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1. (25 points) A charge Q is uniformly spread along the z-axis (from z = —a to = = a).
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(a) Determine the electric field, Ez,y) of this charge distribution.
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(b} What is the electric force on a test charge, ¢. located on the y axis at y = b7
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2. (25 points) A sphere of radius, R, is charged with a charge Y
distribution such that the charge density o{r) = ar, where oo = 3 @_,
const. Lz

(a) Determine the electric field, E, everywhere. A ) é‘) - £ ?\
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(b) Calculate the potential difference between the center of the sphere and a point outside (at a distance

r > R from the center). { — f3-.+ c %:1-/ R
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3. (25 points) Two parallel very large conducting plates - 7 ~
are connected to a battery with voltage, V| for a long time. @ B P \\
Both have a hole in the middle, and at £ = 0 a charged — I i

particle with mass m, and charge, g > 0, enters the hole

of the lower plate with negligible velocity. Outside of the ‘ a
. . - ]

plates is a homogeneous magnetic field. Gravity can be + .

neglected.

(a) What is the particle’s velocity when it leaves the ca-

pacitor at the upper plate? g
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(b) Determine the distance, a, of the point where the particle hits the upper plate again.
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4. (25 points) The circuit is hooked up to the battery as shown 7/ . .
for a very long time. ' "lf‘y “2
(a) What are the currents through each resistor? + G\j R, R
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(b) What is the voltage across the capacitor? What is the charge at its positively charged plate?
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Hint: Label all currents and the signs of charges at the capacitor in the circuit diagram!




5. (25 points) A thin wire in the zy plane of a Cartesian coordinate system is shaped as shown in the
figure: an infinitely long piece lies along the z axis from £ — —o0 to z = 0, then a piece is shaped as a
quarter of a circle of radius, R. Finally, another infinitely long piece is placed at x = R parallel to the y
axis from y = It to y — oo.
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Calculate the magnetic field, é, at the point P, located at z = R, y = z = 0, which is the center of the
quarter circle! =7 =N
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6. (25 points) A circular wire of radius, b, of cross-sectional area, A, is made of a material with resistivity
p. For a very long time, it rotates around one of its diameters with constant anguiar velocity, w. A
homogeneous magnetic field, B, is pointing perpendicular to the rotation axis.
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(a) Calculate the curre;{fduced in the wire.
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{b) How much energy is used during one perioa of 1‘o£ation T =2m/w?
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7. (25 points) (a) In the circuit shown in the figure, the switch has been A \.

in position A for a long time.
(a) What is the charge at the upper plate of the capacitor?
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(b) At ¢ = 0 the switch is set into position 3. Calculate the charge, Q(%),
at the upper plate of the capacitor as a function of time! ¢ i
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(c) What is the current, z( ), through the coil, as a function of time (for ¢ > 0)?
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8.(25 points) (a) Suppose the switch has been open for a very
long time. At t = (it is closed. Calculate the currents through
the resistors as a function of time! All self-inductances can be
neglected.
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{b) Show that after a long time (¢ — co) the currents reach the values to be expected from a steady-state
situation.
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