Logarithms

Logarithms are the inverse or opposite of exponentials (indices).
The abbreviation for logarithms is log.

In words: 2 to the power of 3 equals 8

In words: The logarithm (log) with base 2 of 8 equals 3

The logarithm of a number is the exponent (index) to which the
base number must be raised to give the basic numeral (number).




1. Write the following exponential equations in logarithmic form.
(a) 3*=81 (b) 5°=25 (c) 10°=100  (d) 8 =4096

() =1 () £=1024 (g) 9'=9 (h) 20° = 8000

2. Write the following logarithmic equations in exponential form.

(a) log,32=5 (b) log,64=3 (c) log, 7776 =5
(d) log,512=3 (e) log,343 =3 () log,,10 000 =4
(g) log27=3 (h) log,1 =0 (1) log,,390 625 =4

3. Find x in the following equations.
(a) 2°'=64 (b) logx=5  (c) x' =216 (d) log,16 =4

(e) 12°=x () log625=x (g) 4 =256 (h) log32 768 =x



Evaluating Logarithms

1. Evaluate the following logarithms.
(a) log,4096 (b) log,16 807 (c) log,6561 (d) log,8192

2. (a) Evaluate the log with base 3 of 2187.
(b) Evaluate the log with base 5 of 3125.
(c) Evaluate the log with base 10 of 1 000 000.
(d) Evaluate the log with base 12 of 248 832.



Logarithm Laws

Logarithm Law 1

log,m + log,n = log mn

_EXERCISE 5C
1. Use Logarithm Law 1 to simplify the following.
(a) log,7 + log6 (b) log,3 +log,9 (c) log,5 +1og,8
(d) log,2 +log,23 (e) loga + log,c (f) log4p +log3q
(g) logx +logx (h) log,,3m +log,,Sm (i) log2ab’ +log9a’b’

2. Solve for x in the following equations.

(a) log,9 + log,x =1log,36 (b) log,6 + log.x =1log,48
(c) log,35=1logx + log,7 (d) log,56 =logx + log,28
(e) log,24 =log2 +log 12 (f) log,ab =log,a + logx

(g) log,,7 +log,x =log, 91 (h) logx +1log,13 =1log, 312



Logarithm Law 2

log,m - logn = loga(%)

1. Use Logarithm Law 2 to simplify the following.
(a) log,5 -1log,9 (b) log,8 - log,5 (c) log,25 - log,,15
(d) log36 - log48 (e) log32 -log,8 () log8d -logd
(g) log27x - log,36x (h) log,8mn - log,16m (i) log6a’b’ - log 9ab’

2. Solve for x in the following equations
(a) log,18 - log,x = log,(3) (b) log,(L) = log42 - log,x
(c) log,x - log,35 = log3(%) (d) logé(%") =log8ab - logx

(¢) log.(32)=log:81m'n - logx () log,x - log,36a = log,(%")



Logarithm Law 3

log m" = nlog,m

1. Use Logarithm Law 3 to simplify the following.

(a) log,3’ (b) log,125 (c) logn
(d) 6log,7’ (e) 9log,2401 (f) Slog,8’
(g) 3nlog,2" (h) 4log,256 (i) 8log9’

2. Solve for x in the following equations.
(a) logx = 3log,10 (b) 4log,3 =logx

(c) log,x =alog,b (d) Slog,2 =logdx

(e) log,59 049 = Slog,x (f) log,9x = T7log,3



Logarithm Law 4

loga=1

Use Logarithm Law 4 to simplify the following.
1. log4 2. 3log,7 3. xlog5

Logarithm Law 5

log,1=0

Use Logarithm Law 5 to simplify the following.
1. log,1 2. 4log,1 3. xlog;1

4. alog,b

4. nlog,1



Logarithm Law 6

log,m

logm = Tog,a

1. Write the following logarithms with a base of 6.
(a) log,3 (b) log,12 (c) logn

2. Write the following logarithms with a base of n.
(a) log15 (b) log,9 (c) logm



Using All The Logarithm Laws




Simplify the following.
1. log,16 +log,343

log,15 625
log,,10 000

og ()

