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K.S.R. COLLEGE OF ENGINEERING (Autonomous) ~-TIRUCHENGODE.

Vision of the Institution

e We envision to achieve status as an excellent educational institution in the global knowledge hub, making
self-learners, experts, ethical and responsible engineers, technologists, scientists, managers,
administrators and entrepreneurs who will significantly contribute to research and environment friendly
sustainable growth of the nation and the world.

Mission of the Institution

e To inculcate in the students self-learning abilities that enable them to become competitive and
considerate engineers, technologists, scientists, managers, administrators and entrepreneurs by diligently
imparting the best of education, nurturing environmental and social needs.

e To foster and maintain a mutually beneficial partnership with global industries and Institutions through
knowledge sharing, collaborative research and innovation.

DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

Vision of the Department

e To create ever green professionals for software industry, academicians for knowledge cultivation and
researchers for contemporary society modernization.

Mission of the Department

e To produce proficient design, code and system engineers for software development.
e To keep updated contemporary technology and fore coming challenges for welfare of the society.

Programme Educational Objectives (PEOs)

PEOL1 : Figure out, formulate, analyze typical problems and develop effective solutions by imparting the

idea and principles of science, mathematics, engineering fundamentals and computing.
PEO2 : Competent professionally and successful in their chosen career through life-long learning.

PEO3 : Excel individually or as member of a team in carrying out projects and exhibit social needs and

follow professional ethics.
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DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

Subject Name: ENGINEERING MATHEMATICS - |
Subject Code: 18MA151 Year/Semester: 1/ |
Course Outcomes: On completion of this course, the student will be able to

CO-1  Interpret the basics of Matrix applications in the field of engineering.
CO-2  Acquire knowledge in solving ordinary differential equations.

CO-3  Explain and apply the concepts of differential calculus problems.
CO-4  Skills in Developing and solving the functions of several variables.
CO-5  Acquire the basics of vector calculus and its applications.

Program Outcomes (POs) and Program Specific Outcomes (PSOs)

A. Program Outcomes (POs)
Engineering Graduates will be able to :
Engineering knowledge: Ability to exhibit the knowledge of mathematics, science, engineering

PO1 fundamentals and programming skills to solve problems in computer science.

PO2 Problem analysis: Talent to identify, formulate, analyze and solve complex engineering
problems with the knowledge of computer science. .

PO3 Design/development of solutions: Capability to design, implement, and evaluate a computer
based system, process, component or program to meet desired needs.

PO4 Conduct investigations of complex problems: Potential to conduct investigation of complex
problems by methods that include appropriate experiments, analysis and synthesis of information
in order to reach valid conclusions.

PO5 Modern tool Usage: Ability to create, select, and apply appropriate techniques, resources and
modern engineering tools to solve complex engineering problems.

PO6 The engineer and society: Skill to acquire the broad education necessary to understand the
impact of engineering solutions on a global economic, environmental, social, political, ethical,
health and safety.

PO7 Environmental and sustainability: Ability to understand the impact of the professional
engineering solutions in societal and Environmental contexts and demonstrate the knowledge of,
and need for sustainable development.

PO8 Ethics: Apply ethical principles and commit to professional ethics and responsibility and norms
of the engineering practices.

PO9 Individual and team work: Ability to function individually as well as on multi-disciplinary
teams.

PO10 Communication: Ability to communicate effectively in both verbal and written mode to excel
in the career.

PO11 Project management and finance: Ability to integrate the knowledge of engineering and
management principles to work as a member and leader in a team on diverse projects.

PO12 Life-long learning: Ability to recognize the need of technological change by independent and
life-long learning.

B. Program Specific Outcomes (PSOs)

PSO1 Develop and Implement computer solutions that accomplish goals to the industry, government or
research by exploring new technologies.
PSO2 Grow intellectually and professionally in the chosen field.
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DEPARTMENT OF MATHEMATICS
QUESTION BANK
18MA151 - ENGINEERING MATHEMATICS - |

UNIT -1 LINEAR ALGEBRA
PART A (QUESTIONS UNDER CO1)

1 -2
1. Construct the characteristic equation of { 5 4 } . (Creating)
S1=5, S;=-6, The characteristic equationis A° —54—-6=0
6 -2 2
2. The product of two eigen values of the matrix A= | —2 3 —1|is 16. Find the third
2 -1 3

eigen value. (Remembering)
Let the eigen values of the matrix Ais A1, A2, A3 Giventhat A1 A ,=16. We know that

A 1A 2 3=determinant of A = 32. (verify yourself) ie. A14,43=32=1613=32 = A3=2.
11 4 -7
3. Two eigen values of the matrix | 7 —2 —5 |are 0 and 1, obtain the third eigen value. (Remembering)
10 4 -6
Giventhat A:=0, A,=1thenfind A3=7?. W.K.T. sum of the eigen values = sum of the

main diagonal elements. ie. At Ao+ A3=11+(-2)+(-6)=3.
i.e.0+1+ A3=3 = A3=2. Hence the third eigen value = 2.

8 -6 2
4. Two eigen values of the matrix A= | —6 7 —4 |are 3and 0. What is the third eigen value?.
2 -4 3

Also find the product of the eigen values of A.

Giventhat A1=3, A,=0thenfind A3=2.

By property, A1+ A+ A3=8+7+3=18 = A;3=15.
Hence product of the eigen values = A4 14 2 A 3= (3)(0)(15) = 0.

(Remembering)

7 4 4
One of the eigen values of | 4 —8 —1|is -9. Find the other two eigen values. (Remembering)
4 -1 -8

W.K.T. sum of the eigen values = sum of the diagonal elements.

ie. A1+ A+ A3=7+(-8)+(-8)=-9.

Given that 43=-9. Henceweget, A1+ 1,-9=-9 = A+ 41,=0
(i)Product of eigen values = |A| = 441 (verify yourself).

ie. LidA:=441 = 11/12(-9) =441 => A1 A=-49 ... (ii) From (i), Ar=-A1
From(ii), A 145=-49 = A1(-A1)=-49 =-A"=-49 = 11=47.

If Ax=7then A,=-7andif A,=-7then A,=7.

Hence the remaining two eigen values are 7 and -7.



KSRCE/QM/7.5.1/CSE

1 2 1
6. Thematrix A=|2 0 —2 |issingular. One of its eigen value is 2.
1 2 3
Find the other two eigen values. (Remembering)
1 2 1

A=|2 0 -2],lettheeigenvaluesbe A1, 42,13
1 2 3

Given A1=2. Sumoftheeigenvalues= A1+ A+ A3=1+0+3 = 2+ A+ A3=4
jlz+ 13:2.

Product of the eigen values = det. Of A = -8 (verify).i.e. A1 A,43=-8
32/12/13: -8=> /12/13:-4.
X2 — (sum of the eigen values)x + product of the eigen values = 0.

—>x2_2x+(4)=0=>x=1% /5. Hence A,=1+ /5 and 1,=1- /5.

