MCQs (1-50) — UNIT I: INTEGRAL CALCULUS

Section A: Basic Integration Concepts

1. Integration is the inverse process of:
A) Multiplication

B) Differentiation

C) Addition

D) Division

Answer: B

2. The integral of xnx*nxn is:

A) xn+1n\frac{x*{n+1}}{n}nxn+1

B) xn+1n+1\frac{x{n+1}}{n+1}n+1xn+1
C) nxn—1nx"{n-1}nxn—1

D) xnx™nxn
Answer: B g

\‘
3. [1 dx=\int 1\,dx =1dx= %
A) X

B) 1
C)0

D) In x Q
Answer: A \Q

\l
4. Constant n is written as:
A) K

B) C
C) A
D)D
Answer:

5. Jexdx=\int e*x dx=lexdx=
A) exe”xex
B) xexxe"xxex



D) 1/ex1/e”x1/ex
Answer: A

6. [1xdx=\int \frac{1} {x}dx=[x1dx=
A) x

C) x2x"2x2

D) exe™xex

Answer: B Q
-

A) sin X ¢
B) —sin x
C) cos x \
D) tan x
Answer: A
A

7. lcosix dx=\int \cos x\,dx=|cosxdx= &

A

8. Jsinfiix dx=\int \sin x\,dx=[sinxdx

A) cos X

B) —cos x

C) tan x

D) sec x Q
Answer: B ; ‘

) J h J
9. Integration ré Qmetrically:
A) slope
B) area‘und
C) disiénc

Answe ‘

10. [0 dx=\int 0\, dx=[0dx=
A1l
B) 0
C)C



D) x
Answer: C

Section B: Integration by Substitution

11. Substitution method is also called:

A) change of variable

B) factorization Q
C) expansion

D) division

Answer: A

A) x

B) x2x"\2x2
C) cos x

D) sin x

Answer: B : %

B) cos™x

13. Jdx1—x2\int \frac{dx}{\sgrt H1—x2dx equals:
A) sin~Ix ‘

C) tan™1x

D) sec x %

Answer: A Q
N4

14. | \nt \frac{dx} {1+x2}=]1+x2dx=

A) In X

B) tan™1x
C) sin™1x
D) cos x
Answer: B




15. Best substitution for a2—x2\sqrt{a"2-x"2}a2—x2:

D) x=a
Answer: A

16. Substitution simplifies integrand by:

A) increasing degree

B) reducing complexity Q
C) removing constants '

D) differentiation
O\

Answer: B
Nt

17. Je3xdx=\int " {3x}dx=Je3xdx= \
A) e3xe™{3x}e3x

B) e3x3\frac{e{3x}}{3}3e3x

C) 3ex3e™{x}3ex

D) In x

Answer: B :

Section C: Integration by P:Q

N
18. Formula @f i %parts is:
A) uv

B) Judy=uv v-Jvdufudv=uv—|vdu
C) u+v

D) u—

Ans

19. LIATE rule helps choose:
A) substitution

B) u-function

C) limits

D) constants

Answer: B



20. In LIATE, L stands for:
A) Linear

B) Logarithmic

C) Limit

D) Length

Answer: B

\\
21. [xexdx=\int x e"x dx=/xexdx= Q
A) xex—ex+Cxe”x-e"x+Cxex—ex+C
B) xex+Cxe”x+Cxex+C

C) ex/xe”x/xex/x

D) In x & ¢
Answer: A ES %

A) x
B) In x

C) dx
Q
Answer: B

23. Integration by parts i %rom:

A) quotient rule
B) product r
C) chain rule

D) limit rul

<

B) In x
C) x2x"2x2
D) 1/x
Answer: A




25. Repeated integration by parts is used for:
A) algebraic x exponential

B) constants

C) polynomials only

D) fractions

Answer: A

Section D: Partial Fractions

_O\

>

26. Partial fractions apply to:
A) irrational functions
B) rational functions

®
C) trigonometric only %
D) exponential only \
Answer: B %
\ 4
27. Rational function means ratio of:

A) polynomials

B) trig functions %
C) logs

D) exponentials Q

Answer: A

N\
28. Denominator %
A) factorable
B) constant
C) zer Q
D) irr

Ans

~

29. 1(x—1)(x—2)\frac{1}{(x-1)(x-2)} (x—1)(x—2)1 decomposes into:
A) A+B

B) Ax—1+Bx—2\frac{AH{x-1}+\frac{B}{x-2} x—1A+x—2B

C) polynomial

D) constant

Answer: B



30. Partial fractions simplify integration by:
A) multiplication

B) splitting terms

C) differentiation

D) expansion

Answer: B

31. Repeated linear factor uses form:
A) Alx

B) A/x+B/x2A/x+B/x"2AIx+B/x2
C) Ax

D) constant \ ¢
Answer: B ;S

32. Quadratic irreducible factor form:

A) Alx

B) Ax+B

C) Ax? %

D) constant

Answer: B
\J

Section E: Integration ional Functions

\J
33. Integral {1}{x-a}x—al is:
A) Injx Q

Answer:

34. Rational integrals usually solved using:
A) substitution

B) partial fractions

C) parts



D) limits
Answer: B

35. Degree numerator must be:
A) > denominator

B) < denominator

C) equal always

D) zero

Answer: B Q

C
36. If degree higher, first perform: \.V
A) differentiation
B) division QJ
C) substitution \
D) limits
Answer: B g

S
Section F: Integration of Irrationq‘ Fu%Q

37. Integral involving roots i c‘
A) rational integral <

B) irrational integral

C) definite integral
D) improper dgte
Answer B

\sq x"\2+a2}x2+a2 substitution:
A) x=atani#l —a\tan\thetax—atane

D) X=a
Answer: A




39. x2—a2\sqrt{x"2-a"2}x2—a2 substitution:

D) x=a
Answer: A

40. Trigonometric substitution converts integral into:

A) algebraic form

B) trigonometric form Q
C) logarithmic form ‘

D) constant
O\

Answer: B
W 4
Section G: Integration by Transformation

S

41. Transformation means:

A) changing variable form
B) differentiation
C) multiplication
D) limits
Answer: A ; Q

\]-
42. Integral ifyari %u stitution if:
A) limits adjus

43. Transformation simplifies integrand by:
A) symmetry

B) complexity

C) constants

D) limits

Answer: A



44. Even function integral over symmetric limits is:
A) zero

B) twice integral

C) undefined

D) constant

Answer: B

N
45. Odd function integral over symmetric limits equals: Q\
A) 1 <

B) zero

C) infinity

D) constant K ¢
Answer: B ES

Section H: Conceptual Applications g%

\‘
46. Integration used to find: %
A) area

B) volume
C) displacement

D) all Q
Answer: D \Q

Answer: B

48. Definite integral gives:
A) function
B) number
C) variable



D) slope
Answer: B

49. Integration constant disappears in:
A) indefinite integral

B) definite integral

C) substitution

D) parts

Answer: B Q
(-

A) simplification ¢
B) complication

C) expansion \

D) differentiation

Answer: A %

MCQs (51-100)

50. Main aim of integration techniques is: \ -

D )
Section A: Evaluation of Definite

51. A definite integralw

A) Function

B) Number %
C) Variable
D) Copstan

>
2
3
@D

52. Fmal theorem of calculus connects:

A) Algebra & Geometry

B) Differentiation & Integration
C) Trigonometry & Algebra

D) Limits & Matrices

Answer: B




53.
[aaf(x) dx=\int_a"a f(x)\,dx=[aaf(x)dx=

A1l

B)a

c)o

D) f(a)
Answer: C

54.

