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Cirrus Particle Distribution Stud y
Part 1

I .  lNTRO DU CT lO~s

A c i r r u s  sarn p l i n ~ 01 i ss i on  I V I - r  Colorado was  made  on 29 October 197 7 d u r i n g

a movement  of the  A F G I I  i n s t r u m e n t e d  MC -130 1 a i r cr a f t  to the West  Coast.  Par-

ticle an( 1 o ther  1 l t f i losp h er i c  lata wer e  obta ined for the  Ai r  Force Weapons Labora-

tory ’s Advanced  Radia t ion  T e c h n o l o g y  (A R T )  p rogram.  The purpose of th is  pro -

gram is to d,htain lata t hat w i l l  enab le  a bet ter  le f in i t i o n  of typ ical hab i t  and clis-
t r ibut ion of pa r t i c l e s  or ice c r y s t a l s  found  in r e l a t i v e l y th in  c i r r u s  clouds . This
in fo rma t ion  w i l l  in  t u r n  he used in d e t e r m i n i ng  the expec ted  deg radat ion of laser

bean energy pr op aL~at ( - I t h r o u g h th i s  type  of ( loud form . U n s u i n g  parts of this

study wi l l  present  c i r ru s  p a r t i c l e  popu la t i on  and size data that  were  obtained during

other sampl ing  f l i g hts .
The f o l l o w i n g  S I - I t i o n s  p rov ide :  ( 1 )  a b r i e f  review of previous  l i t e ra tu re  on

c i r ru s  data to p rov ide  a p e r s p e l t i l- . ( 2 )  a ( l i s ( u s s i o n  of the  cloud physics instru-
m e n t a t i o n  aboard t h e  s a m p ling a i r c r a f t , (3)  a r e v i e w  of the  wea ther  s i tua t ion  at the

t i m e  of one s pe c i f i c  s a m p l i n g  f l i g ht , and ( 4 )  a les ri p t i on  of the  gene ra l i z ed  data

format  and of t h e  data for one mission.

(Received for pub l ica t ion  4 Aug ust 1978)
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I I I p t 1 y S i I ’ i - ~~~~rl 1 , 7 ;  prI~~ i t i r I f  • ~~~~~ ~~~~~~~ 
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~~I 1 1  fl I i r ’ I fli1 7 ’ 1  - t i - l u - u n t i l

t I l l  l ; i~~t I ’  \ I t i r~~ ‘ I l l  0 i l ( 1 I  f l - t r I O ,  r - 11 t i h ’ t  I~~l l  l i t e r  ~. I i ;  r u n g  ( n I [ ) t I l f l l I t

r o / i l l i 00 I i  ‘ ( ~~ for it ‘ o~~ (- r  0( 1k 1 ‘ I I  h i g h 1 1 1 0 10 . l i i ’ -  from the  f a t

~~ IiIt ( 1 1 0 /  a r e  an I t ;  t , o t t t i r i t  o ~ h t r r i o ;  f r  ,; oi - t ur e  l - :~( - h a r i C I t  o r i h i  r ( , i ) o r I a I i s e  j e - ; i ’ l O

) I I - ; I I I iO I  ,r n f rj l ; r i t e  1(1 i C  C I t s  a ih e j o III ) C r 1 1 lo l 0 ~~t ; t  i n r l r i l i r u  — o l a r r c v l i ; t —

)j ’n arid lj ; ’ h t  t r ; I r l n r - i t t a r I- . TIlese I f f I -  t~~ t 1 r e  - I n c t O  h e s r n a l l — s i z c ’ I b u t  n u m e r o u s

1 1  r , ; I r t i ’ I I - - in r i rrr i a  t y p e  c l o t i lo .

M a S o n . r e l l I r t i f l g  on \ V c i t  kn i ; ,  nn ’ s f i n- l i ngo If t h e  1 14 9 5 , n l ~ 1 1 0 1  t h a t  I~

1 l c ; t I r l - 5  !, e i i ,w  -2 ~ ( ? h e lrl r r i f l I r t  I C  I rt I le form IS t h e  hexagonal  pr ia r

wh i  Ii is indi .-~~nOus to  l i r r ia f r I l l  r :  I - l i I i r I — l e v e l  c lou ds . Weo kn ann be l i eved  , l u s t e r s

( h I l l ’ - )  r~~ o t t o - n )  o f  ( P C  p r i s r r l — S h t I p P ’ I  ( -ry s t ;I l s  :iho~ t 2 i - i c i- re  cIr ; ; r ; ( I r i  Ill i~~O l 0 t 1 ’ l

c i r r u s  Pl i l lS .

S ch ; l l - 1 0 r 2 ac q u i r e t  s r l o w f l a k l  rep l icas  in  r any  p , r t 0  of hr  o r i r l  i t ; ]  i t ;  i - t e l

t h a t  I I~~~liS n i l - I S  le O u l t  i r o n  ~~pr r i ta r ieoUS I l l IC It  o r ; , t ha t is . fo r e ign  p a r t I I e ; —~ l i l -

t ’ (  r l - p ; i  r’- - r  (
~~ ra t  Ii I- - l i l t . ~ ( c r 1 1 1 ; . t o  ~ I C - f I r . he - ry i ;tO I  t y1il S C i ;  • on I ( t

C i r c l e - ;  I r e  r h , -  I x ;~~~r n ; I l  , t e  an ’l (-IIllIn rl in tl  I l l -  I r r r - g il;Ir r~r a sy n i n ei r i  cr y s t a l .

l I ;  l h , r t o r ;  t C - t ~~~, au fm K a r n p e  I I  I I  f r a i r i d  p r e - I a t i t i ; i r t J y 5 I r ; ~~ l C  c i : - t a l o  ~~

forri 1 t e n  pcc :  ( ‘u —es ;ih’avr — 20 C. However, o r i o n - I —20 ( th ey  w -i - e  i r r egu l a r

II;~~~ r1~~~IIt e5 r “ spa t i a l  cr y st a l s ’ (or bul le t  rose t tes)  w i t h  about 100 c r y s t a l s  pe r  I n ; .

\ t  2 ’ ( - ( h I  same o p a t i a l  c r y s t a l s  were  oh~~erved , th o u g h t i n y n e on  e l  r o  h a ve  l ie

l i I ’ i ( 1 r ; ; t i 5 of i t h  p lti ~~ s o i l  columns. A l l i l i r i r i I i h . O n c  sin g le c r I l I r r u n S  5 1 c C -

r C :iI n )  ;t t  t h i s  t e n i p e r ; I t u r ’  and at t e m p e r a t u r e s  clown to about -4 0 C .  Th i s  s ame

1 IIf  of o r y s t a l  was found in  t h e  top of 1 ci r r o c u m u l u s  c loud , w h e r e  c r y s t a l s  w e r e

j o t  f o r m i n g .  Older  c r y s t a l s , ga thered at the  base of th is  type  cl~~u r l , were  of the

same type  hut had grown considerabl y in s ize.
- . • - . 4 -

C o n si d e r in g  n e  par t ic les  over a wide t e m pe r a t u r e  range Ono pointe d  out t h a t

t he i r  ha~ ic form ex h i b i t s  four  changes over t h e  range  0 to  -32 (‘ . The changes  f rom

p lana r  t o  c o l u m n a r  at -3 . 5 C and f rom co lumnar  to p l a n a r  at ~~~( • 5 C ar e  r a t h e r

sha rp  (on the  t e m p e ra t u r e  scale) . However , the  t r t n s i t i o n  f rom p l ana r  t o  columnar

crys ta l s  below about -22 C is much  less sha rp .

1. Mason , R. J . ( 1957 1 The Physics of Clouds,  Oxford ! n i v or s i ? v  Press.

2 . Schaefer , 1 . 1 .  ( 195 I t  Snow and its r e l a t i o n s h i p  to  e sp e r i m e n t a l  meteoro logy .
C o m p e n d i u m  of Meteor ., Hu l l .  A m e r . M et eo ro l .  Soc . pp 22 1-234 .

2 . aufm Ka m pe , 11. J . ,  W e i r k m a n n , H. K . ,  and K e l l e y ,  1 . 1 . ( l ’ ~F , 1 )  The  in f l u e n c e
of t empe ra tu r e  on the  shape of ice c r y s t a l s  g rowing  at  wa te r  s a t u r a t i o n ,
J. Meteorol .  8 :168-174,

4 . Ono , A. ( 1970 (;rowth mode of ice c rys ta ls  in n a t u r a l  c l o u d s , 1. A tmos .  S I - i .
27 :649 -658.
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13a 0e l  on an c-xar n ina t ion  of more  t h a n  10 . 000 c r y s t a l s  and t h e  r e su l t s  I f  I t  er~~,

Ono developed t h e  l i s t i n g  of t y p ica l  c rys t a l  shapes a c c o rd i ng  1( 1  t h e  I enl pi’ratul-e

ranges below.

1 a h l E -  1 . ‘F y [ I i r a i  ( r y s t al  F or m s  as f- u n I t  ‘In  of T ’- r ;p er at u re s

T e m p e r a t u re
(~~) Form of Ice  ( . r v s t al s

> -3. 5 S i m p l e  hexagonal  p l a n e  i c  c r y s t  ii i  w i t h o u t  any
i n t e r n a l  s t r u c t u r e .

-3 . 5 to -4 S o l i d / h o l l o w  - type  c o l u m n a r  I I  c r y s t a l .

-4 to -6 N e e d l e - t y p e  c o l u m n a r  i c e  c r y s t a l .
-6 to -8 Shea th - t ype  c o l u m n a r  ice c r y s t a l .

—8 to — 9 . 5 So l id /ho l low  - type  c o l u m n a r  j C  I r v s t a l .

2 , 5 to -12 Th ick  p l a n e - t y p e  ice c ry s t a l  w i t h  or w i t h o u t  ho l low
s t r u c t u r e  on p r i sm f a c e s .

12 to -14 Hexagonal  p lane  ice  c r y s t a l  w i t h  i n t e r n a l  s t r o l l - t o r e ,
r ibs  e x t e n d i n g  alon : ’ the  a ax is  over the  basa l
la ’-es  of t he  c r y s t a l .

- 1 4  to -17 S t e l l a r  t y p e  p l a n e  h e  c r y s t a l , i n c l u d i n g  p l a n e  c r y s ta l
w i t h  d e n r l r i t i c  e x t e n s i o n , d e n d r i t i c  p lane  c r y s t a l
w i t h  se -t a r  p l ane  at tops , a n t i  p l a n e  c r y s t a l  w i t h
( l e n d r i t i c  -xt ens ions .

-17  to - I f )  H exagona l  p l a n e  ice  c r y s t a l  w i t h  i n t e r n a l  s t ruc tu re .
-19 to -22 l ’h ick  p lane - t y p e  i c e  c r y s t a l  w i t h  h o l l o w  s t r u c t u re

on p r i sm laces .
-22 to -32 Ice c r y s t a l s  seem t o  have  c h a r a c t e r i s t i c s  of both

p l a n e  and c o l u m n a r  i - -c cr y s t a l s . In add i t ion  to
s ing le c o l u m n a r  or sing le th ick  p l ane  ice c r y s t a l s ,
i r r e g u l a r  aggregates of C o l u m n s  or s f 1- t a r s  are
cor n  mon .  Scrol l , s ide p lane  and b u l l e t - t y p e  co lu m n a r
ice c r y s t a l s  t i r e  a l so  common c rys t a l  fo rm s .

The ratio of diamete r  to t h i c k n e s s  for a given c rys ta l  d i a m e te r  e x h i b i t s  a roaxi-
mum v a l u e  in t h e  ne ighborhood  of - 1 6( . T h i s  is w h e r e  dendr i t e s  and  s t e l l a r s  a re

seen , (.)n the o ther  hand , th e  ra t io  of t h i c k ne s s  (or l e n g t h )  to d ia r l e ter  in w a r m

c o l u m n a r  c r y s t a l s  goes throug h a n i a x i r n u m  near  -5 ( wh e r e  1 1 ( 1 1 1  a n l  c o l u m n a r

c r y s t a l s  are found .

The l a rge  v a r i a t i o n  of pa r t i c l e  types  in c i r r u s  t e m p e r a t u r e s  is p a r t i c u l a r l y  to

he noted in t he  p receed ing  t a b l e . W h i l e  w a r m e r  t e m p e r a t u r es  f r e I l r I l n t l v  r e s u l t  in

o n ’  or two g i v e n  p a r t i c l e  types , Ono found t h a t , at t e r n p e r a t u i r ~-s below -22 ( . pa r-

t i c l e s  have both t h e  c ha rac te r i s t i cs  of p l a n a r  and i- -o lu n in a r  c r y s t a l s  as w e l l  as va r i a -

t i o n s  of these.  A s u n i r r a r y  of op in ion  of f i n d i n g s  r e g a r d i n g  t y p i c a l  c i r r u s  p a r t i c l e

type  is g iven in ‘l ab le  2 .

(I
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Table 2. C i r ru s  P a r t i c l e  T y po

W c - l r - k r -  ‘nn ( 1940 ’ s) In o f l v c - , - t i ’ J I -  c i r r u s :  h r i I I ~ -t r o s ’- t ( c - n .
In c i r r-os lc ; It u s :  e ro i t d  n i n g h i-
bni l  le ts . I ‘I i  U r i ;  U s  a n’1 r I  i t  ( 5 .

- 2S c l i ; j e l c - n - H e x a g o n a l  p I; it c-s ant i  c o l u r r i n s  and
i r r e g u l a r  c r y s t a l s .

K nol Ic n ih ’ -  rg Ilul  lets and co l u m n s .

I l l - y r  s fh - 1d 6 In w e a k  u n i f o r n l  c i r r u s :  p l a t es , co lur ns ,
I n !  son -a -  bu l le t  n t I — e t t  I n .

In  h e a v y  u n i f o r m  ci r r r i s  : n t  os t ly  b u l l e t
r o s e t t e s .

- 7I l i - - - r ; s f i ~~ld In c i r rus  u r i - i n u s :  b u l l e t  n -on t t e s ,
s i n g le bu l l e t s , hande l I ‘ , l i n t ;  i s , a n t i
p la tes .

l l , - -~ i o f i e l ’ l  n i  K n o l l en h e r g 8 r - o l l c c - ted s e v c - r a l  h o u r s  of f l i g h t  d a ta  in  c i r r u s

g C - n l e c a t i n l i l e  I s  b u n ! in  ‘ i r l c i n u s , c i r r o s t ra t u s , - l i s s a t r u s  a n )  t hu n l er s t o r r  a n v i l s .

A v er a g e  : ;I lu es  (If r~ rti  d c  and ri r l i s t l i r e  data  we re :
I I )  F e ‘ ry s t ;I l c ( I r l c en t . r t l t i o n :  10 , 000 - 25 , ( i tO  m ( m a x . 50 , 000 m 3 ) ,
( h t  ( rys ta l  l en g t h :  0. 6 - 1. 0 11 1 1 ; ,

F t  P a r - t i ’  P l ;d i t :  b u l l e t  r o s e t t e s  • cal  u r n  ns , and p l a t e s ,

( I l  l I e  c n y s t a l  dens i ty :  0 . 6 - 0. 9 gm m 3 ,
(c ~~ I C  w a ter  con t e n t :  0. 15 - 0. 25 gm m

i l I l l I t t l I t h at t h e  mean  a r t i c l e  lengt h of 0 . 6 mom (50)) ~t r - ni or u n a r m -  t h a t  t h e y

for m ’ !  was ~. r C ; I t 1 - r  t h a n  t l o s i  u s u a l l y h o C -  nic- l i n I i r r t i s , I ,ut  t h e y  po in te r !  out t h a t

(h e  c i r r u s  c o - n i - r a t i n g  ‘ ‘ I I  i s  r o t  a c- loud  in  t h e  u s u a l  s ens i -~ R a t h e r , i t  is a m ass

of gr o w i  rig Ir’’c ipitation e l e m e n t s  ( i l - c  c r y s t a l s ) .

~~r i t w o  a r t  i c r i l a  r f l i g hts  i n  hi gh c l o u d s , I l eyn  s f i - 1 c 1 6 b o u n d  t I l l -  to tal  c o n c e n t ra  —

¶ i o n s of c r y s ta  Is  i t t  v a r i o u s  a l t i t u d e s  as f o l lo w s :

5 . K n o l l i - r h c - cg ,  ~~~, 
c ; ~ ( 1 9 7 3 )  ( j r r u s — -o nt r a i l  c loud  s p e c t r a  st i ’ l i I - 5  w i t h  l i i -

- i i i  c’ l i n e r , A t i n o s .  l e c h .  (b y N( - A R  I . No . I , pp 5 2 — 5 5 .
6 . F l e y n r s i ’ - i - l , A . ( 19 7 4 )  Ice c r y s t a l  gr o w th  in  - l i~~r~ c i r r us  s v i f P n r 5 , in  P r e p r i n i t s

of ( o n fer en e e  on ( loud l’h y s ic s  , H u l l .  A m e r .  \ I l t  e o r t I I  . Sm- . PP 311  —3 16 .
7 . 1l’ y r r s b i c - l I , A . ( 1 9 7 5)  C i r r u s  u n c i n us  g e n e r a t i ng  I e l l s  an’! the  e v o l u t i o n  of

c i r r i b o r r n  , - l ’ , r r r l o . Part  I: A i r c r a f t  observat ions  of t h e  g rowth  of t h e  i ce
pf ; I n - , 1. A t n r l o s .  Sr i .  32:7 °fl~~808.

P . l l c - y r : ln ’l~t . A . ). , and K n o l l e nh c r g ,  R. ;. ( 19 7 2) i’r o p e r t i l - s If c i r r i m s
g e n e r a t i n g  c e l l s , .1. A tmos .  Sci. 2 9 : 13 5 8 - 1 3 6 6 .
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I -  l i g h t  No . 1 I - l i g h t  5- . 2

A l t i t ic -  ( P h )  ( ‘ , r i - ’ - t r a t i o n  ( n ~~~
3 j \ l t i t i - l e  ( k f t  ( on i o nt r ; I t . i n l  ( I I

31 9 . 3 ( 1 37 i i . 57

29 1 . 71  2 5 .78

2 1  4 . 13 17 2 . 2 4

l ie  a l so  po in te r !  t I l l  I h i t  c i r r o s t r a t u s  I lo u - I s  e x h i b i t er !  l o w e r  r ; l r t i c  Ic -  1 I -  ~ - ‘ r a t i o n s

and  i ce w a t e r  - a r t  c r i t s  t h a n  ‘lit] 1 -i r r u s  u nc i o u s  cl oud s. The I ;  I a n  an’! m i -- t n ; i t t -

c r y s t a l  l e n g t h s  w i - c e  found to i r a - r i - u s e  Iron-i- nea r  t h e  c lou t !  lop to  t he - b i l l  P

ih e  w h i r c l f  sam p l i n g  f l i l i t s  t h roug h a i r c r a f t  c o n d e n s a t i o n  r a i l s  I I h i g h

a l t i t u d e s  - ip p e a r s  t o  he s m a l l . However , K n o I  l e n he rc’
5 has i n d i c a t  c - i  c o n t r a m l s  ar e

s i m i la r  to n a t u r a l  c i r r u s  as c o n c e r n s  cc v s t I l l s iz e  spec t r a .

In a l l  of h i s  c i r r u s  f l i g h t s , I l e v n r s f i e l d 5 found  a t h i n  (0 . 5 to  1 . 0 k m )  n e a r l y in-

v i s i b l e  t ropopause  c i r r u s  a ve r  above ~I l ow e r  c ir r u s  l u - c d . Th e n a r t i l - l c -  c l r i r - e l l t ra -

t i on  in th is h i g h  r - i r r u s  w ;I5 of him -  c - h r of 0 . 2 t o  1 . 5 cc 3
. L I ; ,  l a y e r s  - I I t t i u r e  I

c o l u m n a r  a n !  p la t e c r y s t a l - , I n , !  o c c a s i o n a l l y  t r i g I r i l c r -  .~f Is  1 h i -  t h i n  c i r r u s

l a y e r s  w e r e  found r e n d ’, I - v e r y  I a ’,- a t . r i m  t r - r I n r p au se , in ’ !epen !ent of w h i r I I I  a

s t a rt ; - s v s t e r r  w a s  be low.  Th ey a p p a r en t l y  for m i- l i n  t h e  ~t ; i h l e  I - - c  n r - a r -  l i  1 0 5 0

f I lie t ropopause . The  l u g h i e s t  c -on - c - n t i - a t  ion of c r y s t a l s  P r i n l i in l I i - -~ s l i m - l i ’ s

c i r rus  f l i g hts was in  t h e  7 to  15 j im range , w h e t h e r  20 m i l e s  bro i l ‘h e  d i d - o f an

n v e r r u n n i n g  s u r f a c e , 150 r i ;  i l i - s  f rom t I C -  e I ~~C , d I r  in  the t h i n  I c I r l r l p a t u s e  l a y e r .

In t h e  R yan  I t  l I l  s in g l e  f l i g h t  t h r o u g h a ci r r u s  b r I t  32 , 000 i f  U ’ -  I a - I  s l i r . - ’ !

c c v s t ;I l  c I n d ; l - r i t r , t i O n  v ; I r i c - ’ l  h - i - I - n i  ; I p p r c l x i m t I - l v  0 . 5 n i l  ‘1 ii c m 3 wh i ch I s  ‘ - c

1 !I y m s f i l l 1 b 5
6 

r e su l t s . They foun’ !  m a r l - -  ( - ‘ ( ‘ i l n u l i t e rs  of p i t  i c l i s  in  e I I Ch

ch a n n e l  in  t he  ~ . i5 to 0 ; im r ange . !l v ; n i  I t  I I  p o i n t  I t  t i  I t  ‘o i l ’. ; I p p i l r I r  ~~I / I

c lj s t rj h u t i c,ns ( - ; I n  l~~- n I p I r t i l b r l r  p l l r t i C l f r S lI t - t e l h Spe - t r I I I I f - r . S  I i i  ~~~ 10

l i gh t  s c a t t e r i n g  m i - c h a n i s m .  T h i s  is t h l -  ( 0 5 1  s i n c - c -  t h i I  — c I t t r i lg p r d l P c r t u l - 5 ( I I I I I

c r y s t a l S  r i d-  not k n o w n .

\ l t l i o u g h  not d i r e c t l y  Ip p l i c l i h ie to t h e  p r o h l e m  l b  ca -  cP u - I s  ~~l -a ~~ 
10 h a s

p r ov i h i I I  ni I - x c - I - l l I - n t  l i t I - r - t u n , -  i c  of t h  I 5 t I n I t i r l f l  1 - ; I i S I - I  t I \  v ar i ou s  ~~u / ’ I

d rop lets in h l g a .  1 111 - a t m o sp h e r i c  e x t i n c t ion of v c s i h l i -  ‘ ; I v c h - n g f  I s  in so n i c f r . g s

is s e : ’ - r - ; l t i m l - s  f l i t  t a l O v el e n g t h  c~ f I ) )  j i m.  S l i t  l i n t ~ ;t  t I  I t  l a n g -  h I r o 1 d - ~

c - o n t n - u t , i t I -  m w - l u  n o r - I -  to e x t i n c t i o n  t i l l - I I  s m a l l  1 1 1 - r i p s

I ) . l i t - r n , R . T .  , l i l a l i , J .  I !  von  ! l i , n i ; , I ’ . ( . , ; I o r h  ( I l l - r i , \ I .  I . .  ( 19 2 )
( loud r f l l ( - r d l s t r i I : t l i r l -  as  l 1 t I r n i ) I n I - l FIt - I n  I p t i c a !  c I c l u d  p I r t m  I i -  5 1 * - f
J. A pp i. \ l . t I u I l .  1 1 : 1 4 9 — I S P ._____—

10 . a t - n t , l J c , r I t h i v  -\ .  ( 1 9 7 7 )  ln f r a n - I I  , n h  Su h m i l l i n i I - t I - r  I x t i m i c t i n h - . I
l I c - I s t I n e  A r s I f l a l  ! cc l In 1 c~ T1T~ j o r t  I 1— 7 7  — 9 , 55 p.

11



In a s tu d y of A l : I S k l I f l  i ce  fogs  t o - I --v — 2 0  C , ! I i I r i r n i l !  l ( o h i r i so n ’ I 
f ’ i u n ’h  t I l e

5 1 / I  at I I - t I l l - S  l I d -  c I - I s el t  I S  t I -  t I -m p e ra  I - c  d I (  r * - ; I S I - I ; I i r I - I . - ’ i -  f l u n u r n u h c - r  of

- q l i ; I n t  s i h i r !  p ;I r - t i c l l - S  - . v u t ) I  r l u , h i n d c r u t ; r y  c r y - t i faces . or ‘I r d Ix t l I ! s , 
- ,  Ln c c c - ; I s c - ’l

r ; I p i I l l y w i t h  d I - c r l - ; s iru g t I - r n u p l - r ; I t u r l - . it  low t e r n p e r a t u r * - - (< — 3 ! i  I ) t h e v  - t t r i —

hute c!  thc r  hig h i n c A - I n t l  c,f n e a t . r u t t , l v i s i b i l i t y  ( t  the  s u r l ; cc , I t  al o f t )  to t he

p r - s c - n d -  of t l ic -  , Iro x t ;t l s  r a t l u e r  t h a n  the  p r i s m s  of h c x r i g o n m s ;  in f a c t ,  h *- l o w  — 3 8

t I l l - v  f o l un d  O V I d 90 p 1- c c I - n t  of t h c -  pz * r t i c l *- s  i n  t h e  m c i -  fogs  to 1 *  d r - r l x t - I l

3. l \OT I )  i .\ l l- ,~~F \ F U P ~

j u t -  A ! - L I .  \ b (  - — 1 5 0 !, , s e r i a l  n u m b i - r 105 I . s l i o - _v r i  i n - i  I i g u n - e  I , is I- q u i p p e d

- -‘ i th f i v I -  l l pt i  c a b  5I I - c t n r I - t l - r  l l d r l t i l - S  b r . r  m e a s u l I r i P  1 1 -  s i / l -  a l l  n m u n i l o - r . I l I n t  i l i l ’ s

ru  d i f f e rc :nt ;~ n - - I S  of t h i -  p ar t i c l e  s p l I t  n - rn . l I i ’ - .~~ - - c r -  r ni n i u l ; I - t l l d l h ht - l u , r - t i , - l -

~ l e : I s u r i r m g  S’y st - I n s , I n . ( I ’ \ l S)  an d !  c - I n si s t  of  b d , I r  L I I g i n i g  ~) l a i r - S  a r i l l  r u e

t i  r i n g  i c ’  I I I .

- _

-- -

I g I n - I -  1. \ l  I I ,  I n s t i - r i - r I t l I l  \ I (  — 130 !- ; \ i n r  r a f t

3 .  1 h u m a n ,  IA .  C . ,  n t !  R o bi n s o n , I , .  1 1 1 5 4 )  St u ’l I e s  of \ l u ,  -,k r i  u~ - * - — f o g  o r  r t m l - I c S ,
1 . ~I r t  - r n ’ ,  I .  1 1 : 1 5 1 - 1 5 ) , .

— — - - -
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)n ’-— d i m e n s i o n a l  I i  — I ) )  nu~~- ; su  r I - n ; I - n t .- ; of the  I ; rg * st sizes a r i ma l i -  by  the
‘‘ p rec ip i ta t i o n  p n - o t a -  which  r - c c O r - h S  i c e  p a r ti c l l - s  bet ’ s - I - I n  p p i - x on l t l - l t  400 and

4700 pm .  The ‘‘ c l o r m r ! ’’ p r oh c -  m a k e s  1 — I )  r r i i - ; I s u r c r i n i - n i t s  I f  p r t i c - I -s t l t . I I n

appr oxim a tel~ 26 and 312 j i n u, w h i P -  t h e  s c - it t - r i n g  probe is u s c - h to lI - t ed  p ; r t i c l c - s

in the 2 to :to j i m  r ; I n g c ’ .

T w o - d i m e n s i o na l  “ shadowgraph ” reco m ’!ings of p a r t i c l e s  a n -  al so  m a d e  a b oar d

the  a i r c r a f t  by two  2 — I )  s p l - c t d r n n e t l - r s .  I hes - 1 ‘I ’  I s i s - h  on an extens ion  of 1— I )

technology and a n i -  m a n u f a c t u r e d  b y t h e  same r Ica e loper . The 2- !)  probes conta in

hig h spel l f ron t  end memor i e s  enabl ing  I I  I - l i  phot odio l l -  1 1 1 t I ct Od c lement  to en co rhi -

r n i I n y  bits of shadow i n f o r m , I t i o n  f rom each pa r t i c le . As a p a r - t i d i l -  passes t h r o u g h

the  spec t rometer  arc - a t - , Slices of t l u i  - shadow Il 1- i-  r- , -c - l , r - ! I - b  to deve lop  a t w o — d i m e n -

sional i m ; I g i - . 1hc  range of the 2- !) “ c loud ” probe is ap p r o x im ; I I - l v  25 to 800 j i m,

li nt) tha t  for  the 2 — ! )  ‘‘ p rec ip i ta t ion 1’ p t - abe  is about  200 to 6400 ~imn .

l’ ar t i c le s  passing th rough  th c -  v i ’r t i c a l lv  p h  d c l  1 s ’ - m -  h I -a m s  of th cr  f ou r  im I) 4 i~~~~~

pr obes occludc :  one or  more  p h ot o d l o lh l ’ s in a l i n i - . La rg e p a r t i c l es  t h e re f o r e

occ lude  mo re of the  d iodes  than  do s m a l l e r  a n t - s .  In  t h e  s c a t t e r i n g  p n c l h l , p a r t i c l e s

also  ~~r i SS th roug h a laser  beam , but in t h i s  c-ri se t h l -  S i / I -  is  I I I t I - r m i n c l by  t l i , -  am o u n t

of l ight  th ; t is  f o r w a r d  sC ;r t t e c l - I by the m o v i n g  pa r t icle .  .\lo cc ex t ens ive  d i s c u s —
sions of I -  and 2 - I )  probe capabi l i t ies  are  g iven  l iv  Kn o l l en h c rg 12 ’ 11  and
!I eym sf ie lc l . 14

The 1- a n t I  2 - I )  a r r a y  probes pr ovi chi .- a r e l a t i v e l y  a c c u r a t e  m l - ;  s u re  of part icu-

l ; r t i -  m a s s  s1 1 - ct r ; 1  b r I r -  l i q u i d  ‘Irc ip lets he l l ;  051 t I l l - v  a~~ - es sen t ia l l y sphe r i ca l  and
-, C 0 l h i - r i s l t \  of one (a l t h o u g h t he re  is some d i f f i c u l t y  w i t h  r !rup lets  sp la sh ing ). In

ice clou ds th i -  s ize spec t ra  is also relat ively accura te ;  however , convers ion to a mass

sp ec)  ra in v o l v e s  c e r t a  i i i  a ssumpt ions  requ i r ing  l - s t l n ; l l t e s  of p a r t i c l e  d e n s i ty .

