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Aula passada

3. Invariância da norma: conservação da probabilidade total de encontrar a 
partícula em algum lugar no espaço.
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4. Conservação local da probabilidade: a probabilidade muda como um fluido 
e se conserva localmente; ela só pode mover de um ponto para outro se se 
mover com velocidade finita entre eles.
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Aula passada
5. Evolução temporal de valores esperados:
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6. Teorema de Ehrenfest (exato):
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Se a função de onda é muito localizada (largura muito menor que as 
variações espaciais típicas do potencial), recuperamos as equações 
clássicas (de Hamilton) para o centro do pacote (aproximado).
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Solução geral da Equação de Schrödinger na base de auto-estados de H:
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Sistemas conservativos: V(r) e, portanto, H não dependem do tempo
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Princípio de incerteza tempo-energia
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CHAPTER III THE POSTULATES OF QUANTUM MECHANICS

to that of ( ). One can then replace by 0 and take this quantity
outside integral (D-77):

( ) 0
2 d ( ) e ( 0) ~

2
(D-78)

If this approximation is valid, we thus see that ( ) is, to within a coe�cient, the
square of the modulus of the Fourier transform of ( ). According to the properties of
the Fourier transform (cf. Appendix I, § 2-b), the width in of ( ), that is, � , is
therefore related to the width � of ( ) 2 by relation (D-69).

Comment:

(D-69) can be established directly for a free one-dimensional wave packet. One can
associate with the momentum uncertainty � of this wave packet an energy uncertainty
� = d

d � . Since = ~ and = ~ , we have d
d = d

d = , where is the
group velocity of the wave packet (Chap. I, § C-4). Consequently:

� = � (D-79)

Now the characteristic evolution time � is the time taken by this wave packet, travelling
at the velocity , to “pass” a point in space. If � is the spatial extension of the wave
packet, we therefore have:

� � (D-80)

From this we deduce, combining (D-79) and (D-80):

� � � � & ~ (D-81)

Relation (D-69) is often called the fourth Heisenberg uncertainty relation. It is
clearly di�erent, however, from the other three uncertainty relations which relate to the
three components of R and P [formulas (14) of Complement FI]. In (D-69), only the
energy is a physical quantity like R and P; , on the other hand, is a parameter, with
which no quantum mechanical operator is associated.

ΔE

E0

c(E ) 2

0 E

Figure 4: By superposing the stationary
states with the coe�cients ( ), we ob-
tain a state of the system where the en-
ergy is not perfectly well-defined. The cor-
responding uncertainty � is given by the
width of the curve that represents ( ) 2.
According to the fourth uncertainty relation,
the evolution of the state ( ) will be signif-
icant after a time � such that � � & ~.

252

iii HH FAE CLE If
PARA UM I COM ESPECTRO

CONTINUO SUPONAA ICE I

COMO NA FIGURA

SEJA A PROBABILI DADE DE MERIDA DE UM CERTO

AUTO VALOR bm DE B CONDE B A to

P ban t Um yet 12
Surendo Blumebmlum

NAO DEGENERAD

forces Eirthcumle T
SUPONDO QUE Um YES NAO VARIA MUITO

NO INTERVALO LEO DE EOTAE



Plbm t Kam 14,712 IS de CCE Eiffel

transfer Er

DE C E Flt

SE CLE M D E

LAR GURA DE flt n Dt N IE
I Dt DE at



SE LB H 0 RODE SE PR var

DB DH Z E d 1 PARA QUALOVER

ESTADO HCE

YEAH E
SE flt

It df flat
ABE FFL At Dfe flat

Dt DH I
VALIDO PARA
QUA LOVER INSTANTE

DO TEMPO