[abf(x) dx=—{baf(x) dx\int_a"b f(x)\,dx=-\int_b*a f(x)\,dx/abf(x)dx

This shows:

A) symmetry property
B) limit property

C) reversal of limits

D )
55. If f(x)f(X)f(x) is even, then: b

A0
B) twice integral fro

C) infinity

D) undefined

AnSWfrZ Bg

[-aaf(x) dx=\int_{-a}*{a} fiﬁ\,@a X)dx=

D) substitution rule % :
Answer: C d >

Q\

N

56. If X) is odd:
[—aaf(x) dx=\int_{-a}*{a} f(x)\,dx=/—aaf(x)dx=

Al

B) a

C)o

D) -1
Answer: C



57.
[0af(x) dx=[0af(a—x) dx\int_0"a f(x)\,dx=\int_0"a f(a-x)\,dx[0af(x)dx=[0af(a—x)dx

is called:

A) symmetry property
B) parts rule

C) substitution rule

D) reduction rule
Answer: A Q

v N — 4
58. Value of %\ ¢
[omsiniix dx\int_0Mpi \sin x\,dx[0nsinxdx \

is: >

A) 0 ’b
B) 1

C)2

Q

Answer: C

>
59. Definite integrals in‘epenQof:

A) limits

B) path of integratio

C) constant ofin ti

D) function

AnSWfrZ Cg

N

60.
J01x dx=\int_071 x\,dx=[01xdx=

Al

B) 1/2
C)2

D)0
Answer: B



Section B: Reduction Formulae

61. Reduction formula expresses:

A) derivative

B) higher integral in terms of lower integral
C) limit

D) matrix

Answer: B

62. Reduction formula is useful for:
A) repeated integrals

B) algebra

C) matrices

D) limits

Answer: A

A)2
B) 1
C)n

Q
Answer: A \Q

D) deri
Answer:

. |mpI|f|eS evaluation of:
ategrals

65. Reduction relation generally contains:
A) recurrence relation

B) logarithm

C) constant



D) matrix
Answer: A

66. Reduction formula helps avoid:
A) substitution

B) repeated integration

C) differentiation

D) limits

Answer: B Q
(-

A) powers of trig functions ¢
B) constants

C) polynomials only \

D) exponentials only

Answer: A g

67. Reduction formula mainly applied to: K .

S
Section C: Curve Tracing : %

B) integration only

C) differentiation on

D) matrices

Answer: A Q

O

68. Curve tracing studies: Q -
A) behavior of curve \<

69. etrywabout y-axis checked by replacing:

A)xb

B) y by —
C) both

D) none
Answer: A




70. Symmetry about origin checked by replacing:
A) XX, yoy

B) x—y

C) y—x

D) none

Answer: A

71. Intercepts found by putting:

A) derivatives zero
B) variables zero
C) limits zero '

D) constants zero

Answer: B ‘A—Q\. °
’\)I

72. Asymptotes help describe:

A) distant behavior of curve

B) slope only

C) area

D) volume

CN

C) asymptotes

73. Points where derivative zera
A) intercepts

B) stationary points

D) normals %

Answer: B Q

y e
tr INg uses:

B) limits
C) symmetry
D) all
Answer: D

Section D: Length of Curve



75. Length of curve formula:

L=[1+(dydx)2dxL=\int \sqrt{1+\left(\frac{dy}{dx}\right)*2} dx L=/ 1+(dxdy)2dx

represents:
A) arc length
B) area
C) volume
D) slope
Answer: A Q
v N 4
®

76. Arc length depends on:

A) derivative %
B) integral \
C) both C_D

D) constant

Answer: C g%

»
77. Arc length formula derived from: ®

A) Pythagoras theorem

B) algebra
C) limits only Q
D) matrices <

Answer: A

\¥
78. Parame h uses:
A) dx/ n%
B)o
C)o
D) con
Answer:

Section E: Area Under Curve




79. Area between curve and x-axis equals:
A) derivative

B) definite integral

C) limit

D) constant

Answer: B

80. Area between two curves:

[(yl=y2)dx\int (y_1-y 2)dx|(yl—y2)dx Q

requires:
A) upper — lower curve

B) sum \ ¢
C) product
D) division \

Answer: A

81. Negative area indicates:

A) curve below axis

B) error %
C) infinity

D) zero Q

Answer: A

B) derjvativ,
C) limi
D) consta

Ans

Section F: VVolume of Solids of Revolution

83. Volume when rotated about x-axis:



V=nly2dxV=\pi\int y*2 dxV=ny2dx

Method called:
A) disk method
B) substitution
C) parts

D) reduction
Answer: A

\\
84. Volume about y-axis uses: Q
A) X2x"2x2
B) y2y"2y2

C) xy

D) constant K ¢
Answer: A ES

85. Washer method used when: % :

A) hollow region
B) solid region

C) constant region
D) none
Answer: A

86. Volume represents:\g

A) 2D measure

B) 3D meas

C) slope

D) angle

Answe Q

87. Ummme are:

A) square units
B) cubic units
C) linear units
D) radians
Answer: B




Section G: Surface Area of Revolution

88. Surface area formula:
S=2ny1+(y")2dxS=2\pi\int Y\sqrt {1+(y")"2}dxS=2x[y1+(y")2dx

represents:
A) curved surface

B) area
C) volume Q
D) slope
Answer: A
A ®

»
89. Surface area depends on: \\{J
A) radius and arc length
B) slope only
C) constant
D) limits

Answer: A

N4
90. Rotating curve generates:
A) surface Q
B) line
C) point
D) angle %

Answer: A

€
Sectic ! tual Applications

\J

91. Solid of revolution formed by rotating:
A) line

B) area

C) point

D) axis

Answer: B



92. Integration used in volume calculation comes from:
A) summation of slices

B) differentiation

C) algebra

D) matrices

Answer: A

\\
93. Curve tracing helps in: Q
A) sketching graphs
B) solving equations l '

C) limits only

D) matrices \ ¢
Answer: A ;S

B) algebra

C) geometry only
D) statistics
Answer: A

94. Maximum area problems belong to: % :
A) optimization ®

O\

N\J
95. Length of curve incr (%
A) slope variation
B) constants
C) limits only

D) matrices

@,

96. Defin tegral evaluates:
A) accumulated quantity

B) slope

C) constant

D) variable

Answer: A




97. Area under curve always computed using:
A) indefinite integral

B) definite integral

C) derivative

D) limits only

Answer: B

98. Reduction formula useful for large powers because:

A) simplifies computation

B) increases complexity Q
C) removes limits ‘

D) removes constants
s.AQ\. :

Answer: A
\
99. Curve tracing identifies:
A) maxima & minima
B) asymptotes

C) symmetry
D) all

N

B) subtraction

C) multiplication

D) division

Answer: A Q
Sect%ivative of Scalar Product

100. Integral calculus applicati i deeal with:
A) accumulation procésses

101. If A and B are vector functions of t, then
ddt(A-B)=\frac{d}{dt}(A\cdot B)=dtd(A-B)=

A) AB
B)A"B +A-B’



C)A"B’
D) A+B
Answer: B

102. Scalar product of two vectors gives:
A) vector

B) scalar

C) matrix

D) tensor

Answer: B

103. If A-B = constant, then:

A) derivative zero

B) vectors parallel

C) vectors perpendicular always
D) magnitude zero

Answer: A

&2
X

104. Derivative of magnitude square %

ddt(A-A)=\frac{d}dt}(A\cdot 6
A) 2A-A/

B) A’

C) A?

