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P142 - Midterm Exam, Feb. 6, 2004

Show all work. Make sure that your answers include the proper units. For vector quantities, be sure to include
both magnitude and direction.
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1. (a) State Gauss’s law in both integral and differential forms.
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(b) A spherical charge distribution is described by the following charge density:
o(r) =p05- whenr<aand p=0 whenr>a.
a

Use Gauss’s Law to calculate the electric field (magnitude and direction) as a function of r.
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(c) Calculate the electric potential ©(r) for all r. (Set @=0 at r=c<.)
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2. A thin rod with uniform charge density -A (esw/cm) extends from x=D to x=2D along the x-axis. A similar
rod with uniform charge density +A extends from y=D to y=2D along the y axis.
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(a) Find the work required to move a positive point charge (+q) from infinity to the origin. Does the result
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depend on the path you choose? Explain why or why not.
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(b) Calculate the force (magnitude and direction) that is required to keep the point charge at the origin.
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3. Suppose a point charge +Q is suspended a distance d above an infinite conductmg plane.
(a) Find the electric field (magnitude and direction) at the surface of the conductor, E(r), where r is the distance
on the surface of the plane measured from the perpendicular line from the plane to the charge.
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(b) What is the surface charge density, 5(r) , induced on the surface of the conducting plane?
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4. Consider the circuit drawn below. The ammeter (labeled A) measures the current flowing through the

battery. Initially, the switch is open and the capacitors are uncharged. Remember that an ammeter has negligible
resistance.
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(a) What is the current measured by the ammeter just after the switch is closed at t=0?
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(b) What is the current measured by the ammeter a long time after the switch is closed (once the circuit has
reached a steady state)?
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(c) A long time after the switch is closed, when equilibrium is reached, what is the voltage across each capacitor
and each resistor?
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