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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 6th Semester Examination, 2023 

DSE1/2/3-P2-PHYSICS 

Time Allotted: 2 Hours Full Marks: 40 

 The question paper contains Section-A and Section-B. Candidates are 
required to answer any one section from the two sections and they 

should mention it clearly on the Answer Book. 

 

 SECTION-A 

SOLID STATE PHYSICS 

 

 GROUP-A /  / समूह-क  

1. Answer any five questions from the following: 

तलका कुनै पाचँ ÿĳहłको उ°र ले´नहुोस । 

1×5 = 5 

(a) What is a unit cell?  

   

 Unit cell के हो ?  

(b) What do you mean by Curie temperature?  

   

 Curie temperature के हो ?  

(c) Find the number of lattice points in the cubic cell of F.C.C.-lattice.  

 F.C.C   

 एउटा F.C.C. lattice को एउटा cubic cell िभý lattice points को सं́ या खोºनहुोस ।  

(d) A pure semiconductor behaves as an insulator at 
(i) 273 K (ii) – 273°C (iii) 373 K (iv) None 

 

 

(i) 273 K (ii) – 273°C (iii) 373 K (iv)  

 

 एउटा चोखो semiconductor ल ेinsulator जÖतो Óयवहार गछª , कुन तापøममा ? 
(i) 273 K (ii) – 273°C (iii) 373 K (iv) कुनै होइन 

 

(e) Draw the planes for Miller indices (100).  

 (100)   

 Miller indices (100) को plane हł हो िचý कोनुªहोस ।  
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(f) What is Meissner effect?  

   

 Meissner effect के हो ?  

(g) What are the basic causes of Paramagnetism?  

   

 Paramagnetism का ÿमखु कारणहł के के हòन् ?  

(h) Define Packing fraction.  

   

 Packing fraction के हो ?  

  

 GROUP-B /  / समूह-ख  

 Answer any three questions from the following 

तलका कुनै तीन ÿĳहłको उ°र ले´नहुोस 

5×3 = 15 

2.   Derive Curie’s law of Paramagnetism from Langevin’s theory. 5 

   

 Langevin को िसĦाÆत दिेख Curie को Paramagnetism को िनयम खोºनहुोस ।  

   
3.   What is Mobility? Establish a relation between Conductivity and Mobility in an 

extrinsic semiconductor containing both electrons and holes. 
2+3 

  

 Mobility के हो ? Electron अिन holes दवुै भएको एउटा extrinsic semiconductor मा 
Conductivity अिन Mobility माझको सÌबÆध खोºनहुोस । 

 

   
4. Define Geometrical structure factor. Obtain an expression for the scattering 

amplitude in terms of Geometrical structure factor. 
2+3 

 

 

 

 Geometrical structure factor के हो ? Geometrical structure factor को सÆदभªमा 
scattering amplitude समीकरण खोºनहुोस ।

 

   
5.  What is phonon? Derive an expression for the momentum and energy of phonon. 1+4 

   

 Phonon के हो ? एउटा Phonon को momentum अिन उजाªको वा³यांश खोºनहुोस ।  

   
6.   Draw and discuss B-H curve. Explain hysteresis and energy loss in terms of B-H 

curve. 
3+1+1 

 B-H B-H
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 B-H curve कोद̈ वणªन गनुªहोस । B-H curve को सÆदभªमा hysteresis अिन energy loss को 
वणªन गनुªहोस ।

 

  

 GROUP-C /  / समूह-ग  

 Answer any two questions from the following 

तलका कुनै दईु ÿĳहłको उ°र ले́ नहुोस 

10×2 = 20 

7.  (a) What do you mean by dielectric polarisation and dipole moment? 2 

   

 Dielectric polarisation अिन dipole moment भÆनाले के बिुझÆछ ?  

(b) Explain how the dielectric constant of a ferroelectric crystal varies with 
temperature. Name two ferroelectric materials. What are the applications of 
ferroelectric materials?  

3+2+3 

 

 

 

 एउटा ferroelectric crystal को dielectric constant तापøमिसत कसरी बदिलÆछ, वणªन 
गनुªहोस । कुनै दईु ferroelectric पदाथªहłको नाम िदनहुोस । Ferroelectric पदाथªहłको उपयोग 
के के छन् ?

 

   
8.  (a) What is the Hall coefficient? Show that for a p-type semiconductor the Hall 

coefficient RH is given by peR 1
H  . 

1+3 

 p peR 1
H    

 Hall coefficient के हो ? एउटा p-type semiconductor को िनिÌत Hall coefficient 

peR 1
H   ले िदÆछ भनी ÿमािणत गनुªहोस् ।

 

(b) What are Brillouin zones? 2 

   

 Brillouin zone के हòन् ?  

