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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 2nd Semester Examination, 2023

DSC1/2/3-P2-PHYSICS

Time Allotted: 2 Hours Full Marks: 40

GROUP-A / &% / @g-%

1. Answer any five questions from the following: Ix5=5
fafeiie @i A5l avia Tea nies

et fegUeT P+ Ulel THEwHD! STR ACTEN :

(a) State the Gauss’ divergence theorem. 1

Gauss’ divergence G217 H (121

TSTep! divergence T RIGIT SRSB4 |

(b) Justify whether E=y1+Qxy+z2)j+2 yzl€ represents an electrostatic field. 1
E =y +Qxy+22)]+2yzk , a3 Fezrefberss Sorgism e [ (rate |
E=y+Qxy+z%)j+ 2yzl€ o U3 electrostatic field S2TE® ? g nﬂ%ﬁw I

(¢) Find the dimension of electric displacement vector D . 1
‘Electric displacement’ (834 D —a3 Wiq e 5411
Electric displacement vector (D) T 3R @ﬁ\r_:lﬁﬂ |

(d) “Electric field inside a metal is zero” — Explain. 1
“HATIRIRT TSy OfT YRR W o) 1] 4
“TICT GTe! 7 electric field Y &7 RN THEINT |

(e) State the physical significance of the equation V-B=0, where B denotes the 1
magnetic field.

V- B =0 75aelle (8T ier (514 (I B (BT &l<et (@RI
V- B =0 SHiaRum! Hifcrp 7ecd a1SaI], 5181 B of Jrach il §e! 71 Sl |
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(f) Define mutual inductance of a coil. 1
PR AR SATHZ @10 I Q@RI 2
3T dRe! mutual inductance TRHTRT {81 |

-

(g) Write down the value of % in free space, where E,B represents the electric and 1

magnetic field, respectively.

-

E . -
pRIKACH 3 -G N (&1 R E, B 62T G (BIFF ARET(P FREIR© ¢ |

Wmaﬁm%aﬁmé@ﬁ{mﬁﬁ,é e R aify g a
EIER
(h) Give an example of ferromagnetic substance. 1
(B SRCHTFF il Triggel 14|
Ferromagnetic UeTefepT T3CT 3areNur ﬁﬂ%ﬁ?{ I

GROUP-B / Fetl-4 / ag-@

Answer any three questions from the following 5x3=15
e @-= foafs ame Tea wie
e fegueT P A T4 STR IE]8 N

2. (a) Let ¢ =x?yz—4xyz*. Find the directional derivative of ¢ at point P(l, 3, 1) in 2
the direction 2i — j — 2%k .

@, ¢ =x"yz—4xyz? | 2 — | -2k -a7 T P(1, 3, 1) RS ¢ -7 oo SReem
S

AT p=x?yz—4xyz’ MY, T W [ P(L, 3, 1) AT 20 — -2k BT AR ¢ @Y
directional derivative ®T AT @ﬁﬁ?{ﬂ I

(b) The electric field E relates to scalar potential ¥/ with the expression E=VV . 3
Find out the scalar potential V' at a point where the electric field is expressed as

E =(ysinz—sinx)i + (xsinz +2yz) j + (xycosz +y2)1€ .

E ofterwg y Re@ M E=Vy =g a[ ifce) @2 e ofberwas
Qe E:(ysinz—sinx)f+(xsinz+2yz)j‘+(xycosz+y2)l€, @2 fivre feq
s

E=VV o U3l Ry 8 E &S 1 31eRie diekeriet V' Rid awafrad 7% | afs

E:(ysinz—sinx)f+(xsinz+2yz)j+(xycosz+y2)1€ MU 3RfAPG potential ¥
I P TSI forgAT AT WISe |
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3. (a)

(b)

4. (a)

(b)

5. (a)

2082

State and explain Faraday’s laws of electromagnetic induction.
FIRICee Al 9o ¢ i 59
Electromagnetic induction AT Faraday @! ¥R qaTss qui @ ﬂg |

Show that the energy required to build up a current / in a circuit of self

inductance L 1is %L[ 2

e @ L [ Rf#E aafh 38Tt 1 ofbeeis todt Fare ee «ife z& %L[2 |

T3eT self inductance L 9UPT TRPeHT ¢ [ ° gReed! Seq~ T it %L]Z AT
qIfeRepT ST BT J& Heil FFHIUT T8I |

A positive charge of g, =2x107C is placed at a distance of 0.15 m from another

positive charge of ¢, =8x107C. At what point on the line joining them is the
electric field zero?

