2016 Sec 4 Amath

1 Zhonghua Secondary School

2 Nanyang Girls' High School

3 Raffles Institution

4 Singapore Chinese Girls' School

D CHIJ Saint Nicholas Girls' School
6 Nan Chiau High School

7 Maris Stella High School

8 Chung Cheng High School (Main)
9 Tanjong Katong Girls' School

10 CHIJ Secondary

11 Holy Innocents’ High School

12 Cedar Girls' Secondary School

13 Xinmin Secondary School

14 Anderson Secondary School

15 Crescent Girls' School

16 Methodist Girls' School

17 =t. Margaret's Secondary School
18 Tanjong Katong Secondary School
19 Victoria School

20 Balestier Hill Secondary School

21 Chung Cheng High School (Yishun)
22 Commonwealth Secondary School
23 Fuhua Secondary School

24 Geylang Methodist Secondary School
29 Naval Base Secondary School

Need a home tutor? Visit smiletutor sg



Rum
Stamp


Need a home tutor? Visit smiletutor.sg



Need a home tutor? Visit smiletutor.sg



4 . ZHONGHUA SECONDARY SCHOOL
zuuuswn$ , PRELIMINARY EXAMINATION 2016

e, SECONDARY _‘:‘-

SEHDDI

CANDIDATE [
NAME I

CLASS B ‘ REGISTER | "
NUMBER \ ‘

ADDITIONAL MATHEMATICS 4047/01

Paper 1 2 hotirs

Additional Materials: Answer paper
Graph paper (2 sheets)

READ THESE INSTRUCTIONS FIRST

Write your index number and name on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.
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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 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.
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 paper consists of 7 printed pages.
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2
Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +hx+c=0,

- b+ Vb - dac
2a

Binomial Theorem
ny ny M
(a+b)' =a" +[ ]a" ’b+[ ]u“ 25 +-«-+( ]a""'b' +irat B,
1 2 r

: T n ! =1} n -
where n is a positive integer and = s = ”(n ) {n e 1)
r (n=n'r ¥l

3 TRIGONOMETRY

Identities
sin“ A+cos*4=1.
sec’ A=1+tan’ 4.
cosec’d=1+cot’ 4.

sifA + B) = sind cosB + cos4sinB

co$d + B) = cosAcosB F sindsinB
tan 4 + tan B
1 ¥ tan A tan B
sin 24 = 2sin Acos 4
cos 24 = cos* A -sin’ 4 = 2cos’ 4-1=1-2sin® 4
2tan A
l - tan® 4

tan(4 + B) =

tan 24 =

Formulae for AABC
a b ¢

sind sinB sinC

a’ =b* +¢* ~2bccosAd

A= —I-a.b sin
2
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3

Answer all the questions.

1. The equation of a curve is given by f(x) = 2x* — 12x — 5. Find the range of values of
x for which f(x) is an increasing function.

(ii)

Given that (3k — 5)x® + (k—5)x — 2 = 0 has no real roots, what condition
must apply to the constant k?

From your results in part (i), determine if y = (3k — 5)x* + (k — 5)x — 2
has a minimum or maximum point.

3. A sky diver jumps from a certain height above the ground. The downward velocity,
vm/s, of the sky diver at time ¢ seconds is given by v = 30(1 — e "2).

(i)
(i)
(iii)

(ii)

Tind the initial velocity of the sky diver.
Find the velocity of the sky diver after 5 seconds.

Showing your working clearly, explain why the velocity experienced by the sky
diver will not exceed 30 m/s.

Find the values of log, x that will satisfy the equation
2(logs x)* = logy x + 6.

Sketch the graph of y = log, x and indicate clearly on your graph the location of
the values of log, x found in part (i).

Hence, show that the product of the two roots of the equation
2(logs x)* =log, x + 6
is positive.
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5.

6

7

A vertical wall AB is 2 m high and 2 m away from a warehouse. P is a ramp resting on
the wall AB and just touching the ground at P and the warehouse at (). The ramp PQ is
of length L metres and makes an angle 8 with the horizontal.

(i) Show that the length of the ramp, L, is given by

2 2

" sin@  cos®

dL.  2sin®8-2cos38

(i) Hence, show that — =

da sinfcosg

(iii) Given that & can vary, find the shortest possible length of the ramp.

(i) Sketch the curve y? = 9x for 0 < y < 12,

The line 4y — 3x = 9 intersects the curve y? = 9x at two points P and Q.

(ii) Find the coordinates of the midpoint of PQ.

sin(A-B) _ 3

(i) Given that Sin(A+E) 2’

prove that tan A+ 5tan B = 0.

(ii) Hence, solve the equation 2sin(26 — 30°) = 3 sin(26 + 307)

for 0° < 8 < 360°.
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(5]

2]

[6]

3]

[3]



8 The diagram shows part of the graph of y = [3 — x| — 2.
M
¥

y=|3—x|-2

™

(i) Find the coordinates of A, B and C.
A line QR of gradient 1 cuts the y-axis at (0, p).
(ii) State the number of intersection(s) of the line QR and y = |3 — x| — 2 when
(@ p=2
(b) p=-6

(iii) Determine the set of values of p for which the line QR intersects y = |3 — x| — 2
at only one point.

9 A particle travelling in a straight line, passes a fixed point O on the line with a velocity of
9m/s. The acceleration, a m/s?, of the particle t seconds afler passing through 0 is
given by a = 8 — 2t.

(i) Show that the particle comes to instantaneous rest when t = 9.

(ii) Find the average speed of the particle for the journey fromt =0 to t = 12.
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10 The diagram shows a circle passing through the points P, 0, R and 5. SQU is a straight
line that cuts RP at the point T. VRU is a tangent to the circle at R such that SR = RU.

4 R u /
S
P
Prove that
(i) angle SPT = 2 x angle QPT, [4]
(ii) triangle QRU is similar to triangle RSU, [2]
(iii) QR x SU = (RS)* [2]

11 A container has a capacity of 960 cm? and is initially completely filled with water. The
volume, V ¢cm?, of water in the container is given by V = h? 4+ 2h where h cm is the
height of the water level in the container. Due to leakage at the bottom of the container,

: : : 3t
the height of the water level in the container decreases at a rate of - cm/s.

(i) Find the initial height of the water level in the container. [3]

L 2
(ii) Show that the height, h, can be expressed as — % + ¢, where c is a constant. [2]
(iii) Find the rate of change of volume when t = 4. [3]
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7
(a) The diagram below shows part of the curve f(x) = 3sin(px) —q.

flx
L R EE;‘EHEJ_H_{H_ME}I
4 4 4 4 z 4 4 2 4 4
A
B
The coordinates of the turning points are A{ET”, —2) and E(i?, —-8).
Find the values of p and g. [2]

(b) The diagram below shows the graph of y = x*+2. The shaded region from x = a
to x = —a has an area of 6a units®. Find the exact value of a. 15]

ol

b

END OF PAPER
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Answer key:

x<—V2 or x> 2
(1) =15 < k < 1; (i1) maximum
(()0m/s (ii))19.0m/s
& B
(0 ~32
(ii) 7 , 5.66m
(i)

o s D1 B

&

b o — -

(i) (5,6)
7(ii) 54.6°, 144.6°, 234.6°, 324.6
8) (50) (ii)(a)1 (i)(b)0 (iii)p > -5

9(i) v=8t—t?+9
3
(i) s=4t2~—%+9t; 18 m/s

11() 30em (i) h=—2-4+30 (iii) —228 cm?/s

12@p=:;9=5 (b)a=v3
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2016 ZHSS PRELIM ADD MATHS PAPER 1 MARKING SCHEME

1 f(x)=2x3—-12x-5
f'(x) =6x%—12 \ /
For increasing functions, f'(x) > 0 s —F
6x2 —12 >0 \/
x*=2>0

(x +V2)(x=v2) >0

« the range of values of xis x<—vZ or x> vZ.

2() Bk - 5)x2+(k—=5)x—-2=0
No real roots = discriminant <0

(k—5)2—-43Bk—-5)(-2)<0

k2 — 10k + 25 + 24k — 40 < 0
k*+4+14k-15<0
P
(k+15)(k—1) <0 ‘15\-/
15<k<1

2(ii) coeffofx® =3k -5
Fromabove, —15<k <1
—-45 <3k <3
—-50<3k—-5< -2

Since coeff of x? < 0, the function has a maximum point.

Alternative method:
y' =23k —-5)x+ (k—5)
y =23k —5)=6k—10
From (i), since—15< k<1, 6k—=10<0

= y <0 vx }
& y=(3k—5)x*+ (k—5)x—2 hasamaxpoint. |
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3 v=30(1-e0%)
i)  initial velocity, v = 30(1 — e%) = 0m/s
i) whent=57v=30(1—e"1) =30 (1%) or 19.0 m/s
iii) sincet=0, 0<e %2 <1 -
=s'max(l —g %) <1 J»
= 30(1 — e %%) < 30 }

~ the velocity will never exceed 30 m/s.

4i)  2(logs x)* = (logy x) + 6

Lety = log, x
2y =y +6
2y -y—-6=0

Cy+3)y—-2)=0
y=—§ or y=2

v logyx = —-% or logsx =2

4ii)

From the graph, wheny = —= and y = 2, the x values are both positive.

G TS

~ the product of the two roots of 2(log, x)* = (log, x) + 6 is positive.
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5ii)

5iii)

L =PB+BQ
i 2 2
= — = —
sin @ PE PB sinf@
cosf=— = BQ =
" BQ " cos@
2 Z
HE = — AG
L sinfd + cosf [ ]
dL _ —2cosf 2siné
df ~  sinZ@ cos? 8
2s5in@-2cos?o
~ sin?Bcos?@ [AGI
% dL
For max/min, = 0

2sin30 — 2c0s%0 =0

sin3@ = cos36

tan®f = 1
tanf@ =1
6 == 0<f<=
4 2
Uisng 15t derivative test,
" T m mt
4 4 1
- 0 +
dL
de \
" shortest possible length of the ramp
=2
- Sin%
=566m [5.6568]
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61)

6ii)

12

4y —-3x=9

Subsy = i?—g into y? = 9x
3x+9\2

( 4 ) =
x2—10x4+9=0
(x—9)(x-1)=0

x=1 or x=9

x-coord of midpoint of PQ = -1—;1?- =%

3(5)49 _

y-coord of midpoint of PQ = .

=~ coords of midpoint of PQ are (5,6)
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7i)

7ii)

sin{A-8)
sin{A+8)

_ 3
2

sin A cosBE-cosA 5inB _ 3

sind cosB+cosA 5inB 2

2(sin A cosB — cosA sinB) = 3(sinA cosB + cosA sinB)
sinA cosB + 5cosA sinB = 0

Divide throughout by cosAcosB,
s tanA 4+ 5tanB =0 [AG]

2sin(208 — 30°) = 3sin(26 + 30°) can be written as

sin(26-307) _ 3
sin(26+30°) ~ 2

Compare with (i) and let A = 28 and B = 30°,
s tan26 + 5tan30° = 0 using result from(i)

tan28 = -5 (%)
base angle, @ = tan™’ (\%) = 70.893°

260 = 109.106°, 289.106° 469.106°, 649.106°
s 8 =54.6° 144.6°, 234.6°, 324.6°

Need a home tutor? Visit smiletutor.sg
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8) y=|3—x|-2
AtAx=0y=3-2=1

~ A(0,1)
AtBmin|]3—-x|=0=2x=3,y=-2
% B(3,-2)

AtC,y=0, [3—x|—-2=0

13—x| =2
3—x=2 or 3—x=-2
x=1 or x=h

« €(5,0)

8ii) lineQR:y=x+p

a) Whenp = 2,
no.of intersections = 1
b) Whenp = -6,

no.of intersections =0

8iii) set of values of p for which no. of
intersectionsis 1,is p > =5

Need a home tutor? Visit smiletutor.sg
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9) t=0s, v=9m/s, a=8-2t
i) wv=[adt
= [(8B—2t)dt
=8t—t’+c¢
Whent =0,v=9
Bt—t*+c=9
c=9

LU =8t—-t*+9

At instantaneous rest, v = 0,
“B8t=t2+9=0
t2—-8t—-9=0

t+1)(t-9) =0

t = —1 (reject) or t=9s [AG]

9ii) s=[vdt
= [(8t —t* +9)dt
=4t2 -S4 ot +c
Whent=0,5=0 =c=0

3
& 5= 42 ~+%~+ 9t

At instantaneousrest, v=0, t =9, s = 16Z2m
=12, s=108m
r I I ‘}
5 108 162 sm

Total distance =162 + (162 — 108) = 216m

216m
. average speed= —— = 18 m/s
12s Need a home tutor? Visit smiletutor.sg
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10) Let 4RSU = x 4 R

o

then 4RUS = x (base 4s,isos A)

4QPT = 4RSQ

= x (45 in the same segment) ’
4SRV = 2x (ext 4 of ASRU)
4SPT = 4SRV (alt segment thm) P

= 2x
~ 4SPT = 2 X 4QPT [AG]
10ii) From (i), 4QUR = ARUS (common 4) }
4QRU = 4RSU (alt segment thm)

ARQU = 4SRU (4 sumof A)
~ AQRU is similar to ARSU (AAA similarity)

10iii) Using ratio of corresponding sides of similar AsQRU & RSU,
A
RS ~ sU

QR xSU =RU X RS
QR x SU = (RU)* [AG] (~ RU = RS given)

Need a home tutor? Visit smiletutor.sg
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dh 3t

11) Given:Vol = 960cm® att=0; V=h*+2h;, —= - cm/s

11i) h? + 2h = 960

h? +2h—960=0
(h+32)(h—-30)=0

h =30 or h=-32(rejected)

~ initial height of water is 30cm.

1) S=-7
2
h= —3—;—+C

when t=0, h=30
= ¢ = 30

3t?

sh= —T+ 30

..on @AV dV _ dh
11iii) pi=—r X r
= (2h+2) x (=)

2

= [2(-%+30)+ 2 x(-3)

whent = 4, rate of change of vol

v
T odtl,-

dt

= —228cm3/s

Need a home tutor? Visit smiletutor.sg
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12a) f(x) = 3sin(px) —g¢

3 -2+ (-8)
1=7
= -5
~g=5
2
eriod = —
g p

9_1':

From the graph, period = (4 - E) X2=3m

12b) Since graph of y = x? + 2 is symmetrical about the x-axis,

[ ) G

.[0 }’dx::'?

a, 2 _ﬁa
i +2)dx ==
X3 in
-?+zﬂﬂ=3a
aS
—3~+2a=3a
a*+6a—9 =0
a*—=3a=0
a(a®-3)=0

a = 0(rejected), a* =

~a=+3 sincea>0
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+¢ =0

s ~b+b® —dac

2a

Binomial expansion

(a+h)" =a" +{?]a""1b + [;]a"'lbz e +[H]a"",§’ FNRRTY L
r

n ! =1)...(n-
where » 1s a positive integer and S plr—th.larr+1)
r) ri{n—r)! rl

2. TRIGONOMETRY

Identities
sin” 4+cos’ A=1
sec’ A=1+tan’ 4
cosec’d=1+cot’ 4
sinfl4+ B)=sin Acos B £cos Asin B
cos(A + B) = cos Acos BF sin Asin B
tan 4 +tan B
l+tanAtan B
sin24 =2sin Acos 4
cos2A=cos’ 4—sin* A =2cos* A-1=1-2sin’ 4
2tan 4
1 —tan® 4

tan(A + B) =

Formulae for AABC
a b ¢
sind sinB sinC
a’ =b*+¢’ = 2bccos 4

A= J—bcsinzi
2
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3

1 (i) Sketch the graph of y = 2x2 for x > 0. [1]
1

(i) On the same diagram, sketch the graph of y = 16x 2 for x > 0, [1]

(iii) Calculate the x-coordinate of the point of intersection of your graphs. [2]

2 (a) A polynomial f(x) hasaremainder of —2 when divided by (2x + 1). Showing your

method clearly,
(i) find the remainder when f(x) — 1 isdivided by (2x + 1), (2]
(ii) find in terms of f(x), a polynomial which is completely divisible by (2x + 1). [2]

(b) A polynomial g(x) can be expressed as g(x) = (x* —x —2)P(x) + ax + b,
where P(x) is a polynomials in x. Given that g(x) leaves a remainder of —7 when
divided by (x — 2) and a remainder of —19 when divided by (x + 1)
(i) Find the value of a and of b. [5]
(if) Find the remainder when g(x) is divided by (x — 2){(x + 1). [1]

3 Do not use a calculator in this question.

@ () Simplify (2~ v5)’. [1]
(i) Given that x = ——=, find the exact value of x? + x —2 [3]

(b) The volume of a cuboid with a square base is 19 + 1143 cm?®. The height of the cuboid
is V3 + 1 cm and the length of each side of the square base is a + Vb , where

a and b are integers. Find the values of a and of b. [6]
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4

(a) The roots of the quadratic equation 2x% 4+ 5x — 1 =0 are tan 4 and tan B.

(i) Find the value of tan(4 + B). [3]
(ii) Find the value of sec?(4+ B). [2]
" 2 2 52 2
(b) (i) Show that T T & 4 sec3x. (2]

fL3

— Z
i 1z 2
(ii) Hence evaluate [ TR T [2]

A curve has the equation ¥ = 3x?e™*.
(i) Find an expression for ‘Z‘% and obtain the coordinates of the stationary points

of the curve. [3]
(ii) Determine the nature of these stationary points. (6]

(a) Find in ascending powers of x. the first four terms in the expansion of (1 + x — x2)%. [4]

12
(b) (i) Find the term independent of x in the expansion of (sz - %] : [3]
12
(i) Determine the constant term in the expansion of (3 + 4x%) (sz - z_lx) i [4]
2}. _ &

; d
A curve 15 such that 7 Yl T

The equation of the tangent to the curve at the point (3,—-1)is y—2x + 7 = 0.
(i) Find an expression for % ; [4]

(i) Find the equation of the curve. [5]
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> <

The circle with centre C(3, 1) touches the x-axis at A. The line 4y — 3x = 0 touches

the circle at B,

Find the coordinates of B.

(b) The equation of another circleis (x — 4)* + (y + 1) = 4.

The line y = mx is a tangent to the circle. Find the possible exact values of m.

Thanahna annnd I!l'}’ SC hﬂﬂ]

The table shows experimental values of the variables x and y.

X 1 2 3 ' 4 I

y 0.4 0.6 1.6 3.4
It is known that x and y are related by the equation of the form p(x + y) = pq + gx°.
(i) Plot x 4+ y against x2, draw the straight line graph and use it to estimate the

value of p and g. [6]
(i) Using your values of p and g, find the values of x for which p(x* — 2q) = 2qx*. [2]
9 (a)
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x 242 ex+d
10 (a) () Express 7 inthe formof ax +b + P 2]
; P cx+d
(if) Using the values of ¢ and d found in (i), express itz B2
sum of two partial fractions. (3]
; — x-1
(b) A curve has the equation y = e
(i) Differentiate y with respect to x, [3]
(i) Using the result in part b(i), determine [ 2253 gy, 2]
{4x+1)2
¥
11. N
>
The diagram shows two circles, C; and €, with centres 4 and B respectively. The two circles
touch each other at D. C,; has radius 3 units and touches the y-axis at E. €, has radius 2 units and
touches the x-axis at F. The lines A8 produced meets the x-axis at G and
angle BGO = A radians.
(i) Show with clear explanations, that OF = 5sin@ + 2 and OF = 5cos@ + 3. [2]
(i) Show that EF% = 38 + 20sin 6 + 30 cos 6. [2]
(iii) Express EF? inthe form 38 + R cos(@ — a), where R > 0 and « is an acute angle. [3]
(iv) Giventhat EF? = 65, find the value of 6. 2]
END OF PAPER
Need a home tutor? Visit smiletutor.sg
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[ Answer Key
1| () (i)
| |
-EJi. llﬁ'ir:
| -:! '
!
il
4 K
El A
Jd | --‘."_"_""_"_’__
1 =8
i
iit |x=2 8i |p=254¢9=1
2i | Remainder = =3 It x= +VJ10 orx= % 3.16
ii A polynomial = f(x) + 2, any multipleof |9a | g2 2,
fx)+2 S
i |a=4,b=-15 9 _ 2V
e - -]
i Remainder = 4x — 15 10ai 4 1 4 S5x =2
¥ x’ —_— —
4 4 x24+x—2
3ai | g _ 445 aii ox =2 4 " 1
x24y—2 x42  x-—1
ali | 54345 bi 2x+3
]
(4x+1)2
3b |a=2and b=3 i) | (2@*3) 5 _ 2D
{4-x+_‘r_}?i vax+l
dai) | 5 1iii | EF? = 38 + 10v13cos (8 — 0.58800)
3
| 4aii) | 34 1liv | @ = 1.31
|9
4bii 1:1'-
I 3 12
Sai | 3xe~*(2 - x), (0, 0) and (2, =
St | (2, :—:} is @ maximum point
(0, 0) is a minimum point
6a | 1+9x+27x%+12x%+---.)
bi) | 495
L 16
' bii 1265
| dlﬁ 3
i y
|z~ @5
i 3In(2x -5
i y= -—-—E(——;——) + 5x— 16

Thonahua See nndar}r SChU‘UI
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Thonohns QH"-r"lrhdaI}' School

method clearly,
(i) find the remainder when f{x} —1 is divided by {Zx + 1), [2]
(il) find in terms of f{x). a polynomial which is completely divisible by (2x + 1). [2]

1 | (@ Sketchihe graphof ¥ = 2% for x > 0, i
1
(i) On the same diagram, sketch the graphof ¥ = 16x 2 for x > 0. (1]
{iii} Calculate the ¥-coordinate of the point of intersection of your graphs, (2]
1 [ (i) (i)
[2] | Bl
|
L |Jq'qn; ar
by
i
wl n{
4\
_[ il -"\\\.\_\_\__\_\_“.t:u-tﬁl‘%
T T—— B
@) ), £_ 16x i]l v::auahng with atlempt
2] [x*=8§
=2 Al
2 (a) Apolynomial f(x) hasaremainder of =2 when divided by (2x + 1). Showing your

Aa) (1) |Letf{x)= (2x+1))Q(x)—2
H f=1= (@x+1000) -2-1 MI
Remainder = =3 Bl
) | fe+2= @x+1))Q0x) -2 +2 Ml
21 A polynomial = f(x) + 2, any multiple of f(x) + 2 | Bl
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(b) A polynomial g(x) can be expressedas g(x) = (x*—x—2)P(x) + ax + b,

where P(x) isa polynomials in x. Given that g(x) leaves a remainder of —7 when
divided by (x — 2) and a remainder of —19 when divided by (x + 1)

(i) Find the value of g and of b. [5]
(ii) Find the remainder when g(x) is divided by (x — 2)(x + 1). [1]
200) (i) [g(x)= GF—x—-2)P(x) +ax+ b, i
[5] =(x- ij{x +1)P(x) +ax+ b, (x—2)(x + 1) seen or
| Substituting x = —1 or 2 a (—1)* — (—1) — 2 seen or
Ig{2j=2&+5;—? |22 =2 =2 seen Bl
o =T s i) Bl
gl=1)= —a+b=-19.......(2) Bl
2(b) (1) | (1) = (2), 3a=12 -
la=4 R Al
b= -15 Al -
'.
(b) (ii) ‘ Remainder = 4x — 15 Al
[1] l B
3 Do not use a calculator in this question.
(@) (i) Simplify (2 - V5)". [1]
(ii) Given that x = ‘;_1_.,@ , find the exact value of x? 4+ x—2 [3]
3@® | (2- vB) =4-4v5+5
i  =9-45 Al i
il 1 1
) x2+x—2=9—4\r§+2_ﬁ-2 81
3] = 9+w'§'+ 2445 _ Rationalising the i
: e = denominator M1
=543V5 Al il
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(b) The volume of a cuboid with a square base is 19 + 113 em3. The height of the cuboid is
V3 + 1 cm and the length of each side of the square base is a + Vb , where

a and b are integers. Find the values of a and of b. [6]
3(b) _ 1941143 M1 -
ity R - ]
[6] _ 194113 ” Vi-1
Y3+l yE3-1
_ 19V3+33-19-1143
- 2 3 |BI
14 + 8+v3
(a+ VB2 = =20
a’+b+2aVb=7+4V3
a® + b= T-mema=(1) Equating rational and irrational
2avb =43 parts M1
avh =23 Do not accept avh = 2v3
a2h = 12 ~=weeeeea(2) a=2,b=3
| From(1), a2 =7—b
| (7F=-bb=12
0= b*-T7b+12 M1 obtain a quadratic equation
(b=4)(b=3)=0
b=3o0r b=4 —
when b =4, a* =7 — 4 = 3 (rejected) Obtain either both b's or

P

both a's

whenb=3, a*=7-3=4

a=2 or a=—2 (rejected)

a=2and b=3 Al [given provided M1 has
| been awarded]

4 (a) The roots of the quadratic equation 2x% + 5x — 1 = 0 are tan4 and tan B.

(i) Find the value of tan(4 + B). [3]
(ii) Find the value of sec?(A + B). [2]
2} 13 5
4@ M tanA 4 tanB = - =
2 ‘L_ Either one B1
1
Jt:g'tmfl. tanfi‘:—i- —J
tanA+ tan g
tan(4 + B) = ey
- 3
ik | B
l+-1£
. Al
3
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4 (a) (i) sec’(A+ B) =1+ tan*(A+ B)
2] | = 148 MI
9
= 2% Al
= = _
. 2 2 - 2
(b) (i) Show that R + T 4 sec“3x. [2]
"
‘e = 2
(ii) Hence evaluate fuﬂ PR T dx. [2]
4b) () | LHS= —2 -
—1=sin3x 1 +s5in3x
(2] _ 2(1+ sin3x}+2(1-sin3x) Bl
} {1-s5in?3x)
= Bl
| costix
L = 4 sec®3x (Shown)
@ [z, 2
—|+“0 _,L:-_ﬁin'u 14sin3x _
(2] = [12 4 sec?3x dx
- !
4 .2 Bl
—[;tan EI]}?
=2 Al
- 3

5 A curve has the equation y = 3x%e~*,

; ! . d z ; : : .
(i) Find an expression for d—i- and obtain the coordinates of the stationary points

of the curve. [5]
(if) Determine the nature of these stationary points. [6]
5( d 31
(i) ay = 6xe~* + 3x2(—e~%) Product rule M1, Bl
[5] dx
= 3xe *(2—x)
For stationary points, E = | M1

3xe™*(2—x)=0

E"‘;.Jtﬂ,x-:ﬂarx:?,

Al[ 2 values of x]
Both points Al

(0.0)and (2,
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5(ii) ﬂ G e 4 GR(=E) 4 W) Award M1 if there is at
[6] dx? most 1 wrong term
= e ¥ — 12xe % + 3x%(e” %) Al
, = 3e7¥(2 — 4x + x?)
.whenx=ﬂ,§;§—=ﬁ>{} Bl
o (0, 0) is a minimum point Al " 4
whenx =222 = -2 <0 | BI
| (2, é%} is a maximum point Al
OR Using -j—i—,
[6] For (0, 0) .
I = oo | o | o* |
d_y <0| 0 | >0
dx |
|'Sketchof | | ) B2
angent | N |— | /
(0, 0) is a minimum point Al
For2,2) -
x 2= | 2 2*
dy >0 0 | <0
dx
Sketch of S B2
tangent .-'/ \
(2, é-i—) is a maximum point Al

Thonohna See nnda_[}r School

Need a home tutor? Visit smiletutor.sg

4047/02/Prelim 2/2016

33



6 (a) Find inascending powers of x, the first four terms in the expansion of (14 x— x2)° [4]

6(a)

(14 x— x%)?

[4]

=1+ @) (x— x%) + (3] (x— x¥)%+ G) (x— x2)3 +...

Bl

| =1+9x =9 x% +36(x? — 2x% + x%) + 84(x® + )

= 1+09x 427 x2 + 12x7 + )

A3 deduct | mark

for every wrong

lerm

12
(b) (i) Find the term independent of x in the expansion of (sz - i) . [3]
2
(if) Determine the constant term in the expansion of (3 + 4x3) (sz - ﬁ)l [4]
6(b) (i) th porm = (12) (22127 (_ LY Mi
i (r+1)™ term = (%) (2x2)1%" (- )
[3] | For term independent of x
l 0 = p2(12-7) 4 T B
0=24-3r )
lr=8 Bl
| : 12 - 118 |
| Term independent of x = ( g ) (2x*)re-o (— 5)
| _ 12 4 1 ]
B (3)(2) (”"z')
_ {12y ra\*
~(5)G) |
=% l Al
== 16 I[_ _l
| 6(b) (ii) | Forx™3, —3=24—3r ] |
4] r=9 _ M1
c B (8 2y3f_1 ,
Term in x (g)(Ex ) ( Ex)
——— 12 —1-.- =3
( 9 ) za)x
:...E..‘.J. =3 Bl
49?4 220 =
Constant =3x — +4x (—==) Ml
= 1265 Al
| 16 _
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7 . d<y — [
A curve is such that s = B

The equation of the tangent to the curve at the point (3,—1) is y —2x +7 = 0.

(i) Find an expression for :—i ; [4]
(i) Find the equation ol the curve, [5]
74 | d ) M1 attempt to integrate
o 2o jﬁ{Zx—S}“zdx seeiaad !
dx
[4] _6zx-5)7" Bl
=
- A
== {2x—5) €
R e
when x = 3, == 2
 [2==3+c¢
c=5 M1 attempt to find ¢
dy 3 Al

| == ————+
! dx (2x—5) |

ii 3 ttofindy b
(ii) y:J'_ LB M1 attempt to find y by
(2x - 5) . . dy
integrating -~
[5] = HE@,&_ x4+ d Bl
substituting x = 3 and y = —1 -

3 -
~1= _E£n1+15+d M1 attempt to find d

d= —16 Bl

_3In(2x - 5) Al
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8  The table shows experimental values of the variables x and y.

X 1 2 3 4 5

y 0.4 06 | 1.6 3.4 6

It is known that x and y are related by the equation of the form p(x + y) = pq + gx2,
(i) Plot x + y against x°, draw the straight line graph and use it to estimate the

value of p and q. [6]
(ii) Using your values of p and g, find the values of x for which p(x? — 2q) = 2gx*. [2]
(i) x* 1 [4 |9 [16]25

6] |x+y 1.4 |26 467411

p(x +¥) = pq + gx*

x+y—q=gﬁ
T L T 1% ] Award B1 either for (1) or (2)
i)

gradient = %, x +)-intercept =g --—--- (2) _r

From graph, x + y-intercept=1_

lg=1 Al

_ gradient = % =0.4

104

| p _

1

-=04
P

p=2.5 Al

On graph paper

| Straight line drawn with correct labelling of axes | Bl

" All 5 points correctly plotted B2 deduct | mark for every
| point plotted wrongly

8 15 40 2) = 22 N M1
2 | FT for their answers in (i)
2l (1, |

2 !

x? =10 |

x=+/10 orx = + 3.16 | Al
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dp-3x=0

The circle with centre C(3, 1) touches the x-axis at A. The line 4y — 3x = 0 touches
the circle at B.

Find the coordinates of B. [5]

9a) Equation of tangent at Bis v = %x.

[5] Gradient of normal at B 15 —% Ml
Equation of normal at Bisy —1 = —2(x — 3)
4
\ y= _E x+5 H
For point of intersection B,
3 4 M1
Ex = ‘—‘é‘ x+5
25x
[ 42 :
_ 12 Bl for correct x or y
= —
5
_ 9
I 73
12 9
Bi~,z) Al
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Muathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,

i ~b+ b —dac
2a

Binomial expansion

{a+b)" =a" +[T] a"'b +[;] a" b’ +--~+[n] a*"h" 4B,

r

| = (b =
where » is a positive integer and Pl S A —Det—ril)
rlo(n=rir! r!

2. TRIGONOMETRY
ldentities

gin® d+cos” A=1
sec” A=1+tan’ A
cosec’ A=1+cot* 4

sin{ A+ B) =sin AcosB + cos Asin B
cos( At B) = cosAcosB Fsin Asin B
tand = tanf

tanfd + B) = ————
“ ) |FtanAtan8

sin24=2smn4cos 4
cos2A=cos’ A-sin* A=2cos’ A-1=1-2sin 4
2tan.d

tan2.A4 e
| —tan” A4

Farmulae for AABC
a. . b .. =&
sind snB sinC

a’ =b" +¢’ =2beccosA

A =~l—b.-:sin,4
2

2 Need a home tutor? Visit smiletutor.sg
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1 Given that vy =

Answer ALL Questions

=2

X

cx=0.

(i)  Find an expression for %x};

(i) Hence, show that y is an increasing function for all real values of x except zero.

(a) Given that log, m = n, express each of the following in terms of n.

(i) log,(9m®)
(ii) iﬂga‘l‘
i)

(b) Solve the equation 2(In x)’ +3ln[lJ=S.
X

On a university campus of 6 000 students, one student returned from vacation with a
contagious flu virus, The spread of the virus through the student body is given by

6000
O =1 59096

where f'(t) is the total number of students infected after ¢ days. The university will cancel
classes when 50% or more of the students are infected. Estimate,

(i) the number of students infected after 5 days, giving your answer to the nearest
whole number,

(ii) after how many days will the classes be cancelled.

(a) Find the range of values of x for which (x—2)(x+3)=6,

(b) Find the range of values of k for which the line y+4x =8 and the curve x° +4y =16

do not intersect,

The function fis defined by f(x) = 4x* —4x—15 for -3<x <4,

(i)  Sketch the graph of y = l S (x)|, indicate clearly the x and y intercepts.

(ii) Determine the set of values of m for which there are two or three distinct solutions for

the equation | /(x)] = m.

1 +sinéd
(a) Prove that (sa:ﬁ‘ﬂanﬁ]:’ = l .
1-sind
(b) Find all the values of f between 0 and 12 for which ﬁh}(%r} = lfm

[2]

[1]

[2]

[3]

[4]

(1]

[3]

[3]

[4]

[4]

(2]

[4]

[3]

Need a home tutor? Visit smiletutor.sg
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7 The diagram, which is not drawn to scale, shows parts of the graphs of y =4cos3x and
y=2smx+k.

¥
a
P
Q
y=2sinx+k
o i
¥ =4cos 3x
(i) State the amplitude of y =2sinx+ k& and the period of y = 4 cos 3x. [2]

(i) Points P and Q are the respective maximum points on these graphs. Given that the two
graphs intersect at the x-axis, find the value of k and the coordinates of P and of Q. (6]

8 A particle P is traveling in a straight line with a velocity v ms™, given by v=-22 + 7t +4,

where ¢ is the number of seconds after passing a fixed point O, Calculate

(i)  the value of ¢ at which the particle comes to instantaneous rest, [2]
(ii) the maximum velocity achieved by the particle, [3]
(iii) the total distance travelled by P fromt=0to ¢t = 5. [4]
B
9 (a)

- - 5 . C
In the diagram, M and N are mid-points of CD and BC respectively. DB bisects Z4BC ,
DB =CNand £BAD = ZBDC =90°. Prove that A4BD is congruent to AMNC . [4]

4 Need a home tutor? Visit smiletutor.sg
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10

(b)

()

(b)

=

A D

In the diagram, triangle ABC is inscribed in the circle with centre O. The tangent
at 4 meets the line EF and BC produced at D.

Prove that
(iy AADCand ABDA are similar, [2]
(ii) BD»CD=DE* - AE® [3]

It is given that y =(x—2)+/2x—1. Find the exact value of x when the rate of

decrease of y is three times the rate of increase of x. 5]
The region A, shown in the diagram is bounded by the curves y =sin2x, y=cosxand
the x-axis, Find its area. [5]

¥
VY=C0s X
1 .
\ G=anD
ﬂ \ .

Need a home tutor? Visit smiletutor.sg
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11

The pictures below show a load lifter and the close-up of its extensible arm.

The movement of the arm can be modelled with the diagram shown below.

:IJ
Q
Vi
A B\ rad 1
< >4 =
10 cm 40 cm ¢

(i) Inthe diagram, 4PQ is a straight line representing the arm. 4BC is a straight line with
AB =10 cm and 5C =40 cm and CD is perpendicular to ABC. The arm 1s lifting an
object vertically from point C. P is a variable point on the semicircle with centre B,
radius 6 cm and £CBP = 0. The length of the arm is adjusted so that the point O lies
along the vertical line CD during the lifting of the object.

