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Mathematical Fornulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,

_ ~b++b? -—4ac

x=
2a

‘Binomial expansion

(a+b)" =a" +(’:)a”71b +[Z)a"‘2b2 +..‘+(n)a”"b’ +..4+B",
. : r

n ! - -
where n is a positive integer and | -} = LR wn~D).(n-r+1)
r) ri(n—-r) r!

2. TRIGONOMETRY
Identities

sin* A+ cos? 4=1
: se»c'2A=1+’can2 A
.cosec’A=1+cot® 4
sin(A4 % B) =sin Acos B tcos Asin B
.cos(4* B)=cos Acos B ¥sin 4sin B

tan(Ad+ B) = t_a;nA__tanB
1¥tanA4tan B

o sin24 =2sinAcos A4
cos24 =cos? A—sin® A=2cos? A—1=1-2sin2 4

tan2A=ité%_
1-tan” 4

Formulae for AABC : _
- a. b c

sin 4 : sin B N sinC
a2 =02 +c% -2bccos A

Areaof A = %.ab sinC
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(a) Find the smallest value of the integer a for which ax? — 8x + 3 is positive for all ‘
values of x. 31

(b) Theequation of acurveis y = x* + 25t 2xel.

Find the set of values of x for which y is a decreasing function. [4]

Without using a calculator,

. ST\ _ 1+/3
@ showthat tan () =22, 2
| (ii) express‘ tan (i—;f) sin (%) in the form k(2 + \/§), where £ is a constant. [4]

E

s .A.,,'.h. R . 1
Show that (tan A 4 cotA) secA =

sinA-sin3 A . (4]

n
In the expansion of (ax + i—) , the fourth term is ——8437-; and the coefficient of x% is 4

7593 % , Where a and b are constants. '

(i) Write down the value of n. : ‘ L ) (1]
(if) Find the value of the positive constant a. [51
J \
3

" Thedlagramabove shows part of the graph of y = [2x — p| + q. The y-intercept of the
“graph is '8 and its minimum y value is 3.

@) - Statethe value of . * [1]
(i) Findthevalueofp. - - ) 3]

Determirie the number of intersections of the liné y = —2x + 10 with the graph
y = |2x — pl + q, justifying your answer. [i]

AHS Prelim 2014 Add Math 4047 /01



6 Bxpross 2x*+3)-4 .

TR in partial fraction.
X —x

7 A population of a certain type of bacteria, P, at time 7 hours, is given by P == ¥, =
P, is the initial number of bacteria and % is a constant.

The bacteria doubles in population every 7.5 hours. Given that there were agpr: -
100 bacteria to start with, find

(i) the value of £,

{it) . the approximate number.of bacteria that will there be in 2.5 days.

8  Theroots of the equation x2 — 2x + 49 = 0 are @? and 2 where @ > 0 and -
Given that the roots of x% + px + q = 0 are a® and B3, find the value of p 2+ i &4
p and g are constants.

. . 2 3 .
(i) Differentiate S“;_xx . Hence find, in terms of &, the equation of the tan;:. =
e i

sin2x .
>—— atthe point when x= 7.
e

curve y =

@) Find the equation of the curve which passes through the point (2, z) 2z v

-gradient function 'of & = tan x+1.

10. Water is leaking from a cylindrical tank of radius 20 cm at the rate of 2500 c;n“', ar

water is'added at the rate of 2000 cm’/s. ‘Find the rate-at which the water level +:
is decreasing.

- 2000 om’/s

2500 cm’/s

© AMSPrelic W4 - St



11 () Find the value of k for which the line y +4x =k is a tangent to the curve y = x* — k. [4]

(i) A curve has the equation y =cos2x—3sinx where 0<x<rx.
Find the x-coordinates of the stationary points. g [31

12 - Solu‘tioné to this question by accurate drawing will not be accepted.
‘The diagram shows a quadrilateral ABCD where 4 is (6, 1), B is on the x-axis and C'is

(1, 3). The diagonal BD bisects AC at right angles at M and BD = % BM. Find

A 12, . -

A6, 1)
> x
(i) theequationof BD, - . [31
(ii) the x—coordinate of B, : . : [1]
(iii) the coordinates of D. . 3]

13 The table shows experimental values of two variables, x and y, which are connected by an
_.equation of the form. y = ab*, where a and b are constants. - ’

x 1 2 3 4 5 .
y 42 120 365 920 2700
(). Using graph paper, draw the graph of lgy against x. . R (31
3 (ii) Useyour graph to estimate the value of @ and of b. - [4]

(i) By drawing a suitable straight line on your graph, solve the equation 10° > =ab*.  [2]

Emd OfFf E’we:r
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? +bx+c=0,

b+ ~dac

X =

2a

" Binomial expansion

. e n n! mn=1..(n—-r+1
where #n is a positive integer and = = ( ).+ )
r) ri{(n—-r) 7!

2. TRIGONOMETRY
Identities

sin? 4 +cos? 4=1
sec? A=1+tan’ 4
cosec?d=1+cot? 4
sin(4 + B) = sin 4 cos B £ cos Asin B
cos(A £ B) =cos Acos B ¥sin Asin B
tand*tan B
1FtanAtan B
sin24 = 2sin Acos 4
cos24 = 0052 A-sin? 4=2cos® 4—1=1-2sin> 4
tan 24 =~__2ia_1_‘;4;
1—tan“ 4

tan(d + B) =

Formulae for AABC v
o L a b e
sind sinB sinC

q2 =52 +¢? —2bccos 4

Areaof A = —%ab sinC

(a+d)" =a" +L?)a"“b +(;)a"‘2b2 +...+[n)a""b’ o+ b
. r

2014°AHS Sec 4 Prel-Exams A Maths P2
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Answer ALL Questions

L. ‘The line 5y = 6x +2 meets the curve 3x* + 4xy — 4y* = 0 at the points 4 and B. Find the

coordinates of 4 and B. ‘ o B [5]
2. Solve the equation 3" +1=10(3%). [5]
- 2 .
_ 3. () . Show that ih{f‘ ):3—cotx. 2]
I dx |sinx} x
. | 2 (3 ‘
(ii)  Hence evaluate J; (Z cot x) dx. 2 {31
4. Given that (x — 1) and (x + 2) are both factors of the expression f{x) where
fo) =2 +mo — Tx + n, find the value of m and of n. Factorise f{x) completely, [5]
Hence, solve the equation f{x) =2 (x — 1)(x + 2). A o {31
5. Solve the following equationé, where 0° <x <360°.
i) . 2cosec’> =sin | - [4]
i) Ssilfx+9cosx—9=0 - o 5]
6. . (a) If log, -j’i——ﬂogx J7=1og,(p—q), express p interms of g. (3]

" (b) ~ Given that a=log, 3 and b= iogz 7, express log, 21 -lj“log4 ? in terms of
aand b. : : : (]
(¢)  Without using the calculator, simplify the following. -

(Y% + (x50 — ) |
‘ - S 3]
NE-1 | | [

2014 AHS Sec 4 Prel Exams A Maths P2
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7. - : Inthe diagram, not drawn to scale, A, B, Cand F lie on a circle with centre, O.

BGOF , AGCD , BCE and FED are straight lines where FED is a tangent to the circle

at F. )

Prove that -

(@  £FCD=/ZAFD,and L -l
(®) FCxFE=BFxCE | 13]

- . i

8. On the same diagram, sketch the graphs of y = —l—lgw/xs and y= :/IL for x>0. [4]
x

® Find the point of intersection of the graphs. 2]

(i1) = Calculate the area enclosed by thgcurve y = —I%\/xs ,y=3,x=5and x=8.

(4]

9. (8 Thefunctionfisdefined by f¥)=c—asinbx. - '
* Given that the period-of f{x) is 720° and —1 < f{x) <3, ,
state the value of a, of b and of ¢. - ’ - .. '

\

(b)  Sketch the graphs of y = |3 cos 2x| andjl =2 —%x on the same axes for 0 <x < m.
-Hence, state the number of solution for |37 cos2x| +2x=2x. [4]

2014 AHS Sec 4 Prel Exams A Maths P2 - o



10.

11,

12.

' (2) Find

.
Given that the gradient of the tangent to the circle, Cy, at A(S, 2) is —% , find the

~ equation of the normal to the circle at 4.

* The circle, Cy, also passes through the point B(5, 6). R
Find the centre of the circle, C;. . . [3]
Hence, find the equation of circle, Cj. ! 31
A circle, C,, is formed when the circle, Cy, is reflected along the line y = 0.

Write down the equation of the circle, C;. {11

A gardener is going to fence off part of his garden

by using a piece of 19 metres long fence. The P

enclosed area is in the shape of a right-angled ,

triangle POR with PR = 8 m. g

Given that @is the included angle between the . $m -

sides PQ and PR,

i) show that 8 cos 8+ 8sin § =11. . 0 - R 2]
Hence, express the equation in the form R cos (8 — a) = C, where C- is an
integer, R > 0 and 0° < o < 90°. a 21

i1) find the possible values of 6. 3]

A particle moves in a straight line with velocity, v m/s, given by v= t2 —8¢+15 where
¢ is the time in seconds, measured from the start of the motion. Its initial displacement
from a fixed point O is —6 metres.

~

| @) the values of ¢ for which the Iia}ticle 1s at instantaneous’ rést | 2]
(i1) vthe minimum velocity of the particle _ 2]
(b)  Determine the average speed of the particle in the first 7 seconds. 51
© Show that the particle does not return to its starting point. (13

. "2014 AHS Sec 4 Prel Exams A Maths P2
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12

~ 130
- trapezium, with-CD parallel to BE. ABEF is arectangle and A5L" (5« =

The diagram, not drawn to;écéle, shows.the plan of a park, ABCDf " 330

Given that DE =102 metres, 4B =y metres, BC = 2y metres, CD = x incic
AF = Ymetres.
@) Express y interms of x.

(i) Show that the area of the park, 4 m?, is given by 4= Txy/ 50 - x>

(iii) - -Determine the value of x that will give the maximum area.

A__Ym B 2ym c
; x m
3xm E ‘D
: P
E
F E

txx%x END OF PAPER *+*+*

2014 AHS Sec 4 Prel Exams A Maths P2
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'Additional Materials: Writing paper (10 sheets)

READ THESE INSTRUCTIONS FIRST
Write your name, index 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 the questions.

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 an approved 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 and attach the question paper

on top of the scripts.

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.
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Question | 1 2 3 4 5 6 7 8 9 10
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation )

For the equation ax® +bx+c= 0,

—b2b? —4ac

2a

X =
Binomial expansion
(a+b)"=a" + S P R a"2bt ..+ "larre +...+b",
1 2 r
n) n a(n—1).(n—r+1)

where n 1s a positive integer and | - =
r) ri(n—r)! r!

2. TRIGONOMETRY
Identities

sin? A+cos? A=1
sec? 4=1+tan® 4
cosec’ 4 =1+cot> 4
sin(A+ B) =sin Acos B+ cos AsinB
cos(A+ B) =cos Acos BFsinAsin B
tan4 ttan B
1¥tan 4tan B
sin24 =2sin Acos A
c0s24 = cos® A—sin® A=2cos? A—1=1-2sin> 4

tan(A+B) =

tan2A=-—2—tin—f;
I-tan® 4

. Formulaefor AABC - °
o a b c

sind sinB snC
a? =b% +c* —2bcoos A

Areaof A =%absinC

AHS Prelim 2014 Add Math 4047/01



1 (a) Find the smallest value of the integer a for which ax? — 8x + 3 is positive for all
values of x.

(3]
_ . , 5,
(b) Theequationofacurveis y =x +Ex —2x+1.

Find the set of values of x for which y is a decreasing function. [4]
@ ax?*-8x+3>0
‘ (—8)2 —12a<0
12a > 64
a> 5§
The smallest integer a is 6.

(®) y=x +§x2—2x+1
_ - 2
I &4 =3x% +5x—2

For decreasing function, %J-;- <0
X

3x2 +5x—-2<0
Bx—1)x+2)<0

\
2N _13

—2<x<—
3

2 Without using a calculator,

(@) show that tan (2 :;‘,-i;g, [2]

(ii)  express tan (i—’; sin (%) in the form k(2 + \/3—), where k is a constant. [4]

_(i) tan (%’25) = tan (2’”3")

12

. -—-tan(6_+4)

T T
_ tanzl—tan;
- R, R
1 tan;xtan-;
1
=

1
1—ﬁ

13
V31

" " AHS Prelim 2014 AdA Mach 4047/0F
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" an (Fsin(g) = 55 x3

(1+V3)(/3+1) .
3-1)(3+1)

1 % V3+143+/3
T2 3-1

=§(4+2x/§)
=2(2+V3)

1
==X
2

1
sinA—sin3 4

3 Show that (tan4 + cotA) sec4 = (4]

sinA cosA) 1
COsS A sinA COS A

(tan A + cot A) sec A = (

sin? A+cos?A 1

sinAcosA COsA
= 1 1
" sinAcosA ” cos A

1
sinAcos?2 4

1

sin A(1—sinZ 4)

1
sin A—sin? 4

n
4 In the expansion of (ax + -zb;) ,- the fourth term is -—8437-;? and the coefficient of x? is

7593 % , where a and b are constants.
(i) Write down the value of n. : [1]
(ii) Find the value of the positive constant a. - [5]

@ 4% term,r=3,n=6

E’i Trix —( )(ax)"‘r( )
1= () w0 (3

n—3—-3=0
.‘.n=6

‘AHS Prelim 2014 Add Math 4047/01



5
Q) -
20a° () = ~84372

a3bh3 = —3375

ab = —15

Yterm: 6—1r—1r=2
r=2

(g) (ax)* (Zb—x)z = 7593% x?

15a%(%) =75932

a*b?® = 2025
a?(—15)? = 2025
a*=9
~a=3 or a=-—3(reject, ."a>0)
y
R

0 /x

The diagram above shows part of the graph of y = |2x — p| + q. The y—intercept of the
graph is 8 and its minimum y value is 3.

(i) - State the value of q.

(1]
(i) Find the value of p. 3]
Determine the number of intersections of the line y = —2x + 10 Wlth the graph
|2x vl +q, Jusufymg your answer.

(1]
(i) q=3

(u) when x = 0 V= 8
IO pl+3

[~ l :
p=Sorp= —S(reject)

y = —2x + 10 is parallel to the Left-hand arm and y—intercept is 10 > 8,
if'intersects RH arm once, .". there is only 1 intersection.

AHS Prelim 2014 Add Math 4047/01
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3x(2x?+3)~4 .
Express ——————

o3,z in partial fraction. 7]
3x(2x243)—4 _ 6x3+9x—4 fd
3x3-x2  3x3-x2 2
_6x3—2x2+2x%+9x—4 3x3—x%? )6x3+ 0 +9x — 4
B 3x3-x2 6x3 — 2x?
o g g ZXTHOx—4 +2x% +9x — 4
x2(3x-1)
2x*49x-4 A B c
[of ZEAox=4_A B
x2(3x—1) x  x?  3x-1
232 +9x—4=Ax(3x ~1) +BBx—1) +Cx* i
=BA+C)x*+(—-A+3B)x—B whenx =0, B =4
By comparison: B =4 whenng, §+3—— =<
~A+12=9, ~A=3 SCe=—7
9+C=2, ~C==7 whenx =1, 7=24+8-7
~A=3
Theref w =2+ E. + i —_ 7
cretore 3x3—-x2 x  x%2 3x-1
A population of a certain type of bacteria, P, at time ¢ hours, is given by P = P,e*t, where
- P, is the initial number of bacteria-and & is a constant.
The bacteria doubles in population every 7.5 hours. Given that there were approximately
100 bacteria to start with, find
(i) the value of &, (2]
(i) the approximate number of bacteria that will there be in 2.5 days. [3]

§)) P = P,ekt
200 = 100e75k
e775" =2
7.5k =In2
k = 0.092419 =~ 0.0924
(ii) P = 100¢0-092419%60
_— L .=25599 -
=~ 25600 -

- There were approximately 25600 bacteria

in 2.5 days.

AHS Prelim 2014 Add Math 4047/01"
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7

The roots of the equation x? — 2x + 49 = 0 are «® and 2 where @ > 0 and 8 > 0.
Given that the roots of x% 4+ px + q = 0 are @ and B3, find the value of p and of q¢ where
p and g are constants. [5]

Product of roots: a?f? = 49
aff =7 or aff = —7 (reject)

Sum of roots: a? + B2 =2

(a + B =a®+p? +2ap

=2+2(7)
(a+p)=16 .
a+f =4 or a-+f = —4(reject)

Whena +f =4andaff =7

a® + B3 = (a+p)(@* —af + %)

L =4(2-7) |
= =20

aB3 =73 =343

New equationn: x? + 20x + 343 =0

~p =20, q=343.

sin 2x
2

(i) Differentiate . Hence find, in terms of «, the equation of the tangent to the

—X

e

sin2x
curve y =

2-x

at the point when x= 7. (4]

(i) Find the equation of the curve which passes through the point (2, 7[) and has a

gradient function of % = ta‘m2 x+1. . | [3]

) ay _ 2¢* cos2x + (sin2x)e’™

& )

_ 2c0s2x +sin2x
. 2-x

e
‘sin 27«

2—r

" When x=7x, y=

=0

Gradient of tangent = 200827 +sin 27

2-r

2

2-z

e
=2e"
Equation of tangent: y —0=2¢"? (x - 7t)

l

T~2

y=2xe"" -2 o.e.

AHIS Prelim*2014 Add Math 4047/01. ~
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i) d
? @) D —tan? x+1
dx
=sec’ x
y=jsec2xdx
= tanx +c¢

Atpoint (2, 7): 7= tan2+c
c=n—tan2 or c=5.32663...

y=tanx+7—tan2 or y=tanx+533

. 10 Water is leaking from a cylindrical tank of radius 20 cm at the rate of 2500-cm’/s and fresh
water is added at the rate of 2000.cm’/s. Find the rate at which the water level in the tank
is decreasing. [5]

. 2000 cm*/s

2500.cm’/s

¥ 2000—2500
Nett 4
=-500 cm’/s
Volume of water: V= 7zr2h
Since r=20, V=n(0)* h
= 40071
a = 4007
dn
av _dv dh
dt dh dt
—=500= 4007zxd—h
dt
4 039788
dt
dh

—=-0.398 cm/s
dt

. Ans: Water level in the tank is falling at 0.398 cm/s.

AHS Prelim 2014 Add Math 4047/01
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11

(i) A curve has the equation y=cos2x —3sinx where 0<x<7x.

Find the x-coordinates of the stationary points.

(i) Giventhecurvey=x*—k ... @
4 =4x’
dx
Given tangent of the curve: y=-4x+k.......Q
Gradient of tangent =—4
4x° =—4
Whenx=-1,
0=0, 1)'-k=—4)+k
] 2k =-3
k=—2
.2

(ii) Given y =cos2x~3sinx

—=-2sin2x—3cosx
dx

For stationary points, L4 =0

—2sin2x—3cosx=0
4sinxcosx+3cosx =0
cosx(4sinx+3)=0'
cosx=0 or (4sinx+3)=0
x=Z or sinx:—-%(reject)

(). Find the value of k for which the line y +4x = ks a tangent to the curve y = x* —k . [4]

(3]

@)

(i)

12 Solutions to this question by accurate dr:iwing will not be accépted

- - AHS Prelim 2014 Add Math 4047/01 .
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10

The diagram shows a quadrilateral ABCD where 4 is (6, 1), B is on the x-axis and C is

(1, 3). The diagonal BD bisects AC at right angles at M and BD = % BM. Find

i
(i)
(iii)

®

- (i)

¥y
A

(1, 3)

A(6,1)

.the equation of BD,

the x-coordinate of B,

the coordinates of D.

Coordinates of M = (l—zé, 3+ 1)= (%, 2)

Gradientof AC= ——== —

Gradient of BD = %

. 5 7
Equation of BD: 2= x_L
q ¥ 2(x 2)
5 35
==
7 2 4
4y =10x—-27
When y =0, 0=10x-27
x= Z.Z.
10

—>

(3]
(1]
(3]

AHS Prelim 2014 Add Math 4047/01 -~
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—_— T
@iy BP=38
oD -0B - Lom -LoB
2 2
oD =-_lom -20B
2 2
i AR K
2 5 2 0

\]NI"“

i
(]

*Alternative by similar triangle:
Let the coordinates of D be (a, b).
b 17
272
soob=T
4y =10x—-27
28=10a-27
10a =55

13 The table shows experimental values of two variables, x and y, which are connected by an
' equation of the form y = ab”, where a and b are constants.

Y 42 120 365 | 920 2700
o @ Using grépﬁ paper, draw the graph of Ig y agéinst x. o -
(i) Use your graph to estimate the value of @ and of b. . _ "

(ili) By drawing a suitable straight line on your graph, solve the equation 10> =ab*.  [2]

AHS Prelim 2014 Add Math 4047/01
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Clgh

12

3 F e R TR

4 uih—!g—s-r-__;._...__.._..w.__w.._. .\.__t.,...,,._w\. ,.‘..‘_'..-,,,..‘..\.,_.-,. ST .—.\. A A+t e 4me o s+ < o5 s

-y=ab"
lgy=Ilga+xlgh

-Plot 1g y against x.

x 1 2 3

v 1.62 2.07 2.56

2.96 343

From the graph,

Iga=1.15
a=14.1

- 2:96-1.15

~ 4-0

=0.4525
b=2383

y= 102—2::

lgy=2-2x

From the graph, x=0.3

IEmd Of Paper

. . AHS Prelim 2014 Add Math 4047/61
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ANGLICAN HIGH SCHOOL
SECONDARY FOUR PRELIMINARY EXAMINATION
Additional Mathematics Paper 2 (4047/02)

Additional Materials: 8 writing papers 05 August 2014 2 hours 30 minutes
Solutions
1. The line 5y = 6x + 2 meets the curve 3x” + 4xy —4y” =0 at the points 4 and B. Find the
coordinates of 4 and B. . [5]
Solution:

Given: 5y =6x +2

6 2
=-xt-
YTEXETS ®

sub @ into 3 +dxy —4y* =0 )
2 6 2 6 2.2 __
3x +4x(§x+g)-—4(§x+§) =0

2,200, 8  4036.2,28 4,
3x+ 5 X +sx 4(25x +25x+25) 0
2,2¢ 2, 8 . 185 9 16 _
R AT e vy
51 2 56 16
.—.x — — —— —
25 25 25
512 —56x-16 =0
= Z(E56)  V(£56)* — 4 SD(-16)
2(51)
S6 + 80 56 —- 80
102 102
136 24
102 102
4 4
3 . 17
Sub.x=-§into® : » or sub x_;—%into_@
6,4, .2 6, 4..2
“s(3)*5 | y=s(=17)*3
2
=2 v _'I;
Ans: A(‘%: 2) and B(_% , ;2; ) Accept 4(1.33,2) and B(—0.235,0.118)

2014 AHS Sec 4 Prel Exams A Maths P2



2. Solve the equation 3™ +1 '=,'1'0( ’). [5]

Solution
3 1121007
5’;+1= 10 (3")
3+ 1(3*):1-0 (3"‘)(3-‘)
34+3% =1o(32x)
10'(32x)— 3¥ ~3=0

Let u=3"

104% —u~3=0
(u-3)(2u+1)=0

x=m§+m3
5

=-0.46497
=—-0.465

3 =- 5 (Nosolution)

2014-AHS Sec 4 Pref Exams A Maths P2 I ’



3. ) Show that 4 ln'[
dx

sinx x

: 2
(i1).  Hence evaluate _[1 ~ %cotx dx.

xz J 2
=——cotx.

2]

(3]

27

~:Solution
6

= ;d;(lnxz —ln’sinx)

de—(ZInx—]nsinx)

ALTERNATIVE

d ln{ x? J: 1 ((sinx)(Zx)—(xz Xcosx))
dx | sinx [ 2 ] (sin x)?

sin x

2.

x si112

sin x 2xsinx—x2 cosx | -
x

=2(l]— _1 {cos x) sinx( 2xsinx) sinx| x? cosx
x) sinx =T .2 _ | 2 )
5 x“ \Usin“ x x sin” x
=;-cotx =E_COSJC
x sinx
2
=—-—cotx
(i) ¥
. 2 2
JZ (g—cotx)‘dx={ln x ]
L \x sInx |,
2
[ Zax— [Tootxde= & W
1 x 1 sin2 sinl
210 xf - [ cotx dx =1.3087
2
(2In2-2In1)- [ cot x dxr =1.3088
[ oot x dx=21n2~13087
S =0077594 .
L2 - A - »
3 3
—cot x dx==x0.077594
Ig 4
=0.0581955
=0.0582
3 .

. 2014 AHS Sec 4 Prel Exams A Maths P2
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4. Given that (x - 1).and (x + 2).are both factors of the expression f{x) where
S =2x+ mx* —Tx+ n, find the value of m and of n. Factorise f{x) completely. [5]
Hence, solve the equation f{x) =2 (x—1)(x + 2). 3]
‘Solution:

Let 28 +mx*—Tx+n=(x—1)(x+2)2x+c) OR  Givenfx)=2x" +mx*—Tx+n

Therefore, L) =2 ~Tx+6

Ax)=(x—1Dx+2)2x—3) =(x— (x + 2)2x—3)

= +x-2)(2x+¢) 1 “and f1)=0
| 2(1)3+m(1)2—7(1) +n=0
coeffofx: -7T=c-4 l - m+n=5......0
c=-3 ; Given f{-2)=0
., | 2(=2) + m(=2)* - 1(=2) +n=0
coeffof x> m=c+2 | Am+n=2 ... @)
=-3+2 l @-0, 3m=-
=—1 : ' m=-1
| Sub m=-1into @,
constant : n=-2¢ | ~-l1+n=5
=-2(-3) : n=06
=6 i By inspection
l
l
I
i

Given: fX)=2x-Dx+2)
(= D+ 2)2x—3) = 2(x— D)(x+2)
(=) +2)(2x~3) =2 (r— 1)(x+2) =0
(= 1)( +2) [(2x—3) 2] =0
o (x—DE+2)2x-5)=0
(x=1)=0, (x+2)=0, @x~5)=0

-5
x:l, X="2, x:;

- 2014-AHS ‘Sec 4 Prel Exams A Maths P2



5. Solve the following equations, where 0° < x <360°.
1) 2 cosec’ g = sin ’Ec
i) Ssin®x+9cosx—-9=0
.+ Solutien:
) 2 cosec’Z =sin > [0°< £<180°%
, 2 2 2
s x
sinzX sin 2
2
sin’z =2
2
- sing =32
no solution [+ Y2 > 1]
ii) 5sin®x+9cosx—9=0 [0° < x < 360°]
5(1—cos’x) +9 cosx—9=0

5—~5cos’x+9cosx—9=0

5cos’x—9cosx+4=0

(5cos x4)(cos x~1)=0

4

cos x =< or cosx=1

x=36.869°, 360° —36.869°

x=0°,360° (all rejected)
~36.869°, 323.131°

~36.9° ,323.1°

(4]
[3]

2014 AHS Sec 4 Prel Exams A Maths P2
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6 (@) If log,—= \/__ 3long_ log . (p —q), express p intermsof q.
qg

Solution
éa)
logxi—-3logx Jg = log(p ~q)
Ja
3
lo,gx'Ll ~log, g2 —_—'10gx(p - q)
g2

3
log,| £-+q2 |=log,(p-9)

(3]

2014 AHS Sec 4 Prel Exams A Maths P2 . -



6 (b) Given that a =log, 3 and b=log, 7, expréss logy 21+ logy ? in terms of

a and b, . [4]
Solution

- 6b)

log, 21 +logy £7§ =log,(3x7)+ (10g4 2% —log4 7)

L log,2% log, 7
=log, 3 +logy 7+ %822 %82 7|
logy4 log, 4

4log,2 log, 7
=log23+log27+[ %82-_ 082 ]

log, 22 log, 22

vt el )

2log,2 2log,2

C—avb+2-1p

=2+a+lb
2

Or

16 log, 1—76‘
log, 21+1logy —7-" =log,21+ Togat

=logy 3 +logy 7 +§(10g2 2*—logy 7)
=log, 3 +log 7+2—%log27
=log;3+2+>log, 7

==a+2+-1-b
2

2014 AHS Sec 4 Prel Exams A Maths P2
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6. (c)  Without using the calculator, simplify the following

21 .
(*Vx + 1)(x10 - x?)
o ¥Yx-1

Solution:

(V5 + (0 - 32) _ (Vx+ () (x16 - 1)

6c
) Sx—-]_ Sx—l

_ (%) - nd
Vx- 1
_ (V- ()

Vx-1
2

=X

(3]

2014-AHS Sec 4 Prel Exams AMaths P2. . -
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In the diagram, not drawn to scale, 4, B, Cand F lieon a circle with centre, O.
BGOF, AGCD, BCE and FED are straight lines, where FED is a tangent to the circle
at F.

Prove that

(@)  LFCD=/AFD, and [3]

(b) FCxFE=BFxCE [3]

Solution

Y

®

LDFC = ZFAD (Alternate Segment Theorem / Tgngent Chord Theorem)
ZCDF = /ADF (Common angle) B

Triangle CDF and triangle FDA are similar (AA property).

Hence LFCD = ZAFD .

£BCF =90° (Angle in a semicircle)

ZFCE =90° (Sum of angles on a straight line)

4BCF = /FCE

. £FBC = /EFC (Alternate Segn1c_:nt"f'11e0rem~/- Tangent Cliord Theorem)

Triangle BFC and triangle FEC are similar (AA property).

BE _FE
FC EC

BF x EC=FExFC

Hence FCx FE=BF xCE .

2014 AHS Sec 4 Prel Exams A Maths P2
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- 8. On the same diagram, sketch the graphs of y - ;lg\/;g and y = for x>20. [4]

A
I

(1) Find the point of intersection of the graphs. 2]

(i) Calculate the area enclosed by the curve y = 11—6\/)55 , y=3,x=5 and x=8.

‘Solutien [4]

L3

16

o]\ /

O P

Therefore the point of intersection is (4,'2)

. : - 10
© . 2014 AHS Sec 4 Prel Exams AMaths P2 -~ ) T T



8(ii)

31%
Area = L(l—éx -3) dx

(k6]
=(§lg (8) —3(8)) R (75% (5)s —3(5))

=11.868681

~11.9 units?

Or Area= [} (lis xf) dx—3(8—5)
A
= [;g xz]5 -9
= (33(8)2 —38(5)2) -9
=20.868681 -9 |

=11.868681

~11.9 units’

2014 AHS Sec 4 Prel Exams A Maths P2
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9 (a) The function fis defined by f{x) = c —a sin bx.
Given that the period of f{x) is 720° and -1 < fix) <3.
State the value of a, of b and of c.
(b)  Sketch the graphs of y = |3 cos 2x| and y = 2 —%x on the same ax¢ .- +
Hence, state the number of solution for |3 7 cos2x| +2x=2n.
Solution: For fix)=c—asin bx
() a=t2, Given period of flx)=720° .. b=135("
_1 =§
2 Given: -1< flx) <3. . g=amphivi
Cc= ]. 22(3 - i—w) }..
=2
¢ = max value
. =3-2
f(x)=1-—28in; ‘ =1
(b) Given: y=]|3cos2x] andy=2——%x for0<x<m.
ALy
3’Nf = |3 cos 2x]|
\\
§ y
s B . \ x
oE
0. 7

I3ncos2x|+2x=2m.
{3 cos 2x] +,-.f;_x_=. 2

|3 cos 2x| =2——%x

Number of solution =4

2014 AHS Sec 4 Prel-Exams A Maths P2 .
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10.  Given that the gradient of the tangent to the circle, Cy, at A(5,2) is —% , find the

equation of the normal to the circle at 4. [2]
The circle, Cy, also passes through the point B(5, 6). Find the centre of the circle, C;.
(3]
Hence, find the equation of circle, C;. [3]
« A circle, Cy, is formed when the circle, Cy, is reflected along the line y = 0.
Write down the equation of the circle, C;. 1]
Solution:
. 1 5
Gradient of normal = —7—5 = "
Equation of normal: 3 AN
5 LN
~2==—{x-5 : 7
y-2=2(:-9) | EEAN U
5,17 S
V=4, T A
) . ' 2+ 6 i / -~ N \
Mid-point of (5, 2) and (5, 6) = (5, 5 ) "
=(5,4) . N RV

Perpendicular bisector of ABis y =4 - : et

The perpendicular bisector will intersect the normal at the centre of the circle.

Consider the intersectionof y =4 and y = %x_ 17

4

4=, 1

4" 4
5 33
—_X=—
47 4
33
x=—
5

Centre of tﬁe‘circle' is (§52’ 4)

, g 2 -
Radius of thecircle = \/(5 —355) +(2-4)

164

25

2014 AHS Sec 4 Prel Exams A Maths P2 . 13
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Equation of Circle, C;:

2 (]

(x_?’si)l(y_z;y:‘_@.

25

Equation of Circle, C, :

2
(-2 tprap 122

25

Accept 5x7 + 53~ 66x— 48y + 265 =40

Accept Sx ¥ 557 — 66x +40p +265=0

2014 AHS Sec 4-Prel Exams A:Maths P2
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11. A gardener 1s going to fence off part of his garden
by using a piece of 19 metres long fence. The
eﬁc-losed.:area is in the shape of a right-angled 6
triangle POR with PR =8 m.

- -—~@Given that @ is the included angle between the o

sides PQ and PR,

i) show that 8 cos 8+ 8sin § =11. Q R [2]

Hence, express the equation in the form R cos (6 — o) = C, where C is an

integer, R > 0 and 0° < o0 < 90°. [2]
1) find the possible values of 6. 31
P

Solution:
i) a=28cos 6 ";

b=8sin 4

am 8m
8cosf+8sind +8=19
8cos @+8sin & =11 (shown)

o bm R
(V87 +87) cos (9—tan ' 3) =11 [45° < §—45°< 45
V128 cos (- 45°) =11
8v2 cos (6—45°) =11
. : o 11
" ii) cos (6—45°%) = T8
0—45° ~—13.524°, 13.524°
0 ~—13.524° + 45°,13.524° + 45°
~31.476° , 58.524° .
C=31.5° . ,585%
~ Ans: the possible values of § ~31.5°, 58.5°
15 -

2014 AHS Sec 4 Prel Exams A Maths P2
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12 A particle moves in a straight line with velocity, v m/s, given by v= t2 — 8 +15 where ¢ is
" the time in seconds, measured from the start of the motion. - Its initial displacement from a fixed
point O is —6 metres.

(a) Find )
@) the values of ¢ for which the particle is at instantaneous rest ‘ 2]
(i1) the minimum velocity of the particle {2]
b) Determine the average speed of the particle in the first 7 seconds. {5]
(c) Show that the particle does not return to its starting point. 1
Solution

(a)(1) At instantancous rest, v=0

2 _8r+15=0

(t-3)t-5)=0

t=3s ort=>5s

(a)(i)) At maximum / minimum velocity, a =0

dv
a=—
dt
=2t-8
a=
2t—-8=0

2
Check for max / min, Et—;i =2>0, ¢t =4 s gives minimum velocity.

Minimum velocity,
v=(4)* -8(4)+15=—1'm/s
) Displacement, s= J. vdt

s=[(*~8t+15)dt

=§t3 ~48 +15t+¢

When ¢ =0, s=-6, therefore —-.6=%(()’)3 —4(0)2 +15(0)+ ¢, and c=—6

Hence s=%t3 —4¢% +15t—6

: ) 16
- 2014 AHS Sec 4 Prel Exams A Maths P2 .



Time, ¢ (sec) | Displacement, s (m) | Distance travelled (m)
0 -6
| 12 12—(~6)=18
2
10— 12— 10%):1£
3 3 3
7 1
17~ 171—(103)=63
3 3 3 3
ey
J ] ] I i
5=-6 5=0 s=105 s=12 s=17;
t=0 t=5 "¢=3 =7

Total distance travelled =18 4+1—+6—

=26 m

2

(=)}

Average Speed =

i
W
N 3

or

2

3.7143 ~3.71 m/s

(c) At the second turning point, the displacement, s = 1—1— m. The displacement increases

after that, and never becomes —6 m. Hence, the particle never returns to its starting

point.

2014 AHS Sec 4 Prel Exams A Maths. P2
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13. = The diagram, not drawn to scale, shows the plan of a park, ABCDEF. BCDE is a
trapezium, with CD parallel to BE. ABEF is arectangle and ABC is a straight line.
Given that DE =102 metres, 4B = y metres, BC = 2y metres, CD = x metres and
AF =3 metres.

1) Express y in terms of x. [2]
(11) Show that the area of the park, 4 m’, is given by A =7xV50 —x? 2]
(i) Determine the value of x that will give the maximum area. [5]
A ym p 2y m C
E x m
3xm E D
E 1042 m
F E
Solution
2
6] (2 y)2 + (2x)2 = (1 0\5) (Pythagoras’ Theorem)

4y* +4x* =200
4y* =200—4x"
y= 50—_x2 (r>0)

@) A=G2)0)+ % (x +3x)(2y)

“ ‘A'v-—‘-3)9)+‘4xyb
=Ty -

~ 73950 — x2

2014 AHSSec 4.Prel ExamS‘A Maths P2-
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13(iii)

a“_,
dx

When -

Js0—x2 + 7{%)(‘50 —x? )—% (-2x)

dx

A

0

| .7\/5—0——):2‘ + 7){%)(50 - xz)% (~2x)=0

Not
necessary to
prove

13(iii)

2
Ws0—x2 -1 _g
o 50 — x?
2
TIN50 5% = 1%
50 — x>
2 x2
V50—x% =
5O~x2
50 — x2 = x2
2x% =50
x2 =25
x=5 or x=-5 (NA)
x Shightly < 5 5 Slightly > 5
d
—A >0 0 <0
dx _

Or sketch of —6-114—

dx

/

\

Or

1
% =7 5Q —x% + 7:{%)(50 - x2)7 (-2x)

~7(50 ~ x1)" (5022

When

0

7(50 — x2)™ 2 (50-2x%) =0

=

(50 —

x=5

2x%) =0
2% =50
=25

or x'=—5(NA)

2014 AHS Sec 4 Prel Exams A Maths P2
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2

, 1. ALGEBRA
Quadratic Equation ‘

For the equation ax’ +bx+c=0

b+ \/ b* —4dac

2a

X =
Binomial expansion

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

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

'2014/CQHMSlAddiﬁonal Mathematics/4047/01



. 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 q. ' ‘ (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—,:)'_

2
(i) Show that 12" = 2—3—. {31
. (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

Peemergee

2014/CCHMS/Additional Mathern-atics/4047/01 -



76

4

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 b.

(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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5

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 (i) 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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6

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. n

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]
‘ (m) : .-S'k‘etcAhv‘the'g'fapbh} of h= écdskt +b for 0<1<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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7
Answer Key
. 5

I. 1 -

@ 5

(i) x ~95¥x+4l’:0

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

6. (1) 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
12. (1) 0.202 cm/s

(i) a=4b=22

(iv) os:s% and gstsz
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Formula for A4BC

2

, 1. ALGEBRA
Quadratic Equation
* For the equation ax® +bx+c=0
_—biA 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

A=Lpesin 4
PR

" 2014/CCHMS/Additional Mathematics/4047/01
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'l Giventhat @ and B 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
() (a+B)=a’+20f+p e Ml c.a.0

=—21+2(41)
4 4

-
4 -

a+,6’=—\/24E (given that o+ < 0)

RN
2

G) o+p° =(a+,3)(a2 —a;6+ﬁ’2) —————————— Bl c.a.0

2 2 3 3
_(iil) Sum of roots: . b _a+pf

: f «a aff

1

=16—l-+.4.—
4 - 4

——-Ml ca.0

6
17
2 2

Product of roots: Z—x 2 =af Ml ca.o
: B a

:4._.

The quadratic equation is: x* —--16—3- xrdlo0 Al

2014/CCHMS/Additional Mathe:natics/4047/01
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4

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

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=%1 ———Al

‘ 2014/CCHMS/Additional Mathematics/4047/01



5

3

Marking Scheme

y = ?;x_es"’fz
A % = 2# (—2xe3"ch )

=2 (—sz' + 1)

. dy
At stationary pt, — =0.
Ty p dx

X =% or 267 =0 (N.A)

-1 2

The equation 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.

x=*t—= or *— - 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.  ------------ Al
2
x 0 1 1
2
dy 40.2 0 -14.8
&

o Atx= —j: dr- —‘/—5—,' the point is a maximum. ----—--—---—- Al’

2014/CCHMS/Additional Ma}themaﬁ0§1404-7/01 :
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4 It is 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
(l) 2‘2x+1 +4x—,l — 2(3l—x)
22"x2+22‘x2“2=2(3x3") ....... M1

2% (2+%J=6x3“ --------- —~ Ml

——---M1

x x _ 6
4" x3" = i

BN

127 = 2% (AG)

(i) lgl2*=lg 2'—§-

)
1g22
83

x=
1g12
=039 2dp) - 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

(e} asinzs) 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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8

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=2%—1*+15 Al
(ii) s=j(2z—t2+15) dr
R 3 °
=t2—£3—+15t+c, where ¢, 1s a constant ——— M1

Since s =0 when ¢ =0,
=0

t3
s=t~—+15¢

3

When v=0,
2t-1*+15=0
£ —-2t-15=0
(1-5)(z+3)=0
- t=50r -3 (N:A) ~——--Ml
Whént:O, S:O
- When t.=..5, s=58—;— i Ml

‘When t=6, s=54

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

Al

=62Z cm
3

" 2014/CCHMS/Additional Mathematics/4047/01



2cos’ @ —sinfcos G +1
sin’* @

7 (i) Show that =3cot’ §—cotf+1.

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

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

=3cot’d—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 -
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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
Tuming pt ------- Bl
Intercepts ------- B1
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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(i)

10

, M=(2+8 V8+6)

12

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.

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
A(2,8)

C

Gradient of CM =3 ——— M1

b

2 2

=(5.7)

Eq. of CM,
y=7=3(x-5) ——-MI
y=3x—8 — (l)

Ml c.ao

Sub. (1) into 3y=4x-14,
(3x 8) 4x-14 -——----—--Ml
9x—24=4x—14

5x=10

x=2

y=-2

.'.C(Z,—Z) ————Al

2014/CCHMS/Additional Mathematics/4047/01

The point
[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 (03 2) “““““““““ Al 7
. (iii)  Since 4D // CM, by similar triangles:
A2, 8)
PV ) D —— Mi
"IX0, 2)
CQ.-2)
200
- CM 5-2. _ |
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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 ofthe cone is always %-of its 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 =—nrh
@ 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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15
13
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 —— : I o
,_ D e e
. 2x | e o (LU SR U S M S
) k=4+2 ——Bl ' ] es 1 15 2 25 3 35 -4 s
=7 rad/s (A.G) o
Bl - 1.5 cycle
Bl ——oee- Max. and Min. values

2014/CCHNIS/Additional Mathematics/4047/01
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16

(i) h=4cosat+22

- 4cosmt+22=20

cos = ¢ =L Mi
2

Basic £ = f
3
2 47z

At=— Oor ——

3 3
2 4

I=— or — --——- Ml
3 3

Thus the time interval is 0<# < % and

(SR IFN
IA
AN
)

{
|
|
2>
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2

Mathematical Formulae

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

—btb* —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
sin4 + 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(4+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



5 2
1 () Calculate the coordinates of the point of intersection of y = %xl and y =256x 2

3

fo;x>0

5 23
(i) Sketch, on the same diagram, the graphs of y = %xl and y=256x ? forx >0, clearly

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)
find the value(s) of a.

is 160,

. 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  The diagram shows a quadrilateral ABCD with AB =8 cm, BC=5cm. ZABC =90°
ZLADC =90° and ZBAD =8 where 0°< 8§ <90°. BXis perpendicular to 4D.

4
( 8 cm
X -1 B
S5cm
D C
(i) Show that the perimeter of ABCD, P cm is given by P=13+13sin&+3cos6. (31
(ii) ~Express P in the form &+ Rsin(@+ «), where k is a constant, R > 0 and ¢ isan - [3]
acute angle. ’
(iii) Find the value of & for which P=25. ' 2]
(iv) Find the maximum value of P and its corresponding value of 8. - [2]
. : 1-4x
5 A function is defined by y = Y where x > 0.
_ » x+
. . . dy
(i) Find an expression for Ex— . (2]
() | Find the equation of the:normal to the curve.at the point where the curve crosses the {31
X -axis. '
. . . 1-4x . . . .
(iii) Determine, with explanation, whether y = — " ‘is an increasing or decreasing - [2]
. - . X+ :
= ’ﬁmctioﬁ; S o
(iv) Find the range of x for which the '-gradiént of the curve is-an-increasing function. .. 3]

2014/CCHMS/Additional Mathematics/4047



85

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 —é—z-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

cosec 4—2sin 4

8§ (a) (i) Prove that cot24 =

(i)

Hence solve the equation

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

2cos A

cosec A—2sin 4

2cos A

=1 for

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 .
yj———z—x+2. Find

(i) thecoordinates of 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]
3]
(2]



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=400r +7° (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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(1]
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Answer Key

L | H (48)

2. (ar) 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(-43)

(iii))  1Ounits’

8. (i) 4=Z7 2%, L7
' 8’8’8 8
L1

® (l)‘ g
B
(1) 9
e 4
(11i) 3
9. O (4.9
() y=-2x+12
(i) (x-6*+)* =20
iv) (x-6)+3y*=100
10. () x=I18
) 27x :
(i) (a) A4=20000, k=209

() 2002

" 2014/CCHMS/Additional Mathematics/4047



400—8r—7r
1. (@ x=—
® . 5

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

2014/CCHMS/Additional Mathematics/4047 -
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Calculator Model:

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

PRELIMINARY EXAMINATION 2014

SECONDARY 4
Additional Mathematics ~ 4047/02
"Paper 2 (Marking Scheme) - Friday, 29" August 2014
2 hours 30 mins
" Additional Materials: Answer 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.

