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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax? +bx+c=0,
. —b++b* —4ac
- 2a

n n n
Binomial Expansion (a+b)' =a" +(Ja“b+(2]a”2b2 +...+( ]a’”br +...+b",
r

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

r :r!(n—r)! ri

2. TRIGONOMETRY

Identities sin? A+cos®> A=1
sec’ A=1+tan? A
cosec’ A =1+cot” 4
sin(A+ B) =sin Acos B + cos Asin B
cos(A+ B) =cos Acos B Fsin Asin B

tan At tan B
1xtan AtanB

sin2A = 2sin Acos A
cos2A=cos’ A—sin? A=2cos? A—1=1-2sin? A

tanZA:%
1-tan“ A

tan(A£B) =

a b c

Formulae for A ABC - = — = —
sinA sinB sinC

a’?=b?>+c*—2bc cos A

Azlab sinC
2
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1 The function f is defined, for all values of x, by
f(x) = x%e™.
Find the values of x for which f is a decreasing function. [4]
2 A man buys an antique porcelain at the beginning of 2015. After t years, its value, $V, is

given by 77 =15 000 + 3000¢" .

0] Find the value of the porcelain when the man first bought it. [1]
(i) Find the year in which the value of the porcelain first reached $50 000. [3]
L
3 Given the identity cos3x = 4cos®x - 3cosx , find the value of 07 cos® x dx. [3]
6
1
4 (i) Sketch the graph of y =4x3 for x30. [2]

1
The line y = x intersects the curve y = 4x3 at the points A and B.

(i) Show that the perpendicular bisector of AB passes through the point (5, 3). [4]
5 Solve the following equations:

(1) log, y+log,y=4 [2]

(i) 10" =7(10")+26 [4]
6 0] Show that (cosec x - 1)(cosec x +1)(secx - 1)(secx+1) @ 1. [2]

(i)  Hence solve (cosec x - 1)(cosec x +1)(secx - 1)(secx +1) = 2tan® 2x - 5sec2x for
0£ x £360°. [4]
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7 The function f(x) =sin*x+ 2 - 3cos’ x is defined for 0 £ x £ 2p.
(i) Express f(x) in the form a + bcos2x, stating the values of a and b. [2]
(i)  State the period and amplitude of f(x). [2]

(iii)  Sketch the graph of y = f(x) and hence state the number of solutions of the

equation 1~ +cos2x =0. [4]
2 2p

8 A particle moves in a straight line passes through a fixed point X with velocity
5 m/s. Its acceleration is given by a = 4 — 2t , where t is the time in seconds
after passing X. Calculate
Q) the value of t when the particle is instantaneously at rest, [4]

(i) the total distance travelled by the particle in the first 6 seconds. [4]

9 Q) The diagram shows part of the graph of y=1- |2x - 6‘ . Find the coordinates of A
and B. [3]

A line of gradient m passes through the point (4, 1).

(i) In the case where m = 2, find the coordinates of the points of intersection of the
line and the graph of y:1—‘2x—6’. [4]

(iii)  Determine the sets of values of m for which the line intersects the graph of

y:1—|2x—6‘ in two points. [1]
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10 An equilateral triangle ABC is inscribed in a circle. PT is a tangent to the circle at B. It is
given that AS = QC. PQA is a straight line and BS meets AQ at R.

(1) Show that AC is parallel to PB. [2]
(i)  Prove that DABS is congruentto DCAQ. [2]
(iii)  Prove that DPBO = DBRO. [3]

11 In the diagram, PQRST is a piece of cardboard. PQST is a rectangle with PQ =2 cm and

QRS is an isosceles triangle with OR = RS =4 cm. BRSQ = DRQS = g radians.

R
4cm 4cm
Q 0 0 S
2cm 2cm
P T

(i) Show that the area, A cm?, of the cardboard is given by 4 =8sin2g+16cosg. [3]
(i)  Giventhat g can vary, find the stationary value of A and determine whether it it is

a maximum or a minimum. [6]
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12 (@)

@)
v
>

v =4dx

The diagram shows part of a curve y* = 4x. The point P is on the x-axis and the point

Q is on the curve. PQ is parallel to the y-axis and k is units in length. Given R is (2, 0),

; d4 _3k*-8
express the area, A, of the DPQOR in terms of k and hence show that o = g

The point P moves along the x-axis and the point Q moves along the curve in such a
way that PQ remains parallel to the y-axis. k increases at the rate of 0.2 units per

second.

