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1. ALGEBRA

-bt b2 - 4ac

Binomial expansion

Identities

Formulae for LABC

1^

2. TRIGONOMETRY

sm2 A+ cosz A =l

s*' A=l+tan' A

coswz A=7+cot2 A

sin(Z t f) = s;1 TcosB + coslsin.B

co{z +,tl) = ssslcosS; sin I sin B

(a+b)n =an -(:\r'-'u-l(:)r'-2b2 *...*( n\on-'6' +...+bn,(.11 \2) \'i

where z is a positive integer, -a ['] = ,r '! ., - 
n(n -l)"'(n- r +1)

\./ rl(n - r)l rl

sm2A=2smAcosA

cos2A = 2co* A-7 =l-2sm2 A = co* A-sm2 A

t*rLernl= wA!tu8
l+ tmt AtNt B

wrzA= 2ta"!
l-tan, A

sinl sinB sin C

a' = b' + c' -2bccosA

t =LbcsmA
2

Quadratic Equation

For the equation ax'+bx+c=0

abc
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(a) Express y=2v2-x+5 in the form of a(x-D)'+c. Hence state the coordinates

of the tuming point

(b) The line y=2x+7 intersects the cluve at points A and

Find the distance ,43.

t3l

B.

t3l

1 A cuwe has an equation y=2xz'x+5.
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3.r3 + 10x2 +x+l2 Express in partial fractions. t6lI +1x'
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3
I

A curve has equation y=lxt +x'+k, where t is a constant and &>1. Explain why
j

the curve does not have a stationary point t4l
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4 The dragram shows a circle. The line PC is the tangent to the circle at P.

I and B are points on the circle such that P,43 is a straight line.

Prove that

(a) triangle BPC is similar to triangle CPl, t3l

O) PAxPB=PC2. t2l

B

PC
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45 The equation of a curve is y xt -(k+t)x'-k2x , where /r is a constant
3

(a) Find the range of values of& for which y is always decreasing t4l

(b) Given that y has tiree distinct roots, find the range ofvalues of&. t2l
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6 A curve is such that 
d'I 

=3rinr-4.o.2t
dx'

a(r,f) . find the equation of the cwve.

The curve passes though l(0,1) and

t7l
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7 For the a)rye y -- 2xz , the tangent at point P where x = a

y-axis at A. The normal to the curve at point P intersects the y-axis at -B

a(l6a'+-l\
Given that a > 0. show that the area oftriangle ABP is 11:

intersect the

UI
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8 (a) The equation of a cuwe is y=asinbx+c, a>O. The curve attains maxim"m and

minimum values of 4 and 2 respectively, and the period is n radians.

Show that a=l ,b=2 and show that c=3. t3l

(b) (r) Sketch, on the same diagram, the curves y=stnzx+3 and y=ls6s, Lt
0<x<2a radians- t4l
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(ii) Find the number of solutions to the equation sin2x+3-3cosx=0 for
0<x<2r radians. tll
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9 A container of liquid was heated to a temperature of 90'C . It was then left to cool in a
chiller such that its temperature, I"C, r minutes after the heat was removed, is given by

T = Ae-q' , where ,4 and q arc constants.

Measured values of t and I are given in the following table.

t (minutes) 2 4 6 8

T'C 66 674 49.393 36.591 27 107

(a) Explain why ,4 = 90. ttl

O) Plot lnl against t and draw a sfiaight line to illustrate the information. t3l

(c) Use the graph to estimate the value of 4. t3l

(d) Use your graph to estimate the temperature of the liquid 5 minutes after it was left
to cool. 12)
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l0 The length, breadth and height of a cuboid is 3p cm , p cm and (t-p) cm

4
respectively. The volume ofthe cuboid ls-

9

(a) Show that 27 p3 -27 p'1+4=O

(b) Show that 3 p -2 is a factor to 27 p3 -27 p2 + 4 .

t2l

tzl

cm'-
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(c) Hence, findp and compute the surface area ofthe cuboid tsl
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11 (a) (D Find the first 4 terms, in ascending powers of r, of the expansion of
(2- lo)t where fr is a non-zero constant . 12)

(ii) Given that the coefficient of .r3 is 30 times the coefficient of x, find the
possible value(s) of ,t. l2l

(iii) Hence, show that there is no term in 12 in the expansion of

(r-rts*')(z-ro)u . lzl



(b) Explain why there is no odd powers of.r in the expansion of
2n

Ix+-
x

for neN

14)

BP - 541
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12 A particle travels in a straight line so that, at time , seconds after leaving a fixed point O,

its displacement from O is s metres and its velocity is v ms-l , where v = 3e' -60e 
3' 

.

Find

(a) the initial velocity ofthe particle, tll

(b) the value ofl when the particle is instantaneously at rest, t3l

(c) the acceleration ofthe particle when l=ln8, t21
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(d) an expression for s in terms of ,,

(e) the total distance savelled in the first 5 seconds

t4l

i3l
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Quadratic Equation

For the equation ax2 +bx+c=0

Binomial expansion

I. ALGEBRA

-bt b2 - 4ac

2a

2. TRIGONOMETRY

sin2 A+ cnsz A=l

ggcz 14 =14t"n2 1

cos&2 A =l+crlt2 A

sin(z + r)= 5;17 cos8 + cos lsin.B

cos(l + B) = ss5 7 cos 81 sin ,4 sin B

(a + b)n = an .(;)u,r.(;)o,-,u, . ..(i)*-, u, + + ba,

where z is a positive integer, * [l = #, - n(n - t)":(n - r + 1)

Identities

Formulae for LABC

tan A+ laa.B
tanl A+ Bl=

| + tan Alaa B

Ztan A
t^n )A = -----------

|-tan'A

snZA = 2sn Acos A

cns2A = 2cos2 A-l=1-2sin2 A=cns'A-sin'A

abc
sinl sinB sinC

a' = b2 + c' -2bc cos A

a = lr"rioz
.,
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I At the beginning of a virus outbreak, the number of cases of infected people increased
with time. After I days, the number of recorded cases was M It was observed that Ncan
be modelled by the equation N =l200eb .

