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. ,.. Mathematical FonfJtl 
I. ALGElltA 

p.,...,.tion 

0
Quadratic.....,... . 

1 +bx+c= , .Forthe�on ax. · · 
..

. 

. X .. = ',. 2a 
Binomial expansion 

(a +b)" = 4" +(;},·-• b+(;)aft-1 bi +.:. +(;)a"·' b' + ... +b"'

where n is a positive integer and (
n

) = __ ,,_!_ = n(n- l) ... (n-r + l) 
r (n-r)!r! rl 

·

Identities 

Fonnulae for MBC 

l. T�l�ONOMETRV

sin2A+�_A=•I
sec2 A = l + tan2 A 

cosec2 .A = I + cot2 A 
sin (A ± B) = sin A cos 8 ± cos A sin B 
cos (A ± B) •'cos A cos B· f . .sin.A sin B

· tan,H:�8 tan(A±B):: --: . · · , ' · 
lHanAtanB 

sm 14 "* 2slir A cos A 
cos 2A = cos2 A - sin2 A • 2cos2 A -l = 1 -2 suil .A

tan2A= 2tanA 
l-tan 2 A

a · b C 
sin A = sin B = sin C

a1 •-b1,-t c'--21,ccosA;
..1 = .!_ ah sin C .

J',:rxir1 unJ thinking /-l,:x1hly Pago.•:? 
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l. A curve is such that ! -= - o-:.r>4 and (1, 4) is a point on the curve.

Find dte equation of the eurve.

2. The area of a rectangle plot ofland is ( S../2 + v'i4) -�2 and its b�dth is { 3../2 - M) m.

[31 

Find the length of the plot ofland in the fortn a+ b./1 m, where a and bare integers. [3]

3. (i) Show that ! (x + xtan2 x) = sec2 x + 2xsec2 xtanx. 

(ii) Hence find f 4xsec2 xtanxdx.

4. (i) Prove the identity t:•u· = tari1 A.
1 n cotA 

s. 

(ii) Hence, solve the equation s11;;;:;:A = ../3 tan A, for 0° s A s 360°.

The roots of the quadratic equation ·4x2 -ex+ 1 =. 0 are cr2 and p2
. 

(i) Find the values of a2 ·+ fJ2 ana a/l. .

(2] 

[2] 

[21 

[4] 

(21
(ii) Hence, find all possible non-equivalent quadratic equations whose roots are a and p. where

a+P>O. 

6. (.) E 2.r5+9.r2+2.r+s . . 1 xpress .r(.rZ+1) m partial fractions.

(ii) Find 1;[In(x2 + 1)].

(iii) Using the results from parts (I) and (ii), find f zx3+�.r�+-�.r+s dx.

·, .-.� >.:"ft-1,,..;l.it.M <;,;, »�v:,- ... · . .-r+ '• •:C.•,· � ,  .,• rl ·• ,.• •. 1 • .:· .•.,r� ... ,. .. , ... ., ·• ··,·· ..... ..... ··,,." ... ,·. 

,,,., : . .-· r·:,'? hiu!..irtR F1exihly 

[41 

[5] 

[I] 

[2] 

/'ai:�3 

7. 

8B.\S.·Prwl/1J1;2{}/6 S« .JEJNIA-Motlt1IPti,-� I 

In die dillfllll. A•c i1 a riaht-qle4 metal pole hinpd at A, whlrc £ABC = CJO•, A• :a: 15 m
1114K=la. 

'1it pole is hi-*tad ltllle f to it, afouild. : ·: ·'
A �t,,1 W*e1>0fl ,.,.._ �-tiie ·��the· sun is dir�,�,lit pole such
tliat 4€DA = 98°. · . ··t,. ' 

,f ' )  

B 

BEF is a straight line parallel to CD and perpendicular to CE.

(i) Show that LCBE = 6.
• f 

[I] 
(ii) Hence.,orothcrwise. show that the length oftbe shadow D.A, L.m; is -8sinB +.15,cos6. [2]
(iii) Using the result in part·(ll), express the length of the shadow in the form L is R sin(6 + a).

where R > 0 and O < a < i·

(iv) State the maximum possible length of the shadow and the corresponding value off:

[3] 

[2] 

:·1,.·-.. , . ..,,,.�-lof ..... ._ • ....., ... ,.n .. -··1-s.:-1·.· ... • ....... 1:, ..... ,1, • .,.�:v:•. q.........,'"ll'l'flil..: ... ,..,,.., - :·'t""lo""' �·,h·r.1¥.'!--, • . ·, ··•J•:c,.,i ·,,. ...... ,,·..-·.tl''·,· 
J'er.,l.<f"t1nJ fhinkin,1 fla,hl_r 

Pa,:�4 
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All ol,jcct moves in a ICnipt line IUdl that t tee0nds after puling throuah a point P, its 
wlocity.111111-1• is aiwn 1,y P = •• Jt -w'.

(i) Write an expression for chc accclaation of the particle. [l] 
(ii) find the exact value oft when the particle is instantaneously a

i

rest. [2) 
The point P is S m in the positive direction away from the fixed point O.

(iii) Calculate the total distance travelled by the particle in the interval O S t S In 3. (41 
(iv) State and explain clearly whether the answer in part (iii) will change if the position of the

point P is chanaed. l 1 J 

9. (a) The coefficient of x2 in the expansion of (1 -lcx)8 is 7.

(i) Write down the fust 4 terms in the expansion of (1-kx)8 and hence find the
possible value(s) of the constant k. [2]

(ii) By substituting a suitable value of x and k into your answer in part (I). find an
approximate value of0.9958 without using a calculator, correct to 6 decimal places.

