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THE SCATTERING OF LI GHT IN THE SURFACE. LAYER AND ATMOSPHERIC
AEROSO L

T. F ‘
~~
‘
~~ ~ I ~~ V~ I

The r e su lt s  o r  n n c a s u r e m c nt c  oV t i n e
ext .  I n c t . t o n i  and I r i d i c at r i c e s  of sc at t  ei hi~
in t. he s u rf a  Ce l ayer  of the  atmo  sphere  a re
g ivert  . ‘l’he ob s er v a t i o n s  have  been made at
t he  Nou n t a I n Obser~ato ry  01’ t he A st r o p h y si c a l
h i st  i tu t  e near ’  A l m a — A t a  ( t . i n ~ h e i g h t  ab ov e  t he
sea level l~4 5 O nm )

The spec t r a  o 1’ aer osol  part  id es and
t’e t’n ’ac Live I nd e x  are d e t e r m i n e d

The basic reason t ’ox ’ t he  in s t a bi  1 I t y ol’ opt.  Ic a I p r ’opert  I

ut ’ t. he E~ let U s at um o sp li e  n ’e is the ç~r~’st’zn e e of at mo spher  I c a eves o 1

In It — f i n e  ~ol I il and l i q u i d  p a r t i c l e s  su sp ended  in t h e  : i l i ’

(dust , dr o p l e t  s ) . The .t u’ m ass Is InfInItesimally small in

conupar ’  I son w i t h  t h e  mass of the  ~a~; component  of a t m o s p her i c  a i r ,

hut  as a r esu l t  of t ime  e x t  reme opt I c at  a c t i v i t y  t hey have a
s u b s t a n t i a l  In f l u e n c e  on I lie opt ical pn ’oper t  I es ot’ t. l i e  a t m o s p h er e

[. 1] . The number , p r o p e r ti e s  , and d i m e ns io n s  of t h e  p a r t i c l e s  vary
w i t h  t t uni c . Phi I s caused by a change in the  br i gh t n e s s  ol’ t ine

sky ,  t he  ci :~e of the  :;e~ ar aureole , and the  t r a n n s i a r t ’ulc ~ or  t. he
atmo spl iex ’e .  T h e  processes of cloud fo rma t ion  an d so I ’evt  H are

I Inke d  w i t h  the presence of aerosols . An e x p l a nat i o n  of t lie
1 m i t e  n ’conn ec  I. ion b e tween  the  opt I ea I p ropert  les ot ’ I l i e  et r .iosphere

1 ’ •
~1
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a m i d  I he p i m v  c i  c al  pn ’op er t  I c  s in  d m u c u s  I ot i s  o t ’ aer ’oso 1 p a r t  Ic  I c c  1

one e t ’ I lie h a s  Ic  and r a t h e n ’  c o m p l e x  p r ob l e ms  ci ’ a t r i r o sp h i e r i c  op t  h ’s.

it I c c o n n i e  c cd W I Iii t h e  so I ut  Ion c ‘‘ t he in ve r s e  pro I’ I ems on 11 gim

sca t  t e n ’  I r ig . W i t h  t h e  a p p r o p r ia t e  t ’orni m u t a t  I on 0 1’ a comp .1 cx e x p en l —

m er i t ,  w h i c h  c on s i st  s em ’ ti n e s i m u l t a n e o u s  mt ’asi m t ’ e n m e n m t  o f ’  sever al

or t .  i ca l  ch ar ’a c t  en i ct i c s  or  t lie a t u i i o s p i m e m ’ e  , we ca in  o11 a i i m  v a l u a b l e

Iii I ’oi ’m:na t. ion on t he p m o p e  r ’ I .  le s 0!’ t Ine  s c a t  t c r 1  ng p a r t  I c I c c  • r ot ’

e x a f l u m ’  le  , ab o u t  t h e !  r ’ d i  s t . t ’ i h u t  l o u  by c i  ::e s . P ot ’  I h I s  , I t  I s

t u e c e c s : i t ’y  t h a t  one por t  Ion of ’ t h e  opt  .I ca l  c i n a m a c t  e i ’I s t  cc b e i n g

de t  e r m u m t n e L l  e x p e n  t r i e n i t  a l l y  be s e n s i t i v e  t o  t h e  px ’esen ce  ol ’ 1 :mn ’ge

pa r t  I d es and t ine  o t h e r ’  p a r t  — t o  t h e  r r ’ ecer i c e  of ’ s m a l l  p ar t i c l es .

