2017 4E AM ACS (Barker Road) Prelim Angla-Chinese School (Baker Road)

Answer all the questions

! The equation of a curve s y = 2x* ~6x+k , where k is a constant.
(i) Inthe case when k =-20, find the set of values of x for which y < 0. [2]

(i}) Inthecase when k =10, show that the line y+2x =8 is a tangent to the curve. (3]

2 () Giventhat u=2", express 4* —2*" =3 as an equation in u. 2]
(i) Hence find the value of x, correct to 2 decimal places. 3]
(iZ) Explain why the equation 4 —2*' =k has no solution if & < —1. 2]

3 The eyuation 3x* — x+5 =0 has roots o.and B.
(1  Find the value of &’ + 8. (5]

(i) Finda quadratic equation with integer coeificnem whose room are —- . —and—- ﬁlz . [3)
o’

4 (i) Express -1--—5'—"—{9(?5 ﬂcgg_f as a quadratic expression in cot x.

s x {31

(i) Hence, using (i) solve the equation 1+ 2cos® x = sin x(3sin x + cos x)
for 0° < x < 360°. [4]1
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5 A freshly baked bread, with an initial temperature of 75°C, is left to cool on the rack.
The temperature, 7°C of the bread, ¢ minutes after it has been placed on the rack is
given by 7 =27+ ke™ , where k and n are positive constants.

(i) Calculate the value of k. ‘[ 1]

(i} If the bread has cooled down by20°C after 10 minutes, find the value of n. [2]
(ii)) Find the least timetaken, to the nearest minute, for the bread to have a

temperature of less than30°C. [3]
(iv) Explain with the sketch for T =27+ ke™ , why the temperature of the bread can

never reach 27°C. 1

6
4 G
443242
# 30 >> - D

The diagram shows a trapezium 4BCD in which side 48 = 4J§ - 22 cm and
angle BAD =30°. Given that the length of 4D is twice the length of BC and that
area of the trapezium is 25 + 5J6 cm?, find without the use of a calculator, the
length of 4D in the form a2 +63.

(4]
7 The diagram shows part of a straight line, passing through (2,¢)and (8,13), drawn to
represent the equation 3y = 4x’ + ax, where g and ? are constants. Find the value of @
and 2.
y—x
b o
P
(8, 13)
2,9
0 > xt
(4]
4
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8 {a) Given that the first 3 ters in the expansion of (2 — x)(1 + 3x)" in ascending
powers of x is

2+29x+ b2+ ...

Find the values of the constants a, b and n. {5]

(b) ()] Write down the general term in the binomial expansion of

27 1)

(i)  Writedown the power of x in this general term. (]

(iii)  Hence, or otherwise, determine the coefficient of x™° in the binomial

expansion of (x? + —1—3) ®
2x

(21

9 A curve has eguation y= ln( ;x;i) The normal to the curve at the point (e, b) is

—
i

parali€l to the line 13y +i5x - 26 = 0. Given that where a > 1, find the values of « and b. [5]

10 The diagram shows part'of the graph of y = [2x+ 4| +1.

E 4
&
y=[x+4+1
4]
P
D > %

(i) Find the coordinates of £ and of Q.

{3]
A line of gradient » passes through the point (0,3).
(i) in the case where m = -1, find the x-coordinates of the points of intersection
between the line and the graph of p = [2x+4|+1 13)
(iii) Detennine the set of values of m for which the line intersects the graph of
5
Preliminary Examination 2017 i Sec 4 (Express)

i Adcdional Mathematics 4047 Paper 1



Anglo-Chinege Schoo! (Barker Road)

11 A particle starts from rest and moves in a straight line, so that 1 seconds after leaving O,
-{

its velocity, v m/s is given by v=28 ~2e?.

(i) Calculate the initial acceleration of the particle.

{2]
(ii) Calculate, to 2 decimal places, the displacement of the particle from O when
t=10. [4]
(iii) Detennine, with explanation, whether the particle will return to O. (13
12 In the diagram below, the line AE is tangent to the circle at 4. The line EB is the angle
bisector of angle 4BC and cuts the circle at D. The chord AC is the angle bisector of
angle BAD and cuts the circle at C. The chords BC and 4D are produced to meet at F.
The line segments 4D and FD are equal.
B/’—\\C F
‘ D
A E
(i) Prove that angle DAC = angle DAE. 3]
(ii) Prove that triangles ADE and BAE are similar. [2
(iii) Prove that C is a2 mid-point of BF. 123
(iv) Hence, using (i) and (iif), show that AF x AE =4CD x DE . 2]
5 ,
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Answer all the questions
(®)  Given that 1g(3y+2) —4x* =2, express y in terms of x. (3]
(®)  Solve the equation 2log, (8- 2x)- log, (x~ 2)=3 - log, {1+ x) (5]

The diagram shows & water wheel which rotates at 3 revolutions per minute in an
anticlockwise direction. At the start of the revolution, a point P on the rim of the wheel

is at the height of 3 m above the surface of the water. The radius of the water wheel is 4
m.