T h *- s - i n s t r i n h l n t s  I r e  among the best p r e sen t l y  a v a i l a b l i - , hut  even better

q u a l i t y  ic c ’  c r y s t a l  l l ; r t ;  woul t i  he des i rable .  l ) e n d r i t i -  cr - v s t ;I l s , for l -x a m p l e , arc ’

not - , v , - l l  s iz, I 1w t he  probes because  they f r equen t ly  resul t  in less t I l n i  ; 50 p ercent
r e d u c t i o n  in l a s i - r  lig h t  . A l s o , c o l u m nar  c ry s t a l s  are  u n d e r e s t i m a tl . I in concentra-

t ion  according t I  !b c - v m s f i e l c l . 14 Plates , p lates  with extensions , h u l l i - t  r o s e t t e s , an t I

a g g r - g I t b - s , h o w l - v c -  r , a re  sized m c !  cou n t e r l  nea r ly  c o r r c - ct lv .  To , - v l - n t h i a l l v  im-

prove t h i i -  q u ; I  I IL of I ci - pa rt iclc  l I t ; , A! - ( I is p u r s u i n g  t h l -  deve lopmen t  and ac—

qu i s i t ion  of a s u p i - r i o r  c i r c u s  pa r t icle  c l i - t i - c t o r .
I 2 . K n o l l e n h l r r g ,  II .  ( . ( 1 9 7 0 )  The opt ical  d r a y :  An a l t e r n ;r t i v e  t I l  s c ; I t t c - m m n g  or

ex t i nc t i on  fc, n - i i i  r - h l l r n e  p a r t i cl i -  sLc  li t , r m m n l u t i o n .  J. A pp !. \ l i t I - I r a l .
h i bPl~ 103.

1 3 . Kn o l l i - n b ’~rg, H. L . ( 1 9 7 6 )  Three new i n s t r u m e n t s  lor  cloud physics measure-
m e n t s :  ‘l ime 2 — I )  s I r i - c t m - r met c ;r , t hmi -  f or w a r d  s c a t t e r i n g  probe , and the a c t m v c -
sc a t t e r i n g  s p i - I - t r o r n et l - r , in I ’r ep r in t s  of ln tnatl .  ( lti. l’h ys ics  ( onf. , Bull
-\ m c r .  \1 t eorol .  Sm- . pp 5 5 4 — 5 0  I

14 , I !I y m s f i l l I , A , 1. l 1 ( h 1 6 )  I h I  i t i c l e  s ize  d i s t r i b u t i o n  measu  cement :  An eva lua t ion
01 t I l l -  K n o l l en h cr g  opt ica l  a r r a y  pr oh cr s , A t m o s .  Tech. (h s -  NCA J-( ) No.  8,
pp 17 -24 .
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The 5b ( — l l O l  t - i a r r i p l i n g  a i r * r a f t  is u n s t r u m e n t e d  w i t h  a m  - I l u r r r i n r t i r  foi l 1 m b - I -

S ; I n I  l i e n ’  t I l  n - ( , , r l h  l ; I r g i r h n r 1 I I I I t s  l I t  i -r y s t : i I s . S i n - i ’ s m m r - h  l a m p Ir a r t i l b ’ -

c l n - h i n i a r i l y  r a re  - I t  ci r r u s  a l t i t r n - h c - s  t h i s  - I c - v  h-c w a s  not u s d 1 1  i n  - l I t I i n i r g ‘ l i e  I : i t :i

I - - I - c  i l l ! i n  a l a er  s e , - t r r l n l .

S I * - v i r i ’  r r  c l , 1 I I I r t l m I I u l l h i t i c l f S on a f o rn i v ar  r t . p l i c ; l f I c  f i l m  is ,r c l i t l l I c i I V

i l l / I l l , : I l t h r ,  I ;  ‘h i t  l’, e ; T O  I t  I V I I  i I rib I I - I~~ hc ’  20 ( i r t  h er  H ,  gh t  I I I  I i  ‘ I f ’ I - - I l l  I I I  - - I

I c l I t ’ l m l s . ~l I I I  I ’ I t i t a g l  of I l , r n u v ar  h r  l o t I I - I - t u l , r I  I s  I I ; )  I a , - c r l a n l - ’ I I  l l r r -; I r i

p a r t i ~- lc ’s  i s  n , ; I h I -  t h a t  g i v es i l t i a b l i  - h I - I ; I i I  on t h e i r  p h y s i c a l  - t c u , - t r m r I - . 1 I r i s  is

r i r r I -  d i f f i c u l t  t o  obta in- i  by  I 1 l t i c d  l I - t l l d l ls , ~~ pt j c a !  h I t l - - t i , m i  - - v s t e n : s I n - !  l u i t l r I u l l m u ; -

r e p ! i , -; * t io nu ~r i -  often - a m p l e n i e n lt a r v .  The h u l k  i- if pt i c — a l  h a t s  - 1 1 t h  h i -  h~i u t  : 1 1 1 ,

I i - ; s I - r h . s i l h I’ ml c c- I l! —ti m ’ , w h i l e  I I , , -  I I c  -,‘:Ic - I : I t : I  I I - I u v  I F - s  r c - s t ’ - r  - I e t ; I r l  h t m l  n r u u a t

he r e d u c er !  I r I  I l  n l u : l  I I  V .

la ( I h t r i i n l  I) v i s u a l  c - s t i n i , ~~ t I  ( I f  I i -  i r u t e l i S i t y  ann!  t v ! e  ~f I I C  c r y s t a l s  t h r o u g h

w h i c h  t h e  a i r c r a f t  l S  i , u s s r i g  a u l - t a l  c - n m )  r n  ‘‘ sm n o w  s t i r - k ’’ w i t h  111 : 11-k , f l a t - a n t i , -

i t  t he en d has  h e r - n  t ; i h c i , ; * t c h ‘1 l h r - r r t c i I I i -  out h’ b i u s t ’ b ; i g e  ; q l p r I r : u n u  I 1 i - I V  17 t~~~. h u t ,

t h e  ; i i r - s t r i ; i n I . b ’ :I r t  , b e s  ni -c i n i i p i m i i ’ i -  c ur l  t h u ,  f l a t  s u r f a c e  t h a t  is  l l e c l l c n i r ! i u m l ; l r  t o

t h e  a i r f l o w .  ‘I h i s  r c r t v i I c - s  t h e  r I i - t c r l c o l r l g i l : I l a t l s e n v l ’r  - i  V i I W  t u m I lghl los w i n t !o w

of a s a n I ç l l c -  c , f  t ire b ,p ’ , s i / i , I n ’ !  n i r m n r h er  of , - r ~- s ) a l s  l r c - b t i ’  f l o w n  l I r r i l ’ l .

The  t y p e  l I t  i n s t r u l c - n t a t i o n  d a n - I l  t h e  : m i n - n ; I f t  s r i - h  t h e  lo - ; I t u r r r  r u b  s ’ l l I c of t he

ser s r l c s  l i r e  s h o w n  ru F i gu r e  2 .

1 11W n e n l ;lirll!ec of t h i s  r ep o r t  de s c r i b e s  a ; r l l c t i c r l l a r  - i n c u s  ~~: I I I f I h h n g  f l i g h t  of

t i r e  Sb (  - — I S O ) -  ;u i r r ’ c a f t  on 2 1  (Jc - t ahc ’c  1977 a n n )  h i  1:1 ) 1 b r a t  W I - c e  , h t l l i n e t !  r !u n i n r g

the  f l i g h t .

C-1 3 0E 40571 / ~ 
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1, SY~I () PT IC S i l t  -VI I O\

l i n e  - - uc fa l * i s n ha r i c  t O r n  ov en ’  t h e  n n n u u i t a i n n  a t l i t I s  - ‘ as r - i b ; i t i v e l v  u& - t ;h-: ‘n

2 I b- - t oPI c 1 ( 77 , 1:11 - l ao -  t h e  sanu ipl ing rlu i ss i r i wa s  f l o w n  near  P h - r a i n . ‘I h e pre —

0- Illnls iso- , Il n o r t h — s t l u t l i  orb- I n t e l  do!,) front had st :Iu - t ( II I~~ I I  I rV l m i l a n  I IIvI- r

\ V ; u s l l i u h g t o u u  a n - h  Oregon.  i~y the  n - n o r n i n g  of t he  2 h i t h i  i t  * - s t l - u - h i - I f rom ( i - n i t  r a l  C i l i f —

I l c n m i l I  nor th  into ! - s s t e m ’ n  \ V l l s h m i n i g t o n u  l u l l was  l - a u l t i u u r m r u u g  s l o w l y  - I I s t o C - I l r d  n c - s i l t  i r a

in - u l i g ht cain s h o w e r s  over  Oregon , I’ h a l m o , I n !  \ l on t a n a . The s m a l l  S I l l Ic features

of t h e  29 Oi- to h c -r  1200Z s y n i a h u t  I c  c - m a r t  a re  shown m l  ! i gu re  3 v h i  Ic l i g m i r e  4 is t h e

c o r r e s p o n d i n g  c l u ; u c 1 for 24 hr  l a t e r .
As shown in !- i g c u c e  5 , an uppe r  level  t r o u g h  u ’x t e n i ’ I r I! a l o n g  t h e  i l l  s t l l n e  of

w i--stern Nor th  Ar -n u e r i c a  r e s u l t i n g  in  a s o u t h w e s t e r l y  b l o w  d n y c c t h e  w e s t e r n  s ta tes .

I h e  sou the rn  por t ion of t h e  t r o ugh  near  ( ‘ a l i f o r n i a  1 - on i t i n lue ! m o v i n g  to the -a st ~

in r l  by the  f o l l o w i n g  d~iv  it  ex t e n l h e d  n o r t h w e s t e r l y f rom New Mexico to  the  A l a s k a

i-o as t !ine . Thu l i f t ing i n d u c e d  by the  t r o u g h  w ;us  f a v o r a b l e  for the  b o r n n a t i o n  of t h e

1- ir ru s  c louds  t h r o u g h  w h i c h  the  s a m p l i n g  a i r c ra f t  f l ew .

The v e r t i c a l  pa t te rn  of t e m p e r a t u r e  d i s t r i b u t i o n  a long the f l i ght n~ath is shown

in c ross  -sect ion fo rm in  !- i g u r e  6 . H e t w e e n  1200 (; I’r,l1 , w h e n  the  t em p e r a t u r e s  on

the  f i g u r e  were  e s t a h l i s lu e h , and! the t ime  of the ac tua l  flig ht , sli g ht ly  colder am 1151 1

rn oveu l  in to  t h e  55( 1 p 1 l og  a rea .

-— A lt l o lA  lO W /
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SALT LAKE GRAND DENVER TOPEKACITY JUNCTION

I i ~ ’ m m m - e  6 . l so t her r n s  ( 0 )  A l o n g  ( e n i i - r a l  i - l i g ht I ’a th  29 October  1’ *77 as
l ) l ’ t e r n i i n i e - h  From 12007 Sn m m n c ! i n g s  A l o n g  R o u t e

Supplemental data in d li r -a t e d i broken to o v e r d - l I s t  sk i e s  I C -er  n i u r , s t  of ( r u h o r a c h o

wutlu - e n l u m l g s  I - s t n n l a te d  :u f  10, 000 to 25, 000 ft  (3050 to 7620 nut . The freezing k-vel

WIl l - i  n e a r  12 . 000 ft  (3660 rh I . ‘I here  w e r e  no u -i -  I t I r t s  c , f t he  h e i g h t s  of I-loud ) trIps .

H a d i l I r  ri- ports i n d j c a t c - l h  t h e r e  w e r e  no echoes most  of t h c -  l a y  in  t h e  I i  c , - I l  e x c ep t

ahomnt 1735> ’ w h e n  l i g h t  ra in  showers  or thunnlerstorr-1 s were repor t er !  over t h e
‘ I l r I r - * n lo —r t a b  h o r n i e r .  A t  the ap~nroxima te time t h e  rl irc r — I ft was  w i t h i m m  a few n u j l e s

of l) enver  (an’! t h e  s a m p l i n g  was in n l r o m i r e s s )  t h e  l ) e n v er  w e a t h e r  n -c port i n , J i e a t i - - I
t h e  bases of overcast  c louds  were  e s t i m a t e n )  at 25 , 000 ft (7620 n t ) , the  v i s i b i l i t y  was
40 miles 0-1 knu ) , t h e temu lperature was 65 ! -  ( 1 *  ( ‘ )  and  s n m r f a r ’ e  w i n Is w e r e  l i O  I l l

— 15 k t s  (2 . 5 rn s e t-  1. M a s t  o t h e r  s t a t i o n s  w i t h i n  a t  b e a s t  100 m i l e s  ( 17 0  k m )  reported
s i m i l a r  wi - I l l  lIe c c on d it i o n s  at the  t i m e .

F igure  7 shows p lottemi sounding data  for 1200? . on 2 1  Or - t aP er  for ( r a n r l  I u m r b - t u ’ um
and I ‘c-nver , respectiv el y. The former station is about 60 m i l l ’ s  ( 1 6  k n n  I I r o t r  I he
s : I n n l p l i r l L  track hut i t  is in a I i c c ’ b t i o n  f r o m n l  w i m P - h  a i r  w :, s b e i ng  I r bv e - t c - - h  towar ll

t he  s a m p l e l a r ea.
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DAT E LL2~L!L
I I ’  

T I E  -

3LTo 3o io~ o:o ,io~TEM Pt R AT U RE C C

3 -

STA 1314 lOl l

DA1 [

T n t I E  - - - - - I

YE t,I I t  P AT USE C

h - i u u r - e  7 . Pc: u r u l l  l u n m l  t i c r i  an d )  l ) I - r y I - c , ( r I l t I c ; i ho
S I I , m r m l l i n l ;  1 ) - t i , 1 2 9 1 1/ , 20 O c t o b er ’  11 *77

I- 1 1 1 1 m m - c B is a l)e t~ ’ n i s i -  \ l l - t l - I I r I I I r , L r n , a! r ; i t * l b n t ,  I I n
_
rI , - I c -  ( b ) \ i S r I ’ I  lI -t un a - ,Ib

m Ic - mb ’ ’ r a b I l d n l i l I - c , n I - h i t i o n s  - , , I - ~ t i l l -  s r u t t m ’ - I - s t ’ - r n  lr r - t r l n n  I f  t b 1 ,  I m I m i c ! — t a t e s  I t

a pprnx i r rlllt c - lv  n i l  b l a t -  ( in i l  ( n r - t r II ,-n . 1 b e  c :1111 I la m ’ ! I ;I5S i - ru m i c e  u S 155( 11 u It I - - I

w ith u h i g h  I l - _I c- ! c t  I x t I - r l h i n g t o  ( h u e  n n d l u - t I 4 - a s t  f r , u m u  rI\ ’ F-n l b - I l l , ( ; I l u l r rrn u a .
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) - ‘i gure  8. De fense  Meteoro logica l  Sate l l i te  Program
V i s i b l e  P ic tu re  of W e s t e r n  L n i t e d  States  (M i d d a y
29 October 12 77 )

~ . TIfF S

l ire y e n u e c - i b b v  ~ a r , - I  o - i s i h i h i t o -  repor te d  in t h e  Denver w e a t h e r  I 1 I ) s l - c v a t i o n  to as

a l s o  n I l - m u t i o n e c l  i n  a - , n I n l u e n t  - e , - a r - - I e I I  at 16447 in  he s a mp l i n g  a i r -  n - a l t . \t h u e
s t i l l  a t i - a mu i b c - s  e a st  of I s - u i -e r  at 23 , 500 ft (7 . 1 km !  the  A i r  l - o r ce  a den ~~v ,
sonIc 71) r~ - i I c ’ s ( 1 1 2  k in ) sou th  could  he seen , O t h e r  notes from the a i r c r a f t  vo ice

tape transc ript are re - n r l h c - I I  i n  1 -i g u r e  1 ,

The 1- ir r u s  s l u u l - p !i ng  c o n s i d e r e d  u~~-o s t  significant w a s  begun about 16507 near

l ) e n v e r  u n - b  cont inued for n e a r l y  a h a l f - h o u r  as the a i r c r a f t  con t inue l l  to the  a 1-st

northwest. ‘rhe a i r c r a l t  l I t  i t t u h l -  to -as be tween  24 , 600 ft (7 . 5 krn ) and 25 , 250 ft
(7 . 7  krn i \ I S I  l u i r i n g  t h e  s a n i p l i n g  period.  I ’ I i u h t  a l t i t u d e  t empera tu re s  were
b e t w e e n  - 27 and  -3D - - l u r i n g  t h i s  t i m e . F igu r e  10 shows  the v a r i a t i o n  of a i r c r a f t

u l t  h t u c l e  a n )  l l u u t s i d e  t e m p e r a t u r e  as the  f l i g ht progressed in t h e  s amp l ing  area .

19
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16:44:00 At 23 , 500 ft ( 7  162n i ) ,  In - I c - a r . ( ‘i r r u S  all  l 1n l adrant s .
\ ‘ i s i h i l i t y  100 m i m i .  Air I - h r  i - \ c - l - I I ii \ o - u , i h l - ,

1C :- l  -5 :10 let  l ’ontrat ls  above tha t  are h e b r c ’.- hi gher u ’ i r r t m s  l ay e r .
At  24 , 000 ft ( 7 l l Sm ) .

16:45 :30 -\ c i r rus  l a y t - r  above e s t i m n i a t e r !  at 36 , 000 ft ( 1 0 , 9 7 2 m ) .
But there is also c- irrus a l l  quadrants  at lower levels .

16 :50:50 Some i -mints  in  cloud probe .

16:5 1:10 ~~~ 24 , 400 ft (7437 ru t ,  Getting into bottom of a c i r r u s  layer.

16:52:10 At 24 , 500 ft ( 4 t i H m ) .  In t h in  c i r rus .

16:54:30 M o n i t o r on cloud probe shows bell  curve d i s t r i b u t i o n .

16:56:20 Start t l nc ’ 2-D samp ler .

16:58:50 2—D shows particles 100 to 200 ~i in ihiarneter .

17:00:00 At 25, 000 ft (uh2Oni), I)efinite h y i n  c loud.

17 :01:00 In st r a t i f i e d  cloud. Can ’t see any  s t ruc tu re  above or below .
Not getting anything on snow stick.

17:01:15 Getting nmany  updates on 2 - I ) .

17 :01:25 Very s m a l l  partic c’s v i s i b l e  w h e n  s n I l o  s t ick is rotate ) .

17:02:15 From moni to r  i t’ s d i f f i c u l t  to t e l l  if  p a r t i c l e s  are bullet rosettes ,
hut snow stick indhicates s ing le c rys t a l s , sn a i l .

17 :03:35 Larger particles in d icated on snow st i -k and 2-I).

17 :06:30 (‘b uds look ti -nick shove and below . (‘annot -I-P ground l .
(‘an sec ni-i str’~ ctuire in I - b udS .

17:07:00 Can sc-c’ g r c n i l l l  I and snow on - r l t m n l t : I i  u s  now.

17:08:50 Som e f a i r l y l a rge  s t e l l a r s ,

17 :10:00 ( I - I t  m m m c ’  i n t ’ l  t i l i l - k e r  l , l u r l l u - i .

17:11:30 —~tj 1l nm~, i- l oud) ~t r’ m u ttmr- * ’ , hut b m c ’ a k i n m r h i - t w * - i - n  b~ i v ’- cs  of clouds .
W i  rig mm pi- hav e been v i s i b l e  to I r l I h e  I I I  ‘- . B r e ak i  rig out on ( I I ,

17:12: 30 -\ t  2 -1 . 1) 00 1) ( i 5 8 9 m ) .  ( C m i  t o p  of on C e - i n - r I m s  l av ’ ’r . -\ m i ~ ’ l - u -  - l u  r i ~
layer is above .

1711 3:10 (‘an see snow covere,) n l - r u l u m t r u i n s  below .
17:14,00 V e ry  few particle upmlates.

17:14:30 l— D probe 1 1-5 not i nd ica te  any pa r t i c l es .
17:15:45 Scattering probe m n - h i l - a t c - s  particles across the .spectrurnu, hut

mainly towar’l s m a l l e r  sizes.

Fi gure l b . Natc-s ‘I ranscrihe l Fronm Mission l)mrector ’s \-oi d e Tape I ( n  i ; e r u t s

Duri ng 29 Oct ober 1977 Sam pling )-‘light
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I ’ i a m n ’ c -  10 . V a r i a t i o n  W i t h  T i n u l c ’  of A i r c r a f t  \ I t i t u d e  and
( C n m t s i r h i -  A i r  Temperature During 2-I October 1977 Sanlphing
19- n m  dir ]

A t  17017 t h e  a i r c r a f t  was repor ter !  to he in  a t h i n  st r a t i f i e d  c loud ] . The air-
borne  u l c - t l - r h c h l b a g i s t  i n d I i c ’a t e u ]  he ( - o u l d  see no c lou d  s t r u m -t u r e  above or below his

25 , 000 ft (7 . 6 knn ) a l t i t ude  at thuit  t i m e . The ground!  was v i s i b l e  for one or two

br i e f  b i l l i e s  d u r i n g  t h e  sam p l ing  period . I l owever , at 17127 the  observer i n dU r a t e d

the  ai c c c l  It was  b r i e f l y above one - i r r m n s  l a y e r  it 2- 1 , 900 ft (7 . 6 krn l , h u t  tha t  t h e r e
was a n o t h e r  layer  -s t i l l  h i g her . Con t r ai l s  were  ac - a s i o n a ll y  v i s i b l e  above the  air-

cr a f t , hut  hi .’low the  h i g h e r  i c c r n s  deck , l I t -  17 1 7/ . n r m o s t  of d -i r rus  b a t - h - n -  being

sam p led ] was b e h i n d  t h e  a i r c r a f t  a l t h o u g h pa r t i c l e  counts I n c r e a s e r )  a g a i n  short l y
the reaf te r .

The s m a l le s t  p a r t i c l e s  h ad )  been rep or ted ]  i t  t he  beg i n n i n g  of t h e  s a m p l i ng

per io d  ( 16507).  The re  ha r )  been a gradual  i nc r ea se  i nn p a r t i c l e  s ize  sec - t m on t he
snow s t i c k  out s ide  t h e  a i r c r a f t  as t h e  heavies t  ( t h i c k e s t )  po r t ion  of )he  c i r r u s  l aye r
was t r a v e r s e d . A 17 107 comment  ind i -a t enl  thic - a i r c r a f t  was m o v i n g  in to  some of

the  h e a v i c - s t  c loud  seen n  up  t n  t h a t  t h e a - , hu t  Pt  17137 snow -covered m o u n t a i n s  w e r e

s e c - n i  below.

6, DATA -\ ~~I) FORMAT I ) lSCUSS I O~

Several s m a l l  h u t  n - e p r e s e n m t I t i v e  “shadow graph” samblp le s eel-on -tIed liv t i - n e

I’MS 2- i )  probe are s h o w n  in l - i i i m u c c -  11 . i b u - v e r t i c a l  bars t h r o u g h o u t  t h e  samples

are each  800 j im in t h e  y - a x is  n ) i r e c - t i o n . S o f t w a r e  r - nn s i d !e r a t i o n s  of Pc ’ samp l ing
airspeed have i nsured t hat 1 g iven l h i s t a n c e  in  t i -n e x -ax is  d i r ec t ion  ( w h i c h  is a lso a

m e a s u r e  of the t i m e  a given p a r t h c - l e  occ lud es  ii ph otodi od le)  corresponds  w i t h  the
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sa me distance in t h e  y-axi s direction.  Thus , the  “ shadow ” of a g iven p a r t i c l e  in
Fig ure 11 repre sent s an enlarged view of the ori ginal shape that pa ss i - - I  through
t he prob e . A scale in J im bS given on one oF the samples .

1657:55 
J~~ Utfl U tti Ill t~ ~ LU ~U ~ tM I~tF U~~t~~RI I ~tL I ~ tIN. UI

1658:57 III It 11~1L LI L 111111 ~ LI Ill ~ ~ 11111111 lUll ~ 111111111 11111111111111
1700:15 -LL~Ik ~F IL 1111 F Fit rt it ~ Ull’ II I ~ I ii~rtut u r
1701:58 ~riir.~ ~~ ~~i. r ~ r U t r ~~ r rr~tLrkL~.1702 ~‘~G -k k ~ kt r. t ~ i ~‘k r. ~. r. r. ~ ~ r. ~ r ~~. L ~~~. ~ r ~ ~1703 44 

~ i~Lrt~ rrr ~ r i.~rr ~ r~itii ~rt~ II1Fi
1704:5 1 t f ~ ~-~tr ~ i~ i. L rr r r ir R r r t~ n’ ~ u~ i’ ir ~1105:44 

~~ ~~~~~ Itt~i ~t.r ir kLFiI ~‘ ~ ki ~ I~I’ ~
1706 :33 r ti.. i~ I ~ F ii . i t ~. i ~ t~ ~ ii ii ~ t r. ~~, i

1707 28 

~~~~~~~~~~~~~~~~~~~
1709:02 k1.~1.I ~~~~~~~~~~~ ~~~~~~~~~~~ ~~~ rj ’~ I~ I fr r
1710 15 

~~~~~~~~~~~~~~~~~~~
1711:30

1713 05 

~~~~~~~~~~~~~~~~~~
1714:03

8OO~~m

Figure 11 . PMS 2-D Part icle “Shadowgraphs ” I)uring 29 Octo ber 1977
Sampling Flig ht. Each line show s examples recor ded at about the
indicated time
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Tb , -  i~ n , b 1 : ’ i i u t i  h —  t h i n - m I  1 1 , - r I - c r  r i P - l i , ,  t h e  2 — I l  - r : - h  ; , r c r l  I l - a r c  - 2I~ p n i

s c I ’m a r e , T h r -  ,- ro n i l t  b i n s -  of i” i g n m r c -  11 c c - r ’ c- h I  i t  1 ( I l l :: i 7  1 ‘In l t ain i s s n r a l l  r~~r ’th b r -~
b l i l l I r I t I l - ; u n -  toP ( 1 1 1 0 1  i t  -i~~ — n , , a I l  as lI la — c pmsi I l l -  ‘I r , - - - r , c - b . Not ’-  b l o t  - ; b n - - i j  I rln m d)

p ar t l l - !  c- ’ a r e  a — ;  r u l S I l  a~ ! b 1 i - ; r -  , t b u  i -  - : l - r t u , - u I  b l u r s  n t  I b m ’ -  I I I - ’ i n i m l i r m ; - of e u r - b I  r I - I  n r - I ~ - - l

p a r t i c l c -  ar c -  n i c i l y  e l d ) ~~I - r I r r , , - t h l - r  t i i am u t b l c - ’ l  i n u r g u - r  n , ; , r t m l - I , - s  I n ’ -  t I c - i n m g

c c - I - d i r - b  i - - I .

The  u n  p i e  l i n u i - s  of 2 — i )  shac I ~ w s ‘ , n m  I- m o i r e  11 , w h i c h  a r e  i n  c -h r o n o l og i r - a h  o r- - h e r ,

p r o v ; d e  an ‘ r - ,’ ’ - r - - i ’ - ’  ‘if 13 ; I r i I t C l , n i  I I I  p i r t i - b , -  S i ? ’  m i r i n g  t i u r -  S a n ,  p l i ;g  f l i g h t. As

p r e i i o m m i - i b v  u i  l r t l r r r i i  C , t h ’  s r 1 I a l l u - ~- t  rr i r t m , - h , - s  r , r - c u r r e r h  I t  t h u  hegi n u m n i ,  of t ine  l i l t - I

r , m n m . lh e ’i  sp r n r - i - l i r - a b h y  i n m r - r e a s , - - I  ‘- t i n  S i ? l -  n - ’ - , c - i m j n i L ’  -500 to 800 J i n r I  in s ize I l - I  t i n ’ -

en ’) o f t b u ’  r m m r u  a t  about 17 14/ . V e r y  s h o r t l y  a f t - r  t h i s  t i r i u e  no f u r t h e r  shar ! o ’o  ; l r a p hs

we re r ec or ’h e ’l . The h o r i z o n t a l  extent  of t h i - -  c l oud  m a r l  ~ i i n a r i - n t h y  been ‘- x c e c - - h e r b  as

t I n ’ -  a i r ’-  r a f t  r - o n t i  n u e r !  wr- ~~t ‘V S r I! .

I I : u s r - ’h  on s n r m l p  of l I m e  p a t t e r n s  in i - i g m m r e  11 , an ’]  on n r l a o y  o t h e r s  not p r i n t er !

here , it  w a s  r b e t r r n u i n e u )  t ha t  t h e  p r e d o m i n a n t  cr y s t a l  f o r m  seen i n  t h i s  c i r r r i s i - i a n n p l c

was - ‘ h m i l  b i t  r o s i -t t e s  - r  or , as t e r m e d  h’ M ag nr l o  u n i r l  I c- i - , r - r , r ,  I h i n at i o n  of h m i b i  ets . --
The v a r i a t i o n  of p~ r t i ’  r e  f o r r n i s  i n  t i n ’ -  2 — I )  shapr - s  is r e a d i l y  a p p a r en n t .  M a n y  l u r I n l e a r

to have  an  a p p r o x i r r :n t e b  y r o n m n r )  shape , p r o b ab ly  srm m i b l  h e x a g o n a l  p l a t e s ;  howr - ’j er .
t h e  rosette forn - l s e c ’u i c ’ - h  to p r e d o m m i i n a t i - . ‘T he s y n ui e t r i c a l l y  s l m a p e - h , p r i s t i  r i d -  p a r —

t in es out l ine ’ !  in  ‘ i b - a ; r n n i a  u n ’ )  l ec- ’ s ex r - e l l e n t  ice r r y s t al  c l a s s i f i c a t i o r u  paper  w e r e
p ,c t r e n r l  c’ I v  ra t -c-  in t t i e  I - i  r r n i s  ‘ - I  on -Is  c - n l r - o ’ m n l t l -  r ’c- - I  on t i n t  S f l i g i t. This i s ’  an mon in
our  general l - x p c - r n e r u c e .

( ‘ Om p m i t e r  p rocessed  d a t : ,  Ir onu the  t h r e e  !‘itlS 1 — U  prohc -s  a r e  i n i r - l u d e ’ l  in  A p —
p e n- l i c e s  A an ’)  I T . ‘rh c - h u l k  of t l i c - s - l i t : ,  are rn u r n l h e r  d en s i t i r - s  of v a r i o m n s  size-b

r u m  r t i c l e s  111 t e rr l l s  of n u m b e r  per - n i i r i c  meter  per r r i i l l i n m e t e r  of ba r  w i - b t t u . ( B a r

w i d t h  wi l l  he expl -l m I e n  be low . ) C e r t a in  a d d i t i o n a l  f l i g ht i n f o r m u r a t i o r u  s n l I - b n  as t l b

I I  r d - r a f t  pn r - s s u m  c i -  I e v c - I  , i b  t i t , m - b ’ - , t e m p e r a t u r e , and  t r u n c -  ii r s p r - c - I (TAS ) ar e  al s o

m d  ‘he , )  on the ri ’ t mt s i ,b e  of c - ach  p r in t ou t  sheet .  ‘~nm n nu a r i z e r !  r la t i fo r  t w ~ s a t  - n b c -

s t a r t  t i n u i  c s , one 30 sc - n  I I t c  n t he  i n i t i r u l  nra - , are  inc I u de~! on c - a r - h  p a i l , i - i  m i r e  12

p r ovi r ] es  an c - x n m p l e  of t h e  ‘ I — u t.a p r in tou t  f o r m a t  w i th  t h e  e x p l a n a t i o n s  of p a r t i c u l a r
e b c ’ r , l e n t s .

A l t h o u g h  t h e  I ,t a  p r in tou t s  in A ppendix  A Sr i- -  s u m i u m i i a r i l - s  for  3 0 — s e c  p e r i n r l s .
t h e  — - - i t ,  - l u l l  ng i n t e rva l  could he r- h ; i  ng - ’b in  t i l l -  f m n t m m r e  t o  p r o v i de  suru- i m ar iz e ’ !  da t a  for
shor te r  or l o r u g er  p r - r i o - I s . i . ’ r r i L ~r - n ’  period i ’ x a n m p l e s  a re  in A p p e n d i x  I I .

15 , Magono , - . , an d  I el- , ( ‘ , W. ( 19 6 6 )  M e t r - o r o b o g i c a l  c b u s s i t ’ i c a t i r a i  of n a t u r a l
snow c r y s t a l s. i r , n m r ,  I- ’an ult y of S r - i ,  , I l o k k u i d o  b r i i v . , ~- c ’ r i e s  V I I , VO 1~. II ,
4 , pp 3 2 l - 3 6 1 , --
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26 t.4~ E.05 1.02 0. 

P ( M ~~)

4 ? . 1 ’ F~~U , ~7 1.655+05 T O T  0. ~1T ( V~4)

8 6 i .g~~~+ o 7  67 1.60E405 1 0 1 3  0. 7.66~
1.1T E 4 O T  3~ 9 .T? E.O l. 1320 0.

1,0 9.85E.06 1’1~ 5 .SSE: 4 o ’ .  1625 1. T~~4P ( r )
12 8 . 0 4E 1 1 1 6  128 3.28E’04 1932 0. —3 0.3
1% 6.?2E+06 1~c’~ 1.54E+03 2237 0.
16 4 . 6 7 E 4 0 5  169 Y .tO E +0 3 2544 1. ’ PEWP (C)

18 l~.74F+06 189 9.”9F .02 261.9 0.
‘0 3.~~ 3 l+0 6  ?10 1.0’5E+03 3155 0.
22 3 .11F”06 2%3 i .15E + 03 3462 0. T~~S (M/5)

‘4 ? .85E#06 2~~I 1.?8E403 3768 0. 11,6.5
26 ~ .11E ’0~ 211 0. 4073 0.
28 3.6!E+06 ?91 0. ~ 3 T9 0.