(2) 
. 12 

(b) (i) Express the general term in the binomial expansion of { 2x + 2:1) in the fonn 

(�2) 2°x", where a and bare constants in tcnns ofr. (2) 

(ii) Find the term independent of x in the expansion of (;.- 1) ( 2x + 2:,) u. (2)

(iii) State and explain. with justification, whether there is any tenn containing x", where

n is odd. in the expansion of {;.- 1) { 2x + 
2

:,) 
12

. 

.-., ••• «," ... �,!.�· •• ·l!n.ht·.:.• ·�··"' . --:•· r 1·· ·•'>•.!.•:•.�·•·A' .. ···u . . . 11· .. • •• u,. •••01,··.·•'""''P ·., •·-···•1·· 

Persi.l'I and Thinf.:htg 1-7.,,;1,�,, 

(2) 

l'aR�j 

BIJSS:Prrlt,n,2Q/6'Stc ./EJNl,4-1,latlu!/'op,tr I 

10 .................... -,,....,........, ... .,..,1e,1-� 

n. .... .._ • ._...ANia,Mliill._,._.a, •·(li,6) ... lllaJllliMCil (-1,2). 
The point 61ia oft an.� 111111 on •c pll'PINicullr biaotar ofAC .. 

:,.<r;· 

A(H,6} 

0 
. -� ·

t 
"' 

. .i 

(i) Find the equation of the pttpendicular bisector of AC. [4] 
(ii) State the coordinates of B. (1] 
The point D lies below the x-�is ·��cit dtat CD is parallel to the perpendicular bisector of AC

and AC is 4 times the length of CD.

( iii) Show that the coordinates of D is (0, -1 ).
(iv) Calculate the area of the quadrilateral ABCD.

(SJ 
[2] 

.• .. ,.�� .... I.·:-:·.·•-,�., .. ;-:;. . · . ..i,&.,,•n "'·· 1. > .- .' ..... • :: , u.-:•r.r., J.·'•''-"""'·-·!'•t-•1 .. ...-:1,.,....,l,>h 1wt,..-,.,., . .,.� ,,.,Jl,l<J"l,..·''-')\-..l':''.•!°-1·.·, •·•�'"d'-t:·•.'···' · · - ·. ; · •,: .... <'·"I!-· •J?t.lV .1·· .. ::• t'i,,'i 

l'u.<i.,111n,I 711ii1Li11.I( Hcxih�r rn�cl'i 
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11. The patici.0BDT was ...... -�· �it ti tufc te awf4etallt eflllimala.

fWNif; ie• IIIINnt of tiM it ... tbf Mlf oflll IIIIOllllt ef H) 1 I 11 • tilNy. 

An exptrimant wu -� m ...,..in• Ille half:.liftt of a .ample ofE>DT, 

MasuNd values of the mass, M grams, of the sample decreasing with tiine, t years, are given in 

the table below. 

t (years) 2 6 10 14 18 

M(grams) l76.3 m�o 106.5 82.8 64.3 

The m•ionlhip between Mandt .ein be �lled by the equation M = M8e-1ct, where M0 and 

k are constants. 

(i) Plot In M against t for the given data and·draw a straight line graph.

(ii) Use your graph t.o estimate the values of �o and k.

[3] 

[3] 
(iii) State what the value of M0 �ts. (1) 

(iv) By drawing a suitable line on your araph, solve the equation kt = ln 2. (3) 
(v) Explain. with justificition. \WY your vaIUe of, found in part (iv) can be used as an estimate

for the half-life of the sample of DDT. (2]

- End of Paper -

A•rsm and 'f11tnbn� l·lttxilsl,l' J'os:� � 



t. y • f--i-dx(1-U)' 

Markin& Schtmt 
- PnU• atM 4ec 4PN

A4Wllioaal M-...tta Paper I 

= J -9(1-2xr•c1x 
-9(1-z�r·

= (-3)(-2) + C Ml 

=-�+c··
2(1-2�)' • . ·, · . · '. .. ,34 = -2[1-2(1))' + c Ml 

.. c=i
3 I 

y • - 2(1-Jx)i + i Al [3]

l, . bongth = (sv'J+vf.ll(tv'f+./I4J Ml 
c1a-vRJC�v'f+.m> 

= 
so+S./ii+sv'B+t4 Ml 18-14
4'+1frll. =� ..

=11+4../1 Al [3] 

. cl . . . 
3. (i) .. dt•(� + J;.tan� 1) . . ,·.. . ,· .. 

= 1 + x(2 tanx sec2 x) + tan2 x Ml 
= 1 + tan2 X + 2x .tan X sec2 X . -i- Ml 
= sec2 x + 2xsec2 xtanx J [2] 

(ii) J 2x sec2 xtanxdx = x + xtan2 x - f sec2 xdx + c1 

• x +xtan2 x-tanx +c2 Ml 
J 4x sec2 x tan x dx = 2x + 2x tan2 x - 2 tan x + c A I [2] 

4. (i) 1-co12A
tln2AcotA 
t-(1-2 tln2 A) = ,r.co•�, Ml (2 tin A COSA)\'iiii'AJ

=� J-Mtzcos2A 
=�A � 

(ii) � = ..fj tan Asln2AcotA 
tan2 A = ../3 tan A 

tan2 A- .fltanA = 0 
tanA (tanA -"3) = 0 .. 

tan A= 0 Ml 
A = 0°, 180° or 360° Al (all) 

I or tan A= v'3 Ml 
A= 60° or 240° Al (both) 

:. A = 0°, 60°, 180°, 240° or 360° [4] 

5. (i) 

(ii) 

6. (i)

(ii) 

(iii) 

•2 + /12 = 2
1 

.,,2 --
4 

a/1 = ±!
2 

a(J •! 
2 

(a + /l)2 = a2 + (J2 + 2a(J 
=2. +2 G) 

a+(J =.fl· or 
Equation: x2 - 43x·+ i = O 
.,, :s _!