Find the rate of increase of A when k = 6 units. [5]

(b) y
y=2x"+3

A (-2, 11)

The diagram shows part of the curve y = 2x? +3.
The tangent to the curve at the point A(-2,11) intersects the y-axis at B. Find the area of

the shaded region ABC. [6]

~ End of Paper ~
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax? +bx+c=0,
. —b++b* —4ac
- 2a

n n n
Binomial Expansion (a+b)' =a" +(Ja“b+(2]a”2b2 +...+( ]a’”br +...+b",
r

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

r :r!(n—r)! ri

2. TRIGONOMETRY

Identities sin? A+cos®> A=1
sec’ A=1+tan? A
cosec’ A =1+cot” 4
sin(A+ B) =sin Acos B + cos Asin B
cos(A+ B) =cos Acos B Fsin Asin B

tan At tan B
1xtan AtanB

sin2A = 2sin Acos A
cos2A=cos’ A—sin? A=2cos? A—1=1-2sin? A

tanZA:%
1-tan“ A

tan(A£B) =

a b c

Formulae for A ABC - = — = —
sinA sinB sinC

a’?=b?>+c*—2bc cos A

Azlab sinC
2
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1 The function f is defined, for all values of x, by
f(x) = x%e™.
Find the values of x for which f is a decreasing function. [4]
f(x) = x%e*
fo(x) = ¥ (2x) + x*(2¢*)
fo(x) = 2xe™ (1+ x)

For increasing function,
fé(x) <0

2xe”* (1+x) <0

- 2x
Since e >0

x(1+x)<0

Ans: -1<x<0

2 A man buys an antique porcelain at the beginning of 2015. After t years, its value, $V, is
given by =15 000 +3000¢°%".

0] Find the value of the porcelain when the man first bought it. [1]

(i) Find the year in which the value of the porcelain first reached $50 000. [3]

() att=0,
¥ =15 000 +3000¢° = 18 000

(i) 50 000 =15 000 +3000&°*

35 000 = 3000&°*
§ = O
3

0.2t = In(3—;J

t=12.283...
Ans : 2027
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P
3 Given the identity cos3x = 4cos®x - 3cosx , find the value of 07 cos’x dx. [3]
6

0 cos’x dx

CHSENIES

p

- JE(COS3x+BCOSx) de

N

6

|
Nl

11

| =
r_\

1
°°||—\

+
L

1
Vo
Wl

+
N | w
~
-
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1
4 (i)  Sketch the graph of y =4x3 for x 30. [2]

20

1
The line y = x intersects the curve y = 4x?3 at the points A and B.

(i) Show that the perpendicular bisector of AB passes through the point (5, 3). [4]

1

x=4x3

-

x-4x3=0

x-4)=0

X

x=0 or x=42

x=0 or x=8 (x30)
A(0,0), B(8,8)
mid-point of AB = (4, 4)
gradient AB =1

eqgn of perpendicular bisector ,

y-4=-1x-4)
y=-x+8
whenx=5,y=3.

Therefore the perpendicular bisector passes through (5, 3).
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5 Solve the following equations:

(i) log, y+log,y=4
(i) 107 =7(10%) + 26

Q) log, y+log,y=4

log, y
log, 8

+log, y=4

|Og32y +|ngy:4

4
§I0g2y24

log,y=3
y=8

Gy 10°7=700)+26

10*(10") = 7(10%) + 26

let p=10",
10p*-7p-26=0
(10p+13)(p-2)=0

-—E or p=2
p 10 p

10" = —E or 10° =
10

(NA) or x=Ig2=0.301

[2]
[4]
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6 ) Show that (cosec x - 1)(cosec x +1)(secx - 1)(secx+1)©1. [2]

(i)  Hence solve (cosec x - 1)(cosec x +1)(secx - 1)(secx +1) = 2tan* 2x - 5sec 2x for
0£ x £360°. [4]

i LHS,
(cosec x - 1)(cosec x +1)(secx - 1)(secx +1)
= (cosec® x - 1)(sec’ x -1)
= (cot® x)(tan’ x)
=1

(i) (cosec x - 1)(cosec x +1)(secx - 1)(secx +1) = 2tan’ 2x - 5sec 2x
1= 2tan*2x - 5sec2x
2(sec’2x -1) -5sec2x-1=0
2sec’ 2x -5sec2x-3=0
(sec2x -3)(2sec2x+1)=0

sec2x =3 or sec2x= —E

cost:% or cos2x=-2

basic angle, a =70.529... or NA
2x =a,360°-a,360°-a,720°-a
x =35.3° 144.7°, 215.3°, 324.7°
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The function f(x) =sin*x+ 2 - 3cos’ x is defined for 0 £ x £ 2p.

