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BP - 60r

Quadratic Equation
For the equation al + Sv + s = Q,

Binomial expansion

Mathematical Formulae

1. ALGEBRA

x
2a

(a + b)" - a" + (\)a"-|b + (i)a"-2b2 + . . + (i)a"-'br +'.. + bn,

where n is a positive integer and (:) = ,-*--A- - 
n(n-7) :{n-r+7)

Identities

Formulae for LABC

2. TRIGONOMETRY

stn2 A+ cos2 l=l
sec2A:l+an2A
cosec2A=l+cot2A

sin (l+ B ) = sinl cos B + cosl sin B

cos (l +B ) = cosl cos B T sinl sinB

t^r(,q,x s\= tuArtuB
l+tan A tan B

sin2A= 2 sinl cos I
cos 2l : cos 2 A - stn2 A = 2 cosz A - 1 = | - 2 smz A

tan2A:2tan4
l-hn2 A

ab c

sinl sinB sin C

a2=b2+C-2bccosA
Area of A =]aA sinC

- b+,[b'4a;



1 (l) Find the range ofvalues of fr for which /c'z-4.x+5 is positive for all real values ofx. l2l

(ii) Explain why
x2 -2x+1 > 0 for all real values ofx for the range of values of ft

kx2 -4x+5
found in part (i). tll

BP - 602

t3l

t1l

2 (al Solve the equatio o JZrl = q- $, *h".e , , 2 .

(b) Explain why there is no solution to the equation Jl, - Z = q + Jk .



3 (il Prove that tottt'1- 2 
= ,o.2,

cosec' jr

BP - 603

t4l



3 (ii) Hence, find the value offt such that t
L
2

I
1
8

cmec' x * 2
---------------

cGec" .r
dx= -2J,

BP - 604

t3l



4 Express

are constants.

6x3 -x2 -l8x -l
k'-5x1 in the form Ax+B* C + D 

wherel. B. C and D
3.r + 1 x -Z

BP - 605

t6l



5 The equation of a curve is y = l,;t -l2x' +l8x -7 .

(r) Find the set ofvalues ofx for which y is increasing

(ii) Find the coordinates of the points on the curve where the tangent to the cuwe is parallel

to the line y -78x =5.

BP - 606

t3l

t4l



6 In a wave pool, the height of a wavey meters, can be modelledbY y =2.3- cr:s2x , where.r

represents the horizontal distance of the wave in metres.

O Sketch the graph of y=2.3-cos2x for 0<x<r.

v

1l x

(ii) Solve 2-3-cos2x=1.5 for 0<xltr

(iii) A surfer can catch and ride on a wave when it is at least 1.5 m in height.

Find the horizontal distance that the surfer can ride on the wave before it breaks.

BP - 607

t3l

l2l

121

0

I



7 In an experiment, a liquid is being poured onto a flat surface, forming a circular patch.

This circular patch is expanding at a constant rate of 7n cm2/s.

(i) Find the radius ofthe circular patch 28 seconds after the liquid is being poured.

(ii) Find the rate of change ofthe radius at this instant,

(iii) Explain whether the rate of change of the radius will increase or decrease as the

experiment continues.

BP - 608

12)

t3l

t2l



8 (a) (D Differentiate tan( x-3) with respect to x.

(ii) Explain why the curve y=tan(4x-3) has no stationary points

wherelamdBare

BP-609

t1l

tzl

I4l

(b) Given that y = , express fl in,l" ro.rn
2JG+tf

x-2
Tr*t

A-x + B

lntegers.
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t4ldx[ (st*x * ,".']r)8 (c) Evaluate



9

BP-611

lzl

s
F

R

o

D

The diagram shows a circle passing through the points P , Q, R ail S -

DPE is atangerito the circle at point P and angle BRC : angle BRQ

I and C are the midpoints ofPR and SR respectively.

(i) Prove that angle SPE - ar,ele BRQ.



9 (ii) Prove that triangle BRC is similar to triangle QRB-

BP-612

t4l

t3l(iiD Show that nn x nO =! PS x On.-2



10 (a) Write down the principal value of sin I r_.6)
\ z) in radians.

