ~= I �9 10 -6 . 

Ethyl alcohol:  the  po in t s  7 c o r r e s p o n d  to d = 72 m m ,  l = 1.4 m ,  and v = 1.5 �9 10 -6. 

F r e o n - 1 1 3 :  the  po in t s  8 c o r r e s p o n d  to d = 50 m m ,  l = 2.65 m ,  and ~ = 0.45 �9 10 -6 . 

PMS-1 .5 :  the p o i n t s  9 c o r r e s p o n d  to d=  72 r a m ,  l = 1.4 m ,  and ~ = 1 . 5 . 1 0  -6 . 

PMS--50: the  p o i n t s  10 c o r r e s p o n d  to d=  28 m m ,  l = 1 m ,  and ~ = 50" 10 -6 . 

As i s  s e e n ,  in l a m i n a r  f low (high v i s c o s i t y )  the  e f fec t  of m o t i o n  i s  p r a c t i c a l l y  not a p p a r e n t  on the a t -  
t enua t ed  l ight  b e a m .  F o r  t u r b u l e n t  f low th i s  e f fec t  i s  i m p o r t a n t .  

L igh t  s c a t t e r i n g  by t u r b u l e n t  f l u c t u a t i o n s  c a u s e s  l ight  a t t enua t ion  in add i t ion  to that  due to m o l e c u l a r  
m e c h a n i s m s .  A s s u m i n g  s i m p l e  s u m m a t i o n  of t h e s e  e f f e c t s ,  we w r i t e  down B u e r g e r ' s  equa t ion  fo r  the  c a s e  
c o n s i d e r e d  in the  f o r m  

d I  = - -  (K~. -1- K x  T) I d x  (2.1) 

H e r e  K~ i s  the a t t e n u a t i o n  coe f f i c i en t ,  K~ T i s  the t u r b u l e n t  a t t enua t ion  coe f f i c i en t ,  and I i s  the  r a d i a -  
t ion  i n t ens i t y .  

The  a t t enua t ion  ( s c a t t e r i n g )  coe f f i c i en t  by the t u r b u l e n t  f l uc tua t i ons  can be a s s u m e d  to be s o m e  func-  
t ion  of An T and of the d e g r e e  of  t u r b u l e n c e  ( i . e . ,  the c h a r a c t e r i s t i c  R e y n o l d s  n u m b e r  of the f low),  and i s  in-  
v e r s e l y  p r o p o r t i o n a l  to the  n u m b e r  o f  c o l l i s i o n s  with s m a l l - s c a l e  t u rbu l en t  f o r m a t i o n s  Ami  n, i n s ide  which 
l ight  i n t e r a c t s  with m a t t e r  on a m o l e c u l a r  l eve l  only .  

A s s u m i n g  

AmI,, ~ v ((u'u'>)-'"~ (2.2) 

we have ,  a c c u r a t e l y  up to the  d e g r e e  of t u r b u l e n c e ,  the c r i t e r i o n  [7] 

K). T := v K ) J ' / < u >  (2.3) 

SO that  

Kf f  : -  / (Re, A n T )  /2.4) 

E x p e r i m e n t s  in d e t e r m i n i n g  the quan t i ty  K~ T w e r e  p e r f o r m e d  on the a p p a r a t u s  s c h e m a t i c a l l y  r e p r e -  
s en ted  in F ig .  4. Ax ia l  flow in a c i r c u l a r  tube was  chosen  as  an o b j e c t  with un i fo rm t u r b u l e n c e .  At the end 
of tube  1 we have  a box 2, o p t i c a l l y  a t t a c h e d  to a q u a r t z  g l a s s  3. Tef lon  g a s k e t s  4 s e r v e  fo r  c o n s o l i d a t i o n .  
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Fig. 5 

Connecting pieces 8 and 10 were used for feeding and removing liquid in the experimental  channel. The 
whole system,  including the circulating pump 11. is made of stainless steel. A cooler 18 served to remove 
heat generated by hydrodynamic friction. A tank 9 of capacity ~100 l i ters  was equipped by an e lec t r ic  heat- 
er  14, supplied by a regulating t r a n s f o r m e r  15. The flow of the circulating liquid is measured  by a sharp 
disk 16. The flow smoothness  is guaranteed by by-pass  lines and valves 12 and 13. Adjustment of the exper i -  
mental channel takes place by a support 5. A laser  6, attached to the support by adjustable screws 7, served 
as light source.  

