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A I~STRACT

Cont i nued measurements of condensation nuclei (CN) i n the size range

r > 0.01 ~Hn by ba l loon-borne  dOtectors  have thus far  a l lowed us to determine

typical  CN prof i les  as a funct ion of l a t i tude .  We have also ana lyzed  an

observed high a l t i t u d e  je t  pa r t i c l e  layer to s tudy the emissions and apply

the resu l t s  to other a i rcraf t  f l ee t s .  The la rger  pa r t i c l e s  (r > 0 .1 5  pm)

in the  s t ra tospher ic  s u l f a t e  layer have conti iiuec l to decrease , althoug h

some t ransport  effects  have been apparent .
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I >~TRODUC’1 ION ,

T h i s  ~eport  cons t i tu tes  the annua l  report on ~ N R cont r a c t  N o . N00014—

76-C-0170. 0ur~~ ain  goal is to de te rmine  t h e  source of a tmospher i c  conden-

stit i on nuc le i  (CN) , the s m a l l  p a r t i c l e  portion of the a tmospher ic  p a r t i c l e

s i z e  d i s t r i b u t i o n , and to assess the e f fec t s  of j e t  a i r c r a f t  on t h i s  par-

t i c l e  d i s t r i b u t i o n .  In add i t ion , regular  measure ment .c of the  large s u l f a t e

ae ros o l p a r t i c l e s  have cont inued in an e f fo r t  to assess the source and s i n k

s t r e n g t h s  of these P ar t i c l e s  which  arc i m p o r t a n t  i n  t In - rad I at  i ye energy

ba lance  of the a tmosphere .  cs..

RESI iAR CI I  A C T I V I T IE S

‘Fable 1 l i s t s  bal loon soundings conducted s ince the las t  report (CN -7 ,

A p r i l  1977). New results during the perjod (concerning CN) include a 300°C

vzipor izat ion—flight and our first sounding from Brazi l (5°S) . The 300 °C

f l i gh t  i nd icated  t hat most of the t ropospher ic  CN are not volatile at t h i s

tempera ture , sugges t ing  a ra ther  s table  composi t ion .  The fli ght from Quix-

eramobim , Brazil , gave results similar to our previous equatorial sound i ngs

from Panama . The Brazil site is , however , much more workable and payload

recovery did not present a problem.

Two reports are attached to this Progress Report. which describe the

CN observat ions  in d e t a i l .  They have hot lT been s u b m i t t e d  for p u l ) 1l c a t i o n .

In addi t ion to the aforement ioned research , we ha ve coii t  in i i ed  m o n t h l y

measu remen t s  of th e  r > 0.15 pm s t r a tospher ic  s u l f a t e  l a y e r  wh ich has now

decayed to a concentra t ion  of less th an I cm 3 from a h i g h  of about S cm~~

in ear ly  1975 , sho r t l y  a f ter  the erupt ion of the vo lcano  Fuego in Guatemala .

This ra ther  long period (-40 months)  wi thout  any apparent  large volc ; .n ic



erupt ions has a l lowed  us to study the decay of such i n j e c t i o n s  which  appear

to have an exponent ia l  decay wi th  a e~ t i m e o f about 1 yea r for  p ar t  i ci es

having r > 0.15 pm. Of p a r t i c u l a r  in te res t  here is if the  concent ra t ion  ever

reaches a t rue “background” due to an thropoge n ic  sources.  Pr ior  to the  erup-

t ion o f F u ego , t he concent ra t ion  had reached a low of about 0 .5  cm 3 and has

again  reached t h is  value r ecen t ly .  If  no new v o l c a n i c  i n j e c t i o n s  occur dur-

ing 1978, we should reach an al l  time record low aerosol concentration t h i s

summer. Small high altitude increases observed in late 1976, earl y 1977, are

believed to he due to transport of aerosol from equatorial regions during

this period . Data from Brazil is consistent with t h s  view. -
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TABLE 1

C o n s t i t u e n t s
F l i g h t _ No.  Location Da t e  Measured

W— 1 - 1 3 La ramie 17 Ma rch 1977 A , 1’

P — U  Pana m a ‘ 27 March  1977 CN , T

P- 13 Panama 31 Marc h  1977 CN , 1’

W— 114 Larainie 6 Apr i l  1977 A ( 2 )  , 1’
I ’I-145 Laramie  28 Apri l 1977 A , ‘F

1~— 147 La i’amie 6 May 1977 A , ( N , ‘I’

W — 14 8  Lara inie 12 May 1977 A , T

W— 149 La ramie 1 June 1977 IC , ‘1’

tV- iS O Lar ami e 14 ,June 1977 A , ‘F

W — 1 5 1  Larami e  6 Jul y 1977 A , ‘F

W-l52 Laramie 28 July 1977 A , I

W - l 54  Larainie 12 August  1977 A , T

t~’-lS5 Laramie 19 August 1977 ID , I

h - l5 6  Larami e 26 August 1977 CN , ‘1’

W— 157 Lar amie  I Septemb er 1 / 77  A , ‘I’

IV- 159 Laramie I 3 Sept ember  I 977 CN , 1
IV — l 6 0 La rami e 29 September  1977 A , SC , ‘1’

W— 161 Laramie 7 October  1977 A , ‘I’

IV-162 Liramie 12 October 1977 II ) , ‘I’

W- 163 Laramie 12 October 1977 IC , SC, T

l%— 164 Laramie  20 October 1 9 7  ID , T

I~-165 Laramje 20 October 1977 IS , SC , T

W - 16t  Laramie 3 November 1977 A , I
W- 167 La ramie  14 December 197 7  0(3) , 1
IV— 168 La r am ie  15 December 977 A , -I-

A— 30 McMurd o , Anta  ret ica 17 J anua ry  19 N A , ‘1’

W-l69 Laramie 22 January 1978 A , T

A—3 1 Sout h Pole 23 .Janua ry 1978 CN , 1’

IV— 170 L a r a m i e  24 February 1 4 ’S  II) , I
W-17l 1~ara~nie 1 March 1978 IC , SC , ‘I’
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Cont int ic d

I’A B LI 1

Cons I i t t i C l I t s
F l i ght No.  Location Date Meas ured

W - 1 7 2  Laramie 8 March 1978 A , T

Q-3 Quixeramo b im , Braz i l  8 March 1978 A , T
Q-4 Quixeramobim ,Brazil 9 March 1978 CN , ‘F

t~-l73 Laramie 28 March 1978 A , SC , I
IV- 1 74 Laramie 20 April 1978 A , T

A - Aerosol (r > 0.15 pm)
CN - Condensation Nuclei (r < 0.01 pm)
I - 1’emperature

ID - Ion Densi ty

IC — Ion Chamber

SC - Scintillation Counter

0 - O z one

1.
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BALLOON OBSIiRVA’l’lONS OF A I’ARi ’ IC II I+AVI- .H

INJ Ii C IliD BY A S’I’RATOSPIILiRIC A I R C R A I - T  Al 23 KM

I ) . 4 . I I o f r n a n n  an d .1 . M .  ko - . 1 1 /

Department of l’liy s I L  S a i t c i  \st c oo- v
- t i n  i ver s 1 t y  of  IVyo in I

La r arn i  e , IV yo m i  ng 82 ( 17 I

A b s t r a c t .  An extensive layer of snial  I p a r t  I c i  es (r > 0. 91 j i m )  ImI S ob ser v e d

in  associat i on w i t h  the  passage of a ~ct a i rc i ’ a f t  a t  2 .3 km a l t i t u d e .  I l i c  d a t ; i

are used to es t i rna te  the sina I I  pa i’t IC Ic enhi S Si 011 i idcx a rid 1 he S / I l l  I ’CC St  ‘cii i i th

of such aircra ft at stratospheric a] titud es . The i i n J o m t o f  s uch  I ’ ! g u t s  on

the stratosp he ric p article popiII:il: ion  i s  pr obably ie~ l / 1 b i r  ; h o w e v e r , w i l e l i

t he r e s u l t s  a re  app l ied  to the c u r r en t l y  p r o j  ect e d  C o l I c / i d e  SS’l’ F l e e t  i n  t h e

St r a t o s p hu  i’e and the  comm crc i a I j et f l e e t  in t he uppe r  1 r opo sphe re , l i o t h  ace

e s t i m a t e d  to c o n t rj b u t e  n o n — n e g l i g i b l e  e q u i l i b r i u m  c on c o i ’t  r a t  ions  oF  such

p a r t i c l e s  to t l i e i  r respect  ive  a l t i t u d e  reg im es .

