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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 

10  Mark questions: 

 

1. Solve the following  differential equations 

a) 
x

ey
dx

dy

dx

yd 2
2

2

34          b) (D3-5D2+8D-4)y = e2x  c) 2 2( 2)( 1) 2sinhx
D D e x

     

d) y’’-4y’+3y = 4e3x, y(0)=-1, y’(0)=3. e) (D2-k2)y = cosh kx  f) (D2 – 4D + 13)y = e2x 

g) 2
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dx

yd
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2. Solve the following  differential equations  

 a) (D2+D+1)y = sin 2x       b) (D2-4)y = 2cos2x      c) (D3-1)y = ex+sin2x+2 

 d) 0)0(,1)0(,cos4sin344  yyxxyyy  

3. Solve the following  differential equations  

       a)  (D2+D+1)y = x3     b)  (D3+2D2+D)y = e2x+x2+x+sin2x.   c) (D3-3D2+4D-2)y = ex+x+cosx 

 d)   (D – 2)2 y = 8(e2x+x2+sin2x) 



4. Solve the following  differential equations  

 a)  (D2-5D+6)y = xe4x b)  (D3-7D2+14D-8)y = excos 2x. c) (D2+2D-3) y = x2 e-3x      

            d) (D2-7D+6)y = (x+1)ex    e) 
2

3

2
3 2 sin 2xd y dy

y xe x
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         f) xexyyy
x cos22    

             g)
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2
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5. Solve the following  differential equations  

  a) (D2-2D+1) y = x ex sin x       b) (D2 – 4)y = x sin λx     c) (D2 – 1)y = x sin x + (1-x2)ex 

d)  (D2 – 1)y = x sin3x + cosx 

6. Solve by the method of variation of parameters: 
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7. Solve the following  simultaneous differential equations  

a) 𝑑𝑥𝑑𝑡 + 2𝑦 + 𝑠𝑖𝑛𝑡 = 0, 𝑑𝑦𝑑𝑡 − 2𝑥 − 𝑐𝑜𝑠𝑡 = 0 given that x= 0 and y = 1 when t = 0  

b) 
𝑑𝑥𝑑𝑡 + 𝑑𝑦𝑑𝑡 − 2𝑦 = 2cos 𝑡 − 7𝑠𝑖𝑛𝑡, 𝑑𝑥𝑑𝑡 −  𝑑𝑦𝑑𝑡 + 2𝑥 = 4𝑐𝑜𝑠𝑡 − 3𝑠𝑖𝑛𝑡 

 

Two mark questions 

1. Solve 15)0(,0)0(,025
2

2


dt

dx
xgivenx

dt

dx

dt

xd
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2. Solve
 

096
2

2
 x

dt
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dt

xd
 

3. Solve   04423  yDDD  

4. Solve 
 

xe
D

x sin
5

1 5

3
 . 

5. Find the complementary function of   01
32  yD  

6.   0444  yDD  

7. Solve 023
3

3

 y
dx

dy

dx

yd
.  

8. Find the particular integral of   x
eyDDD

223 485  . 

9. Find the particular integral of   xyD 2sin42  . 

10. Find the particular integral of   32 1 xyDD  . 

11. Find the complementary function of   08143  yDD . 

12. Find the P.I of  (D2+5D+6)y = ex 

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

14. Find the P.I of  (D3+1)y = cos(2x-1) 

15. Solve the Differential equation 3( 1) 0D y  . 



16. Find the value of 
3

1
cos x

D
, Where d

D
dx

 . 

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

UNIT – 2 

10  Mark questions: 

 

1. Solve the following  differential  equations . 

     a) 
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2. Solve the following  differential  equations  
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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 
        

1 Write the formulae  for  `A’ and `B’ in method of variation of parameters 

2 Find the value of `A’ for 𝑑2𝑦𝑑𝑥2 + 𝑦 = 𝐶𝑜𝑠𝑒𝑐 𝑥 by the method of variation of parameters 

3 Find the value of `B’ for  (𝐷2 + 𝑎2)𝑦 = 𝑇𝑎𝑛 𝑎𝑥  by the method of variation of parameters 

4 Find C F of  (𝑥2𝐷2 − 4𝑥𝐷 + 6)𝑦 = 𝑥2 



5 Transform  the   D E (𝑥2𝐷2 − 𝑥𝐷 + 1)𝑦 = 𝐿𝑜𝑔 𝑥 into constant coefficient of DE 

6 Define Kirchhoff Law’s ?  

7 Find C F for  
𝑑2𝑞𝑑𝑡2 + 120 𝑑𝑞𝑑𝑡 + 100𝑞 = 17 𝑆𝑖𝑛 2𝑡 

8 Write the complete solution of 08)25(6)25(
2

2
2  y

dx

dy
x

dx

yd
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  

 (a). 
2

2y z
p xzq y

x
      (d).      2 2 2

x y z p y z x q z x y      

 (b). 2 2(y z) ( ) (x y)x p z x q z                        (e).  2 2 2 2 2x y z p xyq xz     