(a) Write down the initial number of cases recorded. tll

The number ofcases recorded after 6 days rose to 4800.

O) Estimate the number ofcases recorded after l0 days. t4)

A pandemic is declared if the number reaches 20 000 cases,

(c) fi5srrming the trend continues, estimate after how many days will it take for a
pandemic to be declared. t2l
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2 The expression x3 + px2 + qx + r is divisible by both x and. x - 2 and it leaves a

remainder of 8 when divided by .r + 2.

(a) Find the values of p, q andr.

(b) Hence, find the remainder when it is divided by I + 2x - 3

t4l

12)
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3 (a) Show that 2cos0+cot4-1=2cos0col0 can be written as

(2cos d -1)(sin d-cos d) = g

(b) Hence, solve the equation 2cos2x+cot2x-1 =2cos2xcot2x for
0o <.r < 180o.

t3l

t4l
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4 The diagram below shows a mould made of a cylinder and a right circular cone. The
diameter ofthe cylinder is 12.r cm and its height is i cm. The vertical height ofthe cone
is 8x cm-

8x

h

l2r

(a) Find an expression, in terms of;r, for the slant height i of the cone. t1l

I

I

(b) Given that the entire mould is covered with a plastic sheet whose area is

240r cm2, express ft in terms ofx, I2l

I



BP - 550

(c) Show that the volume, I/cm3, of the mould is given by V =72\xx-l92nx3 . f3l

(d) Hence, find the value ofx for which the volume has a stationary value and
determine whether this value for the volume is a maximum or minimum. t4l
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s (a) Without using a calculator, show that 
"orf 

S'= f 1G4
t3l

ttl

pl

(b) Hence, state the value of cos(-15').

(c) Using your answer from part (a), find the exact value of sec(15')



Solve 6' = 
1o 

-6-'
3

t4)

O) Sketch the graph of y = lny, showing any points of intersection with the axes. [2]

6 (a)

BP - 552
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(c) To solve et-" = x' , a sfiaight line can be drawn on the same axes as the graph

in pert (b).

(r) Determine the equation ofthe straight line to be drawn. tzl

(ii) Hence, state the number of solutions for e'-2'=x] tll
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7 The diagram below shows a rectangular table, ABCD placed, at the comer ofa
classroom. It is given that the table has length l8 : 2 m and width lD : r[ *.
It is also given that ZAPB --90 ail, IPAB -* 0" .

A

1^!J m

(a) Show that the length of PQ, L,can be expressed n L: 2sin1+Jicos2. tZ)

(b) Express Z in the form Rsin(9+a) where 0oca<90" andR>0.

(c) Find the value of 0 for L = 2.3 m. 12)

(d) Find the maximum value ofZ and the corresponding value of d. t2l

D
B

oC

t3l
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8 A cuwe has the equation y=(3-x)JZx+s

Show that I =
dx

dx+b

J2x+5
(a) , where a and 6 are constants to be determined- t3]

(b) A point (.r, y) moves along the curve. When the y-coordinate is increasing at the

same rate as the r-coordinate, furd the l-coordinate.

Explain why you need to reject the positive value. t4l

(c) Using your answer in (a), 
"ua*t" J1

-3x
.l2x + 5

dr t4l
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9 The map below shows part ofthe lndian Ocean.
Geological stations P(1, 1), Q0,9) and R(12, 8) detected an earthquake and a geologist
is attempting to locate the epicentre, C ofthe earthquake.

v

Ql,e\
^-J=Jt-
.\.--*J 12,8)

(1,1
\t
\]
4

1 rmit represents 100 kn

lnstruments at P and 0 detected the earthquake at exactly the same time, indicating that
the epicen$e, C is equidistant from P and p. Insfrument at R detected it in the direcfion
indicated by the line /, which makes an angle of 45' with the positive .r-axis.

(a) Show that the line / can be represented by the equation y : .r - 4 t2)

(b) Find tlte coordinates ofC. t3l

(c) It is given that the earthquake detected can be felt at places as far as 450 lcn from
the epicentre.

Find the equation ofthe circle that represents the places affected_ I2l

line /

..'C

,/

1

(
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(d) Hence, or otherwise, determine ifgeological station.lQ is inside the circle [2]

(e) Explain why it is not possible to draw such a circle that passes through all thrce

geological stations P, Q and R, where PR is the diameter.

Support your answer with mathematical calculations. t3]
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10 The diagram below shows part of the curve y : (2x - lX3 -l). The curve has a minimum
point at M and a maximum point at N. The curve intersects the x-axis at A, B and' C

respectively. The line / pass through I and M.

v
I

x
A C

M
(a) Find the coordinates of A, B and C t3l

(b) Find the coordinates of M. (You are not required to prove that it is the minimum
point.) t3l
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(c) Hence, find the area ofthe shaded region t6l

END OF PAPER
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I. AL(;EtsRA

( )uutlrul i c l')ltrttl iou
I-or lhe equalit'rtt rr.tr + 1r,t + t = 0

R irutnt i u I axlut t.s tttt r

2tt

2. TRIGONOI\IETRY

sint J+cosl .,{=I

sc-c: I -l+tan'..1

ralsccry' = l+cotr y'

sirr(.+ i B) = 5;n ,icosB I c<.rs,.{sin lJ

r-o(., t B)- cosl coslr+ sin .,1sin B

h

-h+ h lt t'

