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Bukit Batok Secondary School Mat';em:w&aé ;oxum
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O’ Level Prelimiaary Examination 2016 bt Equation
Secondary 4 Express / 5 Normal Academic For the equation ax’ + bx+¢ =0,
x= —bib - 4ac
: vt
ADDITIONAL MATHEMATICS 4047/01 Binomial expansion
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e 07:5"5 ogls (a+b)" =qa" +(”)a"" b +(”)a"" b +... +(")a"’ b 4. +b",
2 hours ! 2 r
Additional Materials: 6 sheets of writing paper
1 sheet of graph paper where nis a positive integer and (n) - n!)' - n(n— I)...(‘n—r+ n
r n-=r)ir: r:

READ THESE INSTRUCTIONS FIRST 2. TRIGONOMETRY

Write your name, class and register number on all the work you hand in. Identities
. T . ) sin? 4+ cos?4 =1
Write in datk blue of bisck pest oft both sides onhepapér sec?A=1+tan?4
You may yse an HB pencil for any djagrams or graphs. cosec’4 =1 +cot?4
Do not use staple, paper clips, highlighters, glue or correction fluid. sin (4  B) =sin A cos B + cos 4 sin B
cos(A+tB)=cosAcos B F sinAsinB
Answer all questions. tan(A + B) = tan A tan §
. . | FtanAtan B8~
Write your answers on the separate answer paper provided. sin 24 = 2sin Aoos A
Giive non:exact numerical answers corvect to 3 significant figures, or 1 decimal place in the case of angles c0s 24 =cos’ A ~sin® A =2cos’ A — | = 1 - 2sin® 4
in degrees, unless a different level of accuracy is specified in the question. an2q= 20804
- . . 1=tan’ 4~
The use of a scientific calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.
Formulae for AABC
At the end of the examination, fasten all your work securely together. a _ b _ ¢
The number of marks is given in brackets { ] at the end of each question or part question. )
. ) a’ = b+ ¢ - 2bc cos A.
The total number of marks for this paper is 80. 1
A=—absinC.

2

= This paper contains 7-printed pages.— :
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A curve is such that %t-—f ’——-i, and (1, 4) is a point on the curve.

Find the equation of the eurve. (31

The ares of a rectangle plot of land is (5V2 + V14) m? and its breadth is (3v2 — V14) m.
Find the length of the plot of land in the foorm a + bv'7 m, where a and b are integers. 3]

(i) Show that i—(x+xun31)=mzx+2xuc’xtanx, 2]

(ii) Hence find [ 4x sec? xtanxdx. (21

(i) Prove the identity Lot = tan? A, 2
.. : 1-¢0324 ° °

(ii) Hence, solve the equation ——=——- = y3tan4, for 0° < A < 360°. [4

The roots of the quadratic equation -4x2 —8x + 1 = 0 are @2 and 2.

(i) Find the values of @® + 2 and af. 2]
(ii) Hence, find all possible non-cquivalent quadratic equations whose roots are a and 8, where

a+f>0. 4]
(i) Express “’:(f—:;‘)’*f in partial fractions. 5]
(ii) Find = [In(x? + 1)]. (]
(iii) Using the results from parts (i) and (ii), find [ ’i’f&"-’fsﬁi dx. 2]

I AR st S5k A S e et e s G erdese e i o' . TToN LS.
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7. In the diagram, ABC is a right-angled metal pole hinged at A, where 2ABC = 90°, AB = 15 m
ad BIC =0 m.
Mphishdtu&nm.&eam&mm A
A shadow DA 0f e polk 13 fitted on the greund wien the sun is direo‘iyombéapole such
that 2CDA = 90°.

_-$m

i5m

(9
:
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]

1

]

1

1
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)------..-_l.
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it TP,

3 o\

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

(i) Show that £CBE = 6. (1
(ii) Hence, or otherwise, show that the length of the shadow DA, L m, is 8sin6 + 15cos . [2]
(iii) Using the result in part (ii), express the length of the shadow in the form L = Rsin(8 + a).

