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visibility are examined. Change s in fog characteristics from place to place and from
time to time are also considered , and the discussion include s small—scale spatial and
temporal fluctuations. - 
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A representative sample of data is used to compute extinction of electromagnetic
energy with wavelengths of 0.55 , 10 . 5, 870 , and 1250 ii in . Extinction of the 1250-fz m
wavelength by fog droplets is always less than extinction of the 870-ji m wavelength.
Extinction of the 870-~.tm energy by fog droplets is always less tha n extinction of the
visible and the 10. 5-i,i m energy . The relationship between the visible and the infrared
extinction depends upon the drop—size distribution. The 10. 5-i,t m wavelength is fre-
quentl y attenuated about the same amount as the visible , and it is not uncommon for the
infrared extinction to be greater than the visible extinction .
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I. I NT RODUC T ION

i- ’oi~ , mist , and Ii a ’.e are obstructions t ’ v i s i b i l i ty .  Fo~ e> .i st~
~~~ ~~~~~~ ; ‘ :ere c o nt a i n s  a ~ u spelided a~~ re~~atc: of ~erv smal l  v. u ~ .-r  d rops

W I I L ’ I  1’cII1:c~ the :i i ’ .~~~tn~ \ is ihi l i tv t~ 1 I~i~ or less near the su~ d~~~ .
a : . . ‘~ a1e of e at e r  : vupl et  sus~ t i ded in the at~niosph erc nedi  nr, S .  v~ac —

i d  lucy ’ v j~ j 1)j l it v as l(~ v as )ni ~ , it iS called mist .  .~‘1ist is I n~ ri~ .:d~a~ L
ceo I and ia ; -t ’ : .  i1a,~~ con s i st s  o~ pai ’ticles which are  SO Se at 1 t:~ev a i r —

IIOL DC f e l t  . r  in d k  hi a l lv  seen \v it L the ey e.  Haze p a i t  i n s  m a \  he 
~~~

-

-1’ ~ a t : L ~ . “dove .ieyai~ed dc fj no.hms TO II V h~’ found in th e cil~ sna rv  c~ i l et e , ir o i  -i_~:~-(l1us -H 1. ~~, 1 1I 19) .  E 1(l L ’j~~~ - ( 19~ 9) di scusses alte rnate k 1i t j ~ :t s  wh i c
1:~ t ,T I~ 1( a t l i I e .

115 I’C 1Iu UI i S p c t i :  aril voulce i i i  -d with b i t ,, but f i r r , :~ f ’v- . r~- i - ’ cc’s

c i i ~ hi -  Jj o t i ’ d  for the ic liikc j’ \¼ I10 iS i t i t c i ’ ustc’d 10 Vj Sj !) i ~~i t t 0 S ,A~~c’~~1c,. ’ 1:.a., 1
4 ’! ~~ ( l t L 7 ) ,  h and ( 19l1~ , M~ s- ’ ai’ us (1971),  and Ie19c . .

~
c ’ i ,oln t b  t t i t t1 (~~i h n t  t h e  s i t e  of a r t ic l t s and v i s ib i l i t y  as a 1,-nv TI . oi
rI t i t ’ c Ill n . i !i iv ,  J ’ T h n S r i t  ( hYTd ) h- ’)ws t a t  t : ’ ag innt  aerc  sol s \ 1  ‘s’hi
l~ ; i r :  ‘n i l  l arser a ‘c not ranc .  I ’ i -  t , ~i !  a i d  Dc i .ona ( 197u~ and i t o t~ 1I~ Sad

~~VIP9 )  (li5C.~~5 n e a s J r t a U C n E s  01 i’ i 1 i’ar~ d ~a 1 ’ a C : C L n s t i C ’ .~ 01 a~1~~:.
( ; ,~

- ‘ ‘ p ‘nih ~‘ :‘efl~ov ( 1 ) 7 5 )  and tu i ’ ,~i ( l 9 : t I )  ‘~~~S I i l ( : 1 ’  i ’ i l i ” i ’ il (1 t a l ’a  L’ as t~~ S

ol ce rv I c e  e a t , aerosol .

[‘ ‘i t., is V t’i i ’ed by a v ar i e ty  ( 1  m I t e - i r e  Oi1iea~ proi. css.

\V : t en  the ar ound  I lses heat at nig ht by radiational cooll! c t ~~~ n. - ‘ - a c i  ‘:1
at n - ~’ . ’rc , 1’ l J d o l ; i  ~eit , w i ll o ’:’n’, i f te e a i ’  cool s cn(  n I t  Ii ,- c u 1 t e
s1~ c r  ‘i~ crated .

\ i .  ‘ct iuI ! ’ ’ it, - S)g ’~vh i C h  :4 1 ! ’ : :~ t.\ I11’I’ ~‘.51 5 , I liD iSt  211’ !L~~\ S 1I( ’” - S S
‘ ‘ 1’ 01’ - m d  ui-h ’ l ’~ Si a 1o~~t.” i ’ -

~~~~~~‘

is a r s r I ’ 1 a 1 1 ’( I i’, j i h  a I I ’( !I t 21 !)t t ?s f l :Sc .  Fi’ i’ad J 4 ’  ‘ I ’

c a L ’ I ! :. S I i t ;  l : ~ 1 in ~ ~~~~ co- i - - i ’  3j I  ‘5  l~ i k i ~~ ci~ ‘ t l n i - ’:-ri i r i’  2 5 . 5 -  ‘ t C a l ’

‘dII’ ~~~~~~~~~~ , “ ,O I ’ . ~~( i , I i ’  au’do:r~ - a l l  t Jm e i o i ’ i : ci’ in CV a~ I I I  5 1 ’ - t  -. .
~~ ~~~~ 

I ’

1 5 T I 1 i ” i n - ~ l i ) i ~.

slope fog -
~ fo rmed when air flows upward eve t’  r is ing t er i ’ :d t~ and

c d l  I I ’ hab atica l ly to the dew point.

3
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Steam fog, which is al so called evaporation i0~~, LI ,  !oi ’ tm ~ y ’i i  1.11 f l i t ,  ‘ld a i r
moves ovr~ r a a-a rmer  bodi’ -f w ater or when v:a m i  r a in  fall s thi ” t i t t , h  a Ia ’  c
of colder  a i r .

Further info rmation of a general nature may be toun- .l It ~ ~t andt . t t  ‘I i - c - f r ’s—

ences such as Berry et al. ( 1 9 4 5 ) , Iluschke ( 1 9 3 9 ) , Lanc l shuma l ( 195s) ,  and
Schönwiese (1970).

Mathematical and numerical models describing different characteristic’s
of fog are found in Baronti and Elzweig (1973) , Lala et al. (1975) , Low (197 19),
Magono et al. (1974), Rodhe (1962, 1966), and Weinstein (197-I a, b).

II. COMPUTA TIONAL PROCEDURE

When electromagnetic energy p ropagate s throug h an atmosphere
wh ich contains scattering and absorb ing part icles , the extinction coefficient ‘i,
which is al so called the attenuation coefficient , is given by the following
formula:

~~
‘ 

‘-r~ (Q ),N, ,
—

~~ i ext i i

where r is ti’: radius of particles in the ith interval which contains N , pa i’tic’les

per cubic’ unit of length. To be precise, the r , which is uscd in the computation

should be the mean square radius over the interval. (Q ) ,  is the mean extinc—
ext i

tion efficienc~ factor (also called the relative extinction coefficient or the
normalized extinction cross section) in the ith radius interval. Q is aext
dimensionless function of drop size , wavelength of electromagnetic energy,
and the complex index of refraction. The extinction coefficient a- is in un its

of inverse length. If a- is in units of m
1
, the attenuation in decibels/kilometer

may be obtained by multiplying by 4343.

Johnson (1954) has shown that if one assumes a threshold of brightness
contrast of 0. 02 , one may compute the visibility V according to the formula

4
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3.912
V =

a-

where a- is vom tputed for some wavcleng-t h near the middl e of the visible range.

~t ’ the units ob a- ate m
1
, the ~isibiIitv is in meters.

Mie ( 1 9t I ’~) (1eve~oI ’t-d a theory to describe scatter ing and absor ; i l l n . of
electromagnetic energy  IT \ ’ 5i’~ C L ’j Cii particles with a know n compl ex index of
refraction m = n ik .  Modem discussions and exp lanat ions  of 1 C( ’t i ’Ol . 1t .Yact ic

propagation theol’\- c-an be found in Kerkcr (1969) , McCartnev 1197 ’ - )
Dci ~‘n te ~ - i j ian et al. (1 p h i )  , \Veeks (1 961) , Stephens et al. ( i t  7 1’) , arid Vs i’ner
(1976). A summary of the procedure used in this report follow’s.

The extinction efficiency factor is related to the comp lex n u mb e r s  a
and b by the formula

~ext = 

~~ n~~ 

(2n + 1) [Re(a + h )]

The dimensionless parameter c~ is the ratio of the circumference of the cll ’t ’ t
to the \va\’eienath of radiant energy and is defined 1)’,’

2 -ir

‘T’he w a v e l e n g th ~. l i t  liSt be c’xpl ’c - S. ’!c’d in  the  same u n i t s  as  the  ‘:n 1 1u —

The quantities a an d h a i’c def ined byn n

~~ 
ni~~- (  p3’) ~ 

a)
a 

~~~~v )’! (f3) -



~~~~— — -- -- - -- -_ ~~~~--- 

and

—

b = ~~~~~~~~~~ (
_

~ -~~~( f3)~~’( a)

where 3 = m~ and ~ = + ix . The prime dienotes differentiation with  respect
to the argument. The quantities ~ and 

~
‘ are Ricatti— Be~ scl function s defined as

1/2
~~(x) = (z~ ) J~~ 1/2

(x)

and

/ 1/2
x ( x) - (i.) N

n+l/2 (X)

where J , ~(x)  and N - (x ’) are half integral oriter Bessel and ~~cuniana
ti~~ k i i+1 /2 -

t’unct ion s of m v  argument x.

For computational purposes , one mar define the appropriate quanti t ces
for n = 0 1t0 I a = 1 and use an iterative procedure to obtain high er  order te rm s

1
0

( X )  = sin x

sin x
= - cos x

~0
(x) = cos x

cos x
‘i- sin x

(3 
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\Vhen x is a com plex number such as 1~, the preceding functions transform into
functions of hyperbolic sines and cosines according standard equations.

The equations for finding higher order terms of ~~— and x are

Z (x) 2n + 1 z (x ) - Z (x)
n+1 x n n-i

and

Z’(x)~~~~~~ Z (x) - z  (x )
fl x n n+1

I ~(n+ 1)Z 1
(x) - 0Z

1
(x ) ]

wh it — re Z is either c r y  and x is a or

~
- : t.~ . t l < - : :. l ’~~ ~ ~f the ‘o i r - tu t c t m’ progi ’ams ha t.; hi ’~’ “h~-~ t .c 1 ti~ J~~.~ - a ’ : - - ‘ S t

a sIc ila  t i c i ’  S - scm mi SI) !’, \5 t ~h table - c pub lished by the t ’~ Buc ’s-an u .~ s’ - I :  - -

: - re :i : t  and Sli ~- t .  - : i ch ( I t i S i ) ,  Perindoi ’f ( 1p 57 ) , Irvi ’ and I lk ; :

• :i ;ct . \ ; c m - ix  J ,l 1 t c i ”~i i ’ t i i i ’v  ( 1~~76) . G u 1 : i u t ’ ~ c ’ht and  -~l~e - - - - i a n ,
‘\ic ’Ca i i c r ’ i i i l y  te al  w i t h  real j n c i i : - e s  01’ i - e f i ’ : i i - t i c ’ ; . T ‘ , t !  10 .

-~‘ ‘ 1 ’ c ~~~ : j - - \ t c ’ l s \ e . IThev c-over l’f l O ! t \  w”a~ 
,- l~ r~~Lii~ :. a

1 1 0 1  I l i i i !  t u ’ ‘:o . i 1 ’h ‘, i t ~~N~~c~ of re ftac’tinn of water  at’et  iCe ’ . Tao  t l ’ i ; - . ’ r i t l O

- t I ’  S l : ,t ’Crit .  f 0 . : - ’ui :t ;’d ~ is ‘u x ’ t i cu i a r l  uselu t icr ~~tkt ’i . . i ,L :Cn .0’j t 1~t i 5 , S

! CrC. , se  m t - tcl , n t ’S , tS 1 i l  a 5 ; : - , 1 a m id  it  c nsi Ic’l - ; r cal 51 , .
~~~~

‘ ; ~~~
- - ii a

~~ i~~cs ol I’i’11’ScL.,~~ .

i s ,at aL - i i i :  t tm n ;  ti’ l~~1ek ( i u 7 d , 1977) nns  51 w; ! th r i t  t h e  ; ‘xt ir
e t f u  h,’n ;- ’ Tn - to l l -  c a - , - -~ s a l in ~~t m ~i \ S lUc ’ - .11’ tS’ ’O 115 0’ i t . t ’  ‘ e c~ : a t ’~’ i - e  “- ‘ i

.n l i l y  i t ’ 1’. ‘
~~ i : ’, - i d ( ’ t e ( l ! I , 1 i i  t l ! (  i i l) i h i ’ t . ’ , — c l i i i  i f  U IC

_ 1 1 t  ‘) ~~ ‘I~~~ ’~~ ’ ( f ’’~~ - l  ‘ — ~ - - ‘ I  I ID ‘5 ~~ii l’c t l ’ f lS’t IVC id(- \ .

Thc ’ L’ i ’ Oi’ -. I :  I t  ‘d el i , 1 t ;~ .’ 51~~., ’ i ’ i U , i i  Ss  l t t l - ” ’! ’~- . F I l l ’  e x a l l - le ,
U- - ~~~~~~~ 

t 7-: t ’ 1 0 T  ( l P 7 7 ~ h ave t ’ C i P : h t l \  shown that  t h -. sma l l e s t  scal e ‘1
ydi ’t e-d 1 , the ;~ u ’ i’v s in  t o ’ measured in the i~~l 1’Sl’o’\



Fog water droplets are nearly spherical , but ice i a r c in l ce  t i re  not
st dc ’i-ic al. An~ reader interested in nonspherical p a r t i c l e s  is SII Vi Sr ’( I  tO sot —

suIt Zerull et al. (1977).

Table 1 contains the indices of refraction which -, ;oi’c used to m a ’-c t h e
c’nt t pu ta t i cn s  discussed in Section IV of this report. These computations a rc
not highl y sensitive to small changes in the ind ex of refraction, and th e -  l ’es tc it s

would have been qualitatively the same if sources other than Da\ Pt-s et al.
(1 97o’) and Hale and Querry (1973) had been used.

A few’ other sources of data will he noted for the interested reader.
l)eirmencljian (1975), Downing and Williams (1975) , Rozenberg (197-1),
ltw-ire and Poflack (1968), and N i s l o ’ - s k i j  ( 19 5 9 )  contain indices o i’efi’ae’tl ’r

for several wavelengths. Additional info rmation about i n d i t - ’s of r e f r a c t i o n  i f
wa te r  near 1 mm can be found in Chamberlain et ml. ( 1 9 7 3 ) , -\ 1 ]i,:t:t lii; ef ml .
(1”t l) , and Goronina et al. (1966) . The pre cer la references are  c o n e’,

with t ur d ’  water or icc , hut Querry et al. (197T) dave studied r c ’ l a t i -’e ; c d e c —
caere ct ii complex refractive ind ex in the infrared for  vac’ icus  S’3fl l lO~
sal~ nc- environmental waters.

FLu ::e 1 is a conventional graph of Q verse a c, [or v a vcie n gt 0 s of
- L X I

0. 5-5 and ~~i , ~ ~tm. This graph has been s l igh t l y  smoothed becaus e- t u e  S0’ r i l I O j
scale ripple structure is not important for our put’~tose s.

TABLE 1. INDICES OF I(E l R;\CTION

Wavelength
Source (pm)  Index of Refraction

h ale and Querry (1973) o. 5” 1. 333 - 1. :)d (10 9 ) i

h ale and Querr’v (1973) 10. 5 1. l -~5 — 0. 06P2 j

Davies et al. ( 1970)* 2. 122 — 1 .9667

Davies Ct al. (1970) 1250 2. 63() — 1.1407 1

*The index of refraction for 57() pro is an interpolated value. 

_, --- -‘~~~~~ 
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In Figure 2, 
~ext 

is graphed as a function of droi lct ;- :Jiu -: fur  v - a ,  c—

lengths of 0. 55 , 10. 5, and 870 pm. This grap h ~ho’,vs that i - - t h u t i es, is ac u m i  Pt’

t reater for 10. 5~~m energy than for tile visible energy WI t tI  ar ’ i c h - s  n - c ’  ~i’ -gc-

th an about li pm in radius.