2 

(a + (1)2 = a2 + /12 + 2a(J 
= 2 +2(-;) 

a+fJ=l or 
Equation: x2 - x - -; = 0 

zx•+tx2+zx+s = 2 + � %(.sZ+t} %(x2+t) 
Let 9.r2+s = � + �.x(zZ+t) x x2+1 

a + p = -:"'3 (reject).-: · ·

a+ p = -1 (reject) 

9x2 + 5 = A(x2 + 1) + (Bx + C)x 
Letx = 0,A = S 

. 9x2 + 5 = Sx2 + 5 + Bx2 + Cx.
By comparing coefficients; 
C=O 

and 8+5=9 
8=4 

:. zx'�•
-
2+�+5 = 2 + ! + _!!.. 

% zZ+t 
d -;,:; [ln(x2 + 1)) = .2!....• x2+1., T.:;z-, .- - - -� 
f 2x t9X +2x+s dx = f z·+ ! + ..!!_dx 

... , ... 2 ... ,,. z z2+t 
f •x 

=2.x. + Slnx+ -r-
1
dx+c1 

. . X + 
= 2� +,Slnx + 2 ln(x2 + 1) + c 

BIISS/Pnll•'']()/6'Src J#:JNiA-Uollu/Pop,,r I 

,\ ., 

&I 

81 

Ml 

Ml 
Al 

[2] 

Al 
I 

[4] 

Ml 

Ml 

Ml 

Ml 

·• ···'If·,- J:. •• • '�· ''• ;,..,.,.,..,. -·.C·-;1:".:·a�u�, ,-. ..... ..,._.,-! · ... -��>ll,..:.L- r,ffiiH!1',l"l,.'ll'l"'!S.9•W"i'M'!ll1''"'1)1••-"'!" •.•. ··,-�!'!" ,...,, • .,.1'"'-"'"'"="u.:.,.......,·M" .•. ,...,.-.::i.i;•�'·,,·�tt.).·. •.•• .... 4,.,. • ., �- ··- : •• •.�•ti,.•1·;··' <,. 1, ". -�·r<J.,• 

/'t!r.<i.<I t111J l"hi11l.:/11g 1'111xihly l'0>.-.!2 



..,, (i) 

(ii) 

(iii) 

.,' 
(iv) 

8. (i)

(ii) 

(iii) 

(iv) 

RIJ.\-..;pr,/l• 10/6,'S« ,1£JN/A-MalM,laJ#r I 

£1BA • 90•-1 
£CBE • 90• - (90• - 9) 

:s' 

c.-� 
Sid =T

CE z 8sin8 
FA 

cos9 =-15 
FA= 15cos6 
:. L = 8 sin8 + tScos8 
8sin8 + 1Scos8 = Rsin(B + a) 
811nl + 1Scod = RstnBcosa + Rcoshlna 
R slna == 15 -(1) 
Reos a• 8 -(D 
(1)2 

+ (D2 :Rz = 152 
+ 92

R= 17 
<D+(D: tana=.!! " 

. 

a = l.080839001 
:. L = 17 sin(9 + 1.08) (3 s.f.) 
Maximum possible length = 17 m 
When L = 17. sin(B + 1.080839001) = l 
8 + 1.080839001 = i 

6 = 0.489957 = 0.490 (3 s.q 

a= 8e2t - 6et 

when v = O. 
4e2t - 6et 

= 0 
2et(2et - 3) = 0 
2et 

= 3 
t ::c ln 1.5 
Distance in the intei'vaJ (OS t S In 1.5) = jf�ni.s 4e2t - 6e' dtf 

= j[2e2t - 6e']tn i.sl
== 1-4.5- (-4)1 

· =O.Sm
Distance in the interval (ln 1.5 St S In 3) = jf!0:5 4e2' -6et dtj

.. 
Total distance = 0.5 + 4.5 

=Sm 

= l[ze2t - 6etJf:fsl
= IO -(-4.S)I 
=4.Sm 

-

.,,. Ml 
-

Ml 

Ml 

}Ml 

Ml 

Al 

Bl 

Al 

Bl 

Ml 

Al 

Ml 
Ml 

Mt 

Al 
No. the answer in part (iii) will not change because distance is independent of the 
position of the point P. 

----·--·

[ I] 

(71 

[3]

[2] 

[I J 

[2I 

.. 

(4) 

i [I] 
I

l'os:c J 

9. a)(i)

(ii) 

b)(i) 

(ii) 

(iii) 

I 

BBSS!Pn/J111110/6·S« -IESN;A.Matluif"P!' I 

(1 - b)8 = 1 .... II* +·2••:.il - 5'Pi'·-f .. .  Al 
28k2 = 7 

k•t! Al 
l whm le =: j and X • 0.01, 

(1- kx)8 • ·i - 8b + 28k2x2 - 56k3x3 
+ ···

(1 - 0.005)8 = · 1 - 8 G) (0.01) + 28 G) (0.01)2 - 56 (iJ'(d.01)3 + ··· Ml 
0.9958 = 1 - 0.04 + 0.0007 - 0.000007 

= 0.960693 (6 dp.) Al 
General term = (�2) (2x)12-r (2:S Ml 

= (1/)_2
12-2rx1z-4T Al 

when 12 - 4r • 4, r = 2 
J.. Ml (either)when 12 - 4r = o. r = 3 

Independent term= (1;) 212:..2<2> _ (�2) 212-2(:1)

=2816 

For a general term containing x" in the expansion pf (;. - 1) { 2x + 2!1) u:.
n • (-4) + (12- 4r). 
Since (-4) and-(12-4r) •· 2(6-2r)are even, n is even. 
Therefore, there is no term containing an odd power of� ih'the expalisjon of 
(;.- 1) (2x + 

�.)12 .