- |- 4f 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.

For7z use elther your calculator value or 3. 142 unless the questlon reqwres the answer in terms

1 of . : :

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 questlon
The total number of marks for this paper is 100.

100

This document consist of - printed pages and - blank page
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Mathematical Formulae

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

~b++/b* ~dac

2a

x =

Binomial Expansion

1 n n n-1 n n-272 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’4d =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+ By =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 sinC
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

- Mlcao

’ 201.4/CCHMSIAdaitional'.Maﬁ\enBticsl4047
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(iiif) Determine, with explanation, whether the tangents to the graphs at the point of
" ~intersection are perpendicular:

[4]

Wiwn

=

W

&
TN
N
ﬁqlw
——r
1]
A N e
>i)lw
X
N |

—M1 cao

I
=

5

y=256x 2

5 7
~i[256x 2J=256x z x( _i)
i 2

7

- =—640x 2 =Ml cao

When x =4,
product of gradients = %(4)§ x {—640 (4) ﬂ M1
=5%(-5)

#—1

. The lines are not perpendicular. -Al

expansion of (2—ax)"™" arein the ratio 1 : 8.

(a) The independent term in the expansion of (2+x)" and the independent term in the

(i) Show that n=2.

112]

2" 1 . .
e =g T M1 c.a.o (Applying ratio)
gni-n _ 53 o M1 N
By comiparison,
n+l=3
n=2 ——AG

. 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 — =x7 M1

x :

x2r—6 — x—-Z
By comparison,

2r-6=-2

r=2
. Af I A ‘ 1 6 4 2
S Coeff. of — term=| _|(2) (-1)
x 2
=240 -———--—-Mlca.0

n 2 . ) o
iz term of (l-x—g) =[n)(2) Sl Mlcao
x , X 2\ \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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(i) Differentiate xcos3x with respect tox.

;d—(gc cos3x) = cos 3x +x(-3sin3x)
X

=c0s3x—3xsin3x

—Ml1 cao

(i) Using your answer to part (i), show that Exsin 3xde=2

T

g’—(x c0s3x) =cos3x—3xsin3x
dx

[x cos ?»x]é£ = E cos3x—3xsin3xdx

—£~0;<j§cos3xdx —F3xsi’r13xdx
9 . Jo 0

{- Integrating both sides,

I3xsin3xdx = jfcosBxdx f%

'j3xsin3xdx= lsin_’,x ’ +Z
3 9

=0-0+Z
9

z
9

0

-AG

-—M1 (Integrate both sides)

—M1 cao(Subst of values)

—M1 (Correct integration)

—M1 cao (Subst of values)

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

A

‘8§ cm

. ZADC =90° and £BAD =6 where 0° < #<90°. BX is perpendicular to.4D.

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 =8sinéd
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@+3cos 8,

=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

113



114

(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)  -Bl

1—4x

5 | A function is defined by y = where x> 0.

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
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(ii) Find the equation of the normal to the curve at the point where the curve crosses the 3]
X -axis.

X =-— -~M1 cao

Gradient of normal = % -M1

Equation of normal:

s 1
0= x——
Y 16(x 4)

x
- 16 64

. . 1-4x . . . . .
(iif) Determine, with explanation, whether y = : is an increasing or decreasing function. |[2]
x+

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

>0

1-4x
x+1

Therefore,y = is a decreasing function. -Al

2014/CCHMS/Additional Maﬂjematics/4047-



116

x*—2x+1

10
(iv) Find the range of x for which the gradient of the curve is an increasing function. {31
Y__
de  (x+1)
==5(x+1)7
dz{’ = —5(x+1)" x(-2)
dx_
= —10—3‘ -M1
(x+1)
For gradient to be increasing function, 3:; >0 —MIlcao
LB"> 0
(x+1)
oo (x+1) >0
(x+D(x+D*>0
Since (x+1)* >0,
x+1>0
x>-1 -Al
: . X —-2x"—x+3, . :
6 | (i) Express ‘as partial fractions. 5]

X

(x2 —2x¥1)) X —2x"-x+3

—M1 Long Division

3-2x=A(x-D+B
~2x+3= Ax+(B- 4)

By comparing coefficients,

1) x-1 =17’

—(x3—2xz+x)
-2x+3
x3—.2x2»—x+3_ (—,2x+_3)
X —=2x+1 ¥ =2x+1
- 3=23 4. -B : .
et 222X -Mlcao

where 4 and B are constants.

~M1(Comparing or substitution)

A=-2,B=1 —M1 cao
) P -2x - '
L X 2x x+3= 2 + 1 i _Al
x*=2x+1 x-1 (x-1)

2014/CCHMS/Additionat Mathematics/4047
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e o ' X =2x—x+3
(if) Hence, find [~—; dx 2]
X" =2x+1
5 2 A _
[(ERxady 2 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

117



118

12

. d
(ii) an expression for

and hence, find the coordinates of 0, {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 OPQR, [4]
| Equation of line PQ:
y=3=(-1)(x+4)
y=-x+4
~P0,4  -Mil
-
Area of trapezium below line PQ = %(4 +8)(4)
= 24units’
¢ — —M1 cao M1 cao
Area of [ below OR = —2-(2)(2)
= 2units’ B
; -2 32
Area below curve RQ = L 10 ——dex
. -2
= [I.Ox + z’—%]
X 14
A =(—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=2 27 97 137 0<24<4z
.' 4° 4" 4 4
A:E,S—ﬁ,g—@orw—” —-Al
8 8 8 8

119

calculator, find the value of

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

@) cosAsinB,

(1]

Givensin(4 + B) = gand sin Acos B = %,
- 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

... tanA
iii .
(i) tanB

(2]

tan4 sinAcos B

= - ~MI1 cao
tanB cosAsmnB

Wls wimpol s

N,
> <

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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15
(i) the coordinates of the point 4, [3]
‘ Subst. y = l)c+2into ? = 4x,-Ml cao
y=2x y=s y )
dy 1 . 1 2
— = —M1 cao (Either method) s -
dr \/)—C (2 x+2 ) 4x
At A, 1,
—x"+2x+4-4x=0
1 47 |
dx 2 x*—8x+16=0
L1 ~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

Radius of circle = /(4 —6)? +(4—0) -M1
=20
= 2\/§ units
~ Equation of circle:
C(x=6)*+y*=20 - —Al
or |

X+ -12x+16=0

2014/CCHMS/Additional Mathematics/4047 -
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16

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

(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 | () Sofve 1g(x—8)+21g3=2+1g(%),

[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 (1og,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

2014/QCHMS/Additional. Mathematics/4047
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(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 k,

(3]

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

When 7 =10, ¥ =100000
100000 =20000(1.08)"*
(108)™ =5
(108)™ =5  -Ml
In5

In1.08
k=2.0912...

=2.09(3sig.fig.)

10k =

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

3]

¥ =20000(108)" "™
When ¥V =150000,

150000 = 20000(1.08)"*"*
(1.08)2.09]21 =75
In(108)" "™ =In7.5

-M1
2.0912¢ = In7.5
In1.08
t=12.519 -Ml1

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

201 4ICCHMS/A6ditionaI Mathematics/4Q47,
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18

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

- | and an equilateral triangle.

A=400r+r* (\[3——8—-£).

2

rcm
t 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

2014/CCHMS/Additional Mathematics/4047
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(iii) Given that r and x can vary, find the value of 7 for which 4 has a stationary value. [3]

dr

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

400+2r(«/3_—8—%)=0 M1

o R

* | (iv) Determine whether this value of » makes 4 a maximum or a minimum. - [2]

d*4 4 '
g2 o/ 3-8-Z :
dr’ (J— 2)

=-15.677<0 - —M1 cao

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

~End of Paper~

2014/CCHMS/Additional Mathematics/4047 .



Name: Register No. : Class:

J==J]5| CRESCENT GIRLS' SCHOOL
= SECONDARY FOUR
PRELIMINARY EXAMINATIONS

ADDITIONAL MATHEMATICS _ 4047/01

Paper 1 19 Aug 2014

‘Additional materials: Answer Paper - 2 hours
Mark Sheet '

READ THESE INSTRUCTIONS FIRST

Write your name, register number and class in the spaces provnded at the top of this page and
. on all the work you hand'in. -

Write in dark blue or black pen. -

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

Do not use paper clips, highlighter, glue or correction fluid.

Answer all the questions.
Write your answers on the separate Answer Paper provided.

- 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 an electronic 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 and mark sheet 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 7 printea pages and'1 blank page.

[Turn over

127



128 2

Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ +bx+c =0,

_ —b+Ab* —4ac

X =
2a

Binomial expansion

(a+b)n _an + n n—lb n n—?.bl n n~rbr r
= ) a" b+ 5 a +o.+ . a +o+H"

n! _n(n—1)...(n—r+1)
r!(n—r)!_ r!

where 7 is a positive integer and ( ] =
r

2. TRIGONOMETRY

Identities
sin® A+cos’* A =1
sec’ A=1+tan’ A
cosec’A=1+cot’ A
sin(A+ B) =sin Acos B tcos Asin B
cos(A+B) =cos Acos B Fsin Asin B
tanA*tan B

1+tanAtan B
sin2A =2sin Acos A
cos2A =cos* A—sin” A=2cos’ A—1=1-2sin’ A
2tan A
1-tan® A

tan(A+ B) =

tan2A =

Formulae for AABC
a b c

sinA sinB sinC
ca* =b%+c* —2bccos A

: A= —l-absinC‘
2 ‘

.. Crésk:en‘t Girls’ School® ' ) . 2014 Prelim S4 AMaths Pl‘
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1 The equation of a straight line is y =7 + kx, where k is a constant. Find the value of k

2
for which this straight line is tangent to the curve (%) =y—-x-—1. [3]
. 6 .3
2" Find the coordinates of the stationary point of the curve y= 5 and determine the
’ X
nature of this stationary point. [4]
37"‘ It is given that fksin 6d68 =9, where k is a constant.
(i) Without the use of a calculator, find
@ [ lksing|de, ‘ [1]
(b) [’ (ksin@+3)d6. ' [2]
. (ii) State the smallest positive value of a and of b such that f kcos@d@=9. 2]
4  TItis given that 3°* =2"". Find
(i) the exact value of 18", (3]
(ii) the value of x. 2]

ot - : ST ) ~ [Turn over"
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\ G

H/
7
\/ —
B\ C
F

The dia;gram above shows the triangles ABC and DEF, where AB = AC. Hand G are-

the midpoints of AB and AC respectively, while B and C are the midpoints of EF and
DF respectively. '

(i) Show that DE = 4GH.

(2]
(i) Given that EH =GD, show that ADEF is isosceles. - [6]
6 The coordinates of points P and Q-are (2, 5) and (3, 2) respectively. It is given that the
shortest distance from point P to a line /; is three times the shortest distance from point
Q to line /;. Find the equation of the line /; if ; lies between the points.P. and.Q, and is:
- perpendicular to the line joining the points P and Q. 4]

- Crescent Gitls’ School " 2014 Prelim S4 AMaths P1



" Crescent Girls’ School T 2014 Prelim S4 AMaths P1

5
7 (a) Solvetheequation x*—11=|x-9]. [3]
y
v \)
(0, 6)
(2.5, 1)
0 > x
. The diagram above shows part of the graph of y =|ax+b|+c, where a, b and
c are constants. The coordinates of the y-intercept and vertex are given as (0, 6)
and (2.5, 1) respectively. Write down two possible functions of y that can be
represented by the graph in the diagram. [3]
- 8 () - Express (- BY intermsof a+f8 and of. [1]
The roots of the quadratic equation x*—2x—7=0 are @ and J,where a>f.
(ii) Find the quadratic equation whose roots are @’ and —/f°. [7]
9% ~ Solve the equation tan24 =-3 for 0°< A<360°. [4]
- (ii)  State the number of solutions of the equation tan6A=-3 for 0°< A <360°. [1]
10 .. Apartiéle‘moVes in a straight line so that, ¢ seconds after leaving a fixed point O, its
.. yelocity, vms™, is given by v=12¢""* ~1.Find |
(i) an expression for the acceleration of the particle in terms of 7, [2]
(i) the distance travelled by the p_articlé before it comes to instantaneous rest. [5]
[Turn over
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11 Variables x and y are connected by the equation y =cx? +dx, where ¢ and d are constants.

12

(i)  Express the given equation-in a form suitable for drawing a straight line graph of

y .
= against x.
x

(ii)_ Given that the straight line passes through points (~1,-3) and (-3, —21), find the

value of ¢ and of d.

(iii) Hence, find the coordinates of the point on the straight line at which 2y =x?.

. . 84’ .
The equation of acurveis y = —24‘——7 , where a-is a constant.
x“+4a
_ 3
@ Show that élz——l-‘s—“—i‘—z.
(x* +4a?)

A particle moves along the curve. At the point P (2, —1), the y-coordinate of the particle

is decreasing at a rate of 0.3 units/sec.

(ii) Find the value of a.

(ili) Find the corresponding rate of change of the x-coordinate-of the particle at the

point P.

Crescent Girls’ School ~ * ~  .° °_ 2014Prelim $4 AMaths P1

(1]

3]

(3]

[2]

(5]

(2]



133

13  Scientists use trigonometric functions to model populations of predators and prey in

the environment. In a particular study which stretched over a period of 4 months,

the population of mousedeer is modeled by the equation P = —300003(%:} +500.

. The population of leopards in the same area is modeled by the equation
P =50 cos(% t) +100. In each equation, P is the population of the animal and ¢ is the

- time 1n months.

(i) On the same axes, sketch the graphsof P = ——300(:05(%{) +500 and

P:SOCOS(—;Et]+-lOO for 0<r<A. : (5]

(ii) Using the graphs of these two equations, state the reiationship between the

population of mousedeer and the population of leopards in the area. 1]

Leopards in the area are classified as vulnerable when their population is 80 or less.

(iii) Find the length of time for which the leopards became vulnerable during the study. [3]

END OF PAPER
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Answer Key

L. kz——1
5

8. () (a+ B) —4ap

2. (0,-1), point of inflexion

8. (i) x>—442x+343=0

3.(1) (@) 18, (b) 9+37 9. (1) 54.2°, 144.2°, 234.2° or 324.2°
- 3z . 5 9. (i) 12
3.G) a=2 p=2Z )
_ 2 2
419 10. (i) —4.8¢7*
4. (i) 0.240 10. (i) 21.3 m
3 Proof 11.G) L=cx+d
p
x 11 11.() c=9, d=6
6. y=—+—
3 6

7.(a)4,-5

11. (i) (:1}1_2'}79)

7.(6) yg2x-5] +1,

y=5-2x|+1

12. (i) a=—1

12. (iii) 0.6 units/sec

13. (iii) 1.48 months

Crescent Girls’ Scﬁool
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148 . 2
Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’+bx+c=0,

_ ~b++b* - 4ac

2a

b
Binomial expansion
n n n n—} n n-212 n n-ryr n
(a+b)" =a" + ) a""b+ 5 a”"b"+...+| Ja"b +...+b",
\ -\ ‘

' n ! - _
where n is a positive integer and . _nnzD..nzrdl)
r) ri(n—r)! r!

2. TRIGONOMETRY

Identities .
sin? A+cos’ A=1
sec’ A=1+tan’ A
cosec’A=1+cot’ A
sin(A + B) =sin Acos B+ cos Asin B
cos(A + B).=cos Acos B Fsin Asin B
' tan A+ tan B
l¥tanAtan B
sin2A =2sin Acos A
cos2A =cos* A—sin’ A=2cos’ A—1=1-2sin’ A
tan24 = 204
1-tan“ A

tan(A+ B) =

Formulae for AABC
a b c

'sinA sinB sinC
- a? =b*+¢* =2bccosA

A= labsinC
2 .

" ©Créscent Gids’ School 2014 - : 4047/01/Prelim/14
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1 The equation of a straight line is y=7-+kx, where k is a constant. Find the value of k for.

2
which this straight line is tangent to the curve. (%]—) =y—x—1. [3]
Y= F ekt —
g (gj ‘L i ‘ai», P
e (Y Ly ey — )
(3\-7%\ € C E]
. ’ ) - g At
Sub (9 ""H@:
1,,\“31: Jekd - {Mﬂ
(/,_.
. 2
2 ¢ Bex - - b
jact lgex ¢ et = 28
\inl_.r kx + Lx +25 °-°
L - f4ac =0
(lok4q)> - Uk (2 = © [
jook? + Pk 41y - DK o
6 .3
2 Find the coordinates of the stationary point of the curve y =———, and determine the
- x .

nature of this stationary point.

A

AN

when A Lo
Al

Cqy

.

]

"
Q

g

(4]

N N VAT O FANTA

it @ poink ot in.@i{xrom
| award wack

. ‘.e C?elhl\ Wﬂ)l\s

@ ust 43«2 with

— Kest vesatt

bk obyiow whal
-8‘\’0_\0“,«\{— Meﬂlh'{_'.

o ANATIAT D n1i e l1 A



150

3 It is given that fk sinfdf =9, where k is a constant.

(i) - Without the use of a calculator, find

(a) f” |ksing|d@,

(1]
(b) f (ksin6+3)d@. (2]
| (ii) State the smallest positive value of a and of b such that fkcos 8d6=9. [2]
(i\ () j‘ﬁ \ksi'\e\ ,[9 = _ZS Lsn0 A6
0
v ’ -

- N @
1~ [s0]] (™)
I B 3“;

(o) E“D (ken©13) 49

(1}
W,
=)

» R 5
(_\\\ o 2 r b= ,..i ‘Bl!

" © Crescent Girls’ School 2014 . . 4047/01/Prelim/14
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5
4  Itis giventhat 3* =2"". Find

(i) the exact value of 18",

(ii) the valueof x.

(3]
(2]
: (i) .
QI S 87 -
T () A
x ) ~ 1 m
2% =X Mi —
3 *__i\/ 13 ;313
32"
- 0- x40 @
-t = Ay 7
12 1 &

«
o0

© Crescent Girls’ Sch~o()l 2014 4047/0'1/Pre1i;n/ 14



152

5
A
F
~The-diagram above shows the triangles ABC and DEF; where AB = AC. H and G are the
- midpoints of AB and AC respectively, while:B-and C are the midpoints of EF and DF - -
respectively.
(i) Show that DE = 4GH. | 2
(i)  Given that EH = GD, show that ADEF is isosceles. oR, (6]
| \ = 15¢
() GH= Lee (midpont theorem) (BY oe<2
- 2GH)
L (—’ bE)  (midponnt theorem) (B -2 C
< —_;’ >
= Lot i
oerect  wondlusion.
S bE: 4GH

(&) A RHGis tsosceles (AR =AG)

2 KHG = ZRGH (ba %s ot isos A)
£ ARG = 2 BN (ot ety 25D

"_- L EH% ol LDGC :

[&7]

(s

ZREB LGl _A_‘J
Cco(f' 45&
(ﬁ“ﬂmﬂt\{'AS)

- ADEE is

" jsesceleS -
coctedk
ooﬂC[uS@“

EH = GD (aien)
| is Midva(é‘l’
Hg = 1 A® (H.mﬂ
T AC (4
* 3 d goint) @ .
. Ge (G o
AtHg = adGc ($as) ()|

© Crescent Girls’ School 2014 - . A040Prelim/1a T
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7

6 The coordinates of points P and @ are (2, 5) and (3, 2) respectively. It is given that the
shortest distance from point P to a line /; is three times the shortest distance from point Q to

line /;. Find the equation of the line [; if /; is perpendicular to the line joining the
points P and Q. [4]

(At&v\eﬁ‘\' f‘gt ?Q‘

[N

23
SERI B o
oK»o&\evxi‘ ok /Q\ = ’é @

beotrseeo

Lok e ?o'v\\' A infesseckion

eider ¢ \
Sw o L (% g
A
\[:f-n "C.E
3 12 4

150y 0 2y

© Crescent Girls’ School 2014 : 4047/01/Prelim/14
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8
7 (@) Solvetheequation x’~11=|x-9]. ;3]
. v .
x-9q: -1 ov i—LC‘x = e ‘P\l-]._ZCGSCS
L T T ek
. o
(x—D CEDER (X t5) (3:-47 _
of = -t A= -¢ gr A= ‘!‘i
H e 2 2 5 /l y Bwjr
O IS LY (AT ol G wolued
' vefect Aw?e
(b)
A
\v
(0, 6)
@5, 1)

The diagram above shows part of the graph of y=|ax+b|+c, where a, b and c are

constants. The coordinates of the y-intercept and vertex are given as (0, 6) and 25,1

respectively. Write down two possible functions of y that can be represented by the graph
in the diagram.

[3]
c-t By

,‘W\Q_ ,b,\)o Yo?hb\-{ .?W\{'Sn'mg of \Z are

7: 1291*9\'{‘\ or \/z lS«Z%\*‘

© Ciescent Girls” Schiool 2014 - " 4047/0V/Prelim/14
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(i) Express (@x—f) intermsof a+ 8 and off. [1]

The roots.of the quadratic equation x* —2x—7=0 are & and f, where a>f.

{71

(i) Find-aquadratic equation whose roots are @’ and —f3°.

Wi = L7 2prpt s (T - AP

(i) oLip= 1 R [B1] bt
D{(t_, =~

_ o(a-_F} - () (LT g /s‘) )
-t = (wp) | e - 4] (o

(AP s (e aip

= 4 ¥ 28

3L | @
d-p= 4 (. d>p)

3}

. 4 (4 +3)
wh @

-l (Y

.. (Qz‘;vi\”!Q\ .QI\I\AA\'\M P

~
w
|
VN
t

1y

NS R B S A

© Cre;scent Girls’ Schc;ol 2014 4047/01/Prelim/14
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9 (i) Solvetheequation tan24=—3 for 0°< A <360°. [4]

“(ii)  State the number of solutions of the equation tan6A=-3 for 0°< A <360°. [1]

(Y taw ZA=-
Bosic %= H.50¢” [ %

2

0 < 2A « 3,),0
2 s ase 288158 SR degon dent on
| . . A
uig- 435, LAE-m3¢ ronge stake

A = c4.2° M4 -2° 5 234.2° o 324.2°

@ o\\\//

o) woe of s lutions = 4 x3 o bxl

= 12

© Crescent Girls’ School 2014 ) 4047/01/Pxe]imll4
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10 A particle moves in a straight line so that, ¢ seconds after leaving a fixed point O, its velocity,

vms’, is given by v=12¢"* —1 . Find

(i) an expression for the acceleration of the particle in terms of ¢,

[2]
i (i)  the distance travelled by the particle before it comes to instantaneous rest. [5]
_ 0.4yt
Li\ o = 12 o o4 (‘«0.1{) @
—G - b
= - 4.8e N
o C when v
o ot
Dt e
{2
= |
o-ut
£
o-4t
12 = 2
o-4t = In t2
£ o= (1113
N
,Li&‘romu, {—mve,“wL ok X o
L1123 .. S
) J (12o7°%% 1) 44 [wy N
0 | o S ST e
= ‘2 Q—O ek ' L,L(l& M\ 'oq{'
_ . “ (-2123 < -3¢ _\,, |
-0 : _ ..
z -%0¢ - —\:.X e
- { ’ w‘\bﬂ‘ “',C“'. 20 m va\w!{—
Ut
= /8'}\23 - (/%0\} - - g= ’30Q:° - _t*ag
d |
1s\w\&¥ﬂ«\n\\e
. . : ' j-) -20¢ g CE 2B 0193 30
R~ ]

T 2t-3 m @

© Crescent Girls’ School 2014 " 4047/01/Prelim/14
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11 Variables x and y are connected by the equation y = cx* +dx, where ¢ and d are constants.

| ()  Express the given equation in a form suitable for drawing a straight line graph of
z against x. [Ij '
x
(ii) Given that the straight line passes through points(~1, —3) and (-3, —21); find the value
of c and of d. [3]
(iii) Hence, find the coordinates of the point on the straight line at which 2y = x?. [3]

¢y Yoo o «d [BY \ Gl Y Qe+t b — @
ot 1
(i) C. 3’(‘}”@;%,r ' 2«7;7(,L
S
< —214% 1% Jz, /@
e 7t 2
~3 &L -z
4 B 9@
At ("‘__3) ~ \ Zf: = 0(')L 'f(o @
- 3 -_-01*0& 2 = 187(,4'\2_
d = é// @ [y oL = - 12
A = -2 value of
14 owne cordin
j= -2 =,
ol i+
- -k
12

@ Crescent Cirls’ School 2014
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13

3
. . a .
12 "The equation of acurveis y=—; > » Where a is a constant.

x“+4a
@) Showthat 2 -_Z16a% 2]
dx (x-z +4a2) :

-1
¥ 9a3 (%> t4a™)

o iy
I
S IER

-3
X 2 ) M{
i‘_‘{ . gal (-0 (Tt ha Yy ( D
Al S '
S [P (A
_,’—-——;""’": L //
EARLL )
A particle moves along the curve. At the point P (2, —1), the y-coordinate of the - particle  is
decreasing at a rate of 0.3 units/sec.
(i) Find the value of a. [5]

(iii) Find the corresponding rate of change of the x-coordinate of the particle at the point P.

(ill) (x‘jvei\ A\j o _ O',S

: 121 :
[Turn over
’Ab 3 g{a\ : (4‘“)(_2@"-— a4 V) @
At P, - = &a @ | -
(4 +4a*) when f(a):z0
- 444" - 3a° a=-1 or 2a*-atlz=o E_\
{ no soluhion -
2a% + a” % | =2 bi- hac < ©)
Let 'Q(“) = 26° t at+ | Ga) -~ ‘[: :’8’
g(—-l) = 0 X/l“'q
- by e Hheoren, Ay bt
oty s - Pector of fa) M S (—E’f—ﬂl
. . . . o . 3 A,L' T
(aat\)('la*&a{[)«la ta” 1 ﬁ AS[)‘An
%\1 mm‘)arif\j wd%‘um’rﬁ @ : At AL ;0
\« B =0 ' A+ P,
& = —\ ~03° g.g x 4t ™
At
o[’)‘v . R 1
d/:b > "O.“O U’v\“’is g

o © Crescent Girls’ School 2014~ . '4047/01'/Prelim/14
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13 Scientists use sinusoidal functions to model populations of predators and prey in the
environment. In a particular study which stretched over a period of 4 months, the population

'of mousedeer is modeled by the equation P = —300003( 5 )+ 500. The population of leopards

in the same area is modeled by the equation P = 50cos(§tj+ 100. In each formula, P is the

- population of the animal and ¢ is the time in months .

(i)  On the same axes, sketch the graphs of P —‘—300cos( 2 )+ 500 and

P=50(:os(§t)+100 for 0<r<A. [5]
¢
prouse dees A
— 2 4+
mox © §9° |
win 290
leopord T

N\ﬁx K l(a ‘gpc

@ in ¢ Jo .
. @ 1 P —200 Lot (,'E‘Z ©) 1 §v0
| cuthe eae 1
63 y A

o ] p= Sow (4 W

WNQ' S 199

A 4
&

abos
~,

v
T
~R

g‘mv;

('0(:

© Crescent Girls’ School 2014~ ' .. 7 T 4047/01/Prelim/14
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(i) Using the graphs of these two equations, state the relationship between the population
of mousedeer and the population of leopards in the area. (1]

when He rq?w[ﬂ{j’;n of mowntedeer is ol ik maricium , the number

s leogards is & i mtnmun | and i vessa 0“‘34‘
| des crip bon wakches

ok D

w‘l\QY\

\eo\em\a{'{on ok \&0\)6\‘(}5 &mﬂ)“}”&
e ?ovu\qh“"‘ of  wowse deer Had vtk

L Leopards‘in the area are classified as vulnerable when their population is 80 or less.

(iif) Find the length of time for which the leopards became vulnerable during the study. [3]

1" 50 msL_‘lt) £ 100 Basic 3 =

2 L1543 )\’
So uos(j,d toe € /
2
) 0 S L

£ €21

Wi <& -2
v g

(VP

0 <

\ / L. Ti{’, - L9823 or 4. 300Q
g

[ = .26 oc J'}s?a\

END OF PAPER
L""ﬂw 4 time

Coo= 93338 0 L2bl

- . . " S .
T A% wme \"'\//, @
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- . 2

2]
13

"') The noxmal to the curve yEmix at (1, 5) meét th‘e x-axis$ at P.Find the coordinates of
' [31

P.

W
s
1
. |
o

=Y

. . : 12
2 () Giventhat coefficient of x> in the expansion of | ax’ 1 is —1760, where a is a
P x
M

sconstant, find the value ofa.

JAD

Crescent Girls™ School 2014 Prelim S4 AMaths P2
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3

@) Usingthe value:of a found in part (i) find the coefficient of x> in the expansion of

4

'3 Given'the graphf(x):h;xz?-+.x_+]i- for x> 0, has a gradient function of T '(x)=3x" ~2?-,_where h
and kare‘constants: . , '
@® Find the value of 4 and of k. : . - [3]
(i) Showing ¢lear-working, determine whether f(x) is an increasing or decreasing function

. forO<w<2. . , . o o 3]
(i) Determine the nature of the turning point of the gfaph: h (3]

Crescent Guls™ School . 2014 Prelim S4 AMaths P2 - -
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4

4 (i} Showthat —%(cos’ﬁiwc)= ZYcos3x sindx . 2]

ce evaluate sachof the following,

@ [foos*Brsinde dx. ~ | B3]

(iii) ]?Siﬁs 3x.dx. : -

2x* —3x+1

5 (@) Express ———————or
® P 9x® —6x* +x

as-partial fractions. [6]

Crescent Girls® School . 2014 Prelim S4 AMaths P2
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5
(ii) Hence find j.___—- 81
e =

In the dxagram AFE is astraight line, BF = CF = 4m, CD = 5m and AE = 8 m Given also
that CDEF is a rectangle and ZBFC = 0. The area of the; pentagon ABCDE is T' m’,

@) Show that T°canbe 'expressed as a +‘-b‘s,m B+ccos8, y\ghere a, b-and ¢ are constants to

befound. - - - B3]

~ (D Express 7in the form a+ Reos(6 &), whers R> 0and ars an acte angle. 3]
(iii) Find the maximum value of 7 and the corresponding value of:6. [2}
(iv) Explain whetherT¢an be equal to 20-m%. [2]

Crescent Girls™ School 2014 Prelim S4 AMatlis P2 - -
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&

7 {a) Findihe area.bounded'.byefhe, curve y=In (x-'—-'flg)--ihe lines y = -2, y =2 and the y-axis.[4]

{b). The diagram:shows paltof the curve y=x" - ~6x-+8and the line 2x+y=8. Find the

tatio of shaded regmn Ato. the shaded region B.

V4

3

Crescent Girls™ School

¥ =x£-6x+8

..2014 Prelim $4 AMaths P2
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8  Ttisgiventhat: €68 W=n+b andsin 20=a-b.

@ Showihap 2 -5 =sin 40

(): Find the value of @’ + b”.

(@) Deduge that the valusof tan20 =~ if

(iv) Hence, without the use of a calculator, find the possible values of tané.

Crescent Girds® School

7

& 1

b_—

2014 Prelim S4 AMaths P2 . .-
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[4]

[3]
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o
In the diagram, which js not drawn to scale, P, Qand Rare points-on the circle Cj-
() Show that PQ is the diameter of the circlé Crand hence find the centie of Ci. (5]
(i) ~Find the équation of C; in‘the forni &*+3* +pre+q+r =0 ywhere p, ¢ and r
areintegers. : [3]
(iii) Given'that C; is a reflection of the circle Cj in the ling x=-1, find the centre of C,. [2]

@v) Determine whether Q lies inside or outside the circle Cs. [2]
1

3 [Tarn over
Crescent Giils® School . 2014 Prelimn S4 AMaths P2 :
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Solve thie follswing eqiiations.
ay 10g41—19g405

=logiltx-3). )

, [4]
The populatioi, P,of 4 certain typé of bacteria, given.a favourable growth medium, can

be modelled by the equation, P= A" where 4 and kareconstants and 7 js the time in

.hours.It is known that:the. population, P;doubles every:6.5 hours andihere-were

:maiely 1000 bacteria af the start, how 'matiy bacteria will there be in a-day and a

half?Leave your-answer coirect t6. 4~s1gmﬁscant figures‘? [4]

Crescent Girls” School 2014 Prelim S4 AMaths P2
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2 Marking Scheme
3 _2m ) .
1 The curves y=m yxand y= ol meet at the point (1, 5), where m and kare constants.

(i) - Find the value of m and of k. 21
Aii) - Sketch the two curves on the same axes, for x> 0. 3]
(iii) The normal to the curve y =m Yx at(1,5) meet the x-axis at P.Find the coordinates of

P. ~ (3]
M 2(5)
n ~ ‘7 -, .2_—— D e— = ;). b\
Slﬁ-b (\) .'3) valo \3 ‘\LJC:‘ J k. (5) (‘)a = (. )
(v ) A

5:‘.1.2 (‘B\) Ve & ok WL@W

y= 54L ()
5--'-: (.6‘) |
o T >
(](i) Y = 53
' _E 3 (®Y)
I .
A% L “‘) 3.31(, = 3

19 e, a:o) X, = 257 oo, O‘QP :(3’53)3—)5}\\)

12
2 () Given that coefficient of x* in the expansion of (ax2 —~1~) is—1760, where ais a

P
- constant, find the value ofg. - . ... _ - . (4]
T (D)
-t 2% -3
()l
cooak=ze =3 B o= 4 (A1)
-y 3
wett o x* = (":c’f) o (-0
o2 = :E_é_q— # L= 2 (M\J AD
: —-220. o
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3

(ii) Using the value of a found in part (i), find the coefficient of x™ in the expansion of

' 12 '
(1+52° )(a)cZ - l) : [4]

X

when, 2k -3¢ =-6 F ©=1lo (M)

2=\ Vo -

[ R ‘l’lo)(g‘)‘ 0(4} l,é
= 26k < ° - (AY)
hence (| + Sagb)( \TLox> £ 2E4 )
peff of x> = W60t} (a64) ()

—A

3 % . Given the graphf(x) = hx’ + —ki— for x> 0, has a gradient function of f '(x) = 3x> —% , where A
X . X

and k are constants.

(i) Find the value of 4 and of k. [3]
(ii) Showing clear working, determine whether f(x) is an increasing or decreasing function
for 0 <x< 2. [3]
(iii) Determine the nature of the tuming point of the graph. [3]
: - < - ak
(Y f'x) = 3k 25 ()
h=1t, K= 48 (A, AL
p—7 —_—
.. , 5_
i) $7) = 22—19¢
> O
L a5 -5 ()
- 5

For 04X <2 x> Yo, x> -3 40 ()
$(x)<0 e L) s o o\ﬂ/Orca&M( Eo for 0¢xday

O\*)

(il For ’cummﬁ f’ﬂ * ‘x) =0

—~q6=0 (M)

X =2
I 123
£7(x) = 6x + ?-:—J ()
t7(2) Yo

tvwv\ﬂ pt. s e '“j”_"#?k‘ S
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4 (i) Show that %(cos33x):-9cos23x sin3x . 12

- Hence evaluate each of thevfoildwing.

e

G [ cos? 3x sin3x dx. 3]

(B\\ (.B“) (4]
) g (os 3a) = 3 (05 32" (-0 i)

- - B‘ £OS A:L &1!’\'2)1/

(ii) c\f (cos ™ 3 swx&)(«) dx = [c,o 3: 55.]6' (m\)

(iii) f sin’ 3x dx.

5 - —p (o)
j (oS 3 sin 20c)dat = —‘o—‘— (AY)
o .
('ti\') (0s™ 3¢ Sin DL = (( ~ ST 33(.)(8%, 51) (=)
- = st DL — '3.2"'\-5 ol @
% 4 \
. j @;w'z’xx, — sin” 2) Ay :'GT
o P
% % 3 \
'j6 sindOC JL)(,—"S sind 2oc dt :"—(—a\' (M\S
o o
T s T ces|€ _ L
JOS"" 3 dx = L’ﬂ > o 9
- A QY
= 5 5
2 =T Wy
. 2x°-3x+1 ; )
S (i) Express m as partial fractions. [6]

2
(i) ax® - 6x* + x = x (T = 6’(’*‘)

| = o (ax - W) (3
2 —3 ¥\ A b

| . ==, (my,m |
(3 -\) T X MER ME (o)

- L
2 = 24\ = A () + px (3x—) FC

Whew x=0, k=] Um, A2, 1, 0)
1 po 1
U‘\&V\,X_:’S cC =3 27— 535*-\_\
w\f%'.gc_.——q)) & ;,_‘:’%—' SO TXBX P T X IR \)-\_3(314)

(-\m W Gnal ons r\o%:&\nﬂw»»
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—3x+ |
(i) Hence find j—%u—ldx. [3]

9x° —6x*+x

.13(_ *_3c+ ! _ a1 ’_':a;__;
(0} ,J 6;&-&;(,0{{“ S x T z(ax-9) K JE A

. 25— 3o —\
R N s A ET‘%‘*C

= luw X — —"‘\'w(.?st“\) - e\(&(__() FC

(&1 (&) (xy— 7

6 c 5 D
B
4
4 0
A F i E
<+— 8 >

In the diagram, AFE is a straight line, BF = CF =4 m, CD = 5 m and AE = 8 m. Given also
that CDEF is a rectangle and ZBFC = 0. The area of the pentagon ABCDE is T m>.

(i) Show that T can be expressed as a-+bsin@+ccos@, where a, b and ¢ are constants to

be found. ) . 3]
(ii) Express Tin At_he form a + Rcos(@ — &), where R> 0 and a is an acute angle. 3]
(iii) Find the maximum value-of 7 and the corresponding value of 6. [2]
(iv) Explain whetherZcan be equal to 20 m’. [2]

(\) '[ = éAFbF Sin(ﬁd—D)-‘--é—}—&F,CFs?&&"‘(CF.C,D) G\‘\\)

= 5 (8-5*) Eo-se)’ + 5 (4D SO + @ rE)
mi

6 cos¥ + & sl + 20 (Al
S(W) q = _.‘J,’O_»—l‘-.»R cos (O _ol) -
mwm R = S'e=+’g=, =10 §
- '\jawol (™1, AL AL)

& 56 (30°

T =20 +lo cos (& —531°) (-1 & M&x\s(\ﬂ\,’s‘:\%)

(M) max T = 10+ 20 33' (A

LD"\@N Cos- (8’ £&- ‘?:0) = = &= ss_'l; (A‘)

- =20 \W0cos (B~ 53-!30-.)5 O & = 4>10 (W)
(IV) WL\@M, T : . - T:*:Q__?_” S om, A\D‘_ |
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6

7 (a) Find the area bounded by the curve y =In (x—1), the lines y = —2, y = 2 and the y-axis.[4]

(b) The diagram shows part of the curve y = x* —6x+8 and the line 2x+ y =8. Find the
- ratio of shaded region A to the shaded region B.

(71
7
T o) \3 = (,3(:—\3
5, = 6\'3 A (m‘)
d: (m‘\ \a-lex \)
. e, = jeﬂ 4
/
[/(15 + 31 (N\\) _________
= (e *1\)“(‘5 -2)
= KteT - e o WD umt™ (M)
T6) Arer 0% N = L (4)(3) — f(x, ~ev0dx (M
26— [ —axr I D O B
S P | (M)
Avee. of B = \‘*S(ac‘—eauc %) dx | (m)
e } K | m')
:\Kﬁ_('i - &u,"-’c'g.xl)\ ( |
A - Y
= W,x ¢ )

g Mho e\” i ’co ko of R = 7:1 (A)
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8 TItis giventhat cos20=a+b andsin20=a—b.

@ Show that 2(a® - b*)=sin 46. 2]

. (ii) Find the value of a’>+ b>. ‘ [4]
(i) Deduce that the value of tan 28 :—g i % = —%. 3]
(iv) Hence, without the use of a calculator, find the possible values of tan@. 31

gy a(er—bY)
= (,(l"‘ b)(.a-—b) (_("\\)
= 5 S;.I\JJ.O tos 20U

= i~ A& (BQ
—
i) (o+b)" = (cos 20)*
e+ B>+ 2eb = W A0 -y (m1)
(e —b)* = ( sin 20)7
o b*—2ab = sW20 .- () (m1)
(4 6)  a(6 ¥ bY) = e >0 4 s ()
> a \
e thT = (A
- A7
(i) Yo 28 = 3wl
cos 20
= a-b (o)
o+ b
o _
S (my)
T
- '
- 7 . | (P\\)
-4t
= - &
‘v . ' - 4 =% v . 2 (240 +'\)CM—_1):d_N\
(\) o 26 = m& |

\,Wa~_—5_ -
Z{WO"—G%B’—‘I\' =0 ‘
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8
9 yA
P(7, 4) 6)
R(=1,2)
C
N
o(1,-6

‘In:the diagram, which is not-drawn to scale, , Qand Rare points on the circle C;.
(i) Show that PQ is the diameter of the circle Cjand hence find the centre of Cj. - [51

(ii) Find the equation of C;.in - the form x*+y*+ px+qy+r=0, where p,.q and r

areintegers. ' . - (3]
(iii) Given that C; is a reflection of-the circle C; in the line x=-1, find the centre of C,. [2]
(iv) Determine whether Q lies ir)lside or outside the circle C,. 2]
N - 2=(=6 _ _
I W A L
| = A=2_ = L B\
aodre = STy = A ( )\ U o
- kX5 =~ ™
sine g o % qdee = KX R ¢
rQ M RP

4 ORP = a0’ (L w cemi - cxde) ()
o PO is JRe  ddomeber of C,
Combte of ¢, = (“;:’_1) _'C;S_) :(4):2 (AY)

("“). wwdins of ¢ = @ - x(a-c)> =83 (W)
“gr o O (woa g (g =(EHT

L XTAg g2y -11= 0 (M)

(i) Conkre of Ca = (?»6, -0 , vodius = {3y ()
Loeqe of ¢y (t6) 4 (\AH)‘ = 3% (A)

(iv) dist of @ A& Geabe of Ca = J ey (o)™ =% ()
Sineee 1TH Y BE | @ lies bulmide ¢ (AY
. ——-’ ’ .

) [Turn. over
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9
10 (@) Solve the following equations.
() _10g4x~log40.5:10g;6(7x—3). [4]
i) log, e +log, 2=log,(15-¢*). [4]

(b) The population, P,of a certain type of bacteria, given a favourable growth ' medium, can
be modelled by the equation P = Ae , where A and k are constants and ¢ is the time in

hours.It is known that the population, P,doubles every 6.5 hours andthere were
approximately 1000 bacteria at the start, how many bacteria will there be in a day and a
half?Leave your answer correct to 4 significant figures? [4]

o oy _ loge (73 (M)
LD 4 (. ) —[0,34 42
Loﬁq b"") = 3 logs (7x-3) (1)
logu (hx?) = \%4 (T —3)
I = =3
o> ~Tx +3=0 (m1)
(4 ~3)(x = 1)=0
~ox = | ec —1‘_— (m)
i) \,,Sal(ae”‘) bga.(\E eX) (™)
28574 e — 15 = (m)

—

(2 - 5)(c v 3) O
o & =3 (e (~Y
(%)

:—;
= Ln o 0416 (AD

e’
o ." i_
- "wmt O, P=1000

S A = (00O ®N
- when t,;("5; P";LA}
‘ G = ln 2
‘ SK—' — L2 (M)
k = TF (L Caé)
Whew ’c 26, P = |000e > 11;61{.30 backeria (AL)

Crescent Girls’ School - .~ 2014 Prelim S4 AMaths P2



Candidate Name: Class: Index No:

DUNMAN SECONDARY SCHOOL

Where...... discernment; discipline, daring, determination
& duty become a part of life.

