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Part I: {3608 (54855 M8 THALRSLE » B Fldo  WRMSHF 85 )
1. The capacitors shown in the accompanying figure are all uncharged when 30 ¥ is applied
between points A and B with the switch open. What s the potential difference between points
Eand D, Ve - Vo?
(l)]OV(b)ZOV(c)]OV(d)SV(:)} v

,_E )_L{ll B (grounded)

2. A time-dependent voltage source ¥(r) = 2 + nf’ Volt is connected across a parallel-plate
capacitor with a separation 4= 3 mm and each surface area S = 1 m’. What is the displacement
current between the plates at £ = 6 sec?

(a) 10° A (b) 10° A () 107 A (d) 10 A (e) 10° A.

3. A total positive charge  is uniformly distributed on a ring of radius R. An electron with
charge e and mass m is released from the point z << R along the axis of the ring. The motion of
the electron can be described as a simple harmonic oscillation with an angular frequency o
What is the correct expression of ?

(2) W02rmeR. (b) Y0eArmeR. () VDeRBrme, K. (d) Ve 2ameRe. (¢) VelnmeR:

T

4. The x-polarized uniform plane wave with angular frequency w = 6x10° rad/s propagates in air
along the z-direction and impinges on a perfectly conducting plane at z = 0. Assuming the
amplitude of the  field for the incident wave is 012 (V/m), what is the expression for the
reflected F(tz) field in 104 A/m? () 10cos(1.5x10"-2n2)f (b) cos(l.5x107+22)p
() 10c0s(6x10%+22))) (d) cos(6x10%-22)F (e) 10cos(6x10% +22)5

5. In an air-filled rectangular cavity resonator has dimensions @ = 5 = 1.5 cm and d = 3 cm.
‘The z-component H-field for the TE modes in a Cartesian coordinate is

H,(x,,2)=H, cos(ﬂx)cos(ﬂ » sin(ﬂ 2), where m, n, and p are integrals. The resonant
a

frequency is given as f, = N_ f( ¥ :u Z ! What is the lowest resonant
3
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6. Three resistors are connected together (It could be connected in series ot in parallel or in the
combination of both cases.). Which answer is not possible for the total resistance?

(3) Ri+Ro+Rs (b) Ri+(R2R3Y(R2+R5) (€) RiRaRs KR R+ R Ryt RsRy) () RiR:Ry I(Ry+Ry+Ry)
In the following, which answers have the same unit as the Poynting vector?

(a) Tesla - Volt (b) Watt/m® (c) Jouel/(sec - m?) (d) Amp - Volt/m? (e) Watt/(sec - m?)

b

In the following, which answers are possible for the magnetic flux density B? (Here 7, i, E,
and v represent the magnetic dipole moment, electric current, electric field, and velocity,
respectively. R, r, and z have the dimension of length.).

(8) 4l (0) b2 (©) uir2R? (&) piRV2(R + 25 ) Elv

Part IL: 3+ XA

9. (15 Points) (a) Evaluate the electrostatic energy for the configuration of four charged paticles

shown below. (b) Compute the elecric potential at point X.

(c) Calculate the electric field E (magnitude and direction) at point X,

(d) If a charged particle ~Q is placed at point X, what is the electric force experienced by that
particle? You should provide the magnitude and direction for the force in your answer.

(¢) Compute the electric field intensity E at point A as R >> d. Express your answe in terms of
the definition of electric dipole p.
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10. (15 Points) A positive point charge 0 is located at a distant d = 2a outside  grounded
conducting sphere of radius a, as shown below.

(2) Determine the magnitude and location of the image charge inside the sphere.

(b) Evaluate the electric field E and surface charge density induced on point A.
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11. (15 Points) A constant current i flows in a long solenoid of length h with n closely wound
coil-turns per unit length. The cross sectional area of its iron core, which has permeability , is .
(a) Determine the total magnetic energy stored in this solenoid. (b) Calculate the self-inductance

of this case. (c) Find the force (magnitude and direction) acting on the iron core.

w7
L
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12. (15 Points) A very long, fixed straight wire with a time-dependent current / points to +y
direction. The current i varies with time as (1) = 3¢ + 2 Amp. (a) Find the total magnetic flux on
the square loop with side W located at the right hand side of the straight wire, as shown below.
Express your answer in terms of 4, /, and W. (b) If the square loop has the side =2 m and a
total resistance R = 2.4 Q, calculate the induced current on the loop at 7 =1 sec. You should
provide the magnitude and direction (clockwise or counterclockwise) for the induced current in
your answer, (¢) Determine the net magnetic force (magnitude and direction) experienced by the
loop at this instantaneous time ¢ =1 sec. (d) Calculate the magnetic dipole moment 7 of the loop
(magnitude and direction) at ¢ =1 sec. (¢) Roughly plot the direction of the corresponding

Poynting vector on each side of the loop.
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*Useful values®
£=1/(36m x 10%) F/m
Ho=4nx 107 H/m
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