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READ THESE INSTRUCTIONS FIRST

Write your class, index number and name on all the work you hand in.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams, graphs or rough working.
Do not use staples, paper clips, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case
of angles in degrees, unless a different level of accuracy is specified in the question.

The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

The number of marks is given in brackets [ ] at the end of each question or part question.

The total number of marks for this paper is 90.

For Examiner’'s Use

Total /90

Do not turn over this question paper until you are told to do so.

This question paper consists of 19 printed pages.
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1 (a) Factorise x' +8. [1]

(b) Does the equation x° +8=0 has three real roots? Justify your answer. [2]
q

2 A triangle has a base of (2+ \/3 ) cm and a perpendicular height of # cm. The area
of the triangle is (-8 + 5\/5 )ecm?. Without using a calculator, show that 4 can be

expressed, in ¢cm, in the form of (a + b\/g ), where a and b are integers. [4]
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3 The curve x* = xy+12 and the line x+2y =6 intersect at the points 4 and B.

Find the coordinates of 4 and of B. [4]
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4 (a) Express y=-2x"—4x+1 inthe form y=a(x+h)’ +k. (2]

(b) State the coordinates of the turning point of y =-2x* —4x+1. (1]

() A curve has equation y =-2x* —4x+1+ p, where p is an integer. The x-axis

is a tangent to the curve. Find the value of p. [1]

5  Find the range of values of ¢ for which 3x* + cx + 7 > 4 for all values of x. [4]
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6  Solve the equation 3***' —28(3*)+9=0. [4]
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The population of a type of insect was observed in an experimental environment.
After f days, the number of insects was given by the equation N =500 + 3000e"
where £ 1s a constant.

(a) Find the initial population of the insects. [1]

(b) Find the value of k given that the population of the insects decreased to 3000

after 5 days. (2]

(c) The population of the insects approaches a particular value A after a long
period of time.

(i) Find the value of 4. [1]

(ii) Explain why the population of the insects can never reach 4. [1]
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8  Express

n partial fractions.
(i + P [6]

2
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()

(b)

) . 4 .
Given that sin 4 = -5— where A is acute, find the exact value of

(i) secd,

(ii) tan(—A4).

It is given that f(x)=2cos2x+1.

(i) State the period of f(x).

(i) Sketch the graph of y = f(x) for 0° < x <360°.

0 ! | | | ! | I

45° 90°  135° 180° 225° 270° 315°
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10 The equation of a circle is x* + y* —10x+4y+25=0.

(a) Find the radius of the circle and the coordinates of its centre. [4]

The point P(3,-2) lies on the circle.

(b) Explain why the tangent to the circle at P is parallel to the y-axis. [2]
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11 (a) Itis giventhat I-Iny=In(x+ y). Express x in terms of y. [3]

(b) Solve the equation 6log,2=5—-1log, y. [5]
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12" The polynomial f(x)where f(x)=3x’ —4x? +gx+6 where q is a constant, leaves a
remainder of —-12 when divided by x-1.

(a) Show that g =-17. [2]

(b) Solve the equation f(x)=0. (4]
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(¢) Use your answer to part (b) to solve the equation

3(47) —4(47)* -17(4)+6=0. (2]

(d) Explain why there are only two solutions for x. [1]
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13

4(0,3)

&
B{6.11)

/

0

A J

C(22,-1)
*E

D(6,-15)

The diagram shows a quadrilateral ABCD with vertices A4(0,3), B(6,11),C(22,-1)

and D(6,-15). The point E lies on BD and the perpendicular bisector of BC.

(a) Find the coordinates of E. [5]
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(b) Find the area of the quadrilateral ABCD. [2]

(c) Is quadnlateral ABCD a trapezium? [2]
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14 A rectangle has an area of y m’, width x m and length (4x + B) m, where 4 and B

are constants. Corresponding values of x and y are shown in the table below.

