ANNAMACHARYA INSTITUTE OF TECHNOLOGY & SCIENCES:: TIRUPATI

AUTONOMOUS
AK 20 Regulations
Year : I B.Tech — II Sem Branch of Study: Common to EEE, CE, ME and ECE
L T P
Subject Code Subject Name: Differential Equations and Credits:3
20ABS9906 Vector Calculus 3 0 0 '
Course Outcomes:
1.Apply the mathematical concepts of ordinary differential equations of higher order.
2. Solve the differential equations related to various engineering fields .
3. Identify solution methods for partial differential equations that model physical processes .
4. Interpret the physical meaning of different operators such as gradient, curl and divergence .
5. Estimate the work done against a field, circulation and flux using vector calculus
UNIT -1
10 Mark questions:
1. Solve the following differential equations
d*y dy 2x
a) —+4—+3y=e¢ b) (D3-5D2+8D-4)y = e c) (D+2)(D-1)°> =¢** +2sinh x
dx?  dx
d) y’-4y’+3y = 4e¥, y(0)=-1, y’(0)=3. e) (D?-k?)y = cosh kx f) (D2 —4D + 13)y = e*
d*y dy x\2
8) dx—2+a+y—(1—€ )
2. Solve the following differential equations
a) (D?+D+1)y = sin 2x b) (D?-4)y = 2cos?x c) (D3-1)y = e*+sin?x+2
d) y'+4y +4y=3sinx+4cosx,y(0)=1,y'(0)=0
3. Solve the following differential equations
a) (D>+D+1)y =x3 b) (D3+2D%+D)y = e®+x2+x+sin2x. c) (D3-3D?+4D-2)y = e*+x+cosx

d) (D-2)%y=8(e?*+x*+sin2x)



Solve the following differential equations

a) (D2-5D+6)y = xe™ b) (D3-7D?+14D-8)y = e*cos 2x.  c) (D?+2D-3) y = x? e’
) d’y dy i "9y 40y = X
d) (D%-7D+6)y = (x+1)e* e) — —3—+2y=xe’* +sin2x f)) y+2y=x+e  cosx
dx dx
2
g) d—2y—4y:xsinhx
dx

. Solve the following differential equations

a) (D?-2D+1)y=xe*sinx  b) (D?-4)y = x sin Ax c) (D?2=1)y =xsin x + (1-x?)e*
d) (D?-1)y = x sin3x + cosx

Solve by the method of variation of parameters:

2 2 2
a) d—2y+y=cosecx b)d—2y+4y=tan2x C) (D2+1)y=secx d) u—y= 2
dx dx dx? l1+e*
eSx
e) (D2—2D)y=exsinx f) y"—6y"+9y =—" g) y'—2y' +y=etlogx
x

Solve the following simultaneous differential equations
a)%+2y+sint = O,%— 2x — cost = 0 given that x=0and y=1 whent =0

b) " + " 2y = 2cost — 7sint, el + 2x = 4cost — 3sint

Two mark questions

1.

10.

11.

12.
13.
14.

15.

2
Solve X4 5% +2x =0, given x(0) = 0,%(0) =15.

dt2
dzx dx

Solve ——+6—=+9x=0
dt2 dt

Solve (03 +D? +4D+4)y -0

5x

Solve sin x .

1
PR

Find the complementary function of (D2 +1)3 y=0

(04 —4D+4)y =0

Solve %—3%+2y =0.

Find the particular integral of (D3 ~5D* +8D— 4)y =e™.
Find the particular integral of (D2 + 4)y =sin 2x.

Find the particular integral of (D2 +D+ 1)y =x.

Find the complementary function of (D3 —-14D + S)y =0.

Find the P.I of (D2+5D+6)y =e*

Find the P.I of (D+2)(D-1)%y = e+ 2 sinhx
Find the P.I of (D3+1)y = cos(2x-1)

Solve the Differential equation (D’ +1)y=0.



d
dx
17. Define simultaneous linear differential equation and give an example.