(a * ht' - n' *(tt\,"-t o *("-)""-tn' *...*('' \,"-'. lr'' -.. a6",\rt \2./ \,/

where ir is a posirive inreger. -, [;) 
- A#, - nOr l)".(.ir - i i l]

lit nnloc fitr t\4llC

sin ..4 srn l/ sin ('

bt+t''-fAccus,4

lxrr ,1 I lan B

l+tan,ltanB

sin 2,{ =2sin rlcos.,l

cosl,{ 2cos',{ - l l-2sinr,{ cost.4-sin"I

t^rr:.A = 2t^'!
I lan! ,l

40491) tGF./23

,1:li /rt'sb..t
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t

I A curve has an equalion y=2x2 x t 5

(a) Express y=2a2-r+5 in the fonn of a(x-b)'z +c. Hence state the coordinates

of the tuming point. t3l
y=2x2 - x+5

Turning point: +)

(b) The line Y =2x+7
Find the distance,4B.

y=z* -x+5---(t)
y=zx+t---(2)
.'.2x1 -x+5=2x+7
2x'-3x-2=O
(2x +t)(x -z) = o

...r=-1 oR.r=2
2

yJTsly=-!,y=2

Whenr=2, y=2(2

Ml: Factor out the 2

A1

Bl: FT from wrong completed square form

the curve at points A and B.

t3l

Ml: Solve quadratic aluation (FT)

A1

:,(-t

=r[

=r[

=r(

2l

--+

-t' +5
2

,'Ix- -+

2x

(i)'-(ill.')

T

2

39+-
8

(!_
lq'

i)'

,(1)'.'(i)']

.x

intersects

(-+).,=,
)+z=11

.'. Coordinates of intersection are

Required distance =

.E

= 
X5 *it, AI: Accept 5.59

,'

(-i'i - 0,,,

z*1)'*1rr-o)'

4U9!l/GEt23, [Turn Overl
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4

3xr + l0x2 +x + IZ Express -----------;---- ln parEal racllons.' x" +3t'
3xr+10x2+r+l - x2+x+lBylongdivision,-{:;r_=:+ffi

r:+r+1 12+x+l A B C
- -+-+-:-'+3x2 r'(r+3) x x2 x+3

.'. x2 + x +1= Ax(r + 3)+ B(r + 3)+ Cr:

Whenx=0:

I =B(3)

t6l

9

f + x +r = Ax(x+l) +|{,+l) +}/
Whenx=l:

I +1+r = l(r+3)*]{r*r)*J0)'

3 =q,a+!+Z39
.'

... A=-
9

12+x+l 217
- - 

+-+-gx ix! 9(r + 3)

Bl r With long division working

Ml: Conect form (FT)

M3: Subsnrution or comparing
coefiicien* conectly per unknown

AI

B
I

t2 +x+1=Ax

When:=-3:

s-:+t=C(-3)'
9c

C
7

.. 
r, (r+3)

1,*:;+|(,+:) + Cxz

7

3r'+10x?*.r+l - 2 I 7

r'+3r' 9x 3x' 9(r+3)

4049nlGEl23
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5

3
1

A curve has equetion y=lxl +x2 +kr, where * is a constant and f>1. Explain why
J

the curve does not have a stationary point. t4]

xt +12 +kxI

5

9={ +2x+k
dr
Method 1:

To find stationarv ooint. I - o ,

d-x

x2 +2x+k =Q
Assume on the contr&ry that curve has at least one

stationary point

,'. There are real roots to 12 +2x +k =0.

.'. (z)' -40X&) > o

4-4k>O
.'.r<l
However, I > 1.

.'. Curve does not have a stetionary point

Mahod 2:

x2 +Zx+k =(r*tf -([-l)
(r+t)' +(* -t) > ft -l> o (..'r > 1)

.'. I , o for all values ofr&

.'. Graph is strictly increasing for all valuoc ofr

.'. Cunve does not have a stationary point

dv
Ml:Find :

dt

Ml: Find discriminant of
d, _O
dr

A1:k<l

A1. Concltrsion

M l. Completing the square

MI: Establishing the
inequality

Al: Conclusion

4U9/ltGEtL3 [Turn Overl
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6

4 The diagram shows a circle. The line PC is the tangent to the circle at P.

I and B are points on the circle such that Pli is a straight line.

Prove that

B

A

C P

(e) triangle BPC is similar to triangle CPl,
ZBPC = ZCPA (Common angte)

ZCBP = IACP (A:l;glex in altemate segment)

.'. By AA similariry rcst, ABPC is similar to ACP,4

t3l
BI
BI
B1

tzl
Ml: Ratio of corresponding
sides of similar triangles

AI

4049,rtcElz3

(b) PAxPB=PC2.
BPC.BP _PC _BC .

CPA CP PA CA

BP PC

CP PA
:. BPxPA=CPxPC

.'. PAxPB = PCz
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45 The equation of a curue is .1' (l'+ t).rt -/rr-r . where ,t is a constant

7

3

(a)
4,

'3
{=-q..t -2(k+tl.r-k2
dr'

For.p to bc strictly dccrcruing,

t.6
dr
.'.-tx: -z(te +t).r-*: <0

4-r: +2(t+l)x+l: >0

For4-r:+2(/t+t)r:+/rr to bc alt ays positivc,

b1 - 4ac <0

[z(*+r)]'-4(4)(r:)<o
(* + r)' -a&' < o

(t + r): -(2t): < o

(t +t +zr)$ +r-z*)<o
(3e + r)(-k + t)< o

(3r+rxt-r)>o

.'.t.-!oR&>l
3

Find the range of values of * for which 1 is always decreasing

(k+l)x'-trr
t4l

tzl

M L Differentiation and set I .. 0
dr

Bl Dr-4ar'<0

NI I : Solve quadratic inequality

AI

(b) Given thaty has threc distinct roots. find the range ofvalues of,t
'.' y to have three distinct roots,

/ has two tuming points.

