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UNIVERSITY OF NORTH BENGAL

B.Sc. Major 3rd Semester Examination, 2025

PHYSMAJ305-PHYSICS

MATHEMATICAL PHYSICS-IT ' |
Time Allotted: 2 Hours 30 Minutes Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A

g Answer any four questions from the following: 3x4=12

(a) What are Dirichlet’s conditions? Explain. 3

(b) What is the singular point of a differential equation? Obtain the singular points and 1+2

their type for the following differential equation
d’y
x+12y —y' =0, where y' =% and y* =3 Y.
(x+1)"y"-y i g e Sy
(c) Show that P,(—1) = (-1)", where P, is a Legendre polynomial of n™ degree. 3
2 : 2
(d) If u=x*+¢ is a solution of C? aag = %g]— then calculate the value of C. ’ 3
z/2 ‘
(¢) Evaluate: I sin’ @cos* 6 3
0

® If f(x)=x* for the range (-1, 1), then calculate the Fourier coefficient b,. 3
GROUP-B ‘ |

: Answer any four questions from the following 6x4 =24

2. Find the Fourier series of the function f(x)=|x|,*~zr<x<7. 6

3. (a) State Fourier’s Theorem. What is piecewise continuous function? Give example. 1+1

(b) Prove Parseval’s identity for Fourier series. : 4

4. (a) Prove the following recurrence relation for a Legendre polynomial: 4

@n+1)F,(x) = F,(x)- P,(x)
(b) Consider the diffusion equation 2 |
Vi = l_a."__ : |
kot’

where u=u(x, y, z, 1). Show that this equation can be decoupled into temporal
and spatial part. Find a general solution of the temporal part.

|
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5. (a) Starting from the generating function for the Bessel’s function, show that,
—gx——[x".l" x)=x"J_,(x)
(b) Prove that: I'(1)=1

6. (a) Evaluate: I x" e gy

(b) State the boundary conditions for a vibrating string of Length L, fixed at both ends.

7. (a) Solve the following boundary value problem % =4 —g;l—- , given u(0, y) =8¢~ by

a method of separation of variables.

(b) Show that: %_;I%dt =erf(x)

GROUP-C
Answer any fwo questions from the following
8. (a) Solve the following differential equation using Frobenius method:
(1+x2)y'+xy'—y=9

(b) Show that: J'P (x)P,(x)dx = _2_ 5,
2n+

9. (a) Expand the following function in Legendre’s polynomials:
f()=5x>+2x+3 , -1<x<I

; ;
2

Prove that: |[P,(x)Pdx=—-—; n=0,1, 2, ------

L)) ’VC Il[ ()] 0T

(c) Show that: 2xH,(x)=2nH, (x)+ H, (%)

10.(a) Find the Fourier series to represent f(x)=x—x” from x=-7 to x=7.
2
Hence, show that 1—-17+—1;—L2+ ------ =z
ol 8 N 12
(b) Express f(x)=x as ahalf range sine series in the interval 0 <x<2.

11.(a) Write the wave equation for a rectangular membrane and obtain its solution by a
separation of variable (without applying a boundary condition).

(b) Find a solution to the following differential equation:
8 oy 621// i
o *
inside an annulus bounded by the circles x*+y*=r> and x*>+ y?=7r} that
satisfies the conditions:

Y=y, atr:rz and (—?]:k/rl at r=rn.
s

NENUR——, | J——

”
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UNIVERSITY OF NORTH BENGAL
B.Sc. Major 3rd Semester Examination, 2025

PHYSMAJ306-PHYSICS
THERMAL PHYSICS

Time Allotted: 2 Hours 30 Minutes : Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A
j & Answer any four questions from the following: Ix4=12
(a) Using the equipartition theorem, calculate the molar heat capacity at constant 1%4.1_%

volume for a monoatomic and diatomic gas.