Observations

Hal loon s o u n d i n g s  of very srna 11 p
~ 

r t  I c los , known  as c or i d c n  sot  i on iwo I ci

CN) , have been conducted by ou t’ group s i rice 1973. I’u I f n r ; r s  o f 1 l ie r~ica .- t i  i s —

men t s  arc to  d e t e r m i n e  the  CN ’ source , g l o b a l  d .ist  r~ l i u t  l o l l  I / i d  t lie i r i n l p o r t a r l c e

as seed part id es for growing the larger P a r t i c l e s  of Iii. - :1: r ’ a t o s p h c r i  c : i c ro—

sol l a y e r .

T h e  CN detector consists of’ a I b err ; ia l g r a d  l e n t  p ro -.)  Ii L’h a m m m h c r  and  an opt i-

cal i n d i v i d u a l  pa r t  i d e  d e t e c t o r .  ftc d c t e c t o r  Sy s t e m / i  i s  s e i i s i t  E V C  t o  pa r t  id es

____________ - ~~~~~~ .~0~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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w i t  Ii rod i i  > 0.1)1 ( u n , w e i g h s  ; ibuo ’~ 5 k g a m o l  i s  I ’ own I o 011 i l l  i t  i n i k ’  ~i l  ( ui ;

by a 3 kg r u b b e r  sounding hat l o on i  . i - o n ’  i i i i ’ t h u e r  I u F o m ’ i n . i t  o n oi l I lie l + t  / c ~~ c i ’

system . its cha i ’ ac t  cr ’i s t  i cs  a n t i  t ~- p i e a  I comlci ’m t t. n ’ :it 1 1 ) 1 1  I l l  ( I f  t ~~~ ‘:  i i c c ~~~y t

and Ho fmiiann (I ~~‘7

‘lo dat. e , 27 ( ;N s o u n d i n g s  h a v e  bOemi c o n d u c t e d  rio i i i ]  V t m ’oiii l .a  l’i l l i i I ( ’  , 5 v/ lo i r ig

(41 ° N I hint ol so [‘ro ut Fa I r b a n  k s , A l  a sk ; i  ( ( 5  “ N )  , I~ ina in l i  ( 9 ° N , 1 1 / 1  se t’aao l I i i ,

Brazil (5 °S) , Mii dini ’a , Austr a lia (3.t~ S) , N c N i t r d o  S tii t i ’oi , .‘~~i l  / r c t  ca (77 ° 5) h i d

t h e  Sou th  l’ o l c .  I t  i s  i m p o r t a n t  to  p o i n t  out  th a t in i l l  t h e s e  F l I gh t s , -.-: l i i  I c

t roposphertc CS conicun t  rat  t o l l s  ice cc Ii I ph a m i d  sou ie w h ; i t  ca i ’  i oh I ~‘ ( 2 ( 1 ( 1  C I I I  ~~- I (101)

cm 3
) ,  s t r a t o s p h e r i c  l e v e l s  w er e  low a m i d  v e r y  I / I l l  f ’or w  g f i c b a l  i v  w i  h ( c i l / e r n I t  n’ :i -

t i on s  of about  20 cm ” at i~ krn , d e e r e ; i s  i r i g  sm o o t h l y  L c ~ l i l ) / ) I l i  2 0 / I  a t  .15 Liii .

(Rosen  and I l o fnmi a nni  , 1977; Rosen (‘1 oh , I 975

Ott sonic of the L ara mn ie  s o u n din g s , two CN det ec tot ’s  wen ’e t i o w n i  , (inc I i i  a

n o r m a l  c o n f i  gurat  ion and one w i t h  the  a ~r i nt a k e  tube  heated to  a c i i i i s t  a n t  temp-

e r a t u r e  to d e t e r m i n e  t he  (leg -roe of v o l a t i l i t y  of t h e  ( 7  it t h a t  t e m p e r a tu r e .

On one of t h e s e  o c c a s i o n s  (Septemh c- r 18 , 197(i)  an i m n I r - ; I a  I 0. 2 km t h i c k  I : iy cr

of CS was  de t e c t cd  at an a l t i t u d e  of ;  23 km on bo th  h a l  l i c o n i  a s c e n t  a m i d  p a r a c h u t e

desc u l t t  f i y  b o t h  d e L c o  t or sys t em s  . The concent  i’a t i on of ’ ~ca n ’t ( c i  o s o  I t h i  1 11( 1 I i

> O . o l  pin in the  l a y e r  re ached 85 cmii above a n o n / / a l  c a e k gro i iud  ( i t  a l i o u n t

2 cur 3 ott t h i s  a l t i t u d e .  ‘l ’hie v c r t i e a l CN p r o f i  I i ’ s , I ’ . ‘/ l , l l l i m i e I l  I / V  I I I I ’  t I c u )

d e t ect o r s  on ascent  , a r e  shown in  Fi gure  1 . 
/ 

The t em~o - r ; i l  u i r e  chosen  f o r  t h e

heated  i n t a k e  d e t e c t o r  on t h i s  s ou n d i n g  wa s  I 50 °C , hot  1 111)0gb 1 (1 1)1)11 011 0 c- r n —

sol cons  1st in i g  oh ’ a 75°~ s u l f u r i c  ;ie I ~I — 25” i~ 1 i t  er lii i \ t  Ii  / 0 , 1 l i k e l  at  r o t  O S —

ph er i c  ae rosol  c o m p o s i t i o n  (Rosen , 1971;  ‘loon and  P o l  l o t, . 1971 j , b u t  not  ho t

enough to dissociate compounds such as anlm on i  urn s i i l  f a t

2
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‘t he  l~n vc ’ i’ e x h i b i t e d  cons i d e n ’ ah l e  st  ‘mi l l tire as coi l  he ac e/i  i n  F l  ~u r e  2 ,

where d a t a  for  t h e  2 2 . 5  — 2 2 . 9  Lr m u l e g i o n  l n r 0  S i c c I c l i  w I t h  i i  g h i e n ’  m ’eon  l i i i . i t c i i

( p o i n t s  be l o w  and a b o v e  a c o n c c n n t  r at  ion oF 51) cimi w e r e  ca c m l  a t ed t roll 1/

i’eo,istratiou o f 5 1 2  and 1024 p a i ’t i c l e s , r e s p e c t i v e l y ;  t hus s l a t i s i  ( c a t  f l u e —

tuat. ionS a r’e om i the oi’dcn’ of 4 . 5  .011(1 3’~ , n’ espec t :  I v e l y )  . Si  m o o  d ;iI a f 1 / 1  t i e

h e a t e d  i ;~t~ m L r  t IcI  ecto r s o l e  c O l i i I l m i l t l I t e d  w i t h  ( I t  ( i c r  i n i l’o i ’mi i ; i t l o l l . ) c n - t  l t ~u i: ; t c l ’ t I n ’

heated CS 1’( - C I ) r d  iire m I S S  l u g  (e .  p .  , t h e  rep Oil ~i r o t m m i d  .22 . 7 kill 0 F i g i m i ’ t ’ .2 ) .