4 = O has two real rools.
dx

-lx: -Z(l + t)r-i: .0 has two real roots.

.'.+x1 +z(k +l)r +*: =0hastworeal roots,

.'-b: - 4.:tc > O Ml: h7 -Aac>O

[z(* + r)]' -4(4X*')> o

(r + t)' -+*r > o

(3i + rX* - r)< o

'. -!.k .t
J

4049/t/GEt23

AI

lTurn Overl
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8

6 A qrrve is such that 1'{ =rrrrrr-o*s2.r. The curve passes through l(0,1) and
dx'

a(n,3). Find the equation ofthe cuwe, t7l

= f (3sin.r-4cos2x)d:

d'yr
dy

dx

=3sinx-4coo2.r

-2cns2x

Ml I Integration

Ml: Integration

Minus one mark per mistake
Substitute $e two conditions

A1

- 4sin2x
=-Jcosj--+C

2

= -3cns x -2sin2x + e

t = [(-zcos *-zsin 2r + c)d:

=-3sinr-
2

=-3sin;r+cos2x+o+d
Whenx=0,y=l:
1=-3sin0+cos0 +c(O)+d

1=l+d
.'.d =0
y = -3 sin x +cos 2x +cr
Whenr=n,/=3:
3 = -3 sin z+cos2n+czt

3 =L+cz,
.,

L

)
.'. y = -3 sin r + cos 2x +ax

7t

+cx+d
A2
NIz

4049t1/GE/23
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9

7 For the curve .y = 2.r2 , the tangent at point P where .r = a ,

y-axis at A. The normal to the curve at point P intersects the /-axis at B.

o(t6o'+t

intersect the

)Given that d > 0, show that the area of triangle ABP \s

P =(a,2a'\

Y=tx
dv
--:- -_ 4x
dx

When x = a,
dy_

4a
dr

. . Gradient of tangent at P = 4a

.l
.'. Gradimt of normal at P = - ---

4d

Finding equarion oftangent at P : ! = 4m + c

Whenr=a, ! =?a'1 '.

?a2 =  a(a)+c
:- c = -2dz

.'. Equafion of tangent atP: y=4ax-2t2

.'. .e =(o,-za')

Finding equuion oftangent at P: , = -Lr*"'4a
Whenx=a, y--2a2:

2a'=-!(a\+c
4av

.'.a=2o'+!
4

.'. Equ*ion of nomral atP: y=-Lva2aza!.4a 4

,. n=(o zo' *!\
\' 4)

... Area or a,4*p = ilr* . i (-*,y]{,y = "(' t' *')

t7l

units2

8

81: Coordinate ofP

M1: Differentiate to find
gradient of tangent at
x=a

Bl: Don't give if one of
the gradients is wrong

Ml: Finding equation of
tangent

A1: SOI

A1: SOI

A1

4049l1lcElz3 [Turn Over]
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l0

S (a) 'l'hc cquation of a cunc is ..1,-.,tln6-t*". .t, O

minimum values ol 4 and 2 respectively.

Show that a=l , b =2 and show t-hat c = 3 .

-lSsin6.r<l
-o!usinb.xla
at<:lusinbxtc<at(

.'.a+r'- 4, -o+t'-2

..a-lANDc-3
2n

h
...b=t

-l 
hc curvc attains maximum arnd

and lhe period is zr radians.

lll
M l: Constructing
simultancous cquations
with the max and min
value.

(lr. -l)
Bl: Correct shape lbr
.v - 3cos-r

82. Correct turning
points and end points
labcllcd. minus onc
for any missing two
points.

,\ l

Ol : Use period lormuta

(b) (r) Skctch. on tllc samc diagrarn. thc curvcs Jr-sin2.r+3 antl l:-Jcos-1 661

0<.v<2n radians t4l
Bl: Corrcct shapc for
.l =sin2,v+3'. ir..r I- r.t I .l

I

r - sin 2-r r J

{().I }

()

T

\'

i

:

I

I

i

I

1'- -i cos.r

(".-3)

404c)/t/GF.l23
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II

(ii) Find the number of solutions to the equation sin2r+3-3cos-r=0 for
0Sx<2zr radians. tll

sin2x+3-3cos.r = 0

sin2x+3 =3cos-r
Number of solulions corresponds to the number of
intersections between the curyes y = sin 2.r + 3 and

.1, = 3 cos;r

From the graphs in pan (i), there are three intersections. Bl: Three solutions

Hence, there will be three solutions to the given equarion

4049/1/GEt23 ITurn Overl
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9

l2

A container olliquid was heated to a temperature ol 90"C. It was then lelt to cool in a
chiller such that its temperature. 7 

nC, / minutes alier the heat was retmoved, is given by
'l - Ac 't' , where ,4 and q are constants.

Measured values of / and 7 are given in the lbllowing table

/ (minutes) ) .1 (> I
1"C 66 674 .lc) 393 16 591 27.t07

(a) Iixplain why ,4 =90.
Whent=0,7 =90:
9O = Ae"

..- A =qa

III

BI

1 lirre to illustrate the inlormation Irl
BI

BI: Straight linc drawn
passing through the In7
axis (not erceeding)

Bl: Corrcct axcs lat>cllcd
and scale

(b) Plol In 7' nst t and draw a strai

lnf

ln f = [n9 -qt

(c) Use the graph to estimate the value ol'17

l

Irt

2 4 6 8

4.20 3.90 1.60 3.i0ln ?'

