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1.2.1Introduction to 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 will be 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 eisthe 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 can solve 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
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@ Worked example

Solve the following equations:

) x=1log,27,

x = log 3 2% = 3*=23

We con see {rom inspeckion

33=923 & =12

oC =7
OR: Use GOC 4o Bind ovswer di(ed-.la.

1) 2X= 21.4,giving youranswerto 3s.f.
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2% =214 This connot be seen
-pmm Cvu.?e_d-.ian=

2® =214 & oc = log.2l.4

Use GOC 4o find ovswer dired-.ls.

o¢c = 4.42 (3 sf)

For more help, please visit www.exampaperspractice.co.uk
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1.2.2 Laws of Logarithms

Laws of Logarithms
What are the laws of logarithms?

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

* Thelawsyouneedtoknoware, givena, X, y > 0:
. logaxy= logax + logay
= Thisrelatesto @¥ X a¥ = aX*ty

X
. loga; = logax - loggy
» Thisrelatestoa@* + gy =aX">V
. 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

Useful results from the laws of logarithms

= Givena > 0,a#1
. loga1= 0

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

» 3X=h & logab = xwherea > 0,b >0,a =1
= a¥ = a o log a= xgvesal =a e loga=1
= Thisisanimportantanduseful result
= Substituting this into the third law gives the result
- log a*=k
= Takingtheinverse of its operation gives the result
alogax=

X
= Fromthe third law we can also conclude that

. loga;= —log x
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These useful results are notin the formula booklet but can be deduced from the laws that are
Beware...

. ...loga(x+y) = logax+10gay
Theseresults apply to In x (logex) too

= Two particularly useful results are
= IneX¥ =x

= el = x
Laws of logarithms canbe used to ...
= simplify expressions
= solvelogarithmic equations
= solve exponential equations
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@ Worked example

a)  Writetheexpression2 log 4 — log 2 intheformlog k,where k € 7.
U\.sina the \law \oam'xm = mlogox
Zlog4 = log4™ = logle
Zlos‘f- - logZ = !.03‘1-'L = LosZ
= LOj 6 - LosZ
thina the \loaw 1039..2 = Logax - Loso.b
6
Lotal(-; -Loj'Z = log— = Los‘a

7.‘03‘!- - Ios?. = Losg

b) Hence, orotherwise, solve 2 log 4 - log 2= - 10g ;
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To solve 'Zlosﬁ- - losz = l,os';'i rewrite oS
}.038 = —log=x

'crom
eart (o)

Use +the index lLow = =2
L03‘8 = -Losrx-'
o ogo.x"‘= ™mLloga

l.053 = log >

g = >

For more help, please visit www.exampaperspractice.co.uk
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Change of Base
Why change the base of a logarithm?

= Thelaws of logarithms can only be used if the logs have the same base
= |faprobleminvolveslogarithms with different bases, you can change the base of the logarithm
and then apply the laws of logarithms
= Changing the base of alogarithm can be particularly useful if you need to evaluate alog problem
without a calculator
= Choose the base such that you would know how to solve the problem from the equivalent
exponent

How do | change the base of alogarithm?

= Theformulaforchanging the base of alogarithmis
log, x
&p

] = —
8% log, a

= Thisisinthe formula booklet
= Thevalue youchoose forb does not matter, howeverif you do not have a calculator, you can choose b
such that the problem will be possible to solve
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@ Worked example

By choosing a suitable value for b, use the change of base law to find the value of log8 32 without

using a calculator.

Cho.v\ﬁe of Yvose lLaw: Loa,‘x = logex
T
| 32115:32
0oq g
5’

23 =%

Chaose. b=2 to ollow for o solukion by inspection

- L052_32 - _5_
\05332 Logzg 3

\05332 = |%
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1.2.3 Solving Exponential Equations

Solving Exponential Equations

What are exponential equations?

An exponential equationis an equation where the unknown is a power
= |nsimple cases the solution can be spotted without the use of a calculator
= Forexample,

52x=125
2x =3

3
X3

Inmore complicated cases the laws of logarithms should be used to solve exponential equations
The change of base law can be used to solve some exponential equations without a calculator
= Forexample,

27x =9
x=log,.9
log.9
log,27
_2
3

How do we use logarithms to solve exponential equations?

An exponential equation can be solved by taking logarithms of both sides
The laws of indices may be needed to rewrite the equation first
The laws of logarithms can then be used to solve the equation

= In(loge)is oftenused

= The answeris oftenwritteninterms of In
A question my ask you to give your answerin a particular form
Follow these steps to solve exponential equations

= STEP1: Take logarithms of both sides

= STEP 2: Use the laws of logarithms to remove the powers

= STEP 3:Rearrange toisolate x

= STEP 4: Use logarithms to solve for x

What about hidden quadratics?
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= ook forhiddensquaredterms that could be changed to form a quadratic
= |nparticularlook out forterms such as
" 4X:(22)X:22X=(2X)2
" e2x:(e2)x:(e><)2
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@ Worked example

Solve the equation4X — 3(2X *1) + 9=0. Give youranswer correct to three significant figures.

- ¢ i
Spot the hidden quadratic: & = (24" = (2%)
By twe lows of (ndices 2%%) = gxy ot

(%) —3(2“(*') +9=0

= 2 2™
(29 -3%222%+9 =0
:c.l oc
(29" - 6x2= +9=0
i
let uwigl w - 6u +4=0
(w-3)(u-3)-0
u=3 .. 2% =3
Solve the exponential eguakion =3
Step 1: Toke logasithms . of looth sides : |,.,_(2=‘) = In(3)
Sktep 2: Use +the low \oSmx” = mlogax %2 = |03
Step 3: Reo\fra\nse_ to (soloke = e =3
In2
S :
tep 4: Solve n3
x = —— = |.584..
In2

x = I.s8 (3s.f)

For more help, please visit www.exampaperspractice.co.uk
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