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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

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

_ —b++/b*—4ac

2a

X

Binomial expansion

(a+h)"=a" +Gja”1b+[gj a"%ph? + ... +(:Ja”rbr +..+b",

n I _ _
where n is a positive integer and ( j nt__n(=d..(n-r+l) .

r :r!(n—r)!_ 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) =cos Acos BFsin Asin B

tan A+tan B

tan(A+tB)=———
lxtan Atan B

sin2A = 2sin Acos A

cos2A=cos? A—sin® A=2cos* A—1=1-2sin* A

tan2A = ﬂ
1-tan” A
Formulae for AABC
a b C

sinA:sinB :sinC
a’=b%+c*—2bccos A

A:labsinC
2
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1 A curve is such that Fvl =ax—2, where a is a constant. The curve has a minimum gradient
X

at x:l.
3

(i) Showthat a=6.
The tangent to the curve at (1, 4) is y=2x+2.

(i)  Find the equation of the curve.

2 The roots of the quadratic equation 3x*+2x+4=0 are ¢ and S.

(i) Show that o + ° = —%.

aZ ﬂZ
(i)  Find a quadratic equation with roots — and —.
o

3 ltisgiventhat f(x)=(x+ h)2 (x—1)+k , where h and k are constants and h <k . When
f(x) isdivided by x+h, the remainder is 6. It is given that f(x) is exactly divisible by
X+5.
(i)  State the value of k and show that h=4.

(i)  Find the range of values of the constant b for which the graph of y=f (x)+bx isan
increasing function for all values of x.

4 Giventhat tan(x+y)= —% and cosx = % , where x and y are acute angles, show that

X =y without finding the values of x and y.

5 The variables x and y are such that when X are plotted against x, a straight line |, of
y

gradient 2 is obtained. It is given that y :% when x=3.

(i) Expressy in terms of x.

(i)  When the graph of x =2y is plotted on the same axes as the line |,, the two lines
intersect at one point. Find the coordinates of the point of intersection.
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6 The figure shows a semicircle of radius 5 cm and centre, O. A rectangle ABCD is inscribed in
the semicircle such that the four vertices A, B, C and D touch the edge of the semicircle. The
length of AB =x cm.

D p A
5cm

A

(1)  Show that the perimeter, P cm, of rectangle ABCD is given by

P=2x+425-x* [2]

(i)  Given that x can vary, find the value of X when the perimeter is stationary. [4]

7 In the diagram below, PQRST is a trapezium where angle QRS = angle TPR = 30°. SQ is the

height of the trapezium and the length of SQ is \@4 1cm. The length of TS is 2/3 cm.
+
By rationalising L find the area of trapezium PQRST in the form (a\/§—12) cm?,
J3+1
where a is an integer. [5]
T 2/3cm s

8 A particle moving in a straight line passes a fixed point A with a velocity of -8 cms™. The

acceleration, a cms™ of the particle, t seconds after passing A is given by a=10—kt , where
k is a constant. The particle first comes to instantaneous rest at t =1 and reaches maximum
speed at T seconds (The particle does not come instantaneously to restat 1<t <T).

(1)  Find the value of k. [3]
(i)  Find the total distance travelled by the particle when t=T . [5]
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9 It is given that y =1—3sin2x for —%g X< 7.

(i)  State the period of y. [1]
(if)  Sketch the graph of y =1-3sin2x. [3]
(iii) By drawing a straight line on the same diagram as in part (ii), find the number of
solutions to the equation 3sin 2x +1% = 3 for —% <X<rx. [3]
VA
10
A Y y= 421
A2, 4)
—1
0 B X

The diagram shows part of the curve y =4e®**. The normal to the curve at point A(2, 4)
cuts the x-axis at point B.

Find
(i)  the coordinates of B, [4]
(if)  the area of the shaded region. [3]
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12

F D G

In the diagram, BD and AC are chords of the circle. FD is a tangent to the circle at D.
AC and FD are produced to meet at G such that CG = CD. E is a point along BD.
Triangle BAE is similar to triangle ADE.