(c) Define Debye’s T3-law. Discuss the limitations of Debye-model. 1+3 

 T3   

 Debye को T3 िनयम बताउनहुोस । Debye model को सीमा बताउनहुोस ।  

   
9.  (a) What are superconductors? 1 

   

 Superconductors के हòन् ?  

(b) Derive London equation and define penetration depth. 3+1 

   

 London को समीकरण खोºद ैpenetration depth को पåरभाषा िदनहुोस ।  
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(c) Derive the acoustical and optical mode of vibration for one dimensional diatomic 
lattice. 

5 

   

 एक आयामीक diatomic lattice को िनिÌत acoustical and optical mode को कÌपनको 
समीकरण खोºनहुोस । 

 

  

10.(a) What do you mean by lattice and basis? 2 

   

 Lattice अिन basis भÆनाले के बिुझÆछ ?  

(b) Calculate the radius of SC, BCC and FCC lattice structures. 5 

 SC, BCC FCC   

 SC, BCC अिन FCC lattice structure को अधªÓयास खोºनहुोस ।  

(c) Calculate the interplanar spacing for a (321) plane in a simple cubic crystal whose 
lattice constant is 4.2×10–10 m. 

3 

 4.2×10–10 m (321)
 

 

 एउटा 4.2×10–10 m lattice constant भएको साधारण वगªकार crystal को (321) plane माझको 
interplanar spacing को मान खोºनहुोस ।

 

  

 
 

SECTION-B 

QUANTUM MECHANICS 

 

 GROUP-A /  / समूह-क  

1. Answer any five questions from the following: 

कुनै पाचँ ÿĳहłको उ°र ले´नहुोस ।  

1×5 = 5 

(a) Is (i) 2ax  and (ii) xkiex
a  are acceptable wave functions?  

 (i) 2ax (ii) xkiex
a   

 के (i) 2ax  अिन (ii) xkiex
a  Öवीकायª wave function हòन् ?  

(b) Find whether the operators 23ˆ xA   and 
dx

d
B ˆ  commute or not? Why? 

 

 23ˆ xA 
dx

d
B ˆ  

 

 
दईु operators 23ˆ xA   अिन 

dx

d
B ˆ  commute गछª  कì गद̈न भनी खोºनहुोस ? िकन ?
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(c) The eigenfunction corresponding to the operator 
2

2
ˆ

dx

d
A   is xae 2 . Find the 

eigenvalue. 

 

 
2

2
ˆ

dx

d
A   xae 2  

 

 
एउटा operator 

2

2
ˆ

dx

d
A   को eigenfunction xae 2  भए Âयसको eigenvalue खोºनहुोस ।

 

(d) What is the energy of a 1-D harmonic oscillator for its n-th quantum state?  

 n-   

 n-th quantum state मा 1-D harmonic oscillator को उजाª कित हòÆछ ?  

(e) Define probability current density.  

   

 Probability current density पåरभािषत गनुªहोस ।  

(f) What is Larmor precession?  

   

 Larmor को precession के हो ?  

(g) Find the value of L, S, J for the atomic state 212S .  

 212S L, S, J   

 एउटा 212S  atomic state को िनिÌत L, S, J  को मान खोºनहुोस ।  

(h) What is the degeneracy of n-th state of Hydrogen atom?  

 n-   

 Hydrogen अणकुो n-th state को degeneracy के हो ?  

  

 GROUP-B /  / समूह-ख  

 Answer any three questions from the following 

तलका कुनै तीन ÿĳहłको उ°र ले´नहुोस 

5×3 = 15 

2.  (a) What do you mean by normalisation of wave function? 2 

   

 एउटा wave function को normalisation भÆनाले के बिुझÆछ ?  

(b) Normalise the following wave function 

 
outside,0

0,)sin()(



 axa
x

Ax



 

3 

 

 
outside,0

0,)sin()(



 axa
x

Ax



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 िदइएको wave function लाई normalise गनुªहोस 

 
outside,0

0,)sin()(



 axa
x

Ax


  

 

  

3.  (a) What is a Hermitian operator? Prove that every eigenvalue of a Hermitian 
operator is real. 

3 

 

 

 

 Hermitian operator के हो ? Hermitian operator को उजाªको eigenvalue वाÖतिवक हòÆछ 
भनी ÿमािणत गनुªहोस् ।

 

(b) Show that two eigen functions of a Hermitian operator belonging to different 
eigen values are orthogonal. 

