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Sca'Hui‘ng ot Sunlfﬂ h+

A Simple introductory mode]
- 10 compare propcrties of absorption
anhd .S‘C&'H’C"fhj.

Recall 4he odefn of OP‘HCAI okc'o'“« with
bLS’O"P‘f;Oh coc-F'FfCl’U’\“' Mo arnd
SCaHer(hg coefFrcient _hks *

AN = - (ko + ks) f A2

Fo”ow'chj +he rcAJov\inj wSed Acudopihj
fhe dwo - stream :

~ 3eaHered radiation will not be loSt From
the Sys+cm, but will ehange Airectron

— Since (in +wo- stream) +he on lj dircetions

6re up and déwh , Seme gecoat efed radiation
remainS in the beam ond S6me J'o:'us
the opposite beam

For 4+he dowwrward JTluy o\cnsi'/-:).'
dF* =+ F'(hatkslp d2* - ~Bk, 9 d2"
-—-fFu;goLz* — (I_J)F*Jg,:oot%*

whtre
froaction £ continues jn +he same o irection

fraction 1-f ehanges direction (by 180°)
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Introcuce +he single scaL‘H-crn'noL albedo

§SA= W= ks =I$‘o For no scattering
Ko+ s L For oall SCAHeru‘hj

Then we can substitute in dAX* Jpd W
o n ek rcowrosnjc'f'o jc‘f-'

bF o+ Fé= =B (1-0)+ D FFh (-7)F]
ok Y

Similav [y, we can shows +hat:

- dFt L Ftl B (W)« B[F F (97
LN *

The ecasiest case 4o solve s For Z’u‘-‘—l
('I-C.) O cIOuot) For which

ALY —l—(F‘l’——F?) (i-F)=0
A ™

erd s it 4
aFf « (F'— F') 1-f) = o

Y
g0 +hat fF“ — F?= constant

Now, For a cloud of FThickKness ’Xf)
the downward solar Flux densihy on
the clonk is F, and +he upward
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solar fFlux ouhs'ifg on the bottom oF +he

clouck is O,

7
There Forc)wc can
selve +he -e?l/\ﬁ""iOhS
Jov oalbedo A and T
4ransSmisSsion T O

(.From L{ C-’-ur( :}- - Sce -S’l‘d'( 3:1'):

A= X (1-F) T = :
{ + %Sr (1-F) )+ K> (1-F)

For isotropic .scos'Hering (egual m both
oLirt’.C'HDlr\s)\ IF= Y4 . So T = )
| + X3 /2

Compoare with T= exp (- Xo>) For
0~'a3°V;°+fOV\ ) whielk o(gc_&\(js Faster.

Xo* Sc_o.‘Hcrini absorpf i on

O |, 60 {

l 0.6%F 0.33

2 0.50 C.|4

5 0.273 0.60F
) O o.17F 4 % (0-°
20 0.09 (6)

S0 0.04 O

100 0.012 (o)
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WL con olso solve Hie e.7uwcl'ioy\s For
hOnh- 2<r0 od:so:r;:‘)-ion:

A= o _1 = exp (- 24 7Ks")
= R% exp (- 27%))
T= (1-p) exp (- LX)
! -'-'/5"'&%,0 (_2°‘7(_°-J\)
where
peRolxcd | 2= (-8) (1+&-2F)

o~

A + |l— W

This slkews -I-l.\ocl' 6 Small a'oswp'h'or\ has$ a
lorge effect becaunse the scaHerin
mu\\-'\plics +he eFFcctive path lev\j-l-l«\ ot
eacl '“fj Sijhi?ECAh4ly,

Thus

+ "o lLiHle bit oF ScaH'cr.'»ﬁ goes along way"
- then "o liHle bit of abserptrion

b€ COMLS sijn';-'f"-com—i'“,

= —_—

Sc.o\HLrl'r\j from  Particles }

/!
f
Consider & plane wave - - q
of intensity Te jncident l < n ) —
o~ a particle.
™~ N
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AfFder 4he inJ'ch\C‘I'l.OV\)

O1he plane wave continues almost
unchanged except for +he loSs of someentryy
() o Scoatered wave will be Jcr\-cranl-cd )
¢entred on the pardicle.