D) 0

Answer: A Q

NS
Qs

N4

Ar p duct measures:

C) volume
D) distance only
Answer: A

Section B: Derivative of Vector Product



106. Derivative of vector product:
ddt(AxB)=\frac{d}{dt}(A\times B)=dtd(AxB)=

A) AxB

B) A’xB + AxB’
C) A’xB’

D) A+B
Answer: B

107. Vector product gives:
A) scalar

B) vector

C) constant

D) number

C) triangle rule
D) cosine rule Q
Answer: A ; <

Answer: B g%
S

108. Direction of cross product detegmin ;

A) right-hand rule

B) left-hand rule

©
<

B) par

Cu

D)u ct
Answe

A J A J
109. If AxB = 0 Q
A) pe endQ
|

110. Magnitude of AxB equals:
A) AB cosf

B) AB sinf

C) A+B



D) A-B
Answer: B

Section C: Gradient Operator

111. Gradient operator is denoted by:

A)V
B) A
C)o
D)]

Answer: A

O

O\

112. Gradient operates on:
A) scalar function

B) vector function

C) matrix

D) constant

Answer: A A%

113. Gradient of scalar func
A) scalar

B) vector

C) constant

D) zero
Answer B

4

>

C) zero change
D) constant value
Answer: B




115. Gradient in Cartesian coordinates is:
A) 10/0x + jo/0y + ko/oz

B) x+y+z

C) dx+dy+dz

D) constant

Answer: A

Section D: Divergence

_O\

116. Divergence operator is written as:
A)V-A

B) VxA

C) AxB

D) 0A

Answer: A

NS

117. Divergence of vector field gives:

Answer: A

A) scalar
B) vector
C) matrix
D) tensor Q

Q*J\.
&

\v
118. Divergengce %

A) rotation

B) sprgadin i

C) len Q

D) ar

Ans

119. Divergence of constant vector is:
A1l

B)O

C) infinite

D) undefined

Answer: B



120. Positive divergence indicates:

A) source

B) sink

C) rotation

D) equilibrium
Answer: A

Section E: Curl

121. Curl operator is written as:

A) V-A

B) VxA
C)AB

D) VA
Answer: B

122. Curl gives:
A) scalar

B) vector

C) constant

D) matrix Q
Answer B

Answer:

124. Curl of gradient is:
Al

B) vector

C) zero



D) constant
Answer: C

125. If curl A =0, field is:
A) rotational

B) irrotational

C) divergent

D) constant

Answer: B Q
(-

S
S

Section F: Second Order Vector Operators

4

126. Laplacian operator is: \
&
B)V

C)o

D) Ax

Answer: A : %

A) scalar
B) vector

C) matrix
D) constant
Answer: A

WO

127. Laplacian of scalar fiet '

W\t

128. ciat equals:

A) dive of gradient
B) curl o ient

C) gradient of curl
D) vector product
Answer: A




129. V-(VxA) equals:

A1l

B) A

c)o

D)
Answer: C

130. Vx(Vo) equals:
A) o

B) vector

co

D) constant
Answer: C

O\

O

Section G: Cartesian Coordinate System

e

131. Cartesian coordinates consist of:

A)r1,0

B) x,y,z
C)rz

D) 6,0
Answer: B

2

O

C)a, b,

D) p,
Ans

system are:

132. Unit vectorsd C@
AT,
B) i, juk Q

133. Partial derivative 0/0x measures change along:

A) y-axis
B) z-axis
C) x-axis
D) origin
Answer: C



134. Gradient components depend on:
A) partial derivatives

B) integrals

C) constants

D) limits

Answer: A

o\

135. Vector operators act component-wise in:

A) Cartesian coordinates
B) polar only

C) spherical only

D) cylindrical only
Answer: A

N
<

Section H: De Moivre’s Theorem

Q7

136. De Moivre’s theorem states:

A) cos nf + 1 sin n6
B) sin nf

C) cos 0

D) tan 0
Answer A

Q)‘

(cosB+isinf)n=

'b

’s theorem applies to:

s
B) comple mbers
C) matrices

D) vectors

Answer: B




138. Used to find:

A) roots of complex numbers
B) integrals only

C) derivatives only

D) limits

Answer: A

139. If n=2:

A) c0s20+i sin20
B) cos6

C) sinb

D) tanf

Answer: A

v 0'
140. Complex number in polar form is:

A) 1(cosB+i sinB)

B) x+y %

C) a+bi only
D) matrix
Answer: A

«

Section I: Applicati%xMoivre

141.C r%usity obtained using:

A) inte@ra

B) D ivréstheorem
C) limi

D) differe ion

Answer: B

142. Argument of complex number represents:
A) magnitude
B) angle



C) length
D) area
Answer: B

143. Modulus represents:
A) direction

B) magnitude

C) angle

D) derivative

Answer: B

144. De Moivre helps expand:
A) trigonometric powers

B) matrices

C) vectors

D) limits

Answer: A

145. Used to derive identities of:
A) trigonometry

B) algebra

C) calculus only

D) geometry only Q
Answer A

Sectlf J: QQApphcatlons

B) maximum increase
C) origin

D) constant value
Answer: B




147. Divergence theorem relates:
A) surface & volume integrals
B) limits

C) algebra

D) matrices

Answer: A

148. Curl measures local:
A) expansion

B) rotation

C) displacement

D) magnitude

Answer: B

O

O\

149. Vector differential operators belong to:

A) vector calculus
B) algebra

C) statistics

D) arithmetic
Answer: A

&S
oD

4

150. Vector calculus mainly @ J
A) scalar quantities

B) fields and motion in s

C) numbers only

D) constants

Answer: B Q
MC XOO)

Section A: Scalars and Vectors

151. A scalar quantity has:
A) magnitude only



B) direction only

C) both magnitude and direction
D) neither

Answer: A

152. A vector quantity has:
A) magnitude only

B) direction only

C) magnitude and direction
D) constant value

Answer: C

153. Example of scalar quantity is:

A) velocity

B) force

C) temperature
D) displacement
Answer: C

154. Example of vector quantity is:

A) mass

B) speed Q
C) acceleration

D) energy \

Answer: C

AVa\®

@r&ented by:
rOmdrrow

Answer: A

156. Unit vector has magnitude:
A0
B)1



C)2
D) infinity
Answer: B

157. Position vector of point (X, Y, z) is:
A) xi +yj +zk

B) x+y+z

C) xyz

D) i+j+k
Answer: A Q

v v
158. Magnitude of vector ai+bj+ckai+bj+ckai+bj+ck equals: % ¢

A) at+b+catb+ca+b+c
B) a2+h2+c2\sqrt{a"2+b"2+c"2}a2+b2+c2 \
C) abc
D) a2+h?