2 

 

 

 

 एउटा Hermitian operator को िविभÆन eigen values िसत सÌबिÆधत दईु eigen function हł 
orthogonal हòÆछ भनी दखेाउनहुोस ।

 

  

4. A particle of energy 0VE   is incident from the left on the potential step of the 

form  

 








0for

0for0

0 xV

x
V  

Obtain an expression for the transmission coefficient. 

5 

 0VE   Potential step-

 

 








0

00

0 xV

x
V  

 

 

 एउटा 0VE   उजाª भएको कण एउटा potential step को दāेेदेिख ठोिकÆछ, जहा ँ

 








0for

0for0

0 xV

x
V  

Transmission coefficient को expression खोºनहुोस । 

 

  

5.  (a) State Pauli’s exclusion principle. 2 

   

 Pauli को exclusion को िसĦाÆत बताउनहुोस ।  

(b) Explain how Pauli’s exclusion principle assists in the interpretation of the 
periodic table. 

3 

   

 Periodic table को Óया´या गनुªमा Pauli को exclusion principle ले कसरी सहयोग गछª  ? वणªन 
गनुªहोस् ।
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6.  Using quantum theory, explain normal Zeeman effect. 5 

 Zeeman effect   

 Quantum theory को सहयोगले normal Zeeman effect को वणªन गनुªहोस ।  

  

 GROUP-C /  / समूह-ग  

 Answer any two questions from the following 

तलका कुनै दईु ÿĳहłको उ°र ले́ नहुोस 

10×2=20 

7.  (a) What is position-momentum uncertainty principle? Write down one application 
of it. 

2+1 

   

 Position-momentum uncertainty principle के हो ? यसको कुनै एउटा उपयोग बताउनुहोस ।  

(b) If x̂  and p̂  are position and momentum operators, show that pipx ˆ2]ˆ,ˆ[ 2  . 4 

 x̂ p̂ pipx ˆ2]ˆ,ˆ[ 2    

 x̂  अिन p̂  यिद position अिन momentum operator भए pipx ˆ2]ˆ,ˆ[ 2   हòÆछ भनी 
दखेाउनहुोस ।

 

  

(c) A beam of identical particles going in the x-direction is represented by the wave 

function )(),( EtPxiAetx   . Calculate the probability current density. 

3 

 x
)(),( EtPxiAetx     

 

 एउटा x-direction तफª  गइरहेको beam लाई )(),( EtPxiAetx    wave function ले 
बझुाउन सिकÆछ । Âयसको probability current density खोºनहुोस ।

 

  

8.  (a) Derive the expression for the normalised wave functions of a particle confined in 
a one dimensional box. 

4 

   

 एउटा एक आयािमक बाक् सिभý िसिमत भएको कणको normalised wave function को समीकरण 
खोºनहुोस ।

 

(b) Find the probability that a particle in one dimensional box of length L can be 
found between 0.4 L and 0.6 L (i) for the ground state, (ii) for the first excited 
state, (iii) for the second excited state. 

1+1+1 

 L 0.4 L 0.6 L
i ii iii  

 

 एउटा  0.4 L  दिेख  0.6 L  िभý  लÌबाई  भएको  1D  बाक् सिभý  एउटा  कणलाई  पाउन  सिकन े
probability खोºनहुोस ; 
(i) Ground state को िनिÌत 

(ii) First excited state 
(iii)  Second excited state 
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(c) Explain why the minimum energy for a particle in a box cannot be zero. 3 

 —   

 एउटा बाक् सिभý  भएको कणको कम से कम उजाª िकन शूÆय हòन स³दनै ?  

  

9.  (a) Write down the Schrödinger’s equation for hydrogen atom in spherical polar 
coordinates. 

2 

   

 Spherical polar coordinate मा hydrogen अणकुो िनिÌत Schrödinger को समीकरण 
ले´नहुोस ।

 

(b) What are the quantum numbers for the hydrogen atom? What values can these 
quantum numbers assume? 

2+2 

   

 एउटा hydrogen अणकुो िनिÌत quantum number हł के के हòन ्? यी number हłल ेकुन मान 
िलन स³छ ?

 

(c) Explain the term degeneracy. 2 

   

 Degeneracy को वणªन गनुªहोस् ।  

(d) Discuss about the zero point energy of linear harmonic oscillator. 2 

   

 Linear harmonic oscillator को zero point energy को वणªन गनुªहोस् ।  

  

10. Describe Stern-Gerlach experiment with necessary theory. Can Stern-Gerlach 
experiment be performed with ions rather than neutral atoms? 

8+2 

 

 

 

 जłरी िसĦाÆत सिहत Stern-Gerlach को पåर±णको वणªन गनुªहोस । Neutral atom को सĘामा 
ions चलाएर के Stern-Gerlach को पåर±ण सÌभव छ ?

 

 
——×—— 

 

 