Rotate

— N A ‘ Sy Water Surface

P

The height, # m, of point P above the water susface is given as 4 = asin(% )+c,

where ! is the time in seconds.

(i) State the values of a,band c. (3]
() Find the time, t, where point P first emerge from the water. [3]

() Show that %1e”(2x+1)}=e2'(4x+ 4).

{2]
(ii) Hence, or 0th§mise, evaluate f‘:er’” dx. 4]
3
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4 The cubic polynomial f(x) is such that the coefficient of x* is 4 and the constant term is

3. When x+1 isa factor of f(x), the quadratic factor is px* + gx+ r. It is given that
f(x) leaves a remainder of -20 when divided by x—1.

(i) Find the values of p, gand . | ”
Gi) Solve f{x)=0. >
(iii) Hence soive the equation f{-x) = 0. "

X’ x?-4x+l

5 ltisgiven that 2 =ax+b+ =y
(i) Find the values of 2, b and c. {3]
(i) Hence, using partial fractions and the values of a,b and ¢ obtained in part (i),
1.2
fnd {5 (6]

6 (a) Thecurves y= a({l;)and y= 27‘!(;]2-) meets at the point (1,5) where @ and & are

constants.
() Find the value of a and of . 121
(i)) On the same axes, sketch the two curves, for x > 0. 2]

(b) Given that y = (2x+ tan x)? and that % =ax+ b‘\/i when x = g-, find the value
of g and of b. (4]
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7 A curve has the equation y = f{x),where f(x)= is(x—_l; for x> 0.
X+

(® Findan expression for f'(x). 2]
(i) Explain why the curve has no stationary points. (1]

(iii) Show with full w:,orkings, determine whether the gradient function of the curve is
an increasing or decreasing fimction for x> 0. {2]

8 The points (1, 10) and (7, 10) are on the circumference of a circle whose centre, C, lies
above the x-axis. The line y =1 is tangent to the circle.

() Find the coordinates of C. {3]
(i)  Find the equation of the circle in the formx* + y* + px+gy+r=0, where p, ¢

and r are integers. (2]
(ili) Find the equations of the tangenss to the circle parallel to the y-axis. 21

The above diagram shof.ws a trough of 3m long and 1m deep with 4ABCD horizontal. Its
cross section is an isosceles triangle of base 2m with its vertex downwards. The empty
trough is filted with water at the rate of 0.03 m’/s.

) l%‘ the deg)th of thé water at time ¢ seconds is /# m, show that the volume of water

is 377 m°, $)]
(i) Henoce, find the rate at which the water level is rising after the water has
been running for 25s. [4]
s
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10

The diagram shows part of the curve and two parallel lines OR and PQ.
The line OR intersects the curve at the point R(2,2)and the line PQ is a tangent to the
curve at the point Q.

() Find the coordinates of £ and of Q. (4]

(i) Find the area of the shaded region OPQR. (6]

11 The diagram shows a thombus ABCD where 4 (10,7) and C (2, 1) . Bis a point on the
y-axis and is equidistant from 4 and C.

T
(1) Find the coordinates of 8and D. (4]
(i) Find the area of ABCD. 2]
(iii) j[f point P lies on AC extended such that PC: P4 =1: 5. Find the coordinates of -
6
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12 In the diagram, two circles C, and C, whose centres are 4 and B respectively, touch
each other at P. The radii of C, and C, are 4 units and 1 unit respextively. C, touches
the y-axisat D and C; touches the x-axis at E. Theline 4B joining the centres of
C, and C, meets the x-axisat F and £ BFO =6".

&Y
Di
O
) Express 0D and OF in terms.of 6, [2]
(i) Hence, or otherwise, show that DE? = 40cos8 +10sinf+42. 3]
(i) Express DE? in the form Rcos (8 — @) +42 where R >0 and @ is acute. (3]

(iii) Find the maximum value of DE and the value of #at which the maximum value
occurs. (3]
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13 The diagram below shows an open container. i consists of a hemisphere of radius »

cm, and a cylinder of radius r cm and height 2 cm. The hemisphere is fixed to the end
of the ¢cylinder and the volume of the conminer is 800 cm?

