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Formula List:

Identities
sin? A + cos’4 =1
sec’4=1+tan’ 4
cosec’ A =1+ cot* 4
sin(A+B)=sinAd cos B+cosAsinB

cos(A+B)=cos Acos B+ sinA4sinB

+
tan (4 + B) = tan A+ tan B
|Ftan Atan B
sin24 =2sin A cos A
cos2A=cos’ A —sinA=2cos’A-1=1-2sin’* 4
s B i 2tan A4

1—tan’ 4
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Answer all questions :)
Do not use a calculator for the whole of this question.

1 (a) Find the value of cot [ 2 cos™(— :—) ].
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as O° % 180° do not make sing >0
(b) It is given that cot (-B) < 0 and sec (—B) < 0, where 0 < B < 2r.

»

Explain why sin B 0.
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(¢) By finding the exact value of cosecz( ) find sec (

[3]
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.S/
k
2 (a) Show, using the aid of a diagram, that Jfk3\/k2— x* dx = %kz . [2]
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4sin 8+4sin?
3 (a) Prove that SinotAsin' 9

o [2]
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4 (i) Show that % x°In x* = ax’In x>+ bx*, where x > 0. and a and b are constants to be found. [1]
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(iii) Look at Diagram 4 below. The shaded area can be expressed in two different ways.
One way in expressing the shaded area is first making x the subject, then expressing it as a

bound integral below:

; f X dy,SWhere m and n are constants. 2
B

Find the values of m and n, and the shaded area below, all in 3 sig fig .
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5 Itis given that £ (x) = 10 sin? 3x — 6 tan? 6x — 11.
(i) Given that the normal of the line at x = 0 is perpendicular to the x-axis, find and simplify an
[3]

£1(0)= 1052 3x ~ban® gx = 1)
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(iii) Hence, given that y = f(x) intersects the point ( % , % ), find an expression for f(x)
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6 (a) Itis given that f(x) = 2¢™ — 3™ + &"*
If -3f(x) + £’ (x) + 3 = 0, find the exact value(s) of k. [2]
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(b) The equation of a curve is given by y = 3x’e 2

A point P lies on the curve such that the normal to the curve at P has a negative gradient.
t - posiive m

i State the range of values of the possible x coordinates of P. [2]
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(iii) Look at the diagram below. It shows three different graphs, Graph A, B, and C.

1
I8 Determine whether which graph is most suitable for the shape of the line y = 3x%e 2

Explain your answer with reasonings.

ajio

6rmph A. - Awavd 0 ‘€ not greph A

—ix
gs3te 2

.|.
éﬁ-(_- 24tx)e *
oM.
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Ay
L—;g_“-f‘ﬂ)?. " zo0
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Diagram 6

-4
-;z.‘-«-‘z =0 or ¢ Tax =0
=% =0 bﬂ-;a.c_-t as e ‘ *50)
r(x-4)zo0
XS0 or X-4=0
xzy
x=d 2= 4
o- ° o “- % ]
dy . [-0.6%3 0.556 0.08%2 -0.0%%)
a1 |eegane)| O fcpesinve) tpesvive)| O

wws N\ | — |/

P2 ESN

bﬂ Furny Wlwf\" ‘R.&i',

=0 1§ & Mminimwum.

hn Furny Wlwf\" ‘R.H",

A= L is & MaRimwvm.

Graph A.

Firstly, Graph A is the only graph above that shows that it
reaches to a minimum at the orlgln (0 0) When finding the
stationary points of y, it is also clear that the graph reaches to a
minimum at (0, 0) b“ﬁ“rst / Second B%rlvatlve Test. [1]
(required explanation above the other 2 below)

Secondly, from my answer in (b) (i), the gradient of this graph
should be positive/increasing from 0 < x <4, and Graphs A and
B both possibly show that the graph is increasing from x = 0 to
4, while graph C seems to increase beyond x > 4. + workings [1]
OR

Graphs A and B also show that there is a maximum after the
first stationary point x = 0 by First/Second Derivative Test, and
the other stationary point of this graph is at x = 4. + workings [1]

Award 0 for no explanation but have working and 1 for no
working but have explanation
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2sinx

It is given that ttx) “cosr_1° for 0 <x <2m.

