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PHYS 1312 Fall 2015 Test 3
Nov. 19, 2015
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Note: This test consists of one set of conceptual questions, three problems,
and a bonus problem. For the problems, you must show all of your work, calcu-
lations, and reasoning clearly to receive credit. Be sure to include units in your
solutions where appropriate. An equation sheet is provided on the last pages.

Problem 1. Conceptual questions. State whether the following statements are True or
False. (10 points total, no calculations required)

(a) The magnetic dipole moment of the helium atom in its ground state is zero.
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(b). If the e}ectric field inside a charged spherical conductor in equilibrium is zero, the
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(c) For a conductive wire in a circuit with a conventional current I, the magnitude of the
electric field inside the wire is inversely proportional to the cross sectional area of the wire.
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Problem 2. Two solid spherical conductors of radius R are separated by a distance D from
center-to-center located on the z-axis (from the figure D = 2R + 2d + L). The left sphere
is at the origin and carries a uniformly distributed charge +@ and the right sphere carries
a uniformly distributed charge —Q. (a) Calculate the potential difference AV from z = R
to x = D — R, giving the result in terms of k., @, R, and D. b) Sketch the potential from
r — —o0 to x — oo taking the potential to go to zero as x — £oo. (¢) Show that the result
from part (a) becomes AV 74ng/ D when D >> R. (30 points total)
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Problem 3. Consider a ring of radius R with a conventional current I flowing counter-
clockwise. The ring is the £ — y plane with the center at the origin. Starting with the
Biot-Savart equation for a current m a segment of wire A¢, (a) derive the magnetic field

“at an arbitrary location on the z-axis (i.e., along the ring axis). (b) Find the magnitude of
magnetic field at z = 0 and for z >> R. (c) Rewrlte the results from (b) in terms of the
magnetic dipole moment. (30 points total) 3
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Problem 4. For the four resistors shown in the diagram, (a) find the equivalent resistor for
the circuit. (b) Connect a battery with emf = 1.5 V across the ends of the resistor circuit
(terminals a and b) and determine the conventional current in each of the four resistors. (c)
If the connecting wires are copper with a radius of 1.00 mm, electron mobility of 4.5x1073
(m/s)(V/m), and number density of mobile electrons of 8x10** electrons per m?, what is
the conductivity of the wire, the current density, and the magnitude of the electres field in
the wire above terminal point a? (30 points total) T
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Bonus Problem. An infinite sheet of charge that has a surface charge density of 20 nC/m?
lies in the z — y plane passing through the origin. An infinitely long wire of linear charge

= density 80 nC/m lies parallel to the z-axis and intersects the z-axis at z = 3.00 m. If the
potential of the system at 7 =< 0,0,0 > is 1.50 kV, (a) what is the potential at < 0,0,1.00 >
m? (b) Make a sketch of the potential aljn/g the z-axis. (5 points total)
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