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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 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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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¥ = aXty

b
. loga; = logax - loggy
s Thisrelatesto @ + @y =a*X~ 7V
. logaxm= mlogax

= Thisrelatesto (aX)Y= axy
= Theselaws are in the 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, x* = k log,x RELATES TO (= a*

Useful results from the laws of logarithms

= Givena > 0,a#1
= log 1=0

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

Page50f14

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

. aX=b4=>10ggb=therea>0,b>O,a¢1 /
= a¥=a<loga= Xgvesal = a & log a =1 Your notes

= Thisisanimportant and useful result
= Substituting this into the third law gives the result

= log a*=k
= Takingtheinverse of its operation gives the result
log_x
= g 4 =X
= Fromthe third law we can also conclude that
1
. loga;= —log x
log,a =1 THE POWER YOU RA1§E
g TO 10 GET g, 15 1
log,a*=x loggf’'= Xlog,0
=
log,X AN OPERATION AND
Gars =X
ITS INVERSE
log,1=0 a’=1
log 1= log, X"
loggx = —log,x ax =~ “%a
qu 5 oga —_ Logc X

= These usefulresults are notin the formula booklet but can be deduced from the laws that are
= Beware..

- .log (x+y) # log x+log y
= Theseresults apply to In x (logeX) too

= Two particularly useful results are
» IneX¥ = x
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- elx = x ,

= Laws of logarithms canbeusedto..
= simplify expressions Yournotes
= solvelogarithmic equations
= solve exponential equations

O ExaminerTip

= Rememberto checkwhetheryoursolutions are valid
= |og (x+k)isonly definedif x> -k
= You willlose marks if you forget toreject invalid solutions
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@ Worked example

a)  Writetheexpression2 log 4 — log 2 intheformlog k,where k € 7.

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%

1
b) Hence, orotherwise, solve 2 log 4 - log 2= - 10g ;
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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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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
log x= ——
a 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

O ExaminerTip

= Changingthe baseis a key skill which can help you with many different types of questions, make
sure you are confident with it
= |tisaparticularly useful skill for examinations where a GDC is not permitted
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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.r\ﬁe. of Yose law: Loamx = loge>
Loab&
{7_5=32
\D 332
5/‘
/A

Choo.Se_. b=2 to ollow for o salukion b:} inspeckion

- Losz32 — _5_
\05332 Logz‘a 3
2
\053‘32 = |§
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1.2.3 Solving Exponential Equations /

Your notes
Solving Exponential Equations
What are exponential equations?

= Anexponential equationis an equation where the unknownis a power
= |nsimple cases the solution can be spotted without the use of a calculator
= Forexample,

52x=125
2x =3

3
X3

= |[nmore 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?

= Anexponential equation can be solved by taking logarithms of both sides
= Thelaws of indices may be needed to rewrite the equation first
= Thelaws of logarithms can then be used to solve the equation
= In(loge)is oftenused
= The answeris oftenwritteninterms of In
= Aquestionmy 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
B 4X=(22)X = 22X = (2%)2 Your notes

n e2X— (e2)x - (eX)2

O Examiner Tip

= Always check which form the question asks you to give your answer in, this can help you decide
how to solveit
= |fthe questionrequires an exact value you may need to leave your answer as alogarithm
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@ Worked example ,

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

Spot the hidden quadratic: 4= = (2%) = (22
Ba twe \ows of (ndices QP g 2% = ?'

"4
() -3(2**") +9=-0 e

(29 -3%222%+9 =0

(29" - 6x2= +9=0

Let w =2 W-bu+9=0
(& ~ 3w~

w=3 =~ 2% =3

Solve the exponential equakion =3

Step 1 Take (ogosithms of ‘looth sides : |n_(2°‘) = In(3)
Step 2: Use the law \oﬂmxm = mlogqax xinZ = In 32
Step 3: Reo.fromse_ Lo (soleke o o n 3
In2
Step &: Solve 3
x = =2 - |.584
in2

o = I.s8 (3s.f.)
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