However , i t  a pp e ar s  t h a t  to a m a j o r  cxt cOt , t ic’ CS i n  t i c  l a y e r  w a s  vo Il / tile at

150 °C. t i g u r e  I sfitit~s that exc ept for  L— e r t l r i n l  1 m’opos( ’ iv - l - i  C I ; iv ei’ s ( w h i  cli mi ll !)’

Pal’t l o ll v c o nt  1/ l i i  it’at cn’ — b e ~ r i n g  a e r o so l )  , rondens~i t I om i m mii c Ic i i n  I l i e  l i t  i i i osp h i c m ’ c

are  generally not volatile at 150°C.

Si n ce we had n l e ve  i’ o b s e rv e d  a CS h a v e n ’  i l l  t i e  S t  ; ;  o o p h i e  cc’ j i m  l I l l Y  o f  O l i n ’

other soundings , and  S i  ,ice t h e  ohsei’ ’.’~i t  i c - u !  0115 & o m i t i  r i - c -  v t w o  de l  + - e t o n ’ s  O I l

asce n t and descent  , t h e  obsei’’t’at I on I s b e l l  cve/i  I o be a 1 1 Fl  ( 0 / I l ’~ . f l i t ’  l ; , e r

was p r o b a b l y  cause d  I cy some t r l i n l s i C n l t  p h c ’ m m o n i e n o n m  s u c h  o - ~ a i t t  ol m ’e l ’ . /  I t  . A

I a i ’ge  mcte o i ’  c o u l d  c o n c e i v a b l y l e a v e  :n d e t e c t a b l e  t n _ i l l I t t vli p lc r i:I’ II  u l u . n t t - n ’ i a l

down to  20 1cm, b u t  t h i s  poss i b i  I itv a pp e a r s  n/ los t  u n l i k e l y i n  V i c - I - :  / j ’ t h e c i  I ; n —

t i l l  t y  of t h e  particle s in t l ie l ay e r .

Through the O f f i c e  of N a v a l  R e s e a r ch  and  t he  F e d e r i  I A e l a t  lou -‘.tl ni i nu l~~t rat ion ,

i t  was  de t e r m i i i ned t h a t  on 17 Sep tember ’  1976 , ii h i g h  a l t  i t / I d e i i i  i i  t a r ~ ;i i rc r ;i Ft

f l e w  a t r a  I n m I rig ni l  ss i o u  in tIne v Ic n i  ty of Isi cor n i c .  i l i e  I l l  cc cii Ft wa s I r a v e  I i  r ig

at a speed of a l / ou r .  mac li 2.5 (1650 knots) and had a P°1 l i t  I / I  c lost ’s t a p p  r o a c h

to 1 ar ; i m i e  I I 9 O I I t ( 5( 1 km n to  t lie i l o n ’ t  h w c s t  W i t h i  i t i  i l l  I l / l e t  I i  r e l n i l  i l l  o f ’ t ’ (c , / i O t )

ft (—23 1cm ) l i t  about  1841) 2 , 17 September 1976, The t I / l w  c c l  p e l l e t  r a t  i o n  o f ’ t h e

l a y e r on b~i I fooni ascen t was about  131)0 :: , 18 t- e 1i1 c i in h e r  I /16 , 01’ l I I ) O i n t  ( 8  I / c / I n n ’ s

i f t e r  t h e  a i r e n a  Ft h a d  pa ssed

3
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S et e o l ’O I O g I c l I l c o n i d i t  l o r i s  a t  t I i i~ il l Itii&Ic .’ fo r lb 111 r / O t l  - c - c c ’ (f c c ; : ) i n l / t  c i t

by a lii ph p r e s s u r e  sv ;; t el/i  c e / I  c- red ovo  m - t h e  n o r t  his’cs t co rue  m’ oF  t I m e  i i ;  i t  c-d

S tat o s  . ( V i n d s  in  t h e  r e g i o n  of ’ I .a m ’ a u i u i e , ; I m i ( f  t i m e  a i r c r a f t  p a t h  a t  2 -  H; w e r e

l i ght  (— 5 k / c c / s I  1 1 1 l c-’ a r i ; i h l e  ( g c n i e t ’ o I l y  ou t  o f  t h e  n c - i ’ i h i )  so i t  i s icc - st 1 d m ’ch~~

a b l e  t I / O t  w e c n c o i n m i t r n ’ e d  t h e  r eimuiu I I I t s  o f  ; i  b i i p h  a l t  i t i / he  j e t  c-~~i i . c i m s t  t c i i  I

i h i s  c o m i s t i t u t L ’s , t o  t h e  b e s t  of  ou r  k n o w l e d g e , t h e  t ’ i r s t  10 S / i / I  d c - I  ccl  I ; - ~ c i ’

t h e  p aS ; ; ;/g e  o f ’ a St r a t o sp h cx ’ i c lu n’ci’a f t  i l v i n i g  a hoc e  .25 t i n . b t c - V ( c m l / j  t b / i s , t h e

ob s e r v a t i o n  c m i  he  used to c s m . j m m i ; I t c  50/i/C c c F  I lii’ I I I  f t / s i  i c ’ I l n ’O I u ’ n ’ ~ 105 oF t i l e

at  n ’n t o s p h e r e  and  to  s t u d y  t h e  cha r a c t e r i s t i c s  of  s u c h  l ’ ; / t o . - h ’ l l v l ’ I. C eu i c i S S i o t l S .

- 
hh s c / u S a  100

I i i  t e r m s  of  t he  c-’ c r t i c i I  eddy d i F f ’ c n s i o n i  c l o f f i c i e m l t  i n  c ’t ’f e c t  I i  t h e  I

we c i a  est  l l;a i t. e a l o w e r  l i m i t  1w ; I s s m n n i n g  t h e  u m i c ’ ; i s u m e ~I ( ‘I • 7  hi ; i  t h n c k m i e s s  ~~ , a

tv~c i c a I  o f  t h e  e n t i c e  p l u m / c .  I o n ’  r a d i a l  d i l ’ f c n s i o n i  ~‘c i  a i u  i m m s t  a n t  ; l r / c ’ O l I -  c y l  i n —

d~- i c a I  sou rce , t h e  d a t  a i n d i c a t e  a d i  F f um ~ i o m i  c o c F F i c  c m i i  F ( I n  cc/i ’ Scc

S i n c e  t y p i c a l  a v e r a p c ’ a c c e p t e d  c’ a i m n e s  I t  t b / I ; ;  I l l  I I t i m d e  ; i  c c ’  ; i b c - i i t  5 ( 1 ) 1 /  cu un 2 aec m

