


Interac(on	of	Light	with	ma2er	

Seinfeld	&	Pandis,	
chapter	15	



Radia(on	in	the	Atmosphere	
� Extinction:	

�  It	is	a	process	that	reduces	the	radiance.	Can	be	due	to	
absorption	or	to	scattering	
�  Absorption:	transforms	EM	energy	in	something	else	
�  Scattering:	changes	direction	of	propagation	

� Emission:	
�  It	is	a	process	that	increases	the	radiance.		

�  All	bodies	with	T>0	K	emits	radiation	
�  There	can	be	scattered	radiation	in	the	beam	direction	



Light	ex(nc(on	
� The	extinction	process	is	proportional	to	the	radiance	
and	to	the	amount	of	matter	

�  If	ds	is	small	enough,	there	is	no	overlap	between	
scatters	(single	layer	limit)	

λI λλ dII +

ds

A



Light	ex(nc(on	

� Therefore,	the	fraction	of	extinguished	photons	is	

dIλ
Iλ

= −
σ ⋅NAds

A
σ	=	cross	section	
N	=	#	/	volume	
N	A	ds	=	#	

ds→∞ ds→ 0

σ
Α



Light	ex(nc(on	
� Therefore,	in	terms	of	extinction	cross	section	[m2],	σ:	

	
� Or	in	terms	of	volume-extinction	coefficient	[1/m],	α:	

	
� Or	in	terms	of	mass	extinction	coefficient	[m2/kg]:	

� Or	in	terms	of	molar	extinction	[m2/mol],	ε:	

dsNIdI λλ σ−=

dsIdI λλ α−=

dIλ = −(α / ρ)Iλdχ dχ = ρ ⋅ds Mass	thickness	

dIλ = −εcIλds c	=	Molar	concentration	



Ex(nc(on	along	a	path	
�  Solving	this	differential	equation,	we	find:	

� …	and	if	there	is	different	types	of	particles:	

Iλ (s) = Iλ (s0 )exp − α(λ, s ')ds '
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Beer-Bouguer-Lambert	Law	
� Wikipedia	-	This	law	was	discovered	by	Pierre	
Bouguer	before	1729	and	it	is	often	(mis)attributed	to	
Johann	Heinrich	Lambert,	who	cited	Bouguer's	“Essai	
d'Optique	sur	la	Gradation	de	la	Lumiere”	(Claude	
Jombert,	Paris,	1729),	and	even	quoted	from	it,	in	his	
“Photometria”	in	1760.	Much	later,	August	Beer	
extended	the	exponential	absorption	law	in	1852	to	
include	the	concentration	of	solutions	in	the	
absorption	coefficient.	

dIλ / Iλ ∝ ds dIλ / Iλ ∝ c
Bougher	 Beer	

I = I0 e
−τ



	Points	to	remember	#1	
� We	will	see	that	we	do	not	have	to	solve	the	radiative	
transfer	equation	in	the	case	our	a	LIDAR	system…	

� What	is	important	from	this	review	is:	

I(λ) = I0 (λ)e
−τ total

τ total (λ) =
k=species
∑ αtotal

k (λ, s ')ds '
s0

s

∫

α = Nσ ⇒σ total =σ abs +σ scat



Ex(nc(on	efficiency	
� The	cross-section	has	units	of	area	(that	“shadows”	
the	light),	but	this	“area”	can	be	much	larger	or	
smaller	then	the	real	area,	Ae,	of	the	extinguisher.	

� We	can	define	dimensionless	scattering	and	
absorbing	efficiencies	by	making:	

σ ext =σ abs +σ scat

Qabs =
σ abs

Ae
Qscat =

σ scat

Ae

[L2]	



Single	sca2ering	albedo	
� The	ratio	of	Qscat	and	Qext	is	called	the	single-
scattering	albedo,	ω,	and	represents	the	fraction	of	
light	extinction	due	to	the	scattering	processes:	

� Hence,	1-ω,	is	the	fraction	that	is	absorbed.	

ω =
Qscat

Qext

=
σ scat

σ ext

=
σ scat

σ scat +σ abs



Angstrom	exponent	

Weitkamp,	chap	4	



Light	sca2ering		
� Absorption	and	elastic	scattering	of	light	by	a	
spherical	object	is	a	classical	problem	in	physics.	

� The	key	parameters	that	govern	scattering	and	
absorption	of	light	by	an	sphere	are	

1.  The	wavelength	λ
2.  The	diameter	of	the	sphere	D	
3.  Index	of	refraction	of	the	sphere	

� The	mathematical	formalism	used	to	solve	this	
problem	is	called	Mie	Theory.	

x = πD λ

!n = n+ iκ



Mie	Theory	
Mie	theory	is	the	basis	of	a	computational	procedure	to	
calculate	the	scattering	and	absorption	of	light	by	any	
sphere	as	a	function	of	wavelength.		
	
�  Limiting	cases:	

�  πD/λ << 1 Rayleigh	scattering	
�  Qscat	~	λ-4	and	Qabs	~	λ-1	

�  πD/λ ∼ 1	Mie	scattering	
�  Qscat	and	Qabs	vary	a	lot	with	x	and	ñ		

�  πD/λ >> 1	Geometric	optics	
�  Reflection,	refraction	and	diffraction	



Phase	func(on	

Seinfeld	&	Pandis,	cap.	15	

Example	
(NH4)2SO4	RH=80%	λ=550nm	

D=0.20µm	x=1.1	

D=1µm	x=5.7	

D=0.12µm	x=.69	D=0.06µm	x=.34	

D=0.24µm	x=1.37	 D=0.6µm	x=3.4	



Phase	func(on	

ñ	=	1.5	+	i*0.005	
ñ	=	1.5	+	i*0.2	 http://www.thermopedia.com/content/144/	

The	angular	distribution	of	light	intensity	scattered	
by	a	particle	at	a	given	wavelength	is	called	the	
phase	function.	





Lidar	x	Sunphotometer	



Phase	func(on	
It	is	the	scattered	intensity	at	a	particular	angle	θ	
normalized	by	the	total	scattered	intensity	
considering	all	angles.	

P(θ,x,
ñ)	

β(θ, x,ñ,λ) =αscat (λ)
P(θ, x,ñ)
4π

P(θ, x,ñ)sinθ dθ dϕ
0

π

∫
0

2π

∫ = 4π

The	angular	volume-
scattering	coefficient	
[m-1	sr-1],	β,	is			



Asymmetry	parameter	
� The	asymmetry	parameter	g	is	defined	as	the	
intensity-weighted	average	of	the	cosine	of	the	
scattering	angle:	

� The	factor	of	½	ensures	that	g	=	1	for	light	scattered	
totally	at	θ=0°	(forward)	and	g	=	-1	for	light	scattered	
completely	at	θ=180°	(backward).	



� Aerosol	and	
molecule	interaction	
with	the	radiation	
depends	on:	
�  Size	

�  Shape	

�  Surface	properties	

x = πD λ

!n = n+ iκ

Points	to	
remember	#2	



Points	to	remember	#3	
� The	atmosphere	has	

� Molecules	(~	0.1	to	0.5	nm)	
�  Aerosol	particles	(10nm	to	1µm)	

�  Solar	radiation	~	0.1	to	4µm,	hence	2	types	of	sca2ering	
�  πD/λ << 1 Rayleigh	scattering	-	Molecules	
�  πD/λ ∼ 1	Mie	scattering	-	Aerosols	

� Total	extinction	is	given	by	

αext =αabs +αscat

αabs =αabs,g +αabs,p

αscat =αscat,g +αscat,p
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