7. Form the matrix whose eigen values are o-5, B-5, ¥ -5 where a,p, y are the eigen values of

-1 -2 -3
A=|4 5 -6]. (Understanding)
7 -8 9

W.K.T the matrix A-KI has the eigen values A 1-k, A 2-k..... A k.
-1 -2 -3 1 0 0| |-6 -2 -3
Hence the matrixis A-51=| 4 5 —-6|-5/0 1 0(={4 0 -6].

7 -8 9 0 01 7 -8 4

a 4
8. Find the constants ‘a’ and ‘b’ such that the matrix L b} has 3 and -2 as its eigen values.  (Remembering)

W.K.T. sum of the eigen values of a matrix = sum of the elements of the main diagonal.
=>@)+(-2)=atb=>a+b=1...

(i)Product of the eigen values = determinant of the matrix

a
ie.(3)(-2) = 1 b =-6=ab—4 =ab=-2....
(i))Solving (i) and (ii) we get x> — (a+h)x +ab=0=> x*-x-2=0 = x=2, -1.
Thereforea=2,b=-1lora=-1,b=2.

2 21
9. If1,1,5are the eigen valuesof A= |1 3 1 |find the eigen values of 5A. (Remembering)
1 2 2

If A, A,, A, be the eigen values of A then k 4, , k 4, k A be the eigen values of KA.
Therefore the eigen values of 5A are 5, 5, 25.

2 01
10. If 2,3 are the eigen valuesof | 0 2 0| . Find the value of a. (Remembering)
a 0 2
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Let A, 4,, A;be the eigen values of A. Given A,=2, A,=3.

W.KT. 4, +A,+A;=sum of the main diagonal elements =>2+3+ A;=2+2+2=5+ A,=6 = A,=1.

2 01
AlSOWK.T. 1, A, A, =IAl =@@)1)=|0 2 0
a 0 2
—>6=8-2a =>a=1
3 21
11.0btain the Eigen valuesof adj A ifA=|{0 4 2. (Understanding)
0 01

Since A is a upper triangular matrix, the eigen values of Aare 3,4, 1.

1
WKT. Al=s —lade =adj A=|A|AL

| A

The eigen values of At arel/3, %, 1. |A| = Product of the eigen values = 12.
Therefore the eigen values of adjA is equal to the eigen values of 12A™.

.12 12 .

ie. —, —,12.1.e.4,3,12.

Hence the eigen values of adj A =4, 3, 12.
4 6 6

12.Two eigen valuesof A= | 1 3 2 |are equal they are double the third. Find the eigen values of A2,

-1 -5 -2
(Remembering)
Let the third eigen values be A . The remaining two eigen valuesare 24,2 A .
Sum of the eigen values = sum of the main diagonal elements =24 +2A+ A4 =4+3+(-2) = A=1.
Therefore the eigen values of A are 2, 2, 1. Hence the eigen values of AZare 22,22, 12 i.e. 4,4, 1.

1 2 -3
13. IfA=|0 3 2 [, then develop the eigen values of 3A% + 5A2 — 6A + 2I. (Creating)

0 0 -2

Since A is an upper triangular matrix, the eigen values of A are 1, 3, -2.

Let 4,=1,4,=3,4;=-2.

Let the eigen values of 3A3 + 5A2 — 6A + 21 are Ky, kz,ks.

A=1=ki=3(1)3+5(1)>-6(1)+2=3+5-6+2=4.

A,=3 =k =3(3)% + 5(3)2 - 6(3) + 2 = 3(27) + 5(9) - 18 + 2 = 110.

Ay=-2 = ks =3(-2)° + 5(-2)? — 6(-2) + 2 = 3(-8) + 5(4) +12 + 2 = 10.

Therefore the required eigen values are 4, 110, 10.

14. Prove that eigen values of -3A™ are the same as those of A = {2 ﬂ . (Evaluating)

The characteristic equation of Ais|A- A1]=0 = A12-24-3=0=> A=3,-1.
Hence the eigen values of A = -1, 3. ... (i) Therefore the eigen values of At are -1, 1/3.

5
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The eigen values of -3A™1= (-3)(-1) , (-3) (1/3).i.e. 3,-1....
(ii)From (i) and (ii), we conclude that the eigen values of (-3A™) are same as those of A.

1 2 b
15.The eigen values of the matrix [ 7 -2 o7are distinct. If the eigen vectors of the given matrix are | . |, 1 b2l
-2 6 -2
L _2 5} 2] =21

Find the value of a & b. (Remembering)

Given matrix is a symmetric matrix. Hence the eigen vectors are orthogonal.

1 2 b
LetXp=|a|, Xe=| 1 |, Xs=|=2].
2 -2 1
.
NowX;"X,;=0 = [L a 2]| 1 |=2+a-4=0=a=2
_2_
b
Similarly X,;"Xs=0 = [2 1 —2]|-2|=2b-2-2=0=b=2.
1

16. Explain Cayley-Hamilton theorem. (Understanding)

Every square matrix satisfies its own characteristic equation.

17.Explain the uses of Cayley-Hamilton theorem. (Understanding)
To calculate (i) the positive integral powers and
(ii) the inverse of a given square matrix.

1 -2
18.Show that the matrix {2 }atisfies its own characteristic equation. (Or)

1 -2
Verify Cayley Hamilton theorem for the matrix A = L 1 } (Understanding)

1 -2
LetA:{ }Thecha.Eqn.ofAislA— Al=0=>A12-S14 +S,=0.

S1 = sum of the main diagonal elements =1+ 1=2. S, =| A| =5 (verify).
Hence the cha. Eqn. becomes A 2—2 A +5=0. To prove that A> -2A + 51 = 0.

1 -2||1 -2 -3 -4
A?= = .
2 11|12 1 4 -3
-3 -4] [1 -2] [1 0] [0 O
s A?-2A+ 5] = -2 +5 = .
4 -3/72 1]7lo 1] ]oo0
Therefore the given matrix satisfies its own characteristic equation.

1 4
19.Using Cayley Hamilton theorem, find the inverse of 5 3} . (Applying)

1 4
Given A = [ } . Thecharegn.of Ais|A- A 1|=0=>A?-4A-51 =0 ....(i) (verify yourself)

5
Divide (i) by A we get A — 41 = Y =5AT=A_4|
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1 11 4 1 0 1(-3 4
DAt= —[A-4l]= - -4 ]. Therefore Al== .
5 5712 3 0 1 512 -1

1 4
20.Use Cayley Hamilton theorem for the matrix A = [2 3} to express
A5 —4A* —7TA® + 11A? — A — 101 as a linear polynomial in A. (Applying)
1 4
Given: A= L 3} . The cha. Egn. of Ais |A- A 1|=0= 1> — 44 —5 = 0 (verify yourself).

.. By Cayley Hamilton theorem, we have A2 —4A —51=0. ...(1)
AS —4A*—TAS + 11A7 — A - 101 = (A2 - 4A - 5I)(A3-2A+3)+A+5=0+ A +5
by (i) which is a linear polynomial in A.

