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2

Quadratic Equation
For the equation ax2 + bx + c = O,

Mathematical Formulae

1. ALGEBRA

-b+ bz - 4ac

2a

Binomial expansion

(a+b)' = a' - (1)*''.(;)r-'u' . .(i)o'' b' + + b',

where z is a positive integer and
n!

0
n(n-l).,.(n- r +1)

rlyr.(n - r)l

Identities

Formulae for LABC

2. TRIGONOMETRY

sir] A+ cos2 A =l
s*' A =l+tat' A

eosec'A=l+cot2 A
sin(l t B) = sinlcosB*coslsinB
cos(l + 8) = ses lcosB + sin ,{ sin I

. tan A+ laa B
taa(A+ Bl=-l+ta AtanB

stn2A -- 2sin Acas A

cos2l = cos2 A-sin2 A=2oos' A-l--l-zsin' a

tntzA-- ztfi\l
l-tan2 A

a _b __c
sin ,rl sinB sinC

a' =b'+c'-2bccasA
I

L = L abstnC
2

4c/7 tO1t201A
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1 (a) (i) Factorise 8x3 +27 . t2l

(ii) Hence determine, showing all necessary working, the number ofreal

roots ofthe equation 8.r3 +27:0. t3l

(b) The coelficient of .r3 of a cubic polynomial, f(-r), is 4 and that the roots of

the equation f(:) - 0 are -1, 3 and /r . Given that f(-r) has a remainder of 60

when divided by .r - 2 , find the value of [.
t3l

A curve has the equation y =la2 +4x+c , where c is a constant.

(i) In the case where c = -15, find the range of values of .r fory > 0. lzl

(ii) Find the range of values of c such that the curve lies completely above the

,-axls. l2l

(iii) Find the value of c for which the line 2y +.r : 1 is a tangent to the curve. t4l

2

3 (a) Witlout using a calculator, find the exact value of 
( Zt\

'"tIT.,J l2)

5(b) Given that sinl=-jl and tanl >0, find without using a calculator, the
l3

numerical value of

(i) secl,

(ii) tan(-l) .

t2)

t1l

I (i) Sketch the graphs of y=2x' artd y' =2r on the same diagram for x>0 . l2l

(ii) The two g:aphs y -2x3 and y' --2x intersect at (0, 0) and a pointl. Find

the coordinates of l. t3l

4047 t01t2018
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5 The variables.r andy are related in such a way tiat, when lgy is plotted againstl,

a straight line passing through the point l(0, a) and the point -B(4, 10) is obtained,

as shown in the diagram.

lgv

B(4, r0)

A(0, a)

o

Given that the line has a gradient of 2, find

(i) tho value of a,

(ii) the expression for y in terms of x,

(iii) the values ofx wheny: 1000.

The equation of acircle Cis x2+6x+y2-l|y-66.

(i) Find the radius and the coordinates of the centre of the circle.

(ii) Given that PQ is the diameter of the circle, where Pis the point (5, l1),

find the coordinates ofthe point Q.

(iii) Find the equation of the circle Cr , which is a reflection of the circle C

in the line .r = -1 .

(i) Given that u :3' , express 32'-) --3x +6 as an equation in a.

(ii) Hence find the value(s) of x for which 3"-' =3' +6.

(iii) Explain why the equation 32'-t - 3x - k has no solution if k>0.75.

4047 r01 t2018
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t3l

tzl

t2l
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5

(a) Solve togo(x - 2) - logo(x+ 2) = 1a 169o !.
9

(b) Solve the equation Ig x = log, 1 000 , giving your answer to 2 significant

figures.

(a) One root ofthe equation 8.r'?-bt+1=0 is twice the other root.

Find the possible value(s) ofb.

