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Q. No. A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 

Answer           

 
A1. Let 𝑢1(𝑡)  and  𝑢2(𝑡) are the solutions of 𝑢′′ + 𝑘𝑢′ + 𝑤2𝑢 = 0, 𝑘 & 𝑤 are constants. Then  

       𝑣 = 𝑢1
2 (

𝑢2

𝑢1
)

′
 is a solution of the differential equation 

(A) 𝑣′ − 𝑘𝑣 = 0                                                                    (B)  𝑣′ + 𝑤2𝑣 = 0 
(C) 𝑣′ − 𝑤2𝑣 = 0                                                                 (D) None of these 
 
A2. All nonnegative continuous function 𝑢(𝑡) on 0 ≤ 𝑡 ≤ 1 satisfying 

 𝑢(𝑡) ≤ ∫ 𝑢(𝑠)𝑑𝑠,   0 ≤ 𝑡 ≤ 1
𝑡

0
 are given by  

      (A) 𝑢(𝑡) = 𝑒𝑡                                                                                                      (B)  𝑢(𝑡) = 𝑒−𝑡                                               
      (C) 𝑢(𝑡) = 0                                                                                                         (D) None of these      
 

A3. For the differential equation  𝑢′′ +
6

𝑡
𝑢′ +

6

𝑡2 𝑢 = 0, which of the following statements is true? 

(A) 𝑢1(𝑡) =
1

𝑡2 , 𝑢2(𝑡) =
1

𝑡3 form a fundamental system of solutions 

(B) 𝑢1(𝑡) =
1

𝑡2 , 𝑢2(𝑡) =
1

𝑡3 can not form a fundamental system of solutions 

(C) 𝑢1(𝑡) = 𝑡2, 𝑢2(𝑡) = 𝑡3 form a fundamental system of solutions 

(D) None of these 

A4. Let 𝑢(𝑡) be any nontrivial solution of 𝑢′′′ + 2𝑢′′ + 3𝑢′ + 4𝑢 = 0. Then which of the following 

statements is true? 

(A) lim
𝑡→∞

𝑢(𝑡) = 0                                                              (B)   lim
𝑡→∞

𝑢(𝑡) = ∞ 

(C) lim
𝑡→∞

𝑢(𝑡) = 𝑐,    𝑐 ≠ 0                                                (D)  None of these 

 



A5.  Let 𝑢(𝑡) be any nontrivial solution of the differential equation 𝑢′′ + 𝑒𝑡 𝑢 = 0 on [0, ∞). Then which   

of the following statements is true? 

      (A) 𝑢(𝑡) is unbounded                                                                                                      (B)  𝑢(𝑡) is bounded                                               
     (C) 𝑢(𝑡)is bounded in [0, 1) but unbounded on [1, ∞)                                             (D) none of these      
 
A6.  The real equilibrium point(s) of the system  

                   𝑥1
′ = 𝑥1

3 + 𝑥2, 𝑥2
′ = 𝑥1 + 𝑥2

3   is(are)  

         (A)  (0, 0) only                                                                        (B)  (0, 0), (1, 1) 𝑎𝑛𝑑 (−1, −1)                         
         (C)  (0, 0), (1, −1) 𝑎𝑛𝑑 (−1, 1)                                         (D) not having any real equilibrium point       
 
A7.  Let  

                 Φ(𝑡) = (
1 𝑡2 𝑡4

0 𝑒𝑡 𝑒−𝑡

0 0 0

),   𝜙1(𝑡) = (
1
0
0

),   𝜙2(𝑡) = (
𝑡2

𝑒𝑡

0

) ,    𝜙3(𝑡) = (
𝑡4

𝑒−𝑡

0

) , 𝑎 < 𝑡 < 𝑏.        