16. Find the value of _Cosx , Where p —
D’

UNIT-2
10 Mark questions:

1. Solve the following differential equations.

2 2

a) LY, 1 _[2logr ) 2 Y 3Dy~ logx
dx= xdx X dx dx
3 2
c) (xzD2 +xD+1)y =log xsin(log x) d) x3ﬂ+2x2 d g’ :1()£x+l)
dx’ dx X
2

e)xzu—xﬂJrZy:xlogx

dxz dx

2. Solve the foIIowing differential equations

a) (x+1)2 2d’ y 3(x+1)—+4y 2 ix+l
dx
2 d?y dy 2

b) (3x+2) —2+3(3x+2)——36y:3x +4x
dx dx

C) (2x— 1) +(2x 1) —2y=8x"-2x+3

4’y
d) 2x- 1) +(2x 1)——2y X

e) (1+2x)2 =2 247y 6(1+2x)—+16y 8(1+2x)?
dx?
3. A spring for which stiffness k=700 N/m hangs in a vertical position with its upper end is

fixed. A mass of 7 kg is attached to the lower end. After coming to rest, the mass is pulled

down 0.05 m and released. Find the resulting motion of the mass, neglecting air resistance.

4. A mass weighing 4.9 kg is suspended from a spring. A pull of 10 kg will stretch it to 5 cm.

The mass is pulled down 6 cm below the static equilibrium position and then released. Find the
displacement of the mass from its equilibrium position at time t sec, the maximum velocity

and the period of oscillation.
Two mark questions

Write the formulae for ‘A’ and ‘B’ in method of variation of parameters
Find the value of "A’ for — + y = Cosec x by the method of variation of parameters

Find the value of "B’ for (D2 + a?)y = Tan ax by the method of variation of parameters
Find CFof (x?D? — 4xD + 6)y = x?

B N R S



5 Transform the DE (x2D? — xD + 1)y = Log x into constant coefficient of DE
6 Define Kirchhoff Law’s ?

. d?q dq .
7 Find CF for =t 1ZOE + 100qg = 17 Sin 2t

2
8 Write the complete solution of (5+2x)° % —6(5+ 2x)§8 y=0
X X

9 Explain Damped oscillations in Mechanical system?
10 Explain Damped oscillations in Electrical system?
11 Form the DE of L-C-R circit.
12 Form the DE of R-L circuit.
13 Explain differential equation of L-C-R circuit
14 Explain Free oscillations(with damping) in Mechanical system?

Unit-3
10Marks Questions
4. Solve the following Equations
2
(). %p—xzqzyz (d). ¥ (y-2)p+y*(z-x)g=2"(x—)
(b). X*(y-2)p—(z-x)q=2"(x~y) (@. (¥ -y —2*)p+2xyg=2xz
0 16}
(c). (mz—ny)a—i+(nx—lz)£=ly—mx (0. y*p+xyg=x(z—-2y)
5. Solve the following equations
(a). r—4s+4t=e>" (d). [Dz — (D')2 ] z=e€""sin(x+2y)
0’z 0’z 0’7 ey 5 , 2l
(b) E— %+4§—€ (e) |:D +4DD—5(D) :|Z—1n(2X+3y)
().
3 3 3
a—f+¥—6a—§=cos(2x+y) .
o Oxdy Oy 2 Marks Questions
1. Solve the following Equations
(). p—gq=1 . p’y+x*)=qx®

®). Jp-Ja=1 (). z=pr+gy+fl+p’+q
©. pl+@=qz  (h). p’y(+x")=gx
). ¢*=2"p*(1-p”)
. p’+q’ =x+y’
2. Solve the following Equations
0’z _ 0z .0z . _ N2
(@). 2—+5 +2—=0 (d). D’ -3D’D'2D(D') z=0
ox ox0y Oy
(b). 2r+125s+9t=0
(0. B2 402, 02
ox Ox0y  0OxOy
3. Solve the following Equations
(a). (D+3D'+4)’ =0 (D+D"-2)(D+4D'-3)z=0

UNIT-IV
10 Mark questions:



1. Find the directional derivative of the function f = x>-y?+2z? at the point P=(1,2,3)
in the direction of the line PQ, where Q=(5,0,4).

2. Find the directional derivative of f(x,y,z) = xy? +yz® at the point (2,-1,1) in direction of
vector i+2j+2k

3. Find the directional derivative of ¢ = x? yz + 4xz? at the point (1,-2,1) in the direction of
the vector2i — j— 2k

4. Find the directional derivative of xyz? + xz at point (1,1,1) in a direction of the normal
to the surface 3xy? +y =z at (0,1,1)

5. Evaluate the angle between the normal to the surface xy=z* at the points
(4,1,2) and (3,3,-3).

6. Find the angle between the surfaces x> + y? +z> = 9 and z = x*>+y>-3 at the point
(2,-1,2).

7. Prove that V(r")=nr">r, where r=xi+yj+zk

8. For a solenoidal vector / , prove that Vx(Vx(Vx(Vx F)) = curl curl curl curl f =V*f .

9. Find div f where f =r" 7. find nif it is sdenoidal

10. Show that :—3 is solenoidal (or) Evaluate Vr% where ¥ =xI+yJ+2zk andr=|F|

11. A vector field is given by A = (x* +xy*)i +(y* + yx?) j.show that the field is irrotational
and find the scalar potential.

