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1. INTRODUCTION

This report describes the work carried out durlig

the first three years of research devoted to aerosol

studies, both in the UMIST laboratories and particularly

at our field station at Great Dun Fell (847 m a s 1)

in (~uxnbria. Of necessity, a considerable amount of

time and effort baa been devoted to the design, construc-

tion, installation and calibration of equipment, partic-

ularly at the latter site and it is considered worth-

while describing the comprehensive facilities which now

exist there in some detail. This decription forms the

basis of Section 2.

Some preliminary measurements have been made primarily

to ensure the accurate and reliable operation of the various

devices installed rather than with any closely defined

specific scientific goals in mind at this time . However,

two specific aerosol projects have been conducted during

this period. The former project is a laboratory investi-

gation of the effects of mixing on the evolution of wet

aerosol spectra, and the latter project deals with elec-

trical studies of the turbulent mixing of aerosol trapped

at a temperature inversion. These ~tudies are described

in detail in sections 3 and 4.

‘
~he final section of this report briefly describes

and discusses recent work carried out and likely future

developments

1 .1  

. , ,  _,
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2. THE GREAT DUN FELL RESEARCH STATION , AND ASSOCIATED FACILITIES

2.1 Introduc~ ion

The UMIST Field Research Station is situated on th~
summit of Great Dun Fell, in Cumbria , (Fig 2.1). The

fac ilities comprise a stone building, situated 847 metres

above sea level with adjoining concrete forecourt for the

disposition of ground—based instrumentation and an adja-

cent wooden mast upon which instruments can be mounted

up to a height of 20m above the ground . The site is generally

access ible throughout the year by Land Rover, although

in extreme winter conditions a snow cat is occasionally

required. To avoid daily wastage of time through travel

between the site and UNIST (a journey of approximately

23- hours) a cdravan is located at the foot of the Fell;

in addition, fac ilities for overnight accommodation ex ist

at the station i t se l f .

The building it equipped with heating,  1ighti ~ g, and

telephone . A water tank and toilet have been ~.nstalled

together with cooki’~ig and other domestic facilities. Thus

the stat ion can be cont inuously manned for periods Q f

several days at a time.

A large laboratory area has been fit ted out with

extensive bench space and ample mechanical and electronic

equipment to permit onsite construction, modification or

maint-’r~ aoe of apparatus when this is necessary . Travers—

ing the laboratory at one end is a cloud duct which pro-

vides a convenient means of sampling thp external environm~~~

2.1
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A compreh ’: r~~i~ o ar 1d flexible range of data recording

equipment has been installed which we believe to be capable

of me et in~ all our requirements; this facility includes

a 1 2 channel UV recor d~.~r; a 15 channel data logger; a

multichannel digital tape rucorder; three digideck recorders ;

arid domestic cas~iotte recorders for use in conjunction

with individual experiments. The latter four systems all

store data in a manner compatable with our PDP—8e computer

at TINIST for convenient subsequent analysis .

The Great Dun Fall station , by virtue of its location,

has se~ eial highly advantageous features. Because of its

altitude~~ t is frequently in cloud — for part of approximately

250 days each year . Also its location and the prevailing

winds -are :UCh that it is ganer ally not exposed to local

sources o~ pollution. For these reasons apparatus has

been installed to measure and record a wide range of atmos-

pheric pwrticulates, both solid and liquid .

Me-asurer~ent of Ait-ken Nuclei

The concentration of Aitken nuclei is determined using

a photoelectr ic  nucleus counter of the t ype described by

Metnieks -and Pdl l ah  (1959),  Pofl:-~~~and his co—workers

have carried out extensive investigations on the accuracy

and rel iabil i ty of ’ these devices and thei r  performance

is well—known and docum .nted . Two counters are operate.i

in parallel , Figure 2 . 2 ,  :ind the system is semi— uto inat~-d

by the use of electrical solenoid valves operated by an

electromechanical  t i mer .  Air  is sampled from the cloud duct.

either directly to the counters , to deterr .~inc the tot-il

concent rat ion  of nuclei or via concent r ic  cyl indrical

2.ii 
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denuders across ~hich the potential may be vuried to

selectively descrimirato against particles of different

rnobt l i t ies .  In this way an indication of the size distri-

bution within the total concentration of nuclei. may be

determined . Alternatively, the denuders may be employ ed

with the photoelectric nucleus counters to determine the

total number of nuclei and the total number of unch rged

particles. Provided that the aerosol is in electrical

equilibrium and that the charge distribution on the popu— —

lation of aerosol part icles follows Boltzmann’s Law an

average size may be deter.:ined for the uopulation .

Electrical equilibrium of the aerosol any be assured by

passing the aerosol over a weak r-idio - .~ctive source .

The average size , -as deduced from the measured f ract ion

of the uncharged nuclei in the actual aerosol is in fact

the size of an equivalent monodisperse aerosol. (Rich,

Pollak and Metnieks , 1959).

The signals from the counters ~re suitably processed

a.nd recorded on the dat logger, which provides a punched

- 
.- 

- 
tape output. The data is returned to UMIST for subseqi~nt

analysis by a PDP—8e computer .

In principle , the photoelectric nucleus counter registers

all Aitken nuclei (10 7cm < r < 1 0 5cm) upon which conden-

sat ion may be achieved by the supersaturution resulting

from the expansion rat io  of 1 . 2 1 : 1 .  ( 2-i higher expansion

r at io  would result in condensation on small iu is.) However ,

in practice , th i s  size r-~ri~ e is liaited , at the upper

end by gravit’at ion-al  s e t tl in~ of the  l ’ir ? cst droplets

formed in the counter , and ‘t t}n~ lower end by b ases d~~
to di f fus ion of the srr ’ ~l1~;r par t i c l e s  in the  in terconnect ing

. 2~iii ----
~~~ 
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tubing ~etween cloud du~ t and counter. Fortunately,

expresaions for  the  d i f f u s i o n  of aerosols in laminar

f low n - :~ve been fou nd  for  such S lt W i t l O r i S  (Gormley and

hennedy,  1949),  -and corrections may be made to the raw

data to -allow for  these errors. By way of i l lus t ra tion ,

for particles of radius 10 7cm passin into the counter

at the normal operating flo~ rate (4 1 min~~ ), the ratio

of particles reaching the counter to those present at

the entrance n/n 0 70%, and of those p-articles r each i r~j

the counter a further 25% may be expect- -~d to d i f fuse  to

the wal ls  of the counter  prior to detection . Fortunat ely ,

th e  :a-a~ nit-ad e of these b ases decreases rapidly w i t a

incre- is ing particle size , and suitable correct ions to

the dat a  eec convenient-i :: sale du r i ni~ da t e  -~na lysi s

wi th  t he  PDk—8 e .

Observations of ~d tk o r .  nuclei  concentra t ion  are most

conveniently expressed as a cams] -~t i ve f ro~ uur icy dist ri—

but-ion , in which the bogaritha of p ar t i c le  concen t rat i on

is plotted against the percenta~-e of obnervat lor e less

than a given value of ~-a rt i c l ~ e u a e it r a t - i~~e. R ep r e s ent at i v e

results are diven in fiuure 2.3. The p~riaer~tel points

have been omitted from thie fi~-ar- for  the  sak e of c lar i ty .

Preliminary resulta  r opor t e - i  in , t’or uxu ~pl~ , the interia.

report for December 1975 ~I V O  indica~u I the very small

-amount of scat t er  in the resu l ts .  Wh en d i :p l- . y~ I in  ~nis

mariner it is r -l i l y  app arent  that the  d i st r ib S  ion ef

number concentr  1t ion is w~;ll approx i ma t e - i  by a l o f— nc- i -mal

curve wh i c h  provides a convenient  me- F S  of ~- ‘s- - a -~ I~~r i~~inn

~ h lisl ~- i e st i u r i  t~ rr-a- of i r s - ~eor I n c  r i . a , Z _ sr~ci I hi-

2.iv 
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~oOmctric s t - a i r - i  I~ v ia t  ion -h. . l i e - B C  p t r I e ; t e i a , ta-~- -~

with th~ reinvent. a-u t ails of  se -aL win-I oi-~~d an-i s i r - . Ct i O O

s e  ir -oaa r - t s a in Tah l~ 2.1

f~~b1e .~~~~ 1: V ar i a t i o n s  in A i tk~~n Iuc l- -i  C - s c- r i t r - -t i oy .  at  ~ 2F

- - - -~~~~~ - — — - — — — s- ._— - — - -  - a — -  -~~~~_ a. — —  -~~~~~ —S- -  —

Curve  Wind ~ear .  Wi nd Z . . cr.~ . Ace -
Dira ction Spu ~~d ( ~~te  g

• . — —— - - — -a__ -_ —..-—.-——- - —  — . .- - —— a.- - — - — .- - - — -. .

A 04~° 12 d80 - 1.59~ we~~kon a snrr r -l in~
- p-~s~io- .i cl~er air -

B 2100 25 I 1550 1.35 cle~tr air, cloud
- ‘r -~low station

C 210 ° 34 - 1 780 1 .83 ’ In cloud

D 1 55 0 35 1970 . 4 In cle ~r air

190 ° 1 2  22 50 1 .38 ; In cloud

F 210° ‘ 31 2450 1.39 , In cloud

235° 23 2650 2.7( 1 In ci - r  a i r
I 1cc- i coll at ion

(‘-ohienJ ar)

H . 2700 
- 

15 2900 1 . 2 4 . Local pol lu t ion
I source ( a; t an  ;hy

- - ~ e- ne r~~to r )

J 240 ° - 9 6500 1.38 Local Pollution
- - source

• - - —- - — -  ~~~— - - -~~ — - — -~~~~~ .-~~~~~ - - 4 - - -~~~ — -——  - - - —  — . - — — — — - —-  —- -

Th~ r;n~ e of v an -I ion in Zr is e~urn~ru i l v  era-ill

( curves B—H inclusive) and t he  ‘ib~~oi A t C  va lue  cuas i st  at

wi th  th e - na I are of the l a c - t i on .  dx t r u e i e  vwluu s  of Z

( c i r v - s  A and J )  are re- li ly - xp l - in - tb le  in I rre of

the incidencu of anthropogenic sources of po l lu t ion .

2.v
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The only fixed local Source o±~ pollution is a ~T-yes un. mine

locate- i 8 k:: distant Proc. the st ~t i o n  -on a b ea nin d  at ’

- i chico l ir ac t  i v it :J  ~ r tn ~ a er at I o n  of the diesel

ston-iby ~ceaei’- tt - a - i t  ( D F  ~re renuily T j J - - -~r on t  as si~- n i—

f i c- r et ~ o i a r t ac-e s i ror : ;  I he c~~et ~ e: -1 r ~,’ -ii ~rr i ;~i vari a ti o n .

The occur enc a of -~~he r  sho r t—terr a fluctu -.t ions ( ty p i c ally

ar: i ncr e ase in cu r c e r a t r -- ~ l ion of up  t o ~ r . or-I - n  of  a- hn i —

terde for  a p-~n i a a  of 30 minutes) has been reported in

a previous m t - -s ir report . ih e  nature  of t h e  cause of f1~
these romolous f lu c t uat i o n s  ree r u i n c  ur ictar t -a in . 9e inter ai

to continue t h e  s y s ta c e a  tic accumulation of’ deal - - t o  I:r cviSe

a statistically significant ~benc:.me nk~ of Ai te~~n nucle i

oonce~ tretion - oni:1~~r var ious  ~-revs i lir ~~ m et eo r ol e-a i c al con a it i o r-3

2.3 Heus r-e : ont of ~iartt Dry ~er-osol by Iner t ia l  I r : p - ct i -un

The measure - sen t  of r :u ah .r c o n c e n t r a t io n  -sad size

d i s t r ibu t ion  of r ar t i c i e s  > 10 5cs Ic of - r t i cu l - r in t e re st

since those p — a r t i c l e s  -ann precisely t h o s e  which c o n t r ih et e

to low visihilities . To investiu- -rte this sioc ra:-a ea fiv e

-io’ar:lo—stae ,e ie~- - ctors of the type-  1~ ecniIu d cy Jnonic~<c

(1971) were- inst- - lied at G~F e - ir lv  fr .  the  rese- - : i - c h  p n od .

r~1ach useful iaforo-tion on the oj--uration of ti re ieviea .~

was ssr -~ li~- -~ by 9r R Reiter of the Physi~:alLc c1. —

~i in k l i r ’- t i c c c .- ~~~
- - r e : : - : c t  - l ie -len Fr-~uni ofcr— --Jeeeli: an ft 

ic~ — 1 r ’t .n ~~~~~~~ woo is cure nti: w i - K i n - - On rn

- i u t c - : e ~~~-,i c ’nI i r : ~ 4 - - c h r i- 1 - r : - - i r a f -  - r i - opt ~~~l~~ct r o n i c

- . ( e  . t i r~~ ~e - I - r u e  - - t p r -  s en t  i- ~ c u r : v c r 4 - i u n - - r l

r a i cro.9cs~ :- )  . Ir: 0 a o P-, ‘a i~ t o ! — t n i r a  - r c c ; e r a t ~ r~~- - t e u r  —

- n i  si:a 5r~~ - ‘ r i  a es ea i u1 i } l  11L ~ col—

i- - c t i o n  •~fI’iri l~5.:.~ ~~~~ ~ - 1 5  1 ;  ~ Se r I:J 5~ ‘ : -S 0-

-

~

-- — - —~~~~~
- -~~~~~~ - - - - -- _ _ _
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precisely k n o w n .  l~ .e5C - aL . n O c-~io u l a t~~-a :-y cc r : ieer t i O r .

of the -aur ou ~ ri; r mico : in the r -~ s a r  of t h e  a ceasic , a n- i en-

found to  b e t  sea aiti a- ; func i a of ~aau mean L f l  ~cle

- l u n ei t y . ‘t h e  ~ aeiat  i-o n of -~r i-ale- ~ t -~r at , ~u::k

collection oi ’ f ici -~r. c :, fo r  I n - . fi’! u d l i t - l -~ st-~f~c ics ot o r :

fo r a non~~ of S e O n  r a n t  ide Je : . ~l t i e S  i- y ive r .  rra T O b l e  ~ .2

-aale 2 . ? :  (]- :icul :ted Valu es  of r:-stie 1 e U t s t er of
J: ixim a~ co l i ec t i- r a e fa i c i e : ay fo r  var io u s
mean canticl e lar d ~1 a .

S~esn I r t icle’ - . , -
.7 • t - r - t i c o a  ~ ia :~~ ter -d .~c.

d en s i t y  g ceT°. L1t~~ e 1 . 3t- 5: 2 . ~~~~~~ ~
- , J t -~~ e 

0.65 0.3f7 0.a?e 1.30 2.79

~ oo 0.233  O.~~6 1 f l . :r2 2 .09 ~1. 75

2.00 0. 1i ~4 0 .2 - i l 0 . 62 3  1 .3h5 I . E - K

W it h  tire on~;fn a i c r - c a ; c o n ’ ;  t~-cbr i i : a c  av ii -;bl~ t o

us, - --c wer- - oni~ le 10 -a c-c v’-rI ei:--- e : te r ni ae  -
~~~~~

-
~~ i d e  s i - - .:

-~ ~ 1 .0 ~om. Ccraacq aertly ly ce - ::.i n a t i on  of t r ~ ;l~ - r c-el 1 s

from C t ; r  eS - t n t  5 ~~iV V u  r - c ~u- -ftie to ~. I - la .~i nc  :~- . i

t oe  c - a l ih r - a t i o n  mo o t  clo.~u y  corre r~~: - ~~~ I - :  our  ::.~~ S i d

a ra r i t s  w a s  f o r  a ca - n  p a rt i c l e  ici sj t , ’ f 1 . ( -  ~:o c r .

