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READ THESE INSTRUCTIONS FIRST

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

You may use a soft pencil for any diagrams or graphs.

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

Answer All questions.

Attempt Question 1 to 8 in Answer Booklet 1A
Question 9 to 13 in Answer Booklet 1B.

Give non-exact numerical answers correct to 3 significant figures, or 1 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 calculator 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 number of marks for this paper is 80.

This document consists of 5 printed pages, including this cover page.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the quadratic equation ax’+ bx+c¢=0,

;_b +b? - dac

x = —-
2a

n _  n n n-1 n n-232 n n=riyr n
(a+b) =a" + ] a” b+ 5 a” b +.. .+ a”’b +...+b"
. r

where n is a positive integer and LnJ: n! _ ”("—1)...(n—r+])
r) rin-r) r!

Binomial Expansion

2. TRIGONOMETRY
Identities
sin4 + cos?A4 = 1
sec’4 =1 + tan’ 4
cosec’A =1 + cot’ A

sin (4 + B)=sinA cos B+ cos A sin B

cos (A + B)=cosAcosB FsinAsinB

tan (A +B)= tan At tan B
l+tan Atan B

sin 24 =2 sin 4 cos A

cos2A=coszA—sin2A=20052A—]=1—2sin2A

tan 24 = _21_a’i
]—tan" A4

Formulae for A ABC

a b c

smA simB sinC

a?=b%*+ ¢? - 2bccos A

A= tabsnC
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1 Given that 2772 x5 =8 x 57", evaluate 10" without using a calculator. (3]
4x+7 . . ;
2 Express — — in partial fractions. [4]
X +6x+9

; : : 1 . .
3 Given that @ is acute and thatsin@ = f , express, without using a calculator,

- —— in the form Ja ++/b where a and b are integers. (5]
cos@ —sinf
A
Py
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The diagram shows a part of the curve of a person’s blood pressure, which is modelled using
y=uacosht +c
where 1 is time in seconds and y is the blood pressure measured in mm(of mercury).

The length of the same person’s heartbeat is the time between two consecutive peaks on the curve.

Given that the person’s heartbeat 1s 60 beats per minute,

(a) Write down the amplitude of y. ' (1]
(b) Explain why the period of the function is 1 second. [1]

(¢) Write down the value of

(i) aq
Gi) b
(i) . hle (3]
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y
A

2y=3x-16
B
» X
A

/

) 2x*~19x+2y+40 = 0-

The straight line 2y =3x—16 intersects the curve 2x’ —19x+ 2y + 40 = O at the points A4 and B.

Given that 4 lies below the x-axis and that the point P lies on AB such that AP : PB=3:1,
find the co-ordinates of P. [6]

6 A curve has the equation y = sin x—3cos 2x.

(i)  Find the gradient of the curve when x = % [4]

(i)) Given that x 1s decreasing at a constant rate of 2/3 units per second, find the rate of change

of y when x = % (2]

7 () Given that y = x’+/2x—1, show that &y _x6x-2) . (2]
dx 2x-1
5 5x? —2x+1
(ii) Hence evaluate | ——— dx. [4]
VN 2x-1
8 Find the coordinates of the stationary point on the curve y =2x" —6x° + 6x—11 and determine
the nature of the stationary point. [7]
. ) . 11
9 (a) Show that the roots of the equation 6x° +5(m —1) = 3(x+m) are real if m <2 e [3]

(b) Find the range of values of k for which (k +3)x’ +4x+k is always negative for
all real values of x. (4]
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11

12

i3

5
A particle P moves in a straight line so that 7 seconds after leaving a fixed point O,
its velocity v ms™ is given by v = (21 - 3)2 -9.

()
(b)

Sketch the v- graph of the particle P for 0 <7 <5.
Hence or otherwise,

(1)
(ii)  find the distance travelled by P in the first 5 seconds.

6

: k : . .

In the expansion of ( x’ —2—j , where k is a positive constant, the term independent
X

of x 1s 15.
(i) Show that k=2.

2x

6
(ii) With this value of k, find the coefficient of x* in the expansion of (xz - i) (8x+1).

A circle, C, has equation x’ +y* —10x+6y+9=0 .
®
(i)

Find the coordinates of the centre and radius of C.

