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, 1. ALGEBRA
Quadratic Equation ‘

For the equation ax’ +bx+c=0

b+ \/ b* —dac

2a

X =
Binomial expansion

(a+b) =a" +Uja"“b +(Z)a"‘?b2 +-..+(n)a"“’b’ +..tb,
y \7r

n! _n(n—l)...(n~—r+l)

:r!(n—r)!_ r!

. e n
where 7 is a positive integer and ( J
r

2. TRIGONOMETRY
Identities
sin> A+cos”’ A=1
sec’ A=1+tan” 4
cosec’d=1+cot’ 4
sin(4+B)=sinAcos B+cos Asin B
cos( 4+ B)=cos Acos B Fsin 4sin B
tan4 ttan B
1¥tan Atan B
sin2A4=2sin Acos 4
cos2A=cos’ A—sin’* A=2cos* A—1=1-2sin> 4
2tan 4
1-tan® 4

tan(A+B)=

. tan24=

Formula for AAdBC
a b c

sind sinB snC
a* =b*+c* —2bccos A

L pesin4
besi
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. i 1
1 Given that o and f are the roots of a quadratic equation where aff = 42 and

> 1
a +pf =-2—.

F 4

(i) Find the value of a+f where a+f<0. [2]
LR 1
© (i) Show that &’ + =16Z. : [1]
. , )

~ (iii) Find a quadratic equation whose roots are 2 and-%— . {31

7.2 Given that curve y =x’ lies above the line’ y = px—q” for -2 < p<2. Find the value(s) of

constant g. ' ‘ (4]

: 2 . . . -
3  Theequation of a cuve is y=2xe’ ™ . Find the x-coordinates of the stationary points, leaving

your.answer in exact form and determine the nature of the stationary points. [5]

4  Itis given that 2> + 4" =2 (31—,:)'_
. . A2
- (i) Show that 12% = 2_3_. -

. (if) Find the value of x correct to 2 decimal places. [1]

5 Given that J-ozf-(x) dx=5 and I 2f(x) dx =2, find the value ofa given that

Pepegon

2
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6 A particle travels in a straight line so that ¢ seconds after passing a fixed point O with a

velocity of 15 cms™, its acceleration a cms™ is given by a =k —2¢ where k is a constant.

The particle reaches maximum velocity in 1 second. Find

(i) the value of £k,
(ii) * an expression for the velocity of the particle in terms of ¢,

(iii) the distance travelled in the first 6 seconds.

. s <2 . — st 3
7 (i) Show that 2cos 6 §1?2.0030+1 =3cot’ @—cot@+1.
sin

ii) Hence solve the equation 2 cos? @ —sin @ cos +1=sin’ §.for —r <@ <.
q

(1]
(2]
(4]

(3]

(4]

8  Variables x and y are connected by the equation y =ax® + _b\/; , Where a and b are constants.

When a graph of 7)2__ against xx is plotted using experimental values of x and y, a straight

X

line is obtained and passes through the point (1, 5). The straight line makes an angle of 45°

with the xx-axis.
(i) Find the values of a and of .

(if)  Find the coordinates of the point on the line at which y = 3x.

9 (i) Sketch the graph y = lxz - 4‘x| indicating the intercepts and coordinates. of the

turning point.

(ii) In each of the following case, determine the number of solutions of the equatlon

|x —4x| mx+c where 0 <c<4, justifying your answer .

(@ m=0,
b)) m=-1.

- 2014/CCHMS/Additional Mathematics/4047/01
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3]

3]

(1]
[2]
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10  The diagram shows a quadrilateral ABCD in which 4(2, 8) and B(8,6). Mis the midpoint

of 4B and CM is perpendicular to 4B. The equation of BC is 3y = 4x—14 . The point D lies
on the y-axis and ZDAB =90°" Find

(i) the coordinates of:D, ‘ 7 (2]
e (u) the coordinates of C, [5]
' (iii) theratioofAD:CM. 2]
4V
A4(2,8)

11 Inthe diagram, 4B is a diameter of the circle with centre O. DE and BF are tangents to the
circle at C and B respectively. DCE and BEF are straight lines. Prove that

() A4BC and A4FB are similar, (3]
(i) ACFE is isosceles. (4]

| 2014/CCHMS/Additional Mathematics/4047/01 -
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12 Sand is poured onto a flat surface at a rate of 277 cm’s™ and formed a right circular cone. The

- radius of the cone is always %of its height.

(i) Find the rate of change of the radius 3 seconds after the start of pouring. [5]

(ii) State, with a reason, whether this rate will increase or decrease as ¢ increases. m

13

The pendulum of a grandfather clock swings back and forth with a periodic motion that
can’be represented by the equation /= acoskt +b, where a, k and b are constants, 4 cm is
- the height of the pendulum above the base and ¢ is the time in seconds after the pendulum is
.. released 26 cm above.the base.: At rest, the pendulum is 18 cm above the base. It takes four
. .seconds for a complete swing back and forth.