(b)

Hence, without using a calculator, find the exact vuLr" of 
"or[ri, '|,-f llL l. 2))

BP-613

12)

t3l

x
90 r80 270

r = 6sin(-r* 60')- I

The diagram above shows fhe curve with equation y = 6 sin (x - 60')- I for

0" < x < 360' and D is a constant. The curve cuts the y-axis at (0, -+) and passes

through the points (c, O)and (d, 0) where c and dare angles measured in degrees.

(D ShowthatD= 216.

3600



10 O) Gi) Find the value of c and of d

11 A square has an ar 
"u 

(n - +Ji) cm2. The length of each side ofthe square can be expressed

in the form (a+6",6)cm, where a and 6 are integers. Show that 3b4 -17b2+4=O

BP-614

t4l

t4l



12 The equation ofa cuwe is y =va a ax2 + bx,where a and, are constants.

(, Given that (-1, 5) is a stationary point of the curve, find the value of a and of b.

(ii) Determine the nature of the stationary point at (- 1, 5)

BP-615

tsl

t3l



BP-616

BLANK PAGE



t3

BP-617

lzl

v
.rr-1

)' = 2x2 -1l/+12

D

x

The diagram shows part of a curv e y = 2x2 -llx + 12 meeting the x-axis at points I and B.

The diagram also shows the lines x = I and ! =7 -2x .

(i) Find the -r-coordinates ofl and.B.

0



13 (ii) Hence, find the area ofthe shaded region.

BP-618

--- End ofPaper -:

t6l
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Quadratic Equation
For the equation al + bx + c = 0,

Mathematical Formulae

I. ALGEBRA

-b): b2 - 4ac
x

2a

Binomial expawion

(a+b)'=a'a

Identities

Formulae for LABC

( n\.*, 
u n('\,,-, b, + ... +

[1] \2)

(n\

[,,J

a2 = b2 +d -2bc cos A

Area of A --! absinC
2

t:)
a'-'b' +...+b' ,

n(n-l)...(n-r +1)

rlwhere n is a positive integer and
nl

y r.(n - r)l

2. TRIGONOMETRY

sirf A + cosz A: I
seczA:l+tafi2A

cosec2l =l+cotzA

sin (l 1 B ) = s11l cos B + cosl sinB

cos(l tB)=cosl cosB + sinlsinB

. tan A+ tan B
tzlt( A+ Bl = 

-

1+ tan A tdn B

sin2A: 2 srn A cos A

cos 2A = cos2 A - sinz A = 2 cos2 A - | = | - 2 sir.z A

. 2t^n Atza2A=-*-'- 
l-l€lnz A

abc
sin,4 sin,B sin C



8P.62?

I Solve the equation logoy-log,r(y- 2) =llogoZ tsl



BP - 623

7 (a) Find the range of values of & for which the line 2x - y = 5 intersects the curve

:',1 = kx - Z at two distinct points . l4l

(b) Find the smallest integer value of ft for which th e graph y = 2x2 *4x + ft lies entirely

above the line y=l for all values of.r t3l



BP - 624

d3 (D Showthat (x2tnx) = v a21skt*
dx

t2)

(ii) Hence, find the value of J'.rlnx dx, giving your answer in the form aln3+6,

where a and D are constants. t5]



BP - 625

4 A particle moves in a straight line such that I seconds after passing a fixed point O, its

velocity, v m/s, is given by v = 2e0t' -loe43' . The particle comes to an instantaneous rest at
point l.

(i) Show that the particle reaches I *1,", , = | n S
2

(ii) Find the acceleration ofthe particle at l. 12)

t2)



BP- 626

(iir) Find the distance Ol. 14)

(iv) Explain whether the particle is again at O at some instant during the eleventh second

after first passing through O t2)



BP-627

s (i)
I b\1

In the binomial expansion of I y-r-a | , wherekis a posilive constant, the
\ -r,i

coefficient of x is 20 times the coefficient of ,5 . Show that /r:2. tsl



BP - 628

(ii) By considering the general term in the binomial expansion of

there are no even powers ofx in this expansion.

kx+-
xI , explainwhy

tll

12)

(iii) Usrng the value of fr in part (i), find the coefficient of .r7 in the expansion of

(t+:x' )[
kx+-
x



BP - 629

6 The equation of a poly,nomial is given by (x) = ax' + x' -73x + b . f(x) is divisible by x-2
and leaves a remainder of 18 when dividedby x+ l.

