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The graph of y =

x+1
ax” +l)x+<

AT

2

The graph also has a turning point at (—' A= 3).

Find the values of @, b and c.

Sub (-2;“#) nt eaLua+ion of curve:

- o _=2%

a(-2)

*+b(-2) tc
-1

9 T 4a-2p t C

tc=9—

4q — ab

Vertical asymptote x= L indicates that
=0

=0 ——()

(ax*+bx +c)(1) — (x+1D(Z2aX + b)

a(-2)*+ b

a -3b tc

(-3) t+c

i3

= ax‘+kf t¢c — 2qx° -,bé-Zax -b

(ax*+bx t¢)?2

(ax*+bx+ c)?
= -ax*-2ax +c-b

When o =

(ax*+ bx t¢)?

2, 9=

-a(-2)*-2a(-2)+ c~-b =0
-4at4a-btc =

By GG:

-b +C

0
0 —®

a=2) b‘-‘-l) Oz‘l

, Where a, b and ¢ are non-zero constants, has an asymptote at x = —
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Two vectors a and b are such that |axb| = 3. It is given that a is a unit vector and b.b = 9.

Show that a and b are perpendicular. [3]

hiven b-b =19
: 1bl’=9 —— 1kl=3

Given |ax b=

|a]lb] 5in@ = 3
|X 3 sin@=2

sin @ =
o = 90°
Hence, 4 is perpendicular +o b .
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complex number.

(a) State a condition on a, b and ¢ for the third root to be w*.

a,b and ¢ € R

The equation 2> +az* +bz+c =0, where a, b and ¢ are constants, has roots 3 and w where w is a

(1]

(b) Given that the condition in part (a) holds, and that w = —1+21, find the values of a, b and ¢. [3]

By complex conjugate root theorem
w¥=-1-21.

234 azts bz + ¢ =[2-(1+2)][2-(1-20)] (2 -3)
= (2*+% tazi+z-azi +5)(2-3)
= (2*+3% +5)(z -3)
= z°-2’-%-15

67' comparison of wefficients:

a=-l, b=-l and c=-I5.

THE ANNEXE PROJECT

EDUCATIONAL CENTRE

EST2 2008

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

I © UCLES & MOE 2024 %3‘ 9758/01/0/NP24

_

DO NOT WRITE IN THIS MARGIN

"

DO NOT WRITE IN THIS MARGIN DO NCT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE \N THIS MARGIN

—



* 0020054948905 *

0

1T -

4 (a) Without using a calculator, solve the inequality ) = e [4]
4 x-3 2
%t2 x 20
4x ~(x-3)(x+2) @
(x+2)(%)
4x —X*+tx+6
(xt2)(x)
x (x+2)
x*-Fx—6 <
x(xt+2)
(x —e)xt 1) o | x#0,x#-2
x (xt+2)
+ — _+ — t
0] B ) ® - x
-2 ol 0 6

w =2<x €=l or 0<x€6

4

(b) Hence, solve the inequality FF®) 2> |x[-3
x

x|

[2]

Replace x with |x|:

-2 <|x| £ -1 has no solutions.

0<[x|$6 — -6<x €6 |, XFO0

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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A geometric series has first term g and common ratio 7, where ¥ < 0. T he sum to infinity of the series
is 18 and its third term is 3 3 :

(a) Show that 27> =272 +4 = 0.

a

Given |-

=18 U-1) —Q)

also, ar

sub (1) into @=

=18
2_ 8
BRC)
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18(1-r) r? = ]83‘

54 (r*—p3) =

54r® —54r*+ 8=0
arre —aFrr*+ 4 =0

(shown).

[3]
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(b) Find the values of » and a. [1]
- 2 .
By 4C: r= é or 3 (ref: because r < 0)

Sub r‘=°§ info@= a=18(1+3)
sa=a4

The nth term of the series is u,.

(¢) Itis given that

Find the value of £. [3]
(@) K
Given 80 Z; Up = Z, Ur
r=K+I r=i
0 K K
80[2:ur - Zour|= L ou»
r:' r:‘ r:‘
80 2 Ur = 8l ﬁ Uy
r=) r=
80(18) = 81 [240=-(DD
(18) I = (3) ]

1440 = 1458 [1-(-3)]
e

(c3) =T |
H= 4

.- K = 4

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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A curve C has equation y = 2¢” ® +a, where a is a positive constant. The point T lies on C and has an
x-coordinate of 1.

