
MATH 2400 EXAM 1   SPRING 2023  Name              Section    

(3 Multiple Choice Questions) 4.5pts + (3 Questions) 15.5pts  + (1 Question) 1 bonus pt 

Multiple Choice Questions 

1. (1.5 pts) Given  y = y(x). Which of the following methods can be used to solve  
𝑥ଶ𝑦′ + 𝑥𝑦 = 1/𝑥 ?  
 
a. Integrating factor 
b. Separable variables 
c. Undetermined Coefficients 
d. Variation of Parameters       answer:   

     
 

2. (1.5 pts) Which of the following pairs is linearly dependent? 
 

a. 3𝑒௫, 𝑥𝑒௫  
b. x sin x, 2x / csc x 
c. 3𝑥𝑒ଶ௫, 2x𝑒ଷ௫ 
d. x cos x, x sec x        answer:    
 
 

3. (1.5 pts) Which of the following equations is second order, linear, non-homogeneous ODE? 
Given  y = y(t). 
  
a. 𝑦ᇱᇱ +  3𝑦ᇱ − cos 𝑦 = 0 
b. 𝑦ᇱᇱ +  3𝑦ᇱ + cos 𝑡ଶ = 0  
c. 𝑦ᇱᇱ +  3𝑦ᇱ = 𝑒ଶ௧𝑦       
d. 𝑦ᇱᇱ +  3𝑦ᇱ − 𝑦 = 0      answer:    

 

 

  

 



4. (5pts) Find the particular solution of   (1 + 𝑥ଶ)𝑦ᇱ  = (2 + 𝑦)𝑥  by any method, 
where  𝑦(0)  =  0. 

 

 

 

 

 

 

  



5. (5.5 pts) Given  y = y(x). Find the general solutions of 𝑦ᇱᇱ + 4𝑦 = csc 2𝑥 by using variation 
of parameters.  
 

 

 

  

 

 

 

  

  



6. (5 pts) By using method of undetermined coefficients or other methods, find the general 
solution for the 2nd order differential equation  𝑦ᇱᇱ + 3𝑦ᇱ + 2𝑦 = 4𝑒ଶ௫ + 5. 

 

  



Bonus Question (1 pt) Given 𝑦” +  3𝑦ᇱ − 𝑦 = 2, 𝑦(0) =  1; 𝑦ᇱ(0) = 2. Find 𝑦ᇱᇱᇱ(0).  

(Hint: start with finding  𝑦ᇱᇱ(0)) 

 

 



MATH 2400 EXAM 2    SPRING 2023 Name               Section    

(3 Multiple Choice Questions) 4.5pts + (3 Questions) 15.5pts  + (1 Question) 1 bonus pt 

Multiple Choice Questions 

1. (1.5 pts) Given A = ቀ1 −1
2 −2ቁ. Which of the following statement is true? 

  
a. A is defective. 
b. A is chaotic. 
c. A is singular. 
d. None of the above.      answer:    

 
 

2. (1.5 pts) Which of the following pair of vectors is linearly independent? Given a, b are 
arbitrary constants. 

 

a. ቀ 𝑎
2𝑎ቁ, ቀ3𝜋

6𝜋ቁ 

b. ቀ𝑎𝑏
2𝑎ቁ, ቀ𝑎𝑏ଶ

2𝑎𝑏
ቁ 

c. ቀ 𝑎
2𝑎ቁ, ቀ3𝑏

𝑏 ቁ  

d. ቀ2𝜋
𝜋𝑒ቁ, ቀ2

𝑒ቁ         answer:    

 
 

3. (1.5 pts) Given the solution of a linear system be 𝒚 = ൬3𝐶ଵ𝑒ଶ௧ + 2𝐶ଶ𝑒ି௧

𝐶ଵ𝑒ଶ௧ − 𝐶ଶ𝑒ି௧ ൰. This system is  

a. Asymptotically stable 
b. Unstable 
c. Neutrally stable 
d. None of the above       answer:    

 

  

 



4. (5 pts) Find the general solution of 2𝑥ଶ𝑦 ′′ + 3𝑥𝑦 ′ − 𝑦 = 𝑥, 𝑦ଵ = 𝑥ଵ/ଶ by reduction of 
order. 

 

 

 

 

 

  



5. (5.5 pts) Given a system 𝒚ᇱ = ቀ3 −4
0 3 ቁ 𝒚, with the matrix 𝐴 = ቀ3 −4

0 3 ቁ being defective. 
 

a. (2 pts) Find the corresponding eigenvalues , 𝜆, and the first eigenvector, 𝒙(ଵ).  
b.(3.5 pts) Assume 𝒚(ଶ) = 𝒙(ଶ)𝑒ఒ௧, where 𝒙(ଶ) = 𝑡𝒙(ଵ) + 𝝋 and (𝐴 − 𝜆𝐼)𝝋 = 𝒙(ଵ). Find the particular 
solution of the system, where 𝒚(0) = ቀ2

3ቁ. 
 