The laser  beam was aligned along the axis of the experimental  channel. An aperture  in a Dural 
sphere 20 whose interval surface was coated by a barium oxide layer  with a large reflect ion coefficient 
served as intake. The aper ture  d iameter  is 25 ram. and the sphere d iameter  is 115 ram. The stand 17 
allowed displacement  of the photodetector in ver t ical  and hor izonta ld i rec t ions .  A photoelement 19 of FSK-1 
type. supplied by a cur rent  regulator ,  was mounted to the top portion of the sphere. The exper iments  were 
performed with constant control of i so thermic  liquid flow. The light intensity passing through the rest ing 
liquid I~ was f i rs t  determined,  and then the intensity 12 for a given flow velocity. 

The attenuation coefficient of light by turbulent fluctuations is 

t(~. T = - -  l - a l n I 2  / 11 (2.5) 

where l is the path length of light in the experimental  setup. 

As already mentioned, the liquid motion strongly affects attenuation of light passing through while 
disturbing the laminar  flow. Significant f luctuations in I~1 were observed in the transit ion region of Rey-  
nolds numbers ,  caused by an intermit tence effect. The light attenuation became stabilized in the region 
of turbulence development.  

The Reynolds number 

Re = <u) d / v (2.6) 

varied to var ia t ions  in the average flow velocity of the liquid (u), in the tube d iameter  d, and in the kine- 
mat ic  v iscos i t  7 p. For  a given liquid the latter varied due to tempera ture  enhancement by the heater  14. 

Within the region of hydrodynamic pa rame te r s  investigated no effect of light wavelength was observed 
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TABLE 1. Sizes of Ex' )erimental Components 

stainless steel tubes Brass tubes 

a. mm t. mm a. mm t. mm 

t000, 2650 
t000 
t000 

t000, 2650 
2650 
2650 

26 
72 

20 
28 
38 
50 

t00 
140 

t000 
140o 

TABLE 2. C h a r a c t e r i s t i c s  of L a s e r s  Used in E x p e r i -  

m e n t s  D e s c r i b e d  

',Wave- Power, IBeam dlam- 
Type Gas ilength, V Mvr leter, rnm 

3F-i06 
JIF-75 
.~F-56 
01{F42 
2I I'-36 

argon 
helium-neon 
helium-neon 
helium -neon 
helium -neon 

0.5i 
0.63 
0.63 
0.63 
0.63 

I 
1000 / 3.0 

20 [ 4.0 
2 2.5 

t0 t0.0 
40 4.0 

f rom 0.51 to 0.63 gm.  

F i g u r e  5 shows e x p e r i m e n t a l  da ta  on light beam a t t enua t ion  while  p a s s i n g  along the flow ax is  in  tubes  
of d i a m e t e r  l a r g e r  than 50 m m ,  in  coo rd ina t e s  C*-- f(K*) c o r r e s p o n d i n g  to Eq. (2.4). Here  

C*-vK~](-~1)"<u> 

The l iqu ids  i nves t iga t ed  were  d i s t i l l ed  wa te r  [points 1) v = 1 �9 10 -6, 2) v = 0.8 �9 10 -6, 3) v = 0.44 �9 10-6; 

4) v = 0.42 �9 10-6], ethyl alcohol  [points 6) v = 1.5" 10-~], f r e o n -  113 [points 5) v = 0.45 �9 10-6)], and PMS- 1.5 
[points 7)v = 1.5 �9 1 0 - 6 ] .  

The e x p e r i m e n t a l  po in t s  can be d e s c r i b e d  by a s t r a igh t  l ine  in the range  of p a r a m e t e r s  inves t iga ted .  
Other  condi t ions  being equal ,  an app rec i ab l e  d e c r e a s e  in  K T is  not iced in tubes  of d i a m e t e r  l e s s  than 50 
m m .  The n a t u r e  of th is  v a r i a t i o n  i s  shown below. 

d (mm), 20 8.5 26 5 28 5 38 3.2 .)50 0.8 ~50 0.4 
(u> (m/sec) 
K T 0.02 0.045 0.065 0.085 0.t2 0.065 

The c h a r a c t e r i s t i c s  of the t ubes  and l a s e r s  used a re  shown in T a b l e s  1 and 2. 

3 .  F l u c t u a t i o n s  i n  L i g h t  I n t e n s i t y  

An F E U - 2 2  l ight  de t ec to r ,  p laced  in a spec ia l  m e t a l l i c  body so as  to r educe  e x t e r n a l  i n t e r f e r e n c e ,  
was  used to m e a s u r e  l ight i n t e n s i t y  f luc tua t ions  in the i n s t r u m e n t  (Fig.  4). 

A l i g h t - s e n s i t i v e  window, on which the l ight beam is  inc iden t ,  was  blocked by a d i aph ragm with a 
sca le  d i v i s i o n  of 7/z. The FI~U s igna l  e n t e r e d  a C-1 -15  osc i l lo scope .  