(i) Express f(x) in the form «a + bcos2x, stating the values of a and b. [2]
(i)  State the period and amplitude of f(x). [2]

(iii)  Sketch the graph of y = f(x) and hence state the number of solutions of the

equation 1~ +cos2x =0. [4]
2 2p

(i) f(x) =sin’x+2-3c0s x
f(x) =sin® x +cos’ x + 2 - 4cos’ x
f(x)=3-2(2cos’ x)
f(x) = 1- 2(2c0s% x - 1)
f(x)=1-2cos2x

(i)  Amplitude = 2

Period = 27’0 =p

i) S-* 4cos2e=0
2 2p

1- X -2C0S2x
p

2—£ =1-2c0s2x
p

No. of solutions = 4
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8 A particle moves in a straight line passes through a fixed point X with velocity
5 m/s. Its acceleration is given by a = 4 — 2t , where t is the time in seconds
after passing X. Calculate
Q) the value of t when the particle is instantaneously at rest, [4]

(i)  the total distance travelled by the particle in the first 6 seconds. [4]

(1) a=4-2t
v=((4-2¢) dt

v=4t-r+c

att=0,v=5,
5=c

v=4i-12+5

atv=0,
0=4t-1*+5
t?-4t-5=0
(t-9)(+1)=0
t=5o0rt=-1
(NA)

(i) s=((4-r+5) dt
t3
s:212——+5t+c1
3

s=2it-Lss
3

att=0, s=0
o o100

att=5, 3

att=6, s=30

Total Distance = {2 X @J -30= 36g
3 3
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9 Q) The diagram shows part of the graph of y=1- ’2x - 6‘ . Find the coordinates of A
and B. X [3]
A
Ne
2x-6=0 |2x-6=1
x=3 2x-6=1 or 2x-6=-1
A3, 1) x=35 o x=25
B(3.5, 0)
A line of gradient m passes through the point (4, 1).
(i) In the case where m = 2, find the coordinates of the points of intersection of the
line and the graph of y =1-|2x-§]. [4]
(ili)  Determine the sets of values of m for which the line intersects the graph of
y =1-|2x - 6| in two points. [1]
(i) y=2x+c
at (4, 1),
1=8+c
c=-1
y=2x-17
y=1- ’2x - 6‘
2x-7=1-|2x-¥§ y
|2x -6 =8-2x )
2x-6=8-2x or 2x-6=-(8-2x) S A S
4x =14 or 2x-6=-8+2x 4 . X
x=35 or NA /\B
(i) O0<m<2
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10 An equilateral triangle ABC is inscribed in a circle. PT is a tangent to the circle at B. It is
given that AS = QC. PQA is a straight line and BS meets AQ at R.

(i) Show that AC is parallel to PB. [2]
(i) Prove that DABS is congruentto DCAQ. [2]
(iii)  Prove that DPBQ = DBRO. [3]

(i) PACB=DBAC =60° (equilateral triangle)
DPBC =DBAC (Alternate Segment Theorem)
Since PPBC =DACB,
AC is parallel to PB (alternate angle)

(i)  AS=CQ (given)
PBAS =PACQO =60° (equilateral triangle)
AB = AC (sides of a equilateral triangle)
N\DABS =DCAQ (SAS)

(iii)  let BRBQ =1x,
PRBA=60° - x (equilateral triangle)
PASB =180° - (60° - x) - 60° = 60° + x (angle sum of triangle)

DRBA=DRAS =60° - x (DABS = DCAQ)
PARS =180° - (60° + x) - (60° - x) =60° (angle sum of triangle)

DBRQ =60° (vertically opposite angle)
so, BPBQ = BBRQ
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11 In the diagram, PQRST is a piece of cardboard. PQST is a rectangle with PO =2 cm and
QRS is an isosceles triangle with QR = RS =4 cm. BRSQ = BDRQS = g radians.

(i)
(i)

(i)

(i)

R
4cm ! 4cm
0 i 0 S
Q X
2cm 2cm
P T

Show that the area, A cm?, of the cardboard is given by 4 =8sin2g+16cosqg. [3]

Given that g can vary, find the stationary value of A and determine whether it it is

a maximum or a minimum.
0OS = 2(4cosq) =8cosqg

RX =4sing

Area, A = %(4sin q) (8cosq) + 2(8003(/)

=16singcosg+16cosq
=8sin2g+16cosqg

% = (8¢0529)(2) +16(-sing)

dA4 .
— =16 20 -
ag (cos2g -sing)

d4 _
For @ =0,
cos2g-sing=0

1-2sin*g-sing=0
2sing+sing-1=0
(2sing-1)(sing+1)=0
sing=05 or sing=-1

q:% /0524 or NA

A4=1243=208

[6]

2
a4 16(-2sin2q - cosq)
dg

=
_P
For q—g /0.524

d?4
— < 0 => max. area
dg
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12 (@)

(2,0)

v =4dx

”

The diagram shows part of a curve y* = 4x. The point P is on the x-axis and the point

Q is on the curve. PQ is parallel to the y-axis and k is units in length. Given R is (2, 0),