(i) Find the value ofa and ofD 14)



BP - 630

(iii) Hence, solve the equation axu + xn -lJx' + b = O

t4t

t2l

(ii) Solve the equation f(.x):0.



BP - 631

7
C

8cm

12cm

B

D

The diagram shows a quadrilateral ABCD where angle DAB = angle BCD = 90" ,

angle CDA = 0 , BC = 8 cm and CD = 12 cm.

(i) Show that P cm, the perimeter of the quadrilateral, is given by
P = 4cos0 +20sin9 +20 .

A

t3l



BP- 632

(ii) ExpressPintheform Rcos(?-a)+20,where R>0 and 01a<90". t3l

(iii) State the maximum value of P and the corresponding value of d.

(iv) Find the value of 0 when P:35 .

l2l

12)



BP - 633

8 A cuwe f(x) is suchthat f"(x)=l21az --+ and the point P(2, 16) lies on the curve. The
(x - L)'

gradient ofthe curve at P is 34.

(i) Find the equation ofthe curve

(ii) Hence explain why the cuwe is only defined for x > 1

tsl

t1l
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I The table shows, to 1 decimal place, the population, P, in thousands, of a village

, years after 2010.

, years after 2010 I 2 3 4 5

P (in thousands) 10.6 20.0 37.6 70.8 125 9

It is known that P and, t are related by the equation P = ka', where k and a are constants

(r) On the grid below plot lg P against / and draw a straight line graph. l2l

leP

2.2

1.8

2.0

1.6

1.4

1.2

1.0

0.8

1

0.6

0 2 J 4 5t

! r!

t
.

,,;,,'!, :

- i-a-:-:-- :-'j--r-I-T

ill,

!t.



BP - 636

(ii) Use yow graph to estimate the value of /r and of a. i4l

(iii) Use your graph to estimate the population of the village two and a half years after

2010. Leave yow answer correct to the nearest thousands. t2)



BP - 637

10 (i) Find the equation of the line passing through Q, -2) nd perpendicular to the line

4y +3x =l . l2l

The line x=11 is a tangent to the circle Candthe equation of the tangent to Cat (3, -2) is

4y +3x =l .

(ii) Given the x-coordinate ofthe centre ofC is t, where k is positive, state the y-coordinate

of the centre of C in terms of &.

Hence form an equation intand show that it reducesto k2 +3k-54=0. L4]



BP- 638

(iii) Find the equation of C

(iv) Explain whether the point (4, - 3) lies within C.

t3l

t2l



BP-639

1t The diagram shows a horizontal stretsh of abeach AB. Lighthouse I is I krn away from I and

angle LAQ = 90", B is 3 lon away from A and LQ : x kn. David rows a boat from Z to Q at

a speed of 3 km/h. He then walks from p to B at 5 hr/h.

;r kn
lkm

a

(l) Express QB in terms of x, tll

(ii) Show that the total time, I hours, taken by David to travel from Z to B is given by

^ T1 ._ 5 J V.r -l
53 5

L

BA

t2l



BP-640

(iii) Given thatx can vary, find the value of x for which the time taken is the least.

tsl

END OF PAPER
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BLANKPAGE
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Marking Scheme

Solution

kr'-4x+5>0
+ ltz - 4at: <0

t6- 4(k)(s) .0
4

= ft >-
5

x' -2x+1 :(.r-l)' >0 and kr' -4.r+5>0,

n2 
-') 

u t1
:' ; '''n ' '- 2 0 lbr alt reul volues of .r.
kr'-4-r+5

3.r -2: 16 - 8l,8 + 3.r

-t8 l-
v J.r

I
-8

.E
4

^81J.f,: 
-l6

27
J=- Of

l6
I

t1

l6

=) 'l'here 
i,s no solulion.

