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SECTION A

Q1

Q2

(a)

(b)

DAC 20103 / DAS20403

Find the inverse of the following Laplace transform:

@ 35 2 fl_
F+5 s+3 5
- 21 S
(ii) - - P,
(s+1)' —49 (s-2) +4
(i) s+6 s+3

s?—25+17 s*+4s+13

s* +14s +4

i Express ——m——
@ PSS 5 125+16

as partial fraction.

(3 marks)

(3 marks)

(6 marks)

(5 marks)

(i)  Hence, find the inverse Laplace of the partial fraction from Q1 (b) (i).

(3 marks)

Solve the given initial value problem below by using Laplace transform.

(a)

(b)

y"-3y+2y=¢€ ; y(0)=1, y'(0)=0.

2y"-5y'~-Ty=2t ; y(0)=0, '(0)=0.

(9 marks)

(11 marks)
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SECTION B

Q3

Q4

Q5

(a)

(b)

(©)

(a)

(b)

(a)

(b)

Given the first order linear differential equation VA+x?) dy+xpy dx =0. Solve by

using the method of separable equation.
(5 marks)

Given the first order linear differential equation (x” —xy)g}iJr »*=0. Solve by using
14

the method of homogeneous equation.
(7 marks)

Given the first order linear differential equation 3x -2y = (2x-3 y)%; y(2)=2.

Solve by using the method of exact equation.
(8 marks)

According to Newton’s law of cooling, the rate at which a body cooled is proportional
to the difference between the temperature of the body and that of the surrounding
medium. Let & represent the temperature in °C of a corpse in a mortuary whose the
temperature is kept at a constant 2°C If the corpse cools from 37°C to 20°C in 20
minutes, find the time taken by the corpse to drop to 10°C and determine the
temperature of the corpse after 2 hours.

(10 marks)

A certain city had a population of 25000 in year 1990 and a population of 30000 in
year 2000. Assume that its population will continue to grow exponentially at a constant
rate. Calculate the population of that city in the year 2030 and determine at which year
the population would reach 1.2 million.

(10 marks)

Find the Laplace transform of the following functions:
() f(t) =sin2¢ +cos 3.

(3 marks)
(i)  f(1)=5e cos5t.

(4 marks)
(iii)  f(r)=5e'—tsin3t.

(4 marks)
(iv)  f)=3¢ +2¢".

(3 marks)

Find the Laplace transform for ¢” cosh 2+ *¢™* by using the First Shift theorem.
(6 marks)

CONFIDENTIAL




CONFIDENTIAL DAC 20103 / DAS20403

Q6 (a) Using undetermined coefficients method, find the general solution of:
Y424 y=3e™

(10 marks)
(b) Using the variation of parameter method, solve the following second order differential
equation:
y"+9y =3sec(3x)
(10 marks)
Q7  Solve the following initial and boundary problems by using Laplace transform:
(&  y"+2y'-3y=t where y(0)=2,y'(0)=1.
(11 marks)
) . ) 1
(b) Y+ y=sint where y(—) =—,
2 2
(9 marks)
- END OF QUESTIONS -
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Formulae
Table 1: Laplace and Inverse Laplace Transforms
L{f (1)} _[ f(t)ede=F(s)
7(1) F(s)
k
k =
s
|
r.n=1.2, =
s
at 1
g . .
5~
. a
sin at ~
S +a
S
cosat
S +a
sinh a —
X —fF
cosh at 5 g ~
& =g
First Shift Theorem
e’ f(1) F(s-a)
Multiply with ¢"
t"f(t),n=12,... 1” d'F ( )
( ) ( ) dsﬂ
Convolution Property:
If F(s)=G(s)H(s),then L'G(s)=g() and L'H (s)=h().
t t
Flty=L"Fla)=L" [G(S)H(S):I = J.g(r)h(t —7)drt or jh(r)g(z‘—r)dr
0 0
Initial Value Problem
L{y(1)} =7 (s)
E {y’(t)} =sY (s)-»(0)
& {y”(r)} =s7Y (s)-sv(0)-»'(0)
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Table 2: Differentiation
d d du
c|=0 —|sinu|=cosu| —
dx ] dx i) (dx)
k) x| = et i[cosu ]=—sinu
dx dx
d du du
—[cu] =c— —[ln | ]] R R
dx dx dx
d du d d
dx Cdx dx a’x d
d dv  du d [
—[uv]:u—+v— T
dx dx dx
v@ -u i i —[tan u]=sec’u )
dlu } __dv dx dx dx
dX‘ v v 2
du d du
—|log, u log, e —|secu|=secutanu| —
[log,, u]=—log, (dx) [secu] (dx]

Table 3: Integration

J' X"dx = X" + jcosax dx :lsin ax+C
n+l1 a
Ildv:ln|x|+C jtanax dxz—l—lnlsecax|+C

X a
j : dx:—l-ln,a+bx|+C Iudv d,v:uv—jvdZI
a+bx b
Isin ax dx = —lcos ax+C Ie”‘”dx = le”"' +C
a a
6
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Table 4: Characteristic Equation and General Solution

Homogeneous Differential Equation: ay” +by"+cy =0
Characteristics Equation: am® +bm +c¢ =0

—_ —b+~b* —4ac

2a
Case Roots of Characteristics Equation General Solution
1 Real and Distinct: m, # m, y,(x) = Ade™” + Be""
2 Real and Equal: m, =m, =m ,(x)=(A4+ Bx)e™
3 Complex Roots: m =a +if Y, (x) =e“ (Acos fix + Bsin f)

Table 5: Particular Solution of Nonhomogeneous Equation

Nonhomogeneous Differential Equation: ay” + by’ + ¢y = 0

f(x) Y, (x)
P(xX)=Ax" +4, X" +..+ Ax+ 4, x"(B,x"+B, X" +...+ Bx+B,)
Ce®™ o ( p eax)
C cos fx or C'sin fx x" (P cos fx+Qsin fx)
P (x)e” x (B"x" +B, x"'+...+Bx+ Bo)e"x
o (B"x” +B, X" +...+ Bx+B, ) cos fx
20 {Cf’sﬂ o ;
sin ffx

r /] n—-1 s .
X (an B, & +...+le+BO)smﬂx

Notes: r is the smallest non negative integer to ensure no alike term between y ,(x) and y, (x).
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