
ATMOS	5140
Lecture	8	– Chapter	7

• Atmospheric	Transmission
• Beer’s	Law	Review
• Extinction,	Scattering,	and	Absorption	Coefficients
• Extinction	over	a	finite	Path
• Plane	Parallel	Approximation
• Applications



Absorption	

𝛽" = 4π𝑛'/λ

*
+,
=	distance	required	for	the	wave’s	energy	to	be	attenuated	to	e-1 (about	37%)



Beer’s	Law

X

𝐼 𝑥 = 	 𝐼0	𝑒2+,3



Transmission
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𝐼 𝑥
𝐼0

= 𝑒2+,3



Penetration	depth
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Transmission	vs.	Reflection
Incident Reflected

Transmitted with absorption

N1=n1 (real)

N2=n2+ik2



Attenuation	of	light

• Absorption - Conversion	of	the	energy	of	the	radiation	to	heat	or	
chemical	energy
• Scattering – redirection	of	the	radiation	out	of	the	original	direction	
of	propagation

• Extinction is	the	SUM	of	Absorption	and	Scattering



Scattering	of	light	by	particle

Measure	with	a	Nephelometer



Absorption	vs.	Scattering

Demonstration	of	radiative	extinction	using	an	overhead	projector	(milk=	scattering	and	ink=absorption)
Can	test	by	

1.		Looking	at	the	side	(see	milk	scatter	light)
2.		Testing	with	a	thermometer	- (ink	will	heat	rise	in	temperature	faster	than	milk)



Most	aerosol	particles	both	scatter	and	absorb
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Extinction,	Absorption,	and	Scattering	Coefficients

𝛽" = 4π𝑛'/λ

𝛽9 = 𝛽"+ 𝛽:
Single	Scattering	Albedo

𝜔 = 	
𝛽:
𝛽9
= 	

𝛽:
𝛽"+	𝛽:

	



Optical	Path
• Optical	depth		or	Optical	thickness	(measured	vertically	in	the	atmosphere)

𝑡 𝑠*, 𝑠> ≡ 	 ?@ :A
?@(:C)

= 𝑒2+E(:A2:C) =	𝑒2F
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Measurement	of	optical	depth
Processing		- Measurements	of	Aerosol	Optical	Depth	(AOD)



Recent	Work	using	AOD	data



• Mass	Extinction	Coefficient
• Extinction	cross-section	per	unit	mass

• Extinction	Cross	Section
• Extinction	cross	section	referenced	to	individual	particles

• Extinction	efficiency
• Per	the	cross	sectional	area	of	the	particle	(A)

𝛽9 = ρ𝑘9

𝛽9 = 𝑁𝜎9

𝑄9 ≡ 	
𝜎9
𝐴

Number	of	
particles	per	cm3

Density



• Mass	Extinction	Coefficient
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This	also	applies	to	
Scattering	and	Absorption

𝛽" = ρ𝑘"
𝛽: = ρ𝑘:
𝛽" = 𝑁𝜎"
𝛽: = 𝑁𝜎:

𝑄" ≡ 	
𝜎:
𝐴

𝑄: ≡ 	
𝜎:
𝐴



Single	Scatter	Albedo

𝜔 =	
𝛽:
𝛽9
=
𝑘:
𝑘9
=
𝜎:
𝜎9



Plane	Parallel	Approximation

dz ds

θ

z

z+dz

z=0

ds = dz/µ  where  µ = |cos θ|

𝐻
cos 𝜃R ⋘ 𝑅

Rule	of	thumb	for	ignoring	the	
curvature	of	the	earth

Where:
H	=	height	of	atmosphere	(~10	km)
R	=	radius	of	earth	(~6373	km)

𝑡 𝑧*, 𝑧> ≡ 	 ?@ VA
?@(VC)

=
𝑒2+E(VA2VC) =	𝑒2F/W
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Zoom	In
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406.42	ppm	at	
Mauna	Loa

406.37	on	the	
roof	of	this	
building.

Quick	walk	down	
the	hall	if	time.





Transmittance	of	a	Cloud	Layer

𝑡X'Y + 𝑡X'[[ + 𝑟 + 𝑎

r
a

𝑡 = 	𝑡X'Y + 𝑡X'[[

1 = 𝑡 + 𝑟 + 𝑎

Total	Transmittance

𝑡X'Y = 𝑒2F∗W
*Indicated	total	optical	thickness



MonodisperseMon Polydisperse

𝛽9 = 𝑁𝑄9A
𝑄9 ≡ 	

𝜎9
𝐴

𝛽9 = 𝑁𝜎9 𝛽9 = 𝑁𝑄9𝜋𝑟>

𝛽9 = ρ𝑤𝑘9 = ρb𝑘9N
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Optical	Thickness	of	Cloud

𝜏∗ = ∫ 𝛽9 𝑧 𝑑𝑧 =
Vijk
Vljiijm ∫ 𝑘9𝜌o 𝑧 𝑑𝑧Vijk

Vljiijm

TOP

BOTTOM



Role	of	Cloud	Condensation	Nuclei


