Vector Analysis — 50 MCQs with Answers

Scalar and Vector Product

1. The scalar product of two vectors A and B is defined as:
A) |A||B] sinf

B) |A||B| cosf

C)AxB

D)A+B
Answer: B Q

2. The result of a dot product is always:
A) Vector

B) Scalar \ ¢
C) Tensor %
D) Matrix \
Answer: B S

3. If A - B =0, then vectors are: 'b

A) Parallel

B) Equal

C) Perpendicular

D) Collinear %

Answer: C

4. The vector product of A a

A) |A||B| cosO
B) |A|B| sinf
C)A-B (b

D) Scalar
Answer: B

D) Infinit
Answer: C

6. A x B is perpendicular to:
A) A only

B) B only

C) Both Aand B



D) None
Answer: C

7. Unit vector perpendicular to both A and B is given by:
A) (A x B)/|A x B|

B) A/B

C)A+B

D)A-B

Answer: A

8. The scalar triple product is written as:
A)A - (BxC)
B)Ax (BxC) ‘

C)(A-B)xC
D)A+B+C

Answer: A %\ ¢
9. Scalar triple product represents: \

A) Area

B) Length

C) Volume 'b
D) Velocity
Answer: C

10. Vector triple product identity is:
A)Ax(BxC)=B(A-C)-C(A -
B)AxB=BxA

C)A-B=B-A

D) None Q
Answer A

Gradignt §

es on:

C) Matri
D) Tensor
Answer: B

12. Gradient of scalar ¢ is written as:
AV-o

B)Vxo

C) Vo



D) oV
Answer: C

13. Gradient gives direction of:
A) Minimum increase

B) Maximum increase

C) Zero change

D) Rotation

Answer: B

14. Unit of gradient is:
A) Same as scalar

B) Scalar squared

C) Scalar per unit length
D) Dimensionless
Answer: C

15. If ¢ = constant, then Vo equals:
A1l

B)O

C) o

D)-1

Answer: B

N
Divergence Q

16. Divergence operat8g on
A) Scalar

B) Vector

C) Matrix

D) Constant

Answgr: B

17. Di
AV
B)V-
C) VA

D) AV
Answer: B

r

18. Divergence gives measure of:
A) Rotation

B) Spread of field

C) Gradient

\Q,

Qector A is written as:



D) Curl
Answer: B

19. If divergence is zero, the field is:
A) Solenoidal

B) Conservative

C) Irrotational

D) Harmonic

Answer: A

20. Unit of divergence is:
A) Same as vector Q
B) Vector per unit area
C) Vector per unit volume

D) Scalar

Answer: C g& ¢

Curl 'b ’
21. Curl operates on:

A) Scalar

B) Vector

C) Constant

D) Number

Answer: B

22. Curl of vector A is\yrittén as.Q

A)V-A

B)VxA

C) VA 'b
D) AV q >
Answer: B Q

e :

23.C
A)F ut
B) Rot

C) Diver

D) Volume
Answer: B

24. If curl A =0, the field is:
A) Conservative

B) Solenoidal

C) Harmonic



D) None
Answer: A

25. Curl of gradient of any scalar field is:

Al

B)V

C) Zero

D) Infinity
Answer: C

Vector Integration

26. Line integral is integration over:
A) Volume

B) Area

C) Curve

D) Surface

Answer: C

27. Work done by force is calculated using:

A) Surface integral

Answer: B

28. Surface integral is%akeniover:
A) Curve

B) Line

i | is taken over:

C) Surface %
D) Point Q

D) Volume
Answer: D

30. § F - dr represents:
A) Surface integral
B) Closed line integral
C) Volume integral

B) Line integral
C) Volume integral
D) Divergence



D) Divergence
Answer: B

Gauss Divergence Theorem (Statement Only)

31. Gauss theorem relates:

A) Line & Surface integral

B) Surface & Volume integral
C) Line & Volume integral
D) None

Answer: B

32. Gauss theorem is also called:
A) Green’s theorem

B) Divergence theorem

C) Stokes theorem

D) Curl theorem

Answer: B

C) Line integral into surface
D) None
Answer: B

34. Gauss theorem ap 'est‘: Q

A) Scalar field

B) Vector field
C) Matrix
D) Constant

Answer: B

33. Gauss theorem converts: 'b
A) Volume integral into surface integral
B) Surface integral into volume integral %

Qng of Gauss theorem relates to:

Stokes Theorem (Statement Only)



36. Stokes theorem relates:
A) Volume & Surface

B) Line & Surface

C) Volume & Line

D) None

Answer: B

37. Stokes theorem converts:

A) Line integral into surface integral
B) Surface integral into line integral

C) Volume into surface
D) None
Answer: A ‘

38. Stokes theorem involves: \ °
A) Divergence

B) Gradient %
C) Curl \

D) Laplacian

Answer: C 'b

39. Closed path integral equals:

A) Surface integral of divergence

B) Surface integral of curl

C) Volume integral %

D) None

Answer: B

40. Stokes theorem is agpli IeQ

A) Closed surface

B) Open surface wit

C) Volume

D) Scalar D%

Answer: B

Mixe t Questions

41.V - (V x A) equals:
Al

B)V

C)o

D) A

Answer: C



42.V x (Vo) equals:
A0

B)1

Oeo

D)V

Answer: A

43. Laplacian operator is:
AV

B) v2

C)Vx

D)V-

Answer: B

44. A conservative field has:
A) Non-zero curl

B) Zero curl

C) Non-zero divergence

D) Infinite divergence
Answer: B

45. A solenoidal field has:
A) Zero divergence

B) Zero curl

C) Zero gradient

D) None

Answer: A

B) |A x B|

ectors are:

Answer: B

48. Direction of A x B is given by:

A) Left hand rule
B) Right hand rule
C) Fleming rule

46. Area of parallelog f meg and B is:
A) |A - B|

C)A+B 'b
D)A-B

ANswer: BQ



D) None
Answer: B

49. Flux through surface is calculated by:
A) Line integral

B) Volume integral

C) Surface integral

D) Curl

Answer: C

50. Circulation of vector field is measured by:

A) Surface integral
B) Volume integral
C) Line integral

D) Divergence
Answer: C

Electrostatics — 50 MCQs with Answers

(Question No. 51-100)

Electrostatic Field & Electric Flu %Q
51. The electrostatic field is produc%

A) Moving charges

B) Stationary charges Q
C) Magnetic dipoles

D) Current only \

Answer: B %
52. Sl unit of el ' S
A) Valt

n m b
C) C 10

53. Electric flux is defined as:

A) Charge per unit area

B) Electric field through a surface
C) Potential difference

D) Energy density

Answer: B




54. Electric flux is maximum when angle between E and area vector is:
A) 0°

B) 30°

C) 60°

D) 90°

Answer: A

55. Unit of electric flux is:

A) Nm2/C
B) N/C

C) Volt
D) Joule
Answer: A ‘

Gauss’s Theorem ®
56. Gauss’s law states that total flux through a closed sul%x:

A) Zero

B) Charge inside/gq %
C) Electric field

D) Potential

Answer: B

57. Gauss’s law is useful for calcula Q en symmetry is:
A) Irregular
B) Asymmetric

C) High symmetry Q
D) None

Answer: C h

58. Gauss’s law % :

A) Coulom

B) Oh 1Q

59. If no charge is enclosed, total flux is:
A) Maximum

B) Zero

C) Infinite

D) Constant

Answer: B




60. Electric field inside a conductor (electrostatic condition) is:
A) Maximum

B) Zero

C) Infinite

D) Constant

Answer: B

Electric Field Due to Different Charge Distributions

61. Electric field due to point charge varies as:
A) 1/r '

B) 1/r2
C)r?

D) Constant \ ¢
Answer: B \

62. Electric field due to infinite line charge varies as:
A) 1/r

B) 1/r2 'b
Or

D) Constant

Answer: A %

63. Electric field due to infinite pla :

A) Zero Q

B) Constant

C) lr

D) 1/r?

Answer: B

64. Electric fie ormly charged spherical shell is:
A) Zero

3O

u

65. Electric field inside uniformly charged solid sphere varies as:
A) 1/r2

B)r

C) Constant

D) 1r

Answer: B



66. Electric field just outside charged conductor is:
A) 0/80

B)O

C) Infinite

D) 1/r

Answer: A

Electric Potential

67. Electric potential is defined as:
A) Work done per unit charge

B) Charge per unit work

C) Energy density

D) Field strength

Answer: A

68. Unit of electric potential is:
A) Coulomb

D) Farad
Answer: B

69. Electric potential due to point c s:
A) 1/r %

B) 1/r? Q

C)r

D) Constant

Answer: A h

70. Potential inS % | shell is:

71. Electric field is related to potential as:
A)E=VV

B)E=-VV

C)E=\V2

D)E=0

Answer: B

B) Volt 'b:
C) Newton ®



72. Potential due to dipole decreases as:
A) 1/r

B) 1/r2

C) 1rs

D) r2

Answer: B

Capacitance

73. Capacitance is defined as: Q
A) QV
B) Q/V
C)VIQ

D) Q? \ ®
Answer: B \

74. Unit of capacitance is:

A) Volt

B) Coulomb

C) Farad

D) Henry

Answer: C %

75. Capacitance of isolated spherica % IS proportional to:

A) Radius

B) Radius? Q
C) 1/Radius

D) Volume \

Answer: A

76. Capacitance % late capacitor increases when:
A) Distancegmegease
B) Are

ecC

77. Capacitance of parallel plate capacitor is:
A) SoA/d

B) god/A

C) Ald?