(a) Use calculus to find the equation of the tangent to C at 7. Give the equation in the form
y = e(px+q) +ra, where p, q and r are exact constants to be found. [5]

When x =1, y= 2e+a
~T=(0,20+a)

4t = 3¢ (3x) = 6x’e*
When le ) ddyi - 66

Eqvuai-ion of ’rangenl': 5—(Rc+a) = Gc(oc—l)
y=detateex —oe
=e(6x-4) ta

where p=6, =1, r=|
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(b) Itis given that the tangent to C at T passes through the origin.

(i) Find the exact value of a.
y=e(6x-4) ta
0=¢e(-4) ta

-~ Q= 46

(1]

(i) Find the area of the region bounded by C, the line x = 0 and the tangent at 7. Give your

answer correct to 1 decimal place.

Ertuaﬁon of wrve: Y= 26’°3+4e
Ettuaﬁon of fangenf-' y= bex

A u=68ﬁ

bo—— ——

7 X
|

(2]

l 3
Shaded areq = Jo 2" +4¢ dx —[‘%XI X 66]

= 5-40209
= 5-4 89 units

I © UCLES & MOE 2024 @ 9758/01/0/N/24
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It is given that £(#) = cos(r).

(a) Show that f(2r—1)—f(2r+1) = 25in@ sin(ZV
C0s (ar-)@ — ws(2rt1) O

Use Addition Formula

s (At B)
= wsAwsb FsinAsinD

[2]

=[w52r6 w50 +sin2r@sin® ] —[cos2rPcosO® — Sin Zf‘BsinGJ

= Ws208605D + 5in2r 6 sin

= 25in0sin2r 0@ (shown).

(b) Hence, given that sin@ # 0, show that

— wsr

© + s5in2r0sin@

Zsin 2r0) = cos6— cos‘((Zn +1 )6) :

r=1

0
] asinBsin2r@ =

r=| r=|

2sin@

i f(2r-1) - £(2r+1)

n
i 0 Z sin2cr@ = F0) -
r=|

1-

£(1) -

c0s® — os (2n+1) @
Z sin(2r@) = wWsS6 — Los(2n+)E

=) - f(2nt1)
f(ant))

=

RASN G

(shown).

Kl
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I © UCLES & MOE 2024

ey
%’3
i

9758/01/0/N/24

_

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN




DO MARGIN

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0020054948911 *

INWUMMNMARIN0D -

(¢) Hence find the three possible value

Zsin(—’%)cos(%)
7, sin(%) os('F) = § 1, asin(F) os(¥)
r=| r=
=7 Zn_', sin 2r(g
r=i

= 1T c08e — ws(2nti)X(L)]

2

[3]

285N g
5[ % — ws@anti(E)]

When n=1, é-%—wsg]:%
werne, $[% - o] 4(5 4 8
Fu
When n=3, Jz'[ﬁ — ws 6]= i‘(%‘l’%
= B
2
When n=4, 5[5 -ws ]=1(}-0)
=
4
When n="5 , "2'[’% - w5 “gTL] =g(%_%
:0_
E J'

. three pogsible values are 0, 7 apd

\_/\./

=

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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8 Itis given that y = cos(1 —e*).

2

(a) Show that ;1—- = k(gy —2ye ) where £ is a constant to be found. [3]

DO NOT WRITE IN THIS MARGIN

y = tos (1- e2*)
ﬁ = —gin (1-e%) - (-2e*¥)
= ae¥sin (1 -e%)

dy
dx?

= 26™. o5 (1-%)-(-2¢7¥) t sin(1-2). 4e¥
= '464x COS("ezx) + Z[Zez" 5in(|-e2)‘)]

-2 (% ~ 2y 64") (shown).

(b) By differe t ation of the result in part (a), find the first three non-zero terms of the Maclaurin
expansion (1 - 2") [4]