X 1 3 { 5 | 7
y 3 12 | 25 42
(a)  On the grid on page 17, plot 2 against x and draw a straight line. (2]
X
(b) Use your graph to estimate the value of 4 and of B. (3]

(¢) Using your values of 4 and B, write down an expression, in terms of x, for the

area of the rectangle. [1]

(d) (i) Explain how another straight line drawn on your graph, can lead to an

estimate of the value of x for which the rectangle is a square. [1]
(ii) Draw this line and find this value of x. [2]
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6
15 (a) Find the term independent of x in the binomial expansion of ( %= —-]?] _ [3]
x

(b) (i) Write down, and simplify, the first 3 terms in the expansion of (2—3x)°

in ascending powers of x. (2]
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(i) Given that the first three terms in the expansion of (a + bx)(2 —3x)’are

32+ cx+ 660x> where a, b and c are constants, find the value of a, of b

[4]

and of c.

THE END
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Springfield Secondary School
Mathematics Department

Marking Scheme
Year 2022
Examination: End of Year Examination
Secondary 3 Express Additional

Format of Paper: Mathematics

Paper: 1

Setter: Leung Yong Kang
S/N Solutions Marks | Remarks | AOs
1(a) x3+8:(.nc+2)(x2 —2x+4) Bl A0l
1(b) X +8=0 AO3

(x+ 2)(x2 —2x+4) =0

x+2=0o0rx*-2x+4=0

x=-2

Discriminant = (-2)° — 4(1%(4)
—12<0 il
Therefore, x* —2x+ 4 has no real roots. Hence,

the equation x”’ +8=0, does not have three real

roots. x =—2 is the only real root of the equation Al
X +8=0.
3 MARKS
2
Area of triangle = %x 2+ J_S_ Yxh e
1
—8+5\C=5x(2+~/§)xh M1 55
multiplied
po 2ABE5Y) to both the
2+45 numerator
_(-16+1045)2-5) e
2+ \E)(Z _ Jg) gfnommat
(~16)X2) +164/5 + 2045 —10(5)
= M1
4-5 Correct
=82-3645 Al expansion.
The height of the triangle is 82 —36+/5 .
4 MARKS
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3 X =xp+12—-—-(1) AO2
x=6=2y—-——(2)
Sub (2) into (1):
(6-2y) =(6-2y)y+12 M1 For
36-24y+4y* =6y-2y* +12 sk
2_q - substitutio
6y°—-30y+24= R
)'z =-5y+4=0
M1
(=4 p—1)=0
y—4=00ry-1=0
}r:4ory:] N“[] FOl'bOIh
x==-2orx=4 correct
_ values of
Hence the coordinates of 4 and B are (-2, 4) Al »
and (4.1) respectively. OR
Hence the coordinates of 4 and B are (4.1) and
(—2.4) respectively.
4 MARKS
4(a) y==2x"—4dx+1 AOl
=-2(x* +2x)+1
2[(x+1 -(1)} M1
2(x+l‘ +2+1
(x+ 1) Al
or B2
4(b) (-1,3) Bl AO1
4(c) p=-3 Bl AO2
4 MARKS
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IxP+ex+7>4 AO2
3;\'— +ecx+3>0 1M for
b “ 4ac <0 correct
¢ =433 <0 M1. M1 | discrimina
¢t -6 <0 o
M1 IM for
(c+6)c—-6)<0 ’ correct
inequality
sign, <
Give M1
—6 6 if student
is able to
factorise
even if
~—0<c<b Al inequality
sign from
above is
wrong.
4 MARKS
3% _28(3")+9=0 For AO2
33 ) —28(3)+9=0 M1 expressing
311—‘1 as
Let u=3 s 3(3:)2‘
3u’ -28u+9=0
Gu-1)u—-9)=0 o
3u-1=0o0ru-9=0
1
Uu=—oru=9
3
F=lor¥=3 5l
3
x==lorx=2 Al
4 MARKS
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7(a)

Whent=0
N =500+ 3000e°
=3500

Bl

AO2

7(b)

When N=3000,1=35
3000 = 500+ 3000e”"
2500 = 3000¢e™"

7=e"(

6

5
In(=) =5k

(6)

k = —0.036464
~ ~0.0365 (3s.f)

M1

Al

AO2

7(©)®D

A =500

Bl

AO1

7(c) (i)

As t—= 00, 3000 7% 50
N — 500

N will only approaches 500 and hence can never
reach 500.

