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Physics 111 Quiz #2, January 14, 2011

Please show all work, thoughts and/or reasoning in order to receive partial credit. The quiz is
worth 10 points total.

You sometimes create a spark when you touch a doorknob after shuffling your feet on a
carpet. This is because the air always has a few free electrons that have been kicked out
by interactions with a cosmic ray. If an electric field happens to be present, a free electron
can be accelerated until it collides with an air molecule and this collision can eject another
electron from that air molecule. Now instead of one free electron you have two. Each of
these can go on to produce more free electrons from collisions with air molecules and
what you end up with is a chain reaction of electron production in air. This is called a
breakdown of air (and it’s the basis too for a lightning strike) and the tiny burst of
electrons is what gives you a shock when you touch a piece of metal. The kinetic energy
of all of these moving electrons is dissipated as light (a spark) and sound (the snap of the
shock.)

1. Suppose that a free electron is created with a kinetic energy of 2x/0™'® J (which is enough to
create a chain reaction of electrons in the air) and travels a distance of 2.0um before it
collides with an electron in an air molecule. What acceleration (assumed constant) would
have been required for the electron to gain this kinetic energy?
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2 a. What electric field would have been required to produce the acceleration in question 1?
(This is called the breakdown field strength of air.)

F=qgE =m,a
9.11x10"kgx1.1x10"% =
L 8 2 _63x10°
q 1.6x107°C

2b. Assuming that this free electron in air is /.0cm away from a point charge (say a doorknob),
what minimum charge would the point charge need to have so that we can breakdown the
air and cause a spark?
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