~~~~~~~~~~~~~~ 6 .5O E-OP5b
1, Fli ght  number and date of fl i ght.
2. Length of samp le over wt t i ch partic le concentrat ions are deters] ned ,
3. Time sa mpl ing began ; completed 30 sec lbter.
4. Concentrations are In number of particl es per cubic meter per mill imeter

bar width (see text for dis cuss ion of bar width).
5. PartIcl e type i~ determined after other data are examined. In this case

bullet-rosettes . Other possibilities include rain , plates , small snow ,
colum n s , needles , aggregates and rime d dendrites .

6. Mean maximum t u e  of particles in mi crometers (see text),
7. “ScatterI ng ” , “C loud ” , and “Precipitation ” probes are used In determining

concentrations of particles In n the size ranges 2-30 i m , 26-312~~m and402-4686 u rn , respectivel y,
8. Typical concentration: 1.17 x ~~ particles per cubic meter per bar width

are 8u5 In cu e,
9, Total liquid water content in grams per cubic meter for each of the three

probes . Scatter probe particles are assumed sp herical with density -1 .
10. Equ ivalent melted diameter (I,, turn) of a particle having a mass at the

median value of each probe ’~ LWC.
11 . Sum of cloud and preci pitation probe ’s LUC , but excludes contribution of

the four largect cloud probe channels (i .e., at 251 , 271 , 291 and 312 u rn )
that overlap the contribution of the smal l est (402 um) precipitation channel ,

12 . Equivalent melted diameter (In u rn) of a particle having a mass at the
median of the combined cloud and precipitation probe ’ s total LWC value .
Contributions of the four largest cloud probe channels are excluded.

F i g u r e  7 2 .  D e s - r lp t l on  of ( ‘ b r r n m r n  7 n l l i ’ h y  Data Format
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I i ‘r f  c l ~~~~~~~~
- i u  - n , - I - - n m -  I a l i i ~~I I - - ‘ i f  ; i c ’ I - - - 

1,u - C -

S S t - p i I r l ~! - 1i ’~~~- 0 ’  - ‘ 
‘ S I f l  1’ e d i u , . ’ - 1 r n  n c r  ‘ m c - ’ . f 1 i 1 r -  s a n r n ’ b i n g  ‘,‘‘ n i i r  i’

‘ : n I ’ - b l i - i n n i ’ n i - I r i s  n n l , - r i C c I , I  I I I  n - t e c h ‘I~~ - r i  t r i a l  - i ’ m ; -  I I ~~~~~~~~ 
- , ; l r ’ I , ! c ’ s  i s  - an - ‘ ‘ - ‘ ‘ e l

- S T I l ’  b I l - u - i l - n -  ‘ i t l l 1 -_ - ‘ i ’ i r ; - ’ - _ i i ’ - - I I I i  i n I l  1 i u i 1~~ i f f r - u - ’ -  t o  c-  1 , 1  S I l t ,  , l m n i ~’ - i n n -

0 / I  - b i ~ c i  ‘ f la  C- , ’ u l  ‘~~~I i f l l l  )~~-~ l 9 ~~ n~~~~I u - i  n bc’  ~l i  ‘ i - ’’ ‘ o ,

S t - i n l l ; i r ’ n l  - n , i b n n 1  I -  l u l l n u ll n - I d e 1 1 1 u 1  l -i.- - m u I l  b I ’ - I - , r I - ’- ’ I u P l o t 5 ’  I 5 1 , 1 , - —

1 1 1 1 1  s n , c - -  I ,  I ,

i ’ m - t h i s  , i 1n ’’~ l ‘ I l l  r d l n i l p ’ l l I l  i ’ r r I ~~ ‘ I f  p S c l u -  I ‘ - - - r u - ’- I i n t  ‘a h i ’’- tm ’ ’ -  n ’f , i r l l I - r

r n ’ I n - u n :u I l / ’ - - l  b y - l i v i - l i r u u  b y  n 3 ~ - ,,- c l t t ,  I t i  v - i - P h I 1 ,1 ~ - 5 r  C l  - b l i l I l n i l i ,  1 I 5~~, : 1 i h , , , I . I

- 1 , - l i - c u r  l r l ; i t i ’ , u I  d i i  in  I i ’  l ’~ r~’ m u ;  h e n  ‘~ n 1~~rt i c b u ’ s r , f i l l  5 1 7 1 5  ‘- c  u i t - i i  l : r n i ~ n u ; , ’ ; , b e 3

II ~m b s , ,  r h - m I  I I  S I I I - i i ’ u  d n r n ,  r , : i r i ~~~I n n  ( I f  - a r t i c l e  I ‘ ‘ T l ~ t j t r i r  ‘ hu n  ‘ ; l t ! I ’ n 1 1 -

r , f  t i l l -  ~i~~5 l i i  of t i l ’ - l ; I u l , l ’ - ]  l i m i t  u e n , , n -  I l - - I  t i l e  - r u  m ’  I ’ -  - -

‘I lie ,~ i m P n l ’ m r r  t i - r  ‘ 1  ; , , r t u ’  b c ’  n I  Ii ‘ I l l - n  I n i n i n i c b c S i  1- ’ 1 , - l i - r n -  i n ’ - - i  b y r r m J b  —

t i u l l - / I r l I ’  a s u m  C I ’  ‘ a r m ’  I - , 1 r l t i o n  t - S I n n ’ -  j u l  ‘ i i ’ -  I I  I t i ’ ’ -- t n !  ~ I I d  / i h t ! l  of  ‘ I l l c h i n i n i , - i - - i .

-i I i , -  t b l l r - - l  s’ m i t  ‘ - n - u ’  I ’  I i i - I r l ~ I ’ I , fa a m u p I ’ - , m c - ’  a r ’l s  ; n I r t n r - l ’ - n i l I c  i i ’  I; j i u i

- i n , b r , ’ - . I t s  v - I - i ’  h u - - ’ ’ e nI b s f r r r n n  h a l f  t h e  - h i s  t a ’ s ’ -  I ’ ,  I l l r -  ‘ i ’ - . 1  ‘ n / m r  , - l n ; u I n l ’ - i  ( I ’S/ n r i

