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C-ongruent Figures and Objects

Look at thc picture of the two cars in Fig. L-L Is there any differcnce between them?

[ie. l.]

Thc two c:rfs have different colours and their posilions in this textbook are different But they have

exaclly the same shape ard size. The two caIS are said to bc congruent lfyou move the pictures of the

two cars logether, they will overlep exactly.

T\Yo figur€s or objects are congruent if they have exactly the same shape and sit€.
They need not be identical: th€y can have different colours or textures.

The hvo quadrilaterals shown in Fig. l .2 have equal areas but not the same shape. They are thus

nol congruenl

Canlou d.a\, lro sta*ht
linet th..4h o squnr?
h diride it nto hut
(.ngruent qua.hil.tu als
whi.h dr. 4ot paralt.'
lotrans al atlj' kindl
Nate that \quar.t and
te. tanale! .re pamr?



The two regular hexagons shown in Fig. 1.3 have the same shape. However, they do not have the same
size. They are thus not congruent. We say that the two hexagons are similar.

Fig. J.3

The concept of congruence is not rcstricted to the study of geometly. It plays an important pan in everyday
living too. We may be able to buy a refill for our pen when the ink runs dry. We are able to replace a wom-
out parl of a car with a new one of "the same part number". The blocks used in the construction of
building toys arc standard in size. The medium-sized diapers of a certaiD brand are all "alike". In each of
these examples, the idea of "sameness of sjze and shape" comes in, and mathematically, we call this
notlon congruence.

Can you identify any congruent figules or objects in your classroom or school? Make a list of these
congruent l-igures or objects by drawing or taking photos of them. Then share your findings with your
classmates.



Which shapes in Fil. 1.4 are congruent? WhJ?

fxamPte r

Ft8.11

A, B, C anal D are congruent because they have the same shape and the same srze

In fact B can be obtained from A by translation, i.e. by moving A to ihe ight 15 units and down 2 units

C can be obtained from A by a rotation.

D can be obtained from A by a reflection.

E does not have the same shape as any of A - J, so it is not congruent to the ofl1ers'

4 II anal I are congruent because they have the same shape and the same size

G has the same shape as F but it has a alifferent size, so F and G arc not cong ent ln fact' F and G

are similar.

J does not have the same sbape as the other triangles, so it is not congnent to any of ihe other triangles'



From the above example, we know that translating, rctating and reflecting a
shape or an object will resuft in an image that is congruent to the original
shape or object.

4VW.Tltli)t&w
Place your left shoe in front of a minor Its image under reflection is exactly
the same as your right shoe. Butdo your left and right shoes have exactly the
same shape? Ifso, why can't you wear your left shoe on your dght foot?

Fig. I.5 shows two congruent quadilaterals,4BC, and. A'BC'D'.'the vertex A
corresponds to the vertex A'because they have the same angle. Similarly, the
cor.esponding vefiices for B, C and D Ne B', C'and D'rcspectively.

Atthaqh Fb lia FE,1.4
are all ijdnSrtot in
shap., not all tri4qles

B'

FiA,1,J

The symbol = means "is cong ent to". So, in Fig. 1.5,

ABCD =AtsCD'.

Notice that the vertices ot' A ? ,C,.must 
be written in the same corresponding

order of the vedices of ABCD:

ABCD = A,B,C,D,

If is all ight to write BCDA= BCDA'becaDse the coresponding vettices
slill march. Is it all dght Io \wite CDAB = cDAts' ot DACB = D'A'B'C'?

In Fig. 1.5, the side A, co esponds to the side At'. Similarly, rhe
corresponding sides for AB, BC and. CD 

^reA'Bl 
B'C'and C?' respectively.

It is obvious that the coresponding sides and angles ofcongnent figures are
equal.



f"u-n,",
Giren that ABCD = WXYZ complete the follouting :

Fig.1.6

(a)

(b)

(d)

ABC = llXY =

AD=

gM
It rnay be helpful to \trite the conesponding veldces in this way:

AeW
B <)X
CeY
DeZ

@) ,qhc = wiv = eo"

b) BeD = x?z = 60"

(c) AD =WZ =2cm
(d) AB =IlX=4cm

(X €8, Y EC, Z ED)
(AeW D e4
(weA,XeB,



fxamplel
Are the follawing pairs offig res congruent to each other? IJ so, explainwh!
and write down the statement of congruence. If not, explnin whJ.

(4,

(c)

3.39 ctrr 3.39 cm

Fis. 1.7



(a) First, identiry the conesponding vertices by comparhg the size of the angles:

A erP (because,4=F=60)
BeC OecauseB=q=70")
C e)R OecauseC=R=50')

Then, wdte proper statements using the above conesponding vefiices:

BAC = QFR=60' Nonce ft€ vertices re rn order)

tbc=pan=n"
ACB=PRQ=sO'
AB = PQ = 3 cm (Notice the vertices de in order)

BC = eR =3.39 cm

AC = pR = 3.68 cm

. . the two triangles have the same shape and size and so AABC = APOR.

(b) Ftust, find the last angle in each of the tliangles:

2 = rso' 60', ro'= ao'
D = rso. ao.-+0.=oo'

Then, rdentify two correspo[dhg vefiices by comparing the size of the angles:

Xi)t (becauseX = E = 80')

r e, (because I =, = ou")

Z<+F (becarse2=F=40')

Then, we write proper statements using the above coresponding vertices:

v*z=oir=so"
xiz=Bbp=a"
x2Y = ai;o =qo"
XY=ED=4cm
XZ = EF = 5.39 cm

W = DF =6.13 cm

.. the two triangles have the same shape ald size a1td. so LXW = AEDF.

(c) In ll/ urt. fi - L' = Itu rba\e i s o rcos

F=180' 80'-80"=20'.

. . AFGII does not have any right angle to corespond to that in 4,43C

.. AFCIJ does not have the same shape as AA-BC and so it is not congruent to 4,4-BC.



l

f'u-nr.o
In the diagram, AABC = I:CED. Giren that BAC = 20", CDE = 60",
AB = 8.8 cm and CD = 10 cm,liwl

(a) ECD,
(b) ECB,
(c) ABC,
(d) the length ofAC,
(e) the le gth o.fAE. 

A

What can you say about the Ii esABa dCD?

Since AABC = ACED, it may be helpful to rrile the corresponding vertices
in this way:

A<+C
BeE
CeD

@\ EeD = BAc (EeB,ceA,Dec)
= 20'

h) ECB = AtB fThis angle acrually belongs lo ABC see the figure)

=CDE (A eC, C e, D, B e D.
= 600

(c) A6c= 180' BAc AeB (z slmora)

= 180'- 20' 60'
= 100'

(d) AC =CD (AeC,C {'D)
=l0cm

(e) EC=BA (E€B,CeA\
= 8.8 cm

.. AE =AC EC= 10cm-8.8cm= l.2cm.

Since BAC = EeD = 2o', then,43 is parallel to CD. (altemate angles)

i

I

Fi8. 1-8
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I

Tessellations arc beautifirl pattems formed by congruent figwes.

There are no gaps between tlle congruent figures. Look around you to see if therc are any such tessellations,
e.g. floor tiles, cutain prints and wall paper designs. You may want to search the inte ret to see art
fomed by t€ssellation of congruent figures. Try designing your own art using tessellation of congruent
figurcs. You can colour it to make it more atftactive! Then display your work on your class notice board.

i,riji!ffi r | | I r I I r r r I I ffirdrffi , r r r r,, I r r I r wlrl
1. Study the figures carcfully and name the pails that are congruent.

(b)

I

(0(e)(d)(c)(4,

0)(k)0)

WAP \t
(i)

Y,fl
vi,l
iijil

lfih.

(h.)

VF4



4.t Ci\enthat ABCD - PQRS. copy and complete
the following:

In the diagFm below, ABCD = LMNO.
Write down the missing measuements.

(4,

(b)

(c)

(d)

te,

QR=
PQR

=6cm

3, In the diagram below, PQRST = \\lD<yZ.

Are the followirg pails of figues congruent
to each other? If so, explain why and write
down the statement of congruence, If not,
explain why.

(4,

3.5 cn

a

Copy and complete the following:

(^) PQ=VW=-clll
(b\ Pr=
(c) 8n=
(d) 7s=
(e) SR=

--2cm

cm

2cnj.

3.5 cn

(f) PQR =



(b) 7, In the diagram, AABC and LCHK are

congruent. Given that AB = ^14 
cm'

AC = 78 crn, HK = 21 cm' BAC = HCK= ll4'
and,4,ec = 38o, find

@) ckH,
(b) the length ofKB.
What can you say about the lines AC and Htr?

E. In the diagram, AABC is an isosceles triangle

uhere AB - AC, BC = l2 cm and ABK = 58"

Oi\en lhal 4,4,BK and A,4CH are congruen

and Afc = 9o', find
(a) the length of CIt,
(b) BAH.

(c,

6. ln tbe diagram. AABK and LACK are

coosruent. Giveo lhal Aa = l7 cm'

CX I g cm,,a,(C = sO'and ABK = 62'. Iind

@\ BAC,
(b) tlle length ofBC.



Similar Figures and Objects

Fig. 1.10 (a) shows three mugs which look alike but are of different sizes.

Fig. 1.10 (b) shows three photogmphs which look alike but afe of different sizes.

Fi8. t.ta k)

FiE. LI0 (b)

Figures or objects that hale the same shape but not necessadly the same size are said to be similar. \\then
we think of the concept of similarity, many everyday situations come to our mind. For example, a road

map, the plan of a house, a photograph, a magnifying glass, an overhead prcjector, a telescope. a microscope

and a toy plane that is a scale model of a full-sized plane are all illustrations of the concept of similarity.

TVo figures or objects are similar if they have exactly the same shape

but not nec€ssarily the same size. If they have exacdy the same shape

and siz€, th€n they are congruenl

Congruence is a special case of similarity.



The hexagon in Fig L l lfa) increase. in \ize wirhout changing ils shape.

ta)

Fis.l.II

1. Measure the following angles:

\q A. A' @ E.b'
@ b. b' st F.L'
What do you notice about their sizes?

2. Measure the following sides:

(a) AB, Ats' (b) BC, BC'
(d) DE, DE' (e\ EF, EF'

3. Find the values of the following ratios:

A' B, ^ B.C' C' D'la) lDt tctAB BC AB

Wrat do you notice about their values?

@) 2:!:
DE

rcl d.6'
ro F,F'

(c\ CD, CD'
(f) FA, FA'

(e) 1
EF

(fl ] j

Frcm the above Bxploration, we can conclude that if two figures are similar then the corespondhg
anSles arc the same and the length of each side is incleased by the same factor, i.e.,

A'B' B'C' C'D' D'L' L't' F'4'
= /(. \4nere kN a conslanl.AB BC CD DE EF FA

i

I



(4, Fig. 1.12 shows two reclangles.
(i) 4re all the conesponding anglos equall
(ii) Are all the ratios ofthe corresponding sides equal?
(iii) Are the two rcctangles similar?

FiB. Ll2

Fig. 1.13 shows a square and a rhombus.
(i) Measue the length of the square and the lenglh of the rhombus. Are all the ralios of the

conesponding sides equal?
(ii) Are all the coresponding angles equal1,
(iii) Are the two quadrilaterals similar?

Lig. L13

(c) Fig. 1.14 shows two ftiangles.
(i) Measure all the angles. Are all the corresponding angles equal?
(ii) Measue the length of all the sides. Are all the mtios of the coresponding sides equal?
(iii) Are the two trian8les similar? y

(b)

"[*1"

"L--J

ZX
Fig. Ll4

(iv) Can you find two triangles which have equal corresponding angles but still not similar?
(v) Can you find two triangles which have equal ratios of corresponding sides but still not similar?



ln conciusion.

(1) if two triangles have equal corresponding angles or equal ratios ofcoresponding sides'

they are similar;

(2) if two polygons with four or more sides have equal coresponding angles or equal ratios of

coresponding sides, they may or may not be similar'

For polygons with four ol more sides, the following conditions must be true befbre lve can

conclude that the polygons are similar'
(i) All the corresponding angles are equal, and

(ii) all the mtios of the coresponding sides are equal'

>S"ample 5

Given that LABC is simitar to LPQR, rtnl tlrc unknowns in the rtqure '

W*
0 5em

Fis.l.l5

Since it is given lhat "AABC is similar to APo]R", then the corespondmg

veftices or angles are in order:
AEP
Be8
c('R

Since AAAC and APOR are similar' then all the ratios of the correspondmg

sides are equal.

AR...- = -. lBe a,r ex.^<)rl
OR PQ

'7.5

... x =::! t 3.2 = 4.8.
5

Since AABC and APOR are similar' then all the coresponding angles are

equal.
... y = QFn = aAc (Q <-+ B, P eA' R eq

Therc lr no nanddrtl
rot dtio n fo I x i t nikrrr' D.
not ue 

= l.t sinitdil.\'
beduse tune .ot tres
use thir s!"1b.1 .for
..nstltit.! tu \|e jrn
nit. 1\4BC mtl APQR



#a-pt"o
Quadrilateral ABCD is similar to quadrilateral PoRS. Find the unknowns in
the fisure.

Fi8.1.16

Since,4SCD and PoRS are similar, then A ft P
BeQ

. CeR
D(+S

... ,=neo = QRs (con angles arc equal)

= 60.

.'. y = gFs =nAo (corr. angles arc equal)

= 100"

BC AB

QR P8

.k4
5.4 3

.. k=- xl.4= 1.2
3

PS PQ

AD AB

(ratios of corl. sides ate equal)

(ratios of con sides are equal)

.23

4

lr I



i,iltsffi rrrrrrrrrr gm*€ rrtlnlnttreFijrir,

1, In each of the following tdangles, A.4JC is
similar to APoR. Find the untnowns in the
figures.

(a)

"\'t-^N \\\ >^- H:__\*o- 3,

t-l

iltl
'5;-

trr)
I

I

' 8"--

(b)

(b)

.'1
B h yxc R^35" 'l,o

Calculale lhe unlnoun lenglhs of the rwo
similar water botdes shown below

(c)

'"2 -{{offP

2. In each of the following cases, quadrilateral
A,BCD is similar to quaddlateral PORS. Find
the unknowns ln the figures.

(al

Calculate lhe unknouns marked in the two
similar toy houses shown belou

120 cn

1,2 cm

B



Similarily and Enlargement

Fig. 1.17 shows two similar triangles ABC and. A'B'C'. LA'B'C' is
enlargement of AABC. We say that AABC is mapped onto L\A'B'C'by

enlargement with centre o and scale factor 9{.
oA c'

Fis. t.t 7

There are many examples oI enlargement in our surroundings. An example is
the enlargement of a photograph. Also, when your teacher uses an overhead
prcjector to project a piclure onaransparency, he is enlarging the picture. Are
the picture and its projected image similar?

an
an

Use Fig. 1.17 to

(a) Find the ratios

Draw a ttutgle NIC luch
thdtAD -Im,Bc -6."1
aad AC = 4 M. BJ using
enlatSenans,.on$tu.t a
square PORS insid. th.
ttu 912:uththat PQit n
AR, R o, AC atul S DIAC.

An enlaryehent *ith a
scok Ja.tot betwen0 atut
I will rcsttu it d snalq
inaqc, Btun n s,il.alle.l
4n enttrgentent tn

answer the following questions.

, ffi . ffi'^a orOe 
ot 

^easuring 
the apprcpriate lengths.

What do you notice? What is the scale factor of the enlaqement?

{br I ind the ralios ofcorresponding 'i0.. jf . 8r!'""a rfil me.,.r'ring
the appropiale lengths.
(i) What do you notice?
(ii) What can you say about the ratios ofthe corresponding sides nnd the

scale factor of the enlargement?
(iii)What can you say about AMC and its enlarged image AA ? ,C ? Why?

(c) What do you think will happen if AABC undergoes an enlargement

I

witb centre O and scale factor ;?

(d) What do you think will happen if AABC undergoes an enlargement with
centre O and scale factor I ?



$amPtez
In Fig. 1.18, AP?R is mapped onto APQ'R'b, an e larqement ruith

centte P anil scale lactor 2. If PQ = 4 cm' PR = 5 cm, Jind the length of
PQ' and PR'.

AP0R is similar to APg?'under enlaryement.

''' ?6=fr=2 (s"ult taclot)

i.e.i=2

and?=2

:. Pd =8cm

and PR' = 10 cm



Similarif and Scale Drawings

In our daily activities, we sometimes ne€d to enlarge or rcduce pictues or alrawings of actual objects.
For example, if we wish to dftw a plan of a badminton court in order to explait the rules of the game,
we need to make our dmwing very much smaller on paper or on a whiteboard. If we wish to show a
diagram of the apparatus used for the preparation of oxygen, we can enlarge the diagmm with the use
of an overhead Daoiector.

3.75 cn

3.5 cm 1.5 cm I cm 1.5 cm

Fi8.1.19

Fig. 1.19 shows the floor plan of a tenace house. It is similar to the actual floor of the house. The

dimensions of the plan are propotional to the corespondiDg actual dimensions of the house. Fig. 1.19

has been drawn to a scale of I cm to 2 m, i.e., 1 cm on the plan represents 2 m on actual ground. From
Fig. 1.19, we find the following:

(a) The length of the living room is 3.5 x 2 m = 7 m and its width is 1.5 x 2 m = 3 m.

(b) The area of bedroom 1 is 1.5 cm x 2 cm on the plan.
Hence, actual area = (1.5 x 2) m x (2 x 2) m = 12 m'?.

(c) The area of the living rcom = (1.5 x 2) m x (3.5 x 2) m = 21 m'1.

(d) The total area of the house = (3 x 2) m x (7.5 x 2) n = 90 m'z.

Sxamptes
The scale of a buiMing pldn is 1 cm to 50 cm. Find (a) the actual length oJ one
o.f the bedroons if it is represented by a lzngth of 9.2 cm and (b) the length
on the plan that represetts an actual kngth of 28 m.

LivinsRoom I Dininc



(a) Plan
lcm
9.2cm 

-

Actual
50 cm 

-i.e. 0.5 m 
-lm

28m

01020
Scalel:1040004

Actual
50 cm (scale)

50 cm x 9.2

= 460 cm

=4.6m

.'. the actual length is 4.6 m.

(b) Plan
1 cm (scale)

lcm
t^

05'"'---"'
2 cfix2E
=56cm

.. the length on the plan is 56 cm.

Scales on Maps

Maps are scale dmwings of actual land. The scale of a map is usually given at

a comer of the map. There are several ways of reprcsenting the scale of a map.

For example, on a map of Singapore, the following scale may be given:

There are tlvo ways to read the scale, Use your ruler to measure the length
ftom 0 to 10 km and you will find that it is actually 1 cm. So 1 cm reprcsents

I 0 km. This is the same as the scale I : 1 000 000. When a scale is given in this
form, it means you must use the same units on both sides, i.e.
1 m : I 000 000 m, or 1 km : I 000 000 km, or 1 cm : I 000 000 cm = 10 km,
so 1 cm represents 10 km.

The scale of I : I 000 000 cen also be expressed as a representative fraction

lr
(R.F I of 1000 000. For e\ample. if lhe R.F. ir 

)00. 
the scale wil I be I : 200

When we use R.F,, the numerator must always be 1 ,

l



Sxample I
A map has a scak oJ I cm to 3 km.

(a) What length on actual ro nd does a 3-cm length on the map represent?
(b) What lengthwill represe t7.5 kmonthe map?
(c)What is the R. F. ofthe tu)p?

(a) Map Actual
lcm + 3 km (scale)
3cm + 3kmx3

=9km

. . a 3-cm length on the map represents 9 kn on actual ground.

(b) Actual
3km ..............*

lkm +

7.5 km 
-

Map
I cm (scale)

I
;cm
I

. . 2.5 cm wiII represent 7.5 km.

(c) 3 km = 300 000 cln

I
i.e. the R.F. of the map is 300000.

.. the scale is 1 : 300 000.



Using tho scale of a map, we can also find the actual area of a site ftom its

area;n the map. For example, if the scale of a map is 1 cm to 2 km' then

t cm'? on the mao will represent (2 km)'? = 4 km'?(see Fig 1 20)'

E
Fis. l.2O

Sxample 10

A scale of 2 cm to I km is used for a nap-

!a) A Dicrc of tand hat an area of 8 cm) on rhe nap what ir ils adual areo:

1bi1 A pond has an actuat area of 50 000 n1. what it i6 arca on lhe nap:

The scale of the map is 2 cm to 1km 
^

So (2 cm)? = + cm'?witl represent (1 km)'? = 1 km']

Actual
--------- tkn?

"8> lkm'x;

=2knl

.. the actual area is 2 km'?.

(a) Map

8 cm'?

(b) Actual
l krr? 

-

1000000m'? -.-

50000 m'z +

Map

4 cmt

, 50 000
4 cm- x iao6I66

= 0.2 cn]

.. the area of the po d on the map is 0.2 cm''



ri1i:iffi ll||tlrttrlr ffirdffi ,r,r,rrtrrttG6ii:i;,

In the figue below, 4/3C is mapped onto
A,4-8 C'by an enlargement with centre A and
scale factor 3.IfAB = 3 cmatdBC'=72cm,
find the length of,43'and BC.

2. In tle figure below, AXYZ is mapped onto
AX'Y'Z'by an enlaryefircnt with cente O and
scale factor 2.5. If OX = 3 cm, Xy = 4 cm and
Y z' = 8.7 5 cm, frJ'd, the length of OX' , X' Y'
andYZ.

Z

1. 4. ln the figure below, Aa.t4N is mapped onto
AL'MN'by an enlargement with centle O

I
and scale faclor -. lf OL = 6 cm and

2

OM' = 3.5 cm, find the lengths of Ol'
ar\d OM.

The diagram below shows the floor plan of a
flat.
The scale is I cm to 1.5 m.
Find the actual
(a) dimensions and area of bedroom l;
(b) dimensions and area of the kitchen;
(c) total area of the flaL

In the figure below, APoRS is mapped onto
P' @'X'S' by an enlargement with centre O
and scale factor &.

(a.) If OP = 8 cm and PP'= 8 cm, find the
scale factor i,

(b) If OO = 4 cm and RR'= 5 cm, find the
length of OQ' 

^nd 
OR'. 2.m

2.5 cm

,--;oo



6. A scalemodel ofahouse is made to a scale ol
lcmto3m.
(a) Given that the tength of the model is

12 cm. calculate the actual length of the

house.
(b) lf the actual width of the house is 12 m'

calculate the width of the model'

7. On a scale driiwing, the tength of a ship is

45 cm. The actual length of the ship is 90 m'

What is the scale used! Ii the width of lhe

ship is 25 m, what is its width on the scale

drawingl

8. A model ofatower is made to a scale of I cm

to 0.5 m. If the heigbt of the tower on the

nodel is 84 cm, find the hcight of thc tower

on another model made to a scale of I cm to

2m.

9. Make a scale drawing of a rectangular school

hal1 which is 50 m long and 30 m wide using

ascalc of 1 cm to 5 m UseyoL|I scale drawing

to tjnd the actual distance betwecn the oPposite

corners of the hall-

10. A triangular liel{:l ABC is such that

AB = 90 nL 8C= ?0 mandAC= 85 m Make

a scale drawing of it, usiog a scale oi 1 cm to

l0 m. l-rom )ott| 'cale drr$ Ing fini
(a) the actual distance fron A to the mrd

Point ofBC and,

(b) the actDal alistance from B rc lhe mid-

poht ofAC

11. A map is drawn to a scale of 5 cm to 2 km A

road ;n the map has a length of 12'5 cm Find

(a) the actual length of the road in km'
(b) Ihe length of the same road drawn on

another map of scale 3 cm to l0 km

12. The scale of a map is 1 cm to 5 km What is

lhe distance on the map bet\\'een two towns if
they arc actually

(a) 25 km apalt,
(b) 38 km apart,
(c.) 12.5 km apart'
(d) 2500 m apafi!

13. A map is alrawn lo a scale of I : 50 000

(a) What is ihe actual distance reprcsented

by
(i) 2 cm,
(ii) 7 5 cm,
(iii) 0.6 cm,
(iv) 26 cm?

(b) what length on the map rcpresents the

actual distance of
(r) 1km.
(ii) ls km,
(iii) 250 m,
(iv) 1600 m?

14. The scale of a map is I : 20 000 Find the

distance in km of a road represented by

5 -L cm oLr the m"p?
)

15. Given that 1 cm on a map lepresents 2 km on

the grcund, find
(a) the actual area of a plot of land if the area

ofthe land on the map is 3 cm"'

(b) the actual arc^ of a lake if the are' of the

lake on the map is 4 5 cm'

16. On ,r map drawn to a scaie of 1 cm Io 500 m'

an airyort has an alea measuring 16cm by

8.5 cm. Calculate, in hectares, the actual arca

of the airport. (1 ha = 10 000 m')

17. Gi\'en that 1 cm on a map reprcsents 2 km on

the grouncl. calculate the area oi a p:rk or1 tJle

ma; if the actual area of the park is l0 km'

18. The scale of a map is 1 cm : 8 km W}at area

on the map would represent

(a) 64 kmz'
(b) 128 km',
(c) 320 kln ,

(d) 1600 km'1?

19. The scale ofamap is 1 :20 000 Find rhe area

on the map which rcpresents 124 km''

20. A map is drawn to a scale of I : 50 000'

(a, Crlculale lhe aclual di'lance'
Ulomelrc'. rcFesenled by '1 

(m 
"n

m'?tp'

the



(b) Two towns are 28 km apart. Calculate,
in centimere\. their djstance apcn on

the map.
(c) On the map, a fbrest has an area ol

12 crd. Calculate, in square kilomeftes,
the actual area of the forest.

In the given figule, ,43C is a riangle of
heighr 4 cm and base 7 cm. drau n ro a scale

oI I cm: J [m. Find lhe acrua] area ol lhe

trianele.

The flgule below is a rectangle, alrawn to a
scale of 1 cm : 200 m. Given that,43 = 6 cm
and BC = 4 cm, find the actual

tar length and breadlh oflhe recrangle in
km,

(b) arca of the rcctangle in km'?.

21. c

B

l.

2.

Congruent figures or objects have exacdy the same shape and the same size.

A figurc and its image under ffanslation, rctation or reflection are congruent.

Similar figues or objects have exactly the same shape but not necessarily the same size.

Two polygons are similar if
(a) all the conesponding angles are equal, and
(b) all the ratios of flrc coresponding sides a.re equal.

Congnrence is a special case of similarity.

A figure and its image under an enlargement arc similar.

An enlargement witl a scale factor greater than 1 produces an enlaryed image.

An enlargement with a scale factor between 0 and 1 produces a diminished image.

An enlargement with a scale factor of I produces a congr.rent image.

8. If the linear scale of a map is 1 : r, it means that 1 cm on the map reprcsents t cm on

dre actual piece of land.

6.

7.



"Sxampte r

Fi8.1 21 (a)

Are APQR and AXYZ similar?

(b)

L

Fis.1.21(b)

AABC and ALMN are similar' Find the ralue of x'

^-ra&op
dflw@n
\.4) rr _p_1.

PQ

YZ 9 --
8R- 6-'"
xz 7 -^-

Since not all the ratios of the conesponding sides are equal, then APpR

and A-{FZ are not similar.

(b) AABC and Ar,lZN are similar' Sometimes' the veltices given may not

be conesponding. So we need to check

A<)M(becanseA=M=90")
B erZ (because6=i=53.1')
C irN (third angles must be equal)

. . A,4,BC is similar to AMl,1{ (we always wdte in order)'

LNLMi6... _= 
BA Le, 5=a

.'. r=-vJ=LU

12 cn



lgxampre z

(a) John makes a model plane using a scale o.f I : 20. The model plane has an
orerall length of I .2 m and its wingspan is 65 cm. Find the wingspah a d
the overall length of the &ctual plane in metres .

(b) O another occasion, he makes a model olanother plane using a scale of
1 : 25. What is tha area of the tail section oJthe model in square centimetres
if its actual area is 3 m'?

@
(a) Model Actual

lcm 
- 

20 cm
120 cm 

- 

20 cmx lX = 24O0 cm = 24 m
65 cm 

- 
20cmx65=1300cm=13m

(b) Actual

lm -
lm' .-'........-
3m' *

the wingspan and the ovelall length of the actual plane arc 24 m and 13 m
respectively.

.'. the area of the tail section of the model is 48 cnf.

1. Study the figures below carefully and identiry the 4 pairs of conguent figules.

(c, 
5 cm

*

fr

Model
lm
I

tim=4cm
(4 cm)'z = 16 cm'z

16 cm'?x 3 = 48 cmz

(d)(b)(a)

(e) (h)



Given that 4,4-BC is congruent to APOR,

i = to", 6 = eo" -a aB = 8 cm, turd

(a) F,

(D a,
(c) F,

(d) PQ.

Given that ABCD is congruent to PqRs,

A= tOO",k =lo',e =55' and P0 = 6 cm, find

(a) A
(D a.
(c) F,

(d) e
(e) AB.

In the diagram, LAPQ and LABC
are congruent. Given that -48 = 4 cm,
AC = 6.9 cm. BAC = 7 l' and AQP = 34', find
(a) the length of 80,
(b) ABC.

In^the diaglam, 
^4,4-BC 

=
BAC = 52", APO = 36o

AP = 10.2 cm. Find

4,4?0. Given that

,AC=6cmand

(a) dle length of 80,
(b) AQP.

In the diagram, APQR = LPHK, QPR = 53' ,
the area of APOR = 24 cnf, PFl = 6 cm and

PoR = 90'. Find

(a) &e lengft of P0,
(b) dle length of OR,

(c\ QXK.

7. Given that AABC is similar to APPR,
,4 = 50' and -6 = 68", find

(a) F,

G) 0,
(") F.

8. Given that AABC is similar to APqR,
A,B = 6 cm, AC = 8 cm, ,4 = 60" anrl

PR = 10 cm, find
(a) F and

(b) PQ.

9. A television image of a teddy bear is 6 cm tall
and that of its owner, a litde girl, is 15 cm tall.
If the actual height of the litde girl is 120 cm,

what is fte height of her teddy bea.r?

10. A photogaph is taken of a man 180 cm tall,
standing in ftont of his terace house. The

image of the man in the photograph is 9 cm

tall and that of his house is 22.5 cm tall.

Calculare the aclual height of lhe hous<

11. (i) Are triangles O and P similar?



(ii ) Are triangles E and F similar?

The shapes ABCDE a\d FGHIJ arc
similar. Calculate the value ofr.

12, (a) Are triangles ABC and DEF similar?

Triangles OPQ and R,Sf are similar.
Calculate the value ofx.

(b)(iii)



13. A man is 1.75 m high and the height ofa tlee ls

(a) Express the height of the man as a
percentage of the height of the tlee.

(b) Both rhe fiee and the man stand on
horizontal ground. At a certain time of
the day, the tree casts a shadow oflength
6 m. What's the length of the shadow cast

by the man at the time?

14. The model of an aircraft is in the scale I : 80.
(a) ll lhe wingspan of the model is 25 cm.

what is the wingspan of the actual atcraft
in metres?

(b) If the real aircraft is 40 metres long, what
is tho length of the model in centimehes?

15. An architect'' model oI a block of flats is in
thescalel:50.
(a) Iitho model is 0.8 metres wide, how wide

is the actual block of flats?

(b) If the block of flats is 30 metes high, how
tall is the model?

16. A map of Singapore is drawn to a scale of
1 : 180 000.
(a) In the map, the distance from Sentosa to

Changi Ferry Terminal is 13.5 cm. Find
the actual distance, in km, from Sentosa

to Changi Ferry Temainal.

(b) The Senlosa island has an area of
5 square kilometres. Find, in square

centimetres, the area representing the
island on the map.

17. The scale of a map is given as 4 cm : I km.
(a) Rewrite the ratio as simply as possible.

(b) what is the length of a river, which is
measued as 3 cm on the map?

(c) The distance between two towns is 8 km.
How far apart are the towns on the map?

lE. Given that 2 cm on a map represents 3 km on
the ground,

(a.) calculate the distance, in km, between two
towns which are 7 cm apart on the map;

(b) exFess the scale of the map in the folm
l.n:

(c) calculate, in cmz, the alea of the map which
rcpresents a lake of arca 8l km'? on the
grouncl.

19. A map of a region is dlawn to a scale of
1 : 25 000.

(a) Calculate the actual distance, in
kilometres, represented by 24 cm on
me map,

(b) Two HDB area offices are 3.5 km aparl.

Calculate, in centimeffes, their distance

apat on the map.

(c) On the map, a reservoir has aD area of
16 cmz. Calculate, in square kilometres,
the acfual area of the rcsewoir,

20. Given that 5 cm on a map repfesents 6 km on
the ground.

(a) Calculate the actual distance, in km,
between two towns which are 9.5 cm apart

on the map.

(b) A road has a length of 8.4 km. Calculate

its length on the map.

(c) The area of a new to$ nship on lhe map is

l5 cm':. Calculate ir\ acrual area in
hectarcs. (1 ha = l0 000 m'?)



21, The plan of a shopping complex is drawn to a

scaleofl:400.
(a) Find the lenglh, in metres, of a corridor

which is rcpresented by a line 24.5cm
long on the plan.

(b) The area of the floor of a fast food
rcstaumnt is ,lO0 m'). Find its area ol urc

plan.

(c) A supemarket on the plan occupies an

area of 0.25 rf. Calculate its actual area

in hectares. (l ha = 10 000 m')

22, Use the map of South Malaysia to answer the

following questions. You may use a ruler to
measue the approximate distances between

any two places and then calculate the actual

distances from the given scale.

(a) What is the distance between Singapore

and Kuanlan?

(b) How much would it cost to hirc a taxi to
go ftom Melaka to Kuala Lumpur rf the
taxi fare is 60 cents per km?

(c) A car travels at an average speed of
60 km/h ftom Batu Pahat to Port Dickson.
How long will the joumey take?

(d) A train takes 4 hours to travel from Johor

Balu to Segamat. Fird its average speed

in kn/h.

(e) An express bus tavels frcm Kuala Lumpur

to Kuantan and it charges 8 cents per km
per pe$on. How much would it cost a
man to tmvel from Kuala Lumpur to
KDantan?

300120 180



h'rite arr equation connecting tu'o quatutities t'hich
are directl! proportional to each other;

trritc an equation cotutuecti g two quantities which arc
inversel! proportional to cach other;

soh'e probletus involving dbect and i1uerse ,i"O"n b*
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DirectPropordon

If we borow books from the National Library and are late in returDing the books, we will be fined
15 cents Der dav ior each overdue book. The table below shows tle fines for an overdue book.

Based on the table shown above, answer the following questions.

(a) If the book is overdue for a greater number of days, will the fine be geater or smaller?
(b) If the number of days the book is overdue is doubled, will the fine also be doubled?

For example, compare the fines for 3 days and for 6 days.
(c) If the number of days the book is overdue is tripled, what will happen to the fine?
(d) If the number of days the book is overdue is halved, will the fine also be halved?

For exarnple, compare the fines for 10 days and for 5 days.

(e) If the number of days the book is overdue is reduced by l. will the fire also be reduced by

From the above Exploration, we notice that if the number of days (r) the book is overdue increases, the
fine (y cents) will also increase proportioDally, i.e. if xis doubled,ywill also be doubled; ifr is tripled,

) will also be tripled.

If the number of days (r) the book is overdue deoeases, the fine (}) cents) 1vill also decrease proportionally,

i.e. if r is halved, ), will also be halved; if r decreases by f, 1 will also de"."u." by ]
This is called direct proportion. we say that the fine () cents) is directly proportional to the number of
alavs (r) a book is overdue.

fr
3



the table below shows an additional row for the rate 1 Complete the table below.

I 2 3 5 6 1 8 9 l0
t:t 30 45 60 75 90 105 120 135 150

1-
45^
3

30^
2

What do you notice about the rate 1?

In dircct proportion, the rate U is a constanL In this case, I=15.

I-et the number ofdays the book is overdue be rr = 3. Then the coresponding
fne is Jr = 45 (cents).

I,et the number of days the book is overdue be "r, = 6. Then the coresponding
firc is y, = 90 (cen6).

From the above table, -'. ".,r ), - 90 
- '.

I=I=15 (constant), i.e. the two rates -lL and -h arc equal, or

Earanging, jr = -&- , i.e. the two ratios jr and -Il are e4ual.r, ), a, t,

fhercfore,



SXu-nt"t
Find the cost o.f 13 kg of biscuits if6 kg of them cost $27.

Method 1: Using Proportion

First, note that the cost of the biscuits is directly Proportional to the mass of
the biscuits.

I-e1 $, be the cost of 13 kg of biscuits.

Tr* fr=f tt*"[ aircct proportion stateme*, i = ; )

i.". a = 21x 13=$58.50.

Altematively, f=f tr*"ff ai*"t proportion statemenr 1'=Jr;

i.e. x= +x13 = $58.s0.

.'. 13 kg ofbiscuits cost $58.50.

Method 2: Unitary Method

6 kg ofbiscuits cost $27.

1 kg ofbiscuits costs f

13 kg ofbiscuits cost f , r: = SSa so.

or simply,

6kg --+ $27

"$nrKg ---+ 
6

r3 kc --+ Yx13=$58.50

.. 13 kg of biscuits cost $58.50.



#
30:50=6:"I

{!?irarnpre2
Findxif30:50=6:x.

.306
50r

.'.30x=6x50
6x50 -^a= 30 =tu

iample 3

Thc anou t of petrol in the J eI tanks of 3 cars A, B and C are in the ratio
8:10:I3. If the ta k with the smallzst amou t of petrol has 52 litres of petrol,

fnd the difference in the anount of petrol in the other firo cars.

Method 1: Unitary Method

The difference in the amount of petrol in car B and car C is 13 - l0 = 3 parts.

Car A has 8 parts of petrol aDd this is equal to 52 lihes.

.. 8 pafis ---> 52 ftres

I part ---> T rlEes

\)
3 parts ---> 

=\l=l9.5liEes'x

.. the difference in the amount ofpehol in car B aDd car C is 19.5 litres.



Method 2: Using Proportion

Let the amount of peffol in cars A, B and C be .r, l

r. -{.y=8 10 and .nr.=8:13

,- )-lo
52a
]10

-r8
and

..8)=52xlo
52x1,0 , -

528

8z=52x13

52x13

and

and

and = 84.5

the difference in the amount of peffol in car B and car C is 84 5 - 65 = 19.5 litres.

l.

t

5. Find t
(a) 4:
(b) 18

in each of the following cases:

t1=10.x
x =24 :88
8 =99 :44
12 = 42.63
32=25O:x

(c) 9
(d) a

(f) .r

J.

6. Find the mtio of-r : ), in each of the following
cases:

(b) 32x= l.2y

s\ r.zt =zlt

A shopowner blends three g?es of tea, A, B
and C, in the ratio 6 : 4 : 7.Ifthe mass of tea C

in rhe mixtrre ir 28 kg. hnd de dilference tn

the masses of the other two types of tea.

The lengrhq of duee pieces of wire are in Lhe

rario l0 : 15 : 8. lf lhe lenSlh ol the rhone.t
piece of wire is 2.4 m, find the differcnce m
the lengths of the other two pieces of wire.

(a) 5x=7y

61 z! x =+)t

8.4.

-33-
' r:r'4ffi r r r r r r r r r r r r spd*J!@f u I I I r I I I | | I ffi xri:

A pile of 108 idenlical books ha. a masq of
30 kg. Find
(a) the mass of 150 books, and
(b) the number of books that has a mass of

20 kg.

In a bookstore, 60 books of lhe came kind
occupy 1.5 m ofqhelf lenglh. How much shell

length is requ ired for 300 such bookq? IJ a shel I
is 80 cm long, how many such books are

needed to fill the shelf completely?

Find the cost of
(a) 8 books when 6 books cost $48, given that

the pdce of each book is the same;

O) l0 kg oftea when 3 kg oftea cost $18:
(c) d kg of sugar when , kg of sugar cost c

dollars.

: ofa pieceofmetal has a mass ol7 kg. what

is the mass of : of the metal?



More on Direct Proportion

Consider the example ofoverdue books on page 38. We have seen that Z=15

which is a constaDt.Ifwe represent this constant by k, *rcn 1=k or y= 7;a,

where k + 0,

ff] is directly proportional to r, is .r dirccdy proportional to y? Why or why
trot?

fxampba
IJ, is directly proportional to x a diJl=12whenx=4,rtnd

(a) an equation connecting r and y,
(b) the value ofy when x = 5,
(c) the value of x when y . 21.

Since y is direcdy proportional to x, then ] = frr, where * is a constant.
Whenr= 4, ) = 12. So 12 = tx 4

.12^Le.k=T=J.

.. the equatior is ) = 3r.

Whenr=5,y=3x=3x5=15.

When ) = 21,3x= 21

. 2t_

(a)

o)

(c)



$amples
'fhe etpenses $E, of a tea paft! are directb propottional to the number of
guests, N, present. For 30 guests, the expenses are $210. Find the eipenses

of 80 Buests.

Since E is directly proportional to N, then E = kN, where k is a constant

When N= 30, E = 210. Then 210 = kx 30

.,210_
Le. K=6= t

... E=7N.

WhenN= 80, E= 7N= 7 x 80 = 560.

,, the expenses of 80 guests me $560.

Graphical Represerrtadon of
DirectProporflon

Consider the example of overdue books oD page 38 again. The table below shows the fines C) cents) for

an overdue bool for various number of days o\erdue {.r I where I = 15 ot u = t S t'



If we plot, against.r on a sheet of graph papei (see Fig. 2.1), we will get a straight line that passes

lhmugh the origin (0, 0).

:i-
lr li
.l ir
t:

li
L]

Fig.2.I

In general

4wlfu

ffi,
If we plot r against :y, will we still get a straight line that passes through the origin? Why or why not?



fxampteo
me tutu|nonthli charges $C for a hnndphone s bscription consist ofLfixed
anount of $20 ancl a variable amount which dePends on the usage. For every

minute used.,20 cents is charged.

(a) Cal.culate the total nonthl! charges fot the handphone subscription if
the amount of saBe is 120 minutes.

(b) If the total monthb charges for the handphone subscription is $50, rtnd
the amount oJ usage,

(c) Wite down a formula connecting C and n, where n is the nunber of
minutes ofusage.

(d) Sketch the gruph of C against n. Is this relationship a direct Proportion
between C and n? ExpltTin.

(a) Tot l monthly chalges for the handphone subscription for 120 minutes of
usage = $20 + $0.20 x l2o=$44.

(b) Variable amount = $50 - $20 = $30.

s30 _ -^.. amounl of usage = $020: 
=l5U mrn'tts

(c) Variable amount = $0.20 x, = $0.2n

. . total monthly charges, $C = $0.2,l + $20

i,.e.C=0.2n+20

This is not a direct propoftlon between C and because the line does not

pass through the origin.

(d)

C =0.2a + 20



(c)

E.

3.

o.

l.

10.

7.

11.

(b)

i .ffi il r r r r r r r r r r r r ffirc,ffi , r r,, r, I r r | | rc,**

If ) is directly proportional to r and if y = 6
when .r = 2, find
(a) an equation connecting r and ),
(b) the value of l, when .x = 10,
(c) the value of .r when ] = 9.

Given that r is direcdy proportional to J, and

r = 4.5 when y = 3, find
(a) a relation between r and ],
(b) the value of x when ) = 7,
(c) the value ofy wheni = 12.

li O is Jirectl) prcpodional ro P and if 0 = 28

whenP=4,find
(a) a law connecting P and 8,
(b) the value of 0 when P = 5,
(c) the value ofP when 0 = 42.

If ) is directly proportional to r and if ) = 5
when r = 2, find the value of ) when x = 7.

Civen that: is direcll) pfoponional ror. and

r = 3 when I = 1 2, find the value of r when

.=18.

lf B is direcd) proponionrl to 4 and if I = 3
uhen A - 18, find the value ol8 when A = 24.

Given that y is directly prcpofiional to .x, copy
and complete the tables below:

(a)

4 5 7

v 34.5

2 3

J 3.6 9.6 lt.4

The cost, $C, of tansporting goods is dircctly
propodional ro rhe disrance. d km. Given rhal

C = 100 when d = 60, find
(a) an equation connecting C and d,
(b) the cost of hansporting goods for 45 km,
(c) the distance if the cost of transpo ing

goods is $120.

The hori/ontal force, F Ne!\ lons, needed lo
push a block ofmetal along a horizontal surface

is directly proportional to the mass, m kg, of
the block. wlren r'l = 5, F = 49. Find
(a) the force needed to push a block of metal

with a mass of 14 kg,
(b) the mass of the block of metal if the force

needed to push it is 215.6 Newtons.

fhe prcssule, P units, of a container of gas rs

directly proportional to its tempemture ?"C.

Given that P = 25 when 7= 10, find
(a) the value of P when Z = 24,
(b) the value of I when P = 1 2.

The voltage. y \olt\. needed to send r fired
amount of curent through a wire, is directly
proportional to its resistance, R ohms. If V = 9

whenR=6,find
(a) the value of Vwhenn = 15,

(b) the value ofR when V= 15.

4 20

! 6 9 ll



12. ff) is dircctly propofiional to r and ify = 20

when, = 5,

(al find an equalion connecdng,r and J .

(b) sketch the gaph of ) against 'I.

lJ, lf z i) directly proponional to ) and if z = 48

when ) = 6,
(a) find a law connecting ) and z,

(b) sketch the graph of r against ).

14. The tolal monthl) cosl. $C. of running a

kindergarten with an e olment of, children

consists of a flxed amount of $5000 and a

variable amount which depends on the

enrolment. For every child enrolled, the

variable amount is $41 .

(a) Calculate the tot rl monthly cost of runnDg

the kindergarten if the enrolment is 200.

(b) ff the total monthly cosl of running the

kindergarten is $20 580, calculate the

number of children attending the

kindergarten.
(c) write down a fomula connecting c and

(d) Sketch the graph oi C against n. Is this

relationship a dircct proportion b€tween C

and n? Explain.

15, A company pays a salesman $D per month to

sell tlres. The amount is made up of a basic

salary of $600 plus $8 lor each of the 
'r 

tyrcs

he sells each month.
(a) Calculate the salesman's income fol the

month when he sold 95 tFes.

If in a parlicular month he received $ 1680,

find the number of t).res he sold.

Write down a fomula connecting D and

Sketch the graph of D against /t. Is this

relationship a dircct prcportion between

D and ? Explain.

An ice manufacluring machine requires
l0 minuLes lo warm up before lhe producrion

of ice begins. The mass, in tonnes, of ice
produced is directly proportional to the

number of hours of production. Civen that

20 tonnes of ice are produced when the

machine lan for half an houl find the mass of
ice manufactured when the machine ran for

l: hours.

(b)

(c,

(d)

16.



Other Forms of DirectPropordon

The variables r and y are related by the equation ) = 3x'z.
(a) Is ), dtuectly proportional to.r? why or why not?

(b) The table below shows some values of) against.f,.
Does it show a direct proportion between "r and )?
Wby or why not?

(c) Now let us try to plot 1 agaiast l.
The table below shows some values of y against .r2.

Does it show a direct pmportion between.rz and y?

Frcm the above Explomtion, when y = 31, ), is not dircctly proportional to r because I = 3x is not a

constant. But) is directly proportional to I be"uuse {= 3 i, u 
"onarun 

. If you arc confus€d, you can

alwayqletX=l.ften)=3lbecomes)=3X.i.e.+=J.Soyisdirec(lyproponionaltoXt=ll.



f*u-nt.t
For each ofthefollowing eq ations, state )hich two variables are directl! Proportional

to each other a d explqinwhY.

Q') y =Jx,
G) A= El where Ais the area ofa circIe ofradi sranln is a constant'

(d) r'z = 3',

or + = 5 is a constant, then y is directly proportional to r3'

(b) Since ),=G or ;f =r is a constant, then v is directly proportional to ""li'

rc) Since A = zl o, 4 - o is 
".onstant. 

lhen A is dleclly Foportional to y''

(d) Since y'] = 3x or 1= 3 is a coDstant, then )' is dircctly Foportional to t'

(e) Sincey- 1=4xor 4=4 is a constant, then y - l is directly proportional to-I

#
(a) Since ) = 5l



fxampres
y is dircctly proportional m I and y = 20 when x = 2,

(a) frnd an equation connecting x attd y,

(b) calculate the 1)alue of, when t = 3,
(c) calrulate the ttalues ofrwhen! = 1.25,
(d) skztch the eruph ofy against f.

(a) since y is directly proportional to.f, then y = hf, where f is a constant.

When .r = 2, :y = 20. So 2n = K2")
i.e.4k = 20

7=4=1''4
., the equation is ) = 51.

O) When.r = 3,y= 5l =sgr=4s.

(c) When ), = 1.25,

i.e.

=+0.5

(d) Since J is dirccrly Foportional to l, then the graph of ) against I is a
staight line that passes though the origin. But 12 cannot be negative.
So the glaph must start from the origin.

The graph is shown below



>$xample I
The volume of a solid, V is directly proportional to the cube of its radius' r'

Giren that its volume is 905 ct?f rrhen its radius is 6 cm, find

(a) an equation rcIating V and r,

(b) its |olume rehen its rodius is l0 cm.

(a) l,et V= frl wherek is a constant.

WhenV=905,r=6
965 = &(6)3

'. - 
905

= 4.19 (corect r,o 3 sig. fi8.)

., the equation is V= 4 19 13

@) When r = 10, V= 4.19 x 103

= 4190 cm3

.. |.he volume ol lhe \olid i) 4190 cm

(I) m3=rf

(g;) n = 3(m-l)'?

(h))-2=4(t+1)3

(i) J=3t+ I

(:) 2y=r-3

(ft) y= 1

o) v=2

iii;Mrrllrrlrrlll Eftdr*ffi llllllrrlllrffiIi]jil
1. For each ofthe following equatlons, state which

two variables arc directly proportional to each

other and explain why.

@\y=4;

o)),= 31f

(d\ q =1P'z

(e) q= zp^lp



9.Tf\ isdircctl) proponional to.r and ifr= lE

(a) find an equation connectingr and],
(b) calculate the value ofl when.{ = 5,
(c) calculate the values ofr when ) = 32,
(d) sketch the graph ofy againstr'z.

Gi\en drar r i. direcll) proponional toI. and
r=32when)=2,
(a) find a relationship between I and ],
(b) calculate the value of r when ) = 6,
(c) calculate the value of I' when i = I 08,
(d) sketch the graph ofr against ]r.

Civen rhar z2 is direcrly proponional lo u. and

(a) find a law connecting w and z,
(b) calculate the values of z when w = I 8,
(c) calculate the value oflr when z = 5,
(d) sketch the gmph of zt against rr.

If Q rs dire,rly proportional to uF and if
I = 2l when P = 9, find the value of O when
P=81.

Giren thar y7 i\ direcll) proponional ro |J)e

cube ofxard ) i. alua) 
'positi!e. llnd the \ diue

of ) whenr= 9 if ) = 8 whenr=4.

C]\:n, rhal-s. is.direcrl). pfoporlional ro
(r l)-. and I. r\ al$ c)s po\rlrve,lrnO lne value

of P when q = 80, if 4 = 20 when P = 3.

Given that 1 is directly proportional to the
square of i, copy and complete the table
below:

2 3 5

r 44r 56.25

Given that v is directly prcportional to l, copy
and complete the table below:

Ciren lhaL rhe ma.s. n g. ofa sphere is direcr.r
proportional to the cube of its mdius, ,'cm, copy
and complete the table below:

0.2 0.7 1.5

0.25 6.7 5 1r.664

The length, I cm, of a simple pendulum ts

direcdy proportional to the square ofits period
(lime to suing ro xnii lro). f seconds. A
pendulum with a length of 220.5 cm has a
pedod of 3 s.

(a) Find an equation connecting I and Z
(b) Calculate the length ofa pendulum whose

period is 5 s.

(c) What is the period of a pendulum whose
length is 0.98 m?

Within a certain period of its life, the length,
I, of an earthwom is directly proporlional to
lhe cquaJe rootol V the numberofhours rller
itsbirth.lfan eafihworm is 2.5 cm long after
I hour, how long will it be after 4 hours?
Ho!\ long u ill il take to grow to a lengrh ot

15 cm?

10.

4.

ll.

7.

6.

12,

E.

3 1 6

648 3'75 t029



(b)

lnverse Proportion

The time taken by a car to havel a distance of 120 km at various speeds is shown in the table below:

(a) If the speed ofthe car becomes greater, will the time taken to travel the distance of 120 km be

greater or smallet?

If the speed of ihe car is doubled, $.i11 the time taken be halved? For example, compare x = 20 and

If lhe qpeed of lhe ca-r is tripled. $ ill rhetimelakenbereducedb)afacrorofjt

If the speed of the car is halved, what will bappen to the time taken? For example, compare t = 60

and , = 30.

rer If lhe .peed of lhe car i! reduced by f. whar will happen ro rhe lime ralen?

We will notice that if the speed of the car, * krn/h, increases, the time taken, )' hou$, to havel the

distance of 120 km will decrease proportionally, i.e. if.t is doubled, y willbe halved; ifx is tripled'

1 will be rcduced to ] its original value. If the speed decreases, the time taken will increase

proportionally, i.e. ifr is halved, ) will be doubled: if .{ is rcduced by l.l will be triPled This is called

inverse proportion. We say that the speed (,I krth) is invelsely proportional to the time taken 0 hours)'

(c)

(d)



The table below shows an additional rcw for the product r). Complete the

table below.

what do you notice about the Foduct ry?

In inverse proportion, the p.oduct ,J is a constant. In this case,

,y = 1m = distance havelled.

Let the spe€d be A = 20. Then the coresponding time taken is l,r = 6.

Let tlle speed be n, = ,10. Then the coresponding tine taken is y, = 3.

From the above table, r =2Ix6=]2oandtqtz=4Ox3=1m.

.'. 41 = jrY, = 120 (coDstant)

In sumdary

mx6
= 120



iample 10

Ten i.dentical pipes canrt a ta k in 4 hours. How lo g l4ill it take 8 of these
pipes tofill the sane ta k?

Method 1! Use Proportion

Fhst, note that the time taken to fill the tank is inversely proportioDal to the
Dumber of pipes used because the more pipes therc are, the faster it takes to
fiI the tank.

I€trbe the Dumber of hours 8 pipes will take to fillthe tank. Then
8r = l0 x 4 (rccall inverse proportion statement: xJt = td)

. 10x4 _

.'. 8 pipes can fiIl the tank in 5 h.

Method 2: Unitary Method

10 pipes can fill a tank in 4 hou$.
1 pipe can fill the same tank in 4 h x l0 (fewer pipes, rcquire morc time, thus

you multiply)

_. 4hvl0
6 prpes can hil tbe same tank in l- (more pipes. require less time. $us

you divide)

=5h

orsimply, 10 pipes ---> 4h
I pipe - > 4hx 10

8 pipes > 4hxlo 
=5h

8

.'. 8 pipes can lill the tank in 5 h.



fxanple 11

It takes 5 mento paint2 identical ho ses in 3 days. Assuming that all the men
wotk at the satnc rate, haw ln g iill it take 10 men to paint 8 ofthese houses.

There are 3 variables in this question: Dumber of me!, number of houses aDd
number of days. The trick is to keep one ofthese variables constant at a time.

Fhst. we keeD the number of houses constant,

Next. we keeD the number of men coDstaDt.

(fewer men

3x 5 require more days,
thus you multiply)

(more men
require fewer days,
thus you divide)

.. (fewer houses

= 
rcquire fewer days,z thus you divide)

, < (morc houses

;x 8=6 rcquire more days,- thus you multiply)

. . l0 men will take 6 davs to Daint 8 houses.
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E.

9.

10.

12.

1. Which of the following are in inverse
proportion?
(a) The numbor of pencils you buy and their

total cost.
(b) The number of pipes filling a tank and the

time taken to fill i1.

(c) The number of men doing a job and the

time taken to finish it.
(d) The number of cattle to be fed and the

amount of feed, assuming each catde eats

the same amount.
(e, The numberofcatde lo be fed and the rime

taken to fmish a certain amount of the feed.

2. Four pipes can fill a tank in 70 minutes. How
long will it take to fill the tank if 7 pipes are

used?

3. A school librarian has enough money to
order 8 paperback books at $5.50 each.
lf the librarian decides instead to order
books with hard covers at $8.80 each, how
many suchbooks can the libradan buy?

4. Thirty-five workers are needed to build a

house in 16 days. How many days will
28 workers working at the same rate take
to build the same house?

5. An aircnft flying at an average speed of
770 km,ih takes 15 houls to complete ajoumey.
Find the time taken for the airqaft to complete

the same joumey if its average speed is
660 km/h.

6. A consignment offodder lasts 1260 catde for
50 days. Given that the cattle consume the
fodder at a constant mte, find
(a) the number of caltle an equal consign-

ment of fodder lasts for 75 days:
(b) lbe number of day< an equal consign-

ment of fodder lasfs 1575 catde.

7. A conffactor estimates that he would need

56 workers to complele a job in 21 days.
If he is asked to complete the job in 14 days,

find the additional number of workers he has

to employ. Assume that the worken all work
at the same rate.

At a scouts' camp, there is sufficient food to
lasr 72 .couis for 6 dayo. Il l8 scoul' do nol

tum up lor $e camp. how much loDger can

the food last for the other scouts?

Ir take. J men to dig 2 identical trenche'i in
5 hours. [f a]l the men work at the same ralr,
ho$ Iong w l it take 5 men to di8 7 of lhe'e
ffenches?

It takes 12 men to make 12 tables in t houls.
How long will it take 8 men to make 32

tables?

lr rakec 7 identical pipes to fill 3 identical
tanks in 45 minutes. How long will it take
5 of the pipes to fill one of these tanks?

A consignment of fodder can last 1000 sheep

for 20 day\. lf lhe sheep con\ume the fodder

at lhe same rate, ho\,! many conqignments
of fodder are needed to last 550 sheep for
400 days?

11.



More on Inverse Propordon

Irt us consider again the example of the time taken by a car to travel a distance of 120 km at vadous
speeds discussed on page 53. We saw that ry = 120 which is a constaDt. If we represent this

constant by *, then r) = t or,=:, where*+0.

Ify is inversely proportional to r, is .t inve$ely proportional to,? Why or why Dot?

fxample 12

If! is it$erselt proportional to xandy = 3 whent = 4, frnd
(a) an eq atio cotnecting t and!,
(b) thz value ofy when x = 6,
(c) the value ofxwheny = 48.

(a) Since) is inversely proportional to x. then

1.

Wlenx=4.)=3.So 3=:
i..e.k=3x4=12.

., the equation is y =

(b) Whenx=6,y=

k
, wherc k is a constant.

t2

l2t2
=2.

(c) WhenJ=48,48=

. t2 l
'-'- 4A 4

t2



Sxample 13

Boyle's law states that the volume, V cnl, ofafi.xed. mass of gas at constant
temperature is inversely proportional to its pressure, P units. Given that
he volume oI a lvd matr oI Bat aI conttanl tcmperature is 1000 cnr
when its presswe is 50 units, find the volume of the gas v'hen its pressure
is 1250 units.

Since V is inve$ely pmportional to P, then y=

When P = 50. V= 1000. So 1000 = -
i.e.ft=1000x50=50000.

_. 50 000

f, where k is a constant.

50000 50 000 ,^wnenr=IZJU. v= P = l'5O =+u,

.'. The volume of the gas at a pressue of 1250 units is 40 cm'.

Graphical Representation of
hverse Proportion

Recall the example of the ca.r discussed on page 53. The table below shows the time, l, hours, taken by the

car to travel a distance of I20 km al tarious qpeeds.,r km4r. where ry = 120 orl = 
120.

The table below shows some values of) against r.



Using the values of rs and y, we can plot a graph as below.

:1.
tl

ttl l-tll
tl

tl

i
]..r..

ll
'i

f'', 'ffi
,- taa a

l

Fig.2.2

You can see from the gmph that, if, is doubled, ), is halved. ffr is tdpled, y is reduced by ] .