GG LT WG g, = 2x 107 C A 936 LT W& ¢, = 8x107C (T 0.15 m
V0GP 267 | S 9153 S| (i Reveo Sfberra =+ 23 9

TSl ¢, =2x107C RERD! IGRAD a0 g 3D g, =8x107C RERDI
HHRICHD A5 <Rg 0.15 m DY T ARIUD! B | TF T3 AE0D! SATGT DT Pl
T farggeiir &mrereTe! o1 7 570 2

ABCD is a square of 4 cm side. Charges of 16x107°C , —16x107°C and

32x107°C are placed at the points A, C and D respectively. Find the intensity of
the electric field at point B.

ABCD «3f6 4 cm R 3sfewa) 16x10°C, —16x10°C @R 32x107°C
SIPTE IAGEE A, C @k D [Rvre w1 B [Rvjre ofberwa aiwey it 2.
ABCD USel 4 cm 4o 90! & & | Ife I A, C, D g 16x107°C,

~16x107C 3 32x107°C SRERD! =ES HHA ARV, g ‘B> o1 fegedi
SEERCARINRCING R

Find the capacitance of two concentric spherical metal shells with radius a and
b (b > a), where the outer shell is grounded.

o INEFHF ¢ 8 b I (b > a) GNP 46T RIEFA 47Fg 6T F91 @A
2T IEF G G-IReT |

SUART a A b (b > a) FUDT §3 TNATPR HIIeb! TSI [=gHT Piad WU shell &
STeT aTfevat shell @18 grounded TRUST &, AT capacitance Eﬁﬂ'ﬂ@ﬂ%ﬁ?l
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(b) How much energy is stored within a parallel plate capacitor? 2

A IS 4TS [ 27 *Ife 7o AT 2

T FHMRIR Wil capacitor AT i IoiT TR HIBT 576 2

6. (a) Write down the Maxwell’s equations in a non-conducting medium. 2
AR ML ISR AN (e 74|
Q3T IR F AT HTEIHAT Maxwell BT G IETe N |

(b) Starting from Maxwell’s equations, establish the equation of continuity of EM 2
fields.

ST T (AF G I OfCGIFF CFGad QR Aol efost 74

Maxwell &I FHIGRUAT FERIAT folR TITT electromagnetic field @7 continuity T
THIHRT (eI |

(c) What is the dimension of Poynting vector? 1
AL (SFEE Wl [ 9
Poynting vector @I 3R & gV ?

GROUP-C / feist-st / \gg-

Answer any ftwo questions from the following 10x2 =20
faferide @39 415 eve Tea mie
et fgUeT 1 g3 THEHD! IR AE]EN

7. (a) A conducting spherical shell of radius ‘ R’ has a uniform surface charge density 2+3
‘o ’. Find the expression of an electric field at a point situated at

(1) inside and
(i1) outside the spherical shell.

@35 R > AP (IFIIT (RIS I 7B SN TG o O | (AFFDF (T0rd @R
ifzE SfbeaiarsTa T T 41

TSCT MG “ R UPI MATBR ATeid shell T uniform surface charge density “ o’
® | derfegue! [rgewnH fagdi &ader! FHieaRu GISIe |
(i) shell @7 ¥ 1
(i) shell BT ST |
(b) Plot the electric field profile of the above problem as a function of radial distance ‘7. 2
Tl Sfarfe T (AF @il SR @feae wae ¢ - *-a7 i Haiftre 71

q1Ry fasUeT TeMT faeggcia &pdete!l Ursafed radial distance ‘7> @1 3FTwHU AT
et
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(c) Given the potential function V' =2x+4y Volt in free space, find the stored energy 3
in a unit m’ volume centered at the origin.