)
Jitr all,x > l

J

Qn No.

t (i)

l (ii)

z(al

2(b)

https://freetestpaper.com/
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)

LHS:l 
+cotrr-2
I + cot' ,x

cot2 .r - I

cotr .r + I

I

?

cos-.r +l.,}
sln-.r

cos- .r - sln- .r
=- a.,

cos- -r + stn- x

)1
= cos- .r - sln- .r

= coS 2.r = RllS

E

:
kl coslx dr= -

J
,t
li

2J'

f ['', r.']; -zJ2

:l
7t

stn /r - sln -4 = -z.l-z

--=-2J'
z.,fz

k=8

t,
^

3(i)

3(ii)

JTurn over

:\r:r,'r 
Isrn .r /



4

s(i)

BP - 646

3

8.1; long division.

(ur' -x' -1 8-r- r)=(rr' - sx -z)
=2x+3 R(-r+5)

6x3 - x' -18x -l
^)-Jx- - Jx- /.

x+5

F)I;T

3x+l

2x+3 +

N?tl,

.r+5

-=

(:x+t)(,r-z)

x+5 (: l)
(l.r+t)(x-z) 3.r+l x-2

(: x-2 +l)
(:x+t)(x-z)

Whenr= -1,
J

l_+)_3 _

-l -z
3

t4

--L

2

3x*l

(

rl
Whan x:2.

4Z:6rr-24x+rg
d-x

l;0r increasing t,,

= ,r'-4x+3>o
(x-l)(x-r)r0
;r<l 0r x>3

1r(
JS =!:1

6+l

lLro
dx

6-13-x'-l8x-l
- 

.)- r ?

3-r'-5-r-2
+

x-2

JTurn over



s(ii)

6(a)

6(b)

6(c)

BP-647

4

Graclient oJ' the line:l&

When$ : ,8.
d.r

6.rr - 24x =0
6.r(x -4):0

,r:0 or .r = 4

Coordinates are (0.-7) ond (4.1)

I'or!=-7

(rr. !:i)

Gl for correct shape

Gl for correct turning point

Gl for showing one cycle

cos 2-x = 0.8

(ha.uic / =0.6435)
2x =0.6435, 5.6397

x = 0.32175- 2.81985

= 0.322, 2.82

HorlizonIal di:;tance

= 2.8 I 985 - 0,32175

= 2.50 tn

i:.: ,'.:i!
*
+

j.

(:r. i.; )

JTurn over
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3

A,fier 28sec, .*- 
:_ rr;;::r,

l96r
radius = :14 c'nt

lt

.fdA
A=tTt'- =llTt'

dr
Bl,Cltain Rulet.

dA dA dr

-=-x-dt tlr dt

7r:Zr(la)*41\rdt

dr Jr I
:-=-"ndaI"dt zr(t+) 4" "' -

dr 71 7

4

dt 2rr Zr

Soas t)*" rt. nna !!I
dt

Ra.te o/' chcmge ot' r v,ill decrease.

filru,r(+* -3)] = 4sec2 (a.x-3)

(cos'

dy

dx - 3)'4x

sinc'e cosz(+.r-s) > o, *ro jbr utl rcal x.'dx

Henc'e, y ha,v no .\lolionary point.s o., $ * O.
dx

7(i)

7(ii)

7(iii)

8(a)(i)

8(a)(ii)

JTurn over



8(b)

8(c)

e(i)

BP- 649

6

.,,f,.1 x-2
dy 2"lx +l
d.x .r*1

2{G+ r)'

I
5sin2x + sec'lx

aJE

2 .r+l -(* -z)
x+l)'

x+4

dx

-]rosz, + ,,-;]"

=[-;.", ztr+*-f) - [
5r-7r

--cos-+Jtan-22t2

5 3\6 o 8038s
2

= I 89230

r 1.89

I.et LSPL = lRl?(' = ct (alternate segment theot'em)

arul /-RRC = IRRQ = a (given)

ZSI'ti = ZRIIQ = a (ltraven)

ITurn over

I



e(ii)

e(iii)

l0(a)

BP - 650

1

B.v* Midpoint Theorem. BC I I PS.