(i) State the value of @ and b. 2]
(i) Show that the value of k is % rad/s. [1]
a (m) : .-S'k‘etcAhv‘the'g'fapbh} of h>=¢>zco's'kz +b for 0<7<6. o | 12]

(iv) Find the time interval in which the pendulumis 20.cm above the base during one - - -

revolution. 3]

2014ICCHMSIAddiﬁonal Mathematics/4047/01
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13,

7
Answer Key
. 5

I. 1 -

@ 5

(i) x ~95¥x+4l’:0

17 4
g=1=1
1 2 . . .
3. At x=——= or ———, the point is a minimum.
2 2
1 2 L .
At x =—= or —, the point is a maximum. ------------ Al
22
S4 G 039
5. a=-17

6. 1O k=2

(i) v=2&-r+15

(i) 622 cm

3

7. (1)) 6=-18%o0r 1.25
8. () a=lb=4

G) (-1, 3)
10. (G D(0,2)

i c(2-2)

(i) AD:CM=2:3

(i) 0.202 cm/s

(i) a=4b=22

(iv) os:s% and gstsz

79
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Formula for A4BC

2

, 1. ALGEBRA
Quadratic Equation
* For the equation ax® +bx+c=0
I b* —4ac

2a

X

Binomial expansion

(a+b) =a" +(’I)a""’b +(Z)a"‘2b2 +...+(nja""'b’ o+,
r

__n :n(n—l)...(n—r+1)
r!(n—r)! r!

. cpe e n
where # is a positive integer and ( J
r

2. TRIGONOMETRY
Identities '
sin”> A+cos® 4=1
sec’ A=1+tan’ 4 -
cosec’4 =1+cot’ 4
sin( A4+ B) =sin Acos B +cos Asin B
cos( A+ B)=cos Acos BFsin 4sin B
tan Attan B
1¥tan Atan B
sin24=2sin Acos 4
cos2A4=cos> A—sin® A=2cos* A—1=1-2sin*> 4
2tan 4
1—tan® 4

t{_an_(A +B)=

- tan24 =

a _ b _c
sind sinB sinC
a =b*+c* —-2bccos A

L pesina
=50

" 2014/CCHMS/Additional Mathematics/4047/01



'l Giventhat @ and S are the roots of a quadratic equation where off = 4% and

a’+ fr=-2—.
p 4

() Find the value of @+ f where a+f£<0. 2]

(i) Show that & + §° =16i. : [1]

. . 2 2
. (iif) Find a quadratic equation whose roots are 2 and %—. (3]

Marking Scheme

0 (a+B) =a® +20f+ >~ Ml c.a.0

=—21+2(41)
4 4

3
4 .

a+,6’=—\/24E (given that o+ < 0)

RN
2

G) oa+p° =(a+,3)(a2 —a;6+ﬂ2) —————————— Bl c.a.o

2 2 3 3
(i) a b =a—+—ﬁ— —-Mil ca.o

Sum of roots: — +
~ f « aff
1

=16}-+.4.—
4 - 4

&
17
a2 2
Product of roots: —x*—=aff
. B a

Ml c.a.o

4

The quadratic equation is: x* —--16—3- x+ 4% =0 ——Al

2014/CCHMS/Additional Mathe:natics/4047/01
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2 Given that curve y=x" lies above the line y = px—g* for -2 < p<2. Find the value(s) of constant g.
- Marking Scheme

DD > et L— Ml ca.o

X —px+q’ >0

For no real roots, Discriminant <0 ----—--- Ml c.a.0

2

(=p)" -4()(a*) <0

pP—-4¢" <0

2<p<2l= (p - 2)’(p'+ 2)< 0 ‘- Ml c.a.0

p—4<0

By comparison,

4g* =4

g=21 ———Al

‘ 2014/CCHMS/Additional Mathematics/4047/01
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your answer in exact form and determine the nature of the stationary points.

Marking Scheme

G y= Ixe’

dy o ' 3-x2 3-x?
_ —d;_—Zx(—er )+e (2) ——————— Ml c.a.0o

=2 (—sz' + 1)

. dy
At stationary pt, — =0.
Ty p dx

5

The equation of a cuve is y =2xe’™ . Find the x-coordinates of the stationary points, leaving

x=*t—=or t— - Ml
2 2
x -1 1 0
2
dy -14.8 0 40.2
dx
At x= L or ——i—i— , the point is a minimum.  ------------
2 2
x 0 1 1
‘ 2
- dy 40.2 0 -14.8
At.x= —\/% or —‘/EE—,' the point is a maximum, ---—-—-—Al

2014/CCHMS/Additional Ma}themaﬁ0§1404-7/01 :
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4  Itis given that 2°™*' + 4™ = 2(31—x) h

() Show that 127 = 2:7‘3-

(ii) Hence find the value of x correct to 2 decimal places.

- Marking Scheme
() 27 =23
22"x2+22‘x2“2=2(3x3") ....... M1

2% (2+%J=6x3“ --------- —~ Ml

4% x3* =~61- —Y |
2__

BN

12 = 2% (AG)

(i) lgl2*=lg 2'—§-

)
1g22
83

x=
1g12
=039 2d.p) - B1

2014/CCHMS/Additional Mathematics/4047/01
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5 Given that J.OZ f (x) dx=35 and J. E f (x) dx =2, find the value of a given that

4

I;(f(x)+asin 2x) =10.

Marking Scheme

' J;(f(x)+ax) =10

j‘;f(x) dx+J.;asinx dx =10
2 2
0

—J.gf(x) dx+[— acos Zx] =10 - Ml c.a.0 ,Mlca.o
0 2

3
'—(5+2)+(—§—-%)=10 ~— Ml ca.0
~7—a=10

a=-17 ———-Al

2014/CCHMS/Additional Mathematics/4047/01
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6 A particle travels in a straight line so that ¢ seconds after passing a fixed point O with a

velocity of 15 cms™, its acceleration a cms™ is given by a=k~—2¢ where k is a constant.
* The particle reaches maximum velocity in 1 second. Find

(i) the value of £, (1]

(i) an expression for the velocity of the particle in terms of 7, 121

(iii) the distance travelled in the first 6 seconds. [4]
Marking Scheme

() At maximum velocity, a=0
k—-2t=0 att=1

k-2(1)=0
k=2 ————Bl
(i) vzf(z-z:)dt

=2¢—£* +¢ where ¢ is a constant ~—-- M1

Given that v=15 whenz=0,

-c=15
v=22—1"+15 Al
(ii) s=j(2z—t2+15) dr
. 3 °
=t2—£3—+15t+c, where ¢, 1s a constant ——— M1

Since s =0 when ¢ =0,
=0

3
s=£ -1 4151

3

When v=0,

2t-1*+15=0

£ —-2t-15=0

(1-5)(¢+3)=0

- t=50r -3 (N:A) ~——--Ml

Whént:O, S:O
- When t.=..5, s=58—;— i Ml
'Whentl=6,‘S=54

Total distance travelled =58 % + (58 % - 54)

Al

=62Z cm
3

" 2014/CCHMS/Additional Mathematics/4047/01



2cos’ @ —sinfcos G +1

— =3cot’ §—cotG+1.
sin” &

7 () Show that

(i) Hence solve the equation 2cos’@—sin@cos@+1=sin’@ for -7 <O< 7.