 

 

  

 

 

 

  

  



6. (5 pts) Given the nonlinear system: 
ௗ௫
ௗ௧

= −(2 + 𝑦)(𝑥 + 𝑦)= F  
ௗ௬
ௗ௧

= −𝑦(1 − 𝑥)=G 

a. (3 pts)  Find the 3 steady state solutions (i.e. 3 critical points).  
b. (2 pts)  Find the Jacobian (matrix A) of the system.  
 

  



7. Bonus Question (1 pt) Given a system 𝒚′ = ቀ𝛼 + 1 −3
2 𝛼 + 1ቁ 𝒚. Determine the value(s) of 

𝛼 where the system is neutrally stable. 
 

 

 

 



MATH 2400 EXAM 3    SPRING 2023 Name               Section    

(3 Multiple Choice Questions) 4.5pts + (3 Questions) 15.5pts  + (1 Question) 1 bonus pt 

Multiple Choice Questions 

1. (1.5 pts) Find the inverse Laplace Transform of 𝐹(𝑠) = ସିଶ௦
௦మାଶ௦ାଵ଴

 . 

a. 𝑓(𝑡) = 2𝑒௧(sin 3𝑡 − cos 3𝑡) 
b. 𝑓(𝑡) = 2𝑒ି௧(sin 3𝑡 − cos 3𝑡) 
c. 𝑓(𝑡) = 2𝑒ଷ௧(sin 𝑡 − cos 𝑡) 
d. 𝑓(𝑡) = 2𝑒ିଷ௧(sin 𝑡 − cos 𝑡)     answer:    
 

2. (1.5 pts) Given the system of two species, x and y, in a closed environment, 
ௗ௫
ௗ௧

= 𝑥(1 − ௬
ଷ

) ;   ௗ௬
ௗ௧

= 𝑦 ቀ−1 + ௫
ଷ
ቁ  

 
Which of the following is true? 
a. x is the prey, y is the predator 
b. x is the predator, y is the prey 
c. x and y are competing species 
d. None of the above       answer:    

 

3. (1.5 pts) Given the Fourier series of a periodic function f (x) be              

  𝑓(𝑥)=ଶ
ହ

+ ଵ
గ

∑ ଵ
௡

(1 + cos(𝑛𝜋)) sin(𝑛𝜋𝑥)∞
௡ୀଵ  

Find a0, a1, b3 

a. 𝑎଴ = 1
5 ; 𝑎ଵ = 0; 𝑏ଷ = 2

3𝜋 

b. 𝑎଴ = 1
5 ; 𝑎ଵ = 2

𝜋 ; 𝑏ଷ = 0 

c. 𝑎଴ = 4
5 ; 𝑎ଵ = 2

𝜋 ; 𝑏ଷ = 2
3𝜋 

d. 𝑎଴ = 4
5 ; 𝑎ଵ = 0; 𝑏ଷ = 0      answer:    

  

 



4. (5.5 pts) Given the nonlinear system describing two species x and y who are competing 
for food in a closed environment: 

𝑥ᇱ = 𝑥(1 − 𝑥 − 𝑦) = 𝐹 ;  𝑦ᇱ = 𝑦 ቀଷ
ସ

− 𝑦 − ௫
ଶ
ቁ = 𝐺 

 
a. (5 pts) Find all the steady state solutions, their eigenvalues and stabilities.  (Hint: use 

Jacobian to find eigenvalues) 
b.  (0.5 pt) Do the two species (x and y) co-exist? (Yes / No) 
 

 

 

 

 

  



5. (5 pts) Use the method of Laplace transforms to solve an IVP  
 
𝑦 ′′ + 3𝑦 ′ + 2𝑦 = 𝑢గ(𝑡) + 2𝛿(𝑡 − 𝜋), where 𝑦(0) = 0; 𝑦 ′(0) = 1. 

 
 

 

  

 

 

 

  

  



6. (5 pts) Find the Fourier Series for 𝑓(𝑥) = ቄ−𝑥 −1 ≤ 𝑥 < 0
0 0 ≤ 𝑥 < 1 ; 𝑓(𝑥 + 2) = 𝑓(𝑥) . 



Bonus Question (1 pt) Find the Laplace Transform of 𝑓(𝑡) = cos (𝑡 − గ
ଶ

)𝑢గ(𝑡).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Useful Formulas: 

1. Fourier Series   









 

1

0 sincos
2 m

mm L
xmb

L
xma

a
xf   

where  
L

L
dxxf

L
a 1

0 ;  
L

Ln dx
L

xnxf
L

a cos1 ;  
L

Ln dx
L

xnxf
L

b sin1  

2. Laplace Transform for derivatives:   

     0' yysy  LL  

       00'2'' syyysy  LL  

ℒ൛𝑦(௡)ൟ = 𝑠௡ℒ{𝑦} − 𝑦(௡ିଵ)(0) − 𝑠𝑦(௡ିଶ)(0) − ⋯ − 𝑠௡ିଵ𝑦(0) 
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