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Q1 (a)  Determine the derivative of g(t) = tan(8 + sin 4t)
(4 marks)

(b) An equation is given as 3y3 = 3x? + sin xy. Determine the first derivative
of the equation in terms of x

(5 marks)

(c) By using a suitable method, determine the first and second derivatives of

t?—1
f® =5

(6 marks)

(d)  Inan experiment, a concrete block as shown in Figure Q1 (d), is subjected
to constant heat for approximately three hours. It is observed that, the
length of the concrete block increase at a constant rate of 0.5mm/hours.

(i) State the total surface area of the concrete block, A in terms of x
and find 22
dx

(2 marks)

(i)  Ifthe initial length and width of the concrete block are 300 mm and

100 mm respectively. Examine the length and width of the block
after being heated for 40 minutes.

(4 marks)

(iii)  Evaluate the rate of increase in the surface area at that time

(4 marks)

Q2 (@)  An equation of a curve is given as y = 2x® + 5x — 8. Identify the slopes
of the tangent lines to the curve at (-1,-15), (0, -8), (1,-1) and (2,18).

(5 marks)
(b) A function of g(x) = x + Px% + Qx + R has critical numbers at x = —1

and x = 3. Determine the constant values of P and Q
(5 marks)
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(¢)  Given a function of a curve is -§-x3 —9x2 + 36x + 2,

(i) Determine the critical numbers of the curve

(3 marks)

(ii) By using the Second Derivative Test, determine the local maximum and
minimum point of the function and identify the shape of the graph.

(10 marks)

(iii)  Sketch a curve that shows the local maximum and minimum points

(2 marks)

Q3 (a) Prove the following definite integral

e
1
j 2(xinx) dx = E(e2 + 13
1

(5 marks)

(b)  The following indefinite integral shows that

14+ 2x P Q R
(x—3)(x—9)2dx:f—(x—3)dx+f(x—9)dx+f—(x——9)2dx

(i) Determine the values of constant P, Q, R

(4 marks)
(ii)  Prove that
1+2x 7 7 19
f—(x—s)(x—fa)z dx = gln(x -3) - gln(x -9) — e

Hence identify the integral with 12 and 15 as the lower and upper limit
respectively.

(3 marks)

(©) Sketch a curves and determine the area of the region enclosed by the
parabola curve y = x2 —8andy = —2x

(8 marks)
() Determine the solution of % + ytanx —cosx = 0. Given that y=1 and x

=1
(5 marks)
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Q4 (a)  Figure Q4 (a) shows a steel bar subjected to the external forces Q and P.
The differential equation of the steel bar is given as

d%y
o

with boundary conditions ofEA-z—z =Patx=Land y(x) =0atx=0.

Given E is the young modulus of the steel bar, 4 is the cross-sectional, L is
the length of the bar and y(x) is the axial displacement.
(i) Determine the solution of the axial displacement

(7 marks)
(i)  Given:

Q=5kN, P=12kN, L = 1.5 m, E=210000N/mm? and
A = 2500 mm?, evaluate the axial displacement at the middle of
the bar.

(3 marks)

(b) A tennis ball that weighs about 0.056kg is hit straight up with an initial
velocity of 1.37m/s. Air resistance acts on the ball with a force of 0.5v,
where v represents the ball’s velocity at time t.

(i) Determine the velocity of the ball as a function of time
(9 marks)

(ii) How to indicate that the ball has reached its maximum height,
Explain the reason.
(3 marks)

(iii)  How long does it take for the ball to reach its maximum height?
(3 marks)