D) 1/d

Answer: A



78. Inserting dielectric increases capacitance by factor:
A) k

B) 1/k

C) k2

D) Zero

Answer: A

79. Capacitance of cylindrical capacitor depends on:
A) Length

B) Radius

C) Both

D) None

Answer: C

Energy in Electrostatic Field

80. Energy stored in capacitor is:
A) CV

B) % CV2 'b
C) V2

D)Q

Answer: B %

81. Energy density in electric field i
A) Ya 80E2

B) eoE Q
C) E?

D)% E \

Answer: A

82. Energy per depends on:
A) Charge Q

B) Ele m

ic
0,

Dielectric Medium

83. Dielectric constant is ratio of:
A) E in vacuum/E in medium
B) C with dielectric/C without dielectric



C) Charge ratio
D) Potential ratio
Answer: B

84. Polarization is:

A) Alignment of dipoles
B) Current flow

C) Charge transfer

D) Resistance

Answer: A

85. Displacement vector is written as:
A)D=¢gE <

B)D =goE +P
C)D=P

D)D=E Q& ¢
Answer: B \
86. Unit of displacement vector is:

A) C/mz

B) N/C

C) Volt

D) Farad

Answer: A %

87. Gauss’s law in dielectric is:

A) $E-dS = Q/eo

B) $D-dS = Qfree Q

C) $E-dS=0

D) None

Answer: B

88. When diele Is capacitor, capacitance becomes:

A) kC,

B o Q

C) C2
D) Z&ro )

Answe .

Application-Based Questions

89. Field outside spherical shell behaves like:
A) Line charge
B) Point charge



C) Plane sheet
D) Dipole
Answer: B

90. Potential at infinity is generally taken as:
Al

B)O

C) Infinite

D) Negative

Answer: B

91. Electric field lines start from: Q
A) Negative charge
B) Positive charge

C) Neutral

D) Dipole center \ ¢
Answer: B

92. Electric field lines end on: \

A) Positive

B) Negative 'b
C) Neutral

D) Infinity only

Answer: B %

93. Equipotential surfaces are alwa

A) Parallel to E Q

B) Perpendicular to E

C) Circular
D) Random
Answer: B %

94. Work done
A) Maximu
B) Zer

C) Infimit
D)C nt
Answi

ge on equipotential surface is:

95. Inside conductor potential is:
A) Zero

B) Constant

C) Infinite

D) Varies

Answer: B



96. Electric field is zero where potential is:
A) Constant

B) Increasing

C) Decreasing

D) Infinite

Answer: A

97. Direction of electric field is:
A) Increasing potential

B) Decreasing potential

C) Constant potential

D) Random

Answer: B

98. Force between two charges depends on medium through:
A) €o

B) Dielectric constant
C) Area \
D) Volume S

Answer: B

99. In electrostatic equilibrium, charge resides@f: 'b
A) Volume

B) Surface

C) Center %

D) Axis

Answer: B Q

100. Gauss law is espégiallyiuse .
A) Irregular shapes
B) Symmetric charg 10

i
C) Moving char %
D) Magnetic fi
ANSwWer: BQA
iSF— CQs with Answers

(Quest 101-150)

Biot—Savart Law & Applications

101. Biot—Savart law gives magnetic field due to:
A) Static charge
B) Moving charge/current element



C) Electric dipole
D) Potential difference
Answer: B

102. According to Biot—Savart law, magnetic field varies as:
A) 1/r

B) 1/r2

C)r?

D) Constant

Answer: B

103. SI unit of magnetic field is: Q
A) Tesla

B) Weber

C) Henry

D) Coulomb

Answer: A X%
104. Magnetic field at the center of a circular coil is prop% ;

A) Radius

B) 1/Radius 'b

C) Radius?

D) 1/Radius?

Answer: B

105. Magpnetic field inside a long st t-carrying conductor varies as:
A) 1/r

L (O

C) Constant

D) r2

Answer: A %

106. Magnetic i long solenoid is:

A) Zero

B) Co nQ
C) 1/r

D) I

Answ

107. Magnetic field outside an ideal long solenoid is:
A) Maximum

B) Zero

C) Infinite

D) Variable

Answer: B



108. Direction of magnetic field is given by:
A) Fleming’s left-hand rule

B) Right-hand thumb rule

C) Ohm’s law

D) Coulomb’s law

Answer: B

109. Magnetic field at the center of circular loop depends on:
A) Current

B) Radius

C) Number of turns

D) All of these

Answer: D

110. Biot—Savart law is analogous to:

A) Gauss law \ ¢
B) Coulomb’s law
C) Ampere’s law \

D) Faraday’s law

S
Divergence and Curl of Magnetic Field %Q

111. Divergence of magnetic field (

A) 1
B)-1
e \O

D) Infinite

Answer: C %
112.V-B=0i '

A) Magnetiggm@nopoles exist
B) Magneti 's olenoidal
C) Fie e

113. Curl of magnetic field is related to:
A) Charge density

B) Current density

C) Potential

D) Voltage

Answer: B



114. V x B equals:
A) Hol

B) SoE

c)o

D) VW

Answer: A

115. Magnetic field lines are:

A) Open
B) Closed loops

C) Straight
D) Random Q
Answer: B ‘

 J
Magnetic Vector Potential %\
116. Magnetic vector potential is denoted by: \
A)V
B) E

C)A
D) B

Answer: C
117. Magnetic field is related to vec ential as:
A)B=V-A
B)B=VxA Q
C)B=-VA ‘

D)B =A2

Answer: B \

118. Unit of m3 @ r potential is:

A) Tesla

B) We VVQ
CH

D)

Answi

119. If A is constant, magnetic field is:
A) Infinite

B) Zero

C) Constant

D) Maximum

Answer: B



120. Magnetic vector potential simplifies calculation of:
A) Electric field

B) Magnetic field

C) Voltage

D) Capacitance

Answer: B

Ampere’s Circuital Law

121. Ampere’s circuital law states:
A) $B-dl = p,l (

B) $E-dl =0

C)$B-dS=0

D) $D-dS = Q ¢
Answer: A %

122. Ampere’s law is useful for: \

A) Irregular geometry

B) Symmetrical current distribution 'b
C) Point charge

D) Static charge

Answer: B %

123. Magnetic field around straight :

A) Radial

B) Circular Q

C) Linear

D) Zero

Answer: B

124. Inside tor field depends on:
A) Radius

B) Cu t%

C) Bg

D)
Answ

125. Ampere’s law is analogous to:
A) Gauss’s law

B) Coulomb’s law

C) Faraday’s law

D) Lenz’s law

Answer: A



Magnetic Properties of Materials

126. Magnetic intensity is denoted by:
A)B

B) H

C)A

D)E

Answer: B

127. Magnetic induction is denoted by:
A)H

B) B

C)M

D) A

Answer: B

128. Relation between B and H is:
A)B=pH
B) B=¢H
C)B=H?
D) B =H/u
Answer: A

129. Permeability is denoted by:
A)e
B)
O x
D)o
Answer: B

oY

131. Relation between p and ¥ is:
Ayp=1+y

B)u=y

COpn=1-x

D)p=y

Answer: A

(&

is denoted by:



Dia-, Para-, Ferromagnetic Materials

132. Diamagnetic materials have susceptibility:
A) Positive small

B) Negative small

C) Large positive

D) Infinite

Answer: B

133. Example of diamagnetic material:
A) Iron

B) Copper

C) Nickel

D) Cobalt

Answer: B

134. Paramagnetic materials have susceptibility:

A) Negative
B) Zero

135. Example of paramagnetic mat
A) Aluminium

B) Iron

C) Cobalt

D) Nickel

Answer: A %

136. Ferroma s have susceptibility:
A) Very sm

|
ive

137. Example of ferromagnetic material:
A) Copper

B) Aluminium

C) Iron

D) Silver

Answer: C

C) Small positive 'b
D) Large positive
Answer: C %



138. Ferromagnetic materials show:
A) Weak attraction

B) Strong attraction

C) Repulsion

D) No effect

Answer: B

139. Diamagnetic materials are repelled because:
A)x>0

B)yx<0

C)x=1

D)y=o0

Answer: B

140. In paramagnetic material, magnetization is:
A) Opposite to H
B) Along H

C) Zero

D) Infinite
Answer: B

»
Concept-Based Questions %
141. Magnetic monopole has: 6

A) Been observed
B) Not been observed
C) Large value

D) Zero mass

Answer: B %

142. Unit of magnetigy ity (H) is:
A) A/m

B) Tes

C)W

D)
Answ

143. Unit of magnetic induction (B) is:
A) A/m

B) Tesla

C) Henry

D) Coulomb

Answer: B



144. Magnetic field inside diamagnetic material is:
A) Increased

B) Decreased

C) Zero

D) Infinite

Answer: B

145. Magnetic permeability of vacuum is:

A) Mo
B) &

O

D)o

Answer: A <
146. Magnetic field due to long straight wire is proportional to:

A) Current \ ¢
B) Distance %

C) Voltage \

D) Resistance

Answer: A 'b

147. Increasing number of turns in solenoid:

A) Decreases B

B) Increases B

C) No change %
D) Makes zero

Answer: B

148. Magnetic lines of¥forc ne\D
A) Intersect

B) Form loops

C) Exist

D) Expand

Answer: A

149. Eerr Q materials show:

A) Sl

B) Zer tization
C) Weak t

D) No alignment
Answer: A

150. In vacuum relation between B and H is:
A) B= },loH

B) B= SoH

C) B=H?