(i) By showing that triangle BAD and triangle AED are similar, prove that AB is
perpendicular to AD. [4]

(i)  Show that angle ADB =90° — 2 x (angle CGD) . [4]

. 3 1. : . .
The line y = ——x+1QZ is a tangent to the circle, centre C. Another line, |, is tangent to

the circle at point P(l%, 12%). The two tangents intersect at point R, which is directly

above the centre of the circle.

9] X
(i)  Show that the coordinates of R are (5, 15%j . [4]
(i)  Find the equation of the circle. [4]
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Answer Key

1 (i) | Show question

(i) | y=x*-x*+x+3

2 (i) | Show question

i 1 4 : :
(i X2 —36 X +§ =0 or any other equivalent equation

3 (i) | k=6;h=4 (show question)

(i1 b> 81
3
4 Show question
5 (i) X
2X+9

(ii) (_3 1 2)
>

6 (i) | Show question

(i) | x=+/5 or2.24 (3s.f)

7 (12J§—12) cm?
8 |() |k=4
1
iy | 85 M
9 | () | =«
(il

y=2—-- y=1-3sin2x

(iii) | 3 solutions
10 | () | B(10,0)

ii
(i (24—§J units® or 21.1units’> (3s.f)

11 | (i), | Show question
(ii)

121 (i) | (x=5)°+(y—-8)° =36
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+c=0,

_ —b++b®-4ac

2a

X

Binomial expansion

(a+b)"=a" +(2Ja”‘1b+{2j a" %% + ... +(:Ja“‘rbr +..+b",

n I -1 ... (n-
where n is a positive integerand[j nt_n-h..(n Hl).

r =r!(n—r)!_ r!

2. TRIGONOMETRY
Identities

sin® A+cos” A=1

sec’ A=1+tan’ A

cosec’A=1+cot’ A
sin(A+ B) =sin Acos B +cos Asin B
cos(A+B) =cos Acos BFsin Asin B

tan A+tan B

tan(AtB)=———
1xtan Atan B

sin2A =2sin Acos A

cos2A =cos’ A—sin® A=2cos* A—1=1-2sin’ A

tan2A= ﬂ
1-tan“ A
Formulae for AABC
a b c

sinAzsinB =sinC
a’=b*>+c*—2bccos A

A=1absinC
2
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1. Acurveissuch that 3—32/ =ax—2, where a is a constant. The curve has a minimum gradient
X
at x=1.
3
(i) Showthat a=6. [1]
The tangent to the curve at (1, 4) is y =2x+2.
(i)  Find the equation of the curve. [6]
Marking Scheme

2

(i) At minimum gradient, 3—Z=0
X

{82

L owlw

=6

Loody B
(i) &—I(Gx 2) dx

=3x*—2x+Cc where c is an arbitrary constant

y=2X+2

Gradient of tangent =2

sub. (1, 4)
4=01-1+1+¢
c,=3

Equation of curve is y =x*—x* +x+3
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2. The roots of the quadratic equation 3x* +2x+4=0 are ¢ and 3.

(i) Show that a®+ f° _—% [3]
(i) Find a quadratic equation with roots <— and ﬂ [4]
(24
Marking Scheme
(i) a+ﬂ:—2 (if)  Sum of roots =%+%
_f ~ 0(3+,33
=3 Y
o+ =(a+p) —2ap _(0{+,B)(a2—aﬂ+ﬂz)
(2 l op
w5 2l3) (22
4 8 _\ 3 9 3
"9 3 _4
3
= —% (shown) 16

2 2
Product of roots= [a—j [ﬂ—j
p )\ «a

I I
wlhd
he)

. L. 16 4
The quadratic equation is X —gXtgT 0

OR 9x*-16x+12=0
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3. ltisgiventhat f(x)=(x+ h)2 (x—1)+k , where h and k are constants and h <k . When
f(x) is divided by x+h, the remainder is 6. It is given that f (x) is exactly divisible by
X+5.
(i) State the value of k and show that h=4. [4]
(i)  Find the range of values of the constant b for which the graph of y =f (x)+bx is an
increasing function for all values of x. [4]