OR

N =500 is the asymptote for the exponential

graph of N = 500+3000¢***"  Hence,
population of the insects can never reach 500.

Bl

[B1]

AO3

5 MARKS : -
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x(x+2)" x (x+2) (x+2)°
4-x=A(x+2) +B(x)x+2)+C(x) M1
When x=0,
4= A(2)
A=1 MI
Whenx=-2
6=-2C
C=-3 M1
Whenx=1.
3=94+B13)+C()
3=9+38-3
3B=-3
B=-1 M1
__4-x 1 1 __3
X +4xP +4x x (x+2) (x+2)°
Al
6 MARKS
Ha)(i) 3 AO1
A
5 . P ”
A g '__’x
0 3
secA= )
cos 4
1
(3)
[*J M1 For 3
5 5
5
_2 Al o.e.
3
9(a)(ii) | tan(-A)=-tanA4 AO1
__i Bl 0.e.
3
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Ab)(H) .. 360°  2x AO1
Period = or —
b b
360° 27
= or —
2 2
=180° or 7 Bl
b)) | T Bl Correct AO1
3 y=2c0os2x+1/ Shape
_ H . with 2
2 \ cycles
1 : : / . BI Maximum
A‘ * points,
0 E T = 2 » minimum
1 ' points and
‘ points on
the axis of
the curves
are
correct.
:.:.:.‘g & 6 Mf“lRKS :
1a) ¥ +}'2 —10x+4y+25=0 AO1
2¢=-10,2f=4,¢c=25 M1 | For2gand
= <, F=T o= 25 4
Centre C of circle =(-g,-f)
=(5.-2) Al
Radius of circle = /g* + /* —¢
M1
= J(=5) +(2 - (25)
= 2 units Al
10(b) C(5,-2). P(3,-2) AO3
The radius CP is a horizontal line. Since the M1
radius is perpendicular to the tangent, then
the tangent to the circle at P is a vertical line. Al
Therefore it is parallel to the y-axis.
- 6 MARKS
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11(a) I-Iny=In(x+y) A02
In(e)—Iny=In(x+ y) M1 For
1=In(e)
e
ln(—] =In(x+ y)
-
2 iy M1
-}‘
x=Z-y Al
}l
11(b) 6log, 2=5-log, y AO2
6log, 2
20812 5-log, y M1
log, y
Let u=log, v
E =5-u
U
6=>5u—u’ M1
u'-5u+6=0
(u—2Yu—3)=0 M1
u=2 or u=3 For both
log, y=2 or log,y=3 M1 correct
y=4 or y=8 Al ;alues of
8 MARKS
12(a) f(x)=3x"-4x* +gx+6 AO2
Using remainder theorem,
f)=3-4+q+6
3-4+g+6=-12 M1
g =-17 (Shown) Al
12(b) f(x)=3x-4x* -17x+6 AO1
f(-2)=3(-2) - 4-2)" -17(-2)+6
=0
Therefore by the factor theorem, x+2 isa M1

factor of f(x).
3% —4x* —17x+6 = (x+2)Xax" +bx+c)
By observation, a=3and ¢ =3

3x° —4x* —=17x+6 = (x+2)(3x* +bx+3)

Equating the coefficient of x”:
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—4=6+b
b=-10

S3x At -1Tx+6 = (242032 102 +3)
={x+2)3x-13x-3)

Therefomr,
3xi-dxt=17x+6=0
(x+203x- 1}(_::—3) ={]

=2 Drx=l orx=3
3

OR. {(altemative solution)

fixy=3x"-4x*-17x+6
f(-2) =3-2" - 4-2" -17%-2) +6
=0
Therefor by the factor theorerm, r+2 154
factor of fx).