(b) ‘Temperature is the manifestation of total energy of an ideal gas’ — Explain. What 2+1
do you mean by Boyle temperature?

(c) ' Explain the working of Carnot engine as refrigerator and find the coefficient of 3
performance.

(d) What role does entropy have in adiabatic demagnetisation? 3

(e) Derive Clausius-Clapeyron equz‘xtion from 7dS equations. 3

(f) Using Maxwell’s thermodynamic relations, show that the ratio of adiabatic to 3

isobaric volume expansivity is 1~__1—)—,—, where y is the ratio of specific heat of a gas

at constant pressure to that at constant volume.

GROUP-B
Answer any four questions from the following 6x4 =24
2 What are the critical constants of a gas? Obtam their expression from Van der 6
Waals equation of state
3. (a) Find the number of degrees of freedom for (i) H,O and (ii) CO, molecule, 3
assuming linear configuration of the molecules.
(b) Describe the experimentally observed deviations in the behaviour of real gas from 3
ideal gas.

4. (a) State the 3 law of thermodynamics.
(b) Why is it impossible to attain absolute zero temperature? 2

(c) A refrigerator works between 270 K and 300 K. Calculate its coefficient of
performance if it removes 500 J of heat from the cold reservoir.

‘ 3094 1 Turn Over



FYUGP/B.Sc/MAJ/3rd Sem./PHYSMAJ306/2025

5. (a) Define phase transition. Differentiate clearly between first-order and second-
order phase transitions.
(b) The internal energy E of a system is giw)en by E = —bVZSV , where b is a constant and

all the symbols have their usual meanings. Find the temperature of the system.

6. (a) Prove that, H =G - T(aG) s _6_(9)
ar oar\T ],

_[aG/T)
o/T) |,

(b) Why does a paramagnetic material cool down during adiabatic demagnetization?
Explain using 7dS equation for a magnetic material.

7. (a) Derive the expression of work done in a reversible adiabatic process.

(b) Find the work done by an ideal gas in one cycle from the figure given below:

vV
Is the work done positive or negative?
N GROUP-C
Answer any fwo questions from the following -~ 12x2

8. (a) Derive Maxwell’s law of distribution of velocities of molecules of a gas.

(b) Find the ratio of the average velocity to r.m.s velocity of the molecules.

(c) The Dieterici’s equation of state is given by P=--— If—Tb e™/" _ Write down the

equation in the virial form. Here the symbols have their usual meanings.

(d) One mole of a Van der Waals gas at 0°C occupies a volume of 0.55 litre.
Calculate the pressure it exerts. Given a = 0.37 Nm*mol 2, 5=43x10%m>mol™’
and R =8.31Jmol'K™'. "

9. (a) Explain why Gibbs free energy is considered as a thermodynamic potential. Prove
Maxwell’s thermodynamic relation (—g—;) »(%) from the concept of Gibbs
T

free energy, where notations have their usual meanings.

(b) Prove the followmg equation for 1** order phase transition

ak &

'd7_" (C )Sat (Cl)Sal

where, C; and C) are the heat capacities of the two phases at temperature 7 and L
is the latent heat.

3004 : 2

1+3

W

=24

6
2

2

2+3
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-
v\ (oP
(c) Prove that: Cp—-Cy = _T(_B_F)T [ﬁ),,

10.(a) State the Kelvin-Planck and Clausius statements of 2nd law of thermodynamics.
(b) Prove the equivalence of the above two statements.

(¢) 200 gm of water is heated from 25°C to 75°C. Calculate the change in entropy of
the water. Given: Specific heat capacity of water = 1200 J/Kg-K.

(d) Plot the isotherms of CO; as obtained in Andrew’s experiment. Explain the nature
of the isotherms below critical temperature. ‘
11.(a) Define Joule-Thomson effect.

(b) Obtain the expressions of Joule-Thomson coefficient for (1) ideal and (ii) Van der
Waals’ gas.