Let ZRBC = IRPS = b (corr. l.s, BC / I PS)

and Z.RQB = IRPS = b (4s itt sanrc segnrcnt)

IRBC = LRQB:b (./ro,,,abot,e)

A

A

Usittg similar Ls,

BR BC

QR QB

BRxQB = BC xQR

,r=sin:

cos

IBRC=ZQRB=u (given)

A tRC.B = ZRBQ (/ sum rn L)

I lence, LBRC and LQRB ure sintilar (AAA).

By Mi.dpoirtt Theorem, BC PS
2

BRx BQ= lrS*2o (.shown)2*

(r
t-;
\J

t +) =-t (lninciput wrhrc)

)rt=-)z

JTurn over



r0(bxi)

10(bxii)

1r

BP - 651

8

At (0,-4)" -4 = Dsin(0" -60")-l

-3=h
r6)l-;l

6
t;

VJ_E
!J

0=2.6sin(x-60")-l

sin(x-60")= #
(hu;ic 1=16.7787o)

h- -E
VJ

=lJj (show'n)

1+3h'=17

4+3ha =l7b?

X

When ;: - g,

r- 60" =16.7787, 163.2213"

x = 76.8", 22i.2"

(l.ength): = l7 -4n[

("+r..6)' =t7 -4Ji
s'+2ahJi+36r = 17 -4rf3

2ab = -4 tutd a2 +3F = 17

2(l=--
h

f-2')' +3hj =tT\. D,

36r-17F+4=o (sholn)

JTurn over



l2(i)

12(ii)

l3(D

BP - 652

9

y=xu + ax: +bx

L=4xt +2ot+h
dx

At(-1,5), 5=l+a h = a-b-4 . .(t)

urtd
dt

=u
dt , _,

4 2u+b=0 = 6 2a=a ......(2)

(t)+(z): -a =a

a=-8
h -- -t2

u,t 

'u ="" *'o
tlx

='12x2 -16

whettx=-1, ff=-o.o

(-1, s) i.s o max. point

2.rr-lll+12=o
(2.:r-3)(:r-+)=o

"a.=3 ,, .r.=4,2

ITurn over

I

I



r3(ii)

BP - 653

t0

Wheny-0. 7-Zx=0 =
Wheil x --1, )' =7 -Z = 5

7
X=-

z

Shuded regiott

l5=-x-x)22 I 2x: -1lx+12 ) clx +( Iit'r' -r 1'r+r2) ./,1

J[i"-i''."']:
+

25

4

l7
z4

25

4

? r' -\x' +l2x32

+ I ,^'l

t? fl + lt: ?]
25

4

43

4
ot' 10.75 units

END OF MARKING SCHEME
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Sec 4 Express A Math Prelim Paper 2 2O23 Marking Scheme

I Solve the equation log. y - log,u(y -) =!6r",

logoy-log,r(y-2)=

. los. ( v - 2)lop_u--
logo l6

1or, r -!@.
2

Iogo yr -logo(y- 2)=lago2'
,,2

logo J= = 169o 3

)/ ='s(Y-2)
)f -By+16=0
(v-4)'=o
t=4

3

2

1
2

3

2

logo

logo

los. 2



BP - 655

2

? (a) Find the range of values of k for which the line 2x - y = 5 intersects the curve

.V; = LY -2 at two distinct points t4l

(b) Find the smallest integer value ofy'r for which the graPh y=2x' -4-r+ll lies entirely

above the line y=l for all values ofx. t3l

2x- v =5

r-=2x-5 ---(l)
x,r,=kx-2 ---(2)
Sub(l)into(2):
x(2.r -5) = kx -Z
2r: -5t-la+2=0
2.rr -(5+k).r+2=0

b1 -4ac > 0

[-(s+,t)]r -4(2)(2\>0
25+llk+k: -16>A
*r+l0k+9>0
(r + l)(t +9) > 0

k<-9,k>-l

2-t1 -4x+ h> 3

2x1 - 4x + h -3 > 0

b1 * 4ac <0

(-4)r -4(2Xr-3) < 0

16-8h +24 <0

8h> 40

h>5

Smallest integer = 6

a

b

ITurn over
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3

3 (i) Show tt ut f t,r' ln.r) = .r + 2.r ln.r 12)