: . " 

Al 

· Bl

Al 

(2) 

. [2] 

[2] 

[2] 

[2] 

• 

P,,.,1.,1 anti 1'hinkmi,: 1-"/-,x/bl.v 
l',1gf-l 



10. (i)

(ii) 
(iii) 

(iv) 

Midpoint of AC = (11;1 , ';1) 
= (S,4) 

. f 
6-2 Gradient o AC = u+i 

=-

Gradimt J. AC = -3 
Equation of the .l bisector of AC: y - 4 = -3(x - 5)

y= -3x+ 19 
Coordinates of B = (0, 19)
Let the coordinates of D = (p, q) 
q-2 - - 3
p+1 

q =-3p-1 -<D 

AC• .J(11 + 1)2 + (6-2)2 
= ../160

4.J (p + 1)2 + (q -2)2 = v'16fi 
(p + 1)2 

+ (q -2)3 = 10 - (l)
Substitute <D into (l) (p + 1)2 + (-3p - 1 -2)2 = 10

10p(p + 2) = 0
p =0,q =-1 

Or p = -2, q = 5 (reject)
Coordinates of D = (0, -1) 

Area of quadrilateral ABCD = � I �1 · 
1
°
9 

-1 0 1
ll2 -1 

= ! [210 - (-30)] 2 
= 120 units2 

IJJSSIJ>r,//llll20/6&c 4E5Ntl.-Modts:P"Pfl' I 

Ml 

Ml 

Ml 

Al [41 
Bl [11 

Ml 

Ml 

Ml 

Ml 

Al [5] 

Ml 

Al [21 

1,,..:,.l".l··""'""�" ... .,.,,l'f"�'lit-'.h4,/��.�· \.,·�..-:-,,.f's.•-·-· . ._: .a�· r· ·1 · " ......... ... , 1, ·,,.1,1.· ... ...... ,, .... _,._ • .,,,-<'Y"Jlll#·"··· . .. ·-•"::""'-' · 

D"rst,·1 and 7"hm/.,ng Aextbly Pogej 
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11. 

In M f-1 ·} --�- H_-f .... ·: __ .. _ ,_t____.1�2-·
j; .: '+- ! • t:. lnM 5.17 

6 

4.92

10 .. 
4.61 ·Ul

5.
4

-., 'J ." ( ·.i-\ .'j . ·_- f.-; ... _; ... - .. :,;-:: . ._+"_ . ;··.:J\f t· (I) C�;n,aly plotted points 

5
3 ... I- ·' ·; --i · i·· · ·· ·····, ·• · : ·' ,-· --� +·1- ··· + Best-tit line 

\-·.·:i:., � ��� �-��
- --�kt+ Iii,.· ·1 ...... i" 'j-· -·· -i-- Axes & Appropriate scale

49 , I . . . . ' I ' ' 

11 

06 

Pl 
Gt 
Gl 

. }:: =ii ·:fi
i:_ft .:-.f. i?: :·. ·)J:_�- . .Tttt::. J (Iv) kt :: In 2 

48 
�; · -1··-·t·i'-i i ·-·: ; ref\!'. !·i ··l -kt+lnM0 =-ln2+lnM0 Ml 

4.4 (v) Mass of half of initial sample = �0 
.\ ... · .... 

4.3 Mo -kt1
m When M = �0

, · t = t
'i 

(half-life), . i 
So 

2
=M0e z Ml 

k 1 

42 e 2 = 2 
· :.kt1=ln2 Ml

Therefore, the value oft found in part (iv) 
4.1 can be used as an estimate for the half-life 1-+-+-+.--,-! .i.._ ...... +--+-:---+�--'-

4 

. 

-m� =
pie 

filDITT. .[I�i ii:f �t f �i-: ?-f fl: 1.· I?,:1 •..... t:•
0 2 4 6 8 10 12 14 16 18 

- End of Paper -

� 

[12] 

r-•n:1·1· · �.• .... .lTl't,.:.,.1..�····, •.:.;�):.f\-A"l . .+.!'· I ln!t'I .... .;. .• .• , '!,'1-.t.....i ... �.v,-. ,l"'M.__:.,� : • .. :, \;.,,.•, -.···'+?'.!f}fl(if:' ;)"1,•t,_:it,!4Q.'lf��•"',,.� '&S·�•·•I"• •.• , '-.•:,.··n•· .. :1•"*",l:'"' •· , ••. , .... : • .-: •.····· 11 ,:.(,,f'l 'l,",�•T.iilof.-4."hiie� t"· 

Pt!r.,1s1 and Thinbn� Ht:r:thly fng,1'1 
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t.ALttlllA
�le Eqllalion

For the equation iui 
+bx+ c =·O �

-b±�b2 -4ac X = _ ___;, _ __.;.;.;.;:..
· . 2a 
Binom'ial ajxin.rlon

(a+b)" =a" +(7}"·"''b+(;f�b> +: .. +(:}.-rlJ, + ... +b", 

wh«e n is·. positive integer and (n) = __ n!_ = n(n -1 )· · ·(n -, + I)
r , (n-.r)!r! · rl . 