PRELIMINARY EXAMINATION 2014
SECONDARY 4 EXPRESS

ADDITIONAL MATHEMATICS 4047 /1

2 H ' 18 SEP 2014
READ THESE INSTRUCTIONS FIRST

Write your name, index number and class 6n all the work you hand in.
Write in dark blue or black pen.
You may use a soft pencil for any diagi’ams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fiuid.
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Mathematical Formulae
- 1. ALGEBRA

Quadratic:Equation
For the equation ax” + bx + ¢ = 0,

b +b* —4ac

x_
2a

F

Binomial Expansion

n_ n nyl g nl 2,2 L 7
(@a+b)'=d + { a b+ 2a b "+ ...+ a b+...+b",
. ' r

n! n(n-1)...... (n—r+1) .

rin—r)! r!

. e . n
where n is a positive integer and [ ) =
r

2.  TRIGONOMETRY

Identities
sin®A +coscA=1.
sec’A = 1 +tan’A .
cosec’A =1+ cot’A .
sin(A+B)=sin AcosB+cos AsinB .
-cos (A% B)cos Acos BFsin Asin.B .
tanAttan B
|FtanAtanB
"sin2A=2sin AcosA .
cos2A=cos’ A=sin?A=2cos’ A—1=1-2sin’A .
2tan A
1—tan®A

tan(AiB)z

tan 24 =

Formulae for AABC
a _ b ¢
‘sind sinB sinC
A=t +c*-2bccosA. -

A= l'br: sin4 .
2

2014/ Prelim Exam/ Add itional Mathematics/ Sec 4E Paper 1 . " - Dunmans econdary School
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3

Given that the line y = mx + 2 is a tangent to the curve y=k — x%, where m and k are

positive constants, express k in terms of m. t4]

.. 2 a 1 .
It is given that f_z dx= 5 , where a 1s a constant.
x

W) Find the value of J:iz dx (3]
x

(i) Find r% +bx dx interms of the constant b. [2]
X

‘ . . . 1
Find the coordinates of the stationary point of the curve y=x"+ — for x>0, and
x

determine the nature of the stationary point. : < [5]

_ Solve the pair of simultaneous equations
log8(2x+3y):—13—

J54% =376 [5]

P
The diagram shows points A, B, and C lying on a circle. The point P is such that the

‘lines-PA and PB are tangents to the circle. Given that BA = BC, show that
G) triangle BCA is similar to triangle PBA . @

)  ACXAP=AB S | | 21

- 2014/ Prelim Exam/ Additional Mathematics/ Sec 4E Paper1 ™ -~ ~ B . .. -Dunman Secondary Sckool
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In the diagram, the line .2y + x — 12 = 0 intersects the x and y axes as points.A and B
respectively. The perpendicular bisector of AB passes through the line at point M and

-and-intersects the x axis at point N. Find the coordinates of N. [6]

7.  The roots of equation 2x*> —x+4=0-are c.and §.

Without evaluating the values of o and B, form an equation whose roots are o’ and §3°. (6]

ay

The diagram above shows part of the:graph of -y = 2}x+3]. .In each of the following cases
determine the number of intersections:of the curve y= a(x:-—- h)2 +k with y= 2|x + 3| ,

- ‘justifying ‘your answer. -

@) a=1,h=-3, andk=0 | . | (2]
() a=-1,k=0, andk>6 4 : [2]
(i) a=-1, k>3, andk<9 ‘ (2]

" . 2014/ Prelim Exam/ Additional Mathematics/ Sec 4E Pdper 1 o . . Dunman Secondaly‘ School
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Begin Question 9 on a fresh sheet of writing paper

9.

- 10.

11.

. 2014/ Prelim Exan/ Additional Mather;uztics/ Sec 4E° P;zper I

(i)  Express the equation 3tan’x =4sec x + 1 as a quadratic equation in sec x. (2]

(i)  Hence solve the equation 3tan’x=4secx + 1 for 0<x < 2z (4]

(iii)  State the number of solutions of the equation 3tan’x=4secx + 1 in the range (1]

-3t <x < 3xn

A particle travels in a straight line so that z seconds after passing through a fixed point

0, its velocity, v ms™ is given by v=2¢> — 7t +5. Fiﬂd

6] an expression for the acceleration of the particle in terms of ¢. [1]
(i) the time and velocity at which the acceleration is zero. 31
(iii)  the distance from O-at which the particle first comes to rest. 4]

The diagram shows a circle of radius 10 cm with a minor sector ORS, which subtends an angle

of @ radians at O, the centre of the circle.

@) Show that A, the area of the shaded minor segment as shown in the diagram is
givenby A =500 —50sin =~ . 2

(1)  Giventhat A is increasing at a constant rate of 5 cm’s?, express the rate of

change of 8 with respect to time, in terms of 6. [3]
(iii)  Hence find the rate of change of § when 8 =n [2]

(iv)  State with a reason whether the rate of change of @ of will increase or decrease

for <@ <2x {1}

Dunman Secondary School,
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12.

13.

6

Variables x and y are connected by the equation y =k a* where a and k are constants. Using
an experiment, values of x and y were obtained and a graph was drawn in which In y was
plotted on the vertical axis against x on the horizontal axis. The straight line which was

obtained passed through the points (0.173, 1.73) and (4.46, 4.70). Estimate

@) the values of a and &, to 2 significant figures [4]
(1) the coordinates of the point on the line at which y = €" : : [4]
Jetty Floor Level
h Y(m) "
Sea Level

L el el

The height difference, 2 m, between the jetty floor level and the sea level changes with

time due to the tidal effects. It is given that & can be modelled mathematically as

h= 18 —1.1sinkt

where &k .is a constant and ¢ is the time.in hours from midnight.

The time between two consecutive high tides is 12 hours.

(i) - Show that the value of k is % radians per hour .

(2]
(1)  State the maximum value of the height difference # - [1]
Gii)  If the jétty can be used for boats to land only when the height difference,  is
~w1thm range of values 0.7 <k < 1.5, find the total: length of time:in-hours:in
a day when the boat landings are possible. ‘ (3]

END OF PAPER
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No | Marking Scheme Marks
1 Substitute y =mx + 2 into y=k — x* to eliminate y Ml
=>mx+2=k~x’
=x*+mx+2—-k=0
H < .2 ] . 2 A]’
Tangent if b* —4ac=0" ie. m*-4(1)2-k)=0 M1
k:l@~mﬂ
4 Al {4]
21 2
2 q 1
—dx=—=>|——| =—
'(x2 3 [ x:ll 3 Ml
=> _E_ ——E):l = qg=— Al
2 1 3
4
Hence f—%— dx:Z[—l] _1 Al
! x> 3L x}, 6
2ii | a a
—+bx dx= | —dx+| bx dx
I L
2 2
=>1+[LJ _L,4 b 1.3 M, Al
3 24 3 2 2 3 2 : 51
3. dy 2
T MI
dy 2
Set Z—0=>2x—-—3=0 M1
=>2x=—2—3— = x*=1 => x=1 (asx>0)andy=2 Ml
x
Turning point coordinates .(1,2)
d? 6 d’ 6 .
2’=2+—4 Atx=1, Z=2+—4 =8>0 => Min pt. MI1, Al (51
x" . dx 1
a4 I
=2x+3y=83 M1
=>2x+3y=2 ------- 1)
= \J(6X9)x. = 376> Ml
x 2x. ’ . x
[ =>6232 =36 =>62 =6
=2y e @ M1
‘{.Substituting into (1)
Toara: . 2 4
2(2y)+3y=2 .‘.y=7 and x=—7- A2 (5]
5i | PA=PB  (extemal tangents to circle)
ZPAB = /PBA (since triangle. PAB isan isoseles triangle )
But also ZPAB=/ACB (alternate segment th eorem) o Ml .

Since also given BA = BC _
then ZACB=ZCAB (since triangle PAB is an isoseles triangle )
Hence by AA similarity, triangle BCA issimilar to triangle PBA

A1l Deduct 1 mark
if final reason not
stated

187
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22N

(i) :sketch
shows 2 intersections

B2 — 1 mark

for correct
curve shape,

1 mark for
correct critical
point at (0, 6)

Sii | Since triangle BCA is similar to triangle PBA MI. Al
o ’ (4]
| =AC 4B scxap=aB?
‘ AB AP
6. | . . 1
Rearrange equation of line => y= —Ex +6
By substitutions of y=0and x=0 we get coordinates
A :(12,0) B:(0,6) B2
~.midpoint M is (6, 3) Bl
Gradient of perpendicular bisector = — —1—1— =2 Al
2
) 3-0 Ml
Coordinates of N (k,0) => Py =2=>k=6-1.5=45
.. coordinates of N (4.5, 0) Bl [6]
=t -tri2-0
7 =X —Ex + 2=
Sum of roots oc»+B=% Ml .
Prod of roots off =2 Ml
New sum of roots
o’ + B =(a+p) (o -af+ ) Mi
=(a+ B)((a+ B) -308)
2
:[1 l) _3(2)|=-2 Al
2)\2 8 -
New prod of roots
o)=Y =8 u
New.equation : ) Al (either
= x’+ %3—11 +8=0 ) accepted)
=>or 8% +23x+64=0 [6]- |
8. | (i) sketch shows 3 intersections y B2 — 1 mark
' for correct
curve shape,
\‘\ correct critical
A point at (-3,0)
(= %
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i

M1

8. | (iii) sketch shows O intersections N
B2 — 1 mark
for correct
curve shape,
/ \ 1 mark for
i using critical
S point at (3, 9) '
y=Alc—3)+9 | (6]
9i. = 3(sec?‘x —1)=4sec x+1 Mi
=> 3sec’x—4secx—4=0 Al
i | 3tan’x=dsecx +1 => 3sec’x—4secx—4=0
= (3secx+2)(secx—2)=0 Ml
o 2 ' 3 . 1
~secx :——g- or secx =2 =>COSx :—5 (reject!) or cosx :—i Ml
For cos x =—1— = x= E,E A2
3°3
san 5 i . X
u | Solutions up to 3n = g —315,1313 so including up to -3n : 6 solutions | B1 [7]
10: Acceleration, a= @ =4t—-7 ms?>
dt Al
Yl sa=0 = 4-7=0 ie 1=175s MIAL
t
=2(1.75f - 7(1.75)+5=-1.125ms™ =1.13ms™ to3s.f. Al
—S 942 -0 — () — Ml
i | Set v=0 =>27-Tr+5=0 => (2t -5)(t~1)=0=> t=1sor 2.5s
- . . Bl
‘Take ¢ = 1 s for particle first coming to rest
" |"Displacement s = J- v dt => .[21‘2 =Tt+5 dt
20 762
= s_.-——-—+5t+c
o 3 2 , M1
A 2 7 _ .1
At t=0, s=0=>c¢c=0. .‘.at t:'-l, S=’§—5+5: 2gm (2.17[]1) Al [8]
e | JAPRS
11i |Area of sector ORS = 5(1-0) 0=500 M1
Area of triangle ORS (using sine formula) = %(1 0)’sin 8 = 50sin 0
.area of minor segment (shaded portion) A = 500=50sin® cm® |Al
1M1
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idé =50-50cos 0
. Al
dA_dA &b 5. (50-50cos e)xi‘i
dt do  dr dt
do 5 4 Mil, Al
=" =-—"""— r1ads
dt  50—-50cos 6
iii
do 5 5 '
Atf=m, —= = rads™ (0.005rad s ‘Bl- i
i (50—50cos () 100 (0.005 rad 57 BI (reasoning
on increasing
value due to
We note that reducing

as 9 increases fromto 2w, 50-50cos 9 reduces from 100 towards O denominator) 8]

do . . . 5
and hence — isincreasing from —— to very large values
dt 100

2

12 | Taking logarithms to both sides Iny= xlna+ Ink Ml
i | Plotting In y vs x, we have a straight line of the form Y=m X + ¢
and m, the gradient of line=1na and

¢, the y intercept =Ilnk A M1
Gradient between given pts : M:0.6928 =lna
4.46-0.173 Al
a= 00698 _og
470 = 06928(446)+c = ¢=1.6101 => k= ¢ =50 Al
1| At y=e'=> Iny=x ,then equation of the straight line becomes Mi
x=xlhat+tlnk = x= g _ 1lslo =3.241
: " (—lna) (1-069%)
S lay=5241 ML, Al
the coordinates of the pointis (5.24,5.24) to3sf.
Accept (5.25,5.25) where pupils substitute values of @ and k found | Al 8]
13
i|Period=12h => F=12 = k—zn-ﬁ ‘ . {M1,A1 -
. ii | Maximum value of b =1.8—1.1(~1)=29m
. : B1
iii { A=0.7 minimum valueas 1.8—1.1(1)
18 — 1.1sin %t:l.S Ml

sin —g—t =02727 => %t=0.2727 rad, 2.869 rad, 6.556 rad, 9. 152 rad | M1, Al

=>¢=0.5208, 5.4794, 12.5210 and 17.4790 Al
Length of time where boat landing is possible
=5.4794-0.5208 + 17.4790-12.5210 =9.9166 h =992h

Al |81

END OF MARK SCHEME
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2

Mathematical Formulae .
1. ALGEBRA

Quadratic Equation
For the equation ax” + bx + ¢ =0,

B —b+b* —4ac

x=
2a

Binomial Expansion

2. TRIGONOMETRY
Identities -
sinA + cos’A=1.
sec’A =1 + tan’A .
cosec’A = 1 + cot’A .

sin(A+B)=sin Acos Btcos Asin B .
cos{(A+ B)=cos AcosB¥sinAsin B .

tan(A-+B)— tan A+ tan B
- 1¥tanAtanB

. .-SIn2A=2sin Acos A .
cos2A=cos>A—sin’ A=2cos’ A~1=1-2sin’ 4 .
n24 204
1-tan" A
Formulae for.AABC, N S

a b ¢

| sin A N sinB sinC

@ =b*+*—2bccos A .

A= lbc sinA .
2
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~1

1. (a) (i) Sketch the graphofy= 6x? for x> 0. 2
3 1

(ii) In order to solve the equation 3x? —2x2 —6=0, a graph of a suitable straight line is

drawn on the same set of axes in part (i). Find the equation of this line. [1]

(b) (1) Sketch the graph of y =Inx for x>0: 2]

(ii) Determine:the equation of the straight line which would need to be drawn on the

—X

graph of y =Inxin order to obtain a graphical solution of the equation x* = ¢*

Draw the straight line in your sketch in (i). [3]

2. @) Differentiate x cos 2x with respect to x. [3]

K4

4
(ii)  Using your answers to part (i), find jx sin 2x dx and hence find j x sin 2x dx. [5]

0

3. (i) Given the expansion of (1 + ax)"is 1 +21x+ 189x” +.. , find the values of a and n. (6]
(ii) Using your answer in part (i), find the coefficient of «* in the expansion of [2]

(1 +ax)" (2 - 12x + 42x%).

4. (i) Express in partial fraction. [5]

- (i) Hence find I X2

(2x-1)(x2—1)dx B

2014 j’reliminary Exan/ AddMath/ Sec 4Exp Paper2 ) Dunman Secondary School
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3x-2

2x+

5. A curve has the equation y = f (x), where f(x) = for x> 0.

@) Obtain an expression for £ (x). 2]

(i)  Find the equation of the normal to the curve at the point where the curve crosses the
X-axis. [3]

(iit)  Showing full working, determine whether the gradient of the curve is an‘increasing or

decreasing function. [3]

6. The line y =4 is a tangent to circle C of radius 3 units. Given that the circle passes tﬁfou gh
the point A(1, -2),
(i) Show that the centre of the circle Cis (1, 1). o 4 [31
(ii) Find the equation of the circle C. ) 2]
(iii) The circle C cuts the x-axis at point B and D, where D lies to the right of B. Given that P

is a point on the circle such that BP is a diameter of the.circle C, find the exact value of

the coordinates of P. [4]

7. The diagram shows a curve x = ky— y®and a straight line . p y u

It is given that the area bounded by the y-axis and the ———_\
: k

curve is 10% units®.Find

(a) the value of &, ’ [3]
(b) the equation of /, [2]
(c) the ratio of the areas A: B: C. [71 R
, A = >
8. (a) Prove the identity tan’x = sec’x tan’x — sec’x +1 [3]
(b)  Solve, for 0°<x< 360°, the equation cos’x + 3sinxcosx +1=0. . ‘ [5]

| (c) - Given that coso9'=‘/§+1 and 0°<0<90°,

T2

(i) find the value of sin® in the form of Ja=vb . E 21
a
(ii) hence, prove that tan 8 =+7-4+/3 (3]

2014 Preliminary Exam/ AddMath/ Sec 4Exp Paper 2 - Dunman Secondary School
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5

9. (a)  Solve the equation log_ x +log, x=-2. 41
3

(b) Iflogs2=0.431 and logs 3 = 0.62, find the value of
@ logsv3 o . [2]
(i) logs 13.5 ‘ [2]
" © In the beginning of 2010, a certain type of bacteria was found at the bottom of a

seabed. It was known to grow with time, such that its population P, after ¢ years is

given by
P =50 000e¥ ,where k is a constant.
(1) Given that the population doubles in two years, show that k= %ln 2. [2]
Hence, find
(ii) theyear in which the population reaches 450 000, 3]

(iii) the size of the population of bacteria in 2015, giving your answer correct to the

nearest 10 .000. [2]

10. The diggram shows a quadrilateralABCDE in which ZDCE = 90°, AB= 12 cm, DE =7cm
and LEAC =60 where 0°<§<90°. AABC is similar to ADEC .
(i) Show that the periméter, P cm, of the quadrilateral is given by ) [3]
P=19+19cos @+ 5sinb.
(i) Express P in the form 19 + Rcos(6 — ), where R>0, and o is an acute angle.  [3]

- (iti)) Find the maximum value of the perimeter, P. [2]

(iv) Find the value of @ for which P = 34. 3]

7cm

B C D

End of Paper2

2014 Preliminary Exam/ AddMath/ Sec 4Exp Paper 2 Dunman Secondary School



2014 Preliminary Examination
Secondary 4 Express

191

D&N_EA‘\VJ Mathematics 4047/P2 Marking Scheme
2014 EOY AMath Solutions
lai) YA aii)
3 1
2] 3x2-2x2=6
1
x2(3x-2)=6 [B1]
y=3x-2
. P
1bi) y=Inx 1bii) Ind=Ine** MI1]
. 2Inx =4 —-x
» y=— %x +2 [A1]
- Graph of straight line: [1]
1 _
Graph of curve: y=- 5x+2
e asymptote 1]
e Shape of graph in the correct
direction [1]
. d .
2i) Z(xcos 2x) = x(—2sin2x) +cos2x [M1, M1]
= —2xsin2x +cos2x [Al]
2ii) J'—Zx sin 2x + cos2x dx = xcos2x+c [M1]
-2 -“xsin 2x dx=xcos2x— J.cos2x dx M1]
_“xsin2x dx =-—%xcos 2x,+lsin 2x+c [Al]
| N 1
[xsin2x dx == Z |cos2| = |+—sin2| = | ~0= M1)/[A1]
S 2\ 4 4) 4 4 4 v
o aln=1), . ..
3) - (1+ ax)"=1+nax+ ( 5 ) (azxz-) + e - {Mm1]
P ) . , 441 -
Comparing coefficients, na=21=> a’ =—- [M1]
‘ n
n—1 . ~1)( 441
T ISP )(—21.):189 (M1
2 2 n :
441(n-1) =378n=> 63n=441=> n=7 [Al]
s.a=3 [A1]
3i) (14372 - 123 +4234) = (1 + 21x + 189 + ..)(2 — 12x + 42x3) [M1]

- Coefficient of x* = (1x 42).+ (21 x— 12) + (189 x 2)= 168

(M1}/[A1]
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4i) x4 A B L,C M1]
(2x-1)(x*~1) 2x-1 x-1 x+1
C 22X —=4=Alx-1){x+1)+B(2x - 1)(x + 1) + C(2x - 1)(x ~ 1) [(M1]
When x =1, -2 = B(1)(2) = B=-1
Whenx=—-1,-6=C(-3)(-2) = C=-1 [2 correct: 1m]
1 .
When x = l, ~3= A(——)(—:i) = A=4 I3 correct: 2m]
. 2 272 :
2x—4 _ 4 5 1 1 (A1]
(2x-1)(x*-1) 2x-1 x-1 x+1
. 2x—4 _
4ii) j S dx=2In(2x- 1) In{x~1)—In(x+ 1) + [M1,M1]
(2x-1)(x‘—1) :
x—2 1 1
dx=In2x-1)— —=In{x—1) — =In{x+ 1)+ ¢ Al
I(Zx—l)(xz——l) )= Inlx=1) = = Infx+ 1) [A1]
S) Pog= (2x+3)(3)—-(322c—2)(2) M1]
(2x+3)
6x+9-6x+4 13
= 5 =. 5 [A]-]
(2x+3) (2x+3)
. . 2
Sii) At x-axis,y=0, 3x—-2=0=> x= —5 [M1]
Atx=z,gradient= -———E——2—= ——9—
5]
2| —}+3
3
. 13
Gradient of normal = —B- [M1]
13[2) 26
0= ——{—1{+c = c= —
943 27
- The equation of the normalisy = ——1—3-x+—§—’67- ' (A1]
3 -52
5iii) /() = 13[-2(2x +3)7(2)] =——= - [m1]
(2x+3)
Whenx>0,  (2x+3)'>0= #'(x) <0 M1

. P{x) is a decreasing function. [A1]

‘.Pagez ) B _ - - - DupmanSecondary School/2014 Prelim Exams/4047P2,



6i)

6ii)

6ii).

Since the max y value is 4 and the radius is 3 unit, the y coordinate of the centre is 1. [M1]

Let the centre be (x, 1)
2z (x—=1)+(1+2)°

9=(x-1)*+9
x—=1=0
x=1

Hence the coordinates of the centre is (1, 1).

(x—1P2+(y-1)*=3?
X*—2x+1+y*—2y+1=9
x4yi-2x-2y-7=0

AtB,y=0, x*—2x—-7=0

—(2)£ A=A ()
20)
i 244132 _ 2442

2

X=

2
= 1—«[5 or 1+\/-2- (Rejected)

Hence the coordinates of B is (1—\/—2;, 0)
Let P be (x1,y1)

1= (1—2\/§+x1 0+ylj

yi=2

Hence the coordinates of P is (1_+2\/—?:, 2)

7b)-

‘79,,'; ._

b

2 2
X1= 1+2\/-i

; 2 3| 2
E_E|_64
2 3 6
3k* —-2k° _ 64
6 6
k=64 = k=4
gradient.of /= ;—i ==1. .
8 OTI= =y

fquatidn of Iis Yy =—x+4

x=4y -y’
4-y=dy-y
Yy —5Sy+4=0
(y=1)y-4)=0
y=lory=4

‘area of B+C=0.5x4 x 4 =8 unit?

Page3

M1]
(A1]
[M1]

[A1]

M1]

{m1]

(m1]

[A1]

(M1]

(m1]

[A1]

(81]

[m1]

(M1

Dunman Secondary School/2014 Prelim Exams/4047P2
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4 1
Area B = I4—y dy + J.4y—y2 dy M1}
1 0
2 1 2 3P
2 . 2 3 o
1 1 37
={(16-8)-(4-—=)]+(2 ——) = — M1
[ | )=( 2)] ( 3) o (M1]
Area C= §—7— -8= —1—1- Mm1]
6 6
Area A= 10—2——3?’1=2 [M1]
3 6 2
A:B:C=—%Z:§z:1—1-=27:37:11 [A1]
6 6 6
8a) LHS = sec? x tan’ x—sec’ x + 1
—(tan x+1)(tan X) — (sec X= 1). M1, M1]
=tan®x+ tan’ x—tan’x - [M1]
=tan'x =RHS

8b)  cos’x+3sinxcosx+1=0
cos? x + 3 sin x cos x + sin® X + cos> x = 0
2cos’ x+3 sinxcosx+sin*x=0 [M1]

(2cosx + sin x){(cosx+sinx) =0

tanx=-2 or tanx=-1 [Mm1]
basic angle = 63.43° basic angle = 45° M1]
X z'116.6°, 296.6° . x=135° 315° [A1, A1}

\/(2\/5)2 -(v3 +1)2

8c) sin@= 2 [M1]
\[8 [3+1+243] e s
242 2
22-8) {215 ) =g
o222 22 2 Al
8cii) | Opposite side of 8 = J(zﬁ)z 3+1 \/8 [3+2J§ +1] Jalof
tan g = %?/—_%- R [M1]
4-23 2-\3 2-\3
B0 a3 2eB 2B fl
= f———:f% s.tan @ = \/7—4\[5 [A1]

Page4 . - o . - . Dunman Secondary SCh(;OI/2014 Prelim Exams/4047P2



9a)

gbi)

9bii)

9ci)

9¢ii)

9cii

. Pages .

log, x + log, x __

M1]
log, X log, 3x
3
1 1
+ = [M1]
log, x—log,3 log 3+log x
Lety =log, 3
2
—L+—L=—2 = —=—2 = I —y’=-1
I—-y 1+y I-y°
Y =2 = y=+v2 or 2
log, 3 = \[2_ or log, 3 = —\/E [M1]
1 i
x=3" or x=3" _
x=2.17 or x=0.46 (Al Al]
1
logsx/g = —logs3
2
-1 062)-031 [A1]
2
27
logs 13.5= Iogs-—é— =logs27 —logs 2 [M1]
= 3log; 3 - 0.431= 3(0.62) - 0.431= 1.429 [A1]
When t =0, P = 50000 [M1]
Whent=2, 100000 = 50000e* ‘
2=¢* [M1]
= In2=2k= k=%ln2
(lzm)
450000 = 50000¢'*
-1-tln2
9 = eZ . [Mll
ln9:%tln2 = t=6.34 years [(m1]
When the year in which the population will reach 450000 is 2016. [A1]
- o)
Whent=5 ~ P=50000‘* "/ . (M1]
' P = 282842 = 280 000 [A1]

" Dunman SecondarySéhoo!kOltl Rrelin‘l.EI\'ams/40?17P2~ —
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10i) Singz—?—zg: BC=12sin @

sin9:§7—E—:> CE =7sind [M1]

cosB:%Q: CD=7cos @

cost9:—1f11—2g = AC=12cos @ M1].
P=19+12sin @+ 12cos §+7cos @ —7siné [A1]
=19+19cos @ +5sin g
10i) R= 192 +5% =+/386 [m1]
tanax :-§— = a=1477" [M1]
19
P =19+ +/386 cos(6-14.7") (A1]
10iii)  Max P occurs when cos (9—- 14.7° ) =1. - - M1
S.maxP =19+ /386 = 38.6cm ' [A1]

10iv) 19 + /386 cos(6—-14.7)=34

cos (6 —14.7") =0.7634 ' [M1]
0 —14.7=40.23° . A (M1]
0 =54.93°~54.9° [A1]

. Page6 ’ ) Dunman Secondary School/2014 Prelim Exams/4047P2



197

.NAME: ( ) 4 CLASS:

. Comment {CLYA1]: Insent header on every page }
e = o for students to write their name, regmerno and

. & IFAIRFIELU METHODIST SCHOOL (SECONDARY) class
Flec,

Comment [CLYAZ] Use Anal 2 pl fontas lhls
e for :

:Q PRELIMINARY EXAMINATION 2014
‘ SECONDARY 4 EXPRESS

ADDITIONAL MATHEMATICS 4047/01 _

Paper 1

Date: 26 August2014

ratlon. 2 hours

Additional Materials: Answer Paper
Graph Paper (1 sheet)

READ THESE INSTRUCTIONS FIRST

each’ question. or- part

The total number of ‘marks for this paper is 80

At the end 'of the examination, fastén all your work sécurely together, { Comment [SZ6]: Tasert imstructions by followiog |

Lspecxﬂc Subject requirement. Font: Anal Size 12 i

For: Exammer S, Use ‘

[Paper1 | e

Setter: MdmToh.SL and Miss Lee CP

This question paper consists of 7 printed pagesincluding the cover page.



i98

Name: - « ) Class:

Mathematical Formulae
1.ALGEBRA
Quadratic Equation
For the equation ax? +bx+c=0

- —b+b* —4ac

x
) 2a

Binomial expansion

{a+b) =a"+ (n}a""b + (nJa""?bz +ot (n]a""b’ +..+b",
1 2; . r
II} nl - n(n-1..(n—r+1)

wherer is a positive integer and = =
- rj ria—-nt rt

2. TRIGONOMETRY
Identities
sin A+cos’A=1
sec’A=1+tan’ A
cosec’A = 1 + cot’A
sin(A+ B) =sin Acos B +cos Asin B
cos(A + B)=cosAcos B ¥sin Asin B
tanA+tanB
1FtanAtan B
sin2A=2sinAcosA
cos2A=cos’ A-sin? A=2cos? A—1=1-2sin’ A

1-tan” A

tan(A+B)=

Formulae for AABC
a b _ ¢
sinA sinB sinC

a® =b* +¢* —2bccos A

A =labsinC
%

FMS(S): Sec 4. Express Prefiminary Examination 2014
Additional Mathematics Paper 1
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' | . .
X Given that the line y= Ex +3 is a tangent to the curve y* =kx, where k is

a positive constant, prove that k is a multiple of 3.

.
P
5 -
The diagram shows point A, B and C lying on-a circle. The point P is such that
the lines PA and PB are tangents to the circle. Given that AB = AC, show that
LAPB=/BAC.
3 It is given that 3% x 27" =22,
@ Find the exact value of 6*.
(ii) Hence find the value of x correct to 2 decimal places.
4 Find the coordinates of the stationary point of the curve y = 4xz——l- ,X#0
x

and determine the nature of this stationary point.

'5 It is given that _r px*dx =7, where p is a constant.
@)  Findthe value of [ px’dr. '
)  Find the valueof [ px’dx.

.. (i)  Express f( px* + q) dx in terms of the constant g.

199

4

(4]

3]
{21

5]

{1]

3]

[2]

FMS(S) Sec 4 Express:Preliminary Examination 2014
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Name: , ( ) Class:

b
. /4 (3, 10)

B(-5.6)

™~ .

1
In the diagram, M is the midpoint of the line joining the points A(3, 10) and

B(-5, 6).. The perpendicular bisector of AB intersects the line [ at the point P.

- Given that line / is parallel to' the line 6y + 7x = 0, find the coordinates of P.

q x

The diagram ‘above shows part-of the graph of y=i3—11 . In each of the

following cases, determine the number of intersections of ‘the line y = mx +
ewith -y =[3 -, justify your answer.
@ m=landc>1

1
i) .m.=_§and c=0

1

(6]

o L
21

2
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A container is in the shape of an inverted right circular cone which has a
vertical axis and a base radius that is equal to its lieight. Water is poured into

the vessel at a constant rate of 50 cm/s. The depth of the water is x cm.

@) Show that the volume of water in the containeris V = %7[ xem’.

Calculate, at the instant when depth of water is 20 cm, the rate of increase of
(ii) the depth of ‘the water, in terms of 7,

(iii)  the area of the horizontal surface of the water.

The roots of the quadratic equation 2x*> —4x+5=0 are aand §.
® Express o> —af3+f” in terms of (a+ f)andaf .

(i) Find a quadratic equation whose roots are o and ,83 .

@) Express the equation 3 tan2 @ =5—2secd asa quadratic equation in

terms of sec@.

(i)  Hence solve the equation 3tan® @ =5—2sec@ for 0 < 6 <360°.

(i) State the number of solutions of the equation 3tan2 @ =5-2sech.in

the range —540° <8< 540°.

{1

(31
[3]

(1]
[6]

(2]
(4]

1

FMS(S) Sec 4 Express Preliminary Examination 2014
Additional Mathematics Paper 1
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-~ 11- The height of the tides 'in Singapore is ‘modelled by the - equation
h=1.55+1.35cosks, where k is.a constant, and ¢ is the time in hours after
midnight. The diagram below shows the model of the-height of the tides. The
average time difference between high tides is 13.6 hours. '

6] Explain why this model suggest that highest tide for the day is 2.9 m.
.. . Sz
(ii)  Show that the value of kis VR

(iii)  Find the time for which the height of the tide first reaches 1.6 m,

leaving your answer in 24-hour notation.

13. ur.

12 A particle travels in a straight line, so that 7 seconds after passing through a
fixed point O, its acceleration a m/s?, is given by a =6:—30. The initial
velocity of the particle is 72 m/s. Find
(D the de‘:celerationnf the particle when 1=3,

(i) © - an expression for the velocity of the particle in terms of ¢,

(iii)  the speed of the particle when 7 =5,

(iv) . an expression for the displacement of the particle in terms of ¢,

“(v).-- the total distance travelled by the particle for the first 6 seconds.

{1]
(2]

4]

(1
2]
[
1))
Bl

-+ FNIS(S) Sec4 Express Preliminary Examination 2014
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13 (a) The table shows experimental values of two variables x and y.

x 1 2 3 4 5
y 0.5 0.5 1.5 35 6

It is known -that x and y are related.by an equation of the form
a{x+y-b)= bx?, where a andbare constants.
(i)  Draw a straight line graph of (x + y) against X%, using the scale
- of 2 cm to represent 5 units on the x*-axis and 2 cm to represent
1 unit on the (x + y) axis. 31

(ii)  Use your graph to estimate the value of a and of b. {21

()  Inorderthat y = h(l+x)*, where & and k are unknown constants may

be represented by a straight line graph, it need to be expressed in the
form Y = mX + ¢, where X and Y are functions of x and/or y, and m and
¢ are constants.
(i) - Determine an expression for Y and for X. 2]
(ii) Explain how the straight line may be used to determine the
value of k. ' m

s at the énd érj.mjj

e,

FMS(S)Sec 4 Express Preliminary Examination 2014 7
Additional Mathematics Paper 1
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1. k=0(MNA)or k=6 : 2. ZPAB = /BCA (alt segment)

' Z/PBA = /BCA (alt segment)

Or £PBA = /PAB (PA = PB, tan fr ext. ptP)

Since 6 is multiple of 3, therefore, kis a

multiple of 3 (proved).
ZAPB =180°-2/PAB (£ sum of A)
=180°-2/BCA
| £BAC =180°-2/LBCA(AC = AB, is0s.A)
_ Hence, ZAPB = /BAC (shown)
13. 4.
(i) 6* :g 4 Coordinates of the stationary point is (———12—, 3)
(i) — 0.23 ' The stationary point is a minimum point.
5. @ -7 6. Coordinates of P is (7, —8).
(i) 189 -
(i) 7+2¢
7. | () Line parallel to R.H. arm; 8. (i) Volume of water in container,

since ¢ > 1 >3 intersects L.H. arms;

.. 1 intersection.

V= —;;n'(x)z (x)=%7z x* (shown)
Or )

o1
Draw a line which is parallel to y =x -3 (ii) —cm/s
andc> 1. . 87 2
(i1) 400 cm/s

(ii) Through origin; since m< 1
intersects both arms;.". 2 intersections.
Or

| Draw a line that passes through the
origin and gradient is greater than O but
less than 1.

cee vxpe 1

(i) Withm = —_5 and c<1; x-
coordinate of int@rsgction-with x-axisis
3;...0intersections o T

10r
Draw a line with m= — %; intersection
with y-axis at 1 and x-axis at 3
respectively.

9 | G) (a+ By 308 |10 | () 3sec® @+2secd-8=0
. i ) 125 (ii) # =41.40° 318.6° or &=120°,240°.

(ii)New equation: x* +7x+ *8 =0 (iii) 12 solutions
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| @)

1 4 [9 Ji6 [25

x+y |15 [25 |45 |75 |11

: ()c+-y—)=b+2x2
a

(aida =2.50%£04,5=1.0%0.2

Rz (i});:\M’nggl_y_gn};theigahtv.fwhen -cos kt-='1,1{-12. | (i) Deceleration = 12 m/s”
height =2.9 m (ii) Velocity, v = 3t> —30r + 72
(i) k = 2 (shown)  (iii) Speed is 3 m/s
ok (V) . s ==15t% + 72t
(i11) The time is 0319. (v) Total distance travelled = 112 + (112 — 108)
“=116'm
Or integration method: E vdt + fvdt =116 m
13. 13. | (bi) Y=Iogy and X =log(l +%)

- |- (bii) Find the vertical intercept which is log A

h= loverlical intercept vertical inlercept.

orh=e
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Secondary 4 Express
Preliminary Examination 2014 .
Additional Mathematics

Paper 1
Marking Scheme
No Working ' Description Marks
' allocated
1 E | sub. = %x +3 into y* =kx Eliminates y completely M1
1 2
—x+3)" =kx
(2 x+3)
LU
4
L X(3-k)+9=0 Correct quadratic equation Al
Line is tangent to curve =b* —4ac = 0
=(3-k)*-36=0
S ) ‘Use of b*—4ac M1
9-6k+k"-9=0
k(k—6) =0
k=0NA)or k=6
Since 6 is multiple of 3, therefore, & is a multiple of | Show that k =6 and conclusion Al
3.(proved). ‘
2 ZPAB = /BCA (alt segment) Angles in alternate segment [B1]
Z/PBA = /BCA (alt segment)
Or ZPBA= /PAB (PA = PB, tan from ext. ptP) | SBOW 2 other angles equal | Bl
- alternate segment or isos, PA = [B1]
ZAPB =180°—24£PAB(£ sum of A) PB reason
=180°—24BCA
ZBAC =180°—2/BCA(AC = AB, is0s..A) (Al]
30 | 3 x2¥ =2 _ Apply law of indices to reduce
Sl lgmiogma g T o .0 0 | equation to 2 terms of base'2 and 3 Bl
g . o respectively. :
3x37 = 2 | : '
X2 =0 Break up indices Bl
3 x2* = 2
3
6" = 2 ‘ B1
' 3 -
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No Working Description Marks
allocated
3(ii 2
) xlg6=I1g— (il
3
2
loZ
Ig6
=-0.2263
=—0.23 [Al]
4 dy Cgri % Differentiate ywrt. x B1
dx x
Stationary point :3511 =0
1
8x+ - =0
X 1
1
xX=-——=
2
y=3
. coordinates of the stationary point is (~ 1 ,3) . o 1
A 2 Stationary point is (——, 3) Al
2 2
d’y 2
| > 8- x.
_ 2 . M1
When x = _l, d J2V=24>0 Any valid method
2 dx o , Al
. The stationary point is & minimum point. Conclusion is a minimum point
53) gpxzdxz-ﬂ T Bl
i |
{—%——J =7 Integrate wrt. x M1
1
27p—-p —7
'3 , ol
21 P '
== *| Obtain value of p Bl
26 o
T,27T
f pxidx= [—E—]
3 3
_129p-27p
3
_702p
3
_702, 21
3 26
=189

Al
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No Working Description Marks
: allocated
5(iii) 2 .
Express | (px® +gq)dxin terms of the constant q.
[(px* +gyax
3 3
22 et
- 1 '
I 3 Integrate f(px2 +q)dx Mi
o . or[px +QXi|
3 1
=7+(3q—q)
=7+2q
Al
6 M=(-1,8) B1
" | Gradient AB = %
Gradient of L. bisector of AB = —2 M1
uation BP:
Eq 7 B1
—6=——(x+5
y . (x+5)
A
Y766
Equation MP: B1
y—8=-2(x+1)
y=-2x+6
) 7 1
Atpoint P,—2x+6 = ~—x+—
6 6 M1
x=7
y=-8
Coordinates of P is (7, —8) Al
7@1) ' | Line parallel to R.H. arm; B1
- | since ¢ > 1 >3 intersects L.H. arms; B1
| - lintersection
or . :
| Draw a line which is parallel to y =x —3 andc > 1 | Must write the word, line is parallel :
7@ii). | Through origin; since m< 1 intersects both arms; Bl
| . 2 intersections ‘ B1
Or
Draw a line that passes through the origin and
gradient is greater than O but less than 1.
60 With m = —é and c< 1; x-coordinate of B1
intersection with x-axis is 3;
B1

. 0 intersections
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No

Working

Descriptioe

8(1)

Volume of water in container, V = %z(x)z (x)

Show volume of water -

%X;z'x (radius)? x (heis

8 (i)

Given v _ 50cm> /s
dt
w_

dx
dx dx _dV

—_— e X ———

dt dV dt

av ) dx 1
— = =
dx av
dx 1

dr m

x50

2

Whenx=20, &1

dt  7(20)*

xSO

= —l—cmls
/4

Differentiate ﬂl—
dx

Uses chain rule correctly

8(iii)

Surface area of water, A = Jr(x)2 =7x?

When x = 20, 44 - 27(20) X
dt 2z

t

=400 cm?/s.

Diffcrentiate ﬁ
dx

Uses chain rule correctly

Follow through from 8(i}

9(i)‘

o’ faﬂ+ﬂ2
_=(a+p)20f-0p

=(a+ ) -3af

o)

-a'-l.-_ﬂzz, aﬂ=%,

o+ B = (a+ P’ —of+ )
=(a+p)(a+p) -3a8)

=2(2%-3x=
( 2)
=7
5 125
o (-5
A 2 8

' ‘ 125
New equation: x* + 7x + T 0 .

Sum of roots; product of rocis

Correct use of factors of ol

Follow through (ft}on o+ ./ - .

5
aff ==
r=3

B 'or.“ L 8x” +56x+125=0
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No Working Description Marks
: allocated
10() | 3tan®>@=5-2secd
3(sec’@—1)=5—2secd- Uses tan® 8 =sec® @ —1 (correct M1
f 1
356029'—3=5~286c6 ormula)
13 sec? @+2secd —8=0 Correct equation in any form Al
10(); | 3sec’@+2sec@—-8=0
| (Bsec@—4)(secO+2)=0 Attempt as solution (solving M1
method — factorization or general
secd = g or secd =-2 solution)
0'039:—3— or cost9=—l
2 1 V M1
6=41.40° or 318.6° or 6=120°0r 240° Use secd=—— AL Al
. ) FT for 360 - 41.40° or 180 — 60
10(iii): | 4 times/cycle X 3 cycles = 12 angles - , Bl
11(1) | Maximum height when cos kt-=-1, height =2.9 m Bl
11(ii) | Period between high tides = 13:6 hours i
2z
- = 13.6 Period of graph M1
2r
13.6
k=% . Al
34
11(iii)) | Whenh=1.6 ,
1.6 =1.55+1.35coskt M1
k= |
COS t — E . A].
Z-Zr: 1.5338 —>1=3.3198 M1
| The time is 0319. Al

12(G) | a=6:-30
- | Whent=3,a= 6(3)-30 =-12 m/s’
Deceleration = 12 m/s> Bl

V120 | Velocity, v = [6¢ ~30dt

=—6—t—2——30t+c '» ’ Integréfeacccleration | Ml
2
=3t —30t+c

Whent=0,v=72, -.c=72

Velocity, v = 3t> =30t +72 Al

12(i)) | When =5, velocity, v = 3(5)% —30(5) + 72 =-3 m/s

Speed is 3 m/s FT if velocity has a + c as constant | B1 /FT'1

and speed is positive value instead
of negative value '
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No

Working Description Marks
__ | L allocated
- 12(1v) Displacement, s = .J-Stz -30r + 72dt
| = £3-152 + T2t +¢
When t=0,s=0, ..c =0
o5 =r2—15t% + 72t Exact answer for displacement Bl
12(v) | When v =0, 3r* =30t +72=0 Find the time when v =0 Ml
t* ~10t+24 =0
(t-6)r—4)=0
t=dort=6 'Find the distance travelled when t= M1
Whent=4,s=112 “4-or ¢t = 6 (does not matter if the
When r= 6,s =108 integration in (iv)) is incorrect
Total distance travelled = 112 + (112 — 108) : S
=116 m
Or integration method: f: vdt + 'f:vdt: =116 m - Answer - (follow through from.(iv)) .| Al/FT1
13(a) (i) x 1 4 9 | 16 | 25 | Table of values Bl
xeky | LS 25 A4S TS Plot the points and best fit line P1, S1
a(x+y—b)=bx*
a(x+y)—ab= bx?
(x+y)=b+ éxz
a
Refer to attached graph
13(a)(ii) | Vertical intercept, b = 1.0+0.2 Value of b = vertical intercept Bl
Gradient of line , b =0.40+0.2
a .
a=25+04 Value for a B1
13(b)(l) y= h(l +x)k
Apply either natural logarithm or common
logarithm
logy=logh+log (1 +x)" - - .
log y =log h +k log (1 + x) ‘B‘I.Bl‘ B
Y =logy and X =log(l +x) : B -
13(b)(ii) | Find the vertical intercept which is logh
i b= I.Ovemcal intercept: orh=e vertical intercept Value Of h B1
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 Mathematical Formulae
1. ALGEBRA

e

Quadratic Equation
For the equation ax’ +bx+c =0,

_ —bt~b? —;4ac

2a

X

Binomial expansion

n n n n—1 n n-232 n n—ryr n
(a+b) =a" + e b+ , [ b* +..+| |a" b +..+b",
r

n) n naa-D..(n—-r+l)

wheren is a positive integer and [
r

Am—r) rl
2. TRIGONOMETRY
Identities ‘
sin> A+cos* A=1
sec’A=1+tan’ A
cosec’4 = 1 +cot’A
sin(A+ B) =sin Acos B £ cos Asin B
cos(A+t B)=cosAcosB+sinAsin B
tan A + tan B
1¥tan Atan B
sin2A =2sin AcosA
cos2A =cos*A=sin* A=2cos’ A-1=1-2sin’ A

tan(A+ B) =

tan 2A = __gia_llié_
l1—tan” A
Formulae for AABC
a b c

sinA sinB sinC
@t =b+ct—-2bccosA

-'Az}-absin(}
: 2

- FMS(S) S_c«:_eq 4‘Expre_ss Iirelimir_lary Examination 2014
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-1 Over a period of 10 years from 1 January 2001 to 1 -January 2011, the population, P,

of a city increased exponentially from 50000 to 250000.

