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Electromagnetic waves



Maxwell’s equation: unifies principles of 
electricity and magnetism
• Light is a form of electromagnetic radiation

Delta differential operator, E and B are electric and magnetic
Field vectors, respectively



Plane wave satisfies the above equations

The wave speed is

C is the speed of light, and all waves in free space, its value is: 299792458 m /s



W is the angular frequency, and k is the wave number

W=2πf  and k = 2π / λ , where f is the frequency in Hertz, cycles / sec. and λ is the wavelength.

Frequency of an electromagnetic wave is the Electromagnetic spectrum:  light, radio waves, 

UV radiation, etc..

These names refers to how radiation is generated or detected.

Photon energy:  EM radiation behaves like a particle as well as a wave.  

The particle is called a photon, and its energy

Is:

E = hf

h is the Plancks constant.  E is in Joules,  1 electronVolt =  1.6 x 10 (^-19) J



Eo is the amplitude of the electric field, and Eo / c is the amplitude of the magnetic field

Wave carries energy in its direction of propagation, it is the + z-direction, and flux density 

(power crossing unit area normal to the propagation direction) is



Polarization



Rotate 90 degrees about z-axis

Add the 2 waves

The vector EXB is in the direction of propagation



• If the electric field vector E remains pointing in the same direction –
the radiation is said to be plane polarized

• Which implies phase difference is:

• If the electric field vector rotates in the xy-plane with a constant 
amplitude, the radiation is circularly polarized 

• If sense of rotation is clockwise, when viewed along the propagation 
direction the polarization is RHC (right hand circular), and if anti-
clockwise it is LHC (left hand circular).  Circular polarization requires 
that 



Completely polarized radiation or elliptically polarized radiation – the path traced by 

the electric field vector in the xy-plane

Is an ellipse, phase difference is ǂπ/2

Elliptic polarization is a combination of linear and circular polarization, and random 

polarization

In random case, the electric field vector changes randomly on a time scale too short 

to measure – unpolarized radiation



Stokes vector – polarization state of EM 
radiation







Incoherent waves



Angular distribution of radiation

ϴ is the angle between the propagation direction and the normal to the surface element
Φ is the azimulthal angle, measured around the normal in the plane of the surface





dA is an element of the surface, and radiation incident from the range of directions between ϴ and
ϴ +dϴ and between φ and φ+dφ

The solid angle defined by this range of directions is 
dΩ = sinϴdϴdφ
The power incident on the element dA from this range of directions is proportional to dA and dΩ, and 
to the strength of the radiation L (radiance).  
dP=Lcosϴ dA dΩ

SI unit of radiance is W m^-2 (sr)^-1, s is the length of the arc, and r is the radius of the circle 
that the planar angle subtends on it



Irradiance, E is the total incident power per 
unit area, and its SI unit is Wm^-2

Direction of radiation
Upwelling radiation:  outgoing radiation
Downwelling radiation: incoming radiation
Outgoing analog of irradiance is termed radiant exitance (M)

For isotropic radiation, the radiance is 
Independent of direction.
Relation between radiance and exitance is



Thermal radiation is emitted by all objects above 
absolute zero (-273.15°C)
It is the radiation detected by majority of passive 
remote sensing systems

If we make a closed cavity with opaque walls, and hold the cavity at an absolute temperature T, the EM radiation
inside it is known as black-body (perfect emitter of thermal radiation) radiation





The spectral radiance of this radiation was calculated by Max Planck.  He got Nobel prize in Physics in 1918

h is the Planck’s constant, and k is the Boltzman’s constant





At sufficient long wavelength

The total radiance of black-body radiation over all wavelengths





Instead of considering that the hole in the wall of a cavity behaves as a black body.  Consider emissivity Ɛ to relate 
The actual temperature of a body at temperature T to the black-body value.  Ɛ is dependent on wavelength, 



A body which is a good emitter (high emissivity) must also be a good absorber of radiation. The two factors
are equal (Kirchhoff’s law of radiation)
Reflectivity is 1-Ɛ
Brightness temperature Tb, of a body that is emitting thermal radiation

Emitted in microwave region



Characteristics of solar radiation: Sun is a black 
body with an effective temp T of about 5800K,
sphere of radius r = 6.96 x 10^8 m located at a 
distance of D = 1.50 x 10^11 m

Total power emitted by sun is called luminosity, irradiance at the Earth E





Exoatmospheric radiance spectrally:



Home work exercises



• Satellite observations of the Earth provides many advantages over 
aircraft-borne sensors.  For one field such as agronomy, forestry, or 
hydrology, list as many advantages as you can.  Suggest 
disadvantages.

• Describe spectral properties of a maple tree and a cornfield.  How 
might these properties change over the period of a year? or a day?

• List ways in which remotely sensed images differ from maps.

• RS images show the combined effects of many landscape elements, 
including vegetation, topography, illumination, soil, drainage, and 
others.  In your view, is this diverse combination an advantage or a 
disadvantage? Explain.