Fig.2.2



Recall th€ example of ihe car on page 53 again. You have seen that y is inversely proportional to t, and

that the graph of), against t as shown in Fig. 2.2.

l
But what if we ploty against :?

(a) Let X= L . The table below sbows values of) against

10 20 30 40 )U 60 70 80 90 100 110 t20

0.1 0.05 0.033 0.025 0.02 0.017 0.014 0.013 0.011 0.0r 0.009 0.008

12 6 4 3 2 1.7 t.l t.2 l.l

'l-+J

Usingascaleof2cmtorePlesent0.0lunitoDthex-axisandascaleof2cmtorepresent]unitonthe

)-axis on a sheet of gmph paper, plot the graph of, 
"g"1"", "F:J.

O) Is your gaph a staight line that passes thrcugh the odgin? What does it tell you about the rclationship

between 1, and xl= I h" \ r,

(c) Although ) is inversely Proportional to,, what is the relationship between ) andx, i e ' what is the

I tl
re tationship between l, and Xl=:J?

(d) Try to write an equation connectingl' an'l X. or an equation connecting y and ! What does it telt you

about the relationship b"tt""o f ana xl.= lJf



,r1ii:{rffi Flttrt ltttu ffircl
l. lf) is inversely proportional to,r, and if_\, = 5

whenr=2,find
(a) an equation connectjng r and),
(b) the value of) when r = 8,
(c) the value ofr when ) = 10.

2. Given that.r is inversely prcportional to), and

r = 40 rvhen J = 5, find
(a) a relation between r andl,
(b) the value of.I when ) = 25,
(c) the value of ) when ,Y = 400.

3. If I is inversely proportional to r, and if
-. = 0.25 when ,I = 2, find
(a) a law connecting a and r,
(b) the value of. when r = 5,
(d) the value of:r when: = 0.2.

.1. ll P is inversely proportional to 0 and if P = 9

when C = 2, find the value ofP when 0 = 3.

5. Given that y is inve$ely propofional to,y, and

) = 5 when .r = 7, find the value of t when

)=70.

6, If n is inversely proportional to m, and if
,i = 3.5 when rx = 2, find the value ofm when

7. Given thatj, is inversely proportional tor, copy

and complcte the iable below:
(a)

IlllllllllI&fl#iili .

The frequencylof a radio u,ave is inversely
proportional to its wavelength lr. When
w= 1000 m dnd/= 100 Ulz (kHz = Ulohen/).
find
(a) an equation connecting/and ,
(b) the fiequency of a radio u,ave if its

wavelength is 500 m,
(c) the wavelength of a radio wave if its

frequency is 800 kHz.

9, The current, 1 amperes, passing through a

wire is inversely proportional to its rcsistance

R ohms. lf ,1= 12 when R = 0.5, find
(a) the curent passing through the wire ifits

resistance is 3 ohms,
(b) the resrstance of the wire if the cuffent

passing through it is 3 amperes.

10. The pressure, P Pascals, of a fixed mass of
gas at constant temperature is inversely
proponional lo il\ \ olulre V m . When y= 4.

P = 250. Find
(a) the value ofP when V= 5,
(b) the value of Ywhen P = 125.

11. The time required to complete a cefiain job,
t hours, is inversely proportional to the
number of rvorkers. ,l
(a) If we need to complete the.iob in ; hour,

how many rvorkers are required? -
(b) Find the time lalen to complete the job

when 6 men arc available.

(c)

3 4

8 9 2.5

2 l
r 2 0.8 4

2 3

) 1.5

(b)



12, lf) is inve$ely proponioDal (o.r and if) = 2
wheD .r = l. find an equation connectinE
x 

^nd 
y.

13. GiveD that.( is invemely Foportional to r, aod

z = 3 when r = 2, find a relation between
x and z.

We have leamt that ), is invenely proportional to, if

k
rv= I or v = :. where ( is a conslant and,( /0.

Similarly, if y is inversely proportional to .r', then

ly = k or 1= {, where i is a constant and & * 0.

Also, we cm always let X = l. Then ) is inversely proportional to X ( = l) if

xY=k,\.e.{Y=&,

OI!= -.1.e,'= r.

Other Forms of Inverse Proportion



fxample tl
For each oJ the follo ,ing eq atiotts, state which two rariables are i$lersely
proporriorul to each oth and cxplain wh'

(a)

(b)

Ic)

(d)

2

3

.l

4)' x+2

(a) Since t=l orfl =2 is a constant, thenlis inversely propoflional to.t'.

(b) Since e = 
if, 

or 4rF = 3 is a constant, then 4 is inversely proportional

."1p.

(c) Since n'= lor n3n'? = 1 is a constant, then ,3 is inve$ely proportional

to m7,

(d) Since y = -f ory(r + 2) = 4 is a constant, then l, is inve$ely Fopoltional

to x+2.

,ljj=(e) Since y = 161

proportional to

),

I
I is a constant. then) is inversely



*'u-nt" tt
If ! is iweneb prcpotional tu G a dify =6whenx =4,

(a) fr dan equation connecting, a dy,
(b) calculate the 1)atue of, v)hen )c = 16,
(c) calculate the 1)al:ue of x u)hen ! = 4,

(a) Since ) is inversely proportiona to nf, tfren i, =;[, where * is a constant.

Wlenr=4,y=6.So6=

k=6x2=12

.. the equation is y =

]T

'-'2'

12

t2---

(b) Wien.r = 16, 1 =

'12
(c) Wleny=4,4= --

l.e. 1t =- =J

x=3'=9

12

"T6-



*xamPrcro
In an experime t, adrug is ad.d.ed. to tto identkal flasks, each connining
ihe same amount of a certain bacteria. The d.rug is then allowed to react
vith the bacteria for various times in t ho rs. It is found that the amo ttt of
bacteria left, s units, raries inversely as (t 2) hours. In one JLBk, there
were 6 units of bacteria W after 5 hours. Calculate the amount of units of
bactetia lelt in another flnsk afier 7 hours

Since r is inve$ely proportional to t- 2, then s =, 
-! 

, th"." *is a 
"on.tunt.

Wlen r= 5, s = 6.

soo= i:t
re.T=o

t=6x3=18

18
.'. the equation is s = ;t.

l8 rB rR
Whent=7.r= j = .'1 =; =3.6

. . the amount of bacteria left in the flask after 7 hou$ is 3.6 units
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For each of the following equations, state
which two variables are inversely proportional
to each other and explain why.

l.

If) is inversely proportional tof, and ify = 2

(a) find an equation connecting * and y,
(b) calculate the value of1 when x = 6,
(c) calculate the value of:r when ), = 8.

Given that P is inversely prcportional to ihe
cube of 8, and P = 50 when 0 = 2,
(a) find an relation between P and 8,
(b) calculate the value of P ' hen Q = 4,
(c) calculate dre value of Q, henP=3.2.

If z is inversely proportional to !?, and if

(a) find a law connecting i and z,
(b) calculate the value of z when -r = 16,
(c) calculate the value of:r when r = 3.

Given that B'z is inversely propoftional to
A + 3 and B is always positive, find the value
of B whenA= 17 if B =5 whenA = 2.

6. If r is inversely Foportional to the positive
square root of t, copy and complete the table
below:

Cilen lhat v is inversely proporLjonal to r .

find lhe value ol, and lhen copy and complele
the table below:

It is given that the force, F Newtons, between
two pafiicles is invemely prcportional to the
square of the distance, d metres, between them.
IfI' = l0 when d= 2,
(a) find an equation connecting F and l,
(b) find the value of l' when d = 5,
(c) find the value of d when F = 25.

For a given volume, the height ft cm of a cone
is inversely proportional to the square of the
base radius r cm. Find the height of a cone of
base .adius 3 cm if it has the same volume as

a cone of base radius 6 cm and height 5 cm.

(b) )=

(c) 1=

@\ s'=+

,7

'" w-l

3

7
4

l
I-T

2----i:

^1

1

^. l

(h)

(i)

c)

7.

(k) r=6,

(l) r'=zG

8.
2.

4.

4 16

J 8 r-L l6

2 4

r 80 10
1

100



1. A propotion is a statement expressinS the equivalence of two rates or two ratios,

2. It') is directly proportional toi, then

(a) i = t or r = [x, wtrere r is a constant and & + 0;

(b) the gmph ofl, against -r is a straight line that passes through thc origin.

3.

.:;;:;='r::;:"::'"-;,,l;"""..-" 
=.*.d

fF*pt" r

Gfuen that j is directlJ propoftional to the square oft and that ! = 16 when:( - 2,
calculate the wlue of y when x = 5.

Since J is directly proportional to r', then J =tl , wherc k is a constant.

Whenr=2,y= 16. So 16=k(2')
i.e.4k = 16

K= -T =+

:. ! =1r'

when ir = 5, ] = 4r'?= 4(5r) = 100



f*amptez
Six tnen can complete a certain job in I hours. Suppose all the men work at
the same speed, how long will 18 men take to complete the sane job?

M
Suppose r men rale J hours lo fDi\h the job.

Since ) is inversely prcportional to x, then , where & is a constant,

Whenr=6,)=8.So8=
6

i.e.,t=8x6=48.

whenx= ls,y= {f, =2?.

. . it will take 18 men 2 ] houn to complete the same job.

48h

I. lf ) i" direcll) proponional lo,r. and if ) = 6
when x = 2,

(a) express ) in terms of .r,
(b) find the value of i when ] = 12.

Given that R is directly proportional to
J and tlat lR = 140 when S = 5, find the
constant of proportion and calculate the
value ofS when R = 170.

4. The monthly telephone charges for a

household, $C, is given by the formula

C=a+btr,
\ here|l is lhe number ol unrts of rime during
which the telephone is used, and d and D are

constants. When 300 units of time are used,

the charges arc $29 and when 700 units of
time are used, the charges are $57.

(a) Write down two equations in d and D.

(b) Fhd the values of a and D by solving
mese equauons.

(c) Find the monthly cha.rges if the telephone
is used for 320 units of time.

2.

3. Given that A is directly proportional to B and

thatA=t1whenB = 1.fin,1A*h"nB= l
u63

anrl B when A = 71.
2



7.

8.

14,

6.

16.

1E.

19.

lfd is directly prcpo ionaltoF.andifl=27
when /= 3, find an equation giving d in terms

If y is directly proportional to .I. ard if
Y- 108 uhen ) = J, lind Y In lerms of \.
find "lso V t\hen ,t = 6 Jnd , wherl
V = 4000.

Ci\en rhirr r i. Jirecd) proporlional to \ . irnd

that r = 9f when r = 21. calculate the valuc8 - 2'

lfr rsLlreetll proponiondlto .v dndil r=a
when y = 64, find the value ofr when r = 125

and the value of } when .{ = 2.

9. Given tbat ] is direcdy prcportional to the
square otx and that l = 112 when i = 4,
calculate

(a) the value of _r when -r = 2,
(b) the values of r when ) = 700.

Given that the mass m of a cube is directly to
lhc cubc of il\ edge r and rhal m . 24 s hen

r = 2, find ln whenr = 3.

The value ofa minorexceeding l0 mr in area

varies directly as the square of its area. Given
rhar r 60-m miffor cost\ $400. find lhe price
of a 45-m'? minor.

lfl is in\ersel) l.roponional lo.r and if \ =4

(a) express ] in tenns of,I,
(b) find the value ofl when '[ = 6.

If z is inversely proportional to !-{, and if

(a) express u in terms of,t,
(b) find the value of : when t = 25.

Given that N is invcrscly propofiional to r:
and ihat N = 3 when r. = 5, find the value ofN
when r = 10.

lf )' is dircctly proportional to rt and if the
differcnce in the values of _\, when i = I and

-r = 3 is 32, find the value of) when r = -2.

A man donate. a ccrlain anounl of mone) lo
a charity organisation each month. His monthly
donarion i\ dirccll) froponiunal ln rhe \quare

of his monlhl) .d\ ing\. Ci!en rhar he .rved
(q00 cnd'l1.200 in Januan and febfu:rr) 20UA

respecrively. and lhal hi. donation incred.ed

by $35 in February, find the amounts he

donated to the charity organisation in January

and Fcbruary 2006.

Ci.en rhe Lrble of \alue. for r and /, srile
down a fbrmula expressing .r in tcrms of t for
lnesc values:

lr i. gi\ en rh"r rhe force bet!\een l$o pir.licles

is inversely proporlional to the square of the

distance between them. If the force is F when

the distance betu,een them is r, ard cF when
the dr\lance is 5, . \\ nle do$ n lhe \ dlue of, .

5 men are hired to complete a certain job. If an

additional man is hired, the job can be

completed 8 days earlier. Given that the
number of days required to complete the job is

in\er5el) pfuportronal ro lhe number ol men

hired, find the number of additional men who

must be hired in order for the job to be

completed 28 days earlier

17.

10.

11.

1_1.

t2.

t 1 z 3

t) 5 20



expand products of algebraic etprcssions ;

.factorise algebraic etpressions ;

. recognise and appl! three algebraic identities;

. solre quadratic equations b! factotisdtion;

. solve problems involving quadratic equarions.

ii'
'\,,:
" ii; )l





Expansion of Algebraic Expressions

In Book 1, we use the distributive law to simplify expressions like

,A\^
2x(3 +4) =2x3+2x4

=6+8=14 and

( is -or =5's s'o
=45 30=15

i.e. multiplication is distributive over addition and subtraction.

Similarly we can use the distributive laws to simplify algebraic expressions when we remove the
brackets:

,-\
3x(a+b)
A\5x(r-))

2ax(3b+c)

4x x (5r k)

2hx(4h+5k)

=3xa+3xb=3a+3b

=5xr+5x(-))=5'-5)

=2ax3b+2axc=6ab+2ac

= 4x x 5! + 4a x (-22\ = 2jry - qxz

=(2h)x4h+(Jh)x5k
= -8h'z rchk

3m x (6n 5n) = ( 3,".) x 6m + ( 3n) x Csn\

= -l8nf + l5mn

Take note that the rules for algebraic multiplication arc the same as those for arithmetic multiplication,
i.e.

(+3)x(+4)=12

(+3)x(-4)=-12
( 3) x (+4) = -12
(-3)x(-4)=12

^s 
(+2a\x(+c)=+2ac

as (+4r) x (-2.) = -8iz
as ( 2ft)x (+5,t)= 101*

as (-3m) x (-5n\ = l5mn

,i*i,.
.
'



ffi W'.r=;r'
i.e.4x(2+jr)=4x2+4xr

and

The dishibutive law of multiplication over addition can also be illusffated by
usinS lhe idea ol the area of a rectangle.

2.

3.

ax(b+c)=axb+axc

and

I...-----:l' I". 8.,
i.e. (2r + 3) x 4 = 2r x 4 + 3 x,1.

Similarly,

M: r,.w.

ffi.r
(.b+c)xa=bxa+cxa.



Eapand and simplil!.

(a) 2(2x+ 3) + 5(r-4)
(b) -3(2x + '1) -2(x s)

A\ A\
(a) 2(2.r + l) + 5(r 4)

= 2(2r) + 2(3) + 5(r) + 5(-4)

=4r+6+5x-20
=9x-14

,^-\^ A\
(b) 3lZr + 4) 2(.r - 5)

= 3xZx+( 3)x4-2xr 2x(-5)
= 4x-12-2r+10
=_u 2

(a)
(b)

(a)

S*amptez
Expand and sitltplily.

2x(x + 2!) + 3x.(2x- 3f)
3a(h + k) 4a(2h-5k)

6-\. 6\.
Lx(x +2i + 3x(.Lx-3J)

= 2x x x + Lx x (2y) + 3x x (zI) + 3r x ( 3y)

=Ll + 4xy + 6f -9ry

6\ ,^-\
3a(h + k) 4a(2h - 5k)

= 3axh+( 3a)x k 4ax2h-4ax(-5k)
= 3ah - 3ak 8ah + 20ak

= llah + l1ak

(b)



r lrffi rnurruu pf;ird@ r,rrr,,rurrryFiiil

Expand each of the followingj

(a) 3(2a + b)

(b) 4(3r + 4))

(c) s(3c - 4@

(d) 1(sh 2k)

(e) 1(2h + 7k)

(f) -8(3a + 5r)

(s) -6(7r - 3:r)

Qr) 9(3h 2k)

(i) 2(3 + 4r)

0) -5(2 - 3'I)

Expand each of the following:

(a) 2.x(5a + y)

(b) 3a(2a + 7b)

(c) 6x(3.r - r)
(d') sa(a b)

(e) -r(sn + 3&)

(f) 1a(2a + 3b)

(s) Jh(2h - 3k\

$) amQm- sn)

(i) 1a( + 3b)

(:\ -3k(1h - 7k)

3. Expand and simplify each of the following:

(a) 2(r + 1) + 3(, + 5)

O) 4(2r+ 3) + 5(r + 3)

(c) 5(h+3)-2(4+h\
(d) '7(2-x + l) - 4(x + 3)

(e) 8(3h 4) + s(h 2\

(D 6(5x- 4\ +2(bc 2)

(s) 3(2h-r)-2(sh-3\
(h) 4(3t-s)-6(2-3x\
(i) 9(5 2{) + 3(6 5jr)

(:) 7(3x-4)+4(3 Lx)

Expand and simpliry each of the following:

(a) r(2r + l) + x(r + 4)

(b) .{3"r + l) + 2(.r r 3)

(c) 2r(2i +3) x(2 5x)

(d) 3t(5 + a) - 2x(3r '7)

(e) -2x(.3 + 4x\ - 5xk - l\
(r) p(sp - q\ 2p(3q - p\

(g) 3a(2a b) + 3a(b 3a)

Qr) 2a(b 2n) - 4a(a 2b)

(i) 2p(3p-sq)-p(zq-p)

0) 4r(3n + J) 3r(2r - 5y)



@
Method 1

Further Algebraic Expansions

We will now leam to expand the product oftwo expressions with two tems each and the product of
an exprcssion with two tems and a[ exprcssion with tbree terms.

fxample:
Eapand each of the following

(a) (a + b)(c + d)
@\ (a+b)(c+d+e)

We may use the idea of area of rectangles to illusffate the concept of the
Foduct of two algebmic expressions.

(a)

(a + b)(c + d\ = ac + ad + bc + d shows that the area of the rcctangle
whose sides are (a + r) and (c + d) is equal to the sum of the areas of the
four smaller rectangles.

(b) Similarly,

Le. (a + b)(c + d + e) = ac + ad + ae + bc + bd + be



la) Letctd=k.
Now (a + ,Xc + d) = (a + ,),t

=ak+bk
=aG+q+bG+d)
=ac+ad+bc+bd

(b) I-et(c+d+e\=k.
Now (a + b)(c + d + e) = (a + b)k

=ak+bk

@istributiv€ property)

(Replac€lbyc+d)

@istributive property)

Method 3

Notice ftom Method 2 that in oder to multiply two algebraic expressions, we
multiply each telm of one expression by each term of the odrer and simplily

the rcsult.

The above can be worked out mme easily by using tlle following method.

(a) (4

= a\c + d + e) + b(c + d + e) (Rephe eby.+ d+ e)

=ac+ad+ae+bc+bd+be

=ac+ad+bc+bd

(Dishibutive protedy)

(Multiply eross each !ern)

,_\
(b) (a+b')(c+d+e)v/--" =ac+ad+ae+bc+bd+be



$f'u-nt.o
Expand the Jollowing:

(a) (a + 3)(a + 4)
(c) (x-2yxx + 5y)

(2d+3e)(d+2e)
(2x y)(3x + 2! + 1)

(b)
(d.)

=6f +4ry +Lx 3ry-2y'-y
=61 + xy +Lx -2f y

(Dont forget the brackets)

'^''@' I ii 
**To**'ror* u

.A-\.
(b\ (2d + 3e)(d + 2e) = 2d'z + 4de + 3tu + 6e2

{/, = 2dz +,ltu + 6e,

ro rx'-2vx)+5],t=x -5ry Zrt I0y?
\,J ,t

= *' + 3rl - 10t'

(d) (2.r -))(3x + 2) + 1)

$zxample s

Simplih the following:

(a) Oc + 5)(x- 4) -(x + 2)(x 3),
(b) (x- 2y)(2x + y) (3x+y)(5x 4r).

(a) (r + 5Xr 4)-(t+2)(x 3)

= ; 4, + 5t 20 -(t -3x +Lx -6)
=r"+x-20-x2+x+6
=2r-14

(b) (t 2y)(2x + i (3r+y)(5r-4))
= Lf + xy - 4xy - 2f - ltsl- tzry + s"q'- ay)
= 2t - 3ry - 2f - t5xz + 7xy + 4y'

=-1-:.l+4n+2f

@o!1 forget the b€ckets)



fxarnple6
Sinp liff the fo lla t ing :

k) d+2)6+s)
(b) (ht'1 + ic + 2)(sx 4).

= x- + Jr + Zt + l(,

(b)
Zr]

(2r'+ 3x + 2)(5x 4)Ng/
= 101 8l + 151- lzr + 10" - 8

= 1ox3 +11 -Lx 8

,:ri#lmrrnnrnnr ffirc,@.,,,,,rltltIry,iiir
Expand the following:

(a) (a + 3)(a +'7)
(b) (a 5Xd - 6)
(c) (c - 2Xc + 7)
(d) (' + l)(r - 9)
(e) (n + 9)( + 9)
(r) (n 9)(n - 9\
(g) (r+3l,Xx-].) 3'
(h) (b-4c)(b+4c')
(i) (n + 2i(n 3p)
q) Q+i@+sf)

Simplify each of the following:

(a) 5+(r+1)(i+3)
(b) 3.!+(2r-r)(.r|:+7)
(c) 6l + (2r + 3X' 1)
(d) 2r (x-aX5"r-6)

@) 4f-Qx-4)(2x+t)
(f) 15-6-ax.r-7)
G) (r+2Xr+ l)-2(r+5)
(h) (.r - 3Xr 4)+2x(x-4)
(i) 2{3, 4) (r-lxr+3)
C) (2r-1)(r+5) 5r(r - 4)

Find the following products:

(a) (l +.r + 1)(r + 2)
(b) (l-' l)('+l)
(c) Oz+2r lxjr-1)
(d) (-r'z - 2, + 3X, 2)
(e) (a'1 + 3a - 2)(a + 3)
(D @'1-3a+4)@-3)
(g) (' + 4)(l - 5r + 7)
(h) (x - 5xr'? + 4t - 1)
(i) (x + 3\(l - 7x - 2)

0) (2r + l)(-r'?+ 31 1)



Perfect Squares and

(c) (a + b)(a b).

(a) Consider the area of a squarc whose sides are (a + ,)

The area of the square whose sides are (a + ,) is equal to the sum of the
areas of B Q, R and S.
(a + b) (a + b) = a'1 + ab + ab + b'z

=d +2ab+b'
.'. k+b)'z=a'z+2ab+b'1

(b) Consider the area of a square whose sides a.re a and the area of 2 rectangles
whose length and width arc d and, respectively.

.b,

E
D
n
n

Difference of Two Squares

We will now leam three algehaic identities.

lSxampte z

Expa d (a) (a+b)(a+b), (b) (a-b)(a-b),



The 2 rcctangles are then placed on ihe square like this :

The area ofthe unshaded square is equal to (d DXd ,)

.. (a- b)(a b) = Area of odginal square of sides a

- Area of 2 rectangles of sides a and ,
+ Area of small square of sides D

=a'-ah ab+b'
= a' -2ob + d

'" (d b)'=a'z 2ab + b2

Consider a squa€ of sides a. A small
irom the square of sides a.

square of sides , is to be cut out

(b@ause you subtrac! the dea of the

squaE twice, you must add one a@.)

(c)

b



After the square of sides D is cut out, we get a figure which is
comprised of a rcctangle P and a rectangle 0 like this :

The rectangle I is then cut out and placed next to rectangle P like this :

,ill ,

The area of the shaded rcctangle is equal to (l' + b)(d - t)
= Area of rectangle P + Area of rectangle C

=a(a b) + b(a b)

=d-ab+ab-b'

.'. (a+b)(a-b)-a2 -b'

The rcsults of Example 7 are very useful in expanding expressions of a

similar nature. These results are surmarised below:

L' (a+D'=t +2ab + t
2. (a. b)'z=a'-Zab+b'
3. (a+b)(a-b\=t -lf

They are all algebraic identities.

(a + b)' ard (a b)'z are called perfect squares and I - D'z is called the

difference of two squares.



f'u,oot" t
L\pand the following expressions:

a) (2x + 3!)2,
b) (5x 3!f,
t) (3a + 2r(3x-2y).

a)

b)

(.Lx + 3!)'1 = (.L\'1 + 2(2r)(3)) + (3))'z (use rde'tity I wherc d = }ed D = 3r)

= 4t: + 12xJ + 9yz

(5r - 3))'z = (5i)'z - 2(5x)(31) + (3y)'z (use rderlity 2 \'here a = 5r and b = 3])

= 251 - 3oxr + r'

c) (3r + 2yx3.I - 2y) = (3x)'z - (2y)'z

=et_q,
(Use Identiry 3 whee a = 3r and D = 2y)

fhe Chinee turc fdhilial
\|ith .rpansjans of
la + b)', la + b)',
la+b)i,et.happcots
that the Idhou! Pasut
'liiduL ||as knoqn ih
China larc beJarc Blaise
Pascalwas .rer bom. fhe
tliqrM bela\r ory.arc.]
in the t 3th .entun tdt.
'' Detailzll Atu|f sX .f the

Mathen.lics Rules ih Lhe

we can also use the technique leamt earlier in Example 4 to expand the

z:=-\

'al (2r + 3J,)' =(1r + 3]X2r + l),)
-=z _-."

=+f+6xy+6xy+9y'z
=qf+]2ry+9y'

^\
(b) (s'-3)f =(5x-3{y:j))

= 251 - l5xj , 15ry + 9!'
= 251 - 3o^j + 9f

_:__\
(c) (3r+2))(3;-2))=91 6a+6xy 4f-:=L,,,t =9i 4rz

Which method do you like better?

F+T-I-FFFI;FI



{}'u-pt"l
Use algebraic identities to ewiaate the following:

(a) 201 x 199,

@ 791,
k) 3q+78+1.

It is harder to evaluate these expressions direcdy without using a calculator.

So we use the abovo identities to help.

(a) 201 x 199 = (200 + l)(200 - l)
= 2002 - 1'z (Usinc Idenrity 3)

=40000-l
- lo ooo

(b) 797'z = (800 - 3f

= 800'? 2(800X3) + 3'z (Jsing rdentiry 2)

= 640 000 - 4800 + 9

= 635 209

(c) 39'?+ 78 + I = 39'?+ 2(39)(1) + 1'z (usiDs Identiry l)

=(39+1f
= 40,

= 1600



3_?
i,n@ r r r r I l r r r r r r Qt$rcFef !" / r r r r r r r r I r r r w-c$rl,

e"z&

4. lf I + t? = 14 and ry = 5, find the value of
(.r + y)'z.

Expand each of the following:
(a) (a + 4)'z

(b) (', + 7)'
(c) (.r - 9f
(d) (zr 1)'

(e) (1 - 3"d
(D Q + 3E\'

lg (p 2d'
Qr) (c - 4d)t

(i) (s.r 3)'z

0) (4 3r)'

Expand each of the following:
(a) (2r - 5)(2r + 5)

(b) (3r+4X3r-4)
(c) (5r 2X5i + 2)

(d) (-2I + 3)(- 21 3)

(e) ('7 2r)(.7 + Lx)
(t) (2h k)(.2h + k)

(g) (6.x + 5X6' 5)

@) (sp q)(sp + q\

(i) (2{ - 1l)(2r+ 11)

0) (*'z-yXl+r)

7.

Ci\en that a I b = l0 and d'- l" - 10, frnd
the value of .r - ,.

If,rz +f = 86 and:l = -16, find the value of
(r - yf.

lf (a+ b:)z =361andab = 120, calculate the
value of at+ bt.

Using alegbraic rules and without using a

calculator, evaluate

(4,

(b)

2367-238x234

18 x 164

164' 161 x 167

3. Use the algebmic identities to evaluate each
of the following:
(a) 502 x 498

(b) 305 x 295

(c) 98 x 102

(d) 1203'z

(e) 901'z

(0 89e'?

(g) 892'z

(h) 805'7

(i) 69'z+ 138 + 1

A) '78'z + 312 + 4

88 888 888
(c)

(88 888 889)' 88 888 888x88 888 890

The figure shows ABC, as a

rrape/ium in wbich AB = r5x t 6t cm.
DC = 3.r cm and the height between the
parallel lines is (4r 3) cm. Show that the
area of the trapezium can be expressed as
(16r'9)cm'.



Factorisadon of Algebraic Expressions

In Book 1, we leant how to factorise simple algebraic expressions by using the reve$e of the
distributive law as well as by grcuping. We shall do a quick revision of the factorisation of these before
we proceed to factorise quadmtic exprcssions and solve quaalratic eqDations.

Sfxampre r0

Factorise ench ol the following.

(a) 2+6x

(b) 5x + l5r

@) 3l +9t

@) 2nl + 2Mh

(e) 2^y + 4yz- Sxyz

0i) tb' a5b'? + 2aab6

(^\ 2+6x=2(l+3x.\
(b) 5t + 15) = 5(r + 3))

(c) 3r'+ 9r = 3r(jr + 3)

@) 2nt + 2nth = 21tr(.r + h)

(e) 2.xJ + 4yz-8xyz=zy(x +22 4xz)

(t db3 - asbl + zaab6 = a"b"(b - a' + 2a"b')



fxampte 11

Fa.torise each of the following.

(a) ab+4a+3b+12
Q) I +ry-3r-3r
(c) a'z-ab-2b+2a
k f -l-t +x
(e) (a + 2bf -(a + 2bx3a-7b)

(^) ab + 4a + 3b + 12= (ab + 4a) + (3b + 12)

=a(b+4)+3(b++,
=(b+4)(a+3)

@) t + xy -3x 3y= (f + ry) - Qt + 3y)

=r(r+])-3(x+))
= (:r + y)(x _ 3)

(c) az -ab-2b+2a =G?-ab)+Qa 2b)

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

=(a_b)(a+2)

Altematvely, d - ab -2b + =@z - ab) - (2b -2a)
=a(a-b)-2(b-a)
=a(a-b)+2(a-b)
=(a_b)(a+2)

@) I - i - 1 + )c = l(x- r) - (r - )c)

=l(x-l)+(r-l)
=('-lxli1)

(e) @ + 2b)'? (a + 2b)(3a'1b) = (a + 2b)l(a + 2b) (3a - 7 b\1

=(a+2b)[a+2b-3a+1bl
= (a + 2b)(9b _ 2a)



**rrrrrrrrrr ffird1ffi ,rr.,.,rrrrre**
Factodse each of the following.

(a) 8r+2
(b) 4x 20

(c) 'zxr + 6x

(d) 5'i] - 2s).
(e) 3,r' - 1211,

(D 1ol l8.r
(g) 4l0, - l2r).
(h) t4:ry - 49)'
G) 3db+6al;+3"b;
0) 10rr + 154, + 20tz

Factodse each of the following.

(a) x+ry+2y+2yz
(b) f+3xr+2x+6j
(.\ zps+2qs+qt+pt
(d) 3sp+3sq+ztp+ztq
(e).rz+:ry+yr+y'z

Earlier in this chapter, we found that

(1) a' + 2ab + b'z = (a + b)'1,

(2) a') - 2ab + br = (a - bf, and

(3) a'z bz = (a + b)(a b).

(a + b\'z afi (a - b)': are called perfect squares and d2 - r'?is called the

dilference of two squares. These identities are useful in helping us to

factodse cefi ain exprcssions.

l. (D l - 3Jd+ 2tj 6r
(g) f,qr-4r.-22+3!z
Qr) 2ac+bc-2bd-4ad
(i\ xz -3x 3!+tz
(j, 3bc - bd + 6ac 2ad

3. Factorise each of the following where possible.

@) l+f+p'q+pq
@) p'1q pqr -2pr + 2f
@) 491 7x +'7&x - a

(d) 3p7 + 6pq 4pr - 8qr
(e) 4aa + 6a'+2n" +3a
(ft r'r' 5ly - 5;"1'? + .q,'
(g) 5a' a(2b 30)

&:) 4x'z - Lr(a + b')

(i) n3 + nf(2n - 1\

C) p(4m n)-2p(n+2n)

Factorisadon Using Algebraic Identities



(b)

(c.)

(d)

#amprcrz
Factorise the follow ing :

(a) *+6x+9
(b) f -12t+36
(c) E-81
(d) 9d-4

(a) l+6r+9 =i? +2(3)(x) +32

=(x+3),

f - 12t +36= P 2(6)(t) + 6'?

= (t 6),

E-81=lC E
= (* + 9)(,t 9)

9d 4=(3a),-22
=(3a+2)(3a-2)

Using factorisation can sometimes help us to do mental calculations in arithmetic (see next example)



(a)
(b)

fxample rs

h)aluate the.following bj factorisation:
79x83 69 x 83,
io? -9.

(a) 79 x 83 - 69 x 83 = 83(79 69)

= 83(10)

= 830

(b) 103'1- 9 = 103'z- 3'?

= (103 + 3X103 - 3)

= 106 x 100

= l0 600

,'dmilrrrruuil ffiidffi ,,rr,,, rilrrefi
3, Factonse each of ihe followirg complotely.Factorise each of the following completely.

(a) r'+ 8r + 16
(b) x'+4r"+4
k) a'z+6a+9
(d\ 2l + 41+ 2
(e) 3l + l2x + 12

$) 4f +3zx+64
@) I -6x+9
O) r'z- 8.n + 16
(i) h'-4h+4
6) lf -4x+2

2, Factorise each of the following completely.

@) l+2xt+f
@) l+6ry+9t'z
(c) l+&rr+:y'
(d) 9a'1 + 24ab + 16bz

(e) 4l + 84'+ 412

(D 25; loxl + y'z

(g) 49yz 42y. + 9zz

f -16
P8l
2sd - 64
361 49
81 - 161
64 - 9az

4h' + 8l
Lt-18
3l - t4'7

4. Factodse each of the following completely.

(a') hz -kz
@) t-rcv'
(c) 4cz -25t
@) 36b' - t
(e\ 49cz 9t
(9 2-t - s0.'?

@) 3t - 21t?

$) 64t - 4ts

t, E !n''4

(4,
(b)
(c)
(d)
(el
(f)

G)
(h)
(i)
(i)



Evaluate the following by factorisation.
(a) 59'1 4r'1
(b) 68'? 32'?

(c) 103'] - 9

@\ 1 .7' - 232
(e) 26.'/'z 233'
(D 2562 - tse
(s) 892? 8'
(h\ e$'z - e1'1

i) 1$? - x't'
0) 6s9'z 34r 

z

Evaluate the following without using
calculator,
(a) 36x490+36x51
O) 5.16x5.6+5.16x4.4

tc) 27 x 365 -27 x 265
(d) 587 x 23 23 x 48?
(e) 395 x 47 47 x 385
(0 84'?-84x74

* 7. Factorise each of the following completely.

(a) r'- t/ + lf
(b\ c' - (d + 2)'
(c) (.1 + 3)'z- 9
(d) 16 - 25(l' + 3)'
(e) 4(r + l)'z - 49
(t) 36 - 2s(a + 1)'a 
1g1 t zs.t
(.1\) 49a2 - (b + 5)'
(i) (2' lf 4)'
(i 2sa2-@-D'z

Factorisation of Quadradc Expressions

Thegeneralfolmofaquadraticexpressionis.lr'+bx+cwherea,bandcarerealnumbe$and'l*0.
The expression has three tems: the telm in x':is ar':, the telm in.r is br and the constant tenn is c.

Consider the quadratic expression i'z + 5r + 6. To factorise a quadmtic expression is to express it as a

product of two factofs, where each factor is not equal to 1

Method I
We can represent I + 5:r + 6 by the area of the following square and rectangllar tiles:

I

frr#l tilil fifdl liid w,n]

[ifl +il [iil| fliint hr4
iltlill lrjjj,ll l.ii4ii lliiii l;ir

ffi[4ffidffiffi!
\----------v-

'iffiffiffi
ffiffiffi

Can you arrange all these tiles to folm a rcctangle?



The following diagam shows one way of arranging all the tiles to form a rectangle.

Therefore, r' + 5r + 6 = area of all the tiles

= arca of the big rectangle with length r + 3 and width r + 2

=(r+2)(r+3)

Method 2
Method 1 gives you a geometric unde$tanding of what it means to factorise .t' + 5, + 6. But it is too
tedious. We will use a shortcut.

Notice that the 6 small square tiles are arranged in the form of a small 2 x 3 rectangle. This suggests that
we have to find the facton of 6 :

'=;:2
Then, we try the first pair of factors as follows:

l><i:

Cross multiply the facton and write down the products in the third colurnn and add the pmducts as

showD:

l><i: iL]*o
+ ?-r + + 5r .. reject



the final result is not equal to the term in r, then rcject this
rry tbe next pair of factors of 6. which are 2 and 3:

:x:i +2x1 ..
+ 3r Jaoo

+2t
+6,

+6 + 5r ,'. accept

Since the final rcsult is equal to the telm in r, we accept this
solutlon:

t + 5t+6 = (t +2)(t + 3)

We shall call this method the 'cross' method.

fxample 14

Fat:tori.sel+8r+12

12=tx12
=2x6
=3x4

Using trial and error, the corect answer is :

2x3

:x:2
I +12

.. I+8r+12=lx+2)lr+6)



Sarnprels
Factorisel-5x+6

6=lx 6 or

=2x 3 or

First trial :

(-l) x ( 6)
(-2) x ( 3)

I +6

Notice that the telm in t is -5n (negative) So let's consider 6 = (-l) x ( 6)

Second trial :

l><-| _L]"do

Let's consider 6: (- 2) x (- 3)

Third trial :

Therefore,l 5.r+6=(.r- 2)tx 3,.



- z&.,.Gfxamnle 16

Factorisef +x 6

-6=1x( 6)

=2x( 3)
OI
OI

6x( 1)
3x( 2)

| -6

Since the term in .r is positive,the bigger factor of 6 (i.e. 3) must be positive
and the smaller factor of 6 (i.e. 2) must be negative.

... l+r-6= (r 2)(r + 3)



iample 17

Fartorise I - x 6

-6=(-l)x 6 or (-6)xr
=2 '( 3) or 3x(-2)

:>.<:?

Using trial and enor, the correct answer is:

+2x

:. I x-6=(x+2)(x-3)

+2r

+5t
(reject)

+6x

+7x
(accept)

Sxampte rs

@) 21 +71+3
ft) 3l-t7x+20

(a) The factors of 2l are 2r and .f.

Both the term in t and the coDstaDt tenn are positive. So both facto$ of 3 must be positive.

First trial Second trial

?><:i T>,<li

.,. Lt +1x+3 = (2r + l)(t + 3)



o) ' 
The factors of 3l are 3,v and *.

20 = lxm
=2x10

first trial

or (-1)x( 20)
or (- 2) x (- 10)

or (-4)x(-5)

T>q,';

Second trial

';:>'< '^

3t +20

(reject)

.. 3l - t1x + 20 = (3t - 5) (x - 4)

(accep[)

fxamPle tl
Factorise each of the follawing.
@) l-16
G) pf -4xp -21p

ft) f+6x+9
't@) 2lf + sxr - 12

(a) f- 16'tl
xxx 4x( 4)

... l-t6=(x+4)(x-4)

(b) l+6r+9
=(r+3Xx+3)
=(t+3\'

@) pl - 4xp - 2rp
=p(f-4x-2r)
= pQc - 7)(x + 3)

*G) 2x5'1 + 5rJ - 12

= 2(xyf + 5(ry) - 12

= (2a - 3)(ry + a)

i>r'<.!

.;r4*'.

-16

-7x
3t

-4x

;><l;



T

1. 3. Factorise each of the following.

(a) 4.r': - 41 8

(b) 3l + l5i + 18

(c) 4r'+ 1tu + 4

(d) 6r' + l5,rr - 36

(e) 8.v'?+ 4r - 60

$) lLl+l0x+2

G) 18.1- 39r + 18

(h) l2l + 10r 12

(.i) 4f zLr + 24

(i) 35.r'+ 55r - 30

* 4. Factorise the following exprcssions wherever

possible:

(^) 6a'b' -t9ab -20
(b) 6.d)'z + 5D, 6

\c) Jp"q' - lpq o

(d) tuY - 7rr 20

(e) 16+&9'+rt)'?

(t 25-ljhk+hze

(g) t hk 15 + 2hzl3

Qr) 3 8mn + 4m'zn'1

(i) l2p'q'- 40 + r4pq

(:) l3hk+6+5h'zl:

3{
liriflsm I I | | | I u I I I I Slircbek"fJ I r I I I I r I I I I I ruFctir;- dsry

Factori\e each of lhe lolJou ing erpression':

(a) rz+6r+8
(b) y'z+3r +2

(c) m'+9m+8

(d) b'+ l7b +28

G) l-llx+24
(f) ez-4e+4

(g:) m'z-9m+20

(h) l+x-2
(i) a7 9a + 14

Q) a'+2a 8

Factorise each of the following.

@) Lf +rrj'+12
(b) 3az + loa+7

(c) 4a7 -7a + 3

(d\ sf 13p+6

(e) 6.1" + l9a - 20

(f1 5p'z+1p 6

(s) 6p' '7p -20

Qt 4a'z 7a+3

(D 4# +8m+3

(:) 6p'+7p-m



Sofuing Quadratic Eguations
by Factorisation

ln arithmetic, we leant that the prcduct of any number and zero is equel to zero. For example
5 x 0 = 0,0 x 8 = 0, 6 x0 =0,0 x (- 7) = 0,0 x 0 = 0 etc.

Similarly.inalgebra,iflwofacto$/andC:tesuchthatPxO=0,fieneitherP=0or8=0orboth
P and 0 are equal to 0. We shall use this principle to solve quadratic equations.

Thegeneralformofaquadraticequationisar2+ri+c=0,u,herea-randcarerealnumbefsand

'Sxample 20

salre the lbllowing equations.

't) (x + 2)(x 3) = 0
3a(2a+3)=0
(2\ 3)(4:t - 5) = 0(d)

ia) -r(r 3) = 0
Either r =0 or

,. r=0 or

rb) 3.r(24 + 3) = 0
Either 3d= 0 or

.. a=0 or

r 3=0

2a+3 =0
2a= 3

2

or n 3=0

or 4r-5=0

or )t=l;

AssunLer=\"lultiPt,
bah tnkt by \ : \t - \.
Sublra.t i ltuh hoth

Diride both sidtx h\

cdn yt i.lcnttt\'ttt.
nnst kr ii thP tle,l

(c)

Either (jr + 2) = 0

i). 1v4r-5\=O
Either (2r 3) = 0

(d)

. ._ ,1
2



fxample2l
Solve the following equations.

@) 121 4r=o
(c)l-3x-28=0

9l-4=o
2f-7x+6=0

3.r- -+23,->1-:

-4

(b)
(d)

(a.l

(b)

(c)

(d)

l2xz-4x=o
4t(3r-1)=0

I
OI

OI

or 3r-2 =0
2

3

9l-4=o
(3r)'z-2'z=0

(3x+2)(3x-2\=0
.'. 3x+2=0

l-zx-zg=o
(r-7)(r+4)=0

x-7=0

2.x'z-'7x+6=0
(2x-3)(x-2)=0

.. (Lx-3)=0

9t
2

3

.l
2

OI
r+4

x-2



irnmI||IIIIIIilI Ef;ircb/3ffi IIIIIIIrIrIrG,?ijl,

Solve the following equations.

(a) ft-9)=0
(b) a(a+7)=0
(c) 2k(k-5)=0
(d) 5)(2y + l) = 0
(e\ 3h(5-4h\=0
(f) 3m(7 +4m)=0
(g) (x.+2)(x+3)=0
(h) (r+ 5Xr-7) = 0
(i) (i-aX*+ 1D=0
0) (n-a)(n-9)=0

Solve the following equations.

(a) .r'z+ 9.r = 0

(b\ k -7k=o
(c) zl+&=0
(d) 5t +25x=0
(e) 3.r'? - 4jr= 0

(f) 3d - 8v'1 -- O

(g) 4a'z l6a=0
(h) 5l-15'=0
(\ '71 + 2rf =0

Solve the following equations.

(a) b'?-16=o
@) 4n'?-25 =o
(c) 64 a'=0
(d) 3l-3=0
(e) ze'z-50=0
(f) 41 100 = 0

G) n - i=o
ft) d'z- 4 =o'' 25

'- 9 25

4. Solve the following equations.

(4,
(b)

(c)

(d)

(e)

(l)
(g)

o)
(i)

e'z-76e+64=o
d'+6d-27 =0
az+12a+36=O
qz +'7q = 60

b' 7b tzo=o
l+3a=l\a'
tt-2k=63
3pz lqp+8=0
2m2+5m-3=0

5. If x = 3 is a solution of the equation

r_ + &{ + l) = U, Irnd me value oI /(,

Hence find the other solution of the equation.

6. If x = 5 is a solution of the equation

r'1 - lrt + 10 = 0, find the value of D.

Hence find the other solution of the equation.

7, lf x = 3 is a solution of the equation

2l - 5.r + c = 0, find *re value ofc.
Hence find the other solution of the equation.



hoblemSoMng InvoMng
Quadratic Equations

Many mathematical ard rcal-life problems can be solved with the
help of quadratic equations.

-g xample zz

Find tuo consecutiye positiye odd numbers such that the sum of their
squares is equal to 130.

Stratcg/ 1l Make a syst€matic list

The odJ number'. are: l,1,5, /, o, ll, lJ,

Their squares are: I,9,25,49.81,121, 169,...

Frcm the above list, we have ,+9 + 81 = 130

.. the two consecutive positive odd numbers are 7 and 9,

Strategy 2: Use an equation

Let one number be r. The next consecutive odd lumber will be

x+2.

t'+(r+2)'=130
./+x'z+,lx+4=130
2i + 4x 126 =D

.t'+2x-63=0
(r-7Xr+9) =0

.. x=7 or r = -9 (rcjected because ' is posirire)

Erian inte ls ta
co\strrct the valLs al
tua nr- semi-dlta.hed
hotset (as thj\,n b.lot )
uting hji |a:nL lrj"arc
to! builditlg blackt.
Each oJ the hou"s tt^

Cun rou h.lp lin :elett
the Lheape\t daign x)
buil.l(thi: flill be nt oh.
||ith the sndlktt \,ull

Cop! anl cotuplete the

kble to 8et the ohs\ret.

Whi.h.lesien is the
.hedpest to btild?

Hence

Whenx=7,x+2=9
. . the two consecutive positive odd numbef are 7 and 9.

Check: 71 +*=49+81 =130.

192 J30

96 2

24

t2

J

2



fxample23
me perimeter ofa rectangle is 20 cm and its area is 24
lenqth and breadlh of the rectangle.

ctn'z. Calculate the

l-et the breadth of the rectangle be r cm.

.'. the length of the re cta\gle = P z

= l0 xcm

.. area of the rectangle = x(10 - x) = U
rlx-l =24

l-rlx+24=O
(jr 4Xt 6)=0

,. *=4orr=6

Wlen x = 4, length= 10 4=6cm

Whenr = 6, length = 10 - 6 = 4 cm

Since we nomally assigr the longer side to length, the length = 6 cm alld the

brcadth = 4 cm.

Clr?ctr. When the length = 6 cm and the breadth = 4 cm,

its pedmeier = 2(6 + 4) cm = 20 cm and

its area = (6 x 4) crf = 24 cnf.



i;r::rlm r I l r r r I r r r r l ffircrffi , r r, r., I I | | I ffii'# ri

1. Find the whole number such that four times

the number subffacted from three times the

square of the number makes 15.

Find lhe whole number such lhar tqice ils

squarc added 10 itself makes 10.

Find two consecutive positive numbers

such that the sum of their squares is equal to

Find two consecutive positive odd numbers

such that the sum of their squarcs is 74.

Find two consecutive positive even numbers

such that the sum of their squares is 164.

The difference belween tuo numbers i\ q

and lhe prodlrct of lhe numbers i: 162. Find

the two numbers,

A recrangular field. 70 m long and 50 m

wide, hac a palh of uniform uidlh arou0d il

If the arca of the path is 1024 rf, find the

width of the path.

The baqe and height of a lrizngle are r,r + i)
cm and (2.x - 5)cm respecd\ely Tl-the area

of the triangle is 20 cm'?, find 't

2.

9. The difference between two numbers is 3. If
the square of the smaller number is equal to 4

times the larger number, find the numbers.

10. The length of a rectangle is 5 cm longer than

its widlh and its area is 66 cm'z. Find the

perimeter of the rectangle.

11. Two positive numbers differ by 7 and the sum

ol their )quares is 169. Find the numbers

12. Two positive numbers differ by 5 and the

square of thek sum is 169. Find the numbers-

13, A piece of wire 44 cm long is cut into two

parts and each part is bent to form a squarc.

If the total area of the two squares is 65 cm',

find the pedmeter of the two squares

14. A particle is Fojected from ground level so

that its height above the ground affer , seconds

is given by 2Ot - 5f m. After how many

seconds is it 15 m above the ground? Can you

explain bdefly why there are two possible

answels?

4.

t

6.

7.

8.



1. Algebraic identities :

(a) (a+b)'1=az +zab+bz
(b) (a U'z= d -2ab+ b'
(c) (a+ b) (a-b)= a2 -bz

2, Factodsation of algebraic expression can be done by
(a) idontifying and taking out all the common factors ftom every term in the

given expression;
(b) gouping tems in such a way that the new Sroups obt .med have some

common Iaoors;
(c) using the 'closs' method for quadmtic expression.

3. If two factors P and O are such that P x C = 0, then either P = 0, or q = 0, or both

P and 0 are equal to 0. This pdnciple is used to solve quadmtic equations.

I xample 1

Solve the following equations.

@) 2f -32=o
(b) (x+2)'z=9
(c) 2t+5x=0
@) 2l +5x-3 =0

@) zl,32=0
2(X - 16) =0
2e-4'\=o
2(x+4)@ 4) =O
.. x+4=0orr-4=0

x=-4orx=4



(b) (r + 2)'= 9
(r+2)'9=0
(.r+2)'13:=0
(r+2 3)(i+2+3)=0
(i-l)(t+5)=0
.. x=1 or x= 5

(c) 2l+5r=0
t(zI+5)=0
.. r=0 or 2r+5=0

^lx=0 ot ,= -l

(d) 2l+5.r-3 =0
(2r-1)(r+3)=0
.. 2r- 1=0 ot .d+3=0

'J><-l
3

"Sxamptez

A m&n is now 5 times as oA as his son Four lears aqo'

theb ages was 52. Find their present ages-

Let the boy be t years old now.

Therefore his father is 5,v years old

4 years ago, their ages werc (t 4) and (5,r - 4) respectively.

(x-4)(5r-4)=52
5l -24r+16=52
5x' - 24, 36 =O
(sr+6Xr 6)=0

r=-9 or r=6
5

Shce the boy cannot be - | Years ol<1, the bol musi now be 6 years old and

his father 30 yeals old.

Ci?c/.. 4 yeals ago, the boy was 2 years old and his father 26 years old

(2x26=52).

l

PaLt and tulie hdd n
n4b on? SatLillrt. Ther
dsr.ed ia neet at Mqia.
Srlaare at I !.tn. lilie
thoqetu thai her Ndt.h
was Jaset bJ 5 tundes
but in adul l4r4 n wd
nor* b\ 5 niauLi.l&l
thoqht th4t hir vatth
||as staver bi 5 ninutes
bur in ulut Ia.r, it Nas

Jast{ b! 5 ninuEs. JLli.
deliberuteb tq.ned tp
la hinutes late whik
Pd tt eni? |qniturdt
eatlier Who lilrned 

'1)
.Jne aal how loas did
she/hc hav to vaitlt the



Expand the following expressions:

(a) (2a+3b\(3a+4b)

(b) (3a - 5$ga - b)

(c) (5r + 2))(i - 3y)

(d) (7r 41)(r + 3])

(e)

(f)

+ (9,

* (h)

+ (i)
*c)
* (k)

a'z-l2a+36
3b' 6b+3
6pn - 24q'
2p1 - t\pzqz

3L'J' - Lt
64a4 - 4b1

c) l;ry 3]

td I-!a -:b I

fi l3a + lblt s/

tht (\oo, - |r'yz\'
\4 2 )

4. Factorise the following:

(a) r'?+ l3.r + 36

A) az -20a + 19

rir fl-+ !.t)( 1* !oa)- \4 3 ,r\4 " 3 )

fi ..il[;-;.]
the following:

X rr-g(J-22)
{;|#+lod(r+c)
Fl & + y)(a + b) - 6J + z)(.a + b)

ttst l1r + ])'?- 3(24 + ),)

H t2n 3b)@ + q) + (a - b\(p + q)

; rn-2n)-(m-2n)'.
U ar+bJ-a! bx

fii 2ty+xz-2yz
# 3a; -2d +3a-2
n r+.f -4' 4

fuise the following completely:

F r+5r+25
|fy:+14y+49
*t lj+ 122+ 18

F;-&r+16

4p2-12p+9
25p'zq'z+ljpq+l
9+6y+)2
r+1bq+36x5'.
49 4d
90.r],'? 10

Solve the following equations:

(a) l2x 2fr=*
(b) llf=26x+21
(c) lLt+9=5xz
(d) 2f -r1.r+5=0
(e) 3f 6r =0
(D / +:1= s
(e) x'-9 =0
(h) 2r,-8=0
(i) (r + 3)'z= 4

$) @-q'2=2s

Solve the equatron 9.x-y- - lLry
giving ) in terms ofr.

(c,
(d)

(f)

* (9,
(h)

* (i)

+4=0,



E.

9,

10.

ll.

7. The length and breadth of a rectangle are

(5r + 3) cm and (Jr - 2r cm. wrile do\\n in
terms of x,
(a) the perimeter,

(b) the arca.

If the area of the rectangle is 230 cd, find the

value ofr a.nd hence write down the perimeter

of the rectangle.

A man walks for r hours at a speed of
(r + 1) km/h and cycles for (r 1) hours at a

speed of (2r + 5) km,&. If the total distance

travelled is 90 km, find r.

A man is I years old while his son is,r years

old. ln 4r years time, the man will be twice

as old as his son, Form an eqlration and solve

it to find the value of 'I

r is a number such that when (r + l)'z1s

divided by (, - 2), the quotient is 16 and

the rcmainder is (n 3) What are the values

of r?

If each pupil in a class sends a New Year

greeting card to every classrnate, the total

number of cards sent out will be 870 Find the

nDmber of pupils in the class.

12. A cyclist havels 40 km from P to I at an

average speed of t km/h
(a) Wdte down, in terms of't, the time taken

to travel from P to q.

(b) On the retum journey from Q to P' the

cyclist decreases his average speed by

3 kfi!41. Find the time taken for the retum

joumey in telms of -I

* (c) The difference between the time taken in
(a) and (b) is 40 minutes.
(i) Write down an equation in r and show

that it reduces to .l - 3.I - 1 80 = 0

(ii) Solve tlis equation to find the time

taken to tavel from P to 0.

13. The cost of hiring a bus for an outhg was $240

and this was to be shared equally by r people.

On the day of the exculsion, 4 people were

unable to make it. The remaidng people had

to share the cost of hinng the bus instead, so

that each pe$on had to pay an extra $2.

Form an equation in x and solve it to fiIld the

amount that each peEon had to pay originaly.

14. Mr Chan drove ftom his home to his ofiice at

an average speed of t km,4l. The distance

between his home and his office is 80 km.
(a) Wdte down an expression, in tems of -ir'

for the number of hours he took to drive

from his home to his office.

When he drove from his offtce to his home'

his avenge speed was 5 knth faster than

his speed when he drove from his home to

his office.
ftite down an expression, in tems of t,
for
(i) his speed when he drove from his

office to his home,

(ii) the number of hours he took to ddve

from his office to his home

Given that Mr Chen took 15 minutes less

to alrive lrom his office to his home tha.n

ftom his home to his office, form an

equation in i and show that it simplifies to

x'?+ 5x - 1600 = 0

(d) Solve the equation .x2 + 51 1600 = 0,

giving both answers correct to tnree

significant figures.

(e) Calculate, corect to the nearcst minute,

the time he spent on driving from his home

to his office.

(b)



The diagram shows an ancient coin which
was once used in China. The coin is a cfucle of
3 cm with a square ofi cm removed fiom its
centre.
(a) Find an exprcssion for the area of one side

oi the coin in terms of .I and tt.

(b) The area of one side of the coin is 7fi cm'z.

Fhd the area of the squaro by forming an

equaton rn r,
(Take n to be 3.142)



Revision Exercise I No. I
1. (a) Wlat is the largest number of books at

$3.50 each that you can buy with $30?

How much will you have left over?
(b, An iron bar can be cul into 16 pieces.

each 15 cm long. If l2-cm Pieces werc
required in.lead. hoq manY Pieces
could be cut from the bar?

2. A map is alrawD using a scale oi I cm to 8 km

(a) Fird the R. F. of the map.

O) Find in cm, the distance on the map

between two Places which are 72km
apafi.

(c) Find in cnr?, the area on the map of a

forest which has an arca of 496 km'.

3. (a) ln the figure, 4,4?p is similar to AABC.
Given that AP = 4 cm, PB = 6 cm,
BC = 10 cm and AC = 15 cm, find the

lengths of A0 and P0

(b) Find the number of sjdes of a regular
polygon whose exterior angle is l8o.

simplify each of the following:

(a) 2(5r 2J) + 5(t 3t)
(b) 3r(2r + y) -t(5t 3])
(c) 7r(r - ) + 2z)-sx1-3x-<)

(a) lf 51 8)=3{} ),. lind lhe numerical

value of a.
3f

(b) lfr'z + y'? = 5? and 4' = 3, find the value
of 3(r + ])?.

Faclorise each of the following:
(^) px+pj-qt qy

O) 2c' 5c+3

Solve the following equations:

(a) Ztz + 5t 3=0
(b) l6(x-1f-9=0

(a) The distance of 25 k-rn bet\e€n tqo
loq ns. P and O. iq represenled by a line
of 5 cm on a map. If the scale of the map

is I : 5r, find the value of .r.

(b, Three ofthe inlf,rior angles ofa penraBon

are 88', 113' and 139'while the other
two are 7.r'and 13-r'. Find .r.

fhe figure qhoqs a lriangular bar of cro..-
.ection ABC. lfthe lenglh olthe bar iq l4 cn
A-8 = 6 cm and aC = 4.5 cm, ftnd lhe \olume
of the bar.

(a) Civen thal y i' directl) proportional lo lhe

positive square rcot of t and that J = 4
whenr=9,find
(i) the value ofl' when r = 64,
(ii) the value ofx when ) = 7

(b) If l, is inve$ely proportional to (21 + 5)

and rhat J = 7 $ hen.r = 2. find lhe \alue
of
(i) )whent=3,
(ii) t when )' = 5.

7.

8.

10.

4-



Exercise I No. 2

20 tonnes of dce can feed 300 soldiers

fot 72 days. For how many days can

32 tonnes of rice feed 540 soldiers?

(b) A \um ol $360 is sbared among 3 people

in lhe ratio 2 : 3 : 7. Calculat€ lhe large.r

and smallest shares.

(a) If J is direclly propoftional to f, and if
] = 4 when x = 4, find ) when r = 3.

q
(bt Gi\en lhar f--C+32. find rhe \alue'' 5

of
(i) FwhenC=35,
(ii) C when F= 104.

(c) GiveD that ), is inversely prcportional to

I and ihat l, = 12 when r = -, calculate

the value of y when r = 3.

Consider the following number pattems

21-2=6=lx2x3
33 -3=24=2x3x4
4,_4=60=3x4x5

(a) Write down the 5th the of the soquence.
(b) Express 19' 19 as a product of

3 consecutive numbers.
(c) Express 1- r, where:t is a whole number,

as a producl ofJ conqecud\e number.,

In the figure, CB is parallel to 8P. State

a pair of similar triangles. Given that
AB= 6 cm,BP = BC =5 cm, PO =) cm,

AC =:t cm and CQ = 6.5 cm. Find the

value ofr and ofJ.