D) B=yH
Answer: A

Electromagnetic Induction & EM Waves — 50 MCQs

(Question No. 151-200)

Faraday’s Laws & Lenz’s Law

151. Faraday’s first law states that induced emf is produced when:
A) Magnetic field is constant
B) Magnetic flux changes

C) Current is zero

D) Resistance is infinite \ ¢
Answer: B x%

152. Faraday’s second law states induced emf is proporti '
A) Magnetic field
B) Rate of change of flux

C) Charge 'b
D) Resistance

Answer: B %

153. Sl unit of magnetic flux is:

A) Tesla

B) Weber

C) Henry

D) Volt

Answer: B %

154. Lenz’s lawyis
A) Charge

B) Mo nQ
C)En

155. Negative sign in Faraday’s law indicates:
A) Decrease in flux

B) Direction by Lenz’s law

C) Zero emf

D) Infinite current

Answer: B

conservation of:



156. Induced emf in a coil of N turns is:
A)NO®

B) —N d®/dt

C) ®/N

D) N2®

Answer: B

Self & Mutual Inductance

157. Self inductance is property of:
A) Single coil
B) Two coils
C) Capacitor

D) Resistor \ °
Answer: A \%

158. Sl unit of inductance is:
A) Weber

B) Tesla 'b

C) Henry

D) Volt

Answer: C %

159. Self inductance depends on:

A) Geometry of coil

B) Number of turns Q

C) Permeability

D) All of these

Answer: D

160. Induced € f inductance is:
A) —L dI/dt

B) L dWgt Q

C) -
D)L
Answ

161. Mutual inductance exists between:
A) One coil

B) Two nearby coils

C) Capacitor plates

D) Resistor

Answer: B



162. Mutual inductance is denoted by:
A) L

B) M

Oun

D) ®

Answer: B

163. Induced emf in secondary coil is:
A) —M dI/dt
B) —L dI/dt

C)MI

D) LI

Answer: A ‘
164. Mutual inductance depends on:

A) Distance between coils \ ¢
B) Number of turns
C) Permeability

D) All of these

S
Energy Stored in Magnetic Field Q
165. Energy stored in inductor is: %
A) LI
B) %L LI2
C) L2l
D) % L2
Answer: B
166. Energy d %etic field is:
A) B?2u0

B) Y2 g2
C) B/

D) p
Answ

167. Magnetic energy depends on:
A) Current

B) Inductance

C) Both

D) None

Answer: C



«/ Maxwell’s Equations & EM Waves

Equation of Continuity & Displacement Current

168. Equation of continuity represents conservation of:
A) Energy

B) Momentum
C) Charge Q
D) Mass
Answer: C
o \ .
169. Continuity equation is:
A)V-J=0
B) V-J=—0p/ot \
C)VxE=0
D)V-B=0
Answer: B

170. Displacement current was introduced by
A) Faraday
B) Maxwell
C) Ampere

D) Gauss

Answer: B

171. Displacement cure\é%iated with:
i€ @

A) Changing magnet
B) Changing ig,f
C) Constant cu

D) Static ¢
Answe

172. acement current density is:
A) €o 0

B) po 0B/

C)V-E

D) VvxB

Answer: A




Maxwell’s Equations

173. Gauss’s law for electricity is:
A) V-E =plg,

B)V.-B=0

C)VxE=0

D) VxB=0

Answer: A

174. Gauss’s law for magnetism states:

A)V-B=p

B)V.-B=0 Q
C)vxB=0

D)V-E=0 ‘V
Answer: B \ Q
175. Faraday’s law in differential form is:

A) VxE =—-0B/ot

B)V.-E=0 %

C)vxB=0

D)V-B=0

Answer: A

176. Ampere-Maxwell law is:

A) VxB = poJ + pogo OE/0t

B)V.-B=0

C)VXE=0 Q

D)V-E=0

Answer: A \< |
177. Maxwell predic% ce of:
e

A) Magnetic

B) Electromagn es
C) Static fi

D) Capatito

Ans

\ 4
Poynting Vector & Energy Density

178. Poynting vector represents:
A) Energy density

B) Power per unit area

C) Charge density



D) Current density
Answer: B

179. Poynting vector is given by:
A)ExB

B)BxE

C)E-B

D)VxE

Answer: A

180. Energy density of EM wave is:
A) £oE? Q
B) BZ/HQ ‘

C) Sum of electric & magnetic energy densities
D) Zero

EM Wave Propagation

o
181. Speed of EM wave in vacuum is: 'b
A) 3 x 108 m/s
B) 3 x 10° m/s
C) 3x10°m/s %
D) 3 x 107 m/s
Answer: A
182. EM waves are: Q
A) Longitudinal
B) Transverse %

C) Stationar
D) Mechanica

and B fields are:

Answer: B

184. Direction of EM wave propagation is along:
A) E

B) B

C)ExB



D) Opposite to E
Answer: C

185. In vacuum relation between E and B is:
A)E=cB

B)E=B

C)B=cE

D)E=0

Answer: A

186. Wave equation from Maxwell equations shows wave speed:
A) 1"\(o20) Q
B) \/(Moﬁo) ‘

C) Hogo
D) Zero

Answer: A %\ ¢
187. EM waves do not require: \

A) Electric field
B) Magnetic field

C) Medium %
D) Energy
Answer: C

Propagation in Dielectric Mediu

188. Speed in dielectrigme unb
A)c

B) ¢k

C) ck (b
D) Infinite Q

i ex n equals:

Answer: A




Polarization

190. Polarization is property of:
A) Longitudinal waves

B) Transverse waves

C) Sound waves

D) Water waves

Answer: B

191. EM waves can be polarized because they are:
A) Longitudinal

B) Transverse

C) Stationary

D) Static

Answer: B

192. Plane polarization means:
A) E oscillates in one plane

B) B oscillates randomly

C) No oscillation

D) Zero field

Answer: A

\2
Conceptual Questions

193. EM wave carries: Q
A) Charge

B) Energy and momentu

C) Mass only

D) Current

Answer: B

194. In eh rge density p is:
Al

B) I

c)o

D) Varia
Answer: C

195. Curl of electric field in static case is:
A0

B) Infinite

01




D) o
Answer: A

196. Magnetic field in EM wave is maximum when electric field is:
A) Zero

B) Maximum

C) Minimum

D) Infinite

Answer: B

197. EM waves are produced by:
A) Static charges Q
B) Accelerated charges
C) Stationary current

D) Resistors

Answer: B %\ ¢
198. Maxwell’s equations unify: \

A) Electricity and magnetism
B) Heat and light

C) Mechanics 'b:
D) Optics only
Answer: A
199. Ratio of electric to magnetic en %N Ve is:
A) 2:1
B) 1:2
) 11 Q
D) 31
Answer: C \
200. The natuge %confirms light is:
A) Mechanic%
gnet
S

PART-A: Vector Analysis (Q.1-35)

Scalar & Vector Product



1. Define scalar (dot) product.
Answer: The scalar product of vectors A and B is A-B=|Al|B|cosbA B =
|A||B|cosOA-B=|Al|Blcos0. It gives a scalar quantity.

2. When is dot product maximum?
Answer: When angle between vectors is 0° (parallel vectors).

3. What is vector (cross) product?

Answer: AxXB=|A||B|sinOn"AxB = |A||B|sin0 \hat{n}AxB=|Al|B|sinOn". It gives ct
perpendicular to both A and B.

4. When is cross product zero? Q
Answer: When vectors are parallel (6 = 0° or 180°).

5. What does scalar triple product represent?

Answer: It represents the volume of a parallelepiped formed by%&to?s.

6. State vector triple product identity.
Answer: Ax(BxC)=B(A-C)—C(A-B)Ax(BxC) = B(A-C)% Ax(BxC)=B(A-C)-C(A-B).

\" 2
Gradient
ll

7. Define gradient.
Answer: Gradient of scalar ¢ is VoV

8. What is physical signific ient?

Answer: It gives maghi daand diwection of maximum rate of change of scalar field.
9. What is gradient of’constant?

Answer: Ze

es direction of maximum increase of @.

Divergence

11. Define divergence.
Answer: Divergence of vector A is V-AV-AV-A; it measures spreading out of a field.

12. What is solenoidal field?
Answer: A field with zero divergence.



13. What is divergence of curl of any vector?
Answer: Zero.

14. State physical meaning of divergence.
Answer: It represents flux density or source strength at a point.

Curl

15. Define curl.
Answer: Curl of A is VxAVxAVXA: it measures rotation of vector field. : Q

16. What is irrotational field?
Answer: Field with zero curl.

\ .
17. What is curl of gradient? %
Answer: Zero.

18. State significance of curl. 'b >

Answer: It indicates rotational property of field.

\\
Vector Integration %

19. Define line integral.
Answer: Integral of vector fi Ia curve: $F-drF-dr$F-dr.

20. What is physical mea e integral?
Answer: Represents% e by force.

21. Define sur .

Answgr: Im tor field over a surface.

22
Ans urface integral of electric field through surface.

23. Defin ume integral.
Answer: Integral of field throughout a volume.

Gauss & Stokes Theorem



24. State Gauss divergence theorem.
Answer: Surface integral of vector field over closed surface equals volume integral of
divergence.

25. What is significance of Gauss theorem?
Answer: Converts surface integral into volume integral.

26. State Stokes theorem.
Answer: Line integral over closed curve equals surface integral of curl.

27. What does Stokes theorem relate?
Answer: Line integral and surface integral. Q

28. Condition for using Gauss theorem?
Answer: Closed surface. \ °
29. Condition for Stokes theorem? %
Answer: Open surface bounded by closed curve. \

V =N

v 0'
Mixed Concept

30. Define Laplacian operator.

Answer: V2=V-VV2=V.VV2=V.V. t

31. When is field conservative?
Answer: When curl is zero.

32. Write identity V-(Vx\g

Answer: Zero.

