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Section I
Answer each question in the appropriate writing booklet. Extra writing booklets are available.

In Questions 1 —4, your response should include relevant mathematical reasoning and/or
calculations.

Question 1 (5 marks) Use a new writing booklet.

Consider the function f(x) = (x — 1)3(x + 1)

(a) Find any stationary points of the function f (x) and determine their nature.

(b) Sketch f(x) showing all major features.

End of Question 1



Question 2 (8 marks) Use the a new writing booklet.
AV

X" =4ay

* R(-ap,3a+ap’) |
N 2aq, aq |
s P( 2ap,ap’)

In the diagram above, P(2ap, ap?) and Q(2aq, aq?) are distinct points on the parabola x? = 4ay,
and R is the point (—ap, 3a + ap?).

(a)  Show that the normal to the parabola at P has equation x + py = 2ap + ap3. 2
(b) Show that the normal at P passes through R. 1
(c)  If the normal at Q also passes through R, show that g2 + pg — 1 = 0. 2
(d) Show that there are always two real values of g satisfying the equation in part (c). 1
(e) Deduce that three normals to the parabola, two of which are perpendicular to each 2

other, pass through the point R.

(You may assume that p? = %.)

End of Question 2



Question 3 (3 marks) Use the a new writing booklet.

A point R moves on the line x + y = 1 from (1,0) to (0,1). The point P(x,y) moves
such that the x-coordinate of P is the square of that of R and the y-coordinate is the
same as that of R.

Find the locus of P and draw the loci of both P and R.

End of Question 3
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Question 4 (9 marks) Use the a new writing booklet.

Consider the function f(x) = x3 — 3Bx? + 24, where B is an integer with a constant value.

(a)

(b)

(©)

(d)

(e)

()

Show that the curve has stationary points at x = 0 and x = 2B.

Consider B > 0.
Determine the nature of the stationary points at x = 0 and x = 2B.

Let a be the only root of this function.
Draw a possible curve with exactly one root, showing the turning points.

Draw possible curves with exactly one root for B < 0 and for B = 0.

Explain why a < 0. (That is, a is always negative)

For B > 0, explain why the only value B can take is B = 1.

End of Question 4
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Question 3

Xny point on the ine is of the form
R(a,1 - a) and hence P(a 1-a)
Finding locus:

x=a?>and y=1-a
Hence,a = ++/x
Hence, thelocus of Pisy = 1 + vx
Since,0 < a<1, thena’<a
(the square of any number less than 1 is
less than the number itself (See diagram)
Hence,y =1 —+/x

3 marks:
-Expresses the R
andPin-
coordinate form
Plots

-Draws the loci of
Rand P
-Calculates with
reasoning the
locos of P

2 marks: Three of
the criteria are
demonstrated

1 mark Two of the
criteria met
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Question 4

(a)

f(x) = x3—3Bx?% + 24
f'(x) = 3x* —6Bx

For stationary points, f'(x) =0.
Hence, 3x? ~ 6Bx = 0
x(x—-2B)=0

x=0. and x = 2B

1 mark: sets
f'(x) =0and
solves correctly to
prove the result.

Ned 4o stale F1)=
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i & dho Huat”

&

f"(x) =6x—~6B
Atx =0, f"(x) = ~6B
B > 0, hence f"'(0) < 0 Concave down
Hence maximum turning point at (0, 24)
Atx=2B,f"(x)=12B— 6B =6B >0
as B > 0. Concave up and hence,
Minimum turning point at (2B, 24 — 4B%)

(c)

1 mark:

determines the STLW(LZ/V& /}l\oai“ Leseel
nature of . Tf/%“} L&d Wit
stationary point at SL(C(,@sS‘

(0,0)

1 mark: L i MLD( ~b
Determines the S:/’L(G(l/dl .
nature of YA a NV Or e
stationary point at Nd JMS‘/‘ (On (O u‘u o
(2B,24 — 4B%)

1 mark: correct
shape and the
turning points are
labelled clearly.
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(d)

When B <0,

Atx=0,f"(x) = —6B >0

Hence minimum turning point at (0, 24)

Atx =2B,f"(x) =12B—-6B =6B <0
Maximum turning point at (2B, 24 —

4B%)

WhenB—O fx)=x%+24
2B, f"(x) = ~6B =0

1 mark each: tests
the concavity to
determine the
max/min turning
points and
sketches the graph
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Referring to the graphs and the positions of
turning points from (iii) and (iv), the
x —intercept ¢ is always negative for

B <0, B=0 andB>0

1 mark: refers to
the graphs and the
x- intercept
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(f)

When B > 0, referring to the values of the

| function (y — values),

0 <24—4B%2 <24
—24 < —4B%2 <0
0<B3<6

0<B< V6 ~181..
Hence, for B > 0, the only valueof B = 1

1 mark: Use the
turning points and
gives the inequlity

1 mark: solves the
inequality to prove
the result
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