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1.1 INDEX NOTATION

et REMINDER
. al—pase " 2°#2 x5
v/ 43#4x3
. a"#axn

a"=axaxax..xa;az0

| |
n factors

‘ Recap 1: . Recap 2: ‘

: , Write 64 in index form
Write the following repeated using of base of 2, base

o o . . . n
multiplications in index for a". of 4 and base of 8.

?x5x5x5x5x5':56 / l \

I
Repeated 6 times 64 = 26 64 = 82

64 = 43



4.1 LAWS OF INDICES




INDICES (PRIOR KNOWLEDGE)
1. gMx g =gMtn
2 aM=gh=gMmn

3. (am)"=amn

Example : Law 1 ‘

Multiplication of
numbers in index form

23 x 24 (2><2><2)><(2><2><2><2):2><2><2><2><2><2><2:27

Repeated Multiplication

Example : Law 2 ‘

Division of numbers in Repeated Multiplication
index form
45 . 42 4_5=4><4><4><4><4=43
REMARKS ’ 4? 4x4
aMxpm= (ab)m ‘ Example : Law 3 ‘

m m iplicati
a = E MUIt'p!'C?tlon e Repeated Multiplication
_b b numbers in index form

\,_ / (32 )4 32 % 32 % 32 « 32 — 32+2+2+2 — 38




Example : 4

INDICES (PRIOR KNOWLEDGE)

Division in
Index Form

2328

Example : 5

Law of Indices

23—3 — 20

Division in
Index Form

23+ 25

Law of Indices

23—5

—

4, a0=1
. 1
5. g M=_—_
am
Solution

Repeated Multiplication

2><2><2_1
2x2%x2

Solution

Repeated Multiplication

2x2x%x2 _i
2x2x2x2x2 2°

Conclusion From
The Solution

2°=1

Conclusion From

The Solution
SR
= >




SIMPLIFYING ALGEBRAIC EXPRESSIONS INVOLVING INDICES

Example 1: | simplify the following algebraic expressions.

(@) 53XxpX
5—X

Solution:

53X_><X5X _ 53X HX—(=X]
5
= 5OX

aMx gN = gMm+n

(b) 9a—3 % 9a+4

81

Solution:

9a—3 % 9a+4 _ 9a—3 % 9a+4

aM+ah=gMm™"n

81

—ga—3+ta+4-2

92

—g2a-1

Use base 9
for all terms

Add and
substract the
indices using the
laws of indices




SIMPLIFYING ALGEBRAIC EXPRESSIONS INVOLVING INDICES

Example 2: ‘ Simplify the following algebraic expressions.

&\S/a—7><4a_9

Solution:
n
7 _9 mgn = gm
Ja” xVYa9 =abxa 4
—=a° 4
17

—g4 20



SIMPLIFYING ALGEBRAIC EXPRESSIONS INVOLVING INDICES

Example 3:
Show that
(@)43a-2 = 6{‘: (b) 92a+2 = g1 (812
Solution: Solution:
() 43a-2 - 6{“‘ (b) g2a+2 = g1(81)
‘_LE' 6 —_— —
RHS LHS RHS _
LHs =43a-2 92a+2=g2axg2 |allxal=all
_4%% [gm gn=gmn =(81)(81) | 2x4=8
42 4x2=8
_642 =81(8P)
16
=RHS

=RHS




SIMPLIFYING ALGEBRAIC EXPRESSIONS INVOLVING INDICES

Example 4:

Show that 5™2-7(5")-25(5"1) is divisible by 13 for all positive integers of n.

Solution:

Use base 5
5N+2_7(5M)-25(5") @x 52 - 7@- 52 [%} for all terms

aMx gN = gMm+n

=5" (52 '7'5) Factorise

M_. AN —oMm-n
completely a_ ~+a a

=51(13)

divisible by 13 for all positive integers of n




SIMPLIFYING ALGEBRAIC EXPRESSIONS INVOLVING INDICES

Example 5:

’ 56n ><94I’1 X152n _ k8n

, where k is a positive integer, find the value of k.