1 ,  
~~~~ 

1 1 i l l I f  ‘ I- h i  - l r m n l ’  i ’ t o  l i i i  n I l - -u t  I i  o ’- r  - i , : , r n m -  b ( t i p  ‘a l  ( i n  I , n ,c uu l r , t r , l  ‘, f  i i , -

I I  P i l l .

T he  ‘~ I ii I l  n r  a ss  ‘ m r  l i q ’ u i - I  w I l l - c ’- ’  i m P ’ - u I l ( I V_ ( I  ~ f I 9 , -  c i r ’ i , - i - ~ r ’ - ’ ’ ~ r I l - - I  } I ~ i t~~~r l

‘- b a i l  S u l l a i p I l l t n r ’ n l  - ‘  I n ’S  5 l , - r ~~~m r i c - ’ b  1- u-i ; , l o l ’ - r  c ; u b , - r m b : i t l m n I  1 1 10 ‘ ‘ 1 m m ’ ’  -

l ’ - n t i y  n -  i - b b - - r  i b i  m e ~ - : , n t u  l i - s  ri  I I  n l r u : r  ‘/- m b r i n , r- ( I  n o I , ‘I he rr n r ~~i a

r i - I ’ m - - k - — I  l , -~ ‘b n e  i-i - i l t l - r u n t ~ - - — l i - ’- I n , -  r - ’ I n I s i - l ’ - n - ’el! ‘I l I ’ r a i n _ C S r I - I  I n , h i - , _ - ’-  a , - 1Mm-i

I - ’ 1 n 1 1 , l  t ,  l - r I r l I _ I i i i I - u l I  - - i , ’’ ’)  l I ’ I ’ n i ’ i  i O ’ I b n  - ‘ 
1 l m n I n I L _ m1(_ ~I m ; m r n I I r s  n - ’ i n i — - n - I  C l b  l ’ - - ’ n -  0

I , ,‘ ‘ ,r l ’ ,a - n  I f n r n r i ’ n i  a c l i  i l  s i - I l - s  I , ,  n - I - l i - I  I ’ T r n u n j 5 l e n i t  - C l a n -  ‘ - I ’ - r  - for  ‘9 ’ 1 ‘ ‘ i

I I l ~~ ’’ r n ’  1-s . ‘I i n ’ - ,‘n /  I ’  I ’ m  T I ’  I ‘ n c -  1 J : .  I - n i  ni t h i s ; - d i ’ - ’- ’  m i  - I t  -\ l- ( ;1 r ,  r~ - — u - - ’ -

-r r i — b ’ -  “,,

1 is l d r I i r , r t ’ i u I t ‘ 1) c ca lh —’c ’ 1 9 , 1  t h e  - -~ 1 7 d ’ S  ( i f  , ba ’ i ’ l  I l l 1 c ’ ’  l t I l 1 , C l ~~I l  i 0 n n  11 1 u , I r t l I - b ’ - -

I m m ’ ’ l c ’  I -
. n, ) i n  l I n -  a l t a r - h , - - i  b l u r , S i I I f ’ I S , I n ’ -  I h c- m a x i n i l l u n l  5911 11 1W i ’ - r ~~ l h i -

‘I C ’ S ri m a u l h - i -  ‘ r u b s  n a  l i l l , ’,- 555  I l1 n - - l I - h  l i i ’ -  p u n r 1 e ~~. 1 Il ~’~i 1 m n - c ’  i ’ t ’ r ; -  l u l l - - C

1 , /  - n i m i nn i m ’ ’ r  r f  h i ’ i I l ’ ’  I ’ ’ ’ l I m b ’  I I~ _ l i r e I i l l r l ’/J 1 , 1 1 1 ’- u t - s u n  1 , ’ m n - ~~~- t  r n ’  r - a n r c - ’ - t u a m i s ,

i ’ur  m m d c i  ‘- -i m i s s i ng l h n - r u r l 1 l h  l i -p  - - . r l O l l - r I  u - c ’  I l l ’ ’  1 i s  i s o  - I n n  I - - I  h o 1 t  l i e , r m s t r m i —

n - c u l t s c a l , b n  - l t l ’ I , l  f o r  M i I I ’ - r  I c;~ ! /,- i l ’ - r  I r r l f i s  m~~i p l m e s ,

‘ T h e  ‘ - r i u r u , , u t c - r  o r’ r u r n ’  of H r aw  l ’ ~~l - - b i l l c’ l , i ,  I S  m n f a r u o u t l ’ I n I  n , n i

, r l n i l - , r , b i n l t n r , b t c n l  - h a r d - l I - c  f ’ ,r  ‘ - ; , r - h  s a r i  b l l i n i g  c i , S u u T l e I , h u t  r l 1 u ~~ is  n m r , t  n n c l m i ’ l r - ’ l  i n

t h i s  n l - n , l m c t  —‘ - xl ‘ - n I i i i  a s i ng !’’ n -  c - ; , n -_ - , I r m c -  t a r  ‘ - - , r  I n  - r h ,  ; , m i l ;,5 - , r l  n v i - n - - , i b  r u I n , -

f ’ i r  I l l , ’ r ‘‘ ‘ u - I  l u l l n i r c - ’ - i p u t n u l  m , , n  i n n - n i ,  c - s n ,  i n ,  l I l n I ’- I ,

I i - . ( m n r n l n m 0 l ; I n n ~ , I t , ~ I . ( I t ’/ l ’, ,  A u u n , l - 1r .s i _ ~ r , f  pa n - n i c - i ’ -  , ; , c - r  t r a l  - h a l , f r d l n u  , l m , l I c : , i i n - n - — i ’ ,-
( b — l ~i f- ,) 1 1  i n - h  ~_ i  - - ‘ - n m - u i- u n —  - . ru i’ r e b i r l n l l  of \ , b ’ - I ~ t b  - , i i  ‘ ‘

~ lc -l c -o r aI’ Ig i’ - l b ( I b r ” r v u , t  l r i r l s m n - I  J n , t n u m , u i f ’ i i T r r3 . ~~ l ’ l l O ’ ’ , ~~~,T~~~7 - i - - ,

si”i
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‘l’ a h l e  3. i- ’q u i l i a n i -i l~~~i - r h to ( ‘ , r n ’ ’ - r -l l ’ s n - t i c - i c ’  S iz e  ( I . )  t i u  S b c ’ l t e n l
l) i a r n c ’ tc ’r  ( F ) ) ,  I) A l  , , I P l o  i n  rn irn

l ’ ; u r t i r h ’  - i  
~ b m 1 ’  )~ I l r e ak l o in t  (I~)

1~ a in  1 1 -

W i - I  Snow I I 1,1- I m m
‘, V i - l  Sn m o w  i - 65 ( T  I
l , a r p c ’  Snow .4  .7 8  I I ’ . I
I ,a c~’i- Snow . 4 . 88 ( T  I

S m n i al !  S ni a w  . 4 . 78 LE , 5
‘- -n a i l  Snow .37 . 67 GT . 5

B u l l e t  i ( - r r - ; m - t  l u - s  , 26 . 67 LE . 2

B u l k - I  I ( l l s c ’ t t c - s  . 44 1 . 0 ;T . 2

( ‘ I l b l u r r l n i s  . 44 1 . 0 —

~~c ’ c - r l i i - s  . 2 6 . 67 —

l ’ i ; m t c -  i ’ a n i i l y . 34 . 78 LE I

‘ b a t ’ -  F a m i l y  . 34 . 68 GT I

A~ ’ L r n - i ’ p u b e s  of I ’ l a t e s  i r i d  . 34 . 78 1 , i -
I m ’ ’n d r i t e s  . 34 - i i - -  I ;‘T ’

l ) , - n , h n ’ i t c -  I a r u l i l y  . 34 . 78 —

( ;r a up e l  . 60 . 1, 1-: . 4

; n - a i p r m - l  . 49 . 68 c;’i’ . 4

R i r m n e ’ !  b ) e n r ! ri t e  . 85 1 , 0 I , l -  . 2
, 4 :C . 56 ‘ . 2 ~~2. 0
. 3 1 1 . 0 (;T 2 . 0

l- ’ ro n u i  t he  e q u i v a l e n t  m n e l t er h  r ]j amneter  i n f o rm  ation for  i - m r - C u n - l u ; ,  m m c l  l i i i ’  I i q u i r l

water’ m - r m r l t c - n l t  ( I  , \ l~~~~~~ ) iS l - ; i b r - I l h t u t i - r l  once per  n uv c ’ n ’ ;u i ’ i n g  in t e r v a l  m i s i n i p  i l l ’  -

~i tu n ’ l i r - b c ’  n u m b e r  d e n s i t y .  ‘I ’ h i -  eq u a t i o n  u ser ]  fo r  t h i s  r a b r ’ n i b ; u I  i ’ m n m  i S

LWC = N . I ) . ’

w i m i - r e

- -3
f l  w a t e r ’  ‘h e n s n l y  ( 1  g i - n m - , I

n m r u n r  i i  ‘ - c - I c -  n s i ty  for  ch a n n e l  i

1). = renter rh ia rr uc -t er for - - h , u n u n u c - I  ( i n  n im i
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h i - c  L~~’( ’ ( i n g l n u t t l r t u l  is p i v e n  i n  t h e  C u t ; ,  r u u i t ’ m r i t s  a t  he h I r t t I l l I  of t h e  r h a t a

c o l u r u n n  f , m c  e’a ’ (m ; r n ” r l l , - . ‘l i-c ‘“ T o t a l ’’ 1 .W( ’ ( i n  g l n u ’t l in  I b m , ’  h r r t t ~~, n n ,  c ip ’ }nt c l r r u l  i - r i

i ’ i r ’ i i  p r i n i t o u n t  is  t h c -  C a l m I v a l u e  for  i i i , -  , - k a u m l  m m d  p r m ’ l - i p i t a t i o n  r ib s - s  l i s a  u n i v  - c l - u - —

l a p p i ng  r a n g e. He m - a n u s ’ -  of t h e  - b c ’ b c ’ t i o n  of t h e  l I v c ’ r i a b u l u i n u 4  u n - m u m  I he ‘‘ 3 , r t a l ’’ I \‘, I -

‘ - m i i i , -  w i l l  r m , ’ r - ’m s i o n a i l y  i u i ’  s b i i ’ b i t b v  i i - s s  t h a n  t h e  u r n  oun i t s  i i I I h l I l t i ’ I h  fo r i - i t h e r  cuf  t h u

p n ’ i u i u i ’ n— ; i n c l i v u - l m m a i b b v .  l b u i -  m e d i a n  ~‘ r m b m i m r c-  9 _ m r i r , - I e n ’  1,1 a l l  u ; - , ’ b t , ’ l p r — t i m - l e a  m a  t b , m

I! i l l I I i t c ’ r  w h m - r ’ e  t h e  r u s s  ( I . W ( ’ )  of a l l  t h e  n l a r f i r - l e s  s n u a l l e r  t h a n  - t , i s  - ‘ n i - — h a l f  1 , 1

t i - i-’ t - u t a l  n l l ; I s S  of t he  s a u r p he  h i ’ i n g  , - r m n i s i d e ~ ’e’h . It i i i  f o u nd  hv  s l m n n I n I - i n p  t h e  n l l a s m - m  of

‘ ‘i - l i c— hanne l until Ike s u ni  equals i-inc—half t i u c -  n i u t u b  n ’nass . h b m e  , - r h l n i v n l l e n l t  f l i e u i n

, lj u n , e l e r -  ( i n  J Ln i ) of a l l  the part ft-bes in lIne sample is found on t h e  ; m r i u m t a r n t s  ani il on

1- i — - u n ’ ’ ’  12 at t h e  i - l I l i a n  of ft’ - l l l u n u n i n s  l l l b u b v i l I O  to ,‘a,-h p roh i - . ‘I Imu - r l i : i u i m ’ t - n ’ v a l m i e

m u i - l c r ‘ ‘l a t i h ’ ’  i n  lie r m r i b t r m m n i  r - i gh t  of u - a i r —  p r i n t o u t  i n-i baser! on t h e  - o n u m h i n e - h  n - h un — I
a n r I  u r e c i p i t a t i o n  n I n - I m h d - s ’ I ,W(’ . S ince  t i - c -  o v e r l a pp i n ( i  part  of t h e  l - I u m n  i - m e,] LWC

v a l u e  is r h e l e t e u b  t h e  ‘ i r , t ; u C ’’ - l i i i n , e t e r  w i l l  s o m e t i m e s  he t h e  s ame  r u r  s l i g l n t h v h c ’ s s

t ha n r - or r o s p o n d i n g  - C i m n ~~i ’ t e u - s l i s t e l f o r  e i t h e r  of t h e  t w o  m r - a b c s  5, i m m i - - a t e l y, l ) at a

f rom I l ie  s m - a l  I c - r i n u r ~ p robe a re  not u s e r !  in  I ’O fl i  p u t a t i o n s  i n v o l v i n g  t h e  ‘‘ ‘I ota I ’’ b WI ’

and ‘Ii i nu etc n- v ui  i i e .s in t h e  h o t t o n u  c i  i_ - u t  n n f  e ach  pci n tn ut .

l-t n i s e ’b  ( in t i m e n - i p t w a ,  1 , 1 1 1 ’ v u i l l e s  ‘In  i ’ ,rh  3 0 — s e , -  sa m p l e  t h e  plots  of I h e ir

v a r i mI i on  w i t h  t i n u i c ’  I ! U r i n i , ,’ t h e  29 0,-toh e r  f l ip ’h t  a n °  s b u a a - n  on h- ’ i m j n i r e  13 H a t u - l  h i .

10
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A l t h o u g h ‘ m r u - is p lotted ] on ri l o g a r i t h m ic s m - a l e  a n n  t he  ‘ 1  b m c - r  ‘~n ri l i n e a r  a r a b i -  I I m ’ -  ci-

i s  u n  u v i - r ; i j i  ,‘orrelation between the two curves as shown in t he  s l i g ht i u n l - r - u S e s  n n

br u th  be tween  ap p r o x i m n ; m t i - l y  1652 mi n I 17 127~. A l - - a , m u c ’ a k  - ‘ n u b n c -  , , c ’ - I n r - s  i n  t c , l h

i m b r i t s  m t  17 147 , l I st  b e f o re  u - r u r - i m  f a l l s  t o  — u n l l m n m i n l , u l n u l . b b ~~-,c ’-c ’ ’- c , t he v e r y  r ’n i pn ’ !  i i i —

m - n - i ’ ; i s c -  i n b , W ( ’ m i t  65 1 ; i n u m h  t h e  v a l b u - y  m l  1713?  I r e ’  m u ’ , t  u i - i ’ - -  t , - ’ h  m n  s i n n i i l n m r - h a r m , ’ ’ - --

in  the  n I l - u n  - h i - u u e l c - c  - , - n m h m i e s . ‘l i- c ’ b m - i - l n i a l  : 1 I ~ - ‘ - c -  of pa r t i ’  be  a n z ’ -  ‘. I I I  l I d  r -  ~~
1 i

~ c - c ’ n u i i - ’ C n m p ~m a r i ’ r u t  i n  l i i i -  b - i l l u i r c -  11 2 — 1 )  sh a ’h ow g r a p tis is  al so r I ’ f l ed - t e ’ ’ !  n i 1, - l i ,  ‘ m n —

t i ons of I - i I l i r c -  13 . I n  - u - m i r - c ; m b , t h e  1~WC ~l r m l  u l l l u l ’ ; u r s  I I  l m r e  r , ’ s r , r I n m n — m -; c U I  m t i i u i

u ; i r ’ t i r l e  ‘I ’ - n s i t y  I i m ; i n i p ’ ’  s i n  v i e w  of the v a r i a t ion s  an i’’i gu r ’c -  l ’l i , u l t 1 - m a u g h t h i s  n a y

h i’  s o r n m e w h at  n I i S m ’ I u i s i - - - l  t h r o u g h  use ‘m l  t h e  b r m i y m n ’ n t h n u i m ’ ’  s - - n i h - .

I - i m ’ m u - ’ -  14 Pu  a r m - h  I’u I  w n i S  r l e v c - b o f i e m h  I c ,  show t h e  v a r i a t i o n  w i t h  t n n r , c - ,t I ‘ , n m ’  ‘ ‘ u m t r a —

tionS of n m ; i r t i r b e o  ‘ii i p a r t i ’ - u i l a c  s iz o - . ‘l i m i’  s pec i f i c n i m i n u n m ~ - b  S i z e s  p i r r l l i - - r i  a c - r u ’

‘ i i ’u s c ’ n i  m i s  n ’ i - r i r c ’ s c ’ n m t m i t b v I ’ s  of t i - i - m r  I m n i r ’ t m ’ ’ I u i a r  probe . ‘ I i i ’ -  16 p rr ~ m- h a n n c - i  u s  n i - a i r

t i m ’ -  m n i i d p o i n t  of t b m c -  s’-rutterinig p n s u 1 - c - ;  t I c-  67 and  2~ I / J r r  m - C i u n m r i ~ ’ h S m u m - i -  f ro n i  1 1 m m ’  m - l , i u i r l

I I c d l 1 - u c’ , ; u n m m !  I i -c ’ I m n - i - ’ l i p i t a t i o n  p r o he  u u  r - ’ ’ 1, r es e n i t c d  by  n l u c -  707 p. n r -  c - h a n n e l  r -u r v e .
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1’he I I ’. e r a l l  ‘i - -n- lan ub ‘_ ‘ l r ’ I ; i i m , n m i  (If m u - I - -  ii- I I  l i -c  ‘ I n n - , - , -  _r u n , ; m l i , - _ l  l i a n m n i u - l u , n  I 5~

F’ip m u n - r -  14 (a m ’ C l i  m u ’ ’- s i n -  b u n -  i n  ‘ b i t 11c c’ r i se  t _ ~ l i- c- ~t’ ro I C  m l n t  I l~~ I

S au n a -  t i n -  - - , n - - n o  am p , - r v - r ; , b l y  ,‘, ; l l u i ni  I n n  C c c  m l  m m  i p n u n l ’ i k -  1,1 a u - c - u n I v - m I m I c -  ‘ ‘ m c  t m- r u ’

25 n - i j r m . , r m - l  l i i m n  - I ’ - — - - - - I n  I i n  n r r a g r t i l m u i m -  ‘ ‘ m m  b r u v , ’ c - r ’  l i - _ u - b . ‘I b u c ’  — r n - a l l  — m ul m l  e l m ; ,  n~ ;- ,-

9’, -,v c - v  ‘ - r • n u n - I  - m u  I r u t ,  y • m i ni ’  I I 1 - I ;  - m l ’  - I m I n i s  [l i e  n - I i - l i  - n r I - I ’  - h u m  - n I - I i ’ a’ - i - i n  I i-c ’ i n  a m i — i  - C ’  1w n I t n c -r i  ‘Is

l i l a c - c n n  f t c-  v a r i o u s  s i- i ’- ’ !  n u a n ’ n m - h , - - , . I n n  l i - i a  u - c a n n p h c -  I b m , -  s u n , a l b ’ - r- .t s u , ’ - - I  p;i m ’ I i n - k - —

I I i s l l u y e l t i m ’ -  l e ast  v a n ’ i i t k m n i  i n  I ’ - n s i t - ,- a - i t l u  in n ’- , i - i g m n r ’ -  I - I  I , ; m n m - l I I  s b m , i w s  t h a i

mis  t i u - s i ze  of I t s ’  p a n ’ t i m - i ’ - s  i n , ’  n ’ i - : u — ; , - - I  i n ’ r i m u  16 np I ’,  707 j m n r l  u i - c -  un ~ .p im t ’ u l ’- van -it m I m i 5

i ue ; u n ,  ‘‘ g m - c a l m - n  ( w m l i i  n c - m I e n  5 ’ u k n - i  m u m ’  I - k - i - p c - c  v a l b c - ’ ,- .- - m . i t  i s  n m ’ , t  u i r m ’,’ ; n I  v, i m m ’ t i - ’ - r

this is typ ic-al .

‘ i b m - - i - m i m i - ’ -  i n  n - nu n , r c - n i t n ’ ,t  i on  of l u , ’  707 Jl nu s i z ’ - - I  n , 1 u c t i , - l , ’ u ’ u  u n  l-P g u r’ i -  i - i l  5 9 m m - m n ’ — .

to Ii ’’ s i u r r i s t  , - o m u l n m l I ’ t m - h ’ I  i n - b I - i r l - n i - h i - u m l  of I l u  i- - i n -  m i t i o n  of su l m b  b c - n ’  p a r t i c l e s . I I  - h i -u i ’ s ,

i-c m w c - ’ .’ ‘‘r , I , i -p  i um m u  r n  u - u ’ -  i . — i -  I t  17 007 ~ h ort I y m i t  c - n  I l i i ’  25 1 p n I  m u m  n - : -  h r ’ - , I n s  I c ,  cm - I -

‘ , n m - I  1 al s r ,  ‘]i ps S i g n i f i l - m l n i t l y nut 17 137. w i - - n m  th e  b i n ’ ’ - , ’  ‘ , t l u ’ - r -  r a r -v ’ s s l u r u w  a ~~i n i ~~i l a r ’

‘m op. ‘l i i i ’  1 7 1 3 7,  d rop  i n n  c - o n d ’ e n t r n m t i o n  is ‘ C m ’’- ’  l i v  ‘ - o n ’ n ’ , - i : u t ’ - - h  w i t h  ¶ I ,, ‘ lr op  ni J , W I ’

.~ i’ c ’ n i  ( in  !- ‘ i i n n c c -  13a - , l t h e  M a r i e l i m e .

‘F I n ’ ’  n m i , m l m —  i n  i- i gu re  15 m-i iio w n i - ,  v a n - i : m t i - m n m  of l i q n i ’ l  a i t c ’ r  - ‘ m n m l ’ - I I I  ( I ) . V ( ’i  for

c a r - l u  of m i i i ’  t h n ’ c - c ’  r ’’ m h l ’ -i p l u s  I m ‘lot of ‘‘‘ h al t ’’ v a l ue s  l r - r m u r  ‘ I i , -  c - hou n d  ; ,n rl  m i n c ’ d - i p i t m —

ti on iroi’~ -s P x , - C n m , b i n , i ’  r , r _ -e n - h a p p i n g  - I , ; u n m n c ’ l s  m u m  I b m c ’  m ’ h r , n i r l  n , n o h r - t . F i m ’ r m n ’ c ’  15 ’h is

sirmu ila r to I -  p r I m ! ’ 1 -  13;, . h i nt a r m  a s I f t_ l i l l y  d i f f e r - i - n t  s - - a b c - . P C u , - s i ’  l , W ( ’  vs l u r r  c ’ u , b n , t -

h a v e  ‘_ - ; u r - i ; m t i a n i s  s i n n , i i : u r ’  I I ,  ‘ b i n — _ I -  n h i s m l n m c n i I I  ! I V  t I m ’ ’  r I u l l u i m n a l  I l m m u i p c ’ s  ‘ m l  m - o n l , - c ’ n i t c ’ a b . i I , r n

i n  l ” i g u r ’ i -  14 (~~ i n n - b  h I , ‘l i , i ’  se m I  t ’ - r -  probe c’i-anol-s are a u m n l i -
~: i u i ; m I i ’ I y  inn  phas i -  w i t h

t b , r , s r ’  of t i - c -  ‘- l r ,u ’ l  probe , t , m i l t i m ’ ’  f o n - m r , c ’ r ’s i - o n t n i h m i t i o n  of n i l a s s  is r u i m n u i n I  an orn!er  of

m n a g n i t u u - h e  I ” ss  (10  ‘ vs 10 2 
g / u i l  ‘ I . T i n ”  l , W ( ’ C e t l - r m u i n e n l  by  l i - c -  m r c - c i p i t ;m l i o n

m n ’ l m l S’ i n , - n - c ’ m i s , ’ - h  mn- n a r k ’ - - b h v  f n ’ i n m  n i p p r o x i m r m ; m l c - l - i  1( 5 3 / -  m m l i i  17 147 ,  ; u r m -  I t b i c ’ n  c - I l

r ap i d l y .
‘Ike ‘‘ ‘I n I b ’ l,W (’ c urve in J’ ’i gur-i’ I S n I  i n n ’ r - ’  u s c ’ s  on l y  s l i g h t l y d u n n i n g  l b s  s anip l —

ing n m ’ - r i c > , l  r e f l e c - t i u m ; ’  t l m m ’  u i ’ h n u t  C ’ -n ’ i ’ l ~~~ i -igh  ‘‘a n t n i b n i t  I an  a 1 t i - t -  I l oud u n - a b c -  in - l i e  i m n u t r m b

m n i n i l i t i ’ S . t h en , as i t  t m l ’ I I i l m  t o  C c ’ , - n - c ’ ; , s c - . t ine i n d — r e a - i l n i i l  , m , m i t r - n b n m t i o n  of t h e  n m n i ’ m ’ i l I i l a —

t i o m n  i m ’ ’ m } m I -  in  t h e  f i n a l  m u , i r i u I i - ~~. i i-, ’ i r l r - n e a S i n i p 1 , W ( ’  of t h i s  1 , 1 1 , - c  pn ’m r l m -  I I  ; u h ’m n t

17 01b t 1 n  1710?, a pp e a c ’ .~ 1 , 1, 1’ r d - m I ’ -  w e ’ l l  - c u t l u  r a n sd - r ’ i pt c m l i - -, t i - nu t  m n n ’ b i l ; m l c ’ C ~~ m u ’ t i n  b - s

w e r e ‘,- m n s i h b c ’  ‘ , rm  t i w -  s n u r , r,v — h r -k  m u m - I  l I n ; , I  t h e  ‘ I n i m i m b  -,~as r ’ c - b ; , t i r ,r , - b v  t h h c ’ k .

I , ’ m n m m r ’ - r  l e r u i ,  - 1 , 1 , m m v i ’ c n U c ’ 5 l C m , n m  l i m I ’  .b O - s , ’c  v a i , i c - s  of -\ p p e n l l ix  A tune  g i v e n  i n

A p p e n d i x  II.  ‘l i - c  h a t t e r  u i r j m m ’ r u ’ h i x  I n m n m l a i n m s  I — I )  d a t a  p n i n i t l l m n t s  i ’m r  m ’ - n ’ i o d s’ - a n ’ v i n g

fm’ o n n m  I I m 18 n l i n m ’ m t m ’ — _ i b m ’ -  S p I - I  i i i -  p i ’ n ’ m r ~ - is s e l , - - - I c - - I  w i - n ’ , — h a r m - e l y  1 - m ; m s , ’ ’ l  ‘ ‘ m u  t h e

v a h n i c - s  Sh own nm i - p a i r ’, -  1 m . i - n ’ , u u m  . i n i ’ ,  t i m m - m ’  cirrus r I - m a r l  h i ’ i n i ’  m r ’ ( - l u I n c ’ r I  i t  i - m s  h ’ ’ , - u i

f ound  there i s  m a - n u e n i l  - i - - r - ’ - e u r l ’  n i l  hr- tw i ’en p i ’m - i r ~’la of r - m ’’Iu c’ e ’ d v i s i b i l i t y  an,] i n i g h e n

v a l m i c ’ s  of !iqu i r l a r u t  ‘ - r - - ’ ’  r , t  c ’ n m l  n m ’ a su r e d  Ic,- t h e  p rec i p i t a t i on  p u - n u t s ’ .
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‘~ c I m  u I c  p lots of mun i  u ,  i m ,  r’ I c - m i s  i t  -: as i f r m u m l  - t ion ‘if m i  n h ’  I ’  - a n - i’’ for  — n , ’ - - - i f !  u ’  s a m n n  Ph C

t i n u  ( ‘5 l u ) -  s hown  i n  l- ’i p ’u i r e  16 ( : m , b , - , i n - h  i i , T t u , - s m -  u N ’  , - — -- m , ’ u m t u : , b l v  i l l -  t r i a l

re b n r ’ u - S c ’ l i t ; I t i o n _ S of — , m m r - - m ’  m u f  he I a h n i i a m ’  da ta  t l n u t  i n ’ , ’  j i v e n i  an  n b a —  \ j , i ’ n n - l m s . b l u t a

f r o n m  c am —h of l i n e  n u n - , - , ’  r n ’ m m h i - s  u n ’ c ’  ; , h m l t m - - I  i f  m I s — v  n - i ’ - ’ n — - I c - I u n i v  I a n ’  I n -  I , - — , I n n  t i u c ’  -

of i” i gu r e  16 ( u  — u m b  h I  u l m , - r e  a i r - c ’  no a n t i c - l e a  i u h s , - r ’v i ’ - h  hv  t i - i ’  I n ’ m - -  i i l i t i - - t i - u - - l u ,

and - m u m h v  C I I I f r o m i m  t h e  i , th er  I cc -il  u l u ’ r , I l i - rs u n - i -  s h o w n ,

16 51 01 - 16 51 30 a.
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I- ’i gm nre  16 . I’a r t i m ’ h c -  ( ‘ ‘ r r m - - ’ ’ r u t r a t i on i  as u m I l l - I  i l m r i  of
i’ ar t i ’ - b e  S i z e  ‘‘n ’ ‘h wr ,  d m n - .p I m n u ~r ‘F i n - s . (al i m u i t i n i l

- i , n u l a i ’t w i t h  h o t t o r r u  of i - i n m ’ m m s  b m m c ’ c ’ n ’ ; ( i - I  i n t o  t h i n  m — i r r u s
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F-1 gur o  16 . Particle (‘on cen t ra t ion  as a Func t ion  of
P a r t i c le Size for ‘I wo S a m p l i n g  Times ,  (ci Time
w h e n  v i s i b i l i t y  f u r t h e r  n ’edured . (dl  t i m e  w h e n  I ,WC
and  n i n e n h i t u n  i h i a n r u e t e r  reached peak for Pie  samp ie
per iod

In most  m - a s c - a  i t  is be l ieved t u e  gaps shown between the c u r v e s  for t h e  t , in e e

probes m a y  bin bridged by s imp le l inear  i n t e r p o l a t i o n  between the  hi g hest  c -h a n n e h

of one probe and the  lowest r i - t u n n e l  of the adjoining one,  For examp le , n b c  350 ~im

va lue  of n u m b e r  ‘!ensi ty of t h e  precip i ta t ion  probe on Fi gure  16c or ci n u u a v  I m e l i n ked

to the 300 j im va lue  of the c loud probe. Of ten , however , the  n!ata gap in  n u n ih e r

densi ty  between ad jo in ing  probes seems excess ive . Consiclerabli-- s t m i u l y  has been

conducted , and is co n t i n u i n g ,  on the advisabi l i ty  of m a k i n g  cc ’n ta in  p rocess ing

changes  that  would reduce the gap between curv e segments and leam i to a more

32
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s m u l - r r ’h  l m - - s ’~ s i t  ‘~ m ’ ‘ m i - - i ’  n m ~~n ’ u l j o r i  c ’ n u i n m c ’ r~ C’ ; . - l ’u c , c to .— m n n m , l l  ; i u m n ’ h i u ’ b m -  s b i u - .~ , ‘ l h i a

rTm ui v i m l i - i l l y l’m i , . fI ’ ,. - - ’ , - . I  I _ - m i ’  u i ’ n ’i - i  n ’ t t m ’ i ’ - l l i I . i l m l i , -  M ’ r i  , b T c ’ - t -n c -  ‘m c  l ’ ,’,- n ’m

I ’ m of ‘ c - - C m i ;  I ‘ c - C  a r e c -ip il u ’ - ’  u ~n t m ~~ Sn ir ’h  m u r i n a n ; - c , i f  - - 11c r - t m -  I , s t m r m i m b  C

r ’ c - ’ , n b u  i n n  - n i b , ’ ’ . u n i ’ m n ’  r ’c ’’,- s j n m n l s  ml I ’ - , -  m i l a n  n u n  ‘ - l i - n  m u l l h i m i m l i c !  . - t m - n ‘ m p h - n t v — m I n i —u

in t h i s  r i - u i - u n ’ t

h” l L a n - ’ -  16 (a an ’ !  1, 1 ~hac’, s - u i u - m t i on  vs  s i z i -  I t u t n u  i n  m m c i r r u s  r ‘ m i d n i - u t  I m c - —

- - m mm c ’ ‘c;, I r i i b b v  r i - m u ’ , m m - i -  IS  t i m ’ -  l l i - - i - t  p rognc ’s :- i - - l  , . -‘m t c m r i a r c i n u l  m m , m l u -  - , n i c , r r e nt  w i l i ,

l i i i m r - i I n ; ’ ’ u r c -  I i - ,  m m m l  s I c - - i  l i - i ’  a i n c ’ r a b t  cc- m s  j n i s l  ‘ m m r m l i n i j  m i t ’ ’  t h e  l n ’ m h ~~Oni  of th e -

m i n ’ I ’uS l u _ c r , ‘. i S i } i i h t - , - ‘,‘: u S  l I m u m ’ e b ’ , n - e l l u n m ’ c ’ r l  u t  t h i s  t i n ’- . b t c -  l i-c  h u n - c - - h u t s  i n  b - i ’ —

n i n e  l O b  - c c - n ’ , -  u , - u - , m r ’ - I c -  I , i l l , c ’ i ’ - ,’ u - r , a t r a n s n - m - i h m l  n i r r h c ’  i n , l i I l l ’ - I  l i i i ’  i i n ’  n u f t  was ‘I c-f—

i n i t m - h v  i n n  ‘ l i e  1- i r r u s  l i v e r  an ’l  ‘ : m s i h i l i t c  was  p r e s u m a b l y  r e m h u m - e , ] .  P a n - f i r - b ’ s  ‘- o r - r e s —

n , c i r m - h n n n c -  i n  v a r i o u s  s i -i c ’  r -h a s sc ’s  i-ac! i n u ; m - i ’ a a c - r I  i n  n mu r n h e r  about  h a l f  an  an r l e c  m u f

m n . ; p ’ n u i t n . m n h c ’  t u c ’ t r ,m ; , - ’ - u m t h e -  m u  c S  n l ’ m m n ’ , ’ ~~ c ’ r u h d ’ I l i v  I ig u r e  h i - i  . m n I I i g m m - c- 11Th .
I’ p i n ’ -  I l ~~- r c ’ l m r ’ e s c ’ u m t . s ‘hat s  u ’ e i ’ a m ’ m l e n !  ml  I I  n I p ’  ‘, c t n e n  a n  a i n ’ - n uu ft 10 ,’ n m , u t c ’  i n ’ l i —

- - s I c - r i  t h a t  t i - c -  c i r r u s was  n s - l ; u t i c - c - h y  l b i i m - k .  h I m ’ -  l ,WC was a l s o  ut a n - - h n u t i s - , ’ b v  hi g h

phatc ’au r u t  I i m , l  I i m n n i ’ , r \ l t C i ’ m u i ’ t  t l , c ’  n m t i m n m h e r  n - m , r m m - i ’ n t r a t j n n s  at si c-s  b e l a - c -  150 p r u

i m , m i r i - - I  cu l i a n g c u m h  u m i m ’ i - I  abl y C r i m p  t i m c ’  t i n , - , ’  n v ’ u m r ’ , - a e n t e d  i-v I’’ f t - u i r i -  i - 1 l , t h e  m r u n u ’ ’ i’ n—

l u - m t  i ons  in l i i i ’  c - lou ’]  pn ’ih e  ; ‘ r c ’ ; u t i - r ’  l i - a n  t I m ; m l  s i / c ’  - ic! i ncr e a s e . ‘ h C m , - n c -  cc as m i s ’ ,  an

i n -  r ’ - ; u s e - l  c’ o n m en t r a t i or i  of b n m r ’ ’ i - r  s i z ’ - - I  p a r t i  m - b e s  r e m ’ n n ’ l e n h  t m c  l i - I -  p r e c ip i t a t i o n  probe

u t  l i ne I u t  c r ’  I n n  n I l ’ .

‘I i- c r - , -  , t i - s t  ‘ n t - s i  h m r l t l i u !  w ; u t ’ ’ m -  n - r i n t e r u t  ‘,‘ ; m b r u c ’  Sr i ’! i - I l n n v ; u h e n t  n i - c i t e , ]  - I i  a n u l l - l u - n ’

d uring the s m u m  p1 i n c ’  cc c - u ’ ’ ’  r m ’ m - ’ m  n - b c - n h  tuh ount  17 14? , s h o r t l y  he f o r , -  l i i i ’ ’ ,’ bot h ‘Icc c c - u s e - h

rai d- I l - ; . l’’i gu r e  1 0 1  - i m r m c c - ,~ n i n e  i - ’ , n m m - c - n t  n a t i o n  of pa rt r i m ’ s  by  s i i i -  at t h i s  l i m n m c ’ . T h u - n ’ ’ -

was  ‘ : 1-n ’ -,- I i t t  I c -  - C i  l l c ’r e n c ’ e  i n  s r - r u t  t’’r anh i’ lom nr l proiw- u!ata hetwec ’nu I I m r u s , ’  i n  l ” iL ’un i ’s

l O t  mind  ~I ; C m r u w e v c ’ r , t i - c ’  n l r i ’ I - i p i t n u l i o n  probe ‘ha t s  i n  l i - e  l . ’m l l c ’ r  f ig u r e  is  s i g n i f i c a n t

an d  I i u r r i - i ; m t , ’ s  w e l l  w i t h  t I n e  l ; , r L’e - I rop le t s  sec ’n at t h i s  t i m e  in  t h e  2 — 1 )  ( ) I i t pu i l  i n
I- l a i n - c -  11 ,

7, (:o~~(:I,l:I)I\(; (~~ M~ 1I - , ,~’I’~

‘l I ne  purpose r m f  t h i s  r ep o r t  has  been h o t i u  ho  - l i - s e n — c -  h n i c ’ f h y  some uini ’c ’ io m l s
r es ’  in c - h in  I l ie f i e l d  of c i r r u s  pa r t i c l e s  and  to  p n r ’ S c - n m u  I i i ’  c c - s a l t s  of m I m i c  s t a r -  p h i n g
fl ight through n - i  c r m m s  by the A !‘ (  hI , i h a t  r u n n u m e n t e d  ~‘,l ( :  — 1 301- : a i r c r a f t . W h i l e  n m r c - v b o u s

work  in t h i s  area has not been c ’x t c - r n ~~ive , an n n m c n i - ; , s i n i r n u m b e r  of m n i v - s ’ I i ,’; m t o r u ’ m

appear  to he i n t e r e S t c ’n b  in  n ’ i r n i fo nn -u  c l o u i h s . ‘I ’his is p m  u -t I - -  c I a , -  t u m  n m p c a v i ’ r I  i n s t r u j  —

n n e n t a t i o n  and a l s o  to an incr c-;m s e nb realization of the irnmportan ce of this l c ’p e  c-loud

in the ccon u o n n m y  n , f  overall clou’l ‘-ave r oven the earth.

‘I’ b u c ’  c - loud — p i n y s i r n s i n s t  cmm n um c - ntati o n on our b’c l (  — 1 3 0 1 .  arm Ps mm variety of en —

v i r o n m n m e n t a l  rnmea s um ’ e mn me n t s  to he m m u r l e  and tape reconn !eml for s t m i ’ h y  a n m l  ‘ - c - i l  m i t  i r n n .
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I- or c ir r u s  sl~~~ l’ , ‘ C c  , r r e —  and w , , — - h i n ’  , ‘ n i s n - - u m - n C  - u  ‘ - I c r  - m r r - u m ’u ’ - l n r - n n h m i n l v

v m u b u a h l e  n m  n , r m u v i - l i n n ;  i n f o r m -  m m t u r m r u  - n u n  t he  s i n - , c’ - ’  - m - -  ‘ r’ , s n n r u m , m i n i - I  s i - m u  . m  ~m ’ - . u m ” n ’

t h a t  I , m n r  n i n i s u ’  t i , -  v - m i - I t ,’ ( m u n u m l  - ‘ m , u c i - t i n ’  i ’ m  n i l - I  - - u s j t i i c tm r l o m i l f l i .c” ,- . i r m s r  Sn ! - h

:- i - ; u s n m r , - u r  ‘ - p l s  t h e  - ;u  I - - j I m - n ’  - - m I ’  : ‘ cif ‘i-c t n  m ; m b m ’ r ’ - _~n,  1 - ’ -  , - , , : i~1~ ’ - ,

In  1h e ‘ I  ( 5  l - n t n , ’ r  1 177 f I L l ’  a - - m r — h a i - lou ’]  i’ ~- - 1 r v m n L ’  C , ’ u r — ’ n ’ v s  ‘~~ ‘m a ’ -  n b c  I ‘ ‘ m m ’

s b j ,_ - I i I b ~~- less t i - m u m  i m n m ’ - — h a l f  hour , I ’ m m u - t m , - b c -  m m l i  sc era gea t i n  3 0 — ~~m - - - - ‘ m i s ’ - -  j R ’ m ’

n i c - r i om is  C n n n ’ i u n m ’  ‘ l i i ’  ‘ m a n n  p h i n c ’  a re  u , r ’ m ’ ’ m i - u m t m - - I  n u m  t 1 ; m ~ m m’t . l ’ l - - l a  , ‘~ ~~~~~ \ - , n m  l u - r i ,  a ‘h

t i m n ~e of l i I h r i i r l  , c - m l i ’ r u ’ I n m t , ’ u i l  m m - h  i h i  i i m n _ m i u - ’ ’ n m  e l t i - - b u i ;  m ’ , n m , f  m - m u ’ i u ’ ’ ’ - S  r i ’ —

C u - - I  u - m m r , t m n u a l  I I i a m i , ’ c . ;  ; - ‘ a  , ‘v , - r , t h e y  r r c  hc ,t i -  , u ’ ’ i I i ’ ’ -’~ m l  m n i 1 m l ’ n m x l u  m l i i ,  ‘ u ‘ I n n

l i i i ’  m i n d - r u ’ n -  m ’ n , ’ I r r l m i l m p i a t  m u m - l i  u t i ’ - I  v i s i b i l i t y  t u m m a  C ’ -  i -P . l i i i -  - i t  ~~i

c- ~~h i u -  ; i t i m r f l  i i  - - i r m a - I  i n t e r u a u n v  m c as t i - -m t i - r , r n c ’I a t ’ ’ -j  a i t —  i P 1u i - h  mc n I - n ,  ‘ - I n n I ’ m - n - s

c m’  - ,, r -  C ’ -  I i - c  t lie n m c i - I  - i i i  n I l  i I m u  m u r ’  I t i i ’  m i i i u n  mi -h b i -  a ‘ n I l ,  I r n ’ - ,  t v  l i i i ’  , ‘ l u  ‘ m l  I - r  - I t l , ~ t i  C

a - - m u l t i - i ’ m r u g  p rohc ’.
I Cu e 3 — F )  i ’ S  1 1 m m ’  ; u n u n l t  n m m i l  c u f  m m - c  - i y r-m t m l  S i ? i ’ - u r n  I s h a n n u - a  i n  l m m  m m c m ,  ‘ i f  ‘‘ s i u a  - m c  -

jn ’a l iii S ’ S I , , I m c c ’ I ‘ :, -n ’c’ lent’ p a r t i -  I i ’ ’ - ’ t r m  hi ’ n - u ’ - - n m , - u , i z a h l e  u , n n ’  - h u m ’ ‘ n m  ~: n m r u m c  m l  - I m m — , - - i f u m - m u —

t i rn o ‘ d m 1 - s . ~‘i I i i 1 u  t h i c ’  u m  a j r u r ’ i t - _ of t l m r m ’ m m ’  i - h m ’ n u h i i i : m h i , -  m c i - n ’ , -  t i M - I  r ’ m ur _ , u l t l ’ r 
~ i t t  ., ‘ a n t

p b m i t m - s  a mn c l  , ‘ m , i n i u n . u m , ’ n , n n . m u n i v  c ’ c , u l m l  - m n u l v  I n , ’  m - r m m n l - n - h m ’ n ’ c- - I 1 ,  I n , ’  i n  m m ‘ -  u - ’ , - i l m u n  m u - n j —  - m u t ’ j i m r ’ ,

tha t  ‘ ‘ m u m l ; m n n n i ’ - l  an  n m a n - i r u r t u n e n t  mi  s h m m l m m - s ,

‘ \ I l - l i t i c , n i m m h  s m u n ’  i m i - n u ; -  i l i j i m l a  h r - r u n I - l m’r ni a c - h , , u i - I a  I u m , ’ , - m ’  n t lv  i~~u ’ m  , m n i l l u u t m ’  I

t) t, _ - \ ! - ‘ ;l ,  for  1 1 m m -  -\ i m ’ l - i  n’ - , -  ~‘~ , ‘ m u I , m m u u s  b . m m l - m u ’ ; u b ‘ I n - ’ , , b - n I - h I - n  u - i - ; m - r u ’ t —  ,iFi~~ i , , _ i n  r u m — i

p a r t i c ’b c ’  s l r l - m - l n ’ u m n n  m i c e  n l m u r u n ’ ’  C .
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Appendix A

30-Secomi Data Averages
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AFWL cI ~Ru 3 STU DY av AFGL

Ft. IG’-4 T ET 7 — 5 1  ‘)P~ 29 OCT 77 5 0  S COND Av FR4C ,IN(,
INTr ~~V A L  ‘ - T A P T  ‘161’.9101’

F AR T t C L E  ~I7~ ~~I~~T R I B U T I O N S  ( N U M B E ~~/ tl ’ 1—M’l )
t Y P ~~t ~UL 1—ROS ~

S h E  S f A T E P  S I7 ~ CLO UD S I Z E  PREC IP
( M ’ J )  F PO ~ E (M m ))  PPO3 E CM ’ ) ) PRO B E P ( Mq )

364 .2
2 2.5 3E~~03 ‘6 0. ‘.02 0.
4 ? .61 E~~05 h’ 0. 7 0 7  0 .  A L ’  ( K M )
6 2. F’1E4 0 5  67 0. 1 0 13  0.  7 .46 7
8 5.21E1 05 85 0. 1320 0.

10 0. 105 0. 1625 0. TEMP IC)
12 0. 125 0. 1912 0. — 76 .7
14 0. 11.9 0. 7 7 3 7  0 .
16 0. 169 0. ‘5’.’. 0. flEWP (C)
18 0. 159 0. 281.9 0.
20 0. 21) 0. 5155 0.
22 0. 736 0. 3462 0. TA S (MIS)
2’. 0.  251 0. 3 7 6 6  0.  115.6
2 6 0.  2~ t 0. 4 0 7 3  0.
28 1. 291 0. 1 . 3 7 9  0.
30 0. 112 3. ‘.656 I).

TOT AL ’~
L UC 2. ’ .YE-06  0. 0 . 0.
ME~) D  7 0 0 0

I N T E R V A L  ~‘ T A RT ‘1611.9*31’
PA RT I C L E  SI7~ ‘) I ” T R I B U T I O W S  ( N U M B F R / M ’ ’ 1 - ’IM )

~Y PE I ~U LL— RO SE

SI7E ‘C-A T TE R ~ I 7~’ ‘ l O J O  ‘ l Z E  ~RECIP
(M U) fPQ~~ CM’)) PPO~ I’ (MU) PROBF P (Me)

383 • 3
2 2 .9 0 [ ~~08 ‘6 0 .  4 0 ’  0 .
4 5 . ? lr .05  ‘.7 0. 7~~~? 0. A L T  (~(M)
6 2 .6 1 E’05 67 4 . t 8 E4 0 3  1 0 1 1  0.  7 . 4 6 3
8 2 . F1 E i ’ OS 8 5 5. l.~- E ’ 0 3  1 3 7 0  0 .

tO 2. e 1E~ 05 105 3. 71E4 0 ~ 1675 0. T~~M P (C)
12 U .  126 1.37E .03 19 3 2 0 .
1*. 0. j ’ .q 0. 223 7 0.
tS 0. 169 8.9?E ’fl? 2544 Ii. DEWP (C)
18 0 .  189 0. 2 o 4 9  0 .
‘0 0. 710 0. 3155 0.
?2 0 .  230 0. 3~~6’ 0 . V A ~~ (tI/c’ )
74  0 .  251 0. 3768 0. 115.9
26 ? .€IF ’OS 271 0. .073 0.
26  0 .  291 0. 4 3 7 9  0.
10 0 .  ~l2 1. 4 6 6 6  0.

T O T A L S
LWC ? .13E—06 2 .76~~— 0c 1.
MED 9 25 56 n 56
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A r W L t IRP’J~ ‘,TIJ ’) ’V 3Y A~~~(

FL I fH T  r, , c’ 1 ‘)P4 29 “Pt )’ 77  3 0  ‘~~~~~~t~ ”) ~~~~~~~~~~
INTr~ v8L START ‘16t5 1 *m 31

PA R T ICLE SZ7~ UI t -TRI9UVI ONS ~~~~~~~~~~~~~~~~~~~~~~~~~~
TY PE ’ ~UL L — Q O ~~

SIZE SC 8TTE’~ ‘I7 ~ CLO IJO S I?t  PRESI P
(M i ) )  T P O O Z  C M ’ ) )  P R O B E  ~~i i j )  p~~(~~r p ( M n ~~)

3 6 3 . 1
2 ¶.O ’.FI’O$ ‘6 0. 402 0.
4 5.21E~ C5 1.’ t.95E .D’. 707 0. A L T C X M )
6 2 .61 E~~05 6’ 4 . 5 8 E~~0 3  1 0 1 1  0 .  7 . 1 . 8 5
8 7.82E’05 85 5.’.6E .03 13 -’O 0.

10 2.6tE ’~J5 168 t.86E.03 1675 0. T EMP ( C )
12 2 •61E~ 05 I’S 1.’~~J ’O 3 19 32 0. — 7 7 .1
1’. 0. 11.9 0. 2 7 3 7  0.
16 2 . 6 t F~~O 5 16’~ 6 .92 E~~02 7 5 4 4  ‘1. r~~~p ( r )
18 0. 189 0. 281. 9  0.
20 0. 215 0. ‘156 II.
22 2.61E~~05 ~56 0. 51.67 0. T A S  ~~~~
74. 3. 251 3. 3 7 6 6  1. 1 1 5 . 6
26 2 .61 E~ 05 “ 1 0. 1.0 7 ’~ 0 .
28 0. ‘91 0. 1.3’ ’ ) 0.
30 0 .  ‘12 1. ‘ .t.56 1.

T O ! A L” ’
LW C 1 . 2 6 E — O 5  3 . 16E- f) 6 0. 3 . 1 6 E — 0 5
MED 9 21, 51 I) 5 1

D-11 RV 8 L  T A R T  ‘I~ - I 5 O  ‘ ‘ 1’
P A R T i C L E  ~T 7 ~ ~3 I ” , T 2 I 9 u T I O N S  ( M U M 0 ~~~/~~’’’- ’~m l )

T ’V DE , 
~t ) LL- .RO5~

SIZE 5CA T TE~ s t ir C LO U D S I 7~~ 
P P F ” P P

( M I )  c P O ~~ C M ’)) ~R O 3 F  C M ’ ) )  -~~ 5m ~~ P CM~~)38 2 .9
2 2 . 9 6 E + 0 5  ‘6 0. 1.’)? 5 .41t—0t
I. ?,~~l~~t S 6  47 ~.7 7E .f l ’- 7 3 ?  0. A L T  ( K M )
6 7 . 0 6 ( 1 0 6  6~ i.s’~~.3’. 10 1 3 0. 7.1.90
A 5.21~

’.05 88 2.7~~
’10 3 1320 0.

10 2 .61 E 105 155 3. 7t ~ , O 3  t6~~6 3 .  ‘ EMP ( C )
12 5 .2t ~~ O5 125 e.?cre03 193w 0. — 7 7 • ’
1’. 0 . 11.9 8 . ? c E ~~63 2 7 3 7  C .
16 ? ,8 2 E,05 169 0. ‘ 5 1 .4  3 .  r tE W P (C)
18 7 .61(1 35 189 0. 28 1.9 0 .
20 0. 713 0. 3 1 5 5  3 .
22 0. 25 0 ~~. 346 2  II. TA ” ;  (M /S )
21. 0 .  751 1.?6E.0’ 3766 0. 115.9
26 0. 27 1 3. 4 0 7 ’  ‘1.
~ 6 0. 2~~t 0. ‘ . 37 9  0.
30 0.  31’ 0. 4b~~ ” 3.

TO T A L S
L W S  9 .SSF ’ -06  6 . 9 6 ~’ — 0 S  4. . r ? t — 0 ?  5 . 2 O E — 0 5
MED 9 15 65 176 57
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A m ’ W L  CI’~PUS STU ~)Y  ~~~ U” ,L

FLI GHT : r , - m ’ i  ON 29 OCT 77 1.3 ‘ , m’~~ 3i~ ’~ AV r 2ASI N G
1N m ’ v V A L  C ) ’ 4 p~~ ~1 6t51 tu fl +

PART I.t L 6 “I OISt RI 3l JT IONS (~~ I n ~~~~ ’ , ( / M ~~ U 3’ M’i)
TYPF I ~ULL—ROS6

S i R E  SCATTE - S l i m ’  CLO u D 5175 ~ R 5 C I m ’
C M ’ ) )  ~RO~ 5 ( M I ? )  ~~~t33E (14 1) ) P .O~ E P ( M O )

382.0
2 ?.26F 11) 8 ‘6 7.4+1 6404 s02 t .0-8m ’433
1. 8.07(136 47 3 .90 (10’. 70? 0. AL T (4 ( M)
6 2 . 8 6 F ’ .06 6~ 4 . 68 5 + 0 4 .  1011  0. 7. 5 0 7
8 4 . 1 7 E ’ 0 6  85 4 . 3 6 5 4 0 4  13 20 n.

10 1.0’~~ O6 138 2.9?c,G O’. 1675 0. TEMP (C)
12 1,625.06 128 1.IOE ”O 4 1932 0. — ‘7.5
1’. 1.~~6E.36 11.9 1.19(104 22-37 0.
16 1.106106 159 4.4661133 25’.’. 0. l’t EW P ( C )
18 2.31.um~~06 189 4.AIE+03 281.9 0.
20 7 .6I EI ’ OS ‘1, 3 3 , 1 5( 10 3  3 155  0 .
22 i.0l.F.’06 ?IIJ  1 .166 103  3 1 . 6 2  n . TA S (MIS)
~ ‘. 2 . 6 3 6 4 0 5  751 1 . 78 ( 10 3  1766 0. 116.0
26 5 ,2 1 6 . 0 5  p71, 0 .  4 . 0 7 3  0.
78 r . 81F .05  291 0. 4 . 3 7 9  0.
30 2.606 1’ U S 312 0.  4 6 6 6  0.

TO TA L ’
LWC 9.096-35 3.765—04 9 . 4 3 5 — 1 3 ’ 3 . 596 — 0 4
MED 0 21 62 176 61

INT5~~V A L  c ’ T A RT ‘1615113 1’
PA RT I C L E  SI ZE UI ”T i UB UTI ONS (NUII 13ER/ M ’ ’ 3—PIM )

TYPEC 3ULL—ROSE

517E SCA TTE2 511! CLOUD SIZE PRECIP
(MU) FROO (MU) PpQ95 (MU) PROBE P (MB)

380 • 6
2 1.4.7t1’03 26 3 . 5 3 E 4 0 5  4 0 2  1 . 6 2 54 0 3
4 1.66(10? 1.7 2.’34.E+05 307 0. ALT (4(M)
6 1.56(107 67 2 .OIFeOS 1013 0. 7.53?
8 1.20(10? 86 1.125.-OS 1320 0.

10 1.04(107 113 8 8.lSEi-04 1675 3. TEM P (C)
12 8.32(106 126 6.665+04 1932 0. — 27.7
14 4 . 6 6 1 ,, .’ l) 5 11+9 1 . 0 8 5 + 0 4  7 7 3 7  0 .
16 4.91.E4’t)S 163 1 .5 15+0’ .  2 54 . ’. 0.  flEWF (C )
18 6 .50( 106  189 1 . .A I E+ 0 3  2o1.9  0.
20 3 . 6 4 ( 4 0 6  211 5 , 2 4 5 . 0 3  3 1 5 5  3 .
22 2 . 6 0 6 4 3 6  2 3 0  4 . 61 5 4 0 3  34 .6 2  0 .  T A S  ( M/S )
24. i . 56 E~~96 251 5. 1 3 5 + 0 3  3 768  0. 116.1
26 2 . 8 6V 1 0 6  271 t . 4 4 E + 0 3  4 0 7 3  II.
28 2.~~4 .F ’ 36 2’~1 0. 4 . 379 0.
30 3.12(106 312 0. 4686 0.

T OTALS
LWC 3 .69E—0 ’. 1.11 6— 0 3 1 .1.16—06 1.016—03
MED 0 25 56 176 56
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A FW L CIk RUS STU!) Y BY A F L

FL IG t4V 577—SI ON 79 OCT 77 30 SSCQND A VER A G ING
INT ~ RVA L START ‘16157101’

PARTICLE SIZE D ISTR IBUTION S (NUMBE ~ /M ~ ’3—MM )
TYPE ) 8ULL — RO ~~

SIZE SCATT E ’~ 5116 Ct.OuO SIZE PREC IP
(MU) PROBE (MU) PRO3E CM II ) PROBE P (MB)

380.5
2 6.296’07 ‘6 4. .44EG05 4.02 2.15 (400
I~ 3.14(10? 1~3 3 . 0 2 6 + 0 5  707  0. AL T (KM )
6 2.?*.E $’67 67 2 .426+05 1013 0. 7.531.
8 2.1861-07 55 1 .825+65 1320 0.

1,0 1.87(107 1136 1.1.4.E405 1625 0. TEMP (C)
12 1.40E ’07 126 9 .735+04 1932 0. —27 .5
14 8 .065*06 145 6.475+04 2237 0.
16 8.066+06 169 3.916.01. 254 4 .  0. DEWP (C)
18 5.465+06 189 1.926+04 284.9 0.
20 4..425+06 2113 1.156+01. 3155 0.
‘2 4.426+06 230 1.27E+04 3462 0. TA S (M/S)
21. 3.9(~E+ 0€ , 251 1 .285+03 3768 0. 116.2
26 3.12(106 271 5 . 7 6 E + 0 3  4 0 7 3  0.
28 4.94(106 291 0. 4339 ‘i.
III 1.876 *06 312 1 .925+03 1.686 0.

TOTALS
LWC 5.2 05-34. 2 .21E—0 3 1.886—06 2.04.6—03
MED 0 73 66 176 63

INT ERV AL V T A R T  ‘ 16152*3 1’
PARTICLE SIZE OI STR IBU TIONS (NU PC BE R /M ”J—MM )

¶ VP 5 I  B UL L— ROSE

SIZE SCATTER S176 CLOUD SIZE PRECI P
(MU ) PROBE (MU) PROBE (MU) PROBE P (MB)

378.8
2 9.4AEI’OV ‘6 2 .9 6 E + 0 5  4 0 2  8 . 6 0 E + 0 0
4 1..9151’07 47 1 .655+135 707 0. ALT (4(M)
6 3.63(107 67 1.96E+05 1011 0. 7.565
8 2.786+07 58 1 .115+05 1320 0.

10 2.006+07 108 i .24E405 1625 0. TEMP (C)
12 1.4.86.07 128 1.33(105 193? 0. —2 8.0
1~. 1.1.36+37 11.9 1.096+05 2737 0.
16 1.09E.rIr 169 8.896+04 2544 0. OEWP C)
18 9.35(106 189 6.53E+04. 284.9 0.
20 5.716+06 7113 3.565+01. 3155 0.
22 1..15E*06 2 30 1.96E+04 3462 0. TAS (MI’S)
21. 2.31.61-06 251 1.156+04 3768 0. 116.3
26 2.866106 271 ? .20E+03 4073 3.
78 3.696*06 291 3.29E+03 4379 0.
30 3.89E’06 ‘12 1 .926+03 4686 0.

TOTALS
LWC 6.006—31. 3 .32 6—03 7 .526—06 2.91E—03
ME D 0 22 77 176 74
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arw~, ~ IR PUS STUDY BY A~
’ L

FL rG flr 577-51 ON 29 OCT 77 30 S CONU A V E R A G I N G
IN T E R V A L  STAR T ‘16*53101’

PAR T ICLE 5I’~ DI SIRIBU TIONS (NUM BER/M”3-MM)
TYPE ? BULL— R OSE

SIZE SCATTER SIZE CLOUD SIZE PRECIP
(MU) (ROBE (MU) PR OBE (MU) PROBE P (MB)

377.1
2 8.1,~ 5*3? 26 1.485+05 4132 1 .935+01
I. 5.55(107 1.7 1.366+05 707 0. AL T (4(M)
6 3 .61E+07 67 1 .965+05 1013 0. 7.596
8 3.815*07 68 1.226*05 1320 0.

10 2 .28E# 07 138 6.835+04 1625 0. TEMP (C )
12 1.376*07 126 1.406*05 1932 0. — 7 8.6
14 1 .586*37 11.9 1.495+05 2237 0.
16 1.21,Es- 07 169 1.20 5+ 05  254.4 0. OEWP (C)
18 1.1.86*07 189 9.68E+)4 2i~49 0.
‘0 5.715,135 ~10 5.445+04 3155 0.
22 5.19 (106 230 4 .036+134 34.62 0. LAS (M/S)
2’. 4.15E406 751 2 . 3 0( 10 4  3768 0. 116.4
26 5.196106 271 t .87E -04 4073 0.
28 3.895*06 291 1 .155+04 1.379 0.
30 3.636+ 06 712 5.755+03 4686 0.

TOTALS
L W C 7 .245—0 4 4.775—03 1.69E— 0S 3.7 15—03
ME13 fl 22 83 176 78

I W T C R V A L  ST ART ‘ 16 * 5 3 * 3 1 ’
PARTIC LE SIZE ~)ISTR I8UTION S NU MB E R / M ”3-MM

TYPE ? BULL—ROSE

SIZE SCATTER SITE CLOUD SIZE PRECIP
(MU) (ROBS (MU) PROBE ( MU ) PROBE P ( MB )

375 .0
2 6.276407 ‘6 2.21EG05 402 5.3 6F+0?3
4. 6.766 4-07 1.’ 3.01:405 707 0. ALT (4(M)
6 5 .ISE ’OT 67 3.016+05 1013 0. 7.636
8 4.045+07 38 1.605*05 1320 0.

10 ~.00E40T 1138 2 .215+05 1625 0. TEMP (C)
12 2 .366407 123 2.276+05 1932 0. —29. 3
14 1.71.61-07 14.9 1 .916+05 2237 0.
lb 1.456107 169 1 .375*05 2544 fl . UEW P (C)

0 18 1.456407 189 8.11.5.04 2849 0.
20 6.l.8E* 0S 7113 4.396+04 3155 0.
22 6.’.BE *Q6 230 1.385*04 3462 0. TAS (M /S)
24 4.405406 ~51 1.286+04 3768 0. 116.6
26 2 .85E406 271 5 . 7 4 6 + 0 3  4 . 0 7 3  0.
28 5.965406 791 6.215403 4.379 0.
30 3.376*06 312 5 .756+03 46 86 0.

TOTALS
LWC V.AA E —01. 4.89~ — 03 4 .69E—D5 4.2?E—0 3
ME~ 0 21 74 176 71

42

- —~~ 
_ _ _ _ _ _ _ _  



A FWL C I R R U S  STU D Y BY AF L