( J o h n s to n  em. a l  , 1976) one mi ght c o n i c i u d e  t h a t  icc-  uce ic ;; ;; t / l i i l i ~ on l y  t h e  edge

of the p10/ne . H owever , it i s  a i so  p o s s i b l e  t h a t  th e  ) n , c  v i i  ne m i m e i s u n r e d  h e n ’e

i s  i t i t l  i c ’ a t i v e  of the somewhat s t a g t i a m i t m m m e t e o i ’ c m l o g i c a l  c o m ; - J / t 10 1 / S  / 11 0 / 1 0 . 1 /  a m.

he t 1 /li c- 1 1 / 1 ( 1  s u g ge s t  a t h a t  s u c h  d i r e c t  J m n c ; l s i n r c ’ u / l e n t  S c i  d i  I l u s i o n i  p a r a m e t e r s

need t o  he li nde  I l l / t i e r  d i v e r s e  c o n d i  t i o n s , s c ; i s on s  a n d  i i  n i l  i i  t i t r n d c s  m i

o i’d ci’ to be a I’ ll  i d u u l e t h l o d  oF  obt I I  I f l i  l ip an av e r n  ge ~ 
n’o t i  I

Fro m l i V l !  I 1111 )10 (hat I I , WC c,’ l m i  m i k e an o r d e r  of  u n / l i t / c i t  I I  r a t  i l / l I l t  e o f ’ t t i e

t i u mmib e  r of ’ p;n n’t i c I es h~nc ’ i up i’ a () , () I pin em it t eth pen’ pm ‘I  ; e I exp emi ti ed . l I e  c ii i

a l s o  es t  ( 1 1 0 1  e t h e  source  s t r e n g t h  o h  o u c h  l I I i ’c I ’ ; l F t  1 1 1 ( 9 / I a , i . t ’ . ,  l i i i ’  coo t i ’ i  -

h u t  ion  to  t l ie no t  nra  I b a c k g r o u n d  o F t h e se  pa n ’t . I c  I es

- - -.------.—~~~~~~ -~
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I t .  appea r s  t I - l I t  t h e  o n l y  US a i  n’c i ’ / I t  c ; u 1 n ; u h l e  o f t in e  (c c- n ’ f ci r lll ;l/cc l id ! c ; u t  e l

1w the in  I’o m ’ m a t i o m i  o l c t a  i ned f r o m  t h e  I 7 Sep te mb er  t ru n i l  n i , n t i  s c  ion  i ’ ~ 1 1 1 . 1

S R — 7 l  (mach i  3 s t r a t e g ic reconuuaias;Ir/ce 01 I’ c r l I F t )  . ‘ I b i s  a i  i c . c - I / F t ‘ a t w i n  1-n I t u n l e s

consume abou t 30, 000 L / h r  of . J p — 7  inc 1 when  c i’nu i s  (r ig  nea r m a c h  3 a t  2,1 kim

( J a n e ’ s A l l  the  ( V o r l d  ‘ s Ai r e r u n  l ’t , I 9 7 5 ) .

(Ve can est i um ial_ c a lower  ( ( m c i  t cn ’oss  s ee m.  i oil i f ’ I Iii ’ -~~h u n n s i  p1 uI/ /Ic ’ f/- l/ /Il the

nucas t i r e c h  v e n ’ t i c l u l t h i c k n e s s  and f u’om h n o u ’ I z o r n t : n l h I I iii:; on /lu  n ’l u l m l e t e r s .  l I e

1 l i t t e r  a re  riot ccc l I known ar id  a re  a a m i ’  soun ’ce 0 I u n i - o r ’! ; I  in t i i i  t i i i  ii /1111 1 Vs  i S .

I- ro n t he do t o c o n / mp i i  ccl by Bauei’ ( 1  9’- - i  1 , 1:1 ’ Cs  t I I I I  t 0 1 hi ; u t l i t  . 3  kIll , i n n  t lu 18

hour  i n j e c t i o n  to d e t e c t i o n  t ime , t h e  ct el ’ I i i m e n i t  p f u u i c e  I c c - i / I d  r i c e  S p e c - I / t i

h o  ci ~c~r it  ;/ 11 v a dis t I I n i e of 1 n ’oiul 20 — 91) km

‘F ak i n g  u n n observed  a v e rag e  pII n ’t  i d e  c u i i c c r i t r u i t  l O l l  F i i i )  cu c u i n  in 11 .2  kn: i

t luck  1 15cr , ice ca l c u n l ate that (2— 9) xl 1 ) 1 3  p a r t  I c  1 es h ;n v  i c~~ n’ ( 1 . 0 1 1 : 1 3  w e r e

cmi t t ed  fo r  e ;Ich g r imm of  f i ne  I e xpen d ed  . ~Iost oF t h e s e  ‘a n ’t I c i  es P ‘010 11) 1 V 1 1 / c c

r a d i i  < 0 . 1  I/ /I l . I f ’ we u se ~n n av e r a g e  n ’ a d i u s  oF 11.03 1 , 1 1 /  I l / i d  a p u n t  i d e  Sped t i c

g r a v i t y  of  1 grim cm ” 3 , we find an enui s sioni index (p l i e r c c , c l  J ce i ’  k g f u e l )  of

2— 10 , i . c - , 0. 2 — 1% oF  t h e mass  of ’ t h e  (‘t ie I ( lxp c ! ’c l ed  a f c j c c ’ l i  u s  a ’ pa i t  I c  I c.’ ;

I f e c a in s c  of  t h e  r i ecessl i  n’y I n a s l i n m i p t  i o n  of  Ii p~ V t  i e I e si  Ze , / ‘ ce I ; i  t I c- i ’  i i c / / ; I t c e  I’ I a

v e r y - unc cn’ I a In. ‘I ’yp i ca  1 jet cn ig I nes  ope l - a t  i up  a t  g r o u m m i t i  I I ’Ve  I h a v e  cu ii i as I on

i ndexes  of f r o m  0 . 1  — 3 (Sawy er , 1970) , w h m i  h e  t h e  e x t / I l -  I t r I l l I u f ’ an F —  h t l t

jet ; I i r c l ’ I/  I t  at  an a l t i t u d e  of r i b o l n t  P kimi  i r i d i c u t e d  n i l  ( ‘ I / / i s s i / c i l  i n d e ,s o h ’ 1 . 5

( R o s e n  arid ( ;i ’eegoi ’ , 1974). llc c am nse of the u nnc c rta I nut I c ’ : ;  i l c c . c I  I v ei l , i t  i i ;

c l i  f ’F i c u l t  to  say i f  t h e  cnii i S S i O i i  m dcx  i s  I i i  g h i e r  I i i  t h e  ‘ 1 1  i - I t t  i c ’ ; ( c i l e i c - .  I t  doc~~,

howev er ’, uu pp ei u l ’ ( c c  be h o  l ower  t I n I n u l  I I I  l o w e r  i l l  i t  In ch . I ’  / I l c u c -  l i t  & ‘ l i b t  l i l a

an t i  d i  f f e r c n i t  I l n e l s  a l s o  cOm mi l ) 1 ( c a t e  t h e  i a s m u e .  F m u u ’ t h e n ’  i m i : / d ( l i l ’ l i d  i c - S  i i i  I l ie

