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O spin do elétron



Evidências experimentais da existência do spin

1. Experimento de Stern-Gerlach
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Figure 8-5 The Stern-Gerlach apparatus. The field between the two magnet pole pieces  

is indicated by the field lines drawn at the near end of the magnet. The field intensity  

increases most rapidly in the positive z direction (upward). 

8-3 THE STERN-GERLACH EXPERIMENT AND ELECTRON SPIN  

In 1922 Stern and Gerlach measured the possible values of the magnetic dipole  

moment for silver atoms by sending a beam of these atoms through a nonuniform  

magnetic field. A drawing of their apparatus is shown in Figure 8-5. A beam of neutral  

atoms is formed by evaporating silver from an oven. The beam is collimated by a  

diaphragm, and it enters a magnet. The cross-sectional view of the magnet shows that  

it produces a field that increases in intensity in the z direction defined in the figure,  
which is also the direction of the magnetic field itself in the region of the beam. As the  

atoms are neutral overall, the only net force acting on them is the force F  of (8-15),  
which is proportional to µz  .. Since the force acting on each atom of the beam is pro-
portional to its value of pl. , each atom is deflected in passing through the magnetic  

field by an amount which is proportional to pl=. Thus the beam is analyzed into  
components according to the various values of pi.. The deflected atoms strike a  

metallic plate, upon which they condense and leave a visible trace.  

If the orbital magnetic moment vector of the atom has a magnitude µi,  then in 
classical physics the z component µis  of this quantity can have any value from —  µi 
to +µi . The reason is that classically the atom can have any orientation relative to the  

z axis, and so this will also be true of its orbital angular momentum and its magnetic  
dipole moment. The predictions of quantum mechanics, as summarized by (8-11), are  

that µii  can have only the discretely quantized values  
µi s  = — giµbmi  (8-16a) 

where m 1  is one of the integers 
mi =- 1, - 1+1,...,0,...,+1 - 1,+ 1  (8-16b)  

Thus the classical prediction is that the deflected beam would be spread into a con-
tinuous band, corresponding to a continuous distribution of values of pi=  from one 
atom to the next. The quantum mechanical prediction is that the deflected beam 
would be split into several discrete components. Furthermore, quantum mechanics 
predicts that this should happen for all orientations of the analyzing magnet. That is, 
the magnet is essentially acting as a measuring device which investigates the quanti-
zation of the component of the magnetic dipole moment along a z axis, which it  
defines as the direction in which its field increases in intensity most rapidly. Since,  

according to quantum mechanics, A. should be quantized for any choice of the z 
 direction because LZ  is quantized for any choice of that direction, the same results 

should be obtained for all positions of the analyzing magnet. 

CHAPTER IV SIMPLE CASES: SPIN 1/2 AND TWO-LEVEL SYSTEMS
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Figure 3: Spots observed on the plate in the
Stern-Gerlach experiment. The magnetic moments
MMM of the atoms emitted from the furnace are dis-
tributed randomly in all directions of space, so classi-
cal mechanics predicts that a measurement of M can
yield with equal probability all values included between
+ MMM and MMM . One should therefore observe only
one large spot centered in (dashed lines in the fig-
ure). In reality, the result of the experiment is com-
pletely di�erent: two spots, centered at 1 and 2,
are observed. This means that a measurement of M
can yield only two possible results (quantization of the
measurement result).

packets whose width � and momentum dispersion � are negligible. � and �
must satisfy the Heisenberg relation:

� � & ~ (A-8)

Numerically, the mass of a silver atom is equal to 1 8 10 25 kg. � and the velocity
uncertainty � = � must be such that:

� � & ~ 10 9 M K S A (A-9)

Now what are the lengths and velocities involved in the problem? The width of the slit
is about 0.1 mm and the separation 1 2 of the two spots, that is several millimeters.

The distance over which the magnetic field varies appreciably can be deduced from
the values of the field in the middle of the air-gap ( 104 gauss) and its gradient
( 105 gauss/cm), which yields 1 mm. In addition, the velocity of the
silver atoms leaving a furnace at an absolute temperature of 1000 K is of the order of
500 m/s. However well-defined the beam is, the dispersion of the velocities along
is not much less than several meters per second. It is then easy to find uncertainties
� and � , which, while satisfying (A-9), are negligible on the scale of the experiment
being considered. As far as the external variables r and p of each atom are concerned,
it is therefore not necessary to resort to quantum mechanics. It is possible to reason in
terms of quasi-pointlike wave packets moving along classical trajectories. Consequently,
it is correct to claim that measurement of the deflection constitutes a measurement
of M or S .

The results of the experiment thus lead us necessarily to the following conclusion:
if we measure the component S of the intrinsic angular momentum of a silver atom in
its ground state, we can find only one or the other of two values corresponding to the
deflections 1 and 2. We are therefore obliged to reject the classical image of a
vector SSS whose angle with the magnetic field can take on any value: S is a quantized
physical quantity whose discrete spectrum includes only two eigenvalues. When we study
the quantum theory of angular momentum (Chap. VI), we shall see that these eigenvalues
are +~ 2 and ~ 2; we shall assume this here and say that the spin of the silver atom
in its ground state is 1/2.
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Átomos de prata: duas manchas são evidência de 
momento angular j=1/2, mas o momento angular 
orbital só permite valores inteiros l=0,1,2,… 



2. Estrutura fina das linhas espectrais

O espectro dos átomos, quando examinado com alta resolução, revela que o 
que parecem linhas únicas são, na verdade, conjuntos de linhas finamente 
espaçadas: estrutura fina.
A transição 2p→ 1s do átomo de hidrogênio (fora de escala). Ao invés de 
apenas uma linha, observam-se duas linhas finamente espaçadas.

l3/2=121.5668 nm
l1/2=121.5674 nm



3. O efeito Zeeman anômalo

Energia de interação dos elétrons com o campo magnético:

Espera-se que um campo magnético fraco, 
abra os níveis de energia em um número 
ímpar de sub-níveis. De fato, observa-se isso 
frequentemente: efeito Zeeman normal.
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Para um campo na direção z:
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Sempre um número 
ímpar de energias.



3. O efeito Zeeman anômalo

A transição 2p→ 1s do átomo de 
hidrogênio na presença de campo 
magnético (fora de escala).

Mas, em alguns casos, vemos um número par de sub-níveis: 
efeito Zeeman anômalo.
Um exemplo importante é justamente o átomo de hidrogênio.

B=0 B≠0



Postulados da teoria de Pauli
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MAGNIFICO
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O spin de outras partículas
Partículas elementares:

Partículas compostas:
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A matemática do spin 1/2
REVISAL DO CAR 4 STERN GERLACH
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A PARTIR DAS MATRIZES DE SI
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Descrição quântica de uma partícula 
com spin 1/2
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