Marking Scheme

(i) k=6 | B1 (i) y=(x+4)"(x-1)+6+bx
dy 2

£(-5)=0 &:2(x+4)(x—l)+(x+4) +b
(-5+h)}(-5-1)+6=0 = (x+4)[2(x=1)+(x+4)]+b
(h—5)2(—6)=—6 =(x+4)(3x+2)+b
(h-5)" =1 _ _ oy
h—-5=—1 or 1 For increasing function, &>O
h=4 or 6 (rejected as h <Kk) (x+4)(3x+2)+b>0

3x?+14x+8+b>0
Discriminant <0
(14)° —4(3)(8+b)<0
196-96-12b <0

12b >100

b>81
3

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1



, 12
4.  Giventhat tan(x+y)= —ﬁ and cos X =% , Where x and y are acute angles, show that

X =Yy without finding the values of x and y.

Marking Scheme

120

119
tanx+tany 120

l1-tanxtany 119

tan(x+y)=—

12 tan X =—
X 5
S)
12 tan
5 Y 120
1—Etan y 119
5
12 120 288
—+tany=——+—tany
) 119 119
2028 169
——=——tan
595 119
tany = E
5

Since tanx=tany and x and y are both acute, x=1y.

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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5. The variables x and y are such that when X are plotted against x, a straight line |, of
y

gradient 2 is obtained. It is given that yzé when x=3.

(i)  Expressy in terms of x. [3]
(i)  When the graph of x =2y is plotted on the same axes as the line |, the two lines
intersect at one point. Find the coordinates of the point of intersection. [2]

Marking Scheme

(i) X=o2x+c
y
%:2(3)+c
5
c=9
X 2x+9
y
y 1
X 2X+9

_ X
y_2x+9

(i) x=2y=>2X-2
y

The point of intersection is (—3%, 2).
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6.  The figure shows a semicircle of radius 5 cm and centre, O. A rectangle ABCD is inscribed in
the semicircle such that the four vertices A, B, C and D touch the edge of the semicircle. The

length of AB =x cm.

RN

-—
D O A

5cm

A

(1)  Show that the perimeter, P cm, of rectangle ABCD is given by

P =2x+4+25- X%

(i)  Given that x can vary, find the value of x when the perimeter is stationary.

Marking Scheme

(i) OB =5 cm (radius of circle) (i) P=2x+4y25-%°
2 2 2 1
OB’ =0A’ + AB d_P:2+4(1j(25_X2) ? (<2x)
25 =0A? + x? dx 2
OA=+25-X _g_ X
25— x°

P=AB+CD+AD+BC
=2AB +40A

=2X+4/25—x* (shown)

At stationary P, dp =0
dx

X9
25— x°
_ax
25— x?
16x° -

25— x°
4x? = 25— x?

5x* =25

x> =5

x=+/6 or —+/5 (rejected)

=2

or 2.24 (3s.f)
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In the diagram below, PQRST is a trapezium where angle QRS = angle TPR = 30°. SQ is the

height of the trapezium and the length of SQ is \/54 1cm. The length of TS is 243 cm.
+

By rationalising f%l find the area of trapezium PQRST in the form (ax/§—12) cm’
+

where a is an integer. [5]

T 2J/3cm s

Marking Scheme

4 4 3-1
B+l B+l B-1
43 -4
- 341

—2/3-2
24/3-2

QR
1 243-2
3R
QR=2(3)-243

:(6—2J§) cm

tan30° =

2(6-243)+2(243) |(2v3-2)
(12-4V3+43)(23-2)
(

12)( -2)

_2)
= (12\/5—12) cm?

Area of trapezium =

NI, NP~ r\>||—\

(D
/—\

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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8. A particle moving in a straight line passes a fixed point A with a velocity of -8 cms™. The
acceleration, a cms™ of the particle, t seconds after passing A is given by a =10kt , where
k is a constant. The particle first comes to instantaneous rest at t =1 and reaches maximum
speed at T seconds (The particle does not comes instantaneous to restat 1<t <T).