21.Define the quadratic form. (Remembering)
A homogeneous polynomial of the second degree in any number of variables is called a quadratic form.
22.Write the matrix form of the Quadratic form 2x2 + 822 + 4xy — 10xz — 2yz. (Remembering)
coeff .of .x* %coeff .of .xy %coeff of .xz 2 2 5
2 0 -1
5 -1 8

Quadratic form = I
Ecoeff.of.xy coeff .of .y? Ecoeff.of.yz

%coeff .of .xz %coeff of.yz  coeff of .z°

23.Find the nature of the quadratic form 6x2 + 3y? + 1422 + 4yz +18xz + 4xy without finding

the eigen values. (Remembering)
6 2 6 2 9
D1=16|=6 (+ve), D= 5 3 =14 (+ve), Ds=|o 3 o |=1(+ve)
9 2 14

Since, D1, D2, and D3 are positive, the quadratic form is positive definite.

24.Determine the nature of the following quadratic form. F(X1,X2,X3) = X412 + 2X22. (Evaluating)

1 0O
The matrix of the quadratic form is Q = 0 2 0O by using the formula in the previous question.

0 0 O

1 0 100
D1=|1I=1(+V~E),Dz={0 2}2(+ve),03: o 2 o|=0(verify).
00

o

Therefore the quadratic form is positive definite.

25.  When do you say a quadratic form is positive definite? (Remembering)
A quadratic form is said to be positive definite if all the eigen values are positive.

26. Write the equivalent quadratic form of the matrix _86 76 _24 .
2 -4 3
8 -6 2 a, a, a;
Givenmatrixformis | _g 7 _4|=|a, a, a,|- (Remembering)
2 -4 3 Ay Ay, A4y
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Therefore its equivalent quadratic form is 8x? + 7y? + 3z2 -12xy — 8yz + 4xz.

PART B (QUESTIONS UNDER CO1)

1. Find the Eigen values and Eigen vectors of the following matrices: (Applying)
1 0 -1 _2 2 _3 2 21
@1 2 1 B, 1 _g ©|1 3 1
2 2 3 -1 -2 0 1 2 2
2 10 7 -2 0 011
@(o 2 1 ©®|-2 6 -2 M1 0 1}
0 0 2 0 -2 5 110

2. Using Cayley — Hamilton theorem, find A* & A when

2 -1 2 1 0 3 -1 0 3
@ A=|_1 2 -1 b)A=]|2 1 -1 ©A=lg 1 —7] (Applying)
1 -1 2 1 -1 1 -3 0 8

3. Verify Cayley — Hamilton theorem & hence find ! for the following matrices:

1 2 =2 7 2 -2
® 1 3 0 (b) | _ 6 -1 2 | (Understanding)
0 -2 1 6 2 -1
1 0 O
4.1fA=11 o 1| thenshowthat A"=A""2+ A%_] forn >3 using Calyey — Hamilton
010
Theorem. (Applying)
1 2
5. 1fA= 0 2 find A" in-terms of A. (Remembering)

6. Reduce the quadratic form into canonical form by an orthogonal transformation and hence
Determine its nature:

(a) 6x2 + 3y? + 322 — 4xy — 2yz + 4zX, (b) X% + y? + 22 — 2xy — 2yz — 22X,
(C) 8X12 + 7X2? + 3%3% — 12X1Xp — 8XoX3 + 4XaX1, (d) X1+ 2XoX3. (B) 2Xy+2yz+27X (Remembering)
UNIT - 1l

ORDINARY DIFFERENTIAL EQUATIONS
PART A (QUESTIONS UNDER CO2)

1. Define linear differential equation of second order. (Remembering)
Solution: Linear differential equation of second order with constant coefficient is defined as,
d?y

W+al%+a2y= X = (D*+aD+a,)y = X.

8
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2 _a2X
Find p.1 of (7 —4D+13)y =€~ (Understanding)
. 2x 1 2x 1 2x
Solution: P.l= —————€" = ———— 0" = —€"".
D -4D +13 4-8+13 9
Give the particular integral for (D +4)y =sin 2X . (Applying)
. sin 2x X COS aX COS 2X
Solution: P.I=— = =—X .
D°+2 2 4
2
Solve: d—Z + GQ +9y =0. (Understanding)
dx dx
Solution:
(D +6D+9)y=0=> A.E:m*+6m+9=0=(m+3)(m+3)=0 = m=-3-3.
Roots are real and equal... Y = (C, +C,x)e™>".
2 _ AX ol
Find the C.F for (D~ —2D +4)y =€7sin 2x. (Applying)
2 —
Solution:(D -2D+4)=0= m2—2m+4=0=m=1+i/3
CF= eX[Acos\/gx + Bsin \/§XJ
Reduce the equation (2X+3)°y —(2x+3)y —12y = 6Xinto a linear differential equation with constant
coefficient. (Understanding)
Solution: This is the Legendre’s linear equation: ((ZX + 3)2 D2 _ (2x+3)D - lZ)y =6X... (1)
Put Zz=log(2x+3), €* =2x+3= (2x+3)D =20 = (2x+3)°D* = 4(6* - 6),0 =O|i
z
Putin (1): (460° —66-12)y =3e* -9.
Find the particular integral of (D —1)2 y =sinh 2x. (Understanding)
2X _ A72X 2X —2X 2X —2X
Solution: P.l = ! 5 € € =1 € -~ € 5 :>e _¢ .
(D-1) 2 21 (2-1)° (-2-) 2 18
2
d—;( +n’x=0.
Solve dt
AE =m’+n® =0= m=4in = x = Acosnt + Bsin nt.
22 _
Solve (X"D” —3xD)y =0. (Applying)

Solution: Choose X =€*,z = log X
(6°-40)y=0=>m’-4m=0=>m=0,m=4.= y = Ae” + Be* = A+ Be®.
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d 2
2y = yl
10. Solve OX

(Understanding)
Solution: (D* =1)y =0= AE:m’*-1=0=>m=+1=y = Ae ™ + Be”.

. Transform the equation (2x—1)°y" —4(2x—1)y +8y = 8X into the linear differential equation with
constant coefficient.

11

Solution: 2X —1 = e (0r)z = log(2x —1)(2x —1)D = 260, (2x —1)* D? = 46(6 - 1)

Putin (1): (6% —30+2)y :%(e 2+1J =(*+1) = (°-360+2)y= (e’ +1).

. Find the particular integral of (D —2D +4)y = e* cos X.