In order t o  — a c c a r - J e l y  -J- ~- t ~ sine- n : -  r e c - n c L - r t i - i t  i -o r

it ~ is rR : cr ; a ; - r r ’ I I r~ k r - :u ~-: t~~u :‘~~aai1 U l i  Of  j - u a k  001 c’ —

t ier u f t  i c iu f l o ;  ~~~~. A c c c  1~~ eOn of bot~ l heoi-~ t Lc- ;l cal—

c l :tiar .s a well  - a  -e x p  n i m o n l - - l a.  ~ r - l i s t  l e r e  ;h l i e h e i

~ fl t~~e lit ~r- .t ur- . sheen c—a n~~i l c r  P11 1 1us i - ecu

7 .vi i
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Jaenickc and Bliffor-J (1)74) L y e  r -~v icwed this sub .l act ,

and su~a~t est~~d lik~ ly e ras ~s f o r  t h e  d i sc ro p- r ic ie s .  iIo~ --nv er ,

in V~~aW of the uncertaanti-o s concr;rning t~~e ohI~~in-eblo

nccoracy of number cor l ctn t r a t ions  ~ ad 31Ze, d ist r i b u t i o n s  of

- tmosoheric aerosols , to~~ ther wi th  the  inordinate ly  t i n e —

corrsu:a i n~ na ture of the d et a irtalysis , it w a s  heemed

- t - iv is sh le  to postpone ‘i -akin c; these mc-’- ourerannts until

t~ e ic 1ui s i tion  of the  opt ic-  1 Sc at t r ;t i r I  p -ar t icle counter

described in the next section.

The theory of inertial depon-ition employe d  to deter-

mine t he  collection eff ’ic i r:cv of each :t-~,e of th e  i c p a c —

tors  d~~m5nds t h a t  the  size of ~e i- t  idle c s - tar- - I  is - :c~ually

arc ‘equivalent  auro dyn - :cic size  ‘ . r- tho r I L -T.  r~O5~ sp ec i—

f i c lin~ - r  d imens ion , w h e t h e r  re 1 or d er iv u d , ir . order

to acco unt for  var i - t i or i e it .  - n - : . - . t - r e  such  :ie ~h p e ,

density and dr- p c o e f f i c i - rr t ci  t i  p - - ‘1 id e .  It- is ,

therefore , of interest to ex- - . ir .~ i: e n- -m -of sL- .}es - n - i

sines for which a civen isp- ct-o r st - . is ~1cscnis  i n t l  I V e .

a consequence of th~~~~oe corr - -a ~i en :t j en e , i t  w e e

t h at  ax -s ir  t ion of th e  ~ - e i p l - ~ oat  .i n - :  ~ v t h e  i - c  c to r s

by .sc::nning elect ron - :icre~:’-cof, y (lEa) t c h r i - a eres c e ]  i

be ins ar u c t i ve .  To t h i s  ~~~~ the .:icroscop- sli~~ s norn - :l ly

e-~~i loye~i were r ep 1 Ccl  by me t - - i  b l a nk s  01 ’ i a  at  ic- i n iz~~,

it the centre of which a hole u - s  a . cOm e to accept -a

ci  r n - lard  J hf’! 3- aplu  st- ipe.  C a r -  w - i r  taken t o  a u n t - i n

tn f - i ce of th1.  .3ds~ ceer ple ar t  IC flush with t h e -  s i p e n t i u p

mc - 1  01- nk to mi n im i se  d i ’  t u t ’ b - a n c e  of t o .  a i r f low in

the  cr i t ic-il  r :~~iu n  of I i n -  i : .p - : ct . or  j et , so t O - r I  s - i u ~ I ~ ar

w u a l t 0 . . r I  poua1 r : t -  l iV e  of 1 0 0 0 L  o i l  l f l e - i  :a r r : - - l -  r~~ ’- 1

op-~~ra t ira e C o t  i lt i u ns .

- 1
L ~~~~~
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Ex aminat ion  of the pi:otopr-- :phs thus obtained (tLI l ic’ul

ex- rap lus  of wh i c h  wer e  included in t i r e  int-~rin rep ort

for  J ar :-: 1976) di~ c l o a r i  consider -fi le 7- :a’i t-i rre ira per t ic le

shape rin d s ize for  any p iven isp -actor st ~~e .  Toe- v -oi - i a—

t ions in overall s ize  w -r e e rihar c~ d by the f t d t  t hat  n~any

of the larger ser t icl~ s -June cle-arly -~pgloa~ -r ~~~~ Many

small particles a t. extreme rat p a i f i c-et ion  wt ir e cl~ - .n1y

crystalline in n - 4  are . ibis v s:ialrili ty in the  n at u r e

of partic1~ s gives rise to cor. sidcrrrrbl e uncurt  cin ty

in the value of ne’ar. part icle dens i ty .

2 .4  Measurea~ nt of ’ G ian t  Li ro~ ol by Opt ical  de t t ening

During the  l at t e r  part of the n -se - n d : peri od we

acq uired — a h oyco ko d~ 1 22~ ±~~rosol P-article 1’ cni tor  wit - L

an au t o o c-rn  di gi tal  d i sp lay  module 50h - a d  c-ic-d el 241 s e n sor .

This device- h - as  been i r s t - ;ll-~d at t h ~ -IDF f ie ld  st - - r i - io n

and is currently und car~ oing dos1::i:sienir ~p -an u c : a l i i r - ;t ion .

The counter  is pr ec- l i b r a t e d  w i th  a or io di i epe -rs e sources

of latex par t icl~ s in f ive r a d i i  c- -t - : onies :  0 .25—0. 35 ,

0 .3 5— 0.7 , 0 .7 —1 .~i , 1 . 4— 3 .0  - m d  3 . O— 5 . Ou r f l . Sii c~ I r a  c . l i—

brat ion  is sensit ive to the r e fr ac t i ve  index of the --cero sol

bei ng . rrre- -su red , we h - - ye aeice- ~. it  -L I i r - ble to check the

ca l ib ra t ion  for natural ai ;r o:a c- l particles.

2 . 5  ft t m o sp i i - ;r i c  k c r t i c a l - : I a  Coil  c to r

One fu r ther  d O V iC e  for  S:- m~:lirp - any  a tmospi ~~nic

pri r t icul-at es  1- - de~ crlh 1 brie fly lu re f o r  c o ’ aj — l 1-u nesS .

This  is t i r e  n l . : n a ~: ic p-a r t  i i -  I C  Co1I-~-~~t e ; :-  i i  O l d  i

by ASL ‘it . W:Jo~R .  In t h i s - i e v i c ;  , - j r to h- d i e d  1-5

-I r - wr i up - i l  in t o t -  10 1)  of r h - e y l  1 1 :  r i o - i On a’

t h r o e p h  c i r cumfer ~ n t  i -il o r if i ce s  and I hi fl C:a C

~.ix
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the body to ‘i f i l ter  c:owat ’ai ira -a h e lm - rn f i l t e r  Loller

a t the bni - ’e u i  toe b o d y .  Tti e device is -asp i ra t e-u  by a

Recip ro to r  t y c  1~~Ub nu -ap such t O -  ~t the  f low n - it - c into

the i n t a k e  is s o f f i d i r t i - ,- hi :}a to overcome the sediment ::—

t ion ol~ ec ts of era~ ity  but  r o t  so high th a t  p ar t i c l e

inertia e f f e ct s  hecu : : e serious encuph to cause the partieles

to de vi’ate from the f low stream .

Two such d~ vices ‘:re currently being operated , ore

at U MIJ T in a dera : ].y populated urban environment , -~raI

the other at GDF .

2.6  Me~~surement of’ G ian t  i/ct ~eroso1

In order to de te rm ine  th e  size d i s t r ibu t ion  of pi nt

wet aerosol an electrost - t i c—disdromete r  h-as been cons t ru e—

ud -ar id t e s t ed , both  in n at u ra l  and laboratory condi t ion s.

The ce librat ion no r-: e h-a s bee b o t h  detct ilec and ex ten—

sive in view of the  d iscrepancies  in the heh -iv~ our of

similar devices reported in the sc ien t i f i c  li tcr atu r~~.

• A block Jioprart:  of the pr ea ta ri t sys tem i.~ shown in

Fi~ ure 2 . 4 .  Essent ia l ly , pub es f rom the ko i ly  Probe ,

together wi th  th e  o u t r - u t  f r o m  the h o t -w i r e  li~~c4lJ wa te r

content  device , are processed - a id .  recorded on a l o o t - s i - i c

-: cassette  recorder at the fj ~ ld st a t ion . Th I : -e - :r -ire

then re turned to d a I l T  and plo :j ud back ‘li: t h ~ n L c e s s r i r y

aincilir -try c i r cu i t ry , i n t o  the  PDP—8 e compu te r . The c e . l a t  r

is pro~ ra :rsre l to accept  pub es , so rt  m t  0 cbs rar e-is - n i

ou t p u t  the  total  -s-id c h a r n e l  c o u r t s  t a  t n~ d ip ir -r t o r e

Cloud liqu id w~r t e-r - con ’ i t  is re - rd a t  l i e - U u p i nn i np  - .nJ

- : rd  of e ach h L . ; t a  a r -  - r i - i  - inn  a c t  ~u t  I - ’  t~ a- d i ~ j e t -i -c .

1 x
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The raw data thus av - t i l aL l e  from the cip i s tore  say

then cc fed to the - FDl- —~ e a r t i c h  is re~:ruer a ar e-J an aa run

to ou tpu t  actual  h i : :tj~ r a m s  of S iZe d i r at r i b u t i o n  to tO e

tele t y oe .  The l - t ’ i  is m v :  i l- l i e  e i ther  a .tgitally or p lo t —

ted out in suita~ le fe-r r :  - t , - -r d  p r o v i d e s  in aiuai t ion to

size di s t r ibu t ion, t o t a l  count , t Ot -~l liquid  wa ter con ’ cat

( ie  ~ nr 3) ,  the rae-an r -a-J iue , d i s per s i o n , peak channel size ,

count and liquid water  content and pr e-— rn-I post run l iquid

w ter  content  ~.eri vcd f rom th~ ho t—wire  device.  Typ ic -ally ,

ra sing le i :is to~ rao is complied for  2000 pulses or twenty

scc-~nds of d at a .  V- a - io us  sy s t e m  st at - a s  chucks and n o n i —

to ring fac i l i t ies  are -v a i l a le.  Provision hr -is been ~~ de-

in t .is l~a t ter  prota’- Lrar au i -a i n c o r p o ra t e  a cor rec t ion  fa c t -r

for  each channel of the  h i ct o p r - i a -  once th e  collection

ef f i c i e n c y  of the z u il y  Preb~ hors b een  dc -t e r o r i~~ed as ‘a

func t ion  of droplet  size.

Co l ic- ra t ion of the  ~ e ii:y Probe h- to  bee n c:-: rr iud out

in those la iborator ies  u s i to - - s iu- ci ~ lly cons t ruc ted  wind

tunne l capable of vent il-atm i-I o probe -at sra ceds al- t~

4 25 m sec~~ . The air is initially -:I r zn throupli - :  Lu : : .i a i—

fier and thor. d r o p le t s  air-a ir:tro Iuced into the  a i r s t -r ~-ru m

f ro m a ‘ spinning top ’ gene r a t o r .

Th~ d r opi  ~t spectrum avail- -b in f r u;  th is  sevice ; a

be select ively  bru 1 or narrow . It  i -:i o t- u n r r i n o 1  by ins~ r—

ti on of m ae-siam o x i d e  c u ’ u t - j  1- t s a r  rods of kno wn . coils d

t ion e f f i c i e n c y  i n t o  thu. - j r  stru m. In I hj a  m an n e r ,

t he  pr ’lio i nm r y  do l i h r-  - I ion curv ~ i r e  Sof i I ii

i r ) t ;r iO r epor t  h - s been e r a - - h r - i t  :~i • t i r t s ~ pr i t - c - I

Keil y p r - bc -ou t y - a 1 tn I t L  o t — z i r -  l i :~- i :  w - t r  c e n t - n t

L-vice h’ vo been c - : l i I r - - . t - ~ . A - - r e t  - ~ t b . 1z ~ , a t ’  I w o

2 . xi
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w a s  found to be- excellent ; the lir.~ -a .r i ty  of the output I 
-

from the- l a s t—wire  device w o o  — a lso good . A l ab o r a t o r y

:I~~t e r m u i r  :t ion of t he  collection e ff i ci rncy of t he  probe

is c u r r en t l y  bein a 1 :00.

2 .7  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The d i s t r i bu t ion, w i t h r -u i n lr o p  51Z~ -ar t t i o~. , of

v arious pollutants in r ’ainf ii is bein,- ’ stu -die -c to pa in

informt-ation about the  er r t r - a in ao ra t  of’ ae rosols in r oan.

The technique employed ~ti1ise-s -a colbe ctinp r a i n d r o p

di sdrome-t er  (Goorgii  and Wot zel , 1970) ‘ m l  - a ra - a LS,’sis of’

the collected samples  by cbect roche ; ’ic~ l te cuoaLq u es  u s inp

io n—Sens i t i v e  elect ro-zes .  Us trap t h i s  t -ec }sri ue , cur . con—

tr - :t i ona r  of selected ions as low -as I pp ; i  nay be de te r—

mined for  sample- volumes -as small tars 0.3 ml. This s t u d y

w ill be augmented by precise determination of the raindrop

size distribution usin~. a novel de ;ipn of disdrorneter

developed at -  tJih I23T . specif ic-al ly sui ted to obtaining

ai ccurrate  resul ts  in the  pen e r - t h y hi gh pr ey -t ib ia 0 w ind

c un l i t i o n s  -it  GDF . In a d d i t i o n ,  electroche ;nic ’t l -analysis

of the sampler s obtained by the double  Ot m O imp -c tors

is planned .

