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REAL NUMBERS

(everything inside the rectangle)

R ational
Number

N atural
Numbers

[ntegers

+ Fractiong 3

» Recurring Decimale
0.3 0.3i24 0.134

+ Terminating Decimale

1,2,3,4, 5V S .

[rrational Numbers
(everything outeide the ovall.

T, V3,2 + V2

BORALAS
NN

SRR

) ot order bracket power/roote / addition/ eubtraction
divigion / multiplication

(
[ ] 2nd order bracket
{ } 3rd order bracket
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Addition/ Subtraction of Real Numbers

Same Sign Different Sign
—* Adopt the common gign for the final answer L= Follow the sign of the GREATER numerical
L—=ADD the numerical value up ignoring the signg L= Qubtract the emaller number from the
e bigger number
[+6[+[4=[+10] St
®[6[+]4/=[=]2]
Add
—16]-]4/=|-10| A
[®4]-[6]=I®[2]
Multiplication / Division of Real Numbers
FiX|—=+ —|=-=H+
H X =+ H -+ +H=[H
== [+
ERie== HEEEH]

Relationship of Odd & Even numbers

Odd + Odd = Even
Even -+ Even = Even
Odd -+ Even = 0dd

Even + Odd = Odd

Odd — Odd = Even

Even — Even = Even
Odd — Even = Odd

Even — Odd = Odd
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Odd X Odd = Odd
Even < Even = Even
Odd < Even = Even

Even X Odd = Even

Odd =+~ Odd = Odd
Even =~ Even— Euven
Odd —+ Even = Fractions

Even = Odd = Fractions



Number line

(. Allreal numbers can be represented on the number line

L l-1;6 1 ' i I ‘IF
AN L T T T T T

}
30 -2 -1 0 1 2 3

7

2. Real numbers greater than or equal to -2.5 and less than 3, ie. —2.5 <n < 2

Solid eirele : more than or equal to ~2€\_ ./—\Hollow circle: legg than 2 / excluding 2
ie. including 2.5 ¢

i } 4 il
T T

——t i
31-2 1 0 1 2 3
-2

4

Note: emaller number always written on the LEFT,
bigger number to the RIGHT

8>n>—5x —5<n<8 vV

3. Real numbers greater than or equal to -[, i.e. 7= —1

4. Value of numbers

AN

W -
N
—
o
—_
N
w

< I
Ag number get bigger Ag number get bigger
value get emaller value get bigger
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PRIME FACTORISATION

Factors Example:
Smallegt element of numberg 48 = 1 x 48
All numberg can be written ag a - 32, : 12: Factore of 48
product of their factors _ixiz | PR 0B 1262448
=6 x8
Prime Numbers Drime Numb Non-Prime Numbere
rime fumbers | (Composite Nurbers)
Numbere which can only be ! : .
written ag a product of | and | o ixe | 4= ixa=2x2 _
iteelf. 3—1x3 6=1x6=2x3
F=1x5 8=1x8=2x4
NOTE: [ is not a prime numbers : . {
T=1x7 9=1%x9=3x3
11=1x11 10=1x10=2x5

13=1x13 12=1x12=2x6=3x4

Prime Factorisation

Exprege number ag a product of prime factors

We can work thig out by 3 methode:

Splitting the factors 2 Branching out the factor Dividing it by
e into gmaller portions e into a smaller portiong in a ® prime numberg
tree diagram

Example:

Example: Examp[e: 1260 211260
VRN 21630

1260 = 10 x 126 A0 126 3| 315
=5x2x9x14 2 5 9 1M 31105
=dX2x3x3x2xT7 3 392 7 5| 35
=2x2X3X3IXIXT 717

=2 w2 x5xT Prime factor =22 x 32 x 5 x 7 0
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Muttple

product of a number and another number

Power

Example:

H5x1=95H
5x2=10
5x3=15
5x4=20
5x5=25

| Multiple of 5
= 9, 10,15, 20, 25, . ..
(all divigible by 5)

Number multiplied by itself, by the number of timeg indicated by index:

index/ pouser

%”:2><2><...><2

bage

d
Square: 2™ power (Perfect Square)
Numbere: 2% = 4,32 =9,4% = 16, ...
Variable: 22, 2%y?2%, 4a*b?c?, . . .
For any term to be a square, the power of

all the variableg and numbere mugt be 3
multiple of 2.

Cube: 3rd power (Derfect Cube)

Numbere: 3% = 27, 4% = 64,5° = 125,...

. 1
Variable: z*, 8a%%"%, . ..

For any term to be a cube, the power of all
the variableg and numbers must be a
multiple of 3.
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n timeg

1
Square Root : 7 power

V16
V16

0,

1 1

= 16'= (42)'=4

B | =

= 16%= [(—4)2] =4

To find a square root of a number, change it
to a indices with a power of 2 and divide ite
power by 2.

1
Cube Root: 5 power

V81

=(81)=(3) =3

To find a cube root of a number, change it to a
indices with a power of 3 and divide ite power
by 3.



Highest Common Factor (HCF) Lowest Common Multiple(LCM)

- Smallest common multiple among 2 or
more given numbere.

- Largest common factorg among 2 or
more given numberg

Steps: Steps:

. Rewrite numbers given ag a product of
their prime factors

. Reuwrite numberg given ag a produet of
their prime factors

2. ldentity the highest power of each prime
factor and circled them

2. Circle all the common prime factore with the
lowest power

3. Muttiply all the circled prime factors 3. Multiply all the circled prime factore

Example: Example:

+ Find the HCF of 48 and 60

48 22 X 2 X 2 x 2K 3
=2 x®
60=2x%x2x 380

=@x3x5

----------------------------------------------

..............................................
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- Find the LCM of 48 and 60
48 =2x2x%x2%x2x%x3
=@Dx@®

60=2x2x3x%x5H
—22x3x5

----------------------------------------------------------------

________________________________________________________________



ESTIMATION

To make an approximation is to round off a number to required degree of accuracy
according to the following:

Value Place

ten
milliong hundredz
+ A given place value thousands
- A given number of ' ]_ 2 3 4 5 6 7
decimal places hundred thougands teng
thougands
+ A given number of |
significant places
Decimal Place
Rounding off: ' ones tenth (1d.p)  thousandth (3 dp.
Round up if digit behind> 5 O O O 1
e

Round down if digit< 5
’ hundredth (2 dp.)

@ A number should only be rounded off from ite original value not from the rounded values.

Example [: Rounding off a specified place value. Example 2: Rounding off to a required number
at decimal place.

Round off 28,524 to the nearest Round off 84674 to

allo a) 3 decimal placeg

b) 100 b) 2 decimal places

¢) 1000 ¢) I decimal places

d) 10, 000 d) the nearest whole number

Ansgwer: Answer:

al 28524=28520 (nearest 10) al 84764=8.467 (correct to 3d-p.)

b) 28524 =28 500 [nearest [00) b) 84764 =8 47 (correct 1o 2 d-p)

¢) 28574=29000 ( nearegt [000) 0) 84764=85 (correct to | d. p)

d) 28324=30 000 ( nearest [0,000) d) 8 4764 =8 correct to neareet whole number)
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SIGNIFICANT FIGURE

Significant figures are the number of digits used to denote an exact value to a specified

degree of accuracy.

Rules to identify the significant digits:
+#1  Allnon-zero digit(s) are significant.
E. g 24(2 of), 465 (3 of)
+2 Zerols) between non-zero digit are significant.
E.q 301 (3e.f), 50001 (5¢)
#3 Zerols) that come before the first non-zero digit are not significant.
£ 4. 00007 (I &), 00(01 (3 &)
#4 Zero(s) following a non-zero digit after the decimal point are significant.

Eq. 0.60 (2 of), 54000 (5 ¢f)

# 5 Zerols) following a non-zero digit in a whole number may or may not be significant
depends on the estimation made.

E.g. 56700 canbe 3 of., 4 af or 5ef.

Example [: ldentify digits which are significant | Example 2: Rounding off to a required number
of significant figures

State the number of gignificant fiqures in each of the Round off each of the following to the number of
following. gignificant figure ag stated in the brackets.

8) 2345 —> 4 o f. a)4586(3sf) —4590

b) 0.059 — 2 e f. b) 005758 (2 ¢f) — 0.058

¢) 8200 — 2 o f. c)340((3¢f) —340

d 4002 — 4 s f. d 234015(sf) — 200,000

e) 5370 - 4 o f. e)3995(3sf) —400

1420120 - 4 o f. 1519974 (4 of) — 5200

g) 234000 (to the nearest teng) = 5 ¢.f.

h) 234000 (to nearest thousande) = 3 ¢.f .
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Estimation is a way of predicting the answer to a question. E stimation allow us to
have a quick check as to whether an answer is roughly the right range without
having to work it out exactly.

To estimate a calculation, round off each number to the number of significant figure ag necessary and estimate

from there.

To egtimate to | gignificant figures, estimates to 2 gignificant figures in the working and then
round off to | gignificant figureg in the final angwer.

To estimate to 2 gignificant figureg, estimates to 3 significant figureg in the working and then
round off to 2 gignificant figures in the final angwer.