Give a reason why the y-axis 1s a tangent to C.

The circle C crosses the x-axis at the point P(1 . 0).

(1il) Show that the equation of the tangent to the circle Cat Pis 3y —4x=-4.

{iv) Find the coordinates of the point where the circle C cresses the x-axis again.

In a Science experiment, a container of liquid was heated to a temperature of K °C.
It was then left to cool in a chiller such that its temperature, 7" °C, f minutes after removing
the heat, is given by 7 = Ke™® | where g 1s a constant.

Measured values of 7 and T are given in the following table.

1 (minutes) 2 4 7 10

Tr°C 72.8 60.2 45.2 34.0 28.1

(i) On graph paper, plot InT against  and draw a straight line graph.
(ii) Use the graph to estimate the value of K and of g.
(iii)  Estimate the temperature of the liquid 5 minutes after it was left to cool.

~ End Of Paper ~ ks

[2]

find the range of values of 7 for which the acceleration of P is less than 4 m/s’. [2]

(3]

[4]

(3]

[3]

[3]
[4]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the quadratic equation ax’+bx+c=0,

‘- —b++/b* —4dac
' 2a

Binomial Expansion
(a +b)" =q" +(T)a"”b+(§)a"“zb2 +....+(n)a"”b’ +...+8",
r

. L (n) n! n(n=1)...(n—r+1)
where n 1s a positive integer and = =
r r!(n—r)! r!

2. TRIGONOMETRY
Identities
sin?A4 + cos?A4 =1
sec’A =1+ tan’ A
cosec’ A = 1 + cotzA

sin (4 + B)=sin A cos B+ cos Asin B

cos (A + B)=cos A cos B ¥sin 4 sin B

tan(A+B)= tan At tan B
1¥tan Atan B

sin24 =2 sin A cos A

cos24A=cos’ A—sin° A=2cos’ A—1=1-2sin’ 4

tan 24 = Zla—nfl
I—tan" 4

Formulae for A ABC

a b c

smA smB sinC

a’=b%+ ¢? - 2bccos A

A = tabsinC
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Given that 277 x5 =8" x 57" evaluate 10° without using a calculator.

(3]

1
SOLUTION:
22X+2 x 5,v—| - 8x x 52.\
4(22.\'))(% — 23x x 52x
(231)(52,\') _ﬂ
")) s
4
2X 5.\' B
(27)(57) = 5
10" = f‘—
5
2 Express —; in partial fractions. [4]
x“+6x+9
SOLUTION:
et
x +6x+9
4x+7 A . B
(x+3)" x+3 (x+3)
4x+7=A(x+3)+ B
Letx=-3, B=-5
Letx=0, 7=34-5
A=4
4x+7 4 B 5
X +6x+9 x+3 (x+3)
49
Page 3
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. . ) 1 . :
3 Given that @ is acute and thatsin@ = ﬁ , express, without using a calculator,

- in the form x/; +\/Z where a and b are integers. [5]
cost) —sin @

SOLUTION:

3. 12+x2=(\6)2
x=2
V2

C.cosf =—

7
I 1 _ 3 V241 o+

cos@—sin @ \/5 1___\/5—1 \/§+]_ 2-1

= \[6 + \/g
y
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The diagram shows a part of the curve of a person’s blood pressure, which is modelled using
y=acosht+c

where 1 is time in seconds and y is the blood pressure measured in mm (of mercury).

The length of the same person’s heartbeat is the time between two consecutive peaks on the curve.

Given that the person’s heartbeat is 60 beats per minute,
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(a) Write down the amplitude of y. [1]
(b) Explain why the period of the function is 1 second. (1]

(¢) Write down the value of
@ a,
(i) b
(iii) c. [3]

SOLUTION

4 y=acosbt+c

(a) | amplitudeof y = 25

(b) 60 beats/cycles per 60 seconds.
Therefore 1 cycle takes 1 second

a = 25
(¢ |b = 2T7T = 2
c = 95
5
y
A
2y=3x-16
B
—p» X

A

/
/ 2~ 19x+2y+40 = 0

The straight line 2y = 3x—16 intersects the curve 2x> =19x+ 2y +40 = 0 at the points 4 and B.
Given that 4 lies below the x-axis and that the point P lies on AB such that AP : PB=3:1,
find the co-ordinates of P. [6]