; d4 _3k*-8
express the area, A, of the DPQOR in terms of k and hence show that o = g

The point P moves along the x-axis and the point Q moves along the curve in such a

way that PQ remains parallel to the y-axis. k increases at the rate of 0.2 units per

second.
Find the rate of increase of A when k = 6 units. [5]
y* =4x
atQ, k% =4x
k2
X =—
4

1, (k)
A_E(k)LI_ZJ

k3

A=—-k
8

d4 _ 3k

dk 8

d4 _3k*-8

dk~ 8

d4 _d4. dk

dr dk dr

atp =6, OI—Az(?’(6)2'8\><o.2:2.5

ds J
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y=2x*+3 Y

A (-2, 11)

A

7/

The diagram shows part of the curve y = 2x? +3.

The tangent to the curve at the point A(-2,11) intersects the y-axis at B. Find the area of

the shaded region ABC.

d—y:4x

dx
atA, m=-8

let B (0,Y)
_11-y
mAB - _2 _ 0
-8= 11—_y
-2
y=-5
B (0, -5)

egn AB
y=-8x-5

at C,
y:2(0)2+3:3

C(3, 0)

Area = J‘:[(sz + 3) - (—8x - 5)]

= J-_OZ[Zx?‘ + 8x+8}
0

= {Z—X\% +4x° + Sx}
3 -2

:O—|‘_—16+16—16J:E
3 3

~ End of Paper ~

[6]
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the guadratic equation ax® +bx+c=0,

—b++b? —4ac

2a

X =

n n n
Binomial Expansion (a+b)" =a" + (Ja“b + (Zja“bz +ot [Ja”'br +...+b",

n! _ n(n-1)....(n—-r+1)

n
where n is a positive integer and =
r) ri(n-r)! r

2. TRIGONOMETRY

Identities sin? A+cos? A=1
sec’ A=1+tan’ A

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

tan A+tanB
l1xtan AtanB

sin2A =2sin Acos A

tan(A+B) =

cos2A =cos®> A—sin? A=2cos? A—1=1-2sin* A
tan2A:2ta—nZA
1-tan® A

a b ¢
sinA sinB sinC

Formulae for A ABC

a’=b*>+c?>—2bc cos A

A:Eab sinC
2
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1. The equation 2x* + px+3=0 , where p > 0, has roots o and P.
(i) Given that o® + #* =1, show that p = 4. [3]
(i)  Find the value of o + 5°. [2]
: : . . 200 2P
(iii)  Find a quadratic equation with roots —- and —-. [3]
a
1 8
2. (@) Find the term independent of x in the expansion of 2x(2x——2] . [4]
X

(b)  The first 3 terms in the binomial expansion (1+kx)" are 1+ 5x+?x2 +...

Find the value of n and of k. [4]
3.
A
3+25
B M C
4+645

The diagram shows an isosceles triangle ABC, where AB = AC. The point M is the

mid-point of BC. Given that AM = (3+ 2\/§)cm and BC =(4+6\/§)cm.

Without the use of a calculator, find

Q) the area of triangle ABC, [2]
(i)  AB?, [3]
(i) sin ZBAC, giving your answer in the form p%]\ﬁ where p, gand r are

positive integers. [3]
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3_ 2 _
4. ()  Giventhat XX HOX=S b

, Where a, b and c are integers,

2x% — X 2x% — X
3 _ 2 _
express ox 15)2( +6x=5 in partial fractions. [5]
2X° =X
3 _ 2 _
(i) Hence find [ OX Z1SXT+0X =3 g, | 3]
2X° —X
5. The term containing the highest power of x and the term independent of x in the

polynomial f(x) are 2x* and -3 respectively. It is given that (2x* + x—1) is a quadratic
factor of f(x) and the remainder when f(x) is divided by (x — 1) is 4.

Q) Find an expression for f(x) in descending powers of X, [5]

(i) Explain why the equation f(x) = 0 has only 2 real roots and state the values.

[4]

6. PQRS is a rectangle. A line through Q, intersects PS at N and RS produced at T, where

QN=7cm, NT = 17cm, «NTS =@, and @ varies.

17cm

Q) Show that the perimeter of PQRS, P cm, is given by P =14cos & + 48sin 6.

[2]

(i)  Express P in the form of Rcos(é — «) and state the value of R and « in degree.
[3]
(i) Without evaluating &, justify with reasons if P can have a value of 48 cm. [1]

(iv)  Find the value of P for which QR =12 cm. [2]
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7. Variables x and y are related by the equation X+ 5y

= Xy, where s and t are constants.

