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

Instructions to candidates:

This paper has TEN questions.

Attempt ALL questions in Section A and B.
Each question in Section A carries 9 marks.
Each question in Section B carries 15 marks.
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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
Jfound on them.




Section A
Answer ALL questions in this section.

Question 1

Find all values of x,suchthat 0 < x <27, satisfying the equation
sinx _ sin3x

cos3x cosx

(Hint: sin2A4 =2sin Acos4, sinA—sinB=2cos(A;B)Sin(A;B)_)

Question 2

2
(a) Evaluate limw.
o 2x” +x° =5

sin3x —3x + kx® .
- =

1.

(b) Find the value of &£ such that lim

x—0 X

Question 3

Differentiate the following with respectto x:

1-x %
(a) (m] s
(b) log,(1+cosh2x),

() 2¥ .

Question 4

(9 marks)

(4 marks)

(5 marks)

(3 marks)
(3 marks)

(3 marks)

(2) A curve has parametric equations x=3cos?, y=2sin¢, where ¢ is the parameter and

2
0<t<2x.Find d_y and d—Jz—) in terms of ¢.
dx dx

(5 marks)

(b) Let f(x)=ltanx|,for xe [—%,%]. Determine whether f(x) is differentiable at

x =0. Give your reason.

(4 marks)



Question 5
Let g:R>R and g(x)=x>-2x-1,for xe[l,»).Find

(a) the largest possible range of g,

(3 marks)
(b) the inverse function g™’ and state its domain.

(6 marks)

Question 6

@@ If y= —I-E ,where @ and b are constants and a # 0, find the general formula for
ax

the nth derivativeof y withrespectto x.

(3 marks)

(b) Resolve LAY into partial fractions.
2x-D(x+5)

(4 marks)

(c) Using the result in parts (a) and (b), or otherwise, find the fifth derivative of
=208 with respect to x. You need not simplify your answer.
(2x-D(x+5)

(2 marks)

Question 7
2
Let P(0,-2) be aturning point of the curve y = —u{ﬁﬂ .
x

(a) Find the valuesof p and g.

(3 marks)
(b) Show that P(0,-2) is alocal minimum point of the curve.

(3 marks)
(c) Show that y hasno value between —6 and -—2.

(3 marks)
Question 8
(a) Given that sinh@= %(eo —e?), show that sinh (30) =4sinh® @+ 3sinh 4.

(3 marks)

(b) Using the result in part (a), or otherwise, solve the cubic equation 4x° +3x=2, giving
your answers correct to 3 significant figures.
(6 marks)



Section B
Answer ALL questions in this section.

Question 9

(a) Show that the straight line y=mx+ 2 , m#0 touches the parabola y* =4ax. Hence
m

find the coordinates of the point of contact.
(4 marks)
(b) Using the result in part (a), or otherwise, find the equation of the tangent to the parabola

y? =6x which is parallel to the line y=-2x+1.
(5 marks)
(c) Draw a rough sketch the graph of the parabola (y +2)* = 6(x—1). Find the coordinates
of its focus and the equation of its directrix.

(6 marks)
Question 10
(a) For any non-negative integer 7, the Hermite polynomial H,(x) is defined by
H,(x)=(-1)"¢" ‘;;—n(e-*’) ,for —o<x<w.

2

Show that y =H, (x) satisfies the equation jx—f - Zx% +2ny=0.

int: Let u=e ~ . Show that —=-2xu.
(Hint: L ~* _Show th ‘;x“ 2xu )

(8 marks)
(b) By the Maclaurin theorem, or otherwise, find the expansion of tanx in ascending

powers of x as far as the term in x°.
(7 marks)



Short Table of Derivatives of y = f(u) with respect to 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=0
dx
y=cu ,where c is aconstant. _cl)i=cd_u
dx dx
. dy 4 du
=u” ,wh tant. — = pu”
y=u” ,where p isa constan & o
y=u+v d_y=d_” dv
dx dx dx
- O _ b du
dx dx  dx
du dv
u V——u—
y=-— dy_ " dx
v dx v
y=f(u) ,where u isafunctionof x. 2]-=df (W) du the chain rule
dx du dx
dy 1 du
=log u , a>0. —=—log, e—
y =10g, I u 8. .
a" >0 dy a"log adu
— N a . — = e —
4 dx dx
" dy _ udu
=e — ——
. A dx
dy -1
=u —=w’ +u”log, u—
y=u & g.
; dy du
y=sinu — =cosu—
dx dx
y =Cosu d_y=_sinu£1£
dx dx
y = tanu Y et
dx
y=cotu d_y—_——coseczu_
dx
_ dy
y =secu — =secutanu —
dx
y =cosecu 9—=—cosecucotu%
dx
- y__1_du
y=sin u dx mdx
-1 d_y_ —1 d_u
y=cCOoSs u dx mdx
dy 1 du
=1 -1 — = —_
y=mn & 1+4 dx




Functions, y = f(u) Derivative of y with respectto x
i dy 1 du
y=cot”u & ek
g &___ 1 du
y=sec u dx |u|\/mdx
S I Al
y=cosec u T |ulmdx
y=sinhu %:coshu%
y=coshu %=sinhu%
y=tanhu %:sechzu%
y =cothu LU —cosechzud—u
dx dx
y=sechu g:—sechutanhuﬂ
dx dx
y =cosechu 4 =—cosech u coth ud—u
dx dx
o y__1
y=sinh™ u dx_mdx
> dy 1 du
y=COSh u a“ma
_ dy 1 du
y=tanhu & T
a. dy 1 du
y=coth™ i P e
. dy _ 1 du
y=sech u -d;_—-u_\/—f;_:;a
_1 ___ 1
y=cosech u dr Mmdx

-END -






