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tewr Thinking Process
In solving mathematical problems, we always work
backward. After indentifying our main target, we go
‘backward’ to look for the ‘easier’ targets until we are
able to solve the problems.
Thinking process reveals how the teacher actually goes
about solving a sum in the above-said manner.

.. Teachers Comments
It reveals the extra but relevant information which
is not required as part of the solutions but are
extremely useful in knowing how the solutions are
arrived.
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Topic 10

Mensuration

(J2011/P1/026)

The diagram shows a rectangle with length (2x+3) cm
and width (x—1)cm .
2x+3

x—1

(a) The area of the rectangle is 12 cm?.
Form an equation in x and show that it reduces to

2x2+x-15=0. [2]
(b) Solve 2x2+x—-15=0. [2]
(¢) Find the perimeter of the rectangle. [1]

Thinking Process

(a) # Use area =lengthxwidth.

(b) # Solve by grouping.
(c) To find the perimeter # substitute the value of x
found in (b) into length and width of the rectangle.

Solution
(a) Areaofrectangle =/xw
= 12=0Q2x+3)(x-1)
= 12=2x"+3x-2x-3
= 2x*+x-15=0 Shown.
(b) 2x +x-15=0
2x% +6x—-5x-15=0
2x(x+3)-5(x+3)=0
(x+3)2x-5)=0
= x=-3 or x:é

2
x=-3 or 2.5 Ans.

(¢) Using x=2.5 from part (b), we have,
length =2(2.5)+3=8 cm
width=2.5-1=15cm

perimeter = 2(/ + w)
=2(8+1.5)=19cm Ans.

(J2011/P2/Q2)

(a) The formula for the area of a trapezium is
A= %h(c +d).

(1) Find an expression for ¢ in terms of A, h
and d. [2]

(i) -

- 8 -

The diagram shows a trapezium with
dimensions given in centimetres.

The perpendicular distance between the
parallel lines is 4 cm.

The area of the trapezium is 22 cm?.

Find c. []

®)

26

32

In the diagram, the shaded area represents a rect-
angular picture frame.

The outer rectangle is 32 em by 20 cm.

The inner rectangle is 26 cm by 14 cm.

All measurements are given to the nearest
centimetre.

(1) Calculate the lower bound of the perimeter of
the outer rectangle. [2]

(i) Calculate the upper bound of the area of the
frame. [3]

Thinking Process

(a) (i) Make c¢ the subject of formula.

(i) To find ¢ # use the formula for the area of
a trapezium.

(b) (i) To find the lower bound of the perimeter &
find the lowest possible length and width &
subtract 0.5 cm from each of the length and
width of the rectangle.

(i) To find the greatest area of the frame # add
0.5 cm to the length and width of the outer
rectangle, and subtract 0.5 from length and
width of the inner rectangle.

Solution

@ () A:%h (+d)

24=h(c+d)
%:c+d
h
c:%—d Ans.
h
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3

(i) From (a) (1), c=%—d
=232 ¢
4
=11-8
=3cm Ans.

(b) () For outer rectangle,
least possible length =32 -0.5=31.5 cm
least possible width =20-0.5=19.5 cm
lower bound of the perimeter = 2(31.5+19.5)
=2(5D)
=102 cm Ans.
(ii) Upper bound of the area of the outer
rectangle = (32 +0.5)x (20 +0.5)
=32.5%20.5=666.25 cm”
Lower bound of the area of the inner
rectangle = (26— 0.5)x (14 -0.5)
=25.5x13.5=344.25 cm”
Upper bound of the area of the frame
=666.25-34425=322 cm® Ans.

Note that:

Upper bound or greatest area of the frame

= greatest area of the outer rectangle — least
area of the inner rectangle.

(J2011/P2/Q11)

[Volume of a cone = %nrzh]

——————

The solid above consists of a cone with base radius »
centimetres on top of a cylinder of radius » centimetres.
The height of the cylinder is twice the height of the cone.
The total height of the solid is H centimetres.
(a) Find an expression, in terms of  , » and H, for
the volume of the solid.
Give your answer in its simplest form. [3]
(b) It is given that » =10 and the height of the cone
is 15 cm.
(1) Show that the slant height of the cone is 18.0
cm, correct to one decimal place. [2]
(i1) Find the circumference of the base of the cone.