The table below shows the measured values of x and y during an experiment.

x| 1.00 | 150 | 2.00 | 250 | 3.00

y | 048 | 065 | 085 | 1.00 | 1.13

(1) On graph paper, draw a straight line graph of X against x, using a scale of 4 cm
y

to represent 1 unit on the x — axis. The vertical X _ axis should start at 1.5 and
y
have a scale of 1 cm to 0.1 units. [3]

(i) Determine which value of y is inaccurate and estimate its correct value.  [1]

(iii)  Use your graph to estimate the value of s and of t. [2]

(iv) By adding a suitable straight line on the same axes, find the value of x and y
which satisfy the following pair of simultaneous equations.

X+sy

X
" y

5y —2x=2xy. [3]

8. The equation of a circle Cy, is x* +y* —2x—-y-10=0.
Q) Find the centre and the radius of the circle. [3]
(i)  The equation of a tangent to the circle C; at the point A isy + 2x =k, where k > 0.

Find the value of the constant k. [4]
A second circle Cz has its centre at point A and its lowest point B lies on the x-axis.

(i) Find the equation of the circle Co. [2]

9. (@) The curve y = passes through the point A where x = 1.

—2X
() Find the equation of the normal to the curve at the point A. [4]

(i) Find the acute angle the tangent makes with the positive x-axis.  [2]

Methodist Girls® School Additional Mathematics Paper 2 Preliminary Exam 2018
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9. (b)  Thecurve y= f(x) issuch that f "(x) =3(e* —e ) and the point P(0, 2) lies
on the curve. Given that the gradient of the curve at P is 5, find the equation of

the curve. [6]

10.  The diagram (not drawn to scale) shows a trapezium OPQR in which PQ is parallel to

OR and ZORQ =90°. The coordinates of P and R are (—4,3)and (4, 2) respectively

Y A

and O is the origin. Q

-

P(-4,3)
R (4,2)
> x

0]
Q) Find the coordinates of Q. [3]
(i) PQ meets the y-axis at T. Show that triangle ORT is isosceles. [2]
(iii)  Find the area of the trapezium OPQR. [2]

(iv)  Sisapoint such that ORPS forms a parallelogram, find the coordinates of S.

[2]

. dy x(5x+2)
11. a Given that y = x?v/2x+1, show that -2 = —~————7 3
@ y dx 2x+1 3]

(b) Hence
Q) find the coordinates of the stationary points on the curve y = x*/2x+1
and determine the nature of these stationary points. [5]

55X° +2X—3

1de. [4]

(i)  evaluate

~~ End of Paper ~~
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

_ —b++/b?% —4ac

For the quadratic equation ax? +bx+c=0, X >
a

n n n
Binomial Expansion (a+b)' =a" +(Ja“b+(2ja“2b2 + ...+(r]a’”br +...+b",

nt  n(n-1)..(n—-r+1)
r!(n—r)!_ ri '

. . n
where n is a positive integer and [rj =

2. TRIGONOMETRY

Identities sin? A+cos? A=1
sec’ A=1+tan? A
cosec’A=1+cot® A
sin(A+ B) =sin Acos B £ cos Asin B
cos(A+ B) =cos Acos B Fsin Asin B

tanAttanB
1xtan AtanB

sin2A = 2sin Acos A

tan(A£B) =

cos2A =cos®> A—sin® A=2cos? A-1=1-2sin’ A

2tan A
1-tan® A

tan2A =
. . .1 1
sin A+sinB = 25|nE(A+ B)cosE(A— B)
. : 1 .1
sinA-sinB = 2cos§(A+ B)smE(A— B)
1 1
cos A+cosB = ZCOSE(A+ B)cosE(A— B)

cos A—cosB = —25in%(A+ B)sin%(A— B)

a b c

Formulae for A ABC - =— =—
sinA sinB sinC

a® =b?+c?-2bc cos A

A:lab sinC
2
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1. The equation 2x* + px+3=0 , where p > 0, has roots o and p.
(i)  Giventhat o+ %=1, show that p = 4. [3]
(i)  Find the value of o®+ f°. [2]
(iii)  Find a quadratic equation with roots — and ﬂ [3]
0!

(i) a+ﬂ=—§ and q5=§

a2+ﬂ2 =1

(a+ f) —2af =1
2

P 3.1

4

p° =16

p=4 or p=-4
Since p >0, p =4 (Shown)

(i) o’ +f =(a+p)a’ ~af+p)

3
=-20-7)
=1

Giy 22428 _2ALF)

ﬁz a2 azﬂ

_ 8

9
2a 2B _ 4
poat ap

_8

3

Required quadratic equation : x? —gx+g =0 or 9x* —8x+24=0
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8
2. (@) Find the term independent of x in the expansion of ZX(ZX—%j . [4]
X

(b)  The first 3 terms in the binomial expansion (1+kx)" are 1+ 5x+%x2 +...