i’ ox a n i u m t em c m ’ year ’s , l i l t ’ I P I  ( A s t r ’o p h y s  I ca l  I n i s t i t  u te  ) ci ’

he Acade:: iv 01’ ~ c I er ic  es , K :m s a k h  ~~~~ has  c o n n d u c t  ed nne:r s u r c m e n m l . s ci ’

:m c o m p l e x  o t ’ op t  I cal c h ax ’ac te r ’i  st Icc o 1’ 1 l ie a t  r:o c h e r e , a c c o m i l I c i m e l
h e o i ’e t .  ica  I c a l c u  t a t  I ens  or  t i m e  sante v a l u e s , a r id  ma d e ’ a t  t . enu ’~ s t

at  11 I c e  d a t  a t ’ro ni  oh s e i ’vn t ,  ion  and c :m I c i i i : i t  I o n i c  t o d I s c  l o se  t i m e

I e c l e t  ween t h e  d I m en mc I e r i c  , qua n i  t I t .  y • a r i d phy c I 1 p m ’ o i  er t I cc of ’

: i em ’o co  i s  ami d t h e  op t  I c a l  c l i a m a c t er i s t .  I c c  — t lie c on i c” or  t in e

r a n s p a r e n icv  , l y r e  of c c a t . L e I ’  h i d  I c a t  i ’I  x , a r id  so f o rth .

~‘m a n c r a n ’ e n i c v

T h e  t ran spai’en i cy  o t ’ I l i e  a t  mc s h e re  ‘ c cur  t a  cc I :iy e r ’ is men c ur ’ed
I n n  I i r e  visual eec’, I o n  01’ t l ie  spec t i ’wri i~i) t i n  < \ ~ 7 m~ i~ u r n )  cmi a
cour se  o n ’ $ ) i ) and n m ) m ~ nun [ _~J , p a r t  I:ml l y  h i  t h e  tla ,v t .  I Ph ’ a m i d  p am ’l .  ln . l  l y
in t l ie ev~ ‘ ni I n  . ~ eme d I t ’  t’e renc e I n i I l i e  r ime an spec I. r ’a 1 cour se o 1’

11 ght . at. t er iua  t I on w a s  d I cc eve red ro i’  a t n t  umn oh s  e rv at .  I e r r s  I ni 1 ~i
14 1  d •~~ ) ar id w i n t e r ’  obsex ’vat  ion ic  In  I ~~ 14 ‘) .~ da y s  ‘~ ar i d  suru rnen ’ —

aut u~ir i n i g h t  o b c cr v a t  l o r i s  In l H p 1’ (2b even i n gs . i ’ lm e  nmeani  at I e n r u —

a t  Ion a t  t a i n r e d  I n  t he w I  t i t e r ’  p e e l e d  of ’ I H r ~4 wa s  vi r ’t u a i  l y I r i t i e p e n i - -

