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UNIVERSITY OF NORTH BENGAL
B.Sc. Minor 3rd Semester Examination, 2024

UPHYMIN20002-PHYSICS

ELECTRICITY AND MAGNETISM

Time Allotted: 2 Hours : Full Marks: 40
The figures in the margin indicate full marks.

GROUP-A / faeti-s/ WHE-P

1. Answer any five questions from the following: 1x§5=15

iR - 5o s Tea nies
P ITEEaeT THEHH TR S -
(a) Find a vector perpendicular to the surface x% + y* — z% =11 at the point (4, 2, 3).
(4,2, 3) RS 22 + y? - 22 =11 waAlba 7o wfers o3 Ffa 33
favg (4, 2, 3)-ATHE x2 + p? — 22 = 11 G T HUDN AT G |
(b) State the differential form of Gauss’s law in electrostatics.

o ofbeRmrR MR e S 71 @14
e dggferim et R sraeher FauHT S TR |

(¢) Why do equipotential surfaces not intersect each other?
TS SHRET AT (27 T A (A 2
Fafaa Heagatel U Sbicis far BEIaqu o ?
(d) Find the angle between the vectors 2/ +2j—k and 6{ — 3] + 2k.
20 +2]—k @R 61 —3] + 2k (SFAIA NI @ e 1
o g W ee® HEAP BT @I 21 +2/ —k and 6 — 37 + 2k.
(e) Define coefficient of coupling in mutual inductance.

#{aeifEe SIECE (%0 “Coefficient of coupling’-9% 7R Wi |
R YREHT ! TS TR IR |

(f) Express magnetic induction B in terms of fundamental dimensions (MLTI).
TS I B - alifSie wighngzs (MLTI) &Rl 2 541
' T TR SATYRAT Grafehy IRed B TS 3ifHedeh TR |
(g) Show that the electrostatic energy of a capacitor of capacitance C, charged to a

voltage V'is %CVZ.

C 4R @b WRaTE ¥ Rt wifts a1 20, iile (@ Oz i wifefes *ife 2o %CVZ.

R ¥ w7 SR ¥ 4@ C 9 ToeT aRaa ReR degferdt S L Cv? g
T I 4 |

(h) An aeroplane is moving due north with a velocity of 450 km/h. Find the potential
difference in volts between the ends of its wings, distant 35 m from each other.
Given, the earth’s magnetic’induction (B) is 0.35x107 T.
T R Bea fee 450 km/h @U91 T105%1 TR GIHIR SRR W0 TG 35 m TE, ST
Wy Re3- 24 (S T 391 (reat wiit, +jf e (B &dz B=0.35x107' T |
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450 km/h @I TS TITT FATETE ITR 2T AF AP B | 35 m BT AT AT
TR G URETERa! AT foraa e Gt | g grafdd SRea & 0.35x107 T

GROUP-B / Retl-4/ wg-@

Answer any three questions from the following 5x3=15
e @-ciw foalt et Tea e
T e THEEHT SR o
2. (a) Prove that V7" = mr""'F where, 7 = xi + 3] + zk . 3

@A @, Vr" = w7 @RAEF =xf+y_}+zlz.
Vr" = pr=IF Bl e 3, SElF =i + 3] + 2k .
(b) Define conservative field. Give an example. 2

TR CHED T S | GO Brizae wie |
TICT ISR HRIET TaTadhT Ui 3% |

3. (a) Find the capacitance of a parallel plate capacitor with 4 as the separation between 3
its plates, when a dielectric of dielectric constant k and thickness d, (d, <d) is
placed between the plates.
fb T 2 g 4 AN W TG d) WA N d) @R (d) < d) Rk
PR T G AR W 2t T 21 | AR oa 4eg e =2
T ¥ o YT TICT FHAFR T ERSD! I Hed URIdelfored Reie k woat 31
e d, (d, < d) U T3 WRIegferes veref TRITD! © | g JI |