\

4049ltlcr.l2]
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13

T =9ue--q'

ln7=[n90e-{
lnI = ln 90+ ln e-4'

ln7 = ln90-gl
-q is the gradient ofthe straight line

.'. -g = -o'150

4 = 0.150

Ml: Take ln both sides

Ml: Find gradient of
srraight line
AI

(d) Use your graph to estimat€ the temperature of the liquid 5 rninutes after it was left
tocool. I2l

From the graph, Ml: Locde I = 5 to find
wheDr=S, lnl=3.75 the h? coordinate

.'.7 = e"s - 42.5

.'. Requir€d temperature = 42.5"C Al

4049nlGE/23 [Turn Overl
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l5

l0 The length, breadth and height o1' a cuboid is 3prcnr, 1z cr.n and (l P cln

respeclively The volunre oIthe cuboid i
4

)

s -cm
9

(a) Show lhat 27 t7' 2'7 p:

(tp)(p)(t d=t
27 p1 {t- p)-4
27p\ 27p2 4-o

.'.27pt -21 p: +4-0 (Shown)

t4=() I21

I2l

\t I (pXpXt-p)

AI

(b) Show lhat 3p-2 isa t'actor to 27p' 27p'?+4

lllethod 1 lll l: Long division
9p'-3p*2

3p2 27pi 27p' t 4

(zt p' ttp')
9p't4
( ep' r op)

6pt4
-{ sp+q)

0

.3p 2 is a lactor to 277rr - 27 p1 t4 AI
Nlethod 2

N"t"thrt 27(?)
/r\':l
trl21 t4=0

I lencg by Factor Theorem, 3p - 2 is a l'actor

of 27 p' -27 p'? +4.

lVl I : Apply lactor rheorem

Al Must scc " F actor 'l hcon:m"

4049/1lGF./23 lTuro Ovcrl
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(c) Hence. findp and compute the surface area ofthe cuboid. t5l
2't p' -27 p! +4 =0

(:p-z)(e2'-3p-z)=o wr (tp-z)(cp'-tp-z) (Can be shown

) - without working from long division working
p=; OR 9p'-3p-2=0 rn rhe previous part)

'n=!onp= -(-:)* (-3)'-4(ex-2)
iVIl: Factorisation or quadratic fbrmula2(e)

,=] onr=f onr=-l
JJJ

"'p>o
7:.p=-
J

Rcquircd surlacc arca

=,[t,,(i).(iXi).,,,(i)

l6

Al: With reject (No reason required)

BI
40

9

4049l1lGEl23
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ll

(

ll (a) (i) find thc first 4 lernrs, in a^sccnding powcrs of x, of thc cxpansion of
(2 - erf whcrc/<isanon zcro constant. 12]

. /r,\ /r,\ /o\ , . Ml: Corrcct2-rr)" z"+1" ltz\ {-rr)'+l:l(2)'(-k)'.1" l(2) (-/.,) - erpansion' [r/" ' ' \2)" ' (]/" '

64-lq2L\+z4ok'.r'-lo0t'x'+ Al

(ii) Given that the coel{icient ol'r' is :i0 times the coeffrcient ol'x. find the
possiblc valuc(s) ofk. lZ)

6

kr -36
k-!(t

-t6ok'_30
-192k

4=ro

Ml Rclcvant ratios (l'l')

AI

ln(iii) Hence, show that thcrc is no tcrm

1r 
_ r:s,,)12_a),

( r - r :s."){ z - *..)' (l - I 3s.r: X6 4 - te2kx + 24ok: x: + .\

= ... t 240k: x| - 8640.r: -r .. .

. +(zaof -u,+o)f +. .

whcn i r 6. coelIcienr of .r: 240 (36) - 8640 0

-'. Rcquircd mcffrcient of .rt 0

.'. Ilxpansion has no temr in -t:.

.r' in thc cxpansion of

lzl
Ml: Sclcctivc cxpansion to
gct c$lficicnt of ,rr (f -l 

)

At (With conclusion )

4049/t/Gr.l23 lTuro Overl
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18

(b) Explain why there is no odd powers ofx in the expansion of for neN
:,

Ix+-
x

t4l

G€nerer tenn = (T)ur" (i)'

=(i)t.t'" o't'

( ),r'"-"

Ml: Consider general term

Al: Powers combined
(must see simplifi cation)

Ml: Argue that powers are
even since z nnd r are
whole numbcrs (Must see)

A1: With conclusion

2n

r
Note that 2n 2r = 2(n - r) is. always wen since n atd r are

whole numbers.
Hence dre general terms in the given expansion always have

even pou,ers.
Therefore, there is no odd powers of*,

4049/tlcEtz3
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t9

l2 A particle travel s in a straight line so that, at tirne 1seconds after leaving a fixed point O.

its displacement iiom Oissmetresand itsvelocityis urrs , where v=3c'-60c ".

Find

(a) the initial velocity ofthe particle,
Fort=0,
v= 3e" -60e" = -57 ms I

.'. Initial velocity = -57 ms '

(b)
Forv-0,
0= 3c'-60c "

3c' = 60c "
cu =20
ln c1' = ln 20

4t =l|n70

,=lrn20=o.z+q,
4

(c) the acceleration ofthe particle when I = ln8,
v=Je - oue

,r=4=1"'-60{-3)e "
dt

a=3e'+180er'
When/=In8,

a = Sett + l80e r'"s 
= 24 4 ms r

ril

Ml Solve
equalions

exponential

trl

t-rlthe value ofl when the particle is instanlaneouslv at rest.

ll{l; v=0

At: ,lccept lln20

nnf: a=t
dr

17)

4049l1lGEl23
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(e) the totd distance travelled in the first 5 seconds.