5
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clii i as ion in icl c.’x eat i nnate are m i t  rodnuet’ii dc, nc ’  t o  I I n c  I ’l l - f  t l I l t  i c c-  t ; im u nc t c I t - I  c c l

p~ni’t id es having r a d i i  less  t i m a n  (1 .01 I / m i .  \ l i h o u g h  511011 lo l l j c  I c - s  c ’ a i m

c o nt i’ i but e  s i g n i l f i d l n n i t  Iy  to  t h e  t o t a l  mass , t h e y  1 / 1 : 1 . 1  cc i i / p ’ ’ m  t i l l / i  1/  1 ( 1 1 - / I / i  l / ~~

l zu rgci ’ p l l r t i d l e s  thn’oug h c o a p i n i a t  i o n  a r i d  i i i  p a s — p l l m ’ t  i / ’ h e  I / I t  e i ’ ar t  1 1 1 1 1 1  i l l  I l ie

St 1’ m u I C) 5 p he m’e

lo  cs t  i m a t e  11 p a n — t i c ]  e SO II I ’dC t o m / c - I  1( 11/ , k IwI / - I ( : c ! f ’( ’  o f  t i l l :  I I  i g l u t  I n ’ e ( h / l e i l c y

is nec essa i’> . ‘lb is  i s  p r o b a b l y  i l i /pus s  h I  e to  (h e t e  i’ll/ i I1C h I t  ( roil / hc ’  fr c ’ q/n e n cy

of s o n i c  hooin~ i n  t he  I , ar a ln ]  e a rea , we es t  I n u i l l t  e a n i  n i  u / I / n i l l  I n ’ e l h n u c - / i c y  O f ’ o n u c ’

f i ~~g f i t  ~~~~ w e e k .  I f  t I m e  f I  i p i n t  we e n i d o i l m i t e r ’CII w a s  I yp i r ; n J  ( 1 u S d / I  -I x I I I ’

of fue l  was  e x p e n d e d ) ,  t h e m i  ( ‘ 2 — 2 0 j x 1 0  p a n t  ( c i t ’ s  ( m a v i n , t  n’ a ( 1 .1 ) 1 ;~ci l i m’ e d o —

p05 i t e d i  c u u c l i  yea i’ . Sp i’eadi up  t h ese out .  cnn I i ’o n’u l i l v ovc -n ’ t l ie  m / c c r l  lie i ll  I / e m i l Sp I I e n ’ e

iii a st i’~i t o sp h e i ’ic l a y e r  10 k nc m t I - n i c k , we f i u m i l  u i so i u r ’ c c  S t n ’emi g t h  I c f  0. 112 — 0. 1) 7

p l u r t i d l e s  cm ’ v r t . S i n c e  t I n e  s t r a t o sp h e r i c  l i f e t i r u i c , d u n e  m n r u i n l y  t o  m i i i x i n g ,

is of  t he’ o r d e r  of one y e a r  , such a ii’ci’a f t  cot it  c i  b u t  e I / I c c - c I t  ~~ ((2 — (I .07 p 1 / c t  —

i c i  es C mli ” to the st r a t  osphc’r i c b m u c k gi’nun f con c en i  t r a t  / I ’ l l  , ( i l  m i l l  I I eve  I ‘a c i i ’

r > 0.01 (/0 p a n — t i d es at 23 k mut lu n’e i i i  t i n e  n ’ l l ng c .— o t  2 — 5  ~~~~~ (P o w - m i  a n d  I I u f ’n i m l l n l n i ,

1977 I , n e a r l y ’  two  o r d e r s  o f ’ m ag n  I t u u d e  It I ’eiu t e n ’ t I i~m mi o inr  ~- - - t i l l / l i t  I’ For at  I’ m u s —

p h e r i c  11 i 1~In t a wi ( h i  a f r eq u e n c y  of OII C  l ieu’  w e e k .  L v e r m  u f  t i c ’  I / I / I c / c ’ u- ;a: ;  I / c t  t m - I l  I

s ev er a l  t l I n e s  t h i c k e n ’  t h a n  nmellsul ’ed , t h e  e f f e c t  c c l i  t Im e a t  I - l i t  o a j m h i e n - c’ w o u l d  be

neg l i g i b l e .

I t  is o f  i n t o / e a t  to m u / p l y  t I -ic res u l t s  to t h e  p 1 0 1 1 c c 1  c -cl C o m i c - c d - d c -  5SF

f l e e t  1 1 6  mu i m ’c r a f t )  . ‘I-he Co ncorde  a t  nmmac. ’Ii  c m ’ i n i s e  b i n r u t : ;  ‘i n c - I  I l l  m i l m o m u t  hm ; i  I f ’ t h e

r a t e  ( 1 6 , 81) 1) k g / l u ’ )  as the  S h l — 7 l  n i n t h  dnc~ so a t  I n u c e n ’  I l l  i t  m i l e s  ( 1 5  - I S  k i l t )

w h e r e  t h e  b aL - k g l ’ o m u n l d  ( , / ~ Co r icO nt  I ’ l I t I o i l  i s  a b o u t 5 t m IleS i i i ’ h c ’ ’  ( I I ) — ’S (‘ III

t h a n  a t  23 kI n (R osen  mi nd  l b f ’imn ~nr i n , 19 77)  . Pr u d e  n’i (‘k et I I  I ( I 1 1 / 5 )  , i i i  t i e  l ’i Ill

6
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Cl in m mit ic I t /Ipl u dt Asse sa nti en t l’ n’ ogi ’ ;u m n i (ClAP ) t ’ e p o u t  , e a t  j i l l - i l ’ ’  I I i ; i I  I I u c ’

uscage of each s l I I ) e l ’sOl i ic  mu i u ’c r mi ft  of  t h e  Concord e ty p o  it I I I h i ’ -l S b u n / i n s  1) 0 1’

day above i S  knu a It  i t u d e  by 1980 or before. ‘l I-i l s wou I d resun ] t in about: 4. -1 x

10~ kg /y r  of fuel expended between IS 1111 ( 1 I~ kin . I f u  i s  i / / l ) ’  hI (‘ / d c c J c I t  n e d  Ic i  t h u

t h e  SR-f l  e s t i n m m i u t c  of 2 x 10 k g/ y r  For w e e k l y  F l i g h t s , a n i t h  we see t h u n t  i f  t h e

Concorde  c n g i m i e s  e m i t t e d  p a r t i c l e s  m i t  t h i c  SR— 7l e n n g i i i e a  , t h e n  1 —  i c  b m l u t ’ t  I c  he ’ ;

cmi ” could  r e s u l t  a t  equt I ib l ’ i uml m , i . e .  , of t h e  sonic o n’der o f ’ m m ua gnu  i t  n id e  I s  t I n e

cu r ren t  back ground of 10—25 crrr in t h i s  a l t  i t in d e rep i o n ,  i i u w c v e u ’ , arm u n i t  I ttr de

of 15 km is low enough  so t h a t  loss e f f e c t s  dIne t o  t h e  pr’ es I / c l ’  o f  t ine  I n ’ o l ) O —

pause , e s p e c i a l l y  iii sunnier ( t he  tr opop alise  he i g h n t  vii i’m c’s iv i t i m  SC ’lIS O ii  Fuet wceni

ab ou t  9 ar i d  15 knm u a t  m i d — l a t i t u d e s ) ,  I l i ght  s l i o n ’ t ej n  t I n -  c i f e c t  I y e  ( I  l e t  l Ine o f

t h e  pa t ’t i c l cs .

