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Short Answers:
A) Two light bulbs with resistances £; and 2R; are in series with a capacitor C' and a battery with voltage V,. At time
t = 0 a switch S is flipped to close the circuit.

i) The current drops to half of its initial value, what are the potential differences across resistor R, clﬂ.d across resistor
2R7? — -
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B) A long conducting wire lies along the z-axis and carries a current I, , along the positive z-direction. A length L of
the wire is enclosed by a cylindrical shell of radius R whose central axis is parallel to the z-axis but shifted a distance
R/2 along the x-axis.

i) What are the magnetic field vectors B, and B, at the locations a and b shown in the figure?
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i) If the current is doubled, does the magnetic flux through the cylinder increase, decrease, or remain constant?
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C) The figure shows four Gaussian surfaces surrounding a distribution of charges. For the following questions, choose

from Gaussian surfaces a, b, ¢, d.
i) Which Gaussian surfaces have a total electric flux of +g/€, through them?
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ii) Which Gaussian surfaces have no total electric flux through them?
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D) Three positive point charges, @1, Q2 and (s, are located on the corners of a right triangle as shown in the figure.

i) Find the force (magnitude and direction) exerted on charge Qs due to the other two charges.
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E) A circular loop of wire of radius, r, lies in the xy plane and is subject to a spatially uniform but time-changing
magnetic field,

B(t) = (5.0 T — (0.1 T/s?) t) in the z-direction.
i) Find the |11djiced EMF produced in this loop.
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ii) Indicate in the figure thd direction that the induced current will low under these circumstances.
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F) At t = 0 in the LC circuit shown below, the capacitor is uncharged and there is a current of Iax flowing clockwise
in the circuit.

i) Find the maximum valye of the charge that will appear on the capacitor.
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ii) How long after ¢ = 0 does it take for the capacitor to reach this value of charge for the first time?
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G) The current is changing as a function of time through an unknown inductor. When the current through the inductor
is decreasing at a rate of 5.0 A/s, the voltage across the inductor is measured to be 20.0 V.

i) In terms of the quantities given, what is the value of the self inductance of this inductor?
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H) The electric field components of a pl'upaga:i#ng electromagnetic wave are shown in the figure below at time t=0.
The electric field is given by E(z,t) = E, cos(kz — wt)j at an arbitrary point in time and space along the line of
propagation. The direction of propagation is labeled v.
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i) On the figure below, label the x,y and z axes. Draw the magnetic field components of the electromagnetic wave at
the same points where the electric field is shown.,
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ii) Write down the expression for B(z,t) in vector notation.
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Prob 1 Three very long current-carrying wires are aligned parallel with each other in the x-y plane. The left wire carries a
current I; upward, the middle wire carries a current I; downward, and the right wire carries a current 2/; upward.

(a) What is the magnitude and direction of the magnetic field halfway between the middle and right wires?
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Prob 2 In the RLC circuit shown, the generator voltage can be represented by € (t) = Emax cos( wt + ¢). The values of the
resistance R, peak generator voltage Enax, generator frequency w and phase angle ¢ by which the generator EMF
leads the current are known values (L and C are not known).

) Find the peak current, Iiax, through this circuit in terms of the known values.
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(b) What is the average power input for this circuit (again, in terms of the known values)?
Yav = EY‘MSI;‘mﬁ cosd = 'Y_'oi_—:.E_Y_vﬁx cosd
z
. Ewed o5 b
2R

(c) What would be the maximum current if the frequency, w, is set to w, the resonant frequency?
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Prob 3 A dielectric sphere of radius a is uniformly charged with a negative electric charge (—Q). A spherical conducting metal
shell of internal radius b and external radius ¢ is positively charged with a charge 2Q and is wrapped concentrically
around the diclectric sphere, as shown in the figure.

(a) Calculate the electric field as a function of distance r from a center of the sphere for the following regions: (i)
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(b) Sketch the electric field lines in all these four regions in the figure. In this- same ﬁ_g-u-re sketch at least 3 equipo-
tential surfaces.
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(¢) Calculate the surface density of electric charge on the inner and outer surfaces of the metal shell,
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(d) Suppose a point positive charge g is placed at the distance 2c¢ from the center of dielectric sphere. Find the work
done by the net electric field when this charge moves to the new position at the distance 3c¢ from the center
of dielectric sphere.
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