051
S B g i e 3]
5+3cosé
(ii)  Find the value of & for which CQ is a maximum. (5]

~~~~~ End of Paper

6 Need a home tutor? Visit smiletutor.sg
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Answers

1 @ dv_52,2

dx x*
(b) Since 3x” + -% >0 thus il > 0 for all values of x, except x =10
x
=¥ 15 an increasing function (shown)

2 (a () l+2n

(i) —2n

x=122 or x=0368(te3s.f.)

3 (i) 12 student
(ii) 18 days
4 (a) x=4 or x=3

(b) -2<k<2

5 () | 134

T
| =
—
=h
e —

> X

-3 3
2
(i) 16=m=<33 or m=0

e | wm

6 (@) LHS=(sect+tand)
=sec’ @+ 2secHtand +tan’ 8
- I 2sind  sin’ @
cos*@ cos’0@ cos’d

_l+251n£?+sinzﬂ
~ 1-sin’é@
_ (1+sin®)’
" (1-sinB)(1 +sin @)

Need a home tutor? Visit smiletutor.sg



(b)

5 10 35
= i —
3 3 3
7 (1) Amplitude =2 and Period = 120° or E?':j
® -1 P 0(Z.1)or (90°,1)
8 (i) t=4

() max velocity = m% s

345m

9 (a) Since M and N are mid-points of CD and BC

MN [/ DB (Mid-point Theorem)
= ANMC = ZBDC =90° (Corr. £s MN [/l DRE)
= ZMNC = ZDBC (Corr. Zs MN /| DB)

Given DB bisects Z4BC

= £ABD = ZDBC = ZMNC
DB=CN (given)

AABD = AMNC' (AAS) (proven)

(b) (i) ZADC = ZBDA (common angle)
ZCAD = ZABD (alternate segment theorem)
S AADC and ABDA are similar (angle-angle similarity test)
(i1) % = %g— (corr ratios of similar triangles)

= BDxCD = AD’

Since AD is tangent to circle
£DAE =90° (tangent L radius)

;. AD? = DE* — AE* (pythagoras’ theorem)

= BDxCD = DE* — AE* (proven)

10 (a) x=2-42
(b)

3.
— UALS
4

8 Need a home tutor? Visit smiletutor.sg



11

(a) From the diagram, PT is perpendicular to AC
AAPT and AAQC are similar (angle —angle similarity test)

€O _ 6sinf

=————— (corr ratios of similar triangles)
50 10+6cosé@

_ 150sin @

= ——— (shown
S5+3cosf ( )

cQ

@ 0=22lrad (io3s.f)

Need a home tutor? Visit smiletutor.sg
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2

(b)

(a)

Prelim 3 Add Math P1

Answer Scheme.
L@ oy = [M1]
dy g i
—_ =3+ Al
dx o x° [Al]
Since 3x1+-%~:rﬂ thus %}U for all values of x, exceptx=10 [B1]
X
=5 15 an increasing function (shown)
(i) log,(9m*) =log, 9+ 2log, m [M1]
=1+2n (Al]
. 1
(ii) Ing3f—n—=10g31—lng3m [M1]
={;._'°ET¢’” [M1]
2
== [Al]
(b) z(inx}u:ﬂ.m[l]—ﬂ:a
X
Let y=Inx
2y ~3y-5=0 [M1]
2y =85 y+1)=0 [MI]
—-5* or =-1
y 2 y
]nx*i or Inx=-1
2 [M1]
5
x=e! or x:l [Al]

e

Accept x=122 or x=0368(03s.f.)

Need a home tutor? Visit smiletutor.sg
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4

@

(i) Whent=5

6000
14599974

6000
| +5999¢ 7119

=12.159 = 12 student
(ii) For classes to be cancelled, f(¢)= 3000

6000
1+ 5999

221459997

f(5) =

= 3000

>-2In| —— |=17.398
; m[_sggg)

. after 18 days

(8  x*+x-1220
(x+4)(x—3)>0

=4 or x=3

) y=8-kx
x' +4(8—kx)=16
x* —4kx+16=0
For no intersection, discnminant < 0
16k —4(1)(16) <0
k-4<0
(k=2)k+2)<0

—2<ck<2

[BI]

[M1]

[MI]

[Al]

[MI]
MI]

[Al]

[M1]

[M1]

(M1]
[Al]

Shape of curve [G1]
Coordinates of max pt [G1]
x-and y intercepts [G1]
End value [G1]

in

> X

-
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(ii) 16=m=<33 or m=0

(a)  LHS=(sec@+tan8)
=sec’ A+ 2secHtanf +tan” @

1 2sinfl  sin’é@
= 2 + 7 2
cos @ cos*f cosH

_1+2sin@+sin’ #
© 1-sin*@
_ (1+sin@)?
" (1—sin&)(1 +sin &)
_l+4+sm@
1-sm

(proven)

(b) sin[f—r]=£ D<t<12 :G{E{EE
5 2 5 3

(B 7
2 3
B E TR
5 33 3
5 10 35
P== —ir—
3" 3 3
[i] 2.’7

Amplitude = 2 and Period = 120° or =
(ii) Coordinates of P (0, 4)

Since the two curves intersect at the first x-intercept for y = 4cos 3x,

=k =-]

s i . i
For graph of y =2sinx -1, first maximum 1s at x = 5

When x=-§, y=1

Need a home tutor? Visit smiletutor.sg

[B2]

(M1]

[MI1]

[M1]

[Al]

[M1]

[M1]

[Al]

[B2]

[B1]

MI]

[M1]

[Al]

[M1]
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®

(i)

(i)

(a)

(b)

., coordinates of O ( %J yor (90°,1)

For particle at rest, v=10
-2 +7t+4=0

(=2t =10t=4)=0 or (2A+D(t-4)=0

t:—%(ny’ecred} or (=4

For maximum velocity, % =10

—4t4+7=0
7
t=—5
4
max velocity .—.-_2(3.] +T(1]+4 =S 161 pps®
4 4 8 8
20 7¢

s=jvd¢‘=———+-—+4!+t‘
3 2
When t=0,5=0 = C=0
Whent=4, s = 29% m
When t=5,5=24.17m
.. total dis tan ce = 29 % +[29% - 24.1?}] =34.5m
Since M and N are mid-points of CD and BC
MN /1 DB (Mid-point Theorem)
= LNMC = ZBDC =90° (Corr. £s MN [/ DB)
= ZMNC = ZDBC (Corr. Zs MN |/ DB)

Given DB bisects £4ABC

= LABD = ZDBC = ZMNC
DBE=CN (given)

AABD = AMNC (AAS) (proven)

(1) £ADC = ZBDA (common angle)
LCAD = ZABD (alternate segment theorem)

[A]

[M1]

[A1]

[M1]

[MI1]

[Al]

[M1]

[M1]
[MI]

[A1]

[M1]

[M1]

[(M1]

[Al]

[MI]
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10 (a)

(b)

2 ADC and ABDA are similar (angle-angle similarity test)

BD  AD

(1) — =—— (corr ratios of similar tnangles)

AD CD
= BDx CD = AD’
Since AD is tangent to circle

ZDAE =90° (tangent L radius)
o AD* = DE* — AE* (pythagoras’ theorem)
= BDx CD = DE* — AE*® (proven)

y=(x—DJ2x-1

Y ST +{x—2}[;)(2}

2\2x -1

dx
Qrix—l+x—2_ 3x-3
d V2x—1 J2x -1

Wix—1l=1—-x
2x—l=1-2x+x"

¥ —4x+2=0

i 4+.J(—4)? —4(1)(2)
2

J::Ei@
. _dy
Therefore , x*—*Z—wE since E;{ﬂ

cosx=sin2x
cosx=2snxcosx

Need a home tutor? Visit smiletutor.sg
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[Mi]

[M1]
[Al]

[MI]

[M1]

[M1]

[M1]

(A1}

[(M1]
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11 (a)

(b)

cosx(2smx—1)=0
2

i3
= X=—= or

Area = J:f' sin 2xdx + E cos xdx

A [—ws 2% " no .x]f

F v
F 3

10 cm 40 cm

From the diagram, PT is perpendicular to AC

AAPT and AAQC are similar (angle — angle similarity test)

(;g = lﬂis;lcfs 5 (corr ratios of similar triangles)
£ = M (shown)
5+3co

i[CQ) _ (5+3cos #)150cos &) - {—3zsin 8)(150sin &)
(5+3cos )

&Y ]

[M1]

[MI]

[MI]

[Al]

[M1]

[M1]

[Al]

[MI1]
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_ 750cos @+ 430
(5+3cos )’
For maximum CQ,

d

& ey =

dE( 9 (S +3cos )
T50cos 8 +450=0

n:t:=5r55‘=+1

8=221rad (t03s.f.)

750¢cos @ +450

| @

2.21°

2.21

221"

d
E{CQ)

+

e B |
sowhen =221 rad, CQ is max.

[MI]

[MI]
[Al]

[A1]

Need a home tutor? Visit smiletutor.sg

55



Need a home tutor? Visit smiletutor.sg

56



NameE Register Number: Class:
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If the degree of accuracy is not specified in the question, and if the answer is not exact, give the answer to
three significant figures. Give answers in degrees to one decimal place.

For n, use either your calculator value or 3.142, unless the question requires the answer in terms of n.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+¢=0,

—b+b? —4ac

2a

(a+b)" =a" + i e T gl PP T PR ) PR T L
| 2 r

. n(p-1)..n—r+1)
(n—r)t! r!

X=

Binomial expansion

i
where n is a positive integer and [ ] =
p

2. TRIGONOMETRY
Tdentities

sin® A+cos' A=1
sec’ A=1+tan’ 4
cosec’ A=1+cot’ 4

sin(4+ B)=sin AcosBtcosdsin B
cos(A+ B)=cosAdcosBFsin Asin B
tanAd+tanf

tan(d + B) = —— 07
| FtanAtanf

sin 24 =2sin Acos A
cos2Ad=cos’ A—sin" A=2cos’ A-1=1—2sin" 4
2tanA

tan2d =
l1—tan’ 4

Formulae for AABC
a b ¢
sind snf sinC

a’ =k +c* —2bccos A

A= lércsin. A
2

2 Need a home tutor? Visit smiletutor.sg
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Answer ALL Questions

3.

2 2 27
The roots of the quadratic equation 3x° + i 3x are @” and fS°.

(i
(ii)

Find the value of &+ f and of @ff where ¢ and f are both negative. [5]

Hence find the quadratic equation whose roots are &’ and f°. (4]

Given f(x)=2—24sinxcosx and g(x) =10{1+cos’ x).

(i)

(i)

@)

(i)

Express the sum of f(x) and g(x) in the form Rcos(2x+a)+q where R and ¢ are constants

and R}I},(}{ac:%. (5]
Hence find the minimum value of — and the corresponding values of x for 0 <x <2w.
£(x) +g(x)
[31
d 1=
Show Im[mn 3x)=12cos echx. [4]
X
Hence integrate + k. with respect to x. [4]

sinfx 3

The diagram shows a right-angled trapezium ABCD such that 248 =3 CDand 4B is parallel to DC.

Given the height BC of the trapezium is (3 ~3 )cm and area of the trapezium is [2 +33 Jcmz.

y c
A Lg
Find length CD in the form (a +b3 )cm, where a and b are rational numbers. [5]

(@

The sum of the second and third term of the expansion of (1 + kx)" is 60x+1740x". Find the
value of & and of n. [5]

(ii) Hence write down the first 4 terms in the expansion of (1+ kx) in ascending powers of x.  [2]

(iii) Hence determine the coefficient of ain the expansion of (! + k[a -2a* )T : [3]
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6.  An experiment to find the constant acceleration, @ m/s®, of an electric toy car moving in one direction,

requires students to measure the speed, v m/s from the speedometer when distance, s m varies. The

table below shows the experimental values of v and s, which are connected by the equation

v=+ve" +2as , where p is a constant.

(i)

(i)
(iid)

(iv)

80

Plot v* against s and draw a straight line graph, Hence determine which value of v, in the table

above, is the incorrect recording. Using your graph to estimate the correct v value.

Use your graph to estimate the value of @ and of p.

Explain what does the value of ¢” represents.

— 7
By drawing a suitable straight line on your graph, solve s = [_12{] 2e \],

da+3 [

Start on a fresh sheet of writing paper and tie answer script from question 7 to 11 together.

7. ()
(ii)

(iii)

8. (i)
(if)

(i)

Explain whether the curve y =4 -3¢’ has any stationary point.

Sketch the graph y =4 —3e™ indicating clearly the asymptote and x and y-intercepts,

4 : :
Hence solve 2x =In (l _EI) by inserting a straight line on the same graph in part (ii).

Factorise 8x' +4x® —2x—1 completely.

2x+2
Hence express (

S A o) P mmctons,

[4]
(3]
(1]

(2]

[2]
(3]

(3]

[3]
[4]

The polynomial 8" +4x’ —2x—1 leaves a remainder of (px+g¢) when divided by (x* -1).

Find the value of p and of q.

4 Need a home tutor? Visit smiletutor.sg
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10.

11,

[ 1

2 - 8
Giventhecurve y=—x *and y=—x? .

3 27
(i)  Sketch the two graphs on the same diagram for x > Oand label the graphs clearly. [2]
(ii) Calculate the coordinates of the point of intersection of the two graphs drawn in (i). [3]

The gradient function of a curve y = f(x) is given by m+n(3x—2)'. A point P lies on the curve and

its x-coordinate is 2, The equation of the normal to the curve at P is given by 37y=9x-129. The

. . . o
curve has a turning point at Q whose x-coordinate is 3

()  Show that the value of m is 3 and 7 is — é . (3]
(ii) Find the equation of the curve. [4]
(iii) Find the area of triangle POR where R is the point the curve intersect the y-axis. [4]

Given that a circle C; passes through the point 4(2,0), B(5, 1) and C(6,0).

(i) Show that the coordinates of centre D of the circle Cy is (4,~1) and hence find the radius of the
circle. [6]

(ii) Find the equation of the circle C; in standard form. [11]

(iii) Given 2 tangents are drawn from a point E to touch the circle at point B and C. Find the
coordinates of point E. [5)

(iv) Explain why a circle can be drawn to pass through the points 8, C, D and E. Hence find the

coordinate of the centre of this circle. [3]

End of Paper
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Answers

3 L P
11) aﬂ—i o -E (rey) 1ii) x° ux+§—ﬂ
(e + B)=2(rej) or -2
2i) f(x)+g(x)=13cos(2x+1.18)+17 2ii) min:i% , x=2.55 5.70
In{tan®3x)+ ~e*? +¢  OR
3i 12 g
i) i
—]J:l(l:an?rx)vtr—.9-3"‘I b o
6 9
4) CD = 2+—J'
k=2 2 1
n=30
6i)
s [ | 80
gt | 1?1 [ 3?i
6 | 2 i
| ! ="
v 9 | 25 36 100

‘e i ecl v= =
6ii) incorrect v=6m/s Eii}p In4 orl.39

comrectedv=7 a = 0605

6iv) s =205 or 21lm

dy

—==—6¢’
nd
dy
P <0, e «t 0, nostationary point
7il)
v4
4
—
/
»
014y *
7iii) x =0

e” represents the square of initial speed
6iii) or square of initial velocity
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—

8i) (2x—1)f4x® +4x+1)=(2x—1)X2x +1) 8ii)

gii) g=3and p =6
9ii) (1.5, 0.544) or [% -EJE}

179

1 4
10 = 3p——|dn=2) ——
i) y=3x 1{]8( x—2) 77

10ii) >
4

R=A5

(x—4) +(y+1)’ =5

(2.9
i 3
11) Since ZDBE = ZDCE =90°
(tangent perpendicular to radius).
. A circle with diameter DE (£ in semicircle ).

4+” -1+—

Centre —i;——i =(E—l)
2 2 6 6

2x42 3 3

Bx +4x —2x-1) 42x-1) 4(2x+))
]
2(2x+1)

Need a home tutor? Visit smiletutor.sg

63



Need a home tutor? Visit smiletutor.sg

64



NCHS Prelim Exam (3) 2016 Additional Mathematics Paper 2 — Secondary 4 Express

| Qn Suggested Solutions Qn | Suggested Solutions
No No
1i 312+2T—3x 2i f(x)+g(x)=2-24sinxcos x + 10 +10cos ¥
=
97 =]2—125in2x+lﬂ[ms 2“-1]—— M1
3x' =3x+—=0 2
' 4 =12-12sin2x+ 5c0s 2x + 5
x“—:+?—=ﬂ ==17+5c0s2x~12sin2x | M1
4 -
H2+ﬁ2=l —_— 1 M1 R=\l51+12‘ 213 ML
(@+8) -2a8=1 tana=]—;~, a=1.176 o
(p) :% . £(0)+g(x) = 13cos(2x +1.18)+17 [
3 S 2 2
aff=— or —= (rej) - i =
g g s o (f(x}+g[x}] 13cos(2x+1.176)+17
{a+ﬂ)’~2(i)=1“‘—* M § =2 w2
2 211 13+17 15
(@+p) =4 cos(2x+1.176) =1 ML
(e + ) =2 (rej) or -2 - basic angle =0
(2x+l.1’?6}=ﬂ{r¢j), 2m, 4x
a’+p =(a+p) -3apla+F) x=2.55, 5.70 Al
i | =(-2) —3[-%](- 2) M1 d. ( 2.\ d
2 3i aln[lan 3x]=;i-;2 In(tan 3x)
= . — LMt _ 2(3)see’ 3x %
a3 tan3x
af) = *)
o \2 = _ 6sec’ 3x
,,EI tan3x
8 3 6(cos 3x
xz—x+2—?=ﬂ cos’ 3x sin 3x
8 —E | 6
cos3x sin3x M1
s | 1 | B 12
+ dx = +—e" Pdx =
st | et ] sin6x 3 Sin 6x i
= —]—In(tanl 3x)+ieh’= +e M2 =12cosecbx (shown) | A
12 3(3)
. ln(t:zm2 3x]+ l_e“‘l +¢ OR
12 9
= l].l'l(ta.'nj):)+ L
6 9

M1
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—

—

Let AB=3x and CD = 2x 5 ' 1M
4 1 (ko = )+ o)+
~(x+2x)3—3)=2+343 i
n(n=1) 5 »
= +——7k"x" +...
X 2+ 33 nlax 2 ¥
2. Faul3 = 60x +1740x" +...
Sx_ 2433 3443 nk = 60 M1
AP . M1
2 3-3 3+43 ____”{”'Ukl =1740 M1
5x  6+243+943 +3(3) 2
- 9.3 n*k? —nk* = 3480
sx 15+1143 | 60° — 60k =3480 _
e —{m
2 6 | k=2 Al |
1 n=730 Al
el M1 HacAll
15 .. 10
cp=2+2 4 = S|4 200 =1 4 60x +1740%% + {‘3 ](ﬂ{h)ﬂ 4
15
= 1+ 60x +1740x" + 32480x +...
61 ‘ 8L B2 J‘
S il | 3L | 5k 80 | St (1+kla—22? ) =1+ 60{a—242)
6 2 2
¥ T 5 T & | 5 b +1740(a - 2a* | +32480(a - 24* ] +..| ™~
Straight line graph of correct axes B1 = I‘Mﬂ{ila I‘” 2a° )+ 324804q°
m::wrrecl v=6m/s | M1 = -6960a’ +32480q" +| M1
WA = 25520a° +..
ected v="7 Al
coRneCiod coeff. of a® = 25520 A1
6ii | gradient = 5328~ 1.209 mi ||
o o 211_.; 6iil | g represents the square of initial speed
i or square of initial velocity| 81
B =
2 _120-2¢*
2a =1.209 s(4a+3)=120-2¢”
= Al
a=0.603 2e” +4as =120-3s
711 A =4x+1 M1 e’ +2as=60-1.55
4< l v* = 60~—1.5s Draw the line M1
7 > | §=20.5 or 2lm Al
/ 0l144 a\éi 4
:' TIE 71 _Ei_l_rl_ — '6\92: —_—t M
y=4- 3¢t ——— B dx
| x and y —Intercepts —1 Bl dy dy . .
. ~= <), — 20, no stationary poin
Asymptolle,}r'—"dl SSURS S dx dx A1
2 Need a home tutor? Visit smiletutor.sg
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7iii

| 8i

9i

91l

4 8ii
E_r:]n(lw—gx] P x49
2 4 (8x* +4x? —2x-1) (2x-1)2x+1)
et =1-—
3 L 25*2 __ 4 B
3o3* = 3_dx (2x—1{2x+1)* 2x=1 2x+1
C
4I=3"3E“ ! M1 +{2x+1l}z |
4x+1=4-3e"
| ¥=4x+1 (Draw thisstriaght lingy ] M! 2x+2=A(2x+1)* + B(2x-1)(2x+1)+ C(2x-
| x=0 Al I 1 T
Let x=—, 2(=)+2=A2(=)+1D)°
. l 5 [2] {(2} )
| 8x° +4x" -2x—1 A:E -
4
by trialand error, let x:i 1 i
- Let x=——, 2[—w)+2= 2[—-]—I
o M1 2 2
{44
2 2 2 |
S A2x —1)is a factor 2
( ) Let x=0, 2=A4-B-C
4x* +4x+1 4
2x-1 | Bx’ +4x" ~2x-1 Bewg — M
—{3.?—412)
Sx! el e ] M.l 2x+2 - 3 _ 3
(8x* —ax) (8 +4x* —2x—-1) 4(2x-1) 4(2x+1)
2x—1 1~ i
~(2x-1) 8iii 2(2x +1)*
5 Letx*=1=0, x=1orx=-1
e | 8 4 -2(1)-1=p+q
| AL
=9
(2x —1)ax? +4x +1)=(2x - 1)2x +1)’ P+£F] 1 M1
A 8(-1) +4(-1)* -2(-1)-1=-p+¢g
“%.’" zaﬁxg q=p=-3 fs
G g=3andp =6 A2
B OR
8x+4
0 TR xj—ll 8x +4x’ —2x 1 |'
I 1 ’
E_‘Jr:r;:i;,;E — | M1 “(EI]-S,Y] —_— M2 i |
3 27 ; —
9 3 3 4x” +b6x—1
i e = - M1
X =2 thus x 5 or > (rej) '_(4;{2__4)
3 2 6x+3
1.5, 0.544) or | =, ~J€] a1 =
( ) or [2 5 28 43 E)
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[ 10i

10ii

1011

i
|

I **% End of Paper ***

£ (x)=m+ n(3x-2) 2ot 2 2 g 2 t
1 s 3 —
| 5\ Y Ares 251 -2 3 Mi—
m+n3—|-2| =0 s 9 i
k3J 108
m+n{2?}= " _,E_[_E] J_
m=-27n (eqn 1) i 20 18 g
239, 13 2 |
377 37 % g o
' 37 11 6+2
gradient thangent=-? Xo = 2 =4 L M R J_
m+n(3(2)-2) =- Jiw-0F +(4-2) =(5-4F +(1- o)
57 2 AL | yp=-1, D( ,-1) (shown) a1 L
=—— M1
mreasy GRY R=l5-4F +(=CIF =5 [ |
M1 _
n=——, m=23 (shown) | A ™\ =
L | (x—d +(y+1) =5 3
|
; 1 : 11i L
x)=3——{3x-2 1 i
f[) 9{ } i MDB—-—% 2, MBE-—%_'—“ M1
1 (3x-2)"
y=3x-— +e T | M 1
9 4(3) y=—§x+{f‘
I y=3x-—~1—(3x~2)4+f I L
108 =~E{5}+C
37y =9(2)-129, y=-3 M1 | i a
' C=35 y=——x+— (equation BE)|
-3= 3{2}_ﬁ3_§{3 2)-2)" +e 2 2 —L
179 M= . =2 M1
p— ML 4-6 2
27 y=-2x+C =
179
y= 3r—ﬁ§3 x—2) ~~5 (ean of curve) 0=-2(6)+C
" -——JH—E =-2x+12, E(E E]
x=0 __{_2] 179 _ 6l 2 2 373)| m B
YTl 27 9 | w1
R[U _.ﬂ] 11 1 Since £DBE = ZDCE = 90° —
? v | (tangent perpendicular to radius). =
B [E]__L 3(2]_2 ‘179 . A circle with diameter DE (£ in semicircle ).
Y=A3) 108713 27 7 02) a | L
= E?l =5 Q[E _3?.3) Centre TS'—’*:?*:_{%%'_%]
108 37 108 =
J B1 -
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O Level Centre/ Index Number | Class Name

/

| > !3:2’

[~ # o R P F

N MARIS STELLA HIGH SCHOOL

% PRELIMINARY EXAMINATION TWO
SECONDARY FOUR
ADDITIONAL MATHEMATICS 4047/2
Paper 2 18 August 2016
2 hours 30 minutes
Additional Malerials: Answer Paper (7 sheets)
Graph Paper (1 sheet)

READ THESE INSTRUCTIONS FIRST

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

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, 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 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.
The number of marks is given in brackets [ ] at the end of each question or part question.

The total number of marks for this paper is 100.

For Examiner’s Use

100

This document consists of 6 printed pages.
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2

Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax® + bhx +¢ =0

Ih—htul'bz—f-lac

2a

Binomial expansion

r

{a+b}"=ﬂ"+( T )a""‘b+[ ; ]a"“lbj+...+[ * }a“b’+...+b”+

where 7 is a positive integer and

F rifn—ri! r!

(u]_ nl_n(n=1).{n-r+1)

2. TRIGONOMETRY

ldentities

sinA+cos’A=1

sec’ A=1+tan’ A

cosec’A =1+cot’ A
sinfA+B)=sinAcosB+cosAsin A
cos(A+B)=cosAcos B FsinAsin B
tan A +tan B
1FtanAtan B

sin2A =2sinAcos A

cos2A =cos’ A-sin A=2cos’ A-1=1-2sin> A
2tan A
l-tan® A

tan(A+ B)=

tan2A =

Formulae for AABC
a b _ &
sinA sinB sinC
a’ =bh*+¢* =2bccos A

A= lbcsinﬂ
2

Need a home tutor? Visit smiletutor.sg

70



3

The curve y=f(x) is such that f'(x)=(k-2)e™,

()

(ii)

(i)
(i)
(iii)

The equation of a curve is y=6x?,

(i)

(ii)

®

(i)

(iii)

(iv)

For y to be an increasing function of x, what condition must be applied
to the constant &? 2]

Given that P(0,3) is a point on the curve and the gradient of the

tangent to the curve at P is 4, find an expression for f(x). [4]
Differentiate ln(sin .r} with respect to x. 2]
Show that -5; (xcotx)=cotx—xcosec’x, [3]
Using the results from parts (i) and (ii), find Ixcus ec’x dx. (3]

| b

4

Sketch the curve y=6x° . 2]

The point P lies on the curve such that the gradient of the normal to the
curve is —% . The normal at P meets the x-axis at A and the y-axis at B.

Find the ratio AP:PAB. [6]

Given that n is a positive integer, write down, without simplifying,

the (»+1)th term in the binomial expansion of (-;--i‘;) . [1]
X

The binomial expansion of E - ij has a constant term. Show that
2

n is a multiple of 3. n

Given that n =9 and that the constant term is — 264 , find the

value of k. [3]

Using the value of & found in part (ii1), find the term independent of x

]

in the expansion of (2 + xﬁ(% v—i:) . (3]

X
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[{4u'ri+'-"]r.m

The diagram shows a triangle 4BC such that AB =(2v2 -1) cm and
AC =(4+/2 +7) cm. The point X' lies on AC such that ZAXE = ZABC.

(i) Show that AX x AC = AR, [2]
|
(ii) Find an expression for AX in the form ﬁ(a 4 ?J\E ) ’ [4]
(iii) Giventhat BC*' =72+ 6042 . show that ZAXB = 90°. (3]
(2x-5)’

The equation of a curve 1s y= , where x=1.

x-1
(i) Find an expression for % and obtain the coordinates of the stationary
points of the curve. [5]

1 i)
(ii)  Find an expression for %;} and show that its can be expressed in the

form

- . Hence, or otherwise, determine the nature of these

(x-1)
stationary points, [4]

The highest point on a circle C, is (2,8}. The line T, 3y =42 -4x, is a tangent
to C, at the point (6,6).
(i) Find the coordinates of the centre of C, . [4]

(ii)  Find the equation of C,. 2]
The circle C, is a reflection of C, in the line T

(iii)  Find the equation of C, . [3]
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(i) Show that 3x—1 is a factor of 3x” +11x” +8x -4 and hence factorise

completely the cubic polynomial 3x* +11x* +8x-4. [3]
5x"=2x+11 : .
ii Express as the sum of 3 partial fractions. 4
@) P I’ +11x" +8x -4 ’ 4]
S5x*-2x+11
(iii) Hence find [ ® T A [3]

The roots of the quadratic equation 4x” +3x+1=0 are 3 and —1—

[44
(i)  Find the value of o+ p°. [4]
(iij)  Show that the valuc of '+’ is 9. [2]
(iii)  Find a quadratic equation whose roots are &’ + f and a +f°. [4]

S A R
(i)
i w2
3 %
B
D
P C (o]

The diagram shows a rug in the shape of a rectangle ABCD such that AB=5m
and AD = 2 m. The rug is placed inside a rectangular function room PORS
such that each of the corners 4, B, C and D touches the sides of the room SR,
SP, PO and QR respectively. The side of the rug 4B makes an acute angle 6
with the side of the room SR. The lengths of the room SR and SP are L m and
H’ m respectively.

(a) (i) Find the values of the integers a and b for which
I =acosf +bsind. [2]

(ii) Obtain a similar expression for . [1]

(iii) Hence find the perimeter of the room PORS in exact form if
PORS is a square, [3]

(b)  Using the values of @ and b found in (a) part (i),

(i) express L in the form Rcos(f-a), R>0 and 0° < < 90°, (2]

(ii) find the value of @ if L =4 and the area of the rectangular
function room PORS. [4]

Need a home tutor? Visit smiletutor.sg

73



11

The amount of expenditure, Sy, incurred by a textile company is related to $x,
the amount of sales generated. The variables x and y are related by the formula

y=10"x", where @ and k are constants. The following table shows
corresponding values of x and y.

x () 6 35 234 [ 1995 | 6310
¥ ($) 148 295 628 1480 2344
(i) Plot lgy against lgx for the given data and draw a straight line
graph. [3]
(ii)  Use your graph to estimate the value of a and of £. [4]

(iii)  Estimate the amount of expenditure incurred when the sales
generated is $4000. [2]

(iv)  Draw a straight line on the same axes to estimate the amount of
sales to be generated in order for the textile company to breakeven. [2]

- End of Paper -

Need a home tutor? Visit smiletutor.sg

74



O Level Centre/ Index Number ‘ Class | Name

/ _ | SOLUTIONS
w, “"' '!-‘I) 1
i # o K E T F
| MARIS STELLA HIGH SCHOOL
m PRELIMINARY EXAMINATION TWO
] SECONDARY FOUR
[ .
ADDITIONAL MATHEMATICS 4047/2
Paper 2 18 August 2016
2 hours 30 minutes
Additional Materials: Answer Paper (7 sheets)

READ THESE INSTRUCTIONS FIRST

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

You may use an HB pencil for any diagrams or graphs.

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

Answer all the questions.

Write your answers on the separate Answer Paper provided.

Give non-exacl 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.
The number of marks is given in brackets | ] at the end of each question or part question.

The total number of marks for this paper is 100,

For Examiner's Use

100

This document consists of 6 printed pages.

Need a home tutor? Visit smiletutor.sg

75



2

Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax® + bx+¢ =0

—b++b* —dac

2a

Im

Binomial expansion
{a+b}"=a”+( ’: ]a“"b+( ; }a“‘3b2+...+[ " )a""b’+.”+b”.
r

where n 1s a positive integer and

r ri{n-r)! r

[n]ﬂ nl _a(n=1).(n-r+1)

2. TRIGONOMETRY

Identities

sin“A+cos’ A=1

sec’ A=l+tan’ A

cosec’A=1+cot’ A
sin(A+ B)=sinAcosB=xcosAsinB
cos{AxB)=cosAcosBFsinAsin B
tanA +tan B
1TtanAtanB

sin24 =2sinAcosA
cos2A=cos’ A-sin" A=2cos’A—1=1-2sin* A
2tan A

1-tan” A

tan(A = B) =

tan2A4 =

Formulae for AABC

a b I

sinA sinB sinC
a’=b" +e' =2bccos A

A =lhc5inA
2
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3

The curve y=f(x) is such that f'(x)= {k— 2]&3‘.
(i) For y to be an increasing function of x, what condition must be applied

to the constant k7 [2]
Solution:
For y is an increasing function of x,
(k=2)e*" >0 . [MI1]
Since ¢ >0, k-2>0
k>2 . [Al]

(ii)  Given that P(0,3) is a point on the curve and the gradient of the
tangent to the curve at P is 4, find an expression for f(x). [4]

Solution:

f'{x}={k#2]e”
Subst x = Oand f'(x) = 4,

4=k—2

k=6 [Al]
3

HH=E;?14C [M1]

Substx =0and f(x) =3,

3_4
~—§+C \
c:l; [Al]
_4.3 5
f{x}—ae J"+3 [Al]
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(i)

(i)

(iii)

4

Differentiate In(sinx) with respect to x. [2]
Solution:
d ; COS X
—(In(sinx)}= Ml
dr( ( }} sinx IM1]
=colx [Al]
Show that dixcntx=cntxwxc93ec2x. [3]
X
Solution:
d d x
— X COt X = ———
dx dr tanx
tan x - xsec” x
-— M1
tan’ x (M)
1 cos” x
=Ccotx—x 5 — [M1]
cos” x /| sin” x
= cotx — xcosec’x [Al]
Using the results from parts (i) and (ii), find f xcosec’x dx. [3]
Solution:
[ (cotx—xcosec’x) dx = xcotx+c [M1]

fq:ﬂt.r dx—f.rccsez:zx dx=xcolx+c
[In{sinx}+c]—f.rcus-s*f:1x dr=xcotx+c [Ml]

f.x::msm:z.x dx =In(sinx)-xcotx+c [Al]
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The equation of a curve 1s y = 6x*

et | ek

(i) Sketch the curve y=6x". [2]

Solution:
Y A | 1

Im Im

> X

(i)  The point P lies on the curve such that the gradient of the normal to the

| : .
curve is H—z—. The normal at P meets the x-axis at 4 and the y-axis at B,

Find the ratio AP:PB. [6]

Solution:
y= 6x°

I
B4 My
dx

Gradient of tangent at P=—1+ [H%]

=2
When "'I—""az, 41_; =2 M1]
dx
Pk
2
1
x¥=7
x=8 [Al]
2
}rtﬁ(g);
=24 [A1]

Equation of normal, y-24= -—-é-{x -8)

y:-%x+28 [M1]

A(56,0), P(S,M),B{G‘ZE)
AP:PR=24-0:28-24
=24:4
=6:1 [Al]
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(i) Given that n is a positive integer, write down, without simplifying,

the ( +1)th term in the binomial expansion of (g +-f?)" 2 [1]
Solution:
(r+1)th tenn#[ 4 ){f] ['—kf]r [B1]
r \2 X
(ii)  The binomial expansion of (%u%)ﬁ has a constant term, Show that
n is a multiple of 3. [1]

Solution:
For constant term, n—r—-2r=>0

n=3r
Since r is an integer and 7 =3r, n is a multiple of 3.  [Al]

(iii) Given that n =9 and that the constant term is “E , find the

value of k. [3]
Solution:

q
Constant term = _._26%

(S -2 o

64 2
k' =1000 [M1]
k=10 [A1]

(iv)  Using the value of & found in part (iii), find the term independent of x

9
in the expansion of (2 +x3}{~2{—£1] ; [3]
x
Solution:
Let9-3r=-3
r=4
; i awix 10 ?
Constant term in the expansion of (2+x*)| = - =
2 x
5 4
{1
2 4 \2 >
= 36750 [Al]
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The diagram shows a triangle ABC such that AB = (2v2-1) cm and
AC = (42 +7) cm. The point X lies on AC such that ZAXB = £LABC.
@)  Show that AX x AC = AB’, [2]

Solution:

LAXB=/ZABC (given)

£ XAB=/BAC (common £)
AAXEB is similar to AABC.
AX AB

o= 00 1
AB AC Al

L AXxAC=AB*  [Al]

(ii) Find an expression for AX in the form ‘1'1?(‘1 +bﬁ)- [4]
Solution:
AX x AC = AB’
AB*
AC
[22- 1]1

T 1442

(2\5]1—4-\E+]
T+dr2
_9_4\5)(?-4& M)

_63-362-28v2+32

Mi]

-

1
17 bt
1
=ﬁ(95-64&) [Al]
(iif) Given that BC? =72+60+/2 , show that ZAXB = 90°. [3]

Salution:
AB® + BC* [zf ]+?2+6ﬂﬁ

=842 +1+72+60\2
= 8145642 [M1]
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AC? -[4~.E+?]J

=32+561/2 +49
=81+56+2 [M1]

Since AC® = AB® + BC*, by Converse of Pythagoras’ Theorem,
LACE =90°,

S LAXB=90° (since LZAXB=/ACB)

The equation of a curve is y=-—

(i)

(ii)

[Al]

(2% —5]1 .

x-=1
; . d : : .
Find an expression for a{- and obtain the coordinates of the stationary

points of the curve. [5]

Solution:

(x-1)(2)(2x-5)2)- (25~ 1)
x-1)
= (21 —5}{41 ~4-2x+5)
(e
} (2x-5)(2x+ ﬂ
G-I

When %-ﬂ. fzxui}{2x+l}=l} [M1]

[MI]

ge

(M1]

x=25 or -0S5 [Al]
When x=25, y=0
When x=-05, y=-24
Stationary points are (2.5,0) and (-0.5,-24) [Al]

Find an expression for gﬁ- and show that its can be expressed in the

form ( 1)3 . Hence, or otherwise, determine the nature of these
I-.-.-
stationary points. [4]
Solution:
&y (x-1)(8x-8)-(2x-5)(2x+1)(2)(x~1)
e, 3 [M1]
dx (x-1)
(x=1)(8x" - 16x+8-8x* +16x+10)
(x-1)
18
- Al
{x—l}s W
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dy . 18
de* (-0.5-1)
(-0.5,-24) is a maximum point. [Al]

2
When x=2.5, d‘fu 15 4
A (2.5-1)

(2.5,0) is a minimum point. [A1]

When x=-0.5, <0

>0

The highest point on a circle C, is (2,8). The line T, 3y =42 -4x, is a tangent

to C, at the point (6,6).

(i) Find the coordinates of the centre of C,. [4]
Solution:

Since the highest point on a circle C, is (2.8), the centre is (2, y). [M1]

Gradient of normal at (6, 6) = 1+ (- g) M1]

Equation of the normal at {6.6): (v—6)= %(x —6)

(y—6) =2(x—6)
yz-}x+§ [Al]
Whenx=2, y=23
The centre of C, is (2, 3). [Al]

(ii)  Find the equation of C,. [2]

Solution:
Equation of C,;: (x —2)* + (y — 3)* = (8 — 3)*[M1]
(x—2)+(y—3)*=25 [Al]

The circle C, is a reflection of €, in the line T.

(iii)  Find the equation of C,. [3]
Solution:
The centre of C, is (2+ 2(6 —2),3+2(6—3)) = (10,9).  [B2]

Equationof C,: (x—10)* 4+ (y —9)* =25 [Al]
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(ii)

(i)

10

Show that 3x -1 is a factor of 3x” +11x* +8x -4 and hence factorise

completely the cubic polynomial 3x’ +11x* +8x~4.

Solution:
Let f(x) =3x +11x* +8x -4

B o

Since f[%)nﬂ, (3x—1] is a factor.

3’ +11x* +8x -4 =(3x - l](.:c:2 +bx+4)

Comparing x term, 12-b=8
b=4

3x"+11x*‘+3x-4=(3x-1)(x*+4x+4} [MI]

=(3x-1)(x+2)’ [A1]

T i 0

Express
30 +11x" +8x—4

Solution:

St =2x¥ll _ 5x%=2x+11
3 +11x" +8x-4 {3x—l]{x~s~2)2
§xt=2x%11 A B C
= + + =~ [MI1
[31*]}{I+2)2 (3x-1) (x+2) (x+2) (M1l
Sa’ =2x+11=A(x+2)" + B(3x-1)(x+2)+C(3x-1)
Letx=-2, =-T7C=35

C=-5 [Al]
3 9 9
A=2 [Al]

Letx=0, 4A-2B-C-=1l
8-2B~(-5)=11
B=1 [A1]
Sx-2x+ll 2 1 5
3041160 +8x-4  (3x-1) (x+2) (x+2)
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2x+1]

[3]
3x’ +lIx +Er 4

(ili) Hence find J‘

Solution:

J- 5x*-2x+11 J-
3x7 +11x° +8x -4 3.x1 x+‘.2 .t+2}

=%1n(3x~]]+ln(x+2]~—l~ (x+2) 4 M2]

+c [Al]

= %In(?rx-l}+ln(x+2}+

3
(x+2)

; , : 1 1
The roots of the quadratic equation 4x" +3x+1=0 are — and —.
o

(i) Find the value of o’ + 8°. (4]
Selution:
Sum of roots:~ + ~ = -
a B 4

a+f 3

“af 4

Product of roots: Ea—
afl 4

aff =4

[M1]

= -3 [M1]

24 B% = (a+ B)? - 2ap
=(=3)-2(4) [MI1]
=1 [41]

(iii) Show that the value of e+ 8" is 9. [2]
Solution:

a +p =(a+p)(a’~ap+B)
( '5] 4) [M1]
=9 (shown) [Al]

It

(iii)  Find a quadratic equation whose roots are «” +  and a+8°. [4]
Solution:
a’ +pra+f=1+(-3)
=-2 [B1]
(cﬁ +ﬁ]{cz+ﬁ3)- a v+’ B raf+
=9+(4) +4 [MI]

=29 [Al]

The new equation is x* + 2x + 29 = 0 Al
s Need a home tLtonJ? Visit smiletutor.sg

85



12

10
5 A R
g
o o
5 23
B

D
P [ 0

The diagram shows a rug in the shape of a rectangle ABCD such that A8 =5 m
and AD = 2 m. The rug is placed inside a rectangular function room PORS
such that each of the corners 4, B, C and D touches the sides of the room SR,
SP, PQ and OR respectively. The side of the rug 4B makes an acute angle #

with the side of the room SR. The lengths of the room SR and SP are L m and
W m respectively.

(a) (i) Find the values of the integers a and b for which

L=acosf+bsind. 2]
Solution:
L=SA+AR
=5cosf +2sinf

a=35 b=2 [B2]
(ii) Obtain a similar expression for W. (1]

Solution:

W=8B+BP

= 5sinf + 2cosf [B1]

(iii) Hence find the perimeter of the room PORS in exact form if

PORS is a square. [3]
Solution:
W =5B+ B8P
= 5sinfl + 2 cosd [B1]
If PORS is a square, L=W
Scost +2sinf = 5sinfl + 2cosd [M1]
3sinf = 3cos8
tanf = |
6 =45° [Al]
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(b)

13

Perimeter of PORS = 4(5c0s45° + 25in45°)

(sf w’]
(5]
=142 m [A1)

Using the values of a and b found in (a) part (i),

(i) express L in the form Rcos(@-a), R>0and 0°<a<90°. [g)

Solution:
L=5cosf+25mn@

R e L {:ns[—ﬁ' —tan”’ %)
29 cos(6-21.8017)

=29 cos(6-21.8°) (1dp) [B2]

(ii) find the value of @ if L = 4 and the area of the rectangular

function room PORS. [4]
Solution:
L=4
V29 cos(#-21.801°) = 4
4
cos{f-21.801°%)= M1
( ) o M1]
f-21.801°=42031°
A =63.832°
=63.8° (1dp) [Al]

Area of room PORS=LxW

=4x(5sin63.832° + 2¢0863.832°) M1]
=4 x5.3695
=215 m? [A1]
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The amount of expenditure, Sy, incurred by a textile company is related to $x,
the amount of sales generated. The variables x and y are related by the formula
y=10x", where incurs a and k are constants. The following table shows
corresponding values of x and y.

x(8) 6 35 234 1995 6310 |
y($) 148 295 628 1480 2344 |
(i)  Plot lgy against lgx for the given data and draw a straight line
graph. [3]
(iiy  Use your graph to estimate the value of @ and of k. [4]

(iii)  Estimate the amount of expenditure incurred when the sales
generated is $4000. [2]

(iv) Draw a straight line on the same axes to estimate the amount of
sales to be generated in order for the textile company to breakeven. [2]
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax” +bx+c=0
-bt J b’ —4ac
2a

Binomial expansion

{a-i-b)” =q" +[T]a"']b +[2] a" b +...+[”}a""b' T
r

where n is a positive integer and |- S nin- 1_);_..(11— r+1)
r) rin-r)! rl

1. TRIGONOMETRY
Identities
sin® A +cos’ 4=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ 4
sin( A+ B)=sin Acos B+cos Asin B
cos( A+ B)=cos Acos BF sin Asin B

tan A+tan B

1+tan 4tan B
sin2A4=2sin Acos 4

tan(A+ B)=

cos24d=cos’ A—sin’ A=2cos’ A—1=1-2sin* 4
2tan 4

tan2d4= .
l—tan” A4

Formula for A4BC
a b ¢
sind sinB sinC

a’ =b"+¢' =2becos A

&=12absin(:'

. . e N 2 \fiai .
2016 Preliminary Exam/CCHMS/Secondary 4/Additional Need a home tutor? Visit smiletutor.sg
Mathematics/d04T/01
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3
L The arca of a triangle is [1 +%}nmz. If the length of the base of the triangle is

(3+24/5 ) em, find, without using a calculator, the height of the triangle in the form of

(a+8+/5 )em, where a and b are integers. [4]
2
2 Express h—:mj in partial fractions. [5]
2x" +x=3

3 The function f(x) is suchtha f(x)=2x"+3x" —x—4,
() find a factor of £(x). 2]

{(if) Hence, determine the number of solutions in the equation f{x) = 0. [4]
4  The roots of the quadratic equation 3x° —x +5=0are gand §.

(i) Evaluate ¢’ + 7. [2]

i) Find the quadratic equation whose roots are a” —1 and #° -1. 4]

&  The table shows experimental values of 2 vanables, & and I, which are connected by an
equation of the form RV" =k where # and & are constants,

R_[33 [19.95] 5.07 | 2.38 |
V [ 2129 8 | 14

(i) Plot 1g R against lg ¥ for the given data and draw a straight line graph. []
(i)  Use vour graph to estimate the value of k and of n. (3]
{iii} By drawing a suitable straight line on your graph in (i), find the value of F such [3]
that A 1
proo

6 Giventhaty=1-Zsindx, 05240
(i)  State the maximum and minimum values of y. [2]

(i)  Sketch the graph of y=1- %sin ix, [3]
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¥
A
y B(39)
=]
C (8,6)
P
= X
D40 Y

A quadrilateral ABCD passes through vertices B (3, 9), C (8, 6) and D (- 4, 0), line 4D is
parallel to the y — axis.

(i)  Find the coordinates of 4 given that the length of AD is § units.
(i) A point P divides the line DC in the ratio of 2 : 1. Find the coordinates of P.

(iii) Hence, find the area of the quadrilateral ABPD.

8 (a) Sketch the graph »* =3x.
(b)  Giventhat f(x)=—2x"+5x>+4x+a,
(i) find the coordinates of the tumning points in terms of a.

(ii)  Determine the nature of each turning point.

(iii)  In the case where a = 1, explain why the part of the graph between the
turning points lie above the x — axis.

g 1 +sin
9 (1) Showthat secx + tan x can be expressed as =

cosx

(i)  Differentiate In(secx+ tanx) with respect to x.

(iii) Hence, find I ;Zsmx dx.

1]
0

[1]
[3]

[3]

(2]

[4]
[3]
[1]

(1]
(3]
(3]
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10  The points 4 and B lie on the circumference of a circle Cy where A4 is the point (0, 8) and
B is the point (4, 0). The line y = 2x also passes through the centre of the circle C\.

(i)  Find the centre and radius of the circle Ci. [4]

(i)  Find the equation of the circle C; in the form x* + y* + px+qy+r =0, [2]
where p, ¢ and r are integers.

Another circle C; of l’ﬂdiusx& units has its centre inside ' and it cuts the circle C) at the
origin and at the point where x = 2.

(iti) Find the centre of Ca. (5]

11

) |

L L L L L L L T P | .Lﬁh

The diagram shows part of the curve y = 3‘:03% that cuts the x —axisat x=om

5 .
and x = 37 . The normal to the curve at x = TH cuts the x-axis at 4.

(i) Find the coordinates of 4, leaving your answer in exact form. (6]

(ii) Hence, find the area of the shaded region. [4]
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1.4-+/5
3

7
7 | Ry LB | S
2x+3 x-1

3. (ii) one solution

4. (i) % (i) 27x" +98x+196 =0
6. ()Maxy=1.5;Miny=0.5 (ii)

A
A

I
¥y I-Es'mlr

!\

=
(8] 30 60° 907 120° 1507 1800 210° 240

0.5

7. (1) (-4.8) (i) P(4,4) (iii) 50 units®
; 1 19 Lo 19y
8. (a) (b)(i). [_E‘H_E] and (2.12+a) (b)ii). \—--j—,a—EJ n; (2,12+a) max
s

4'3'_ .L'! = B
i

9, (ii) secx  (iii). 0.539
10. (i) Centre (2, 4), Radius=2+/5 (i) x*+? —4x—8y =0 (iii) Centre of C,(1.22,0.710)

1. (i) A{ST#+§-J§.UJ (i) ﬁ;—;-fﬁ,:w units®
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Waorked Solutions

Workings

o o b

135 L (5125)(a145)

2+5J§ =(3+2V5)(a+b15)

2455
b\.'"" +2-J'_
2+5V5 3-2V5
T34245 3-245
6—445 +1545-50
N 9—4(5)
4441145
<11
=4-5

The height of the triangle is (4—+/5 ) cm

= e e gl

R

4x* +6x+5
It x—3

As this is an improper fraction,

Given

By long division,

2
2x* +x~3i4.‘r1 +6x+5
4x* +2x -6

4x+11

dx* +6x+5 dx+11
; =94
2x"+x-3 (2x+3)(x—-1]
dx+11 . A § B
(2x+3)(x-1) 2x+3 x-1
2;1{::—-1)+B(1x+3]

Let

(2x+3)(x-1)
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dx+11=A(x-1)+B(2x+3)
Letx = |,
15=5B
B=3
Letx = 0,
11=—4+9
=-2
4x* +6x=5 2 3

=2 ——

(2x+3)(x-1) 2II§+I_—1.

30 | Given f(x)=2x"+3x" -x-4
By trial and error,
Consider (x—1)
f)=2(1) +3(1)" -1-4
=0
~(x=1) is a factor.

fx)=2x"+3x" —x~4

(i) By inspection,

£(x) =(x-1)(2x* +ax+4)
By comparing coefficient of
x*:3=g=2

Hig=8

| f(x) =(x- 1][2.1'1 +5x+4]

: Applying disciminant for 2x° + 5x+ 4,
b* —dae =57 —4(2)(4)
=25-32
==7<0

Thus 2x” + 5x+4 has no real roots.
Therefore, there is only one solution .
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Worked Solutions

4G)
Il

—

—

l (ii)

L e b e =

—

r Ix* —x+5=0

1
a+ﬁ~3

p
aff =—
'33

New sum of roots = &’ -1+ 8° -1
=g’ +f -2

=(a+p)(a’~ap+p)-2

Il [%)(a* +p -ap)-2

:(.1_][__29._2]..2
3 9 3
98
T 27
New product of roots = (& ~1)( 5 ~1)
":ajﬁj"ﬁ!_aj‘t'l
=(aﬁ}3—(a1+ﬂ3]+1
=[EJ _r:iql_J-q-l

3) 27
_196

27
Quadratic eqn:
’11_[;9,3_};.,.1?15,:(}

27

27x" +98x+196=0
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| 6(i) [Maxy=15Miny=0.5
(i) ¥ |
M I
[.5¢- NS T
3; J‘ _251“ Y
1 ; -
]
|
!
0.50— - 1
| |
H H =
O 30°  60°  90°  120° 150° 180° 210° 240°
" 7)) | Since line AD is parallel to y — axis, -

Coordinates of 4 =(—-4,0+8)
= (~4,8)
7(ii) | Since P divides the line DC inratio 2 : 1,

2 =g—;ix2+{~4};ﬁ =§x2+(}

- P4, 4)

7(iii) | Area of quadrilateral ABPD =—

1|4 4 3 -4 -4
210 4 9 8 o0

=§f(--16+36+24}—(12—36 -32)]

- [44+56]

= 50unit’
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Worked Solutions

.

- s s = Jam b B

8(a)

8(b)(i)

3(b)(ii)

“I

A

Y -
/

=

Given f (x) =-2x’ +5x" +4x+a
f(x)=—-6x" +10x+4

For stationary point, f (x)=0
~6x" +10x+4=0

| 3x*-5x-2=0
(3x+1)(x—2)=0

.'.x=-~1- orx=2
3

or

f(x)=-2(2)" +5(2) +4(2) +a
==-16+20+8+a

| =a+12

(—-;—,aulz%] and (2,12 +a) are turning points

f(x)=—12x+10

Atx= -%,f"{ﬂ: Fm[-%}nu

[—-l,a —EJ is a minimum turning point.
3 27
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Worked Solutions

| Atx=2,f'(x)=-12(2)+10
=-14
<

2.(2,12+a) is a maximum turning point.

B(b)(iii) | Whena =1,

_ _[ 1 E]. ;
min point = | ——,— | is above x - axis
3 27

max point = (2,13) is above x - axis

9(i)

(ii)

(i)

Since graph has no other turning points, the part of the graph
between the 2 turning points lie above x - axis,

I sinx
.+.
COSX COSX
_l+sinx

Secx—+lanxy =

COs X

i1[1.{51‘.3r.:.1r+taau‘ux}i-=-ﬂ-ln(l+sum]
dx dx COS X

_ Cosx —sinx

I+sinx cosx

- i[ln{bi— sin x}— in(cos -1)]

__ cos x(cosx)+sin x(1 +sin x)

(1+sinx)cosx

1 L | .
_ COS X +8In° X+s8Inx

(1+sinx)cosx

l+sinx

2(1+5inx]msx
1 1

COsX
| =5CCX

0.4 0%
j’ 25ecxdx=2f sec x dx
015 025
l+sinx -
= 2{1:1( ]_I
COSX J lnas
- In[l+5mﬂ'5J-Ln[E+smﬂ'25
cos0.5 cos0.25

=0.539184
=0.539 (3s.1)
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e i 1

10()

10(ii)

10(ii)

|

Worked Solutions

Midpoint of AB = M’M]
2 2
=(2,4)
Gradient of 4B = il
0-4

=2
Eqn of perpendicular bisector of AB:

1
y=8==(x=0)

1
=—x+3———(1
y=3 M
y=2x-——~(2)
Equating,
1

| 2x=—x+3
2

x=1
y=4
- center of C,(2,4)
Radius = \/(2-4)" +(4-0)’
=20
= 2\Sunits
Thus eqn of C, :
[.ruzf +[y-4}2 =(2w@)ﬁ
x*—4x+44y" -8y+16=20
x*+y —4x-8y=0

Since C,:x* +)° —d4x-8y=0
When x=2,
¥y —-8y-4=0

~(-8)+/(-8) -4(1)(4)
y= 20

4425

Need a home tutor? Visit smiletutor.sg

103



Secondary 4 Additional Mathematics
Preliminary Examination 2016 Paper 2

Worked Solutions

Usey=4-24/5 (C, radius is unlyﬁunit and lies in C,)
Midpoint = (1,25 )
4-2J5-0

Gradient =
2-0
~2-45

- Eqnof perpendicuiar bisector:

(ZI]( ]wl}

= .m_“ﬁ_ ==y {1}
Since equation C, is of the form

2-5

(x-a)’ +(y~—b)2 = 2 where center is (a, b)
Using (0,0),

a+b=2-——(2)

By substituting (1) in (2),

i [m;{; a]

y @ +a(8/5-20)+180-80,5

a + -=2

| 9-4/5

i (10-445)a’ +a(8y5-20) +162-72J5 =0

| Solving

—(34? 20) + m’" ~20)* ~4{10- 445 (162~ ?st]
2(10-445 5)

=1.225 or 0.7767 (rejected as it outside of C)
Hence 6 =0.7101
Thus center of C,(1.22,0.710)

=2

a=-
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+

11(i) | Giveny= 34:05%

E =3 (l]sinf
dx 2 2

. s il

- -
I
|

&

4
Gradient of normal = fé-

a3y 3B
3 2

Eqn of normal:

+§_{1_i[x_s_=r
Y7315 3

o

ST ST TS

Since the normal cuts x - axis,
y=0
4 207 33

11(i)) | Shaded arca

= ﬁsiniﬁ—ﬁsins—f
2 6

8
32

81
[

=6 é—; unit® | 6.4Tunit’ (3sf)

| N | | Ia Py g D\ it Hat, L
INTCTU A TIUNTTC TULUT T VISIU SITHTITTUTUT . S
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2
Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+c=0,

. b+ b —dac

2a
Binomial expansion
(a+b)" =a" + o P L DTS S L D ",
| 2 r
; S n ! =1} ... (n=r+l
where # 15 a positive integer and s o A=) SR V) i
r) ri(n=r) r!

2. TRIGONOMETRY
Identities

sin® A +cos’ 4=1
sec’ A=1+tan’ 4
cosec’ A =1+cot’ 4
sin(Ax B)=sin Acos B+cos Asin B
cos(Ax B)=cos Acos BFsin 4sin B

tand+tan B

At B)=
tan ) 1¥ tan A tan B

sin24 =2sin Acos 4
cos24=cos’ A-sin* 4=2cos’ A-1=1-2sin’ 4

tasl.nbl:—--—-2“:"'“;'j
l-tan” A
Formulae for AMABC
a b ¢
sind sinf sinC

a =b" +¢* —2becos A

&zlabsin{:
2
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3

1 (@) The equation of a curve is y =2x" +ax + (6+a), where a is a constant. Find the
range of values of @ for which the curve lies completely above the x-axis.

(b) The equation of a curve is y =3x* +4x+6.
(i)  Find the set of values of x for which the curve is above the line y =6,

(ii) Show that the line y=-8x-6 is a tangent to the curve,

2 (a) Giventhat log, 125-3log, b+log,c =3, express ain terms of b and c.

(b) Solve the equation
(i) lg8x—lg(x’-3)=2I1g2,

(i) 2log,x=3+7log,5.

3 The equation of a curve is y=x"y/(5x—1) , for x > 0.2. Given that x is changing at a
constant rate of 0.25 units per second, find the rate of change of y when x = 2.

4 The graph of y= IEJc‘z -ax ~5| passes through the points with coordinates (-1, 0) and
(0.75, b).
(i) Find the value of the constants a and b.

(ii) Sketch the graph of y = llxz = m:—S[.

(iii) Determine the set of positive values of m for which the line y = mx + 2 intersects the

graph of y =]2x1 - ax - S] at two points.

[3]

[3]

[2]

[3]

[3]

[4]

[4]

3]
[3]

[2]

8
5 In the binomial expansion of (2x+£] , where k is a positive constant, the coefficient of x*

x
is 28.

(i) Show that k = i .

B
(ii) Hence, determine the term in x in the expansion of (ﬁx—ij(2x+ E] .
x x

[4]

[4]
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The diagram shows a design of a bookmark that includes a rectangle ABCD,
where BC =1 cm, CD = 4r ¢m, a semicircle with radius 3r ecm, and AF = BE =r ¢cm.,
The area of the bookmark is 90 cm?.

(i) Express!interms of r. [2]

(i) Given that the perimeter of the bookmark is P cm, show that

P=[6+3—H]r +£. [2]
4 r

(iii) Given that r and / can vary, find the value of » for which P has a stationary value.
Explain why this value of r gives the minimum perimeter. [5]

D C
The diagram shows an animal exhibition area that is surrounded by glass panels at 4B,

BC and AD, where AB= 12 m, AD = 34 m, angle DAB = angle BCD = 90° and the acute
angle ADC' = @ can vary.

(i)  Show that L m, the length of the glass panels can be expressed as

L=46+34sinf—-12cosf. [2]
(ii) Express L in the form p+ Rsin(# - a), where p and R > 0 are constants

and « 15 an acute angle. [4]
(iii) Given that the exact length of the glass panels is 62 m, find the value of 8 . [3]
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F

The diagram shows points 4, B, C and D on a circle, line EF is tangent to the circle at C,
lines ADF and EBAG are straight lines, and points B and C are the midpoints of AF and EF.

Prove that

(i) BCxEC=ACxBE, [3]
(i) AFxEC=ACxAE, (2]
(iii) angle GAD = angle ACF . [2]

1—tan® x

[2]
2tan x
(ii) Hence, solve the equation 8cot2xtanx =1, for 0% <x<360°. (4]

9 (a) (i) ShowthatcoiZx=

(b) The Ultraviolet Index (UVT) describes the level of solar radiation. The UVI measured
from the top of a building is given by I/ =6—5cosgr , where ¢ is the time in hours from
the lowest value of the UVI, 0=t <10, and g is a constant. It takes 10 hours for the
UVI to reach its lowest value again.

(i) Explain why we are not able to measure a UVI of 12. [1]
(i) Show that ¢ =% ; [1]

(iii) The top of the building is equipped with solar panels that supply power to the
building when the UV is at least 3. Find the duration, in hours and minutes, that
the building is supplied with power from the solar panels. [4]
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10

11

2

. 2 3
(a) Itisgiventhat y= x , where x:s;.

x-—-
-
i) Find —. 2
(® Find- [2]
(ii) Find the range of values of x for which y = it 3 is a decreasing function. [4]
(b) Itis given that f(x) is such that f'(x) = k8
) 2x-5 (2x-5)*"
Given also that f(3)=1.75, show that 8f(x)—(2x-5) [ "(x) = In(2x-5)*. [7]

A particle moves in a straight line, so that, r seconds after passing a fixed point O, its velocity,

v m/s, is given by v =2¢"" —10e""""" | The particle comes to an instantaneous rest at the
point 4.

(i) Show that the particle reaches 4 when r=§h15+é. [3]
(ii) Find the acceleration of the particle at A. [3]
(iii) Find the distance (04. [4]

(iv) Explain whether the particle is again at O at some instant during the eleventh second
after first passing through O. [2]
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Answer Key

l.(a) 4<a<l2 (b}{i]x{*lzi- or x>0

2.(a) a=— (b)) x=3 (i) x=857 or x=0.130

3.49.5 units /' s
4 (Ya=3,b=6.125 (i) (iil) m>2

= 3
5. -1=
(i1) 4.r
6.0) 1= 24 (i) r=2.32; min value
2r 8
7. (ii) L =46+10313 sin(6 —19.4°) (iii) 45.8°
9. (a)(ii) x=40.9°,139.1°,220.9°,319.1° (b)(iii) 7 hrs and 3 mins
. 4x(2x-3) s, 3
10, (a)(i) ——— i) —<x<—
@0 5 i) 5 <x<3
11. (ii) 1.23 m/s’ (iii) 16.0 m (iv) passed through O
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Secondary 4 Additional Mathematics Worked Solutions
Preliminary Examination 2016 Paper 2

| Working

(a)

(b)
(i)

(ii)

(a)

(b)
(1)

For y=2x" +ax+(6+a) to lic above the x-axis, discriminant b* - 4ac <0

(a) —4(2)(6+a) <0
a’-8a-48<0
(a-12)a+4) <0

> a
—4<a<l2 '4\/12
I +4x+6>6
3x +4x>0

P x(B3x+4)=0 /
I > X
x<—=l= or x>0 Py, 0
3 3

I +4x+6=-8x-6

3x* +12x+12=0

| ' +4x+4=0

Discriminant = (4)" —4(1)(4) =0

Since discriminant = 0, the line and curve intersects only at one point.
Line y =-8x—61is tangent to the curve. (shown)

log,125—-3log, b+log,c=3

log, 125~log, b* +log, c =3

lg8x—lg(x* -3)=21g2
8x 4

I =lg2

8x —of

-3
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Secondary 4 Additional Mathematics Worked Solutions
Preliminary Examination 2016 Paper 2

- .| Working

(b)
(ii)

 4x’ -8x-12=0

x=2x-3=0

(x=3I)=x+1D=0

x=3 or -1 (reject x=-1 as lg8x is undefined)

x=3

2log, x=3+7log, 5

2log, x = 3+?[M]

log, x

|
2(log, x)* —=7-3log, x=0
Let u=log, x

2 -3u-7=0

M o J=3)? —4(2%=7)

2(2)
i +.65
? 4
p= §INEL L Sl

x=857 or x=0.130 (3 sig. fig.)

=t {Sx:.l?
f g{_ — x? [g(jx - 1)é (5}] +2x3/(5x—1)
X
i
=(Sx~i}; [-I—S;—+2x{5x~=l}]

=(Sx—I]%[35;2-2x]

dy _dp dx
dr  dv dr

1 2
= {5(2}_1)3' [m - 2(2})){{}.25

2
=455 units/s
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Secondary 4 Additional Mathematics Worked Solutions

Preliminary Examination 2016 Paper 2

Working

(i) y=[2.1'1 -ax.:— 5{
At (-1, 0). y=p(n-a(-1)-5|
| [a=3=0

a=3

At (0.75, b), b=[2(0.75)" =3(0.75) - 5| = 6.125

(i)

(o 7% 6125)

y=[2x?=3x-5

(iii) | Line y = mx+ 2 passes through (0, 2) and cuts two points to the right of (0, 2).

The line that passes through (-1,0) and (0, 2) has 3 points of intersection. Gradient
2-0

T0-(-1)

Lines with m > 2 intersect the graph at 2 points.

i r
W General Term = (E]{zx}“*' [E]
r x

= [g) [2)3—1- (k}rxﬂ—lr
¥

For term in x°:
8- 2r=2
r=3
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Secondary 4 Additional Mathematics
Preliminary Examination 2016 Paper 2

Worked Solutions

.| Working

8
Coefficient = [3} (2" (k)

=1792k°

1792k° =28
Bl

64
ke

4

(ii) ’

(6:1'—'1-}(23:-#&]

x x

5 & :
:[ﬁx-—i][.;+23x+.+( ]{Zx}ﬁ[i] +]
x '\4 4x

Term inx
=fHx ?G{lﬁ}[fg]x—-ZEx
=~I§x

4

—’%:3:}’ +4r =90

W | pogrs 2!+2r+%{6r}

=4r+2[;~§—§—}rr)+2r+3zr
r

:-6r+§rrr +i§.i
»

| 3
=[E+E:r]r +E {shown)
#

Need a home tutor? Visit smiletutor.sg

120



Secondary 4 Additional Mathematics
Preliminary Examination 2016 Paper 2

Worked Solutions

Working
) P=[6+1ﬁ]r+£
4 r
drp 3 45
— 5+—?T"—"—'I-
dr 4 r

(i)

. : dP
For stationary points, 5 =1)

6+E:r=ii5—
4 r

2o A3x4
24+ 37

'45x4 s

p= since r=>10).
24437

r= .If il or 232 (3sig. fig.)
B+

&P _90__ 90

g — =0
drt ' (2.3206)

1

Since s >0, this gives a minimum value of P,

D

AX =34sinf
BC =34sinf—12cos@
L=AD+ AB+ BC

=46+34sin#?-12cosf

34sin6—12cosf = Rsin(0-a)
= R(sinfcosa - cosfsina)

Comparing coefficients, Rsina =12 and

R =128 +34* =J1300 =104/13

Rcosa=34
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Secondary 4 Additional Mathematics
Preliminary Examination 2016 Paper 2

Worked Solutions

| Working

(iii)

(1)

(i)

(iii)

| BC /I AF

12

tana=—— a=19.440°
34

L=46+10413sin(0~19.4°) (to 1d.p.)

46+10J13 sin(¢ —19.440°) =62

10413 sin(@ —19.440°) = 16

sin(6 —19.440°) = B

10413

6 -19.440° = 26.344°

6 =26.344%+19.440°
=45.8°

ZBCE = ZBAC  (altermate segment theorem)
£BEC = ZAEC (common angle)

Triangle BEC is similar to triangle CEA (AA similarity)

BC_dc
BE CE
BCxEC = ACx BE (shown)

Since B and C are the midpoints of AE and EF,

1
BC=—AF
2

(midpoint theorem)
%AFKEC =ACx BE from (i)
AFxEC = ACx2BE

AFx EC = ACx AE (shown)

£GAD = ZABC (corr angles, BC /| AF)

LACF = ZABC (alternate segment theorem)
LACF = ZGAD (shown)
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Secondary 4 Additional Mathematics
Preliminary Examination 2016 Paper 2

Worked Solutions

Wut:kin'é
(a) | LHS:
M cot2x =
tan 2x
1
T 2oy
I-tan’ 2
_l-tan’x  pHS) (shown)
2tanx
(a) | From (i),
(ii) | Bcot2xtanx=4(2cot 2xtanx)
=4(1-tan’ x)
4(1—tan’ x) =1
4—4tan” x =1
tan’ ng
4
| tan.‘n.‘::i:ﬁ
2
Basic angle a = 40.8933°
x=40.8933°180°+40.8933° orx = 180°—40.8933°,360° - 40.8933°
x=40.9°139.1°,220.9°,319.1°
(b) | U=6-5cosgt
(i) | Highest value of —5cosgf =5 when cosgr =—1, highest value is 11, we are not able to
measure UVI of 12.
(b) | UVI takes 10 hours to reach its lowest again,
(ii) | 10g=2m
fraen ks
| 4 S
®) |, 1
(i) J=6-5cos S
Scﬂsf—f:E
5
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| Working -

10

(a)
(i)

(a)
(i)

at 3
Cos—=—

5 5
Basic angle, & =0.927295

fsf=n.92?2g5 or 535589

1=1.47583 or 852416

Duration of solar power supply
=8.52416-1.47583
=7.04833 hrs

=7 hrs and 3 mins

2x°

4x-3
dy  (4x-3)4x)- 2x7(4)
dr (4x-3)}

_ Bx"-12x

 (dx-3)

 4x(2x-3)

T (4x-3)

V=

For decreasing function,
dy _ 8x? —12x
de  (4x-3)
x(2x3)
(4x-3)

<0

0

Denominator (4x-3)" >0 for x }% 5

x(2x-3) <0 \

> X
[J-r:x-::-;- G\/I'S

: 3 . : :
Since x > 1 ¥ 1s decreasing function for i—{ x< ~3~
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Worked Solutions

10 (b)

11

‘Working

1 4
2x-5 (2x=5)

= %in(ix—SH
Given f(3)=1.75,

f(x)=|

2x—5

1
51n{2(3}—5)+ T

| c=-025
f“{x):i[ 1 : J

dxl 2x-5 (2x-5)
-2 16
= -+ -
(2x-5) (2x-5)°

| 8f(x)—(2x-5)" f"(x)

=4In(2x-5)

=In(2x-5)" (shown)

(i) | For instantaneous rest, v = ()
1 Eelilr _lﬂeﬂ'l—ﬂﬂ-r o ﬂ

EEI:I.H = II'GE'IJ 1=0.3¢

0.
e

—03r
e

= 5¢"!

0.4 0
e @ =25

Taking In on both sides:
0.4t =In5+0.1

5 1

| f==In5+— (shown)
2 4

@ |, o

dr
ZE‘ZEU I ID(_{}.S}‘?U.!—&]J’

= ﬂ 2[:’” f] +3Eﬁ 1-0.5¢

+c=1.75

+¢ , where ¢ 1s a constant.

1 2 3
= 3|:§Iﬂ[2x—5}+ - —ﬂ,25i|-(3x—5) [

16
+
(2x-5)* (2:;—5)3]
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Crar e

‘ Whenfziln5+l,
| 2 4
|

a=02e" e ICEERY 43 =033 ln5+4)
=1.2265
=1.23 m/s’

(i) | o= Iv dt
_ J‘zgn.:x - lﬂen' I3 d
= 20" + %ﬂ-eﬁ-"“ " 4+e , where ¢ is a constant !

Since s =0 whent=10,

5 =204+ %e“‘l +c

[zm 100 e’ 'j
3
04 = 206" 03] %en.:-a.}[gmsq} B [2{}+ l_';lggﬂ i ]

=—15.9535
=-16.0
04is16.0m (3 sig. fig.)

(iv) | When =10,
o =20¢' r'm} (01=3) [10+wﬂe“-']
3 3
=—{.63928 m
Whenr=11,
-! _2ﬂ€11+1ﬂn (0,0-3.3) [2{) lﬂﬂ Di]
3 3
=4.6030 m

Since the displacement of the particle changes from negative to positive, the particle
passed through O during the eleventh second.
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O Level Centre / Index Number | Class | Name

, |

[ "l. ri_‘j.‘
o, K E P F
g MARIS STELLA HIGH SCHOOL
m PRELIMINARY EXAMINATION TWO
SECONDARY FOUR
|
'ADDITIONAL MATHEMATICS 4047/1
Paper 1 19 August 2016
2 hours
Additional Materials: Writing Paper (8 sheets)

| B ]

READ THESE INSTRUCTIONS FIRST

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

You may use a pencil for any diagrams or graphs.

Do not use staples. paper clips, highlighters, 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 approved scientific calculator is expected, where appropriate,

You are reminded of the need for clear presentation in your anawers,

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 BO.

For Examiner's Use

80

This document consists of 6 printed pages.
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2

Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” + bx +¢ =0

xn-b:t:u'bz—fiur:

2a

Binomial expansion
Eﬂ+b}"ua"+( ’]' ]a“"b+[ ; ]a“’zhl+.__+( b ]a""b'+...+h"?
r

where » is a positive integer and

" n! nn=1).(n=-r+1)
r rli(pn=r) r!

2. TRIGONOMETRY

ldentities

sin" A+cos’ A=1

sec’ A=l+tan® A

cosec’A =1+cot’ A
sinfAxB)=sinAcosB+cosAsin B
cos(AxB)=cosAcosBFsinAsinf
tan A+ tan B
|Ftan Atan B

sin2A=2sinAcos A

cos2A =cos’ A-sin” A=2cos" A-1=1-2sin’ A
2tan A
| -tan® A

tan(A+ B) =

tan2A =

Formulae for AABC
a b €

sind sinB sinC
a® =b+c =2bccos A

ﬂ.zlbcsinﬂ
2
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Solve the following equations

(a) 5™ -3(5")+10=0, [4]
(b)  log,v3-3x =-;-+~1agm(l -2x). [4]

{a) Find the greatest value of the integer & for which = 3x* + kx =5

is never positive for all values of x. [3]
T 2
(h) A curve has an equation y = o where x = -3a
-3x
Find the range of values of x for which y is decreasing, [4]
sin” A cos® A
(i) Prove the identity 1+ — 4 —=0. 3]
l=sec® 4 l=cosec” 4
B 2
(ii)  Hence, solve the equation > f + ees Aj =tan (24 +10°%)
l=sec® A l-=cosec A
for —180° < 4 <180°, [4]
lm{.tr-ij
A curve has the equation y=4e ¢
. . ,ody
(i) Find =, [2]
dx

(ii) [f x and v vary with time and v increases at the rate of e units
per second when x = & radian, find the exact value of the

rate of decrease of x at this instant. (4]

(a) Sketch the graph of f{x}=2—t5—3x[ for =-lsx=<6.
Indicate clearly the vertex and the intercepts of the axes. [3]

(b)  Solve the equation 2 —|5—3x =x~1. [2]

(c) (i) State the range of the values of ¢ if there is no selution for
the equation 2-[5-3x =¢, [1]
(ii) State the range of the values of m if there are exactly two

solutions for the equation 2 -l5 ——3x| = mx. [1]
