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UNIVERSITY OF NORTH BENGAL

B.Sc. Minor 3rd Semester Examination, 2024

UPHYMIN20002-PHY SICS
ELECTRICITY AND MAGNETISM ‘ Full Marks: 40

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

GROUP-A / e-3 / T{g-F

Answer any five questions from the following:

frfeiRe - #ifsfo et T e
3 gTTgeT THEHd SR O -
(a) Find a vector perpendicular to the surface X%+ y* -zt =11 atthe point (4, 2, 3)-
4,2,3) R 12 + y2 - 22 =11 et i SfoeTd (S gAMb el 7|
frg (4,2, 3) M ETE 1% + 2 - 27 =11 T T AT e T |
(b) State the differential form of Gauss’s law in electrostatics.

fi of R T oaa e oo Tl
MWWWWWWW '

(c) Why do equipotential surfaces not intersect each other?
TR wee T FFIRIE (=X P Al (F41 ? -
AR TeTEEeY T SIS T AT 1 2
(d) Find the angle between the vectors 2/ +2j—k and 6 - 3] + 2%.
25 +2]—k a® 61 —3] + 2k (IR T @l e
mgaﬁmwmwz 27 +2]—k and 61 —37 + 2.
(e) Define coefficient of coupling in mutual inductance.
NE~ARE SIECIE C%0T “ Coefficient of coupling’ &3 IR WG|
TR SR G ATITS TS TR O |
(f) Express magnetic induction B in terms of fundamental dimensions (MLTI).
e S B -G el aPREd (MLTI) it e 1
T SITITERY ST Ja b IRed B T ifeas R |

(g) Show that the electrostatic energy of a capacitor of capacitance C, charged to a

voltage V'is %C V2.

C 4T o wiee VR ke e T, m\fs@@q@m@@m%m%aﬂ_

WVWW?WCWWWWWW%CVZ &0

=Y JHIOT 3 |
(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 0.35x 107T.
G i Te7 fce 450 km/h (07 TR T2 TN @%R0EE ST KA 35 m e, S
g Re3-#144 (oied 3 1 (eT IR, #/fRF B &IZ B=0.35x107 T )
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450 km/h P I TICT TALAENT STR ol T SRREPY & 1 35 m Y G 0y
e I AATERe ATS farar Re=Tei T | GRieeny g S @ 0.35 %1074 T

GROUP-B / Rett-2/ wyg-g
Answer any three questions from the following 5x3=15
T AT AT STR o
2. (a) Prove that Vr" = nr" 7 where, 7 =xi + Vi +zk . 3

@8 @, Vr* = r"IF W?=xf+y}'+zl€.
T = 7l B AR TS, STEIF = xi + y) + 2k

(b) Define conservative field. Give an example. 2
FRFR CHCAT G WG | G0 BRIZAT RIS |
TaeT SSTERUNT] ERIART HaTed! URHIeT 3% |
3. (a) Find the capacitance of a parallel plate capacitor with d as the separation between 3

its plates, when a dielectric of dielectric constant k and thickness d; (d, <d) is
placed between the plates.

o TGN 1S N G A0S T Y ) A NG ) QR (d) < d) TRk
Ao &R 9T ARRPTSR W & T 27| 4B 4ieeg el 21

T Y d e TSTT AR U1 gRed! UITes Ted R ReRie & 9ot 31
e d, (dy <d) TP TS RIGEIes varef MRITa! © | Rebed @I |

(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 IRRFR G HFR O W0 10 A 2712 TR SHPYN (e GIFF St
ffa s |

R 80 cm YD TITT T FUSTHAT SMATERT 10 A IREDY B | Fuselar
FSHT G IR I |

4. (a) State and explain Faraday’s laws of electromagnetic induction. 2

SIGGFRI S TRFIE TS @ efe T4 8 I 11
defore-grafehy IRca! SRS e Seord TR IS |

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

152LI.

aﬁmﬁaWLﬁm@em,mlm@mmﬁﬁ?%u%

TR ‘I TUPY TITT YIRGRHT SATIMERT P sﬁaﬁﬂfﬁrém‘%u’-’ P ATAEH
T I THI0 S |

5. (@) Find the electric potential at a point 7 from an electric dipole placed at the origin. 3

RS A G TR e o) (oA e OfyeRed e o, T et co3a 7 |
fearias T wRavaY e dgyfir ga-iver 3R weer fag 7 1 Iy fava T |

(b) An electric field B = 2ax#+byJ is defined in the x-y plane. What is the 2

3054

charge density responsible for this field?
X-y O WIS G SfeCHT £ = 2ax 3 + by § . OTOR (AR T MM et T 2

x-y GHACHT CIeT S arE E = 2ax % + by § % o TRy © | 7 yaE
S g FAfee amaer e i §78 2



Y UGP/B.Sc /MIN/3rd Sem./JUPHYMIN20002/2024

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 Botolig agd I IV WS I R IR s ARE S-S @
R ofyerwy aey AT 391
Y T TRV 1, W HUel JTARRT TP TSeT MAPR @ga! qrerR) Gag aRa
TR et T v egfereh HelTe G |

