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Q1 (@ Determine the derivative of o = gtan(St2 — 41).
(4 marks)

(b)  An equation is given as 2x’y = 4x —e?*y2. Determine the first
q 2 ¥ ¥
derivative of the equation in terms of x.

(6 marks)

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

(7 marks)

(d) A steel bar with a radius » as illustrated in Figure Q1(d), is continuously
heated for approximately 2 hours and 30 minutes to observe how heat
affects the bar's tendency to elongate or expand. It has been observed that,
the radius r of the steel bar increases at a steady rate of 0.2mm/hour.

(1) State the total surface area of the steel bar, A in terms of its radius »
da
and find —.
dr

(3 marks)

(i)  Ifthe initial length / and radius r of the steel bar are 500 mm and 10
mm respectively. Examine the length / and radius » of the steel bar
after being subjected to heat for 45 minutes.

(4 marks)

(iii) Based on QI1(d)(i) and (ii) analyse the rate of surface area
expansion of the bar at that time.

(4 marks)

Q2 (a)  Find the gradient of a curve y = 2x3 + 16x — 4 at (0, -4) and (2, 5).

(2 marks)

(b)  Determine intervals from the following equation and state either it is
increasing or decreasing.

y = x379x2% + 24x
(8 marks)
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(c) Solve the following definite integral with respect to x.

2
f 3x2 —5x + 2 dx
1

(8 marks)
Q3 (a) Express the following indefinite integral in partial fractions.
x—4 d
f Z+2x—15
(10 marks)

(b)  Determine the area bounded by the two functions f(x) = cos x and

g(x) = sin x on the interval (E, —S;T-r, ).

(9 marks)

(¢)  The region R is bounded by the curve y = xe /2% _ the line x = 4 and the
X-axis.

4(e?-3)

— units”.
o2

@ Show that the area of the regions is

(5 marks)

(i)  The region R is rotated through 27 radians about the x-axis.
Determine the volume of the solid generated.

(8 marks)

Q4 (@  The gradient of a curve at point (x, y) satisfies the differential equation
% — 9xyV3x? — 2. Obtain the general solution of the differential equation
and find the equation of the curve that passes through point (1, —e).

(7 marks)

(b)  An object moves along a straight line and passes a fixed-point O with
velocity u in the positive direction of the x-axis. At time t, the object is at a
displacement x from O and the velocity of the object is v. the rate of

change of velocity has magnitude ;kz-, where k is a constant and is directed
to towards the fixed-point O.
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(i) ~ Write down a differential equation for the motion of the object
involving the velocity v and the time t. hence, find the velocity v as
a function of the time t.

(6 marks)

d

(i) Show that % =v d: and hence, write down the differential equation

for the motion of the object. Hence find the velocity v as a function
of the displacement x. Hence, show that after a time t and the object

4
has moved a distance x, 4kx = u* — (u® — 3kt)s.
(9 marks)

- END OF QUESTIONS -
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Figure Q1(d) — Steel Bar
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Formula
Differentiation Rules Indefinite Integrals

i[klz() Ikci\':k\'+(“
dx

Ci " -1 G

—x" |=nx Py =— 4 C -

d‘_[ ] I.\ dl ”+]+( n#-1
d 1 dx

—|In|xj|=— —=Injxl+C

c."x[ | I] X x il

d : i s pug
. [cos:r]: b I:;m X ely cosx+(
dx

dr. cdv=sinx x
T[sm x]=cosx Icos.x dy =sinx+(
Ay

d - -~ o . .
?[tan.\‘]= o J-SEL xdx=tanx+ (
dx

d 2 W - i
ﬁ[cnt _1.] = —poRec J.coy..(. xdx cotx+(

dx

d

& Sec_‘,]___ . Iscc xtanxdx =secx+(
X

d J' . -
-——[cosec .‘.] ——_——_Tr cosecxcotx dy cosecx + (
T

(‘Ti:[‘__,\]ze‘ je‘ de=e"+C

di [cosh _1.] = i a Isinh xdy=coshx+(C
X

%[sinh _\.]= cioali & Icoshxcir =sinhx+C
I7s

i[tanh x]=sech’x jsech:.\‘ dx=tanhx+ C

dx

i[coth .r]= . ‘[cosech: X dy=—cothx+C

/ . e s
;—[sech _\.] = -sechxtanhx J-sech.x tanh x dv = —sechx + (
X

.4 [cosech .1'] = -cosechxcothx
fx

Jcosech xcothxdy = —cosechx + C

e
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Formula
Trigonometric Hyperbolic
cos” x+sin x=1 ’ e'—e¢™"
sinhx =
1+tan’ ¥y =sec” x & g
coshx=———
cot’ x+1=cse’ x cosh” x—sinh” x =1
sin 2x = 2sin x cos x 1 —tanh® x =sech’x
cos 2x = 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
5. _ 2tanx cosh 2y = 2cosh” x—1
tan 2y = ———
l—tan™ x
sin{x + ) =sin xcos y + cos xsin v cosh2x=1+2sinh? x
cos(yEt y)=cosxcos yFsinxsiny 2tanh x
g : . tanh2x=—————
1+tanh™ x
tanx+tan v sinh{x + ¥) = sinh xcosh y + cosh xsinh v
tan(y )= ————
1+ tan x tan y
2sin xcos y =sin(x+ y)+sin(x— v) cosh(x = v) = cosh xcosh y £sinh xsinh »
2sin xsin v =—cos(x+ 3) + cos{x — y) tanh x + tanh y
tanh(x £ 1) = =
£ tanh xtanh v
2¢0osxcos ¥ = cos(x + v)+cos(x— y)
5inh":r=]n(x+\}_r3+]). any x
xIne e
aq" =gt cosh".\':ln(3‘+\/.r‘—1). 5 |
log, x ] l+x
log, x= bk tanh™ x=—In ; ~| < ¥<l
log, a 2 (l-x
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Formula

Integration of Inverse Function

J%cix- =sin™ (EJ +C
Va© —x° d

dx 1 _,[.\') :
J- - —=—tan | — [+ (
o +x" a a

] x
=—sec” (i]+ =

j dv
laNa*-x* @ a

I"fi—rq:Sinh’['—TJ-%(', a>0
X+ a

x .
—)+(, X >

I—%L:cosh'*(
N —a o

1)

] gl = .

—tanh™ | = |+C,  |x|<a

I dv |a a

e - 1 il %
—goth™ | = e, |.1:|>u

u a

dx 1 ol %

J._z——sech' —|+C, O<x<a
N —1 a a

j o : cosech™ ( I)+ i D<x<a
... ST, * ‘ s
xa® +x° d a
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Formula

Differentiation of Inverse Functions
v dy
dx
sin”' u ] du |
V=’ dx’ I”]<
cos” u | i
—_——’_I_ul E’, |H|<|
tan”' u 1 du
1+ o
cot™ u 1 du
1+u dv
sec i 1 du l"l -
|t u* =1 dy’
cosec i N 1 fil_f_ '”I i
|u[du3 =] i
sinh™' o | fir_:
1 +1 dx
cosh™' u | du
—_ |u] >1
Vu® -1 dx
tanh™' o 1 du
- lu] <1
1—w dx
coth™' u 1 du
_1—-113 Z |u|>1
sech”u - O<u<l .
uN1—u’ dx’
cosech ™' N
lqu-f—uz dy’
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