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Measurements  are conducted of the Ker r  constant of ul trapure water  with res is t iv i ty  107 f~ �9 cm. 
Values  of the K e r r  constant of (3.26 ~ 0.10)- 10 -7 and (2.29• 0.07). 10 - r  esu were obtained at a 
t empera tu re  of 30~ for  wavelengths of 441.6 nm and 632.8 nm. 

The Ker r  effect in water  is widely used in physical  exper iments  [1-7]. In a number of cases ,  for ex-  
ample, in absolute measurements  of the e lec t r ic  field s trength in water  [2, 3], in physicochemical  studies of 
a water  molecule [4-7], and in other  fields, the accuracy  to which the Ker r  constant B of water  is known also 
determines  the accuracy  of the corresponding exper iments .  Unfortunately, absolute values of B previously 
presented [1, 4, 7-16] differ substantially.  Experimental  studies containing data on measurements  of the Ker r  
constant of water  were analyzed. Values of B obtained by different authors are presented in Table I which 
also indicates the wavelength and tempera tu re  at which the measurements  were conducted. The last column 
of the table gives values of the Ker r  constant calculated for the wavelength X =589 nm using Haveloek's law* 
[81: 

B (~,) ~ In2 (~') - -  t1~ l 
n ( D  "-2-' 

where n(h) is the index of ref rac t ion  of water .  

The fact that different exper iments  were ca r r i ed  out at different t empera tures  cannot be used to explain 
the var iance observed in the values of B, since [6] the Ker r  constant of water  var ies  by at most 3% in the range 
20-40~ 

The value of the Kerr constant of water most often encountered in [9-12] (B589 =4.7" 10 -7 esu) is presented 
either without any reference or [10] with a reference to new studies [17-19]. However, these studies did not 
refer to the Kerr constant of water. 

The Kerr constant has been determined [13, 14] for nonmonochromatic light, and, consequently, results 
of these works are only of the type of an estimation. 

No detailed description of the procedure of the measurements or an analysis of the experimental errors  
was given in the papers cited in Table 1, except for [4]. It is thus difficult to establish the reasons for the 
variance of the experimental values of B obtained by different authors. 

The current work was carried out in order to refine the value of the Kerr constant of water. Measure- 
ments were conducted for two wavelengths: ~ =441.6 nm and ~ =632.8 nm. Experiments were conducted with 
ultrapure water with resistivity 107 ~ �9 cm at a temperature of 30~ 

The experimental setup is depicted in Fig. I .  An He - Cd and an He - Ne laser i were used as the light sources. 
Two broad parallel plates made of stainless steel of length I =72 cm, between which two insulators 4 made of 
Plexiglas about 4 mm thick were situated in such a way that the effective field of the Kerr cell was in the form 
of a square measuring 4 x 4 mm 2, were used as the electrodes 5 of the Kerr cell. A uniform electric field was 
created  in the cell  of this configuration because of the substantial  difference between the permitt ivi t ies of 
Plexiglas and water.  

�9 This law does not hold near  the natural  absorption band (Xab s =190 nm for  water).  
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TABLE 1 

Characteristics 
Paper of water 

[9-121: 
[17] Distilled water 
[16l 
[t1 p=t0 ~ ~,cm 

[71 

[41 Doubly di~.tilled 
water 

Cu~ - 
r e n t  
paper 

) '=  10 7 f~ �9 c m  

T~,e }~, tllTl 107B, e, SU [07B~,~, eSU 

589 4,7 
*,-o'~CS 2 

2,4 
~ 0  

--fi~-- o,8t 
300 5,2 
400 3,9 2,5 
600 2,7 2,7 

3,72• 2,6~• 
546 2,89i0,04 2,65i0,04 
578 2,72+_0,1t 2,66• 

3,26+_0,10 2,35+_.0,07 
. 632,8 2,29_+ 0,07 2,46 • 9,08 

, 2o 

2_L_~ 
2_L_ 

25 

30 

* BCS 2 is the Ker r  constant of carbon disulfide. 
~n th~ cur ren t  work, the experimental  points have a 
variance of about 30%. 
$Calculated under the assumption that measurements  were 
conducted at ~ =5 98 nm; the value of BCS 2 was taken f rom 
[20]. 