ltkntltietJ 

Formulae/or AA.BC 

2. TRIGONOMETRY

sin 1 A + cos 1 A = l
sec 1 A= 1+-tan·2· A
cosec2 A= I+ cot 2 A 

sin(A ± B) = sin icos B ± cos A sin B
cos(A ± B)=� A cos B+s� A sin 8

tan(A ±B)- tan A±� B 
. I lf Un A tmi'B

sin 2A=2sin A�.� 
cos 2 A = cos 2 A - sin 2 A = 2 cos 2 A - l = l - i sin 2 A

tan 2 A ·=· 2 laJJ. ,1 
l-tan 2 A

'iJ b C"
sig_,A = sin B = 'tin(/
l; 2· • r Q ·. ,=, b, t C ,,"" �fa>$ ·l ·

a=.! be sin A.
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B&S PIYfl•'10/6&cJEJN1AM01lll.1'optr 1 

1. (a) Solve the equation (3x+ l)2 -j3x+ �-12=0. (2) 

(b) The curve y = aootb+.r, •••ii ,-itive, is defined for O � x � 4x Ila Ill

amplitude of 3 and period of 4.1\, The minimum value of y is - 2.
(i) State the value of a, of b and of c. [I] 

(ii) On the same ax� sketch the graph y = a cos bx +.c and y::;; �sin� for [3] 

O�x�4z.
(iii) Hence, deduce the value of k. where k is an integer •. for which dl,,e equation

aCO$IM +c =-�sin�+ k hu tour �utions. [ I J 

2. (a) Find the rmge· ofvalues of 4 for which 3x1 + Sx + 2 is always greater than 4x + d. (21 

3. 

4. 

(b) Find the range of values of� for which the equation x2 + 2k + 10 = x-3kx bas real
roots.

(c) Find the set of values of m for which the curve y = x2 + 6x + S and the
line y = mx + I do not intersect.

It is given that ftx) = 2x3 + �2 + x + i, : 

(i) Find the value of a·ancj of b fer which 2x2 + x - I is a factor of f{x).

(ii) Solve the equation ft.t) ·= 0.

(iii)
I 3 a 2 l Hence solve - y + - y + -y + b = 0.
4 4 2 

Jason wants to paint the surface of a cloi,ed cylindrical 
can which has a volume of 166.ir cm3

• The cost �f painting 
is the least if the can has the smallest surface area. 
The radius of the can is r � 'the'height is h cm and
the total surface area is A cm 2• I-

(3) 

(2) 

[4] 

(2) 

[2] 

(i) Express h in terms of rand show that A= 2 ,r r2 + 332 ,r . [2]
(ii) Given that r can vary, find the value of A for which the cost of painting is the least. [6]

Connecl and Communicate with Clarity and Precision 3 
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6. 

B&\X'Prr/1w20l6·S«-#EJN.1AA,l,olk-,opu 1 

•,' ... 

Instruments at B and A detected the earthquake at exactly tho same time. indicating that 
the epicentre C is equidistant ftom B and A. Instruments at 0. �c4-it a few·�ds 
later in the direction � iodi�ed by ttie fine / in the di.,am above .. The line I makes an
angle of 45° with the x-axis. ' ' . " . . :. . ' 

(i) Show that the line / can be represented by the equati�;� + y = Ii.
. '� .. [2] 

(ii) 

(iii) 
Find the coordinates of C. [3) 

(iv) 

(a) 

(b) 

Hence, find the equati�n of
1

the�irde'passing thro�gh" if and A with centre C. [21 
Explain why it is not possible for a circle with centre C to pass .througb alJ three 
points B, A and D. [2] 

. ·4 _, ·' ;•. . ,• . 
Given that sin A= -- and tan A > 0. find the exact value· of the following. 

s 

(i) tan A

(ii) 

(iii) 

sin2A 

coslA·
2 

Prove that ( cos A+ cot A) sec A • l + cosec A . 

[I] 

r21 

[3] 

[3] 
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7. 

8. 

9. 

Bffi-·1',.ll1t1·1flJ6·.�JEJN,'AMarl,s.1oper 1 

Solve the folJowint equations. 

(a) 1g(Jnx)1 = 1

(b) 21<>145x2 -log2(1-x)=lo,.(4-xr +I

(c) 32+2.r +IS(r)-6=0

(a) A particle moves alona the curve y = xsin 4.x in such a way that the y-coordinate
incnu11 I& a conl&lftt rate of 0.4! radillll'IIC at the inltant when x = ,r. Find th4
rate of change of die x-coordinate at ttu,. irulanl

(b) The population of a village at the beginning of the year 2006 was 350. The population
inaeased so that. after a period of n years. the new population is given by 3So{l.08r.

Find

(i) the population at the beginning of lbe � 2016.

(ii) the year in which the population first reiched 3680.

(c) Find the value of a and of b for which 5x2 + ax > bis ortly satisfied by x < -2 and
x>S.

A curve has the equation y= f(x). where f(x) = x-l for x> 0.
2x+l 

Obtain an expression for f'(�). 

[21 

[4] 

[4] 

[3) 

[2] 

(2] 

[3] 

(2] (i) 

(ii) Find the equation of the normal to the curve at the point where the curve crosses die x-
� � 

(iii) 

(iv) 

Determine, with explanation. whether f(x) is an infeasing or dep"easing functioi:i. [I] 
Showing all necessary working, determine wh.«tier the arapiaat ofthe·cwve is an
inaeasing or decreasing function. [3] 
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I 0. Tht � sllows die poifttl A. II. C 11M1 D �on a ard• IIMI XAY it .... to the cirde. 
XAY is .... lelto DC£ M4 ...... M llld DC n,..._toiMrltat £. 

