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Mathematical Formulae

- 1. ALGEBRA
Quadratic Equation
For the equation ax® +bx+c¢=0,
~b*Ab* —4ac
x=
2a

Binomial expansion
(a+b) =a" +[,3a""b+[;)a"'2b2 +...+(n]a“"b' +...+b",
r

nl n(n—l)...(n—r+l)
ri{n—r)! r!

. . n
wheren is a positive integer and ( J=
r



The line x— y =3 intersects the curve x> ~3xy+ y® +19=0at points Pand Q.
Find the coordinates of P and of Q.

Given that 4x* —6x+9=A(x— 1(2x+1) + B(x—1) + C for all values ofx, find the
values of A, B andC. -

The function f(x)=x*—6x" + ax+b, where aand bare constants, is exactly divisible

by x —3and leaves a remainder of —55 when divided byx+2.

)
(ii)

Express

Find the value of a and of b.
Solve the equation f(x) =0,
x*-3x+4

— 3 — in partial fractions.
xX—x

"The roots of the quadratic equation x> +5x—2 =0 areq and . Find

@
(i)

(i)

®

(ii)

(a)
()

()

(i)

a’ + 2,
a+p,

b o

d .
a+1 7 Bl

the quadratic equation whose roots are

Calculate the range of values of % for which 3x* + kx+7 > 4 + 2.x for all
values of x.

The straight line y = 2p +1 intersects the curve xy =x* + p* at two distinct

points. Find the range of values of p.

Solve [x-—6| =5-0x.
()Given that y = x> —6x+5, express x*> ~6x+35 in the form (x—a)*-b.
(ii)Sketch the graph of y = Ix2 —6xt 5] for 0< x<6, indicating on your

graph thepoints where the graph meets the coordinate axes.

Write down and $implify the first three terms of the expansion (2—x)®in
ascending powers of x.

Given that the coefficients of x and x* in the expansion of (1~ ax)*(2—x)%are
32 and b respectively, calculate the value of ¢ and of b.

(3]

(3]

(4]
[3]

(5]

(3]

(2]

B3]

(3]

(3]

[3]

(2]

[4]

[3]

(5]



10.

11.

12.

13.

(@)  Sketch the graph y=87".

2*3 32

8= Jar

(b) Solve the equation

Given that 243x—3=3x+ J3, find x in the form p+ qxﬁ , where p and g are Integers.

Solve the equation
® 2log, 6—log,(x—1)=3+log, (4x—7),

(i) log, x+3log, 2=4.

At the beginning of 2010, the number of 2 certain species of insects was estimated at
80000. The population decreased so that, after a period oftyears, the population was

80000¢~>% . Estimate
{ the population at the beginning of 2020,

(if) the year in which the population would be expected to be halved.

Solutions te this question by accurate drawing will not be accepted.

The diagram shows a quadrilateral PORS in which Pis (7,2), Qis (-1, 0),
Ris (a+1,3a+1) and Sis (16, 13). RSis parallel to OP and X is the mid-point of OR.

YA
5(16,13)
0(1,0) x

{)) Find the vatue of a.
(ii) Find the area of quadrilateral PORS .

(i)  Determine whetherPX is perpendicular to OR.

-- End of Paper --

[1]

(4]

(4]

(4]

[4]

[11
[31

(3}
(2]
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Mathematical Formulae

1. ALGEBRA

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

Binomial expansion

(a+b) =a" +(ﬂa"“b +[;)a"‘2b2 +...+[n)a""b' +..+b",
r

! —_— —
wheren is a positive integer and m___ " nfn N.(n—r +1)
ry r !(n — r)! rl




The line x— y =3 intersects the curve x* —3xy + ¥ +19=0at points Pand Q.
Find the coordinates of P and of Q.

Substitute x=3+y into (3+y)2—3(3+y)y+y2+19=0
9+6y+y*-9y—3y*+y*+19=0
-y =3y+28=0=3y>+3y—28=0
(-4 (y+7)=0
x=—4,y=-7 and x=T,y=4
P(—4,-7) [Al] and 0(7,4) {Al]

Given that 4x*> ~6x+9 = A(x—1)(2x+1) + B(x—1)+ Cfor all values ofx, find the
values of A, B andC.