33. Write ident % .

ANSWEr: Zm
34. Define mal vector.

Ans r perpendicular to surface with unit magnitude.

@D

35. What culation?
Answer: Line integral of vector field around closed path.

«/ PART-B: Electrostatics (Q.36—75)




Electrostatic Field & Gauss Law

36. Define electric field.
Answer: Force per unit positive charge.

37. Write unit of electric field.
Answer: N/C or V/m.

38. Define electric flux.
Answer: Product of electric field and area component normal to surface.

39. State Gauss’s law.

Answer: Total electric flux through closed surface equals enclosed charg‘so.Q

40. When is Gauss law useful?

Answer: For symmetric charge distributions. g& ¢

A
Electric Field Due to Charge Distributions 'b

41. Electric field due to point charge varies as
Answer: 1/r2,

42. Field due to infinite line charge v.
Answer: 1/r.

43. Field inside spherical sh Q
Answer: Zero.

44. Field inside soli ries as?
Answer: Diregtl p altor.

45. Figld dué™ton plane sheet?
Answe \%

46. nside conductor?
Answe

Electric Potential

47. Define electric potential.
Answer: Work done per unit charge.



48. Unit of potential?
Answer: Volt.

49. Potential due to point charge varies as?

Answer: 1/r.

50. Relation between E and V?
Answer: E=—VVE = -VVE=—VV.

51. Potential inside spherical shell?
Answer: Constant.

52. Define equipotential surface.
Answer: Surface of constant potential.

53. Work on equipotential surface?
Answer: Zero.

Capacitance

54. Define capacitance.

Answer: C = Q/V.
55. Unit of capacitance.
Answer: Farad.

G
S

56. Capacitance of isofated Sphere®
Answer: C=4neORC =4 ne0R.

by factor k.

red in capacitor?
Answer: 2%2 CVZ#LCV2.

60. Energy density in electric field.
Answer: %2e0E2Y: gy E*/4€0E2.

57. Capacita ate capacitor.
Answer: C=¢0 o A/dC=¢0A/d.
: otrlc on capacitance?

Dielectrics



61. Define dielectric.
Answer: Insulating material that polarizes in electric field.

62. Define polarization.
Answer: Dipole moment per unit volume.

63. Define displacement vector.
Answer: D=¢0E+PD = ¢,E + PD=c0E+P.

64. State Gauss law in dielectric.

Answer: $D-dS=Qfree$D-dS = Q_{free}$D-dS=Qfree. Q
65. What is dielectric constant? <

Answer: Ratio of capacitance with dielectric to without dielectric.
= S ®

\)
Applications \

66. Field outside spherical shell behaves as?
Answer: Like point charge.

67. Potential at infinity is taken as?

Answer: Zero. %
68. Direction of electric field?

Answer: From positive to nega'g

69. Charge resides on dgtor e because?

Answer: Electric field in uctor is zero.

70. What is electrestati ing?
Answer: Zero € ie¥d inside closed conductor.

erical condenser depends on?
wo spheres.

72.Cy capacitor used in?
Answer: ial cables.

73. Why dielectric reduces electric field?
Answer: Due to polarization opposing field.

74. Define electric dipole moment.
Answer: Product of charge and separation distance.



75. Potential due to dipole decreases as?
Answer: 1/r2,

PART-A: Magnetism (Q.76-110)

Biot—Savart Law

76. State Biot-Savart law.
Answer: It states that magnetic field dBdBdB due to current element is propo'Q

77. What is Sl unit of magnetic field?

A : Tesla (T).
nswer: Tesla (T) \ °
78. On what factors does magnetic field depend? %
an

Answer: Current, distance, and angle between current ele

79. Magnetic field due to long straight conductor vari :
Answer: 1/r1/rl/r.

80. Direction of magnetic field around straightiwire?
Answer: Given by right-hand thu rulz

81. Magnetic field at center of circu il

Answer: B=p0I2RB = \frac{, pol.

82. Magnetic field inside lofig so ?

Answer: B=u0OnIB = p, Onl.

83. Field outside jig %o enoid?

Answer: Near 0

84. Ma etli es are?
Answgep: eadO0ps.

gnetostatics?
of magnetic fields due to steady currents.

Divergence and Curl of B

86. What is divergence of magnetic field?
Answer: V-B=0V-B = 0V-B=0.



87. Physical meaning of V-B = 0?
Answer: No magnetic monopoles exist.

88. What is curl of magnetic field?
Answer: VxB=p0JVxB = poJVxB=p0J.

89. What does curl of B represent?
Answer: Relation between magnetic field and current density.

90. Magnetic field is solenoidal because?
Answer: Its divergence is zero.

C

O

Magnetic Vector Potential

91. Define magnetic vector potential. %\
Answer: A vector AAA such that B=VxAB = VXAB:Vxe\

92. Unit of magnetic vector potential?

Answer: Weber/m. 'b
93. Why is vector potential useful?
Answer: Simplifies magnetic field ilcu@

Ampere’s Circuital Law Qv

94. State Ampere’s circ %
Answer: sﬁB-dIMOI% ol$B-dI=pol.

95. When is Ar seful?
Answer: Fop ae current distributions.

96. Shap ‘ etic field around straight wire?

Ans @ iréylar.

97. Magn @ ield inside toroid?
Answer: B=pONI2znrB = \frac {j1oNI} {27r} B=27rpONI.

Magnetic Properties of Materials

98. Define magnetic intensity (H).
Answer: Magnetizing field strength.



99. Define magnetic induction (B).
Answer: Magnetic flux density.

100. Relation between B and H?
Answer: B=pHB = pHB=pH.

101. Define permeability.
Answer: Ability of material to support magnetic field.

102. Define magnetic susceptibility.

Answer: Ratio of magnetization to magnetic intensity.
103. Relation between p and x? Q
Answer: p=p0(1+u = po(l + x)p=p0(1+y).

= S ®

9
Dia-, Para-, Ferromagnetism

104. What are diamagnetic materials? gb >

Answer: Materials weakly repelled by magnetic fi

105. Example of diamagnetic material.

Answer: Copper. %
106. What are paramagnetic materi

Answer: Weakly attracted mategials.
107. Example of para n<|c l.

Answer: Aluminium.
108. What are,fer, -n aterials?
Answer: Strong @ o materials.

r dmagnetic material.

« PART-B: Electromagnetic Induction (Q.111-130)




111. State Faraday’s first law.
Answer: Changing magnetic flux induces emf.

112. State Faraday’s second law.
Answer: Induced emf equals rate of change of flux.

113. Write formula of induced emf.
Answer: e=—Nd®dte = -N \frac {d®} {dt}e=—Ndtd®.

114. What does negative sign indicate?

Answer: Lenz’s law.

115. State Lenz’s law. Q
Answer: Induced current opposes cause producing it.

116. Define self inductance. \ ¢
Answer: Property of coil to oppose change in its own curr&

117. Define mutual inductance.

Answer: Induced emf in one coil due to change in c%%other.
118. Unit of inductance.

Answer: Henry.

119. Induced emf in inductor. %
Answer: e=—LdIdte = -L \frac{dI}{ :
120. Induced emf in second %
Answer: e=—Mdldte irac dflt}e=—MdtdlI.
121. Energy stored i ctar.

/\21

Answer: YL«

122. Energy@@nsi agnetic field.
Answe % / 21oB2/20.

123. hat¥actors does L depend?
Answe etry and permeability.

124. On what factors does M depend?
Answer: Distance and orientation of coils.

125. What is eddy current?
Answer: Induced circulating currents in conductors.



126. Application of mutual inductance.
Answer: Transformer.

127. Define magnetic flux.
Answer: ®=B-A® = B-A®=B-A.

128. Unit of magnetic flux.
Answer: Weber.

129. What produces electromagnetic induction?

Answer: Relative motion between magnet and coil. Q
130. State condition for no induced emf. <

Answer: Constant magnetic flux.

®
N
/ PART-C: Maxwell’s Equations & EM Waves (Q. ;S&

131. State continuity equation.
Answer: V-J=—0potV-J = -\frac{0p} {0t} ud= p.
132. What does continuity equation Sent?

Answer: Conservation of charge

133. Define displacement ¢

Answer: Current due t in ctric field.

134. Expressjon for dis nt current density.
Answer: Jd% \frac {OE} {0t} Jd=£00tJE.

e for electricity.

Answer: @V-E = p/eoV-E=p/.
136. ss’s law for magnetism.
Answer: 0V-B =0V-B=0.

137. State Faraday’s law (Maxwell form).
Answer: VXE=—0BotVxE = -\frac{0B} {0t} VXE=—0t0B.

138. State Ampere-Maxwell law.
Answer: VxB=p0J+u0e00E0tVxB = ol + pogo\frac {OE} {0t} VXB=p0J+p0g00toE.



139. What did Maxwell predict?
Answer: Electromagnetic waves.

140. Speed of EM wave in vacuum.
Answer: 3x108m/s3 x 108 m/s3x108m/s.

141. Relation between speed and constants.
Answer: ¢=1/u0g0c = 1/\sqrt{ oo }c=1/u0%0.

142. Nature of EM waves.
Answer: Transverse.

143. Relation between E and B in vacuum. Q
Answer: E=cBE = cBE=cB.

144. Direction of propagation. \ ¢
Answer: Along ExXBE x BExB. \

145. Define Poynting vector.
Answer: S=ExB/u0S = E X B/puoS=ExB/u0.

146. What does Poynting vector represent? &

Answer: Energy flow per unit area.
147. Energy density of EM wave. %
Answer: %e0E2+B2/2u0% goEN2 + 072€0E2+B2/210.