Answer: B g%

»
159. Zero vector has magnitude: ®

A) 1
B) -1
C)0

D) infinite Q
Answer C

160. Two v Qual if they have:
A) sam ly

Answer:

Section B: Vector Point Functions




161. Vector point function assigns:
A) scalar to vector

B) vector to each point

C) number only

D) constant

Answer: B

162. Vector function of scalar variable is written as:

A) f(x)
O
C) x+y

D) ax

Answer: B K °
\

163. Example of vector function:

A) t2t"2t2

B) ti+t2jti+t 2jti+t2]

C)int

D) sint

SN

C) point only

164. Vector function represe J
A) curve in space

B) line only

D) constant %

Answer: A Q

N/
165. Rar?

in vector function is usually:
B) vector

C) matrix
D) constant
Answer: A




166. Position vector describes:
A) location of particle

B) velocity

C) force

D) acceleration only

Answer: A

167. Vector valued function has components:
A) scalar functions

B) matrices

C) constants

D) limits

Answer: A

O

O\

Section C: Continuity of Vector Function

168. Vector function is continuous if:

Answer: A

AN

A) each component continuous

B) magnitude constant %
C) direction fixed

D) derivative zero Q

\V

Sy

N\
169. Continui %
A) component S

B) constant
C) matriges
D) li
Ans

~

170. Limit of vector function exists if:
A) component limits exist

B) magnitude zero

C) direction constant

D) infinite value

Answer: A



171. Continuous vector function has:
A) no breaks

B) constant slope

C) zero value

D) fixed direction

Answer: A

172. Discontinuity occurs when:
A) any component discontinuous
B) magnitude constant

C) derivative exists

D) vector zero

Answer: A

Section D: Differentiation of VVector Function g%

)
173. Derivative of vector function re s%\

A) velocity
B) position
C) displacement

D) mass Q
Answer A

174. 1f r(t)= —X|+yj+zkr(t)—X|+yj+zk, then
drdt=\ffac =dtdr=

A) derival@vehof each component
B) zero

C) constant

D) integral

Answer: A




175. Differentiation of vector is performed:
A) component-wise

B) randomly

C) algebraically only

D) geometrically only

Answer: A

176. Second derivative of position vector gives:

A) velocity
B) acceleration Q
C) displacement ‘

D) force

Answer: B ‘A—Q&. .
N~

177. If velocity constant, acceleration is:

A) zero

B) infinity

C) constant

D) undefined

CN

178. Derivative of constant v c
A) same vector

B) zero vector

C) unit vector

D) infinity

Answer: B

WO\

Sect%ivative Rules

179. Derivative of sum of vectors equals:
A) sum of derivatives

B) product

C) difference

D) zero

Answer: A



180.
ddt(A+B)=\frac{d}{dt}(A+B)=dtd(A+B)=

A) A+B
B) A'+B’
C) AB
D)0
Answer: B

181. Derivative of scalar multiple:
ddt[cA]=\frac{d}{dt}[cA]=dtd[cA]=

A) cA’

B) A’

C) c+tA
D)0
Answer: A

182. Product rule for scalar and
A) (uv)'=u'v+uv'

B) u+v
C) uv
D) constant

.
183. e itude constant then derivative is:
A)p I

B) per ar
C) zero a

D) infinite
Answer: B

184. Tangent vector to curve equals:
A) derivative of position vector



B) position vector
C) acceleration
D) scalar
Answer: A

Section F: Unit Tangent and Motion

185. Unit tangent vector is:
A) normalized velocity vector
B) position vector

C) acceleration vector

D) zero vector

Answer: A

186. Speed equals:
A) magnitude of velocity
B) displacement

C) acceleration
D) direction
Answer: A

NS
187. Velocity direction i &
A) tangent to path
B) normal alway
C) axis
D) origin
Answe Q

188. Amion depends on:

A) change in velocity
B) position only

C) constant value

D) mass

Answer: A




Section G: Conceptual Vector Calculus

189. Vector differentiation useful in:
A) particle motion

B) algebra

C) matrices

D) limits

Answer: A

190. Curve described by vector function lies in:
A) space

B) number line \
C) matrix
D) constant plane \

Answer: A

191. If all components differentiable, vector

A) differentiable

B) discontinuous %
C) constant

D) undefined Q

Answer: A

193. Differentiation preserves:
A) vector nature

B) scalar nature

C) constant value

D) magnitude only

Answer: A



Section H: Trigonometric Vector Functions

194. Derivative of siniit i\sin t\,isinti equals:

A)costi
B)sinti
C)-sinti
D)tanti
Answer: A : Q
v N 4
..... e

A)sintj
B) —sint]
C)costj

D)tant]
Answer: B g

A) circle

B) line
C) parabola Q
D) hyperbola ‘

Answer: A

A
c@n t)j(cost)i+(sint)j represents:

\* 2
197. Speed i otion remains:

A) constant

B) ze

C)i

D) vari ays
Answer:

198. Acceleration in circular motion directed toward:
A) center

B) tangent

C) outward



D) axis
Answer: A

Section I: Advanced Conceptual

199. Differentiation of vector function mainly studies:

A) motion in space

B) algebraic equations Q
C) matrices ‘

D) limits
,.xz\ i

Answer: A
\

200. Vector calculus combines: \
A) algebra & geometry

B) calculus & vectors

C) matrices & limits

D) statistics & algebra

Answer: B %

LONG QUESTIONS WITCQIONS (Q1-Q30)
SECTION xi by Substitution

QL

3

\int 2x\cos(x”2)\,dxJ2xcos(x2)dx

Solution
Let
u=x2=>du=2x dxu=x"2 \Rightarrow du=2x\,dxu=x2=du=2xdx

Integral becomes:



Q2. Evaluate

Ixx2+1 dx\int \frac{x}{x"*2+1}\,dx[x2+1xdx

Let u=x2+1u=x"2+1u=x2+1

Q3. Evaluate

Jdx1-x2\int \frac{dx}{\sqrt{1-xA2}}J1-x2dx

Q4. Evaluate %
fe3x dx\int eA{3 w 23xdx

Let u=

du=3 =3@xdu=3dx =13e3x+C=\frac13 e {3x}+C=31e3x+C

Q5. Evaluate



SECTION B — Integration by Parts

Q6. Evaluate

[xexdx\int x eAx dxfxexdx Q
Formula: '

fudv=uv-[vdu\int udv=uv-\int vdufudv=uv-fvdu

\ .
Take: x%
u=x,dv=exdxu=x,\quad dv=e”x dxu=x,dv=exdx du=dx ‘%X, quad v=e~xdu=dx,v=ex
=xex-[exdx=xe”x-\int e*x dx=xex—[exdx ex(x—1)+C\% x-1)+C}ex(x-1)+C

&\

Ixsinizix dx\int x\sin x\,dx/xsinxdx

u=x, dv=sinizoixdxu=x, \gelv= &FX, dv=sinxdx du=dx, v=—cosiixdu=dx,\ v=-\cos
xdu=dx, v=—fsx =—XCOSH" et 1AL}

Let:

Take:



Q9. Evaluate

[x2exdx\int xA2 e”x dxJx2exdx
Apply parts repeatedly:

Result:

ex(x2-2x+2)+C\boxed{e”x(x"2-2x+2)+C}lex(x2-2x+2)+C

C

O

From product rule: @
ddx(uv)=udvdx+vdudx\frac{dH{dx}(uv)=u\frac{dv}{dx}+ % }dxd(uv)=udxdv+vdxdu
Integrating: %

Judv=uv-[vdu\int udv=uv-\int vdufudv=uys
v proved. 6@

Q10. Prove integration by parts formula.

SECTION C — PartNio

\ 4
Q11. vaIQ

Jdx(xz28(x frac{dx}(x-1)(x-2)}f(x-1)(x-2)dx

Decom
1(x-1)(x-2)=Ax-1+Bx-2\frac1{(x-1)(x-2)}=\frac{A}{x-1}+\frac{BHx-2}(x-1)(x-2)1=x-1A+x-2B
Solve:

A=-1, B=1A=-1\ B=1A=-1,B=1

Integral:



Q12. Evaluate
Ixx2-1dx\int \frac{x {x"2-1}dx[x2-1xdx

Factor denominator:

1|+C=21In|x2-1|+C (

Q13. Evaluate

Jdxx2-4\int \frac{dx}{x"2-4}[x2-4dx c\%

Factor:

(x=2)(x+2)(x-2)(x+2)(x=2)(x+2) &
Result: %

e
Q15. m

[3x+5x2+2xdx\int \frac{3x+5H{x"2+2x}dx[x2+2x3x+5dx

Split:

3x+5x(x+2)=Ax+Bx+2\frac{3x+5}{x(x+2)}=\frac{A{x}+\frac{BH{x+2}x(x+2)3x+5=xA+x+2B



Solve:
A=5/2, B=1/2

Integrate — logarithmic result.