L8
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SOLUTION

5 | 2y=3x-16 ino 2x* ~19x+2y+40=0
2x* —19x+3x-16+40=0

2x —16x+24=0

(x-2)(x-6)=0

x=2,y=-5 A(2,-5)

x=6,y=1  B(6,])

P(x, y)

3 3
Pl 24+—0f4,-5+=0f6
( 27 s )

P(2+3,—5+4l):: P(S,—l)
2 2

6 A curve has the equation y = sin x—3cos2x.

(i)  Find the gradient of the curve when x = % [4]

(i)  Given that x is decreasing at a constant rate of 2+/3 units per second, find the rate of change
of y when x = % [2]
SOLUTION

T() y=smmx-3cos2x
()

d .
& cosx+6sm2x
d

dy_V3 [
&

Atxzz
6 2 2

_7\3
2

or 6.06

b

6 dr dx dr
7\/‘(2\/_)

=—21units /s

OR y is decreasing at 21 units /s
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7 @)

(i)

dy _x(5x-2)

Given that y = x2+/2x—1, show that — = ———".
Y dx  2x-1

5x" =2x+1
Hence evaluate f X TAxXT] dx .

V2x-1

SOLUTION

(2]

7

y=x"J2x-1

M)

ji (m)(zx)uz[%(n—l)‘i(z))
=(2x-1)2 ( )[2(2x-1)+x]

x(5x—-2)

Vv2x-1

( Shown)

(i)

j\/z_’;_z) = 2x-1

f 5y ;2x+] _ [xzx/bc——ijr+f 1 .
v2x

o 100

I

= [x2x/2x—]T +[\/2x—1:'5

714+2 =76
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8 Find the coordinates of the stationary point on the curve »=2x"—6x> +6x—11 and determine

the nature of the stationary point. [7]
SOLUTION
8| y=2x"-6x"+6x-11
Y- 12x+6
dx
At turning point,
6x> —12x+6=0=> (x-1)> =0
x=1
X 1 r
d_y +ve 0 +ve
dx
Shape / - /
At x=1, y=-9
.. Point of inflexion at (1,-9)
9 (a)  Show that the roots of the equation 6x° +5(m—1) = 3(x + m)are real if m <2 % . [3]
(b)  Find the range of values of  for which (k +3)x” + 4x+ k is always negative for
all real values of x. [4]
SOLUTION
9 6x° +5(m—1) = 3(x+m)
@) | 6x*-3x+2m-5=0
| B —4ac=9-4(6)(2m—5)=129— 48m
For real roots, 129—48m > 0
48m <129
I m<2 H
16
For function to be negative, b’ —4ac <0 and (k+3)<0
(®) 16—-4k(k+3)<0
—4k* =12k +16 <0
~dk+4)k-1)<0
k<-4 or k>1(reject)
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10 A particle P moves in a straight line so that 7 seconds after leaving a fixed point O,
its velocity v ms™' is given by v = (21 - 3)2 -9.
(a) -Sketch the v-¢ graph of the particle P for 0<7<5. [2]

(b) Hence or otherwise,
(i)  find the range of values of 7 for which the acceleration of P is less than 4 m/s>. 2]

(ii) find the distance travelled by P in the first 5 seconds. [3]

SOLUTION

10 | v=(20-3)" -9.

(a) v
A
404
: } >[
ON_3 5
(1.5,-9)
b(i '
@) é):4(2r—3)
dt
§<4 =4(21-3)<4 =1<2 2051<2
1

3

Distance traveled = [ (20 ~3)' =9 dr+ [ (21-3) -9 di

6 0 6 3

= ]8+162+18
3

(i)

=52gm
3

5D
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: k . - .
11 In the expansion of (xz = —) , where k is a positive constant, the term independent

2x
of x 1s 15.

(i) Show that k =2.

