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Second Semester M.Sc. Degree (CBCSS - OBE - Reg./Supple./imp.)
Examination, April 2026
(2023 Admissions Onwards)
PHYSICS/PHYSICS WITH COMPUTATIONAL AND NANO SCIENCE
SPECIALIZATION PROGRAMME

MSPHY02C08/MSPHN02C08 : Quantum Mechanics |

Time : 3 Hours R e R Max. Marks : 60

Answer any 5. Each carries 3 marks.

1. Obtain the orthonormality conditi
infinite square well stationar ‘__;;gige

What is a Hilbert space and what are it

egral form for the one-dimensional
ctions W, {x).

Explain the significance of the Ster
What are Clebsch-q,ordan cdg%ﬁqients and hat is their purpose ?

What is an entangléd,sté_fe in quéntum 1ec : . :

State Laporte’s ?Ql/e f,or:élf:éétr;i(:‘;‘dipglé tranv§ijiq_rj1_;s"_§ihd‘ éxplaih its physical basis
in terms of parity. Tag AR 3an s L o ' (5%x3=15)
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SECTION-B
Answer any 3. Each carries 6 marks.

7. For any stationary state of the harmonic oscillator the average kinetic energy
equals the average potential energy. Using this find the expectation value of
x? for the n'" state.

8. Using the time-independent Schrodinger equation, show that the wave function
of a free particle with a definite energy E cannot be normalized. Give the
physical meaning of this statement.
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9. Considerthe following two sets : [y =! 2 +i | and ¢y =, —i '.
a) Find the bra (¢, ;4 L‘2—3i,~!

b) Evaluate the scalar product (¢ [ ).
c) Examine why the product ’ v} | o) does not make sense.

10. Describg th_e geqmetric interpretation of angular momentum in guantum
mechanics, mglud_mg how the total angular momentum vector, its components
and the quantization of direction are represented visually.

11. Discussthe excl;ange force concebt fdridentical particles. Using the expectation
value ((x; - x,)2), show how bosons and fermions differ from distinguishable

particies. : (3x6=18)
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Answer any 3. Each carries 9 marks. | “

12. With a suitable diagram, discuss the dyriar’ﬁfcs of a particle in a finite square

well pote_ntial, derive -the transcéhde@tal eduation for the allowed energy E
and obtain an approximate solution for the case of a wide and deep well.

13. Explain the concept of operators ih;g'uantu;'r‘t mechanics, including :
a) The definition of a 'ﬁnea"r’bpe'r’ét'éff 55&;tﬁé"\h1éahing of an expectation value.
b) Hermitian, unitary and pfpjection opergﬁ?rs, along with their key properties.
¢) The definitions of the commgtgit{g;:_,gpgi'iéhticommutator of two operators.

14. Discuss the role o_f.evélutipn.ppgr'é’tb'rﬁ:ih Schrédinger picture. Derive time
dependgnt Schrod_mger equation and show that Hamiltonian is the generator
of equation of motion of the state vector in the Schrédinger picture.

15. Discuss in de{ail the general formalism of angular momentum, including
the-commutatron relations, the construction of ladder operators and the
derivation of eigenvalue equations.

16. Discyss hc_)w th_e conservation of angular momentum follows from the
rotational invariance of a system and how the conservation of energy
follows from its time translation invariance ? (3x9=27)