@ Remember to work to | significant figure more than the required in the final answer.
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INDICES

m —> index
base «— a
Laws
E.q.
1.a" x a" = g™t — Y gty 5i=50
same base { E.g.
2.a" ~a"=a" " 3P+ 3=\
E.a.
m m __ m 9 4 4 4
sameindex/{ 3.a7 X b7 = (ab) 4" x 5" = (20)
power m m a\™ E.g 2 5
4. a" +b :(_) 2P +5 =z
b ] 9
(@™ =g (@) =6
Properties
E.q.
l.CL0 =1 (power of zero) d 50 =1
— 1 €
2q ™= tun J = : 7"2—12
1 a™ 7
m 1 E
g =L C\ I bt N 37 — 1
1 a~m 37
(negative power)
Z E.aq. 1
3.q" = /a Y sy
m - E.g. 3 o\ 2
s.a" =Va™ = (Va) —— 10°=Vi* =(V10)
(Fractional power)
E.g. 3

5.6 a" = a™ then n =m [F2%=9% then o= —3
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Tips

[. Power only apply to those included in the brackets. Others remain untouched.
3 (azbc"’)2 = 3a5b%cP « 32a5p%c8 x
2. Numbers with attached powers cannot be eagily cancelled out.

4x+2 1x+2

82z+3 22z—+—3

Instead, put them to their lowest prime factor and uge the laws of indices:

22(:z+2)
TET - 22(z+2)~3(2m+3) e 2—41:—5
23(2z

3. Numbers with attached powers cannot be easily added or subtracted together.
915 _ old £ 9
[ngtead, factorige it: 215 — 21 = 214 (2 — 1) = 21

4. Number without powers are just power .

Example: 6 =6' 8=8'...

Thug, when golving for unknown, write down the power, even when it is a |.

3" =6
621261
27 1

1
= 9

5. Always remove any coefficient first, then express the terms in their lowest prime factors.

1
61 =2(8)
1
18 =8 Remove Coefficient
12871 = §°
97— 93 Express in Lowest Prime Factors
-7T=3z

7

T="3

6. For questions with x in the power, change the [ to a common bage with power O.
31:+2 =1
3I+2 - 3(]
z+2=0

T=-2
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STANDARD FORM

-----------------------------------------------------------------------------------------------

...............................................................................................

>k A mugt be in 3 <. f. if need to be rounded off >k

Some useful significant figures to remember:

Name Symbol / Value Name Symbol / Value

Tera (trillion) T - 10" Dico (trillionth) p:107"
Giga (billon) G :10° Nano (billonth) n:107?
Mega (million) M :10° Micro (millionth) p:107°

Kilo (thousand) K :10° Milli (thougandth) m:1073

Division Multiplication
—> move decimal point to the left —> move decimal point fo the right
Example: Example:
1-72x10—3=1-72x1i03=0-00172 1.72 x 10° = 1720
Workings: Workings:
000 72 1720,
L—» - move decimal pt to the left 3 timeg L - moue decimal pt to the right 3 times
* ingert the ‘0" aceordingly - ingert the 'O accordingly
- Basicknowledge. |

10™ x 10" = 10™*"

107” + 1071. — 107!’).—”

______________________________________________
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Division/ Multiplication.of Standard.Form
1. Group the A’ portion together (multiply / divide).
2. Group the 10™ portion together (multiply / divide).

3. Make sure that for the final angwer the ‘A’ portion is between | and IO and in 3 ¢.f. whenever
neceseary

Example:
1.45 x 10° ~2.86 x 1075 =1.45+2.86 x 10° x 107°

chift the decimal pt fo the right by |, ¢— = 0.50699 . .. X 102
i. e. minug | from the power of 10™ —9.1
=5.07 x 10

=5.07 x 1073

Addition./Subtraction.of Standard.Form

. To golve addition and subtraction of gtandard form we need to uge factorigation.
2. Make sure that both term have the same 10™.

3. Final angwer in the form of A x 10™,1 < A < 10.

Example:

3.76 ><+4-87x:3-76><106+0-0048x106
| |

v = 10°(3.76 + 0.0048)
Either change both to 10* or 10°

= 3.76 x 108

(f change t0 10° :

4+2 6
00 4.87 x 10 = 0.0048 x 10

Add 2 to the power of 10"

therefore ghift 4.87 2 d. p.
to the left.
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RATIO

Ratio compares 2 or more quantities that are expressed in the ame unite []: []: [,

For example, money earned by Mary , Peter and John are in the ratio of 5:3:4.

May T T T T ]
Deter | | | |

John | | | | |

It aleo shows relative proportiong.

Ratioofatob=a: b

____________________________________________________________________

= % NOTE: A and B must be similar uni’rs.?
4 . a
Proportion of a= —7
PROPERTIES

1 Can multiply throughout by a common

_ _ 2 Ratio mugt be in gimilar unite
* {factor, even for rational fractiong -

Marg . DPeter : John v 15em : 60em =1:4
5 © 3 A -4 % 15cm:5m #3:1
X2 C
C 10 : 6 : 8 Change to similar units first:
x10
100 : 60 : 80 v~ 15em : 5m = 15¢m : 500em
+2( —3:100

50 : 30 : 40

3 S 2
C 4 12 T
x12
9 24
x7C T o R S R R i

63 : 35 : 24 ENOTE: Always expressinsimplesflowesh‘ormg

..............................................................................
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PERCENTAGE

Percentage ig just:
- g fraction with 100 ag ite denominator

+a proportion over 00

25
20% = — = 0.2
5% 100 0.25
| " |

They are the game

Percentage — Fraction / Decimal: Divide by [(00%

33
E le: = — =0.
xample: 33% 100 0.33
0.5
0.5% = 100 = 0.005

Fraction / Decimal — Percentage: Multiply by [00%
Example: g = g x 100% = 40%
0.3 =0.3 x 100% = 30%

initial value — relative [00%
%x100% = compare new value againgt
initial value

new value - initial value
initial value

Percentage change =

it % change > O : there ig an increage in value

if % change < O: there ig an decreage in value
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This compares the change in 2 quantities measured in different units, usually involve time.

_______________________________________________________

total amount

Average rate —
total time taken

Example: A man works 60 hours and earng $900. Caleulate the rate of pay.

totalpay ~ $900

Rate of pay= = ——— = $15/hr

Pay total work time 60hrs /

Other Variations:

: Bolllsiand = total distance travelled | y —— total cost
Jesp total time taken 9 total amount |
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MAPS & SCALES

Thig concept ig just the application of ratio.

DISTANCE SCALE AREA SCALE

l:n + Thig ig the equare of linear scale

- L unit length on map repregente n » Linear scle —> 1 :n

unite on actual ground 2

1 AI"QQ 9.08!9 _>(]_)2 . (n)
+ Repregentative fraction (RF) = . i
- Map seale | 50000 Example: Map scale of 2cm : 1km

Area scale is (2em)? : (1km)?
[ em on map repregent 50 OO0 em

actual length 4em? : 1km?

.................................

Take Note: map unit and actual unit must be the - Take Note: Change hoth the unit of the map and
same before putting them in ratio, ¢ actual length to what is required in
unlese otherwige stated - the question before equaring them.
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PROPORTION

_ _ [ndirect proportion/
Direct Proportion : Other Variation
[nverse proportion
1 k
yox T " & Vg = V=
i 1 k
Y X 3 :> Y= -
yxz® => y=ka’
y where K i¢ a congtant
N Y= kx Area of circle, A = 7r?
ST —Axr?
gince 7T ig a congtant
4 .
Volume of sphere, V' = i:rrrJ
>T —V xr’
0

+ y varieg directly ag x

* when x increages, y
increageg

Formula: y = kx

where k i¢ a congtant

* Y varieg indirectly ag x

* when x increages, y
decreages

k

Formula: [y = —
x

where k ig a congtant

Example: People building houses

T People l Time taken to build

.4
qinee gﬂ' ig 4 congtant
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FINANCIAL TRANSACTIONS

Profit / Loss

[n any buginess, you either make a profit, make a loge or break even. Thig ig determined by the value of:

....................................

Value > O: Profit
Value < O : Loss
Value = O : Break even

(D Profit of y% @D Loss of y %

- % X cost price = 1%0 X cost price

_gelling price - cost price _ gelling price - cost price

N cogt price X 100% - cost price X 100%
(2) Selling price (2) Selling price

= cost price + —— X cogt price = cost price — —— X cogt price

100

_100+y X cost price _10-y X cost price

=100 ' =100 b
(3) Cost price @ Cost price

_ gelling price _ selling price

Tﬁ%%; x 100 =T00_, X100

For a discount of n% on selling price,

CD Digcount = % x_gelling price

Orice afer diccount = =" x seling price
@ rice after diccount = — 50 gp

® Selling price = Drieelgf;er_diicounf X 100

@ n%% — original geling price - price after discount 1)
original eelling price
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Interest Rate

SIMPLE INTEREST

Fixed interest every year baged on principal
(initial amount)
[nterest rate

per annum
Principal (initial) - TRGeriog
amount
\ / (years)
7 P RT

/_W

Simple interest earned

Simple interest earned

/A=P+I

Accumulated amount: Principal (initial)

principal + interest amount

Example: P = $100, R=[% per annum, T=5 years

Year [nteregt Total

0 $0 | 8100

1 1% x $100 = $1 $101

1% x $100 = $1 $104

(200 BN VI
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1% x $100 = $1 $102
1% x $100 = $1 $103

1% x $100 = $1 $105

COMPOUND INTEREST

[nterest rate ie baged on the cumulated
amount of money pregent, inclugive of the
interest earned in the previous years.