SECTION D — Rational & Irrational Functions g
\\

Q16. Evaluate @

Ix dx\int \sqrt{x}\,dx[xdx =[x1/2dx=23x3/2+C=\int x*{1/2}dx =\frac@x" +C=[x1/2dx=32

A 4

x3/2+C ; ®
AN

Q17. Evaluate

Jdxx\int \frac{dx}{\sqrt{x}}/xdx =2x+C=2\sq r’@

\ e
Q18. Evaluate %

fa2-x2 dx\int \sqgrt{a”2-x2}\,

Substitute: \g
x=asini2§§6x=a\sin\th%
Result: Q
x2a2- 1xa+C\frac{x}{2}\sq rt{a”r2-x"2}+\frac{a"2{2\sin*{-1}\frac{xH{a}+C2xa2-x2
+2a2 a

A\~ 4
Q19. Evaluate

fdxx2+a2\int \frac{dx}{\sqrt{x*2+a”2}}/x2+a2dx

Result:



Q20. Explain trigonometric substitution method.
Used when integrand contains:

o a2—x2\sqrt{a"2-x"2}a2—x2

o X2+a2\sqrt{x"2+a"2}x2+a2

o x2-a2\sqrt{x"2-a"2}x2—a2

Convert algebraic form — trigonometric form.

O

N g

SECTION E — Integration by Transformation § %\

Q21. Evaluate
J0af(x)dx=f0af(a-x)dx\int_0"a f(x)dx=\int §’®Oaf(x)dx=maf(ax)dx

Proof

Put:

x=a-tx=a-tx=a-t @
Limits reverse — sa%.

v proved. Q
AQ\\'

Q22. Evdluate

Q23. Evaluate

JO1(x+1)2dx\int_0"1 (x+1)A2 dx[O1(x+1)2dx



Expand:
X24+2X+1IX"2+2x+1x2+2x+1
Integrate termwise:

=13+1+1=73=\frac13+1+1=\frac73=31+1+1=37

**Q24. Explain transformation in integration.

Change variable to simplify integrand or exploit symmetry.

\ e
Q25. Evaluate \%
Jdx21+x\int \frac{dx}{1+\sqrt{x}}J1+xdx %

Let u=xu=\sqrt{x}u=x
x=u2, dx=2u dux=u”2,\ dx=2u\,dux=u2, d

Solve — logarithmic form.

SECTION F — Mixed*€o ept roblems

N & \
o)




Q27. Evaluate

N
Q28. Evaluate QQ

Ix2x+1dx\int \frac{x*2}{x+1}dx x+1x2dx ‘
Divide first: \ ®
x=1+1x+1x-1+\frac1{x+1}x-1+x+11 \
Integrate: S

x22-x+In#l x+1]|+C\frac{x"2H{2}-x+\In | x+1| +C&%C
\ )

Q29. Explain difference between s it@tionhand parts.
Method Used When Q

Substitution composi&%

Parts produc% ions

A\
**Q30. %ﬁons of integration.

Use

ar
volume
displacement
probability
physics modelling

LONG QUESTIONS WITH SOLUTIONS (Q31-Q60)



SECTION A — Evaluation of Definite Integrals

Q31. Evaluate

J01x2 dx\int_071 x*2\,dx[01x2dx

Solution
Ix2dx=x33\int xA2dx=\frac{x*3}{3}/x2dx=3x3 Q

Apply limits:

®
[x33]01=13\left[\frac{x*3}{3}\right]_071=\frac13[3x3]01=31 %
/ Answer: \
13\boxed{\frac13}31

Q32. Evaluate

7 Answer: \Q
222 : C

Q33.

R

=n4=\frac{\pi{4}=4n



Q34. Prove

f0af(x)dx=f0af(a-x)dx\int_0"a f(x)dx=\int_0”a f(a-x)dx[0af(x)dx=[0af(a-x)dx

Proof

Let x=a—tx=a-tx=a—t.

Then: Q
dx=-dtdx=-dtdx=-dt ‘

Limits interchange — integral unchanged.

\ .
Vv proved. ‘&

Q35. Evaluate
J01(3x+2) dx\int_071 (3x+2)\,dx[01(3x+2
=[3x22+2x]01=32+2=72=\left[\frac{3%{2 \right]_071 =\frac32+2=\frac72=[23x2+2x]01=23

+2=27

SECTION B — Redl\%u*‘ae

formula for

int \sin”n x\,dxIn=fsinnxdx

Apply integration by parts.

Result:



=-nsinn-1xcosx+nn-1In-2

Q37. Evaluate

Using reduction:

13=23111_3=\frac23 I_113=32I1 11=11_1=111=1 @

Hence:

23\frac2332 %

Q38. Derive reduction formula for

fé‘)\'
Jcosizinx dx\int \cos”n x\,dxJcosnxdx ®

Result: %
In=cosiin-1xsini®xn+n-1nin-2I n=\ osM{n-1}x\sin x{n}+\frac{n-1}{n}l_{n-2}in

=ncosn-1xsinx+nn-1In-2 Q

Q39. Evaluate %\
JOm/2cosiidx dx \pi/2N\cos*4x\,dxJOr/2cosdxdx
Using eatedly:

=3nl pi{16}=163m

Q40. Explain importance of reduction formulae.

They convert higher power integrals into simpler lower power integrals.




SECTION C — Curve Tracing

QA41. Trace curve
y=x2y=x"2y=x2

Steps
e Symmetric about y-axis
e Vertex (0,0) Q
e Opens upward ‘

Parabola obtained. K °

> 4

Q42. Trace %\
y=x3y=x"3y=x3 %
Odd function — symmetric about origin. ;®

Inflection at origin.

Q43. Find symmetry Qw

X2+y2=a2x"2+y"2= a%

Symmetric t xes and origin — circle.

N\

Q44. tionary points of
y=x3-3xy=x"3-3xy=x3-3x y'=3x2-3=0=>x=11y'=3x"2-3=0 \Rightarrow x=\pm1ly'=3x2-3=0=>x=%1

Stationary points at (1,-2), (—1,2).

Q45. Explain steps of curve tracing.



Symmetry
Intercepts
Derivatives
Asymptotes
Sketch

agrLONE

SECTION D — Length of Curve

C OV
Q46. Find length of curve

y=x3/2, 0<x<1y=x"{3/2},\ O\le x\lely=x3/2, 0<x<1 \ Q®

Formula: \%
=\frac32x"{1/2}y'=23x1/2

L=[1+(y')2dxL=\int\sqrt{1+(y')*2}dxL=f1+(y’)2dx y'=3

L=/011+94x dxL=\int_0”"1\sqrt{1+\frac94x}\,dxL=[011+,
Integrate — final numerical value.