(c) What is temperature of inversion? Explain its significance for Joule-Thomson
cooling.

(d) Hydrogen gas has a critical temperature of —240°C. Is it possible to liquify it at
room temperature? Explain.

3094 3
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UNIVERSITY OF NORTH BENGAL
B.Sc. Minor/Dsc 3rd Semester Examination, 2025

PHYSMIN303/PHYSDSC303-PHYSICS

WAVES AND OPTICS
Time Allotted: 2 Hours 30 Minutes
The figures in the margin indicate full marks.

GROUP-A / Rett-3
1. Answer any four questions from the following:
fefeRe @-i 1A aves T wies
P AR THEEDH] FTR IS

(@) The equation of a plane sound wave is y = 6.0x107 cos(1900¢ +5.72x) m

Find frequency, wavelength and velocity of the wave.
(B e *HOAHA FNFAA 24 y = 6.0x 107 cos(1900¢ +5.72x) m
S FAT, SR R @9t e

Teh G €af T GHIBRU FFT B: y = 6.0x107 cos(1900¢ +5.72x) m

TP IR, TETSES T Ul SIS |

Full Marks: 60

3x4=12

(b) The wind is blowing over some suspension cable on a bridge, causing a force 3
F =0.02sin 217zt N . Is resonance possible (at fundamental or at some harmonic)

if the tension in the cable is 49000 N, the cable has a mass of 10 kg/m, and it is

10 m long?

&3 FTga B 3T AT OIER Bor fc Trom eRifRe T, T T Gl 6
F=0.02sin21zt N TooAF 201 Se@eH [ 5163 (SF1 o3 O+ (i i) o

S B4 BIF 49000 N, O34 ©F 10 kg/m <R OIF (0% 10 m 23 ?

T SIS Gl a1 &1 F = 0.02sin 217t N 9 AFS | A eaer1 @1 49000 N
B, TGP! AT Bed Ml @18 10 kg/m B I =TS 10 m B ¥, IS Ao qife

e B 6 o772
(c) Light waves can be polarized, but sound waves cannot be. Why?
. OiEeaE AR 28, e e e M@ A @

TIHTYT ARG eIl & o R €Al aTe g9 aaar | T 2

(d) Why do we need narrow source for Fresnel’s biprism and extended source for 3

Newton’s ring experiment?

@ER T e A (narrow) B @ 8 Rk #iFr i RYS (extended) T

WP T A 2

YT TSI T =Tt Jor SN T ATt |y | < e S fvT sraeaes e ?
(e) Show that a SHM can be considered as the superposition of two equal and 3

opposite circular motions.

- w8 @, 936 I (eeiferE S e @ ReiRe 3817 157 $sifR#ien (superposition)

2 R 3t @e 2|

e ATl TRIEATE SRTSR ¥ ORI G FeADR TRIDY FEIRITOT A~ Hi=8 w7 ST |

(f) Does energy conservation get violated in case of interference phenomenon? Justify c;

your answer with proper mathematical expression.
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IfSbIta & =fea el saa oresw B ¢ I NAET AR AT o Tewa
AT [ we |

STHROT IRESIDT TR Sl AREBHT I §78 X ? SUgh Mg 3rfyeafs
T I FIR YR R

GROUP-B / R4
Answer any four questions from the following
e 1o o1afS et Baa e
T TR THEHDI ST IS

3 Find the shape of the fringe pattern forms in Young’s double slit expenment How
does it look like in realistic case and why?

w-a?mﬁw%mw@%%wuwmaﬁwmwwm?

Tt fe-fRes SRINT AT Ty SRRy ol oTTas | ey Sraeerre At e SREFB X T 2

i § Define group velocity and phase velocity. The phase vélocity of waves in a
medium is given by, v, =——-—§7—/—1—2-, where a, b, ¢ are constants and A is the
a+

wavelength. Obtain the expression of group velocity v, and find the value of it at
the limit of 2 —» .