- Marking Scheme
i 2cos?@-sin@cosf+] 2cos’d sinfcosd 1
’(l) -2 = ) - . 2 + . 2 M].
sin“ & sin” @ sin” & sin“ @
=2cot?> @ —-cot@+cosec’l —-—- M1
=2cot’0—cotf +(1+cot* @) - Ml

=3cot’@—cotf+1 -— (A.G)

Alternative Method
2cos” @—sinfcosf+1 _2cos’ @—sinfcosd+sin’ 0 +cos’ @ M
sin’ @ sin® @
20 Gop .2
:3cos 7] sufﬂzcosﬂwtsm e Ml
sin® @ :
3cos’@ sinfcosd sin’l
=20 7 T m Ml
sin” @ sin"¢  sin" @
=3cot’@—cot@+1 - (A.G)

(i) 2cos’@—sinfcosf+1=sin’G

2cos” @—sin@cos @ +1
sin® @ -
3cot’@—cot@+1=1 —eree Ml
3cot’ @—cotd=0
cotd(3cotd-1)=0 Ml

1

cotd =0 (N.A) or c‘otB:é—

‘When tan@ =3, basic £=1249 ~——— Ml
0=-1.8%0r 1.25 Al

* 2014/CCHMS/Additional Mathematics/4047/01 -

(3]

(4]
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10
8  Variables x and y are connected by the equation y = ax’ +b/x, where a and b are constants.
. "When a graph of —‘/Z_— ‘against x«/; is-plotted - using experimental values of x and y, a straight
x .

line is obtained and passes throﬁgh the point (1, 5). The straight line makes an angle of 45°

with the x\/; -axis.

(i) Find the values of a and of b. V [4]
(i) Find the coordinates of the point on the line at- which y =3Jx. 3]
Marking Scheme
@D y=a+ bx
y _ x
“==a—=+b
NERRN~
y :
“==axJyx+b - --M1 c.a.0o
Jx
tan45°=a
a=1 -—————-— Al
Sub. (1,5),
5=1+b - M1
b=4 ———-Al

- _ Y3
(i) y—3\/;:>J; 3 Ml

3=x\lx +4 ——MI
XNx =—
The point is (-1, 3) ——-—— Al

© ' 2814/CCHMS/Additional Mathematics/4047/01
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9 (i) Sketch the graph y =ix2 —‘4x‘ indicating the intercepts and coordinates of the turning point. 3]

(ii). In each of the following case, determine the number of solutions of the equation

}vxz '—v4x‘ =mx+c¢ where 0< ¢ <4, justifying your answer .

(@ m=0, [1]
b m=-1. (2]
Marking Scheme

@

Shape ------- Bl
Turning pt ------- B1
Intercepts ------- Bl
x

y=-—=x+4
Alternative, draw these two lines
to infer ---- M1

y=-x

(iia) For 0<c<4, the line y =c cuts the graph y =lx2 —-4xl at 4 points, thus there are 4

solutions. —~mm——mmmmmmmeme B1

: (ub) ~ For 0<¢<4,theline -y = =xonly intersect the left-hand side half of the graph y = ,xz - 4xl

at 2 points, thus there are 2 solutions. ~-----------—-- Al

Ml

2014/CCHMS/Additional Mathematics/4047/01
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10  The diagram shows a quadnlateral ABCD in which A(Z 8) and B (8 6) M s the midpoint

" of AB and CM. is. perpendlcular to AB. The equation of BCis 3y =4x-—-14. The point

D:lies.on the y-axis and £ZDAB=90°. Find

(i) the coordinates of D,
(ii) the coordinates of C,

(iii) the ratio of AD : CM.

47

4(2,8)

c
(i)  Gradient of CM =3 ——— M]
: M=(2+8,~ 8+6) Ml c.a.0
2 2 _
=(5,7)
Eq. of CM,
y=7=3(x-5) ——-MI
y=3x—8 —--——-—(l).

Sub. (1) into 3y = 4x-14,

(3x 8) 4x-14 —mee- Ml o
9x—24=4x—14
5x=10

x=2

y=-2
.'.C(Z,—Z) ————Al

2014/CCHMS/Additional Mathematics/4047/01

[2]
(5]
(2]
(i  LetD(0, a)
Gradient of 4B = 8-6
2-8
1
3
Gradient of AD xGradient of AB = -1
‘8;0 (_l P __1 ________ Ml
2-0 3
a=2
D(OJ 2) “““““““““ Al o

. (iii)  Since AD // CM, by similar triangles:

A(2,8)
M5, 7y e Mi

D(.2)

CM=2:3 —— Al
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11 In the diagram, 4B is a diameter of the circle with centre O. DE and BF are tangents to the
circle at C and B respectively. DCE and BEF are straight lines. Prove that

(i) AABC and AAFB are similar, ‘ E)
(ii) ACFE is isosceles. (4]

Marking Scheme

(1) ZACB =90° (it. £ in a semi-circle) —— M1
ZFBA=90° (tan. L rad) -——--—-Ml

.. LACB=/FBA ;
ZLFAB = ZCAB (common /) ------ M1
Hence AABC and AAFB are similar. .

