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1. Consider an antenna with efficiency of 90% such that in the far-field region the radiated

magnetic field is of the form  
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 with 0 0.01A/mH  , with 0k  the wave 

number in air.  The oscillation frequency is 3GHz.  

a) (15%) Find the radiation intensity and the radiated power.

b) (10%) Sketch the radiation pattern and calculate the half-power beamwidth of the antenna.

c) (10%) Find the antenna gain.

d) (15%) Find the antenna polarization in the direction of maximum gain.

e) (15%) Suppose that the signal radiated by the antenna is received by a resonant half-wavelength 

dipole terminated with a matched load. The efficiency of the receiving antenna is 95%. The 

distance between the emitter and the receiver is 1km. Calculate the received power.

f) (15%) The receiving antenna is in a noisy environment characterized by the brightness 

temperature: 

125 ,        0º< <90º 

300 K,       90º< <180º B
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Find the signal to noise ratio. Suppose that the bandwidth of the signal is 5% of the operation 

frequency. 

2. (20%) Use the reciprocity relation, r
e eh h , which links the effective heights of an antenna in 

transmitting and receiving mode, to derive a universal relation between the power gain and the 

effective area of an antenna. 

Hint:  

i) The effective area can be written as
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, where aR  is the input resistance of the 

antenna. 

ii) The field radiated by an antenna in the far-field zone is given by 
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