When 4he Par+;’t.|-c Size andh . are small
wrd viewing dAistance (tommon in Fhe
o.-l-mog‘o\«crc , +he Scater<«d wave eanr be
conhsideved +0 be o spheri cally expoanded
WwWavetront centred o Fhe particle.

The scaHertd wave can be desScribed by
I. 1(e,p)

,—-J. sz
wWhere
M= 2K = wave vecetor for rad; ation
P oF wuudu\g-ll« N (nst ka,

or Ay 8r Bald 2 mann's canstant ,’,)
To +erm =2 shows +hat +Le rod ) adion
rt is proportional dJo inpnt
51\"‘(!«3543 endh 1§ Spl\trl'cally
upahok.nﬁ
-F(S,QSL term =p contarns +he Pl\jSiCJ of
..k,’-ﬁ +he Sca-H'er.'ng ‘arOccss

Integrate +the scattered I'h""th.\';‘,'& over the
surfact of on sphere Surrouho(l'hj +he¢
pardicle +o gef +he Jotal encrgy
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ScaHereck = Jo Csen = :[o.ks
with
R = / j F (9) ¢) A w

kz

= SQO\‘HQrir\j crofS section (arca)

We can alse define

Cebs= Ro = abSorbin er08S section

Cexd

= hRe = Lo + R = eX+incHion cross section

A rCPrLSQV\+S +he amount oF ncidend
eneray which §s removed Fron Fhe ors'\ja'hal
hircction due +o a SI'Y\\"’,‘C scaHering ¢vent
suth +hot +he ener y is reoLiS'l'ribo\i-ca\’z
iSo‘l'roficaH:] oOVey QL\C aréa oq: A SPkCrc
wl«o.S'e centre g +he J‘CA-Hercr.

The efFiciencics corresponding +o +hese
erofe sections arc

— C = C for a

A"Q&,..ml;. n~rt Sphere

Qs = s From Lecture ||
~<r?*
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K&bjlct‘qk vSQa.‘H-Crv'nj (Ravl{igh’ 1831)

This is the gimpltst form of .S'QO\‘HC"fhj)
but is very impertant in the atmogphere.
It applies when A S> particle drameter

oo For st]L'{. (;3h+\ '+ ' S I'Q.:S"'fl.(‘.‘,'Cﬁ o
wol<cwlor sca-Hern'ng.
For radio waves, r+ can alse apply to
droplets and partreles For which AS> d.

Under Fhis mSSump'f'l'on’ ‘l'_l'_\’c incdent electric
Ficld of 4he radriation , Eo ,induces o

. )
oLl'ool-c moment in Fhe 'oar-'-icl'c. :

—n, -
o = < E,
Wwhere

od = Po/arie_o.bilu'-hj oF Fhe ?ar-’-fcl-c

Dimensions ..'0 ~ c.l«ouch 4 Icmg-l-t\
Eo — ecloarge farea
A ~ volum=

The oScn'lIo:l-n'v\j Afpol-z, n Fuarn product s &

P|0w\(,- Polari'i'(o\ E‘V\ wave , +he .Sca-H-crca(
wave ot Hie samt 'Frtclu\cwcy oS E, .

The Jotal elecdric Ficld (incidwunt + emited)
1S jivu« Lj alaSsical EM Fheary as
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= — —.;-Jk(r"c_t)
E = _ E'oe’ ,Rzoz Sin ¥

r

where

Y= oangle between .,F. antk Fhe dircction
of abServation

r = Jistance between +Hhe dipale and +he

obServer — e
_ = direcrion
R YN E Yaly
Now conSider +he v
ScouHcrir\ oF -
J P

uy\polar i :ed S‘uhlijb\"‘.

Let 4he Plomt. def ined Lj +he dAirection
of Fhe incidenT ana SC.A'H'QV‘C(L w AVLS
be 4+he Feference P’dnf..