(ii) Hence, find the value of ['.r,ln-r' dx , giving your answer in the fbrm n ln.] +6,' Jt

where u and h are constants. t5]

I(rt ln -r) = 2.xln.r + r:il;dx' x

=,r * 2,r ln.r

3

1
.t,'

l'

.r + 2.r ln.r dx = t .rt ln.rl

.rdx+2rlnxdx:9In3-0

[;]l
9l

ai
+ I 2.rln.r dx =9In3

Jr

Jtz.*tn:r dx =9In3+22
pj

J, 
2rln-rdx=9In3-4

riO

J, 
.r ln.r dx = 1ln3-2

I

ll

ITurn over
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4

A particle moves in a straight line such that 1 seoonds after passing a fixed point 0, its
velocity,r,m/s,isgivenbyr,=2e'-l0e0:'.Thepartictecomestoaninstantaneousrestat
point,4.

(i) Show rhat the particle reaches.4 when ,=.llns. t2)
2

(ii) Find the acceleration ofthe particle atl. l2l

(iii) Find the distance 0/. t4l

(iv) Erplain whether the particle is again at 0 at some instant during the eleventh second

after first passing through 0 l2l

Zet|tt _l}e o.i, - O

oh

e

eno'=5

0.4t =lns
5. -r=-ln5
2

d = 2c"" (o.l ) - loe"u " ( 0.3)

a = 0 ,2e" 
t' + Je ''j'

subr-1|n5.
2

a =1.1962

a = 1.20 n/s2 (3sf)

I

ll

lTurn over
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\eo'tt l orr 
t' j'

J 
----TL0.I {.3

s = ?Oen't'* 
I 00,, (I i' + c

3

Sub.r=0,r=0,

o:2oo loo*"
Ĵ

r60

3

100+-e
J

s =20e"1'
o,)/ 160

3

5
Suh r =: ln 5,

.r:-t3.-aSZ

Distance OA =13.5 m (3sl)

Sub r = 10,

s = 2.6918

Subr=ll,
s =7.9794

Since the displacement at /: 10 s and at I : I 1 s are both
positive, the at some

instant during the eleventh second.

JTurn over
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s (i)

''l(,)'-'r)
*' '(.r.t)' =.r,'

r=3

= [1)tn"tt''
= 35trx

For.r'' : .r'-'' (.r-' ;' = ..-t
.,-1
, _L

=[1),n'',u,'

=7lq,t

35ft'= 20(7k)

kt -4k=o
k(k' -4) = o

ft=0(rej), /c=-2(rej) k=2

In the binomial expansion ,f ( ** t)' , where f is a positive constant, theI x/ '

coefficient of x is 20 times the coefficient of x' . Show that k = 2 .

(ii) By considering the general term in the binomial expansion of 
[* 

* i)' , ,*O,u,n why

there are no even powers of x in this expansion. tl I

(iii) Using the value of /r in part (i), find the coefficient of .r' in the expansion of

(t + 3x')f .- *!)' plr *J

lsl

1 , =[

For.r :

(L)'
x

4,

4_,

[Turn over

i
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7

7,, i:)

tr)

l.(r)'(a)'
_l

(i'XY " )

Since 2r is an even nunrbe; and 7 is an odd number.7 -2r
is an odd number.

Hence, there are no even powers of.r in the expansion

For.r" : -r" ' (.x ')' = r'
r =0

Tu,

(r * :.t') k,r+-
.r

t;)
(r)' " (

2.,,
-)
.r-

-Y

= (r+3.r'){.*' + I4.-' +...;

= .r' + 42.r' +' .,,

= 43,r' +...

Coefficient of r': 43

l1

ll1

lTurn over
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I

6 The equation of a polynomial is given by f(x)= avr + x'-l 3x + h f(x) is divisible by x -Z
and leaves a remainder of l8 when divided by .r + L

(i) Find the value of a and of D.