(i) With this value of k&, find the coefficient of x* in the expansion of
6
(xz - i) (8x+ 1).
2x

SOLUTION

(4]

(3]

(1) °C4(x2)2(—£j =15

General Term

6 _2\0-r w_k‘ | _ 0 _ﬁ\y -2 NO=r LN
= LX) ( 2.\’) C,( 2J (x) (A)
)

Independent of x : (x*)"(x)
Therefore 12-3r = 0, r=4

4
Term = "64(—5) - 15

2
ISX[—EJ = 15
2
k4 = 24
k = 2

() | (..—20x" +..)(8x+1)
x" term = -160x"

. Coefficient of x* = —160
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12 A circle, C, has equation x>+’ -10x+6y+9=0 .

i) Find the coordinates of the centre and radius of C. [3]
(i) Give a reason why the y-axis is a tangent to C. [1]
The circle C crosses the x-axis at the point (1 , 0).
(iii) Show that the equation of the tangent to the circle Cat P1s 3y —4x=-4. [3]
@iv) Find the coordinates of the point where the circle C crosses the x-axis again. [1]
SOLUTION
12 | X+’ -10x+6y+9=0
) x*=10x+5" -5 +y* +6y+9=0
(x=5) +(y+3) =25
So, centre is (5, —3) and radius is 5
(1) | Since radius is 5, leftmost x-coordinate of circle Cis 5-5=0
Hence, the y-axis is a tangent to C.
d _0+3_ 3
(iii) gra P.cenre .1_—5 - Z
. . 4
Equation of tangent is y = r x+c
O:§+c
At P(1,0),
(1,0) %
c=——
3
y=—x—-— or 3y-4x=-4
(iv) | X -10x+5" -5 +y" +6y+9=0
suby=0, x*-10x+9=0
(x=1)(x-9)=0
Coordinates = (9, 0)
5
2015 CHS PRELIM EXAM 3 ADDITIONAL MATHEMATICS (4047/1) Page 11



13 Ina Science experiment, a container of liquid was heated to a temperature of K °C.
It was then left to cool in a chiller such that its temperature, 7 °C,  minutes after removing
the heat, is given by 7 = Ke *, where ¢ is a constant.

Measured values of 7 and T are given in the following table.

¢ (minutes) 2 4 7 10 12
T°C 72.8 60.2 45.2 34.0 28.1
(i)  On graph paper, plot In7" against r and draw a straight line graph. [3]
(i)  Use the graph to estimate the value of K and of g. , (4]
(iii)  Estimate the temperature of the liquid 5 minutes after it was left to cool. [2]
SOLUTION
13 | T=Ke™

(i) | Labelling of axes of graph
correct plots
straight line almost passing all points

() | 7=Ke™
In7=-qgt+Ink

42-372
3-8
g =0.096

=-0.096

InK =4.48
K =¢""®~882

(iii) | 7 =88.2¢700%)

~ 54.6°C
Alternatively from graph,
t=5mT =4
T =e"~54.6°C
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READ THESE INSTRUCTIONS FIRST

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

You may use a soft pencil for any diagrams or graphs.

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

Answer All questions.
Attempt Question 1 - 4 in Answer Booklet 2A,

Question 5 - 8 in Answer Booklet 2B,
Question 9 - 12 in Answer Booklet 2C.

Give non-exact numerical answers correct to 3 significant figures, or 1 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 calculator 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 number of marks for this paper is 100.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax’ + bx +c =0,
(= “bEND —dac
_ 2a
Binomial Expansion
A n n n-] " n-212 " n-ryr n
(a+b)' =a"+ LA b+ 5 |a b'+...+| @b +...+b",
#
! n(n=1)...(n—r+1
where » is a positive integer and et = ( ) (n=r )
r r!(n—r)! r!

2. TRIGONOMETRY

Identities
sin’A4 + cos’A = 1
sec’A = ] + tanzA

cosec’ A = ] + cot’ A

sin (4 + B) = sin A cos B+ cos A sin B

cos (A + B)=cos AcosB Fsin A4 sin B

tan (A + B)= tan A+1tan B
l1+tan Atan B

sin 24 =2sinA4 cos A
c052A=coszA—sin2A=2coszA— 1=1-2sin’ 4

2tan A
1-tan’ A

tan 24 =

Formulae for A ABC
a b c

sind sinB sinC

a2 =p%+ - 2bc cos A

A= JabsinC

E
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1 The roots of the quadratic equation 4x” —33x+16=0 are a’ and #°. Find the
quadratic equation whose roots are « and 3, given that  + >0 and af3>0. [6]
2 (a) Solve the equation sin’ y+2cos2y =2cosy for 0° < y <360". (3]

B Povetnt ed BB B) [4]

sin(4+ B)—sin(A - B)

The diagram shows a triangle ABC in which angle CMB is % radians, angle B 1s a right angle,

M is the mid-point of 4B and the length of CB 1s 4 m.