)

wheren>0ando<a<§. 3]

(iv) State the maximum possible length of the shadow and the corresponding value of 6.  [2]
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8. An object moves in a straight line such that ¢ seconds after pasting thoough a point P, its 10. Setutions te this quastion by scaurele drowing will oat be aceeptnd,
velocity, v ms™1, is given by v = 4¢2* — Ge*. The dingrem shows o Viangls ADC in whidh the point 4 is (11,6) and the peint C is (- 1,2).
(i) Write an expression for the acceleration of the particle. (1 The point A lics on the y~axis and on the perpandicular bissctor of AC.
(ii) Find the exact value of ¢ when the particle is instantaneously at rest. 2]
The point P is S m in the positive direction away from the fixed point 0. y
(iii) Calculate the total distance travelled by the particle in the interval 0 < ¢t < In3. [4] f 8
(iv) State and explain clearly whether the answer in part (ili) will change if the position of the
point P is changed. ()

9. (a) The coefficient of x2 in the expansion of (1 — kx)® is 7.

(i) Write down the first 4 terms in the expansion of (1 —kx)® and hence find the ‘ A(11,6)
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 -1, 2)L :
approximate value of 0.995° without using a calculator, correct to 6 decimal places. 3 " o
@2l
12 (i) Find the equation of the perpendicular bisector of AC. 4]
(®) () Express the general term in the binomial expansion of (2x+-%;) " in the form (i) Statethe coordinates of B. [11
(er) 2°x®, where a and b are constants in terms of 7. 2] The point D lies below the x-axis Such ﬂmt CD is parallel to the perpendicular bisector of 4C
2 and AC is 4 times the length of CD.
(ii) Find the term independent of x in the expansion of (;l; - 1) (21 + 5%,—) . 2] (iii) Show that the coordinates of D is (0, —1). 5]
(iii) State and explain, with justification, whether there is any term containing x", where (iv) Calculate the area of the quadrilateral ABCD. 2]

n is odd, in the expansion of (x—‘. - 1) (Zx + 3%;)12. 2
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11.  The pesticide DDT was bamned worléwide becmase it is toxic to a wide range of animais.
Halfdife is the emeunt of time it tahes for heif of the amat of 2 sbitance o dueey.
An experiment was conducted to determine the half-life of a sample of DDT.
Measured values of the mass, M grams, of the sample decreasing with time, ¢ years, are given in
the table below.

1 (years) 2 6 10 14 18
M (grams) | 1763 137.0 106.5 82.8 643

The relationship between M and 1 can be modelled by the equation M = Mge~**, where M, and

k are constants.

(i) Plot In M against ¢ for the given data and draw a straight line graph. 3]

(ii) Use your graph to estimate the values of M, and k. 3]

(iii) State what the value of M, represents. (1

(iv) By drawing a suitable line on your graph, solve the equation k¢t = In 2. 3]

(v) Explain, with justification, why your value of 7 found in part (iv) can be used as an estimate
for the half-life of the sample of DDT. {2)

