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present the mathematical steps using mathematical notations and not calculator commands.

®  You must show all working clearly.

INFORMATION
e  The total mark for this paper is 100.
e The number of marks for each question or part question is shown in brackets [ ].

This document has 8 pages. Any blank pages are indicated.

o

@mwwmm aCAMBRIDGE

= International Education
DC (PQ) 3557627

© Cambridge University Press & Assessment & MOE 2026 [Turn over



¢ such that ¥ . iu +Bn+C.wheren2 land A, Band C are

‘ A ||l\tll\\| H 1 [ '
.
constants. 1t 1s given that u 8, N 22, u, 49 and W, 10

Find the value of w,

biven Untt = AUn t 80 + C
lef n=1: Uy=AUs + 8U) +C

22=8A+8+¢c —Q)
letn=2: U3z =AU2 +8(2) T C
49=22A + 28 + C —(2)
let n=3: U4 =AUz + B(3)+ C
102=49A + 3B + ¢ —(3
B)IC-;CI A=2, b=-|, C=+
Untr = 2Un—-N + T
Ug =2Uqy —4 +7F
=2(102) -4+ ¢
= 207%
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An athlete is running in an ultramarathon race. The distance travelled by the athlete is modelled by
the following.

* Inthe first 15 minutes she runs a distance of 2.5km.
* In subsequent 15-minute time intervals she runs 95% of the distance she ran in the previous
| S-minute time interval.

(a) According to the model, find the distance she runs between | hour and | hour 15 minutes after
the start. (1]

The total distance of this ultramarathon is 52km.

(b) According to the model, find the 15-minute time interval in which the athlete will reach the
half-way point. (3]

(¢) According to the model, determine whether she will complete the ultramarathon, and hence
explain whether the model is suitable. (3]

Between 1h to 1h 15 ming = 5™ inferval
distance = (0.95)* (a.5)

= 2-0363
= 2-04 Km

Half Wty Pomf = 26km

Sp=a0-1r") - 250—095")
=T 1-0-95

= 50 (I— 0-95")
Let 50 (1 —0.95") = 26

_ - 26
I —0-951 = £
0-95" = 2%

12

nlg0-95 = lg 25

n = 1430

Cheek: Lef n=14 Ci-e- 14™ interyal)
S = 50(1-0.9514)
THE ANNEXE PROJECT
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let n=15 (e 15 interval)

S5 =500-0-95"%)
= 26-8km

The athlete will reach the half -way point on e 15t
I5 —minute time interval; i-€- 3h 30 min to 34 U5 min.

© Sw==

r
5

1-0.95
50 km
Accor‘dm”z/ fo tis model, the total distance she could

cover wi a/wa s be less than 50Km. Hence, she will
not be able fo oomplef‘e the ultramarathon.

THE ANNEXE PROJECT

EEEEEEEEEEEEEEEEE

EST2 2008

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.



3

Relative to the origin O, the distinct points 4, B, C and D have position vectors a, b, ¢ and
d respectively.

(a) Itis given that (a—b) x (a—c) = 0. State the relationship between the points 4, B and C,
justifying your answer. (2]

It is given that b is a unit vector.

~

(b) Give a geometrical interpretation of |b.(c—d). (1]
2 p

It is also given that a =|=3|, b =| ¢ |, where p and g are constants, and that OA4 is perpendicular
4 q

to OB.

(¢) Find the possible values of p and g. (4]

@ (g-£)x(3-2)=0
— —

BA X cA =0
hence BA is parallel to CA .
Since A is the common Poinf, A, D and C are collinear poinfs.

® [b-(g-d)|=|(¢-d).b]

A

=|1§)‘,3| (since b = b)
.~ - H

= length of projection of DC on b .

© 2-

(3

=0 b i5 a unit vector

b
.(EL)=O .:«]P2+12+1a = |

1 2 2 _ Q)
2P—31++1=O prtag =
2p tq4=0

1= -2p D
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reduces to

(1) Use the substitution y = vx to show that the differential equation

y dy 2
X'=y4xy
de - y

LZI?/ Hence find the general solution of the differential equation
f\

dy
2_.= 2
X L=yty.

Give your answer in the form y = f(x), where f(x) is a function to be determined

@) Given y=Vx

differentiate both sides w.rf.X

%}—=v+xﬂ —D

sub @® into x2ey

=yt xy

2(v txdr) = (v + x(vx)

w4 x3°“’ =vix' + w7
g = v

divide both sides by X

X jﬁf( = yv*  (shown)

nlX| + ¢

=X

W} , where C i$ an arbih‘ary wnsfanf.
n

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors
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Do not use a calculator in answering this question.

Find the complex numbers z and w which satisfy these simultaneous equations.
224 =—1iw
z—4=w-4

Give your answers in the form a+ ib, where a and b are real numbers.

2 + 1= —-in —QO
Z -4 =w-4
Z=W+4-4 —@
Sub @) into 1):
2(wt4 —4i) +Fi=-iw
2W+ 8 -3+ % = —-iw
N +HIW= -8+
w(ati)= -8+
= _&"'l J—i
W ati . a-i
—15 + 101
4 + |
= -3+2

S E2=(-31+2i) +4 -4

| — 2]
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6 (a) Solvethe mcquahty — <3-2.