2 .x i i
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3.  bi te -~~~ ~TO P1 O ’~ LIII 1 ~~~~~ ‘i - . ‘  - -~~ ;T~ uF - iA I ~ G Oia i1i ~

EVOLUTION OF’ ~/i~T ;u~li03OL ~PLCTRa

~ .1 In t roduct ion

The evolut ion of droplet  po ul~ t io r - s  formed by

condens ~tion in f ops and clouds aS bce-n s tudied , exp er i—

m e n ally and theorot ic— illy , by many • or Ror s .  The soot

detailed and reliable i n f o r - F m t i o n  on cumulus  clouds of

mn ode r ox te d ep th , ha s been provided by the airborne inv e - st i—

~-i t iuris  conducted , pr eau nted dncl d hacus~ ed by a m e r

( 1969a , b , 1970 , l973a , b ) .

in these papers rnor points to import:int in ter—

re-I - ted fe ~tu - - us of the shape  -and deve lopm en t of the

dro -  t spec t rum — pr ior  to the onset of a si n i f i can t

contribution from cu - aluscence — t~hich he is uncb le -  to

expi-ain ~uan t i t -at i v c 1y .  ‘fh eta e - i ro t h  at ( 1 )  d r oj i-e tu

of the -cm - lest deto ; ttj b l e  si:- .e (diameter  d bu m ) ore

found it  ii levels w i t h i n  t ao c1~~uos , ir resp ec t ive  of

the dis tance from t n 5  v - r t i o - :l bu t  nd n iu s ;  ( 2 )  the dre -p —

le t sp ec t rum is core: a ’j  A e n t l y  bee 1, ra nd is cor ~is~only

found to be bimodal ;  (3 )  th e  dispersion of the spec—

tru it — j u f i r i e d  -is  t h e  r tic of the st -i ~rd deviation

to the me - L r i  d i i ; t  :t ca r — is t~’~ ic - f l y  ir~ und 0.2 near

the clo ti b se, and incre ~c-s at l i i  1 ar 1 -vels .

ru e- ; - (lybr ab) S i ~~- \ ~~~C th- :t t -o .~pec n i l  sh .~~:u

a r id djrs1 , - s i . ; n  r e  a Clo d base c- r n  be t X l  lifl( U if

:a cccj ur it is tm - en of t~ie fac t t h i t  the OLS i : r i s - t i o n

coefficient for r-i - t e - t ’  v pou r olucul -ri  i i  co f l iJ i utr — 

--- ~~~~~~~~~~~~~~~~~~~~~~~~~
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ably loss thon 1 • i m i s  papers provide conviricin~-. evidence

for  the a s s o c Lt i o r ~ of ’ the  o ther  spectr al fe  tune - s  al lude-i

to w i t h  mixing b et u e - en  clo Au ;anu un o e r s - a t u r a t u d  environ-

ment a l a ir .  n o ever , dct’tile-d c 4lcut - tions ( - 

~rri cr , lJ7 3- a )

in which entr -~inria nt of’ unu er o-itur -; t cd envi ronmun al air

riS considered , yielded evolving s pec t r a 9u i te  un l i-~~

those observed . This Leo ~~
- rae-n t o conclude that “simple

aixin1~ bc t a -;eon the  cloud and the  env i ron  s en t  ii; uni m port—

nt  is d e t0r m in i n g  the dro~ lst sise di -tnibu tion , at

lom ~~t in the  c - n y st:’~~cu of ’ cloud ~roa th” .

On t h e  o the r h r n d , ~ -ason arid Jonas ( 1974)  ‘ ifld

Jon a s and ~a-con (1974) h- -y e  pr s en tu d  calcul r t i o r ’ a r , o- -~~cd

on a m u l t i — t h e r n : t l  mod el of the i flo5 , from which  they

conclud e th at the m a j o r  faa 4tur es  of th e -  dropL t S F- - t c t r -r

c n be e-xp l-alno d in teriri s of  m ix i n u b eta-see- n th~ cloud

and its environment . This conclusion hrt~ been challenged

by ~iarner (1975) who argue s that the dynamics , therrx~ —

dynamics atrmd microphys ics  emp loyed in th e s e  C- ,1CUI- t i on .S

are unre - 1lis t ic .  The crulc ’~h — -t i  - - h~ve been defended

by leason (1975),  but it is clsear that  no consensus of

agreement exis ts  as to th e  re asons for  the p - r r t i c ’t l - a r

features  of cloud droplet  spect ra  t o  which 1 in n er  h - s

drawn our a t a ~- n t ion .

In the  pr esent  work experiments are de sc r ib ed  w h i c h

were designed to s tu dy  the  e f f e c t  on a population; of’

droplets formed by condens  i t  ion of the -admixture nf

~~~~~~~~~~~~~ :ai~’.
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5 .2  The Exp er iam~ r a t r s

The :p or- t us devised for th e -  expeniroa ;ts is illas—

tr-atcd an Figure (3.1). Two moist - ,ir stre:tms , of ter :per—

-a tu r es , T A and TB (T A > T~~) ,  we--re producod by drawing air

t h rough  a. p-air of bubblors p ar t i all y fi l l~ d w i t h  w a t e r .

-
~ pair of’ ce -a t r - i fraa :a l  t a -- i s W s S  th en  use--st to a- emo ve  fr orr.

these streams troplet ; pa’ d-acod by bubbic- but-sting . The-

s t reams were subsequently mixed at the top of the fall

tube , -and since they were both almost  sa tur ’at eO , a drop—

le-t  cloud w a s  formed by condensat ion . The f low ra te  of

-air  through each bubbler , VA and VE , W a S me- cured using

a f ’lowmeter - tn-i co-old be v- tr ied electrically. Since the

entire- system w a s  : i x ’ 1  ight the tOt -~i flowr- :te through it

w :_ s  v , + V

Th e -  iron f l i  tub e W aS cylindrical , of length 5na

sand.  di ameter  O .2 5m. Its interior u-ails We-i . l ined w i t s

blottin g p- - -:per . Pl astic hone-ycombima~ was in~,t-slled ove-r

t he - en tir ~ cross—sectional ~re- :a of’ the tube , n o r  its

top and i ts  hose-, in order to cu min t e 1-argo—sc -ale turb u—

lon ce. This r- d -a c e -d the length of tube - over which  the

o~ ectrntl ‘v~lution could ha studied to -about 4rn.  The

m in i - r um to t - -al f l owr -atu  wh i c h  could be emp loyed , abo u t

80 1 min~~ , corresponded to ~ -ac- ar - air sp~ d U of rabout

40 ~~ s~~ down the tube- and thus the :1~’v e - lo anm nt  of t h e

droplet spectrum could be observed over a time int e-i’ v - .l

of up to 100 s. since Ih e - l- rg on t droi l - to -‘noun in the

tube- were of di m-. t r l 2um i t is re ’a oon - m h L  ~o a.s :’arn : t h - rt

their r d -  tiv l sedin rtio~ W I ’  ~ i i  b le -  dui ’ i ie- h-  i r

3.iii 
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pra s - o -~~ e-- down the tube . hi re - por t s , s-p -oced at O. hn .

in te-rva ls  w i t i s i r s  the a- a rk ia , : - :ct iOn , w e -r e -  e- -aplo :ie-d for

samplinu the -  cloud droplet :— , which were-  cOl l -e -Cte -d or.

glass s1ide~ c oat :d  w i t h  oagn:e ’siusn o x i d e - .  Th e- collec-

tion e - f f i c i  roi s of’ t r e -  s l ides for  dro~~lL t o  of’ the - -  Size

rrnnae ir~v~setig-at :cI -we -re- de-t -e rmmne d in a ser ies  of aaan : ’ i a i i—

a ny stud!e-s. leoLormitures W e - f :  me-asu r -e-- d -at various 1ev-aL

within the fall tube .

The liquid w a t e r  c a nt - a t  w i th in  t h e  c laws  c o o l  h e-

measured using an impactar . Cloudy air was dr- un in to  it

and passed throu e~h a rcct :n~’al -;r nozzle .  Drople ts  c o n t o i n e - d

in the ai r  -wer e deposi ted  on a sh e-c cova-r :d w i t h  h l a -~ tin-

paper which ‘w as subs-e~ ue--nt1y we it-he-d . ~he va lue- s  of l iquid

i-: ’ t - r  c o n te -n t , C , obtained in this manner me - r - self—

c on s i s ten t , and in r e -m o e -n ob l e  agr -e-e-:s ent ,w i th  those -  o b t - a i t - ~~i

by int agr -at i re - , 0 -for the r n .  r sur e - i .  size d iat r i bu t i o n  of t h e

droplets . The - e-stitnated unc rt-~inty in the- me - - ; : r m r ~ d valu

of C w a  ± i~ ,f. It was not possible to n:~ke me- sur~--r:ena t s

of C ‘at the- s-rae time e-~ s-arnpliru; t h~ drop l to  p aw in g

down the- fall tub e- . F’o r tu r t e ly , this de -f i c iency  wa s

not important since i t  w-~s founsi tn-at cor d i t i c - r ; ; at any

lavel  within the- tube rema. int ;d essentia.ilp c o n s tan t  for

p er i o d s  of up to  20 m i n u t e - s .

Th~ e f f ec t  on the drople-t  spe -ct ru rn  of m i x i ng  in

un i er s st u r s - t e --d but humidified l - t b 0 ~~-V or:: air could

b e- i n ve s t ig at ed  by ope~i~g e i t ] a e - i -  on ’— or two c i r cu l ar

o r i fice s  l o c a te d  at or b - I s e - e - n  I n c  l e v e-i  o f m r - t o  3 or 4,

(port 1 ‘w s the  r : i g i s e - s~ ) . The r e- ir t  ive humidity of i his

a i r  a~~ t typically - hcu 1 ~O . The d i - r a e -  t ~ Of tshe- or i f i c e - s

3.iv



w S e - it h e -r  6 oa’ 25 rr~xs r ;i  t h - ~ t -o t -~1 t lo~ r te -  t -  r ou~ : -

t h e - r n  ( V ~~) w - ~-a a- s e- J  ~r~~ sj j  i e - r ’- :r a t e - x t  t i  e - f l t s~ , :ros. 6 t-e-

40 1 . Ira sun - . xp -ri :s . - n~ s — ~~ r ~t e - u - in ~t a

t ss~~- a -- t ure e x e e e - d i t~g Ia. of t h~ e - e - :~ a e n d i n -  cloud u -~s

in t roduced  it  at f low r r i t ~ V~ t h r o u gh  o n i f ic~~s l~~e a t e - -i ~t

t u e -  1. y e-h of por t  6 .

A n i u oa t , e - i ’  of ta u Pe l u l - ary  e -x p  - - r - i s -a t s  w e - r e -  b e - n i o r o e d

in order  to i uv - st i a- :t e  +
~~e- r e p r o f uc i~~ili t:-~ - a r su ~~lidity

of the  r e-su i t s .  T h e-  h 0 i . 0 :t e-~~t7  of t h e  s~ e -ct r -a. ac ro-u .

th~- tuh~ was t e s t e d .  -it v arious he -ye-is by hoe r t i ng  o 

ing slides -at various po:--iti e-rao he-tweet. the- ce- s ir e -  -~:r~d

30 m a  from -a u-all . Tue - cora ;-;t-- aa ;c ,- of’ tue- -‘~~~e- c tr oa at  a

p- trticuhar he--ye-h and ~at d i f fe r e nt  poe it  ion-s at  Lie  1 we - i

wa s  st u d i e -d  by a- pilate- at ir a t e - -rv- ;l;-: ~unin the - t:~~ic ~l

period of an - x p e - n i m e - n t .  In all c a s e - s  no si~ r a i : ic  alit

var iat ions  ira size- distribution u i ’ e- four - -a . Ar s i a l a - a i s

of the -  nuahe -r e  -an t e -L e - S  of d r-op l-e-t co l l e -c t e -d  at  V a . i o i ;

ho c- tiunas on th- , slide-s 5 r 1 O W e ~1 ft ~t ij e  t i S t i  it s at i o n  W tS

qui te  u n i f o rm  and tha t t h e -  g- r e - n - i ~‘r e c a d s a - ~~, w ’~i c;  w - r S

to count sand si ze  t h . - drop le-ts colle-cted O t t  t c e - a m  r a l

re-~;ien of ar c-a 0.6 ian 2 pr-ovid ~.J r- I ~ f - i t  pe-ctr’al ira orts ; ‘ i o t a .

A g od ex-osple of t h e -  he -y e - i  of’ r ni-oe -ue -ir ili~a -t~ 
- i s - . - ;

i f l  t h e - s e  e-xp r i ’ a n t s  ic p r o v i l e --si L ; v P a si’ L ( 3 . i )  on e -  i t -s

a s o oc i - at r i  T - sh l - , (3 . 1  ) .  In t h is  p r r ’~ ical- .r e-x p-. j o - a r t -

( run V I )  no n t r -  f t u  nt  of 1 bar - a to ne occ-orr ~ -J a n-i t - !R

liluid w - 1t ’1 c o n t - e - a a t C was  ; ; e - -~~- - Ar ~~j - a 4 h ar e- he -y e --is ~O

be 0 . l n  + 0. -PP g m~~~.
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TAB L~~~~.1s ga~~es of mean droplet diameter ~ and spectral

dispersion a~ f~r the spectra measured at all nine

ports in Run VI . No mixing .

TA~
3O.5°C; TB~

1
~
°C; VA~65 

1 min’ 1 ; VB~5S 1. 
mirf” 1

T ~
-
~~~~~

• - - — - __
~
_

~~~
_. 

~~~~
•
~~~~~~~~~~~~

- 
~~~

. .  .- 
~~~~~~~~~~~~~~

.‘ - -

~~~P0RT - 2 3 4 4 7 8 9 ’

- —~~~ -- - - -—- - .- - . -

j ~~(~.tm) 7.2 1~~ , ~~~ 7.9 7.5 8.0 8.2 7.9 7.6

a 0.14 0.14 0.13 0.14 0.15 0.13 0 .13 0.13 0.14 !