Let x=1,4—6+9=C=>..C=7
Let x=—%, 1+3+9=—§B+7:>.-.B=6x(133)=—4

Ilet x=0,9=-A44+7="4=2
4x2—6Jc+9=2(x—1)(2x+1)-—4(x—-1)+7

The function f(x)=x’—6x* +ax +b, where aand bare cbnstants, is exactly divisible

by x—3and leaves a remainder of —55 when divided byx+2.

@ Find the value of @ and of b.

(3’ -6(3)*+3a+b=0=>3a+b=27—i
(-2 -6(=2)" —2a+b=-55=>2a+b=-23- i

i—-i=5a=50,..a=10 [Al] and b=-23+20=-3 [Al]

(i)  Solve the equation f(x)=0.

X ~6x" +10x—3 = (x—3)(x® —3x+1) =0
i -6 10 -3
3103 -9 3
1 -3 1 0=>x"-3x+1
cabEVP —dac (3£ -2
2a 2(1)
x=3 [AI] o x=262 or x=0382 [Al]

[5]

[M1]
(M1]

(MI]

[31

(B1]

[B1]
[B1]

(4]

tM1]
[M1]

[3]

[M1]



x>=3x+4 . ) ) (5]
Express ——— 5 in partial fractions.
x—x
*-3x+4 _ x*-3x+4
x(1-x*) x(1-x)A+x)

A+ B C M1]

2 =3x+4=A1-x)(1+x)+ Bx(1+x)+Cx(1-x)

hﬂx=L1—3+4=ZB:m:B=%=1 [B1]
Let x=0,..4=A ’ [B1]
Let x=-1,1+3+4="2C=>..C=—4 [B1]
x*-3x+4_4 1 4 (A1)
x—-x x (1-x) (1+x)
The roots of the quadratic equation x2+5x—2=0 are ¢and . Find [3]
Sum of roots : @+ f=-5
Product of roots : aff =~2 [M1]
@ o+ =@+f-208=(-5"-2(-2) [B1]
=29 [Al]
(2]
Gy o+pf=@+ Byt —ofi+ %) M1]
=(—5)(29+2)
=-155 [A1]
{ii) the quadratic equation whose roots are and a Bl
(i 1 =4 at+1 pr+1
3 3
Sum of roots : ;8 + 20: = P :-ﬂta +2a
ot +1 i+l (of) vt +B7+1
_ —155-5 _-160 __ 80 (Al]
4+29+1 34 17
B [ e of
Product of roots : =
TOCUCLOTIOOR = 21\ B2 +1)  (af)* +a* + B +1
-2 1 (Al]
4+29+1 17

The quadratic equation : % — (Sum of roots)x + Product of roots = 0
80 1 .

x4 —x——=0

177 17
17x* +80x—1=0 . [a1l



®

(ii)

(a)

(b)

Calculate the range of values of & for which 3x? + kx+7 > 4 + 2x for all
values of x.

32+ (k-2)x+3>0
b ~dac<0= (k—2)" -4(3)3) <0 (No real roots)
k*—4k-32<0= (k—8)(k+4) <0

\ /

—4d<k<8

The straight line y = 2p +1 intersects the curve xy = x*+ p? at two distinct
points. Find the range of values of p.

*2p+1)=x"+p® = x* —x(2p+1)+ p> =0
b* —4ac>0=>[-(2p+ )] —41)(p?) >0
4p* +4p+1-4p* >0=4p+1>0

S 1
P~

Solve ]x—6, =5-9x.

x—-6=9x-5 or x—6=5-9x

8x=—1:>x=—-1-
8

x—6=5-9x
10x=11

_ 11 (rejected)
10

=X

()Given that y = x* —6x+5, express x* —6x+5 in the form (x—a)® —b.

y=(x=3)"=(3)"+5
=(x-3)"-9+5
=(x-3)’" -4

(3]

[M1]
[M1]

[Al]

[31

(M1]
M1]

[Al]

31
M1]

[Al]

[A1]

[2]
MI]

[Al]



(ii)Sketch the graph of y= |x2 —6x+ 5‘ for 0 €< x <6, indicating on your
graph thepoints where the graph meets the coordinate axes.

- -

\
5

0

1

L)
L

y-intercept: (0, 5)
x-intercepts:
y= x2—~6x+5
= (x—1)(x~-5)
x-intercepts: (1, 0) and (5, 0)

max turning point (3,4)
curve and end points of (0,5) and (6,5)

)  Write down and simplify the first three terms of the expansion (2—x)°in
ascending powers of x.