Find the value of n and of k. [4]

(a) For (ZX—%j T :(8] (2x)%" (—izjr
X r X

For x*, 8—-r-2r=-1
r=3

8
Coefficient of x* = [3] (2)°(-1)%=-1792

8
Term independent of x in 2X(2X—%j =-3584.

n__ n n 2,2
(b) (L+kx) _1+(1jkx+[2jk X+

_ 2
=1+ nkx+%x2 +..

Comparing coefficients : nk =5.......... (1)

n(n-1k* _ 45

2 4

2n%kZ —2nk?=45........... ()
Subst (1) in (2) : 50 — 10k = 45

.'.k:1 andn =10

2
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3, A

3+2\/§

M

44645

The diagram shows an isosceles triangle ABC, where AB = AC. The point M is the mid-
point of BC. Given that AM = (3+2+/5)cm and BC = (4+6+/5)cm.

4&

Without the use of a calculator, find

Q) the area of triangle ABC, [2]
(i)  AB?, [3]
(iiiy  sin ZBAC, giving your answer in the form P +:|\/§ where p,gand r are
positive integers. [3]
(i) Area of triangle ABC = %(4+6\/§)(3+2\/§)
= (2+3V5)(3+2+5)

= (36+13y5) cm’

(i)  AB%*=(3+2y5)*+(2+3V5)’
=9+12J5+20+4+12./5 +45
= (78+ 244/5) cm?

(iii) %(78+ 24/5) sin /BAC = 36+13\5

36+13/5

sin /BAC = 2 1=NV2
39+12/5

36+13\5 39-12\f
3041245 39125
1404 - 432+/5+507+/5 - 780
- 801
6244755

- 801

_ 208+25\5

- 267
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6x° —15x% +6X -5

4, Q) Given that =ax+b ++ , Where a, b and c are integers,

2X% — X 2x% — X

6x° —15x> +6Xx -5 .

express oy in partial fractions. [5]
3 2 _
(i)  Hence find jGX ziﬁ;tfx  dx [3]
3 2 N
Q) Using long division, ox 15)2( +6x=5 =3X—-6- 25
2X° —X 2X° —X
L -5 A B

et ————=

x(2x-1) x 2x-1
-5=A(2x-1) + Bx
Putx=0: A =5
1 1

Put x=>: ~B=-5
2 2
B=-10
6x° —15%x%> +6x—5 5 10
> =3X—6+——
2X° =X X 2x-1
6x> —15x% +6Xx -5 5 10
i dx=|(3Xx—-6+—— dx
(i) I 2x2 — X I( X 2x—1)
3x2

=7—6x+5lnx—5ln(2x—1)+C
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The term containing the highest power of x and the term independent of x in the

polynomial f(x) are 2x* and -3 respectively. It is given that (2x* +x—1) is a quadratic
factor of f(x) and the remainder when f(x) is divided by (x — 1) is 4.

Q) Find an expression for f(x) in descending powers of X, [5]

(i) Explain why the equation f(x) = 0 has only 2 real roots and state the values.[4]
(i) f(x) = (2x* + x=1)(x* + bx +3)
f(1)=4

2(4+b)=4
b=-2

f(X)=(2x* +x-1)(x* —2x+73)

=2X* = A+ 62 +X° = 2x2 +3x—x? +2x -3
=2x* =33 +3x* +5x-3
(i)  F(X) =X +x=1)(x* -2x+3)
= (2x=1)(x+1)(x* —2x+73)
2x =D (x+1)(x* —=2x+3)=0
X= 1 or x=-1
2

X*—2x+3=0
D =(-2)*-4(1)(3)=-8<0
~.f(x) = 0 has only 2 real roots (Shown)
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6. PQRS is a rectangle. A line through Q, intersects PS at N and RS produced at T, where
QN=7cm, NT =17cm, ZNTS =8, and & varies.

N 7cm

17cm

Q) Show that the perimeter of PQRS, P cm, is given by P =14c0s 6 + 48sin 6.

[2]
(i) Express P in the form of Rcos(@ — «) and state the value of R and « in degrees.

[3]
(i)  Without evaluating @, justify with reasons if P can have a value of 48 cm [1]
(iv)  Find the value of P for which QR =12 cm. [3]

0 P =2(7cos @) +2(24sinH)
=14cosd +48sin
14cos @ + 48sin @ = Rcos(6@ — a) = Rcos @ cos o + Rsin #sin o

Rcosa =14and Rsina =48

R =+/14% + 48° =/2500 =50

= 73.7°
14cos @+ 48sin @ =50cos(6 —73.74°)

(i) Since maximum value of P = 50, P can have a value of 48 cm.

Or cos(9—73.74°) = % <1, P can have a value of 48 cm.

