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PART A

Q1 (a) Find the inverse Laplace for these expressions

(i) >+2
& &
(i) 25+5
(s +3)?
(10 marks)
. S5s+1
b) Find L’l{——————}
®) s —s5-12
(10 marks)

Q2 Solve the given initial and boundary value problem of differential equation
using Laplace transform.

(@ Y -6y +8y=0 ; Initial value problem : y(O) =0, (()) -3

(8 marks)

(b) y"-7y +12y =2 ; Boundary value problem :y =1, y' =5, whent=0.

(12 marks)
PART B
. . . d +3
Q3 (a) Given ordinary differential equation @& _xXTIV
dx 2x
(1) Show that the ODE is a homogeneous equation.
(i)  Thus, solve the equation.
(10 marks)
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(b) Given L + X ==
dx 2x y
@) Show that the differential equation above is an exact equation.

(i)  Then, solve the equation.

(10 marks)

Q4 During the semester break, you work at the Parit Raja factory. You need to remove a metal
with its core temperature of 1300 °F from a furnace and placed the metal on a table in a room
that had a constant temperature of 75°F. One and half hour after it is, removed the core
temperature is measured as 1020°F, when you check the temperature of the metal. The
temperature of the metal must be below 550 °F before you can transfer it to the next section.
You removed the metal at 8.00 am and your lunch start at 1.30 pm.

(@) Find the rate of change of the temperatured?’/dt in term of T and T, given the
temperature of the metal 7'(¢) and the ambient temperature T

(4 marks)
(b) Show thatT — T, = de™.
(4 marks)

(c) Using the observed initial temperatures of the metal, 7(0) = 1300, find the
constant 4. Hence find 7(?).

(4 marks)

(d) Using the observed temperatures of the metal, given T(1.5) = 1020, find the
constant k.

(4 marks)

(e) If you removed the metal at 8.00 am, explain whether you would be able to go
for your lunch at 1.30 pm.

(4 marks)
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Q5 Solve the given second order differential equation by using the stated method.

@ y"-3y'+2y= 6" by method of undetermined coefficient.

(10 marks)
(b) "' —5y'+ 6y =—e” by method of variations of parameters.
(10 marks)
Q6 (a) Find laplace transform for these functions:
: 2 1 35 .t
G fO=@+t¢ +gt )e
(i) f(t)=1"sin2t
(10 marks)

(b) Consider the function

1-1, 0<t<l1

f(’)z{o, =1

(i)  Write the function f(¢)in the form of Heaviside / Unit-Step Function.
(i)  Find the Laplace transform of £ (¢).

(10 marks)
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Q7 During the semester break, your brother got married. You are in charge of boiling
eggs. The eggs’ temperature must be below 19°C before you can put the eggs in
beautiful small baskets. You boiled until the temperature of the eggs is at 97°C . Then
you put the eggs under running 17°C water to cool. After 8 minutes, the eggs’
temperature is found to be 38°C. How much longer would you need to wait?

(2)

(b)

(©)

(d)

()

Find the rate of change of the temperaturedT/dt in term of T and T, given the
temperature of the metal 7'(r)and the ambient temperature 7

(4 marks)
Show thatT —T, = Ae™™.
(4 marks)

Using the observed initial temperatures of the metal, 7(0) = 97, find the
constant 4. Hence find 7(?).

(4 marks)

Using the observed temperatures of the metal, given T(8) = 38, find the constant
k.

(4 marks)

Hence, how long before closing time should the soup be ready so that you could
put it in the fridge and leave on time?

(4 marks)
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Formula
Table 1 : Laplace transform. Table 3 : Indefinite differentiation
= . - = d { J j 4
Liawj=ly 7@e " dt 7Hs) 1 g = F)g' )+ g 1)
dx
I0) Fis) | |
k k d [f(x)}: g f'(x) - f(¥)g'(x)
s dx | g(x) (g(x))’?
" n=12,. n! dzy_i(ﬂ)_i(ﬂ)(ﬁf_)
s™ d®  deldx) dildx) \dx
at
¢ 1 d 1 du
—huy=——
Lt dx u dx
sin at a d . T du
s*+a’ —d;e =
cos at s d »
JERNp ;i;smu=cosu-2x—
sinh at a d . du
2 2 —tanu =sec” u-—
S —a dx dx
cosh at s d . du
2 2 —cotu =—csc” u-—
& =d dx dx
d du
e” 1) F(s—a) Esecuzsecutanu-zx—
(0] 1,2 d"F £ cscu = —cscucotu du
3 n= 9 Ly oo n —_— = — e
1y £ i &
- ds d . du
At—(a) Ht —(a) |e ™ F(s) :Ix—cosu =-sinu-—-

Table 4 : Indefinite integral

Table 2 : Initial and Boundary Value

Problem J.sekz xdx=tanx+c

j.kosekz xdx=—-kotx+c

If L {3(f)}= Y(s) then
Isekxtanxdx=sekx+c

L{y’(}= s¥(s)—»(0) Ikosek x kot xdx = —kosek x + ¢
L {y”(t)}=5"Y(s) ~ s9(0) —(0) [sek xdx =In| sekx+tanx |+¢
L
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Table 5 : Solution of particular solution ay” + by’+ cy = f{x)

fx) Yi(x)
P, (x)=Anx + Apy ¥+ A Ax+Ag | X (Byx"+Bpx"+ .+ Bix+Bo)
Ce™ x (Pe ™)
C cosPx atau C sin Bx x" (p kos Bx + q sin px)
P, (x)e ™ X (Bpx"+ By '+ .+ Bix+Bg)e™
o) {kosﬂx atau X (Bp x" + By x™ '+ ..+ Bix + By ) kos Bx
n X . —+
n
sin fi X (By X"+ Bpy ™'+ .4+ Bix + By ) sin Bx
Cot kospx atau x" e * (p kos Bx + q sin Bx)
e
sin fx
P, ()™ {kosﬁx atau X (Byx" + By x4+ .+ Bix +Bg ) e  kos Bx
n{X)e . +
sin fix x (Bp X" + Bpa ¥4+ .+ Bix+Bg)e ™ sinPx

Notes : ris the smallest non negative integers to ensure no alike terms between yx(x) and yu(x).

Table 6 : Variation of parameters method.

The general solution of ay” + by’ +cy = fix) variation of parameters method is y(x)=uy; + v

o
» W

[l >

with W =l

u=- J.—————ny(x) dx+ A4
aWw ’

v=[2L9 e+ B and
aW

the general solution y =u,y, +u,),




