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SECTION A

Q1 (a) By using formula L{f(t)} = [ ooo e Stf(t)dt, find the laplace transform of f(t) =t

(5 marks)
(b) By using linear property of inverse laplace transform, find the inverse of
4s +7
s2+9
(5 marks)
(c) By using laplace transform method, solve the initial value problem
y" —10y" + 9y =5¢t;y(0) =1; y'(0) = 2
(10 marks)

Q2 (a)  Use one of the Maclaurin Series derived to determine the Maclaurin Series for
\

f(x) = sin4x <« B> )
) 3> ’;/»‘/ (5 marks)

(b) By using differentiation of power series, ﬁqd

d \eor
e (sin'dx)

o

(3 marks)

(c) Determine whether the following series converges or diverges. If converges, find the

sum.
RN
Y Z3k+1
k=1
ii) 1+1+1+1+1
V2 V3 2 45
X _1\n
iif) Z( L"n
Sn+6
n=1
iV) Z 9—n+24n+1
n=1 :

(12 marks)
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Q3

(a)

(b)

(©

(d)

(e)

A periodic function f(x) is defined by

([
=2, =BEXT~=

2
) = n< <n
flx) =1 x, 5 <X <3
Z E<x<7t

' 2

f(x) = f(x +2m)

which it can be written as a Fourier series

f(x)= Do, Z (a, cosnx + b, sin nx)

n=l1

Sketch the graph of f(x) over =27 <x <2rx.

Determine whether the function is even, odd or neither.

For n=1, 2, 3, ..., show that M\
” _ - g R \
(1) aO O~ e et < « ‘; ;\:\'\ '&
s PN W -~
() a,=0. PN i

~ P AL S

A -
\ - M‘,./
\ " ’

Calculate the Fourier coefficient, b,.

Find the Fourier series.

(3 marks)

(1 mark)

(7 marks)

(5 marks)

(4 marks)
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SECTION B
Q4 (»
(b)
(©
Q5
(b)
Q6 (2
(b)

Form an ordinary differential equation by eliminating the constants 4 and B from the
equation:

B
y = Ax3 + el 6x
(5 marks)

1
Given x%y" + xy' + (x* — j})y = 0. Show that y = x "2 is a solution.
(5 marks)

In a murder investigation, a dead body was found by a detective at exactly 8 am. Being
alert, the detective also measured the body temperature and found it to be 20°C. Two
hours later, the detective measured the body temperature again and found it to be 15°C.
If the room temperature is 27°C, and assuming that the body temperature of the person
before death was 37°C, determine the time the body reach 18°C?

(10 marks)

By using substitution z = xy, solve xy’ +y = 2x/1 — (xy)? by using separable
method.
(10 marks)

A population of worms in a region will grow at a rate that is proportional to the current
population. In the absence of any outside factors, the population will double in two
weeks time. On any given day, there is a net migration into the area of 5 worms and 6
are eaten by the birds and 4 die of natural causes. If there are initially 50 insects in the

area, determine the population after four weeks?
(10 marks)

28 ) Es LN
b D & Y ﬁim LA ‘
EER————

e
———— i e e
v

2
Interpret -gx—i s 2 + 3y = sin 2x by usmg the method of undetermlned coefficient.
(10 marks)

A 3 kg of iron ball is attached to spring and will stretch the spring 392 mm by itself.
There is no damping in the system and a forcing function of the form F(t) =
10 cos(wt) is attached to the ball and the system will experience resonance. If the ball
is initially displaced 20 cm downward from its equilibrium position and given a velocity

of 10 cm/s upward, find the displacement at any time 7.
(10 marks)

- END OF QUESTIONS- AL ‘
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Formulae

Characteristic Equation and General Solution

Case Roots of the Characteristic Equation

General Solution

1 my and m, ;real and distinct
2 m, = m, = m ;real and equal

3 m=q=xiff ;imaginary

m,x

y=Ade " + Be"?"

y=(A4+ Bx)e™

y=e""(Acos fx + Bsin fx)

Particular Integral of ay" +by' + ¢y = f(x) : Method of Undetermined Coefficients

()

v, (x)

P(x)=A4x" +--+Ax+ 4,

x"(B,x" +--+Bx+B)

Cearx

xr(Pe(Z.\T)

Ccos fx or Csinfx

x"(pcosfx+qsinfx)