 (c).    mz ny
z z

nx lz ly mx
x y

 
    

 
             (f). 2 ( 2 )y p xyq x z y    

5. Solve the following equations  

 (a). 24 4 x y
r s t e

                                  (d).  22 ' sin(x 2 )x y
D D z e y

      

 (b). 
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e
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  
  

   
                (e).  22 4 ' 5 ' in(2x 3 )D DD D z y       

 (c).                                                                                                                     
3 3 3

3 2 3
6 cos(2x y)

z z z

x x y y

  
   

    2 Marks Questions 
1.  Solve the following Equations  

(a). 1p q               (f). 2 2 2(1 x ) qxp y    

(b). 1p q          (g). 2 21z px qy p q      

(c). (1 ) qzp q           (h). 2 2(1 x ) qxp y    

(d). 2 2 2 2q p (1 )z p   

(e). 2 2 2
p q x y    

2.  Solve the following Equations 

(a). 
2 2 2

2 2
2 5 2 0

z z z

x x y y

  
  

   
            (d).  23 23 '2 ' 0D D D D D z   

(b). 2 12 9 0r s t    

(c). 
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3
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x x y x y

  
  

    
 

3. Solve the following Equations  

 (a).  2
3 ' 4 0D D     ' 2 4 ' 3 0D D D D z      

 

     UNIT-IV    
10  Mark questions: 

 



1. Find the directional derivative of the function f = x2-y2+2z2 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) = xy2 +yz3 at the point (2,-1,1) in direction of 

vector kji 22   

3. Find the directional derivative of ϕ = x2 yz + 4xz2 at the point (1,-2,1) in the direction of 

the vector kji 22    

4. Find the directional derivative  of 𝑥𝑦𝑧2 + 𝑥𝑧  at point (1,1,1) in a direction of the normal 
to the surface  3𝑥𝑦2 + 𝑦 = 𝑧  at (0,1,1) 

5. Evaluate the angle between the normal to the surface 2zxy   at the points  

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

6. Find the angle between the surfaces x2 + y2 +z2 = 9 and z = x2+y2-3 at the  point  

 (2,-1,2). 

7. Prove that   rnrr
nn 2 , where kzjyixr   

8. For a solenoidal vector f , prove that  ffcurlcurlcurlcurlf
4)))(((  . 

9. Find  𝑑𝑖𝑣 𝑓 ̅where   𝑓̅ = 𝑟𝑛  𝑟̅ . find n if it is sdenoidal 

10.  Show that   
𝑟̅𝑟3  is solenoidal  (or)  Evaluate ∇ 𝑟̅𝑟3 where  𝑟̅ = 𝑥𝑖̅ + 𝑦  𝑗̅ + 𝑧 𝑘̅  and r = |𝑟̅| 

11.  A vector field is given by jyxyixyxA )()( 2222  .show that the field is irrotational 

and find the scalar potential. 

12. P.T if  𝑟̅ is the position vector of any point in space ,then  𝑟𝑛 𝑟̅ irrotational. 

13.  Prove that )(
2

)()(2
rf

r
rfrf  . 

14.  Prove that 𝑑𝑖𝑣(𝑔𝑟𝑎𝑑𝑟𝑛) = ∇2(𝑟𝑛) = 𝑛(𝑛 + 1)𝑟𝑛−2. 
15.  Prove that r

rr

r
3

2




   

16.  Prove that for any vector  functions  f and g        gffggf   

17.  Prove that fffcurlcurlf
2).()(   

18.  If A  is a constant vector and kzjyixr  , then prove that 

  
2

).()2(











 


nnn
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rArn

r
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r

rA
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 Two mark questions 
 1.  If 𝑎 = 𝑥 + 𝑦 + 𝑧, 𝑏 =  𝑥2 + 𝑦2 + 𝑧2, 𝑐 = 𝑥𝑦 + 𝑦𝑧 + 𝑧𝑥, prove that       [grad a, grad b, grad c] = 0 
2. Find the directional derivative of the function 2xy+ z2 at the point (1,-1,3) in the direction 

of kji 32   

3. Find a unit normal vector  to the surface  xy3z2  = 4 at the point (-1,-1,2) 
4. Find the greatest value of the directional derivative of the function 𝑓 = 𝑥2𝑦𝑧3  

at (2,1,-1). 
5. If   kzjyixr   , show  that  a) ∇. 𝑟 = 3  b) ∇ × 𝑟 = 0 



6. Find the greatest value of the directional derivative of the function 𝑓 = 𝑥2 𝑦  𝑧3  at the 
point  (2,1,-1) and also find unit normal vector. 