— End of Paper -
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Marking Scheme
BBS8 Prelim 3046 Sec 4ESN 5 T2 e =
Additional Mathematics Paper | 4. i ™
‘2’1 e
e af = 13 i B L
= [ -9(1-2x)"*dx & Tl
=2, M1 2
(—ax;z) (@a+B) =a®+p%+2af Mi
T =2+2(;)
3 - . ..
P Ml a+f=V3 or a+f = —V3(reject) Ml
"='E Equation:x’-ﬁxi»%-—'o Al
3 5 -1
y= —-——3(1_”’,'0'; Al [3] Gﬂ: 2
(@+p8)?=a*+p*+2ap
‘Length = SV3+V13)(3Va+Vid) M1 =2 +2(—§)
(3VE-VIR)(sVZ+VT9) = = —1 (rej
_ 30+5VZB+3VI+14 a+f=1 . o @+ = —1(rect)
- 18-14 Ml Equation: x* —x -3 =0 Al| (g
= ur16v?
L] S ud
i 2 +ar? S 5
=114 47 Al 3] $1O a5 Mi
W+5 A | BxiC
@ [Za+runtn | AR i
I 2 2 9x2 +5=A(x*+1)+ (Bx + C)x
=1+ x(2tanxsec?x) + tan? x Mi Letx=0.A=5 Mi
=1 +tan? x + 2x tanx sec? x _ Ml B 2 i
= sec?x + 2x sec? xta } 5 9x’+5—‘Sx’+5+Bx +Cx
__ SEC. X hoX SEC Janx 2 By comparing coefficients,
(i) | f2xsec’xtanxdx =x + xtan?x — [ sec? xdx + ¢, C=0
=x+xan’x—tanx +c; Ml and B+5=9 Ml
f4xsec’xtanxdx = 2x + 2xtan’x — 2tanx + ¢ Al| (2] B=4
2x3+9x2+2x+45 S, 4x
(i) _1-cos24_ ] T i T Al
sin2AcotA i d 2.
- 1-;1-2:1:;;;.2‘ o (ii) znG*+1)) = x,—:t Al|
(2sin AcosA) o~ (iii) 23490 42x45 | o S 4z
_ 2sin?4 " Mi J x(x31)- dx = J2 trtadr
_2cot234 } =2x+5!nx+fx—::-ldx+c, Mi
. j=uand (2] =2x+5Inx+2In(x? + 1) +¢ Al @
(ii) Jlocosid - MFwanA
sin2AcotA
tan?A = V3tan A4
tan?A-V3tanA =0
tanA (tanA - V3) =0 -
tanA =0 Ml
A =0°180°0r 360° Al (all)
ortanA = V3 Mi
A = 60° or 240° Al (both)
~ A = 0°60°180° 240° or 360° [4)
T P e S TS i o e ey ,,azd
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(i) <FBA = 90°— 0 ' 9. [a)i) |(1—kx)®=1—0Rx +30hTx — SGAO%T 4 - Al
ZCBE = 90° — (90° — ) Ml 20k = 7
=0 [l] k= t.".
) —CE . 1 Al @)
siné = () | whenk = ; and x = 001,
CE = 83;_:0 Mi (1 — kx)® = 1 — 8kx + 28k?x? — 56k*x® + -
=4 = =1-8(% 2 -56(2 3 4o
cos8 = T2 (1-0.005)° = 1-8(2) 0.01) +28(2) (0.01)? - 56(2) 0.01)° + Ml
FA = 15cos@ Ml 0.995° = 1 - 0.04 + 0.0007 — 0.000007
~ L =8sin + 15cos6 2] i = 0.960693 (6 d.p.) , Al| [2)
(iii) | 8sin6 + 15cosf = Rsin(6 + a) XD | Generaltem = (12) @ (L) o5
83iné + 15cos8 = RsinBcosa + Rcosfsina 1'2
Rsina=15 —O ) 5 ol Al|
Rcosa =8 —Q@ M1 (i) when12 —4r=4,r=2
@'+ @*:R? = 152 4 g2 when12-4r=0,r =3 }Ml(eiﬂm)
R=17 | Lo Independent term = (.7) 212-2 _ (12) 12-2t9
. =1 2 3
0+ Q: wna >
= 2816 Al [2]
a = 1.080839001 (iii) 112
« L =17sin(@ + 1.08) (3 s.f) Al| 3] For a general term containing x™ in the expansion of Lo 1) (Zx & -3-;1) s
(iv) | Maximum possible length = 17 m Bl n=(~4)+ (12 - 4r).
When L = 17, sin(6 + 1.080839001) =1 Since (—4) and (12 — 4r) = 2(6 — 2r) are even, n is even. BI
6 +1.080839001 = ’2-' Therefore, there is no term containing an odd power of x in thé expansion of
a & i
6 = 0.489957 = 0490 (3s.£) Al 12 ) (G-1)(x+5)" . Al g
) |a=8e"—6et ' BI| (1)
(i) when v =0,
4e?* —6e =0
2ef(2e*-3)=0 Ml
2¢t =3
t=Inl5 Al 2]
(iii) Distance in the interval (0 St <In1.5) = If;"xs 4% — 6e* dtl
— l[zezt = 6et]})n1.5' Ml
={-4.3 - (-4)| Ml
=0.5m