den t e t ’ w a v e  I cn ig t  ii (a sinai I bulge on t ine  r :m I dd I e c u r v e  I~~ ( \ ) I
ob served  w h i c h , h ow ever ’ , Is w I  t h i n  t ine 1 lin t t c et ’ measur enr ent  er r or ’s
t ’o n ’ \ ~‘ 22 f ib  . The at t emma I I on wh IC h i  ica c ~‘a I cii  1 a t  ed t ’m ’ I
el se eva I on h a  t a I ni t he a Ut .  Uflifl 01’ 1 O t ~ d Id  r u e  I dep en d on \ ro r ’

~~~~~~~
‘ nm~u , h u t  I ni t lie ch o r ’t .  — w a v e  u ’ eg I on o I’ I he spec t r ’u r :m :m c l ian ’p  J

_ _— i

La - - ____________________________________________________ - — ~~~~ ....__,_ ...._A.. ~~~~~~~~~~~~~~~~~~~~~~~~
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1 tic m ’ OSt In n op t  I cal den s it y was not. ed . Oh cer v a t  Ions  :i c b ’omp , l I shed

In t i m e  n i l  ~ i m t  t line I n n  t ire sumnmei’ —autun u i pen ’iod of’ 1 ~th7 t e s t  I l’ y t o

he snma 11 1 nrc r euse  I n  at t  emn u a t .  ion w i t  U a dec rease  in w a v e l e m u r : I U

T int  m e a n  dei endcnc  c ci’ D
~ 

on .\ is  repr’e c e r n  t ed w e l l  he n ’e l v  t I m e

e \ t  i ’esc I en

I.) .-
~

‘
- , ( I )

~ c~~t .t e i ’  I n i d l oa t r i c e s

scat .  t i ’  hid Ic at r ices  of t ime at~m m o s p i n e i ’ e  ‘ s s u r fn e e  l ayer  wer e

o b t a I n e d  u s I ng  l o th  a t , !ier ’mna l source  of I I gu t. — a s e a r c h l i g h t  w i t h

f i l t e r s  C l°’ 7 — i  t i l l i as we l l  as a s e a r c h l i g h t  and lasei’ ( l H m 7 —

1 °t ~ ~)) . I rm I I r e  1 at . t er ’ c ase  , a spec t u l  p i r o  toe  I c c  t e l  c u n i t  was used

w I t h  t h r e e  p i m o t e m e t  e r ’s  w h i c h  per m i t t m e a su r i n g  t h e  m d  I ~‘.- it r . i c e s  in

t h e  n e g t o n r  .~~ ~ 0 ~ 170° w I t i r  an g u l an ’  r e s o l u t i on  AO = t’ ‘ for

1 0° a mi d  Ad = 0 ’ t ’or ’ 0 1 ( 1k ’ , W l i e n m  a gas laser  ( l i e N  t ’ = ~

wa s  liS t1 as t h e  1 Ig l i t .  S OU P d e  , I t  was  p laced so t h a t  t in e ~~~~ 
l 5

pe I a i ’ I  .1 : 1 1 . 1  o m n  ~ i in c  was  on ’  I e nt e d  a t  a r m  ang le  o t ’ ~ 1d~ I.e I l i t ’ p l a n e

0 1’ v 1 ;; 1 on . T u e  1’ 1 ux :r cy: ;mnie  t r ’y c o e t’t’ I c 1 emi t .  s were de t e em I ned i ’or
a l l  t l i e  sc a t  t e n ’  I m i d I cu t e  I c e s  w i n  c i i  were oN al nod

I ~~~~ ~in

— 
I ,(~4)~ Inl4dI4

and I he com ’n ’e  I at  ion t i es  were ect  abl  I cu ed t’or a number el  m e a s u r e d

va lues  . Thus , t i n e  r’e sul. I s  of I he inca su r ’emen t s of ’ s cat  I em ’

I t id I c at r  ices are r ’edu ced i.e the  f o l l o w  lu g :

~~~ _ _ _ _ _ _ _ _ _ _  
_ _ _  _ _ _ _ _ _ _ _ _ _
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I’ h t  m e an  st ’u t t  t i ’  l n m d i c u t r l . ces  In  I ire  x ’eg l en  10 ° < 0 ~ 170°
i c in i c h ~e n ’  o b t a i n e d  1mm t he e v e n ing I n  t i n t ’ u t s e u i c t  ci ’ t ’ug am i d
p a t ’ ’  I p1  i t  In  I ‘ ) h 7 — l  t 4 p Q  ( 5 7  d a y s )  a r i d  u n  1 t ) t 5 (li h d a y s )  a n t ’
e x t  m t : m ’  v c L os ’  as is cv i d e nn t  t ’rom ‘l’ab le  1.

ia  I It ’ 1 . !ean l  s c a t t er ’  I m d  I ca l  i’ i ccc  of t h e
at . I : iocph e i ’c  ‘ s sui ’t ’ace  l aye r

. 
...., 1(1 ’ ~Q’ :iu .io~ t~o~ HO ° 00 I moo’ 120’ .