(b) A current of 10 A flows in a square coil of side 80 cm. Find the magnetic 2
induction at the centre of the coil.
80 cm ARRFE @6 THeE SR T 10 A 2_0Z AR SRFSAT (0 GIFF HC
Refr ) '
fFIR-TTE 80 cm WD TITT a1 FUSTHAT JMAMERT 10 A IFREPT B | HUSaiieh!
BT Grafehal IR QI |

4. (a) State and explain Faraday’s laws of electromagnetic induction. 2
ORI S REFIE FRNG el 14 € QY11
Seyfrep-grafen SRea®! e Fames Seerg TR 3195 |

(b) Show that the energy required to build up a current in a circuit of self-inductance L 3

. l 2
152LI. .

(D RPN I L 250 (rle m,mfwmwm%%uz |

TR “L7 WUeRT TITT GRURHT STAERT 7 SIS s Soott ‘%le’ PN AT
&0 WH! FHI0T O |

5. (a) Find the electric potential at a point 7 from an electric dipole placed at the origin. 3
TARCS APt 4P e farrra o) (@ Rrre wfbeRea A v, 1 oz 39 7 |

fererieh syt WRaUa! vaeT deftrr ga-siter &Ry g fimg < 7 AT degfery fava T |

(b) An electric field E =2axi+byy is defined in the x-y plane. What is the 2
charge density responsible for this field?
X~y O RGNS G SfGrwT E = 2ax £ + by 3 . ©fve cwafba ey will st w7g & 2
x-y GACETT USeT AR WaE E = 2ax & + by § o oRwiia Ry & | 79 ware
I gepT AT ST ETed Wit §70 2
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6. (a) Using Gauss’s theorem, find the electric field at a point outside the outer surface 2
of a uniformly charged spherical shell.
MO ToAeimy IR B HITSIR SFS (I (AT IR #jo7 AR w_iEs @i
famqre ofbersa eley fda |
TTeT S SN 1S, T S9eT TR WU U3eT MAThR WSt ERl 98 IRy

IfRR W&t vaer fawgmr dgfie yare G |

(b) Sketch the M vs. H curves of a diamagnetic, paramagnetic and ferromagnetic 3
material. Where M is the magnetization of the material and / is the magnetic
intensity.
oAb, *RIDIET ¢ UG “Wids & M vs. H @R S5 39| 9 M T
FEIA 2{fENET (magnetization) € H (GIFTa &idey (field intensity))
Aite grafthd, IFgrafhg AT Ry qerRiEs®! ‘M 9 ‘K I9es R, & ‘M
yaTefeRY gratehehRuT 31 < grafehd ferse &l |

GROUP-C / fRett-ot / -1
Answer any fwo questions from the following 10x2 =20
s -3 45 aese Tea wis
T §FICT THEHD ST P
7. (a) State Gauss’s theorem in electrostatics and deduce its differential form. 1+1
P ofeRvt st Boisim fRye 9 ¥ Baiw o F#ifb R 3
RreragfRrbrT TiRe! S Seeie TR THHT s1adet e e X |

(b) Using Gauss’s theorem, find the electric field at a point close to the surface of a 2
charged conductor.

SHCER Sl 2R IR @ wifZs #ifFaR wram 97 fFabz [vre ofcrsy aiey
a1
TR S SRATT TR, TSeT ST Sarede! Aefeat Aot fAvgHT dggferes sware @I |

(c) Calculate the electrostatic pressure on a charged surface. 3

@ wifRS wram o FEmeifefes st s a1
T AR Hergen! e Aggfere wrde! 71 @I |

(d) Show that energy density of an electrostatic field in free space is given by %SOE s 3

E being the electric field.
e G, TR Gl Fareefem et o #8460 E” (R £ 201 Sfora e

degfirep e 7 Y SfferRirg Segfiien ware Sl B 460 £ B Y 0T 3 |

8. (a) State and explain Biot-Savart law. Apply the law to find the magnetic field due to 2+4
a circular current carrying loop at an axial point.
- 7 &g € 11 371 22 2! @3 ofei?] Jeieta qro wHEe @i
e Greerea el A a9
ferY-maent e Seora TR @A TR | 39 R ST T OIS STafcRy SATAeTeRT R0T
TR SuebT IRV ST ety fR=gHT grafdha sars @i |

(b) An infinitely long solenoid of radius ‘a’ having ‘»’ number of turns per unit length B

carries a current /. Find the magnetic vector potential at a distance » (r > a) from
the axis of the solenoid.