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4

The amount of radioactive Sodium-24, M measured in grams, used as a

tracer to measure the rate of flow in an artery or vein can be modelled

by M = Me", where tis the time in hours, M. and k are a constants,
¥ b 0

The hospital buys a 40-grams sample of Sodium-24 and will reorder when
the sample is reduced to 3 grams.

(i) Given that there are only 20 grams of Sodium-24 left after 14.9 hours.

Find the value of M, and of k.

(ii) Find the amount of Sodium-24 remain after 60 hours.

(iii)  Calculate the time taken before the hospital reorders Sodium-24.

(a)  The function f'is defined, for - % =x= % , by the equation
J{x) = 2tan3x.

(i) State the period of £
(i)  Sketch the graph of y = 7(x) for -"—;- sxs 5’5

(b)  On the same diagram drawn in part (a), sketch the

graph of g{x)=1-2sinx for —J—;- =x= %,

(c) State the number of solutions of the equation

: L, ;
sinx+tan3x = -2— in the lnmwai—g LXs %

The function f(x) = ~Inxis defined for x > k.
(i) State the value of & .
(i)  Sketch the graph of f(x)=—-Inx for x> k.

(iii)  Explain how another straight line drawn on your diagram in
part (ii) can lead to the graphical solution of xe*** =1.
Draw this straight line and hence state the number of solutions

for xe’* = 1.
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10

The diagram shows a quadrilateral OPOR where OR = 6 cm,
angle OPQ = angle POR = % radian and angle ROP = # radian, & isa

variable and an acute angle. T is a point on PQ such that angle ORT = %

radian and RT=3 em.

&
R

(i) Show that the area, A cm® of the quadrilateral OPQR is given by
A=9s5in2#+18sin* A [3]
(ii)  Given that # can vary, find maximum area of the quadrilateral OPQOR .

(6]

A particle /” moves in a straight line so that ¢ seconds afier passing through a

fixed poimnt O , its velocity, v m/s is given by

9
v, =1- 7
(3r+1)
() Calculate the initial acceleration of the particle P. [2]
(i)  Show that the particle P is at instantaneously rest at 1 = -i. [2]

(iii)  Calculate the average speed of the particle P during the first
3 seconds afler passing O . [4]

Another particle 0 moves in a straight line and its displacement, § meter

from O after 1 seconds is givenby §, =1-1.

(iv)  Find the distance from the fixed point O when P first collides
with Q. [2]
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11 In the diagram, 4, B, C and D are points on the circle. MN is a tangent to the

circle at 4. MBC 15 a straight line.

(a)

(b)

M

N D

Name a triangle which is similar to triangle C4M .

Hence prove that ﬂ] oo
B4

Given further that 40 and BC are parallel, show that
(i) triangle ABM is similar to triangle ADC,

(ii) ADx AM = ACxCD .

~ End of Paper ~
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2 hours
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Write your class, index number and name on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.

You may use a pencil for any diagrams or graphs,

Do not use staples. paper clips, highlighters, 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 approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.
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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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2

Mathematical Formulae

1. ALGEBRA
Cuadrartic Equation

For the equation ax” +bx+¢c =0

e ~bxvb’ -4dac

2a

Binomial expansion

(a+b)”=a"+[ T Ja”'lb+( ; Ja"'3b1+...+{ " ]a”‘rb'+...+h",

r

where » 15 a positive integer and

[an n! =n(n—1}l...(n—-r+ﬂ

rifn—=r)! !

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)=cosAcosBFsinAsinB
tan A +tan B
1FtanAtan B
sin2A =2sinAcosA
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 ¢
sinA  sinB - sinC
a’ =b*+¢* -2bccosA

l .
A=—bcsinA
2
Need a home tutor? Visit smiletutor.sg

134



Solve the following equations

(@ 5 -3(5")+10=0
(b) log,+v3-3x = %— log,(1-2x)

(@) 5 =3(5"")+10=0

25{5*)—15—§+10=ﬂ
3
5(5 )—3—;+2==D [MI1]
Letp=5"
5p——§-+2=ﬂ'
p
5pP+2p-3=0 [M1]
(5p-3)(p+1)=0
== = -]
P 5 or p
X 3 X :
3 3 or 5% =-1 (reject)
; 3
lg5 =lg(§) [MI]
3
I o=
) &)
lg5
x=-0.317 [A1]

(4]

[4]

(pif never reject 5* = -1)
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(b)

(a)

(b)

(a)

4

log, v3-3x = %——lngm{l-h)

log, v3-3x = —;— —log,, (1 - 2x)

log, V3 -3x = UL )

2 log, 81
%lggq(E—SI) =%—}9§@~ [MI for changing base]
log, (3 - 3x) + logy(1-2x) =1
log, (3 = 3x)(1 - 2x) =1 (M1]
(3-3x)(1-2x)=9'
(1-x)(1-2x) =3 [(M1]

2x2=3x-2=0
2x+1)(x=2)=0

X = —% or x=2 (reject)

Find the greatest value of the integer k for which =3x* +kx -5

is never positive for all values of x,
2

A curve has an equation y =

-3x

(pif never reject x = 2)

[A1]

Jwhere x = —§~

Find the range of values of x for which y is decreasing.

For all values of x, -3x® + kx -5 is never positive,

Discriminant =0

k* —4(=3)(-5)=0 [M1]
k*-60<0

(k = \60)(k +/60) < 0

~J60 = k = /60 [A1]

OR =215 <k =215
OR -7.7460 < k < 7.7460

[4]

(3]

The greatest integer value of kis 7 [Al]
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(b) :

dy  2x(2-3x) +3x°

M1
dx (2 -3x) [M1]
4x -3x*
(2-3x)°
A

0
Since the curve is decreasing, dx and x = -;':-:-

4x-3x°
(2-3x)°

<0 [M1]

Since (2-3x)7" >0, 4x-3x* <0
3x*-4x>0 [M1]

x(3x-4)=0

x‘:ﬂorx:-% [Al]

sin® A4 . cos® 4

(i) Prove the identity 1+ 0. [3]

l-sec’ A l-cosec’d

sin” A cos’ A

(ii)  Hence, solve the equation = tan (24 +10°)

+
l-sec’ A 1-cosec’A

for —180° < 4 < 1RO7. (4]
sin® 4 cos” A
+

i To prove 1+ -
@ ; l-sec’ A 1-cosec’A

Lo 2.14
LHS =1+ Smf g
l-sec™ 4 |l-cosec™A

sin“ 4 cos’ A

~tan® A -cot’ 4 (BI]
=1-cos* A-sin’ 4 [B1]
=1-1 [B1]
=0
i 3 2
Hence 1+ L o84 = (). ( Proved)

l-sec’ A 1-cosec’A
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6

o 7 2
() Since "‘mf . Az = tan (24 +10°)
l-sec® 4 1=cosec” 4
tan (24 +10°) = 1 [B1]
Basicangle = 45°
24 +10° =-45°,-225°% 135°, 315° [M1]

A==275" ~1175°, 62.5%,152.5°
[Alforboth]  [Alforboth]

. tam[.rr—in
A curve has the equation y=4e ¢

. .. @y

i Find —. 2
(i) 5 (2]
(ii) If x and y vary with time and y increases at the rate of ¢ units per

second when x =7 radian. Find the exact value of the rate of decrease

of x at this instant. [4]
(i) % = d( i} sec’ (- i—_}emm_“h [M1]

dy 2 X, tak2)

—— = —sec” (7 —— Bl

i ¢ 4)8 [B1]

(ii) When x =

ﬂi} 2 3” qu'
—— = —geg (— M1
5 4) [MI1]
=_(_J2_)2€-I
- 2 [A1]
=
& _& db
dt  dt dx
dx 2
=—x| == M1
® dll x[ e) [MA]
&
dt 2
The exact rate of decrease of xis%-—um'rsfs [Al]
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(2)

(b)

(€)

(a)

(b)

(c)

7
Sketch the graph of f(x) = 2--[5 -3):| for-1sxs=6.
Indicate clearly the vertex and the intercepts of the axes. [3]
Solve the equation 2—-[5-»311 =x-1 [2]
(i) State the range of the values of ¢ if there is no

solution for the equation 2-|5-3x =¢, [1]

(ii) State the range of the values of m if there are exactly two

solutions for the equation 2 —}5 —3I| = mx. 1]

L] "

Tummg Points = (I%,Z} [Bl] L, 3 1 A [1% 2]

Shape - inverted v-shape [B1] :

intercepts : (0,-3), (1, 0}, {2%,{1} : I S
terminal points : (-1, -6), (6,-11) [B1]  (-1,6)

-1n

2-5-3x=x-1

534 =3~x

5-3x=3-x or 5-3x=-(3-x) [M1]
x=1 x=2 [Al]

(i) c>2 [B1]

(i)  Gradient of OA = _:_
Gradient of AB=-3

The range of valuesofm: -3 <m=< g [B1]
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The amount of radicactive Sodium-Z4, M measured in grams, used as a wacer

to measure the rate of flow in an artery or vein ¢an be modelled by
M =M. where i is the time in hours, M, and k are a constants.

The hospital buys a 40-grams sample of Sodium-24 and will reorder when the
sample s reduced to 5 grams.

(i)

tii)

(i)
(1]

()

(1)

When ¢ = 0, M =40

M, = 40

When 1 =149, M =20

k = (1046520
k= 00465 (3r.f)

When ¢ = 6,

e

H -4.|]£. (R
M -E-l'.':l-l:."

M=00613g

When M =3,

3 - 4w-¢.mbib

3 QUan STy

£ el -

40
3 5§

In(—J - 0046521
40

l 1
P=- Inf —
0.04652 {zm)
t =55.7 hours

Given that there are only 20 grams of Sodium-24 left after 14.9 hours.
Find the value of M, and of k.

[3]

Find the amount of Sodium-24 remam afler 60 hours. [1]

Calculate the time taken before the hospital reorders Sodium-24 . [2]

[B1]

[M1]

[AT]

[Al1]

(1]

[Al]
MHeed a home tuter? Visit smiletutor.sg
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(2)

(b)

(c)

(a)

(b)

(c)

9

The function f'is defined, for vig- sxs % by the equation

S(x)=2tan3x.

(i) State the period of £ [1]

(i)  Sketch the graph of y = f(x) for -% <xs g 2]

On the same diagram drawn in part (a), sketch the graph of
g(x)=1-2sinx for —%5x5%~ (2]

. ; . |
State the number of solutions of the equation sinx + tan 3x=—5 in

the il‘ltﬂl’\-’&]-f-ﬂxsﬁ. [1]
2 2

(i) Period= [B1]

WA

(i) Shape B 1)

4 asymptotes  [B 0.5]

. b, 4 b3
x-intercept : — —; 0; —;
= 6 6

Shape [B1]

turning points (=7-3)i(7 ~1:[BO.S]

intercepts : (0, 1), {%,ﬂ} [B 0.5]

: 1
sinx+tan3dx = —

2sinx+ 2tan3x =1

2tan3x =] =-25inx

There are 3 solutions for the equation s'm.x+tan3x--% in the

interval - = < x < =, [Al]
2 2
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The function f(x)=-Inx is defined for x> k.

@
(i)
(iii)

(i)

(iii)

The

State the value of k& .

Sketch the graph of f(x)=-lInx for x> k.

Explain how another straight line drawn on your diagram in part (b)
can lead to the graphical solution of xe™*™ = 1. Draw this straight line
number of solutions for xe™* =1

and state the

(1]
(2]

[3]

k=0 [Bl]

Shape [B1]
Asymptote x=0 [B0.5]
x-intercept : (1,0) [B0.5]

Since

IEZJ&—} - 1

In(xe™ ) =0

lnxez’“ w )
Inx42x-3=0

y=3=-2x [B1]

Hence, by drawing the line y = 3 - 2x on the diagram in part (b),
the x-coordinates of the points of intersection would give the solutions
[BI]

for xe** =1.

From the sketch, we can conclude that there are 2 solutions for

2r-3

XE =1.

diagram shows a quadrilateral

OFPOR  where

[A]

OrR =

6 cm,

angle OPQ = angle POR = J—;mdian and angle ROP = @radian, @ is a variable

and an acute angle. T is a point on PQ such that angle ORT = g— radian and
RT=3m.

Need a home
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(i) Show that the area, A cm® of the quadrilateral OPQOR is given by

A=9sin20 +18sin’ ¢ [3]

(ii)  Given that @ can vary, find maximum area of the quadnlateral OPOR .

(6]
PSR =Z rad :
2 ‘/"O\‘_.
RTQ=0 (alt.£, PO//SR) 4 \._\
‘?.-‘I-: k S,
A g
(=1 £
; H"J‘“-»_.Hx o ) )
A= (0S)(RS) + (RS)RQ) -

s %{chsﬂ](ﬁsin 6) + (6sin@)(3sin@) [MI1][MI1]

A = 18sinbeosd + 18sin’@  [Al]
A=9sin28 +18sin’  (Shown)

A=9sin20 +18sin’ @

dA :

— =18 28 +18(2 G

5 cos 26 + 18(2)sin #cosd) [B1] [BI]
=18cos24 + 18sin 26

For maximum area, EA:- =),
dit

%=13m523+1ssm25 =0 [BI]

cos2é +sin28 = 0
1+tan28 =0
tan28 = -1

Basic angle

Il
NE
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12

F o
“’_f == 365in 20+ 36 60526
6

Bl
Ir 44 (B1]

When -2, 25 36[I)+36[ 413]
=-3642 <0

Therefore, maximum area

n95m2(3 J+1851 [3”)
8 3

o)
J2

=0(l1 +—-}

=154 cm’ [Al]

A particle P moves in a straight line so that ¢ seconds after passing through a

fixed point O , its velocity, v m/s is given by

9
(3t +1)°

Ve

(i) Calculate the initial acceleration of the particle P

(ii) ~ Show that the particle P is at instantaneously rest at = 13?'—

(iii)  Calculate the average speed of the particle P during the first 3 seconds

after passing O .

Another particle 0 moves in a straight line and its displacement, § m from O

after t seconds is given by

SG-IHI

(iv)  Find the distance from the fixed point O when P first collides with Q.
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(i)

(i)

(iii)

13

9
(3t +1)2

Ve =]-

; dv
acceleration, a= —
dt

54

a=
(3t +1)°

[Mi]

Initial acceleration = 54 m/s*  [Al]

At instantaneously rest, v, =0

sz 9 2 =0
(3t+1)

(3r+1)' =9

AL+l =<3

2 4
t=— or -—

[M1]

(reject)
AT =—§- (Shown) [Al]

9
| [ dx
a3 ﬂ (3r+1}’]

3
S‘“SHL}I +c [MI1]

+1
Whent = ﬂ,S# =1,
0=3+c

c=-3

3
W g1 Al
ety [Al]

+1
When

t=0,5 =0m
2 1

t=—,85==1-m
3 3

£=3,S=im
10
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average speed

ﬁxl.ﬁ 3

3 10
- M1
3 [MI]

_®
G0
=0.989 m/s [Al]

(iv)  When P collides with O, §, = 5,

1+ -3=r-1

Jt+1

[M1]

When t-l,SE =i-—1
6 6

5
Se=-=m [Al]

Hence, the particles first collides at %m from the fixed point O, [Al]

11 In the diagram,. A, B, C and D are on the circle. MV is a tangent to the circle

at 4. MBC is a straight line.
M
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(a) Name a triangle which is similar to triangle CAM . [1]
rd
CM
Hence prove that i s : [3]
BA BM
(b)  Given further that AD and BC are parallel, show that
(i) triangle ABM is similar to triangle ADC. (2]
(i) ADx AM = ACxCD . [2]
(a)
AMB = CMA (common angle)
MAB = MCA (altemate segment theorem)
triangle CAM is similar to triangle ABM [B1]
AC _AM MC B1]
BA BM MA
3 2
ACY _(AM [B1]
BA BM
- BMxMC  (am® =mcxBM) [B1]
BM®
MC
BEM
2
AC CM i .
S|—=—] =— (proved if no conclusion
( - ] o roved) [ ]
(b)
ABM = ADC ( anglc in oppositc scgment)
MAB = MCA (alternate segment theorem)
= CAD (alternate angle, AD/BC)
triangle ABM is similar to triangle ADC [B 2,1,0]
4D _ €D [B1]
AB  MB
4D _ 4B
cD MB
AD AC ; AR  AC
— =——  since — = —— (frompart (a) [BI
CD AM MB  AM { part (2) [B1]

AD» AM = ACxCD (Proved) [ p if no conclusion]
~ End of Paper
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(b) The equation of another circleis (x —4)* + (¥ + 1)* = 4.

The line y = mx is a tangent to the circle. Find the possible exact values of m.  [4]

9(b) For points of intersection,

(4] substitute y = mx into (x —4)* + (y+1)* =4

| (x—4)P+ (mx+1)*=4 Ml

x*—8x+16+ mix*+2mx+1=4

21+m)+x(2m-8)+13=0

| For line to be a tangent to the circle, Discriminant = 0

(2m —8)% — 4(1 + m?)13 = 0 M1

4m?—32m+ 64 —-52-52m”* =0

0=48m*+32m—12

0=12m* +8m—3

~8 +./64 — 4(12)(=3)

2(12)

-8 + 4413
&=y —

- Al Al

|m= = j:ﬁ also anocpt ™= _%i %\f'ﬁ Deduct 1 mark if answers
are not in the lowest
: terms
Need a home tutor? Visit smiletutor.sg
Zhonohua Secondary School 4047/02/Prelim 2/2016

149



14

. P4 e +d
10 (a) (i) Express ;;;r—x—fz in the form of ax + b + ;;ﬁ [2]
ii g A cx +d
(ii) Using the values of ¢ and d found in (i), express P T
sum of two partial fractions. [3]
10(a) (i) By long division M1
[2] 2x3 + x? oy —14 5x — 2 Al
_— — x —_— ——ee e
xt+ x—2 i
(ii) Sx -2 _ 4 % B
3] x+2)(x-1) x+2 =x-1
Sx—2=A(x—1)+B(x+2) Ml )
Letx=1, 3=3B =4
B=1 Al for either
Comparing coefficient of x, A+ B=35 A or B correct
A=4 | )
Sx —2 4 % 0 Al
| x2+x—-2 x+2  x-1 ‘.
. . _ x=1
(b) A curve has the equation y = NrTTeh
(i) Differentiate y with respect to x. [3]
(ii) Using the result in part b(i), determine [ 22222 gy 2]
(4x+1)7
(b) (i) i 1 1 [ MI quotient rule
4x + 1)z =i q
[3] E:’i - Ur+1)7 () -@-Dx 2 (r+1)"2x4 M1 chain rule
dx (4x+1) _
= [4x+1}“%[4x+1-z{x-1]]
(4x+1)
= 234:-!-'.13 Al
(4x+1)2
(4x+1)2 VaxTl Reverse differentiation)
T 2(2x+3) )
——dx=—+¢ Al
| f{+x+1}§ Varrl |
Need a home tutor? Visit smiletutor.sg
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11.

The diagram shows two circles, €, and €, with centres 4 and B respectively. The two circles
touch each other at D. C, has radius 3 units and touches the y-axis at E. €; has radius 2 units and
touches the x-axis at /. The lines A8 produced meets the x-axis at & and

angle BGO = # radians.

(i) Show with clear explanations, that OF = 5sinf + 2 and OF = 5cosf + 3. (2]
(ii) Show that EF? = 38 + 20sin8 + 30cos . [2]
(iii) Express EF? inthe form 38 + R cos(8 — a), where R > 0 and a is an acute angle. [3]

(iv) Given that EF? = 65 , find the value of 6. (2]

(i) AB=3+2=3cm

[2] OF = ABsinf + BF =5sinf + 2 | Bl

OF = ABcos@ + AE =5cos8 + 3 Bl
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L1(ii) ;EF2= (5 sinf + 2)* + (5cos @ + 3)* Ml
2] ' = 255in*6 + 20sinf + 4 + 25¢c05°8 + 30cos 8 + 9
| = 25(sin*6 + cos*8) + 20sinf + 3‘-']-:05'._3. + 13 =81 -
: = 38+ 20sin8 + 30 cos 6 (AG) |

11(iii) | EF? =38 + Rcos (6 — a)

31 R =302+ 202 =10V13 | B

i
20 '

&= bt (u—) = 0.58800 |8l
30 |

EF? = 38 + 10v13cos (8 — 0.58800) LAl

11(iv) | EF? = 65

'[2] | 65=38+ 10yT3cos (6 — 0.58800)

2

7 M1
= ¢os (8 — 0.58800
10413 ( )
#— 0.58800 = 0.72448
8 = 1.31 (to 3 sig fig) Al

Need a home tutor? Visit smiletutor.sg
Zhonghua Secondary School 4047/02/Prelim 2/2016
152



TANJONG KATONG GIRLS’ SCHOOL
PRELIMINARY EXAMINATION 2016

SECONDARY FOUR
4047/01 ADDITIONAL MATHEMATICS
PAPER 1
Thursday 11 August 2016 2h

Additional Materials: Answer Paper
Graph Paper

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.

Write in dark blue or black pen on both sides of the paper, and use a pencil for drawing
graphs and diagrams.

Do not use staples, highlighters or correction fluid.

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
guestion.

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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1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ =0,
_ bV — dac
O T

Binomial expansion

(a+b)"= ﬂn_'_( )(I"'jb"'( )ﬂrr-ibl+ { }Hbr"‘...*b”.

nl _ _nn=1)..(n-r+1)
riin—r)! r!

where n is a positive integer and [ ]

1. TRIGONOMETRY

Identities
sinf A +cos? 4 =1
seclA=1+tan’ 4
cosect A =1 +cot? 4
sin(d £ B)=sind cos B £ cosA sinB
cos(4 = By=cosA cos 8 + sind sinB

tand £ tan B

A L )= - tand an B

sin24 =2sind cosd
cos2A=cos? A -sinf A=2cos’Ad-1=]-2sin*A

2tanA
| —tan® A

tan 24 =
Formulae far AABC

c
n£

a _ b _
sind sinB s

2= p2 4 o2~ 2be cos A

i

A=—=be sin d

B | =

Need a home tutor? Visit smiletutor.sg
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Answer all questions

It is given that cos 4 = —%— and sin B = E A and B are in the same quadrant.

Without using a calculator, find the exact value of cot (90° - 4 - B). [5]

(i) Find the range of values of p for which (x +1)(x - 2) > p(x +2) forall
real values of x. (4]

(ii) Deduce the number of points at which the line y = p{x+2) intersects
thecurve y=(x+1)(x-2) for -1 p<2. 1]

2000 cm’ of water is transferred from a rectangular tank to an empty inverted
right circular cone in 10 seconds. The ratio of the radius of the cone to the height
of thecone is 1 : 3.

Find the rate of change of the horizontal surface area, 4 cm?, of the water in the

cone, when the height, & cm, of the water in the cone 15 12 cm. [6]

()  Write down and simplify, the first 3 terms in the expansion of (2—p)’
in ascending powers of p. [2]

(ii)  Find the value of n where n is a positive integer, given that the coefficient of

x*is 96 in the expansion of (1+x)"(2—x+x2) . (4]
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A curve y =f(x) is such that ''(x)=48sin4x —8cos2x. The curve intersects

: . . . :
the x-axis at P. The x-coordinate of P is 4 and the gradient of the curve at P is 8.

Show that f""(x)+161(x) =24cos2x.

The table shows experimental values of two variables x and y.

X 2 4 | 6 7

8

v | 133 | 229 | 327 | 3.77

6.12

It is known that x and y are related by an equation of the form x* + b4

where a and b are constants. An error was made in recording one of the values

of y.

(i) Using a scale of 2 cm to represent 1 unit on the horizontal axis and 1 em
to represent 1 unit on the vertical axis, draw a straight line graph for the

above given data, The straight line graph is to be drawn with variable x

on the horizontal axis.
(ii)  Use the graph to estimate

(a) the correct value of y,
(b) the values of g and .

4
(i) Express W in partial fractions.

7
(ii) Hence evaluate J. ey

]
4 (x‘“ﬂfz .
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l-sinx cosx
(i) Prove that +—————=12se¢x,
cosx l—sinx

(ii) In the equation

l-sinx cosx
+ " _4tan’x=2,
cosxy l—sinx

cosx=a or b where g and b are constants, and b <0,

(a) Find the value of @ and of b.

(b)  Solve the equation cosx=b for —m <x <27,

The equation of a curve is y = xIn(2x —3) where x > % :

(i) Find the equation of the normal to the curve at x = 2.

The normal to the curve y = xIn{2x —3) passes through the vertex of the graph

of y=k—42x + l| where k is a constant.

(ii)  Determine the value of k.
(i)  Sketch the graph of y =k —4{2x+1| for the valuc of k in part (ii).

Show the vertex and intercepis clearly.
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10 Solutions to this gquestion by accurate drawing will not be accepted.

¥
M

K(a, 11)

H * G(5,7)

J(3, 5)

The diagram shows a quadrilateral HIJK . # is the reflection of point G(5, 7)
in the line x = 1. Point K(a, 11) is such that the product of the gradients of HK
and JK is —3. The perpendicular bisector of F{J intersects the x-axis at /.

(i) Deduce the coordinates of H. [n
Find

(ii) the value of @ given that a < (), [2]
(iii)  the equation of the perpendicular bisector of H.J, [3]
(iv)  the area of quadrilateral HIJK. [3]
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The diagram shows a capsule shaped object with surface area 187 cm®. It
comprised of 2 solid hemispheres of radius r cm joined to the 2 ends of a solid

cylinder of radius r cm and height s cm.
(i)  Show that the volume, ¥ cm?, of the object is given by ¥ =9 — % . [4]

(i)  Find the stationary value of V, and determine if this stationary value is

a maximum or minimum, [6]

THE END
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Answer Key to TKGS Prelim 2016 Additional Mathematics Paper 1

1 2 8(i) Proof
s 1
(ii)a) | a=1 and b= 5
2(1) -D<p<-] (i(b) |-1.91,1.91,4.37
"i-fii) 1 or 2 points 1
- 9(i) 4y=-x+2
3 33 3 cm’ /s (ii) %
: (iif)
4(i) 128—448p+672p" + y
A
4(i1) 4
5 proof
|
B 106) [ (=3,7) '
6ii)(a) | 4.24 (ii) =
(b) |a=1, b=2 | (iii) y=3x+6 i
{ (iv) 34 square units
|
: A 4 4 4 |
(1) e “Be A 111
(x-3k" 9(x-3) 9 3x (@) 40.0cm’, Stationary value of ¥ is a maximum.
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2016 Sec 4 A Math Prelim Exam Paper 1 Marking Scheme

Solution

Marks

Teaching Points

A and B are in the same quadrant.
.A and B are both in 2™ quadrant.

cos 4 =——
3
=-22
sinBr:JE
11
_V2
V11
| wnBe=22
3

cot(90° - A - B)
= cot(90°— (4 + B))
= tan(4 + B)

_ tanA+tan B
l—tan Atan B

—2«5-3?—

_ 1—{—2\5{— ?]

Bl

| BI

Need a |

| B

M1

nome tutor

Understand how to
find ratio of tan 4
from cos A.

Understand how to

cot(90°~C)=tanC

Know how to use the

5 addition formula for

tan( A4 + B)

? Visit smiletutor.sg

find tan B from sin B.
Know the
relationships
1
tan(90°-C )=
{ } tanC
and
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Able to simplify surds

Al Correct final answer
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Qn | Solution Marks | Teaching Points
2i) | (x+D{x-2)> p(x+2)
| xt—x=2>px+2p
x+(-l-px-2-2p>0 Enow st
discriminant <0
(x+1)(x-2)> p(x+2) forallx for inequality to
= discriminant < 0 Bl be true for all x.
| = (-1-pf —4(1)-2-2p) <0 Bl Able to get
| expression for
1+2p+p* +8+8p <0 :
= g Pre F ; discriminant
=p'+l0p+9<0 M1 Able to solve
=(p+N(p+1) <0 quad inequality
= -9<p<-1 Al Correct answer
(ii) | Line y = p(x+ 2)does not intersect curve y =(x+1)(x—2) Bl Able to make a
' when p is in the range -9 < p <-1.For p=-1, line intersects i deduction from (i)
curve at 1 or 2 points.
Qn Solution Marks | Teaching Points
3 F : volume of water in cone
A : area of water surface on cone
h : height of water in cone
r : radius of the water surface
t:time
div 2000
— =——cm/s
dt 10
=200cm’ /s Bl Know how to get
av |
dt *
Need-a-home-tutor?2 Visit smiletutor.sg———
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= ¥—
dh dr
200 = Zp2 &
9 dl
1800

.df_mfiz

| dA _dd_ dh
.d: dh dt
_ 27 (1800
) [mrﬁ)
400

T h

When k=12,

44 _400
di 12
1

=33
3

Answer : Rate of change of the horizontal surface area of the

|
water 33% cm’ [s.

Bl

M1

Bl

M1

Al

| Know how to

|

| an

1

express V' in terms

of h.

Know how to use
Chain Rule to get
a relationship
between ﬁ.
et
.‘E and ﬁ
dh dt

Know how to

express A in terms
of h.

Know how to use
Chain Rule to get
a relationship
between ﬁ, ‘E
dr  dh
g2
dt

Correct final
ANSWET,
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Qn | Solution Marks ETeaching Points

T

4(i) .

2-p)
T Tls 2 3
2= 2°p+|_27p +.. | M1 Know formula for
! 2 Binomial.expansion
=128-448p+672p" +... Al Able to simplify

(ii) {]+x)“(2..x+x’-f

| = 1+[n]x+[n]x2 +.,.][2-—(x—-.r:]r Bl Know p =x—x*
. LA ? !

- 1+r:.:u:+M.x:1 +...j|[123 —448(.x-—x1]+ 6?2(.1:—.1:2)? +] Bl Able to express
i 2x1 o .
I aln-1)) , " ]and

= (14 e B 128 448x+1120x7 + . ] 1 2
N correctly in terms

of n.

Coefficient of x* =96

. 1(1120) + n(—448) +.,"(_”2:i}“23] — 96 Able to determine

| Ml the terms in x*
64n’ —512n+1024 =0 in the product of
n-8n+16=0 (1+x)" and
(n-4)n-4)=0 2-x+x).
n=4 Al Final answer
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Qn | Solution Marks | Teaching Points
|5 f (x)=48sin4x —8cos2x Know how to
£'(x) = [ (48sin4x - 8cos2xhx integrate f (x)
: | correctly to get
=-l12cosdx—4sin2x+c, | Bl .
{ f(x)
J @
2wy
16
T A
~12cos4[;—]—4sm2(;—]+c, =8 M1 Know how to use
—12(-1)=4(1) +¢, =8 theEtl‘adatFm
¢ =0 get f (x)
f (x) =—12cosdx - 4sin2x Al Correct expression
for f(x)
fix) = I{—Ilmsdrx—:lsmi!x)d.r Know how to
=-3sindx+2cos2x+c, integrate f (x)
correctly to get
fx)
t"[fij =0
4
3aindl Z | ¥ 20l & g, =t
=S = |+ leas luﬁ to, =0 M1 Know how to use
-3(0)+2(0) +¢, =0 the x-coordinate
of Pto get f(x)
¢, =0
f(x) =-3sindx +2cos2x Al Correct expression
for f(x)
f (x)+16f(x) '
= (48sin 4x — 8cos 2x) + 16(— 3sin4x + 2cos 2x) M1 sub. expressions
=24cos2x (Proved) for f(x)and
£ (x)
Al Able to get
4 24c0s2x
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_[ Solution

Marks

Teaching Points

6(i)

Bl

Bl

Bl

| Able to transform
given equation into
a straight line form
with x on horizontal
axis.

Able to plot a
straight line passing
through all points

Graph cuts y-axis.

)

(ii)(a) | Correct reading of I =151
y

(b)

-

8—‘=15.1
¥

Correct reading of y = 4.24

x)"
—— =— —intercept
a ¥y

=1

a=1

b = Gradient

_11.01-3.01
6-2
=2

M1

Al

B1

Ml
Al

Know the method
to find the correct
reading of y

Correet final
answer

Understand how to
get a using the
vertical intercept

Understand that b is |
the gradient
Correct value of b
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Qn | Solution Marks | Teaching Points
- 4 A B C
0 (x-3)" =3 % W Bl Know the various
4= Ax’ + Bx(x—3)+C(x—-3) partial fraction
, forms.
Considerx = 0
4 =(C(-3)
C= B Bl Able to use
4 suitable method
to find C.
Consider xr =3
4=094
A= 4 Bl Able to use
9 suitable method
| to find A.
Compare coefficient of x*
0=A+8
B=-4
e | Bl Able to use
9 suitable method
to find B.
Hence £ YO & A
(x=3)* 9x-3) 9x 3’ Minus 1 mark if
didn’t write final
line.
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@ [ 7 - .
2
(x—3)x
a7
1 4
== 7
4 4 {x—3=x '
B 7 4 4 4 Know the formula
Cal, l9x-3) 9x 34 Bl [——dle = Inx 4o
v ar+ b
|
7 Know the formula
=i[iln{x—3}—ilnx—-i[~—x"tﬂ Bl
4{9 9 3 4 fx"dr—'tnﬂﬁ:
T on+l
4
=-I*[Eln4—ilnT+—(—1-D-—l-[i |n1-31n4+5[l]] M1 | Knowhowto
419 9 3\7 419 9 3\4, evaluate a definite
integral
| =0.0561 Al Correct final
answer
i
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' Qn | Solution ‘ | Marks | Teaching Points

8(i) | 1-sinx L _cos¥

cosx l—sinx

 (1-sinx)’ +cos’ x
cosx(l—sinx)

B 1—2sinx+sin’ x +cos” x

cosx(l —sinx)

- .ﬂ?ﬂ"‘.}., Bl Knows the
| cosx(l —sinx) identity
sinfxtcosir=1
_ 2(l-sinx)
cosx(l —sinx) Bl Is aware of
“factorisation’ as
2 one technique used
= in proofs.
cosx
= 2secx Bl Know the identity
| secx=
CosXx
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|
]

(ii)(a) |

(b)

l—sinx COS X S
I + tan
Cosx l-sinx
2secx+tan’ x =2
2secx+sec’x—1=2

sec x+2secx—3=0

(secx—1I)(secx+3)=0

secx =1

or secx=-3

1
cosx=1or cosx = —5

x=2

Answer: a=1 and ;,z__;_

1
COSY =——
3

Basic 2 = 1.2310 radians

x=-1.91, 1.91,4.37

' Bl

Al

B1,B1.BI

Use identity

1+tan® x = sec* x

Correct final
answer

Correct angles
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Qn Solution
9(i) y=xIn(2x-3)
g:x[z < 3]+1n{2x—3)
x -
Atx=2,
dy 2
aht = N
| 2(2{2]_3]4-111(2(} 3)
=4
and
y=2In{2(2)-3)
=0

Equation of normal :

»0. .1
x-2 4
dy=—=x+2

Marks

Teaching Points

| M1

MI1

Ml

Al

! diff In(2x-3)

Use Product Rule
to diff xIn(2x-13)

Use Chain Rule to

Know how to find
gradient, y-
coordinate and
equation of
normal

Correct answer
for equation of
normal.
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Qn Solution | Marks | Teaching Points
9(ii) | Equation of normal :

dy=-x+2

y=k—d42x+1|

Coordinate of vertex :[— 1 ’ k] M1 | Understand that
2 the x-coordinate
1 |
When ":'E' of vertex is 1
2
| 4y={_l]+g and that k is
| 2 obtained when
| 5
= 2x+1=0.
- 22+
5 .
k= v Al Correct value of k
(iii) | Bl Shape
|
| Y
f N Bl Critical pts
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Solution

Marks | Teaching Points |

10(i) | Coordinates of H are (-3, 7). Bl Know how to get
' | ' image of a point
given the line of
reflection
1
(ii) | Gradient of HK » Gradient of JK = =3 M1 Know how to get
a relationship
11-7 _11-5 between the 2
a+3x a—3 == gradients
%
(a+3)a-3)
a’-9=-§
a =1
a = | (reject) or—1 Al Correct value of a
.f
(iii) | Midpoint of HJ
~ [ -3+3 7+5 ]
2 "2
= (0, 6) Bl Know formula for
| midpoint
Gradient of HJ
- =3
-3-3
st
3
Equation of L bisector of HJ:
S Know how to get
=3 Ml 1 bisector
x—-0
y=3x+6 Al Correct answer
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(iv)

y=3x+6

When v =10,

0=3x+6

x=-2

Coordinates of /=(-2, ()

Area of HIJK

12 3 -1 -3 -

200 5117 0

= %{{-2}5 +3(1D+ (-7 + (=30 =30y = (=D5~-(-3)1- {—2}?}
= 34 square units

Bl

Ml

Al

Know how to find
coordinates of /

Know the formula
for area of

polygon

Correct final
ANSWEr
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Qn Solution Marks | Teaching Points
NG | 20rh+2(25r%) =187 M1 Able to get a
relationship
187 — d7r? between »,h and
b= Dy area.
9 .
= B Al Correct
" expression for h
in terms of r.
V=m"h +[—2~m~‘J2
3
= e
a Able to get Vin
9 3 Ml terms of r and A.
=’ —=2r |+—m
r
=9 - 2mr’ +—m’
=90 - =’
Correct
Al expression for V'
in terms of r.
2
(i) | V= er—gm-’
ﬁ,__gg._gm-? Bl Able to
dr | differentiate V
For stationary value of V,
V
‘;— = M1 Know
! s requirement for
97 -2m" = stationary pt.
9
F= 3 Al Able to get value
of r at stationary
Stationary value of V' Py
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= 40.0 cm’
]
L
cfr-

- Stationary value of V' is a maximum.

value of V

M1 Know the tests to
determine nature
of stationary pts

Al Able to determine
correctly the
nature of the
stationary value.

]

Bl Correct stationary
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TANJONG KATONG GIRLS’ SCHOOL
PRELIMINARY EXAMINATION 2016

SECONDARY FOUR
4047/02 ADDITIONAL MATHEMATICS
PAPER 2
Friday 5 August 2016 2 h 30 min

Additional Materials: Answer Paper

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.

Write in dark blue or black pen on both sides of the paper, and use a pencil for for
any diagrams or graphs.

Do not use staples, highlighters or correction fluid.

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 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.
The number of marks is given in brackets [ ] at the end of each question or part
question.

The total number of marks for this paper is 100.

Setter : Mrs M Loy
Markers; Mdm Tan SE, Mrs H Pang, Miss Yeo LS, Mrs M Loy

This Question Paper consists of 7 printed pages, including this page.
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1. ALGEBRA
Quadratic Equation
For the equation ax” + bx + ¢ =0,
g=0 +Vb* — dac
2a
Binomial expansion
(a+ b}"=a"+(?}a”‘ b+ (;)aﬂ B4 ..+ (f)n’” L+

e n : = Dfn—r+1
where n is a positive integer ““d(r]=,-l(nﬂ_ r},="“" ) rf” el

1. TRIGONOMETRY

Identities
sinfd+costd=
sec2 A =1 +tan’ 4
cosect A=1+cot2 A
sin(d £ BY=sinA4 cosB + cos 4 sin &
cos(A = B)=cosA cosB ¥ sind sinB
_land + tan B
tan(d £ B) = 1 7 tanA tan B
sin2.4 =2sind cosA
cos2A=cosl A -sinfA=2cos?A-1=1-2sinl4
__2tand
tan 24 = T=tartd
Formulae for AABC
a b e

sind sinB snC
at=bt+¢l - 2bocos 4

|
A=—be sin A
2
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Answer all the questions

A man buys a new car. The value of the car depreciates with time so that
its value, $V. after r months’ use is given by ¥ =132000e™" , where

p 1s & constant.

The value of the car is expected to be $122 000 afier eight months” use.

(i)
(i)
(iii)

Find the value of the car, " when the man bought it.
Show that p=0.01.
Using the value of p = 0.01, determine the age of the car to the nearest

month, when its value reached half of the original value when the man
bought it.

The function f(x)=1+2x+ Ax® —x’, where A is a constant, leaves a

remainder of 1 % when divided by (2x—1).

(i

(i)

(a)

(b)

Find the value of 4 .

Hence solve the equation f(x) = 0, giving your answers in the exact form.

(i) Solve +/3x+2-3x=0.

(i) On the same axes, sketch the graphs of y = +/3x+2 and y = 3x.
Indicate clearly all the points of intersections.

The vertical height of a triangle is

8
CITI.
W3
20
I5-1

calculator, find the length of the base of the triangle in the form a +£N'r§ .

em? , without using a

Given that the area of the triangle is
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The roots of the quadratic equation, 2x” +4x+5=0 are (@ +1) and (f +1).

(i) Show that & + # =—4 and hence find af.
(ii)  Find the quadratic equation in x with integer coeflicients, whose roots are
Lj and -;—3 .
o
()  Given that log,(2x+1)—log,(3—x*) =1, form a quadratic equation in x
and explain with clear working why the roots of the quadratic equation
are real and distinct.
(b)  Solve 3" =2(37)+17.
2x* g )
The curve y = — - has one stationary point (p , g).
X +
(i) Find the value of p and of g.
(i)  Determine whether y is increasing or decreasing for
(a) x>p,
(b) x<p.
Hence state the nature of the stationary point,
(iii) Find H at the station int and explain how d'y furth
: e ary po piain ho F Cr supports

your answer in part (ii).
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In the figure, 4B is a diameter of the circle with centre Q. Chords AD and BC

intersect at /'. 4D produced meets the tangent to the circle, TBE at £ .

AE is an angle bisector of angle BAC .

()  Prove that ZCBD = £ZDBE . [3]
Given that Z40F = 90°, prove that

(ii)  triangle AOF is similar to triangle ADB . [2]

(iii) 2(40) = AF = (AF + FD). [3]

A particle moving in a straight line passes through a fixed point O with a speed
of 20 m/s. The acceleration, @ m/s®, of the particle, 1 s after passing through O
is given by @ =~100e™ . The particle comes to instantaneous rest at point NV .
(i) Find the time the particle comes to instantaneous rest at point N. [5]
(i)  Calculate the distance ON . [4]

(iiiy  Show that the average speed of the particle in the first 2 seconds
rounded off to a whole number is 10 m/s, (3]
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10.

(i) Solve the equation 2sin 2P =3cos P for 0" <P <360".

(ii) On the same axes. sketch for 0" <x < 720", the graphs of
=sinx and y= Euus{i)
5 2 \2)°

(iii)  Using the solutions to part (i), determine the x-coordinates of the points of
intersection of the graphs of part (ii).

A circle, Cy, has equation x° + y* —14x+ 2y =-46,
(i)  Find the coordinates of the centre of the circle and the radius.

The coordinates of the centre of a second circle, (3, is (—4 , =2). The equation of
the tangent to the circle, Cz at a point Pis 2y = -2x + 3,

(ii)  Find the coordinates of point P .
(iti)  Find the exact value of the radius of C; and the equation of the circle, Cs.

(iv)  Determine whether circles 'y and C: will meet each other, showing yvour
working clearly.
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d ox+6
11. (a) Showthat —|2xy/2x+3]= . [3]
dx( Y ] J2x+3

o 3x+3
V2x+3
; i 3x+3 y
The diagram shows part of the curve y = . The curve intersects the
V2x+3
x-axis at point A. The line through 4 and perpendicular to the line, y +x=-7
intersects the curve again at another point, B .
(i) Show that the y-coordinate of point B is 4. [5]

(ii) Giiven that the line AB intersects the y-axis at C, determine the area of the
shaded region bounded by the line CB , the curve, the line x = 5, the x-axis
and the y-axis. (4]

End of Paper
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TKGS S4 PRELIM 2016 Answer Key:

|

1)) | ¥=132000 | (ii) | show
(iii) | 70 months
12(1) |A4=-2 (i) —3+4/5
x=1,
- zu
Mai | _2 i /
3
| a— N e
| / |
2 2 4
l | '-
b 4(i
2 2 2
4(iiy | 1331x2 - 16x+8=0 5(a) Discriminant = 368
Since discriminant > 0, the roots of the
| quadratic equation are real and distinct.
5(b) |y=0631 16()) |p=0,¢=0 |
Gt b >0, v is increasing | B -‘-if— <0, yis decreasing [
dx dx .
: dy 6(iii) | a2y . dly . '-
Since the value of ?i; dd.? = 4 , since F > (), the stationary
changes from negative to point is minimum, thus reiterating the result |
positive value, the stationary from part (ii). [
point is 2 minimum point. - |
7 proof 8.(1) t=0.305s _
8(ii) | Distance =2.59 m 8(iii) | show }
9(i) | 48.6°,90° 131.4°,270° (ii) ;
| | |
|
| |
|

| |
l |

10(ii)

9(iii) | 97.2°,180°,262.8°,540°

[ 10() | Centre(7, —1), radius = 2 units

| 10(ii1)
Radius = —l-éiﬁ units
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| | D, 208
| (x+4}1+(y+2}1=(¥}”?

(iv) | Sum of radii(7.30 units) < | 11(a) | show
distance between the centres
(11.0 units) thus the circles
will not meet.

| 11(b)i | show 11(bjii | 16.5 units®
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(i)

(i)

(iif)

4047/02 Prelim 2016 Suggested Solutions

A man buys a new car. The value of the car depreciates with time so that its value, 3V, after 1

months’ use is given by ¥ =132 000e™", where p is a constant.
The value of the car is expected to be $122 000 after eight months’ use,

Find the value of the car when the man bought it.

| When the man bought the car, £= 0.

1}

["Show that p= 0.01.

¥ =132000e™

Hence. ¥ =132000e" , ¢" =1
S V=132 000,

V= 122000 when = 8

122000 = 132000e *F
T 122000
132000

[122&9&}
= Ep =In
132000

I [IEEUGG]
p===In
8 1132000

p =0.009848
p=0.01 (1sig fig) (shown)

Using the value of p = 0.01, determine the age of the car to the nearest month, when its value reached
half of the original value when the man bought it.

x 132000

132000e """ -:%

LT l
2

~0.01 = h{i]
2

t=693147
t = 70 months
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2.

(i)

(i)

I'he function F(x)=1+2x+ 4x* —x', where A is a constant, leaves a remainder of IE when divided

by (2x-1).

Find the value of 4 .

f(x)=1+2x+ dx" -2

| 3
F—:—
{1'1 1E

I 1 [ I
I+ 2{— Y = =) =—
1{2]""{{2]' Ezl 3

| 11 15
o

A==2

Hence, solve the equation (x) = 0, giving your answers in the exact form.

flx)=1+2x-2x" - x°
fi=1+2-2-1
filly=10

S [x= 1) s a factor

fix) = (x=10=x" +ax—1)
Compare coeiTicient of a:
—l-a=1

a=-3

fx) = (x-1}-x" -3x-1)
fxy=10,

x=1

A+ =0
o —34J(=3)" ~ 4L
()

_—3%45
2

X
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3.(a)

(b)

(i) Solve 4/3x+2-3x=0.

m"h‘:[}
VB3x+2=3x
3x+2=9x

9x* =3x-2=0
Bx+1D(3x-2)=0

= 3’ x= -é-{rajecled}

Indicate clearly all the points of intersections.

(ii) On the same axes, sketch the graphs of y =+/3x+2 and y = 3x.

w =
y=3x |
F=N
.;.. = ——— G — = _._..|: = Rp—— :'.'..'-4".'
i |
i = —3 _’2 i i s S o ORI
3 ) ‘ i
. |
| |
-2 - 2 4
| I 3 I I
The vertical height of a triangle is - § B cm. Given that the area of the triangle is em?, without
using a caleulator, find the length of the base of the triangle in the form a + Ew"g_ N
l base of triangle x S o
2 3-45 J5-1
20 3-45
base of triangle = X
AR SR
_5B3-+5) 5+l
J5-1  f5+1
_5(2V5-2)
51
_5x2(:/5-1)
4
353
 — 2 2 s
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(i)

(i)

The roots of the quadratic equation, 2x* +4x+5=0 are (a +1) and (f +1).

Show that & + # = —4 and hence find af.

' Sum of roots :
(+)+(f+1)==-2
| @+ f =-4(shown)

Product of roots;
5

[cx+t)(ﬁ+1}=§

aff +{a+ f)+1==

bd |

5
af = 3 1=4)

1

aﬁ=31

Find the quadratic equation in x with integer coefficients, whose roots are ij and —-,

o g’

'I Sum of roots of new equation:

._1,+_L:“3+ﬂ}
a p o (ap)
_(a+p)a’ +f -af)
()’
_(a+Pla+p) —2af -af]

(af?)’
(-4)[(—4)? —3(%)1
= W X

(j]

_ 16
1331

Product of roots of new equation:
|

(af)’
1

8
1331

]

Equation is 1331x* —16x + 8 =0,
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5(a) | Given that log,(2x +1) - log, (3—x*) =1, form a quadratic equation in x and exp;iain ;uh}r the roots of

5(b)

| the quadratic equation are real and distinct.

log,(2x+1)=log,(3-x")=1
log,(3-x") _ ;

log,(2x+1) -
g, ( ) log, 2°

| log,(2x + I}--;-Iﬂgz(i’:—.rl} =]
(2x+1)

: V3-x*

log =1

2x+1=243-x"

| @x+1)F =4(3-x")
Axt +4x+1=12-4x°
Rx* +4x-11=0

Discriminant = 4* — 4(8)(=11)
=368
Since the discriminant is greater than 0, the roots of the quadratic equation are real and distinct.

Solve 372 =2(37)+17 .

3 =2(37)+17
3 _17(37) =2
333 -17(3")=2
| Leta=3",

I 9a° —17a-2=10
(Qa+1)a-2)=0

a= -—é (rejected), g=2

3 =2

_&lg.'Z
Y a3
y=0,631
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(1)

(ii)
(2)

(b)

1

The curve y =
x +1

has one stationary point (p , g).

Find the value of p and of g.

2x°
x? +1
dy  (x* +1)(4x) - 2x*(2x)
dx (x? +1)°
_Ax' +dx—4x’
T (xE+1)?
. 4x

(x} +1)!

; , : Y _o
For a stationary point, put 4.~ ".

(x*+1)' >0, 4x=0,..x=0

| .p=0andg=0

determine whether y is increasing or decreasing

forx>p,

Forx>0, (2+12>0anddx>0,x>0

dy . .
. — =10, yisincreasin
o ¥ g

for x<p.

x<0, (P +1F>0butdx<0,ie.x=0

dy .
.—— <0,y is decreasin
& ¥ g

Hence state the nature of the stationary point.

: dy E ¥ . .
Since the value of Er-changes from negative to positive, the stationary point is @ minimum point.
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(iii)

-

Find :x—y at the stationary point and explain how

i

further supports your answer to part (ii).

dy 4x
& (1)
d'y _ (7 + D)1 (#) - 4x(2)(x" +1)(2x)
dr’ (x? +1)
d'y 407 +1)(x" +1-4x" —4x7)
de® (x* + 1)
4(1-3x" —4x*)
At the stationary point (0, 0),
d’y

Since, oF > () the stationary point is minimum, thus reiterating the result from part (ii)
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(i)

(ii)

(i)

In the figure, A8 is a diameter of the circle with centre O . Chords AD and BC intersect at F .
AD produced meets the tangent to the circle, TBE at E. AE is an angle bisector of angle BAC .

Prove that ZCBD = ZDBE .

ZDBE = ZBAD (Alternate segment Thm)
£BAD = ZCAD (given EA is bisector of £BA4C)
S EZDBE= ZLCAD

£LCAD = ZCBD (angles in the same segment)
ZDBE = £ZCBD (proven)

Given that Z4O0F = 90°, prove that

triangle AOF is similar to triangle ADB .

£A is a common angle.

ZADB = 90" (angle in the semi-circle)

LADB = Z4OF

oo AAOF is similar to A ADB (By AA similarity test)

2(40) = AF < (AF + FD).

Since A AOQF is similar to A ADB,

40 _ AF
AD AR
A0 _AF (AD = AF + FD)
CAF+FD AR
AFA .f],n"ﬂ' o ;42 (AQ is radius and AB is diameter)

2(A0Y: = AF x(AF + FD)
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(i)

A particle moving in a straight line passes through a fixed point O with a speed of 20 m/s. The

acceleration, @ m/s?, of the particle, ¢ s after passing through O is given by a =-100e™ . The particle

comes to instantaneous rest at point V.

Find the time the particle comes to instantaneous rest at point N,

a=-100e™

100

| whenv=20and=0,

%ED+C=EG

40
SLEE——

3
_100 5 40

3 3

v

{atrest,v=10

10 .85
3
L 40 3

3 100

2
~lne=Inl =
tine H(S]
r=-—lin(3~]
3 \5
|

| ¢ =0.30543

=——g

velocity, v = I~ 100e ™" dt

* + ¢, where ¢ isa constant

The particle comes to rest at 1 = 0.305 s.
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(i)

(iii)

Calculate the distance ON .

100 o3 40
V'FI' i —— P
3 3
; 100 40
displacement, 5 = | —e ™ —— dr
. J 3 3
100 5 40 )
5 =—~g—e ~?r+c where ¢ isa constant
whens =0, r=0 .- c:%’-

100 ., 40 100

t+—

9 39
100

when t = 0.30543, 5 = igﬂ AR - {n 30543) + 5

5=2.5943
Distance ON=2.59m

| Show that the average speed of the particle in the first 2 seconds rounded off to whole number is 10

metres per second.

100 s _ mu

Atr=2s5=- (2) e

=-15583m

Total distance travelled in the first 2 seconds
=(2)2.5943 + 15.583
=20.7716

Average speed = 20.7716 + 2
= 10.3858
= 10 m/s (whole number) (shown)
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9(i)

(ii)

(iii)

Solve the equation 2sin 2P = 3cos P for 0°< P < 360° .

25in2P —-3cosP=0
2(2sin Pcos Py —3cosP =0
cos P(4sinP-3)=10

cosP=10 ,sinP=%

P =90°270° basic 2~ = 48.590°
P=48.590° 131.41°
s Ans: P =48.6° 90° 131.4°,270°

On the same axes, sketch for " <x <720°, the graphs of

=sinx and ~Ecns[f~]
¥ ) ¥ 2 2

part (ii) .

| Using solutions to part (i), determine the x-coordinates of the points of intersections of the graphs of

. 3 {x]
sin x = —cos| —
2 2
2sin Z(EJ —3cns[ij =0
2 2
Let P = [5) then
2

= 48.590°,90°,131.41°,270°

Hopa| =

=97.2°,180°,262.8°, 540°
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10. A circle, Cy, has equation x* +y* —14x+2y =-46.
q y

(i) Find the coordinates of the centre of the circle and the radius.

Centre (7, -1)

Radius = /77 + (~1)? — 46
= 2 units

The coordinates of the centre of a second circle, C, is (—4 , =2). The equation of the tangent to the
circle, Cz at a point P is 2y = -2x 4 3.

(ii) Find the coordinates of point P .

Gradient of tangent to circle at P =~
Equation of the normal at P is

y+2:l
x+4
y+2=x+4
y=x+2 ()
2y=-2x+3 (2
substitute (1) into (2)
2x+2)=-2x+3
2x+4=-2x+3
1
x:"E‘ y=—3+2
_id
=3
I 7
..Pt—i.gi

(iii) | Find the exact value of the radius of C; and the equation of the circle, Cs.
, _ f 1Y 7Y
Radiusof Co= || -4+—| +|-2-=
' \ 4 4
152
-

Equation of (1 is

units

fI+4]E+(J}+2}1=E

8
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(iv)

11(a)

Determine whether circles C) and Cz will meet each other, showing your working clearly.

Distance between centres of Cy and C2

=T +8)! +(-1+2)

=122
=11.0

1542

Sum of radii=2 + -‘-1—-

=7.30

Since the sum of radii, 7.30 units, is less than the distance between the 2 centres, 11.0 units, the 2 circles

€ and C> will not meet each other.

Show that %(szz,r+3]; 9y +6

J2x+3

ad;(zxwfzﬂ 3)

I
=21.%(21+3} 3(2)+ 240% +3
_2(2x+3)+2x

N2x+3
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(b)

(i)

ILI+|J

The diagram shows part of the curve y = -

=

_ 3x+3

2x+3

Ix

+3

V2x+3

The curve intersects the x-axis at point 4. The line

through A4 and perpendicular to the line y + x = =7 intersects the curve again at another point, B.

[ Show that the y-coordinate of point B is 4.

Wheny=0,3x+3=0. - A(-1.0)

Gradient of the line AB =1
Equation of line 45:

y=0 -1
x+1
y=x+1 ()
3xr+3
V2x+3
substitute (1) into (2)
I(x+1)

) e R

J2x+3

N2x+3-3 |

L '~."'2.x+3“ -

x=-1, +2x+3-3=0
2x+3=9
x=3

¥y= (2)

0

Ly=3+41
et

| Hence the y-coordinate of B = 4 (shown)
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(ii)

" Given that the line AB intersects the y-axis at C , determine the area of the shaded region bounded by the
line CB , the curve, the line x = 5, the x-axis and the y-axis.

For y=x+1
whenx=0, y=1
~C(01)

Area of shaded region
= area of trapezium QOCBD + area under the curve

| T 3x+3
= _(1+4)x3+
2 Iy' 2x+3

3 J' fx+6

e
| 2(} \I'ZX"*‘

:?.5+5[2x~f'§x_+'3"]i

dx

: ; [2(5}@(5} +3-20)20) + 3]

| =16.5 units®

End of paper
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2

Mathematical Formiulae

1. ALGEBRA
Cuadratic Equation

For the equation ax® +bhx+¢ =0,

i ~bt b —4ac
2a

Binomial expansion
(@a+b)" =a" + G PG Bl PP S a”hy 4. +D",
1 2 r
n ! =D..(n=r+1
where # is a positive integer and =— il =n[” ) "L‘E e )
r) rli(n-r) rl

2. TRIGONOMETRY

Identities
sin® A+cos® A=1
sec’ A=1+tan’ 4
cosec’ 4 =1+cot” 4
sin(A + B)= sin Acos B+ cos Asin B
cos(A4 + B)=cos Acos B Fsin Asin B
tan(A+ B) = —l*fmi‘:n‘i
sin24 = 2sin Acos A
cos2A=cos’ A—sin® A=2cos* A—1=1-2sin" 4
2tan 4

tan24=————
I—tan™ A4

Formulae for A ABC

a b c

smd smB sinC
a' =b" +¢* —2bcoos 4

A=LabsinC
2
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3

(i) Write down and simplify the first three terms of the expansion, in ascending powers of x,
of
(a)  (1+6x). [1]
() (k). 1]
(if)  Use the results from part (i), obtain the coefficient of x*, in terms of &, in the expansion
of [14+(6 - —6ke ] [2]
(iii)  In the expansion of [I-+(6—k)x—6kd [P, where kis an integer, the coefficient of i
168. Find the value of k. [2]
i g cos” @ 16 : S :
It is given that ———— =—, where 180° < £ <270°. Without using a calculator, find the
1+2sin° & 43
value of

(iy  sind. [3]

£ cos & :

ii _— 2
& 1+ 2siné (2]
Einess > =3 =8 L iiofiS partial fractions (5]

¥ (x+D(x* =1) 3 N
(i)  Prove the identity cos38 =4cos’ 8—3cosd. [3]
(ii)  Find all the angles between 07 and 360° which satisfy the equation cos3&+cos* #=0.
[5]
s s d’y - dy { :
It is given that o 2x—1. Given also that = 6 when x =2, find the increase in y as
x increases from 2 to 4. [6]
The equation of a curve is y =(1- m}:u:2 +2(m—1)x+m , where m is a constant. Find
(i) the range of values of m for which the curve lies completely above the x-axis. [3]
(i)  the values of m for which the line y=2x—4is tangent to the curve. [3]
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The diagram shows a kite 20 m above the ground. As the string OK is let out, the kite moves
horizontally at a constant rate of 0.5 m/s,

(i) Given that £ is the angle of elevation of the string to the horizontal ground, show that
the projection of the string on the ground, x m, is given by

x=20cot@. 2]
(ii)  Find the rate of change of # when 50 m of the string has been let out. [4]
(iii)  Explain what is meant by your answer in part (ii). [1]

In order that each of the equations

i _ b
(i} y-—aw.fr.;+£.-

o a
ii =
(i) z x+5h

(iii) " =10"",

where @ and b are unknown constants, may be represented by a straight line, they need
to be expressed in the form ¥ =mX +¢, where X and Y are each functions of x and/or v,

and m and ¢ are constants. Copy the following table and insert in it an expression for ¥, X,
m and ¢ for each case.

¥ X m c
—
b
= a-J;+-——
? Jx
- a
x+h
_}-'ﬁ ___iﬂlrﬂv
[6]
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5

9 Solutions to this question by accurate drawing will not be accepted.

Y

—
M
> x

The points 4, B, C and D (-2, 0) are four points of a parallelogram. The x-coordinate of 4 is k.
Lines are drawn parallel to the y-axis from 4 to meet the x-axis at N and from E to meet CD at M.
AN=EMand CM =MD. The y-axis divides the quadrilateral 4 EMN into two equal halves.
The side 458 has the equation y =14 —2x and the side 4D has the equation y = x+2.

e (i) Write down the equation of BC. [1]
(ii)  Express the coordinates of E and of C in terms of £. [3]
(ili)  In the case where k = 4, find the arca of AEMN, 2]

10 The point P lies on the curve y = In(x” + 2x) where x > 0. The normal to the curve at P is
parallel to the line Sx+3=7-12y.

(i) Find the coordinates of P. [5]
(ii)  Show that the y-coordinate of the point where this normal intersects the y-axis is
2 e [2]
24 4
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11

12

A curve has an equation y=(2x=1)}{x—4).
(i) Find the minimum value of y and the value of x at which it occurs.
(i)  Sketch the graph of y =|(2x—1)(x—4).

(iii) A line y = ¢, where ¢ is a constant, intersects the curve at four points.
Using your graph, find the range of values of .

The diagram shows a piece of rectangular paper PORS such that PS =3cm, OU = xcm and
PO = ycm. The paper is folded along PU such that () meets T'on SR,

S T R

Jem

F yem 0

(i) Express TR and PT in terms of x.
(ii)  Hence show that the area, A cm?, of triangle PTU is given by

3’

A ——
2VJ6x—-9
Given that x can vary, find

(iii)  the value of x for which 4 is a minimum,

(iv)  the minimum value of A in the form of av'h cm, where a and b are integers.

-— End of Paper 1 -—

[2]
[2]

[2]

[4]

[]

[5]
(2]
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Prelim 1 P1 (2016) Answers
lia | 1+36x+540x° 8i }"=y~.|'r;, X=x, m=a c=b
lib | 1 -6k +15k*x" y 1
= }’_:T‘X:ﬂ,m:b’c_ﬂ
1| 15k — 216k + 540 x X
1iii ' T -
" =22 (rejecy), k=2 B wad, Xy mal, eal
5 ¥ a a
2i . 3. i 3
SmH:E (reject), smﬂ=-~5— Y=y, X=xy, m=——r, c:g
Y=xy, X=y, m=-b, c=a
2i 4 Biii 2 a
Y=lgy, X=x, m==, ¢=2
gy %, m=, =
Y=lhy X=x, m=2]nm. cz_ri!_n_l_ﬂ
b b
3 3 1 2 ' 9 | y=x+14 =
{x+1) (;4:4-}]2 (x—l}
4i | cos3@ 9ii | C(2—2k, 16-2k)
=cos(20+08)
= c0826c0s0 —sin 26sin 0 C(2-2, 4k-8)
=-(Emslﬁ'-l)c-us&—(?sinﬂcnsﬁ}sin& C-2-k, 12-k)
=2cos’ @ —cosf —2sin’ Gcosd Cl-2~k, 24)
=2cos @ —msﬁ'-![l —cos’ 3)-:&:-39 :
=4cos #—3cosd (Proved)
T
9iii 48 units
4i | @=90°,270°, §=414° ° g=180° i
90°,27(P, #=41.4°,3186°, §=180 10i {l,lni) & P{}—,[}‘EIE)
2 4 2
5 2 10ii 5 .5 )
:2[}-— :—.{.I_n._
e TR
Gi I 11 1 1
S—=m<] T SN L.
> i x 24, ¥ -{is
6ii m=ﬂorm=i 11ii
2
_‘F., . e =
i and— 20 - 1 1iii Diccﬁl
=—— | x=20cotf 8
B tané
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7ii | —0.004 3 ] & 3x
TR=+6x-9 , PT=
V6x =9

7iii | The negative sign indicates clockwise 12ii | 3 I 3 .

change in angle size (i.e. reducing angle). E Jex—9 2J65-0 (shown)
12iii G ' 3em?

oy 2% ~54 34:: , x =2 ,use table to show min area L2y 23 em

2(6x —~9)*
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2
Muathematical Formulae

1. ALGEBRA
Quadratic Equation

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

Binomial expansion

(a+b) =a" + amwe| " ot 4| @ b,
1 2 r

where » is a positive integer and :ﬂ:: . gl ay
F)orin=r) r!

2. TRIGONOMETRY

Identities
sin® A+cos’ 4=1
sec’ A=1+tan" 4
cosec’ 4 =1+cot” A
sin{4 £ B) = sin Acos B+ cos Asin B
cos(A+ B) = cos Acos B ¥ sin Asin B

tan 4t tan B

tan(4+ B)=tenAdttanb
|Ftan Atan B

sin24=2sinAcos A4
cos2A=cos® A—sin’ A=2cos’ A—1=1—2sin’ 4
2tan A

tan 24 = !
| —tan® 4

Formulae for A ABC
a b c

sind sinB  sinC

a*=b"+¢" —2bccos A

ﬁ:--i- absin C
2

Need a home tutor? Visit smiletutor.sg

216



The number of words per minute, N(7), that Mr Ong can type is given by the function

N(r) = 68—36¢7"%,

where 1 is the time in months after he begins a computer based typing course.

(1)
(i)

Find the number of words per minute that Mr Ong can type after 2 months. [2]

Find the time Mr Ong will take to type at a rate of 58 words per minute. [2]

(iii) Determine whether Mr Ong will be able to type at a rate of 70 words per minute.

Explain your answer clearly. [2]

When the expression 6x' —5x° +4x” + e+ k is divided by 3x* +2x—1, the remainder is 7 - 7x.
Find the value of s and of k. [6]

AC and BD are diagonals of a thombus ABCD. AC = {9 +243 ]cm and the area of ABCD is
(5; | 14\;@] cm®.

®

(i)

(a)
(b)

(a)

(b)

Find the length of the diagonal 8D in the form (a +ba3 )cm , where @ and b are integers. [4]

Find the value of AB®, giving your answer in the form (a + b-u@)cm *,where @ and b are
rational numbers. [3]

The roots of the equation 2x* +4px+¢=0 are @ and a+2. Express g interms of p. ~ [4]

The equation 3x° —5x—7=0 hasroots & and /. Form an equation with roots ec+3 and

B3, 14)

Given that the equation 2log, x - 1 =3, find the exact values of x. [4]
08, X

Given that log, x=h and log,, 4x =k, express h in terms of k. 4]
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4

The equation of a curve is y=3x+ In2x-5).

(i)

(i1)
(iii)

Find the coordinates of the stationary point(s) of the curve y =

of the tuming point(s). Explain clearly why the gradient of the curve is negative when x < 0.

(a)

()

(a)

(b)

The line y =3x—2 intersects the curve at the point X. Find the coordinates of K, giving

your answer correct to 2 decimal places.
Find the equation of the normal to the curve at the point x =3,

The normal to the curve at the point x =3 cuts the x-axis at the point H. Find the
coordinates of H.

x+16

X

The equation of a circle is x* +2x+4y=20- " Given that 4(2,2) is a point on the

circle, find the equation of the tangent to the circle at 4.
A(0,2), B(9.3) and C(1,-7) are three points on a circle.
(i) Show that BC is the diameter of the circle.

(i) Find the equation of the circle.

Solve the equation =7tanx—-3 for0=x=<2r.

cos X

(i) Sketch the graphs of v =1-=3sinx and y=4cos2x—1 on the same axes,
for0<x<=am.

(ii) Calculate the values of x in the given range for which 1-3sinx=4cos2x—1.

(iii) Using your graph from part (b)(i), state the range of values of x for which
2—-3sinx =4cos2x.
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[2]

[7]

(5]
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3]

[4]

[4]
[4]
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]

10 (a) Giventhat y=In+/cos2x, find :jix;v and hence find the exact value of LEBIarI 2xdx. [5]

11

(b) Vi

= :-.- \ ;

| 3
