Problem 1 (Conceptual questions, 30 points total):

a) (5 points) Two neutral metal spheres on insulating stands are placed in contact. A

negatively charged rod is then brought directly over the top of the left sphere, as

- shown, but does not touch either sphere. While the rod is held near, the spheres

are separated slightly so that they no longer touch. Then the charged rod is

withdrawn. After the rod is withdrawn, what is the charge state (positive,

negative, or neutral) of each sphere? Use both words and charge diagrams to
explain your answer.
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b) (5 points) A positive point charge is brought near a permanent electric dipole that is
oriented as shown. Describe and explain how the dipole responds.
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¢) (5 points) A positively charged glass rod is held over a thin, uncharged piece of metal

foil. How does the foil respond? Give a step-by-step explanation, using both words and
charge diagrams.
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d) (10 points)

1) (3pts) How is a conductor different from an insulator ?
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ii) (2pts) Will a charged plastic rod attracts small pieces of paper (msulator) ?
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| 1ii) (2pts) Will the rod attract small pieces of aluminum foil (conductor)? |

Yes, see oludon o et ).

iv) (3pts) What happens when you ground a charged metal plate?
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e) (5 pomts) Explain in words
1) Why is it that the electric field inside any conductor must vanish?
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ii) Why is that there can be no net charge inside any conductor?
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Problem 2 (25 points)

Consider two charges shown in the figure below and the point P.

_a) (13 pts) What is the electric field at the point indicated as a dot? Express your
- answer in component form. A
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b) (12pts} What is the acceleration of an electron at that point? Give your answer as a

magnitude and a direction. Crarag o _a)e_c:fm\,
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Problem 3 (25 points)

A 100mg pith ball hangs by a thread in the center of a parallel-plate capacitor. The capacitor
plates are 5.0cm X 5.0cm squares and are spaced 1.0cm apart. The capacitor plates are
charged to +Q and —Q respectivel_y.

a} (5ps) What is the surface charge density on two plates? Express you answer in terms

of numbers and the unknown variable Q.
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b) (5pts) What is the electric field between two plates? Again e;(\press you answer in
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¢) (15pts) Now consider the ball with charge +10nC hanging between two plates at a 3.0°

angle, as shown in the figure. Find the charge Q.
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Problem 4 (20points)

A parallel-plate capacitor is formed of two 10 cm x 10 em plates spaced 1.0 cia apart. The
plates are charged to =1.0 nC. An electron is shot through a very small hole in the positive
plate. What is the slowest speed the electron can have if it is to reach the negative plate?
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