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Radiometric quantities
Radiation power: Radiant power emited by the source along the light rays
  flux

dt
dQ

 (W)

Radiant flux emited by the elementary surface source dS, 
In the solid angle dW around the direction q : 

d²F = L cosq dS dW 

n


dW 

L: radiance (W.m-2sr-1)

If L is q independent, the source is called lambertian

dS

dt
dQ



n





Radiometric quantities (2)
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Intensity of a source: Radiant Flux / Solid angle unit

Exitance of a source: Radiant flux / Surface unit

If lambertian source:

 If the surface is lightened (not a source):  Irradiance (instead of  Exitance)
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Irradiance received  on dSC highlighted by the source dSS:

Recived power 
dSC:

Irradiance received by dSC:

Radiometric quantities (3)
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Irradianc e from  dSS:  

Irradiance from S:
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Radiometric quantities (4)

 

𝐸= 
𝑆𝑜𝑢𝑟𝑐𝑒

❑ 𝐿𝑠cos𝜃 𝑠𝑑𝑆𝑠cos 𝜃𝑡
𝐷2

𝐸= 
𝑆𝑜𝑢𝑟𝑐𝑒

❑

𝐿𝑠cos 𝜃𝑡𝑑Ω𝑡→𝑠
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Irradiance from a source of close apparent size (RS << D)

with
D
RS 

E=cos 𝜃𝑐 
𝑆𝑜𝑢𝑟𝑐𝑒

❑

𝐿𝑠 𝑑Ω𝑐→𝑠

If source lambertian

E=𝐿𝑠cos 𝜃𝑐 
𝑆𝑜𝑢𝑟𝑐𝑒

❑

𝑑Ω𝑐→𝑠
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Optical measurements (0.4 – 5 mm)
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(Reflection of Solar Radiation)

Réflectance: characterize the studied surface

Bidirectionnal réflectance :

Albedo: 

Reflectance Factor:
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Wavelength: l (m)
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Black body radiation

T=6000 K

T=30 K

T=300 K
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Cste Planck:   h=6.62 10-34 SI 
Cste  Boltzmann:   k=1.38 10-23 SI
Cél. de la lumière: c= 3 108 m.s-1

A = 2.898 10-3

T
A

max

Black body: Ideal body in theromdynamic equilibrium with its environment. 
It absorbs totally any incoming radiation  and emits maximum radiation at all wavelentgths

Property: lambertian 
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Radiometric quantities

Radiation Flux:
dt
dQ

 (W)

Radiance: L 

Exitance M

Irradiance

(W.m-2) 

E
Intensity I (W.sr-1) 

(W.m-2) 

Integrated quantities *

Spectral flux:
dt
dQ

 (W.m-1)

Spectral radiance

Spectral exitanceM

Spectral irradiance

(W.m-2.m-1)

E
Spectral intensityI (W.sr-1.m-1) 

(W.m-2.m-1)

Spectral quantities**

* Over the whole or part of the 
electromagnetic spaectrum

** For a given wavelength
Sometimes, mm or le nm is preferd 

than m for the unit associated to the 
wavelength

(W.m-2.sr-1) (W.m-2.sr-1.m-1) L

dt
dQ


dt
dQ
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Wien
Rayleigh-Jeans
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Wavelength: l (m)

Black body radiation: 
Wien and Rayleigh-Jeans approximations
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Terrestrial emission

Solar Reflection 
By the Earth

Solar Emission

The electromagnetic radiation
Coming from the Earth
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Ll = e(l) Ll 

cn
0 ≤ e (l) ≤ 1
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ckTckTb  Tb = e T

Thermal IR+ passive microwaves (5 mm – 10 m)
(Emited radiations by the surfaces)

Black Body(ideal):

Gray Body(actual)

Radiance of the 
studied body Radiance of the  

equivalent blackbody  
having the same physical 

temperature

Brightness temperature Tb: physical temperature of the black body that would
emit the same radiation than the sutdied body
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Energy conservation

reflectance

Particular cases:

incidenteradiation
absorbéeradiation

absorptance
incidenteradiation
réfléchieradiation



transmittance
incidenteradiation
transmiseradiation



rl + tl + al = 1

rl

al

tl

≤ 10 ≤

Black body: e = a = 1
Opque body: e + r = 1

Kirchoff law: a = e
(thermodynamical equilibrium) 

 incident radiaiton
 reflected rad.

Absorbed rad.

Transmited rad.



Black body: r = t = 0 a = 1
Opaque body: t = 0 a+ r = 1

incidenteradiation
absorbéeradiation



incidenteradiation
réfléchieradiation



incidenteradiation
transmiseradiation







Transmitted  power by the radar: 
 dGPP ee

i 4

Received irradiance at distance R:

Intercepted power by the target:

The RADAR equation

24 R
GPE ee
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RCS
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s 24


Radar Cross Section (m²)

R’
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R
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Reflected  intensity by the target (cons. isotrope):  444 2
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Received power by the surface dS at distance R’: dS
R
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Received power by the antenna:

The RADAR equation (2)
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Received power by dS at distance R’:

dS
R

RCS
R
GPP ee

r 22 44 




Received irradiance at distance R’:
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Received power by the antenna: 

Backscattering Radar Coefficient:

The RADAR equation (3)
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(m²/m²)

Case of surfaces: 
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SCCCS SL  cos

Surface characteristic measured by a sensor

==>    estimation de  LS

System parameters

Optics: 
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IR Therm. & passive mwaves : 
TckLTb 
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Radar:
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Brigthness Temperature:

Radar Backscattering Coefficient:

LS

Measured power:
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