32n
Solution:
56N 5 94N 152N _ 56N X(32)4n x(5x 3)2n g;ed%ase °
32!’1 32n
_ 56n ><38n ><52h ><32I’1
- 32n aMx g = gMm+n

=56n+2n . 38n+2n-2n

aM+aN=aMm™"n

=53n,38n
=(5x3)" a™xb™ = (axb)"

=158n

Hence, by comparing, k = 15




SIMPLIFYING ALGEBRAIC EXPRESSIONS INVOLVING INDICES

Example 6:

+
Given that p=3Xand q=3Y. Express 279XX d in terms of p and q.

Solution:

27%HY _ (33 Use base 3
X - 32X for all terms

_(33)x(3%Y)
32X

_(3¥)%(3¥3)
3X2
_(3%)3@3Y)y
(3X)

aMx gN = gMm+n




SOLVING PROBLEMS INVOLVING INDICES

Equations involving indices can be solved as follows:

Example 7: | 5o|ve each of the following equations.

1.1fa*x=aY, thenx=y

2. 1fa*=Db*, thena=b

(@) 23X =12 —23x-1 (b) 8(4%)= ?ix whena>0and a# 1
Solution: Sol t°01]1-6
ution:
3X 1 93x-1—
2°°+2 12 8(4X): 32
5., [
2l _
3y 1 Factorise (4X)X(161 2X):382
2 (1+ 2] =12 completely Use base 4
(4X)X(42(1—2X)): 4L | for all terms
3)_
2" (2] ~1e 4x+2-4Xx =41 | aMxah =gM*n
éi))(( = 23 ;J;rgatﬁ?;?rﬁs 2_3x=1 By comparing index
: _1
3x=3 By comparing index X= 3




SOLVING PROBLEMS INVOLVING INDICES
Example 8:

In a research, a type of bacteria will multiply itself in 1 minute. The amount of bacteria at the
start of the research was 300. The amount of bacteria after t minutes is given by 300(3?).

(a) Determine the amount of bacteria after 9 minutes.

(b) Determine the time, t, in minutes for the amount of the bacteria to be 72 900.

Solution:
(2) Amount of Bacteria, B = 300(3!) (b)  300(3t) = 72 900
whent =9, B=300(3° at= 243
= 5 904 900 3'=3°

By comparing index

t=5




4.2 LAWS OF SURDS




RATIONAL NUMBERS AND IRRATIONAL NUMBERS

. Irrational
Rational Numbers Numbers
»Numbers can be > Numbers in the form of
. . p .
INTEGERS written in'q fraction, non-recurring decimals
1’ 1 where p and q are and infinite decimals.
integers and g # 0.

VAR /N

SURD

7=3.141592654...

TERMINATING RECURRING =3.14150205: 35
DECIMALS DECIMALS e=2.

0.8,0.75,4.086 | |0.2828....11.868686... [Irrational number}

in the form of root




RATIONAL NUMBERS AND IRRATIONAL NUMBERS

wmver | et | oeomar | i
J3 J3 1.7320508...|  Surd
N 5 0.5 Not Surd
11 311 2.2239800...|  Surd
327 3 3 Not Surd
/3 V3 1.2457309...| Surd
Extra Input

Ux isread as 'surd x order n'
3/5 isread as 'surd 5 order 3'




RATIONAL NUMBERS AND IRRATIONAL NUMBERS

Example 9: | conyert the following recurring decimals to a fraction.

(a) 0.292929292929... (b) 13.567567567...
Solution: Solution:
(@) et (b) Let
N = 0.292929292929... (1) A =13.567567567...
A =13+ 0.567567...
100N = 29.2929292929... (2)4_I A=13+N
i i Assume
2)=(1): 99N = 29 There is two digits '
@)= repeating. Multiply both N = 0.567567567... (1)
=% sgesonequatomiby o0 1000N = 567.567567... (2)<+—
2)—(1): 999N = 567 There is three digits
N= 999 both sides of
567 equation by 1000
A=13+220
999

_ 1,967
Thus, 13.567567567... = 13@



SIMPLIFYING EXPRESSIONS INVOLVING SURDS

Laws of Surds ‘

Law 1 vax+b=+ab
Law 2 : \/5+\/B:\/E

Example 10: ‘ Simplify each of the following

(an/50 (b) /98P +/2p
Solution: Solution:

J50 =+/25%2 \/98p+\/2p:3\7@
:\/gx\/i Jaxib=+ab _ %F;
=542 2p

=49




SIMPLIFYING EXPRESSIONS INVOLVING SURDS

.mx/éin\/az(min)\/a

‘ Example 11: ‘ Simplify the following expressions.
() 97247 (b) V32 +342
Solution: Solution:
o(7)2(7)=(9-2)7 V32 432 =16x2 +32

:7\/7 :\/EX\/E+3\/§ Jaxib=+ab

-2

=(4+3%/2 |m atn/a=(m=n)/a

:7\/5



SIMPLIFYING EXPRESSIONS INVOLVING SURDS

‘ Example 12: | 5implify the following expressions.

(a) 6(3v/6-56) (b) (9+5v4)(3-54)
Solution: Solution:
V6(3V6 —5V6) =6 (=2V6) | = = o (9+5+/2)(3-54)

=-12 = 27-4@15@ 25(4)

=27 +(-45+15)W/4-100

mJa+n/a=(mzn\a

=27-100-30/4
SMART TIPS | =_73-30/4
JaxJa=azxaz =-133




RATIONALISING THE DENOMINATORS FOR EXPRESSIONS
INVOLVING SURDS

Multiply the numerator and denominator of \1/_ with the conjugate
m+/a
surd m-+/aso that the surd can be eliminated.
: : 1 :
Multiply the numerator and denominator of with the
mva+nmn/b

conjugate surd m/a-nJ/b so that the surd can be eliminated.

1
Multiply the numerator and denominator of with the
2 mva-nJ/b
conjugate surd m</a+n/b so that the surd can be eliminated.

Surd Conjugate Surd
SMART TIPS =
11 myva mv/a
JaxJa=azxaz=a
mya+n/b mva-n/b

(a-b)(a+b)=a*-b?

mva-n/b mya+n/b




RATIONALISING THE DENOMINATORS FOR EXPRESSIONS
INVOLVING SURDS

Example 13: ‘ Simplify the following.

5 7 2./3
(@) NG (b) -5 (©) J3+2
Solution: Solution: Solution:
7 7 7 (2+J5)  (©)2¥3 _ 2¥3  (V3-42)
@) 2= 25 w2 5 @8 @i iB) B (B (3 2)
L1as7y5 | WIRNEL |_a)-2432
- 533 (22-5)  |surd (3-2)
:14+_71\/§ =6-2./6 |[VaxJ/b=+ab
SMART TIPS !
11 =-14-7/5

JaxJa=azxa?=a
(a-B)[a Bt




RATIONALISING THE DENOMINATORS FOR EXPRESSIONS
INVOLVING SURDS

| Example 14: ‘
Rationalise the denominator and simplify 3+*/§.
5-5
Solution:
3+/2 :(3+\ij(5+£) Multiply with
5-5 (5—\/5) (5+\/§j the conjugate
surd
_15+3/5+5v2++/2+/5
25-5
| _15+3/5+5\2+410  |JaxJb=yab
SMART TIPS | 20

11
JaxJa=azxaz=a

(a-b)(a+b)=a*-b?




SOLVING PROBLEMS INVOLVING SURDS

—TD

Example 15: T
The diagram on the right shows a pyramid- shaped house. The triangle shape at the
front of the house has an area of (20/3-4) m2 and the length of its base is $4\/§+4)m.
Determine the height of the triangle at the front of the house in the form o (a+b\/§)’
where a and b are rational numbers.

Solution: Areaz( 20 \/5_4)
%X(4\/§+4)xh=20\@-4
h (4\/§+4)><h=40\/§-8
4J3+4 ., _40V3-8
« (43 +a) g 4J3+4  4J3+4
Multipl ith th
— 40\/§'8 X4\/§'4 C(;jnjfg);\tl\g surde
AJ3+4 4/3-4 n
_160(3)-160y3-32/3 +32 Area=Zxbasexheight
16(3)-16
_512-1923

BE
h=16-6+3



APPLICATIONS OF INDICES, SURDS AND LOGARITHMS
' Example 16:

A carpet with a rectangle shape has a length of(1++/5) cm and an area of/80 cm?Z.
calculate the width of the carpet, w in cm. Express your answer in the form ofa+b-/5,
where a and b are integers to be found.