(b) Sketch the M vs. H curves of a diamagnetic, paramagnetic and ferromagnetic 3
{natenal Where M is the magnetization of the material and H is the magnetic
Intensity.
foxvdress, “RIEee @ SRUSTTE "M & M vs. H T o 391 @i M
PR ARSI (magnetization) 9% H OTITHY 2T (field intensity)|
dite g, SrgRha A I RRIEw! ‘M T ‘K ape® PR, Tel M
USTRIY T drau 3ifFT < gaiehd forsi &t |

GROUP-C / Rew-2t / wg-T |
Answer any two questions from the following 10x2 =20
e @-m 76 avss Sea we
P §39CT THTHDT ST IS
7. (a) State Gauss’s theorem in electrostatics and deduce its differential form. 1+1
i SR i rR Boteim Rge 39« B2 e w1l e =1 '
ReRAgfrdHmT k! T It TR F6H! 3fadhet TRAY GedraT K |

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

MR Ty 974 I @ WifZs AR orem 33 fez Rre siverwe eikey
a1
et v SRIRT IR, TSeT AR HaTesd! AeTedt AHD! fagAT Fegfore HaTe T |
(c)  Calculate the electrostatic pressure on a charged surface. 3
a5 Sif2e BreT Beoin Raeifeies sivt e 321
TSl AR D! R 3 we! 41 G |

(d) Show that energy density of an electrostatic field in free space is g1ven by %EOE 2 3

E being the electric field.
w8 @, WWWWW%W A5, E? WE’@@@WWI

Segfir SATe *E° 70 SRR degfies arenT Soet B L5 B 8 oY ST 35 |

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.
AT g Ry 8 I 91 327 e @ bR I oo wiES i
e Ty 2likey AT a1
f)-graTey R Ieoikd TR TGN R | 9 T TRINT 715 Q3T 3TafoRy STaereRT &R
TG ST PRV TIT &N fawgAT graifend raiTe @i |

(b) An infinitely long solenoid of radius ‘a’ having ‘n ’ number of turns per unit length 4

carries a current 1. Find the magnetic vector potential at a distance r (r >a) from

the axis of the solenoid.
o T TG 1 AIPRME @R [ SRIZNE AR G SA-oTR e JEd
o) T O (A r WG (r > a) (933 BTFE Red R

NR ‘o’ Iy A Uy a8 ‘n ’Wmawﬂﬁaaﬂﬁﬁwmwﬁﬁmm
RUT TRYET & | GRS 37er 23R r (7 > a) B T TR Wiy e @i |
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9. (a) If 4= (3x* +6)) —14y7) + 20x22¢ , evaluate [ 4-dr alon
' c

g the straight line joining

(0,0,0)to (1,1, 1).
;W 4 = (3x2 +6y) — 14y} + 20x2% =, oA (0, 0, 0) S
TR FARAN AR [4-& ffa=a

(o

1, 1, 1) Ry »fs

M A= (3 + 6y)F ~ 14yg) + 20522k g, farge® (0, 0, 0) LD 1, 1) @ S
o

(b) Prove that V2(l/r) = 0.

w8 @, V2(1/r) = 0.
VA(l/r) = 0 5 TEmT s |

(© If V=(x+2y+az)i + (bx=3y—z)j+(dx+cy+ 22)k is irrotational, find the values

ofa, band c. .
WV =(x+2y+az)i +(br=3y-2)] +(4x+cy+22)k @ o (irrotational)

. (ST, SWa, b 9K ¢ -7 T« g 41

ATV =(x+2y+az)f +(br=3y-2)} +(4x +cy+22)k JGFT T, a, b I ¢ A
HH @ | , ~

10.(a) Show that the equivalent inductance of two coils of self inductances L; and L,

connected in parallel is
L. = _M
“ L+L,£2M
where M is the mutual inductance between the two coils.

RIS, [ aR L, FACE 70 $O AN J& AP & FHE

__LL-M*
- T L+Lx2M
@A M 2e1 Pl 7iod 2R T
TRT L A L, WWWWW@%WWW
_ LL-M?
L+ L +2M

B Y TG, Tl M GE PUSel! Aot TREIRe SReq & |

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

the outer surface is charged.
B (AT 4R 415 e o i et et gkt '@ iz et wifs
Rpfter wrere speier Sif afetar e SR TRTY wer et et g @ |

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

3054

inductance 169 mH. The effective inductance of the combination is found to be
70 mH. Determine the coefficient of coupling. .

100 mH &% 169 mH FE 46 Tt @ft TR 3w BRI T AE el
(11 70 mH ) P8aaEA Coefficient of coupling ¢ 73

TR 100 mH 0T TIET FSH], TR 169 mH T 31t ogeiiet Sofag et
SRR B | T AT §Ged SRed 70 mH I8 S | Zoap) HTarean; freikor R |
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