7. log,(243 x 3

o

9. 4log4 + 2log,8 - 12log,2
11. 5Slog2 + Slog,5 - Slog10

13. 3log4 - 2log,16 + 2log,2

2. log,32 - log,729

log,729
log,1024

2m
6. log. (s

8. log,(4" x 16"
10. 8log,3 - 8log9 + 2log,81
12. Slog,4 + 3log,8 - 3log,64

14. 7log,8 - 2log,4 - 2log,256
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EXERCISE 5J |

Simplify the following.
1. log,(3x +3)-log(x+1)

@

log,(20a + 8) - log,(10a + 4)

i

log,(2x” + 6x) - log,(6x + 18)

X

. log,x +log,2x - log,3x

o

. 2log,n +log2n - log,4n

11. 2log,8m - 3log4m + log,6m
13. 3log,6x + 2log,4y - 3log,12xy
15. 4log2x’ + 2log,4y’ - 2log,8x"y’

17. 4log2x’ + 2log,8y" - 4log,4x’y’

log,(12 - 4n) - log,(3 - n)
log,(15 + 3m) - log,(10 + 2m)
log,(12x” + 8xy) - log,(3x’y + 2x)°)

log.4a + log,6a - log,8a

10. 4log,2x + 2log,,3x - 2log,,12x

. 8log,3x - 4log.9x - 4log.x

. 3log,3a + 2log,b - 2log,9ab

2log,8m’ + 3log,4n" - 12log,2mn

2log,4x"y" - 3log,2x’y’ - 2log,2x)’



Solve for x in the following equations.

1. log4 + logx = log,8 2. log,12x - log,3 = 2log,6
3. log,6x + log,4x = log,12x 4. 2log,3x - log,x =log,18
5. 4log2 + 2log,3 = log,6x 6. 2log,6x - log,4x =log,(7x + 4)

7. 3logdx - 2log2x =log2(3x +5) 8. 3log,6x - 2log,3x =log,2(3x + 7)

9. Slog2x + 2log4x = 6log,2x 10. Slog4x - 4log,2x =1log,8(7x + 9)



Logarithms with Base 10

logx means log,x




Note: Log can be found by entering the full number
in scientific notation into a calculator.
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 EXERCISE 5L |

1. Convert the following numbers to scientific notation then find the log
of each number. Give logs correct to two decimal places.

(a) 98 500 000 000 000 (b) 1620000 000 000 000 000 000
(c) 364 000 000 000 000 000 (d) 85711 000 000 000 000 000 000
(e) 0.000 000 000 000 8 (f) 0.000 000 000 000 000 000 43
(g) 0.000 000 000 756 8 (h) 0.000 000 000 000 222

2. Find the log of the following numbers.
Give logs correct to two decimal places.

(a) 7.2 x 10" (b) 3.09 x 10" (c) 1.984 x 10”
(d) 5.89x 10" (e) 4321 x 107 (f) 9.76 x 10

3. Copy and complete the following table.
Give logs correct to two decimal places.
The first line is completed as an example.

X

(Scientific Notation) logx

X

1400 1.4 x10° 3.15
14 000
140 000
1 400 000
14 000 000
140 000 000
1 400 000 000

4. Use this table to help answer the following.
When a number (x) is multiplied by 10 what happens to:
(a) the power of 10 of that number represented in scientific notation?
(b) the log of that number?

5. Given that 10g3200 = 3.51, find the following without using a calculator.
(a) log32 000 (b) log320 000 (c) log3 200 000



6. Given that log(2.8 x 10°) = 6.45, find the following without using
a calculator.

(a) log(2.8 x 10") (b) log(2.8 x 10%) (c) log(2.8 x 10")

7. Given that log(9.1 x 10" ) = 11.96, find x in the following.
(a) logx=12.96 (b) logx=13.96 (c) logx=14.96
(d) logx=17.96 (e) logx =20.96 (f) logx =24.96

Remember the following:
logx =a (log,x=a)
x=10"

Use calculator

8. Use a calculator to help find x in the following equations.
Write answer in scientific notation correct to two decimal places.

(a) logx=15.77 (b) logx =12.82 (c) logx =24.06
(d) logx=17.39 (e) logx =35.49 (f) logx =-9.45
(g) logx=-7.33 (h) logx=-15.21 (1) logx =-19.34






The Richter Scale

The highest rating ever recorded for an earthquake is 9.5
during the 1960 Valdivia earthquake in Chile.