Without using a calculator, find the value of the integer k such that

ZACM =sinl[£j. [6]
26 :

Bl |TURN OVER

R ——————————
e e e e e
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4
¢ N
N
D
A E
The diagram shows a quadrilateral ABCD whose vertices lie on the circumference of the circle.
The point £ lies on the extended line CB such that AE is a tangent to the circle.
CE and AD are parallel lines.
(i) Explain why angle BAE = angle CAD. [2]
(ii) Show that triangles BAE and DAC are similar. [2]
(iii) Given that 4B = BE, explain why the line AC bisects the angle BCD. [2]
5

The diagram shows the plan of a rectangular desk, PORS, in a comer of a room.

Given that the desk has length 1.5 m and width 0.8 m, and that ZPOS = ZSTR = 90°

and ZOPS =0.
(i)  Show the length of O7, L can be expressed as L = 1.5sin@+ 0.8 cos 6. (3]
(i) Express L in the form Rsin(6+ a) where 0" <a <90°and R > 0. [3]

Hence, find the value of @ for which
(iii) L has a maximum length, [2]

(iv) L=12m. 2]
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16™" + 48(4™)

6 ~ Simphi 4
(a) ]mp ]fy 2.\'+3 % 8_r+2 [ ]
(b) Solve the equation 5™ = 8 + 4(57"). [5]
7
y
A
C(4, 6)
D
B
42, 0) E S X
The diagram shows a thombus 4ABCD with vertices 4 and C at the points (2, 0) and (4, 6)
respectively. D lies on the y-axis and the line CB produced intersects the x-axis at E.
(i)  Show that the y-coordinate of D is 4. (3]
(i) Explain why the rhombus ABCD is also a square. (2]
(iii) Find the coordinates of E. (2]
(iv) Calculate the area of the quadrilateral AECD. [2]
[TURN OVER

55

s e T T e e e I e e e S,
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S s

The diagram shows a solid body which consists of a cone fixed to the top of a right circular cylinder

of radius » cm and height 2 cm. The slant edge of the cone is 3r cm.

(1)
(i1)
(iii)

10

Given that the volume of the cylinder is 1087 cm”®, express A in terms of 7. [1]

Show that the total surface area, 4 cm?” of the solid is givenby A= 47r(-Sj +r’ J [3]
-

Given that » and & can vary,

(a) find the value of r for which A has a stationary value, [3]

(b) determine whether this stationary value is a maximum or minimum. [2]

(i)  Find the range of values of m for which the curve y=(x—1)(x—4)and the line
v =mx +3 do not intersect . [3]

(i)  Sketch the graph of y = I(A —1)(x—4)|, showing the coordinates of the turning point

and the points where the curve meets the x-axis. [3]
(iii) Find the number of solutions of the equation I(A —-1)(x- 4)[ =-x+1. (2]
log, Sxlog. 4
(a) Without using a calculator, show that 08, O%10Bs % _ 4. (3]
log,, 5
. 2x
(b) Giventhat y=In,[—— , x>0 and x<-4,
x+4
(i) find d—y [4]
dx

(ii) Hence show that y has no stationary value. [2]
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12

The polynomial P(x)=2x"+ax’ +bx+8, where a and b are constants, leaves a remainder

of 10 when divided by 2x—1. Given that x+2 isa factor of P(x),

(i) find the value of a and of b. [5]

(ii)  Explain why the equation P(x) =0 has only 1 real root. Hence find this root. [4]

1
The diagram shows part of the curve y =4- e? which cuts the axes at 4 and at B.
y 2

(i)  Find the coordinates of 4 and of B. (4]
The tangent to the curve at 4 meets the x-axis at C.
(ii) Find the coordinates of C. [4]

(iii) Find the area of the shaded region. [4]

~ End of Paper ~

L4
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax” +bx+c=0,
‘- - b+ b - 4ac
2a
Binomial Expansion
n n-} n n-232 n=ryr n
(a+d)' =a +( ja b+(2Ja b +.‘.+£ )a b +...+b",
7
n ! 1—1)...(n—r+1
where n is a positive integer and S = s ) (7= )
r) ri(n-r)! r!