(1)  Find the value of k. [3]
(i)  Find the total distance travelled by the particle when t =T . [5]

Marking Scheme

(i) a=10-kt
v=](10-kt) dt

kt? . :
=10t —%-F ¢ where c is an arbitary constant

Whent=0, v=-8

-8=c
2
.'.v:10t—ki—8
2
Whent=1 v=0
0:10—5—8
2
k=4
(i) a=10-4t
At maximum speed, a=0
10-4t=0
t=21
2

s=j(10t—2t2—8) dt

2t? : :
=5t — 3 —8t+c, where c, is an arbitary constant

Whent=0,s=0, ¢c,=0

3
.-.s=5t2—2i—8t
3

Whent=0,s=0

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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Whent=1, s=—1—1
3
When t=21, s:E
2 6
Total distance travelled = (1—31 x2+ %
:81 m
6

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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Itis given that y =1—3sin2x for —%s X<7.

(i)  State the period of y. [1]
(i) Sketch the graph of y =1-3sin2x. [3]

(iii) By drawing a straight line on the same diagram as in part (ii), find the number of

solutions to the equation 3sin 2x +1% = 3 for —% <X<r. [3]

T

Marking Scheme

(i)
(i)

180 or «

y =1-3sin 2x

>

3x
T

3sin 2x+ll =
2

3sin 2X:§—ll
T 2
3sin 2x—1:3—x—2l
T 2
1-3sin 2x:2£—3—x
2

Draw the line of y:2l—3—x.
2

From the graph, there are 3 points of intersections, thus there are 3 solutions

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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10.

0.5x-1

4 Y y=4e

A(2, 4)

The diagram shows part of the curve y =4e®>*". The normal to the curve at point A(2, 4)
cuts the x-axis at point B.

Find
(i)  the coordinates of B,
(if)  the area of the shaded region.

Marking Scheme

(I) y — 480.5X71

dy 0.5x-1
—=4(0.5
5 = (05)e

— 2e0.5xfl

When x = 2, d—y=2
dx

Gradient of normal = —%

Let B(x,0).
4-0_ 1
2—X 2
8=-2+X

X =10

- B(10,0)

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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(i)  Area of shaded region= .[02 4% dx + %(10 -2)(4)

05x-1 2
= {46 } +16
0.5 0

=8e°—-8e1+16

:(24—§j units® or 21.1units* (3s.f)
e

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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In the diagram, BD and AC are chords of the circle. FD is a tangent to the circle at D.
AC and FD are produced to meet at G such that CG = CD. E is a point along BD.
Triangle BAE is similar to triangle ADE.

(1) By showing that triangle BAD and triangle AED are similar, prove that AB is
perpendicular to AD. [4]

(i)  Show that angle ADB = 90° — 2 x (angle CGD) [4]

Marking Scheme

(i)

/ABE = ZDAE (corresponding angles of similar triangles BAE and ADE)
ZADE = ZBDA (common angle)
By AA similarity rule, triangles BAD and AED are similar.

/BEA = ZAED (corresponding angles of similar triangles BAE and ADE)
=90" (adjacent £s on straight line)

.. ZBAD = ZAED (corresponding angles of similar triangles BAD and AED)
=90

AB L AD (shown)

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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(i) Let LCGD=a.
ZCDG = ZCGD (base s of isosceles A)
=a
BD is a diameter (right-angle in a semicircle)

.. ZEDG =90° (tangent L radius)

/DAC = ZCDG (Zs in alternate segment)
=a

Consider AADG,

Z/ADB =180"— ZDAC — ZCGD — ZEDG (sum of Zsin A)
=180"-a—-a-90°
=90"-2a
=90"-2x £ZCGD (shown)

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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. 3 1. . . .
12. Theline y= —Zx+1QZ is a tangent to the circle, centre C. Another line, |, is tangent to

the circle at point P(l%, 12%). The two tangents intersect at point R, which is directly

above the centre of the circle.

