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1. 
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a. Solve the following initial value problem 

dy ( 2x ) 
dx = sec y xz + 2 ' y(l) = 0. 

[4 marks] 

b. Given the following first-order differential equation 

y dx + (2xy- e-2Y)dy = 0. 

i. Verify the exactness of the equation. 

[2 rnarks] 

ii. Based on your answer in Part 1 (b)(i), solve the diff~rential equation. 

[7 marks] 

c. Solve the following Bernoulli differential equation 
1 

dy· .· .. · 6x3 y3 
x

2 -+ 3xY=· ······.··· . dx ex 

[7 marks] 
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2. a. 
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Solve the following second-order differential equation 

d2y dy 
--8-. + 16 = sin(2x) + xe4 x. 
dx2 dx 

Use the method of undetermined coefficients to find the particular 

solution. 

[10 marks) 

b. Solve the following non-homogenebus differential equation 

2 d2y dy 3 • 
X ---x--3y=X SIUX. 

dx2 dx 

Use the method of variation of parameters to find the particular solution. 

[10 marks] 
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3. a. Evaluate 

i. 
{ 

• ·. 3 sinh 4t} 
L (2t+ 8)U(t- 7) + e2rrt , 

[Smarks]· 

ii. 
1 { s+7 } 

L- s2 + 4s + 9 · 

[5 marks]. 

b. Use the Laplace transform to solve the following diff~?renti(ll equation 

d2 .. 
dt~ ~ Sy =,cost U(t""- 2n), .Y(O) = 4, y' (0) = 0. 
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4. a. 
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Given the following first-order differential equation 

dy 
x dx- y = x 3 + 3x2

- 2x} y(l) = 2. 

Solve the differential equation over the interval [t 5] using Heun's 

method with step size h = 2. Round off your results to five decimal 

places. 

[8 marks] 

b. Use the 4th Order Runge-Kutta method with step size h = 1.5 to solve 

the following differential equation 

dy 6.jxy2 + 8x 
-.-- . =OJ 
dx y 

y(l)- 4. 

over the interval [1} 4]. Round off your results to five decimal places. 

[12 marks] 
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5. The heat distribution of a long rod with a length of 20 em can be determined 

by solving the foliating heat-conduc~ion equation 

a2r ar 
k ax2 =at 

where k - 0.835 cm2s-1.is the diffusivityconstant. The initial and boundary 

conditions are 

T(O} x) = 0} 

T(t} 0) = 150°CJ 

T(t~ 20) -BOaC. 

a. Use the Crank-Nicholson method to generate the tridiagonal system of 

equations for the heat distribution at t = 5 s with step sizes llx = 4 em 

[12 marks] 

b. Based on your .answer in Part 5(a),solve the generated system using 

th~ Gauss-Seidel .iterative me~hmJ ~ith initial guess, reo)····· 0. 

Compute the numerical solutions for the first 2 iterations. 

[8 marks] 

-END OF PAPER-
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APPENDIX 

1. Trigonometric Identities 

cos(a +b)= cosacosb- sinasinb 

cos( a - b) = cos a cos b + sin a sin b 

sin( a+ b) = sin a cos b +sinh cos a 

sin( a- b) =sin acos b- sin b cos a 

2. Variation of Parameters 

Consider the differential equation 

d2y dy 
dx2 + P(x) dx + Q(x)y = f(x). 

The particular solution is 

Yp(x) = u1(x)y1(x) + u2 (X)y2(x). 

3. Laplace Transform of Basic Functions 

1 
L{l} =-

s 

n! 
L{tn} = -- , n = 1,2,3, ··· 

5 n+1 

1 
L{eat} =--

s-a 

k 
L{sin kt} =

52
+ k 2 

s 
L{cos kt} = 2 k 2 s + 

k 
L{sinh kt} = 2 k 2 s -

s 
L{cosh kt} =

52 
_ k2 

4. Laplace Transform of Derivatives 

L{y'(t)} = sY(s)- y(O) 

L{y"(t)} = s 2Y(s)- sy(O)- y'(O) 
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5. First Translation Theorem 

lfL{f(t)} =:: F(s)and a is any real number, then L{eatf(t)} = F(s- a). 

6. Second Translation Theorem 

lfL{f(t)} = F(s) and a> OJ then L{f(t- a)U(t -a)}= e-asF(s). 

7. Fourth-Order Runge-Kutta Method 

h 
y(xi+1) ·•·. y(xa + 6 (k1 + 2k2 + 2k3 + k4) 

where 

k1 = f(xiJYd 

kz f (Xi + ~ h} Yi + ~ k1 h) 

k3 = f (Xi + ~ h} Yi + ~ kz h) 

k4 = f(xi + h} Yi + k3h) 

8; Crank-Nicholson Formula for Heat-Conduction Equation, ar = k a
2

r
2 at ax 

-A.T}!f +2(1 +A.)T/+1
- A.rt:t = A.Tl_1 + 2(1- A.)T/ +A.T/+1 

k(Llt) 
where A = (Llx) 2 • 
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