- ———
- -

-y " -

2400 - 2727*
i) Showthat = ————,
® 3m? 2]
The container is made of some thm metal sheets. The cost of metal sheets for the

cylindrical surface is Sl 50 per cm” and the cost of metal sheets for hemispherical
surface is $3.20 per cm?,

(i) Let $C be the cost of making the container. Show that C = 4.4z* + AN ) 3)
"

(iii) Find the value of / and » such that the total cost of constructing the container is
minimum.

(5]

8
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1@

WfIQn k= ‘20

ye206e-20

25’ «6x-20<0

{r~Skr+2) <0

-2sx<s

5]

When k=10

3= 2x = 6x +10

- » n———

y=2-2r+R

| 2x7 ~6x+10 =23 48

' -3x42=0

! xP~2x+1=0

& -4dac

=4~4()1)

e

=0 {shown)

Theline & tangent to cutve

&) 223

1 =y =3=0

(i)

(ll+|x:i-'3—)=0 ‘

u=3 or u=-|

2*=3 or 2 =-I(NA)

Ig2

x=13§

Giii)

it ~2uk 20

For no solutio, b —4ac <0

(=2)* - 4(1)(-k) < 0

4+4% <0

1+k<0

Tke-]

| The equatlon has 80 solution if k<~ ‘

am




| 21 al
arhey  @b=s

|a+B =(a+p) -2ap

4

29

-
b

9

H__.___J._-- o s i e

@+ pl =(ms Y’ ~ap Py

| 2o flY_28 3§
| +f (3)( > 3)

x"+i4—x+-%-7-=0

125 12§

125x% +44x+27 =0 _

e~

410 1 _eesx 2¢08' x

sin’x siax sin’x

cosenx —colx + 2¢ot’ 3

{got? x+1)~-corx+2cot? x

| 3cot® x—cotx+1

(1) | f+2c0s? x=23sin® x +sinxcosx

1+2cos? x=sin xoosx = 3sia’ &

t—sinxcosx+2cost x -3
sin’ x

| 3cot’ x—cotx+1=3

3cot’ x~cotx-2=0

{ (Bcotx+2)cotx—1)=0




= — o i

v co?x=~§ of cotx:=l

1anx=~\% ar tafx =)

x =1800-56.35, 3600. 56.3%,457,2250

x= 450123, 702259303.7%, 4

0

when ! 0s r.—.'is"_

L T LT

75 =214k

k=48

(i)

; wheni;"o' T=355

N

55 5 274487

2848

7

L ;:.8""

12

?
..l - —
On lnu

n=00539 (3¢

B

27 4 4Be MY < 30)

486-005)% < 3

-0 539 < ._L

d 16

«~0.053% < ln'L

~

16
1

e

>
- 0.0§39

t>51.439

Least time taken = $2 minutes

T

.

Roas

The temperature of the bread can never reach
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Let 4D = 225&0;{

sin30® =

f— =:I: 2/3-2

-;'-(x +2x)(243~ \/i )=25+5V6

3x 25+5a/~ 23+42
“2i-N2 2v3+2T

33_3( 5043 +2542 + 1018 + 512
3 123

R . A R TR R T

‘e 2(50v3 + 252 + 3042 +1043)
30

t$

AD»—ﬁ*Sf

vtx

13-

A——

w}-&v

&
=)

-

1 sub Gl inro (2)

 13= ls—gf—(snc

{Subf=3

7
Crom
3

Y T e




e~

2
3

T ——

a=190

{8)

(e —x(l” *,(")(l)(s.m("\](n(sx)‘ + )
(! 2

By cosnpating like terms
a=2

= x ;3&'“,; 29x

~1+6n=29

61 =10

=5

- e———— WL R PO S teeesmam Y b

u[z'_(.'%:‘l)(l)(of){'I‘)u}(sx’)

Sub a'='2, n=5

S
2{9‘5‘1)0)(%-’)—[ ,)m(a;z)

180x° ~15x7 = bx?

b=165
(b)[i) 10 x] Jw,'(‘l,)'
r \2x
i) | x™v - e -
(i) | 20-Sr=-15
r=7

(10}( .
r )

t6) ...,
(7 )(2 )

JE
=16

y =io@3x—1) - In(5 - 2x)

& _ 3 ., 2

—

ax 3x-1 5-2x

5
S il & )
Y=

b
Gradient of nosmoal = 13




13
Gredient of taneent = 5

B_ 3 2

S —

5 3%~} 5-2x

13 3(5=23)+ 231~ 1)

5 17x-5-6x°

[
5 17x-5-6x"