 
Then which of the following statements is true? 
(A)  𝜙1(𝑡), 𝜙2(𝑡), 𝜙3(𝑡) are linearly independent on (𝑎, 𝑏) 
(B)   𝜙1(𝑡), 𝜙2(𝑡), 𝜙3(𝑡) are linearly dependent on (𝑎, 𝑏) 
(C) Linearly dependence/independence can not be determined as det Φ(𝑡) = 0 
(D) None of these 
 
A8. The zero solution of the IVP:  𝑢′ + 2𝑢 + 𝑒𝑡𝑢2 = 0,    𝑢(0) = 𝑢0 > 0    

      (A)  stable but not asymptotically stable                        (B) asymptotically stable                         
      (C)  unstable                                                                         (D) None of these     
  
A9. Let 𝑦1(𝑡), 𝑦2(𝑡), …  , 𝑦𝑛(𝑡) be any solutions of the differential equation 

𝑦(𝑛) + 𝑎2(𝑡)𝑦(𝑛−2) +  𝑎3(𝑡)𝑦(𝑛−3) + ⋯ + 𝑎𝑛−1(𝑡)𝑦′ + 𝑎𝑛(𝑡)𝑦 = 0,  

and 𝑊(𝑡) be the Wronskian of 𝑦1(𝑡), 𝑦2(𝑡), …  , 𝑦𝑛(𝑡) with 𝑊(𝑡0) = 1 Then which of the following 

statement is true? 

(A)  𝑊(𝑡) is an increasing function of 𝑡               (B)  𝑊(𝑡) is a decreasing function of 𝑡    
(C) 𝑊(𝑡) is always a constant                               (D) None of these 
   
A10. The equilibrium point (0, 0) of the system of differential equations 

 𝑥1
′ = −𝑥1

3 − 4𝑥2,       𝑥2
′ = 3𝑥1 − 𝑥2

3      is 

(A) a saddle point                            (B) unstable spiral  
(C) asymptotically stable                (D) None of these 
 

***END OF PART A*** 
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A1. Let 𝑦1(𝑡), 𝑦2(𝑡), …  , 𝑦𝑛(𝑡) be any solutions of the differential equation 

𝑦(𝑛) + 𝑎2(𝑡)𝑦(𝑛−2) +  𝑎3(𝑡)𝑦(𝑛−3) + ⋯ + 𝑎𝑛−1(𝑡)𝑦′ + 𝑎𝑛(𝑡)𝑦 = 0,  

and 𝑊(𝑡) be the Wronskian of 𝑦1(𝑡), 𝑦2(𝑡), …  , 𝑦𝑛(𝑡) with 𝑊(𝑡0) = 1 Then which of the following 

statement is true? 

(A)  𝑊(𝑡) is an increasing function of 𝑡               (B)  𝑊(𝑡) is a decreasing function of 𝑡    
(C) 𝑊(𝑡) is always a constant                               (D) None of these 
   
A2. Let 𝑢1(𝑡)  and  𝑢2(𝑡) are the solutions of 𝑢′′ + 𝑘𝑢′ + 𝑤2𝑢 = 0, 𝑘 & 𝑤 are constants. Then  
 

       𝑣 = 𝑢1
2 (

𝑢2

𝑢1
)

′
 is a solution of the differential equation 

(A) 𝑣′ − 𝑘𝑣 = 0                                                                    (B)  𝑣′ + 𝑤2𝑣 = 0 
(C) 𝑣′ − 𝑤2𝑣 = 0                                                                 (D) None of these 
 
A3. All nonnegative continuous function 𝑢(𝑡) on 0 ≤ 𝑡 ≤ 1 satisfying 

 𝑢(𝑡) ≤ ∫ 𝑢(𝑠)𝑑𝑠,   0 ≤ 𝑡 ≤ 1
𝑡

0
 are given by  

      (A) 𝑢(𝑡) = 𝑒𝑡                                                                                                      (B)  𝑢(𝑡) = 𝑒−𝑡                                               
      (C) 𝑢(𝑡) = 0                                                                                                         (D) None of these      
 

A4. For the differential equation  𝑢′′ +
6

𝑡
𝑢′ +

6

𝑡2 𝑢 = 0, which of the following statements is true? 