12 (Applying)

Solution: P.l = zecosx =e* . 1 (cos x) = e* 21 COSX:e COS X
(D°-2D+4) (D+1)° -2D(+1) +4 D?+3 2

13. Solve (D*+1)°y =0.
Solution: AE = (m® +1)(m* +1) =0=> m =+i,m = +i.= y = (C, + C,x)cos x + (C, + C,x)sin x

2
x2—¥+4xﬂ+2y:0.
14. Solve X dx (Applying)
Solution: X =e*,z =log x, XD=6,x’D? =0(0-1) = (6* +30+2)y = ze*

AE:m*+3m+2=0=>m=-1-2.= y=Ae’ +Be ™,

d? d
15. Reduce the equation x? Yy %

e Xd— + Y = X into a linear differential equation with constant coefficients.
X X

Solution: Put z=log x,x=e’, xD=6,x’D* =0(6 -1) = (6> - 26 +1)y =¢”.

2 _
16. Solve (D +D +1)y =0.

(Applying)
Sqution:A.E:mZ+m+1:O:>mzl_Th/g:—liigza:—%,ﬂ:@

Acos7x+ Bsin —x |.

—C.F=e? Acos§x+ Bsin %x}:y:e_{ E E

17. Write the Cauchy’s homogeneous linear equation.

(Remembering)

n n-1
Solution: X" a7y + a:|_Xﬂ_:l a7y

dx" ax"1

18. Find the particular integral of (D +1)2 y = e X cosx. (Remembering)

, » 1 ,
Solution: P.I = ———e7 cosx = e~ —-CosX = & " (~Cos X).
(D +1) D

10



KSRCE/QM/7.5.1/CSE
d 2u du
r——+—=

—=0.
dr2 dr

19. Solve (Applying)

2 2
_ er u+rd—u:0and put:z:logr,r:eZ,D:izﬁ,Dz:d—ze(e—l)
Solution:  dr? dr dr dr?
0 =0=u=Az+B=Alogr +B.

20. Find the particular integral of (D*® —1)y =e?*. (Applying)

e2x eZX e

D1 8-1 7.
21. Find the particular integral of (D2 +4)y = c0s 2X. (Applying)

2x

Solution: 5 | _

Solution:

COS2X  Xsin 2x _ xsin 2x [ cosax _ Xxsin ax}
PI=D2+22 202 4 7 2a 2a

22. Find the particular integral of (D? +4D +4)y = xe **, (Applying)

—-2X,3
Solution: P.l = %e—ZX xX) = € X
(D+2) 6

PARTB (QUESTIONS UNDER CO2)

d’y _dy ‘o
—— = —+y=xe Sin X.
1.Solve OX dx (Applying)

2
d y_3d_y

— +2y =(1+Xx).
2 Solve dx? dx

3. Solve (D? -4D + 4)y = e¥+c0s2X
(D* —4D +3)y = sin 3xcos 2X.

(D? —4D +4)y =e*x" +cos2x.
D? +4)y = 4e* sin 3x.

4. Solve
5. Solve
6. Solve (

(D*+4D+3)y =e *sin x+ xe*.

7. Solve
g solve (X°’D* =7xD+12)y =x*
9. Solve (D? +4)y = x* +cos® x.

10, solve (X’D” +4xD+2)y = cos(log X).

11.50lve XY +3xy +5y = xcos(log x).

12.501ve (X°D? +xD+4)y =log xsin(log x).

11
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13.501ve (XD +4xD+2)y = xlog x.

29V g W
14.Solve dx’ dx
15.Solve (2X+3)2Y —2(2x+3)y —12y =6X
16.Solve (D? +9)y =cot3x

1

2
+2y=X"+—.
X

. 4
17.Solve y ——Yy + 5 VY= x* +1 by the method of variation of parameter.
X X

d 2
18.Solve d—¥ + azy = Sec ax, by the method of variation of parameter.
X
d’y
19.Solve —-+ Y = COS€CX COt X by the method of variation of parameters.
X
d?y
20.Solve ? + 4y = tan 2X by the method of variation of parameter.
X

21.Solve by the method of variation of parameter (D? +16)y = sec® 4x.

*kkhkkkhkkhkkik

UNIT - 111
DIFFERENTIAL CALCULUS
PART A (QUESTIONS UNDER CO3)

x°—a®
1. Find the radius of curvature for the curve ~  a* at any point (x, y) (Remembering)
2 __ 2 3
Solution: Given & =* —V¥
. _y azﬁ=3x2 E:ﬁﬂzﬁ—i
Differentiating w.r.t. ‘x” we get da ; dx  a® dx a
{ "a’.\"':]? oyt 3
[l ¥ |'..r!.\’..l J I’ + (:l ;
S g T ol
ax’ al
o
2. Solve P for the curve y = 4 sin x —sin 2x at x = 90 . (Applying)

Solution : Given y = 4 sin X —sin 2x

dy a3y
— =4 cosx — 2 cos2x —
dx dx®

(g)x=§ =2 (%)3:5 =4

2

= —4sinx —4sin2 x

T P (1+4)z 55

dx? - -a -4

3. Find the envelope of the family of Iines%+ yt=2c 1 being the parameter.

(Remembering)
Sol: Given X 4 5c. x+yt?—2ct =0Which is quadratic in ‘" . A=y, B=-2c, C=x.
t

Envelope is B> ~4 AC=0=> 4C* -4xy=0 = ?_yxy

12
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4. Solve the radius of curvature at y = 2a on the curve y? = 4a x.

(Applying)

Sol: Given y? =4ax. Diffw.rtx., 2y%z4a. When y=2a, x— —a :>(—) @2) =1 ;

dy\z1

1+(=2))? =
( 2 )(a 2a) -1/2a. - M 2a2 .
dy p= 2
d’y
dx?

5. Define curvature and radius of curvature. (Remembering)

Solution: Curvature = Rate of bending = dy  Radius of curvature = Reciprocal of curvature,p = ds

ds dy
a a
6. Prove the radius of curvature of the curve Vx+Jy=+a at (‘1’4) is =
(Evaluating)
Solution: Given Va + \E TN )]
Diff. (1) w.r.t. ‘X’ we get,
1 1 dy A
+ 2y W -
Vx Zﬁ dx dr %
— dy — 1
ﬂ . _[1' (2 '_fi-x) v wa]
dax® - x
2)2
dv
11 {1 +(%) } 3
aly\ 3t 4 d/) _Q+17 4, 3 @22 a
dx?Jaa a a P d*y 4 =—.22= B~
71 4 dx? 2 4 4 V2
¥
) ) ga = sec (—) ) )
7. Find the radius of curvature of the curve a/ at any point (Remembering)
) ~ ea = sec (—)
Solution: leen
y
= log |sec v = alog|sec
dy 1 ¥ X x 1 x
—=a. .ea = sec—. tan—
dx sec = a a a=tan—
a a
N 3
"tl')‘ £)2 d}’ 2
(1@ o[+ @]
d*y x1 "'P“T=7=asecf
i SECZE.E a2 secZE a
8.Determine P for the curve x = a cos 0, y=asing at 6. (Evaluating)
Solution: Given x=acosf & y=asin6
ax _ _asing % - 8
5 — —asin 5 = —acos
d 4y g
l E @ Cos
ix dx + 0o + cotf
d’y d (dy) d dé 1 1
—(—cotf) = 9x — = 2 = —
dx?  dx \dx dx£ )= cosec dx 0% 9 x a sin 8 asin®@

13



3

dy\*)?
{1 T (d.\') }
ol e d?y '
dx?