Given that P=Ae", where A and k are constants and ¢ is the time in years from 1

January 2001, find
(i) the value of A and of k.

If the population continues to increase at the same rate,

(i)  in which year will it first exceed 1 million?

2 (@  Given that log, x+log,; y=1log,;(x—y), express x in terms of y.

(b) Given that u=log, z, find, in terms of «,
. 3
(l) 10g3 )
Z

(i)  log,27z,
(i) log,9.

3 o Differentiate xcos2x with respect to x.

(3]

3]

(3]

(1]
(1]
[2]

[3]

(i) Using your answer to part (i)find jxsian dx and hence show that

_[:zxsin2x dx:—%.

[5] -

FMS(S) Sec 4 Express Preliminary Examination 2014
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210 Name: ( ) Clas-

4. ] Write down.the first three terms in the expansion, in ascends : - -
(1- px)*, where p‘»i# a constant. |
(ii) Find, in terms of p, the coefficient of % in the
(1 +3x —5x2> (1- px)?.
In the expansion of (1 +3x— sz) (1- px)?, the sum of the coefficients of -
s —4—2-
3

(i)  TFind the values of p in its exact form.

5 (i  Sketch the graph of y =3¢,
(i)  On the same diagram, sketch the graph of y =3¢,

(iii)  Calculate the coordinates of the point of intersection of your grapi: .

(iv)  Determine, with explanation, whether the tangents to the graphs = & - -

intersection are perpendicular.

FMS(S) Sec 4 Express Preliminary Examination 2014
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( ) Class:

The diagram shows a model of a playground ABCD. The angles ABC and ADC are
right angles. AD i1s 4m and CD is 8m. The perimeter of the playground is P m.

B C

A @ 8%z

(i) - Showthat P = 4cos@+12sind+12. [4]
(ii) - Express P in the form Rcos(B — a)-i— 12 where R>0 and «is acute. (4]
(iii) Find the value of 8 for which P is a maximum. (2]
. 2x-3
7 A curve has the equation y = f(x), where f(x) = for x> 0.
44+3x

)] Obtain an expression for f'(x). . 2]

(ii) Find the equation of the normal to the curve at the point where the curve
crosses the x-axis. [4]

(iii) Determine, with explanation, whether f(x) is an increasing or decreasing
function. [1]

(iv) Showing full working, determine whether the gradient of the curve is an
increasing or decreasing function. [3]

c Ay — 3 ,
.- Given that 4x —x = 3,4x+12~= ax+b+ foci,
_ X —9 x° -9
@ find the value of each of the integers a, b and c. _— 4]
~ Hence, using partial fractions and the values of a, b and ¢ obtained in part (i), find
4x° —x*=34x+12
@D dx. (6]
'[ x> -9 :
FMS(S) Sec 4 Express Preliminary Examination 2014 . 5

s am o . o .
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10

( ) Class:

¥

. e . . . .
The diagram shows. part of the curve x= intersecting the horizontal line MN at

point Qwith x-coordinate = 10. The point P lies on the curve and the tangent at P is

parallel to the line Sy=x+6.

(i) - Find the x-coordinate of P. [4]
(ii) Find the area of the shaded region. [6]

(i)  Prove the identity -l—z—gn—n—;-c——sian-—'-O. [3]
' 1+ X
@) Solve the»equationz géanta;z. =-1; for 0 < x < 7, giving your answers in terms -
+ X .
' " 2
-(iii) Given thatgf—ég—aii = —% sec2x and without the use of calculator,

tanx

@) deducethattaﬂx:—%, 2]

(b) find the possible values of tanx . [3]

FMS(S) Sec 4 Express P’réliminary Examination 2014°



Name: ( ) Class:

11 The diagram shows two points A(-6, 2) andB (10, 2) on the circumference of a circle

whose centre, C, lies above the x-axis. The line x =-8is a tangent to the circle.

) Show that theradius of the circle is 10 units. [4]
(i)  Find the coordinates of C. 4]
(iii)  Find the equation of the circle in the form x*+y*+ px+gy+r=0. [2]
(iv)  Find the equations of the tangents to the circle parallel to the x-axis. [2]
~End of Paper~
FMS(S) Sec 4 Exp.re.ss Preliminary Examination 2014
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FMS(S)Secondary 4 Express 2014
Additional MathematicsPreliminary ExaminationPaper 2Answers

- 1@  A=50000, k=0.161 1(ii)2019
@ -y .y 2(b) ()1 —u W) @I 2
y=1 1~y u

3 —2xsin2x+cos2x 3(ii) +sin2x —xcos2x+C

. 4(ji1) Z ,?;
4 1-12px+66pirt 4(ii) 66p* —36p—5 39733
s@p 3,5 GiD) (-4.3)
5(Gii) =36

6()  p=410cos(@—71.6°)+126(ii) 0 =71.6°

(1) 17 (i) y =—4=+3lor 7(iii) Increasing 7(iv) decreasing
(4+3x) 8y=—34x+102 . function’ function
15.7 sq units
8i) a=4,b=01c=3
8()  4x’—x?-34x+12 1 3
3 = 4x-1+ +
x -9 2(x+3) 2(x-3)
2
: M+—lz—ln(x+3) +—3-1n(x—-3)+C or 2x"—x +-1—ln(x+3)+gln(x—3)+C
2 2 2 2
%G 9
® x =7§ or 7.67 @ (2?2 In 22—7) units® or 15.7 sq units
106 _ . A i e .
® "LHS = Zta?x—sianz 23mx+ 12 —sin2x = Zsmx><coszx—sin2x
' - sec’x . CcOsx Ccos'x COSX

=2sinxcosx—sin2x =sin2x—sin2x=0

106) 7z 1z

1
=, 10Gii)(b) ——or3
* 1212 O(EE)®) 3

11G) mid pt of chord formed by (-6,2) and (10,2) = (2,2) ; centre lies on x=2;
distance between tangent at -8 and centre =10; hence radius = 10 units :
11Gi) are(2,8) 11(i) (x—-2)2 +(y _'8)2 =100 or 113G y= 18 or y=-2

_x2+y2-4x—16y—32=0_— o
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Additional MathematicsPreliminary ExaminationPaper 2
Marking Scheme
No Working / Description Allocation of Marks
li A =50 000 Bl
P=Aée"
| 250000 = 50000¢"°* Ml
5 — el()k
In5=10k Al
k=0.161
lid 1000000 = 50000 %1¢%*
0.1609¢ .
o | 20=e _ M1
1n20=0.1609¢
t=18.6 Al
The year is 2019 FT1
2a log,, x+log, y=log,;(x—y)
log,, xy=log,,(x—y) M1 for product law
xXy=x—y M1 removing log
xXy—x=-y
xX= .___).’.._ or _l_ Al
y-1 1~y
2bi 3
log,—
z
=1—u Bl
2bii-~+ |-log, 27z
=log, 27 +log, z
= 3 +u - B 1
2biii | log,9
- =2log,3
-2 M1 Change of base
s log, z ‘ '
22
T u Al
3G B1
® '—d—(COSZx) =-2sin2x -
dx :
. a . e MI(product
E(xcos 2x)=x(—2 sin 2x)+cos 2)_c(1) rule)
- =—2xsin2x+cos2x - FT1
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\l= 3 e—2x—l

\4
®

No -Working / Description Allocation of Marks
3(ii) d
¢ From (i), Zx-(xcos2x) = —2xsin2x+cos2x
d o
-J—-(x cos2x)dx= J'— 2xsin2xdx + jcostdx
dx
- xcos2x+C = j—ZxSiandx. 4 !costaix Ml
jr?.x—sin 2xdx = Jcostaix — xcos2x—C,
:%sir|2x+C2—JCCOSZ)c—C1 Bl
I-xsiandx = +sin2x — L xcos2x+C M1, —1m for not writing
"I constant for final answer
gxsin 2xdx = Ml
[} sin2(27) -1 (27) cos 2027)] - [% sin2(7) — 1 (z)cos 2(z)]
_ | B1
= [0—7[]—-[0——7—[—] = (shown)
2
4(i) , 12 Bl
(1-— px)l'z 1—12px+( ZJ(— px)2 +....
=1-12px+66p>*x* +.... Bl
4(ii) (1+3x—5%) (1- px)*= (1+3x =52 ) 1= 12px+66p°x> +....) Mi
Coefficient of x* = 66p> —36p—~5 Al
4Gi) - | (1+3x—5x2) (1-12px+66p>%* +....)
Coefficient of x= ~12p+3 B1
66p> —36p—5+(~12p+3)=—42
66p> —48p+22=0
198p° —144p+8=0
99p* ~T2p+4=0 Ml
Bp-2)(33p-2)=0 M1
p=% orp=% ;" Al
5(i) 1
&(Gii) In : B1
N y=3e2x+l
B1
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No Working / Description Allocation of Marks
5(ii) y=3> () y=3e> e @
325t _ 3p2x-d
e4x-+2= 1 Mi
4x+2=0
x=-1
| From (1), y=3e2AH =3
~ Point of intersection = (—%,3) Al
S(iv) *" ' | If the tangents to the graphs are perpendicular, then mm, =—1
mim,
y — 362X+l
ﬂ — 662X+1 Bl
dx
y — 36—2,:—1
d_y = _Ge 2 B1
dx
x= _%’ _‘1}_7:_66—2(—0.5)—1 =“‘6 Ml
dx
Since 6(—6) #—1, the 2 tangents are not perpendicular. Al
Note: Not necessary to substitute in x = — %
6(i)
| . pM ’
sin@ =—— = DM =8sin@ Bl
: g -
- CM : '
' cosf@ =—— = CM =8cosl
T8 | B1
sinf =—— => AN =4sin6 Bl
- 4
DN
cos@=——= DN =4cosé
4 B1

AB =DM — DN =8sinf—4cos &
P=AB+BM + MC +CD+ DA )
= 8sin@—4cos@+4sinf@+8cosf+8+4

= 4cos@+12sin 8+12 (shown)
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No

) Working / Description Allocation of Marks
6(ii) 4cos@+12sinf = R cos(@— )
= Rcos@cosa+Rsinfsina
| Reosa =4 (1) Mi
Rsing =12 2)
@ +(): tana=3=>a=tan"'3=71.57° =71.6° Ml
(1%, (2 : R=A4 +122 Bl
=4/160
=16 x~/10
=410 or 12.649
| P=410cos(6—71.6°)+12 or P=12.6cos(@—71.6°)+12 Al
| 6GiD) For P to be a maximum, cos(@—71.6°) =1 Mi
6-716°=0
6 =71.6° Al
7(%) fx) = 2x-3
4+3x
£(x) = (4+3x)(2)— (2:\?—3)(3) Ml
(4+3x)
_8+6x—-6x+9
(4+3x)
N Y
(4+3x) Al
7(ii) Lety=0
2x-3=0
x=15 (1.5, 0) B1
x=15 f)=—0>l
[4+3(1.5)]
= 4/17 Al
‘ 17 Ml
| Gradient of normal = —-——4—
. . 17 v
Equation of normal is y— 0= —74— (x -1 .5)
y=,~——1—zx+§1 or  8y=-34x+51
4 8
- Bl
70i) Since (4+3x)*>0,f'(x) = 17 => 0 ’
(4+3x)
f (x) is a increasing function.
7Gv) , 17
)= —
(4+43x)
£ () =17(02) 4+39™(3) M1
~-102 - :
_ (4+3x)° Al




227

No‘

Working / Description Allocation of Marks
Sincex>0, (4+3x)°>0
f"(x)<0 B1
Hence, gradient of the curve is an decreasing function.
8 4x* — x*—34x+12 v 2x+c
_ — =ax+b+—;
x" =9 x -9

a =4 . Bl
4x -1 M1
X —-9P1x3 —x*—34x+12

—(4x* -36x)

—x*+2x+12
2x+3
4x° —x*~34x+12 2x+3
= o =4x—1+—
x> -9 x° -9
b =01 Al
c=3 Al
8(ii) 2x+3 A N B Ml

-9 x+3 x-3

2x+3=A(x—3)+B(x+3)

By comiparing coefficients, 2=A+B  ______ 6] Ml
3=-3A+3B )

(D) X3+2): 9=6B=>B=2 Al
n: A== Al

2x+3_ 1 3
£-9 2x+3) 2(x-3)

4x° — x* ~34x+12 2x+3
=4x—1+—

xt-9 x°=9
4x* - x* —-34x+12 Ar—14 1 . 3

x-9 2(x+3) 2(x—3) E
4x3 —x? —34x+12

4x -Ddx+—

I x*-9 f( ) Ix+3

4x

g;l

= T—x+;ln(x+3)+ 3ln(x 3)+C

_2x2 —x+%1n(x+3)+—2'1n(x—3)+c

Or “-4x —x? 34x+12

x> -9

1,1
dx = j(4;c—1)dx+5jmdx+

2Ll
x—3

B2, 01 for each error
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No Waorking / Description Allocation of Marks
4
CE Il S SHPRSONE: PV WP
2(4) 2 2
4x—1
(—xg—)—+ “In(x+3)+> ln(x 3)+C
9i -
Gradient of tangent at P :% Bl
y=In(3x—8)
ﬂ = 3 M1 for differentiation
dx 3x-8
3 _1 M1
3x-8 5
15=3x-8
x=2?3 or 7% or 7.67 (3sf) Al
CH & +8 |
x= 3
y=In(30—8) B1 (y-coordinate of MN)
=In22 ‘

Area bounded curve, MN, y-axis and x-axis

J‘mzz e+ 8 y
0 3

1 ¥ n22
= g[e + SyI)
= -13;[(22 +81n22)—(1)]
=7 +§ In22
Area of rectangle = 10In22

Shaded Area |
..=101n22'—(7+_-§-1n22) T

—-2—2-1n22 7
3 .

=15.7 sq units

| M1 for integration

Al

B1

M1 for rect-unshaded ..

Al
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No

Working / Description

Allocation of Marks

101

LHS =20 _Gn2x

1+tan’x

2sinx

sin’ x
1+

—sin2x

cos® x
2sinx

— COsSXx

- ———sin2x
cos” x+sin” x
cos’ x

2sinx cos’x )
= X —-sin2x

cosx cos’x+sin’x
2sinx 2 .
= XCcos“ x—sin2x
Cosx

=2sinxcosx—sin2x

"=sin2x—sin2x "

=0

M1 changing tangent

M1 Apply sin’x+cos’x=1

AGl1

101

2tanx

1+tan® x

_2tanx

LHS = —sin2x

—sin2x

sec x

cosx cos"x
_ 2sinx

Xcos x—sin2x

cosX
=2sinxcosx—sin2x

=sin2x—sin2x
=0

Alternate Method

M1 changing secant form

M1 changing to cosine
form

AGl1

101 .

8tanx- -1
2+2tan’ x

2(%&;}_1
1+tan“x

2sin2x=-1 ,

.sin 2x ~—-—l
12X )

» .al. 7
| refangle =sin” — ==

26

a2 1IE
6 6

1z 11z

12712

B1

M1 find ref angle

A1l for both answer
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No Working / Description Allocation of Marks
10iiia 2+2tan’ x 1
———————=-——3eC2X
16tanx 3
, ———1-6}—3252—— =-3cos2x
| 2+2tan” x
4(—&—-}:—30032): Mi
1+tan” x
4sin2x=-3cos2x
Sin2x = 3 Al (must show
cos2x 4 sin2x/cos2x)
tan2x= ——E
‘ a4
10111b 3
tan2x=-——
4
2tanx. _ E
l1-tan>’x 4
8tanx =—3+3tan’ x
3tan” x—8tanx—3=0 M1 for quad equation
(3tan x+1)(tanx—~3)=0 M1 factorise or quad
- formula
tan x =-—l or tanx=3
3 Al for both answers
correct
11i | mid pt of chord formed by (-6,2) v..and (10,2) =(2,2) 4 M1 mid pt formula, Al
centre lies.on x=2, M1
dist b/w tangent at -8 and centre =10 Al
Radius = 10 units
11u \f(2+‘6)2 +(y_2)z ~100 M1 form equation
64+(y _.2)2 =100 M1 solving
(»-2)= +6
y=8 or 4 na Al
coordinates are (2,8) Al
11iii x—2) +(y—8)° =100 Mt
| (2 )2 (y-8) =100 ‘I'Alor B2
x‘+y —4x-16y-32=0 1
1liv y=18 B1
y= -2 B1
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2 GMS(S) A Maths/P1/Prelim2014/4E

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax?+ bx+ ¢ =0, »
= ~b+Vb? —dac
2a

Binomial expansion

(a+b)"=an+ (',’)'a"—' b.+_('2’)a"-2 B .. +(f)a"—f B b,

__nl _nn=-1)..(n—r+1)
T (- _ rl

. e n
where » is a positive integer and ( r)

2. TRIGONOMETRY

Identities
sinf 4 +cos?A=1
sec? 4A=1+tan’ 4
cosec? 4 = | +cot? 4
- sin(4 & B) = sin4 cos B +.cos4 sinB
cos(4 + B)=cosA cosB ¥ sind sinB

_ _tand =tanB
£ B) = T A tanB
 -sin2A4 =2sinA cosA
cos 24 =cos?4—sin2A=2cos?4—1=1~2sin?4

“tan24 = 204
S 1-tan?d
Formulae for AABC
a _ b c
sind sinB sinC

a?=b2+c?—2bc cos A

1 .
A=EabsmC
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. Without using-a calculator; express cos 75° in the form

Ja—b
4

, where a andb are integers. (3]

Find the coordinates of the point of intersection of the graphs ofy = 3x+5

and y=[2-5x+3. [4]

The equation 2x”~6x+1=0 has roots a and #. Without

solving for a and S, find an equation that has_roots L > and L . [61

ﬂz

In the binomial expansion of (2+x)", where nis a positi\}e integer, the
coefficient of x and the coefficient of 22 is in the ratio 4 : 15.

Find the value of n. [6]

At the beginning of year 1900, the population of a country was 580 000. Due

to a disease, the population decreased such that after a period of ¢ years, the
new population was given by the equation 580000e”, where kis a constant.

- Given that the population after 2 years was 480 000

() find the value of k, SR - 21
| (ii) calculate, to the nearest whdle number, the poplilation of the country
after 5 years, N ' 2]
(iii) find the year in which the population first fall below 100 000. [2]

[Turn over

233



234

10

4 GMS(S) A Maths/P1/Prelim2014/4E

00x%

S

(a) Giventhatlgx=aand lgy = b, express lg

interms of aand b.
(b) Solve log,[log,(6x—18)]=log, 3.

(i) Showthat tanf+cotd= 2065 ec28 .

(i) Hence, solve 2tan@+2cot@=-5 for0<0<nz.

It is given that 3% x 2%+ = 272,

(i) Find the exact value of 6”.

(i) Hence find the value of x correct to two decimal places.

R 2 me A
Given that &= »+27x 13x-2 = Ax+B+Txf_C_,_,
x +2x-3 x“+2x-3

(i) find the values of each of the integers A, B and C.

Hence, using partial fractions and the values of A, B and C obtained

in part (i),

3 2_ _
Gi) find | 4x :Zi‘zx 1_3; 2 .

(i) Differentiate x* Inx +x with respect to x.

L3 -
(i) Hence evaluate II x1n x dx, correct to one decimal place.

(3]

[3]

(4]
2]

[2]
(2]

(4]

[5]

(21

41
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5 GMS(S) A Maths/P1/Prelim2014/4E

Variables x and y are connected by the equation y = ax”, where a and n are
constants: Using experimental values of x and y, a graph was drawn in which
1gy was plotted on- the vertical axis against lgx on the horizontal axis.

The straight line which was obtained passes through the points (2.3, 1.5) and
4.2,5.3).

Calculate

(i) thevalue of , {21
(ii) the value of a correct to 2 significant figures, (1]
(iii) thecoordinates of the point on the line at whichy = %x . 3]

20 cm

v
[The volume of a cone of height H and radius R is given by% R*H ]

The diagram shows a hollow conical tank of height 20 cm and radius
8 cm. The tank is held with its circular rim horizontal. Water is then
poured into the empty tank at a constant rate of 10 cm’ s, After ¢
seconds, the depth of water is x cm.

() Show that, the volume of the water, V cm’, at time ¢ is given by
75 S : o [2]

(i) Find o and hence, find the rate of change of the depth

when x = 4. 3]

(iii) State, with reason, whether.this.rate will increase or decrease as
¢ increases. {2]

[Turn over
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6 GMS(S) A Maths/P 1/Prelim2014/4E

13 (a) y
: A
0(8,10)
A} : x
R
S
. The diagra_lrﬁ shows a trapezium PQRS in which PQ is parallel to SR.
- The point P-is(4, 6)and-the point Q is(8, 10).. R and S'lie-on the x and
y axes respectively.The point R lies on.the perpendicular bisector of
PQ. Find
-~ (i) thecoordinates of Rand of S, - = - ' 4]
(ii) . the area of trapezium PORS. | | 2]
(b) Solvetheequation 3% +3%*1-1039-24=0. © = [5]

- End of Paper -
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D’ -bx 4 { =0
X+pP: 3
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Hp= 3
Gt X
4 ]3 (0(‘3)1
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(H
2 i
X
3
W%
= 32
{
P e i
of? 32 > T
l (i)}_
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X -331__Hr - o




4) (2¢)” = 27+ (M2"" &
N o=
*{\2_)2 x'
*\
(;9‘-@?-{? o x = !’\2(\‘(
el of xo = ) jon
S L
sl
Y\"l— - i
n((\-‘l\ 7(\--1 ‘5’
— 2
_ e } .
15n 2 : ‘?n(ﬂ“)zw
15 (2) = 2(a-1)
15 = n-j
n 6

S5() 5§80 0o ¢ F
when T2
2k
5¢0 000 € = H0ooo

2k 4f

2k s n g

¢

k= ~0-0946209G9%2

T ~v-094¢

247



248

5Gi) Néw Po{)u‘«:\‘“o.q = Bfoooo QSk

= 3613717 - 49Y
T 362717

o Z = oo ooo
okt 10
5%
ic
Kt = lngg

2 .
_& o ’l’\ 63 : ‘<
Sy STIszS T
b ulers
J

7’)2 \\jt’ar in wh;d,\ H,2 /’)Jf)u{oe[w,\
fird bt bz{w* (00 0os g 191§




249

Gb) l'oim [bﬂz (bx-1¢) ] :I"\f]'ﬁj

L
2

]

o, [log, (6x-)] = log, 4
log,, [logs (bamis)] =
loga (ba-1) =g
loﬁ;((ﬂ("'é}) = )
Ex -1} :AQ‘-‘
bx —i% = 14

— 2
r:53

I tan Bt = 2ise 20

RHS - 2 Cosec 28
2
Sia 26

.2
2648 ¢os0
i

: §"~‘-'\'9ws@. .
_ Sia8 (s 8
w6 T g
_ SiA)e (/0578
GnBwsh  Gnf ot

]
Q':‘r\Q cos@ - -
i .

= i
Sian® cos I\Hj
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G 24an 0+ Dete - -¢
A cosec 26 = =%
(eséc 28 = :—:
4
Sin 26 - - 4
L

basic 4 . 092729521 ¢

Coei»

<6 = 4 pprre T 25 355936(“7
) .3(‘
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2 GMS(S) A Maths/P2/Prelim 2014/4E
‘Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ =0,
= —b+Vh? —dac
2a

Binomial expansion

(a+b)”=a”+(';-)a"" b+(g)a”‘2 B + ... +(':)a"-'b’+ e B,

__nl__nAn=D)..(-r+1)
T rin—-r)! _ rl

e T s n
where # is a positive integer and ( r)

2. TRIGONOMETRY

Identities
sin? 4 + cqszA =1
sec2A=1+tan’ A
cosec’ A =1 +cot? 4
sin{4+ By=sinA4 cos B+ cosA4 sinB
cos(A + B)=cosA cosB  sin4 sinB
_ _tand+tanB
tan(d 2 B) = T A tanB
. sin 24 =2sinAd cosA
cos24=cos?4—sin2 A=2cos2A—~1=1-2sin24
tan 24 = 2204
: R  1-tan®4
Formulae Jor AABC
a b ¢

sind _snB_snC
‘@ =b2+ c% - 2bc cos 4

1 .
—EabsmC
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-, A curve is_given by.the equationy = 2 + — where c is a positive constant.
,, X

(i) Explain with-working why the liney = 2x — 2 intersects the curve at two

distinct points for all values of c. [3]

Given that the gradient of the curve y =2 + € atthe point A (k, 6) is — 4.
’ ’ X

(ii) Show that ¢ is a multiple of . [2]
(iii) * Find the value of c. 2]
1
(i) Sketch the graph of y= 9x3forxl 0. [1]
-1
(ii)  On the same diagram, sketch the graph of y=4x? forx[ 0. (1]
(iii) Calculate the coordinates of the point of intersection of your graphs. 2]
(iv) Determine, with explanation, whether there is a common tangent for 4]
the two curves. '
’ 5
It is given that j pxdx = 10, where p is a constant.
1
(i) Find the value of the constant p. [2]
5
(ii) Express [ (px + q) dx in terms of the constant q. [2]
A ;

The height Ametres of water at a jetty on a particular day is given by

h=15(2+sin 7—72:—) where ¢ is the number of hours after midnight. .

(i) - Explain why the maximum height of water at the jetty for the p‘a'rticular ' (]

dayis4.5m.
(i) Find the height of water at 9 am. 2]
(iii) Find the first two values of 7 for which the height of water is 2 m. [4]

[Turn over _
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4 GMS(S) A Maths/P2/Prelim 2014/4E

S In the figure below, RS = PS and the line PTis tangent to the circle.
Line QT bisects angle POR and cuts the circle at point S.

Prove that

(i) 4TPS = /SPR, ) [2]
(ii) ASPT is similar to APQT, [2]
(iii) PT-PQ=QT-RS. g ' (41

2
. x°+5
6 A curve has an equation y = f(x), where f(x) = forxl 2.

(i) Obtain an expression for f x). ‘ [2]
(ii) - Find the range of values of x for which f is an increasing function. [3]

(iii) Showing full working, determine whether the gradient-of the-curveis . .
an increasing or decreasing function. [3]

7 A pa_rticle travels in a straight line, so that ¢ seconds after passing through a

fixed point O, the velocity v ms™, is givenbyv= “Find
(i) theinitial velocity of the particle, _ - ooy
(ii) the acceleration of the particle when it comes to instantaneous rest, [3]

(iii) an expression for the displacement in terms of ¢. (4]
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6

8 (i) Prove that sin®x + cos®x - sin’x cos’x = cos?2x. (4]

6

(ii) Solve the equation sinx + cos®x — sin*x cos?x — 1 = 0, for00 X =,

giving your answers in terms of 7. [4]

(iii) Given that sin®A + cos®A — sin®Acos?A = 3sin’24, where
45°0 AQ 90°, without using a calculator,
1 -
B 2]

(b)ﬁnd*the valueof tanA. : 3]

(a)deduce that tan 24 = —

y=+1+3x

0 . » X

The diagram shows part of the curve y = J1+3x, intersecting the y-axis at
. A. The tangent to the curve at the point P(8, 5) intersects the y-axis at B.

Find
-(i)’ the equation of BP,. .~ . o (4]
(if) the area of the shaded region ABP. [4]

[Turn over
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10 The diagram shows a rectangle ABCD inscribed in a semicircle, centre O and

radius6 cm, such that ZBOC = 26 radians.

A 0 D

(i)  Show that the perimeter, P cm, of the rectangle is given by
P =12 cos 6 + 24 sin 6. (3]
(ii) Find the values of 8 for which P is 25cm. - [6]

11  Find the coordinates of the stationary points on the curve y =15 ~§—2x
SoXx
and determine the nature of each stationary point. (8]

12 A circle with centreC, paés through-th‘e points (5, — 8) and (5, 0).
The line y = 1 is a tangent to the circle and the circle intersects the y-axis at
two points. Find

(i) the radius of the circle, [4]

(ii) the coordinates of C, 4]
(iii) the equation of the cu'cle 1in the form X + y +ax+ by te= 0,

: where a,b andcare mtegers - " o o [2] B
(iv) the equatxons of the tangents to the circle parallel to. the y- axis. .. o .[2] -

- End of Paperr-
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Mathematical Formulae

1.ALGEBRA
Quadratic Equation

For the equation ax® +bx+c=0,

= ~b++b* —4ac

2a

Binomial expansion

( n __ _n n a—l l’l n-27 2 : _n;_ a-ryr o n
at+b)' =a" + ) a” b+ ) a”" b +...+ fa"b" +..+b",
- = '-

n ! —D...(n—
wheren is a positive integer-and =" = nn—)..(nzr+l)
r} ri(n—r)! rt

2. TRIGONOMETRY
Identities -
sin>A+cos’ A=1
sec’A=1+tan” A
cosec’A=1+cot’ A
sin(A X B) =sin Acos Bt cos Asin B
cos(A+ B) =cos Acos B +sin Asin B
tanA*tanB
1+ tan AtanB
sin2A =2sinAcosA
cos2A=cos’ A—sin’A=2cos* A-1=1-2sin* A

. tan(AtB)=

an24 =204
I—-tan” A

Formulae for AABC
_ . a b c.

sinA sin B " sinC
a’> =b*>+c* —2bccos A

A= —l—ab sinC
2



Find the set of values-of the constant k for which the line y = 3x — k intersects the curve
y =2x* + kx — 3 at two distinct points. -

, : : : 1,
Find the x-coordinate of the stationary point of the curve y = Ee*’ —e" —2x+1.

The roots of the quadratic equation 4x”> — x+16 =0 are o and #°. Find the quadratic
equation whose roots are @ and 3, where a + > 0.

It is given that f ' —S—Q{'dx =5, where a and b are constants.

(5]

(5]

(6]

271

Find the possible values of kif | ¢ %fdx =20.

4
5. a Express
S

(4]

2
~3-245 J in the form a +b+/5 where a and b are integers. 4]

() Given that ab — 4b + a — 4 can be expressed as (a — 4)(b + 1), solve

6% —4(3*)+27 -4=0.

(4]

6. The variables x and y-are connected by the equation xy” — px—qy =0, where p and g are

constants. Using.experimental values of x and y, a graph was drawn in which y* was plotted

y

on the vertical axis against — on the horizontal axis. The straight line which was obtained
x

passed through the poins (1, 43) and (6,6).

 Estimmate
(@)  the valueof p and of g,
(b) ' the values of x when 2 =3.
. X

Holy Ininotents’ High School
Secondary Four Express

(4]
(3]

Preliminary Examination 2014
Additional Mathematics Paper 1
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A Holy Innocents’ High School
Secondary Four Express

- The diagram shows points A; B-and:C-lyingonacircle. -

The tangents to the circle at A and C intersect at D.
M and N are the mid-points of AC and AB respectively.
The line ACbisects ZBCD .

Prove.that AAMN is similarto ADCA. ' 41

B, 3)

A(-1,-1)

In the diagram, [ is the perpendicular bisector:of the line JommgA (-1,-1)and B (5, 3).
C is a point on [ such that AC is parallel-to the y-axis:

(@) Find the coordinates of C. [4]
®) Write down the coordinates of D such that ACPD is a parallelogram. {1]
(¢). . Find the area of the parallelogram ACPD. 2]

Preliminary Examination 2014
Additional Mathematics Paper 1
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5
9. A particle; travelling in a straight line, passes a fixed point O on the line with a velocity
of2ms™. The acceleration, -ams™, of the particle, t s after passing' O, is given by
N
(+1y -
(a) Obtain an expression, in terms of ¢, for the velocity of the particle after passing O. [3]
(b) Show tha_t-"the object will never come to rest. [1]
©) Find the total distance travelled by the particle between t=0and = 5. (3]

10. (@) Show that cot 2A can be expressed as —ltan A. {21
. 2tanA 2
(b)  Hencesolve tan A(3—4cot24)=3for 0°< A<360°. [5]

(c) Using your answers in (b), state the number of solutions of the equation

tan % A(3—4cot A)=3 in the range —360° < A< 720°. i 1]

11.

b
»

2__

| PAQ .
3

.. The diagram above shows part of the graph of y =a -—|bx+ cl where a, b and c are constants. -

@  Find the values of a, b and . | B3]
(b)  Find thex-coordinates of P and Q. - 31
()  Hence sketch the graph of y = ‘a —|px -Fc“ . : 21

Holy Innocents’ High School Preliﬁmry Examination 2014
Secondary Four Express Additional Mathematics Paper 1
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12.

6
6m
\G
- Y
0.2 m/s X

- In the diagram, a ladder, 6 m,is’ leaning.-against a vertical. wall. :The distance between the

base of the ladder and the wall is.x m. ‘A force is. exerted, pulling the base of the ladder away
from the wall at a constant rate of 0.2 m/s.

(a) @) Show that x =6 cos &. | (1 -
(i) Find-‘fg at the instant when 6 = 0.367 radians. 3]
(b)‘ If it took 20 seconds for the ladder to be flat on the floor, find
) the initial value, in radians, of &, . (2]
- (1) the time taken for ffg to reach a v.alue of —0.0385. [5]
-End of Paper

Holy Innocents’ High School
Secondary Four Express

Preliminary Examination 2014
Additional Mathematics Paper |
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7
Answers for 2014:Prelim Sec 4E A Math Paper 1
. k3orks11 - 1. (@ a=2
c=5
. 2
2. x=069 b=-13
®  x= 12—
1
2 —
3. X —me+2-0 orx = 4~
©
4. k=202 y
ST e : e ~ A
5. (@ 141-4445
) x=2 \
3
1 .
6. (@ q= 5 p=4
(b) x=0.745, -0.745 g , > x
iz e
8. (@ Cis(1,5.5)
(b) Dis (2, —5%)
(©)  19.5squnits 12, (aii) iidf =-0.0929 rad /s (3sf)
t
(bi) 1.23 (3sf)
1 (bii) 5.01 secs
9. (a) v=-+—=+1
(e+1)
) Show 1 +1> 0 for all non
R (2 VA
o negative values of 1.
© 679(3sh
10. (b) A=111.8°291.8°
or 45° or 225°
{©) 6
Holy.Innocents’ High School . ) Preliminary Exammatwn 2014

Secondary Four Express . Additional Mathematics Paper 1
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Marking Scheme for 2014 Prelim A Math Paper 1

1. 3x—k=2x+kx-3 [M1 for single equation]
0=2x+(k-3x+k-3
For distinct roots, [M1 for showing knowledge that discriminant
b’ —4ac>0 : must be greater than 0}
(k—3)’ - 42)(k-3)>0 [M1 for correct substitution]
k-3)k-11)>0 [M1 for factorising]
k<3ork>11 [A1 for answer]
2. @D et -2 [(M1]
- dx
At stat. point,
e ~e*—2=0 M1]
(e* —2)er +1)=0 M1]
e€=2 or ~1 (rej) [A1 for rejecting]
x=0.693 [Al]
3 Sum of roots: a’+ p? =% M1]
Product of roots: o’ B 2=4 [M1]
(a+ B) =a® + 208 + B> M1]
= %4— 2(2) or ?i:+ 2(-2) (rej) (cannot use aff =—2 because
| (a+B) >0)
,17
o+ ﬂ = 'Z [Ml]
off=2 , [M1]
The equation is
x? ~-;-Jﬁx +2=0 (0.€) [Al]
_. 5x? a o , ] B
i 4 e =5 : [M1 for correct integration]
p | o
Z(b2 -a*)=5 [M1 for forming equation in a and b]
Also, i—(kzbz ~k%a?)=20

Z_kz(bz —a2)= 20

k*(5)=20 [M1 for removing a and b through substitution]
k=2or-2 [Al}]
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S. (@)
(b)
6 (a)
()

4-5

= (o5 -11f
= 20— 4445 +121
=141 - 4445

[8"4‘/5—3—%/5}2

Seeing 6* as2* x3”
a=2",b=3"

(2 -4)3* +1)=0

2'=4 or 3" =-1 (reject)
x=2

xy’ =px+qy

y' = p+q(l)
X
1

6—-4—
Gradient =

_1
q 3
Sub (6, 6),
1
6=p+ —(6
P 3()

p=4

- When Y =3,

X
1
2=4+-(3
¥ =4+20)

y=25

x=0.745, -0.745

x(5) =4x +§(—- \/5)

[M1 for rationalising denominator]

{M1 for correct simplifying]

[Al for 141]
[Al for — 44+/5 ]

(M1]
Ml1]

Mi]
[Al]

[M1 for changing to linear form]

Mi]

[Al]
[Al]

MI]

. -Sub‘into original equation to find x: - ‘

' x(5)——§4x+-:—§-(\/—5—)‘ or

(M1]

[Al for 2 answers]



289

Using Alt Seg Theorem 4DAC = LABC {M1 for applying alt segthm]

Using Mid Point Theorem MN /I CB [M1 for mid pt theorem}
Therefore £DCA=/ZACB (“bisects™)
- = /AMN (corresponding angle)
£DAC = /ABC (altseg, shown above)
= /ANM ~(corresponding angle)

[M1 for showing 2 angles same]

Sihce 2 angles are the same, the 3 angle must be the same, therefore AAMN is
similar to ADCA . [A1 for appropriate conclusion, either through showing
this statement or calculating 3" angle]

(a) Coordinate of P is (2,1) _ M1]
'&@mﬁwmg '

Gradient of [ is ——% - [M1]
Equating gradient of PC to [
OR .
Finding equation of [ 2y=-3x+38 M1}
Whenx=—1,y=5.5.
Cis(-1,5.5) _ . [A1]
- 1 _
(b) Dis(2, ~55) [B1]
© Area = 2(%x3>< 6.5) (area of 2 triangles) [M1, or for using

“shoelace” method]
= 19.5sq units. [A1]

(a) V= I»—G—I—dt

+1)°
1 R M
—»m‘*’c : S M1
Whent=0,v=2. M1]
2=1+c o
c=1
1

y=

) +1 [Al]
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10.

(®)

(©)

(2)

(b)

(c)

sincer> 0,
So,t+1>0

So, (—l)+ 1> O for all non negative values of . [B1]
I+ ’

= [ +1)+f IM1]
=In6+5-0 T M
=6.79 (3sf) [Al]

OR

i
s= | —+1Mdt
t+1

=ln@+1)+t+c M1]
t=0,s=0,
soc=0 :
Therefore, s=In (¢ +1) +¢ [M1]
Since never come to rest, :

- Dist=In(S+1)+5

=6.79 [Al1]
tan 24 = _2@9_54_ - [M1 for knowing to use double angle for tan 24]
l-tan“ A
2
 Cot 24 = l1—tan“ A
2tan A
1 1
= ——tan A h Al
2tanA 2 - (shown) [Al]
tan'A 3—4( . —-l—tanA =3 [M1 for applyin earlier | art] - -
) 2anA 2 A | PPXI g _ p |
3tanA—2+2tan’A=3 1]
(2tanA +5)(tanA—-1)=0 - M1}

A=111.8°2918° or 45° or 225°  [Al for 2-3 answers]
- - [A2 for 4 answers]

6 {B1]



11.

12.

(@

(b)

=2 [M1]

—§x+5:2 or
3

x=1— or

—§x+5:—2 M1]

x=4—

3 [Al]

B1 for “flipping lines”

B1 for correct y intercept value

(ai)

*(ai)

- (b))

‘cose=£
6

x=6cos 8

£=—6$in6
dé

L 02=—65in0.367x 22

dt

%?0.0929 rad/s (3sf)

distance moved in 20s =4 m

Therefore, initial value of x=6 -4 = 2 m.

Initial value of @ = cos"%

=1.23 (3s)

{B1, must show previous line]

(M1]

™Mi]

[Al]

Mi]

(A1)

291
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When %2 = 00385,
dt

02 = & x(-0.0385)
40

dx _ 02
d6 —0.0385

—-6sinf = 0.2
—-0.0385

] 0.2
sinf = ————
6x0.0385
6 =1.04675
When 8 =1.04675,
x = 6cos 1.04675-
=3.00233

Distance moved =.1.00233 -
- Time taken =1.00233 /0.2
=5.01 secs

[M1]

[M1]

(M1]

[M1]

[Al]
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2

Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+¢ =0,

2a

X

‘Binomial Theorem

(@+b) =a" +(T)a"“b+(§)a"‘2b2 +...+(nJa”"b' +..+b",
\r

! - -
wheren is a positive integer and [ C R ra—1)....... (n=r+1) .
\r) (n=r)ir rt

2. TRIGONOMETRY

ldentities

sin> A+cos®* A=1

sec’ A=1+tan’ A

cosec’A=1+cot> A
sin{A + B)=sin Acos B *cos Asin B
cos(A+B)=cos Acos BFsin Asin B
-tanA*tan B
1Ftan Atan B

sin2A =2sin Acos A

cos2A=cos’ A-sin’ A=2cos’ A-1=1-2sin’ 4

tan\2A=_-2_t§n_'2A__
" ]1—=tan“ A

tan(A+B)=

Formulae for AABC

a _ b _ ¢
sinA sinB sinC’
“a’=b*+c? -2bccosA.

A=lbc éinA.
2 ..

Holy Innocents’ High School
Secondary 4 Express
Preliminary Examination 2014 .
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i

(iii) |

(iv)

(a)

(b)

(@)

@D

3

Answer all the questions.

i

Sketch the graph of y =5x2 for x> 0. [1]
. : 1 2 :

On the same diagram, sketch the graph of y = gx ? forx> 0. [1]

Calculate the coordinates of the point of intersection of your graphs. 2]

Determine, with explanation, whether the tangents to the graphs at the point of intersection
are perpendicular. [4]

(i)  Find the first four terms of the expansion, in ascending powers of x, of B+x). [2]

Henceobtain .

(i) the coefficient of x*in the expansion of (3 +x)’ (sz +x —1), 2]
(iii) the coefficient of y’in the expansion of (3— y+ y2)5 . [2]
Determine if the term independent of x exists in the expansion of (x2 - 2x)m . 2]
Differentiate 3xcosx- with respect to x. 2]
Using your answer to part (i), find I 2xsin x dx and henceevaluate Eszin x dx. [5]

Holy Innocents’ High School
Secondary 4 Express

Preliminary Examination 2014
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" - A curve has the- equatlon y=£f(x), where f(x)= 3 —
X

4
A B
~J e |
\\
~
S~ 4km
~
- \\
D | S cmmmm - C
E
3 km
F

The diagram shows a Long Distance Race Route FBADE.

ABCD is arectangular plot of land. A lme through A, at an angle 6to AB intersects DC at E and
BC produced at F.

During Holy Innocents’ High School Long Distance Race, runners will start from point F and

run along the straight paths FB, BA, AD, DEand return along the path EF to finish at F.
AE =4kmand EF =3 km. '
The total length of the race is L km.

(i) Show that L can be expressed as asin @+bcosf+c , where a, b and c are constants to be
found. 3]

(ii) Express L in the form R cos(@ —a) + ¢, where R> 0 and ois an acute angle. [3]

The total length of the race is found to be 18 km.

-(iii) Find the value of 6. 2]

21 _AforAx> 0..

(@) 'Obtamanexpressmn for ' (x) o o . 2

(i) ' Find the equation of the normal to the curve at the point where the curve crosses the x-axis.

[4]

(iii). Determine, with explanation, whether f is an increasing or decreasiﬁg function. 1
“(iv) . ‘Showing full working, determine whether the gradient of the curve is an increasing or

decreasing function. . _ ‘ o . 3]

Holy Innocents’ High School
‘ Secondary 4 Express
Preliminary Examindtg'qn 2014
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5
3 2 _ _
Given that ¥ +x2 1x 12-:2x+b+4];+c,
x" =9 ) x--9
(i) ﬁfnd'the value of each of the integers a, b and c. [4]

.Hence, using partial fractions and the values of @, b and c obtained in part (i), find

.. ax® +x* —14x-12 ' .
(ii) J. dx. ' ‘ [61

x*-9

O]

2y+x=c

The diagram shows part of the curve y =(x—3)" intersecting the line 2y + x = c, where ¢ is a
constant, at pointsA and B.