Y4
Q47. Derive arc length formu
Using small element:
ds=dx2+dy2ds=\sqrt% A2tds=dx2+dy2

Divide by dx:
ds=1+( d= sqrt{1+(dy/dx)"2}dxds=1+(dy/dx)2dx
Vv de

Q48. Find arc length of

y=x, 0<x<1y=x,\ O\le x\lely=x, 0<x<1y’'=1y'=1y’'=1 L=[012 dx=2L=\int_0~71\sqrt2\,dx=\sqrt2L=[01
2dx=2




SECTION E — Area Under Curve

Q49. Find area under

y=x2, 0<x<2y=x"2,\ O\le x\le2y=x2, 0<x<2 A=[02x2dx=83A=\int_0"2 x"2dx=\frac{8}{3}A=[02

x2dx=38 C
\\
Q50. Area between @

y=X, y=X2y=X,\ y=x"2y=X, y=x2

Intersection: x=0,1

\ .
A=[01(x-x2)dxA=\int_0"1(x-x"2)dxA=[01(x-x2)dx =12—]%%c;g-\fracl3=\frac16=21—31

=61

\v
Q51. Explain geometric meaning of definiteSntegkal.
&

Represents signed area between cur

SECTION F — VO|UN)®REVO|UﬁOH
Q52. Voluy rotating

e x\lely=x, 0<x<1

V=rJ01x2dx=n3V=\pi\int_0"1x"*2dx=\frac{\piH{3}V=r[01x2dx=3m

Q53. Derive disk method formula.

Volume of thin disk:



dV=ny2dxdV=\pi y*2dxdV=my2dx
Integrate:

V=rJy2dxV=\pi\int y*2dxV=rJy2dx

Q54. Volume rotating
y=xy=\sqrt{x}y=x Q
about x-axis (0—4). ‘

O\

V=rtJ04x dx=8mtV=\pi\int_074x\,dx=8\piV=rt[04xdx=81m

4

Q55. Explain washer method. %\

Used when region has inner and outer radii:

V=nJ(R2-r2)dxV=\pi\int(R"2-r*2)dxV=n(R2-¥2)d

\NO

N4
SECTION G — Surface AreaQ n

«

Q56. Derive surfac%xnula.

Surface stripn
dS=2ny§d\,dst=2rtyds S=2n[y1+(y’)2dxS=2\pi\int y\sqrt{1+(y"')*2}dxS=2mnJy1+(y’)2dx

Q57. Fin face area rotating

y=x, 0<x<1y=x,\ O\le x\lely=x, 0<x<1 y’'=1y'=1y’'=1 S=2mJ01x2 dx=m2S=2\pi\int_0*1x\sqrt2\,dx
=\pi\sqrt2S=2mnJ01x2dx=mn2

Q58. Explain applications of solids of revolution.



Used in:

e engineering design
o tanks & vessels
e manufacturing shapes

Q59. Compare area and volume integrals.

Quantity Formula
Area [y dx

Volume mfy2dx

oS

area calculation
volume measurement
physics motion problems

O

\
Q60. State real-life applications of definite integrali: S
economics accumulation mogels
SECTION A — Scalars and Vect + Numerical)

O

Q61. Define scalar a hantities with examples.

Solution

ScalafQu g magnitude only.

Examp mperature, time.

Vect ity having magnitude and direction.
Exampl city, force, displacement.

Vector representation:
A”=ai+bj+ck\vec{A}=ai+bj+ckA=ai+bj+ck
Magnitude:

|A"|=a2+b2+c2 |\vec A|=\sqrt{a”2+b"2+c 2} Al=a2+b2+c2



Q62. Find magnitude and unit vector of

A"=3i-4j+12k\vec A=3i-4j+12kA=3i-4j+12k

Solution
Magnitude:
|A”|=9+16+144=13|\vec A|=\sqrt{9+16+144}=13|A|=9+16+144=13
Unit vector: @
AN=A"|A’|=3i-4j+12k13\hat A=\frac{\vec A{|\vec A|} =\frac{3i-4'+&{13w"=lAlA
=133i-4j+12k

xQ

N

Q63. Show that two vectors are perpendicular if theifdotaroduct is zero.

Solution

A”-B”=|A”||B”|cosiiB\vec A\cdot\vec B=| tc | \Vec B|\cos\thetaA-B=|A||B|cos®

co i23336=0:6=900\cos\theta=O \theta=90"\circcos8=0=6=900

Hence perpendicular. \Q

Q64. Find men
A’=i+ \ +2k\vec A=i+2j+2k,\quad \vec B=2i-j+2kA=i+2j+2k,B=2i-j+2k
Dot pr

A-B=2-2+4=4A\cdot B=2-2+4=4A-B=2-2+4=4

Magnitudes:




Q65. Explain vector point function geometrically.

A vector function assigns a vector to each value of parameter ttt.
It represents motion of a particle or curve in space.

SECTION B — Vector Function of Scalar Variable g
\\

Q66. Define vector function of scalar variable. @

A function:

®
r(t)=x(t)i+y(t)j+z(t)k\vec r(t)=x(t)i+y(t)j+z(t)kr(t)=x(t)i+y(t)j+z(t)%\
where t is scalar parameter. E\

U

Q67. Given

r(t)=t2i+t3j+tk\vec r(t)=tA2i+tA3j+t )%3'4-
find position at t=2t=2t=2.
=4i+8j+2k=4i+8j+2k=4:8j+s Q

(b\

2tjr(t)=ti+2tj |r"|=t2+4t2=5 t | \vec r| =\sqrt{t"2+4tA2}=\sqrt5\,t|r|=t2+4t2

Q69. Show vector function represents a curve.
Since coordinates depend on parameter:
x=f(t),y=g(t),z=h(t)x=f(t),y=g(t),z=h(t)x=f(t),y=g(t),z=h(t)

Eliminating t gives equation of curve.



Q70. Find velocity vector if
r(t)=t2i+3tjr(t)=t"2i+3tjr(t)=t2i+3tj
Velocity:

v=drdt=2ti+3jv=\frac{dr}{dt}=2ti+3jv=dtdr=2ti+3j

)
SECTION C — Continuity of Vector Function ‘ Q

Vector function continuous at t=at=at=a if

limivit>ar(t)=r(a)\lim_{t\to a} r(t)=r(a)t>alimr(t %

All components must be contlnuous

Q71. Define continuity of vector function. \%

Q72. Test continuity of

r(t)=(t2)i+(3t)jr(t)=(t"2)i t2)i+(3t)j

Since polynf it%o tinuous — vector function continuous.

Quny depends on component functions.

Exists only if each component limit exists.

v proved.




Q74. Explain geometrical meaning of continuity.

Particle moves smoothly without jumps.

Q75. Check continuity at t=0t=0t=0:

r(t)=(siniott)i+t2jr(t)=(\sin t)i+tA2jr(t)=(sint)i+t2j

Both components continuous = function continuous. Q

SECTION D — Differentiation of Vector Function

N

N
Q76. Define derivative of vector function.
drdt=limixiAt>0r(t+At)-r(t)At\frac{drHdt}=\li %0} \frac{r(t+\Delta t)-r(t)}{\Delta

t}dtdr=At->0limAtr(t+At)-r(t)

Q77. Differentiate

r(t)=t3i+t2j+tkr(t)=t"3:' t"Z'gIQthﬂk r'(t)=3t2i+2tj+kr'(t)=3t"2i+2tj+kr'(t)=3t2i+2tj+k

N
Q78. Find ve leration.
Given OVQ“

Velo \

v=r'(t)v= r'(t)

Acceleration:

a=r"(t)=6ti+2ja=r"(t)=6ti+2ja=r"(t)=6ti+2j

Q79. Differentiate



r(t)=eti+siniitjr(t)=e i+\sin tjr(t)=eti+sintj r'(t)=eti+cosiitjr'(t)=e/ti+\cos tjr'(t)=eti+cost;j

Q80. Show derivative of constant vector is zero.
Let AAA constant:
dAdt=0\frac{dA}{dt}=0dtdA=0

since no change with t.

