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Phys 100
Fall 2023

Concepts of Physics: Group Exercise 4
18 October 2023

Names:

1 Rutherford model of the atom

The Rutherford model of the atom consists of a nucleus, which contains all the protons and
neutrons at the center, surrounded by distant electrons. Consider first the simplest such
atom, the hydrogen atom, which contains one proton and one electron.

a) What force will the proton exert on the electron? Can you predict how the electron will
behave under this force?

b) Can you predict how the electron could move so that the force exerted by the proton
provides the necessary force and yet the atom does not collapse? Hint: Consider the
motion of the Moon and the forces that enable it to move in a circle around Earth!
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2 Sodium and chlorine atoms and ions

The chemical element sodium, one of the constituents of table salt, is a highly reactive metal.
A single sodium atom contains of 11 protons, 12 neutrons and electrons. The chemical
element chlorine, the other constituent of table salt, is a highly reactive toxic gas. A single
chlorine atom contains 17 protons, 18 neutrons and electrons.

a) How many electrons does a neutral sodium atom contain?
b) How many electrons does a neutral chlorine atom contain?

c) Suppose that two neutral sodium atoms are held near each other. Will they attract or
repel each other?

An ion is an atom that has gained or lost electrons.

d) Sodium readily forms ions by losing one electron. Will such an ion be positively or
negatively charged or neutral?

e) Chlorine readily forms ions by gaining one electron. Will such an ion be positively or
negatively charged or neutral?

f) Consider two such sodium ions. Will they attract or repel each other?
g) Consider two such chlorine ions. Will they attract or repel each other?
h) Consider such a chlorine and sodium ion. Will they attract or repel each other?

i) Imagine trying to assemble a collection of sodium and chlorine ions in a regular ar-
rangement so that the forces that they exert hold them together but prevent them from
collapsing. Can you construct such an arrangement?
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