Table 2 contains a sample computation 01’ extinction c c ’  a ii o t i s - i  - : 1  ¶ ‘-~g

I - co —S ize  distribution. The purpose of s hc- ’vi ng th i~ - n ;u t t i t i :  :: -~ to , 1l—

st -ate the re lat i ’, c’ importance of small an .i large In : In tn ~ p - ~’; ~t c  r ’,t 1 —

~lnn .  It has sometimes been argued that n! an\  measut’cmc!; t  !~~~‘, h 1,  5~~5 

h e i i c t ’it~ against small l i d s, and thi s  computation shcs:ic ’- ’ l c -  - 
~~
‘ ci~~~

s all i g  ertance of t i i  s fact. The hyp othetic -al (1151 Cl ! 111’ c- d i l1c ’~ in  -
of the a w t~~~’ r ed  distributions only in the f i r s t  tor e t. sa th1’ .c~ ° ‘ c” :15. ~~r,

~a ;’ti ’ ’le~ it: tee c ’or r c s l : (- m;d in g  real distribution -.; e I i i  i’eCO t ’ ( t ’ : C !  ‘,v~th c’aI i’~ -~

th at 1 p n’~. I d e  i c ’  ;vcrr 5 . ~ particles per cubi c centimeter a 1 do I — - ‘2— s IL

ra 1 m5 l t s e i ’-cil a t td  4. 8- pei ’tieles per cubic centimeter ~i; tt!e’ — — to :~~ i n n e r —

- dos, ‘Pc cc ~atp;;1el visibility for thi’ hypnthe - t i ~ -e~ li st ; theti s in i’m i ic  2

i~ 221 in as compared 
with 248 m for the measured dPt - ; i ’ ih ’t t~’:n . flowc’c i ’ , i t

the 0.9 dart:c :(-s per cubic centimeter with radii gr u a t er  I lOti  15 pm ~vei ’c ’

c’emo~ .ed from Table 2 , and everything else remained the same , tis ,,-o s; ct tcl
- , - is ihi f l  iv w ’’.il d he 2-15 in. Therefore, one sees that eliniira’etig iT t ;  I C-  ‘ i t S

S(’C Cul ) l , .  e- f lt l inctd ’r  with radii less than 3 en  for the d i st r ib u t i o n  in Tai de 2

rmas aloe s!, the same effect as eliminating 0. 9 particles ~~~ - l Ol i c’  centi - ; - t e

with radii greater than 15 p in •

I I I .  FOG DROP-SIZE DISTRIBUTION S

Radii of fog drops range from less than 1 pm to slightly over

100 tim. This section will include information concerning variations from one

P ace to another and from one fog to another in tile same i lace. Although SOnI C

variations are caused liv biases in methods of measurement as suggested by

Elciridge (1971) , in strcunental limitation s cannot explain all of the variations

in Table :; , which summarizes the d ata to be discussed in this section .

The vei’v thorough investigation by Arnul f et ml. (1957) in France is tt cn

quoted . The experimental work was done at St. L lgl c ’v m ’rt  (Pas — de—Cala i s)  near

the sea and at Villacoublay, an airport near Paris. ‘I ’ltvy measured di’ ;p — s i : - ’e

distributions and extinction of several wavelengths in hazes an d logs. \n radii

greater than iS pm were shown on their grap hs , and the main J11O(le was lear

2. 5 pm for all data. Large secondary modes dliii not appear. In hazes , the

10
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u p t i - -al lensities were 10 to 13 times large r in the isilde than lIt ii) p m .  In
t’o~ s w h i c h  t ’(c’v called selective fo~,ts : itmosp h ’ i ’ i : -  I ‘ ( ~~ - t i -  1 of vi sibi ’’ V 211 C—

h ’ n et h .~
- v a r  ie~ i’om about 2 to over 20 t i i Cc- s the ~“-,t ‘a t i  a at  a wa \ - e 1e2IL ~t l ]  of

1 ~ ~m - !:i e v i lv i n g  togs , vis ible  w ave l( ’fl ’~thS ~~~ - i. - 2 t t c I i : :1 t ( - d  I rca - about 1 . 4
tI 20 ‘ n-~es the  wavelengt h of 10 pm. In St a L 1~ e k 2  ‘-: t t a ’  i I J ~~ :n ~ : l t t e n u a t i I I i l  a

aiw a’,’s at eas t  half the visible a t t e n u a t ion , :112’ I in 511111e ~ t 1Ihk- t ogs  :L~ t I D’ l 1 l a t  ion
at 10 pm was almost as much as in the v i s ib le .

Best ( i  ~) T i  ) discussed a paper publ ishe d by I la~ c - n’-a n ’ i  (1936) fi’ e tn
Ham burg, C c  - : : a n v , but Best’ s paper is p I’ I ’I ’ : lh l y more  ~‘eadi1v a v a i l a h i e .

pt - I l  hs I -I the drop—size d i s t r i bu t i ons  I ] l u s t  i -at ei  in  li ng en ann ’ 5 Fl ~ u i’c 6
were t v p i (  - : l  I 1 \  iI’Ofl l about 5— to I2—p m i’adius. I\lli ,\ C n~ urn  drop s tes II ’ I  ‘ ( S U  I L - l i

hv 1 t & ’ r i  :1! ri w e r e  lea -t O pm , and most Sam riles con ta ined  a ( I  side’ I ii ‘Ic 
- 

-

: I l l n 2 ’ h c - r  11 drop s w i t h l I l c I j i  ,~reater  than 10 pm .  The s imp les in  i~, l u c ’ l a a n n ’ s
u r i L t i ’ l a l  a l - t i l l  us  sho~vcd th at m m iv  di st i ’ i but  ions \~ L I ’  mul  t in io da l  , and t H ‘.‘, u s
u n l  ~l - t u n a t e  !\ lo st  in Best ’ s p ai’ameter izat ion .

1~~l J D . -d:~ I IL - i d  n-iu lt in ~odal d i s t r ibu t ions  have also been inadequately pa ra i n—
( ‘ tI .’I ’ j z er i  U’; nic ’st other inves t i gators .  Es senwanger ’  (107 (i)  pointed this out in
h i s  d i - ~c ’i s s ion  of ~i : t I l o w  (1975) . Ren sch  and Long ( 197 c ) , Baronti and Eliv, -e i u ,

:~) , 0 Id l am p i e i - i  andi l’omasi ( 197 6:i , U) also U sd ’d d i s t r ibut ion  u n c t i  MS
wh i ch  ‘ 1 . - - -ed I D n I V  a 3in g Ie mode .

(‘rI g a:’d Dessens (1973) made measu rements in France on the upper
Ga (‘OCaL - i~ i ’~€’ r ‘ie’d i ’  a ‘alp mil l  w hj c~ ejected S tons of wate r  vapor pet ’ hou i’
into the at r~ n h~ cc , ,\ Ie asurements were made in a va l i e~ where  wind speeds
were l i g h t  I I ’  ~t was calm , and there were fr eq u d ’n ,  in~ ersion S. ‘riley studied
tw o fo:1 ,~ which wet’e spread throughout the valley b asin an d t w ‘(I logs  w h i c h
w C’ 121’ local i /ed i l l  the vicinit y of the fal l ing f rom the plume (‘‘21 itted by the pui p
mill. Drops were largei’ in the localized fogs which had mean radii  of ~ and
11) pm. ‘\ I a 7~im u m  radii were about 22 pm.  Mean radii in the more ~ idesl)I’eadl
togs we I L -  4 .  3 and 4 . 2 pm , and maximum radii were ’  about 17 pm. Li lioth
(-a a - s , In  i’ge ‘(1111 el’s of di’ops had rad ii i eate r than  10 p fli

Deloncle ( 1961a, b) studied fogs near Paris and rn a moun ta in ,
Pu v—d e—D ~ me , in i” t’nh lce .  Near Paris, most drops had rad i i  less than  1 p U I ;

the maximum radius was about 10 pm. Some of these d i s t r i b u t i o n s  w e r e  4,
bimodal (see Figu re 5 of Deloncle , 1963a) with a secondary maximum near
3. 3 pm. Deloncle found smaller drops on the mountain Puv-de—D~nic. ‘\iaxi-
mum radii were about s pm , and the largest number of drops had radii less
than 0.73 pm. Even the secondary modal radius was only about 1.3 ~ini.
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~1

1), - 1~s0n et al . (1173) made extensive measur ’ t - i ia - : ~ts at (‘a~-i~ tl’a ne Test
She in ( : - l i f o r - d i t .  rd -a s’ of the data ‘~ve re in t h ’ -  C c c i i ,  of  c - nn ; n t : - : -  P~ 

) i 1) L 0 t i t S .

l e t a C IL 11  a a l l :  r lf  C ,  \‘, as  ii s: ’t:~ secI Ia  V- ~t ,  
~~~~~ I. The :: — a : - i ; c . - : n -  1 ’ l l l l ( I ’d

~~cu. l I I J  ‘ a~~ u xl e Ip ~~e a. ~~ fl~ p y ~, 1,at ,
~~ ( 1 ~ep ; I ~‘d ii ‘ -

~~~~~ -
.

( I l l  “ - ~C 1 J i ’ (  f l i C ’ - 10 I l  Li- i 1 - ~ ‘17 as  - ti  ( . 11 ‘ ‘ . - i  3 2 :  , 5 - i I ~~‘ i e  V. 1,1)5’ ‘1 d’ V

~~ c C  ~i - ,- T l : J a _  — f l , - - ( tL’ 21 a t t1 .  4, 12. , , ,I ld ~ tì . -i pm .  t I i  1’ ‘‘1721 -0 , ’ , c i t ! -  - -

to ia tea - 1 t : al o l o t s - d c  t a i . ( n i ’ I cO t . T1:c’ i i j dd w a t c ’ i  c - 1-ntent  \\1I5 1 ( 1 1 1 , 7 , 7

!)~ 1~ gi

1- ’ ‘ - a dson ( 1 i T 1 s )  e-~,dc ir cilsu r e n . r n t ~ a c - n a  i~~ ’ 0 ) ’ F ~s f l ax  i :

~-l11 s~L~C 1 I S I ; t L S  . -1, -e , i’dJ f lg  to Ii- 011 k ( . ‘ l ’ : i,~u r c  , \ o lu n t e  n~’:a: r~~ t~ i l l  l ’ ( S
,5:-i ripI’ - s 7 ne lL- i  I II -i” : t l ’  abe’~i t5  p u t,  TI~~ i~ ’ u:’e , Lhe h i t -ni ’  a - e at :  :-a di i
‘ a- ban --: var y- - (  I i c y :  :ti ’ ‘at 16 t~ - 23  an , .  Ft -ui :  I h a i : y h l  - ‘ i ~~~~~~ a , o”,c-