&f® @33 (e n PIFRFE @3 1 eRIETE IR G E-ErR AFmEres g
a) TR SF RE r Y (r > a) (©37 65 Rex g 331

NR ‘a’ A Fre Uiy T9E 0’ YU TSeT RN THEHT IR T JTATHRT I
ROT TSI B | YRHTAIDB! 38 <R r (r > a) B ST Gl Qe e T |
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9. (a) If 4 = (3x% +6)i —14yz] + 20xz%k , evaluate J';i-dF along the straight line joining 3

(0, 0, 0) to (1, 1, 1).
MW 4 = (3% + 6y) — 14y + 20xz%k =, @ (0, 0, 0) &= (1, 1, 1) R =4
AR T A jz-aﬁr‘ S

¢
a4 = (3x2 +6y)i —14yzj + 20xz%k WY, fAges (0, 0, 0) T (1, 1, 1) o1 ST
v e @ [ 4-dr @ Jearg R |
€

(b) Prove that V2(1/r) = 0. 3
@8 @, V3(1/r) = 0.
V2(1/r) = 0 S THI0T S5 |

(©) If V= (x+2y+az)i +(bx—3y—2z)] +(4x +cy+22)k is irrotational, find the values 4
ofa, band c.
M 7 =(x+2y+az)i +(bx-3y—z)] +(4x+cy+22)k @@ gl (irrotational)

(OB, $W@ a, b 9 ¢ ~a7 W W )

I V =(x+2y+az)i +(bx-3y - z);+(4x+cy+2z)k Hgﬁﬁ‘qﬂf a, b 3 ¢ THDI
A G |

10.(a) Show that the equivalent inductance of two coils of self inductances I; and L, 3
connected in parallel is
_ LL-M’
O L+ L +2M
where M is the mutual inductance between the two coils.
@S @, L, G L, FCHACE G0 L= FGANE & A o TS
L hL-M
4L+ +2M
A M 2o & 7iod 2eifa< Fia=iig)
TR I, A L, IO G HUel ST HUPT 53 pusciiend! rged Ied
_ LM
2 1Y ST, e M g PUSell Al TREHRe IRed & |
(b) Find the capacitance of a spherical capacitor where the inner surface is earthed and 4
the outer surface is charged.
G&f AT QiR Y e 359 T foeres we g-oken 6 AR(ET o WK
ey Tere i a1 anfediy Tae IR TRy 78T MeTdR aRdH! YR G |

(¢) A coil of self inductance 100 mH is connected in series with another coil of self 3
inductance 169 mH. The effective inductance of the combmatlon is found to be '
70 mH. Determine the coefficient of coupling.
100 mH €2 169 mH F#Ea 76 T @ 7RI &) T &) FPNE 2ien
@1 70 mH | $991%3% Coefficient of coupling s
TR 100 mH HU! ST FUSeH!, TR 169 mH T 37T Fueaent Suftag waar
AT B | T FAHE e IRed 70 mH R B | ZHeb! AIArS ! iR R |
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UNIVERSITY OF NORTH BENGAL

B.Sc. Honours 3rd Semester Examination, 2023

GE2-P1-PHYSICS

Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate full marks.

| The question paper contains GE-3A and GE-3B.
The candidates are required to answer any one from fwo courses.
Candidates should mention it clearly on the Answer Book.

GE-3A

MECHANICS

GROUP-A
1. Answer any five questions from the following: 1x5=5
(a) “Electric current is not a vector quantity’ — Why? 1
(b) Write down the order and degree of the differential equation: 1

[l @ﬂi ; (ﬁj‘
dx dx*
(¢) What do you mean by the inertial frame of reference? 1
(d) Two artificial satellites of different masses are revolving round the earth at the 1
same altitude. Which one will be moving faster?