The diagram shows part of the curve y = J(% + 3] . The straight line BC is normal to
the curve at the point B(2 , 8). Find
(i) the equation of the line BC, 31

(ii) the area of the shaded region OABC. [5]

A particle moves in a straight line and passes through a fixed point O with an initial velocity
of 16 em/s. The acceleration, a cm/s?, of the particle  seconds after passing O, is given by

a=-25 2.
(i) Find an expression, in terms of ¢, for the velocity of the particle. [3]

(i) Find the time taken for the particle to come to an instantaneous rest, giving your answer
correct to 2 decimal places. 3]

(iii) Calculate the distance moved by the particle in the third second. [5]

--- End of Paper 2 ——

CHIJSec2018/0LevelPrelim 1/40M@&d a home tutor? Visit smiletutor.sg

219



BLANK PAGE

CH[JSECIENEJ’OLE*.E!PP&EmH‘%D«LNQ@d a home tutor? Visit smiletutor.sg

220



Need a home tutor? Visit smiletutor.sg

Prelim 1 P2 (2016) Answers
1{i) |approx. 57 words/min 9(a) e11006r4.93 . .?1', 5;!‘_
(ii) | 2.13 (or 2.14) months (bi) || R
L .. |
(iii) | As e = 0 for all values of r, thus (bii) | 0.806,2.34
36e ™% = 0, thus N will always be less
than 68.
2 h=4k=3 (biii) | 0.806<x<2.34
30 | 54243 i i1—'}-i:—ta:.'12_:c; -—-:-”-171—1-
272
(i) 32%+]4J§ (bt ‘p=_§x+g.l.
da) | g=2p"-2 (bii) | 61.1squnits
| ® xlv?gx+E=i} HG) -.,,:EEE_;'_E
3 3 pr: 3 3
5 i 2
(a) :% ot 27 (i) 15s
) [, _4k-2 — g (i) | 0.260 cm
3
6(1) | (2.57.5.70)
{ii) | Sy+x=48
(iii) | (48,0) )
7 (2,12) and is a min pt;
When x <0, 2x <0 and x* >0,
L. 16 . )
2x— ? is always —ve;
8(a) . ZH}H% ‘
o
® | Gradof 4BxGradof AC .-:éx—ﬂ et
= AB 1 AC
By the circle property in semicircle is
90°, #CAB =907 and BC is the
diameter.
(bii) | (x—5)% +(y+2)* =41
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1
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+¢=10,

. ~b++b* —dac
2a

Binomial expansion

(a _l_b}ﬂ - ﬂ'" +[n]au.4b+[“}au.-2bl +_"+[n]an-rbr i _“_F_bn’
1 2 r

1 .. _
where # is a positive integerand | " |= — ™ _ an—L.(n—7+1)
r ri{n—r)! r!
2. TRIGONOMETRY
Identities
sin? 4+cos® A=1
sec’ A=1+1tan’ A
cosec’d=1+cot? 4
sin{A + B) =sin Acos B + cos Asin B
cos{ 4 + B) =cos Acos B F sin Asin B —
tan(A+ B) = tin/i.ttanB
1¥ tan Atan B
5in 24 = 25in 4 cos A4
cos2Ad=cos’ A—sin“A=2cos’ A-1=1-2sin* 4
tan24 = 2 tan_:ai_
l—tan” 4
Formulae for AABC g b 3

sind sinB snC
a’=b*+¢* —2becos A
] A
A=—absinC
2
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Answer all the questions.

A curve has the equation y =4x” — px+ p -3, where p is a constant. Find the
range of values of p for which the curve lies completely above the x-axis. [4]

Solve the equation In(4* —4) -~ xIn2=In3. [4]

A curve has the equation y = =% forx > 0.
3Ix+4
; ! - dy

(i) Obtain an expression for i 2]
(i) Show that y is a decreasing function. 1]
(iii) Given that y decreases at the rate of 0.75 units per second, calculate the

rate of change of x at the instant when x = 3. [2]

Va
A

g
O C\ xp

The diagram shows a straight line ABC such that AB : BC =3 : 1. The point B is

(1, 2) and the point C lies on the x-axis. @ is the angle between the positive x-axis

and the line AC. Given thattan# = -2, find

(i) the equation of the line AC, [1]
(if) the coordinates of C and of 4. 3]
The point D is such that ABOD is a parallelogram.

(iii) Find the coordinates of D. 2]
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In an experiment, a scientist started with 5 000 000 cells and observed that 40% of
the cells are dying every minute. The number of cells remaining, N, after 7 minutes,
is given by N = Ae” , where 4 and k are constants.

(i)  Find the value of A4 and of k. [4]
(ii) Find the value of 1 when the number of cells decreases to 2000. 2]
(i) Sketchthe curve y=|v* —4| for —2<x<3. 3]

(ii) Find the x-coordinates of the points of intersection of the curve y= l:Jc2 - 4l
and the line y = 6. [3]

The diagram shows a circle, centre O. The point R lies on the circle and TR is a
tangent to the circle. The line 70 passes through O and intersects the circle at P
and ().

(i} Prove that triangles TRF and TOR are similar. [2]
(ii) Provethat TPxTQ=0T* -OR>. [4]
4 Need a home tutor? Visit smiletutor.sg
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depth (A m)
3 [ ] ; l
55— ¥ 1 T
14 —- S — i K. R § et -
13 Pl ‘X i / !
1J
} 2 \\\ ! | X \'\\
5 X N
1 S o A
4 Y \
g \_ . N\
| 74 B G
.-_-5.._-_ — B =
4
5 ’ | |
= | | | | | |
..-_..'l I i -
L0l ) 2 838 A 5 K 7 R § ﬂi'?%dl‘iiﬁ1?iﬂ"?ﬂ'?lﬂ?'}"ﬂ'?d
Time in hours (¢ h)
The diagram shows the graph of the depth of water, h metres, in a harbour on a
particular day, which is modelled by the equation, & = asin -lj.r +b , where a and
b are constants and 7 is the time in hours after midnight.
(i)  State the period of A. (1]
(if) Use the graph to find the value of @ and of 5. [2]
The harbour gates are closed when the depth of the water is less than seven metres.
An alarm rings when the gates are opened or closed.
(iii) Using the values of g and b found in (ii), calculate the values of t when the
alarm rings on this particular day. [4]
(iv) Hence find the total length of time when the harbour gates are closed. [1]
. sin &
9 (i) Show that +cotf =cosect. [4]
1+——
sect
(ii) Hence find, in degrees, the smallest value of & such that
izf—-+cm2&=6ms£ﬂ. [4]
1+
sec 26
5 Need a home tutor? Visit smiletutor.sg
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10

f=x+1

/

The diagram shows part of the curve y* =x+1. The line y = 2x — 4 intersects the
curve at points 4 and B. Find

(i) the coordinates of 4 and of B, [4]

(ii) the area of the shaded region. [4]
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12

A particle moves in a straight line, so that, 1 seconds after leaving a fixed point O, its

velocity, vm s~ ! is given by v= 2+ 5t —3t* . The particle comes to instantaneous rest
at the point Q. Find

(i) the acceleration of the particle at O, [4]
(ii) the distance OQ, [3]

(iii) the total distance travelled by the particle in the time interval t=0tot=3. [2]

P X 0
10 km

The diagram shows a straight road PO, of length 10 km. A man is at point 4, where
AP is perpendicular to PQ and AP is 2 km. He travels in a straight line to meet the
road at point X, where angle PAX =@ radians. The man travels at 3 km/h along AX
and 5 km/h along XQ. He takes " hours to travel from 4 to 0.

Zsecﬂ+2_21a5n€_ 4]

(i) Showthat T =

(i) Given that & can vary, show that I"has a stationary value when PX = 1.5 km. [6]

End of paper
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Additional Mathematics

Preliminary Examination 2016
Marking Scheme
y=4x* ~px+ p—3
b* —dac <0
(~p) —4(#)p-3)<0 Ml
p’=16p+48<0 correct quadratic form Ml
Finding the solution of quadratic: p =4 or 12 DM1
(p—12)p-4)<0
4<p<l2 Al
In(4*-4)-xIn2=In3
In{4* —4)-1n2* = In3
lni: :4 =In3 applying quotient law M1
4‘2; 4_.,
2% -3(2*)-4=0 correct quadratic equation M1
Or substituting y= 2" toget y* -3y-4=0
(v=4)y+1)=0
y=4ory= -1
2'=4 or 2°=—1(rej) M1
x.=2 Al
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1-x

W y= 3x+4
dy _ (=DBx+4)-(1-xk3) M
dx (3x+4)
= “—?E Al
(3x+4)
(ii) Since (3x+ 4> 0and —— <0,
(3x +4) Bl
¥ is a decreasing function for all real values of x
(i) Q:@xﬁ
dt  drx dt
075 =& M1
(3x+4) dr
_ ., dx =3 169 C
When x =3, 2 ij = lﬂﬁwutsa’syec Al
(or 18. lunits / sec)
(i) y-2=-2x-1)
y=—2x+4 B1
(1) wheny=0,x=2 e
.. Coordinates of C=(2, 00) Bl

Let the coordinates of A be (a, b).

Ala, by

b— 2

| —a B(1,2)

1 C(2,0)
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Apply similar triangle ratios

l-¢ 3 4 0=2_3 M1
1 1 2 1
a=—-2 and b=28 Al
Coordinates of 4 = (-2, §)
[Or apply distance formula
Subst x=ainto y=—-2x+4
= —-2a+4
Distance of AB = 3 Distance of BC
J@-1F +(-2a+4-2F =3J1-2F +(2-0f M1
a’ —2a+1+4a* —8a+4=9(5)
5a® ~10a-40=0
Sa-4)a+2)=0
a=4(rej) ora=-2
hb=-8§
. Coordinates of A = (-2, 8) Al]
(111) Let the point D be (A, k)
mid-point of 8 = mid-point of 40
h+l k+2) (-2+0 8+0
(T‘T ‘[ 2 ’T] il
h=-3, k=6 Al
D(-3,6)
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(1)

(i)

N = Ae”

When =0, N=15 000 000
5000000 = 4e*
A=5000 000

60

Whent=1, N= —=x5 000 000
100

=3 000 000

3 000 000 = 5000 000"

e =—

5

k= Ingr;
5

= —0.5108 = —0.511

2000 = 5000000e """

=0.510E = 2

E- e
5000

~0.5108¢= In

5000

r=15.3 min

Bl

M1

M1

Al

M1

Al
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(1)

Correct shape Bl
x - intercepts and turning point shown correctly Bl
end point (3, 5) shown clearly Bl

(i) |*-4=6

x*—4=6o0r x'—4=-6 M1

x* =10 or x* =-2 (rej)

x=3.16 0r—3.16 A2
(1) ZRTP=Z0TR (common angle) _i

ZIRP = ZTOR (< sin the alternate segment or tangent chord thm) _ﬂr Bl

s ATRP and ATOR are similar. (AA similarity) Bl

(it) Since ATRP and ATOR are similar,

IR _TP

TO TR

= TR* =TPxTQ - (1) Ml
ZORT =90° (tangent L radius) } MI
— AORT is a right angled triangle.
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By Pythagoras theorem,

OT* = OR* +TR?

IR* =0T —OR* ---- (2) M1
subst (1) into (2)
OT? —OR? =TPxTQ (shown) Al
(i) period= -ZIE =4r Bl
2
(i) Whenr=0,10=asin0 + b
= h=10 Bl
max value = 14 when sin ;r =1
= a+10=14
.1
(ii1) 4sm—2-r+lﬂ=? M1
; 3
sin —f = ——
2 4
e = 0.8480 (accept (.84806)
%r =7+ 0.8480,27- 08480, 7 +0.8480+27.27- 08480+ 2x M2

=3.989, 5.435, 1027, 11.71
¢ =7.978, 10.87, 20.54, 23.42
~7.98h, 10.9h,20.5h,23.4 h

(M1 for each cycle)

Al

(iv) Length of time the gates are closed = (10.87 — 7.978) + (23.42 — 20.54)

=35772h = 5.77h Bl
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(1)

(ii)

sinf

+cotf =cosectd

L ——
secd

_ siné# +cosﬁ'
l+cosd sinf

_ sin’ @ +cosf+cos’ 0

sin#(1 +cos @)

l+cosf

= TE¥ _ (Applying the identity sin’
sinB(1 +cos@) (Applying the identity sin

=cosecH

sin

g szig- +cot28 =6cos 28

1+
sec 28

cosec 26 = 6eos 26

= 6cos2f

sin 26
6sin2fcos2d =1
3(2s8in2fcos28)=1
3sin4d=1 (applying double angle formula)
sin4df = 4
3
a=1947°

48 = 19.47°
8 =487 =4.9°

M1

M1

f+cos’@=1) M1

Al

M1

M1
Al
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10

(1)

(ii)

T T (T ——— (1)
y=2x—4 (2)
Subst (2) into (1)
(2x—4) =x+1

4" —16x+16—x—-1=0
4x* —17x+15=0

(4x -5 x=3)=0
x= l]— or 3
._1_
= —ll or 2
r='3

L1
4(15.-13).86,2)

=
2

3 16 8§ 2

= T% units® (Accept 7.15 units?)

M1

M1

Al

Al

M1

Al
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Alternative Method

[Area= r [x+1)]3a’x——l—xix2+
ll..'| 2 J

.2
I“*{I—i—l}; +—*i—>-<—:i>-cE
i 2 4 21

|

M1 M1
3 %
il 3
=[2{x+1)5J -1+ [z{x+])i}¢+i
3 4 3 . 18
16 9 9
= )=t
3 4 16

7 .
= 7— units?
48

Accept other logical methods
11 (@) wv=2+5-3
At instantaneously at rest => v =10
2+5t-3t7 =0

3 _5t-2=90
(3r+1)(r=2)=0

= —%(rej.] ori=2

; dv
acceleration = —
o
=5—-0t
Att =2, acceleration = 5 — 6(2) = -7 m/s®

(i) s=[l2+5t-3c")ar

5t 3
T e
2 3

when t=0and s=0.,e=10

i
3

5= 21+ —t

Au=z,s=@_(zf+z{z}=ﬁm

M1

Al]

M1

Al

M1

Al

M1

M1

Al
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12

[OR j':(2+5:—3:2]d:

3 3
2 3 |
=6m Al]

(i) Att=3,s= :5{%- @B) +2(3)

=Ilm
2

Total distance travelled = 6 + 6 _1%

= lﬂlm
>
[OR f{ma-zﬁ)mi
F 3 3 77
gy 22 3\{11
L B 3 2|
i
=4-m Ml
2
P

Total distance travelled = 6 + 4-2- - 11}-£m

2
(i) cos o
AX = 2
cos g
=2 sect km
Time taken for 4X= 2El"::‘:ﬁ}1
lani.‘?=—PiY~
2
PX =2tan# km

XO=10-2 tan¥

10

(M1 for integration, M1 for the limits)

M1

Al

Al]

M1

M1

M1
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Time taken for X =

2sec | 10-21and
3 3

gﬁccﬁ + 2 __.._._._._Elanﬂ
3 5

F=

|

')u
2secd +2_21an9
3 5
g,
= .:___h+2#21.an9
Jcosd 5

(i) T=

d7 _ O(cosf)-2(-3sinf) 2 __ .

de 9cos’ @

- - 231]13

3cos’ @
M1 M1

pr

For stationary value of T, ﬁ-—‘{n =0

2sind
Jcos® @

——z—seczﬂ =)
5

2sind 2 4
Jeos’ @ Scos’ @

10sinf -6 0
Scos’ @

- = 10sm?-6=10
sinE=-3-
5

& =0.6435
PX=21tan0.6435
=1.5m (shown)

[OR PX=1.35
2tanf = 1.5

tan #=0.75

& =0.6435

When 6 =10.6435

t

10-2tan @

{shown)

h

L
J

ct 6

M1

M1

dT  2sin 0.6435 2

d@  3cos’0.6435 S5cos’0.6435
= 0 (shown) Al]

Al

M1

M1

Al
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Mathematical Formulae
1. ALGEBRA
Ouadratic Equation

For the equation ax® +bx+c =0,

=—E!iv'b2—4ac

2a

x
Binomial expansion

{a+b)" =a" + [T}a""‘b + [;]a“‘1b2 +. +[n]a""b' +..+B",
r

! = =
where n is a positive integer and <4 e — - ain—1)..(n—r+1)
r) rli(n-r)! rl

2. TRIGONOMETRY

Identities
sin® A+cos* A=1
sec’ A=1+tan’ 4
cosec A=1+cot’ 4
sin( A+ B) =sin 4cos B £ cos Asin B
cos{ 4+ B) = cos dcos B Fein dzin B e,
}
tan(A4 + B) = tan A% tan B
1+ tan Atan B
sin 24 = 2sin Acos A
cos2A=cos’ Ad-sin*A=2cos* A-1=1-2sin* 4
tanﬂA:M
I—tan" A
Formulae for AABC 8 e o €

sind  sin B - sin
a’ =b*+¢ —2bccos A

A= lr.n‘.rsin C
2
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L

Answer all the questions.

Given that, for all values of x, x* —2x* +2x' +4x-3=Ax+ B +(xz —I}Q(I},
where ((x) is a polynommal,

(i) state the degree of the polynomial, O(x), [1]

(i)  find the remainder of x* —2x* +2x? +4x — 3, when divided by x* -1, in
terms of x. [5]

—> g |~

(4,9)

o >

.3
5

The diagram shows part of a straight line graph drawn 1o represent the
¥

eguation y = , where a, b and ¢ are integers. Given that the line passes through

cX

(4, 9) and has gradient —i, find

(i) the value of 2 where the straight line cuts the horizontal axis, [3]
x
(if)  the value of @, of b and of c. (3]

; 3 . : : ;
In the expansion (Z:Jr::r + -—] , in descending powers of x, the ratio of the coefficients
X

of the third and first term is 81 : 1.

(i) Find the value of ». [3]
(ii))  Write down the first three terms of the expansion. [2]
(iii)  Find the term that is independent of x. [2]
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th

11-7x

i E § ——— 1 1al fractions. 3

(i) Xpres STl in parti ons [3]
2 11-7x

ii H aluate | ———dx. 4

(ii) ence evaluate | P T [4]

(i) Solve 2x* +x* —5x+2=0. [4]

(ii) Hence solve 16tan’ @ +4tan’ # ~10tan #+2 =0, where 0°< £ <90°. [4]

A curve is such that L4 2 1+ 1 and (0, l) is a point on the curve.
dx e 2

(i) Explain why the curve has no stationary points. [2]
(ii)  Find the value of y whenx = 2. [6]
The equation of a curve is y = (,le .

2243
(i) Find an expression for E and obtain the coordinates of the stationary points.

; [3]
(i)  Find an expression for d J: and hence determine the nature of these stationary

points. [4] —
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4 1lem B

gold frame 2.8 cm

/)
F E D C
Diagram 1 Diagram 2

Diagram 1 shows the front view of a pendant which can be modelled as a regular
trapezium. Diagram 2 shows the back view of the modelled pendant with the gold
frame that is used to hold the pendant. Trapezium ABCF, line AE and BD form the

structure of the gold frame.

AB=DE=1cm, AF=BC=28cmand JAFE = ZBCD =6.

(1) Show that the total length of the structure that form the gold frame, P, is
(5.6sin# +5.6c0s8+7.6)cm. [2]

(ii) Express P in the form R sin{ﬂ +e)+7.6, where R >0and & is an acule angle.
[4]

(ili)  Given that the perimeter of the gold frame is 15 cm, find the values of #. [3]

5 Need a home tutor? Visit smiletutor.sg

247



10

Do not use a calculator in this question.

(@

The diagram shows a right pyramid with a square base of side

'} -
Express ;E—r: 3 in the form a+5+/2 , where a and b are integers, [2]

V

CIm.

742
32 -2

z R
Given that the height, VM, of the pyramid is 5 BD~, find

(i)

(iii)

(a)

(b)

an expression for BD? in the form ¢ + d~2 , where ¢ and d are integers, [3]

the volume of the pyramid in the form p+ qﬁ . where p and g are rational
numbers. [41

A circle, whose equation is x* +y* —10x+8y +5=0, has centre C.
(i) Find the centre of the circle, C. [1]

(ii)  Explain why point P (4, —11) lies outside of the circle. [3]

(iii) A line drawn through P is tangent to the circle at point T
Find the length of PT. [2]

The equation of a curve is y = x* —7x+10. Point 4 is a point on the curve

and it lies on the y-axis.
Find the equation of the normal at point A. [4]
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11

12

d
(a) Given that y = tan x , show that 3" 2

d
o 7=0. [4]

z x

b i Find | 8cos® -—}l . (3]

M () ind | 8cos (2 x
(ij)  Hence find _[: [3 —sin’ (%H dx. [3]

The roots of the quadratic equation 3x* — 7x+4=0 are 2a+ f and o +24.
(i) Find the value of &+ . [3]

" : 10
(ii) Show that the value of aff = _Ehl ; (3]

. . . 1 1
(iii) Find a quadratic equation whose roots are a+ pand a+—3. [5]

~ End of paper ~
7

£

Need a home tutor? Visit smiletutor.sg

249



Answers

1 @ 3 10(a) ()  (5-4)
(i) 3x-1 (i) radius= 6
i Length of PC =+/50
2 @ L== ~7.07
. x 40 Since length of PC is
(ii) a=1,b=4 and c =40 longer than radius of
circle, thus, the point P is
) ) outside of the circle.
3 ({) n=-8 (rejected) or n=9 (iii)  3.74 units
(11) 1
512%™ + 6912 +41472%7 + .. (b) .P=;-T+1'f'
(i)  4B5888
’ 1 1(3} y= tan x
4 (1) 4
o D-7x 2 3 2 = sec’x
I +11x-4 3x-1 x+4 dx
{ii) 0.0213 .
d’y
— =2Jsecx.secx.lan x
1 dx®
5 (1) x=1, x=E,x=~2
(i)  O=14.0° 26.6° f_i_f; _,¥ 5
dx® dx
G i For all real values of x, . d
(i) 1r real values of x a}%ﬂ,_g.é_},:ﬂ (shown)
e*>0and e™ >0,
S =0, dy can never be 11(b) (i) 4
dx dx 2 S
ZET0. (11) a2
.. the curve has no 9 g
stationary point. 12 (i) a+f -—a
(i)  »=276 (iii) x° ooy +l=r:r
6 3

7 (i)  (3.0) and (-8,-11)
)  (3,0) is a min. pt.
(~8.0) is a max. pt.

8 (i) P=792sin(f+45°)+7.6
(i) O=24.1° 659°

9 G 3+2
Gy BD*=22+1242

193
i) 442 om?
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HIHS 2016 Prelim 4 Express

Addiﬂanaf Marhemaﬁcs s Paper 2 Marking Scheme

E One i siass . b th'iﬂngs T ol ’Mnrk_};_nllﬂtaiﬁon
1 | () degrce of polynomial, O(x) = Bl
() x*-2x° +2x" +dx—3=dx+ B+ [x? ~1)0(x)
subst. x=1, Ml
1-24+24+4-3=A+B+0
A+B=2 1)
M1

subst. x= —1,

—1+2+2-4-3=-4+18
A+ B=A e (2)

(1) +(2), 2B=-2
B=-1

subst. B=-1into (1), A-1=2
A=3
The remainder is 3x—1.
Alternate Method: long division

¥ =2+ 2x  Hdx -3 =31+ (x =) (x" —x+2)

Al each for correct A
and B value

Al

2 m for remainder
3 m for quotient
(1 m for each term)

2 M1
) L:_l(ihp
w4y
' subst. (4, 9), 9=-%{4)+C
C=10 M1
Graph cuts at horizontal axis = 2 o
xy
n=—-—1-[5}+m
4\
Pl
x 40 Al
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HIHS 2016 Prelim 4 Express

‘:id#:{:gnui Mathematics Paper 2 Marking Scheme

L AT S S Workings U < e R b A MIaTke allocation Vo
1
10xy =1+—2x*
S
40xy =4+x*
d+x° i
g +x S, Gk, B A A B3, 1 m each, working
40x must be seen
3 | ()  Firstterm= 2"
n 2 3Y
Coeff. of third term = (2](?.):1 }" [—J
X
2 1
_ ’i{f’z— D o2yt Yy )2 [i] o |
X
i H(ﬂ‘l}(zn..:jg] '
Thus, —2 : —81 M1, o.e,, formulating |
2 eqn i
1
1 —
ﬂ{H ) 334.
w”—n-72=0 -
(n+8)n—9)=
n+8=0 or n-9=0 Al, must reject '
n=-8§ (rejected) n=9 negative value
9
(ii) (lx2+1J
X
9 9 £
=511r]3+{ J(le)*[i){ ](2;.:3]"[3} o
1 x 2 x )
= 5120 + 69126 + 41472 + e e
9 = i
@i T, =[ lowY [i]
3 x
+ 2(9"?'}‘?":{} MI,D.'E.
r=>6 i (e.g. expansion)
Term independent of x = (J{Z]M (3)°
| = 489888 Al
4| 11-7x _ 11-7x i
(1) 2 P 1 ¥vs )
I +11x-4  (Bx—1)x+4) [
l
M| _ N | I ? isit itetutor- 1
Page 2 0f 10 Visi
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HIHS 2016 Prelim 4 Express
Additional Mathematics Paper 2 Marking Scheme

PO deninse 0 o "Workingsd Sdatlie on fis s ol " =5 Marks allocation'.
11—7x A B Ml
=——s
(Bx—1)x+4) 3x-1 x+4
11-7x=A(x +4)+ B(3x-1)
subst x=—-4, 11+28=B(-13) Al
B=-3
x=0, 11=44+3
44=8 Al
A=2
11-7 2
Therefore, ET 1 lx 5 1 4 minus lm if not written
KL Lo A in partial fractions form
- 2 11-Tx
) J 922 +33x-12 -
=f 11-7x
332 +11x-4) -
11-7% M1, v.e.
j e PEEID Gy
3{3x~i](x+4) | 1
3
- _.-fl T M1, integrating In
r 2z
- % % InBGx—1)—3In(x+ 4}1
12 1[2
= 3" EIH(S]'“BIH{&} ""5 Elﬂ{?.)".aln{i} ml,ﬂllhﬂt]
12 5 5
= 5|35 +3InC;
313 [ )+ (6)]
2 5
= (— n(g]
zﬂ,ﬁm Al
5 | @) letfr)=2x +x° —5x+2
f(1)=0 |
therefore, x—1 is a factor of f(x) M1
25" +x =S+ 2=(x—1)2x? +ax-2)
comparing coefficient of x, —5=—a-2
F=3
therefore, f(x) = (x~1)2x* +3x-2) | M1, 0. |

Page 3 of 10
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HIHS 2016 Prelim 4 Express

Addiﬂoﬂﬂi Mm‘f:marms Pap per 2 Markmg Scheme

2x +xt —5x+2=0
(x=1)f2x—1)x+2)=0
x—1=00r 2x-1=0orx+2=0

e Workings e e 0 Sl ok Marksrallocation |
i =(x~- 1)(2x 1)x+2)

A2, minus 1m for 1

-3
e +e =0
EE: - He—3x
el

¢ te " =—1
F=—1

~. the curve has no stationary point.

x 15 undefined. thus the curve does not have stationary

points.
OR |
1
= ~1 (rejected) F
Since ¢ >0 for all values of x. hence the curve does not '
have stationary points '
OR
For all raal values of x, e** >0 and e > 0. M1
dy =), — can never be zero. Ad
" dx

x=1 .x=l x=-2 o
2
(ii) l6tan’@+4tan’O—10tanf+2=0 M1 ofidentifi
2(2tan6)° +(2tan 8)’ ~5(2tan 6)+2 =0 xz’;r;n;nlﬁ
|
By comparing, x =2tan@, ,
(2tan6-1)4tanf -1}2tand+2)=0 | M1 (factorised)
{ 2tanf#-1=0 or 41anf-1=0 or 2tanf+2=10
1 1 ~ . |
tanﬂ#g or muﬂfj\'=1 or tan@ = -1 (rejected) AZ, minus 1 mif
& = 26.6°  =14.0° tan # = —1 not rejected
-l dy ™ +1
i =
O dx e
d—']i=€h+ﬂ_h
when dy =10,

M1, 0.e.

Al, conelusion
.!

Fage 4 of 10
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HIHS 2016 Prelim 4 Express

Addifional Mathematics Paper 2 Marking Scheme

TOQn [ hes imeni s o Workingsasfissi o F o - ool i Marks alloeations:
(n) __.}i =EE: +E—3: |
1z e—]: m, iﬂt’:g[at:
y=—- +e exponential
| 2 3
1
subst. (0, =),
©2)
| LH® 3D
2 2 3 ¢ Ml
1 1 1
—=———4¢
2 2 3
c=l Ml
3
. 2z —3x I
Eqn of curve is y=o— - & 4+ —
3 ¥ 2 3 3
lF.,,2{1] E*—ZHI] 1
whenx=2, y= - +— M1, subst into eqn of
2 3003 -
CARN U §
2 3* 3
y=276 Al
B oy
o oy
2x+5
dy _ (2x+5)2)x-3)-(x-3)'(2) M2
dx (2x+5)
(2x+5)2x—6)—(x? —6x+9)2)
(2x + 5)
_ 4x* ~12x+10x—30 —2x* +12x-18
(2x +5)°
_ 2x7 +10x—48
@x+5)
» ; : dy _
For stationary points, i 0 Ml o
(2x+5)2)0x - 3)-(x-3)*(2) _o
(25 + 5
(2x+5)2)x=3)-(x-3}'(2)=0
(x=3)4x+10-2x+6)=0
(x—3)2x+16)=0
' x—=3=0 or 2x+16=0 Al, for x coordinates
x=3 or x=-8
Page 5 of 10 Need a home tutor? Visit smiletutor.sg
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HIHS 2016 Prelim 4 Express

Addmonal aﬂtemaﬁcs Paper 2 Markm Sc}‘leme
1 T frop i R " ,‘-:J
2
subst. x =3, into _y=(x—_~3~}— b
2x+5
2 Al, for y coordinates
sebist, =<8, fiilp = (x—3) : {—3 F") [minus 1m ifnn!:
2x+5 2H-8)+5" written in coordinates
The stationary points are (3,0) and (—— 8,—1 l). form]
Tyl =)
(i) _dz_: 2x® +10x - 48
dx (2x+5)
;p gf.x +5) J(jx_t E}l [Ex +10x - 4EIEIEI + 512) M2
dx’ (2x+3)*
d*y 2662- 0 2
h =3, = =0, (3,0 1.
MRS T e S O i g Al
1 il
when x=-8, ¢ f=- oz 2 0, {~8,0) is a max. pt. Al
dx 14641 1 1
(i) Perimeter of pendent
=1+1+2x28+2%x28sinfl+2x2 8cosl Mi
= (5.6sin@ +5.6cos8+7.6)cm (Shown) Al
(i) R=+56"+56" M1
=4/62.72
= 7.92 Al
tano = ——
5.6 M1
o = 45° Al
P =7.92sin(@+45°)+7.6 (lfninus 1 m if student
sin ) did not express in this
form)
(iiiy 15=7.92sin(f+45°)+7.6
7.4 =7.92sin(0 +45°) M1
sin(@ +45°) = — i
198
Basic angle = 69.1223° .
6+ 45° = 69.1223°180° —69.1223° el
#=241223°658777°
8~24.1°, 65.9° Al
Need-ahome-tator?-Visit smiletutor.sg
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HIHS 2016 Prelim 4 Express

Additional Muthemnm:s Paper 2 Mnrkmg Scheme

&”‘ st * Workingsie o & & =] v Marksallocation
.H.'— 31"_+2 M1, rationalise
i
O 2 W2
W2z +2)
18—4
4241442
14
' =3+42 Al
(i) by Pythagoras Theorem,
BD* = AB' + AD?
Using part (i) answer, _
BD? = (3+J2]2 +(3+ ,E)z M1, formulating
BD* =2(3++2]
BD" =20+642 +2) A2, Al for 22 and Al
BDF =22+123/2 e 1942
(iii)  Volume of pyramid
1
= 3 x base area x height
M1, subst. correct
=—><{3+"u'|'_) [22+12-.J2) L
:lx(ll+ﬁ-\."2}x(l 1+6+2)
i' M1, correct expansion
=§(121+ 1322 +72)
~L{93+13242) 5 |
?93 A2, Al for —3—, Al for
+4442
e’ 442
10 _
(a) (i) centre C = [—I;,%J !
Bl
=(5,4)
(i)  radius =+5° +4° -5 M1 (v.e.)
=6
Length of PC =/(5—4)* + (=4 +11) Mi
=50 ,
= 7.07

Page 7 of 10
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HIHS 2016 Prefim 4 Express

Additional Mathematics P, er 2 Marking Scheme

st ieiny

g e

Sin'cc-length of PCis Ioiiger than radius of circle,

1"Al (find length PC and

thus, the point P is outside of the circle. conclude)
(iii) by Pythagoras’ Theorem,
PT =+50-6" M
=14
=~ 3.74 units Al
(b)  point A= (0, 10)
dy
'&x'" =2x-7 M
whan_r:{i,E:"T M1
i
| . 1
gradient of normal = 7 M1
i X 1
equation of normal is y—;;x-{- 10 Al
11 | (a) y=tanx
gi =sec’ x M1
dl
—{:Esmx.secx.mnx M2, Im for 2secx, Im
for secx.tanx (o.e.)
d’y . dy
e S
2
l‘—?—.’!%y:ﬂ (shown) Al

Alternate solution

d—yzseczx
dx

1

CDRZ X

d’y 0-2cos x(— sin x)

dxl

cos' x
=2secx.secx.tanx

LHS = 2secx.secx.tan x — 2sec” xtanx
=
=RHS

-

Page 8 of 10
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HIHS 2016 Prelim 4 Express
Additional Mamemﬂcs Pty:fr 2 Marking &c&elm.'

M e e

= —-‘_—-;.'-——-Wn rkmgs’e it * 3% =

e HA TS

] -'"_'ﬂ:_; i

(b) (i) _[D Emsz[z-}ix - 4L D cos [E}jx

= 4J: (cos x +1)x
= 4[sin x+ xr

= 4[0+7-(0-0)]
=4

“[[avefg]e
- [ [ cos? 2
g+

S

2

-' (i) E\;3—Sﬁlz[§]j|dx= E[ZH—SMG

Ml usmg
COSX = Zm}s[ ] 1]

M1, integrate

| Al

)

M1 (apply identity)

M1

Al

12 | (i) sum of roots, 2a+ f+a+205=3a+38
=3(a + )
i ¢ =7
3

3

<

3

(ii)

product of roots, (2a + Sl +28)=2a’ +4af + aff +25°
=2a’ +5af +24°

from product of roots, 2a” +4aff +aff +24° =
| 2" +4af+20% +aff =

2{.:2 % 3aﬁ+ﬁ3]+aﬁ=§

M1 (3la+ £))

M1

Al

M1, o.e.

'p“m|-h

Page 9 of 10
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HIHS 2016 Prelim 4 Express

Additional Mathematics Paper 2 Marking Scheme

3

5 e L : o 110
M1
2(a+ﬁ)2+aﬂ=%
7Y 4
2—| +af =—
[9] =3
4 (7Y
=2
o#=3-1(3)
)
aﬁzﬂ{sham} Al
81
1 1,_3
(iij)  sum of roots, 5rx+,3+zx+5ﬁ=§(a+ﬁ]
i[i}
2.9
s Ml
6
| Product of roots,
1 1 o ders O L.
[Ea+ﬁ1{a+5ﬁ)_5a +Eﬂﬁ+aﬂ+5ﬁ
Dy &
=—a'+>aff+—
3% Fpvgs
L 3. 2y, 5
= + 07 = Ml
et b
= %[{cx + 8y - 2aﬁ)+ i—fxﬁ
1[[?]2 {u}n s[mj Ml
=—|—=| =2 —||+—=| —
21\ 9 81)] 4\81
Tl M1
3
. _ ., 7 1 Al, accept
'he quadratic equation is x *—Exi—=l3 6x: —Tx+2=0

Page 10 of 10
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2 S
Express __jx& in partial fractions,
(3-2x)(x +4)

in26
(i)  Provethat — 1 snel
tan +cotd 2

1

(i)  Hence, solve the equation ——— =~ for —27<0<2r.

T
o | —

tan — +cotl _
2

o

P

InT

(27.2.5)

¥

(25, —0.5)

The period T, in years, of planets’ orbit around the Sun is given by T = k",
where r is the distance, in metres, of the planet from the Sun, and k and »n are
constants to be determined. The graph of In T against In r 1s given.

(i) Find the value of k and of n.

(ii)  Find the period of a planet which is 60x 10" metres from the Sun.

(iii)  On the same axes, a straight line representing the equationIn 7= 1

was drawn. Explain the significance of the intersection of the two lines.

[5]

[2]

[1]

4047/1/secaPrelims1is Need a home tutor? Visit smiletutor.sg
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i
(i) Expand [x+]—] in descending powers of x. [2]
X
1Y’ 1Y b
(ii) Hence, given that [x+ —] —[x——] =ax’ 4 —5 , find the value of a
x) X
and of &. [3]

: 4 k x 1y*
(iii)  Given that there is no x term in the expansion of [E x+—+ xT][ X+ —] .
5 X

find the value of k. [3]

It is given that [ (x) is such that f'(x) =4 cosx + 8 sin % 3

(i)  Find " (x). [2]
(i)  Given further that f ()= 0, find f (x). [4]

The equation of a curve is y = ax’ +bhx—3, where a and b are constants and the
curve has a minimum tuming point.

(i) Explain why the curve cuts the x-axis at two distinct points, [3]

(ii) In the case where @ = 1, find the range of values of b for which the curve
is above the line y=x—4. [4]

(iii)  Hence, state the values of b for which the line is a tangent to the curve.  [1]

A graph has the equation y=—{3x-9+6.

(i) Explain why the highest point on the graph has coordinates (3, 6). [2]
(i)  Find the coordinates at which the graph cuts the x-axis. [2]
(iii)  Sketch the graph of y=—Px-%+6. 2]

(iv)  Find the range of values of m such that —3x—9|+ 6 = mx has 2 solutions. [2]
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A cone is inscribed in a sphere of radius 20 em, centre C.
The cone has height, # cm and radius, x cm.

(i) Show that x=v40h— i’ . [1]
(ii)  Hence, express the volume of the cone in terms of A. [1]

(ili)  Given that s can vary, find the value of & for which the volume of the
cone is stationary. [3]

(iv)  Determine whether this value of h gives the largest cone possible. [1]

. 3 . .
Given that tan24 = 2 and 180° <24 <270°, find, without using a calculator,

the exact values of
(i) sin 24, 2]

Gi)  sind. 3)
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10

11

The line /, 2x+ y=10 cuts the curve xy=12 at T (2, 6).

(1)
(i)
(iii)

Find the equation of the tangent to the curve at T. [2]

Find the angle, in degrees, between [ and the tangent to the curve at T. [2]

State the gradient of the normal at 7. Hence, determine, with reason,
whether the normal to the curve will get steeper or gentler as x increases.  [2]

P (6,-3)

The diagram show a triangle POR in which P is the point (6, —3). The line PR
passes through the onigin O. The line OQ is perpendicular to PR. The area of
triangle POQ is 15 units’.

(i)

(ii)
(iii)
(iv)

Find the equation of OQ.

Find the coordinates of Q.

[2]
[3]

The length of PO is 3 times the length of OR. Find the coordinates of 8. [1]

The point § is such that any point on the line PR is equidistant from O

and S. Find the coordinates of S.

[1]

404711 SecdPrelims16
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12

Y

X
The height above ground level, i m, of a car in a roller coaster is modelled
by the equation, h = 2x° , where x is the horizontal distance of the car in
metres from a fixed point ().
(i) Given that the horizontal distance of the car is increasing at a constant
rate of 2 m/s, find the rate at which the height of the car is increasing
when x = 3. [3]
(ii)  The distance, L, of the car from @ is OP, where P is a moving point on the
curve. Show that L = /x* +4x* . 1]
(iii) It is possible to take a high definition photograph of the car from the fixed
point (7 if the distance, L is changing at a rate of not more than 20 m/s,
Would you be able to take a high defimition photograph of the car
from the fixed point O when x = 37 4]

End of Paper
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Answers:

5x°+x+6 3 Lox=2
(3-2x}x’+4) 3-2x x'+4

o ® S -l —Tnw
2, —,—

E]

6°6 6 6
) 3 T 17
kil n=;,k=e or3.14x10
3ii. 0.461

4i. x' +4x" +6+4x +x
4l a=8:5=3
4iii. —1

$1. —4sinx + 4005%

Sii. f(x) :4sinx—16¢osg—+3x-3r

6ii. —1<b<3
fiil. =1 or 3
7il. (5.0) and (1,0)

Tiv.-3<m<2
an 1 1 .fl
8ii. ﬁj:?r('fﬂ]h -h)

S22
3

0. 3

5
A
gll.ﬁ
101, y=-3x+12
10ii. 8.14°
1. y=2x, 111.(2,4), 11idi.(-2,1), 1liv.(-2,-4)
121. 24 m/s

ﬂ =24.0m/s =20
[ 211, dt

No
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Answer all questions.
3

| (i)  Sketch the graph y = 2x7. [2]

(ii)  Find the equation of the graph that has to be drawn in part (i) in order to

11
to obtain the graphical solution of 2x ¢ =1. On the same axes, sketch this

graph for x > 0. [3]

2 (a)  The cubic polynomial f(x) is such that the coefficient of x* is 2 and
the roots of the equation f(x)=0 are 2, — % and k. Given that f(x) has

a remainder of — 6 when divided by x—1. Find the value of £. [3]

3

= . | :
(b)  Given that the quadratic curve y =2x" +x—— culs the x-axis at x,
2

-—

. . x X
and x, as shown in the diagram below. Find the exact value of —,
x,
leaving your answer in the simplest surd form, [4]
1
\ y=2x"+x-—
’ 2
> X
X Xy
3 The mass, M grammes, of a substance, present at the time f minutes after first being
— .2t
measured, 1s given by M =10 +90e . Find
(i) the initial mass of the substance, [1]

(ii)  the time taken for the initial mass of the substance to be reduced by 20%.,  [3]

(iii)  the approximate mass of the substance when ¢ becomes very large, [1]

(iv)  the rate at which the mass is decreasing when t = 3 minutes. [3]
— 0.2

Sketch the curve M =10 +90e . 2]
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(a)

(b)

(ii)

(i)

(a)

(b)

Solve the following equations.
@  31°8.% _79, 3]

()  log,(x—2)+2log,(x+1)=- b [4]
log, 3

; ; " Xy’ ] : e

Given that x =3° and y =3", express log, ?J in terms of @ and

of b. [4]

Solve —2sin2x =3cosx for 0° < x <360°. [4]

. ’ 3
On the same diagram, sketch the graphs of y=-sin2x and y = Ecus:

for 0° < x <360°. 4]

Hence, explain how parts (i) and {ii) could be used te deduce the
solution(s) of |~ 2sin2x| = 3cosx for 07 < x <360°. [2]

2

Show that the funetion x

always mcreases as x Increases. 13}
x

Vx

Differentiate : with respect to x. [4]

+2X

The roots of the quadratic equation x”* —Sx+4 =0 are &’ and #°, where

both @ and [ are positive.

U]

(ii)

(i)

(i)

Show that @ + #=3. [3]

Find the quadratic equation whose roots are in and ]3 . [4]

(rd

Given that the line x+ y =2 is a tangent to a circle with centre C(0, 6)
Find the equation of the circle. [6]
A second circle x* + y* =6y +d , where d is an integer, is the reflection

of the circle in part (i)} about the line y = k . Find the value of kand of d.  [5]
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10

N, O and P are three fixed points on a straight line as shown in the diagram below.
Given that the velocity, v m/s, of a particle travelling on the straight line NF at time

1 seconds after leaving the fixed point O, is given by v =+ —100* + 27 - 18.

——— Positive direction

N 0 P

(i) Find the initial velocity of the particle at Q. Explain the significance of

your answer. (2]
(i)  Find the values of ¢ when the particle comes instantaneously to rest. [4]
(iii)  Find the maximum speed attained by the particle for 0 <1< 6. (4]
(iv)  Calculate the distance travelled by the particle in the second second. [3]

In the diagram, triangle ABC is an equilateral triangle inscribed in a circle.

D is a point on the arc BC, £ is a point on AD and CD = CE.

Au

Show that

(i) triangle CDE is equilateral, [3]
(i)  triangle ACE is congruent to triangle BCD, (3]
(iii) AD=BD+CD. [3]
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11  (a)  Differentiate x* Inx— x with respect to x. [3]

(b)  The diagram shows the line / and part of the curve y = 2xIn x . Both

graphs intersect the x-axis at a. Line / cuts the y-axis at 1.

> X

(i)  Find the value of a. [2]
(ii) Find the equation of line /. [1]
(iii)  Determine the area of the shaded region bounded by the curve,

the line x =2 and the line / . [4]

End of Paper
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Answers

1(i) ' 1(ii) y= 3:;_: (one possible answer)
X

L 1
]H yeirt

3445

=
3(i) 100g  3(ii) t=126 mins  3(iii) 10 g 3(iv) 9.88 g/min

2a) k=-1  2(b) -

A(a)(i) 4096  4(a)(ii) 3 4(b) %a rbh-3

5(i) x=90°228.6°,270°,311.4°
5(i)

T A

=15 et denag

5(iii) Reflect the negative parts of the drawn sine graph in part (ii) about the x-axis and relate
to the x-coordinates of the points of intersection found in part (i) give the solution to
|- 2sin2x = 3cosx.

_ dx*-4 x' -4 -
6(a) Since d.x[:F—'J >0, .5 = : increases as x increases, 6(b) i dx
X

X 2Jx(1+ 2x)
7(i) 8x* —9x+1=0 8(i) x> +(y—6) =8 8(ii) d = -1, ;_4,%

9(i) v=-18 m/s. The particle is moving in the opposite direction to the positive
direction/moving to the lefi, ete.

(i)e=1,1=3.1=6 (iii) = 4.06 m/s (iv)=2.92m

(@) = x+2xInx—1 (b)) a=1  (b)(ii) y=—x+1  (b)(ii)=1.773 units®
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3

(55
1 The area of a triangle is Ll + {—] cm?. If the length of the base of the triangle is

[3+ 2/ §)cm, find. without using a calculator, the height of the triangle in the form of

(a +bq‘§]cm, where a and b are integers, [4]

= 6‘ )
2 Express &; Bk in partial fractions. [5]
2x* +x-3

3 The function f(x) is such that f(x)=2x"+ Ir —x—4,
(i) find a factor of f(x). 2]

(i)  Hence, determine the number of solutions in the equation f(x)=0. (4]

4 The roots of the quadratic equation 3x" —x+35 =0are @and 5.
(i)  Evaluate a’+ 2]

(i)  Find the quadratic equation whose roots are &' -1 and g -1. (4]

5  The table shows experimental values of 2 variables, R and V', which are connected by an
equation of the form R¥"" = k where n and k are constants,

-

R [ 33 [1995] 507 | 238 |
v |2 [29] 8 | 14

(i) Plot lg R against Ig }' for the given data and draw a straight line graph. [3]

(i)  Use your graph to estimate the value of k and of n. [3]
(iii) By drawing a suitable straight line on your graph in (i), find the value of ¥ such [3]
that

1=]‘

6 Giventhaty =1 -%sin 3x, 0 <x<240°.

(i)  Statc the maximum and minimum values of y. [2]

(ii)  Sketch the graph of y =1 —%sin ix. (3]

-
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5

10 The points A and B licon the circumference of a circle U where A is the peint (0, §) anid
B is the point (4. 1, The line v = 2x also passes through the centre of the circle €,

(i}  Find the centre and radius ol the circle O, (4]
(i Find the cquation of the cirele Cy in the form 7 4 v o+ pekgy+r =1, 12

where p, o and » are inlepers.

Another circle € of radins /2 units has its centee inside €' and it cuts the eircle ©) at the
origin and o thve paint whete x =2

(iii} Find the centre ol s I5]

I

M

r
=

. i A
- T - >
() m :
| |
| |
L}
L]
i
i
i
i
[ ]
g d : L 1
[he diapram shows part of the curve y=3cos = that culs the x - axisal x=2x
. T :
and x =37 . The normal 10 the curve at x = = culs the v-axis at A.
(ih  Find the coordinates ot A, leaving vour answer in exact form. [6]
(it}  Henee, find the area of the shaded region. [ 4]
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11 (a)  The diagram shows a triangle 4 B5C" which has a right angle at ¢
The point D is the mid-point of the side AC,
The point £ lies on 48 such that AE = DE,
The line segment £D is produced to meet the line BC produced at F.

A
B F
] Prove that AACHE is similar to ADCE . 2]
(i) Explain why AEFE is isosceles. [1]
(iii) Show that EB =34F . [2]

(b)  ORSTis a trapezium in which OR is parallel 1o TS and its diagonals meet
at P. The circle through T. P and S touches QW, RY at 1" and S respectively.

Prove that
(i) LROS = £0TR . [2]
(ii)  ORSTisaeyelic quadrilateral, 3]
End of Paper
Cedar Girls' Secondary School 4047/02/54/Prelim 22
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1

3

(a) The equation of acurveis y= 2x° +ax+(6+a), where a is a constant. Find the
range of values of a for which the curve lics completely above the x-axis. [3]

(b) The equation of a curve is y=3x" +4x+6.

(i)  Find the set of values of x for which the curve is above the line y=6. [3]
(i) Show that the line y=-8x-6 is atangent to the curve. 2]
(a) Given that log_125-3log, b+log, c=3. express ¢ in terms of b and c. [3]

(h) Solve the equation
(i) Ig8x-— lgl[x1 -3 =2Ig2. [3]

(i) 2log.x=3+7log, 5. (4]

The equation of a curve is y = x° ﬁﬁx ~1y’ . for x>0.2. Given that x is changing ata
constant rate of 0.25 units per second, [ind the rate of change of y when x = 2. [4]

The graph of y=[2x’ - ax— 5| passes through the points with coordinates (-1, 0) and

(0.75, b).

(i)  Find the value of the constants @ and b. [3]
(i) Sketch the graph of y=|2x"—ax—3|. [3]
(iii) Determine the set of positive values of m for which the line y = mx + 2 intersects the

graph of y= ilx"‘ - ax -5| at two points. [2]

. : EY : _‘ .
In the binomial expansion of [Zx +— } , where k is a positive constant, the coefficient of x°

X
is 28.
(i) Show that k= i— (4]
B
(ii) Hence, determine the term in x in the expansion of (ﬁx - l] [ 2x+ E] . [4]
X X
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6

12 The diagram. not drawn 1o scale. shows a triangle ABC. where AC = BC and A4 lies on

2
the y-axis. M is the mid-point of 48, OM = 2 units and tan LOMC = =2

b
¢
ol M 7 > x
B
(i)  Show that the equation of CMis 3y-2x+4=0, 2]
(ii) Find the coordinates of 8. (4]

(iii) Given that the area of triangle ABC is '22 square units, find the coordinates of . [4]

End of Paper
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F

The diagram shows points 4, B, C and D on a circle, line EF is tangent to the circle at C,
lines ADF and EBAG are siraight lines, and points 8 and €' are the midpoints of 4E and EF.

Prove that
(i) BCxEC=ACxBE, [3]
(i) AFxEC=ACxAE, 2]
(iii) angle GAD = angle ACF . 2]
@ () Showthat cot2x=——n X, 2]
2tanx
(i) Hence, solve the equation Bcot2xtanx =1, for 0°<x<360°. [4]

(b)

The Ultraviolet Index (UVI) describes the level of solar radiation. The UVI measured
from the top of a building is given by L/ =6 5cosgi , where 7 is the time in hours from

the

lowest value of the UVI, 0<¢<10. and g is a constant. [t takes 10 hours for the

UVI to reach its lowest value again.

(i)

(i)

Explain why we are not able to measure a UVI of 12. [1]

Show that q=?;-. [1]

(iii) The top of the building is equipped with solar panels that supply power to the

building when the UV is at least 3. Find the duration, in hours and minutes, that
the building is supplied with power from the solar panels. (4]

Need a home tutor? Visit smiletutor.sg

cam/CCHMS/Secondary 4/Additional Mathematice'4047/Paper 2 280



5 Inthe diagram below. a cirele €. with centre at € (-3, 2), wuches the line
2y—x=12 at the point (7.
[he line 2y —x =12 intersects the y-axis at A and the y-axis at 8,

Find

(i) the coordinates of 4 and ol B,

(ii) the equation of the line C'G.

(i)  the equation of the cirele .

Y

(iv)  the equation of the circle €, which is a reflection of the circle €, in the line

AL,

['he acute angle between G and AC is 0°.

1
(v) Show that ¢ = tan™' T

6 (i) Find f--[e‘-‘{z-

¥

AE o lin 2
(ii) Hence, find J-

Cedar Girls” Secondary School

40470254/ Prelim 22006

12]

13]

Need a home tutor? Visit smiletutor.sg

281



I

Answer Key
y ]
l.(a) 4<a<l2 (b)i) x<=1= or x>0
T
2. (a) u=3—f— (b)i) x=3 (i1) x=857 or x=0.130
3. 495 units / s
4, (Ya=3.b=6125 (ii) (i) m=2

; 3
5.01) =1=2
(i) 7 X
6. (1) I:.-E—E;rrr (ii1) r = 2.32 ; min value
2r 8
7. (i) L =46+10413sin(f-19.4°) (iii) 45.8°
9. {a)ii) x= 40.9°.139.1°,220.9°.319.1° (b)(1ii) 7 hrs and 3 mins
. 4x(2x-3) .. 3 3
16, _ (i) —<x <=
@) i —3y 4"
11, (i) 1,23 m/s’ (iii) 16.0 m (iv) passed through O
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: | -tan” @
8 ()  Prove that ~Lj=cus 28, 3]
l+tan” ¢/

(ii)  Usc the result in (i) to show that
14+x° =2x" — V2 where x=tan67.5°. [2]

(iii) Hence lind the values of the constants ¢ and ¢ such that

@an67.5° = ¢ +dv2. [3]
. 142 -3 ¥
{iv) Hence show that tan7.3°= V&= T [3]
|+ wJE + JE
9 The temperature. x°C, inside a house ¢ hours alter 4 am is given by
x=2t- Jcams[ir;: ] for 0<7<24, and the temperature , y°C, outside the house
;o ary .
at the same time is given by y =22 -5cos l—’?J for 0<r<24.
(i)  Find the temperature inside the house at 8 am. [2]
The difference between the temperatures inside and outside of the house is given
by D=x-y.
(i)  Write down and simplify an expression for D intermsof f for 0<¢ <24, 1]
(iiiy Sketch the graph of D against 1 for 0 <1 <24, 3]
(iv) Determine the time(s) of the day when the temperature inside of the house
is equal 1o the lemperature outside the house. Hence find the range of
values of r when the temperature inside of the house is less than the
lemperature outside of the house. [4]
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Answer all the questions.

1 The equation of the curve is y = px' — 8, where p and ¢ are constants.

Given that the curve passes through the points (2, -4) and (5, 17), find the value of p
and of g.

iy
}/ The second derivative of y is given by :I—']' =2x+4.

Given that v= 12 whenx =3, and y = — -% when x = 2, find y in terms of x.

3 The equation of a curve is y =ax’ —4x+2a—3, where a is a constant.

Find the range of values of @ for which the curve lies completely above the line y=-1.

: : Jcosx
4 Theequationofacurveis y=——— where D<x <.

sin x

(i) Show that the gradient function can be expressed in the form

- L ]
sin® x

where k is a constant.

(ii) Find the x-coordinates of the points at which the tangents to the curve are
perpendicular to the line 2x -8y = —1. leaving your answers in exact form.

,5/ The number of people, N, in a housing estate who contracted influenza during a flu

epidemic after ¢ days is modelled by the equation N = i-——lﬂgﬂ—

Find the initial number of people who contracted influenza during the flu
epidemic.

iy~ Given that there are 937 people who contracted influenza after x days, find x
correct to the nearest whole number.

uu)/ Find the number of people who eventually contracted influenza afler a long time.
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6 (i) Sketch the curve v =ldx—x°

and of the points where the curve meets the x-axis.

, indicating the coordinates of the maximum point

(ii)  State the value or range of values of m 1if the equation |4x — xzf = has

(a) 2 solutions.
(b) 3 solutions,

(c) 4 solutions.

7  The function P is defined by P(x)= 2x" +(4—2a)x" —ax+ 6a, where a is a constant.

(342)( 22 +bt 432)

,(fﬁ Show that x + 215 a lactor of P{x).

(ii) Find the other quadratic factor of P(x) in terms of a.

(iii) Find the range of values of « for which the equation P{x)= 0 has only | real root.

8 The table below shows the experimental values of two variables x and v,

An error was made in recording one of the values of .

v 2 3

4

u.{ﬁ':i

6

y 5.8 13

30

43.5

74

It is known that x and y are related by an equation v = ax(x+b)+ 2, where a and

b are unknown constants.

(i) Express y =ax(x+b)+2 in a form suitable for drawing a straight line

graph.

(ii) Draw a straight line graph for the given data.

(iii) Use your graph to estimate

(a) the value of @ and of b,

(b) avalue of y to replace the incorrect value.

Cedar Girls” Secondary School

4047/01/54/Prelim 2/20 Need a home tutor? Visit smiletutor.sg

(3]

(1]
(]
[1]

(1]

[3]

285



7 The diagram below shows a trapezium ABCO inscribed in a semi-circle with
centre () and radius 4 units. 04 makes an angle of # radians with the diameter,
AR is parallel to the diameter and BC is perpendicular to both lines 48 and OC.

C Q

(i) Show that the perimeter, y, of trapezium ABC(O is given by

y=4(l+sinf+3cosb). [3]

(ii) Find the value of @ for which y has a stationary value and determine whether
this value of y is a maximum or a minimum. [4]

(iii)  Express the perimeter of the trapezium in the form y =4+ Rcos(f —a),

where R >0 and U-:(x{.%. (2]

(iv)  Hence solve the equation 4(1+sin@+3cos@) =12 for 0 <8 < % [2]
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Answer all the questions.

1 Itisgiventhat f(x)=x"-3x" +4x.
(i) Show that [(x)is an increasing tunction for ail values of x. 13]
(i) Hence, show that [(x)is positive for all positive values of x. 2]

2 A rectangle has a fixed perimeter of 40 cm. The length of one side, x cm, increases
at a constant rate of 0.5 em/s. Find the rate at which the area is increasing at the
instant when x = 3. [5]

1
3 (a) Find the term independent of x in the binomial expansion of {xj — ; 1] . [3]
-

q
(b) Given that the first 4 terms in the binomial expansion of {2x+ ;!J ,in

descending powers of x. are 512x"+ 576x" +ax’ + bx" + .., whereaand b are
constants, find

(i) the value of @ and of b, [3]

y DY 1Y(4 \(4 5
(it} the coefficientof x" in 2I+E‘ L—-—! —+1 [2]

X X

Begin Question 4 on a fresh piece of paper.
4 (a) Giventhat log,a=r. log,; b=y and % = 3', express fin terms of r and ». [3]

(b) Solve log,x + 3 = 10log 3. [5]
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2% 3
10 (a) ltisgiventhat y=- _1': . where x>—.
4x -3 4
dv .
i Find —. 2]
(i) % [
(ii) Find the range of values of x for which y= 4_ ; 15 a decreasing function. [4]
x—

I 4
b) It is given that [{x) is such that '(x) = —— = —r .
LS TS aesy

Ciiven also that I'(3)=1.75. show that ﬂl"{.ﬂ—{lr;—i}J £(x) =In(2x-35)". [7]

11 A particle moves in a straight line, so that. / seconds atier passing a fixed point 0, its velocity,

(LB 1)

v m/s, is given by v=2¢"" —10¢"""" | The particle comes to an instantaneous rest at the

point 4.

; " ; . ;
(i)  Show that the particle reaches 4 when (= 5 In3+ E . [3]
(ii) Find the acceleration of the particle at 4. | 3]
(iii) Find the distance (). [4]

(iv) Explain whether the particle is again at (7 at some instant during the eleventh second
after first passing through 0. 2]
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9 The roots of the quadratic equation 2x” —4x—1=10 are ¢zand f3.

A Find the value of & + ff". 2]

{}V{ Show that the value of &' + 8" is 11, 12]
. . " ( 3 1 1 I

(iii) Find a quadratic equation whose roots are | " + F and | B~ +— |, (4]
\ o &

14x° =15x+2

¥ Fxpress —— in partial fractions. [5]
10 & Exp 1 P
14x- —15x+2
ii)  Hence find |- — dx.
(Il:l cnee fin I If?_x.- ” [4*

11 A particle P travels in a straight line from a fixed point O with acceleration a m/s’
given by & = 81 — k, where ¢ is the time in seconds after passing (), and k is a constant,

When P passes O, its velocity is 5 m/s, Atr=2, its velocity is =21 m/s.
(i)  Show that the value of kis 21. [2]
(ii) Find the range of values of t during which 7 is travelling towards (). (3]

(iii) Given that P comes to instantaneous rest at points 4 and B8, find the distance AB.  [4]

. N ? Visi i
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e e .

A B

¢ 4r 3 :

The diagram shows a design of a bookmark that includes a rectangle ABCD,
where BC' = [ em. (D = 4r cm. a semicircle with radius 3r cm, and AF = BE =r cm.

The area of the bookmark is 90 cm®.
(i) Express/in terms of r. (2]

(i) Given that the perimeter of the bookmark is P em, show that

3r) 45 .
P—[6+Tjr+-r—. (2]

(iii) Given that r and / can vary, find the value of r for which P has a stationary value.
Explain why this value of » gives the minimum perimeter. (5]

D 5
The diagram shows an animal exhibition area that is surrounded by glass panels at A8,
BC and AD. where AB =12 m. AD =34 m, angle DAB = angle BCD = 90" and the acute

angle ADC = 6 can vary,

(iy  Show that L m, the length of the glass panels can be expressed as

[ =46+345in@—12cosd. [2]
(i) Express [ in the form p+ Rsin(d —a). where p and K > 0 are constants

and o i5 an acute angle. [4]
(iii) Given that the exact length of the glass panels is 62 m, find the value of @ . [3]
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10  The diagram shows the curve y =x(x* -2)". Pand ( are the points of intersection
of the curve with the x-axis. M and N are the maximum and minimum points
of the curve respectively,

(i) Find the coordinates of P and of (.
(ii) Find the x-coordinates of M and of N.
(iii) Show that P and () are stationary points of inflexion of the curve.
. d 3
(iv) Find — [(r —2]4].
dx
(v) Hence find the total area ol the shaded regions.
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1. 4=5

2 3

2 e
L T —

b

3. (1) one solution

14 i .
4.0 & (1) 27+ +98x+196 =10
O. () Maxy=15Mny=05 (ii)
]
M

: / vl -Emlt

ot g - ey
¢ WP e0® RO 1206 1S0f 18D° 2107 2408

7. (1) (~4.8) (i) P(4.4) (iii) 50 uniis®
8. (a) (b)), [—l‘a—E] and (2,12+a) (b)ii). [l a—E min; (2.12+«) max
3 27 3 27 =N
‘.'ILI
'\E }'j Ix

P

9. (i) secx (i), 0.539
1), (1) Cemre (2, 4), Radius = 2.5 (i) ¥+ " —dx -8y =0 (iii) Centre of C,(1.22,0.710)

o (5r 9 15 L
1. (i) '4(T'+ﬁﬁ’UJ (i) 65 /647 units
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CEDAR GIRLS’ SECONDARY SCHOOL
SECONDARY 4 ADDITIONAL MATHEMATICS

Answer Key for 2016 Preliminary Examination 2

PAPER 4047/1
1 p=1,g=2 Tii | 2x' =2ax+3a
2 p:'%-+2x1 ~4x-3 i | 0<a<6
'. p2 =ax+abh where ¥ = - yX=x,m=a
1 ox X
3 a>2 8i | and Y-intercept = ab
{Accept other correcl answers)
11 p - — = S 19T L
| 101
il
2r |
4 X=— Or — 8ii i
3 d
|
1]
T 1 : 3 A5 b 7
) _ a=2:53102
S - Biila | 126202
5ii | 1=10
= — 8iiib | 49.5
5iit | 1000
Yy 9% |5
(2.4 9iii | 8x" +616x—-49=0
\/\ = fdx - x| o | 14xi-1sxe2 2 3 4
Gi Y A " x(2x~1) x 2x-1 (2x-1)
10ii | 2inx+ -3—In(2:r -+ 2 ¢
| 2 2x -1
_—
i | —<i <5
o 4
1iii | 714 m
Giia | m=0orm=>4 12ii | B(4.-3)
; 8
i =4 12iii ('[ﬁ- *J
b | w o -\ Neéd a home tutor? Visit smiletutor.sg
Lita | N - d




7
Y
M
y B(3,9)
|
C (8.6)
P
> X
D40) 9
A quadrilateral 4BCD passes through vertices 8 (3, 9), €' (8, 6) and D (-4, 0), line AD is
parallel to the y — axis.
(i)  Find the coordinates of 4 given that the length of AD is 8 units. [1]
(ii) A point P divides the line DC in the ratio of 2 : 1. Find the coordinates of P. 3]
(iii) Hence, find the area of the quadrilateral ABFPD. [3]
8 (a) Sketchthe graph y' =3x, [2]

(b)  Giventhat {(x)=—2x"+55" +4x+a,

(i) find the coordinates of the wrning points in terms of @ [4]
(ii) Determine the nature ol each turning point. [3]
(iii}  In the case where a = 1, explain why the part of the graph between the [1]

turning points lie above the x - axis.

9 (i)  Show that secx+tan x can be expressed as 1Sy 3 [1]
cos ¥

(ii)  Differentiate In(secx +tanx) with respect to x. [3]

(i) Hence, find [ 2secx dr. 3]
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r— ~ PAPER 404772
p) I 7 emdis 10i
Kl SN, h|1_"_|'5 | 0
3 — =13.1250r 13 -
! 8 g
|3bi | a=288.h=84 :
3bii ‘J_EBE - _.| 10iv
4a [=r—73s 10v
| I 1lai
¢ o= =49
R e T _,
Si A4=(-12.0), B=(0.6)
Sii y=-2x—4
Siii | (v+3) +(p-2) =5 LA
Siv. | (x+5) +(v- ._5_}3_ _ 5
6i | e -6 Haiii
Gii IL'lIr!LE—I5 or 3.18
I % &S i
Tii 0.322, y is maximum
i p o 16T cus(el 1) 322
o =4+ 1 26co8t) -0 322)
Tiv 8= i
Riii o= = 11hbi
9 19.5%C
a
9ii D=2cos— -1
' 2 [
9iii | 1bii
!
iv 8 am and 12 midnight. 4 <¢ < 20

CEDAR GIRLS SECONDARY SCHOOL

SECONDARY 4 ADDITIONAL MATHEMATICS
Answer Key for 2016 Preliminary Examination 2

P=(=42,0) and O = (v2,0)

x- coordinate of N = \'J i or().535

ﬁ
x- coordinate of M =—_[— or — 0.535
V7

8xlx - E}J

4 sq. units

(1) £BAC = 2CDF

(2) £DCF = ZACB =90" (given)
AACH s similar to ADCF (AA Similarity)

ZDFC = ZABC (Corr angles of similar
triangles)

S AEFR s isosceles.
As AC =200,

S AB =21 (ratio of corr sides of similar

AE+BE 2
DF |
,,
AE+BE _2 . AE+ BE=2BE— AE)
EF-ED |
34E = EB

LROK = ZOKT (alt angles, QRITS)
LOST = Z0TR (1an chord theorem)

- ZROS = ZOTR

Produce WTQ and YSR to meet at M.

S AMTS s isos. (tgts from ext pt are equal)
LTS and LRST are equal.

S ZTOR = 180° - Z0T8 (corr angles,
QRITS)

Since ZTSR+ £TQOR =180°

(IRST is a cyclic quadrilateral. (Angles in opp
sepments)
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T 4 : s
Express 2k t9eve in partial fractions.

(x+ 2]{;7—4}

Given that (1 + m‘}" =1 —24x+232x" +..., lind the values of @ and n.

(a) Given that sinf =k . where 0 is an acute angle. Find, in terms of &, the value
of sin4d.

-

(b) Find the exact value of lanlms" | ]] without the use of a calculator.

g

A triangle has vertices A4(-2,2), B{-1.-1) and C'(3,-2). Given that ABCD is
parallelogram. find

(i) the coordinates of the point D,

(ii) the area of the parallelogram ABCD.

A spherical clastic balloon, with radius r cm, is filled with ¥ em® of helium gas. It
was discovered that there is a lcakage of helium gas from the balloon at a constant
rate of 5 em'/s. At the instant when the radius of the spherical elastic balloon is

10 em, find

(i) the rate at which the radius of the balloon is decreasing, leaving your answer in
terms o 7,

(ii) the rate of change of' the surface area of the spherical elastic balloon.

(a) Given that |: f{xydx = j: Mxdx = :;i , find _Ln f{x)dx.

x’ \}‘_ Ix’ —6x

d
by (i) Show that —[ z -
] dc\V25-3) (3, _3);
(i) Hence. or otherwise. find J‘—l—_—r—%f; dr.

(2x-3)°
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10

4
(a) The equation of the curve is v = (K +4)x~ + 4dx— k., where & is a constant.
(i) Show that the curve meets the x-axis for all possible values of &.
(ii) Find the value ol & for which the x-axis is a tangent to the curve,
(b) Giventhat y = px* + dx + g is always positive, what conditions must be applied

1o the constants p and ¢?

| Jcosx

(i) Show that —
secx+1 secx—-1 sinx

{ii) Hence. or otherwise find all the angles which satisty the equation
| |

+
secxr+1 secx—1

=Rcosy, ford=x=m.

A cuboid has a volume of 648 cm’, a length of 6 cm and a height of x em.

(i) Find, in terms of x. an expression for the breadth of the cuboid.

(ii) Show that the total external surface area, A4 em”, of the cuboid is given
[ 108 1

by A:12L|R+—+.r
X

(iii) Find the value of x at which A 1s a minimum.

A point H lies on the curve y = —x*+4x+ 7. The normal to the curve at H is
perpendicular to the line 2y-8x=4.

(i) Show that the coordinates of /f are (0.7),

{(ii) Find the equation of the normal to the curve at /[

(iii) Find the coordinates of point K, where the tangent to the curve at K is parallel to
the normal in part (if).
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1

12

(a)

(b)

(b)

Lh

(i) Sketch the graph of y =0.5x *, for x> 0.

(ii) Determine the equation of the straight line which needs to be drawn
