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Exercise 1. Optical Theorem
Writing the relation between the S-matrix and the T-matrix as
Sga =06(8 —a) —i2n6(Eq — Eg) T3a, (1)
the unitarity condition on the S-matrix reads
(8750 = Y _(838)"(S3a) = 6(8 - ),
gl

with a sum over all intermediate states v including an integration over their momenta.

(a) Show that the unitarity condition for 8 = a implies

—2In(Tha) = (20) S 6(E, - Ea) |Tal? (2)
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(b) Starting from the equation above, prove the Optical Theorem:

Otot = ijlm(faa) (3)

«

—;Z—ﬁ‘ng wa 18 the elastic scattering amplitude in the forward direction.

Hint.  Recall that the differential cross-section for the process ae — =y can be written as:

where foo =
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where p is the density of states

Exercise 2. The photoelectric effect

We want to treat the photoelectric effect using the quantization of the electromagnetic field. A
photon is absorbed by the atom and an electron is excited from the bound state:

Z3 _Zr
Vi(F) =4[ —ze 0, (4)
mag
where aozmh—zz, to a free state
V(i) = et (5)

(a) Compute the transition matrix element Vy; = (¢¢; (n — 1) (kx, M|V [0i;(Fx, A)) -



(b)

Using the Fermi’s golden rule for a continuum of states, show that the differential cross
section is given by:
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where &), EA,wA corresponds to the absorbed photon described by (EA, A) .

do  ¢*32hk.
dQ  he muwy

(6)

If the photon energy is large compared to the binding energy of the electron but small
compared with the rest mass energy (W = mQZ;;e4 = %%2 < hwy < mc?), show that
for an unpolarized light (equal polarization along = and y (()iirection) the scattering cross
section can be written as

dia—ég? <k€a0>3<W>5 (%)2Si1129 (7)
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is the electron velocity, the z-axis coincides with the direction of the incident

hke
m

photon and the photon velocity is described by the polar angle (I%\ . l;e = kyke cosf).

where v =