(2]

(ii1) Thecurved surface area of the cone can be made
into the shape of a sector of a circle with angle

6°. Show that 6 is 200, correct to the nearest

integer.
18\
-
1833
(2]
(iv) Hence, or otherwise, find the total surface
area of the solid. [3]

Thinking Process

(a) Volume of the solid = volume of cylinder + volume
of cone.
(b) (i) Apply pythagoras theorem.

(iiy Circumference =2axr .

(iiiy Circumference of the base of cone = arc length
of the sector.

(iv) To find the total surface area # find the areas
of the circular base, the curved surface of
cylinder and the curved suface area of the
cone.

Solution

(a) Let height of the cone = / cm.
= height of cylinder =24 cm

 h+2h=H = h=%H
Volume of solid
=z’ (2h) + %72’}"2/’1
=2xr*h+ %72’}"2/’1

= 172'}"2/’1

7 51
=—nr'(=H
3 (3 )

7
=§7rr2H cm’  Ans.

(b) (i) Applying pythagoras theorem,

slant height

= J(10)* +(15)°
=325
=18.02

~18.0cm Shown.

(i1) Circumference = 27zr
=2x 2 x10
7
=62.8574
~62.9cm Ans.
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(i) Arc length of sector = circumference of the
base of cone

o
—x27(18)=2x(10
360 18 10)

o
—=20
10
6=200° Shown.

(iv) Total surface area
=71t +27zrh + 7l
= 7(10)* +27(10)30) + 7(10)(18)
=1007 + 600z +1807
=8807
=2764.96 ~2765 cm®  Ams.

4 (N2011/P2/Q3)

(a)

Diagram I

Diagram I shows one large circle and five

identical small circles.

Each of the five radii shown is a tangent to two

of the small circles.

(1) Describe the symmetry of the diagram. [1]

(i1) The radius of the large circle is R centimetres
and the radius ofeach small circle is» centimetres.
Each small circle is equal in area to the shaded

region.
Find R?:s% [3]
(®)
Diagram II

Diagram II shows the same large circle and arcs
of the same small circles as in Diagram L
C is the centre of one of the small circles.

This circle touches the adjacent circles at 4 and B.
O is the centre of the large circle.

(i) Show that reflex ACB =252°. 2]
(i) The perimeter of the shaded region is kzr
centimetres. Calculate the value of %. [2]

Thinking Process

(a)

(b)

(i) Understand the definition of line symmetry and
rotational symmetry.

(iiy Find the area of the shaded region. Use the
given condition to find the required ratio.

(i) To find the reflex ZACB # find the interior
angles of the quadrilateral OACB.

(i) To find k # find the perimeter of the shaded
region. Compare it with the given perimeter.

Solution

(a)

®)

(1) The figure has 1 line of symmetry.
(i) Area of one small circle = 772

The large circle is divided into 5 equal
sectors, one of which is shaded.

1
area of one sector = gﬂ'R2

area of small circle = area of the shaded

region
1
7l =—xR? — 2t
5
1 2
—7R™ =27r
5
R* 10
R=10"* = —=—
r? 1

R*:#* =10:1 Ans.
® A53=%=72°

0AC = OBC =90°

OA is tangent L to radius AC through

point of contact 4.
In quadriteral OACB,
OAC + ACB + OBC + AOB =360°
90° + ACB +90° +72° = 360°
ACB =360° —90° —90° — 72°
=108°
reflex ACB = 360° —108°
=252°

Shown.

o

(i) Length of arc ACB = §52

X 27r = —7r
0° 5

Total length of 5 arcs = 5(%727) =Tzr

perimeter of the shaded region = kzr
= Tzr=kar
= k=7 Ans.
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Topic 17

Vectors in Two Dimensions

X is the midpoint of CD and Y is the point on

AB such that AY:YB is 3:1.