The histQgram~ and tables show that although there are con-

siderable var~gtions, from port to port , in the num ber of

droplets located within a particular size band , of width

1 ~~ there is reasonable c~ istancy in the values if the

overall 8pectral parameters ~~~, the mean~,. dro.p1~.t. diameter,

and ~~~, the measured dispersion e These parameters are def ined

by the equations

( 3 .1)
i i i

‘x =(E N1(d~ ~)2)l /N~~ (3.2)

where is the rpber ~f droplets per unit volum e in the

ith size category~ these have a diameter d~. N ( =~ N~ ) is the
1

t.~ta1 drop concentration . The histQ€rams also re-rveal the

~~~~~~~~ pf eystematic variati~n~ in the values of N. This

findi*~, together with the Qbserved approximate constancy

of water content C suggest that the less of droplets by

deposition Q’~ the walls wa~ negligible . This conclusion

was confirmed in other experimente, The Mean value of N



___________ ~~~~~~

for  the spectra presented in Figure (3 . 2)  was 1 300 cm 3,

and the standard deviation was + ioc~. This level of uncertainty

was typical of those obtained in the other experiments.

3.3 Results

In all the acceptable experimental  runs in which

environmental air was not introduced into the descending

cloud the mature spectrum was established by the time it

reached port 2 , and thereafter rentained essentially unc~ ing~xI.

The dispersion a of the established spectra ranged from

0.13 to 0.16 , the higher value s being associated wi th

larger values of N and C.

Table (3.2) prc-se-nts measured values of N, d , a

and C for t he experiment al run VIII , in which undersaturat ed

laboratory air was drawn in to the descending cloud at -a

r9te of 6 1 min~~ through a hole of diameter 6 mm located

midway between ports 3 and 4. Table (3 .2 )  is shown on

the following page . The spectrum existing at port 2 is

very s imilar in its properties to those obtained in the

runs with no mixing , illustrated in Figure ( 3 . 2) .  The

spectrum at port 3 is probably a consequence of partial

dilution by the undersitu ra ted  stream , and is not useful .

However , the spectra at ports , 4,  5, 6 and 7 are similur

in their values of C and -~~, suggesting that the e f fec t s

of the mixing process are largly complete at port 4 and

then remain roughly constant up to port 7. The values of

the measured dispersion a for ports 4 and 7 ar~ m or ;—or—l e - - ss

equal to tha t at port 2 , al thou ~e-h the liquid wat er  content -

h a s  dropped to almost half its former value . In the f inal

3.vii
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stages uf its journey through the fal l—tube some growth of the

spe ctrum occur s , presumably r IB ~a consequence of the observed

cooling of the d.~sc en d i r —  cloud . The .iean size , w a t e r

conten t  and the dispersiun of th~ spectrum all increase

b etween  ports 7 and 9 . If we compare th~ spect r — i at ports

L 

2 and 9 we see that th~ overall e f fec t  of mixing in of dry

air followed by som e r egrowth  of the spectrum is to decrease

C by 167~, to decr~ -e~e i~ by 37~~, to increase d by 10% and

to increase ~ by 19%.

It is perhaps appropr ia te  to stress at this point

that a is the measured dispersion.  Jtlthough condensritional

growt h of a compl ete spectrum w ill alw ay s , in the absence

of other f-actors , act to decrease the dispersion, it is

necessary to take -account of the fact , in our experiments ,

that droplets of diameter less than 6 urn could not be

detec ted . The recorded increase in a and N when regrowth

occurs , is a consequence of the growth to detectable

• size , of droplets smull- r th~an 6um in diameter .

The most s ignif icant  finding , which was confirmed in

the other mixing experiments of this type — irrespective

of the size of orifice through which the unders:iturated

air wa s  introduced — was that a is essenti-il ly unaf fec ted

by the mixing , even though C is substantial ly reduced .

This finding may be i l l u s t rat ed  by comp- :ring the spectr’-t

for  ports 2 and 4 of run VIII ~isp layed in the upper row

of f igure (3.3). It is seen that droplets are r~ tu ov ed

in almost equal propor t ions  from -all size c ~te~ ories , and

the shape of the spectrum is prc~ er ved . Ther e  is some

pr efer

~

ntiul r emov -~l of srn-i llcr drojd - t - s , as evinced

3.viii
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by the- slight decre -tse of ~~~, but the e f f e c t  is minor .

Cor afirrn at i~ n of t r i e  generality of this result in theac

expe r imen t s  is provided by th~ spectra p r esen ted  in the

lower row of Figure ( 3 .3 )  ari a ports 2 , 4 -and 7 in run X IX.

In this experLi~ nt un d e r s atu r - at c -d  -air was in t roduced at

port 3 -and saturated -air , t t  a t emp~~a -- tur e in excess of

that  in the cloud a t  the same level , at port 6. The-

spectral  propert i~ s rae -~aured at e ich port arc- pros nted

in Table ( 3 .3 ) .

Table 3.3: Values of t o tal  dro plet ouncentration N , water  content  C ,
mean dro~ l:t di-~m~ ter  d -~nd dispersion a for  the spectra
me sured at all sampling ports employed in the mixing
experiment X1X.

T,~=390C; TB=19°C; VA=12O 1 min~~ ; VB=lSO 1 min
1 ;

1 rnin 1 ; VD=8O 1 min
1 .

PORT 1 2 4 5 7 8 9
• — - - - -! - -  - --  - - - -- -

N - 2500 2550 1 500 1 350 1 900 1 800 1 850
- ( c r n — 3 )  

t--   -

C 0.64 0.67 0.35 0.29 0.56 0.56 0.49
I 

(~~~ 
r n 3 ) 

— - - - - -

(u rn)  7.7 7 .5 7 .3 7.9 8.1 7 , 7

- -   - - - - - -

0.17 0.17 0 .16  0, 15 0.21 0.20 0.20
• — .. - ._a — —— — —_.-__-- — ——— .— S - — . - — —  — . .

It is seen , -as with run VIII , that there  ‘ar e three readil~
distinguishable regimes. At port 2 , where no rnix in~- has

occurred , the ect t -abl i shed cloud possesses a liquid w a t e r

conten t  of 0.67 ~~ m 3 and t h e  me asured dispersion a is 0 .17 .

i 3 e - t - w a e n  p or l. s 3 and 6 it is found t hat  the admixture  of

3.ix 
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of undersaturated air has resulted in C fal l ing to about

half  of its ori~ inal value w i th  a and d bein( only i - r ~- ina l l ;y

changed . Th0 sa tura ted  air  introduced at port  6 causes

regrowth of the droplet poj;al~ tion , --and C rises to 0.56~ m 3.

The mean d iameter  d iricreas - s and the  dispor ~ ion is

increased to about 0.20 . ~‘ h -~s we obtain -a s imilar r~ sul t

to that  of run VIII  — th e-  ave-r a i l  e f f ec t  of the mixing

process is to ~~croase C by ab o u t  I 6~ and to increase a

by abo ut 18% .

Some simple calculations were performed in order to

see how mixing might produce the spectral modif icat ions

observed in run VI I I .  Spec i f i ca l ly ,  the object ive-  was to

d et e rm i n e  how the spectrum measured at port 2 could evolve —

as ~a consequence of m ix in g— into t H :~t observed ‘at  port 4 ;

and -also to see if rt  ~rowth of this spectrum coul i expla in

th~-t observed at port 9. V aa- ious  spectr a -and spectr al

propert ies  pert ining to these  calcu lat ions  -are  presented

ira Table- 3 .4

3.x
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Table 3.4; Measured nd calculated values of observable Ircpi~~a
concentrat ions N1, to ta l  ob servable iro~-l~ t conc entr -~—
tion N , w at e r  content C, me-an -toplet d i - s~~ter ~~~ , and
dispersion -

~~ , for  spectra at ports ~~~ , 4 , ursi 9 in
the aixing exper i  rit VIII .
Spectrum A — ae- sured at port 2; SIte ctru :: .  B —
uniforQ dilution of ~~. to take account of mixing
but not evaporat ion;  Spectrum C — acasured -at ~c-r~ 4;
Spectrum D — calculated for  Port ~+ on basis of
homogeneo4s mixing ; Spectrum E — C- .lcalttions for

Port 4 on basis of inhomogeneous mixing wi thout
parti-il evaporation ; Spectrum F — C Jculatod for
Port 4 on basis of inhomogeneous mixing wi th  pa r t ial
evapor ation ; dpectrum G — Me sured -at port 9;
Spectrum H — C iculated for  port 9 from growth of
Spectrum F.

N ote  t h at  the ~ rop 1ot d < 6urn present  in ~~ e ’ctrum F are not
included in the table , since they could not be observed
in the exper iments .

_ _-

~~~ 

N ( ~~n~~~SPECTRUM i N d C a
d ( u m )  (cm ~~~) (u r n )  (g m~~~)

f 
~ f 6 7 ~ 9. t Q 1 1 12 15~~ -~~~ -

A 194 ~ 12 228 74 30 0 2 0 840 7.3 0 .19 0 . 1 4~
B 184 297 2 18 70 29 0 2 0 800 7.3 0.18 0 . 1 4~
C 45 184 110 47 22 6 1 0 4 1 - -i 7.6 0.10 0 . 1 46

D I 296 217 70 29 0 2 0 0 614 6.7 0. 10 0.126

I 98 156 114  37 15 0 1 0 454 
: 

0. 10 0 .145

F I 7~ 125 144 47 19 0 1 0 1 4 14 7.5 0.10 0 . 14 5

42 190 129 75 61 18 8 5 527 b. 1 0. 16 0 . 17~

~~~ 

78 125 144 ~~ 0 1 !  
- 

0 J6  C .1 7h

As a consequence of in t roducin g ,  air of rel at ive

humidity ‘about so,: - i t  a r U of r 1 m in~~ into  the des—

cending cloud , of f lowr- a t e -  122 1 ~ina~~ , the liquid w ater

3 .xi 
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content is reduced from 0 a 1 9  g m 3 at port 2 (Spectrum A

in Table ( 3 . 4 )  to 0.10 g at port 4 (Spectru - C).

On the classical model of ~ Lxing, employed by Warner, i~-:-cor .

and ~Jonas , and others the nurn b~r of i~~~lcts per unit V~ l~~~e

will be reduced by the f ra c t i o n  6/ 122 , w h i c h  c- -uses  N to

fall from 840 cm 3 to 800 cm 3 
— ,vi~lding ~pectrurn B —

and these remaining droplets  will  then evaporate in ‘in

environment of uniform undere atura t ion . Although not

strictly correct~ the form of the evaçoration equation

used by W arner ( 1969b) is suf f ic ie-n t ly  precise for  our

purposes , and was therefore employed . In fact some simpli-

f ic ation is possible because the curv - ture and solubility

terms rrsay be ~eglucted to a first order approxirnatien for

d ~ 6 ~m. The ev - apor - - - t ion  equation at t = 0 may thus be

wr i t t en

(r + a)  dr/d t = 1.35 S
~

where S0 (=0. 35%) is the unders-aturat ion which , when

q&~~u6te~i , will reduce C from 0.19 to 0.10 ~
- m~~~. In this

equation , whi ch is uppropriat~ fo r our a ic - as ured  t emp~ r - t  - i s

of 24 °C , r and character is t ic  lenath a r el-tted to the

condensation coeff ic ient  — a r e  in aicrornotres . a w a s  t aken

to be 5~irn , hut  th e  rIrecino choice is rao~ critical. If

3pectrum B is allowed to evapor- te , -according to the

equation (3 .3 ) ,  wi th  S~ ropi  ced by the  ( increasing ) valu~
of S , until the rel . t ive huniie~~ty in the cloud h - a s  risen

to 100% the spectrum D is produced . We sac that it is

very di f fer ~ nt from the  Spectrum ~ ‘actually observed -‘~1

port 4 .  The calculated value of ~ is much larger - and of

~ - -
~ much s~a -a1 le r  t h - a n t  t h -  cor responding  me sur -U v-lu

a f l ’ i  we cor ic lu d : t h - :  th~ m e d i f i c a l  ions to I he- spectra

3.xii
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are inexplicable in term s of homogeneous ~~iing.

Th~ crudest possible dc-scription oi spectral modifi-

cat ion produce- i by inhorr:o g~;r aa o a s ix i r i a  would  be to propos~

0 i JCe S S  whereby the- mix~ d - au -n- os cons Lets of sm-all

reg~ ons in wh ich  admixture  of th~ dry environaent al  - air

h -~s resl~lt ~d in cor: pi - a t a~ ~v :uor tion of dl th~ droplets ,

interspersed wi th  small ~~c i u n s  to w h i c h  very  li t t le cry

-a ir h- as b ean  added . Thu ave-r ape  !.ro~aar ties of such a n ix —

ture would closely r~semb1~ wh-:t W~: observ e- ie a reduc t ion

of the total  count N and of the li q iid w at e r  content  C but

no change in the  me - an d rop d iameter  d nor in the dispersion

~ . . If we assume that in the  r egions  to which just  -a l i t t l e

dry -j r  has been added sums dr op let  eVa por - at iOfl occurs ,

affecting ~~mar ily the sm::ller droi-lets , We co u l l  expect

th~ -Ivurage properti:s -of the nix-a c air ::aass to h V e  a

slight reduc~ ion in Ic ‘and incr ase in ~ co aaan - ar ed to the

ori~ inml values , - a p r ed i c t i o n  wh i c h  is in cb s. - : r r cer a-nt

with -cur 0bsc~ -ve d r esu l t s .

As a rca —h i l b u s t r- a t  icr of t h i s  dc - sc r i p t - i o n  of tLe

rol- . of mixing on th~ Jroa- are-ctra ;- — co:-Ilctc- - -v - apc r it jcr l

of so:m~ drops  f rom ‘all Si Z e  c a tegor i  o , co mbined w i th  come -

~-r ~-f ~:re nt i-a l  e v - a p c r - - t i on  ~~f  t-h~. cm 1] r 0 5 . 3  — . 0  fl o te -  t-h~
oh .~cr v a t i a a ; s  a 4 14  - - a t  port ~+ a-~ N = 5 ) 7  en in

th~ r~ grow~ spec t rum ‘i t- po a t  9. T1 as c a  ar e- I~ : t i.fl

- a dd it i o n  to th e -  -p e c ’ rum : 0 ,  - -. - - -i at  j - : i~~ -~ I r - w -in

1 1  ~ crT 3 ir op lutu ; ~~low tL aLeI ct  ‘lu si~ c 11 i t .  I f , to

t ak e  ‘aCCOUfl t of pr f a- a t i  J - v - -~~~~a a ~~ 1~~ i . ,  we  - ari a 4 ru

5: .u:- :  1-h 1 !  t h e s e  - a r ao ~ o .  r’ v - : l -1 i rat 1 - : : we-r of di - :’ r

4 , ra - 1 h -  -~~ 
t a~~~-n a -  JVt  ia - q  -l  a - ia : a -  I - a - ~an ’r: 1 aa _

two  lowest  ci:a C a t  - - - a - i -  s ( o  = i—
, 7~ n )  we r a~- -  d r  st r - 4 ’- . F

x iii  

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



P.- — 
~~~~~