(e) Define radius of gyration. 1
(f) State the condition under which a motion can be called simple harmonic. 1
(g) Following Stirling’s formula calculate the value of 10!. 1
(h) What is the value of Poisson’s ratio for a perfectly elastic body? 1

GROUP-B
Answer any three questions from the following 5x3=15
2. (a) For what value of ‘A, the set of vectors 3/ —2j+k, i+ j—2k and 37 —4] + Ak 3+2

are coplanar?

(b) If A= A(r) is a time(r)-dependent vector having constant magnitude, show that

A and dd/dt are perpendicular to each other.
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GE-3B
THERMAL PHYSICS AND STATISTICAL MECHANICS

GROUP-A
1. Answer any five questions from the following: I1x5=35
(a) What is extensive variable? Give an example.
(b) What is a perfect blackbody?
(c) State the third law of thermodynamics.
(d) What do you mean by ‘mean free path’ of a gas particle?
(¢) Define the Fermi energy of a system of spin--% particles.

(f) Write a short note on a closed system.
(g) Write down the statement of the Stefan-Boltzmann law.
(h) State the equipartition law of gas.

GROUP-B
Answer any fhree questions from the following 5x3=15
2. (a) A system of ideal gas undergoes an adiabatic process. Obtain the expression of 2+3

work done during the process.
(b) Show that, for an ideal gas C, —C, =R,

3. (a) Define the root mean square (rms) velocity of the molecules of a gas. 1+4

(b) Using the Kinetic theory of gases, show that the pressure of a gas P = pc* /3,
where p is the density of the gas, and c is the r.m.s. velocity of the gas particles.

4. Derive the Maxwell law of velocity distribution for the molecules of a gas at 5
temperature 7, and pressure P.

5. What is Gibb’s paradox? How can it be resolved? 3+2

6. (a) Show that for an ideal gas thermal conductivity K =7C,, where the symbols 3+2
carry their usual meanings.

(b) Cp for O, gas is 7.05 cal mol™ k™. If the temperature of 64 gm of O gas is
increased from 300 K to 350 K, find out the increase in its enthalpy.

GROUP-C
Answer any fwo questions from the following 10x2 =20
7. (a) Give the derivation of Planck’s law of blackbody radiation. How can we arrive at 5+2

the Rayleigh-Jeans distribution law from Planck’s law?

(b) From Kirchhoff's law show that a good radiator is also a good absorber. 3
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8. (a) What do you mean by thermodynamic potential?
(b) Prove the thermodynamic relations:

o (7))
ov)s \as),

) [as) [apj
@ | =1 =t==
av ), \oT ),

Where the symbols carry their usual meanings.

9. (a) What is heat engine? Briefly describe the working principle of a heat engine.

(b) Show that the thermal efficiency of a Carnot engine operating between a source at

. . &
temperature 7, and a sink at temperature T, is 7 =1--%.
1

'I 0.(a) Using the Fermi-Dirac statistics derive the F-D distribution function.
(b) State and derive Liouville’s theorem in thermodynamics.

(c) Obtain the relation between entropy and thermodynamic probability for an
ensemble of your choices.

-

3137 4
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UNIVERSITY OF NORTH BENGAL

B.Sc. Honours 3rd Semester Examination, 2019

GE-PHYSICS
Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate full marks.
Candidates should answer in their own words and adhere to the word limit as practicable.
All symbols are of usual significance.

The question paper contains GE3A and GE3B.
The candidates are required to answer any one from fwo courses.
Candidates should mention it clearly on the Answer Book.

GE3A
MECHANICS

GROUP-A
1. Answer any five questions from the following: IX5=35

(a) What is Geosynchronous orbit?

(b) Define shearing stress.

(c) What is solenoidal vector? '

(d) Explain the term ‘Ether’ in Michelson-Morley Experiment.

