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READ THESE INSTRUCTIONS FIRST

Write your name and class on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.
You may use a soft pencil for any diagrams or graphs.

Do not use paper clips, highlighters, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different level of accuracy is specified in the question.
You are expected to use a graphic calculator.

Unsupported answers from a graphic calculator are allowed unless a question specifically
states otherwise.

Where unsupported answers from a graphic calculator are not allowed in a question, you are
required to present the mathematical steps using mathematical notations and not calculator
commands.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, arrange your answers in NUMERICAL ORDER and fasten all
your work securely together.

The number of marks is given in brackets [ ] at the end of each question or part question.

This question paper consists of 5 printed pages.
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Answer all the questions [100 marks]

It is given thatf (x) = ax® +bx* +cx+d, where a, b, cand d are constants. The curve

y =f(x) passes through the points (-1, —3), (3, 13) and has a maximum point at

(é %).Find £(x). [4]
Find

(i) j% dx, [2]
(i) |7 ¢* cos2x dx 4

Y1+ 3x2

(i) Expand
2+X

in ascending powers of x, up to and including the term in x*.

[3]

(i) Find the set of values of x for which the expansion in part (i) is valid. [2]

(iif) By substituting x = —% and using your result in part (i), show that 419 zg where

p and g are integers to be determined. [2]

() The n™ term of a sequence is T, = In3x"* where x is a constant. Show that the
sequence is an arithmetic progression for all positive integers n. [2]

(i) When In3 is subtracted from the 19", 7" and 3" terms of the arithmetic
progression in part (i), these terms become the first three terms of a geometric
progression.

(a)  Find the common ratio of the geometric progression. [2]

(b)  Find the range of values of x for which the sum of the first 20 terms of the
arithmetic progression exceeds the sum to infinity of the geometric
progression. [3]



3

(i) Find the general solution of the differential equation

dy 2
2 =1-y2.
dx y

(i) Find the particular solution of the differential equation for which y =% when x=0.

(iii) What can you say about the gradient of every solution curve as X — fo?

(iv) Sketch, on a single diagram, the graph of the solution found in part (ii), together

with 2 other members of the family of solution curves.
It is given that y =e™ *. Show that

() (1) Z=y,

d’y

(it) the value of o when x=0 is —1.
X

tan~t x

Write down the Maclaurin series for e up to and including the term in x°.

tan1 x

Hence find the Maclaurin series for up to and including the term in x°.

1+ X2

A line | passes through the points A and B with coordinates (0, -2, 2) and (1, 0, 1)
respectively.

(i) Find the acute angle between OA and the line |, where O is the origin.

(if) Hence, find the shortest distance from O to the line I, leaving your answer in
exact form.

A plane 7, has equation r-(2i—j)=2

(i) Show that the line I lies in the plane 7.

A second plane 7, contains the line | and is perpendicular to the plane 7.
(iv) Find the cartesian equation of the plane 7, .

(V) A third plane 7, is perpendicular to both 7, and 7, , and is at a perpendicular

[3]

[1]
[1]

[3]

[2]

[2]

[2]

[2]

[2]

[1]

[2]

[2]

distance of /6 units from O. Find the possible vector equations of 7,, expressing

your answer in the form r-n=d.

[3]
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The function f is defined as follows.
f x> |[x—=2|+[x+4] for xel,
where A is a positive constant.

(i) By giving a sketch of f, give a reason why f does not have an inverse. [2]
(it)  The function f has an inverse if its domain is restricted to x >a and also has an

inverse if its domain is restricted to x <h. State minimum value of a and maximum
value of b in terms of 4. [2]

(iii) By rewriting f(x)=c(x—A4)+d(x+4) where c and d are constants to be

determined, find an expression for f‘l(x) corresponding to x <b for f. [2]

In the rest of the question, let 4 =1.

The function g is defined as follows.
g: x> In(x-1)for xel, x>1.

(iv) Show that the composite function gf exists. [2]

(v) Find the range of gf. [2]

The curve C has equation y =f(x), where f(x)= N X .
+ X
(i) Sketch the curve C, stating the equation of the asymptote. [2]
(ii) Find the exact area of the region bounded by the curve, the lines x :%, X =g and
the x-axis. [3]
3
(i) Find the exact value of 'le [f ()| dx. [3]
2

(iv) Use the substitution x=tan @ to find the exact volume of revolution when the
region bounded by the curve, the lines x =0, x =1 and the x-axis is rotated
completely about the x-axis. [4]



10. (i)

(i)

(iii)

(iv)

11. (a)

(b)

(c

N

2(3'
Show that ( ) = 1H _ 1 - [1]
3(1+ 3“‘1)(1+3r) 1+37 1+3
Use the method of differences to show that
i 3 3 ( 1 1 j
S(1e37)(143) 212 1+3) [4]
Use the method of mathematical induction to prove the result in part (ii). [5]
0 3r+1
Hence find .
2 (13 ) (1+3) ]

(i) A student wrote the statement “if z = x+ yi, where x and y are real, is a root
of the equation P(z)=a,z"+a,,2"" +..+az+a,=0,nell’, then
z=x-1y isalso aroot” in his notes. Explain whether the statement is always
true. [1]

(i) Giventhat 2+i is a root of the equation 4z° —11z° + 25 =0, without the use
of a calculator, find the other roots of the equation. [4]

(i) Solve the equation

2* +1++/3i =0,
giving the roots in the form re'’, where r >0 and -7 <@ <. [4]
(ii) Show the roots on an Argand diagram. [2]

2
Given that ‘zz‘:z, wz| =242, arg(—iz):% and arg[%}:—%, find w in the

form a+Dbi, where a and b are real coefficients to be determined. [4]

- End of paper-