Total distance travelled in the fiiBt 5 seconds

. ( !n, -fr,:o \
- 2(-t)l ie]"' +2oe i'''- -23 i+3ej +20e r'-23

\)

(d) an expr€ssion fors in terms of/,
v=3e'-60e-3'

"=lG"'-ooe'')ar
60

=3e --e- *C
(-3)

= 1e' + 2Ae-3' + c
Whenl=0, s=0:
o=3eb + 20eo +c
^- 1't

.'.s = 3e' + 2oe-1' -23

= 451 rn

t4l
Ml: Integrate v to get .t

AI

M1: Substitute initial
conditions

AI

t3l

Ml: Substitute , = 16 26
4

(FT lrom (b)) or t=5 into
part (d) (FI from (d))
Ml: x2
AI

20

4049ltlGEl23 THE EN'D
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I. ,,{LGEBRA

Qrrdrultc l'tytuliott
For the equation 4-rl + D( + c =0

h+ !t" - \ut,

R i t r om i u I e xpon.si t ttt

ldet ities

1:rtorx14a 127 AABC

7u

2. TRIGONOI\IETRY

sin ' rl + cos: -rl - I

scc' I - l + tan' ,l

(a)scc2y' = l+cot: .{

sin(.,/ t B) = sin ..1cos B = cos ,{ sin B

cos(,{ t B) = so5 .4 cos I + sin .{ sin B

(u t b')n = o''(".),i'-'t"("-\""-tn.' "'( ")u'-' t" 1 "' h" .[r/ \:.] t,.l

whererisaposiriveinteger."na f"l= -: -- 
n(n ll"'(!r' r +l)

\rJ yt(n -r\l rt-

siu 2.4 = 2 sit ..1cos ;l

cos2l 2cost.{-l l-2sinty' cos'l-sin','1

, rlrrr .4 L tan /J
rarr{.4 1R}=

I + tari ,l tan /i

)Ian.4
tan l,l = ---;-I tan' /

sin .,1 sin R sin ('

b- +c'-1hccosA

srn JhtI I
2

404c)l2lGF.l23
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t At thc beginning of a virus outbrcak. thc numbcr of ciuscs ofinlcctcd pcoplc incrca-scd
wilh timc Allcr I days, thc number of rccordcd cascs was N. [t was obscrvcd that ff can

be modelled by the equation N = 1200c'' .

(a) Writc down thc initial nunrbcr of casos rccordcd trl

Solrrtion Marks

t 20t) BI

The number of cases recorded after 6 davs rose to 4800

(b) Estimalc thc numbcr of ca-scs rccortlcd afltcr I 0 days t4l

A pandcrnic is dcclarcd ifthc nurnber rcactrcs 20 000 cascs

(c) Assunring the trend continues. estimate alier how many days will it take lor a
pandemic to be declared. lTl

Solution I\,1ark s

20000 I20Oe" 
r"'rq

r = 12.,766

= l3 days

M I substitutc valucs corrcctly

Al - Do not acc€pt 12 days

Solution l\4 alk r
41100 = 1200</"

(,n,. = !!9q
lz{xt

.. 480()6{-- tn_
t20t)

k - 0.2f t049

N - | 200t, '{o 
n'H''

N - t7095.2

= 12100

M I - substitute values correctly

N1 I - value oll accept rounded

otl'values.

MI

AI

404e/2tGEt23 l'l urn Overl
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4

2 The expression x1 + px2 +qx+ris divisible by both r and x-2 and itleavesa
remainder of8 when divided by x+2.

(e) Find the values of p,qand/.

(b) Henoe, find theierRainder when it is divided by x2+2x-3

t4I

tzl

Solution Marks

.r(0):0
r =0

f (z)=0
8+4p+fu =9......111

"f(-2)=8
-8+4p -2q --8
-16+4p -Zq =q......121

lBll

[Ml] - Forming correct equations

(either one)

tAll
lAlI

Solution Marks

Long division
x-l

x2 +2x-3 .t' +l -ox
-{r' +2xz *3x)

21-.x - Jr
-{-x2 -2x+3)
-x-3

Remainder = -r-3

[Ml - Long division]

A1 - Writing out remainder

4049tzlGElzl

(l) + (2)

8P=g

P=l
q=4
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5

Altcrnrtive Method

;s2 a !1 - I = (.;6 + 3[.r -1)
I + I - 6x = Q(x)(x'? + 2x- 3) +R

x3 + x1 - 6x = Q(x)(x1 + 2x -3) + (ax + b)

When r = I,

l+1-6=o+b
a=4-b......(l)

Wten.r = -3,

-27 +9 - 6(-t) = -3a + b

0 = -3a + b......(2)

Sub (l) into (2),

0 = -3(-4 -D) +D

A--12+3b+b
b =-3
-_ t

Remainder = -r-3

[M1] - Forning of equations

lAll

4049UcEt23 [Turn Overl
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6

3 (e) Show that 2cos0 +cot9 -l =2cx0 col9 canbew nenas

(2cosd- l)(sin9-cosd) = 6

Hence, solve ihe equdion 2cos2x +cot2x-l = 2cos2rcot2r for
0"<r<180o.

t31

(b)

t4l

Solution Marks

2 cos9 + cot 0 - | = 2 cos 0 at 0
2cos0 + cot9 -l-2cos0cotO =0
2cos0 l+cnt? (1 2cosd) =O

(2 cosd - l)- cot 0(2cos0 -t) = o

(2 cosd - l)(t - cot d) = 0

(z*rB-t)(t-*td)=o' '\ sio9 )
(2cosA-lxsinA- cosd) = 6

AlternativeV

2"*e +60 -2"*dr*d -l =o
sin d sind

2sin dcos0 + coo e - zccsx e -sifie =o
2cosd(sind -coed)- (sin0 -cosd) = O

(sin d - cos 9[2 cos, - D =O

Ml factorisation

Ml - corversion of cot d

AI

Ml.- corversion of cot

M1 - simplification
A1 - factorise by grouping

Solution Marks

cDt2r +2cos2x -l = 2cos2x cal2x

(2cos2r- 1)(sin 2x ca2x) =0

*Zr=!) or sin 2x = cos 2x .