Distance in the interval (iIn15 <t <In3) = I f::s 4e% — 6et dtI
= |(2e* - 6e'Jinis

=10-(-45)| Ml
= =45m = -
Total distance = 0.5 + 4.5
=5m Al| [4
(iv) No, the answer in part (iii) will not change because distance is independent of the
position of the point P. ) i
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i ) e
10. | () Midpoint of AC = (<5=,=7°) Mi
- (514)
. 6-2
Gradient of AC = — Mi
1
=3
Gradient 1 AC = -3
Equation of the L bisector of AC: y —4 = —3(x—5) M1
y=-3x+19 Al| [4]
(i) | Coordinates of B = (0,19) B[ [1]
(iii) Let the coordinates of D = (p,q)
L3 Ml
p+l
q=-3p-1 =t @
AC = J(11+1)2 +(6-2)* M1
= /16
4,/(p+1)z + (g — 2)2 = V160 Ml
P+12+(@-2%*=10 —Q@
Substinte Qinto @: (@P+1)2+(-3p-1-2)2=10 Ml
10p(p+2)=0
p= 0: q= =1
Or p=-2,q =5 (reject)
Coordinates of D = (0, —1) Al| [5]
v : -111.0 -1 0 11
@) | Areaof quadrilateral ABCD =3[ 10 T, )
=3 (210 - (-30)] Ml
= 120 units’ Al| [2]
oo and Tk ety o Poges
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1. a
6 10 14 18
492 | 467 | 442 | 416 |
1 () Cureatly plotted points P1
Best-fit line Gl
| Axes & Appropriate scale Gl
w”‘”ge_”
InM = —kt +1nM, M1
In M — intercept = In M, = 5.3
' M, = 200.3 Bl
1 gradient = ~k
; k=~ 0.063 Bl
11| (iif) M, represents the initial mass of sample
; ‘] at the start of the experiement. Bl
| vkt =1n2
P DO —ke +InM=—~In2+InM, Ml
L i R '.,_ : 2 8 = 4,00005
e NG Draw: InM =46 Gl
47 1_ ...___'; a) o f.
FLY 3 L i
{71 AN
46 -
| ; i : .,_
LB Cyies u ga s nevemy xupn by 4
_;_ 5 S S NG LR EEN
4.4 4+ (v) Mass of half of initial sample = 2
| whenm =2 ¢ =t (halflife),
5
4.3 1+ ~k
50 H=me s MI
1 k% 2
i e —
2 ~kty = In2 M1
i !
", | Therefore, the value of 7 found in part (iv)
4.1 1] canbe used as an estimate for the half-life
‘| of the sample of DDT.
p ! 'i{—{i TF I __Ir!__i
0 2 4 6 8 10 12 14 16 18 t
[12]
|
- End of Paper -
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- RBAD THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.
Write in dark biue or black pen on both sides of the paper.

You may use an HB pencil for ax;y diagrams or graphs. .

Do not use staple, paper clips, highlighters, glue or correction fluid.

Answer all- questions.

Write your answers on the separate answer paper provided.

Give non-exact numerical answers correct to 3 significant figures, or | decimal place in the case of
angles in degrees, unless a different level of accuracy is specified in the question.

The use of a scientific calwim is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.
The total nuraber of marks for this paper is 100.

This question paper consists of 6 printed pages.
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Muthemutienl Permoles
1. ALGEBRA
Quadratic Equation
For the equation ax’ + bx + ¢ =0, :
- b:tJb’

Binomial expansion

(a+b) =a" +( )a""u(’z').ﬂa' . +( )a"'b' +otb,

nl _nn-1)- ~(n-r+l)
(n—r)lr! rl

wherenisa posmve integer and [ ] =
r

2. TRIGONOMETRY
Identities
sin?A+cos? A=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ A
sin(A4 £ B) =sin Acos B £ cos Asin B
cos(A £ B)=cos Acos B ¥Fsin Asin B
unAtmn-li

1F4n Atan' B
sin24=2sin Acos 4

cos24A=cos’ A-sin? A=2cos’ A-1=1-2sin’ 4

tan(A + B) =

l-tan‘ 4
Formulae for AABC
a b £l

a f=b" +c?-2bccos .

