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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+c¢=0,

- -b+Vb* —dac
2a

Binomial expansion

(@a+b) =a" +[n]a"‘]b—I-(M]a"'zb2 +ot [n]a""b’ +..+b",
1 2 r .
nJ o nn—-1)..(n-r+1)

r)” r!(n—r)! rt

where » is a positive integer and [

2. TRIGONOMETRY
Identities

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

tanA+tan B
1FtanAtan B

sm2A4=2sin Acos 4

tan(4+ B)=

cos24=cos’ A—sin’ A=2cos’ A-1=1-2sin* 4

2tan.A

tan24 = ————
1—tan” 4

Formulae for AABC
a b c

sind sinB sinC

a’ =b* +¢? =2bccos A

A:labsinC
2
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Answer all the questions.

3+J§cm

¢ B

The diagram shows a triangle ABC where AB =3+ 3 cm. Given that the area

of the triangle is 27—-"21% cm?, find the length of BC in the form a+5+/3 cm
where a and b are integers. [4]
. x+6 16
Solve the equation 4™ = ——. [5]
(3I+|)2
3
Express M in partial fractions. (5]

(2x—1 x%+1

Given that 2x* +3x* +7x* +6x+a= Q(fo + 1)+ 3x+4 for all values of x,
where O(x) is a polynomial, find
(i)  the value of the constant a, (3]

i o) 1]

7 3 i

2 7
Find the coefficient of & in the expansion of (zi : J : (4]
X

Given that Ax* —20x+ 5= B(3x~1) +3(Cx +1)+ 4x for all real values of x,
find the values of 4, B and C. (5]
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11

12

The roots of the quadratic equation 3x” —2x+4=0 are azand 3.

Find the quadratic equation whose roots are & and 5°. (6]
(i)  Solve the equation 3x* —~26x* +33x+14 =0. [5]
(i)  Hence solve the equation 24y° —104y* +66y+14=0. [2]

(i) A curve has the equation y=x"+ kx+3+k, where & is a constant.

Find the range of values of & for which the curve lies completely above the
x —axis . [4]
(i)  Find the set of values of a for which the line y =2ax+3 intersects the

curve y = ax’ + 4x +4 at two distinct points. [4]

The expression p’x’ +52x* + gx+9, where p and g are positive integers, is exactly
divisible by 4x+1 and leaves a remainder of p>+27p+1 when divided by x—1.
Find

(i)  the value of p and of g, [5]

(ii)  the remainder when the expression is divided by x+2. 2]

Solve the equations

(i) log, y—log, 16 =3, [4]
(ii) log, 128 =2+log, 2. [3]

(i) Expand (a—3x)’, in ascending power of x, up to and including the term
in ¥ in terms of @ and » where O <a<nandn>2. 3]

(i)  Given that the ratio of the constant term to the coefficient of

x* in the expansion of (a—3x)” is 4 : 189, show that a* = 2”‘(%1—) . [3]
(iif)  Given that the difference of @ and n is 5, find the values of @ and n. (5]
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13 The premium, $4, per month for an insurance can be modelled using the formula
A=25+ p(2. 1)"' where p and g are constants, ¢ is the age of the insurance policy
holder round down to the nearest years.

(i) Given that the premium per month for a newborn baby is $25.20,
state the value of p. [1]
The premium per month for a 73 years old policy holder is $70.
(ii) Find the value of g correct to 1 significant figure. [3]
Using of the values of p and ¢ found in part (i) and (ii) respectively, find
(iii) the premium when the policy holder is 67 years old, [1]
(iv) the age of the policy holder when the premium paid per month is $34. [2]

End of Paper
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Sec 3 E A Math Marking Scheme

L Area of Triangle 4BC = 1 (3 + \/EXBC)

27 + 219~/_ 1 (3 +3 X BC) M1 for correct values used

27 +1 9f
3+ J—
(27 + 19\/_13 V3 ) M1 for rationalise

R Py ey

BC=

BC = 81 _27‘!;"-:?‘/_ =57 | Al for correct expansion
oo 243043
BC=4+53cm | !
2. 4545 _ 16
(3:+l )2
16 M1 for splitting the power (with the correct
47(4%)= e :
T 3%(32 indices law applied)
Yz 16
(4 I32 )= 4537 M1 for shifting all terms with variable to one side
]
4! 9X -
( ) 2304
.1 M1 for getting 36* or 6>
2304
xh136=ln[ 1 M1 taking In or log both side
2304

