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The radial wave function R(r) for a given value of the radial {or
total) quantum number n and the orbital quantum number [ is the prod-
uct of (1) a normalization constant, (2) e="%, where « = 2Z/nay {apis
the Bohr radius), and (3) a polynomial in ar. The complete wave fune-
tion ¢(r,8,¢) is accordingly given by ¢un(r,8,¢) = N, e {polynomial
in ar) (polynomial in cos §) e, where N,; is the normalization constant
such that [ff¢*¢ dU = 1 (dV is a volume element).

As examples, the following relations give the wave functions for the
states of lowest energy in terms of the Bohr radius ay (= dresh?/m,e?):
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14.4 Probability Density and Charge-cloud Density

The probability density corresponding to one of the wave functions
Ynim(r,0,2) i given by ¢*. The quantity |[¢]? dU represents the proba-
bility that if the clectron could be located experimentally at any instant,
it would be found in the volume element dU. It is not possible, however,
to follow the electron in an orbital motion around the nucleus by means
of a succession of such observations as the astronomers follow the planets
around the sun; for one observation with a 4-ray microscope of suflicient
revolving power would suffice, because of the Compton efTect, to eject the
electron from the atom.

There is no suggestion here of orbital motion, but often it is con-
venient to imagine the electronic charge to be distributed in space as sort
of a charge cloud with a density

7= e

Many effects of the atom on its surroundings are approximately the same
as if the atom actually contained a distribution of charge of density 1.
Rather than following a fixed orbit, an electron is said to occupy an atomic
orbilal determined by Vupm,.

Since ¢ appears in y as e, it is clear that ¢* is not a funection of ¢.
Consequently, when the electron is in one of its quantum states, the prob-
ability density (or charge-cloud density) has eylindrical symmetry about
the chosen polar axis and |¢|* = R*8% Polar graphs of the function
6%, (Fig. 14.1) reveal that the variation with 8, although symmetrical
relative to the plane 8 = /2, is large unless | = 0. The latter leads to a
spherical distribution. The angular variation of charge density is of
great interest when one approaches the problem of binding between
atoms in terms of atomic orbitals.

For discussing the average radial variation in charge density let
@ dr denote the total probability (and 5 dr the numerical amount of
charge) contained between two spheres of radii r and r 4 dr drawn about
the nucleus as a center.  The volume between the two spheres is propor-
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