(1) How many lines of symmetry does
ABCDEF have? [1]

(i) Express, as simply as possible, in terms of
one or more of the vectors p, q and r,

1 (J2011/P1/Q5)

o) L

(a) Calculate 2c—d.
(b) Calculate |d|.

Thinking Process

(a) Perform the required calculation.
(b) Use |a|=yx®+y? , where a=(;)

Solution

@ 2-a=sJ)-( )
(6 8
“l4)7 -6
-2
=(10j Ans.
(b) |d]=+(®) +(-6)

=J64+36

=100
=10 Ans.

2 (J2011/P2/Q7)

@ EA, [1]
®) FC, [
© FY, [1]
@ ¥X. [1]
(b)
P
@ 140°
m R
(1]
T S
PQORSTU is a similar hexagon to ABCDEF.
UPS =95° and POR = 140°.
Find
Gy OPs, [1]
(i) PSR. [
Gii) PUT. (1]

Thinking Process
(@) (i)

(i) (a) EA=EF +F

Understand the definition of line symmetry.

— — —

5
(b) FC=FE+ED+D

(c) FY=FA+AY. Note that AY. _3
SEATAT YB~1

— —
(d) Find YB, CX and then perform vector
addition.

(a)

o

E 2'p D

In the diagram, ABCDEF is a hexagon with
rotational symmetry of order 2.

=

— —
ED=2p, EF=q and AF =r.

(b) (i) Note that ~UPQ=~/PQR.
(i) «PSR=«SPU (alternats Zs).
(iiiy Apply, sum of angles in a quadrilateral.
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Solution
(a) (i) Lines of symmetry = 2 Ans.

. — — —>
(1) () EA=EF+FA
=q-r Ans.

- -
(b)y CD=AF =r

— —> — —
FC=FE +ED + D
=—q+2p-r Ans.
N
AY _3
(C) T:T
YB
- — —>
= g=% = Y=%AB
AB
— — —
FY=FA+4
3 -
=-r+=>A48
T+
S
=-r+3(2p)
=—r+%p Ans.

— 17 — — — 1.2
(d) ¥B=7AB. BC=FE. CX=3CD
— — — —
YX =YB+BC +CX
Lk + 15 + Lch
= AB +FE +5
=Lop) (- +1m
4 2

S S
=5P q+2r Ans.

(b) () UPQ=POR=140° (interior £s)
OPS =140°-95°=45° Ans.

(i1) PSR =SPU =95° (alternate £s) Ans.

(i) 78P = Q]ADS =45° (alternate £s)
In quadrilateral PSTU,
UPS + PUT +UTS + TSP =360°
95° + PUT +140° + 45° = 360°
PUT =360° - 280°
=80° Ans.

3

(N2011/P1/Q28)

B

C D

In the diagram, F'is the point on AB where AF = %AB.
E is the midpoint of AC.

— —
AF =pand 4AE =q.

(a) Express, in terms of p and q,

N
() FE, (1]
. -
(i) BC. (1]
(b) D is the point on BC produced such that
BD =kBC.

N

(1) Express FD in terms of &, p and q. [1]

(i) Given that F, £ and D are collinear, find
the value of k. [2]

Thinking Process
(@) () FE=FA+AE
(i) BC=BA+ AC

—> —>

(b) () FD=FB+B

(i) Express FE as hFD since F, E, and D
are collinear. Find the value of h and
subsequently find k.

Solution

. — — —
(@ (i) FE=FA+A4E
=q-p Ans
» —> 1 — —
(i1) AF=EAB = AB=4A4F =4p
—> —
AC =2A4F =2q
— — —
BC =BA+ AC
=—4p+2q Ans.
. — — —
(b) () FD=FB+BD

N
=3p+kBC
=3p+k(-4p+2q)
=3p-4kp+2kq
=p(3-4k)+2kq Ans.
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(i) Since F, E and D are collinear,
}ij = h}?D, where / is a constant.
= q-p= h(p(3—4k)+2kq)
—p+q=hpB-4k)+2hiq
comparing coefficients of p and q,
-1=h(3-4k) =
1=2hk = k= % ............ @)
substitute (2) into (1)
=3k 4h(ﬁ)
-1=3h-2
3h=1

h:§

substitute 4 = % into (2)

k:—l = k:i or

1.5 Ans.
2 2

4 (J2012/P2/Q7)

-1=3h-4hk ...