(i) ZABC = ZDCA (tangent-chord theorem) -—- M1
LFCE = /ZDCA (vertically opp. £s) M1
. /ABC = ZCFE (similar As) -—- M1
Since ZCFE = LFCE, ACFE is isosceles (base Zs are equal) —— Al

2014/CCHMS/Additional Mathematics/4047/01
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12 Sand is poured onto a flat surface at a rate of 27 cm’s™ and formed a right circular cone. The

radius of the cone is always %-of ifs height.

(i) Find the rate of change of the radius 3 seconds after the start of pouring. [5]

(i) State, with a reason, whether this rate will increase or decrease as ¢ increases. [

Marking Scheme

I .,
i =—7rh
@ 3

r=36 Ml
v _ 3zrt ———Ml
dr
dr :-gixgz —--Ml c.a.0
de dV de
-2
37
= ——L—z— x27 atr= 3[6—
3z (%/g )
=0.202 (3s.1)
The rate of change of radius is 0.202 cm/s. -------- Al

(i) As 37 is inversely proportional to 7, thus as ¢ increases, 7 increases and pw) decreases.
o 3 o : re
This rate will decrease. ------ B1

~2014/CCHMS/Additional Mathémaﬁcsl4047lp‘l
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The pendulum of a grandfather clock swings back and forth with a periodic motion that
can be represented by the equation 4~ =acoskt +b, where a, k and b are constants, %
cm is the height of the pendulum above the base and ¢ is the time in seconds after the
pendulum is released 26 cm'above the base. At rest, the pendulum is 20 cm above the
base. It takes four seconds for a complete swing back and forth.
(i)  State the value of a and b. [2]
(i) Show that the value of k is % rad/s. (1]
(iii) Sketch the graph of A =acoskt+b for 0<z<6.. ’ (2]
(iv) Find the time interval in which the pendulum is 20 cm above the base during one revolution. [3]
Marking Scheme
. ‘ “h/cm
. 2618 .
W a= (i 964
. 2 : '
b:; ——BIBI 2 \\ """" /\ """" /
=22 — N INA
,_ D T e
. 2x | e S (LU SR U S M S
) k=4+2 ——Bl ' ] s 1 15 2 25 3 35 -4 s
=7 rad/s (A.G) o
Bl - 1.5 cycle
Bl - Max. and Min. values

2014/CCHNIS/Additional Mathematics/4047/01
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(i) h=4cosat+22
- 4cos mt+22.=20

cos = ¢ =L Mi
2

Basic £ =£
3
2 47z
="~ or ——
3 3
2 4

I=— or — --——- Ml
3 3

Thus the time interval is 0<¢ <

W [N
2
[SSRN

© 2014/CCHMS/Additional Mathematics/4047/01



Calculator Model:

Name: Class Class Register Number/
Centre No./Index No.

PRELIMINARY EXAMINATION 2014

SECONDARY 4
~Additional Mathematics ' 4047/02
I Paper 2 Friday, 29™ August 2014
' 2 hours 30 mins
Additional Materials: /:\nswer Paper

READ THESE INSTRUCTIONS FIRST
Do not open this booklet until you are told to do so.

Write your name, class and index number clearly in the spaces provided at the top of this
page.

Write in dark blue or black pen on both sides of the paper.

You may use a pencil for any diagrams, graphs or rough working.

Do not use highlighters or correction fluid.

Answer all questions.
If working is needed for any question it must be shown with the answer.
Omission of essential working will result in loss of marks.
Calculators should be used where appropriate.
if the degree of accuracy is not specified in the question, and if the answer is not exact, give the
- answer to three significant figures. Give answers in degrees to one decimal place.
For 7 , use either your calculator value or 3.142, unless the question requires the answer in terms
of . = o ,. R T

‘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 number of marks for this paper is 100.

100

This document consist of 7 printed pages and 1 blank page .
) [Turn over



82

2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax”+bx+c=0,

—b+b* —4ac

2a

x =

Binomial Expansion

n n n
(a+b) =a"+| |a™'b+| _|a"?b* +...+| |a""B" +...+b",
1 2. r
. e n n!
where n is a'positive integer and = —.
v (n = r)!r!

2. TRIGONOMETRY
Identities
sin4d + cos?4 =1
sec’4 =1 + tan’4
cosec’4 =1 + cot’4
. sin(A4 + B) =sin Acos B *cos Asin B
cos(4+ B) =c0s 4 cos B Fsin 4Asin B

tanA4d +tanB

tan(4d+B) = —————
7 l+tanA4tanB

sn2A4=2sinAcos A

cos24 =cos’> A—sin® 4=2cos> A—1=1-2sin* 4

tanzA:_ﬁ?%_
1—tan® 4

Formulae for A ABC
a b c

sind sinB sinC
a’>=b%+ c¢? - 2bccos 4

A= 1bcsinA

2014/CCHMS/Additional Mathematics/4047
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1 () Calculate the coordinates of the point of intersection of y = %xl and y =256x 2

3

fo;x>0

5

and y= 256x * forx>0, clearly

| wn

(i) Sketch, on the same diagram, the graphs of y =—x

N

indicating the point of intersection.

(iii) Determine, with explanation, whether the tangents to the two graphs at the point of
intersection are perpendicular.

2 (a) The independent term in the expansion of (2 +)e)'l and the independent term in the

expansion of (2—ax)2"+l are in the ratio 1 : 8.
(i) Show that n=2.