The tangent at B is perpendicular to the line 2y +x=c.-

(i) Find the x-coordinate of B. - ' : 31
(i) Henceshow that ¢ =6. ' ' (2]
(iii) Using your answer to part (ii), find the area of the shaded region. [7]

Holy Innocents’ High School
Secondary 4 Express )
Preliminary Examination 2014 -
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6

8 (@) (i) Prove the identity tan 2A(2 cosA—secA)=2sinA. 41

(ii) Hence solve the equation tan2A(2cos A—secA)=1, for 0 <x < =, giving your
answers in terms of 7. 3]

§
8
B

¢
4

(b) () Given that Pisacute and tan P = g,without using a calculator, find the value of

sin P and of cosP. [2]

(il) Using the values of sin P and cos P found in part (i), show that
3cos(Q + P)+4sin(Q + P)=5cos Q.. (31

9 A circle, centreC, passes through the points P(1, —2), Q(9, —2) and R(5, 6).

(i) Show that the coordinates of C is (5, 1). (61
(i) Find the radius of the circle. , 21

(iii) Find the equation of the circle in the form x* + y* + fx+gy+h =0, where f, g and h are

integers. 2]
(iv) Does the point (10, 4) lie outsidé, inside or on the circle? Justify yéur answer. 2]
10 (a) Given that log, (p2q3 )= mand logx(pqz)z n, find log_ +/pq in terms of m and n. [3
(b) Solve the equations
) 3% 5% . 2
(i) log,(4x)+log,(x—1)=1. [4

(¢) The population of a village at-the beginning of the year 2004 was:350. The populatio

increased so that, after a period of n years, the new population is given by 350(1.08)".

- (@) the popula:tion'at the béginning of the year 2014, R [
(if) the year in which the population first reached 3680. S S [

End of Paper

Holy Innocents’ High Sct
Secondary 4 Expi
Preliminary Examination 2
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7
Question | Answer Question | Answer
1() & - - 2 5(iv) Since (2x+1)° >0 for
(i) x>0, then
f n( ) - 20 O
X)=——-<0=
(2x+ 1)3
Gradient is an
decreasing function.
:M* g‘é___ 3 3.5
1(iii) (0.2,2.24) , 6(i) a=2,b=1andc=:3
1Gv) Since product of gradients = 5.59 x ~16.77 6(ii) 2, 5 In(x+3)
- # —1, therefore the tangents at the point of xoxd ) nix+
intersection are not perpendicular. 3
' ; + B In(x—3)+c
2(a)(i) 243 + 405x + 270x* + 90 x> 73) 4
2(a)(ii) 990 7(ii) Sub B(4, 1) into the line
equation 2y + x = c to
show ¢ = 6.
2(a)(it) | —-630 7(iii) 2 %z_ or 2.60
2(b) The term independent of x does not exist 8(a)(1) Refer to next page
as there should only be 101 terms in the
expansion of (x*—2x)” and so it is not
possible to obtain any term when r = 200
is substituted.
3(3) 3cosx—3xsinx 8(a)(ii) A= L3 Sz
6° 6
3(ii) j2xsinxdx=2sinx—2xcosx+c; 8(b)(i) sin P =i’ cosP =2
) ‘ 5 5
L 8(b)(ii) Refer to next page
=FB+BA+AD+DE+EF
v =11sin@+11cosf+3 _
S {-Adn). | .L=15.6cos(9—45°)+3 9(i) Refer to next page
A(ii) 0=604° 9(ii) 5 units
5@ 5 9(iii) % -10x+ y* =2y +1
o (2x+1) -0
5@G) - - | y=10-5x = 9(iv) Outside the circle
5@Gi i 2 : 10(a) m—n
(i) Since (2x +51) >0 forx%.O, then - tog, Pq = _
f'(x)==——>0=>f(®)is an
L (2x+1)
increasing function.
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Question | Answer
10(b)(1)) }2.15
10(b)(ii)

1 1
=-——(rej) or l—
x 2( 1) 3

10(c)(i) | 756
10(c)(ii) | Year2034

8(a)(1)
tan 2A(2 cosA—secA)

=tan 2A(ZCOSA - L J
cosA

:taHZA(2cos“A—l}
COSA

~tan2 A( cos ZA)
CcOsA

__ Sin2A (cos ZAJ
" cos24\ cosA

_sin2A | i
" cosA

__ 2sinAcosA

cosA
=2sinA (proven)

8(b)(i1)
3cos(Q + P)+4sin(Q + P)
=3cosQcosP —3sinQsin P +4sinQcos P +4cosQsin P

3 4 3 4

=3e—cos—~3e—sinQO+4e—sinQ +4e—cos

050Q ‘51Q '51nQ 5oQ

9 12 . 12 . 16
== ——8 +— +—cos

5cosQ 3 inQ 5 sin Q0 5 o

25
=—CO0S

5 Qo

=5cosQ (shown)

9(i) .
Method to solve:

Method 1 — Using concept of perpendicular.bisectors of the sides of triangle mscnbed in the circle and
their intersection

Method 2 - Using concept of radius, solve simultaneous equations of PC = OC = RC.

Holy Innocents™ High School
. Secondary 4 Express
Preliminary Examination 2014
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+c =0,

_ ~b++b%*—4ac

2a

(@+b) =a" +('ll]a""b +(;Ja"-2b2 +...+(”}a”"b’ T
r

! - -
wheren is a positive integer and ol P G- nn—1)....... (n=r+1) .
r) (n=ntr rt

X

‘Binomial Theorem

2. TRIGONOMETRY

Identities
sin® A+cos’ A=1
sec’ A=1+tan’ A
cosec’A=1+cot® A
sin(AiB)-—-sin Acos B+ cos Asin B
cos(A + B)=cos Acos B F sin Asin B
tanA+tan B
1FtanAtan B
sin2A =2sin Acos A
cos2A =cos? A—sin? A=2cos> A—1=1-2sin> 4
2tan A
1—tan® A

tan(A+ B)=

tan 24 =

Formulae for AABC

a b _ ¢
sinA sinB sinC’
a?=b?+c*~2bc cosA.

A=Lbcsina.
2 L
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Answer all the questions.

1

1 (i) Sketch the graph of y=5x2 for x> 0. (1]
: , _ _ 1 2 _

(ii) On the same diagram, sketch the graph of 'y = —S—x 2 for x> 0. (1

(iii) Calculate the coordinates of the point of intersection of your graphs. [2]

(iv) Determine, with explanatioﬁ, whether the tangents to the graphs at the point of intersection

* aré perpendicular. . 4]
oy =5
Solutic?n: » 3 il
()& Qi) Y sk Pl
N /
€ / :
yd
N4
/i
VA T
A\ -
[\ :
(i) N
1o 3 0.6 s 15 2 2.5 3 3.5
S5x?==x?
25x% =1 ' — M1
x=0.2
Point of intersection (0.2, 2.24) — Al (0.e)
EOR
[RY
d| 5x2 . _ S
A —23«:—E -3 | B --Ml (Diffcrentiation)

=5.59

5
2402

- At x = 0.2, gradient of tangent =

3
dlx2 s
5 ) 5__ 3 3

= —%x == 5 =-16.77 --- M1 (Differentiation)
10x2 10(0.2)% -
Since product of gradients = 5.59 x —16.77 # —1, therefore the tangents at the i)oint of intersection are
not perpendicular. ‘ ---"M1, A1 (M1 for value of gradients)
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2 (a) (i) Find the first four terms of the expansion, in ascending powers of x, of (3 + . [2]
Hence obtain

(i) the coefficient of x*in the expansion of (3 + x)’ (sz +x— 1) , 2]
(iii) the coefficient of y*in the expansion of (3~ y+ ). 2]
(b) Determine if the term independent of x exists in the expansion of ‘(xz - 2)c)m0 . ; [2]
~Solution:
(@)
B+x)
5 5 5
=3+ T |3Y9x+] B2+ T 32
1 \2 3 v
=243 + 405 x + 270 x> + 90 x> --- B2 (B1 for any 2 correct terms)
(a)()

B+x) (sz +x- 1)
= (243+405x +270x> +90%° +...{2x* + x~1)

Terms in x°

=405x2x> +270x* ~90x> - M1 (Expanding the terms with x*)
= 990 x° :

Coefficient of x* =990 | Al

(2)(iir)

B-y+y?f

=@+y*—yf

=243+405(y* — y)+270(y* - y) +90(y> - y)

=243 4405y —405y+270(y4 ¥2y3 +y2)+90(y27—y)(y4 -2y° +y2)
=243+405y —405y+270y* —540y* +270y> —90y* +....

--- M1 (Replacing x with y? — y and expanding to find terms that include y*)
Terms in y°

=-540y° —90y>

=-630y° '

The coefficient qf y?is —630. ) ' --- Al
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(b)
 General term of the expansion of (x* —2x)” T, = (@J(xz )m—r (—2x).

=
r

Term independent of x=> power of x=0
Therefore
x?%—Zm—r =.X0
200-r=0
r=200

--- M1 (Show that r = 200 if term independent of x exists)

The term independent of x does not exist as there should only be 101 terms in the expansion of

~ (x%*.ﬂ 2x-) - and so it is not possible to obtain any term when r = 200 is substituted.

--- A1 (Explain that it is not possible for term independent of x to exist by quoting that there are only
101 terms in the expansion)
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3 (i) Differentiate 3xcosx with respect to x. . [2]

(ii) - Using your answer to part (i), find: I 2xsin x dx and henceevaluate E 2xsinx dx. (5]

Solution:

(®
d(3xcosx)

dx
=3cosx—3xsinx

. —— B1 for 3.cos x.and B1 for —3xsin x

(i) _
I (3 cosx —3xsin x) dx=3xcosx+c¢, ... . ... -=MIl (Integration as reverse of differentiation)

j3cosx dx— j3xsinx dx =3xcosx+c,

3 J-cosx dx—-:"l Iszin xdx=3xcosx+c,
2
3sinx —% Jszin xdx=3xcosx+c, --- M1 (Differentiating 3 cos x)

% .f2xsinx dx=3sinx—3xcosx+c,

f2xsinx dx= 23sinx—3xcosx)
I2x sinx dx = Zsinif 2xcosx+c --- Al (no marks if no constant c is seen)
22xsinx dx

n

= [2sinx-— 2Jccosx+c]0E

ll

[2 sinzzc-— 2(%) cOs% + c] ~[25in0-2(0)cos0+c]  —M1

2)~0+c—(0+¢) .
2 v .. Al
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7
4 A B
NN L
~
~
~
~
~
N s
D S ————— C
E
3 km
F
“*% The diagram shows a Long Distance Race Route FBADE.
! .ABCD is a rectangular plot of land. A line through A, at an angle fto AB intersects DC at E and
. 'BC produced at F.
.- During Holy Innocents’ High School Long Distance Race, runners will start from point F and -
run along the straight paths FB, BA, AD, DE and return along the path EF to finish at F.
AE =4 km and EF =3 km. , )
The total length of the race is L km.
(i) Show that L can be expressed as asinf+bcos@+c, where a, b and ¢ are constants to be
found . - [3]
(ii) Express L in the form Rcos(9 — a) + ¢, where R> 0 and ais an acute angle. [3]
The total length of the race is found to be 18 km.
(iii) Find the value of @ [2]
Solution:
..
AB'= 7 cos@
DE=4cos0

AD=BC=4sin0
Since ABCD is a rectangle AB is parallel to DC Therefore, angle CEF = @ (corresponding angle)

" CF= 3sm¢9 . —-—-M1
L"‘:'.. o
=FB+BA+AD+DE+EF
—-3sm6+4sm9+7cos€+4sml9+4cos€+3 - M1
=11sin@+11cosf+3 - - Al
(1)

L=11sin@+11cosf@+3
L=11cos@+11sin@+3 - ) -

R=A112+11% =282 = 1142 =15.556 : — ML~
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a= tan"(ﬂ) =45°
11

Therefore, L =15.6 cos(B - 45°) +3

(iii)

15.556cos(60—45°)+3 =18
cos(6—45°)=0.96425
(6—45°)=cos™ 0.96425
0=15.366+45

0 =60.4°

— Al

— Ml

— Al



= for x> 0.

5 A curve has the equation y =f(x), where f(x)= .
X

(i) Obtain an expression for f'(x).

(2]

(ii) Find the equation of:the normal to the curve at the point where the curve crosses the x-axis.

(iii) Determine, with explanation, whether f is an increasing or decreasing function.

(4]
(1]

(iv) Showing full working, determine whether the gradient of the curve is an increasing or

decreasing function.

Solution:
()
-2{x-2
f'(x)= 2x+l 2(x2 ) --- M1 (Applying Quotient Rule)
(2x+1)
-2 — Al
(2x+1) '
(i1)
Curve crosses x-axis, y = 0.
Therefore, x—2 =0
2x+1
x=2
At 2, gradi ntlof tangent > 1 M1 (gradient of tangent)
x =2, gradie = = - ie n
s s 2@2)+1 5 & £
Therefore, gradient of normal = -5 --- M1 (gradient of normal)
Equation of normal:
y=0= —5(x—2) -— M1 (Form line equation)
y=10—-5x -— Al (oe.)
(iii)
' 5
fix)=rr—
S xrl
. | 2 t . 5 . - A . ) . ’
Since (2x +1)* >0 forx> 0, thenf'(x)= (2———52— > 0= f(x) is an increasing function.
: ’ x4+ ‘ .
- B1
Gv) v
f(x)=5x—2x2x{2x+1)" - M1 (Applying Quotient Rule)
__ 2 ‘ M1
(2x+1) ° :

Since (2x+1)’ >0 forx> 0, then f "(x) =———
. ( x+) o ® (2x+1)

<0=> Gradient is an decreasing function.

(3]

—BI1

301



302

10
3,02 _{4v_
6 Giventhat XX ZIXTI2 o, dxbe
x° -9 o . x° =9
(). find the value of each of the integers a, b and c.
Hence, using partial fractions and the values of a, b and ¢ obtained in part (i), find
(i) J~ax3 X" —14x-12
x*-9 )
Solution:
®
ax’ +x* —14x-12 4x+c
5 =2x+b+—;
x° -9 x“ -9

ax’ +x* ~14x-12= (2x+b)(x2 —9-)+4x+c

By comparing coefficient of x’,
a=2

By comparing coefficient of x”,

b=1

By comparing constant term,

-12=-9+c

—12=-91)+c¢

c=-3

(i)

2x> +x% —14x—12 4x-3
5 =2x+1+—;
x°=9 x° =9

4x-3 _ 4x-3
x2=9  (x+3)x-3)

4x-3 . A B
(x+3fx-3) x+3 x-3
4x—3=A(x~3)+ B(x+3)

Comparing coefficient of X,
4=A+B--—-(1)

Comparing constant terms,
-3 =-3A+3B
1=A~-B -—--(2)

(1) +(2):
5=24

— Ml

— Al

— Al

--- M1 (Break into partial fractions) . -

--- M1 (Solving simultaneous equations)

(4]

[6]
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11
Az — Al
2

e 5.
Substitute A =— into (1),
B=4_§-=§' v ' Al
202 '

x°=9
3,2 1A+
:J-ZX +)c2 14x 12-dx
x° =9

= [2x+1+ S 3 &

; 2Ax+3) 2(x—3)

= x2 +x +%ln(x'+ 3)+ %ln(x— 3)+c - --- B2 (minus 1 mark for each error)
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12

y
7 A

y=(x-3)

\ A
B
0 —» X
2y+x=c

The diagram shows part of the. curve y = (x—3)2,intersecting.the line 2y + . -

constant, at points A and B.

The tangent at B is perpendicular to the line 2y + x = c
(i) Find the x-coordinate of B.

(ii) Hence show that ¢ =6.

(iii) Using your-answer to part (ii), find the area of the shaded region.

(iii) Using (ii), find the area of the shaded region.

Solution:

————j———=2(x-—3) | M1

Therefore, gradient of tangent at Bb-—;ﬂ 2‘_ | IR ——-.M 1
2x~3)=2 | -
x—-3=1

x=4

The x-coordinate of B is 4. — Al

(i)
Subx=4into y= (x—3)2:



| 13
y=(a-3F =1 M1
Since the point B also lies on the line 2y + x = ¢, it satisfies the line equation.
Sub B(4, 1) into the line equation 2y + x = ¢:
2)+4=c
¢ =6 (shown)

----A1 (Obtain ¢ = 6 by substituting the coordinates of B into the line equation)

(i)

y=(x-3) — (1)
2y+x=6 --—-(2)
sub:d) into (2):
2(x-3)2+x=6

2x* —6x+9)+x—6=0
2x* -11x+12=0
(2x-3)x—4)=0

x=1l or 4 --- M1
2
1
When x=1—,
2
1
2y+1==6
7
1
2y =4—
y 2
1
=2 -—--Ml
" |
Area of shaded region »
= Area of trapezium — Area under the curve B
1 N (, .1 ) | |
=|=X|1+2=|X|4-1=|]|— -3)" d&x - i
|:2 ( 4) ( 2):‘ f%(x ) M1 (Area of trapezium)
- e
65 |(x-3) . .
"6 | 3 --- M1 (Integrating equation of curve)
1

1-
2

65 1 (9 | - .
= 13 ,—(— gﬂ --- M1 (Finding area using definite integral)

--- M1 (Solving simultaneous equations)

305



306
14

= 2% units’> or 2.60 units? -— Al

8 (@) (i) Prove the identity tan 2A(2cos A—sec A) =2sinA.

(i) Hence solve the equation.tan2A(2cosA —secA)=1, for 0 <x <, 7o i
answers In terms of m. '

(b) (i) Giventhat Pis acuteand tanP = g— ,without using a calculator, firs-
sinP and of cosP.

(if) = Using the values of-sin P -and cos P found in part (i), show that
3cos{Q + P)+4sin(Q+ P)=5cosQ.

Solution:
(a)(@)
tan2A(2cos A —secA)

’ .
=tan24| 2cosA— 1 ) --—- M1 (secA =- 1
~ \ cosA COsA

4 2 4
— tan2A M)

COSA

(cos2A)
\ COs A

_ sin24 (cosZA)
" cos2A\ cosA
_sin24

" cosA

_ 2sinAcosA

cosA
=2sinA (proven) - Al

=tan2A

—-MI1 (2cos? A—1=cos2A"

--—-MI1 (sin2A =2sinAcosA)

- (@), L
tanZA(ZcosA secA) 1
2sinA=1

sinA = 1 — Ml
2
i _6_ --—- A2 (Al for each correct answer

D
By Pythagoras” Theorem, hypotenuse 5.

smP~-i . ' 3 |
5- , )
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cosP=—3— .

oG

3cos(Q+ P)+ 4sin(Q + P)

= 3cosQ<;osP - 3s_itLQ sin P +4sinQcos P+ 4cosQsin P
:3~§cosQ —3e %sin Q+4e %sin O+4e %cos 0

12 . 12 . 16
==c0sQ—— +—sinQ +—co
s sQ 5 sinQ $S Q 5 sQ

25
=—CO0s
ScosQ

=5cosQ (shown)

— Bl

--- M2 (Expansion)

— Al

307
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9 A circle, centreC, passes through the points P(1, ~2), Q(9, —2) and R(5, 6).
(i)  Show:.that the coordinates of Cis G, 1). ' [6]

(ii) Find the radius of the circle. [2]

(iii) Find the equation of the circle in the form x> + y* + fx+ gy +h =0, where f, g and A are
integers. : o [2]

(iv) Does the point (10, 4) lie outside, inside or-on the circle? Justify your.answer. : [2]

Solution:

)

As the circle passes through all 3 points, the intersection of the perpendicular bisectors of PR and PQ
is the centre as P, Q and R to the intersection of the perpendicular bisectors have equal:ength which is
the radius (Concept of perpendicular bisector) |

Midpoint of PO

=
2

=(5,-2) _
Equation of the perpendicular bisector of PQ :x = 5
--- M1 (or able to see R is above midpoint of PQ and conclude that x-coordinate of centre is 5)

Gradient of perpendicular bisector of PR = ——;— --- Ml

Midpoint of PR

_ (1+5;—24+6)‘ Ml

2 2
=(3,2)
y-2_ 1 L .
=—= . . L --- M1 (Forming line equation)
x-3 2 o o _ ‘ )
20-2)=3-x

2y-4=3-x

2y=T7-x

Equation of the perpendicular bisector of PR : 2y =7 —x © Ml
Sub x =5 into 2y =7 —x, N
2y=7-5

y=1 . ' S Al

Therefore, centre of the circle is (5, 1)
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(Alternative method: Using concept on radius. Form equations where PC = RC = QC and solve

simultaneous equations)

(1i)

Radius (From P to centre of circle)

=J0=5P +(-2-1p M1
=5units | — Al

(Alternative method: Use of diagram, since R is directly on top of centre, therefore RC = 5 units)
(iii)

-Equation.of circle, C:

=5 ly-1) =25 ' --- M1 (or for finding f, g and &)
x> =10x+y* =2y +1=0 - , - Al
(iv)

Length from the point (10, 4) to centre of circle

=10-5) +(4—1)

--- M1 (Find length from point to centre)

=J25+9
_ 34
=5.83 units

Since 5.83 > radius of the circle, this implies that the point (10, 4) lies outside the circle.
- Al

(Do not accept sketching of diagram)
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10 (a) Given that log, (pzq’): mand log, (pqz)z n, find log, \/pq in terms of m and 7. [3]
(b) Solve the equations
(i) 3x+l — 5x , . .. [2]
(i) log,(4x)+log,(x-1)=1. » [4]
(¢) The population of a village at the beginning of the year 2004 was 350. The population
increased so that, after.a period of n years, the new population is given by 35 0(1.08)".
Find
(i)  the population at thg,_:!gj@ginning of the year 2014, 21
(i) the year in which the population first reached 3680. 2]
Solution:
(@
LIS |
log, /pq =log.(pg) = log,(pq)
log,(p*q*)-log,(pg" )= m~n —Ml
2. 3
(r*g’)
log —(——)— =m—n
Pq2
log, (pg)=m~n | — Ml
l10 ( )= i —;1
5 gx\P9q >
log, {pg == . —Al
@)
- 3x+l — Sx
1g3*" =1g5*
(x+1)1g3=xlg5 ' Ml

‘xlg3+1g3=xlg5

x(lg5-1g3)=1g3 i

x=_183
lg5—-1g3

=215 - — Al
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Alternative Method:
3x+l — 5:
3" e3=5"

gl — |=1g3

x=2.15

OG-

log, (4x)+log,(x~1)=1
log,[4x(x—1]=1
4x(x—1)=3

4x* —4x-3=0
(2x+1)2x-3)=0

1 1
x=——(rej) or 1— .
5 (rej) 5

©0)
Population at the beginning of 2014

=350(1.08)"°
=755.62
=756

L@E -
350(1.08)" = 3680

‘ (1.08)" _ 3680
350
3680
n=lg — {+121.08
g( 350 ) &

- n=30.6

Therefore, the-population first reached 3680 in the year 2034. - Al

— Ml

— Al

--- M1 (Combining terms using law of log)

--- M1 (Obtaining quadratic equation)

--- Al for rejecting negative vélue, Al for 1%

— M1 (Sub z = 10)

— Al

--- M1 (Finding n)
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() find the cxact val.tlc.;o'i'»"'hé‘:, 4 03

@Iy " hence solvc the cquation 9* x 279 = 67, 02

Nan Chiau - AQZOM — Paper | pl

- Gchn that 9’1;1 x22x+2.5='=..:,63]‘", e

The gradient function at any point (x,y ) ona curve is given by ¢ ~1. Itis gy,

that the curve passes through the point (1,¢ ).

() Find the cquation of the curve.. B)

‘(1) 'Show that the equation of the tangent to the curve at the point where the gypye |

cuts the y-axis is parallé] to the x-axis. 2]

The roots of the ¢quation 3x* —6kx— 6k +22 =0 are @and B.If & + £ = 24, g4

the.values of k. 7

Show that the curve y=x?+ kP +1- kx 1salways positive for all real values of x, 3]

By éxprcssing sin3$c. as sin(2x + x) , show that §n3¢ = 3sinx — 4 sin’ x- B3]
Hence '

' ) o2 2
@  solve the cquation 6sinx =1+ 8sin” x for ——;— <x <"§‘. 4]
@) statc the maximum valuc of 5+16sin’ x-12sinx. - [2)
Sketch the graph of y = Bsin2x~1| for O-<x <7 [2)

Hence find the range of values of ¢ such that the cquation bsinlx-1|= ¢ has o

distincet real roots. _ [2]

313
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7 A The diagram shows a parallelogram ABCD. The coordinates of A, B and D are
(72,.1), (4,3) and (-5,4) respectively.

Nan Chiau -~ AM- 2014 - Paper 1 p2

b4
pC
D B
/b
A
0 >
- ‘ £ :

() Find the coordinates of C. 31
@) Find the srea of the parallclogram ABCD. 2]

(1) Given fudhcr that the perpcndxcular biscctor .of DC cuts the x-axis-at (4,0), "~
find the value of h. ' (31

@) Explam why the dxagonal AC and BD are not pcrpcndzcular to cach other. Justify
your answer with appropriate workings. . [2]

8 It is given that f'(x) = m , where 71 is a constant, -

(a) Given further that xv‘-—-% and /(1) =0, find an expression for f(x) if

@ n=1, _ - 3}
(’I) n==4' ¢ '. [3]
(b) Write down the range of values of n for which /(x) does not have any

stationary points. Support your answer with appropriate- workings. - 2]

9  Two variables, x and y, are related by an equation y < k(x- 1)" , where k and h-ate
constants. The table below shows their cxperimental - values obteined.

x| 226 30 40 ] 45 52 17 70
> — 794 | 200 | 458 613 832 180

@)  Express thc equation y = k(x - 1)'in a form suitable for &mwmg a strmght line
graph. ~ o 1

@) Using guph peper, draw this straight linc graph Hence find the valuc of hand k.. -
o [6] '
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Nan Chiau -~ AM-=2014 - Paper | p3
10 The diagram shows a boy walking  away from the surveillance 'eqmcra. on a sﬁ*aighi
path. He isvmoving} at a constant speed of 1 m/s. The surveillance camera is mounted

at a point P which is 5 m vertically ebove.a point O along the path. The camerz
follows the motion of the boy rotating at P with an angle of x radan.

Q
() Exptess the distance, s metre, moved by the boy from Q in terms ofx. 1]
(1) Hence find the rate of change in the angle of rotution of the survcillance camera
when the boyis 7 m from Q. C S [4]

11 In triangle ABC, P, Q and R are the midpoints of AB, BC and AC respectiviély. The
lines AQ and PR interscct at 5. T and U are the midpoints of BS and SC respectively.
Prove that PRUT is a parallclogram. {4]
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12(a)Given that y = x(x+1c) 'has a-stationary point at (2 0 ) g s
® find the vilue of k, ' o L .:
() hence find the other stationary pomt and determine thié nature of all the
stauonaxy poiats. - | [3]
) . 2 . e
(b) The table shows the values of x and the gign of % and .a_'_%.far:a-p.amQUJar function
y = f(x). Without finding the function y= -1 (x), write down all ‘the x-coordmatcs of »
the stahonary points and dctcrmmc the nature of each stauonﬂﬂ’ I"’mt- [3] T
x o 10 o 1.t [1n|2°]2 'zf '
e + | 0 : - -1- _
St nofﬂ _ -1 - .. - :
: = ' + ‘ + +
' 2y ] 0 + |+
Sign of % I - - -

Legend: — denotes negative and + denotes positive -

13  The blood pressure P (in mmkHg) of a patient can be modelled by-thé equation

P=125-35 w{%z) . where t is the ime (n minutes) at which the blood pressure is

measured,
®  Explain why this model suggasts that-the blood pressurey P (n mm.Hg) of the
patient is-90 < P <160, . : [2]

M) The pahent’s*blood preégurc is ‘copsidered as ‘normal’ if it i&leu-..thnﬁ

120 mmHg. Findthe 1cngth of time for which the. paucnt’s blood pressure is not
‘normal’, M4

END OF PAPER'1
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“Answer Key :
l, - . 4 N - '-2. . y=ex_x+l
(@ 6 T (i) —04530 50 ® o
(i) Since the-gradient at x =0 ig zero,

the equation of tangent is parallel to the x-axis.

3. a+ =2k 4. Since 4% —4ac <0.and coefficient of x*is positive
_22-6k 1 :
af= 3 . = “‘2" -3z y does not cuts the x-axis. Hence, the curve is

always positive, -

s, ) . x Sx 1Ir lix 6

7. () C=(,6)

(ii) Area of ABCD =24 unit’

_1
(iiiYh =x = 3
(IV) Since m'BD xmAci"l'hen(:c .- ‘\‘ . /’
diagonal AC and BD are not.’ N S

perpendicular to each other.

2<c<4 andc=0

b e @eAe a3 | fG)= s
oo fl)=danEEER @) (2x+1)

. - . ]
e 18 () Hence n20 for f'(x) to have no stationary-poirts.

|9 @ Ploed lgy=lgk+Alglx-1) -

Voo (ii) h=2+0.2

10 1y the horizontal disance fom Q. = P
ST Gy the orizomal digance from Q. = Stan 80,0876 s or ——rad /s
LA ) e T e
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(i) 0 <P <160

2. x=2, 1 (_1__11_1_) is 2 mininum point.
aiyk=-2  a(ii) 2 \27 1g (2,0 s a point of inflexion.
112 x=0Q0and x=2

® - d’y

x =0 1is a maximum point as & L:_o <0 or gradient changes from + to —.

d?y

X =2 is a minimum point as a&:z g 'L‘ o >0 or gradient changes from —to +.

13

Length of ime = 21.6390 - 6.36098

= 15.3 mins

(i)
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Qn No Suggested Solutions

](‘) 9:—! xZZrbZ :6Jz

321~2X22x+2 =6}x

JZXX-;—XZZ‘ x4=63:

61:(%) — 631

6 =2
9
) 9X‘| x22-r+2 =6}x
6 =2
9
4
1o —
fo 9
g6
= ~0.453(3s.£)
o7
O | d e
dx
y= Je‘ —1dx

= e —x+tcC.... ‘-(l)

SuB-(l +€) into .

e=e—l+c
c=1
y=e" —x+1.... (93]
(i) | When the curve cuts the. y — axis, sub X = 0 into (2),
.y=e.°~—0+l
=2
(0,2)

At(0,2), ﬂ=e°—l=0
dx

Since the gradient at x = 0 is zero, the equation of tangent is parallel to the x-axis.

3 1 3x® - 6kx—6k+22=0
a+ff=2k ’
22 -6k
ap=
b 3
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&+ =(a+ pf ~3afa+p)
24 = (2k) —3(22 ;6" )@k)

24 =8K° ~2k(22 - 6k)
24 =8k> ~44k +12Kk> N
263 43k -11k—-6=0
Let f(k)=2k> +3k> 11k -6
F(2)=2(2) +3(2) -11(2)~6
=0 .

(k —2)is a factor.
S(=3)=2(=3)’ +3(-3)* —11(-3)-6 =0
(k +3)is a factor. i

1 1, 1., 1 -
f(—'2‘)=2(—5) +3("3) —11(—5)—6' =0
(2k +1)is a factor.
22K 43K —11k—-6 =0
k+1){k+3Xk—2)=0

k:-—-l—,—3,2
2

X+ +1-kx=0
b —4ac

= (~k)? —4(1)(K> +1)
=3k -4

=3k’ +4)

since (3k2 +4)>0
‘.'-‘(Bkz +4)<0

Since since bz —4ac <0 and coefficient of X is positive, y does not cuts the x-axis, Hence, the curve is always
positive. '

sin3x
=sin(2x + x)
=5in 2x 00s X +€os 2x-5in X

4

=2sinxcos® x +sin(1 — 2sin’ x)
=2sinx(l—sin’ x) +sinx —2sin’ x
=2sinx—2sin’ x +sin x —2sin’ x

=3smx—4sin’ x
(shown)

5@)

6sinx=1+8sin’x

323



324

'NCHS 2014 PRELIM EXAM (2) ADDITIONAL MATHEMATICS PAPER 1 (4047/01)

Isinx—4sin’ x =

1O |

LD

7r57r T 1n

2727 27 2

5(ix) S+16sin’® x —~12sinx .
=5-4{3sinx —4sin’ x)

.=5-4sin3x
Maximum value S+16sin’ x —12sinx

2<c<4 andc=0

7(i) | Midpoint BD = midpoint AC
_(4—5 3+4)_(x'—2y+1
272 ) 0272

—-1=x-2 IJ+4=y+1
fx=10 o y=6

C=(i,6)

@ | Areaof ABCD
it -5 =2 4 1)
26 4 1 3

l - . .
=5[4—5—6+24—(—30~8+44;3)]=24 unit?
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XN

o ~-5+1 4+6)
Midpoint of DC = I
2 2

=(-2,5)
Equation of perpendicular bisector:
y—=5=-3x+2)
y=-3x-1"
Suby =0,
0=-3x-1

Gv)

Since Mgy, xm . # —1, hence diagonal AC and BD are not perpendicular to each other.

8(ai)

Ifn =1

. _ 8
- S0)= (2x+1)

f(x)
8
=| —=dx
f (2x+1)
=4In2x+1)+c¢
Sub ) =0,
0=4In3+c
c=-4In3
S f(x)=4In(2x+1)—41n3

or . f(x) =4ln(—2£‘§-i)

8(aii)

If n =4
[i)=

£
={ 8(2x+1)*dx

8

(2x+1)

= —%(2x+ )2 +c

-t

Sub 1) =0,
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10 :—‘—;-(3)’3 +c

4
€=—
81

- A4
A T

&)

At stationary point, f1(x)=0
8
For. -————=0.to-bedefined, #<0.
@x+1y

Hence n20 for f"'(x) to have no stationary points.

() Plotted Ig y =lgk+hlgx—1)
(if) Gl —All points plotted correctly;

G1 - Join all points:with:a best straight line and appropriate choice of scale
T1-Table )

k=s0txl.4
h=240.2

10(7)

Let s be the horizontal distance from Q.

-5
tanx =—

s=S5tanx

10(ii)

H

Whens =7,
7=5tanx

x=0.95055

—— =5sec’ x
dx

dx dx ds
—— T —— X ——

dt ds dt
1

,::5 5—x1
SeC X

_cos’x
S
Sub x =0.95055,

dx _cos' 095055
@ s

= 0.0676 rad/s or —S—-rad/s
74

In A4BC:
AP = PB(given)

AR = RC (gjven)

PR '=%Bc and PR // BC (Midpoint Theorem)

In ASBC:




6

NCHS 2014 PRELIM-EXAM(2) ADDITIONAL MATHEMATICS PAPER 1 (4047/01)

ST = BT (given) .«
SU =UC (given)

A YTU=—;‘-BC and TU // BC (Midpoint Theorem)

S.PR=TU and PRIITU
Hence PRUT is a parallelogram. (shown)

12(8) | sub (2, 0) inte y = x(x + k),
0=2(2+K)
k=2 '

e y=x(x—-2)
%:i(B)(x;'i)‘ +(c-2y
=(x—2)*4x-2)
At stationary point, %=0~
(x-2)*(4x-2)=0
x—2=0 or (4x—-2)=0

x=2, l
2

s 11
Subx=05,y=0.505-2) = —1 E :

Ans: (1 —Iﬂ)
2" 16

X 0.4 0.5 0.6
& - 0 +
&

L ﬂ.)is a minimum point.

27 16
X 1.9 2 2.1
& + 0 +
&

(2, 0) is a point of inflexion.

20 [ x=0 and x=2

: ) S - a? . A

x =0 is a maximum point as dx{ "L o< O or gradient changes from + to —.
d*y

X =2 is a minimum point as ) L <o > 0 or gradient changes from —to+:

327
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125—35cos Zr—t =120
14

35005,(1[) =5
(14
T ) 1
cos| —t|==
(14 7
Basic £=14274
[T”Z :) =1.4274,27-1:4274

£ =6.36098,21.6390
Length of time = 21.6390 - 6.36098
=15.3 mias

B | Cx N
P= 125—35(:05(——1)
14
P =125-35-1)=160
P, =125-35(1)=90
Hence 90 < P <160
13(ii)
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Answer ALL Questions: E

1.  The initial mass of a radoactive substance is 5pg . Given that the mass of a radioactive substance, m

ug , at time 7 minutes, is givenby m = Ae” where A and k are’ constants.

@

)

Lo A P P

3‘

S.

6'

0y

®

o .

Find the value of 4. ' (1]

Hence, given further thet the mass of the mdioactive substance decays to one third of its initisl

mass when t = 60 min, find the value of k. {2}
With the vahics found in (@ =nd (If), find the mate at which 1 is dereasing when t =10 min. {3]
d 3 ‘ 2
Show &—x—(lxm 2x)= 6(s¢c 2x-see 2x). . [3}
]
Hence find. [{ sec'2xdc. (4]
. .
Sy 2cos A : ’
the identity ————————= ~tan2A.
Frove the ¢ 4 2sin A—-c0s ¢cA = Bl
. 6cos2x . .
Hence solve the equation — +43 =0, for 0 <x < 7r . Express your answers in
§ 25in2x - coskclx
termof m. . ‘ 5]
Given that log,(2a~1)+log, 25 =log, bwhere b# 0, find the valuc of a. (4]
Given that 3* =4, find log,(?g-) and log,9 in terms of k. . (5]
Sketch the graph ofyn-—%x’. ) ' {1}
t B
27 4 . .
Sketch the graph of y = 3 on the same diagram as (). : {2]

@) Point A and B are the two intasections of your graphs. Caloulate the coocdinates of points of

®

@)

" intersection of your graphs. Henoe write down two facts about OA 2nd OB; where point Ois at ‘
the origin. ' I -

2x' +3x* -x'+4

artial fract | 7

Express - 0e-2) ssp c. on.- . {7}
Coagd oS . )

Heoo find [ 135 2¥ 24 rena. - M)

G -9x-2)

319
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. Sketch the graphs of y=x* -'Zx +‘2 and y =2x+ 2onthe same dxagram showmg the coordmau:s of
the intersections. Hence fmd the 2= srea cuclosed by thetwogrephs, - . . (9}

’ ¢ - AR . ,
8. (@ Given that fe cocfficient of x® and x'%inthe expansion of (x’ -—}-) are a and b respectively,
: X

findthe value of &, ‘ : Bl -
b _

—
/"

@) Given the first three terms in the expansion, in asccndmg powers of x, of (2+ px) ere
2048+ 16x + gxX* where 0, p and ¢ are constants. Find the value of n,padq. {6}

9.,  The disgram shows a rectangularffeld ABCD with length 200 m. Students ran slong the straight tracks e
BC, CD, DE sad EB to complete the running course, Given that DE = 160m ad ZADE = 6 where

0<6<£.
2

o © 200m s

160 m

A € LUV - 8

@  Show that the total dstance, P m, of the-running course is given by P=r+hsin0:«-koo30.
where 7, h end k ace constants to be found. 3]

@f) - Express Pin the foan 7+ Roos(6+ «), where R> 0 and a is an acute angle, N 3

@) ' Find the valuc of § which P=0.65 km. . 4]
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"10.

. A curve has ancquationy:ln( 3= 2x
3x+1

Nan Chiau - g;- 2014 - Paper 2 p3

Given that the y-axis. is a tangent to the cirde Cy at point A which the y-éti)vordinatc is 4 and the circle

 passes.through poiat 8(4, 5). Find' -

@  the coordinates of the centre and radius of the drele, {5}
) the cquation of the circle in the form x° +y* + ax +by + ¢ =0, where ¢, b and ¢ are constants,
‘ i

) the cquation of another drcle C; whichis the image of the circle Cjbdng reflected along the x-

axis. Express the equation of drcle C; in the form x* +y* + px+qy+r =0, where p, g and r ace

constants. . {2]

} forl<x <2-;:. Find

® - " | - (3

df) the cquation of the notmal to the curve at the point A which the taagent to the curve o this point
is purallel to the line 7y +10x = 1. Express the equation-of the normal in the form of

y=nec+ina+bwhichm, a and b are constants. {8}

END OF PAPER 1
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Answer Key A ‘
L) A=5 ’ 2. ® G(soc‘ 2x —sec? 2.\:)
(i) | £=-00183 T M |5
(i)} rae decreasing = 0.0762 yg /min- BES i(vi) a=§
13 [y | oz = Brlox @ (2
T24'247 24" 24 . p
5 1@, , 7. . )
OF — a8 "
81 4 (4, 10)
8
— 0 X
(1, 1)
N X
¥=-27x"/8
) | ACLS.D.BAS. D , 7 Panbotic curve with yirterce of 7 B1)

Min pt(BI) -
Str. Linewith y —ntercepts of 2 and +ve gradiert (B1)

Polnt A, O and 8 are collinear, O is the mid-point of AB.
. Showing values or cocrdinates of two irtersection (B1)

6. () |zee-ree " a 10 1 ' 2
® W = K<) o3y R 105
(i) xi.1:-;1;-1:1(:_2)-(“:2)+-;--\'(x+2)+c ‘ A
8 | -:-=-§ ‘ 9 | () |560+160c0s6-160sing
Gyl 1 g= : ) | P=560+226c0s(8 +X)
Po70a " 88 : | - 4
- j(iii) | 6=0376
10. (l) (21_4), rmYm--z1 ll (') ____l .._..._.3
' ! : : (5-2x) 3x«l
(i) 2 17 - ' v 1) 7
4y - x+8y+16=0 ' y=——x+!n—]——l
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Nan Chiau High School

Prelim Examination (2) 2014

"—"‘\/3 , : Al

Marking Scheme
Qu | Suggested Solutions
No -
li m= Ae’
A=5 81
l —- k{60) _
{1 | 39)=2 : M1
k=-0.018310
k=-0.0183 Al
dn _ . 4
Lii | o = Ake M1
' =5(—0.018310)g 00183100
=-0.0762 pg/min M1
rate decreasing = 0.0762 ug/min Al
2i g){—(tan3 2x)=3tan’ 2x{sec? 2x)2) M1
= 6tan’ ZJc(sc(:z Zx)
= 6(secz-2x —-leecz Zx) M1
= 6fsec* 2x ~sec? Zx) AL
.. J" 4 - 1 [ 3 2
2ii x sec Zxdx-—s-tan 2x,+J:sec 2xdx M2
3 37 73
=-l[tan3 Zx]': +[tan2’x] M1
6 5 2 = :

331
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3i

3

41

2sm 4 —cosecA

LES = 2cos 4
2sm4—

sin A
2cos A

 2sin? 4-1
sin 4

_2sinAcos 4

" 2sin?4-1
sm24

M1 |

—cos24

M1

=—tan24
=RHS

_ 6cos2x +\/§=0
2sin2x—cosec2x

~3tandx+3=0

Al

M1

a== M1
6

M2

log,(2a—-1)+log, 2b=log, b
%]og,(Za—l)Hogz 2b=log, b

Al

M1

log, (2a—1)46* =log, b’
Qa-—14b* =6>

5*(@®a-5)=0
8a—-s)=0
5

a==—

M1

8

Al

M1

M1
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4ii k’gshzk
,Iog,[zz) log; 27 =log, A M1
=3 -k Al
log,9=2log,3 M1
2
== Al
k
5i,ii Y
> x
81
Y=-27x"/8
.__8- 3 :‘.—g.x_; ‘Ml
27 8
Siit . 729
X = e——
64
x=15or-1.5 M1
A(-1.5,1),B(1.5,-1) . 2
Point A, O and 8 are collinear. O is the mid-point of AB. (“‘\Usﬁﬁ p\’O 22
. \\Q» on € Sanng ?)( ;
{
,2x +3x* —x? +4 21.x2+12x 52 2
6i (x —4)(x 2) (x —4)(x 2) o
21x 4122-52 _ N - "+ o —
(x-2"(x+2) (x-2) (x-2) (x+2)
21x* +12x — 52 = A(x —2)(x +2) + B(x +2) + C(x —2)?
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Letx=2
4B =56
B=14 I M1
Letx=-2
16C =8
1
C=—
3 M1
Let x=0
{1 ~4A+2B+4C =-52
41
2 )
2x* +3x° - x* +4 PV .. SIS . SIS
(x* —4)x—2) o 2e-2) (-2 2x+2) T e
6ii ) s '
j-2x ;I-Bx - +441x=j2x+7+ 4; . 14 . 1 e
(F —4Xx-2) 2x=2) (x-2f  20x+2)T| M2
=X2 +7x+ﬂln(x——2)— 14 +£[n(x+2)+C
2 x-2) 2 :
e — '
7

y ]

| Parabolic curve with y-intercept of 2 (B1)

Min pt (B1)
Str. Line with y ~intercéptsiof 2-and-+ve-gradient (B1)
Showing values or coordinates of two intersection (B1)
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xP-2x42=2x42 ———

x*~4x=0
" x=0o0r 4 .

¥y=2o0r 10 ~ E— Ml’,

A=J:2x +2~(x" ~2x 4 24

3 2
X~ 4x
= —— M1
2 (o
Jdo
=—ﬁ+32
3

) , w—% 10
8i [x x)

=13440x¢  —— :
b .
el e
X

=-8064x" — M1

a=13440,6 = —8064
a 5

3773 I——

8ii (2+px)"=2048+l6x+qxz+...
=Tl e,y g .
oo 2v=2048 - —_

n=1] —

Y (pr)=t6r
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9i

9ii

9iii

R (e = -
e, (2)"(—-1—IJ2 =qx?

