QUANTUM MECHANICS:
LECTURE 8

SALWA AL SALEH

Abstract

We introduce an elementary scattering theory in 1-D, the scattering
”S” matrix is also introduced in this lecture. Finally, we discuss the 1-D
optical theorem.
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REMARKS ON THE QUANTUM SCATTERING THEORY

Scattering problem in quantum theory is a vast topic, it is the second problem
in quantum mechanics along with bounded states one. There are two main
cases for a an interacting quantum particle; the first is when it's bounded
to a potential. The particle takes a discrete energy spectrum . The second
case, is when the particle is scattered of a potential, and takes a ccontinuous
spectrum of energy.

Hence, we inscribe the incident wavefunction °y(x,t) by a free particle
wave-packet ( as plane wave). The scatterer, is a stationary potential, that
elastically scatter off the incident wave-packet ( in our simplified problem),
i.e. the energy is conserved. Then the scattered wave shall be a spherical

meident beam
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Figure 1: Sketch of the scattering problem in quantum mechanics. Notice
that we use the wave nature of the quantum particles

wavefunction °“!i(7,t), we care about the probability for a scattering with a
certain solid angle Q). This is calculated from the differential cross-section
see figure
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Where Ny g is the probability of detecting the scattered particle by a detector
placed at angles ¢ and 6 . And °j is the incident probability flux current. i.e:
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However, we shall restrict ourselves to one dimensional scattering problems,
where the differential cross section calculation is not the major problem.
Rather we are interested in the probability of transmission and reflection of
the incident flux.

SCATTERING/REACTION CHANNELS

In general, for two particles 2 and b interacting in a scattering problem. We
have many possible reaction channels; listed as follows:

Reaction channel Name
a+b—a+b Elastic scattering
a+b— a+b* Inelastic scattering
a+b—c+d Rearrangement collision
a+b—c Absorption
a—b+c Decay

Table 1: Classification of the reaction channels in a tow-particle scattering
problem

SCATTERING BY POTENTIALS IN 1-D

A moving wave-packet with an energy E approaching some potential vari-
ations illustrated in figure . Will have the general solution for their time-
independent Schrodinger equation (TISE):

Pr(x) = At 4 Bk (32)
Yr(x) = Cet ¥ 4 pe~iks (3b)
With:
K = 2’:72’5
The previous set of equations can be put in a vector form as follows:
mresr e(0)=(a 26w

This equation resembles the scattering amplitude and S is known as the
S-matrix, and it plays an important role in scattering problems. As the
S-matrix elements characterises the full properties of the scattering process.
Recall the current density in (2)) is conserved, i.e.:

jR=1]L (5)
That implies:
A2~ B> = |C* - |DJ? ©6)
Since:
. Tk 5 5
i == (1412 - |B1) (7a)
. hk 2 5
jr == (IcP~|DP?) (7b)



Since we have in our problem the incident flux is from the left only = D = 0.
We have thereby:

c|? 2 B|? 2
T = | — = R = | — =
L ‘A |S21] L ‘A |S11]
Or similarly for flux approaching from right A =0 :
B[ 2 C 2
TR—’B = 512 RR—ID = |51l

With T and R are the transmission and reflection probabilities respectively.
Note that:

Trry + Ry =1 8)

THE OPTICAL THEOREM IN 1-D

Consider a free particle (V = 0), we can write the its S-matrix as:

s=(1 o) ©

taking the canonical form. When (V # 0), S should be written according to
the continuity conditions. Let :

P(x)L = e e P(x)g = te™ (10)

Satisfying the conditions ( V changes at x = 0):

dip(x dip(x
Px=0)r = p(x =0)r lpéx)L =0 = %M:o (11)
We obtain the expression for the S-matrix:
2ir 1+ 2it
5= (1 +2it 2ir f*ﬁi) ' (12)
Or:
r? + 17 = S (1) (13)

Which is the optical theorem in one dimension.
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