nteregt rate
Principal (initial) per time period of“‘js%
amount /

A:P(1+1g—0

k Acceumulated amount:

principal + inferegt

Example: P = $100, R=[% per annum,n=5 years

Year Interest Total

0o 50 - $100
1 - 1% x $100 = $1 | $101 '
2 | 1% x $101 = $1.01 1 $102.01
3 - 1% x $102 - 01 = $1.02 -$1o3,01-
4 - 1% x $103.03 = $1.03 -$104.01:
5 . 1% x $104.06 = $1.04 . $105.015



Currency Exchange

(Currency 1) $ X = (Currency 2) $ Y —> (Currency ()81 = (Currency 2) $ ;
—> (Currency 2)$1 = (Currency 1) $ i;

Example: Exchange rate befwleen USD and SGD was SED [.25=USD [
86D 1 = USD 755 = USD 0.80
En 5 =5 x 0.80= U 4
U 8 =8 x 1-25=3CD10
Tax Payment

Chargeable | [ncome Tax| Gross Tax
[ncome Rate (%) | Payable ($)

First $20000 0 0
Next $10000 2 200
First $30000 — 200
Next $/0000 35 350
First $40000 — 550
Next $40000 7 2800
First $80000 - 3350
Nt $40000 11.5 4600 For chargeable income of /50000,
Firet $120000 - 7950 $7950 will be the amount taxed on the
Next $40000 15 6000 firet $120000.
Firet 160000 _ 13950 The remaining $30.00-0 will
Hence, total taxed amount is $12450.
Firet $200000 . 20750
Next 120000 18 21600
First $320000 — 42350 REDUCTION OF
Above $520000] 20 ﬁAXABLE AMOUNT

Chargeable income = annual gross income - tax reliefs

Disposable income = annual gross income-taxes paid
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Utilities Payment

Sample table on cost of each utility:

Utility Category Cost per unit
(per month) (before GST)

> 40m’ $1.4000 /m”
Gag y $0.2241 /kWh
Electricity y $0.2101/kWh
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NOTE: Make sure that the unit
corregpond, before doing the
calculations.



NUMBER PATTERN

There are essentially 3 types of patterns:

@ Constant difference between terms

ie 1,4,7,10,13 ...
NSNS S
+3 +3 +3 +3

Formula nth term:

T.=a@+(n—-—1)d
& AL

lst term Congtant
difference

Varying difference between terms

But congtant difference between the
amount of difference

ie 3,6,11,18,27,...

Y4 Y N N4 «— Varying difference

VAN, _
2 +2 +2 <— Congctant difference

Example:

Congtant difference : -6

let term : 83
n=2=83+ (n—1)(—6)
=83—-6n+6
=89 —6n

lat term: 9
ot difference: 7

Congtant difference: 3

1
Formula nth term: Tn=9+(n—-1)(7)+ 3 (n—1)(n—2)(3)
3 ]
@+ (- VDdi+ (n-1)(n-2dp = 5ni+on+s
lst term st difference Constant difference
@ Multiplied by constant difference Example

e 2,8,32,128,512,. .. 200, 100, 50, 25, . ...
x4 x4 x4 x4 2 =2 =2

N OTE: -2 i¢ equivalent to o
" 2
Formula nth term:

. 1
Congetant difference : =

2
T — G,Tn_l .
" TI_> Multiplied Constant lot ferm: 20,,?_1
Difference 1
[st term Tn = 200 (5)
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A when plotting a graph choose a

1 . (3.3) scale that is easy for you to plot
(2,2 ' : your pointe and big enough

e

5+
-2 1 2 3 4
Graphs
<Linear> <Non-Linear>
Yy Yy
A A
T T

/ > >
/

The change is consistent with every unit increage. |  The change is not consigtent with every unit
increase.

Linear graphs

A linear graph is where the points can be joined to form a straight line.
(we need a minimum of 2 pointe to draw a straight line accurately)

A linear graph consists of all pairs of (x, y) that satisfy the linear equation which ig in the form of:

x and y coordinates of a point

on the line y —_— m$ —I— C

| I— y- intercept: the point where the line cut
m: gradient of the line y-axis (O, y)
:determine how steep the line ie : the value of y when x =0

Note: Any point on the line will fulfil the equation of y=mx+e
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Gradient of Linear Graph

The steeper the hill the greater the m,

Smaller Sere ’
gradiV gradient m slope
Y

effort needed to climb to climb a slope

y=3c+4 i Note: For lines that are / /', they have same gradient
AN\ y=3z—2 but different y-intercept.

To find intergection point of 2 lines (A&B):

- Point A— equate y = -2x +4 and y = 3x -2 to find out
7 > x-coordinate and sub the value into any of the

=9 ; _ :
/ / Y 2 eqn 1o find the y- coordinate.

Point B — gince B lieg on the y-axis we know that the
y-coordinate of the point straight from the graph which
ie 4. Sub the y-value back into either y=-2x + 4 or
y=3x+ 4 to find x-coordinate.

4 types of linear graph and the effect of the gradient, m:

y y m, y
N AN N ms o L
a ms ms
> X = >X > X > X
Horizontal line Vertical line Upward sloping Downward slopping
g = r=a y=mz Y= —mi
mp > Mg >ms mi < meg < M3
+ paseeg through y - - pasgeg through x - intercept + Slanted line that page - Slanted line that pase
intercept at ¢, where can at a, where a can be through origin through origin
be positive or negative negative or pogitive + Slope upwards = Slope downwarde
T m T Slope T m | Slope
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To obtain y =mx + ¢, we can shift y = mx up or down vertically by ¢

Y =mx+c

Graph cute y-axis at ¢ (y - intercept)
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Equation of the line:

Y-y _ -y
r—I Iro— I1

or

Length at line segment AB

y_

m > 0 im <0
y y y y
N Y N N
//// //// AN}
c
4 >x > AN > e >X
Yy =ma@c y=mx—c y=-—-mc+c y=-mrSc
(shift ¢ up) (ghift ¢ down) (shift ¢ up) (ghift ¢ down)
Formula
Gradient of the line:
Step I: select 2 points on the line
Step 2: Find vertical & horizontal
Step 3: Gradient = Vertical change 251
Horizontal change To — I

y1=m(x — x1)

V(@2 — 1) + (32— 1)?

or /(e — 22+ (11— 1)?




SKETCHING GRAPH

Type | Type 2
completing the square cross-method
General formula: @ (2 — h)2 + k General formula: o (2 — p) (z — q)

a >0\ /shaped | min. pt. a>0 \/ shaped min.pt.
a <0 [ \shaped | max. pt a<0 [\ shaved max.pt
h & f are constants p & q are constants
Step [: Min. / Max pt Step [: x-intercept
by observing the eqn: by observing the eqn:
a(:r:—h)2+k a(z=p)(ze=g)
r— —Y p and q are the x-infercept

(,0) (@ 0)
Step 2: x-intercept (cute the x-axi) Step 2: Min. / Max pt

Sy=0 x-value of min. /maxpf:

Qub ¥ = 0 info equation to find out the x-value midpoint of x-intercept

where the curve touch the x-axig
y-value of min. / max. pt : Sub x value back into eqn to

(z,0) find y
Step 3: y-intercept (cute the y-axic) Step 3: y-intercept (cute the y-axic)
=10 =0
Sub = = 0 into equation to find out the y-value Sub 2 = 0 into equation to find out the y-value
where the curve touch the y-axie where the curve touch the y-axi¢
0,9) 0,9)
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Example |
Oraw y = (z —2)* 6
gince 8> O, \_/shaped
Stepl: Min. / Max pt =(2,6)
Step 2: x-intercept ..y = 0

Sub y =0 ; n
0=(xr—2)>%+6

x value ig undefined, no x-intercept

[fa > 0, graph s floating above x-axis |

—

If @ < 0, graph is floating below x-axis

Step 3: y-intercept .. z =0

Sub x = () into eqn

y=(0-27°+6=10
coordinate of y-intercept (0, 10)

Yy
(2,6)

(0,10)

PN y=(:1:—2)2+6

N/

Example 2
Draw y = =2 (z = 2) (z 4)
aince a<0 /"\ shaped
Step [: x-intercept
2 and-4 are the x-intercept
coordinates of x-intercept i (2,0) and (—4,0)
Step2 : Min. / Max pt
gince 5<O /\ shaped .. max pt
2+ (—4)

max. pt x-values : — -1

max. pt y-values: Sup = = —1 into egn

y=-2(-1-2)(-1+4)
=18

coordinates of max. pt: (—1,18)

Step 3: y-intercept .. z = 0
Sub £ = (0 into eqn
y=-2(0-2)(0+4)=16

coordinate of y-interceptis (0, 16)

(-1,18)Y

Remember to label in your eqn, x-intercept, y-intercept and min. or max. pt
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NON- LINEAR GRAPH

Graphofy = ax”

where a and n are congtantg

a
— n=-2,y=—
- |
N a>0 M a<0
J |
0 7/
o ?
2 2
y_xz Y CL‘2
AN N N N

N

-
o

T 0 > —1 u 0 >
2 2 2
= —=++1 =—-——-1 = —5 = —
Y x2 Yy .’L'2 y (113 + 1)2 y
= Iag + b ig obtained by shifting - & :: 3 obtained by shifting

a .
y= 3 upor down by [b| unite.