(ii) Solve the equation f(r) :0.

(iii) Hence, solve the equation &tb + x4 - t 3xr + & = 0

14l

t4l

l2l

8u+4-26+lt=0
b =22-,\u ---(l)

-o+l+lJ+D=lli
b=4+u ---(2)

(l) = (2): 22-8u = 4+ u

u=?
lt =6

2.rt + _J

x-Z 2rj +.r: - I3x + 6

-(2.r't -4.r')
5.r: -l3s+6

- (5.r' -10-r)

- 3.u +6

-(-3x + 6)

0

(x-2)(2x:+5.r-3)=Q
(x -L'lQx - 1[r+ 3) = 0

I
X=2- .1. =1. X=-3

2

2.r('+-rt-l3rl+6=0

x2=2, ,'=*, xr=-3(reJ)'2

x=tJi r=*i
.r = tl .41 (3s0 r = t0.707 (3sf)

I

ll

ill

[Turrr over
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C'

I cu:

ll cnr

B

Tlie diagrarn shorvs a quadrilateral AR('1.) where angle l.)AH = angle R('l) : 90" ,

angle ('l)A : 0 . ll('= 8 cm and ('/) : 12 cm

Shorv that /'cm. the perimeter oL the quadrilateral. is given by
P:4cosd+ 2Osirr 0 +2O.

Expressl)in theform /?cos {d-o-)+20. rvhere R >0 and 0o<a <90o. t3]

t1

D,.1

(i)

(ii)

t3l

l2l

lzl

(iii) State the maximum value of /'and the corresponding value of d

(iv) Find the value of d lvhen P:35.

JTurn over
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8 ctn

ctn1

B I

L i
,.1

l:.
l)

Zll('l;=90-(90-0)
-0
AI,;SlnA=-
8

Ali =9sin0
- t;t)

cosq = 
-t7

lil) = l2cas?

AR=l2sin?-8cosd

/, = I2sin 0-8cos(l+8sin 0+lLcos9 + l2+8

l) = 4cos0 + 20sin 0 +20

1Q=
t+20'

R =JAG
R = 4J26

'20d=lAn'-
4

a = 78.690

P = 4J26cos(0 -78.690)+ 20

Marimum value of /) : 4JR +20

cos(P-78.690)=l

0 =78.69A

0 =78.7" (ldp)

JTrrrn over
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4J26 cos(0- 78.690) + 20 = 35

cos(d - 78.690) = 0.73543

q = 42.656

0 -78 690 = 42.656,

0 =121.346 (rcj)

d=36.0'(lctp)

360*42.6s6-360
36.034

IV

[Turn over
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l2

A curve l'(.r) issuchthat f '(.r) = l2.r: -j- undtt.pointl'(2, I6) lies on the curve The
(r - l)'

gradient of tl:e curve at P is 34.

(i) Find the ecluation ofthe cutve. t5l

(i0 Hence explain why the curve is only defined tbr .r > I . tll

f"(.r')=l2.r:: --J.-
(.r - l)'

= l2r: - 2(-\ - t) r

,.,r_rr_ 
l2.x'_ 2(r'- l) I 

*.3 -l
=,t.sra11ax-l

Sub -r = 2, l(-r) = 34,

zc=t(2' '+*i+"
c--0

r1r1=a.x'+;1i

r1.g= 
a{*21n1.r-t)+l

= rj + 2ln(.r- l) + r/

Sub .r: = 2, -rr = 16,

16=7' +2ln(2-l)+ d

d=0
f(.r) = vr 121n1.t-,,

ln(.r l) is defined tor x I :,0.

Hence. the curve is only defined lbr .r > I

I

lTrrrn over
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l3

The table show's, to I decirnal place, the population, /). in thousands, of a village
/ years after 20 I 0

/ years after 201 0 I 2 4 5

/) (in thousands) t0 6 20.0 37.6 708 125.9

It is known that l) and / are related by the equation P = ka' , rvhere k and il are constants

(i) On the grid below plot Ig 1) against / and draw a straight line graph. 17)

(ii) Use your graph to estimate the value of /r and of a t4l

(iii) Use your graph to estimate the population of the village two and a half years after
2010, Leave your answer correct to the nearest thousands. l2l

P

I I 2 3 4 5

lgl' t.03 r.30 158 I.8s 2.10

EP
:.1

2.0

r.8

t-6

t.4.