P
=—bcsin 4.
3 sin

(]

Connect and Communicate with Clarity and Precision
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(a) Solve the equation (3x+1)’ —[3x+§-12=0.

(b) The curve y =acosbz+c; where & 18 pesitive, is defined for 0 <x < 4x has an
amplitude of 3 and period of 4x. The minimum value of y is —2.
(i) State the value of g, of 4 and of c.
(i)  Ov the same axes, sketch the graph y = acos bx +c and y={fsin for

0<x<4x.

(iif)  Hence, deduce the value of &, where k is an integer, for which the equation

acosbx +c = —sinx|+ k has four solutions.

(a)  Find the range of values of d for which 3x* + 5x+ 2 is always greater than 4x+d .

(b)  Find the range of values of k for which the equation x* +2k +10 = x—3kx hes real
roots.

(©)  Find the set of values of m for which the curve y = x* + 6x + 5 and the
line y=mx+1 do notintersect.

It is given that f{x)=2x"+ax® +x+5.
(i)  Find the value of a and of b fer which 2x* + x ~ 1 is a factor of f{x).
(ii)  Solve the equationfix)=0.

1 a 1
iii) H lve —y'+=3y*+-y+b=0.
(iif) ence solve 4)’ 4}' 2y

Jason wants to paint the surface of a closed cylindrical
can which has a volume of 166, cm®. The cost of painting
is the least if the can has the smallest surface area.

The radius of the can is » cm, theheightis A cm and

the total surface areais 4cm°. hem

(i)  Express A interms of 7 and showthat 4 =2rxr? +}3—2£.
r

(i)  Given that r can vary, find the value of 4 for which the cost of painting is the least.

Connect and Communicate with Clarity and Precision 3
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The diagram shows a simplified map of the Indian Ocean. Geological stations 5(0, 3),
A(0, 7) and D(1 1, 0) detected an carthquake and a geologist is attempting to locate the
MCeth

Instruments at B and A detected the earthquake at exactly the same time, indicating that
theepicentre C is equidistant from B and 4. Insqumentsat D detected it a few seconds
later in the direction as indicated by the line / in the diagram sbove. The lme | makes an
angle of 45° with the x-axis.

(i)  Show that the line / can be represented by the equatiéli‘i+y== 1.

(ii)  Find the coordinates of C. ‘ '

(iii)  Hence, find the equation of the circle passing through Band A with centre C.

(iv)  Explain why it is not possible for a circle with centre C to pass through all three
points B, Aand D.

(@) Given that sin 4 = —--‘51 and tan 4 > 0, find the exact value of the following.

@) tan A
(ii) sin 24
(iii)  cos g A

(b)  Prove that (cos A+cot A)sec A=1+cosec A.

Connect and Communicate with Clarity and Precision’ : . 4
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B3]
[2)

(2]

(1
2]
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Solve the following equations.
(@ 1gnx) =1 (2]
(b)  2log, 5x* ~log,(1- x)=logy(4—x¥ +1 4]
(©) 3 +15(3)-6=0 (4]
8. (a) A particle moves along the curve y = xsin 4x in such a way that the y-coordinate
incresses at a constant rate of 0.45 radian/sec at the ingtant when x = &. Find the
rate of change of the x-coordinate at this instant. (31
(b)  The population of a village at the beginning of the year 2006 was 350. The population
increased so that, after a period of n years, the new population is given by 350(1.08)" .
Find
(i) the population at the beginning of the year 2016, (2]
(if) the year in which the population first reached 3680. (2]
(c)  Findthe value of @ andof b for which 5x* +ax > bis only satisfied by x < -2 and
x>5. (31
A curve has the equation y = f(x), where f(x)= ;._'_21 forx> 0.
X
(i) Obtain an expression for f(x). 2)
(i) Find the equation of the normal to the curve at the point where the curve crosses the x- @
H 4
axis.
(iii)  Determine, with explanation, whether f(x) is an increasing or decreasing function. m

Showing all necessary working, determine whether the gradient of the curve is an
increasing or decreasing function. 3]

Connect and Communicate with Clarity and Precision 5
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10.  The disgrwn shows the points 4, B, C and D on acircle and XAY is tangent to the circle.
XAY isperdlel to DCE and the linss 4B and DC are produced to mest at £.