.........................

.........................

a
=23 left or right by |e|unite.

............................

............................

N
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/\( 0 J/\ a<0
ﬂ 0 Y ij
1 1
y= y ¥y=73
AN AN
N i @ ~ 1)
U_/ 0 ’ & i \
a -3 ke U] A F
| P— il
T B N
(_
1 1 1 1
= — =——-3 = - —
y=_ +3 Y - Y= 19 ) —
Y= ;—1 + b ig obtained by shifting == + E obtained by shifting
Yy = g up or down by [b] unit. Y= (1: left or right by |c| unite.
ib>0:hiftep 1 ¢>0: chiftleft
5 <.0: ohift down | e Aot g
Linear Graph
—n=0:y= —n=—1:y=ax]
a>0 a<0 a>0 a<0
AN AN AN AN
0 74
A > >
5 N — 0 0
y=2 y=-3 y==x y=—2x
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Quadratic Graphs

—— n=2:y = az’
a>0 Ny =2z a<0 AN
/ y=2 ’
? Y= —z’
2
y = —2x
T la] «— T gteepness of curve
N 0 N LN
\/ J,_l _________________ i \
T ----------------- v \ /\ : \
0 / §ﬁ2 0 /!
2 2
y=2x"+1 y=-2"-1 y=(z+2)° y = (x —3)°
y = az’ + b i obtained by shifting y=a(x+ 2)2 ie obtained by shifting
y = az”up or down by |b| unite. y = az”left or right by |¢| unite.
b>0:chiftp | >0 chiftleft
tb < 0 : ghift down i - ¢ <0 : ohift right :
2
y=a(r+p) +q
a>0 a<0
PN N

;
| 7 !
: 7 —! [

(min. pt) (max. pt) (min. pt)

» Min/max point at (p, g) « Min/max point at (s g)

- Axig of symmetry at = = p - Axig of symmetry at T = p

- Obtained by chifting y = az” + Obtained by shiftingy = az”

up or down by q, and ehifting it right by p up or down by q, and shifting it left by p

31| Page




n=3:y= az’
a>0
AN s
/ o
.......................... /\....\./\..../....
T / """"""""" L }1‘\ """" e ?
\ E_'?'
| ’ / -
y = 2z3+ 2 y=-222—1 | E ’
y = (z +3)° y:(m—2)3
Y = aa:_?’ + b is obtained by ehifting y = a (z + ¢)” it obtained by shifting
y = a,:,r:"up or down by |b| unite. y = az’ left or right by || unite.
§b>0:ghh°rup §c>0:ghiﬂleﬁ
i b < 0 : chift down 1 < 0 : chift right |
Exponential Graphs
y = ka” where k and a are congtante—
AN AN AY® A
A= ras 2
el N \ N
a>0,k>0 a<0,k>0 T |a|<—)Tg+eepnesg of curve
A= 4(3%) ) A~ y=k(a)"™"
/ y=20) : ic of the came graph type:
— =

- L y=k@ (@
—— > ,—_?\y S Al
i =p(a
k : y-intercept and scalar \ v n
. . where p = ka" ig congtant
multiple of @
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PRACTICAL GRAPH

Speed Time Graph

Shows the variation of an object'e epeed acroge time.

Linear
Acceleration / deceleration is constant.

Speed
A

AN

Non-Linear
Acceleration/deceleration ie varying.

Speed
A

P Time
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X PTime

-------------------------------------------------------------------------

= geceleration or deceleration
area under the graph= distance travelled

Line above x-axis:

gradient > 0 : congtant acceleration
gradient < 0 : congtant deceleration
gradient = 0 : conetant epeed

Line below x-axis:

= negative epeed
= opposite direction of travel

gradient> 0 : congtant deceleration
gradient < 0 : congtant acceleration

.........................................................................

-------------------------------------------------------------------------

gradient of tangent at that point in time, 1
= acceleration / deceleration at time
gradient = 0 : conetant gpeed

area under the graph = digtance travelled

_________________________________________________________________________



Distance Time Graph

Shows the digtance of an object from starting point over time.

Linear
Speed i conetant. No acceleration / deceleration.

----------------------------------------------------------------------

Dictance from A

A gradient Zd%ez speed
B C ' gradient > 0 : moving away
| gradient < 0 : moving back towarde A
\ gradient = 0 : at regt
- dictance = add up distance at each point
Plime b R
A D

Non-Linear

Speed ig varying. There is acceleration / deceleration.

Distance from A
| gpeed at time t =
B C - gradient of tangent at that point in time

' gradient > 0 : moving away

| gradient < 0 : moving back towards A
| gradient = 0 : at regt

A tll t; D » Time distance = add up distance at each point
Away from A Towards A
Distance from A Distance from A Distance from A Distance from A
> Time P Time » Time » Time

Agt 1 Aet? Agtl Agt T

gradient T gradient | gradient T gradient |

ateep (epeed) T ateep (epeed) | steep (speed) 1 steep (speed) |
~.object accelerating -~ object decelerating . object accelerating . object decelerating
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ANGLES

Types Of Angles
(. Acute angle 2. Right angle
1
Angle legg than 90° Angle equal t0 90°
3. Straight angle 4. Reflex angle
N\ N
TS
Angles equal o 180 Angleg greater than180°

but lege than 360°

5. Obtuse angle 6. Supplementary angles
/%/
Angles greater than 90° a+b=180°

but legg than 180°

7.Complementary angles

a+b=90°

oA S



Properties Of Angles

Below are the properties that you should look out for when golving questiong involving angles in:

. Circleg
2. Polygone
3. Triangles
4. Quadrilaterale
The sum of adjacent angles
on a straight line is equal to 180°

b

a (&

a+b+c=180°
(£ on a etraight line)

Angles at a point add up t0 360° Vertically opposite angles are equal

a = C (vert. opp. £ ¢)
a+b+c+d=360° vert. opp. £ ¢

(45 at g poin’r) b=d (. opp. £8)
When two parallel lineg are cut by a tranevereal (a line that intersect two or more line) :

The corresponding angles are equal
4
b
C D
/
a = b (corr. £ ¢, AB// CD)
The alternate angles are equal

The interior angles are supplementary
A / 5 /
A A

c 7 d D 7 /

¢ = d lat £ AB// CD) e+ f = 180° (it ¢ AB // D)
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TRIANGLES

A triangle ie a plane figure with 3 straight gides.

[t hag 3 angles and 3 vertices.

gide

s How to name an triangle?
To name a triangle, uge the verticeg in a clockwige
or anti-clockwige order.
B c The triangle ie called AABC or AACB
Types Of Triangles
Equilateral triangle [eocceles triangle Sealene triangle
a
b ¢ N a

Three equal cides

All angles equal to 60°
a=b=c=60°

Two equal cideg

Two bage angles are equal
a="b

No equal sides
All angle are different in gize

Acute-angled triangle

Right-angled triangle

Obtuse-angled triangle

All three angleg are acute

Could be : Equilateral, lsogceles, Scalene

One right angle
Could be : [gogcele, Scalene

One obtuge angle
Could be : [eogceleg, Scalene

Group by:
> Number of

equal sides

Group by;
> Types of
angels
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Whenever you see triangles:

(. [dentify them by marking info given in questions.
2. Add information you know baged on its properties.
3. Proceed to find other unknown angles.



Properties Of Triangles

The exterior angle of a triangle is equal

The angle sum of a triangle is 180° to the sum of the interior opposite angle.
a b
b 5 . a
a+b+c=180° a=b+c
(ZLoumof A) (ext. L of A)
[n a triangle:

The longest side is opposite the largest angle
The shortest side is opposite the smallest angle

shortest gide

QUADRILATERALS

A quadrilateral ig a plane figure have 4 straight lines and 4 angles.

The sum of angleg in a quadrilateral is equal to 360°

b C
a+b+c+d=360°
(£ eum of quad)

How to name a quadrilateral ?

Quadrilateral i named in a clockwige or an anticlockwige order
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Properties Of Quadrilaterals

""""""""""" Rectangle
= L+ Tuo paire of parallel opposite
cides.
- Opposite sides [i
- - [ pposite sides are equal in
ength.
+ Al four angles are right angles.
- Diagonale are equal in length.
- Diagonale higect each other.
T T Rhombus T

+ Two paire of parallel opposite
gideg.

+ Four equal sides.

+ Opposite angleg are equal.

- Diagonals bigect each other at
right angle.

- Diagonale bigeet the interior
angles.

+ No parallel sides.

* Two pair of equal adjacent
gidee.

» One pair of equal opposite
angles.

+ Diagonals intercect at right
angles.

- One diagonale bigecte the
interior angles.
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» Two paire of parallel opposite sides.
-+ T - Four equal sides.

1, ] - Alfour anglee are right angles.

- Diagonale are equal in length.

+ Diagonale bigect each other at right
angle.

A Parallelogram
E ' - Two pairg of parallel i
: opposite Sides. ;
i + Oppogite sideg are E
; : equal in length. i
E + Opposite angles are equal. ;
i + Diagonale bigect each o’rheri

Trapezium

i + One pair of parallel '
i opposite sides. E
i * Angleg between parallel i

sides are supplementary.




POLYGONS

A polygon is a closed plane figure with three or more straight cides.