O) Given that the roots of 2x2 -6x+3 =O are a ar,d. p, find the

t4l

t4l

t4l

Isl

9

quadratic equation whose roots and
3
,2

3are ,
d'

END OF PAPER
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2

Mathematical Formulae

r. ALGEBRA
Quadratic Equation

For the equation ax2 +bx+c=0,

-bt b2 - 4ac

Binomial *pansion

(a+b)'=

Identtties

Formulae for LABC

2. TRIGONOMETRY

sit' A+ cos2 A=1

s*'A=l+tanz A

cosec'A =1+ cot2 A
sin(l + B) = sin I cos B + cos lsin I
cos(l t 8) = cosl cos B 4 sinl sin-B

t^( A+ B\= wAttuB
1+ t^n Ataa B

sh2A = 2 sin Acos A

coszA = cosz A-sin2 A=2cns'A-l--l-2sin'A

turz,c'= ztu!
l-lar.z A

a b c

".(i)"'0..(i)o'u'. 
.(:)r-n + +b',

where z is a positive integer and [') = ,, '' ,, - 
n(n _l) "'(n - r +1)

l, ) rt(n- r\t. rl

sinl sinB sinC
a' --b' +c'-ZbccosA

A = f aDsinC
2

4047 t0212018
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1 A liquid is allovr'ed to cool after being heated. The temperature, d "C ofthe liquid,

, seconds after being removed from the heat is given by 0 = 25 + 8Oe4'03t .

(i) Find the initial value of d.

(ii) Find the time taken for the liquid to cool to 60 'C.

(iii) Explain why d does not fall below 25 'C.

t1l

t2)

t1l

- 7x+42 Express:- -...(r'+5J(r-z)
in partial fiactions.

3 (D The line y-2-r+9=0 intersects the curve r'+y2 +ry+3x=46 at the

points R and p. Find the coordinates ofpoints R and Q.

(ii) Find the equation of the perpendicular bisector of Rp

4 A right-angled triangle has base (4 + 2Ji) cm and area (6"6-Z) cm2. find the

height ofthe triangle, giving your answsr in the form @J1 + D cm where a atd b are

integers.

(a) Find all the angles between 0o and 360" inclusive which satisfu the equation

(i) tan(2r + 60') = 1.2 ,

(ii) tany:2 sin y.

@) Given that 0 < x < 2tr , find all the angles which satis$ the equation

2cos2 x =1.

t5l

t4l

t3l

t4l

5

t3l

t4l

t3l

4047 t0?J2018
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4

6 (a) Solve the simultaneous equations

25' +5!*t =1,
log.:=1-loguy.

O) Solve 3' = e2'-s .

7 The diagram shows part of the graph of y=Px+51-2.

x
C B o

A

(i) Find the coordinates of the ponts A, B arld C.

(ii) Solve the equationl3x+51-2= x+4.

(iii) State the number of solution(s) ofthe equationl3x + 5l - 2 = -3 .

t6l

t3l

v

t3l

t3l

tll

S (a) Find the coefficient of -r'z in the binomial expansion of

4047 102J2018

PartnerlnLeaming
81

8
1

t4l

t6l

3x

(b) Find the frst 3 terms in the expansion, in ascending powers of .r, of

(i) (1+ 3r)',

(ii) (z-x)'.

Hence, find the eoefficient of x2 in the oxpansion of (t+lr)' (z - ,)' .
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5

9 The function f is defined byf(.r):3cos 2.r+l for 0"<x<180".

(i) State the amplitude of f.

(ii) State the period off.

(iii) Find the x-coordinates of the points where the curve meets the .r-axis.

(iv) Sketch the graph of y : 3cos 2.x +l for 0" < r < 180" .

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

D(13+,11)

B

,4)

A(3,2)

o

The diagram shows a triangle l-BC in which the coordinates ofthe points -,4 and

C are (?,2) and Q, \ respectively. IACB = 90". The line BD is parallel to

l2l
t4l

t3l

x

E

,4C and D is the point l3 . The lines Bl and DC are extended to meet at E.,,1

2

Find

(i)

(ii)

(iii)

the equation of line BD,

the coordinates ofB,

the ratio of the area of the quadrilateral,4SDC to tle area of the triangle BCD.