[3]

9
(i) Explain, with reasoningg, whether £¢) is increasing or decreasing.

_ 2%inx
37 Gsx -\
A4 _ (eos 2.~ 1) (205 X)—(2%51n (-5t L)
A~ (cosz-1)*
22083 X - 208 T + A5In2 X
Gos x~\)t
_ A—dwesx
" Gesz- 1t
- “X(cos = 1)
" etz

L J AL

M1 ONLY THIS FORM

-co5 2
Simea ~1%cos 2 4| fox DLXLAR 1
<15 ~sx &\

0% 1~cosx 42 , I=cosx 9O

2
>0, iy >0.

Hewa , vy =
T™hws, 9 ismu-ensmﬁ for 0 L2,

-’

27
(ii) Find the range of values of x for which ﬁ(%) is increasing.
2

Roap B2,

Ay -cos 2)09) = ((Sin x)

ac (1-cos 2)>

= - X
B (t-cosx)t :

Since (l-usz)’ 0 v 04 & 2my

- 28} >0
25MX v

%z
o ~

ndldx {An Al

OR

2eWmL L0
swx £0

Since sin x < 0, x has to belong in the
3rd or 4th quadrant.

T<x<2mw

2]
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8 In the diagram, a surveillance camera is mounted at a point S that is 7.5 m towards the left of point L.
A lizard crawls from point L,along an upward course at a speed of 1.2 m/s. The surveillance camera
tracks the motion of the lizard by panning upwards from the fixed point S.

Find the rate of change of the angle that the surveillance camera makes with the lizard and the wall of
the building when the runner is 10 m from L,. Give your answer in radians per second.

‘R a.5 /o

/.

wall of building

lask Ha N“SL la gunellance

comevn mak2s e O ond the

street lamp dstonee fem Lo » L bes.

surveillance
camera

Diagram 8 [4]
o\
=LA mls - 3.
at l ton @ = '?
we=? 9= ton'g M
- %
s§= W——e
3.5t 0)7'
%'—' 3.5 [(.- nctan )2 (su.ﬂ-m]
. _3}.ss52c8
- - —_—
ton28
S-S [ . S8
[uﬁ‘-e - Y
z - 23 ds
oo ™ a0
a0 _ _ swn@
ae = 3
A _ A0 4
oAt
- ‘.'“"_"e X .2
EXS
T ~0.l6SM2O M)
Swo 9=““-"‘?|'-" .
z -2.165M Y tan™’ i)
s -o. osabmd-/s
The rate is —0.0576 rad/s. OR finxl As

The angle decreases at a rate of 0.0576 rad/s. ) sterement
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9 To study the effects of water waves, a wave generator and a rubber duck were placed in a water tank
as shown in the diagram above. The height, 4 metres, from the bottom of water tank was
modelled by h = a cos kt + b, where t is the time in hours after midnight and a, b and & are
constants. The motion of the rubber duck was observed for 60 hours.
The minimum height of 1.4 m from bottom of water tank was first recorded at midnight on Day 1.
The duck reaches minimum height again at 16 00 on Day 2.
After 60 hours, the duck reaches a height of 2.4 m.

* movement of vibrator:

]

power
supply '

direction of
wave travel

A 4
Diagram 9
(i) Explaining each of your values, find a, b, and k. [3]
ﬁ apo uq\anc\ﬂon-r onswer - Lm

a=-0.59

Explanation: |a| / positive value of a represents amplitude which is maximum displacement from
rest position/equilibrium, and amplitude = (maximum 42 — minimum /) /2=(2.4—-1.4)/2=0.5m,
and since the graph starts at minimum point, a is negative, hence a =—-0.5 . [1]

(b=19)
Explanation: b represents the constant distance of /2 from equilibrium position which translates
the graph up, hence b=(2.4+1.4)/2=1.9[1]

(*=35 )

Explanation: Since the duck reaches a minimum height of 1.4m again only on Day 2 after 16 00, it
took 40 hours for the duck to reach minimum height again, hence the time taken for one complete
wave, otherwise known as the period, is 40 hours.