- - 

~~~~~~~~~
-

--—
~ 

.-.--- ‘--- —-
~ 

—.- — 
- 

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

~ 
— ,------.

di splayed in T ab l e -  ( 3 . 4 )  . This is see--n t o  Cc in close

agree-me-nt with that obs rved (Spectrum C ) .  Fina lly, if we--

now --allow Spectrum F, including the unobs~rv’able drops ,

to grow according to equ a t i o n  (3.3) until C h-ts risen to

0.16 g ~~~ (an - i  N to 527 cra~~) Spectrui-a H is produced . Its

v alues of a and d -are see-n to -agre e  well w i th  those - of

Spectrum ii , o b s e r v e -U  - a t  port  9.

It would be- cOn ~r le -t e -ly  u n j u s t i f iab l e  to  cond uc e th at

these  calc alat ions  — or the- rudimentary  d e s c r i p t i o n  of t i~.

role of mixing on which they - b r -  b ased — h aV e much quanti-

ta t ive  s igni f icance .  However , it would app e - - :r s af e -  to

contend th ot  the  spectral  modi f ic at ion observed -ar e  qui te

inexplicable in terms of homo~- :c-ncous mix ing  but ire con-

s is tent  w i t : ;  -an irahor ogene-ous  pa - -ace-sc in ~ii ch sonic drops

of all size -s -- re- comple-I ely cv a i ora t -.d , - n d  sO5~ ovu r - a l l

ev ap o r at i o n  of the spect rum - also occurs .

3.4 Discussion

as rentioned e tru er , ~J- ~rn -r ( 196gb) P . s  shown tb -at

the dispersion of the -droplet sp ectr a : in cumulus clouds - a t

le-vels of up to -about 200 :a is uxplical-le- when account is

t ak e - n  of t he- roduced r a t e - s  0-C d i f fu s i c a c a l  ~- r o w t i  - a s s o c i a t e - d

w it h  va l ue s  of c o n d en s a t i o n  c oe f f i c ie -n t  suds 4 ‘ - n t i - lly below

un i ty .  However , l i e -  s h : - p e -  -and disp ~ r sion  01’ ir o p l ct  sp - c t r -

-~ t higher 1- y e - lu re- ~u i r e - s  t n u  -
~~ er t t l O U  of -n U l i t i  e ra - al

process . dn t -r c in ’ :acai  t of - i i :  - e- i s -  - to: - i t  c i  e - iav  i r o s n u n :  1 
- a i r

is ole a n y  t he  mos t  ii~~e-iy c mau i- ate- since it } a r a a a c -s b o t h

I i . - sub— - a d i a b a t i c  cln~ a i  W O I e -r  a c n c e r a t r - . a ons - n i  — by - a C t  i—

V t i an  of f r e sh  nuc le i  — c o r a l  i r a n  - i a -  .c - l a C e -  of a; :  .11

- I r o i l - ~
- . i a u w e - ’- ur , :5 p t .  V i e - u a l’, d i a n a - a n -  I , - 1 - a - n -  r (19H-t)
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concludes from hi~ calcul at i o n s  th at  -a s imple mixing pro-

cess is ur l ir r j o r t - tr a t is. d e t e rm i n in g  the iro p size a i s t r i—

but ion.  Warner (1975) is also unable  to accept t he  :aulli—

t h e -r r n PL nio ;Iel of dro a  let  e voict ior .  -resented by h c a a o n

-and j onas (1974 ) a i .  a r i o f l ’ac  and Neson (1975)

It is recognise-i th  a t  the n ix i r ag e x p e r i m e - a ts dc eribc-~

in Section (3 .3)  were crude an-U in escenti~al respects

unreui-esent :ative of entrainment within s itar- al clouds.

Ne vertheless , it is possible th:it they focus a t t e n t i o n  u i -or .

one important  fe ature of the mixing process — its inhomo—

one -i t - ; . The c’alcaal ~tions of the cit~-d workers  h -ave a-all

been based on the  -assumption tic - - a t  the- mixing is uniform - and

homogeneous. In ot er words , they assume t h a t  ‘ -apar t  from

the drops  which  -are p resen t  in the cloud y air r e-pi- a cc u  ry

unde r setu r-at ed  air , -all  droplets  ‘at a given level in the

cloud tire , at any t ime , exposed to i ~entic-al condit ions

of supersaturation or undersratur :at-ion . Thu~ it follows

that  as they s p e c t r u m  a~ :Ol ves — -ii i the li ia id  w a t e - r  c o n te - - : t

inc re ase —

- 
~S -i C - D n O e : ] U t ; f l C O  of the over-ill up -u crd notion

of the cloud air th e-  homo e- eneous m ix ing  process e -r av i s ta ~ed

by W arner (1 973 -a)  will produc e ‘a spec t rum cc d a t i ng  of

a gra b -ally norrowing peak a~ the laroe—l i ::.~-ter -an - i

f ollowed by -a ~1- at e - au  resul t ing from th e-  ca ra t ircca1

-ict iv at ion  of f resh  nuclei .  Such -in evo lui i on  w as  C

calcul— ated by a’- t  rner , and die c - a r  ale -U by P in -a s b eing

inconsistent  wi th  t h e -  observational evidea :c - - .

3. xv 
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Pow .  a- e -r , in t i e -  a n  s e -n t  e -x p .  si ts t i c .  r i x i r  g n as

-.fl sh~- e n t o  h- f - a :  fr : : : :  ho :~og e-ne - oos .  Sc: a e- U r - -- j - l it s  - are -

rc: :.oved , by cV~: l : O f a t ~~Ofl , fro -a 11 size- C-it e-~ crL s -~r~d — 10

.1ud~- e -  f r a n  t - -ac sur . a sp - 0c tra  - a~~ai ol~~ v e - d  ap~:rOX i:: .  ~t

cor~st r a c y  -f the - di~~p e - aaio~ — . any  o t he -r  3ropl~~ts :are

ne- li~:i i l y  a f f e c t ed by t h~ :;ixina ri -ocess •

‘althOugh it wo o l - a l  be ur aju ~-t i f i ab l e  t o  use our

exp e--n i ra- n ’ 1 r suits to : e t t e a a p t  ‘a pa - t r a t i t - a t - i v e -  t re- t : nent

of t h e -  ef fe c t  of inha ::a~~ - :a - ra e-eus raixiri g on snectral  -:vulution ,

Some- g e -n e - r d  pr _ a icti cu.: ra- y h~ n: i- . T ’ a e -  s pec t r a obs e- rved

n . - r  cloud h- se- P- ay e -  be -e ra  s h o u r  by 1 sr . - a’ ( 1969b) to be-

e-x r l ic : :h le -  in t e - r  :.s of c u r  l e - r a s  ‘ t i C M a l  r e ? : t I a  w i t  a~~ut  the

in t e -r v e nt i a  r. of 1 X i f l;~ • -‘ c now c~i a : c i l e - r  1naI a:I L;~~u n c - , us

ix i r i s  of th i S  cloud - ir it -P  ±t:; envir e-aa -.~ - , t as it r i se- s .

We - asou- c id a t  the : ixin ~- occurs ira he-: ca -an n e - r  a le-scr i  -U

in --3ec~ i n  ( 3 . 3 )  ic son -c ,l :opL t s  - a r c  re: .lev -:U fm : - . cli s i ;c

c t~~ -on e- s -an d t h e - r  is -also  s a n e -  pr _ f e - a - a n t i  -l .vapor io t a

of the S;: ll~ r dr op L  t s .  in - : -J c l i t i a r : , f o l low in g c --r h -o r

w or ke-r s , a-a c invoke-  t i ac -  -ac t i va t i -ra of f r  oh r:ucl -i drawn

i n t o t h e -  cloud by t h e -- m i x i n g  p r o c e s s . In this sit - a t -j u n

the original, large - di ’irie -t-_-r p, ak will no 4 r i - a r r o w  - :0 id .a

cloudy - a i r  asoends since sor e- a r o j i a t a :  w i t r i n  i t  will  he -

oc rcely a a i - : c t e i by he - -i x i n g  pr~-ces~ , v.’luiL I h~ a r o u t h a

of - a t i a c r s  — p ~nt icu l - a r ly  t h e -  um all ea- one-s — will  he-

3. - c - i
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s igni f icrant ly  inhibi ted .  Thu s, as the cloud ascends , the-

l arge -a i amet er  p ea~ will br -- o: :de n aii d granually lose- its

ide-nt ity. 1 h j j S  ~ra n- al pattern of e--vo lUt icra was corn .only

obrc -r y e - a  by -‘ - a r n er .

hnollenberg (1976) h - u  p a - es -r ate d a a - -~ir of dro plet

sp ed r- t an asu ra U a few : e - t r e - a a- a j .-af t ri-c - a r cloud ic-ase which

appear to h e r d  support  to t h e -- aargumenas  pr ose-at e-- I  heroin.

lice mo le  di - : : :ae -t cr  is nor~’; or- 1CSS coriar t-ara t but c-n - sp ec t rwr

cont ains more- than twice as na -an y  drob-lets th  t the cthan r.

He st t~:s (pr iv ate -  coicraunic- at i on )  th at such inhoraoge -n-_ it ie-s

‘:50 o f t en  foud .

It should be sire--u-sod , however , th— tt this sir-ar-ic n~~ e-i

of inhomogeneous mixing  has no qu an t i t a t ive -  supi - -on t .  larded

it is not susca ja t ible  to realistic quantitative test unt i l

:or ~a; in format ion  ex i s t s  on tie- r e a tur e  of the :::ixing process —

on --all sc-ales — with in  cumulus c la ra -as .  For example-, t he

simple ide- s presented in this se-ct ion io not a pear able

t o  e- ::p i: in the -  bimod al s pe - c t r -  f ro au e -n t l y  ( hut not g e -n e - - r a l l y )

obse-rved by i - i n e - r .

An e q u i vr l e -n t  aIe - SCI’ i i T i c I a  cf inh1o ~ au a r e -n e uu s -- i xir ag

c an b ;  p r e se nt e d  in ter ;a,s of  f lu ot u -  t iar a s Ira sup ~ a s  t an ~~1 a.

not t ied  to f lu ctu -a t - ie ras  -in ve -r ’ t i cc a l  ‘-air ve1~~oity .

Bart let t  (1968) p o r f o r.  ad  SO:n calcul*tiofls yielding th e

conclusion t h t  f luc ta  I:j ons in s u p t  i’s tar-atior~ re-suit ire

from tu rbu len t  v- ar  L a I - ion s  Ira a p i  r - a n a -d,t veloci ty ho not - h i V a

a crucial e-ff -ct upon spe - ct r - -l d r - a - a - a id • dos - u t - i .  , 1 ly ,  t 5 i s

iS b ao c ’cume - t h e -  m en-  on e  is si ac of a dr op l  t as i t  r i se-s

he- twee n ta-; o le-ve -i~-; is Ia - r a s i t iv~ i a )  U i ,  a I w i t  a 01 10

i~ ~akee t k  j o a n :  v — s l ow- r row 4 :~ o w -  r- - a  b a a  - - r l ine -



in -i low e r- su -ers tur tion (velocity) ‘air- a-n-ce-i just -ao ,~-u 1

b a l ancirig f a st e - r  arovath ‘ave-r a sh o r te -r  ti : c- . in -a n a g i 

~~~~~~~~~~~~~~~~~~~~~ . n-cae --ve-r, if inhora cg raaitie-s ira sun ar—

S a t u t  a t i e n  - a l e -  I r e duced by ida oaat r  ain ciat  of environ—

n e -n t - al ai S  — -s t ic , a p r os -oct  x a  -~rice -nts suga ,cst — sp ec t ra l

bro- a:h ning c-a n occur because t r w  ve-bocit -/supe-ru a t o m  ion

rel-at ionship is not p-e-r-fec~ ly reve-rsiaaele- .
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4 .  dLI ~~C L L J ~~~~~ -aL ;iP al _. - - al~~ PL OF ~~uO~iOL ida i -~~~~~

-IT I-.P I1:TLi -~I c::

• Intro-I aC 1 i - e- 1

l ice-  role of  ed-d y J j f f ~~a i c a  in a r - - us a - rio f ;a :port

pr oc euracs  is i-aaa : ’o r to  he -  c t  e r a  at i:. r : r 1  ar oc ,  hut  an

accur a t e  
~ 

- t n t lt :a t i V c  theor y is rca - i’;ail- a t  I at r e - s e at

1-his j i~ l a r c  ely -i cc e - q e e - r c e  c i  a a i i i i i C ~-lt : :  i m v ol ve l

i r a  :nakine--. the r-c- l~~ir ’o: dora r e - t -o a . a iv e  dr- oct - ar a r. li-chic

:oe-asure-raent a-;. ~ ccor- . a i r :~~ly ,  i t  i u - ~~- a - me -pr - i - -~t e -  t o  ex~ lor e

nra c- oa ven t i -u r ,a l  - arad ,:ce-rir :a l, irad irect  t e - c h a i -~ ue s  f a r

s tu d y i n . - e d - l a  lic- fu si c a r .

Ic describe -arc electrical te-chaai- :ue far exploring

cu- ly  d i f fu s ive  mixiag - ira l i c e  vicinity of a te::ar c-ratnre

iraVorsion. In essence , it cor -asiats i
~~ ae- -lOr un if l r si::wl—

t - a r : e a u m l y  the  v e r t i c  .1 elect  r io  field , ~~~ , 
-and t i e -  ionic

c o a c l u c t i v i t y  \ of th e -  -~ t: - as-ph-ore — which a:-:; Ic S a A b  l i v i l c a l

in to positive ocad no~- a t i a ’ e cor p a t - : 1 
~ + 

and a • V -~ 1 - .e - s

of c- a a ;  -l i f fus iv i ty  ~a U O a ’ e- 1 . i  h:~ - 1ow t a t  j : .  - ~- O 5 i O r 5 , 5 ,

:ira ’i k 2 r e spec t ive ly ,  ra -ry La 1- 1 r ice- a b- .y c x a ; : i r  a 1 icr

of t h e  vertical r i-c - f~ le-s -t ~ U - arc h ‘ .

r~-e - f € - - t a a i b i l 1 ~~ , of  sa ch :an - -a n ; - a -oa cn ia c - - a - e v a - n o t  a

wr e n  reue - - a a - c  f ij ~d a t  - : in t h e  ~1ete -r - -: 1 i c - a l  O f f ice  V a r s i t y

- n a-cr f t  r eve -  a l e - i  t h - ~ t 1- he rc a th c r - u  ;a a e in ‘- i e t -  he-low

-Ir a i a a v c r s i e - r  — - 1 5 ‘a c n a ; oe l u t c r ac e -  o f  ionic immo o - i l  l a - a t  ion

on I r a i l e t a d  a er osol ~- a i t l d l ’a S  — :5a a t c ~ : 0 0 0  c a r ; i :d by

- a  corrcrp :or i i r a ly  -o l - - rp ir oa -  a.  e it: E . Ihe -- I -  c t -r i o

f i eld  iror- - - a seal :. u ch  m or e -  slowl y w i t a  i n cr -  - sing di  a~~L~~ Ca

- ‘ . 1
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below the irave-rsion - a r a l  its  pr o f i le -  i -a s  ia’  g O O l .  a

w i t -  t h a t  0 1 i eu p - o ir .t . T a -a- ac e O h a : t - r V a l 1 j a  s , a:l aic a ’i  aO-

ce a -cc nj b e- -- a ir. a l e-t a i l  lx t e - - r :1- - i r c i i c - a ’ i a - aaf the 1i~~f~~ci ca

of 5 C a e -  Cn ar e- , on - i n d ia,- -Ta : - :t~:~ I a ’. t e-C- re -ac - i-a rc of CO: 5-~O—

t i vi t~~~v r  i - t t i C ~~, act -a  Je~~- e-r  l- a -e rs  of the atnos! i cre .

1-c- Ca w e a k e r  e - v i - i e r a c e -  i~~~O l or - - - 1dm out as:11—

t at  iv -oly Si’: i l a a r  ::.ia’:ira a - -c e- so  u e- ;  a - Us  t h rone  a i~ a e - Is ~ r - a i- ar .

- + . 2  Theore-tical  i i  :t~~~a . t

Ic d- 1 01 te -~~ a t e ~~Ob ’ e r at rj ’ e- l r a ;e - - s1oa.  Se - 1 .i’ : t i .f ar

-a~aa : e r r e-e- i an-. 01 th e  r a t - - i c r , r a e - r e -  oc lu~- a : e - r C - r a - 1 cora l  ; i a l

‘and !lich electric -l cur.l -~cti-s it -y 
~2 ’ n.j a i n-er re--d un

of ni me -rosol  content. Ie-ras moving dowr at- ;::r .:s t b r o u : ic

t : e -  inve-ruiera hc- -uon ae- ta- - ape - ca air-a re-i~ tivcl,, i:ao:aobii i a n

on aerosol t id es c ar- a  th e  c o nou c t iv ity  will -ie cr e- - a c -ae- .