7.

3.

4.

8.

Simplify

(a) Jl-5r-t7l L 2r'+r +4(,r-2)l)
(b) 8r [ (5,I - 4) + 2(x - 1)].

(a) Our of )40 pupils. 78 prcl-er Literature.
q4 prefer Ceography and Lhe rest preler

History. Dmw a pie cha to illustmte
this information and state the angles
in each sector.

(b) The inteior angle of a regular polygon is

35 times its extedor angle. How many

sides has the polygon?

Simptfy the following expressions:

(^) (2a + 5b)1- (a + 3b)(a 6b)
(b) (4a + b)(4a - b) + (a - b)'

5, A map is drawn to a scale of I : 40 000.

(a) Two towns are 18 km apart. Calculate,
in cm, iheir distance apart on the map.

O) on the map, a park has an area of l8 cm'z.

Calculate, in km'?, the actual area ol
the park.

6, Factorise

(a) 5]j] - 15ry' 25r)
@) 2ax + 3b! 2aJ -3bx
(c) 1sx -27$
(d) 9l lb.+4



Revision Exercise I No. 3

1. (a) Find the angles marked r and ) in the
following figurcs.

(cl T$o ro$n. X and y are 460 km aparL.

A car lea\e5 X for Y rr 65 kn4l and r
slower car lea\es Y lor X al lhe sam(

rime 
"L 

50 lrn/h. Hoq long u ill ir lrle
the cars to meet each other?

5. (a) Given that ] is directly prcportional to
(Zr - 3) and that ) = 21 when 'r = 5,

express ) as a function of jr. Find tle
value of
(i) Iwhenn=7,
(ii) t when l, = 63

(b) If ) is inve$ely prcportional to l, and if
J = 2 when ,r = 3, find the equation
relatingrand). Find, also, the value of]
when r = 2.

6. A map of a town is dmwn to a scale of
I : 20 000.
(a) A sffetch of a highway on the map

measurcs 12.4 cm. Calculate the actual

length of this stretch of road in mehes.
(b) A school has an area of 30 000 mz. Fhd

the area of this school on the map.

7. In the figure, MOO is similar to AAOB.
Given that OP = '7 cll],, OA = 10.5 cm,
PQ = 6 cm and OB = 9 cm, find the lenSths

of OC and ,43.

A

(b) ht LXIZ, XY = XZ and tY is a point on

XZ such that WY =^YZ. fi fXZ = 52",
find the value of xYUl.

ABCDEF isa regularhexagon. Calculate
BAC and ACD.
Construct a rhombus of sides 5 cm each

with one of its diagonals 7.6cm long.

Measurc and state the length of the other
diagonal.

Factorise 18rr &)'1completely.
Expand and simplify

(.r+1,)(2r-))-f+r1,

2. (^)

(b)

3. (a)
(b)

4. (a) Factorise 3,I: - 12 completely.
(b) A car travels at a constant speed for

,150 km. If the average speed was

increased by 1 5 krVh, the joumey would
have taken 90 minutes less. Find the spe€d

of the car.

Fhd the number of sides of a regular
polygon if each htedor angle is 160'.

If an exterior angle of an octagon is 80'
while the other seven exterior a[g]es are

each equal to 2ro, calculate the value

8. (a)

(b)



(c) The interior antle of r regular pollgon
of r? sides is 19 times the exterior anBle.
Find the value of r.

9. (a) Loading half a load of clothes into a
washing machine instead of a full load
every other day wastes I 30 I itres of warer.
Calculate the total amount of water
wasted in a year of 366 days if a

household washes clothes with a

half load. How much extra money will
the household have to pay per year, if the
cost of water is $2.04 per cubic metre?

(b) The actual length ofa square is 5 cm. A
man measures it as 5.2 cm. Find the
percentage eftor in the man,s
measurcment of the area.

10, (a) Find the value ofr if
(i) r:4 = 56: 32,
(ii) 9 : ll =81 | (100--r).

(b) Solve the equation

rr3r tr-rr7x lr- lr5r+21.161

Revision Exercise I No. 4

r. (a) A man works tbr 6 days and is paid $153.
How much would he be paid for working
9 days at the same rate?

A cyclist took 31 hours to cover 46 km.

For the tust 30 km, he cycled ar I 5 knth.
Find his speed for the last pait of the
journey.

A cyclist travelling at 20 km,4r takes 3

houls longer to travel a cettaill distance
than a motorist travelling at 60 hdh.
Find the distance travelled.

Simplify each of the following:
(i) (4a 3b) - 2(a b\
(ii) (r + 1)(3x - 5) (r - 4)(n + l)

(b) Given thata =3, b= 2 and c=zl, find
the value of each of the following:
(i) cz - 4ab
(ii) ac + b2

(iii) 3a - b3 + c

3. Solve the following equations:

:G+l)+l(2x+
4 2'

l_.

(Lr 3)'z = (4x 1)(r- 6)

Find two consecutive even numbers
whose product is 48.
A father is now four times as old as his
son, Five yeaas ago, he was seven times
as old as his son. How old are they now?

5. (a) The interior angle of a regular polygor
is twice its exterior angle. Find the
number of sides of the polygon.

(b) Four interior angles of a hexagon
are 80', 90', 100' and 120' while the
remaining angles are each equal to .ro.
Find .x.

6. A model of a house is made using a scale of
I : 100. Ifthe height ofthe actual gate is 2 m
and the area of the hall of the model is
16 cm'?, calculate

(a) the height of fie gate of rhe model,
(b) the area ofthe actual hall.

7. (a) The length of a rectangle is increased by
20./. while its width is decreased by 10./..
Calculate the percentage change in the
area of the rcctangle.

(b) By watedng plants with a container
instead of a ftnning hose, Mls Kumar
finds that she can save 115 lines of water
per watering session. If Mrs Kumar
nolmally wate6 plants three times a
week, how much water could she sdve
in a year? How much will this water-
saving habit tmnslate into money saved

(a)

(b)

(c)

4. (.a)

(b)

(b)

(c)

2. (^)



if each lilre of waler iq charged al
0.204 cents? Give your answer corect
to the nearest cent. (Assume that there
are 52 weeks in a year.)

Construct a quadrilateral PCRS where
PQ - PR = l2 cn- PS = l0 cm. QnP= M
and nPS = 43'. Measure Qn and RS.

The scaleof a map is | : 400000. Find rhe area
of a piece of land repre.enled b) an area oj
5.6 cm']on the map. Give your answer
in km'.

(a) The scale of a map is I cm to 500 m.
(i) ff the distance between two towtrs

on the map is 8.4 cm, calculate its
actual distance in km.

(ii) A rajlwal rack has a length of
14.8 km. Calculate its length on the
map.

(iii) A town has an area of 4.8 km?. Fird
its area on the map.

(b) The R. F. of a map is I : 400 000.
(i) Find the distance between two towns

on the map which arc actually 47 km
apan,

(ii) The disrance berueen l!\o Lowns ox
lhe map is l2.8cm apan. Find the

distance on actual grcund.
(iii) The area of a housing eqrate oD !h(

map is 3.2 cmz. Find its actual a.rea,

giving your answer in kmr.

Expand the following:
(a) (2r - 1X3 - ar)
(b) (r + 2X.f - s)
(c) (Lr + 3\(2 3r-51)

5. Factorise the following:
(a) r'?- 3-I - 10

(b) * + 2x xy -2y
* (c) 27i/ lbf

6. Solve the equations:
(a) (r 3F-36=0,
(b) l-s.r-14=0.

7. (a) Coffee powder of grade A ar g 10 per kg
and coffee powder of grade B at $8 per
kg are blended in the ratio 3 : 2. Find tlle
cost of I kg of the blended coffee.

(b) Six of the interior angles of a plane
7-sided polygon are each equal to.f
while tle rcmaining angle is (i + 18)..

Calculate r.

8.

10. (a) civen thar ) is directly proporrional ro r:
and that whenr = 3, J = tand whenr = 6,

) = ct, find the value of c. Also find the
value ofl in terms oft when r = 9.

(b) Given that ), is inversely propofiional to

the cube ofx and that l, = 8t when

Revision Exercise I No. 5

1, (a) A rectangle measures 45 cm by 32 cm_

If its width is decreased by 8 cm and
its area remains unchanged, find its
length.

(b) A cyclist travelling at 14 km/h takes
6 hours 45 minutes to cover a cefiain
joumey. How long would it take a car
travelling at 52 krnah to cover the same
joumey? Give your answer coffect to ihe
nearest minute.

2. (a) A boy is 42 years younger than his farher.
_ .___ lrn a )ear\ ltme. he u!t be j ttmes as

old as his father. Find their present ages.
(b) X can complete a piece of work in 9 days

and Y can complete the same work in
18 days. How long will X and F take to
complete the work together?

fird the value of y. in terms of r.

i
2'

when 4.

^1
2



8. (a) In the figue, AOBA is similar to AOPQ.
If AB =28 cm, PQ= 16 cm, OP = 15 cm
and O0 = 14 cm, calculate Lhe length of
AO and of BO.

9, Expand and simplify
(a) (Zx + 3)(t- 5) - 3x(x - 7'),

(b) (3x - 2)(f -'7x+6) x(Lf '7).

Given that y is direcdy proportional to the

positive square root of .r and that the value of
l, = 10 when x = 16, flnd
(a) the value of ) when r = 144,

(b) the value of r when ) = 20.

(b) In the diagram, tapezium .ABCD is
similar to trapeziumP0Rs. Calculate the
values of r and J.

o

(c) Construct A,4iC in which A,B = 8 cm,

BAc = 46" and Abc = 68o. Measwe the

length of AC.

15 cItr

25



monipulate alge bftic Jractions

cha ge the subject of afomuLL

find th? raltrc ofa unktrnwn qualilJ in o givenJormula. 'T





Simple Algebraic Fractions

The rules which are associated with numerical fractions are also applicable to algebraic fiactions.
One imtortant rule to rcmember is:

The value of a fraction remains unchanged if both its numerator and denominator
aie multiplied or divided by the same non-zero number or expressiotr.

uo4 3=3-I3,wherec * 0.

ffru-pl"
to) -::-v-

@
... ,*' 2
@) fu,= a

W-

r

Sinplih (a) 42

a'

... '2t't| th'
'" 41atb ]a

3.l

+ 10. -:----' -

r:i:ff E E HtIttt ttil ffercrser,-*u 1

8$}&
Simplrfy the following erpressions:

6.

*11.

,0t
15dc'

in*

u;\, - rt

t'l5ty'

+ 12' 96d \b + .i

8.

I6d'zb!

18"r\

I I I I | | I I M F ffir-i:jiiiii; r,

We ohlaht tlLe resrl,l
sho||n itt Lranptu I abor!

'j .anc.lli]ry in lhe Ltudt
w0, i.e. b)- .liridrtr Lhe

"unerat|, 
an.l th.

den.tuiiutor hr their

Th. linal anrwers lhoutd
b. in the tinttei I.,ta,
lnt i, tht .lzna'hinator

t.nn nJact.^.rc.pt 1.



f*amptez
Shnplify the following expressions :

lo) t,b
3t

::---; lc) 3G9(b)

3tb

- a(a+ 4b')
3ab

- a+4b2
3b

-. 3l(D) :r---;
3t

= 4t 2)

- 3(a-3)

3

Arc the following Focesses corect? Explam.

'* ' fr j 3, b- 6sb' . ,,) 2^ - A,ra
_=J+JD.

,a- 7, I s'- Z4h ,t' 4

ry,



7.

4"- U
xo'(6.*8,tf

- )a+6b
6' 4*j sh"

8a+4b|{}.:- 
-

*72. 

-

* 16. T

3d6
+ 18. ,

* 19.

*21.
q'- 2q - 15

q' 3q-1o ;7-i^*rz

j( 20.

>t 22.

iii, ilrrtrrIlnr Ef;""-J@llrrtlilllflre#i
Simplify the following, giving your answen in the simplest foms.

* 11. --:

+ 13. -:-r-:=

-- t2c -2dY
(3c - 3d)'

+l/. 

-



fxampte3
SimpliiJ

fxamptel
simptthtu) *,.* " ii

Muldplicadon and DMsion of

(b) 
"u " 6",b

dl Ald 2

'- c'd 6a'b 3ac

tb)

,^v
2:t'
j\

';lr.

Algebraic Fracdons

We shall now leam how to multiply and divide algebraic fractions.

,, 11'

. t4 1I l
\u, ,7' 

'"= 
8

..2/^..-

o){
f

,^, 3 35 14

10 54 15

z-,5
,uj z4a t4

=5
24

.,ir;.l:,



;:iffi rlrilltullt ffir.r3ffi lllrllrlrlrlGfinr,'

Simplify the following, grving your answers in the simPlest fomls'

I -'," :-_' 9x') 24^'!

9d'n 21,n'a 

-\-

'' 154'p' lOnP'

'' 4"u ' )"b'

- 6sv 8r1' lv
" 9v' 27u l6u'

107; ^ s,lr. -: -

"' 8.,b'^ 6bp

.n, p. jn, p,

'' 14^tp' t2tp

o' t"b' = I:;t

f i' ,o'' = *'
4\) 64xy

10. 2) + 
5,]= x 100;t

r l2a'b . 44b. 1-'' ioh' )ad 7b"

fxampte5
4a- 16

Sinplify (a) 

-

8- 5a+5b

(a)
4a-16 . 8

a+l) 5a+5b
m'ct+ mc

+ (b) AV +2,,ri

_ ncJpe-r{
- (nx+tf4\o 4) . 5\a+b)

a+b " 8

s@-a)
z

Further Examples on Simplificadon
of Algebraic Fracdons

+ (b)



{F'amprce
o') zat' b-a

srnpuJy tot 
"b 

x 
3a_a,

.,. 3b c c 3b
lo) . = -j---

(al
a- h 3a-a'

a\a- 2b) .. 4*-tf
4-f a\3 a)

a2b
3-a

a2b
a-3

3b-c b+c
- .+b " c 3b

t4b-4

... 3b c c 3b(b) --------= 

-

'3b-c

I
-t



.r:,iffi nrrilruil Ef;#d*m rililufl||rrei'
Simplify the lollowing fractions:

3(a+ b) -. 2a-2b
a-b 8a+8,

^ h-2A 4h 8k
-16=24

- 6t2y 4"y'
-' 

8,r - l6) t2\-24Y

c'z-a' I
11. 

-+-

.'-2"d+d' cd+ d'

a2- t ,1*9. .- * ---
.1"-3d+2 tl -I

,, b'z cbc + +c'+rr' -jt-4t + 
u-zc

Similar ao the least common mutiple (LCM) and the higlest conmon factor (HCF) of integers' define

the LCM and HCF of algebraic expressions Then find the LCM and HCF of each of the following'

1. 3ib 
^rfi 

4ab'
2.4ryzzand|Lfyz
3. 2(r + ),) and 4('I + ))z
4. a@-:!Dandg(f-f')
5. 2(a + b),4(a b\ and3(a'z- F)
6. 3l+ l5r+ 18 and 4r'z 12t-40

8r3 2,2
6(.r+ y) 3i+ 3)

3r-7 91 21,

+s. (d-48)+ 4+

* 10.

)( 12.

m2-m-6

"t4 ^;7+2^

+ 13.
3@'z - 4)-r{ ,, 6p'

4b+ a
+u. \!{"ffi



Addition and Subfracdon of
Algebraic Fracdons

Now, let us leam how to do addition and subtraction involving algebraic
&?ctions.

fxarnptez
si-ew t:f - 14..

d+2b
6 4

2(a + 2b) - 3(a +2b)
12

2a+ 4b -3a-6b
IZ

t2

+ :----:

(a)

(b)

SM
,,2 3

3b

2a+3c+3d 3.

3b

**"-ptes
Simpl{y

tor -II

2_3.

2a+3c
3b

f = | <r.t*wr,,r.ud2.is2..)

2a+3c+3(.t-c)

(The I-CM of 6 alld 4 i, 12.)

CIhe LCM of 3, dd , is 3b.)



fxamprel
stmDuN 

- 

+ 

-,

_+_
2.-41 3x-6,

=42(r - 2y) 3(r - 2!)

='*t,-2! t-2,

=3x2!

fxample 10

6

^l^al

^ 1,2 - a

18

12- a



3:--
r,irr,rit-ffi | I r I r I r r r r I r Sprc lsal + f tttttn I I r I ffiiin

Exprcss the following as fractions with a single denominator

9. !!)!aa a 
-2x+a2a 6d 3a

z. l-l3] 3) 10.

11.

T*

l- - + i,---
21

!

j
)

r 2J+ |

5

54
+2(e .f) 3(J ")

tc * _2L
r0. - 5d 6c -3.1

I

3

12-3d

- t | 2c+3
53 13.-

2

ll
r)

?

5

510

i;'
l1nhthi',ya.@! be dble
ta @ne up wnh d*anihg
tbateS!.



Further Addidon and Subtracflon
of Algebraic Fractions

The following exarnples involve additioD and subtfaction of algehaic fractions wiih linear or quadratic

denominaton.

fxamprc rr
31

Simplifi (a) ,rs ' "-2

(4,
,+5- t-2

_ 3('-2) + 1('+5)
- (,+t(.i - 2)

3r-6+r+5
(,x + 5X'- 2)

(r+sx.r-2)

2
(b)

(b)

5

t-2



23
r-2 (, 2)'

.if+ 5 3

,:-6r- ,4

,r+l Ari
31

:r'-3r- x 3

42x
3.r-s (3r-s)'

3.
(f)

(a)

(b)

32
,' l - "l5',]
l5-"+:

lc, ar''l 2.r+l

3 ',7x

315
* (d) 9'L4 - 3r+2

(i)

0)

,ij:i,ffi trtttl|ltrrr Effrdffi ,t.,,,rIltll@ii.{rii,,

1. Simplify each of the following.

l2

(b):+'-1

23
(c) r+5 -;

42(d) * -s 
+ 

2'+1

,' ,| 4le, 

-+
2r-5 r 3

I
3r+2 2t 1

/L\
5x+t ).r-l

+ \r) 
--;---.... 11 2nt 

-+
- lr-7 6 5.r

2. Simplify each of the following.

(f)

x (g)

* (h)

(i)

*0)

Express the following as a ftaction with a single

denominator

. . a+b a'-4b' a 3bta)-+;r-o b a' b' a+t)

.- 5a a'- za+l 6atot ^+ ;lt2a+n- r3

,^, 8.t'+ l8l,' 2.t+ l) 2r l]
''' lil-f ,x-t- 11+:y

+td) -L ,) ; + 1+]
1'+:rl 1'y' ).)-]

*(e) L+!+ 1

.^ n- 4 5n'+9n+14
'" 2n 1 2n'+ 3n - 2

3n- 5

m+2

* rer I*- L, *-+
(d-t (d-"

+(h) a I+
a'-1 a+l a-l

1218
,a-3 3-2a- r4a'

* (€) 4r s t6t,25



Equations Involving Algebraic Fractions

We shall now leam how to solve equations involving algebraic fractions.

Weneed2b-5+0and
,-3*0whichD:reans

b*2! aadb+3.
2

fxamPte tz
. b-2

SolYe the equahon 

- 
+

53
Multiply by the LCM of 5 and 3 throughout, i.e., multiply by 15:

3(b 2)+s(b-r)=rs
3, 6+5r-5= 15

8D=15+5+6
8b=26

o=26 =3L84

fxamprc rs
64

2b-5 b-3

2b 5 b-3

Multiply by (2, - 5)(, - 3) throughout:

6(b 3) - 4(2b 5)=0
6b-18 8b+20=0

2b+2=0

!,J = t.
3



liliillf ttttlr,,,, ffi*rffi ,,rrrrrlrilrmw'ltrl,.;l

L Solve the following equations: 2. Sol!e rhe following equationsl

,. 2x-3 x-2ttls-z

3

n+2 5

.2

1g1 t * l:2 =+21

6yJ!a3=2810

.. - Z\_l
Ul o+ 

- 

=:I

5i+8 2i 9

463
tu tu+llc) + =m-z27

..-2a 3 a+2 a+I
'234

., r+2 r 2-rtel-+-=-632

.^ 4r+1tr, 
-

'5234
,. 2a+3 2d(9,+=..2461

-,. d+l 2d-3 5
'326

-.. I I -(1, -------r :---= = l

.. 5 6 9lf, + - =4

..3n-l(ul 
'

2m-3

(0 1+!=1

(g\e+l+!

O L- - ]_=o
,.. r+3 2x-3(lr4=5

hoblem Solving Involving
Algebraic Fractions

Problems involving algebraic ftactions may be solved using the various problem solving heuristics we
leamt earlier.

l€t's look at the following problem.

fxampte r+

urs Li bought some oranges. She gave ) t tn"*, her sister, ! 67 69

rcmainAer tu her eighbour ! of those Iert to her children and had 6 IeJt in

the end. Hovj man! oranges d i Mrs Li bulr



One method that you can use is by working backwards.

Strategv l: Work backwards

(l) The last 6 onnges represcnt

left to her children.

ferl tu!bDdri.l I
cdt t.11 t.u thti t.ul
bntlrlat i il \rru tulL n1.

t Mutilnt th. nunbo .f
f.u birth n nth u:\ i.
(tl rnu w!rt h.D1
in Szpltnh!t, thcn

t. Mrltiph the r. !1hr

5. Muhirlt llut r)tu|4\ I.
6. Atld th. nunblt tt ttP

.lar" on \.hi.h r.ut

3hl April, udll 3, ?n: )
7. SLhtutt 245 ft.ntntP

N.\', )r,tr answ.r rill be

?rhcr d ntr.e .t otbur.
tiuit nu,bt,. Un n.
Lhtte litit nnnfit. the

JitsL tliBit will b! tht
n.nth and th. n.!1 Lq)
ditns will be nk .br ol
,oL.bi,thdut.unka
.1.u, tit<i1 numher, the
ln! $o ligtt \ril| blt th.
h.rLlt aktl lh. ld$ tw.
disiB nill b. n'. dar ol
,"atr bit thda,r. An I

H.,r dut! thj\ tn:kw)rk?

3 ofthose left since Mrs Li gave l ofthose

.. She had 6 x 5

2

1,5 x !
3

I5 oranges left after giving some to her neighbour.

(2) Her neighbour received I of the remaining or.mges affer Mrs Li gave I
of fhe oranges she boughito her sister. Thus the 15 oranges reprcsent th;

.. Mrs Li had = 20 oranges left after giving half to her sister.

(3) Since her sister received I of the oranges bought, this means that the

20 oranges represent the other half.

.. Mrs Li bought 20 x 2 = 40 orange!.

.3

ffi"***'-'^'



This problem can also be solve.d by the algehaic method.

Strategy 2: Use the algebraic method

Step 1: Analysing the question

Let r bo the number of oranges bought.

t----'-t-\
to her sister remainder

1r lx
22

I
I

Y

to her neighbour remainder

111313x r= 1 \ I= -.x4 2 b 4 2 
-8..-..lt\chrldren remalnoer

3liX-1- =x a x=58445820

Step 2: Forming an equation

.. 1*=6
20

Step 3: SolYing th€ equation

x=6x2=qo
3

Step 4: Check the solution

40x ;=m ---> to her sister,

15x;=9 > to her children,

The solution is correct.

Generally, the algebraic method consists of4 steps:

Strp 1: Irt the unknown be denoted by a va.riable.

Step 2: Folm an equation involvhg the variable

Step 3: Solve the equahon.

Step 4: Check the solution.

.l'r::r

20x ! =2o ---> to her neighbour,

15-9=6 ---> rcmainder

.,



fxample 15

When a number is subtracted liom 52 and the result is di|ided b! 6, the
answer obtained is h,rice the orieitnl number. What is the n mber?

Irt the number be a,

52a

52 = 13a

52

13 52_4-48and48+6=8;

t; l0O tm at 50 tnlt rcqune! 2 houB.

Thus (160 100) - 60 km at 45 kn/h

requiEs 1: hours.

21a111=31633

€xample re

A motorist took 3 ! hours to dri.re 160 kn. He ahore part of the wa! at an

at erage speetl of 50 km/h and the rest of the way at 15 lonlh. what is the
distance he tra,re zd at 50 ktrlhl

Let i km be the distance he travelled at 50 km/h.

Hence. time taken to havel r km = I h.'50
He ffavelled (160 - i) km at 45 knvh.

Time taken to ftavel fl60 - r) km = ]!9:-:: tr.
45

. ^l,I ne tolat nme taKen was J - nours,
3

r 160 r ^1
- 

+ 

- 

=i50453

x+soI + l'o'-' .a5ol = lY xaso I/ \ 45 .r \3 )
9t +10(160 t) = 1500

9r+1600-10r=1500
-x = 1500 1600

x=100



seM
Let the speed

We have r x+10 60

. 2.10(r + l0l 2401 1

r(, + l0) 3

t(t + l0) = 3(2 400)
l+l0.I-7200=0
(r-80)(i+90)=0

.. r=80 or a=-90 (noi applicable)

Thus, the orighal speed of Mr Tan is 80 kr/h.

1. When 25 is added to a number and the result 1s

halved, the answer is 3 times the odginal
number. w}lat is the number?

2. wlen l8 is added to ofa number,lhe re.ull
4

is 2l times the orieinal number. What is the
2-

number?

3. A number, when added to 5,8ives the same

result as when : of it is subtracted from 6.
3

What is tle number?

4. 5 is subtracted from 4 times a number and the

rcsult is then doubled. If the answer is 6, what
is the original number?

fxample rz
Mr Tan makes monthl! \tisits to his parents in Malacca, a distance of 210 km

Irom Singapore. He fnds that if he increases the arerage speed b)r 10 kmlh,

he could srwe a total o.f 20 minutes for the iourne!. Find the orisinal speed

of Mr Tan.

at $ hich Mr 'l an normally lra!els be r I'n/h.

Time taken by Mr TaD = i1 houls.

When the speed = (x + 10) krdh, the time taken =

240 240

24tJ .

r+ 10

20

lr:r, rrrrrrrilflr#rdr3ffirrrr,rrfltrrffii
5. Wlen a number is added to 4, the result is

equal to subtracting 1 0 from three times of it.
What is the number?

7.

How can lhe number Jq be divided inro rqo

oans in order rhar Lhe rum ol I of one par3_
and I of the other part is 28?

Meiting and Meimei djvide $6q into 2 5hare..

1 of Meilturg's share is equal to 1 of

Meimei's share. How much does each get?



E. A mother is 2 | years older lhan her neu bom
daughter. How old will the daughter be when

her ase is 1 that of her mother's?

Mary's age is : that of Peter's. Two yeals

aao Marv s ase wa-s I of what Peter's aee'2
r.\ ill be in 5 lears Lime. How old is Peter

A half of what John's age was 4 years ago is
equal Io one lhird ol $hal il !\ill be in 5
yea.rs' time. How old is John now?

If a piece of wood is 5 cm longer than a
.l ^secono prece, ano oT Ine secono prece rs

equal to j of the irst. what is ihe lensth of

the second piece?

A man u alked for some distance at 8 k-ol/h

and for an equal distance at 5 kfiVh. I he rolal

time he took was 31 hours. Find the total.,4

A man cycled for some time at 16 knr-/h and
rctumed at 15 knth. The total time taken was

? t houls. Find the total alistance he cvcled4'
A cyclisr goes from one village ro another dr

28 km/h. He retums at 24 krvh- ff the retum
journe) tales l$o hour\ longer lhan thr
outward joumey, what is the distance between
the villages?

A boy has a certain number of sweets. If he

eats 1 6 a day, they will last him 2 days longer
than if he eats 18 a day. How many sweets
has he?

A certain number of matches are needed
ro fill 24 bo\e.. wirh each box containing rhc

same number ol marches. When 4less
matches are put irrto each box, therc a.re

enougl for 28 boxes. Fi[d the total number
of matches,

Mr Ong makes regular bu)iness rflpq to
Kuald Lumpur. ! di\lance of 420lm from
Singapore.
(a) On his ua) up ro Kuala Lumpur he

favel\ alone Lhe lrlrnl road al an a\erage
speed of r Im h. Write doun an
erpression. in rem\ of r. for lhe time
raken. in hour\. ro trd\el from Singaporc
to Kuala Lumpur.

(b) On his rctum joumey to Singapore, he
ftavels along the North South Highway
and increases the average speed by
I5 krl/h. Write down an erpression. in

tems of i, for the time taken, in hous,
ro lravel from Kual! Lumpur lo
Singapore.

(c) If the time difference between the two
journe). is zl() minutes. forrn an equation
in r and show that it reduces to
.r'?+ 15r 9450 = 0.

fd) Solve theequarion and find rhe rime ta-[,en

for the tdp ftom Singaporc to Kuala
Lumpur.

Mr Kumar lives in the eastern part of
Singapore. He vi.ir\ hi\ aged parenr\. uho
li\e\ J6 lm away. ever) ueelend. He
finds that ifhe increases the average speed of
his \ehicle by l2Lm/h. he could sa\e
q minule' of hi. lra!elling lime. Find lhe
\peed al which he E-a\el\ before lhe increrse
in speed.

A man sold r similar bools for $132, If he
had sold t.r lr bookc bur char8es $l more
for each book, he would have rcceived the
silme amount of money, Find the value ofx

Adam works pan time ar a fast food reslauranl
that pays $.r per hour, while Jenny works as a

sales assistant in a boutique that pays $(i + 2)
per hour. Adam sork\ 8 hour. more per weelr

than JeDn) and lhe) each eam $lg2 a \ eek.

Find the value of i and the number of hours
that Adam works in a week.

17.

10.

11.

t2.

13.

t4.

15.

16.

18.

19.

20.



Consider the following two sentencos:

(l) Michael is the younger brother of Simon.
(2) Simon is the elder brother of Michael.

These two sentences actually ha!e the same meaning,

The only difference is that 'Michael' is the subject of the first sentence and is

put at the begiming of the seDtence while 'Simon' is the subject of the second

sentence and is placed at the beginning of the second sentence.

Similarly, an algebraic fomrula may be expressed differendy to suit a particular

purpose. For example, the formula for the area of a rectangle is A = l, wherc

A is the area of the rectangle, I its length and , its breadth. We say that A is the

subject ofthe fonnula.

Ifwe need to find the length of the rcctangle, we can rearrange the fomlula 10

make I the subject of the formula.

Changing the Subject of a Formula

Divide both sides by ,.
l=to

N=+

Similarly, to find the breadth, we can make, the subject of the fomula.

J=: Divide both sides by l.

Tbe lhree formulae A = tb.1= a andb= j are equivalent. They may be

osed for different Purposes.

The followhg examples illustlate the technique of changing the subject of a

formula.



fxanpte 1s

Make P the subject of the formula I =
PRT

100

100

PRT = l00I

RT

f]xarnpre re
Make p the subject of the formula 3b = 2p - 7.

(Multipiy both sides by i00.)

@ivide both sides by RZ)

(Divide toth sides by 2.)

(Frctorise the lefrhtud sid€.)

(Divide both sides by (21, + 1).)

(Multiply both sid€s tY (3 + 2t).)

3b=2p '7

2p=3b+7
3b+ 7

P= 
"

kample 20

Make tthe subiect of the iormula t =2 L.

2-,

y(3+Lt)=2-x
3t+2,c,=2-,
Lq+x=2-3y

42r + 1\= 2 3y

.==



(h)o)

(c)

(tt

te, -+

(r)

(.b)(:) R=m(a+8)

Make the letter in the bmckets the
the given fomulae:

.111

ft)1+4=1

-..t1,brl ;+r= "

0) r= rg rl
h) A= Lbh (b)

rnr r= ji (t)

(c) 4=l:f G)

ld) ll = 1Il b
5

@:-:=t (.a)

fTt + tat|'- 3 4 5

e1 1,= L@+u @\

G) s=l(a+0 (0

11 1=1.. I @)

(j) s-ut+ lgt (,)

tlr x= l+2 (t,)
)+ L

iilrt, lltnrrrrrr sftd@ r,r.,.,tItlIrw."s:rl

3, Make the letter in the brackets the subject of
the fbrmulae:

(a) p=2(t+b)

A=2rt(r+h)

a(c-3)=bc

(d) a+ b

1. Make a the subject of the given formulae:

$) a(P a)=q

(c) ttt+b!=c
(d) p(a+b)=c

(e) 2a-3m= 4a 1

(t) 5b 2a=3c

(.g) ! +b=c

ft) x= ?3+52'3

subject of

r0 a=ltb 18r

(b)



Further Examples on CLranging the
Subjectof a Formula

We shall now l€am how to change the subject of a formula involving squares, cubes and their roots.

*xamplezr
tf "E+t = Zt, rr**" o the subject of the fomula.

If c + 7 = !, make tthe subject of the formula.(b)

ftamPtezz
(a) Make s the subject of the formula v = ",1 u' + 2as .

tb) Make x thc subje.t olthefurmula """la.x + b - k.

@) "la + t =2b

o*1=12b),
:. a=4If -t

(b) ,+7= ?
f=3k+i)
t=3c+21

,'. tc= x"Ec + 2l

lD) 1ar + o =k
tE+b=K

aa=K It

(4, ,=-lV+2^

k'b



,mrunrrr.r' Eftrd,3ffi r,rrr,.trtlr,
Make a rhe subject of the formula for each ol
the following:

(a) -.tE = t

0t) Jz" = t

c) " = 1Eo: s

t:
{d) .l: =b

t-
rer '=1s.

_r-r0 Jr, 2 =,1:

e) 2t =b -3

(h) A= &t
(i) a|;i =,

t t(=-

Make the letter in the blackets the subject of
the given formula:

(f)

r€,

lll
a b c-2

3r-8mE
12kg

(c)

(b)

\P)

(a)

g)

\p)

(b)

(h)

(h)

U,,
(h)p=r

q3n

Make the letter in the brackets the subject of
the formulae:

(a) n+ != o

(b)

(c,

(d)

(e)

(f)

(9

(h)

R- |

' 1+21

pq

2p
--3

2 2+3t

(b)

(c)

(d)

@\ a=16+zt

G;

(b)

l!)

.:

(e, (x)

'



Finding anUnlato\arlin a Formula

We have leamt that the formula for the volume of a cube is V = 13, where I is
ih. tann.tt ^+ rL- ^,.L-

We call fmd the]olume of the cube, y, if we are given the value of the length,
l.If t =2,v = 23 =8.Ilt=4,v=43 = 64.

We can also find the value of I when we arc given the value of V. ff y = 1000,
1000 = F. Taking the cube root ofboth sides, we have I = 10.

flarnple23

Giyen that y = ffil, fnt the yalue of

,,!,

.. 164- llx+l

WheD r = 1, r=

,t, Wh"n n = Z. Z= E- Iln+l

Souarins both siales- 4 = .-

... 3r + l =: =16
4



pleM

' , find the values of a when t = 17 and b = 8.

, fnd the ralue of t when y = 4 and z = 3

,=.Fn
n =.rE *
Squaring both sides, l?'z = a' + 64

a'= 17' 64 =225
:. a=1:-1225=!rs

x+4 4 ^-Cubing both sides, * 4='= ''

27(x-4)=t+4 (Multiply both sides by (r-4))

27]c-708=a+4

26x = t12

ll2 ,4
26 13

E+;
Civenttnt,\x_y=z



;iiffi iltllltrtlrt **t(:dffi ttttrrilrrltGii
1. Given that * t.,/y +.z = t, find the value ol1

whenr=3,.=4andft= 10.

ciuen rtar ,rF- .. find lhe value{s I ol x

vthena=2,b=7 atl'dc=5.

Given that o16' -c =5ft , find the value of

(a) ,t when a = 3, b = 6 and c = 20,

(b) c when a = 4, t = 7 and & = ll.

civen that d = @.6n41116 ua1's1s,q1,l ,-"
(a) a when b =1 and.c=2,

(t) cwhenr=9ard.r=4.

cr\en that d + a1b = 3m, find the value(s) of

(a) Dwhend=8,
l(b) dwhenb= 2;.

n(N - ;\
Given that ! = 3r, find the value (s)

of

(a\ p \\hen m = 5, n='7, x = 4 and y = -2,

O) n whenp = 9, rn = 14,x=2^nd.!=3,

(c) y when p = 15, n = 4,:t= 42 nd m = 5.

1.4,7. Gi,'eD that A = Er'h+ \,tr. find the valuc

of

(a) A vlhen r ='7 , h = 15 ond. x =3.142

(b ft whenA= 15400, r =14 and tt =3.14L

)
8. Civen tbar V - itR'h+:N , find lhe value

of

(a) Y when z= 3.142, R -- 12, r = 9 and

(b) l, when''= 3.142, R = 8, r = 6 and

V= 3800,

(c) fi when fi = 3.142, h = l'7, r = 8.5 
^trd

v= 3500,

(d) r when 7t =3142,R=11,h=6.9^nd
v = 4600.

9. Given that ) = 3.x + '.,f + a' , fina tne vAuelsl

of

(a) ) whenl = 3.8, a = 13 and, = 15,

O) a when.r = 8.5,, = 13 and] = 35,

(c) , whenJ = 56, x = 15.6anda=23.



The value of a fraction rcrnains unchanged if both its numerator and ils denominator

are mulriplied ordivided by the same non-zero numberore\pressioni., "u="u"i

and ;

2. Genemlly, the algebraic method ior solving a problem consists ofthe following steps:

(a) Let the unknown be denotod by a variable.
(b) Folm an equation involving the variable.
(c) Solve the equation.
(d) Check the solution.

{i]xamprc r
Aman truvels reguhrl! betuteen )o towns. If he tra',,ek at his us al average

7
speed, he woukl take 41 hours. He Jinds that if he increases hb average

speed for the journq, by 3 km/h, he can rcduce the time taken by 20 minutes.

What is his nomwl aNerage speed?

l€t the man's usual average speed be 'I km/h

. . the distance between the tlvo towns = + ? 
" r t-

His new average speed will now be (x + 3) km,4l and the new time taken

/ r rn\,4:::h=41h
\ r w/



The distance between the towns = 4:(r + 3) km

+1, =+!a*tt

+lx =+!+ tzt

.1
r.e. 1.' = lr

i.e. the man's usual speed is 39 hn/h.

fxampte2
Give n t ha I E - n th + - nv . express v i n t ermt ol L, n, g and h. Hence f nd

the value( s) of I h,hen m = 6, I = I 0, h = 30 and E = 3000.

l,L= Bh+tnv'

1,_
tnv-=L-ngh

, 2(E-/"..,ah)

wlen /, = 6. 8 = 10. h = 30 and E= 3000.

2(E nsh)

2(3000 6xl0x30)



#u',pr"a
A shop proprietor bought r CD-Rons for $108.

(a) Write down an exprcssion in terms ofx,for the cost price, in dollars, o;f

one CD-Rom.

(b) The prcprietor priced each CD-Roln to seII at a profit of $1.50. Fi d an

expression, in tems ofx, for the selling price of each CD-Rom.

(c) Given that he was able to selL only 10 CD-Roms at this Ptice and the

remaining CD-Rottts h'ere sold at a price of $7 .50 each, fnd an expression,

in terms of x, for the total arnoant of moneJ he receiredfor the CD-Roms.

(d) If the proprietor rcceired $ 120 aho gether, form an equation in x and show

that it redaces to I 21x + 141 = 0. Hence Jind the Nalue of x.

^ 10E(a) lne pflce or eacn Lu nom = sx.

'flo8 1)tbr I he se Lng pnce oT eacn ( u-Kom = Dl-l + 
J l

-L-16 
I

2x

(c) The total amount he received for dre CD-Roms

10r2ro 
+ rrl + (.r - 10)7.50

1080 + 15r + 7.5:r' 75.r

1080 + 15:r + 7.5r?- 75.r
(d) We have = 120

i.e. 1 080 + 7.51- 60.I = 120t

7.5.1-180r+1080=0
xz - 24x + 144 = 0
(t l2xx- 12) = 0

... x = 12.



1. Express each of the following as a single
fraction in its simplest form.

2. Solve the following equations:

(a)

(b)

(a)

(b)

(c,

(d)

(e,

(f)

(9,

(h)

(i)

0)

(k)

0)

x 2 _2x 3

39

l1

23-+-

!

75

5 :
7

315

+?=5

\c) --- - - +2t=5

12 1

!
3

(d)

,, 10 4te, ---
(0 -r 1

(s) 3.{ +

(h) :Irq + 2

2

2t- l

3

2'. ! - ;
i I 2t 1, .

3

53

(D

(i)

5a+1

2

35
1,-2x 2 t _^

42
tl r={

456

23

:1
ab

.

ft) L+ -Lr2 3a7

53{m,-+-2r 1 2x+l

23
In,

,. 5(o, 

-

Make the letter in the brackets the subject of
the fbrmulaei

0)

O) a=

(d) r=

t)l

(a)

(,1)

(p)

(h)

G)l a=o+ lL
100

(D k=h+?l!



4, What is the number which when multipted 14.

by 2 and added to 8 gives the same result as

when it is divided by 2 and has 32 added to

it?

5. When a number is divided by 4 and has

28 added to it, tlrc iesult is equal to twice the

number. Find the number.
15.

6, The difference between the reciprocal of tlvo

consecutive positive even numbers is f
12

Find the two numbels.

7. One numbet is 3 times as lalge as the other

aDd the difference between their rcciprocals

$M is just sufficient to pay for the wages of
one qualified teacher for r days or the wages

of one relief teacher for ], days. For how
many days will $M be just sufficient to pay

for the wages of one qualified teacher and

one relief teacher? Give your answer in tems
of 'r and ),.

A man had a bag of sweets. He gave his son

one qweel and ot lhe remar Dg )weet.

From what was left, he gave his daughfer two

sweets and I of the remainder. The two
7

children found that they had ihe same number

of sweets, How many sweets were there

initially in the bag?

A man travels by a car ftom Town A to Town
B, a total distance of 100 km, at an average

speed ofr km,lh. He finds that the time for the
joumey would be shorter by 25 minutes if he

incrcased his aveGge speed by 12 kr/h. Find

The e\change r.te for Ausralian dollar in

is l. Final the two numbers.

^ la'+b-
8. Cilen that t-2n,1: ), . exPress 1r in

lru
tems of ,, t and z.

9. lf I I-.] -l ,expresrbinterm.ofa.rr hc d

^nd 
d.

16.

10.

11.

The squarc of t is equal to the square root ot

). Express ] in teims of x.

A bus lravels al J6 km-/h and arriles al

its destination half an hour la1e. If it ffavels

al42 knlft, il arrive! at lhe same de'linaliol
half an hour earlier. Find lhe journey''
distance.

A molorisr doe{ the fLr.r pan of hrs joume)

atan avemge speed of 54 kldh. He the|1

indeases his speed to 60 knr,/h for the rest of
LhejoumeS. If he lravels 225 km in 4 hour'.
$hal ii the distance ravelled for lhe ftrst

part of his joumey?

January 2000 was AU$100 = S$:r' In June

2000, the exchange rate had become
AU$r00 = S$(a 5). Mr Chong found that he

could get an extra AU$32 for every 5$672 that

he exchanged in June comparcd to January'

Fomr an equation in t and solve it.

18. The pdce of petrol in Singapore was x cents

per liffe in December 1999. In April 2000 the

pnce had indeased by 12 cents per litoe

(a) How many litres ofpetrol could be bought

with $58 in December 1999?

(b) How many litres ofpetrol could be bought

wirh $58 in Apdl 2000?
(c) If the difference in the number oflitres

of peffol bought in December 1999 and

April 2000 is 4 ". form an equalion u)

r and show that it reduces to
f+12r-14848=0.

(d) Solve the equation in (c) and use it to find
the number of ftres of petrol that could be

bought with $34 in December 1999, giving

your answer correct to I decimal place.

13. Mrs Lim buys 30 kg of cheese at a cerain

price. She finds that if she had bought some

cheaper cheese costing 95 cents less per kg'

she could have had 32:kg for the same

amount of money. What is the pdce per kg

of the cheese v,'hich is more expensive?
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Simultaneous Unear Equations

In Book 1, we learnt how to solve linear equations with one variable such as 2t - 5 =
4y 3 = 2y + 14, 5t - 1 = 2, + 5, etc. Each equation has one unique solution

Let us now consider exprcssions with two untnowns such as 3x + 2)'

If n = 2 and ) = 3, then 3x + 2y = 3(2) + 2(3\ = 12.

If x= 1 and y = -2, then 3t + 2y = 3(l) + 2(-2) -- I

what is the value of 3, + 2) if the values of .I and ) are as follows?
(a) x=l,J=2
(b)*=3,y= I
(c) x=5,y= 4
(d) x =7,Y = -:7
(e)r=-3,y=8

For the above pai$ of values of t and ), the value of 3t + 2) is 7. In fact, therc are infinitely many

pairs ol r and ) lhal $ ill .arisfy 3-Y + 2, = 7

I-et us consider another linear equation with tlvo unknowns, Zr + ) = 4.

Examine the table of values below which uses different values of jr and ] for zr + ]

7,

0 0 1 2 2 3 3 4 ,l 2 -3

r 3 4 2 0 I -t 2 8 I

2r+! 3 4 3 4 4 3 5 4 4 4

Again, we see that there are several pairs of values of t and ) which satisfy the equation 2r + )' = 4

For the equations 3.r + 2) =7 alLdlx+!=4,checkand see iftherc is any pair of values ofx andy that

satisfies both equations only one particular parr, r = 1 aDd y = 2 satisfies the two equations simultaneously

wesaythatr=1andy=2isthesolutiontothesimultaneouslinearequations3x+2!=7^Dd
2:x+y=4.

Thus,tosolvealinearequationwithtwountnowns,twodifferentequationsarcneeded,sothateach
unknown has one uniquJ solution. similady, to solve a linear equation with thrce unknowns' three

differcnt equations are needed, if each unknown is to have a unique solution'

Therc arc three common methods of solving a pair of simultaneous equations We shall inhoduce only

two methods here: the elirrination method and the substitution method The third method' the

graphical solution method will be dealt with in Chapter 8.



Solving Simultaneous Hnear Equadons
Using Elimination Method

Irt's solve the following pair of equations by the elimination method. We shall name the equations as

equation (1) and equation (2).

3x-y =12
2x+J=13

t =3

-'- r = 5 and l, = 3 is the solution of the simultaneous equations.

C:heck by substituting.r = 5, }J = 3 into (1) and (2):

hO), LHs = 3(s)-3 = 12 = RHs
In(2), LHS =2(5) + 3 = 10 + 3 = 13 =RHS.

f'amprcr
Sobe the simultaneous equatiotls

3a+7J=17,3x-6y=4.

(1)
(2)

Ile elimimtion method is usually used when the equations have the same variable lerm (disiegarding
ihe sign). Do equatiotrs (1) and (2) have the same variable term? What happens when we add up the
cquations?

(3r-y)+(2x+y)=12+13

The terms in ) cancel out. We are left with one unknown r in oDe linear equation.

Substituter = 5 into (1): 3(s) r=12

3t +1! = 17 

- 

(1)

3r-6t=4 

- 

(2)

ff we subtract equatron (2) ftom equation (1), the tems in r cancel out.

-r-e., (3r + 7y) - (tc - 6y) = 11 4
13y = 13

)=l



Substiture I = l into(1):

. . the solution is r = 31l

Check:

Substitute x = 3 l. r, = l into (2).
3

/ r)
J.r of=Jl l- -bllr-10 b=+

\ J_/

.. LHS = RHS.

;$xamPle 2

Solve the simultaneous equations

4x-5y=17,x 5t=8

3r+7(1)=17
3*=10

10

3

.l
3

4r-s}=17-(1)
;r 5y=8 

-(2)We eliminate J as the numerical value of the coefficient of), is the same. We
subtract equation (2) f|om (1) as the signs are the same.

(1) - (2) gives (4'd 51,) - (x - 5)) = 17 8

Substitute r = 3 into (1): 4(3) 5y = 17

.. ihe solution is r = 3,l, = 1.

Check:

Substitute .x = 3, ) = -1 into (2)
4.I 5] = 4(3) - 5(-1)
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Solve the following simultaneous equations:
(a) x+)=3

3r+]=5
(b) 2x+3t=7

5)r+31'= 13

(c) 3t+2]=5
1t+2!=9

(d) r+5y=8
.r+31,=6

(e) 4, + 31, = 13

7x+3r=16
(f) 3.'+8]= 13

3x+2!=l
(g) 9r+5)=19

2x+5J=12
(h) '7x + 2t = 19

'7x+8Y=13
(i) 11r + 3l = 10

llx +'7i = 6

f) 8r+ l3y=2
5ia 13]= 11

Solve the following simultaneous equations
(a) i-)=3

4r+!=17
(b) 4r+1=11

3'I-]=3
(c) 3p+q=14

5p q =26
(d) sp 2q=9

3P + 2q='7
(e) 3h + 4k= 1

5h-4k=7
(f) 3p+2q=9

3P 2q=3
(g) 5.t 3J=6

7x+3y=12
(h) 6x+7y=2

21 7f =10
(i) 13r + 9y= 4

17x-97=)$
0) 1lx + 4l' = 12

9r-4)=8

3, Solve rhe following simultaneous equations:
(a).r+1=16

(b) -r-Y=s
'f+)=19

(c) r Y=f
,+!=12

(d) \+r=23
4r.'r=19

(e) 3-r + 2y = 13

3x-2Y=5
(f) 5x 2! = 12

3x+4J=12
(s) 4x-r ='7

4x+3!=ll
(h) 3x-2Y=g

Lx-2Y=7
(i) 51 6l = 14

5.I 5)=15
C) ft 3)=15

1rx -3r = 2l

4. Solve the following simultaneous equations:
(a) 3jr 2]=5

2y-5r=9
(b) 2r+3]=10

37-x=7
(c) 3t- 5) = 13

5!+x=7
(d) 6x Y=)3

3) + 6.i= 11

(e) 7x+2]=33
3! -'7x = 1'7

(f) 3.r y+14=0
2r+)'+1=0

(g) 3) 2r+15=0
Lr-2y+19=0

(h) 5,r+b-17=0
'7! + 3x -27 =O



More Examples on Elimimtion

Sometimes it is necessary to change the coefficients of the unknowns in one of the equations beforc
we can eliminate an untnow! bv addition or subhaction.

lample 3

Solre the simuhaneous equations

3c+2r=8,4x-y=7

3r+2)=8-(1)
$c-r =7 

-(2)Multiply (2) by 2 to mak€ the coefficients of in both equations numedcally
equal.

(1) + (3):

U 2Y=14-(3\

(3x+2yr+(8x-2i=8+14
l1r=22

Substituter=2into(2): 4(2) r=7

.. the solution is,v = 2, 

' 
= 1.



Sometimes it is necessary to change the coefficients of the untnowns in both of the equations before
re can eliminate an untllown,

S*nt.o
fulve the simultaneo s equationa

13r-6!=20,7t+4!=18.

l3t-6y=)Q 

- 

(l)

7t+ 4y = I8 

- 

(2\

lte coefficients of ) in both equations will b€ Dumerically equal if we
rt tiply O) by 2 and (2) by 3.

(1) x 2:

@)x3:
(3) + (4):

27x +

t?'=40_rt)
t''=54_(4\
47x = 94

13(2) 6y=2o
6=6y

Sbstitute.r = 2 into (1):

-'- the solution is "r = 2, ) = 1.

Ilo you think it will be easier if we eliminate.r fust? Why?

h the process of solving simultaneous linear equations, either one of
dle unlmowns may be eliminated lhst.



irample 5

Solve the simultaneous eqaations

i i=u' !=u

zrr-
-_:=o?9

x- +=6 

- 

(2)

r l=9 

- 

131
6

lx_t t t_ =9 6\ 6l \ 3)

1.. l=3
63

o

y=18

(l) x l:
2

(3) - (2):

Substitute ) = 18 into (2): t +=U

.. the solution is ir =12, ) =18.
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Solve lhe following simullaneous equalon.
(a) 2r+3r=7

,c +, ='7

(b) 4r+r,=tr
3x + 2t ='7

(c).r+2]=3
3*+5)=7

(d) 3r-1,=17
7x-3Y=41

(e) 7.x 31, = 13

b Y=z
(f) 4x-3y=2

.r-5)=9
G) 9x-sY=z

3r-4)=10
(h) 5r-3J=13

'h-6r=20
(i) 7h 2k = r'l

3h+4k=17

f) 4x-3y=31
16jr+5)=39

Solve the following simultaneous equations.
(a) 2d+3)=8

t+2!=9
(b) 41 3y = -l

51 2i=4
(c) 6x+7y=25

7x 3j=18
(d) 5.r + 4] = rl

3x+rt=4
(e) 9r+8)=-3

5x-3y=43
(f) 9x+2r,=s

7x-3Y=13

G\ 51 4t = I'l
2x 3y=ll

'7x+3y=8
3x-4t=14
lox 3y = 24.5
3.I-51,=13.5

6r+5]=10.5
5x 3r=-2

Sol\e lhe lollouing 
'imuhaneous 

equalions.

(a) 13+2!=9x
3y ='7x

(b) 2t- 3) = 5

o)

(i)

(i)

2!3
5

(c) 3x.-y=23

34
(d) Lx-3Y=2q

32
tet 1+ ll =6'- 8 18

3x-!=3
-^ r-3 v-1tI| 

-=-

(9, - (x-rr= -rr -))
26x+3!+4=0

1tr1 11a a 1y = 11a - y1

3t+11)=4

ti) 1(r + r) = :(:r - y)

3x+1b=2

0) 4(zt r+3)=0
2(jr + ),) - 3(jr ),) = 6



SoMng Simultaneous Linear Equations
Using Substitution Method

(l)
(2)

(3)

7x - 174 + 8x =2I
l5x=114+21
I)I= IJJ

Let's solve the following pair of simultaneous equations

11 2r=21

4x+!=57
Make ) the subject of equation (2): y = 5'7 4x

Substitute (3) into (l ):

Substitute a = 9 into (3): y=57 -4(91

.. the solution is i = 9, ) = 21.

The method we have used here to solve simultaneous equatioDs is called the

substitution method.

If we make r ihe subject of the equation (1) or (2) in the above example, will we get the

same solution? Wlich way is easier?



fxample6
Soh'e the simultaneo s equations

3r+2!=7,9x+8!=22.

3x +2t =7 
- 

(1)

9x + 8, =22 
- 

(2)

Eom (1), 2y =7 3x

sub\titute {Jr into t2r: 9.r+8lll=22\2,r

n, * 2g _ 12a =22
1x=4

t=2
1,3(2) _ 1

Subsliture r = 2 inlo (f): y='22

-'. the solution is r = 2. l = -.

Do you think it will be easier to solve this question by the elimination method?

Consider the following simult neous equahons:

2.t+r=6 

- 

(l)

"=1- 
! y 

- 

1212'
Substitute (2) into (1);

2(1 ;))+y=6
2-)t+Y=6

Do you kllow where the prcblem lies?
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1. Use the substitution metiod to solve the

following simultaneous equations:

(a).r+l=l
r-)=5

(b) 3x-Y=0
Lx+Y=5

(c) 2r '7r = 5
3x+)'=4

(d) 5.r-Y=5
3x+2t=29

(e) 5,x + 3) = 1l
4x Y=2

(D sx-2Y=q
i+)=9

G),t+Y=t:
31 5!=7

(h) 5x+2r=3
x-4}=-O

(i) 3r-2y=8
4r+3)=5

(l) Zx+5r=12
4r+ 3]= 4

2. Solve the following simultaneous equations
by using eith€r the elimination or the
substitution method.

(a) 2{-} = 1

5r+31=30

(b) 4x-y=6
8x+y=24

(c) 6.r+51,=9
4:c \J = 25

(d) 2y - s.r = 2s
4r+3]=3

(e) 3r+7r=2
6t 5Y=tl

(fl lr+r+2=0'5
lr-n-16=o
3

3i+1] ,
5

Inr J+t =4

2xv



hoblem SoMng Invofuing
Simultaneous Equations

\{any mathematical and real-life problems can be solved by using the technique of solving simultaneous

equations,

On two occasions, Mr Muthu went to a coliee shop with some friends. He was very generous and gave

his friends fieats. On the first occasion, 7 cups of coffee and 4 pieces of cake cost him $5.30. On the

second occasion, 5 cups of coffee and 2 pieces of cake cost him $3.40.

-{ ftiend worked out the cost of one cup of coffee and one piece of cake by &awing a diagram.

Strategy l: Draw a diagram

*f,=s:ro

[,{ffii],ffim".$'t I = $3.40

ffi1ffiffiff,i4]x,{F,,TFflffiIffi{, u + f, =soao

l0 cups ofcotree :l pieces of cake

.. the extra 3 cups of coffee cost $6.80 $5.30 = $1.50

.. I cup of coffee costs $0.50.

and 5($0.50) + cost of 2 pieces of cake = $3.40

cost of 2 pieces of cake = $3.40 $2.50 = $0.90

.. I piece of cake costs $0.45.

-{nother friend worked out the cost of one cup of coffee and one piece of cake by using the algebraic

method.

Strategy 2: Use algebraic method

Let $r be the cost of one cup of coffee and $) be the cost of one piece of cake.

(.2) x 2l

t3) (r):

Substitute .r

h+41,=5.3 

- 

(l)
5x + 2y = 3.4 (2)

ior+4)=6.8 

- 

(3)

3.r = 1.5

.. r=0.5

= 0.5 into (2): 5(0.5) + 2) = 3.,+

2J =3.1 2.5

= 0.9

J=045

Hence one cup of coffee costs $0.50 and one piece of cake costs $0.45.



A farmer keeps some chickens aIId goats on his fam. One day, his thiee sons want to kDow how matry
animals there are on the falm. The famer tells them that ther€ are altogether 50 heads and 140 legs cf
animals. How can his sons work out the number of goats and chickens?

The fust son finds out the answer by making a syst€matic list.

Strategy 1: Make a syst€matic list

Thus, there are 20 goats and 30 chickens.

The second son solves the problem by simpliliing it.

Strateg/ 2: Simplify the problem

Imagine that all the goats stand on their hind legs. There are 50 heads counted. When the goats stand on
their hind legs, there would also be 50 pairs of legs on the ground. But 140 legs or 70 pairs of legs are
counted. Therefore, the number of goat legs in the air must be 70 - 50 = 20 pairs.

Hence, there must be 20 goats.

.. there are 50 20 = 30 chickens.

The thhd son solves the problem by using the algebraic method.

Strategy 3: Use the algebraic method

Let r be the number of goats and I' be the number of chickens.

-I+y=50 

- 

(1)
4x+2Y= 140 

- 

(2)
(l) x2: 2r+2r=100 

- 

(3)
(2) (3): 2x=4o

and 20+y=JQ
i )=30

.. there are 20 goats and 30 chickens.

Which method do you plefer?

50

4)

30

@

0

l0

20

o



fxampleT
Find bro numbers whose sum is 67 and \,,,hose differcnce is 3.

rypn
I-e! ,t be the greater number and ) be the smaller number.

(1) + (2):

Substitute r = 35 into (1):

r +]= 67 

- 

(1)

,-r=3 
-(2)

2t = "70

35+J=6'7
Y=67 -35

-_. the two numbers are 32 and 35.

Can you solve the above problem using orily one unknown x?

fxampte 8

lf I is add.ed to the numerutor and 2 to the denominator ofaJraction, its value

\ri be 
3. 

If 2 is subtructed from the numerutor antl I from the denomiruttor,

its ralue will be !. what is the fraction?

Irt r be the numemtor and y be the denominator of the fmction, i.e., let the

fiacnon De

'I+1=
J+2
x-2

3

I
)-l

_ (1)



.. the ftaction is

fxamplel
The sufi of the ages of Mr. Singh and his son is 60 years. Two years ago, Mr
Singh was three times as olil as his son. How old is Mr Singh's son? How old
yras Mr. Sineh when his son was bom?

By clearing the ftactions and simplifying, we get

3x-2!=1-(3)
3t-)=5-(4)

(3) (a): -y=4
v=4

Substitute) = 4into (3)t 3t -2(4) = |

Let I\4r. Singh's age be r years and his son's age be ) yea$.

Wehavet+)=60-(1)
Two years ago, Mr. Singh's age was (r - 2) yeals old and his son's age was

(r 2) yea .