704

_3
7= 33

Al

P=BC+CD+DE+EB

=160cos 8 +200 +160 + (200 — 160sin 8)

=560 +160cos @ —160sin &

M1

P =560 +160cos8 ~160sin 8

R =51200

tana =1

M1

: 4
a=—

4

Al

P =560+ 226¢0s(8 +2)
4

560 + /S1200c0s(8 + %) =650
90

V51200

p 4
G+—)=
cos( 4)

‘Al

al =1.16174

M1

0+Z=1.16174
4
8=0376

M1

Al

M1

M2




10i

10ii

10ii

11i

M1

midfpt of AB=(2,4.5) M1
o=l
’mnoml‘=—4 mi
45=-42)+C
C=125
y=~4x+12.5 M1
y—coordinate = 4
4=-4x+125
17
x=—
8
1 . l
(2—,4), radius=2- A2
8 8
OR
Let C=(x; 4) M1
(x-0) +(@-4) =(x-4) +(4-5)
x? =x? —8x +16 +1
=-1—7- M1
2l 4 | di —2l
( g, ), radius = g A2
. 2 2
17 , {17 )
A E—
x2+y2——1:;1x—-8y+16=0 Al
centre of C2 (2%;—4) M1
x? +yz——l-4zx+8y+16=0 Al
. V5=2x
7 3x+1
=-§-ln(5-—2x)—ln(3x+l) M1
y_ 2 3 M1
dx 2(5-2x) 3x+1
ot 3
(5-2x) 3x+1 Al
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11

Ty +10x =1

1 3 10

(-2x) 3x+1 7

M1

60x2 —151x+62=0"

M1

x=2or %é—(rejected )

" $5-22)

Y= 32+

M1

M1

M1

M1

Al

*+* End of Paper ***
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Answer all the questions.

Write your answers on the separate writing paper provided.

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
vquestion.

The use of an approved scientific calculator is expected, where appropriate.

“You are reminded of the need for clear presentation in your answers.
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Nan Hua High School
Preliminary Examination 2014 . Additional Mathematics 4047/01
Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax® + bx + ¢ =0,

~b b —4ac

2a

Binomial Theorem

(@a+b)" =a" +‘(ﬂa""b-+(§ )a"‘.zbz g +[n)a"“’b’ totb",
¥

L n 1 . (n—
where # is a positive integer and =T = nn=)..(n=r+
rj ri{n-r)! !

2. TRIGONOMETRY
Identities
sin’4 +-cos?4 =1
sec’4 = 1+ tan’4
cosec’d = 1 +cot’4
sin{A+ B)=sin AcosBtcos4dsmn B
cos(4 + B) = cos AcosB Fsin Asin B
tan A+ tan B
1¥tan Atan B
éin 24=72sin AcosA

tan( A + B) =

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

Formulae for AABC

a . b ¢
' sin4” sinB _sinC

" a? =b% +c? ~2bccos A

A ='—1-bcsinA
2
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1 Given that sm A4 = ~% where 180°< 4<270°and sin B ——-'% where 90° < B <180°,

find tan (A4 -+ B) without using a calculator. [2]

: 2 - A prism has a square base of side of (2++/3)m, and its volume is (11+6+/3) m>.
Find, without using a calculator, the height of the prism in the form (a Ve ) m,

where a and b are integers. [4]
x 10
'3..." Find, in ascending powers of x, the first 4 terms of the expansion of (l - ~3—) .
3 2 x 10
Hence, find the coefficient of x in the expansion of (2 + —) (l - 5) . [4]
_ x
4 (a) Find the value of a and % for which {x —4<x<7 } is the solution set of
k—x*>ax. : [2]

(b) - Iftheline y=4x—1meets the curve ky—8x = 2k x* +1, find the range of
values of k. [4]

5. Given the roots of 9x* ~13x+36 =0 are & and B, find the quadratic equation(s)
whose roots are a’and #° . (71

cot’ 8 —cos? @

6. Prove the identity ————
Y cosec’@tan’ @

=cot’ §cos* 4. [3]

R (@  Solve the equation 310g§ x—4= 4log_8 | | _ 4

(b) Solve the simultaneous equations

Iog3(x—5y]=2 '
x=y 7]

Page3 of5 .
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8. Water is poured into an empty inverted right circular cone at a constant -
-The cone has a base radius of 6 cm and a height of 12 cm.
) Find the rate of change of the height of water level when the wate .
3 cm high.

(i1) State, with reason, whether this rate will increase or decrease as /i vi -

Ci

B

The diagram shows two circles Ci and Co. The ‘equation of circle Cr wis: . .
x* +y* —8x+2y—63 =0. AB is the diameter of circle Cy, and the tang:. < :

at point B has a gradient of — % . Find

(i) the centre and radius of circle Cj,
(i1) the coordinates of point B given that its y-coordinate is negative,
(iii) the equation of circle C;.

10 (@) Without the use of a calculator, find x such that cos2x =sin 230° wher-
. —180°<x<180°.

(b) Evaluate cos(cos"l (— %) ~cos™ G—i—D without using a calculator.

11.  The variables x and y are related by the equation .y =10"* 4, where k and 4 are-
- constants.’ Using experimental values of x and y, a.graph was drawn in which Ig y w::s
plotted on the vertical axis against x on the horizontal axis. The straight line whica was
-obtained passed through the points (20,.0.36)-and (35, 1.20). Find

@ the values of £ and 4, . P

x

(i)  the coordinates of the point on the line at which y = 10 20
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12.

13.

(2)

(b)

2lnx .
The normal to the curve y = ——— ,at the point where the curve crosses the
: x

x-axis, passes through the point (4, p). Find the value of p. [4]

6 2
Given that [ f(x) dx=9 and [ f(x) dx =3, find
i i .

o | [—S—Z—f(x)] dx. [3]
T
(i)  the value of the constant m for which I[f(x) + mx] dx=—42. {3]

A Ferris wheel with a radius of 8 m is rotating at a rate of 3 revolutions per minute. The
height of a chair on the Ferris wheel (measured from the ground) can be modelled by the

equation, # = acosk?+b where a, b and k are constants and 7 is the time in seconds after .

the ride starts. At the start of a ride when = 0, a chair on the Ferris wheel starts at the

®

(ii)
(iii)

- lowest point, which is 2 m above the ground.

Explain why the maximum height of any chair on the Ferris wheelis 18 m "

above the ground. [1]

Show that the value of kis {% . ‘ ' [2] .

Find the values of a and 5. : : [4]
"~ End of Paper ~

‘Page56f5
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Answer Key

i6
63

‘2. (5-243)

3. 1——12x+5x2—i9x3+...; 612-
3 ‘9 3

' 4(a) a=-3, k=28
(b) k<1l or k=8

5. 27x* #35x+216 =0

1
7 =— or 64
(a) x p T

() x=-1.61, y=-322

8(1)) 0.849 cm/s
(i1) the rate will decrease

9(i) Centre: (4, -1), Radius = 8.94 units
(i) B(0,-9) : '

(i) (x—-2)*+(y+57=20

10(a) —110°, —70°, 70°, 110°

11G) 0.76; 1.14

16 (ii) (7.17, - 0.358)
(b) ——
65
12(a) 372

(0)0) 4% (i) -3

13Gi) -8; 10

Secondary School Test Papers Singapore
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AM Prelim 2 Paper 1 Solutions

S/no | Solutions
1

A
4 M
i3
3| 5
5 ~
12 A
tan(A+B)=M _
1—tan Atan B
3.3
-4 12

4 5
=—+1+—
12 ( 16)

1 16 16

X
3 21 63

a_pf3 o 1163

: @+v3]
114643

B T+443

_ 114643 7-443
C7+43 7-43
T+ 23-443-72
- 49-48
a-b3=5-23

Hence the height of the prism is (5 ~243 )IL
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b-3) =1—1(‘:’)(§)+(‘§J@T IR
(2%)2(1—5’”

:[4+£+—9,‘)(1—%qx+5x2 —%Q—Jf +)

x x°
Coefficient of x: (4)(— l;—)-) +(12)(5) + (9)(_ %9)

=—io—+60—40

=65 .

4(a)

k—x*>ax

x*+ax—k <0

if —4 <x <17 is the solution, then
(x+4(x-7)<0

x> -3x-28<0

By comparing,a=-3, k=28

4®)

At pt of mt ersection,

k(4x—1) - 8x = 2kc® +1

2l +(8—4k)x+(1+k)=0

Since line meets curve, discrimin ant: (8—4k)*> —4(2k)(1+k)>0
64 — 64k +16k> —8k —8k*> >0

‘ 8k* ~72k+642=0
1 g ¥ K -9%+8>0

(k=8)k—1)2 0
k<l or k=8




9x* —13x+36=0

a’p? =(ap)f =39§=4

aff=2 or -2
RE]
9

(a+ B) Qzaﬁ:%

a’ + p?

(a'+ﬂ)2=19§+2aﬂ

When aff=-2, (a+ﬂ)2=§—4<0 (NAsin ce (o + B) > 0)

When afi=2, (a+,5')7'=2+4-_.i92
7
a+ f=+—
F 3

a’ +ﬂ3=(a+,3)(a2 —aﬁ+ﬁ2)

Equations required: x*+ —;%x +8=0

27x* +35x+216 =0

cot’ @—cos’ @
cosec’ftan’ @
cos’* @

sin’ @

1 (sm?@
sin2 8\ cos? @

= cos’ 49[cos2 49( ,12 —l)]
L -\sin @

=cos’ 0(cosec29 - l)

=cos* Gcot’ @

—~cos’ @
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7(a)
Jlogg; x—4=
log, x
3(loggx)’ ~4log, x—4 =0
Let y=log,x
s3y —4y-4=0
By+2)y-2)=0
2

==~ or =2

y 3 y
2
log8x=—§ or loggx=2
x=83 or  x=§
x=—1— or x =64
4 -

7(b) xX—
log{x SyJ =2
-y

x-Sy
x-=y
x-5y=9x-9y

:32 =9

4y =8x
y=2x

Zx-l—

S¢ % =6-e"
5025F — 6 g%
Se*=6-—-¢e~
Multiply by e”

5¢” —6¢* +1=0
(5¢* ~1)(e" ~1)=0

1
e€f==- or e =1

x;—-,ln~l- or  x=0 -
’ Wenxé—l.609, ~y}==»—3.219,

Whenx=0, y=0, logg(x—-sy) is undefined, so NA

Ans:x=-1.61, y=-3.22




8(i)

By similar A,

6cm

~ A
il
Nlb‘r——
. NI*‘

<
I
|
>

yE 2cem

W e W=

dh _ dh dv

lnes %

dieav'" T ar

4
= X6
73

= -8— or 0.849cm/s
3z

.. . 8
The water level is increasing at a rate of Ew
T

or 0.849 cm/s

8(ii)

dh dh dV 4 24
-——:—x———-:—-x6:
dt dv dt b’ 7h?

As t increases, h increases, therefore the rate will decrease.

(i)

o(ii)

¥ +y* -8x+2y—-63=0
(x—4)* =16 +(y+1)2—1-63=0
(x—4)> +(y+1)* =80

Centre: (4, -1), Radius = +/80 = 8.94 units

y= 2x "f9

At B, (x-4)*+(2x—8)* =80

(x—4"+4(x-4)* =80
5(x—4)* =80
(x-4)’=16
x—4=4 or -4
x=8 or 0
y=7 or -9

B(0,—9) smcethe y—coord is negative -
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o(iii —1-
(i) centreof C,: (i;;g, —%2):(2, -5)

radius of Cy: (2—0)? +(=5+9)% =420
egof C,: (x=2)>+(y+5)* =20

10(a) | cos2x =sin 230°
=—sin 50°
=-c0540°
basic £ =40°
simce —180°<x<180°
—360° <2x <360°
2x =140°, 220°, —140°, —220°
x=-110°, -70°, 70°,.110°

10(b)

Let A=cos™ (— é)
5

cosAd = ——3~
5

Let B=cos” (2)
‘ 13

cosB = 2 B
13

cofeas'(-2)-cos!(2]]

=cos(4—-B)
=cosA4cosB +sin Asin B

IR
sA13) (s A3
_~36+20

65

1@ | y=10"*4*
lgy=—k+xlg4
1.20-0.36
T 35-20
A=1.14(to 3 5f)
Using (35,1.20): 1.20=—k +35(0.056)
k=0.76

=0.056




11(ii)

y= 10—;_0
lgy=——=—k+xlg4
200
=-0.76 +0.056x
(0.056 + -l—)x =0.76
20
x=7.16981=7.17
x —

lgy=——=-0.358
gy="oo

The pomt is (7.17,—0.358)

‘1‘2(a)

2
when y=0,hl—f=0
X

x=1

xz(—z—) =2l xx(2x) "
dy  \x

dx x*
_2x—4xhx 2-4hlx

4
X .)C3

2-4mn(l) _
W

gradient of normal at this point = -%

gradient of tangent at this poimnt =

Equation of normal:
1
—0=——(x-1
y ;=D

e
YTy ,
whenx=4,p=4(—l)+_l_=__
2) 2

2

12(b)
1)
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(ii)

[f(x) + mx dx 42

6
§ 6
[ f(x)ax {’"" } =42
(9—3)+5"(36—4)=—42

16m =48

m=-3

13(i)

max h=8+8+2=18m

i -.max height of a chairis 18 m abovethe ground

13(ii)

h=acoskt +b
3rev/60s
lrev/20s

lrev/l()s
2

jod = — =20
per k

k==
10

13(iii)

h=acoskt+b

Whent=0, acosO+b=2

Whent =10, his max:
V3
cos — ((10)+b5=18
acof 2 J10)

eql +eq2:
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Mathematical Formulae
v 1. ALGEBRA
Quadratic Equation

For the equation ax® + bx + ¢ =0,

Binomial Expansion

n_ n n n-1 -n n-2y2 n n-ryr n
(a+b) =a" + a b+l a7 b+ .+ |d7b +..+b
1 2 r

. e : n n! nn-1)..(n—-r+l)
where 7 is a positive integer and = =
r}) rin-r)! r!

2. TRIGONOMETRY
Identities

- sin?4 +cos’4 = 1
sec’4 =1+ tan’4
cosec’4 =1 + cot?4
sin(A4+ B)=sin 4 cos B+ cos 4 sin B

cos(AxB) =cos Acos B¥sin Asin B

tan A4+t
-tan(AiB)=_w
: 1¥tan Atan B

sin24 =2sin Acos A
c0s 24 = cos® A—sin® A =2cos? A—1=1—2sin’ 4

I-tan® 4
- Formulae for AABC - -
o a b ¢

sind- -sinB sinC

a® =b*+c* —2bccos A

1

- Page20f6
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1. (a) The term containing the highest power of x in the polynomial f(x) is 2x*

and the roots of f(x)=0 are2 and —7. f(x) has a remainder of —72 when
divided by (x +1), and a remainder of —80 when divided by (x—1).

- (i) Find theexpression for f(x) in descending pOwef of x. [4]
(i) Explain why the equation f(x) = 0 has exactly 2 real roots. (2]
- (b) Express bx —3x-2 in partial fractions. [6]

4x3 —12x* +7x =21

2. (a)(i) Sketch the graph of y =5—2x* —x 15| for —4<x <5. - Al
(i1) Hence find the value(s) of & such that the equation
2x? —x—15|=5—k has exactly 2 solutions. 2]
(b)  Solve the equation|-3x +18/= 6x +|x — 6. 4]
3. (@ (i) Solve the equation 6sin> _’25 —2cos’ x=1 for 0° < x <360°. [4]
(i) State the number of solutions of the equation
6sir12§—2coszx=1 in the range —1080° < x < 720° . [1]
(b)  Solve the equationsin 2y =cos’ y for 0<y<9. [5]
4. The function f is defined by f(x)=a tan(g)-bb , where a and b are positive integers

and— 7 <x < 7. The graph of y = f(x)meets the y-axis at the point where y.= 3, and"

(5

@) State the period of f. [1]
@in) Find the values of g and b. [2]
(1i1) Sketch the graph of y = f(x). {2]
5. - Differentiate tan’ 66 with respectto . Hence find - 1]
0) j tan® 6@sec® 60 df, [1]
() [sec*60do. 3]

Page 3 of 6
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6. Solutions to this question by accurate drawing will not be accepted.

-‘,
A

The diagram shows a kite ABCD in which A B and C are points on a circle C;. The
- coordinates of 4 and C are (=2, 7) and (6, 1) respectively.

The lines AC and BD intersect at point E, and point B lies on the curve 4y = x> +7.

6)) Find the coordinates of B, if the coordinates are integer values. [5]

(i)  Given that BE : ED =2 3, find the coordinates of D. (3]

(iif) - Show that point E is the centre of the circle C;. 31

(iv)  Calculate the area of the kite ABCD. [2]
7. A container consists of a cone (of radius r cm) fixed to the top of a right circular

cylinder of radius » cm and height # cm. Given that the height of the cone is 2r cm
- and that the volume of the container.is 757 cm?,
75 2

(i) show that A= = —3'7' N [2]
r

(i1) determine, with explanation, whether 4 is an increasing or decreasing
function, ‘ (2]

(iii). = show that the total. surface area, A cm of the container

’ is given by N
A=(J_;1)7zr2+15°”. o 2]
3 r ;
If r varies, :

(iv) -showing full-working, determine whether the
stationary value of 4 is a minimum or
maximum. [4]

#s1cm

_Page4of6
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8. A particle moves in a straight line so that its displacement, s metres, from a fixed

- point Ois given by s =4e™ +107—7 for 0<# <T, where ¢ is the time in seconds
after passing O, and T is the time in seconds when the particle first comes to rest.

1) Find the initial position of the particle. 1
(1) Find the initial velocity of the particle. {21
(iti) Show that T = %% . A 21
The particle then travels at a constant acceleration of 10 m/s” for the next 2
seconds.
(iv)  Sketch the velbcit&—tiine graph for the particle for 0 <z <(T +2). [2]
%) Find the total distance travelled by the particle in the first (T +2)

seconds. 3]

9. In the diagram, 4B and AC are tangents to the circle at point D and E
respectively. BC intersects the circle at points F and G.

4

C F—G B
Given AE = EC and AD = DB, prove that
) AEx BC= ACx ED, ‘ ' - *:{ﬁ'

(i) BD* = BGx BF . N | - tﬂ

. Page5of 6
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10.  The diagram shows part of the curve y* =x+16. The line y = x — 4 meets the curve
-atpoints 4-and B.

>X
() Find the coordinates of 4 and B. 3]
(i1) Calculate the area of shaded region bounded by the curve and the ‘
straight line 4B. . , [4]

11.  The diagram shows a glass window, ABCD, consisting of a trapezium ABED.
in which AD// BE and a right-angled triangle BCE. It is given that AB = 17.5
cm, BC =42.5cm, and 4B and BC intersect each other perpendlcularly at B,
and ZEBC =28, where @ varies.

B

425 cm

D . E. . C

® Show that the perimeter, P cm, of the glass window ABCD is -

P =60 + 60 cos26 + 25sin 26 . o - 3]
(ii)  Express P in the form ‘
atbsin(20 +a) where a,b> 0and 0° < a < 90°. - [4]
(iii)  Find the value of @ for wﬁiqh P =100 cm. 3]
(iv)  Find the maximum value of P and the corresponding value of 8 . {21
— End of Paper — _ -
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Answer Key

1.

(ai) £(x) = 2x* +13x* —8x* —17x~T0

6x*—3x-2 1 . 2x+3
4x* —12x* +7x =21 (x-3) (4x>+7)

(b)

2. |(ai) y=5 —|2x2 fx—151
(-2.5.5) ’ 3.5
[}]
) (0.25,-10.125)
4,-16)
(5, -25)
(aii) Value of k=50r ~16 <k < —-10%
1
b) x=1=
(®) x >
3. | (ai) x=60°, 300° (aii) 10
' 4 3z Sz
=0.464, = 3.61, >~ 6.75,2%
®) y > 5 5
4. | (@) 27 Gi)a=4, b=3
(iii) R
3
0 X
YR R 5 . ' T 1
(i) 18tan” 6@sec’ 60 (i) i—é-tan 660+C (i) —6—tan6¢9+ﬁtan3 60+C
6. |G) BG,8) (i) D(-2.52) (iv) 62.5 units?
7. : s 2 . .
@) h=;7—§r (iv) A4 is a minimum value
8. () -3m from O (ii) —10m/s (v) 20.6 m

" Page7of6 -
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(i11) VA

20

-10

10.

(1) 4 (9,5) and B (0,—4) (ii) 121.5 units >

11.

(i) P=60+65sin(20+67.4°) (iii) 37.3° () —Orrospondng value of 6=11.3
: o . ..~ Maximum value of P=125m

Page 8 0f 6
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| Question " Solution

f(x)=(x—2)(x+T)ax’ +bx+c)

1@ 0 - comparing coefficentof x* :  2x* =ax*
’ a=2

i F(1)=-80

o (1= 2)(L+ T2 x12 +bx1+c) = —80
b+c=8—————————— 1))
fD=-72 o
(~1-2(-1+ D@ x (1) +bx-1+c)=-T72
9% —9c=—-18~——~——— )
Solving Equation (1) and (2)
b=3
c=5

s ()= (= 2)(x + T)2x% +3x+5)
=2x* +13x° -8x* —17x~70
f(x)=0
1@ | 2y + 7)@x? +3x+5) =0
(x—2)=0 or (x+7)=0 or 2x*+3x+5=0
x=2o0r x=-7

The quadratic equation 2x” +3x+5=0 has discriminant

b2 —4ac=3% —4x2x5=-31<0
It bas no real roots. '
Hence, f(x) =0 has exactly 2 real roots.

Let f(x)=4x> —12x* +7x 21
f(3)=4x3>-12x3>+7x3-21=0
2. (x-3)is a factor of f(x).

By long division , B

Fl)=(x=3)4x>+7)

1(b)

6x>-3x—-2 4 . Bx+C
4> —12x* +Tx—-21 (x-3) (4x*+7)
6x* —3x—2=A(4x* +T)+ (Bx+ C)(x ~3)

Subx=3, 6x3”>-3x3-2=4(4x3>+7)
A=1 -
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Question ce Solution
Sub x=0, 6x0°-3x0-2=1x(4x0*+7)+C(0-3)
C=3
Subx=1, 6x1>=3x1-2=1x(4x1*+7)+(B+3)1-3)
B=2
6x* —3x-2 1 . 2x+3

45 —12x2 +7x—21  (x-3) (4= +7)

i |7 5—[2x* —x-15|

(-2.5, 5) , 3. 5)

(0.25, -10.125)

(‘41 ‘16)

(5,-25

2(a)(ii) | Value of k=5or 16 <k < —10%.

|-3x+18|=6x+[x—6|
I.—3(x——6)| =6x+‘x—6l
|—3]]x—6)—]x—6| =6x
|x—6| =3x

-‘x:—6=3x or x—6=-3x .

. : 1
x==3 or x=1—
2(b) 2

Check: =1l
x=-3

LHs_=|—3(—3)+18{ =27 LHS:I— 3(1%) +18
RHS =6(-3) +|-3—6|=—9 = LHS 1
~x=-3 is rejected. - RES=61)+

=13.5

1% - 6{- =13.5=LHS
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Question

Solution

| 3@0

6sm2%—'2cos2x=1

3(I-cosx)—2cos’x—1=0

3-3cosx—2cos’x—1=0
2cos’x+3cosx—2=0
(2cosx—1)cosx+2)=0

.- 1
cosx =2 (rej smce—1< cosxél) Or COSx =—

x = 60°, 300°

it 3 @)E)

There are 5 complete revolutions in -1080° < x < 720°.
No. of solutions = 5.x 2=10

3(b)

sin2y =cos’ y

2sin ycosy =cos’ y ;
cosy(2sin y —cosy) =0

cosy=0

2 2 2

Basic angle =0.463648

y=0.464,3.61,6.75  Ans:y=0.464, % 3.61, 37” 6.75,—52£

40

The period of fis 27 .

4(ii)

atan(g)+b=3
2

atah L2137 _ »
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Question . o Solution

4(iii)
X
=4tan] — |+3
g (2j

21.29 g

5
%(tan369)=3tan2603e02 60.6

=18tan? 6&sec? 60

5(@) j 18 tan’ 60sec? 60 dO = tan® 60+ C,

jtanz 60sec? 66 dO = Ilgtan3 60+C

S(i) 2 2 1 3 ¢y A
[ (sec? 66~ 1)sec? 60 a6 = tan’ 60+C

j sec’ 660 do — j sec? 66 de.:%.tan’ 60+ C

J‘sec4 60 d9—étan60=;1§tan3 660 +C

J.vsec“ 60 do = %tan 60 + 1—18—:tan3, 60+C
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Question

Solution

6(i)

The mid - pomt of AC: E= ( 5

6-2 1+7)
2

=(24)
7-1 3

_gradient of AC = =—=

-2-6 4
. 4
gradient of BD = 3

Equationof BD: y-4= g(x -2)

4 4
=Xt ———— 1
y=3%+3 1)

substitute (1) into equation 4y =x* +7

4(ix+i)=x2 +7
3 3

3x* —16x+5=0
Bx—-D(x-5)=0

X==

3
(rej " x - coordinate of B should be an integer)

Sx=5
y=8

~B(5,8)

6(ii)

BE =/(5-2)* +(8 —4)? =5 units
ED=5x§=1-5—units

2 2
Lét point D (%, y)

To 15 o2 (4Y 2 _ 225
V-2 + (-4 == (x-2) +(3)( 9222

@D+ (= = e ®

| sassﬁm "y = i(’x +1)into eq (2)

(x—2)? +(—(x+l) 4y? ~225 -
)
-2)"= 4. 25

x—2=45 or —45
x=6.5 (rejsince x - coordinate of D is negative) or —2.5
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Question

Solution

4
y= (5)(—2.5 +1)=-2
. D(*Z.S,—z)
Alt’e;native Method:
Considering similar-triangles / gradients
8-4 2 5-2 2
4-y 37 5-x 5
y=-2, x=-2.5
D(-2.5,-2)

6(iii)

2

- 1
adient of AB=——=—
& ' 5+2 7
. 8-1
gradient ofBC=5—-— =~7

gradient of AB x gradient of BC = -1
. AB 1 BC,/ZABC =90° )

- Since 4, Band C are points on the circle,

AC is the diameter of the circle. (1t< in semi - circle)

.E is the mid - point-of diameter 4C

hence it is the centre of the circle

6(iv)

Area of ABCD

2117

-25 6.5 -2
-2 1 8 7

1
=2 (4-25+48+35 4175412 - 5+16)

= 62.5 units?
Alternatively,
1

| ArcacfaBcD =2 ACxBD

= —1—'x1_0x12.5 '
2

=62.5 units?

7()

Volume = %71?2 Qry+mth="T57
§r3 +r*h=75

h=———r
3
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Question |

Solution

(i)

h=—2-Zr

P 3
Elﬁ _—150 2

dr P 3

= _(@+§) <0 for all real values of v >0

r3

Therefore, h is a decreasing functdion.

(i)

A=l +2mh+m® | .

=mNart +r? +27n’(§——§—rj+7zr2
r

1G1v)

.7’2

2 )
d Az(ﬁ_%)2z+300n

P

ﬁ:(\/—_%)zm_BOn

>0 for all real values of r >0

Therefore, the stationary value of 4 is a minimum.

8()

s=4e> +10t -7

Initial position =4 €% +10(0) -7

86

v=-20e" +10

Initial velocity = —'20é’5 © 110
=—10m/s
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- Question R, Solution o
: Yo =51
8(iii) v 20e™ +10
At Instantaneous rest, v = 0
—20e™¥ +10=0
e—Sl — _1_
2
[ = — lln l)
5 \2
r--1 (- 2)
5
2
= —— (shown)
8(vi)
) A
20
0 In2 Arz
5 e
-10
8V |att=0, s=-3m
—s{ 122
att=E1—g, s=4e ( d )_+10(_ln_2_)_7
, 5 5
=(2In2-5m or-3.6137m
Sincein the next 2 seconds,
the particles travels at a constant acceleration,
“its-velocity at t = l%z- +2is (0+2x10) =20m/s .-
hence the distance travelled = 3’;&0 =20m
.. the total distance travelled in the first (T +2) seconds
=3-2m2-5)+20
=22-2In2=20.6m

Gy



NHHS Preliminary Examination 2014- Sec 4 Additional Mathematics Paper 2 Solution

| Question Solution
LEAD = LCAB (common/)
M) | 4E=EC, AD=DB (given)
LAE _4D_ 1
TAC 4B 2
o. AEAD is similar to ACAB (SAS similarity )
iE— = ‘—E—Q (corr.sides of similar As)
AC BC
AE xBC = ACxED (shown)
Alternatively,
AE=EC, AD=DB (given)
AE_4D 1
AC AB 2
ED 1 . .
"7 (mid - point theo rem)
AE_ED
AC BC -
AExBC = ACxED (shown)
) /GBD = /DBF (common/)
%@ | ,GpB=/DFB (tangent - chord theorem)
. AGBD's similar to ADBF (AA similarity )
BD _GB (corr.sides of similar As)
BF DB o
BD* = BGx BF (shown)
10(i) (x-4)?%=x+16
x? -8x+16-16—x=0
x> -9x=0
x(x=9)=0
x=0 or 9
y=—4 or 5

-4 (9,5) and B (0,—4)
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Question

Solution

- 10(ii)

Area of required region

= Area of AADB — Ls(y2 —16)dy+2x

3 5
2 3 \

[ -ioh

3 4
3 0

405-41 4851
3 3

=121.5 units *

v

11(i)

EC =42.5sin(26) - B

BE =42.5c0s(26) 175 em

ZABF + £/BAF =90°
ZABF + ZEBC =90° F

DE = AF =17.5cos(26)
BF =17.5sin(26) -

425 cm

D 13

| AD = BE—BF =42 .5cos(20)-17.5sn(20) . -

P=AB+BC+EC+DE+ AD
=17.5+42.5+42.55in(26) +17.5cos20) +
42.5cos(28) —17.5sin(26) ‘
= 60+ (42.5-17.5) sin(20) + (17.5 + 42.5) cos(26)

=60+ 60 cos(26) + 25sin(26) (shown)

10
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Question Solution

Let 60cos(26)+25sin(26) = bsin(20 +a)

11(i) = bsin(26)cosa + bcos(2f)sin
bcosa=25————— D
bsina =60————— 2)
. M+ :  b(cos’a+sin’®a)=25"+60"
-"" b2 — 652
b=65 or —65 (rej-~-b>0)
2) bsma 60
—(_1; ’ boosa 25
tana =2.4
a = 67.380°

. P =60+ 65sin(20 + 67.4°)

100 = 60 + 65sin(26 + 67.380°)
11(i) _| 40 = 65sin(26 + 67.380°)

sin(20 + 67.380°) = 20
765

Basic £ =37.97987°

0° < 20 < 90°

67.380° < 26 + 67.380° <157.380°

=20+ 67.380° =180°—37.97987° =142.02°

0 =137.3°

Maximum value of P occurs when sin(26 + 67.380°) =1
(260 +67.380°) =90°

."Corresponding value of #=11.3°

Maximum value of P=60+65x1=125 cm

11(3v)

11
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Jx+5
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: (225, 14)
1
A
e
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(iii) —2— = x +10 w4
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Paya Lebar Methodist Girls’ School ADDITE 4L MATHEMATICS
3 Paper 1

1  Giventhattheline y=x+a isatangentto the curve y? =bx, where a and b are

positive integers, prove that 5 is a perfect square. {4]
post : A
2 Find the coordinates of the stationary point of the curve f(x)=1-— T and determine
. X"+ ’
the nature of the stationary point. 51
2 -3
3 Itis given that I—a f(x)dx=a and j'_l f(x) dx =5, where a and b are constants,
and f(x)>0 for all real valuesof x.
Find in terins of a and b, o
s .
® [fed, [2]
2
ay [ 2t -x] . k)
4 Ttisgiventhat 23 % =32(-%)
()  Find the exact value of 4.5%. o B3]
(i) Hence find the value of x, correct to 3 significant figures. [2}
'5  The roots of the cquﬁﬁbn‘ 4 et 5=0 5. ‘where p isan integer, ate ¢ and f.
The roots of the equation x> +18x+¢ =0, where g is an integer, are & end B.
(i) “Express o —af+ % interms of (x4 f) and af. (il
(ii) Find the value of p and ofg’. ~ -~ S (6]

[Turn over
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c

In the diagram, BC is a tangent to the circle BEF, and ABCD is a parallelogram.

Prove that

- (i) £BAD=/FEB,

-({i)y ABCDis similar to AFEB,

(i) BDxBE=BAxBF.

(i)  Bxpress the equation

8cot” 20 =16cosec20—15
as a quadratic equation in cosec 26.

(ii) Hence solve the equation

. 8cot? 20 =16c0sec2d —15
for 0° < 0<180°.

(i) State the number of solutions of the equation

-8cot? 26 =16cosec28 ~15
in the range —360° <6 <360°.

3]
(2]
2]

(2]

(4]

(1]
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5

8  Solutions to this question by accurate drawing will not be accepted.

YA
I
Q
A(=5,6)
M Q 2)
/P 0 > x

In the diagram, M is the midpoint of the line joining the points 4(-S5, 6) and B(-1,2).
The perpendicular bisector of 4B intersects the x-axis at the point P and the line / at the
point Q.

Given that the line [ is paraliel to the line PB, find
() the coordinates of Q, - (4]

(i) the area of the quadrilateral 4PBQ . (2]

9 A patticle travels in a straight line, so that # seconds-after passing through a fixed point O,
dits velocity, v ms™, is given by v=3(e" +2), where k is a constant. k

e s e . P S
- The initial acceleration of the particle is g-ms 2,

@) Sho_w that the value of & ‘is.—;. o ‘ I {1
() Explaih'why the particle would never return to 0. ' 21
: . (iﬁ) Find the total distance travelled by the particle in the f_lrst 5 seconds. 3]

['I"urh over
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10
YA

> X

O

The diagram shows part of the graph of y =] x+2.] . In each of the following cases,

determine the number of intersections of the line y=wmx+c with y =| x+2 l , justifying

© your answer.
() m=1 and ¢>2 [2]
- :
(i) = 0 and c¢<l [2]
1
Gii) m= ) -and ¢=0 A _ . 2]

11 The function f is defined, for all values of x by f(x) =2 —asinbx where a anci b are
positive.integers. The minimum value of f(x) is —1. Two complete cycles of the graph of
y=£(x) .can be sketched in the interval —7<x<7.

(0 Find the value of a and of &. 2]

Using the values of g and of b found in part (i),

(i) find, in radians, the largest negative-value.of x for which f(x)=2, . o m
i) sketch the graphof y=£(x) for ~r<x <7, . o

(iv) identify a possible pair of values for ¢ and d; if the equation asinbx+ccosdrx=2,
where ¢ and d dre positive integers, has exactly 5 solutions.in the interval . S
—nsx<m. - (21




xT

12

7 N

Using experimental values of variables x and y, a graph was drawn in which Iny was

plotted on the vertical axis against x on the horizontal axis. The straight line that was
obtained passed through the points (2,3) and (10, 7).

(f) Show that the equation connecting x and y can be expressed.in the form y= ae®*

where a and b are constants. [4]
(i)  Find the coordinates of the point on the line at which y =¢2**1 (3]
A
T  30cm
hom
} y

The diagram shows a hollow conical container of hcighf 30 cm and radius 1Sem. The

container that is initially completely filled with water is held fixed with its circular rim
horizontal. Water is leaking from a hole at the vertex of the container at a constant rate of

10em’s™!. After t seconds, the depth of water is & cm.

()  Show that the volume of water in the container, ¥ cm?, attime ¢, is given by

7lfl3
V=, 2
D) 2]
(i)  Find the rate of change of the depth when A=2. 4]
(iii)  State, with a reason, whether this rate would increase or decrease as ¢ increases. 1]

‘End of Paper
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Additional Mathematics (4047/1)

Answer Key
Qn | Answer Qn | Answer
. . 2 —
1 —b-=4,apcrfcctsquarc 7 (i) 8cosec 29—-16::/25(:(:29-&-7~0
a
(i) cosec2d = 4:t4 2 ,
8=23.8° 66.2°
(iii) 8 solutions
2 | Stationary point= (0, —1) 18 1@ 0f8)
It is a minimum point ‘(i) 32 square units
3 2 _ 9 1. 1
® Lf(x)dx—a+b @ k=§ |
@ii) J' 1[2f(x)— x]dx =2a+ b)_i -1 (i) Velocity of the particle is always positive =the
1 -2 -particle is always moving away from O and to the
right.
(ili) 55.8 m (3 s.f)
4 ® 45,_9 10 | (i) For m=1 and c>2, the line y=mx+cisabovc
. 5=

() x=0.0783 (3 s.f) .

the right arm and parallel to it. .. The line y=mx+c¢

intersects the left arm at one point. Number of
intersections = 1

(i) For m =% and c=1, the line y=mx+c passes
through the points (~2, 0) and (0, 1).
For m =-;- and ¢ <1, the line y=mx+c lies entirely

below the graph of y =|x+2|.
Number of intersection = 0

| (ii) .For m=—%' and ¢=0, the line y=mx+c

| passes through the origin, and the points (—2,'1) and

(-— 4, 2) ‘The line y =mx-+c intersects the graph of

-y =|x+2] twice.

Number of interscctiohs =32.




11

@ a=3,b=2

Q)
R 2 _ 2 _ 2 .
.»(a“)’ a}ﬂ +3ﬂ *(?7:; B ) Jaf (i) Largest negative value of x:—%
171y p=-3, g=
e N (iii)
)4
Al
[\ [\)’=2~3:in2x
. 2
"\ 7]: o\ }i : =

,,‘ - -x\/z-i- _‘__v-?'- X

(iv) one possii:le pair c=d =2 ‘
() Show that ZADB = ZBFE 2. . L1
(i) Show that ZBCD= /FEB, () y=ae” where a=e" b= .
- Show that /BDC = ZFBE 9 7 )

BD CD (i) (—-, —)
voq AU' rt","—'_-=———" 3 3
(iit) Using part (it) 5~ 2B »
13 oe
) V=
® 2

@) -3.18cms™

(iii) Since % =—;§%, the rate of change of the depth

will increase as ¢ increases.

381
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2

. . Paper 2

(i) Differentiate x cos — with respect to x.

(i)  Using the answer to part (i), find j‘2x sin -;idx,

and hence show that j3 2x sm = dx 2 L2 — l’i’i}

ADDITIONAL MATHEMATICS

2]

{51
4 4
(i)  On the same diagram, sketch the graphs of y = —Tlgx-" and y=-16x 3 for x>0 [2]
(i) - Find the coordinates of the pdint of jntersection of the graphs. [2]
1 4
(ii) Determine, with explanation, whether the normal to the graph of y=~—x3 and the
-4
tangent to the graphof y=—16x 3, .at the point of intersection; are perpendicular. [4]
Cl
‘B
The diagram shows an enclosure where AD =5 m, CD =3m-and Z4ADC=90°,
The side AD makes an acute angle & with the side AB.
The sides AB and BC are perpendicular to each other.
- The total length of the c‘nclosurc is L m.
@) Show that L.can be expressed as a + b.cos 8+ ¢ sin 9 whcrc a,bandc are constants
to be found. - [3]
(i) Express L in the form a+ R cos (8- ¢) where R >0 and ais an acute angle 41
The total length of the enclosure is found to be 11.8 m.
(i) Find the value of 8. ' ! 2]

{Turn over
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4
3 __q,.2 _ ) }
4  Given that 2 3x2 Hx+20 _ 2x+a+b;!-6,
x° =9 x" -9
(i)  find the value of each of the integers a, b and c. (4]

Hence using partial fractions and the values of @, b and ¢ obtained in part (i), find

f 2x° —3x% ~11x+20
xr_9

(i) dx. | . (6]

3
>

A R

The diagram shows part of the curve y =+/9—2x that crosses the axes at the points P and Q.
The lines PQ and PR are perpendicular to each other and intersect the x-axis at the points

R and 0.
() Find the coordinates of P, Q and R. | [4]

(i) Find the total area of the shaded regions. {6}




A:-curve has the equation y = f(x), where f(x) =

In(d-x) forx < 1.
x—1

Obtain an expression for '(x).

The tangent to the curve-at the point where x = —1 intersects the y-axis at the point A.
Find the exact coordinates of the point 4.

Showing all necessary working, find the range of values of x for which fisa
decreasing function.

Hence deduce-the range of values of x for which fis an increasing function.

-_'(ill);A ‘Find the value of 1 and of p.

(tv)- - Herice find the coefficient of * inthe expansion:of:

[Turn over
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®
(i)

iy

6 - R
Prove the identity cos 44 =8 sin 4 —8 sinz.A + 1.

Solve the equation 16 sin' A— 16 sin” 4 =—4 for 0 <A < m, giving your answers in
terms of =. -

Given that is‘.'sin4 g——Ssin2 -;i+1=0 and cos x #0,

. (@ deducethattan:&=i1,

(b) find the possible values of sec x.

The points (—15, —5) and (1, —5) are on the circumference of a circle whose centre lies

Find
@ -
(i)

(iii)

- below the x-axis. The line y=-21 is a tangent to the circle.

the centre and the radius of the circle,

the cqﬁation of the circle in the form »* +y* + ax + by + ¢ = 0, where 4, b and ¢ are
integers, ’

the equations of the tangents to the circle that are parallel to the y-axis.

4

(4]

B1

E)
(21

(8]

(2]
(2]

385
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10 (a)

(b)

©

Given that u=log, x, find, in terms of u,

® log; (1Vx)

). log, (;}5}

Given that In (xz y): p and In (xyl) =q, express Z interms of paadq.
: y

In an experimental environment, the population of a certain bacteria can be modelled

‘by the equation P =500+ Ae™, where A and k are constants and f is the time in

days. During the first 3 days of the experiment, the population of the bacteria
decreased exponentially from 5500 to 5000, find

(i) thevalueofdandof k.
If the population of the bacteria continues fo decrease at the same rate,
(ii)  after how many days would it first decrease to below 1000?

End of Paper
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.Answcr Key

Qn | Answer
l i N . .

1) -é—(:oosi‘-‘)——isln—i-l—cosf-
S S Rt 2 2 2

i ]'me;%dmxsin'-;--axcos%+c

s

I'd
3 7.nm—d.t=‘.'.l 2-35

M

<

Q

e e

: ;an &

: 4" 4
aly @ sl
(0) =mtoxw

“

(1) Palnt of lntersection = (8,—1)

4
() Thie normel to the graph of y= -—116-,@ is

not pcrpendicuhu‘ !n thc tangent fo the
eraphof y=——16x 3 a5
(gradicot of normal)x (gradiant of tangent)
= 67<-!- -—1

6




() L=8+2co0s8+8sing
. where a=8,5=2 and ¢ =8§

) L=8+2J17 cos(6—76.0°)

(I} Ceatw of citcle =(-7,-11)

Radius of circlc =10 enits

4. a0 a=14,6=22 and =70

an 9=134° @) x=—17 and x=3
' 10
® '._._?____-—_2‘3 3"1;"*?‘) ax-3+ ;’L:; ® Q@ log (7«f;)=’+%
1 ' (1)..23
an Im’ -3 -;nmo an ‘08:1\343)- "
_ S T Taert
| [ 3*3(:+3) m—m] © -7
© ® A=5000
= xt —31+'?lﬂ(i ¥ .35‘+'.3-'ﬂ(x— H+C k~—0.0351 (o3 5.£)
- () 66 days

()]

;.'lb(alnmtof ahndad toglons

5'~«(2x3)+j2«l9""'dx+ o

S
= 5— gq. unlts
P

1—{n(l-x)
(x~l?

(m' A= (0 l—3ln2]

)] ' £'(x)=

(1)) £ s adecreasing function for x <i—e¢

@v) f Isdincreasing function for —e<x <
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2
Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax®+bx+c=0,

b+ \}bz— dac

2a

X =

Binomial Theorem
(a+b)"=a"+ (13 a'b + {Z} a7 b+ .+ {n} a~b +.+b",
, . r

n!  nn-l).... (n—r+1)

. e n
where n is a positive integer and k J = =
g r (n=nr)'r! r!