6~ N~ 

Fig. 1 

Fig. 2 

L a s e r  radiation polar ized at an angle of 45 ~ to the electrode plane passes  through the lens 2 and the 
window 3 of the vesse l  along the cell axis and is recorded  by an FEU-14B photomultiplier 8 after passing 
through the analyzer  6 and the gray- l ight  f i l ter  7. The analyzer  is mounted at the l igh t - t ransmiss ion  min-  
imum in the absence of an e lec t r ic  field in the cell. 

Voltage f rom a storage capaci tor  C 1 =0.1 ~F i s  simultaneously fed through a gap 10 at seven points 
through equally long conductors in o rder  to decrease  reflection effects.  The voltage ac ross  the cell  is 
measured  by a cal ibrated res is tance  divider 9, whose signal enters  the osci l lograph plate. The signal f rom 
the phetomult ipl ier  is r ecorded  on the second osci l lograph beam. Typical  osc i l lograms of the voltage 
applied to the cell  (upper beam) and signals f rom the photomultiplier are presented in Fig. 2 (sweep in- 
t e rva l  of 2.5 ~sec).  Signal lag due  to the finite t ime within which the electrons drift through the photo- 
mult ipl ier  (about 40 nsec) was found by means of a pulsed light into the tes t  circuit  of the res is tance  divider~ 
Photomultiplier  signal lag observed in Fig. 2 relative to the moment voltage is fed ac ross  the cell  is ap- 
parent and is explained by the low value of the Ker r  effect in the region of low voltages (r ~E~). 

131 



The value of B can be de te rmined  using the well-known equations 

B = ~ . I sin2 
2 ~ l E  2 , I o 2 

(1) 

f r o m  osc i l l og rams  (of. Fig. 2) for  any moment  of t ime .  Here q~ is the optical  difference of phases  (in rad) 
between the usual  and unusual  waves accumulated through the cell .  We de termine  B by p rocess ing  o sc i l -  
l o g r a m s  at points cor responding  to l i gh t - t r ansmis s ion  m a x i m a  and min ima  (9 = v ,  2~r . . . .  ). In these  cases ,  
B was found d i rec t ly  using Eq. (1). The highest  s ta t i s t i ca l  p rec i s ion  of the resu l t s  was obtained by p ro -  
c e s s i n g o s c i U o g r a m s  a t the  point at which the photomult ip l ier  signal r eaches  its final minima,  where photo-  
mu l t ip l i e r  noise is absent,  while the field s t rength  E is de te rmined  with leas t  e r r o r .  Values of the K e r r  
constant  de te rmined  f r o m  the r e m a i n i n g  e x t r e m a  have a higher  s ta t i s t ica l  va r iance ,  but the same value 
within t he i r  p rec i s ion .  

An analys is  of the expe r imen ta l  e r r o r s  demons t ra ted  that  the bas ic  e r r o r  is due to var ia t ions  of the 
e l ec t r i c  f ield s t reng th  in the cel l  as a consequence of fluctuations of the insula tor  th ickness ,  which d e t e r -  
mine the dis tance between the e l ec t rodes  (d =3.9 ~-0.05 mm).  The magnitude of this e r r o r  2Ad/d =2.6%. 
A signif icant ly l e s s e r  contr ibution is made by the remain ing  e r r o r s ,  which are  due to the p rec i s ion  of the 
ampli tude ca l ibra t ion  of the osc i l lograph  tube and the r e s i s t ance  divider .  E r r o r s  assoc ia ted  with the d ive r -  
gence of the l a s e r  b e a m  pass ing  through the cel l  andwi thf r inge  effects  at its en t ry  and exit  were  neglibibly 
smal l .  The s ta t i s t i ca l  m e a s u r e m e n t  p rec i s ion  of the s t rength  de te rmined  f r o m  a s e r i e s  of 15 osc i l l og rams  
amounted to 0.52% and 0.76% (k =441.6 nm and k =632.8 nm, respec t ive ly) .  The tota l  re la t ive  e r r o r  of the 
K e r r  constant  of wa te r  AB/B  =3.0% and 3.1% (k =441.6 nm and k =632.8 nm, respect ive ly)  in the expe r imen t s .  

