
A-10: The Millikan oil drop experiment of 1909 allowed Robert A. Millikan to
determine the charge of an electron. In the experiment, an oil drop is
suspended between two charged plates by an electric force that equals the
gravitational force acting on the 1.1 ! 10"14-kg drop. a) What is the charge on
the drop if it remains stationary in an electric field of 1.72 ! 105 N/C? b) How
many extra electrons are there on this particular oil drop?

A-11: In eighteenth-century Europe, it was common practice to ring the church bells
in an attempt to ward off lightning. However, during one 33-year period,
nearly 400 church steeples were struck while the bells were being rung. If a
bolt of lightning discharges 30.0 C of charge from a cloud to a steeple across a
potential difference of 15 000 V, how much energy is lost by the cloud and
gained by the steeple?

A-12: In Exercise A-7, how thick is the wall of the nerve cell if there is a potential
difference of 0.089 between the inside and outside of the cell?

A-13: Ulrich stands next to the Van de Graaff generator and gets a shock as he holds
his knuckle 0.2 m from the machine. In order for a spark to jump, the electric
field strength must be 3 ! 106 V/m. At this distance, what is the potential
difference between Ulrich and the generator?

Challenge Exercises for Further Study

B-1: Three glass Christmas balls become electrically 
charged when Noel removes them from the
packaging material in their box. Noel hangs the
balls on the tree as shown. If each ornament
has acquired a charge of 2.0 ! 10"10 C, what is
the magnitude and direction of the force
experienced by the ball at the top?

B-2: In a TV picture tube, electrons are accelerated from rest up to very high
speeds through a potential difference of 22 000 V. At what speed will an
electron be moving just as it strikes the TV screen? (In reality you would have
to consider the effects of relativity in order to solve this exercise properly;
however, ignore such relativistic effects here.)

B-3: A lightning bolt discharges into New Hampshire’s Lake Winnipesaukee after
passing through a potential difference of 9.00 ! 107 V. What is the minimum
amount of charge the lightning bolt could be carrying, if it were to vaporize
1000. kg of water in the lake that was originally at a temperature of 20.0 °C?
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