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5. A 2 GHz linearly polarized plane wave travels in wet soil (𝜀𝜀𝑟𝑟 = 4,𝜎𝜎 = 5 × 103 [S/m]). At 𝑡𝑡 = 0 and at the origin 

(𝑧𝑧 = 0), the electric field is 𝐄𝐄 = 2 (𝐱𝐱� − 𝐲𝐲�) [V/m]. The plane wave travels in the -z-direction. 
 

(a) Is the soil a good dielectric, a good conductor or neither? 
(b) What is the attenuation constant in [dB/m]? 
(c) What is the propagation constant? 
(d) What is the complex permittivity? 
(e) How fast does the wave travel in the soil? 
(f) Write the magnetic field phasor in the soil. 
(g) Write the time-domain electric field in the soil. 
(h) How far will the wave travel in the soil before the electric field decays to 2% of its original value? 

 
6. The electric field of a plane wave travelling in free space in +z direction is 

 
𝐄𝐄(𝑧𝑧, 𝑡𝑡) = cos(𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘 + 30°)𝐱𝐱� − sin(𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘 − 150°) 𝐲𝐲�  [V/m] 

 
(a) What is the polarization of this plane wave? 
(b) Trace the time-evolution of the electric field at the plane 𝑧𝑧 = 0. 
(c) Trace the time-evolution of the magnetic field at the plane 𝑧𝑧 = 0. 
(d) What is the amplitude of the magnetic field at time 𝑡𝑡 = 0 and location 𝑧𝑧 = 0? 
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