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1. Consider two electric dipoles p,, p,,and a charge g, lying at positions #, 5 ,and 7, , respectively.
Which of the following statements are true? (#852) (2213580, fIEEIL) (1_5%}

(a) The electric potential energy of the dipole B, is ( B, - £, ), where E, is the electric field at 7,.

(b} The electric field at 7 isE, =—V, (), where V(7)) =¢/|F -7 |+¥,, ¥, being the eleciric
potential at 7 due to the dipole p,.

(c} The potential energy between g and B, is ¥, =4lp, (R -F 7 -7 .
(d) The electric potential at ¢ due to dipole p, is ~[p, -(F, - FIV1E -7, .

(e) The electric potential at 7 due to the dipole 5, is ¥y, =—p, -(f —H [F -7 .
{f) None of the above i3 true.

2. Consider the following magnetic field

E(x,y,z}={(ﬂ’ﬂn’ﬂ}’ O0<zxi . where By is a constant. Let 4(x, y,z) be the corresponding vector
0, eslewhere

field. Which of the following statements are true? ({§3%) (FEE{EH, IR (10%)

[a}Therearﬁman}rahuimsfﬁrE(x,y,z} as long as they satisfy ﬁ{x,y,z)=?x3{x,_1*,3)-

{b) We can choose A(x, y, z) =0 for || > L.

(c} A possible choics for A(x, v, z) is the following.

0, z=0
A(x, 3,2y =(B,z,00), 05z<L
0, z>=L

{d) A possible choice for A(x, y, z) is the following.
0, z}
Alx,y,2)=(B,z00), 0=z5l]
O (BLO0), z>L

(e) None of the above is true.
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{a) A very long and very thin straight wire located along the z-fxis carries a current f in the z-direction.
Find the magnetic field intensity at any point in free space using Ampere’s law in integral form. (5%)

{b) Does the equation of continuity imply charge conservation? How? {3%)
{¢) Find electric ficld intensity due to an isolated point charge ¢. Starting from the differential form of the
Gauss’s law. (5%}
{d} Explain the working principle of a lightning arrestor (L EEE1). ' (5%0)
(e) Fimd the induciance per unit length of a very long solenoid having »# tums per unit lengih. The
permeability of the core is s, The magnetic flux density of the solenoid is g nl (5%)

4. The eleciric field intensity of a time-harmonic plane electromagnetic wave is given by

| E(x, .20y = 8,126 xsin[10%f - 63 + 82— 0.2] Volt/m, where all the variables are in MKSA units. This
wave propagates in a simple, nonmagnetic medium. Find numerically, inchuding units if applicable, for

(a) the unit vector pointing to the wavefront propagation direction, (Indicate the direction of the vector by

plotting it in the y-z plane). (3%)
{b) ihe wavelength along the wavefront normal direction, (3%)
(c) the waveftont velocity or the phase velociiy of the electromagpetic wave in the wavefront propagation

direction, (3%0)
{d) the phase velocity in the z direction, (3%)
{e) the wavelength in the y direction, (3%%)
(f) the refractive index of the medium, {(3%)
(£) the wave impedance, (3%)
(h) the tims-average intensity (power per unit area) of the wave. {4%)

Hint: the vacuum pegmittivity is £, =3%xm'“ F/m.
Fra

and the vacuum permeability is 4, =47 x 107 Hm

5. Consider a short dipole antenna of length £ carrying a corrent  {, cos(ex) located at origin and oriented

along the z axis in free space. The ¢lectric field component of the wave at distance r very much greater
than the wavelength is approximately given by

E(R.8)= g f aﬂfﬂf sinfe™™  where f= @+f Hoy

(a) Find the comresponding magnetic field H(R,8) (5%)

(b) Find the time averaged poynting vecior P (3%}

{c) Finet the total power radiated by the dipole source by integrating the poynting vector over a spherical
surface centered at the dipole. {5%)
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(d) Show that the radiation resistance of this short dipole can be expressed as -

]
R =3m:*[ﬂ where A is the wavelength.

(3%}
(e} What is the total power radiate fiom a short antenna of #= 0.01.1 excited with 1 A cursent. {(5%)

Note that the wave impedance is 120m() here,
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