Types of polygons

Number of sides Name of polygon

3 Triangle A

4 Quadiateral  / \
5 Pentagon Q

6 e [

[ Heptagon O
x Octagon O

9 Nonagon O

0 o ()
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Angles properties of Polygons

Regular polygon [rregular Polygon
+ All sideg are equal + Sides may not be equal
+ Interior and exterior angles +Interior and exterior angles may
are all equal not be equal.

interior angles

exterior angleg

/

For n-sided polygons (regular or irregular):

Sum of interior angles = (n — 2) x 180°

Sum of exterior angles = 360°

Interior £ + Exterior £ = 180°

Specially for regular polygons:

(n —2) x 180°
n

Each interior angles =
360°

Each exterior angles =
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BISECTORS

Perpendicular Bisector ; Angle Bigector

+ Bicecte line + Divideg angle into a equal portiong

* Perpendicular to line

+ Divides the line into 2 equal line segment

Properties Properties A
X
A—H—mt—H—8
rY
1. XY1AB d
2. 0A=OB :  Lla=28
3. Any point on bigector equidistant : 2. Any point on bigector equidictant
toAand B; AX = BX i to 2 dideg; PX = QX

Perpendicular Bigector: Construction

1. N 2. 75
A B A , B

S b
To draw a perpendicular bigector of AB, Using the game extengion of compags, put
put compage at A and mark arc above compage at B and mark arc above and
& below the line. below the line intersecting previoug arc.
( compasg’s width should be at leagt half
the length of the line AB)

3 /N
A—H 3 H—B

NS

Draw a line down joining the two intergectiong.
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Angle Bisector: Construction

s 2.
X A
B
Y C
Compase at B, draw areg to cut line AB at X Compase at X, draw are between lineg AB
and BC at Y (uging the same compage and BC

extengion / radiug)

4.

/ A
B % p
\Y\Q
Compase at ¥, draw another arc to intergect Draw a line to connect B and P
the previoug arc at © (uging same compase

extengion / radiug ag step 2)
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SYMMETRY PROPERTIES

EQUILATERAL TRIANGLE

—

3 lineg of symmetry

RECTANGLE

M|

(SOSCELES TRIANGLE

H

 lineg of symmetry

PARALLELOGRAM

SQUARE

—

2 lines of symmetry

TRAPEZIUM

No lineg of eymmetry

REGULAR TRAPEZIUM

1 H 1

No lineg of eymmetry

REGULAR PENTAGON

5 lineg of eymmetry
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AR

[ lineg of symmetry

REGULAR HEXAGON

6 lines of eymmetry

—

6 lineg of symmetry

RHOMBUS

\ ’
. 2%
S, o
>, -
., 5¢
.,
‘/\"
o
v,
M
P k)
3 \

2 lineg of symmetry

KITE

[ lines of gymmetry
REGULARN-GON

‘

No lines of eymmetry




TRIANGLES

Pythagoras’ Theorem

[n a right-angled triangle, the cide that is opposite to the right angle,
which ig the longest side of the triangle ig called the hypotenuge.

Pythagoras' Theorem:

The Pythagorag’ Theorem states that, for any right-angled triangle,
the square of the length of the hypotenuse is equal to the eum of the
gquares of the length of the other two sides.

For right-angled triangle,

= a%+b?

where ¢ ig the length of the hypotenuge

[J

Converse of Pythagoras' Theorem:
C The converse of Pythagorag’ Theorem ig algo true and can be used
to show that a particular triangle i¢ a right-angled triangle.
c Ih AABC, if ¢ = a® + b

then we can conclude
1. AABC ig aright-angled triangle, and

oyl
|
o

2. ZABC = 90°
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Trigonometry Ratio

Acute @ in aright-angled triangle

TOA CAH SOH
Oppogite — <ide opposite to @ the angle
g %% Adjacent — cide adjacent the @ angle
< © Hypotenuse — side opposite the right-
6 angled, the longest eide
Adjacent
. __ Opposite 5
sin 6 = Hypotenuge
__ Adjacent
cos =7
ypotenuge

__ Opposite
tan = Adjacent

____________________________________________

What does this mean?

(f you have either

a) length of 2 cideg, or
b) | angle and [ length,

You can find the unknown angle and length with
trigonometry.

Obtuge @ in a right-angled triangle

ﬁ Obtuge angle

180° — 40

sin (180° — ) = sin @
cos (180° — @) = — cos @
tan (180° — ) = —tané

....................................................................

What does thic mean?

We do not need to worry about an obtuge angle
not being ingide of a right-angled triangle.

Ag long ag it ig an exterior angle to a right-angled
triangle, it can still be found easily.
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Cosine Rule/Sine Rule

Sine Rule
A a_b_c
) . et 1 %sinlA—sinZB —sinlCé
OR
B 5 ¢ ésinéA:sinZB:siHZC§
o b & |

g g U e ———

We can uge Sine Rule to find an angle or a side, with the following conditions:
1. any 2 angleg and | ide. (finding unknown sides)

2. any 2 gides and [ angles that ie opposite to one of thoge sides. (finding unknown angles)

Ambiguous Case

1. 2 sideg and | non-included angle ig given.

2. Angle ie acute.
3. Side opposite of given angle i¢ lese than other given side.

a a
A M
0 [

lst pocaibility 2nd poscibility
Example

C
Given ZB = 25°, AC = 6cm, BC = 12cm 6 cm 12 em
Find ZA.
sin 25° _ sinZA A B

By Sine Rule, 5 12

e C
sin A — 128]:;25 — 0845
ZA = sin™ (0.845) 6 cm 1
= 57 - 7°(acute) or 180° — 57 - 7° (obtuce)
=57-7°or 122-3 (ldp) A B

__________________________________________________________________________________

- Given 2 gides and the included angle: ‘
Area of AABC = %absinZC’ = %acsinZB = %bcsin Z4 3

e o o o o o
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Cosine Rule

A
c b
B _ c

_____________________________________________________________ From a® = b® + ¢® — 2bccos LA
@’ = b+ ¢® = 2bccos @) | 2bccos LA = b* + ¢* — a®

b =a®+c? — 2accos 4B A B =

28 b°+c*—a :

& = a’ + b — 2abcos £C i R —

N V
Use to find the remaining side of a triangle Use the formula to find an angle
when given 2 sides and the included angle. it all 2 gidec are known.
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Angle Of Elevation & Depression

First you need to knouw:

Angle of elevation Angle of depression

look down

look up
H

Then, uge Pythagorag’ Theorem and trigonometry to solve problems.

ONE USEFUL TIP WHEN WORKING IN 3D QUESTION:

[golate the triangles by drawing it and label accordingly

Greatest posgible elevation or depression occurs when it hag
the SHORTEST DISTANCE between the bage of the
object and the eye.

Object Object

Shorter the distance @ ——— larger the Zof elevation/depression,

Z of elevation = £ of depression  (alternate £)
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Bearings

For bearinge, you just have to remember < things:

(. Where is NORTH direction pointing at

2. Caleulate clockwige direction from north direction.
3. Write in 3 digite i.e. 050°

<. Caleulate from point of inferest

N

—NOTE NOQTH%» 1e not alwagg in thie direction.
Bearing of A from B

- Stand at B
[t could be N
- Face North

* Where ig A from that position? |  Hence adjustment mugt be made.
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CIRCLES

—» claseified into 2 categories: Symmetry and Angles

Properties: Symmetry

Rule!: Chorde which are equidigtant Rule 2: A line segment drawn from the
from the centre are equal centre of the circle bigect the

chords into 2 equal parts and is

perpendicular to the chord.

- Equal chords are equidistant from centre
of circle.

lf AB = CD  then OX = OY lf OX LAB, then AM = M B
+ Chords that are equidigtant from centre O
are equal in length.

If OX = OY, then AB = CD

Convereely, if AM = M B, then OX LAB

Rule 3: Tangent from external points are equal
B

A
[f XA and XD are tangent to the circle then,
1.XA = XB (tangent from external pt)
2.LX0A=4LXOB
3.LBX0 =Z£AXO
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Properties: Angles

Rule I: Angle at centre is twice angle at
circumference subtended by the

same are.
(£ at centre circle = 2 X Zat circumference)

_________________________

______________________

i The angle at the circumference and the angle at
! the centre must be form within the came are.

......................................................................

Rule 2: The angle in semicircle i a right angle.
(rt. Z in gemicircle)

_______

Rule 3: Tangent ig perpendicular to radius at

point of contact.
(tan Lradius)

......................................

......................................

Rule 4: Opposite angles in a eyclic
quadrilateral add up t0180°
(Zin opposite segment are supplementary)

A cyclic quadrilateralisa 4 |
sided polygon with vertices
on circumference of circles |

_________________________________________

a® + b° = 180°
b+ d° = 180°

(Exterior £ of eyclic quadrilateral = interior opposite< )

Rule 5: Angles in the same segment of circle

are equal
(£s in the same gegment)
ZACB = £ZADB
C D [n another words, all angles at
the circumference that are
form by crigs-crosging from
4 s i the same 2 points on the are

_________________________________________

Rule 6: The angle measure between a chord of a

circle and a tangent i equal to the

measure of angle in the alternate segment

(Alternate Segment Theorem)
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Thingg to look out for

1. Z in opposite segment DOES NOT refer to:

o

Za+ ZLb # 180°

2. Trapezium in a circle

— angleg are eupplementary between 2
parallel lineg.
— opposite angleg are supplementary

3. [dentity right angleg in a circle:
— from tangents

—» gemi-circle

(D) €7

4. ldentify common lengthe egpecially when centre
ie given, euch ag the radii of the circle.