0 X
(i)  Show that the coordinates of R are (5, 15%) : [4]
(i)  Find the equation of the circle. [4]

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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Marking Scheme

y-coordinate of S =12%

122 -3y 10t
5 4 4

SR 5,151 shown
(515 (shown)

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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Alternative Method

Gradient of |, =%

. . 4 3 2
Equation of |, is y—12—==| x—-1=| --------- 1
q 118 Y7Reg 4( 5] ()
3 1
=——X+19=" - 2
y=-1 2 @)

Sub. (2) into (1),

—§x+19l—12ﬂ:§(x—lgj
4 4 5 4 5

3129 3. 21

4720 47 20

3,15

2 2
X=5 sub. into (2)

1
=15=
y=23

R(S,lS%) (shown)

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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(i)  Gradient of normal at S :%

Equation of normal is y—12ﬂ = 4 x—8§
5 3 5

When x =5,

y—12é = E(S—ng
5 3 3)

y=8
~.C(5,8)

2 2
Radius = (5—8% +(8—12ﬂ
5 5

=6 units

Equation of circle is (x—5)° +(y—8)" =36.

Alternative Method

Gradient of normal at P = —%

Gradient of normal at P is y—12% = —g[x—léj

Sub. x =5,
y=38

Centre of circle is (5,8)

2 2 4 2
Radius of circle=\/(5—1gj +(8—125J

= 6 units

Equation of circle is (x—5)2 +(y—8)2 =36

2018 Preliminary Examination/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 1
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax®+bx+c=0,

_ —b++/b*—4ac

2a

X

Binomial expansion

(a+b)"=a" +(D a”‘1b+(g a"?p? + ... +(:]a”‘rbr +..+b",

n I _ _
where n is a positive integer and L n(n-1)..(n=-r+l) .
r) ri(n-r)! r!

2. TRIGONOMETRY
ldentities

sin? A+cos® A=1

sec’ A=1+tan® A

cosec’A=1+cot’ A
sin(A+B) =sin AcosB £ cos Asin B
cos(A+B) =cos AcosBFsin Asin B

tan At+tan B

tan(A+B)=————
1xtan Atan B

sin2A=2sin Acos A

cos2A=cos’ A—sin? A=2cos* A—1=1-2sin* A

tan2A = ﬂ
1-tan” A
Formulae for AABC
a b C

sinA:sinB :sinC
a’=b?+c®>—2bccos A

A=£absinC
2
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1 An empty, inverted cone has a height of 600 cm. The radius of the top of the cone is 200 cm.
Water is poured into the cone at a constant rate.

(i)  When the depth of the water in the cone is hcm, find the volume of the water in the
cone interms of = and h. [4]

The water level is rising at a rate of 3cm per minute when the depth of the water is 120cm.

(i)  Find the rate at which water is being poured into the cone, leaving your answer in terms
of «. [3]

2 ltisgiventhat y=x-In(secx+tanx), 0<x<g.

(i)  Show that di (secx)=secxtanx. [3]
X
(i)  Hence, express g—i in the form a-+bsecx, where a and b are integers. [3]
(iii) Deduce that vy is a decreasing function. [2]
3 (@) Prove that 1+sm2x+_cost =2C0SX. [3]
COS X +Sin X
: sec’ x 3 : .
(b) Giventhat ————=—, where 180° < x < 270°, find the exact value of sinx.  [5]
2tan“ x+1 4

4 (@) Solve, for x and y, the simultaneous equations
2" =8(2),

[4]
lg(2x+y)=1g63-Ig3.
(b) Express log ; y =3-log, (y—6) as a cubic equation. [4]
2 pa—

5 i Express in partial fractions. 4
® P (x+1)(x2—x—6) P 4]

. ) 5 8x?-28
ii) Hence, find dx . 4
i '[4(x+1)(x2—x—6) 4]
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6 (@ ()  Sketchthe graphof y=|(x-1)(x-5). [3]

(i) Determine the set of values of a for which the line y =a intersects the graph of
y =|(x—=1)(x—>5)| at four points, [2]

