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UNIVERSITY OF NORTH BENGAL

B.Sc. Minor 3rd Semester Examination, 2024
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UPHYMIN20002-PHYSICS
ELECTRICITY AND MAGNETISM
Time Allotted: 2 Hours : Full Marks: 40
The figures in the margin indicate full marks.
GROUP-A / ffem-3/ qE-h
L Answer any five questions from the following: Ix5=5
@~ AMolo 2lvaz T nes
P TTeTEeT THEwD TR S :

(a) Find a vector perpendicular to the surface x> + y2 - z2 =11 at the point (4, 2, 3).
(4,2, 3) e x2 + y? — 22 =11 SeHa 7t wfoeTy (3 efy 7311
g (4, 2, 3)- T HA® x? + y? — 22 = 11 APl T HUDI WA G |

(b) State the differential form of Gauss’s law in electrostatics.

i ofeRRWIR MOTH a3 ST FoAb (7|
fReer dggfRrehiT Tt R Tadhet TaRAUHT Ieoid TR |

(¢) Why do equipotential surfaces not intersect each other?
AR TART 2 ("% A A (& 9
TG HeTEEaet U STPIcTTs (b Becaraur Ta ? :
(d) Find the angle between the vectors 27 +2] —k and 6/ — 3] + 2k .
2 +2]—k @& 6 — 3] + 2k (SFTAI G et Frefa 41
o ¥ IReEs HEAH HT @ 27 +27 ~k and 61 — 37 + 2F.
(e) Define coefficient of coupling in mutual inductance.

ARRE SRR (FGT “Coefficient of coupling’-ad FREe w81
TREARE IRGHT T HIITS TS TR IR |

(f) Express magnetic induction B in terms of fundamental dimensions (MLTTI).
BT S B - 2 TiahEd (MLTI) 7kt &5 511
T STRITTDT JTHRAT Jrafehd IRed B &S 3ifHedish TR |
(g) Show that the electrostatic energy of a capaci‘;or of capacitance C, charged to a

voltage V'is %CV2 ;

C HI7ATea <3 (7 V Ao wifte a1 7, (e (@ T i wifefes *fe = %CVZ .

v 7 =1 SRR ¥ AR C A T9eT ot ReR 3R o LCv? g
T IO O |

(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 magpeticinduction (B) is 0.35x107* T.
6 R B@a e 450 kn/h 0ot ATR) B2 BIFIR AIBRCE W0 GG 35 m L, AT
Wy Re=-214 (SIes e 391 (vet Wity 2R3 (B9 @R B=0.35x107 T |
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450 kn/h Y TIRTeT TITT TSR SR AT T IRRED B | 35 m BT GAAT TG
THHT g3 URaTev! AT e F=Tar @It | gftrefier grafesa dca &t 0.35x107* T

GROUP-B / Rebl-4/ W g-@

Answer any three questions from the following Sx3 =13
Fefeie @-m foaft evia Seawe
9 dITaeT THEeDT STR A
- 2. (a) Prove that Vr" = nr"'F where, 7 = xi + yj’+zl€ . 2

(RASA, Vr" = I Mm7=xf+ﬁ+zl€.
Vrt = w7 B 9 ST €95, STETF = xi + 3 + 2k

(b) Define conservative field. Give an example. ' P
TRIF CHER RS WIS | G {5 Brizge wie |
TSI ISTERURAT HRAAT aTee! aRTeT 3 |
3. (a) Find the capacitance of a parallel plate capacitor with d as the separation between =

its plates, when a dielectric of dielectric constant £ and thickness d, (d, <d) is

placed between the plates.
GG AT A LA G0 AST WY %79 d) T NG dy @& (dy < d) 9Kk

AT AT G AP 2T 203 T 251 | A oa aieeg el 31
T G d et TSI THIIR UTT AT Tl Hedf URIdggore ReRie & Wyey 3
e d, (d; <d) WG! ST WIAERre garef TRIUP! & | aRacd G |

(by 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 cmmaﬁaﬁmmﬂm 10 A 2]1Z AR | SRFSAA @ (BIFF SN
IEREEET
FTR-GTE 80 cm WP USET AfiT PUSHHT SRTHRT 10 A AFREDY © | PUSaiT

BT GBI IRF I |

4. (a) State and explain Faraday’s laws of electromagnetic induction. 2
SIGLGFRR ST TR FHRNCH FASf @7 8 i1 91
 AERrep-grafeha IRcad! thesd! e Jeaid TR 31 |

(b) Show that the energy required to build up a current in a circuit of self-inductance L 0

1s-;:L12.

G OIPERR FIE L 20 (1S (T, BTS ] 211 0| F0S 2iaieaiy =ifes %u’- |
IR ‘L meﬁqwmww P ST TS Sott ‘%le’ BN AT
§0 9T 10T &5 |

5 (a) Find the electric potential at a point 7 from an electric dipole placed at the origin. 3
TARTS A G Sfe faraers o) i Rre wibeRes A 1, T wg (o34 7 |

fretiep T AIRaTenT TaeT St ga-siter IRy USer fg < 7 * AT Sy o @t |

(.b) An electric field E = 2ax#+ by is defined in the x-y plane. What is the )
charge density responsible for this field?
X -y O WGBS G SfGCHE £ = 2ax £ + by . O (Haiod &y vt S T & 2

x-y GHCTT USCT Igfid YaE £ = 2ax 2+ by P # uRWIRT RS © | 79 yarg
ST g AT SR O+ B 6 2
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. T (a) Using Gauss’s theorem, find the electric field at a point outside the outer surface 2

of a uniformly charged spherical shell.
MO Tt 2T T ISR SRS (AT (AT 3R 597 ARE SRS &I

e ofbery eikey A )
TRIPY TR SRANT 1S, T wUel AR HUH TS MATDR TS NI g iRy
q1TRR Teep! TIeT fagaT Aegfrep vraTe TS |