The f luc tua t ion  c u r v e s  o b s e r v e d  on the o sc i l l o scope  s c r e e n  were  photographed and p r o c e s s e d  by the 
equa t ion  

fi = [(<I> - 1) ~ <I>-21 '.', ~3.1) 

Knowing the magn i tude  of the l ight i n t ens i t y  f luc tua t ion /3 ,  one can eva lua te  the d i s p e r s i o n  of the log-  
a r i t hm of i n t ens i t y  f luc tua t ion  a 2 by the fol lbwing equa t ion :  

o 3 = In (1 + [~z) ( 3 . 2 )  
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R e s u l t s  of s e v e r a l  e x p e r i m e n t s ,  ob t a ined  fo r  d i s t i l l e d  w a t e r  in t u b e s  of  d = 50 m m  and l = 2.65 m ,  a r e  
shox~  in F ig .  6 (po in ts  1). As  i s  s een ,  the  l o g a r i t h m  d i s p e r s i o n  of the  l igh t  i n t e n s i t y  f luc tua t ion  i n c r e a s e s  
with i n c r e a s i n g  flow v e l o c i t y  of  the t u r b u l e n t  l iquid .  

No e f fec t  of  the  e x p e r i m e n t a l  tube d i a m e t e r  on the qua l i t y  (r 2 was  o b s e r v e d  ( see  F i g .  6, p o i n t s  2) for  
a r e c e i v i n g  a p e r t u r e  d i a m e t e r  3.3 m m  and Re = 6.5" 10 :l. The  o b s e r v e d  e f fec t  d e p e n d s ,  h o w e v e r ,  on the s i ze  
of the r e c e i v i n g  a p e r t u r e .  In the  e x p e r i m e n t s  the m a g n i t u d e  of the r e c e i v i n g  a p e r t u r e  d i m n e t e r  D v a r i e d  
f rom 0 to 11.5 m m  (see  F i g .  6, p o i n t s  3). The l o g a r i t h m i c  d i s p e r s i o n  of  l ight  i n t e n s i t y  f l uc tua t ion  d r o p s  
with i n c r e a s i n g  d i a m e t e r  and then  s a t u r a t e s  a r o u n d  a r e c e i v i n g  a p e r t u r e  d i a m e t e r  a p p r o x i m a t e l y  equa l  to 
the  d i a m e t e r  of the  l ight  beam l e a v i n g  the e x p e r i m e n t a l  tube .  The e x p e r i m e n t a l  d a t a  of F i g .  6 w e r e  ob -  
t a ined  on d i s t i l l e d  w a t e r .  

B e s i d e s  i n t e n s i t y  a t t enua t i on  and f luc tua t ion ,  the l ight  beam p a s s i n g  th rough  the t u r b u l e n t  l iquid  under-  
g o e s  f u r t h e r  b r o a d e n i n g .  

E x p e r i m e n t a l  m e a s u r e m e n t s  on an I ,G-75  l a s e r  beam b r o a d e n i n g  w e r e  p e r f o r m e d  on the  i n s t r u m e n t  
in F i g .  4. The  l ight  beam l e a v i n g  the e x p e r i m e n t a l  tube was  i nc iden t  on a d i a p h r a g m  of  a p e r t u r e  7 /~ m. 
The d i a p h r a g m  could be m o v e d  in the  h o r i z o n t a l  p lane  p e r p e n d i c u l a r  to the l ight  b e a m  ~'Lxis and was  r i g i d l y  
a t t a c h e d  to a p h o t o m u l t i p l i e r .  An F E U - 6 2  p h o t o m u l t i p l i e r  moved  t o g e t h e r  with the  d i a p h r a g m  by m e a n s  of 
a m i c r o m e t r i e  s c r e w  with s c a l e  d i v i s i o n  10 Pm.  The  FEU s igna l  p a s s e d  th rough  an a m p l i f i e r  on to an M- 
26 m i c r o a m m e t e r  of type 0.5. The l ight  b e a m  b o u n d a r i e s  could  be s h a r p l y  d e t e r m i n e d  f r o m  the m i c r o -  
a m m e t e r  r e a d i n g s .  

T s b l e  3 shows  the  d e p e n d e n c e  of  the l a s e r  beam b r o a d e n i n g  A R / l .  10 ~ m on the Mach n u m b e r  (M) in 
the  t u r b u l e n t  f low r e g i o n  for  a s e r i e s  of e x p e r i m e n t s  on d i s t i l l e d  w a t e r  a t  v a r i o u s  tube l eng ths .  
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