
Modern Physics: PHY-104 Spring Semester 2013

Recitation on Aspects of uncertainty principle

This description applies to the following questions.

As a consequence of the Heisenberg uncertainty principle the more closely an electron is

confined to a region of space the higher its kinetic energy will be. In an atom the electrons

are confined by the Coulomb potential of the nucleus. The competition between the confining

nature of the potential and the liberating tendency of the uncertainty principle gives rise to

various quantum mechanical effects. Some of these microscopic effects have repercussions in

the way this universe is structured.

1. (a) Use the uncertainty principle to estimate the kinetic energy of an electron confined

within a given radius r in a hydrogen atom. Assume that ∆p ∼ p and ∆r ∼ r.

(b) Hence estimate the size of the hydrogen atom in its ground state by minimizing

it total energy as a function of the orbital radius of the electron.

(c) Compare the size obtained in this way with the value obtained from a Bohr theory

calculation.

2. When atoms are subjected to a high enough pressure they become ionized. This will

happen, for example, at the center of a sufficiently massive gravitating body.

(a) In order to ionize an atom a certain minimum energy must be supplied to

it, 13.6 eV, in the case of hydrogen. Estimate the reduction in atomic radius re-

quired to ionize a hydrogen atom.

(b) What pressure P is needed to bring this about? (Hint: P = −dE/dV where E

is energy and V is the volume.)

(c) A planet is defined as a body in which the atoms resist the compressive force of

gravity. Estimate the maximum mass and size of a planet composed of hydrogen. (You

will need to estimate the pressure required at the center of the planet to support a

column of mass against its weight.)

This turns out to be of the order of the mass of Jupiter. Thus, Jupiter is not only the

largest planet composed of hydrogen in the solar system but anywhere in the universe!
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