PHYSICS 1202.200 Group Problem 5

This is a closed book, closed notes problem. Calculators are permitted. The ONLY formulas that may be used
are those given below. Define all symbols and justify all mathematical expressions used. Make sure to state all
of the assumptions used to solve a problem.
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Useful constants: k = 9.0x10° Nm?/C?

You are working in a lab doing research on atmospheric pollution. Your group is trying to determine
what unusual types of chlorinated molecules might exist in the upper atmosphere. You have been
asked to determine where a chlorine ion of effective charge -e would situate itself near a carbon
dioxide ion. The carbon dioxide ion you are investigating is composed of 2 oxygen ions, each with an
effective charge -2e, and a carbon ion with an effective charge +3e. These ions are arranged in a line
with the carbon ion sandwiched midway between the two oxygen ions. The distance between each
oxygen ion and the carbon ion is 3.0 x 10** m. Assuming that the chlorine ion is on a line
perpendicular to the axis of the carbon dioxide ion and that the line goes through the carbon ion, what
is the equilibrium distance for the chlorine ion relative to the carbon ion on this line? For simplicity,
you assume that the carbon dioxide ion does not deform in the presence of the chlorine ion. Looking
in your trusty physics textbook, you find the charge of the electron is 1.60 x 10™° C.



Solution — Group Problem 5

L=3.0x10"m
e=1.60x10"°C

Question: What is position of the chlorine ion from the carbon ion on a line perpendicular to the axis of
the carbon dioxide ion when the sum of the forces on the chlorine ion is zero?

Approach:
Find the sum of the forces on the Cl ion.

Need to get components. Choose a coordinate system with one axis along the CO, axis.

Need to define some angles in the picture.

Forces are electric. F =k, @
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The units are correct since distance is in meters.

The distance is not unreasonable since it is of the same order of magnitude as the other distance in the
problem, the length of the CO, molecule.