X ' A ' y
(i)  Prove that triangles ADB and CEB are similar. 31
(i)  Prove that triangles CEB and AED ase similar. 2]
(i)  Hence showthat ABx AE = AD*. (2]
(iv) If B and C are the midpoints of AE and DE respectively, prove that AADB is
isosceles. 3]
11. (8  The diagram shows part-of a curve y = 5x’ +12x* —12x where point M and point N
are stationary points of the curve.
y=5¢ +12¢ ~12x
7 >x
Find
(i)  the coordinates of M and N. 3]
(ii)  the area of shaded region. 4]
(b)  Show that i[In tanx]= 2 and hence evaluate ,,- & (5]
dx sin 2x 5 8in 2x
End of paper
Connect and Communicate with Clarity and Precision 6
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pef b ] A
1(a) |(3x+|)’-[3x+|]-u-=o
PBx+ 1 -px+y-12=0 M1
Let y={3x+1|
y-y-12=0
(y-4)y+3)=0
PBx+i=4 or Px+1=-3(rejected)
Ix+i=4 or Ix+i=—4
x=1 l’=—|‘Z Al
1(b)i) | y=acoskx+c
a=3, b=05 & c=1 Bl
LbXii) |
|
(G1] - Correct sketch of y = —|sinx|
[G1] - Correct sketch of y = 3cos5x + 1
[G1]) - Label axes & clear indication of x, 2%, 37 & 4= |
1)) | k=4 BI

Qu.Ne felotien " Mark
_Anocaton |
Xa) _ 3x) +5x+2>4dx+d
' +x+(2k-d)>0
b*-4ac<0
(1)?-43)(2-d)<0 M1
1-24+12d <0
12d <23
=11
d <l —
< Ty Al
2(b) x? +2k+10 = 5~ 3ks
x2+Gk~1)x+(2k+10)=0
“b*-4ac20
Gk-1)2-42k+10)20 Mi
Ok -6k +1-8k-4020
9% -14k-3920
9k +13)(k-3)20 M1
.'.I:s—l;ork?..'i Al
2(c) x2+6x+S5=mx+1
x+(6-mx+4=0
b’ -4ac<0
(6-m)’ -4(14) <0 Ml
m’ -12m+20<0
(m-2)(m-10)<0
~2<m<10 Al
3() 28 +¥-1= (2= 1)x+1)
(2x~-1) and (x+1) are factors
|
f— =
(2) 0
1y (1Y (1
2(5] M(EJ +(5)+b=0 M1
—:-+—:-at—l-2+b=0
a+4b=-3 -—-—()
]l ‘ Ml
i | M




r=483=436207

f(-1)=0
2(_I)J+a(_l)l+(‘l)+b=o Ml
-2+a-1+6=0
a+b=3 ---(2) Al
(M)-2):a+4b-a-bp=-3-3
=b=-2and a=5
3(ii) flx) =22 +5x’ +x-2=0
Using long division or synthetic method:
f(x)-(l\‘+x~lx:+2)=0 Ml
fix)= 2x ~1Xx+1)(x+2)=0
x=—l-orx=—lotx=—2 Al
i) |~y +2y +2yeb=0
4 4 2
3
l(Z) +,{Z) +24b=0 Ml
2\2
Eut g3
2 2
y=l' "2, -4 Al
(i) xrih=1667
P M1
r
A=2xr® + 2arh=2nr? +2xr(l6z—6] Mi
r
A=2:tr’+332”
r
4(ii) 9";=4n-332," Ml
dr r
Lot g, 3327 M
dr r
33213
r
4nr'=332x
r'=83

