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Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For the equation ax® + bx + ¢ =0,

-+ 1[ (b* — 4ac)

2a

x=
Binomial Expansion
n n n
(a+b) =a" +( ] a™! b+( ) a**p? +( ) a“~b" +.+b",
1 2, r

n) n!  nln-1).{n—r+1)

r) (m=n)trl rl

where n is a positive integer and [

2. TRIGONOMETRY
Identities

sin? A+cos? A=1
sec? A=1+tan? A
cosec?A=l+cot? A
sin(AXB)=sin Acos B:tcos Asin B
cos(Ax B)=cos Acos BFsin Asin B
tan At tan B
1¥tan A tan B
sin2A=2sin Acos A
cos 2A =cos’ A —~sin? A=2cos’ A—-1=1-2sin* A
2tan A
1-tan®’A -

tan{AtB)=

tan2A =

Formulae for A ABC .
a b ¢
sinA sinB  sinC’
a® =b* + ¢* — 2bc cosA,

A=%absin o




Dunearn Secondary School Secondary 3 Express
Mid-Year Examination 2014 Additional Mathematics
Answer all the questions.
1 In 1990, Nancy deposited $4000 in a mutual trust fund which pays an interest of

8.75% per annum, compounded half yearly. The amount $y at the end of n years
is y =4000(1.04375)" . Find the year in which the amount in the fund first reached

$20 000.

(@) Solve the equation (23“4" X4‘+4) = %

[4]

[3]

2

1
(b) By using substitution or otherwise, find the values of x such that x> —3x3 =4 (31

(a)  Given that the roots of the quadratic equation 2x2 +bx+c=0 are p and 2,

8—-2p?
p-2
(b)  Find the range of values of x for which 5—x<2x® —4x <16.

show that b =

It is given that the roots of the equation 2x*> —4x+8=0are e and J.
()  Calculate the value of 30 +342.

(if) Construct a quadratic equation whose roots are 2¢c+1 and 25 +1.

P(x)  2x*-3x*—4x+5
(x) xX*—-x-2

(i) Explain why —g—% is an improper fraction.
X

It is given that

(i) The expression for % when written in proper fraction is
x

ax+b+2;x%.Fmdmevalucs of a and of b.
X —Xx—

(iii) Hence, express Px) in partial fractions.
- Ox)

(2]
(4]

[4]
(3]

(1]

(3]

[4]

(@) Solve the equation ‘\j 10+x* —/3x+4 ~3=x, giving your answers correct to

2 decimal places.

2W3-1 4

[4]

(b) Express ————+— in the form p + 2 473, where , ¢ and r are .
press _ =t % P+q Pq

rational numbers.

[4]
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7 (a) Given that 5x° +18x%+7x+4=(Ax—2)(x+ B)(x-+1)+C, for all values of x,
find the values of A, B and C. [3]

(b) Giventhat f(x)=3x" —11x*+30x% +39=(x—1)(x+3)Q(x) +ax+b forall
values of x and that Q(x) is_a polynomial,

(i) find the values of g and of b, 4]
(i) find the remainder when f (x)+2is divided by x* +2x—3. 2]
8 (a) Giventhat x=3* express log,9+log g x in terms of k. 4]
(b) Solve without the use of a calculator (2x)%*=(5x)"°. (6]
9 (a) Find the range of values of afor which ax® —6x—2 <0 for all values of x. (3]
(b) Show that x(3—x)=1—k(x—2) has two real and distinct roots for all values
of k. (4]
(¢) Find the range of values of k for which the line y = Jox+ 2 will not meet the
curve x* +y* =2, 4]
10 (@) Solve the equation3x+1|=4x+11. 31

2
(b) The equation of the curve is given by y = Q[x—%) -16.

(i) State the coordinates of the turning point of the curve. {1]

1 2
Q[x——) _16. [4]
3

(ifi) Find and justify in words, or with an aid of a diagram, the number of

(i) Sketchthecurve y=

2
solutions to the equation mx+15= 9(x —%) —16|where
@ m=-9, 2]
() -—-9<m<O. [1]
End of Paper MYE/Ms YVI2014




Solutions to 3E A Math 2014

20000 =4000{1.04375)*"

5=(1.04375)""
1g5=2nlg(1.04375)

n=18.793
1990 + 18 or 19 = 2008 or 2009
Year 2008 or 2009

23—4x+2:+8 — 2—1

M1 — for simplifying both
sides

M1 - for Ig on both sides
{award M1 Ig on both sides without
first step of simplification)