12.P.T if 7 is the position vector of any point in space ,then r™ 7 irrotational.

13. Prove that V2 £ (r) = f"(r) +zf’(r).
r
14. Prove that div(gradr™) = V2(r™) = n(n + 1)r" 2.

15. Prove that V{V-z} - __2,7

r 7"3
16. Prove that for any vector functions fand g V(f X g): g-(Vx f)—f (Vxg)
17. Prove that Vx(Vx f) = curl curl f = V(V.f)=V*f

18. If A is a constant vector and r = xi+ yj + zk , then prove that

VX[ZX?]: (2—;1)2+ n(;.Z)T’.

n n+2

r r

n

r

Two mark questions
l.Ifa=x+y+z b= x?>+y%+ 2% c=xy+ yz+ zx, prove that

2.

[grad a, grad b,grad c] = 0

Find the directional derivative of the function 2xy+ z2 at the point (1,-1,3) in the direction
of i+2j+3k

Find a unit normal vector to the surface xy>z?> =4 at the point (-1,-1,2)

Find the greatest value of the directional derivative of the function f = x%yz3

at (2,1,-1).

If r=xi+yj+zk ,show that a) V.7 =3 b Vx7r=0



7.
8.

9.

Find the greatest value of the directional derivative of the function f = x% y z3 at the
point (2,1,-1) and also find unit normal vector.

If f=xy®T+ 2x*yzj —3yz® k find divf and Curl f at the point (1,-1,1)
Find div f when f = grad (x* +y® + z° — 3xyz) also find curl f

prove that (f XV)' r=o

10. prove that (f XV)X r=-2f
11. prove that curl grad F=0

12.

prove that divcurl F=0

UNIT-V

10 Mark questions:

1. Evaluate the integral I [(x2 +xy)dx + (x* + yz)dy] where C is the square formed by the lines
C

x=%1and y ==+I.
2. Find the work done by the force F =(2y+3)i+(zx)j+(yz—x)k when it moves
a particle from the point (0,0,0) to (2,1,1) along the curve x=2¢*,y=t,z=1 .
3. Evaluate [[F.7 dS where F =6zi—4j+ yk and S is the surface of the plane
S

2x+3y+6z=12 in the first octant.
4. Verify divergence theorem for F =4xyi—y? j+ yzk ,where S is the surface of the cube
bounded by x=0,x=1,y=0,y=1,z=0,z=1.
5. Verify divergence theorem for F = (x® — yz)i +(y> — zx) j + (z> — xy)k taken over the
rectangular parallelepiped 0<x<a,0<y<b,0<z<c.

6. Use Divergence theorem to evaluate ” 4xi -2y* j+z°k ,where S is the surface bounded
S

by the region x* +y’> =4z =0and z = 3.
7. Verify Green’s theorem for I [(3x* —8y?)dx + (4y —6xy)dy] where C is the region
C

bounded by y=+/x andy = x*.
8. Verify Green’s theorem for I [(xy+ y*)dx+x” dy] where C is the region
C

bounded by y=x andy = x*.

9. Evaluate by Green’s theorem { (y —sin x)dx + cos xdy where C is the triangle
C

T 2
—, y=—X.
T

enclosed by the lines y=0,x=

10.Apply Green’s theorem to evaluate I (2x* — y*)dx+ (x* + y*)dy where C is the boundary of
C

the area enclosed by the x-axis and upper half of the circle x* + y*> =a”.

11.Verify Green’s theorem for [[y*dx—x*dy] where C is the boundary of the triangle whose
C

vertices are (1,0), (0,1), (-1,0).