CABIC IR RNCI- G TR WIS | GO T Tl vpz———ﬁ, @RI a, b, ¢
a+

TN GR A T S| GBI v, -3 e e I @R A o> 0 A @@
R ciceiE ]
Hﬂgéﬁ?mﬂqﬁmﬁawmﬁgﬁwmmaﬁﬁwmﬁs@m
c \
VTATbE .
el a, b, ¢ SR G A TR B, T E AT v, B e W R A 1> 0 Y
YT A7 AT I G ISR |

4. (a) Mention two differences between Fraunhofer and Fresnel class of diffraction.
FALTI S (T SH2RSCE S0 16 My =714
- BRI ¥ e RiadaT g8 e Seod TR |

(b) Discuss the procedure to measure the distance between two virtual sources in
_Fresnel’s biprism.

R o0 et mzﬁ?wﬁas%wmm g R &l S o1
STt STSIEIST o ST AT §F STaRedifes Hidew P 3o A1 faeht wref R |

5. (a) Explain the formation of circular fringes in Newton’s ring experiment.
%5+ ok~ Jerer Riefm 15w SiEs=1 w21

eI Ie1d FANT AT JAThR fworent fmfor earear R |
(b) Deduce an expression for the diameter of n-th dark ring.
n -S% S -7 oW FfeE S s
n -3 SFeA g7 Y 2T BT AT AR GG R |
6. (a) State and prove Stoke’s law in reflection of lights.
R ST (R GHIReTR a RS @ e 3
eBTETEDT TTRET0T AT TIFeh! T Seoig ¥ TH1or 7R |
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(b) Write down two differences between the fringes formed by Fresnel’s biprism and 2
Lloyd’s mirror.
TSR 0 forers W3R #103S vl il sifde fonia tereaa s 1ib oty 2
HRToTeDY TSRS X SIS YT GRT et fohoten diereT 55 e o |

5 Two simple harmonic oscillations y; = Acos(@yf) and y, = Acos(w,t) having 3+3
slightly different angular frequencies @, and @, are superimposed. Find an :

expression for the resultant amplitude. Plot amplitude vs time graph and explain
the formation of beats.

@ WWWW’{%WW@ v = Acos(ayf) 9R v, = Acos(w,f),
RS (FINF FF WIS 0, 9R o, Wm%ﬂﬁvnﬁmﬁmﬁﬁvmaﬁw
faefa 3091 R 391 ST e wrem 959 3 Feeeeoi iR I 941,

WA AAN o Y 0, WHT G§ WA A ATew = Acos(ayt)

W, = Acos(ayt) ARG B | aRY SurarresT ey arfreafRh o ormes | aRurHY

I feg THY NG FREdT I R 31 s ot fomfor e R |

GROUP-C / fFetat-ot

Answer any fwo questions from the following 12x2 =24
RIS (1o 71E olota Beawe
TTGT UHEHDI IR IH
8. (a) A string of a length ‘7 is fixed at two ends and is plucked at a distance ‘a’ from 7+2

one end through a distance ‘A’. Find the expressions for the displacement and

velocity at any point ‘x” on the string at time ‘¢’.

G O T[ TG ¢ 42 @it B R 0F &A% (/UCF “o° AT A AR F7G Pluck I3
AR WY F-9 O - /Y x’-97 & FPT® (displacement) IR @R

A Frefa .

TS I YT TSTT TR G829 R B Y U 394IT ‘0’ AT A G TSR TRTT

B | GG ¢ T ARD! P R &g 3 AT e ¥ et enfi sifeafes o @ |

(b) State the Young’s law and show that the vibration of plucked string obeys the law. 1+2
Young’s-93 ¥@fb (514 @R (718 @ plucked SIER I @2 7@ I 5CeT 1
TSP T Seorg TR AT B TRUDT TR T et AT T Ut T8 9 <RI |

9. (a) What are Fresnel’s half-period zones? Prove that the area of half period zone on a 2+2+4
plane wave-front is essentially independent of order of the zone. Hence show that
the amplitude due to the entire wavefront at a point in front of it, is just half that
due to the first half period zone alone.