,', x-2 =3(y 2)
x-2=3y-6
.. x=3r 4 

-(2)Substituting (2) inro (1)

(3)-4)+)=60
.', 4y =64

)=16

.. Mr. Singb's son is 16 years old.

Substituting l, = 16 into (2)

a=3(16)-4=48 4=44

.. Mr. Singh was (44 16) years old, i.e., 28 years old.

1
4



'fxample r0

The sum of the digits of a tuo-digit number is 8. When the number with the

same digits reversed is subtracted Itom the nu bet the difference is 18.

What is the number?

Let r be the tens digit and ) be the &nlls di8it.

The number is 10r + 1,.

The rcversed number is 10) + jr.

x+y=8 

- 

(1)

10'I+l (10)+i)=18
10r+) 10)-i=18

9i-9)=18 

- 

(2)

x-y=2 

- 

(3)

,r+)+r-)=8+2
(2) + 9:

(1) + (3):

Substitute r = 5 into (1):

2.r = 10

.. the required number is 53.

o.

8 kg of potatoes and 5 kg of carrots cost $28
whereas 2 lg of polaloe. and I lF ol-carrots
co\r $11.20. whar i. lhe cosl of I kg oleach
item?

6 stools and 4 chairs cost $58 but 5 stools and

2 chai|t coql '135. Find rhe cosl of each .lool
and each chair.

Adding unity to the numerator as well
a. rhe denomjnalor ofa fraction male- il equal

Lo 1. Subtracrins 5 ftom each males il equal5'
to !. What is the fraction?

2

7.

i ri-Iffi I I I | | I I I I I I I ffird.ffi ,,,, r r, I I I I t ffi ri'iirr'

1. Find two numbers whose sum is 138 and

whose differcnce is 88.

2. One third of the sum of two angles is 60" and

one quarter of their differcnce is 28". Find the

two angles.

3. The sum of two numbers is 36 and their
difference is 9. Find the two numbers.

4. One fifth of the sum of two angles is 24' and

half their difference is l4'. Calculate the two
angles,



E.

9.

A belt and a wallet cost $42 while ? belts ard
4 wallets cost $213. Calculate the cost of
each item.

The flgure shown is an equilateral tdangle
Calculate the length of each side and give
your answer in cm.

l+5
. 1.--A ITaCUOn equats 

2 
lt I ts cubtracted trom

both lhe numeraLor and deoominator, lt is
, 2.^.

equar ro - rr I rs aooeo to bolh the numera-

tor and denominator. Find the fraction.

Find two numbe$ given that their sum is 48
and lhe smaller number is equal to one-fifth
of the larger number.

$80 is dirided belween t\,!o men such thal
one-quafter of one pemon's share is equal to

' of lhe orher. Ho* much will each marr

receive?

Find lhe perimeter. In cm. o[ the rectangte
shown below.

15, The figue shown is a rhombus. Its measue-
ments are in cm, Calculate

(a) the leng1h of a side,
(b) the perimeter of the figure.

16. I have fifteen coins. Some are valued at
5 cents and others at 20 cents. Theit total
value is $1.65. How man) s-cenr coin\ and

20-cent coins do I have?

In ll\e )ears rime. a falher will be three
rjmes a\ old aJ hir ron. Four years ago. rhe
father wa\ six limes as old as his !on. Find
their present ages.

A two-digit number is such that the sum of
rhe digil. i. IL When fie number wilh lhe
same digil\ re\ers€d ic subtracFd from this
number, the difference is 9. What is thc
number?

The dlfference berween l\ o numbers is
l0 aDd their sum is equal lo four limeq lhe
smaller number. Wlut are the numbers?

The sides of the parallelogram shown in the
figure are gi\,en in cenlimelres. Find .r and J.
Hence. find Lhe perimeter ofthe paraIlelogam.

10.

11.

13.

17,

1E.

19,

20.

14. I think of a pair of numbers. If I add 7 to the
f[st, I obtain a number which is twice the
second. If I add 20 to the second, I obtain a
number which is Iour times the frsr. Whar
arc the numbe$?

The rum of tqo numbeh i! 40. lf 2 is added
to the la.rger number, the result is equal tro

Lwice rhe \maller number. Whar are lhe trro
numbers?

2r+!+1

,+J+2

2]+ |

21.



A man buys 36 qrampq. all of uhich are

either 500 or 10C pieces and the total value is

$l1.60. How many stamps of each kind does

he buy?

The length of a rcctangle is greater than its
breadrh by 2 cm. lf the leng6 ic increased b)
4 cm and the breadlh decreased by 3 cm. lhe

area remains dle same. Find the length and
brcadth of the rectangle.

$2500 i\ ro be deposited in Bank5 A and L
The inlere'l rate perannum fofBan-k A iq 6d.

\ hile rhal lor Banl I i' 6-Lqo. Afier onc
2

year, their inierests are equal. How much
money is to be doposited in each bank?

A rlain rakes 7 hours ro lra\elftom Slation .4

to Station B. If its speed is indeased by
10 km,4| it will take t hour less to complete
lhe journe). Find tie disrance berween rhe

two stations,

The figue below shows the lengths of the
sides of a rectangle in cm. Given the perimeter
of the rectangle is 120 cm, find the values of
r and ) and then the area of the rectangle.

26.

Lt3

4u,W

1.

We leamt that to solve a pair of simultaneous equations involving two unknowns, we need to have two
equations. Similarly, to solve three simultaneous equations involving three untnowns, we will need to
have three equations. Can you solve a pair of simultaneous equations with three unknowns?

Try to solve the following equations:

A rooster costs $5 and a hen costs $3. Chicks are sold at 3 for a dollar. A farmer bought 100 bfuds of
these tbree types for $100. How many of each type of bird did he buy?
(There are thrce possible sets of answers.)

A nbbit costs $3.50, ducklings arc sold at 3 for a dollar and chicks cost 50 cents each. A famer paid

$100 for 100 of these animals. How many of each did he buy?
(There are five possible sets of answe$.)

]J)



1, A pair of simultaneous linear equations in two variables can be solved by
(a) etmination method,
(b) substitution method,
(c) gaphical method.

2. Problems involviag simultaneous equations may be solved by
(a) assigning variables to unknowns,
(b) foming the equations,
(c) solving the equations,
(d) giving the solution to the problem

$u-ot"t
The ratio oJ Jane's aqe to Peter's age is 5:7. In si,'.lears'time, the ratio of
thei ages will become 4:5. what will the ratio oJ their ages be in 30years'

Let the ages of Jane and Peter be .r and y years old.

.. wehaver:)=5:7
r5

In 6 years' time, Jane \r.ill be (x + 6) years old and Peter will b€ C) + 6)
yeam old.

r+6 4\ -----= = =

From (1), r =;y 

- 

(3)



Substitute (3) hto (2):

5.
'7' 4

)+6 5

Multiplying both sides by 50 + 6), we have

s L;]+6l= 4b, + 6)

' =| + 30 =4't +24t'

=Y=6
J =14

5
Substituie 1= 14 into (3,: r = =(14) 

= 10.

... in 30 years' time, Jane will be (10 + 30) years old alld Peter \r.ill be
(14 + 30) yea$ old.

.. the mtio of their ages = 40 : 44 = 10 : I L

and

(2) x ;l
(1) + (3):

=3 -7o - 66=t (2)

15 ^^1

fxamPtez
Sobe the sim ltaneous eEtations

r)f,rj'|

1-aa=i.n'*

4 *.1! = 15 

-4r.. 
t5b =t5 

- 
{.

16

(3)



That is

Substitute a=3into(2)l

lot - u"='

That is

l-

I
3

ea=rl

5

ll

1-
rne soruron ls x = l.]=J,

)l. Solve the following simultaneous equations:

(a) tu+2)=10
5-r+21'=6

(b) 9.r + 4r = 28
4y-l1x=-12

(.) Lr 5! =22
2-x 3y = 14

(d) 6.r-r= 16

3x+4r=-12
(e) .x + ), = 0.5

(f) 4t+3J,=0
51,+53=llt

(g) 8' + 3), = 14

Lx+!=4
(h) 2{ + 0.41= 8

5x 1.21= 9

(i) s.x-4y=4
Lr-y=2.5

5 apple\ and 4 orange\ co\l 53.40 uhile
7 apple. and 6 oranges co.t $4.q0. Fird t\e
cost of an apple and an omnge,

T lhinl ofa pair ot numbers. TfI add I I to rhe

fimt, I obtain a number which is twice the

second. If I add 20 to the second, I obtain a
number which is twice the first. what are th€
numbers?

IfA gives B $3, B will have twice as much as

A. If B gi\ es A $5. A will ha\ e ls ice as much
as B, How much does each have?

If the larger of two numbers is divided by the
sma1ler, the quotient and the remainder are
2 each. lf 5 rime. the smaller number i5

divided by the larger, the quotient and the
remainder are still 2 each. Find the two
numbe$.



6. Ifthe selling price of 5 pears and 4 mangoes

is $1.75 while that of 8 pears and 5 mangoes

is $2.45, what is the pdce of each pear and

each mango?

ad)
tDlD

b
b

7. At a basketball game, adult rickets were sold at

!j1.00 each and student tickets at 750 each. If
150 tickets were sold and $140 was collected,
how many tickets of each kind werc sold?

8. The sum of the numerator and denominator
of a fraction is 17. If 3 is added to the
numelator, the value of the fraction will be l.
What is the ftaction?

9. The denominator of a certain fraction exceeds
a

its numerator by a. If ; is added to the

reciprocal of the fraction; the sum becomes

3. Find the fiaction.

10. In four years' time, a father will be three times

as old as his son. Six yeals ago, he was seven

times as old as his son. How old arc they nowf

11. A shopkeeper mixed coffee powder wo h
$2.50 perkg with coffee powderwoth $3.50
per kg, and sold 20 kg of the mixture at $2.80
per kg. Find tle weights of the 2 grades of
coffee powder that he mixed together.

12. Two cars leave a town at the same time and

travel in opposite directions. The speed of
one car is I 2 knth more than the other. They
arc 444 km apafi after 3 hours. Find the speed

of each car,

15. Solve the followins simultaneous equatlons:

2l
(b) ,-/ =,,+r' 3t+4J=9

16. A farmer keeps hens and rabbits on his
farm. One day, he counted a total of 70 heads

and 196 legs. How many more hens than
rabbits does he have?

\4.

A morofi.r drove lor 2 houA ar one speed and

then for 3 hours at anolher speed. He covercd
a distance of 252 km. If he had travelled 4
hours at the first speed and one houl at the
.econd speed. he would ha\e covercd 244
km. Find the two speeds.

The sum of the digits ofa two-djgit number rs

| 2. and lhe &rll' digir r\ r$ ice lhe prr digrl.
Find the number.

- 5 6 17 30 .-(4, ---=1, +-=lorla)
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$flhagoras'Theorem

Fig. 6.1 shows a right-angled tdangle with BAC = 90'. The side opposire the
right angle .{ is called the hypotenuse. It i$ the longest side of a dght-angled
triansle.

Can you identity the htpotenuse for each of the following triangles?

{d)



Fic.

(a)

6.2 shows three right-angled triangles with the lengths of the two shorter sides given.

(b) (c)

C

Construct the three triangles in Fig.
the following table.

6.2 accurately, measure the length of d for each triangle and fill in

The square of tle h)?otenDse of a right angleal triangle is equal to the sum of the squates of the other

two sides.

Do you notice the relation between a2 and ,2 + c2?

Draw more right-angled triangles and repeat the above Do you get the same conclusion l

From the above table we find that a'z = b'? + c'z. This important rclation between the three sides of a right

angled triangle was discovered by a famous Greek philosopher and mathematician, Pythagoras, in 6th

."i*ry BC.-tn honout of his great contribution, this relation is named Pythagoras' Th€or€m which

states that:



There are morc than 300 proofs of Pythagoras' Theorem. We shall examine
one of them and leam how to apply it to solvc ploblems.

Tnke eightdghrangled cardboa trianglcs ofthe samc size and arrange them
in the two dcsigns shorvn below:

4Mv
fh!,! at. nan \
un r.etnt rnt?met !t.:
thdl l.rile irt.rn.
t\,. Jard dt?Lttt Jil
tr.ri4t: P\thu!t,as'
Thear.h. Sean:h th.
tnt€tn.t ta liId nut

Ch

We"
A !h!.,!n i t Jntt tltut
hu: ben ttarc, b n!

(a) (b)

ltis 6 3

Fig.6.3(a) and Fig.6.3(b) are squares of sides (, + .) each. Thus
tbe:rea ofFig. 6.3(a) is equal 1() the area ofFig. 6.3(b). Nolv renove the fbur
cafdboard triangles to obtain the unsh.ded rcgions shown bclow:

,,.-l-"

[iu.6.4

Since the area of the cafdboards removed from bolh figures
equel. the area of Fig. 6.4(a) must bc equal to the area of Fig- 6-4(b),

Wc also have the following result.

In a triangle with sides a,b and c,if az = bz + c', then the angle facing
the side a is a right angle.

(b)(.)

i.e..



Although Pythagoms was credited for discovering the Pythagoras' Theorcm, the theorem
was known thousands of years ago. The Babylonians were known to be familiar with
the PyIhag-orcan Triple (A set of 3 positive integers d, , and c which satisfy the equation

The Egyptian rope sffetches made use of ropes knotted with a Pythagorcan Triple for
constructing a iight angle during the time they conshucted the great p].ramids.

The Chinese were also familiar with this theorem. The diaSram below klown as "Hsuan
Thu" in Chinese illustrates the arithmetic-geometdc methodology used in those times. The
date of publication of the diagram is disputed to be ranging ftom 1200 BC to 100 AD.

Use the Intemet to find out more about Pythogaias' Theorem, such as how it has evolved
over the yeais and some well-known proofs of the theorcm. Write ajournal based on your
findings and share your findings with your classmates.



#"-pter
ABC is a triangle,,her" ABC = 90', An = 5,m and BC = l 2 cm. Find the
kflgth ofAC.

c

AC'1 = ABz + BC1 (Pylhasoias' Thorn)
ACz=Sz+12,

=25 + 141

= 169

eC = ,lOS !.in.e ar.dnor be nesnire,

.. AC=13cm

Pliha!.tas wds o
cteek philosopher
and natheistiian of
Samot. Ia adAition to
Ptthasa.ar'Theoren,

1.lhe husic4l note
pnduied Dj\ a ibru.
ing sntns oJ a certain
leryth is Nctlt orc
actore beer thq\ the

nnto ptutllced b, a
Nttihs o! the tane
htuerial and hbA thd

2. othbr notes.,in the
nutica ilaa' iq oe
prcdute4 br rsins
cdtaih fra.:tioni oJ
t he le 

^Ei 
h of the s,tri ns.

Far exatupl., a itrina
:- Ae leneth ot d

C sttihg lro.lu.es thz
'nate G lone octave
lower). alhe diacrun
h.lov shotr the
noi.us hrical note!
rhat caa he ptu.|uu.l

lbt each girenUacnon
.f lhe bBth of a c-

fxamptez
Is the triangk whose sides are I5 cm, 36 cm and 39 cma right-angled tiangle?

A tdangle is dght-angled if the square of the longest side is equal to the sum
of the squarcs of the other two sides (convene of Pythagoras' Theorcm).

39' = l52l
15' + 36' = 225 + 1296

= l52l
.. 39) = 15! + 36'

,. the given triangle is a right-angled triangle.

Sxarnpte3
CaLculate the value o.f:c in each case.

(a) (b)



(a) AB'+BC'1=ACz
127+x'z=207

f=20.-12.
= 400 - )14

= 256

, = 
"5s6.. x=16

(b) Qn'1 + Rs'z= 0s2
QR'+4'=5'

eRz -s1 41

=25_16
=9

aR = -lt
:. QR =3

QRt+PR')=PQ1

.. x = 1.24

-(?=
',iiriFffi I I r r r r r r I r r I EtFrc kJal e" f t'ittttr | | r r @Effii:l

Calculate the value of r in each case.

(4,

2. In the figure, C = 90'. For each of the followirg,
find the leng1h of the unknown side.

(a) d=9cm,b=12cm

(b) a=15m,&=8m
(c) r=12m,c=13m
(d) a=7m,c=25rn
(e) a=40cm,c=41 cm
(f) a=21 cm,&=20cm
(g) a=35cm,c=37cm
(h) .t=1lcm,c=61 cm
(i) d=23cm,c=53cm
(t) d=33cm, lt=56cm
(k) a=4m,0=7m
0) a=6m,.=llm
(m)c=9cm,D=6cm
(n) a = 6.7 cm,0 = 5.5 cm
(o) c=9.4cm,a=4.6cm
(p) a= 14cm,c= 19cm



Which of the following could be the lengths of
the sides of a dght-angled triangle?

(a) 8, 15, 17

(b) 1.2s,26
(c) 9, 12, 1s

(d) 24, 4s, 51
(e) 24,26,10
(r) 9,17, 14
(s) 0.15, 0.2, 0.25
.,. 6 8 l0
tn,

(i)'7s,23,71
(j) 0.8,0.e, 1.2

(e,

5. Find the values ofr and ).

Cdlculate lhe \cluets) of lhe uni,,no$n(\) i0
each of lhe follouing. giving yotrr answer

correct to 2 decimal places wherc necessary

(a)

(d)

(a)

(b)

(c)

Calculate the value of "r in each case,



G)(d)

(e,

In the diagram, BC is the height that the ladder will reach.

AC'=AE + BC'1
102 =22 + BC'

BC'1 = lO'1 -2'.
=100-4=96

-.. BC - -J% = 9.80 m (cofecr ro 3 si8. fic.)

.. the ladder will reach a height of 9.80 m.

(gl

12

Applications of $dhagoras' Theorern

The following examples involve applying Pythagons' theorem in solving problems.

{bttu-nt.o
How high up the wall is a 10-m ladder if its foot is 2 m from the vrall?



"$tu*Pt"s
Each side of a square Jie td ABCD is 50 m long. Find the Iength of the diaSotlal
of the feld.

BD'7=BC'+CD'
= 502 + 50'
= 2500 + 2500

= 5000 m?

BD = .vcooo

=70.7 m (corecr to 3 sig. fic.)

mA r+7T'+l
14x+49+).'

Sample6
The diagonal of a rectangalar led ABCD b (x
(r + 7) m and x m. Find the lialae oJ x.

AC1 = ABz + BC'
(r+g)'z=(r+

-r:+18r+81 =rz+
x: 4x-32=0

(:r+4X-r-8)=0
.r= 4orr=8

r = 8 (we cunot hwe a negative leneLh.)

+ 9) m and the siaes are

D

Dio?hantrs (204-2U,
po\e.t thb prcblen: IJ '-t, . antl n a.e positir.
intqeN. uader what
coiditiond@s{+tr=l

When n = 2, the equtuion

,'+, = z'has hant
solutians such as r = 3,

t-landz=5

Ferndr (1601 1665)
vtute in ih. riaryin aJ hi'
capr oJ tne boot
.ontitnins this prcblen
that hr haafuqdaptuoJ
to shN thot ttlit pt.bkn
dozs not hdre a Mlutim
ift-3btuthetu4i"w
'o. 

Mall ju hin b*t e

fh.oritu: and. it els &e
nost larions ndteinat
note becdtse thek wete
thautands oJ allesed
inoli aJhx thedrm bul

FinaLlr, Ahdre|| tliles
prore.l Fereafs lae
Theorcfr in 1991: the
ptool tuas nare than 200
pages lang! But Wesvas
aner 4A t@s oA at thnl
time and so he t6 not
el\ible Jot the Pietd\
M?.1a1, ehil.lt is the
h4hett, nbqb.lode for
n a t h e N t;.*,: a ai iti dktt
in prcsnse dnd tucoeni
tim to the Nabel Ptizes,
bLr Eiret to out$Qndine
nathendticidhs aged

S.@h the btwt tn fu.l
oat notu dbout Fe.4at

How do you check thal r = 8 is the conect answer?



: :iiiir"rffi r I I I I I I I I I I I ffirc,rffi " 
r,,,' r I r | | Mrirri,l

A 5 m long ladder i- placed agdinsl a sall
with it. foor L8 m from the wall. Find hov.

far up the wall the ladder rcaches.

A po.l 47 m hrph iq supponed b) $irc\
attached to its top and to a point on level
ground, 1 8 m from the foot of the post. Find
the length of each wirc.

find lhe lengrh of rhe longest line segmenl

lhal can be dra!\ n on a rcctangular board

3.07 m by 2.24 m.

AABC is righr-angled at B, and D is a

point on BC. IfAD = 18 cm, BD = I cm and

CD = 4 cm, find AC.

The diagonals of a rhombus are of lengths

lo cn" and l2 cm. Find the lenglh ol il\.ides.

The lengths of the sides of a tdangle are

-r cm, (r + 1) cm and (r + 2) cm. Detemine
l .o lhal ltli\ lfiangle i< a righl-angled rriangle

The sides of a rectangle are 24 cm and 15 cm.

Calculate the length of its diagonal.

The sides of a rectargular swimming pool

cre 50 m and J0 n-. \ hal is Lhe length

between the opposite corners?

How far from the wall must you place a

ladder of length 12m, if fte ladder is to
touch a point l0 m above the grcund?

A man run.diJgonally across ftom one comer

of a recLangular field 80 m by 60 m lo rhe

opposire comcr in a.rraighr line al a 5pee,l

of q melre" per 'econd. Find the rime laken

for him to complete the run.

2.

3.

7.

9.

12.

14.

15.

16.

11. ABC is an equilateral triangle in which
BC = 2 cm. Find the peryendicular distance

from A to BC.

+ 17.

One diagonal of a rhombus is 24 cm. Find the

length of the other diagonal if each side of the

rhombus measues 13 cm.

PORS is a rectangle in which Pq = 10 cm and

PS = 6 cm. 7 is a point on P0 such that RSI
is an isosceles triangle whose equal sides are

RS and Sr. Find RZ

PoRS is a rectangle in which P0 = 9 cm and

PS = 6 cm. f i. a pornt on PP such lhal Pf =
7 cm and Ry is the perpendrcular from R lo

SZ Calculate Sf and RV.

In a parallelogram ABCD. lhe dirgonnl
AC is at righr angle ro A-8. IfAB = 12 cm and

BC = 13 cm, find the area of ihe paftIlelogram.

A rectangle is ? cm wide, and the lenglh of
each diagonal is 25 cm. Find the length of the

rectangle and its area.

lfuee integer-. a. l. and,. with d < , <..
are sajd to form a Pythagorean Triple if
c'z = a2 + b?. For example, 3, 4, 5 folm a

Pythagorean Triple because

3'+ 42 =9 + 16 = 25 = 5'

la.) In lhe \ame ra). shou lhal 6.8 and l0
folm a Pythagorean Tdple.

(b) Form a Pythagorean Triple
(i) in which the first two inteSers are 12

and 16,

(ii) in which the last integer is 25.

8.

10.



(c)

(d)

(i) Simplify (3n)2 + (4n)'z.

(ii) Hence form a Pythagorean Trjple in
which the last integer is 35.

Consider 1 +2r? +rl, = (1 + n)r_

If I+2 is a perfect square, say,
L + 2n = li,wehavekz +n'=(l +n)'.
Then ,t, ,1, 1 + r, is a Pythagorean Tdple.

tor example, wnen /r = tl.I+ 2n= t) = ) .

and then 5, 12, 13 form a Pythagorean

Triple-

1. Pythagoras' Theorcm:

For a right-angled triangle /-BC,

(i) In the same way, find the

corresponding Pythagorean Triple
\\hen n = U.
Can we get a Pytlagorean Triple in
the same way when | + 2n = 42'l

whv?
(ii) Fomr a Pythagorean Triple such that

the first inte8er is 9 and the other two

integers differ by 1.

Be=Ae+AB'z

2. The converse of the Pythagoms' Theorem states that if d'? = ,'z + c':, then the [iangle
with sides d, , and . is a dght-angled triangle, with the angle opposite the side

a being a dght angle.



fxamprcr
In the diagram ABC = 90',
AC = 33 cm, PB = 13 cm.
CQ=6cm,PQ=19cm,
B4=rcmandAP=Jcm.
Calcula€ the value of ,r and of).

b MBQ, PQz = PBz + BQ?

l9z=B'1+;
.,. xz = 192 - Bz = 192

t= nlts2 = Lz.sse

.. 1= 13.9 cm (con€ct to 3 sic. fic-)

1o P13g , 46! = tE + nC
33'z = (rr + l3)'?+ (6 + 13.856)':

Cr + 13)'z = 33' 19.856' = 694j4
y + tz = .n@+l+ = zs.zst

J = 13.4 cm (co@tto 3 sic. fic.)

{t'a-pte z

T\,o boats A ancl B leave a port P at the same time. Boat A trawls due east for
3 houts to reach a buoy Q and then truvels d e south.for another 2 hours to
rcach a port X. Boat B trarels due north for 2 hours to reach a buoJ R and

then trawls due east for 3 hours to reach a port Y If the atierage speed of
boats A and B are 12 km/h and. 18 km/h respectiveli, calculate the distance

(a) the buoys Q and R,
(b) the ports X and Y.



Now P0=3x12=36km
QX=2x12=24km
PR=2x18=36km
Rf=3x18=54km

(a) rn MQR, QF = PA + PR'1

QRl =362 + 36'

pn = "6?+:o = so.9 km (co@rto 3 sis. fig.)

(b) Drop a peryendicular line from Xq to Ry
cutting RYat tr.

Now X(= 36 + 24 = 60 km and (f = 54 - 36 = 18 km

Xf =XK + Kf
xr = 1Go'+1S

= 62.6 km (conec! to 3 sis. fis.)

1. Calculate the value of .n in each of ihe
following:

(a)

(c,

(d)(b)



(e,

The sides of a rectangle are 14 cm and 25 cm.
Calculate the length of the diagonal.

The diagonal of a square is 42.5 cm. Calculafe
the perimeter and area of the square,

The length of the sides of a rhombus is 52 cm.
One of its diagonals is 48 cm. Find the length
of tle other diagonal and the area of rhe
rhombus.

Find the distance from the mid-point of one
side of a squarc of length 10 cm to either end
of the opposite side.

PgR is an isosceles triangle such that

CP = 0R = 13 cm and the altitude PS = l2 cm.
Find the length of PR.

Given a triangle ,43C where the value d/
BC'z = 370 units, AC'1 = 74 and AR = 116,
calculate the arca of the fiangle.
lHint: 370 = 9'z + 17'1,74 = 5'z + 7'z and
116=42+10':1

Pythagoras'Theorem is usually state.d in terms
of the sides of a dght-angleeltlangle: d + bz =
c2. But it can also be staied in ierms of areas of
squares: Ar =Ar + A3 (see diagram below).

Wlat if the areas do not refer to the areas of
squares but areas of semicircles (see diagram
below)?
Does the relationship still work? Is A1

still equal to A, + Aj? Why or why not?

* 7.

*8.

2.

3.

4.



Revision Exercise II No. 1

1. A semi-circular flower bed has a perimeter of
?2 cm. Calculate the arca of the flower bed,

taking z to be 3.142.

2. Sotve the following equations:

(a) 5(r'? 9) = 3(-t - 3)'z

(b) (2 tX4+:r)+l=14

3. What is the Representative Raction (R.F ) of
a map which has a scale of 1 cm to 2.5 km?

4. Simptry each ofthe following:

. 1D101 8P'a l4 P'1'lal-
2pq

.. - ortba + 1,204 b1 ao'b'
tDt 

- =i-
5. Factorise the following:

(^) 5f - 25, + 20
(b) l\az - 21ab +9b'z
(c) 28az + llab - 24b'

tr(d\ a'A 25

6. {a) If 5.r - '-i - , male.r lhe subjecl of
2v-3x

the formuia and use your tesult to obtail
the value of.I when a = I andJ=5

(b) Make a the subject of the fomula

tn the figure. qB - 'l cm. HK = 4cm.
81( = 3 cm and KC = 7 cm. Find lhe !xlue of
r and lhe lenglh of aH and of ,41L giving

your answer conect to 2 decimal places where

necessary,

9. Express each of the following as a liadion
with a single denominator.

. 5(r+D) d b

l5

15y -L ial
2a 1a l

10, If the numerator of a fraction is increased by

l, the value of the fraction becomes I If the

numerator is increased bY 2 and the

denominator is deqeased by 3, the value of
the fraction becomes 2. Wtat is the fraction?

Revision Exercise II No. 2

1. How long will il take a car to cmss a bidge
900 m long if it is trave[hg at 54 kr/h?

2. Wdte down the expansion of
(^) (a + b)(a'- ab + b'),
(b) (' JXt+{y+}'?).

3. Copy and complete the following sequence

of numbe$:
(ar 4.5. 8. lJ. 20.-. 

-

(b, 3. 4. 8. 17. 33.-.
.. 7 2 r 1r
r\, 8. r.2. t t.4 .

4. Solve the following equations:

(a) 1+
2

(c) x(2-3.x)+ 1=0
(d) 5.{(i + 1) - 18 = }(2r - l)

5, If, + l, = 2 and-Y'z + )? = 8, find the value of
(a) ry;
(b) r-).

2ab
(c) Make t the subject of tie fomula

.y= -, 
.

7. Solve the following simultaneous equations:

5.x 2J = 16,

t+3]+7=0

8.

+3
t5

x-2

2x
5



6, (a) Make x the subject of the formula
123

(b) Make .l the subject of the fomula

- 2ab 4c

3a5

Given that ] is direcdy proportional to the cube

of r. copy and compleLe lhe following labl(.
and then express ) in tems of -t.

E, (a) Solve the simultaneous equations

2(r 1)+3(i+l)=4,
s(x-2)+20+2)='7.

(b) A man paid $101 for 2 pairs of trousers
and 3 shifts. He found that 7 pairs of
trouse$ and 9 shirts would cost $331.
Find the cost of
(i) a pair of trouse$,
(ii) a shirt.

9. Factorise the following:

(a) 4x'+24x+35
@) 5i 2.x. - 3
(c) 6t:-23r+21

10. In the diagnm, AiC = skc =go', AB 4e cm,
BC = 21 cnt, A/< = j cm, Bf = I cm and
trC =) cm. Calculate the value ofr, ofy and

ot z-

Revision Exercise II No. 3

t. ta) Ci\en that S = o 
. erpresr r in terms1r

of S and d. Find r when S = 111 and

{br Civen rhat - = -L + -l . e\press. rn
a)blc

rerm\ o[ d and D, Hence, or olhef\ i.e.
evaluate c when a = 2 and b = 5.

2. (a) A car tnvels 75km in 1: hous and

then travels for I hour at an average
2

speed of 80 km/h. Find the average speed

for the whole joumey.
(b) One side of a rcctangle is 2cm longer

than the other. If its area is 195 cm?, find
its peimeter.

3, Two felt pens and thrce rule$ cost $3.30
while five felt pens and seven rulem cost

$8.10. Calculate the cost of three felt pens

and foul rulers.

4. Solve the following equations:

'- 3 4 8

7.

6.1 ZaJ.=l
?a4a6

5. A boy paid $1.60 for 4 exercise books and 2

ball-point pen.. lf a ball-point pen costs 5c
more than an exercise book, find the cost of
each ball-point pen and each exercise book.

6.

A 2t+2 B

The figure abore .horvs a riBht-angled
triangle ABC where AB = f2\ + 2)cm.
BC = (x- 4) cm and AC = (2r + 3) cm.

FoIm an equation in r and hence, find the

length of BC, AB andAC.

I 2

r 3 192



7. men a satellite orbits the earth, the force F
attracting it towards the earth is inversely
proportlonal to /' where r km is the distance of
the satellite from the centre of the earth. Given
that F = 60 units when r = 30, calculate the
value of
(a)/whenF=240units,
(b)Fwhen/=45.

E, Factorise the following expressions:

(a) / 38.x+345
(b) {.x+2)+r(r-5) 5

(c) 9(r:+12)-25t'

9. Solve the following equations:

(a) 2(I:-9)=(i+3Xr-6)
(b) x(ri -.r 12)=(r+2Xt+3)'z

10. Simplify the followtutg expressions:

(a) (-{ + 2Xi 5) - 3.x(.x - 4) + 7t(i + 3)

.- 2t+3 :r 5
*lcl 

--- -
" r'+l a+l r I

Revision Exercise II No. 4

1, Solve the following equations:

(a) 
=-:=; 

(b) 
-+

9 0 ) :t

2. (a) A bicycle wheol has a diameter of29 cm
Find the number of rcvolutions it makes

when it travels half a kilomehe. Give
your answer corect to the nearcst whole
number.

(b) The energy, E, of an object of mass m kg

travelling at a height of ft metres wlth

velocirr v mi' i,l =ll'' r rze, lioules." \2 -r
Make m the subiect of the formula

3. The length of a diagonal of a rcctangular field
is 36.8 m and one of its sides is 23.8 m. Find
the area and pedmerer of the rectangle.

4. The period P seconds of the oscillation of a
simple pendulum is dir€cdy proportional to the

squarc root of its length I cm. Wlen the lengt!
is 49 cm, the peiod is 3.8 seconds. Find
ra) lhe penod when lhe lengrh is l2 | cm.
(b) the lenglh when the pedod is 3 seconds.

5. Factorise
(a) (x+2)'+xz+6a+8,
(b) (r + l)'+ 5(.r + )) + 6,

*(c) aa - ba.

6, Solve the simultaDeous equations

1(.r+2)+ v=4.7'

o(x-1)+2t= 7.

7. Make -t the subject of the formulae:

@) ! b=r, (b) ax+b=d-d.

(b) .+ -
8. If 1 is added to both the numefttor and the

denominatot of a ftaction, its value becomes

1 . If 3 is subffacted from both the numerator

anal the denominator, its value becomes I.
2

Find the fraction.

9. The lable below shows the indices to measue
the qua.lity of the teaching of science in iive
Asian countries for the yeals 1996 to 1999, I
being the wo$t and 10 being the best quality-

1996 1997 1998 1999

Singapore 8.08 8.15 8.16 8.73

Malaysia 5.89 7.00 6.85 '7.02

Thailand 3.4'7 4.15 4.7 2

Indonesia 4.90 4.40 4.5'.7

Philippines 5.18 4.34 4.7'7 4.9r

(a) Construct line gmphs for the indices of
Singapore. MaJal.ia and Indonesia 1br

tle period 1996 to 1999 in a single
dlagram.



1.

(b) Calculate the percentage incrcase in the
index for Malaysia from 1996 to 199'1.

{cl Calculale ihe percentage change in
the index for Singapore ftom 1997 to
1998 and from 1998 to 1999. Can you
suggest a reason for the small percentage
increase from 1997 to 1998 for
Singapore?

(d) Suggest a reason for the drop in the
indices for Malaysia, Thailand and
Indonesia ftom 199? to 1998.

Revision Exercise II No. 5

(a) A boy used 3.214 for r instead of 3.142
in calculating the area of a circle of mdius
7.6 cm. Find the percentage enor giving

)our an5\{er correcl to 3 significant
figues.

(b) The resistance R ohms of a wire of a

constant length is inversely proportional
to the square of its diameter d cm. If
R = 40 when d = 0.8, find the value of
lRwhend=0.6.

(a) The rario of lhe weights of two boyq i.
7:8. lf the hea\ier boy ueigh. 48 [9.
what is the weight of the lighter boy?

(b) A group of children shared $t among
themselves. Each of them got $7 and

there uere $4Ieft. If lhere were $5 more
each sould gel $8. Findr and lhe number
of childrcn.

Given that A = &(Rz - l), express ft in terms of
4, R and ,". Find the lalue of I if A = 50.

R=5andr=3.

ln lne frgure below. Arc = AQb = 9u-,
OP = 2n cm, OB = 38 cm and OC = 12 cm.
Calculate the lenglhs of
PB and OQ.

5, Solve the simultaneous equations

3x +2r = 2,
3r+2 '-2 ^

23

6. In the given figue, the lengths are in cm. Find
the area of the rcctangle and the length of its
diagonal. r+3)

3a-17

(a) ff v = ,/ + at, find t in terms of l/.
and d. Find the value of a when r = 12,

u=2anda=4.
(b) The product of two consecutive positive

integers is 24.0. Find the two numbers.

Simplify the following expressions:

,, 2 3(4, *, - ,-:

(b) :-":
,, I 3(c,, t - ,+6

Make r the subject of the fomulae:
(a) a= bx+ r
(b) a=

243x244-2432
196' - 195'

(a) Factorise

*(i)./+r:-2,
* (ii) /-13./+36.

(b) Evaluate the following without using a

calculator:

7.

8.

9.

10.4.

(D
(ii)
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\lramids

The photo in Fig. 7.1(a) shows the Grcat Pyramid built by the Egyptians in
Giza, Egypt, arcund the year 2560BC. The photo in Fig 7.1 (b) shows two
dice with,l triangular sides each. These are examples of p).ramids. What are

some common features of these Dvramids?

(a) The Great PFamid (b) Tetrahedral Dice rith Four Fac6

Fis.7.1 Entu e! of Prtmirls

A pyramid is a solid with a polygonal basc and a vcrtcx. All the other faces

are triangles which meet at this vertex. Fig. 7.2 shorvs some examples of
pyramids with different bases. The pyramid is named after its polygonal base.

(a) tidsle-based P}I mid (or T€trahedron) (b) Quadrilateral-based Pyranid

{c) Pentagon-baled Pyranid

w
ll'l.x )0! ror! d

lehah.dtd lti. r:ith f.ur
situ: nrmhlred 1,2 3

anl4, f.ut s.ore 
^ 

the

nu"thtt Lht li.le
fa.rts.l.{'h. Bul it i
aiJJicult ta red.l thil
nu,$.r Sa th. dic. are
nuDbetcn a! shorrr nl
Fi! 7.1(h). Th! n.r? is
the inther .1.\!! b tht
b.!. The le I .lie Jb*! d
!.ot. ol2 and lt. rithl

(d) Hexagon-based Pyramid

7.2 Plrani.ls ||uh Dtferent Bases

!;ff*'^'"^"*""" .



Fig. 7.3 shows three pyramids. For Pyramid (a) and Pyramid (b), tle vertex is vertically above the

ceoffe of the base. This type of pyramid is known as a dght pyramid. Why is Pyramid (c) not a right
Dvramid?

Lb, (c'

Fi8.7.3 Which are tiqhtpltMi.ls?

Fig. 7.4 HeiSht, SLant HeiEht and Sldht E lge

In this chapter, we will study only right p).ramids. For simplicity, we will use the term "plramid" to

mean dght pyftmid, unless otherwise specified. We will also use the telm "height" to mean the

peryendicular height of the pyramid.

(a)

Non-dght pyramids are called oblique pyramids.

The pependicular height (or height) of a pyramid is the perpendicular distance from the veftex to tlrc

base of the pyramid (see Fig. 7.4). A slant height of a pyramid is the distance ftom the vertex to the mid-
point of an edge of the base. The edges joining the vefiex to the comers of the base of the pyramid are

called the slant edses.



Volume of a $rramid

We have leamt in Book I that the volume of a right prism is equal to the prcduct of its base area and

height. We will now find a formula for the volume of a pyramid.

Consider a pyramid and a prism with the same triangrlar base atd the same height (see Fig 7 5) If we

are to fill the whole pyramid with sand and then pour it into the pdsm, what fraction of the prism will be

filled? If we {epeat the process, how many times will it take to fill the pdsm completely?

(a) ftiansle-basd Pyramid (b) Trianeuls hisn

Ft8 7 5 PtrcniJ un.l Prisn



Fig. 7.6 shows the net of a triangle-bas€d pyamid that you can photocopy
and paste on a cardboard before cutting it out and folding along the dotted
lines to obtain an open pyramid as shown in Fig. 7.5(a). The tabs arc for
gluing puryoses. An open pyramid is a pymmid without the base.

Fig.7.6 Net oJ 7'ritu8b-base.l P!tuni.l

Fig. 7.7 shows the net of a tdangular prism that you can photocopy and paste

on a cardboard before cutting it out and folding along the dotted lines to obtain
an open prism as shown in Fig. 7.5 (b). Notice that both the pyramid in Fig. 7.6
and the prism in Fig. 7.7 have the same t iangular base and the same height.

Appb stue here anr htd

Fis. 7.7 Net olTtiaryular Prism



Fill the whole pyramid with sarld such thal lhe sand is level. Pour the sand into the pdsm. Ho\\' many

times must you do this before the prism is completely filled?

Do you get the same rcsult as your classmates l

What conclusion can you get about the volume of a pyramid and lhe volume of a prism?

Volume of Pyramid = x Volume of Prism

You can repeat the experjment for pyramids and prisms of different sizes and different bases. Fig. 7.8

shows a sedes ofphotos rvherc sand is poured from a square-based pynmid into a square prism with the

same square base and the sameheight. The process is repeateduntil the prism is completely full.It shows

that it takes 3 times the volume ofa pynmid to fil] up the prism completely.

(d) (e)

Iis.7.8 Filling d Prisn h:" P.uing Sah.l hotn d

This suggests thal the foliowing fonnula is true for any pyramid and prism with the same polySonal

base and the same height:

1
Volum€ of Pvramid = :

1

x Volum€ of Pdsm

x Base Area x I{€ight

I

Nen Sl abus Mathenotics 2
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fxamPte r

OMC is a tetrahedtun (or triangle-based pjramid). Given that the area of
the base is 27 ctf and the height is 7 cm, find the liolume of the tetrahedron,

Volume of tetrahedron = ] x Base Area x Height
3

=!x27x7
3

= 63 cm3

{if'a-pte z

VPQRS is a rectangle-based pyramid where PQ = 30 cm and QR = 20 cm.

Given that the wl me ofthe pyramid is 2000 af,fnd its height.

@
Volume of pyramid = ] x Base Area x Heisht

l
2000=;\t30Y201 Height

2000=200xHeight

2000
Height= 

200

=l0cm

Sr---L-

iI'



Total Surface Area of lyramid

Fig. 7.9 shows (a) a pyramid with a squa& base and (b) its net. If you fold the net along the dotted tines,

you will obtain the plramid. How do you find the total surface area of the pyramid?

Fis. 7.9 Net oJ \,tuni.t

Fig. ?.10 shows a pyramid with a pentagonal base and its net. How do you find the total surface area of
the pyramid?

&
(a) Plaantd (b) Net of Bramid

(b) N€r of Pyramid

Therefore,

(a) Pyrdd

FiE.7-10 Net of Prruni.l



fxamples
OPQRS is a right pyramid v,hose base is a square oJ sides 14 cm each. Given
that the slant height of the p))ranid is 17 ctn, draw the net of the Wrunid and
rtnd its total surface area.

I,,
Area ot eacn mangular Iace = Dn

14x17
I
2
119 cm':

Area of square base = 14 x 14

= 196 cm2

. . total surface area of pyramid = 4 x area of trialgular face + area of square base

=4x119+196
=n12cm-



'ffxampte4

111 Fig . 7.I 1 , OPQRS is a p)tramid whose base is a squarc of sides 30 cm each.
The slant heipht OM =17 cm. Find

(a) the height ofthe prramid ON,
(b) the yolume ofthe Dtramid,
(c) the total sulface area oI the plramid.

(^\ NM = \ pe =r5 cm

By Pythagons theorcm

oN'=7'-t5'=64
.. oIr' = 1Ga=8cm

rb) Volume of lhe pyramid - I > area of ba'e / heighr

=:x30x30x8
= 2400 cm"

(c) The net of the pyramid is as shown.

AreaoI AU!'K= t Y JUY l/ = lJ) cm-

Area of the fotll faces = 4 x 255 = l02O ct1tl

To1al sudace area of the p).ramid

= arca of base + arca of the four faces

=30x30+1020
=1920 cm'
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OABC is a tetrahedron. Given that the area
ol lhe base is l5 cm' and lhe height i. 4 cm.
find the volume of the tetrahealron.

4, OXYZ is a pyramid where XYZ = 90',
XY = 7 cm and m = 4 cm. Given that the height
ofthe pyramid is 5 cm, find its volume.

l

y,4BCrEF is a hexagon-based pyramid- Given
that the area of the base is 23 cm'z and thc
height is 6 cm, find the volume of
the pyranid.

Ihe heighr of rhe Crear Plramid ol tglpr r.
146 m and the base is a square of side 229 m.
Find the volume of the pyramid, leaving
your answer conect to 3 significant figures.

yPoRS is a rectangle-based pyramid where
P0 = 10 cm and 0R = 6 cm. Given that the
\Olume Ol lhe plfamrd r\ IUU cm , lrnd rls
height.

Given that the volume of the pyranid with a
.quare br'e ol.ide 5 m each i. 75 m . find il.
height.

A pymnid with a triangular base has a volume
of 50 cm3. If the base and height of the triangle
are 5 cm and 8 cm respectively, find the height
of the pyramid.

The height and volume of a square-based
pyramid are 12 cm3 and 100 cmr respectively.
Find the length of the square base.

3.

7.

8.

\
j
.lr



/I
/l

a"

F

9. Find the volume of the solid shown below. 13. A dght pyramid has a square base of sides
l0cmeach and a slant height of l5 cm. Draw
a net of the pyramid and label its dimensions.

OPORS i< a right p)'ramid whose base is -
\quarof \ides l2 cm each. Ci!en rhar rhe.lanl
height of the pyramid is 15 cm. Find
(a) the heighr of rhe pyramid,
(b) the volume of the plramid,
(c) the total surface area of tle pyramid by

first drawing the net of the pyramid.

www i.s 
^ 

rcctat\gle-based pymmid where

Ury = 66 cm and XF= 32 cm. The vertex y rs
vertically above the centre of the base. Given
that the slant heights yA and VB are 56 cm and
6J cm respecri\ el). dra\ thenelofthep)Tamid
and {ind ns total surface area. Also lind rlc
height and volume of the pymmid.

66 cm

O,Y lz i\ a tetrahedron whose laces are identical
equilaleraltrianglesoIside< l0meach.Civen

lhat the slanl herghl ol the pyftuT d rq rvr m.

find its total surlace area. leaving ) our ans$er
corect to 3 significant figures.

t4.

10, A solid pyramid of height 40 cm with a
square base of sides 30 cm each is put into a
cubical tank of sides 40 cm each. The tank is
then filled with water. If the pyramid is
removed, find the depth of water in the taDk.

11, A rcctangular tanl( has a base 60 cm by 20 cm.
A solid metal pyramid with a square base of
sides l0 cm each and height 27 cm is placed
inside the tanlc The taDk is then filled with
water until it just covers the pyramid. If the
pyramid is removed, calculate the fall ir the
level of water in the tank.

12. A nickel pyramidal paper weight has a square
base of sides 5 cm and a height of 3 cm. What
is the mass of a dozen such paper if the mass

of I cm3 of nickel is 8.9 g?

C)

/\KM

16.

1ir,| ;;t'.*1,'l\',
lr.tr i
Iil ,'"'rc.n

27



18.17.

19.

OABC 1.s a tetrahedron whose faces are
identical equilateral triangles of sides
8 cm each. Find its slant height, leaving
your ancuer corrert to I signiticanr
figures.

OPQRS is a right pylamid whose base i$ a

square of side 7 cm. Given that the total suface
aJea of rhe pyramrd i. l6l cm2. tind ir! \lanl
height.

VABCDL i\ a righr p)rumid $,ho.e ba\e r\ -
regular penragon of qide q m. Civen lhar rhe

arca of the base is I 39 m? and the total sudacs
crer of lhe plmmid i' 40q m . find its \lanl
height.

Cones

Fis, 7,12 shows some examDles ofcones. What arc some common features of these conesl

(b) Party Hat

Fis.7.12 Etutuple! aJ Cjnet

(c) wh€elock Place, Sirsapon



A cone is a solid with a vertex and a base that is formed by a simPle closed curYe llthe base is circular,

then it is called a circular cone. If the veftex is vertically above the cenfte ofthe circular base, it is called

a right circular cone. Fig. 7.13 shows some examples of cones with different bases.

(!) Circular Base G) Euipdcal Bffie (c) Bale is a simple dosed

Fte-7.)3 Corcswith Dif.t.nt BBcs

The perpendicular height (or height) of a cone is the perpendicular distance ftom the vertex to the base

of the cone (see Fig. 7. 14). The slant height of a right circular cone is the distance ftom the vertex to the

circurnference of the base.

Fi8 7 11 HeiSht ah.lSlatu HeiSht

In this chapter, we will study only right circular cones. Fol simplicity, we will use the telm "cone" to

mean right circular cone, unless otherwise specified. We will also use the telm "height" to mean the

perpendicular height of the cone.



C-omparison Behareen $rramid
and C-one

Fig. 7.15 shows (a) a regular pentagon, (b) a regulal hexagon, (c) a regular 12 gon and (d) a rcgular
1 6-gon. As the number of sides of a regular polygon increases infinilely, what will the polygon become
eventually?

FiE.7.15 SeLtuente oJ R.sular Pollgons

Fig.7.15 shows thatthe regular polygon will eventually become a circle ifthe number of the sides of the
polygon incrcases infinitely.

Similarly, as the number of sides of the polygonal base of a righl pymmid incrcases idinitely, the

polygonal base will become a circle and hence the pyramid will become a cone (see Fig. 7.16).

(c)(b)

(d)(a) (b) (.)

Fis.7.I6 Canes \|ith Di.Iferefi Bases

In many ways, a cone is quite similar to a pyramid. However, a cone is not a pyramid because the base

of a p).ramid must be a polygon which has a Iinite number of sides but the base of a cone is a circle and

not a polygon.



Volume of C-ones

l
we have leamt that the volume of a pyramid is equal rc : v base area \ height. We have also obsewed

from Fig. 7. 16 that a cone is quite similar to a plramid. This suggests that the volume of a cone may also
be given by:

Let's do the activity below to coDfirm the formula for the volume of a cone.

We have leamt in Book I that the volume of a cilcular cylinder is n7'zft. Consider a cone and a cylinder
with the same circular base and the 6ame height (see Fig. ?.17). ffwe are to fiII the cone with sand and

then pour it into the cylinder, what fraction of the cylinder will be filled? If we rcpeat the process, how
manv times will it take to fill the cvlinder comoletelv?

O) cyllnder

Fis.7.17 Cohe atul Cllin.ler

(a) cone



*amPles
A cone has a circular base of radius 12 cm and a height of 30 cm. Find the
rolume of the cone, Ieaving joar answer correct to 3 sig ifcantfrgures.

Votume Ot Cone = i,T r,,d

= tx rxl2zx 30

= 4520 cm3 (corecr ro 3 sic. fi8.)

f'u-nr"u
A cone has a circular base of radius 6 m and a volume
height of the cone.

-lvolume ot cone = a 1t r- h = 64x

.,, = +x Ex6'xh=848

.. height of cone = 7 m

ol 848 m3 . Find the



SM
Height of cone

fxamplez
The following container is made of a hollow cone of intennl radius r cm and
.t right circular cllinder of the same intemal radius and height 2r cm. Gfuen

that the height of the cone is three-quarters that of the cylinder and 2.7 litres
ofwateris eede.lto completelJfllthe conical part ofthe contuiner, calc late
(a) the amount oft ate\ in liftes, need.ed to completel! fiIl the container,
(b) the total height of the containen

lTbke Eto be 3.142.)

x height of cylinde.

-3
2

Volume of cone = lzrt x
3

n00 = \nf
3

rf = 54OO

'/-4oo
\13.142

(4,

= 11.98 cm (mect to 2 decloal pla@s)

Volume oI CYllnOeI = tf x 2/

= 2ttt3 =2x54O0
= 10 800 cm3

= l0 8 lihes

. . the amount of water needed to completely fill the

= 2.7 + 10.8 = 13.5 lihes

,l
lne lolal hersht ol tre conlalner = -r + zr'2

7

2

= _ x 11.98
2

= 41.93 cm

3

3

4

3

2

container

(b)



Surface Area of C-one

Fig. 7.18(a) shows a quadGnt with radius l. If you fold the quadmnt such rlat the edges yA and VA'are
joined together, you will obtain the open cone in Fig. 7.18(b) where rhe slant height is I and rhe radius of
the circular base is i'. How do you find the curved surface arca of the cone?

(a) Net of cone O) cone

Fis.7.18 Net dCone

The curved surface area of the cone is equal to the area of the quadmnt (see Fig. 7.18(a). The length of
the arc AA'in Fig. 7.18(a) is equal to the circDmfercnce of the circular base of the cone in Fig. 7.18(b),

i.e. lenglh ol ara M'= 2ttr.

But length of arc ,4,4'= !"2"r= ),a.

Thus, leneth of arc M' = 2rr = |nl
,=T,

Thereforc, area of quadrant =

Hence, cutved surface area of cone =E x / x I

1-
4xn'

f r,'ftx-l

ttxrx I

The above is tlue if the net of the open cone is a quadrant. What happens if the net is lrot a quadftnt?



Fig. 7. 19 (a) shows a semicircle with radius I If you fold the semicircle such that the edges yA and yA '

arJjoined together, you will obtain the open cone in Fig. 7.19(b) where the slaot height is I and the ladius

of dre circular base is r.

(a) Net of Cone (t) cone

How do you find the cu ed surface area of the cone?

You can repeat the investigation for open cones with differcnt nets. The above exploration suggests thaf

the curved surface area of a cone is given by

where / is the radius of the circular base and I is the slant height of the cone.

Try ro gi\e 2 more approaches lo get the above lormula



iample 8

A cone has a circular
Find the total surface
3 signifcant figures.

base of radius 6 cm ond a slant height oJ 10 cm.
leayrng lour answer coffect to

Total surface area of cone = tt r I + x tz

= .rx6x 10 + ttxG
= 967t

= 302 cm'z (corect to 3 sig. fig.)

f*u-ptel
A cone has a circular base of rudius 7 cm anal a total surface area oJ 352 cm'.
Find the slant height of the cone. (Take n to be 3.142.)

Areaof corc=rrl+rf =352
3.142x7 x I + 3.142 xlz = 352

21.994 1+ 153.958 =352
21.994 1= 198.042 1

t=900 (conect to 3 sis. fig.)

.. slant height of cone = 9.00 cm



#xamph ro
A cone has a circular base of rudius 3 m and a height of 4 m. Find the cumed

surface area of the cone .

Let the slant height of the cone be I m.

|; '..-
Using Pythagoms' Theorem, l=^!3' +4'

=5

,. curved surface area of cone = xrl
=lx3x5

= 47.1 m: (corect to 3 stc. fis.)

ffxamPten
The figure shows a rocket i the fom of a closed ctlinder. A cone of the same

base radius is attached to the top of the qrlinder. Calculate the total surface

area of the tocket. (Take n to be 3 .112. )

Arca ofbase of cylinder = rl = ftx6x 6 = 36r m)

Area of curved surface of cyhnder = 2ttrh

=2xItx6x42
= 504tt rt

Curved surface arca of cone = /a/l

=ttx6x15=gonm'z

., total surface arca of the rocket = 361t + 504 7t + 90 7t

= 630x

= 630x 3.142

= 19'79.46 rrl

,/\'

ffi]Illl
@r'1t;



e?
: : i#affi r I I r r I r r r I r r ffrdr3!ryf I r I I I I r I I I I I ffiitiil,
Find the voiume of each of the

Circunference of base

A cone has a circular base ofradius 8 cm and a
\olume of J20r cm . Find rhe height of dre

A cone has a base arca of 20 nf and a volumc
or lou m , t o me nelght or the cone.

4, A cone has a height of 14 cm and a volume of
132 cm'. Find the radius of the circular base.
(Take r to be 3.142.)

1. following

(a)

(b)

(c,

(d)

A conjcal funnel ofdiameter2S.2 cm and deplh
42 cm i\ full of water. Tf rhe waler i\ poured
into a c) lindrical r in oldiamerer 16.2 cm. llnd
Lhe least possible heighr of rhe lin if il mu.r
contair all the fquid.

A conical block of silver has a height of 16 cm
and a base mdius of 12 cm. How many coins

I cm thick and 1 ! cm ir iliameter can bs62
made by melting the silver?

Find the curved sudace arca of each oi the
following cones.

\a)

CircumJerence of base

= 132nm

6.

7,

(b)

(c,

3.



E. A cone has a circular base of Gdius 14 cm

and a total surface area of 1012 cm'1. Find
the slant height of the cone.
(Take 1t to be 3.142.)

A cone has a circular base of mdius 6 mm and

a curved surface area of 847r mm'z. Find the

slant height of the cone.

16. Calculate
(a) the total surface area,
(b) the volume of the solid

cylinder wjth
conical ends as

shown below,

17. Find
(a) the volume,
(b) the total surface area

conical ends as shown

10. An open cone has a slant height of 5 cm and a

curved surface area of 25 I crf. Find the radius

of its circular base, leaving your answer conect
to 3 significant fig!rcs.

11. An open cone has a cilcula.r base of ndilrs
l0 cm and a slant height of 20 cm. Draw a net

of the cone and label its dimensions

12. The semicircle shown is folded to form a right
cicular cone so that the arc PO becomes the

circumference of the base. Find
(a)
(b)

the diameter of the base,

the curved suface arca of the cone.

in the ligule on
the right.

of the solid wilh

12 cm

13. A cone has a circular base of radius 5 cm and

a height of 12 cm. Find the cuwed suriace area

of the cone.

14. A cone has a cicular base of ndius 8 cm and

a slant height of 20 cm. Find the volume of
the cone.

15. A circula.r cone has a height of 17 run and a

slant height of 21 mm. Find the volume alld

the total surface area of the cone

18. The figure below shows a cylinder of
diameter 12 cm and height 15 cm. Ahole in
the shape of a cone is bored into one of
its €nds. If the cone has a diameter equal to

half of the diameter of the cylinder, lind the

volume of the remaining solid.



L

Volume of Sphere

Fi1.7.20 hanpl?s ol Sphercs

Fig. 7.20 shows some examples of sphercs. What arc iheir volumes?

There is an interesting story about how to find the volume of an obiect-

Archimedes is one of the three greatest mathematicians of all times. He lived during 287 212 BC in
Grcece. One day, the King asked a goldsmith to make him a gold crown. After the crou,n was made, the
King doubted {,hether the croq,n was rcally made ofpure gold. So he tasked Archimedes to find out. It
was easy to find the mass of the crown by weighing it. The problem was to find its volume. Archimedes
thought for a few days but he stiil had no idea. Then. he went to take a bath. As he stepped into lhe bath
full of water, the u,ater overflorved. This gave Archimedes an idea of how to find the volume of the
clown. He was so excited that he dashed out into the street shouting "Eureka!", meaning "I have found
itl" But he lorgol thal he had not put on his clothes.

WhatArchimedes found out was that a sinking solid displaces an amount ofwate( cqual to the volume of
the solid. So, to find the volume ofthe crown, all you need to do is to fill up the container shown in Fig.
7.21(a). It is called a Eurcka can, named after the famous incident described in ihe story above. Then
you put in the crown and the volume of watcl displaced will be equal to the volume of the crown, as
shown in Fig. 7.21(b).

Suppose Archimedes found out thal lhe volume ol $arer displaced was 714 cmr and the mass of the
crowD $,as 11.6 kg. Given that the density of gold rs 1q.3 g/cmr (i.e. the miLss of I cmr of gold is 19.3g)
dctcmine whether the cro\\,n was made ot' pure gold.

Contarner Eureka Can

Fig.7.21 FitLling Val0ne oJ Cn\n

(b)(a)



Using the same technique, Archimedes discovered a formula to calculate the volume of a spherc.

Fig. 7.22 shows (a) a sphse ofradius r aDd O) a circular cylinder ofbase radius / and height 2/. Archimedes

filled the cylinder with water and put the spherc into it (see Fig. 7.22(c)).

@ML\_-/ ryl @
o)

Fis.7.22 FindiaE Yolude ofSpheft

Archimedes found that the volume of water displaced was equal to

I'his was one of his grcatest discoveries.

votume oI L ylrnder = l,r, =

of the volume of the cylinder.2
3

Volume of Sphere = Volume of Cylinder =
2

3

Frcm the above Exploration, we get

where r is the mdius of the sphere.



