PH-09
December - Examination 2025
B.Sc. (Part-III) Examination

PHYSICS
(ELEMENTARY QUANTUM MECHANICS AND SPECTROSCOPY)

Paper : PH-09
[Time: 3 Hours] [Maximum Marks: 35]

Note :-  This question paper is divided into three Sections A, B and C. Write answers as per the
given instructions.
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Section-A 7x1=7
(Very Short Answer Type Questions)
Note :-  Answer all questions. As per the nature of the question delimit your answer in one word, one
sentence or maximum up to 30 words. Each question carries 1 mark.
goes—3I’
(@1fer org ST geA)
e — W gedl & SR ARY | M9 U ITR BT YR U ¥es, U a9 AT Afdad
30 &l # URAAT PINTT | T UeT 1 3P BT & |
1. (1) Explain the meaning of threshold frequency in the context of the photoelectric
effect.
YHTRI—E[d Y9Td & WeW H asell Mg $I 31 AH=sy |
(i1)) State Heisenberg’s uncertainty principle for position-momentum and
energy-time.
ReIfd—daT d2nm Suil—a8g & oI grgo=et & ifAf¥adar Rigia &1 o=
UM

(ii1)) What is a wave packet? Explain its physical significance.

IR fUed @dce) R 287 39 Hifds Ag<d BT TSy |
(iv) What is the physical significance of expectation values?
T A1 BT A Hewa a1 27
(v)  What is meant by the degeneracy of an energy level?
ol R BT qyeed (FSordl) & o7 1Ty 87
(vi) What is meant by fine structure?
GeH AT | 31T AT AHIA B2
(vii) Why does the CO molecule not exhibit rotational spectra?

CO, 379] ol WagT @l &1 =Irar 27

PH-09/3-139 Page 1 of 3 Turn Over



Section-B 4x3/=14
(Short Answer Type Questions)
Note :- Answer any four questions. Each answer should not exceed 200 words. Each question
carries 3%2 marks.
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Ud e 3%z 3id BT T |
2. Describe the Davisson-Germer experiment and discuss its results.
SIIFA—TTHR TIRT BT Ui PN 3R $HD UROMAT B fJaa=T N |
3. Explain the difference between time-dependent and time-independent Schrodinger
equations.
BIATA 3R BIA—IFTNT STSTR FHIHRON H AR TS |
4. A particle is confined in a one-dimensional box of length L. Its wave function is
Y (x) = C sin(nx/L) in the region 0 < x < L and Y (x) = 0 outside this region.
Calculate the expectation value (x) of x.
SaS L & Uh AT §fad H U HIT WA 2 | 39T IR Bead & 0<x <L
HYPY ) =Csin(mx/L) 8 IR SH T & qEX P (x) =02 | x B U A (x) B
O PN |
5. What is meant by a stationary state? Derive the eigenfunction of the Schrédinger
equation for a stationary state.
T JTARRAT I T JIAYTT 827 WY aReAT & foIu ANETR AHHROT BT 3|
Held e PN |
6. Calculate the expectation value of the potential energy of a one-dimensional
harmonic oscillator in its ground state.
UHAHIT AR ATl St Bl ol favell H Ad fa9a il &1 T N |
7. Write the time-independent Schrodinger equation for a particle in a
three-dimensional box. Solve it to find the eigenvalues and eigenfunctions. Explain
the degeneracy of the wave function.
i 9fe # Rerd &o1 & oy Sraf—sm i3 sifSTR Fiaxor o | ammge=
AM 3R ATGIT Bl UKl PRI D oY 39 BT DY | AT Bl DI Ayl
(SERESISREIS
8. For the H'F" molecule, the fundamental vibrational energy level is 0.256 eV.
Calculate the force constant of the molecular bond.
H'FY o] & foU g &7 ol WR 0.256 eV 21 A9 & §o9 9 Fradid &
O N |
9. For the orbital quantum number I = 1, find the eigenvalues of the angular momentum

L and its component Lz along the magnetic field. Calculate the angle 6 between L
and Lz.

FeT FHicH AT [= 1 & U SO F97 L IR I &F o JRe g9
gedh Lz & I A 9 B | L AR Lz & 1 DIV @ BT T[0T o |
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Note :-

Section-C
(Long Answer Type Questions)

Answer any two questions. You have to delimit your each answer maximum up to

500 words. Each question carries 7 marks.
gug — 9§
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2x7=14

fader — P8l Q1 Ul © SR <INTT| 31T 37U SR Bl JAfhdd 500 el § TRAHAT BT |

10.

11.

12.

13.

UA®H YT 7 3P BT |
Why did Wien’s law and Rayleigh-Jeans law fail to explain blackbody radiation?
Discuss their limitations and describe Planck’s quantum hypothesis. Derive Planck’s
radiation law.

ST fAfdRor BT FHS= H 49 &1 | &R Yel—sima Fra| &l f[awa w87
IAD! AR @1 fAdeT B | i 1 HicH RSB BT duid N AR ©id d
fafdor s &1 Sgeas o |

What is the difference between a potential step and a potential barrier? Can a particle

with energy E < V cross a potential barrier of height V? If yes, calculate the
transmission probability.

faa AT 3R fawa Uk 4§ T 3R &7 T E < V $ofl arell B9 V s &
faa TR @ IR &R FHT 77 IS 2, d IR WIRaar &1 o1 6 |
Explain the spectrum of alkali atoms. Draw the energy level diagram of sodium and
describe the main features of its spectrum. Discuss the various series observed in the
sodium spectrum.

SR URATISN & WagH DI ARAT B | AIFSTH BT Holl WK I3 a0 3R 59
WagH & I el B quie By | Aifead WagH d ur fafee Sifvri wRo==l
|

Derive the Schrodinger equation for a one-electron atom in spherical polar
coordinates and separate it into its variables.

Uhel Seldgid URAIY & oY MeeR gy Fcers! § ISR AHISR0T Gas B
3R U TGP R H gD PN |
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