gi)(t- a4% —4y(4e®) 1™ (-4 )
25h 1eye™ -4 et

£(0)= |
£(0=2()sin0 =0
f'(0)=2(0-2)=-4
£"(0)= 2(-4) -16 - 4(0) = -2

s ws(l-e¥) =11t 2.( 4) t x3 (’24) T

= | -24% - 4%° +

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors. q
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: (¢) The first two non-zero terms of the Maclaurin expansion of cos (1 —e?) are equal to the first two
¢ 1
3 non-zero terms of the series expansion of , Where a and b are constants.
7 , : o Va+bx? ‘
J Using standard series from the List of Formulae (MF26), find the values of a and 5. [2]
' (a+ by ?
: —— = (a+bx
)
é 'd at bx? b.nl- 3
= [aq+ §29]
-1 4 2
= o %2 [|-2(.£.x)+...]
3
Z | | b 2
g _— - — 2
; Iy aja ( a) Xt
5 ing with | — ax® + -
: wmnp ar‘mj | y 4
¢
% o=l o,
3
1 (b) - _
-z (1) =-2
: b -
g 2 -
g b = 4 T H E A hiD’L:‘CAEOfALECENfRER 0 J E C T
g
E ESTE2 2008
£ The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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A curve C has parametric equations

x=3242t, y=1+2 fort>0.

(a) Show that %ic—) = kt, where k is a constant to be found. [2]
dx _
Tl 6t+2
dy = 2t +6t*
ﬁ ttot
- d_,___. 2t+6ta - Ztm =t whel‘e Kzl
dx et t+2 (L+73t)

(b) The tangent to C at a point P makes an angle of 60° with the x-axis. Find the exact coordinates
of P. [3]

gradient = tan 6¢0° = N2

Let £ =A3

L p=(33%+23 , 3% +2[3°)
= (9t+2J3, 3 +¢6J3)
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The point Q with coordinates (16, 20) lies on C.

(¢) Using calculus, find the exact area of the region bounded by the curve C, the x-axis and the line
parallel to the y-axis through Q. [51

5 N
Q (16,20)

N
B

16

when x =16, 3t*°+2t =16
3t°+at-16=0
(3t +8)(t-2)=0
t= -% or t=12
(rej)
Armzfxr-lé d)( _ t=2 (tz ta)(é

= [21at*+ 102+ at? dt
= [ 1at® , s5t4 3

[ 45+ 5L *atJ
= 3% + 40+ 1§

= 8 81 units .

| O UCLES & MOE 2024 % 9758/01/0/N/24 [Turn over I
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10 (a) Using the substitution # = v/4x+ 1, show that f 4x+ L du. [3]

el
u"——9

Step | : %5 = $(42+) 7 (4) also w=Nex+|
2

= uw'=4xy +1
4x+I x= u2_,

= 2 N 2
w

sieg%j'\la}xﬂ dx:j W uog,
X'Z 1,_2 2

5

74“.
= J L’ du (shown).

(b) The region R lies in the first quadrant and is bounded by the curve y = ;bc_;l

x=6,x=12and y=0.5.

and the lines

(i) Sketch the graph of y f\_ k] for x > 0, giving the coordinates of any intercepts with the
axes and the equations of any asymptotes. Shade the region R on your sketch. [3]
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(i) Find the exact area of R, giving your answer in the form a+blInc. [5]

when X= Il,u-\]48+| =

when X =6, U= Jog¥7 = '5
3 X=12 A4y +| F 2yt

J 4x dx = u - 9 JU—

t=6 X=2 v5

"; o O "_ ~F |8
g - Js 2+ ue - dy
5 = 3 .
g [a“]s t '45 u?- 3"'“
2 A
2 = (I4-IO) + 18- ¢ [‘n|“+3|]5

= 4 +3(|n%—|n 4)

] 8
g 4 + 3In 3
? 8
5 =~ Exoact areq of P\=[4 t 3lh €] - (€x05)
§ = (3l F) +1  sq units.
3

(iii) Find the volume of the solid generated when R is rotated through 27 radians about the x-axis.

Give your answer correct to 2 decimal places. 3]
&
1 | I \2 2

g ‘rrj ( 4:*2 ) dx —[W(OJS) (G)]
3 c -
; volume of cylinder
£
g = 11.04 cubic units.
5
:
£
;
g The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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11 A helicopter is hovering at a great height above the ground. A parachutist drops from the helicopter and
his parachute opens. The parachutist falls vertically. At time ¢ seconds after leaving the helicopter he
has fallen a distance of x metres. At this time he has velocity vms™ . The motion of the parachutist is
modelled by the differential equation

d* , dx
Py togy =938,
where « is a constant.
(a) (i) Use the equation v = % to write down a differential equation in v and ¢. [1]
. % y
Since :—t = % , from H)c above girer de:
t + v =18
(ii) Given that % = 5 when v = 2.4, find the value of a. 1
5+ o(24)= 18
a4a = 4-8
a =2
(b) It is given that the initial velocity of the parachutist is zero. Show that v = 4 (1 —e®"), where 4
and B are constants to be found. [5]
d: + Qv = 9.8
dvV _ 9.0 _

l -
IW“'J“

_if=2 =tt+tC
2| 9.8-2v a

-3 lh|98-av|] =t +C
In 19-8-av| = -2t -2C
19.8=av | = e-zt-zo
9.8 -2y = +e Xe2t
9.8 -2v = Ke'zt where K=:l:6'20
= 9.8 —Ke2¢
= 49-Ke-2t
Whent=0, v=0: 0=49-K

