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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: 1h30m 

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

Solve all problems. Exam duration: 1h50m 

 

Problem 1.  

Consider a progressive-phase array of 3 isotropic antennas arranged along the 𝑥 -axis, with 

/ 4d  . The antennas are fed with currents of equal amplitude and phase.  

a) Represent graphically the radiation pattern of the array spatial factor. 

b) Determine the main beam width (MBW). 

 

Problem 2.  

a) A right-hand helical antenna is designed to operate in axial mode. The helix has N=10 turns, 

radius 2.5cm and pitch 3.8cm. The current along the helix is approximately a travelling wave, 

0
hjk sI I e ,  with 0 1I A . 

 Assume that the propagation constant of the current is 01.05hk k  with 0k  the free-space wave 

number. 

a) Estimate the resonance frequency of the helix.  

Hint: At resonance, the length of one helix turn is roughly one wavelength 2 /h hk  . 

b) Calculate the field radiated by the helix at 1km distance, along the axis direction, and determine 

its polarization. 

c) Explain qualitatively why a single resonant turn behaves as a cross-dipole antenna. 

 

Problem 3.  

a) Identify the antenna shown in the figure. 
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b) The antenna response is approximately the same for 

frequencies of the form 0
n      with n=0,±1,±2,… 

and τ=1.05. Given that the height of the first (shortest) 

dipole is 15 cm, estimate the height of the last 

(fifteenth) dipole. 

Hint: remember that each element of the antenna is 

obtained from the previous one by applying a scaling 

transformation. 

c) Estimate /U Lf f  with L Uf f f   the antenna 

bandwidth. 

 

 

Problem 4.  

Two identical rectangular aperture antennas are aligned for line-of-sight communication over a 

distance of d=2km. Each antenna has the following properties: 

 Aperture dimensions:  a=10 cm,  b=9 cm. 

 The aperture electric field is uniform is uniform such that:  

0 ˆEE y  for  / 2 / 2a x a   ,  

  / 2 / 2b y b    

The  operating frequency is 𝑓=10 GHz and the transmitted power is 10 Watt.  Assume both 

antennas are in free space and perfectly aligned for broadside communication (𝜃=0ºሻ. 

(a) Calculate 0E . 

(b) Calculate the received power. 

(c) Compute the half-power beamwidths (HPBW) in the E-plane and H-plane. 

 

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%) 

 

The input impedance of a dipole near its resonance ( res~  ) can be estimated as 

    res
a

res

73.1 60 ln
2

L
Z j

a

  

    

 
, 

where L is the dipole length and a is the dipole radius. 



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

 

_________________________________________________________________________________________ 
 

       1st Exam TPA –25 June 2025 

(a) Suppose the resonant frequency is 18.75 MHz. Estimate the dipole length. 

(b) Estimate the dipole -3dB bandwidth assuming the wire radius is 2 mm. The bandwidth is 

determined by the range of frequencies such that     a a res2Z Z  . 

(c) A common technique to increase the dipole bandwidth is to increase the radius of the wire. 

Rather than using a solid thick cylindrical wire, this is typically achieved using a cage dipole 

structure, where multiple thin wires are arranged to form a surface resembling a thick cylinder (see 

below for an example of a cage dipole array). Estimate the dipole bandwidth when the diameter of 

the cage dipole is 1.8 m. 

 
Fig. Cage dipole antennas in the Ukrainian UTR-2 radio telescope (planar array of cage dipoles).   

 

d) Suppose that the antenna in question b) is used as a receiving antenna. The antenna is placed 

perpendicular to the ground aligned with the z-direction (vertical dipole). Suppose that the 

brightness temperature is such that  

B

100 ,       90º

300 ,       90º

K
T

K





  
 

The antenna efficiency is 100% and it is termined with a load of 50 Ohm. Determine the minimum 

value for the received power so that the signal to noise ratio exceeds 10. 

 