148. EM waves require med]
Answer: No.

149. What is polariz
Answer: Restgiction of tions to one plane.

n be polarized?
hey are transverse waves.

PART-ANector Analysis (Q.1-18)

1. Define scalar and vector product. Discuss their physical significance.

Answer:
The scalar (dot) product of two vectors A and B is



It gives a scalar quantity and represents projection of one vector onto another. It is used in
calculating work done: W=F-sW = F-sW=F-s.

The vector (cross) product is

It gives a vector perpendicular to both A and B. It is used in torque t=rxF\tau = rEr=1%F a
angular momentum.

2. Explain scalar triple product and its geometrical interpretati& °

Answer: %
Scalar triple product is A-(BxC)A-(BxC)A-(BxC).
It gives a scalar quantity equal to volume of parallelepi %\ y vectors A, B, C.

If scalar triple product is zero, vectors are coplanar.

It is useful in geometry and physics problemw me.

\‘
3. Derive vector triple product ide %

Answer:
Vector triple product is:

AX(BXC)=B(A-C)~C(A- ) = B(A-C) - C(A-B)Ax(BxC)=B(A-C)-C(A-B)

fBand C.
agnetic and mechanics calculations.

\V
4.D gradient and explain its physical meaning.

Answer:
Gradient of scalar ¢ is

VoVoeVe
It is a vector pointing in direction of maximum increase of scalar field.

Magnitude gives rate of maximum change per unit length.
Example: Electric field is negative gradient of potential.



5. Define divergence and explain its significance.

Answer:
Divergence of vector A is

V-AV-AV-A
It represents net outward flux per unit volume.

If divergence is zero, field is solenoidal.
Used in Gauss divergence theorem.

6. Define curl and explain its physical meaning.

Answer: \%
Curl of vector A is %
VxAVXAVXA 'b

It measures rotational tendency of vector fml@

If curl is zero, field is irrotational (c@nse
Example: Electrostatic field has zero

7. Prove that curl of

Answer:

8. Prove that divergence of curl is zero.

Answer:
V-(VxA)=0V-(VxA) = 0V-(VxA)=0

It shows rotational fields have no net source.



9. Explain line integral and its physical meaning.

Answer:
Line integral of vector field is

$F-drfF-drpF-dr

Represents work done by force along path.
If integral is path independent, field is conservative.

10. Define surface integral and flux. \
Answer: %
Surface integral is c

f[F-dS\iint F-dS [ F-dS

It gives flux through surface. 'b
Important in Gauss’s law.

N4
11. Define volume integral an ion.
Answer:
Volume integral integrate§yi er volume:
[[FfdWhiiint fgV/ %
Used to fin , mass etc.

AY

12. Sta xplain Gauss divergence theorem.
Answer:

It states that surface integral over closed surface equals volume integral of divergence:
$F-dS=[[f (v-F)dV\oint F-dS = \iiint (V-F) dV$F-dS=[[[ (V-F)dV

It simplifies flux calculations.



13. State and explain Stokes theorem.

Answer:
Line integral around closed curve equals surface integral of curl:

$F-dr=[J (VxF)-dS\oint F-dr = \iint (VxF)-dS$F-dr=[f (VxF)-ds

Relates circulation and rotation.

14. Define conservative field. Give condition.

Answer: \
A field whose line integral is path independent.
Condition: VxF=0VxF = QVxF=0. E

v
15. Explain Laplacian operator and its use. 0

Answer:

Laplacian:

V2=V.VV"2 = V-VV2=V.V Q
Used in Poisson and L: (‘eq

16. Dlstlnguwgenmdal and irrotational fields.

Answe

17. Explain physical meaning of circulation.

Answer:
Circulation is line integral around closed path.
Represents rotational strength of field.



18. Discuss applications of vector analysis in physics.

Answer:
Used in electromagnetism, fluid dynamics, mechanics.
Maxwell equations are written using divergence and curl operators.

N
N
«/ PART-B: Electrostatics (Q.19-35) Q
C

19. State and explain Gauss’s law in electrostatics. \ ®

Answer: %
Total electric flux through closed surface equals enclosedgeha 1vided by &o:

$E-dS=Q/c0\oint E-dS = Q/eo$E-dS=Q/e0 (b

Useful for symmetric charge distributions.

20. Derive electric field due to poi Tﬂsing Gauss law.

Answer: Q

Using spherical surfac <

E(4nr2)=Q/e0E(4nr (4mr2)=Q/e0 E=14ne0Qr2E = \frac{1} {4n
go}\frac{Q} m

21. Der @ field due to infinite line charge.

Ans
Using ¢ al Gaussian surface:

EQnrl)=M/e0E(2nrl) = Al/go E(2nrl)=Al/e0 E=A2ne0rE = \frac {1} {27 &¢ r} E=271e0rA

22. Find electric field due to infinite plane sheet.

Answer:
Using Gaussian pillbox:



E=02¢0E = \frac{c} {2g¢} E=2¢00

Field is constant.

23. Show electric field inside spherical shell is zero.

Answer:
Using Gauss law, enclosed charge inside shell is zero — E = 0.

Answer:

E=Qr4ne0R3E = \frac{Qr} {4n g9 R"3}E=41c0R3Qr \%
Field varies linearly with r. % >

24. Derive electric field inside uniformly charged solid sphere. \Q

A

25. Define electric potential and ive%x\wnh field.

Answer:

Potential is work done per unit Q
E=—VVE = -VVE=-V

26. Derive p 0|nt charge.
Answ Q
V=1 x c{1}{4m go}\frac{Q} {r} V=4ne01rQ

27. Def|n acitance and derive for isolated sphere.
Answer:
C=Q/VC = Q/VC=Q/IV

For sphere:



C=4ne0RC = 4n ¢ RC=4nc0R

28. Derive capacitance of parallel plate capacitor.

Answer:

C=€¢0AdC = \frac{eg A} {d}C=de0A

29. Explain effect of dielectric on capacitance.

Answer:
Capacitance increases by factor k:

C=ke0A/dC = ke, A/dC=ke0A/d

<

G

30. Derive energy stored in capacitor.
Answer:

U=%CV2U =%, CV"2U=%CV2

> 4

3

A J
31. Derive energy density in elect w

Answer: Q
u=Y5£0E2u = Y g EAzuﬁgu
A h 4

32. Define pola % d displacement vector.

33. State Gauss law in dielectric medium.
Answer:

$D-dS=Qfree\oint D-dS = Q_{free}$D-dS=Qfree



34. Explain electrostatic shielding.

Answer:
Inside conductor electric field is zero.
Used in Faraday cage.

N
35. Discuss applications of electrostatics. Q

Answer:
Used in capacitors, electrostatic precipitators, photocopiers, shieldin anm%)nic circuits.
®

PART-A: Magnetism (Q.36-50) %

N
36. Derive magnetic field due to a long straight c@ying conductor using Biot—

Savart law.

Answer:

From Biot—Savart law: %

dB=p04nldlsini©Or2dB = \frac{uo}{46 \sin\theta}{r~2}dB=4nu0r2ldIsin®

For an infinite straigh wire g over entire length gives:

B=p0I2mrB = \frac{uo pOol
Magnetic fieldNi entric circles around the wire. Direction is given by right-hand
thumb rule.
D 4
37.D gnetic field at the center of a circular coil.
Answer:

Using Biot—Savart law and integrating over the loop:
B=p0I2RB = \frac{uo I{2R}B=2RuOI

For N turns:



B=pONI2RB = \frac{uo N I}{2R}B=2RLONI

Magnetic field is perpendicular to plane of the coil.

38. Derive magnetic field inside a long solenoid using Ampere’s circuital law.

Answer:
Ampere’s law:

$B-dl=p0lenc\oint B-dl = po |_{enc}$B-dl=p0lenc Q
For solenoid, Q

®
B=pOnIB = o n IB=uOnl %

where n is number of turns per unit length. Field inside i Mnd outside nearly zero.

oy
o

39. Explain divergence and curl of magnetg fi physical significance.

Answer: %
Divergence:

V-B=0V-B = 0V-B=0 Q

This implies no magneti %es.

Curl: %
VxB=0JVx mum
Magm roduced by current density.

A4

40. Define magnetic vector potential and show that B=VxAB = VxAB=VxA.

Answer:
Since V-B=0V-B = 0V-B=0, magnetic field can be written as curl of vector potential A:

B=VxAB = VxAB=VxA



It simplifies Maxwell’s equations and electromagnetic wave derivations.

41. State and explain Ampere’s circuital law.
Answer:
$B-dl=p0l\oint B-dl = o I$B-dI=p0l

It states that circulation of magnetic field around closed path equals i, times t 8gclosed.
Useful in symmetric cases like solenoid and toroid. QJ
[ 3

42. Derive magnetic field inside a toroid. %\
Answer: \
Using Ampere’s law: %

B(2rtr)=pONIB(27tr) = po N IB(21tr)=pONI B=pONI Mo N IH2rmt r}B=2mruONI
Field exists only inside toroid. g

43. Define magnetic intensit agnetic induction (B). Discuss relation between
them.

Answer:
Magnetic intepsit
Magnetic inducti

Relation:
B=pH Q

44. Define permeability and magnetic susceptibility. Derive relation between them.

Answer:

Permeability p = ability to support magnetic field.
Susceptibility y = M/H.