17x~5~6x*=5§

6’ —17x+10=0Q

(6s-3)x-2)=0

9

== Oor X=2
x6r

stuceg ¥ =2

R
g~ QO a»2
6

since 2> L

ae=2

b=ln%=l.6i

CTATE T AW T A, T

10

_(i)

-&—P = (4‘.1)

y=|21+4|+1

1=|2x+4)+1

e S P -

ih+4{=0

2x+4 =0

X=~2

P=(-2,))

RN

y=14+!1

y=s

g=03)

Gy

Px#&];1=-x+3 o

| Pr+d|=-xt2

T 2x+4=-x+2 arﬂix +d=x-2

Xo’-‘--'g

- E——— L 55

x=-5

P




Gi)

3-1

————-——:1

Max=0"2)

Min =—2

-2<m<l

.—._.e-‘

2
a==
Whea =0, 3

@i

5= (28~ 2e-id:

<L
s=281+G6e ? +¢

R 5 IR AN e A s LR

s=0,=0

. 5 e 1o i

c=~6

4
y = 281+ 6e 1 -6

1=10

.
s=281+68 7 -6

5 = 274.21

{ {iih)

No.

[}
Forr 20 2¢ ' S2

v=28-2e 0 <26

Sv>0

12

®

let £ZDAC =g

£DBC=a (anates In the same sagment])

“£DBA=a jpy(singlebisectorof ABC)

LDAE = £LDBA = & (1angent chord theorem)

0 ZDAC = £DAE (proven)

'tiT)

| ZDEA = £BEA {common angle)

£DAE = ZABE =4 {1angent chord theorem)

AADE and ABAE gre simllar (A propesty)

(i)

/ZDCA = ZDBA = a{angles in the same segment) |

ZDCA=ZCAB=a

ZDCA,LCAB 3rg sliernate angles - CD/ BA

CD /i BA & Dis the midpoint of AF




. C;’s a midpoint of 8F {By tnidpointtheorein)

)

AADE and ABAE are similar

AE 4D _DE

' BE 18 4E

ADXxCE=8CxDE

AGCP and AGBA are similar

AD DE

i P G

AB _AE

1
—AF DE

2CD___4F

AF x AE "—‘4CDXDE( shown)
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f(2)

TedyeD-asi=2

1803y +2) = 4x' <2

1™ =3p42

Ip=10*"7 =2

y= _;_(m:«u‘ _2)

®

2!‘35:(8 - 2-\')" |og,(x— 2): 3~ lngzﬁ.; x) .

2[‘3@3@:2_32.52] ~log{x—2)=log, 2’ - log,(1+ x)

fog,

log, 8~ 2x) ~ log,(x - 2)= log, -(Tgx_)

T Ly

xX-2 {1+ x)

8~2x 8

LD o

-2 (I+x

(8-2x)(1+ x)=B(x~2)

8+85-2x-2x=8x~16

§ -2:’-2x+24=0

X rx-1220

(x~3)(x+4)=0

Tx=3 x=—4(NA)

L Xx=3




Wi

{in

.
h= -4sm(ml) +3

f;/eaO

« , 7
_4 — =
sm(wt)«t-B 0

ti’é:=o.sasoax—o.34soe

, < 10L= —0.84806)
H 4

{= 730 (38ﬂ




30)

A Lot
};(2 (234-1})

=2e™ +(2x 4 1f2¢™)

=2¢7(2 + 4r+2)

=2¢%* (4x * 4) {shown) '

S R

i)

"‘4xe1r+4ezxdx =k1r(2x+nl
!

2](: 2xehdx = [e”{zx + l)t -.[01 4edx

£2xehdx=%[e“(2.t+l)l --li-_c de™dx

l 22 l 2s
=5k exe 1) —E{Ze }

=%[3¢= ~1]u%[2¢’ 2]

=1’ -2 -1e2]

=-2!- ,+’]

=419




40 | () ={x+l)(px’ +gx+r)
e .
r=-3
fiy=-20
(2N p+q+r)=-20

T (A+g-)=20
g+ ==-20

T g==it

@ | f(x)=(x+1)@dx° ~11x-3)

i Slx)=0 |

;“" (x+ 0 {@x+1)(x-3) =0

'- et
x=-l 4.3

(i)

(~x+D{—4x+1)}{-x-3)=0

1
PR
TN




5

-t -ax+)

By fong division, = X=1-
x*~4

t=elb==le=-3

(i)