1

on the graph of ¥=0.5x * in order to oblain a graphical solution of the

gquation | = 2%
d
(iii) Hence. state the number of solution(s) to the equation 1= 2x*, for x>0.
(i) On the same axes, sketch the graphs of y = [3.:"' —{:xlg and y=1.
(i} State the number of solutions to the equation px" - ﬁxi =1,

(iif) Solve the equation !'_h:: - ﬁxl =3x.

Variables x and y are related in such a way that when L plotied against x”,
X

a straight line which passes through the points (1. 2) and (~4,17) is obtained.

(i) Express yintermsof x.

(i) Hardev commented that the point (6, - 618) can be found on the straight
line. Gabriel disagreed. Who do you agree with? Explain your answer.

Answer the whole of this question part on a sheet of graph paper.

Two variables v and y are connected by the equation y =ab” +4. By drawing

a suitable straight line graph using the following table of corresponding values
of x and v, find the values of @ and 5.

lw'rl.l > | 3 | 4 5 6

y \ 16.8 24 v | s g8 | 138

(1]
(1]

13

(1
13}

131

12]

[5]

END OF PAPER
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1

3

A piece of fish fillet is removed from the freezer and lefi to thaw. Afier f minutes, its
temperature T °C, is given by T =33-37e™"". In order to maintain the quality of the fish
fillet, Chef Chris nceds to marinate the fillet when its temperature reaches 15°C . Find

(i)  the initial temperature of the fish fillet, [2)
(ij) the waiting time, to the nearest minute, before Chef Chris can start to marinate

the fish fillet, [3)
(iii) the value of T as f becomes very large. Explain the significance of this value. [2]

The equation x> +2x—6 =0 has roots @ and f and the equation hx’ + 2 =kx has

roots e and A . Find the values of h and k. [7]
F-1 -1

D

In the diagram, 4, B, C, D and E are points on the circle with centre O, The tangent to the
circle at 7 is extended 1o meet the line A0C at F. BE intersects AD at & and BD intersects
AFat H ZADE = ZEOA. Prove that

(i) trangle ADF is similar to triangle DCF, (3]

(ii) AExBH=AGxBO. [4]

Need a home tutor? Vi§itismnileneEs.sg
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(a) R

(l+2sﬁ)c

B P C

In the diagram, PQ is parallel to BR and BC is divided at P such
that BP: PC =7 :5. Given that BR = (1+2+7)cm, find the length of PQ in
the form (a +hdT )mn. where a and b are rational numbers. [4]

(b) Solve the equation 4™ -3(2"7)-64=0. 3]

(a) The equation of a curve is y = 4x’ +3px® 4+ 27x—10. Find the range of p such
that y is an increasing function. [4]

() Thecurve y=(hx’ ~1) —k has a siationary point at (1,~3). Given that 4 is
positive, find the values of 4 and k. (4]

P(-2,7)

In the diagram, the circle passes through P(-2,7) and touches the line 5y -2x410=0
atQ(5,0) . The centre of the circle is denoted by C. Find

(i) the equation of the line CQ, [2]
(ii} the coordinates of C, [4]
(iii) the equation of the circle. [2]
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5
(i) Show that sec’ x—tan’ x - 2cos’ x=—cos2x. [2] -

(i) Hence, sketch the graph of y = sec’ x —tan” x -2 cos’x+]l for0sx<o. (3]
(iii) On the same axes, sketch a suitable graph to find the number of solutions to the

equation E(sac’x—tan’xdcns’x)—iz-:-. [3]

The diagram below shows two triangles with right angles at L and N. The length of XL and
LM are 12 cm and 5 cm respectively, and ZLKN = 8, where fis an acute angle.

L

5ecm

12 em M

K N
(i)  Express KN in the form acos #+ bsin g, where a and b are constants. 2]
(i) Show that KN = Rcos(f—a), where R> 0 and 0° <a <90°. [3]
(iii) Find the value of g for which KN =8 cm. [3]
(a) Find the range of values of x for which 3(2x- 5)1 > x{zx# 5} . [3]

(b) The function g(x)=3x"+x"—kx+4 has a factor (x—1).

()  Find the value of k. n
(i)  Solve the equation g(x)=0. [3]
. y+4 -
(iii) Hence, find the roots of the equation T =8-3y. (2]
b4
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10

11

12

The diagram shows part of the curve y* = x and the line ¥ =6 x, intersecting at the

point M, Find

(i) the coordmates of the point M, [3)
(ii) the total area of the shaded regions e}
(a) Solve the cquation (log,, x)(log; x)=4. [3]
(b) Solve, for x and y, the simultaneous equations

(c)

2" -I-—]I_h =¢
e’ '

xIn32- yind4 =1Inlé6. [4]

Given that SlE,J;—igﬁ:Eigx.cxpmssyin terms of x. 3]

A particle P moves along a horizontal straight line such that at time ¢ seconds after the
motion has begun from a fixed point O, its acceleration am/s’ is given by a =12r-18,

(B

Given that the initial velocity is 12 m/s, find an expression for the displacement
of P. (3]

Another particle () moves along the same line as P at the same instant that P begins to
move. The velocity of Qis given by v = 61 — 160+ 7.

(i)

(iii)
(iv)

Given that the initial displacement of {J is —6:m from a fixed point O, find an
expression for the displacement of Q. [2]

Find the total distance travelled by " when 1t collides with O [5]

Determine if P and (J are travelling in the same direction at the instant when P
and { collide. [2]
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304




2016 Xinmin Sec Sch Amath Paper 1 Answer Key:

1 2 1 2 a=-3._n=§8
_.+
| x=2 (x+2)
132 | gk(—267 )1 -267) |-l
4 [D(2.1) ' 4ii [ 11 squnits ) -
Si 1 ' 5ii -1 cm’/s
———em/s
O ) B
6a 4 6bii =
—= ——tc
5 3f2x-3
7aii | k=-2 , ™  |pg>4
8ii T o S
Aem =y
626 _
9i Oii _
i Er=ElEcm X 6"‘6
I r— -
10ii 1 10iii 1 63
= — ? K: 2_ ¥ ln_
s [_f.‘._ 54}
11ai A B 11aii | Lineisy=x
y y=x
— .
0 x
11aiii | No solution 11bi
y.f'x
'3_
0 | 2 e
11bii | 4 1biii |x=0,1,3
12ai | y=-3x +5x 12aii | Yes. When X = 6, Y = —18 which is not
equal to ~618.
12b |a=7.96,b=1.60 . _
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2016 Xinmin Sec Sch Amath Paper 2Answer Key:

li e il Y Lii =24
iii Room temperature is 33° (' 2 h=1 . k=-6
d4a | 5 5 o S 4b n=73
5
Sa -6<p<bh 5b h=1 k=3
6 | 5 25 bii C=(3.9
Yy=—TxH
2 2 ol S
Giii | (x-3)"+ (-5 =29 I
Tiii 2 solutions 5
K_,u--ul_.._‘.‘;....;:_::_:_._:_._,‘_

0 T x 3 2t .
4 2 4
Bili | f=74.6° 92 | x<25.x>3
obi | k=8 9bii |x=1l.x=-2,x=2/3
Obiii [ y=1.y=4/9
100 | M@3,2) 10ii | 13.1 units®
[la | x=81,x=1/81 - Hb [x=1,p=05
llc |
._y 1000 |
12i §=200 -9 4121 126 [ s=2" -8 +71-6
12iii | Total distance = 182 m 12iv | Since the velocities of particles are both

positive at { = 6, they are travelling in the
same direction.
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I Find the set of values of a for which 3ax® + 1> ax for all real values of x. 31

2 The function fis defined by f(x) = tan xsecx, where 0° s x = 360°.

Find the values of x for which f is an increasing function. [4]
3 Solve the equation log,(x+4) — log,(2x—1)+2log,(x-2) =1. [4]
4 The curve y* +17 = 2x" intersects the straight line y + 4 = x at the points 4 and B.

Find the equation of the perpendicular bisector of A8. [6]
5 (i)  Show that sin2x(tan’ x+1)=2tanx. (3]

(i)  Hence solve the equation sin4# (tan” 26 +1) = 2cotd for 0° <8 < 360°.
[+
6 The function {'is defined, for D s x s 7, by
f(x)=3cos3x—-a,

where @ is a constant.

Given that the minimum value of f{x) is =4, find

(i) the value of &, [
(ii)  the maximum value of f(x), n
(iii)  the period and the amplitude of {x). 12]

Using the value of a found in part (i),

{iv) find the exact value(s) of x for which fix) = li [31]

7 (i) Sketch the graph of y =|x" - 4x +1. [3]

(i)  [tis given that the line y = mx, where m > (), does not intersect the graph of

V= le -4.:'] +1. Determine the set of possible values of m. [2]

(iiif)  Find the coordinates of the point(s) of intersection of the line y = 6 and the
graph of y = lxz —43:’; +1. [3]
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8 In January 2016, Adam bought an antique vase for $1500. It was believed that the
value of the antique vase will increase continuously with time such that it doubles
after every 5 years.

(i)  Formulate an expression for $¥, the value of the vase after Adam owned it for

X years. [2]
(ii)  Sketch the graph of V against x. (2]

(iii)  Using your answer in part (i), find the number of years that Adam has to wait
before the value of the vase appreciates to one million dollars. [3]

9 The diagram shows a triangle 48C whose vertices lie on the circumference of a circle

with centre (). AP and PB are tangents to the circle at 4 and B respectively. The
tangent to the circle at B meets 40 extended at ).

(i) Show that angle AOB = 2x angle PAB. [2]
(ii)  Hence determine whether it is possible 1o draw a circle that passes through O,

A, P and B? Justily vour answer with clear explanations, [3]
(i) I triangle P48 is equilateral, prove that O = 208 |2}

10 The equation of a curve is y=—/1+3x.

(i) A particle P moves along the curve in such a way that the x-coordinate of P
decreases at a constant rate of 0.2 units per second. Find the coordinates of P
at the instant when the y-coordinate is increasing at a rate of 0.05 units per

second. [4]
(ii)  Find the area enclosed by the curve and the line y = -3x-1. [5]
ANDSS 4EENA Prelim 2018 Add Math (4047/1)  Need a home tutor? Vigitiamidetstor.sg
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5

11 A solid cylinder is cut from a solid cone of height 60 cm and radius 30 cm as shown
in the diagram. The cylinder has height 4 cm, radius » cm and volume ¥ em’.

(i)  Show that h=60-2r. [2]
(ii)  Express Fin terms of r. 1]
(iii)  Determine the value of r for which the volume of the cylinder is maximum.
Hence find the maximum volume of the cylinder. [6]
A

60 cm

12 A particle travels in a straight line so that, 7 seconds after passing a fixed point 0, its
velocity, v m/s, is given by v=12r—-2r". The particle comes to an instantaneous rest

atA. Find
(i) the acceleration of the particle at 4, [3]
(i)  the greatest velocity of the particle, (2]
(iii)  the distance travelled by the particle between =0 and r = 5. [4]
Need a home tutor? Visit smiletutor.sg
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1 The curve y =f(x) is such that f'(x) =3e™" + T r=0.
X+
(i) Explain why the curve y = f{x)has no stationary point. 2]
(ii)  Given that the curve passes through the point (0, 1), find an expression for
[(x). [4]
2 (i) Differentiate In(sinx) with respect to x. 2]
(i)  Show that %{x cotx)= cotx — xcosec’x. [2]

(iii)  Using the results from parts (i) and (ii), show that

x 3 x"ri

2 xeot’xdy = — = —=In—. [4]
T 4 32 2

4

&
X

3 The equation of a curve is y = —x" =2x% = x=1. The point A lics on the curve and has
x-coordinate of = 2. The normal to the curve at 4 meets the x-axis at # and the y-axis
at (.

(i) Find the area of triangle POQ, where O is the origin. [6]

The point B also lies on the curve. The tangent to the curve at B is perpendicular to
the normal to the curve at 4.

(ii)  Find the x-coordinate of B. [3]
4 (a) {i) Write down, and simplify, the first four terms in the expansion of
(1-x)" in ascending powers of x. [2]

(ii)  Replacing x by 2z - z*, determine the coefficient of z° in the

expansion of (1-2z+z°)". (3]
(b) (i) Write down the general term in the binomial expansion of (Ex - —1;] ;
X
[1]
(i)  Determine whether there is a constant term in the expansion. m

(iii)  Using the general term, or otherwise, determine the coefficient of x?

&

in the binomial expansion of (3::4:4 + 2—}-][21 - 3' 3 ] . 12]
x X
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4

5 Do not use a calculator in this question.
The diagram shows a cuboid with a square base. The area of the square base is
(?‘ + 41’5)4:;11’ and the volume of the cuboid is [Eﬁ + 15@]:::13.
."1 mm—
...... C
Find B
(i) the height of the cuboid in the form a + b+/3, whete a and b are integers, [2]
(ii)  anexpression for BC in the form ¢ +d3 , where c and d are integers,  [2]
(iii)  the value of m and of » if the length of AC is (-J.; + J;JCTT'I.. where m and »
are integers. [6]
6 The equation of a curve is y = w2
2-¢osx
(i) Find an expression for jﬁ and obtain the coordinates of the stationary point(s)
X
of the curve for D= x = . [3]
(ii)  Find an expression for 3-;: and hence determine the nature of the stationary
point(s) for 0= x=m. [4]
7 The lines x =2and y = 3are tangents to a circle C,.
Given that the centre of circle ) lies on the positive x-axis, find
(i) the equation of C,. [4]
Circle (,is a reflection of circle €| along the line y = x +1, find
(i)  the equation of C,. [3]
8 (a) (i) Find the remainder when f(x)=3x"+x" + x—4 isdivided by x+1.
121
(ii)  Hence find the value of k for which g(x) = f(x}+ k is divisible by
x + | and factorise g(x) completely. (3]
dx+1 : ; :
(b)  Express ————— as the sum of 3 partial fractions. [3]
(2% + D{x =17
ANDSS 4ESNA Prelim 2016 Add Math (404712) Need a home tutor? Visit smABHRSTES
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10

5

In the diagram. AB =8m, BC=5m, £AOB = LABC = £BDC =90 and LOAB = 0
where 0° < & < 90°,

(i)
(ii)
(iii)

o
Find QD in terms of &.

Express OD in the form Rsin(# + a)where R>Dand 0° < a < 90°.

Find the value of & for which 0D has a maximum length.

The roots of the quadratic equation 2x” —6x + 1 =0are & and 5.

()

(ii)
(iii)
(iv)

Find the value of ¢ + §°.
Find the value of iz — # given that < .

Show that & — 8% = —34/7.

3]
4]
[3]

Find a quadratic equation whose roots are " — fand #° -, in the form

ax’ + bx + ¢ =) where a, b and ¢ are integers.

[6]

The table below shows experimental values of two variables x and y. It is known that

x and y are related by the equation y = ———where a and & are constants.
I -—
- _ —
X -1.0 ~ 0.5 (1.5 1.0 1 1.5 ]
y 0.3 0.40 0.67 100 | 200 |
- |
(i) Express the equation in the form suitable for drawing a straight line graph,
with xy as the variable for the horizontal axis.
State clearly the variable(s) used for the vertical axis. 12]
(ii)  Using variable xy for the horizontal axis and suitable variable(s) for the
vertical axis, draw, on graph paper, a straight line graph and hence estimate
the value of a and of 4. [6]
(iii)  Show that by adding ancther straight line on your diagram, an estimate of the

2
and y=— can be
x- x

solutions for the simultaneous equations y =
obtained.

Write down the solutions for the simultancous equations.

[3]
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ANDERSON SECONDARY SCHOOL

2016 Preliminary Examination

Secondary Four Express

ADDITIONAL MATHEMATICS PAPER 1 (4047/01)

Answer Key
O<a<l2 8 () V=1500x2°
(1)
2 0<x<90° or 270°<x<360° L /
3 r=5 '
4 y=—x-12
5 (i) 0=353° 144.7°, 215.3° 324.7°
6 () a=1 n ’
(ii) /
(iii) i A
Lh wap]
(iv) — . - ; .

(i) (iii) 46.9 years

4

10 (i) x=1 !E
(ii) L unis®
18
11 (i) V=60mr" -2nr
(iii) »=20, 25100 cm’

1
ii O=m=<—
(i -

(iii) (5.6) and (-1.6)
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ANDERSON SECONDARY SCHOOL

2016 Preliminary Examination

Secondary Four Express

ADDITIONAL MATHEMATICS PAPER 2 (4047/02)

Answer Key
1 (ii) f(x)==3¢" +In{x+1)+4
2 (i) cotx
3 () 4i units®
10
i 2
(lt} E
4 (a)i)  1-8x+28x" -56x +...
(a)(ii) 360
|f ¥
* 6 h—F }] f—ar
b 27 == 2
(b)) [r]( -3 %
(b)(iii) 48
53 2443 em
() 144843
(iii) m=12 and n=9, or
m=9%and n=12
; dv  2cosx—| [Tt \E]
ﬁ {I} —— .? i _——
dx (2—-cosx) |3 3
. i.‘l:lyz_'_ZSEﬂx“'l'CHSI)
(ii) dx’ (2-cosx) .
maximum point
7 (i) (x-5) +y" =9
(ii) (x+1)+(y—6) =9
8 (a)i) 7
(@)ii) k=7. g(x)=(x+D(3x"-2x+3)
e 4 S . o 5 :
(b) 9(2x+1) 9x-1) IHx-1)
9 (i) 8sinb+Scos0
(i) J89sin(0+32.0°)
(ii1) 58.0°
10 (i) 8
(i) _.\E
(iv) 4x* ~20x-87=0
. 1. it
11 r=— (X)) ——
() r=y ) 5
(ii) h=2.a=-1
(iii) xy=2, y=1.5, x=1.33
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Name: Register Number: Class:

o d~-p 8
NAN CHIAU HIGH SCHOOL
PRELIMINARY EXAMINATION (2) 2016

SECONDARY FOUR EXPRESS
ADDITIONAL MATHEMATICS 4047/01
Paper 1 10 May 2016, Tuesday
Additional Materials : Writing Papers (8 sheets) 2 hours

READ THESE INSTRUCTIONS FIRST

Write your name, class and index number on all the work you hand in.
Write in dark blue or black pen on the separate writing papers provided.
You may use a pencil for any diagrams or graphs.

Do not use staples, 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.

Cailculators should be used where appropriate.

If the degree of accuracy is not specified in the question, and if the answer is not exact, give the answer to
three significant figures. Give answers in degrees to one decimal place.

For =, use either your calculator value or 3,142, unless the question requires the answer in terms 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 question.
The total of the marks for this paper is 80.

Setter: Mdm Chua Seow Ling

This pape'r consists of 5 printed pages including the coverpage.
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Muthematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,

_ :_,'?';t."llbl - 4ar
2a

(a+b) =a” +[TJ a" 'b+[;]a""bz +"_+[n] a® BT e b
r

Ml__ Al _ae-D..-r+l)
r_J {n—ritr! rl

Binomial expansion

where n is a positive integer and [

2. TRIGONOMETRY
Identities

sin® A+cos’ A4=1
sec’ A=1+tan’ A
cosec' A=1+cot’ A

sin{. A+ B) =sin Acos 8 +cos.4sin B
cos{d* B)=cosAcosBFsin Asin B
tand = tanf

tanfd + B)=—— =
1FtanAtan B

sin 24 =2sin Acos A
cosdd=ros’ 4—gin® 4=2cos’ d—1=1—2zin* 4 -
2tand

tan2d = ———
I—tan® A

Formulae for AABC
a b s

sin A 4!11} sinC

a =b* +¢* —2becos A

1
A=—bcsin 4
2
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Answer ALL Questions

1.

Prove the identity cosec2x + cot 2x = col x. Al

Sketch the two parabola curves y = —4x° and x =—4y’ on the same diagram. Hence find the

equation of the straight line passes through the intersections of the two curves. [5]

Solve the following equations
(i) log, x=log, x+2, [4]
2
1 "
(i) log, 16 =——— where a is a constant. {3]
log a

Given the graph §=ax’ +bx+d is always greater than the gra{)h y=4,where a, band c are
constant. What conaifionsmst apply to the constants a and ¢? [3

SKefch the aphy—-Zlanlr—lFnrU«::x-cH,chceﬁndﬂmrangeafvaluesaf sych that
] Br 5 P sy

!) = 2tan3x~ L has exactly 2 solutions for 0 < x < ‘;— : 14]

(i)  Sketch the graph of y =3 Exl. indicating clearly the x and y-intercepts. 13]

(i) State the range of values of m for which the line y = mx +2 intersects y = |3~ 2| at two distinct

points. 2}

Given y=In(2x+1)+x" 4+ x, state the range of values of x for which y exists. Hence determine

whether y is an increasing or decreasing function. Show all your workings clearly. 1

(i) Findall the angles between 0 and 2 7 which satisfy the equation sin[zx %Jmax =cosx. [5]
(i) \Without using a calculator, find the exact value of sin 75° +cos15°. 4]
3
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9

11

The diagram shows an isosceles triangle ABC which the coordinates of point 4 and B are (-3, 2) and

(5.7) respectively. C is a point on the y-axis such that AC = CB. Find

¥
A
B(5,7)
C
A(-3,2)
0 .
=
(i) the coordinates of C,
2]
(if) the equation of the line which bisects angle ACB. r j
3

(i)  Given that sin” x+2cos’ x—4 can be expressed as a cos 2x + b, where g and b are constants,

Find the value of @ and of b. [4]

f_jl".\ Hence for the graph of y =sin’ x+2cos’® x4, state its

(a) amplitude, [1]
(b)  period, ) -
(¢)  greatest value of v, [1]
(d) least value of y. [1]

Given that sin x = . where 180° < x < 270°, find

Js
(i) cos(-x), 5]

(i) sin(x—45°), (3]

(iii) sin(2x).

(2]
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12 An experiment was carried out to study the growth of a certain bacteria. It is given the number of

bacteria present at 1 hours after the initial observation, is given by the equation P =250+ 420k

where k is a constant.
(i) Find the number of bacteria at the beginning of the experiment.

(i)  Find the value of k if the number of bacteria has doubled afler 5 h. 1

(iii)  Find the rate of change of the number of bacteria at 10 h. 2%

13 In a Design and Technology competition, students are tasked to design a gigantic pepﬂ. The criteria

are shown below:

Surface area of the pesfefl mustbe as §mall as possible
Volume of the pencil as large as/possibia
Mass of the pencil shoiltd-not exceed 100 g.

Xi Rui shows the cross-section of her design which consists of a hemisphere, a cylinder and a right

circular cone, all of their radius are » cm as shown below. She lets the length of the ~ylinder be h ¢cm

and the slant length of the cone be 3 cm. She uses wood that has a density df 31 g/cn? to make her
. g

gigantic pencil. = hem N
— - 3rcocm ¥

rcm

(i)  Show that the greatest volume of the gigantic pencil that Xi Rui can make, ls 607 em’. 12]

(ii)  Using the volume of the pencil in part (i), show & = ﬁ—? —% r(l + -Jri) A Bl
r
1as 2 Sk ' 1 3 ~ Iﬂ{].?r
(iii) Show the total surface area, 4 cm”, of the pencil is given by 4 = Em- (11 —44 2]+ =, [3]
F
(iv) Given r can vary, find the minimum value of 4 and its corresponding » value that Xi Rui used in
her design. [4]
End of Paper
5

Need a home tutor? Visit smiletutor.sg

321



Answers

2)
x:-dy“ M

v

y=-4x

y=x

3 x=2 3ii) x:L
16

Na>0, c>4

5) y=2tan3x-1
A

b
¥
¥
i
i
\\\“
i
I
'
i
i
o o e

e

p=>-1

6i) y=[3-2x
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dy _
e 2x+1

+2x+1

2

Since 2x+1x 0,
2x+1

101) a = =-21

2

J5 J10

11i) ——  11il) = ——

AT
E =670
12) k =0.191

2 540 bacteria’h
df

r=323cm
d4

13iv) e 335710

therefore A=175cm? is a minimum value,

dx

1
Bii) — /6
112

>0, — >0 therefore the y is an increasing function.

. I A :
10ii) amplitude ;:E period =7 or 180 greatest y=-2 least y=-3

4
11iii) -
5
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NCHS Prelim Examination (2) 2016

Additional Mathematics Paper 1 — Secondary 4 Express

Qn
No

Suggested Solutions

1

cosec2x +cot 2x = cot x
LHS =cosec?x +cot 2x
| cos 2x

4

sin2x sin2x
_ l+cos2x

sin2x
_1+2cos’ x—1

28in xcos x
_ 2cos’x

2sin xcos x
_cosx

sinx
=cotx

= RHS

X=-4y

\

y=-4x
¥y = —dx?®
X = —-4_}-"‘
x = —4(-4x?)?
x=—64x"

x+64x" =0

x(I+64x")y=0

64x’ = —|
g
64
1
X=—— orx=>0
4
——lnrx—{)
» a =
L . and (0,0)
3’ 4 4
MY»=X

L 4
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3] log, x=log, x+2

2
log, x
=l =y r+ 2
log, 2 ng_;
log, x=—log, x—2
2 3
2log, x=-2
2
log, x=-1
2
x=2

3 | n e

log, a
log, 16 =—log, x -
£ =15
X == & a
16 y=ax +bx+c—4
4 y=ax’ +bx+¢ \
4

ax’ +hx+tc>4 c- \
ax’ +bhx+c-4>0
a>0, e¢-4=0

¢ >4

v

e
=

yH2tan3x—1 /

i L]
i i
i 1
1 1
1 1
i ]
I i
i ]
] ]
[ [
L] ]
] 1]
[} [
1 H o
T ] Fo
Lamswer s o inaasicsiial E. T T
-1 m .
= "k
6! 2
] i
i i |
i i 1
[ [
¥ 1
L i
[ ]
] [
L] r
'. :
i W
: |
| :
p>-1
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6i

6ii

8i

8ii

m=

4
‘E{mci m__'_i
3
y=In{2x+1)+ x> +x
| 2x+1>0
X —-
o
s +2x+1
dev  2x+1
Since 2x+1>0, — -~::-D__E}ﬁ
2x+1 dx
therefore the y is an increasing function.
& T
sm{l’x -—chnsx = COS X
ccsx{s;in(zr— »?E)—Ijzﬂ
3
sin(Zx --g]—l or cosx =0
basic angle = i
a8 Fa
[ 0 3) » x=Z,
— 2% 1%
127 12

5in 75% + cos 15°
= sin(45 + 30) + cos(45 — 30)
=s5in45¢c0530 +s5in30cos 45 + cos 45cos 30

(D1

:%Jﬁ+-%ﬁ

+s5in 45sin 30

)
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9i

9ii

10i

10ii

11ii

u!("3}’2-+{2-y}’ = f5* "'(T'Jf'};
v=6.1 c(o, 6.1)

7-2

m,=—-
5413
5 B

- — m, ===

8 ) 5
8

r=—-—x+6.1

) 5

sin®x+2co8’ x—4=acos2x+b
RHS =sin® x +2cos’ x— 4

1 -cos2
— TS L osdx+1—4

=lm32x—21
2 2

a=-|- b=+2~l-
2 2

amplitide = ;
period =1 or 180

greatest y =-2
least y=-3

&‘1;

sin{x —45°) = sin xcos 45 —sin45cos x

(=2 V2 (V2 ) 1
-(Z]2)-(2)-%)
N2 2

J5 245
:_ém+1_‘6¢m
_Nio

10
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Hin

12i

12ii

12iii

13i

sin(2x) = 2sin xcos x

f[":%l-:%J

5

— 250 + 420eX!
P =250+ 420
=670

2(670) = 250 + 420e X

1{39]
(10)
:420{1 109}6(

5

2In

on3)
..42{![ Inmg]e 42
5 42
; 2
o (%)
42ﬂ[5}n ] 42

42
2
- oo L 108) (108)
5 42 42
= 539.55
= 540 bacteriath

sy

density =
volume

S _1%0
3xr ¥V
V=60x
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13ii

13iii

13iv

V= %m‘" ¥ m1h+%m2(2J§r)

60 = E-.w’ +mih+ z-ém-’
3 3
60 -2 3—£r*
he_ 3 3
,_60 2 sz
__2.—._’-...
r 3 3
60 2r —

A=2m" +2mh+ 7(r)(3r)
60 2

r‘_i -
1200 4

——ar
r 3 3

-4J§]+%
r

22

=2m’ +2m [ r}+3:'::|v-2

=5+

%NZ(II

I

1207

(i1 -442)-

I

L= PR S ]

1]

1 Eﬂar

wli1-42)-=
wll1-4v2)" = 1207

4 1 B0
i -a42)
r=32297
=3.23cm
2
ﬂ"ﬂ '2_ (1—4\I"_) 24‘)?:‘
3 r
=33.571=0

therefore A=175cm” is a minimum value,

= r_...rIN L-IJM %|& %f%

*#* End of Paper ***
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Name: Register Number: Class:

H &b W
NAN CHIAU HIGH SCHOOL
PRELIMINARY EXAMINATION (2) 2016

SECONDARY FOUR EXPRESS
ADDITIONAL MATHEMATICS 4047102
Paper 2 11 May 2016, Wednesday
i
2 hours
Additional Materials: Writing paper (8 sheets)

Graph Paper (1 sheet)

READ THESE INSTRUCTIONS FIRST

Wirite your name, class and index number 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 fiuid.

Answer all the gquestions.

Write your answers on the separate writing paper provided.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in case of
angles in degrees, unless a different level of accuracy is specified in the question.

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

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

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

Setter: Ms Renuka Ramakrishnan

This document consists of 7 printed pages including the coverpage.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+e=0,
r_—bi\a'rbz ~dac

2a
Binomial expansion
" b
(a+bd) =a"+ a""bﬂrq P L L P ++ b,
1 k2) rJ
\ ' o i e
where » is a positive integer and [HJ LS
v} (n—=ri¥! ¥
2. TRIGONOMETRY
ldentities
sin® A+cos” 4=1
sec” A=1+tan’ 4
covec” 4=1+cot® 4
sin(A+ B)=sin AcosB £cos Asin B
cos{A = B) = cosAcos B Fsin 4sin B
tan(4+ B) = tan4 rtan B
1FtanAdtanf
sin 24 = 2sin Acos A
cos2A4 =cos’ A-sin* 4=2cos’ A-1=1-2sin* 4 =
tan2d = Etan:{
| —tan 4
Formulae for AABC
a b e

sind sinB sinC
a’ =k +c —2bccosd

A= ibcﬁin A
2
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Answer all the questions,
1.  Find the range of values of m for which the line x +3y = m does not intersect
the curve x(x + ¥) = 6. f-‘“

2. The roots of the quadratic equation x' —4x+5=10 arc % a.rn:lg

(I} Find the valye of a* + 8°. 3]

(i) Find a quadratic equation whose roots are o and J1'. 31

3. The function [ is defined by f(x)=2x" —dx’ —2¢+4.
(i) Determine, with appropriate workings, whether (x + 2)and (x - 2)are
factors of f{x). [2]
(ii) Hence, by finding the roots of /{x) =0, solve the equation
16y — 165" —dp+4=0, [5]

4. A curve has the equation v = In[cus: :J . Show that the equation of the
normal at the point x=x iz y=or+hrsrin?, where a, hand ¢ are

constanis 1o be determined. 16]

5. (@ () Find, in ascending powers of ¥, the expansion of (2+ x)* as far as

the term in &', 2]
(i)  Hence, determine the cocfficient of o’ in the expansion of
{(24a="5")". 131
{b) In the expansion of [;?——3:-] , find
X
(i) the middle term [21
{if) the term independent of . (3]

g MHeed a home tutor? Visit smiletutor.sg
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(a) (i) Differentiate x’ In2x with respectto x. [1]

(i) Hence, find [ x*In2x dx. [4]
(b ; ;
(i) Express —"{.r VT as partial fractions. %
(iiy Hence, show that _Lz—l dx = L: In=+-—.
(x+3)e+D® 49 3 [4]

Do not use a calculator in this guestion.
431 XB:—J

a) Simplify ——.

(a) plify —=2 2]

(b)

The diagram shows a prism where the cross section is an isosceles triangle,
Given that 4B = AC, the length of BCis («.."'5 e ﬁ) cm, the length of CDis

(ZN'E + 2\5) em and the volume of the prism is 100em’, find

(i) the cross-sectional area of the prism, 3]
(ii) the perpendicular height of A4 from BC'. (4]
-4 - Need a home tutor? Visit smiletutor.sg
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10.

A curve has the equation y =

(i)
(i)
(i)

3-2x

42
Find the range of values of x for which y is defined. [1]
Calculate the gradient of the curve when x=1. 3]

Given that x is decreasing at a rate of 0.05 units per second, find the
rate of change of v when x=1. (2]

A rectangle of area, 4 m’, has sides of length x m and (Mx + N)m, where M

and N are constants.

Corresponding values of x and A are given in the table below.

x o | 20 30 40 50
A 4600 7400 8700 8000 5500
(i)  Using suitable values, draw, on graph paper, a straight line graph. 3]
(ii) Use your graph to estimate the value of M and N . 3]
(iii)) On the same diagram, draw the straight line representing the equation

A =x". Explain the significance of the value of x given by the point of

intersection of the two lines and state this value of x. [4]

The equation of a circle, T\, is x* + " —4x—2y-20=0.

(i)
(ii)
(iii)

Find the centre and the radius of the circle. A3]
Show that the point P(-2.4) is on the circle. [
Find the equation of the smallest circle, C, , passing through P and
having its centre on the line x+5y =2, [6]
- Need a home tutor? Visit smiletutor.sg
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11. In the diagram below, BC =7m, AB =15m and angle PAB =90°—¢°. L is the
perpendicular distance from C to AQ.

(i)
(ii)

(iif)
(iv)

a
P A
Show that L =asin @+ bcos @, where a, b are constants to be found. [3]

Express L in the form of Rsin(&+ a), where R >0 and « is an acute

angle. [3]
Find the maximum value of L and the corresponding value of 4. 2]
Given that L =12 m, find the value of #. [3]

Sifie
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12. Figure 1 and Figure 2 shows the graphs of f'(x) and f"(x) respectively.

)
M
(-1.53, 1.13)
- |
I "IJ. _l —
S f‘ 37 i
.?II 1 \ |r
|I Ill'lI |I
I|I II'. II
. ! f
| _E II'| lIII
! \
l(1.53,-13.2)
Figure 1
‘,f”.rx,j
M
L. o > X
-1,53 - 1.53
7w
Figure 2

Using the information from figure 1 and/or figure 2,
state the x-coordinates of all the stationary points of the graph y = f(x)
[4]

()
and determine the nature of the stationary points.
[2]

(ii) find the interval(s) for which f{x) is strictly decreasing.
(iii) find the interval(s) for which f'(x) is strictly increasing, [2]

- End of paper
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Answer Key:

Ql) -—12<m<12

Q2i) 24
Q3il) »=1-0505

256+ 1024x+1792x" +1792x" +...
673596y "

Q5ai)
Q5bi)

Q6ai) 3x7In2x+
| 1 1

B 3 ) 2

23.7 -9

1502 - 10043

3

Q7a)

Q7bi)

Q8i)

S
I
P | L2

Q8ii) %vﬁ

Q9ii) M = -8.75, N = 550
()9iii)The rectangle becomes a square. x = 56.5

()10i) Centre (2,1) and radius = 5 units

0Q111) L=Tcos#+15sind

Q11liii)Max value = 16.6m
f=65.0°

Q12i) Atx=-2, minimum point
At x = -], maximum point
At x =3, minimum point

Q12 ¥ <2

—lcx<3

Q1 2iii)
x>

Q2ii) *’ —32x+8000=0

QS5aii) -16128
Q5bii) 40095

- |
6aii) —x'In2x——x +c.
Qbaii) 3 5 .

Q7bii) % V6
Q8iii) 0.0385 units/sec

o~

34y 12V 128
10 ol — - — = —
Q m][le) *(}’ 13] 13

Q11ii) L=16.6c08(@+25.0°

Qlliv) #=21.4°

x=<—1.53
53
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Additional Mathematics — Secondary 4 Express

Nan Chiau High School

Prelim Examination (2) 2016

Marking Scheme (Paper 2)

'On | Suggested Solutions

1 X+3y=m
|
y=—-31--+ jlm——(l}

X(x+y)=—6--2)

Sub {1} into (2):

1 I :
(x——x+—m)=—6
{ S5ty )

|
—X +§m,x+6=ﬂ

3

Since there is no intersection,
diseri min ant < ()

m’ —144 < ()
(m+12Y{m—-12Y<0

2x"‘+mx+18-:ﬂ .......... e i O 4 M :

{m};‘ —4[2}“8}": ) e ———

H=12<m <12 -

@, . B_,

2t |55

HUSh _,.-/

aff=20 -

a’+ f*

=(ax+ A) —2ap

a,_i-ﬁ:__s .......................................... :-_;,

M1

= 8% -2(20) i

oS - ousamn oo @
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2ii

31

3

I.'Ij + ﬁ!

=(a+Ma’ —af+f7)

= 8(24 - 20)
=32 M1

EEEE—
a]ﬁi

- (ap) o
T T1 ) R — 4 M1 [

New equation:
xl =322 +B000 =0 e i Al

flx)y=2x" —4x> =2x+4
When x =-2,

fx)

=2(-2)’ ~4(-2)" -2(-2)+4

=-24
s (x+2)is not a factor of f(x). : B1

When x=12,

Sf(x)

=2(2) =42 =2(2)+4

=0

so(x—2)is not a facter of f(x). —— S 81

flx)=0
(x=2)2x° =) =0~ l M1: for long division or synthetic r\'urthﬂ1

——

f.t—2)[x+n{x-l} =0 e — M1
R 2‘—111 et g s et e et b Al

Let I=2_'|p-', ...................................... M1
16y —16y" —4y+4=0
229)' -4(2y)" -2(2y)+4=0

e .}'I = i1_ﬂ-5,ﬂ.5 ........ Al
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5ai

aii

:_; ‘“"[ﬂ ........ e o

- gradient of normal =2 s

M1

M1
" |

When x =,
1
r=ln—=-In2
. 2

.. equation of normal:
y+In2=2x—m)
y=2x-27—In2

[2+Jc]E

| 2)
=256 +1024x + 17922 +17927 +... —

A
=2*+ [SJE?J: + [E}E“xﬂ[ﬂf e

let x=a—5a°
(2+a-5a)"

s ]

=1792(a-5a*} +1792{a-5a* ) +.... —-
=1792(-10a)+1792(a* J .. —.

Rt |

=—16128a’ +...

. coefficient of a” =-16128 i
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|

[ Sbi |
(12 i 3 s ) —
"[ﬁ)‘”[ x*] &J
= 673596x"° Al

Sbii | 1

rl

- [If}(ﬁ”"*[-%]r
={52}_3},(I;4-5,] M1 |

”

For term independent of x:
24-6r=>0

6ai d
—x'In2x=3x" In2x+x* - i
X 1

2]

|

g
J_
!

aii _[3.1'1 In2x+x'de=x'In2x+¢c

31'.1-1 !n?xafxzlenh-l[xzdr—w : Mll

A 1
3]'1,:- gnmq!]ngx_ix!ﬂ, ----------------------------------------- — M1

j‘tl I"Ixﬁk‘déxlanx-—-éx} + Py s ¥ Al
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bi

1 A B C

(x+3)x+1)° =.x+3+x+l+|f.r+1}] _
= A(x+ 1) +Blx+1){x+3)+ Clx+3)

P

4
paci 1

4 M2
o

2 Rl

I | | |

T xaNaaD)  Wx+3) xrD) 2l

.......... _{.A—i]

6ii 2 1 ] ! I
—_— e —— — - dx
'L (x+3)(x+1) ~[’ 4x+3) 4{x+1) +2(x+1)1
[ 1 i presee—
= —Inix + 3 ——Mx+1) — e
| PR g IEEY 2x+1) |, | M2 |
1 1 1 1 | 1
=—I5-—In3-~-—In3+—Inl+~
Pe L i
1,5 1 TR
P | Gl e el i
3973 | L.
Ta
4.11-){31-#
274-:
— 2#.-.1 rag— 3= T+ a) — s M1
=2H:—|9 Al
7bi 100 7
W2+23 —,
_ 1000342 -243) —
(3¥2)" — (243)° T M
15072 — 10043
T - Al
. o]
5
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| Thii

8i

1

104

1011

:Mﬂﬁ_ﬁ]xg

h
3

_ 2015052 -1003)(+3 +2)
V3 -2)3+42)
_ 30046 + 600 — 600 - 2006
3

Al

10 %
3

Pl 1 5% 4
3I—2x>0

Bl

! , .

g 1s-ail, -l SR o
de 20 x7 42 (x* +2)° sl ]
dy 4 !
e b 1 Al
{ﬁ-r’I gvlr- _!
d__4 T
= = 3 (~0.05) - |
= qJ_x{ 0.05) M1 |

3 \
— """I”?”:T I.’Sﬂ': ................................. Al

45

Or = 0.0285 units/sec (3sf)

x 4y —dx-2y-20=0

(x=2y +{y=1)" =25

Centre (2,1) and radius = 5 units —

When x=-2,
(=2)" + y* —4(-2)-2y-20=0
yi=2y-8=0
(y=4y+2)=0
y=d4,y==2

.. P lies on the circle _J
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10iii

Ll ®
F=5 5

Gradient of line = ——

gradient of perpendicular line = 5

equation of line passing through P with m=5—

]

y=4=5x+2) [ M1 !
yv=>5x+14
,',5x+I4=-!-x+-% MI‘ |
5 5
. o j
131_} = - _fil_
Radius of C;
F 2
— [—2+-_3.£] &+ 4_E .......... X Ml |
13 13 | SR |
_ [z
Vi3
., equation of Cy;
2 2
34 12 128 T
X4+ — -+ . Lt o Ay -lnil
( 13] [‘F ISJ 13 JL
Q
B
7m :
& #rarees ?‘ """"""" W T]
E 90° — g°
P R A
cusﬂ=$,sin&=fg~ ............ M2
]

L L=CS5+ AR
L=Tcost +15sind
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1 1iii

1liv

12i

12ii

12iii

L =Tcosf +15sinf

R=J378 i

15
tana = —
7

[t

PV 1201 b A [_I'h;ll]

L_-' lﬁ&ﬂstg_'_zjng] ........................................ =

Max value = 16.6m «—oe

B1

& =65.0°

J274sin(@ + 25.017°) = 12
sin(@ + 25.017°) =0.72495
o = 46.464°

8 +25.017° = 46,464°

Al

&

|

9 =214° —

Stationarypoints:

w=-2,%=-1,x=13

At x =-1, maximum point

At x=-2, minimum paint }
At x = 3, minimum point

B1

E

x <=2 :I_
-lcx<3

B2

<—1.53 }
x>1.53

B2

=
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Hame: Reglster No.: Class:

CRESCENT GIRLS' SCHOOL
SECONDARY FOUR
PRELIMINARY EXAMINATION

ADDITIONAL MATHEMATICS 4047701
Paper 1 17 August 2016
2 hours
Additonal Materials  Anwwer Papar
Wark Shest

READ THESE INSTRUCTIONE FIRST

Write your name, register number and class in the spaces provided at the top of thie page and
on afl the work you hand in

Wiile in dark blus or biack pen.

You may use a soft pancll for any disgrams or graphs

Co not use paper clips, highlighter, glue or cormection fluld.

Answer all the guestions.

Write your answers on the separate Angwer Paper provided.

Give non-exact numerical answers cormec! fo 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a differant level of accuragy Is specified In the guestion
The ues of an alacironic calculaior is expected, whars appropriste.

You are reminded of the need for clesr presentation in your anawsrs

Al the end of the examination, fasten all your work and mark shesl securely logether.
The numbes of marks js given in brackets | | at the end of sach question or par gquastion
The total number of marks for this paper s 80.

This dooument consists of § printed pages and 1 blank page. [Tum Cver

" Creseent Girls' Sehool

3

i #E__Eﬁiif_ff

r- __. indicating the intercepts and the luming potnl

1 Find the mage of valises of ¢ for which the graph ¢ = 1° - 1x
the line y=x+1

+ cx + 3 lies entirely shove

3 Solve the equation sin2x=sinx for 0°<r < 360°,

1

4 The cuble polynominl f{x) has root =, ~3 and & , Given that the cocfficient of

'is6and f(x) has a remainder of —18 when divided by 1+ |, find the value of .
Hence, find the remainder when f{x) is divided by Zx—3,

Need a home tutor? Visit smiletutor.sg —

mﬁnuixmﬂnmﬂaw?_mﬁﬁna_nﬁg Au.m a__mT._ﬂEﬁ T +u__mmgn= Ruvun,?lw.

Given thit ZABC = 60", find the area of A4BCin the form a+bJ3 where o and b are
rational mumbers

Y

6  Solve the following simultaneous equations.

| u

x u._
¢ ._ (EF ]
(7)) xe=e v

7 Find, without using a calculstor, the exact value of 049" —@n34°

1+ tnn49% tan 34°

151

8 (») ltisknown that x mnd y sre related by the equation ax® + k' —120 =0, where
a and | are non-zero constants. Explain how the value of & and & may be obtsined
from a suitable straipht line graph. 131

(b} A straight line graph is EEEEEMEFE&EE«E

passes through the point (43, 1) and makes an angle of 60° with the line y = 1,
express ¢ in terms of 1 [4]

2016 Prelim 54 AMath P| : [Turmover
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L] Gitven thust '’ 4 =2mn’ B=1,
) show that cos’ 8= 2oos™ 4,
(i) Tind the exact value of o 8 given that 4 amd 5 me scute angles sueh tu
K
.A.._....mlﬂ.

(i Write down and simplify, in descending powers of x; the first three terms
3
in the expansion of ("=, where n > (L
x

(i) Hence find the valoe of n given that the coefficient of the thind term e 7 times
that of the second term

o |
fiii) Using the value of m found m (i), without expanding (' +-57°, show that
¥

there s no constant tern i the expansion.

3]

(3]

{31

12

31

11 An ohject moves in a stmight line, o that, / seconds after passing n fixed point £, its veloeity,

v s, in given by r=6r® = 277 + 9, Find
(i anexpression for the displacemen from O ol any timi e,

(i} the acceleration of the objsct when it cdmes 1o momentary rest the second time,
(i) the ol distance travelled in the first two seconds after passing through (0,
Oy = 5%+ 17

(23 -5Kx" +9)
(Hint: nse subititution method)

12 Iy Expresy in partial fractions

(i) Differentiote Iniz’ +9) with respect 1o x,

] O’ — {50427, .
(i) mﬂnih%&.saéﬁﬁs?ﬁanswzﬁa

et ind # iire mational numbers to be detormined.

Crescont Girty' Sehoal 2046 Prelim 54 AMath P1

{31
f4
21

4

1

(4]

13

o

0

—

S

=

Q

m

=

2]

Figure 1 Figure 2 Figure 3 W

—

Figure | shows u picee of card in the form of an equilateral triangde ABC of side 30 cm,

A kite shape is cut from essh comer of A4BC to give the shape as shown in Figare L ..n_uu.

The: remaining card shuwn in Figure 2 is folded along the dotted fines, 10 form the open £

trinngular box of heipht v ¢m. shovay in Figure 3 .m

(]

() Show that the volume, ¥ em’, of the triangular box is given by 3
¥ u%i:&hﬂx, 2]
(i) Given that x can vary, find the value of x when § has o sitionary value, [4]

¥
(iif) w___.uEE._ﬂ._:mEn-ﬁ.&ﬂﬁ.ﬁﬁnﬂlﬂniﬂrﬂ:ﬁe%nﬁn:rnigﬁuﬂ
box is 0 matimem oF minimum. 121
END OF PAFER
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Dce<B

ek |3

0°,60%.180°300° 360°

4
ol
2

5 u.___wulnﬂu

40—
2

" uuwrtua iullh.u‘u_

2
7 12-8

120
! 3

(8} ..x--m1+|pmi # ogainst ..inaﬂa&nurm-am.iﬁﬁn

120

k

(b} y=

10 | @) 2 +2m™ 4+ 20(n-1" +...

(i} &
a._E_u.HEEﬁ.wlmﬂ._m is nol & positive integer

I ) sa=20-11" +%

(i} 16.4 mis®

(iif) 14.0m

12 @ 3 - 1r
2x-5 149

ip m;w

13 | (i) Asshown

Crescent Girls' School 2016 Prelim 54 AMath P
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3

Nama: Repgistar Mo.: Class: ; _

() Find the quotient and remainder when 4x'— 12" + 7is divided by 2¢’ ~3r -2

() Let f{x)=dx’~ 125" + 74 (ax + 5), where o and b are constants. It is given tha

CRESCENT GIRLS' SCHOOL f{x) tn divinible by 2x" - 152
SECONDARY FOUR
(M S'wie the value of @ and of b,

PRELIMINARY EXAMINATION

(i) Deduce the roots of the equation /(2] =0.

ADDITIONAL MATHEMATICS 4047/02
EEHM Hﬂ.’.—_—g‘- gﬂ.ﬂ .H. a .-hlu— _ﬁ.ﬂ W —.Wﬂ . - 1 s
2 hours 30 minutes _mu”_”uvmwnnnu equation 1° ~4r+3=0, where o and & are positive
Muark Shast {n m_.ﬂﬂngr_..._m E._n.-.-.—._.ﬁ_-.ﬁ.-.h Ei._.htﬂ

READ THESE INSTRUCTIONS FIRST ()  Without finding the value of & and of 1, form a quadrmtic equation whose roots

Need a home tutor? Visit-smiletutor.sg -

we a'ff mnd —af’ |
Write your nama, register number and class in the spaces provided at the top of this page and
on all the work you hand in
Write in dark blus or bisck pen 3 Ax part of an experiment, a group of siudents sturted s rumour in their sthool and
You may use & soft penci for any disgrama or graphs. recorded down the number of students whe have heard ol the rumour afier every hour.
Do not use paper clips, highlighter, giue or coaction fuld There are 300 students in the school. After collesting their data, they propose that the
§ . 300
Answer all the questions. spread of the mimour can be modelled by th tion &= here & i
Write your answers an the separale Answer Paper provided bt ogele Tmen._,i e
Give non-axact numarical answers comect fo 3 significant figures, or 1 decimal place in the number of students who have heard of the rumour and £ is the number of hours afler the
case of angles in degreas, unless & differant lavel of socuracy is specified in the guestion. group of students staried the numour.,
The use of an electronic calculator is expacted, where appropriate.
You are reminded of the need for clear presentation in your answers. (w)  Find the number of students in the group who started the nmour [
Al the end of the exsmination, festen all your work and mark shest sacursly fogethear b i
The number of marks is glvan in brackets | | at the end of each question or part question () Fre b WL ko the sumans: 0 apsond to 200 stadonts 1]
Tha total numbes of marke for this paper is 100. (c) ﬂﬂﬁ#ﬁﬂn!i&.ﬁuzﬂgs-wqﬂaﬁg after 3 hours |2]
(d)  Explain whether the entire school population will hear about the rumour based on
the equation modelled by the students. 12]
This document consists of B prinled pages. [Turn Cver
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Croscent Giirls" School

Am

L/

I &5 S
L

ABCOE i5 the cross sectiond] wrea of & sywimming pool with a width of 15 m. AB, 8¢,
DE and AE gre 5m, 30 m, | m and 50 m respectively.

(i) Show that the volume of water I, when the swimming pool is filled with water 102
depth of A m, is given by ¥ = £§._Hdt

=

(i} Find the rte of change of the depth of water in the swimming pool when
h=35m, piven that the swimming pool iz filled with water at a mie of
0.3 m'fmin

(n) Saolve the eguution 247)1+3(%" }=36")

(b) Sobve the equation log, (4" +3x +51—log(x+ 1) = W

Jane researched online for the avernge monthly lempernture ol Pamdise lsland and
Toed that the coldest month on the Ieland is in fanugry with o temperature of -T°C and
the Bottest memth is in July with & lemperaiure af 45°C. She noticed that the oversge
msnthily temperature, T, can be modelled by the equation T=Adcos Be+C, where 4, #
arid 7 are constants and ¥ is the number of months afier January.

i) Hused on the above seenario, show that HHIH&EmWHim.

(i) Sketel the graph of Hujmmuﬁnﬂqu 19 far 0= x =12,

(i) Jape would like o visit Paadise Island only when the avemse monthly

tempetature fs sbove 25°%C, By showing your workings clearly, suppest the
manths in witich Jane shisulid visit the island,

2016 Trelim 54 AMah P2

% >.8
+
| m
o
im
r

31

13

{3l

131

131

13

14]

7

Crescent Girls” Sehool

§

The figure shows a right-angled trianghe ABC, Where the coordinmtes of A, # and € are
(1..2) (8, &) amdl (5, 8) respectively and <ACH = 90°

Y
C{5,.%)

H8 k)

A3

0

(i) Find the value of i

D s the point of intersectinn of the perpendicular hisector of AC with the y-axis,
i) Find the coordinates of £,

(i} Delermine whether the quadrilateral 48T is o trapezium, Justify your answer,
E(-5,=7)Is apaitit on 4 produced.

(iv)  Find the rmtio of the aret of AR 10 the area of A4RE.

2016 Prolim 54 AMu P2
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6

8 ABCDE is 2 tmperium with 4B parallel to DE I is given that AC =15 gm |
CEwiZem, LACE=WFand LACH =6, where & in an ncute angle measured iin

B o D

() Show that the perimeter, P, of ABCDE & glven by P=37+47cos+ 47siné
{ii) Express P inthe form 37+ Rein{é+a), where B > 0 and @ is an acute angle.
(iii} Determine the maximum value of / and the corresponding value of &

(iv) Jusiify with working, if it is possible for the perimeter of ABCDE = 70 em.

Crescent Girla' School 2016 Prelim 54 AMath P2

3]
(3]
3]
()

Need a home tutor? Visit smiletutor.sg

The diagram abave shows the curve with equation y=2in{x+5) snd the normal 1o the
curvest r=<|

() Show thal the equation of the normal 1 the curve ye2infe+5) ap x==1 i
y=—2r+4in2-2;

(i) Enn:ﬁﬁﬂummﬁugﬂﬁp:?ﬂﬁﬁgaﬁﬂgzﬁuﬂﬂh_n&nﬂhﬂn
8t x=—1 and the x axis, leaving your snswer to 2 decimal places. [6]
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i

Ay B and € are theee poims on the circumilbrence of a cirele. The fine AF bisects ZBAC
i infersects (he circle ABC ot F. D i the point of Interséction of A8 produced and CF
produced. & isa point on 4F produced such that DE is parnilel w 50

(i} Prove that [JE is a tangent w0 the circle possing through A, & and £, 13
(i) Provethal AEDF is dmilarto AE4D . [F:|
(iii) Provethaot ADEF issimilst o ALCF . [2]
() Using your result from (b) and (c), prove that DE® = EF> 4+ DF «CF, (3]

1 (i} Find the equistions of the two lines that are tangents to the cirele (s—2)7 4+ 37 = 5§
und pass through the point(—3, 0) (6]

(i) Find the cobrdinates of the inferscttion of the clecle with the tangent Hnex 13]

(i) State the mumber of Interseétions hetween the lne ,_TI.WT;E und the circle

(r—2) + " =5 Justify your answer without finding the intersections. 2]
END OF PAFPER
Crescent Girln™ Sehool 2016 Prelim $3 AMath P2

9

©

Answer Kev 3

mm rrom 1 e : j
1(n) | Quotlem: 2y-3 5
Remainder: -5yl 5
ibi) a=3 b=-1 [0)
(hii) J I s
=13 2 5
H) | ca-g=flas i -4ap 2
) | £ —pr-27=0 =
I{a) |5 studenti S
by 2.5 hours o 5
{e} 158 .Imm
A | 000042 Tmdmin =
5 (n) x==I or 0 o
L] =1 or 2 .”.m
i (b) r -
a8 b
z

=) May, June. July. August of Seplember
7 k=&
(] MO
(i) ABCD Fir nol u trapezium as it docs not have one pair of pamilel sides. __
(iv) ity
(D) | p =37+ 472 sin(p + 45%)
iy | Mesimum Vidue = 103 en; Comresponding value of £ =45
fiv) | Not posible
BN | 7.01
”_—_..:. r.IH.H.TM or b._ill_Nlm
T2 2° 2
{ii) (L. Zyor(l, -2}
(i} 2 intersections
Cresvent Giry" Sehool 2016 Prelim 54 AWl p2 | Turm aver



Page 3of 6

1
C
—
4 X 8
In the diagram, the right-angle triangle ABC is such that BC = 12 cm,
2
ZABC=" and AX == 4B.
6 3
27
Show that cos ZBXC = — . [4]
2 Solve the equation 6cosx = 4sec x — tanx for 0<x<5. [5]
3 Air leaks from a spherical balloon at a constant rate of 257 cm’ per second. Given
that the initial volume is 5000z cm’,
(i) calculate the radius of the balloon after 20 seconds, [3]
(ii) find the rate of change of radius at this instant. 2
: d’y ; . .
4 A curve is such that i 6x — 6. The gradient of the curve at the point (2, - 1) is 4.
(i) Show that y is an increasing function for all real values of x. [4]
(iiy  Find the equation of the curve. [2]
[Turn over...
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Page 4 of 6

5 Given the cubi¢ expression f (x)=x" + px” + gx + 4 has a factor (x +2) and leaves a
remainder of 6 when divided by {I + 1),
- [4]
(i) find the value of p and of g,
(i)  factorize f (x) completely. 2]
- 32 —3m!
6 (a)  Simplify the expression v = 3]
3 =3"
(h)  Solve the equation log, 8x =4log 2. 41
N
7 Given that the roots of the equation 2x* ~2x+5=0 are aand /1.
(i) Show that a@® + 87 = -4, 2}
(i)  Find the value of o' + 8°. [2]
(iii)  Find a quadratic equation whose roots are Ea_ and }—‘3 . [4]
: 22
?
8 The equation of the curve is given by y = 3cos3x—2 for 0 < i 5, 8
(i) Write down the amplitude and period of y. 2]
(ii) Find the coordinates of the maximum and minimum points for 0 < x < . 12]
(iii)  Calculate the values of x for which the curve cuts the x-axis. 12]
(iv)  Sketch the curve y=3cos3x-2 for 0<x < 12]
(v)  Mtate the range of values of x for which y is decreasing between 0 and 7 | 1=

Need a home tutor? Visit smlléfh'tﬁr‘.'s‘d*
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Page 50of B

9 A solid spherical ball is dropped into a cone of height Jrem and radius r cm.

Acm
Given that the radius of the spherical ball is 5 cm,
5 i 25747 i
(i) show that the volume of the cone, Vis given by V' = i{h ~10)° [3]
(ii) Given that h can vary, [ind the value of # for which " has a stationary
value. [3]
(iii)  Calculate this stationary value of ¥ and determine if the volume is a
maximum or minimum value. [3]
dymeRge 5 o
10 (i) Express R % +z r e in partial fractions. [5]
(2x-1)(x2 +2)
(i)  Differentate In (xz + 2) with respect to x. (]
(- S e | 7 2 dx — 2
(iii)  Hence evaluate .[ i aibaseSisto (4]
v - +2)

[Turm over. ..
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Page 6 of 6
11 The table show experimental values of two variables x and y,

E‘#-? T 6 [ 10
¥ | 324 | 579 9 1705 | 3843

Jr_

X

Itis known that x and v are related by the equation g =a+x —1 forx > 0 where

aand b are constans,
(i) Using a scale of 1 ¢m to 2 units on the horizontal axis and 2 cm to 5 units

on the vertical axis, draw a straight line graph of x + y against x Jx. [3]

(i) Use your graph to estimate. 10 2 decimal places, the valuc of aand of b . [4]

i) O i sl ;
(iii) n the Sami_ diagram, draw a straight line representing the equation
Y+x+2xdx =36

Hence find the value of x that satisfies the equation (a+2)xx = 36— [3]

~ End of Paper —
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C
12cm
x
B! 8
A X b
In the diagram, the right-angle triangle ABC is such that BC =12 cm,
i
£4BC=" and AX =Z AB.
6 3
Show that cos ZBX(C = —% ’ [4]
[soln] cos ZBXC = —cos ZAXC
sin % = 20 = AC=06
AB=4144-36 =108 =63
AX :4\,’"5
CX =+/36 +48 =+/84 =221
¢os £BAC =—cos AAXC:—ﬂ = ek =—£
2321 V77
2 Solve the equation 6cosx =4secx—tanx for 0 <x <35, [5]
[soln] bcosx = —tan x

Cos X
6ecos’ x=4 —sinx
61 - sin® x)=4 - sinx
6sin x —sinx—2=0
(3sinx —2)(2sinx+1)=0

5
Sinx =— or sinx=-
3 2
Basic angle = 0.7297 Rasic angle = 0.3236
x=10.730,2.41 ¥=2.62,576(NA)
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- I Y
3 Air leaks from a spherical balloon at a constant rate of 257 em’ per second. Given
s : i
that the initial volume is 50007 em’,

(i) caleulate the radius of the balloon after 20 scconds, [3]
(1) find the rate of change of radius at this instant. 12]
[soln] ax - 257
ot
After 20s, volume = 5000 =257 = 20 =45007
%Jr pd = 45000
P 3375
r=15
dv _dv  dr .
dr dr dy
5 df‘
=B =4rrt
Fel]
el 23 25
== - i
et 4% 225 900 36

i d'y X
4 A curve is such that tix_1 =6x—6. The gradient of the curve at the point (2, — 1) is 4.

(i) Show that y is an increasing function for all real values of x, (4]
(i)  Find the equation of the curve. [2]
-3 ]
[soln] 2 S
dx”
ﬂ =3x" —6x+r
dr
At (2,-1), 4
dx
12-124¢=4
c=4
ui'.
D34 6x+4
dx
rf__:lr' = 3(,1‘2 - .'?._r)+ 4
dx
dy 2
=23 I',-.l' = I} ¢
olx
For all values of ay 0,y s increasing
woall values o X, ”f_-l = U, VI51ncrea HI.}_.,Need a home tutor? Visit smiletutor.Sg
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y=x'-3x* +4x+d

8—12+8+4d=-1
d=-5

y=x" —3x* +4x-5

5 Given the cubic expression f (x)=x" + px® + gx +4 has a factor (x +2) and leaves a
remainder of 6 when divided by (x +1),
(i)  find the value of p and of ¢, [4]
(i)  factorize f (x) completely. [2]
[=oln] -8+4p-2¢+4=0
2p-q=2
~l+p—-g+4=06
p-q=
p==1,9=-4
i (J:']=x'1 —xl—4x+4
£ ()= (x+2)(x* -3x+2)
f(x)=(x+2)(x-2)(x-1)
3rr—2 _ 3P:+[
6 (a)  Simplify the expression 3 3T [3]
(b) Solve the equation  log, 8x =4log, 2. [4]
[soln]
1
3" --3
( J 37 2 _3-".Ir|. [9 ] 1
B -2 n-1 = f =, E
33 SHLQ_?] :
3
(b) log,8x=4log, 2
4log, 2
log, 8+ log, x = b
log, x
Need a home tutor? Visit smiletutor.sg
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3+!ﬂ’g:.‘r:
log, x

Let y=log, x ¥ +3y-4=0
(v+4)(y-1)=0

log, x=—4 or log, x=1

1
X=— or x=2

16
? T
Given that the roots of the equation 2x* — 2+ + 5=0are candff.
(i) Show that @® + g% = _4. (2]
(i) Find the value of ¢’ + Jii [2] .
(i) Find a quadratic equation whose roots are —~— and B i
28" 2a° ol
[S(‘Ilﬂj o+ ﬂ =] and aﬁ = .f_.
2
@’ + % =(a+ p) -2ap G O T
2
() =a’ +3a2f+ 305" +f}
a +f =(a+p) -3af («+ p)
@’ +_J'3] :I'—_?>-~'£'—--E
2 2 )

a +_;3g_=a-"+,33:[ 13]_25 13
26° 2¢*  2(ap) '
a f 1 1

_.x = = —
267 2a’ dafi 1D

-

Quadratic equation is 4+ léx + ]— =0o0r 50x% + 26v+ 5=0

10
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8 The equation of the curve is given by y=3cos3x-2 for 0<x<nrx.
() Write down the amplitude and period of y. (2]
(ii) Find the coordinates of the maximum and minimum points for 0<x<x. 2]
(iii)  Calculate the values of x for which the curve cuts the x-axis. [2]
(iv)  Sketch the curve y=3cos3x—2 for 0<x<x. 2]
(v)  State the range of values of x for which y is decreasing between 0 and 7. (2]
[soln] amplitude = 3, period = “

Minimum point is E . 5] and Maximum point is (33—” |]

a.':u:us_“urzE
3
Basic angle = 0.841
3x=0.841,54421,7.124
x=0.280,1.81,2.37

v is decreasing for O <x -::% and ETE <x<m
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9 A solid spherical ball is dropped into a cone of height i cm and radius r cm.

Given that the radius of the spherical ball is 5 cm,

(i) show that the volume of the cone, I'is given by ¥V =

(ii) Given that & can vary, find the value of & for which I has a stationary

valuc.

(iii)  Calculate this stationary value of ¥ and determine if the volume is a
maximum or minimum value,

[soln]

Methodist Garls” Schoal

r _ 5
3 =
Ve o+ h-5

Pl 25

R +r*  h* —10h+25

PR =10rTh+ 2577 = 25K° + 251

2 2h' 25k
B 10k h-10
1 2 237 h°
V==rhx Sh o

37010 3(h-10)

dv 25z [(h-10)x2h- i’
dh 3 (% -lu)"

hem
"‘"H.
35’?."’.1_ [3]
3(h—10) '
[3]
[3]
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f_fE_ES_!r|:h1 -20#]

dh 3 | (h-10)
For stationary value,
dv
—=0 =h=20
dh
y = 2272x400 10007 _ 647 30 (minimum volume)
ix10 3
<20 20 =20
negative 0 positive

|

10 i Es in partial fractions.
® T T+ 2) g

(i)  Differentiate In [x? +2) with respect tox. (1]

2 4t +T7xt +4x-2

I u{zx ~1) {x: +2) 2

(i) Hence evaluate J'

4x3+?x1+4x—2_ 9x” —4x+2

=2+ -
L 2x-1)(x* +2) (2x-1)(x* +2)
9% —dx+2 A B+ C

R = fri—
{21‘—1]{):14—23 2x-1 x7+2

9x% —ax+2=Ax? +2)+ (Bx+C)(2x-1)

1 9 g

Uost x 2 1 2
Coeflicient of x°: B=4
Constant term; =0

9" -4x+2 _ 1 . 4%
2x-1){x* +2) 2x-1 £ +2

Need a home tutor? Visit smiletutor.sg
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o ] 4x

2 3 2 :

4xt +7x" +4x-2 LIPS . Y-
o= Sk —dx= 2+ T 7 [t
I’ [21—1]]x2+3i Ji 2x-1 x"+2

oo I :
=[Ex+-]2-1n(2x-l}+lln(x*+2)J :-_4+-2-In3+21n5]—{2+?In1+2in3}

1 4

2
=2-=In3+2Inb
2

=3.94
11 The table show experimental values of two variables x and y.
X 2 | 3 4 6 10
y | 324 [ 579 9 17.05 38.43
: e ‘
It is known that x and y are related by the equation - —a+x -1 forx >0 where
X
a and b are constants,
(i) Using a scale of 1 ¢m 1o 2 units on the horizontal axis and 2 cm to 5 units
on the vertical axis, draw a straight line graph of x + y against xvx. [3]

(ii) UUse vour graph 1o estimate, to 2 decimal places, the value ofaandofb . [4]

(iii)  On the same diagram, draw a straight line representing the equation
}'+x+2‘1{\'|';=:‘ﬁ.

Hence find the value of x that satisfies the equation (a+2)x Jx=36-b. [3]
-b
|soln] 4 =a~vx-1
X
y—b=uax Jx-x
X+ y=ax Jx+b
(i | 283 | 3520 8 1470 | 3162 |
x+y| 524 | 879 13 | 2305 | 4843 |
a=1.5 and h =091
axyx+ Ixyx=36-5
dxvx+h=- 2xy/x +36 (gradient = 2, intereept — 30)
Fud of Paper
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1. (a) (i) Sketchthe graph of the curve y* = kx, where k is a positive constant, [1]
(if) Given that the line y = 2x+1 meets the curve y? = kx , find the range

of values of k& [4]

(b) Determine the conditions for p and g such that the curve y = px® — 2x + 3¢ lies

entirely above the x-axis, where p and ¢ are constants. [3]