For . c i : ap l i c i ty ,  w e  aso anie t a o : t  X -Je - c re case - s  b i n  rl~ ove-r

a O -u p t h  Z~ unt i l  a 1-acer cor ra t - a n ’ v- aloe- k~ , is- a c h i~ v ,oL.

This su-ua a.p t i an .  is a-;ell so~a -p or t e -d  by our axpe i a - a c - - al

f i r a a i a a 0aa . If no aixinp,  a r r e - c e - S s C S  occur t h e - r i  c u r s ,  r~’:- a ’ i c a r r

-of ionic arm —e arth currant 1 E deac - n d— a t L -. t a- , a-i - a

c ;r a s t ;an i t v alue - , E ?, above Id e - -  i a a v e c r a - - i c r a , i : c r e -  - -. a i e - s  a - r .c .A. - a . —

t he l ay er of -J -ocr ~: a a - o1n:g ~ , canal posse-uses  a c-oa ’~-

value , E 1 b a - c r  dow i : X E ( = 1  1 ~ =a ~~ y ) a-n h he cons a r c -

call lovt ;ls.

H o w ev e r , 1 = t us no-.: suppOse a l :  ix ia -a -- a c e - a  n - s l e - ’ -

the-se three- r e- c-ions , ar c a C o a a S e q c a e -  f lCC o1~ cal - .1 1 f I n - l o t .

alpecific-ahly , we-- c ar a a i d e-r  t h e -  t i - en s  ~ O a t  o t sr ac e  ch a a g e .

of dens i ty  a ,  c r a t e d  in the  ic - i-nc 0 1 0 :. - c l i v i l y  
~~ : 1 —

e r t , an a l c h a r - c t -er - iso  t l .is - - i h : , ’ I r f f - a s i e - - a  Ir a L d e c a  r - c i o a o

. i
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~a V  the  ea i fI n-;iori canro ’- , i .t S  K ,, S ~~~ ~~.. . Ch arge- i- - r ~~:—

po- r t - J O f . l -  a - a s t a  i ounh t ::e ia V- .m s i cn  r ill coar sa i l te - ca

c ;r rc -at  movira r  in a p p o si t ion to t h e -  ionic  f low , whi l e-

t - . t  a s - j a r ,  an -. r a n -~ r- - h a a  t H r o : a : a .  t he -  d a-n ha-ur i c a r ;  wi l l

re-anf orce- ide- ionic ca-a- e-act . -li e-- , i i i  -;

t i  t O t al a i r—c - a r - r h  cu rie-a t u a: -cr- c a- c -o ra :e ;r v e - -d at  li

l-an ’els t nr  -;  -, xis t L- r a c e - of t a . i S  l i o g ir : e- a r~ixin . ’ a r e - c ar s

All1 c -so - ala ’: ir acr -c - ns e in ~ ol -ave -C : -a t r c e -  ~~~~ cl t h l .  ~~ana1e-

i - a ’ ,’e-r , a i d  a -J e - cr - . - r oe - arourr a the- bo ct s-.. Ir is also

to ic ; - - x j - e-ct al t h a t  siarce - th e v- rt ic- al a : X t C  a r c i ~~ra of

t he . f l- old  e a r - ad icr t , me - s ar i  * inc - fr o m  t h e -  r -n - s i e or t  of o p - a c e - —

cnn - rn  . o Pr om t h is  l - y -e - m , - 151- ends  u p o n .  a n . e -  c f f i c ie -r c cy  of

t ic -.; m ix in c -  pr u ce -n - ’, it a;n d a he - ~ .oac - lb 1- t o  - i -  t e a  - - i a .

v’ t1ue~ of I a c a i 1 f ±  n - i an  c o e - f fj c i - o  s f r om  t l i ~ o b s e r v e - I

~ t i a a c t  am of 1. ~ cis  ossih i l i ty  wil l  a r c - - - ic dv s t i -  - t o  I

a -J Pa ca:a - :t i c - all’; .

,~t c ch ifl t.e r i aCe -  ~ —a rId ç r iot he- can tiaaian -cs ar-i

~~~ 1sf’; the eq a- atiorr u

= -4- K 
~ 

1
)

ar 1d

( - ; .2 )
€ 0

a-n - ta in ’ U * :  a e - r a . i t l  ivd - 01 f r e - o  S I - a C e - .  dese- -

ions. ia - c -, be- c j u L i a  - -1  1.-:  ly e -

J — 

~0~ai—_ ( a . -~)

l a c e  f - n - - , - I s - a l e - I i en a u I  aaq:a a t . i or.  ( -  . ~ -and t h e  ac t hea :

f a r  us l l . l i a e i r g  v- al  a re na -o f 
~~ 

- r n  k , w i i~ f i r s 4 k . i l i a c —

i r - , t - - a  I - , cor ~a ; 1 1 e - r i a ’ a -  ‘a i i : :  i~~ ifl i C O t .. i l l  -
~

1 a e  ‘ I i : Cr 1 . - u

in ~. i. hiscraJr:ca a . a 4 z=O ( i e -  z 1 • n - / a - n ) .
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Ira t l ac se  circumstances t ie solutions for ~ and ~ care:

f o r  at < -
~ (above the discontinuity )

X a z
(~~~~

-
~~

- — I) e 2

E = 
1

(~“ I -

/ dT

X~. ra - z
( 

---
~~ 

— 1 )  c~ r~2e a

J ~ l
—a = — •- - -- - — --- -

• ~2
~i / -a , K , .  ‘

d -, X e
ra~ =2

and for  z > r (below t d i s c o n o t i r a u l t y )

— 1-a z
(— — 1  e

/ 1~~~ )a 
-a-~

--
C-

X — a z
ra~n

1 
(~~~~i — I ) e 1

0 =

X
where r~ = -—4-—

4 . iv

- — -~~~-rn- -. ~~~~~ -- ~~~~--- - - -~~~—-__
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Tine -se L a x p r c - a o - a i u n s  for -d ~cr~n c s a t  i s fy  th e  esu-ati-oc .:

( -
~ 

.2)  - a r -i ( 4 . 3 )  -anal give E, ( ar-i rae -race -i:-i/dz) c c-r ~tirsn-us

at z = 0 , where

/K 2/~ 1 +

/x 2K 1 + /~ 1 K 2

- and

- 
/€ 0x 1 /~2 —/~€ 0x 2 /x 1

p = e- f _ _ _

+ / 
-

I t  i a i  rcee -n  I roan I ~ . :  so]:ati - nr s t~ t eI -e-t e-r .Iac .,t iun  Of

:~: , ía v a lv e s  OL-J 1: a r e t - . : - a i r a - a t i o n  of tL~ e x i - o r acir t of r 1
ic-p carve  fi  i a ’ .- P~~i a -  a . . ij O - a~~ inuitt’ a~~a5 a k n — s w i e - a / -e-

of th e -- c o n o t - a r :  c a r n . n a .-an av i  a , . ~rr i a r t  ic:-al pr ocedru~

c - n r a  be fo l low ; a * l e -  a - -rn. ir e- idie cal :y k i f f - s s i sr ~ c o ef f i c i e a . t

- above  t e - e -  invea- sior , i c .

r1aa V i ’~ e-3 taL-1jn- .~. a ira a r-inc i~ Is , I ~a- fa -a. ,ik ilit’,

Of J e - t  . ra:.irlir F P~ a a - ~ ~~ fcc :a e- asr-r : n-I a: of -~r a -J

we now c o n s i d e r -  ~ ra e- a:ac a r - m e - - h a - I  ic s i t -u - a l  ion , i llu s t r a ted

a in fig ar e (4  •
1 

~~~, in w a i c h  ¶ i . e- mc .  i -a ’ .  of ch an a in a  c- i a ~~~i C —

t i v ity  is of f i n i te -  i e - a - t i  
~~ 

. h a  a s an -m e -  t h t a  C o r i d a r ct i v l t ;

c-m a l i  nI .  in t h i s  r a i n. l e -  a -u cua -a a t . a a n t , ‘an d  l i n e -  nov  r a i a . ~-

e.p. - at j -O fl heco iae - s , f o r  C < an <

= + ( 1 — ~ 2 ) 1 E  — e - h

s 1 ~~ ioras - -  e a l u a t l o t a  ( 4 . .. ) h - v . I - c r .  0 k 4 a i t .

C - a ! :~~a l i i  L a O  ~ly. r a r u - e - v~- r .  - I a La ’ : : 1- n n a l . t i ~ a : c l . a ar n o

I

_ ~~~-~~~~~~~~~~~~~~ - . -- ---—~~~~~~~~~~ - - - - 
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tv : i laable  in t r w  C ase wh e -re  Ls o :aa - :ll c o m a  a f - a S  w i  t i c

t he  c h ar a c t e r i s t i c  le -r - -th  ale- ‘c r i P i r a g  the  v er t ic al i l n a —

I- at C . ;  ov er which J c i c - a r~. era . I a  t a i . :  C - ;:.; w e -  a n y  a a a l 5 A  an

t o a t  t h e  o A o  t e -r :- s c or . t r iF -u t i r y  r r € : d o a a i n a r r a l : :  to J , w : , i c h

oc ~ar s-ui -v.~c1, - a re -  :IX/ dra — v a r i c a a  is a a~~cr t o  be

C - .L51  a rt  — - a n al ~~h~
2 / lz 2 e Ira I L l , ’ c i r - c u a n s t a n c e  e- .~- a - ~t i n

(~;.;) I’eco r r a e - s

J = Xe 0 
— e

~~
k
~~~~ 

( - 4 .5)

where  ~ = + ( x 1 — X 2 ) ( z / Z 1 ) .

The - solut ions of e- iuat ions  (~~.3) ins (4.5) are
n., z

z<0 , E = a + Be ( 4 . 6 )

~ X ,-)Lw1ere  fl - - -2 ~~ 1a 2

-, ~: 2( x — ~ - ) z
E = —v--- ~ + E 0 [1 + ‘ - )+Cz , ( - ; .7)

— n ( a n — J  )
i r = ~~~~ . /tC

A lvice - re ra 1 =
cc 1

~ a ,U CO a ’ j O ’ - n t - a  ~~~ , h , C - a n d  E~ ~ ay be J e - t u m n i r r e - a l  from t an

con.  ~i t i - r r a a  t i n a t , d a n a l  r i d / t a t  - -n -u c o nt ir r a ca a . a r  cat z = 0 , Z ,

a n a l  we -  f i nd
JZ d Z

—Ar 1 ~~~~~~~~~~~ ga- : ~~ 
+ )~~)

B = C/n 2

C = n , ( E 0 —

~ .vi 

- - - - -~~~~~~~~—— — —~~ -- - —----~ --~~~~ — -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~ ~~~~ ( i  + 0 5 n 1 Z 1 ) ]

h:-r ~~2 (1+: 1 ra 4 )  ~~~~~~~~~ ) . ) X 2 L~~~’J~~~~) )

ic-is  t re - t a -e r a t , Ira c oarr:n on w i t h  t } e  exac t  soluti on , an t i

h a t  pr  . e -rr l ce-i a -  r h i e -r  for -  the i c a f ir a it - ; ly  l.i ira i riccer ,

pr - edi c t s  exponent ia l ly  v- r-yiar f ie lds  E outs ide-  ol t h e

l a;; aa r of v:~ry ian - coane u c t i vi t s .  Thus , cu r v e  f lt t l th a  pro—

ce-elurec’ ::a:.ty he- e-ra~p- 1oye-d to d c t e - r . a i r r c  t u e  ~-x po ae -ats n i

-itid oral t i a n - r e -  f o r e , t h r o u g h  eq a a t  ions (a; .o- ) ar4o (z, .6)

V a l Ce - - .-3 of K , - ara - .i 
~ 2 ~~~ ca pp l i c- a t  i an  of t - .is l ’m c ’co c i u r - e-

t O  t P e  ~ii;sis of t h e -  s t ru c tu r e s  of J :ara d  A

lunirag f1ic-iat~ tiaro ur h tempes-atarre- i n r v e-r s i a a . s  j a  fl Q\ ;

descrihe--d ‘asr- . -; sr-ily .

~ . IFie LI -it a li cs

L p e- P ie- id  m e - a  sure-aase-nts a r a . a - a c  ‘a ;i a a a  t ‘ a i . e  1,  o r c - l -ae-prcal

O f f i c e  V - ar oi~ y . i r c ra ft , al i c i a  c a r r i - e -d :  c c:;lk! 1r ic 1

fiel-a— oi i l , of the  t r -~ J . v is -o  a b~ a - ~~a : -  lr ~, w h i c a  me - - a c - a r -a

t h e  ve rt ical e1e-ctr ic f i e - l I  11 , - a ! . one ircn i ’ac- r.t :1 ce-5:~ 
—

one -n t ;  J e - -r d ia a r  t O P - a S , c-c O al  i f i - a l o l ’  a ir l i a t ce - r a n - n c  e , te-

a le - i s o  rca t h e  pos i t ive  - a r -i n~’~ f i vco e - i - i r  ionic con d a i c t i t - i t  l e a ,

X + - n i  respectively (a = X + _~ a ( 2 e - 4 - r i g c a . Y a ~~ —

me- 1 er fo r m e a l s a a r e a n a u a I of t a . .- - l en -a oar I r oo l  p a - j r , t • 1L 0 ’
‘a d O a O - c - , O A t~t t L c - t -: - , a j e t ~~r- Iv I - - - c ’ :  l i c e  air ’ I -  

~
- -  r r 4 . ce- , ~~;

‘at a - I an nc’:e-l -rua ’.a . k .,~r. Ir. a - I - J r a i or ‘ . . a a a  r - e-~~
4 w e - i a  t a k e -

of ’ ai r  a ’ ;p e oe - I , pm - sarur- a l l  i t - . n . o , v - a - l i - ‘al - ; - a l~~- i ’ : ,

a r e a r - k — n a p e - - - a n n  d r i f l  . dl i  sa ’  I a  ~~ i - a r - - . -- 1 n s a

a r r- - ocr ~~
- I an t w o  ~~~ 

“ a -c - r i  — 0 -  a l ’ t a ac a r  c - -t ,~’ .

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - _ _
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electrical parameters were alSO recordeu ira di i t-al I -era.

oi c - a c  : ant i c  t ape , La or - -icr  to  f a C j l l t a t C  subs a c a n c u t  d~~t ’ a

p r o c e . a n i n n .  ~ll t h r e e  r o e - e r i e - a - s  w e - n c  . a y r . c i r e - a J s c -J by

aie a ans  of a d igi tal  clock.

Tnae -:accur:ac~ of ti.e :a e asarearaerato of al nti s e a t i a a a - i t eu

to he ± 1O~~, or 5 m~~ , wh i c h e v e r  a-a rc S r e - e nt e r, a i n d  ch a a n ge-5

in — --ere d e t e c t a b l e-  to + 1~~. In t h e  c- -n e  of t i e  ion i c

conductivi ty  the absolute occu r  icy of t I r e  :oie000rcrne :ats

was estic :. - - a t e l  to be + 1 5-~ • i r o w e -v er , c laan ~~e~3 in conduc—

t i v i t y  of 10
_ i  

~ could easily be detected. li e

response t im es  of l,h e f i e ld  mi l l  a n d  t i r e -  c O r a d U C t i V i t 7

tubes  r e-re :a:ale equ al -rn~I ~et ‘at orae second .

The gener al f l i c i c t  r r o c o d r a r a a  consisted o f a ~e~ ccr:l

to  500 ’ fol lowed ic ,: a slow ( 500 ’ p r  m i n : a l e - )  - r a ce - ra t to

deter ’r . .i r ae t h e -  hei~ iat~ of all Y i n v e r s i o n s .  a h i s  was

f oll owed by a rae - n e-s Of “stepp-;-.I r -cc -— t r r a c k s ” s-ocr t n - a t

the -  m ajo r  i n v a a r - a r i o n  a- tn ~ra s se ..i t u r o a g h , r it nea r in a s c e n t

or descent on e- a d a  of ic-c st a r aj~ , Lt le~ ,s of t I r e  r a c e — t r a d e

r at  r a t e - s  va in-inn  fr-on 500 ft mira 1 to 1 500 11  rnin~~
h p - . rt i c J- an ly  c le -a i r  cut  a -ar1 well -i c c - o n e - r a t e - a l  set of

moas a r e - arc- ts W t O  i i’s v i a led  by t a  cc f I l I a a  of 1 4 1 an n e  1 i7~

I h e - w- - n t r a e r  over t i e  Url a:as ca ar - ci. e-- rioe --i Lay a su a ’ f ce

-ira ticycloane of 1033 nih C ; r at r , : r over ’  l i n e -  drc - l i c - l e  u i -annu l .

Th u  associated l e e r r i l e -  a - c - a s  e l i c - r n o a h l t - n p  t o  ‘ a t  ic - a

100 r a ch , - r i  led to a t we l l  rt nrk- e- - - I  i a a v e - - a a ;ior a i t . a a - , t e -- - a  t I -

- a b o u t  o3c -a0 nab . The aL-cr- a ~ m a -  c r a m -  -: a ac n t  w u r  - -  - a - l u  Ove r

l i c e  sea t o  t he sou t h  of t 1 a . Isle of Wig ia I..

The -air tera !erat- ru an a l keaa ’oia:I rue -or -h a 01 i ’

m i t i l  c l i m b  front  ~0G f t  Ian a n ,  in F l ?  an - -. ( i  .~~) . Th e

t op  of t h e  -a-an ’o:ao l w - r  wel l  r d  v a ’ a n  a i i ~~a ~~f

- ; .v-i i i

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

~~- — —-.~~~~~~~~~ 
—,-- 