1Ve can look f ’m n n ’ t h c r  to s t u n n d a  n ’ h  c o l / Imnmcrc i n  I , j et ;l I mc ’ i ’ll It OIH ’ F l i t .  I 
~~ 

I ) I ’ C c ’ho n m i

inant: Iy i i i  t h e  55 , 00( 1 — 3 9 , 00 1) I ’t ( I I ) .  7 — 1 1 . 1 )  kill ) i’ ; l i l l ~ c’ wh ien’ c t lie Idlickgldi n nn d

IN co ncent  r a t  i o n  V a r i C S  fn ’o m nn a bou t  20 1) — 1000 cmi m~ 
1 ( R o s c i m  ;n ui d l b  Fm/u n io n , 11) 77)

Itn ’od c’ i ’i c k et l i i  ( 
‘ ~~7 S)  e s t i n m u l u t e that ab c u t  3 x I O ’° k g / y n ’ of f u e l  wen’e c o I l —

surned at alt i tude  by the  wor ld  f l e e t  (co / iu m ml erc i  mu and m m  I i t  lii’) ’ ) i n 1970. It :; ing

t h i s  f i g / i r e  u un d  r ’e d u c i n g  the  a v e r ag e  i i  f ’e t i n u e my mu (lId 1 c ’ r  o f  t en  ( t O  / 1 , 1  y r ’ )

for t h e  l a n ’ gel  y t ropospher ic  Pmn i’t j u l e s , we ml i’ri ye l i t  l i / I  u / I l l  1 1 1 1 ) 1 ’  I t / I l l  Pi1 1’t i d c ’

concent  rat  ion o f 25 — 105 ciim~ . IVe in iu s t  i ’el m/ el m lbe i ’  t bi n I . i I I t Inca c  i ’anup c s  o f

expected concent  ra t  ion - i s  are in ef (‘c-ct l o w e r  I i l l / i  t a s i n c  ‘ lit ’ i / lO x  ia ye bc ’ei i  Si i i i l I ) ”

I i ng o n l y  ( l i e  ed ge (if  the  p I l l / l i e . I t  ml ~) pCIur ’ 5  t Ii m i t ( lie i m a - - c’ i l l  I

aircraft , fl ee t nn im iy  lie c o n t u ’ i l i i u t  i up It ) the n o t  1 1 1 1 1  I h ) . l c . ’ k g I c d l I I i c I  oF  ‘ .i u oi l l  I / l u l l  I c  l e a

i n t he  up I - uen ’  t n’ ( / p o st )hcrc  , hut  (- l ie d egr e e  i a pn ’ u I m l l h  Iy ’ nut ‘ . / I  ( ‘ t i c  I t ’ i i t  t o  Ice

ea si 1>’ ( I ls cc i ’nlc ( l  w i t h  t h e  few mc m n ~~n i r e i u t e n u t s  m u v a i  h u b )  I c .

7
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I -l i e ( ‘ ; u i ’ l i e s t  I m l e l l s u r e n u e i l t s  o f IN i n  I ( i t ,: n pp eu ’  I i ’ ( c p ( / - j t h t c u ’ I ’ W i n - i -  t i a c b t ’  I ,

~)un ge  et m u ( 19 6 1 )  ii i  1959 , i n  t he  e m i u ’ l y  year ’s  of  t h e  I c ’ t  ;I~~e, On l y a Feu c

ha)  loon 50m m / l I m p s were  conduc ted  i n d i c m i t  i ng  1 evc’ I s of ’ a 5, /i n  I 2o a j i a r t  e l  c,t cmm t ‘3 ;

however , ~ t i s  i /1/ h /os 5 ibl  e t ci ari ’i V C l i t  Ii r e I i  ab I e ave j’:u ge ho c kg i’ii u nin t h I’ i’O Ii Ic

fon’ t h a t  peu ’ i o d  w i t h  t h e  av ;u  I l m i b ~ e d u i t l i  . There  were  no m m / e a s m l r e l l u c ’ l l t . s c - cf IN

in  t h e  upp eu ’  t ropospluere hctwc enu 11)51) 1 I n ( I  1 9 7 3 .  A tm l u l l ’ i ’ ( ’ l i S I ’  i n n  I l / i l  li t -~l i’ll ~~

b m ic k gn’o und 1cc- el  of 1 1)0 p a r t i c l e s  cinr 3 d u r i n g  t h i s  t i n / i c ’  i n t e r v a l  c l u n i n i o t  be

i’u led  out by the  da t a . ‘Ihe sugges t  ion of i i u c u ’ e m n s e d  t r c p o s p b i c n ’ i C c o r u c e u u t  i’at ions

s i t - i ce  1959 l l u n d  t h e  e x t e n s i v e  l i m e  St i ’ / n c t n n n ’ i’ i l l  t I / c ,’ t n ’ o l / c :~ i c h i l ’ j c  ~~ I~n ’~~t~ Ic-

led Roscn ct a l  ( 1 9 7 4 ) to  sugges t  ii J e t  ~u i r ’ — t r ,- u f f ’i c  S c / / I c - c- i / I l ’  t I m c - ~~e p a r t i c l e s

as earl y as 1974. 
-

O t h e r  e v id ence  sugge sts t h a t  if thiei’e i s a I n ’ O l ) O a i c l c ’ i ’I c i n - t i -a I i i  ~ IN

cont n’ i but i on , i t  pi ’ohab l y ;u n i o u riu t a to rio iiio t ’e I l u m u  nu 1 ( 1 ( 1  c u 1 
S o i n t u d  I i / ~~5 7/c-Ide in

equ ;lt  0 r i a l  n ’cgi on - is and in - i t h e  sou t l i c  rn - i hel l / i s p h e r e  (Ros e  ml 11/1 ( 1 I In F i ummi t in i  , I

sugges t  t h a t  t h e  t r o j i oap h c i ’ ic ’  conc cr it  r at -  1 ( 111  of  IN i s  t / c ~~l c I i ’ ~i~~t lea I l y d i  f ’ f c ’ m ’ e i i t

in the sou th ern hemn i sph ere . One cone Imud e s that t n’opoap h c - r’ ic jet ; i i  n ’ c n ’ ; i F t

fI  I g lu ts of w h i c h  ~re more mi nnie mona iii the nort l i eu - i - i  l ieu/l i sp h e r e )  a m’e not a don—

inuan t source of t roposp heric CN . A g a ium , aV Ci ’ l n g e  d i  (‘ I S - m t  1cc ’ : ;  I / e l  l - i ’ ( ’ t l  l l i ’/ l i i S I / lit ’ n’es

o f 100 cmn c m u n i u o t  he ru i lech out w i t h u  the  d a t a  mit h;ind

The oI)Se1’~’Ii t j o t )  of the v o l a t i l i t y  of ’ t h e -  m i t ’ ro sol  c c  I c  I c - s  i s  I i / l I / l ) i ’ I ’ n I I t

si nce it i s  i ’e latc d to p a r t i c l e  co mn lpo s i t  I o n .  The fire  I l i S c ’tI , , b P — 7  i i i  t h u  i a case ,

is  a spec I al low vapon ’ p ressure  hydi’oca rh on w i t  h i Ii su I fi n n ’ con t cut sit / n il l l n ’  to

ord u nu n  t’~’ j e t  f u e l  , i . e. , a n i m i x i  inuimn pcl’t’eii t iu ge by / te  i p h i  t c c ) ’ ( 1 . I ( l’ uuu I a s  i c c i i

index of I) Id l e  no ’ t lie c m i  t t ed s t i l  l i i i ’  ( l l i l i I ) / ,d l l u u ( I  I S  11 11) 5 I I \‘ S I t  - ‘  I il v j e w  I / f  I h u e

obsen ’vcd vol mI t i i i  t v of the produced aerosol  , and s t u f f  i c I c m i i  a v a i l  oh i i i  t y  ~m i

