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QUESTION ONE
. 2x* +1 L
(a) Consider the curve y= m . which is shown below.
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(i) Find the coordinates of any stationary points on the curve, and determine their nature.,
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Hence, find the coordinate(s) where the curve intersects its own asymptote(s).
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(c)

5

A landscaper is building steps up one side of a ¥

48 metre high hill. 1
The slope of this side of the hill can be r’_/lff"f
modelled by the curve L
y=hke*(126 —x) = )zb\ax%f 1
where both x and y are in metres and k is a

constant to be determined. - . »x

g ; depth
Building regulations state that each step needs 50 b il

to have a minimum depth of 280 mm and a i P
maximum height of 190 mm, as shown. i

height %

If the landscaper chooses to build each step .
190 mm max :

with a depth of 280 mm, would the steps all
satisfy the maximum height regulations?

You must use calculus to support your answer.
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QUESTION TWO

(a) For any two functions fand g defined on an interval,

a <x < b, the max value function is defined as:

£ f(x)2 8(x)
i {g(x)if l2) o)

To demonstrate, an example is shown opposite.

The max value function can be applied to more than
two functions in a similar manner.

Consider the function A(x) = max(2\/; ; 2x,x2)
on the interval 0 € x £3.

Evaluate the definite integral j h(x)dx.
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(c)

8

For any real number x, the absolute value of x is defined as:

lJc!_{m;vx:if.vc«:()

xitx>20

Consider the function s (x) =[x — 1|+ [x-2| + ... + |x — n| with n > 2.
. . i3 . 3

(i) Find s, > ) the derivative of s,(x) evaluated at x = —.

@ (250, x-340
§5 GO = (20 ~1]+ |-2) + L3

X ey Xiseg
53(0) = |
s5(5) =l

(ii) Find the minimum value of s,,,,(x). W \_/

Justify your answer.
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(i) Find the distance Alice travels in one complete rotation around the teapot.

Note: when a curve is defined parametrically by the equations x = f(#) and y = g(6) on an
interval @ < 6 < f3, we can find its length, L, by using the formula:
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In 2023, two American high-school students discovered a new proof of the Pythagorean Theorem
using trigonometry. In this question we will work through the key steps to derive their result.

The students’ proof makes use of the diagram below, which consists of an infinite number of
similar right-angled triangles enclosed within a large right-angled triangle. It was referred to by
the students as a “waffle cone”.

Note: to avoid circular logic, you should not make use of the Pythagorean Theorem or any of the
Pythagorean trigonometric identities at any step in your working for this question.

2ab
sin2a

AYeck o+ A . —\ibxm —_—_Jix(,XLxs'mch
%O\L — - C,lsinl-ﬂ(

(i) Show that ¢* =

2
= AP
C = sindel

TV@DJ\S!@ {‘Drmm\& s in&&‘ﬂm of ?8%0@0@5\‘(‘ ”\'h@of‘@m

Calculus 93202, 2024 00287




13

2abe
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(i) Show that u= and find a similar expression for v.

Hence, prove that a® + b* = %,

Hint: the following formulae will prove useful:
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QUESTION FOUR

(a) Consider all the complex numbers z that satisfy all of the following three conditions:

n n
. —_——< < —

3 arg(z) 3
. z+z <4 1A%
. [z 22

Find the exact area of the region generated in an Argand diagram by the locus of points that
represent z.

Use the Argand diagram below to support your working.
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(b) If z=cos@+isinfand(0<@ S%, prove the following:
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(¢) The point P (2p.p) is some point on the line y= %x where p 2 0.

(i)  Consider the locus of points that are the same distance from P as they are from the line
y=-2x.
Explain why this locus is a parabola AND clearly describe its key features.

Note: you do not need to find the equation of the parabola.

(]
—
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(ii) Consider another point Q (g,—2¢) on the line y = —2x where g < 0.

Let R be the region enclosed by the locus of points that are three times as far from P as
they are from the point Q.

Now suppose the points P and Q are moving along their respective lines.

If p is increasing at a rate of 3 cm s, and g is decreasing at a rate of 2 cm s!, at what rate
is the area of the region R increasing when P is (6,3) and Q is (-4.8)?
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Extra space if required.
Write the question number(s) if applicable.
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Ak

Extra space if required.
Write the question number(s) if applicable.
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Marker commentary

The candidate exhibited elegance in presenting their work
with logical clarity, demonstrating both a keen understanding
and a commitment to coherence. They successfully
recognised the need to calculate the differences between the
heights of the stair steps | Q1(c), assuming the cubic curve
reaches its turning point at the top of the hill.

The candidate demonstrated a comprehensive grasp of
absolute value functions by adeptly expressing the summation
of the series using symmetry in Q2(c). They successfully
solved problems even when provided with minimal
descriptions.

They demonstrated consistency in tackling proof-style
questions in Q3(c) by following through each step until the
completion of the task, displaying determination and
perseverance.

The candidate showed the ability to transform a complex
number problem into a simple geometry problem in Q4(b)(ii),
showcasing strong analytical skills and a deep understanding
of the interplay between two fields of mathematics.






