The actual magnitude of the angular momentum 7 is related to the
quantum number / by

L=VIl+1)k (28-3)

(where again A = h/2w). The value of [ has almost no effect on the total energy
in the hydrogen atom; only n does to any appreciable extent (but see fine
strictire below). In atoms with two or more electrons, the energy does depend
on [ as well as n, as we shall see.

(3) The magnetic quantum number, i1, , is related to the direction of the electron’s
angular momentum, and it can take on integer values ranging from —/ to +/.
For example, if [ = 2, then m; can be =2, —1,0, +1, or +2. Since angular
momentum is a vector, it is not surprising that both its magnitude and its direc-
tion would be quantized. For [ = 2, the five different directions allowed can
be represented by the diagram of Fig. 28=7. This limitation on the direction
of L is often called space quantization. In quantum mechanics, the direction of
the angular momentum is usually specified by giving its component along
the z axis (this choice is arbitrary). Then L, is related to m, by the equation

L. = m;h.

The values of L., and L, are not definite, however. The name for iy derives not
from theory (which relates it to £..), but from experiment. It was found that
when a gas-discharge tube was placed in a magnetic field, the spectral lines
were split into several very closely spaced lines. This splitting, known as the
Zeeman effect, implies that the energy levels must be split (Fig. 28-8), and thus
that the energy of a state depends not only on n but also on m; when a
magnetic field is applied—hence the name “magnetic quantum number,”

(4) Finally, there is the spin quantum number, m,, which for an electron can have
only two values, m, = +1 and m, = —%. The existence of this quantum
number did not come out of Schridinger’s original theory, as did », [, and m,.
Instead, a subsequent modification by P. A. M. Dirac (1902-1984) explained its
presence as a relativistic effect. The first hint that m; was needed, however,
came from experiment. A careful study of the spectral lines of hydrogen
showed that each actually consisted of two (or more) very closely spaced lines
even in the absence of an external magnetic field. Tt was at first hypothesized
that this tiny splitting of energy levels, called fine structure, was due to angular
momentum associated with a spinning of the electron. That is, the electron
might spin on its axis as well as orbit the nucleus, just as the Earth spins on its
axis as it orbits the Sun. The interaction between the tiny current of the spin-
ning electron could then interact with the magnetic field due to the orbiting
charge and cause the small observed splitting of energy levels. (The energy
thus depends slightly on #1; and m ) Today we consider this picture of a spinning
electron as not legitimate. We cannot even view an electron as a localized
object, much less a spinning one. What is important is that the electron can
have two different states due to some intrinsic property that behaves like an
angular momentum, and we still call this property “spin.” The two possible
values of m, (+3 and — 3) are often said to be “spin up” and “spin down,”
referring to the two possible directions of the spin angular momentum.

The possible values of the four quantum numbers for an electron in the
hydrogen atom are summarized in Table 28-1.

TABLE 28-1 Quantum Numbers for an Electron

Name Symbol Possible Values

Principal " 1,2,3,:-, co.

Orbital I Foragivenn: [canbe 0.1,2,---.n — 1.
Magnetic m; For givenn and /: mycanbe [,/ — 1,---,0,---, =1
Spin Mg For each set of n,/, and my: mgcanbe +4or — 1.

Magnetic quanium number, my
l=m <1

.

=2+ ———= my=-2

FIGURE 28-7 Quantization of
angular momentum direction for [ = 2,

Spin quannem number, m,
me= +350r —3

FIGURE 28-8 When a magnelic
field is applied,an n =3, { =2
energy level is split into five separate
levels, corresponding to the five
values of m; (2,1,0, -1, —2). An

n =2, 1=1 levelissplit into three
levels (m; = 1.0, —1). Transitions can
occur between levels (not all transi-
tions are shown), with photons of
several slightly different frequencies
being given off (the Zeeman effect).
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