tan2x = I

Brsrc Z = 45"

2r = 45o ,225o

x=22.s",172.5"

BaicZ=6O'

2.r = 60",300"

r = 3o",l5oo

x =30" ,22.5" ,ll2.5o,l5oo

Ml - With 2r

M1, Ml - Correct Equations

AI

4049tzlGEl23
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7

.l 'lhcdiagrambelowshowsamouldnradcofacylindcrandarightcircularconc'lhc

diameter ollhe cylinder is I2x crn and its height is /r cm. The vertical height ol'the cone
is 8x cm

Lr

h

(a) Find an cxprcssion, in tcrnrs ofx, f'or thc slant hcight / ofthc cone trl

Solution Marks

t0r B]

(b) Given that the cnlirc rnoultl is covcred with a plastic shcct whosc arca is 240n
cm2, cxprcss /r in tcrms of.r l2l

Solution Mar ks

ml t 2ttrh t rr' =24Otr

z(6.r)(10r) t 2r(6x)h \ E(6x): = 244v

60x' + l2.rr + i6.r' 240

12xh=240 96x:

h
240 -96x'

l2x
20 8x'

.r

MI

AI

I

404e/2lGE/23 l-l urn Overl
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S

(c) Show that the volume, l'cnrJ, of the mould is given by V =72llnr V)Zr rt . []l

Solution I\1ar ks

Volume

I ,,
3

+ trz h

l . . l0 tirr
r(6Y) (9tl+ E(6 r) (-)

3 Y

= 96r.r: +720t.r -288rx'
= 7 20t.r - I 92r.rt (shown )

l\42 - Cone, cvlinder

AI

(d) Hence l'ind the value ofr lor *'hich the volume has a stationary value and

determine whether this value for the volume is a marimutn or minimum. t4l

Solution Marks

Volume

l' = 72Orr -li2trx'
4L 72917 -576vv'
dh

dL,
0

dh

72otr 576trx1 =A
. 720r,

576r
x= l. I 1803, -l.l lttO3(rej)

x =l.17

d'I= -trszr*
dh'
d:l'

- <o slnce x rs po$tlve.

Hence, maximum volume.

AI

MI

AI

4049t2lGEl2i
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9

5 (a) Wilhout using a calculator. shorv that cos l5o =
f*G

4
l.r I

(b) I lence, state the value ol cos( 15")

(c) [-tsing your answer flom part (i). find the cxact valuc of scc(l5o)

Solution l\.{ ark s

scol5"
I

totJz 
, Jel

4 <Jz .*lol'aEl6( 2
r.

+ vo)
qJz - sJ6

26
qJl qJa

4

J6-J,

[M]l Ralionalising

IM i] t.ithcr dcnominator or
nu mcrator

lAl I

Solution \,{ ark s

Ji tJocos(-l)') = 
4 lB rl

lrl

tjl

Solution Malks
cosl5" - cos(60" 45")

- cos60cos45 r sin 60sin 4-5

I J' J1 .J'_ _(-}+-.--(-)
2 2' 2'2'
Ji*Jo ..- 

- 

(snown)

N4 I use ol correct lorrnulae with
appropriate values

l\.1 I either term

AI

404ql2tGEt23 l'l'urn Overl
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l0

6 t4l

Solution Marks

6, =19-6-*
3

.xl0 I-36'
Let u =6'

l0 I
U =---3u
3r{ - 10r/ +3 = 0

(3a - 1)(a -3) = 0

Iu=-
3

or u=3

6' I 6'=3

x=

.l
ld-

r ={.613
lg6

lolx-'o- = 0.613
Ig6

tM I l

tM ll

tM ll

IA1I

(b) sketch the $aph of [nx, showing any points of intersection with the axes. lzl

Solution Marks

v

.r
I

[Gl - Shape]

[Gl - Intersecti on]

(e) Solve u- =t-u

4049l2lGE/23
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II

(c) 'l'osolvc c r'-.r-i,astraightlinccanbctlrawnonthcsamcixcsa-sthcgraph

in panl (b).

(i) Dctorminc thc cquation ofthc straigbt linc to bc drawn lZ)

Solution Mar ks
l1

ln c' "' = lnr'
I 2.r =3ln.r
I 2.r

-=ln-r
-t

l-2.r
'3

lMtl

[A 1]

(ii) l'lence. state lhe number ol soLrtions lor c' t ' = .r' . lrl

Solution Marks
Ntrmbcr ol'solutions = i lB ll

404e/2tGE/23 l'l'urn Overl
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7 'f 'hc diagram bclow shows a rcctangutar labl c, ,4R(l l) placcd at thc corncr of a

classnrom lt is givon that thc tablc has lcngrh,,lR 2 mand widthlll 16,
It is also givcn that ,//l>B - /j)Q( ' - 

(.X)" and 1 P /1 ll 0"

vl rr

l)

tloor

(a) Show that the lenglh ol'l'(r, /. can be expr'e.ser! as t. - lsin g +rEcosl t2t

B

o
-r

v

Solution Marks

PU -Ro
- 

_ ct n 1/. --=: _ cos {/zrh
l.= l,B - BQ -- 2sin d * V3 cosd

MI

AI

(b) Ilxpress /- in the lbmt Rsin(d+rz) r,uhere 0n < cr < 90" and /l > 0

Soluti<in Marks

R=,12.A

a=tanr
t;

2

r =.,/7sin (a+ +o.rt")

MI

MI

AI

(c) Find the valueof d lorL 2I m

(d) Find the maxinrunr value of/. and the corresponding value ol 1l .