Solution:
Area= 80 J16x5—+/400
Areazx/%cmz W (1+\/§)><Wz\/% W= X_L—l
(15w _ /80 _4J5-20
(1++/5) (1+/5) (1+/5) )
\/7 (1_\/7) =—v5+5
(1+\/_ 5) (1—\/— 5)

Q _/80-/80.5 Hence,a=5, b=-
1-5




4.3 LAWS OF LOGARITHMS




Relating The Equations in Index Form With Logarithmic Form and
Determining The Logarithmic Value of A Number

' For a positive number a # 1

a* =N <> log,N = X

Example 17: Example 18: |
Convert the following to logarithmic form. .ConveﬂthefomMngtoindexfown
(@) 62=36 (b) 10x=y3 (a) logg64=2 (b) log, , 10%)0 =_3
Solution: Solution: Solution: Solution:
(@) 62=36 (b) 10x=y3 () logg64=2 (b) Iogmlo%)o =3
0g,.36=2 l0g,10x=3 82 =64
%6 103=_ 1

1000



Relating The Equations in Index Form With Logarithmic Form and
Determining The Logarithmic Value of A Number

Example 19:

Convert 2 = 5™ and 3 = 7" to logarithmic form. Hence, express each of the
following in terms of m and/or n.

(@) logs2 + log,7 —log:1
(b) log,3 -log:s2 - 10

Solution:
(@) log_2+log.7-log.1 (b) log,3-log.2-10
2=5Mslog.2=m 951097 /-1095 7 S
> ' =n-m-10
3=7"<log,3=n log,n=1| |logy1=0

=m+1-0 " NOTES

a*=N<log,N=x
Q —m-+1 » Sinceal=a,loga=1
. » Since = 1,log,1=0




PROVING THE LAWS OF LOGARITHMS

Letx = aP and y = a9 then p =log X and ¢ = log,y

PRODUCT LAW DIVISION LAW POWER LAW
(a) loggXy =logyX+loggy (b) Iogay:IogaX— log,y (c) logyX"=nlog,X
Solution: Solution: Solution:
P _ n
@) et (b) ¥=2, (c) x"=(aP)
Xy:ap+q aMx gN = gMm+n l:ap_q aM - gN=gMm-n xN=gPn (am)nzamn
Thus, | g
us,logyXy= p+
GaXy=P™4 Thus,logayz pP-g Thus,log,x"= pn
logaXy=logaX+log,y 0
Ioga§:logax—logay logy X" =nlog,X

+ Q



THE LAWS OF LOGARITHMS

Given log,2 = 0.558 and log,7 = 1.206, find the value of each of

Example 20:
the following.
(a) log,28 (b) Iogag (c) Ioga§/7
Solution: Solution: Solution:
1
_ s |1
(2) 10g,28=log,(7x4) (b) IogagzlogaZ—logej (c) Ioga§/7=Ioga73 am ="z
=log,7+log 4 . 1
log, Xy =l0gyX +10g, Y logy [ijlogaX—logay :§|Oga7
=log.7+log. 22
9a’"%% n =0.558-1.206 ~5(1.206)
=log,7+2l0g_,2 [logaX" =nlogsX
Ja™403a% [0%% ZTNO%RN| ) 648 ~0.402

=1.206+2(0.558)

=2.322 @



THE LAWS OF LOGARITHMS

Example 21: | £y press the following as single logarithms.

(@) log,5+log,,8-109,,4 (b) %Iog4x+2—3|og4y
Solution: Solution:
(&) log,5+l0g,,8-l0g,,4 (b) :2L|og4x+2—3Iog4y
:Iogm(5X8] 109Xy =10gaX+10GaY =log x%+2 xlog,4-log,y3
4 4 4 4
=log, %) Ioga(ﬂ:'ogax_logay Cloa o log;n=1 3
=log,x2+log,4<-log,y
~log, 10 1 logyxy =10g,x+logyy
=log, X2>;16 |oga(5J:IogaX—logay
y y

B



THE LAWS OF LOGARITHMS

Example 22: | Given log, 5= p and log_3 = q, express each of the following in

(&8)log,15
Solution:

(a)log,15=10g,(3x%5)

terms of p and q.