tha t  no Ia ~~~~~~ dad ’  i y  iai r~ f l l S  0 5 77 U t C  ap~ ‘ai’ent, a- ’.icl t f l r  I n a x I r i l u l ’  d t o ~
sb-cc’ wa .~ ahLut 2.5 tIn t’’, t a t - 7-e m cee i c - c a n .  It iolio’.~ s that  t I c  n - n ~ - n ~~~r h - e l :—
size must  have bc -en near 1O~) -

~~~ a- r ad ius .  I.iquid ~- a t c -  I’ C ; i l r c ’ t t t s  v a r~ -d I 2111!

ah nut  a . 013 to (l~ 16 g: rn ’ 
-

J : I t I i  -
~~€ 1 i i ; ~~) 05, 11 fta’ ~ i 11 of i - ~ s an - p I e s  t h e  ac i d ’- ‘ ( - I ’ .t  ‘ Is

;auti ’tIs€’d m U i l u2 1 ) c a t ] V  as the C I I ’ o p l c ’ l radius  deci-t a s , 6 I ~
- S f l : O I l t ’ ’t d1” -

s a c  class  a E d  idge ’ s Tr bI~~ I ~nd I was 0.3— to 1-~I Ill i n d i e s .  :- -

c l a ss  ~‘.as t ea  radii l iOf lI  lb ic  -2 u i - - ’ 1,  1 o t till ’ 11 — a l u l I t ’S , t 1-e  ) ‘a : l t~ w

in t1i ~- 1~ to ~‘ -~i i I  c-lass; :y e  s a , a p 1 c- ad the  fli~ak I I  I l l u  2 — 4 o -ho -i c ( l a - I s  1 111’

lcc id ‘ari t - ’r y 0 2 1 0,” - :; ~,‘~~“~c-d f r ’ - a -  ‘I . 2 1  to 6 .  ‘ k  - -
‘ 

-

, f l  I ~~~~~ 1 i )  ) I ’  - I :i D,t ( a, - !  - ‘- ‘—s h1 ’ LII  i l  but  u - u  in ‘~~~. j I l  I h a l  a -  a ,

( a t - - 0 2 ’ .  ~~ - II : 21 ~l i 21~ ‘5 I 1~ ’ -a r ,  I Iii 1 - i  cci ’n ~ -a ’ ~ Fig’ i :- s t I , . ~ , ~‘) ,1

1 ’ ’  f l ( 1 ” 0 , ’ r ’ ~ e-~ “ - -a ’1 : 0 , 5 ~ - 1 - ~ - ” -  l: L1H - y : l : d . ihc y ’ c - v-~ ’ ’~ l~~u : ’ :  a’: ’ — - y-

0 II  ‘- p d  ‘ i t i ’ , , ‘ , d i ,  g , ’’a::( ’ y ’ i - _ : 2 ,  ‘1’ : 1 ’ -  1, Ur ,  fk ~ - 4 i I ~~i 1’  1) — 1 1 i ’ClS  :, ‘

ca ( i ’ i t i : ~~’ c , sn~ 
‘ 

‘~ 
‘ -  ‘a 1 0 2 7 ’ 07 , 5 10 : ’ ! -  ~~~~~ 1 th’:’ ” r ~ , 1 l  , C

- ‘ - t i ! , ‘ ‘, - 2 1 ’ C  ~ - ‘ ‘  1 ,

1 . ~ 
1 7 ,  - 1 

~~
, 2 5 - I : -  0 . ,  : 1 : -  - - - ,, 7 -0 , - . ‘ C ( C  5/ 1’

- - ,_1 5 17 11’ - I 2 1 -  ‘ ‘ - ‘ ,  - 
~‘ 

‘ 
‘ t b ’  - 7’ - I 0 1 1  ‘ I - ‘ I ‘II I  0 l l  (‘I ) , I -  - I 4 ~~~
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- t ; ’ -  ‘ - - -~ ~‘ : 1  ‘~~~ ‘S 7’ C~~ d- ’l 1 l 1 , l - c - , I ’ c ’ U nn  ‘( ‘ 5~~~’Vt ’ ~
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given and from the graphs. Most drops apparently had i-deL i less than 1 pm
in the liquid radiation fogs. Ice Cogs had typical  radii r e a t oc  than 6 ou t ,

probabl~- at !,- 0d ,t 10 pm. -\ It c-clion fogs on l i t ’ g r~~~ !~~ in I”igiire I had t ’, ~i c -al

radii fr om 2 to -s p m .  Liquid wate r was in the ran- ac of 6 , 023 to 0 171 ~~~~~~~

Garland et al. (1971) studied on ly  radiation l c - g ~~. In fit -c’ out of six
/an C ’les the largest drops had radii of about 15 on’; ‘ ‘ti e samp le lt~ i1 0 (l it> !)
t- i t h  a rad i ls as la rge  as 2’) pm.  In fire out of six s a n t l I b t - s t Ic  t ’a taa o i ’ \  con-
ta m ing t I ie  most drops was less than 0 . 6  pm.  J~a~’ga secondary modes  316 no t

3
occur. The l iquid water content varied from J • ( ‘ 5  to ~. 21 24 in

Gathman and I,a i’snn (1974) observed matt ’, atiiu o spl c’~’i’: variables  in
three fogs in the Greenland Sea. They believed ICon their method of measure—
meat was lOO T- efficient in collecting particle’s a- i t I -  r a d i i  -k -eate r than I .  2 )~2 0 , ,

Median i’adii in their 15 og samples ~-ar ied from 3 t o  9 pm :i:’coi’di ia to their
Table 2.  Ilt-c ir graphs ‘~vei-c hard to ‘cad , l i u t  ‘ua ’- , i i e  air cl i’op radii  apparently
varied I rca-n about 12 to (14 pm in their Figures “ , 0 , and i i i . Calcula ted  l i q u i d

3
water conten ts were in the range of 0.6-11 to 0. 2 31 gi in .

Gorchakov et al. (1972) made assumptions about tia’ fog drop—size dis-
tributions arid used an optical scattering technique to e s t in i a t ~ the parameters
in the distribution function for three cases. In two ~-ases the modal radius
was about 5. 5 pm. They w’ere surprised that in the third case the mode was
near i2. 3pm , and the particle size dis t r ibut ion was quite nai’row compared
to the other two cases.

Grunow (1960) investigated fogs on Mt. Ilohenpeissenberg in upper
Bavaria in Germany. lie found that cold polar air was characterized by drop-
lets from 1— to 7. 5—p m radius. Warm maritime air masses normally had
d roplets with radii from 2 to 12. 5 pm. Mai’itime air masses with a long
c o n t i nen t a l  I ra e( ’tol’v had drop lets from 2. 3 to 30 pm.  Typical cli’oplets in
these three kinds of air masses had radii of 1 . 3, -I to 7, and 6 to 9 pm ,
respectively .

Iloug hton and Radford (1938) studied acivection fogs at Round l u ll in
South Dartmouth, Massachusetts. ‘l’hev ci ‘ L I I I  ned I> )  volume distribution en ate S
in 16 fogs ha v ing peaks from 6— t o  -l ‘S—p iru r ad iu s .  The range ol radii was from
1 to 65 pm. Because the linear mean ol radi i  is less than  the radius of a
droplet 01 mean volume , typical radii w e  cc’ probably fi’oni about 3 to :is ~~~
The largest liqu id water content was al al t 1 , 3 g rn

3
.
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Jiusto (1964)  sumi arized a literature suI ’vc\  1111 1 d i \  bled togs j i l t ’ tvo
main types: rad ia t ion  and advection . He assumed that :n land fogs a t  cc i - a - H a —
tion fogs and that coastal fogs v-crc of tile advection t t p e .  The a ’ c -rn -n e audi - a s
of radiation to~’, droplets ‘vas 5 pm , and the maximum w a s  about 17 . ‘S ~, a: - The

li quid \‘,-aft’r conical was about 0. 11 g/ m
3
. The larger advection log- droplets

had an average radius at  about 10 pm and a maximum near 32.5 0 111. The
liquid ! water content of advection log ~‘as assumed to have an av er a g  01 a t ) O U t

1 . 17 p -  n , ’. ,J in s t u ( 1 0 7 4 ) , in a late a ar t icle , has p0m b 1 out t I ~ t !~~ sc sirn —

p111k-t i aun t  bc- u s~~’ a p l e s e - n I  only t cp i  cal values that ~vil l \ a i r  c o l u s i  It- : :11
indli t ( inn 1 c - u s e s  and w i t h  T a - -al condi t ions .

Na ,’ ama et al - ( 19k; 1 divided the tog drop—s u e ( l i s t  : ‘ibut ir ’ns  :1::- 1 l 1 e’~
i’ -case rot i n I k - ’~k a i -  Cc , Japan in to  tour  g roups .  Fogs ( - O n t o :  n i p  - -a i’: I r h - s

-. ith radii p r e d I c t ’  than 30 pm ‘.~ ore typ e  D. Type D i \ p i c a l  - . had tIc ’ ct l’ gO- ,I

number  of p a r t i c les  in t1-n: smallest size t ’atc ’~’ort , and the : c : u m l e -  a c l  pc~ ’c k ic- s
dec reased u n o ; a t o c t i , - a l l v  with increasing size. In type ~\ C c , - ~~~, 7 1 1  

- 
, ‘ -

particles had radii ic~~s than 5 pnt . mi type B -ks, less th an 7 1 I  ‘
~ of ‘ i c  bu ’~ ps

:0 3 radii less I a t .  ‘S pm and less than I l  - - had radii p t - e a t e r  tha i 10 i n .  More
than 15 of the drops had radi i  g i ’eater  than 10 pm in tV l ue  C fogs , ij - ,o none had
radii  greater than : 1 1 p m .  The largest  radii measured Jy K - i C x :a et al - crc- re

0 p m .

l’:wnai’ 1 7 - ) inves t iga t ion of advec’tion togs  in Point  Ba i’ro~’ , A l u i s n a ,
tou l n c l  l i l ax i  l u a u  i n ’ !  C ‘a 6.3 pm .  The categories with most drops varied from
:1 , 3— 10 12. 6-~ a- - i’a U us .  Ob ser ved - _ I s i b i l  i t  i t ’ s  we re  si i g l i t i ’ , SITi a l ic  i - than corn —

puteci risihil itu - ‘ ‘ 5 : i h  ‘i - t - f - l i ’c , sot -n e small drops were ni isse]. In ‘ C - a t i  ac- S of
Kumai’ S a ‘tid e, visibilit y was plotted versus liquid w ater (-oiutcac . There was
a lot 01 sca t ter  in  tli ~ data , and the long—lasting - t o~ s shum -e l t a r  n oic’ scattc 1

than the sh o r t — i  t ’ i ’ i c d  fogs. When ~ i s ib i l it  i t ’ s  were 1 km or lo ss , ha- a m o u n t

of liquid Water varied I r m  0. 133 in  I I , 15 g n t .

Kunkel (1971) used a laser hologram camera to measui’e drop S i / ’S i r
I t a , ,  1)uring par t  of the tes t, his i n s t  ru n ient  would -a lt - measure al -n drops.

~\ (-ascacle irnpad ’to r was used t a f ill in  additiori a~ data. Dur ing’ the ren iaind e a
ot tile test , cl! - cp l d - :  s with i’adii as small as 2 pm could he measured. i \ U u : L t  1~ s
F igure :i ind ica ted  tha t radi i  near 43 p a w - c ’ r -  measur ed.  l- ra iu :  his  1-’i g’urc 1
w h u c h  represented m e a s u rem ent s  t-n a d e  e nt i  r e ly  w i t h  one type  of 1:1 st 1 - l i d -  i t ,
one sr ’e~ that  C ypic’al radii w( ,r ( ,  i’oni ‘S to 1 I)  (1 111 . ih e  nt in i l ie i ’  of gram s of
liquid ~‘ate a va i ’i ed f rom I ) .  02 1 to 0 . 1’! ~.

I i
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i . aktj -n ;ov Ct, al. (19 TI )  s tudied st a h i a : i c a i  c l u a ro c i c ’ ~~~~ -, t  to~ C i .
bu ss ia .  They found that  t oo c a n O n - c ’  CI t i a u ~’ce ts  a. : t i t  c’cci j i  l e s s  t a j ’ , ~cn  t a- i

nOc - at ic clv cOt’ ~c’C abed w i t h  t h e  number t i :  Ir oc  c -t a  v- i :b 1 ao l  gI  c u  t L ’r le a n 12 p a - -

For ex arie cC c- , the  nuntbe i ’ of drop lets 77 i i i  i Od1 pP 1 ia ’ :1 Ut —u -

cour e l at io n  w i t h  the number  of droplets  w i t h  i ’ d -  : ,-i of ’ e) - 45 t u ic  - Ii t h i s
should be true in other location s, one would en I; to ’. c’ to w e t ’ ’ - t n at  l u a u - -  005

sin ai  I drops were missed by the m e a su r e v i o t t  ic c’ h::~quc ’ in t aos  with l a r g e  n un —
hers of l a rge  drops. The discussion in Sect ic :: 1 1 c C  the 1, - n c - u t -ap~oi’t also
n u d u c - a t e s  that sntall drops contribute niuch ic5 ’5 to - ‘ s . i n ’ - t i o u c i d a t i  la - at’ ;t ’ u,~:s.

Low ( 1~kh1a) reported on two sets of f l u e  a s , r c ’n e c u c s .  T I ’ :  a rst  was  dc -i c
h’, D!ckson at k u - l l v  Fic ’ld i  near Ft. Rucker , ;\ l a h o r - n  . ‘ l ’h i in  lao a ci s Uic  acce l

C l o u t  type.  ~ C :e tv ind var ied  from calm to ti C umt 1 ni sc-c- cTu ’ c .~l ’o-ai most- of ts
ex is tence .  C vp i ca l  radii were from 9 to 1:-I pm , and -mna~.i I O U ;  u’~- Oc i  ‘yore ab ou t .

21 p m. I~~ e : id water  content  at Skellv Field -- t r i e d  l i-ant 0 . i~ Co 0 . 2 1 p

Thc- sc- i -ca-u i  set of measurem ents VepOl ’t k P7 Lor we i’ c- in l l& - Ce - u con

Va l h e \  f le e r ‘t -,’ca t ,a , (‘a l l  fo i’n ia.  These inca s- ;  u c - u e i e u , t s  \~e ac t n a d ~’ b~ Bouin ~
and \Vhi t e , nu t  Tow has include d co i-r ’ecti on s to e r i - c l - S  v ,h , c’ t ve t o  I uto C in
the i r o i ’pcu : i a l  a ork .  The Redw ood \‘a ll c ’  ‘0-a s were of a ~ c ~ 1 i a - b a t h . - : —

b -cc’t ir ’c ;  a- - u u  I~ow leeJ Ic -y e a t ha t  the\ i -c -i ’ . - ( I i  jy e : n~iv e’ , u f i n t  i ’u i a ~ -

‘ i c - a l : i - C i  \t ‘tee C U d l u  I ta 13 cc ni . I n for m a l  on c t O O C i ‘ a 110’-; !u i u i n l  I n - C  i i
in t he  Rc’d’. -ad \ a l e -v  fogs ~~~~ cot  p i e e n .  Flue  n a Y I l i , e liI l ’ c~~~i •- -- c i : e u  ‘ n - c u t c i : ’

v - as 0. ti 5 g in and the m i n i m u m  t ’as 0 .04  p m .

I ,udwia ci. ut i . ( 1 ) 7 - I )  rneaSu l’edl drop l , -t s iz c- d i . ~c t r i b u t i ’ ’ : : s  in r a d i u t i t C ’ -
at l3raiinan Island ~l f l t c ’  Park in the de l t a  of the Sj u .Joaq~i in  aa:d du u - c u t c - c i t

Hiv e as. A c c o r d i n g  to t he i r  T-’ig’ures 12 an d 2-1 the In t’ p esi  no a her a l  C a  i~t C a1 -s
were the smallest  ones less than a few tenths of a mi er onic - t e  r in r a d i u s , and
the i-n axin-i ui-n raciiu s was ab out 15 pin -

M ack ,  ct al . (1973) measured fog p a i ’ant et r-rt-c at c-ioct nc- at’ i \ l c :t t c - ree
Ca l it -i’ nia , and near the Farallon Islands. I”igures -S and (1 of their report
contained many histogram s of drop—size distributions. The peaks typicall y
occurred at radii from about -l to ‘5 pm , and nio st  drop sizes 77 ci’c’ in I hc - ranut e
of 2— t o  1( 1—p m radius.  Several d is t r ibu t ions  w ere  n’u u l t im o d a l .  The Tar - nes t
radius  show-n on the graphs was about Ii p m .  I)r i / i.lc ’ occurred dur ing  the
two most thoroughl y studied fogs. It was  qua l i t a t i v e ly  est imated that droplet
radii were as large as 10() pm.  The maximum liquid w ater content was

3
0. 1 g, m

22
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Ma~ (1961) studied 2~ fogs. -The method of measurement discriminated
against vera large and y ea small droplets . May believed that one could not
place an i i i ) € ) limit on the sii.c’ of a fog droplet because the spec-I i’urn r t e i ’ gc- (l
a - o u t n u u c u a i l’ t a- t o  t h a t  of iria: - 1 - ui ’ ra in ~- - hen it  accompanied a 104 . Ti: O i l , .

easa , ‘\i’ C - ‘ a l et ! c i c  2 i e~ -ccii  a i - a u cn ’ 0 t drop let radii  of (1 .2 ’  to 1~~0 ~ n - . I:
0 t h e  :-~~ ‘g . - , C hi - - t : - a x i i i um 1: - o i u l c i , radiu s 77-as p n c a t e i ’  t h an  52 pa: cu- i  in
11 - u p s  tI c- 11c0 : c f l u u n e  t - i . a l u u e s  v - - t i n  less than 2’~ ~~c i i .  Ut lec ’ i’ t - I e a r a  i i O ’ i S t l C S
the t o~ s sk i (  -n ed a v,- u ’:hc a r i a t i c u ’ c- va -n thoug h all inca st u ce m en t s  a crc- c cc

from t C ,  c tan:c-  pos i t ion on the side of a building on Ov a  S~ lj s C  l u i s  I-~.i. !t ~ in

i-:~~~l tv -c d - ( t ui ~ samp le had a min imum raI l  - ,u s of c pm , at -u - h a ncO , lt ,  a c o  : ~ C

had a m~’x u ’ium ‘ a e t l u . -i of 7 . 5 pm .  Three d is t r ibut ions  bud a t n c u h  u : t u  r t r b c t u . i c ’~ s

t h a n  1 • ‘S p to i , u t  a u i - a n ’  mum radius greater  than 32 p in. One samp l -  ha I a rne - uClce r
r ad iu s  oi: 15 p n .  J i q u u i d  vi atet ’ contents te hich were obtained l i v  a eiga ’ ’i g t a r i c - t

Ir on-u 1 . 10- 1- C to ‘~~. 27 -p - m
3. Magnitudes computed from the d rop — si ’ :-  di s t r i h u —

tion s r :i: p c ’ u C  i’onc 0. 1943 to 0 . 2 9 7  gIn
3
.

- a ros ( 19(1 T ) Si t n i h - J  20 radiation tons and 13 . i c lv c - cua -u ’  Ions  u n
-ai late - ci , i lu H a r e .  \C - S /.it i ’S ’ ‘l’:- -les I and II listed a great teal ol ‘ - : n t ’c

I ic-a cc o u t  -~~c fag, - - c h a l u g mode u :, liu ,, muaO radiu s, l i e u , Si1u.is c O  ruc i i - - S ,
- c- a - c - l ame  :au-a e cu ~~, 

a:, ) i n a ’-. n c c i u u c u  ~‘nchi iJ s .  I:, the 2( c’a .- I ! i ,  t c - l t i  - -

c’ a eh i ccs  a. - c-t I  I i-ca: c- -cs ~i t a ~ ~~. -i  ~o i i i .  2 p m , a u e . i the i i , -ac e a d l e  s e n  c- - i  rota

-3. - 
i 0 .  ~ e ~c i r t l7l- .i\c ~c :  c I a ,  “ :I di~ In 1 1 7 -  i ’ o d i a t  , - -  Cop s  a a t  cc in  I l c ,  ~

- -~~~ : c ore

1 . - ’ ti -~~p 0 1 .  ~-lc ’a n iq e i c e  WC , ’ .- t  ‘ O u t l i - i c t  i f l  1110 r c7 I i t s i e ~ - u C  l on.•~

f C I I  ‘V - -\ ‘  - a g i ’ ‘91 C l 5 -  in t h a  I I  : u ’ i v e c i i ’ - n  ‘. 0 :  v - e u - c’ laig - . ~‘ n~n tic ’
- i ’ v e  a-:’ 1 - - - C a . ho ’ I - I  i c - i  a l a  -dcc ! :u~i : c s  \ - _ n i - i - -c t, ‘‘ - t O  ~

‘ - . 2 .  - t

H’ u a d ’ . 1 i :- ~~ f i gs  .c - .’ia ‘ ci 0 -  a d ;  C , an C u ‘ c : - ’  of C I: ~~~ ‘ Cu , c,  - a’ In to  L C -sOC - . -

p i- . I t ’ ’ u t u i  t : c l i ,  e’ , - t ’ - t o n ,  2 . 2  us 17 .  t am h i  t h u O ’ - ci’ 1 u - - t  - / ,

,.C t - tn ’ ’i r  ‘: 1 ( 1 : 1  ~ t I - - - r l ’ r a l - - -  l r ’ . ,s \ : l i - 1 , - (  t ’ - c ~~- , ‘ ;l . ’S 1 j u l .  -3 . 1 -  H.-

- Cc ’ ~‘ : n i- t i e  :a i - I C~~: u  ‘I v ‘ 1  i: u - - : t , - n t  a; n - - I - , - b - U’) ,~ i c  
- -
, 0 : -  ‘h -

‘ . 0: 1: 1(1 t~h ’ ,~ ‘‘ t’ 1’ C ’ I -  u I

~ - t c h , ( H- ’~~l d 1 u l i i , t i  i t u p u  i i  - t i c  u -a ’ u . i t . i - - : - a  ! l u ~~-d t ‘ I ’ ,

U I: u 10  a -f - I ’  i .  & - ~~~ ‘ 1l  - ‘  a - t u bs  I i’ ( c~ t I c-’ ~ e , I to v 7 1  2 .~’J r i .  I -. l ti u p c ’ - 1 .  ( 1 .  
~~~~ 

