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SLOT: B2+TB2 

REG.NO.: 

Programme Name & Branch      : B.Tech  & All the Branches 
Course Code and Course Name: BAMAT101,  
                                                                   Multivariable Calculus and Differential Equations 
 Class Number(s)                                : Common to B2 slot 
Date of Examination           : 06-10-2025 
Exam Duration            : 90 minutes                      Maximum Marks: 50 

General instruction(s): Answer All Questions             Open Text Book / Open Note Book mode 

 M - Max mark; CO – Course Outcome; BL – Blooms Taxonomy Level (1 – Remember, 2 – 
Understand, 3 – Apply, 4 – Analyse, 5 – Evaluate, 6 – Create) 

 Course Outcomes  
 CO2. Solve multiple integrals in cartesian, polar, cylindrical and spherical coordinates. 

CO3. Understand gradient, directional derivatives, divergence, curl, Green’s, Stokes and Gauss 

Divergence theorems. 

CO4. Utilize different solution methods to obtain the solution for second-order ordinary 

differential equations. 

Q. No Question M CO BL 

1. Evaluate the double integral  dAyx
R

  229

 

,where R is the region bounded 

by the circle 922  yx by converting the integral into polar co-ordinates. 

10 

 
2 

 
2 

2. Evaluate the triple integral  
V

dVyx )( 22 by converting to cylindrical 

coordinates, where V is the region given by 30;4:),,( 22  zyxzyxV . 
10 

 
2 

 
3 

3. a) Find the directional derivative of the function 222 zxyzxyf  along the       

tangent to the curve 32 ,, tztytx   at the point (1, 1, 1).                                                 5 

 
3 

 
2 

  b)  In robotics path planning, a robot is moving in a 3-dimensional environment 

modeled by the potential field kxzjxyizxyF 232 3)4sin2()cos(  . Show 

that this field represents a conservative artificial potential field, and compute the 
scalar potential function that the robot would use for energy-efficient navigation. 

5 

4. a) A virtual reality (VR) haptic device applies a force to a user’s hand, 

modeled by the vector field jyxyixyxF )2()( 22  , where (x,y) represents 

the position of the hand in meters in a 2D plane. If the user moves their hand along 
the straight line path from point A(0,0) to point B(1,1). Find the work done by the 

force along path xy 2 . 

5 

 
 
 
3 

 
 
 

3 

b) Using Green’s theorem evaluate,  
C

dyxdxxy cos)sin( , where C is the plane 

triangle bounded by the lines xyxy 











 2
,

2
,0 .                                                  

5 

5. An electric circuit consists of FCHLR 41016,1,40  .The electrical 

oscillations in the circuit are free. If the initial charge and current are both zero. 
Determine the charge and current at time.  

10 
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3 
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Q. No Question 
1. Evaluate the double integral  dAyx

R

  229

 

,where R is the region bounded by the 

circle 922  yx by converting the integral into polar co-ordinates. 

Solution: 

 drdrdAryrx  ,sin,cos  , 922  yx  is a circle with centre (0,0) and radius ‘3’. 

Limits: r : 0→3 ,   :0→
2


  ,   

3

0

2

0

29



rdrdrI ,  09:,
2

,9 2  t
dt

rdrtr  

  









2

0

0

9
22

1



d
dt

tI =
2

9
.                                                                                      (10Marks) 

2. Evaluate the triple integral  
V

dVyx )( 22 by converting to cylindrical 

coordinates, where V is the region given by 30;4:),,( 22  zyxzyxV . 

Solution: dzdrdrdVzzryrx   ,,sin,cos  

Limits: r : 0→2 ,   :0→ 2  ,z : 0→3, 




24

2

0

3

0

3

2

0

  
  r z

dzdrdrI .                        (10Marks) 

3. a) Find the directional derivative of the function 222 zxyzxyf  along the       tangent 

to the curve 32 ,, tztytx   at the point (1, 1, 1).    

Solution:    ,32,333

)1,1,1(

)1,1,1( kji
dt

dr
kjigradf 














  

dt

dr
is the vector along with the 

tangent to the curve. Unit vector along with the tangent = 
14

32 kji
e





 

Directional derivative along with the tangent=grad. e


= 
14

18
.                        (5Marks)                            

  b)  In robotics path planning, a robot is moving in a 3-dimensional environment 

modeled by the potential field kxzjxyizxyF 232 3)4sin2()cos(  . Show that this 

field represents a conservative artificial potential field, and compute the scalar 
potential function that the robot would use for energy-efficient navigation. 
Solution:   
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The scalar potential function = Cyxzxy  4sin 32 .                                (5Marks) 

4. a) A virtual reality (VR) haptic device applies a force to a user’s hand, 

modeled by the vector field jyxyixyxF )2()( 22  , where (x,y) represents the 

position of the hand in meters in a 2D plane. If the user moves their hand along the 
straight line path from point A(0,0) to point B(1,1). Find the work done by the force 

along path xy 2 . 

Solution: 

          (5Marks) 

b) Using Green’s theorem evaluate,  
C

dyxdxxy cos)sin( , where C is the plane 

triangle bounded by the lines xyxy 











 2
,

2
,0 . 

Solution:   
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                                                                                                                                           (5Marks) 

                                         
5. An electric circuit consists of FCHLR 41016,1,40  .The electrical oscillations 

in the circuit are free. If the initial charge and current are both zero. Determine the 
charge and current at time.  

Solution:  The differential equation is 062540
2

2

 q
dt

dq

dt

qd
 

The auxiliary equation is 0625402  mm  

The roots are 1520 im   

The complementary equation is  tBtAetq t 15sin15cos)( 20   . 

Initial conditions q(0)=0 and i(0)=q’(0)=0 

From q(0)=0; A=0. 

Compute q’(t);  tBAtBAetq t 15cos)1520(15sin)2015()(' 20   ; 

At t=0; q’(0)=-20A+15B=0; B=0 

Thus A=B=0, so the solution is the trivial one.  

tallfortqtitallfortq 0)(')(,,0)(   

With zero initial charge, zero initial current and no applied emf the circuit contains no 
stored energy, so it remains at rest for all time.                                                (10Marks) 

 

 

 