Hence, since period = Zn , 27 _ 40, k= 2r_

[1] k 40 20
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(if) Hence, sketch the graph of 1 =a cos kt + b, for 0 <t < 60. ™ dr smeovh gmph [2]
S/ Ml for Oxes + ‘n'mt indicatton
h/m
4
NN —
|
2.0
(a — —

h=acos ke +b

LY

1 | . | | .

t t ¢ - - ¥ ¢/hours
0 10 %0 30 w0 so 6o
(iii) How long does the rubber duck remain above 2.0 m during this period of 60 hours?
W ale h= -o.Sus_Et--l- .9 0% x £ 60 [2]
o 08, o 3n
ot s

=0.5¢C0$ 1 £ +1.9 v A
>0 os"r‘ot < 9.wawg

-o.susg‘-‘,t > o.1

n -4
-— L
[7=13 <t 5

Reo $osf-2d
v wsts) M

T
o« of ;pt:l.;sqlr (55_{:)

':i:t = LM, w5110, 80854 (S5.f9
&= 11,285, 38.%8, BLasx  (Ss.P)
Tme YAKRNT K8, 2B~ 11,285~ bo- S(. 2B
= 26.154 hoarn = A6 hont A ming Al  (rearest wmin)
(iv) It is further given that after 60 hours, the operator adjusted the vibrator such that it oscillates
up-and-down at a greater displacement from equilibrium and at a faster rate.
ﬁ’ The graph starts from ¢ = 0 again at the lowest point.
State and explain how the values of a, b, and k change, if at all.

=Ty
TV LIS

[1]

/0 7\

a decreases. Due to greater displacement from equilibrium, and since a is negative, the magnitude of a
increases hence a becomes more negative, a thus decreases.
b remains the same. &= not nzedod

k increases. Period decreases, hence k increases by T = 2n / k / period is inversely proportional to .
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10  Look at the figure below. In the diagram, two circles with centres 4 and B and radii » cm
and 5 cm, are right next to each other as shown. Lines CD and EP are tangents to both
circles, and AEB is a right angle. AP =r cm, BC =5 cm, and CD = 8 cm.

Angle EAP = 6, and 0 is always an acute angle.

Diagram 10

* evvor

(i)  Show that the area of trapezium ABCD, A = 4( % +5) cm?”. 2]
*ho

AD= AP =r am (&

D fom e ertensl fmv\t')
JorE= LEAP= O

(_mmg.nn fom o ertumnal fdmt)

_pE
xan O ”
DE:r‘tﬁﬂo

LAbE= \0°~ q0°~ 0
> a0’~- 0

LDHE= [ABE =90°- @ (ﬁnzﬂ-l\h fom an ertamnal ro‘mt')

(auﬁu M ina A)

o 8omB-S
won (a0° - 8) = % o B0
ang= 3 AZ 3 (re+s)L8)
e )
_ < :;’,(Sﬂme s‘ S_) le\,'
CE= canB tant®
coandr 2 _ ' (Shown)
tan 0
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(ii)  Hence, show that g‘; HBsin6+10cos )

sin® 6
% Explain the significance of this expression. [3]
S.g)10 - (‘m" o- $+ 5')
9
a5 cf*o +5)

-:q.(g(tan 0)-— 5(kon o2 ""S)

. ) )
8- 4[«—0 (4318)2 (82c26) - 5(-2) (ton 5) 3Csut0>]

_,‘_[ 85200 low‘b
hn‘-G At 0

T4 8&&8&!“01-10%‘6) "
“wnd0

Sind0
—
cos®P
-23in O+ 10cos ®
) ni

_ ssme 20
=4 ws"'a )

4% “s3 0
sin>0
s’
- 4(-835nO+10c0s B )
sin?0

Lshoww)

'm’:‘" .
This suggests that thenrate of change of the area of the trapezium with respect to the angle 6/
4(—8 sin @+ 10 cos 60)
oy © El not accapuing faedient fanchien’
6 tmples there &
n line [ 9 f{rk

angle EAP is
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d4_ 4
do sin*6’

By expressing the numerator of the expression of g—g from (ii) in the form

N

It is given that as 6 varies, the value of

R cos (0 + a), where R > 0 and 0° < a < 90°, solve for the area of the trapezium.