4’4 4 664x
_J—= T+ 0
dr r —l Ml
1
Whmr“4.36207,:’—':=4x+ﬁ:£>0
r
Hence, 4 is minimum and the cost is the least. Ml
3 332#
Formm.oost.thevalueofA:Z;r%/ﬁ +
. ( y 333 Ml
=358.66295 = 359 (3sig. fig.)
Al
5(i) The line / makes an angle of 45° with the x-axis.
Therefore, the gradient = —1| Bl
y==x+cC
Sub. (11,0), 0=-(11)+¢
c=11 Ml
y=-x+11 (Shown)
5(ii) Mid-point of 4B =(3§°-, 7—;3)=(0. s) Ml
The x -coordinate of C lieson y= §
Let the coordinate of C=(a, 5)
Sub.y=Sinto y=-x+11, Ml
S5=-x+11
x=6
Therefore, the coordinate of C (6, 5) Al
5(iii) Radius of circle, BC = J36+4 =40 M]
(=6 +(y-5)" = (V@0f
x* -12x+36+ ' 10y +25=40
x'+y?-12x-10y+21=0 Al
S(IV) CD=J52+52 Ml
=50
Since CD = V40 } Bl
Hence, it i not possible for a circle with centre C to pass through all three points 8, A and D.
6(a)(i) sind= —% andtan 4 >0
wna=3 Al
3

: 6(a)(ii)

sin24 =2sin Acos A




Qa.No | .. ‘Solution
-,(_1 _2)
5 &) 4
s
25
6(a)(iii) | cosA= cosz(g) =2cos? L %
Pt Ml
s 2
A =
cos;—t SX_Z Ml
A 1 \/3 1 : o A v
AL I, L 90" <=<135
cos> s E("J«‘mﬂ ( e ) Al
6(b) LHS:(cosA+°f’“X ! ) MI
sin A \ cos 4
1
B +sinA Mi
=1+cosec A=RHS (shown) Al
(a) ig(inx) =1
(inx) =10 Mi
lnx=:t\/l3
X=¢m or x=e"m
x=236(3) or 0.0423(3sf) Al
(b) 2log, 5x* ~log, (1~ x)=log,(4 - x)’ +1
Ml
M1

\. F
2 = s a|
M_M’(l_x)zj 4 x)+]
I”I‘ lql‘ Al
Sx?
log, T =log,(4 - x)+log,2
5x?
:-(2x4—x)
3x? +10x~8=0
(Bx-2)(x+4)=0
2
=—0r =—4
X 3 X
(<) 3 415(3°)-6=0
B* )3y +1503")-6=0
3(3")? +5(3*)-2=0 Ml
Let y=3"=3y* +5y-2=0
r+2)3By-1=0
1
Ly==2or - Al
y or 3
-3 =-2NA) or 3-'=%=3-' Ml
Lx=-1 Al
8(a) % =sin4x +4xcosdx M1
& & a&x
dt dx di
When x=rx,
, dx
0.45=(sin4x + 4z cos 4x)x;‘- MI
dx
E=°'°m rad /sec (3s.f) Al
8(bXi) Population at the beginning of 2016
=350(1.08)"° MI
=755.623749 =755 Al
8(b)t) | 350(t.08)" = 3680
. 3680
08) =" —
(1.08) 350
L M1