To simplify the calculations let the amplitude of the
standard wave, A4,, equal 1.
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To simplify the calculations let the amplitude of the
standard wave, A,, equal 1.

' EXERCISE 5M |

1. Find the magnitude on the Richter scale of earthquakes with the
following amplitudes, given that 4, = 1.
Give answers correct to one decimal place.

(a) 700 (b) 5000 (c) 8.7 x 10°
(d) 2.9 x 10 (e) 7.7 x 10’ (f) 3.2 x10°

2. Find the amplitude, A, of the earthquakes that had the following
measurements on the Richter scale.
Where required give answers in scientific notation correct to
one decimal place.

(a) 3.7 (b) 1.6 (c) 5.2 (d) 8.3 (e) 4.6

3. Find the amplitude, A4, of the earthquakes that had the following
measurements on the Richter scale.
Give answers in scientific notation correct to one decimal place.

(a) 2.4 (b) 3.4 (c) 4.4 (d) 5.4 (e) 6.4

4. (a) What happens to the value for the amplitude, A, when the
measurement on the Richter scale increases by 1?
(b) Use this fact and the answers from question 3 to find the amplitude
of an earthquake that measured 7.4 on the Richter scale.

5. What would happen to the measurement on the Richter scale if the
magnitude of an earthquake is increased by a factor of:

(a) 100 (b) 1000 (c) 10° (d 10’ (e) 10°

6. An earthquake measures 4.5 on the Richter scale. Two days later another
earthquake is measured that is 1000 times the magnitude of the first
earthquake.

What was the reading on the Richter scale of the second earthquake?

7. Why is it convenient for the Richter scale to be a logarithmic scale?
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Widespread damage
in large areas.

. Most people would s
Less than 2.0 Micro not feel them. Millions per year
A few people would feel -
20-29 | Minor | them. Over 1 million
No building damage. pery
Some people feel them.
3.0-3.9 Minor Objects inside can be Ove;r1 023200
seen shaking. pery
Most people would feel i
4.0-4.9 Light them. Indoor objects 10 (:)(3:, ylgrooo
shake or fall to the floor.
Everyone feels them.
5.0-59 Moderate Damage to some 10(:3_ :.:(rm
buildings. pery
Widespread shaking. 100 - 150
6.0-6.9 Strong Building damage. per year

About 1 per year
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- D
Decibels are units of sound level that are calculated by finding
the base-10 logarithm of sound intensity.
Sound intensity is measured in units of watts per square metre.
The units of decibels (dB) are named after Alexander Graham Bell
who invented the telephone.
One decibel is a tenth of a bel (B). The unit of bel is rarely used.
The following formula is used to calculate sound level (SL) for
a given sound intensity (7).

SL =10log/

The difference in sound level (DSL) between sound intensity 1 (Z,)
and sound intensity 2 (Z,) can be written as the following formula:

DSL = 10log!, - 10log1,
=10(log1, - log1,)

DSL=1010g(%)
2

Examples of Sound Sources and Their Sound Levels

Sound Source Sound Level (dB)
Jet aircraft, 50 m away 140
Threshold of pain 130
Threshold of discomfort 120
Rock concert 115
Football crowd, at stadium 110
Vacuum cleaner, 1m away 70
Normal talking, 1m away 60
Quiet library 40
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 EXERCISE 5N |

1.

2

3.

The sound intensity of a petrol lawn mower was measured to be five

times the sound intensity of an electric mower.

Round answers to the nearest dB.

(a) What is the difference in sound levels (dB) of the two mowers?

(b) If the sound level of the petrol lawn mower was 92 dB, what was
the sound level of the electric mower?

. A group of four musicians often played music in a room at the back of

a house. There was a few complaints from neighbours so they decided
to add sound insulation to the room. They were told the sound intensity
outside the room would then be one tenth of the intensity without
insulation.
(a) What is the difference in sound levels (dB) before and after
the insulation was installed?
(b) If the sound level was 85 dB before, what would be the sound level
after the insulation was installed?

