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The Electromagnetic Spectrum
RADAR

Remote sensing        
using radio waves:

Just light we can't 
see without tools.
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Properties of Waves
Relationship Between Frequency and Wavelength

Speed of light, c
c = 3x108 m/sec

= 300,000,000 m/sec

l

Frequency (1/s)  =
Speed of light (m/s)
Wavelength l (m) 

Examples: Frequency Wavelength
100 MHz 3 m

1 GHz 30 cm
3 GHz 10 cm

10 GHz 3 cm
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Properties of Waves
Phase and AmplitudeAmplitude (volts)
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Radio Waves

Angular frequency 
w = 2πf = 2π/T

y(x, t) = Acos(wt – kx + fo)

Wavenumber 
k = 2p/l

Wave phase velocity 
c = fl = w/k = 3x108 m/s

Frequency (1/s)  = Speed of light (m/s)
Wavelength l (m) 5



Properties of Waves
Constructive vs. Destructive Addition

S

Constructive
(in phase)

Destructive
(180° out of phase)

S

Partially Constructive
(somewhat out of phase)

S

S

Non-coherent signals
(noise)
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Polarization
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TEM Waves: Transverse electromagnetic (TEM) 
modes neither electric nor magnetic field in the 
direction of propagation

Electromagnetic waves in free 
space propagate in TEM 
mode 
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Phase Velocity, Group Velocity, Index of 
Refraction

By Geek3 - Own work;This mathematical image was created with Mathematica, CC BY 
3.0, https://commons.wikimedia.org/w/index.php?curid=14772688

By Kraaiennest - Own work, GFDL, 
https://commons.wikimedia.org/w/index.php?curid=3651297
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Refraction and Dispersion

From Attila Komjathy, JPL
ISR School 2017



Illustration of Atmospheric 
Effects

Elevation Refraction Range Delay
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  =  the angular frequency of the radar wave,
Y =  Y cos ,    Y  =  Ysin ,

    =  angle between the wave vector k and B

k    =  wave vector of propagating radiation,

B    =  geomagnetic field,    N    =  electron density
e      =  electronic charge,    m   =  electron mass,
and  permittivity constant.
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Radar Physics - Part 1  
What we covered

Basic properties of electromagnetic waves:

Phase and amplitude, angular frequency, wave 
number, constructive and destructive addition, 
polarization, phase velocity and group velocity, 
refraction and dispersion, concept of dispersion 

relation