{hu'nnt" t,
A ball bearing (which is spherical in shape) has a radius of 0.3 cm.
(a) Calculate the yolume ofthe ball bearing.
(b) Find the mass of 6000 idenncal ball bearings if the! are nade of steel o.f

aenstty /,d) gtcn ,

(a) Volume of ball bearing = -r,'r.'

4.
= -r t0.3t-

3

= 0.113 cm3 (conect to 3 sis. fic_)

(b) Mass of 6000 ball bearings = Volume of 6000 ball bearings x Density

= 6000 x 0.1131 x 7.85

= 5330 g (cmeiro3 sic. fic.)

'rllxamDle lJ

A basfutball has a volume o.f 5600 cd . Find its radius .

Volume of basketbal = 12.'
5600x 3

= 11.0 cm (co@tto3 sig. fiC.)

i..'l



Surface Area of Sphere

Archimedes also discovered a formula for the sudace areaofa spherc' Fig.7.23 (a) shows halfa sphere,

called a hemisphere, with radius r. One end of a piece of twine is stuck in the

centre of the cuNed surface of the hemispherc by a pin and then coiled around the cuNed silrface

comple1ely. Fig. ?.23 (b) shows a circul ar cylinder with base radius J" and height r. One end of a piece of
twine is stuck at lhe bottom of the curved surface of the cylinder by a piD and then coiled around the

curved surface completely.

a--=::>#-

W#l
(D) cylinde.

Fis.7.23 [ituijns Swiar. Area al SPher?

Archimedes found that the two pieces of twine were oi the same length

Length of second piece of twine = 21u'ft =

CuNed suface of sphere = 2 x length of first piece oftwine
= 2 length o[ sccond piece of twine

Therefore,

where r is the radius of the sphere.

Sudace Area of Spherc = 4r)'



kample 14

A solid sphere has a diameter of 14 cm. Cakulate its surface are!1. (Take ,t to

be 3.112.)

Kadlus ol spnere = =/cm

Sudace area of sphere = 4zr':

= 4x3.142x 7z

= 616 cm' (corect to 3 sic. fig.)

lfxample ts

A hemisphere has a carved surface area ol 175 cm?. Find ts radius.

4rt =2ttr'= 175Cu ed sudace area of hemisphere =
I

r'75

2ft
l*

\28

= 5.28 cm (corect to 3 sic. iig.)



€xarnpte re

The Jigure shows a solitl maAe up of a riSht citcular cone faste ed on top of a

hemisphere of equal radius

of 35 cm. Given that the rolame of the cone is equal to 1! the t'olume of the

(a) the height of the cone,
(b) the total sutace area oJ the solid. in terms of tt.

(4, Let the height of the cone be t cm.

Volume of cone = lrG 
tn cmt.

Volume of hemisphere = lz(35)3 
cm3.

la:s r'r, = 9l?zt:sr'l
I 5\t 

'1,2 - _..

l5' =84cm
!n esf
3

cone be I cm.

.':,i, i

rLl:.

(b) Ler the slant height of fte

.. r= fis'* aa: =sr

Curved surface area of cone = 1L(35)(91) = 3185t cnf

Cuwed surface area of hemisphere = 2n(35)'z = 24502 cm'

.. Total sudace area of the solid = 31857t + Z50z



@
Volume of ball

fxamphu
A solid metal ball of radius 3 cm is melted and the metal obtained is recast to

form & solid circular cone of radias 4 cm. Find the height of the cone.

3

3 \/

= 368 cm'

t^
Volume ofcone = - ft R'h=36tt

,. L 7 (q\'n=zen
3 \,

:r n h =36n
3

- 36x 3

16

The height of the cone is 6.75 cm.

3. Find the number of steel ball beadngs,
each of diameter 0.7 cm, that can be made ftom
1 kg of sleel, given that 1 cm3 of steel weighs

4. A hollow metal sphere has an htema.l radius

of 20 cm and an extemal radius of 30 cm. Given
that the density of the metal is 7.8 g/crn', find
the mass of the sphere, expressirg your answer

inkg.

,rijl,ffi tttrttrrlrtl #rdrffi ,rr,,,.ltttrreii:ii:,

1. Find the volume of a sphere with the following
radius:
(a) 8 cm
(b) 14 nrm
(c) 4m

2. Calculate the mass of 5000 spherical lead shots

each of diameter 0.4 cm if the mass of 1 cm'
of lead is 11.3 g.



7.

8.

9.

6.

11.

Find the mdius of a sphere with the followjng
volume:
(a) 1416 cm3
(b) 12 345 mm3
(c) 780 m3

Find lhe radius of a sphere u irh lhe following
volume:

6) 9'72r cil
(b) 498n mm3

.- llCl l) ;;I( m

Fifty-fbur solid hemispheres, each of diameter
2 cm.lfe melled to lorm a single sphere. Frnd
the radius of the sphere.

Find the suface area of a sphere with the
following radjus:
(a) 12 cm
(b) 9 run
(c) 3m

Find the total sudace area of a hemisphere of
radius 7 cm. (Take r to be 3.142.)

Calculate the radius and surface area of a

sphere of volume 850 mr.

Find the ndius of a sphere with the lollowing
surface area:
(a) 210 cm':
(b) 7230 mm'?
(c) 3163 nl

Find the radius of a sphere with the following
surface area:
(a) 64r cm':
(b) 911r lr]nl
(c) 49r m'z

A basketball has a sudace area of l8l0 crf.
Find rhe rudius ollhe baslelball and lhe volumc
of air in it.

Find the volume and sudace area of the
following solids. (Take r to be 3.142.)

14.

(4,

-.-1

J

(b)

15. A storage tank consists of a hemisphere
of diamefer 4.7 m and a cylinder. The
overall heiBhL of lhe Lan-k iq 16.5 m. Find rhc

capacity of the tank.

10.

/--\ 1

HI
I'u1..

ll
[.::-- ----'] t



16. The diagmm below shows a solid consisting
ofa cone and a cylinder with a coflmon base.

Find the
(a) volume ofthe solid,
(b) total surface area of the solid.
(Leave your ansrver in tenns ol z.)

- t* -

17. The follorving diagram shows a solid consistirg
ofaright circul,r cone fastened to a hemispherc
with a common basc. Find the
(a) volume of thc solid,
(b) total sudacc area ofthe solid.

19. A solid metal ball of radius 2 cm is melted
and lhe meml obtaiDed recast to form a solid
right circular cone of fadius 5 cm. Find the
height of the cone.

20. A sphere of diameter 25 cm is half-full with
acid, all of lvhich is drained into a tall
cylindrical beaker 16 cm in diameter What 1s

the depth of the acid in the beaker?

21, A cylinddcal lin has an internal diameter of
18 cm. It contains rvater to a height of
13.2 cm. When a heavy spherical ball of
diameter 9.3 cm is immersed in it, what is the
new height ofthe waicr level?

22. A cyl indrical can has a horizorltal base of Bdius
3.4 cm. It contains sufficient water so that when
a sphcre is placed inside, the watefjust covers
the sphere. If the sphere fits exactly into lhe
can, calculate
(a) the total sudace area of the can in contacl

rvith the water when the sphere is inside.
(b) the depth of the water in the can bebre

the sphere was put inside.

lE, The figure shows a solid consisting of a
p).ramid ofheight 28 cm fastened to a cuboid
of height 40 cm and a square base of sides
30 cm each. Find
(a) the volume ofthe solid,
(b) the total surface area of the solid.
(Leavc your answer corLect to 2 decimal
praccs)_



1. For a pyramid and a prlsm with the same polygonal base and the same height'

1

Volume ot P)'ramid = , 
t Volume of Prism

I
= - ^ Base Area x Height

3

2. For a cone and a cylinaler with the same circular base of radius / and the same height t'
I

Volume ofcone = i xVolume of Cylinder
3

= I x Base Area x Height
3

I ",= - Itf'h
3

3. Total Sudace Area ofPyramid = Sum ofAreas ofAll the Faces

4. For a cone with cucular base of radius r and slant height I'

Cuved Sudace Area of Cone = ?i/l

Total Surface Area ofColile =firl+fif =nr(l+r)

5. For a sphere with mdius r,

4
Volume of SPhere = 1 

rr

Surface Area of Sphere = 4fiil'z



@
(a) Volume of solid = Volume of cone + Volume of hemisphere

lSxampte r
The figure shows a solid consisting of a cone anl a hemisphere with a cownon
base. The cone has a height oI4 cm and a base diameter of 6 cm.
(a) Find the rolume and surface area of the solid.
(b) The solid is melted antl recast to form a c)tlinder yrith a height of 4 cn.

Find the radius of the cllituler.
(c) If 1000 ofthese cflinders are to be painted and eachtin ofpai tisenoagh

to paint 5 m'? , how nanj tins ol paint are needed to paint these cllinders?

| ,_ 2 .
= 1t f-h+ 1t r'33
= ! z r.lt't+t+ i zt:t'l3
= 30,r

=94.2 cm: (corect to 3 sic. fig.)

Slant height of cone, / = J41+J (o,inc pythuco,u, rh"o..)
=5 cm

Sudace area of solid = Cu ed surface area of cone + Surface area of
hemisphere

= nrt + 2nf
= n(3)(s) + 2r(3)'

= 104 cm'? (co@t to 3 sic- fig.)

O) volume of cylinder = r.f = 30tt.

" n l 1+1 = 36n

230t5
12

f=
-_ !l,-\z

= 2.74 cm (co@t ro 3 sig. fig.)



(c.J

1. Find the volume and
(Take fito be 3.142.)

Surface area of one cyli adet = 21th + 21tr"

= 2x"l'7.s(4\ + 2n(1.s\

= 116.0 cm':(co@rto 4 sig. ng.)

Surface area of 1000 cylinders = 116 000 cm'z

= 11.60 nf (co@t to 4 sic. fic.)

Since -- = 2.l2. fien 3 tins of painl are needed lo paint the

1000 cy1inde6.

the total surfage area of the following solids.

l-:.-trr{

t--.1
l-'---.,*l\-71.3n\\ /

tw
G)

1.2 ^

2.5 m

1.2 m

:. r:



2.

The diagmm shows a decoralive structure
made up of a cone and a hemisphere. The
hemispherc has a radius of 4 cm. The base

mllrl. ol rhe cone i. 5 cm and lhe hcilht or

the cone is 20 cm.
(a) Calculatc the curved surface area ol the

oulside of the cone.
(b) Calculate the volume of the solid cone.
(c) C:rlculrre lhe cur\ed \unace arcd of L'rE

outsidc of ihe hemisphere.
(d) Someliquid is poured into the hemisphere

1(] a depth ofi centimetres. Show that the

\olume,'ltheliLlLrLl r\ I ol the\ulu*('6J
of the hemisphere.
(Takc rto bc 3.142.)

(T,ke ,t ro bc .1.l,l2 and corrccr rhc f.nal
rcsults to 3 decimal places)

Diag1an ll

(a.) Diaglam I shows a rectangular swimming
pool of lcngth 15 m and width l0 m. The
p,,ul * i.. orntle'el) led s ih 000 m ol
wafcr. Calculate the depth ofthe pool.

(b) Diasram II shows a cylindrical pipe of
ndius 2-4 cm and length 320 cm.
Calculate
(i) the total area, in square metres, of the

outside of thc open cylindrical pipe,
(ii) the r,,lume. in lil-e.. or s ater !har cm

flo$ lhrou[h rhe pipe ar .ny momenl
oftime.

(c) The pipe is usedto dlain thepool ofwatel
completely. Ci culate how long would it
rdkc for rhe poo' r. be cn'nplerell ell-pried
of water if it takes zl seconds for watcr to
flow rh-outh rhe whol( lengrh rl rhe pife.
Give your answer to the nearest hour

T ind lhe co.r ofpdrnlrng a helri.pheri, rrl rool
l0 r in di:rmeref dl 'l | .50 per .qudrc mclr(.
lea\ing )our an.wef ci'n(cr r'r lhe neire\l
cent.

A mourd ol e"nh i. .hapcd likc x righr
circular cone 6 m high with a base
circun,Ierence oI 30 m. find rhc cost oI
removing itat99 cents percubic metre. (Take

fi to be 3.1,12)

4.

3.

6. Forly solid hemispheres, each of diameter
2 cm, arc melted to folm a solid cone wlth
base diameter 6 cm. Find the height of the

cone.

7. T$o solid sphercs have suface arcas 1447I cm'
Jnd 256tt rn' fe.pefli\el). The) irre melleJ
and rccast to folm a larger sphere. Find the
surface area olthis sphere in cm:.

320 cn



8. The extemal diameter ofa hollow metal sphere
is l2 cm ard its thickness is 2 cm. Find the
radjus of a solid sphere made of the same
matedal and having the same mass as the
hollow sphere. Given that thc mass of 1 cm'
ofthe metal is 5.4 g, iind the mass ofthe sphere
in kg.

In an experiment, a small sphedcal drop ofoil
is allowed to fall onto the surface of water so
that it produces a thin film ol oil covering a
large area.

13. The figurc shows a sphere of radius / fitting
exactly into a cylinder. i.e., the sphere touches
thc cylinder at the top, bottom and cu ed
surface. Show that the surface arca of the
sphere is equal to the area ofthe cu'ved suface
of the cylinder.

14. A solid metal model of a rccket is made by
fastening a cone of ve ical height ,+9 cm and
base radius 18 cm to a circular cylinder of
length 192 cm and radius 18 cm.IIthe mass of
the model is 2145 kg, calculate the density of
the metalinkg/mr, giving youl .mswer correct
to the nearest {/hole number,

15. A bowl is made by cutting into half a hollow
sphere of external dianeter 50-8 cm, made of
metal 2.54 cm thick.
(a) If the bowl is completely filled wirh a

liquid of density 31.75 kg/mr, calculate the
mass ofthe liquid in grams.

(b) The bowl when empty rveighs 97.9 kg.
Calculate the density, in kg/m3, of the
melal of !\ hich rhe bo$l i' made of

16. The diagram shows a solid cylinddcal stone
pillar whose top is a hemispherc. Given that
the pillar is 40 crn in diameter and has the
same mass as a solid stone sphere of the same
material, with radius 40 cm- find the height
oi the pillar

9-

(a) Given that the volume of a drop of oil is
I2.5 mm3, fhd the number ofdrops which
can be produced by 5000 mm3 of oil.

(b) Given that the volume y of a sphere oi

radius r is 1zoJ, exirress r in tefms ofI'
yand 7r. Tben calculatc the radius ofone
drop of oil.

10. A cylinder and a cone have the same height,
2r', and base diarneter, 2,'. A sphere has a
diameter 2r'. Find the ratio of the volume of
the cylinder to that of the cone and to that of
me spnere.

11. Washing dishes under a running tap wastes
an average of 155 litrcs of water per wash.
Calculate the total amount ofwater wasted in
a year if a family washes dishes twice a day
for a year rvith 365 days.Ifthis water were to
be lrdn.leffed inlo 5mall \phenc-J . onlainerc
ol r"diuc 8.5 cm. ho$ mirn) .urh conlriner.
will be needed?

12. Using full-flushes instead of half-flushes on
cisterns in the toilet wastes 9.5 lifies of water
per flush. A school has a population of 1380.
Assuming that each person uses the toilet
three times in e day and a full flush is used
each time, calculate the total amount of
{,ater wasted in the course of the year if a
year has only 205 school days, giving your

If rhe rasred \drer $ere ro be lut inro
cylinddcal containers with a base radius of
24 cm and height of 38 cm, calculate the
number of such containers that need to bc
useo.



17, The wafer cone shown contains 56 cm'of
ice-cream filled to the bottom. The diameter
of the cone is 4.2 cm, and the top of the
ice-cream has the shape of a hemisphere.
Find the height of the cone .

lE, A vitamin tablet is 2.4 cm long and rs rn
the shape of a cylinder \r.ith hemispheres of
diameter 0.6 cm attached to boih ends. Arother
vitamin tablet is in the shape of a cytnder of
height 0.6 cm.

*19. Figue (a) below shows a triangle O,4-B and

rcclangle OABC. Figure (b) shows a cone

formed by otating the ffiangle O,43 about the
x-aris. Figue (c) shows acylinder fomed by
rotating the rectangle OABC about the
r-axis. Notice that the cone and the cylinder
have the same circular base and the same

height. Since the area of the rectangle O,43C
is 2 times the area of the triangle OA3, why is
it that the volume of the cylinder is not 2 times
the volume of the cone?o

MI."-

@) Tnangle & Rectansle

J.,*
@) cone

(a)

(b)

Find the radius of the cylindrical tablet
given that its surface area is equal to that
of the first tablet.
Find the volume of each tablet. (c) Crtkdel







In Book I , we leamt how to plot cooldinate points (or ordered pai.s) on a piece of graph paper and how

to dmw the graph of a lineai equation in two variables, e g :i' = 2r and )' = 2r + l. Now we shall continue

leaming how to draw graphs of lhear equations

Choice of Appropriate Scales
for Graphs

Before we proceeal to alraw a gftph, we have to choose a suitable scale. The following guidelines are

useful:

1. Use a convenient scale for both the t- and l-a'\es. For example, I cm to rcpresent 1 unit' 2 units, 4

units, 5 units or l0 unirs. Avoid using awkwald scales Iike I cm to reprcsent 2 3 units ol I cm to

rcprcsent 7 units.

2. The scale used for the r-a-\is need not be the same as that used for the l'_axis. You can use, tor
example, 1 cm to represent 2 units on the t_axis and I cm to represent 5 units on the y axis'

3. Choose a suitably large scale so that the graph will be more than half the size of the given Sraph

paper. The biggor the gaph, the morc accurale the results obtahed from it will be. Look at the

iargest and smallest values ofr and do a rcugh calculation to decide the scale that would give the

largest possible gaph- Do the same for the ) va.lues.

Using a suitable scale, draw the graph of 1 = 3-t -l compare your graph with your

classmates'. Do they look different? Why?

From your graph, find
(a) the values of] when*= - 0.8 and 1.3,

O) the values oft when J = - 2.8, 0 and 0 8

I.



Using the scale 2 cm to reprcsent I unit on the r-aris aDd 1 cm to represent I unit on the )-axis, we draw
the gaph of ) = 3t - I as shown below.

To find the value of l, when r = {.8, we dftw a vertical line ftom the horizontal axis where r = -{.8
to meet the graph and then continue from the gmph hodzontally to meet the )-axis. Read off the value

oflfromthe)-axis.Fromthegraph,)=-3.4whenx=-{.8.Similarly,J=2.9when'I=1.3.

To find the value of r when y = -2.8, we draw a hodzontal line from the vertical axis where )' = -2.8
to meet the glaph and continue ftom the glaph vertically to meet the x-axis. Read off the value oft ftom
the r-axis. From the gmph, r = O.6 when ] = -2.8. Similarly, "x - 0.3 when y = 0 and .r = 0.6 when

]|, = 0.8.

How can we check the accuacy of the above results? We can do so by substitution and solving the

equation ) = 31 1. If your results are inaccurate, how do you improve your graph?

Fig.8.I



l

- 3j-
iiiliif H I | I r I I I r I u I frc trl 3" f tlltll I I I [ f f !r,i1]i

(a) r =:r (b) ]'=,+3
1. For each question, complete the table- Plot the coordinates aIld draw the graph of the equation.

Plot the points and &aw a stlaight line through the points.
From the gmph, find
(i) the values of] when x = -2, 0.6 and 1.5,
(ii) the values ofx u,hen ) = -1, 0.8 and 2.9.

Given the equation ) = 4,v, copy and complete the table below.

-1 l

Draw the graph of the equation J = 4r.
From the gmph, find
(i) the values of ) when r = {.5, 1.5and2.5,
(ii) the values ofi when ) = -2, 1.6 and 3.6-

2 3 4

(c) l = -2"

-1 0 I 2 3

1r

I I

)=3.(+5

2 I 2

(d) r=x 2

2 -1 0 I

Using the values of r from 1 to 3, construct a table showing some points whose coorctmates
satisfy each ofthe following equations. Plot the points and draw the gmph ofthe equations.

(a)l=r+2
(b)I=-r
(c) ) =.v 1

(d)l=2;r+t

3. (a) Given the equation y = 3x.' 5, 
"opt 

und complete the table below.

4- (.^,

(b)
(cl

(b)
(cl



fl.rraplrs of H,qu,ati*ns of the Forrny: c

4*W
On a prece of graph paper, using a scale of2 crn to represent I unit on both axes lbr values of-I and) fiom
- 6 to 6, draw the grapbs ofthe fbllowing equations:

(i) wllat do you notice about the vefiical changes of all the lines?
(ii) What is the gradient of the line of the form ) = c?
(iii) What does the line ) = 0 fepresent?
(iv) Write down youl observations about the I ine of the form J = c.

(0,2) (4,2) (-3,2)
( )( .)( )

( )( )( )

( )( )( )

From the above Exploration, we notice that l, = 2,

J=5,)= l and) = -_4 are horizontal straight
lines palallel to the )r-axis (See Fig- 8.2).

In geleral, the gmph of the equation ] = c is a line
passing through the point (0, c) and parallel to the
r-a"\i..Thegradienlo lhelineolthe lorn' -, is

Fig.E2



Graphs of Equations of the Form x: a

On a piece of graph paper' usrng a scale of 2 cm to rcpresent 1 unit on both a"(es for values of t and')' fiom

- i ,J o. o*J,r," eiuphs ofthe fotlowing equarion\:

(i) whal dolou nolrce about the horizontal change" olall the linesl

1ii) wrrut i, 
'i't. 

gr.,o'"nr of rhe line of the fotrn \ - dl
aiii)mat does the line t = 0 represent l

iJ) Writ" aotn you. otservations about the the of the form r = ll

From the above Exploration, we notice that r = 2't = 5' r =-1 an'l -r = - 4 are vertical straight lines

parallel to the )-a'!is (See Fig 83)

(2,2) (.2,0) (2,2)

(, )( )( )

( )( )( )

( )( )( )

FiB. E.3



In general, the graph of the equation -r = d is a line passing through the point (d, 0) and paftllel to the

\,-axis. The sradient of the line of rhe folm .rr = a is undefined.

, ri jiiir!@ ! | t I r r r r r r r r ffirdrffi ,, r, r r, I r r r | ffi$i#: l

l. Each of the following sets of points lies on a line. Write down the equation of the li]le.

(^\ (2, 2), (.-r, 2), (. 3. 2), (5, 2), (10, 2), (0, 2).

(b) (-6, e), (-2,9), (4,9), ( 1, e), (7, e), (e, e).

(c) (0, -3), ( s, 3), (1, :1, ts,  , t-1, -O, (-i!, -:).

,0, ,- i -j;. (. i) ( - 1) f-' 1). ,. ;
(e) ( I0, 0), fl I, o l, 1-0, 01, 1 9, 0), (0, 0r.12,r

Write down the equations of the lines on whlch the following points lie.

(a) (12, -5), (12, 6), (12, -9), (12, 3), (t2, l0), (12, s).

(b, 15,4), ls, 1l,1s, 0y, 15, ll),15.0r,(5, l2r.\ ?.r

(c) ( 4, 4), ('.a, 0), (-4, -10), ( 4, 8), ( 1, 4), ( 4,'7).

(d, (0, 8). (0,6r, fo, ll, to, or, ro, lb), \0, -ls).t 2./

' | | I | -ro.r-.ol.f l. '1.(e, 
[4.v.J l-; ],t l; *J.[-,..,,0 \4

3. State the equations of the lines on which the following points lie.

(a) (6, {), (-8, -6), (1s, 5), (1, 6), (-e, -6).
(b) (3, e), (3,27), (3, -8), (3, 81),(3,0).
(c) ( 10, 2), (-10, -1), ( 10, 10), ( 10, 10), (-10, 5).

(d) (4,8), (8,8), (-7,8), ( 14, 8), (e,8).

,e, z. '. (q -l fl ll. f-ql -ll fro lJJ/ \ J/ \r r/ 2 Jl ! l,



4. Write dow(I the equatlon of each horizontal line in Fig. 8.4, including the ]-axis

5. Write down the equatlon of each vertical line in Fig. 8 5, including the:t-axis.

1

fi8.8.J



Write down the coordinates of foDr points on
each of the following linesl

7. Draw the gaphs of the ibllowing equations:

(4,

(b)

(c)

(d)

-t

2

5

(e) t=+z
(0 r = -3.3

(g) i=20
(h) r= to

(a).r=3
(b) r= lo

(d) r= 7
(e) x=5
(f) r= 5

G) )=3.5

Is there any common feature among the five lines?

(d) ) = -2jr,

(c) v = 3*,

equations

(iii)

2. (a) Draw the graph of each
paper

(i) I =r
(iv) 1= 21

(vii) ) = 3t

of the following

(ii) ] = av

,. 1

1

3
(vnu I = -r

1(vi)

(ix)

(b)
(c)

Does each graph pass through the origin?
Find the gndient of each line.

Graphs of Lquations of the
Forrn y : slps

(b) I = 2*,

Work in pairs for this activity.
You may use graph paper or computer soflware (e.g. Graphmatica or Winplot).

1. On the same piece of graph paper and using the same axes and scales, draw ihe gaphs of

(h) r = 2.5

(i) ;r = 7.5
,.. - lu, r=rt
(k) r= 8

(l) 
"- 

= -1

piece of graph



From the above activity, we notice that the graph of] = t&r, wherc m is a coDstant, is a shaight line
passing through the origin and with the gradient of m.

Fig. 8.6 shows a sedes of graphs of the form ) = ,?l-I where m is positive. Do you notice that each ftne
rises from left to light? What is the relationship betlveen the steepness of a line and the nlrmedcal value
of m'!

'=-:l.r i:,

Fig 8.7

Fig. 8.? shows another series of graphs of the fonn ) = ,rI whele m is negative Do you notice that the

lines fall ftom l€ft to right? Wlat is the relationship between the steepness of a line and the numedcal

value of rn?



fi'raplis of fiquations of the Forna

Y: TTTd{ + C

qW*
You may work in pairs for this activity using glaph paper or computer software (e.g Gfaphmatica or
winplot).

1, (a) Dmw the graphs of the following equations on the same graph paper:

(i) r=5-2.r (ii) y=41.'3 (iii)1= 5 3t t.trvr)=- r+ l

'))
(b) Does each glaph pass through the oigin?
(c) At what point does each graph cut the l-axis?

2. On the same piece of graph paper and using the same scales and axes, draw the graphs of
(a) )' = 2jr, (b) r=zt+2, (c) y=2x+,1, (d) t=zr :,
(e) l'= 2x - 5.

what do you obseffe ftom these lines? Are there any similarities?

3. On the same piece of graph paper and using the same scales and axes, dlaw thc graphs of
(a) I = -4-r,
(e) )=-?1a-s.

(b) _r, = -4x + 5, (c) I = ,lr + I, (d) r= ,r.r z,

what similarities do the lines have?

4. On the same piece of graph paper and using the same axes alld scales, draw the graphs of
(a) I =: +:'
(e) ]=-h+3,

(c) t=3.r+3, (d) r= r+:,(b) r=2t+:.
(f) _\' = -3r + 3.

Are there similarities among the six lines?

5. On the same piece of graph paper and using the same scales and axes, dra{r the graphs of
(a) )=r 2,
(e) y=1x z.

(b) r=1r z,

What similarities do the lines have?

(c) J=3r-2, (d) r,=-r-2,



From questions 2 and 3 of the above Bxplomtion, we notice that if m renuins the same while c takes on
differcnt values, the graphs of equations of the form y = rTrr + c are panllel lines cutting the )-axis at points
with coordinates given by (0, c).

Fig.8.8showsaseriesofgraphsoftheforml,=rE+cwheremhasaconstantpositivevalueofIwhile
c takes on differenl values. The lines are parallel and rise from left ro right.

a{9. E.8

Fig. 8.9 shows another series of graphs of the form j = mx + c. Here m has a constant negative value

of -? while c takes on differcnt values. The tines are parallel but fall ftom left to dght.
5

) = ro +. where n = -+(< o)

Fis.6.9

r-ru+cwheeft=5(>0)



From Questions 4 and 5 of the Explomtion, we notice that graphs of equations of the form )' = mr + c
all pass through the poirt (0, c) if c remains unchanged while m varies.

Fig.8.l0 shows a sedes of gaphs ofy = r?Lr+c where c takes a constant value of-1 while m takes on
different values. The diaglam shows an interesting pattem of graphs passing through a common point
(0, -1).

/ ,/:r i'll ,.,

!=tu+ceheftc=-1
FiB.8.10



1. 4. Draw the graph of each of the following
equations on the same gmph paper:

,' l

(b) r= 1,r+4

tc) r= l*+4-l

(d) r=-1*+8

w1lat figure is formed by these four lines?
Write down the coordinates of the vertices of
this figure.

5. Draw the graph of each of the following
equations on the same graph paper:

(a) r,= 1.r+9

(b) v= 1x+5'2

(c) r, = -:!x + 11
2

(d) r, = 1:r 9
1

What figure is formed by these four lines?
Wdte down the coordinates of the vertices of
this figule.

2.

,,,iiiiiffiiltlttttrltrrr *rdffi ,rrrr,rrtllrmffi*r,

On separate diagrams, draw dre gmphs of the
following equations and state the gradient of
each line:

(a) 21, = 3t
(b) 3]=-5jr+2
(c) 3)=sr-3
(dl 2r + 3x ='7
(e) 4)+r=2
(f) .x+2)=0
(g) v-4r-t
ft) r= 1*

Draw the graph of each of the following
equations on the same Sraph paper:

(a) ]=2
(b) v=6
(c) y=Lx-2
(d) r=zt-e

Do you obtain a parallelogmm from these four
lines? Write down the coordinates of tle
veflices of the paralleloglam.

Draw the graph of each of the following
equations on the same graph paper:

(a) J= t+6
(b) t=x-z
(c) J= r+r0
(d) l=;r+2

wl)at figure is formed by these four lines?
Write down the coordinates of the vefiices of
this figure.



Soivimg Simur{ta,ne*us l-inean f4uations
{"}sing Graphl*ai &&et}rod

1, Using the elimination or substifution method that you learnf in Chapter 5, solve the
simultaneous equations 2r + 31-. = 5 and 3.r-y = 2.

2. Draw the graphs of the linear equations 2r + 3_v = 5 and 3i! ) = 2 on the same
rcctangular plane. Then using the glaphs, find the coordinates of their inlersection point-

Is the pair of values of ;r and J you have obiained for (2) the same as thc solution you have
obtained in (1)?

Fig 8.1I shows the graphs of Zr + 3) = 5 and 3'I I = 2. The Sraphs intersect
at the point (1, 1), ie. x = 1, 1 = L It is the same as the solution of the above
simultaneous equations,

2,

Scale: x 6is: I d ta l rnit )
I dtis: I cnto I utit



{?'u-nt" t
Solve the simultaneous equations

2x- 5y = 32,

2x+3Y=0 graPhicallY.

Consftuct a table of values lor each equation.

2x-5j=32 2x+3r=0

Fig. 8. 12 shows that the graphs intersect at the point (6, -4). Thus the solution
of the simultaneous linear equations is r = 6 and ) = -4.

Lr

.'j
.i

:, 
lti

'fjtl



You may work in pairs for this actiyity using gaph paper or computer

software (e.g. Graphmatica or Winplot).

1. (a) Draw the graphs of the following pairs of equations:

(i) x+Y= l,3t+3Y=3;

{ii ) 2x + 3} = -1. 20.Y + 30y = -l0r

(iii) .r - 2:Y = 5, 5.r - 10Y = 25.

(b) What do you notice about the gnphs of the pairs of
simultaneous equatlons?

(c) What are the solutions if you solve the simultaneous equations graphically?

2. (a) Dmw the graphs of the following simuftaneous equations:

(i) -r+y= l,4rc+4Y=20:

(ii) 2,x + 3y = -1,20x + 30)=-4.0;

(iii) t- 2), = 5, 5r- 10:I, = 30.

(b) what do jou notice about lhe graphs of lhe pairs of {rnultaneous equatioDs?

(c) What are the solutions if you solve the simultaneous eqDations gmphically?



Frcm the above Exploration, we conclude that i

In pafi ( I ), fhe graphs of each of the three sets of equations a.re identical, i.e. the two lines coincide. Thus,

the graphs have an infinite number of common points. Therefore, the simultaneous equations have an

infinite number of solntions.

In pafi (2), the gmphs of each of the three sets of equations are panllel lines. Thus they do not intersect

and have no common points. Therefore, the simultaneous equations have no solution,

7. x+4j=12
4t+r=18

9.

ll.

3r+2r=4
5t+t=2

3'I-41,=10
5x+hr=3

2r+5!=25
31 2r=9

3x-2y=13
Lx+2j=0

3x 4!=25
4x-rt=32

10.

12.

;ii illllllullt ffirdr3ffir,,,,,,rrrrrffiF.
Solve the following simultaneous equations using gnphical method:

l. 3.r-1,=0
b t=t

3r+J=2
b-Y=z

t )=-3

4r+y=2
4x+y=1

a+2!=3
Lx+4!=6

3x-2t=7
Lx+3f=9



1, A Braph is a &awing which shows the rclationship between numbe$ or quantities.

2. Graphs of linear equations arc straight lines.

The sollrtion of simultaneous linear equations lies at the point of intemection of
their graphs.

Simultaneous linear equations have ai infinite number of solutions if their gnphs
drawn on the same rcctangular plane are identical.

6, Simultaneous linear equations have no solution if their graphs dftwn on the same

rectangular plane a.re parallel.

5.

Parallel to the r-axis and the gradient is 0

Parallel to the ]-axis

Passes through the origin and has the gradient, m

Culq rhe )-a).is xr rhe point f0..) and has lhe
gradient, ,r



fxamprcr
Writz down the eq ations oJ the lines 1, 2 anl 3 in the graph.

The equatiotr ofline 1is) = 3.

The equation of Line 2 is r = 1.5.

The equation ofLine 3 is 1= -1.r.



{i*u.nt",
Using the same scales and axes, droy the following straight lines :

J=x+4andy=-3x.

From the Bftph, Jind the coordinates of the point oJ intersection of the two
li es and the area bounled b! the two lines and the J-4xis.

The two lines intenect at (-1, 3).
.'. mea bounded by the two lines and the l,-axls

=:x4x1
= 2 units'z



l. Using a scale of2 cm to l unit on the i-axis and 1cm to 2 units on the y-a-xis for -5 <r< 10,
draw the gaphs of the following equationsl
(a) r= 4 (b) l=6
(c) 51 3)=45 (d) 3,+4)=8

2. On separate diagrams, dmw the graphs of the following equations and state the gradient of
each line:
(a) y=5,
(c) )=10-2r

3. (a) Given y = ]x+2,turdthevaluesof ]when*=0,4and - 12. Draw rhe gaph of
l+

)= r+2.

(b) Given ), = 2'I + g, find the values of l when x = l. I and 2. Draw the graph of l = 2x + 9.

(c) Using the graphs of (a) and (b), solve the simultaneous equations
4! = x+8a]rdy=2x+9.

4. Write down the equations of the lines 1,2,3,4 and 5 in the graph.

l 
l il

(b\ 2!=4x+3
(d) ]=4(ir+l)



5. DIaw the graph of each of the follo$/ing equations on the same graph paper

(a) :!, = 2r+ l0
(b) y=.t++
(c) y= 1147

4
(d) Y =r-z
What figure is formed by these four lines? Write down ihe coordinates of the vertices of this figure.

State the gradient of each line.

6. Using the same scales and axes, dmw the following straight lines:

,
),=2,y=:rand.r+1,=8
From your graph, write down the coordinates of the points of inlersection of
the three lhes.
Find the arca of th€ tiangle bounded by the thrce lines.

7, Draw the lines ofy = 4, r-:y = 0 aDdy = -2t on the same graph paper
(i) Frorir your graph, write dowD the coordinates of points of intelsection of the

thrce lines.
(ii) Find tlrc area of the triangle bounded by the three lines.

(i)

(iD

8. (a) Explain why the simultaneous equations
solution. What caD you say about the

equations?

(b) Explain why the simultaneous equations I = -1,.1 ^a 12r + 18] = 24 have an infinite

number of solutions. what can you say about the i\vo 
"t 

ulgttt lines rcpresenting the equations?

81 4y= 20 
^nd 

y =2r-33 hate no
straight liDes representing these two



hor'tJ to plot quadratic graphs;

the properties of quadratic gaphs:
- positive or negative coefJicicnt of x2,
-maximum and minimum polhts,
-symme:tf!; 

. :, ,: r,:,1





In Chapter 8, we learnt that the graph of a lilrear equation in two variables such as ) = 2a + I is a shaight
line. ln this chapter, we shall consider the gaph of a quadmtic equation in two variables, say,
J = t - x + l. We shall see that unlike linear graphs, quadratic gnphs involve curves.

Quadrafc Equations in Two Variables
of the Formy : a* (a*O)

You may work in pairs.

l. The lbllowing table of values represents a certain equation in two variables.

(a) Examine each ordered pair (i, l') caretully.
(i) What do you notice about the rclationship between , and ]?
(ii) Wrile down a formula for the equation, expressing ), in terms ofr.

(b) (i) Consmd a plrir of axes on a piece of gmph paper using 2 cm to represent 1 unit on the
r-axis liomr=-5 to.r = 5 and2 cmto represenl 5 udits on the l, axis from ) = -20
to]=20.

(ii) Plot the points of fte eqDation using the table given.
(iii) Join the points with a curve.
(iv) Can you describe the shape of the cu e?

2, (a) Copy and complete the table below for the equation in two variables represented by the graph
in Fig. 9.1.



(b) (i) Do you notice that for each ordered pair (r, ]), the value of) is the result of
multiplying the square of the value of .r by 21

(ii) Write down a formula for this equation, expressing ) in terms ofi.
(c) Plot the graph of this equation on the same pair of axes constructed in l(bxi).
(d) Compare the two graphs.

3. (a) Copy and complete the table of values for the equntion in two valiables r =

(b) Plot the graph of this equation on the same pair of a'(es constructed in 1(bxi).
(c) Compare the three graphs.

4. How do you expect the graphs of each of the following equations:

)=3.f, )=4f, )=5x,, I= ];, i= |,., r=];

to behave in relation to the three graphs you have drawn so far? You may use the computer
software, Graphmatica to dlaw these graphs.

After you have opened Graphmatica, go to vi€w, graph paper to select rectangular. Go to viev
again to selcct grid ralge.

5. Add the gaphs ofl, = r'?, ) = -2r'zand l = -1./ to the samepairofaxes constructed in l(b)(i).

From the graphs, what conclusion can you draw about the graphs ofy = al?



The graphs of1= nf (l7 + 0) in the above Exploration can be shown below.

Fis.9.2

The results from the Exploration can be sunrmarised below.

2-

-L The gftphs of)i = lrt' (.' + 0) pass through the origin.

The I' axis is the line of symmetry.

3. (a) When d is positive, each gnph has a lowest point known as ihe
minimum point and opens upwards indefinitely.

(b) The smaller the value of d, the wider the graph opens.

4. (a) When d is negative, each graph has a highest point known as the
maximum point and opens downwards indefinitely.

(b.) The smaller the value of d, the wider the gmph opens.

Si cairs a.? plaLatl in d
ntaiBht lir. wnh th.ir
'hends Jacikg up ur&.
The ratk is to trth the
cains ttLh that tor end
,p hurint< 6 coins rith
then tuils up under the

condnion thar r.u turn
5 cains it1 edLh tuunrl.
lYhat i th. thininnn
nunrb4. oJ rauh.t!
ttqui?d to do thil Jr.\|
nan! i.Ln.ls \|ill to,
r.ed to do rhis iJ rou

a>0andddecieases+

a<0and a decreases+



Graphs of Creneral Quadratic
Equations in Two Variables

Thegeneralformofaquadmticequationis)=ar'?+b.r+cwherea,Dandcarercalnumbersanddisnot
equal to zero,

The steps used for dftwing linear graphs in two vadables can be used for drawing graphs of any equation
in two variables.

Let's revise the steps for drawing graphs in two vadables.

(a) Choose a suitable scale for the r-axis and l,-axis, so that the graph will be morc than half the size of
the graph paper

Construct a table of r and J values for the equation.

Plot the points on the graph paper and join them up to form a smooth curve.

4r*,w

(b)

(c,

we shall now investigate graphs ofvarious quadmtic equations in two variables.

Using the above steps for drawing a graph, dlaw the graphs of

(a) l =;r'+ 1

(b)l= *'+ I
(c, r"=t+Lx+2
(d) r = 3 + 2t-x'?.

You have to join up the plotted poinls fof each equation to fom a smooth

For each curve, stafe the following:
(a) the shape ofthe curve (!/ or n),
(b) the coefficient of.x',
(c) the coodinates of the ma.{imum or minimum point,
(d) the equation of the line of symmetry.

Mt Lih NMB tu pour 12

liLres olwaturequa rinto
No containes. HN?fett
he hds nr)'two Naturinq
.dns aJ .apdcit! 9 lit€t
ann 5 httd eith hin. Ilat
i: he to obtdin the two
..!Mt dnaunk ol vatcl
d.curatclf br usins the



Copy the following table and record the information of the curves.

Based on the above infomation, fillin the blaDks.

(a) When the coefficient of I is positive, the gaph of the quadfttic equation opens _ anal it has
a _ point.

(b) When the coefficient of .r'? is negative, the graph of the qua{lratic equation opens _ and it has
a oornt.

(c) The graph of a quadratic equation is symmetrical. The line of symmetry is parallel to the
-axis alld it passes through the _ point or the _ point.

! = I +2x+2

"$ampl" r
Draw the graphs oJy =f +Iand!=-f + Ifor 4<x<LFind,Jiom

(a) the ralue oJ y when x = 2.5,
(b) the coordinates of the marimum or minimum point,
(c) the eguation of the line of $rmmety.

@
A table of values for both ] and ) is set up as shown below:

ThzCD,'TheBusiresaJ
Ctuphd , fun the DMS
h6 M intelettiq se.tion
an drawing and rctuling
quadratic sraphs. Go
thrc4h the tutorials dhd
actir,ies. Use the
EEuatian Plntrer in the
CD b pk, a le|| saphs.
You can als. ute the opet
taals, Gruphhatica .r
\4in-plot, 10 e\plorc the
shapes oJ quadratic

The graph obtained for each equation is a curve as shown in Fig. 9.3.



I rli. ,

From the gmphs,
(a) when x = 2.5, ) is apFoximately equal to 7.2 for ) = I + I and :y is

approximately equal to -5.2for y = f a1'

(b) the minimum point of y = I'z + 1 is (0, 1) and tle maximum point
of) = x'z+ 1 is (0, 1);

(c) for both cu es, the y-axis is the line of symmetry and its equation is

Fig.9.3



r$xample 2

Draw the graph oJy = t + 2x + 2 for -3 < r < 3. From the gruph, Jind
(a) the minimum yalue of) and the corresponding ralue of x,
(b) the w aes of y when x = 2.7, 1.1 and 2.3.

(4,

(b)

The table below gives the values of) for -3 < r < 3.

l0

6.8 
8

The minimum value of ] is 1 and it occu$ when * = -l -

Whenx= -2.1,y - 4.0.
Whenx= 1.4,1 = 6.8.
When.x=2.3,)= 12.0.

t-ais:1cmto2utrits

r ne mrnlmumva|ue or yr! 1,

.42

Fi8.9.4



"$*"-pt":
Draw the graph ofy = 3 + 2x x"for-3 <x < 5. Fron the ]raph, fnd
(a) the n.Lximam,ralue o.f !,
(b) the ,,,alues of )- whe ,= 1.9,2.7and1.3,
(c) the equation of the tine of slrnmetr!ofy=3+2x-1.

The table shows the values of] for 3 < t < 5.

(a)

(b)

The ma-rimum value of ), is .[.

Whenr= 1.9,)=-4.5.
Whenx=2.7,1:1.0.
Whenx=4.3,1- 6.8.

-8

-10

The nuimum vahi of t is 4.

)=3+aY 'f

Fig.9.5

(c) The equation oithe line of symmetry is r = l.



1.

Using 2 cm to represent I unit on the 'I-axis
and I cm ro represent 2 unils on lhe )-axi..
draw the graph of ] = I + 4 Find
(a) the minimum poinr,
(b) the equation of the line of syrnmerry.

Copy and complete the following rable which
gives values ofJ = 3jr 2t' for 2 < x < 3.

Using 2 cm to rcpresent 1 unit on the r-axis and
I cm to represent I unit on the )-axis, draw the
glaph of ) = 3x - 2x'. ls there a line of
\ymmeLr)? lf so. slare rhe equarion of lhe Line

of symmetry and find the ma"\imum point.

Copy and complete the table which gives values

of)=l-5r+4for0<r<41
2

Using 4 cm to represent I unit on both axes,
draw the gaph of J = r, - 5r + 4. From the
gmph, find
(a) the minimum value of jy and the

coresponding value of r!
(b) the equation of the line of synrmerry of the

graph.

4. (a) Given that y = 2 - 3,r rl, copy and
complete the following table:

(c)

Taking 2 cm to represent l unit on
the r-axis and I cm to represent I unit on
the y axis, draw the graph of
)=2 3r - ,r'z for -5 < r < 3.
Use your graph to find
(i) the values ofi when ) = 3,-8and

-13,
(ii) the values of] when x = 4.5, -3.2

and 1.6.

Giventhat),=t' 2r, copy and complete
the following table:

5. (a)

table
4 for

(b)

,

-2 t 0 I 2 3 4

v 8 0 -t

(b)

tc,

(d)

3.

Using a scale of 2 cm to 1 unit on each
axis, draw the gaph of l, = / - 2;r for
2<.r<4.

Use your graph to find

{ll tnevaluesot.{when}= -.2and5.
(ii) the values of y when .I i-1.8. 2.2

and 3.5.
Find dre equation of the line of symmetry
of the culve.

(a) Ci\en lhal ) =.r'+ 3r - 4. cop] and
complete the following table:

6.

. :1ir',iiM r r il il tr rrrr Effrcqffi ll ll il il r r |l wi,H! :,

Copy and complete the following
which gives the values of } = I +

-3 2 -t 0 t 2 3 4

r 20 8

-4 -2 I 1 2 3

4 2 -2

-1 1

2
I 0 2

2
3

r -9 0

0
It 11

2
2 2!

2
3

2
4 4!

2

r 4 -r1 1I
4

t1

-4 3 -2 I 2

J 0



(b) Using 2 cm to represent I unjt on
the.x-axis and I cm to represent 1 unit on
the )-axis, draw the graph of
)=irr +3i 4for 6<x<2.

(c.) Use your graph lo find
(i, lhe vJlucs ol .\ u hen I = -2. 5 rnd o.
(ii) the values of ] whe[ x = -5.5, t.'/

and 1.6,
(iii) the minimum value ofl.

Consruct tables of values for the following
equerion\. Plol rheir gmph. usrng .uiLrble
scales. Stafe the coordinates of the maximum
or minimum point.

(a) )'=r' ,lx+: (4<t<4)
(b) ]=3t+3i-5 (-2<r<3)
(c) t =-3 +2:r l' (-,1 <r</t)
(d) l=25+4r 3r' ( 3<r<5)

Consffuct the tab]e ofvalues for each equalion
below, then draw all their graphs on the same

pair of axes using suitable scales.

(a) t=x' (-3 <.r< 3)
(b) t=-r'+: (-3<r<3)
(c) l=r' : ( 3<j<3)
How are the gmphs related to one another?

Construct the table ot' values for each equation
below, fhen dmw all their graphs on the same
pair of axes using suitable scales.

(a) r= r: (-3<-r<3)
(b) )= (r 2)'z (-l <r<5)
(c) )= (-r+2)r (-5 <ir< 1)

How are the graphs related to one another?

9.

1.

Problems Involving Quadratic Graphs

Many problems lead to quadratic equations. We shall now look at some problems involving quadmtic

g1aphs.

$xample*
A triangle has base (x + 2) tnand height (7 - r) cn.
(a) Write dovrn an equationfor the area, A, of the triangle.
(b) B! constructing atable ofvaluesfor 3<x<8, plat the Srapho.fAagainst

t and fin.l the base and he i ght that wiLI result ifl lhe maximum area of the

ttansle,

(a) A=;(i+2X7 jr)

= J{r+ * s'-,'t
5"2

=l + ix-.2



fru-ot"t
Peter makes and sells handmade toys- He fnds that if a batch of x toys is

made, where 1 < x < 14, the cost per to! $! is Siren by y = | l8t + 110'

(a) Druw the Sraph of! = f - 1&+ lljIronx =0tox = 14' usinS l cmto

represent I unit on the r'&xis and 1 cm to represent 20 nits on the y-axis'

(b) IJie the graph to write down the number of toys in a batch such that the

cost pef toy ts
(i) a mi imum,
(ii) Iess than $60.

-l

tl

)|

-3

.

..

Fig 96

From the graph, the value ofr that corresponds to the maximum value ofA is 2 5

Thereforelihe corresponding base and height are (2.5 + 2) cm and (7 2 5) cm' i e 4 5 cm

and 4.5 cm.



M
The table below shows the values of] for values ofi ftom 0 to 14.

(a) The graph ofy = *' 18t+ ll0 isdrawnas shown below.

120

100

80

60

20

l'-arisr I cm 1o 20 utrits

9 10 11 12 t3 1.r

(b) From the graph,
(j) ) is minimum when r = 9.

Thus, the number oftoys in a batch that will result in the minimum
cost Per toy is 9.

(ii) j, < 60 whenr >,1.
Thus, the number of toys in a batch that will result in the cost per toy
being less than $60 are 4,5,6,7,8,9, 10, 11, 12, 13, 14.

1 2 4 6 8 10 12

]:tr:,fl llo 93 78 38 30 30 38



,jiiffi rililrr,rrr, ffir.bffi ,r,,,.rrrrrrrenl
The figure below
the length (in m)

(c) Find tlrc pdce at which the storc should

charge each item so tlat the total amount

received is maximum-

4. An object sliding down a slope has ffavelled a

distalrce, s metres, in time, I seconds, where

(a) Draw a graph to show the distances
covered up to 5 seconds,

(b) Find
(i) the distance travelled after 2.6

seconds,
(ii) the time taken to ftavel30 metres.

A ball roll ing on an uneven slope with an initial
speed of 10 nts, was moving at v rl/s after
t seconds, where v = 21'? - 8l + 10.

rar Drau lhe \peed-rime graph of lhe ball for
the first 5 seconds of the motion.

(b) Find
(i) the speed of the ball when it has been

moving for 3.8 seconds,
(ii) its minimum speed,
(iii) tle time at which rhe ball was moving

at 6 m/s,

Ma$ make. and <ell< handmade h3ndbc8s.

She finds that if a batch of i handbags is made,

$here | < r \ l,l. the co't per hrndbag $v is
givenbyl=f l6x+100.
(a) Draw the graph of y = r: 16.n + 100

for 0 < i < 14, using I cm to rePrcsent

1 unit on the i-axrs and 2 cm to represent

10 units on t}le ] axis.
(b) Use the gaph to write down the number

of handbags in a batch that will make the
cost per haldbag
(i) a minimum,
(ii) less rhan $70.

l. shows two rcctangles and

of their sides expressed ir

2t 1,

(ar txpre\c A. lhe drea of lhe shaded p,rt.
in tems of .r.

{br Dra$ rhe graph of lhe equdlion [or
0-.r\ l. uqulg d.cale of l0cm lo I unir

on both axes.
(c| find lhe \clue ofr for uhich lhe area ol

the shaded part is maximum.
(d, Find the \ alue. of r lor $ hich lhe area ol

the shaded pan is 0.72 mr.

A solid cylinder has a cuned surface ,rea of
(.x'z 3r + 2) cm? and a base area oflt cm'.
(a) Express A, the total surface area ofthe

cylinder, in terms ofi.
(b) Draw the graph of the equation for

0 * \ < 2. using ir scale of 5 cm to I unil
on the .x-axis and 2 cm to I unit on the

]-axis.
(c) Find the minimum total sudace a.Iea.

(d) Find lhe ralue o[ r for shich rhe rola]

surface mea is 5 cm2.

If a store prices each item at $r, (64 8.x) items

are sold.
(a) The total amount of money received for

selling these items is $J. Express y in terms

of r.
@) Draw the graph of the equatjon for

u < ' . 8. using a \cale of 2 cm to I unrt

on rhe Fa\is dnd I cm to l0 unils on lhe

)-axis.

6.



1.

)

The general fbrm of a quadratic graph is J = a.f + bx + c (a + 0).

The quadratic graph of J = c'! + bx + c k + 0) has a minimum point (1he

lowestpoint) when d is positive.Ithas a maxrmumpoin! (the highest point)

when d is negative.

The line of symmetry of the quadratic graph passes through the
m:rximum or minimum point.

'SxamPle r

Fandi kicks a so,:cerball wrticalLy upw.trds. The heiSht, hmetres, of the ball
afrer t secon^ is gi|en 4"

h =27t 6t:

By drawing a suitable graph, firuL

(a) the ncrimum heiSht of the ball abo.)e the ground,
(b) the time rcquiredfor the ball to reach the Sround again,
(c) the shoftest time take to reach a height of20 metres.

The table below shows the values of /1 for values oft from 0 to 5.

-i:':i l 2 3 4 5

0 2l 30 27 12 15



From the gmph,
(a) the maximum ft is 30.5 m;

(b) when, = 0, t= 0 or 4.5.
The time taken for the ball to reach the ground again is 4.5 s.

(c) when fr = 20 m,1= 0.95 s or 3.55 s.

The shortest time taken for the ball to reach a height of 20 m is 0.95 s.



I

..&..
"$fxample 2

In the sketch, the curNe , = x'1 + 2x 3 cuts the a axis at t\ro points A and B,
and the , &xis at point C. M is the minimum point.
Write down the coordinates o.f poitrts A, B, C and M.

!=r'+\ 3 = (jr l)(.r+3)
Whent=0,(r i)(,v+3)=0

.x=lor 3

Hence the coordinates ofA are ( 3, 0) and B are (1, 0).
To find C, let r = 0 and we have ) = 3

.. the coordinates of C are (0, -3)

To findM, we have to find ther value of the mid-point ofA and ,8,

2

Substitutei = -1 into_y=.1+21 3,wehaveJ= 4.

Hence the coordinates of M arc (-1 , 4) .



I
2

2 3 4 4!
2

5 5l
2

J .3
1

0 o 21

l. Copy anal complete the following table which gives values oft, = 5.r f for I < x < 51

Using 2 cm to rcpresent I unit on each a\is, draw the graph ofJ = 5r f. Find

(a) the maximum point,
(b) the equation of the line of symmery.

2. (a) Giventhat)=ri 4, copy and complete the following table:

(b) Taking 2 cm to represent 1 unit on the r ads and I cm to represent
I unit on t}le )-axis, draw the graph of I = 'lj - 4 for - 3 <,v < 5.
From your graph, find
(i) the values ofl, whenx = 0.5, 1.5 and 3.5,
(ii) the values of r when ) = - 2, 6 and 8,
(iii) the minimum point.

Given fhat l, = r'1 2r + I, copy and complete the following table:3. (a)

(b) Taking 2 cm to represent I unit on the r-axis and I cm to rcpresent 2 units on the )-axis.
draw the graph of y = r'? - 2x + I for-4<n<4.

(c) Frcm your graph, find
(i) the values ofr when ) = 3, 8 and 14,
(ii) the values of) when x = 2.4,0.2 

^nd3.1,(iii) the minimum point,
(iv) the equation of fhe line of syrmrcffy.

-3 2 I 0 2 3 4 5

J 0 3 -l 5

-4 -3 -2 I 0 t 2 3 4

! 1 I 4



4. (a)

(b)

Taking 2 cm to represent 1 unit on the,v-a\is and 1 cm to reprcsent I unit on the J axis, draw

thegraphof)= 10 r f for values of-r such that 4 <r< 3.

Use your graph to find the values of
(i) ' when ), = l, 5 and 8,
(ii) l when.r = -2.2. L6 and 2.5.

5. (a) Using 2 cm to represent 1 unit on each axis, draw the graph ofJ = -rr 2i - 5 for values of
.d such that 2< j<4.

(b) From your graph, find
(i) the values of .{ when ) = -3, 0 and 2,
(ii) ihe values ofl when ,I = 1.5, 0.2 nnd 2.6,
(iii) the minimum value ofJ and the corespondilg value ofjr.

Dra$ the graph ofl = l1t3r - 'I:] for0 <r < 14, taking l cm to rcpresent I unit on both axes.

(a) Find the ,v-coodinate of the point on the cu e when l' = 5.
(b) Find the !,-coodinate of the point on the culve when r = 6.5.
(c) Find the maximum value of J and the cofiesponding value of r.

The figure below shows a rectangular cement floor su[ounded by grassland.

(a) Express A, the area of the grassland in terms of-r.
(b) Dmwthegraphoftheequationforvaluesofrftom0to4,usingascaleof4cmtolunltonthe

r axis and 2 cm to I unit on the )-a{is.
(c) Find the value ot'.r if the area of lhe grassland is to be as large as possible.

6.

7.

(5 2r )m



E. A bookshop finds that if it prices each magazine at $r, (85 - 6r) copies will be sold.
(a) The total amount received for selling these magazines is $y. ExFess ) in tems ofr.
(b) Using 1 cm to 1 unit on the r-axis and 1 cm to 20 units on the ),-axis, draw the graph of the

equation for 0 < r < 12.
(c) Find the pdce at which the bookshop should charge each magazine if the total amount received

is to be as large as possible.
(d) If the bookshop charges the magazine at $4.50 each, find the total amount received.

9, A factory, finds that its daily profit, ) dollars, is related to r, the number of items it produces daily
whercy=-.n'z+90x.

Draw the graph of) = -r2 + 90"r.

Use your gaph to find
(i) the number of items the factory must produce daily in order to maximize profit,
(ii) the maximum profrt.

10. Tobey sits by the lake and throws a stone into it. The path of the stone is described by the equation
h = 22t 5t' 'nberc h rs the height of ihe stone in metres at t seconds after it has been tbrown.
By drawing a suitable graph, find the time taken for the stone to rcach
(a) the maximum height,
(b) the sudace of the lake.

The stone takes 5.5 seconds to reach the bottom of the lake. Assuming the stone travels along the
same path in the water, find the depth of the lake.

(a)
(b)



11. In the sketch, tbe cune! = J.L Zr 8 cuts thej-axis at two points A and B, and the l'axis at point C.
Given that M is the minimum point. Write down the coordinates of the points 4 B, C and M

12, In the sketch, the curve ) = (1 r) (r + 5) cuts the i-axis at two points A and B, and the y-axis at C.
Given that Mis the maximum point, write down the coordinates of the points A, B, C and M.

,,,,t,i



Revision Exercise III No. I
1. Solve the following equations:

(a) 2(.{ 3) = 8 3(a 2)

151 1; = 1199 ;y\1

(c) 2(r- l) 5(r-3) _ 3

3608.

3L(x -2\ - (2x - 1\l = 2t(2r + l) - (-{ + 2)l

In MBC, lB = q0', AB - | .2 cm and

AC = 13 cm. Find

(a) tle length of aC,
(b) the area of AA-8C.

A scale model of a <hip is made to a \crle of
1 : 80. If the mast of the model is 42 cm, find
the height of the actual mast.

Copy and complete the follo\\,ing table for
!=6+, Lx'.

7.

(d)

j (a) A mother is 30 years older than her
daughter. Five yea$ ago, she was four
rime\ a. old a\ her daughler. How otd
are they now?

(b) find l\o numbers $hose sum is q0 and

one lh;d of lhe smdller number ic equal

to one-seven(h of the larger number.

A reSular pyramid stands on a squarc base of
side\ 8.6 cm each. Tf rhe heighr of rhe p) mmid
is 9.2 cm, calculate

(a) the volume of the pyramid,
(b) the length of a sloping edge-

Ci\e )our a0<wers corecr to 4 srgnificanr

figlres.

A reclangular tan-k has d base 2.4 m b) L8 m.

lr is being filled wirh 2J0 lire\ ol x lrquid per

minute. I-ind rhe deprh of liqurd in rhe ranl,

after 8 minutes. If the density of the liquid rs
1.25 g cm'. find the ma\\ of liquid In lhe tani(

after 8 minDtes. Give your answer in kg.