When QR=12cm, sind = 12 =

1
24 2
6 =30°,150° (NA - 8 <90°)
. P =50c0s(30°—73.74°)

= 36.1 cm (3sf)

Methodist Girls® School Additional Mathematics Paper 2 Preliminary Exam 2018



Page 9 of 6

7. Variables x and y are related by the equation = Xy, Where s and t are constants.

X + sy
t

The table below shows the measured values of x and y during an experiment.

x| 1.00 | 150 | 2.00 | 250 | 3.00

y | 048 | 065 | 085 | 1.00 | 1.13

. : : X . :
(1) On graph paper, draw a straight line graph of yagamst X, using a scale of 4 cm to

represent 1 unit on the x — axis. The vertical % —axis should start at 1.5 and have a
scale of 1 cm to 0.1 units. [3]

(i)  Determine which value of y is inaccurate and estimate its correct value.  [1]

(ili)  Use your graph to estimate the value of s and of t. [2]

(iv) By adding a suitable straight line on the same axes, find the value of x and y which
satisfy the following pair of simultaneous equations.

X+Sy _
t
5y —2x=2xy. [3]
(i) X+sy=xyt
X tx—s
y

: X .
Gradient =t and ——intercept =—s
y

(i) Incorrect value of y = 0.65.

From graph, correct value of X 2.2
y

Estimated correct value of y = 0.68

(iii)  From the graph,
s=-1.75 (-1.82 ~ -1.72)
t=0.3 (0.28~0.32)

. . X 5
(iv) Draw the line: —=-X+—

y 2
From graph, x =0.575 (0.55 ~ 0.60)

and ~=1.93(1.92 ~ 1.95) = y=0.30
y

Methodist Girls® School Additional Mathematics Paper 2 Preliminary Exam 2018



Page 10 of 6
8. The equation of a circle Cy, is X* +y* —2x-y-10=0.

Q) Find the centre and the radius of the circle.

[3]

(i)  The equation of a tangent to the circle C; at the point A isy +2x =k, where k > 0.

Find the value of the constant k.

[4]

A second circle C; has its centre at point A and its lowest point B lies on the x-axis.

Find the equation of the circle Co.

Q) X*+y?-2x-y-10=0
1Y 1

x-1)?~1+| y—= | —==-10=0
(x=1) +(y 2] 1

1V .1
~1)° -Z | =11=
(X )+(y 2j 1

J45 35

C.centreof circle= |1, 1 and radius = —— = ——units
2 2 2

(i)  xX*+(k-2x)"-2x—(k—2x)-10=0

5x% —4kx +k* —2x -k +2x-10=0
5x* —4kx+k* -k -10=0
Since line is a tangent to the circle, Discriminant = 0

(~4k)? —4(5)(k* —k—10) =0

—4k* + 20k +200=0
k? -5k -50=0
k=10 or k=-5(NA - k>0)

(i)  Whenk =10, 5x*—40x+80=0

x> —8x+16=0
S X=4 and y=2
A4, 2)

Since lowest point lies on x-axis, radius of circle Cz = 2 units

Equation of circle C2: (x—4)*+(y—2)°=4.

[2]

Methodist Girls® School Additional Mathematics Paper 2

Preliminary Exam 2018



Page 11 of 6

9 (@) The curve y = ix 25 passes through the point A where x = 1.
—2X
Q) Find the equation of the normal to the curve at the point A. [4]
(i) Find the acute angle the tangent makes with the positive x-axis.  [2]
_ 2X-5
(@) 1-2x
dy _ (1-2x)(2) - (2x=5)(-2)
dx (1—2x)?
_ 2-4x+4x-10
(1-2x)°
-8
(1-2x)?
mtangent =-8
1
mnormal -5
8
y=3
1
-3==(x-1
y 8( )
1 23
=—X+— 0r8y=x+23
y 3 3 y
(i) tand =8
0=82.9° or 1.45rad
10
5
-10 5 0 5 10 15

Methodist Girls’ School
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(b)

the curve. Given that the gradient of the curve at P is 5, find the equation of the

curve.

Page 12 of 6

f'(x) =3e* +e* +C , where C is an arbitrary constant.

f'(0)=5

e’ +e’+C=5
C=1

P =3 +e ¥ +1
f(x)=[(3e"+e> +1)dx

_ Bex e—3x

+X+ D, where D is an

arbitrary constant.

f(0)=2
1
3-—+0+D=2
3

D=-2<
3

Equation of curve:  y=3e

The curve y = f (x) is such that f "(x) =3(e* —e™*) and the point P(0, 2) lies on

[6]
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10.  The diagram (not drawn to scale) shows a trapezium OPQR in which PQ is parallel to

OR and £ZORQ =90°. The coordinates of P and R are (—4,3) and (4, 2) respectively

and O is the origin.
Y A

Q
-
P(-4.3)
R(4,2)
> x

0]
Q) Find the coordinates of Q. [3]
(i) PQ meets the y-axis at T. Show that triangle ORT is isosceles. [2]
(iii)  Find the area of the trapezium OPQR. [2]