(b) Find the range of values of k for which the line y = kx —3 does not intersect the curve
y =2X°—6X+5. [4]

d (In3x 1 In3x
7 i Show that — = - . 3
® dx( 2x° j 22 X 3]
.. . In3x .
(i)  Hence, integrate 3 with respect to x. [3]

(iii) Given that the curve y =f(x) passes through the point (%%j and is such that

f(x) ="% ,find f(x). [2]

8 (i) Find the coefficient of x* in the expansion of (6_ x2)5 (sz +%) . [4]

(ii) I the expansion of (2+x)", the ratio of the coefficients of x and x* is 2:3. Find the
value of n. [5]
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10

5

In the diagram, triangle ABC is a right angle triangle where angle ACB =6 and AC =6cm.
R isapointon AB and T is the mid-point of AC. RT is parallel to BC and AR is a line of
symmetry of triangle AST .

B C
(@) Show that the perimeter, P cm, of the above diagram is P =9cosé&+3sin8+9. [2]

(b) (i) By expressing P inthe form m+ncos(6—«), find the value of @ for which
P=15. [6]

(ii)  Hence, state the maximum value of P and find the corresponding value of 6. [3]

The diagram shows a quadrilateral ABCD where the coordinates of vertices Aand B are
(7,9) and (8,6) respectively. Both vertices C and D lie on the line x=4. AC passes
through M , the midpoint of BD.

Y
A4(7,9)
x=4
D
B (8,6)
C
X
0

(i) Giventhat AB = AD, find the coordinates of C and D. [7]
(i)  Hence or otherwise, prove that quadrilateral ABCD is a kite. [2]
(iii) Find the area of the kite ABCD. [2]
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11 (a) The amount of caffeine, C mg, left in the body t hours after drinking a certain cup of
coffee is represented by C =100e ™.

Q) Given that the amount of caffeine left in the body is 20 mg after 2.5 hours, find
the value of k. [2]

(i) Find the number of hours, correct to 3 significant figures, for half the initial
amount of caffeine to be left in the body. [3]

(b) Thecurve y=ax*+bx>+7,where a and b are constants, has a minimum point

at (1,6).
Find
(i)  thevalue of a andof b, [4]

(i) the coordinates of the other stationary point on the curve and determine the nature
of this stationary point. [4]
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Answer Key
_ B nh®
1|0 |Veo7
(i) | 4800% cm®/min
2 (i) | 1—secx
. V3
Sinx=——
3| () 3
4 (@ |x=8,y=5
(b) | y*-6y*-8=0
5 10 x-7 5 .1 1
(x+1)(x*-x-6) 4(x+1) 20(x-3) 5(x+2)
(i) | 2.56
6 |[(ai) |
(aii) | 0<a<4
(b) | -14<k<2
7 (i) 1 2In3x
T oz TC
4x X
(iii) In3x 1
f(x)= -—
(%) —2x*  4x°
8 | (i) |-12440
(i) | n=7
9 (b)) | P=9++/90cos(6-18.43495°); O =69.2°
(bii) | maximum value of P =9++/90, corresponding value of x =18.4°
10 | () | D(4,8),C(4,3)
(if) | Since M .M, =-1, diagonals AC and BD are perpendicular to
each other. AC bisects BD.
.. quadrilateral ABCD is a kite.
(i) | 15 units?
11 | (ai) | k=0.644
(aii) | t=1.08 hours
(bi) | a=3andb=-4
(bii) | (0,7), point of inflexion

2018 Preliminary Exam/CCHMS/Secondary 4/Additional Mathematics/4047/Paper 2




Chung Cheng High School (Main)
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Marking Scheme

Common Issues

Working
® h_r (ratio of corresponding sides are equal)
600 200 PonEIng |
h
r=—
3
2
\Y —Eﬂ[hj h
3 (3
_mh?
27

(i1 @ =3 cm/s
dt

av 7w /.