(A) 𝑢1(𝑡) =
1

𝑡2 , 𝑢2(𝑡) =
1

𝑡3 form a fundamental system of solutions 

(B) 𝑢1(𝑡) =
1

𝑡2 , 𝑢2(𝑡) =
1

𝑡3 can not form a fundamental system of solutions 

(C)  𝑢1(𝑡) = 𝑡2, 𝑢2(𝑡) = 𝑡3 form a fundamental system of solutions 

(D) None of these 



A5.  Let 𝑢(𝑡) be any nontrivial solution of the differential equation 𝑢′′ + 𝑒𝑡 𝑢 = 0 on [0, ∞). Then which   

of the following statements is true? 

      (A) 𝑢(𝑡) is unbounded                                                                                                      (B)  𝑢(𝑡) is bounded                                               
      (C) 𝑢(𝑡)is bounded in [0, 1) but unbounded on [1, ∞)                                             (D) None of these      
 
A6. The equilibrium point (0, 0) of the system of differential equations 

 𝑥1
′ = −𝑥1

3 − 4𝑥2,       𝑥2
′ = 3𝑥1 − 𝑥2

3      is 

(A) a saddle point                            (B) unstable spiral  
(C) asymptotically stable                (D) None of these 
 

 A7. Let 𝑢(𝑡) be any nontrivial solution of 𝑢′′′ + 2𝑢′′ + 3𝑢′ + 4𝑢 = 0. Then which of the following 

statements is true? 

(A)  lim
𝑡→∞

𝑢(𝑡) = 0                                                              (B)   lim
𝑡→∞

𝑢(𝑡) = ∞ 

(C) lim
𝑡→∞

𝑢(𝑡) = 𝑐,    𝑐 ≠ 0                                                (D)  None of these 

 
A8. The zero solution of the IVP:  𝑢′ + 2𝑢 + 𝑒𝑡𝑢2 = 0,    𝑢(0) = 𝑢0 > 0    

      (A)  stable but not asymptotically stable                        (B) asymptotically stable                         
      (C)  unstable                                                                         (D) None of these     
  
A9.  The real equilibrium point(s) of the system  

                   𝑥1
′ = 𝑥1

3 + 𝑥2, 𝑥2
′ = 𝑥1 + 𝑥2

3   is(are)  

         (A)  (0, 0) only                                                                        (B)  (0, 0), (1, 1) 𝑎𝑛𝑑 (−1, −1)                         
         (C)  (0, 0), (1, −1) 𝑎𝑛𝑑 (−1, 1)                                         (D) not having any real equilibrium point     

A10.  Let  

                 Φ(𝑡) = (
1 𝑡2 𝑡4

0 𝑒𝑡 𝑒−𝑡

0 0 0

),   𝜙1(𝑡) = (
1
0
0

),   𝜙2(𝑡) = (
𝑡2

𝑒𝑡

0

) ,    𝜙3(𝑡) = (
𝑡4

𝑒−𝑡

0

) , 𝑎 < 𝑡 < 𝑏.        

 
Then which of the following statements is true? 
(A)  𝜙1(𝑡), 𝜙2(𝑡), 𝜙3(𝑡) are linearly independent on (𝑎, 𝑏) 
(B)   𝜙1(𝑡), 𝜙2(𝑡), 𝜙3(𝑡) are linearly dependent on (𝑎, 𝑏) 
(C) Linearly dependence/independence can not be determined as det Φ(𝑡) = 0 
(D) None of these 
   

***END OF PART A*** 
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B1. Let 𝑎(𝑡)  be a continuously differentiable function for 𝑡 ∈ [0, ∞). If 𝑎(𝑡) → ∞  monotonically as 

       𝑡 → ∞, then show that all solutions of 𝑢′′ + 𝑎(𝑡)𝑢 = 0  are bounded on [0, ∞).                               [10]       