Al
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3 2x° +x-7 N A +Bx+C m— X
— 12 - ;. 2 M1 for correc
G-l el) - ¥ at) partial frsction
M1 for obtaining
the quotient 1
22457~ - 1 Al 1) (B CYox 1)
Ietx:l
2
3 2
2(1] +l_7=,4[[_]_] +1jf
2 2 2
i+1_7=,{z] —
4 2 4
A=-5
letx=0
=7 ={-1k1)+ A+ C{-1
7—(1)(5) C ( ) Values of 4, Band C
A _1_&_ ?_
ol A2, Al, AO
letx=1
-4=(1)2)+24+(B+C)1)
—4=2-10+b+1
B=3 ]
2x° +x~17 5 3x+1 ;
=l A1 for partial fracti
(Zx—lXx2+1l (2x_1)+(x2+1) or partial fractions
4 (i)
2x? +3x+5

x* +l)2x4 +3x° +7x* +6x+a
2x* +2x*
3x° +5x* + 6x
3
5x* +3x+a

3x+(a--5)

M1 for using long
division

Al for correct
remainder in terms of a

Al for a value
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4 (i)

Ofx)=2x+3x+5

Bl
> (Y27 J
N F A3 4x’
7\ e T-r - r 3
— —2-] (x2)7 [—.1_] (xfa)
f') 3 4
7\‘ ( T-r r
= __2_) [_ l) xl4—-2r-—3r
?') 3 4
\ T-r r
= 7 EJ -l] T Al for x with correct power
r) 3 4
4 = —
Forx"teony, 14-~<or==i] Al for correct valve of r
r=>
7 2 5
Coefficient of —-lu— term is (SJ[%) [—-}J =—$£§ Al
X
i Al for sub in for coefficient
6 Comparing constant term

5=B+3
B=2 Al for B value
Comparing x> term
A=98 M1
A=18 Al for A value
Sub x=1 M1 for method

A-20+5=B(2) +3(C+1)+4

18-20+5=2(2)° +3c+3+4

Al for C value

C=-4
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a+ﬁ=%
B1 for both values

4
aff=—

o 3
a’+ B =(a+ ﬁ)(a2 —af+ [33) M1 for cubic factorisation

= (““'AB)[(O’ +BY "30“3] M1 for changing a” + 87 to (a+ ) —2ap

-2]E ()
259

10- 64
=-2 Accept——
9 (s %) [

27
a3ﬁ3 = (aﬁ)3

9

10 64
=2— | A t— Al t =0
27 ( ccep 27) Al mus

Required Equaiionis27x2 +64x+64=0 (Acoe]:tlx2 +-§%x+§§— = OJ

8()

Let f(x)=3x* —26x* +33x+14

£(2)=3(2) -26(2)° +33(2)+14
nx=2 is=a0fact0r of f(x)

M1 must show substitution
and equals to 0

M1 for either following method

£(x)=(x=2)dx? + Bx+C) OR Long Division done correctly

3x® —26x% +33x+14 = (x—2)(Ax? + Bx +C)
By Observation, 4=3,C=-7
Sub x=1
3-26+33+14=(-1)3+B-7)
24=4-B
B=-20

f(x)=(x— 213 o A 7) Al for quadratic factor

= (x - 2X3x + ])(x a 7) M1 correct factorisation
f(x)=0

(x-2)3x+1)x-7)=0

Al

1
x=2 or x=—§ or x=7
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8(i) 3(2}’)3 —26(2}’)z +33(23f’)+ 14=0 | M1 for able to identify to replace x by 2y
2y=2 or 2y=—% or 2y=7
=] or y= -l or y=-—
3 Y276 T V72 a1
9 (i) Discriminant < 0 -
K2 413+ K)<0 M1 for knowing discriminant < 0
k2-4k-12<0 M1 for correct substitution of values
(k - 6Xk +2) <0 M1 for factorisation
-2<k<b Al
9 (i) 2ax+3=ax’ +4x+4