~~~~~~~ —- - -  --
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39., 0 ft  a COV e-  500 l e - V e l  • Ti is W a n  c o r a f i r  .a t”: a real ~- c—

t i a a a  ir. t a - I  ~ 1 c - c -  scnao .-aI b’ ta- icee--ie - i’c - nJ- r e - n  at  t a i s

b e l , a a t .  2 r.~~O i n . t  l a p S e -  a ’ - f e- - - - a g -  e~~t~ t a -c-a a l a y - s

of i l-ic r  ‘ a r t  - t ’ -~ S an- a ~i - l  - i - 1 ‘ iv .-l~, p a l l  4 1 r - c - .— i r .  - - air

~~X 1 a - ’ D i  ‘ a t  h - .e - t  700 f t a l e - V  S e - -  I c- — .1. ~Jie-  3e ’a ~~.~F i aC e

- - -I -  n e - r a n’ A r ’ t ‘ 10 t i r e -  w a s  ‘ c j !! ’ -O - X i : . . c i e l~~ a , -~ so l- rr ~- e r

a -‘ ic c~ r .v - c  ~e-r is ~a . i1r : e 1, - n a V e  be e - a ,  j~0~.5e - r c t .

laO r -~w -n i ’- - a  ole ’ s f r - -:n t h e f i - - la n a l - i  ce - r ..a~cat1vit :;

S e  iS .!‘C tii . 1, -
~ a ” r ’ . a OV -a r s ,CCe~~ai lV 10 S e C O r a i  ir . t en -V

cl ’ ti w i a ’ w r  La i” r ~~~ (-1 . r ) . l i c e -  V -  I ’ l a t - l t c -  in L

f o l l o w  t ” a c a - ~ a - r- e- v iea n-lt- , l i sc n a a a r - ~-:I , - van ica l d e - p t a .

~v - - r w h a n a a  ~, c~ ~n ae - a ;  ne - 1o~ itc - ’ e r c- i , oa ,  k - e - i ra ; - cc - oh 1cc -n

t i c - a r  t ic  ~1 ~
‘ a~~ c’ . , 3 0 0 0c  i - C O  cor’.a- a , C u _” aa o l e - i  f e - n -  a

e-- r r - -cr in i , - are -’ a r a r e - n a ’  in Fian r- ( - 1 . 3 ) ,  i. a i c i ,  - iso

a i s p l - a~ aa I s f i - - l  I —  - r i v e r ,  i.~r.ic c -r r e -n t  E~ . h l t }a o a ~~- l a

EX is rar or .’ — -o r - — l  s. c o n s t  - it t - t l a!’ - .i t ~ f ’ aac c e - s  f r or a  t ’ --

l t a v - r - a . 1 u r  it i a  se-e-r .  t o ia cr- -a rt e a a . a  t o -  r ’ al e -- r e- - acr e , ~~U ’.

j ars a n ~a . w a r - c --a 1 r-e a ,  I a  l i e -  disc r a n t i n -  ;it ~~. T a a a a o  in c  i - O O t e  .0

t i c - c - .  t i m- .. is  ~~- a a ~r —l a n a l  l o a r . w- - a r d  : ac i x i r , - of cI .  t a n  e ~~~~~ i—

s-ally tr .ep~ -si on l i ~~, - a e rosol p- a r t i c l e -a s  ia ~~e-. r I  ion  of

c Ia - a n~- in~ . cor -~ ue - t i v i  t-: ; t l~e-- - i ow- n w - n  r i  r i  c i r an  l a e - ’in ~ - r u e :  -

m ore -  e - f~ e Ct i V t a  t h a n  I Ian ‘re-a n i .  lh ~ t - i e - o r -~ t i c - al  cu r v -  -s

ic n o e l  on - ‘a c - a r m -  I d i i . F a n i . r r  ion t I a ra of 10 nra - a - ove -  -c- ’a

100 ~a b e l OW t u e  in~~e r r ’  i o t a  - a r .- in good ‘a ’rea eaec a t  w i t  -

I hose - . am ~ flie r. t S

This  p r e - l i i a a i a a  a ry st u d y  wil l  bu- - x t e n c i t. .i , both  t h e a c - ’  I

c -a l l y  — a n a l  in t i e -  f i e - l a l , w i n e - r e  j I  is p1 ran -ak 1.0 t oe- I S c

i-al L - I C r  L- . -cni b~ d in s e - - c t  b r a  5 . 3  01’ t h i n  r~ p a r t .

-; .

~ 

~~~~~~~~~~~~~ -. .  .~~~~~~~~~~~~~~~ ~~~.._ _
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5. ~~~~~~~~~~ 
‘d0r ~~K .ai-D Fhi ’’d d i 7 1 0 1 1 L l )

5 . 1  d i e -a c t  a - ic  ,l d - t - a V ~ a. ing Of ~~
., ra na -sin

dx r - - r’It ae--h - 5 - a t e  in p r o p  a t -  a l l O t ,  t e - e  i n i v e s t i -  a l e -  t o .

i tC’ t V c f l g i f l~ of su b aa a ic  r oaae -t  no t -on ’csol  h i  ic e--t r i l’i -  a r - a i o —

I r o p o .  Fie-l-aI s tu d i e s  ia IV Sa s hown  t l o a t  ev en wh ra t a , e  
~
- -

v - a i iir ao electr ic  f i e l ds  a r e -  ‘ - o a k  i n n - i  i v i k u  ,~l C .  a a g e - s  ora

raindrops a: g, be- yen:-,’ subst an t i a l .  ~I i s  is-- Ia c i ’Je--e

I :  o f ten  a m i xt u re  of positive-i -’ ‘ t aad  n e g a t i v e l y  c l a n  r~re - a

- a r o p s  , r~~su lt  jug poss ib ly  franc a : l In e - ir coili-aicce an t - i  Se - a ’ - —

tion —as t h e - y  f- all to a ’r O l l r a a i  ira ‘a a ’ n- : s} ’ - f t .  I r- -.l i, - i a a ’~ro ’

e - V 1 - i e - 1 I C  - it~- n i e - - te~ t a o  l a c  C ;‘l a ma e - f f ic i~ ra cy i .  L I .  a ,

o v e a ra  a-n . - n ~~~ - ae rosol  is r r r . c L  rc-e-.-d .  l a n e  x~ r i - a n t - a l

e- 1- ’e for  t a - f i n - a t -  a e - ~se- si t - -n-c st u o i . e- -r r ian- t a r  
~~

‘ re n a -re

an ‘ a e - S O s Ol  of ~c a ‘w ar - ,r i - i n- .rr ~an -: a l s e— r ’  n 1 e -  i l  t h t  c ait . l

0 . 1  a 5 us, by e - V a :pO r ’ a t i r a~ si -u i  t ion of  1 - a r - -a r au - o r - —

ic t a ~ &1 a03 l iWr .  e L i  i r e - c- a t l t a t i O ! a  p r - s n a c ~ : - a  by - a r a j - i r a . i r r . - — t n !

d ev i c e .  Dr-oç . o of C-O r ’ ro l l -an  cal .  .r~~c - m a n  S iZ e -  Sill l”

-J i ra et e -ci  t a n - ou - L t h i s  ce- rose1 c ia)  n - n a - i  t i n  -acn1 1 e t i c m r ,

e - f F i C i e - f l c 7  J e - t e - r r , a i a a . - I , f-o r a a i c -. r a f l e - e- ca t  p - n ’  , ‘a t . .05 ,

by s-c- n-ing t i~ac ; : - a n :n o an r c -  of  , n Cl c e a  I S S ,  I i -: ‘ l e e - a  c t r O j . ~.

5. 2  ~n Op t i C - a l  r.ic . t 1. n r a  -- ~ a n  i o t a —  b r

±a n c a ~~ or i n , . -~I a- a : -  a t - ,1 - l e - v  l oa f . 1 In - as L~~ na na -a  i . ’Si~~j i

a n t i  c a , n s t  a - a r t - l e n  of a n a v e - i  l o v i c  l ot - i t .  n a t - a s u r ’ ’ -
- .~~

0 1 k r - a ,  l e - t  c - L a o  .li: str iio t i nS I a .  c l- a d s .  a i , i ~~ a - r u - a  W acO

r a i s e - a t - - i  in I . .  , a t - : , , -g .  F L I a - I , an l a d  n - a r  a . ’ ~-. 

- - r n - k  t . e - ’3l 1 j a r  l - , P a .c- n ,  ci - a ’ c-~ 3 - a t i o b ’ : e - t . r v  h r I ’s ‘ C t

1- a 10  ‘ t a r  con~~t r a t i ~~ a , a n n ’  t i l l  a. - , 01 ’ a r ’ , -.’- l ’e v e - r ’ s c - i l

e e l  
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ta ~ d ragge-al vema3 ic - n , wr ich SQ c ) a O e S SCS t i t e ;  - a ct i ti  n .j  f o c i —

l i t - ;  0 1 - -I r r e - c t  me- - a s u r e - a -,ent  of -a a t e - r  cent-nit ‘ a f l - l  v isinil it ,

Wi t a ir ,  l~ ’ n i ’ j .

The a - r - i n a c i : - l ~ of th is  I~ cr .ei se- is t e -  are - n i n e -  l ee-

i nt ~~nsj  I ’; oi~ t h e  liE r a t  aO C ’~ t 1. n- I ~~I ‘1 s~~t cI oh .  ‘1-eS a rcs:

an 1- ar -go i t u a r a b ,  r of a i r o l i a . ts e - n 1  ,1~~ac  I j i~ t l ie -  d o  ~ — I t - t i —

c-~ll ,y , a volum e of 70 crr T” j a r  etal lca ,’,an- r . A na- : a ’i c -  1

in v e-r s ion  i~ t l a e - u  o i a t a j a r e - s  of t i c .  i r a  - a c m  1 e-q ’ J ’t i or a  n -  - a —

cririn , to - s c a t t e r i ng p- n t t - e--r ar -an -a -:u~ -~ 5~ e- ’ -~~ . iQ f l  01 t O e ,

i~ d iv i ~tra al 1’- r t t  e- rnis i ron -all of t h e -  t r o p l - . ‘ ‘ia - in toe-

SC t te~~in- - VoluSne . A n o t  r i ;  j S a s - c a l to ap~~r Ox i: aa - a t e - .  t h e-

l u t e - ca r - al e ’- !Oit t iO t t  a 1a 1 ‘ a l a  i a a v - -a ’ , iOr ,  laO ort  a i f l O c  --i r~

t h e -  - I.l Q, t  of ic  .a ’ t — n , a - , . a r e - s .

A a ce -s am e re - -n t of ‘ a S O ; d ’ 5311,1 a l e - V i C e -  b a S e  ~i or~ I! ;  laO

p r inc i 1 le- ; is t b — a t  t 1 e- s c - a t t e - r i a c . ’ pot i  e .n ic at  - a re -  ar e- r ; i l . i v e --

to ‘i- a r ’ i a t i a n a a  in dro , 1e-l , a i S e  • ~-ior m e - c i o e- iy ,  t s

rae a t n i x  C t  the -,  sc- t t e -- r m n a  functions shou ld  b’e- ’ C l c - a O a - i S .’ 
a

o r t - a o~ sr . 1. A ccordian ly ,  C a  lcu~~a t . i aa s a - 5 .  Uia - . n - - rt  - 
- - .e-

to i e - ~ t e -  r s . ir aea t Ine -  op t  j r ’au!r roe - t Of sc : at l  rue . angles .  I ia a re --

led to t h e -  choice of n - a F r o - a - a  - a n -  -le- f o r  a !’ -! S C a t  e - t ’ i r~~~,

w h i c h  possesses t i :  - ad  ~m t i o n - l r - a c l  i c -a l  - a n y - a r c - - ag o  of

C a  V a f l ie-’ f lt  l i i i  accur a l.e- - rne-- - a r r ere-a: a .ra t

I r a  Caan li e - -,, t o e  j a a t .~’a : a t  is ‘15 a a j  t i c  ~l . l i f t ’ r - t c—

I n-a , - t ‘r W i i l a  a hor in on t- 1 xi s , i r a n i. , sInai -e r c -c l , o~~ ].C i i .

in i’ aan- -,ru 5 .1 .  Ifl. cn a : i na - t ian r i is p r - o v i n e - i  lay ‘ a t -~~ . -: .j I l i —

w a t t  h e l ium— t’ a c ’ on l~ se- r .  T i n - .- sC - a It er i e ,  p a t I  0 a’ - it : . e -  no ’.n’-

a n i t a ’ ’ -a nov el t , c h a n i . 3 n n e - - . Fj l  r e- oi t i c  i i,  a 1  , ‘a ai .c • me-

- i i  1 in ~ r r . e - ’ - a l  disc in c r - k r to C I a  a r , i t - .1 t , e -  ‘Li r i a t

f r o m  b - a c e - ;  s e l l - e m i t , ,  1 - . t ’ -  r’a e- -n t ar  a t  p h a 4 - i t i ~~i i - r .

• I i

- ______  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - --;. - - - - ‘c-T  I t
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4he-n tue- disc is ro t ’ ’.. a~ a n - - n  i.i a i. , l  n - - r e - I  i t iVe-  o c r

a a f  l ai n - , sc’ a t t o r j rt p t i t t ern  is a n t  l ‘ a i r ~e- d .  ?hc  f ’ } a O t O  

pli r S1c-L’ai 10 ‘ an tp- l i f i - I ‘ c i . . :  t h e - r n  die- i t i,a~ a !. ~~l a o . I  1:,

l l a m a -i n~ .se-ric ~i, - i -a la i nn  t in  a l~~-J or. ‘
~ cca ra, k-rs te --r , ‘ar - n l i c e-

- i r c c ” L e - t  size-. I i st r ib at i . r ya c- .me r r e-s . .ra t e - -i in - i s- I  o r - a c - a .  for : .

‘ic ra c-~ o u t l i a a e -  t j n e ,  e - x t c . r , :oiur of I i~ j r i L c  i a  i e -  i c - a t  ia ,

to ‘ a, l i r ’~~c
4 a , - a ur - :a , ~ a a t  of liq il w -:a n or c s r : t e n ~t .  ~ alCul - —

I j o n a s  sn o w  1 . ,  i t  t h e - s —i r a n of t i - c -  ir .t  a c - i t i e -  s of t l a - e- liga t

~~ I t an- -c- d by ‘a , I r o p - i C t  - a t  sp e -c i l’i c - ar e - los la aV e h e - e - f l  i d e - r a t i

f i t - n  -- a m i d . c3r ~t ir a : a t i  a- r 1 t i  I n c - n a i l -  to w i t a . i a i  ± 2:~

n ro  a le-- * , a c - f  r ~di ncr P l w a ,a e - r  1 a t .  a 40 cr a . This  f i r a d i r .c-

a a o ab i ’e s t he  ii ~. i J  ~~. t e - r  cor a l .  r.t of ta t e clo~~ i I n  be -- roe - - a c - en a

d i r ’  e tl , , c -eat i na- - o- .slv n y c - I  - m e - C u r  a t e-l~/ .  Or. as si:rnii ,r

ar inc ip le , ‘~r~ot  c F  combira t i~~ra of sc t I  e-r i n1 - n r ; ’L - o s C ar a

h e-ac se ’~ - -ct  -Iucrn t ta a t  l a - r e -  c O : a a b i t a  an re-- . a n n a  is i 1’C r C ’I ’t  le a r - -al

to t h e -- surf a C e - are - - a of ’ t~~~ e- - i r o p i e -  I s .  Tan is m - . 1 - t i C - t i ~~L i p

is- f o u n d  to  n -sole- , ovor t~L s - a m : , e -  sitar r ann - , I ’  W i l t i f l

a I ~ Tb .~~,-: ‘ m e -  me - ci n - r o e  .1 rI ’ th e - -  a a .  a r e -  a n i .  C o a l  s - a~

1:- ~ O K -  an cs nra ia .J ic ’ il or cf  th e  ‘; i oa ibj lj t  ~ ‘ to i l  a j ~ t c  I c - i

T a ,  se I e - e - l i f l i  !ra. s fo r  i’ con ’  t i n , .- li-i . i - ~ W ’ c -  e -r  c a rna l e - n i ’ - sal

V j a i  L i i i ’ 
~~~ , 