The fC-PP‘(V\o(;Lu\(aY and Parmllel
comlooncw,'.s are

=k (r-ct
J—) Er= — Eov () A( )Azd Sin /b’,
- r
- L r—cf .
“) E_l-:.: — E‘l e k( )J(zo( sin §,

v
where

’)’,:T/?_ ) ’)’2_—:. =/, - O
ond

O = sgal—}u;::? ahj)-e_ between rncident
ond Scotfered waves
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E.. l ."~..-"Pr
/ o(.lrQC‘l‘loV\

Sunhah+

eLl'rce.-,'n'ov\
of

Sco.'Hcrfhj

h kas +o be 30° because Fhe Scadered
J.l'ool-t moment .,P (ME )in the r dircction
is 1L 4o 4he reFerence plan<t.

7

The intensitics oFf +he incident annd scaHered
|{3h+ (PN wnit selid ahjli) are :

To= 1 € JE(*  I=_1 C |E[
ASL 4R oSN 1R

So +the +wo components of *he scatrrea
inte ns1ty are ;

I‘. = Iov «4{+°<2 /rz
I/( - Io,( /k"-o(zCOJZO/_?.
The +4otal Sco-HCreo\ ihf-cnshlj N

I= T + Ta= (T + T, cos &) kR*?
r-?.

But For unpslarized Sumhjk-l'
Tor = Toa = To/2
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Also reccall +hot A= ZT/)\, S0 wWe have'!

T = T, 922(27?)4 I + ¢co0s? O
A\

r2 2

This Is +he or{j inal Rdﬂlu‘jl\ .S‘caL'H'erih9
Formula.

Note +he dependence of +he scatfered
(n+<hs;'+3 on _I T, % l cos? &

Yy T — )

rl ) ? AQ-

The agnawnlar otis+try ’ou'l'l'ov\ of +he
Scchreo( ener is deScribed bu‘ir:? t+he
phose Funetion” P (cos®) , with

jTK jT/?' P (LOS G’) simn @ AGO 0L¢ = |
(o) (o) 4 K

For Raylti¢h scaHerin , P(eos 9):_3_(14-00820

So -Hm:v-l' J j 4 )
I(e)= To <X* 128 *° P(8)
ra2 3 N\* 4 A

The seatered Fluy (tnevjcj /dime) i

_F = -g (I A-n-) rt AL .’n-l-cjv-a-l-f:\a
e \ » Seathered Flhey
;;-;\,_/ Aensity T AN ever
d-cxn:»'-ly arees arce rt awey from

+he Pnr" rele
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S'ubs-l'.4wlinj For T ond L JFV{S
F= Fo ¢ 128 %°
3 ¢

where
Fo = To A= incident flnx density

Then we can define +he scattering cross
section Per molecuwle oS -

’ks =,i_ = (L8 olz Ts- <(.‘Mz/mo|ec,)
F. 3 )\t

TS rc'or-csen+s 4ht amount of incident
entry which is removed JLrom +he orn‘j inal
direcFion due 4o a S;V\JI-( S‘cchanj event .

Then ‘ﬁI(e) = To s P(6)
r2 47

This is +he eneral CX presSion For
scattered infen sity.

The Po’ar;%abflloij Con kf_ Aerived from
the principle of dispersion of EM waves:

A = 3 mL — | ) See <¢.9.
4 K Ng mZ + 2 Liown
where

Ns = number of molccules pevr uwnit volum=
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M= recfractivet intex sF molecwles
= My +m;

correspond £ +o

m, Sca-H'e.rl'y\J Pro'oer‘H'CS' (ruJ)
m. abserpFion properies (innkginary)

\

My d<pendS on N ont S V\J(Mllﬂ glvern by

an empin’cal exX presSSion,
m; 1S negligible For Fhis Aiscussion of

S‘C&Herih b air molecwles in atmosg here
Y P

Sinte me =1 Ffor prac-h'cokl Purposes, we
hove

o = (m> - 1)
4'T N_g
on
J(S — 8 7(3 (MVz—l)z -F(S)
3N)N* N2
where

-]:(é)—:. correcetion Factor for
ahiSo"‘roPﬂ otf malecuwles
(i.e., r't'FrAC‘/:'vc mmAeX varics

in %,4,2 Airections)
G-=T8

with
d = 0.035 = al-c’oo/ariaou"'iovx Factor
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The oI)‘l‘ic&, a\-c'O‘Hr\ of +he entire
molceuwlar atmosphtre can be obtained
Ffrom +he sca.'Herihj erosSs section $