4047 t02J2018
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I I The table below shows experimental values of two variables, x and y, which
h

are comected by an equation of ttre form ay = v.41 , where a and D are
x

constants.

x 2 4 6 8

v 0.6 0.95 1.3 1.7

(i) Plot ry against I and draw a straight line graph. Use your graph to estimate

the value ofeach of the constants a and 6.

(ii) Using your graph, find the value ofy when x = 7.

END OF PAPER

4047t0i,2018
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Solutions for AMKSS FE 2018 AM Pl

Qn Solutions
lai
12)

g*3 a27 = (2x)3 +33

= (2x $)l?x)' -( z,) (l) + r', l
= (2x+3)(4x'z -6x+9)

MI

A1

alr

t3l
8x1 +27 =0
(2x+3)(4x'z-6x+9)=0

x = -1.5 or 4x2 -6x+9=0
D: (-6)'z-4(4Xe)

: -108 < 0 hence no real roots

.'. No of real roots = 1 (i.e x =-1.5)

MI

M1
AI

o)
t3l

-f(x) = 4(x+1)(x- 3)(x- r)
f(2) = 60

4{2+t)(2-3)(2-k) =60

-12(2-k)--60
2-k=-5
k=7

MI

MI

AI

2(i)
tzl

y =3xz +4x-15>0
(3x-5)(.r+3)>0

5
.r<-3 or x>:

J

MI

A1

(ii)
tzl

Curve lies above x-axis i.e. bz -4ac<0
@\'z -4o)c <o
16 -12.c < 0

" 
>t!

3

Ml (D<0)

AI
1-x2v+x=l+v=-

2

Subtinto/=3.r'z+4:+c
l-' 

=3r' * 4r* "2

l- x = 6x2 +8x +2c

6x2 +9x+2c-l=0
lire is a tangent to curve, D : 0

9'-4(6X2c-l)=o
8l- 48c +24 = O

-48c = -105
35 ^3c=-= z-16 16

M1 (eliminates y)

Ml (conect quad)

M I (any use of D:0)

A1

PartnerlnLearning
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3 (a)

t2l

I s
or

3

MI

A1

b(D

tzl
IsecA=-

cos I
1

t2

-12

-5
13

13

13
1

I
or

12 12

MI

AI
(iD

t1l
tarr(-A) =-t;11tn= -1 B1

BP-86

4(D

t2l

0

I

81-Graphofy=lv3
Bl - Graph of y2 =)v.

PartnerlnLearning
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(zz\ 1co _ l=_t 3 I I2r\
tan I I\.3/

-1..-.

I

I
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(iD

t3l
/ r\2l2f I =2x(../

?
4x3 =2x

2.
X'=-X)
. /r \'x' =l -x l

\2)
,'-!r'=o

8

''fr-1,"]=o\.8i
x=0 (NA)or 8

Y=4
Coordinatesofl=(8,4)

MI

M1

A1

s(D

t1l
A(0,a),8@,t0)

*od =1o-o =2' 4-0
l0-a=8
a=2 B1

(iD

t1l
lg)=2,'+2
Y =102t*z

B1

(iii)
t2l

lgl00} = 2xz +2

3=2xz +2
.l

2

x=fr.707 B2

6(i)
t3l

x2 +6x+ y2 -10y =66
centre = (_3, 5),

= T0units

B1

M1
A1

(ii)
l2l

Midpoint of PQ = centre of circle

5+a 1l+b
22 ( 3 5 )

,.5*o =-3= o=-r1
2

ll*b 
-- s-b=-l

')

QGlr,-1)

M1

A1

(iii)
t21

New cenre = (1, 5), r = 10

(r -l)'z + (y- s)'z : t00.
M1
A1

PartnerlnLeaming
87
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7(i)
tll

32'-t _3' +6
(3')'=1,+6

3
2

!-=u+6 or
J

u' -3u -18 --o

81(any appropriate eqn in u)

(ii)
t2)

u' -3u-18 --o
(z-6)(a+3)=A
u=6 or u = -3(Rei)
3',=6
.rlg3 = lg6

x=1.63 (3s0

MI

A1
(iiD

t3l
5 =5 -K

1u-
-=u-R3

u2 -3u +Jk --0
No solutious +D<0
(-3F -4(1X3r) < o

9-t2k <0

-12k <9
k > 0.75

M1

MI

MI

8(a)

t4l
logo (x - 2) - logo (:r + 2) = 1a 1eg. 