2. TRIGONOMETRY
Identities
sin4 + cos’ A4 = 1
sec?A4 =1+ tan? A
cosec’ A = 1 + cot’ 4

sin (A + B) =sin 4 cos B + cos A4 sin B

cos(A+B)=cosAcosB Fsin A4sin B

tan (A+B)= tan A+*tan B
1+tan Atan B

sin 24 =2 sin A cos A

cos2A=coszA—sin2A=2coszA— 1=1-2sin’4

tan 24 = 2131134
1-tan~ 4

Formulae for A ABC
a b ¢
smA sinB sinC

al=pr+ ¢ - 2bc cos A

A= labsinC

E
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1 The roots of the quadratic equation 4x* —=33x+16=0 are o’ and #°. Find the
quadratic equation whose roots are « and 3, giventhat  + >0 and aff >0. [6]
SOLUTION

1 4x* —-33x+16=0
aZﬁZ = 4
aff =2 or —2(reject)

33
a’+ ==
F=5
(a+,8)2=a2+,6'2+2a,3
:3—3--}-4:3?-
4 4

a+f =—;— or —%(reject bec a+>0)

~. Equation: x’ —%x+2=0:> 2x’ - Tx+4=0

2 (a) Solve the equation sin’ y+2cos2y =2cosy for 0° <y <360". [3]

cos(A+ B)+ cos(A - B)
sin(A+ B) —sin(A4— B)

(b)  Prove that =cotB. (4]

SOLUTION:

2 | sin’ y+2cos2y=2cosy

(a) | 1-cos’ y+4cos’y—2-2cosy=0
3cos’ y—2cosy—1=0
(3cosy+1)(cosy—-1)=0

1
cosy=——  Or cosy =1
Basic Angle = 70.53 y=0°,360°
y=109.5,250.5°
(b) _
LHS = cos(A+ B)+cos(A—B)

sin(A+ B)—sin(A— B)
cos Acos B + SinAsin B + cos Acos B—sin Asin B

sin Acos B + cos Asin B —sin Acos B+ cos Asin B

2cos Acos B

2cos Asin B
cos B

sin B
cot B

e —————
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N
N
(@)

4 m

R )
>\ — radian
6

=

A M

The diagram shows a triangle 4ABC in which angle CMB is % radians,
M is the mid-point of 4B and the length of CB is 4 m.

B

angle B is a right angle,

Without using a calculator, find the value of the integer & such that ZACM =sin"(—2\%—) [6]
SOLUTION
T 4
tan — = —
6 MB
A ) VR S 43
tan
AC = |[83) +47 = 413
. S
sin ZACM B T_g
43 413
1
sin ZACM = 2 x4f3 = £
413 213
BN
213 V13
ZACM = sin"[?)
Therefore k& = 39
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A E

The diagram shows a quadrilateral ABCD whose vertices lie on the circumference of the circle.
The point E lies on the extended line CB such that AE is a tangent to the circle.

CE and AD are parallel lines.

(i) Explain why angle BAE = angle CAD. [2]
(ii) Show that triangles BAE and DAC are similar. [2]
(iii) Given that 4B = BE , explain why the line AC bisects the angle BCD. [2]
SOLUTION:
4

(i) | ZBAE = ZACB (tangent chord theorem)
= /CAD (alternate angles)

8} { 1. iriamgles BAE and DAC,

/BAE = ZCAD (part (1))

Z/CDA=180°—- ZABC (opposite angles of cyclic quadri]atera])
= /ABE (angles on straight line)

ZACD = ZAEB (angle sum of triangle)
Hence, triangles BAE and DAC are similar.