A listening device used to assist in recording the sound of animals in the
wild claimed to magnify the animal sounds by a factor of eight (the
recorded sounds would be eight times the intensity of the animal sounds).
(a) What is the difference in sound levels of the recorded sounds and
the actual sounds?
(b) The actual animal sounds were 45 dB. What was the level of the
recorded sounds?

. Traffic noise from a freeway at a nearby house was measured at 91 dB.

Sound barriers were installed and the sound level was measured at 85 dB.
What was the percentage reduction in sound intensity?
Give answer to the nearest percentage.

. Double glazing was reported to decrease the sound level from 86 dB

to 82 dB.
What was the percentage reduction in sound intensity?
Give answer to the nearest percentage.

6. A hearing aid was reported to increase the sound level from 60 dB

to 64 dB.
What was the percentage increase in sound intensity?
Give answer to the nearest percentage.
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 EXERCISE 50 |

1.

Find the pH of the liquids with the following concentrations of
hydrogen ions (moles per litre).
Give answers correct to one decimal place.

(a) 0.005 (b) 0.083 (¢) 0.000 009
(d) 7.2 x 10° (e) 4.1 x 10™ f) 6.6x10"

. Find the concentration of hydrogen ions (moles per litre) of liquids

with the following pH values.
Give answers in scientific notation correct to one decimal place.

(a) 8.2 (b) 12.3 (c) 2.7 (d) 7.1

. Liquids with a pH of 7 are classified as neutral.

Liquids with a pH less than 7 are classified as acidic.

Liquids with a pH greater than 7 are classified as alkaline or basic.

(a) What is the concentration of hydrogen ions in a neutral liquid?
Give answer in scientific notation.

(b) Which of the following liquids are acidic?

Liquid A - hydrogen ion concentration = 0.000 045
Liquid B - hydrogen ion concentration = 0.078
Liquid C - hydrogen ion concentration = 9.2 x 10™"

Liquid D - hydrogen ion concentration = 3.3 x 10°

e
J#Ja‘_fé/ﬂO =2J’ljc
2 "
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'PROBLEM SOLVING

Five earthquakes occurred on Shakey Island.
The five earthquakes and their measurements on the Richter scale are
shown below. They are not in the order that they occurred.

Earthquake Size
A 1.3
B 2.3
C 4.3
D 5.3
E 7.3

From the information below find the order that the earthquakes occurred.

¢ The first was not the smallest or the largest.

¢ The second was 10 times the intensity of the third.
¢ The fourth was 1000 times the intensity of the fifth.
¢ The last was 1000 times the intensity of the third.

- PUZZLE

Unscramble the following words or phrases to find words that contain
the word LOG.

1
3
S
7
9

. AGRO MILK

. GOLILAC
. GOOK LOB
. BOGY OIL
. GOLF

2. THE ONLY COG
4. GOOL

6. ANGOLA

8. LEAN HOG

10. PLAY GOO
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'CHAPTER REVIEW

1. Write 3’ = 243 in logarithmic form.
2. Write log,16 = 4 in exponential form.
3.Find x: logx=3

4. Evaluate log,125.

5. Simplify the following.
(a) log36 + log4096 (b) 2log,16 + 4log,8 - 8log,4
(c) 2log,27 +1log,81 - 5log,9 (d) log,6x +log,8x - log,12x

(e) 3log,2x + 2log,3xy - 2log,6x (f) 6log,2x - 3log,x - 3log,4x

6. Solve for x.

(a) log64x - 2log2 = 2log4 (b) 3log,4x - 2log,2x = log,(8x + 3)
7. Find log,, of the following numbers correct to two decimal places.

(a) 83 000 000 (b) 0.000 000 06

(c) 8.9 x 10 (d) 3.4x10™"

8. Given that log(3.7 x 10”) = 9.57, find log(3.7 x 10") without using
a calculator.

9. An earthquake measured 3.6 on the Richter scale. Two days later
another earthquake occurred that was 100 times the intensity of the
first. What did the second earthquake measure on the Richter scale?

10. A sound level of a large drill measured 93 dB. Wearing ear protection
reduced the sound level to 89 dB. What was the percentage reduction
in sound intensity? Round to nearest percentage.

11. What is the pH of a liquid with a hydrogen ion concentration of
5.2 x 10™ moles per litre? Give answer correct to one decimal place.
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