2. (i) Sketch the curve y =2In (x-3) forx >3, [2]
(i)  The tangent to the curve y =2In (x—3) at the point 2 where x = 5 intersects

the x-axis at 4 and the normal to the curve at P intersects the x-axis at .

Calculate the area of A4PE. [5]

3.  (a) Write down and simplify the first three terms in the expansion of (2-3x)", in ascending
powers of x. 2]
(b) Hence
(i) using a suitable value of x, find the estimated value of (1.997)°, correct to 3
decimal places. 2]

(ii) determine the coefficient of x* in the expansion of (2—3x)" — (2-3x)*. [3]

24Cosx ..

4. A curve has the equation y= f(x), where f(x)= for-m<x<nr.

SinXx

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

(ii) Find the exact value of the x-coordinates of the stationary points of the curve,

and determine the nature of each stationary point. 6]
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5. (a) (i) Showthay SETB0X oo (3]
colx + lanx
‘. . colx—
(i) Hence solve the equation —— BNX _ cosx for 0° < x<360°. [3]
cotx +tan x

(b)  Without using a calculator, express sin 15°in the form %{J_ ~/b), where a, b

and k are integers. [3]

6. () Sketch the graph of y=1-|x~3. 3]

Alime y = mx +1is drawn on the same axes with the graphy =1-|x-13|.

(1) In the case where m = 2, find the coordinates of the point of intersection of

the line and the graph of y=1-|x- 3. [2]
(iii) Determine the set of values of m for which the line does not intersect the graph
of y=1-|x-3|. (2]
7.
A B C
D
(0]
E C
F
In the diagram, BF and DE are the diameters of the circle with centre O,
The tangent at B meets £D produced at C. Prove that
(i) BE=DF [3]
(i) DFxBC=RDxCE 3]
(iii) ZBCE + 22CBD = 90", 12]
Need a home tutor? Visit smiletutor.sg
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The equation of a circle Cyis x* + p° —4x—8y+4=0.
(a) Find the coordinates of the centre and the radius of the circle. [3]

(b) The highest point on the circle is 4.
State the coordinates of 4. (1]

(¢) Another circle, C5 touches C; at the point 4. Given that both circles do not overlap

and the arca of C; is four times that of the arca of C;. find the equation of C in the
form of x* + y* + 2gx + 2 fr + ¢ = 00, stating the value of /. g and ¢. [4]

Solutions to this question by accurate drawing will not be accepted.

Va
"4{‘]1 ?]
D
B(5, 1)
X
gl agf
C

E(-4.-2)
The diagram. not to scale. shows a parallelogram, ABCD. ADE and BE are straight lines.
D divides AE such that AD : DE is in the ratio 1 : 2,
A, B and E have coordinates (~1,7), (5. 1)and (—4,-2 ) respectively.

(a) (i) Find the equation of the perpendicular bisector of A8 and show that it
passes through E. (3]

(i) Hence deduce the geometrical property of triangle ABE. (1]
(b) Find the coordinates of 1. 2]

(¢) Find the area of the parallelogram ABCD. [2]
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10. A particle starts from rest at 5 m from a fixed point €) and moves in a straight line
with a velocity, v = 121 - 3¢ m/s where ¢ is the time in seconds after leaving from
the initial rest position.

(i) Calculate the acceleration when the particle is instantaneously at rest. [3]
(ii) Calculate the maximum velocity. [2]
(i)  Express the displacement, s, from point (2 in terms of 1. [1]
(iv)  Find the average speed of the particle during the first five seconds. [3]
11.
A

B [
The diagram shows a trapezium field 4BCD. The point X lies on the side BC such that
AX =21 m. DX=20m, LAXD = ZABX = ZDCX =90° and £BAX = 9.

(i) Show that the length of fencing required for the perimeter of the field, /, m,
can be expressed in the form of p+ gsin@ + reos@, where p, ¢ and r are

constants to be determined. [3]

(ii) Express L in the form p+ Rcos(@ —a), where R > 0 and u is an acute angle. Q
[2]
(ii)  State the maximum value of L and the corresponding value of 0. [2]
(iv)  Given that the fencing used is 80 m, find the value(s) of . [3]
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12. (a) (i) Giventhat y=xe™™, x>0, show that % =(1-2x)e **. [1]
i

(ii)  THence, find Ixe el [3]

(b) The diagram, which is not drawn to scale, shows part of the curve y = xe “

A line drawn from the origin meets the curve at the maximum point .

(i) Find the coordinates of P. [3]

(i)  Calculate the area of the region bounded by the curve and the line OP.  [4)

== END OF PAPER —-
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1. (a) (i) Sketch the graph of the curve y? = kx, where k is a positive constant. [1]
(i)) Given thatthe line y = 2x +1 mects the curve v* = kx , find the range

of values of k. [4]

(b) Determine the conditions for p and ¢ such that the curve y = px’ —2x+3q lies

entirely above the x-axis, where p and ¢ are constants. [3]
y
(a)(1) Vo kx
> x
0
(D1
BN F=20Hlescrmerser f1)
e csaaaiic (B

(1) in (2): (2x+1) = kx
A’ +(4-k)x+1=0 [AL]

For line meets the curve, D = 0.
(4-k) —4H(NH=z0 [ M1

16-8k+k*=1620
k(k—8)=0 [M1AI]
S k<O(NA) or k=28

(b)  Curve lies entirely above line, D < 0 and p = 0.
(-2)' —4p(3q) <0

4-12pg <0 [M1]
g = l
3
sp=0 and pg = % |A2]
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. (i) Sketch the curve y=2In (x—3) forx>3. 12}
(i)  The tangent 1o the curve y = 2In (x—3) at the point P where x = 5 intersects

the x-axis at 4 and the normal to the curve at P intersects the x-axis at fi,

Calculate the area of AAPB. (5]
y=2In{x-3)
(1) Asvmptote: x=3 ¥ A |
x-intercept : ~ 2In{x-3)=0 '
x-3=1 / |D1 : shape|
x=4 | / [D1 : Asymptote, x-int|
0 3|4 v
IIrlII “
|
G -2 A1)
When x = 5, gradient of tangentat P= 1
Whenx =35, y=2In2
P(1.2in2)
Equation of tangentat P : y — 2In2=x-5§
Ly=x=5+2In2
At x-axis . y=0: x=5-2In2
~AG-2In2, 0) |AT]
Gradient of normal at P = -1 [N \
Equation of normal at P : y — 2In2 =-1(x—3)
Ly=—x+5+2In2
At x-axis,y=0: x=5+2In2
- B(5+2In2, 0) [A1]

soArea of AAPB = —12{5+2|n2—5+2|n2}12]n2}

= 1.92 units* [AT]
Need a home tutor? Visit smiletutor.sg .
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(a) Write down and simplify the first three terms in the expansion of (2—3x)°, in ascending

powers of x. [2]
(b) Hence
(i)  using a suitable value of x, find the estimated value of (1.997)°, correct to 3
decimal places. [2]

(i) determine the coefficient of x* in the expansion of (2-3x)" — (2~ ax)®. [3]

(2-3x)*=2"+ [{;}2’{—3x‘j - [2]?“{—33:}2 +...

= 64— 576x + 2160x" — ... (up to 1™ 3 terms)[MIAI1]

(b)(i) Put 2-3x=1.997

x=0.001 [M1]
(1.997)" = 64 — 576(0.001) + 2160(0.001)" + .....
=63.42616 = 63.426 (correct to 3dp) | A1)

(b)(ii) (2-3x) - (2-3x)"= (2-3x)°[2-3x-1]

= (1-3x)(2-3x)° [M1]

= (1-3x)(64—-576x +2160x" —....)

Coefficient of x* = 1(2160) -3(-576) = 3888 IMIAT1]
' . 2
4. A curve has the equation y = f(x), where f(x)= —ﬂﬁar -TEx<mw.
5nx
(i) Obtain an expression for f'(x). [2]
(i) Find the exact value of the x-coordinates of the stationary points of the curve,
and determine the nature of each stationary point. [6]
) . sin x(—sin x) — (2 +cos x)(cos x)
(i) [(x)= 3 IM1]
sin” x
_ —sin’ x-2cosx— cos’ x
sin’ x [A1]
ety
sin’ x
(ii) For stationary points, f'(x)= 0.
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=1-Zo08%
sinx
—1=-2cosx =0 [(MI]
1
COSX =—=—
2
2 3
x=—;~r— or :r+-“3£—2n:
2 r
'_x:— e
- or % [A2]
x | -2.1] A 2 2 2.1
3 E3
[M1]

S{x)y |+ve |0 -ve e |0 +ye

Tangent /—-— N N |/ ] ‘

2 2
Ce__2® . . ’ 2r . =iy i
Sx= 3 15 a maximum point and x =T 15 aminimum point.  |A2]

Alternate Mud :

170 = sin® x(2sin x) - {—I‘—qz cos x)(2sin xcos x)
sin? x

a 3
_ 2(sin” x + cos x + 2cos’ x)

sin’ x

o 2
I [— 5 -231<0=>max point

2 .
I 5 =231>0=min poim

|
. " \fici .
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5. (a) (i) Show that CoLx X s [3]

colx+tanx

.. cotx—tanx
(ii) Hence solve the equation —
cotx +tan x

= —cosx for 0°<x<360°. [3]

(b) Without using a calculator, express sin 157in the form l—{v‘g b ), where a, b

and k are integers. [3]

cosx  sinx
" cotx— .
(a)(i) LHS : cotx—tanx _ sinx cosx [M1]
colx+tanxy COSX + sinx
sinx CoOsx

e [Al]
Cos8” x4+81n X
= cos2x = RHS |A1]
g cotx—tanx
(ii) —— =CO5 X
col x +tan x
cos2x =cosx
2¢cos’ x—cosx—1=0 [M1]
(2cosx+1)cosx—1)=0
1
cosx=—— or cosx=1
2
x=120°, 240° [A2]
(b) sin15" =sin(45°-30°) Alt Mtd : sin 15" = sin(60° - 45°)
=sin 45%cos 30° —sin 30°cos 45° [M1]
_J2(V3) V2(1
= —| — |=-—| |AT]
2 1.2 2 \2
V642
T b
Need a h ?
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6. (i) Sketch the graphof y=1-lx=3. (3]
: A
Aline y = mx + | is drawn on the same axes with the graph y =1-/x -3

(i) In the case where m = 2. find the coordinates of the point of intersection of
the line and the graph of v =1-|x~ 3. 2

(iii) Determine the set of values of m for which the line does not intersect the graph
2
of y=1-jx-3|. 2]

&

(i) y-int:Putx=0:y=-2

(3,1) D1 : Correct shape
x-int ; 1—|x—3|-_—n

x=4orx=2 D1 :intercepts

;s - X
/2 \ D1 : max pt

Max pt =(3, 1)

.‘ITL‘.!

(i)  2x+1=1-|x-3
|:r—3|=—2x
x-3=-2x or x-3=2x [M1]

x=1(NA) or x=-3
Whenx =-3,y=-3
Pt of intersection is (-3, -3) |AT]

@iii)  For line not to intersect graph of y =1-|x~ 3|, line must be parallel to the left arm.

i = 1-(-2)
Gradient of left arm = -0 =1
Set of valuesof m: O<m=1 |B2]
Need a home tutor? Visit smiletutor.sg
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F

In the diagram. BF and DE arc the diameters of the circle with centre (),

The tangent at B meets ED produced at C. Prove that

(i) BE=DF (3]
¢ (ii) DFxBC=BDxCE [3]
12]

(iii) £BCE +2£CBD=90"

(i) /BED=2ZDFB (Angles in the same segment)
ZDBE = ZBDF =90° (right angle in a semi-circle)

DE = BF (diameter) [M1]
= ABDE = ADBF (AAS) [M1]
. BE=DF [Al]
Alt Mied : Show ABOE = ADOF
(i) 2 DBC = ZBEC (Alternate segment theorem)
ZDCB = ZBCE (Common angle)
 ABEC is similar to ADBC (A4 Similarity Test) [MI1AL]
BE _EC
DB BC
BEx BC=ECx DB (RN
s DFE=BC=BDxCE
(iii) SBCE + ZBEC +90°+ ZCRD = 1807 [MI]
ZBCE 4 220K = 180° =907
L ZBCE+ 208D =907 | AL
Methodist Girls' School Addimonal Matnemutmﬁ eed a home t%?(gr‘}? V@iﬁ?ﬁ'{é tliﬁg?“”dmn 2016
! .Sg

380




Page 10 0f 7
8. The equation of a circle Cyis x”™ + y* —dx -8y +4=0.
(a) Find the coordinates of the centre and the radius of the circle. [3]

(b) The highest point on the circle is 4.
State the coordinates of 4. (1]

(¢) Another circle, Cs touches C at the point A. Given that both circles do not overlap
and the arca of (; is four times that of the area of €, find the equation of C in the

formof x* + 37 4 20x+ 2 40 =0, stating the value of /, g and ¢. (4]

(a) Ciox® +}':—4x—E)'+4=ﬂ_

i 2 2 2
f—4x+[_12‘-] +y1—ﬁl1,-+[—§J =4+[_3J +[_§] M1
(x—2)" +(y—4) =16
Centre = (2, 4) and radius = 4 units [AZ] ')
(b)  x-coordinate of 4 =2 (radjus L tangent) ‘
LA=(2,4+4)=(2, 8) [AT]
(c) Radiusof (5= §
Centre of C; = (2, 848) = (2. 16) .
Equation of Cz: (x~2)" +(y-16)" = §* [M1]
X -Ax+4+ 9" -32p+256=0
X+ —4x 32y 4+196=0 [AL]
2g=-4, 2f=-32andc=-196
Lg=-2 f=16, c=196 [AT]
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9, Solutions to this question by accurate drawing will not be accepted.

Va

A(-1,7

B(5.1)

S -
ZY

C

E (-4,-2)

The diagram, not to scale, shows a parallelogram, ABCL. ADE and BE are straight lines.
D divides AE such that AD : DE is in the ratio 1 : 2.
A. B and E have coordinates (—1, 7 ).(5.1)and (-4,-2 ) respectively.

(a) (i) Find the equation of the perpendicular bisector of AR and show that it

passes through E. [3]
(ii) Hence deduce the geometrical property of triangle ABE. [1]
(b) Find the coordinates of D. 2]
(¢) Find the arca of the parallelogram ABCD. 2]
p Fe=
(a)(i) Gradientof AB= —I"E =-1
Gradient of perpendicular bisector of AB =1
Mid—pﬂimufﬁﬂ=[_1;5. %—l}-{l 4) |A1)
Equation of perpendicular bisector of AB: y - 4=x-2
Ly=Xt2 [Al]
Whenx=-4, y=-4+2=-1
~. perpendicular bisector of AB passes through E. (Shown) [M1]
(ii) AABE is an isosceles triangle. [A1])
ol [, Gt
b AD=—-AE =
w w-1a-(])
D=(-1-1,7-3)=(-2 4) [M1AL]
1-1 =2 5 -1 5
¢ Area of AABD = — = 12 units* .
(e) 2‘? 4 ?‘ units M|
Area of parallelogram ABCD =12 x 2 =24 units? [A1]
e o Need a home tutor? Visit smiletutor.sg
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10. A particle starts from rest at 5 m from a fixed point O and moves in a straight line

with a velocity, v = 12r — 3¢ m/s where / is the time in seconds after leaving from
the initial rest position,

(i) Caleulate the acceleration when the particle is instantaneously at rest. 13
(i)  Calculate the maximum velocity, (2]
(iii)  Express the displacement. s, from point O in terms of 1. [1]
(iv)  Find the average speed of the particle during the first five seconds, [3]
. dv
M a=Z-n-u [A1]
dt

When particle is Instantaneously at rest, v = 0

12r-3F =90 '

M4—ry=0 ﬂ

r=0(NA) ort=4 [M1]

Acceleration =12 - 6(4) = -12 m/s%. [A1]
(ii) For max or min velocity, a =0

12-6t=0

r=2 [M1)

d*v .

P -6 <0 = max velocity

2

Max velocity = 12(2) -3(4) = 12 m/s |AT]

(i)  S=1(120=3)ar
= 6t =1’ + C where Cisan arbitrary constant.

Substf=0,5s=5:C =35,

Los=60 = 45 [A1]
(iv) Whenr=0.5=5m

Whenr=4,5=3Tm

Whenr=5,5=30m [AL]

Total distance = (37 - 5)+ (37 - N =39m [ M1

;)
Average speed = —3 =78 m/x |A1]
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11. A

.

B X
The diagram shows a trapezium field ABCD. The point X lies on the side BC such that
AY =21 m, DX=20m, ZAXD = ZABX = £DCX =90° and ZBAX =80.

(i) Show that the length of fencing required for the perimeter of the field, L m,
can be expressed in the form of p +gsiné + rcos ¢}, where p. g and r are

constants to be determined. [3]

(ii) Express L in the form p+ Rcos(f —a), where R > 0 and a is an acute angle.

[2]
(iii)  State the maximum value of L and the corresponding value of #. [2]

(iv)  Given that the fencing used is 80 m, find the value(s) of &. [3]

G)  AD=+21" +20" =29m
::im':'a'sﬁ
21
BY =21sinf
cmsf?:fﬁ
21

AB=2lcosd

LZDXC =86
20
DC =20sin @ [MIAT1]

AT
cost) = 4
20

sinfl =

X =20cosd
L=AR+ BC+CD+ AD

=2lcosf 4+ 21sinf! + 20cosf)+ 20sin ) + 29
SlL=4lcost+ dlsindh+ 29 [BY)

Methodist Girls' School Addihonal MalhErnalmsNeed a homefiéﬁq?‘r\éiﬁnnﬁml?Q‘ﬂﬂnrﬁﬂmn 2016
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(ii) Let 41cos@ + 41sinf = Reos(f - &)
417 4412 = A 3362
lang =1
_— [MIAI]

S L=29+ 43362 cos(f - 45%)

(i) Max value of . = 294 3362 = 87.0m
cos(f - 45°) =

f-45°=(
56 =450

[AT]

A1)

{iv) 29 + /3362 cos(@ - 45%) =80

g |
cos(f —45°) =
V3362
G-45°=284°331 Ho(NA)-28.4° [MI1A2) n
S H=T734°16.6°
Need a home tutor? Visit smiletutor.sg
Methodist Girlis' School

Addiional Mathematics Sec 4 Preliminary Examination 2016

385




Page 150f 7
v gy
12.  (a) (i) Given that y = xe™", x> 0, show that zﬁ =(1-2x)e™". [1]

(ii)  Hence. find [ ye M dx . [3]

(h)  The diagram, which is not drawn to scale, shows part of the curve y=xe™"

. H = ¥
A line drawn from the origin meets the curve at the maximum point P,

-y

(i)  Calculate the area of the region bounded by the curve and the line OF.  [4]

(a)(i) y=xe™
':£ = Iz -1x
- = (M1]
=(1-2x)e™™

(ii) fe P dy—2ixe Mdx =[xe™"] [M1]

g Fo o L e
fxe dr=—le Vdv——xe”
2 2

1 : [M1AL]
-+-.|xf:' hl‘.i'f= = ax i i +[-'w
4 2
; y . . dy
{h)(i) For stationary pomts, —=10
ol
(1-2x)e ** =0
|- 2x =10 [MIAT]
|
=
2
Methodist Girls' School Additional Mathematics Need a homedutor?.Visit smilgtutor.sg, . 2016
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¢ T
1
3
_-__‘F r
9% ATl
| ?
(i)  Required dses= fxe'J’ch;—lLl][L] [MI]
o 2020 2¢e
]
1o 1o 1
a| Lt _Lgem® 1 M
[ 4 2 ]ﬂ 8e IMA]
I TR
sl dga Ao pdy 1 M
{ 3 4'?] "3 5% M
_-5 _1 1 - ]
=_—g" 4 3 or 0,480 units® (3sf)  [Al]
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

e —bi\/b2 —4ac

2a

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

Binomial expansion

(a+b)" =a" +(Yj a”_1b+(g a" b+ . +(nJ a”"h" + .. +b",
r

n ! -D..(n—-r+l1
where 7 is a positive integer and S = (=) (n=r+l)
r) rli(n—-r)! r!

2. TRIGONOMETRY
Identities sin A+cos> A=1
5602 A=1+ ‘[an2 A

cosec’ A =1+cot’ 4
sin(4A+ B) =sin AcosB+cosAsin B
cos(A+t B)=cosAcosBFsin Asin B

tan A ttan B

tan(d+tB)=————
1¥tan Atan B

sin2A4=2sin AcosA

cosZA:cos2 A—sin2 A:2cos2 A—1:1—2sin2 A

tan2A4 = %
1—tan“ 4
a b c
Formulae for AABC, — = =—
smA smB sinC
a? =b? +c* —2bccosA
1 .
A=—absnC
2
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1 The function f'is defined by

f(x)=3+ ! , where x;tl.
2 2

Show that f is a decreasing function. [3]

2 Find the range of values of p for which (p+ 2)x2 —12x+2(p—1)is always

negative. [4]

3 The line y =mx+c intersects the curve y” = ax at A(4, 4) and B(1, k).

B is a point that lies below the x-axis.

(i) Sketch the curve y* = ax, indicating point 4. [1]
(ii) Find the values of a, m, ¢ and &. [4]
4 Sketch the graph of y=|x—3}+2 for -3<x<6. [3]

Find the range of values of ¢ for which |x - 3| —c=x—2 has

(>i) only 1 solution, [1]
(i) no solution. [1]
5 Air is pumped into a spherical balloon at a constant rate of 60 cm?/s.
(i) Find the rate of increase of the radius, at the instant when the radius is ~ [3]
12 cm.

(ii) Hence, find the rate of change of the surface area of the balloon at this  [2]

instant.
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6 In the figure, O is the centre of the circle. PCQ is the tangent to the circle at C and
AD is parallel to BC.

0
(i) Name an angle equal to Z/BAC, giving your reason(s) clearly. [1]
(ii) Show that /CPD = /BAC. [2]
(iii)  Show that ABAC is similar to ACPD. [3]
cos’ x—sin’ x
7 Given that f(x) = ——F,
cosX —sinx

(i) express f(x) in the form asinbx+ c, stating the value of each of the
integers a, b and c, [4]
(i) state the greatest and least values of f(x), [2]
(iii)  state the period and amplitude of f(x). [2]
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8 The decay of a certain radioactive isotope can be modelled by the exponential

at

equation N = N e “ after r weeks, where N represents the amount of radioactive

isotope, N, and a are constants. A sample of this radioactive isotope has a mass of

100.9 g initially.
(i) After 2 weeks, it is found that the amount of this sample left is 84.6 g.
Calculate the value of a. B
(ii) What percentage of this sample has decayed after 5 weeks? [2]
(iii) After 9 weeks, the amount of this sample is found to be only 34.6 g.
Suggest a reason why this might be so. [2]
9 (i) Show that sin* @ —cos’ @ =1-2cos* 6. (3]
(i)  Hence solve the equation sin* @ —cos* @ —3cosd =2 for
0<8<360°. (4]

10 A particle moves in a straight line such that, ¢ seconds after leaving a fixed point O,
its velocity, vm s, is given by v=15—-¢"".
(i) Write down the initial velocity of the particle. [1]

(i) If t becomes very large, what value will v approach? Explain your

answer clearly and its significance. [2]

(iii) Find the acceleration of the particle when ¢ = 3, giving your answer in

cm s correct to 3 decimal places. [2]

(iv)  Find the distance travelled by the particle in the first 4 seconds of its

journey, giving your answer correct to 2 decimal places. [2]
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11 The diagram above shows part of the curve y = x(x —2)*> which passes through
P (1, 1) and touches the x-axis at O (2, 0).
y

P, 1)

0 02,0

(i) Find the equation of the tangent at P and show that line OP is the

normal to the curve at P. [4]

(if) Show that the area of the region labelled A is % unit’ and determine

the ratio of the area of A to the area of B. [6]
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12 Infigure 1, ABCD is a square plastic plate of side 4 cm and PORS is a square whose
centre coincides with that of ABCD. The shaded regions are to be cut off and the
remaining plastic is folded to form a right pyramid with base PORS, as shown in

figure 2.

/Y

Q

/

Figure 1 Figure 2

Let PO = 2x cm and let V' be the volume of the pyramid.
) Show that the height of the pyramid is 2v/1-x cm. [2]

. 5
(i) Show that :§x2\§1—x cm’. 2]

(iii)  Find the value of x such that V' is maximum. [7]

(iv)  Showing your working clearly, explain why the volume of the pyramid

will not exceed 0.8 cm?®. [2]

- The End —

Need a home tutor? Visit smiletutor.sg
SMSS 2016

394



Answers
1. f'(x)= —%
2x-1
2x-1)*>0
2
Therefore, ——— <0
(2x—-1)
Since f'(x) <0, f(x) is a decreasing function.
2. b*—4dac<0,
p<-Sor p>4
But p+2<0,
SLop<-=5
3.
A)
A4, 4) = ax’
» X
a=4
k=-2
m=2
c=—4
4 AV
(_37 8) \
(3.,2)
» X
(1) —1<c<11
(i1) c<—lorc>11
Need a home tutor? Visit smiletutor.sg
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5(1) % =0.0332cm/s

(ii) a_ 10.0cm?*/s
dr

6(1) £BCQ.
Alternate Segment Theorem
(ii) from (i),
ZBAC = ZBCQ.
ZBCQ = LGCP (vert. opp. £s)
S LCPD = ZGCP (alt. Zs)
= /BAC
(ii1) from (ii),
/ZBAC= ZCPD.
ZDCP = ZDAC (alt. seg. thm)
ZDAC = ZBCA (alt. Zs)

.. ABAC similar to ACPD ( AA Similarity or 2 pairs of corr. /s equal)

3 : .3
. COS X —SsIn" X
7.(0) fx)= ————
COSX —Smx

1
=—sin2x+1.
2
(i1) greatest = 3 least = 1
s 2’ 2

(ii1) amplitude = %, period = 7 or 180°
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10

8(1) a=0.0881
(i1) 35.6%
(ii1) Difference = 11.06
Possible reasons:

- Error in data collection
- Due to other external factors that expedited the decay
- Any other logical reasoning with explanation

931ii) € =120°, 180°, 240°
10(i) initial velocity = 14m/s
(ii) when 7 is very large, e~ becomes insignificant,
v will approach 15 m/s.
Velocity will approach a maximum speed of 15m/s and held constant at 15m/s
(iii) acceleration = 0.037 cm/s?
(iv) s =59.67 m
11(i) Equation of tangent at P: y = —x+2
gradient of OP x gradientat P = 1x—1
= -1
Since gradient of OP x gradient at P= —1, OP is normal to curve at P.

(i) 5: 11
.. 8 ,
12(1) V ==x"1—-x
3
. . 4
(ii1) stationary point, x = 3
Use 1% or 2™ derivative test to prove that it is a maximum point.
: 4
(iv) When x = 3

Max ¥ =0.763 cm?®, therefore, ¥ will never exceed 0.8cm?
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

e —bi\/b2 —4ac

2a

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

Binomial expansion

(a+b)" =a" +(Tj a" b+ Z] a"2b? + +(nj a”"h" + ... +b",
r

ny  nl nn-1)..(n-r+l)

r _r!(n—r)!_ r!

where 7 is a positive integer and (

2. TRIGONOMETRY
Identities sin? A+cos® A=1
sec” A=1+tan’ 4
cosec® A =1+cot? 4
sin(A+ B)=sin AcosB*cosAsin B
cos(A+ B)=cosAcosB+sin Asin B

tan4A+tan B
1¥tan Atan B

tan(A+ B) =

sn2A4=2sin AcosA4

c0s2A=c0s2A—sinzA=200s2A—1:1—2sin2A

tan2A4 = %
1—tan” A4
a b c
Formulae for AABC, — = =
smA smnB snC
a? =b% +c% —2bccosA
1 .
A=—absmC
2
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1
Differentiate 5xe** with respect to x. Hence evaluate IO 3xe>dx, giving

answer correct to 2 decimal places.

in 2
(i) Given that y = et , show that Y can be written in the form
1+cos2x dx 1+cos2x
[4]
and state the value of £.
z 1 3
(ii)  Hence evaluate I b dx. 3]

0 4(1+ cos 2x)

A curve has the equation y = px—xIn xfor x > 0 and p is a constant. Find, in terms

of p,

(>i) the x-coordinate of the point at which the curve crosses the x-axis, [2]
(ii) the value of x, for which the curve has a turning point, [3]
(iii)  the coordinates of the turning point and the nature of this point. [3]

2
A curve is such that % _ X 3 .

2
X

(i) Given that the curve passes through the point P (3, 5), find the equation
of the curve. [3]

(ii) Find the equation of the tangent at P and determine if this tangent cuts [5]
the curve again.
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5 In the diagram below, 4 (-2, 2), B(8, 7)and C (1, —4) are points on a circle.

)

(i)

(iii)

(b)

SMSS 2016

B(8,7)

A(-2,2) |

O\

Find the gradient of AB and of AC.

Show that BC is a diameter of the circle and hence find the centre of
the circle.

Find the equation of the circle.

8\/§+«/%—@
V18 +2445-44/5

Express in the form a + b/c .

Without using calculators, express the value of in

the form a~/3 +b , where a and b are integers.

[4]
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[4]

[4]

[5]

[3]

2]

[5]

2x° +x+3. . .
7 (a) Express ————— in partial fractions.
X~ +3x
(b) A polynomial P(x) of degree three is exactly divisible by x* —2 .
Given also that 4P(—1) =P(2), show that x is a factor of P(x).
8 The roots of the quadratic equation 2x*> —4x +3=0are aand .
(i) Find the value of a” + 3°.
(i) Show that the value of &’ + f’is —1.
. . . a p
(iii) Find a quadratic equation whose roots are —-+1and — +1.
a
1 10
9 (a) Find the middle term in the expansion of (xz —3—3j :
X
(b) Write down the first three terms in the expansion, in ascending powers
of x of (1 — gj , where a is a constant and # is a positive integer
greater than 6.
The first three terms in the expansion, in ascending powers of x, of
2+ ax)(l —gj are 2—6x+7x”.
Find the value of a and of n.
Need a home tutor? Visit smiletutor.sg
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10 Inthe diagram, OD =4 m, angle DOC = angle DAO = angle CBO = 90°, and
OC=7m. Angle DOA = @and varies between 0° and 90° . The point £ is
on the line CB such that DFE is parallel to AB.

(i) Show that AB=7sin@ +4cosb. [2]

(i) Express AB in the form Rsin(f+ «), where R is positive and « is
acute. Hence find the value of @ for AB=7.5 m. [4]

(iii)  State which line in the diagram has a length of R and which angle in
the diagram has a value of a. [2]

65sin 2(6 + o)

(iv)  Show that the area of triangle CDE 1s 3]

v) Find the maximum value of the area of triangle CDE as @ varies and state

the corresponding value of 6. [3]
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11 (a
(b)
SMSS 2016

The diagram shows a part of a straight line graph obtained by plotting
In y against x+1, together with coordinates of two points on the line.

Express y in terms of x.

In y

1

/ oY

» x+1

(—1,—8)-/

[4]

At time ¢ minutes, the temperature of a liquid, which is left to cool, exceeds

room temperature by 7°C . The table shows the temperature difference
at given times. It is known that one value of 7 has been recorded
incorrectly.

Time, ¢ (min) 5 10 15 20 25
Temperature 14.7 8.1 6.5 2.4 13
difference, 7°C

The variables T and ¢ are related by the equation T =ke” , where k and
a are constants.

(1) Plot InT against ¢ for the given data and draw a straight line graph.

(11) Use your graph to
(a) identify the abnormal reading and estimate the correct value
of T,
(b) estimate the value of k£ and of a.
(c) explain why the temperature of the liquid will never reach

room temperature.

2]
[3]
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Answer Keys

I
2 ()
3 (@)
4 (1)
5 @)
6 ()
7 ()
8 (i)
9  (a)
10 (ii)

(iif)

v)
11 (a)

(b)

(c)
SMSS 2016

5(1+2x)e”* (i)  6.26

k=2 (i)

o | —

x=el (i)  x=er! (i) (e”".e”), max

y:x+§+1 (11) y=§x+3,No

1 y 93 9’
> -2 (11) (E,E} (111) (X_EJ +(y

17-5v10 (b)  23+6

2x2+x+3_1 x+1

x> +3x X x2+3
1 (i) x*-—x+—=0

g O e e =T
X

AB =65 sin(0 + 29.7°) or AB =8.06sin(6+29.7°)

CD has a length of R, ZDCO = «
1 2

16— m°, #=15.3°
4

4x
y=e

(1) Iny=at+Ink
(iia)  abnormal reading is 6.5, correct reading is 4.5

(ilb) a=~-0.12, k~27.1

T = 0 at room temperature and In 7 will become undefined. Hence the

temperature of the liquid.
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TANJONG KATONG GIRLS’ SCHOOL
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SECONDARY FOUR
4047/01 ADDITIONAL MATHEMATICS
PAPER 1
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Additional Materials: Answer Paper
Graph Paper

READ THESE INSTRUCTIONS FIRST
Wite your name, class and register number on all the work you hand in,
Wirite in dark blue or black pen on both sides of the paper, and use a pencil for drawing

graphs and diagrams.
Do not use staples, highlighters or carrection fluld.

Answer all the questions.

Write your answers on the separate writing paper provided.

Give non-exact numerical answears 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
.

wﬂqﬂ-_ﬁu of an approved sclentific calculator |s expected, where appropriata.

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

Al the end of the examination, fasten all your work secursly together.
The number of marks is given in brackets [ ] at the end of each question or part

guestion.

The total number of marks for this paper s B0,

Sattar : Ms Yeo
Markers : Mrs Pang / Mrs M Loy / Mdm Tan SE / Ms Yeo

This Question Paper consists of 7 printed pages, including this page.

Arnwdr all questions
It is given that .uﬂ.:_.ﬂlwl and sin B = Hum . A and B are in the same quadrail
Without using a caleulntor, find the exsct value of cot (90° - 4 - £). |51

(i)  Find the mnge of values of p for which (z +1}x—=2) > p(x+2) forall
real valves of x. [4]

(ily Deduce the number of points at which the line p = p{x+ 1) intersvcls
the curve y=(x+1)x—2) for ~1<p<2 L1

2000 cm” of water is transferred from & rectangular tank to an empty inverte|

right vircular cone in 10 seconds. The ratio of the mdius of the cone to the heighi

of thecone is 1 : 3.

Find the mate of change of the horizontal surface aren, 4 cm?, of the walcr in the
cone, when the height, b cm, of the water in the cone is 12 em Jur

1] Write down and simplify, the first 3 terms in the expansion of _”m * ___,.._.__
in ascending powers of . i

Gii) . Findthe value of n-where n s u positive integer, given that the coelTicient uly
u“_,_._umE_u..nnxu!._umn=a_.ﬂ+uw..__ﬂu|h+hu“_u. [-4
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Acurve p=flx) Is much that -f " (x) = 48sindx —Bcoslx. The curve intersents
the r-axis at /. The scobrdinate of P {5 m and the gradient of the eurve at P is 8.
Shaw that "' [x}+16 ()= 24c08dx. M

THe toble shows experimentnl vilues of two variables x sind y.

x 1 4 L 7 L]

¥ 133 | 229 | 327 | AT | 612

fi is known that x and ¥ are related by an equation of the form  x* +WH§..

where ¢ and & wre vonstants. An error was mede in recording one of the values

ol g

{n [lafrg o scate of 2 em 1o represent | unit on the horizontal axis and 1 om
to represent | unit on the vertical nxis, drow a straight line graph for the
abave given datn. The stradght ling graph is to be drawn with variable x
on the horizontal wxis, [3]

(i) Tise the praph o estimate

in) the eorrect value of y, [

(b  the values of aand b, (3]

i Expiress 2 in phrtial fractions [4]
. SR |

7

(i) Hence cvalunte }_ﬁ. ; 4]
y [x—3)

(i  Provethm

codx = o o B where aand & are consturts, and b < 0,

{a)  Find the value of o and ol b.
(b}  Solvetheegustion codx=b for - g Sx<1a.

The equation of a ctirve i 3 = ¥ln(2x - 3)where x > .“.

{i)  Find the equation of the normal to the ciirve atx =2,

Thie normal to'the curve ¥ =xIn(Tx —3) preses through the veriex of the graph

of y=k—d2x+1| where k isa constant.

()  Determine the value of &

(iif) Sketchthe graph of y=4k—4[2x + 1| for the value of kin part (ii).
Shiow the veriex nnd infercepts clearly.
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Solutions te this guestion by accurate drawing will not be aveepted,

Y
&

Kla, 11)

X3, 5)

I [¥]

The disgram shows a quadrilateral HUK . H is the reflection of point G{(3, 7)
in the line x = 1, Point K{a, 11} is such that the product of the gradients of HX
and JK i5 —3. The perpendicular bisector of AUV intersects the x-axis at /.

(i)  Deduce the coordinates of /.
Find
{ii)  the valve of @ given that a < 0,

(iiify the equation of the perpendicular bisector of HJ,
(iv)  the area of quadrilateral HIJK.

[

13
(3]

11

‘The diagram shows a capsule shaped object with surface area | 8x cm®, 1t
comprised of 2 solid hemispheres of mdius r om joined to the 2 ends of 0 solid
cylinder of mdius r em and height b cm.

a
() Show that the volume, ¥ em?, of the object s given by ¥ =9 -=a' |4

3
(i}  Find the stationsry value of ¥, and determine if this stationary value is

& maximum ot minimum,

THE END
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Answer Key to TKGS Prelim 2016 Additional Mathematics Paper 1

| W2 & Proof
) 1
{iiffa) | a=1 ond b= -
3 Bep<-l {iiib) | -1.91,1.91,.4.37
2(ii) | lorZ polms
— | Im.._. #..v_ uu|..—..+H
i dwﬁ.: {ii) m
— (i)
4 128 -448p+672p" + "
rs
| AEiE} i
prioof
m o | =57
aliya) | A2A i ~1
() |u=1, 5=2 (iit) y=3x46
(v} 34 square umits
Tt ey, = = | |l BT
: (=3h" %x-3) W 3 Y 40.0em’, Stationary value of ¥ is a maximum.
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TANJONG KATONG GIRLS’ SCHOOL
PRELIMINARY EXAMINATION 2016

SECONDARY FOUR
4047/02 ADDITIONAL MATHEMATICS
PAPER 2
Friday 5 August 2016 2 h 30 min

Additional Materials: Answer Paper

READ THESE INSTRUCTIONS FIRST
Wiite your name, class and register number an all the work you hand in,
Write In dark blus or black pen on both sides of the paper, and use a pencil for for

any diagrams or graphs.
Do not use staples, highlighters or correction fluid,

Answer all the questions.

Write your answers on the separate writing paper provided.

Give non-exacl numerical answers correct to 3 significant figures, or 1 decimal place
in the case of angles in degrees, unless a differant level of accuracy is specified in
the question

The use of an approved sclentific caloulator is expecied, where appropriate.

You are reminded of the need for clear prasentation in your answers,

At the end of the examination, fasten all your work sscuraly 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 ks 100.

Sefter - Mrs M Loy
Markers! Mdm Tan SE, Mrs H Pang, Miss Yeo LS, Mrs M Loy

This Question Paper consists of T printed pages, including this page.

Answer all the questions

A man birys 2 new car. The value of the car deprecintes with time so tha
its value, $¥°, after { months' use is given by ¥ =132 000e ™ , where

F 18 2 constant.

The valie of the car is expected to be $122 000 nfter cight months® use,

(i)  Find the value of the car, " when the man bodght it

(ily Show that p=0.01.

(i) Using the value of p = 0,01, determine the age of the car to the nearest
maonth, when its value renched half of the original value when the man
bought i

The function f{x)=1+2x+ Az’ = x*, where A is n constant, leaves

remainder of um when divided by (2x—1),

] Find the value of A .

(i)  Hence solve the equition F{x} =10, giving your answers in the cxct form

{a) () SolveIx+2-3x=(.

(i) On the same axes, sketch the graphs of y =x+ 2 and y = x
Indicate clearly all the points of intersections.

(b}  The vertical height of & triangle is ”_I_w;_wmuna_

20
J5-1

caleulator, find the length of the base of the triangle in the form a+ /5.

Given that the anea of the trinngle is em?® , without using o

12
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L The roots of the quadratic equation, 25" +dx+35=0are (a+1) ond (P41,

i)

(i)

L)

fh)

Show that a5 =—4 and hence lind af.
Find the gundratic equathon tn x with infeger coefficients; whose mots are

1 1
ol

Ciiven thit log. (2x + 11— log, (3— 2" y=1, form & quadmtle squation inx
uid explain with cloar werking why the roits of the quadntic equation
arg reil mnd distinet,

Solve 3™ « 2T 417

.

o The curve p= *T _ has one stutionary potnt (o, ).

i

[{11]

L)

T

x ]
Find the velue of g and of .
Dietermine whether p is increasing or decressing for
y ==p.
by =x=<p,
Hitpce state the nature of the stationary point

2 1
Hind “q|.. al thie statfonary. point and explitin how “.nlw. further supports

vioviar poswer inopart ().

13]

151

(&}
[+

14]

1)

[
{1

[2]

In the figure, AR is & diasmeter of the gircle with centre (. Chortls 4D and BC
itersect ml F, AD produced meets the tingent to the circle, THE st £

AE is an snple bisector of angle BAC .

(i)  Provethat LCBD = £08E .

Given that ZAOF = 907, prove that

(i)  twiangle AOF iz similor to triangle ADE ,

() HAOY=AF = (AF+FD),

A particle mpving in & straight line passes through a fixed point O with u speed
of 20 mfs. The nceelemtion. a m/s’, of the particle, ¢ # after passing through O
is given by @=—100¢">. The particle ¢comes to insinntaneotss redt ot point N .
iy  Tind the time the particle comes to instantaneous rest af point &

{if) Coloulate the distance ON',

(s Show that the svemge speed of the particle in the fist 2 seconds
rounded off o & whole number is 10 mfs.
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10.

U]
L]

(i)

Solve the equation 2sin 2F =

Jeoz P for 0" <P <360°.

Om the same axes, sketch for 07 <=x < 7207, the grophs of

3

y=sinx &nd tujnuwﬁnw .

2

Llzing the solutions to part (i), determine the x-coordinates of the points of

-

miersection of the graphs of part (i).

A circle, ), bas squation & + p* =142+ 2y =—46.

(i

The coordinates of the centre of & second circle, Oy, is (=4 , =2}, The equation of

Find the coordinates of the centre of the circle and the mdius.

the tangent to the circle, O at a point P is 2y =-2x + 3,

(i)
(i)

(iv)

Find the coondinates of point £ .

Find the exact value of the radius of Cz and the equation of the circle, Cs.

Determine whether circles Cy
working clearly.

and 2 will meet each other, showing your

[4]

(41

(3]

[4]
3

1L

@  Showihat <(2xyFxa3)= 5526
dx 2x+3

Ix+13

The dizgram shows par of the curve y = . The curve intersects (lie

vix+1
x-uxis &t point A. The line through A snd perpendicular to the live, y+x= -7
intersects the curve again at another point, &

(i)  Show that the y-coordinate of point &f is 4,
()  Given that the line AH intersects the y-axis a1 € , determine the area of the

shaded region bounded by the line CF , the curve, the line x = 5, the r-uxis
and the y-mcis.

End of Paper
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-

15V2

(x+4y +(y+2) .T,.|_:ﬂ

i

Tiv) | Sum of mdii(7.30 unis) < | 11(a) | show
distance between the centres
(11.0 units) thus the cireles
‘will not mest. =

11(b3i | show 11{bi | 165 unjts®

B
KIS 84 PRELIM 2016 Andwer Key:
i L F=132000 (il iibow
i) T0 months
i A= I“. = 4=
H] (it} o w»dﬂ
" .ul.
i 2 li
Ir=—
3
5 5 A}
- e .
i | 153 =16 +8=0 5(a) | Discriminant = 368
Sinee diseriminant > 0, the roots af the
. quadratic cquation are real and distinet.
M | x=10.63] Bi) |p=0,9=0
ik - . | i )
’ ”._._|F.. 0, vis inorensing &) W&.h?&?&unﬁ_ﬂ
. !
J q 2 1
Sinen ____..E_“_._._._.;ua.WHv SGi) m.u%!_.._n.ﬁ_ﬂ mv 1), the stutionary
clusgei from negative W paint s minimum, thus relierating the resalt
positive value, the stationary from part (ii).
| elint i enimirim patn,
ol .0 f=03055
0| Distanee =259 m 8(iii) | show
i | 4565 00 13145 2700 {ii}
(il | 97.2°.180°.262.8°,540° 10(i) | Centre(7, —1), radius =2 units
TR -7 1N iis
" P(~og) X EEH_IM,_MEE
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PRELIMINARY EXAMINATION TWO
SECONDARY FOUR

Additional Material: Answer Paper

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.
Wiite in dark blue or black pan.

You may use a pencil for any disgrams or graphs,

Do niot use paper dlips, highlighters, glua or correction fluid.

Answer all guestions.

It working is needed for any question it must be shown with the answer,

Dmission of essenlial working will resull in loss ol marks.

Yiau are expected to usa a scientific caloulator 1o evaluate explicit numerical

@¥pressions,

If the degree of accuracy is not specilied in the question, and If the answar is not exact,

give the answer to threa significant figures. Give answers in degrees fo one decimal
laca.

wﬂ &, use elthar your calculator value or 3.142, uniess the question requires the

answer In terms of .

At the and of thg examination, tasten all your work securely together.

The number of marks ls given In brackets | ] at the end of each gquestion or part
guastion.

The total number of marks for this paper |s 80.

This paper consists ol 6 printed pages, Including the cover page.
: . [Turn cver

3
L) Simplify _M_Iﬁ;.__.lvm.-lq. |
() Pence, solve _u_r_np_umh..*.;uuuu.. I

2 The range of solutions for x such that a+bx—4c" =0 i |.W.nu.nm._ﬂ__==5ns._=n

Need ahome tutor? Visit smiletutor sg

of @ and of b, where a and b are real nambers.

L]
g
g
e
dn
k-
-
Y

g
a
g
E
I[
'ﬂtﬂ.
=
E
Ex
A3
5
a
1

4 In the expansion of HE+HQ in descending powers of ¥, where & and n are positive
x
integers, the fourth term of the expansion is the constant term.

M  Find the value of n and henoe, express the constant term in terms of a. 1]

iy Uning your value of n in (i), determine if a term in P. in the expansion
X

_.._Ii_hau+ww._nu..._!
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) solve Yi—2r=31=1.

] A

5z
i

c i n
3+43

In the diagram above, ACI is a triangle such thot B Hes on AC,
AR=(5-J1Z)em, €D = (34 3)om, £ADC = 30%and LBCD s u right

mngle. Find AL in the form a+q¢__w|.. where g and o are constanis,

1=3r

€

6 (m) Differentiate |
) Given that [f(x)de=6, [[f(x)dx=2 and ['f (x)dr=-3. fing
W [r(e)de,
W [r{x)des [ Fladr,

{i#) the valoe of i, where ﬁ,.nfm::ﬂu 180,

¥
T The equation of n curve is ﬂuvﬁw+=w.§nu§15§nnsn§nu i4

=

pornllel to the fine Sy +4xr=2

7
it Show that a=——.
i m&

(i) Find the equation of the tangent to the curve at nnw.

(i} Show thal the curve is an increazing function lor ©> _rum

VICTCRRLA SCHCRCH, | BAS4PR2IAMA

3

14]

i3]

I

i

2

[4]

121

12

VICTORIA SCHOOL

5

It is given that cos 140" ==k and _nahulw. whare &k is o positive number and A 5 a

reflex wngle. Without finding the value of A ar ol L,
M find the cxoct value of cos 24,

(i) express o 507 in terms of &

(i) expross sin[40°+ A) in tlerma of

The peints P1, —2}and @1, 4) le on the clrcumference of a circle with centro €

1 the ircle is reffecled in a vertical Hog, P and {2 remabn anchanged in the reflection
nd the x-coordinste of the centre of the reflected circle is 5.

(1) State the equation of the vertical Ting of reflection.
(i} Show ihai the equation of the circle with cenme Cin o+ ' +ha—2y—15=0.

(fif) The line 3y +4x=-0 intersects the circle witly centre € al two points, A and B,
Find the coordinates of A dnd of 5.

{iv) Eetermine if AR is a dinmeter of the circle with centre €.

A particle moves in & saaight line:such that al # seconds after passing paint O, s

velocity vmfs &..h_.cﬂa_ﬂwquﬁlﬂ+m.!—!nn«u.ﬁ.
i

Find
(il the accelertion of the particle when it is first inpontaneonaly at rest.
(i1} an expression for the displacement of the pantele from &,

(iiih  the wotal distance travelled by the particle fom r=0t0 =5

IRS4PREAMI
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¢ 7
Answer key
11 Solutions to this question by sceurale drawing will not be secepled.
({11 E Bty 24 RMFJ.L._ Tii) 317
The diagmm shaws the quadritateral ABCT in which point A is (-2, 1) and point € in Yot
_“H.d_._._n«inmﬁqm.quFiauzgﬁﬁngnuﬁ_dﬂi&iaa 1(H) e=22 or12 (NA T R
17 dx 16
BC, point M, lics on the x-axis and directly below point D. " sabibeit i -
4 T
Ma) x=1i6 8ii) k
u__ e
™ Wuu 0 J_H e |L
41 Conutant term = g’ M ox=l
0 A term exiss in w ;W) (0,-3) and (-6.5)
S(u) P ..M. (NA) Slv) AR isa dinmeter of the cirele,
5b)  Ap*=s51-643 Wi 2 mat
: LC 3 2+3x 104ii) I
i}  Find the coordinates of points B, M and B. (6] mﬁ_ TEVEHET: auuurt,___?_._m?“......ﬁ
(i) Determiine it ZDAR {5 a right angle. )] sy 9 10GH) 463m
(i) Calculate the area of the quadrilatersl ABCD. [ 6(bily 7 I p(i4, 1), M{14,00, B(3, -7)
6{hiii) A=§ 11} £DAE is a right angle
LI{0) 210 units®
End of Paper
This documseni &y aunsed for fiigmal derseam in iit&?!i!l‘ﬁ!iii & rerrien
pmiem pr dnssimified be any form a¢ by ony e, g it (b g i of e
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PRELIMINARY EXAMINATION TWO
SECONDARY FOUR

Additional Materials: Answer Papar
Graph papar

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the wark you hand in.
Wirite in dark blue or black pan.

You may use & pencll for any diagrams or graphs.

Da not use paper clips, highlighters, glus or comrection fluid.

Answer all questions,

If working |e needed for any guestion |t must ba shown with the answar,

Omission of essantial working will result in loss of marks.

You are expoctad to use a scientific calculator to evaluate explicit numerical
exprassions,

If the degree of accuracy |s not specified in the question, and if the answer is not exact,
give the answer to thrae significant figures. Give answers in degrees 1o one decimal
placa.

For &, use either your calculator value or 3.142, unless the quastion requires the
answer in tarms of &,

At the end of the examination, fasten all your work securely logsther.

The nurmber of marks is given In brackets | ] at the end of each question or part
question.

The total number of marks for this paper is 100,

This paper consists of 7 printed pages, Including the cover page.
. . [Turn over

i
L The variables x and y are conneciod by the equation y+a =—s(x+1), wherc o lsa

(@]
comutant. Using experimental values of x pnd y, a graph was domwn in which v+ wiis %
plotted o the vertical axix against x on the horizonial axis. The strsight ling obtained = S
passes through the point {—3,1). ..%
Calculae the £
i valueof a, 7]

>
()  coordinues of the point on the line at which y=x{3-x). [leas

O

=

2 (s} Findthe rnge of values of k such that the hine y = kx4 mectn the curve )
dr' —(k-x)=2y+3x, _.m
<
(b) The equation 25" —7x+6 =0has oots 2@~ and 281 where a > # M
(O]
M Without solving for & snd J, find the value of &— 8. _m
Hence,
{if) find the value of a’ - 4°, [2]

(i) wate the quadrutic equation whose roots sre o und -, 1

The diagram shows an ifverted square-bose pyramidal tank of height 30 cm and base
lengih 20 em. The tank i5 flled with water ond is held fixed with its square rim horizontal,

Water leaks out of the tank at a constant fate of 15 cm® 5™, Afier r soconds, the depth of
water {g & oo

i Show that the volume of water in the tank, V cm’, st time £ is given by V = %rv

12

(i) Find the rate of change of depth when k=35 13
VICTORIA SCHOGL ; ISLPRIAMA
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VICTORIA STROHOL

L]

G thaw fiv) =ar{a® +1)+ 72" =105 + beo and thar 427+ 75=2 js a factor of fix),

i

(I}

fiad

i)

i

]

(Hii}

Show thit @ =4 dnd b==14, 131
Find the remiinder when [{x) is divided by x41. 121
The Popeifation White Paper released by the Government of Singapare in 2013,

projected that Singapore's poprlation will hit 6.2 million by yess 2030, The
population of Singapore, P, increased from 5399 million o 5335 million from 2013

10 201 5; Given that P= A", where A und k are constants ind ris the time in yesrs
from 201 3.

i) Find ihe value of A and of k. 13)
11 the poplation continnes to incresse at the same rate,

(i) determine if the population trajectory for year 2030 in the Population White
Paper is nccuraie, [2]

ki
The diagrisn shows the Tine &= Ind and pael of the curve y=e ' — & The ciirve
ititersects (he c-axis at the point A. Determine the area of the shaded region bounded

hy the carve, the line x=1n4 and the 3-axis, [4]
Factorise completely the cubic polynominl &' -2 +3r-3, (2]
Epreas 2508 003 ot o, I5)
pres = 43x-3
; s 20 =504 10x=3 .,
Diferentiate E_“a. wmw with retpect (o x. Hence express _.. .nﬂ|.unh in
T =y ir=3
the form @+ b2, whers o and b are iregers. 15]

IEAFRIAMZ

h)

i

5

Prove the identity . e L

cosecf+colf snd

me tutor? Visit smiletutor.sgu—

(o]

The diagram above shows o inangle ABC whose vertices lie on the eimumference of c
2 cirgle, [ pnd E are the mid-points of AC and AR respectively, XY is a tangent 1o theg

circle it A, Given that CFB is 4 straight Tinc and angle FDE =angle 24X, M
Prova tha m
()  DE is pirallel to BE, 1]
i} AFDE iscongruent v AEHF, {3]
{iif) DEBF is 0 paraliclogram. 12|
On the same axes skeich, for 0% x < 27, the grphs of

¥=2inz+| ond y =-cosT [4]

i) Ghven that flei= ¥, +,, express fx) in the form pair (s —g)+-r, where p, g and r
are comstints (0 be founi, 4]
(i) Stute, wn exuct form, the
{a) preatestond lesst values of fix), [2]
(b} amplitnde of fix}, 1
VICTOROA SCHOOL. | &SAPRIAMT
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F]

G0sin &

T

The diagram shows the vertical cross-section PQRST of @ structure, conaisting of &
trinngle (RS of height 30 m and & rectangle POST. The structure rests with FT on
horizonis] ground. To hold the structure ap, a 15 m rope is sscured ot (J 1o a point, A, on
the ground. It is given that A is inclined st an angle, # radiang, 10 0P and

PT = 6ilsin & m.

()  Show that the area, A m®,of the cross-section PORST is given by
A = W)0sin &4 450 sin 26

14}

() Civen thot & con vary, find the value of & for which the maximum amount of print is
requined 10 colour this cross-section.

(i) Hence, find the maximum value of 4.

15
[

10 A trapeziiim of area, A cm’, has parallel sides of length px’ cm and g cm snd jis

perpendicular height s x cm. Corresponding values of x
below.

and A are shown in the table

i

2

3

4

A

1.75

5

1125

n

() Using suitahle vardables, draw, on a graph paper, a straight line graph and hence
estimale the value of esch of the constants p and 4.

16]

(i) Using your valees of p and g, caleulnte the value of x for which the trapeziom is &

rectangle,

2]

(ki) Explain how another straight line drawn on your diagram can lead 1o oo estimate of
the value of x for which the trapezium is & rectangle. Draw this line and hence verify
your value of x found in part (i), =

VICTORIA SCHOOL

IS4PRIAMA

(31

T

Gravimtional potential energy, mensured in kilojoules (kJ), it the energy s body has due o
its-position. It can be caleulsted by the fallowing equation:

g

: ; L
gﬂlgzgﬂﬂumﬁu

miletutor.s

where m in the mass of the body F_.a.nr_iuﬂ._ﬁ_qi ficld strength in Nig and 4 is
the height of the object in m. The gravitutional field strength, n.%EFﬁﬂaﬂﬂi_wM
10 NMAg. .

)
4

o
)
Need a home tutor? Vis

N /ASTR
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Loading

Wa
WA
s

The gravitaticnal potential encrgy, E, in kI, of u pimte ship ride can be modelled by the
eqantion, £=100(1-coslz)-+a, where k and u are sonstants and ris the time in seconds
after stanting the ride al loading level.

() Given that the mass of the ride ix 1000 kg wnd at an initia) loading level of 3 m, show
that o =30, [H)

(i) Explain why thia motel suggests that the maximum gravitation potential energy
possessed by the ride is 230 kI 1

The ride takes & seconds to travel from one peak (o another.

() mgignﬁuiﬁihwm%uﬂuﬂi 12
{i¥) Caleulaie the gravitation potential energy of the ride at t=% g 124
(v} I the ride continues for 60 seconds, Tind the exoct duration for which the ride
passcsses more than 80 kI of gravitational potential encrgy. 15
End of Paper
ikt dcurrrns ie sacemched far imersad cirvabssen o Virsana Seboed ondy; M girt doxvmrnt i e, sy
i]‘.i'“-?‘&iiwiﬂ.g.!p}!ﬁ *!]“H!inﬂ“ﬂh!dﬂ“
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f1]i [a=2 # |6 | 2.24sin{x-0464) 41
B [.L& i | ) Geeatest valiie of fx) =1+ /5
2 2 Least valise of fix)=1-43
2(m | k2532 " of k2332 b) Amplifde of ﬁﬂ:ht_ﬂm
bl w 9 || | Show @F=15cosd
7 T
i | I— =
[ 3
] HIE - EH ]
i | o a6 =0 il | 1170 m
34 _..__E:Ea..i.._qai..&nm.__ A qﬁ_ o _
— n+ — u+|
| =135 e P eiih Ol i Sl
Let @ _ Oand ((-2)=0 =30
41 h“wu and ([~2)= =3
T W | =245
5 [mi | A=5399x10" k=00124 iii | Draw or
| Show =17, P=667x10"or 2A_a Aase
P=6.9x10%, =192, Year= 2002 .ux * |
Mok accurale or ”nm or Hum
b | 477 unis’ x=245
61 | [e=1){+3) 11 | Subom=1000, g =10, h=3
gl et il | Sub. conkr==1
a=1 2'+3
)
| -2 6-2in2 i | Period === =6
x 41 k
7 | b1 | Mid-Point Thearem iv| 180K
il | AFDE=AEBF (AAS) v |40+
il ¥
-
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F N -

Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+¢=0, g% 0,

_ —btb* —4ac

2a
Binomial expansion

{a+b)" =a” +(’:Ja"“b+(;}a”‘2 h? +...+[nJa”"' b" +... 45",
Id

. n ! —D..(n-r+1
where 7 is a positive integer and ( ]z L ) (n=r+1) .
r

(rz—r)!r!“ r!

2. TRIGONOMETRY
Identities

Sin* A +cos? 4= 1
sec’4=1+tan*4
cosec’A=1+cot? 4
sin(AiB)-:sinA cos B+ cos 4 sin B
c0s (4 £ B)=cos 4 cos B F sind sin B
tan(4 + By = FnA*ianB
1+ tan Atan B
sin 24 = 2sin Acos A
€08 24 =cos’ A —sin 4 = 2cos’ 4 —1=1 ~2sin® A
2tan 4
1-tan® 4

tan 24 =

Formulae for A4BC
a b ¢
sind sinB sinC’
@’ =D+ ¢? - 2bc cos A.

-1
A== gbsinC.
2 -

Need a home tutor? Visit smiletutor.sg
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3

The graph y = x? +3px—2q , where p and g are constants, is always positive for all real
p q

values of x.
(i) Find an inequality connecting p and g. [2]
(ii) Explain why g cannot be positive. (1]

A prism with a trapezium base has a volume of (14 +1 W2 ) cm’. The trapezium has a height
of (3v/2 +2) cm and its parallel sides are V2 cm and 2 cm respectively. Find the height of the

J2+a
b

prism, leaving your answer in the form (: } em, where g and 5 are integers. ' 3]

(D Sketch the graph of y =} x> —9|+2. [3]
(i)  Determine the range of values of m for which the line y = mx does not intersect the

graph of y =| x* -9+ 2. . [1]

A curve has equation y = sxrzlxx for 0<x S%
e
: e : . 1 [3]
(i)  Prove that if y is an increasing function, tanx < >
(i) A point (x, ) moves along the curve y = S;I;’xx such that the y-coordinate is decreasing
at a rate of 0.2 units per second. Find the rate of change of the x-coordinate
when x = 0.5. [3]

Given that f(x)= 6x° +3x" -x+2=0,

() show that the equation f(x) = 0 has only one real root. Find the value of the real root. [5]

(i)  sketch the curve, showing clearly the x and y intercepts. 2]

Need a home tutor? Visit smiletutor.sg
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6 A piece of wire, of length 150 cm, is bent into the shape as shown in the diagram. The shape consists
of an isosceles triangle PQU where PQ = PU=5x cm, a rectangle QRTU and a semi-circle RST,
Given further that QR = y cm and RT = 6x cm,

(i) show that the enclosed area, A4 cm? , is given by

A= 450x - 9% (2 +§) . 4]
(i) Given that x can vary, find the value of x for which the area is stationary. [2]
(iif)  Explain why this value of x gives the largest area possible. [1]
) y R
T -
S5x ! !
[ |
P X 6x | S
.' i
5 | i
v y T
7 Given that the first four terms in the expansion of (1+3x)*(1+x)"in ascending powers of x is

1+ax+bx* +cx® +..., where a, b and c are constants, and nis a positive integer.

(i) Express a and & in terms of ». I3]
(i) If5=72, provethat n="7 and find the value of c. ' [4]

(iii) Using the value of # found in (ii), find the coefficient of x2in the expansion of
(14 3x)% (1 + x)™1, [2]

. d ., | -
8(1) Show that —d}-(ln (sin’ x)) = 2cotx [2]
() By expressing xcotx as taz , differentiate xcotx with respect to x. ' o [3]
: : x

(i) Using your resylts from parts (i) and (if), find _[ x cosec®x d and-prove that

ﬁ xcosec’x dy = -;—lnb—z[i——ﬁj. LY

6

6
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5

9 A point P is equidistant from 4 ( 1,4 )and B (5, 2 ). Given that P lies on the line y—x =1, find
(i) the co-ordinates of the point P, {3]
(i)  the equation of the perpendicular bisector of 4B, [3]
(iii)  apoint O such that APBQ is a parallelogram. [2]
(iv)  Find the area of triangle 4OP, where Q is the origin. [2]
10 The table below shows the experimental values of the variables x and .
x 1.0 2.0 3.0 4.0 5.0
y 1.10 1.86 2.61 3.44 4.08

It is known that x and Y are related by the equation of the form ay” = x(1+ bx), where a and b
are constants. Due to experimental errors, one of the values of y has been recorded incorrectly.

2
() Plot (_y_) against x and use your graph to estimate the value of @ and of b. [6]
x
(i)  State the value of y that has been recorded incorrectly and estimate the correct value. 2]

11 In the diagram, AC is the diameter of the circle with centre O. ACT is a straight line and BT is a
tangent to the circle at B. Given that 4B = BT and Z4DB =90° , prove that

()  A4BCis similar to ABDC . | [2]

@ pre- %(1 80° — ZBCT) 3]

(i)  ZBAC=30°. : 2]

Need a home tutor? Visit smiletutor.sg
BHSS 4ESN AM Prelim Examination 4047/ 01
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12

6

The height of water in a harbour changes with tides:. The height, 4 metres, of the water during

a partiéular day can be modelled by the equation, 4 =1.2cos (—?J —0.4sin (—7?-] +1.5, where

x is the number of hours after midnight.

. . 3
(i) Express 4 in the form R cos (%+a]+l.5,where}€>0 and O<a<%. B3]
(i)  Find the maximum height of the tides. : [1]
(i) At what times are the tides 2.5 m high? Give your answers correct to the nearest [3]

minute,
End of Paper 1
Need a home tuto?? Visit smiletutor.sg .
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2
Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+¢=0, g #0,

. —bEt4b? —dac

2a

Binomial expansion

(a+b)" =a” +(’1’Ja"“] b+[’2’]a"452 +...+(n]a""b’ —
s

-

! _4 _
where 7 is a positive integer and [HJ - _mrzD.n-r+]) .
. ¥

_(n—r)!r! !

_ 2. TRIGONOMETRY
Identities

sin A4 +cos>4=1
sec?4=1+tan* 4
cosec’ A =1+ cot2 4
sin (4 + B)=sin 4 cos B + cos 4 sin B
cos (4 +B)=cosd cos B F sind sin B
tan A+ tan B