OAB is a triangle and OBDC is a rectangle where OD

and BC intersect at K.

I is the point on CD such that CF =%CD.

— — —
OA=a, OB=>b and OC =c.

o

C I

D

(a) Express, as simply as possible, in terms of one

or more of the vectors a, b and c,
. —
(i) 4B,
.. i
(i) OF,
(u1) EF.
3

N
(b) G is the point on AB such that OG ==a+=b.

5

BN
(i) Express AG in terms of a and b.

Give your answer as simply as possible.
(i) Find AG : GB.

N
(ii1) Express FG in terms of a, b and c.

(1]
(1]

(2]

2
5

(1]
(1]

Give your answer as simply as possible.

(2]

Thinking Process

— — —
iy AB=0B-OA
— 1 — —
(i) OE=1oD # find O
— — — —

(i) EF=EO+0OC+C

— —

(b) (i) AG = 0G - OA

(i) To find the ratio # express AG and BG in
terms of AB.

N
(i) To find FG # perform vector addition.

Solution

@ () AB=OB-04

=b-a Ans.

=

(i) OF =

=

1
EO

1 — —
=§(0C+CD)
:%(c+b) Ans.

— — — —
(iii) EF = EO+OC +CF

— — 3 7
=EO+OC+ZCD
1 3
= 2(c+b)+c+4b
1.1 3
= 2c 2b+c+4b

1, 1

= Zb + Ec Ans.

®) () AG=0G-04

23,402
—5a+5b a

_24.2
=5b-32

- %(b —a) Ans.

Giy AG = Zb-w

=24B

d 3 -
= GB:;AB

AG:GB=2:3 Ans.

— — — — —
(ili) FG = FC+CO+04+ AG
— — —

3 -
= _ZCD+ CO+04+ A4

—_3p- 2 2
= 4b c+a+5b 5a

“3a-Tp_
—Sa 20b ¢ Ans.
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Topic 18

Statistics

1 (J2012/P2/Q5)

(a) The cumulative frequency graph shows the distri-
bution of the lengths of 60 leaves.

Cumulative frequency

(b) The distribution of the widths of these leaves is
shown in the table below.

Width (wem)| 3<w<4|4<w<5|5<w<6|6<wsT

Frequency 4 15 20 13

T<w<8|8<w<9

5 3

(1) Calculate an estimate of the mean width.
(3]

(i) Calculate the percentage of leaves with a
width of more than 6 cm. [2]

Thinking Process

(a) (i) To complete the table # use the relationship

between frequency and cumulative frequency.

(i) # Find 50% of total frequency and read the
corresponding value for the length.

(i) # Read 75% of frequency and 25% of fre-
quency. Subfract.

(iv) From graph, find the number of leaves that
have length more than 7.5 cm. Express them
as a fraction of total leaves.

() (i) Mean=% # use the mid-class width

from each category in the computation.

(iiy Express the number of leaves that have widths
greater than 6 cm as a percentage of total
frequency.

Solution

(a) (i) From graph, the cumulative frequencies are:

Length((em)| 5<1<6 |6<1<7|7<I<8|8<1<9 [9<I<10

Cumulative

6 24 49 58 60
frequency

forclass 7 <I/<8, frequency =49-24

6 7 8 9 10
Length (cm)

(1) Complete the table to show the distribution
of the lengths of the leaves.

Length((em)|5<1<6 |6<1<7|7<I<8 |8<1<9 |9<I<10

Frequency 6 18 2

(1]
(i) Use the graph to estimate the median. [1]
(ii1) Use the graph to estimate the interquartile
range. 2]
(iv) One of these leaves is chosen at random.
Estimate the probability that it has a length of
more than 7.5 cm. 2]

=25 Ans.

forclass 8 </<9, frequency=58-49
=9 Ans.



‘0O’ Mathematics (Topical)

Topic 18 Siatistics > Page 2

Cumulative frequency

(ii) Medianlength=7.2 cm Ans.

