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INSTRUCTIONS TO CANDIDATES

1. Please read the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.

3. This question paper consist of ONE sections.

4. Section A consist of five questions. Answer FOUR (4) questions only.
5. Please write your answer on the answer booklet provided.

6. Please answer all questions in English only.

7. Refer to the attached Formula/ Appendies. O Tick if applicable
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SECTION A (Total: 100 marks)

Answer FOUR (4) questions.

Please use the answer booklet provided.

Question 1

Answer the question below.

(a) Solve the differential equation below using the separation of variables method.

(:c2 - 1) dy + 4dzydz = zdz

(10 marks)

(b) Solve the following first order ordinary differential equation using an integrating
factor method.

dy = (z%€* + 6y) dx

(15 marks)
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Question 2

Answer the question below.

(a) During a certain chemical reaction, the concentration of butyl chloride {(C,H,Cl)
obeys the rate equation

d[CHoCll

o = —k[CLH,Cl,

where k= 0.1223/sec.

Calculate the time taken for this reaction to consume 90% of the initial butyl
chloride using the separation of variables method.

(10 marks)

(b) A tank as illustrated in Figure 1 contains 40 gallons of a solution composed of 90%
water and 10% alcohol. A second solution containing half water and half alcohol is
added to the tank at the rate of 4 gallons/min. At the same time, the tank is being
drained at the rate of 4 gallons/min. Let y(f) be the number of gallons of alcohol in
the tank at any time £ The differential equation modeling of the mixture process is

given by
d—yzzmzi(i) y(0) = 4
dt 40/

Refer Below - Figure? : Mixing problem with equal flow rates .

Zr 4 gal/min containing 50 %/gal

s e

{zr. 4 gal/min containing = %/gal

Figure 1: Mixing problem with equal flow rates

i. Compute the rate in and the rate out of the mixture.

(5 marks)
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ii. Solve the differential equation as shown above and determine the amount of

alcohol in the tank after 10 minutes.

(10 marks)
Question 3
Answer the question below:
(a) Show from the definition of Laplace transform that
L{f@®)) == (1 el
@ = 51—
where
5 i<l
ft) =
L, =1
Hint: Use
oo
L@} = [ i
0
(10 marks)
(b) Determine the following inverse Laplace transform using the partial fractions

method.

’ 1 }
g [(s-l—l) &+ D
(15 marks)
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Question 4

Answer the question below:

(a) In an RLC series circuit as shown in Figure 2, R=16Q,L=1H, C=0.01 Fand
the voltage source is £E= 150 V.

Determine the current i(t) in the circuit using the undetermined coefficients if at the
initial time i(0) = 0, '(0) =96 and q(0)=0.1C.

Hint: Note that
di 1

L— 4+ —q = E(t
i Ri + ok (£)

and

Refer Below - Figure2 : An RLC series circuit .

(10 marks)
R
f“f"“v”ﬁ\(
3‘1 switch )
\ L
i 3
P
£ }
c.

Figure 2: An RLC series circuit

(b) Verify your answer for the current i(t) in part (a) using Laplace Transforms. Simplify
I(s) by using completing the square method.

(15 marks)
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Question 5

Answer the question below.

(a) In an RLC series circuit as shown in Figure 2, R=130Q, L=1H, C=16x 10°F,
and the voltage source is £ (f) = 100 cos 10fV.

Determine the current i(t) in the circuit using the undetermined coefficients if at the
initial time #0) =0, and q(0) =0 C.

Hint: Note that

d*g dg 1
@+RE+EQ—E(t)
and

_d

g

Refer Below - Figure3 : An RLC serjes circuit .
(10 marks)

: AAA

x
.\ switch g
L

}
®

31
H

c

Figure 3: An RLC series circuit

(b) Verify your answer for the current /() in part (a) using Laplace Transforms.

Hint. Use partial fractions to simplify Qfs) .
(15 marks)
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END OF EXAMINATION PAPER
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APPENDIX

DIFFERENTIATION RULES
d
S— — —_ d
I b (k) =0  k = constant 5 - (s~ —ashan
— (ax™) = nax™? ign x) = 1
2. | dx 6. | dx x
4 Product Rule
st — d dv du
3 [ nas ol
dx dx . dx & dx
Quotient Rule
4 E(sinax)=acosax 8 d_y:v%_u:_z
dx v?
INTEGRATION RULES
xn+1 . cosax
1 fxndx=n+1+c 4 fsmaxdx:— +c
5 feaxdx:-e-&-—+c 5 fcosaxdx=smax+c
1 Integration by parts
3 f;dx= W #6 6. udv =uv - | vdu

FIRST ORDER LINEAR DIFFERENTIAL EQUATION

1.

General Form of 1%t order
ODE nonhomogeneous

D | Pryy = 0(x)
dx

2.

Integrating Factor

V(x) =l PO

3.

General Solution

V(x)y =[V(x)Q(x)dx

SECOND ORDER LINEAR DIFFERENTIAL EQUATION

General Form of
1. | 2dorder ODE
nonhomogeneous

d’y
7

+h—=+

dy o
E2 cy =Q()

Complementary

— at pt
y.=cqe tce

2 distinct real roots

= a 2 equal (repeated) real roots
2| Function, y, Ye (clt-l-cz)e Flel \epeates)
y. =e" (c?]sin Bt +c, cos ﬁt) Complex roots
o) Vp
tﬂ
3 Fapicular at” A+Bt+Ct* + .+ kt"
* | Function, ¥,
at” +bt" " +...
ae” Ae
ate® Ae” + Bte™
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acosbt

. Asinbt + Bcosbt
asinbt
tcoshbt " "
el b Asinbt + Bcosbt + Ctcosbt + Etsinbt
atsinbt

4. | General Solution

=0y,

TABLE OF LAPLACE TRANSFORMS

=G| TesR
=2 {Y(s Y(s)= & {(t
b} ¥()= 27 (s)] (5)=2{0}
1. 1 5 7. | oo 1
S §—d
G T W . n! R n!
2. ) 8. t'e”; n—1,2,3,... (S—H)HH
. a iy
3. | sin(a?) e 9. | cos(at) o
. 2as st -a
4. | tsin(at) m 10. | tcos(at) m
. b i s—a
5. | e"sin(bf) e 11. | " cos(bt) G—0? +0°
6.| ¥® sY(s)=y(0) |12.| ¥"(®) s*Y(s) = sp(0) - ¥'(0)
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