ax’ +(4-2a)x+1=0
Discriminant > 0
(4-2a) -4(a)1)>0

16-16a+4a’> —4a>0

M1 for equating the two equations

M1 for getting discriminant >0
and sub in the correct values

a’-5a+4>0

M1 for simplify to quadratic equation

(a-4)a-1)>0

a<l or a>4 A

1 (must show factorisation)
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10 (3) let f(x)= p?x® +52x* +gx+9
f[_lj ~0
4
_ 2_2_ o 13 ¢ +9=0 M1 for factor theorem (sub in values and =0)

64 4 4

—p* +208-16g+576 =0
-p*-16g+784=0 —(1)
f(1)= p* +27p+1
p?+52+q+9=p*+27p+1 | MI for remainder throrem (sub in
qg=27p-60 - (2) values)
Sub (2) into (1)
- p*-16(27p-60)+784=0 | MI for substitution
-p*-432p+960+784=0
p+432p-1744=0
(p-4Np+436)=0
p=4 or p=-436(reject) Al for p= 4 and reject negative value
Sub p=4 into (2)
g =27(4)-60
qg=48 Al
10 (ii) - f(x)=16x" +52x + 48x+9

f(-2)= 16(— 2)3 50 2)2 +48(— 2)+ 9 ‘[ MI sub in x =-2 regardless of correct

=-7

Al

!pandq

BP~122



11 ()

log, y-log, 16=3

log, y—-8210
# log, ¥

(log, y) -4 =3log, y

(logz y)2 —3log, y—-4=0
(log, y —4)log, y +1)}=0

M1 for change of base with a purpose. (either base
2ory)

M1 for factorise

log, y—-4=0 or log,y+1=0

log, y=4 or log,y=-1

y=2*]or]y=2"

1
=16 Jor|y=—
y Yy 5

A2 (1 for each box)

11 (ii)

log 128=2+log, 2
log, 128 —log, 2=2

log, 64=2

M1 apply law of log

x* =64
x =8 (reject —8)

M1 for changing from log form to index

Al (must reject negative value)
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12 (i) N L ATE™ Y -
(a—3x) =d +(J(a) 1{—3x)+[2](a) 2(— Sx)" +... | M1 for
n| ny n(n _1)
=a" —3na""‘x+igi—l)a”'z(9x2)+,.. [ }-nand [2)* 2
_ n=2
=a" ——Epna""x~+~~?M—--ﬁx2 +...
1 2 J
T
Al Al
12 (ii) Constant erm 4
Coefficient of x* 189
an —_ _4_ f - -
9n(n — l)a"'l 189 M1 for correction ratio
2
2a” =4 Ml for simplifying to get a®
n(n—-1)a" 189
. 4 Y 9n(n-1
g = [—)[?i(—n—)) M1 for making &* the subject
189 2 -
a’ =M (Shown)
21
201) | n~a=3 M1 for getting showing » is bigger than a
n=5+a - (1)
a = M ~-{2) Alternative Method: solve
_21 for » first
Sub (1) into (2)
a’ = _*ﬁ__Z(S +af4+a) M1 for substitution Quadratic equation:

21
21a* =2(20 +9a+a?)

21a® -2a* -18a-40=

0

194> -18a-40=0

M1 for quadratic equation

(192 +20)a~2)=0

19n® —208n+525=0
(19n-75 r-7)=0

M=E or 7
19

ga=—-— or a=2 ‘ A1 Must reject negative value
19

(reject )

Suba =2 into (1)

n=7

Al
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13 ()

=020

Bl

13 (ii)

70 = 25+0.2(2.1)™

45=0.2(2.1)™

(2.1)* =225

lg(2.1)™ =1g225
_ lg225

1= 731g2.1

g=0.1(15f)

M1 for sub in values correctly

M1 for taking log both side (or In)

Al

13 (iii)

A=53.83(2 dp)

rBl no deduct if $ is written

13Gv)

34=25+0.2(2.1)™"
9

2.10.1r A
0.2

lg45
(0.1)1g2.1
t=51.31yearsold
t =51yearsold

M1 for making ¢ the subject

Al
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