2

(N2012/P1/Q9)

The number of goals scored by some football teams
during one weekend was recorded.
The table shows the results.

Number of goals scored| 0 1 2 3 4

g

LnIEiupper quar‘fi]e%

45 =3 Number of teams X 1 5 4 2
40 / (a) If the mode is 0, find the smallest possible value
3 / of x. [1]
? : i / (b) If the median is 1, find the value of x. [1]
sodnis —med;an ’/

Thinking Process
254
> (a) Since mode is 0, the value of x must be greater
20 then the highest frequency of x.

lower quartile

0 : \ AR 4 A 4
5 6 7 8
Length (cm)
(ii1) Interquartile range
= upper quartile — lower quartile
=78-6.6=12cm Ans.

(iv) Number of leaves with length of more

than 7.5 cm = 60 —-38 =22
22 11

P(length >7.5cm) = =30 Ans.
by G
®) Width | Midpoint| Frequency fx
(w cm) (%) )
3<w<4 3.5 4 14
4<w<s 4.5 15 67.5
5<w<6 5.5 20 110
6<w<7 6.5 13 84.5
T<w<8 7.5 5 375
8<w<9 8.5 3 255
S f=60 |3 fx=339
Mean width = 2/
hIA
339 _
=0 =565cm Ans.

(i) Number of leaves with a width of more

than6 ecm =13+5+3=21

21 _ 230
a0 x100=35% Ans.

(b) # Remember that the median is the data in the
middle position.

Solution
(a) Smallest possible value of x=6 Ans.
(b) x=11 Ans.

3 (N2012/P2/06)
The heights of 150 children are measured.
The results are summarised in the table.
Height 3, _ /<140 [140 < h <150 | 150 <h <155
(hem)
Frequency 10 30 20

155<h<160 |160<A <170 (170 <A <190

30 35 25

(a) Calculate an estimate of the mean height. [3]

(b) (i) One child is chosen at random.

Find the probability that this child has a height
greater than 160 cm. [1]

(i) Two children are chosen at random without
replacement.
Find the probability that the height of one
child is greater than 160 cm and the height
of the other is 150 cm or less. [2]
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(¢) Complete the histogram to represent the
information in the table.
A
6
5
2
z2 4
3
g 3
Q
g
= 2
1
0 -
130 140 150 160 170 180 190
Height (Acm)
(3]
INKIN rocess il o. of children with height cm or less
Thinking P (i) No. of children with height 150 1
=10+30=40
_Sfx
(@) # Mean= Sf P(ht. of one child is > 160 cm and ht. of other
(b) (i) Express the number of children with height s 150 loss) = (ﬂ ﬂ) (ﬂ ﬂ)
greater than 160 cm as a fraction of total ' om or less) 150 X 149 * 150 X 149
number of children. 32
(i) 2 x P(more than 160 cm) x P(150 cm or less). =149 Ans.
(c) Note that the distribution is of unequal widths. Find
the width of each interval and hence frequency
density of each interval. ©
. . . Frequency
Solution Height (4 cm)| Width | Frequency density
@) 130<h<140 | 10 10 =1
height Midpoint | Frequency 30 _5
(1 om) () s fx 140<h<150 | 10 30 70
130<h<140| 135 10 1350 150<h<155| 5 20 Dy
140 </ <150 145 30 4350 30
150<h<155| 152.5 20 3050 155<h<160 | 5 30 5 =6
155<h<160 | 1575 30 4725 35
< 2==35
160</i<170 | 165 35 5775 160<A <1701 10 33| T
170<h<190 | 180 25 4500 170<h<190 | 20 25 2125
S F=150 |3 fx=23750
Mean height = LA A
> 6
23750 _
=S5 =15833 5
~158 cm Ans. z
a2 4
Q
(b) () No. of children with i
Q
height greater than g 3
160 cm =35+ 25 = 60 g
B 2
P(ht. of child >160 cm)
1
_060_2
=150= 5 Ans.
0 gt
130 140 150 160 170 180 190

Height (Acm)
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