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Instructions: 

Students who wish to use the result of the test (MAP45) for the final mark:  

Solve problems 1, 2, 3, and 4. Exam duration: 1h40m 

Students who do not wish to use the result of the test for the final mark:  

Solve all problems. Exam duration: 2h 

 

Problem 1.  

A uniform planar array mounted near the top of a building is used as a cellular base-station antenna. 

The array lies in the xoz-plane, with z the vertical direction. The origin is at the center of the array. 

The array has 8 elements along x and 12 elements along z, with spacing / 2d   in both directions. 

The carrier frequency is f=3.5 GHz. The center of the intended cell is located at 

   80, 250, 30c m r . Each array element is a printed half-wave dipole oriented along z. 

 

 

 

 

 

 

a) Find the progressive phase shifts between adjacent elements along the x and z directions required 

to steer the beam toward the cell center. 
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b) Find the minimum current amplitude of each array element required so that the total electric 

field magnitude at the cell center is at least 50 /E mV m . 

 

Problem 2.  

A helical antenna is designed to operate in axial mode, as represented in the figure below (left 

helix). The helix has radius 2.5cm and pitch 0.250. The operating frequency is 1.9GHz. 

 

a) Calculate the equivalent array factor of the helix. 

b) Represent graphically the radiation pattern of the equivalent array factor and indicate the main 

beam width (MBW) in the plot. To simplify the solution of this specific question, neglect the 

Hansen-Woodyard correction in the array factor and use  0 cos 1u k p   . 

c) Assuming that the emitter is fed by a current of 1A and that the receiver (shown in the figure) is 

at d=1km distance calculate the received power. The receiving antenna has the same radius and 

pitch as the transmitter and  is connected to a matched load.  

 

Problem 3.  

a)  Identify the type of antenna shown in the figure. Explain why the bandwidth ( L Uf f f  ) of 

this antenna is typically very large, with /U Lf f  exceeding 10. 

Hint: Link the antenna geometry with the geometry of frequency independent antennas. 

 

 

 

 

 

 

 

 



Departamento de Engenharia Electrotécnica e de Computadores – Instituto Superior Técnico 
_________________________________________________________________________________________ 

 

_________________________________________________________________________________________ 
 

       1st Exam TPA –17 June 2026 

b) Suppose that the aperture of the antenna has physical dimensions 3m×4m, with the H-plane 

width the largest dimension. The wavelength of operation is 21cm. The aperture efficiency is 65%. 

Estimate the E-plane and the H-plane half-power beamwidths. In this question, you can use the 

formulas for the uniform aperture to calculate these beamwidths.  

c) This antenna is used to map the radiation emitted by different parts of the sky. Calculate the 

power received by the antenna when it points at Cassiopeia A (Cas A), which is the brightest spot 

observable from Earth. The radiation emitted by Cas A is incoherent and is characterized by a 

power flux of 26 2 12800 10 HzfS Wm     . Assume the receiver bandwidth is 10%. 

Note: The incident Poynting vector is fS f , where f  is the receiver bandwidth in Hz. 

 

Problem 4.  

Consider a corner reflector with 60º   (see figure below) operating at 500MHz. The driven 

element is a half-wavelength dipole placed at a distance 00.5S   along the reflector bisector. The 

right panel of the figure represents the equivalent geometry, with the reflector replaced by the 

equivalent image antennas. The figure also indicates the mutual impedance between the driven 

element and a few selected images. 

 

a)  Find the input impedance of the driven dipole. Suppose that when it stands alone in free-space 

its impedance is 73aZ   . 

b) Suppose that the driven dipole has radius a=0.25cm. Find how much its length L must be 

shortened to ensure that the corner reflector antenna is operated at resonance. Use the fact that the 
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input impedance of a dipole (alone in free-space) near its resonance ( res~L L ) varies with the 

length as 

    res res
a

res

73 60 ln
2

L L L
Z j

a L
     

 
. 

 

Problem 5. (should only be solved by students who wish to discard the mark of the MAP45; if P5 is 

solved, the rating of each problem will be approximately 20%) 

 

Consider a dipole antenna under plane wave illumination, as 

illustrated in the figure. The antenna is connected to an 

impedance of 50. The operating frequency is 3GHz. 

Suppose that the dipole is resonant at the operating 

frequency.  

a) Suppose that the incident wave has left-circular 

polarization. Calculate the polarization matching coefficient 

using the Poincaré sphere. 

b) Find the input impedance of the dipole, supposing that its 

efficiency is 90%. Take into account the loss resistance in 

this calculation and how it affects the input resistance of the 

dipole. 

c) Assume the incident power flux is 1 mW/m2. Find the 

received power. 
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