PHYSICS 7B, Section 1 — Fall 2013
Midterm 2, C. Bordel
Monday, November 4, 2013
7pm-9pm

Make sure you show your work !

Problem 1 - Current and Resistivity (20 pts)

a) A cable of diameter d carries a current /, and a voltage V' is measured over a
length ¢. Determine the conductivity of the cable.

b) The temperature coefficient of resistivity for carbon is a = -5x107* K™,
Is carbon a metal? Explain.

c) The Tevatron at Fermilab is designed to carry a toroidal proton beam
(doughnut shape), with a cross-sectional area A and average radius R. The
protons, carrying an electric charge +e and traveling at speed v, create a
current /. Calculate the number N of protons in the beam.

d) A wire of total length 2L consists of two equally long pieces of wire, one
made of copper (pocu) and the other made of aluminum (pa;). Both wires have
same diameter d, and a voltage V is applied across the length of the
composite wire. What is the current / passing through the wire?






Problem 2 — Electric potential (20 pts)

A non-conducting sphere of radius R; is surrounded by a larger but ultrathin
spherical shell of radius R.. The volume charge density of the inner sphere is

pi(r)=ar (a>0).

a) Calculate the surface charge density o» of the outer sphere such that its net
charge is twice that of the inner sphere.

b) Calculate the electric field created at any point by this charge distribution.

c) Make a qualitative plot of the electric field as a function of the distance from
the center of the spheres.

d) Set V=0 at infinity and calculate the electric potential created at any point.






Problem 3 — Capacitor (20 pts)

Consider a spherical capacitor made of two spherical ultrathin conducting shells
connected to a battery, each carrying charge Q. The inner shell (of radius Ry) is
positively charged while the outer one (of radius Ry) is negatively charged.

a) Calculate the electric field in the region separating the 2 plates.

b) Calculate the electric potential difference between the 2 plates.

c) Calculate the capacitance of this spherical capacitor.

d) If a dielectric material of dielectric constant K fills the entire space between
the 2 plates, calculate the electrostatic potential energy that can be stored in
this device, assuming it remains connected to a battery.






Problem 4 — RC circuit (20 pts)
Consider the following circuit, in which the capacitor is initially uncharged.

a) Determine the time dependence of the voltage across the capacitor’s plates.
b) What is the time constant 7 for charging the capacitor in the circuit?

c) What is the maximum charge on the capacitor?

d) Draw the equivalent circuits for t <<z and t>>r.

R

Figure 1






Problem 5 — Electric field (20 pts)

A finite size hollow cylinder of radius R and length L carries some uniform surface
charge distribution &>0.

a) What are the various methods you can effectively use in this case to
calculate the electric field produced by this charge distribution on the
symmetry axis (x-axis) of the cylinder? Explain.

b) Using Coulomb’s law, calculate the electric field created on the symmetry
axis by an infinitesimally thin ring of width d/carrying charge dq.

c) Using part (b), calculate the electric field produced by the entire charge
distribution at any point M on the symmetry axis.

d) What is the limit when L—«~? How could you get this result much more
easily?

Figure 2
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