SO1 in  tb - i c  t et e x h au s t  , i t  i s  Ii i gh ly  l i k e l y  that I he l i i ’  1 1 ) 5 1 / i  i S  l i t  h I / S I

8
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1) 11 i’t i mull > ’ c-Oi/lh/t)Sc cI 01’ su I .f ’i i i ’ i C m uc I I I  . ‘~~i 1 )_ c’ I ’ ~~0 m ’t  I u I c-a ( i ’  - ;  0 . I I / I / i  ) , / c / t i l l  i i  u p

n ; u t u i u ’~u l  ly  i u u  tI-ic s t r a t o s p h e r i c  z i c i ’ os u i  ] l / V c ’ t’ , h m u v e  0 5 l I f l I I a n ’  l,’ t ) l c l l ) ( I l ’ I t 1 ( 111

thoug h t  to  h me d i ne  t o gmus t o p a r t i c l e  c o n n v e i ’ s i o i i  ;- : it h  v o l c a n i c  SO , p u ’ o h l m u h t y

cons t itu t  i n g  t I-i c n / I l  i on ’  gmiscolus s o u r c e ,  I f  t h e  h m l u i ’t i t ’ I c - s  u cl i l t I u  J o n / / i  i l l  I . )Ie

j e t  c xh m u u s t  t cm i i i  a m~e indeed su u l  f u r  Ic a c i d  d u ’opl et s . t h e n  t h e  ii’ pn ’c c d uc ’ t I on

con I d be re hi nc  ed by reduc i ri g t he  stu l  (‘mum’  con ten -it  o f~ the lSuc - I

Whl n t  i n / / p ac t  , i F any, m i m i g ht I / n  I f l C  n’eluSe i n 511111 1 I 11: 1 I t  I,’ I 1 :-I h i l u v i ’  ‘I’ I i S I ’. c _ i  I

kn~ mvrn that larger particles , i n  I - h u e  c i p t i c l l l  l y m u c t i v e  5 1  ::e i ’ l n i ip c ’  ( 1’ — ‘ ( 1 , 1  )U iu )

can~ affec t inc ideiit. solar i’midiat ion if pu’ C scTlt  i n  the : t  m ’ : l l o a p h i C n ’ e  i i i  s i n f f i c i c r u t

c o n c e n t r a t i o n - i s ,  Most cu r r en t  mode l s  of  how t h e s e  pmn i’t i d e s  For m i n  t h e  s t n a t —

osphiei ’ e (Tum’co Ct 0 1 , 1976; Rosen ct a I. , h 177 ) i i’lv o i  ye gIl s tO plm u ’t  i d e  Con-

ve r s i on  by c o n d e n s m u t ~ori on c x i  S t i n g  i m u c i r i  w i t h  t h e  gI l ’ ;  I I I - ~StI , v i l p ( / u ’ dc’ i ’ iv ed

frommu SO 2~ p r o v i d e d  by vol c m u n oes or a n t b i  m ’op og em i I c  somm mdc’:; lI mit1  t lie c u n m d e i n s n  t i on

nuc le t  prot ’ i ded by di f f u si on  f r o m  the  tvopc’cs l - ihei ’e whe i’ m I ic’v I l l ’  c’ f ’o i u nt l  i n  I a  rg t ’

rnumhci’s . lhius , IN pn ’ohah ly  p l a y  mini i l/Ip cc / ’ t l m m i t  r o i c’ i n  ‘ ( n t - i c c - n t  c i i i  oi op t  i —

ca l ly  a c t i v e  aerosol  in the  s t r a t o s p h e r e .  S i n ce  I l ie 5/ r a t  u s h l I l e m i  c’ c o r u c e n t : r m i —

t inns of IN have been observed to he u ’mi th er  low am id ne ll/ I l /~~ I i )  I v  c’o l i s t l i n / t

(Rosen  and I l o f ’r mma n n , 1977) , i t  w i l l  be i l m i p o n ’ t l l m t  t / )  c o u n t  1 1 5 /  t o  I / / I / u n  t I / I’ t l icni i  as

the  s t r a t o s p h e r e  and upper troposphere ace i i i d r ’ O I / S C l I  l I l - / f c  I s  ii t l’ ; / u 1 5 1 ) O i ’ t l l t .  100

mcd i in n ) .
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A. J .  Brod en i ck  of FAA for  o b t a i n i n g  the  i n f o r m a t ion OI l ( l i t ’ l i i u ’ c u ’m u ft  (‘ 1 i g hi t

over h ,mur mi mmt i e. ‘I b i s  work  was s i n p p o r t e t h  i n  t~ n n ’ t  b ’,’ ( ) N I (  c - c c / I t  / l i t  No , N 1) 1 1 1 ) 1 - I —
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Introducti on

In an earlier paper (Rosen & Hofmarin,1977) we presented the results of a

number of condensation nuclei (CN) soundings made over Laramie using an

experimental therma l gradient diffusion cloud chamber (TGDCC). The purpose

of this note is to describe further developments in the evaluation of the

TGDCC CM counter and present the vertica l profiles as measured with the instru-

ment at several locations in both the northern and southern hemisphere .

Progress in CN Counter Development and Evaluation

In the early evaluation of the TGDCC no conclusive evidence could be

established that abov& 20 km the supersaturation (-‘ lO~) was high enough to

produce growth on all the particles and hence it was not known whether all

of the CN present were being counted. To further investi gate this aspect

of the counter, simultaneous comparison soundings were made with an

expansion type CM counter developed by one of the authors (K’~selau , 1974)

that was operated at a much higher supersaturation C— 200%) than the TGDCC.

It should be mentioned that the working fluid in the expansion type CN counter

was water while in the other counter it was glycol . Three soundin gs were made

with both instruments on the same balloon. The results of the average of all

three soundings are shown in figure 1. Most of the data has been smoothed

somewhat by taking a seven point runnin g average.

Bel ow 15 km it is clear that there is good relative agreement between the

two instruments . The slight discrepancy in the absolute values may be

attributed to the diversity of the two counters and the genera l probl euui of

obtaining accurate absolute values. Above 15 km there is lack of agreement

-In the fine structure but a general agreement in the absolute values within
r

about a -factor of two is apparent. The reason for lack of agreement in the

fine structure above 15 km can at least partially be attributed to the large

- —
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expected statist ical fl ucuations in the expansion chamber measurements : at high

altitude very few and frequently no particles are observed after the expansion.

This would obviousl y produce large excursions in the apl-iarent vertical profile.

In the earlier efforts to use the TGDCC at hi gh altitude it was found that

the instrument ceased to function altogether above about 25 km. It was later found

by decreasin g the supersaturation , the instrument contin~ed to function to a much

higher altitude. The TGDCC data shown in figure 1 above 23 km was obtained on one

of the three comparison flights with a reduced supersatur ation. These results have

led us to the tentative conclusion that the relativel y low supersaturations employed

in the TGDCC are still high enough to allow the instru mueui t to count at l e ast  a lam e

fraction of the CN present even to as high an altitude as 30 km.

CM Profiles at Other Latitudes .

In addition to the measurements made in Laramie a number of soundings have

beeh made at other locations. Table 1 contains a suninar’y of this activity . Before

a meaningful examination of the latitudinal variations can be made , typical profiles

at each site must be identified by comparing the resu lt~, of several soundings.