(b) Hence solve exactly the mcquahty IERENN < 3-2sin0, for 0 < 6 < 2m.

inf+1

@ 7 ¢ 32X

2
X -3 12X <0

+ (2x-3)(x+1)
2 x2.|>_(| X+ < O

2 -X -1 ¢ 0
X+ |

(2x+ DX =) g x#-
(X+1) ’

-+ — +

D4

(N]

x <=l or -3<& x4 |

® Llef x =sin0O:
sinB < -1
(No Solutions)

from graphs, 0< 0<%, T<6¥

H
o=

A4

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(a) Differentiate ¢°** with respect to x. (2]
(b) Hence, find the exact value of "l: e***sin4x dx. (5]
. :K

d _ s 2X s 2

dx © = @8, (-2sin2X)

[ wS2X |
J € 5N4X  dx  5ince sin2X = 28iNX 05X |
| . 8in 4X = 25in2X cos 2X
= [ . 052X :. ,
J & (2an2x cos20) dx
= [ (- 0s 2%) (-2652% 5in 2X) dx  Using by Partfs.
T By S '  let u= -cos2X
uw dV du

08 21X 2X - ax i ’
(-c052X%) (e )—Jews . 25in2X 4x let dy = —2 ¢ 052X Sin2X§

= - 52X g WS +Jew52x(—25in2)9elx v = g0s)

—ws2X e

0S5 2X b ops2X G

piA
Hence Ji p Cos 21X 7 i

= [—wSZX pWOSLX 4 ewslei

[Me'+e']-[0+e°]

= 2

e_l
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(*)' Acurve C has equation y = -2—%‘:-—

Find the set of values that y can not take. (3]

2
(b) A curve D has equation y = 4& —+I| ;
2
|

(i) Express y = “?Zr*jl in the form y = ax+ b+ Zx_C—T where a, b and ¢ are constants.

. Hence write down the equations of the asymptotes of D. 3]

\(‘ii)\ Describe a sequence of two transformations that transforms the graph of y = x+ 2x]- 1
oo D, i S (2]

RS LT

@ y= %5
2y —y = 2X*
2x*-2yx +y=0
b>’— 4ac < O
(-2y)*- 4(2)(y) < 0
4)/2— 8)/ <0

y* —2y <0
y(y —2) <0
0<>/< 2
set of values y capnot take 1Y:YER, 0<Y<2

®1. uginj Lon3 Division ,
2X 1 |

? 2
zx—l)éx22+ ox)+| 4—2’;(’:" =2t + 55
-UXx —2X
2X 1| Verfrical asymptote: x =%
=(2x - l) ObhaLue aSYmph)'l'e ty= 2X +|
2

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.



with 3{—
¥=XF 2x- N RRAE S “:I,"GCGY
_ 2 with Y=I _ 2
.-)I—ZX"'QX_' B l\/—|—2x+—2X‘
2
‘-.7=2x+l +2x-|

Transformation | A |: scaling of factor 2 parallel +o
y — axis.

B |: franslation of 1 unit along positive
y—aﬂs.
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It is given that f(x) = In(a+asinx) for -%n <x< %n. where a is a positive constant.

(a) Show that f"(x) =

1 +sinx’

(b) By further differentiation of the result in 9(a), find the Maclaurin series for f(x), up to and

including the term in x°.

(c) Itis now given that a = 2.

12
(i) Use the series found in 9(b) to find an approximate value of | f(x)dx, giving your answer
0

to 2 decimal places.

12
(ii) Use a calculator to evaluate f f(x)dx, giving your answer to 2 decimal places.
0

(iii) Explain why your answers to 9(c)(i) and 9(c)(ii) are different.

@ () =l(atasinx)

where k is a constant to be found.

| = l e A0S = awsx
Fx) a +asinX X atasinx
= 05X
| + 8inx
N(y) = (1 + 5inX) (-sinx) — cosX (€08 XD
) C1+ sinx)?2
= -—sinX — (sin?*x + ws*X)
Qt+sinx)?
= -sinXx —1
(I1+ sinx)?
= - Cl+sinx)
(1 +5inx)*

—1| _ =
| +8iNX where K= -1

® £100 = - Otsinx)”

R ]] = 7 -2 - %
L FU00 T (b sindd " (0sx) = 2,

When x =0,

f0)=ma , £(0)=1, f(0)=-1 , f'(0)= |
hence, £(X)=Ina + x — 2%x* + §x3 + -

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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©i. j"02 ln (2 + 2 5in%) dx

zj"é W2+ x - 5x* + €x3 dx

_ 2 3 x4 112
= [xh2+ % -%¢ + 28],
= 1.3501%60617F

= |-3b

-2 g
i | o I (2+25in%) d

1-32216142%
1-32 (by GC)

ili. For the approximation in ©)i fo be closer to the
true value , X Should be small . x=1-2 is not

small enough for X4 and above to be negligible -
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10 The function f(x) is defined by I x o reR 1&m

() Explain why 3 is the greatest value of m for which the inverse function f ' exists, (1]

For the remainder of the question, m = 3,

5) Find £ (x) and state its domain,

3]
(¢) | Solve the inequality f(f "(|x|)) 2 1. 13
The function g(x) is defined by g:x — n+vx—4, x€R, x> 4 and n € R.
b
A
/d’) Find the smallest value of » for the composite function f ' g(x) to exist.
Justify your answer. (2]

because X=3 is the furnmg
x—3 POini’ of £(x).