(e) Define the term Resonance.

(f) What is the difference between impulse of force and impulsive force?

(g) Write the dimension of torque.

T e T T e I

(h) Write down the most general form of a homogeneous first order differential

equation.
GROUP-B
Answer any three questions from the following SX3=15
2. (a) A linear harmonic oscillator is characterized by y=acoswt. Calculate the 2
displacement at which K.E. is equal to its P.E.
(b) What is damped vibration? How does it differ from free vibration? 1+2=3
3. (a) Show that the vectors d=i-2]+3k, b=-2{+3j~4k and ¢=-j+2k are 2
coplanar.
(b) Find the gradient of the scalar function ¢(x,y,z)= 46057+ gt the 3
point (1, 1, -1).
3137 1 Turn Over
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4. (a) State Kepler’s laws in connection with planetary motion.

(b) A disc of mass 50 g and radius 2 cm is rolling down with linear velocity 5 cm/s.
Find out its linear and rotational kinetic energy.

2
5. (a) Find the general solution of differential equation %" 5%+ 6y=0.

(b) Establish the relation between total energy and momentum of a relativistically
moving body.

6. (a) Derive an expression for the energy stored in an elastic body in the case of
longitudinal strain.

(b) The compressibility of water is 44x107%/atm, if 125 atm pressure is applied to
200 cc of water, then find the volume compressed.

GROUP-C
Answer any fwo questions from the following

7. (a) Write down Lorentz transformation equations.
(b) On the basis of Lorentz transformation, discuss ‘Time dilation’.

(c) A spaceship of rest length 120 m passes an observer on earth in 4.5 ps. Find the
velocity of the spaceship with respect to the earth.

8. (a) A force F'=3i+2j—4k is applied at the point (1, —1, 2). Find the moment of the
force about the point (2,1, 3).

(b) Determine the height of the Geosynchronous Satellite from the earth surface.

(c) Prove Newton’s 3" law of motion from the conservation principle of linear
momentum.

9. (a) If the distance between the Sun and Earth is reduced to half of their present
distance. What will be the length of the year?

(b) If the length of a simple pendulum is increased by 75%. Find the percentage
increase in its time period.

(c) Prove that the resultant motion of two Simple Harmonic Motion’s having same
period and amplitude but a phase difference of 7/2 s circular.

4

% , where the

10.(a) Show that the torsional couple per unit twist of a wire is

symbols are their usual meanings.

3137 2
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(b) A wire of 50 cm length and 1 mm® cross-sectional area has Young’s modulus of
1.24 %10 dyne/cm®. Find out workdone to increase its length by 1 mm.

(c) Show that Poisson’s ratio o lies between —1 to % L

GE3B
THERMAL PHYSICS AND STATISTICAL MECHANICS

GROUP-A

1. Answer any five questions from the following:

(a) State the principle of equipartition of energy.

(b) What is the change of internal energy in a reversible cycle?

(c) State Wien’s displacement law.

(d) What is the dimension of the entropy?

(e) State the Carnot theorem.

(f) What is the reflective power of a perfect black body?

(g) Write down the expression for “pressure of radiation™.

(h) What is the value of In10! according to the Stirling’s formula?

GROUP-B

Answer any three questions from the following

2. (a) What is free expansion? Is it an adiabatic process?

(b) Show that for an ideal gas, the internal energy depends only on the temperature
not on pressure and/or volume.

3. (a) What is the meaning of mean free path of the molecules of a gas? Show that it is

equal to # , where » is the number of molecules per unit volume and d is the
7

diameter of each molecules.

(b) Write down the relation between the coefficient of viscosity and thermal
conductivity of a gas?

4. (a) What are bosons? Give examples.
(b) Discuss the difference between the Fermi-Dirac and the Bose-Einstein statistics.

5. (a) Mention the physical significance of the Gibb’s potential.
(b) Show that the ratio of the adiabatic to isothermal elasticity is y.
(c) Write down the Clausius-Clapeyron equation of state.

3137 3
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