M1 - for correct value of n

M1 — for simplifying indices
to one term on the LHS (ok to

-4+ =0

=4 or u=-1
1 1

=4 or x3 =—1
X = 64 or x=—

2p +bp+c—0 — (1)
8+2b+c=0 ---(2)
Sub ¢=~8-2b into (1):
2p*+bp~8—2b=0

—2x+11=-1 leave as ¥2 on RHS)
—Dx=— M1 - for comparing powers
2x 12 {ecf allowed)
x=6 Al
(b) 2 1
x?-3x3=4
1
Let u=x3
u?-3u—4=0

e N LA e S o et L]
e 'g“’“%“’?«*’ e

M1 - for quadratic expression

1
M1 — for correct values of x3

Al

M1 — for obtaining equation
(1) and (2)

2x-5)(x+1) 20

bp—2b=8—2p*
b(p-2)=8-2p?
—2p?

p=2 ‘2’ (shown) Al
Or Or
Sum of roots: p+2=—.§_
b=-2p—4 ML - for obtaining
po (2P=D(p-2) _8-2p’ b=-2p-4

P2 p—2 Al

(b) 5~x<2x*-4x<16

2x*~3x—520 M1 — for obtaining

2x%—3x~5>0 and
2x? —4x-16<0




NGy

x<-1,x=225

2x1-4x-16<0
x*-2x-8<0
(x-H(x+2)<0

—2<x<4
<o
/A L,
-3~ 28 4

M1 - for obtaining
xs-1,x225

M1 —for obtaining -2 < x<4

On33! s s TR

4 [0 |22 —4x+8=0
a+f=2 M1 - correct sum of roots
aff =4 M1 - correct product of roots
3a*+35°
=3(a’ + %) M1 - correct expression of
=3[+ ) ~208] a’+f = (a+ f)* - 20p
=322 - 24)]
=-12 Al

4 (ii) | Sum of roots

= 20+1+28+1=2(a+ f)+2=6
Product of roots

= (2a+D2A+1)

=40 +20+28+1

=dafl +2(a + B)+1

=4(4)+2(2) +1=21

The degree in the numerator is greater than

the use of “dee”

M1 (ecf allowed for incorrect
values of o and o+ B Jrom part i)

M1 (ecf allowed for incorrect
values of off and a+ B from part i)

| the denominator.



(ii)

2x* -3x* —4x+5

x—x-2

2x—1

X —x-2/2x>-3x* -4x+5

-(2x° - 2x* -4x)

B1 —long division is used and

—x*+5 value of remainder is obtained
(=x"+x+2) from long division.
~x+3
a=2b=—1 B1 —for value of a
B1 — for value of b
(iii) —x+3
x*—x-2

. —x+3 A + B
(x=-2)(x+1) x-2 =x+1
—x+3=A(x+1)+B(x-2)

Subx=-1, Bz—i
3
1
Subx=2 A==
3
P(Jc)=2 1+ 1 4

00 3= 3t D)

LD AK t i
\/10'1‘1‘2 —3x+4=3+x
10+ x2 =3x+4 =9+ 6x+ x?
(1-6x)* =3x+4

36x% —12x+1=3x+4

M1 - for splitting partial
fraction correctly in terms of A
and B. )

Al —correct value for A
Al —correct value for B

Al —overall expression
correctly written (ecf allowed for
wrongly calculated values of a and b

Jrom part ii but ot for values of A
‘and B)

M1 - for ‘removing outer
square root’

M1 - for ‘removing inner
square 1001’ (ecf allowed)

36x> —15x—-3=0
12x* —5x~1=0 MI - for obtaining quadratic
5+.25+48 equation and showing working
x= "'—24'_ in solving (ecf allowed)
=—0.15 or 0.56 Al — for both answers
® |2/3-1 4
W32 2

_@B-D2B+2) 42
= +
Bf -2 2

n

M1 — for rationalising first
term corectly
M1 - for rationalising second

term correctly
i




_12423-2 42

8 2

=5+J§+2~/§

4

ST

5x° +18x% +7x+4 (Ax 2)(x+B)(x+1)+C
Comparing x° coefficient: A = 5
Comparing constant: 4 = —2B+C
Comparing x coefficient: 7= AB—2—-2B
5B-2-2B=7
3B=9
B=3

C=4+2(3)=10

M1 - for simplifying the first
term by opening brackets in
numerator and evaluating
denominator (ecf allowed)

