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Find the range of values of x that satisfy

2X 1
< [4]
X+5 x-1
Hence deduce the range of values of x that satisfy
2|x
LY 2
x|+5 |x|-1
A curve y=f(x) passes through the point (0, 2) and j_y = Cgﬂ .
X y
(1) Obtain the Maclaurin series of y in ascending powers of x, up to and including the
termin x°.
Write down the equation of the tangent to the curve y=f(x) at x=0. [4]
(i)  Show that y =+/4+sinx. [2]
(iii)  Using your results in part (ii), and assuming x to be sufficiently small for terms in
x*and higher powers to be ignored, obtain the binomial series of y. [3]
The curve C has equation
_ 2x-a
2x* —b’
where a and b are positive integers.
C passes through the point (%OJ and the equation of an asymptote of C is x=3.
(i) Show that a=9 and b =18. [2]
(i) Sketch C, stating clearly the equations of asymptotes, the x-coordinates of turning
points and axial intercepts. [4]
(iii)  Hence, giving your reasons, deduce the range of values of h such that the graph of
x—8)° 2
%+1yﬁ =1, where h is a positive integer, intersects C at exactly 6 distinct
points. [2]
A function is said to be self-inverse when f =f ™ for all x in the domain of f.
Given that the function f is defined by
f:x— ax+b,for XEIR,X;tg ,
cx—a c
where a, b and c are positive constants.
M Show that f is self-inverse. [2]
(i)  Using the result of part (i), deduce f(x) and state the range of f2. [2]
(iii)  Solve the equation f™(x) = x, leaving your answers in the exact form. [3]
For the rest of the question, let a=2, b=5and c¢=3.
The function g is defined by g: x+>e*+2for xeR.
(iv)  Show that the composite function fg exists, justifying your answer clearly. [1]
(V) By considering the graph of f, or otherwise, find the exact range of fg. [2]
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5 Consider the following definitions:
e +e”
cosh x = ,
. e —e™*
sinhx = ,
2
tanh x — sinh x |
cosh x
sechx = and cosech x = — .
cosh x sinh x

They are known as hyberbolic functions. They are used in modeling suspended bridges and
equations of motion related to skydiving.

(i) Find an expression for tanh x in terms of e?*. [1]

(i)  Given that
f(n+1) —f(n) =sinh x{sech (n +%) x} [sech (n —%j x} ,

where f(n) = tanh (n —%] x and x =0, find an expression for

Sl

in the form (cosech x)(tanh Ax—tanh%xj where A is a constant to be

determined. [3]

(ili)  Explain why S_ exists. Deduce an expression for S_ in the form
(cosech x)(P—tanhQx), where P and Q are constants to be determined. [3]

6 (@ Find the roots of the equation (1+i)z* —z+(2—-2i) =0, giving your answers in the
form x+iy, where x and y are exact real numbers. [4]

(b)  Given that f(z)=z"-22®+z*+az+b, where a, b eR, and that 1 + 2i satisfies

the equation f(z) = 0, find the values of a and b and the other roots. [5]

Hence solve the equation w* —2iw® —w” —8iw—20=0, showing your workings

clearly. [2]
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7 The area A of the region bounded by y =sin® x , the x-axis, x=0and x = ™ is to be found.

Q) The area A can be approximated by dividing the region into 5 vertical strips of
rectangles of equal width.
Show that 0.10625x < A < 0.206251. [3]

(i) Itisgiventhat I, = Esinzn xdx, wheren=>0.

By writing sin”" x = (sin x)(sin’"* x) , show by integration by parts that
2n-1

|, =——1,,,forn>1.
2n
3
Deduce that |, =—m.
16
Using the value of 1,, obtain the exact value of A. [7]
8. Two planes have equations given by
p,: X+5y+4z=4,
P, X—-y+z=4.
Q) Explain why p, and p, intersect in a line ¢ and determine the cartesian equation
of (. [3]

(i)  The plane p,contains the line ¢ and the point Q(5, 3,—6), find a cartesian
equation of p,.
Describe the geometrical relationship between these 3 planes and (. [5]
(iii) The line m passes through the points S(0,2,0) and T (4,0,0). Find the position
vector of the foot of perpendicular of S on p,.
Hence find a vector equation of the line of reflection of m in p,. [5]

9 On 1 January 2019, Mr Tan started a savings account with a bank with an initial deposit of
$5000. The bank offered compound interest of 1% computed based on the amount of
money in this account at the end of each month. Due to personal financial needs, Mr Tan
withdrew $100 from the savings account at the beginning of each month starting from the
second month, i.e. 1 February 2019.

(1) Find the amount of money in Mr Tan’s account at the end of March 2019. [3]
(i)  Deduce that the amount of money in Mr Tan’s account at the end of the n™ month
is given by $1oo(101—5o(1.01”)) . [3]
(iii)  Determine the month and year Mr Tan will deplete the savings in his account if he
continues to withdraw money from this account. [2]

On 1 January 2019, Mrs Tan also started a savings account with the same bank with an
initial deposit of $3000. The bank offered her interest of $10 for the first month and
increment of $5 for each subsequent month. For example, in the first 3 months, her interest
was $10 for January, $15 for February and $20 for March. In addition, Mrs Tan further
deposits $50 into her savings account every mid-month starting from 15 January 2019.

(iv)  Determine the month and year Mrs Tan will first have more money in her account
than that of Mr Tan by the end of month. [5]
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10 Since the 1990s, a group of scientists has started conservation work to prevent the
extinction of a rare species of flying fox in the wild Western Australia forests. The number
of such species, in thousands, observed in the forests at time t years after the start of the
conservation is denoted by N. It is known that the death rate of the flying foxes is
proportional to the number of flying foxes present and that the birth rate of the flying foxes
has been maintained constant at 2000 per year. There were only 1000 flying foxes in the
forests at the start of the conservation and the rate of increase of the number of flying foxes
was 1500 per year when there were 3000 flying foxes.

(i) Form a differential equation relating N and t and show that it can be reduced to
dN

6E =12—-N. [2]

(i)  Solve the differential equation to find N in terms of t. [5]
(ili)  Deduce the minimum number of years in integer, needed for the number of flying
foxes to exceed 6000. [2]

(iv)  Sketch a graph to show how the number of flying foxes in the forests varies with
time and suggest the long term behavior of the flying fox population. [3]

v) Suggest a possible limitation of the model in part (i). [1]

END OF PAPER
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