8 o
M_ _«
d0 sm>0

4(-B3in@+10cos 6 ) [

sin>0 “end®

Wt g(ScosO-45n@ )T 8 [guSLO‘r w)] ,R>8, 0°Cx4&q0°-
Gt O - HsINO = Reos (O + o)

Gcos @ ~&Sin @ = Reos@cos or — Rsin @ Sin oc

5c08 0 - 46w O = (Reos &) co3Q ~ (RSin)sin 9

&y companing -

Russ oc =5 —0

Rstner = & —B MA

[CEXOK @ =1 ¥ ong -awe parts
%:1- .;— R (s> o+ cos™x) T 2SH16 mi%.mé

uv\oc‘—“‘;' r = & i 4dhree '<vfl‘b

xXT iSt = (~>0) M'éS‘\na
S 6.0 (s

=38.3° ()

e tARLS! loss:
500 46w 0 = {05 (04 35.040°) 0:: ) -

3 for R-frmnin ‘up-\&wb -1
8(SwosO- Bin®) = 84 cos (B+ 3%.550°) /

T5llces (0+ 38.37) Al ) for A

B ces (04 28 g40°) = &

\
S . S ==
05 [0+ 38.¢40°) G
0738.660°< 85, 52/° (24.0-)
b= $c.520° - 32.660°

=46,86)° ¢~

YT
“3a.aan (5s.£)
T3n.4emd (55.“.) A)

)
A= b (Omn %6 .%61" ~5 +5)
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The diagram below shows the values of the gradient function and its second derivative function of a

real function y = f(x), where f(x) is a function not to be determined.
wmoimvim =3 %40

11

Minimam 2 4—,:1 >0
dax

Value 0 0 0" 1 1 1" 2 2 2" 3 3 3"
Value of + + + + 0 - - — . . 0 + é/'
dy B AN
bl / \ /
dx —
Value of - - _ | — — | = - + . £
2
dy . (U ctoe u/ il G |cwse el /
dx’ = wost ks
most quitn\L
I
Legend: \ /
‘“+> denotes positive ;‘:’
—* denotes negative Diagram 11

[1]

(i) In Diagram 11, fill in the empty boxes with the correct symbol ‘+°, ‘-, or 0.
ajio
(ii) Using Diagram 11, identify the stationary point(s) of y = f(x) from 0 < x < 3.1 and determine
the nature of the stationary point(s). M1
6 o

Stationary point: x = 1
Nature: By First/Second Derivative Test, x = 1 is a maximum.
Stationary point: x =3 -

Nature: By First/Second Derivative Test, x = 3 is a minimum.
[ EE——

Note: allow ‘Second’ only if (i) is correct

(iii) Determine the number of stationary point(s) of the graph y = f’(x), if any, from 0 <x <3.1 and
determine the nature of the stationary point(s), if any. [1]

210

1 stationary point.
By First Derivative Test, this stationary point is a minimum.
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(Updated)

12* In the diagram, 4 and B are two fixed points on a horizontal ground and a projector is positioned

on the ground at L which is x m away from B. The projector casts a beam of light on a screen CD,
of fixed height 5 m. C is the bottom of the screen, where BC = 4 m.

Angle CLD is a” and Angle BLC is f°. Assume that the thickness of the screen is negligible.