B2.  Let 𝑔(𝑡) and ℎ(𝑡) be continuous functions on the interval  𝐽 = [𝑡0, 𝑡0 + 𝑎], where 𝑎 is fixed real    

        number. Then show that the IVP:  

      𝑢′′ + 𝑔(𝑡)𝑢′ + ℎ(𝑡)𝑢 = 0, 𝑢(𝑡0) = 𝑢0, 𝑢′(𝑡0) = 𝑢1 

        has a unique solution on 𝐽.                                                                                                                             [10] 

B3.Let 𝑓(𝑡) be continuous on 0 ≤ 𝑡 < ∞ and  𝑓(𝑡) → 𝑐 𝑎𝑠 𝑡 → ∞  with 𝑐 > 0. Using the Sturm     

      Comparison Theorem, show that all nontrivial solutions of 𝑢′′ + 𝑓(𝑡)𝑢 = 0 are oscillatory on  

      0 ≤ 𝑡 < ∞.                                                                                                                                                         [10] 

  

***END OF PART B*** 
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C1. Find all possible limit cycles and discuss it stability behavior for the following system of differential        
       equations: 

       𝑥1
′ = 𝑥2 − 𝑥1(𝑥1

2 + 𝑥2
2 − 36)2,   

                                                                 𝑥2
′ = −𝑥1 − 𝑥2(𝑥1

2 + 𝑥2
2 − 36)2.                                                           [8]                    

C2. Consider the following resource-consumer 3D system:  

       𝑥1
′ = 5𝑥1 − 𝑥1

2 − 𝑥1𝑥2,   

                                                                 𝑥2
′ = −2𝑥2 + 2𝑥1𝑥2 − 𝑥2𝑥3, 

                                                                  𝑥3
′ = −6𝑥3 + 3𝑥2𝑥3. 

       For the above system, answer the following questions: 
(i) Find a positive equilibrium (𝑥1

∗, 𝑥2
∗, 𝑥3

∗).                                                                                            [2] 

(ii) Linearize the given system of equations around the positive equilibrium (𝑥1
∗, 𝑥2

∗, 𝑥3
∗) 

obtained in the previous step (i).                                                                                                      [4] 

(iii) Test the stability behavior of the positive equilibrium (𝑥1
∗, 𝑥2

∗, 𝑥3
∗) for the linear model 

obtained in step (ii) using the Routh-Hurwitz criteria.                                                                  [6] 

C3. For the following system of differential equations 

                                𝑥1
′ = 12𝑥1 (1 −

𝑥1

2
) − 6𝑥1𝑥2 , 

                                𝑥2
′ = 9𝑥2 (1 −

2𝑥2

3
) − 3𝑥1𝑥2 ,  

        answer the following questions: 
(i) Find all possible equilibrium points of the given system of equations.                                      [4] 
(ii) Test the stability behavior of each of the equilibrium points by computing the Jacobian  

matrix corresponding to each equilibrium point.                                                                           [8]                                                                            
(iii) Let (𝑥1

∗, 𝑥2
∗) be the positive (non-zero) equilibrium point of the given system and consider 

the positive definite function around the positive equilibrium: 
𝑉(𝑥1, 𝑥2) = (𝑥1 − 𝑥1

∗ − 𝑥1
∗ln 𝑥1) + 𝛼(𝑥2 − 𝑥2

∗ − 𝑥2
∗ln 𝑥2), where 𝛼 is any positive real 

constant. Write 
𝑑𝑉

𝑑𝑡
 in terms of a quadratic equation, then using the Sylvester criteria find a 

condition on 𝛼 which makes 
𝑑𝑉

𝑑𝑡
 to be negative definite in the interior of the positive 

quadrant of the 𝑥1𝑥2 −plane, and hence prove that (𝑥1
∗, 𝑥2

∗) is non-linearly asymptotically 

stable if 𝛼 satisfies a condition obtained in the previous step.                                                  [8]                                                                

 

***END OF PART C*** 