AB = BE , implying that triangles BAE and DAC are similar isosceles triangles.
ZACD = LCAD

So,
. = /BCA (alternate angles)

Hence, the line AC bisects the angle BCD.

d
é
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16" + 48(47")

5 (a) Simp]]f)] 2X+3 x 8,\'+2 [4]
(b) Solve the equation 5™ = 8 + 4(5“). [5]
SOLUTION:

5 | 167"+ 48(47)
(a) 2,\‘+3 x 8.\'+2
B 24(x+l) +48(24Y)

2x+3 % 23(.r+2)

~ 24x+4 +48(24.\)

24x+9
B 292" +48)
24.\‘(29)
2° 1
D

'(b) 57 = 8 + 4(5' )
5(5')=8+4(s5")"

Let ii=9%5"
Su= 8+il
u
S5u’ =8u+4
(5u+ 2)(14—2)20

u= —% (rejected) or u=2

5 =2
-~ x=0.4306~0.431 (3 5.f)

g
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The diagram shows the plan of a rectangular desk, PORS, in a corner of a room.

Given that the desk has length 1.5 m and width 0.8 m, and that ZPOS = ZSTR =90

and ZOPS =0.
(i) Show the length of O7, L can be expressed as L = 1.5sin#+0.8cos 6. [3]
(i) Express L in the form Rsin(60+ a)where 0" <a<90°and R > 0. [3]

Hence, find the value of # for which

(iii) L has a maximum length, [2]
Gv) L=12m. [2]
SOLUTION:
6
ST
; /TSR=0, cos@ =— = ST =0.8cosl
(i) 0.8
sinf = o5 = 0O8=1.535in0
OT =0S+ ST
L =1.5sin6+0.8cos®
(i) L=15sin60+0.8cos@ = Rsin(0+a)
where R =+/1.57 +0.8* =1.7
tana = %,3 a=28.07
1.5
L=1.7sin(6+28.07")
(i) L has maximum length when sin (0 +28.07) =1
6+28.07° =90°
0 =619 (1dp)

Lo

w

2015 CHS PRELIM 3 ADDITIONAL MATHEMATICS (4047/2)




(iv) 1.7sin(6+28.07" ) =1.2
| sin(¢9+28.07°)=%%
Basic Angle =44.90°
0+28.07 = 44.9°
6 =16.8"(1dp)

»
:

2 N A
The diagram shows a rhombus ABCD with vertices 4 and C at the points (2 , 0) and (4 , 6)

respectively. D lies on the y-axis and the line BC produced intersects the x-axis at E.
(i)  Show that the y-coordinate of D is 4.

(i) Explain why the thombus ABCD is also a square.

(iii) Find the coordinates of E.

(iv) Calculate the area of the quadrilateral AECD.

SOLUTION:

7

i

@ Midpoint of ACz(E,wj

2 2
=(3. 3)
6-0
mA( :;_—2 =3
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Equation of perpendicular bisector of AC is y =— % x+c

At(3,3),
1
J=—=={3)+¢
L)
c=4
.. y-coordinate of D is 4.
(i1) 0-4
gradAD=—2_—0:—2
6-4 1
rad , =——=—
=370 2

—2x % =-1 = AD and CD are perpendicular, hence

ABCD is a square.
Equation of BC isy =-2x+c

(iii) AL(4. 6), 6=-2(4)+c
c=14
Ly=-2x+14

Along x-axis, y=0.

0=-2x+14
F=7
E(7.0)
(i) 12 7 40 2
Area:—|
20 6 6 4 0
1
=—|58-8
Hss-s]
=25

6!

w
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The diagram shows a solid body which consists of a cone fixed to the top of a right circular cylinder

of radius » cm and height # cm. The slant edge of the cone is 37 cm.

(1) Given that the volume of the cylinder is 1087 cm®, express 4 in terms of r . [1]
(i)  Show that the total surface area, 4 cm’ of the solid is givenby A= 471(g + rz). [3]
r

(1)  Given that r and & can vary,

(a) find the value of r for which A4 has a stationary value, [3]

(b) determine whether this stationary value 1s a maximum or minimum. [2]

SOLUTION:
5 —
m’h=1087
(i)
b= 108

2

r

Total surface area = area of cylinder + area of cone
(ii) =2nrh+7r’ +nrl

=2arh+7r® +3nr’

= 2711{ 1 078) +47xr’
;2

= 47r(—5ﬁ +7? j (shown)

7

dA4 _ —2167

— = — +87r
dr re

(iii)
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(2) —216x

7

+8rr=20

2167
S
216 =8r°

r=3

2
Subr=3intod—f,

8r

d’4 _ 4327

a2 A
4327
e
=24rn

+ 87

+ 87

2
A. .. ) ..
- 1s positive, A4 1s a mmimum. (shown)
X

Since

M
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9 (1) Find the range of values of m for which the curve y = (x - 1)(x - 4) and the
line y = mx+3 do not intersect .
(i1)  Sketch the graph of y = |(x -1)(x- 4)‘ , showing the coordinates of the turning

point and the point where the curve meets the x-axis.