3 2 I U I 2 3

r 3 5

-1 0 2 l 4 5

r 0 5

Using a scale of 2 cm to represent 1 unit on
the r-axis and 1 cm to rcpresent 1 unit on the

)-a\i.. draw rhe graph of ) =6 t x L? tor

-3<r<3.
Use your graph to estimate

(a) the value of), when r = 0.4,
(b) the values of x when ] = {.

U.inB a scale of 2 cm to repre\ent I unit on

borh rhe r' and ,-a\e\. diau lhe gmph\ ol
y - r I andr +r- 5 and hence derermine

rhe coordinares of rhe poinr of inref.ection ol
the two graphs.

The following table shows some values of r
and J for the graph ) = xz - L\ - 3.

9.

4.

10.

5. (a) lf N = l,(1 4, find I in tems of N and

a. Given that N = 40 and l, = 50, find the

value of d.
(b) If the angles of a pentagon are xo, I f.r',

2!f .3i and Qx - 20)i tino or" uol,3 ot
)

Copy and complete the table above and dftw
rhegraphof ) -r 2r I lor
-2 < r' 5. Dra$ rhe lineof s)mmer) on

)our gmph dnd \rare ir. equarion. Srare rhe

solution ofthe equation f -Lr-3 =0.



Revision Exercise III No, 2

1. Solve the following equations:

(a) 3x - 2(3x I) + ,1(a + l) = 0
(b) 6- t(3-r- 7) - (7x- 3)l = 0
(c) 4(3'd 2) = 7n - 3(2r - l)
(d) 6x - tux - (8.x 1e)l = 2

2. (a, If'/ : 15 = ,r : 3, find i.
(b) A sum of money is divided between two

boys, A and B, in the ratio 5 : 3. IfB gets

$9, how much will A get?

3. (a) The line Lr + ,' = 12 cuts the r- and

] axes at the points A and B respectively.

Find the coordinates of the points A and

B by plotting the graph 2r + 3] = 12 on a

coordinate graph. If C is the point
(0, -2), find the area ofthe tdangle ABC.

I br The coordinares olr he poinr of inreaecrion

of the lines 4r+ ) = 3 andr + 2) = b aje

(2, -3). Find.' and ,.

4. (a) Given that r'?= 2 
+ 2as, express s in terms

of,. r and a. Find the value of .r if, = 2,
I

| ='7 anda= 4= .

(b) The sum of two numbers is 94. If lwice

the smaller number minus the larger
number is 26, find the numbers.

5. tactonsc lL,a'- 4fd.

6. (a) A pymmid stands on a squarc base with
sides of 9 cm each. Ii its height is 15 cm,

calculate its volume.
(b) Find the di:rmeter of a circular cylinder of

volume 100 crnl and height 6.8 cm. Givc
your answer correct to 3 significant
figures.

tat find rhe rolume rnd lotal surface arei

of d clo5ed c)linderof heighr '0 cn lnd
radius 10 cm.

(b) Find the volume and sudace area of a

spherc of radius 6.5 cm,

Dra$ lhe grirph ol.\ - , +,2 for I r .'.

Use your grapb to flnd
(a) the value of], when r = 1.7,

(b) the values of x rvhen I = 7.5.

A map is drawn to a scale of:l cm to 3 km.

rar F:rd rhe \:rle of rhe r"p In I ne lorm I :,.
where n is an inteSer,

{b) I so pla.e\ on lhe map are 2.1 cm apan.

Find their actual distance.

(c) A fore.t re"ene h,. Jn rrer ol 24 cm on

the map. Find its actual area.

10. Copy and complete the fbllowing table of
\aluestorl=J+lJ.r

7.

-3 -2 I I 2 3 4

J -12 3 4

Plot the graph of) = 3 + 2r r usilrg a scale

of 2 cm to I unit on thex-axis and 2 cm to 20

units on ihe J axis. Use your graph to find
(a) the greatest value of )',
(b) the equation of the line of symmetry,

(c) the values of ,v when 3 + 2.r - r'= 0,

to, Ine vlLues oI:1 wnen J + ar - r_ = -r.



1. Make c the subject of the
b+2.

Revision Exercise III No, 3 6. (a) Find the volume of a cylinddcal steel bar
20 cm long and 3.2 cm in diameter. Find
also its total sudace area. Give your
answer correct to I decimal place. (Take
tt = 3.11.)

(b) A rcctangular tank 50 cm long and 40 cm
wide contains 100 lihes of water. Find
the depth of the water.

7. Factorise the following:

(a) 36f 49t2
(b) 12d 31a t5

* (c) h'z-3hk-54ts

,4-BCD is a rectangle in which .43 = 16 cm,
AC = 20 cm and,4-E is the perpendicular ftom
A to BD. Find the lengths of,4, and AE.

Copy and complete the following table for
!=2i'9r+2.

Using a .cole ol 2 cm ro repre\enr I unil
on the ,(-a\i. and 2 cm to repre.ent
5 units on the J-a-\is, dmw the gmph of
]=2:i 9a+2for0<.t<?.
Use your graph to estimate

(a) the value ofl when ir = 4.6,
(b) the value of.I when ]' = 5.

(a) A rectangular solid 24 cm by 22 cm by
2l cm is melted down and rec.\r inlo,
rolid conc oI bdse radius 28 cm. Find
dre height of the cone.

(b) Find the surface area of a sphere of
diameter 28 cm.

(c) A dght pyramid has a rcctangular base

14cm long and 8cm wide. Find the
height of lhe plramid if rhe \nlume i.
336 cm'.

formula

ABCD rs a pa.allelogram whose diagonals
inte$ect at O. P and 0 are the midpoints of
DC and BC rcspectively.
(a) Name a pair of congnrent triangles and

state briefly how one tdangle may be
transfomed to the other

(b) Name a pair of simil ar triangles and state

bdefly how the smaller triangle may be
transfomed to the bigger triangle.

3. Solve the simultaneous equations

Lx+Y=1'
4t+5)=8'

4. Simplify each of the following:
2r-l ... I 2tat _+- tD,5 I r r+2

5. (a) A polygon has r sides. Four ofits extenor
angles are 12', 25", 32'and 41'and the
rcmaining (r - 4) exterior angles are

each equal to 50'. Find 
',.(b) The Singapore goverffnent gave out $35

million to 121 000 students in the lbrm
of Edusare scholarship. and bur"arie. in
1999. Calculate the average amount
rcceived by each student giving your
answer correct to the nearest 50 cents,

E.

10.

0 I 2 l 4 5 6 '7

J 2 + :7 '/ 20



Revision Exercise III No. 4

1. (a) lf 4:.I=9 : 14,findi.
(b) A number is divided into two parls in

the mtio 7:z[. lf the larger pafi is 21,
find the number.

2. Factoise al + 2ab + b1 c7.

3. Simplilv (a, I 2'.
l1

(b) Choose a suitable scale to draw the
graphs of _," = 21 8 and 2y + 3x = 5.
write down the point of intersection of
the two graphs.

In a ght circular cone, the base diameter
A.8 = 7 cm and the height VN of the cone is

4 cm. Calculale
(a) the volume,
(b) tbe slant side YA of the cone.

v

8.

(b)

4. Solve the simultaneous equations
4r-5)= 15,

i1r
3

5. (a) 9. (a) A rcctangular tank 3 m long and 2.4 m
s idc :nlemally conrdin\ 72o0 lilre. oi
liquid. find lhe deplh of lhe liquid in

the tank.
(b) A cylinddcal drum of diameter 24.6 cm

can hold 2.46 litres of water. Find the
height of the water level, giving your
an\wef coffect Io the neare.l
centimehe,

Copy and complete the following table of
values for ] = 3a t.

ln the figure shown above, ,4X = AY,
Mx = Ny atd XMNY is a straight line 10.

Show that.tMN = ,4NM.
(b) A rhombus of sides 8 cm ench has

a diagonal 13 cm long. Find the
length of its other diagonal.

6. The area of one face of a cube is 25 cmr.

Fird
(a) the volume of the cube,
(b) the total length ot' nll the edges of

the cube.

7. (a) The line 31 = 5r + 1? has the same
gradient as the line 51 Lr 19 = 0.

Find the value of ft and hence state the
coordinates of the point where the line
5) - [x + 3& = 0 cuts the ]-axis.

2 I 0 2 3 4

J Itl 0 2 1

Using a scale of 2cm 1o I unit on both
a{es, plot the graph of } = 3t f for
-2 < r < 4. Use your graph to answer the
fbllowing:
(a) what is the greatest value of 3r f?
(b) Wbat is the value of j, when r = 2.5 1

(c) What are thepossible values ofrwhen



Revision Exercise III No. 5

1. (a) The volume of a cone is 78.8 cm3

and its base ndius is 4.2cm. Taking
zto be 3.142, find the height of the cone.

Give your answer correct to 3 significant
figures.

(b) A cylinddcal metal bar of length 2 m and

diameter 2 cm is melted to form a circular
disc of thickness I cm. Find the diameter

of the disc.

2. (a) Find the angles marked r and 1 in the
figure below.

The figure below shows two identical
semicircles inside a larger one. Find the

area and perimeter of the shaded portion
of the figure. (Take tto be 3.142.)

A wire is ir the folm of a circle ol ndius
l4 cm. II lhe wire is benr inro the \hape of a

square, find
(a) the pedmeter of the square,
(b) the area of the square.
(Take zto be 3.142.)

Solve the followhg equations:

(a) 3ri l0l: 8r = 0
(b) (zr 4)(3, + 1) = 12

(a) A ladder5 m long lean. against a venical
wall. Its foot is 1 m away from the base

of the $all. w1lar heighr doe\ lhe ladder
reach?

fb) Calculare the length v rn lhe figure below

Cop] and complere rhe tollosing rable tor

Using a scale of 2 cm to rcpresent I unit on
lhe.r a\is. aDd 2 cm to represenL 2 units on

the )-axis, plot the gaph of I = .r' - 2r - 4 for

-3 < x < 5. Use youl gnph to answer the

following questionsl

(a) what is the value of ;y when x = 1.4?
(b) what a.re the values ofx when ) = 6?

6.

7.

(b)

8.

3. Solve the simultaneous equations

,,, - 21, !J: =2.2

i-:-+1x=7
2

4. civen that ,f + f = 15 and .q, = 2, find the

value of (, - ))'.

_:2 -l 0 I 2 3 4 5

r 4 -1 ,4 t 11



9, A rcctangular tank 32 cm by Z cm contams

water to a height of 15 cm. 72 marbles

of diameter 3 cm each are dropped into
tle tank. Find the rise in the water lovel,
giving youl answer corect to the nearcst

millime[e.

10. Using a scale of 2 cm to rcprcsent 2 units on

both axes, plot the graphs of :y = 2t + 2 and

] + 3r = 10. Use your graph to find the

solution of the simultaneous equations

!=Lx+2^ndy+3x=10.



deli e: a set, a etupt! set,equal sets,Jirite subsets
anil propcr suhsets, universal sets,anal complenent
ofa set;

shorr the rclatiotrship bett ee sets b! using Ve n iliagrams;

deJine the intersectio and unioD oJ sets using Venn diagrqms
atd idenift thr \?t \hodrd in o V?n diagrat ;

. solw ptoble s ott cktssificalion and cotaloguifig;

. exprcss prcblims in set notations and use Venn diagrams to obtain sohttions.





hrtroducdon to Sets

Min Hui

mffi
Sanjay Zhao Yong Siti Delia

Georse Cattur (1845
19 t 8), re.owned GerMr
n ath. n a r ic ia h, i E gatded

asth.Jountu al rhesel
Theatt an l the ohe wha
inno,lKe'l this theary la
the,uthenatical warLl.
Ta.]ay, the s.t thear!
renains a: .ne a.f rhe

Iarnt:tatian!.1 hahr
adran.ed ndth.hatiul

Look at the teenagen below.

ffi
Kenneth

How can we group the teenagers?

One easy way is to group them by gender. Kenneth, Sanjay and Zhao Yong are in the group of boys while
Min Hui, Siti and Delia are in the group of girls.

A group or collection of objects is called a set. The individual objects in a set are called the membe$ or
elements of the set.

How do we define a sett Let's use the example above.

l. Listing th€ elements

The sef of all the teenagers above can be defined by hsting all its elements
in the followhg way:

{Kemeth, Min Hui, Sanjay, Zhao Yong, Siti, Delia}
and the set of all the boys above is

{Kenneth, Sanjay, Zhao Yong}.

2. Describing the elements

A set cart also be defined by describing the elements clearly, e.g.

A = {r..r is a teenager},
B = {r: i is a teenager who wears glasses}.
or simply I = {teenagers who wear glasses}-

This notation is useful when ihere are many elements in the set.

In set language, the Greek letter epsilon, e means "is a member of' and e

means "is not a member of'. For example, ifB = {r. r is a teenager who

wears glasses), then Kenneth € B and Mir Hui e B. Usua1ly, we use capital

lette$ to denote a sel and small letters to denote members of dre set.



Define three othef sets fbr the above cxample, using the methods above.

You arc to work in groLrps of4.

Activity A

l. Write out rlistofCCAS that )rour school is ofiering to the pupils Wite as nany as you know You

are given 5 minutcs to comPlete this task.

2. Exchange the list with a neighbouring group.

3. Classify the CCAS drawn up by your friends according to: (a) Sports and Games'
(b) Clubs and Societies ard (c) Unifbrm Croups.

4. Exchange the lj st tlut you have class ified with the ne)tt grouP and check if the cl assification i s properly

done.
). Wrile in -er nordlion lor erih ol lhc .e1..

Activity B

L Write out a list of festivals and rcLgious ceremonies celebrated by the differenl communities in
Singapore. Wdte as many as you know You arc given l0 minutes to complete t}lis task.

2. Exchange the list with a neighboudng group.

3. Classify the testivals and religious cerenonies drawn up by yourlricnds according to festivals and

religious ceremonies observed by the (a) Chinese, (b) Malays, (c) lndians and (d) Errasians-

4. ExchanSe the list dlat you have classificd w;th the nextSloup and checkifthe classification is properly

5. Explain the signjficnDce ofeach ofthe fcstivals and religious ceremonies lo your classmates if they

are not familiar with them.

o. Wrile in 5el nolil.ion lofec.hoflhe.el'.



#*pt" r
List all the elenents in each of the.follov,ing sets.
(a) The set of vowels in the English alphabet.
( b ) S = {x : x is a p o sitire odd numb er le ss than I 0 }.
(c) T = {kttzrs i theword'WOOD"}.

The set ofEnglish vowels = {a, e, i, o, u}.
s= {1,3,5,7,9}.
r= {w o, D}

Notice that when listirg the elements of a set, identical elements are not repeated.

Samptez
Describe the Jollawing sets inworh.
(a) A = {Mondq), Taestlay, wetlnesday, Thursda!, Frida!, Saturda!, Sulrd!4}
(b)B=fl,2,3,4,s]

(a)
(b)
(c,

(a)
(b)

(a)

(b)

A is the set of days in the week.
B is the set of the first five natunl numbers, or the set of natural numbem less
than 6.

$xampte:
State whether each of the .follo litrg collections is a 

',rell-delined 
set. Give a reason

(a) {A book well-liked b! m)J classnates}
(b) {A naughtJ pupil in ny ctass}
(c) {A Mathematics teacher in my class}

No, because a book may be well liked by some, but not others.
No, becaDse some teachers and pupils may consider a cenain pupil naughty,
while others may not.
The definition ofa naughty pupil is unclear

(c) Yes. because it is clear whether someone is a mathematics teacher in the class,



',r:t1ij,-.*ffir&rrlr lrlru fficb
List the elemcnts ofthe fblhwing sets.

(a) {r: r is the month of the year' beSinning

with the letter J)
(b) {.r:xisanoddnumberbelween 10 and 18}

(c) {r: r is the first five consonants of the

English alphabet]
(d) {'t:-ristheday of therveckbeginning with

the letter T)
(e) i r: r i\ an e\ cn number on r il, t ' irce '
(0 {n: r is the month of thc year with felver

than 30 days)
(g) {x: r is a Mathematics teacher in my

school]
(h) {j!: i is a pupil in my class who is tallel

than 1.6 m)

I I I I I I I I I I E E il,$#Fl1r1,

l.
n, l,r 

. r|). 1",, i, nn 
"u.n 

nu'ou"r]

Descibe the following sels.

(a) A = {2,4,6,8, l0}
(b) B = {2,4, 6, 8. r0, ...i
(c) C = {a. b, c, d, e}
(d) D = {basketball, fbotball, rugby, softball,

squash]

(e) t = {apples. oranges, bananas, pears,

pineapples)

Stlrte whether each ofthe following is true (T)

or false (F).

(a) 5€ {1,3, s,7}
(b) 4 e {1,3, s, 7}
(c) bus e {b, u, s}
(d) b € {b, u. s}

4. Which of the following statements are true (T)

and which are false (F)?

(a) s e {3. 7, I l. 14}

(b) i € {a, i, j, k}
(c) 't e {.t:,t is ltn even number}

(d) {S, C, o, H, L} e {r r is a letter of the

wod "SCHOOL")

(f) {3} e {1, 2, 3. a. 5}

Srate whether each ofthe following collections

is n well-defined set. Give a reason for cach

(a) {A pupil in my class who has two brothers}

(b) {A pupil in my class who is shy}

(c) {A TV actor who is well-liked by my

classmates)

(d) {A dish well-liked by my family
members)

(e) {A textbook used in my school}
(f) {The prettiest TV actress in Singapofe}

Prck oul ll-e udd element in e:rch ul the

fbllowing sets and descfibe thc rcmaining

elements in thc set,

(a) {Malaysia, Singapore, Cambodia, thc

Philippines. Vieham, Laos, Myanmar,

Brunei, Thaihnd, Indoresia, China]
(b) {rubber, coconut, apple. mango, rambutan.

orange]
(c) {a, 9, l. 25. 16.49, 20,36}
(d) {8,1,61,7s,2'7}
(e) {mode, nean, pic chart, median}

7. List the elements of the following sets.

(a) {Vowels in the word 'X4-{IHEMATICS'}
(b) {The seven colours of the railbow}
(c) {Multiples of 9 which are less than 50}
(d) {Colours in your school tlag}
(e) {Public holidays in Singapore}

(f) {Even numbers which nfe betwecn 10 and

23]



Number of Elements in a Set

How many elements are there in the set of alphabet in lheEnglish language? We know very well that fhe

answer is 26.

Usually, for a sct E, we denote the number ofelements in t as n(E).

lfE represents the set of nlphabet in the English ianguage. i e.

E= {lette$ in the English alphabet}, n(O = 26.

How many boys in your class have pigtails! How many girls in your class spot a moustache? LetP and

M represent tlc sets respectively. Notice that these sets havc no elements in them, ie n(P)=0and
n(,4,1) = {).

We call a set with no elemcnts the null s€t or empty sei. It is represented by the symbol U or denoted

bv{}
Thus P = {boys in class with pigtails} = A or { }

M= {girls in class with a moustache} = Z or { }.

Define each of the fbllowing sets and wdte down the number of elements

in each set, using set notation.

(a) Chamets of our T.V Bfoadcasting station.
(b) English letters in your name.
(c) Months with 27 days.
(d) Dogs with six legs.
(e) Stalls in yow school canleeD.

(f) Gymnasts in You( class.

::1,



T

3?-
;:,J;iiiiffi gt!ttttIltr ffircise/rorr/ ttrlrrrltt&Eerg:iiiirrrr,i

6r-og

l. wdte in set not,rtion the numbq ofelements in each of ihe lollowing sets.

(a) Months in the year
(b) Odd numben between l0 and 26

(c) Pupils in your class who are taller than you

(d) Singaporeans who have becn to the Moon
(e) Colours in your school flag
(f) Rainbow colours
(g) Horoscope signs

Writing in set notation, slate which ofthe fbllowing sets are empty sets.

(a) Polar bears living in the Sahara Deseft
(b) CaIs with 3 doors
(c) Buses wilh 50 seats

(d) Bald men with a crew cut
(e) Boys \\,ho wear skits to school

(f) Singaporeans who have landed on the Moon
(g) Girls weiShing 200 kg each

(h) Orators who cannot talk well
(i) Odd numbers thal are divisible by,l
0) Tigers in Singnpore
(k) Pandas in Singapore
(l) Members of Parliament in Singapore who are below 21 years old.
(m) Highjumpers who have cleared 3 m
(n) Singaporeans who had won a gold medal at the Olympics
(o) Triangles having three equal sides

(p) Panllelogmms having five veftices
(q) Quaddlatemls having tbree obtuse argles

Venn Diagrams

We have studied two ways ofexpressing a set:

(a) by listing its elements within braces,

(b) by stating its chief characteristics in words.

Besides these two methods, we can also exprcss a setby
means of a diagram cal1ed a Venn diagram (see Fig. 10.2).

2.

oo
I.i8.10.2



We shall study the Venn diagram in greater detail.

From Fig. 10.2, we can see that the rcctangle contains set A and set B.

The rectangle is the set that contains all the sets in discussion. It is called the unive$al set and is denoted
bva

Complem€nt of a Sef

Suppose €= {integers from I to l0}, A = {odd numbers in the runge 1to 10} andB= {even numbers in
the Iange I to 10],

g= {1,2, 3,4,5,6,7,8,9, 10}
A={1,3,5,7,9}
B= {2,4,6,8, 10}

We find that any element in € is either an odd number or even number, i.e. either in set A or set B. These
two sets have no elements in common, so they have Do common a.rea.

Elements that are in € but not in A, are members of a set called the complement ofA (denoted as,4').
In the above example, A' = B.

11,13]andC = {5,7,9, 11,13, 15},

"SxamPtea
rf e = {3, 5, 7, 9, 11, 13, ts}, A = {3, s, 7}, B = {9,
list the ekments of the sets A' , B' and C .

A',= {9, 11, 13, 15} B'={3,s,7,)5} C={3J



,&.
"-QxamPle s

IIe = {r:0"< r < 180"} and A ={r A" < x <9A'], i, te A'in set notatian.

A'= {x: 90' < r < 180'} or
A'= {obtuse angles}.

Subsets

Consider t = {integers from 3 to 10},A = {odd numbers in the range 3 to 10}

and B = {prime numbers in the range 3 to 10}.

€ = {3,4, s, 6,7, 8,9, l0}
A = {3, s,7,9}
B= {3,5,7}

Nolice that each member ofB is also a member ofA. we say that -8 is a subsct
ofA. The Venn diagram is drawn as follows.

8

6

10

Fig.10.1

A.lan, Bob. Chartet a,.l
D6. are ech p,oliienL
in tuo .ut .J fout
lanquaq^ lE4lish,
Cerhtur, trcn.h,
Chinei. ) and onlt anc
aJ fi. lafi tanerase'
cdr be unAer:t.r.t b\
th,te al thc,r. Ther .1.

not hare a t.hht.h
larquue.. Fihtl whal
kD\uds!! each ol th.n
i: pt.li.iett in, toktus
nto c.nsitleration tht

uml!^tdnl Ehglkh

rh.n tltet caryette

We use the notation B g A or B c A to denote B is a subset of A- E expresses

the idea "includes" or "contains" and c shows proper inclusion. Thus B c A
means that B is a proper subset ofA implying that B has at least one element

fewer than A.

Now consider the sets:

C = {prefects in your class}
, = {pupils in your class}
t = {pupils in your standard or gradc level}
F = {pupils in your school}

Do you notice that all the members of C ere also members of D, all the mcmbers

of D are mcmbers ofE, and all the members of, are also members of F?

We wdte Cc D cEcF.IsCcF?IsD.FlkocCT

Mathematicians rcgard O as a subset ofevery set.



Does Ac B + Ae B1

DoesAsB+AcB?

*'u-p. u

IfA = {car, c, a, t} and B = {c, a, r, t}, is A. B?

@
The word 'car' is an element ofA but not of B, although the individual letters of fhe word belong to B.

Thus A is not a subset ofB and we write Ad B. We also use the s)mbol Ad B to denote that A is not a

proper subset of B. Is B E A?

fxamptez
IfA = {a, b, c, d} and B = {d, b, a, c}, is A. B? Is Be A? Is Oe A?

Since every element ofA is also an element ofB, A e B. Similarly, every element ofB is also an element

ofA,thusBsA.

Note that A and I contain exactly the same elements. What can you say about A and B?

Since O is a subset of every set, Oe A.

fxamptes
List the subsets of the set {a, b}.

-.rLWryw
The subsets are O, {a}, {b} and {a, b}.

Can you list the subsets of {a, b, c}?



t$"ampte 9

If I = {real numbers}, P = {prime numbers} and C = {composite numbers},

.lraw avenn diagramwith I as the unirersal set, €. Desoibe the relationship
betu)een the sets using set notation.

FiE.10.5

PC I,CC I, P =C,

(b) B
(e) B'

(c) c
(f) c'

. :iili'*Fffi | r r | | r r I r r r r ffircf .ffi r r r r r r r I r r r | reriir'
4tJ.,_9,

Lfie={1.2,3,...,20},A={multiplesof2},8={multiplesof4}andC={multiplesof3},listthe
elements of the followina.
(a) A
(d) A'

lI €= {30,31,32, ....45}, list the complements of the following sets.

A = {33,37 , 39, 42, 44}
B = {30,31,32,33,34,36,37 , 38,39, 40, 11, 42, 45}
C = {non-prime numbers}
D = {nultiples of 4}
E = {multiples of 3}

State whether each of the following statements below is ffue (T) or false (F).

(a) ff A = {a, b, c, d, e} and A = {a, b, c}, dren A'= {d, e}.

O) Ifa€ AandAEB,thenae B.
(c) If A c B and Be C, thenAs C.
(d) Ifa€ Aanda€ B,thenA=8.
(e) If O = Al',then A= €.



Iftheunive$alset,€={1,2,3,...,10}andA={plimenumbers},8={evennumbels}andC=
{multiples of 5}, list the elements ofA, B, C, A', B'and Cl

5. Given the following sets:

A = {t,2,3,4},
! = {a, b, c, d},
C = {a, o, u, z},
, = {a, e, i, o, u},
E = {2,3,4},
F = {4,3,2},
G = {the vowels in the English alphabet},
11= {the first four letters in the English alphabet},
/ = {the firsl four counting numbers},

fill in the blants with one ofthe following symbols: =, +, e ,=, c or r.
There may be more than one answer in certain cases,

(a) A_B
(d') H _C
(9 F-I
0)1 A

(c) B _H
(D F 

-E(D C_1
O)G A

O) A-F
(e) G-1
(h) D G

(K\ E 

-A6. List all the subsets of the following sets.
(b) {pen, ink, ruler}
(d) {a, e, i, o}

7, IfA = {a, {a}, b, {c}, d}, state whether each of the following is fiue (T) or false (F).

(b) {a} € A

(d) {d} € A
(f) {a}eA
(h) {a, b} € A

0) {b, {c}, d} q A

(a) {1,2}
(c) {Singaporc,Malaysia}

(a) ae A
(c) c€ A
(e) {a, {a}} € A

G) {{a}} e A

(i) {a,b}eA
(k) {a, {a, c}, d} e A

8. IfA = {10, 20,40,60, 80},list the elements of the following subsets ofA.
(a) {numbers divisible by 4} (b) {numben divisible by 6}
(c) {numbers divisible by 8} (d) {numbels divisible by 7}

9, List three subsets for each of the following sets.

(a) A = {Japanese cars}
(b) B = {animals in Singaporc's Mandai Zoo}
(c) C = {trees found in the Botanic Gardens}
(d) D = {pupils in your class}

10.IfA={1,2,3,4,5,6,7,8,9},A={1,2}andB={1,2,3,4},drawaVenndiagmmtorcpresentthe
above sets and to illustrate their relationships.



Intersecdon of Sets (A)

The intersection of sets A and B is the set of elements which are common to both A and B It is denoted

byA.B.

IfS={1,2,3,4,5,6},A={1,2,3,5}andB={2,3,4,6},thenA.B={2,3},since2ard3belongto
both A and B. The relationship is illustrated by the Venn diagram in Fig 10.6.

Note that the overlapping region represents the ser A . B.

'Sxample r0

Dra a labelled Venn diagr&m, place the elements in the appropriate regions md identifi
A. B in each of the following cases. The unirersal set t is {1,2, 3, 1, 5,6' 7, 8,9}
(a) A = {1,2, 3, 5,7}, B = {4, 6}.
(b) A = {multiples of2}, B = {nultiples o.f 3}.
(c) A = {nultiples of 3 }, B = {prime nunbers}.
(d) A = {multiples of 3}, 3 = {multipks of6}.

(a) The sets A and,8 have no common elements.

., A.B=A



(b) The only number which is a multiple of 2 and 3 is 6.
... A.B={6}

(c) The only prime number which is a multiple of 3 is 3.
...Al-.rA={3}

Fig.10.8

Fig.IA.IO

(d) All multiples of 6 are also multiples of 3

... BcAandA ^B = {6}
L.e.A^B=B



Union of Sets (\J)

The union ofsets A and B is the seI ofelements which are in A, or in B, or in bothA andE.It is denoted

byAuB.

IfA= {I,2,3,..., l0}, A = 11,2,3,,+} andB = {3, 4, 5, 6, 7}. lhen A. B= {1,2,3,4,5,6.7}.

Note that 3 and 4 are written oDly once in A Lr B. The union of the two sets A and B is repfesented by 1l1e

green region in the Vcnn diagram shorvn.

-giample ll
If e = {btters fron h to p in the aLphabet}, A = {etters o.f theword"hb"}
dncl B ={letters (t tle rrord "hop" }, draw 4 Venn diagram to rcprese t these

sets and.find the lbllowing.

(a) A. B
(b) A. B

(a) A L-r B = {h. i, p, o}
(b)A.B={h,p}

2.



I.
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Draw labelled Venn diagEms to illustrate the following sets, placing the elements in the apEopriate
regions. In each case, identify A . B. t = {letters of the English alphabet}.
(a) A = {a, b, c, e, f}, B = {b, c, o, p, q}.
(b) A = {a, c, e, g}, B = {p, q, r}.
(c) A = {x, y, z, n, n}, B = {consonants in the word"money"},
(d) A = {consonants in the word "mathematics"}, B = {consonants in the word "statistics"}.
(e) A = {lefters ofthe word "universal"}, B = {letters ofthe word "probability"}.
(f) A = {vowels in the word "transformations"}, B = {vowels in the wod "combinations"}.

Dmw labelled Venn diagEms to illustrate the following sets, placing the elements in the appropriate
rcgions, and in each case, find A u B. €={1,2.3,.....,9}

3. ffA = {durian, mango, pineapple} and B = {durian, rambutan, mango, soursop}, find A u B and
A^8.

4. Find the union and intenection of each of the followinE Dairs of sets.

(^) A= {1,2,3,41,
(b) A = {1,3, s,7,9},
(c) A={4,8},
(d) A = {multiples of3},
(e) A = {multiples of4},

6) A = {3,6,9,12},
(b) C = {a, b, x, y},
(c) E = {montey, goat,lion},
(d) G = {a, m, k, y},

B = {3, s,7,9}.
B = {2, 4, 6, 8}.
B = {2, 4, 6, 8}.
B = {prime numbe$}.
B = {multiples of 2}.

B = {6, 8, 9}.
D= {m, n, o, p}.
I' = {tiger, goat}.
H=@.

*5. Copy and shade, on diagram (a), the set representing (A U B)' and on (b), the set representing
A' a B'. wlat do you notice about these two sets?

(b)(4,

*6. Copy and shade, on diagram (a), the set representing (A . B)' and on diagram (b), the set
reprcsenting A' u B'. What do you notice about the two sets?

(a) (b)



t. A set is a collection of objects which are clearly defined. The objects belonging to a set are

called its elements.

A set can be define.d by
(a) listing its elements $.ithin haces, e.g, {Ahmad, Ali, John},
(b) stating its characteristics in words, e.g.{letters in the alphabet},
(c) drawing a Venn diagram.

3. The empty or null set is the set containing no element. It is denoted by O.

4. Two sets are equal if they have exacdy the same elements.

5, A is said to be a subset ofB, written as A e B, if all the elements ofA are also the elements

ofB.

@ is the subset of every set.

The complement of the set A, written as A', is the set of elements in the universal set,

usually denoted by g, which are not membe$ ofA.

The intersection of set A and set B, written as A 
^ 

B, is the set ofelements common to both

A and B.

The union of set A and set B, written as A u B, is the set ofelements which are in A'
or B or in both A and B.

7.

8.



.&,
p-xample I
If € = {r: x is an odd number,

B = {y: y is a mubiple of 13},

(i) An B
(ii) Ao B
(iii) A. B'

I 0 < x S 40], A = {:c x is a prime number } and
list the members of the follott'ing.

A = {11, 13, l'7. 19,23,29,3r,37),8 = {13,39}
(i) AnB={13}
(ii) A u B = {11, 13, l?, 19,23, 29, 31, 3'7, 39}
(iit B'= {11, 15, 17,19,21,23,25,27,29, 31, 33,35, 37}

... 4 ,A'=t . t7. 1S.23.2q.31.17)

fxamptez
A = {(x)J): (x,y) lies on the line y = 2x + 3} and B = {(x,y): (x,y) ties
on the line ! = kx + h].
If n( A . B ) = 0, snte the v alue of k and. gtu e a po s s ib le N alue for h.

A is the set of points on the straight line ) = 2x + 3 with gradient
2 and )-intercept 3. B is the set of points on the line ) = ,Lr + l. Since
n(A a B) =0, the two lines do not intersect. Therefore, they mustbe pamllel,
i.e. t = 2- ft can take any value except 3.

Do you know why?



1 List the elements ofthe following sets.
(i) {r: n is a natural number, r = 3} and 2 <:y < l0}
(ii) {r: x is a whole number and 3r + 2 = 14}
(iii) {r: -r is a positive integer and 2r + I < 12}

(iv) {r: r is a mtional number and 2r - 3 = 8}

2. State which of the following sets are empty sets.
(i) Long jumpe$ who have jumped more than 8 metres.

(ii) Pentagons having 4 acute angles.

(iii) Polygons having 5 obtuse angles.

(iv) Runners who had run 100 m in 9.6 seconds.

(v) Points of intersection of the straight lines 3"r + ] = 5 and 2] = 10 6r.

3, State which of the following pairs of sets are equal.
(i) A=o,
(ii) A = {1,3, 5} . {2,4},
(iii) A={a:i'=9},
(iv) A= {rhombus}. {rectangles},
(a\ A= {1,2,3,4},

4. IfA = {a, e, i, o, u} and B = {1, m, n, o, p, q}, state which oflhe following statements are tlue.

B = t0).
B = {'I: r is pdme and 5.x 4=1}.
B= {x.21 5=l}.
B= {squares} o {parallelograms}.
B= {4,3.2. t,4}.

(iii) oE A
(vi) eEA
(ix) ie A

(i) ae B
(iv) 1e A
(vii) ueA

(ii) i €B
(v) n€,4
(vni) m e B

5. Which of the following statements are tlue (T) ard which are false (F)?
(i) 3€ {3,s,7}
(ii\ 7 e {2.3.6}
(iii) c c {a, e, i, o, u}
(iv) 6 e {i: .r is an even number}

(v) 15 e {r: x is a prime number}
(vi) If A= {*: 2 <r S 9,}is aninteger}, then2 e A.
(vii) IfA = { 1,2,3,4} and B = {whole numben less than 4}, then A = B.
(viii) ff A = {r: r is a positive even integer and prime}, then A = @.

(ix) IfA is an empty set, then A = {O}.
(x) The empty set is the only set without a subset.

(xi) IfA e B, thenA' e B'.
(xii) IfA e BandB^,C=Q,thenA.C=@.



7.

Staie whether each of the following statements is true (T) or false (F).

(i) lt A. B = O, thetr (Au B). (A 
^ 

B ) = A.
(ii) If € = {rational numbers}, A = {r: r > 4}, B = {r: r S ?} and C = {4, 5, 6}, then C s (A n B).

(iii) ffAuB=B,thenB qA.

(iv) If Ais a subsetof B, thenA uB=8.
(v) ffA={0, 1,2,0,2,2,1, 1},-B={2, 1,0},thenA=8.
(vi) If,4 = {rectangles with five vertices}, B = {odd numbe$ that are divisible by l2}, then A = B.

(vii) There are 32 subsets in the set {a, e, i, o, u}.
(viii) IfA. B=A,rhenA uB=8.
(ix) If A, P and I are sets, then A . P = A . 0 + P = Q.

(i) Ifn(P) = 46, n(0) = 24 and P. Q = A,find n(P Q Q).

(ii) If n(R) = a3, n(S) = 74 and R e S, find n(R..t).

8. lI € = {1,2,3. 4, 5}, A = {1,2, 4} atfi B = { l,4, 5},list the elemenrs of the set (A u B) n (A. B)'.

9, If€ = {integers from I to 12, both inclusive}, P = {pdme numbers} and 0 = {odd numbefs},lisr the
elements of the following.

(r) P.Q
(iv) P'. Q'

(ii) PUC
(t\ P^Q'

(jD P'o Q'

10. The universal set is the set ofthe integers ftom 1 to 25, both inclusive. The sets P,I and R are defined
as

P = {p:p is a multiple of 2 }
O= { q: 4 is amultiple of 3 }
R = { r: /is amultiple of 9 }

Illushate the relationship ofP, O and R in a Venn diagram and mark the numben in each region.

11. IfA q B, n(A. C) = 0 and n(B . C) > 0, illustrate with a Venn diagram tle possible relationship(s)
between A, B and C.

12. The sets A, B and C sadsry the following three conditions:

B e A,A.C+O,B.C =@.

Reprcsent these sets on a clearly-labelled Venn diagram.



civenthat€={r.xisanintegerand20<.r<100},A={.r:.rdividedby12leavesaremainder
of 4), and B = {r: ,rr divided by 14 leaves a remainder of 6},
(i) list the memben of A and I,
(ii) find n(A . B).

IfA = {parallelograms}, B = {rectangles} and C = {squarcs}, simplify the following.
(i) AUB
(ii) B.c
(iii) A. C

If € = {rectangles of length 'I metres and breadth ), metres where :I and ), are integers and t > )},
A = {rectangles each with an area of 24 mz} and B = {rcctangles each with length which is a multiple

of 3 and an area of 24 m'], find the following.
(a) n(A)
(b) n(B)
(c) n(A . B)

Draw a Venn diagam to show the relationships between the following sets of plane figues.

t={polygons},,4={quaddlaterals},-B={parallelograms},C={squares}andD={riangles}.

The univenal set € is the set of all triangles. Given that A = {isosceles triangles}, B = {equilateral
dangles) and C = {obtuse-angled triangles}, illustrate the sets A, B and C wiihin a Venn diagram.

18. If A = {2, 3, 4} and B = {1, 2, 3, 4, 5), find a set C such ihat A u C = B. Is C unique?

19. ffA = {a, b, c, d} and B = {a, c}, find a set C such thatA. C= B. Is C unique?

t4.

15.

16.

11,



i terprct and anallse dot diagrans;

interpret ard anallse stem-and-leaf diagra s;

. find the mode, heatu arxd medi4tu of a set of data; .

'':|:. make appropriate use of rnean, mode hnd
.' :,.

talcuate tne fiean,for
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Collection, Organisation and
Interpretation of Data

Different people collect data for various purposes. Forexample, a man who
wants to sell ice-cream might be interested in collecting data to determine
the mosl popular flavour of ice-cream. The rcsults of the GCE 'O' Level
examinations are collected by the Minisry ofEducation to rank the schools
so that parents and students arc able to make more informed choices. A
teacher might collect the marks scored by his/her students in a class test to
analyse the academic performance of his/her class. In summary, people
normally collect raw data and process it into information for reference or to
make better decisions.

Consider the following scenario:

Mr Tan wants to know the general performance ofhis class of 30 students in
a recent Mathematics test,

(1) To collect the data, he rccords the marks scored by each of his student
using the class name list. The total marks for the class test is 50. The
following shows the marks scored by 30 students in the class test:

31

Da jou kno the ||ot.l
'dota is plurdl? rhe
sn\ukr w Jar data h

38

29
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37
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l7

(2) Since the marks are rccorded using a name list, the marks are not in order
It is very hard for him to lell the perfomance of the class from the
distdbution of marks. Therefore, Mr Tan first organises the data by
arranging the marks in ascending order (ftom the lowest to the highest):
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37
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(3) Now the ma*s arc in order. But it is still not easy to know the performance ofthe class' for example,

the marks thal most sodents scorc. So tr1k Tan decides to display the data gaphically using a pictogam,

a pie chafi or a histogram which we have leamt in Book 1 (see Fig. 11.1a) Which graphical

representation is not suitable to display this set of data?
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(a) Pictoerm (Eachl represents 1 stuilent)

Fig.ll.la

(b) Pie chart.
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(c) Histogram.

Fig.ll.lt

Are there other types ofgraphical representation that we can use to display the data clearly?

DotDiagram

A dot diagram, or a dot plot, provides an easy rvay to display data. A dor
diagram consisis ofa horizontal number line and dots placed above the number
Iine. The dots rcpresent the v, ues in a set of data. Mr Tan draws the dot
diagram as shown in Fig. 11.2.
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Fit.ll.2

(4) The dot diagam shows a1l the marks scored by the 30 students. From this
dot diagram, Mr Tan interprets the mark distdbution of his class as

follows: the lolvest score is 20; thc highesl score is 48;
the most common score is 37: most studcnts score benveen 24 and 30
marks (inclusive), and betreen 36 ard 40 lnalks (irclusive)-



Grouped Data

Since the data is well-sprcad, recall that we have leamt in Book One how to olganise fhe data by grcuping
them into class inteflals of the same width (see Fig.11.3a) and then using a histogram to display the
grouped data (see Fig.11.3b).

Msrks

20<I<2-5 3

25<;<30 ,7

30<r;<35 3

15 < -r < ,+0 13

,10<r<45 l
45<r<50

Total Frequency = 30

(a) Grouped Frequency Table
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I

25

(b) Histogram

Fi8.11.3

From the grouped frequency table and the histogram, we caIl see very clearly that most students score

between 35 and 39 marks (inclusive). But we cannotrcad the lowest and the highest scores: the individual
daIa is 'lost'. To solve this prcblem, we use the stem and leafdi:rgram.



il
Stem and l-eaf Diagram

The stem and leaf diagmm, or stem plot, consists of a few stems, each with
vadous number of leaves. Fi9.11.4 shows Mr Tan's data displayed usjng a

stem and leaf diagram.

Stem Leaf

2

3

1

0445556789
00066'7'777',7',788899

0448
Fig ll I

ln this case, the stem represents 'tens' and the leaf represents 'units', For
example, all the numbers 20,24,24,25,25,26, 27, 28, 29 have a cormlon
stem 2. So the filst number 20 is represented by tle example in Fig. 11.5a

and the second number 24 is represented by the example in Fig. 11.5b.

(a) (b)
Fis 115

Note that the leaves are recorded jn nscending order (from smallest to bigSest)

Always check that the number of leaves tallies with th€ total number of
data collected.In this case, there should be 30leaves since there arc 30 marks

recorded.

But Fig. 11.4 groups the data into 3 class intervals. When grcuping data, \\,e

should try to group them into 5 to 8 class intervals. So Mr Tan decides to use

the same grouped data as in Fig. 11.4. This means that a stem is displayed

twice, i,e, one stem for the leaves 0-4, and the olher stem for the leaves 5 9
(see Fig. 11.6).

'

Fi8. 11 .6



Compare this stem and leaf diagram with the grouped lrequency table and histogram in Fig.l1.3. Not

only can we see very clearly that most students scorc between 36 and 39 marks (inclusive), we can also

see that the lowest score is 20 and the highest scorc is 48.

To summarise, the stem and leaf diagram can be used to display grouped data clearly, without any loss of
individual data.

:'!;irfiffi [ttrl|iltrtr ffiicbffi ,,r.,rrrtt!6ffiFrljil

1. The following dot diagram represents the travel times, in minutes, from home to ofTice of
20 company executives:

aa a a aa aa aa aa a a a
lrlrrllrlrrlrlrrl

l(l 45 50 55 60

than half an hour to reach the

a

(a) What is the most common ffavel time?
(b) what is the percentage of executives who take less

office? Comment briefly on the data.

2, The following stem and leaf diagram represents the mnsses, in kg, of 40 boxes-
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6
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1

0
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4

8

1

4
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9

9

0

9

t

(a) write down the most common mass
(b) 507. of the boxes have a mass of below d kg each. Find the value of a

3. The following dot diagram represents the attention span, in minutes, of 30 prc_school childrcn

:
aa .. a a. ...a. .3aa3a ..aaa...
lrrrrlrrr'l rrrl r rlr rrl r'l

5.0 7.0 li.02.0 3.0 4.0

(a)
(b)

What is the most common attention span?

Wlat is the percentage of children with attention spans falling below 6 minutes? Conrment

bdefly on the data.



4. The following back-to-back stem and lea.f diagnm rcpresents the scorcs of fhe students in two different
schools for a common examination. In each school. 29 students took the examination.

ABC School XYZ School

Leaf Stem Leaf
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46788
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00

(a) Which school had the highest scorer?
(b) Which school had the lowest scorcr?
(c) Which school did better in the examination? Why?

5. The following is a record of the times, in minutes, John and Kevin used dleh mobile telephone per
day for the past 20 days.

John Kevin

Leaf Stem Leaf

999
988

998334

5',7

(a) W}lo used his mobile telephone for the longest time in a day?
(b) Wlo used his mobile telephone for the shofiest time in a day?
(c) Comment on the distribution of data for each boy.
(d) How would you judge which boy used his mobile telephone more ftequendy thar the other?



Mode

We have just leamt how to organise statistical data and display them in a dot

or stem-and{eaf diagram so that ceftain important infomation can be extracted

ftom them.

For example, Mr Tan has found from Fig. 1 1 .2 that the most common score in
his class of 30 students is 37. In statistics, the number \vhich occurs most
frequently in a set of numbers is called the mode of the set of numben. The

mode is important to manufacturers who would like to produce most of their
goods (e.g. shoes, shorts, skits, etc.) in the most popular sizes so as to gain a

higher percentage of the market share. The ddnk seller in the school canteen

will be interested in the bland of drinks which is the most popular so that he/

she can place more orders for this brand.

"ffxamPte r

(a) The lengths of l0 terrapins in mm are 63, 63, 75, 67, 69, 52, 50, 63, 56, 52

Find the mode.

(b) Suppose 2 more terrapins of lengths 70 mm and 52 twn respectfuel! are

added into the 10 ternpins. Find the mode.

(a) The mode of the lengths is 63 mm since it appea.rs most often (3 times)

among the ten lengths.

(b) The mode of the lengths are 52 lnm and 63 mm since they occur the most

frequentiy at an equal number of times (3 times each) among the twelve

lengths.

We obseive that a set of data may have more than one mode.

w
In Jul! ta Sept?mber
20A5, Channet 8 hd the

h&hei w rieeership oJ

50.6% as c.hpdred ta
.thet la.dl Jrceao air
chahn.h. Can raa think
.l sane rcaso\s fat the



#amPlez
Find

(a)

(,)

(a) The mode is 37 since it appears 6 times, which is the highest ftequency.

(b) The modes are chocolate and mango flavours because they both have
the highest ftequency of 60 chidren.

(c) The mode is $1200 because there are 5 workers (the highest frequency)
who arc given this salary.

the mode in each of the graphic&I rcpresention belo1.r.

Stem Leaf

2

3

.1

04155s6789
000667777778884
0448

30

2n



TheMean

Let us coffider the case of the scores of30 students in MrTan's class again.
Suppose Mr Tan would lile to know about the "avemge scorc" of his cl ass. He
would then have to sum up all the marks ofhis students aIId then divide by the
number of students in his class in order to obtain the "averaae score" D€r student.
In stafistics, this value is called the meanl

Mean = 
sum of data

Number of data

Thc mear is the hoe
widelr tsed arerate.
Btt lenenber thnt the
no.lz it aka e ryre oJ

-GlrxamDle J

The salaries o.f 5 workers are giwn as Iollows:

$2500, $1200, $1000, $2s00, $t 100
Find the mean salary.

@
Mean salary =

Total salary

Total number of worken

$1000 + Sl 100 + $1200 + $2500 + $2500

$8300

= $1660



fxamptel
The stem and leaf diagramJor marks in Mr Ton's class k as follov,s:

Leaf

2

3

1

0415556789
0006677777788899
0448

Find the mean scorc,

@
Sum of data

Mean Score = Number of data

20 + 24 x 2 + 25 x 3 + 26 + 2'7 + 28+ 29 + 30 x 3 + 36 x 2 + 37 x 6 + 38 x 3 + 39 x 2 + 10 + M x 2 + 48

30

_ 1005

30

= 33.5 rnarks

;$xample 5

The mble below shows the salaries of 50 vrorkers. Find the mean salary.

e@
Mean Salary =

Total salary

Total number of workeN

$1000 x 20 + $1100 x 8 + $1200 x 10 + $2100 x 7 + $2500 x 5

$68 000

$1360

The nean ntmbet oJ

)'eats af schootins lor
resideats agetl 25 ,arr
daa abav. ih Siqapare i,
the !e4r 2AU is a.il fea8.

20+8+10+7+5



Ingeneral,asetofdataxr,:rr,a3,...,t occuning with the cotesponding frequencies

fr, r,l], ...,r, is usually displayed in the form of a fiequency table as follows:

The mean of the distribution is given by the formula:

Giventhatninenumbers16,w,11,9,x,2,t,'Tandzhaveameanofll,findthemeanof,t,yandz.

{i,"tt 'nt" 
u

The mean of six numbers is 17. Four of the numbers are 15, 17, 20 and 22.

The rcmaining two numbefi each equaLs to :c.

(a) What is the sum ol the slx numbers?
(b) Find. the value of x.

, then

M
(a) Since mean =

Sum ofthe six numbe$ = mean x
=t'7x6
= 102

(b) Sum of the six numbe$ =x+x+ 15 + l'7 +m +22= 102
2x+14=102

x=14



Median

In a survey to find out the living standards of the people in a certain area, the monthly incomes ofnine
households chosen from the area were obtained:

The mean income of these nine households is $4350. This number gives a distorted picture of the standard
of living of the people in that area because eight out of nine households have incomes well below $4350.
The 'problem' lies with Household 9 with an extremely high income of $22 250. To 'get id' of this
extreme value, one way is to use another type of average called the median, which is the middle value
after ananging the data in increasing or decreasing order In this example, the datais already in ascending
order and the middle value or median is $2050. This qives a more accumte Dictue as most incomes are
between $1720 to $2550.

Sxampte z

Fitld the meiian of the folloyj ing set of numbers .

t2, 1s, 15, 17,20, 25, 32

Total number of data (or total frequency) = 7 (odd)

Middleposition='-'
2

= 4th position

Median = data in the 4th position

12. rs, ts,Q9,20,2s,32
,|

This example shows that the median for an odd number
arranged in ascending/descending order

of data is the middle value when the data are



.&.,
"-ryxamDle 8

Firul the median of the follovring set of n nbers:

12, 15, I s, 17, 20, 25, 32, 32

Total number of data (or total liequency) = 8 (even)

Middle p('sition = : --:

= 4.5th position

Median = mean ofthe 4th ald 5th values

- l7 +2o
2

= 18.5

'fl car t.e wr! .lcotlt
ltun tl? datu Ftanpb
8 that the nterlidh is
b.nLaen the lth ml th. 51h

|alkr. t rlelid, p.srion

= 4, then i. ii;r'.n!. Sa

tnedida uo!i;ii;4

= 4.5, i... rhe nlitLith h
th. m.aDt .l the ||lL Ind

This example shows that the mediao for m cven number of data is

when the data are aranged in ascending/descending order
tbe mean of the two middle values

Does it matter if we anange the above data in descending order? Wly?

It may be obvious where the median lies without finding lhe median position. Butthe next three examples

will show you why it is helpfut to find the median posilion when the data set is large.



;€xampte s
Let us reyisit Mr Tan\ ctnss oJ 30 students again. Recall in the previous section
that the mean score ofthe test is 33.5 marks. Now Mr Tan is worrieal that the
hiqh scores o.f a few students in his class (extreme yalaes) might distort the
melin scorc. So he decides to fnd the median score from the stem and lea.f
diagrum. What is the median scorc and what does this show?

Stcm Leaf

2

3

4

0145556789
0006677777788899
0418

Total number of data (or total ftequency) = 30 (30 students or 30 leaves)

30+1Middle position =

= 15.5th position

Median score = mean of the l5th and 16th scores

_ 36 + 37 [find the 15th and 16th scores from the stem and
2 leaf diagraml

= 36.5 marks

Mr Tan finds that there is an equal number of students who score below 36.5
marks and who score above 36.5 marks. Since the median score (36.5 marks)
is not very much different from the mean score (33.5 marks), Mr Tan does not
need to wolry that his set of data is affected by extreme values.



-.*-
"Sfxample l0

The follo\rin! table shotrs the distribution of heiShts of I 5 students

median height.

M
Middle position = -::J ]

= 10.5th positlon

Median height = mean height of the 10th and llth values

, 156 + 158

2

= 157 cm

Middle

= 8th position

Finding the 8th value from the frequency table, we have

median height = 158 cm.

)$xamPle ll
The.following table sho\t s the distrib tion of heights for 20 students. Calculate

the median height.

Po\lnon=-

Do,t just toke nte M1L.
sllMinnemLuk rov6

i52

Sotneor. naf ijdpli
think the w.liar it 156 dr
since th.l l. row h il1the

midltt. .l thi 5 tu$. mi

The me.tian .t. aj the
Siryup.t. palrlaron in

ln statistics. the mean. median and mode are known as averages



4qW
Create as many sets of data as you can that satisfy all the following conditions:

Each set consists of 7 data.

The mnge (maximum value - minimum value) is 10 units.

The mean is greater than the median

Show that each of the data sets you have deated satisfies the above conditions.

C-omparison of the Mean,
Median andMode

The mean is the most widely used average. It is usually preferred over the

me.dian and the mode because all the values in the data are used in calculating

the mean. unlike the median and the mode. The mean is the most reliable

measure pmvided ihere are no extreme vallres in the data When a set of data

contains exfeme values, the median is a better indicator because it is not

affected by exffeme values.

The median is the Fefered alerage for desffibing economic' sociological

and educational da1a. It is popular in the study of the social sciences because

much of the alata in the social sciences contain ex[eme values, as in the set of

household incomes we discussed eadier.

The mode is an average that is more useful in business planning as a measure

of popularity that reflects opinion. Examples include the alrink sell€r wanhng

to know the most popular brand of ddnks, manufacturers who want to know

the most popular sizes of shoes, shorts, skrrts, etc., all of which have been

mentioned earlier.



:

The following ttree examples will illustrate the differcnt uses of mean, median

and mode,

!G-!l xampre rz
In a compan!, the monthly salaries (in dollars) o.f the efllplolees are:
2000, 2100, 2800,2100, 2500, 2000, 10000, 2900, 2700, 2600

Find the

(b) mnde, and
(c) median of the monthly salaries.

which awruge gives the best picture of ho\r much monei employees in the

cotAany earn? Wht?

(a) Mean salary = 9!$L

= $1200

(b) Mode = $2000 (occu$ twice)

(c) 2O0O, 2000, 2100, U00, 2500, 26c0, 2700, 2800, 2900, 10 000

Middle position =
l0+1

= 5.5th position

Median salary =
$2500 + $2600

= $2550

The mean is $3200 but nine of the ten employees eam less than $3000.

The mode is $2000 but eight of the ten employees eam more than $2000.

Thereforc, the median of $2550 gives the best picture in this case because

nine of the ten employees eam between $2000 and $2900 (inclusive) and it is
not affected by the exteme value; $10 000.

i



{fxampre r3

The owner ofa shop kept a record ofthe sizes of bloases sohl o a partXalar
dqJ. The recoftl showed:

8,8, 10, 8, 10, 12, 10, 8,8, 12

Find the (a) mean,
(b) node, and
(c) median of the sizes oJ blouses sod on that day.

Which erage giyes the best picture of the size of blouses sod on that da!?
whr?

ta) Mean size = 9l
10

= 9.4

Mode = 8 (occu$ five times)

8,8,8,8,8, 10, 10, 10, 12, 12

Mjddle position = -]!l!'2

= 5.5th position

Mealian size = 8+10
2

(b)

(c)

The mean is 9.4 but there is no such size. The median is q but there is no such size.

Even if there is such a size, it does not tell you much.

Therefore, the mode of 8 gives the best picture in this case because it shows the
most popular size sold and the shop owner will be interested to bring in more
blouses of size 8.



'$xampb 14

A sarvey was conducteal among 20 fanilies to lnd out the nunber of children they have. The table of drha

colkcted is as follows :

Find the

(c) media of the number oJ chitdren in a.family.

Which average gi'es the best picture of the number of children in a famiLy?
What does it mean when the a|erage number of children is not a rehoLe numbet?

1x I +2x 1l + 3 x6+4x 2
(a) Mean =

(b) Mode = 2

(c) Middle position

= 10.5th position

Medran = 
ji3

=2

The mean of 2.45 children in a family gives the best picture in this case because all the values in the data

are used in calculating the mean. A mean of 2.45 does not mea[ that every family has 2.45 children. It
just means that therc are 245 childrcn h 100 families, or in this case, 49 children in 20 families. If we

were to use the mode or median of 2, it will mean that there are 40 children in 20 families, when in fact,

there arc 49 children in 20 families.

=4920

20+1
2

2 3 4

l l1 6 2



Find out ihe prices of 5 different bronds of cigorettes ovoiloble in the morket ond the
number of cigoreltes in eoch pocket.
Peter's fother smokes on overoge of 30 cigorehes per doy.
lo) Using the meon price of the 5 bronds of cigoretles in question l, colculote how

much Peler's fother con sove if he gives up smoking for 1 yeor.

{b) Which of the following items do you think Peter's fother con buy if he gives up
smoKrng tor I yeorg
(i) Digitol comero
(ii) Nicom stereo TV
(iii) Mini hifi system
(iv) Refrigerotor
(v) All o[ the obove items

ls kicking the hobitofsmoking o good ideo? Write on orticle obout your findings ond
shore it wilh youf clossmotes.

r iffi rrnr trrnrr ffi;Grffi ,rrr,,,trllre.#f

Find the mode of the following set of data:
(a) 2, 5,8,3,'7 , l, 5,3,9,'7 ,3
(b) 8. 1, 7.7, 7.8, 9.3, 6 .4,7 .7 ,9.3, 5.8,7 .7 ,8.1
(c) 12, 17 ,16, 14,13, 16, 11,14

Find the mode of the following set of data:
(4,

t + #
1234567

Age (years)

(c',

l. aaaaoaaaaaaao

5

3

2

2

3

4
5

6

tt233
7899
235577
33'7
0001

(d)

0 2 3 4 5

Freq z 0 3 4 I 2



4.

5.

The number of bus passengers ftavelling on a certain route was recorded as shown below.

29 , 42, 45 , 39, 41 , 38, 37 , 38, 43, 40, 36, 35 . 32, 38

Find the mean number of passengers.

The prices (in $) of various compuler books on designing of web pages in a bookshop afe given
below.

19.90, U.45, 34.65, 26.50, 44.05, 38.95, 56.40. 48.75, 29.30, 35.65

Find the mean pdce of theso books.

Find lhe mean of lhe follo\ ingselo[dau:
(al

Stem Leaf
,7

8

9

10

2355
27 88999
t37'7
27 8

(b)
aaaoaoaaaaaaa] l ] ] ] +

6789l0 12

Price ($)

(cl

10 li 12 13

Price ($)



6. In a soccer season, a soccer team played 30 matches. The table below shows the distnbution of the
number oi goals scored per match.

8.

No. of goals scored per match 0 2 3 4 5 6

No. of matches 6 8 5 6 2 2 l

Calculate the mean number of goals scored per match.

7. The table below shows the marks obtained by 40 pupils in English and Mathematics tests.

Marks 2 3 4 5 6 '7 8 9 10

No. of candidat€s (English) 4 8 2 4 0 I 0

No. of candidates

(Mathematics)
4 6 5 10 3 5 3 I 2

9.