- END OF QUESTIONS -
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Formula
Differentiation Rules Indefinite Integrals
i[k]:@ J'kdxakx+C
dx
d 5 n+l
**“[x"]zf"’x”l Ix”dx& T 4C ne-l
dx n+1
d 1 dx
=[] = = [ =tnxf+C
dx X X

d ) J‘ by
zi__[cosx]z . - sin x dx cosx+C
x

o s J' S S
}m[sm x]: BEE cosxdx=sinx+C
x

d 2 gy ua 6 20
—d—[tanx]:seczx ISGC xdx=tanx+C

X

d J‘ - I S
—[cotx] = orsEe cosec”x dx cotx+C

dx

d J - seox
d—[secx]: SG tat secxtanxdx =secx+C

X

d J‘ - - .
£ [cosecx] = —cosecx cot x cosecx cotx dx = —cosecx + C

dx

%[e"' ] = o* J-e“' de=e" +C

i[cosh x] etk v Isinhxdx =coshx+C

dx

dr. sl e
—[smh x]= ki Jcoshxd), =sinhx+C
25

di [tanh x] =sech’x fsech'x dx =tanhx+C
X

a [coth x] = nEaeh % Icosechz x dx =—cothx+C

X
4 [sech ‘c] = wsechaxtantia Isech xtanhxdx = —sechx+C
dx ]

Icosechx cothxdx = —cosechx +C

d
. [cosech x] = -cosechxcothx
X
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Formula
Trigonometric Hyperbolic
2 v 2 Ay =X
cos” x+sin“ x =1 . e’ —e
sinh x =
1+tan’ x =sec’ x e +e”
coshx =

cot’x+1=csc’x

cosh? x —sinh’ x =1

sin2x =2sinxcosx

] —tanh® x =sech’x

2 3
cos2x=cos" x—sin” x

coth’ x—1=csch’x

-
cos2x=2cos x—1

sinh 2x = 2sinh xcosh x

cos2x=1-2sin’ x cosh 2x = cosh? x +sinh’® x
tan 2  _2tA0 X cosh 2x = 2cosh® x—1
1-tan®x

sin(x * y) =sinxcos y £ cos xsin y

cosh 2x =1+ 2sinh® x

cos(x = y)=cosxcosyFsinxsiny

2tanh x

tanh 2x = —
1+tanh™ x

tanx *tan y
tan(xty) = -~3~w———~—-}——
1 ¥ tan xtan y

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

2sin xcos y =sin(x+ y) +sin(x — )

cosh(x £ y) = cosh xcosh y +sinh xsinh »

2sin xsin y = —cos(x + y) +cos(x — y)

tanh x + tanh y

tanh(x  y) =
) 1 £ tanh xtanh y

2cosxcosy=cos(x+ y)+cos(x—y)

e xlna Cosh‘lx=]n(x+\f.\ —1), |
l ‘. o
log,, x OB, tanh™ x = 11 [H\) —l<x<l
08,
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Formula

Integration of Inverse Function

=sin ‘( ]+C
"-\m we i a

j ,dx - =»~l-tan‘*(l--]+c
a +x o a

J—dY = lsec" (EJ +C
|al a-x a a

¥
_[ =sinh™ ]+ C; a>0
Vil +a’ ¢
dx af X g
J——;‘“'T:COSh} —|+C, X>a
X" —a” !
sl
Sl | | |x|<a
I dx a a
N
X' —a 1 sl % .
—coth '[—J+C,
a a
dx 1 _,(x
—— = —gech™ | = |+ C, O=<x<y
'[x\,‘az—x“ a a

x
_[ ——cosech (—}- C, O<x<a
xva® +x° a
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Formula
Differentiation of Inverse Functions
¥ dy
dx
in~ 1 dut
a :/1=’d_’ lu| <1
— ”' x
cos 1 du _
_ﬁg, |u| <
tan ' u 1 du
1+u* dx
cot™u 1 du
1+ dx
sec™ u 1 ﬁ l”| o1
|u|\ju2 -1 dx’
cosec”'u 3 1 @ |u| o1
[uleu"’ ] et ,
sinh™2 1 fi_ai
Vul +1 dx
1 1 d
cosh™ 2 __E’ |u] >1
Vu? 1 dx
tanh™; 1 du
1—'5'*6}*“, II!I <1
—u dx
coth™ 1 du |
_1—u2 E’ ]u| g
sech™u | du
—— O<u<l
u1—u® dx
cosech ' 3 1 dut 8.0
|u|«}l +u? dx
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