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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+ \@ ) cm and a perpendicular height of 4 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 t 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

in partial fractions. [6]
x(x+

2
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(a) Given that sin 4 = S where 4 is acute, find the exact value of

(i) secd,

(i) tan(-4).

(b) Itis 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 ! l | | ! l

45° 90° 135° 180° 225° 270°
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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—log, 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) Showthat 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(4%) —4(4°)* -17(4")+6=0. (2]

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

PartnerinLeaming
272



13

y

B{6.11)

*
4(0,3) /

0

\

D(6,-15)

A J

C(22,-1)

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.
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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
oy 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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2

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:(x+2)(x2 —2x+4) Bl A0l
1(b) ©+8=0 AO3

(x+ 2)(x2 —2x+4) =0

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

Discriminant = (=2)* — 4(1)(4)
=—12<0 M

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
¥ +8=0.
3 MARKS
2
Area of triangle = %x 2+ Jg Yx h A2
1
—8+5'\[:=5>‘(2+J§)X}? M1 2-5is
multiplied
p2BENS) to both the
2+45 numerator
_(-16+1045)2-5) e
2+ \/5)(2 _ Jg) gfnommat
(~16)X2) +164/5 + 2045 —10(5)
= M1
4-5 Correct
=82-36/5 Al expansion.
The height of the triangle is 82 —36+/5 .
4 MARKS
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3 X =xy+12-——(1) AO2
x=6=2p———(2)
Sub (2) into (1):
(6-2y) =(6-2y)y+12 M1 For
36-24y+ 4)."" =6y— 2);: +12 COITeth .
:_3 28=0 substitutio
6y" =30y+24= n
' =5y+4=0
M1
(y-axy—1)=40
y—4=00ry-1=0
}r:4ory:] N“[l FO!‘bO‘[h
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"—4x+1 A0l
= —2(Jc2 +2x)+1
:—2[(x+1_)2—(1)2]+1 M1
=-2(x+1) +2+1
=-2(x+1) +3 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 N 4ac <0 correct
" =433 <0 M1. M1 | discrimina
¢t -6 <0 o
M1 1M for
(c+6)c—-6)<0 : correct
inequality
sign, <
Give M1
-6 g if student
is able to
factorise
even if
x> _6 <LC< 6 Al mequa_lity
sign from
above is
wrong.
4 MARKS
3% _28(3°)+9=0 For AO2
33 ) —28(3)+9=0 M1 expressing
3:1’—‘1 as
Let M=3_._. 3(3:)2‘
3u' -28u+9=0
Bu-1)u-9=0 o
3u-1=0o0ru—-9=0
1
u=—oru=9
3
¥=lorz-3 Ml
3
x==lorx=2 Al
4 MARKS
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7(a)

Whent=20
N =500+ 3000e°
=3500

Bl

AO2

7(b)

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

m(g) = Sk

k = —0.036464
~ ~0.0365 (3s.f)

M1

Al

AO2

7(©)(®

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

S MARKS -
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xx+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= MI
Whenx=-2
6=-2C
C=-3 M1
Whenx=1.
3=94+B13)+C(1)
3=9+38-3
3B=-3
B=-1 M1
4-x B l_ 1 B 3
X +4x* +4x x (x+2) (x+2)°
Al
6 MARKS
Ha)(i) y AO1
A
e 4
A g __’x
o 3
secA= )
cos A
B 1
(3)
[‘] 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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Therefore it is parallel to the y-axis.

