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A brief table of derivatives is attached on pages 5 and 6.

Instructions to candidates:

1. This paper has TEN questions.

2. Attempt ALL questions in Section A and B.
3. Each question in Section A carries 9 marks.
4. Each question in Section B carries 15 marks.

This is a closed-book examination.

Candidates are allowed to use the following materials/aids:
Non-programmable calculators
Materials/aids other than those stated above are not permitted. Candidates

will be subject to disciplinary action if any unauthorised materials or aids are
found on them.




Section A
Answer ALL questions in this section.

Question 1
Find, in radians, the general solution of the equation
V2sinx = tan x i
and give all the values of x which lie between 0 and 2.
(9 marks)
Question 2
Let f:R—>R and f(x)=1 ! - for xeR\{-1,1}.
-x
(a) Show that f(x) is not one-to-one.
(2 marks)
(b) Show that the function f(x) hasno value between ¢ and 1.
(4 marks)
(c) Find the range of f(x).
(3 marks)

Question 3

2 . 1 .
Let g(x)= {x g if x#0 Determine whether g(x) is differentiable at x =0, if so,
0, if x=0.

find the value of the first derivative there.
(Hint: Since sin6 isboundedby -1 and 1 forall 6, it follows that —|x|< xsi'n% <o
for all real values of x.)

(9 marks)
Question 4
2
(a) Evaluate lim L 5 et .
o x7 45
(4 marks)
h(x)+cosx if oy
(b) Let F(x)= x—z TX#72 where h(x) is differentiable everywhere and
h'(%), ifx=m,

h(z) =1. Determine whether F(x) is continuous at x = . Give your reason.
(5 marks)



Question 5

Differentiate with respect to x

(a) N1+ x2 +loge(l+x2),

(3 marks)
(b) tan~'(sinhx),
(3 marks)
() 2V.
(3 marks)
Question 6
Express —2—36-# in partial fractions.
(x=2)(x" +1)
(9 marks)
Question 7
(a) Show from first principles that é—lx—(e“") =ae”™ , where a is a constant.
(Hint: You may use without proof the exponential theorem
. x x x g '
e =l+—+—+—+...+—+...,, —0<x<®©.)
n 2 3 r!
(4 marks)
(b) The parametric equations of a curve are x=e*, y =t>, where ¢ is the parameter and
. dy d’y .
t20.Find — and —5 interms of ¢.
dx dx
(5 marks)
Question §
]
Let y=x3¢™ for xeR.
2
(a) Find Y and d—f— for x+0.
dx dx
(4 marks)

2
(b) Show that there is a turning point on the curve y=x%e¢* when x = —% , and determine

whether it is a local minimum point or a local maximum point.
(5 marks)



Section B
Answer ALL questions in this section.

Question 9

The equation of a conic is

41x% —24xy+34y* =50=0. —— (1)
Let xy coordinate system be rotated anti-clockwise through an angle @ (without translation
of axes), resulting in anew x’y' coordinates system with x=x'cos@—y'sinf and
y=x'sin@+ y'cosf.

(2) Show that equation (1) may be transformed into an equation of the form ax'? +by'? =
where a, b are constants.

(6 marks)
(b) Draw a rough sketch showing how the graph of the conic with respect to the axes of
coordinates.
(3 marks)
(c) Find the equation of the tangent to the conic (1) at the point (i i)
(6 marks)
Question 10
For any non-negative integer n, the Legendre polynomial P, (x) is defined by
P(x)= I s [(x*~1)"], for —1<x<1.
2"(n!) dx”
Show that
dy
(a y=P/(x) satisfies the equation (1—x ) 2xd—x- + n(n +)y=0,
. 1 2 n 2 du
(Hint: Let u= (x* =1)". Show that (x" —1)— =2nxu.)
2" (n!) dx
(8 marks)

) RM=1 and B,(-1)=(-1).

(Hint: Consider 2"(n!)P,(x) = d‘i,,

[(x+1)"(x—-1)"], and using Leibnitz’ rule.)
(7 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 c isa constant. d_y-_-o
dx
y=cu ,where c isaconstant. d_y=cd_u
dx dx
. dy _ du
=uf h tant. = puf~ —
y=u’ ,where p isa constan e =
y=u+v d_yzﬂ dv
dx dx dx
y=uv y_, &,
dx de  dx
du dv
y== _dx &
dx v
y=f(u) ,where u isafunctionof x. & _dftw) du , the chain rule
dx du
d 1 du
=log u , a>0. = =_log e—
Y~ Ok dx %
dy du
=a" , 0 —=a"log,a—
y=a a> o g e
u dy _ o du
=g = g
Y dr . dx
dy -1
=u’ —=wu’ +u’ log, u—
y=u dr g.
y=sinu d—y=cosu—
dx
y=Ccosu d_y=_sin du
dx dx
y = tanu gX:seczud—u
' dx
¥y =cotu d_y =—COSCC2u-——
dx
Y =secu : gl:secutanufl—u—
dx dx
y =cosecu —dl=—cosecu cotud—u
dx dx
-y [/ .
yeem & Ji-u? dx
-1 o __=l
y=cos u A e
-1 dy 1 du
y=tan u —_— =

dr 1+’ dr




Functions, y= f(u)

Derivative of y with respectto x

=cot'u E}_;____l_d_u
y= v 1+u’dr
» y__ 1 &
y=sec u dx M\/ﬁdx
dy 1 du
P -1 e e e
y=coseC u dx |u|\/;12_—ldx
y=sinhu d—y=coshud—u
dx dx
y=coshu d_y=sinhud_u
dx dx
y=tanhu fll:sechzud—u
dx dx
y=cothu 2 — _cosechtu"t
y=sechu Q=—sechutanhu%
dx dx
y =cosechu Y =—cosechu coth u(—hi
dx dx
_Sinh—lu Q—:—l_d_u
y dr 112 dx
dx y?2-1dx
dy 1 du
=tanh™ —= —
d Y dr 1-2? dx
_ dy 1 du
=coth™ —== .
ymoom dr 1-u’dx
h—l il'}l_=._ 1 d_u
il & e &
dy 1 du

y =cosech™'u

-END -