.7 - ‘

- (  s - a s i c -  a t t n  a t ’  0 ( ‘ i t  j i t O .  C O O l  0 t h  e i I t . - ’ t t ’ - u u -  0 ‘
~~~ - i t i ’  ‘ P u ,  ~

9 ( l i - C I a ’ S I - -gte ’ -
‘ - 1 ’ ,.’ uc : t c — i : u ; l u l i  j u d d \t t i i L ’ r  ~~~~) -  u -  1 ’ 5 t i ’, 0 1 -  a t  U . - a
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Pedersen and Todsen (1960) measured fog droplet sizes near Oslo ,
Norway . The fogs classified as radiation fogs had maximum radii of about
16 pm , and advect ion fog droplets had radi i as lar ge as 25 pm.  Typical dis-
tr ibut ions of both k in ds of fog were bimodal , an d one mode was from .3 t o
7 pm. In radiation fogs, one mode was typicall y less than 2 pm , and in advec’—
tion fogs one mode was near 2 pm.

Pili~ et al. (1975a , b) made extensive microrneteorological measure-
ments in 11 fogs in the Chemung River Valley near Elmira , New York.
Measurements were made aloft as well as near the surface . The broadest
drop-size distributions always occurred near the surface . Deep fog formed
first aloft with its base 30 to 60 m above the surface , but ground fog a iCy

meters thick could resul t from diffusion of heat to the  cold ground. The tern—
perature distr ibution leading to the formation of a (hee l) val ley fog appeared to
he the result of nocturnal valley circulations. F u r t h e r  radiat ive  cooling (~f
the fog top produced an unstable lapse rate , and subsequent tu rbulent-c -ausud
the fog base to propagate downward to the surface. Typical radii caere from -:

3 to 12 pm , and the maximum radius was about 31 p m. i”.haec t distr ibutions in
mature fog at the surface were very broad and multimodal. The average

liquid water content at the time of minimum visibility was 0 . 1 g/m
3
.

Reinking (1975) studied warm radiation fogs tinder calm conditions in
the San Joaquin Valley in California. Maximum radii were about 7. 5 pm , and
typical mean radii were near 3 pm. Detailed information was not given.

Roberts (1976) obtained drop—size distributions from Grafenwöhr ,
Federal Republic of Germany. Roberts ’ Figure 1, which showed plots of f ive
drop—size distributions , did not indicate that there were any particles with
radii greater than 8 pm .  Most of the distribution s had a maximum near the
smallest size shown on the curves , about 0 . 2  pm.  One of the d i s t r ibu t ions  had
a maximum at slightly more than 1 pm and a secondary maximum at about
7 . 2 3  p m .  Roberts’ Figure 5 showed that even  the smal l  var ia t ion  in drop—size
dis t r ibut ions  produced measural) l e changes in ex t inc t ion  for l iqu id  water con—
tents appropriate to moderate and l ight  fog and mists , althoug h the observations
were quite close together for very  large l iqu id  water contents and for relat ively

clea r air .  I”or example , for a l iquid water c- o ict c ’ t -it o about 0 . 007 gi ni ’ ,
extinction of the lO— p m wavelengt h of energy varied by about a factor of 3, and

for about 0.08 g /m
3 

extinction varied by a factor of 2. Observations were
3

scarce near 0.03 g/m
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Rogers et al. (197~l) investigated the life c’ cle of Cal i fornia  coastal fogs
about 1 nm i in l and  near Vanaenberg Air Force Base. The range of radi i  was
typicall y 1.5 to 11’Spm , and the mean radius at a height of 1.2 in was ~~~- -f li nt
according to their ‘I’aIde  Ill. Gr ap hical data were not given for 1.2 nt but ‘ c u d
for heights of 10 in antI higher.  At the higher level s the distributions tended
to peal: at abo ut 3— to 7—pm radius. The average liquid water content was

0. :)~ g/ m
3
, and the maximum was 0. 12 g. m

3 
at the 1.2 m height.

l~u i / e n b c ’r u :  ( laT’i) has summarized expected mean drop sizes toi dilfe- —

en t I ’ d  r, ’mete ’i>rs on page 279 in Table ‘i . 14 of th ~ Fl ct ! I sic t r a i l  S a t i  - t a  of til e
Russian report. The mean droplet radius was 5 (C u t  in thin h u g s  a n I  ‘ i - ( - c i t 10
n t ed ium fogs.

Tag ( 11t 76)  discussed earlier work wh ich  was based on data ta lc --n i i ;  the
Panama Canal Zone. Tag’s T’igure 2 indic’ated a maximum radiits of -a:x’ut
23 pm. Typical radii would I)e less than the volume mean t - a d i u s  ~ f i ’~. S a

The liquid water content was 0. 131 m .

Tccuv t ier i aol Tornasi ( 1976a) have fit e ai’ious drop—siv.e di st r i a ’, :t:  -- a s  to
a i ::ti ti - . d _,atnma l:ut :c’ti nn . A cc-part degci’il .u ic:a a study by \ ‘ i t t c - r i  a c t _ -i
Pc ’sarcsi at l3aricella in the Po Val l ey  in  Italy W a s  a f l u o u l p  (- icc -I i  s - ’ - C’ c cl- ;
cc l i c  it Pic--y discussed. Maa imcm - c drop radii cc-crc tib- - - t  22 11:1’ a :c ’ i  t - - u - i c
u - a d i i  e e c - i - c  about ‘

~ 
p I I ;  Cu : tb~ fo~~ Ia the Po V a l i ’, ’’~- T :u tvc l ’ lc ’ c’C a u - - c  ‘l’: a u - a s i

c’Iassifitu .f I Ca ~c t op a — r ad ia t ion  foas.

I’ uuu ’ t li ts. -i t ci a!. ( 1!’- -~~ to a descr ibe d a l as a ’- -  iolo gr :cnt  c’Ofl C tu S\ S i d ’ t i I

a t  t i t e o _ ; u ’ C u : ’  drop si c c .  1 1cc - i t  a r t i c le  c-c ’ntait c ed one sup I& l u i s i  . j’a tc

- la i n tale ; at 1)l i~~ \ ir  1-’ 1- ce i~ tn-~ - , ,‘, l , cs snc ’hi i :sct ls .  ‘I”, pc i -a l  i a  u t -c t e a t -

1 )  , I c C 1 , i, ,ud the ‘ : 0 \ l  f l :  i u ui i-a l i u s  a a.; ii oat 34 pm.

l c e ’ m a : c  a: , cl  l 0 - ’) ; I ,~’ ”. ( 1 9 3 - I )  sot -bet ! ;\ I a s i - ,~ i i~~~~~~t~~~g p a r t i t ’ l -s .  l a c ’
hc .p , e s t  l e t ,  c - i - a l a  t - -  uP cvl c -h  ic , . ’ — ioat  c .)c ’ c - t c i i i - I ‘ iS  —1 ~~°C - ! ‘ ; r i i - n  t h - . - wI d er
of I u . t 2- l C )~~t ii ~~~~~~ ~‘~j~’ j e-ru c-’ !~asc. l 1 i c c u - a ,  ti - !  I- ! I . i ~ - \ \ c - 1 t ’

n i ’s  ce l t i c  c - r \  c t a l  sic- as a ‘i i ’ ; e t  j u t  1ff u ’nh h i cc r a t u r i - . The m 1 ‘ C i a ~j a

ala ‘c -a c in g in  their I h - c t - c  ‘ ‘  - - a s  -.0 n Ot  13 pm .

‘ —~ - i ’sl: -9 ( i’ -- 3~ - l a s s i l i c d  fog s  as r adia t ion W i u l  u -- , c ( I u - u - c i : ) u ,  1’ : s  a

i got ~a 11)7 , p a c t t  121 , of th e J -I ;u -ph i s h i  t t - a u - s l a l i u , u c .  Tvio u O , l i : c t u :  - l O : ’ ~~~ c i  -

t ad i u c - t v - a t ’ I~ I and 2 p m. 1 Ia -  grap hs s i c a w a - u l  u - n t -  r a d i n l i - - :  ICp in ha is, - a :c - ac-a —
m~, ict r adius  el about 5. ‘S pni and the other a maximi .im of I i  . ‘S pm.  TI ; - cc  - - -
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ti u t U — ud tOe i - e u ~ -ni at ion Cog ‘cas about 2 p i n  and C IC  T f l :1 N . c ’ C O u t  a L - a c t  i~ ~, ul i .

I hoc— - ’ - - c - I  , 1c er-c ’ ;oi s t a t e - I  on a In  - - a ga~ a th at  the °‘a ’~i r u u u c V I i i  in ~~~
- ~

- c•- aL -ci t  i t )  ~ f l u .

“u ui’ ( ii ‘ Si-  I -ga ’, - - C C I  -. C u ’~ — 1 c ~~ -~t a .  i c :  -
~~~~

‘ ‘ t -  - - c l  z~- CI  - . : - ,  - ci ~I
1 1 — 

- 
t t o - l i  i i i -  at Io~ :11, !‘j u C :  a t (~ r~ c~ , 

1 j i L :  010 , I ;: - ‘1 - -- :a - U s

u c c  U’ - - ‘ -~ ~- c c ~~C , i : u~~C- ;t , u ; 05  ‘ :ur i l  tO i :cO ~~ c l t O t  C :i~~~t u ‘ui ‘0 :l :~~ ‘ - —
~~~

- -~ ca ::- - : - - i - i t  u 0 u  ‘ - u la t :u c -  f u g u e-: u :i~- t j c u i  O i u , t C  t i c I  O - a  t t  t - - O ~~ I ’

~~~;, r’: : -i (‘ ;~ u~~ f l - t  C - ( ’ ! i S d S L d i t  \ — i t u t  , u - t  rc ’ an -’  - . 1 0 3~ ~~~ I a  -

‘lie - I d  - t a  : - ‘ r -  h a l  a u u ~-d~ii r ad iu s  f l u  0 1  7 . :. 111 t iuL ~
( C u -u .  11cc’ ‘ - t i -  i c-u c u~~.i ; -i i t  -~ t ci - . - -, a c v i -  j ’ u - : u  .~ ii I

-i 1 g I n : -  . u U S .  l i d s  lj s I t ’ f i , c , c : u - c  c iii - , :ii _ - i a u ’g- _ - - - t i - ’~-~ cca s p : - - i-0 : I 1 1€ ’

h lu a U : - - O i’C ‘ l t O j l S  c e l t i c  a - l i ;  r c -uL - ’ u l c u ”  2 ~~ t c u ’  ‘, - ‘ l t d  i - R , 0 i
u e s s  ‘k -c r 1-) p i n .  T in -  a a c - : i m u t i -  u ; t L u s  a as o a t  7 1  ~- ! C 1 .  ‘1 -1* st . I c h a t
altl:u:- t -oh ftu - ’ _ -p l c - - t s  of ). pni radius co d ; !  not ~e ~e~~:u \ C ! t t l  C a n t , ,  4: : - ~ l u

cvi t h :‘ i r ic i - u t tL73 p m  c’er e  easy to i u : c - a s c u r u -  he ’ hi s t - . - d - iu n ic 3 : - . - -

‘S sp ite of t he 1 a t c : c - uu ’, - au n t  of work tha t  C OS c- cD doi :c i i i  nco - c t sc ;r i i i a
iOg ~t t ’ - ;~. , -~~ t / ~~ d i s t r i ; ; 1 i a n s , more studies a l- c o-u .’ de ’d.

It C S  - .t l ivj ous  t O o t , in SOnic locations ti c- ,t l : ue  i, oI t u g  ‘ I n -  p — s c . - - -  ‘l i s t  i - c i  i c —

:U c d ,5 u u : c  - o u n g e  d r c i s t c v a i l v  f rom one t ime to :c i c- . - t l u t i’ . T h t s  i a s  i f C d ’!t ~~i- t ua cc

- c i ’ :  c - i ca: - Iv by (3 r c u : c o w  ( i i) i;o) , ~c 0 u v  ( I l u l l )  , uta .I ~- I e a : - c i , - t - s  ( ~‘ u i ; 3 ~ - Thet - - - --
- t i - c , tb - ccci-  k- c is an t  i ’ .’uc ’u I 00 :110  It OSSUni in p hat o u t ’ , c cl Cc i  s in T t l  ic 1 ~t Or