/ —
— C
S
0 4m
L/ JA
. 6 m l%
¢ T >
(i) Express tan o’ in terms 0@ [2]
8lt0
taﬂ/b": X *own ( - ﬂ
x nlorp)= 3
tnl\qb*' mﬁ. _9
I~ ton dram B %
i—-\-m ”®
" = 3'_; "
I- ¥ tane
:.L;_-H:nmﬂ = q-3 towner

4+ xtomol= Q- ?—:tum o

xtoan oy a—ft:vmw°= S

(x+ 3_1’:) tane’= 5
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(i) Due to numerous faults in projector L, projector L is replaced with projector M that has a much wider
range of projection.
In order for projector M to cast its full image on a screen, the screen itself has to extend long enough
in order to capture the full virtual image, and the image now reaches point B, the lowest point on the
screen. The projector is able to cast its image, yet some of the image is still cut off and unavailable to
view.
The angle the projector needs to cast such that a full virtual image is shown on the screen is given by
acute (o + 25)° .
Hence, the operator moves the projector in front by 6 m to position 4, and now a full image is shown
on the screen.
Find the value of x. [2]

-A ajio

t“"/’-’=‘3"_ tonlo+ p) = 1'1

anlo+2p)= Dol vonp
l"““(“ﬁ)bﬂnﬁ.

(3«4

= (x*rx

-2y

3
= %

-3
z_\.
B xt-3e
= 2050
=3, x
< Txr-3b
. I3
'.!."-36 M1

AB= (x-6)wm
m(_o.-+).[&\= ;.5:6

LLE . I
x-36 x-

o

122 9

et b)Lz—s)= -6

1 _

wLtb 9
13L= qQx+ 54-
Yy =5y

x=013,6 Al
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13* (a) It is given that x = f()’) is drawn on a graph.

2a
(i) Given that ,[ , X dy =0, what will this imply about the geometrical interpretation

[1]
of the graph of f(y)?
K ape

This implies that the curve x = f(y) intersects the y axis from y = a to y = 2a, such that the
area of the curve from x < 0 is equal to the area of the curve from x > 0, from a <y < 2a. [1]

(ii) Given further that 3x = -8 sin’y cos®y + 1, what is the smallest possible value of a?

[1]
- fmges )t mred == 3
2-4 Li““"‘%\t - w
< —J.cw«":.-g-r \ “=_5:
= |-a%n* ).1.
3% Seos iy
= -‘?'; cos twy
(b) Look at the diagram below. It shows the graph of y = 2 cos x — 3 cos (3x) plotted for x > 0.
. . T _Sn
Two vertical lines, x = 3 and x = ¢ are shown below.
Calculate the exact shaded area bounded by the two lines and the curve below. [4]
e.s/ro

y

N

K
3

A(El°\ /\
ol

> X

y=2cosx—3cos (3x)

9= 2005% - 3co0S 3R

Sab y=o: Diagram 13.1

Acosz= 3 (4eosdx - 3cos )

oS- 20832 =0 %eas2 = thcosdx - Acosx

0=lacosdx - [lecos 2
2¢c0sx = 2(cos (22+x)) 0= cosz (1dcostx ~ 1t )
2c05% = 3(c06 2% COs X -%in Ax sin ) wsx=0 or  |Aeosiz - 1120
2008 X = 3[(Lm‘z-l)wsz— (2sinx cos x) $in z_] = costz = ‘i

A
PY Y X 3[1“;‘31 -tesxL -~ Asinlx wsx_]

\
=1.5%08 cos x= *-J%_-;_
(ss.fy
Aeesz = 3[”‘9’1 Teosk - ,.(l-“it‘)m x] f cos X =E or 0% T 'JTI_;

Acos L= 5[%’;—5”1 ~-%cosX & :u..s’x_] xz=0,2084% %= A.8483 (53.{)

Acosx = 3 (teosdx - 3casx) M From e chaarmm, ACR 0. m
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(Continuation of working space for question 13 (b) )

nr Sn
_ > €
IZ““— 3cos 3x de szuosx-!ut}x ax +)&uﬁ.usz-3usi: dx,
n
= dsmx - 3(Fsindx) +¢ Y EY
3z + H 4
TA¢NX - SM3L = C = 2
Asine - €n 32 + (] 2sm x ~Sin 3=
rowe-anse 12 +(lrsmc-ne e T |

3 E S

s {(”\n'{ - sn 3{")-— (asin % - gin -u.)} "li(aﬂn 5‘1"- sm%"-;- (xs\n}_- sin 3.3-':'1§ \

= i(zm— -n) -(z.c?._a - o)§ 1|{(z~c3{) - ()= (2en- c-n)} 1 M

:3-G & |~3|

‘—6_-_(;'5) wnits Al

(¢) The diagram below shows part of a curve of y = 1—2 .
* Ml G sketen or
‘# )10 y -
A el vony e_ﬁf\ow\a\wn
1
y=—
y=2
\
{J\f\
L S
P— P /\\ o (
25 =12 ™ x
(0] 1 2 3 % s 6 v

Diagram 13.2

Show that the area of the shaded region is % units®.

