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Instructions to candidates:

1. This paper has EIGHT questions.
2. Attempt ALL questions.
3. Each question carries 13 marks.
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Candidates are allowed to use the following materials/aids:
Non-programmable calculators
Materials/aids other than those stated above are not permitted. Candidates
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Question 1

Differentiate with respect to x :

(a) (x2+3)5+ﬁ ;

1+sinx

(b)

1—-sinx

1+ x?
1 ;
© og{l_xzj

@ tan“l( 4sin x ) '
5+3cosx

(e) coshy/x for x>0 .

(2 marks)

(2 marks)

(3 marks)

(3 marks)

(3 marks)

(a) Let f (x) =X |x| for xeR . Is f (x) differentiableat x =0 ? Give your reason.

Question 2
,if x20
(Hint: |x|: * ) *
—x,if x<0

(b) Find %xji when

Q) y= x!l +x? !36”‘2
N1+ % ’

(i) 4y* —3xy +6x+2y—-20=0 .

You need not simplify your answers.

Question 3

Evaluate the following limits:
3x* —x+5

lim —% — X2
@ zre 4x° —x* +7 ’
(b) Tim 25 2) (=)

2x
H% 2ex—e

(©) lim (c+rer)

(6 marks)

(4 marks)

(3 marks)

(4 marks)

(4 marks)

(5 marks)



Question 4

A former Chinese Mathematician Tsu Chung Chi (429-500 A.D.) proposed a method to
compute an approximation to the value of 7 .

Given a unit circle, he calculated the areas of inscribed regular 6-sided, 12-sided,

24-sided, ...... polygons as shown in Figure 1, thus obtaining lower bound for the area of the
unit circle (= 7z sq.units).

AN

regular 6-sided polygon

Figure 1

Let 4, denotes the area of inscribed regular n-sided polygon as shown in Figure 1.

(a) Find the values of 4, , 4, and 4,, , correct your answers to 6 decimal places.

(10 marks)
(b) Find the value of Od Ay igA‘Z A , correct your answer to 5 decimal places.
(3 marks)
Question 5
1
Show that the curve y = Xl has a local minimum at x=0 .
2 2(x+1)
Sketch the graph of the curve, indicating its particular features such as asymptotes and local
extremal points, if any. (13 marks)
Question 6
4 2
(a) Express x__i4£+_3 in partial fractions.
X +x
(Hint: a® +b* =(a+b)a* —ab+5?) ) (6 marks)

(b) If y=log,x ,find ', »", »" and then conjecture the formula for Y meN.

Hence, or otherwise, find the formula for (x2 log, x)(n) , n=3,45,...

(Hint: Leibnitz’ rule: For any functions u and v whose derivatives up to the nth order exist,
(uv)(")zn Cou(”)v(o)—i-n Clu("’l)v(l)h Czu("“z)v(z) +o4, C,u(""’)v(’) +.ot, Cnu(O)v(”) , where

n!
(n—r)tr’
respectively, for »=1,2,3,...,n .) (7 marks)

,C, = u® =y v =y andu®, V) are the rth derivatives of u and v,



Question 7
(a) Show that the cubic equation
5x° +50x* —=232x+131=0 - (*)
has areal root in (0,1). (5 marks)

(b) Use any method or combination of methods to compute the roots of equation (¥).
Correct your answers to 6 decimal places.

(Hint: Newton iterative scheme for the solution of f (x) =0 18 x.,=x, — TACA )

f"(xk) ’
for £=0,1,2,...)
(8 marks)
Question 8

(a) Show thatif y =( 2 x)z then 2(1+e'x)§—x)-i+y=0.

1+e
&y oy

By repeated differentiation of this result, find the values of —- o at x=0 and

2
hence obtain the Maclaurin series of ( j in ascending powers of x as far as the

1+e*

termin x°. (7 marks)
(b) Define T,(x)= cos(n cos™ x), xel[-1,1], for n=0,1,2,... .

Show that

() T, (x)=2xT,(x)-T_(x) for n>1, (3 marks)

(Hint: cosA+cosB=20c>sA;BcosA;B ,put @=cos” x,then cos@=x .)

o N ATy
i) (1-x J T x T (x)=0 . (3 marks)




Short Table of Derivatives of y= f(u) with respectto x,where u is a function of x

Functions, y= f(u)

Derivative of y with respectto x

y=c,where ¢ 1isaconstant. _Cbi:
dx
y =cu,where c is a constant. 51}_’26_@11
de  dx
. dy __ldu
=u”, wh tant. —=puf” —
y=u’, where p 1sacons»an & P .
y=u+v d_y:_(.i_zi_*..(h}.
de dx dx
_ dy dv du
y=uyv i = Y e e Y ——
de dx dx
du dv
Uu Y e o Y e
y== Y dx  dx
dx v
y = f(u),where u isafunctionof x. d—y-—-g—f—(——‘}-)--—%,the chain rule
dx du
dy 1 du
=log u, a>0. =—log e—
y=10g, o u g, F.
dy du
=a", a>0 —=qg"log,a—
y=a", a & g o
y dy ,du
y=e dr dx
dy o du
=u" =y~ —+u’log, u—
y=u ae g.
. dy du
y=sinu —=cosuU—
dx dx
y=cosu gz:—sjnu—qti
dx dx
y=tanu —qy—:seczu———
dx
y= cotu _dl = —COSCCZM——-
dx
y=secu Q—:seoutanud—u
dx
y =cosecu 9— = —COSeCcCU c:otufl}i
dx dx
b__1
y=sm u dx mdx
-1 iy_—- 1 gbi
y=cC0s u dx mdx
d 1-d
y=tan"u & Y

dx=1+uza




Functions, y= f(u)

Derivative of y with respectto x

=cot™u _ 1 du
4 dr l+u’ dx
y=sec u dx !ulmdx
" y__ 1 du
y=cosec u dx ]ulm dx
y=sinhu d—y=coshu—(¥l—
dx dx
y=coshu éX:sinhufiﬁ
dx dx
y=tanhu Y _ ekt
dx
y=cothu Y —cosech’y —
dx
y=sechu Y_ —sech u tanhu du
dx dx
y =cosechu Y = —cosech u cothu %xli
_ dy 1 du
=si u - = -
7 dx  144? dx
o b1 du
Yy =CO0s8 U dx mdx
y=tanh™ u __1 du
dx 1-u® dx
y=coth™u __1 29}—{-
dr 1-u" dx
- dy 1 du
=sech™u P
7 dx uy1—y? dx
dy 1 du

y =cosech™u

dc i 41 dx

- END -