6
(2-x)f =25~ @25;: +(2)2" Pk

=64 —192x+240x" +......
[B1), [B1], [B1]

(i)  Given that the coefficients of x and x* in the expansion of (1 ax)*(2—x)°are
32 and b respectively, calculate the value of a and of b.

(1—ax)*(2—x)° =(1-2ax+a’x" (64 -192x + 2402 +....)
= 64 ~192x + 240x* -128ax + 384ax® +64ax* +.....
= 64—(192+128a)x+ (240 +384a + 64a>)x* +.....

Equating the coefficient of x, - (192 +1284) =32 = 1284 = -32-192
T

128 4

Equating the coefficient of x’, b=240+384a + 64a

2
=240+3 84[— l] + 64(— 1)
4 4

=-236

4]

[B1]

[B1]
(B1]
(B1]

£3]

3]

(M1]

(M1]
[Al]

M1]

[Al]



10.

11.

(@) Sketch the graph y =8, -
y 4
1 [B1]
)] Solve the equation ZAR 7
i 4
= 2
21—3 25
= o [M1]
21—3-(—3;:) - 25—x [Ml]
Equating the indices, x—-3+3x=5—-x [M1]
Sx=8=>x= 3 [A1]
5
Given that 2+/3x—3=3x ++/3, find x in the form p+ q\/g , where p and g are integers. [4]
23x-3x=3+3 = (23 ~3)x=3++3 ™M1]
e 3+J§X2\E+3 [M1]
243-3" 2/3+3
_6\V3+34346+3(3) Mi1]
4(3) -3(3)
_ 93415
3 [A1]
=5+343
Solve the equation [4]
1) 2log, 6-log, (x—1)=3+log,(4x~7),

4x* —11x+7

2log, 6 —log,(x—1)— log,(4x-7)=3

6’ 36 (MI1]
log,————=3= log,—————=3
(x—1){4x-7) 4x" —11x+7

36 =2°=36=8(4x* —11x+7) - (MI1]
\‘q. A

8x*—22x+14-9=0=>8x*—22x+5=0
(4x-1)(2x-5)=0

x =i— (rejected), [A1] or x=—§- [Al]



() log,x+3log,2=4. (4]

1
log, x + S(Ing 2) =4 (M)
log, x
Let a=10g2x,a+-3-=4=>a2—4a+3=0 Mi]
a
(a-1a—-3)=0=>a =l,a=3
= lo =3
log; =1 1A1)  or 82X A1)
x=2 x=2"=8
12. At the beginning of 2010, the number of a certain species of insects was estimated at (1]
80000. The population decreased so that, after a period oft years, the population was
-003
80000e™"" . Estimate
()] the population at the beginning of 2020,
80000 "% = 59266 [B1]
(ii) the year in which the population would be expected to be halved. 3]
&% = 40000 + 80000 =12 (M1}
In0.5 M1] -

—003t=In05=t=
—-0.03

=231 [Al]
The year is 2010 +23 = 2033

13. Solutions to this question by accurate drawing will not be accepted.

The diagram shows a quadrilateral PORS in which P is (7,2), Qis (-1, 0),
Ris (a+1,3a+1) and Sis (16, 13). RSis parallel to QP and X is the mid-point of OR.

yﬁ\
$(16,13)

Rla+1, 3a+1

o
Y

0(-1,0

) Find the value of a. 3]

Gradient of PQ [M1] = Gradient of RS [M1] (/ lines)
3a+1-13 _ a+1-16 N 3a-12 _a-15

0-2 -1-1 -2 -8
4(3a—12)=a—15:>12a—48=a—15
11la=33=>a=3 [Al]



(ii)

(iii)

Find the area of quadrilateral PQRS .

Area of driltalPéRS -l 716 4 -
[+ al =
@ of quadriiater 2l0 2 13 10 0

=%|(—2+91+160) ~ (32+52—10)|=%|175|

=87 1- unit?.
2

Determine whether PX is perpendicular to OR.

Mid-point, X [% 10+ 0] = (3, SJ

2 2

5-2 6

Gradient of PX=

1.5-7 11

Gradjent of OR= 10-0 =2
4+1

Since the product of the gradients of PX and QR is not—1,
. PX is not perpendicuiar to OR.

-- End of Marking Scheme --

[2]

[M1]

[Al]

(3]
[MI]

[A1]

[Al]
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