X A y 

(i) · Prove that triangles ADB and CEB arc similar. [31 
(ii) Prove that triangles CEB and AED .-e similar. [21 
(iii) Hence show that AB x AE = AD2 • (2) 
(iv) If 8 and C are tlte midpoints of AE and DE respectively, prove that MDB is 

isosceles. (3] 

1 l. (a) The diagraqi shows par:t,-of, curve y = Sx3 + 12x2 � 12x where point M and point N 

(b) 

are stationary pqinjs,ofthe curve. 
· · 

Find 

M 

I �"6L:.,.:L , x 

(i) the coordinates of Mand N.
(ii ) the area of shaded regi'1n.

d 2 ' I Show that -[In tan x] = -. - and hence evaluate f � �.
dx sm 2x 4 sm 2x 

End ofpsptr 
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Qli. 

l(a) 

l(b)(i) 

l(b)(ii) 

WI .... Iv• Afftdow MtMMN#P flNI 2 ON� 

(3x+ 1)1 �j3x+ � - l2·=Q 

j3x+ f-13�+�-12 =0 
Let y = l3x+ 11 
y1 -y-12=0
(y-4X,,+3)=0 
j3x+tl=4 or 
lx+ I =4 or 

j3x+ ti = -3 (rejected) 

3x+I =-4 

x•l 

y=acosbX+c 

a=3, b=O.S & c=I 

x= -J!. 
s 

...... 

k -�.' �-- (-- -� 
· 7 < 2\. · · 7;;; , · ,_ . . >x 

[GI]- Correct sketch of y = -f�tnxl' - 1 [GI] - Correct skeJch of y .= 3c�s 2 � + 1
[GI) - Label axes & clear indicatiQD-of K,,21r, Jx & 41r 

l(b)(iii) I k = 4 

----��-------�-

'QII. Ne 

--·----: 
_,,.--- ---

-
<,: 

l(a) 

Ml 

2(b) -
Al 

Bl 

2(c) 

J(i) 

Bl 

i 

3x2 +jx+l >4x+.t 
3x2 +x+(2k-d) > 0 

b2-4ac<0 
(1)2-4(3)(2-d)<O

l- 24+12d<0
12d <23 

. 1 1  
"1( l l'.2. - '.

.. 
i2 +2k+I01 ..... ]q-

x 2 + (3t - l)x+(2k + l�) = 0 
- �l 

�4ac�Q 
(3k-1) 2 ..:..4(2k+l0)�0. 
9k2 -6k +l-8k-40� 0 

9k2 -14k..:.39·�0 

(9t+l3)('k--3) �o 
13 

:. k �--or k �3 . ',, 9 .. , ' 

x2 + 6x + S = mx + I 
x2 +(6-m)x+4 = 0 

b1 -��<0 
(6-m)2 -4(1)(4) < 0

m 2-12m+20<0 
(n_,-2)(m-}O)c;O 
:. 2<m< 10 

. 2i2 +X-1 �(2.t.;. 1Xi+ t) I 

· (2x-1) and-(�+ 1) ate ftietors

rG)=o

cJ er cJ 2 2 +a
2 

+ 2 +b=O 

!+.!.a+.!.+b=O
4 4 
a+4b =-3 ---(1)

...... -: ... -· Mtiat·.· .. 
,. ..; 

. . . �· 

Ml 

Al 

Ml 

Ml 

Al 

Ml 

Al 

Ml 

Ml 
I 



3(ii) 

3(iii) 

4(i) 

4(ii) 

...... _ •. _., ... 

·. ·. . ' :· : �-Sal�-->:-·

f0}=0 
2(-1r +a<-1r +(-1)+b =0 
-2+a-l+b=0
a+b=3 ---(2) 
(1)-(2): a+4b- a-b=-3- 3 
3b=-6 
::)b=-2 and a=S 

f{x) = 2x3 +5x2 +x-2 = 0
Usiq Iona division or synthetic method: 
tlx)• {2x1u-tXx+2)=0 
f{x) • (2x- I)(x+ t)(.r+2)= 0 

1 x = - or x = -1 or x = -2
2 

1 , a 2 1 -y +-y +-y+b=O
4 4 2 

HfJ +{fr +f +b=O 

.l=! -I - 2  
2 2' 
y=l. -2. -4 

,r r2h= 166,r 

h = 
166
,2 

A= 2,rr 2 + 211rh = 2nr2 + 2,rr (1,<:6) 
A= 2 n,1 + 332 ,r

r 

dA 3321t -=4,rr---
d, ,1 

dA 332,r Let-= 41f r--- = 0
dr , 2 

4,,.,=332,r
,2 

4n r 3 
= lam

r3 =83 
r = VS3 = 4.36207 

·----.. ----

-:.�r_?�>

Ml 

Al 

Ml 

Al 

Ml 

Al 

Ml 

M l  

Ml 

Ml 

I I 

11 

11 

11 

11 

11 

11 

11, 

-�-- -w ·····--"··--··----,-·-1--�r-··"····-· ··- .. -..... . ..... " __ ,.,_ '1·1 

.,,1 Qn.Ne r·--- ____ --: ... _: __ -.: ... _ ... :, ---·_--.,.:, .. :-..
.. ·::_'· --..... 