S V a l I d  ~i the  s; c- - i f i c - - i !  l , c - ; u t  i t — ” - I low e e  e ’P , t i e  t ’ c ~t o  ‘u - H oc -c - s c’ .t ~ c i a

~~~~~~~~~~~~~ :~ (0  j~ .1 i u ’ ,~~t c l i e n t s  s j i u c j l t u u ’ , i i . d s - ~~ , O I l d  an tn- ,t u - - n -
c v i i  a p e r i o d  of e - c -a - - s -,vi l l  bc n c - d ’ e S s c u i a  to ~i t - i ’ : ’u ’ s  i- ale t t ; s .

It tul~.acl C also i~ - n u -tc ’d here i l u , t t  clt: uu ug c- s icc t o g  u . - l : 1-a c td - r i s t u d -s  i - ac t  have
coo smal l ;aaee and t u ’ CO s c u l l - s .  l I c h e n  ( 1 9 7 0 )  k - : u i t d  : I C I rda lab le c-1111t1g t- C3 in

j ’ u ’(~~- 0 O a t ’ : - . C c i t  1 c i t  ( I I I :  1 2 1 - 1 2  p n - ~ us P l a i n  a k -p thu - i cc  a t i m e  w!O ’ c — no a j - p a r c u : c
(‘han::c-s i cu v i s i b i l i t y  oc-eured . In H it -h er ’ S experiment , a t t c ’ c c c u a t  i a ’ ’  l i l t ’ c’ ~. a s i- I

i i ’ oni 1-5 to 23 dB: km in a 0i1— ~ c -i -  period and then dcn - t- - a s e - d  to 1-3 c1 13 kin  diu t - —
i ng  the follov,- ing 30 sec. ‘/ t  a -v  c t  a ! - C 1972) p~- lIed a i g  wi th  a 1 . 69- 1 : — ic iii

laser. ( t —o i I log rarn t i - ac - c -s  of re f lec ted  s ignals  showed ra 1 ‘la- I 1;u ~’nc:it  C - .- u s  I t ichi  —

ca t  i t t  -g th ci (- ci- i i  hcmiog ene it i  es of t h e t u ) ,~ we re in c-o i l s lan t  niotion. ( le urge

( 1  f 7 1  ) ~ n i l  c-- I a log in \Vashi ngt on , I ) . ~~ . , and I lie l eng th  of most ~- ‘1 ( i C  - an t s  t e l l
us, C i i i  n the range of 31) to 11)1) C t .  Ch i sh oln i  and Kruse ( 1 9 7 - I )  made I I C S  u s ( - n l  c

mea si i  i - c t i u i - i i t .s of v i s i b i l i t y  at I . ,  ( I . Ilanscorn l ick! in Massachuset ts .  The~
found tha t  temporal and spatial var iabi l i t y  was m u c h  ag-eater in radia t ion  Ic u g s
than in ode cat ion fogs.
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.\ f . cv i nves t iga to rs  ii ~~vc ’ c l i  st -cu ssed ti co -
- an  at ‘ -ti  Of au ~ — S : ; - .c-- dj st :  :l, ;i tj O ’ s

il u i i u c c g  t iti lift- c-c c’le oc a I - u p ,  l - ~H~ et a! - C 19. - , l , ~ c , ~ ( ic’  - . - . 1 ‘~a~_ r c a - :  i h u r a d :3.
- - -  ics of t h e  l i f t -  c- -ac i~ - i - f  c - : I c ’ c k -ca - ‘She’ lC- i ’ d u u c ~t ~t , ’; l l u se  g ro ut.:!

; C -i ’ t iP V  oc -a c- c c -cl I t . 1 - - C a  the  i t .- u -t t a h l o t l  01 ch eep t a P c - t  ( O t t .  Th e g u t - and  c - ’.’ -

cut ~ crc r n !  i oc 2 cc- 4 p : u u  uitu .l a i -t i c- c: ‘0 — 
C l ) I f )  c _ io u - -  \ — :  i t t - d C  c - c a  C t’Dt(—~ c , h r - u t

f l c - a u c  i t C h  - aO u - ‘ a -  - -~ a i- : O - - I i - .: : I a - 1 t u :  2 p ~ . .- ; - c , a  1! ‘t i - c -  l o t S  C, -~. : ced
i- ~ 0 i t 1  :il he u i - s t  t i s i t i l i t -  t i j c c i u c c - i n  110 1’ ec lcij-  a i , l , C , u  I I  - l  -‘ t i j l - ,~k . c ~~~~

-~~c” i  cit t O - . - 5;d c O O t - c  0 ~h o u u t  h a l t  - , t  l i t  ‘ - - : .S ,  &Jn~ -
, -‘a’: - - a  a t  - t no - u s  u~ ~ -

:1 pu -  a-i d O C e  - ‘i l - e l ’  -e . \ I C C I 1  -l  t i n t ]  12 t c~~~ ‘b~ 01 cc - f U l l  i C -

i i i  t h e  S C C t i ~ )t’ at  di  -~~ - - i - cc - - i sii - lUictb- -ts ‘ lti~ ~t1~_ i c-a - - :  ~~ j 
~:t 0-u , 1 i c

I i t  ~i -~~ , i c c  a sl.,u . i - , i’ ~- i -  -s~ u , -  ‘at .4 i cci 1 ., c - n t l a - - - - ‘ c ~O :

‘ h ops , i c e r c - - a s e - d  u ! t d i ’ i ! C g  i - p  I i S S c t - : - 0 -  ~ - . I IU\ ~ t e ,  a , :) i c ’ t : - , , : t ;  -: cH :Ia l c’~
l a c e  u a c i , t c -’ I . u t c h i i a U i c c : p c ; t a d -~~~ -C v i~~i C ~~l i ~ - - , - u cl : u~~- . ’- - C ~~~ t - ’ i  11] - ci t c : (

t i : a t  C c l u l i - H  l ) c -’( O i i iC  l a r gt ’i -  as log a~ c. ,s. ! ) i c - ~~~ - ’ u i  c i - d  t C : c~~ I -c ’ - dc - - i
spc- c :01 ~i 1~ S l u l t -  O t a t  t h i s  h ’ - ’ ;c v ior ( - 0 : - t acO t h i - - c p i - : tc- t ! , t  t . :al c l j s; 1 - c , ’ -

stn_ a’ ’s;  t c  i r  , , . l i c - , f ‘,e ’a s haste ] ;. ‘ t : m a r i \  c C p c - h u  t i c -  l ab or n t - ’t -v  ua1’~ i i  1- o; lc ;~~c ’ .’
1 9 - 2 )  slide . I t ’ . -, ( 197 ’Sa)  c”- a i , t i n c - d  t he l i e  t ’ t i a l c - ~ of c- - C u - C h i l t cc fe~ i t O

four  ci; ixed 1 0 1  m c i ’ - - t —a c h -c-rtb - Id  C u s g s ,  In I ic- , i d i o t  ion - - :,, l u - c ’  a - - u t  :111 n i ed - o u t

: - ad c t  m e t- - a~ i ’cl w i t h  t i m e  t rout  t ic-- i a r n i t i t : ve  si ac a c  to the c c c i  at  ‘ i _ c - -  1 1 : 0 c c _ u  u - c

s i n -ar and  then  t k - c r c ’a s - u l  s i i c t t c l l v  ‘ Cot - ic : d i s s i 1 u t i e n .  P, - ] - , - e i o r  w a s c t  c- a —
si~~t i_ - i l t  among the - cur  mixed l-a i i a t I - - tC - — .;l d ’, c ’ e - l i ’ uc fug ~~.

A t~~ & i’ i l ;ti i’a ’_ i e - i ’ j ~~i i i  of C- -s w h i ch  ~~s ~~~~ ;n:e -  i - - t i - i  :1 ; - - l I c ~u c 1 c C

‘- , - :ate r c - c u l t ,  t i . - I t t :  ‘~- i e , i u c c l u t d i t t p  F l d r i d o t-  ( l l ~~1) i d  l i c i c t .  c -, a  t r iO

I’ - I ca t :oy a ( I t o h - ) . iO~ e- su gges t - - i  c h a t  I ie 1c hi  eca tc - ’ t c - c - : : t e- c ; t  shoc ul ,~ a si t C-
t u n o c  ion ol e I —, j i ~~1 t t \  . i t ’  cc -c - c :~ , lI t  t I - t u t , a and P - VOi-c - a, U s to ’ , e - i : : : , e  Ii c i  - - -

[i-giu u - c-- 2 s i a n  ccl a l , t l  - C s- - ot to - i- , E i d r i u l pc’ c-’c u ~ s i d t - i ’ c -’ tC us~~clj] c ’ i - t ) . -h~ c ’ O , n C f l i

c i t - - i ’ s  i n  cii! v two sttt s of latu to conclude I ca t  ; i c - \  ~Ci i ’~c l , l  iu ~’ cc  in ~ i -

t~~ t e - t  l u - I .  K ’ e ’ Stc - ’ t ant i  kn ,~,a ’. s ic - , ( 1 9 7 0 )  .sc ;-g- :a s i t  ‘ C  c - u s a -p t w c . u n i ’ l a e h - - n s l c u : - :

lot’ rad ia t ion  h u g  and cute  cu t  ode -c - l ion fog. t h i s - - c e - r s i i i c c - l i t : ,  i i -  -

t h e  m et -it of iliust u-o tin g c-ct-v c t e a t ’ l \  C h p i t f a l l  of e ’ _ t s c t . - ’ l l V  i s  a cv
one m i a li t  f i n d  in the literatu i-e . Tin_ c sitp gc ’stce!  t u u ; i \ c -  - t u t u ,  l i q t i c - l  ‘ e a t - c  c - u —

tents r4 1. )) and o . -I m t uu r radiation and cld \ectic i t o g s , t - e S) ’ e c t l e t - ] y .  1 he
eat-i i c r  hia rt of this section of the present report in (iic -at c-s that n - s t . C ’  ‘as have

a l iquid water content less than ii . - - I g m °. Roberts ( ta~ t ; )  measured ~
slight ! y more than 1. I) g. m ‘ . N ‘cc (1975a) i ’ e j u n i - l e I I I . -g m w i t  It a -c i  si —

hi il itv of I m. In industrial regions of Bohemia in Czechoslovak ia ,- \ u t c ’;’ ( l u l l ; ; )

measured l i qu id  water  c-ontents greate r than 0 . -5 g iii with \ ‘iS i I ) i l i  t ics in
( - N e C S S  of 100 m. This c-ould onl y occur if there were nianv lar gc - drop s. ~\ n v ,

measured 0 . 606 g, ni ’t a short time after the last v i s i b i l i t y  measurement. 
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The p receding discussion applies to observations near the surface. Vc - - i - v
fee’ - obsu-re-ations exist for higher levels, but in one c _ a se Okita ( 1 9 6 2 )  obsei’ved

a liquid wate r c- csi:ent of 1. 6 g,/ m ” at a height of t ( )  m.  Rop e i-s et al. ( i t t  7 -1)
also found that arc I -age and n iaxin iu rn  l iquid water content increased with  height ,

i -cu t at - 12 cc-  the l at -g est  nieasurecl 1 i qu id  cc a t e t ’  content was on! y it . 4 g - m .

~caienh oef ( 19 0 ] )  found that  s laut t. v i  ~i h i 1 i i y  from 40 in was norma lly ii ss than
u i o r i , , u c i i a l  v i s ib i l i t y  at 2 m.

J :j u i a j ] u  , the reader is urged to l cn iuc -1C hel - that a few l a r g i -  d rops can
mak e  a I Ogg c- r (.‘ :t a t nj h u t l o n  to exti nc t ion than mact v small drops as has it - . -e~
i l lU S t Tc t t e l l  in Tab le 2. This  is par t icu lar ly  ‘ i-ue a, 10. 5 p I n , -,e h e i e  e x t i c u c - t i o u t
I ~‘ ‘-Ol c~ ‘au - abk -  to c - i sible exti ttc’t ic-ut for pat-tid es w i t  P radii greater th at -i l i t  pm.
Thc c_ ’ i- h ’t c c , t h e  ic - l i e -a l  radii  i t  Table 3 n u u s t  not he c orisideretl alone cc i t l i c i cc t
i-c-k- r enc-c to the munche r of l a r g e  drops. ,-\ m a x i l t i c i l ’  radius greater th at -i
30 pm w as  usually O u t i nd ica t ion  of a s i g n i f i c a n t  number  of lac-ge particles.

1V. COMPARISON OF EXTINCTION OF DIFFERENT WAVELENGTHS

l)r ’ - ; - - - s i i . c- c i i s t r i l t u c t i o u i a  - - t ’ i - t . t a L c -- c c  from six a - - t i d es. N a u c c a l  (1973)
and J- h1c - iu l . ’ -  ( l a - c - ; ) l ist ed data c c’ - c l u e e - ’ u i ’ - u t  Ol ~i l l 1 - c  fo rm . ‘ F I u C i - t o - c u c  of cli ’
,histri! ,c ,tions f t - u  N ‘nc ~i n t - I ’ :- asa n c i a t e d  w i t h  v i s i  ) c i l t i c - c - i  lcss ’i’ci , c I km a c - id
ti tu s cOi tCe  w i t h i n  t h u  d e f in i t i on  of t i p us -d in t l , u s  t e p id . I \ C c C C U t C ’ s
tv !’u caOIl \ -ontajnc’’l 20 to - I t t  of ra di i  ca t - c at e r  than 10 c - t i c , an d no i’ad ii  cc , i ’-

leSs c _ h a n  ?~~~5 t i n . l - t l i I i - i l g e - ’ s 12 COp d r o p — s i / c ’  d i s t  i - t i t i t I , , i c ~ ac! no i ad li
O t t - ”  t h i c i : -  S pm , anti n- c -st  ‘v eu ” c le ss  t h a t :  I p m .  P i l i c t i: a !, C i~~~ ~) autO

P - l a r s e n  and T ’ - t s c _ - i c  ( 1  c l - I l l )  r o e  i l - i a g ’ : tu ’hs  whi t -h  us c - - i - c C a i i - l y  eaS\ Ic ‘ - - - a l ,
‘ I c - d o l l - : , ~ -,- c-- I lL  - - I  i’:id i 1 t C t l t 1 ’ i I i ~ et a l -  wet”  t t i ’ t - a t ’ ’ c  t han  l i t  - 1 : , bc _~I
0 - i c  ccv p et - cc- ut  l i - n a t  i’ede~ - cus- c a i u d ‘J’odscn were p , ’t c _ l i t .’ i  t h a n  ] i l  p t c - . P i c a
e c ’ ’r c -  Tc u : i -n  f r o m  27 gi ’0 1’it s u C ma tu re  fops of P i l i c ~ ot a l .  and u c t u i c  3 g c ’ a ; - i u s
i c ~ Pi~t i  i scoc c (u0 c ‘C ~cn ( ‘ : ‘ l c u u ) d  ( 1 ’ t 7 l ~ c i t : ’ t  L :t i - l a u u l et a t .  ( l ” 7 : - ~ I i - ’ y j u h - -

cc l t t c - h  - ‘ c - r i -  d i t  fit-nit i t  C c a c t I , l~uc t  t l i c - - - d i d  ‘ r e  he sen-c  s c c t ’ c ] i ’in enta cv
i - u t t - r m a c ot i  in c a i t l e s .  l-’ive d u ” - p ’— s i : c -  d j s t i ’ i h t i i i o u i ~ c- c - - i - c- ascii f i ’occ c  ‘ - t i n

‘r e - l i ’ , a i - d  u l a -  I t  oi l - I . .; w -r )  t~ i~in c u f le  ~c t t c i ! t . l i i ’:- t h e n , el-a i d e i c -  I S  ‘- - i - i c

r ’ e i c u t u c u t c d  ( - i ’ 15  ( I i ’ , : — si -a  - h s tn i l u i t i o n s .

1 i’o uu .~l1 7 j l l u u s t r c u t e  thic c - ~~C u I t ’ -c ci - ‘ ‘ n c ~ ’i i ’t t i t cu s  i t o h cc i i i  th ~-
- i t — s i , ”  l i s t  d u u u l i  - ‘ t t  a a~ - (  - ‘ ‘ I t  c - p  1 us the i u’o’ e c u  - P s u h- - I C :  S i t  b c  I I ,
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Hens ch and Long ( 1970) used a model of log drop—size t t i s t r i I i t t i o u  for
theoretical computations. It c- - as launch that when the radius of cli -o~cs c C i t t ;  the
max imum number densi ty  was greater  ti -ian 5 pm , the  extinction ccci :i ~ - Pa ’r t
‘ t i - -ante w avelength  independent fa t- wavelengths from 0. 34 to ic c . (1 ;a i:c - to n cv
computations, most of the dh iStri butiOn s wi th  the i ’adius of maximum n c - c at  bc-i’
densi ty  greater than 5 pm had 0. 33- and 10. 5—p m a t tenua t ions  wi th in  aha c _ ut

10~ of each other.

1”igure 5 shows the relation of visible and 1250 -~,u m attenuatio c-i . ‘fh-:sc
data contain even more scatter than the data in Figure 4 . The cori- :lcuoio - ,
coeff ic ient  for the two attenuations is ciii -, ’ 0. -19.  The coi-re lation betw ee c c
0. 53— p m attenuation and 870—p m attenuation is 0. -Sn .

Fi gure G shows that 10. 5—,~ i i i  a t tenuation is n-iore closely ~
- ]  cited ta

u- i - i attenuation in fog than it is to 0 . 55—p m at tenuat ion .  The c”-r’:nlait ruc

Pc - ic ’, Cc - -c : these tw o sets of diata i~ U . 900 1 .

The correlation between 10. 5—p m attenuation and 870—p m at t e nc a t i o n  iS
0. 9068 fo i - the (IS fog drop—si r e  d is t r ibut ions  used in this stud .

Fipu cc 7 contains a plot of R C’ U~~inl attenuation vel-sus 12 50~ p c u t  a l t u  - c : c t u uil .

It is obviou s that these data au -n c-c ry closel y co rrelated. The cor -t -~- Ca t u ~- c
(coefficient is 0 . 9 -~73.

Platt (1970 ) made v a r i o u s approximat ions  and computed an a t t enua t ion

P fog at 1000 pm of 13 .2  dB , km p et -  g/ I n .

V. SUMMARY AND CONCLUSIONS

Extinction of electromagnetic energy liv fog drop lets depends upon
the wavelength of the energy , the complex index of refraction of ti - ic drops fo i-
that wavelength , and the drop—size distribution.

No clear air attenuation is conside red in thi s report. Webster ( 197tP ~
has provided a good model of atmospheric molecular attenuation . Water vapor
will  he considered in a future report .
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This report considers the following four wavelengths: 0.55 pm in the
visib le;  10. 5 pm in the infrared ; 870 pm in the subn iullimete r range; and
125;) p n .  Measurements of the complex indices of refraction at these wave-
lengths for water do not vary much more than about i0~I in any study. Varia-
tions ar e much less for the shorte r wavelengths. Furthermore , the results
of the computations are not influenced much by small changes in the complex
index of refraction.

An extensive literature survey shows that the radius of fog droplets can
vary from less than 1 pm to more ti-ian 100 pm.  However , a large portion of
drops have radii less than 20 pm , and few radii are greater than 10 pm.  In

some fogs the maximum radius is as small as 7. 5 pm , but in other fogs more

than half the drops have radii greater than S pm. These large variat ions sc-n e-

times occur in one location. There may also be large spatial and temporal
variations within a fog.

Extinction of energy with a wavelength of 1250 pm is less tha n extinction

of energy with a wavelength of 870 pin , regardless of the fog drop-size
distribution .

The extinction of these wavelengths near 1 mm by fog droplets is less
than the extinction of 0. 55 and 10. 5 pm in all fogs.

The way the extinction coefficient of 10. 5-pm energy compares to the
extinction coefficient of 0. 55—p m enet -gy depends upon the drop—size dis t r ibut ion.
If the maximum drop radius is less than 10 pm , ext inct ion of a wavelen gth of
10.5 pm is less than extinction of a wavelength of 0.55 pm . If most of the drop

radii are greater than 10 pm , the extinction of energy with a wac-elength of

10 . 5 pm is greater than the extinction of energy wi th  a wavelength of 0 .55  p m .
Even a concentration of a fract ion of a drop per cub ic centimeter with a radius
near 30 pm is important because the contribution of a drop to the extinction
coefficient depends upon the square of the radius . Com putations based upon
fog drop—size distr ibutions found in the literatu re indicate that ex t in ct ion  of
the 10. 5-.~im wavelength is abou t the same as the extinction of the 0. 5T- -;unt

wavelength in many  fogs.

36

- - - -‘ -

~ 

‘ - - - - -- - - -- -“~~~~~~~~~‘~~~~- - -~~~~~ ‘—~~~~~~~~~~ “--- -~~~~~~~~~



~
- -- ,

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

REFERENCES

Any z , F. , 1964: “Measurement of Water (‘otu te r u t a Fogs in Indu st r ia l  R ’g io c c s , ’’
( i n  Russian) . Studia Geop hysica et Geodaetica , R , S ; 9 5—4b ~1 .

A pleta l in , V. N. , V. V. Mcriakri, and Y, V. C h i g i - - - an , 1970 : “ I \ l e a s u u L m c - - n t
of the Absorbing and Reflecting Properties of W ater at Wctc - l e u u - a t I i s  from
2 to 0.9 mm ,” Radio Eng. Elect. Phvs ., 15 , i I - l 2 ~~~,

Arnui f , A. , J. Bricard , E. Curs , anc C. Vci’ct , 19 -57: ‘‘T ra n smi s s u , euu  iv
Haze an d Fog in the Spectral Region 0.135 to 10 microns , ” J. Opt. Soc.
Amer. , -17 , ‘191—49 s .

Bai’onti, P. and S. Elz\veig, 1973: “A Study of Droplet Spectra in i- - g s , ’
J. Atmos. Sci., 30 , 903— 908.

Barteneva , 0. D. and E. A. Polyakova, 1905: “A Stud y of Attenuation and
Scattering of Light in a Natural Fog Due to its Microphvsical Pt’operties,”
Atmos. Oceanic Phys ., 1, 114—121.

Berry, F. A . ,  E. Bollay, and N. R. Beers ( Editors) ,  1945: Handbook of
Meteorolo,gy, McGraw-Hill Book Co. , In c . ,  Necv York , pp. 727-73 11.

Best , A. C . ,  1951: “Drop—Size Distribution in Cloud and Fog, ” Quart. J. Ro~~
Meteor. Soc ., 77 , 418-4 26.

Bisyarin , V. P . ,  I. P. Bisyarina , and A. V. Sokolov , 1971: “Attenuation of
10. 6 p m I~ascr Radiation in Art if icial  and Heal Fog, ” Radio Eng . Elect.
Phvs.  , 16 , 13-9—15 94.

Carlon , II. R . ,  197 11: “Infrared Emission by I-’ine Water Aerosols al-id I-’ogs , ”

~\ppL Optics , 9 , 2000—200 6.

Chamberlain , .1. , M - S. Zafar , and J. B. h asted , 1973: “Direct Measurement
of Refraction Spc”trum of liquid Wate r at Subru i l l imetre  Wavelengths ,’’
Nature ,  Ph ys. Sc-i ., 2 111 , 116—117.

Chishoi m , I) . A.  and II.  K i - tu s - , 19 7- I :  The V a t - l a b i l i t y  of Vi s i b i l  i tv  in the
lion ,seou t c  Mesonetw ot -L : A Pi’el im i n a r ~ -\ ssc’s s i u - i c’-nt .  ,-\i I- 1”oi-ce

C a n c h i t - i u l ~ r - Research l aboratories Report A l-’CR J — ’T’ R — 7 - 1 — 0 2 0 5 , Enc - i i- t u t u —

menta l  R esearch Paper AI -’C R L — E H P — 4 7 9 , NTI S (‘a t a l c u , \ t i . ,- \ D—T ~ - l79 l ,
32 ~p. 



Chu , T. S . and D. C. hlogg , 1968: “EI ’fects of Precipitation on Propagat ion at
0 .63 , 3.5 , arid 10.6 microns , ” The Bell System Tech. ,J ., -17 , 723—7 39 .

Ch~lek , P., 1975: “Asymptotic Limits of the Mie—Scattering Characteristic’ s,”
J. Opt. Soc. Amer. ,  65 , 1316— 1318.

Ch~-lek , P. ,  1977: “A Note on Extinction and Scattering E fficiencie s , ”
J. Appl. Meteor., 16 , 321-322.

Cong, L. P. and J. Desserts , 1973: “Brouillards Artificiels Produits par
Emission Industrielle de Vapeur d’ Eau ” J. Rech. Atmos., L~ 

109- 116.

Davies, \I., G. W. F. Pardoe, J. Chamberl a in, and H. A. Gebbie, 1970:
“Subm illimetre — and Mill imetre—Wave Absorptions of Som e Polar and
Not -i—polar Liquids Measured by Fourier Transform Spectorscopv , ”

Trans. I-’araday Soc., 66, Part 2, 273—292.

De i rmendjian , D . ,  1975: “Far—Infrare d ~nd Submilhimeter Wave Attenuation
by Clouds at -id Rain , ” J. AppL Meteor. , 14 , 155 - 1—1 593.

1)’ ‘- cn endj ian , D. ,  R. Clasen , and cV. Viezee , 1961: “Mie Scattering with
Complex Index of Refraction , ” J. Opt. Soc. Amer. ,  51, 620-633.

Delonc le , M. , 1963 a: “Constitution des Broul ilards Ur h a ins , ’’ J . R c - - c h .  .

!~ 
1 0 7 — 1 1 1 .

Deloncle , M.  , l9 l PO i :  “Etude Photo~lectr ique des A&rosols Volati  , “ Revue
4’ Optique Th~ or~que et Ins t rumenta le ,  42 , 137—196.

Djc-ksc-u t c , 1). H. and .J . V. T I t les , 1903 : ‘‘Computation c-t i \ ‘isual l~anc ~- in j ’ - t 4

and I~ow Clouds , ” .J. AppI. Meteor. , 2 , 281 — 2 9 5 ,

1)~c -’ kn t  “i , D. 11, , H . B. Loveland , and W. Ii. hla t c ’ h , 1973 : At-mosph -r ic
\Vaterdroit Size Distribution at Capistrano Test Si~c- (CTS) from 16 A p r il
t h r o c - u nji ii May 1974, Volumes I, II, III, IV, V, an d  VI . Report
h - :c ( ’\ l - -DR 75—3.

Dobbins , H. A.  and T. I. Eklund , 1977: “Ripp le Structure of t h e  l-:xt i n c - i  ion
Coefficit’ru t,” Appl. Optics, j~ 281—282.

I)onaldson , H. J. , 1935: ‘‘Drop—Size Dis t r ibut ion , Liquid  W a ter  (‘u n i c -n i
Optic -al Transmission , and Radar  H e i b - a t  i v i t  V in Fog and Dri r i l e .
Proc. 1-h f th  Wea. Radar Conf. , 12— 15 S -pt , - n i h c -  r 1955 , Ashc -u i’v Pa rk ,
Nec” ,Jei’sev , 2 75—2 50 .



_ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~

- -

~~

—-