~~~~~~~ 5(~~-$) 01-I 29 T 77 ~O S~~CON’) ~ + F R A T , IP~G
IN’ T SRV A L START ‘16*54*01’

p- AR TIC L E ~I 7~ ?3ISTRIBIJ T IONS (NUMB /H” 1- IM)
TYPE) BULL—ROSE

S I T E  SC A TTE R ST’~ CLOUD SITE PREC I~
(MU) (ROBE (MU) P~ OBE (HU ) PR OOF P (MB)

37 2 .7
2 8 . 20(10’ ‘6 3.~-8E +05 402 9.645+013
4 7 .81E~~~7 47 3 .20E +135 7 07 5 .615— 01 ALT ( 4 ( M )
6 5 .9 2 E* 0 7  67 1 . 6 8 E+ 0 5  1 0 1 3  0 .  7 .679
8 4.866+07 83 2.38E .Oc 1320 0.

10 3 .t6E*0~ 133 7.585+05 1625 0. TEMP (C)
12 2 .46 F~~37 126 2 .88 E405  1932 3. — 10.1
1’. 1.78E*0~ (‘.9 2 .735+05 2237 0.
16 1 . 3 1 . 54 0 ?  169 1 .37(105 2544  0. OEW P (C )
18 1 .095* 07  139 8.~’2E . f l 4  2849 0.
20 6.9 854-fl S 2113 1.7S5+04 3155 3 .
22 4 . .9 1 E ’ 0 6  23 13 2 . 8 7 5 + 0 4  3 4 6 ?  0. lA S (MI’S)
24. 8.02 (106 ?~ t 1.78(104 3768 0. 116.7
26 5 .696+0 6  271, 7 . 1 7 5 + 0 3  4 0 7 3  0.
28 3.10 (106 291 9 .835+03 4379 0.
30 4 .145+06 117 I.’4E+04. 4686 0.

T O T A L S
LWC R .?IE-01. 5.035— 03 1 .115—0 5 4.BTE—03
MED fl 22 7’. 197 70

IN’~~RV A L START ‘16151.*-31
P A R T I C L E  175 DI TR IBU T ION S (NUMBER / ?1’’3—MM)

t Y P ~~I B ULL—ROSE

SIZE SCATTsR 517S CLOUD 5175 ~RE CIP
(MU ) (POSE (M U) PRO B E (MU) PROOS P (MB)

377.8
2 4 . 2 7 5* 0 7  ‘6 1 .115* 0 5 1.0~ 1.035*0?
4 8 . 1 .4E+07 4’ 3 . 1 0( 10 5  7 0 7  5 . 6 1 5 — 01 ALT (4 (41 1
6 7 . 3 8 6 + 0 7  6’ 2 .7 3 5* 0 5  1013  0.  7 .6 7 6
8 6.1154 07 3’ 8.675 .01. 1323 0.

10 3.936+07 116 1 . 1 2 E +) ~ 1675  0. T 5MP (C )
12 2 . 8 5( 10 7  I’S 1. ’ 9 E + 0 5  19.3? 1). — 10.3
14 2 . 6 9 5 1 - 0 7  (49 1.67( 105  7 ’ 3 7  0.
16 1.53F .n 7  165 2 . 0 0 5 * 0 5  7 5 4 4  fl , f lEWP ( C )
18 1 .7654-07 189 1.’45,Qc 284.9 0.
20 7.77r+06 2113 1 . 0 2 5 + 0 5  315 5 0 .
22 8 . 2 8 F+ 0 6  2 3 0  7 . 8 1 F # 0 I . 3 1 .6?  0. T A S  (M/S )
21. 6.215*06 751 4.97(104 1768 0. 116.7
26 8. 28E~~06 771,  3.705+04 1.073 0.
28 3 . 175 +06 291 2 .79( 104 4 379  0.
30 , .o SE+06  117 1.515+0’ . ‘.666 0.

T O T A L S
LWC 1 . 0 4 6 — 0 3  7 . 7 1 5 — 0 3  9 . 2 7 5 — 0 6  5 . 4 6 6 — 0 1
ME D 0 2’ 90 176 81
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A FW L CIRRUS STUD Y BY A r L

FL IGHT E 7 7 — S t  ON 29 OCT 77 30 SECOND A V E RA G I N G
INTER VAL START ‘ 16)55* 01’

(A RTICLE SITE DI STRIBUTIONS (NUMB ER /M ”3— PIM)
TYPE ? BU LL — ROSE

SIZE SCAT TER SITE CLOUD SIZE PREC I~(MU) ( ROBE (MU) PRO3E (MU) PROBE P (M B)
373.2

2 6.~~2E+07 26 3 .696+04 4 0 2  1 .25 6+02
I. 7 .66 F40? ~~‘ 2 . 1 .3 5 + 0 5  707 1. 1254 00  ALT (4 ( M)
6 6 .246*07  67 1.776+05 1013 0. 7 .669
8 4 . 8 1 . 64 0 7  88 7.595+01.  1320 0 .

tO 3.44(107 1118 4.616+04 1625 0. T EMP (C)
12 3.1BE’O T 123 3.006404 1932 0. — 30.2
1% 1.976+07 149 5.5961-04 2237 0.
16 1.355*07 165 9.316+84 25’.’. 0. OEWP (C)
18 9 . 5 8 6 +06  139 1.17(105 26 49 0.
20 5 .1 .4 E+06 711 1 . O O E +0 5  3155 0.
22 3 . 8 8 5* 0 6  230 7 .235 +04  3462 0. lAS (M/S)
21. 6 .73 E*36 251 6 . 0 0 E4 6 ( . 376 8  0. 116.6
26 3 .3 76+06 771 3 .88 E+04 4 0 7 3  0.
28 2.59E1-06 251 2.466404 4.379 0.
30 2 .59 E4 06  ‘1’ 1 . 5 35 +6 4  4 686  0.

TOTA LS
LWC 6 .9 1E—0 ’ .  6 . 1 1 5 — 0 3  1 .15 5— 0 1 .  3 . 70 6— 03
NEIl 0 20 99 179 87

INT ERVAL S T A R T  ‘ 16155*31’
PARTICLE SITE DISTRIBUTIONS (MUMB ER/M” J-MM )

TYP 5*  BULL—ROSE

SIZE SCATTER SIZE CL OUD SIZE PRECIP
(MU) PROB E CM ’)) PROBE (MU) PROBE P (MB )

373. 1
2 7 . 0 4 . E# 0 7  26 1.47 E+05 4 . 0 2  1 .986* 02

8.47(107 2 .526+05 707  0. ALT (4 (M)
6 6 . S O E# 0 7  67 1.1.66+05 1013 0. 7.671
8 5 .75 6+ 0 7  88 4 .07E.01.  1320 0.

tO  3 . 7 8 6 + 0 7  1118 3.876+01. 1625 0. TEMP (C)
12 2 . 3 0 6 + 0 7  128 3 .28 E+01.  1932 0. —3 0.3
14 1.91.6407 11.) 1 .725*04 223 7  0.
16 1.19(107 16’~ 5.326404 254.4 0. OEWP (C)
18 1.226407 169 7.082+04 2849 0.
20 6.7~E#06 ‘II 8.466+04 3155 0.
22 3 . 8 8 6 + 0 6  23’) 8.81.6401. 31.6? 0. lAS (MI’S)
21. 4.976+06 251 5.616+04 3768 0. 116.6
26 5.186*06 271 3.736+04 4073 0.
28 4 .6661 -0 6  291 4 .275+01.  4379 0.
30 2 .8 56* 06  31? 3 .252 +04  4686 0.

TOT AL S
LWC 7 . 6 8 5— 0 4  6 .276 -03  1. 73 6— 0 4 3 .136-03
NED 0 21 107 176 91
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A FWL C IRRU S STUD Y BY AFG L

FLIGH T 577-cl ON 29 OCT 77 30 SECOND AVE R A G I N G
IN TERVAL START ‘16156)01’

PARTICLE SI?~ 8ISTRIBUTION S (NU M~~ R/M” 3-1M)
TYPE) BULL—ROSE

SIZE SCATTER SIZE CLOUD SIZE PRECIP
(MU) PROBE (MU) PROBE (MU) PROBE P (NB)

373. 3
2 4.77(107 26 1.11(105 402 3.285+02
1. 8.766+07 4~ 2 .526405 707 3 .93E+00 ALT (4(M )
6 8.426+07 67 1.466405 1013 0. 7.667
8 6.815 +07 88 1 .275405 1320 0.

141 4.64(107 108 9.415.01. 1625 0. TEMP (C)
12 3.296407 128 2.60E,0l. 1932 0. —10.4
14 2.566+07 11.5 4.I.IE,04 2237 0.
16 1.616+07 169 5.686+04 25’.’. 0. DEWP (C)
18 1.685 +07 189 1 .035+05 261.9 0.
20 9.07E+0S ‘tO 1 .085+05 3155 3.
22 6 .1 .85+06  230 1.225+05  3462 0. TAS (MI ’S)
21. 4.925+06 251 8.945404 3768 0. 116.6
26 5.446+06 271 5.316.04. 4073 3.
28 3.89E+0€ 251 5.096401. 1.379 0.
30 2.85E#05 312 2.495+04 4686 0.

T O T A L S
LWC 9.055—04 8.145—03 3 .065—01. 1..40E—0 3
ME D D lB 105 180 91

IN TE RV AL START ‘16)56)31 ’
PARTICLE SIZE ‘IISTRIBUTIO N S (NUM SER /4l”3—M M )

T YPE S BU LL—ROSE

SIZE SCATTER SIZE CLOUD SIZE PREC IP
(MU ) PROB E (M ~J) PROBE (MU) PROBE P (MB)

373.’
2 1.945+07 26 3 .32E+05 402 3.725+02
4 1.O2E .00 4.7 2.236+05 707 3.91.5400 ALT (4(N)
6 1 .116+08 6? 2 .416405 113 13 0. 7.666
8 9.695+07 93 1.555+06 1320 a .

10 7 .755+07 1133 7.93(104 1625 0. TEMP (C)
12 5.266+0 7 128 6 .835404. 193? 0. — 30. 6
14 3.03(107 11.9 8 .61E-0l . 2237 0.
16 2.856 +07 1ô9 1.175+05 2544 0. DEWD (C)
18 2 .15E~ 07 185 1.8~~~.05 281.9 0.
20 1.2264 07 218 2 .IOE+15 3155 0.
22 1.06(107 210 1.78E+05 31.62 0. LAS (M/S)
2’. 5.705+136 761 1 .165+05 3768 0. 116.5
26 7.265+06 2’l 6.185+04 4073 0.
28 8.55E’0S 291 4.776,04 4379 0.
30 8 .056+06 112 4.98E+04 4686 0.

TOTA L S
LW C 1.46E-133 1 .185—0 2 3 .446—04 7.IIE—0 3
MED 0 21 101 17° 90
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A F W L  ~I~~RUS S T U!3Y BY A F L

FLIGH T cr7— c t ON 29 OCT 77 30 SECOND A V E RA G I N G
INT~ RV A L  S TAR T ‘16 (57101’

(AR r ICLE CI ZV DISTRIBUTIONS (NIJMBER/M”3—’IM )
TV P E *  BULL—ROSE

SIZE SCAT T ER SIZE CLOUD S IZE PRECI P
(MU) P ROBE ( M u ) PROBE (MU) PROBE P (NB)

3 7 3 . 5
2 8.22E .07 26 3 .325+05 41)2 4.08540’
4 8 . 5 8 6 + 4 1 7  1.7 1 .9 4 5 4 0 5  7 0 7  7 . 8 8 5 + 0 0  A LT (Kill
6 6 .9 0 Es137  6’ 1 .37 6 +0 5  1013  0. 7.663
0 5 .585+0? 68 9.515+04 1320 0.

tO  3 . 94 5 4 0 7  1139 7 .3 9 E4 0 4  1625 0. TEM P (C)
12 3.09(107 128 3.016+04 1932 0. — 10.9
I’. 1. 63 5 + 0 7  11.5 4 . O B E + O 1 .  2 2 3 7  0.
16 1.585 +07 169 6.486+04 251.4 0. DEMP (C)
18 1.1.OE~~07 139 1.05E+0~ 281.9 0.
20 7 . 0 0 E4 f l 6  710 9 . 7 3 5 + 0 4  3155 0.
22 6 . 7 4 5 + 0 6  230 8 .86 E.O ’. 3462 7 . T A S  (M/ S)
24 5 .1.55+0 6 ‘51 6 .39 5 + 04  3 7 6 8  3 .  116.1.
26 4 . 936+05 271 6 . 04 5 ’ O ’ .  4 0 7 3  0 .
28 4 . 4 1 5 1 - 0 6  291 3 . 7 8 5 + 0 4  4 3 7 9  0.
30 3 .8954416 ‘17 2 .885404. 4686 0.

T OT A L S
LWC 8.646- 01. 7.205— 03 3 .955—0 4. 3 .975—03
41513 “ 71 105 183 90

I N TE °VA L S TA RT ‘ 16 1 5 7 1 3 1 ’
P AR T ICLE SI’S )ISTRIBU T IONS (N U M B E R / M ” J — M N )

TYPE ) BU LL-ROS S

SIZE S C A T T E -  ST ’ S  CLOUD S I Z E  PRECI P
(N’)) (POSE (MU) PR O BE (MU) PRO BE P (MB)

3 7 3 . 6
2 1.076+38 ‘6 1.855+05 4.07 3.176*3’
4 8 .5 6 5 . 1 3 7  1.’ 2 . 1 4 E + 0 5  7 0 7  9 . 5 7 5 + 0 0  AL T (4 ( M)
6 6 .915+ 07  67 1.465+05 1013 0. 7.662
8 5 . 1 6 64 0 7  38 1 .0 9 5 + 0 5  13 2 0  0.

i i  1 . . 2 6 54 0V  1133 4. 25~~.0’. 16’5 0 . T EMP (C)
12 3 . 3 5 5 4 0 7  1’8 4 . 9 3 5 + 0 6  1932 0. — 3 1 . 1
14. 1.97El0~ I1.~ 6 .79 E+O ( . 2 2 3 7  0.
16 1.796+07 16~ 1.025+ 05 2544 0. C5W D (C)
1 8 1.125407 183 1 .295+05 281.9 0.
20 9. ’ 1.5606 ‘ii 1 . 1 6 64 0 5  3 155  0 .
‘2 7 .2 7 54 0 6  2 3 1 3  9 .90( 104  31.6? 0. T A S  ( M/S )
24 1 . .1S E4O 6 2 51 6. 5? E+ 0 4  37 68  0 . 116.1.
26 1.695+05 271 6.475+01. 4073 3.
28 3. 17(4-05 ‘~ i 2.60E +04 4379 0.
30 ‘..93 t+06  31? 7 . 6 9 5 + 0 4  4 .586  0 .

T O T A L S
LW C 8. 6 5 6 — 0 4  7 .5 6 5 — 0 3  3 . 4 1 5 — 0 1 .  4 . 6 3 5 — 0 3
MED 0 241 101 106 88
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A FWL C IRRUS STUD Y BY A F L

FL IGHT 5 7 7 - 6 1 ,  ON 29 OCT 77 30  SECOND AVERAG ING
INT ERVAL STA RT ‘16158)01 ’

P AR TIC LF SI ZE IlI~~TRI8U TION S (NUNB ER/M”3—1M )
TYPE BU LL—ROSE

SIZE SCATTE R 5176 CLOUD SIZE PRECIP
(MU) PROB 5 (MU) PROBE (MU) PROBE P (MB)

373 .5
2 1.6 16+09  ‘5 2 . 5 9 E + 0 5  4 0 2  3 . 6 5 E + Q 2
4 9.575+07 4’ 2 .635+05 707 7.32 6+00 A LT (4(N)
6 7 .1 95+07  67 2 . 1 0 6 4 0 5  1013 0. 7 .663
8 6.2554-07 83 1 .06E’ OS  1320 0.

10 !.81E407 109 5.17(404 1625 0. TEMP (C)
12 2 . 9 1 5 + 0 7  123 7 .12(404  1932 0. — I i . ?
11. 2 . 0 3 ( 4 1 1 7  11.9 9.486+04 2237 0.
16 1 . 7 96 + 3 7  169 1 .24 .5 .05  254.4 0. OEW P (C )
18 1.22(407 139 1.185405 281.9 0.
20 6.755406 ‘13 1.05E+O5 3155 0.
22 7 . 5 3 5 + 0 6  230 7 .94 5 + 0 1 .  3462 0.  T A S  (MIS)
24 7. 2 7 5 + 0 6  251 4 .7364 0 1 .  3 7 6 8  0. 116.4
26 k. ’ . IE I -Oo 2 71 3 .456 104 4 0 7 5  0 .
28 5 . 23 E+ 0 6  291. 1..28E+0I. 4 . 379  0.
3 0 3.89E+06 312 2 .305+04 4686 0.

TOTALS
LW C 9 . 4 1 6 - 0 4  7 . 3 1 5 — 0 3  3 . 5 4 E — 0 4  4 . 7 8 6 — 0 3
MED 0 2’ 97 183 85

INTERVAL S T A R T  ‘16)58 ) 31’
P A R T I C L E  S IZE ‘~ISTRIB UTIO NS (NUMBERIM” 3-MM )

TYPE ) BULL—ROSE

SIZE S C A T T E R  SIZE CLOUD S I Z E  PRECIP
(MU ) (ROBE (41 ’ ) ) PROB E (MU) PROBE P (MB )

373. 2
2 1 . 2 15 4 -0 8  26 2 .95 6+0 5  4 0 2  8 . 75 5 + 0 1
4 7 . 6 2 6 + 0 7  4Y 4 . 8 6 6 + 0 5  707  1 .69E+00 ALT (4 (M)
6 6 .696+ 0 7  67 4 . 28 5 + 0 5  1013 0. 7.669
8 5 . 9 6 6 +0 7  88 2 .5 0 6 + 0 5  1320  0.

