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PART A

Q1

Q2

(a)

(b)

(©

(d)

(a)

(b)

Apply the alternating series test to show that the following series converge:

n=1
(5 marks)
Determine whether the series 1s absolutely convergent, conditionally convergent or
divergent:
i (2x — 1)™
57/n
n=1
(5 marks)
Indicate the n™ Maclaurin polynomials for:
1
fx) =15~
(5 marks)
By using integration of power series, calculate:
1
flx)= ——Z-ln 1+ 2x)
(5 marks)
Calculate the Fourier series for f(x) =L —xon—L <x < L.
(10 marks)

Point out the Fourier series for f(x) = x*on —L < x < L and classify the given
function whether in odd or even function.
(10 marks)
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PART B
Q3 (a)
(b)
(©)
Q4 (a)
(b)
Q5 (a)
(b)

Identify whether or not the following equations is homogeneous:

dy 3xy+y?
dx  3x2
If homogeneous, find the solution of the equation.
(6 marks)
. . : . dy _ y-1 . .
Calculate the solution of the differential equation ol which satisfies an
initial condition y(—1) = 0 by using separable equation.
(7 marks)

Convert the following differential equation to a linear equation:

1d 2
——}—,——}—’=xcosx , x>0
xdx x2

Hence, find the solution of the original equation which satisfies the initial condition
y=1landx = 2.
(7 marks)

The population rate of a bacteria culture grows is proportional to the number of
bacteria present. If the number of bacteria grew from 500 to 2500 in 12 hours,
estimate the number of bacteria after 24 hours.

(10 marks)

The temperature inside a refrigerator is maintained at 4°C. An object at 80°C is
placed in the refrigerator to cool. After 110 seconds, its temperature drops to 45°C.
Calculate the time will be taken for the temperature to drop to 15°C by using
Newton’s Law of Cooling.

(10 marks)

2
Interpret ZTZ — 2 %—Z— + y = 6e” by using the method of undetermined coefficient.
(8 marks)

Given y"" —2y"+ 2y =e*(1 +sinx). Produce the solution for the given

differential equation by using the variation of parameters method.
(12 marks)
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Q6

FIGURE Q6 shows a block with mass of 0.65 kg attached to a spring, and the spring
stretches 0.43 m to bring the system equilibrium. The block is then pulled down an

additional 0.15 m from its equilibrium position and released with a downward velocity of
0.08 m/s.

(a) Identify the position of the block, for > 0.
(12 marks)

(b)  If the support of the spring vibrate and produce an external force of F,,, = coswt,
sketch the graph for @ = 4 and t > 0. Assuming @ # w, and y(0) = y'(0) = 0.
(8 marks)

- END OF QUESTIONS —

4 CONFIDENTIAL



"CONFIDENTIAL

COURSE NAME: CIVIL ENGINEERING MATHEMATICS I

BFC 14003 / BWM 10203
FINAL EXAMINATION
SEMESTER / SESSION: SEM 11/2015/2016 PROGRAMME CODE: BFF

COURSE CODE: BFC 14003 / BWM 10203

SRt

. — — —— — Unstretched
? spring
Ay
= ;’ ~ = Equilibrium
y =10

FIGURE Q6
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Formulae

Characteristic Equation and General Solution

Case Roots of the Charactensnc General Solution
Equation
1 my and m, ;real and distinct y=Ae"" + Be"?
2 m, =m, =m ; real and equal y=(A4+ Bx)e™™
3 m=a*iff imaginary y=e“"(Acos fx + Bsin fx)

Particular Integral of @)" +5)' + ¢y = f(x) : Method of Undetermined Coefficients

S () Y, (x)
P (x)=A4,x" +--+Ax+ 4, x"(B,x" +---+Bx+B,)
Cea_x xr(PeQX)
Ccos fix or Csin fx x"(pcos fx+qsin fx)