D. ldentity isogceles triangles
— from game radiug in a circle

— from extended tangente

(D=
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VECTORS

Vector Notation

A vector quantity ic a quantity that posgesses both magnitude and direction.

A vector ig pregented by a directed line segment.

The arrow on the line gegment indicateg the direction of the vector.

The length of the line segments repregents the magnitude of the vector.

Qfinal pt)

The magitude of P@ i denoted by ‘ﬁ@" or ‘CL‘

———————————————————————————————

P (initial pt) J@{:Lengfh Of PQ
- Equal vectors

Two vectorg are equal if they have same magnitude and the game direction.
Example: [f 4B = CD
—>|4B| =|cD| and 4B//CD

Example: [f ABCD ig a parallelogram, then the oppogite sideg are equal vectors.

D S C
AB=DC
AD =BC';

54| Page




+ Negative Vectors
Two veetore are negative vectore of each other if they have the same magnitude but in opposite

directione.

PQ and QP are negative vectors of each other.

. O sl
Q IO
S eP=-PQ
P —a a=—(-a)
R ;
- Zero Vectors

The zero veetor or null vector ig a vector with zero magnitude and no direction.

Note: @Hﬁ‘:

............................

Addition of Vectors

To add vectors, uge either the triangle law of addition or the parallelogram law of addition.

- Triangle Law of Addition

If two vectors a and b are represented by the sides AB and BC of 3 triangle, thena + ¢
ic represented by the third gide AC

............................

mugt be the
head samept  fail head tail

=
i
=
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+ Parallelogram Law of Addition

If two vectore @ and b are represented by the adjacent side 4B and AD of a parallelogram, then
a + b ie represented by the diagonal of the parallelogram AC

............................

Subtraction of Vectors

To eubtract 2 vectors, add the firet vector to the negative of the second vector

______________________________

______________________________

>
aZb

Scalar Multiplication of a Vector

When a vector a is multiplied by a scalar k, the resulting vector ka hag a magnitude k times of @,
lkal = k [a

kaig parallel toa and ig in
[ the game direction ag a if k ig positive (k > 0) |
2 the opposite direction of @ if k ig negative (k < 0)

AB = @D ,then AB//CD and AB = CD
PO — kPR »then PQ//PR and PQ = kPR

§ m(na) = n (ma) = mn (a)
2.(m+n)a =ma + na

3. m(a+b) =ma+mb



Law of Column Vector Column

For any two column vectors @ = (2) and b = (g)

Lifa=b, ’rhen(p) = (%)
2ere-()+0-(3)
“'—”—()( - (a%)

5o -n()

4 ma+nb=m ()+n :<mp+m'>
mq -+ ns

Il

mp h l
mq ) Wherem g a gcalar

Position Veetor

Any point on a Cartesian plane can be repregented ag a position vector.
The pogition vector of point A on the plane is the vector from the origin O, to that given point A.

For any point A (p, q), the position vector of A with reference to the Origin O ig given by:

Y coordinates of A (p, q)
N
A L : A

For any 2 pointe A and B,

.........................

_________________________
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Tranglation

T
Tranglation of <y) : move x unitg horizontally and y unitg vertically
Example:

Figure x (1,1) S Every point move through:

; [. same direction
i 3 unite ;
2. same distance

:: > Figure congruent to image
[mage x'(3,-2) l

Tranglation
_|_
Vector

coordinate of A ' coordinate of A’
coordinate of B Trandlation  _ dinate of B

coordinate of C Vector coordinate of C’
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MENSURATION

——(Conversions

For length:

To convert m? — em?

(bigger unit to emaller unit, ‘x’)

For circles:

Angles can be meagured either in degree or radians, where

--------------------------------

1180° = 7rad |
ie. 1000
degree — radian
To convert em® — m? -
(emaller unit to bigger unit, ‘=) le.X 7ors rad
ie. =1000 radian — degree
;180°
o
—Polygons
x T
Y z
Rectangle Square Triangle
1
Area= Ty Area =1° Area = g bxh= EabsinC

Perimeter =2 (:U — y)

Parallelogram

Area=a X h

Perimeter =2 (a + b)

Perimeter =4 Derimeter=a + b+ ¢

Rhombus
Area= bh = zy

Trapezium
1
Area = 5 (a+0b)h

Derimeter=a +b+c+d Perimeter =4b
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Circle

Area of circle, A = r?

Cireumference of circle, P = 27tr = 7d (since d = 2r)

Sector
Perimeter of sector, p = s + 2r

where (by taking proportiong)

ares ¢ = ———— X 277 (where§ ic in degrees)

360°
0

arcee= — X 27t = 176 (where @ in radiang)
T

Area of circle, A = 772 . By taking proportions,

6
Area of sector, A = 360° % (Qigin degreeg)

— b X e = §T29(0iginradian9)

NOTE:

(/ major arc

‘ ~—- minor arc
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Segment

6l|Page

Perimeter of segment, P = x + s

where (by uging cosine rule),

22 =r24+r2—2r%cosfh

T =+/2r2 — 2r2cos and

S

F- 3800 X 27 (where @ ig in degrees)
0

s = — X 271 = r0 (where @ in radiang)
2T

' Area of segment,
A = area of sector - area of triangle

6 1
== (3600 X 7r7’2> — 57“2 sin 6

1 1
== 57“20 — 57'2 sin 6



Regular/Uniform Solids

Volume = sum of all the eross-sectional areas
= cross-sectional area x height

height

Cuboid T

cross-sectional

EHHHHHHHH—HHHH)
& [ unit / ’ v

eross-sectional

A= 5 ‘ o

S —

=

N S—
ot $ I —— | &
CaCIE ?:
. Q) \—/
........ \_’/

© e )

Cylinder

"""""""""" he'ght
; crogs-sectional
Prigm
..................... area
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[rregular /Non-Uniform Solids

May need to uge Pythagorag’ theorem or ine /eogine rule to find dimengions.

1
Pyramid Volume = 3 x bage area X height

x bd x h

Surface area = Area of all surfaces

(¢ triangle + | square / rectangle)

o
p—t

Volume = 5 X base area X height

w

Cone

| =

[ — - xmrixh

1 .
= —mrh
3

Surface area =77’ + 7rl

area of circle bage ¢ ™ ourved eurface area

4
Volume = gm"d

Surface area= 4nr?

2
Hemigphere Volume = g’ir’I‘B
Surface area = 277 + mr?

= 3mr? .3 area of circle bage

NOTE: When finding surface area, check if

1) Solid ie open or cloged
2) Question ie agking for outer or inner eurface area
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Combination of shapes / solids:

Shapes Components Graphs
| | I_l Height
A /N
B
B
pig ] g
Height
/N 1
D G
E
D
E
\/ > Time
! Height
F N
F
G 7
> Time
Height
/N
l H
a
> Time
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CONGRUENCE & SIMILARITY

Congruence

Same shape
Same size

Same object

Since the 2 objecte in comparicon are exactly the

game:

1. their corregponding gides are equal
2. their corregponding angles are equal

3. their areag are equal

Azlélfl?C = A)f ll/'Z

Similarity

Same shape
Different size

The 2 objects in comparigon are esgentially the
eame, but of different gizeg, hence:

L. their corresponding angles are equal
2. ratio of corregponding sideg are equal

Axlﬁll? C ic gimilar to A)lf Y 7
1

X
A
BQC
b Z

Ao X

BeY

CeZ

A b 4
B C Y

ZABC =4XYZ AB =XY
LBCA=4YZX and BC=YZ
ZCAB =4ZXY 40— &2

ZABU = ZXYZ
LBCA=4YZX
ZLCAB = £ZXY
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Ao X
BeoY
CeoZ

and

AB _BO _ 4C
XYy 6 a8




Test for congruent A\

To show that 2 triangles are congruent, we
just need to uge any of the 5 rules below to
prove it.

Rule 1 : 888
\b 3 corregponding sides equal

JANJVAN

Rule 2 : SAS
\->2 sideg equal, [ included angle equal

A A

Rule 3/4: ASA, AAS
2 angles equal,
I corregponding side equal

JARA
YA

Rule 5 : RHS

\P hypotenuge and ! gide of right-angled
triangle equal

ANGEAN
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Test for gimilarity A
L I
To show that 2 triangles are similar, we just
need to use any of the 3 rules below to
prove it.

Rule 1 : 2 corresponding angleg are equal

Rule 2 : 3 corregponding sides in the game ratio
AB _BC _ 4C
XY YZ XZ

Rule 3 : 2 corregponding sides in eame ratio,

lincluded angle equal

AB AC
¥ =%z and ZBAC = ZY X Z

X
A
BAC
Y VA

NS



How to identify which triangles are similar or congruent?
Step [ : [dentity the values of unknown eides and angles by applying knowledge about:

+ Angles :

— vertically oppogite angles

— alternate angleg, etc.

+ Triangles :
— [g0gceles

— Equilateral, efc.

Step 2 : Mateh the sideg and angles

Step 3: Use the relevant tests: congruence / similarity

Some examples on similarity to “capture” and identity at a glance.