——— e m e aaeed




i => Gradient is an decreasing function.
I
i

Q=. No " Seleties ~ Mark
n'—'ig(m)i»lll.o‘
350
n=30.6 e
Therefore, the population first reached 3680 in the year 2036.
8(c) k(x+2)(x-5)>0 Ml
: k(x* -3x-10)>0
ko - 3kx - 10k > 0
By comparing coefficient of x* where k=5
k=S
a=-35)=-15 -
- b=-10(5)
b=50 4
i & _il!h+l!—!2!x—2! M1
9(i) f'(x)= @x+1y
L e Al
(2x+1)
9(ii) Curve crosses x-axis, y = 0.
Therefore, 2= =0 x=2 Ml
2x+1
5 1
At x =2, gradient of tangent = ———==—
g (22 s
Therefore, gradient of normal = ~$ Ml
Equation of normal:
r0__ MI
x-2
y=10-5x Al
f'(X)_ 3
i @x+1)
Since (2x+1)’ >0 forx >0,
: Bl
then f'(x) = ——5 >0 = f{x) is an increasing function.
(2x+1)
(oiv) | £ =()-2)2)2x+1)” M1
. Al
(2x «1)
. : -20
S 2x+1)" >0 forx> 0, then f'"(x)=——— <0
ince (2x+1)' >0 for x en £"(x) @xel) < I

10(}) ZBCD =190° - LDAB ~ (4s in oppositesegraent) | g
ZBCB=180° - (180° - ZDAB)= £DAB——— (adj£sona straightling
ZBAY=£ADB (altematesegment theotem)_ | BI
ZBAY = £CEB (alt.Zs; XY /I DE)
ZADB= LCEB % : ‘ Bt
AADBis similarto ACEB - - ——— (AAsimilarity

10(ii) ZCEB=ZAED (commonanglé)

ZECB=/DAB ('shown from part(i )) a2
ACEBis similo to AMMED  ( AAsimilarity)
1(iii) | From (i) and (i), AADB is similerto AED
AD _AB . -
Hence 2= =22 f ing si
ence “E_ 4D (ratio of corresponding sides) Mi
ABx AE = AD* (proven) Al

10(iv) | Since B and C are midpoints,

BC !/ AD a5 (midpoint theorem) | Mt
ZADB = ZCBD (alt.£s; BC1/ AD) ‘L il
ZCBE =180° - ZCEB - £BCE ‘ “— (&s sumof A)_|
£DBE= (180" - LCEB- LECB)+ £CBD=180° - LECB ( LCEB=£CBD)

ZDBA= LECB (adj s on a straight ling— | M1
£DBA=/DAB (4DBA= ECB) _

BC11 4D (midpoint theorem) i
ZEBC = ZBAD (Corr. £s; BC 11 AD)

LECB = ZDAB (from(i)) Mi
.ZEBC= LECB » ~|

= ACEB is isos ’ sl
~.04DB s isos (A4DBis similarto ACEB?J_

1@)(i) | y=s5x*+12x* -12x
%=l$x‘+24x-l2 Mi
For stationary point, @ =0

dx 2
MI




"Qa. Ne.

=[3xo.4)_¥)'_4(o.4)’+s(o.4r]-[sz(_z)_.’t42£_4(-ﬁ+«_zr

= 4[% units’

Qa. No ; Solwtion: -Mark |

1522 +24x-12=0 Al
SI’ +8x-4=0

(x+2)(sx-2)=0

x= -2, x=04
y=32, y=-2.56

—_—p M(—Q:, 32) N(04,-2.56)
@i y
y =5 +12¢" ~12x

/ |

Area of 4 = (32)0.4) = 12.8 units® Ml

. 4 o 5x* I

Area of B ‘—“L‘(Sx" +12x? - 12x)dk = [T +4x° -6x’]m Ml

= 0.672 units®
1 B 3 2 5X‘ 1 2 i
Ares of C =(2)(32)- [_ (5x* +12x* ~12x)adx = 64 e —6x M
-2
=64~[0- (- 36)] = 28 units®
Area of shaded region = 12.8 +0.672+ 28 = 41%;""1:’ or 41472 units’ Al
Alternative solution: .
K 4 M
Area of shaded region = [; [32 —(5x’ +12x* - le)]dx
U4
1 M1

4
=[32x—éz— -4x' +'6x2]

-2

MI

11(b)

%[In tan x]

_sec’x
tan x

_(cosx 1
sinx A cos’ x

B ——
$in xCos x

_ 2
2sin xcos x

- 2 (shown)
sin 2x

Ml

Ml

Ml

1 .1 x
=_|Intan— -1} =,
[n 3 ntan4]

N

= %[0.5493 -0]
=0275 (3s.N)

Ml

Al
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