15 ‘ a S - I l  t I - a t o  i ra~ p-1 I s i z e -  e - i , I r - i i u t i c  a a ,

1, v - . be- - r , in co x ’j ar - a t  i i r t o  i r e -  l i e - i  i — vern3 j -aa’~a c-f t h

i r r : a i - r ’ , .  rat , wh ich  h as r ecn r tl ,’-; ht - i- , b’~ii 1

i n . - - a l  t a r e -- op t ic  dc -v i c e  for  loc ’ a e - s n r i n a e  d rep i  I a -111e-

a j a r  I r it ;’a tj o r a n l a - .n S b c e -- rm t. c - I  .1 wi~ lai n lub e - a r ’ . e ra ’ cl - m ’ : i s .

a a r ~,. r n - n a l t , m a :  re - - i a .ll , ‘-v - n ’  a w i l e -  r a n . ,’ of c - a  tj i 1 a ’eu. - ,

v i ’ - f } c - ,’ e- o~- l - ~in .~ I m i a l i r e  t I  aOl . r i -  n’ - i  C ’  a t c . i  C;y ’n_ l n . .n e r

I - c a r i 1-~

a . i n i
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5.3 Ai rbo rne  xp c-r i .a~e-n ts  Us inc- on Instru ,a , e r. t e - a - ri  d’ n i lp l  a.

I t  iS t ar Cp oseaI to ex t r i a l  t h e -  SCO pe -  of l ! .e -- ‘ ce - I’OSO l

a a t a i t j . ,S b~~i n a 0  cora -inc t e - d  ~ i r e - - t I  Dun F~ i1 t a n  utilisira ,s

ma r ! i ar, a t r ao a n e r t e d  s-ii1~,-i nra ’ t ,- i . j C }a  is c~ pa i:le- . of sust a i r m e - ,  I

s o -t r i m s  p r - t ’ o r a r a - n r a c e -  c u t  is -also l o u t t c - ,a itklst ar-j t h e -  —

se-oce -.rc. t ’ ar b u l e -m a c . w h i e n a  c- _ n a  he - e - n c e u n t e -r e - d  is, l a r a c-

co nv e c t i v e-  clo a d s .  The Sr ! ll l- l ’ !fie- (Fi 1- ~ i’e- 5 . 2 )  h’ ait

w i n e --span of I 5:ar , is j e , ji ,-n r a l  ‘ c f l y  w i t  ira clouds , a n t i

will be ‘able to C -anr ’y c h O - , t  ~5 ke or ’ instru,’- e-nts . I t s

fligi’~t spee-- d C a r ,  r- c1n~~’ f rom hO to- 2~-C krs ns -~ , act - s roi r c i . n

ar i n k iaao  sp c-c -ci inn  still ‘air i.o 0.7 na se--c~~ It 7i c  d n a  hr

To i a ic~ to  be-  i nves t  i n s ’a t e - - -l m d - a n - i  e - :  t I e -- aa , e - - a s n n r e - ’ : a , e - r a t

of cl . - uct d r o j a l e - t -  s~ e-c tr ’~ ira e a aa , u L ,ar m e t  a: ~‘ i a 1 t  in 1 e - —~~~n 7 c

d lU ’ i i s , ‘ t i  ~~~~~ V c t t j C  1 s t r m z z c t a r - . C t  m e -  ~tt 1a a oS I a l ! c .r ic

i a. t i n e -  1-o w a - 31-nr a . of I c a  h o u nd  cry 1cry~~r .

;- a i ij ’ l - ar .~ s.c ‘ . 3 5 5  - r e -r at  it- is. t h e -  f i r st  t o p i c  woui - .l conai p l~ —

s-a~~ti I- ‘ t -  - - r i : ’ ta r-I a ~
‘ - ‘~ r .  - ‘ ‘ ‘ a t  - 0 : -  r i a r a e - a . t ~ ‘at  }DF s in e- : .

i~ a’, , - ’ e I  a ~ e- ~s c - i b 1 I D  - v i a .~ I n - 
- - r~- ; . t j ,  ‘ e r a !  sob - o ,j u  ut

, , , o - a i i i c  a t i - t ,  of k r - i -~~~c t i - - i r a  h-c~~ : caa:a -a , i . , s  ‘ai d

o f - a t m , l ,i r. ~ V . 0 1 - a  - ‘ r . i  re-.l c - e -  oe- f i r r i m a ,- s I s -  o t r a  a’

n - a n -  arch n ’s 5 1 0 ’  .5 i i n ’ ai. a -s a m e - r  COna l e-~ I -o r - I  ic ioh t  ‘. a h c -~’ e-

(‘1 :1 -1  b a n e - .  e l e -  Y e - a n d  1 v e - l o c i t r -’ of ’ I n s :  si r e arl ho a

c a ic al ,1e -  f a n - : :  a - 
- I i  - a n of - c ’ i c - s  0 1 1 

~~e-~- s~~i l j i a a a n ~

( D ye o r a l a - I -  a a , o o fj , i t ~~) . .~y (heLl  r - i n , - t I c  c- - il1 1- .n a -

in lb  m a t  r _ - a , p - a ’  • 0 1’ he- n p  a r - a a n k ,  • ‘ r a e - l o a m  r’- ‘ c f l t  S c - t a r

b e- ‘ an a d c  w h i l s t  d i n - b i n . ,  t i ~~-~ t’ - a - e-- ¶ a 1 .  c l ~ I !0 .  ci 

T Ire - a  s ’ a c o l a k ‘ c a t  i -~ j a m  c e - a I r an ,  ‘.-~l ‘. a ‘ k  r- c - l-a I ie -- nr  b~~l ’ ,~

‘ t-.,ron a - ,l conc - r at , r ’ , t i - a .  p r - e f i I . ’s m e - n . ’ - n ’  i a ,  t i c  a l ’ aj i ~~’l ’ l f l e2

a r - a t  V o n ) m a  m e - i - - or a lo~ lC - 1  j a r - a r—- ’ , a ’ m a m . d - - I  i t .  - ho

C) I V
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stabi1it-~ of t a - l- a y- .r ‘ar- a t h e  ie-er ’e -e - of turh’ol. rr r. mi dn~a

ne- ja ’ .rtic ai’ a r’l , ~-~i’tIawh i1e- anita a tl Of l  1.0 - .X e -a , .1, - iS

t l a O e-- a t  t o  ice - a - t h a t  of a l-ay- 1’ -a:- t’ ’ cnic-Ir aer osol  c o r a c e - r , t r - c l i o r .

co a t - j r . - . i h ;,’ -.r t~~r p e r  tu r  ir:ve-rc-ien or hy-a r - o l ’ ’p n a

d ir b o r n ~e- me- a sro r e -  a n e - r . t c -  h -ry e  ‘ a lr e-- - a uy  be -- e-n i - ado 01’ ion

concen t r at i o ns  ‘an:.i v e r t i ca l  e- 1 e-ct ” i c c i  field above and

t ) c . lOa  I - .:: j - - a - m o t m i r . i sv r ’ c- i o n n- a - .r.d it 11 - cS be e -t a  foun I that

t a c  a bov e -— : e - e - t i o r -. I elc-~~t~~i~~ 1 ~ ‘~r , ma a e - t  e -rc: c a : be - used

to - l e t e - r : ,in - . t ia  a le -a .  ‘ n - c - c - Ct ~ro ’~ -l i l t  ic-ion occ ’ai -rmnc-

tiarouch t he -  i r a ’z e r amr io ra . This It aS he -~~n ,ie - scr ih e -d r !aOre

t’ully in se -a c t io n - .

5.v 
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a a ’ t l e- t t  ~
‘ T 19a-a 0 P r -  a: m t  dr -n t ’ on Cloud FL’~o ,

T r a s a t o , pp 5 1 5  5 1 7 .

Dy e -  J A ~a T o o t e - n a oa r f a v~ 19’7 ’
~- J I I I  Cora f cia P. v-c- r. Lan-i

,7t , orr s, Oct 15~~17 19°3,
h ’ , ., B o s t o n , Iic’ a t o S .

(ie-oroii hW ‘~ o tz e- 1  (‘~ C 1970 e - - A , ‘75,  17 3 7— l ’7 3 2

-Ps r ::a1e -e y P &,m Ke r arn e- I a -,’ hi l i e - ~ I n -  :C a~ov I r i s -l i  ,-~crn d , 52~ , P

o asenick~ H i9~ 1 21 , ab — d .. irn~r al t  .Luft , 31 , e- a 1 — 1 0  a

~ ‘a cn i c k e -  A & b l i f f o rd  I :  19’ -~ he- r’ r a s . -l ~c ie -n~~~, 5, ;j- 45 7— , h - .

Jon a s P H & hi ’tson B J 197a- .~~ e - c - e - e -t soc , 00 , p :- 2e6—29~
p r .ol ler ch-rr c:  H G 1 7~ i- r oe - ’ It , ’ C - : r , t ’ O1’a- - r i a : ,  c- ,

a , -. r , Ca I r’ adO , ~ -~~: Fhl _ 5 6l

B 2 19~~5 J sc, ’ , -an an- c , 10’ , 1 7 - — m I

~ ~~~ e- O5’ .O P R  197-a e- J t~~~a a  ‘ I c - C ,  100 , 2 3 — 2 a

:‘ae- Inieks ~ L ~ 1959 i e - - : a - L ” n a -  hui l , IIo ~~~~~~~ c - r o L - i i~
fo i l  ‘ ad I W l i st  i t  -. t e -  for  ,a-Jv - xice-~i A t a r i  . c - .

dich T A , I-il- ak L W ~ l9 ic9 -ieo~~L ,7siCn ~~ re ~~
‘ Appl ic  ,t’ ,

~‘I e -tn ie -k s  A L ihj l ara o , 44 , re-s 2 3 3—2 41

~m - c r nce r  J 1969’a J str .1ann ’ Ici , 2~~, 1049— 1059

1969b J h t n o~ ,I c i , Tb , 12 7 2 — l 2 h T

1970 2 -~t m.e - a .a -  - Ici , 2 ” , 6HT t~~~

1973’n - a t - a n - a -  ci , 30 , 25 6— hr I

1973h ~ at :a . aa - dci , 30 , 1 7 7 - ~— ’ 7 , 6

1975 ~ — c a r ’ ,’ a-. I Aoc , 101 , ~ n— ’ c1

L - -~~~~~ -~~~~~
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Test
Signal

5) 1 1 4~ 02 n uu1~~r . ,  - - _~ aak  -
.1 - - - - f— .‘~ a, ~— -‘ • ~— ~. 0 . o’ - - — -

~o ; - ~~~.ie r ~-e- ,c-a~~.~~e-r 
~ j~~,_,,j ~~r~~uc~~o1J 

________

I Kelly~ [~~‘te meter
Circuit

___________ itogulated Jj 2bV
Power Suppl yfi  Supply

boat er  ~c _______

Thermis tor 
~~~~~Deck

~.‘ieterj

Hot JDifferent ial  Rhoppur  
~ ~• Wirer Amplifier Circuit

~~~~~~~~~Var; Bufier 

~~~~~~et:c ton  H

L1~~Deco de~~~~~~~~

f l g 2.4
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