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Problem 1.  

Consider a spiral antenna with radiation intensity given by    22cos Watt/SrU   , with 

0 180º  , and   arbitrary. The oscillation frequency is 3 GHz. The polarization of the spiral 

antenna along the +z-axis is RCP. 

a) Sketch the radiation pattern of the antenna and find the half-power beamwidth. 

b) Find the radiated power. 

c) Suppose that the spiral is defined within the radial region min maxR r R   with min 1R mm  and 

max 10R cm . Estimate the bandwidth L Uf f f   of the antenna. 

d) Explain how the radiation pattern and impedance change with frequency within the interval 

L Uf f f  . Justify. 

 

Fig. 1 A spiral antenna. The antenna consists of two conducting arms connected to a feed point at the center.. The z-

direction is perpendicular to the plane of the spiral. 

 

Problem 2.  

Consider two identical monopole antennas separated by d=1km. The monopoles are resonant, 

lossless, and the communicate at the frequency of 300MHz.  
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a) Sketch the polarization curve for the wave radiated by the transmitter and the polarization curve 

of the receiving monopole. Mark both polarization states on the Poincaré sphere and find the 

polarization matching coefficient geometrically. 

b) Find the received power when the emitter is fed with a current of 1A. Suppose that the receiving 

monopole is connected to a matched load. 

 

Problem 3.  

A square 12 × 12 phased-array antenna made of identical isotropic elements is mounted flat on the 

deck of a patrol vessel. The array lies in the horizontal 𝑥−𝑧 plane, its centre is the origin (0,0,0) and 

the + 𝑦 direction points vertically upward. The operating frequency is 6 GHz and the element 

spacing is 00.5d  . 

While scanning, the radar detects an echo from a drone when the phase shift between the feeding 

currents in the x and z directions is such that 45ºx    and 60ºz  . At the same instant the drone 

reports, via its own telemetry, that it is flying at a height 300m above sea level (the array plane). 

Find the drone coordinates (x, y, z) relative to the array centre. 

 

Problem 4.  

Consider a Yagi–Uda antenna designed to operate at 300MHz in which the three elements (director, 

reflector, and driven element) are equally spaced by 1 2 0.15d d d    . The three elements have 

a radius a=2mm. 
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(a) The mutual impedances between the energized element and the director and reflector are 

12 13 65mZ Z Z    . 

As shown in the lecture classes, the Yagi-Uda array is described by an equivalent array factor 

given by: 

0 1 0 2cos cos1312
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. 

Prove that to minimize radiation in the –x direction, the lengths of the director ( 2L ) and 

reflector ( 3L ) must be chosen such that their self-impedances satisfy: 

22 33 0arg arg 0.3Z Z k d        . 

(b) The self impedance of a dipole varies with its length (near resonance) as: 

   res res
a

res

73.1 60 ln     
2

L L L
Z L j

a L
     

 
 

where resL  is the resonant length (at the operating frequency) and a is the dipole radius. 

Determine the length (in cm) of the 3 elements of the Yagi. 

(c) Find the field radiated by the Yagi at 1km distance along the direction of maximum radiation  

     when the feeding current is 1A. 
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Problem 5. On 15 August 1977 the Ohio State University “Big Ear” radio telescope—an elongated 

Kraus‑type reflector—registered the famous “Wow!” signal. The carrier was measured at 

1420.455 6 MHz, only ≈ 50 kHz above the neutral‑hydrogen line (1420.406 MHz). For this 

exercise, model Big Ear as a uniformly illuminated rectangular aperture antenna with physical 

aperture a=110m (east‑west) and  b=21m (north‑south). Furthermore, take the aperture 

efficiency as 0.55. 

(a) Find the antenna gain and express it in dBi. 

(b) Determine the half‑power beamwidth (HPBW) in the two main planes. 

(c) Find the excess power recorded during the duration of the Wow! signal, knowing that it 

corresponds to a recorded rise in the antenna noise temperature of 25K above the background level. 

Assume that the Big Ear’s has a 10 kHz channel bandwidth. 

 

 

 