WeEI S FRHAE N V= 2x +4y (OF | FIRVLS TES G55 m’ ST o
RIGERIEACCREET

TICT Qell & potential ¥ = 2x +4y Volt &I 1 ST © | TIT b m’ SRTERDT
SATITTHT HRFEIT ITTebT AT WIS |

8. (a) State the Biot-Savart’s law. Determine an expression for magnetic field at a point 1+3+1
‘P’ located at a distance x from the middle of the straight current carrying wire
of finite length 2L °. What will be the expression of magnetic field if L — o ?

ARSI 7@t [RIe F91 < 2L ° Treda @3 {6 157 4y SfSeR1R oz v (A x
wEee P re GrecwcEd e o 91 T L > o0 @ ol GIRecwad
AifE 5 2 9

Biot-Savart &I 19 SASTEN | TSeT RIfid aars 2L s1ge! |l aRAT faegae! vaTe
WEREDP! U I <RF “x * T SR DT TSCT foeg © P* AT Freiehiy Qeereh] AHIeheum
QISR | L —> oo BaI O FHIPRUIGD] I Hl §76 2

(b) Two parallel and long straight conductors are kept at 18 cm apart. Steady currents 3
of 8 A and 12 A flow through each of them in the same direction. Determine the
perpendicular distance from any of the conductors where the magnetic field value
1s zero.

i e T 4 AfRAAL I ({F 18 cm W@ AR SR AR 1e W 8 A
8 12 A WK 37 2@ e 2[ifee el @@ @36 R[N (@F @ Ty
(OTFFCG =) (S (18 7910 flefdy 411

ggACT FHR AT dlefehesoells 18 cm T T JIRGAT | Y g8 TTeIPEorT 8 A 31
12 A SRTSR&! Steady current USCT fQIfcR YaTe §76 | P TICT Aleld kg Jracb &
9 YT f=gHTSTe! perpendicular DT A WIS |

(c) What type of magnetic material is chosen for permanent magnet and why? 2

oI g o) & @ (Bre wwiel fodive) 41 28 @R &1 ¢
TIT TARIT Frefeh §ITS el UaTRiehl JANT N8 ? febeT 2

9. (a) Find the value of V-(+"7), where 7 = xi + yj + zk . Find the value of n for which 4+2

(r"F) is solenoidal.

V-(r"F)-a3 N 6 90 @A, F=xi+yj+zk | n -9 @ N G (1)

AeTcaele ©f e 741
AR F=xi+yj+zk WY V-(+"F) B A @ode™ | "7 solenoid §&F n I AF
GIoIed |
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(b) Evaluate M?-ﬁds over the unit cube defined by x=0,y=0,z=0 and
x=1, y=1, z=1, where the symbols have usual meaning.
x=0,y=0,z=0 4R x=1, y=1, z=1 T A& 4T TNII CFCT §§F-ﬁds-
«@q T+ 74 91, @A oela 2vie o 3z F@)
x=0,y=0,z=0 3 x=1, y=1, z=1 o gRHINT T3 'ﬂﬂ'ﬁﬁl’\’ﬂﬁ&ﬁ?-ﬁds G2l
HeIh TIEIRT | ST81 Tepel 8xeh] A 37 &7 |

(c) Prove that the curl of the gradient of a scalar is always zero.

2 T (¥, 9T (FNER TGHICHa Fiet 7301 %[+ |
Curl of the gradient of a scalar & LI EHV T T 7 ﬂé 9 |

10.(a) Distinguish between dia-, para- and ferromagnetic substances.
ST, 2RIGIFF 8 SCHIES 2R Nz Ay 541
Dia-, para- 31 ferromagnetic UTEHT =TT El?I'IETjﬁRT I
(b) Using Maxwell’s equations show that light is an electromagnetic wave.
WIFERCER AN IR IR AN @, S G (6 SO I O |

Maxwell BT FHIBRUIDT TERIAT folR UHTT USTT electromagnetic TR & =T THTOT
TR |
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