12.Verify Stoke’s theorem for F = (x> + y?)i —2xyj taken around a rectangle bounded by the
lines x=+a,y=0and y=»b.
13.Verify Stoke’s for F = (2x— y)i— yz* j — y>zk over the upper half of the sphere
x> +y* +z° =1 bounded by the projection of the xy-plane.
14.Use Stoke’s theorem evaluate §[(x+ y)dx+(2x - z)dy +(y + z)dz] where C is the boundary
C

of the triangle with vertices (2,0,0), (0,3,0), (0,0,6)

Two mark questions
1. If F=(5xy—6x2)i+ (2y —4x)j , evaluate Je F.dT along the curve C in the xy —
plane y = x3 from the point (1,1) to (2,8).
2. If F=(3xy)i— (y?)j,evaluate | c F.d7 along the curve C in the xy — plane:
y = 2x? from the point (0,0) to (1,2).
3. Find the work done by the force F =3x>i+(2zx—y)j+ zk along the straight line from
(0,0,0) to (2,1,3) along the curve x=2¢t>,y=¢t,z=1> .
4. Find the work done by the force F =3x>i+(2zx—y)j+zk along the curve
x* =4y, 3x’ =8z fromx=0tox=2
. Define work done by force.
. Define Gauss’s Divergence theorem.

5
6
7. Define Green’s theorem in vectorial form.
8. Define Stoke’s theorem.

9

1

. Prove by Stoke’s theorem, Curl.grad @ = 0
0.If F =3yi—zxj+yz*k and S is the surface of the paraboloid 2z = x* + y? bounded by z

= 0, evaluate ” (VxF).nds using stoke’s theorem.
S



AK20 Regulations
ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES, TIRUPATI
(Autonomous)
Course structure for Four Year Regular B.Tech. Degree Program
(Effective for the batches admitted from 2020-21)

CIVIL ENGINEERING (CE)
Year: 1 Semester: I1
L T P
Subject Code Subject Name: Differential Equations and Credits:3
20ABS9906 Vector Calculus 3 0 0 )

Course Outcomes:
1.Apply the mathematical concepts of ordinary differential equations of higher order.

2. Solve the differential equations related to various engineering fields .

3. Identify solution methods for partial differential equations that model physical processes .
4. Interpret the physical meaning of different operators such as gradient, curl and divergence .
5. Estimate the work done against a field, circulation and flux using vector calculus .

UNIT I: Linear Differential Equations of Higher Order

Definitions, complete solution, operator D, rules for finding complimentary function, inverse operator, rules
for finding particular integral (¢, sinax (or) cosax, X, e™v, x v(x)), method of variation of parameters,
simultaneous linear equations with constant coefficients.

UNIT II: Equations Reducible to Linear Differential Equations and Applications

Cauchy’s and Legendre’s linear equations, Applications to simple pendulum, oscillations of a spring, L-C-R
Circuit problems and Mass spring system.

UNIT III: Partial Differential Equations — First order

First order partial differential equations, solutions of first order linear and non-linear PDEs.

Solutions to homogenous and non-homogenous higher order linear partial differential equations.

UNIT IV:Vector differentiation
Scalar and vector point functions, vector operator del, del applies to scalar point functions-Gradient, del
applied to vector point functions-Divergence and Curl, vector identities

UNIT V: Vector integration

Line integral-circulation-work done, surface integral-flux, Green’s theorem in the plane (without proof),
Stoke’s theorem (without proof), volume integral, Divergence theorem (without proof) and applications of
these theorems.

Text Books :

1. B. S. Grewal, Higher Engineering Mathematics, 44™ Edition, Khanna publishers, 2017.
2. Erwin Kreyszig, Advanced Engineering Mathematics, 10" Edition, John Wiley & Sons, 2011.

References:
1. Dr.T.K.V.lyengar, Engineering Mathematics-1,S.Chand publishers
2. R. K. Jain and S. R. K. Iyengar, Advanced Engineering Mathematics, 3/e, Alpha Science
International Ltd., 2002
3. N.P. Bali and Manish Goyal, A text book of Engineering Mathematics,Laxmi publication,2008
4. B. V. Ramana, Higher Engineering Mathematics, Mc Graw Hill Education.



AK20 Regulations
ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES, TIRUPATI
(Autonomous)
Course structure for Four Year Regular B.Tech. Degree Program
(Effective for the batches admitted from 2020-21)

CIVIL ENGINEERING (CE)
rr Compeieney | Perfrmane
COl1 PO1:Apply the knowledge of mathematics 1.1 1.1.1
CO2 PO2:Analyse complex engineering problems 2.1 2.1.3
CO3 PO1:Apply the knowledge of mathematics 1.1 1.1.1
CO4 PO1:Apply the knowledge of mathematics 1.1 1.1.1
CO5 PO2:Analyse complex engineering problems 2.1 2.1.3
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