I
,og

lon. '- 2 
=lon.4+tos. 1

"" x+2 "9
.x-24los._=los._"" x+2 "'9

x-2 4

x+2 9

9.r-18=4.x+8

5x =26
x=5.2

Ml (division law)

Ml(get rid of log)

M1

A1

o)
t4l

lgx=1og,1000

- lp 103ls: = -:-" lgr
(lgx)' = 3

1g.r=.[ or -.6
y = 16JI or 16-Ja

x=54 or 0.019 (2sf)

MI

MI

A2(2 sig fig)

PartnerlnLearning
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e(a)

l4l
8x2 -bx +l = O

Let roots be qand2a.

b
sum of roots: a+2a=--L

8

^b5d=-
8

b=24a
I

nroduct of roots: a(2a\ = :'8

d'
1

t6
1a=!-
4

:.b=24a--+6

M1

M1

M1

A1

o)
tsl

2x2 -6x+3=0
a+P--3 dP=

J

,
I .5

t't
Sum of roots =-+-a" P"

-3(a2 
+ f2)

@0'
3[(a+ fi'z-2aBl

(o0)'

_ 
r[(r)'-zo.sl]

(r.s)'

-a

Product ofroots =
(z
t_
lB'
9

)(;)

4
(r.s)'

.'. Equation is.r'z - 8r+ 4 = 0

M1

ML-sum of roots formula

AI

M1

AI

PartnerlnLeaming
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AMKSS Final Exam A.Math Paper 2

Answer Scheme

Qn Answer Mark
Allocation

1(i) When t = 0,

0 = 25 +80e0

0 =105'C B1

1(iD 60=25+80e{03'

-o orr 35

80

-O.O:, = fr[I)
\.80,

t *27.6s

M1
A1

1(iiD Since e{03' > 0

80eao3' > 0

25 + 8oe4o3' > 25

d does not fall bel ow 25" C B1

2 7x+4 Ar+B C

(xz +5)(x-2) x2 +5 ' x-2
7 x + 4 = (Ax + B)(x - 2) + C(x'z + 5)

Whenx=2;18=9C
C=2
Whenr=0; 4=18+2(5)
B=3
Whenx = 1; I I = (l+3X-1)+ 2(6)

A=-2
7x+4 -2x+3 2

.....=-_.-----7_-.f-
(x'+5)(x-2) x'+5 x-2

M1

A1

A1

A1

AI

PartnerlnLearning
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3(i) ,2 +yz +ry+3x--46-(l)
y -2x+9 =0-(2)
Subst (1) into (2)

x2 + (2x -9)z + x(2x -9) +3x = 46

,2 +4r2 -36r+81+2x2 -9x+3x-46=0

7 x2 -42x +35 =0

x2 -6x +5 =0
(x-s)(:-1)=0
x=5 or x=1
y-lor y=-'7
R(s,l) and g(1,-7)

M1

M1
M1

AI

3(ii) Mrg=Z

M of perpendiculat bisector = - 1
2

Mdpoint (3,-3)

Iv=--x+c'2
At(3,-3)

I
-3=-:x*c.,

J
c

7

l3
11v

M1

MI

AI

4 l_
'x@+2J3\xh=6J3-2
2

. oJl-z z-^E
h = """'-'------x -z+J3 2-J3
. DJi-e"t-q+zJt
h=-

4-3
h=14.E -22

M1

M1

M1

A1

5(uXil tan(2x +600) =1.2

Acl'ttel -- 50.19M3

2x + 60o = 50.19 443(NA), 230.19 443,

41 0.t9 443, 590.19M3,7 7 0.19 443

x = 85.1o,175.1',265.1',355.1'

