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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are advised to show all working.

SECTION A (55 marks)
Answer all questions in the spaces provided.

1 [Maximum mark: 5]

Consider a sequence of equilateral triangles, where the length of a side of each triangle is half
that of the previous triangle. The length of a side of Triangle 1 is x cm, and Triangles 1 and 2 are

shown below.

1 1
—X —X
2 2
X X
1
—X
2
X
Triangle 1 Triangle 2
(a) Find the area of Triangle 1 in terms of x. [2]
(b) The sequence of triangles continues to infinity. Given that the total area of all the triangles
is 27+/3 cm?, find the value of x. [3]

TURN OVER
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2 [Maximum mark: 7]

Anthony cycles on the weekends for leisure. Anthony has an equal chance of cycling or not on any
given Saturday. If Anthony cycles on Saturday, then he has a probability of 0.4 of not cycling on
Sunday. If he does not cycle on Saturday, then he has a probability of 0.2 of not cycling on Sunday
as well.

(a) Find the probability that Anthony cycles on exactly one day in a typical weekend.  [2]
(b) Find the probability that Anthony cycled on exactly one day per weekend over all the four

weekends in June. (You do not need to evaluate your answer.) [2]
(c) Onatypical weekend, given that Anthony cycled on Sunday, find the probability that he also
cycled on Saturday. [3]
TURN OVER
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3 [Maximum mark: 6]

. d
a) Find —(cos®x). 2
(a) . (cos*x) [2]
. sin 2x . . T
(b) Find the area bounded by the curve y=—————, the x-axis, and the lines x == and
V2 —cos® x 4
T
X==. 4
5 [4]
TURN OVER



Year 6 Mathematics: Analysis and Approaches HL Preliminary Examination 2022/P1

4 [Maximum mark: 7]

(@) Find the coefficient of x* in the expansion of (x* —1)5. [2]

(b) Hence or otherwise, find the term in x* in the expansion of (X’ —1)5 V1-x% . [4]

(c) Write down the range of values of x for which the expansion in (b) is valid. [1]
TURN OVER
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5 [Maximum mark: 11]

Consider the function f (x)= , defined on its maximal domain.

1+Inx

(@) Find the maximal domain of f. [3]
(b) Find the equation of the tangent to the curve y = f (x) at the point where x =e. [5]

(c) Find the range of values of x for which f is increasing. [3]

MORE SPACE IS AVAILABLE ON THE NEXT PAGE

TURN OVER
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6 [Maximum mark: 12]

Let f,(x)=kx*+x+k, xeR, where k is a real constant.

(@) Find the range of values of k for which f, (x) is always positive. [4]
Let k=2.
(b) Find the coordinates of the turning point of the graph of y = f, (x) : [3]
(c) Sketch the graph of y = ﬁ labelling clearly the coordinates of all turning point(s)
X —_
2

and the equations of the asymptote(s). [5]

MORE SPACE IS AVAILABLE ON THE NEXT PAGE

TURN OVER
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TURN OVER
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7 [Maximum mark: 7]

1 0 3 1
Consider two skew lines |, :r=2 |+A|5|, AeR and L,:r=0|+ul2|, ueR.

1 1 1 1
(a) Find a vector that is perpendicular to both lines. [3]
(b) Find the shortest distance between the two skew lines. [4]

TURN OVER
10
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Do NOT write solutions on this page.

SECTION B (55 marks)

Answer all questions on the writing paper provided. Please start each question on a new page.

8 [Maximum mark: 20]

Consider the equation z*+2z° —4z+8=0, where zeC.

()

(b)

(©)

Given that z, =-1+ J3i is aroot, find all other roots of the equation. [5]

Let z,be the root for which arg(zz)zg.

(i) Find ﬂ, leaving your answer in the form x +iy, where x,yeR .
22

(i) Consider the modulus and argument of z, and z, to find 4 and show that
ZZ
Z, | 5Sn
arg| =+ |=—.
z,) 12
(iii) With the results in (i) and (ii), determine the exact value of cos(i—:j. [11]

Complex numbers z, and z, are represented by points A and B respectively on an Argand
diagram.

(i)  Sketch the Argand diagram with A and B, showing clearly the moduli and arguments

of the complex numbers represented.

(i) Show that the square of length AB is 8—2+/3 units2. [4]

TURN OVER
11
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Do NOT write solutions on this page.

9

10

[Maximum mark: 15]

@ () Showthat >((r+1)'~r*)=(n+1 1.

r=1

n n(n+1)(2n+1
(ii) Hence, show that > r? = ( )6( ). [7]
r=1
(b) A deck of cards is labelled with the numbers 1, 2, 3, ... , n such that there are r cards

labelled with the number r. That is, there is one card with the number 1, two cards with the
number 2 and so on. A card is drawn randomly from the deck and X represents the number

labelled on the card drawn.

() Showthat P(X =r)=—2" where 1<r<n.
n(n+1)
(i)  Find E(X) in terms of n.
(iii) Given that n=4, find Var(X). [8]

[Maximum mark: 20]

Suppose f, (x) = xe*, where k is a non-zero real constant.
(@ (i) Find f '(x).
(if)  Find the value of x for which f, '(x)=0.
(iif) Given that the stationary point of each of the graphs of y = f, (x), for all k, lies on

the same straight line y = mx+c, determine the value of m and of c. [8]

(b) The n™ derivative of f, (x) is denoted by f ™ (x).

Prove by mathematical induction f ™ (x) =nk"'e*+k"xe* forall neZ". [7]

(c) Find the value of k if the coefficient of x* is equal to the coefficient of x*in the Maclaurin

expansion of f,(X). [3]

(d) Describe geometrically an ordered sequence of transformations that map the graph of

y = f,(x) tothe graphof y= f,(x). [2]

End of Paper
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