~~~~~~

- - -

Donati , S.,  1973: “Thermal Imaging Through Hazes and Fogs in the Middle
and Far Infrared Windows: Some Experimental Results , ” Alta Frequenza
( Eng lish Edition), — 12 , 101—104.

Downing, H. D. and D. Williams , 1975: “Optical Constants of Water in the
Infrared , ” J. Geophys. Res., 80 , 1656—1661.

Eldridge , R. G .,  1961: “A Few Fog Drop—Size Dis t r ibut ions , ” J. ~let eoi-.
18, 671—676.

Eldridge, 11. G. , 1966: “Haze and I-’og Aero .sci Dis t r ibut ions , ’’ J , A t r , u o s , S~~.
23 , 6o5 613.

Eldriclge, R. G. , 1969: “Mist — the Transition from h aze to i ’ o - t , ’’ 1~,i!
Amer.  Meteor. Soc ., 50 , 422 — 42 6 .

Eldridge , H. G. , 1971: “The Relationship Between V i s i b i l i t y  and I ~qu i d  W at e r
Content in Fog, ” J. Atmos. Sci., 28 , 1183—11~ t i .

Essenwanger , 0. M .,  1976: Comments on “Empir ical  Fog Drop let Si c’
Distribution Functions with l-’in ite Limits , ’’ J’ - \tn cts.  Sci - , 33,
338—339 .

Findeisen , W . ,  1932: “Messungen der Grosse un d A u u z a h l  der Nebe ltropl en
zum Studium der Koagulation Inhomogenen Nebels,” Gerlands Bcitra~g~
zur Geophysik, 35, 295—340.

Flanigan , D. F. and H. P. De Long, 1970: Spectral Ab usoi -pt io n Characteristics
of the Major Components of Dust Clouds. Edi.i e \\ood Arsenal Technical
Report EATR 4430 , 57 pp.

Garland , J. A . ,  1971: “Some Fog Droplet Size Dis t r i b u t ions  Obtained by an
Im paction Method ,” Quart. J. Roy. Meteor. Soc ., 97 , 4 83—494.

Garland , J. A . ,  J. H . Branson , and L. C. Cox , 1973 : “A Study of the Con-
tr ibut ion of Pollution to V i s i b i l i t y  in a Radiat ion l og, ” Atmos. Environ-
ment ,  j ,  1079— 109 2.

Gathman , S. G. anti H. E. l arson , 197 -I :  Marine I-’og Observations in the
Arc t ic .  N ac - al  Research  Laboratory Report 7693 , NTIS Catalog Number
AD—77 5999 , 27 PP.

39

_ _ _ _  ~~~~~— — - - -  ~~~~~~~~~~~~~~~~~~~~~ ‘-~~~~~~- — -—~~~



George , D. H. ,  1972 : “Estimates of Fog Element Length , ” J. Appi. Meteor.,
11, 874—876.

Gorchakov , G. 1., A. A. Isakov , and L. N. Markina , 1972 : “Determination
af the Basic Parameters of Fog Microstructure from the Coronal
Indicatrix , ” Atmos. Oceanic Phys. , 8, 50-53.

Gordin , M. P. and G. M. Strc -~Kov , 1975: “The Passage of Laser Radiat ion
Through a Fine—Droplet  Water Aerosol , ” Radio Eng . Elect. Ph ys. , 2u ,
No. 10, En g lish , pp. 1-7,

Goroutina, K. A. , H . K. Beloc- , and E. I~ Sot - o h i t t a , 19(16: ‘‘Dielectric
Cons tant ‘li-a se re in  ~tutt Bas ’-( 1 on the \‘arial  ion of the Polarization of
Reflected \Vac-es , ’’ soc . Hadioph~ s. , 1) , 36 7—5 69 .

Grunow , J. , I 960 : ‘‘Tu e Pt-m ica -i i vt -nes s  ol Ft Precipi tat ion in Re la t ion
to the (‘lou d Drop let .~} t ( ( t  r u t n u , ” Ph ysics of P i-e ip i tat ion ,  Geop hy sical
Monograp h Num ber  -, -op t -u’ h- an d e o ~thy sica l Un ion , pp. 11 (1—117.

Gum p n -eht , H. C. and C. M. Sliep cec- ieh , 1° - i ;  Fables of Light - S c t ’t t c -  u - i
L t t n c - t i u n u  s b r  Sp h ei -i c - ah 1 t . h - ! c -  - I-St ~i o u , - u - h u g  Research I n s t i t u t e ,
Speci al I 1ut d i t - a t  j u t  I il -l~~ • I t ij y c -  i ’ s i t \  of Mk -hu i a a n , 593 pP.

i f a g e u u ’ iu t , V. , l t i3c : ‘~1-~H \ ! - -~ u t - h -  r n i -  Bestimmung- 4cr (o’ossc tier Nebel —

un d Wu -~ u l e m e- t t - - ( . - i i  an- Is 13c - it r aegc ,ur Gc-ophv~~i,~~ 46 , 26 1 -

~~~ ~ ;. ~i -  ~~~ ~: .  H . t t e~~u - v , 1973 : “fl j t~ ea ’ - ‘c~~stan1s ~- t  \\ ‘n r ~ ~~~
26 _ n , to 200 —~m W ;iv ’ l c t t 4 h R c g i c - - , ’’ .\ j g t. 0 0 1 1( 5 , .  12 , 3T- , - -  5 ( 3

I t - mc i , G . ,  1~~~ : “~ -c:\- - J F - s , t ~ t ’ - - - u c c r n i i u g  the P- - ; u o t t ( f t  - -I \ i s i h I U t \  en
0 lo in  oh t v uI t b e t  1’ S ign i f i can ce  in a \ I u 1 c -] eu VI  sj i

l’orecast, ‘‘ Bcitr. Phy s .  . -\tmos. , 14 , 137 — 1( 17.

h lo i cla r’ , G. B. ni t! _ \ ,  ,J. Itlanco , 1969: ‘‘ Itu f i’ a recl :\lusL i pthun 5’ - t - e ! i  a I
A tmospher ic  Dust ( c  ‘n an In ter ior  Desert 11- us in , ‘‘ Pta - c- A pp; ~~~~

- -ph~~
7-i , 15 1— l t -I ,

h I - u t i n i u t c u n , 11. U .  n i  cv . I I .  i- i : t ! h - r - ! , 193” : ‘‘( I t t  t l t c  u - a - o u - ’ J i ei el I t  
Si,c and I iqu id W af t ’ t’ :-

~ e t . t  in  F’ons and ‘i t  - n is , ‘ i’~~~ ! l t s .
fl c -an2~~~~~\ 1t-t(-~~r . .  ( 1 , N c- , 1 , 3

_ _ _  _ _  -~~~~~~~~~--~~~~~~



1-Iu schk e, H. E. ( Editor) , 1959 : Glossary of Meteorology . American
Meteorological Soc- ft-tv , Boston, Massachusetts, 6-1 5 pp.

Irvine , \V . M. and J. B. Pollack, 1965 : ‘‘Infrared ( t p i i c - a l  Prope i-t ies  of
\\-‘ :tte r and Ice Spheres,” Icarus, 8, 324—36u.

Jiusto , -J. E. , 1964: Investigation of Warm J o g  Properties and Fog Mo di f i c - a—
t t on Concepts. NASA Contract Report CR-72 , Con tract NA Sr- 1 -S i - ,
Cornell Aeronautical Laboratory, Buffalo , Ne w York.

Jiusto, J. E . ,  1974 : “Remarks on Vis ib i l i t y  il-i Fog, ” J. Appi. Mcteoi- . , 13 ,
608—610.

John sen , 3. C.’ 1954: Physical Meteorology. Published jointl y by the feH —

nologv Press of the Massachusetts Institute of Technology and John
Wif t -v  and Sons, Inn . , N c \ c  York , 402 Pp.

~Johnson , 1). B , 197’;: ‘ ‘f ltragiant  Urban Aei’oscI Partieles,’~ Sp ic u i c ’ t - , 19 - 1 ,
9 1 1 —9 - 12 .

Johns on , D . H. and U. E . Burt- h , 1967: ‘~A t t e n u a t  t on by A r t i f f t  m l  1 - -  - gs ~nVi -~i i u - , N i - a r  In f ra u - - - : l , and Far Infr ai-ed , ‘‘ ~ pp l . Opti s, 6 , 1 97_ i  -30 1.

N c - r k u u r , I’d - , 1969: The Sc at ter ing of l ieh t  and Othe t- F i ec t i ’ o n , nv n etj c -  Ha ’ihi —
t wi . \ c - a d c - -n u i c  ~~t ess , New Yoi’k , pp . 2 7 — 7 3 .

Kms1o ~ skii , I~. 1) . ,  1939: ”Cpt icaj  Chai ’acte i-i st ics of \Vater and Ice in th ~
liii ea red and I l ad iow ave Regions of the Spec- t ro t - 

, ‘‘ 4ptics and Specu 0—
scpp,~~ 7 , 20 1 —2 06 .

Koestei ’, K.  I. an d F . i i .  Kosowskv , 1970 : “Attenuat ion of Mill imete r Waves
in I t t ~~,

” Fnur t c ’t -n th  Radar Meteorolo gy Conference , PrepriIl~s, 231—236.

K o i i m a , K . ,  1’. Ono , and K. Yamaji , 1953: “The Size Distribution of Fog
Particles , ” Studies on Fogs, llokkaido U n i v e r s i t y , 303—309.

Kumai , NI ., 1973: “Arct ic  Fog Droplet Size Distribution and its E ffect on
Light  Attenu ation , ” J. Atmos. Sci. , 30 , 63 5— 643 .

Kunkel , 13. A . ,  1971: “Fog Drop—Size Distribution s Measured with a Laser
Hologram Camera , ” J. Aopl. Meteor. , 10 , -18 2 — -186 .

‘ii

_ _ _  _ _ _ _ _ _ _  -~~~~~~~~~~ _ - --



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Laktionov , A.  G . ,  1967a: “On the Connection Between the Cond ensation
Activity of Irradiated Nuclei and Th eir Sizes , ” At rn os. Oceanic Phys.,
~, 13—17.

Lakt ionov, A. G, , 1967b : “Variation of the Size and Concentration of Drops
During the Scattering of Fog, ” Atmos. Oceanic Phys., j~, 321-323.

Laktionov , A. G . ,  Yu. S. Lyubovtseva , and M. S. Malkevich , 1973: “Certain
Statistical Characteristics of Aer osol Microstructure in the Slirface
Layer of the Atmosphe re , ” Atmos. Oceanic Phys ., 9 , 73—76 .

Lala , G. G . ,  E. Mandel , and J .  E. Jiusto , 1975: “A Numerical Evaluation of
Radiation Fog Variables , ” J. Atmos. Sci., 32 , 720-72 8 .

Landsberg, H . ,  1958 : Physical Climatology . Gray Printing Co. ,  Du Bois ,
Pennsylvania , pp. 138—141.

Low , R. D. H . ,  1975a: “Microphysical Evolution of Fog. ” J. Rech. Atmos. ,
~, 23—32.

Low, R. D. H . ,  1975b : “Microphysical and Meteorological Measurements of
Fog Supersaturation , ” Tellus , 27 , 507— 513.

Ludwig, F. L . ,  S. Schechter , R . C. Robbins , a n d J .  H. Smith , 197- 1 :
Condensation Nuclei and Aerosol Populations Related to Fog Formation.
Final Report II , SRI Project 6676 , prepared unde r  Arm y Contract
DAHC O 4-6 7—C— 00 59 , completed December 1973 and printed Januar y 1 9 7 1 ,
212 pp.

McCartn cv , E . J. , 1976: Opt ics of the At mosphere, John W iley  an d Sons ,
New York , 408 pp.

I’~1acL , F . J. , H J P i lP ~, \V , C. Ko ct uonci , 197% : An Inves ti~~a t o u t  t h ~
Jd icr ophv si r a l an \ I i r r t u u u u e t e o r o l o g i c - a l _ Pu’ j~~ ’ties of Sea I - -  ( S i s j :~
No . ( J — 3  7— I’d - - I , lU p~ .

1’. h a r !’- ct \ - u t , :,u ud :~ . .\ l ; u ~’hi ,’ t 1 -1 : ‘‘ - ( t i  ( t } t _  r v a f t ’u t
c - a t m -  - ; :  - 4  a \ l i -~~ n t - i ’  L 6  i \ I r Sin ~~~ 

( t ~ ;-  1’. i i  - 
~~ -t St - u t

I t i ]  i , : i n u - , l i t - i l i - l i t I t and T- - t j c - t - I O I L  u t l  S c  n u n  1’ i~g - c~ - , 
t ’ l

Soc. Japan , 2 , 491 - 19 7 .

- 12

_ _ _  - -  - - -  ~~ - - -  - - -~~~~~~~~ ‘~~~~~~~~~ ------ .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~ - - -



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MaIl o~ , J. V. , 1975: ‘‘Empirical l-’og Du’o t -~ i - t  Siz ~ i)~ ~- : i ’ 1 6 ;  t Ot 1 ;  ~O t l ~ W i t h
Fin i t e  Limits , ’’ J. A t i n c - s .  Sci. , 12 , - 14 0— 1 1 % .

Sl i ’. , K. H. , 1961: ‘‘Fog- —Drop l et S a t i m p l i t t o  I s i t u g  a Modif ied 1m~u ac- tn t - 1~ c i i —
nique , ” Quart. J. Roy. Meteor. Soc., ~7 , 52 5—S-I - ” .

\ ic ~szaros , A. , 196-5 : “Concent ra t ion  et Distribution I) i iu eu isi o imn ei ie des
( Sou t t e l c ’t t c - s il ~ 13t’oui l lard s A t n u ~~~ehc~r iqcues , ‘‘ 3. Rech. Atmos.  , 2 ,
5:1 — 64 .

,\les,a - ~ , A . ,  1971 : ‘ (in thu  V a r m a t i , t c f  t h ~ S i y c ’  D i s i t i i - u t : o n  - f La :’~ c - 6 ’ -
G ian t  - \ t t r ’OSp hc i - l ( -  P a r t i c l e s  as a ti;tc tin ! ~:4 tOe i~c - 1 a t i v e  ~I u n t 1  1’ ’. ,~ ’
Tell u s, 2 7-, 4 % 6 — -11 u .

U . ,  1 9 t ) - ~ : “Beitrage / u r  (~~t t i h  Ti-i i c- ’ S l i6N ’ ; , Si~~i ft i l
Sle t a l l c s u u u g e n , ’’ Anti al e- - k - n i ’ h - - smk , 2 5 , uvnr th sc’ i’~c- ,~, - : 7 7 — 4 - 15.

I t t~ i t  a , 1’ . , 1962: “ O b s e i v a t i t u t s of ti-ic V e r t i c a l  St ruotu ce of a S - ( i c c
ar i d Radiatj ot~ I- o-gs in Relation tcu the S - lec - i i a mui sm of D r i , z l - ’ i o ru iu a t t on , -

Tellus, 14 , 310—322 .

i 9 ’ r f t  r em , N . and \ J .  Todsen , 1 ( ( h u :  ‘‘Som e SIn n -, 1~~ent  of the  MI C r  s~ u ’oc-~ 
-

of 1-o-g and Stratu s Clouds in t ;c -  ( ) s l o — \ i - c-;,  
, ‘‘ U e o t v s i sk e  Pub i ika s io n oj_ ~21 , No . 7, 1—16 .

Penndorf, R. , 1957: “New Talu le s  of Total I’~l ie  Sc at ter ing Coeff ic ients  for
Spherical Particles of Real Refractive Index,” J. Opt. Sot-. £ \t I : e r ., 47 ,
1010—101 5.

Pilió , H. J., E. J. i\Iack, W. C. Kocmond, C. \V . Rc t gc - r s , and \V . 3. Eadb- ,
1975a : “The Life Cycle of Va lici Fog, Part I : Sl i c - 1- c -nn et eoi’o]ogic.al
Characteri stics , ” J. AppI. Meteo r. , ~j, 3- 17—3 63 .

Pili~ , II. 3. , E. J. Mack , W. C. Kocrnond , W. J. Eadie , and C. IV . Hogi - r s ,
1975h; “The Life Cycle of Vall ey Fog, Part H : Fog I ’c l i c r o ph y s i cs, ”
J. Appi. Met eor. , 14 , 364—37- 1.

Pl att , (‘  - SI - H . , 1970: ‘‘Transi-n ission of Suhmill inietc-  i- Waves Through W a t e r
( ‘b uds and I- og,s, ” J. At mos. ScL, 27 , - 121 —425 .

-12 



Querry , M . H . ,  W. E. Ho lland , H . C. Waring, L. M. Earls , and
SI . D. Quer rv , 1977: “Relat ive  Reflectance and Complex Refi-a -tive
Index in the Infrared for Saline Envi ronmental  \Vaters , ” 3. Uc -ol l i ’ S. lies.

-~2 , 142- —l 13% .

IN i r k i n ~~, I 1 .  I- - , I 95 -4 : P roject Foggy Cloud VII — Wa rm F’ot  1ims ~ e’ i’~ a1 n: t .t
Pre v enti on ( Prel in -i ina r \ - Summari) . N av a l  Weapons Ce n t e r  T e n h u t
Memorandum 2 12 7 , 30 pP .

Rensch , D. B. and R. K. Long, 1970 : “Comparative Studies  of Extinction and
Back scatt ering by Aerosols , Fog, and Rain at 10 . 6 p and 0 . 6 3 p , ”
AppI. Optics , ~, 1563—1573.

Richer , K. A . ,  1970: “Environmental Effects on Radar and Rac liomet i- ic
Systems at Millimeter Waveleng ths , ” Proc. Symposium oil S u b m i h l i m u elc  r
Waves , Pol ytechnic Institute of Brooklyn , 31 March — 2 Ap ril 197 t ,
pp. 533—543 .

Robert s, H. E . ,  1976 : Atm o~pheric Transmission Modeling : Proposed
Aerosol Methodology with Application to the Grafenwöhr Atm ospheric-
Q~tics Data Base. Instit ute for Defense Analys is Paper P -1225 , —

24 pp.

Rodh e , B . ,  1962: “ ihe Effect of Turbulence on Fog Formation , ” T ellu s ,  1 1 ,
49 — ~ G.

; I - ~dhe , B. , 1966: ‘‘The Concentra tion  of liquid  Wate r in the A t n u ; ; c u c - 
~~~~~