A
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Similarity : Area
For gimilar figures A and B: ' ‘

length of A <lA) _another length ofA(hA) ,then area of A _ (lA)2 - (hA) 2

¥ length of B\ I5 another length of B\ /5 areaof B IB hp
Why @ wooemrmmemmrmmmmmm s 1o
§ A Areaof AABC = 5 (AM) (BC)
: X
: 1
| Areaof AXYZ = 5 (XN) (YZ)
Becauge the figureg are cimilar, AM _ BC
| XN~ YZ
E 1
B M g Area of AABC _ 2 (AMEC)
Areaof AXYZ % (XN)(YZ)
_ M BC
v 7 XN YZ E
2 2
N _(AMY? - (BOY
“\x~v) " \yvz)
Similarity: Volume
Likewige for volume of la _ ha 0 volume of A _ (l_A>3= ( E)3
cimilar solide A and B:|% 15 = s €N Yolime of B ~ \is hp
Scale Factor|
For enlargement at figure to form image : Sl ks Rociolonedl 2

b 2

B length of image 2
Scale factor = corregponding length of figure Il‘ &’

Length of figure = corr. length of figure
scale factor

Length of image = scale factor x corr. length of figure

Therefore, under enlargement with ecale factor, the figure and ite image are SIMILAR!

length of image
corr. length of figure

areaofimage _ ( _length of image \2 _ 2
~ areaof figure (corr. length of ﬁgurg) (scale factor)

= Seale factor
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MATRICES

Matrices: array of numbers uged to repregent/showeage information over time.
[t i written ag follows:

@03 202

where m—wz a ' b
c |d

~1 = =
ST
O W

o

columnse

Order of matrix: size of the matrix
written in the form (number of rows) x (number of columng)

... m X n matrix

/

m rows

Example:
2 x 3 matrix

: | — 2 rowg, 3 columne
n \ ) (1 23
1 4 5 6

Elements: each number / value in the matrix
. a
[ha 2 x 2 matrix, (C

g), there are 4 elemente: a, b, ¢, d

To simplify thinge later, we introduce thig notation for each elements:
aij , where @ij element in i row, j* column.

E xample:

. (a1 a2
2x2 r
ha matrix, (am am)
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Matrix equality : | matrices of eame order (ie. same gize)
2. corregponding elements equal

Example:

a by (1 2
(f c dl " \3 4 »thena=1,b=2,c=3,d=4

Addition/ Subtraction
NOTE: Matrices Mugt Be Of Same Order

Addition:

ab+ef_a+eb+f
c d g h) \ec+g d+n)

Just add/eubtract

Subtraction: cormesponding dement
a by (e f)_[a—e b—f
c d g h] \c—g d—nh
Special Matrices
Zero matrix: all elements are zero
0= (000 NOTE: AO = 0
0 - e 0

1 00
Y L T —
I = : - NOTE:Al = A
[ som sous 1 ’
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Multiplication

Scalar Multiplication

rfa O\ _ (ka KO\
¢ d] \kc kd) JustMuliplyCongtant Into Every Element

where k ig a congtant

Matrix Multiplication

s st . s 1 .
Condition: number of columne of 1°° matrix = number of rowse of 2™ matrix

(n > m matrix) x (mx p matrix) = (n x p matrix)
v (2x3 matrix) X (3 x | matrix) = (2 % | matrix)
K (3% 2 matrix) x (<1 x 3 matrix)

MULTIPLY 4™ ROW OF 1% MATRIX
wiTH 5™ CoLUMN OF 27¢ MATRIX.

.........................................................................

ail ai2...a1m bi1  bio... blp C11 C12...Clp

an]_ a:n2 o« o e avnm bml bm2 . bmp Cnl Cn2... (‘/np

where ci; =multiply " row of 1% matrix with 5™ column of 2"

= ailblj —+ aizsz + ai3b3j + ...+ aimbmj

matrix

ithow (@ b ... ) || =(ad+be+...+cf)
t
4t column NOTE: AB # BA

71| Page



SETS &§ NOTATIONS

Sets:
* Well-defined collection of objects

+ denoted by CAPITAL LETTERS

+elemente placed between (curly brackete)

Example: A i¢ the et of days in a week

A = {Mon, Tues, Wed, Thurg, Fri, Sat Sun}

Elements in Set A

Example: N ig the get of all positive odd numbers below [0

Ne{z:2 > 0,2 <10}
={1,3,5, 7,9}

Notations

Examples

rze A
X ie an element of get A
x belongg in get A

A={xxicevenandl < z < 10}
={2,4.6,8}
2€A,4€ A, 6€A, 8 A

& A
X ig not an element of get A
x doeg not belong in get A

1¢ A, dince 1 <z <10

5 ¢ A, gince x ig even

n(A)

number of elementg in et A

n(A) =4

Finite set

elementg in a get are countable

A={xxicevenand 1 < z < 10}

= {2’4’6’@{—\A 4 itemg in a set

~— A
n (A) — 4 finite

Infinite get

elemente in a get are infinite

B = {x:x are positive integere}
= {[, 2, 3, 4, 5, 6.} goes to infinity
Se Y

n(B)=ooA*\

infinite
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Note: [t ig wrong to write empty get = {(}}

Notations Examples
0 Empty set/null set A={x: xis positive and z < 0 }
no elementg in set ={}or ()
aleo denoted by { } n(A) =0

& Universal et
All elementg relevant to solution of problem

ACB
Ais a subset of B
Every clement of Aigin B, andn (A) < n (B)

Whatever A hag, B algo hag and may have more

A={1,2,3,4}, B={1,2,3,4}
C ={1,2,3,4,5}

All elementg in A are in B and C.
So,ACBandACC

AZB
A is not a subget of B

A congigte of elemente that are not in B

A={56,7,8}, B={1,2,3,4}
c=1{1,6,7,8 D=1{1,2,3,4,5}

A Z B, gince{5,6,7,8} ¢ B
C ¢ B,qince{6,7,8} ¢ B
D ¢ B, qince5 ¢ B and n (D) > n(B)

A =4
Sets A and B are equal
Set A and B have exactly the game elements

...........................................................

___________________________________________________________

A={1,2,3,4}, B=1{1,2,3,4}
ACBandBCA

Therefore, A = B

ACH
A is a proper subset of B
Condition [ : Every element of Aigin B

Condition 2 : There ig at leagt | element in B that
ie not in A, ie. n (A) < n (B)

A=1{1,2,3},B=1{1,2,3,4},D = {3,4}

ACB since {1,2,3} € B, and
~——pn(A) <n(B)ag{4} ¢ A

DcB gince {3,4} € B, and
~—» n(D)<n(B)ac{1,2} ¢ D

A¢ B
A is not a proper subget of B

There are elementg in A that are not in B

Every element in B ig in A

A= {1a2a3’4}a B = {1a233a4}
D ={1,6,7}

A¢ B | -
aince all elementg in B are in A
N W

D¢ B gince{6,7} ¢ B
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Venn Diagram

A venn diagram ig a vigual diagram to show relationship between sete. You gimply got to clagsify the

information in their appropriate categories.

 Ea univereal get represented by rectangle

..............................................

£ €=1{1,2,3,4,5,6,7,8} |
A L 7 ! A={123) '
B = {354}
C - C={56)
q set represented by eircle mugt be (abelled
N Elements placed in a et
Notations Examples
A’ /%:{1,2,3}, & =41,2,3,4,5}
Complemem of A A = {4,5} ~—-All other elementg in & but not in A

Qet of elementg in &, but not in A
A={zr:zetzx g A}

§

A S—!|  Shaded regionis A
ghade to indicate region of

intereat

AUB
Union of sets A and B
Set that containg ALL elementg in get A or get B or

both gete
Common migtakes: no repetition of elements required
AUB # {1,2,3,44)5,6,7)

A=1{1,2,3,4}, B={4,5,6,7}
AUB =1{1,2,3,4,5,6,7}

ey

ANB
Intersection of A and B
Set that containg elemente that are common to

BOTH gete Aand B

A={1,2,3,4}, B=1{4,5,6,7}
ANB = {4}

&M a@g

Disjoin set
2 gete with no common element
ANB=10

A and B ghareg no connection

A=1{1,2,3}, B={4,5,6} ANB=10

A@ no common elemente
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PROBABILITY

Probability is the meagure of chance or like hood of an event ig happening.

Principal of Probability:

....................................................................

..................................

P (A" = DProbability that A will not happen
= —1- P (A) s

....................................................................

....................................................................................................

: 2 events A, B are mutually exclugive.
—> If A happeng, B cannot happen, vice verga

i A and B cannot happened at the same time

—>D(AorB) =P (A)+ P (B)
Example: §
Dlrolling ! or 2 on a six-gided die) = Dlrolling 1) + Plrolling 2)
: 1 1 3
~ 6 e 6
1
— 3

.....................................................

=> When A happeng, B can happen or not happen

— DA andB)=P () x P (B)
Example:

D (rolling | on 2 die) = Dlroliing | on lat die) x Plrolling | on 2nd die)
| . - :

ngcm

.....................................

......................................................................
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Probability Diagrams

+ [t may help ug to gee the different outcomes and probabilities eagier by repregenting them uging
probability diagrams.
» They are 2 types of probability diagrams: Possibility Diagram And Tree Diagram

<Posgibility Diagram>

ugually for: combination of a outcomes independent events
Shows: Different outcomes for 2 togses of the coin.