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.



© Dfpt =Dft =[1,00)
aiven £(£'(IxD)) 7 |
x| 7 |
X £-1 or X 71

But , because Dep=t =[1,00) > X 71 .

@ For £'9(x) to exist, Rg S Dp~,

i-e. Rj c [1,00)
Given ﬂ(X)- nt+ A X X7 4

when x =4, 3(X) 7 |

n+Jl4-4 71|

nzl
~ least value of n =|
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11 The parametric equations of a curve C are

x=20+sin20, y = 2sin6 for 0 < 6 < 27.
".0 5-90

The graph of C meets the x-axis at the origin and the point Q. The graph of C crosses the x-axis at the

point P.\,),Io

(a) Sketch the graph of C and determine the exact coordinates of P and Q.

: d
(b) (i) Show lhatay=%sec0.

(i) Hence explain why the graph of C has no stationary points.

1

(iii) The tangent to C at the point where 6 = 3

S respectively. Find the distance RS.

(@) lef y=0
25in9 =0
sin@ =0
- 0=0,1 or 2T
When =0, x=0 . (0,0)
When @ =T, X=2T + sin2m
= 2m. (2m,0)
When 6= 2T, X =4T +sin 41
= 47, (4T7,0)

(M, 2)

n cuts the x-axis and the y-axis at the points R and

(3]1 )-2)

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.



®1. x-ze+smze y=25in0

dX = 2 + 200520 Y = 20050

. dy - 2056
) 312 2t 200526

A s 0
2(1+00526)

= s ©
A+ 2008*0 A

I
2050

Lsece  (shown)

ii. In order for the graph C' fo have stationary points,
—3’(— must be O
Since d}f 2wse i the numerator of this eXPr‘es.Swn

i always | Cj-g- not poscible to be O) , hence ‘& will

never be O.
|
i. when 6=% , = 75T = |
x = 2(§) t sin2(%)
= 21 4 {3
3 2
= 26in3
= {3
a],uahon of tangent: vy — B=1(x- J_)
Y X -|-r3 _Q\T
3
T
S:let X=0 , y='% — 7
. - _2m
R:bet y=0 , x= 3 2
distance RS = ,\l(%—%‘ ( ——)
= |-34 _units

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors



12 A mining company has identified a mineral layer below ground. The mining company intends to drill

down to the mineral layer
Ihe ground is modelled as a plane with equation z = 0, with respect to an origin O

I'he mineral layer is modelled as part of a plane that contains the points A(10, 15, =60), B(5, 8, =40)
and C(=35, 10, =50) where the units are metres

(2) Find a cartesian equation of the plane containing 4, B and C. (5]

(b) Find the acute angle between the ground and the mineral layer. (2]

@, given ground as T;* L.(cc:)) =0
(x-y plane)

7= ob ok = (3)—(§) - ()

= o -ah- (=) = (F) - °C])
0= 16 x a6 = () x () = (50) = (2

-
[ ]
]
o
N
~~—_"
"
-~
fadors
~—_Y
[ ]
]
ao
N
~~—_

e:iua’rion of mineral layer Tz * [

30 — 315 + 480
= 135

cartesian celuafion of Wa:3X~20y-8%=135

® o= s | (8)-()
JT [#+i57+ g

I
J6i8

= 11-3%4

= 2.4°

= 05
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I'he mining company plans to drill vertically from the point P(=17, 188, 0) on the ground to reach the
mineral layer.

. ’ . o 'r'e : ~
(c)/ Find the vertical distance from P to the plane containing the mineral layer. [2

(d) Find the shortest distance from P to the plane containing the mineral layer. 6]

m (3!‘0(4!\:‘7

M2 (mineral
Iayer)
Ta: ,L‘,-(-?s) =135

-8

Step I+ bpg :L = (u%) +/\(?|>> , AER
¥

Step 3: OF = ('.'9\3)
“1F) (3
. [-29] =
(1) () =1
-51 ~4100 — BA = 135

A= -610.75
- 1

U (-'3335
Hence F is 610.39 m verti cally below P.
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Choos®

Sfep |

S’rep 1:

any point on Tz, eq. oA
— 9
AP = 0P — 0A

- (1) -(8) - (%)

uf (3rouncl7
M2 (mineral
Iayer)
3
T2: C[-25] =
2- 0 (_285) 135

Shortest distance from P to T2 (i-e- perpendicular dist.)

-1 3
(%))
N 3+ 25) +(-8)°
4886
N €98
= 184.94
= 18bm

‘ ?P . :6,| (Ieng‘rh of ProJec+ion -[—'ormulco

THE ANNEXE PROJECT

EEEEEEEEEEEEEEEE

EST2 2008

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.