1Ftan Atan B
sin 24 = 2sin Acos A
cos 24 =cos’ A ~sin® A =2c0s’ A —1=1~2sin® 4
2tan A
1—tan® 4

tan(4* B) =

tan 24 =

Formulae for AABC

a b ¢
sind sinB sinC’
a‘=p*4+c?=2bc cos 4.

A=—1wab sin C.
2
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1 (i) Sketch the graph of y = 4x . 1]
. ’ 1
(i) On the same axes, sketch the graph of y = \/—8_-3“ 1]
X

(iii)  Calculate the x co-ordinate of the point of intersection of your graphs in exact form.  [2]

(iv)  Determine, with explanation, whether the tangents to the graphs at the point of [4]
intersection are perpendicular.

-

2
2 A curve is such that d f =8e™** . Given that % =9 when x = 0 and the curve passes
through the point (In 2, 13 In 2), find the equation of the curve. 4]
3 ()  Theequation x’ + px+¢ =0 has roots & and §. Given that &” + 4” =85 and
a — f#=1, find the positive value of p and of g. [4]
() With the values of p and g found in (i), find a quadratic equation with roots 1 and
a
1 [3]
7
4 The equation of a curve is f(x) =x* In x.
(i}  Show that the curve, f(x) = x* In x, has only one stationary point. [5]

Find the x-coordinate of the stationary point of the curve in exact form.

(i) Prove that the value of f*’(x) at the stationary point is -3\% . [2]
e
(ii)  What does the result of part (ii) imply about the stationary point? [1]
5 ()  Show that sin@+sin 36 = 4sinOcos? 6. [3]
(ii) Hernce, solve the equation sin& +sin38 =cos@ for -z <6< x. [5]
BHSS 4E/5N Prelims 2016 ’ Additi i T~
/5N Prelims 2¢ Need g 't(')?ﬁfal I’:ﬁg‘r. tl'scft‘zs?r?w?i{gfutor.sg
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k . 3 a2
6 (® Given that dx —3x +24x +10 =2+ 4 Bf +C ,»  where 4, Band C are [6]
(Zx+D(x" +2) 2x+1 (x*+2)

constants, find the value of 4 and of B and show that C = 0,

(i)  Differentiate In(x*+2) with respect to x. 1 _}

3x2 +4x+10 [3]
(2x+D(x* +2)

(iii) Using the results from parts (i) and (ii), find J

7 @ qowe_ 8 1 N [4]
log, x* log, 3
(b)  Miss Gossip started a rumour in a lecture theatre. The spread of the rumour can be
modelled by the exponential curve P = " 3(;00h , where P represents the number of
+
students who heard the rumour at time ¢, % is a constant and 7 is time measured in

hours.

(i) Two hours after the lecture, 600 students had heard the rumour. Show that

: 4
k=In (%) and find the number of students who had heard the rumour after 4 4]
hours.
- (i) Ifthe school has 3000 students, show that it took approximately 5.419 hours for
the rumour to spread to haif the student population. {3]
8 The function f'is defined by f(x) = acos[%) +c¢ for 0" £x<540°,
Given that the function has a maximum value of 2 and a minimum value of —4,
(§] state values of ¢ and ¢, [2]
(i)  state the period of £ (x), _ [1]
(i)  find the x coordinate(s) of the point(s) where the curve meets the x-axis, 3]
6
(iv) - sketch the graph of f(x)=acos [g} +c¢ for 0° <x<540° and Le]
the graph of g(x) = 4-3sinx for 0° < x < 540° on the same axis.
BHSS 4E/SN Prelims 2016 - NeedAad ﬂg?r?gl tMuiJ %m\7|ns“i %%?(otzutor sg
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9(a) Show that i[(x ~ D5+ 4% ]= 6x +3 [3]
dx 5+ 4x

&

(b) Yo 2x+1

. 2x+1
The diagram shows part of the curve y = . The line PR is a normal to the curve at .
s P / V5+4x
O is the point where the curve cuts the y-axis and S is a point directly below P.
i Given that the x-coordinate of P is 1, find the equation of the line PR. [4]
(i)  Without calculating the area under the curve from x =0 to x = 1, explain briefly why
2
! 241 l[H,_L), | 2]
o 5+4x A
(iii)  Find the area of the shaded region. [3]
10 A particle travels in"a straight line such that, # seconds after passing a fixed point O, its acceleration,

{

am/s®, is given by @ =200e¢ 2. The particle has an initial velocity of —360m/s.

(i) Find an expression for the velocity of the particle. - 2]
(ii)  Find an expression for the displacement of the particle from O. [2]
(iii)  Show that when the particle is instantaneously at rest, #=1n 100 . [3]
(iv)  Calculate the total distance travelled by the particle for the first 6 seconds. [4]
BHSS 4E/5N Prelims 2016 ‘ Need ddfmmesNatbematisigaTilelutor.sg
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11 The diagram below shows two circles Cyand G, touching each other at point . C, has centre at g
and C;, has centre at P. The points 4 (-1, 7) and B (11, 13) lie on Cy, and 4B is the diameter of C,.
The points, O, P and Q lic on a straight line.

J,J F s
E 1 C;
B(11,13)
Q
A(=1,7)
. '
C; .
! D
T X
O r
(i) Find the equation of C,. - 3]

(i)  Find the equation of the tangent to the 2 circles at F, given that the point Fis(2,4). [3]
(tif)  If the co-ordinates of P is (1, 2), determine whether a point (1, 5) lies inside, outside i2]
or on circle C, .

A third circle Cj is drawn with DE as its diameter, where D and E are points on the x and y axis

respectively.
(iv)  State whether the origin O lies on Cs. Explain your answer. _ [1]
End of Paper 2
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' wgfmﬁr.m\ ..r:: _U_. ;
The graph 'y = x* +3px - 2¢, where p and ¢ are constants, is always positive for all real
valugs of x,

() Find an inequality connecting p and ¢.

[3]
(fi)y Explain why g cannot be positive,
(i)
Since X +3px-2¢ >0
For no real roots,
Discriminant, b - 4ac
=(37)" - 4(1)(-24) <0 M
9 +8¢ <0 oe Al
(ii} The graph has p-intercept - 2q, since graph s always positive, B1
-2g>0 5,
g <0
A prism with 2 trapezium base has a volume of ( 14 +1142)em® . The trapezium has a height
of (332 +2}em and its parallel sides are +/2 cm and 2 em respectively. Find the height of the (3]
prism. leaving your answer in the form m.,\var .“J om, where g and b are integers.
Arca of trapezium
S e2fvie2)
= _Mﬁo+w)\m+9\m+&
=5+442 : : Bl
height = ;
14+11V2 144112 5-447 M1
(54442} 5442 5-442
70562 + 5542 - 88
~lavaf
_-18-42
-7 !
V2418 Al
7

BHS5S 4ESN AM Prelim Examination

4047/01

4 S
<
(@ | Sketch the m«%: of y=ix*~91+2, 3]
(i) | Determine the B:ma of values of m for which the line y = mx does not intersect ﬁ_._mra [1]
o
graphof y =] x? =9 |+ 2. I . 5
. aQ
N " Vertex Bl —
IR S UL 4 Shit Bl @
\ ' Shape Bl B3 |> .
. ~
/ X =
rittcal points {— 3,2 ) an s =
/ Critical points (~3,2)and (3,2) =
AN Gradient of lines through +
RAY \L& B_sa: 2) 2
b/ o e S AT ....u.ﬁ hence 2
" ©
2 2 2
; R ) Bl |2
A curve has equation y= sinx for 0<% Am
e
» ’ ] u
() | Prove that if y is an increasing function, tanx < W. . . 3]
'l
i) | A point (x, )) moves along the curve y= M% such that the y-coordinate is decreasing
: e
3
at & rate of 0.2 units per second, Find the rate of change of the x-coordinate when x = (3]
0.5.
(@
m.E x
h\_ ol ||.l..l|.!
AR
m.mum COSX __mm sinx Ml
dx e
cosx —25inx
= mu.ﬂ
For increasin g function,
& >0 Ml
dx
cosx—2sinx
e
cosx—2sinx >0 .
cosx > 2sinx
1 Bl
A ——
tanx 3
BHSS 4E5N AM Prellm Examinatlon 4047/ 01
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(if)

ﬁuao-_maﬁ?mwuo

dx 2 Ml

" I —
_m»ﬁu+.mlw|&o .
450

18] 2+ % !
2

=7.00123..
=7.00cm Al

X =

%Ms&ious . .
W -nal12n+18=144

w411 -126=0 j

B="T,n=—18(NA)

c= mmm@ +3(N(6) +9(7) =224

b=

MI *

M1

Bl

Bl

QN\_ N
lul_mw+|Ao
i’ ﬁ Nu

Flence the stationary value of x gives the maximum area,

Given that the first four terms in the expansion of (1+3x)*(1+ x)" in ascending powers of x is

(143520 + x)™
(1+ )+ 352 1+ x)"

== (1+ 21+ 13x + 72x% +..)
=, 72x0 + 130+,

Coefficient of x* =72+13 =85

Ml

Bl

l+ax+5x° +cx’ +.., where a, b and ¢ are constants, and # is a positive integer.

8(1)

Show that W:a (sin® X)) = 2ootx

Nedd a home tutor? Viisit smiletutor.sg

(2]

By expressing xcot x as X}, differentiate xcotx with respect to x.

tanx

3]

i Express a and & in terms of . {3]
(ify | ifh=72, provethat n =7 and find the value of c. (4]
(iii) | Using the value of n found in (i), find the coefficient of x’in the expansion of

1+ 3231+ xy™, [2]

UL I S I Y
1 3
uo+ma+@au Loy P17l = Bn = 2)x o MI
2 6
2 3
ﬁ_+§+z?|5x +z?15?[£x . .
2 6 )
6x + Grx’ +3n(n-Dx* +...
9x? +9nx+,.,
a=n+6 Bl
_nln=1) .

b= 5 +6n+9 Bl

Using your results from parts (i) and (ii), find .—.« cosec’x dx and prove that

5 s e ) 1.4
...m xcosec H&.im_:m,‘a etk

(4]

3
MMA In(sin® X)) = mmbﬁu " (2sinxcos x)
2cosx
sinx
= 2cot x (shown)

Ml

Bl

BHSS 4ESN AM Pralim Examination
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d {xcotx) _df x '

dx dx\ tanx
tan (1) — xsec® x
tan® x
sinx X

COSX_ co§-x
sinfx

. cos? x

_sinxcosx—-x

T sin®x

=cotx-xcosec’x

Ml

Ml

Bl
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(i)

Let £BTC =6

Hence £CBT =9

LBCA =28 (ext £ of a triangle)
LBAT = @ (ABAT is isosceles)
fn AABT

3G+ 90" =180°

37 =90"

f=30"
£BTC =30"

M1

Bl

438 -

12

The height of water in a harbour changes with tides, The height, / metres,

particular day can be modelled by the equation, 1.2cos ﬁ

number of hours after midnight,

ax

6

of the water during a

WJ,. 1.5, where x is the

(iii)

cos LA o.ummu = L

}u «mmsmﬁ.wf, o.u&iu =25

5 JIé

SANM + SNL no.samfa

basic £, & =0.659

Zioin= 0.659,5.624 ,6.942,11.907

6
x=0039,1008,1239,22 08

Mi

Ml

Al

i Express 4 in the form R cos ﬁWiQ

u.i:oﬁva and O<e <

T

2

3]

(i) | Find the maximum height of the tides.

[t

(i) | At what times are the tides 2.5 m high? Give our angwers correct to the nearest minute,

3]

®

wusu.moom ﬁ.uwé_muwt.m

=1.26¢08 ,m.+o.wmw, +1.5

M1

Mt

Bl

(it}

tr=J1.6 cos ,MH.TO.MNN +1.5

\k..__:,._u = )\NIN +1.5= M.ﬂmwuu

Bl

BHSS SESN AM Prelim Examination
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@ity

New equation ;

o
[._

b=y

42

422 + 135 +1=90

440

(iii)

Since £°(x) = Mwn >0
(4

The stationary point is a minimum point. ;

El

() | Show that sin& +sin 38 = 4sin dcos’ &

[3

(i) | Hence, solve the equation sin @ +5in36 = cosd for ~Z <G <7,

[5

4 The equation of a curve is F(x)=x" Inx,

®

siné +sin 36

=sin@ +sin(g +26)

= 5in & -+ 5in @ cos 26 + cos @sin 26
=sin@+2sinfcos’ &+ @oo% é- cmm:m,
= 4sin @ cos? §

M1

MI
Bl

{) | Show that the curve, f(x) = Inx, has only one stationary point, [5]

Find the x-coordinate of the stationary point of the curve in exact form,

(i) | Prove that the value of f''(x) at the stationary point is

3 [2]
T

(fi) | What does the result of part (iii) imply about the stationary point? [

1
x

=x' + 3% lnxe
Hpe+u_:iuo
x=0 or 143

S = Huﬁlv 3 nx

0

Inx=0
1

nx=——

3

A
x=g?

1

X=

e

f(x} is not defined for x= 0, Henee f(x) only has one stationary point,

¥

(i)

dsin@cos’ @ —cosd =0
cos6 (4sindcosf—1)=0
cos@ =10 4sinfcosf-1=0

mum.}m 25in26 =1

sin28 = .w
2

basic £, ==

Mi

MI

Need a home {utor? Visit smiletutor.sg

Ml
MI

Al

4x’ =32 +4x+10 _ A

) | Given that =2+

Bx+C

(2x+1)(x* +2)

2%+l (42
constants, find the value of 4 and of B and show that C= 0.

where A, B and C are

6]

5 6.
ﬂ+ﬁ~nm
21 bu

o Ve w?m

a5
lu‘mﬁm Nv
-2

Ve

(i) f'(x)=2x+3x+6xInx=35x+6xInx

Mi

Bl

{if) Differentiate In {#+2) with respect to x.

[,

(iif) Using the results from parts (i) and (ii), find ._.

dx? ~3x? +4x+10

- T dx
(2x+ ) (x" +2)

[31°

®

e +1)x% +2)=2%" +x? +4x+2
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B1 -~ shape, period
B1'—amplitude
B1 - shift

X
3

The function fis defined by f(x) = acos Iu +¢ for 07 <x £540°,

Given that the function has a maximum value of 2 and a minimum value of —4,

state values of g and ¢,

2]

state the period of T (x),

t]

find the x coordinate(s) of the point(s) where the curve meets the x-axis,

(3]

sketch the graph of f(x) = acos ﬁwu+ ¢ for 0° £x 540" and

the graph of g(x)= 4-3sinx for 0° £ x £ 540° on the same axis.

[6]

(@
(i)

(iif)

a=3c=-]

Period =

=70.5°,289.5"

=211.5" 868.5"{ref)

360 _ 1080°

1
3

Need a hdme tutor? Visit smiletutor.sgl’

540°
-4 :
d Gr i3 H]
9(a Show that —](x — D35 +4x |=
(®). aL , V3 +dx
) ¥
Q
0
2x+1 . ,
The diagram shows part of the curve y = . The line PR is a normal to the curve at P,
g p y e e
is the poirtt where the curve cuts the y-axis and S is a point directly below 2,
7
(i) Given that the x-coordinate of P is 1, find the equation of the line PR. [4]
Without calculating the area under the curve from x = ‘o, tox = 1, explain briefly why
@ .__ de> Hivd @
0 2 J5 )
(iii) | Find the area of the shaded region. (31
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Equation of cirele C,.
(x-3) +(y-10) =45
¥4y - 10x-20y~80=0

Equation of 0Q:
Gradient of 0Q = _Imc. =2

Gradient of tangent = — 1

2
Equation of tangent ;
1

Fe—X+0
YT

?;w@i

e=35

!
=—~x+5
y mﬁ

Given =10, v=-360m/s

- 360 =—400e® + ¢

~360+400=c ;
¢ =40

i
=-400¢ 7 + 40

@

.

,,,i..soﬂ 1440 dr
[

5=800¢ % +40f+¢

Giventr=0,5=0

0=800+¢
=800

i
5 =800e T +40r - 800

Need a home tutor? Visit smiletutor.sd

Radius of C, = J(2-1)% +{4-2)? =45
Distance between point { 1, 5) and centre =
(-1 +(5-2 =955

Hence point Hes outside circle C,

Origin lies on C;because £DOE =90°, since DE is the diameter, O must

be a paint on the circle { Lin a semicircle)

10

A particle travels in a straight line such that, # seconds after passing a fixed point G, its

’
acceleration, 2 m/s?, is given by @ = 200¢ 1. The particle has an initial velocity of

-360mis,.

!
v=-400¢ 2 +40=0

]
4002 % =40

= nl100

(0 Find an expression for the velocity of the particle.

2]

(i) | Find an expression for the displacement of the particle from O.

2]

(iii) | Show that when the particle is instantaneously at rest, £ = I 100

3]

(iv) | Caloulate the total distance travelled by the particle for the first 6 seconds.

(4]

it

=

= ?oo@-m at

)
=-400¢ ? +¢

<

(iv)

T=Tai100
s = 800 H_,o. +40In100 - 800
= 401n100 -720
=-535.793...

(=6

5= 800¢ +40(6) - 800

= -520.1703...

Total distance travelled

=535.793 +(535.793...-520.1703...)
=551.4

=551 m ( 3sh)

BHS5 4€/5N Prelims 2016
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1(a)

(b)

0]
(i)
(i)

3(a)

(b)

4(1)

{ii)

(a)
(b)

6(7)

(i)
(iif)

CCHY Prelim Exam

if i a positive integer, explain why 8{117') + 7{1172) + 11" is divisible by .

103. [2]

3
Given that (161)° x +12r = 2" x 3° x "where r does not have the factor of 2
or 3, find the value of x and of y. 2]

The first three terms in the expansion, in ascending powers of x, of
(a—x) (1+2x) are 3+ 47z + bx*.

By substituting a suitable value of x, find the value of a. [11
By considering the coefficient of x, find the value of ». . 2
Hence, find the value of b. [1]

#t is given that — 3 < x < 1 is the solution of x* + px < ¢, find the value of p and
of g. [2

Show that the roots of the equation x* + (3 + 5)x = 3 are real for all values of
ko (2]

By simplifying f(x) = 5[6x + 2] — 2|8x + 3|, show that f(x) = £3x + 1|, where kis

a constant. [2]

Hence, solve the equation 5{6x + 2| = 2|ox + 3| + 6. [3]

A curve has the equation y = mw.mmm_ x # -2, The curve cuts the x-axis at A.
X

The tangent to the curve at A cuts the y-axis at B.

Find 2. 21

Find the coordinates of A and of B. [4]

Determine with justification whether x + 2 is a factor of the polynomial
155° + 261" —11x—6. [2

Find the remainder when 15x° +262% — 11x — 6 is divided by x—3. 2]

Find the value of p and of g such that 15x* + 26 x% — 11z — 6 is a factor of
152 +pa® — 37 +gx+ 6. . [21

Additional Mathemalics Paper 1 {4047/1) / Sec 4E5N Page 3 of &

7{(a) Solveforyin log,2y* + iog,8 + log, 16y - log, 84y = 2log, 4. 2

(®)

8(i)

(ii)
(iii)

9a)

(b)

10

If x = Ig m is a solution of the equation 107 +7 A._oav =26. Find the value of
m. . [3]

On the same axes, skeich and label clearly the graphs of y = ¥x and

. 4

= —forx>0. [2]

"
so - 4 :
Solve )\m = —, leave your answer in exact form. [11
Jx

Determing with explanation, whether the tangents to the graphs at the poirit of
intersection are perpendicular. 4]

The gradient of the curvey = 2x%+ mx + n at the point (1,5) is 8. Find the
value of = and of ». :

-
L]
il

‘The variables x and y are related by the equation y = X m. Given thaty is
x _

increasing at a rate of 5 units per second when x = 1.6. Find the
corresponding rate of change of x at this instant. Give your answer correct to

2 significant figures. 4

O
S N P T

In the diagram above, ST is a tangent to a circle at the point P. The points Q and R
lie on the circfe. The line PM is perpendicular to the chord QR and the line RN is

perpendicutar to the tangent ST.

M

(i)
(iii)

CCHY Prelim Exam

By considering D_w as a chord of the circle, find, with explanation, an angle

_equal to angle QPT. 21
Explain why a circle with PR as diameter passes through M and N. [2]
Prove that the lines MN and QP are parallel. 31

Additional Mathematics Paper 1 (4047/1) / Sec 4EBN Page 4 of 5
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11(a) Giventhat [¢* f(x) cx = ¢ sin 3z + ¢, where ¢ s an arbitrary constant, find

(b}

12()

(i)

(iif)

(i)

f{x). (31
() By writing cos 3x as cos {2x +x), show that cos 3x = 4cos® x — 3 cos x.[3]

{iiy Hence, find the exact value of 8cos® 10° — 6 cos 10°, [21

Sketch the graph of y = ™, showing clearly the intercepl{(s) and

asymptote(s), where applicable. [2]

The equation P ¢ 5 = ¢~ can be solved by inserting a straight line to the
—x

graph in (i).

{@) Find the equation of the straight line to be added to the graph in (). [21
(b) On the graph in (i), sketch the straight line, showing clearly the infercepts.

Label your graphs clearly. 2]
Hence, determine with justification, the number of solution(s) fo the equation
e
- =g, 2
18-9x ¢ (2]
A
13(i) Express in partial fractions. 4
0 B G+ a)x+1f P il
Hence, find | 1 4]
ence, fin .
o G+ 4fx+1)°
God Lokl Tlay the Fonce be awith goce!

CCHY Prelim Exam Additional Mathernatics Paper 1 (4047/1) f Sec 4E5N . Page5of5
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2016 CCHY 4ES5N Prelim AMaths P1 Marking Scheme

Qn Solution Marks | Remarks
._m mﬁ;_ ._=+_v + N? ._=+mu + \__ A.....u
=8{1rxt1) + 717 <1 %) + (11 x17) M1
=11 (88+ 7 x 112 + 11)
=22x103x 1t . must explain
when r is a positive integer, 11" is also an R1 11 is an
integer, .. the expression is divisible by 103 » integer
i . 2 PR iy
(6 x 120 =2 *x £ x (22x3x1) M1
1
=27x3%x &
Comparing terms, x nw and y=234 Ad
2(i) (a-x)(+2xF=3 + 47x + bxP+...
whenx =0, 1f'=3 to show
* . nﬁ v:| 3 Al working
. a=o%
2(i
@ (1+2z) u:mﬁ,r@@xvf...
=1+ 2nx +2n(n—1)x"+...
(3—x)( 1+ 2nx +¥2n(n— 1)x*+...) M1
=6mx—x+...
comparing x term, 6r-—1=47
6xn =48
n=8 Al
20 | @-x){1+2x
= (3-x)(1+ 16x + 1125% +...)
=336x% — 1627 +...
=320x%+...
Hence, b= 3204 Al
3(a)
371 *
when x = -3 or x=1
x+3=0 x=1=0
x+3)x-1)=0 B1i
P=x+3x~350
x2+2x53 for both
Comparingtenms, p=2andg=3s At | answers
2016 CCHY h_,mmz Prelim AMaths Marking Scheme Page 1 of B

3(b) 22 +(3k+5x—-3=0 w.
¥*—4ac = (3% +5)— 41)(~3) M1 =
= (Bk+5F + 12 5
>0 %
since 52— 4ac > 0, I
= the quadralic equation has 2 distinct real .m
roots ‘»
=» roots are real for all values of k (shown)» | R1 s
ﬁ/.
< —
40 (x) = 5l6x + 2| — 2]9x + 3| m
=5x2[3x+ 1]~ 2x 3fax + 1| wﬁ 5
=4ax+1| 4 S
c
4 glax+ 2] =2fox+ 3]+ 6 S
5lex+2[—2lox+ 3| =6 3
Z
43x+1|=86
[3x+1]| =15 R“
o3x+1=15 or 3x+1=-15
k=05 3x=-2.5
auw _ aulma Al For both
i ’ answers
5a 3x~6
T o Checl for
mum _ 3(x+2)-(3x-6)1) M1 mﬁw%.m_ﬂazo:
2
(x+2) brackets
= 12
(x+2F Al
ab At x-axis, y =0
L 3x—-6=0
3x=8
x=2 B1
4 ay_ 12
whenx =2, =
4 & (240f
_3 M1 Allow follow
4 through error
; 3
Equation of tangent: y=7x+¢C
3
At (2,0), =3@+c
pe_3 M1 Allow follow
2 through error
.. A=(2,0)and B = (0, LWV Al
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6() Letf(x) = 15x° + 265 — 11x—6 ]
f(=2) = 15(- 2+ 26(- 2)°* ~ 11(-2) -6
-0 M1
since f(~2) = 0, by factor theorem, At
x -2 is a factor of f(x)
6(ii) Let f{x) = 15%° + 262" —11x—6
§3)=15(3) + 26(3F — 11(3) -6 M1
=600
s remainder = 600 Al
8(iif) 155" +px® —37x* +qx+6
= (x—1)(16:" + 262 - 11x~6) M1
=265 —6x— 155+ 11x+ ...
=13+ Bx+ ... Al
Comparing terms, p=11, g=8
7(a) log, 2y* + log,8 + log, 16y — log, 64y Aol _
- ply correctly
2log, 4 log, MN
jog, 2 + log, y*+ log,2°+ log,2' + log, ¥ — 10g,2° | M2 = log, M+
—log,y = 2log, 2 log, N
2lng, 2+ 2log, y = 4log, 2
2log,y =2log,2 log, M”
comparing terms, y=2 Ad =r log,M
7(b) x=lgm
m= 10" B1
102 +7(10%) = 26
(to=)ao-Ya0) + 7{107) = 26
10m*+Tm—-26=0 B1
(10m—13)}m+2)=0 AD if didn’t
~m=13 o m=-2 Al reject the —ve
{N.A) ans
8
v
0 x
(1

2016 GCHY 4E5H Praim AMaths Marking Scheme

Page 3 of §

correct shape of y = ¥x
) 4

(1

intersection are not perpendicular

()]
)
correct shape of y = ——, check asymptote P
pe oty N ymp S
=
= [0}
8(in) iy = 4 =
r = —
% :
12 ——
unu 2 "A. S
5 . =
x5 =4 W
g Ad P
ox= 45 o
=
B 1 [0}
@ |, A 0
dv_1 -3 2
x=3%° 5
B1 accept -
A equivalent o}
y=4x? form Q
d__,.% &
o —2x 2
& 4 -2
whenx= 4%, m =3 x° 7
s 2 .
;_ 5y 3
=3 4%
M1 - allow follow
i, thru error
=34 - allow
. - working to
m, = 25 % 4dp
3
EY7Z
=2 %w
3
Y 40 4
myxm, =2\ 4% |x7|4°
=-0.01813647007
since my xmy, -1
=sthe tangents to the graphs at the point of M“
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passes through M and N
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9(a) y=2x+pxtn
B1
w =d4x+m
At (1,5}, B=4()+m
L m=8-—-4
=44 Al
5=2(1F +4(1) +n
=6+n Al
soon==1y
50 |-+ 8
X
= +8x7"
8 -
w =3x* - = B1 Accept
equivalent
dy_dy dx
d = X M1 form
8
whenx=16, ZL=30.6- M1
o
200
. Y
=200 % 4
dr_ o 200
dr - 2Xe1
gy 1) AC if omit unit
aoOEs 11 units/s & Al of
measurement
10(i) ZQRP Al
Zs in alt segment Al
10(i) Method 1
since PR is the diameter and B1
ZPMR = 90° and Z/PNR = 90°, R1
by property of £ in a semi-circle, M and N
are points on the circumference of the circle,
hance, a circle with PR as diameter passes
through M and N
Method 2
since PR is the diameter and
ZPMR = 90° and ZPNR = 90°, B1
by property of /s in opposite segment, M | R1
and N are points on the circumference of the
circle, hence, a circle with PR as diameter
2016 mu_m.uLz.‘,tmmz Prelim AMaths Marking Scheme Page 50f 8

i0() | From (i),
ZMRP = ZMNP (s in the same segment) B1
From (i},
ZQPT = ZQRP (s in alt segment)
ZQRP = Z/MRP {common )
=» ZQPT = ZMNP B1
By property of corresponding angles, MN
and PQ are parallel R1
H(a) .T: fx) = ™ sin 3+ ¢
d - _d 4. Mt Seen or
Mc.mﬁ .lau&«_ = MMT sin3x+ n“_ . implied
e f{(x) = ¢** Bcosdx + 4™ sin 3x B1
wg's, f{x) = 3c083x + 4sin 3x A
11bii) cos 3x = cos (2x +x) Correct
= oS 2% €OS x — 5iN2x 5in x application of cos
. . and sin double
= (2 cos? x— 1)c0s x — 2 sinx cos x sinx | M2 angle formula
=2cos®x —cos x—2sin’x cos x o
=2¢cos®x —cosx—2(1—cos’x)cosx | M1 Apply identity
= 4¢08° x — 3cosx (shown)
11bii) 4cos® x — 3cosy = cos 3x
x2, 8cos’®x —Bcosx = 2cos 3x e
- Boos®10° —6oos10° = 2cos 3(10°) M1 substx = 10
3
=2 =
2
=3 Al
12() ¥y
\_W/l y - m.qt_
|\m
o 2\p=1s-ax *
correct shape with x-axis as asymptote 1]
correct y-intercept [1
12(ii}{b) | correct slope for straight line n
correct intercepts & label graph {11
Page & of 8
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1 1 1 2
=gh@x3)-gln 2°-gh3+3

uwsuf.w_:mim _:m..w_zm;m

2 1

...I-rmll @ in2 Accept

1 Al 2 1o

=gl2-1n2] 59
0-145 (3sf)

2016 COHY 4ESN Prefim AMaths Marking Schemsa

12(ii)(a) A
8-
1 wu M1
- =18 —9x
[-4
e™ =18 -9x
y=18-9x
-.equation of straight line is y = 18— Ox A
12(1) The equatien has only 1 solution since there is | A1
only 1 intersection between the curve and the | R1
straight line.
13(i) Let 1 .4 ., B, C . M1
GraYx+if  x+4  z+1 (x+1)
= ukﬁk+.¢n+m®n+¢ T+£ + Q@.+Av
whenx=-1, 1=3C
e |
]
whenx=—4, 1=84 Accept
_1 alternative
A=g L |m1 | method
whenx=0, 1 uwt_mtwﬁwu
3
—q_1_4
4B=1-g3-3
PR -
: 1 R R R
Tl ox+4) ox+1)  3(x+1F |A2 [~1]fer each
&rror, max 2
errors
13(i) ._.m 1 &
a(x+4)x+1F
2 1 2 1 2 1
= dr— det | ——= dr | M1
.—,_ (x+4) _.o 9(x+1) T 3(x+1)
2z
1 2z 1 z 1| (+)"
=5 n(x+4)) g Inkx+1] +3 M2 M1 for
° o o 3D, integration of
1 1 1 1P In, M1 for
=g In6-In4] -3 [n3-In1] -3 ﬁlw_ integration of
x+1g polynomials
IR O SN N
=gln B-gin4-gind—-3 Tl@
Page 7 of 8
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1t is studied that the population, P, of a certain species of buiterfly increases
exponentially. At the beginning of the experiment, there were 800 butterflies.

Given that P = A(3)", where A and k arc constants and / is the time in days after
the study is conducted.

4. ° The diagram below shows a cuboid with a square base. The height 4B of the

72
boid is (V2 +1 d the len f the diagonal AC is —=— em.
cuboid is T\I+ voﬁnn gth o iagon 7B

Need a home tutor? Visit smiletutor.sg
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() ° Bxplain why 4 =800. [
(ii)  Given that the population tripled in 18 days, show that the value of ¥ is [21 A
H .
_.w . A . T@L + _vna /
(iify  Find the number of butterflies after 30 days, giving your answer to the [2]
nearest integer.
(iv)  After how many days will the population exceed 100 000? [3] ¢
B
A curve has the equation y = xInx—3x, where x> 0. The point (p, ¢) is the o Express 742 it the Form a-+byZ , where @ and b are integers. 21
stationary point on the curve. 242 +1
(i) Find an expression for BC? in the form ¢+ d+/2, where ¢ and d are R
() Find the valuc of p and of g. 3] intogers, | .
o Determi - . .
@ oterming whether y s increasing or decreasing . {iti)  Express the volume of the cuboid in the form El T@ + »v cm?®, where ks (3]
(ay  for values of x less than p, [21 2
(b)  for values of x greater than p. i2] an integer.
(iii) What do the results of part (ii) imply about the stationary point? ]
; . iy . .
(iv) - Find the value of % at the stationary point. m The roots of the quadratic equation S =J12x-2=0 are gand 8.
(i)  Find the valoes of @+ B and aff . [2]
.. 3
. (i)  Hence, find the quadratic equation whose roots are 1 anal, Bl
The diagram below shows part of the graph of y = x* -3x” +2x—6. « B
¥y
The variables x and y are connected by the equation x+y = e“* , where aand k
, _\ N are constants. The table below shows some values of x and y.
o 3 x .
X 1 2 3 4 5 6
¥y -0.78 -1.63 -2.39 ~3 ~3.35 —3.28
y=x—3x*+2x-6
() Draw a straight line graph of In(x + ) againstx, using a scale of 2cmto 2]
represent 1 unit on the x—axis and 1 cm to represent 0.2 units on
In{x -+ y) —axis.
i ii Use your h to estimate the value of ¢ and of £. [3]
() If x+k is a factor of x* —3x” + 2x—6, state the value of k. [ meu on ﬁ” -~ ”. deaw the I " 12 dhence D31
. . gram esenting y = —x and hen
()  Hence, factorise x*-3x*-+2x -6 completely, 31 @ same cla _ws,: M.M_MRWMN sr=¢
(iiiy  Using your answer from (if}, explain why the cubic equation [1] find the value of x for which e =e" ™.
x* =3z + 2x— 6 =0 does not have 3 real roots.
CCHY _ua__.-._._ Exem (2016) Additional Mathematics Paper 2 (4047/2) / Sec 4EBN Page 3of 7 ~ B CCHY Prelim Exam {2016} Additional Mathematics Paper 2 {4047/2) / Sec 4E5N Page 4 of 7



7. Solutions to this guestion by accurate drawing will not be accepted. , . 9. (D) Given that y = (2%~ 1) Jiv1, show that ﬂ_m& can be written in the form (3]
fex . .
of , where & is a positive constant.
7 Jaxi1 P
P
'Sl (i)  Inthe diagram, the curve y = *__ cutstheline y =~ attwo points, 4]
graim, g _.||Iha 1 3 3
O and P. Find the area of the shaded region.
(-8, 4)
.Wu
14
s o ———=s.

R(10,-2)

The diagram shows a pentagon PORST in which PQ is parallel to TR and PT is
perpendicular to PQ and TR. The coordinates of @, R and T are (-3, 9), (10, -2}

and (-8, 4) respectively.

Find
(a)  the coordinates of U, (2]
(b)  the coordinates of P, 4
(c)  theratio of the area of triangle RSUto the area of triangle STU, [3]
(d) the area of trapezium PQORT. [2] 10. Inthe diagram, the circle passes through P(=3, - 2) and touches the line
Wis a point such that PQRW¥ is a parailelogram. 5y+59—x=0at Q-1,- 12).
(€ Find &8 of parallelogram PORW ) 2] . y
area of trapezium PORT

8.  The velocity, v m/s of a particle, travelling in a straight line, at time ¢ seconds
after leaving a fixed point O is given by v= 612 +t—2. The initial displacement

of the particle is 3 m from O.

(i)  Find the value of ; when the pariicle comes to an instantaneous rest. 2] Sy459-x=0

(i)  Find the displacement of the particle when it comes 1o rest. [21 \

(i) Calculate the average speed of the particle for the first 2 seconds. I3}

{iv} Wil the particle ever achieve constant speed? Explain. 21
@ Find the coordinates of C, the centre of the circle. [6]
(i)  Hence, or otherwise, find the equation of the circle. 2

" CCHY Prelim Bxam {2016) Additional Mathematics Paper 2 (4047/2) / Sec 4ESN Page 5 0of 7
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1. (i)  Prove the identity (1—cos2x)cot x =sin 2x.
(i}  Sketch the graph of y = (1—ocos Mxvooﬁ.ﬂ for 0<x< mmﬁl
(ifiy  Find all the angles between 0 and = which satisfy the equation

{1-cos2x)cot x =—0.2.

S5cm

3 em hcm

A

The diagram shows a rectangle ABCD with 48 =3 cmand BC =5 cm. The

[3]
[2]
[4)

rectangle is hinged to the horizontal ground at 4 5o as to rotate in & vertical plane.
The side AD of the rectangle makes an acute angle # with the horizontal ground.

(i) ° Showthat k = 3cos &+ Ssin &, where / cm is the height of C above the [2]

ground.

(i)  Express 4 in the form of Rcos (§ — ), where R> 0 and 0° <@ < 90°. [3]

(iii)  Find the maximum value of # and the corresponding value of 6.
(iv)  Find the value of & for which C is 4 m above the ground.

CCHY Prelim Exam (2016) Additional Mathematics Paper 2 (4047/2) / Sec 4E5N

[2]
B3]
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I. Itisstudied that the population, P, of a certain species of butterfly increases 2. A curve has the equation y = xInx—3x, where x> 0. The point (p, ¢) is the
exponentially. At the beginning of the experiment, there were 800 botterflies. stationary point on the curve.
Given that P = A(3)", where 4 and X are constants and # is the time in days afier
the study s conducted. : . . (i)  Determine the values of p and g. [3]
- . i (i)  Determine whether y is increasing or decreasing
(i)  Explain why A4=3800. [1]
(i) Given that the population tripled in 18 days, show that the value of k i 2 (@) for values of xless than p, 2l
)1 ]
i population triptec i ys, sow ihat te value o1 £15 21 (b)  for values of x greater than p. ‘ i2]
18 (iii) What do the results of part (if) imply about the stationary point? n
(iii) Find the number of butterflies after 30 days, giving your answer to the 2 . 2 . .
nearest integer. & 21 (iv) Find the value of “H|.w at the staticnary point. {1
(iv) . After how many days will the population exceed 100 0007 31
N .m 2
(i m.murclmuuas @.,S_n:xnum,
Inx<lIne

B  200=403)"" E . , dx x .
A=800 =lnx-2 Inx<2

() p=g00(3)" Inx-2=0 dy .
: T IQN =lnx- M E
2400 = B00(3)*® E nx=2
() l <0

3=3" . x=a
18k =1 : : peet E .. yis decreasing when x < 2”. E
wnmm E : _ y=2¢"-3e (b) When x> %,
- 4 =—g? Inx>Ie
(iiiy When =30, ’ g=-¢ E Inx>2
P =800(3)%" E We =Inx-2 E
= 4992 (nearest integer) H -0
) 00 () R :
800 (3)ie’ > 100000 E : .. yis increasing when x > ¢”. E
L .
@ vﬂ >425 , o (iif)  Stationary point is a minimum point. E
L, k125 ]
—_— s e M1 v 2
i3 g 3 iy div_1
> 79 108 .HH
A T e

CCHY Mid-Year Exam {2016) Additional Mathematics Paper 2 {4047/2) / Sec 4E5N Page 3 of 15 CCHY Mid-Year Exam (2016) Additional Mathematics Paper 2 (4047/2) / Sec 4E5N Page 4 of 15

.

-

456

Need a home tutor? Visit smiletutor.sg



3. The diagram below shows part of the graph of y = x> -3x7 +2x—6.

¥
o 3 x
p=x"-3x"+2x -6
) If x+k is a factor of x° —3x? +2x 6, state the value of k. M
(i)  Hence, factorise x° —3x* +2x—6 completely. [3]
(iify Using your answer from (if), explain why the cubic equation 1]

¥ —3x% + 2x—6 =0 does not have 3 real roots.

(i) From the graph, x =3, y=0
Hence, x - 3is a factor of x* —3x" +2x-6

k=-3 | B1 (accept factor ﬁ_._nontV;

() Let x*—3x% +2x—6=(x—3)x" +bx+2)
By comparing x term,
2x=2x—3bx

b=0
=322 4 25— 6= (x—3)(x* +2) E

(ii})  Since x* +2 > 0 for all values of x, the cubic equation E
** —3x? +2x—6=0 has 1 real root and not 3 real roots.

_\Z: —accept long division _

OR

(x-3)x? +2)=0
x=3 or x*+2=0
b? ~dac = 0—4(1}2)
=-8<0

2% +2 = 0 has no real roots
o x° —~3x* + 2%~ 6="0 has only I real root and not 3 real roots.

CCHY Mid-Year Exam (2016) Additional Mathematics Paper 2 {404712) / Sec 4E5N Page & of 15

4. The diagram below shows a cuboid with a square base. The height A8 of the

72

cuboid is T\M + L om and the length of the diagonal AC is " P cm.

() Express ‘q)\lml in the form a+ b2, where a and b are integers. 2]
242 +1
(i)  Tind an expression for BC* in the form ¢+ dJ2 , where ¢ and d are {4]
integers.
(if)  Express the volume of the cuboid in the form th + i cm?, where k is (31
an integer.

@ 737 72 2421 (ifi) Let the length of the base be / cm.
2 = x E By Pythagoras® Theorem,

242+1 242+t 242 -1 = BC?

HQJ\MBN‘W\MI—H .wﬁ_.m HNMN E
4B H Emmomgmmnwxmﬁ;
. 2
@ (V2 +1f +BC? = ‘Nw\%_ E uwﬁax:zmv
Volume
Ba2Ja)s BC> =(8-+2] E uwﬁal_?\mfmtvE

b+242)s BC? =18-82 | M1 |

BC? =18-8/2-(+242) u,w?zmimlmoua,@
?ﬁﬂ&
Au_

BC* =15-1042 H B
2 — vnn._u H

1
2
3
2

CCHY Mid-Year Exam (2016) Addilional Mathematics Paper 2 {4047/2) / Sec 4E5SN Page 6 of 15
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5. The roots of the quadratic equation ~3x” —+12x—2=0 are ¢ and .

()  Find the values of @+ 8 and af . 21
(ii) . . 1 1 [31
Hence, find the quadratic equation whose roots are — and .m
@
(0
N
2 2fi
o =——=—-—
G 1,1 _p+a
a B af
2
= | Ml
BE L
3
3
=-2x—
23
3
3
=—43

Equation: x* +4ﬂk|u%tuo or 25 +243x—~3 =0 E

CCHY Mid-Year Exam {2016} Additional Mathematics Paper 2 (4047/2) / Sec 4ES5N .Page 7 of 15

The variables x and y are connected by the equation x+y = "™, where o and &
are constants. The table below shows some values of x and y.

x 1 2 3 4 5 6
y —0.78 —1.63 -2.39 =3 -3.35 -3.28

()  Draw a siraight line graph of In{x + ¥) against x, using a scale of 2 cm to [2]
represent 1 unit on the x—axis and 1 cm to represent 0.2 units on
In(x + y)—axis.

(ii)  Use your graph to estimate the value of z and of &. [3]

(iii)  On the same diagram, draw the line representing y =2 —x and hence find [3]
the value of x for which *™ =2.

CCHY Mid-Year Exam (2016) Additicnal Mathematics Paper 2 (4047/2) / Seg 4EEN Page 8 of 15
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7.

GCHY Mid-Year Exam (2016)

Solutions to this question by accurate drawing will not be aceepted,

03,9

-8,4

u

s o ————=,

R(10,-2)

The diagram shows & pentagon PORST in which PO is parallel to TR and PT is
perpendicular to PQ and TR. The coordinates of &, R and T are (-3, 9), (10, -2}

and (-8, 4) respectively.

Find
(&)  the coordinates of U, [2]
()  the coordinates of P, 4]
() theratio of the area of iriangle RSL/ to the ares of triangle STU, 31
(d) the area of trapezium PORT. 2]
W is a point such that PORW is a parallelogram.
(e) Find area of parallelogram PORW 2
area of trapezium PORT
(a) LetUbe(x,0) (b) 1
4+2 _ 4-0 = y-9=-36-(3)
-8-10 -8-x 1
3 -8-x Gradient of PT'=3
g§+x=12 Equation Aom PT.
x=4 y—4=3{z—(-8)
~vao [AL] y=3x228-—-~(2) | M1 |
=@
1
~ZEeB=3r+28 [ M1 |
EH =20
3
=6
y=10

Additional Mathematics Paper 2 (4047/2) / Sec 4E5N Page ¢ of 15

© gy =4fG0—4y +(-2-0) =24i0
TU = Tmltwifegna&ﬂ
Area of ARSU
Area of ASTU
erxma
il Ty
erxhéﬁa
1
2 .
Ratio of Area of ARSU : Area of ASTU =1:2
(d)  Areaof trapezium
1J-6 -8 10 -3 -6 E
"2l 4 -2 9 10 l
umef:\,Lo&fﬂ&ué;&
= 70 units* E
©  po=3+6f+-10f =410
PT =J(-8-6) + (2 -10f =240
Area of PORW = /10 x 2+/10 = 20 units”
Area of PQRW
Area of PQRT
_20
70
_2 | al
-2 [
CCHY Mid-Year Exam {2016)

Additional Mathematics Paper 2 (4047/2) / Sec 4E5N
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10. In the diagram, the circle passes through P(-3,-2) and touches the line
5p+59-x=0at O{-1,-12).

®
(@

CCHY Mid-Year Exam (2016)

Y
—_—
4} x
PE3,-D)
5»+59-x=0
O-1,~12)
Find the coordinates of C, the centze of the circle. [6]
Hence, or otherwise, find the equation of the circle. 2]

Coordinates of midpoint of PQ
. ﬁl 34(-1) -2 +75u

z 2
"HENVI.“O

Gradient of PO= —2=C12) __

-3-(-1
Gradient of perpendicular bisector=

5

Equation of perpendicular bisector:
1
y-(-7)= w? -(=2)

Equation of tangent:
5p+59-x=0

y= Wu -1 TM: .

Gradient of CO =5 | M1 |
Equation of CQ:

y=(=12) = -5(x - (-1))
y=-5x-17-———- 2 E

]

X
5

(i)

Additional Mathematics Paper 2 (4047/2)  Sec 4E5N

1 3
367 =-5x-17 E .

x=-2

y=-7

~C(-2,-7) H

Radins

B ey varrar BRIV
= /26 units

Equation of circle:

(x +2)* +(p+7) =26 E

or
2+ +4x+14y+27=0

Page 13 of 15

11.

(i)
(i)

(@

(i)

CCHY Mid-Year Exam (2016)

Prove the identity (1— cos 2x)cot x = sin 2x . [3]
Sketch the graph of y = (1—cos2x)cotx for 0<x< uﬂa [2
Find all the angles between 0 and » which satisfy the equation [4]

{1-cos 2x)cotx = —0.2.

LHS = (1 - cos 2x)cot x

cOs x
=0 1n0mwaﬁm§ Hu E
-l-t-asn 22 ]

=2sinxcesx H

= sin 2x = RHS (proven)

sin2x=-0.2
0<2x<2x

Basic £ = 0.20135792 E
2x = 7 + 020135792, 21 — 0.20135792 E

x=167, 3.04 (350 E

Additional Mathematics Paper 2 (4047/2) / Sec 4E5N

Page 14 of 15
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The velocity, v m/s of a particle, travelling in a straight line, at time ¢ seconds after
leaving a fixed point O is given by v= 6% +1—2. The initial displacement of the
particle is 3 m from O.

(i

(ii)
i)
(iv)

@

@)

CCHY Mid-Year Exam (2016)

Find the value of ¢ when the particle comes ﬁo an instantaneous rest. 2]
Find the displacement of the particle when it comes to rest. [2]
Calculate the average speed of the particle for the first 2 seconds. [3]
Will the particle ever achieve constant speed? Explain. 2]
When v=10, (iit) =0

6t* +1-2=0 E

Gt+ s@Ts =0

|||Qab or — E

mu._.Q +T~&

3 2
uml+_._||mh+n
3 2
1
=27 4 -—2+c
2
When ¢ =0

2
200 +—— SU —2(0)+c=3

c=3
HH
Ls=20+——2+3 | Ml
- E
When 1=, (iv)
2
, =
:&E 2 3&
2 2 2
3
=2375 or 2=
8

Displacement = 2.375 or NWE H

Additional Mathematics Paper 2 (4047/2) / Sec 4E5N

=3
r=0.5 :

) u.»qu\ll.

) | N

When =2,

s=20 LWMI%TM [m1]

=17m

Total distance
=(3-2.375)+(17-2375) E
=15.25m .
Average speed

15.25

2

=7.625m/s H

dv

)
=121+1 E

Since 12¢+ 1 > 0 for alf vatues of 2,
particle will accelerate and will not

achigve constant speed. E

Page 11 of 15

Given that y = (2x—1)v4x+1, show that — 4y an be written in the form of  [3]

R i
0] +
|§|J where k is a positive constant.
Aax+1
(i)  Inthe diagram, the curve y = ¥ _ cuts the line y = attwo points, 0 [4]
Jax+1 3
and P. Find the area of the shaded region.
y e x
3
% .V- = |m|
: Jx+1
(0] x
) X L
Y _oux+p? + L) T@Ex -1 E
dx 2
1 1
=3(4x+1)? +2(4x+1) 2(2x-1)
H
= 2(4x+1) T(Ax+1+2x-1) E
__%bx) _2(6x)
¢AH+
)Ea +1 .
i) X _ l Area of shaded region
3 Jaz+t = ._.N|H1|&a
xAx+1-3x=0 ? dx+1
102 I2x
1-3j= =— dx
HAH: w_ow 2% Jawrl
x =0 or X+ 1=
! o -pfiei}, [ M1
4xs1=9 uNTT: ix+i) E
x=2 E 5 .
= m units ? E
CCHY Mid-Year Exam (2016) Additional Mathematics Paper 2 (4047/2) / Sec 4E5N Page 12 0f 15
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12,

Jcm

]

hcm

D

A

G

The diagram shows a rectangle ABCD with AB =3 cm and BC =5 cm. The

rectangle is hinged to the horizontal ground at A so as to rotate in a vertical

plane. The side AD of the rectangle makes an acute angle & with the horizontal
ground.
Show that h = 3cos & + 5sin &, where # cm is the height of C above the  [2]

M

(i)
(i)
(iv)

M

(ii)

(iii)

(iv)

CCHY Mid-Year Exam (2016)

ground.

Express 4 in the form of Reos (@—a), where R>0 and 0° < <90°. [3]

Find the maximum value of  and the corresponding value of &.

Find the value of @ for which C is 4 m above the ground.

Using ACDE , CE = 3cos &

Bl

Using A4DG , EF = DG =5siné
S h=CE+EF

Bl

h=3cos@+5sin8

#=Rcos(8-a), where R = /3% 4.5 =34 E

3

and o = Snl,ﬁlu =59.036° | M1

3

2]
B3]

h= QuMncwE —59.09) _\‘ﬁ (R must be exact and ¢ is rounded to 1 QE\_

Max k=34 _ Bi
when 4 =59.0°(1 dp) E

34 cos(g - 59.036%) =4
4

coS(8— 59.036%) = —
( ) N

Basic angle = 46.68614334° E

&-59.036° =—46.68614334°

8=12.4°(1dp) H

Additional Mathemaltics Paper 2 {4047/2) / Sec 4E5N

Page 15 of 16
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Mathematical Formulne
L ALGEBRA
Q.:nn?n:n Equation
For the equation ax2 + bx +c =0,

—b b —dac

x=

2a
Binomial expansion
(@+B)" =a"+ mmwniw + hawbi% Foeeeat ﬁ.@nxr:@‘ F b B,
1 2 ¥
| - -
where # is a positive integer and . #__pr-l) (e )
r) o= r

2. TRIGONOMETRY
fdentities
sin® 4 + o8> A =1
sec? 4 =1 +tan? 4
cosec? 4 =1+ cot? 4
5in{ A + B) = sin Acos B+ ¢cos Asin B
cos{ A+ B)=cos Acos B3 sin Asin B
tan A+ tan B
1Ftan Atan B
sin24=2sindcos 4
cos24d=cos? A—sin* A=2cos2A-1=1-2sin2 4
2tan A
1-tan® 4

tan{A+ B) =

tan24 =

Formulae for A4BC
a & c

- N = -
snd smB sinC

a® =8 +c" —2bccos A
1 .
A= =b¢sin 4
2
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Lol
A curve is such that v x2—x %, x-20. The curve passes through the point me .

dx 3
Find
(a} the equation of the curve, [31
(b the coordinates of the stationary point and determine its nature. [4]

Giventhat o and B are the roots of the equation 2% ~Tx+4 =0, form a quadratic

equetion with integral cocfficients, whose roots are 2¢* and 26°. 5]
(a)  Pind (he remainder when 5x° + 6x® —7x+2 isdivided by x-3. m
()  Show that the equation 5x° + 6x% —Tx+2=0 has only 1 real root. [31

(¢) Find the values of p and of g such that 5x*+6x —Tx+2 is a factor of

102" 4 p* ~202" +gx—2. (31

The fimetion f is defined for all values of x, by
f(x)y=1+3x¢".
Showing your working clearly, determine

(a) the intervals on which f is an increasing function, 31
(b)  the intervals on which Tisa decreasing function, 2]
{©  therange of values of f(x}. [21

(a)  Giving your answer in radians as a multipte of =, state the principal value.of

. i :
i sin | —=1, 1
o () :
-
{ii cos™ Im s nl
2
G  tan” IIJ 1]
N
()  Solve the equation cosec® ﬁwuimm =4 for 0<z<x. 4]
(¢)  Onthe same axes sketch, for 0°<x < 240° , the graphs of
y=2c0s3x+1 and aumlumEWk. 61

()

(b}
©

The diagram shows a maximum

4

Without the use of a calculator, find the value of

(log, 11){log, 13)(}og, 15) -
(log, 1 )(log, 13)(log, 15)
Soive the equation 2In(3-2x)=€. 131

By sketching a suitable pair of graphs on the same axes, show that the equation

31nx = —+/x has exacily one real root ) (2}

D C

radjus of each circle is 1 cm,

@)
()

find the exact length of 4D, 3}
express the area of the square in the form T + wz__ww cm?, [21

A circle, €1, has equation x* +3° -10x+6y+9=0.

(=)

Find the radius and the coordinates of the centre of Ci. 2]

The oircle Cs, crosses the x-axis at the point P(1, 0).

(b)
(<)

Show that the equation of the tangent to the circle at P is 3y—-4x=—4. [2]

State the coordinates of (3, where the circle Ci crosses the x-axis again.  [1]

The normals io the circle €y, at point P and point () intersect at the point R.

(@)
(€

Calculate the arca of the triangle POR.- 131

Find the equation of another ¢ircle Cz which is a reflection of the circle Cy in the .

line x=1. ' [il

number of 13 identical circles packed into a square. if the
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4y 10
y=3x+9
1
y=3 -2+ 3x+9
41 -
- x
0
The diagram shows parts of the line y = 3x+9 and the curve 3= qu —2:7+3x+9 The
line and the curve both pass through the poini 4 on the y-axis. The curve has a minimum
at the point B, The line through B, parallel to the y-axis, intersects the line y=3x+9 atthe
point C. . . S 11
(2}  Show that the line AC is a tangent to the curve at A. : [21
(b)  Find equation of the line BC. . \ [3]
(¢}  Calculate the area of the shaded region 4BC. Nl

g

Need a lpme tutor? Visit smiletutor.s

A B c
The diagrara shows a triangle BGF inscribed in the circle. The tiangle ACE is forme y
tangents produced from the circle at points B and D.
Prove that
(a)  triangle 4BF and triangle ACE are similar, 21
(b}  triangle AGB and triangle ABF are similar, 2]
© AB? = AFx AG, 21
(d) ABxAE=ACxAF. 3]

A particle moves in a straight Jine such that, £ s after passing through a fixed point O, its
displacement from QO is s m.

The velocity v ms™! of the particle is such that v =5cosdz.

(a) State the initial velocity of the particle. [11

(b)  Determine the value of # when the acceleration of the particle is first equal to
10 ms2. [3]

(¢)  Find the displacement of the particle from ¢ when £ =5. {3}

(d)  Find the total distance travelled by the particle when it comes fo instantaneous rest

the second time. [51

466



12

&

Source: Ritp:/tww. telegraph.co.ul/ravelidestinations/enrapedunited-kingds lend/london/articles/Londons-best-Boris-bike-routes!

In City A, the rear wheel of the city rental bicycle is marked with a white tag with the letter
*A? for easy identification. The height above ground level, & cm, of the white tag on the
rear wheel of the bicycle is modelled by the equation k=30(1--cos pt), where p isa
constant and ! is the time in seconds after a cyclist begins to cycle.

Suppose the cyclist is pedalling at a constant rate of 80 rpm (revolutions per minute)
throughout his journey. ® .

(a)  Explain why this model suggests that the diameter of the bicycle wheel is 60 ¢m.
(11
(b)  Show that the value of nuwﬂg. 2]

The white tag is completely out of sight at some junctures during the cyclists journey. The
white tag first goes out of sight when it is more than 40 em above ground level and
Feappears when it is 3¢ cm above ground level.

(¢}  Find the length of time for which the white tag will be visible during one revolution.
Give your answer in seconds. : [5]

END OF PAPER
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2006 485H Prelim Addnioesl Mathermatics Fager 2 Making Scheme

Liap

L)

E aL
ml..-gl.___ s

e[ s o

.Elnlﬂu.lnl._i i .Ilm.qwl.u_km lW

Fer saliorary poml, Hra

le."!a

=1

£

O edll,x <1

When ¥ =1, ji==F
Fuﬂliil%i
-1

Ll

Al

Al
M

Al

15 —Tx+-d=00
s+p=l  abel
T =0 hun.n__..._u”_”'
=1a ___ﬂ___”‘._.n_.... By |..r_&”_

(33|

R o N

Ml

il

1}

Ll
Al

Hal

33

e

Lt £i{r) = dxt + ™ —Tx+Z

By Remainder Thesrem,

O =53+ 60" -3 s 2=170

* = The reanalrder i 1700

Sttt = Ta e 2mi)

Lt w= -2

=20 = Si=2)" #=2) — =T34 2 =0

Bty Factor Theorem, since [{-2) =1, (x+2) isa facror of fix).

= A e’ = Tr+ 2o s IS b 1)

Commpaning i coefTicients of x,

—T=l+24

LEE

...._“.n._.uxmﬁ._ =g 1) m=ib

x==2or Sy —dgel=1p

For S’ —dual=0,

& A {4 —A4EHTY

=
Sinee b e =4 <0, 5 —r+1 - 1 has nar el poats
285 2 6a —Te s 2= 1 has ondy ane resd e

._._..++um|§m == e =Ty s BT -0
=10s" = T2 - 02" + 1L~ 2

By comparisan, p=7, g=11,

ol

1381

Al AL

4}

Ay

fiix) =i+ 3"

Fiix) =R 43t
=3 {24 a2

For b ineeatiny Fenction,

S Zaxh =0

Binze: o =00, u.q._..uthvu-..”_

am; A
e |
H._nlﬂ.i.uu._“r.
?-EEI
A" 2+ 5=l
Emce o w0b, In(2e )il
% !
R\
o |
.m-.__“.....,.._...u.n_ and 2" 210,
e =0
1+3x'" =1
o {1

"ok

Al

i

Al

bl

Al
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Stamp


s ivach

1 b

5(a)(i) principal value of sin™ | —= |=—

(a)(i) principal value of sin ﬁ Awu 3
31 5

5(a)(ii) principal value of cas™ | -

5(a)(iii) principal value of tan™ ﬁl

3

sin{ 22T =1
3/ 4

5(b)  cosec® TN |Mw -4

2

5%

sin ﬁwul mmu = HW (all quadrants})

3

Basic Angle = sin™ th ==

2

6

B1

B1

Bl

Ml

Ml

(-1 for each error) A2

y=2cos3x+1

el

2
@
a

-

D3 for amplitude, period and shape of y =2cos3x-+1

D3 for amplitude, period and shape of y=2-3sin

3
=x

2

20"

(tog, 11)(log, 13) (log, 15)

@ (log,11)(log, 13)(log, 15)

)
- h_mw ﬁumm g5

e e )
lg lg g9

6(b) 2InGE—2x)=e
n(3-2x) uw.w

1
3-2x=¢e’
x=—-0.446 (35.£)

“_..Ar

6(c)

¥=3lnx

Ml

Ml

Al

Ml

Mi
Al

D1 for y=3Inx

D1 for u\.n}._ﬂ
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(b

D

Let the points P, O and R be the centres of the circles as shown above.

RO=4cm ’
PO=2Zcm
By Pythagoras’s Theorem,
FR=A+4*-27
= N&. cm
mbuf%uﬁfuﬁug

Area of square = T +2:3 vu
nfmim,\wi& cm?
u?wta,ﬁoaw

Ml

Ml

Al

Ml

-Al

8(2)

8(b)

8(c)

(x=5Y +{»+3)" =25
Radius of C is 5 upits.
Centre of C1 is (5,-3).
Let centre of C) be 4.
.3 _3
5-1 4
4

Mingentat P ™= 3

m,,

Sub (1,0) into &HM.«+n

4 4
re3Ey
3y—4x =—4 (shown)
When y=0,
* —10x+9=0
(x-B(x-9)=0
x=9 or 1{x-coordinate of P}

-.0(0,0)

B1
Bi

Ml

Al

Bt

8(d) The normals to the circle at points P and @ intersect at the centre of the circle.
= R is the centre of the circle. R(5,-3) M1
Area of Triangle POR = WG =13 M1
=12 units* Al
8e) (x+3) +(p+3)=25 ‘Bl
%a) M_Nﬁma&lu M1
dx
dy
m, =—
langeat ai A dr -
=3
=m,. (shown) Al
9(b)  For stationary point at 8, m =0
X —4x+3=0
x—B(x-3)=0
x=lor3 M1
2
2
d w =-2<0
Q..x.. =]
The curve has a maximum pointatx =1,
a2
I _as0 Mi
&H z=3
The curve has a minimum point at x = 3.
’ Hence, the equation of line BCisx = 3. Al
9c) Whenx=3,y=18
= (3,18) M1
Area of shaded region
uWQx@imemm|~xu+wx+wu& M1
3
H:m.ml PH.. Imku+wau +wHH_ Mi
2 |12 3 2 5
S8l - M1
2 4
=112 units? - Al
4
10(a) LABF =/ACE (com.Zs, BF//CE) B2
LAFB = LAEC {corr./s, BFI/CE) (any
ZBAF = ACAE (common £) 2)
Since all corresponding angles are equal, triangle 4BF and triangle ACE are similar,
10(b) ZABG = £AFE (alt. seg. thm,) : *
" LBAG=/FAB (cominon ) _; B2

Since all corresponding angles are equal, triangle AGB and triangle ABF are similar.
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10(c)

10(d)

Since triangle AGB and triangle ABF are similar,
4B _ 4G

AF AR

AB? = AF x AG (shown)

Since triangle ABF and triangle ACE are stmilar,
4B _AF

AC AE

ABx AE = AF x AC (shown)

Bl
DB1

B2
DBl

11{a)

11(b)

11(c)

11(d)

v=>5cosds
Whent=0,v=35
Initial velocity of the particle is 5 m/s.
aHm =-20sind{
dr
~20sin 4t =10
sindt = L
2

4=1F

6

t=0.916 (3sf)
au._.mnom.t dt
5 .
=Zsindt+c
4
Whent=0,5=0,
c=0
5.
g==sindt
4
Whent=5, -
.quwmmumc
4
=1.14 (3s.f)
Displacement=1.14 m
At instantaneous rest, v =0
Scosd =0
cosdt=0 -
AL
202
(R
3 8

When nHH 2 i

L s=2sins=1.25
8" 4 2
When huwlﬁ. mhm.w?mhnlfwm
g4 2

Total distance travetled
=(125x2)+1.25
=3.75m

Bl
M1

M1

Al

M1

M1

Al

Mt

Ml

Ml

M1

Al

12(a) Maximum height occurs when cos pt =—1

Bl

. Maximum height =30(1—(-1))= 60 cm
12(b) 80 revolutions / minute
= 80 revolutions / 60 seconds
=1 revolution / 0.75 seconds
-Period = 0,75 seconds Ml
p=-E OR Sub £=0.375, A=60
0.75
= mmm (shown) 60 =30(1—cos(0.375 p)}
’ cos(0.375p) =1
0.375p=n
wnmmﬁaasa DBI
12(c) When h=40,
émST|8Amr& M1
ﬁmn u 1
cos| —t |=—=
3 3
m%ﬂ.uau_.mms Ml
t== 022807 Al
When A =30,
30= moﬁ_ Incmm'mﬁ&u
3
co$ hm'ﬁ uﬂ 0
3
8m, ;3
3 272
3 3 .. 9
=0.75x==0.5625 OR te— (rej.),— . M1
£=075%7 0.56 6 (rej.) 16

Time interval = 0.75—(0.5625—0.22807) =0.416 seconds (3s.£) Al
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Muthematical Formulae
1. ALGEBRA
Cuadratic Equation

For the equation ax? + bx + ¢ =0,

~ b4 +B? —4ac

2a

x=

Binomial expansion

?+S=un..+ ﬁunim + ﬁuni% ++ ﬁan?«_w‘ ++@=,
r

where # is a positive integer and = =
r) ri{r—-r) fl

J # mme D {n-r+)

2. TRIGONOMETRY
Identities
sinfd+cos? 4= 1
sec? 4~ 1+tan? 4
cosec? A=1+cot? 4
sin{A + B) =sin Acos B + cos Asin B
cos{ A+ B} = cos Acos B Fsin 4sin B
tan 4+ tan B
IFtan Atan B
sin 24=2 sin 4 cos A
cos2d=cos? d—sinfA=2cos? d-1=1-2sin* 4
2tan A
1-tan’® 4

tan(A & B) =

tanZAd=

Formulae for AABC
a b ¢

sind sinB sinC

a® =b* +c® —2bc cos 4
1 .
A= —bcsind
2
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. dy L oL
A curve is such that L Jp 2 x# 0. The curve passes through the point Tu Wu

dx 3
Find
(a)  the equation of the curve, [31
(b) the coordinates of the stationary point and determine its nature, [4]

Giventhat o and B are the roots of the equation 2x% —7x+4 =0, form a quadratic

equatien with integral coefficients, whose roots are 20} and 28 51
{a)  Find the remainder when 5x*+6x* - 7x +2 is divided by x-3. i1
(b)  Show that the equation 5x° +6x” —7x+2 =0 has only 1 real root 3]

(¢) Find the values of p and of g such that S5x*+6x°—7x+2 is a factor of

10x* 4 px® ~20x% + g~ 2. [3]

The function f is defined for 211 values of x, by
fx)=1+32"¢".
Showing your working cleariy, determine

(a)  theintervals on which f'is an increasing function, (31
(»)  the intervals on which f is a decreasing function, 2]
(¢)  therange of values of f{x). [23

(a)  Giving your answer in radians as a multiple of m, state the principal value of

N 1 .
@  sin’ hlu R 1
] m
L]
() cos” E)\lww. R [1]
1
i tan™} ——= |. 1
( qu (1)
(b}  Solve the equation cosec’ hmm iMu =4 for 0<z<x. [4}
(&)  Onthe same axes sketch, for 0°< H <240°, the graphs of
y=2c0s3x+]1 and u\_nmlwwEWx. 6]

6 @

)
©

The diagram shows & maximum number of 13 identical circles packed into a square, If the

Without the use of a calculator, find the value of

(log, 1)(log, 13)(log, 15) 3]
(log; 11)(log, 13)(log, 15)
mo?r the equation 21n(3-2x}=e. . 3]

By sketching a suitable pair of graphs on the same axes, show that the equation

'3inx=—Jx has exacily one real root. 2]

A

D C

radius of each circle is 1 cm,

(a)  find the exact length of AD, i3

(b)  express the area of the square in the form T +@;\wv om?. [23 .
8 . Acimwcle, €1, has equation x* +y* —10x+ 9\,+m =0.

{a)  Find the radius and the coordinates of the cenlre of C1. 2]

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

(b}  Show that the equation of the tangent to the circle at P is3y—-4x=—4. [2]

() State the coordinates of {0, where the circle C1 crosses the x-axis again. 1]

The normals to the circle C, at point P and point ( intersect at the point R

(&),  Calculate the area of the triangle POR -+ ) [31

(¢)  Find the equation of another circle Cz which is a reflection of the circle C in the

line x=1, i1]
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Fy ¥ 10
e p=3x49
1., N
y=3* —2x"+3x+9
A3
. x-

0
The diagram shows parts of the line y =3x+9 and the curve y uwxu —2x" +3x49. The
line and the curve both pass through the point A on the y-axis. The curve has a minimum
at the point B, The line through B, parallel to the y-axis, intersects the line v =3x+9 atthe
point C, ) ‘ - . 11
(a)  Show that the line 4C is a tangent to the curve at 4. 2]
(b)  Find equation of the line BC. R
(¢)  Calculate the area of the shaded region ABC, 5]

. 6

()]

€

—

£ S

S

=

F ©

=

7}

2 i

>

D o~

—

O

4=

S

=

4 5 c 2

The diagram shows a triangle BGF inscribed in the circle. The triangle ACE is wo.,:ﬂm@u.

tangents produced from the circle at points B and D, ©

Prove that M

(a)  triangle ABF and triangle ACE are similar, 3
(b)  triangle AGB and triangle ABF are similar, 21
© AB* = AFx AG , 21
(d) ABxAE=ACxAF. 3

- A particle moves in a wﬁmm_: line such that, ¢ s after passing through a fixed point O, its

displacement from O is s m.
The velocity v ms? of the particle is such that v=>5cos4z. .
(a)  State the initial velocity of the particle. [11

(b)  Determine the value of f when the acceleration of the particle is first equal to
10 ms2. 31
(c) Find the displacement of the particle from O when ¢ = 5, [31

(d)  Find the total distance travelled by the particle when it comes to instantaneous rest
g [}

the second time.
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Source: kigniwwrw. telograph.coak Videstinations/eurog ited-kingdk g tarticles/Londons-best-Boris-bike-routes/

In City A, the rear wheel of the city rental bicycle is marked with a white tag with the letter
‘A’ for easy identification. The height above ground level, & cin, of the white tag on the
vear wheel of the bicycle is modelled by the equation k=30(1—cos pr), where p is a

constant and ¢ is the time in seconds after a cyclist begins to cycle.
Suppose the cyclist is pedalling at a constant rate of 80 rpm (revolutions per minute}

throughout his joumney.

(a) Explain why this mode] suggests that the diameter of the bicycle wheel is 60 cm.
(1]
(b)  Show that the value of p= Wa , 21

The white tag is completely out of sight at some junctures during the cyclists journey. The
white tag first goes out of sight when it_is more than 40 ¢m above ground level and
reappears when it is 30 cm above ground level.

(<) Find the length of time for which the white tag will be visible during one revolution.
Give your answer in seconds. [5]

END OF PAPER
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2016 4E5N Prelim Additional Mathematics Paper 2 Marking Scheme”

———

45" —175x +128=0

1{a) w_ukmlalm
1
&n._.ﬁaul.« uw&
2 3 1
uWautNHN+n Mt
Sub { 4,2
3
2 2 32 L
e C LR T L
3738 -2 e Mi
2
c=-2
3
. 23 Loa
Equatien of the curve is ‘enwanlm.xu -3 Al
. ., dy
1(by  For stationary point, o =0
L
x2—-x *=0
x—1
=0 M1
fx
Given x=0,x=1
When x=1, y=-2. . )
(1,-2) are coordinates of the stationary point. Al
Iy Ler s Mi
' 2 2
dy 11 *®
—=| =—+=-=I1>0
w22
. 'The stationary point 15 minimmm, Al
2 2% —Tx+4=0
7
o+f=—; af=2
B > g
20+ 28 =2(0 +°)
=2(a+B)[ (w+BY ~30B | |
(7
=2{=~|| =] -3(2 M1
GG
175
= M1
4
(20°}(28°} = 4(cp)’
=4(2 Ml
=32
H»l%ﬂ.&muo Mi

Al

=,

3(a) Let £(x)=52" +6x" ~Tx+2
By Remainder Theorem,
£GY =53 +6(3) —7(3)+2=170
.7 The remainder is 170. Bl
Hb) 5 +6x'—Tx42=0
letx=—2
£(-2)=5(=2)' +6(-2) —=T(-2)+2=0