Particular Integral of ay" +by' + cy = f(X) : Method of Variation of Parameters

Wronskian Parameter Solution
W=y% y.2 u, =—Iy—2@dx, u, ———J‘y—lfﬁdx Yy, =Wy T,
i W2 w w

Fourier Series

Fourier series expansion of periodic function with
period 2L

1 = T
f(x)==aq, +Zan cos@—kZbH sin 2%
2 L 3 L

n=1

where

a=7[", 1@ v
a, =—]13_[_LL f(x)cosIlLE dx

1L . nm
bn=z_[_L f(@)sin== dx

Fourier half-range series expansion

1 o N o~ . N
(x)=—ayg+ Y a,cos—+ ) b, sin—
0 n n
2 n=I n=1 L
where

a =2 1x)

a, :%J'OL f(x)c.os% dx

b, .—_%IOL f(x)sinn—zzc— b
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Laplace Transforms

Periodic Function for Laplace transform : £ {f(t)} = 1

c{f @0} = [, ftye™di = F(s)
f@) F(s) f@) F(s)
a a H(t - a) e
A S
n=1,23,... S,'ﬁl ft-a)H(t-a) e “F(s)
t 1 5 —-as
e’ 4 (t—a) e
5 a 5 _ —as
sinat I f(@)o(t—a) e f(a)
S t
cos at o | f gt - u)du F(s5).G(s)
. a Y
sinh at R (1) (s)
cosh at s () sY(s) = y(0)
S —a
e f(t) F(s—a) 0] s*Y (s) = sy(0) = (0)
MFE, n=1,273 ... ()" d’;F,fS)
A

4 —st
[ e fwar, s>o.

A
an——
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Trigonometric and Hyperbolic Identities

Trigonometric Hiperbolic
X -x
) ) et —e
cos’ x +sin‘x =1 sinh x = :
x -x
e +e
1+tan? x =sec’ x coshx=——2———

cot’ x+1= cosec’x

cosh? x —sinh? x =1

sin2x = 2sin xcosx

1—tanh? x = sech’x

cos2x = cos’ x —sin® x

coth? x —1 = cosech’x

cos2x = 2cos” x—1

sinh 2x = 2sinh x cosh x

cos2x =1—2sin* x

cosh2x =cosh? x +sinh’x

2tan x
tan2x = ————
1—tan” x

cosh2x =2cosh? x -1

sin(x + y)=sinxcosy+cosxsiny

cosh2x =1+ 2sinh’x

cos(x + y)=cosxcosyFsinxsiny

2 tanh x

tanh2x = —————
1+tanh” x

tan(x I y) _ tanx*tany
B l1Ftanxtany

sinh(x % y) = sinhxcosh y + coshxsinh y

2sinxcosy = sin(x + y) + sin(x - y)

cosh(x + y) = coshxcoshy +sinhxsinh y

2sinxsiny = — cos(x + y)+ cos(x - y)

tanh x = tanh y
1+ tanh xtanh y

tanh(x + y) =

2C0SXCoSy = cos(x - y) + cos(x - y)

o ————

—
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Differentiation and Integration

Differentiation Rules

Indefinite Integrals

%[k]=0, k constant jkdxzkx-&-C
gx_[xn]z nxn—l J’xndx _ x:fll +C, ne—1
n
d 1 dx
-d_x-[ln‘x\]:; j—x— = 1nﬂx\+C

[cosx]=—sinx

Jsinxdx =—cosx+C

dx
L

[sin x]=cosx

jcosxdx =sinx+C

dx
%[tan x]=sec’ x

Isecz xdx=tanx+C

[cot x] = —cosec’x

Icoseczx dx=—-cotx+C

&&‘Q

— [sec x] =secxtanx
dx

J.secxtanxdx =secx+C

d
e [cosec x]= —cosecx cot x

Jcosec xcotxdx =—cosecx +C

gx—[ex]zex

je" dcx=e"+C

4 [cosh x| = sinh x
dx

jsinhxdx =coshx+C

4 [sinh x]=coshx
dx

J.coshxdxz sinhx+C

4 [tanh x] = sech®x
dx

jsechzx dx =tanhx +C

gx_ [coth x]= -cosech’x

jcosechz x dx =—cothx+C

a [sech x]=-sechx tanh x
dx

Isech xtanh xdx = —sechx + C

:idx_ [cosech x] = -cosech xcoth x

J‘cosech xcoth xdx = —cosechx +C

—
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