By Long Drvision,

3xt —10x+3
x +2]|3x3 ~4x* —17x+6

=32 —6x’
-10x* =17x
+10x* +20x
+3x+6
-3x-6
0

Ixt Ayt —17x4+6 =[x+ (37 ~10x +3)
= (x+2(3x=-1){x=3)

Therefomr,
3t -4t -17x 46 =0
(x+203x-1(x=-3=0

J::—E'orx:—;- orx=3

Ivll

1
Al

1]

(1]

1]

[41]

For

Iat—10x43

For
correct
long
division
and
Eat-10x43
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12 ‘
4" =-2 (no soln)
or
ol
3
1
1o =
= ( 3J
X =m—
g4
=-0.79248
=~ —(.792
For both
o Al | 0792
4 =3 and 0.792
o= 183
g4
=0.79248
~ 0.792
12(d) 4" = -2 has no solution because 4* >0 for all Bl AO3

values of x. Hence, there are only two solutions

for x.

9 MARKS
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13(a)

Gradient of line BC = 11-CD

]
LW

M is the midpoint of line BC, then
(6+22 11+(-1)

M'[ 2 =)
={14,5)

Equation of perpendicular hisec tor of BC:
4
=—(14)+C
3( )

1 4
=l-xr-—.
Hence, 3): 3

Since F leson BD then the x-coordinate of £ is
6.

When J,'=6,
1 2
=]1—(A1-13—
y _3(5) 33

¥
3

Hence the coordinates of F is [6, —%)

M1

1

IvI1

VIl

Al

oe.

For
substitutin
g x=6
into the
eguation
of

pe rpendic
ular
bisector.

o,
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13(b)

110 6 22 6 0
Area =—
23 11 -1 -15 3

- %[(1 8)+(242)+(-6)+(0)]
—%[(O)+(—6)+(—330)+(18)]

1 1
= —(254)- —(-318
2( ) 2( )

= 286 units’

M1

Al

AO1

13(¢c)

3-(-19)
0-6

18

=B

=6

Gradient of line AD =

Gradient of line BC = —% (obtained from 13(a))

Therefore, AD 1s not parallel to BC'.

Gradient of line AB = %

[
W oo o

—1=(=15)
22-6
_4

16
7

8
Therefore, AB is not parallel to CD.
Since the quadrilateral ABCD does not have a
pair of parallel sides, then ABCD is not a

Gradient of line CD =

trapezium.

M1

Al

IM for
finding
gradient
of line 4B,
line CD
and line
AD.

AQO3

9 MARKS
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14(3) X 1 3 5 - A0l
4 3 4 5 0 B1 for at
X
least 3 out
. of 4
= } Bl correctly
) 2 plotted
points.
| . | B1 for
e Bl correctly
T plotted
line that
connects
% at least 2
3] ; : s S points.
14(b) Y o 4iB AO1
X
Gradient = 4 -
73
g B
7-1 Al
=0.5+0.02
4 —intercept = B
X
B=25+0.025 Bl
14(c) »=0.5x"+2.5x Bl AO2
14(d)(i) | When the rectangle is a square, the | AO3
length=breadth. Hence, the line to draw on the
Bl

graph 1s Yoy,
X
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14y | Y / AO1
{ * /’fw ’
. Q/
4 M1 IM for the
line
X
Hence, x=35. Al
9 MARKS
15(a) 1Y AO2
General Term of (x - —2]
¥
() (-2) M1
r X
6
i (_ l)" x6- ar
¥
6 .
— (_l)r xd—l'
.
For term independent of x, r =2 M1
= 6 2 _6-6
Term mndependent of x = 5 (-1)*x
=15 Al
15(b)@) | (2-3x)° AO1
5 5 5 4 1 5 3 2
=] 2y + | (2)*(-3x) + s Y (-32) +... M1
=32-240x+720x° +... Al
15(b)(D) | (q+bx)(2-3x)’ AO2
= (a+bx)(32-240x+720x" +...)
=32a-240ax +32bx + 720ax’ — 240bx* +... M1
Since (a+bx)(2—-3x)’ =32+cx+660x" +...,
then
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Comparing the constants:

32a=32
Al
a=1
Comparing the coefficient of x*:
720a—240b = 660
—2405 = 660 - 720
|
b=— Al
4
Comparing the coefficient of x:
¢ =-240a+32b
1
=-240(1)+32 [—)
4
=-232 Al
9 MARKS
THE END
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