2. TRIGONOMETRY

Identities
sinA +cos’A=1.

secA=1 + tan’ A.
cosec’ A =1+ cot A. ;
sin (A+.B) =sin Acos Bt cos Asin B
cos(A+ B)=cosAcos BFsinAsin B
+tan
tan(A+ B) = M
' l1¥tanAtan B
sin2A = 2sin AcosA
‘cos2A=cos’ A—sin? A=2cos’ A-1=1-2sin’ A
tan ZA — ._2._‘:.31._134_
l1—-tan“ A

Formulae for AABC
a b ¢
sinA sinB sinC

a? =b*+ct—2bccosA

= lb(:sAinA



Express ++/125 in the form a + b+/5, where a and b are integers. [3]

5
5-245

Find the smallest value of the integer a for which 5x* — ax + 3 is positive for all
values of x. [3]

(i)  Sketch the graphof y=¢""— 1. [21

(ii) Find the equation of the straight line which must be drawn on the graph
y=e"* — 1 to obtain the solution of the equation
In 3x+2)=In2 + (3 —x). [3]

The roots of the equation x*—3x+10=0are o and B Find the quadratic equation
~ whose roots are o and 7. - [5]

: 2x .
A particle moves along the curve y = S . Given that the y-coordinate of the particle
X

is changing at a constant rate of 6 units per second, find the rate of change of the
x-coordinate when x = 2, giving your answer in terms of e. (5]

X
term independent of x is 240. Find the value of k. 3]

. 6
@) In the binomial expansion of [ x2+£) , where k is a positive constant, the

(i)  Using the same value of & found in part (i), find the coefficient of x'2 in the

AN |
expansion of (1a5x6) (x2+—) . (3]
. X

Jim buys a new car. After # months its value $V is given by V = 120 000e™, where k
1s a constant.

- - ()  Find the value of the car when Jim bought it. : ‘ : - [1']‘

The value of the car after 12 months is expected to be $ 100 000.

(ii)  Calculate the expected value of the car after 4 years, giving your answer to
3 significant figures.

Bl

(iii)  Find the age of the car, to the nearest month, when its expected value will
be $ 30 000. '

(2]

CHIJ SNGS Prefiminary Examinatiori 2014 — Additional Mathematics 4047/01
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48
8 Given that f(x)=sin2x—xfor 0<x<r,

Q) sketch the graph represented by y = f'(x),

(ii) ‘find the range of values of x for which f(x)=sin2x—x is an incres -
function of x, giving your answer in terms of 7 .

»

&

iyl b
/ N

The diagram shows part of the graph of y=9—-|2x-6].

&y

(a) Find the coordinates of A, B, C and D.

(b) - Theline y = mx, where -m > 0, intersects the graph of y=9-{2x -G,
one point. Find the minimum value of m.

10 A particle moves in a straight line, so that, f seconds after leaving a fixe< pc
velocity v m/s, is given by v =1(2 — 3t)2 . Find

(i) - - an expression for.the acceleration of the particle in terms of ¢,

(i) the distance travelled by the particle before it comes to instantaneous e : i

11 @ - :By squarmg sm 9+cos o, or otherwxsc show that

. sm 9 + cos 9——(3+cos49)

Hence,

V3

(i)  solve the equation sin® @ + cos*d = %+ —— for 0 <@ < zradians,
.giving your answers in terms of 7 .
(i) state, for —~Z<@<7, the number of solutions of the equation

_@

sin49+dos4 6= é+ .
) g 4 8 B

CHIJ SNGS Preliminary Examination 2014 — Additior;al Mathematics 4047/01
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yA

y=sin2x

4] Q;

The diagram shows part of the curve y =sin2x. P is a point on the curve and its

. . 43 -
y-coordinate 1s —‘{2—_— . The.curve meets the x-axis at Q.

Find
(i) the coordinates of P and of Q in terms of =, [4]

(i) the area of the shaded region. : 5]

‘The table shows experimental values of two variables, x and y, which are connected by an

equation of the form y =2

, where a and k are constants.
e I ;

X 1 2 3 4 5 6

y 5.58 | 7.79 |10.87 | 15.17 | 21.18 | 29.56

@) Plot In y against x for the given data and draw a straight line graph. [2]
(ii) Use your graph to estimate the value of a and of k. [4]
(iii) " On the same diagram, draw the line representing y*=¢ **® and hence find

" the value of x for which ae?*™4 =¥, 3]

CHIJ SNGS Preliminary Examindtion 2014 — Additional Mathematics 4047/01 _



SNGS Additional Mathematics Prelim Paper 1

I i - 8 .o i
24645 @) OSx<—7£,5—7[<xS7z
6 6
2. i ra=—
: Smallest integer a 7 9(a) 4 (_1 _;_ ,0} B (0.3)

C=(@3,9), 0(7%,0)

3 (ii) y= —?’—x' (b) minimum value of m =2

2 .
4. x2+63x+1000=0 10() | a=4—24s +27¢2
3. -STunits persec (if) _4__ or 0.148m
. e 27
160G k=2 11(i1) _ @ lizr 13z 237
_ - 24724724 24
(i) {-—299 (ii1) | 8 solutions

7(31) $ 120 000 12(i) T z 3

Q_ ,O ) P e
2 372

(i1) $57900 (to3s.f) (i) | 0.547 sq units

(ii1) 91 months 13(Gi) | a=4.06 (3s.f)
k=-0.334

@ii) | x=1.15

51
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+c=0,

b \sz— 4ac

2a

X =

Binomial Theorem
(a+b)" =a" + {’3 a"'b + {’3 a7+ o+ {n) a”'y +..+b",
r

. . n n! n(n—1)........ (n—r+1)
where n is a positive integer and L J = ( e = ‘
r n—r)tr! r!

2. TRIGONOMETRY

Identities
sin’A +cos?A = 1.
sec’A=1+tan’ A.
cosec’ A =1+ cot’ A.
sin (A+ B)=sin Acos B*cos Asin B
cos(A* B) =cos Acos B ¥sin Asin B
‘ tanA+tan B
1¥tanAtan B
A sin2A =2sinAcos A
cos2A=cos?A—sin? A=2cos? A~1=1~2sin’ A
C 2tan A
an24 - 2204
1—-tan“ A

tan(A+ B) =

Formulae for AABC
a b c

sinA sinB sinC

a’=b>+c*—2bccos A

=ibcsinA
> A

CHIJ SNGS Preliminary Examination 2014 — Additional Mathematics 4047/02



Using a separate diagram for each part, represent on the number line the solution
set of

i X +2x>3, : 2]

() -3<2(2x+D-x% | ‘ [2]

_ State the set of values of x which satisfy both of these inequalities. [1]

) Differentiate vcos2x with respect to x. 2]
£ sin2x

(ii)  Use your answer to part (i) to evaluate I dx, giving your answer

0 2./cos2x

in the form a + b+/2 , where a and.b are constants. [31

The diagram shows two circles and BT is a tangent to the circles at B.
AE produced and CD produced meet the tangent at T

ZTAB=x" and ZTCB=y°. ABC, AET and CDT are straight lines.
()  Provethat ZEBD+ ZETD=180". ’ - 3]

(i)  Prove that ATXET=BT°. D [3i

CHIJ SNGS Preliminary Examipéﬁon 2014 — Additional Mathematics 4047/02_
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4

The function f(x) = x>+ ax’ + bx + 4, where a and b are constants, is exactly divisible

by (x — 2). Given that f(x) leaves a remainder of —3 when divided by x + I,

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

(i) express f(x) in the form (x —2)(x — 1 —\/d—)( x—1 +«/z7), where dis an
integer. :

12m

6
L M

The diagram shows a pond KLMN in a school. LK =8 cm and KN = 12 m.
LRN = LMN =90° and KLM =8, where 0° < < 90°.

Given that the perimeter of the pond is P m,
() find the values of the integers a, b and of d for which
| P=a+bcos 8+dsin 6.
Using the values of a, b and d found in part (i),
(ii) express P in the form of a+ Rsin(@ —a), where R> 0 and 0°<a<90°.
Hence

(ifi)  find the value of §when P =38.

The function f is defined, for all values of x, by f(x) =2cos (g) Q-l L
(i) - State the maximum and minimum values of f -
(ii)  State the amplitude of f.

(iii)  State the period of f in terms of 7.

(iv)  Find, in terms of 7, the smallest positive value of x for which f(x) = 0.

) Sketch_ the graph of y=f(x) for —27x<x<2x. ~

_ CHIJ SNGS Preliminary Examination 2014 — Additional Mathematics 4047/02
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10

The equation of a curve is ¥ =3x” Inx. The tangent to the curve at the point x = e
meets the x-axis at A and the y-axis at B.

@)

(i)

(@

(b)

Show that the coordinates of A are (%ez ,0).

Hence find the area of triangle AOB in terms of e.

Solve the equation

1 1
+

log,5 log;5’

® logs (x2—5x+ 20) =

) gy’ =(gy)?.

Solve the equation
8 —15¢2*~2=0 .

5

The point A (—8,16) lies on the curve y = kx?, where k is a constant.

@)
(i)
(iii)

- (iv)

)

Q

(i)

(iif)

Show that k =—

N =

5

Sketch the graph of y = kx? for x>0.

. 5
On the same diagram, sketch the graph of y=kx 3 for x>0.

_Calculate the coordinates of the point of intersection of the two graphs.

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

- Findf%[lﬁv(;_z’@)] |

2
. +45
Express x3 9 in partial fractions.

X +9x
2 3 2
Find J- x”+45 dx and hence evaluate J. x~+45 dx
X +9x I x3+9x

CHIJ SNGS Preliminary Examination 2014 — Additional Mathematics 4047/02
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6

: d*y 4 . . .1
11 A curve is such that —5-=———. The gradient of the curve at the point (2,1) 1s —~.

: dx*  (2x-3) 2

- Find the coordinates of the stationary point of the curve and determine the nature
of this stationary point. . (11}
12
0(0, 8)

P(7,1)

The diagram>shows a circle, centre C, that passes through the origin 0.
The points P(7, 1) and Q( 0, 8) lie on the circle.

@) Find the equation of the perpendicular'!jisector of OP and of O0Q. [4]
(ii) Hence show that the coordinates of C are (3, 4). [1]
(iii)  Find the equation of the circle. [2]

The points R.and.T, which:lie on;. the circle, are the-same distance from the x-axis
as the point P.

(iv)  Find the equation of the tangent to the circle at R and at 7. [41

CHIJ SNGS Preliminary Examination 2014 — Additio‘nat.Mathemaﬁcs‘ 4047/02 - .



SNGS Additional Mathematics Prelim Paper 2

1. 1<x<5 7Gi) - | Area AAOB=2¢°/2.7e° sq units
2() | —sin2x 8@)(1) | x=2 or x=3
o vecos2x
(ii) %~%,j§ (ii) x=1 orx=100
4(1) | a=—4, b=2 (b) e =— % (no solution),
x=0347 (3s.f)
(i) [ f)=(x—2)(x-1-3)(x-1+3) |9 (1_3)
) T2
-5(1) 20—4cosf+20sind 10(1) 2x
(i) | p=20+426 sin(@-11.3°) @ | 5 4
x x*+9
(i) | 6=733° (1 d.p) (i) | Sinx—2In(x*>+9)+c -
In75 or 432
6(1) | Max value = 11. min (1.9,0.973)
Min value—- 3
(ii) | Amplitude =2 12(1) y=-Tx+25
Period =47 3
(iii) 22T (1) | (x=3)+(H-4)*=25
3
@v) _ 4 B 1
YTT3ES

y=-1

59
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The curve: y =(4+ p)x’ —4x+ p hasa maximum point and cuts the line - y'.= ~1 at two distinct

points. Find the range of values of p. | ' ' {5}

A curve has the equation y =3xe?*!.
.'1’(1) Show that the curve has only one stationary point. : {4]
(u) Determme the naturc of this stationary point. ’ (2]

The diagram below shows the graphs of y= f(x) and y= f(x)+3.
‘Given that J: f{x)dx =16 and f:f(x) dx = -7, evaluate

O firwa, . il
‘ ,‘ iii)ﬂ, me area of the shaded region, . ‘ 2]

4 y=fx)+3

y=fx)

3 R

0/4
-3

* Using a separate diagram for cach pan, represent on the number line the solution set of
W L
‘_(n) @x+1)* >9 o | - 2]

] :chcc state the rangc of valucs of x which satxsfy both mequalmcs B o 2]

389
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5 Solve the following equations in the given range:- - . :
(a) ;cos(Zx—%)«Msian =0, 0<x<3 o 14}
(b) secx(tanx-2)=2cosecx, -—180°<x<180°. - . ‘ (4]

Begin this Section on a fresh sheet of paper.

6 Giventhat o’ + 8 =14 and that aff =7.

(i) find the value of + B ,where a+8>0, | .- [2_]"
(il) Find the quadratic equation whos;.c_i'oots are —1-and g -1. 4 o Bl
7 () Solve log,(log,(10x+2)] =log, 3. o ' o B

(1i) The solution of 2*** =2**' +3 can be expressed in the form log, —5 ; where p and q are

integers. Find the value of p and of q. ‘ Bl

‘

‘8  The figure shows part of the straight line graph whichis obtained by plotting -%— against x for. a -

relation between x and y given by 4y =8x® +12x*. This straight line graph passes through 2 (1,p)

and cuts the x-axisat R. Qis a boint on the horizontal axis such that ZQPR =90°and ZQRP =a'..

R/

. -Find the value of p, of & andthex-coordmage (}f'Q.; o oo : Mo

-~ A

L 4
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. 9 A round stool has radius 2 m and height 1 m.
A small-lamp-O is. ﬁlaced h metres vertically above the centre of the stool, where 0 <h< 4.

The lamp casts a shadow of the stool onto the ground.

hAm
A\ 4
4
Imy| -
v
: 2
(i) Show that the area of the shadow, 4 m?, is given by 4 =i’£_-(—2~:-—-l)— . ' 2]

.(ii) The lamp is lowered vertically at a constant rate of i—mls, find the rate of change of 4 when i =3,

i

. 4]
‘Begin this Section on a fresh sheet of paper.

10 - The function fis defined by f(x)=2~5x-x:

- .- (i) Express the function in the form f(x)=a~(x+¥5)?, stating the maximum value of J. Bl

‘.i (if). Sketch the graph of y=|f(x] for —6<xx1, indicating the coordinates of the maximum point

_and thé points of intersection with the coordinate axes. - : - 3]

- ; @it Héncé, state éhc-_mnge of values of z in thc range —6<x<1 for which the equation |f(x)=z has

gy s

.QE.:.':;: o4 solutipns, o . - B . ‘ al

391
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11 (a) In the figure, the tangem to the circle at B meets the diameter A£ produced at C. Given that BD is
perpendicular to AC, prbve that

(i) EB bisects ZCBD, B3]
(ii) AABC is similar to ABEC, (2}
(iii) ABx BC = ACx BE. -

(b) Inthe diagram, £ is the point of intersection of the diagonals AC and BD of the quadrilateral ABCD.
The points ’, Q. Rand S are the midpoints of 4, BE, CE and DE rcspectivcly.'
Prove that the perimeter of 4BCD is twice the perimeter of PORS. {31

12 A particle moves in a straight line such that ¢ seconds after passing through point O, its displacement,

s metres, is given as s=ksin(z¢), where k is a constant.

(i) Express the velocity v ms™, of the particle in terms of 7, kand 1. 1] '
(i) The initial vélocity of the particle is 4z ms™ . Find.the value of &. 2
(iif) Find the value of ¢ at which-the particle first comes to instantaneous rest. ' 3}
(iv) Find the total distance travelled by the particle-in the first second. : 3]

vEnd of Paper
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Answer key.
L  -S<p<—4 2. The stationary point is a minimum point at x = -%
3'1 (i)' '0) tf(x)dxzm_(_7)=23- 4. 1@ x<3 and -x<3
» } x>-3
o0
- {—> x
-3 3 -
@) | Sunits? (i) | Solutionset: {x:xe®R, -3<x<-2 or l<x<3}
5. 1@ | x=148rad (3sf) 6 | | gep=28 or 247
[ (@) | 7 =-1101% =36.2°,69.9°, 143.8° @ | Bquation: < — (247 ~ 22+ (8- 247) =0
.10 | x=3 8. x- coordinate of Qs 11.
() [ p=3.g=4 1L { (8) | i) 44BC issimilarto ABEC. (44 similarity)
Pt | 4z,
A : —m s
27
TR R
Maximum value of f(x) :343— or 8-}{
(i) Y
|G} 0<zL4
1121 @) | v=tkacos(rt)
@ | k=4
@) | t=0.5s .
(iv): | Total distance travelled by the patticle in the first second = 2(4)=8m
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/ 7" Answer all.questions. - o '

: “Section A.
1. A cup of hot drink, initially at 95° C was left to stand in a room.
The temperature, 6°C, at time 7 minutes is given by the equation § = Ae™™ + 28,

where 4 and kare constants. At6 minutes;:>thc tempcxamr.e‘dropped‘to 50° C.

(i) Find the value of 4 and of & . [31
(i1) Find the time T minutes, where 7 ié.a whole number, after which the temperature is
below3stC. - @2
(iii) Calculate the rate at which the tcmpcratun::'. decreases when ¢ = 0. 2]

(iv) State the temperature the drink will reach when it is left to stand for a long time. [1]

i

2. Given that the roots of 3x*~ 13x+2=0arexand B,

(i) State the value of (@a+p, {1]
(b) aB. It

(ii) Given further that @ = In p and B = In g, find the value of each of the following:
@Inp?xIng, : om
(b) loggp + log,q. : ‘ 3]




395

STH - AM- 2014 ~Paper 2 p2

B The above diagram shows a graph of the curve x =4y —)*. The curve meets the y —axis at
the"c.)rigin and point 4. The line x = pis a tangent to the curve.

(1) Find the coordinates of point 4. and hence the equation of the line of symmetry.

. (2]
(i)  Showthat p=4, 2]
(iii)  Calculate the area of the shaded region. . (31
' s 5. . .
4. (a) Expand (1 + 2x) ” and (1 — 2x)” in ascending powers of x.
Hence write (1 +2x)° - (1 -2x)" in its simplest form. 8
Use your expansion to find the exact value of
(1+242y -1 -242). 03]
(b) Given that ais positive, write down in descending powers of x, the first four
ferms in the bxﬁa,nsién of (x 42 ’sAin;xp’libfying’ the coefficients. (3]

_;Gijcn that the ratio of the coefficient of the fourth term to the coefficient of the second term

i§7.29, find the value ofa. . . 2]
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~ Section B. ( Starton a fresh shee{'of px;pcr;). ' ‘
5. Thelines y=8andy=- 2 are tangents to a circle C;,
The line 3y =x + 11 is an equation of the diameter of the circle.
Find (i) the radius of the circle. ‘ ‘ 88

(ii) the coordinates of the centre of circle C;, 31

Circle C; has the same centre as that of Circle C; but its area is twice that of the area of

Circle Cy.
(iii) Find the equation of circle C; in the form x* +y2 +px+qy +r=0,
where p, g and r are integers. . 3]
. 4 3 2 3' 2 ©6xt 4+ bx+c
6. Giventhat (x" tx” +4x"-3x + 1) + (¥’ -x") =a+x + -—T(—-——ﬁ-—, find the value
. .- x x—
of each of the integer a, b, and c. « 31

‘ -
Using partial fractions and the values of integer g, b, and ¢ found,

4 3 1 :
x' +x +4x 3x+1dx (6]

5
evaluate I T
3 x —-x
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Y
D+

0 \ '
..y=cosé

The above are sketches of the curves y = sind + 1 and y = cos@ for 05 8 < 3 .

The line 8=k meets the curves at points 4 and B respectively, where 0 < k < % z.

Find the length of 4B when @ = 3—:—

Show that at this value of §, AB is the maximum length.

(b) Giveny=e %, find % Hence find the exact value of E 4e°*** sin2xdx .- -

sin® @ + cos® @ _2-sin20
sin0+cos€ 2

8. (i) Show that

sin 9+cos g 17

Qn) Hencc or otheﬁvnsc | ngen thatm 0" .Show that sin 29 = % 4
(iii)) Given further that 20 is an acute angle, without using calculator, =
find the value ;)f (a)'éos 6
(b)tan36.

ST = AM- 2014 Paper2 pa \ 1

(4]

&) R

o

2]

. (3]
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.The diagram showé two triangles OAB and OBC with L OAB = £OBC =90°, and
£AOB =6, '

The line CD is drawn parallel to BA.

Given that 'OB =5cmand BC=2cm,

(i) Show that CD =2cos 6+ 5 sin 6. 4}
(i)  Express CD in the form R sin (8 + a). : (4]
(ili)  Find the maximum value of CD.and the value of 6 at which it occurs 3]

10. (i) Express the function fx)=9x + 3% — 8x — 4 as a product of three linear factors,
4 and show that the equation j(x) 0 has 2 real distinct roots. B3]
(ii) vaen y= j‘(x) Jfind the coordinates of the. tummg points of thc curve
y=92 +35 ~8x~4. ' )
Sketch thecurve y =9x +3x* - 8x 4. o
S ¢ Proof of nature of tuming point is not required.) . R . (5]
- (i) From your sketch,
(a) state the range of values of x for which y is a decreasing function. m
(b) explain why the function g(x) = 9+ 3.\'} -8x-5 has"only one linear factor.
: 1]
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11. The line y = x intersects the curve y = x? at three points 4, B and O, where O'is the erigin.

(i) Find the coordinates of 4 and B. - (3]
(i) Sketch the curve y = x* and the line y =x on the same axes. 3]

. . 1 1. . .
* (iii) Given that-the point P.(-é, -2~) lies-on the curve, find the perpendicular distance from

the point P to the line y =x. ) (4]
(iv) Find the gradient of the tangent to the curve at the point 2.
State whether the tangent drawn at jaointP will meet the liney =x, givinga -

) . X 1 - .
reason for your angwer." . ) 31

Eud of paper
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: .Answc'r.'Key
Lo () |k=0.186(3s.f) @) S )
| @arp=2 @ap=3
(i) | T=13. -1 (ii) 22 26l
' @ @ S
(iii) | 1.94" C/min. @ |s9642.
(iv) | 28°C ®) | since.c 0,01
310 [AQ04) ® S units.
_{ Equation of line of symmetry is y=2 -
(iii) Y (ii) |-Center of circle (-2,3)
- ‘J:_t" )
, K (iii) x2 +y1;*-4x~6y—37=0.
& Q- y=2 ‘
7R
v j P ) v x Y
x4 ® | x*+x+4x" -3x+1
. X=xt
1 4
Iy e
. 1_,2 (i) | 15.7 (3 sig fig.)
R d shaded g5~ w2Z .
oquired shade ama 3 3 uni_tsz | |
7 (@ | 1+V2uals (iida. 36
3 cosd =T
sthe valucofhat 6 = -E/r is maximum. '
® | 2 (b) 4
!:‘-48“‘“ stn 2xdx = 2(e — J;) ! 9




=68.2%(to 1 dec.place.)

L ®

(i)

A andBare points {1, 1)and (-1, -1)

1Y

-

X
2 2
. 2
| Qi) | pepeotintic gienie o (. 310 6
Y
16
(iv) | since gradient of tangent and

gradient of line y=x are different, the |

lines will meet,

'y

I -

I S N 1
b s N/
/ LW

'«4 Dt &

Draw the lmoy- l od thegmph ot‘y-j(x)
The line'thects the curve at only one potat,” *
Thus 93 + 3‘1

STH =~ AM 2014 —Paper2 p8&
(i) | cD=/29 sin( 0 +21.80°) 101 (i) x'=10r_§.”' ]
(D] 6=6a20° Stationary polatiare (-3, 0) aad (5, —6:2y"
. ‘ 3 _

&3 ‘has’ only one linear ﬂnc(o} o

+~
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Write your name, class and index number on the work you hand in. -
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You may use an HB pencil for any diagrams or graphs.

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

Answer all the questions.

" Write your answers on the writing paper provided.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal in the case of angles in
degree, 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.
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c= 0, A
. —b+Ab* —4dac

2a

Binomial Theorem

r (n—nr)ir! r!

n) n _n(n—D...... (n-o

where n is a positive integer and (

2. TRIGONOMETRY

Identities
sin’A + cos’4 = 1
sec’A = 1 + tan’A
cosec’A = 1 + cot’A
sin(A+B)=sinAcosB xtcosAsinB
cos (A = B) =.cos A cos B+ sin A sin B
tan (A + B) = tinAitanB
1¥tanAtan B
sin 2A =2sin A cos A
cos 2A = cos’A— sin’A =2 cos’4— 1 =1 — 2 sin’4
tan 24 = 2tan A
1-tan’ A
Formulae for AABC
a b c

sin A _sinB “sinC
a® = b + >~ 2bc cos A

A= lbcsinA ‘
2
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(@) Find the exact value of x if 27 =+/34/27 . [3]

(b)  Find the range of values of m for which x* — 2mx + 2m is greater than — 3
for all'real values of x. [4]

The roots of the quadratic equation 2x”> —~4x—1=0 are « and f3.

(i)  Showthat o’ + f° =11. [3]
.. : drati — 1 1

(ii)  Find a quadratic equation whose roots are Py and F . 3]

()  Sketch the graph of y =[3—~2x|—2 for the domain 0< x<4. 3]

(ii) Find the range of values of x for which ,]3 - 2x] —2 < x—2 for the domain
0<x<4. | (4]

3-5x
2+3x

Show that y =In ( ) has no stationary point for ——32— <x< % 4]

Giventhat [ f(x) dx=| f(x) dx=5,
® find [ 2f(x)dr. 2]

()  Explain the geometrical interpretationof | f(x) dr=a. | |
State the value of a. : o S N )

i) Givenalsothat [ f(x)+1 dr=27, evaluste [ f(x) dx. B3]

Find all the angles between 0° and 360° which satisfy the equation -

SSecy—3c05y=5tany. [4]

4047/1/Sec4Prelims14 . .
' ~ [Turnover - -



406 4

7 The diagram shows 2 circles touching each other at point D.
ADE and BDF are straight lines and they cut the circles at points A, B, E and F.
. Q. is the centre of the bigger circle, BC is parallel to OD and XYis a tangent to.
the circles at D.

()  Show that BD bisects ZOBC. 3]
(ii) Prove that triangle ABD is similar to triangle EFD. [4]
8 A movihg particle travelling in a straight line passes a fixed pointvO. Its velocity,

~ vms™ is given by v =8—5sin 3¢, where ¢ is the time in seconds after passing O.
Calculate

(i)  the initial acceleration, 2]

(ii) the distance of the particle from O at ¢ = —Z—s, 3]

(iii)  the average velocity of the particle during the first % seconds.[2] . -

9 Variables x and y are related by the equation y = 1x .Given that x and y are

-Xx
functions of ¢ and y increases from an initial value of 2.9 at a constant rate of * -
0.005 units per second. Find, after 20 seconds,
. (i) - the value of y, - . . (1]

(ii) the corresponding rate of change of x.{4]
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A line passing through A (-3, 6) cuts the y-axis at B and x-axis at C. Given that
AB:BC=1:2,find )

() the coordinates of B and of C, (3]
(i)  the equation of the line AC. ' ' [2]
: Another line passing through M, the midpoint of AC, cuts the x-axis at N such that
- LMNC = /ZMCN .

(iii)  Find the equation of the line MN. {31

y
(-3,64
B

0 C > X

11

The table below shows the experimental values of x and of y which are known to

3 -
be related by the equation y = p(x+5)2 —g+/x+5 , where p and g are constants.

y 246 |282 31.9 }35.7 |39.7

1)) On graph paper, plot Y against x and draw a straight line graph. The
Jx+s S e B
. vertical y = -axis should start at 9 and have ascaleof 2cmto 1. “[3].
(ii)  Use the graph to estimate the value of p and of q. - [4]

(iii) By plotting another suitable straight line on the same axes, éol_ve graphically
the equation .p(x+5)2 =/x+5(x+10+g). [3]

4047/1/Sec4Prelims 14 :
) [Turn over
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12 Tﬁe figure below shows a weight oscillating at the end of a spring. The displacement

from equilibrium is given by y=—2 e ! cosdt, 120, where y is the displacement

in céntimetres and ¢ 1s the time in seconds.

"¢, Equilibrium

PV A A RS

In order for the spring to start oscillating, the weight has to be first pulled down to
a displacement of p cm. The motion of the spring is commonly known as Dafnped

Harmonic Motion .and the graph of the displacement.from equilibrium is shown below.

YA

WL iy
\

t
o \/ \/ V v \V
Y 2 _
@ = Statethevalueofp. . [l]
. | dy —t(s -
(ii) Show that 2;=2e (4 sin 4¢ + cos 4t)- [31]

(iii) L is the displacement ﬁ'omé(']ui]jbrium aftter the initial weight pull.
Find L. R




Answers

1.(a)x=1—52— (b) ~1<m<32.(ii) x> +88x—8=0

RoORED)
3@ A (4,3)
3__.
2.....__
3—2x-2
HL\V
| | RN | x
7 l s
2 2
=
2
4 Y 19 5.(3) —10

“dx (3—5x)(2+3x)

5. (ii) The area bounded by f(x) and the x-axis
between x=0 and x =7 is a units’>.a =10

(iii) 5

7. (i) Let ZODB = x

(i) 1<x<3

6. y=41.

'ZOBD = x (base £sofisos. A)ZBDX = /FDY (vert. opp. £s)

4DBC =x (alt. £s)£BDX = /BAD (alt. seg. thm)

- Since LOBD = ZDBC ,ZFDY = ZFED (alt. seg. thm)
- = BD bisects ZOBC . (shown)=> ZBAD = LFED ‘
~ .AABD is similar to AEFD : -

8. (1) a=-15 m/s? (iii) 4.82 m/s

(i) s=5.04 m

9.1)3 (ii) 0.0025 units/sec

2 .
106) y=-Tx+4 (i) y=—'§—x+2

12.G) p=—2

10.G) B=(0, 4), C=
1L.Gi) p=2, g=05

(1i1) £ =0.72415, L=0.941 cm-

8°, 138.1°

(i1) £BDA = /FDE (vert. opp. Zs)

(6. 0)

(iii) x=0.5

_40471/Sec4Prelims14
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+c=0,

3 —b+b* —4ac

x=
2a

Binomial Theorem

n n n n— 1 n n— 242 n n-rr n
(a+b) =a + 1a b+ 2a b+ ..+ a’b+...+0,
. } r

n! _n(n—1)....... (n—r+1)

CEST !

where 7 is a positive integer and ( )
r

2. TRIGONOMETRY

Identities
sin?A + cos’A =1
sec’A = 1 + tan’4
cosec’A = 1 + cot’4A
sin (A + B) =sin A cos B +cos A sin B
cos (A% B) =cos A cos B+ sinA sin B
' tan(A+B)= tinAitanB
1¥tan Atan B
sin2A=2sin A cos A
cos 24 = cos’A—sin’A = 2 cos’A—1=1 -2 sin’A
tan 24 = 2tan A
1-tan’ A
Formulae for AABC
a b c

sinA sinB sinC
a* =b*+c*~ 2bc cos A

a=Liesina
2

4047/2/SecaPrefimsia



[WIEN]

(i) Sketch the graph of y = x3.

. (i) - On a separate diagram, sketch the graph of y =1In(-x).

~ (iii)  Find the value of x where the tangents of both the graphs are parallel.

~7x* +6x—36
(2-x)(x* +9)
~7x*+6x-36
2-x)(x*+9)

@) Express in partial fractions.

(i)  Hence, find |

It is studied that the population, B, of a certain species of butterfly increases

(1]
(2]
[4]

(6]

(2]

exponéntially. Given that B= 800(3)’“ , where k is a constant and ¢ is the time in

days after the study is conducted.

@) State the initial number of butterflies.

(1]

(@) = Given that the population tripled in 18 days, show that the value of &k = % [2]

(iii)  Find the number of butterflies after 30 days giving your answer to
the nearest whole number.

(iv)  Find the number of days taken for the population to exceed 100 000.

(@)  Solve the equation log, (2x+1)- log,(x—1)=2.
-.(b)  Solve the equation log, x—log 16=1.

- .. 1.2 3 4 99
c) Evaluate lg—+lg—+lg—+1lg—+....+lg——.
(©) g5 tles+lg +lg 8100

[2]
3]

(3]

[4]

2]

4047/2/Sec4Prelims14-
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414 4

5 ) Find—d—xcos2 x. [3]
dx ; :
(ii) Using your answer to part (i), find fxsin 2xdx. [6]
6 @) In the expansion of (2 +ax)" , wheren.is a positive integer, the coefficients
of x and x* are in the ratio 1:7. Express a in terms of n. [4]

In the expansion of (2+x— 3x%)(2+ ax)", the constant term is 512.

(i) Find the value of n and hence, show that a = 4. 2]

(iii) - Hence find the coefficient of x in the expansion of (2+x— 32+ ax)".  [3]

(x+2)*

7 Itis given that f(x) = ,X # p, where p is an integer.

- () Obtain and simplify an expression for fll (x) in terms of p. 3]

(i) . The only 'values of x for which f(x) is an increasing function of x are those
values for which—2 < x <10 . Show that the value of p = 4. [4]

(i) Hence, find the equation of the normal to the curve at the point where the
curve crosses the x-axis. 3]

8 A circle with centre A, has a radius of 13 units. The points (-3, 7) and (-3, ~17)
are on the circumference of this circle:. The centre of the circle lies on the right of .

the y-axis.
()  Find the equation of the circle. | o - - o (41
(i)  Find the equation of the tangent to the circle at (-3, —17). [3]

(i) Another circle is to:be:drawn withrits centre-at (24, 30), such that thetwo'.
circles do not overlap. What is the maximum radius of the new circle? 3]

"4047/2/Sec4Prelims14
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y=2x*—9x* +5x+18
y=2x+4

0 X

The line y = 2x + 4 cuts the curve y=2x> —9x* +5x+18 at P and Q.

(3] Find the coordinates of P and of Q. [5]
- (i) Calculate the area of the shaded region. o [4]
tan@ tan@ 2
10 a i Prove the identit + = e, 3
) @ ® y secfd—1 sec@+1 sind 3]
(if) Hence, solve the equation tand + tan g =3, for0 << 2. [4]
: secf—1 secf+1

(b) Given that angle A is obtuse and sin A = %, express, without using a

calculator, ——1—— in the form M , where a and b are integers. [4]
I+tan A 2

4047/2/Sec4Prelims14 .
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11

[ 0
Z D E

y

The diagram shows a rectangle WXYZ. Two lines AB and AC are to be drawn on the
rectangle such that AB = 18 m,AC = 12 m and angle BAC = 90°.

AC makes an angle of Owith WX, wheref can vary such that 0° < 8 <90°.
D and E are the feet of the perpendiculars from B and C to the line YZ respectively.

@) Show that DE can be expressed as 12cosf+18sin6. 2]

(ii) Express DE in the form Rcos(6 — ), where R> 0 and o is an acute angle.  [4]

(iii)  Find the range of values of DE. [2]
(iv)  Given that DE =20 m, find the values of 0. 2
End of paper

4047/2/Sec4Prelims 14
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Answers:
1(111) -1.84
2(1) A=-4,B=3,C =0 2(11) 4In(2-x)+ —%m(x2 +9)+¢
; 3(i) 800 (i) % (ii1) 4992 (iv) 80
10
4(a) 7 4(b) 16,0.25 4(c) -2

- 5(1) —xsin2x+cos® x 5(ii) 0.25
o 28 ..

-6(1) a= — 6(i1) n =8,a =4 6(iii) 8448

n— .

—x2+2p)é+4p+4

y
R Ty

7(1) 4 T(u) x=-2

8() (x—2)*+(y+5)*=1698(i) y= —%x-—:—? 8(ii) 283 9() P(2.8),0(3.511) 9(ii)

4.22

10a(i1) 0411,2.73 10(b) :—7;23—@

11(0) 12cos 6 + 18sin 6 11(ii) 613 cos(8—56.3°) 11(iii) 12<DE<6+413 11(iv) 33.9, 78.7



Marking Scheme 2014Prelim Add Mathematics P2
~ No Solution Marks Remarks
1(1) \ B1 (graph)
- symmetry
“\ﬁ\\“ S
N /
1(ii) BI (graph)
A G1 Show intercept
——
1
G |5 2 1 Bl
A5 2.5
dx 3
-d—ln(—x) =_1_ : Bloe
dx x
2 = 1 M1 equate
Zy3==
3 X . ...
=-184 Al (reject positive)
. 7 marks
20 | -7x®+6x-36_ A  Bx+C Bl
Q-x)(x2+9) 2-x x*+9 .
| 7% £6x~36=A(" +9) + (Bx+C)2-x) | M1 multiply
x=2,A=—4 throughout by
denominator
=0,C=0 o . ~ L
X ¢ ‘M1 substitution or
. | B=3 compare coefficient
Al LAl Al
2(ii) -4 3x 3, VBI, for both In’
Py + . dx= 41.n(2 —x)+ Eln(x +9+c (follow through only
' : if In) '
B1 +c seen

8 marks

P,aée 1

427
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2014Prelim Add Mathematics P2

No

Solution Marks Remarks
3(1) Subt=0, '
, Initjal population = 800 Bl
 3(ii) 800(3)'% 3 M1 Sub t=18
: 800
18k =1 M1 (3 seen)
- AG
k=
_ 18
3(1ii) 30 M1
B =800(3)®
= 4992 A1l (not 3sf)
33v) LE
100000 = 800(3)'® M1 equate or
L inequality
125=3"%
In125 ¢
In3 18 Ml
t=79.1
80 days Al
8 marks
4a log,(2x+1)~log,(x—1)=2 M1 quotient law in
log
2
log, x+1_ 9
- M1 changing to
2x+1_ 9 index form or
x—1 getting rid of log
2x+1=9x-9
10
x=—
7 Aloe
4b log, x—log, 16 =1
M1 change base
log, x— =1 M1 log,16=2
log, x (power law)
(log, x)* —log,x—2=0
e 4 4 e L M1 forming
o Vlog4x=2 or log,x=-1 " quadquad
x=16 or 7 Al both answers
4c ( 1 2 99 M1 product law
Igl —X—X...Xx—
2 3 100
gL
100 Al
=-2
9 marks

‘Page 2




Marking Scheme 2014Prelim Add Mathematics P2
No Solution Marks Remarks
5(1) d . '
~ (cos” x) = —2sin xcos x B1 diff cosx = -sinx
i( xcos? x) B1 chain rule
dx 2cosx( )
= x(=2sinxcos x) +cos’x  (accept this) '
. 2 M1 product rule
: =—xsin2x+cos” x
AW I ~ xsin 2x +cos” xdx = xcos® x+c¢ Ml doub.le angle
B1 working
j- cos? xdox backwards statement
cos2x+1°
= J. ——z—dx M1 reducing to
power 1
1. 1
=—sin2x+—x+c¢
4 2 B1 integration of
—jxsin2xdx=xc052x—%sian—%x+c cos 2x
N
={(5’——1—1’~)—(0~0—0)]
8 4 8 M1 substitution
4 Al
' 9 marks
6(1) n n-1 n n-2 _2_2
Q2+ax)" =2"+n2" " ax+| R""a " x" +...
2
Bl
Coeff of x=n2""a
. - Bl
.| Coeff of x> = 3(1‘2—1) 27?2
n(n—1) 2m2 42 M1 equate
n-1 =7
n2" a Al
28 -
a=—-
v n—1
6(ix), - n
L @+ x=3)(2 2 ax + 5 2"2a%x* +..)
2" =512
n=_8 Al
a=4

Al (provided eqn is

| correct)

- Page3
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2014Prelim Add Mathematics P2

No Solution Marks Remarks
6(iii) Coeff of x
- 2(8),27 4) + 1(2)3 B1, Bl for each term
1
= 84438 Al
| 9 marks
7Q) )
‘M1 quotient rule-(all
2
(=G )+ D+ D) corroct)
(p—x) M1 chain rule 2(x+2)
—x’+2px+4p+4
= (p—x)° Al ISW
7(i1) —x2+2px+4p+4>0_ Bifl (x>0
(p—x)’ |
—-x*+2px+4p+4>0
Given -2<x<10,
(x+2)(x-10)<0 M1
—x*+8x+20>0 .
Comparing the two inequalities, Ml comparing both
2p=8 inequalities
p=4 A Al
7(111) —x* +8x+20
: f'x)= '(—_—;C‘)‘z— .
Atv=0.x _112 ; M1 finding x coord
Gr ;y d;ant,: =_6 ’ M1 finding gradient
Equation: x =—-2 Bl oe
10 marks

Page 4
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2014Prelim Add Mathematics P2

2x> —9x* +3x+14=0

By trial and error, ﬁrst factor (x— 2) }
2x* —9x% +3x +14= (x 2)(2x +bx 7)
Comparmg coefficients of x,

3=-2b-7

b=-5

(x=2)(2x% = 5x=T) = (x—=2)(2x - )(x+1)
x=2,x=3.5x=-1

| PC®) .

0(3.511)

| M1 comparing

coefficient or long

- {-division

Al coordinates of P

‘Al coordinates of Q

No | Solution Marks Remarks
180) - Midpoint of chord joining (-3, 7) and (-3, -17) is B1 y coord SOI
(-3, =5): Centre lies on y= ~5.
' Radius = 13, length of chord 24 units. M1 using half the
length of chord and
By Pythagoras, 12 pythagoras thm
(students can use
-diagram to do this)
Or substituting into
| equation of circle to
find x coord
Therefore, x-coordinate = —3+5=2 Al
Centre (2, —-5)
| Bquation: (x—2)> +(y+5)* =169 B1o.e (13%not
accepted)
8w Gradient of centre to (=3, —17) =%
. | 5
Gradient of tangent =— 1 M1 tan perp. Radius | SOI
y+17=—i(x+3) M1 forming
12 equation
__5,.B
TR B1oe
8(ii1) \f(24 —2)2+(30—-(-5))° M1 find distance
between centres
1709
V1709 —13 =283 Mi, Al
. 10 marks
931) 2x° —9x% +5x+18=2x+4 M1 equating

.| Blfirst factor .. |

Panes &
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No Solution Marks Remarks

9(11) f's 2%+ 4~ (2x3 . 9x2+5x + lS)dx MI equat%on on
top -equation below
x* 3x% *
= [““2— +3x" ~ 5 _14’/‘} - M2 integration -1 mark
: 2 for each -
441. error
=(————(-18
y ( 3 (-18))
e _135 &
- 32 Al
=4.21875
, 9 marks
10ai tan @ + tan@

secd—1 sec@+1
_ tan&(secf+1+secd—1)

M1 combine

sec’ 6 -1 : fractions
| _ tanf(2sec)
~ tan’ ' M1 identity
_ 2secd
tand
2
—cos@ » M1 reciprocal
sin @ , 2 functions or any
cosd : other method
2 : _ (arrives at answer)
sin@ - AG
10aii 2tand 2tané ~10
secf—1 " sec@+1 M1 using identity
4 proven in (1)
— =10
sin @
sin@ = 2 M1
5 .
6=04112.73 Al, Al

L8

‘Page6 -



434 Marking Scheme

2014Prelim Add Mathematics P2

No Solution Marks Remarks
10b 3 o B1 ratio for tangent
tan A = 7 S.0.I
L
1+tan A4 M1 attempt to
_ simplify fraction
1— 3 within fraction
7
= V1 X V7+3 M1 rationalising by
J7-3 743 | mutliplying
7+3J7 conjugate surd
-2
_=T=37 Al
2 e
11 marks
114) AD’=18sin § B1
AC’ =12cos 6 B1 Must have clear
DE = 12cos 6 + 18sin 6 presentation
11(i1) R =18 +122 Ml
=6+/13 or /468
18 M1
o = tan' (—
(I 2)
= 56.3099° Al
R = 6+/13 cos(6 —56.3°) Bl
113Gii) | 12 < DE <613 or +/468 or 21.63 B1 upper limit
B1 lower limit
1G@v) | 6413 cos(6-56.3°) =20 Ml
0 =178.72° Al . .
10 marks

Page 7
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436 2
Mathematical Formulae

1. ALGEBRA
Quadrat_ic Equation
For the equation ax®+ bx + ¢ =0,
bt b*> — dac

x =
2a

Binomial Theorem

( ) n _ n n A n-1 - ni—-27 2 ' ‘ - n n-ryr n
a+ b =a+ 1a,.b_+2azb~l-...+ a’bt + ...+ b,
r

. e n n! n(n-1)..(n—r+1)
where 7 is a positive integerand | | = =
r ri(n — r)! r!