Ab)(H) . 60° 2« AO1
Period = or —
b b
360° 27
= or —
2 2
=180° or 7 Bl
Ub)ii) | Ja Bl Correct AO1
ot J'=2c052x+1." ‘S::;f’;
2 cycles
1 Bl Maximum
. points,
0 - : # minimum
. points and
points on
the axis of
the curves
are
correct.
o 6 MARKS :
10(a) 4+ -10x+4y+25=0 AO1
2g=-10,2f =4, c=25 M1 | For2gand
g= <5, F=7 o= 25 &
Centre C of circle =(-g,- f)
o (5.l _2) ‘A 1
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

6 MARKS
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11(a) I-Iny=In(x+y) AO2
In(e)—Iny=In(x+ y) M1 For
1=In(e)
ln(i} =In(x+ y)
.
B piy M1
o}‘
x=%-, Al
})
11(b) 6log, 2=5-log, y AO02
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 Ml
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+g+6
3-4+g+6=-12 M1
g ==17 (Shown) Al
12(b) f(x)=3x-4x* -17x+6 AO1
£(-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

A —dxt 1T r 46 = (24 (3% —10x +3)
= (x4+D3x-10{x -7

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

=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, x+2 154
factor of f{x).

By Long Drvision,

3x*-10x43
x +2}3x3 ~4x* —17x 46

=~ 3% —6x’
-10x* =17x
+10x* +20x
+3x+6
-3x-8
0

Ix Ayt =175 46 =[x+ (37 ~10x +3)
= (x+2(3x=1){x =3

Therefore,
3t -4t -17x 46 =0
(x+203x-D{z=-3=0

x.=—'2'orx=-;- orx=3

Ivll

1
Al

1]

(1]

1]

[41]

For

Iat—10x43

For
correct
long
division
and
3at-10x+3
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12(c ) N /
© | gooe=Los=; ! s
4" = -2 (no soln)
or
gal
3
1
le| =
g 3j
X
g4
=-0.79248
=~ —(.792
For both
s Al -0.792
45 =73 and 0.792
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

]
W] I

Mis the midpoint of line 5C, then

6422 11+4(-1)
w452 557

= (14,5)

Equation of perpendicular hisec tor of BC:
4
=—{l4)+C
3( )

1 4
=l-x-—.
Hence, y 3573

Since F lieson B then the x-coordinate of £ is

| 6.
When x=6,
1 2
=1—(6)-13—
¥ _3(5) 7
-
3

Hence the coordinates of F is [6, —%)

M1

1

IvI1

VIl

Al

0e.

For
substitutin
g x=0
into the
eguation
of
perpendic
ular
bisector.

oeg.

AQ2
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13(b)

10 6 22 6 0
Area=—
213 11 -1 -15 3

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

1 1
= —(254)- —(-318
2( ) 2( )

= 286 units’

M1

Al

A0l

13(¢c)

-9
0-6

18

=R

=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.

AQ3

9 MARKS
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14(3) ¥ 1 % 5 7 AOl
S I T A I R B1 forat
= least 3 out
: _ of 4
| = a Bl correctly
) plotted
> points.
7 /”"/ B1 for
e Bl correctly
f"’ plotted
| line that
connects
% at least 2
A : : s e points.
14(b) ¥_ Ax+ B AOl1
X
Gradient = 4 S
3
e 6 —3
7-1 Al
=0.5+£0.02
4 —intercept = B
X
B=2.5+0.025 B1
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
B1

graph is Yoy
X
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14(d)(ii) = AO1
M1 IM for the
line
Yok,
X
Hence, x=35. Al
9 MARKS
15(a) ]\ AO2
General Term of (r - _ZJ
"
_[ ) (__1?] M1
r X
6
- (_ 1)" x6- kh
,
6
— (_ l)r xd-l'
3
For term independent of x, r=2 M1
: 6 2 _6-6
Term mndependent of x = 5 (-1)*x
=15 Al
15(b)i | (2-3x)° AO1
5 5 5\ 4 1 5 3 2
=, |+ 1J(2) (-3x) +| | (32" +... M1
=32-240x+ 720 +... 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 - 2405 = 660
—240b = 660-720
1
b=~ Al
4
Comparing the coefficient of x:
¢ =-240a+32b
1
=-240(1)+32 [—)
4
=-232 Al
9 MARKS
THE END
PartnerinLearning

294

BP~296