2n+l

(ii) Given that the coefficient of x” in the expansion of (1+x){(2—ax)" is 160,
find the value(s) of a. ‘

. 6 n
(b) Given that the coefficient of the —12— term in the expansion of (g —x) —(1 + z) is
pa p x

128, find the value of ».

3 (i) Differentiate xcos3x with respecttox.

(i) Using your answer to part (i), show that j‘o;xsin 3xdx = % .

2014/CCHMS/Additional I\_/Ia_theniaﬁcsl4047 L

[2]

[4]

(2]
(3]

(5]

[2]

[4]
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4

4  The diagram shows a quadrilateral ABCD with AB =8 cm, BC=5cm. ZABC =90°

ZADC

@
@)

(iii)
@iv)

=90° and ZBAD =8 where 0° < §<90°. BXis perpendicular to AD.
4
o 8cm
X u B
Scm
D C

Show that the perimeter of ABCD, P cm is given by P=13+13sin6+3c0s6.

Express P in the form &+ Rsin(@+ «), where kis a constant, R > 0 and a is an
acute angle. ’

Find the value of & for which P=25.

Find the maximum value of P and its corresponding value of 8.

5 A function is defined by y= -l—:il{ where x > 0.
: » x+

®

(i)

(i)

- function.

(iv)

Find an expression for %x)i .

.-Find the equation of the-normal to the curve.at the point where the curve-crosses the

x -axis.

Determine, with explanation, whether y = 1-

I is an increasing or.decreasing
X+

Find the range of x for which the '-gradiént of the curve isan-increasing function. ...

2014/CCHMS/Additional Mathematics/4047
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5
3 2
. —2x" - . .
6 (i) Express x 5 X —xt3 as partial fractions. (5]
x*—-2x+1
x> =2x* —x+3

(i) Hence, find | ———F—— 2

j x?=2x+1 21
4
0
R
y=10 _%W
x
The diagram shows part of the curve y =10— % and two parallel lines OR and PQ. The line
x -
" OR intersects the curve at the point R(—2, 2) and the line PQ is a tangent to the curve at the
point Q. Find

(i) the gradient of OR, [1]

(ii) an expression for % and hence, find the coordinates of Q, 3]
(iii) the area of the shaded region OPQR. [4]

2014/CCHMS/Additional Mathematics/4047
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6

A—2sin 4
8 (2 () Provethat cot24 = 2”250

2cos 4
(it Hence solve the equation cosec 4-2sin 4 =1 for
2cos 4

answers in terms of 7.

. 7 . .
'(b) A and B are acute angles such that sin(4+ B) = 5 and sinAcos B = —g— -Withoutusing a

calculator, find the value of
(i) cosAsnB,
(i) sin(4-B),

.oy tanAd
i) —.
(i) tan B

0<A<2x, leaving your

In the diagram, the circle with centre G touches the curve y*= 4x at the points 4 and B.
. . The-equation of the:common-tangent to both the circle and the curve at the point 4 is

1 -
y= 5 x+2. Find
@) ‘the'coordinates bf the point 4,
(i) the equation of AG, |
~ (iii) the equation of the circle,
(iv) ‘the equation of a second circle whose centre is G and area

circle. - :

2014/CéHMSlAddiﬁoﬁal Mathematics/4047 .

is 5 times that of the original

(3]

(1]

(1]

(2]

(3]
(2]
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10 (a) Solve lg(x—8)+2lg3=2+Ig [%) )

~ (b) Giventhat log, p=x and log,g=y, express glog; p in terms of x and/or y.

(c¢) The value; V, of a piece of rare jewel at the beginning of 1990 was $20000. This value

increased continuously such that, after a period of 10 years, the value of the jewel
‘~increased exponentially to $100000. Given that V' = A(I.OS)?, where 4 and k are
constants and £ is the time in years from the beginning of 1990, find

(i) the value of 4 and %,

(u) the year in which the value of the stone first reached $150000.

-11 A piece of wire, 400 cm long is cut to form the shape as shown in the diagram below.

The shape consists-of a semi-circular arc of radius r cm, a rectangle of length of 6x cm - -

and an equilateral triangle.

6x cm

2r cm

(i) Expressx in terms of 7.

(u) Show that the area enclosed by the shape A cm? glven by _

A= 4007 + 77 (f 8——) |

2

“ - (iii) Given that 7 and x can vary, find the value of 7 for which 4 has a stationary value.

(iv) Determine whether this value of r makes 4 a maximum or a minimum.

~End of Paper~

2014/CCHMS/Additional Mathematics/4047
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(3]

(3]

(3]

(1]

B3]
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Answer Key

1. i(i) (4, 8)

2. (ai) a=-lor2 .
(b) n=3§

3.0 cos3x—3xsin3x

4. (i)  P=13+J178sin(0+13.0°

(i) O=511° I
(iv) Max. value of P=263 , 8 =77.0°

5. () ._——_(x;i-l)z
. 5 5
i y= 165 6

(v) - x>-1

. 1
6 (1) _;c_;—l+ (x—D?
.. 1, 1
(i1) Ex 2In(x _.l) (x_1)+C
7. @ -1
G)  0(-438)
(iii)  1Ounits®
8. (i) 4=Z27 2%, L%
' 8’8’8 8
L1
®) (l)‘ g
B
(i) 9
e 4
(11i) 3
9. O (449
() y=-2x+12
(i) (x-6*+y* =20
iv) (x-6)+3y*=100
10. () x=I18
Gi) 2x :
(i) (@) A4=20000, k=209

®) 2002

" 2014/CCHMS/Additional Mathematics/4047



400 —-8r~xr
X=——""——

11. ) -

(i) r=255
vy 4 is a maximum when r =25.5

2014/CCHMS/Additional Mathematics/4047 -
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax”® +bx+c¢=0,

~b++b*—4dac

2a

x =

Binomial Expansion

1 n n n-1 n n-212 n n-ryr n
(a+b) =a"+|_la"'b+| _|a"b* +...+| |a""b +..+b",
1 2. r

. e n nl
where # isa positive integerand |- | =+——<—.
r »(n —r)ir!