=)
_nh®
9

dv _dv dh

dt  dnh dt
2

:mx3

= 48007 cm®/min
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Marking Scheme

Working

Common Issues

(i) y =x—In(secx+tanx)

d d 1
—(secx)= —(—j
dx dx \ cos x

(cosx)(0)—(1)(—sinx)

cos? x

_sinx
cos” X
=sec x tan x

(i) ﬂzl_;(secxtan X+sec’ X)
dx sec X +tan x

sec x tan X + sec? x
Sec X + tan x
sec x(tan X +secx)

Sec X +tan x
=1-secx

=1

(iii) | dy

Numerator: 0 <cosx <1
.. cos x—1 will always be negative.

Denominator: 0 <cosx <1
.. cos x will always be positive.

% <0, y is a decreasing function.
X
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Marking Scheme

Working

Common Issues

(@) LHS 1+sin 2x+.c052x
COS X +Sin X
1+(2sin xcos X)+(2COSZ x—l)

COS X +Sin X
~2¢0s® X+ 2sin X €S X
B COS X +Sin X
_ 2cosx(cos x+sinx)
~ cosX+sinX
=2C0S X
= RHS (proven)

(b) se¢’x 3
2tan’ x+1 4

=6tan® x+3

cos? x
4 6sin®x 3cos? x
20 o T 2
cos’x  cos’x  cos® X
4 =6sin® x +3cos? X

4= (3sin2 X +3¢0s? x)+35in2 X

4 =3+3sinx

sin? x:1
3

sinx = \/% (reject as 180° < x < 270°) or sinx = —?

Alternative:
1+tan’x 3
2tan?x+1 4
4+4tan®x =6tan’ x+3

tan? x:l

2

sinx 1
cos’x 2
sinx 1
(l—sin2 x) 2

2sin? x=1-sin?x
. 1
sin?x==
3

N

sinx:\E (reject as 180° < x < 270°) or sinx:—?
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log , y=3-log,(y—6)
22

lgy _, lo(y-6)
[ _
Ig22 lg2

lgy  l9(y-6)_,

1 Ig 2
=lg2
2 g

Working Common lIssues
4 (a) 2=8(2) - (1)
lg(2x+y)=1g63-1g3 - (2)
From (1),
2* =23x2Y
X=3+y - (3)
From (2),
lg(2x+y)= Ig(%)
2x+y=21 - 4)
Sub (3) into (4),
2(3+y)+y=21
y=5
x=8
4 (b) log , y =3—log, (y—6)
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Working Common lIssues
(i) 2 -7 2x2 7
(x+1)(x2—x—6)_(x+1)(x—3)(x+2)
A B C
= + +
X+l X-3 X+2
A(x=3)(x+2)+B(x+1)(x+2)+C(x+1)(x-3)=2x*-7
When x =1,
A(-4)(1)=2(-1)" -7
A2
4
When x =-2
C(-1)(-5)=2(-2)" -7
_1
5
When x =3,
B(4)(5)=2(3)" -7
g1l
20
2x2 =7 5 ., n 1
(x+1)(x2—x—6) 4(x+1) 20(x-3) 5(x+2)
(i)

IS 8x'-28
4(x+1)(x2—x—6)

o) R S Y
x+1 20(x—3) 5(x+2)
11 1 5
[ In(x+1)+2—OIn(x—3)+4—5In(x+2)}4
{5In6+—|n2+—ln7} (5In5+1—lln1+ﬂln6ﬂ
5 5 5

=2.56 (3sf)
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Working

Common Issues

6

(@i

(aii)

(b)

T Ay
_5 ]

B34

| ¥ =[(x=1)(x-5)

O<ax<4

2x* —6x+5=kx—3
2x* —(6+k)x+8=0

b*—4ac <0 - no intersection

[-(6+k)] —4(2)(8) <0
36+12k +k*—64<0
k?+12k —28<0
(k+14)(k-2)<0

“14<k<?2
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Marking Scheme

Working

Common Issues

(i) i[lnSxJ_li(lanJ
dx\ 2x* ) 2dx\ x?

3
X

L X2 (3)—(2x)(ln 3x)

Gi) | r 1 In3x
J.2x3’_ x3 dx = 2x°

In3x

=

1(x?%) In3x
=—| = |- +C
2\ =2 2x?