3 A B

L x'-4 x+2 x=2

-3= A(x—2)+B{x+2)

l.at.ts—Z.A:-:i
4
Let .\'52,8=—§~
4
3 3
B = ds
Jx Ax+2) -

L. 3 3
2x x+4ln(.t+2}--;ln(x-—2)+c




68(’) subs=], ¥=5into V'—'ﬂv;

s

g

a=5

. i dibests - .,

2a
2

sub.x= [, v=5,4 = §Sintg _v:-.k-—x-

Tk=2

o -
el

e e meas

L L T TSI ——

,.
e

'S

4

LI 2(2x+tan x)(2 +sec x) ’
dx :

-y
When x = % ‘

dv 3 3 : T
- - —)2 +see’ —
T 2(2(3)+tan3)( +S 3)

R —

sg‘f“{gsm ’*(fj
2

Y =(i;§+21/3J(6)

Bla

e e AT N

=87+12M3=> a=8b=12

& &

——




-

)

- 3(5x + 3)— 3(x~ 1)(5)

£ Gx+3)?

_ 9+15
(5x+3)

@)

£(x) > Osince (5x+3)* >0,x>0

e

£(x) =0, the cusve has no statlonary polnts |

Y SRR i o

M)

| £°(x) = -48(5x +3)”(5)

-240
(5x+3)°

=

for x>0, f (x) <0, the gradiant function Is a
decreasing funceion.
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 Widgolnt o [3:_2,10“0)
22

={4,10)

Letthe centre be (4, y)

(4-aF «(y—1) =(4~1)'+ (= t0)’

Y -2p+1=9+ 37 - 20y+100

" 18y =108

y=6

Centre (4.6)

(i)

' Radius =S units

(x-4)Y +(y-6) =25

X 4y —Bx-12p+27=0

(v}




S

Let the base of the water be X

J N e
]
- |

A=2h

Y= -;-(z.a)(&)(s)

Va3 {shown)

(is)

av_
—=003

av =6
ah

v ——

When =25

V=25x0.03=0.75m!

34t =0.75

he05

@ a7
dt dVvV i

=1 %003
&h

i
03
605"

-“%‘ =0.0Im/s




10¢1)

When x=4,v=38

@=(48)

P=(0,y)

4-0
A |
B~y

4=8-y

v=4

5 P - (0?4)

Area of traperivn = %(4 +8)(4)=24

Area of trizngle = -;-(2)(2) =2

Area of under curve = f!0-32x"(&'

and
. le—-}-g{—

{l 0x+§—2—1
X




=48~ 36

o

(2

T i e,

Shaedsdarea= 24-12-2

= 19




T1) | Since Dis equidistant fram A and C.
-~ D8 Is parpandicular hisector of AC.
' Midpolnt of AC = (10 +2 lf—']
2 2
—py e
| Gradientof AC=1=1
2-10

=3
4
. 4
Gradicntof BD = -3

Equation of 8D, p-4= -.g(x -6}

4
=——X+
¥ 3:( 12

At the y-axis, X =0

y=12

1.8¢0,12)

Midpoint of DB = Midpolat of A = (6.4}

DO.12). Bxy

0+x 124y _

(055 B

Eeg Ty,
2 2

x=12 y=-~4




(i) "Let the base of the water be x

V= .zi.(zla)(b)(s)

¥ =3k ishown)

W |4y ..
- (),03
~ 0

av
LAY
d

When ¢ = 25

¥V =25x003=0.75m3

3 =075

=05

dt d¥ i

Y
6h

]
= 6(0._5-5 x 0.03

%:0.0!»:!3




10G)

PO US——.

Q= (4.8)

P=(0.y)

4-0

—_—]

8-y

4=8-y

y=4

s P=(0,4)

Ares of trapezium = -!2-(4 +8)(4) =24

Avea of trlangle 2 %—(2)(2) =2

 Ares of under curye a f 10 ~32x%dx

=1 10x———r

X

=[i Ox+ 2}

— TR 7 e




48-36

e TR
Tshededarea= 24-12-2




11Gy | Since Dis equidistant from Aand C.
- D2 is perpendicutar bisecror of AC.
Midpoint of AC = (w* 2 7—”-)
2 2
T =68 -
| Grasieatof ac=-=1.
2-10
=2
4
Gradieatof BD = “';i

i
)

Equation of 8D, y-4= —g(x ~6)

4
.-.-—x+l2
=73

Atthey-axis, x=0

y=12

=~ B(0,12)

Midpoint of DB = Midpoint of A = (6,4)

D012, B(xy) -

0ex 12+¥) . o
(-“5“.'—2 J (6‘4)

=
+

N

P i 3

12

. D(12,-4)




	SA2 Anglo Chinese School