M1

M1
A1

PartnerlnLeaming
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s(a)(ii) sin y

-=zslnv
cos /
siny-2sinycosy = 0

sin y(l- 2cos y) = Q

siny=g Ior CoSY = -
AcuteZ = 60o

360' /=60',300'

AcuteZ = 0

| =0',180.,

M1

M1

M1

A1

s(b)
2cos2 x =l

zl
COS x=-

2

tl
cos: = t{-

Aattel = O-785398

x = 0.7 85,2.36,3.93,5.50

M1
M1

A1

6(a) 25' +5Y't =1
<2! . </+l _<0

2x - y -l=0
2x - y =t-11t,
logux=l-loguy
logrx+log.y=l
logo(ry) = 1

4=6

v=9-el
x

Subst (2) into (1)

2x.,9=t
x

2x2 - x-6=0
(2x+3)(x-2)=0

,=-tl or x=2
2

.y=-4(NA) t=3

M1

M1

M1

M1

M1

A1

PartnerlnLearning
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6(b)
t 2t-5tnJ = lne

x1u;.3 =2x -5
x(ln3-2)=-5

-5
ln3-2

x = 5.55

M1

M1

A1

7(i) ltx+sl-z=o
l3x+ sl= z

3x+5=2 or 3x+5 = -2
7-x=-1 x=--
J

B(-t,o), c('1'')
3x+5=0

5

J

u(-r?.-r\
[ 3' )

BI, 81

BI

7(ii) l3x+51-2= x+4

l3.r + sl = .r+ 6

3x+5 = x+6
t.
2

or 3.r+5=-;r-6

*=-21
4

M1

M1

AI

7(iii) 0 B1

PartnerlnLeaming
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8(a) General Term

8C,(')8-r f r\'tt
I l,.J

=8crr8-'(r)-'
/ r\'t__tI r.J

8^ B-2r( |Lrx 
[-; I

8-2r =0
r =3

8czx8-2(3) I t)'
[ :,]

56 2x
27

Coefficient of ,r256
27

MI

M1

MI

AI

8(bXD (t+:r)7

= 'co(t)'(:r)o * 7q1t161rry1 * 7 cr1t1s 11112

=1+2lx+189x2

M1

A1

8(bxiD (z-')o

= 
oco(z)a(-r)o * aq12f 

1-*11 *ac212121-*12

=16 -32x +24x2

(l + 2 l:r + I 8912 Xl 6 - 32x + 24x2 )

= 2lx (-32 x) + 1 6(189 x2 ) + 2 4 x2

= -472x2 +3024x2 +24x2

= 2376x2

Coefficient of x2 =2376

MI

AI

MI

AI

e(i) 3 BI

e(iD 180" BI

PartnerlnLeaming
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9(ii, Y=0
3cos2.r+1=0

aoa2, = -1
3

Asfiel-70.528'17937
2x =109.5",250.5"

x -- 54.7",125.3o

M1

M1

A1

9(iv)

Correct shape, tuming point
Correct.4 y intercepts

BI
B1

10(') I
M'ne =i

I
MaD=,

fqua\86f84
Iy = -.x {\o'2

At 1 J1.,,')
)l

(,,i).,1l=1
2

t7
4
t17
24v

M1

A1

PartnerlnLeaming
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l0(ii) Msc=1
Equation ofBC:
y=2x+c
At(1,4)

a = -2(7)+ c

c=18
y = -2x +18

1r+18=l r +1724
-1r=5-

2

l=7
s( s!.| )' ,)

M1

M1

M1

AI

1o(ii, r'.rea of ABDC

rlr
,1,

7l s1 s1 rl221
11 7 2l4

= 22.Sunits

Area of BCD

I
2

5

,l

7 BL 5!22
4tt7

,
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