Py

+cnetron
XIN) = «Izs()\) IZ‘M‘M (Z) 4 2 }:: l.:,::l Aue
o Y J'CL‘H(V“\’,
w here
N(2) = verdical Proi':.'lt oF number M-cr\.sf'/j
2he = Top of 4he o~+MOSP)~<*‘c

R

Mie Scatering ('*433, 1908)

S‘c.o.-f-lerir\j !’:7 /arﬁu Par+fc les &1 any Sii<
e~d Shope ca.vx)ir\ ')"Lc,orz) Le solvea msinj
MoxXw<ll's Equatrons wid appro ff'.m'it
bouu\oto\v:? anditionsS. Hswever, in praciice
4his is YAifTicnlt Sor all but Simple
3comc+r|'ca.| shapes,

Mie sslued +fhe ju\eral casSe For
l«ow\ogtntous schrica\l Par-h'c.l{S
— Mie :ca-H—c_ra'nj

TwWG l’CSU\',‘"S ofF theSe ca Ic.u.l;~4fon5‘2’

@Sco.Hcrfhj otiaj romSs - Shew Lew -t.n(rj\y
;s distributed wpen Scaterin ywhickh /s
Msumllv s+ror\jlj forward or backwardh




PHY2505S - Lecture 12 ScaHerc'f\j phase funetion P pageis
EERCSEN

Extirnetion eF—Fchc.th Factor Ps, aS a

function of +Hhe size fara.mc'l'tk
X = 27+ /%

- PAF"'fc’{ rediwys

For m; =0 , & pe rTect ref I-c.c'/'or') F+here (S
no oJoSbVP“l'FOP\_

Qs Sl«owj minimG and moxxfma)a.ho\
tends +0 2 oS X increases

—>. see Lecture 1), slides 19- 20,

—e—

Scm{"f’criny of Solar Radiation in
Plent Poav allel Avfmoslohcrcs

Now led's include Jca.‘Hcrt'hj cFfeets n
rahiative transfer — - +his is primarily

imFor+An+ Fer Selar readiatrion since
UV-UIlS X are scattered wmweore +Fhan IR ).

Need o way fo express dhe source Functron
in Schwarzchilds Efum-fron dwne H
scaHerin in the beam.

" et i
+uwb { . SC&HCHV\j From the solar beam (° e )
plu-vls

OScosHCffV\j drom other 0\5"'((.""1'0?\5 (’fﬁzf?:er)m
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Wse o scalar spproximation,ic. ignere
Pslgr'l%o&ibn‘ ol aSSume all radradion

138 jivcf\ bwj :n+¢n8;+j I,

Ener seat¢reda From direction S jnto

Mrection 2 is propsrtionel +o
I(n) Pln,n’)
4 =
whtre P, ') describes +he angular
Pa-l-}(rh o F Sco.-Ht.fl'V\j) norvalized bj 94 x.

The Coh+rl"oux."'l.0h due +o @ck‘HQﬁ'nﬂ is
Fherefore  contained in P

Thet scatered ehcrjﬂ 1S +then

Rs A2 j I(n) P(aan') asv’

/. r ¥,/ s
+ A A2 Iwnb_ﬂ_sm P(Jl,-ﬂ_sun) e M

M 4 K
Thsert 4his into Schwarichild's E7 wation
4o je.‘f': (Licu, E¢n.¢.5)
M dI[a)=I(n)- o fl(n_') Pla,n’)dn’

ok X 4T 4 —%
— zruh A N g, P (-n-)n:m.) e A‘M‘

4=~
where @ = SSA = K =T again.

gl
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This is 4+he csuadion +o selve. A number

oF .].cc],\hi?u-e_s have been Acvcloped to
do this.

These &PPVOaC-kCS ihalude :

() Two-chream model

@ ED\(LiV\j‘l’OﬁS Apprdx;'ma4\'oh

@ Ordtr of sca.-Hcr.'r\j ox(:prox;ma-f.'on,

bud we'l stop herec.




