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                                     ECE342 Homework #4 

1.  A material having a conductivity  and permittivity  is placed in a sinusoidal,

time-varying electric field having a frequency f.  At what frequency will the amplitude of the sinusoidal conduction current equal the amplitude of the sinusoidal displacement current?  If S/m, and determine the frequency.  

(Answers: f = /(2), f = 60 MHz)


Hint: Consider the conduction current and displacement current crossing a differential surface in the material by letting S shrink to a small differential surface patch ds oriented perpendicular to the applied sinusoidal E field in order to remove the integration operation in the expressions below:
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2. An air-filled parallel-plate capacitor has plates of 10 cm2 that are separated by a distance 

of 2 mm.  If the capacitor is connected to a 50 V, 1 MHz sinusoidal voltage source, calculate 

the magnitude of the displacement current, neglecting fringing.   Repeat if the air dielectric is changed to Bakelite plastic.  See the table of relative permittivity (Table 1.3) in our textbook.   

            (Answers: 1.39 mA, 6.81 mA)



3. Use Gauss's Law for the Electric Field and symmetry considerations to find the E field 

generated by a spherical charge of radius "a" in air of uniform volume charge density 0 

centered at the origin of a spherical coordinate system. (Hint work as we did in class for the 

cylindrical charge distribution problem.)


            Answers:
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4.  Working as we did in class for the coaxial capacitor, consider the case of a "spherical capacitor" formed by two concentric hollow conducting spheres in a medium with permittivity . The inner sphere has radius a, and the outer sphere has radius b.   Assume a voltage source (battery) of Vo volts has been connected between the spheres, such that the inner sphere has acquired a charge Q and the outer sphere a charge -Q Coulombs.  First the E field everywhere using symmetry and Gauss Law for the Electric Field, then find an expression for the voltage at the inner sphere with respect to the outer sphere (by integrating E*dL between the spheres.)  Finally use the definition of capacitance, C = Q / Vo.  

        Answers: E=0 for r < a;   E=0 for r > b;   [image: image5.wmf]E
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5. Find the inductance of a section of coaxial cable of length "Lcoax" whose concentric conductors have radius "a" for the inner conductor and "b" for the outer conductor.   Assume the dielectric material between the two conductors has the material properties , , and  = 0 (assume the dielectric is an insulator).


[image: image7.wmf]
Assume the center conductor carries a current "I" amperes out of the paper, and the outer conductor carries a return current "-I".  Then using symmetry and Ampere's Circuital Law, find the H field between the two cylindrical conductors, which should be constant around the dotted line circular contour of radius "r", and directed in the -direction, as indicated by the arrow around the circle of radius r in the drawing above.  Then find the total magnetic flux  that circulates around the region between the conductors in this section of coaxial cable of length "Lcoax" by integrating B = H over the indicated surface strip "S".  Finally, apply the definition of inductance, L = /I.


                             Answer: 
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