
GENERAL BACKGROUND 

Frequency Definition: The frequency range extending from 300 MHz up to 300 

GHz is generally known as microwaves. These limits are to some extent arbitrary. 

Wavelength Definition: From c f (in vacuum),  is between 1m and1mm . 

Energy of a Microwave Photon: A microwave photon has an energy in the range 

roughly 6 31.2 10 1.2 10X X  eV (calculated from energy= hf  where 346.63 10h X J s ). 

Nonionization. 

Order of Magnitude of the Periods: The period 
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T
f

 is between 3ns

(nanoseconds) and 3 ps (picoseconds). 

Dimensional Comment: The wavelength of a microwave signal is of the same 

order of magnitude as the devices used to produce and transmit it. It is not 

possible to assume that devices are merely dimensionless points in free space as 

is done in circuit theory approximations. Also the term voltage is not defined in a 

unique way, since the electric field is not derived from a scalar potential. On the 

other hand, it is neither possible to assume that devices are too large with respect 

to the wavelength, as is the case for the geometrical optics. Microwave problems 

must be considered in terms of electric and magnetic fields as defined in 

Maxwell’s model.  

PROPERTIES AND APPLICATIONS OF MICROWAVES 

Bandwidth: The rate of transmission of channel being directly proportional to its 

bandwidth. A simple calculation shows that over the range of 300 MHz to 300 

GHz frequency range, 999 times more information can be transmitted over a 

specified time period than in all the lower frequency bands taken together (0-300 

MHz). 

A 1% bandwidth at 600 MHz 6 MHz (the bandwidth of one channel), while at 60 

GHz a 1% bandwidth is 600 MHz (about 100 TV channels). 



Directivity of Antennas: The width of the beam radiated by an antenna is directly 

proportional to the ratio of the wavelength to the antenna’s largest dimension.  

When transmitting a signal from one point to another (microwave link) or when 

determining the origin of a reflection (radar), a narrow beamwidth is required. It 

is then either necessary to have a large size antenna, which is often not 

convenient for mechanical reasons, or to utilize a signal of high frequency. 

 

Transparency of the Ionosphere: The EM propagation within the ionosphere is 

similar to that in a waveguide. Signal at frequencies lower than 10-40 MHz (cutoff 

frequency) are partially or totally reflected. This property is used to realize 

multiple reflection links at short waves. Higher frequency signals travel across the 

ionosphere, but experience distortion, which decreases with frequency. 

Microwave signals, well above the ionospheric cut-off, are hardly affected at all, 

at sufficiently small power levels. For these reasons, microwaves are utilized for 

satellite communications and space transmissions. Communication links (both 

terrestrial and with orbiting satellites) with high capacities are thus possible.  

Partial Transparency of the Atmosphere: The various atmospheric components 

(oxygen, nitrogen, water vapor, carbon dioxide) and the many elements in 

suspension (water droplets, ice crystals, dust, and smoke) do not significantly 

affect signals having frequencies smaller than about 10 GHz. Higher frequency 

signals, however, experience several unwanted effects: absorption, depolarization 

and scintillation.  

Reflection of Targets: The effective reflection area (radar cross-section, scattering 

cross-section) of an object depends in a very sensitive manner on the ratio of the 

object’s size to the wavelength. When the reflecting element is much smaller than 

the wavelength, the reflection becomes vanishingly small. 

 

 

 