(iii)  Find the number of solutions of the equation }(x -1)(x- 4)| =-x+1.

SOLUTION:

9 y:(x—l)(x—4)

@ | (x-1)(x-4)=mx+3
X =5x+4-mx-3=0
x'=(m+5)x+1=0
b’ —dac <0

(m+5) -4<0
(m+7)(m+3)<0

—T7T<m<-3

(ii) v
A

v

(1ii)

0l 4 v=-x+1"

(a) 1 solution
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log,5xlog, 4

10 (a) Without using a calculator, show that 4. [3]
log,s 5
. 2x
(b) Given that y =1In , x>0 and x<-4,
x+4
(i) find a (4]
dx
(ii) Hence show that y has no stationary value. [2]
SOLUTION:
10 log, 5xlog, 4
log,, 5
@ | jog, 5520827
log, 5 _log, 5
fog, d-=—-"—
log; > log, 25
log, 25
5
2log, 2+ DB
2log, 5
2+ L. 2%2 = 4
2
In =
v =
(b)y |- x+4
0

1

1
2x )2 1 2x
. ln( ) _ln( j
x+4 2 x+4

= %[ln2x—]n(x+4)]

dy _1f2_ 1]
dx 21 2x x+4]
1 (x+4)—x~ 3 2
2 x(x+4) | x(x+4)
. =
(ii) x(x+4)
. dy ) .
since d—;tO = there is no stationary value
x

3

W
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14

The polynomial P(x)=2x’+ax’ +bx+8, where a and b are constants, leaves a remainder

of 10 when divided by 2x—1. Given that x+2 is a factor of P(x) ,

(i) find the value of a and of &.

(ii) Explain why the equation P(x) =0 has only 1 real root. Hence find this root.

SOLUTION:

11 P(x):2x3+ax2+bx+8

(i) P(l)=2[l) +a[l) +b(l)+8=]0
2 2 2 2
la+lb:z

4 2

4
a+2b=7

P(-2)=2(-2) +a(-2) +b(-2)+8=0
4a-2b=8
2a-b=4

2(7-2b)-b=4 = -5b=-10

Q o

Il

=3
7-2(2)=3

(i) P(x)=2x"+3x"+2x+38
:(x+2)(2x2 +bx+4)
term in x° :

3x? =bx’ +4x%, b=-1
]3’()«’):2,\’3 +3x*+ 2%+ 8

:()c+2)(2x2 —x+4)

for 2x* —x+4,
b’ —dac=1-4(2)(4)
=-31<0

Hence, the equation 2x° — x+4 = 0 has no roots.
So P(x)=0 has only 1 real root.

Therootis x+2 = 0 1e x=-2
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1
12 The diagram shows part of the curve y =4—e’ which cuts the axes at 4 and at B.

y 1
\."""m.
» X
(i) Find the coordinates of A4 and of B. (4]
The tangent to the curve at 4 meets the x-axis at C.
(i) Find the coordinates of C. (4]
(iii) Find the area of the shaded region [4]

SOLUTION:
!
12 y= 4—e?
()

1
Whenx=0, y=4—e? =3 = A(0,3)
|
When y=0,0:4—e2‘
].
@ =4

lx=ln4
2

x=2In4 or 4n2= B(2In4,0) or B(4In2,0)

- 1
(“) dy _ _—l_ezx

dx

1
- (0
e, 2 )

e

2
I
2
L)
2

o

e
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Equation of tangent: y = —%x +3

When y =0, O:—%x+3
x=6 = C((6,0)

(iii) | Shaded area

1
:lx6x3—rm4—e2'dx
2

0

B ] 4In2
=9—14x—- 2e2XJ

0

'am2)
=9-14(4In2) - 2¢? —(—2):'

=3.9096

~ 3.91 units?

~ End of Paper ~

m
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