. 4347

chte y) V= 4'? - 47 c-zt = 4.?('_6 -2t)
where A=49, B=-2

I © UCLES & MOE 2024 %ﬁ 9758/01/0/N/24 I
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(c) - The helicopter is at a height of 2000.m above the ground. Find the time taken for the parachutist to
reach the ground. [5]

v=490-¢°%)

. dX _ L a/,_p-2t
s TF = 4160-e7%)

T 3 4¢|J l_e-Zt dt
-2t
=4[t -E]+cC
=449t + a45¢7% 1+ ¢
When t=0, x =0: C=-245%

© x=49t + 245¢"% - 245

Lef ¢ = 2000: By GC: t=408-6632%F
= 409 s

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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12 Air traffic controllers need to know the exact locations of aircraft. They use coordinates (x, y, z), with
units in kilometres, to locate individual aircraft relative to the base of the control tower which is at
position (0, 0, 0). The ground is horizontal and is modelled as the x—y plane.

4 1
An aircraft flies along a path with equation r =| 3 |+ A| —1 |. The air traffic controllers are situated in
1 2

the control tower 0.1 km above the base of the control tower.

(a) Due to the atmospheric conditions at the time, the air traffic controllers can only see aircraft that
come within 4 km of their position.

(i) Find the coordinates of this aircraft when it is at its closest point to the air traffic controllers.

[4]
F 4 |
% £=L=(?)+7.(-;)
(0}
0
A (8)
let F be the point of the aircraft where its closest fo
the air traffic controllers A -
Stepl: of = (412
2lep=* oF (?ﬂ’;\)
Step2 : AF = (4P — 0) = (“."}‘ )
. ?ﬂ')) (:n 0.9 +2A
|
Sfep3 ;7: . (-2') =0
4+L-3 +A t1-8+41 =0
. -'35 5 52 | )
Fl
or = [53/15 = F=\15 , 15, 15
Hence OF (52//,5) 5 , 15, 15
/15
(i) Hence determine whether the air traffic controllers will see this aircraft. [2]

53/I5 | -
A1 =1 (e )1 = W (B +(32) ()
=495 > 4
The aircraft cannol be seen.

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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A drone flies along a path with equation

2%-3_ . z=k =
B oyria i =

where £ is a positive constant.

(b) Determine the possible values of £ if the paths of the aircraft and the drone do not intersect.  [3]

() n () cren

since the two paths are not parallel #)ey myst be sKew.

Let (4“') = ('—ft'ﬂsf‘)

| +24
Solvinﬂ 4tA=15+1-5p
A= =25+, 5/‘ 0) Let 1+24 = kK-p
- = +2(l 4) +2-
p=26 , 2 =14 Hence , K é/R\i5'4‘j
(¢) Find the acute angle between the paths of the aircraft and the drone. [2]

0= co5” (f)' (.2")
N425 {6

= WS ‘IS

Jt25d6
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12 [Continued]
(d) Itis now given that k = 2.

The aircraft and the drone are observed on radar to be closest to each other when they are at the
points (4, 3, 1) and (4.2, 0.8, 0.2) on their respective paths.

(i) Find the distance between the aircraft and the drone at this instant. [2]
— (4 ) — (4~2 )
= ={( o
Let 0 =(3) , og=(o3
— -2 4 0-2
e 8 =(38) (4) - (3

[ ~0-3

PQ

pal = o2 +c22 4 cosy

= 2-35 km.

(i) By considering the vector between the aircraft and the drone at this instant, determine whether
the distance found in part (d)(i) is the shortest distance between the two paths. [2]

id - (1) = (3)-(5
= -1l £ 0

Since pQ is not perpendicular to the direction
of the drone's path, P& | is _not the shorfest
distance between the two paths.
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