2
(1 + cot?6)7
1
asin? @

_ 2 _
9. Find the radius of curvature of the curve ¥ = aty = at

— 42
Solution: Given™ — 3t , y = 2at
4 _ 5 op dy _
dt—Zat, i 2a
dy 2a 1
dx  2at t
d?y d(dy) d (1) —1dt -1 1
dx dx\dx/ dx\t/ 2 'dx 2 2at
3 1
(dy } 122
14 15= . (=
p_{ cde] _ Il (:) I (t2 + 1)z ,
o = =
ax? 2at? t? X 2at

10. What is the curvature of a circle of radius ‘I ’?.

r

Solution: The curvature of a circle of radiusy = 1

Radius of curvature = 1/curvature of a curve.

11. What is the curvature of a circle x? + y? = 25 at any point on it..

Solution: The given curve is a circle of radius 5. Therefore the curvature at any point on the circlel _ 1

= cosec® A xasin®

at any point‘t’.

KSRCE/QM/7.5.1/CSE

6= 4

(Remembering)

3 3
=2a(1+ %)z

(Remembering)

(Remembering)

r 5

S X
12. Estimate the radius of curvature at any point (X, y) on the curve y = %a (eE + e‘E) (Creating)

S X
a

Solution: Given y = %a (eE + e") =acosh G) =asinh (g)% =sinh G)

w

{1 * (%)2}5 _ [1+sinh2 (i)]i

cosh (g) .2 ap= 2y

dx

cos (h g)

13. Summarize the formula for radius of curvature is Cartesian form.

3

(@)

.'.p:—{ Sdi);)}
dx

14. Find the radius of curvature at (3, 10) on the curve x y = 30.

Solution:

d%y

dx?

Jeosr ()]
cosh (2)

5 (X
xa .a =acosh (—)
a

(Understanding)

(Remembering)

ion: Xy = 5 — o _ (¥ —)
Solution: xy =30 x4+ y =02 =2 :>(dx)(3,10) :
3
- Ay 2)2
afy _ _ x%__y (dz_y) — _ 3(¥)_10 _ 20 _ {“(d—ﬁ) } _1109%
dx? x2 dx2/ (3,10) 9 9 % 20 3
15. Find ‘p’ for the curve y = c cos hf at any point (x, y). (Remembering)
2
Solution: 22 = IsinhZX ¢ ; ay_1
dx c c dx c
3
a\2)? T O .
x 1+ (E) [1 + sin h? —] c (cos h? —) cosh3= X
cosh —«p= = = == = <=ccosh -
a = ~cosh = cosh = cosh = c
dx c c c c

14

X
c

16. Determine the radius of curvature at any pointon y = clogsec ( )

(Evaluating)
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. ' 1 1 " 1
Solution:y' = c.—=.sec>.tan>.= = tan Zy" = Zse[F*
sec(z) c c C [ Cc c

1 1 1 1 1
pat (0,a) = a s curvature = —=— =—, > - curvature at (0,a)is —
p a acosh a

17. Prove that the radius of curvature for y = e* at the point where it cuts the Y-axis is 2v/2. (Evaluating)
To find the point, putx =0, .. y=1the pointis (0,1). y = e*; y =e*; y =e*
_(+y) _ (+e)”
Ty ex
18. What is the radius of curvature at (3, 4) on x>+ y?2 = 25? (Remembering)
Solution: Since the given curve is a circle of radius 5 unit, and we know that the radius that the radius of curvature of a
circle is equal to the radius of the given circle which 5, ..p = 5.

p)(0,1): 272

19. Find the radius of curvature at x =1 on x = 1‘;% (Remembering)
3
s 1-logx ' _ 2-logx=3 . . 4. /. _ L (a4 /2 _2V2
Solution:y' = —=y" = —F—; (¥ )r=1=1; (y )le =-3p=—"=

20. Show that the radius of curvature at any point on x? = 4 by is 2 b sec?0 where tan 0 is the gradient of the curve at that
point.(Understanding)

2
Solution:Z =%, ¥ _ L Given gradient t = tan @
dx 2b dx 2b
2 26
a®? =tano Z =tanf , x=2btan6; p= +y)? _ (a4 tan?s) _ 2 bsec3d
dx 2b y" 1/2b

21. What is average of curvature? Solution: dy -1
ds p (Remembering)

22. Which is the equation of the circle of curvature. (Remembering)

Solution: (x—x)2 + (y—y)’ = p?

23. The radius and centre of curvature of a curve at a point P are 3 and (0,5) respectively. What is the )
(Remembering)

circle of curvature at the point P?

N2 N2 2
The equation of circle of curvature is (x=x)"+(y-y) =p ,Therefore at the given point P is
(x=0)*+(y-57°=9

24.Define evolutes and in volute of C. (Remembering)
Solution: The locus C of the centre of curvatures for a curve ‘¢’ is called its evolutes. The curve ‘¢’ is called
an in volute of C.

25. State any two properties of an evolutes of a curve. (Remembering)
Solution:
(i)The normal at any point of a curve touches the evolutes’ at the corresponding centre of curvature.
(ii)The length of an arc of the evolutes is equal to the difference between the radii of curvature at the points on the
original curve corresponding to the extremities of the arc.

26. Define evolutes of a curve. (Remembering)
The locus of the centre of curvature of a curve is called evolutes of a curve.

PART B (QUESTIONS UNDER CO3)

1. What the radius of curvature at the point (Sa 36‘] on the curve x3 + y® = 3axy. (Remembering)
2 2

15



10.

11.

12.
13.

14.

N

4,

Ifu =

Develop the radius of curvature at the point (x, y) ony = clog sec(x/c).
Determine the radius of curvature at the point (a, 0) on the curve

Xy? = a% — ax.

Find the radius of curvature at the point @ on the curve x = 3acos & - acos3 6,
y =3asin@ - asin3 @

Estimate the radius of curvature at the point ‘t” on x = e'cost,

y = elsint.

Find the radius of curvature at the point (acos® @, asin® @) on x?? + y?8 = a2,
Formulate the radius of curvature at the point @ on x = a(@ - sin@),
y=a(l-cosf).

Prove that the radius of curvature at any point of the cycloid x = a(@ + sin @),
y =a(l - cos @)4acos 4 /2.

(Evaluating)

y=——

a+x a

2/3
If p isthe radius of curvature at any point (X, y) on ax_ Prove that [2/”) :(

Find the circle of curvature of the curve /x +,/y =+/a atthe point[ﬁ gj.
4'4

Solve the circle of curvature of the parabola y? = 12x at (3,6).

Find the centre and circle of curvature of the curve xy = ¢? at (c,c).