, , ~6-- 1( 1- I .

R i - m z -  r ’s , C. \\ . , E . .i. Ma ck , T’ . “~atz, C. C. Easterbrook , and H . J.  !‘~~

197-1 : Th~ life Cycle of Ca li l or n ia  Coastal Fog Onshore.  ( O I s ; ’ : . u u
1 1 , -, i- i  No. C J — ~4 0 7 6 — M — 2  for A u ’  Force Cambrid ge Rese a i - - !: I il ot  6 -
(‘ambridge , dassachusetts, AFCRL—TR—74—0419, 5-5 ~~~

m~~,zer i1)erg , V. I. , 1974: Scatt er in~~and A t t e n u a t i o n  of Electroma~ ne tic ll n i -, d —
(ion by Atm ospheric Pa rticles. NAS~-\ Technical Translation l- ’— 7 7 1  nt ti

Russian llvdrom eteoro logical Pr ess Publication it -i I en i n g i - a d  i i i  1972,
339 Pp.

Schonw iese , V. C - 1). , 1970 : ~ Z im r Sv s l t  fl )  at I i ~ dc i- N e l i c - I c - rsch ’:’ I -u:n ~~i i t ,
W C - l ’ r~’ n u t d  T , c- i ’c - i. 2 2 , 1 - 5—19 1) .

li 

~~~~- ----~~~~~-~~~ 
_-— -

~~~~~~~~~~~~~~

-—---- ‘



~ --—- -- -~ -~ ~-—~---~~— — -----~~~ -~ -—-- - - -~~ -~~~ --- -~~~---~~~~~~~~~~~~~ -~~~- --- - --- --~~~

Stalenhoef , A. H. C. , 1374 :  ~Slant Vis ib i l i ty  D ur i u i u t  i-’c~ t Related to \\ t u t d
Speed , A i r  Tent ! e - a t c m l e  and Stabilit\ , ‘‘ A t - c - l i .  Slete r . ( ~~~p h~
Biokl im ._, Sei- . B .  , 22 , :15 1—36 1.

Stephens , 3. J . ,  P. S. Ray , anti H. J. Kurzeja , 1971: “Far—Field 1 :  ansient
Backscatu.er in g  by Wate r Drop s , ” J. Atmos. Sci., ~~~~~ 7~ 5 — 7 9 % .

‘Fag, P. 51 .,  1976: “A Numerical Simulation of Warm Fog Dissipation by
Electrically Enhanced Coalescence: Part I. An App lied Electric Field , ” —

J. Appi. Meteor., ~~~, 282-291.

Tampieri , I- ’ . and (I’. Tomasi , 1976 a : “Size Distribution Model s of Fog a u - !
Cloud Droplets in Term s of the Modified Gamma 1-’unction , ” T e l l u n ,  2~~,
333—3 4 7.

Tamp icri , F. and C. Tornasi , t 9 7 61 , :  ‘‘Size D s l t ’ t l , n i i t > :  5tode~~ of J-% g and
Cloud Droplets and The i r  Valume Ext inct ion Coef f i ci€-nts  at V i s i ! - l u  and
Infrared Wavelengths , ” Pu re arid Appi. Ge~p hys .,  114 , -57l-~-~6.

Thompson , 13. J. , 3. 11. Ward , and IV . R. Z in ky , 1967: ‘‘A ppl ica t ion  of
Hologram Techniques for  Particle S6.c A n a l y s i s , ~~

‘ - \n p l ‘~~~~~ L~~ ’’~~~~L ~~~
% 1 9 — 26 .

Thuman , \V - C. and E. Robinson , 19 -5-- I :  “St~rdies of A laskan  I- . - e — F o ~ Pu ~ i t  - - -is , ”

J. Meteor. , a~ 
151—L4 6 .

Tverskoi , P . N. , 1:1 ( 15 : Ph ysics of the Atmosp here. Translated t i-mn R u s sm a n
for t h e  National Aeronautics and Space A d m i n i s t u ’ a t i - m  and the N:- ’ [onal

Science Foundation , NA SA TT F—2 S s  TT6S—5 1) 1 i-I , : 1 14— 34 2 .

1 5  Nat io i - ia l  Bureau of Sta nc ba r ds Computation l aboratory, 1941 ’ : ‘I’ah lcs  of

Sc attering Function s for Spherical Pa rtic -les. A pp lied Mathematics
Series , 4.  Washington , 1). C . ,  US Government P r i n t i n g  Office , Printed
194~ , issued January 1949 , 120 pp.

Verner , B. , 19 76: “Note on the Recurrence Between Mie ’ S Coefficients , ”
J. Opt. Soc. Amer. , ~~, 1424-1425.

Webb , W . L . ,  1956 : “Partic ulate Counts in Natural Clouds and Fogs , ” 3.
Meteor. , 3~~, 

203-206.

- 15 

rn——-—-—~~~~~-- - - - - -~~~~~~~~-~~~~~~ -~~~~~~~~ --~~~~~~~~~~ -



Webster , D. W. , 1972~ Mil i tary Potential of the Extremc- Infra rc-i: TechnoJ~~~
and App lications. Naval Weapons Center Report TP 55(3 5. Cataloii u~- cl
under A I)915347 .

Weeks , W. L. ,  1964: Electromagnetic Theory for Engineering Applications.
John Wiley and Sons , New York , 744 pp.

Wein stein , A. I . ,  1974a: Air Pollution and Warm Fog Modification , Air Force
Cambridge Research Laboratories Report AFCRL-TR-74- 0289 ,
Cambridge , Massachusetts. Environmental Research Paper AFCRL-
ERP -480 , NTIS Catalog No. AD-786454 , 16 pp.

Weinstein , A. I . ,  1974b: “Air Pollution and Warm Fog Dispersal , ” Proc. Con!.
on Wea. Modification 1 Amer.  Meteor. Soc., 1~~—2 1 November 1974 ,
pp. 282 — 2~ 5.

Wells , W. C . ,  G. Gal , an d 51. W . Munn , 1977: “ \e  u osol Dist r ibu t ion s i n
Mari t ime A i r  and Predicted Sc-attering C ’ - , : f f i c ~ient s in the In ! I’ : ’ ~~- ! ,

~ pj~i Oi - ’ : c - ~, !h , 6 -4-4 -o S ( .

V-c ‘~~ i , H . I! ,  , H. II -  (Siese , an d i’~. \Vci.ss , 1PIT : “5: ’at tec -i t~ I - u u i t -~ ion s of
5- - ) i ~% f l c  c i t  a u fti l ec - t r i c :  ~ t td  ;\hso b u n ~ Pac- i -les vs S h e  Theoi-v, ‘‘
I - - - _-~~, I ~~, - — .

Y - ~_ - \_ , \ .  1 - . . , .i-
~ \ ~ ‘ u n u - k l : ~ aiov , ar id ~ it .  —1. P - a I m , 1072: ‘‘ Inves tie tu n n~ ~be

I -e n d I n v - i -  c i  the \ t ’ - t c  s j t i t : c ~ a - I  C 1- md~ t s n g  5(0 l o  f l t i e m ,~ ’ ‘-‘ t - .

1 > 6 ’- - 
1 

- 15 ,

I



— .-- -~ - —~~~~~~~~~~- - - - ~~--- -—-— ~~--~~~- -  -- - —-----~~‘- - - - - - - -~~~~~~-

DISTRIBUTION

No. of NO of 4
Copies C opi e S

US Arm y M issile R & D  Command Optic-al Science Consultants
Basic Distrib ution List 14 A’i’T N: Dr. 0. L , Fried

P 0, Box 388
Defense Documentat ion Center Y >rf a Linda , Cal ifo rn ia 92686
Cameron Station
Alexandria , V ir ~, inia 223 1 4 12 A~~TC XRCE

A r T N  D. Dingu s
c o b -ado ‘;tate Un ivers i t y  E glin A i r  For ce Base , 1-to -id a 25-C-

Department of Atm osp heric Science
ATTN Prof F - Re ite r 1 Commander
Fort (‘011 08 , Colorado 4) 52 :,  AF AT I .  LMT

F g ii~~ \ j r  Force toast . Florida 32 44

Off I c e -  i \ a va  Research (‘ ode 22 1
A r ’ f N  D. C. LewI s 1 Commander
800 N Qum nc y  Stre et  Us Arm y Dugsa\ Pr ov ing  Gro und

Ar l ingte- r , Vi r gim a 222 1’: ATTN Met eorology Division
Dugway . L’tah ~- 1f l2 2

P a i r  i t n i i t  l e st  Center
Code 3253 t ,mni a n der
A ’ t i N :  I a io~ P h i l t i p s  I I S Ar m y Ar t i l le ry  Combat

b - i  M e , C a ic  1n ’ Ia 93” t2 Developm ents A en cv
Fort 411 , Oklahoma 73504

Commander
US ( ‘ont n,-nt at Arm y (o n  and Corn n a d e r
A l l  N Rec onnaissance Branch I 1 . 5 Arm y Art i l !c r  and Miss i le  SChOO l
(-1)5 1 for li l e t l i g e co AT’I N Tareict .- o -qu is iti o n a part ment

Fort Mon r n - , V i rg in i a  2332 1 Fort S i l t , Oklahoma 73504

C~ r n ma ndrr  C emn n n k-r
US Arm y Test a r t  Evalua ti on Command I S  Arm y t ’c-mnt nne -a t lo t s —

ATTN NBC Din- , o -  t y :u , -~u-~~m~ ( ‘ i t - C  i k e -  I -pn - -4 cern

-4 \ IS T E—F L I F,, i—i - - ~ - t t  a, -ti ’ ,c-n a ‘~ - - I
- lt ,AF 1

4 -i- i -en Pro v ing C i-ound , Sl it - land 2 1 ) 1 ) 5  Co,e m a rdo r
4 sOrt I - v t  c - - c

t S , m a n O -  r Fort i~ -ug l is , t a b  0-; I i -

i-S A rne V ( - - - I  turn -ions
R&-o ear en an - !,r .giur-er ing La borat or i- ’s Comne a n ier 4

A l l  N En vir o - - - ‘i- . Rest-ar ch Branch I US A rti er CItE Schoo l
I i a n n ov cr . ‘ -- w  t i - - h i r e  Si tS Mi cr t r -eteoroto giea l s - c  t o n

Fort M c Clellan , Alabama 313205
( on,n snder
i S  Army  Ba l l is t ic s  Research Leh orat or les Commander
ATTN A5~~ BR-B t t S A }  A i r  Weath er SC rv u - (MATS )

— LA I AT - rN AWS DN T I
ATTN t Ken Richer  I -FoIl Air  Force Bane , I l l i noi s  62225

Aberde en Proving G i -ound , Starv lan d 51 015
Commande r

Commander 11 A rmy  ( ‘omhincd Arms d’ombat

I S  -t i-m v E,1ge~vood Arsenal Development Act iv i t y

ATTN: Siell FA—C it - ( )  I Fort Leavenworth , Kansas 66027
(I e - r s t i ons  Research Group

E lgewoo t Ar senal . Ma cland 210 10  Chief f Naval  O pe rations
ATTN Code - 127

Comman -b’ r Department of th e Nat - v
I S  An , Fr a n k (ord Arsenal Washington , D C ,  20350

ATTN: tCd t F A - l  l i d  I
Ph iladel p hia , l’enn v l v  a nis  l i l t ,  Chief

I S  Weather Bur esu
Comman de r ATTN Librarian
I S  Arm y P i - -a t inn v  Ara c-na l Wa shin gton . 0. 1  2 ( 2 3 5

A~~~ N SM ! P S - t V - A  ‘ u

Dover , N ew ,l e r v , s 4 7 4 1 l

- 17 — 

*— -~~—--- ~--,- ~~- _ _ _



_ _ _ _ _ _

No. of No. of
Copies Copies

Control Data Cor poration Lock1-ieed-Ca ltfon,t a C cempan a
i ( On, -ee - rh  Di v - m i e n  Depart ment 72 — 25
A F I i F~ Dr. l I t i c  I t t  1 .- 4 l ’ T ’ N  Dr . U. itaer 

, ‘2- . u- ta 5t-I 40 il - . - i - uc-. e , t a c t  r r , iu  91502

c - c ia - of l c - eiol ig~ ~l I ~ -.~ Oi5OSv’ l-i l i I s t l l . - c ) f i e e -l ,50(\
I’ - s e e r  . 1’ - - s a i d  An t i - - A l Of :  5 : ‘2 I~ ~ 5
4 - - . , ‘ a , , c c u  - . !ng ’ r  1 CaO t r i - e s - , SI- .  sc ach ~n e-I s 02 i 5 i  

I ’ v e .-
:o:, - 0 - 3  . 1, 2 c .  - ~~~~~~~~~ u~~ s r ~

, ‘ h t r : e - -t
( c i t  -I  - - F r t e . e~~ - Offi ce
I S  ~~1 4c~~5 r’ - P. (5 . Box 1 7 -
t \ u ! c  c - - s n  1- C - i - c o o - r I  Station 4Va~~ t~~ i - r , D, C.  2 00)3
A T T N  WEASI1 1

50t ‘ t ’ a — - c p c  : 1 ) 1 1 tSr  R ai d  I - c~~c- r o t or
A l t  S Dr . S. J .  lYudz i , cak  1 . 2

( ( i i  o e 1700 1 - b a l i  -il ~~ est
\ t , c o -  n l - l e e i -  Se- crc- i - c, P r e gi a m Saris 51 . - e l  i t - j  r c :_ ! 0

N e i se a t i ci cat ee - -. l- ou,cdat ion
Stee l -  vAo’I. D C .  2 0550 1 Cc i r n a i - l o i -

Center for N a v a l  Arca ly a es
l i r ect or  A- h~~5 ,  1) -e -c ,cc :ent  ( o n  s - - I
i i c ’, a-a s-f Research an ci Dv-ve lopm et et 140 1 W il son l t r - Io e- s - ac --
Federa l Av iation Agency Ar m (vi i , V i r c r: ia 2 9