Hence, without any other calculations, explain why
1 1 1 1 1 5 1 1 1 1 1
Sttt <<t S+t +
22 3 4 5 6 6 17 22 3 4 5 2]
You may annotate or sketch out anything on Diagram 13.2 to explain your answer.

(3 - € _
5\;_'-’-“_ $x z:t
:[_i.]|

‘{["t)‘ C"‘h} = %un.‘-'cs‘ [

The left hand side of the inequality represents the summation of rectangles in Diagram 13.2, as each rectangle would have a breadth of 1
———

—_—

unit, and length xiz units? where 2 < x < 6. The right hand side of the inequality represents a similar summation of rectangles, except the

Swnea
length is now (x_vll)zunits2 ,where2<x<6. E | swwmatien of < s‘ 4 dx < FamMmation d‘f'
ok, luukr\\ x'Ll- wits b 2ot Lt Ie.ntr\\ r;_—u, wnitg

S N §

Jeladyldoedr , S, 0 0 0
* TR el T TR T E Y R TS

{
T T
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14 The diagram shows a right circular cone in a sphere with centre O and radius 40 cm.

The vertex of the cone, N, and the circumference of its base lies on the sphere and the centre of the
sphere is on the axis of the cone.

=

........".Qm.-..g-v...............

Diagram 14

Given that the radius, height and volume of the right circular cone are » cm, & cm and ¥ cm’
respectively, by expressing V in terms of 4, find the stationary value of V, and determine the

nature of this value without any stationary tests. [5]
a0 v
X N VS'Mﬁ Mrhagoras! Theovam, il
~ o) +r? = uat
G ) T—; (t6oh- 3K2) 0
wo W ~80R 1600 +v* = 1400
6Oh~23L2 =
o kO ¢t = 80h- W? ”‘,,0

w h(160-3h])=0

h-40 = J - h* o)

N o Wenth «? W=0 or 1WOo-3h=0
r % vz Larth (regecs os h=20 em Al
3 w> o) ®

= % n (Ro0n- h*)h

yv=T o, 2 1680,3
- ‘bhl—k}n 3[&( -3—‘\ - ( 3 3 ]
A X bR the cantve o +ha base area - —
of b cont. L (gon*-h*) m Tam s (6
- = - 1 - o
NX gasses thvach antre of cirle. 3 23a wooum® (3s.§) A
av T

(pptndwwl sector cheovd — <z T | won-12 "-:] .. .

ar of ) dh 3 h The original equation of V when plotted

NX< hewm

against 7 would give a negative cubic
graph, hence the graph would first
reach to a minimum, then a maximum.
Since 4 = 0 is the first stationary point
albeit not possible to be V, the second
point /# = 160/3 has to be a maximum.
9 [1]

0% = h- 10 ew = .%(uok— n2) mi
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Continuation of working of question 14
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15 In predator-prey relationships, the number of animals in each category tends to vary periodically.

In a certain habitat, the populations of foxes () in thousands and rabbits (R) in thousands are

modelled by the equations: F'=300 — 125 sin %t and R = 1200 — 650 cos

Z .

(@) Using the above models, determine which month(s) in the first year will the population of

rabbits be four times as much as the population of foxes.

R= 4F

d

2]

08t LI

oéﬂfé&n

1200 - ssums“'—: = h-(m—\zss'-n‘:—:) &«

1200 - 50 Los T <1200~ s‘cosm"s"!_-'

~652 cos 1'-_':-_- -Soorm".&"

650
850 _ an Tt
See "W

e

ne.
o tan soo

x=0.9¢5

".'$= °.Q1S ) 4.05%, 3. 198

t=Lv3, 503,406

(3s.£) m

(3d.0.)

