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Instructions: Attempt all the questions. There are internal choices in the question number 9 and 11. 

Calculator is allowed. 

SECTION A  

(5Qx4M=20Marks) 

S. No.  Marks CO 

Q 1 Discuss the maxima and minima of 𝑥2 + 𝑦2 + 6𝑥 + 12. 4 CO1 

Q 2 
Determine the value of Γ (−

5

2
). 4 CO2 

Q 3 Change the order of integration for  

∫ ∫ 𝑓(𝑥, 𝑦)𝑑𝑥 𝑑𝑦

𝑦2

𝑎

0

.
𝑎

−𝑎

 

4 CO2 

Q 4 Compute 𝑑𝑖𝑣(𝑔𝑟𝑎𝑑 𝜙), for the scalar valued function 𝜙(𝑥, 𝑦, 𝑧). 4 CO3 

Q 5 Find all the possible values of 𝑎 and 𝑏, for which given differential equation 

is exact 

(𝑦 + 𝑥3)𝑑𝑥 + (𝑎𝑥 + 𝑏𝑦3)𝑑𝑦 = 0. 

4 CO4 

SECTION B  

(4Qx10M= 40 Marks) 

Q 6 Use Mean value theorem to show that for any 𝑥 ∈ (0,
𝜋

2
), the ratio 

sin 𝑥

𝑥
 

satisfies the inequality 
2

𝜋
<

sin 𝑥

𝑥
< 1. 

10 CO1 

Q 7 Evaluate the double integral using polar coordinates (𝑟, 𝜃) 

∫ ∫ (𝑥2 + 𝑦2)𝑑𝑥𝑑𝑦.
√2𝑥−𝑥2

𝑥

1

0

 
10 CO2 

Q 8 A competitive interaction is described by the Lotka-Volterra competition 

model 
10 CO5 



                         
𝑑𝑥

𝑑𝑡
= 0.004𝑥(50 − 𝑥 − 0.75𝑦) 

                         
𝑑𝑦

𝑑𝑡
= 0.001𝑦(100 − 𝑦 − 3𝑥) 

Find all the critical points of the system. 

Q 9 Determine the general solution of the differential equation  

𝑑𝑦

𝑑𝑥
=

𝑥𝑦2 sin(𝑥𝑦) +𝑦 cos(𝑥𝑦)

𝑥 cos(𝑥𝑦) −𝑥2𝑦 sin(𝑥𝑦)
 . 

OR 

A particle of mass 𝑚 moves in a horizontal straight line with acceleration 
𝑚𝑘

𝑥3  directed towards the origin at a distance 𝑥 from the origin with equation 

of motion given by 𝑚𝑣
𝑑𝑣

𝑑𝑥
= −

𝑚𝑘

𝑥3 . If initially the particle was at rest at a 

distance 𝑎 from the origin, show that it will be at a distance 
𝑎

2
 from the origin 

at 𝑡 =
𝑎2

2
√

3

𝑘
.  (Hint: 𝑣 =

𝑑𝑥

𝑑𝑡
). 

10 CO4 

SECTION-C 

(2Qx20M=40 Marks) 

Q 10 a) Find the constant 𝛼 such that the force field 

𝐹⃗ = (𝑒𝑥𝑧 − 𝛼𝑥𝑦)𝑖̂ + (1 − 𝛼𝑥2)𝑗̂ + (𝑒𝑥 + 𝛼𝑧)𝑘̂ 

is a conservative field. Also, find the scalar potential 𝜙(𝑥, 𝑦, 𝑧) such that 

∇. 𝐹⃗ =
𝜕2𝜙

𝜕𝑥2
+

𝜕2𝜙

𝜕𝑦2
+

𝜕2𝜙

𝜕𝑧2
.  

b) Using Green’s theorem find the area enclosed by the circle described as: 

𝑟(𝑡) = (a cos 𝑡)𝑖̂ + (a sin 𝑡)𝑗̂,   0 ≤ 𝑡 ≤ 2𝜋. 

10+10 CO3 

Q 11 Using the method of variation of parameter, solve the differential equation 

given by (𝐷2 − 3𝐷 + 2)𝑦 =
𝑒𝑥

1+𝑒𝑥, where 𝐷 ≡
𝑑

𝑑𝑥
. 

OR 

An RLC circuit consists of a resistance (𝑅) of 0.06 Ω, an inductance (𝐿) of 

0.01 𝐻, and a capacitance (𝐶) of  
50

89
𝐹. The circuit is powered by a voltage 

source 𝐸(𝑡) = cos(10𝑡) V. Initially, the current (𝐼) and charge (𝑞) on the 

capacitor are zero. The problem is mathematically modeled as: 

𝐿
𝑑2𝑞

𝑑𝑡2
+ 𝑅 

𝑑𝑞

𝑑𝑡
+

𝑞

𝐶
= 𝐸(𝑡) 

with 𝐼 = 𝑞 = 0 at 𝑡 = 0.  Determine the charge in the circuit as a function 

of time. 

20 CO4 

 