Relation:

H=pO(1+X)u = po(1+X)u=pO0(1+X)



45. Explain diamagnetic materials with properties.

Answer:
Diamagnetic materials have small negative susceptibility. They are weakly repelled by magnetic
field. Example: Copper. Magnetization is opposite to applied field.

»
46. Explain paramagnetic materials with properties. QQ

Answer:
Paramagnetic materials have small positive susceptibility. Weakly a &agnetlc field.

Example: Aluminium. Magnetization aligns with field. Q
AW
47. Explain ferromagnetic materials and hysteresi S
Answer:
Ferromagnetic materials have very large sus ilitygStrong attraction. Show hysteresis curve
representing energy loss. g
-

48. Compare diamagnetic, pa@ and ferromagnetic materials.

Answer:

Diamagnetic: y negati ulsion.
Paramagneti¢; y sma ive.
Ferromagneticglargeg 1ve, strong attraction and hysteresis.

49,

Xplications of magnetic materials.

Answer:
Used in transformers, motors, generators, magnetic storage devices, MRI machines.

50. Explain practical applications of solenoids and toroids.



Answer:
Solenoids used in electromagnets and relays.
Toroids used in transformers to confine magnetic field and reduce losses.

/ PART-B: Electromagnetic Induction (Q.51-60)

\\
51. State and explain Faraday’s laws of electromagnetic induction. Q\

Answer:

1. Changing magnetic flux induces emf.

®
2. Induced emf equals rate of change of flux: @

e=—Nd®dte = -N \frac{dD}{dt}e=-Ndtd®

Negative sign represents Lenz’s law. %3

\\ '
52. Explain Lenz’s law and its sign z%
Answer:
Induced current opposes cause j . Ensures conservation of energy and determines
direction of induced c:ren&

[ { )
53. Define SW and derive induced emf expression.
Answe Q

Self i s property of coil to oppose change in its own current.

e=-LdI \frac{dI}{dt}e=-LdtdI

54. Define mutual inductance and derive expression for induced emf.

Answer:
Mutual inductance M relates flux linkage of one coil due to another.



e=—Mdldte = -M \frac{dI}{dt}e=-MdtdI

55. Derive expression for self inductance of a long solenoid.
Answer:

L=pOn2AIL = po N2 A IL=pOn2Al

Depends on geometry and permeability. Q

56. Derive expression for energy stored in inductor.

Answer: %
Work done to build current:
U=%LI12U =% L 1M2U=LI12 : t )

\\)
57. Derive energy density in magnetic %
Answer: B
u=B22u0u = \frac{BA2}{2uo -
Energy stored per unit jo Q

L~
58. Exg Iair@ uctance in transformers.

Ans
ACi produces changing flux inducing emf in secondary.
Voltage quals turns ratio.

59. Discuss eddy currents and their effects.

Answer:
Circulating currents induced in conductors. Cause heating losses. Reduced by lamination.



60. Explain electromagnetic induction in practical devices.

Answer:
Used in generators, transformers, induction cookers, wireless charging systems.

¥ PART-C: Maxwell’s Equations & EM Waves (Q.61-70)

QN

vy

61. State Maxwell’s four equations in differential form.

\ .
Answer: %
V-E=p/e0V-E = p/eoV-E=p/e0 \
V-B=0V:B = 0V-B=0
VxE=—0B/OtVXE = -0B/0tVxE=—0B/0t %

X

VxB=p0J+u0e00E/0tVxB = o] + Lot J+10e00E/ot

)
62. Explain equation of continwt

Answer:

V-J=-0p0otV-J = -\frac{dp %ﬁtdp

Represents c:s§ arge.
\ ement current and its importance.

Answe

APwbPE

Jd=e00E0t)_d = &0 \frac{oE}{ot}Jd=c00tOE

Introduced by Maxwell to maintain current continuity.

64. Derive electromagnetic wave equation from Maxwell’s equations.



Answer:
Combining equations leads to:

V2E=p0e002E0t2\nabla”2 E = pogo \frac{o"2E}{0t*2}V2E=n0e00t202E

Wave speed:

c=1pn0e0c = \frac{1{\sqrt{toeo}}c=p0e01 E
\\
65. Explain Poynting vector and its physical meaning. : Q

Answer:
®

S=1u0ExBS = \frac{1}{uo} E x BS=p01ExB %

Represents energy flow per unit area per unit time. E\

W ,

66. Derive expression for energy density o
Answer:

u=%€0E2+B22u0u = % €0E*2 + \frac oju=Y2€0E2+2u0B2

Electric and magnetinnerSions are equal.

o)
67. Discuss p i EM waves in vacuum.

Answek:
EM w VErse.

E an e perpendicular to each other and to direction of propagation.
Spee 8m/s3x10"8 m/s3x108m/s.

68. Discuss propagation of EM waves in dielectric medium.

Answer:
Speed reduces to



v=ckv = \frac{cH\sqrt{k}}v=kc

where k is dielectric constant.

69. Explain transverse nature of EM waves.

Answer:
Electric and magnetic fields oscillate perpendicular to propagation direction. Hen aves
are transverse.

70. Explain polarization of electromagnetic waves.

o\ .
Answer: %
Polarization is restriction of electric field vibrations to or% nly transverse waves can be

polarized.

25 Long-Answer Questions (15 Marks @tailed Explanations
(Suitable for University Semester Exami )

"4
¥ PART-A: Vector§al% 2)
v >

1. Define scala r products. Derive their expressions and discuss geometrical and

physical si@
Answek:

The (doe) product of two vectors A and B is defined as:

A-B=|A||Blee8"i0A-B = |A| |B|\cos\thetaA-B=|A||B|cos®

It gives a scalar quantity and represents projection of one vector onto another.
In component form:

A-B=AxBx+AyBy+AzBzA-B=A xB x+ A _yB y+ A _zB zA-B=AxBx+AyBy+AzBz

Physical significance: Work done W=F-sW = F-sW=F-s.



The vector (cross) product is:

AxB=|A||B]|siniiB@n*AxB = |A| | B|\sin\theta \hat{n}AxB=|A||B|sinBnA

Direction is perpendicular to plane of A and B (right-hand rule).
Magnitude equals area of parallelogram formed by vectors.
Applications: Torque t=rxF\tau = rxFt=rxF, angular momentum.

»
2. Explain scalar triple product and prove that it represents volume of pa@%.

Answer:
Scalar triple product:

®
A-(BxC)A-(BxC)A-(BxC) %

Since |[BxC||BxC|IBxC| equals area of base and dotting CNes height component, the

product equals volume.
If scalar triple product is zero, vectors are coplanar. 'b

3. Derive vector triple product ide @ in its importance.

Answer:

m ) - C(A-B)Ax(BxC)=B(A-C)-C(A-B)
This shows result lie and C.
Used in electfmtf ti rigid body mechanics.

Ax(BxC)=B(A-C)-C(A-

D)
ifie of scalar field. Derive its expression in Cartesian coordinates and explain
e

Answer:
Gradient of scalar ¢:

Vod=0dpoxi+0¢poyj+ddazkVd = \frac{opHox}i + \frac{opHay}j + \frac{opHoz}kVp=0xddi+dyod
j+0zodk



It gives direction of maximum rate of increase.
Magnitude gives maximum rate of change per unit length.
Example: E=—VVE = -VVE=-VV.

5. Define divergence of vector field and derive its Cartesian form. Discuss its physical
interpretation.

Answer:

V-A=0Ax0x+0Aydy+0AzdzV-A = \frac{oA_ x}ox} + \frac{oA_yKoy} + \frac{-A=ddix

+0y0Ay+0z0Az

Represents net outward flux per unit volume

L

) ®
If zero — solenoidal field. @
W

6. Define curl of vector field and derive its expresSio tesian form. Explain
significance.

Answer
VxA=|ijkd/0x0/0y0/0zAxAyAz|VxA %trix} i &j&k\\0/0x & 0/dy & 3/0z\\ A x &
A_y & A_z \end{vmatrix}VxA=ig yko/0zAz

Measures rotational t
If zero — irrotational ﬁe

= OV-(VxA)=0 Vx(Vd)=0Vx(Vd) = 0Vx(V)=0

These identities are fundamental in electromagnetism.

8. Define line, surface and volume integrals. Discuss their physical applications.



Answer:

Line integral: $F-dr\oint F-dr$F-dr — work done.

Surface integral: [[F-dS\iint F-dS [[F-dS — flux.

Volume integral: [fffd\Aiiint f dV [[[fdV — total quantity in volume.

9. State and prove Gauss divergence theorem.

Answer:

$F-dS= [/ (V-F)dV\oint F-dS = \iiint (V-F)dV$F-dS=[[[ (V-F)dV QJQ

It relates flux through closed surface to volume integral of divergen&
®

Used in Maxwell equations and fluid dynamics.

10. State and explain Stokes theorem. 'b%

Answer:

$F-dr=[[ (VxF)-dS\oint F-dr = \iint (V><F) xF)-dS
Relates circulation around closed ¢ e integral of curl.
11. Discuss conservati SO n0|dal vector fields with examples.

Answer:
Conservative:

Solenoidal: C

%trostatic field).

ero (Magnetic field).

12. Dis plications of vector calculus in physics.

Answer:
Used in electromagnetism, fluid mechanics, gravitation, and Maxwell’s equations.

«/ PART-B: Electrostatics (Q.13-25)



13. State and explain Gauss’s law. Derive electric field due to point charge.

Answer:
Gauss law:

$E-dS=Q/e0\oint E-dS = Q/eo$E-dS=Q/€0

For spherical surface:
E(4mr2)=Q/€0E(4mr 2) = Q/eoE(4mr2)=Q/e0 E=14ne0Qr2E = \frac{1H4m 2 E=4ne01
r2Q

£ .