2 2
Find the evolute of the curves: (a) y2 = 4ax, (b) X7 _Lz —1, (c)x2=4ay,
a

(d)x=a(f -sin@),y=a(l-cos@), (e) x=acos@,y=bsin@, (f) xy=c?
(g) X3 + y?3 = a2,

*hkkhkkkhkhkkhhkkhkhkkihkkikhhkikkx

UNIT IV - FUNCTIONS OF SEVERAL VARIABLES

PART A (QUESTIONS UNDER CO4)

Find du/dt if u = x3y*. Where x = t3, y=t2,

dufdt = 249X 1 JUDY - 3423124 4333 9t = 9 (16 + G116 = 1715,
Ox dt = Ody dt

Find dy/dx if x3 + y® = 3axy

Given f(x, y) = x3 + y3 - 3axy. offox =3x?-3ay.  ofloy = 3y? - 3ax.

dy/dx = - (oflox) / (ofloy) =- (3x? - 3ay)/ (3y?-3ax) =(ay-x%)/(y?- ax).
Find the Taylor’s series expansions of x¥ near the point (1, 1) up to the first degree terms.
The Taylor’s series expansion is

fixy) = f@b) + = [(x — @fi (@, b) + (7 = B)fy (@ b)] + ...

The Taylor’s series expansion is

foy)=f@ab)+=[(x—a)f(@b)+ &= b)fy@b)]+ ...

1
fx(x,y) = e* sinyf(—l,”/4 ) = N

S N . _T 1

fOY) =5+ g [(x+1)ﬁ.e+ (r="/4 )m] + o
x .y Z - Ju Ju ou

SHo+ g find x iy o4 27

16
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(Applying)

(Evaluating)

(Remembering)

(Creating)
(Remembering)

(Creating)

JZ + (y)z (Evaluating)

(Remembering)

(Creating)

(Remembering)

(Remembering)

.( Remembering )

(Remembering)

f(xy)=x fL,1)=1
febe,y) = yx¥™* (LD =11"1=1
f(x,y) = x¥.logx f,(1,1) = 1'.log1 =0
S fOy) = 1+ Z[ - DA + 7= DO)] + - (ie)f (x,y) =1+x-1=x.
Find the Taylor’s series expansions of e*siny near the point (-1, /4)up to the first degree terms. (Remembering)

(Understanding)



i X4 Y,z B,z
Givenu(x,y,z) = y+Z + xu(tx, ty, tz) ty+ St o=t u(x,y,z)

KSRCE/QM/7.5.1/CSE

. . . 3 a a
u(x,y,z) is homogeneous in x, y, z with degree n = 0, By Euler’s theorem, x i + y% + Za—: =nu =0

SV find 2Py g
6. Ifu—z+x,flndxax+yay+zaz.
u=24 2% _og_2z. o _1 ow oy 1. 0w,z dw ).
Tz xdx x2’ ay z "oz | z2 x' ox T X oy Tz
Ju —y+z 6u+ Bu_l_ ou z y
—z = —+ - X— — +z—=——=+=
0z z X 0x y@y 0z x z

7.  Define maximum

VA
X

(Apply)

. (Remembering)

A function f(x,y) is said to have a relative maximum at (a, b) if f(a, b) > f(a+ h, b+ k) for all values of h and k.

8.  Define minimum.

(Remembering)

A function f(x,y) is said to have a relative minimum at (a, b) if f(a, b) < f(a +h, b+ k) for all values of h and k.

9.  Define saddle point.

The point at which f(x, y) is neither a maximum nor a minimum is called saddle point.

10. Define functionally dependent.
u, v are said to be functionally dependent functions of x, y if d(u, v)/d(x,y) = 0.

11, Ifz=e>*f(ax-by), show that b= + ag—; = 2abz.(Apply)
Let u = ax+by, v = ax-by. Therefore, z = e'f(v).
oz/ox = 0z du 0z dv

T m e'f(v).a + e'f’(v) .a= az + a e'f’(v).
Therefore, b(0z/0x) = abz + abe"f’(v). Also a(0z/oy) = abz - abe'f’(v).
Now b2 + a 2 = 2abz.
ox ay

12.  1f x® + 3x3y + 6xy? + y = 1. Find dy/dx.
Let f(x,y) =" + 3%y + 6x72 + ¥4 — 1.

=9 ,4f 9 _ay2 2.9f _ a2 2
Therefore, dy/dx = -/ & Now — —==3x"+6xy +6y” —— = 3x* + 12xy + 3y

Therefore, dy/dx = -(3x? + 6xy + 6y2)/( 3x? + 12Xy + 3y?).= -(X? + 2xy + 2y?)/( X? + 4xy + y?)

(Remembering)

(Remembering)

(Understanding)

13. In Lagrangian multiplier method to find the values of X, y, z for which f(x, y, z) can have a conditional extremum, we

have to construct the auxiliary function F(x, y, z) as .... (f(x, y, z) + A g(X, Y, 2)).

0z

14. If z = log(x>+xy+y?), show that xZ—i tyg = 2.
Given, z = log(x?+xy+y?).Then,
0z (2x+y) 0z (2x* +xy)
ox  (x2+xy +y?) xax_ x2+xy+y?)
0z  (2y+x) 0z (2y* +xy)
dy (k2 +xy+y?) Yoy T GEtay+yP)
+ II=’x6—2 " y% _ (2x2%+xy) 2y%+xy) _ (2x%+xy+2y2+xy) _ 2(x%+xy+y?) _
ax ay (x2+xy+y2) = (x2+xy+y?) (x24+xy+y2) (x24+xy+y2)
Hence 9z %2
! xax yay -~

15.  Find the stationary points of the function f(x, y) = x3-y3-3xy.
Given, f(x, y) = x3-y3-3xy. Then,
af

—=0>3x2-3y=0=>x2—-y=0>x’ =y—————

Ox

)
%:0:—3y2—3x=0 =>y2+x=0.

From I, it follows that
—1.When x =0, I becomes y = 0 When x =-1, I becomes

y = 1.Therefore the stationary points are (0,0) & (-1, 1).

16. Write the necessary and sufficient condition for maxima and minima of a function of two variables.

17

(Remembering)

(Apply)

_____ — 1

————————— — I

(Evaluate)

(x2)24+x=0= x*+x=0=2xGx3+1)=0=2x=0&3= -12x=0&x —

(Remembering)
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Necessary conditions: The necessary conditions for f(x, y) to have a maximum or minimum at (a, b) are that

5 =0 & = 0 at (a, b). These conditions are not sufficient for f(x, y) to possess an extremum.

Suff|C|ent conditions:

Letr =fu(a, b), s = fxy/(a, b) and t = fyy(a, b). The function f(x, y) will possess an extremes at (a, b) if fx(a, b) =0,
f,(a, b) = 0 & rt-s>> 0, r>0 & r<0. Hence, if rt-s>> 0, then f(x, y) has a maximum or minimum at (a, b)

according as r<0 or r>0. If rt-s?< 0, then there is no maximum and minimum at (a, b).

