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1. A spherical conducting shell has an outer and an inner surface with + Q charges
reside at its center. Select the correct answers from the following choices. (a) The
electrostatic field strength distribution is zero everywhere outside the shell. (b}

The electrostatic potential decreases from the inner surface to the outer surface. (c)
The surface charge density is smaller in magnitude at the outer surface than al the
inner surface. (d) Gaussian law can not be applied in the region between outer and
inner surfaces. () The electrostatic field strength is zero in the region between
outer and inner surfaces. { multiple choices, ZFEHT  (10%)

2. A capacitor microphone (#52B,) is shown in the figure below. A very thin metal
' foil and a hard metal plate form a capacitor. The metal foil vibrates up and down
_ when a sound wave strikes it. The voltage difference MV is fed 10 an amplifier
and then a loud speaker. E.:-;pl:ain and analyze the working principle of the
microphone in detail. At lcast, you must explain how would AV proportional to

the sound wave amplitude.  {15%)
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3. A uniform magnetic flux density B=2 webers/m” exists within an iron core (u
1000 sz o). If an air gap is cut through the core with the parallel cutting surfaces
oriented 30° with respect to the direction of B, find the magnitude and direction of
B in the gap. (10%)
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4. Consider the following scattering configuration. A nonmagnetic medium with a
relative permitivity of & = 2.25 occupies the space from z = —w to z =0, labeled
as Region “1". Region “2", beyond the boundary z = 0 up to z = ce, is a vacuum. A
TE polarized plane wave of frequency = 3x10'* Hz is incident on the
material-vacuum boundary, as shown below. Assume that at ¢ =0, x =y =0 the
incident plane wave has an electric-field amplitude of E, = E cosg,
immediately before the z = 0 plane and the transmitted wave has that of
E =K cos¢ immediately afier the z = 0 plane, where all the quantities in the
expressions are real numbers. Answer the following questions with MKSA units.
Useful numbers: V2.25 =15, sin30° = 0.5, cos30° =087,

sind5" = cosd" = j-z- =071,

Region 1 x Region 2
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Let the plane wave has an incident angle of &= 30° with respect to the z axis.

i What 15 the wavelength along the wave propagation direction in Region 17
(2%)

i, What is the angle between the transmitted wave and the z axis? (3%)

fii.  What is the wave vector of the incident wave k 7 (5%)

iv. What is the wave vector of the transmitted wave .E T (5%)

V. Write the expression of the incident electric-field inmtensity vector
E(t,x,y,2). (5%)

Vi Wrile the expression of the incident magnetic-field intensity vector
H(t,x,5,2). (%)

vii.  If now the plane wave has an incident angle of #= 45 with respect to the
z axis, what is the expression of the transmiited electric-field intensity

veetor E (1,x,,2) 7 (8%)
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The amplitude reflection coefficient for a p wave incident upon the interface between
media 1 and 2 (see the figure right below) is
N cos B-nicos &

medium 1
r“

ngcoshneosh,

wedyint 2

(2) What are the definitions of s wave and p wave 7 (4%)

(b) Compute the amplitude transmission coefhicient. {3%)

(¢) Consider the following figure, which depicts a p-wave ray being multiply reflected
by a transparent dielectric layer t;l'ilh a thickness of d.
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Suppose the field associated with the incident ray is E;. What are Ey, and Ex; upon
reflection? Express them in terms of dnnz.Eiand ete.  (6%)

(11}
The lensmaker’s equation for a spherical surface(formed between two media with
refractive indices ny and n; ; see the figure below) is

{m/ 8g 3+ (m2/'5 = {ne-m 'R

refractie . / refractive index

n;

Consider a spherical thin lens made out of 2 material with the refractive index ng, as
shown below. What is the focal length of such a lens if it is immersed in a liquid of
refractive index ng 7 You need to derive an expressicn for the focal length of such a
lens in terms of ng ng, Ryand Rz,  (15%)
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