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Part — A (5x 10 S0)
Answer ALL Questions
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Questions
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‘!‘I- hﬂt 15 [hﬂ' dE'BI-'{'.'gllE“ I'I.'}"Pﬂth['ﬁti I-:,H" '[hf matter waves (] 1 ]'nj_]_'k_s}"‘ Id _
explain the experiment and its results (2 marks), which proved the d h ~"=]*'~ Sy
- : L PRV ne de-Broglie by oyt b e
with the help of appropriate diagrams (3 marks) and formulas (1+1 maﬂr..; e Tt

5 1 -th

Write the time-_dependc-nt Schrodinger wave equation (SWE) and define its components
(2 marks). Starting from the plane-wave expression i(x, t) = A exp [i(kx — wt)]. verify th
| = ; I'l e | l“

time-dependent Schrodinger wave equation (7 marks). Explain why verifving the SWE it} .
the plane wave function is sufficient (1 mark). - ving the SWE witl .
' rin — \

(a) Describe Heisenberg's uncertainty P[‘in(ﬂplr (2 m;lﬂ;:‘] Theh s ot S
consequences by considering a macroscopic object (Example: Cricket ball) if the \

Planck constant becomes h=6.63 |. sec (3 marks). !
(b) In Compton scattering, an X-ray beam of wavelength 0.0lnm is scattered from a | S

nickel target,
(i) Estimate the wavelength of the scattered X-ray at 60 degrees. (1 mark)

(ii) Estimate the wavelength present in the back scattered X-rays. (2 mark)
(iii) Estimate the maximum kinetic energy of the recoiled electron. (2 mark)

An electron is bound within a potential well with potential

L
0,0=x=<3 . Stating the reason, start with the appropriate Schrodinger wave 1

U(x) = [
co, elsewhere
equation (1mark), and evaluate the eigenfunction and eigenvalues for the system (6 marks).

Plot the wave function and probability density with energy value for the first excited state
(14141 marks).

(a) Define quantum confinement (1 mark), and classify the nanostructure based on this
principle, discuss the effect on the density of states if the dimensions of a material
are reduced to the nanoscale. Draw the appropriate energy band diagrams (2+2

marks).
(b) An electron in an infinitely deep square well of length L/2, has associated matter wave

function as W(x) = Acos (I—::-) for -f;- <x< %, and zero outside. Explain why outside
the matter wave function should be zero (2 marks), and Calculate the normalization
constant A (3 marks).