log,xy =logax+log,y

=log,3+log,5

=q+p

(b) log,0.6a
Solution:
_ 3
(b) Ioga0.6a—loga[5an
3

:Ioga§+logaa log,n=1

=log,3-log,5+1

logg (?j =loggX—-logyy

=q-p+1

Q




CHANGE OF BASES OF LOGARITHMS

Example 23:

log:b
1. log b=
Given log,;2 = t, express each of the following in terms of t log.a
(@) log,9 2. logb=—1
9 log,,a
(b) IngZ
Solution:
log.,9 9_ _
(a) |ng9:Fg'L2 (b) |092 4 |ng9 |0924 Iog{%}zlogax—logay
& 5 _I0939 I0934
_10953% | change “log,2 log,2 |Shange
|Og32 to base 3 3 3 to base 3
log,32 log,22
:M log,n=1 _1093°" 100,
log,2 t t
_2_2t
_2 -

~+

=2 Tt ot




SOLVING PROBLEM INVOLVING THE LAWS OF LOGARITHMS

Example 24:

Solve the equation 42%-1=7X by giving answers in three decimal places.

Solution:

42X=1=7X

Ioglo42x‘1zlog10 7X

(2x-Jlog, j4=xlog, , 7 logax" =nloggx

log, .4 lo 4
2X_1 g =X 491L
|09104 |09104

2X-1=1.4037X

2X-1.4037X=1
X=1.6770 @




SOLVING PROBLEM INVOLVING THE LAWS OF LOGARITHMS

Example 25:

Solve the equation log,5x—logy (2x—1) =2

Solution:
METHOD 1 METHOD 2
3 1\ = oX \_
log,5X Iogx(2x 1) 2 00, o |72
log [ X )_2 IOga(§J=|09aX—|Ogay | oX = 2y| 3
SX _22 |aX=Nelog,N=x oX |_ 2 |log,x"=nlogax
N =3 a log, o -1 =log,3 Ya Ya
5X ) 5X
%1 (2x 1) 9(2x 1) N 1—32
5X=18X-9

9 5X=18X-9
_ _9




SOLVING PROBLEM INVOLVING THE LAWS OF LOGARITHMS

Example 26:

Solve the equation log,X —logy81=0

Solution:

Iog3x —-logy81=0

log,; X -l0gy81+logy81=0+logy81 (Iog x) .y
2X) =
log, X =log,81
3 X log,x=+/4
_% Iogabzlogcb Ig3 _\/—
Iog3x— Iog3x logea og3x—-2, 2
l0g.,81 Iog3X=— Iog3x:2
_~93
Ioggx(loggx) |093X x(logsx) w32 =32

(Ioggx)zzloggs4 X=9 X=9




APPLICATIONS OF INDICES, SURDS AND LOGARITHMS

Example 27:

A company’s saving after n years is RM2 000(1+0.07)".Determine the minimum
number of years for their savings to exceed RM4 000.

Solution:

Company's saving =RM2 000(1+0.07)"
ExceedRM4 000
After nyears, company's saving>4000

Ioglo(1+0.07)n >log, ;2

n|0910(1+0'07)>|09102

n
2 000(1+0.07)">4 000 nl0g,(1+0.07)_ log; 2
2 000(1+0.07)" _ 4 000 log, ,(1+0.07) ~ log, 4(1+0.07)
2 000 2 000

Nn>10.2448

n
Q (1+0.07)"'>2 n=11




SUMMARY OF CHAPTER 4

INDICES, SURDS AND

LOGARITHMS
SURDS LOGARITHMS
Laws of 1. JaxJa=a 1. log,xy =log,x+log,y
Indices
2. Jaxyb=ab 2. Ioga[ﬁjzlogax-logay
a_[a —
3. b b - loggx" =nloggx
. AN _ m- _log:b
2 etz fanBl(asE) | 4 ombsiod
m\" _ _mn A2
3. (aM) =a —a‘-b .
5. log,b =

log,a



APPLICATIONS

INDICES ‘ M ‘ LOGARITHMS

. . v Trigonometry . .
v Geometric Progressions | |, ~oordinate j Geometric Progressions
v Simultaneous Equations Geometry Linear Law
v Linear Law / Vector
v Calculus
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