1%? m~t~o ~~~~ 2K .8 lii • 2 i~ , iio :~ , 1i2 2 ,0t ~ n , 1.00 0,89 0,95 0 ,1)7
2.I , l t  n 2 , ~ i 7 , h~~ -l ,~~~ 2, mu t ,n :n 1,00 0, 19 0, 85 n ,oo

K I :Y : ( I )  ‘ihI rac

i l i ac , I I  ca n  c v i d e m m t l y  be c o n s i d e r e d  t ha t  s u c h  an hid l o u t  n ’I  x
I s  t y r  I ca  I t’o m ’  t i n t ’ a v e r a g e  c o n d i t i o n s  c t  t Ine M o u n t a i n  dh ser ’var  ou ’y
o f t i n ’  Ac: id ~’~:iy o n ’ 2c l en c e s  01’ t i m e K a c a k h  ~~~ ( 114h0 mu above  sea
L e v e l )  on d a y s  w i t  I m e u t  t’cg .

2 .  ‘l ’lme V a l U e s  0!’ t i n e  : t sy m m et r v  c o e f fi c  l e n t  ~ f l u c t u a t e d  w i t h i n
~ ~~~~ ~ ~; o n ’ 1 2 ~ ~ 18. 

t ) . f ioncever ’ , I n  t he eve n ’ w i r e  .1 n u i n g  ni n aj or ~! I y
o n ’ ca st ’s ( t h r %  ) I l i t ’ v a l u e s  of q vu n ’i e d  fr ’or n n ~~ u t o  h ,

~~ . In t in ’ r e g i o n  of sma l l  s c a t t  en ’ ang les  t i n e  in di catr l c e~ 01’

t i m e sux ’ t’:mct ’ l a y er ’  bad a r a t h e m ’  gent .  iy slop lug  oour ’se w h i c h  is
pr ’e s cn n  t ed In a sat Is t ’ac t o r y  n n a nr n mer  by t ine  expr ’e ccl  cnn

-
~~~~ 

.
~~ 

‘; ,~~~ 1 .

Here , I t  s h o uld  be k e p t  in mind t . h a t  tine b I t :ge st  eam ’I  I d c ;  ev I d e n i t  l v
1 Popped out .  of c o i n s  I der ’at ion 11 ~ ]

24 , m m  t h e  n ’ e g l o n m  o i  l a n g e  s c at t e r  a n g l es  0 > 170° , t . i r e

cue t ’f I c i en i t  01’ d l n ’ec t .  t o n al  1 tgi nt , scat . t .ei ’ 1 m c  r e u s e s  wi t in  an I n c r e a s e
in o r11l1~~ mean sca I t  ox ’ I n  t e r r s  ~ ~‘ w i t  h i 0 178° exc eedei  t ire
c’~’r ’r e s p c m n d I n g  I n t e n s i t y  w i t  U 0 = 1 ‘0° 1 .3— f o l d .

14 

~~~
.. . . 
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5. Time s c a t t er ’  I n d l c at n I c e c  of n at u r a l t i a . : t ’  w h i c h  wt ’r ’e

nit ’asu i ’cd w i t h  c o n v e n t  tonal t b ner’ mnm a l sources  — a s e ar c h  11 g in t  and

l ac e r ’ , co inc Ided , (The p lane of’ p o l a r ’i ca t  Ion of t h e  l acer  1 Ic : l n.

was o r i e n t e d  at .  an ang le  01’ 1~h° to  the  p lane  of vi s i o i i .  )

The c or r e l a t i o n  c oe f f i c  len t  r b e t w e e n  t h e  at  t en u a t i o n  of ’

t l i e  I igint  o a r i d  asy m :u u i e t .m ’y  ri of t ine scat. t e r ’  Innd i  ca t r’ix  and l e t  we em n

o a m i d  ~ ( 0 )  were  c a l c u l a t ed  . Ti ’t ’ i ’csul t s :tn ’~’ I r e  cen ted  I n n  Tab le  2

T ab l e  2 .  C o r r e l a t I o n  t i e s  b e t w e e n  op t ica l
ch ar a c te i ’ . l c t  i c c  of the  atm o s rt l i er e  ‘ s surface
l a y e r,

!