Wash ington , D C. 20552
1-ta t - t in  Company

- t r e m a n d e r  ATT N : 1 - n ,, v~ -1 - 0 5 T . ibr sr ,
1 .4 cmv Av ia t ic ni  95-ole-rn n Command S u e ;  j i —

‘h arid Sp ruce - S t ree t s  Bull I rv O ro , M ars land 212 42
- - I - - y I n , S l i ,oc ’ : r e i l l ’-  1

Nat i r-nat Ru r eav oi Sia al-a c d s
I l i t - e -c toz — Boulder l a - -c - !  
US S m - - A r  I - - t i l t s it o - a rc - h  A I T S ,  I i  a , - ,

and le e i - n - :- - i I ce - ’ ’:, i - - c -s Bou lde — ,’ , I - - I ,  c a - v .
. - \ n i , - _e l i e n — a , - - ’  f ,’, ci ec-
‘Sol i c it ~~, . I 1 . ! n i . e  ‘ t - . - . I N : - s :  Ft- - I  r, - - vi - - ’ : i t i  -

Nati o, ca l t i ’ ! ,  S - ‘ - -c-
Di e- ’ . - -A 9 - - - - I — - a - Fi t n i c ’ -\ ‘ l i e -  iF I
( 1  t i - eef .’i1’ c fl., I i 7 1  ‘~~ h - - _ : H o , ‘ h c a r c s l i a

vi C A r  r ’ - - . - ‘ - a  c c i  c; !e - -
Acftri i~u — ;  N i  -o a t ( ‘a, I -M i - - s - h e  c i  - 

ii. i- - ‘ - i  - un I Sct 
N c - - al I -d i i , ,  ( - c r  a

I- c l i  - - -  — , , S - s i a ’ i t - - s c  a,- 1 I n l i  ( c v i -  - S t  I N ,  iSo l I l e c ,  t_Ab r a , -v
of \ l v - tc iga n Ar r ~idc l c i I I i t i - : e i

lnfi ’ared a n t  ‘ ‘ - v i i  D i v c t S c s  .- \— ,h i ’v t l l e - , ‘ - ( h  a 5~~v I

9 ’  N -4 ‘C cc iv  3. laR occ-a I
l e t s - r i  U . SI c e i i , c  v 1 D r  -

I’ ‘ Box 1 D c - I c - n u i  AsIc  a I I i ,— c e - u s e - ’ -
Snn -c “ i c - i , 1- ic b egan 4v l c ) 7

I ’ -  W i l son  I t c iu l e ya rd
isamat Nuclear A -i c~~I i - r . S c ,  . i nia 222 11
A i ’I’ , lau ra I - - , , Ass,stant  I i t - - n r a ,
Garden of the Gods Br ead I I -  : - -  v f l :c l t . t f l r~
Colorado Sp r i n g s , (‘ olora &c 0,3907 liv s te - n v  and Research f l i s - e s i c,

-4 l i  N ,  Dr .  Paul K r-vi se
l oek heed \ le ~~si lc -  and 5pa ce Cone p an v M c n c e - .s1 - l .’, \ i a , r - cc , ’s S - i t S

ti ,- lcartn cent ‘I - 73
A ri-i - I , , i i .  It , A l l i s on  

is ’ - - , C s i i i c - r n i a  4 1 —

I s  

- .
~~~‘--



~

No. - -I ‘el .11

Ca p is’ s ( c ac c c-d

i a -- re , -. C r -i- - I a i l ,  Unc  y e  cc i t t ’  ol ‘4 :  ,o csc,  sin
A - r A N ,  A. S je : a lian I A T ’ fN ,  l’ i-of.  W~~ne ae,
774 Boston It t -I Itoa d i n n , F . WaN 1 —

S’udbu - . ,  ‘- l ic ssac hu ne t t s  1)1776 Madl~ on , Wt scon ai t e 7371,1!

N a , I - rcai , teeer a sel ica and Spac e US Ansc y 1 - , - , c u r - ., topogr ap hic
Administrati on laboratori es

Mar sh a l l  Apa ce Flig ht i1 - : , tc ’r  Earth Sciences D i s c  ,ion
A1’TN : R — A ER O — Y .-\ TTN s 1 - I  I - I t S - E S , Br , i~ I I 1 arcc B. Drier S
Marshall  Space Flig ht Cessle; , F - f l  Bclv oir , Vi rg in i a  22060

.Slabama 370 12
Command er

Nat i ona t  Center for Atmospheric  US Army Rs-u earc h Office
i0eseai -h ATTIC Dr. B. l c - , , t z

ATT IC  Lit erary  1 P 0, Box 122 1 1
Boul d er , Colorad o 00 102 Nort h t’ a ro l i c i a  27709

Dl rector of Dcfeeese Re search anvt CS Arm y Research and St a ndar , t ization - ]

Engineering Gro up ( i v  -i ’)

iSe ig in c er I l Ia  Technology .5 ~TN : I ) t L X S N - E  tOY

,AT ’rN ,  Mc, L. We .isberg 2 Dr , A l f r e d  K, Nedo iuha 2
Wash in ; t c -i’ - l) . I - 20301 Box 61

FP O Cccv York 9 0 1 , 115
(‘flice of Che ,- i Cc,mneun ce ’at i- , , c s—

i i  -ci r on ics US Am , v Mate i i c-I  Deve ’lopt es ent acce i
l) - ’t -ie - Dvic’ , I c A rtrs v Re~aelines s d ’ - cne vi’ ,ar : d

-: STN :  E l e c t r o n i c s  9- , stem s Dire.-et e ra’ c ’ I -t iM N,  [Ii- , Fl I -e l I - : -  Bush ’: 1
\ t a o hiceit on , D C ,  071  — Dc ,  J am ’- .. ile t i der

Dr. 1- Scar I Se-dlak
O ff ic - . ACSICI ,a n t  Ch i e t  of Staff or 44 51 1 F i- ce- cehower c eOs !5 ’

I n t e - t l i e i e  , -t - a n-i g-,  , t e  , -,v .c 22:uS l
Li, -parm I of the A i ,  -V

‘N Sc(Sl DSltSl 1 C (! i ’ tr asviue.
t tashc ,,  gir- ,, , ‘I . C 24)3 10 1 S c\ mc v ‘I re, F, ,-\sIIe ’n , ote ye lies c-I I n , , en t

( ‘st eps as, -

I f f i c e  of 5 C eval  ‘As -ather  Se-i - ’:c,-e A ChIC  1) 1 ( 1) 1 ‘ —RS V I .
US Na’ ,a l  A i r ’  4150 cc,,  \‘-‘a r ron , M te ’h l - .’i’o i n s ,  c c

Sh acihing lon , 1.1. C
I ‘°ti,isan- to r

011) , - . Ass, nt a eA Secrc-l. ai-v of D ,-fer.s e I S  \rm~ ScI , i , i l i l - ,- i . c i co u  i - H -  5 .- a -  - - -

Re sea t - r h eec I i’. -os sw, s ing acl et l e e  -yele eprr - cr1 (‘otirman t
A I N :  Technic-al  l ib r a r y  I I - o n  t i e - i c  - , , , t c r : y ’ i a  22 1 ’ -
Wa c i h l n l r t cI . D, 1~ 2 (51) 1

C- mrman cte r
l’enn sv l v a n i a  Stale I I I ’ , C c o r n  I S  A cmv h a r ry  Dianc on t I , a lneratoi - ,e s
-4 F i N ,  lk’1,arm :s-nt ci it s - i t  1 2419 ) P cc ss ,t v ’ r S l i t  l i - s a d
I n c s e r r i I r s  Park , P e n n sy l v a n i a  1( 1442 A l  I N ,  Dr. ti tan Keel 1sa

A clei p l e i  . Sl at - v  l a i d  2 (743
Cc ,: ,s ,a sider
I S  A i r  F ‘is c - e r i c - n  l ,ahor ator ’1 Comn,aird er
A ‘I N  D t i e-c- b  I I ’S \ rn , s  A rtieam,-nt C , e em ean c t

CPT James D i ’ s ’ti- c- , A F A I ,  WE I Rock Isl an d. l l l i , e e s i n  01 007
Dr. B, I. . S,,se, s - r n , A 1 - .- \ i  lOW! I

44 ,  . 1s t Pat terson Air  I s r i -c Base , Commander
Ohio 4 4 4 1 1  US Ar m y Foreign Se-je ss ie and Tee- biology

(‘ente r
Universi ty  of Washington Federal Office Build i n t
A fl’Nr Department of Mele ,~ro le e gv 1 220 711 , Street , NF
Seattle , Washing t on 9rs105 Charlottesville , Virg in ia  22901

t ’ nive rsi ty of Chicago
Depa rtment of Meteorology
Chicago , 1ll inoi ~ i i d i l i t 7  I

49 

~~- -~~



- ~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

No of N. , el
Copies e

- - , . ; , a  id e- Fl ,, : ,“i, - r -” n-a- - C - -~ ‘ - , - a t i ,
ri , t c m c  ‘rr i , I - , - ant -~~ u-e n , - c ommand - ‘T I N ,  cr I ’ , ‘F, l i s A ’ s ,i , -i r .

C ~u — , l c  _ 1 ’ ’ —l 1 1 ’ , ‘- l ’ , - r _ . t a l l
Hem 929 ,7
221cL- East F. ie, .: :,clec b A i t ’ S

eS 5I e’~. i v  CrC - - ~~ i i n  , , !  C - ;  A u 4 r I c o  -a - i e )o, , ;

5 - A i ’. I’C -C I I L-adq; ~ - - -

1 D’ lfl ~~~”r- ” - - I t ’ s ’ - ‘ rn: ,
1 5 1 - -Il I ‘ I L  . - 1 5 1  - - . 1 1 ~’ I i - - F - ic I’cr  ;i ’ .
- S l u T’ I \ i t - f l s ’, : , , ! - -  C - I _ c C

15 C i ’ , i : - ! -

t ’ aces ~~r :I~~ , , ’ Ia r a ’— ’ I: - ‘- 7  F

- ‘r u. - . 5 , ;  ‘~~ - - l -  c -, i - I L ,
l ’ S ’ , ; - , ’i ,t r ac o ’ , - . f l s ics n a e i - t  A t - ’ ’ ‘‘ ( - s e a  Ii il l s : .
F o i l e , - , Iso - - . ~5 II 1 ~~‘5 C’

‘ . 1 - c d  - i t  sa- . c 5 -  s- i c ” ’  Ic I I -  zs~ 

: 5- sc ’, ;~
- s-, ,  I ’  C.  ~~~~~ 1 vs  -:: ci of : d , , 5 ,

~ 
-

t i c  c - i - -  ‘cvii s C t -n -  - B- ’ — - .5 F.
0 - “  - - - n - - i l ’ . CA S I. ’. ‘ ‘i l l ,

iv N~~ a Mr I s , .~~
( , - i o  ‘ ‘c i ’  I O t t er - - II ’ Li

u-c- er . - .. - -- ‘ . .-i 149 7 4 l :5 I -ac t,- 1 , ‘ - -  
- - ;‘, 2971 -

C ’ n - ’a” - c e r
cI c, I . . t l , f l , _ e t c : s - 

~~~~ ( - ‘s i - f l _ ,  bO l O s -
0,, 1- ’ - -a , ‘ 01 e - -i i-, 92 1.11 1 ISv -~ .- ri—, -- - ‘‘f ~5. c~ - - - :

;sc cy- ~ - I . I ~~, ‘ S , ’ . - - - 5- --
vi - LiCldS l e i “- ‘ . ‘ ,‘S C , , “ I t  ‘e l i _c  9 3  ii

- -. i’- - e -:a dcccl;  5 ’ , o5,’ 110 5 ,‘ , t ,  
l c r , ,soa 7- i - i s  1 Dr.  J s i ~’s J ,  t O - i  oc r , - ,

NC ’S 511 1 — A l i t
— i r e ed s— i -ic  - , ,e I c _ _ c r c , ,  t , - , -~ i - te - - — C - ‘I ’  —-c i’ ‘a SIc - ‘

I -  ,,;, , s t e ’ I  F - — r c a - i s , c 
I I : , -  c s5i, - S I ; ’ -  - v i i -  c e l l O  l i ce- S i _ _ c

. 5 ‘ N ,  I c , c l - - c - I N ,  l , - ~~c I i d A e i  - ‘ ‘ i, V i a,,, l . s t - , --~~~- c .
- ; -  i i  d ’ , ‘‘~ .1 t’~i i s -  ~~ -. 5. ,’ii’  

, 4 - . - ‘si - ‘ 13 )”  1- - - i ’ ll 
- c - ‘ 5 , - - s-ci s s ra  71- 

t -

i S ’ s I 1 iSI i ’- i Sc: , ’ :- , alcrd h e I r , 5 1 ,
; 5-1 .~ 1.5’ s i s l  - - er , l , c n  F e -p lc- , t s c s I , -  I - l  10 t~~si .-u :\ s r .Cv .~~’s

i _ i s o  \ i ’ I ’i ’ r i ( t . c . t ,  i i i . ; .  
‘A’ i c . ,  . I - - , - “0 - ‘7- i ‘ IC - I s v ’ ‘c IF - I - -c - r I—

(_ e , i - - f - ’ — - —
. 145 — I’t, t i l t

‘ -, - Se ’ -ice ’ i t ” ’  v i ’ ,  s- , c ~ ye ’ 
r”~~~~ s I,- , 

‘i s ’ \‘ s r .  - -  a S 
t i  1 ’ S , ’ 01 ,41’

55 il - c: l ) s  - 
‘i - , ‘- - a , , ‘ i c - t i e - I 2 ’!,! N c -  , I t s -ce ’i ;,— - ‘ c a l  - i--

- f l ’ s  I I - i ’I :c , l a s  - c t  -

I a S - -* l i e  - -a , - , _ c l , s e , . c r l c n e ‘ ‘ - y e ’  i t ’ - , I tcisiar i -ce l - ’. O e c -s Br a,, ,
,‘,lar,  i t .  ‘oa j - . 1 - - ‘ I I -  i t  -- , I- ~~~ , s~: s ,, , - ! i c  -cc
-, - c ‘re .d , , , et  ht t ’ . c , ’l:
i - i l ’- ~~l - e  cT- - I  - c s - s a i l  II sic  ‘~ - - t c , c , 207 : ’-
Sa nta SI ’ - , .  i - -c. - c - 1 - I -  -nila

t i - i c  t . c St _ s i ’ c c r :  v i i
. \ T I N I’ ,- ’ I -  lit’ , I 1-

h e e l .  I i ,  - t n  us,

- cf I I  l i l t - ‘ t y
- t S l i e n s , -  - I I  t_  _ (2 3sifl

.50

_



No. of No, of
Cop lea Copie.

Air Force Cambr idge Research DI8DMI- TEP , Mr. D.cerr ILaboratories -TL , Mr. LewIs
ArFN OPIn Mr. John Selby -TLD, Mr. Trwnari Gregg

CRX L 1 -El, Mr. Northrop
LKI, Mr. Lend 1 —C 1

M r . Grln gorten 1 ‘AlE , Mr. S. L. Johnston 1
M r . Lenhard -Tfl , Mr. Clark
Mr. Grantban-e I -TBL 5

LYS , Mr. lO, 5, Haw kins I —T P , Me , Hledaoe 1
Mr. S .  Fa lcone I -TP R I

LYW , Mr c.,  R. 111 . Bie r  1 -TB , Dr . Fta rtn nan IMi ,  R , .3. Dona ldson I Dr. Bennett
1.Y F , Sir. 13. A , K~~si.ei I SIr , .  Davis SL. (C 1-tan cicom Field - i C C  • Cr Es :c -s cv a scc-e r Il- ieeifo rd , Massacicciset ta si  CII l l r ,  Gibson

,‘it i- . 1 0 , - I c
Comolantier Or, I,cll v 1
US Arm s Electro n ics Command Br, St~- - ,, ‘eu  50
A l  I N,  01 ISEI — R D— S2I , M e. Sit , iwer eyt i t iC I II , s. Boyd

—TL— 1 , Dr . J a cobs I -TR D , l ie .  Sha ta s I
-CT , Dr. It . Buser I -T110, Di- . Stettier

Fort Me ’nrn ou t h , N,’ve Jersey 07703 Dr (Auent he r
Dr. Gambl e

Commande r Mr. Oanaunds en 1
Naval Wea pons Cente r -THIS 3
ATTN,  Code 3173 , Dr , Alcxia Shi anta I -TI (Re cord Set) 1

M t . Robert Moore I (Reference Copy) I
China Lake , California 93553

Commander! Direc tor
Atmospheric Sciences Laboratory 

-
US Arm y Elect ronics Command
AT1lN~ DRS EL- BL-DD , Mr. Rache le 3

Dr . M ish i- i Vat a ia I
Mr , Ja mes B.
Llndberg I

White Sands Mi øs i le Range , New
New M exico 88002

&cperior Technical Services , b r ,
ATTN : D, Cr eel
4308 Governor s Drive
Huntsville , Alabam a 35802

DRSMI-l P, Mr. Voigt I

DRCPM- lJ)
-LI) , COL J .  H. Reeves

DRDM I-X , Dr. McDaniel 1
—XS~ Dr. Ihall owes 1
-T , Dr . Nob ler
--I l , Dr. Rose I
-TD , Dr. M cCor kl e I

Mr, Sul lIvan
Mr. Conrad 1

-TEl , Mr ,  Lind berg I
Mr . Pittnsan I

-TO , Mr. Huff
-TN I

c I

- ~~~
.. ,

,, ~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