(iv)  Sisapoint such that ORPS forms a parallelogram, find the coordinates of S.
[2]
Q) Gradient of PQ = gradient of OR= 0.5

Eqn of PQ: y—3=%(x+4)

Gradientof QR = —2

Egnof QR: y—-2=-2(x-4)

(1)=(2)
1
—-2Xx+10 = §x+ 5

—X=5

X=2
y=-2(2)+10=6
. Q(2,6)

Methodist Girls® School Additional Mathematics Paper 2 Preliminary Exam 2018
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(i)  Inegn (1), let x=0,y=5, .. OT =5units

RT = /(4-0)2 + (2-5)?
RT =y25=5

Since OT = RT = 5 units
.. AORT is isosceles.

Area of trapezium OPQR

1‘0 -4 2 4 0‘

20 3 6 2 0

=1|—24+4—24—6|
2

-1 50
2

— 25units?

Q(2,6)

R (4,2)

(iii)  LetS (a b)

Midpoint of RS = Midpoint of OP
a+4 b+2) (4 §j
2 "2 )22
a+4=-4 & b+2=3
a=-8 b=1

Hence coordinates of S (-8,1)

v
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. dy x(5x+2)

11. a Given thaty = x>y/2x+1, show that — = ———=". 3
(@) y X V2xol [3]
(a) y = x2+/2x+1

dy _ ol - 3
—— =X [=(2x+1) 2(2)]+2x(2x +1)?
dx 2
1
=xX(2x+1) 2(x+4x+2)
1
= x(5x+2)(2x +1) 2
dy x(5x+2)
.. — =——=" (shown
dx  J2x+1 ( )
(b) Hence

Q) find the coordinates of the stationary points on the curve y = x*</2x+1

and determine the nature of these stationary points. [5]
. 45x% +2x—3
i evaluate | ————— dx . 4
o o il 4]

. ) ) dy x(5x+2)
b)(i) For stationary points, — = =0
(b)(i) Y points, o ==p =
x=0o0r x= 2
5

Stationary points are (0, 0) and (—%,0.0716)

Using 1% derivative test :

X -05 |-04 |-03 |-01 |0 0.1
d_y >0 0 <0 <0 0 >0
dx
Sketch of .

tangent / \ \ _ /

(—5,0.0716) is a maximum point and (0, 0) is a minimum point.

N 55%% +2x—3 (5% +2) 5 1

ii ————— dx =| —=="dx - 3| (2x+1) 2dx

) 1o J2x+1 -1[ V2x+1 -[( )
=[x2\/2x+1]f—3[\/2x+1]:
=76.4
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Qn Answer Key Qn Answer Key
(1) | *+p% =1 7(iii) From the graph,
s=-1.75 (-1.82~-1.72)
t=0.3 (0.28~0.32)
7 _ e
()} 9x~8x+24=0 W) X1 63(1.92 ~ 1.95) = y=030
y
2(a) | Term independent of x in 8(i) . 1
1 8 centre of circle=| 1, E
2x[2x——2j =-3584.
X
radius = @ = %units
2 2
2(b) -k :% andn =10 8(ii) k=10
3(1) | (36+134/5) cm? 8(iii) | Equation of circle C; :
(Xx—4)%+(y-2)*=4.
— ; -
3(ii) (78+24\/§) cm S(ai) y:%x+§ or 8y =x+23
3(iii) | 208+ 2545 9(aii) | tano =8
267 0=82.9° or 1.45rad
4(i) 36 +§_ 10 9(b) Equation of curve :1 ,
x 2x-1 y=3e" X
3e™ 3
4(ii 2 10(i 2,6
) 3%—6x+5|nx—5|n(2x—1)+c M| Q@)
5(i) f(x)=2x" —3x*+3x* +5x -3 10(ii) | Since OT = RT =5 units
. AORT is isosceles.
5(i) | x*—2x+3=0 10(iii) | Area of trapezium OPQR
D = (-2)* ~4()(3) =-8<0 = 25units
f(x) = 0 has only 2 real roots (Shown)
6(ii) | 14cos@+48sin @ =50cos(0—73.74°) | | 10(iv) | S(-8,2)
6(iii) | Since maximum value of P = 50, P 11(bi) (—2,0.0716) is a maximum point
can have a value of 48 cm. 5
and
Or cos(0—73.74°) = 48 1 pean (0, 0) is a minimum point.
50
have a value of 48 cm.
6(iv) | 36.1 cm (3sf) 11(bii) | 76.4
7 (ii) | Incorrect value of y = 0.65.
Estimated correct value of y = 0.68
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