C

SECTION E — Rules of Differentiation

A\

®
\
Q81. Prove derivative of sum rule. S

ddt(A+B)=dAdt+dBdt\frac{d{dt}(A+B) =\frac{dA +\! BHdt}dtd(A+B)=dtdA+dtdB

Follows from limit definition. g

Q82. Differentiate Q

(ti+t2j)+(etk)(ti+t 2j)+(e @+ etk) =i+2tj+etk=i+2tj+e tk=i+2tj+etk

Q83. Differ: Qar multiple
ddt[tZ\fE dt}[tA2( i+j)1dtd[t2(i+])] =2t(i+j)=2t(i+j)=2t(i+])

Qs84. If
r(t)=ai+btjr(t)=ai+btjr(t)=ai+bt;
find derivative.

r'(t)=bjr'(t)=bjr'(t)=bj



**Q85. Explain physical meaning of derivative of vector.

Represents velocity — instantaneous rate of change of position.

SECTION F — Higher Order Derivatives

Q86. Find second derivative < w|
r(t)=t4i+t3jr(t)=t 4i+t"3jr(t)=t4i+t3] r"(t)=12t2i+6tjr"(t)=12t’\2i+ﬁ'§&2&i+6tj

A J

\
Q87. Show acceleration is derivative of velocity. %

a=dvdt=d2rdt2a=\frac{dv}{dt} =\frac{d*2r}{dtr2 t d2r

v proved. g

r(t)=ti+t2jr(t)=ti+t 2jr(t)=i+

Velocity: %
v=i+2tjv=i+ i+
Unit e Q
T=VI\%}{IVI}T=IVIV

Q88. Find unit tangent vecto

Q89. Show velocity tangent to path.

Direction of motion given by derivative = tangent direction.




**Q90. Explain applications of vector differentiation.
Used in:

particle motion
mechanics
robotics

space trajectories
fluid dynamics

LONG QUESTIONS WITH SOLUTIONS (Q91-Q120)

C

SECTION A — Vector Function of Scalar Variable

A\

®
A~ 4
Q91. Define a vector function of a scalar variable%%n ample.

Solution

A vector function depending on scalar ttt js;
r(t)=x(t)i+y(t)j+z(t)k\vec r(t)=x(t)i+\@x(t)i+y(t)j+z(t)k
Example: Q

It represents fOtif %

in t),j+t kr(t)=t2i+sintj+tk

iCle in space.

Q.
Q92. iion vector at t=1t=1t=1 for

r(t)=t3i stoit kr(t)=t~3 i+2t j+\cos t\ kr(t)=t3i+2tj+costk

Q93. Show that vector function represents a space curve.



Since:
x=f(t), y=g(t), z=h(t)x=f(t),\; y=g(t),\; z=h(t)x=f(t),y=g(t),z=h(t)

Eliminating parameter ttt gives relation among X,y,zx,y,zx,y,Z — curve in space.

Q94. Find magnitude of

r(t)=2ti+3tj+tkr(t)=2ti+3tj+tkr(t)=2ti+3tj+tk [r|=4t2+9t2+t2=14 t|r|=\sq rt{4t"6 2}

=\sqrt{14}\,tIr|=4t2+9t2+t2=14t QJ
N

Q95. Explain geometrical meaning of parameter ttt.

Parameter represents time or position index describing E‘o

O

SECTION B — Continuity of Vector Fun

Q96. Define continuity of a ve ﬁ%n

A vector function is cantin at=a if:
=r(a)t—>alimr(t)=r(a)

muous

All component functions continuous = vector function continuous.

Q98. Prove continuity depends on component continuity.



z)klimr(t)=(limx)i+(limy)j+(limz)k
Exists only if each limit exists.

v proved.

Particle moves smoothly without sudden jumps.

RN
Q99. Explain physical meaning of continuity. :Q

®
Q100. Check continuity at t=0t=0t=0: @

r(t)=siniitti+t2jr(t)=\frac{\sin t{t}i+tA2jr(t)=tsinti+t2] Iim% pitt=1\lim_{t\toO}\frac{\sin

t}{t}=1t->0limtsint=1 'b
Hence continuous.

A J
SECTION C — Differentiation w. Qariable

_Q

S@J

Q101. Define derivati function.

drdt=limiziAt %ﬁ\frac{d ri{dt}= \lim_{\Delta t\to0} \frac{r(t+\Delta t)-r(t){\Delta
t}dtdr=At9E )-r(t)

\v
Q102 entiate

r(t)=t2i+t3j¥t4kr(t)=tA2i+t"A3j+t 4kr(t)=t2i+t3j+t4k
r'(t)=2ti+3t2j+4t3kr'(t)=2ti+3t2j+4tA3kr'(t)=2ti+3t2j+4t3k

Q103. Find velocity and acceleration.

Velocity:



v=r'(t)v=r'(t)v=r'(t)
Acceleration:

a=r"(t)a=r"(t)a=r"(t)

Q104. Differentiate

r(t)=eti+cosiit j+sinioit kr(t)=eAti+\cos t\,j+\sin t\ kr(t)=eti+costj+sintk
r'(t)=eti-siniit j+cosiit kr'(t)=eAti-\sin t\,j+\cos t\ kr'(t)=eti-sintj+costk (

Q105. Show derivative of constant vector is zero.

x

dAdt=0\frac{dA}{dt}=0dtdA=0

since no change occurs. g > b

Separate terms = result proved.

Q107. Differentiate

(ti+t2j)+(etk)(ti+t 2j)+(e tk)(ti+t2))+(etk) =i+2tj+etk=i+2tj+e tk=i+2tj+etk



Q108. Differentiate

(3t2i+4t))+(5K)(3tA2i+4t])+(5K) (3t2i+4tj)+(5k) =6ti+4j=6ti+4j=6ti+4]

Q109. Explain linearity of vector differentiation.

Derivative distributes over addition and scalar multiplication.

C

O

Q110. If

A(t)=ti, B(t)=t2jA(t)=ti,\ B(t)=t"2jA(t)=ti, B(t)=t2] @

find derivative of A+BA+BA+B.

=A+B'=i+2tj=A"+B' =i+ 2tj=A"+B'=i+2t] Q’b

\‘
uc

SECTION E — Derivative of Scal

Q111. Prove < QI

ddt(A-B)=A'-B+A'B'\% A\cdot B)=A"\cdot B+A\cdot B'dtd(A-B)=A"-B+A-B’

Using produ Qimit definition.

v proyeds

Q112. If
A=ti, B=tjA=ti,\ B=tjA=ti, B=tj
find derivative of A-BA\cdot BA-B.

A-B=0=derivative=0A\cdot B=0 \Rightarrow \text{derivative}=0A-B=0=derivative=0



Q113. Differentiate
(ti+t2))-(i+))(ti+t~2j)\cdot(i+j)(ti+t2j)-(i+j)
Dot product:

=tH2=t+t/2=t+t2

Derivative: Q
1+2t1+2t1+2t { Q

LN
A 4

Q114. Show derivative of A-AA\cdot AA-A equals 2A-A@2A-A'.

ddt(A-A)=A"-A+A-A'=2A-A'\frac{d{dt}(A\cdot A) =A'\ tc:) A' =2A\cdot A'dtd
(A-A)=A"A+A-A'=2A-A’

. J

Q115. Explain geometric meaningéef s p\luct derivative.

Represents rate of change of project m Qne vector on another.

N4

SECTION F — Derg’\hctor Product

o115 OQ\)'

ddt( A™RB+AxB'\frac{dH{dt}(A\times B)=A"'\times B+A\times B'dtd(AxB)=A'xB+AxB’
Derived limit definition similar to product rule.

v proved.