2. TRIGONOMETRY
Identities
sin®4 + cos’4 =1
sec’d =1+ tan’4
cosec’4 =1 + cot’4
.sin(A4 =+ B) =sin Acos B+t cos Asin B
cos(A=+ B) =cos Acos B¥sin Asin B

: +
tan(4+ B)=BAxtanl
1+ tan Atan B
sin2A4 =2sin Acos 4
cos2A4=cos* A-sin? A=2cos? A-1=1-2sin* 4

2tan A

Formulae for AABC
a b c

sind sinB smnC

a?=b%+ c? - 2bccos 4

A= LhbcsinA

s 2014[CCHMS/Additiona| Mathematics/4047
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(i) Calculate the coordinates of the point of intersection of y = %xi and y =256x 2

5

; [2]
forx>0
1 2 3
Subst y = sz intoy =256x
1 3 _3
—x?=256x 2
4
x* =1024 -M1
x=4
1 2
= — 4 2
r=7®
=8
Coordinates of the point of intersection is (4, 8). -Al
' 13 ' -3
(ii) Sketch, on the same diagram, the graphs of y = sz and y=256x 2 forx>0,clearly |[3]

indicating the point of intersection.

B1

Labelling of graphs, axis and intersection

- Milcao

’ 201.4/CCHMSIAdaitional'.Maﬁ\enBticsl4047
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(iiif) Determine, with explanation, whether the tangents to the graphs at the point of [4]
" ~intersection are perpendicular:
1 3
=—x?
Y 4
d{1 3}y 12 5
—_— —Xx" ==X X —
dx\ 4 4 2
3
= > x? -Ml1 cao
8
_3
y=256x ?
5 7
~i[256x 2J=256x 2 x( _i)
dx 2
-1
- =—640x 2 =M1 cao
When x =4,
5,2 -1
product of gradients = §(4)2 x{—640 (4) 2] -M1
=5x(-5)
-1
. The lines are not perpendicular. -Al
2 | (a) The independent term in the expansion of (2+x)" and the independent term in the
expansion of (2—ax)"™" arein the ratio 1 : 8.
(i) Show that n=2. 112

71
g
221.;:—" - M1
By comiparison,
n+l=3
n=2 ——-AG

—- —=---——-- M1 c.a.0 (Applying ratio)

. 2014/CCHNiS/Additional Mathematics/4047




(i) Given that the coefficient of x’ in the expansion of (1+x)(2- ax)™

‘value(s) of a.

is 160, find the

3]

(14x) (2 ax) :(1+x)[zs +@(f)(-ax)+@(«z3)(-ax)2 +} — Ml cag

=(1+x)(32-80ax+80a’x" +...)

80a” —80a =160 --—-- M1
at-a=2
a—-a-2=0
(a—2)(a+1)=0
a=-1or 2 - Al

. 6 - n
(b) Given that the coefficient of the LZ term in the expansion of (Z—x) —(1 + Z) 1s 128,
X X X

find the value of n.

[3]

ot (2-x) =(O)2) e

Let —=x M1
x :
x2r—6 — x—-Z
By comparison,
2r-6=-2
r=2
ST 1 6), .14 2
e Coeff. of — term=| _|(2) (-1)
x 2
=240 -———--—-Mlca.0

n 2 . )
iz term of (l-x—g) =[n)(2) S iMlcao
x , X 2N\x) L

.'.(;)(4)=240—128 .

n(n—1)=56
By inspection: (8)(7)=56

=8 e Al

. 2014/CCHMS/Additional Matheratics/4047
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6
3 | (i) Differentiate xcos3x with respecttox.
d .
E{—(xcos 3x)=cos3x+x(-3sin3x) —-M1 cao
=cos3x—3xsin3x -Al

T

(i) Using your answer to part (i), show that Exsin 3xdx = % .

g’—(x c0s3x) =cos3x—3xsin3x
dx

{- Integrating both sides,
[xcos3x]s = E cos3x—3xsin3xdx - —M1 (Integrate both sides)
~§ 0= E cos3xdx — .{03 3xsin3xdx —M1 cao(Subst of values)

IBxsin3xdx=jfcosBxde_r% ' . .

'j3xsin3xdx= lsin_’,x ’ +Z
3 9

—M1 (Correct integration)
(]

=0—0+19’— _ ~MI cao (Subst of values)

z —AG
9

4 | The diagram shows a quadrilateral ABCD with AB=8 cm, BC=5 cm. ZABC =90°
- |- £ZADC =90° and £BAD =6 where 0° < #<90°. BX is perpendicular to.4D.

A

‘8§ cm

2014/CCHMS/Additional Mathematics/4047.  ~
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(i) Show that the perimeter of ABCD, P cm is given by P=13 + 13506 +3c0s0.

Bl

AX
cosf=——

AX =8cos 8 —B1 (For AX,DX or BX)

Since J XBC =90° -0 X4B
=90° —(90° -0)
=60
sind = 2)—(—
5
] BY
DX =5sin@ —-5—=cosg

BY =5cos8

sinezg—)—{—
8

BX =8sinfd
DC =8sin@—5cosd
Perimeter of ABCD = AD + DC +CB+ BA

=(8cos@+5sinf)+(8sin@—5cosd)+5+8 —Ml1
=13+13sin@+3cosd —-Al

(Finding AD or DC)

acute angle.