Resul ts  f r o m  Table  1 are c loses t  to resu l t s  p resen ted  in [4, 7]. Some difference in values  of the K e r r  
constant  is apparent ly  due to the difference in the degree  of pur i ty  of the wa te r  and the p re sence  of un reg -  
ulated impur i t i e s .  In fact ,  double dist i l led wa te r  that  had been s tored  fo r  a week in polythylene v e s s e l s  was 
used  in [4], while our  cel l  was d i rec t ly  connected to the wa te r  puri f icat ion c i rcui t  with act ivated charcoa l  
and ionites.  A substant ia l  influence of the p r e s e n c e  of impur i t i es  on the size of the K e r r  eonstant  is  known, 
for  example ,  in the case  of ni t robenzene [16] and carbon  disulfide [20]. 

The authors  wish to e x p r e s s  the i r  apprec ia t ion  to D. D. Ryutov for  useful  d iscuss ion.  
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I N T E R A C T I O N  O F  L I G H T  W I T H  A T U R B U L E N T  L I Q U I D  

I .  G .  S h e k r i l a d z e  UDC 535.36 

A pape r  [11 recen t ly  published in a scient i f ic  journal  summed  up a recent ly  conducted set  of 
s tudies  [2, 4] on the optics of he terogeneous  media .  A number  of fundamental  s t a tements  of 
these  studies requi re  examinat ion.  

w I. Turbulent pressure pulsations, reducingto, by means of density pulsations, fluctuations of the 
refractive index r, according to [I-4], are the basic factors resulting in scattering of light by a turbulent 
flow of a transparent liquid not undergoing external heat exchange. 

These authors [I-4] were apparently not aware of the fact that the approach they adopted to the analy- 
sis of the phenomenon had already been used by other researchers and had been criticized in terms of the 
lack of theoretical correspondence to the actual conditions of a turbulent atmosphere. We may suggest 
that  an analys is  of the previous  [5] data  may  have convinced these  authors  of the inapplicabil i ty of this ap-  
p roach  for  the case of turbulent  flow of a dropping liquid they had cons idered .  

w It was  a s s u m e d  [1-4] that  in a liquid, "in p a r t i c u l a r ,  i so the rma l  conditions may  occur  as  light 
pa s se s  into the ocean and that  turbulence will mani fes t  i t se l f  in t e r m s  of the effect  of p r e s s u r e  pulsat ions ,  
as if the l a t t e r  were  low" [1]. Unfortunately,  no grounds were  given [1-4] for  this disputable thes i s  r e g a r d -  
ing the substant ia l  role  of com pre s s i b i l i t y  as light in te rac t s  with a liquid. 

Resul ts  a re  given below of e s t i m a t e s  of the degree  of i so the rmic i ty  in a turbulent  liquid flow, such 
that  the effect ive compres s ib i l i t y  assoc ia ted  with p r e s s u r e  pulsat ions predomina te  ove r  the effect  of t e m -  
pe r a tu r e  pulsa t ions .  The dependence [1-4] 

P '  ~ <p~ (u} u', (2.1) 

where  <p >and <u> are  the mean densi t ies  and veloci t ies  and P '  and u '  are  p r e s s u r e  and veloci ty* pu lsa -  
t ions,  was the bas i s  of the e s t i m a t e s .  

It  is a s sumed  [6] that  u '  is 4%of the mean liquid veloci ty  in the tube.  

Resul ts  of the es t ima te  show that it is n e c e s s a r y  for  the flow to become  i so the rma l  to within 10 -5 ~ 
in o r d e r  to ensure  that  p r e s s u r e  pulsat ions will p redomina te  in the c h a r a c t e r i s t i c  case  examined by these  

* Apparent ly  the p re sence  of only the component  u '  in the dependence was due to the fact that  the pulsat ing 
ve loc i ty  components  in a n e a r - a x i a l  region of the turbulent  flow in a tube are equal; P '  and u '  denote the 
r o o t - m e a n - s q u a r e  values  of the co r respond ing  pulsa t ions .  
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