Wd monthh; 6+h month, 10Th menth Al

(ii) It is given that 7 is in months.

Without using the R Formula, predict the number of months it would take for the@tal

g o
workings clearly.

Mathedt 1 poplation /thomendy

e S

nt

[

Meh A= izoo+13¢ Mth 6= 1200+ %28

1338 = 62§
Mth 4= 185042300 Mth 8= Syo-+ 300
<g¢so

= aAlSo

populatio%of foxes and rabbits to be the highest within a period of 8 months, and show your [1]

Mathod QL amplitvde Peﬂod.'-
R=1200 - 650 cos =¥ 650
“ ﬂ -_:g “‘ﬁ‘h
12S Y

F=300-1255in ¢
(3

Given that the amplitude of R (600) will be higher than the amplitude
of F/(125) , the increase in population of R will notably be higher than
the increase in population of F, hence the highest population of R will
have a greater magnitude than the highest population of F.

The highest population of R occurs at half of the period which is

8 /2 =month 4.

Hence, month 4 will have the highest population of foxes and rabbits.

v i monnths
—
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(i)  The graph below shows the population of foxes F in thousands against time ¢, from 0 < ¢ < 16.

8/10
F'/ thousands
A
e I
(o, %09) (a+b , 4o0)
400 T 1

\
|
|
I

300 |
|
|
: b
L

"N ('a,205) T 7,200 Vi

100

0 2 4 6 8 10 12 14 16’ t / Weeks

, | | | | | |

The curve passes through the points (a , 200) , (b, 200), and (c , 400).

Form an equation connecting b and c. Show all workings. [1]

atb <=1 —0 oy

atl =8 |a=8-¢ }'ﬁ“w
a=¢t-c —®

sab @ me ()"

€-cthb=1a
b-c= & AS

114

b=cr &

End of paper :)
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13 Look at Diagram 13 below. It shows the graph y = 3—3 —1 plotted along with two different
(1-2x)
normals that are parallel to each other. The equation = — % x + m 1s a normal to the curve at

point B while the equation y= — % x + n is a normal to the curve at point 4 below.

y (reason for removal: too tedious)

>y X
8
= —-——Xx*n
YT
Diagram 13
(i) Find the coordinates of 4 and B. 3]
'ﬁ=c£:u)’ -+ 0 1-22= #YTg
=3G~ax) -1 =2 =2 or |=lx=-2
P UM “Jx=-3
51: 3[(_'5)((‘).&\_“ (-L)] x:-i 1‘—_}&- M\ ﬁv 2 “wmﬂz
)
: 3[60—11.)_*] Svb zf—’i s @ Sub 2= 3 nk Q:
_ 18 i N 3 |
i | - _| = -
Cl-l,d"‘ ﬂ[l'l‘.’i‘]’ ‘0[‘_1(‘}“)1
ﬂ = =l - -8— - < M
a ! --2 z
1% - _ 3
—_— % AL--;-_, %\ B(‘._" %)

—_—

A
3
LR &
—ax\
G-ux)* 8 L> a € l

G-2)* =16
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(ii) Find the shaded area bounded by the curve and the two different normals. [4]
. ] ‘;3{"- |-!f'
amgr T mA=\S = m‘ ) ax '33‘ (=207 - ["J
:
b y=0° =3 | Qz2x) - 1)
g = } & E"]__\
™! TV L s v
-2 =3 = l: ] [,' -
-2 =33 -
22T -1 ok (—\,-‘-a('_—;-:ﬁ» - |02 2____—&‘3-’ > B Yska O} -4

<|-o. 10581 wmn? (Ssfy

of 1 = 0.10581 wnits?
v\wﬁw NoY MARI

g )= '%(z— S G L - TE R

) =
S__S 4
u-'_' 9 > & T — - "gX " -
'ﬁ+3 ‘ql 3 9 2 3 q
~8 -2 -2
VE73% Ty V"T/RTT 3
Sab Y=0
8, _-_1
A= "%
=) =
1= au-'%
=3
o

T0.3683 (554
F03 wans® (35