(ii) Express P in the form &+ Rsin(@+ ), where k is a constant, R >0 and a isan

3]

P=13+13sin0+3cosé

For 13sin@+3cosé,

. =178

13 »
=12.995° (3dec.pl)

- P=13+178sin(8+13.0°) (1dec.pl)

R=+13*+3? ~Mlcao

: 3 |
a=tan”' = A —Mlcao

—Al

2014/CCHMS/Additional Mathematics/4047
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(iii) Find the value of @ for which pP=125.

(2]

P =25
13++/178 sin(6 +12.995°) =25
- J1785in(6+12.995°) =12

Sin(0+12.995%) = —2_ M1

N178

0+12.995° = 64.084°
9=51.1° —Al

(iv) Find the maximum value of P.and its corresponding value of 4.

2]

Max. value of P = 13++/178
=26.3 -B1

When sin(6+12.995%) =1
6 +12.995° = 90°
6=77.0°  (ldecpl)  -BI

1-4x where x> 0.

5 | A function is defined by y =
x+1

(i) Find an expression for %

2]

1-4x

x+1
dy —4(x+1)—(1-4x)
d&r (x+1)?
(el

-M1 cao

2014/CCHMS/Additional Mathematics/4047




x+1

9
(ii) Find the equation of the normal to the curve at the point where the curve crosses the 3]
X -axis.
1-4x
x+1
When y =0,
1-4x 0
x+1
X = ! —M1 cao
4
When le,—dl - 3
4 dx ( 1 )
—+1
4
__16
5
i - 5
Gradient of normal = e -M1
Equation of normal:
5 1
0= x—=
d 16( 4)
5 5
=—Xx—— —Al
Y716 e
. . . 1-4x . . . . .
(iif) Determine, with explanation, whether y = is an increasing or decreasing function. |[2]

Forx>0,
oo (x+1)2>0, =M1
o
(D)
5
C(x41)?

>0

Therefore,y = I-dx
x+1

is a decreasing function. -Al

2014/CCHMS/Additional Maﬂjematics/4047-
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10

(iv) Find the range of x for which the gradient of the curve is an increasing function.

3]

dy -5
A (x41)

= 5(x+1)>
dzy A
e

—5(x+1)7 x(-2)

10
(x+1)°

2

. . . . d
For gradient to be increasing function, Y50 —MIlcao

2

10
(e+1)
oo (x+1) >0
(x+D(x+D*>0
Since (x+1)* >0,
x+1>0
x>-1 -Al

>0

16 {@ Express

X —2x*—x+3
x*—2x+1

‘as partial fractions.

(3]

X .
(x2 —2x+ 1)) x —2x*—x43 —M!1 Long Division

—(x3 —2%* -I'-x)

-2x+3

X =2x—x+3 _ (—,2x+_3)
X —=2x+1 ¥ =2x+1

(x-1)° x-1 (x-1 o
3-2x= 'A'(x -D)+B. ~M1(Comparing or substitution)
—2x+3=Ax+(B- 4) |

By comparing coefficients,
A=-2,B=1 —M1 cao

X0 =2"—x+3 2 1

2 x + 2
x*=2x+1 x-1 (x-1)

where 4 and B are constants. ;M Icao

2014/CCHMS/Additionat Mathematics/4047
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e o ' X =2x—x+3
(if) Hence, find [~—; dx 2]
X =2x+1
5 o2 A _
[Exady o2 1 i
x°—2x+1 x-1 (x=2)°
, Ly —2In(x-1)— ! +C, where C is a constant. ~Al
L 2 (x— :
7
A
o
R“ -
N
32
y= 10 —'x—2
The diagram shows part of the curve y =10— }% and two parallel lines OR and PQ. The line
X

OR intersects the curve at the point R(—2, 2)and the line PQ is a tangent to the curve at the

point Q. Find .

(i) the gradient of OR, [1]

Gradient of OR =

2-0

-1

© 2014/CCHMS/Additional Mathematics/4047
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12
(ii) an expression for % and hence, find the coordinates of O, . {3]
y=10- 13—
X
dy 32
Y__ 222
dx x3 ( )
64
= ;5‘ —Al
Since OR//PQ,
64
== _ -M1
T ox=-4 ’
Whenx=—4, y=10— 322
(-4)
=8
- 0(—4,8) —Al
(iii) the area of the shaded region OPQOR, 4]
| Equation of line PQ:
y-8=(-1)(x+4)
y=-x+4
-~ P0,4  -Mil
-
Area of trapezium below line PQ = %(4 +8)(4)
= 24units®
¢ — —M1 cao Ml cao
Area of [J below OR = —2-(2)(2)
= 2units® B
; -2 32
Area below curve RQ = L 10 ——dex
. -2
r= [le + 2]
X 14
= (—20—16)—(—40 —8) :
-=12units’ ~-M1
Area of shaded region =24 -2-12
=10units’ - =Al

2014/CCHMS/Additional- Mathematics/4047
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cosec A—2sm A4

8 | (a) (i) Provethat cot24 = 3]
2cos 4
REIS :Lcosec,fA —2sm A4
2cos 4
———2sin 4
= %——— —MI1 cao (Replace cosecA)
cos ‘
- 2 -
_1 : 2sin’® 4 Ml (Multiply STHA]
2sin Acos A , sin
_cos2A4 _MI cao
sin2A4
=cot24 (Proven) -AG
Er (ii) Hence solve the equation cosec A~ 2sm 4 =1 for 0 4<2r, leaving your answers | [3]

2cos 4
in terms of 7.

cosec A—2sin 4 ~1

2cos 4
cot24=1 —M1 cao
tan24=1
Basic angle of 24 = z ~M1
4 0<AL2x
24=F 27 7 137 0<24<4x
. 4° 4" 4 4
A:E,S—ﬁ,g—@orw—” —-Al
8 8 8 8