� -:--;:·_--rii�J

I I 

S(i) 

11 

I J --S(ii) 

11 

I 
S(iii) 

11 

I I SHv)

11 

6(a)(i) 

: 6{a)(ii) 

4
2 A 664• --=•A'+--

drl ,J 
d�A 664,r Wheor=-136207 -=4.ir+-->0.. 

' dr
l ,, 

Hence. .4 is minimum and the cost is the least. 

For min. cost, the value of A= 2 n(ifs3T +'� 
- va3 

=3S8.6629S = 3S9 (3sig. fig.) 

The line / makes � angle of 45° with the x-axis. 
Therefore. the gradient • -t 
y=-x+c 
Sub. (11. 0), O = -(11)+ c 
c• 11 
y = -x + 11 (Shown) 

I Mid-point of AB =(0
;

0 • 1
;

3
)=(0.�).

The x --coordinate of C Hes on y = S 
Let the coordinate of C = ( a. S) 

I 
Sub.y = S into y =-x+ 11. 
5=-x+ll 

I x=6 
Therefore. the coordinate of C ( 6. S) 

Radius of circle. BC = J36 + 4 = Jio 

cx- 6>l +(y-s>2 =lf4oY
I x2 -12x+36+ y2 -IOy+25 = 40
I x2 + y2 -12x-10y+21 =0 
I 
I CD=�S1 +S2 

Ml
l 

J-IM1 

Ml 

Al 

Bl 

} !Ml 

!Ml

} IMI

I Al 

I Ml 

I 

Al 

Ml 

=Jso . . 
I SinceCD .<./4o 

. . . . . . . }1 Bl
Hence, it it not pouible for a circle with centre C to pus through all three points 8, A and D. 

I sinA=-;andtanA>O 

I 4 
1 

tanA=-
. -

3 

I sin2A = 2sinAoosA 
! 

� 
I Al 

--------·--·



- - .. _ ... .... . . . . ..... --d··-· ··�--� . .  -- ·-· ..... -- - ' 

· 0n�·�• : :.··:_:i
1
·;-._-:.Sofado• .�:·· ·· '\:.f�:}{/,/'. _:: :�'�ar�.

=HH) 
Ml 

. 24 
Al 

. 
=-

25 

6(a)(iii) cos A:;;:; cos{ 1) = 2cos21- l

3 2A --=2cos --1 Mt 
S 2 

cos�= ±J 2 · Ml
2 5x2 
At .J5 I. oA u cos- = --c = --• r; (re1ected) (90 < - < 135 ) Al 
2 .,JS S ...,s 2 

6(b) LHS= cosA+-.- -- Mt ( cosAx I )
smA cosA 

I=I+�.� Ml smA 
=1 +cosec A= RHS (shown) Al 

·1(a) lg(lnxY = I
(Inx)2 =10 Mt: 
tnx=±M 

I x=t.Jio or x=e-Ko 

I x == 23.6 (3 4) or 0.0423 (3 ef) At 

i 
i 
I 
l 
I 

7(b) 1

1
2log,. 5x2 -log

i
{I-x)= log.(4-x)3 +I 

--· --· .. --�·-- .. -- ... ·--�---------

Mt 

Ml 

·- -- --- -·-·· ----' 

,I 

�-�f .. L· SelilHNI.
. 

j llof;zSx 
� (l-x)= llof1(4'-x) +I

logz 4 z les1 I 

7(c) 

8(a) 

(Sx2
) 10&2 - =loaz(4-x)+loa2 2

l-x 

Sx2 

-=(2X4-x)
1-x

3x2 + IOx-8 = 0 
(3.r-l)(x+4):0 

x=�orx=-4 

3 1+2• +tscr)-6=0

�2)3•)1 + 15(3·)-6 = 0
3(l')2 +5(36)-2 = 0 
Let y =l' ::;))y2 +Sy-2 = 0 

(y+2)(3y-1)=0 
1 :.y;:-2 or -
3 

:. 3" = -2(NA) 

:.x=-1

dy =sin4x+4xcos4x
dx 
dy· dy dx -=-x-
dt dx dt 
When x=,r. 

or l' =!=r· 
3 

I 
<JxI 0.45 =(sin4,r +4,rcos4n)x7 · al 

dx -= 0.0358 rad I sec (3s.f)
dt 

8(b)(i) I Population at the begiMing of2016 

= 35o{l.08)'0 

= 1SS.623149 = 155 

S(b)Cn> I 3so(1.os)" = 3680

·.
.. ... 

Mi1 

Al 

Ml 

At 

Mt 

Al 

Ml 

Ml 

Al 

Ml 

Al 

I
(1.osr = 3::: 

j I 

-Ml L--------'--------------· - ......... ----+-' 



QI.Ne 

8(c) 

9(i) 

9(ii) 

9(iii) 

9(iv) 

-�. 

"=1�!°)+1s1.•

n=30.6 
Therefore, the population first reached 3680 in the year 2036. 

k(x+2)(x-5)>0 
k(x2 -Jx-10) > 0 
h1 -3b-10k >0 
8y complrina coeffleialt of x1 where le• S
:.ka:5 
a==-3(5)=-15 
-b= -10(S) 

b=SO 

Cwve crosses x-axis. y ""' 0. 
x-2 Therefore. --= 0::) x = 2
2x+l 

. f S I 

I 
At .r = 2, gradient o tangent == 

(2(l)+ t)2 =5

Therefore, padient of nonnal = -s 

Equation ofnonnal: 
y-0
-=-5
x-2
y =10-Sx 

. f'(x)=-
( 
5 

)
2

2x+I 
Sinoe (2x+1)1 > 0 for x > 0, 

then f'(x) = -
( 
5 

)2 
> 0 => f{x) is an in�ing function.