Total number of outcomes = 4
—>(Head, Head), (Head, Tail), (Tail, Head), (Tail, Tail)

Head Talil

1
O (Head, Head) = O (Head, Tail) = P (Tail, Head) = Pltail, tail) = vy
O (at leagt | Head) ]
= P (Head, Tail) t P (Tail, Head) t PC Head, Head) = 1
Tl Lo oo Shows: Different outcomes for tosging [ coin and then rolling | cix-sided die
1
Hoad T o o o o o o P (Obtaining tail) = 5
e e e e i
123456 P (Head, 3) =15

2 die roll coin ghow Head ,_J L die rollie 3

Shows: The different outcomeg for the sum of a four-gided die

+(1|12|3|4

1(2(34]5 Number of occurrence when eumie 5= 4
2[3[4]5]6

3a]5]6][7 Total number of possible outcome =16
4]s6|7(8

4
O(SQum = 5) = 16
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<Tree Diagram>
usually for: 2 or more outcomes. Multiple number of draws.

nd Qutcome

o) — Choice |

Choice | Choipe 2

: Choicen
Choice 2 \ ;
i Mutually exclusive events

' (+)

. y"\@\\ Choice |
Choice n 'g(/ChOice 2) Ohoi.ag 2
W :
we n

[ndependent events

(X)

O (let Outcome : Choice [, 2nd Outcome: Choice 2)
= D (Choice 1) + P (Choice 2)

O (both Choice 1) + O (both Choice 2)+ ... + P (both choice n)
= D (Choice 1) x P (Choice 1) t © (Choice 2) x P (Choice 2) t ... + P(Choice n) x P(Choice n)
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DATA HANDLING

Data can be organiged in 3 different ways:

Frequency table:

Data clagsified according to the number of occurrences.

Fixed values
For ungrouped data

Example
Data collected on the number of

hand phones owned by students:

113221111
42512112 2

Frequency table:

# HO | Tally
0

D W= O

9
6
1
1
1

Thig ig the frequency distribution table showing how often a value / an inferval of value occurs.

Dot diagram:

Class intervals
Range of valueg for grouped data

Example

Data collected on the marke scored by

atudentg in a tegt:

oo 87 82 96 38 89

7
60

64 21 92 59 43 75
Frequency table:
Marke Tally
81 — 100 5
61 — 80 3
41 — 60 4
21 — 40 2
0—-20 0

Number of dots repregent number of timeg particular value occurred

value 2 did not oceur at all

STA

value 4 appeared 4 timeg
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Stem and leaf diagram:
Stem repregente number in the teng place
Leaf repregente number in the oneg place

Stem Leaf

1

2

3 4 8 [ etudent got 74 marke
4 299 [ student got 77 marks
5 [ student got 78 marks
6 |5578 3 student got 79 marke
7 478999

8 12334566738

9 1112

10

Pregenting Data

Once data ig organiged, it hag to be pregented for further analysic. There are 6 wayg to pregent data :

1 Table:

Artictee | Justin One | Taylor | Katy
Bieber | Direction | Quift | Perry
# Fans 10 40 35 25
2 Bar graph Artistes
# Fane 4
A Katy Perry + |
40 4 —
30 | Taylor Swift—+ |
20+ One Direction + |
10+ ’_‘ Justin Bieber—-
| } ; -— Artistes
Justin ~ One Taylor  Katy I I I +— - # Fane
Bieber Direction  Quift  Perry 10 20 30 40
- Vertical - . - Horizontal -
ertiea Properties: @

+ Barg of equal width
+ There are gape between the barg

+ Spaces between barg are of equal width
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Pictogram:

Using pictures /diagrams

If frequency ig high, let [ picture denote fixed number of occurrences
If frequency ig low, let [ picture denote | oceurrence

Justin Bieber O O

One Direction O O O O O O O O
Taylor Swift O O O O O O O
KatyPerry | () () O O O

where each () represent 5 people

Line graph:
Shows trend/ changes over period of time
Valueg between 2 readinge may not have any meaningg

Temperature/ °C
A
40+
Steps:
30+ |
. Dlot value
20+ , o
0 2. Draw line connecting |
1 - adjacent pointe |
0900 1200 1500 1800 2100 0000 il
5 Pie chart: ;
Frequency repregented by angle of ector Stepe: |
Angle of gector = proportion of category 1. For each category find angle

_ number of occurrenceg for category % 360° 2 Draw pie chart

total number of occurrenceg '3 Label each soctor

Total number of fang = 10 + 40 + 35 4+ 25 = 110

10
. . .o (e} — 2. o
Juetin Bieber : 110 x 360" = 32.73" (t02d.p)
o 40 o o
One Direction : 110 ¥ 360° = 130.91° (to 2 d. p)
35 One Direction
Taylor Swift : 110 X 360° = 114.55° (10 2 d. p)
. & 360° = 81.82°
Katy Perry: 110 X = 81. (to2.d.p)
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Histogram:
Used +to repregent frequency digtribution or grouped data with clasg intervalg

Fixed values Class intervals
Frequency Frequency
A
g__ —
5__
6 | — 2l
3
91
oLLITT] T
0 » i HP » Marks

01 2 3 4 5 0 20 4060 80 100

Properties:
+ Columng of equal width
- No gape between columng
Height of column = Frequency (number of oceurrences)

Cheek out thig table below to know when to uge what.

Types Purpose Advantages Digadvantages
Table Congolidate datainto | - Exact resulte - Hard to see comparigon
categorieg - Boring
Bar Graph | Use of bare fo show [+ Accurate Doee not show proportion of
data » Ugeful in comparigon one category in relation to the
among categories whole
Dictogram | Use of pictures/ - Fun + Inaccurate
diagram to show data |- Eagy to pregent = Troublesome to draw
+ Vigual
Line Graph | Shows data that - Showe trende No gignificance of valueg
changeg with time . Track changes with between 2 readings
regpect to time
Pie Chart | Compare each - Shows proportion Tedioug: need to convert
category to the whole data
Higtogram | Use of columng to - There ig continuity Doeg not show proportion
show data - Accurate
- Useful for comparigong
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DATA ANALYSIS

1 Mean: Average value

aum of valueg
total number of valueg

T

+ For ungrouped data with set of n values z1,z2. .., zn :

o+ T+,
r = i+ fem and leaf diagram |
- For frequency distribution without clacs infervale: £y
_ flxl + f2m2 + fnmn + frequency table without clage intervale
v f 1+ f 2+ ...+ f n + higtogram with ungrouped data
where fi = frequency of value =i
+ For group data with clags intervalg
 FE Tyt faT, || Heomuhdasenies |
| | f 1 st f 2..- + f n + frequency table with clase intervale

where fi = frequency of i*" clage inferval
i = mid value of i clagg interval

Median: Middle value
When distribution i¢ arranged in agcending/ descending order

For odd numberg: Median = middle value

+ For even numberg: Median = Sﬂmﬂ-ﬂﬁlgﬂ&’—‘@lﬂe&

Mode: Value that hag highest frequency, ie. oceurs mogt frequently
+ For get of values: Mode = value with highest frequency

+ For clage intervale: Mode = clagg intervale with highest frequency
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When To Use What?

Mode

For: Finding mogt common
value/popular entity

Mean
When: Data i¢ evenly epread

For: Finding the average

Median

When: Data i¢ ekewed - pregence of outliere
(extreme valueg)
For: Finding the ‘typical value
dentifying where the data ig centred at

Spread

To meagure how gpread out the data ig, there are 5 toole:

1 Range = highest value-lowegt value

Shows entire gpread of the data

2 Standard deviation:

Shows deviation from the average

- For ungrouped data

with n valueg 1, @2, . . ., Tnand T = mean:

\/(:1:1—:1:)+x2—$) ...+(:cn—f)2

.'131+.’172+

A4z
n__$2

n

...................................

+ For frequency digtribution where values Z1, X2, . . .
frequency f1, fa, - .-

’fn:

» Tn oceur with corregponding

SZ\/fl(wl—ff

h+fot+...fa

_ et fi et famn
h+fot...0n

+ fa (x2 — 5)2 +...4 fa(zn— 5)2 - dot diagram

{ - frequency table without clage
intervalg

+ higtogram with ungrouped data

+ For group data where ; ig the midpoint of clagg interval:

--------------------------------------------

+ @y -2 +...+ fulz, - T)°

i + higtogram with clagg infervalg |

Sz\/fl(ﬂfi—ﬂf)2

h+lfot+...fa

R e o Y o
fi+fo+...[n

i+ frequency table with clage
{ infervale

.............................................
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3 Quartile:
There are 3 quartiles of importance :
[ Lower : Q1llet quartile)
—» 25% valueg below, 75% valueg above

2. Median : Q2(2nd quartile)
—» 50% valueg below and above

3. Upper : @3(3rd quartile)
—» 75% valueg below, 25% valueg above

4 [nterquartile range = Q3 — Q1

Percentile :

n'" percentile : emallest number such that n % of numbere < to it

Repregenting Analysis

Box-whigker plot/ box plot:

To repregent the data to show ite spread and central tendency, we can draw:

i Range/Spread L
g [nterquartile range 4
Srmallegt A A Largest
value Median (Q2) value
Lower quartile (Q1) Upper quartile (@)

84|Page



Cumulative frequeney curve :
Obtained by adding previoug frequencies from frequency table

Shows nurmber of obgervationg that lie below particular value

Cumulative frequency
A

Number of itemg; 1 —

» Value
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