2. _ TRIGONOMETRY
Identities.

sin?A + cos’A = 1
sec?A =1+ tan’ A
cosec’A =1 + u'cotzA
- sin{A+ B) =sin Acos BXxcos Asin B
cos(A+ B) =cos Acos BFsin Asin B
tan A+t
, tan(AiB)z_iﬂ_E‘_Bi_
- 1¥tanAtan B
sin2A=2sin Acos A
cos2A =cos? A—sin?A=2cos? A—1=1-2sin’ A
tan2A:—2ﬂ;—1—
1-tan“ A

Formulae for AABC
. -'d',"_ b e
sinA  sinB  sinC
a* = b? + c? — 2bccos A

A = —;—absinC

“VICTORIA SCHOOL " 14/S4PRU/AM/1
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1  Giventhat p=3—2+/3, express (p +1)Z _s in the form of a+b+/3, where a and b are
P

integers. ' (4]

1 4
Y ©,4)
(6,2)
0 1
X
py+qx

=1 where 1 is plotted against l
x

The line passes through the points (6,2) and (9, 4). Find the valuesof p andof g.  [4]

The diagram shows part of a straight line graph

3 Solve the simultaneous equations

25" = L "
125 .
277 x-1
v f+ (\/5) =27. [5]

4  Differentiate and simplify each of the following with respect to x.

(i) cos’(2-3x) - 12]

@ In((x+1)(3x-4)) 3]

5 Given that f £ dr= f £(x) dx =55, find the value of
@ f 3609 dx+ f £(x) dx, (3]

(i) the constant k, for which f [F(x)-k] dx=6. 2]

" VICTORIA SCHOOL - - . 14/S4PRI/AM/1
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4
) - . . dy 3 . .
6 Given that the gradient function of a curve, Ex— =k| cosx——sin2x |, where kis a
constant, and the curve passes through the points (0,4)and (%O) , find the equation of

the curve. [5]

7 Given that sin A=g where A is an obtuse angle, obtain an expression in terms of g, for

(i) cos2A, (1]
(ii) tan’ A, [2]
(iii) sin3A. [3]
8 @ Solve the equation [2x*~15|=—x. (3]
(ii) Sketch on the same diagram, the graphs of y= I2x2 —15| and y=—x. (31
(iii) Hence, solve [2x* ~15|<-x. [1]
9  Solutions to this question by accurate drawing will not be accepted.
The diagram shows a triangle ABC with vertices A(R,10), B(16,6) and C(12,0).
y A
A(h,10)
B(16,6)
ol  cazo) = *
Given that AB=BC,
(i) find the value of A. - 31
A line is. drawn from point B.to. meet the.y-axis:at.D.such that. AD =.CD. Find the
(ii) equation of BD and the coordinates of D, . ' - (4]
(i) areaof quadrilateral ABCD. - <. - - v

" VICTORIASCHOOL-© .~ . - 14/S4PRVAM/I
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10  Solve the following equations.
@) e -8e+13e =0 [4]

(i) log,(3—x)—log,(x*+15)=-1 [5]

11 The function f(x)=2-3sin3x is defined for 0<x< 7.

(i) State the period and amplitude of f. [2]
(ii) Solve f(x)=0for 0<x< 7. 31
(iii) Sketch the graph of y=f(x) for 0<x< 7. T3]
(iv) On the diagram drawn in part (iii), draw the graph of y = —26—+1. {1

/4

(v) State the number of solutions, for 0 < x <7, of the equation 1+2—x— 3sin3x=0. [1]
: /4

12  The expression 2x’ +mx* +nx+3, where m and n are constants, has a factor of x—1
and leaves a remainder of -9 when divided by x+ 2.

() Show that m=—1and n=—4. | (3]
(ii) Hence solve the equation 2x* —x* —4x+3=0. 3]
Giii) Express ——~ "% it partial fractions 51
P 2%’ —x* —4x+3 P : '
End of Paper

This document is intended for internal circulation in Victoria School only. No part of this document may be repﬁduced, stored in a retrieval

system or transmitted in any form or by any means, electronic, mechanical, photocopying or otherwise, wzthout the prior penmsston of the
Victoria School Internal Exarm‘ Committee.
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Answer Key
1 34-1243
1 1
2 =—— and =—
773 P73
1 4
3 x=-1=, y=—
57775
4 1) 6sin(2 —3x)cos(2 —3x)
.. 12x-5
i) -
2(2x+1)(3x-4)
5 1) 275
1
ii k=1—
) 2
6 y=-16sinx—6cos2x+10
7 0 1-24°
ii) T
(I+g)(1-q)
iii) q(3-44%)
. 1
8 i) x=-3 orx=-2—
2
ii) YA
\ 15
-2.74 2.74
i) x=-3 orx=—2l y=-x
2
VICTORIA SCHOOL - 4/S4PRUAMI
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7 :

9 1) k=10
i)
. . 1 4
- Equationof BD is y = —5—x+ 2—5—
. . 4
.. Coordinate of D is (0,2-5—).

ii1)  83.2 sq units

10 i) x=0.819 or x=1.75
ii) x=1

11 1) Period = —2—37—[- , amplitude =3
i) x=0243, 0804, 234, 290

iii)
YA -
5
2
5 //’/H\.\
// \\\
7 \\
=2-3sin(3
2 | y \ y= ( X
\\. ,;’/ \\\ . ;//
X / \ ’ /’
0 \'\ / i \ ,’/ ~ x
A R )X L
0243 0804 g\z-?"i\/'%\ﬂ
-1 — . ~—
i R
6 6 T

iv) 4 solutions

12 i) x=1 orx=—11 | :

32 +4 16 7 43
20— —4x+3  25(x=1)  Sa-1F
x—1) S(x—-17  25(2x+3)

VICTORIA SCHOOL ; 14/SAPRI/AM/" ~ ©
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Write in dark blue or black pen.

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

‘Do not use paper clips, highlighters, glue 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.
You are expected to. use a scientific calculator to eva!uate explrcrt numencal
expressions.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax’+ bx + ¢ = 0,

_ -b * \/bz — 4ac

X =
2a

Binomial Theorem

. n _ _n n n—1 ) n n-272 . i I'I, nsrypr A -; n
(a+b)—a~+.1ab+2ab+...+ a” b + ...+ b,
r

n! B n(n-—l)...(n—r-l—l)
i - Nt rl

ee - . n
where 7 is a positive integer and ( ] =
r

2. TRIGON OMETRY
Identities

sin®A + cos*A = 1
sec’A =1+ tan’ A
cosec’A =1 + cot’ 4
sin(A+ B) =sin Acos Bt cos Asin B
cos(A*B)=cos Acos BF¥sin Asin B
tanA*tan B

) I¥tan Atan B
sin2A =2sin Acos A

cos2A =cos? A—sin?A=2cos’ A—1=1-2sin A
2tan A
1—tan’ A

tan(A+B) =

tan2A =

Formulae for AABC
d o b __' ‘ C‘
sinA sinB sinC
a’ = b? _’+ ¢ — 2bccos A

A= labsinC
2

“VICTORIASCHOOL - . .~ - '14/S4PRI/AM/I-
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1  Giventhat p =3-2./3, express (p +1)2 _5 in the form of a+b+/3 , where a and b are
p

integers.

(4]

~ Solution:

2 6
(p+1) ——
p

=(3-23+1) 6 (3”‘6]

"3-2031 34283

, 6(3+243
=(4-243) __(9___1_2__)

:16—16J§+12+2(3+2J§)
=34-123

B1 X conjugate surd

B2 16-16v3+12, +2(3+243) oe
Al



456
2
1y
)7
/ 9,4)
(6,2)
g
0 "
X
SR The.diagram- shows part of astraight line-graph pytax =1 where. ~1- is plotted against l
y X
The line passes through the points .(6,.2) .and (9,.4). Find.the values of..p.-and-of q. [4]
Solution:
py+qx 1
Xy )
x Yy
a.__ p(l)+l §
y X )
L —E(l) L i Ml
y q\x/ 4q
Y=mX+c :
Sub gradient :il:——z— =—2— and (6,2) into
) 9-6 3
Y=mX+c
2
2=—(6)+c
3 (6)
c=-2
s.—=-2 and _P_2 M2
q q 3 .. -
, 1
q = —— and p = — Al
3 §

VICTORIA SCHOOL ' 14/S4PRI/AM/1



3 " Solve the simultaneous equations

1

25°

?

" 125

@

:Solution:

From (1)

x=—1l

Sub x =2 into (3) :y:%
1 4

Sx==l—, y=—

5 5

VICTORIA SCHOOL'

Al oe

Al oe

Ml

" 14/SAPRUAM/L - -
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4  Differentiate and simplify each of the following with respect to x.

(i) - cos*(2-3x) ' (2]

) In(|(2x+1)(3x-4)) (3]

Solution:
0]
d 5
—co0s°{(2—3x
dx ( )

=-2c0s(2 —3x)sin(2 —3x).(=3) B1
= 6sin(2—3x)cos(2—-3x) Al
=3sin[2(2-3x)]

=3sin(4—6x)

ii)
%ln(J(2x+1)(‘3x-—4))

= -(%[% In(2x+1)+ %ln (3x- 4)] B1 power law, product rule

1 3
= +
2x+1 2(3x-4)
_ 6x—8+6x+3
2(2x+1) (32— 4)
_ 12x-5
2(2x+1)(3x—4)

A2 differentiation

Alternative
(i)
d Y
Sin(2xr1)(Ex-4)).

dll. ., . L
=_d;[51n(6x2——5x—4)]_ . B1 power law & expansion

1 12x=5
=E(E}t_x§x-_4) , _Ml differentiation

12x-5

 2(2x+1)(3x—4) Al

VICTORIA SCHOOL - . 14/S4PRI/AM/I
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7

5  Given that f £(x) de= f £(x) dx=55, find the value of

M [ 300 de+ [0 dx | 3]

(i)~ the constant k, for which f [ f(x)_-kxz] dx = 6. 21
‘ Solution:

®

[ 3600 dx+ [£00) dx

=3[f f(x)dx+f £(x) dx]—ff(x)dx Bl

=3(110)-55 B1
=275 Al

(i) |
[[f(x)-k]dax=6 :
[(x)de—k [ 2 dx =6

k[ de=[f(x)dx—6

37 _ .
k[%} =55-6 B1 integration of x” and sub 55
3
3 23
Y I A F
3 3
2

" VICTORIA SCHOOL e 14/S4PR1/AM/1
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6 Given that the gradient function of a curve, j—i— = k(cosx - % sin Zx) ,where k is a

constant and the curve passes thr'ough the points (0,4)and (-725,0) , find the equation of the

curve. {5]

Solution:

Let the curve be y. It passes through (0,4) and (%,O)
QX = k(cosx — 3 sin 2x)
dx 4

=k cosx—%f—sin 2x

y= j(kcosx—%k—sin 2x) dx

y=ksinx+§8£0032x+c ___________ (D Al
At (0,4),
) 3k
4=ksm0+—8—cos()+c Mi
4 =§£+c
32=3k+8¢c—~————— o ——— )
At (E,o),
2
0=ksin—72£+§8£coszz+c Mi

O:k+§ék—(—l)+c

0=8k -3k +8¢
~-5k=8¢c——-——-——m—————— 3)
~ .Sub(3)into (2):  32=3k-5k . ST . M1
o k=-16 | o
- Sub k£ =-16 into (3):
c= —5(16) =10
8
. Equation of curve is y =—16sinx—6cos2x+10 _ Al oe

. VICTORIASCHOOL - °  ~ 14/S4PRI/AM/I



(i), cos 24,

(i) tanA,

(iii) sin3A

Given that sin A=qg where A is an obtuse angle, obtain an expression in terms of g, for

. Solution:

sinA=gq,cos A=—. 1-g*,tanA=—

(i) cos 2A=1-2sin’ A
=1-24"

(ii) tan® A=| ——Z ]
- [ Jl—qz

-4
A+q)1-q)
(iii) sin3A=sin(2A+ A)
~=sin2Acos A+cos2Asin A

=2sin Acos? A+cos2Asin A

2 .
= 2q(—-\/1—q2) +(1'—-2q2)q
=2¢(1-¢%)+q(-24%)
=29-2¢°+q-2q*
=3g-44’

=q6-44")

Al

B1

Al

B1 use of formula

M1 substitution

Al

Alternative . . - .
sin®A -
cos A

2

q
(~i=)
_ @ . gt
TGri- O

(i) tan® A=

B1

VICTORIA SCHOOL "

- 14/SAPR1/AM/1
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8 () Solve the equation lez - lSl =—X. 3]
(ii) Sketch on the same'diagrém, the graphs of y :i2x2 —15‘ and y=-x. [3]
(iii) Hence, find the solution for [2x* ~15|< —x. [1]
Solution:
(i) |2x2 —~ 15| =—x
2x*—-15=-x or 2x*-15=x M1
2x*+x-15=0  2x*-x-15=0
2x-5)(x+3)=0 (2x+5)(x-3)=0 M1

x=2% or x=-3 x=—-2l or x=3
(NA) (NA)

Sox=-3 orxz—Z% Al

(ii) B1 shape of y=[2x* ~15|
Bl line y=—x
B1 x and y intercepts and label

When |2x2 ~15| =0

2x*—15=0
x=%J7.5
y 4 y=2x*-15]
\ 15
,\\
\
—ol | .
274 ' : —
1
(ii1) —3<x<—25 Al

VICTORIA SCHOOL "o . 14/S4PRUAM/L



11

463

9 Solutions to this question by accurate drawing will not be accepted.

The diagram shows a triangle ABC with vertices A(h,10), B(16,6) and C(12,0).

Given that AB = BC,

(i) find the value of A.

(3]
A line is drawn from point B to meet the y-axis at D such that AD =CD. Find
(if) the equation of BD and the coordinates of D.. {41
(iii) the area of quadrilateral ABCD. 2]
Solution: Y
) AB=BC £,10)
' : o B(16,6
J(h—16)2+(10—6)2 = J(16-12)" +(6-0)’ M1 (16,0
h* ~32h+256+16=16+36
K -32h+220=0
h-10)(h—22)=0 M1 >
(=10 =22) 0 C(12,0) *
h=10 or h=22(NA) Al
(ii) Since AD =CD, Alternative
BD is th dicular b FAC @) 42+ (h—16)* =4>+36 M1
1s the perpendicu ar.. 1sector o (h—16)* =36 .
MidpointAC:(mHz,erO) h—16=—6 or h-16=6 Ml
2 2 h=10 or h=22(NA) Al
=(11,5)
6—5 1 Alternative
Gradient BM = =— M1 . . 0-10
16—1 1 5 (Il) Gradient Ac=ﬂ="5
Sub gradient and (16,6) into y =mx+c¢ 1
1 : Gradient BD = 3 M1
6=-5—(16)+C Ml Sub gradient and (16,6) into y =mx+c
1
C=2§- 6——5—(16)+c Ml
» 1.4 =25
. 'Equationof BD isy=—x+2—" - Al : SRR .
. ’ 5. S <. Equation of BD is y =§x+2§ Al
.. Coordinate of D is (0, 2%) Al ‘ —
1110 0 12 16 10
(i1i) Area =—
2{10 28 0 6 10
1 .
—_--2—[(28+0+72+160)—(0+33.6+0+60)] M1
=1 (260-93.6)
2 -
=83.2 sq units Al
* VICTORIA SCHOOL " 14/S4PRI/AMIL -
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10  Solve the following equations.

i e -8e+13e =0, [4]

(i) log,(3—x)—log,(x* +15)=—1 (5]

Solution:

() e —8e+13e™ =0
e*.e—8e+ }iﬁ =0
e
e’ —8ee’+13e=0 M1 multiply by e*
e —8e* +13=0 '

S ~REN(B) ~4)(13)
2
e =2.268 or e =5732

x=0.819 or x=1.75 A2

Ml

(i) log,(3—x)~log,(x*+15)=~1
log, (x* +15)

log,(3—x)— oz, 4
2

=—1 - Ml Change of base law

1og2(3—x)—%1og;(x2+15):—1

log, (j—i—) =log, 2™ M1 quotient law & power law
Jx*+15
N _B:x_:l M1 anti log
Vxi+15 2
Vx? +15 =6-2x
x*+15=36-24x+4x
3x?-24x+21=0

2 -8x+7=0
(x=T)(x-1)=0 M1
x=7 or x=1 Al
NA

VICTORIA SCHOOL ' 14/S4PR1/AM/1
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Alternative
(i) log,(3~x)~log,(x*+15)=-1
log, (x* +15)

log, (3—x)- log. 4
log, (3 x) ~log, (x* +15) =—1

2log, (3- x)—log, (x* +15)=~2

1 (3-%)° 2

og, =—

&2 2 +15

. 9—‘6)C‘+X2 =2_2-
X2 +15

x*+15=36—24x+4x>

3x%—24x+21=0
x*—-8x+7=0
(x—-N(x=1)=0
x=7 or x=1
NA

M1 change of base law

M1 quotient law & power law

M1 anti log

M1
Al

. VICTORIA SCHOOL o - 14/SAPRI/AM/1
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11  The function f(x) =2-3sin3x is defined for 0< x< 7.

(i) State the period and amplitude of f. (2}
(ii) Solve f(x)=0for 0<x <. 3]
(iii) Sketch the graph of y=f(x) for 0<x< 7. 3]
(iv) On the diagram drawn in part (iil), draw the graph of y= 2 +1. (1]
/4
(v) State the number of solutions, for 0 < x <7, of the equation 1 +2£ —3sin3x=0. [1]
: /1
Solution:
. . 27 )

@) Period = 5 amplitude =3 B2
G f(x)=0 ' 0<x<7z

2—-3sin3x=0 0<3x<3x

) .

sin3x=—

3x in 1st/2nd quad

BasicO =0.7297 Al

3x=0.7297, n-0.7297, 27x+0.7297, 37z-0.7297 4

"x=0.243, 0.804, 2.34, -2.90 A2
(iit), B1 for shape and y values (iv) B1 for straight line

B1 for x intercepts & values
B1 for y values

y N - . T
(_’5)

\ y=2-3sin(3x)

0243 0.804

()
6

v - 1+-21—3sin3x=0
/1

2—35in3x=—-2—x—+1
T

. . There are 4 solutions. Al'

'VICTORIA‘SCHOOL S ’ . - 14/S4PR1I/AM/1
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12  The expression 2x’ +mx” + nx+3, where m and n are constants, has a factor of x—1
and leaves a remainder of —9 when divided by x+2.

(i) Showthat m=-1and n=-4. (3]
(ii) Hence solve the equation 2x° —x* —4x+3=0 (3]
' . 3F+4
(iii) Express'= in partial fractions. 5
(i) P 2x° —x'—4x+3 P g 5]

- Solution:

() Let f(x)=2x"+mx’+nx+3
By factor:theorem,
f=0
2+m+n+3=0 ' M1
m=-n—5  ——————————— 0))
By remainder theorem,
f(~2)=—
2(-2)® +m(-2)* +n(-2)+3=-9 - Ml
~16+4m~2n+3=-9
dm-2n=4 —-————————-——— (2)
Sub (1)into (2): -
A-n-5)—2n=4

—4n—-20-2n=4
—6n=24
n=—4
Stib n=-—4 into (1) ,
.. m=—1 (shown) Al sub and follow through
| ’(ii)v Let ?.x —x*—4x+3=(x— 1)(ax +bx+c) 0 Alternative |
- :'Companngcoefﬁcmntof : A N S
e S 2x +x-3
o a - (ii) x—1)2x3—'x2—4x+3
X% 3=—¢  rc=-3 '
* ¢ 2x° —2x°
x*: ~1=b-a .~b=1 2_4
x —4x
S 2% —x"—4x+3=0 L
(x—1)2%* + x—3)=0 Al for (2% +x—3) *
(x=1)(x—1)(2x+3) =0 M1 xS
Sx=1 orx=-1— Al
2 0

VICTORIA SCHOOL "14/S4PR1/AM/1
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2 2
B
Qi) Let 3?:Jc7+4 _ 3x2+4 - A + 4 C Mi
2 - —4x+3  (x—-1*(2x+3) x—-1 (x-1* 2x+3
3+ 4= A= 1D(2x+3)+ B2x+3)+ C(x-1)
When x =1,
7=58 - B=1 T Al
5
1
Whenx=-1-—,
2 .
03=6lc - =2 Al
4 4 25
-Comparing coefficient of x*:
3=24+C - oa=18 Al
: 25
3x*+4 16 7 43
Y = + 7t Al
2x° —x*—4x+3 "25(x—1) S5(x-1)*  25(2x+3)

End of Paper

This document is intended for.internal circulation in Victoria School only. No part.of this document.may be. reproduced, stored in a retrieval: -

system or transmitted in any form or by any means, electronic, mechanical, photocopying or-otherwise, without the-prior permission of the
Victoria School Internal Exams Committee. : :
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Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.

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

Answer all questions.
If working is needed for any question it must be shown with the answer.
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Mathematical Formulae

1. ALGEBRA
o QuadratlcEquatzon
For the equation ax* + bx + ¢ = 0,
—b + Jb* - 4ac
x =
. 2a
&

Binomial Theorem

n _ _n n o n-1 1n n-2y2 n, n-ryr n
{a +b) =a" + 1ab+2ab+...+ at'by + ...+ b,
r

n! _ n(n-1)..(n—r+1)

) {n
where n is a positive integer and =
r ri(n — r)! r!

2. TRIGONOMETRY

Identities
sinA + cos?A = 1
sec’A =1 + tan’ A
_ cosec’A =1 + cot’ A
~sin(AxB)= sinﬁAcos B+cos Asin B
cos(A+ B)=cos Acos B ¥sin Asin B
tan(A+ B) = tinAitanB
o 1¥tan Atan B
sin2A=2sin Acos A
cos24 =cos’ A~sin® A=2cos’ A-1=1-2sin? A
2tan A

1-tan® A

. Formulae for AABC~
. _ - . .; b e

sinA sinB sinC
a? =p* £ - 2bccos A

A= labsin c
2

VICTORIA SCHOOL - C ‘14/S4PR1/AM2 o
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sin(A+ B) +sin(B — A)
cos(A+ B)—cos(B— A)

1 (i) Prove that = —cotA. 3]

sin(A+ B) +sin(B— A)
cos(A+ B)—cos(B— A) _
intermsof 7. ' [4]

(ii) Hence, solve =4cos> Afor0< A <, giving your answers

10
2  (a) Write down and simplify the first three terms in the expansion of (x + > J
) - 200x
in descending powers of x. Hence evaluate (1.005)' correct to five significant

figures.. . (4]

4
(b) Find the coefficient of the third term in the expansion of (a - l) and the
X

6
. . . x) .
coefficient of the second term in the expansion of (2 +-—) in terms of a.
a

6
If the coefficient.of the second term of (24—-{) is four times the coefficient of the
a
1 :
third term of (a - ——) , find the value of a. _ 4]
X

3 The roots of the quadratic equation 2x” + x—5=0 are a' and f.

(i) Express o’ —of + ° interms of (o + ff)andaf . [1]
(i) Hence, find the exact value of &” + 7. 3]
(iii) Find a quadratic equation whose roots are ¢*and °. (4]

"4 () Differentiate —— with respect to x. ‘ i3]
_ , sinx ' o A _ o 4
’ | A - 37 ~1 x CAOSA - L .
(i) Using your answer to part (i), find J' 2 ( - _xco x] . , s
- 5 \sinx sin’x

VICTORIA SCHOOL : - 14/S4PRUAM/2
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4

A curve has the equation y = f(x), where f(x)=(2-x)e™".
(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
thex-axis. Leave your answer in terms of e. 5]

(itfi) Determine, with explanation, whether f is an increasing or decreasing function

for x < 2% . 2]

A circle with centreC passes through points A (~1,7)-and B (0,8).

(i) Explain why the perpendicular bisector of AB will pass through C. : {11
(i) Given further that the line y = 2x —2 passes through the centre of the circle,

. show that the coordinates of Cis (3;4). : (4]
(ili) Hence, find the equation of the circle in the general form. [3]

(a) Find the exact values of k for which the line y—3x =k is a tangent to the
curve y* +4x+5=x". s : (5]

(b) Calculate the smallest negative integer k for which the equation . '
y =4x* +(12—4k)x+15—Tk is always positive for all real values of x. (3]

(c) Solve the inequality4x* —1> (2x +1)(x - 3). 2]

‘Answer the whole of this question on a sheet of graph paper.

The population P, in millions, of a country was recorded in certain years and the results
are shown in the table below:

Year | 1978 | 1984 | = 1988 1993
P_ | 1240 1448 | 1676 2122

It is given that P =10+ ab” , where x is the time measured in years from January 1975
anda and b are constants. By plotting Ig(P —10) against x, draw a line graph for

the given data for 0 < x <20-..Use.a scale of 2 cm-to represent 0.1 units-on:the - - - -
verticalaxis and 4 cm to represent 5 units on the horizontal axis. 4]

~ Use your graph to estimate,

(i) the valué of q and of b. - 4 31

- (i) -the year in which the population will reach 23.8 millions. 31

VICTORIA SCHOOL = . - 14/S4PRUAMA2 -
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In the diagram, ABRQC represents a cycling course. From pointA, a cyclist travels along
straight tracks AB, BR, RQ and QC, returning along the track CA to finish at A. The total
length of the course is L km.

It is given that AB = 6km and P is the mid-point of AB. The length of each of the tracks
AP, PB and BR are equal and track QC is also perpendicular to track AC. TrackQRis
parallel to the trackACand angleBACis 6°.

(i) Show that L can be expressed as p +gsin@ + rcos@, where p, g and r
are constants to be found. . (3]

(i) Express L in the form p + Rcos(8 - ) where R >0, and o 1s acute. (51

The total length of the course is found to be 16.5 km.

449

(iii) ' Find the value of 6. ‘ 2]

3xcm

hcm

(=

- The diagram shows a solid comprising of a right-circular cone of height 3x cm sitting

ona cylinder of base radius x cm and height  cm. The volume of the solid is 250 cm®.

{i) Express kin terms of x and hence shoW that the total surface area, S cm?, of the

500

solid is given by S=z(/10—1)x* +—— . (6]
x

' (ii) Given that x can vary, find, the value of x for which S has a statibnary value. Find

this value of § and determine whether it is a maximum or a minimum value. 4]

VICTORIASCHOOL ~ ~ .- * .~ 14/S4PRUAM/2
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11 (a) The diagram below shows part of the curve y =2Inx and the line x = 5.

yA x=35

- >
Find the )
(i) coordinates of P, _ ‘ [2]
(ii) area of the shaded region. [3]

(b) The concentration of caffeine, C %, in Peter’s blood when he drinks a cup of
coffee in the morning is represented by C = 0.2xe™"**, where x is the number of

hours after drinking a cup of coffee.

(i) Calculate the valué of C when x = 2. [1]

(ii) Find the rate of change of caffeine concentration in Peter’s blood, 1.5 hours

after drinking a cup of coffee. [3]

(iii) What is the maximum level of caffeine concentration in Peter’s blood in the

3]

morning?

End of Paper |

This document is intended for internal circulation in Victoria School only. No part of this document may be reproduced, stored in a retrieval

system or transmitted in any form or by any means, electromc, mechamcal, photacopymg or otherwise, without the pnor pemusszon of the
Victoria School Internal Exams Committee. .
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2014 A MATH PAPER 2 ANSWER KEY

10

11

w I \irx
i Proof i) A=—,—,—
@ Fr @ A=
5 2
(@ x*° +Lx7 + ,9 xt 4., 10511 (BT, =6a°, T, :lg—, a=2
20 8000 N a

i o—-of+p =(a+ﬂ)2 —30f (ii)a* + 7 :5%(iii)8x2 +31x-125=0

@)

d ( 2% )_ 2(sin x — 2xcos x) (i) ~6.28

E sin x sin® x
(@) .f'(x)=e?(3x—7) (@) y=e’x—2¢° (jii) decreasing function

(i)By the property of circle, the perpendicular bisector of a chord passes through the centre
of a circle.

(i) Proof i) x*+y*—6x-8y+9=0

(a) k=-6+6J2 or k=—6—6\/—2_(b)—2(c)x<—2 or x>—%

) a=1.78, b=1.12(ii)1995

(i L=9+9cos@+3sind (ii) L =9+9.49cos (8 —18.4°) (iii) @ = 56.2°

250 - 7zx’

5
Dh=""",5 = 7(V10-1)* +2% i) x =333 cm , Minimum § = 225
X X

(a) @ P(5,2In5) (i) 8.09 units®

(b) @) 0.0109 (ii) —0.0228 % per hour (iii) 0.0409 %
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Mathematical Formulae

1. ALGEBRA
:'.{Qﬂddrdﬁ&;]iquation
For the equation ax” + bx + ¢ =0,

-b + Jb* - 4dac
2a

Binomial Theorem

( n __ _n n | n—1 n n-232 n . _n-ryr n
va+b)—a+1ab+2ab+...+ a”’b" + ..+ b",
r

) L . An n! n(n—-l)...(n—r+1)
where n is a positive integer and = =
r ri(n — r)! r!

2. TRIGONOMETRY

Identities -
sin?A + cos?A =1
sec’A =1+ tan? A
cosec’A =1 + cot’ A
sin(Ax B)=sin Acos Bxcos Asin B
cos(A+ B)=cos Acos B FsinAsin B
t +
tan(A+B) = M
, 1¥tan Atan B
sin2A =2sin Acos A
cos2A =cos> A-sin? A=2cos> A—-1=1-2sin? A
tan2A = ___Ztan;i
I—tan“ A
‘Formulae for AABC
| - - ‘a b c

sinA sinB  sinC
a® =b* + % - 2bccos A

A= labsinC
2

VICTORIA SCHOOL - - 14/S4PRUAM/2



3 .

, sin(A + B) +sin(B — 4)
P that : = —CotA. 3
W Provehat A+ B)—cos(B—A) Bl

- sin(A+ B) +sin(B—-A4) _ sin Acos B+ CosAsin B +sin BcosA—cosBsin A (B1]

“cos(A+ B)—cos(B—A) cosAcos B—sin Asin B— [cos Bcos A-+sin Bsin A]

_ ‘2sinBcos A

~ —2sinBsin A
_cosA

(B1]

sin A '
=—cotA (shown) -——- [Al]

471

sin(A + B) +sin(B — A)
. cos(A+ B)—cos(B— A)
in terms of 7. [4]

=4cos’ Afor0< A<, giving your answers

(i) Hence, Solve

sin(A + B) +sin(B —_A) — 4cos?
cos(A+ B)—cos(B—A)

s.—CotA =4cos’ A v [B1]
—cos A =4cos® Asin A

4cos® Asin A+cosA=0

cos A(4sin AcosA+1)=0 - [Mi1]
=>cosA=0 or 4sinAcosA+1=0
A ___ZZC_ e [A]] 2s5in2A=-1
sir12A=—l
2

. basic Z, a=£
6

ZA:ZE’.I_]‘ZE_
6" 6
Iz 1z

A== 2 [Al
12°12 [ ]_,
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4

10
. . 1
2  (a) Write down and simplify the first three terms in the expansion of (x + 5 }
200x

in descending powers of x. Hence evaluate (1.005)'° correct to five significant

figures. [4]
10 2
10 10
X+ 1 7‘] :x10+ xg( ! 7)-*-» xg( ! 7) + s - [Bl]
200x~ 1 200x” 2 200x"
=x"° +Lx7~+Lx4 toeee e [Al]
20 8000

10
(1.005)]0 = (x + E(!)Bj , wherex=1.

o 1,47 9 4 S
- = _Z_ S— 1
()7 + 5 (1) 5555+ M1
=1.0511 ——[Al]

4
(b) Find the coefficient of the third term in the expansion of{a-—‘ l)"s'and the
x

6
. . . x\.
coefficient of the second term in the expansion of (2 + —) -in-terms of a.
a

X

6
If the coefficient of the second term of (2+ ) is four times the coefficient of the -

a

4
third term of (a — l) ", find the value of a. 4]

X

. 1 4 6
For, (a—-;) s For, (2+.£J ,

a
T—4az(“l)zw_6i T, =| O |os[ 2] 122
2 x X T a) a

Coeff. of T, = 6a” - [Al] Coeff. of T, =222 . [A1]
of T, =—
Since, -2 =4(6a>) -~ [MI]
a
- 48 =64’
a =8
a=2 ——0[Al]

VICTORIA SCHOOL - T4/S4PR1/AM/Z
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5 :

3 The roots of the quadratic equation 2x* +x—5=0 are « and 3.

(i) Express @’ —ofi+ f° interms of (o + f)andaff. [

o —op+ f =(ar+ B) 3 —— [B1)

(ii) Hence, find the exact value of o+ 2. _ [3]
o1 5 : 7 A
a+f= w5 off = —3 ———— [B1 - for both]
ot —of+ B =(a+ ﬂ)2 -3aff ——- [M1]

= o+ =(a+f) -20

(-3
2 2
R i

L _54 e [Al]

(iii) Find a quadratic equation whose roots are ¢’and 8°. - (41

&+ f =(a+p) (o’ —ap+ ) — [B1]
=(a+ﬂ)[(“+ﬁ)2_3“ﬁ]

(A

o 125
TR em e e Al
= [Al]

EQua‘tibn with new roots; .'
8 8
31

8x* +31x—125=0

. VICTORIASCHOOL ~ - - °  14/S4PRI/AMP2
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6

4 (i) Dafferentiate —2‘—— with respect to x.

sinx
i(zx ): ZSlnx;—;Zxcosx (B2]
dx\ sinx sin® x
2(sin x — xcos x)
=2 , (A1}

)
Sin” x

(ii) Using your answer to part: (i), find '.J-; . ( I xcosx
5

— —;
Sinx S x

=il 1 XCOS X 2 (sin x — xcos x

2 . dx._; 2 .dx .
: : .2 - _‘-zr . 2 -+
sinx sin’x > sin® x

iy

2

sin’ x
- .
:l{ 2x ] [Al]
21sinx | =
=l[i7£_£ ....... [M1]
21 -1 1
=27
=628 (3 SF) -— [Al]

3z . 1 X —
:%E—{Z(smx xcosx)}dx 1]

. - VICTORIASCHOOL . -~ * - 14/S4PRUAM/2 -
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5 A curve has the equation y = f(x), where f(x)=(2-x)e™

(i) Obtain an expression for f'(x).

475

(2]

L f(x)=-3(2-x)e”" +(-1)e” ———-[B1]
S 6ee)
=77 (3x-7)

(i)

thex-axis. Leave your answer in terms of e.

Find thé%quation of the normal to the curve at the point where the curve crosses

(5]

At f (x')"__z 0,
(r-s)e™ =0
S 2520

> X =2 e B1] |
The curve passes thru' the x —axis at (2,0).
Atx=2, -
~f'(2)=€*(6-17)

=> Gradient of normal at x = 2 is e°

- Eqﬁafton of normal: y = ¢° (x—2)

(iii)

for x< 2—1— ;
3

Determine, with explanation, whether f is an increasing or decreasing function

(2]

f'(x)=€>(3x-7)

= Forx<2%, e >0and (3x—7) <0 ——v B1]
. _‘; - .‘;’ve"s." (3x—7) <0
=f'(x)<0
s Forx< 2%,f is a decreasing function. ----—— [A1]
- VICTORIA SCHOOL " 14/S4PRI/AM/2
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6

A circle with centreC passes through points A (~1,7) and B(0,8).

(@)

(i)

(iii)

8

Explain why the perpendicular bisector of AB will pass through C.

(1]

- By the property of circie,» the perpendicular bisector of a chord passes through the

centre of a circle. ------ B1]

Given further that the line y = 2x 2. passes:through-the centre of the circle,

show that the coordinates of C is (3,4).

’

2 2
1 15
(55w

8-7-

o-(1)

Mid-point of AB = [_1 +0 ﬂ)

Gradient of AB =

-.. Gradient of L bisector AB =—1 - [M1]

.. Equation of Gradient of L bisector AB,

=)

y=—x+7 - ¢S
Given: y = 2x—2 - )
Solving (1) & (2),
2x-2=—x+7 ——n- M1]
3x=9
x=3

Subst. x =3 into (1), = y =4.
-+ Coordinates of C are (3,4) (shown). - 1A1]

Hence, find the equation of'the circle.in the:general form.

| Coordinates of Centre is (3.4).

‘Radius '='.\/(3' —O)2 +((8 _":4))2 Vi

=5 units V
Eqn.: (x,—”'j)2 +V(y—4)42. =5 M1} -
In general form;
x*—6x+9+y* -8y+16=25
2 +y —6x-8y+9=0 ——[Al]

VICTORIA SCHOOL - " - 14/S4PRUAM/2
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9
7 (a) Find the exact values of k for which the line y —3x =k is a tangent to the
curve y* +4x+5=1x". [5]
y=3x=k=y=3x+k — (1) & y* +4x+5= x> @)
’Subst (1) into (2);
(3x+k) +Ax+5=x" M1]

|92 6k Ak — X2 +4x+5=0

8x’ +(6k+4)x+(k2+5) 0

Since y —3x = k is a tangent to the curve,

- (6k+4)" —4(8)(k* +5) =0 —— M1 B1]
(3k+2)?~8(k2+5):0" |

Ok? +12k +4-8k* —40=0

k* +12k=36=0 -
—12:4(~12)" - 4(1)(-36) |
k= {M1]
21
nk=—6+62 or k=—6-62 [Al o]

(b) Calculate the smallest negative integer k for which the equation
y=4x" + (12— 4k)x+15 — Tk is always positive for all real values of x. 3]
Sincey > 0,= 4x* + (12— 4k) x+15—-7k > 0.

s b*—4dac <0
(12-4k)* —4(4)(15-7k) <0 [B1B1]
(3-k)" —(15-7k) <0
9—-6k+k*> —15+7Tk <0 \
+ +
kK -k-6<0 -3\.//2
(k+3)(k=2)<0 -
=-3<k<2
. Smallest negative integer of k is — 2. ~—— [AI]

(¢) Solve tﬁé':?inequalvity4x_2 —-1>(2x+1)(x-3). _ (2]
4x* -1>{2x+1)(x-3)
4x* 1> 2x* -5x-3 \ /

2 +5x+2>0 ' bl A

NS
(2x+1)(x+2)>0-——M1] :
Sx<-2 or x> —-;— ---—-[Al]‘»

© VICTORIASCHOOL ~ .- - -~ ° 'l4/S4PRI/AM/2
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8  Answer the whole of this question on a sheet of graph paper.

The population P, in millions, of a country was recorded in certain years and the results
are shown in the table below:

Year 1978 1984 1988 1993
P 12.40 14.48 16.76 21.22

It is given that P =10+ ab”™, where x is the time measured.in years from January 1975
anda and b are constants. By plotting. lg(P —10) against-x, draw.a line graph for
the given data for 0< x < 20...Use a scale of-2:cm to represent 0.1 units on the

verticalaxis and 4 cm to represent 5 units on the horizontal axis. [4]-
x 3 9 13 [18
lg(P-10) 0.380 .| 0.651 |0.830 | 1.05 | ....[B1 with at least 3 SF]

[M1 --- Plot Points correctly]
- [M1 --- Best-Fit Line]
[M1 --- Label axes, -origin

Use your graph to estimate,

(i) the value of a and of b. , 31

P =10+ab’
P—-10=adb”
lg(P-10)=(lgb)x+Iga —— [Al]
lga=0.25
= a=1.78 —-[Al]

1.03-0.55

Gradient =1gb = TR [M1] [with gradient A or-coordinates]

=0.049485
=>b=1.12

(ii) the yearin wmch the populatioh will reacﬁ 23.8 millions. ‘

Atp =238,

~lg(P-10)=1g13.8 -

=1.14 ——- [B1]

From the graph, corresponding value of x is 20. —-—- [A1]
~. The year willbe in 1995. ———-[Al]

VICTORIA SCHOOL . * 14/S4PR1/AM/2

3]




479

11

14/S4PR1/AM/2

VICTORIA SCHOOL-



4890 12

9  Inthe diagram, ABRQC represents a cycling
course. From pointA, a cyclist travels along
straight tracks AB, BR, RQ and QC, returning
along the track CA to finish at A.

The total Length of the course is L km.

It is given that AB = 6km and P is the mid-
point of AB. The length of each of the tracks
AP, PB and BR are equal and track QC is also

perpendicular to track AC. TrackQRis parallel to the. trackACand angleBACis 6°.

(i) Show that L can be expressed as p +gsin 49 +rcos 9 where p,gand r
- .are constants to be found. : S 3]

AP=PB=BR=3
/BRQ = /BPR =0
S OR=3cos@,AC =6¢cos@ & BC =6sinf -

~.0C =%Bc =3sin 8

= L=AB+BR+QC+AC+RQO

=6+3+3sin@+6cosf+3cosf —--—-[M2]
L=9+3sin8+9cos@ ---—--—- [Al]
(ii) EXpress L in the form p + Rcos(@ — ) :where R>0, and & is-acute. - [5]

L=9+9cos@+3sin@=9+ Rcos(&—d)
=9+ Rcosfcosa+ Rsinfsina —-—--- [Bl]
Comparing both sides,

= Rcosax =9 -—- (1), Rsino =3 —-- 2
(1) +(2) : R*(cos* a+sin* @) =9 +3* | —~ [M3]
= R=+/90 =9.49 (3 SF)

(2)=(1): tana:% ~a=18.43° —

2 L=9+9.49c0s(0-18.4°) v a1l

* The total length of the course is found to be 16.5 km.

(iii) Find the value of 6. 2]

9++/90 cos (6 -18.43°) =165 -——— M1]
90 cos (6 -18.43°)=7.5
| §-18.43°=37.76°
6=56.2° (1 DP) ——- [Al]

'VICTORIA SCHOOL- - - " ° 14/S4PRI/AMA2
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10  The diagram shows a solid comprising of a right-circular
cone of height 3x cm sitting ona cylinder of base radius x cm
and height  cm. The volume of the solid is 250 cm’.

(i) Express & in terms of x and hence show that the total
surface area, § cm?, of the solid is given by

S=n(10-1)x> R (6]
Ly x

X Cm

3xcm

hcm

Vol. of cone = —1?;7rx2 (3x) =7’

Vol. of cylinder = zx* (h) = zx’h
R A 25 | — B1]
Zx*h =250 —7x’
250 7x°

X

h

(a1]

Slant height of cone, I = y/(3x)" +(x)’

=+/10x>
l=x/ﬁ)_x

= 7J10x”

Surface area of cylinder = 27zxh + 7z x”

wx’

500-27x
=—+7x
X

5
=—O—9-27cx2 +7x?
Cox

=——7x’
o X _ A
' P 2 500
. Tota{=§uﬁace Area of solid, S = 7:«/103; +—

x

= § =z(J10-1)x* +90
X

‘C’urvéd surface area of cone = ﬂ(x)(\/l—()x) ------- - [M1]

_ 3
=27Tx (MJ +7xE e M1]

— 72 ——M1]

——[Al]

VICTORIA SCHOOL, 14/S4PRI/AM/2 ~
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(i) Given that x can vary, find, the value of x for which § has a stationary value. Find
this value of S and determine whether it is a maximum or a minimum value.

B :‘ﬂ(‘/ﬁ_l)xz +5ﬂ -

Atx=3.326, —->0= Minimum --—--—-
7 dx

- Minimum S = n(«/ﬁ - 1)(3.326)2 + 35;);)

§ =225 (3 SF) -——— [A1]

’ X
ds 500
-2 s ox(N10-1) -2
dx ﬂx(\/.“ ) x*
At stationary point, 27z'x(\/1_6 - 1) - SOP =0
X
s 500
22(\10 1)
x=3326= x=3.33 cm (3 SF) - (a1l
ds 1000
— =27(V10-1)+ >
d’s

(M1]

" VICTORIA SCHOOL 14/S4PR1/AM/2
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15
11 (a) The diagram bélow shows part of the curve y =2Inx and the linex=>5.
)’“ x=35
=2lnx
P e

Find the"

(i) coordinates of P, [2]
Fory=2Inx
Atx=5, y=2In5 --—--[M1]
= P(5,2In5) -——[Al]

(i) area of the shaded region.

Area of rect. =5X2In5=10In5

Sincey =2Inx
1 >

Inx=—y=>x=e?
2

1
Area enclosed by x = ¢? and y — axis

2In5 -—l-y

= e dy - M1]

-
=ofer-1]
=8

= 8.09 units” -——{A1]

VICTORIA SCHOOL

14/S4PR1/AM/2

(3]

Alternative solution

Sincey =2Inx
1 L
Inx=§y:> x=e?

1
Area enclosed by x = ¢? and y — axis

1
- [ 5(5—132’ ]dy —[M2]

s
:{Sy—Zezy] |
: 0

=[101n5 26 +2]
=[10ln5-10+2]
=8.09 units®> ——[Al]
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(b)

- (i) Calculate the value of C when x = 2. i

16

The concentration of caffeine, C %, 1.n Peter’s blood when he drinks a cup of

coffee in the morning is represented by -C = 0.2xe™"**, where x is the number of
hours after drinking-a cup of coffee.

(]

C=02xe"*
Atx=2,
C=02(2)e™*
=0.0109 (3 SF) - [B1]

(ii) Find the rate of change of caffeine concentration in Peter’s blood, 1.5 ho‘u:-rs‘ .

after drinking a cup of coffee.

(31

C=02xe ¥
- dC ~18x -1.38x
2 -02 +0.2x{~1.8¢7%") - B1] -
— e x( e ) —-[B1]
=02¢ " (1~1.8x)
Atx=1.5,
02 [11305)]

X

—-0.0228 % perhour. (3 SF) - (A1]

(iii) - What is the maximum level of éaffc,ine concentration in Peter’s blood in the

3]

morning?

e e

Since e =0 (NA),
S 1-18x=0= x=0.55556

2
‘fixf =-036e"*(2-1.8x)

d? )
d; <0 = Maximum -~ [Al]

- Atx=0.55556,

- Maximum C =02(0.55556)¢™5055%)
'=0.0409 % (3SF) -——[Al]

End of Paper

VICTORIA SCHOOL : T 14/SAPRI/AM/2
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