Calculate the mean ma.rks for each subject

The mean of six numbers is 41. Thrce of the numben are 32,31 and 42. The remairling tbree
numben each equals to d.

(a) What is the sum of the six numbers?
(b) Find the value of d.

A small factory employs 7 expedenced and 5 inexperienced workers. The mean monthly wage of
these 12 workeN is $700.
(a) Calculate the total wage bill for rhe 12 workers.
(b) Given that the mean wage ofthe 5 inexperienced workers is 9602, calculate the mean wage ot

the 7 experienced workers.

The mean height of 20 boys ard 14 girls is t6l cm. If rhe mean height of the 14 girls
is 151 cm, calculate the mean height of the 20 boys.

Theheightsoftbreeplants.4,BandCinagardenateintheratio2:3:5.Theirmeanheightis
30 cm.

(a) Find the height ofplant B.
(b) If another plant D is added to tlle garden and the mean height ol the four plants is now 33 cm,

find the heighr of plant D.

10.

ll.



12. The mean of three numbe$ x, ) and i is 6 and the mean of five numbers r, ), z, d and , is 8
Find the mean of d and ,.

Find the median of the following set of data:

(a) 7,6,4,8,2,5, l1
(b) 13, r0, 10, 14, 15, 18, 11, loo
(c) 22, 27 , r8, 16. 33, 3l

Find lhe medirn 01 rhe follos ing .el ofdala:
(a)

14.

3

1
5

6
'7

0t4
2589
1',78999

46

(b)

(c)

(d)

30 35 40 50 60

Frequency 5 6 t0 8
,7

5 2

0 I 2 l 1

Frequency 5 10 8 1 3



15. Detemine the mea[, median and mode of the following sets of numbers.

(a) 811 14 13 14 915
(b)2s63'784

11 9 t0 7 6 8 9
(c) 88 q3 85 98 102 s8 s3

12
'7

104 102 98

(d.)
0 2 3 4 5 6

Frequency 2 3 4 5 6 7

16. The following table shows the monthly wages of 27 employees in a certain factory in 2008.

Wages $(.r) 670 760 850 960 1000 1200

No. of employees (, 4 9 8 l 2

Find (a) the mean montbly wage,
(b) the median monthly wage,
(c) the modal monthly wage.

17. Two dice are tossed 30 times. The sum of the scores each time is shown below:

Score (r) 2 3 4 5 1 8 9 10 ll 12

Frequency (/) t I l 4 8 3 2 0

Find the mean, the median and the mode of the scores.

The table below shows the frequency distdbution of the number of spelling mistakes ill a composihon
made by each pupil in a class of 36.

No. of mistakes (r) 2 3 4 5 6 '7

No. of pupils (, 3 7 10 6 5 3 I

Find (a) the mean,
(b) the median,
(c) the mode of the distribution.



19. (a) The median of a set of eight numbers is 41. Given thal seven of the numbers are 9,2,3.,1, 12,
2

13 and l, find the eighth number.
fb) The mean of a set of six numbers is 2 and the mean of another set of ten numbers is m. If lhe

mean of the combined set of sixteen numbe$ is 7. find the value of r?-

20. Peter and Paul were playing golf. The scores on the first nine holes are shown in the table below.
ln eoll the lower thc score, lhe beller

Hole 2 l 4 5 6
,7

8 9 Total

Peter's score 3 2 5 1 3 2 2 4 l'7

Paul's score 4 4 6 8 .l l 2 6 6 42

On the ninth hole, Peter got stuck in a sand hap and lost the game.

(a) Cnlculate the mean score on the nine holes fbr each player.
(b) Wlich playei did better on most of the holes? Do the mean scores indicate this?
(c) What were the median scores for both players?

td) find lhe mode ofeach playea. score..
(e) Which average - the mean, the median or the mode - do you think gives the best compari.on

of the abilities of Peter and Paul? Why?

2:1. Two classes, each with 2l students were given a physical fitness test. The results
of the number of pull ups peformed in 30 seconds were recorded in the tables below:

Class A No. of pull-ups <5 6 1 8 9 >10

No. of students 3 7 4 4 2 I

Class A No. of pull-ups <5 6
,7

9 >10

No. of students 3 4 1 7 2 1

(a) Can you cnlculate the mean number of pull-ups pedolmed by the students in each

class? Why?
(b) Find the median number of pull-ups for the students in each class.

(c) Find the modal number of pull-ups for tle students in each class.
(d) Wlich would you use, the median or lhe mode, to compare the results of the two classes?

wty?



22. There are three differcnt netball teams and each team has played five games. The following table
shows the scorcs of each team.

Game I Game 2 Game 3 Game 4 Game 5

Cheetah 65 95 32 101 88

Puma 50 90 65 87 87

Jaguar 90 85 46 44 80

Suppose you want to join one of the three netball teams. You want to join the one that is doing
the best so far. If you rur ( each team by their mean scorcs, which team would you join?
If, instead of using mean scores, you decide to use the median score of each team to make your
decision, which team would youjoin?

(c) Suppose you are the coach of the team Puma and you arc behg inte iewed about your ieam
for the local newspaper Would it be better for you to report yorrl mean score or your median

23. Your ftiends and you are comparing the number of storybooks that have been read in the past year.

The following table illustrates the number of books each pe$on read in each month.

Jan Feb Mar Apr May Jun Jul Aug sep Oct Nov Dec

Amy 2 3 2 3 I 4 2 3 I 2 z

Bruce 3 I 2 2 3 5 4 I 2 2 3 I
Carol 2 I 1 2 z 3 3 I 2 t
Danny I 2 l 2 4 3 2 5 2 3 I

By comparing their modes, which penon read the least number of books per month?
By comparing their medians, which person read the most number of books per month?
By comparing their means, rank these four people in the order of most number of books read to
least number of books rcad.

(a)

(b)

ta,
(b)

tcl



Averages for Grouped Data

We have leamt how to Sroup data in Book 1. Now we will leam how to fiIld the mean of grouped data

'Glxampre r5

The tabte belav) shows the number of a popular magazi e sold to customers in

iliJferent shops in the month of Jub.

Estimdte the mean of the distribution.

We can only estimate the mean of the disffibution because we only know

therc are 4 shops which sold 70 ?4 magazines but we do not klow the exact

number of magazines sold in each shop ur ess we have the original set of data.

To calculate the mean of a set of grcuped data, we need to represent all the

alata in each of the class inte als by a value. For example, which value best

represenls the class inteflal 70 - 74? We cannot use 70 because most of the

data could be more than 70. We cannot use 74 because most of the data could

be less than 74. So a good value to rcpresent the class inteNal 70 - 74 is the

mid-value 72. The mid value is obtained by 4jJ1 = 72.



70-74 12 4 288

15 19 '77 t1 847

80 8,+ 82 l5 1210

85 -89 87 21 2088

90 91 92 18 1656

95 99 97 87-l

100 10,1 102 3 306

I/=g+ ),n = r:ss

Therefore, the mean number of magazines sold i. ; = jf = 86.8 (conect to 3 sig. fig.)

In general, the mean ofa set of grouped data is; = *4 , where 
" 

is rtre mid-value of ihe classL.I

interval, ard/is the ftequency of the class rnterval.

Using Calculator to Find Mean

We can also use the statistical functions of a calculator to find the mean of n set ofdata directly.

Now,let us find the mean of the following sct of numben using a calculator

_ 7288
84

Step I

St€p 2

P.ess the key ffiffi and select @ for statrstics

lh. .\ample shav11
h.rc is nli.l otlr f.l
.atmldtot\ al ..,tain

tt.th.r nndel,lou na!
netd tr .e.fet b tht

Press @ for single variable statistics.



SteD 3 Kev in the data as shown below:

@@ffi
@@@

ffi [For repeat data, just key in ffi) without the numberl

ffiffiffi
ffi
@

ffiffiffi
@ffiffi

step 4 Press the keys @
Press the keys ffi

and @. The screen will then show the number of data keyeal in:

and @ . The screen will then show the mean of the set of data:

For grcuped alata, we can also calculate the mean ditectly using a scientific calculator. Let's use the

calculator to work out ExamDle 15.

lres, th" k"y ffi and select @ for statistics.

Press @ for single variable statistics.

Key in the data as shown below:

@ffi@@ffi
@@ffi@
@@ffi@
ffiffiffi@
@@ffiffi
ffiffiilffi

ffi@@ffi
hess the keys ffi and @. The screen will then show the number of alata keyed inl

P."ss th" k ys ffi *d @ . The screen will then show the mean: I = 86 761904'76

Step 1

Step 2

St€p 3

@f,ffi
@ffi
@ffi
@ffi
@ffi
ffiffi

St€p 4



,irrrt.wurrrrrrrrrrrr ffirciffi ,a,,,,,rrrrrrelLjri'
&r&

1. The masses of 100 pebbles (in grams) picked up by a boy ftom a beach are as follows:

Mass of pebbles (r g) Frequency

55<x<65 2

65<.:r<75 3

75<x<85 9

85<;<95 23

95<x<105 26

105<r<115 2l

115<x<125 10

125<x<135 5

135<r<145 I

Copy and complete the table below and hence, find the mean mass of the 100 pebbles.

Mass of pebbles (g) Mid-point (r) Fr€quency 0f) fr
55<.r<65 60 2 120

65<r<75
75<.r<85
85<r<95
95<-r< 105

105 <,t < 115

l15 <i < 125

125<-r<135

135 <-r < 145



2. The heights of 40 plants were measured corect to the nearcst centimetre. Copy and complete the

table below and hence, calculate the mean height ofthese 40 plants.

Height (cm) Mid"point (r) Frequency (/) fr
110 5.5 4

t1-20 6

21 30 t4

3l-40 6

41-50 10

3. Thirty bulbs were life-tesled and their lifespans to the nearcst hour are as follows:

16't 11r 779 t6'7 r',1r 165 1',75 1',79 169 168 r',7r 17',7 169 l'71 1'7'7

113 165 175 t6',7 7741',77 l'72 )64 115 r',79 1'.79 174 1'74 168171

(a) Find the mean lifespan by dividing their sum by 30.
(b) Find tle mean lifespan by grouping the lifespans using the class jntervals 164- 166,

167 169 and so on.

Lifespan (h) Tally Mid'Yalue (.r) Frequency U )

t64 - 166

16'7 - 169

r70 172

t'73 l/J

1'76 , )78

179 - 181



Lifespan (h) Taly Mid-value (r) Frequency (/) fx
164 166 164.5

167 169

170 - 17l

t'72 - 1'73

r14 175

176 17',7

178 179

(d) Are the values ofthe mean of the distribution found in (a), (b) and (c) the same? Wlich is the

actual mean? \\tat do the answen for (b) and (c) tell you?

(c) Repeat (b) using the class inte als 164 165,

Leave your answer to 4 significant figues.

4. The following table shows the time taken

for 100 lo ies to ftavel between two
towns uslng a cenaln rourc.

166- 167 and so on.

Time taken (t min) Number of lorries

116<r< 118 t

118 <. < 120 6

120<t<122
122<t<r24 28

124<t<126 2'7

126<r< 128 9

128<f<130 5

130<r< 132 I

Calculate the mean havelling time.

5. The table below shows the distribution of ages of the members of a club.

Age (years) 20 -24 25 ,29 30-34 35 39 40-44 45 19 50-54

Frequency 22 48 60 36 22. t0 2

Calculate the mean age of the membem of the club by using the statistical functions of a scientific

calculator.



6. A machine in a factory broke down 100 times in a certain yea.r. The length of time taken to repair
the machine each time was rccorded. The table below shows the distribution of the lenqths of time
(t minutes) taken to rcpair the machine

Calculate the mean length of time taken to repair the machine by using tle statistical functions of
a screntrfic calculator.

1. In a dot diagram, values are presented by dols above a horizontal number line.

2. In a stem and leaf diagram, a value is split into two parts, namely a stem and a leat:

3. A set of data can be descrjbed by numerical quantities called averages.

4. The three cofunon averages are the mean, the median and the mode.

5. The mode is the number that occurs most frequently.

6. The mean is the sum of valu€s divided by the number of values in a set of data.

7. The median for an odd number of data is the middle value when the data are ananged

Repair time Frequency

0 <r< l0 l
10<r<20
20<r<30 30

30<l<40 25

40<r<50 l4

50<.<60 8

60<r<70 4

70<.<80 2

80<r<90 1

in ascending/descending ordet The m€dian for air even number of data is the mean of
the lwo middle values when the data are arranged in ascending/descending order.

8. The mean of a set of grouped data is t = +;, where.r is the mid-value of the class

interval, and/is the ftequency of the class interval.



fxampte r
The scores of a Mathematics test, marked out of a total of 60, t&ken by fiao
classes A and B are gben as follox,s:

Class A Class B

Leaf Stem Leaf

0 27 7 8

0 0 0 011222388888

5

93
432

9876655
6544210

I
2

3

4

5

(al

(b)

(a) How many students are there in each class?
(b) Comment on the distribution of each class.
(c) Hoyr wouldroajudge which class has petormed better?

(c)

There are 20 students in each class.

The test scores in Class A are well sprcad but the test scores in Class B
fall within a nanow range.

By calculating the mean, we are able to judge which class has performed
better.

Mean score of class A = lL = 42
20

Mean score of Class B = J2L = X.ZS
20

.'. Class A has pelfolmed better



"firu-pte z
The tablc below shows the frequency d.istribution of the number of spelling
mistakes made by each pupil in on essay.

(a) If the median is 3, h'hat are the possible yalues ol x?
(b) Find x if the mean uistake is 2.4.

(a) Write the data as follows:

0, ...,0, r,....r, 2....,2, 3,...,3, 4,..., 4, 5,..., 5

-- l- -- ,li l- --46rO)4
L

I

I

The biggesr value of:r occr[s -- -'-_ r !- The smallest value oftoccurs when the

when the median is here median is here (if possible)

...4+ 8+r=5 +5 +4 ..4+ 8+r+5=5 +4
x=2 r= 8 (not possible)

.. the biggest value of r = 2 .'. the smallest value ofr = 0

. . the possible values of x are 0, 1, 2. ,:i;:;*: 0""** 
"xact 

position

fb) 0 4-1.8+2 r-l 6 4.5t5.4
4+8 +r+6+5+4

66+X ^,)7+\
66 +2x=2.4 (27 +x)
66+2x=64.8=2.4t

0.4x = 1.2



1. The following diagram represents the scores of 30 students in a quiz:

a
aa

aaaaa aaaa aa a aa aaa
a
a aaaa

'15

(a)
(b)
(c,

105

w}lat is the most cornmon score?

There is an exceptionally high scorc. Identily this scorc.

Cornrnent briefly on what the data indicate.

2. The following data rcprcsent the masses, in grams, of 50 pencil sharpeners:

Stem Leaf
(whole Number) | {lst Detimal Placel

5

6

2

89
00
01
01
24
9

9

012
34 4

122
5

'7

8

9

10

11

2222233444566'7'779
55 6 66
34458

Find the most common mass.

Comment briefly what the data indicate.

3. (a) The distribution of 300 values of a variable x js shown in the following table:

I 2 3 4 5 6 7

Frequency 18 3'l 69 66 26 24 l5

(4,
(b)

For this distribution, find

(a) the mode,
(b) the median,
(c) the mea1t.



A box contained five cards numbered l. 2, 3, 4 and 5 A card was drawn from the

box, its number noted and then replaced. The prccess was rcpeated 100 times and the table below

shows the resulting frequency distribution.

Card I 2 3 4 5

Frequency 21 :l' 18 t't

Showrhat'I+]=44.
lf ihe mean of the distribution is 2.9, show that Lx + 3y = 112.

From (a) and (b), find tle value of t and of ), and then state the mode and the median of the

distribution.

(4,
(b)
(c)

5. A bag contained six cards, each bearhg one of the numbeN 1, 2, 3, 4, 5, 6 A card was drawn ftom

the bag, its number noted down and then replaced. This was repeated 60 times and the frequency

distribution table below shows the rcsults.

Given that the mean of this distribution is 3.6,

(a) find the values of m and n,
(b) state the mode and median of the distribution

Number t 2 3 4 5 6

Frequency 14 5 10 1l

6. The table below shows the number of pupils jn a class of 36 who scorcd marks between 3 and 9

inclusive in a test.

Marks 3 4 5 6 '7 8 9

Number of pupils 3 1 '7 v 5 4

(a) If the mean is 6, calculate the values of r and l'
(b) With the values of r and ), state the modal mark and the median mark.

7. The numbers 24,22,34,28,29,24,25,29,.r and y have a mode of29 and a median of27 Find the

values of r and ], given that t < ).



E. The table below shows the number of goals scored by soccer teams in a competition.

Number of goals 0 I 2 3 4 5

Number of t€ams 15 6 5 5

Find the value ofr if40 teams took part in the competition.
State the biggest possible value ofr if the mode is 0 goal.
Wdte down the smallest possible value ofr if the median is I goal.

9. In an examination, each pupil in a grcup scores either 5, 10 or 15 marks. The number of pupils
scorine each mark is shown in the table below:

Mark 5 10 l5

Number of pupils 8 l2

If the mode is 10, write down dre range of values ofr.
If the median mark is 10, write down the largest possible value of .r.
Using the value of -r found in (b), calculate the mean mark.

10. Some childrcn were asked the number of books thev read in a week. Their feeback arc shown in the
table below:

Number of book r€ad 2 3

Number of children 5 6 3

Write down the greatest possible value of'I given that the median is 1.

Write down the greatest possible value of .{ given that the mode is 1.

Calculate the value ofi given that the mean is 1.

11. Some women werc asked the number of maeazines that thev read in a week. The table below shows
the results.

Number of maeazines read 0 2 3

Number of wom€n 5 2 I

If the median is 2, find the value of r.
Find the greatest possible value of i if the medial is I .

(a)
(b)
(c)

(4,
(b)
(c)

(a)
(b)
(c)

(4,
(b)



12. The heights of a group of 30 childrcn were measued to the nearcst centimeffe and the readings

are rccorded as shown below:

122 t44 136 136 140 139 126 720 125 129 r2',7 116 t32 138 r24

t35 122 13'7 135 129 133 130 128 118 r3r 127 128 147 133 119

(4,
(b)
(c,

Copy and complete the table given.
Estimate the mean height of the 30 children using the table below.
Estimate the percentage of childrcn whose heights are below 135 cm

Height (cm) Mid-value (x) tr'requency (/) ft
115 - 119

lm - r24

r25 - L29

130 - 134

135 139

140 , t44

t45 - 149



measufe chance using probabiw;

list all the possible outcomes in a situple chance situation;

find the probability of single events ,
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hrtoduction

We often make statements such as:

(a) " There is a 50:50 chance of our school winning the National School Basketball Championship."

(b) "I cannot predict whether I will get a 'six' in my next thrcw of a die."

(c) "It will probably rain today."

We make such statements because we are unce ain whether an evenl will occur or not. For an unceftain
evenr. we can lalk about irs chance ofoccurring,

Let's consider the chance thal each ofthe following events will occur:

(e) It will rain in Singapore tomorow
(f) It will snow in Singapore tomolrow.

Our experience tells us that it often rains in Singapore, but it has never snowed here. So the chance that
event (e) will occur is quite high, but the chalce that event (1) wi]l occur is extremely small.

The measue ofchance is known as probability, which we will leam i]l this chapter

CoDsider some events involving chances of occurdng, For each event,
make a statement about its chance of occulrms.



Experiments and Sample Space

When we perform a scientific experiment, we will get a cefiain rcsult or outcome.

But in probability, the result or outcome is not certain: it depends on chance. The following
are some examples of prcbability experiments and their possible outcomes.

@@
ggg
ggg

EEEEE
EEEEETer identical cards nunbered I 1. 12,

13.....20 dc placed in a box. One cdd is

Thrce shile balls and nvo blek bdlh of
the lane size de placcd in abag. One ball
is picked frcn the bae at ftndom.

o
o
o



The collection of all possible outcomes of an experiment is called the sample space or probability space.
It is usually denoted by ,S ard we put all the outcomes in braces { }.

For example, the sample space of each of the four experiments above is :

Experiment 1: S={1{,I} where lJ rcpresents the outcome of getthg a head, and
f the outcome of getting a tail.

Experiment 2: S = {1,2, 3,4, 5, 6}

Expedment 3: S= {11,12, 13,...,20}

Experiment 4: S = {Bb B, Wb W! \} where B represents the outcome of getthg a black ball,
and Wrcpresents the outcome ofgetting a white ball.

As there are f;ve balls in the bag, there is a difference whether you draw the first black ball or the second

black ball. Therefore, we must differentiate between the two black balls by writing them as Br and Br.

Similarly, for the three white balls, we wdte them as Wr, Wr, and W3.

If we write S = {8, I4}, that means there is only one black ball and one white ball. Then we have equal

chanc€s of dmwing a black ball or a white ball. But if S = {BL, Bz, lvj, }V,,W3}, then we have a higher

chance of dmwing a white ball because there are morc white balls than black balls.

The total number ofpossible outcomes is the same as the total number of elements in the sample space.

It is denoted by n(S)- For experiment I , n(.t) = 2- What is the value of n(S) for experiments 2, 3 and 4?



'$tu-nt" t
For each of the experiments below, write down its rample space S arul
the total number ofpossible outcones n(S).

(a) Drawing d card at randon.hon a bo, containing fre identical cards
numbered 21, 22,23, 21 &nd 25.

(b) Drawing a ball at random from a bag containing ,l ifuntical blue
balls and 3 identical red balls .

(c) Selzcting a point at randtm Iron a circulnr board coloured as shown
in Fig. 12.2(a). We assume the point h'ill ne.)er fall exactly on any of
the lines separating the four coloured sectors .

(d) Spinning the spinner shown in Fig. 12.2(b) at random (same

assumption as (c)).
(e) ChoasinS a2 digit number at random.
(f) Tossing a stantlard tetrahedral die as showninFig. 12.2(c).

(P@

FiE.12.2(a)

Flg.l2.2lb)

(a)

(b)

The .ample space i. s = I 2 t. 22. 23. 24. 25 i.
.. n(S.) = 5.

Thesample spaceisS= {Bt, 8,, 8., Bt, Rl R,, Rt} where Brepresents

blue and R represents red-
:. n(S)=7

The sample space is S = {Blue, Red, Green, Yellow}.
.. n(s) =4.

The sample space is ,t = {2,3,5,'7,11,13,1'7,19}.
r. n(S) = 8.

The sample space is,S = {10, I1, 12, ..-. , 9S}.
.. nfs)=99 l0+l=90.

A tetfahedral die is a 4 sided die.
Unless stated otherwise, we always assume that
the numbeE start from 1 for a standard tetrahedml die.
So the sample space is S = {1,2, 3,4}.

(c)

(e)

(d)



Definition of Probabilily

ln Experiment 1 of Fig. 12.1, if the coin is lhir or unbiased, then each of the two outcomes is equally
likely to occur, i.e there are equal chances of getting a 'head' or a 'tail'. Thus, the chances of getting a

'head'are I outof2, orwe say the Fobability ofgetting a hecJ is J. Whar is the probability of getting

a'tail'?

In Experiment 3 of Fig.l2.l , if the card is drawn at random, then what is the probability ofpicking a

card numbered l4?

In Experiment 4 oi Fig. I 2. 1 , what is the probability of dftwing a white ball?

Let'sdenotethiseventbyE.InExperiment3ofFig.l2.1,supposeweareinterestedinthecvent'picking
a pdme number". Then there arc four outcomes: 11, 13, 17, 19 that favour the occulrence of the event ,E'-

This means that if you pick any of these four favourable outcomes, then the event E will happen.

So the chances of the event E occuring are 4 out of 10, i.e. the probability of the event E happenhg,
wdtten as P(E), is:

In Experiment 2 of Fig.l2.l, if the die is

Thus. the chances of getting a'six'are I

pfobability that you will not get a 'six'?

P(E) =

fair, then each of rhe six oDtcomes is equally likely to occur

our ofo.orrheprobrbililyolgeningc,ir'i" |. 
Whar isrhe

42
l0 5

In general, in a probability experiment with fi equally likely outcomes, if ft of these outcomes favour
occurence of an event E, then the probability ofevent-E happening is:

Number of Favouable Outcomes for Event E
Number of Possible Outcomes =lql=n(s)

where n(E) is the number of favourable
outcomes in the sample space S.

outcomes in event E and n(S) is the tolal number of possible



'ffxamPtez
A card is drawn at random from a box containing 12 identical cards numbered

1,2,3,...., 12.

(a) Write dov,nthe sanple space S and the total number ofpossible oatcomes

n(s).

(b) What is the probabilit! oftbawing
(i) a'7'
(ii) an even number
(iii) a prine number
(i.,,) d perkct square
(v) a negatbe number

(a) The sample space is S = {1, 2, 3, ....., 12}.
The total number ofpossible outcomes is n(S) = 12.

(b) (i) Prcbability of drarvine a'l'= |
or simply P (drawing a'7') = ,4.

(ii) There are 6 even numbers from I to 12 :2,1,6,8, lO, 12.

6.. P(dmwing an even number) = It
I
2

(iii)There are 5 prime numbers from I to 12 : 2, 3, 5,7, 11.

5.. P(&awing a pdme number) = ,,

(iv)There arc 3 pefect squares lrom I to 12 : 1, 4, 9.

31... Prdra$inga perfect .quarer- ir= *

(v) There are no negative numben ftom I to 12.

.. Ptdra$ing a negad\e number) - 
i2

A prine nunber is a
positiw intqer that hd\
eactb 2 .lilfetent posnive

Jodort. S. t i: noL a ptine

= 0 (impossible to happen)



(a) What is the probability of an event that will definitely occul?
(b) What is the probability of an event that will never happen?
(c) Is it possible to have a probability less than 0 or greater than l?

-Sxample3

A spinner in the form of a regular herogon is constructed as shown in Fig. I2.3.
when the pointzr is spun, Nhat is the probabilitj that the pointer will stop at

(.1) 6,
(b) an odd-numbered triangle,
(c) a triangle whose nunber is a nultiple ol3,
(d) at angle whose number is less than 6,

(e) a triangle vrhose namber is greater than6,
(J) a ttia gle whose nunber is kss than 7?

Fig.12.3

We assume the pointer will never stop exactly on any of the lines separating the
numbers. Since all the hiangles have the same angle at the cenhe oftle hexagon, it
is equally likely for the pointer to stop al any one ofthe six trian8les.

(a) P eointer will stop at 6) =

There are 3 odd-numbered triangles : 1, 3, 5.

. . P (pointer will stop at an odd-numbered triangle) =

(c) There are 2 triangles whose numbe$ are multiples of 3 : 3, 6.

. . P (pointer will stop at a triangle whose number is a multiple of 3)

1

31
62

2l
63

I



(d)

(e)

There are 5 triangles whose numbers are less th3m 6: 1,2,3,4,5

.'. P (pointer will stop at a triangle whose number is a less than 6) = |

There is no triangle whose number is greater than 6.

.'. P (pointer will stop at a triangle whose number is greater than 6) =

(f) There are 6 triangles whose numbers arc less than 7.

,. P (pointer will stop at a triangle whose number is less than ?) =

$amPtel
In a class ofzlo studcnts, 8 are short'sightcd. If a student is selected. at random,
what is the probability that the sekcted student rrill be shofi-sighted?

P (student selected will be shofi-sighted) =

i =0.

i=r.

8I
405



;$xample 5

A card is drawn at randomhom a pack of 52 plq'ing cards.

(a) What is the total number of possible outcomes o.f this eryeriment?
(b) What is the probabili\ of drawing

(i)a bkck card,

(iii)a dianond,
( iN) a cad which is not a diamond?

(a) The total number ofpossible outcomes of this expedment is 52.

rb\ r|| | here are 26 bliJ[ carJ\ in rhe pdc!

16 1

P (dnwing a black card) = ; =;

(ii) There a.re 2 red aces, i.e. the ace of heats and the ace of diamonds.

)l.. f (drawrng a IeCl ac.) = -=;

(iii) There are I 3 diamonds in the pack.

.. P (drawing a diamond) =

393

13 =!524

Ihek tue I ruit\ ih a4tk

sqde, heon, ctub and
dianon l. Each stit hos | 3
ur^ : lkrace),2,3...,,
10, Ja.k, Qken, King.
s. rhetu is d tatal oJ
13 x I = 52 Lud\. Att ttte

spa.lcs and clnbs are
black in colo,L AU the
htutts ann diananns ar.
r!.tin eloul In rcal liJe,

a putk af platins ca\ls
has t t at af 51 cdrds:
the No etta et^ ate

Casinas, lott.rj'^ dnd
apqators in th. eamblinE
brsines nake use al the

ar her thcorr.f prc b d bi ]i tr
to li\ htlz! LhaL *ill ehrut.
LltuL th!! atu al||a.\N .n rlLe

vinhinq ride in the lanA
tun sa nd th.t ri4 nat ga

(iv) Since therc are 13 diamonds in the pack, the rcmahing 39 cards in fhe
pack are not diamonds.

.. P rdra\ing a card $hich is not a diamondr =



Sampteo
A circk is divided into four sectors coloared lellow, rcd,
shown in Fig. 12.1

A point is selected at rarulom in the circle.
Find the probability that i lies in the

(b) blue sector,

blue and green as

Is the probability oJ the point bting in the red sector or green sector
greater? Wh!?

Since a point is selected at random, any point in the circle will have the same

chance of being selected. we assume the point will never fall on any of the
lines sepamting the four sectols.

(a) Number of points in the yellow sector is propoftional to the a.Iea of the

sector which is also prcpofiional to the angle of the sector.

.. P(selecting a point in the yellow sector)

_ Area of the yellow secior

Arca of the circlc

_ Angle of the yellow sector

360'
180'_ 1

360' 2

(b) Similarly, P(selecring a point in lhe blue sector)

Area of the blue sector= 
At"" 

"f 
th" .1t"1"

_ Angle of rhe blue sector

360'

Myna, Alison atu Shelb
repedtedl! tLk€ turhs
t'ssing a 4ie. Mlrha
beqint: Albon tl||ats
lDllows Mtrna: Sh.Llr
alfldrs loUows Alison;
and Mrma atuaysJathes
Shellt. Mat i the
ptubabili, nd SheI! ei
be the l6t .ne b bs a

45' I
360' 8



(c) Since tlere is no black sector in the circle,

. . P(selecting a point in the bltck sector) =
Area of ihe black sector

Area of the circle

As the area of the red sector is gleater than the area of the green sector,
P(point lies in red sector) > P(point lics in grcen sector).

As you may have observed in the above examples,

Probability is a value between 0 and 1 (inclu$ive).

If the Fobability ofan event occurriDg is 0, then it is an impossible event:
it will never happen-

If the probability of an event occurring is 1 , then it is a cefiain event:
it will definitely bappen.

Probobility theory wos first used primorily in some prob ems on gombling. An ltolion,
Girolomo Cordono (1501 - l5Z6), wrote o gombler's monuol which mode use of
probobility theory. A French mothemoticion, Chevolier de Mere, posed o gombling
problem to Bloise Posc o1 11623 - 1662J in 1 65y'. In response to ihis prob em, Poscol

ond onoiher French mohemoticion, Pierre Fermot {1 601 - 1 665), loid ihe foundotions

for the theory of probobility.

This theory hos become o powerful ond widely opplicoble bronch of mothemotics. lt

hos widespreod use in business, science ond industry. lis uses ronge from the

deierminotion of life insuronce premiums to the description of the behoviour of
molecules in o gos ond olso the prediction of outcomes in on e eciion.

Seorch ihe lnternet ond find some oiher reol life uses of probobiliiv theorv. Wrile o

journol bosed on your findings, ond shore ihem wiih the c oss.

I



:rrriir$lwlltlIrrllrrr ffiic,ffi ,,,,ar,ttrtlmltltlt]:

For each of the expenments below, write down

its sample space S and the total number of
possible outcomes n(S).
(a) Drawing a card from a box containing

seven cards labelled A, B,C, D, E, F, G.
rbl Drasing a di.c from a bag conraining

5 yellow discs and 2 green discs.
(c) Selecting a point at mndom from the

circular board.hown in the diagram

Spinning the spinner shown in the diagram
below

Choosing a 3-digit number at random.
Tossing a standard 8-sided die.
Tossing a tetrahedral die with faces
labelled 2,3,3 and 5 respectively.

2. A box contains 8 balls numbered 1, 2, 3,4, 5,

6, 7 and 8. A ball is selected at random from
the box. Find the pmbability that the ball
selected has

(a) the number 8 on it,
(b) an even number on it,
(c) a prime number on it,
(d) a mDltiple of 3 on it,
(e) an integer on it,
(f) a 2-digit number on it.

Cards u ilh numbe^ l0 lo 22 are placed in r
box. A ca.rd is picked at mndom from the box.
Find the probability of picking
(a) an odd number,
(b) a number between 12 to 20 exclusive,
(c) a number bigger than 25,
(d) a pdme number less than 18,

(e) a number smaller than 14,

(f) a number divisible by 4.

(a) Wlat is the probability of getting a '3' in
a toss of a standard teffahedml die?

tb, whar is rhe probabilily ol gening o '7 in

a ross oI a 8-sided die u rth face. labelled

2, 3, 3,4,7,7,7,9 respectively?

An lQ recr consi.t. of 80 MCQ. A
question is chosen at random. Write down,

Bi\:ng )our ansuers as a fraclion in ils
lowen lerm. lhe prcbabiliq lhal lhe quesl.on

number chosen will
(a) co ain only a single digit,
(b) be a pedect square,
(c) be bigger rhan 67,
(d) contain at least one figure 7,
(e) be divisible by 5.

A man wakes up ir the morning and notice

that his digital watch reads 07 25.

(d)

4.

(e,
(0
k)

After lunch he looks at the

watch agaln.

What is the prcbability that
(a) the number in column A is
(b) the number in colum[ B is
(c) the number in column A is
(d) the number ir column A is less than 6,

(e) lhe number in column I i. gr'eater lhan 5

a8,

^1,

B



7. A two digit number is writtren down at random.

Find the prcbability that the number will be

(a) smaller than 20,
(b) even,
(c) a multiple of5.

8. Each of the letters of the word
MATHEMATICS is written on a card- Al1the
eleven cards are well-shuffled and placed down
on a table. If a card is tumed over, what is the

probability that the card bea.rs

(a) the letter 'M',
(b) a vowel,
(c) the letter'P',
(d) a consonant?

Each of the letters of the wod TEACHER 1s

wdtten on a card. All the seven catds are we'
shuffled and placed down on a table. If a card
is tumed over, what is the probability that
the ca.rd beals
(a) the letter 'E',
(b) the letter'S',
(c) a vowel,
(d) a consonant?

The diagram shows a spinner divided into 8

eqoal secto$. When the pointer is spun, what
is the probability that the pointer will stop at
(a) 16,
(b) an even numbercd sector,
(c) a sector whose number is less than 14,

(d) a sector whose number is 14 or less,
(e) a sector whose number is divisible by 3,
(f) a sector whose number is a single digit,

The dragram sho$ s a spbner dir ided inro 5
equal secrof\. lvhen lhe poinler is spun. qhat

i. the p"obabilily lhal lhe pointer $ ill slop al

(a) a sector whose label is t,
(b) a 'eclor who.e label is a leller of lhe

English alphabet,
(c) a sector whose label is a vowel,
(d) a sector whose label is a consonant?

A bag contains 40 marble'. 25 gfeen one. and

l5 rcd ones. A marble ispicked at rdndom liom
the bag. What is the probability of picking a

rcd marble?

A group of 30 people consists of 9 men, 6

women, 12 boys and 3 girls. Aperson is chosen

at mndom from the group. Find the prcbability
that
(a) the person is a male,
(b) the person is either a woman, a boy or a

girl.

In a class of30 pupils, 12 are girls alrd two of
lhem are 'hod-.ighled. 

Tf a pupil is -elecled
randon y. u har is rhe pmbabrlil) lhal lhe pupil

chosen rvill be
(a) a girl,
(b) short-sightedt

Suppose abag contains 20 sweets, of which 7

are toffee wrapped in green paper, zl are ba.rley

sDgar rvrapped in red paper, 3 are toffee

wmpped in red paper, and 6 are barley sugar

\\Tapped in green paper If a sweet is selected

at random, calculate the probability that the

11.

13.

10.

14,

I



(a) a toffee,
(b) a barley sugar wrapped in red paper,

(c) wrapped in green paper

A box of 2 dozen pencils contains 8 pencils

sirh brolen points. what i. lhe probabilit.

of picking one pencil without a broken point?

Peter has 5 Chinese book. and 5 Fngli\h bools

in his bag. Tbree ofhis ten books are science

ficdon which are in l-nglr.h. I{ a book is chosen

at landom,

find the probability of choosing

(a) an English book,
(b) a Malay book,
(c) either a Chinesebookor anEnglishbook,
(d) a science fiction book,
(e) an English book which is not a science

fiction book,
(f) a book which is not a science fiction book.

ll $ e ral,e a standard pacl of 52 sell-.huffled
playing cards, what is the probability of
drawing
(a) the ace of clubs,

(b) aking, queen or jack,

(c) a joker,

(d) a red card,

(e) a heart,

(f) a seven?

ll we lake a slandard pack of 54 u ell-ihumed
playing caids, what is the probability of
dmwing
(a) a joker,
(b) a black card,

(c) a club,
(d) a king or queen,

(e) the ace of spades,

(0 a two?

The diagram shows a circle divided into sectors

of diflerenr colour.. lf d point i. selecled al

random in lhe circle. calculale Ihe probability

that it lies ir the

(a) yellow sector,

(b) rcd sector,

(c) blue sector,

(d) green or white sector

* 22. The diagram shows a semicircle cenffe O and

radius 10 cm, a circle centre at A with radius
4 cm and another circIe celtre B with radius

3 cm. A point is selected at random inside the

semicircle. Find the pmbability that the point
selected will lie inside or on

20.

16.

21.

lE.

19. AII the 26 rcd cards from a standard pack of
playing cards are mixed thoroughly. A card

is then drawn at mndom. Find the probability

that the card drawn is

(a) the queen of hearts,

(b) the king of spades,

(c) either the kjng, queen orj ack of diamonds,

(d) either the six of hearts or seven of
diamonds,

(e) either a four of diamonds or the ejght of
clubs.

(a) the circle centre A,
(b) the circle centre B,
(c) neither circle A nof circle L

ll"

(/)(!)



* 23. The diagam represents dre target of a darts

board. The target consists of two concentric
circles ofndius 3 cm and 6 cm. The target is

coloured red, blue, yellow and omnge as

shown. A alartsman hits the target evely time
he throws a dart at ihe taiget and is equally
likely to hit any part of the target. Find the
probability that the dartsman will hit
(a) the blue region,
(b) the omnge region,
(c) the region that is not yellow.

1. Toss a coin 10 times and rccord the number of heads obtained in the table below.

2. Toss the coin another l0ttmes and record the total number ofheads for allthe 20 thrcws in the table

be1ow.

3. Repeat the experiment and complete the table below. If it is tedious to throw the coin 100 times,
you can work with a few classmates with each of you throwing the coin 10 or 20 times.

4. The Fobability of tossing a head is

Look at the ratio Number of Head Tossed

l
2

It
Total Number of Tosses

for each of the 10 mtios?

10 20 30 40 50 60 '70 80 90 100

Do you get

in the table above.



5. On a sheet of graph paper, taking 2 cm to represent l0 units on the.r-axis and 2 cm to represent

0.I unit on tle J-axis, plot the fttio Number of Head Tossed against the Total Number of Tosses.
Total Number of Tosses

Then join the 10 points to folm a fne glaph.

6. Dra$ the [ine ] = I on ]our graph ro show lhe probdbility of rossing a head.

(a) Do you notice the tenalency of the points to get nearer to the line J, = J as rhe total number of

tosses increases?

tb) Do you e\pecl rhe ratio Number ol Head ro"ed lo sel clo\er lo lhe probabilirv
Tolal Ntrmber o' Tos\e\

hcrease the total number of tosses from 1000 to 5000 to 10 000?

Number of Head Tossed

ifyou

will approach tleFrom the above

probability of l

exploration, we obsefie that the Iatio

as the total number of tosses increases.

Total Number of Tosses

ir



Sxamplez
Four cards bearing the numbers 2, 3,4 and 5 are placed on thz table. Two car^
are selected Jrom these four cards to form a two-diBit number.
List the sampLe space. Find the prcbabilitJ that the number.fonned
(a) is di'risibk by 3,
(b) is greater than 33,
(c) is a multiple of 11 ,

(d) is lzss than 55.

The sample space is

s = {23. 24, 25, 32, 34, 35, 42, 43, 45, 52, 53, 54}

(a) The numbers which are divisible by 3 are 24,42,45 arjd 54.

.'. P(number is divisible by 3) = ; = i

O) The numbers which me greater than 33 are 34,35,42,43,45,52,53 
^nd 

54.

82.. Prnumber is greater than JJt = I-:

(c) Therc are no multiples of 1l .

P(number is a multiple of l1) = 0

(d) All the 12 numbers are less than 55.

1'.. P(number is less than 55) = . =1tl
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1. If you dmw a card from a pack of 20 identical
cards numbercd l,2, 3, .....,20, what is the
probability of drawing
(a) aprime number,
(b) a non prime number,
(c.) a composite number?

6. The table shows the number of books given to
20 pupils.

2
3

I
4

3

0
2
3

0
I
4
2

2

3

2
2

I
4
l
3

4.

Therc are 3 identical rcd balls, 4 identical blue
balls and 5 identical yellow balls in a box. What
is the probability of dmwing
(a) a yellow ball,
(b) a ball that is not yellow in colour,
(c) a red ball,
(d) a blue or a yellow ball?

The numbers 2, 3, 5 and 7 are wdtten on
4 cards. Two of these cards are selected at

mndom to form a two digit number List the
sample space and hence find the probability
that the number fbrmed is

(b) divisible by 4,
(c) prime,
(d) geater than 55.

The numbers 5, 5, 6 and 6 are written on
4 cards. Two of these cards are selected at

fandom to form a two digit number List the
sample space and hence find the probability
that the numbe$ formed is
(a) divisible by 11,

(b) a prime number,
(c) greater thar 55.

A11 the clubs are removed from a pack of
ordinary playing cards.

A card is dmwn at random from the remaining
cards in the pack. Find the probability of
dfas 

'ng(a) a red card,
(b) a heart,
(c) a picture card, i.e., jack, queen, or king,
(d) a card that is not an ace.

(a) A pupil is chosen at random. Find the
probability that he or she rcceives 2 books.

(b) A book is chosen at random. Find the
probability that it is given to a student who
receives 3 books,

7. A class has 16 boys and 24 girls. Of the
l6 boys, 3 are left-handed and of the 24 9tu1s,
2 are left-handed.
(a) Mrs Tee, the form teacher, selects a pupil

to run an errand, Assuming tlat she is
equally likely to select a pupil, what is the
probability that she selects
(i) a boy,
(ii) a left-handed pupil?

* (b) While waiting for the pupil to clean the

whiteboard, Mrs Tee selects one of the
remaining pupil" at random. Acruming
lhar lhe fif.t pupil rhe has \enl dsa) i)
a girl who is not left-handed, find the
probability that she selects
(i) a left-handed girl,
(ii) a tefFhanded boy.

*E. There are 23 boys and 35 girls in the school

hall. After i boys and r + 4 girls left the hall,

the probability of selectirg a boy becomes l.
Find the value of r.

*9. Therc arc 15 girls and.r boys in the school
parade square. One child is selecred rt
random. If the probability that the child is

a girl is ;, calculate the value ofi.



*10. There are 48 boys and 2 girls in the school

field. After another r boys and 2r girls join
the children in rhe school field, the

probability of selecting a boy becomes J.
Find the value of r.

*11. A bag contains l5ballsofwhich-rarered.
(a) Write an exprcssion for the probability

that a ball drawn at mndom ftom the bag

ls red,
(b) When 5 morc rcd balls are added to the

bag, the probability of drawing a red ball

3
Decomes t. imo me viuue or x.

*12, There are 28 boys and 25 girls in tle hall.
After i girls left the hall, the probability
of selecting a girl at random from those

j
remainins in the hall becomes :. Calculate

the value ofr.

L A sample space or probability space is the collection of all possible outcomes of a

probability experiment.

2. An event E contains the outcomes from the sample space that favour the ocurence of
the event.

3. ln a probability experiment with m equally likely outcomes, if,/. of these outcomes favoul

occurence of an event E, then the probability of the event E happening is:

n(E) k

n(s) ,?

Number of favourable outcomes for evenr E

Total number of possible outcome\

where n(0 is the number of favourable outcomes in tle event E a.nd n(S) is the total

number of possible outcomes.

4. For any event E, 0 < P(t) < L
P(4 = 0 if and only if the event E cannot possibly occur.

P(O = 1 if and only if the event E will cetainly occur.

I



fxample r
The table below shows the number of stamps of the same size in a en"jelope.

A stamp is picked at ra domfroft the 90 stanps in the eneelope.
Find the prcbabiliry that the rah.rc o.f the sekcted stamp h
(a) more than 30 cents,
(b) 30 cents or less,
(c) kss than 20 cents,
(d) nnre then 22 cents.

(a) There are (32 + 28) stamps, each of which has a value of more than 30 cents.

. . P(value of slamp is more than 30 cents) = S = ]

O) P(value of stamp is 30 cents or less) = I - P(value of stamp is more than 30 cents)

=1 z
1

l
(c) None ofthe stamps has a value less than 20 cents.

. . P(value of slamp is less than 20 cents) = 0

(d) Each of the 90 stamps has a value of morc than 22 cents.

.. P(value of stamp is more ihan 22 cents) = 1



1.

t

4.

A fair die is tossed once. Find the probability of obtaining
(a) an even number,
(b) a pdme number,
(c) a number that is divisible by 4.

A wheel ofa slot machine has 4 slots of cherries, T slots ofomnges,9 slots ofpeaches and 2 slots of
grapes. Assuming that the wheel is fair, find the probability that the wheel will stop at the slot with
(a) an orange,
(b) a peach,
(c) a pineapple,
(d) either a gape or a chenf.

The pie chaft below shows the proportion of pupils travelling to school usjng the various types of
transport.
(a) Find the value of r.
(b) If a pupil is selected, find the probability that this pupil favels to school by

(i) bus,
(ii) car,
(iii) helicopter

A resea.rch paper found that 480 out of 680 lung cancer patients were cigarette smokers. If a patient
is selected at random from these 680lung cancerpatients, find the probabjlity that the patient is not
a cigarette smoker.

ln a class of 14 girls and 26 boys, a pupil is selected at mndom.
(a) Find tle probability that the pupil selected is a girl.

* (b) Iflhe girl selected leaves the class and a second pupil is then selected at random, find the
probability that the pupil selected is a boy.

(} - 20):



7.

6. Abag contains 7 identical red marbles and 11 identical white marbles.
(a) A marble is drawn at random from the bag. Find the prcbability that the marble is

(i) red,
(ii) grcen,
(iii) either white or rcd.

*(b) 12 yellow marbles are added to the bag of 18 marbles in (a) and these are thoroughly
mixed. A new marble is then drawn from the bag. Calculate the probability that the
new marble dlawn is
(i) red,
(ii) green,
(iii) yellow.

Each letter of the word "PROBABILITY" is written on a card and these cards are thoroughly mixed
ir a bag. A card is picked randonrly ftom the bag.
(a) Find the Fobability that the card picked contains

(i) the letterB,
(ii) a vowel,
(iii) ttre letter K.

*(b) A card with the letier I is removed from the bag. Find the probability of picking a

card with
(i) the letter I,
(ii) the letterB,
(iii) a consonanl.

The numben 2, 5 and 7 are witten on three cards. One or more of these cards are selected to folm a

number that consists of either a one-, two- or three-digit Dumber
List the sample space ofthis experiment. Hence, find the probability that the number formed
(a) consists of two digits,
(b) is grcater than 55,
(c) is divisible by 6.

9. The following table shows the amount of pocket money received by ,lO students in a class in a day.

Amormt in $ 1.50 2.00 2.50 3.00 3.50 4.00

No. of students 4 8 l3 7 5 3

A student is selected from the class. Find the probability that the student received
(a) 52.00,

O) more than $3.00,
(c) less than or equal to $2.50,
(d) not more than $2.00.

E.



10. The number of children in a family in a new block of apartments is shown in the table below.

No, of children 0 I 2 3 4 5

No. of families 13 29 37 22 8 t

A family is selected from the apartment block. Calculate the prcbability that the family selecied has
(a) morc than 2 children,
(b) Iess than 2 childrcn,
(c) not morc than 3 chilalren,
(d) not less than 4 childrcn.

ll. The number of rotten omnges found in 50 boxes is as shown below.

No. of rotten omnges 0 I 2 3 4

No, of box€s 18 15 6 l

A box is selected at landom. Calculate the prcbability that the box contains
(a) 3 rotten oranges,
(b) at least 2 rctten oranges,
(c) morc than 1 rctten orange,
(d) no less than 4 rotten oranges,
(e) morc than 4 rctten oranges.

12. The table below shows the average monthly amount Singaporean gamblers spent
on gambling.

lf a gambler is selected at landom, what is the probability that he spends
(a) no morc than $20 per month,
(b) more than $100 per month,
(c) between $20 and $200 per month?

I

Average amount $.t x<20 20<r<50 50 <-r ( 100 100 <.r ( 200 .i > 200

Perc€ntage of pmple 40 28 20 7 5



13. The table below shows the mode of HIV transmission of 242 Hlv-positive patients in 2003.

Mode of transmission Heterosexual Homosexual Bisexual lnffavenous Others

No, of HIV patients 181 4{) t4 4 I

If a Hlv-positive patient is selected from these 242 patients, what is the probabiljty that the patient

contracted the disease through
(a) hetercsexual means,

O) bomosexual means,
(c) inffavenous means?

14. The table below shows the percentage of households in the lowest 207o income

group with specified consumer dumbles in 1998 and 2008.

lypes of consum€r durables PC Intemet Cellphone Air-Con Fridge CD,ryCD Player

Percentage of households
in 1998

17 4',7 2l l0 95 32

Percentage of households
in 2008

31 20 63 96 6t

(a) If a household is selecled f(om this income group in 1998, what is the probability that the household

has
(i) intemet access,
(ii) air-conditionen?

(b) If a household is selected in 2008 from this income group, what is the probability that this
household
(i) possesses a PC,
(ii) owns a CD/VCD player?

A girl types 3letters and 3 different addresses on 3 envelopes. She puts the letteru into the envelopes

randomly and sends them to 3 of her friends, Alice, Bettey and Carcl.
What is the probability that
(a) only one of her friends rcceive the conect letter,

15.



Revision Exercise IV No. I
- | ,\

l. If : = & 1 + I J. express t in
r \ t)

r and -v. Find * rvhere c = 5, r

'2

terms of c,

= tf and
2

2. A car ftave]s 360 km in 5 hours. What is the

speed of ihe car in
(a) kilomeres per hour,
(b) metres per second?

J. Faclorise the followjng exprcssions:

(a) Ir 2l,v + 20
(b) r':+ 13r + 36
(c) I + 3-r 5n l5kr

4. (a) Ifall bifthdays are equally likely to occur
in any month of any Year, find the
probability th.rt two pupils selected at
random from your class do not have
bifthdays occufing in lhe same montb

(b) If all birthdays are equally likely lo occur
in any day of any year, find the probability
that two pupits selected at ftndom frcm

)ouf \chool \ill hJ\e binhda) occuring
in the same day ot' the year. (Take I year

= 365 days)

5. Given that€= A u B, n(A u B) = 48,
n(A . B) = 9 and n(B) = 31, use a Venn

diagmm to illusrate thc above infomation ,nd
hence find the value ofn(A).

0. Simplify
. (2r lr 5(r l) l

@) llto - 2b, '2a btl 2l )a - b\ -
(a + 2b)1,

_. 1 2 3(c);+7+;,

(a) A pyramid stands on a square base of
sides 5.8 cm. lf the height of the
pyramid is l0 cm, find its volume. Give

)ou" answcr r,rrecL lo I signil-ir'anl
figures.

(b) Ten dozen lead spheres, each of diameter

3 cm, are melted and recasl into a cylinder
12 cm in diameter. Calculate the height
of the cylinder. (Take z = 3 142..)

(c) The volume of a cone is 56.8 cm'
and its base radius is 14.7 cm. Find its
height.

8. The following aremafks scorcdby 9 pupils in

a Science test marked out of a total of 15:

,+,9, r 1,8, t0,5, 11. 14, ?

Find (a)
(b)
(c)

the mode,
the median,
the mean of this set of marks.

9.

10.

lhe ligure .nor. r cone of heighr 5 5 cm and

a slant hejght of ?.4 cm.

(a) Calculate
(i) lhe dj:,meter ol lhe ba.e of lhe conL

tii lhe voldne oi Ihc cone. gi\ ing ]uur
answer correct to 1 decimal Place-

(b) If the cone js madc of solid material
of density 3.4 g/cm', calculate the mass

of Lhe cone. Git e l our an'\\el coffecl lu
1 decimal place.

Copy dno complete lhe lollo!\ing roble ^l
values for 1 = j'?- 4t 2.

using a scale of 2 cm to represenl I unlt on

thei-axis and 2 cm to represcnt 2 units on the

l,-axis, draw the graph ol J = \2 - 4x 2

Use your gmph to estrmate

(a) the value of] when -r = 3 5,
(b) the minimum value of:: 4,I-2.

-1 0 2. 3 5 6

] 2 2 10

7.



Revision Exercise IY No. 2

1. Simplify (a) I+4+-I,
I I-f

G) 

=-lar-12. Solve the following equations:

(a) l*+

tb) I=

161 -L=
161 _]1 =

1

i0r
4

20x

2 t2

3. On three copies of the venn diagnm below,
shade:
(a) A. B
(b) A.B'
(c) A' \r B

234567
No. of occupants per flat

The bar chart shows the number of occupants
per l{DB flat in a parlicular location.

(a) State the modal number of occupants
per flat.

(b) Calculate the mean number ofoccupaDts
per flat.

(c) If this information is to be rcpres€nted
by a pie chaft, find the angle of the
sector representing flats with 7

occupants,

8. Simplify the tbllowing:

4. A lwo-digir numberiqwrinendoqnon r piece

ofpaper Find the probability that the number
wntten $
(a) an odd number,
(b) divisible by 4,
(c) greater than 88,
(d) less tban 18.

Expand the following:

(a) (2r+]X3r-5))
(b) (1r-3])(h+)-a)

.t(a) -+
t1(o, -----= 

^

,. 2 3(c) 
-+
r+) I )

9. The mean of five numbers is 34. Three of
the numbers are 29,26 and 35. Ii the
rcmaining two numbers are in the mtio I : 3,

find the numbels.

!

345

6. Solle the equation x3 - 5f + 6.x = 0.



10. Copy and complete the table of values for

!=i-Lx+3'

Using a scale of 2 cm to reptesent I unit on

the -x-axis and a scale of 1 cm to rcpresent I
unit on the l'-axis, draw the graph of
J=:: 2r+3for 3<r<5.
(a) Use your graph to find tle value of

J when jr = 2 5 and the values of r when

(b) State the equation of the line of symmefy.

Revision Exercise IV No. 3

1. If $6560 is divided into three shares in the

ralio I - :2 | :3. hor\ much rs lhe smallesl
23

share l

2. ta) lla b = ',makebthesubjectofr}e
cb]

formula. Find the value of b when

a=-7,c=2,x=l0and)=6.
(b) Solve the equation

(2r + 5x 2r -5,-(.t- Lr4r + 3

3. If 5 ks of tea and 2 kg of coffee cost $81 and

1 kg of tea and 4 kg of coffee cost $54' find
the pdce of 1 kg of tea and 1 kg of coffee

* 4. A bag contains 48 marbles of which r are

white and the rest are red. When 8 more whlte

marbles arc added to the bag, the Fobability
of drawing a white marble ftom the bag

t_.
becomes t, ]lmo

(a) the value of x
(b) the number of rcd marbles in the bag'

5. If t = {quadrilaterals}, P = {parallelogams},
O = {squares}, R = {rectangles}' simplify

(b) P-8
(d) O. R

6. Find the mean and the median age of the

following nine childrcn:

12 yr 9 mth, 11 Yr4mth, 14Yr3mth,
15yr7mth,72yt2rr:lth, 13 Yr 8 mrh,

10 yr 6 mth, 16 Yr 11 mth, 13 Yr 7 mth

7cn

The diagram shows a cylindrical washer

of outer diameter 7 cm and inner diameter

3 cm.

(a) Taking ,t to be 3.14, calculate the arca

of the shaded rcgion.
(b) Given that the washer has a thicloess of

! cm and is made of a metal of density

4 g/cmr, calculate the mass ofthe washer

conect to the nezJest gmm.

8. The mean of 12 numbers is 8 and the mean

of the frst 5 numbels is 7.6. Find the mean

of the last 7 numbe$

9, The cross-section ofa solid block of wood is

shown below.

18 cm

(a) ff the length oi the piece of wood is I m'

find its volume.
(b) lf 1cm3 of wood weighs 0 7 g, find

$e $eight ofthe block of$ ood in grams

7.

(a) P. R
(c) P!rR

-z ,l 0 I 2 3 4 5

J 18 6 2 11



-2 -l 0 2 3

! t 5

4.10. Copy and complete the following table of
valuesfory=# r 5.

Plot the graph of] =-f -r - 5 using a scale of
2 cm to represent I unit for both the
r- and ] axes.

Use your graph to find
(a) the value ofi for which ) has the least

value,
(b) the value ofy when t = 1.4,
(c) the values of r when ) = 0.

Revision Exercise IV No. 4

1. The lengths of the two diagonals of a rhombus

are 16 cm and 12 cm rcspectively. Find the

length of one side of the rhombus.

2, The diagram consists of three semicircles
whot radii aJe 7 cm, 7 cm and 14 cm.

Calculate, taking 1t = 3.142,

(a) the circumference of the shaded region,
(b) the area of the shaded rcgion.

50 diqc\. numbered from 20 to 69. are placed

in abox and one disc is drawn out at mndom,

Find the probability that the number on the

disc
(a) is geater than 54,

O) is less than 33,
(c) includes the digit 8.

diagram below and that

= 20 and n(B) = 12, find
Given the Venn
n(t) = 35, n(,{)
rr(A r.) B)'.

Oo

6.

1

For the flgule below, show that

i=p7+qz+1.

In the diagram, A-BCD is similar
Calculate the values of -{ and J.

to PQRS.

"--j-..--s'

;L/'

'I hree of lhe inrerior angles ofa penlagon are

96", 1 10' and 126" while the other two angles

are each equal to 2ro. Find the value of .r.



8. The distribution of the length (t cm) of 80

leaves is given in the iable below:

r (in cm) 10 l1 12 13 t,l 15 r6

Frequenc! 6 10 20 22 t,1 6 2

Fhd (a) ihe mode.
(b) the medlan,
(c) the mea]I of the distribution, giving

Your answer conect to 1 decimal

Place

9. tn AABC, e = so", A.s = 13 cm and

AC = 5 cm. Find the lengih of BC and the area

of AABC

10. The table below shows the numberofmistakes

made by the pupils in an essay competrlon

No. of Mistakes No. of Pupils

13 t2
l8

'7 ,9
10 12

13-15
,7

16-18 4

Calculate the mean number of mistakes made'

givjng your answer conect to 1 decimalplace'

Revision Exercise IV No' 5

1. The avemge speed of a car for a 425-km

ioumev was 50 knth. If the car stopped for
"90 

minutes on the road' find the avenge speed

of tbe car while travelling'

2. The commi..ion recei\ed b) a 'rlesm"n i'

7 !o/o on all his sales lf his sales totalled
2

$2240, find his commlsslon

t^
3. Given that s = ut + !af' express d in

terms of s. & and ,. Find ihe value of a rvhen

1l
r = i0-.li = l: and r= r'

4. A man paid $51 fbr 3 shirts and 12 pens lf a

shirt costs $4.50 more than a pen, Irnc rne

pdce of each shirt and each Pen'

5. The diagram shows a dart board with cenffe

o. The radius of the innermost circle is 2 cm'

the radius of the middle circle is 5 cm while

the outemost circle has a radius of 8 cm lf a

dan ttrown is likely to land at a point on the

board, find the probability that the dart wiU

land in region
(a) A
(b) I
(c) c

6. The figurc shows a rectangular piece of wood

62cm by 118cm From its foul corners'

quadnnts of laalii 28 cm have been cut ofl
Find the area and pedmeter ot ihe remarnmg

piece of wood. (Take 1t = 3 142 )

28 cm

l"-



7. l-rom a solid cl linder uhoqe height i. 24 cm

and radiu. l4 cm. a conicrl ca\ ir) of height

L2 cn and ba\e rddiu5 l0 cm i. hollo$ed oul.
Find the volume of the rcmaining solid, giving
your answer cofect to 4 significant figurcs.