*hkkkhkkhhkkhkkhhkkhkkhhkihkkhkkhhkiikk

PART B (QUESTIONS UNDER CO4)

o’u | ,0% (Evaluate)
1. 1f u=(x - y)f(y/x), find x* oxy +y Y
2 2
2. 1fu=tan 1[%} Show that X%zﬂL Y%U =sin 2u, (Apply)
w(u,v) o%g 0%g oy oy Appl
3.0fg(x y) = where U = x>-y?& v = 2xy, prove that o’ + o =4(x* +y?) o +W : (Apply)

4. Given the transformations u = e*cosy & v = e*siny and that is a function of u and v and also of x and y, prove that
0,004y )[6 ¢,0 ¢J (Apply)
ox: oyt ov?
5. 1fu= f(yy" %), show that 2 U, 20U 0 U
OX oy oz
(Understanding)

5. If u = x log xy, where x® + y% + 3xy = 1, find du/dx.
6. Obtain terms up to the third degree in the Taylor series expansion of e*sin y around the point (1, n/2).  (Evaluate)
7. Expand the function sin xy in powers of x — 1 and y — n/2 up to second degree terms. (Understand)
8. Obtain the Taylor series of x® + y3 + xy? at (1, 2). (Understand)
_ v = oxy.z) _
9. 1fx+y+z=u,y+z=uv,z=uvw, prove that VW) - u“v. (Evaluate)
Find the extreme values of the following functions: (a) x3+y®—12x -3y + 20, (b) x® + y® — 3axy,
© X212 - x - y). (Evaluate)

10. Find the minimum values of x2yz® subject to the condition 2x + y + 3z = a. (Evaluate)

11. A rectangular box open at the top, is to have a volume of 32cc. Find the dimensions of the box, that requires the least
material for its construction. (Evaluate)
12. Find the dimensions of a rectangular box, open at the top with maximum volume and the surface area is 27cm?.
The temperature u(x, y, z) at any point in space is u = 400xyz2. Find the highest temperature on surface

of the sphere x2+y2+z2=1, (Evaluate)
2 2 ZZ
13. Find the maximum volume of the largest rectangular parallel piped than can be inscribed in a ellipsoid ?+b7+cﬁ =1
(Evaluate)
14. Find the maximum value of x "y "zPwhenx+y +z=a (Evaluate)
15. Find the minimum value of x? + y? + z2 with the constraint x y +y z + z x= 3a2, (Evaluate)
u=log(x®+y*+2z%-3xy) o oV 9 _ (Apply)
16.1f prove that (&‘*’ 2y aZj u —m

UNIT V - VECTOR CALCULUS
18



KSRCE/QM/7.5.1/CSE
PART A (QUESTIONS UNDER CO5)

Find the gradient of x?+y3+z* at the point (1,-1, 1).

(Evaluate)
. . .0 .0 0
Solution: Given ¢ = x?+y3+z*at (1,-1,1), grad¢ =Vg=i—+ j— +k —
ox oy dz
ie, | (2x)+j(3y?)+k(4z%) at (1,-1,1), hence Vo = i(2)+j(3)+k(4) = 2i+3j+4k
Find the magnitude and direction in which the following function 2yz+3x-z?at (2,1,3) (Evaluate)
) .0 .0 0 .
Solution: grad¢ =Vg=i—+ j— +k— =3i+2zj +(2y-22)k at (2,1,3)
ox oy dz
Vo = 3i+ (2x3)j+(2-6)k = 3i+6J-4k , [Vo|= V61
Find the directional derivative of ¢ =X y+y z+ z x at (1,2,0) in the direction of i+2j+2k. (Evaluate)
Solution: Given ¢ = x y+y z+ z x at (1,2 ,0) in the direction of @ =i+2] + 2k
a o .0 0
Directional derivative = V¢—|—+ j—+k—
‘ ‘ oy  dz
= i(y+0+2)+j(x+z+0)+k(0+y+x) at (1,2,0), V ¢ =2i+j+3k ,
V.a= (2i+j+3K). (i+2j+2k) = 10, |a| =3, hence Directional derivative = 10/3
Find the angle between the following surfaces x?+y?+z%= 9 and z= x?+y?-3 at the point (2,-1,2). (Evaluate)
Solution:@ = x2+y?+z2 = 9, V@ = i(2x)+j(2y)+k(22), Ve at (2,-1,2) = a =4i — 2] + 4k
0 = 2- XMHy243, Vo = -4i+2j+k, b = -4i+2j+k, now a .b =-16,
|a | =V6 |b | =421, now angle between the lines is COS @ =——
a|.
Hence cos 0 = -8/3xV21 =0 = cos  (-8/3121)
Find the divergence of F=xi+y®j+2°k. (Evaluate)

oy ot oy
ox oy oz
If I_f :X2i + yzi evaluate IE.dFalong the line y = x from (0,0) to (1,1).

Solution: fy= x2, f, = y3, fa= z*now div F =VF= =2X+ 3y2 +47°

Solution: jE.dF: j(xzi +y2 )).(dxi + dy j + dzk) = Ixzdx + y2dx, puty = x and

1
dy = dx :jF.dr: 2Ix2dx =2/3
0

What is the unit normal to the surface ¢ = ¢?

(Remembering)
Solution: Given @ = c, ie, ¢(X, Y, z) = ¢, hence e unit normal = Vo/|Vo|

Define grade ¢ and div F . (Remembering)

19



10.

11.

12.

13.

14.

15.

16.

KSRCE/QM/7.5.1/CSE
Solution: Let (X, y, z) be a scalar point function and is continuously differentiable then the vector

Vo= |2 + ] 9 + Eé ¢ = I% + ] o¢ +K o¢ is called the gradient of the scalar function ¢ and is
ox "oy oz OX oy oz

written as grade o.

Define Div F . (Remembering)

Solution: If F isa vector function, the scalar product of the vector operator V and F gives a scalar which is called
the divergence of F or V. F
For what value of k is the vector *F solenoid? (Understanding)

Solution: Let F =r*r=r*(xi+yj+ ZE),V.E:E(rkx):Z e ket
OX OX
:Z{rk +xkr<? K}Z[r" +kr*2x2 | =3k + k2 (r?) =(3+ k)r*
r
Ifk=-3wegetV. I_f =0, hence r F solenoid only if k = -3.

Prove that V(r")=nr"?r. (Remembering)
Solution:

V(r”):Zfalax(r”):ZEnr“‘lar/G‘x:Zinr"‘l(x/r):nr”‘z(xi+ yj+zK)=nr"2r

Find a unit normal vector to the surface X* + y2 —z=10 at (1, 1, 2).