1 2In3x
= +c

In

dx = %J. x*dx —

(iii) f,(X):lne,x

In3x
= +C

4

x—2x(In

3x)}

3X

2x°
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Working

Common Issues

= 7776 —6480x" +2160x* +....

Coefficient of x* = (—6480)(2)+ (2160)(%}

=-12960+720
=-12240

(i) For x term, r =1

T, :@(znl)x

_2"(n)

For x° term, r =

e
(

X

N

Coefficient of x__ 2
Coefficient of x*  2"(n)(n-1)

8
2"(3n) _2"(n)(n-1)

2

(
(

2" =0 (reject as 2" > 0)
n=0 (reject as n = 0)
n="7

U ey ey (o) 5
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Marking Scheme

Working

Common Issues

()

(bi)

(bii)

AB =6sin X
BC =6cos x

RB — 6sin x

SR RT - 6 Cos X

P=6+6c0sx+3sinX+3Cc0sx+3
=9+9c0s x+3sin x (shown)

P=9+9cosd+3sind
=9+ncos(0-a)
=9+n(cosgcosa +sindsina)

Comparing coefficients,

ncosa =9, nsina =3

1
tfana =—

1
a=tan?*=

—18.43495°
n*=9%+3
n=+/90
<. P =9+/90 cos(6 -18.43495°)

9++/90 cos (6 —18.43495°) = 15
cos(0-18.43495°) = 22

J90

Basic angle = cos™ (ij =50.7685°

J90

6 —18.43495°=50.7685° or
6 —18.43495° = 360° —50.7685° (reject)
6 =69.2°

Maximum value of P is when cos(x—18.43495°) =1

. maximum value of P = 9+\/%
corresponding value of x =18.4°

= 3sin x (ratio of corresponding sides are equal)

=3cos x (ratio of corresponding sides are equal)
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Working

Common Issues

10 ()

(i)

(iii)

2

Length of AD = (y—9)° +(4-7)

Length of AB = /(69" +(8—7)’
(y-9) +9=9+1
(y—9)2:1
y-9=1 or y-9=-1
y =10 (reject) or y=8
~. coordinates of D(4,8).

8+4 6+8
)
6,7

9-7
7—

Coordinates of M

Gradient of AM = —6

Equation of AC: 9=2(7)+c
c=-5
y=2x-5
Whenx=4,y=3
. coordinates of C(4,3).

M, =M,, =2

6-8 1
Mg =——=—=
B0 T g4

Since M .M, =—1, diagonals AC and BD are perpendicular to
each other. .. quadrilateral ABCD is a kite.

117 4 4 8 7
Area of ABCD =

209 8 369
:%{[(7><8)+(4><3)+(4><6)+(8><9)]—[(9><4)+(8><4)+(3><8)+(6><7)]}
Z%XSO

=15 units?
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Common Issues

Working
11 (ai) | 20=100e*2»
In l =-2.5k
5
k =0.644
(a”) 100e—0.643775t — %10090
1
—-0.643775t =In >
t =1.08 hours
(bi) y=ax*+bx*+7

dy = 4ax® + 3bx*
dx

Sub x =1 into d—
dx

4a+30=0 - (1)

Sub (1,6) into curvey,
6=a+b+7
a=-b-1 - @)

Sub (2) into (1),
4(-b-1)+3b=0
b=-4, a=3

(bii) dy VN
dx_4(3)x +3(—4)x

=12x3 —12x°

When ﬂ =0,
dx

12x° -12x* =0
12x*(x-1)=0
x=0 or x=1
Whenx=0, y=7
. the other stationary point is (0,7).
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Marking Scheme

Working

Common Issues

d’y

v 36x% —24x
X

2

When x =0, 3 2/ =0 (not conclusive)
X

x=-0.1 x=0 x=0.1

dy
dx
Using the first derivative test, the gradient changes from negative to

negative, thus (0,7)is a point of inflexion.

negative 0 negative

End of Paper