The following is a set of marks scored by
l2 sludenls in. Mcrhemadcc test marl'erl oul
of a total of 20.

18, 4, 7, 11, 15, 8, 14, I 1, 18, 19, 11, 20

(a) Find the mode.
(b) Find the value of the median.
(c) Calculate the mean mark of the 12

students.
rdt Anorher bo). uho ua\ db\enl on lhal

day, was given the same test the following
day and he scored .{ marks. With this

. .^ 2
new mirrl. ule mean nou become( lJ - .

Find the value of t.

The lifespan (days) of a cefiain kind of insect
is given in the following table.

Lif€span (days) Frequency
l4 32

9-t2 l8
13-16
l'7 20 5

Calculate the mean lifespar of ihe hsects. State

ihe modal class.

The Venn diagram below shows the number of
elements in sets A andB.

1,.

l

10,

8.

Find:
(a) n(A)
(b) n(A'. B')
(c) nl(A. B)'l

l4



1. (a) dd (f); (b) md (i)i
(c) and (€)r (d) and (g):
(i) and (k.)

2. (a) s (b)Dc
(c) AD,2 (d.) BC. 5
(e),4-BC,90

3. (a) 3.5 (b) vZ
(c) W,3.s l.t)z-Y.2
(e) rx, 2 (f) wx. 90

4..{=100',d=75'
AB = 3.5 cm, CD = 2.4 cm

i=rs",o=rzo'
MN=5crn.LO=3cn

s. (a) A,aaC = APoR
(b) LX|Z= LFEG
(c) Not congruent

6. (a) 56' (b) 16 cm
7. (a) 28' (b) 9 cm. Parallel
8. (a) 6 cm (b) 96'

Exercis€ lb
l. (a)t=90'.)=35',r=55"

(b)x=28.,r=34.
(c) r = 7.2,1= 10 8

-5(dir=9.6.1,= )-
2. (a)x=9.:!,=85'

O)r= 95".I = 52.. z= 4.8
(c.) r = 80',l - 10.5

4. r=2?0,)=;0,?=roo.

Ex€rcise lc

Answers
13. (a) (i) 1km

(ii) 3.75 kn
(iii) 300 n (iv) 13 kn

(b) (i) 8cm (ii) 30cm
(iii) 0.5 cn
(iv) 3.2 cn1

14. 1.1 km
ls. (a) r2kn: (b) 18 km'
16. 3400 ha
17. 2.5 cml
18. (a) 1cn' (b) 2 cn

(c) 5 cm'? (d) 25 cn
19. 3100 cm':

20. (a) 2 kn (b) 56 cm
(c) 3 LT'

2t. 126 kml
22, (a) ] 2 km, 0.8 rm

(b) 0.96 kn'

ReYiew Que$ions I
r. (a) and (h): (b) and (t)i (c) and

(g): (d) and (e)

2. (a) 70" (b) 60'
(c) s0' (d) I cm

3. (a) 100' (b)70' (c) 95'
(d) 9s" (€) 6 cm

4. (a) l0.9cn (b) 75'
s. (a) 4.2 cn O) 92'
6. (a) 6 cm (b) 8 cn (c) 53"
7, (a) 50' (b) 68" (c) 62"
8. (a) 60' (b) 7.5 cm
9. 48 crn
10. 4.5 m
11. (i) Yes

(ii) No
(iiD 4s

12. (a) No. Not all ratios of
conesponding sides equal.

(b) 7

r3. (^) 20ca O) 1.2m
14. (a) 20 n (b) 50 cm
rs. (a) a0 m O) 60 cn
16. (a) 24.3 kn1 (b) l.54cnf
17. (a) 1 cm : 250 m

(b) 750 m (c) 32cn1
18. (a) 10.5 kfl (b) I | 150000

(c) 36 cm'
19. (a) 6 kn (b) 14 cn

(c.) I krn:
20. (a) 11.4rm (b) 7 cn

(c) 2160 ha
2r. (a) 98 m (b) 2s cln':

(c) 4 ha

22. (a) 312 kn
(b) $82.80
(c) 2h42mi!
(d) 42 ktr/h
(e) $17.50

Exercise 2a

1. (a) 411 (b) 72 books

2. 7.5 mi32books
3. (a) $6a G) s60

(c) $5

l.:lte

5. (al.l! rbll!
(c) 33 (d) 18

(e) 8 (f) .,/8

6. (a)7r5 (b)3:8
(c) 9 :5 (d) 5s:2a

7, 8kg
8. 1.5 n

Exercise 2b

l, (a))=3i (b) 30
(c) 3

2, (a):r= 1.5), (b) 10.s
(c.) 8

3. (a) Q=1P (b) 3s
(c) 6

4. 17.5

6.4
7. (a)l=l2,2lix=8,1r5

(b)y=1.5:.r=36,44
(c)] = 2.4,6.6::r = 8,9 5

8. rar c = :d (bl $75

(c) 72 km

9. (a) 137.2Newtons
(b) 22 ks

r0. (a) 60 (b) 4.8

rr. (a) 22.5 (b) l0

13. (a) : = 8)
14. {a) $13 200

(b) 380
(c) C=41n + 5000
(d) No

I

l.
2.
3.
4.

7.5 cm. l0 cn.3.5 cln
(a) 2 (b) 8 cm, 10 cn

(a) 4.5 n by 3.75 m; 16.875 m'
(b) 3 n by 2.25 rnt 6.75 m'
(c) 78.75 n'7

6. (a) 36 m (b)acm
7. 1 cll1: 2 n: 12.5 cm
8. 2l cn
9. 58.3 n
10. (a) 80.2 n (b) 68.5 

'n11. (a) 5 kn (b) 1.5 cm
12. (a) s cn (b) 7.6 cn

(c) 2.5 cm (d) 0.s cn



I

I

I

ls. (a) $1360
(b) 135
(c) D=8r+6{X)
(d) No

16. 95 tonnes

Exercise 2.

1. (a) )aDdl
(b) r and 1t
(d) q andp'

G) n and (n-1)'
(h) r-2and(x+ 1)'
(i) l-l and:r
C) 2]+r

(k) y and :

0)r*d;
2. (^) y =2t

(b) s0

3. (a) r=4)'
(b) 864
(c) 3

4. (a) :r = 2-
(b) t6
(c) 12.5

5. 63
6. 2',7

8. y = 36.225a x = 7,2.5
9, | =81.192|.r=5,1
10. n =0.016. 0.686: /=0.5, 1.8

11, (a) I = 24.5 7a

O) 612.5 cn
(c) 2s

12. 5 cm.36 hours

Exen:ise 2d

(b), (c), (e)

20 days

17- h

(a) Elo carde

O).1o dals
28
2 davs

1.
2-
3.
1.

7.
8.

9, 10.5 hours
10. 36 houls
ll. 21 nin
12, 1l

Ex€rcise 2e

1. (a) )=- (b) 1.25

(c) I

2. (a) )t= -
(c) ;

(b) 8

0.5 l3. (a)r= - orz= -
(b)0.1
(c) 2-s

4.6
5. - br0.5

6. 1.4
I7. (a) r=8. r-.'=5.1

(b) ]l=6,4.8;x=05,8
(e, ! = 12, 1.44t x = 4.5. r4.4

8, (a) /= 300 000 000w

O) €o0 kHz
(c) 375 m

9. (a) 2 anperes
(b) 2 obns

10. (a) 200

(b) 8

r1, (a) 32

(b) a hours

2

Exeftise 2f
1. (a) )' andt

(b) ] and r'
(cl I and rf
(d) d and pl
(e) n ana zrf
(f) z and lrl
(g) ) and (:v+l)':

(l) )+3 and;
(i) )+1andl
C) 2)r 4andr

I
(k) ] and -

-l(l) )'and --

3232.(a\r=V fr);
(c) t2

3. (a) P= J O)6.2s
(c) 5

4. (a). = r (b) 6.75

(c) 81

5. 2.5
I

7, n=31!=l.25ax=20

8. (a)F= -
(c) 1.26

9. 20 cn

(b) 1.6

Review Questions 2

1. (a) ), = 3i (b)4

2. 28t 6

. ?. 
"1

4. (a)a+3cob=29

a+1OOb=57
(b)a=8,r=0.07
(c) $30.40

6. Y=4xri 864; 10

7. 13-
2

8.5i8
9. (a) 28
10, 81

11. $225

(b) 110

12, (a) r = - (b) 2

13. (a) z= - (b) 3.6

3
14.

15.16

16. $45, $80

r7. s =sf
I

18. x
19.7



Exerctue 3a

r, (a) 6a + 3b

O) lzt + 16l
(c\ 1sc - md
(d) 35t - 14t
(e) -6h - 2rk
( -24a - Anb

G) -42r + r8l
(h) -27, + 18/.

(D -6 8r

C) l0 + l5:t

2. (a) 101 + 2{)
6) 6a'1 + 2rdb
(c) 1&l tur
@J s; - sab

(e) 5rn 3'k
(r) -6a'. - gab

(d at + 6hk

(h) -8# + 20nn

$) ua'z - 2rab
(:) 6hk + ztt:

3. (a) 5r + 17 (b) l3r + 27

(c) 3h +'t (d) l0:r - 5

(e\ 2sh 42 (D 3&-28
G)3-e (h) 30r-32
(i) 63-33r (t) 13, 16

4. (a) 3; + s' (b) s'1 + 7:r-

(c) 9.l+4r (d) 29r - 31

G) -Bi , $ 'tp'1 1Ps 
.

(g\ -3a' G) loab 84"

i) 1f - 12Pq (i) 6l+ 19)r'

Exercis€ 3b

r-,c) t +r]a+2\
(b) a? 1la + 30

(c) c'z+ s. 14

(d)l-8r-9
(e) ,'+ 18t + 8l
(0,?-18r+8l
G) | +2$ -3.]
6) b' - )6c'

$ #-nP-6r|
(i t+6eJ+sJz

2.(a)l+4'I+8
(ti) 2x1 + t6x -'l
(c) 8./+'-3
@) 5l + 28x -u
(e) 1'; +5,+a
(0 -l + ll:r- 13

G)l+r-8

O) 3; 15:r + 12

(i) 5l-10i+3
i\ -31+2er 5

3.,3J1+3i+3x+2
(b).f zr-l
(c) l+'1 3:r+ I

@); 4l +1x-6
G\ a3 + 6a1 +'1d 6

lft al-6a?+r3a-t2
G)'r-l-13.r+28
(Dl-l-2r,+s
o | -4! -23x-6
C) ?-l + # +x-r

Ex€rcise 3c

1.(a)a'+84+16
(b) m'z + l4m + 49

(c) I 1&r+81
(d)4i-4,+r
(e) I 6r+9f
(D 4 + 12k+ 91C

@)t-4pq+4q'
(h) .: - 8cd+ 1612

(i) 25r' 30i + 9

q) 16-24t+9t'
2. @) 4l -25

O)9J-16
(c) 25': - a

(d) lt -9
(e) 49 4r'
lo4t ta
(s) 36t -2s
6)2sp'q'
(D 4l - rz1

C) i'- l'
3. (s) 2aq 996 (b) 89 975

(c) 9996 @\ | 447 m9

(e) 811801 (f) 808 20r

(g) ?95 664 (h) 648 025

(t 49oo c) 6400

4.24

6, 118

7.61
8. (a) 59

(b) 328
(c) 88 888 888

Ex$cise 3d

1, (a) 2(4' + l)
O) a(, 5)

(c) 2r(x + 3)

(d) sr(:t 5r)
(e) 3' (r - a)')

(f) 2r(5x- 9)
(s) 4ryO 3.)
(l) 7)(2r 7l) 

1(i\ 3ab(a+zb+c )

C) 5i(21'+ 3r + 4:)

2. (a) (1 + YX' + 2])
(b) (:r + 2)(i + 3))
(c) (p+q)lzs+t)
(d) (p + {)(3r + 20

(e) (i + )X! + ))
(f) (r + 2])G - 3)

G) (zr + zX3) - 2)

(h) (2a + b)(. - 24
(i) (' + )Xr 3)

(j) (2a + b)(3c - O
3. (a) (1 + ?axl +l)

@)(p-r\(Pq-2r)
(c) (ft 1X7r + d)

Q) (P + 2q)GP - ar)
(e) a(u + 3)(2a' + r)
(f) l)(' + ))(, 5)

(s) a(sa 2b + 30)
(h)Lt(21 a b)

(i) l(3n l)
(:) p(2n - 5n)

1. (a) (' + a)'
(b) (ir + 2)'z

(c) (d + 3)1

(d) 2(r + 1)':

(e) 3(, + 2)2

(f) 4(i + 4)1

(c)G-31
(h) (r - al
(:i\ (h -2)'
0) 2(i lf

2. (a) (r + r)'
(b) (i + 3r)'
(c) (4r + l)'
(d) (3d + ab)'
(e) aG + ))'
(0 (sr v)'
(s, (7r 3z)'



3. (a) (r + 2)(r - 2)

G)G+a)(i a)
(c) (t + 9)(r 9)
(d) (5a + 8X5d 8)
(e) (6x + 7X6r 7)
(0 (9 + anxg 4')
(g) (8 + 3aX8 3a)

lh) (9 +2h)(9 2h)
(i) 2(:r + 3X.x 3)
q) 3Q + 7)(t '7)

4. (^\ (h + k)(h k)
(b) (' + 4lx:r 4))
(c) (2c + sAQc sA
(d) (6b + a)(6b a)
(e) (1c +3AQc 3A
(f) 2(r + 5,Xr 5))

G) 3(r + 3lxr- 3r,)

I-\\ 4(4a + b)(4a b)

/ tr,\
lk+:h \ k,-h\ ,./\ ,.r

s, (a) 1800 O) 3600

(c) 10 600 (d) 54
(e) 170 (r) 41 200

(g) 795 600 (h) 806 000
(i) 526 000 (i) 318 000

6. (^) 9416 (b) 51.6

(c) 2700 (d) 2300

(e) 470 (f) 84o

7.(a)(r+)+lxr J 1)

(b\(c+d+2)(c-d 2)
(c) a(a + 6)
(d) {19 + 5a)(11 + 5d)
(e) (2r + 9)(2x - s)
(r) (11 + 5d)(1 5d)
(s) (1 + 5.rxl 5I)
(h)('7a+b+5\(1a b-5)
(i) (2r +4' -r)(21 2J-1)
O (sa +, - l)(sa ,+1)

E:ercis€ 3f

r,(a)G+4)(r+2)
(b) Ll + 2)(t + 1)

(c) (r + 8)(n + 1)

(d) (, + 7X, + 4)
(e) G-BXr 3)
(D k - 2)'

G) (n - 5)(ft -a)
(h) (r+ 2X.r 1)

(i) (a - z)(d '7)

C\ k+a)@ 2)

2. (a\ (Lt + 3)Q + a)

O) (3d + 7)(a + 1)

(c) (aa 3Xa - l)
(d) (t 3X? 2)
(e) (6a 5Xd + 4)
(f) (sp 3Xp + 2)
(s\ (3p + 4)(2p - s)
(h) (aa - 3Xd 1)

(i) (2n+1)(zn+3)
0) (3p - ax2p + 5)

3. (a) 4(r + lxr 2)
(b) 3('I + 2Xr + 3)
(c) 2(zr + r(x + 2)
(d) 3(2r - 3Xr + 4)
(e) 4(2' - 5X, + 3)
(0 2(3' + 1)(2r + 1)

G) 3(3r 2)(2r - 3)
(h) 2(3x 2)(2, + 3)

O 2(2I 3X, - a)

(t) s(7x 3Xx + 2)

4. (r) (6ab + 5) (ab - 4)
(b)(3r0,2)(b+3)
(c) (spq+ 3) \pq 2)
(d) (3ry + a) gD, 5)
(e) (4 +.ry)'
(f) (s - hkf
(s\ (:zhk -3) (hk + s)

Or) Qnn- r)(znh 3)
(i) 2(3pq - 4) Qp.1+ 5)
(:) (shk + 3) (hk + z)

Exercis€ 39

1. (a) 0or9

(c) 0or5

(b) 0or 7

(d)oor;

(e) 0or1+ (0 0d ri
(s) 2or 3 (h)-5oi7
(D aor 11 (j) aor9

2.(a)0or 9 (b)0or7
(c) 0or 4 (d)0or-5

G) oorl+ (g oor +
(e) 0 or4 (h) 0 or 3
(i) 0 or -3

3. (a) ia (b) t2+
(c) 18 (d) tl
(e) 15 (t t5

ft) 11

(i) 13i

(b)d=3or-9

(d)q=5or-12
(e)r=15or-8

(f) a= ,o, 5

G) l=9or 7

(h)P=2orli

5.k=-8.t=5

2

ExEcise 3h

(i) n=;or 3

l.
3.

6.

7.
9.

11.

13.

3 2,2
7,8 4. 5.7
8, t0
9. 18or-9, 18

4m 8.5
6.9 10. 34 ctn

5,t2 12.4,9
16 cm,28 cm 14. 1 or 3

Revi€w Questions 3

l. 6\ 6a'1+I'lab+12b'z
lr) r2d z3ab + sb'z

(c) 5l: 13tr) - 6)'z

G) 1ia + r'1 xr - l2f'z

t"t !'ll-+ry+9

ct sa" + 4!db + \8

6 !o, a !o6., )_6.
l.t 16

u !o4t,t - latx,yz
16 4

i\ Lx+ - la'1b'z

o l;- lr'
2. (^) 4(r -2r + 42)

b) 5a(a+2b+2c)
(c) (a + bxr z)



(d) (2t+l)(2I+) 3)

(d) (p + q)(3a 4b)

It) (n 2n)(5 n+zn)
G) (r r)(a - b)

(h) (i 2)X' + z)
(i) (3d - zxa'?+ 1)

(j) (r + lX' + 2X, - 2)

3. (a) G+s)'z
(b) Ct + 7)'
(c) 2(r + 3):
(d) (' a)'z

(e) (a 6)'z

(f) 3(' - 1)'
(€) 6(P'+2d(P1-2q)
(h:) 2Px(P -3q)(P + 3q)

(i) 4l('+2r)(ir-2])
0) 2,(412+tX2)+r(4-r)
k) 4(4d + bltQa + b)Qa - b)

4. (a) (r + 9Xr + a)
(b) (l1- lxa- le)
(c) (a - lxa + 16)

(d) (21 3)'z

(e\ (sp.t + rY
(f) (3 + ))'
(g) (1 + 6'1)'
6) Q + 2a)Q -2a)
(i) l0(3.P+1x3.ry-1)

s, (a) 2 or 10

(b) 3 or-;
(ct 3or 1

I(d) r or

(e) 0or2
(f) 0or 3

(s) 3ot3
(!\ -2ot2
(i) -1or-5
6)9or-1

7. (a) (16x + 2) c'!
(b)(15x'?-x-6)cn'

,=4:66cm
8,5

10. 3 or 12

11. 30

f; ! =z'sro

r"r [iJr
(b) (i) (i + s) knth

t"rffi)n
(") +-*=i
(d) 37.58 or-42 58

(€) 128 rnin
(^) 9r-x
0)) 6.284 urf

(a) 8, $2 O) 20

(a) 1:800 000

O)ecm
(c) 7.75 cn'
(a) 6 cm,4 cn (b)20

(s) t 5x

@) z2l - rz,1 + 19\

5s. (3) -
6

R€vision Exercise I No.l

1.

2.

3.

4.

(b) 18e

6. (a) (:r + y)(P ql

(b) (2.-3)(. r)

7. (a) lor:
2

(b):or1

s. (a) 100 000 O) 10

9, ls9 nn3
2 ^_q

10. (at(ir 10 (n) t';

GXi) 33 (ii) 2.57

Revision Ex€rcise I No 2

2h40nin
;=t.

1. (a) 6a
(b) $210, $60

2. (a\x'-lx-8
(b) l1r - 2

3. (a) 11?',141'. 102'

0')'72

6-

(^) 3a7 + 23ab + 43b1

&) t7; - 2ab

(r) 45 crn (1,) 2.88 km'
(a) 5'y(.r 3) s)

(b) (2d - 3r)(i y)

(c) 3:r(s + 3)Xs - 3)')

(d) (3x - 2)'

o) (i) 95' ci) 40'

3

(^\ 6'-6=2ro=5'<6xj
(b) 18 x 19 x20
(c) (' l)x(' + 1)

MBC and A/PO: i = 7.8,

ReYision Exercis€ I No. 3

1. (a) i= ?8".t = 130'

(b) 12"

2. (a) 30',90" O) 6.5 cm

3. 6\ zx(3r+2r)(3' 2t)

\b\ L| + zrY - 2f
a. (a) 3(r + 2)(i - 2)

(b) 60 krn'h
s. (a)l=3(2,-3)

7.

7.

E.

(i) 33

13 ,r

(a) 2480 rn

(a) 18

(c) a0

9. (a) 23.79 d, $48.s3

(b) 8.1670

10. (a) (i) 7

(b) )

(ii) 12

(b) 0.7s cm

(b) 20

(iD I

ReYision Exercise I No 4

1. (a) $229.50 O) 12 kn''/h

(c) 90 kln

2. (a) (i)2a b 6)L{+r-r
o) o 40 (ii) 3

(iii) 2l



3, (a) t

(c) -
4. (a)6,8or 8, 6

(b) 10 yts,4{l yrs

2o)-

s. (a) 6
6. (a) zcn

(b) 17940 li $36.60
8, 10.s cm,8.3 cm

9. 89.6kn'

125

10. (a) r.= 30

Exercise 4a

(b) 165

O) 16 In'2

(b)r=64

2. 17

Revision Exercis€ I No. s

1. (a) €o crn
(b) lh49nin

2. (a) 6]ts;48 yrs
(b) 6 days

3. (a) (0 4.2 kn
(ii:) 29.6 cm
(iii) 19.2 c#

(b) (i) 11.75 cm
(ii) 5l.2km
(iii) 51.2 kn

4. (a) - 8'l + 10:r 3

O)13+t-5:r 10
(c)6-5r-2l'l 101

s. (a) (r - s)(r + 2)

O) (r + 2)(r - ])
(c) 3(3r + 2i(3' 2r)

6. (a)gor 3

(b)7or 2

7. (a) $9.20
(b) 126

E. (a) 24.5 cm,26.25 cm

(b)x= 16 .)=20
(c) 8-l cm

9. (a) r2+ 1,1x - 15

(b)t'231+39r-12

8.-

2,i
Exercise 4b

9,

11.

l.

3.

7.

9.

11.

3\"Jt)

!!:):

!12!

L

I

I

-nY' ;4,t

to.o;i
D.i#;i

10. 1

16- p+2

i. _!

20. 
-

"".-'o

R na:b

rot
11 6d2,lr

2, Zx

.

;

!
9

tt2

*b

17.

19,

r1
Exercise 4d

5.; 6. -1

7.'8.

9- :-:--: 10.

lt. rj____::__ 12.

fi. '' - 14.
2

Exercis€ 4e

f. :j:---: 2.

3.t 4.

5. __::____j: 6.

z. !j2 8.

9. - -^ 10.

lt. _" -_ 12.

13. - 14.

15. 111

Exffcise 4f

1. (a) 

- 

(b)

b(a - 2b)

_t!

L

!2
3(r 3t)

l:l

l!+2

.+l
5

2h- t

1

a(, 
")

r(+"+s)

4",4
(c)

(d)

(f)

('-')(,-,

,(' 4
(' ,(,,.,

(,'- tG ,)

(3r+ 2)(2r - r)

€r (3" 5)G" _ 
4



(h) (s.. 'X', ,

(i) (or+?l\5'-41

F;1(6 5,

(c) + (d)

(e) Y (f)

26-1,

:le. s)

t,t 
"

3.

3r+5{hl- fl) -
(r:j + 1l

rol' z)(i),*

. . 2(2r 3r)
tcl -r,+3y

(d) i .,- ,

^1.-31,.-4)

(f)

(h) I i(, ,)t,''t
L

L

(D

2, (^)

(9

(t

(,n - t\- +,)

2o1 -3o + l

a-\'

(t

Exercise 4g

1. (a)

(c)

(e)

(c)

(i)

e=6

_3
5

2

3

12

13

ll

(b)

(d)

(f)

(h)

6)

2. (^\ n =,3 O)

Ex€rcise 4h

1.5

3.:

7. 24. 45

9. 2'7 yr
11. 20 cm

13. i20lT
15. 288 srveels

16, 672 natches

17. (a) 
- 

h

,120
(b) *r5 h

(f)

2.8

4.2

6. 15,24
8.7yr

10, 22 yr
12. 20 km
14. 336 km

(d)

(h)

U)

42n 420 41)

''' . r+15 b0

(d),=90;4h40min
18. 48 trn/h
19. r =12
20. r = 6,32h

Exercis€ 4i

1. (a)

(c)

(f)

(9,

(h)

2

a- nc - mb =n(c b)

(i)

(e)

2- (a)

3.

(d)

(f)

, = :j: (b)

2

3(r sz)

2

@)o=; b

6'y r= 3l -o

$ u= --:8t

\c) c= *b

@)a-L

\e) b= 
Gl

fi) ,= Id+ 18

b-- lLG)

(h)

(i)



Exercise 4i

r. (a\ a= b'z (b)

(c) a= -lG,+8)

(d) a=zE

r----
\l'- l;j

1,.
2

2b

3b- |

(h)
l;

tr K,,b

t=!",E '
. lr b-

(i)

o)

2. (t)

(b)

(e)

(9

(g) P= 
J*

O),-t,/6,+4*

(d) r=1r'

t= rJ.1

- !!2
p=3q

c)

3. (a)

(b)

(d)

(o

(9,

(h)

,

5p

Exercise 4k

1. 45

.1. (a) t 2-

t:;

5, (a) 4

6. 5:
'7

(c) r",4t
1. @) m6.1
8, (a) 7861.3

(c) 6.441

9. (a) 1?.f,0

(c) 127 .49

O) 140:

_t5

(b) t10

(h) 126

o) 19.07

(b) 16.66

(d) 9.81

o) 688.4

Review Questions 4

1. (a)

(c)

4

3r'+ 2

,
ll

4- 3r

9r+ 13

5

(b)

(d)

(h)

(f)

(i) -'
'' (2r- 1)(5r + l)

(ir '_ -

-. 3r-17tKt 

-

(l) -'

tm, 

-

(2r + l)(2r l)

(nl 

- 

iol

2.6 2! 16 t+1

(d) 2: (e) -
(g) l0 (h) 35

rir 2l (k) I

i,i'];

l?J+6,

(c) 7

(f) -37

tt -21

orf 1"1 6. zr 6 l:, rlJ

l. ra) ) = --l O)

t"r o=1 tat

o l= -lL
4. t6 5.

6.4.6 7.

10.)=/ 11.

12. 135 km 13.

g. * 1s.

16. 48

61200 6121N) 
^^

16

252 krn

['''i)

18. (a) o) 
". r,

5300

5300 5300 , rr
r+12 t6

(d) r = 116;293 I

Exercise 5a

1. (a) (1, 2) O) (2, 1)

(c) (t,1) (d) (3, 1)

(€) (1,3) (f) ( 1, 2)
(g) (1, 2) (h) (3, -1)
(i) ( 2,4) (i) ( 3,2)

2. (a) (a, 1) (b) (2, 3)

G) (s, 1) (d) [r,;J

('i'')
(', i)
(rz,'7)
(7, e)

t"r (', j) trr

tsr ('j,i)or

(D 0, 1) (i)

3. (a) (8, 8) (b)
(c) (e,3) (d)



(g) (2. 1)

(i) (1, i)

(f) .r = 13,1= ll
(g)r= -l,)=3

2

(h):r=16,)=-4
(i):r=12,r=-2
C)r= 1,r=l

Exercise 5c

1. (a) (6, 1) (b) (1, 3)
(c) ( 1, l) (d) (3, lo)

/-L -bl
{e) (1. 2) (f} r; ): I

(gr le,4r Inr lq 
Ll.]

(D (2. -r) 6) (4.4)

or [2,-rj)

oi [ri, ri)

4. (a) ( 7, 13) 1r,) [r, 
r3J

.l-)\ .../.r ^l

r"r fr9. rol (o r-1,5)

(9 l-43t, 34.J

(h) ( 5, 6)

Exercise 5b

1.(a)(2. 1) (b) (3, 1)
(c) (-1. 2) (d) (s, -2)
(€) (a,s) (9 ( 1, 2)
(g) (-2. -a) (h) (2, l)
(i) (3.2) (i) (4, 5)

2. (a) (1. 2) (b) (2, 3)
(c) (3, l) (d) (3. 1)
(e) (s,-6) (t) (1, 2)
(g) (1, -3) (h) (2, 2)

(r) lr, 1;]

u, [' ,, 
.]

2. (a) (3, s)

(c) (4, 3)

r.r fl.ol
(g) ( 2, 11)

,r' l:1- ql
\2 l

(d) (-3. 5)

(f) (r5,5)

(h) (3,6)

Exercise 5d

l. 113,25
2. 146" 31'

3.221,13122

5. I kg of poratoes costs $2,

1 kg of cdols costs $2.40

6. $3 per stool, $10 per chai'

t. 1

8. $15 per belt, $27 pef wallet
9. 21cm

10. l
5

11. 40. 8
12. $32. $48
13. 30 cm

14, -, :-
1s. (a) 8 cn (b) 32 cin
16. 9 five-ceni coins, 6 twenty-cent

17. Father: 40 F
Son: 10 yr

18. 65

19. 15,5
20. r = 6,1= 7.44 cm

21. 26. 11

22, 20 fifty-cent stmps, 16 ten-cent

23. I=20cm.B=18cn
24. Bark A = $l 300,

BankB=$1200
25. 420 km

Area = 875 cm'

Review Questions 5

r. (a) r=2.1= 2
(b) r=2,)=2.5
(c) r=l,r= a

rar,=rl,r=-s

L€l x=;,)=-;
(r) '=3,)r= a
(g) r= l.l= 2
(h) r= 3,1= 5

(i) x=2,)=1.5
2. apple - 4O0.

orange - 35C

3. r?. 14

4.A=$ll.B=$13
5. 6, 14

6. pear 150.

nfigo - 25C

7. 40, 110

3. 1
10

e. 1

10. I i yr; 41 yr
11. 14 ks, 6 kg
12. 68 kdh, 80 knrt'
13. 48 kn/h, 52 kmnr

14. 48

ls, (a) (2, a)
(b) ( t, 3)

16. therc are 14 more bens

Exercise 6a

1. (a) 9.,{3 (b) 13.1

(c) 13.3 (d) 4.82

2. (.) l5cn (b) 17n
(c) 5m (d) 2am
(e) 9 cn (f) 29 cm
(s) 12 cm (h) 60cm
(i) 45 cm (j) 65 cm
(k) 8.06 m (l) 9.22m
(m) 6.71cm (n) 8.67 cm

(o) 8.20 cm (p) 12.8c

3. (aI (cl (dI (et (s), (h)

4.lat 1.0'7 (b) 7.21

(c) 14.7 (d) 12.3

(e) 20.8

5, (a) 1= 16.t = 9
(b) a=25.1=14,1

6. (at 22.45

(r)) I=10 r=18.03
t=14.73.J- t2

(d) a= 17.)=25.92
(e) -.= 15-81.1= 12.25

(f) r= 8.06,) = 9,. =9 85,

(g) r= 6.02

I



Exercise 6b

l. 4.66 m
3. 3.80 m
5. l0 cn
7. 28.3 cn
9. 6.63 m

ll. 1.73 cm
13. 6.32 cm
14. 9.22 cm.5.86 cm
15. 60 cmr

16. 24 cm. 168 cml
u. (a) 6'+ 8'

(b) (i) 12. 16,20
(ii) 15.20,25

(c) (i) 25nr
(iu 21,28,35

\d) 0 7.24.25
(ii) No
(iiD 9.40.41

Review Questions 6

r. (a) 11.4 (b) 10.3 (c) 9.62

(d) 10 (e) 12 (f) 2s

2. 28.7 .m
3. 120 cm:903 cmr

4. 92.3 cm,2210 cm'
5. 11.2 cm

8. Yes

ReYision Exercise II No. 1

l. 308 cm'
2. (a) 3 or-12 (b) 3

4. \zl 2pq 4p' '7q'

}i:2rb1-aa'1+3b
5. (a) 5(r IXr - a)

(b) (sa - 3b)(2a 3b)

(c) (7a + 8b)(4!1 3b)

(d) (ab + 5r(ab -5)

(c) '- .

7. x =2.! =-3

8. jr=5-i8.06,3.46

l0- :

Revision Exercise II No. 2

1. I min
2. (^) a'+ b'

O),'-)'
3. (a) 29.40

(b) s8, 91

(c) ,

4. (a) 3:

(b) 8:
,... t

(d) 2or 9

s. (a) 2 (b) 2{3

7.!=24,r=4,r=3x3
8.(a)r=3,r=-l

(b) (D $28
(ii) $15

9. (a) (2' + 5X2' + 7)
(b) (sr + 3)(r- 1)
(c) (2r 3X3r - 7)

10. x = 10 8, ), = 19.2 z=144

R€vision Exercise II No. 3

SdlL (arr= I

,. 2db
{orc= 

- 

-3(2b a) 6

2. (a) 65.71 km/h
(b) s6 cn

3. $4.80

,t. rar +1 or 11

5. 300. 250

6. x = 11;7 cm.24 cm. 25 cm

7. (a) /=15 (b)F=26:
3

8. (a) ('- 15)(r-23)
(b) (2x sxx + 1)

(c) (3x + 4)X3r 4r)
9. (a) 0or 3

(b) -l or 3

10. (a) 5rr + 30x 10

(DJ 

-

(J l)(J + 1)

G) 1-:

Revision Ex€rcise II No. 4

1. (a) I
2. (a) 549

.. 2E

v'+2sh

3. 668 cn'?, 103.7 cn
4. (a) 5.97 s

(b) 30.s cn
s. (a) 2(r + 2X' + 3)

(bi (x+)'+2)(r+)'+3)
(c) (a1 + t)la + b)(a b)

6.r=5,1=3

8.:
'1

9. (b) 18.87,
(c) O.123E .6.99%
(d) Asian econonic cnses

Revision Exercis€ II No. 5

1. (^) 2.29%

, (b) 71.10 hows
2. (a) 42 ks

(b) 67,9

2, 50.3 n
4. 20.3 cft
6.3
8. 58.3 m

12. l0 cn

(b) a=

o) -l



3. k= -L:3.125
4. 32.3 cn, 6.32 cm

5.r=0,1=-1
6. 875 ct#, 43-01 cm

7. (d t=: l!.25

o) ls, 16

8. (a)
lt+2)(, 1J

r0. (a) (i) 0' + 2X' + lX, 1)

(ii) (r+2xr 2Xr+3)6-3)

o) (' 243 (ii) 391

Exercise 7a

1. 20 cm'
2. 46cm3

3. 2 550 000m'
4. 23.3 clnj
5. 5cn

1- 1.5 cm

E. 5cm
9, 960 cn:
10. 32.5 cm

11. 0.75 cm

12. 26',70 E

14. (a) 13.7 cm
(b) 660 cm'
(c) 504 cm'

15. ?824 clnr. 53.7 cn',
3?780.6 cm3

16. 173 cn
17. 6.93 cm

18. 8 cm

19. l2lrl'

Exercise 7b

1. (a) 528 cml
(b) 257 cm'

(c) 180 cmr
(d) 12 941Inn3
15 cm

24m
3.00 cm

28.7 cm

8192
(a) 88.0 cn
O) 1320 mn':
(c) 16s0 cn
9.01 cm

16.0 cm
(a) 2.5 cm
(b) 39.3 cm'
20,1cm:

1230 cn3

2706 mmr, l29i mmz
(a) 3s2n'?
(b) ss3 n'
(a) 603 cln3

(b) 3?? cn
1560 cn'

14. (a) 22s8 un3, 902 cnrz

(b) 32 340 crn3, s082 cml

15. 313.,15 m'
16. (a) 5088n cml

(b) 1104 cm'

1?. (a) 15 300 cnr
(b) 3210 cn'

18. (a) 44 4o0 cm'
(b) 7610 cml

19. 1.28 cn
20. 20.3 cn1

21. 14.9 .m
22. 6J 182 cm

(b) 2.21 cm

Review Quesliorc 7

r. (a) 134 00o cnr. 15 loo c#
O) 334 m3.242 m'
(c) 2.s9 nlr. 11.9 n'?

(d) 23 200 cm3.5aa0 cm'
(e) 13 100 cn:. 3600 cm'

2. (a) 323.87 cn
(b.) 523.67 cni
(c) 100.5a cn'

3. (a) 4m
o) (i) 0.181#

(ii.) 5.79 r
(c) 115 h

4. $235.62

5. $141.81

6. 8; cn

7. 1020 cn
8.5.34cm,3.44k9
9. (a) 400

EN
(b) tl., L.4,r nrjn

r0. 3: I r2
r1. 113 l50litres,43 986

12. 8062.65 m:. 117 253

14. l0 115 kg/n:
rs. (a) 794 g

(b) 10 525.76 kg/mr

16- 22O .rn
17. '7 .93 cn
18. (a) 0.6 cm

(b) 0.622 cm',0.679 cn'

3.

4.

6.

1,

E.

9.

10.

12.

2.

3.

4.

5.

Exercis€ 7c

13.

14.

16.

17.

18.

7.

8.

(a) 2140 cnr
(b) I I 500 mml
(c) 268 m'
1890 g
'709

621kg
(a) 6.97 cm
(b) 14.3 n
(c) s.7l m

O) 7.20 mn
(c) 2.25 n

(a) I810 cn
(b.) 1020 Iu?
(c) 113 ml

9, a62 cm

10. 5.88n,434 m'
rr. (a) 4.09 ctn

(b) 24.0 mrn
(c) 15.e n

12. (a) acn
(b) I5.1 mn
(c) 3.5 m

13. 12.0 cm.72,10 cnl



Exercise 8a

1. (a) 0, 1, 2, 3.4
(b) 1,2, 3,4,5
(c) 2,0, 2, 4. - 6
(d) 5, 4, 3. -2, -1

3. (a) 2, s, 8
(b) (D r,6.8. 9.5

(ii) 2, r.4.-0.7
4. (a) 1.0,4

(c) (i) 2,6, r0
(ii) 0.s.0.4.0.9

Exercise 8b

1. (a) )=2
(c) )=-3

2. (a) ,=12

,. l

3. (a) r= 6

(b) r=9
(d) v=

2

(d) ]= 8

,. t(et t=_3
4. l,= 15,J = 11, )= 3.) =0,

j,= 3,)= t0.l=-16
5. x= 18,x= t3.r=-7.

r- 3.i=0,r=4.r= ]].

u. ,u, | 1.31J, fo, l.1).\ 2/ t 1)

lr.:11. f z./l\ 2t t 2)
(b) (,6. -1). (6, 0), ( 6, l).

(4,2)

r", fl. rl, fl.oL\5 I \5 /

fl. 11. [:, z)\s / \5 l
(d) ( 1, 7), (0. -7), (1, 7),

(e.) (-1. 4.2), (0,4.2), (1. 4.2),

(2.4.2)

(0 ( 3.3, 1),(-3.3,0),( 3.3,1),

( 3_3,2)

G) (20. -r), (20, 0), (20. 1),

(2O.2)

(h) ( r. 16),(0.-16),(1, 16).
(2. r6)

Exercise 8c

r. (a)

(d)

:
3

l
1

3

2

o):G)
G) i (r)

(h) -G)4

Exercise 8d

2,

3.

1.

2.

3.

4.

7.
8.
9.

10.

11.

12.

2. (^) 5
(c) 2

7.

Yes, (2, 2). (a. 2), (a, 6), (6. 6)

Squde: (a, 2). (2, a), (6, 4).
(4, 6)

Rbonbus: (6. 2). (12, 4),
(0' 4), (6,6)

Kite; (2. 6), (6. 0), (6, 8),
(i0.6)

infinite number of solutions

x=3,r=1
x=4.t=2
r=O.t=2

r= 5,r= 3

x=2.6.y=-2.6
r= 3.r=-4

R€view Questions 8

o)2
(d) 4

(a) 2,3, 1 O) 7. 10. 13

r=25.1,=2_5r,1= r, r= -3,

Trapeziuni (2, 6) , (4, 8) .

(4,2) . (12, y))
(:a) -2 O) I

c)i (d)l

l|| ( i. r r. r+-. r- r. I o, z)i

I r unlt'

(i) (,1..1), (0.0), ( 2.1)

(i012
(a) They have equal gradienrs

but different y-intercepts.

They de pilallel.

(b) They have equal gradients

and equal y intercepts.

They are identical.

Elercise 9a

l. 13.5.4.5,8.20
{a) (o,a)
(b),=o

2. 14,-5.1,-5, 9

" /: r)
Yes,r=-,1-r-l

4 \4 3'

:. ,1,0, -zf, z,o

o)

(c)

(c)

2

-:2.2.4, a, 16

li) 4.2,1.21 5,2t2.7
(ii) 4.8,1.4, 5.4

3.0,3,8
(it 0.3,1,.71 0.7.2.7i

1.4, 3_4

(ii) 6.8:0-4;5.3

6,0, :1. 6. 6, 4.6
(i) 3.6,0.61: 4.9, 1.9r

(ii) 9.8, :1.8, 3.4

(iiD 6.25

nin, (2, l)

(u) )= 2-1., - 2-l

(d)

6. {a)
(c)

7. (a)

13(b)nin.(.5)
24

(c) max, (1. 2)

2l
(d) max, ( -. 26 )33

Exercise. 9b

l.

4.

5.

(c) r=0.5
(d) 0.765 or0.23s

(c) 1.25 cm'
(d) r.62

(c) $4
(b) (i) 17.2n (ii) 3.8s

(b) (i) 8.5mh (ii) 2 nr/s

(iii) 0.6s or 3.as



6. (b) (i) 8 handbass

(ii) 3,4.5,6,7,8.9. 10.11,

12, 13 handbags.

Revi€w Question 9

l. 4, o.4.0, (tl (2-,6:))4
bi r= 2-

2

2. (a) 5. - 4.0.12.21

(c) (i) -3.8. 1.E,8.3
(ii) r1.4,3.2.3.5
(iii) (0, 4)

3. (a) 16.9,1,0.9
(c) (i) -0-7,2.7; - I-8,3.8;

- 2.7.1.1
(ii) 11.6,0.6,7.3
(iii) 0, o)
(iv) r= I

4. {b) (i) -3.9,2.9: -2 8, 1 8i
,2, r

(ii) 7.4, s.8, 1.3

s. (b) (i) 0.7,2.7: 1.4,3 4:

18,3.8
(it 0.3, -5-4, 3.4
(iii) )= -6.4= I

6. (a) 2.4.10.1
(b) 8.s

(c) J= 8 5.J=6.5
7, h) A=4+3x-r'

(c) 1.5

E. (a) ) =r (85 tu)
(c) $7.08 (d) $261

9. (b) (i) a5 itens
(ii) s2025

r0. (a) 2.2s

(b) 4.4s 30.2s m

rr. (-2.0), (4.0). (0, 8), (1, 9)

12. (1.0).( 5,0), (0,5), (-2,9)

Revision Exercise III No. I
1, (a) I

G) 6l
2. (a) l5yr,45 yr

(b) 27.63
3. (a) 226.8 cln'

(b) I1.03 cm
4. ,12.6 crn. 2300 kg

(h) 21
I(d) --
5

s. (a) d= L;
(b) s6

6. (a) 5 cn1 (b) 30 cnf
7. 33.6 m
8, -4, 6.0

(a) 6.1 (h\ 2.1ot 22
9. (3,2)

10.5,0. 3, 12

Revision Exercise III No. 2

1. (a)

2. (a)

3. (a) (6,0). B(0,4): 18 unirsl
(b) a=3.b= a

4. (a) s=-,5
(b) 40, s4

5. 5a(21 + 3)\2a - 3)

6. (a) 405 cm' O) a.33 cm

7. (a) 6283 cnt'. l88s clll
(b) 1150 cm3, 53I cm'

8.(a)4.9 (b)23or-23
9. (a) 1 : 75 000

(b) 17.25 kn (c) 13.5 krn'
10. - 5,0,3,0

(a) 4 (b) x=I
(c) 3 or -1 (d) 3.45 or -1 45

ReYision Exercise III No. 3

2. (a) MBD and dCaD. rotate

180'about0
(b) ACPO and ACDB, an

enlargemeirt, cenbe C.

scale factor 2.

6 (b) 21
I (d) 3 -

t1 (b) $15

2

4. {a) 

-
15

s. (a) 9

(b) $289.00

(b) .(*4-

6. (a) 160.8 cmr,217.0 ctnl
(b) 50 cm

7. (a) (6r + 7))(6, 7])
(b) (124 + s)(d -3)
(c) (h + 6k)(h - 9k)

8, 12 cn.9.6 cn

(.a\ 2.9 O) 1 or 3.5

10. (a) 13.s cm Ar 2464 c]ll'1

R€vision Exercise III No. 4

r. iar 61 tb) 3l

2. (a+b+.)(a+b-c)
3. rar : rbl _

zL ,(r - 2)

s. (bi 9.33 cln

6. (a) lzs cnt (b) 60 cn

?. (a) l= 8:i (0, -51
3

(1,) (3, 2)

8. (a) 51.3 cnr (b)s.32cn
9, (a)lm (b)5cn
t0. 4,2.0

(a) 2.3 (b) 1.3

(c) - 0.6 ot 3.6

Revisior trlxercise III No. 5

1. (a) a.27 cm (b) 28.3 cm

2.(a)r=32o,)=48'
(b) 1s4 cmr, 88 fln

4. 11

s, (a) 88 cn r O) a84 cml

6. (a) 0,4 or :

ft) 1orz3
7. (a) a.9 n (b) 11 2 cn
8. 11, -5, 4, 4

(a) -a.8 (b) 4.3 or 2 3

9. 13 mln
10.:r=1.6.]=5.2

Exercise 104

(a) {Januar,J, June, tuly}
o) {11, 13. 15, 17}
(c) {b, c, d. f, s}
(d) {Tuesday. rhursdaY}
(e) {2. a, 6. 8, 10, 12}
(r) {February}
(a) The set of even rumbers

< 10.

(b) The set of even nutnbers
(c) The set of first 5 English

(d) The set ofbal games

(e) The set of fruits.



6.

(t

(a) r (b) F
(c) F (d) T
(a) r (b) T
(c) F (d) F
(e) F (f) F
(a) Yes (b) No
(c) No (d) No
(e) Yes (f) No
(a) China; the set of ASEAN

(b) Rubber; tle set of edible
fruits

(c) 20; the set of perfect squares
(d) 75; the set of perfect cubes
(e) pie chan: the set of statistical

7. (a) {A, E,I}
O) {red, orase. yellow, green.

blue, ildigo, violet]
(c) {9, 18,27,36,45}
(€) tNew Year's Day. Hari

Raya Haji. Chinese New
Year, Good Friday,
Labour Day, Vesak Day.
National Day, Deepavali,
Hdi Raya Puasa,

Christmas Day)
(fl {12,14. 16, 18,20,22}

Excrcise 10b

1. (a) r2 (b) 8
(d) 0 (f) 1

e)D
2. (a). (d). (f), (h), (i). (l), (m),

(n), (p). (q)

Exercise 10c

1. (a)
(b)

1c)
(d)

{2. 4. 6, 8, 10, ....., 20}
{,1. 8. 12. 16, 20}
{3. 6. 9. 12, ls. 18}

{1.3.5,7.9, 11. 13, 15. 17,

t9)
{r. t. 3.5.6, 7.9, 10, 1r,
l:. 11. 15. 17, 18, 19)

{r.:. -r.5.7, 8, 10, r1, 13,

r+- 16. 17. 19,20)

= {io. ii.32.34, 35,36,38,
1O..11- J,1.:r5)

/ = {-:5. Jl- +1}
c = {t1- ::. -11-.+3}

,r = {r{. 31. l:. l-+. 35, 37, 38,

t = {:i. i:- !. :5- 37. 38. 40.
l:.:t- r+l

4.

s. (a) +

7.

(a) r (b) r
(c) r (d) F
(e) r
A = {2,3,5,7},
a = {2,4,6,8. 10},
c = {5, l0}.
A',= {1,4. 6. 8,9. 10}.
B'=t\I.3.5,7,9j.
c = \t. 2. 3, 4, 6,7, a, 9j

(d) I
(e) + (r) =
(c) c (h) =
(i) * (i) =
(k) c (t) +
6) A, {r}, {2}. {r,2}
(b) Z, {pen}. {ink}, {nler},

{pen. int}. {peD, ruler},
{ink. ruler}. {pen, ink, ru1e4

(c.) O.{Singapore}, {Malaysia},
{Singapore, Malaysia}

(d) o. {a}. {e}, {+, {o},
{a. e}. {a. i}, {a, o}, {e, i},
{e. o}, {i, o}, {a, e, i}.
ie. i, o), {a, e, o}. ta, i, o},
{a. e, i, o}

(a) r (b) r
(c) F (d) F
(e) F (f) r
G)r (h) F
(i) r (i) r
(k) F
(a) {20, ao, 60, 80}
(b) {60} (c) {4.0. 80}
@)a

10.

Exercise 10d

(a) {b. c}
Ij) a
(c) {n, n, y}
(d) {t, s. c}
(e) {i. r, a,1}
(f) {a, i, o}
(a) {1,2,3,4, s, 7. 9}
(b) {1,2, 3,4,5, 6.7, 8 9}
(c) {2,4,6, 8}

(d) {2, 3, s,6. 7. 9}
(e) {2, a,6, 8}

3. {durian, mango, pineapple,
rmbuto, soursop)

tdurian, ndso)
4. (a) {3,6. 8, 9, l2}. {6,9}

O) {a, b. x, y,4 n. o. p}. Z
(c) {nonkey, goat. lion, tiger}.

18oati
(d) {a. m, k, y}, O

5. They m the same.

6. They are the same.

Review Exercise 10

r. (i) {6.9. 12, 15, 18,21,24.
21,30j

(ii) {1}
(iii) {1,2,3,4, 5}

(ir) {s-}
(iv)
(ii). (iv), (v)
(iv). (v). (vi), (vii), (viii)

L

(i) T
(iii) T
(v) r

(ii) T
(iv) F

(viD F (viii) F
(ix) F (x) F
(xi) F

6. (i) T
(iii) F
(v) r
(vii) T

(fi) T
(ii) T
(iv) T
(vi) T
(viii) T

(ix) F
7. (i) 70 (iii) 43

6. (i) {2.5}
9. (i) {3, s,7, 11}

(ii) {1,2,3, s, 7, 9, 11}
(iii) {1, 2,4,6,8. 9, 10, r2}
(iv) {4, 6, 8, 10, 12i
(v) t2]

11.



o
12. € t

lE.

19.

(i) A = {28. 40, 52, 64, 76, 88,

100]
B = {20. 34. 48, 62. 76, 90}

(ii) I
(i) A (ii) c
(iii) c
(a) 4 (b) 3

(c) 3

c = {1,5} or {1,1, s}
or {1,2. 3,5} etc.

Thus C is not unique.
c = ta, c, f) or {a, c. k}

Thus C is not unrqxe.

Ex€rcise lla

2.

3.

4.

(a) 43 nin (b) \s%
Very few execudves stay

(a) 90 ks (b) 92kg
_-t-

(a) 5.4 min tb) /r-"'
Abour three-quarters ol tne

chidren have shod attention

(a) XrZ school
(b) ,4rC school
(c) ,43C school
(a) Kevin O) Kevin
(d) John. He used more than

80 nir/day for 10 daYS white
Kevin used more than

80 nin/day for only 4 daYS.

Exercise 1lb

(a)3 @)11
(c) 14, 16

(a) s (b) 4
(c) 60 (d) 3

38.1

$35.86
(a) 8e O) e
(c) r2.2
2

7.4,5
8. 6)2a6
9. (a) $8400
10. 168 cm
11. (a) 27 cm
12. ll
13. (a) 6

(c) 24 s
14. (a) 57.5

(c) l.s

(b) 47
(b) $770

(b) 42 cn

o) 13.s

(b) 45
(d) 65

15. (a) 12, 13, 14
(b) 1 .r2s,'t ,1
(c) 96.1.98,98
(d) 4.4,6

16. (a) $829.63 (b) $850
(c) $760

11.6.4,6.5.1
r8. (a) 2.s8 (b) 2

(c\ 2
19. (a) s (b) 10

20- (a) 5.4.6'7

O) Petet No
(c) 3,4
(d) 2. 6
(€) mode

21. (a) No (b)7.1
(c) 8, 6
(d) mode

22. (a) Cheetah
(b) Cheebn
(c) MediaD score. Because th€

median score of 87 is hisher

that the rnea! score of 75.8.

This wil give the readers a

better information of the

23. (a) Carol
(b) All ofthem
(c) Bruce and DamY. AmY, Carol

Exercrse llc

100.2 g
28.5 cm
(a) 172.1hows
(b) 172-2hours
(c) 171.8 hours
(d) No; 172.1 hours: How You

group your data affects the

estimated mean value.

123.52 min
32.65 years old
34 min

l.
2,
3.

4.

l.
z.

Revie$ Questrons 11

(a) 110 (b) l2a
(a) 7.2 grams

3.
4.

5.
6.

7.
8.

9.

(a) 2 (b) 3 (c) 3.1

(.) 20,24,3.3
(a) 4. 16 (b) 3,3
(a) e,a O) 5,6
t=26,t=29
(a) 9 (b) 14 (c) 2

(a)0<r<11
(b) 19 (c) ll.a
(a) 7 (b) 7 (c) 1

(^) 7 (b) 5

(h) r30.2.m (c\ 66.7co

10.

ll.
12.

f,xdd{€Alb c. D. E, F, G}, 7
(b) {Y,. Y,,Yr, Yr,Y,, G,. Gr},7
(c) {1,2.3, a, s,6},6
(d) {Black, wllil,e. Red, Blue,

creen],5
(e){100. 101, 102. ..-,999},900
(f) {1,2.3,4,s, 6.7, 8}, 8

(g) {2,3,3,5}. a

6
3. (a) -r3

(c) o

2. (a) - (b) 
;

r1
(c) - (d) -

(e) 1 (t 0

(bi

(d) I

l
(b) ;

.2(e) 
a
I7. (a) -

(c);

(e) -

13
(c)

I
tel _

16. (a)

'1

{b) -
3

(d) -
3(f) -
l

(b) 
;

1
(b) 

;
11

(d) 
;

(c) o



28. (a) -
(c) o

29. (a)

3(c) -

r0. (a) ;
(c, ;

3
(e) ;

n. (a) -
I

(c)

8

1
13. (a) -

2
14. (a) -

I

13

16,

17, 6) -

(c) I

I

18. (a)

(c) o

'1o)-
{b) f

(b)

(b) -
(d) n
(b) 0

(d) -
I(b) -
I

(d)

(00

(b) -

(d) -

o)0
3

(d) -
(f)

3
(b) -

(d) -

(f);

(b) 0

(e, -l

19. (a) -
3

20. (a) -

(d) -

13(b) -

134
(c) - (d)

54n
t2

(e) - (r)
54n
13

21. {a} - ft)

_. | .. 5
tct - rdt;

22.1^j - (b) -
I

(c) -
33

2J. (a) O) -
(c) -

o)-

Exercise 12b

2r. (a) -
11

2, (s) i
(c) :

3- {23, 25, 2',7, 32, 35, 3',7,

(a)' (b) -

(c)1 (dl
4. {55,56,56.55,56,56,

65, 65, 66. 65, 65. 66]

I
(a) 

3

5
rcr i

(b) ;
3(d) 
.

(b) 0

r1s. larlir i (ii)

(iii ) - (iv) -r:] l]
o. r5r;6 {D, ar

2l7. (a) (i); (ii) ;

(b)(i); (ii);

ff,l
.

8.7
9. 60
10. 140

11. (a) : o) 10

12. 4

Review Que(ions 12

Ir. (a) -

t"l ?
2 h\L

(c) o

3. (a) 60

(b) ;

6)+
(d) *

(b)(i) i cD *
(iii) 0

r.]
s. c) + (b);

6. c)(D * oDo

(iii) 1

o) G) + (ii) o

2(iii);

z. r'r(D i 0t) i

a. {2. 5,7,25. n, 52,57,',12.

'7 5 ,257 ,2'.7 5. 5n . 572,',725,',752\

6)? (b):

(iii) 0

(b) (i) ro (ii) i

e. (s)1 o)-
(c) ; lo, 

lo=



11. (a) a

ls. (a) ,

l

10.(")#

G) is

o)3

rd) -l

{br ll

c) * (d)o

(e) o

u.(') ? o) +
(d) r

B.(") # (b) #
(d) a

14.6\o)* (ii)#

o)(D+ (tt *
(b) 0

R€vision Exercise Mo. 1

2- (a) 72 rlnth
(b) 20 rD/s

3. (a) (r 1Xr - 20)
(b) (r + aX, + 9)
(c) (1 + 3'Xl - 5t)

a. (a) - (b.)
l

n(,4) = 26

(a) r,
lb) 5a b

tcl I
(d):
(a) 112 cn'
O) 15 crn
(c) 0.251 cm

E. (a)
(b)

11

9

8-

(i) 9.90 cln
(ii) 141.2 cm'

123
4. (a)- (b) _

(c): (d, -

e. (a)

(b) 480.0 g

10. 3, 5, -5. 3

(a) -3.8 (b) 6

Revision Exercise Mo. 2

r. (a)

2. (a) I (b) 1

(c) 15 (d) 16
1

s. (a) 6l - 74' - 5f
O) 4; 4tr1' 8r- 3]'+ 12r

6. 0.2 or 3

7. (a) .l O) I
(c) 40'

8. (a) ijI

(b) ; 

-]:-

(".,1('.,
,., 5'-" 

". l9
\r+)Ar-yl 1 ,

9. 20,60
10. 11.3,3,6, 18

(a) 1.3i 3.6 or -1.6

ReYision Exercise Mo. 3

l. $1440

2. (a) b- 4 ,6t
{b) 22

3. $12, $10.50
4. (a) .r= 16 (b.) 32

s. (a) n
(c) P

(b) Q
(d) Q

6. nean = 13 yr 5 nths
median = 13 yr 7 mths

7. (a) 31.4 cn: (b) 3l I
28 8t

9. (a) 13 200 clnj
(bl 9240 I

10. 3.,3. 1

(s) 0.5 {bi -4.4. 
(c) 2.8 or 1.8

Revision Exerctue Mo. 4

l. 10 cn
2. (a) 87.976cln

(b) 307.916 cn'z

9.

10.

("); (b) ;
(c, 

ro

3

'=+.g.r, = r:l
52
(a) 13 (b) 13

(c) r2.j
12 cm,30 cf
'7.9

7.

8.

Revision Exercise Iv No. 5

1, 60.7 km/h

2. $168

3, a=-- 1 .

4. $7. $2.s0

l2l
5. (a) - (b)

16 6.1

(c)

6. 4852.67 2 cm'1. 311.952 cm

7. 13 520 cml
8. (a) 11 O) 12.5

(c) 13 (d) ls
9. 7.5 daysl 1-4 days

10. (a) 12 (b) 12

(c) 37

1:
3
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