2x+l 
f "(x) = (sX-2X2X2x + 1t3 

20 
=- (2x+ 1)3 

I
. Sinoe (2x+1f >0 forx>O.then f"(x)=

(
-lO

)
l <0

2x+1 

! => Gradient is an decreasing function. 

L. . ---··----- ·-----· -

AL 

Mli 

Al 

Al 

Ml 

Al 

Ml 

Ml-

Ml 
Al. 

T 
}e1 
--t--Ml 

Al· 
I 

} I Bl

.· Qia;.rc.. :-·.·,
· 
. .... . ·:· 

IO(i) 

IO(ii) 

IO(iii) 

lO(iv) 

1 l(a)(i) 

i I 
i 

I 

. -:-::··-�;_:_:\:.;;_�·:
. 

:·;·: ...
.... 

LM:D • ti()• - LDAI 

.. 

...... 
. . 

LECB = 110" -(180" -LDAB)= LDAB

. ,  •"\, 

.. 

. (.a in oppoaite....-) 
(..tJLson��p,li� 

LllA Y= LADB ---(al�esegmettt theorem} 
LBAY = LCEB . - (alt.Ls.;XY II Dt)} 
LADB=LCEB 

• � c"' ,; \ • , • , � - ... ' .}. • • .. A.4DBis-similar-to ACEB··· . - - : - . -· (AAs1m1kiritt-, ,

LCEB=L.AED . ( commonangl4} 

}
LECB=LDAB ( shown from part(i )) 
/JCEBis � to AA.�D ( AA similarity). 

From (i) and (ii), AADB is similar to lt.AED
H AD AB ( . f , d' � ·�),ence - = - ratio o corrnpon mg st · AE AD 
AB>< AE = AD2 (f.!"l!Vfn) ... 

Since B and C are midpoints, 
BC II AD ------·----------· ....:---- (midpoint theorem) 
LADB= LCBD (alt.L.s;BC/1 AD) -
LCBE=l80° -LCEB-LBCE ' •:' ·· (Lflurrrof A).-
LDBE = (1 scr -LCEB-LecB)+ LC:Pf.1= 18Cf -LECB. ( LCEll=:tCBD)
LDBA = LECB ....-------·· __ :.:.:_ __ ·_ (adj Ls ·on a st�ight line) -

LDBA=LDAB ( LDBA= LECB) _ 
Alllm1&1u llllu&iaai 

· (111i�Point theorem)}BCI/AD ·-
I 

LEBC=LBA.D (Corr.Ls; BC II :AD)
· (from(;))LECB = LDAB ------

:.LEBC=LECB -
=) AC'EB is isos 

. . .. '· ' . . ,. 

:.AA.DB is isos --------------- ( MDBissimilartoACEB) .....

y = Sx3 + 12x2 -12x 

: = 15x2 +24x-12 · .. 

For stationary point, dy = 0
dx 

;\· jjp.i:• 

.. ' .. 

.. 

-

.. : t,; 

.. 

. ·11u1··
. .... 

ll 

81
1 

l 

81; 

821 

Mf 

Al 

Ml 

M� 

Ml 

Ml 

M� 

Ml 

MJ 

: 

Mi 



Qa.No-:[\: :i· ... j-��(: 

t-t(a)(il)

t!•1 + 24.r-ll � 8
J.xl + h-4 = 0

:. ,(x�· �x,�-2)� 0 ·'
��-2, x=·o.4 
j,=32; . y=-2.56 

• •  /�
0
}'{-,;_321 N(O.�, -:_�.S6) 

I / ��::: .. / •.x 

:A� of A� (32X0.4)� 12.8 units2

'·Area of B =f� (s:i + 12T2 - ih}dt =[5��- + 4x3 � 6x1]
0 

,.,. .. --0.4 4 . 
. 0.4 

.. = 0.612units2 

�otc�(2X32)-f (sxJ +12x2 -12x)a=64-[5x• +4x' -6x1J\l . -l 4 �2 

=·64-[0-(-36))= 28units2 

Area of shaded region= 12.8+0.672+ 28 = 4l�unils2 or 4l.412�iJi
125 ... ' .. 

Alternative solutiop; 
Arca ofshaded region :: C''[32-(Sx3 + 12x2 -12.x)]<.tx 

[ � ]0.4= 32x- 5
: -4x\ +�x2 

_

2 

............ -. ..... - --·-· -·-·--

-.Mark·-__ ..-

Al

Ml 

Ml 

Mt

At 

Ml 

., Ml 

Ml 

,:· · oa..-:,-i.. -i. · :.
· ... :::·......-. :·::;\\:!:::_:�;t:;l:. : :� 

ll(b) 

:(J 

[ ctn4r 
] [ 

41_2\' .
] 

· I A1
= 12(0.•)-7-4(0.•Y +6(uf - 12(-2)-7-4(...,-sf +6'-iY 

= 41 � units2 

m 

d dx[lntanx] 

sec2 

=-----x
tanx 

=(::Xco;2 x) 
I 

sinxcosx 
2 

2sinxcosx 
2 

= -.- (shown) 
sm2.x 

,1 1 
.I!� • sin2x 

l � 2 =-f-=--<ix
2 ; sin2x 
1 !. 

= 
2

[Intanx]� 
4 

• - lntan--Jntan-I [ ,r ,r]2 3 4 

= .!.[0.5493-0] 
2 

= 0.275 (3 s.f) 

:� 

M\. 

Ml 

Ml 

Ml 

Al 
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