10 3 .8451-137 108 3 . 2 5 5 4 0 5  1625 0.  TEMP (Cl
12 2 . 57 ( 10 7  128 3 . 2 6 5 + 4 1 5  1952 0. — 3 0 . 9
14 1.71540 ’  149 2. l.5E+ 05 2 2 3 7  0.
lb 1 . 63 6 4 0 7  169 1 .366+ 05  254. ’. 0.  O EWP (C)
18 1 .37E+07 18~ 9.585 +04 2849 0.
20 7 .5 2 5 + 0 6  7111 5 .8 66 + 0 4  3155 0.
2 2 5 .7 0 5 4 0 5  7341 5.295+01. 31.62 0. T A S  (MI’S)
‘4 € . 2 T E + O 6  751 2 . 56 6 + 04  37 68  0.  116.5
26 7.005+06 271 1,735+04 4073 0.
28 6 .7 ’ . F 4 0 S  291 1 . ISE+04  4379 0.
50 5 .7 0 E + 0 S  312 1.155+0’ .  46 86 0.

TOTALS
L W C 1 . 0 0 6 - 0 3  7 . 2 0 6 — 0 3  8 .4 6(1415 6 . 0 4 6 — 0 3
ME ’) 0 23 75 10 3 71
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A~ W L CIRP. JC STU’Ur BY A~~~L

FLIGH T 5 77—S I O~ 29 OC T 77 30 SE CuN ~ AV E RA;IN&
INT SRVAL STA RT ‘16159101’

PA R T I C L F  ~~~~ IIS TRIB u J T IO NS (N UM B CR/ ~1”~~-l~1)
T Y P E S  B U L L — ROSE

5176 SCA TT E~’ SI~~ C LOUD S I Z E  ~RECIF
~NU) (ROB ~ (MU) PR OBE (MU) PR OB E P (MB)

372.7
2 1.965+08 ‘5 8.11 (105 402 1.455+0 1
4 5 .076+07 4’ 5.056+05 707 0. ALT ( 4 ( M )

6 4.O’.E+07 6’ 4.975+05 1013 0. 7.678
8 3.005+01 88 3.015+05 1320 0.

10 1.89E+07 113 3 1.775+05 1625 0. TEMP (C)
12 1 .7 6 64 0 7  123 l .0 9 r ,05  1932  0. — 3 0 . 5
14 1.275407 145 4 .195+04 2237 0.
16 1.295407 165 4.526+0’. 2546 0. DEWP (C)
18 1.016+07 189 2.1 0(104 2o1.9 0.
20 6. 4 7 E# 0 6  2111 1 . 77 5 + 0 4  3155 0 .
22 5 .445+06 230 1.266+04 5462 13 . TA S (M /~~ )
24 3 . 6 2 5 + 0 6  751 5 . 1 0 5 + 0 !  37 68 0. 116.6
26 3 .376+06 p71, 4.31(103 4073 0.
28 2 . 8 5 E + 0 6  291 3 . 2 8 5 + 0 3  4 3 7 9  0 .
30 2 .33s+0 6  ‘12 5 . 7 4 6 + 0 ’  4 6 8 6  4 .

TOTAL S
LWC 5.955—04 3.045—0-5 1 .775—05 7.676—03
ME.O 21 52 t”~ 58

IN RY A L  ~ T A P T  ‘16559431’
PA RT ICLE SI’S BI T R I 3 4 T I O N S  ( N UMB E R/ M” l—MM )

T YPE S B ULL— ROSE

SIZE SCATTE R ~I ’~ CLOUD SIZE PRECI P
(N ’) ) F R O B~ ( M I ) )  PROBE (MU) PROBE p (~~~)372.7

2 2 .6264-06 ‘6 8.855+05 413 2 8.575 .130
4 3.57(107 4? 6 .015+05 707 0. A LT (Kill
6 2.725+07 67 3.7’E+ 05 1013 0. 7.679
8 2.28 (107 83 2.225 +05 1320 0.

10 1.946+07 1133 1.076+05 1625 0. TEMP (C)
12 1.846+07 128 6.815404 1952 0. —30. 4.
11. 1.22E+0 7 14.3 3.O1E+04 2237 0.
16 1.045+07 159 2.225 .04. 2544. 1’. IDEW P (C)
18 8 .8054-06 189 1.725.0 1. 2849 0.
20 6 .21 5+06  210 1 .0 1 .6+0 1 .  3155 0.
‘2 4 . 4 0 ( 4 - 0 6  2” ) 8 . 0 4 E + 1 3 3  31.62 0. T A S  (u S)
21. 6 .4 7 5 + 0 6  751 6 .3 8 5 + 0 3  376 8 0. 116.7
‘6 6.735+06 2’t 1.436+03 4.073 0.
28 3 .166+36 ‘91 0. 4379 0.
30 3.676+06 ~1’ 1 .915+03 4686 0.

Y- OTA L~
LW C ‘ .0 8 5 — 134  2 . 0 8 5 — 0 3  7 , 5 0 5 — 0 5  1 .92E —01
ME t) 4) 23 56 176 54
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IRRU S STUD Y BY A~~ L

FLIGHT ~ 7 ,_ r~ 0-4 ‘
~~~ OCT 77 30 SECON ’) A V F R A ~,I N6

J~~~-~ J~~L START ‘17100501’
6 A k T I C L r  ST’~ IT TRTB U TI O NS (NU MBER /M ’’3- MM )

TYPE ) BULL—RO SE

5 1 7 L  S C A T T ER - T ’ ~ CLOUD S IZE  P R E C I P
(41 ( J ) (P O 5~ (41 ’ ) )  P~~Q5F (Mi) PRO~ F P (115)

372.5
7 1 .4 75 4 13 8 ‘5 5,53~~+fl c 402 5. 1 65 + 13 1
4 8 . 1 S ’ 1 - l 7  4’ 4.075+05 7137 1. 5 3 1 + 1 3 4 1  ALT ( 4 ( M )
6 5 .51 5+0 7 67 5.87L 4O5 101 3 0. 7.663
8 4 .765#07 88 3.67(105 1320 0.

10 1.SO E+ rJ T 1 133 4.I1~~+ 05 1625 0. TEMP (C)
12 2.6 75+13 7 1?~ 2 . e O F . 0 5  195? I . —30.4
14 1 . 5 0 5 + 0 7  11.5 1. 185+05  2 2 3 7  0 .
16 ~~~~~~~ 165 9.0’.(1O’. 7544 n. rsw p  ( C )
18 1.565+01 189 4 . 8 8 5 + 0 4  264 9  0.
20 8.545406 7111 2.715404 3155 0.
22 8 . 6 0 5 1- 1 3 6  250 2 .8 15+04  346 2  0. lA S  (MIS)
24 6.2154136 ‘~~1 1.405 + 3 4  3 76 8  0. 116. 7
‘6 -3 .366+06 271 1 .4354-04 4073 0.
2 8 7.76E#05 291 6.56E+03 4379 0.
10 5.17E+flS 112 7.6’55G03 4686 0,

TOT A L
L W C 9.655-04. 5.605— 0’ 6 .195— 135 5.056—03
ME D 0 7? 68 186 65

IP I ” - ’ V A L  S T A R T  ‘ 1 7 1 0 0 1 3 1 ’
PART ICLE SI~~ fl I S T ~~I9 u J T IONS (NUMBE~~/ M ’ ’ 3 — ~lP1 )

T V P 5 t 5 U L L — 7 f l S~
5171 5 C A T T S - ~ SI~~ C LOU D 5 17 E ~R~~~T p
(11(J ) F ROBS (M ’J ) PR OB E ( M I )  P R O - 31  P ( M B )

312 .7
2 1 . 6 5 5 1 )3  ‘ 5 .855405 4.’) ?
4 7 . 6 ? E . 0 7  4.’ 3 .00(105 7 0 7  ‘. . 4~~E . C 1 3  A L~ (4 ( 11 )
~ - 5 . 7 1 5 + 1 3’  s’ ~. o 9 E + o 6  1 0 1 3  0 .  7 .588
3 4 . 5 S ~ + rJ7 88 2.~~5E + 0 5  1 3 2 0  0.

10 3 .385.137 1133 2 .785+05 1675 0. TEMP (C)
12 2 .48c+0? 128 7.5-~~40S t~~32 13. — 3 0.2
14 7.175+137 1~.9 I.9 2E+3~ - 2237 0.
15 j .535 ,137 165 1 .105+ 05 754.4 n. r (wp (C )
16 1.68 5 4 ) 7  1,5 8 . 12 5 + 0 4  2 6 4 9  0.
70 7 .24 E . - rS  710 5.71~~404 5 15 5 0.

‘‘ 5. 6 5 F + 1 3 6  7 113 3 .?IE+ 04 34.8? ‘1. T A S  ( M / 5 )

‘1. 5.655+05 ?~~1 1.77(101. 1768 0. 116.8
‘6 6.4SE+Q6 271 7 .175 +0 3 4Q 7 3  0.
78 4.651.’l6 ‘91 l. 3 1r .04 4379 0.
30 4 .655+06 31? 1 . 8 ? t + f l ’  4586 13 .

TOT AL~
L W C  9. 2 3 6 — 1 3 4  5 . 6 4 E — 0 3  1. 4 L — 0 h  5 . O S E - 0 3
M El 0 2? 73 188 70

4 , 4
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A r - 4~ ~~~I R ~~~~’J S  S T I J l1 BY A F ,L

FLI(, I-4 T ~ 7 7 ~~ - i  ‘v~ ‘~~ OC T 77 30 SECOND A V E R A S I N G
T I ~~~~V A L START ‘17* 13150 1 ’

c r ~~
_ 1  1Z~ 1 IT RIB ’JT I C NS ( NU’ IBER/ M” 3— I M)

T Y P 5 I  BULL—ROS E

~~1 7 r  S f A T V ~~~ 5 T 1~ CL OUD SIZE PRECII
( M l )  ( 4 1 , 1 )  ?P~~~ ( ( M U)  PROB F P (MB )

372.1
2 1• 2 7 c . ’ ) 3 ~~ 7.5~~~ 4 Q 6  4 1 J2 ? . i ’.E + 3 ’
4 1.14 ( 1)8  1.1 4~~5 S 5 + ’ ) 5 7 3 7  6 . IP ( 10 0  A L T  (1( 01 )

S 1 .011408 57 3.77~E 4 0 5 1 0 1 3  5 . 8 5 5 — 0 1  7 . 690
8 7.’?’ ~ ‘1P 85 2 .1.45+05 1320 0.

10 5.97F~-0~ 1 133 ‘.965+05 16’S 0. TEMP (C)
12 3.981+0 7 j73 1.4.35+05 1937 13 . — 3 0.3
1~~ 7 . 7 1( 1 1 7  11.7 3.7135 +05 2 2 3 7  0.
16 7. 4 8 5 + 1 3 7  165 7 . 2 5 5 4 0 5  25 4’. 0. DEWP (C)
18 2 . 4 3 E~~f l7 1 3 5  1 .’ .4~~.0 5  2 o4 9  0 .
‘0 1 . 1 S F  4 1 3 7  711 j . 7 5 5 + ’ ) 5  3 1 5 5  0.
17 9.~~? E 4 j 5  2 5 0  6 . S S E + 0 ’ . 34 6 2  1. 7 4 5  (MIS)
24 8 . 07 5 4 05  ?~~I 5 . 4 4 5 +0 4  3 7 5 6  0. 116 .3
76  1 .1~. F + f l 7  7’ l  ~.58~~4 - O ’. .07~ 0.
?8 6 . 0 1 5 4 7 5  25 1 1 . 5 4 5’ 0 4  4 3 7 9  0.
5 1 3  8 . 7754135 11~ 7.105404 4686 ‘I.

TOT A LS
L W S  1 .49 5—133 9.’~65—03 ?.42E— ’)4 7.91 6— 03
~1c )  r~ 2’ 80 188 76

I U ’ ~~~W A L  S TAPT p 1 1 1 0 1 * 3 1 ’
PA R T O C L S  ‘T?~ )ISTRHI T IOP4 S (N U MB E R /M’’3—4M)

T Y P E ) B U L L — R O S E

S171 S C A T T E ~ ST’~ CLO’)D 517E PREC IP
( 11’)) PRO BE ( M l )  PR OBE ( M U )  PRO8 E P ( M B )

372 .0
‘ 4 915’07 ‘4 3.~~iF+ 05 ‘.02 -3. 176+ 07
4 1.30F~~08 47 3 . 97 5 + 0 5  7 0 7  1 . 18 5 + 0 1  A L T  ( 4 ( M )
S 1.365+08 5? 6.005413~ 101 5  0.  7 .59 1
a 1.06 (1136 58 3. 036 + 05 13’0 13 .

10 7.795+137 1 138 ?.6SE+0S 1675 0. TEMP (C)
12 5.~~6E.0P 123 3.?2r,05 1932 0. — 30.3
1’. 4.215+137 11.9 i.S4EeOS 2237 0.
16 3.85 (1137 165 2.91(105 7544 13. f l (WP (C)
18 3.44E +0P 189 2 .23E+05 284.9 0.
20 1.68(10’ 711) 1 .706+05 3155 0.

~2 I.81.~ ,07 71(13 1 .165+05 34.62 3. ~~ S (M/S)
74 1 .1 1( 1 0 7  ‘51 5 . 7 4 5 + 0 1 .  1768 13 .  116.8
25 1.77 (10? ‘1 4.015404 4073 0.

~8 1.77(107 291 2,4Sr,04 4.379 0.
‘0 3~~5T54 135 317 3.0 65+ 134 4686 13 .

TOT * L~’
LW C 7.O4 t- ’O 5 1 .755— 02 3. 136— 04. 9.926— 413
M~ D 4) 7’ 81. 189 79
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A~~W L ~~~I~~~~~~ US STUD Y BY A6; L

FLIG H T E 7 7— ~~~j  ‘)~4 ‘S OCT 77 70 S E C J N I  A V ~~~ A(, 1t~G
INT~~~VAL ~ 1A RT ‘j7i137tQ j ’

FA R ITCL 6 ~17~ 137’~T,~I B ?JTION~ (1’1U~15(~~/ l’ ’ — 1 M )
T Y p E )  5ULL— ~~(~~5

SIZE SCATTER SI’~ CLOUD 5I~~E ~R E C I P
( M I ))  FPOBc (MI)) P°OBE ( M ’ ) )  PPO~~ P (115)

372 .0
2 1.00 (108 ‘5 2 .955+05 40? 4..4~~E+ 0’
4 1 . 1 2 5 1 - 0 8  4’ 2 . 8 1 E + 0 5  7 Q 7  1 . 0 5 1 + 1 3 1  ALT (~~P’l )
6 1 .015408 6’ 1 .875+05 101 ’ 5.6 95—0 1 7.691
8 8 .435+07 88 9.75(10’. 1320 1.

10 6.035+07 113 8 8 .105 +04 1575 0. TEMP (C)
12 4.86 (107 125 5.73E404 1932 0. — 30 .5
1’. 3 . 2 6 5 + 0 7  145 5 . 1 S E G O 4 .  2 2 3 7  0 .
16 2.1.85407 153 1.~~’5~~O5 2544 0. flEWP (C)
18 2 . 17E+~~7 153  j •~~7~~#~~c 2b ’ .9 0.
20 1 .0 15+13 7 2 113 1.S4E+0S 3155 0.
22 7.76(106 2 ’ 1 3  1 .3 9 5 +0 5  3 4 6 2  0.  TA ~ (11/5)
24 7.505 +06 251 7.655+04 3768 0. 115 .7
26 6 .725413 6 7713 6 .745406 4.1)71 0.
2 8 8.54.5+06 291 2 .29(104 4379 0.
50 5.17(106 1l~ 4 .215 +04 4686 0.

TOTA L 5
LW C 1.SIE— 01 9.~~3E — 0 1  5 •45 5_ 1)4 6 .115—03
MED fl 21 100 2132 90

IN TE~~VA L  S T A R T ‘17 *02 131’
PAR TICLE 5075 ‘)ISTRI BU T IONS (NUMB E R / 9’’l — IM )

TYPE ) B ULL—ROSE

5 175 C C A T T E ~ ~ I7E CLOUD 5175 PREC1P
(MI)) ~ROB5 ( M I ) )  DPQ 3E (MU) P~~U15 P (MB)

37 1. o
2 3 . 7 7 5 . 1 3 7  ‘5 1.R’.~ .05 ~.0? 5.53 (1fl~
4 1.355+03 1.7 3 .105405 707 9.15E 401 ALT (4(1-1)
6 1.71.5408 57 2 .fl O E +05 1 0 1 3  2.155+013 7.594
8 1.0IF .08 83 1.33 E +O ~ 13 7 0 0.

10 7 .565+37 1136 ~.92E+04 16’S 13 . TEMP (C)
12 4.665+0’ 131 1. .l7c~+O’ .  19 3 2 13 . — 30. 6
14 5 .1.451-07 14.7 3.7 3 E + 1 3 4  2 2 3 7  0 .
16 3 .6 5 5 . f l7  1613 6 .64 E4 0 ’ .  75 1.4 0.  rsw p (C )
18 2.64 (117 15) t .vss+oc 281.9 0.
20 1.01540? 21’) 1.04.[~~05 3155 0.
2 ?  j.275iQ7 231 1 .11~~+05 3..o7 U. TAS ( M I S )

74 7.505 4 05 ‘61 1.035+06 3768 0. 116• 7
~~1 9.~’ 3 E # f 1 6 ‘‘1 ‘3 . 1 3 6 5 4 0 1 .  407 1 3•
3 d 8.79 (116 771 5.74.6404. 437 9 3.
30 9. ’1~~~06 ‘1? ‘~.‘5E+ fl1. ‘.635 0.

T O T A L
LW C  1.855 — 135 ‘~ .70V ~~01 l . i 4 ’ — 0 5
.45’) r~ 24 110 21?

51
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I~~~!J5 T’n Y 1~ A~~ , L

FL 100-4 1 7 7 - ’~ 
-
~~~ ‘13 O C T  17 3 0  ~5 Y ,U) U ’  ~ 8S~~~J5

I(J T ~~~V A L  S T A R T  ‘ 1 7 5 0 ’ 5 0 1
~-~~kT IC L E  ~~~ I I T R I B ’ J T I 1 , N S  ( U ’ JM ~1E /M’’ 5— l 1 1 )

~y PF 5 B U L L ~~~r 5~

5175 5 C A T 1 ~~- SI~~
- SLOW) 51 7L ~~~~~~~~~

( M l )  F~~~~
I’J~~I

- ( M ~~~ ) ~-~~CIB E (M’f l  P2 j - 3 ~~ P (MB)
‘71.5

7 1.37 ’~~~08 ‘~ ?.56~~~05 ‘ . 1 32  1.7V ’0 3
4. 1 . 1 6 5 4 0 3  I.’ 1.745405 707 1. 1 3 54 0 7 AL T  (4(M)
5 9.33 (107 67 1 .175405 1 0 1 1  2. lSr +’ ) )  7. 7 1 3 1

8 ‘.505.0? 83 1.14(105 1320 fl.
10 6.08E +I3~ 1 ) 6 4~~1.?5+04 1575 U . TEMP (C)

12 4. .4.5t#07 (23 7.655404 (93? 0.
14 2.845’07 ( ‘+5 j . 5 3 )~4 O 4  2 2 3 7  0.
16 2.096407 1613 I.15~~’04 75’.’. 0. EIEWP (C)
13 2 .3 85 0 - 0 7 1- 3 7  2 .205 +0’ . 2849 0.

‘0 9.57(115 71(1 3• 1.l.5 +04 3155 13.
22 8.0 154135 73 13 4.1 ‘p 404 1467 0. TAS  (MIS)
74 5. 113~ + 1 3 4  ‘‘~1 3 .035 4 0 6 3 7 5 6  0 .  116.8
,6 5 .955+05 ? ‘l 5.15E~~06 4Q 7 3  (1.

‘6 6 .9164135 2)1 4.265+04 43,9 0.
5 0 4 . 6 5 1 4 1 3 6  ‘ 1 , ?  4 . ? O E +06  ‘.~~6S I).