Al —correct form

(accept substitution method)

B1
B1

3x° 115 +30x* +39 = (x - D(x +3)0(x) + ax + b
Subx=1,

6l=a+b ---(1)

Subx= -3,

-123=-3a+b - (2)

Sub (1) into (2),

—~123=-3(61-b)+»

—-123+183=3b+b

b=15

a=46

M1 - for obtaining equation
M1 — for obtaining equation
M1 - for using substitution or

elimination method (ecf allowed)

Al — for both answers

Since (x~I)(x+3)=x2+2x-3,
Remainder = 46x + 15 + 2
-46x + 17 _

log,x=k
log,9+log ;- x
log,9 log,x
= +
log;x log, V3

_ 210g33+ log, x
log,x 1log,3
_2.k
£y
=242k

allowed for both marks)

Ml
Al or B2 (ecf for values of a and b

M1 -~ for conversion to log
form

M1 - for changing of log to

base 3 for both terms

M1 - for applying power law

Al




(b)

(zx)132= (Sx)lgs

1g(2x)" =1g(5x)*°
(Ig2)1g2x=(1g0)1g5x
(Ig2)(1g2+1gx) = (1gS)g5+1gx)
(1g2)* +1g2lgx=(g5)* +1g5lgx
lg2lgx—1g5lgx=(Ig5)* - (Ig2)*
lgx(1g2-1g5)=(1g5)* - (1g2)*
(Ig5-1g2)(1g5+1g2)

lex=
¥ 1g2-1g5
lgx=—(1g5+1g2)
lgx=—Igl0

—6x 2< Ofor all x

M1 - for 1g both sides and
apply power law

M1 - for product law

M1 — for placing terms with x
on one side

M1 —for Ig x as the subject
M1 — for applying a® —b?

a<0 M1 - for statinga < 0

Since there are no real roots,

Discriminant < 0

(—6)%—4 a(=2) <0 M1 - for substituting correct
values into discriminant

36+8a<0

8a <-36

a<—4.5 Al

(b) 3x—x2+kx—2k—1=0 {(Note: Award only maximum of 1

mark for substituing correct values

x* +(~k=3)x+2k+1) =0 into discriminant, if student writes

Discriminant the inequality sign at the start of

2 question instead of showing)

=(~k—-3)"-4(2k+1) M1 — for substituting correct

=k +6k+9-8k—4 values into discriminant

=k2_

=k"-2k+5 M1 — for obtaining quadratic

=(k-1)-1+5 equation (allow ecf)

=(k—1)%+4 M1 — for completing the

. 2y square (allow ecf)
Since (k—1)" 20, Al — with explanation
k-1)*+4>0
© |y=ket2—-()

X +y2=2 - (2)
P +x+2)2 =2

X+ + 4k +4-2=0
(A+kH)x* +4kx+2=0
Discriminant < 0

M1 - for expanding and
writing equation into this form




(4k)*
16k* —8—8k* <0
k*-1<0
(k+D(k-D<0

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

sy
R 4

%

{

I

M1 - for substituting correct
values into discriminant, and
D<O

M1 — for obtaining k*-1<0

—1 < k <1
10 {(a) 3lx+1|—4x+11
|x+1| _ 4x+11
3
x+1=4x+11 x+1=—4);—11 Ml
3x+3=4x+11 or 3x+3=—4x-11
x=-8 or x=-2 . Al — for obtaining and
(reject) rejecting -8 , Al
{Note: Allow awarding of maximum
of Bl for solving one side of the
equation)
10 i B1
(bi) ( 1, 6]
. 3
10 | (bii) 1\?
y= 9(;:—— —16
3
Whenx =0,
1\
y= 9(0~—] -16/=15
3
When y =0,
1 2
0= 9(3:——) —16
3




1

(%,16)
© 31
5

i
[
[

N

L

D1 - Correct x-intercepts
D1 - Correct y-intercept
{Allow DI if y-intercept is -15)
D1 - Correct turning point
{Allow DI if the turning point is
(1/3,-16))

D1 — Mod graph

10

biii

(a) y=—9x+15
When y=0,x=5/3

The straight line cuts the curve at [g ,0] and

(0,15), and cuts the curve at a third point on

the left side of the curve.
Number of solutions = 3

(b) While the y-intercept remains at (0,15),
the straight line will be gentler in the
negative direction and cuts at 4 points.

Nbr f slutions = 4

M1 (or sketch line
y=-9x+151n bii}

Al-
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