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1.2.1Exponents /

Your notes
Laws of Indices
What are the laws of indices?

= Laws of indices (orindexlaws) allow you to simplify and manipulate expressions involving exponents
= Anexponentis apowerthatanumber(called the base)israised to
= Lawsof indices canbe used whenthe numbers are written with the same base

= Theindexlaws youneed to know are:

. (Xy)m=mem
(x\ym_xm
\y/) oy

n xXMX x0=xm+tn

. xM= x=xm—n

. (Xm)n = xmn

» xl=x

- x0=1
1 —_—

L] X—m=X m
1

X U
m

. X;= nf ym

= Theselaws are notin the formula booklet so you must remember them
How are laws of indices used?

= Youwillneedtobe able to carry out multiple calculations with the laws of indices
= Take yourtime and apply each law individually
= Work with numbers first and then with algebra
= |ndexlaws only work with terms that have the same base, make sure you change the base of the term
before using any of the index laws
= Changing the base meansrewriting the number as an exponent with the base you need

= Forexample, 94 = (32)4 =32%X4=38
= Using the above can them help with problems like 04 +37=38+37=31=3
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O Examiner Tip /

: . . Your notes
= |ndexlaws arerarely a question on theirownin the exam but are often needed to help you solve

other problems, especially when working with logarithms or polynomials
= | ook out fortimes when the laws of indices can be applied to help you solve a problem
algebraically
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@ Worked example
Simplify the following equations: Your notes
i) (3 Xz)(2 x3 yz)

(6x2y)

APP‘:Q each low Separately :

(3x2) 7__x3 )
2
6:!:. 2) expond.
= numerokor
(6x3)(x*y?)
6y
CDM&LL(.S
Fxur
7 4
ﬁ/x' 5 :I_ﬁ—,'——x"='5‘-"-s'2 =x3
gy mo IR
v

(3x*N2x?y") _ o®
6y

i (4x2y~4)3(2x3y~1)-2,
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(4x13-ﬁ'j5(2x35—l)-2

Rewrite os

(4-::‘." 3-4)3 o Craction

(2xy")"

expond
Nnumerokoer
ond
b4 x6 8'"- denominoker
4 :x_b 5-?..
L‘nmdﬁvg

The nejo»'r.'we exponents cawn
be reTritken os thelr

reciprecals
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1.2.2 Logarithms

Introduction to Logarithms
What are logarithms?

= Alogarithmis the inverse of an exponent
. faxX= bthenloga(b) = X wherea>0,b>0,a#1
= Thisisinthe formula booklet
= Thenumberais called the base of the logarithm

= Your GDC willbe able to use this function to solve equations involving exponents
= Trytogetusedto ‘reading’ logarithm statements to yourself

] loga(b) = X wouldbereadas “the power that youraise 4 to, to get b isx”

= Solog_125 = 3 would be read as “the power that you raise 5 to, to get 125, is 3”
gS

= Twoimportant cases are:
. 1nx=10ge(x)

= Where eis the mathematical constant 2.718...
= Thisis called the natural logarithm and will have its own button on your GDC

» logx= loglo(x)

= | ogarithms of base 10 are used often and so abbreviated to log x
Why use logarithms?

= |Logarithms allow us to solve equations where the exponentis the unknown value
= We cansolve some of these by inspection
= Forexample, for the equation 2¥ = 8 we know that x must be 3
= | ogarithms allow use to solve more complicated problems
= Forexample, the equation 2¥=10 does not have a clear answer

= Instead, we canuse our GDCs to find the value of 10g2 10

O Examiner Tip

= Before goinginto the exam, make sure you are completely familiar with your GDC and know how to

useitslogarithm functions
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@ Worked example ,

, , Your notes
Solve the following equations:

) x=1log,27,

x = log ;323 & 3*=2%

We can see fom (nspeckion:

32 =23 & o =13
oC =

OR: Use GOC +o find onswer direckly.

1) 2X= 21.4,giving youranswerto 3s.f.
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2% =92). 4 This connot be seen ,

Your notes

pr'om (.ns‘)ed:,ion :

2® =214 & oc = log.2l.4

Use GOC 4o find ovswer direci—.ls.

o =4.42 (3 sf.)
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Laws of Logarithms /

What are the laws of logarithms? Your notes

= | aws of logarithms allow you to simplify and manipulate expressions involving logarithms
= Thelaws of logarithms are equivalent to the laws of indices

* Thelawsyouneedtoknoware, given &, X, y > 0:
- log xy=log x+ log y
= Thisrelatesto @¥ X g¥ = aXty

X
. logél; = logax - logzy
= Thisrelatestoa* + g@¥=a*~ 7V
. logaxm= mlogax

= Thisrelatesto (aX)Y= axy
= Theselaws areinthe formula booklet so you do not need toremember them
= You must make sure you know how to use them

log,xy = log,x + log,y RELATES TO d*sa'=d*"
log, (¥) = logyx — Logay RELATES TO S5=a*”
log, xk = klog,x RELATES TO (a9'= o

Useful results from the laws of logarithms
= Givena >0,a#1
. logal =0

= Thisisequivalent to a'=1
= |fwe substitute b forainto the givenidentity in the formula booklet

» a¥X=)h & logab = xwherea > 0,b >0,a # 1
» X =a e 1ogaa = xgvesal = a & logaa =1
= Thisisanimportant and useful result
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= Substituting this into the third law gives the result
- log ak=k
= Takingtheinverse of its operation gives the result
log_x
= 4 8% = X

= Fromthe third law we can also conclude that

1
. 10g3;= —log x

= Beware..

- .log (x+y) = log x+log y
= Theseresults apply to In x (logex) too
= Two particularly useful results are

= IneX = x
« el = x
= Lawsof logarithms canbeusedto..

= simplify expressions
= solvelogarithmic equations
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L _ ‘THE POWER YOU RAISE
Och—’I "
a TO, TO GET aq, IS 1
log,a*=x loggf’'= Xlog,0
=X
log,X AN OPERATION AND
g =X
ITS INVERSE
log,1=0 a®=1
T
9a'x 9a ——tog.%

These useful results are not in the formula booklet but can be deduced from the laws that are

s
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= solve exponential equations /

Your notes
O Examiner Tip

= Rememberto check whetheryour solutions are valid
= |og (x+k)is only definedif x> -k
= You willlose marks if you forget to reject invalid solutions
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@ Worked example

a)

Write the expression2 log 4 — log 2 inthe formlog k,where k € Z.

Wsing the \loaw \oamxm = mlogax

2log% = log4" = logle

7_1039- - 1032 = !.0311—'L = LOSZ
= Lc»j 6 - L032

Wsing the law logaX = logax - logay

Loal{; -LOSZ = Los]—;- = Lo%%
7.\03‘!- - log2 = L°3%

b) Hence, or otherwise, solve 2 log 4 —log 2 = —log "
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To solve '2.103‘1- - los?_ = l.os"i rewrite oS

Log8 = - loa =
P 3 3
from
park (o)

Use kthe index Lw = =

L03‘8 = -Losx-
/105mxm= mLogmx
L038 = Los.x
g = x>
x =%
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