31, ‘ A L~
LW 1 . 1 0 E — ’~5 5 . 9 1 5— 0 1  ?~~Q 76~~Q 3  3 .525— 03

~“1 1) 17 116 ?01 131

I HT S R ’ IA L  S T A R T  ‘ 1 7 5 0 3 t 3 l ~
PA1 ~11C L5 L 7 ~ ~ T T R IBUT IO N~ (NIJ M BE R/ M’ ’ ’ — 4111 )

~~~PEI B U L L — R U S E

5 0 7 5  S C A T T 5 ~ SI ‘ C L O u D S I Z E  ~P~~5T 1
(~~J ) ~~~~~ ( M ’ J )  ~~ OB F ( M ’ J )  P~~O13~ P ( M B)

3 7 0 . 9
2 1.4 75 ~~08 ‘5 1.10 5 + 0 6  4 0 2  1 . 6 1 3 E~~1 3 3
4 1.0 464133 4.7 1,.Q5(1Q5 707 1 .656+13’ A L T  (4(41 )
5 3 . 7’ .~~4 I) 7 57 5~~5 4 5 + Q 4 .  1 0 1 5  5 . 8 3 5 + 1 1 3  7 . 7 1 1
8 6.61540 ? 33 9 . 4 7 5 + 0 4  132 0 (4.

10 5 .1954 07 1 1 3 5  5• 755 +Q ’ . 16)1 (3. T r 0 1~ - ( 5 )
17 0.1 65 +0 7 1’3 3 .41 64136 1 9 3 ?  (1. — 50 .5

I’. 7 . 2 4 5 4 1 3 7  14) 1 . t . 3 E + & 4  2 2 3 7  0.
( 6  1. ’ô~ ’13’ 15 7 • 1 3 5 5 + 1 3 3  2544 13. DEWP (5)
16 ~~~~~~~~~~~~~~~~~~~ 159 j~~1.3~~+Q ’ .  2*69 0.
7’) 9.21(106 ‘11 1..~~~ E + 0 4  3155 3.
‘2 8 .525+06 ‘1313 5 .045+04. 3467 (4. l A S  (11/5 )
‘4 9.305406 2 5 4  5 . 2 7 5 + 0 4  5758 0 .  115 .9
76  5.945’136 27)  ~~~~~~~~~~ . . 0 7 1  0 .
28 5.17~ ’J 5 2)1 4 .42 5+134 4379 0.
31) 5~~~4 5 5 4 1 3 5  ‘1’ 5~~7’~~+ 134  4535 0.

T O T A L S
LW  1.1 71—1)5 5 . 3 5 5— 1 3 1  7 . ‘5r ~~~~) 3  ‘.946—03

7’ 11 9 ‘1~~ 143

52
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A~~~~. I~~~’J5 •~ T~ ,J ’) y  BY AF ,L

FLIGHI 57 7— 5 1 i4 79 OCT 77 30 5iU~jND AYE~~A SING
r0- 4T5~~vAL S T A R T  ‘1 ,7*04 )01’

c~A R 1 r : L F  SIZ ’ 1 I S T R I B ~~t I O N S  (NIJ M B E R / 1 1 ’ ’ 1 — 4 4 1)
T V P E I  8U L L — R O S E

5I~~E S C A T T E R  ~I’! CLOUD 5 1 7 5  ~R~~CIP
( 1’J ) PPO3E ( M i)  PRO BI (Phi ) P~~O~35 P ( 110)

371.0
2 1. 315 +08  ‘6 2 .2 15+ 05 402 1. 1 1 5 4 1 3 5
4 l.1?~~o (48 47  7.47~~~05 717 1.13 (11’ A L T  ( 4 ( 1 1 )

S 8.O’W ’’l T 67 1 .505405 1 0 1 0  6.7 15 4 1 1 3  7.711
8 6 .8?(1l) 7 53 1 .03 5+ 05 1320 0.

10 4.1335 4( 37 1133 5.7(3 .04 1575 ( 4 .  15016 (C)
12 i .8C’ .137 1 3  3.27 (1o4 195 7 0. — 50 .4
1’. 2.715+ 07 11.3 ‘.505+ 01. 2237 0.
i S  7 .125+13 7 16-) 3 .2654134 2544 0 . OEW P (C)
18 7. 7 5 5 4 0 7  1513  6 . 1 ( 5 , 1 3 4  2 *4 9  0 .
20 1.71 5+~~7 ‘11 13.06~~~O’. 3(55 1)•
22 1 .2 154)7 2 l J  6 .425404 3452 0. T A O  ( 0 1/ 5 )
‘4 ~- .24E’05 ‘Si 3 . 1 5 E4 1 3 t .  5 7 5 8  0. 115. 9
‘6 6.715+1 6 ~71 5.513 (1134 4073 0.
28 6 . 7 8 5 4 0 5  ‘ 31  4 .2 6 ( 10 4  4 3 7~~~ 0 .

SI) 5 . 47 ( 114 0- , ‘1~ 1 .6’s~~~ 04 4 . S d S  (3 .
TOT A L S

L US 4 . 5 1 5 — ~~5 5. 7 5 5 — 1 3 3  1 . 5 0 5 — 1 3
71 110 ‘139

I~~~~’VA ~ START ‘17$Q4131 ~
6A~<T~~C 1F ‘~I7 ~ TST~~I0-3’ J TIONS (P4UM13~ ” / M ’ ’ 3 — M 1 )

T y ~~~~~~ ) D U L L — ~~r5F

I / F  SC U~~T :  - I ‘~ CL OU~’ S IZ E  ~RF 5) P
( “ I i  7 1 0 9 1  ( M u )  PR O B E  C M I I )  P~~Q B5 P ( M D )

171 .5
7 13. 7 77. 133 )~~ 7 5 7 r 4 Q5 40? ~~~~~~~ +14 ’
4. 8. ,3~~~0F 1.’ 5 .315404 707 5 .15~~~01 AL T (4(11 )
6, 0- .5 5 F~~ l’ 0 - ’  I .1~~F ’ Q S  1 0 1 3  2. ’5~~4 0 1  7 . 7 0 5
8 4 .70 5 + 1 3 7  53 9 .77 ( 10 4  1 3 2 0  0.

1313 1 . 4 c ” ~~1’ 113 4.’)L.E404 (575 ()~ TEMP (C)
12 2 .8754 07 (25 4 . 9 0 5 + 0 4  1 952 0. — 3 0.1
1’. 2 . 1 1 3 ( 1 1 ’  1 1 . 3  5 . O 4 ~~’ 134  2 2 5 7  0 .
16 1 . 9 1 54 0 7  ‘61 5.415 401. ‘5 4.4 13. 1 5W P  (C )
13 1.3~i ’ 07 139 4.965+04. 2869 0.
20 1.?’ sI O’ ‘1) 0- .87E’134 3155 0.
‘7 1 .7 1 5 40 6  ~ ‘0 4.35 0 - 4 0 4. 3 4 . 6 7  1. lA S  ( M/ S )

~4 1.01t 40 ? ?‘ l 1.05E +04 3753 0. 116 .9
26 8.0054(45 ~ 71 2. 005404 4 (473 0.
73 7~~413(1Q5 7131 1. f h 5~~04 4379 0.
10 5.165405 312 1 .915+04 46-35 13 .

TOT A L
LWC 1.19 5 - 0 1  4 .11~~— ’ ) 1  8 . 0 5 ~~— l 4  3 . 7 5 5 — Q 3
PIE ) 5) 75  56 7 ? ?  91

013
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16W ,, C1~~’.(1S STUD Y BY A F;1,

FL I1 ,HT 6 7 7 — 5 1 ,  0’) ‘9 DCI 77 30 ‘EI ’. ON[i 6 v r~~A S I N G
INT 0-~~V U L 5 T A P I  ‘ 1 7 I 0 5$ 1 3 i~

P A ~~T ICL E  SI/S ‘ISTRIBUT IONS (NJM13 ER /M’’ 5— ’IM )
T Y P E S BULL — R OOT

175 SEA TTE~ ST’S CLOUD 5174 ~~ECIP
(MIII SPOBE (MU) PPO3E (111)1 P R O B E  P (MB)

172.6
7 1.24.5.08 ‘5 1. 1 05 + 0 5  ~+ 1 3 7 5. -# 2 5 ’l ’
4 9 . 5 3 ( 1 3 7  4’ 8 . 7 1( 1 0 4  7 0 7  5 . 8 8 5 + 0 1  ALT (KIl l
6 6 .355 +07 5’ 9. 5 ’ E + 0 l. 1 0 1 3  1 . 1 8 5 4 0 1  7.S81
8 4 .525407 83 7 .OIE+06 152 0 5 .IBE— l 131

13 3 .435+13 7 1 13 5.70 (104 1675 0. T EMP (C )
1~ 3 .285 +07 1 23  5 . 8 6E + 0 4  1932 0. —29.3
IL. 2 . 7 45 40 7  14 . 9  5 • 6 , 5 5 + Q 4  2 2 3 7  0.
16 1.735+4 )7 1513 5• 35 6+Q 4 25’.4 0. OE WP (C)
13 2 .4 0 5 + 3 7  189 4.875 +04 2 8 4 . 9  0.
20 1.245+ 07 210 5.715+04 3155 0.
‘2 1.035417 710 4 .925+04 346? 0. lA S (M/S)
24  8.735416 ‘51 2 .?9E+0’. 3768 0. 115 .9
26 8 .005405 ~‘I 8.695+03 1. 073 0.
28 9.815+06 2131 1.64E +0l. 4379 0.
30 6.715+05 312 1.72540’. 4686 (4.

TOT AL 7’
LWC .35E-U1 3 1.725—03 7•’jOE— 134 3.196—03
P4~~03 0 23 36 220 91

I~lT5~~V A L  START ‘17*05)31 ’
PA R T I C L E  S IZE I IST RIBU T IO NS (NUMeER/M ~~’1-’1M)

TY PEI BULL—ROSE

SI 7E SCATTE R ST’S CLOUD SIZE PRE C IP
(MU) P ROBE (Ml)) PROBE (MU) PROBE P (149)

37 2 .9
2 1 .335+08 ‘6 1 .8k5+OS 402 9 .1SE+02
I, 1 .125408 1.7 2 .90E+05 707 9.8135.01 ALT (1<11)
6 7.69(107 67 2.955+05 1013 5 .295+00 7.676
8 8 .OOE ’07 88 1.3 85+05 1320 6 .195— 01

10 6.146+07 1138 1.895,05 1625 0. TEMP (C)
12 5.42 (107 (23 1.405+05 1932 0. — 7 8.9
1’. 3 . 3 8 5 + 4 ) 7  11.9 1 . 3 8 5 + 0 5  2 2 3 7  0 .
16 2 .7 6E +07  169 8 .665+04 2544 0. T13 EWP (C )
18 3.155+07 189 8.4.95+04 2649 0.
20 2.?7E+07 2113 6 .565+01. 3155 0.
22 1.866+07 230 6.755+04 3462 0. 145 (11/5)
‘4 1.525+07 251 3.87 (101. 3768 0. 117.0
26 1.735407 271 1 .725404 4073 0.
28 1 . 5 7 5 + 0 7  291 1 . 4 7 5 4 0 4  1 .379  0.
30 1 .57 5+ 0? 1(7 1 .9 1 5 + 04  46 86  0. -

TOTAL S
L WC 2 . 3 3 5 — 0 3  5. 03 5 — 0 3  1 . S S E — 0 5  5 . 5 8 6 — 0 3
M E O 0 24. 88 273 86
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ARU .. IRRU S STUD Y BY AF ;L

FL IGHT E 77— 51 0’) 29 OCT 77 3 0 SICON D AV E RA GI NG
I W S R V A L  S T A R T  • 1 7 t 1 3 6 5 0 1 ’

PA RT ICLE  S IZE DISTIRIB UTIONS (NUMBER/ M” 3-’ I PI )
TYPE ) BULL— IR OSE

SIZ E SCATT E R SI’S CLOUD 5176 PRECIP
( M I )  PROBE (MIlD PROBE (MU) PROBE P (MB)

37 2 .9
2 1 .515+08  26 4 . 0 4 6 + 0 5  4 0 2  1 . 3 7 5 ’ 1 3 5
4 1.195108 4.7 2. 9 0 5 + 0 5  707 1 .3 3 5 +0 2  ALT (4(11)
6 9.086+07 67 2.00 6 + 0 5  1013 3. 635 + 3 1 3  7 .674
8 1 .O1E.08  83 1.976+05 1320 0.

10 8 .13E #07 108 1.915+05 1625 4. TEMP (C)
12 6.2254 (47 128 2.036+05 1952 0. —28.8
14 5.426+07 14.9 1.856+05 2237 0.
16 4 .59E+0~ 169 1.606+05 2544 0. t1EWP (C)
18 4.755 +07 1813 1.31E+0~ 28 49 0.
20 2 .1.05407 711 1.04E 405 3155 0.
22 i .96E#0T 2 13 0 1.105+05 3462 0. TA S (14/5)
24 1.88 64147 251 5.60E+06 3768 0. 117.0
‘6 1 .835+0 7 271 3 .7 2 E 4 04  4 0 7 3  0 .
28 1.735+07 291 3.92(1O~. 4379 0.
30 2 .305+07 ~17 2.67(19’. 4686 0.

T O T A L S
L WC 1.016-05 9.245—03 1.886—03 8.OSE—03
PIED fl 24 133 214 87

I N TE R V A L  STA RT ‘17*06*31 ’
PAR TICLE SIZE ‘~ISTRIB U T IONS (NU PIB ER /M ”3—M PI )

T YPE ) BULL—ROSE

SIZE SCA TTER SIZE CLOUD SIZE PRECIP
(M ’J) PROB (14?)) PRO BE (MU) PROBE P (148)

372.8
2 1.25 54136 ‘6 2.945+05 402 9,85(11)’
4. 1.35 (103 47 3 .385+ 05 707 8.736+01 .A L T (KIl l
6 1.fl8E e 08 57 3 .955+05 1013 5 .88E— 0t 7.677
8 8.855407 55 2 .596+05 132 0 13 .

10 6.17E407 103 2.356,05 1675 0. TEM P (C)
12 5. 6~~i.07 123 1 .805405 1932 0. — 78.8
IL. ‘..28E +Q? 1413 1 .335+05 2237 0.
16 3 .105+ 07 169 1.705+05 2544 0. 5)EWP (C)
18 3 . 8 2 E + 0 T  189 7.34(104 284.9 0.
20 2.17 (107 210 7.185404 3155 0.
‘2 1.785+07 ‘3?) 6.646+04 31.62 0. TA S (M /S)
74 1.466407 251 5 .605+04 3768 0. 117.0
26 I .SOE +07 2~ 1 4 .445+04 4.071 0.
26 1.705+ 07 291 2 .295+06 4379 0.
50 1.835+07 11’ 1 .53E+04 4686 0.

T O T A L S
LWC 2.535- 03 7.36E—03 1 .29 6—0 3 6 .12E—03
MED 0 2). 90 209 81

55
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A F WL CIRPUS STUD Y BY A F L

FL IGH T E 77— ~ 1 ON 79 OCT 77 30 SECOND A v ERA ING
IN’~ RVAL STAR T ‘17*07 * 01’

PAkTI CLE SIZE IISTRIBUTIONS (NUMBER/M”3—lM)
T YPE ) BJLL—R OSE

SIZE S C A T T E r 7 . 5175 CLOUD SIZE ~RECI P
(MU) PROBE (M’S) PROBE (MU) PROBE P (MB)

372.8
2 1 .5854138 ‘6 5.88(105 402 7.4.95+0’
1~ 1.31E+08 4.1 4 . 8 3 5 4 0 5  7 0 7  1 .4 . 0 5 + 0 1  ALT (4 ( M )
S 1.05E~~08 5’ 4..SSE+05 1013 5.885—01 7.677
8 8 .155+07 83 2.97E405 1320 0.

Ill 6.68(10? 105 2.2’.E405 1675 0. TEMP (C)
12 5.0S E + 13 7 128 1.966405 1932 0. —78.8
14 4 .235407 149 1 .395405 2237 0.
16 ‘.1.35+14 7 169 1 .275+13 5 251,4 0. DEWP (C)
18 3 .695+07 189 8.1.95.04 2849 0.
20 2 .04E+137 710 ? . 3 9 E4 0 4  5 155  0.
22 t.75E407 71?) 5 .38E+04 31.62 0. TAS (M/S)
24 I.’.7E407 251 4.4.56+04 3768 0. 117.0
26 2 .19E+07 771 3 .006+04 4.073 0.
28 1.60E407 ‘91 2 .135+ 04 ‘.379 0.
30 1.755407 112 1.91(104 66 8 6  0.

T O T A L S
LW S 2.53E-03 7.23E—0 3 2.935—04 5.356—03
MED 0 ‘). 35 199 75

INTE RV A L START ‘17*07*31 ,’
PARTICLE SIZE DISTRI BUTIONS (NUPI PER/M”3— ’IM)

T Y P E )  BULL—ROSE

SIZE SC ATTER ST’S CLOUD SIZE PRECIP
(MU) FR OB E (MU) PROBE (MU) PROBE P (MB)

373.1
2 1 .455+08 ‘5 1 .846+05 402 7 .515+07
4 1.065+08 4’ 1.93E+05 707 3.305 ,01 ALT (4(51)
6 6.87F’~~7 67 1.4(5+05 1013 1 .185+00 7.671
8 5.SSE+ u7 83 7 .576+04 1320 0.

10 4.345+07 1138 5.156,04 1625 0. TEMP (C)
12 3 .8?E’137 173 4.725+06 1932 0. —26 .9
1’. 3.12E#0T 11.9 6.366+04 223 1 0.
16 2.12 (107 169 5 .046+04 2544 0. UEWP (C)
18 2 .155407 139 6 . 2 0 E + 0 4  284 9 0 .
20 1 .605+11 7 710 5.8IE ’04 3155 0.
22 1.346 +07 230 4.585+04 3462 0. TAS (14/5)
2). I.39E+07  ‘51 2 . 9 3 5 + 0 4  3768  0. 117.0
‘6 8.78(106 271 1.576+0’. 1.073 0.
26 1 .325407 2131 9.825+03 4379 0.
30 1.37(10~ 1(2 5,735+01 4686 0.

TOTAL S
LWC 1 . 3 3 E - f l 3  1 .566 — 03 3 . 9 4 6 — 0 4 .  2 . 3 8 6 — 0 3
PIED fl 24 92 27 9 8 7
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AFWL IRRUS STU D Y BY A F L

FLIGHT 67 7—5 1 ON 29 OCT 77 30 SECOND AV ERA 5ING
I N T E R V A L  S T A R ’  ‘ 17* 0 8* 0 1 ’

PARTICLE SI?! DISTRIBUTIONS (NUMBER/M”3 — IM)
TYPE ) BUL L—ROSE

SIZE  S C A T T E R  SI’S CLOUO SIZE PREC I~
(MU) PROBE (MU ) PRO3E (MU) PROBE P (MB)

373.7
2 1 .006+08 36 3 . 3 2 6 + 0 5  4 0 2  1 . 3 0 6 4 0 3
4. 1.27(108 4.7 2 . 62 E + 0 5  707 2 .43540’ ALT (4(11)
6 1.126101 67 1.736+05 1011 1.536+01 7.661
6 7.1.56+07 35 1 .16E405 1320 2.486 +0 13

10 5.746+07 1138 4 . 6 0 6 4 0 4  1625 0. TEMP (C )
12 4.1.75+07 128 2.596+0’. 1937 0. —29.4
14 3 . 9 1 6 4 0 7  14.9 3.976+ 01. 2237 0.
16 2 .74E+07 1613 3 . 9 0 E+ 0 4  2544 0. ~)E WP (C)
18 2.796407 189 6.02E401. 2o’.9 0.
20 1.3564 07 710 6.Z.7E +0I. 3155 0.
22 i.27E+07 230 8.725+0’. 3462 0. TA S (M/S)
24 1.166+0 ?  75 1 6 . 76 6+ 0 4  3758  0. 116.7
‘6 7 .50 E 1Oó ‘71, 7 .17E’ 0 1. 4 0 7 3  13 .
26 6 .4 76+06  291 4 . 2 6 6 + 0 4  6379 0.
30 9 .3 16+06 ‘12 3 .066+01. 4686 0.

T O T A L S
LWC 1 .596-03 6.QIE— ’)3 2 .5 9E—05 5.46E—03
ME D 0 21 11 0 261 104.

I N T E RV A L  S T A R T  ‘ 17*08131’
PART ICLE 5IZS DI~’TRI BU T IoNS (NUMB ER /M ”3— PI PI )

TYPE ? B U LL—ROSE

SIZE SCAT T5~ SI ZE CLOUD SIZE PRECIP
(MU) ~ PO BE (M U) PROBE (5113 ) PROBE P ( MB )

373 .8
2 1.056408 26 2.2IE+05 1.02 2 .115+05
4. 1 . 4 8 6 4 0 8  47 2 .526+05 707 4.2L.E+02 ALT (4(51)
6 1 . I I E # 0 8  67 2 .055+05 1013 3.246401 7.658
8 1 . 0 7 6 4 0 8  83 1 .356+05 1320 2 .485+00

10 7.0164 07 103 1.07E+05 1625 0. TEMP (C)
12 ~.98E+0 7 128 6.016+94 1932 0. —79.6
1’. 3 . 8 0 6 + 0 7  149 4 .6 26+0 1.  2237  0.
16 3 . 7 3 5 4 0 7  160 5. 73 6 + 0 4  254’. 0. 0(WP (C )
18 3.70E #0T 189 1.OOE +05 2849 0.
20 1 .915+07 210 1.OIE +0 5 3155 0.
22 1.405+07 23!) 8.956+96 3462 0. 7 45 (M/S)
24 1. 11(107 251 6.036+0). 3768 0. 116.7
26 1.40E40? 271 7.036401. 4073 0.
28 1.475107 2131 5.416+04 4379 0.
38 1.045+07 ‘1’ 4.596+04 4666 0.

T O T A L S
LWC 2 .146-03 8.69F—01 4.406-05 8 .236—03
MED 0 2’ 109 266 130
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A~ W L CIRRUS STUD Y 3’~ A~~ L

FLIGH T S F 7 — S i  ON 2’~ OCT 77 30 SECOND A V~~RASING

p INTF R~~.L S T A R T  ‘17t0~~;01’PAR T ICLE ~I Z E  IISTRIBUTIONS (NUMBER/M”3—MM )
TYP5I BULL—ROSE

S I Z E  SCATTE R SI’S CLOU D SIZE P~ ECI P
(MI)) PROBE (H’!) PROBE (MU) PROBE P (119)

3 7 3 . 7
2 9.’4E#137 ‘S 3.68E’OS 402 3.235+03
1~ 1.466+03 47 2 .425405 707 6 ,325 402 ALT (4(11)
6 1.426408 5? 2 .775+05  1013 1. 9 55 + 0 1  7.661
8 1 . 2 3 6 + 0 8  85 1.33(105 1320  2 . 4 8 6 + 0 1 4

10 8 .4 1 6 + 0 7  133 8.~~4 E+04.  1625 0 . TEMP (C)
12 6.296+0 7 126 3 .966+04 1932 0. —29.6
14 5.566+0? 149 2 . 5 8 6 + 0 4  2 2 3 7  0 .
16 3.836+07 1513 2.4.86+04 75..’. 0. OEWP (C)
18 3 .60 (107 1813 2.106+04 281.9 0.
20 2 .17 5 4 0 7  2 10 3 . 8 6 E+ 0 4  3 1 5 5  0.
22 1.?’E# 07 213 7 . 3 5 E + 04  34 62  0 .  T A S  (M/S )
24 1 . € O E+07 251 5.4.86+0’. 3768 0. 116.7
26 1.636+07 ?‘t 6.175+0’. 4973 0.
28 1.”IE+? )7 291 5.085+0’. 4.379 0.
‘0 8.806.136 ‘12 4.786+144 1.686 0.

TOTA L S
L WC 2.’SE— 03 5.666—0 3 6.48E—05 8.BOE—0 3
MED 0 22 116 261 207

T P 4 T E R ! , A L  S T A R T  ‘ 17 109 131.’
PART ICLE S IZ ~ D IST RIBUTIONS ( NU I IB E R/M ” 1— M M)

TY P SI BULL—ROSE

SIZE SCA TT E i~ SI’S CLOUD SI ZE PRECI P
(MU) PROBE (MU) ~coas (FlU) PROBE P (MB)

373.9
2 1.22(108 ‘6 7.37540’. 402 2.TO E +0 3
4 1 .226+05 47 2 .135405 ‘07 3.936+02 AL T (4(M )
6 1.085+03 67 t .05E +05 10 1 1  1.59(101 7.655
8 7 .946+07 83 9.48E+04 1330 0.

1.0 6 .116+07 113 5 5 .716404 16’S 0. TEMP (CD
1.2 4.746+137 123 3.14 (104 1932 0. -29.5
14 3 . 4 7 6 4 0 ?  11.9 6 . 4 5 5 + 0 3  2 2 3 7  0 .
16 3.79(10? 1613 7.97E+1 )3 25 1.4 0. OEWP (C)
18 3.035 +Q7 1313 9.565+03 2849 0.
20 1.405+07 713 2.406404 3155 0.
22 1 . 3 7 5 + 0 7  713 2 . 9 8 6 + 0 4  3 4 6 2  0 .  T A S  ( P 4/ 6 )

74 1.09(107 ?5t 3 . 3 2 5 + 0 4  3 7 6 8  0. 116.7
26 1 . 7 7 6 + 0 7  ?7 1 4 . S O E 0’. ‘.0 71 0.
28 1.0~ E+07 791 3.446+04 4.379 0.
30 7.50 (106 ~12 4.975404 4686 0.

TOTALS
LW C i.?6E-03 4.~~66—03 4 .466— 03 5.646—03
MED fl 2? 121 23 5 202
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A rWL ;xR~ uS STLflY BY A~~ L

FLICk ’ E7 7_ 51 ON 29 OCT 77 30 SECOND A V E R A G I N G
I N T E R V A L  S T A R T  ‘ 17 110* 01’

PA~ ’rCLF 5 T ~~~ 11r~~TRIB U TIONS (NUM ~~ R /M ”3-4P1)T y p E )  B ULL— ROSE

SIZE SCAT TER SI’S CLOU D SIZE PRECIP
(M ’J )  P ROBE (MFJ ) P~ O8E (MU) PROBE P (M B )

374 . 1
2 1.076403 26 2.956+05 4.02 1.776+ 03
4 1.213E I03 4’ 2.045+05 707 2.63 (102 ALT (4(11)
6 1 .165+08 61 t.77E+05 1013 1.306+01 7.653
8 8.466+07 83 7.59E+04 1320 1 .246+00

10 7 .12540 7 1138 5.71E +04 1625 0. TEMP (C)
12 5.385+07 1’8 3.696406 1932  0.  —29. 5
14 6.326+07 11.9 2 .566+01. 2237 0.
16 3 .29E#07 169 3.546+06 254.4 0. DE WP (C)
18 3 . 5 7 E # 0 7  1813 3 . 835+04  2849 0.
2 11 1.996+137 210 7 .726+04 3155 0.
22 1 .816+07 230 6.896+04 3462 0. TAS (M/S)
7). 1.01(107 25 1 5.616+0 ’ .  37 6 8  0. 116. 7
26 1.’ .?E’ 07  271 5 .0 2 5 4 0 4 .  ‘ . 0 7 3  0 .
28 1 .4 2 E + C 7  291 5 . 9 0 6 + 0 1 .  1 . 3 7 9  0 .
30 7 . 7 6 5 4 1 3 6  112 4 .5 96 + 0 ’ .  46 36  0.

TOT AL S
LWC ? . 0 6 F — 1 13 6 . 6 1 5 — 0 3  3 . 0 2 5 — 0 3  5 . 5 6 6 — 0 3
MED 0 2? 11,5 239 130

IN T E R V A L  STA PT ‘l7S tO t ll’
P A RI ICL S SIZ E D ISTRI BUT IONS (NUMBE ~~/M ” 3— M M )

TYPE ) BU LL— R OSE

SIZs SC A TTE4 SIZE CLOUD SIZE ~RECIP
(MU ) PPOB (1113) P~ O9E (p1 w PRO B E P (M B )

3 76 .0
7 1 .705403 ~6 7.955+05 ‘.02 1 .55 6+03
I. t . 4 6~~~ 08 4’ 2 .4 3 ( 105  7 0 7  1 .3 ’ . 6+02  ALT (4 (14 )
5 1 . 3 6 6 + 0 8  5? 2 . 1 4 . 5 + 0 5  1 0 13  1 . 4 2 6 4 0 1  7.654
8 1 . 0 3 5 + 0 3  83 1 .4 9 5 +05  1320 2 . 4 8 6 + 0 0

10 7 . 5 1 5 + 0 ?  1133 7 .56(10 ’ .  1625 0. T EMP (C )
12 5 . 6 2 6 + 0 1  1’6 4 . 5 1 6 + 0 4 .  193 2  0.  — 29 .6
14 4.84.5407 149 7.69540’. 2 2 3 1  0.
16 4 .015+07 1613 5 .165+04 25 1.1. 13. (F EWP ( C )
16 3.11.5 4 0 7  1813 7 . 5 6 6 + 04  2 8 4 9  0 .
20 2 .1 7 E+r ’ ’ 7 114 1 . 1 05 +0 5  3155 0.
2 2 1 . 6 1 6 4 0 7  2S F) 1 . 0 7 5 + 0 5  3 4 6 2  0. l A S  (M/ S)
21 1 . 1 . 0 5 + 0 7  75 1 9.955+0’ . 37 68 0 . 116.6
26 1 .3 2 ~ • 0V  271, 6.755+04 4 0 7 3  0.
26 1 .115+ 01 291 4.106+01. ‘ .319 0.
10 1 . 0 9 5 4 0 7  317 5.?5E+f)4. 46 36 0.

TOT *1.
LW C 2. 166-05 8 .2OE—03 2.566—03 6.326—03

0 22 107 735 101
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A FUL CIRRUS STUDY BY A~~ L

FL IGHT 6 1 1 — 6 1  3M 29 OCT 77 30 SECOND AV ERAGING
IN’~E R V A L  STAR T ‘17)11)01,’

PARTICLE SI 7~ ‘8ISTRIBUTIONS (NUMBER/ M” 3—lP l )
TYPE ? BULL—ROSE

SIZE S C A T T E R  S I T E  CLOUD SIZE ~RECIP
(MU) PRO BE t MUI PRO B E ( M U) PROBE P (MB )

374. 1
2 1 .766+08 ‘6 2 .2 16+05  4 0 2  9.65(10’
4 1.195+08 1.’ 1.07(105 707 2 .8 15+ 0 !  ALT (4 (14 )
6 9 .686+07 67 9.116+0 ’ .  1013 2 .4 8 6 + 0 1  7 .653
8 7. 175+07 38 8 .4 16 + 0 4  1320 2 . 4 8 E + 0 0

10 5 . 2 3 6 + 0 7  1138 ) . . 4 3 E+ 0 4  1625 6 . 5 5 5 — 0 1  TEMP (C )
12 3.24(107 123 3 . 55E +04  1952 0. — 2 9 . 8
1’. 3. ’.4 E+07 11.9 2 .0 1.6 + 04  223 7  0 .
16 2 .4 9640 7  169 2 .S4E+0 ’ .  2544 0. DEWP (C)
18 2 .496+07  189 4 . 3 1 5 6 04  2049 0.
20 1 .OI E+0 7 210 7 .2 1 6 + 9 4  f t 5 5  0.
22 1.11(107 230 6 .8 9 5 + 0 4  3462  0.  T A S  (MIS)
2’ . 7 .77 E40 6  751 5 . 3 5 6 + 0 4  3768  0. 116.6
26 8 . 0 35 +0 6  271 4 .74 (104 6 0 7 3  0.
28 8 . 0 3 6 4 0 6  291 5 .0 9 54 0 ’ .  1.379 0.
30 7. 51(106 312 3 .2 55 + 04  4686 0.

T O T A L S
LW C 1. 4. IE-03 5 . 9 7 E — 0 3  2 . 6 5 6 — 0 3  4 . 9 8 E — 0 3
115 !) fl 22 113 291 1.34.

INTE RVAL S T A R T  ‘17*11)31 ’
PARTICLE SIZE DIST RIBUTIONS (NUMB ER/M” 3 —FlM )

TYPE ? B ULL—RO SE

SIZE SCATTE R SIZE CLOU D SIZE PRECIP
(MU) PPOB E (MI!) PROBE ( MU )  PROBE P ( 118 )

374 .1.
2 1.816+08 26 3 .6 9 54 0 4  4 0 2  3 . 2 1 . 5 + 0 3
I~ 9 . 74 64 07  4’ 1 .175+05 107 8 . 1 T E + 0 2  AL T (4 (P) )
6 6 .5 8 E# 07 67 1 .0 564 0 5  1013 3 . 1 . 26 + 0 1  7 .646
3 4 .1.86+07  88 5 .43E+04  1320 4 . 9 7 6 4 0 0

10 4 .4 8 6 + 0 7  133 3 . 5 1 E+ O4  1625 0. TEMP (C)
12 3.11.6+07 128 1 .50E40 ’ .  1932 0. — 2 9 . 9
II. 2 . 75E +07  1,49 1 .5 1E+0~. 2237  0.
16 2 . 2 0 E4 0 7  169 1 .775603 251.’. . UEW P (C)
18 1.84 E# u ? 189 7 .6 66 + 0 3  2849 0.
20 1 .01 . E407  213 1 .0 5 54 0 3  3155 0.
22 1 .01.6+07 2 3 0  8 .0 5 6 6 0 3  3462 0. lA S  ( M/S )
24 6 .2 2 6 4 0 6  261 3 . 8 3 E+ 0 3  3768 0. 116.5
26 7 . O O E+ 0 6  2’l 4 . 3 1 5 +0 3  4 0 7 1 3  0.
28 6 . 2 7 5 4 0 6  291 4 . 9 3 54 0 3  4379 0.
30 9.07(106 512 5 . 75 6 4 0 3  46 86 0.

TOTAL S
LW C 1 . 2 6 6 — 0 3  9 . 4 6 E— 0 4  7 . 3 7 6 — 0 1  7 .91 E—0 3
1120 0 22 36 272 263

60

-- 

~
—--— -- - 

- ——



AFWL ~ I~ PUS STUD Y BY AF~~L

FLIG HT 577— 61 , ON 29 CC’ 77 30  SECOND A V E RA G I N G
I NTERVAL START ‘17)12)01’

PA RTIC LF 51 7r ~TS TI(IBUTIONS (NUP1~~ R /M ”3-FlP4)
TYP E ? B ULL—ROSE

SUE SC ATYE~ ~~~~ CLOUD 5176 PRECI P
(MU) PROBE (Ml)) PROBE (MU) PROBE p (MB)

374 .6
2 1 .3 1640 8  75 4 . 8 0 5 + 0 5  1 . 0 2  3 . 8 9 6 + 0 3
4 1.4.1 (408 4’ 2 . 7 2 5 + 0 5  70 1  3 . 3 16 + 0 7  ALT (4(11)
6 1 . 14 5 + 0 3  67 1 . 7 8 6 + 0 5  1 0 1 1 3  1 . 1 3 6 + 0 1  7 .6 4 ?
8 9. 2 3 6 + 0 1  88 1.09(105 1320 0 .

10 F . 97 E+131  10 8  1 .38 E+ 0 ’ . 16’S 0 . T EMP ( C )
12 5 . 16 6 + 0 7  123 4 . 1 0 6 4 0 4  193?  0. -7 9 .9
14 4 . 5 4 6 4 0 1  14.9 2 . 0~~E + 0 4  2 2 3 7  0.
16 3 . 0 8 6 + 0 7  16~ j •~~j E + )~4 p 5 4 4  0. D EWP ( C )
18 3.1.56.07 189 1.156.01. 281.9 0.
20 i. 56E . f l7  7 1)  1 .45L+ O ) ,  3 1 5 5  0 .
22 1 . 17 6 + 0 1  23 13 3 .6 8 5 . 0 1 .  3 4 5 2  0. TA S (M.fS)
24 1.1135 .0? 7ct 4.’45+04. 1758 0. 116.1
76 1 .066+07 771 5.895.01. 4073 0.
28 1 . 0 66 +0 1  213 1 5 . 9 0 5 .0 1 .  4 3 19  0.
30 9.II E+fl6 31 ,7 3.545+04 4635 II.

TOTA L S
LW ~ 1. 9 16— 13 5 5.r R E — 0 3  6.1 4. E — O 3  6 .1 1 5 — 0 3
ME D fl 72 1’fl 710 181

I N T r R V A L  S T A R T  ‘ 1 7 1 1 7 S 1 1 ’
PARY I~~LE I7~ ~~~ TQIBUT~~ONS (N’JMBE (/M’’i—~lMD

TYP TT I

~ IZE ~C A T1 E~ ‘I7 ~ ~1O Ufl ~I 7L D R E S IP
(MU) 6R 035 (11’)) PRO95 (MU PROBF ~ ( N P )

3 7 4 . . 7
7 2 .54.5+03 ‘6 1.6’~F .0l. 40 2 7.841+0’
4 7 .816+07 4.1 5.83~~’01. 107 5.2 1 401 ~~*.

T (4 ( 1 1 )
S 5 .1SE .O~ 5’ 7 . 7~~~~. 0 4 .  101 1 0. ? .1 4 0

~ 1.9i~ .07 33 ~~~~~~~~ 132 13 n.
10 1.666+07 118 1.485+04 1625 0. YE M ! (C)
12 2.395+01 123 1.78i~+04 1- ~ 3’ 0. —29.9
14 2.596407 1413 1.4.0E.13’. 2257 0.
16 1.765,07 1613 1.6135+144 ‘54 ’. fl . flE W~’ (C)
18 1.405+01 13) 1.13 .04 2849 0.
20 8.045+06 710 3.I4E.04 3155 0.
22 7. 265+06 2113 2 . 8 8 6 + 0 4  145?  0.  T A S  ( M/S )
24 5 .191+06 751 3 .966.01. 3768 0. 116.5
26 6 .435+05 2’t 4.4.St+ O4 4 1 3 7 1 3  1).
28 4.4.15406 291 1..11~~.04 4.379 ~.
30 13.375+06 3? - ? 5. fl T r i 4 O ’. 4636 fl .

TOT AL
LWC 8.96E—0 ’. 4.18E—03 i.36L— 0’. 1.1395—03
P42(3 () 21 119 ~OU 1133

h 1
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A FWL CIRRUS STUD Y BY A~~ L

FL IGHT 6 7 7 — 5 1  ON 29 OCT 77 30 S~~CONO A V E R A G I N G
IN’ER VA L START ‘17)13*01’

pAR r ICLE ~IZ ~ DISTRIBUTIONS (NUMBE(/M”13-lPl)
T Y P E )  BULL—ROSE

S I? E S C A T T E R  S I’S CLOUD SIZE PRECIP
(MU) FR OB E (PlO) PR OBE (MU) PROBE P (MB )

374.8
2 4 . .4 1 E 4 0 8  ‘5 0. ‘. 0 2  4 . 2 4 E + 0 2
I. 3.036+07 4.7 2.91(104 107 4 . 7 2 5 4 0 1  ALT (4 ( M)
6 1.566~~13 7 67 9 . 12 6 + 0 3  1013 0. 7 .640
8 1 . 74 E + 0 7  88 1 .3 6 E4 0 4  1320  0 .

10 8.026+06 108 3.696+03 1625 0. TEMP (C)
12 4.931+06 1,28 4 .1 0E+03 1952 0. —29.9
14 6.775+06 11.9 1 .086403 2237 0.
16 5 .1 .46+06  16 9 8 . 8 8 E # 0 2  254. ’. 0. OCWP (C)
18 4 .67(106 18 9 9.196602 20 4.9 0.
20 2 .596+06  210 3 . 1 4 6 + 0 3  3155 0.
22 2 . 0 7 6 4 0 6  230 2 . 3 0 5 + 0 3  3462  0. l A S  (11/5)
~l, 2 .076406 261 0. 3768 0. 116.5
26 ? .3T5406 771 8.63E+03 4073 0.
28 1.306406 291 3 .296+03 1.379 0.
130 2.076+06 512 5.756+03 4686 0.

TOTAL S
L WC 3.13t-04 5.105—04 5 .9?E—0-1. 7.21E—0 4
MED 0 23 122 216 194.

INTERVA L START ‘17*13)31’
PARTICLE ~IZS 9ISTRIBUTIONS (MUPIBER/M”3—MM)

TYPE? BULL—ROSE

SIZE S C A T T E R  SIZE CLOUD SIZE PRECIP
(MU) PROBE (MU) PROBE (MU) PROBE P (MB)

374.5
2 4 . 0 2 5 + 0 6  26 3 .69E.04 4 0 2  9 . 64 . 5 +0 ?
4 3 .7 6 6 +07 4~ 2 . 9 1 54 0 1 .  7 0 7  2,27(102 ALT (4(P))
S ?.80E4117 67 5.01(604 1013 3.545+00 7 .64.4
8 1.97(107 83 1.636+0). 1320 6 .216—01

10 1.5364 01 103 3.59E+03 1525 0. TEMP (C)
12 1.435+07 123 5.1.15+03 191? 0. —30.0
14 1.065.0? 1413 2.156 .-Ol 2237 0.
16 6.746+06 169 0. 254’. 0. DEW P (C)
1 3 7.526+06 189 0. 2849 0.
20 4.5?E+ 05 711 2 .096+03 3155 0.
22 2.3 354135 210 0. 3462 0. lAS (M/S)
2’. 7 .85 5+ 0 5  251 2 .5 6 6 +0 3  3768 0. 116.5
26 2.85(106 2~ 1 0. 4 0 7 3  0.
‘8 2 . 8 5 5 + 0 6  2 131 0. 1.379 0.
30 1.815+06 11’ 1.926 +03  4636 0.

TOTALS
LWC 4.466-04 2.195—04. 2.006—01 2.136—03
MED 0 22 72 262 254

_________- - - r - 
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A~ WL CIR RUS STUD Y BY AF~~L

PLIGH T E T7— 5 1 ON 29 OCT 77 30 SECOND A V E R A G I N G
I N T E RV A L  S T A R T  ‘ 17* 14 )01 ’

pAR TI CLE SI7~ ‘SIS TR IBUT IONS (NUM ~~ R /M ~ ’3—1Pfl
T YPE ? BULL—ROSE

SIZE SCA T TER SI’E CLOUD SIZE PRECI P
(MU) FR O B (MU) PROB S (MU) PROBE P (MB )

374 .3
2 2 .536408 75 1.116+05 4.02 2.33E~~03
4 7 .546 + 07  47 1 . 17 E+ 0 5  7 0 7  i . 7 8 F + 0 3  A L T  (4 ( 11 )
6 6. 275+0 7 67 8 . 7 0 6 4 0 4  1013 1 . 0 8 6 + 0 ’  7 .61.9
8 4.986+0 1 88 4.S1E+04. 1320 1.80E401

10 3.946407 1138 2.77E#04 1625 1 .316+0 13 TEMP (C)
12 2.845+07 123 2.60(101. 195 2 7 .085 + 00 — 30.0
14 ?.?8E+07 11.13 1 .?9E+04 2237 1.l.8E+ 00
16 1 .926407 159 1.336+04 2544 0. DEWP (C)
18 1.895 +07 189 3 .83E+03 2849 0.
20 9 .596 +06  710 1 . 0 4 E + ~1 3 3 3155  0.
22 6 .2 2 6 + 0 6  230 4 . 6 0 6 + 0 3  3462 0. T A S  ( M/S )
26 8.55(106 251 0. 376 8  0. 116. 6
26 5 . 1 8 5 4 0 6  271 1 . 4 4 E+ 0 3  4 0 7 3  0 .
28 5.70E+05 291 3 .286+03 4.379 0.
30 5.966406 31? 0. 4686  0.

TOT A L S
LW C 1 .O TE—03 6.306—04 1 .31 5—0 ? 1 .3?E— 02
M E PO fl 22 67 314. 310

INTE RVAL START ‘17I14t 31 ~
PARTICLE ~IZE D I STR IBUTIONS (NUPIBER.’Pl ”3— MM )

T Y P E )  l ULL — ROSE

SIZE S C A T T E R  SIZE CL DU~ S IZE  PRECIP
(MU) PROBE (Ml)) PR OBE (MU) PROBE P (MB)

3 74 . 2
2 3.6’.E#08 26 3 .695+04 402 2 .696+05
4 6.176+07 4’ 8.746401. 707 6.49(102 ALT (4(M)
S 5 . I I E4O?  57 5.92E40’. 1013 t . 8 9 E4 0 t  7 .650
8 4 .5 4 5 4 0 7  33 3 .53 E~~0 4  1320  1 3 . 1 1 5 + 0 1 3

10 3.39(1137 1)3 7.40E+0). 1625 0. TEMP (C)
12 2 .70 54 0 1  128 9.576403 1932 0. — 13 0.0
14 2.056407 1413 1 . O B E + 0 4  2237  0.
16 1 .685+07 169 2.665+03 254’. 0. DEWP (C)
18 1.63(107 189 2 . 8 7 6 + 0 3  2 84 9  0.
2 0 1 .195+07 210 1.146+03 3155 13 .
22 6 .71 .54 06 2513 0. 346?  0. T A S  (11/5)
24 7.266+06 251 1.28E+ 05 3768 0. 116 .5
26 4 .66 6 +0 6  271 0. 4 0 7 3  0.
28 5. 7054 06 291 9 .85 E+03  4379 0.
30 6 . 7 1 .5+13 6  312 9 . 5 86 + 0 3  4686 0.

T O T A L S
LWC 1 .055— 03 8.I7E—04 5.81 E—0 5 6.115—03
MED 0 2’ 125 267 260
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AFW L CIR RUS STUDY BY AF ;(.

FLIGHT ~~~~T—5j DH 29 OCT 77 3 13  S~~CO N r) AV r~~4;rNG
I ’ITrRVAL ~TA RT ‘17)15(01’PAR r I C L E  ~ I 7 ~ 1T~~TRII3UT ILN . (NU,l3E~~/1’’3—MPl )

~ YP 1 t BU LL— R OSE

S IZE ~CAT T :~ ~I’E SL000 5176  PRECIP
(MU) FR O B E (H’)) PROBE (MU ) PR O OS P (MB)

374.1
2 6 .00( 1114 8 ‘6 0. ‘ . 0 ?  5.505+0’
4 3.376+07 4’ 3 .885+04 107 3.0 3 64 01 AL ’ (4(11,
6 1.8154137 6, 1.8?6 .04 1 ,131 , ! 6 .13 0 5—01 7.65?
8 1.1.86.07 38 1 .905+04 1320  0.

10 0.4.55.07 1135 5 . S I E + 0 3  1625 0. TEMP (C)
12 1.C 9E #01 128 5. 10 6+03 1932 0. —79.9
II. 8 .133E4 06 11.9 7.15(10’ 2 2 3 7  0.
16 5.966400 I~~13 ~.87E sD2 2544 0. fIEW P (C)
18 7.25 (106 1813 0. 28l.-~ 0.
?0 2 .855406 ‘10 2 .095 .013 3155 0.
22 2 .076+05 23 13 1.15 6+03 3’.o? 0. TAS (M/S)
21. 4.40 (1135 ~‘1 3.83 6+03 137 68 13 . 116.6
26 2.336+06 2’l 1 .446+03 4073 

~
.

28 2.3354136 291 0. 4.379 0.
TO l.81F~ 0& ~~ 2 7 . & 6 E + 0 3  4.6 86 0.

TOTALS
LWC 4.065—04. 4.1’.E—04 5.34 E—13 l. 7.586—04
MED 0 73 132 1~ 7 180

INTE RV AL START ‘17)15*11’
PA RT IC LE SI7~ ‘S IST R IBUT IONS (N’J’IB(R/M” 3—MM)

TYPE? BULL—ROSE

SIZE SCATTER SI’S CLOUD SITE PREC I~
(MU ) PROBE IMU ) PROBE (MU) PROBE p (119)

373 .7
2 9 . 4 6 6 + 0 8  ‘6 0. 4 0 2  0.
4 2 .3361-OS 4.’ 0. 107 0. A L ’ (4(11)
6 2 .855406 6’ 0. 1013 0. 7.659
8 2.336+06 88 0. 1320 0.

10 1.046+05 108 0. 1675 0. TEMP (C)
12 1.295406 123 13. 1932 13 . —30.1
1). 1.01.6406 1’.’) 0. 22 3? 0.
16 1.IOE+06 1613 0. 2544 0. OEWP (C)
18 1.555406 189 0. 2o 1,9 0.
20 7 .7 75 + 1 3 5  210 0. 3155 0.
22 5.186405 230 0. 3462 0. TAS (M/S)
~ S. ?.595s- 05 751, 0. 3768 0. 116.6
26 7 . 7 7 6 # 0 5  271 0 .  4 . 0 7 3  0.
28 2 . 5 9 6 4 0 5  291 0. 4 . 379  0 .
30 2 .59(105 13 1 2 0 . 4 686  13 .

T O T A L S
INC 7.505-05 0. 0. 0.
M6O ~~ 20 0 0 0
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AFW L IRP’JS STUDY BY 4 F, L

rL~~~1r 677- 1 ~~ 2~ OCT 77 30 ;:coND AV ERA SING
I N ’ E R V A L  S T A R T  ‘ 1 7* 1 6 * 1 3 1 ’

P A R I I C L F  ‘I7 ~ )I ST P IB U T IONS (NUMBE ~~/M ” 3— l M I
TYPE? BULL—RO SE

SIZE S C A t T 5~ SI’~ CLOUD SIZE PRECIP
(Ml)) FPO P~ (MU ) D - S B 6  (MU) PROBE P (MB)

374 .2
2 8 . 2 6 5 4 0 8  ~5 13.~~9 E + 0 4  4 . 0 2 5.37E~~f)1,
4. 4 .4135+ 0 6 4’ 0. 707 0. ALT (4(M)
6 1.62F4~ 6 67 13. 101. 3 0. 7.650
8 2 .33E .06 88 0. 1320 0.

10 13.1 1 6 +13 6 1141 13. 2 lc. #0! 1625 0. TEMP (C)
12 1.13136 405 123 1 , . 1 37 r . O 1  193 ? 0. —30.4
14 1.0I.E+06 149 4.’tE+ 03 223 7 0.
IS 1. S6C~~06 153 13. 2544 0. DEWP (C)
18 0 .  139 0. 20s9 0.
20 7.7 8E+fl 5 21) 1. 3155 0 .

22 0. 2 33 0. 3L.62 0. lAS (M/S)
74. 7.~~8t,05 751 7. 3751 0. 116.1.
76 1.04F#06 771 0. 4073 0.

~ B 2 .596+05 23t ~. 4 3 7 9  0.
3fl 7 .7~~~+ fl5 131~ 7 .  4686 0.

T O T A L S
L W . 8 .935—05 4 • r 13 — 1 3 5  6 . 7 3 5 - 1 3 ’  4 . 5 8 6 — 0 5
MED 0 25 St  176 613

IH~~ RV A L START ‘17*16 (31’
c - A R T i C L E ~ I 7 E  IISTiRIB UTION S ( N U M 9 E i R / M ” 3— I~1

T Y P E ? BULL—ROSE

SIZE SCA1TE ~ SI’E CLOUD 5I7~ ~RECI P
(M ’i) FR Q BE (MI) PROBE ( M I ) )  PROBE P (MB)

374.3
7 t.1’F#09 ‘0 0. 4.02 0.
4 4 . 6 7 5 + 0 6  (~7 0.  7 0 7  0.  A L T  (4(H)
S 2 .113(106 67 0. 1 0 1 3  0.  7 .64 9
8 5.196405 88 0. 1320 0.

11 ?.8 6E+fl6 103 1. 1625 13. TEMP (C)
12 5.195+ 05 128 0. 1932 0.  — 30.5
14. 2.596*135 fI~ 13 0. 2237 0.
16 1 .3 0 6+13 6 169 0. 2544. 0. IDEW P (C)
18 1.C4E #06 18) 0. 2 8 4 . 9  0 .
20 0. 2113 0. 3155 0.
22 7.595+05 210 0. 346? 0. lAS (M/’ I
‘4 2.596+05 ?~ 1 0. 3168 0. 116.4
26 0. ,“I 0. 4073 0.
28 0 .  291 0. 43 79  0.
30 7.595+05 13 12 0. 4686 0.

T O T A L S
LWC 4. 11 6—05 0. 0. 0.
MED D 16 0 0

65

- . - - 
‘- 

•r—



Appendix B
Data for Lonu-Peruod Averages

I’MS 1 — I )  i r i r f c c i l t i ~ nf a v Pr:clu c ir rus  H t : c  ur ,~ c r v I r i ~
c f i r  c r U r - .- i l s c r c  gI - c - r i

rI t h i s  uppr rv l ix . TI c - I c r -  i c c ’ l ~ s c - I c -  fc- I ,~ c - r c  c r r r - : c r i I j  c f  f l c j  c l f c r -  r ’ i c - r c i c

f , c  t I i c -  ç c O c f f c ’ ’ l  - I~c l - c  i i i  I i~~ i r r - ’ -  I S c -  xh ic lr is h c ’ I r c - : c l f c c  h~ ri g c - r t c - r ; c l  c I r c c - r c - c f l t

vir-r i l i l i t ,’ r , r i ’ I i t i ( c r i . 4 r i  iii c : c i r ’  r~c 1f . ~
— c r c c - c ’ i f  i i  i l l - , Ii ’ - hi1_~}s’ r- : c c ; c k  — ‘ c  I I i ’  ~cr r c - i 1 c i t c —

f r ’ c r i  c r c c h c  ‘~‘J( ( r l r V ’ ’  c - ~~ i - i - - c i i i t j r c ps ‘.~ 1( 11 ‘jj~~i )i i lii , Irccri i  i l i c  : c i r c r - c Ii w ;c s  - c - I  c - c - I

s t

I ’ c - : c k s  ri f hc  i r - c - , - i r c i t ; c l r c c r i  r u t s-  f W ( ’  1du t  c r c  r c t c r c s c - r i l c ’ l  in l~c -  r r - - f f u r ’ - ’ -  1 — l i

:c /c r~ c~~’ i-i r,~- ic  O c j l nw j c i i :

A v c - r - i c i ’ r f l L ’  I0r i r) d i’ , ’ I f l f l i l l L ’  At

240  SPc 1~~S4:1)1 68

300 - c c  170 1:01

420  - - c ’ -  1707:0 1

c w c r- v a l i i c s c c l  r c - c - i i c l f I c f r c c r l  I W I ’ during ? 5 c  li i ~}i t a r -  lnn n’l in Ilu c c I 1 r c ~~ r r i g

rc t r -  rv:c S

1 81) - - c - c  1657 :01

1 - i f )  sri- 1706 : 1)1 1)

r1o s -. -  17 12 :0 1 c i )

1 c i ’i  c r i r i f ’ c r i f ’  i c )  I c c r i ~~c r  ‘‘r n : cvc ’ r : l i’ r s  ~hirh in u r I c ’  br i t ir high ; c r c c j  low I

‘ i c  In c-s :c r’-:

i ooo ~c -  1 0 S f  :01 I I
-

— 
7 2 0  - c c  1702 :01 7 1