From table 1 it is clear that a very limited number of ‘- o ./llii ngs at the field sites

have been made and hence there may be some question as to ‘~-~ether the profiles

presented here are representative . However , in view of the fact that there seems to

be a good deal of consistency in the present data and that additional soun dings at

each site may not be forthcoming, we feel tha~t it is justifiable at thi s time to

present and discuss the results so far obtained.

Evidence that the present set of profiles is at lc-,,’~; ‘.nnuewhat typical can be

found in figures 2 through 5. Figure 2 shows a con t pa r i ’ ll u u ol three soundings made

over Panama and within certain range of variation they .‘ill appear quite similar.

A comparison of two soundings made over Fairbanks , Alas ka is shown in figure 3

and except for the l ayer at 10 km (to be discussed later) they are also quite

similar. Even soundings made in thearctic (Fairbanks) and antarctic region2



(McMurdo) , as compared in figure 4 , s hot- a great deal of similarit y . However , the

two antarct ic soundings illustrated in figure 5 show a la rge dif f et -ence in mixing

ratio in the troposphere. At the present time (for reasons discussed below ) we

believe that the high values of mixin g ratio observed in the south pole profile

in Figure 5 is non- tynic al and probably related to advection of mid -lati tude air

with its assoc iated higher CM content. The 10 km layer in one of the Fairbanks

soun dings (figure 3) and also the 4 km layer in the McMurdo sounding (figure 5)

could lend themselves to this same interpretation. -

The sinale sounding made over Mildura , Australia is shown in figure 6.

Although it is not strictly possible to determine whet luc -i- or not this is a

typical sounding, it does appear quite similar to the eq iator ial soundings

made over Panama .

Discussion and Conclusions

The relatively high CN mixing ratios in the troposphere are indicative of a

tropospheric source. A decrease in CM concentration is ‘ enera lly observed near

the local tropopause and frequently it is rather dmamat c. The equatorial and

mid-latitude troposphere apparently exhibit a CM mi xing ~-~- tio about an order of

magnitude larger than polar regions. This could mean that high latitude regions

act as an effective net sink for CN. Another explanation of the relatively

clean arctic troposphere may be related to possible subsidence of stratospheric

air through the high latitude tropopause , a process that would tend to keep the

high arctic flushed with air of relativ ely low CM mixin g - i t i o .  However , it is not

clear if there would be enough available mass in the ~ t t  ~i t i e i ~here to keep t,he

the arctic reg ion purged with clean air. The mass of th ’ nu;rthern hemisp here

stratosphere is about four time s the tropospheric mass ahovr’ 65°N. If the half

life of stratospheric air is approximately 1 year and half of the turnover is

available for subsidence through the arctic tronopause , then only about one clean

aim change per year in the arctic troposphere could be expected . This may not be

sufficient to maintain the observed low CM concentration. 
-
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In tropospheric regions where the polar and l ower latitude air mm iass es n ix ,

large fl uctuations may be expected ; polar air would be characterized by a low

CM mixing ratio while air masses from mid— latitude would display a relatively

high mixing ratio. As previously mentioned , the high latitude CM soundings

so far obtained do in fact suggest the presence of two distinct air masses each

characterized by their CM mixing ratio. For instance , the l ayer at 10 km in

figure 3 is characterized by a CN mixing ratio typical of mid latitude air which

has led us to tentatively identify it with a l ower latitude origin. Other

researchers have al so seen these same types of fl uctuations in the polar CM

concentration (Hogan , 1975; Flyqer et al , 1973). Thus CM may prove to be a

valuable tracer of tropospheric air masses in polar regions.

The large difference in the characteristic CM mixing ratio between the

stratosphere and troposphere suggests that here too CN may prove to be a

useful tracer. A tropospheric air mass transported into the stratosphere would

exhibit a much larger CM mixing ratio than the surrounding air and hence it could

easily be identified until extensive mixing destroyed its orig inal character.

Fi gure 7 is a composite of soundings made at 5 different latitudes. The

variation of the profiles with latitude , as aoverned by the tropopause height ,

can easily be recognized. rt is also clear from this figure that above 20 km

all profiles display approximately the same constant mixing ratio . If the

mixing ratio remains constant to higher altitudes , as the figure suggests ,

then an extiaterrestrial or very high altitu~Ie source for the stratospheric CN

would be probable. Some researchers , however , (Junge et al , 1961 ) have

considered a tropospheric source for CM and successfully described the l ower

stratospheri c profile by applying coagulation - diffusion processes. In the

high altitude limit of this argument , the CM mixin g ratio should decrease because

sedimentation becomes large enough to prevent the particl es from being well mixed .

4 -



Thus , extendin g the measurements to hiç~ier altitu des will help to determine the

source of stratospheric CN. Studies of the chemical composition and size m ay

also be of consi derable help but they are much more di ff icul t to ‘~ rry out

for  the very small part icles under consideration here .

In conclusion , even though the TGDCC CN counte r is still in the devel opm mie nt

stag e, we believe it shows enough promise , in terms of producin g consis tan t

and interpretabl e profiles , to warrant its further use a-nd development. In

addition , the measurement  of CM appears to o ffer great a~md untapped potential

i n the field of atmospheric tracers .
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TABLE

Summary of Condensa tion Nuclei Soundings
Number of Date ol

L o c a t i o n  So~~ jns Soundings T ropopa use Hej~~ t ( k ~~~ .

South Pole (90°S ) 1 1/19/77 10.5
McMurdo , Antarctica (72 °S ) 1 1/ 19/76 8.3
Mildura , Austra lia (34°S ) 1 2/3/ 77 15.0
Panama (9 °M ) 3 4/1/76 16.0

3/27/77 17.9
3/31/11 16.0

F a i r b a n k s , Alaska  (65°N) 2 5/14/7 6 8.0

5/16/77 9.3

Laramie Wyo , (41 °N ) 17 12/ 19/73 -9/ 13/77 9-15
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Figure  C a p t i o n s

Figure 1. A comparison of the average of 3 profiles as si iultaneousl y measured
by two different types of CM counters. The flights were made on September
18, 22 and 25, 1976 , over Laramie. The thin line ~-~fers to the expansion
chamber type counter while the thick line refers to the thermal gradient
optical counter. The mixing ratio is in units of number of CM per
milligram of air.

Figure 2. A comparison of 3 sou~mdin qs made over Panam~~. l~eadin ci from leftto right at the 175 nib level , they were made on the following dates:
4/1/76; 3/27/77; 3/31/77. -

Figure 3. A comparison of 2 soundings made over Fair~ ~s- :s, Alaska. Reading
from left to right at the 300 mb level they were nmm le on 5/14/76 and
5/16/76.

Figure 4. A comparison of a sounding made at Fairban~:s. Al aska (5/14/76) and
one made at Mct-lurdo , Antarctica (1/19/76). The M (~~rdo sounding s ho t ~is a
narrow l ayer at 600 mb.

Figure 5. A comparison of the McMurdo , Antarctica sommn c li nr l and the South Pole
sounding. The South Pole sounding has higher vali :~ - - in the troposphere.

Figure 6. The profile of CII obtained over Mildura , Aus t~’a1 ia on Feb. 3 , 1977.

Figure 7. A comparison of what is believed to be typical soundin gs from 5
differen t latitudes. Reading from left to right et the 90 nih level they
are : McMurdo , Antarctica 1/19/76; Fairbanks , Alask a 0/14/76: Laramie ,
Wyoming 9/25/76; t-l ild ura , Australia 2/3/77 and Pan 3 -1 . 3/31/77.
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