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Exercise 1 
 
 
 
 
 
 
 
 
 
 
 
 
 

A discovery radar (R) operating at 4 GHz must be able to reveal a target at 10 Km and 45° 
elevation. The antenna used is a paraboloid dish with 1 m diameter (aperture efficiency ea=0.6; 
efficiency =0.8); the target is characterized by the radar cross section =1m2. The transmitted 
power must be however limited by the presence, at the distance L=3 Km, of a satellite ground 
station (S) operating in the same frequency band. Also the antenna of S is a dish presenting a gain 
GS=40 dB with efficiency =0.9, directed at 30° elevation (see the figure). Both antennas exhibit 
the same directivity function: 

   
 

2

3

3

sin 1.3915

1.3915
dB

dB

f
 


 

 
   

            ( is the angle with respect the maximum of G). 

dB is the angle where f=0.5 (remember that dB can be expressed, in a first approximation, as a 
function of Dmax) 

1) Evaluate the gain G and the directivity gain DMAX of the radar antenna 
2) Evaluate dB  for both antennas (R and S) 
3) Compute the maximum transmitted power PT from R in order that the received power by S 

don’t exceed -50 dBm (note that R antenna is pointing in the direction of target) 
4) Evaluate the sensitivity of the radar receiver (i.e. the received power generated by the 

considered target) 
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Exercise 2 

Consider the RF front-end of the satellite receiving station of the previous exercise: 

 

 
 
 
              
 
 
 
 
 
 
 
Assume for the received signal: PR=-60 dBm, f0=4.28 GHz, B=32 MHz. 

1) Evaluate the signal power PIF at IF output. 
2) Write the expression of the equivalent noise temperature Teq referred at the input of the RF 

front-end 
3) Imposing SNR=PR/KTeqB≥40 dB evaluate the maximum value of TLNA1. 
4) Evaluate the noise power PN,IF  at IF output: PN,IF =KTIFB, with TIF the equivalent noise 

temperature at IF 
5) Consider the disturbing signal at 4 GHz produced by the radar station at the antenna input 

(PRAD=-50 dBm). Evaluate the power PRAD,IF produced at IF output assuming the attenuation 
of the filter at the image frequency equal to 40 dB.  

6) Assuming the disturbing signal at IF as noise, evaluate the overall signal-to-noise ratio at IF: 
SNRIF =PIF/(PN,IF+PRAD,IF )  
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 Exercise 3 
 
Consider the matching network in the following figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evaluate the electrical lengths L1 and L2 (choose the shortest lengths). Note that the stubs are 
connected in series and are terminated with a short circuit.
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SOLUTION 
 
 
Exercise 1 
 
1) Gain of antenna R: 
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2) Evaluation of 3dB of the two antennas: 
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3) Link budget RS: 
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4) Evaluation of the received power by R: 
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Exercise 2 
 
1)  Evaluation of Signal power at IF: 
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2) Expression of Teq: 
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3) Evaluation of TLNA1: 
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4) Evaluation of PN,IF: 
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5) Evaluation of PRAD,IF: 
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6)  Evaluation of SNRIF: 
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Exercise 3 
 
Using the electronic Smith Chart we get the reactances requested by the two stubs: 
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Using the expression  1tan x   we get the electrical lengths of the stubs: 
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