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FIGURA 7-3, O potencial coulombiano V(r) e scus autovalores E,,. Para valores grandes de n, os autovalores
tornam-se muito pouco espagados em energia porque E, se aproxima de zero quando n
tende a infinito. Observe que a intersegdo de V(r) com E,,, que define a posigdo de um li-
mite da regido cldssica permissivel, se move para fora quando n aumenta. Ndo aparece na
figura o continuo de autovalores de energias positivas correspondentes aos estados ndo li-

gados,



Table 7.1 Some Hydrogen Atom Wave Functions

FUNCoEs de onda do atomo de H

Ynim

n [ m, R(r) O(0) D(e)

1 0 0 %e"’“" -\-;_—2- ﬁ
20 0 (201)3” (2 - aio) g-rizas -\—}-i —\/Li:;
2 | 0 \/3_(220)3’2 ;r; ~ri2as \/g cos @ —\/15—1__
2 1 *1 \/3(2100)3/2 ;:—0 = —-2—3- sin 6 \/,}2_1:- =




NUmeros quanticos | e m,

FIGURE 7.3 Electron orbits forn = 4.
Note that (1) the average values of r are
roughly the same; (2] in the orbits with
smaller I-values, the electron spends
more time both close to the nucleus
and far away from the nucleus.

Mg =0 )
; '“ Orbit 2 ( 2

FIGURE 7.4 Two different orienta-
tions of the plane of an electron’s orbit.
Orbit 1 lies in the xy plane and repre-
sents m, = [; orbit 2 lies in the xz
plane and represents m; = 0.



ESpaco quantizado

ANz

FIGURE 7.6 The vector 1 precesses
rapidly about the z axis, so that [, stays
constant, but [, and [, are variable.

L

FIGURE 7.5 The orientations in space
and 7z components of a vector with
| = 2. There are five different possible

orientations.



Figura 7-7. A variagdo com a distincia ao nicleo da rmle m.lul da fungdo
de onda do eléiron no hidrogénio para di

FIGURA 7-6. O modélo do dtomo
de hidrogénio de Bohr em um
€ coor

esféricas.

[ 4

Arbita de Bohr do elétron

FiGURA 7-8. O yolume de
uma camada esférica.

volume da camada=dV
= 4wi'dr

107,
Y=

Ficura 7-9. A probabilidade de se encontrar o elétron no diomo de kidrogénic
4 uma disténcia entre 1 ¢ ¢+ dr do nticleo, para os estados quénticos da Fig. 7-7.
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Densidades de probabilidace




Densidades de propabilidace




Densidade de propabilidade p/ =1

FIGURE 7.9 The angular dependence of the | = 1 probability
density.
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Momento magnetico spin do eletron

FIGURE 7.11 [a) A collection of small,
noninteracting permanent magnets.
The arrow shows the direction of the
magnetic moments. (b] An applied
magnetic field B rotates the magnetic
moments into alignment with the field.

FIGURE 7.12 (a) A collection of non-
interacting atomic magnetic moments.
The arrow gives the direction of the
magnetic moment. The z components
of 1 are indicated as +, 0, and — for + 1,
0, and — 1. (Because of the minus sign
in Equation (7.16), & and 1 are in oppo-
site directions.) Before the field is ap-
plied, there are equal numbers of atoms
with each z component. (b) When the
field is applied, the moments rotate
around into alignment with the field,
so that there are now many more
atoms withm; = — 1.




Momentormagnetico spin doeletron

/A

FIGURE 7.16 Two magnetic dipoles in
a nonuniform magnetic field. Oppo-
sitely directed dipoles experience net
forces in opposite directions.

/A z axis

i Hydrogen
beam

FIGURE 7.17 Schematic diagram of Stern-Gerlach experiment.
A beam of atoms enters a region where there is a nonuniform
magnetic field. Atoms with their magnetic dipole moments in
opposite directions experience forces in opposite directions.



Momentormagnetico spin doeletron
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FIGURE 7.18 The spin angular mo-
mentum of an electron and the spatial
orientation of the spin angular nfomen-
tum vector.



Regras ce selecao p/ transocoes Permitidas

FIGURE 7.19 A partial energy level
diagram of hydrogen, showing the spec-
troscoplc notation of the levels and the
transitions that satisty the Al = =1 se-
lection rule.
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FIGURE 7.20 The Zeeman splitting of
an [ = 1 level in an external magnetic
field. (The effects of the electron’s spin
angular momentum are ignored.) The
energy in a magnetic field is different
for different values of m,.
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FIGURE 7.21 The normal Z¢eman ef-
fect. When the feld is turned on, the
single wavelength A becomes three sep-
arate wavelengths.



(a) (b) (c)
FIGURE 7.22 (a) An electron circulates about the nucleus
with orbital angular momentum 1. The spin of the electron is
parallel to 1. (b) From the point of view of the electron, the pro-
ton circulates as shown. (c) The apparently circulating proton is
represented by the current i and causes a magnetic field B at
the electron. The spin magnetic moment of the electron is op-
posite to its spin angular momentum.