~

lJ

~

I i

~~~

i l l I ( l * ( ’ i i i  Ki .! ’ I i i ’ .~i i l t 1l~ li 

- —

~~~~~~~~~~
Mt ~~i. b% liii I i ’ t l t ’ ) l l l I l t  - i~ i it i t i t ’ —

liii liii i~ it i ’ I,
~ i it . 1 ,  h t l l L ~ !(,~ 1(111 11111)1 t - ’ t l t , ~~i.~ i

i - t i— I . 1 ~)itcti ’~I 1111,1 Ii it- ‘ l i l t — —
t i l l  H , l i ii - h ’ \ !  ‘ i t  l i l t

p1 ,7 ‘t~C ~~~~ ‘‘e n~ ’~u” ~~~~ ~~~~ - ‘  - i  
~~~ . n - - ’ ’ .’

II) (i , tiIi 0,~i2:m fh ’ ’ - ’ ~~ ‘ 1 ,
ii , 4 (i , 1 :1 , 1 ’ .i - 

• 4

i t , :  - i  -
(i5 1 ‘ , ‘ t ’ I ~ ,~~~~~~~ •~~~
55,  ‘5 1 :1 ‘ , . ‘ : :

i i  i , ’ : !  I I I :  1’ , ~~ - ‘i
1 t ‘ ‘

(l , P m , ~~
- •:  : , ~~~~ • ‘ t ;

I i  ~ i I ,b , :7 . : Oi : -

n , I I : :m , i h ~~ ~~~ ,
i t  i , n , p I • am
20 0 , .  7 . 1  O t t -fl  i ’ , - ’

~~ ‘~n: (, , mhlnl I tI , : : ’ ti , , ! ,:‘: -u
1-10 (I , p u b )  i , P ‘ , d :m I i t .  0

‘ . 1 ~i , 1’ , u p  m u :  ‘ ,
‘ II ii , ,  5 ‘ b i t . ,  , b •

• _‘: ,__. _ ,••_____
:
__ ~ 

I’ , : i’.) u ’  • p ~~~~ _ ‘ , - ,

i (t-~)
• hi

-~ ~~

KEY : (1) Scatter angle , degrees; (2) Corre la -
tion c o e f f i c i e n t  betwee n n the I rn t e m ns i t y  of l i g h t
sca t t e r  at various scat ter’  angles and t i re  a t t  e r r—
uat lon f a c t o r ;  (3 )  Pr o b a b i l i t y  error.

I-I

- ~~~~ ~~~~~~~~~~ ~~~~~~ 
.,

~~~,

- ~~-, 
- , - ~~~~~~~~- - .~~~~~~ - -
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I s~’:: e I ’ ~~1’ ct ’ u ’ v i ~~m t i a  ‘. w I: ~‘a 1 on - m l  i d  ~i : 1 I -~

c t  s t ’V C u  S d - i  - u ’ I mmd I I :‘ I c c c -  - 1 ’ 1 l i e  .-a u ’, ’ l’:i~ ’ t ’ I m m v i  p

hi ’ cc :  :se.: : - : cc c I’ me I ~-o a a m ’  a : :d t i C  ~~~~ so I sc . i  e m ’  I :  :g 0 he i : ,

‘ I 11 g u ’ i ’ . i  c I cad  Pt ss~~ a’ he a I :‘:~‘sphe m ’ t . I he : i ’ ’ ’. ’ i S t ’ s d : u  I I e m
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0 1  t h e  s u: ’ :’ ,ice l ay c : ’  I m n d l c a t - r ’ l c e c  inn  t he  r e g i o n :  0 ~
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:‘ n r d  I c a t . r l x , i” :’e::: Fig . 3 i t  t’o l l o u c s t h a t
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l’lg. 1. Fig. 2 .
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m, cu rve  I ”  arid v = ~ ¼ c :u t ’ve  2 ‘I

F I g .  2 .  Depend enc e of ’  h i t ’ pan ’mun e t  ci ’ ci aei ’osul s c a t t e r  i m n d i c a t x ’ i x
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u rn t h e  p:nn ’ a m’ ne t  ci’ of a Junge dl sti’ibut . ienr for  a rm me d l u i:n

w i t h  re f r a c t i o n  c o ’ : ’ I ’I  c e m : t  m
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= 2 . 10 m, cu rve 1 ‘I , py = 1.50 t c t m r v e  2~
m i d  ::: , = 1 , C i , ~ dUl’\ ’ t ’ ~ 
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