(Evaluate)
Solution: Given ¢= X° +y? —z =10
Vp=i0¢!dx + jopl 8y +Kogl dz=2xi + 2y j — k.
VHLLY)=2i +2j -k , [Vg|=Va+4+1=9 =3= ﬁ:%: 2i+2j-k/3
IFF =x% +y° j + 2°K , find div curl F . (Evaluate)
Solution: Curl F = VXF =|0/ox 0/8y 018z =i(0—0)— j(0—0)+Kk(0—0)=0
NG y? 73 ’
~.Diveurl F=V.VxF =0.
If \7:(X + 3y)i +(y— 22)_1: +(x+ /IZ)E is solenoid find the value of A4 . (Evaluate)
Solution: Given V.v=0 = 9 (x+3y)+ E(y -22)+ 2(X +42)=0 ,
OX oy 0z
1+1+A=0=>21=-2
What is the condition for the vector point function I_f to be solenoidal? (Remembering)
Solution: The condition for the vector point function I_f to be solenoid is divE =0.
Prove that YZi + zX ] + XYK is irrigational. (Remembering)

Solution: Let F = yzi+ zx j + xyk

20
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i ik
VXF=lo/ox aldy oldz|=3i(x—x)=>0i=0i+0j+0k = VxF=0,
yz X Xy

Hence the given vector is irrotational.
17. State Gauss divergence theorem. (Remembering)
Solution: The surface integral of the normal component of a vector function taken over a closed surface s enclosing a

volume v is equal to the volume integral of the divergence of F taken through the volume v.
ie., ” F.nds:'mV.F dv.
S v

18. State Green’s theorem. (Remembering)

Solution: If u and v are continuous functions of x and y having partial derivatives in a region R enclosed by a simple

closed curve C, then I (udx + vdy) 2” (@ — 8_u) dxdy.
c R

oX oy

19. State Stoke’s theorem. (Remembering)

Solution: If F is a continuous vector function with continuous partial derivatives on an open surface S bounded by a
simple closed curve C, then J. F.dr :” (V x F). nds.
C

20. IfV2¢=O, prove that V ¢ is both solenoid and irrigational. (Remembering)
Solution: Given V?¢p=0= V.Vg#=0 = V¢ is solenoid. ('.'V.E:0:>E is solenoid)
Now V?¢=0=V.Vg=0 = V¢=O].'. V¢p=0= VxV¢p=0 = V¢ isirrigational.
21. If Kand § are irrigational vectors, show that Rx é is solenoid. (Remembering)

Solution: Kand g are irrigational vectors.
S VxA=0and VxB=0....... (1). To show that Ax Bis solenoid. i.e., V.(Ax B)=0

WKT V. (Kx E)z(V X K)E—(V X E)/_A\’ =0-0=0by (1) = Ax Bis solenoid.

PART — B (QUESTIONS UNDER CO5)

4 A N A d
1. Given r = Xi+Y j+zKk. Then prove that r" r is solenoid only when n = -3, but irrotational for all
values of n. (Evaluate)
2. Find a and b such that the surfaces ax® —byz = (a+2)Xand 4x*y + z°> = 4 cut orthogonally at (1,-1, 2).
(Evaluate)
Ed N N N
3. Verify Gauss divergence theorem for F = X% i+ y2 j+ 2% k where S is the surface of the cuboids formed by the
planesx=0x=ay=0y=b,z=0,z=c.
(Apply)
e A N N
4. If r=Xi+Y j+zk then prove that div(grad(r")) = n(n+1)r" > .Hence deduce that
. 1
div[grad (—j] =0. (Evaluate)
r
-> - — > > - > > - -
5. Prove that V.(Ax B) = B.curl A— A.curl B .Hence deduce that Ax B is solenoid where A and B is irrigational. .

21



10

11.

12.

13.

14.

15.

16.

17.

18.

19.

KSRCE/QM/7.5.1/CSE
(Evaluate)

— A A A
Show that F = (2xy+z%)i+ x* j+3xz°K is a conservative field. Find the scalar potential. (Evaluate)

-> - - A N A
Evaluate J‘ f.drwhere f =(2xy+2z%)i+x® j+3xz’K along the straight line joining
Cc

(1,-2,1) and (3,2,4). . (Evaluate)

- A - A A A
Evaluate J] f.ndS where f =(X+Yy®)i—2x j+2yzKk and S is the surface of the plane
S

2X +y + 2z = 6 in the first octant. (Evaluate)

g AN A A - —>
If A=2xyi+ (x> +2yz) j+ (y? +1)K, find the value of _[ A.dr around the unit circle with centre at the
C

origin in the x y plane. (Remembering)
aand b such that the Find surfaces ax®> —by?z = (a+3)x*and 4x°y —z> =11cut orthogonally at (2,-1,-3).

curl (curl E) = grad (div E) -V E

Prove that (Evaluate)

e d A N A
Verify Gauss divergence theorem for F = 4xzi— y2 J+ Yz K taken over the cube formed by the planes
x=0,x= 1,y=0,y=1,2z=0,z=1. (Apply)

- A A A
Verify Gauss divergence theorem for F = (x> — yz)i+(y? —2x) j+ (2> —Xy)k taken over the rectangular
parallelepiped 0 <x<a, 0<y<b, 0<z<c.. (Apply)

N A A A
Prove that F = (y® cos X + z°) i+ (2ysin x —4) j+ 3xz* k is irrigational and find the scalar potential ¢
(Evaluate)

- A A A
Prove that F = (y* +2xz%) i+ (2xy—2) j+ (2x*z — y + 22)K is irrigational and find the scalar potential ¢ .

(Evaluate)
- - - I I A
Find I F.dr where F =(2y +3) i+ Xz j+ (yz — x) k along the line joining the points
c
(0,0,0)to0 (2,1,1). (Remembering)

- A A
Verify Stoke’s theorem for F = (X* — y?) i+ 2Xy j in the rectangular region in the x y plane bounded by the lines
x=0x=ay=0andy=h. (Apply)
Apply Green’s theorem in the plane to evaluate J (3X2 - 8y2)dx + (4y — 6xy)dy where C is the boundary
Cc

— — —
of the region defined by x =0,y =0and x +y = 1. Vg = 2xyz® i+ x°z% j+3x°yz* k find ¢(X, Y, 2), if
$(1,-2,2) = 4. (Evaluate)
Find the directional derivative of ¢ = x? + vz + 47%at P(1,-2,-1) in the direction of PQ where Q is (3,-3,-2).
(Remembering)
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If F=(3x*+6Y)i—14yz j+ 20xz* k evaluate J F.dr from (0,0,0) to (1,1,1) along the curve x =ty = t4,z t3.
C

(Apply)

- A A A > A
If S is any closed surface enclosing a volume V and if A =axi+by j+czKk, prove thatj A.nds = (atb+c) v.
S

(Apply)
Verify Green’s theorem forI (xy + y?)dx + x*dy where C is the boundary of the common area between

c

y=x?andy =x. (Apply)
- -

- A A A
Evaluate by Stoke’s theorem j F.dr where F =sin zi—cos x j+sin yk where C is the boundary of the
Cc
rectangle0 < x<7,0<y<1z=3. (Evaluate)

- I A
Verify Stoke’s theorem for F = (X + y?) i—2Xy j in the rectangular region in the x y plane bounded by the lines
x=+ay=0andy=h. (Apply)
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