Q117. Differentiate



(ti)x(tj)(ti)\times(tj)(ti)x(tj) =t2k=tA2k=t2k
Derivative:

2tk2tk2tk

Q118. If
A=ti, B=t2jA=ti,\ B=tA2jA=ti, B=t2j
find derivative of AXBA\times BAXB. @
AxB=t3kA\times B=t"3kAxB=t3k \ '
Derivative: \
3t2k3t 2k3t2k S

.\

\ "4
Q119. Show cross product derivative gives ¥gt al change.
Since cross product gives perpendic @ its derivative measures change in rotational

orientation.

bc
Q120. Explain applicati tor product differentiation.
Used in: %

SECTION A — Gradient




Q121. Define gradient of a scalar function and find gradient of
@©=X2+y2+22\phi=x"2+y"2+z"2(p=x2+y2+z22

Solution

Gradient:

V=i0@ox+jo@ay+kd@adz\nabla \phi=i\frac{\partial \phi}{\partial x} +j\frac{\partial If\partial
v} +k\frac{\partial \phi}{\partial z}Vp=ioxd@+joydp+kdzoe

Compute derivatives: Q
g«b

0pOx=2x, 0ay=2y, 0@oz=2z\frac{\partial \phi}{\partial x}=2x,\; \frae{\p hi{{\partial
vI=2y,\; \frac{\partial \phi}{\partial z}=2z0x0¢p=2x,0yd¢p=2y,0z0 =&
ch=2xi+2yj+22k\boxed{\nabIa\phi=2xi+2yj+22k}ch=2xi+2§'i+22Q

"4

Q122. Show gradient points in direction of maxiﬂ%mse.

Directional derivative:

Du@=V-urD_u\phi=\nabla\phi\cd@ \h%p @-uh

$
QlZAmrectional derivative of

@=x2+y2+22\phi=x"2+y"2+272(p=x2+y2+22
at (1,1,1) along vector i+j+Ki+j+Ki+j+k.

Unit vector:



i+j+k3\frac{i+j+k}{\sqrt3}3i+j+k
Gradient at point:
2i+2j+2k2i+2j+2k2i+2j+2k
Directional derivative:

=63=23=\frac{6}{\sqrt3}=2\sqrt3=36=23

»
Q125. Explain physical meaning of gradient. Q

Represents rate and direction of maximum change (temperature, po% figlds).

A 4

%2,
\

SECTION B — Divergence

\v

Q126. Define divergence and find dlver

+6262 3\nabla\cdot A= \frac{\partial x}{\partial
3l z}{\partial z}=3V-A=0x0x+dydy+0z93z=3

A=xi+yj+zkA=xi+yj+zkA=xi+yj+zk V-A
x} +\frac{\partial y}{\partlal y}+

Q127. Interpret phy; \ g of divergence.

Measures so “ gth of vector field.
Positi %
Negatis

Q128. Fins divergence of

A=x2i+y2j+z2kA=x"2i+y"2j+z"2kA=x2i+y2j+z2k V-A=2x+2y+2z\nabla\cdot
A=2x+2y+2zV -A=2x+2y+2z

Q129. Show divergence of constant vector is zero.



All partial derivatives vanish = divergence = 0.

Q130. Determine whether field is solenoidal
A=yi+zj+xkA=yi+zj+xkA=yi+zj+xk V-A=0+0+0=0\nabla\cdot A=0+0+0=0V-A=0+0+0=0

Hence solenoidal.

SECTION C — Curl Qw
_i Y

A J

Q131. Define curl and compute curl of \%
A=xi+yj+zkA=xi+yj+zk A=xi+yj+zk VxA=0\nabIa\times%%

Hence irrotational field.

N
Q132. Find curl of

A=yz i+zx j+xy kA=yz\,i+zx\,j+ i+zxj+xyk
Using determinant for\%

VxA=0\nabla\i
Oy
Q13 f gradient is zero.
Vx(Ve la\times(\nabla\phi)=0Vx(V)=0

Mixed partial derivatives cancel.

v proved.

Q134. Explain physical meaning of curl.



Measures rotational tendency of vector field.

Q135. Determine if vector field is irrotational
A=2xi+2yj+2zkA=2xi+2yj+2zk A=2xi+2yj+2zk

Curl = 0 = irrotational.

SECTION D — Second Order Vector Operators Qw

Q136. Define Laplacian operator. \%
V2=020x2+020y2+020z2\nabla*2=\frac{\partial*2} %} +\frac{\partial*2}{\partial y*2}
+\frac{\partial*2}{\partial zA2}V2=0x202+0 0

yZOZEz

N\

Q137. Find Laplacian of %
@©=x2+y2+22\phi=x"2+y"2+z" 2= 2p=2+2+2=6\nabla”2\phi=2+2+2=6V2¢p=2+2+2=6

\&

Q138. Prove

V-(VxA)=O\nz@a\times A)=0V-(VxA)=0
Diveche@ ays zero due to equality of mixed derivatives.

lesa.\%%

Vx(V)=0\nabla\times(\nabla\phi)=0Vx(V¢)=0

Gradient has no rotation = curl zero.




Q140. Explain relation
V2@=V-(Vp)\nabla”2\phi=\nabla\cdot(\nabla\phi)V2¢=V- (V)

Laplacian equals divergence of gradient.

SECTION E — Cartesian Coordinate System

C D
Q141. Write gradient, divergence and curl in Cartesian form.

V—i6x+jay+kdz\nabIa—i\partiaIx+j\partia|y+k\partia|zV—idx+® ®

Divergence:
OxAx+0yAy+0dzAz\partial_xA_x+\partial_yA_y+\parti - X+0yAy+0zAz

Curl:
determinant form.

Q142. Show gradient operato erator
Contains unit vectors ;kl <| jQ derivatives = vector quantity.

) J
of Cartesian coordinates.

SECTION F — De Moivre’s Theorem

Q144. State and prove De Moivre’s theorem.



Statement

n\theta(cosB+isinB)n=cosnB+isinn®

Proof (by induction)
True for n=1.

Assume true for n=k.

Multiply by (cosi-+isini)(\cos\theta+i\sin\theta)(cosb+isin0) — obtain reS\Q

v proved. ‘

A [N
Q145. Use De Moivre to expand \%
(cosiiB+isiniB)3(\cos\theta+i\sin\theta)*3(cosO+isi S
=cos30+isin9i30=\cos3\theta+i\sin3\theta=cos36+isi

PZa\

N\

Q146. Find cos®36\cos3\thetacos s@nivre.

Compare real parts:
@=4\cos"3\theta-3\cos\thetacos36=4cos39—3cose

z3=1z
+isin3

Roots:

1, -12+i321,\; -\frac12\pm i\frac{\sqrt3}{2}1,-21+i23

Q148. Express complex number 1+il+il+i in polar form.

Magnitude:



r=2r=\sqrt2r=2

Argument:

(cos4m+isin4m)

Q149. Find (1+i)4(1+i)"4(1+1)4 using De Moivre.

1+i=2(cosiind+isinioind)1+i=\sqrt2(\cos\frac{\pi{4}+i\sin\frac{\pi}{4})1+is in4rt)
Raise power: Q

®
(2)4(costim+isinioim)=4(-1)=-4(\sqrt2)*4(\cos\pi+i\sin\pi) =4(-1%&osn+isinrt)=4(—1)=—4

N
Q150. State applications of De Moivre’s theorem.%

Used in:
finding roots of complex numgber

trigonometric identities
signal processing

electrical engineering
wave analysis \Q

>
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