Answer:
Using cylindrical Gaussian surface:

14. Derive electric field due to infinite line charge. \

E(2rtrl)=Al/€0E(2mtrl) = Al/goE(2mrl)=Al/€0 E=A

A J
15. Derive electric field due to infi heet.

Answer: Q
Using pillbox surface: ‘

E=02¢0E = \frac{o}{2€o}

Field is uniform m gependent of distance.

\v
16. S electric field inside uniformly charged spherical shell is zero.

Answer:
By Gauss law, enclosed charge inside shell is zero — E=0E = 0E=0.

17. Derive electric field inside uniformly charged solid sphere.

Answer:



E=Qr4neOR3E = \frac{Qr}{4m g0 RA3}E=4me0R3Qr

Field increases linearly with r.

18. Define electric potential and derive relation E=—=VVE = -VVE=-VV.

Answer:
Potential is work done per unit charge.

Electric field equals negative gradient of potential. Q

19. Derive potential due to point charge and dipole

=

Point charge:
V=14ne0QrV = \frac{1H4m eo\frac{Q}Hr}V= 4rt£OlrQ

Dipole:

20. Derive capacitan @erlcal conductor.

Answer:

C=4neORC = &

Ngltance of parallel plate capacitor with dielectric.

Answer?
Without diéfectric:

C=e0A/dC = g0 A/dC=£0A/d
With dielectric:

C=ke0A/dC = keo A/dC=ke0A/d



22. Derive energy stored in capacitor and energy density of electric field.
Answer:

U=%CV2U =7 CVA2U=)2CV2

Energy density:

u=1%e0E2u = % o EA2u=Y£0E2 Q

y-

23. Define polarization and derive relation for displacement vec&

D=€0E+PD = goE + PD=€0E+P

Answer:
Polarization PPP = dipole moment per unit volume. c

S

24. State Gauss law in dielectric diu@wdn its importance.
Answer:
S=eree

lems in dielectrics.

$D-dS=Qfree\oint D-dS =

Useful in solving elec?fo i

-
25. Discuss s of electrostatics in practical devices.

Ans
Appl . Capacitors, electrostatic precipitators, photocopiers, shielding, sensors, and
electron its.

PART-A: Magnetostatics (Q.26-38)

26. State and derive Biot—Savart’s law. Discuss its physical significance.



Answer:
Biot—Savart law states that the magnetic field dBd\mathbf{B}dB at a point due to a current
element Idll d\mathbf{I}1dl is

Direction is perpendicular to plane containing current element and position vector (right-hand
rule).

It shows magnetic field depends on current, distance and angle.

It is analogous to Coulomb’s law in electrostatics and forms basis of magnetostati

NS

27. Derive magnetic field due to a long straight current carrying cond rjusing Biot—
Savart law. ( °

Answer: %
Using symmetry and integrating over infinite length: :

B=p0I2mrB = \frac{p_0 I} {2\pi r} B=2mtrp0l (b
Field lines are concentric circles.
Magnitude decreases inversely with distance:

Direction by right-hand thumb rule: %

28. Derive magnetic field g r of a circular current carrying coil.

Answer:

Applying Biot-Sava ang Integrating over circular loop:
B=4012RB =\ R}B=2Rpu0l

For N t SQ

B=p B= \frac{n 0 NI} {2R}B=2RuONI

Fieldisp dicular to plane of coil.

29. Derive magnetic field inside a long solenoid using Ampere’s circuital law.

Answer:
Ampere’s law:



$B-dl=p0lenc\oint B-dl =01 {enc}$B-dl=pu0lenc
For solenoid:
B=p0nIB = u_0 n IB=pOnl

where n = turns per unit length.
Field inside uniform; outside nearly zero.

\\
30. Discuss divergence and curl of magnetic field and their physical mt

Answer:
Divergence:

2

Implies no magnetic monopoles.

Curl: 'b
VxB=p0JVxB = p_0 JVxB=u0J ®

Indicates magnetic field produced by demsity.

-
31. Define magnetic to% ial and derive relation B=VxAB = VXAB=VxA.

Answer:

Since V-B=0 . agnetic field can be expressed as curl of vector A:
o =§

Vect 1aPsimplifies electromagnetic field calculations.

A ¥4

32. State and explain Ampere’s circuital law with applications.
Answer:

$B-dl=p0l\oint B-dl = p_0 I1$B-dl=p0l



Useful in finding magnetic field of straight wire, solenoid, toroid.
Applies to steady currents.

33. Derive magnetic field inside a toroid.

Answer:
Applying Ampere’s law:

B(2ar)=pONIB(2\pi r) = u_0 N IB(27tr)=pONI B=pONI27trB = \frac{p O N I} Q =27rpONI

Field confined inside toroid. <

 J
34. Define magnetic intensity (H), magnetic induction ( hty and susceptibility.
Derive relation among them.

Answer: >
Magnetic intensity H (A/m) is magnetizing force,

Magnetic induction B (Tesla) is flux density.

Permeability p relates B and H:

B=pHB = pyHB=pH %

Susceptibility:

y=MHy = \frac{M} {EX%Q

Relation: %
p=p0(1+y))u = g;:x 0(1+y)
D

gnetic, paramagnetic and ferromagnetic materials with properties and

Answer:
Diamagnetic: y negative, weak repulsion (Copper).

Paramagnetic: y small positive (Aluminium).

Ferromagnetic: y large positive, strong attraction and hysteresis (Iron).

36. Discuss hysteresis curve and energy loss in ferromagnetic materials.



Answer:

Hysteresis loop shows lag between magnetization and magnetizing field.
Area of loop represents energy loss per cycle.

Important in transformer core design.

37. Compare solenoid and toroid with applications.

Answer:

Solenoid: uniform field inside, used in electromagnets.
Toroid: confined field, used in transformers to reduce leakage. Q

-

38. Discuss practical applications of magnetostatics in engin

®
Answer:
Used in motors, generators, transformers, MRI machines% iC storage and sensors.

>

«/ PART-B: Electromagnetic Induction E@
~y

39. State and explain Farada ectromagnetic induction with derivation.
Answer:

First law: Changing m i induces emf.

Second law:

40. Exp&enz’s law and prove that it obeys conservation of energy.

Answer:

Induced current opposes change causing it.
If it aided change, energy would be created.
Thus ensures conservation of energy.




41. Define self inductance and derive expression for induced emf.

Answer:
Self inductance L relates flux linkage to current:

O=LI® = LI®=LI

Induced emf:

e=—LdlIdte = -L\frac {dI} {dt}e=—LdtdI S ; t
42. Define mutual inductance and derive expression for induced emf ‘ my coil.

Answer:

O=MID = MI®=MI e=—MdIdte = -M\frac{dI} { dt}eMd@
Used in transformers. %

<

43. Derive expression for self inductance of@ IoRg solenoid.

Answer:

L=pOn2AIL =p 0n"2 A IL=p

Depends on geometry;d ‘rme

A/ h J
44. Derive exp % Qenergy stored in magnetic field and its energy density.

U=%L L 1"2U=%4L12
Energy density:

u=B22pu0u = \frac{B"2} {2p_0}u=2n0B2

45. Discuss working principle of transformer based on mutual inductance.



Answer:
AC in primary produces varying flux inducing emf in secondary.
Voltage ratio:

VsVp=NsNp\frac{V_s}H{V_p} = \frac{N_s}H{N_p}VpVs=NpNs

« PART-C: Maxwell’s Equations & EM Waves (Q.46-50)

\\
46. State Maxwell’s equations in differential form and explain their p@anmg.

Answer:

®
V-E=p/e0V-E = p/e_0V-E=p/e0 (Gauss law)

V-B=0V-B = 0V-B=0 (No monopoles)
VxE=—0B/0tVXE = -0B/0tVXE=—0B/0t (Faraday’
VxB=pu0J+u0e00E/0tVxB =p 0J +p 0g 0 6E‘it u0e00E/ot (Ampere-Maxwell

law)
&\
N\

47. Derive electromagnetic wave a 0 axwell’s equations.

b

Answer:

Combining equations gives: Q
V2Eu08082Eat2\nab\ W0 \frac {0"2E} {6t"2} V2E=p0£00t202E

Wave speed:
c=1u0e0c = \fra u Og 0} }e=p0e01
-
48. \Qwement current and its importance in Maxwell’s theory.
Answe

Displace current density:
Jd=e00Eot] d=¢_ 0 \frac{JE} {0t}Jd=e00t0E

Completes Ampere’s law and explains EM wave propagation.




49. Define Poynting vector and derive expression for energy density of EM wave.
Answer:
S=1u0ExBS = \frac{1} {n_0} ExBS=p01ExB

Energy density:

u=V560E2+B22p0u = Yog OE~2 + \frac {BA2} {2p1_0}u=V4£0E2+210B2 ‘&_
\ﬂ\
50. Discuss propagation of electromagnetic waves in vacuum and dieletr@u .

Explain transverse nature and polarization.

Answer:

EM waves are transverse; E and B are perpendicular to each ot &)p&gaﬁon direction.
Speed in vacuum: \
c=3x108m/sc = 3x10"8 m/sc=3x108m/s

<3
S

v=ckv = \frac{c}{\sqrt{k}}v=kc

Polarization restricts electric field vi i%ne plane.