~~~~~~~~~~~~~~~~~~~~~~ D 

-

~~~~~~~~ 

- -
~~~

i — ---.-- -----____ 
_ _  

1’ ~~~~~~~~~~~~.. -~ 1e—.~~~— -- .. ,‘

_ _ _ _  

, - -  - --- - -  - 4—- - -



Z’HTS PA~~~ T.’
~ Pr’ --

-~~(4M ~~~ ~~ ‘ . ‘ T Q ’r ! , c ! T ’ f  
~~~~~~~~t - -c i  c- . j-

~~ L)L)Q ~~~~~~~~~~ ~ 
‘ ‘ - —2

Ar’ W L, S I~~PI)S SIiJ IY c~y A r ;~

FLI(INI 571—51 OcI 7’13 OCT 77 240 SiCONO A V E R A c IN G
T c 1~~~’YA L  ‘~TAP t ‘16754101 ’

F A R I I ’ L F  ~I7~ “tIST ~~IPiJTIONS (NU1~r7fM’’ 13— M M)
~~ ‘cp r ~~ B t i t ~~~—~~~ ’i5

-3-TI! -~~~~TTfp —- - -- --~~y7’ - -
~~t-O~ffi 

- 
~L 7f ~~ f

-’C!’- - - -

(Mi))  PP0 B~ ( H c f l  ~‘RO~1E ( MU )  P~~OD F  P ( M B )
3? 13 • 2

7 6.425*07 75 ? . f l I L +f ) S 4.00 ?.3SE+0~’
11 8.5~?’~t7 ~.r ~.5~~~en5 706 ‘.4.5E ’fJci ALT (1Q40
S 7 • 4 . ?t ~~~ 17 57  1.~~’~~4(~5 ~01i Ci. 7.669

- ——--—--
~~~~

-- 5 •130 V#~ 7 i” - t o l ~~E ’O5 IlIb 13.
10 4 .37( 11)7 1’1413 9.3t 4’J 4 t6?~ 13. TEMP (~~)

1’ 3.2?f ftF 1’8 8. ’lS 4 f l t s 1977 0. ‘—30.5
14 2. ’051-0T 1413  13~~7 ’~~ + Q ~ 22313 0.
t~~ t . # 5~ ’-9? 1~~9 1. fl1~~4f l~ 2 5 138 0. FROSTPOIP4T
t~~ 1 . 4 2 14 1 ) 7  131 I:1 r,:~~oS 7843 0.

—-—--!i --———e-~ frccf”--f7~~ .~ * 1~~~ -~~~+ 0 c  1t .,~ ~~. 
-

22  5.51( 11)5 7131 9.I,5~ +t) l, 3(4 5 4 4 0. TAS (M/S)
‘c~ 3.76~~’18 751 6 . 4 9E ’0 4  137 . 1) 1. 116.5
25 5.505+05 771, 4.’’.’~404 1,065 0.
‘8 4 . . ? 1 . F + 1 3 6  2313 ‘.‘I~~’0t. 4 . 1 3 7 1 3  13.
‘ P  4.77F +~~ ‘ It  7•5~4~ 413~ 4~~76 ) •

- — — — - -  - - - r o TAL ~
LW, 9 . 2 7 1 — 1 3 4  7.”5~ — U ’ 2.20 E— f I 4. 4.655— 03
Mtf} t 21 ~~ 9 108

AF~1L C I~~~U~ ‘~,T tYl ’v 3~ AF O L

Fi JI~’-$ T ~~P ? — 5 1  J~ 2 3  ~‘T PT 300 S , ’)N ’) ~ J~ - ‘fl ”I N(’
~~u r ? 1 ‘L  ~ ‘~~ T ‘ i7 ’o t ,o i ’

)— A - r Ct 6 ~ 17~ 
•“ i’ I ~ I .~ J ~ I Lc N~~c I ‘~~; i i / “~ ‘‘ - 1’i~~ I —~~~~~~~~~~~ -~~~~~~~~ — —-  - - f y i ~-

‘.. 7i  S , A I I  Q S~~’ Si GUi Si 7~ P,. 5
( ‘ i ) )  p , . ~~~ c f ’ ~ I) c’ i jj i  ( 1 0 ,  .“ ‘ , j i l 1’ (‘III

13 71. -
~

7 1.1 ~ ‘, ~~~~~~~~~~ .)0 ‘3. ~~‘ 4 ’ ) ?

i, j •~~~~ • ~~~~~~~~~~ ‘ . 7 - 2 .41 : 4 15  P i fc P .55 4.~1 A L T  (4(c- 1 )
S -~ . ?5 , . 4 P c 7  ? . t’ .~~4 I J 5  t i l l  ~~~~~ I 4-i l 7.535
5 7 .4 ~~

”4 ’ i F  ‘‘ L .-~~:41: . I ’d ,  i. ’—. ’ — ~~t
li ~.6’ 

( lii 1.1 P ,. . J 5  1c !,! - . 15414’ ( 5 )

~~~~~ ‘..2 I : ’~ P 1!3 1.12:’oS j~~~~? 7  0. — ‘I.?
j c, 3 . Q ~~-~~~ 7 1. j • ( j  - s i t ~, ~~~3 ;  p
j
~~ 

1 57” ~~~ ‘4 . c j + ~~ c , ?~~~‘
- i I ) .

., Ii ? . , P + ‘ 7  1 ~ ~.?13 .0c. ~, ‘.13 (,.
2 1  1 ~~~~~~~~~~~~~ 4 1.1 i~ ê Q l , I i .  0 .

‘‘ 1 .1 ‘~~~,7 2 ~) 7 . i _ e Q  3~~~~
c i , . l A S  (M/ S)

~~~) 5~ )
~~~~~ L~’ 3753 -‘1. 116 .’i

iic • 25 ‘36  7 ‘1 4 . ? ~~
-,. + 1)1. . 1  ‘-c ’ I

- 
“ 4 1  7 . l c  •1~ • ‘~~~~c c “ .

~J 7 • I~c,r~~~ 5 ~~~ 3~~~’ 7 - s , c , 45 7 0
IOYAL S

~s . 1 . 5 I  • c l  p~~ c c , _ r
~ ’ 1 . I P — l I  5 . 3 0 1 — 1 4 ’

l~~~) 0 — 
31 88

4)8



TI3TS PAGE IS BEST Qu- 1r ITY ‘ 1 C ~~~ 1 Cc ~~ -~~~~-

FR)0i4 C Ur ~~ 1i Ui.~ c 1j t ~~~ 1i~
) 

~~~~~ ,__—

A FWL ~IiRRUS STUD Y BY A~~ L

FL IGI I r El 7—5 1 ‘)‘4 29 3CT 77 4 . Z S  Sj CONO AVERAGING
- — - - ——-—- - - - -- - -—-  I ~~~~~~~~~~~~~~~~~~~~~~~ 4 It’

P A R F I C L E  SI7~ I0IS T~ IB UTIO F4S (NIJ~lBE~~/M”3—MPl)
- - -~~~~~~— - -— - - - - - — ~~~~~~~~~~~~~~~~~~ - - -

SIZE ECA TT5~ g1 75 CLOUD ~I7& P)~~CIP --______

(MU) PRO3 E (Ml)) PROBE (MU) PROBE P (MB)
--— - - —- —  - ——~~~~~ -- --  -  -- - 

~~7k.0

2 1.816408 25 2 .775405 400 1.68(103
- --- —4—- —t. 11F403 - -- ‘.-7 t -.-~ 4€+G~~ —-104 - 2.4~ €44 2 AU (XM ’

6 9.21(107 57 1 .546405 lU ll 1.486+01 1.654
I 7 . 1 0E 4 0 7  4’ — ‘~,.9~sj + 0’t 1I14.—4-.-3.U. 3~ .0- - --—-— - . -

10 5 .405+07 1143 6.335+13g . 1622 4.b 95—0? TEMP (C)
- -12- 4-.G4€ #-~1 1-~!4 4-.77~ *44 1977 0. -29.4
14 3 .45E+07 1 (43 3.236+0 44 2233 0.

-—-- --46 2-.6~€ .G7 141 - &. 2 &E + 04. 25;e 0. F) OSTPOINT
18 2.606*07 1313  3.81(10?. 2343 0.
20 i . 4 I E.0 7 ’ —--?43-———4-.-1464-04--- - - 31-49-----0. —--  - -  - - - -  -

?2 1.205+97 730 5 .015+04 34.54 0. lAS (M /S)
—?-. - — 1.016+0? 740 ~..1356-#04 13740 0. 116.6

26 1.04.L4~~7 271 4 .116+04 4065 0.
- - - --3-s- - - - ‘9.645+04 2313 4.45E+04 4370 0.

30 ~ .1~0E #1) Sc 13 11 2 .79E404 4676 0.
— -_ _ _ _ _  — —-  -~~~ - - - - - -  - T OTAL S

LW C 1.625—03 4.985—03 1. 04 5— 013 5.15 6—03
-- 2-? - — — 11-6 249 151

AFi4L ~II~RI)S STUOY BY A F L

FLIG HI ~~~~~~ 1’) “13 O C T  77 180 S :C O Nf l  A v ~~1A6ING 
—— - — j  ~4t ~~

.7 V A ~ ~T 3 R T  ‘ 16* 57 * 01’ —
P A R Y T C _~ ~ I 7 5  “ ) r ; 1- U 3 ’ J T I O N S  (r ~f JM ~ E~~/ M ’ ’ 3 — M M

______ _____ — -  - - ~ y Q ç ,  ~~~~~~~~~~~~ - -  -

- - ~&ATT ~~ - - -  - S I7 ~ OL0043 51 7E “s~c-CtP
( 4 1 1 1 )  F R OP ( u c J )  °~ o1E ( 1 ’ J )  PROIF P ( M B)
- - - 373.2

7 1.55 (1138 ‘6 4.€’?’405 41 10 ?•fl4P+Q?
- ~~i- 3,-155+- )~5 706- 4.4.26400 AL T 4 K M )

5 5• 74~~~0-~ c ’ ?.- ‘3-~40’5 1011 0. 7.669
— c~ - 4,716447 - -— - -~~~~ - 1. ,,1~~4-nS 1314 3.

11 1.?’)~~~07 1 )~ 1.2 45+06 1622 0. TEMP (C)
13 ? - -2- .5’3~E-+--t17 a “

~ 13 .1  0(10~ 13’P 13, —30. 8
144 1.S4FI’47 1 4 )  9.7)F +0t. “‘133 1).

- 1 ,5  4 -4 #47 14~ - _ J1.~ -745+P14~
_ 254$ - 0. FR O STPO~NT

1’l 1.l7t4 ”7 1 3 1  5. i.35+Q4 2841 0.
- 7 . 2 2 6 4 4 6  7 - 3 - 3  5 . 7 3 E + 0 4. 314.9 0.

7? 6.14rs06 ‘~ 1 5.-,1~ + 04, 34~544 0. TAS (M/S )
71,- -5,6 3 f +) c, 2~4 -3 3.~~~

7
~~+04. 3764) 0. 116.5

25 5.~~5 , ’0 6  “‘1 7 .F~~~~+f ) 44 4065 4 ,
— -4.494.444 - -‘  — --7-91---- - -2 .--) 6 F #0.44 - - - -‘ .s.-3 70 - 1 3 .  - -

III 4..06i’-5 ‘it 1.635+04 ‘+67S P.
- — - - T O T A L S

L U C  3~~ 3 135 . .f l (4  r; .lflr f l 3  1 . 1 3 7 1 — 0 ’. 3 . 9 8 5— 0 3
41-5-9 - 0 .  11

l i f t

—— 
- 

‘1 — ‘
~~~ 

-



THIS PAGE IS BEST ,~~~A L I T 1  i i -~A. IICA~~~~
?RGM ~~ PY FUb~3LSk-i~~) To L~DQ .,... ,..—

A~~4L SI ’~~U C sr i rn v -ly  AFIL

FLIG HT 577— 01 3) ~~~~ 
‘IL l  17 l~~ O S~~ ..i’1U A V 5 ~~A GING

p 14,r ~~?t / 8 L  ‘T4’c T ‘17t )j5tl)1’
F-A ~c~~ i~~i_ F •

~I1~ 1 4 I 1~~ 1J l i T Iu N’. (~4 I J M - 3 E i ~~/ M ’ ’ 3— 1M)
— IYPE , BIJL L— ’O S F

—5- LI E —Sf ~~~-4--e’-~
--  — si:~ s -~5Ltt’lIt S i ? r  PR~~CIP

(41 ! ) )  IP U J 5  ( M I )  P~’U1E ( ‘ 111) PROc3 E P (140)
— - - - 372.9

2 1.4~c F I 0 1  7 ) ~ .6 d ~~4 0 5  ..313 7 .1.51+9’
-4 -  1.~~.3I#~-8 417 3.27~ +Q5 705 6.701+01 ALT (1(M)
5 9.30E+07 5’ 3.16~ 405 1011 l.’.TE4II 7.675

—--— ‘, ff~~5r~fi7-—---- - -~ 37~ —~,,4)~ 64~fJ5  —1331 b - 0. - - - -  -

10 6 . 3 ’ 1 E # 0 7  1,13 1.75:405 1.622 0. TEMP (C)
—1-2-- -- 

~ .15E~
ft? t”13 1, 5 5E + 0 5  19?7 0. —28.8

14 4 .265si) 7 143 1.32E 405 22 33 0.
if t  3o31~ 4-&? 15~ 1,15:405 75341 ‘1. FROSTPOINT
111 3.555+07 In 8.T~~~+04 2o43 0.
79 - -?-~-04E+-0-#— 

— 243+— -*~-7 2€-’1}4 3149 43, - -- -

?7 1 .7111 + 07 711) 6.91E+11 4 1345’. 0. TAS (M/S)
- 1.55~#1IT 25)3 4 . 6 5 5 + 04  3760 0. 117.0

26 1.63E+07 2~~1 3 . l9~~+ r ) 4 4 + 0 1 , 5  0.
241 13~~40~ 4f~7 P~~1 2,3135+0’ ‘.370 0.
ic) 1.81(1~~7 ‘11 1.67~~+0’. 4576 C .

___________ - --— - —-- - --  - .  - — — -  - TOTALS
LW~ 2.4)~F Q 3  6 .b lF—03 9.5o1—Uc . 5.575 03

90 .?132 82

— 4~~’4L GI~~~US STI JB Y 9, A F L

——--—---- -f-t -1-4t4 l - - E -1 ? --~’4- -4’4 - -  -7.~ 4~{6-f - - 7-7 - -----443- S~~~O -*-V-~~~~~I++6 
ItJT 5-4 t~A L  ~ T 4 P T  ‘174 1? *0 1’

PAP 1~~Ct , f cT 7d1 - ‘~T 5 Y ~~i -c3T 1ONS 13MUMBE~~/M” 3—M4 )
TY PE * 3U L L— ~ OSF

SI7E S CA T TE r ST ’ CLOUD 5171 PRE C IP
—(-441ft I-PUB~~--- -——-- -f-’4 -tt - - - - - ~~-t~3f-—-- - 1-t$4tt- -- ’ P~~O~~~—--— -— ---P--(-t48-0----

374 . 1
7 - I • ~ iF-*- fl-fl ~~, 2.- 5 ‘$€ 4-U ~)- - 4. 138 2. 13 ~.f #8-i- - -

4 1.105+1)8 4’ 1.55~ +Cc 7i1 6 1.926+02 ALT (1(14)
~ a -?41€+-~

-
~

- - - 6’ 1.0 3’E+05 ‘1011 5. f-+~1-~0
13 6 . 57 5 + ~~7 3~ 7.2F+04 1316 0.

1-0 - —  5.~~1c.4l}1 —fi’3— —~4.--o**,-~#fl*~--~~- 16~~7 0. TEMP (C)
12 3,77 (117 1213 2.95~~+04 1.-9 77 0. —2 9.9

— ---‘1-4--- - -5’6E+-8* - - -13*8-- --- t i~~ 3E+-9*- - - 2~~133 —-U-+ — -- -- —- --- 

16 2 . ’ . ? Fs n 7  1 51  1.bfl~~’0~. 25 38 0. FROSTPOINT
- 2~~4?t#&F t’139 - I • ~—# 43 1, ---f’6--k3 -- 0-. - -

~~~~~~ 
-

20 1 .186407 719 2 .305+ 04 314-9 0.
t7 ~~~-+-*6f#fl’fr ’ - - - ‘! t—

~~~~~~~~~~~~~ ’~~~~~~~~ - ! * ~~~~~ 
- - -—

~~~
-.

— - - - - — - - -  T*’31 t~~~~~~~~ I~~
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