By Factor Theorem, since £(—2) =0, {x+2) is a factor of f(x).
S 5 462" —Tx+2=(x+2)(5x° +hx +1)
Comparing the coefficients of x,
~F=1+2b
b=—4
{4255 —4x+1) =0 Bl
x=-2 01 5% —dx+1=0 4
For 5x°* —4x+1=0, |
b? —dac = (—4 —A5)D) LBI
_L . |
Since b* —dac=-4 <0, 5x* —4x+1=0 has no real roots. A
~5% +6x* —Tx+2 =0 has only one real root. DBI
3e)  10x"+ p 2007 L gr-2=(55" + 67 —Tx+2)(2x-1) M1
=10x* +7x" —~20x* +11x -2
By comparison, p=7, g=11. Al Al
4(a)  flx)=1+32%"
f'(x) = 6xe" +3x°¢"
=3xe"(2+x) Ml
For an increasing function,
3xe"(24+x) >0
Since " >0, 3x(2+x) v,o - Ml
\Wy {
2 A0
nx<—2orxs0 Al
4{b) For a decreasing function,
3xe’ (2+x) <0
Since & >0, 3x(2+x) <0 K ’ M1
._./ . u....
. /
2L Lo ’
L-2<x<d Al
4(c) Since ¢*»0 and x* 20,
T ke 20 Ml
143x%" =1
szl Al
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. . H T
5(a)(i) principal value of sin™ hlwul Bl
] w p: 3
e 1 3] 5w .
5(a){(ii) principal value of cos - n!ml Bl
1 T
5(a)(ili) principal valus of tan™ 5% ] B1
5(b)  cosec’ 2z-Z =4 ) IMANNIHAmIﬁ
3 3 3-3
?NTT&L . M1
3) 4
wmshmnlwv = HW {all quadrants) M1
Basic Angle = sin™ ﬁwuu z
2) 6
gy E__T noSm Tn
3 66 6 6
=2, 2 Ix 3m (-1 for each error) A2
iz’ 12 e
5(c) A
i ¥ mlmmENH
a3
3
L ]
2
$
y=2cos3x+1
[ [ 120 130 [ 10 T
1

D3 for amplitude, period and shape of ¥y =23 &:Ma

D3 for amplituds, period and shape of y=2cos3x+1

2

(log, 11)(log, 13){log; 15)
(log, 11)(log, 13){Jog, 15)

() -
()

m V?L
?LFL

6(2)

_ (1)(213) il
(122)(123) ’

=6 Al
&) 2In(3-2x)=e

_nalguwm Ml

1

3-2x=c? M1

x=—0.446 (35.£) Al
6(c) YA

Y

Dl for y=3Inx

D1 for wul&m
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7(b)

D

hﬁm.auciﬁw.m .&E.h_uﬁ_._mnnaamaﬁrno:o_nmﬁ mrcgwcea.
Rg=4cm . .
PQ=2cm

By Pythagoras’s Theorem,

PR=N4"-2"

=2ficm

mbufwmuﬁfu&qna

Area of square = T.+M)N.J~
ufmtmﬁipv om’
=(28+1643)em®

M1
Mi
Al

M1
Al

8(a)

8(b)

8(c)

T..Im% +Q+wvu =25
Radius of C| is 5 unjts.
Centre of Cy is (5,~3).
Let centre of C1 be 4.

Sub (1,0) into yumin
oum.+n

44
73573
3y—4x =4 (shown)
When y=0,
2 -10x+9=0
{(x-D(x-9)=0
x=9 or 1(x-coordinate of P)

£00,0)

Bi

Ml

Al

Bl

8(d) The normals to the circle at points P and @ intersect at the centre of the circle.
= R is the centre of the circle. R(5,-3) M1
Area of Triangle POR = WG -1)(3) Ml
=12 units* Al
8e)  (x+3) +(p+3) =25 Bi
9(2) @uu.«u —4x+3 Ml
dx
d
m, inj &t ==
\angent at A dx o
=3
=m. (shown) Al
9(b} For stationary point at B, m =0
2 —4x+3=0
(x—D(x—3)=0
x=lor3 M1
d’y
o B
2
b P
Q.N le=1
The curve has a maximum pointat x=1.
d’y
—z| =2>0 Ml
& le=3
The curve has a minimum point at x =3.
Hence, the equation of line BC isx=3. Al
9c) Whenx=3,y=18
2 C(3,18) ‘M1
Area of shaded region
1 31 2
|m@x@+§|2mm|¥ +uu+mw& Ml
3
HMI_Hlﬂ.HaEWHw+WHH+WHH_ MI
2 127 37 2 b
_ A 29 1 - M1
2 4
=11 ! units® - Al
4
10(a) ZABF = LACE (cowr. /s, BFIICE) 7 B2
LAFB = ZAEC (coir. s, BFICE) 1 {any
ZBAF = ZCAE (common £) 2)
Since all corresponding angles are equal, triangle ABF and triangle ACE are mmm::mﬁ
10(b) ZABG= ZAFR (alt. seg, thm) !

£BAG = Z/FARB (common 2} *v B2
Since all corresponding angles are equal, triangle AGE and triangle ABF are similar.
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10(c)

10(d)

Since triangle AGB and triangle ABF are similar,
4B _ 4G

AF  AB

AB* = AF x AG (shown)

Since triangle ABF and triangle ACE are similar,
4B _AF

AC  AE

ABx AE = AFx AC (shown)

Bl

DE1

B2
DB1

11(a)

11(b)

11(c)

11(d)

v=>5cosdt
Whent=0,v=35
Initial velocity of the particle is 5 m/s.

o H@w =-20sin4¢
de
—20sin4t =10
mwir.ulw
2
=
[
t=0916 (3 5.0)

mu._.mnomﬁ d¢

= Mmiﬁ +c
4
When t=0, s=0,
c=0
5.
Am:ué.
When t=35, .
5 ummwamc
4
=1,14 (35.f)
Displacement=1.14 m
At instantaneous rest, v =0
S5cosdt =0
cosdt =0

4t

When t=—, s==sin—=1.25
8 4 2
When numlu s Hmmmnulﬁulﬂ.Mm .
8 4 2
Total distance travelled
=(1.25%2)+125

=375m

Bl
M1

Ml

Al

Ml

Ml

Al

M1

Ml

Ml

M1

Al

12(a) Maximum height occurs when cos pt=—1

Maximum height =300 — (—1))=60 cm Bl
¥2(h) 80 revolutions / minute .
=80 revolutions / 60 seconds
=1 revolution / 0.75 seconds
Period = 0.75 seconds Ml
p=E OR Sub #=0.375, h =60
0.75
= Mm (shown) 60 =30(1 - c0s(0.375 )
cos(0.375p)=—1
0.375p=mx
r Hm\““n. (shown) DB1
12(c) When =40,
40 umcﬁ_lsm @Ed Ml
smﬁm@u L
3 3
Wmunnurms M1
1 =0.22807 Al
When # =30,
30=30 Tlnom TWHH&
3
Smhmhmu =0
3
8n,_n 3n
37 272
3 3 .. 9
=0.75x==0. OR t = (18j.) ,— . M1
¢ edxa 0.5625 aﬁ: 6
Time interval = 0.75--(0.5625—0.22807) =0.416 seconds (3s.1) Al
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COMMONWEALTH SECONDARY SCHOOL
PRELIMINARY EXAMINATION 2016

ADDITIONAL MATHEMATICS
PAPER 1
Name: . { } . Class::
SECONDARY FOUR EXPRESS Wednesday 17 August 2016
SECONDARY FIVE NORMAL ACADEMIC ) .
40471 T ) 0800 -1000

2h

READ THESE INSTRUCTIONS FIRST

Wirrite your name, index number and class on all the work you hand in.
Wirite in dark blue or black per: 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.
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 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 afl your work securely together.
- The number of marks is given in brackets [ ] at the end of each question or part question.
The tofal number of marks for this paper is 80. .

Name of setter: Mr Eugene Lee

This paper consists of 5 printed pages including the cover page.
[Tum over

Mathematical Fornuilae
1. ALGEBRA

Cuadratic Equation
For the equation ax” +bx+c=0,

-bxb —dac

x=

2a
Binomial expansion
n PN R R pagpe L — u
() =a"+ P b+ o @ e T
¥
n ! -l dn-r+1
where r is a positive integer and =1 u:? c ? 1+v
rj Hln—r) rl
2. TRIGONOMETRY
Identities

sin* A+cos® A=1
sec A=1+tan’ 4
cosec A=1+cot> 4
sin(4 % B) =sin Acos B +cos Asin B
cos(4+ B)=cos Acos BT sin AsinB
_ tan 4t tan B
1Ftan Atan B
sin2A4 = 2sin dcos A
cos2A4 =cos’ A—sin® A=2cos® 4—-1=1-2sin’ 4
tan24 = E
1—tan? 4

tan{A+ B)=

Formulae for AABC

¢ b ¢
sind sinB sin(
a* =b* +e* —2bcoosd

Dum..wnmmbh
2
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. 2
1. The equation of a curve is y =5 %  Pind the equation of the tangent fo the curve

24-5inx
where the curve meets the y-axis. 4]
. 2x+8
2. (i) Express in partial fractions. 5
(@) Express -0 ¥ Gl
(ii) Hence, evaluate |, LAl S S : . 5]

2 (22 +4)(x—1)

3. () Sketch the curve y=|x’ —2x—3} for -3 <x<3. 3]

(i) Explain why the equation | x* —2x—3|=15 has no real roots for ~3sx=3. [l
(iii) Find the x-coordinates of the points of intersection of the curve ¥ = x* —2x—3[and:
the liney=1-x. [31

4. The first 3 terms in the expansion of (a+x +(2—bx) in ascending powers of x are

48+12x+cx*, where 2, b and ¢ are positive constants. Find the vatues of a, of & and of ¢.

151

Inya
. A 4,2.39

(1,139

»

=X

O

The variables x and y satisfy the equation y=4e"™" where 4 and k are constants. The
graph of Iny against x is a straight line passing through the points (1,1.39) and
(4,2.89) as shown in the diagram. Find the values of 4 and of &. M

6. A curve has equation y=x" -+ Joi + kx+$% . Find the set of values of k such that
(i) the curve is a strictly increasing function, 4]
(i) the curve has exactly 1 stationary point. 21

7.

The point P lies on the curve y = ET“U for x>1. The normal to the curve at P igy
x= ()

parallel to the line 2y =3x+2. N .
(i) Find the coordinates of P. . 51 5
The tangent at P meets the line 2y =3x+2at Q. @
(ii) Find the coordinates of 0. : 3] m
&
(i) Prove that 2cosec2xtan x =sec’ x. 3] an
Hence o~
(i) solve the equation Zeosecdxtan x=secx+2for 0 <x <27, 31 5
(i) find { {cosec2 tan x+1) dx. Bl 5
£
The acute angles 4 and B are such that sin4 nrw. and tan B=3 . Without using@
£
calculator, find the exact value of ©
& cosd, 2l ©
(b) sin(4+B), 2 3
{c) cot2B. 21 Z

10. Solutions to this question by accurate drawing will not be accepted.

S y=x

D (1,0) .

The diagram shows a n:m&.:ﬁﬂ.&,mmﬂb in which the point B is (0, 3) and the point D is
(7, 0). The equation of the line 4D is Sy=2x-14 and C Ties on the line y = x. The line

CD is parallel to the y-axis.
Given that A lies on the perpendicular bisector of BD, __ = ——-—~ -~

(i) find the coordinates of 4 and of C, 4]
(i) find the area of the quadrilateral ABCD, 2]
{iti) explain clearly whether or not the quadrilateral ABCI 1s a Kite. 3]
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Class Index No.

Candidate Name: [ _ 1

FUHUA SECONDARY SCHOOL

Preliminary Examination 2016

Secondary Four Express & Secondary 5 Normai h—.m \ mz
Academic
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Mathematical Formulae
1. ALGEBRA
Cuadratic Equation

For the equation ax” +bx+¢c=0,

x=
2a

Binomial expansion

(a+b) =a+ RPN A T SRS g PN
1 2 r
| - -
where # is a positive integer and PR L VXt
r ?va_l !

2. TRIGONOMETRY
Identities
sin® 4 + cos* 4 =1
sec’ 4 =1+ tan® 4
cosec’ 4 =1 + cot’ 4
sin{4 + B) =sin 4 cos B + cos Asin B
cos{A4 + B)=cos.Acos B Fsin 45in B
tan A+ tan B
17 tan Atan B
sin2.4 =2sin Acos 4
cos2Ad=cos* A-sin* A=2c0s* 4—1=1-2sin’ 4
2tan A
1~tan® £

tan{ A+ B) =

tan24 =

Formulae for AABC -
a b c

sind sin'B  sinC

at=b*+c*-2bccos 4

bn.wa@mmum.
2
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2
Given thaty = —2>—,
(x+2)
show that for x > 0, y is an increasing function. 31
Solve the equation 2log, 5x* —log, (4 —x) =log,(1-x)+1. [6]

A certain virus increase by 100% at the end of 20 days. It is given that P, isthe
number of virus present ai a particular time and given that P = P,(2*), calculate
the value of the constant & in the relationship P = P,(2¥) , where d is the number

of days. , 31

(i)  Showthat x* —x+lis always positive for all real vahses of x. 21

(i)  Hence, or otherwise, find the range of values of b if the inequality

ﬁ,ﬂm < 2 is satisfied for all real values of x. {3]
x —x+1
Y
Sketch the graph of ¥ = 2x * -3 for x> 0. From your graph, [3]
[0} find the range of values of y for whichx = 2, 1]
(i)  find the range of values of x for which y = -1 [

()  Express x’ —2x—6 inthe forma(x—5)* +¢, where a, b and ¢ are

constants. [21
(ii)  Hence sketch the graph of y = _xu -2x— @_ for —4<x<5 3
(iii) By insesting a suitable straight line, find the number of solutions for the

equation |- 2x* +4x +12| = 6 - 4x in the given domain 131

(2)  Prove that tan(45° + )+ tan(45°— 6) = 256c 26 . 13
(h) - Hence, solve the equation tan(45° + 8)+ tan(45° - 6) = 6 for :
0°< 0 < 360°. 3]

A particle O passes a fixed point 5 and moves in a straight line such that, ¢ 5 after

leaving B, its velocity, v m/s, is given by v =2cos® r—1. Find

(a) the acceleration of O when ¢ =2, 2]
{(b)  the time when the particle is at instantaneous rest for 0<7<2, 2]
© the total distance travelled by Q in the first 2 second. 3]

A solid is made up of a right circular cone and a cylinder with a radius » cm,
as shown in the diagram. The slant height of the cone is 37 om and height of cylinder

is k2 cm.

3rcm

2rem

(a) Given that the total surface area of the solid is 500 ¢m?, express k in terms
ofr. 2}

(b)  Show that the volume, ¥ cm’, of the solid is given by
mlwmlwl}mva.u. [3]

¥V =250r +(

(c) Given that 7 and / can vary, find the stationary value of ¥ and determine

whether this value of V' is maximum or mininum. £5]
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Liquid is poured into a bucket at a rate of 60 cm’/s, The volume, ¥ cm?, of the

Hquid in the bucket, when the depth is x cm, is given by ¥ = 0.01x® +2.2x% + 200x

Find
(i) the rate of increase in the depth of the liquid when x = 10, and
(i)  the depth of the liquid when the rate of increase in the depth is 0.2 co/s.

The diagram shows the curve (¥ —1)* = x+16 which cuts the y-axis at 4 and 5.

Find, :
(&) the coordinates of 4 and of B,
(i}  the area of the region bounded by the curve and the y-axis,

x

>
>

(-1 = x 416

12 The function f(x) is defined by the equation f(x) =3cos 2x+1.

(i) State the period and amplitude of f(x)
(i)  Sketch the graph of flx} for 0<x < x

(i)  State the maximum and minimum values of f{x).

(iv)  Onthe diagram of part (ii), sketch the graph of y = 4sin 2x for0< x < 7.

(v)  Hence, statc the number of solutions, for 0 < x < 7z, of the equation
2 cos2x+ 1 =4 sin 2x.

13}
i3

B3l
{31

2]
(3]
2]
2]

n

13

In the figure, O is the cenire of the circle PORST with OS as a diameter, A7B isa
tangent to the circle at 7. Given QT = RT,

show that,

(@ ZRTO=£STB

(iy ZORT=<RTB- .

End of Paper

B3]
2
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+¢=0,

_ —biAb* —dac

2a

x

Binoriial expansion

{a+b) =a" A@ a'b +ﬁ& aet + ...+ﬁ=u arh +o-+ b,
r

nl .....? D.(n-r+1)
(n- wu_w_ r

where # is a positive integer and ﬁ u
p

2. TRIGONOMETRY
Identities

sin® A+ cos* A=1
sec? A=1+tan® 4
cosec’ A=1+cot’ 4
sin(A+ B) = sin Acos B £ cos Asin B
cos{A+ B)=cos Acos.B Tsin4sin B

+
ten(A4 £ B) _fndttm B
1xtan Atan B
sin24=2sin Acos A
00824 =c05* A-sin* A=2cos* 4A-1=1~-2sin* 4

2ian A

tan 24 = ———
1-tan® 4

Formulae for AABC -7
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3
1 Giventhat ['-———dx=-In,
2y —x—6 23
(1] state the value(s) of x for the mtegral to be undefined, . 21
(i)  find the value of m. 141
. d . .
(i)  Show that g (2xsin3x) =2sin3x+6xcos3x. 2}

()  Using the result from part (i), find .ﬁ 2xcos3x dr and hence show that

.mmancmuxenu - Hl.w;.
39 i3]
i) Givonthat [ f(x) dr="7, evaluate | Lot ae+ sy 3
’ s 3x* 3 ’ i3]
. 1-x 1
A curve has the equation y = x# —.
Ix-1 3
(i)  Find an expression for e [21

(i)  Find the coordinates of the points on the curve where the normal is parallel to
the fine 2y = dx +1. [51

The points P(0.5, 1) and (-1, —0.5) lie on the curve.

(ifiy Find the arca of triangle POQ where O is the origin. P21

[¥urn over

4 (a)

()

4 B
. (i) Hence, find the coefficient of 2 in the expansion of T - IWT + mﬁﬂu .

5 M

(i)

(i)

¢

Write down, and simplify, the first three terms in the expansion of (3--2x)° in

=)
&2
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ascending powers of x.

8
k . -
|wu , where k is a positive consiant, the
= L

(i) In the binomial expansion of T+

=
s

term independent of x is 112. Show that £=2.

——
o]
o

645
Express —=— in the form a + wz\w , where & and b are integers.
245 -4

=
2

13451 em

The diagram shows a pyramid with a square base ABCD. The diagonal AC of the
square base is mu»\w —~1 ¢m. Given that the height of the pyramid is
645

— om,
25 - 4

find an expression for AC? in the form ¢ + 45 , where ¢ and d arc integers, 2]
express the volume of the pyramid in the form m+m5 om?, where m and r are
integers. (volume of pyramid = W * base area x height) . {41
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5
6 The equation of a curve is 3 = e tanx where 0< x < . 9 D
5
(i) Find the coordinates of the stationary point(s) of the curve, giving your answer [4] 5
in ifs exact form. o)
(ii)  Determine the nature of the stationary point(s). [2] 2
)
>
7  Acircle has the equation x* + ¥ +6x—8y+9=0. ¢
. O
3] Find the coordinates of the centre of the circle and the radius of the circle. [31 2
[0}
" . . The diagram shows two circles ABP and BCQ. 4B and BC are the diameters of circles ABPE
h - le. .
(i) Show that the x-axis is a tangent to the circle 2} and BCQ tespectively. AB = 6 cm, BC = 2 em and angle 4BC = 90°. Ff P and Q arc twoQ
Gii)  Show that the point P(5, 2) lies inside the circle. 2 variable points on the two circles such that BOP is a straight line and angle BAP = 4, M
. e o)
(iv)  Find the equation of the chord of he circle whose mid-point is 2. 2] @ showthat AP+ PO+ QC=8sing +4 cosd, 3 W
(fiy  express AP + PO+ OC inthe form Rsin (§ + a), where R > O and « is acute, [4]
8 (a . . 5122 g
() Find the remainder when 35’ ~13x” + 3x+22 is divided by s+ 1. = (i) find the value(s) of § for which AP+ PQ+0C = 8.8 cm 3]
(1  Given that £(x)=mx’ —3x" +5x+4 and g(x)=rmx’ +4x—6 have a common
factor x— a, where n..mm an integer, find the value of 7. - M 10 The roots of the quadratic equation 2x* —5x+1=0 are o and p. Without solving the
. equation,
{(¢) Express E in partial fractions. [4] : .
2(x" +3) ()  find the value of «® + 3%, [3]
(i) factorise a® +p°, 4
1, g, O
(iif)  show that the value of o’ -+ B’ is 9 - [2]
(iv)  find the quadratic equation whose rpots are o® —o and p* —p. [5]

[Turn over
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e

11 Answer the whole of this question on a sheet of graph paper.

(a) The table shows experimental values of two variables, x and y, which are

comnected by an equation of the form ay = . “. 5 where g and b are constants,

x 1 2 3 4 5 6

¥ 3 2.67 1.60 1.14 0.89 0.73
@ Plot W against x and draw a straight line mqpmr. 131
(i}  Use your graph to estimate the value of 2 and of &. 4]

(i)  Without drawing a second graph, estimate the intercept on the vertical axis
of the graph of xy against y. 1]

{(b) The diagram below shows part of a straight line graph of lg y against x%, passing
through the points (2, 9) and (7, 4).

lgy
. 2,9
74
S—
o)
(i)  Expressy interms of x. i3]
()  Find the value of y when x= +/13 (11

End of Paper
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2 GMS(S)/A Maths/P2/Prelim 2016/4E/45N
Geylang Methodist School {(Secondary) . Mathematical Formulae
Preliminary Examination 2016 L. ALGEBRA
Quadratic Equation
For the equation ax? + bx +¢= 0,
. x= b - dac
ADDITIONAL MATHEMATICS 4047102 i
_UNUQH 2 . . Binomial expansion
4E /5 Normal ’
O tacadomic) fatb ,_uafaal Tf@al b+ .. +Sniw+ L
Additional materials 1  Writing P: 2h 30 minutes . . h 1 -D..{n—r+1
D_.mm__u_mvmwww R = minu where » is a positive Integer and A 1v = w_?sl T Hr—1) 1? b
Setter: Mr Johney Joseph 05 Aug 2016
2. TRIGONOMETRY
Identities

READ THESE INSTRUGTIONS FIRST sin? 4+ cos? =1

2 g 2
Wite your name, index number and class on all the work you hand in. sec’4=1+tan"4
Write in dark blue or black pen on both sides of the paper, . 2 4=
You may use a pencil for any diagrams or graphs. coses” 4 =1+ oo’ 4

Do not use staples, paper cling, highlighters, glitie or correction fluid. sin{d & B) = sind cos B+ cosd sin B

Answer all the questions. : . . cos{A & B)=cosA cos B 7 sind sinB
Write your answers on the separate Wiiting Papers provided,

Give non-exact numerical answers corvect fo 3 significant figures, or 1 decimal place in the case of tan(4 = mv _ tandstanB
angles in degrees, unless a different level of accuracy is specified in the question. 48 I ¥ tan4 tan B
The use of a scientific calculator is expected, where appropriate, . s
You are reminded of the need for clear presentation in your answers. . : sin 24 = 25ind cos 4
= i A=2co 4 1=1—2sm?
At the end of the examination, fasten all your work securely together. oo c0s 2.4 =cos? A~ sin’ 4 =2cos? 4~ 1 = 1 - 23in’ 4
The number of marks is given in brackets [ ] at the end of each question or part question. : Ztand
The total number of marks for this paper is 100. ) tan 24 = gﬂ
Formulae for A4BC
a ~ b___c_
sind ~ sinB  sinC

This document consists of 6 printed pages including the cover page o= b2+ c? — e cos A

urn over i .
[r =3 ab sin C
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3 GMS(SYA Maths/P2/Prelim 2016/4E/5N

The curve p= f{x) is such that £ '(x) =3 sinx + 5.

] Explain why the curve y = f{x) has no stationary point. [2]
(i) Given that the curve passes through the point (0, 5). find an expression "
for £x). £l
i .
(i) Differentiate xe* with respect to x. 2]
1
(ii) Integratec e with respect o x. [2]
N
(i) Using results from part (i) and (i) show that T&u dx =de"+ 4. i4]
Q9
The equation of a curve is y = (x + )%,
i Show that the equation of the tangent to the curve where x =2k is 5
y+ 35 = 6kx. L
This tangent meets the x-axis at P and the y-axis at O
The mid-point of PO is M.
(i) Show that M lies on the curve p + 24x2 = 0. 4]
. ,
(a) (i) Write down, and simplify, the expansion of (2 - p)’. [31
2 5
(ii) Use the result from part (i) to find the expansion of T -2x +m~|u
in ascending powers of x as far as the term in 22, {31
16
(b) () Write down the gencral term in the expansion of TN |M_|L R T
X
(ii) Hence, or otherwise, evaluate the term Ennwn:aoa of x in the
M 6
expansion of Tp ||L .
2x [3]

[Turn over

4 GMS(SYA Maths/P2/Prelim 2016/4E/5M

Given that & =3-2+/2 , express k— .MM in the form @+ b~2 , where 4 and 5

are integers.

@  Prove that x+ 1 is a factor of 2% — 92 +x+ 12.

) Factorise 2x3 — 92 +x + 12 completely and hence solve the equation

28 -0t tx+12=0.

25

ECr BT as the sum of three pariial fractions.
x” —9x° +x+

(iif) Express

. 2
A curve has an equation y = f{(x), where f{x) = E forx#0.
X

()  Find an expression for f'(x) and obtain the coordinates of the stationary

points on the curve.

(i) Showing full working, determine the nature of these stationary points.

The roots of the quadratic equation 8% — 11x + 67 =0 are ¢’ +i and §°+1.
(i) Find the values of &’ + £* and & .

Tt is also given that the roots o.w the quadratic equation 42 — 9x + 16 = Q are
atand g*.

(i) State the value of a*+ 5°. .

(iii) Use ali results from (i) and .:.s to deduce the value of o + .

(iv) Form a quadratic equation, with integer coefficients, whose roots are
a and 5.

(51

2]

4

[4]

4
4]

)

3]

i3]

2]
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5 GMS(SYA Maths/P.  :lim 2016/M4E/5N . . 6 GMS(SYA Maths/P2/Pretim 2016/4E/5N
9 0 1 .
g The table shows the experimental values of x and y.
em .
X 1.5 20 2.5 3 35 4.0
P 5cm v 18 21 2.4 2.6 29 3.1
R ‘ : It is known that x and y are related by the equation y = kx” , where k and » are
. constants.
4
.M. , T
In the figure, PORS is a rectangle of length 8 om and breadth m om and . (i)  Using suitable variables, draw on graph paper, a straight line graph and
#RST = @ radians , where & is acute. hence estimate the value of each of the constants & and r. 6
(i)  Express & cm, the perpendicular distance from O to the line 57, in the
form a cos & + b sin @, where a and b are constants. R o (if) Using your values of £ and », calculate the value of x for which
(i) Express & in the form Rcos(f— &), where R is a positive constant and = 10. 12
¢ is an acute angle in radians. [4]
. . o - (iil) Explain how another straight line drawn or your diagram can lead to an
(iii) Find the maximum value of % and the corresponding value of 6. [2] . .
estimate of the value of x for which xy = 10. Draw this line. [3]
{iv) Find the value of & for which 2= 7.5 cm. [3]
0 A circle passes through the poinis 4(4, 0} and B(0, 6). Its centre lies on the
liney=x+2.
(i)  Find the equation of the perpendicular bisector of 4B and hence show
that the centre of the circle is (- 1, 1). 6] : - End of Paper -

(i) Find the equation of the circle. [3]
A second circle with equation x2 +32 + ax + by — 23 =0, has the same
centre as the first circle. .

(iii} Write down the value of & and of 5. [1]

(iv) Show that the second circle lics inside the first circle. 2]

[Turn over
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* ‘ GMS(SYA Math/P1/Prelim 2016/4E/5N(A) o

Mathematical Formulae w
Geylang Methodist School (Secondary) L ALGEBRA 5
Preliminary Examination 2016 =
, , Quadratic Equation @
For the equation ax? + bx + ¢ =0, m
- I@wna._ﬂu —4dgc =
* 2a an
ADDITIONAL MATHEMATICS . 4047101 o~
Binomial expansion m
Paper 1 : n n n b=
. . . = 1 2 p2 " =}
4 Express | 5 Normal {Academic) {a+B)" n;+TTT m+huvn.1 b +...+AL&I¢ R P
; £
Additional materials :  Wiriting Paper 2 hours . e m_ oon _mn-1).(m-r+1} o)
g Fap where # is a positive integerand | . A= P e
©
Setter:  Mrs Goh Heng Mei 12 August 2016 kS
2. TRIGONOMETRY b}
Z
_ Identities
READ THESE INSTRUCTIONS FIRST sin? 4 +cos? A =1
' ! 2 4=]+ 2
Write your name, index number and ¢lass on afl the work you hard in. y - ; sec 4= 1 +tan 4
3 Wiite in dark blue or black pen on both sides of the paper. ) ' _ cosecl A =] +cotl 4
You may use a pencil for any diagrams or graphs. :
Do not use staples, paper clips, highlighters, glte or correction fluid. sin{4 £ By =sind cos B+ cos4 sinB
Answer all the questions.  * cos(d + B) = cosd cosB 7 sind sinB
Wiite your answers on the separate Writing Papers provided. tan A + tank
- Give non-exact numerical answers comect to 3 significant figures, or 1 decimal place in the case of tan{d £ B) = T+ tand enb
angles in degrees, unless a different level of accuracy is. specified in the question. ‘ . ¥ tand tan
The use of a scientific calculator is expected, where appropriate. : ) . — e
You are reminded of the need for clear presentation in your answers. sin 24 = 2sin4 cosA
ot cos 2Ad=cos? 4 —sinf A=2cos? 4~ 1 =13 —2sin? 4
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. tan 24 = 2tand
- The total number of marks for this paper is 80. M 1 —tan®4
Formulae for AABC -
a b o

smAd snB _ SinC

This document consists of 6 printed pages including the cover page. =0+ 22 cos A

1 .
[Turn over . - A=zabsinC




GMS(S)/A Math/P1/Prelim 2016/4E/5N(A)

The function f is defined, for all valves of x, by
fO=x01-x".

Find the values of x for which f is an increasing function.

(ay Giventhat log, p=a. log,; g =& and Nuuﬂ
q

express ¢ in terms of ¢ and b.

(b}  Onthe same axes, sketch the graphs of y=log,x and y=log,x.

The number of bacteria in a culture is given by N = N, e*', where N, isthe

sumber of bacteria at a particular time and N is the number of bacteria present
+hours later. The number of bacteria in the culture triples every 2 hours.
Calculate the value of the constant k.

(@)  Show that thewroots of the equation x” + (a—2)x = 2a are real for all

values of a.

(b) Show that there are no values of b for which the curve
y=(b-3)x*—2bx+(b—2) isalways positive.

‘The vertices of a paralielogram ABCD are 4(5,0), B(-3,4) €{(~2,6)and
D {(p, q) respectively.

(i)  Find the midpoint of AC.

(i}  Find the coordinates of D.

Hence show that ABCD is a rectangle.

(41

3]

2]

3]

3]

4

[l

2
{21

GMS(SYA Math/P1/Prelim 2016/4E/5N(A) 0

[ The curve .& < gsinbx + ¢ is defined for 0 < x < 27, where a is a negative

integer mhm bisa positive integer. Given that the amplitude of y is 4 and that
the period of ¥ is =,

(i) = - statethe value of @ and of b.

Given that the maximum value of y is 6,

(i} state the value of ¢, .

(iii) Sketch the graph of y, indicating the coordinates of any maximurm or

minimum points.

)  Show that | x+5 |=x—4 has no solution.
(b) ()  Sketch the graph of the function y = _ x*—2x-8| for ~6<x<8,
labelling the turning point and the intercepts of the graph.
(i) Hence, find the range of values of ¢ if the graph of p = c intersects

the graph of y= _ x*—2x—8 _ at more than 2 points.

iy  Find the value of each of the constants a and b for which
sin2x (Stanx+2cotx }=a+bsin’ x.
(i) Hence solve the equation sin48 (5ten 26 +2cot26 )=7, stating the

principal values of 8.

A particle starts from rest at 2 fixed point O and moves in a siraight line with
its acceleration, a my/s?, given by @ =5-— pt, where ¢ seconds is the time since
leaving O, and p is a real constant.
When ¢ =3, its velocity is 12 m/s.

(i)  Find the value of p.
(i) When does the particle change its direction of motion?

(iif) Show that the particle passes O again when ¢ =22.5. Hence find the total

distance travelled by the particle between ¢ =0 and /=22.5.

2]

it]
E)

2]

{4]

(21

Bl

3

2
23]

4]
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circunsecees of the cirdke, The pois! £ lies o CF produesd such shar 45 is &
Lanpent fo the chicle

5 find A0 paralle],

{ff  Shosw thei angle BAL = anple CA4D.
iy Show thet miangles FAE asd D007 ane siilar
i) Given that AF = 255 shiow that the line A0 bisocs e amsbe 200

The disgrer shows pas of the cirve (-5
¥ -

3
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The cegom Mis Bounded by the curve pe x| $=x J, the s=zxis and
the lina x= g,

Thee region M i bounded by the ourve y=xi $= 1 |, the zeaxis and i
liniss x = aand x= g,

Giiven thet ihe anis of B is twice the ars of B find the valee o7 g,

w=x{G=x]

12 s given thal v iz i)+ 3

fik

(i

13

il

i
i)

[ra)

CIMSCENA Math® 1/ Prelin 2016MESH AR

ay X

: - he = i o I
_maEnE.ﬂ.u._ o e Welere p and g are inlepis. [
Clivon that ¥ is worsasing al the rate of 2.5 wnits per smcoond when
z

&= 3, find the rate of cunge of x # this instant [z}

s T
4 cm

|
& ...ﬁ_.r.mrl,:r pag
2

A piecs of paper is cuf Into the shaps PORST a5 shown e
disgeam, POET is a rectangle with P00 =4 cm and 85 is on bosookes
triznple with (8= & cm.

Giiwn thial amgle SO = angle L5/ = radion, show et the arca af dhe i
paper, A, s gven by A= 6om (| l4sns ), “l
Fmid the vahis: 0f . in berms of #, for which 4 has a stationary value, [
Find the exoct value of 4 and desermine whetber i is a maximes o a

Mirmim

%1
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Answers
! RAW or x>1 () R RARERA NS LA
3 . o B A
S ana AP RN NNIN
PO A
2(a) | e=2a-4b 7(ii) ,
2(b) ()
- 8(1) | Principal valués = —22.5°,22.5°
\\
.P.u
3 0549 o) 2
r= 3
4(2) | Discriminant = (@+2) 20 oG | 158
4(b) b>3 and: b AM 9@ii} [375m
There are no real values of b. :
53(i) ﬁwuwu 11D o uw
2 2
53 | (6.2) Ny 126) | dy_ 6x+l
Gradient of AB x gradient of CD=-1 dx JAx+3
= ABL1CD.
. 12G1) :
= ABCD Is a rectangle. 0.510 uaits/s
6G) | a=—, b=2 ) EGN
6
6(ii) 13(iii) | A== 4843 cm? . A is maximum

&(iti)
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L
. i Mathematical Formulae ..%
Geylang Methodist School (Secondary) 1. ALGEBRA =
Preliminary Examination 2016 )
Ouadratic Equation ..%
For the equation ax? + bx + =0, S
- —bxAEE dac N
* 2a .m
ADDITIONAL MATHEMATICS . 4047/01 2
Binomial expansion m
Paper 1 ’ n n n
. . ; - 1 2
4 Express / 5 Normal (Academic) Hn+w=!na+?vn? v+Tun=.mw +...+Axva=+%.+.:+3 .m
. ’ @®
. L . . n ! ~D..n-r+l
Additional materlals :  Writing Paper 2 hours where 7 is a positive integer and h L e - A(n—1) w_? )] B
Z
Setter: Mrs Goh Heng Mei 12 August 2016
. 2. TRIGONOMETRY
Identities
READ THESE INSTRUCTIONS FIRST sinfd+costd=1
2 4=1-tand
Write your name, index nurmber and ciass on all the work you hand in, sec”A =1 +tan’ 4
Write in dark blue or black pen on both sides of the paper. . - cosec? 4 =1+cot2 4
You may use a pencil for any diagrams or araphs.
Do not use staples, paper ciips, highlighters, glue or comection fluid. sin{4 = B) = sind4 cos B+ ¢osA sinB
Answer all the questions. cas{d £ B) = cosd cosB  sind sin B
Wirite your answers on the separate Writing Papers provided. " tand + tanfy
Give non-exact numerical answers cormrect to 3 significant figures, of 1 decimal place in the case of tnd & By = ———————
angles in degress, unless a different level of acouracy is specified in the quesfion. PFtand tan3
The use of a scientific calculator is expected, whers appropriate. . - el
You are reminded of the need for clear presentation in your answers. sin 24 = 25in4 cos4
: . 02— = s2
= —-sin*4=2 A-1=1-2s5in"4
At the end of the examination, fasten all your work securely together. 008 2.4 = c0s A - sin cos?
The number of marks is given in brackets | | at the end of each question or part question. tan 24 = 2tand
The fotal number of marks for this paper is 80. ) ’ R T —tand
Formulae for A ABC .
o b
sind sind sne
This document consists of 6 printed pages including the cover page. P= 524 02 2bo cosd
[Turn over

A=3absinC

518
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!
i1 The function fis defined, for all values of x, by : : : 3 N
The number of bacteria in a culture is given by IV =N, e*', where N, is the 5
)= x(1-x¥. =
] . . p i i rumber of bacteria at a pasticular time and N is the number of bacteria present @
Find the values of x for which fis an increasing function. 141 L . =
+ hours Jater. The number of bacteria in the culture triples every 2 hours, £
Sclutions ) 77}
: . Calculate the value of the constant k. 3 =
flx)= x (1-x)? [ S
i Soluti =
=x(l— ; S .
x(1-2x+x") _ lution: s 3N, =Nt N
R Y S . . N=N, " 3= .m
" 2 "~ _ 2k=In3 -~
£'{x)=1~dx+3x Whent=0, N=N, n3 o
= Bx-1)x-1) Whent=2, N =3N, 7 m
. . . . . - = .5493 <
Given that f is an increasing function. Whent=2, N=N,e® ~ 0.549 ©
= (x-1fz-1)>0 L <
. 4 @) Show that the Toots of the equation x” + {a—2)x = 2g are real for all 53] o)
1 a
Lox< m or x>1 values of a. =
(by Show that ihere are no values of b for which the curve
. o (4]
2 (%) Giventhat fog, p=a, logg=band Po_ge 3] . ) o y=b-3)2 —2bx+(p—-2) isabways positive.
q .
express ¢ imterms of @ and b. Solutions ) ¥ y={p-3)x" —2bx+ (B-2)is
(b}  Onthe same oxes, sketch the graphs of y=log, x and y=log,x. 2] (@  #+(@-x—-2a=0 | always positive, then
Solutions © Discriminant = 5-3>0 = b>3
(a) logyp=a, log,g=b {a—-2] —41)-24a) and discriminant <0
‘ﬁ"h.n Q“wmv =a—4a+4+8a AI.MWVM.WA.A@|NVA@IMVAD
p = @’ +4a+d ap* —afp* —5b +6)<0
Given ==2° 2
! = (a+2] AF — 45 +205—-24 <0
4 Since {a+2Y 20, - 206 <24
16
The discriminant =0 . b< 6
7 5
=7 . the roots are real for all
2 - But from above, b>3... there are no
I f .
Y Ju S i values of b for which y is always positive.
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The vertices of a parallelogram ABCD are A4 (5,0}, B(=3,4), €{-2,6) and
D{p, g) respectively.

(0  Find the mid-point of AC.

(i)  Find the coordinates of D.

(1

(2
. I2]
Hence show that ABCD is a rectangle.
Solutions (ii) '
1) Mid-point of AC = v “
(&) Mid-point o Mid-point of BD = Twlw“ﬁ_& _
mmum 0+ mu 22 _
272 Mid-point of BD = mid-point of 4C _
=(23] 2233 e ¥4,
2 2 2 2 _
p-3=3 . g+4=6 _
= 6 R . : g= i '
Dis (6,2)

Given that ABCD is a paralielogram. Therefore ‘AR =CD and AB / CD.
L]

Gradient of AB = =9
33
=_1
2
Gradient of D = 28
6-5
=2
Gradient of 4B x gradient of CD =-1
= ABLCD,

= ABCD isarectangle.

[@)]
GMS(S)Y/A Math/P1/Prelim 20 Exma%ﬁ

The curve y =asinbx +c is defined for 0 < x <27, where a is a negative

integer and & is a positive integer. Given that the amplitude of y is 4 and that

the period of y is &,

(0  state the value of @ and of &. [2]
Given that the maximum value of y is 6,

{1}  state the value of , [11
(iii) Sketch the graph of y, indicating the coordinates of any maximum or

3

minimum points,

Solutions
(0 a is negative and amplitude is 4. Therefore a= —4 .
Period of y is « . Therefore b=2.
(ii) y=asinbx+c
y=-4sin2x+¢
When sin2x=-],
=-4(-+c =c=2

(i)

LA
i

:
o
]

RN A T I S T L
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GMS(SYA Math/P1/Prelim 2016/4E/5N(A)

(2)  Showthat | x+5|=x--4 has no solution. 2]

() @  Skeich the graph of the function y=|x* iukiw_ for —6<x<8,

labelling the turning point and the intercepts of the graph. 4]
{ii) Hence, find the range of values of ¢ if the graph of y =¢ intersects
the graph of y=|x" —2x—8] at more than 2 points. (2]
Selutions . .

(a) _H+m_ﬂalh
= x+5=x—4 or H+mui@«|£

NA x+5=—x+4

But when xu:wv T&TquAo NA

_ x+5 _HHIL. has no solution.

by y=|x20-8|

= [{x—-4)x+2)|

When x=—6, y=|(-10)-4)|

=40
When x=8, p=|(4)10}]
=40
When x=0, » H_Im_
=8
Line of symmetry ! x= z Mm+ 4
=1

When x=1 y=|(-3)3)|=9

GMS(S)!A Math/P1/Prelim 2016/4E/SN(4)

_ _ (8.40) |

(-6.40) | L
| o9 [ L0 |
- )
(i) O<cs9
(i)  Find the value of cach of the constants @ and b for which
sin2x (Stanx+2cotx )=a+bsin’x. Bl
(i)  Hence solve the equation sin46 (5tan26 + 2cot 20 Y=, stating the ol
principal values of &.
Solutions (i) Let x=28
) sin2x(Stanx+2eotx ) 4+65in*28=7
= 6sin® 26=3
umsas_ﬁﬁm%fm@aw sin’ 20 =~
COsSX sinx 2
= 10sin®x+400s” x E:N%HHF
= 10sin® x+4{l —sin’ x) V2
— Ae6sin’x Basic angle = 45°
2=4 and h=6 Principal value: —~90° <sin" x<90°

Principal values of 20 =-45°,45°
Principal values of &#=-225,22.5

Need a home tutor? Visit s_milefutor.s
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—
e
2 A, particle starts from rest at a fixed point O and moves in a straight line with ..%
its acceleration,  ra/s?, given by @ =5— pr, where ¢ seconds is the time since 10 m
; leaving O, and p is a real constant. »
+
! When ¢ =3, its velocity is 12 m/s. L
(§# Find the value of p. ) f2] W
(i)  When does the particle change its direction of motion? f2] ..M
(iii) Show that the particle passes O again when ¢ = 22.5. Hence find the total i 3 — m,. 2
distance travelled by the particle between 7= 0 and £ =22 5. [4] m
- ™ - , The diagram shows a quadrilaieral ABCD whose vertices lie on the o
Solutions (ii) . ] . <
@ a=5-pt When particle changes its direction, » =0 cireumference of the circle. The point E lies on CB produced such that 4% is a p
: tangent to the circle. ©
ptt 2f e )
. v=5t-E_4¢ - S—=—1=0 CE and AD are parallel. [}
2 302 zZ
The particle starts from rest ; ﬁ 51 nu -0 . ()  Show that angle BAE = angle CAD. 1]
= when =0, v=0 ,c=0 3 (i)  Show that triangles BAE and DAC are similar. {E)]
vt pt T=0 (NA) or 5= w ‘ S - : {iit) Given that 4B = BE, show that the line AC bisects the angle BCD. [21
2 . } L.
When £=3, v=I2 . t=1I5s Solutions (i)
L]
mmuwl o =12 ' ' (i) £BAE = £BCA (tangent chord thm) Given that 4B = BE.
2 . : : - = /CAD (alt Zs,CE/ AD) BAE is an isosceles triangle.
I Sp _ 3 , , , : then DAC is also an isosceles A.
2
5 (i) Z4BC + LABE =180°(Zs in A) £DCA= 204D
p== . =ZACB
3 . LABC + £CDA =180 (s in opp seg)
i) " . B = DA 2. AC bisects the angle BCD.
When 1=225, 55225 225 N, LABE= .
pese L 2 9 ‘From (i) ZBAE = 2CAD -
3 =0 - ABAE is similar to ADAC (AA) |
52 7 . =>the particle passes pt O again when t=22.5 5
§=————+¢
2 9 2 3
_ _s(sy 150 _
When =0, 5=0 :.c=0 When 7=15, S R LA
52 2 Dist travelled = 1875 x 2
=
209 =375m
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(%)
[
11 The diagram shows part of the curve y=x{5—x ). ¥ : 12 ftis given that y={x-1)v4x+3 . S
=
# ()  Express Y inthe form 2524 where p and g are integers 31 =
* dx ~Vax+3 ’ m
@) Given thaty is increasing a the rate of 2.5 units per second when 2 .W.
x=13, find the rate of change of x at this instant. w
ﬁ/-
—
Soluti d .m
olutions | gi) Given Mw. =25 =)
1
0] %h?l&?&.ﬁ.uﬁ & dx dy m
ax _ox ay 5
! 1
B _ (e 1)L (e + 377+ (3x+3E() @ dy di <
The region M is bounded by the curve p=x A 5—x ), the x-axis and o 2 When x=3, ©
the linex=ua. = {4 UI_E )+ (4x +3)] Jis 8
The region N is bounded by the curve y=x{5—x ), the x-axis and the = V3] 2Ax -l ) mﬁim.ﬂ.& [0)
lines x = ¢ and x = 2a. _ L dt 19 <
Given that the area of N is twice the area of M, find the value of a. [5] = (ax+3)3(6x+1) = 0.5096
6x +1 ;
- DT ~ 0.510 units/s
dx+3
Solutians Given N=2M
- a _ 2 3 m 2 3
Area M .qe *(5—x)dx 152 T _ -2
P 2 3 2 3
— 2
|_= @k[x ua..x _ mﬁ»lWM.lu
M 2 3"
- TL 5a 10, 20
. 2 3 3
-z sa 52 _,
2 3 2 3
a at hm im‘nu =0
Area ZI._.a HGI.&& 2 3
_Is=* 2 a=0 (NA) or sa_3 .
“F > 2
3 3
_sua) 82 (5¢* & =3 ;
2 3 3
B @
2 3

1 12
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GMS(S)/A MattyPL/Prelim 2016/4E/SNG)
S

(i)  A=64cosx(l+smx)
A=64cosZ| 145in
nommﬁ +m5mw
= m ﬁ~+l—.w
2 2
=483 cm?

=64—128sin’ x — 64sin'x

iR

&,
]

A
e

=—256sinxcos x - 64cosx

7 44
Wh ==, ~—-<0
en x =

A is maximum,

Need a home tutor? Visit smiletuto

13 P T
4cm
2 p " g
Becm ;
R
A piece of paper is cut info the shape wmm_muﬂ as shown in the
diagram. POST isa Rnﬁsm_m with PO =4 cm and QRS is an isnsceles
triangle with OR =38 cm.
(i}  Giventhat angle SOR = angle QSR = x radian, show that the area of the
4
paper, 4, is given by 4 =64cosx{1+sinx ). o
()  Find the value of x, in terms of x, for which 4 has a stationary value, f4]
(iii)  Find the exact value of 4 and determine whether it is a maxiroum or a i3]
minimiun.
Solutions (i) A=64cosx(l+sinx}
@ . dd . .
-, . = = 6408 x{cos x)+ 64(1 + sin x)— sin x)
dem 2 .2 .
W = 64cos” x—64sin” x — 64sinx
) -
Bem . A has stationary value = o 0

RW =8sinx and QW =8cosx
Asea of rect POST = 4(16cosx)

Asen of AQRS = Wamsm x)(8sinx)

Area of A= 64cosx+64cosxsinx

= 6403 x(1+sinx)

64cos® x—64sin® x—64sinx =0

64— 64sin’ x—64sin® x — 64sinx =0
I—-2sin® x—sinx=0
2sin® x+sinx—1=0

{sinx—1) (sinx+1)=0

sinx= of sinx=-1{NA)

N

14
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Answers
1 348,5.94 8 Proof
2 3 9(i) 432
h=—2Z
)
3 2<p<4 ii) | Proof
I7H) 1.2 & §¢iit) | 6cm
=3 x+l (x+1)?
D e |$+~_u©+c+h_ 0@ 1,2
x+
51 | x=-0.8; x=6(we)) 10(b) | Proof
5(i) | graph i |4
3
6(1) graph HE | 143
145
6(if) 2dy () | 21
x=*7 Ty
20
7G) | B=(3.0) i2() | Proof
i) | 45.5 wnits® 12(ii) [ 0.24 m/s
7(iii) | Triangles BCD and BED
[Fiv)y Tv=10x—76

Need a home tutor? Visit smiletutor.sg
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NAVAL BASE SECONDARY SCHOOL
PRELIMINARY EXAMINATION 2, 2016

Name { ) Class

ADDITIONAL MATHEMATICS 4047101
Paper 1 4 Aug 2016
Additional Materials: Cover Page 2 hours

Answer Paper
Graph Paper (2 sheets)

READ THESE INSTRUCTIONS FIRST

,<§.$ your name, class and index number at the top of the page.

Wiite in dark blue or biack pen on both sides of the paper.
‘You may use an HB pencil for any diagrams or graphs
Do not use staples, paper clips, gite or correction fluid.

Answer all questions.
Wiite your answers on the separate Writing Paper provided.

Give non-exact numerical ansivers correct to 3 significant figures, or 1 decimal place in he case of
angles in degrees, unless a different level of accuracy is specified in the p:@.ﬁ.o:

The use of a scientific calculator is expected, where appropriate.
You are reminded of the need for cidar 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 §0.

This paper consists of 5 printed pages and 1 blank page.

[Turn over

Quadratic Equation

2

Muathematical Formulae

1. ALGEBRA

For the equation ar® +bx+c= 0,

Binomial expansion

X =

2a

{a + b =o' + ﬁ@ a™ g ﬁu a2 4

where 11 is a positive integer and ﬁ

Identities

Formulae for AABC,

iwglr)?mlhnn

JH n an-1).

r

w_ﬁzll_i

2. TRIGONOMETRY

sin? A+cos? 4=1

sec® A=1+tan? 4

cosec® A =1+ cot® 4

sin( A+ B) =sin Acos B +cos 4Asin B
cos{ A+ B)=cos Acos B Fsin 4sin B

tan{ A4+ w.v =

tan A+ tan B

sin24 =2sin Acos A

cos24 =cos? A—sin? A=2c05% A—1-1-2sin? 4
tan2.4 =

a
sin A4

2tan 4
1—tan? 4

b c

sinB sinC

=b? +¢% —2becosd

A= Honm_.hm
2

15 tan Atan B

Need a home tutor? Visit smiletutor.sg
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3

Answer all the questions.

Find the value of & for which the coefficient of x*in the expansion (2—x)° +(4-kx)®

is —21.
Given that cos A= 2 and sinB= J\M and that angles 4 and B are in the same
Ji3 4
quadrant, find, without using the calculator the value of cos(A+H).
2

Express E as the sum of partial fractions.

x{x+2)
Two variables, x and y are related by the equation y = #H+1w|_ Le#L.

. —

® rmaZ.

dx

” . d de 4
(i) Giventhat =4 and == find the val :
ven tha m ank o3 e vahe of y.

The table shows experimental values of the variables x and y.

x o 2 3 4 5 6
y 1119|212 320|441 ]|574

Tt is known that x and y are related by the equation y—x = kx”, where k and » are

constants.
()  Draw the straight line graph and use it to estimate the values of £ and 7.

(i) With the estimated values of & and », calculate the value of x when y=x+4.5

()  Prove that _smx | SOY _gcotx.
secx—1 secx+1
(i)  Find in radians, the acute angle for which SSmx L ST tanx.

secx—1 secx-+1

[5]

[51.

B3]

[2]
4

i4]
2

4]
2]

[Twrn over

4

7 The diagram shows the quadrilateral ABCD. The coordinates of 4 and B are (3,5)and (0,1)
respectively. .

SN

o7 D

]
Ul

(i) 4B is perpendicular to BC, and C lies on the x-axis.
Find the equation of BC and the coordinates of C.

(i) The point D lies on the x-axis and also on the perpendicular bisector of A5.
Find the coordinates of D and the arca of the quadrilateral ABCL.

=
a home tutor? Visit smiletutor.sg

d’y dy O
8 1+ x —=+{1+x)}=+y=0 Mo
Given that ¥ = 08000+ %) prove that dx? dx . m
9 The equation of a curve is y=4x" + px+ p—3, where p is a constant.
(i) Find the range of values of p for which the curve is always positive. 31
(i) (a) Inthe casewhere p=12, show that the x-axis is a tangent to the curve. 2]
() Find the eoordinates of the point of tangency and state its gradient. 3
10
xm Xm
\ “or <
e
" A gardener uses 80 m of fencing to enclose a plot of land in the shape shown above. The
shape consists of a semicircular arc with radius r m and two sides, each of length x m, of
a right-angled triangle.
® Show that the area of the plot is @.5; +Wﬁwo - ﬂ.ku m?. 3]
(i) Given that» can vary, find the value of r for which the area of the plot is [3]
stationary.
(i) Explain why this value of » gives the gardener the minimum area possible. 1
[Turn over
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11 The points P(1, 2) and O(7, 14) lie on the curve whose equationis y = x* —6x+7.

12

5

A is a point on the curve such that the tangent to the curve at A is parallel to PQ.

{t1]
(i}
(i)

Find the coordinates of 4.
Find the equation of the normal to the curve at 4.

The normal to the curve at 4 meets the curve again at B.
Find the coordinates of B,

A curve has the equation y = (x+3)(x-1}-2.

0]

(i)
(iii)
(iv)

Explain why the lowest point on the curve has coordinates {—1,—6).
Find the coordinates of the points at which the curve intersects the x-axis.
Sketch the graph of |(x+3)(x-1)—2|.

Using your graph, state the number of solutions to each of the following
equations.

@ |x+3)x-10-2]=7
M |x+3)x-D-2|=3
©  Jx+3-D-2+2=0

[3]
2

3]

(2]
2]
i3

1
i
{1

—— End of Papet —--
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On Answer Marks
1 5 M1
termin x° = (—x)’ +4° TWALQ%
=—x'—160k%* M1
—-21=-1-160%"
I M1
ERpE ‘M1
g
1
k=3 All5)
2 cos{ A+ B)=cos Acos B—sin Asin 5
NER FANENE syt
iz \v4) Vi3 |V MI (input in
‘ formula)
2-343
_2-33 -
V52
_2413-3439 Al[5]
26
3 s34 B C M
2(x+2)  x x* x+2
14+ 7x—3x = dx(x+2) + B(x +2)+ Cx? M1
B=17 Bl
A=0 ) BI (for A or C
C=_3 or A or C)
7 3
Uxt x+2 Al[5]
4i 9
y=4x+—-
x—1
dy -2
2 o 4-9(x-1
- (x-1 M1 or B2
=42 A1j2]
(x-1y°
@i | & & &
& dt d
3
=4 %= Mi
4
=3
9 M1l
3=4-_— 2 _
-
Ml
x=4,-2
y=19-11 Al[4]

i P1: Plot In{y — .., against Inx
OR
Plot lg(y — x) against lgx
P1: conneot points on a best fit line
lgk =0.56 £0.02
k=363+1 Bl
19
=1—%+2
ST B1[4]
Sii From graph
Ig x = 0.065 wm_ 5
x=1.16 (21
& : - -
i LS = (sin x)(sec x -+ cu+ (sin x)(sec x — 1) Ml
sec”x—1
_ 2sinxsecx M
tan” x
. 1
2sinx
= cos x M1
sin’® x
cos® x
= 2 cot x(shown) Al[4]
6ii 2cotx =tanx
2=tan’x M1
x=0.955rad Al2]
Ti . 3
gradient BC = " Ml
eqn BC:
3
=-Zx+} Al
Y=7%
4
nﬁwbu B1[3]
Tii _ 333 Ml
YTty - Al
D(5.5,0) .
1504 553 Ml
areq = — w
2510 0 5
= EMIRE.%N
12 Al[4]
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Ml
1iid |wtna~ —6x+7
1
x=415 M
y=-1025
B(1.5,0.25) Al
i -3+1
12 x coordinate of min pt = u~+
Ml
=-1
lowest point (-1,-6) Al
12ii =xt — —3-2
O0=x"-x+3x-3 M1
X = ﬂ.b.Mu|w.L.M >~MNH
12Ziii | PI: v intercept [31
P1: x intercepts
P1: maximurn point
2iv | (a)2 Bl
(b) 4 Bl
©0 B1{3]
Total 30
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8 . 1 B2 (differentiate cos
& - —sintnr - 1 and n)
d’y 1Y o . o 2 B3(differentiate sin,
P éﬁﬂuu sininlggghQ0 + ) apply pdt and chain
le)
d2y dy -
Lhx) ==+ {I+x)=+ Ml
W 22 +a+0) ey
= —co5{In(1 + x)) + sin(ln(1 + x)) — sin(In(l + x)} + cos(ln(1 + x})
= 0{shown) AlT]
% | p-4#)(p-3<0 Hw
(P-12p-4H<0 Al[3)
4<p<i2
9ia | 5 - dac=12? — 4(4)9) wn -
= O(shown)
9iib | 0=4x"+12x+49 Ml
5 S
2
gradient =0 B1[3]
10i 80—z Ml
X=—
2
2
weaeLmis L Eu M1
2 2 2
= Wﬁp T W@o — 2} m* (sPown) - | amE)
;i M1
1) oo e+ L g0 - )
4 Ml
207
r=————-
L
-
4 All3]
=11.2m
104ii d24
dr’
=5.60859 >0 Bl
area is minmum
11i gradient SHH&IN
7-1
_a B1
- Ml
2=2x-6
FICES) Alf3]
1 gradient of normal = IW Bl
yp=-gr+l M1[2)
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Mathematical Formulae

. i. ALGEBRA
Quadratic Equation
For the equation ax* +bx+c=0
e ~ bt b —tdac
2a

Binomial expansion

(a+by =g"+ ﬁuaiw + ﬁwaimw +oE h@aiwx o+ b,
¥
mu 7 aln—1).(n—r+1)

where # is a positive integer and = =
r} (m—# ¥l

2, TRIGONOMETRY
Identities

sin® d+cos* A=1
sec” A=1+tan® 4
cosec?A=1+cot® 4
sin{4 + B)=sin 4cos B + cos Asin B
cos{ 4+ B}= cos Acos BEsin 4sin B
Su@&mvn tan A+ tan B

1x tan Atan B
sin2Ad=2sin Acos A

cos2A=cos® A-sin* 4=2cos* A—1=1-2sin* 4
”gwhuimmbph

1-tan* A

msﬁmgwHNWEWT_EVSWWQIE

sin A—sin B= Msmwi+3maw§|3
cos A+cosB = M@SW.E +.EoomW§ -B)

cosA—cosB= |wm_.aw§ + E?w?; B)
Forpudae for AABC

a b c

sind sinB  sinC
a =B +c* —2bcoosA

A= 1 besinAd
2
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Answer all questions.

A chef cooks soup until it reaches a temperature of 100°C. The soup is then
allowed to cool naturalty. The soup cools in such a way that iis temperature, T°C,

034

¢ minutes after it has been removed from the stove, is given by T' =28+ Ae™,
where 4 is a constant.

@
@i

Explain why A=72. 2]

The chef would like to serve the soup at 12 noon at a temperature of 40°C.
Find the time at which the chef should remove the soup from the stove
before he serves it to the customer. . B3]

Given that £(x) = 4x® +3x* —16x—12.

()  Find the remainder when f(x)is divided by x+1. [21
(i) Show that x+2 isa factor of {x). 2]
(ii) Hence, solve the equation £(x)=0. [3]
(D The area of a rectangle is ﬁw + m)mu cm?. Given that the widih is

T+ N)\w v cm. *

Find, without using the calculator, the length of the rectangle in the form

fa—543) cm. 4]
()  The area of 2 square is Tm + moamv cm?. Given that the length is

bz se)om

Find, without using the caleulator, the vatue of c. 3}

[Turn over

4 The quadratic equation 3x* —6x—4 = Ohas roots crand §.

(i) . Find the value of * + 5°.
() * Find the quadratic cquation whose roots are &’ and 4.

4= I — G

In the figure, BC is 2 diameter of the circle. ABC'isa straight line and AG isa
tangent to the circle at point 7. The line DF intersects BC at point £ and

[31
t5]

Need a home tutor? Visit smiletutor.sg

3EC=2EB.
(i)  Prove that triangles ABF and AFC are similar. - [31]
(i) Showthat AF x FC=RFx AC. 2]
(i) Given that triangles DEC and BEF are similar, prove that
mﬁxmanme . 13]
- [Turn over

532



®

(i)

m:oimumﬁ hﬁ

4x 4x-12
cdx

-3) Joa-yy B

o .

The diagram shows part of the curve y=/0x—8 intersecting the line
y==x. The points P and O are the intersections of the two graphs.

(2) Find the »-coordinates of P and . _ 2]
(b) Find the area of the shaded region, . [4]

-A ourve has the equation y = 2x* — 93 - 8. The point {p,q) is the stationary point
on the curve, where p> (.,

@
@iy

(i)
(iv)

4]
(i)

Determine the value of p and g. _ ‘ M
Determine whether y is increasing or decreasing :
(a) forvalues ofxlessthanp, =~ . , 1
(b)  for values of x greater than p. . o m
What do the results in part (ii) imply about the stationary point? [1]
2
What is the value of Maw at the stationary point? : 21
Solve 4log, x—9log, 4=0. . (41
(@) Given thatlog, x=aand log, y=5, express x*yand = in terms of
¥

aand b, 2]

(") Given further that x’y=32and = = 0.5, find the value of s and 5. [4]

¥y

.10

11

(i) Solve the equation 8cos24—sin 4+7=0 for 0° < 4<360°.

(1} On the same axes sketch for 0° < 4<180°, the graphs of y=4¢c0s4x +3.5
and y=0.55in2x.

(iif) Show how the solutions of the equation in part (i) could be used to find the
x-coordinates of the points of intersection of the graphs of part (if).

A particle travelling in a straight line passes through a fixed point O with a
velocity of 3.6 m/s. The acceleration, 2 m/s?, of the particle, £ s, afier passing

through O, is given by o= —4e™ . The particle comes to instantaneous rest at the
point P.

(i)  Show that the particle reaches P when # = In1(,
(i)  Calcutate the distance OP.

(iif} Show that the particle is again at O at some instant during the tenth second
after the first passing through O,

A circle has equation x* + p* —4x— 2y =20.

(i), . Find the radius and the coordinates of the centre of the circle,

- Two diameters lic on the circle, diameter 48 and diameter DE, The diameters are

perpendicular to each other. Given that diameter 4B has equation
4p+35-10=0, A(~2,4)and B(6~2).

(if)  Show that the coordinates of D and E are (5,5) and (—1,-3).

(iii). Determine the type of quadrilateral ADBE and find its area,

Stutorsg

=

=
sit smil

d% home tutor? Vi

=
Nee

13

3]

[6]
[}

[Turn over

End of Paper
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4ESN AMath Prelim 2 Paper 2, 2016
Answer Scheme and Markers Report

On Answer Marks
i} | 100 =28+ 4@ Ml
= AllZ]
i) | 20=284 72 Mi
B _ Al
{ = 59725 min . AI[3]
12noon ~ 5.9725 min = 11.54am
20 | D= D -16(-1)~12 MI
3 Al[2]
() | D =4(-2) +3(-2)* -16(=2)-12 M1
~0 Al[2]
() | Long division to get f{x) = (x + 2)(4x" - 5x - 6) M1
£(x) = (x +2)(x ~2)(4x +3) Al
x= nﬁﬁm Al[3]
3 |, 5 8428 4-243
SN W Y M2
_ 20-83 Al
4
=5-2./3 Al[4]
| 43430v2 = 342 +¢)? M1
43=18+¢? . Ml
¢ =501 - S(refect) Al[3]
OR ,
30 =3¢+3¢ MIMI
c=5
Al[3
eus [3]
OR
4343042 = 9(2) + 6v2c +
0=c? +642c-25-3042 wﬁ
¢ =5or—13.5(reject) Al[3)
4) la+tp=2 Bl
4
aff =— 3 Bl
atepr=2 B1{3]

3

(i 20 . 4
sum of roots = Auqu (- Md Mi
=16 Ml
, 4
dt of roots = (——)’ M1
P “3 M1
__n
27
64
Po16x——=0
¥ 16— Al[5]
OR
27x* —432x—64=0
5(i) LCAF = ZBAF (common) M1
ZAFB = ZACF (alt segment thm) Ml
AABFis similar toA4FC Al[3]
@ [ cF_ac M
FB AF
CF x AF = AC x FB(shown) All2]
(if) | BExEC = EDx EF M1
wmﬁxWhﬁnhbxmm. M1
quu = EDx EF Al[3]
6(i) 1 1 L
J( 4x (2x-3)2(4) - ﬁbﬁ&ﬁa -3)*(2)
NTNTQ wu 2x—3 Ml
-1
_(2x-3) 2((2x-3)4) - 4x) Ml
2x-3
L 4x-12
T3y | AI[3]
OR .
d( 4x d -1
T2 = dx)(2x-3)2
&ﬁ ,IINTL 2 X ) .
1 3
=4(2x-3) * + QET wwﬁma -3 (2)
3
=(2x-3) T (#(2x—3) - 4x)
_ 4x-12
J2x-3)
Ml
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Ml
Al[3
(ii)@) | x=ox—8 A
x=8,1 -
®) T .
area = ‘—.,_@HHW —xdx
| M1
2 P
=| 55 Ox -8 -5
_ Al[4]
= mmmﬁ.ﬂnu
54
7() 0=6x*-18x A
¢ Al
) Al[4]
g=-35
(ii}(a) w = —12, decreasing g
(if)(b) W =24, increasing -
(i) [ Minimum point o
v | 4
&w =12(3)-18 Al
=18 i -
8 1, _%_, "
u
u=%*15 .
" m,w | A2[4]
@ | & y= 2a+3b Bl
o B1[2]
¥y
(b) 2a+3b=5 A
a-3b=-1 N
g Al
3
3 All4]
9
9G) | 8(1-2sin® 4)~sinA+7=0 -
s A=">-1 "
16
A=69.6° 110.4° 270° AlJ3]
Gi) |} P2 axes

P2: period
P2:shape

Gy | A=2x M1
x=34.8°552° 135 Al[Z

10G) | 3.6=4e"+c wmw
c=-04 M
0=4e¢™" -04 M1
—In0.1=1 Al[6]
In10 = t{shown)

@ 0=—4e"-041+c ”\_\m
distance = —4¢™™" — 0.4(In10) + 4 Al[4]
=2.68m

(i) | s=—de” -0.4(9)+4
=0.3995 Ml
s=—4e™ - 0.4(10) + 4
=-0.000182 Ml
Since displacement became negative, particle pass O at some instant | AI[3]
during the tenth second.

() | (x-2P -4+ (y-)*-1=20 M1

tre(2l) Al
centre(2, Al[3]
radius = 5 units -
ii M1
G) | oradient DE = m
4 5 Ml
¥T3573
2
E Laawﬁmasm =20 Ml
3 3 3 3 Mi
25x%7 -100x—125=10
(5,5)and (-1,-3) A2[6]
(1) 1 Jength DE = /5 +1)> +(5+3)° . Ml
=10
. 1
E.mnuwxWx_OXm M
= 50umits® Al
square B1[4]
OR M1
Ml
Al
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length DA = J(5+ 2y +{5-4)"
=50

area = 2@%

= 50units’®

squeare

OR

length DA = J(5+ 2§ + (5 4)*
=50 _
area = T\&%

= 50units*

square

B1[4]

Total

100
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Answer all the questions

Nanyang Girls" High School Sec 4 0 Level AMath Prelim P1
Answer Key
[2() | Equation of perpendicular bisector: y=—4x +22 .\-\ There is a spread of & coniagious vins in 2 high mnnnwn_ E& the school w
[2(i) | 20 sq units is closed down. The number oFinfected students, P, is given by the equationts
=i 1 2 3 -—
¥ Coordinates of A is ?.LF P=l0+200c7, where ¢ is the number of days after the virs 1§ jdentified 5
i and k is 4 constant. 2
A0 __[ 1280 - 448" 4 6720 @)  Statetho initial cumber of infected students. =0
4(il) a=1 .m
5(3) 4130 The number of infected students is reduced to halfits initial number 5 days »
[ -:qu,mqmu Jfier the vinus was identified. W
Sationary value of A= 248,082 {if) Find the valus of k. m._uu
Adsa inj walues -—
S
WD, | L=dDe 1042 cos(8 - 457) The school will only be opencd again when the aumiber of infected students ..nuu.
Tl g =68.2" js less than 20 £
By =3 i) Determine whether the school will be opeted after 20 days. @
g=-1 rF=—3
ETY .M
wh.1u+nﬂ=T+3+|.m.|+n 2 The quadratic equation 3! —dx 46 =0 hasroots & and 5. 3
2 +3
o) ﬁ a _L @ Find the value of @ + 5. £
3 - . | I
Bib) .w._ w ar—3 giiy  Find the gquadratic equation whiase roals B .nlulqlmu and m.lulm [4]
i) I : -
1011 Rate of change of ih is 0.625 cov's ®u Show that o’ = 10— 24. ]
3
10(ii) As I incroascs, nﬁmﬁﬂﬂﬁ_ therefore WME
= 1
3 @ 0 mﬁn_.Eu%__aTwm forx>0. 1
3
(i On the same diagram, sketch the graph of ¥ = 8% Igare=0 [N
(i) Calculate the coordinates of the poiat of intersection of your
graphs. 21
11£5) ) i o1
11{ii (b} Given that a = log, m and wu_aﬁm.nﬁﬂ“_nﬁ_ﬂﬁa_ﬁa
L.r“wm"__w of @asdd. M
12{iv)
4 Thedisgonsl AC of a quadsilateral ABCD 1S (415 - 246) cm.
() lnthe case where the quadrifateral is o rhombus with side
(45 ~2/3) cm and AC s the loveeT dingonal, find, without using 2
calculator, the exact value of sin LABD . . (51
(i F&nnﬁﬂiuﬂnﬁnﬂﬁ&iﬂi:uﬂ.ﬁnﬁﬁzdn ;
_”nrvhm._nau. mu_“_—_.ncnhsnw_.nnnnuﬂw. &l
[Turn O¥er
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Need a home tutor? Visit smiletutor.sg



	Write your name and index number on all the work you hand in.
	Write your name and index number on all the work you hand in.



