Massachusetts Institute of Technology Spring Term 2005

8.02X Electricity and Magnetism

Problem Set | and Experiment Problem M1

Homework Problems (30 points)

Problem 1 (5 Points) : Consider an electron and a proton in a hydrogen atom.
(a) What is the ratio of the electric force to the gravitational force between them?
(b) If we move the electron and proton either closer together or farther apart, can we
find a configuration at which the gravitational force is bigger than the electric force?
Explain your answer in one or two sentences.
(c) Given your answer to (a) and (b), why does gravity dominate for astronomical
distances?
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8.02x — Problem Set 1 Solutions

Problem 1 (5 points)

a) The ratio of the electric force to the gravitational force for an electron
and a proton in a hydrogen atom is

ke 2
E = mrm = E < = (1)
F, G2 Gmemy

9.0 x 10°N - m?/C? (1.6 x 10719C)?

= 5 ~ 2 x 107,
6.67 x 10-11N - m2 /kg? (9.1 x 10~3kg)(1.67 x 10~27kg)

b) In a), we have seen that the ratio of the forces does not depend on the
distance, because both Newton’s gravitational law and Coulomb’s law have 72
dependence. Therefore, the ratio Fe/F, doesn’t change with distance.

¢) The universe is charge neutral on large scales. Therefore, there is no
net electromagnetic force on astronomical distances. However, gravitational
mass adds up, and gravitation is only an attractive (and long-distance) force, it
dominates.
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