Fresnel’s half-period zones $ ? &4 37 (¥ @3 plane wave-front-99 TA half
period zone-&¥ (AT zone-93 FER (order) TF FI7 3 A1 OF~R (vAre @
Gea ﬁ‘iﬁ *Ital wave-front -3 T Bois amplitude ®YNT 2T half period zone
-3 G |

SieTeh! 3TH-37afe e b g, ? e ORI I AT SFEHd A, &P 5
IR Feict: UREd & 9T 3T | aNETe, QR ANIEe P U g R dgh
ifereerT ufeet aTe-3rafy daTe HT e g Siftida e 31TeT 575 WA Rig TN |

(b) Write down two similarities and two differences between zone plate and convex lens. ~ 2+2
NF FAS GIR T6s @A WG GO APy @3k 16 AN @74 '
&1-UTCT ¥ It o7 dTeiepT §3 HIAT X G5 F=Tae o |
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10.(a) Consider a simple harmonic oscillator that is subjected to a damping force and an 3+2
external force given by

F(t)=F coswt
where @ # @,, ®, being the natural frequency of the oscillator. Find the steady

state solution of the differential equation and hence find an expression for
amplitude and phase angle.

OB FE (RIeTE FHA 9, I TR G e 361 R 93P RT3 F(¢) = Fy coswt
f&FNe, @I w20, o, T @EFHI RS T T ANICR QAT
RO (Steady state) T e 39, Tro9q Rwig @R 7RI AR et <521
TITT GRS Ta Sl A1 TSeT $9Md 9t < USel 18] §a F(f) = Fycoswt BRIRT

B TR 0% 0,, 0, AP THIEE AGRT 87 | THP! ReR-3TEET FHEM U6 R
AT 3ITRRAT X TROT DIVIHT AT rF¥eafs e |

(b) What do you understand by resonance? Distinguish between amplitude resonance 1+3
and velocity resonance.

AR Fee [ @RI 2 RSIEE S (amplitude resonance) Rk @O SR
(velocity resonance)-A3 SCXj Al 71
3R WY b g3 7 IR SIS X 3T SIS s T ¥€ R |

(c) A particle oscillating simple harmonically has the displacements x; and x, when 3
its velocities are v, and v, respectively. Show that its time period is given by
E MEITSTE @3 TR [ x, GR x, T A @5 IAFH v, GR v, | (WS
@, 93 e
TSCT T AR AT TRT UTerT TRRED! B | TP I8 x; ¥ x, gal, TGP FeH
P v, X v, B | THDT AETBIA TP FHIBRUIA [ AT ET :

11.(a) Obtain the expression of intensity distribution function of a grating with N no. of 63

slits having slit width ‘a’ and separated by a distance ‘5’. Obtain the conditions of

maxima’s and minima’s.

b caffe, T N RUS 7w wiice, 2AfSh s 2% o 9 oitva W8] 3% b, 93 Sigel

3% SCea AT Bt 91 59 & (maxima) @k SR 93 (minima) =6

ok (I

N a7 RRT 9Y g facioT s et disr RieRoT Bere! 3ifeafh S TR, Wl

TS RS @i IS ‘o’ B X g8 RREEE! 3R ‘b B | Ui iftrem qer

YT HITH g eie WH R |

(b) Write down two major differences between grating spectra and prism spectra. 2

caiffe 3 a=r e 3 e 1% 3 e v
farfor Yenfsserye avide < frsw aviue w1 g3 s RarEs o |

(c) What do you mean by ghost lines? 1
YRCY (41 (ghost lines) FE10e & @R 9
¥ ¢TENE® WAl $ gD 7 .

X
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