::-(‘l)) A and B are acute angles such that sin(4 + B) :% and sinAcosB = g . Without using a

calculator, find the value of

@) cosAsinB,

(1]

FRevty RN

Givensin(4+ B) = gand sin Acos B = %,
- ; sin Acos B +cos Asin B =—g—
i+cosAsinB =Z
9 9
) cosAsinB=§ -B1

2014/CCHMS/Additional Mathematics/4047
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14
(i) sin(4-B), 1]
sin(4 —~ B) =sin Acos B—cos Asin B
41
9 3
L S
9
tan A4
iii . 2
oy [2)
tan 4 =smAc?sB _M1 cao
tanB cosAsmnB
4
=9
I
3
=i -Al
3
9 y
A

y=—;-x+2.Find

In the diagram, the circle with centre G touches the curve Y= 4x-at.the points 4-and.B. - -
The equation-of the common tangent'to both:the circle-and the curve.at the point-4 is =~ - -

) 2014/.CCHM$IA.dditional Mathematics/4047
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(i) the coordinates of the point 4, [3]
Subst. y = l)c+2into ? = 4x,-Ml cao
y=2x y=s y :
YL _Mi cao (Either method) LN .
dx x 2
At A, 1,
—x"+2x+4-4x=0
1 47 |
dx 2 x*—8x+16=0
1.1 ~Mlcao OR (x -—4)2 =0 —M!1 (Factorisation)
Jx 2 I '
x=4 x—4
Ly=4 Y=
Coordinates of Ais (4, 4). —Al Coordinates of 4is (4, 4)- Al
(ii) the equation of 4G, 2]
Gradient of AG =2 —MI cao
Equation of 4G,
y-4_
x—4
y=—2x+12 -Al
(iii) the equation of the circle, [3]

Glies on theline AG and the x —axis, hence Gis (6, 0). -MI

=20

= 2\/§ units

~ Equation of circle:
C(x=6)*+3*=20
or

X+ —12x+16=0

Radius of circle = /(4 —6)? +(4—0)

-M1

._Al

2014/CCHMS/Additional Mathematics/4047 -
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circle.

(iv) the equation of a second circle whose centre is G and area is 5 times that of the original

(2]

. Let rcmbe the radius of the second circle.

Area of second circle = 5 x Area of first circle

zr = 571'(\/—2—6)2 —M1

> =100

Equation of second circle:
(x—6)*+y* =100 —-Al

10

() Solve lg{x—8)+2lg3= 2+lg(—;—0).

[3]

X
leg(x—8)+21lg3 =2+1g| =
g(x-8)+2lg g(zo)
le(x—8)+1g9 =1g100+ 1g(2i0) —M1 cao (Power law)

Ig[9(x—8)]=1g {100(5"6)] . —Ml(Product Law)

By comparison,
9x—-72=5x
4x =72
x=18 ~Al

(ii) Given that log, p = x and log, g=y, express glog, p in terms of x and/or y.

03]

log,g=y
q=2 —M1 cao
E (log,p) |
- qlog,p=2" -U—9—§ - =M1 cao(for change of base or for forming log, 9)
08, .
>
X
=27 T
Klogg 92
=27 (2x)
=2""x : - -—Al
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17

(iii) The value, V, of a piece of rare jewel at the beginning of 1990 was $20000. This value
increased continuously such that, after a period of 10 years, the value of the jewel

increased exponentially to $100000. Given that V' = A‘( 1.08)’“ , where 4 and & are
constants and ¢ is the time in years from the beginning of 1990, find

(a) the value of 4 and £, ' 3]

V = A(108)"
When ¢ =0, ¥ = 20000
<. 4=20000 ~BI

When 7 =10, ¥ =100000
100000 = 20000(1.08)

10k

(1.08)™" =5
(108)™ =5  -Ml
In5

10k =——
: In1.08

k=2.0912...
=2.09(3sig.fig.) —Al

10k

- «(b) the year in which the value of the stone first reached $150000. [3]

2.0912¢

¥V =20000 (1.08)
When ¥V =150000,

150000 = 20000(1.08
(1.08)2'09]21 — 7-5

In(108)" "™ =In7.5 ~M1

In7.5
In1.08
t=12.519 -Ml1

)2.09121

2.0912¢ =

Year in which valuc»exce»eded $ l 50000 = 1990+12 ,
=2002 —-Al

201 4ICCHMS/A6ditionaI Mathematics/4Q47,
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11

A piece of wire, 400 cm long is cut to form the shape as shown in the diagram below.
The shape consists of a semi-circular arc of radius 7 cm, a rectangle of length of 6x cm

1 and an equilateral triangle.

2

A=400r+1* (\[3——8—-£).

rcm
} t A
-6x cm
v
2rcm
(i) Express x in terms of r. (1]
Total Length =400
12x+8r +7zr =400
x=400—8r-7rr _B1
12
(i) Show that the area enclosed by the shape, 4 cm’, given by 21

A=%7z‘rz +12rx+—12—x2r>< 2r xsin60° -M1 cao
=lm2+12r(w B
2 12. 2
= %m’z +400r —87% — 71 + 31

;4oor+r2(J§—8—£) B ~AG

2
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(iii) Given that r and x can vary, find the value of 7 for which A4 has a stationary value.

K

dr

4 _ 400+ 2;{\/5 -8 —%j ~Ml cao
For st_ationary value,

400+2r(«/3_—8—%)=0 M1

el h B

| (iv) Determine whether this value of » makes 4 a maximum or a minimum.

[2]

d*4 s
g2 o/ 3-8-Z
dr? (J— 2)

=-15.677<0 - —M1 cao

1 ... Ais amaximum when r =25.5 -Al

~End of Paper~
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