	Vector Analysis – 50 MCQs with Answers
	Scalar and Vector Product
	Gradient
	Divergence
	Curl
	Vector Integration
	Gauss Divergence Theorem (Statement Only)
	Stokes Theorem (Statement Only)
	Mixed Concept Questions

	Electrostatics – 50 MCQs with Answers
	Electrostatic Field & Electric Flux
	Gauss’s Theorem
	Electric Field Due to Different Charge Distributions
	Electric Potential
	Capacitance
	Energy in Electrostatic Field
	Dielectric Medium
	Application-Based Questions

	Magnetism – 50 MCQs with Answers
	Biot–Savart Law & Applications
	Divergence and Curl of Magnetic Field
	Magnetic Vector Potential
	Ampere’s Circuital Law
	Magnetic Properties of Materials
	Dia-, Para-, Ferromagnetic Materials
	Concept-Based Questions

	Electromagnetic Induction & EM Waves – 50 MCQs
	Faraday’s Laws & Lenz’s Law
	Self & Mutual Inductance
	Energy Stored in Magnetic Field

	✅ Maxwell’s Equations & EM Waves
	Equation of Continuity & Displacement Current
	Maxwell’s Equations
	Poynting Vector & Energy Density
	EM Wave Propagation
	Propagation in Dielectric Medium
	Polarization
	Conceptual Questions

	PART–A: Vector Analysis (Q.1–35)
	Scalar & Vector Product
	Gradient
	Divergence
	Curl
	Vector Integration
	Gauss & Stokes Theorem
	Mixed Concept

	✅ PART–B: Electrostatics (Q.36–75)
	Electrostatic Field & Gauss Law
	Electric Field Due to Charge Distributions
	Electric Potential
	Capacitance
	Dielectrics
	Applications

	PART–A: Magnetism (Q.76–110)
	Biot–Savart Law
	Divergence and Curl of B
	Magnetic Vector Potential
	Ampere’s Circuital Law
	Magnetic Properties of Materials
	Dia-, Para-, Ferromagnetism

	✅ PART–B: Electromagnetic Induction (Q.111–130)
	✅ PART–C: Maxwell’s Equations & EM Waves (Q.131–150)
	PART–A: Vector Analysis (Q.1–18)
	1. Define scalar and vector product. Discuss their physical significance.
	2. Explain scalar triple product and its geometrical interpretation.
	3. Derive vector triple product identity.
	4. Define gradient and explain its physical meaning.
	5. Define divergence and explain its significance.
	6. Define curl and explain its physical meaning.
	7. Prove that curl of gradient is zero.
	8. Prove that divergence of curl is zero.
	9. Explain line integral and its physical meaning.
	10. Define surface integral and flux.
	11. Define volume integral and its application.
	12. State and explain Gauss divergence theorem.
	13. State and explain Stokes theorem.
	14. Define conservative field. Give condition.
	15. Explain Laplacian operator and its use.
	16. Distinguish between solenoidal and irrotational fields.
	17. Explain physical meaning of circulation.
	18. Discuss applications of vector analysis in physics.

	✅ PART–B: Electrostatics (Q.19–35)
	19. State and explain Gauss’s law in electrostatics.
	20. Derive electric field due to point charge using Gauss law.
	21. Derive electric field due to infinite line charge.
	22. Find electric field due to infinite plane sheet.
	23. Show electric field inside spherical shell is zero.
	24. Derive electric field inside uniformly charged solid sphere.
	25. Define electric potential and derive relation with field.
	26. Derive potential due to point charge.
	27. Define capacitance and derive for isolated sphere.
	28. Derive capacitance of parallel plate capacitor.
	29. Explain effect of dielectric on capacitance.
	30. Derive energy stored in capacitor.
	31. Derive energy density in electric field.
	32. Define polarization and displacement vector.
	33. State Gauss law in dielectric medium.
	34. Explain electrostatic shielding.
	35. Discuss applications of electrostatics.

	PART–A: Magnetism (Q.36–50)
	36. Derive magnetic field due to a long straight current carrying conductor using Biot–Savart law.
	37. Derive magnetic field at the center of a circular coil.
	38. Derive magnetic field inside a long solenoid using Ampere’s circuital law.
	39. Explain divergence and curl of magnetic field with physical significance.
	40. Define magnetic vector potential and show that B=∇×AB = ∇×AB=∇×A.
	41. State and explain Ampere’s circuital law.
	42. Derive magnetic field inside a toroid.
	43. Define magnetic intensity (H) and magnetic induction (B). Discuss relation between them.
	44. Define permeability and magnetic susceptibility. Derive relation between them.
	45. Explain diamagnetic materials with properties.
	46. Explain paramagnetic materials with properties.
	47. Explain ferromagnetic materials and hysteresis.
	48. Compare diamagnetic, paramagnetic and ferromagnetic materials.
	49. Discuss applications of magnetic materials.
	50. Explain practical applications of solenoids and toroids.

	✅ PART–B: Electromagnetic Induction (Q.51–60)
	51. State and explain Faraday’s laws of electromagnetic induction.
	52. Explain Lenz’s law and its significance.
	53. Define self inductance and derive induced emf expression.
	54. Define mutual inductance and derive expression for induced emf.
	55. Derive expression for self inductance of a long solenoid.
	56. Derive expression for energy stored in inductor.
	57. Derive energy density in magnetic field.
	58. Explain mutual inductance in transformers.
	59. Discuss eddy currents and their effects.
	60. Explain electromagnetic induction in practical devices.

	✅ PART–C: Maxwell’s Equations & EM Waves (Q.61–70)
	61. State Maxwell’s four equations in differential form.
	62. Explain equation of continuity.
	63. Define displacement current and its importance.
	64. Derive electromagnetic wave equation from Maxwell’s equations.
	65. Explain Poynting vector and its physical meaning.
	66. Derive expression for energy density of EM wave.
	67. Discuss propagation of EM waves in vacuum.
	68. Discuss propagation of EM waves in dielectric medium.
	69. Explain transverse nature of EM waves.
	70. Explain polarization of electromagnetic waves.

	✅ PART–A: Vector Analysis (Q.1–12)
	1. Define scalar and vector products. Derive their expressions and discuss geometrical and physical significance.
	2. Explain scalar triple product and prove that it represents volume of parallelepiped.
	3. Derive vector triple product identity and explain its importance.
	4. Define gradient of scalar field. Derive its expression in Cartesian coordinates and explain physical meaning.
	5. Define divergence of vector field and derive its Cartesian form. Discuss its physical interpretation.
	6. Define curl of vector field and derive its expression in Cartesian form. Explain significance.
	7. Prove that divergence of curl is zero and curl of gradient is zero.
	8. Define line, surface and volume integrals. Discuss their physical applications.
	9. State and prove Gauss divergence theorem.
	10. State and explain Stokes theorem.
	11. Discuss conservative and solenoidal vector fields with examples.
	12. Discuss applications of vector calculus in physics.

	✅ PART–B: Electrostatics (Q.13–25)
	13. State and explain Gauss’s law. Derive electric field due to point charge.
	14. Derive electric field due to infinite line charge.
	15. Derive electric field due to infinite plane sheet.
	16. Show that electric field inside uniformly charged spherical shell is zero.
	17. Derive electric field inside uniformly charged solid sphere.
	18. Define electric potential and derive relation E=−∇VE = -∇VE=−∇V.
	19. Derive potential due to point charge and dipole.
	20. Derive capacitance of isolated spherical conductor.
	21. Derive capacitance of parallel plate capacitor with dielectric.
	22. Derive energy stored in capacitor and energy density of electric field.
	23. Define polarization and derive relation for displacement vector.
	24. State Gauss law in dielectric medium and explain its importance.
	25. Discuss applications of electrostatics in practical devices.

	PART–A: Magnetostatics (Q.26–38)
	26. State and derive Biot–Savart’s law. Discuss its physical significance.
	27. Derive magnetic field due to a long straight current carrying conductor using Biot–Savart law.
	28. Derive magnetic field at the center of a circular current carrying coil.
	29. Derive magnetic field inside a long solenoid using Ampere’s circuital law.
	30. Discuss divergence and curl of magnetic field and their physical meaning.
	31. Define magnetic vector potential and derive relation B=∇×AB = ∇×AB=∇×A.
	32. State and explain Ampere’s circuital law with applications.
	33. Derive magnetic field inside a toroid.
	34. Define magnetic intensity (H), magnetic induction (B), permeability and susceptibility. Derive relation among them.
	35. Explain diamagnetic, paramagnetic and ferromagnetic materials with properties and examples.
	36. Discuss hysteresis curve and energy loss in ferromagnetic materials.
	37. Compare solenoid and toroid with applications.
	38. Discuss practical applications of magnetostatics in engineering.

	✅ PART–B: Electromagnetic Induction (Q.39–45)
	39. State and explain Faraday’s laws of electromagnetic induction with derivation.
	40. Explain Lenz’s law and prove that it obeys conservation of energy.
	41. Define self inductance and derive expression for induced emf.
	42. Define mutual inductance and derive expression for induced emf in secondary coil.
	43. Derive expression for self inductance of a long solenoid.
	44. Derive expression for energy stored in magnetic field and its energy density.
	45. Discuss working principle of transformer based on mutual inductance.

	✅ PART–C: Maxwell’s Equations & EM Waves (Q.46–50)
	46. State Maxwell’s equations in differential form and explain their physical meaning.
	47. Derive electromagnetic wave equation from Maxwell’s equations.
	48. Explain displacement current and its importance in Maxwell’s theory.
	49. Define Poynting vector and derive expression for energy density of EM wave.
	50. Discuss propagation of electromagnetic waves in vacuum and dielectric medium. Explain transverse nature and polarization.