Particular Integral of a)" +5)' + cy = f(x) : Method of Variation of Parameters

Wronskian Parameter Solution
RSN ) Yo f(x) NS/
W=, " u =—| 2"y o, =" Yy, =uy, +u,y
Y1 Vs : "- w ’ I w ! o o
Fourier Series
Fourier series expansion of periodic | Fourier half-range series expansion
function with period 2L
1 - NTX . nmx 1 0 no & nx
f(X)==a,+) a,cos—+) b,sin— X)=—ay+ ¥ a,cos— + ¥ b_sin—
2t ZhsnT | J@ =30 e, 2usin
where S —
1¢L
=— 2 ¢L
a =7, 7@ as a =] f(x) dr
1L nm
. s 2¢L nnx
a, I -"—L f(X)COS 7 dx a, = —l—:IO f(x)cos__i__ dx
1L nm
= . 2L . nm
by I I_L f(x)sin 17 dx e ZIO f(x)sin a dx
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Laplace Transforms

LUW=], f()edt=F(s)
1@ F(s) 1@ F(s)
a a H(t-a) E:f_
S S
ron=123 ... S f(t-a)H(t - a) e “F(s)
1 _
o o(t—-a) e”
s—a
sinat s )5 —a) e f(a)
S +a
cos at 5 2 - j : S)g(t —u)du F(s).G(s)
s“+a 2
a
inha Y
sinhat i () )
cosh at 3 s 5 »() sY(s)— y(0)
s —a
0 F(s-a) () s7Y () = 53(0) - (0)
t"f,n=1273,... D" k()
ds”

1

1 __ev—sT

Periodic Function for Laplace transform : £ {f (t)} = I OTe'“ f@®de, s>0.
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Trigonometric and Hyperbolic Identities

Trigonometric Hiperbolic
X —-X
. ) e —e
cos’x+sin‘x=1 sinh x =
x - 3
e’ +e
1+tan® x =sec’ x coshx =

cot’ x +1 = cosec’x

cosh®x—sinh®x =1

sin2x = 2sin X COS X

1—tanh? x = sech’x

cos2x =cos’ x —sin’ x

coth® x —1 = cosech’x

cos2x =2cos’ x—1

sinh 2x = 2sinh xcosh x

cos2x =1—2sin’ x

cosh 2x =cosh? x + sinh > x

I-tan” x

cosh 2x =2cosh? x -1

sin(x + y) = sin xcos y + cos xsin y

cosh 2x =1+ 2sinh *x

cos(x + y) = cosxcos y ¥ sin xsin y

2tanh x

tanh 2x = ———
1+ tanh” x

tanx +tan y

tan(x_ty)z I¥tanxtan y

sinh(x + y) =sinh x cosh y + cosh xsinh y

2sinxcos y = sin(x + y)+sin(x — y)

cosh(x + y) = cosh x cosh y + sinh xsinh y

2sin xsin y = —cos(x+y)+ COS(x"J’)

tanh x + tanh y

tanh(xiy)z 1+ tanh x tanh y

2cosxcos y = cos(x + y) +cos(x — y)
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Differentiation and Integration

Differentiation Rules Indefinite Integrals
i[k]zO, k constant jkdlecx+C
dx
_d_ n|_ n-1 - x"”
dx[x ]—nx dex:n+1+C, n#-1
d ol L dx _
Ex—[lnlxﬂ— . o Injx|+C

g—[cosx]z—sinx Isinxdxz—cosx+C
X

— [sin x] = cos x Icosxdx:sinerC
dx

%[tanx]:seczx jseczxdx:tanxﬁ—C

;E[cm x]= —cosec *x f cosec’xdx =—cotx +C

d —
;j—[secx]:secxtanx Jsecxtanxdx—secx+C
X

d J’ = o
:lx—[cosec x] = —cosecx cot X cosecxcotxdx = —cosecx +C

%e"]:e" Ie"dx:e"+C

di[coshx]=sinhx Isinhxafx=coshx+C
X

ﬁi—[sinhx]zcoshx Icoshxdx=sinhx+C

dx

i[tanh x]=sech *x
dx

J'secthdx =tanhx+C

da [coth x] = -cosechx jcosechz x dx=—cothx+C
dx

%[sech x]= -sech xtanh x

fsech xtanh xdx = —sechx +C

d
E[cosech x| = -cosech xcoth x

J- cosech x coth xdx = —cosech x +C
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