Solution Marks

,naxl_.,Frn
corr valuc of 0 -- 49.1"

BI
BI

lll

12l

lzl

rIt

Solution Marks

sin (d r +rl tla") = o.ti69l l8

h.u. = 60 31954

0 le.s"(ldp)

MI
AI

404c)l2lGF.l2)
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13

E A curve has the equation y = (3 -.r)'J2x + 5

(a) Show that ! = **u 
,where a and D are constants to be determined. t3]dx .l2x + 5

Solution Marks
n.. I I I

Y=p- x1x)tZx+5\ t x)a1)ya5)t x(-l)
dx2

3-r-(2r+5)
.lrr+s

-3x-2
J2x +5

Ml product rule

Ml combine into
a single fraction

A1

(b) A point (r, y) moves along the curve. Find the value of x when they-coordinate is
increasing at the sarne rate as the r-coordinate. t3]

Solution Marks

dy

dx

4r-2=Jzr+5
9x2 +12x + 4 =2x +5

9;'?+l0x-l=0

-10r o'z -4(9X-t)
2(e)

=O.@23 (rcj) or -l ,20 (3 s.f,)

x cannot be 0.0923 as -3x-2 > 0

MI

Ml square both

iides '

AI
BI

(c) Using your answer in (a), eu"lrat" f'
3x

J2x +5

Solution Marks

[,ffi"=]e-,oJffi)',+!-
)

Tz**s
dr

2

=(3-s)+
2J2x+5

^l2X-)

M1

Ml correct

integral

Ml substituti on

AI

dI t4l

4049/2/GW23 [Turn Overl
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l1

9 'l'ho map bolow shows part of thc lndian Occan.
Gcolo.qical stations P( I , I ), 0( | . 9) and i?( 12. 8) dctccrcd an carthquakc and a gcologist
is aftcmpting lo l(rcato thc cpiccntrc, ('ofthc oarthquakc

)

0(l.e)
a^

,.-1i(12.8)

I',(t, I

a I unit rcpresonts 100 km

lnstrumcnts at l) anrJ Q dclcctcd thc carthquake at e\actlv the sante tirnc, indicating that
thc opiccntrc, (' is cquidistant f'r'om /) and (). lnstruntcnt at 1t detccted it in thc dircction
indicated by the line /, which ntakes an angle of' 45' rviih the positive.r-axis

(a) Show that the lino /can bc reprcscntcd by thc etluation -t, - r 4 12)

Solution Marks

Gradicnt ol'/ = I

.v-8-r-12

.v=.r-4(shown)

Ml correct

gradient

Al with
substitution

(b) Find the coordinates of(' 12l

Solution Marks

.. l+9!, coordtnatc = 
-=5

'2
5-r-4
.r = 9, (.' = (9,5)

MI
MI

AI

(c) lt is givcn that thc carthquakc dctccted can bc fclt at placcs as far as 450 km from

thc cpiccntrc
lind thc cquation ofthc circlc that rcprcscnts thc placcs affcctctl l2l

Solution Marks

166115 =fl=4 5 rn;15
100

(.r-o)'+(y-s)'?

MI

Al

t,'

404912/Gil23
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1-s

(d) Honcc. or othorwisc" dctc: minc ifgcological slation 1l is insidc thc circlc lZ)

Solution Marks

MI

AI

(e) Lxplain why it is not possiblc to drarv such a circlc that passes through all thrcc
gcological stations l', Q aud /l
Support your answcr with mathcrnatical calculations. t3]

Solution Marks
R_t 7

Gradicnl ol'/? - " '-
t2 1il
ql..lr

- t2 I il
Sincc grarlicnt of.l'li x gnrdicnt .il- RQ / -1.lQRl' / 90"

/'Q is a vertical line and neithcr P/l nol Qll arc horizontal.
I)Q1l is not a rigbt-anglcd trianglc. by right anglc in a

se,nicircle, P, Q and /i do not lic on thc. same circle.

M I fintl gradicnts

(or using

fithagoras'
'lhcorcm)

M I conclusion

A I with circlc
property stated

4049l2lGEl23 l'l'urn Overl

()l={l2 e}' ,(8 si
=474<4\
,l? lics insidc thc circlc
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l6

l0 't'hc diagram bclow shows partofthccunc, (2x t)(i r2). lhccurvcha-saminimum
point al M and a maximum point at A. The cun'e intersects the -r-aris at A, l) and ('.The
line / pass through ,4 and ,{.r'.

).r

.t'

A tl

J\4

(a) Find the coordinates ol'1. /J and ('

Solution Marks

(2.r-l)(3-"rr) 0

,r=(-.,6,0) u=rf,.ot ('= (\6.0)

MI
A I thrcc corrcct coordinalcs

(acccpt 3 sl)

A I correct rel'erence to the

diagrart
-l il'not in coordinate lbrm

(b) Find the coordinates ollt./. (You are not required to prove that it is the rninirnum

point.) tl I

Solurion Marks

v 2rt tr: t6r-3
d1

-6.r + 2-r+ 6
d"r

6x: t2xt6=0
2+ 4 4( 6XO

,r
l2

= 0.847 or I .l 8

coordinatcs ofM (-0.847"6.I5)

MI
derivative

correct

Ml '0

AI

404912/GF.l2]
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tl

(c) Hcnce. find tho aroa ofthc shadcd rcgion t6l

Solution Marks

Arca ol'thc shadcd rcgion

- 1x 6.1493x 0.88505

-i,,*,(ar' +r' +6x- 3) dr

I
.f

( 2.r' r .r' r 6.t 3) drl

=2.72122 |

-2.12122-(

1..',]..'r3.r:-3.r
23

-]
I---t
2

I+-
J

I r'r3.r'- 3.t

f) - o.rttto
9(r ).(

1.03s89 +a
96

- 9.47 unirs'(3s.f. )

Ml,Ml,Mt cach

part

M I correcl
integral

Ml conecl
substitution

AI

404et2lGEl23 l'l'urn Overl
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