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Aula passada
Espalhamento potencial entre duas partículas que interagem com V(r1-r2):
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Seção de choque diferencial:
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dn: número de partículas no detector por unidade de tempo.
Fi: número de partículas no feixe incidente por unidade de tempo e de área.
dW=dS/r2: elemento de ângulo sólido subentendido pelo detector.

Seção de choque total:
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Aula passada
Descrição completa do processo de espalhamento: pacotes de onda 
dependentes do tempo; muito complicado, pouco prático.

Alternativa: utilizar estados estacionários (de quadrado não integrável) com 
condições de contorno fisicamente apropriadas e extrair as informações físicas 
desses estados.
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Figure 1: Behavior of a wave packet at a potential step, in the case 0. The potential
is shown in figure a. In figure b, the wave packet is moving towards the step. Figure c
shows the wave packet during the transitory period in which it splits in two. Interference
between the incident and reflected waves are responsible for the oscillations of the wave
packet in the 0 region. After a certain time (fig. d), we find two wave packets. The
first one (the reflected wave packet) is returning towards the left; its amplitude is smaller
than that of the incident wave packet, and its width is the same. The second one (the
transmitted wave packet) propagates towards the right; its amplitude is slightly greater
than that of the incident wave packet, but it is narrower.

since, according to formula (13) of Complement HI, 1( 0) is less than 1. The reflection
coe�cient is, by definition, the ratio between the probabilities of finding the particle in
the reflected wave packet and in the incident packet. Therefore, we have = 1( 0) 2,
which indeed corresponds to equation (15) of Complement HI [recall that we have chosen

1( 0) = 1].
The situation is di�erent for the transmitted wave packet. We can still use the fact

that is very small in order to simplify its expression: we replace 2( ) by 2( 0),
and 2 2

0 by the approximation:
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COMPLEMENT HI •

Comment:

When 0 + , 2 + , so that (22) and (23) yield:

1 1

2 0 (25)

In the 0 region, the wave, whose range decreases without bound, tends towards
zero. Since ( 1 + 1) 0, the wave function ( ) goes to zero at = 0, so
that it remains continuous at this point. On the other hand, its derivative, which
changes abruptly from the value 2 1 to zero, is no longer continuous. This is
due to the fact that since the potential jump is infinite at = 0, the integral of
(7) no longer tends towards zero when tends towards 0.

2-b. Potential barriers
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Figure 2: Square potential barrier.

. Case where 0; resonances3

Using notations (9) and (10), we find, in the three regions I ( 0), II (0 )
and III ( ) shown in Fig. 2:

I( ) = 1 e 1 + 1 e 1 (26-a)

II( ) = 2 e 2 + 2 e 2 (26-b)

III( ) = 3 e 1 + 3 e 1 (26-c)

Let us choose, as above, 3 = 0 (incident particle coming from = ). The
matching conditions at = then give 2 and 2 in terms of 3, and those at = 0
give 1 and 1 in terms of 2 and 2 (and, consequently, in terms of 3). Thus we find:

1 = cos 2
2
1 + 2

2
2 1 2

sin 2 e 1 3

1 =
2
2

2
1

2 1 2
sin 2 e 1 3 (27)

3V0 can be either positive (the case of a potential barrier like the one shown in Figure 2) or negative
(a potential well).
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Aula passada
Estados estacionários de espalhamento em 3D: equação de Schrödinger (ind. 
do tempo) com E>0
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Condições de contorno com onda incidente/transmitida e onda espalhada:
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Amplitude de espalhamento:
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A equação integral de espalhamento
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Equação de Lippmann-Schwinger
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Vetor de onda de espalhamentoB. STATIONARY SCATTERING STATES. CALCULATION OF THE CROSS SECTION

θ

kd

ki

K Figure 6: Incident wave vector k , scattered
wave vector k and transferred wave vector K.

A simple change of notation (r = r ; r = r ) permits us to write:

(scatt)(r ) = e k r + d3
+(r r ) (r ) (scatt)(r ) (B-44)

Inserting this expression in (B-43), we obtain:

(scatt)(r) = e k r + d3
+(r r ) (r ) e k r

+ d3 d3
+(r r ) (r ) +(r r ) (r ) (scatt)(r ) (B-45)

The first two terms on the right-hand side of (B-45) are known; only the third one
contains the unknown function (scatt)(r). This procedure can be repeated: changing r
to r and r to r in (B-43) gives (scatt)(r ), which can be reinserted in (B-45). We
then have:

(scatt)(r) = e k r + d3
+(r r ) (r ) e k r

+ d3 d3
+(r r ) (r ) +(r r ) (r ) e k r

+ d3 d3 d3
+(r r ) (r ) +(r r ) (r )

+(r r ) (r ) (scatt)(r ) (B-46)

where the first three terms are known; the unknown function (scatt)(r) has been pushed
back into the fourth term.

Thus we can construct, step by step, what is called the Born expansion of the
stationary scattering wave function. Note that each term of this expansion brings in one
higher power of the potential than the preceding one. Thus, if the potential is weak, each
successive term is smaller than the preceding one. If we push the expansion far enough,
we can neglect the last term on the right-hand side and thus obtain (scatt)(r) entirely
in terms of known quantities.

If we substitute this expansion of (scatt)(r) into expression (B-39), we obtain the
Born expansion of the scattering amplitude. In particular, if we limit ourselves to first

939
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