1.2

1.0

0:8

0.6

0 J.l 1 5r

I

I

.+-i-i-i-i-i-r-r-l

'1-i_l.-i-l'a'P1.4-.-.-r-f-i-i.-i-a

'1"!-i_i-t :_?_?-?1:#i"i-*.
::::l::::

.l-i-a-i-i"i-i-r-r

I
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t4

P=ku'

lgP =lg(*a')
lgP =lgk +tlga
lgP=(lga)r+lgk

Using (5,2.1) and (l .6.1 .2)

2.1-1.2

5-1.6
=0.26470
lga =0.26470
a =1.8395

= L84 (3sf)

Fromgraph,c=0.77

lsk --0J7
li: = 5.88tt4

=5.tt9 (3sf)

When I = 2.5,

lgP =1.44

P = 21 ,5422 thousand

= 28000 (ncarcst thousands)

1l

lll

[Turn over
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r0 (i)

41'+3x = I

3ll,'=--,r+--44
4m =-.t
J

Sub (3.-2),rr =

l5

Find the equation of the line passing through (3, - 2) and perpendicular to the line

41,+3r=1 121

The line .r = I I is a tangent to the circle ('and the equation of the tangent to ('at (3, -2) is

41'+3.r=1.

(ii) Civen ther-coordinateof the centre of ('is[, where* is positive, statethey-coordinate

of the centre of ('in terms of t.
Hence form an equation in * and show that it reduces to /cr + 3/c - 54 = 0 . t4]

(iii) Find the equation of (' t3l

(iv) Explain whether the point (4, - 3) lies within (' I2l

I
J

A

-2= -(3)+c
J

c=-6
/.

Y=-;-6
J

A

Y=-k-6

4
-3)'+( k -6- (-2))' =ll-kI

J

k1 -6k +o+1!f- 4)' = (t I -f )3'3

k: -6k+q+]!fr' -32 r+r6= r21-zzk +k\93
.!9*,*t6r-96=o
93
l6k2 +48* - 864 = 0

k: +3k -54 = 0

I

ii
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16

k: +fk --54=0
(k-6\(k+e)=0
k=6. t=-9(rej)

4
Centre =(k.-k -6)

-t

= (6"2)

Radius =ll-k
_\

(':(.r- 6): +(y-2\= =25

Distance ol (4. -3) liom centre

'(6 - 4): +(2 -(-3))r

=J-zq

Since the distance of (4, -3) from centre > radius of ('. the

ooint is outside ( I.

111

IV

ITrrrn over
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ll The diagram shows a horizontal stretch of a beach l/3 Lighthouse I is I km away frorn I and

angle l.AQ = 90o. B is 3 km away from I and /.Q : .x km. David rows a boat from /, to () at

a speed of 3 km/h He then walks from Q to /J at 5 km/h

x ktn
Ikm

B

(i) Express QR in terms of .r tl l

(ii) Show that the total time, 7'hours, taken by David to travel frorn I to B is given by

3 r .lEl
I =-*--53 5

(iii) Given thatx can vary, find the value of .r fbr which the time taken is the least.

tsl

QB=3-".,E

,=l*@35
3rJEI

I =-*53 5

L

A
a

12)

ll

JTurn over
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18

1'r -- |

5

drt
dr: 3 l0

.r l. - ..1,,:

---{.r-- -l}'-35
(."' - l) )/:11.v)

l.r I

.lrt -l

)=o

3s

dT

t r(
___l
3 s[

0,
dr

r'(_t
5[

Ir
Ir- J

3.r I-
--Vr--l5

I
--1--.1"--l?5

l6_.r- - I
25

5

4

-r I l5 1.25 I .35

dT

dr

<0 0 >0

By first derivative test, the time taken is the least when

5

4

END OF PAPER