(b) Sketch the M vs. H curves of a diamagnetic, paramagnetic and ferromagnetic 3
material. Where M is the magnetization of the material and /H is the magnetic
intensity.
TSRCETeF, RGBT @ TACHTTS MR &) M vs. H @RSE 9% 391 92 M B
504 #fANIa! (magnetization) Y32 H GTFF0HT &ikey (field intensity) )
ilE grafd, SRy 31 IRy Yariewa! ‘M & H d95he B, S8l ‘M

yeTeiehY Grafdhenvur 3 < H grafehd forsie &7 |

GROUP-C / fetsi-of / W@
Answer any fwo questions from the following 102 =20
Fafiee - 15 @ Tea wie
T 3FICT THTHHT IR AP
7. (a) State Gauss’s theorem in electrostatics and deduce its differential form. ' 1+1
i oo MR o [ige 79 93k T27 w3 il A 32 :
ReRAFRIBIAT TIRTebT T Fererg TR AP et HRvY GedTeT TR |

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

NS Ty 2R F0A a6 WS AR oo 33 6% Ko ooy iwey
fAfa =z
TenT SRR AT IR, TIT ST HeTeed! Hcieat A [a-gHT defcle HaTe T |

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

(b iz oteTa B EReifefes sist sk
TICT AR Heed! ReR A B! 917 T |
1

(d) Show that energy density of an electrostatic field in free space is ngen by > &kL°, 2 D

E being the electric field. »
(et (7, "R G e ifefem corias oy e wog L o £ G E 201 o eikey

degfirp viaTE <7 0 ST degfiie St It 6 44 £ B W S0 O

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.

- T Ry® @ it 91 327 2@ T ST JOIF 0 (2SI
fRees Greerea eiey R 4
faa-raTent PRI Seog TR SRET TR | 3% R IRNT 1S GICT JMTafiy SITIeTeRT €Ru
TR AP HIRVT TICT A&l AT grafeh srare @I |
(b) An infinitely long solenoid of radius ‘@’ having ‘»’ number of turns per unit length -
carries a current 1. Find the magnetic vector potential at a distance r (r >a) from
the axis of the solenoid.

&ffS a3 S 1 ~IRME g 1 RN TR @I SEN-eTH AFCETes Jiid
a) SRR & (AT 7 W(r>a) (©3%7 rees Rex a1

WNIR ‘@’ A Are ufer a1 “n ’mmmmmm
HRUT TRY B | RIETAD! 37&T 2R 7 (r > a) DY AT grafehy Arieer fawe T |
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9. (a)

(b)

(©

If 4 = (3x2 + 6y)i —14yz] + 20xz%k , evaluate J-;l .dr along the straight line joining
c

(0,0,0)to (1, 1, 1).
M 4 = (3x2 + 6y)F —14yz + 20xz2k T, O@ (0, 0, 0) &’ (1, 1, 1) R =
RN FEA AR j21~df Ry

€
A 4 = (3x2 + 6y) —14yz + 20x22k 1Y, f&gew (0, 0, 0) X (1, 1, 1) &A1 Shgw
Yar! Rarah [ 4-dF B eergd R |
¢

Prove that V2(1/r) = 0

@Ae @, V3(1/r) = 0.

V2(1/r) = 0 A THIT S5 |

IfV=(x+2y+ az)i +(bx—3y - 2)j+(dx+cy+ 2z)l€ is irrotational, find the values
of a, b and c.

Im V=(x+2y+ az)i +(bx -3y - z)j' +(A4x+cy+ 22)1:7 el W{‘f (irrotational)

(OB, OW@ a, b 9 ¢ -G W AT

10.(a)

e ¥V =(x+2y+az)i +(bx -3y — z)]+(4x+cy+2z)k Hﬂﬁﬂ%abﬂﬁcm
T G |

Show that the equivalent inductance of two coils of self inductances I; and L,
connected in parallel is
__LL,-M*
QT+ L +2M
where M is the mutual inductance between the two coils.

NS, I O L, JIRHICE 40 THN TGN J& AP & FCIHEF

LL-M’
M7 L L t2M
mMia@ﬁzﬁwwﬁaSWn
R [, Y L, T THFIR Wl ST HUPT §3 PUSeiesne! THged IRed
_ Ll -
AL+ L t2M

&1 Y 3T, TTET M G PUSeT AR TR RS IR<d & |

(b) Find the capacitance of a spherical capacitor where the inner surface is earthed and

the outer surface is charged.

@B (IR LI Qg el 9 TR Tooaa w61 -3ket! '@ IR0 O WHIfZS )
forfter e e i iR e SR TRYE T3 MR SR GRad G |

(c) A coil of self inductance 100 mH is connected in series with another coil of self

inductance 169 mH. The effective inductance of the combmatlon is found to be
70 mH. Determine the coefficient of coupling.
100 mH @38 169 mH TR 46 PEA @A TRE T&) WWW ezl

70 mH) $9AEGER Coefficient of coupling e 21
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AT B | I WA FGed SRed 70 mH 8T B | ZHe! A1Iree! FefRor i |
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