7. If  𝑓̅ = 𝑥𝑦2 𝑖 ̅ + 2𝑥2𝑦𝑧𝑗̅ − 3𝑦𝑧2 𝑘̅ find   div𝑓̅  and Curl  𝑓̅ at the point (1,-1,1)   
8. Find  𝑑𝑖𝑣 𝑓 ̅ when  𝑓̅  = 𝑔𝑟𝑎𝑑 (𝑥3 + 𝑦3 + 𝑧3 − 3𝑥𝑦𝑧) also find  𝑐𝑢𝑟𝑙 𝑓̅ 
9. prove that   orf   

10. prove that   frf 2  
11. prove that  curl grad F = 0 

12. prove that  div curl F = 0 

 

UNIT-V    
10  Mark questions: 

 

1. Evaluate the integral   
C

dyyxdxxyx )()( 222  where C is the square formed by the lines 

1x  and 1y . 

2. Find the work done by the force  kxyzjzxiyF )()()32(   when it moves  

 a particle from the point (0,0,0) to (2,1,1) along the curve 32 ,,2 tztytx  . 

3. Evaluate 
S

dSnF. where kyjizF  46  and S is the surface of the plane 

  12632  zyx  in the first octant. 

4. Verify divergence theorem for kyzjyixyF  24  ,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 kxyzjzxyiyzxF )()()( 222   taken over the 

rectangular parallelepiped czbyax  0,0,0 . 

6. Use Divergence theorem to evaluate kzjyix
S

2224   ,where S is the surface bounded 

by the region 422  yx z = 0 and z = 3. 

7. Verify Green’s theorem for  
C

dyxyydxyx ])64()83[( 22  where C is the region 

 bounded by xy   and 2
xy  . 

8. Verify Green’s theorem for  
C

dyxdxyxy ])[( 22  where C is the region 

 bounded by xy   and 2
xy  . 

9. Evaluate by Green’s theorem  
C

xdydxxy cos)sin(  where C is the triangle  

  enclosed by the lines xyxy


 2
,

2
,0  . 

10. Apply Green’s theorem to evaluate  
C

dyyxdxyx )()2( 2222  where C is the boundary of 

the area enclosed by the x-axis and upper half of the circle 222 ayx  . 

11. Verify Green’s theorem for  
C

dyxdxy ][ 22  where C is the boundary of the triangle whose 

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



12. Verify Stoke’s theorem for jxyiyxF 2)( 22   taken  around a rectangle bounded by the 

lines byandyax  0, . 

13. Verify Stoke’s for kzyjyziyxF
22)2(   over the upper half of the sphere 

   1222  zyx  bounded by the projection of the xy-plane. 

14. Use Stoke’s theorem evaluate        
C

dzzydyzxdxyx 2  where C is the boundary 

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 ∫ 𝐹. 𝑑𝑟𝐶  along the curve C in the xy – 

plane 𝑦 = 𝑥3 from the point (1,1) to (2,8). 

2. If  𝐹 = (3𝑥𝑦)𝑖 − (𝑦2)𝑗 , evaluate ∫ 𝐹. 𝑑𝑟𝐶  along the curve C in the xy – plane: 𝑦 = 2𝑥2 from the point (0,0) to (1,2). 
3. Find the work done by the force  kzjyzxixF  )2(3 2  along the straight line from  

(0,0,0) to (2,1,3) along the curve 32 ,,2 tztytx  . 

4. Find the work done by the force  kzjyzxixF  )2(3 2  along the curve  

zxyx 83,4 32  from x = 0 to x = 2. 

5. Define work done by force. 
6. Define Gauss’s Divergence theorem. 
7. Define Green’s theorem in vectorial form. 
8. Define Stoke’s theorem. 
9. Prove by Stoke’s theorem,  Curl.grad ∅ = 0 
10. If kyzjzxiyF

23   and S is the surface of the paraboloid 2z = x2 + y2 bounded by z 

= 0, evaluate dsnF
S

.)(   using stoke’s theorem. 
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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 . 
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References: 

1. Dr.T.K.V.Iyengar, Engineering Mathematics-I,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. 
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PO no. and keyword 

Competency 

Indicator  

Performance 
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CO1 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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