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14.4 Logarithms

Logarithms are the inverse of exponentials, i.e.

4  81

𝑙𝑜𝑔௔ 𝑛 = 𝑥 is equivalent to 𝑎௫ = 𝑛

The output of a 𝑙𝑜𝑔 can be a negative, but you cannot 𝑙𝑜𝑔 a negative, i.e.
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𝑓(𝑥) = 3௫

𝑓ିଵ 𝑥 = logଷ(𝑥)

Non-ExampleExample

3௫ ≠ 𝑥ଷ  
3ଶ = 9 ⇔ logଷ 9 = 2

Non-ExampleExample

logସ −4 = −1
logସ −

1

16
= −4
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Worked Example (DFM 527b)
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Write each statement as a logarithm.
a) 3ଶ = 9
b) 2଻ = 128

c) 64
భ

మ = 8



Worked Example
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Rewrite each statement using a power.
a) logଷ 81 = 4

b) logଶ
ଵ

଼
= −3



14.5 Laws of Logarithms

From indices facts:   𝑥଴ = 1   𝑥ଵ = 𝑥 :                   log୶ 1 = 0             log୶ 𝑥 = 1

By default log (𝑥) ≡ logଵ଴ 𝑥 and   ln x ≡  log௘ 𝑥

LAWS: Opposite of indices

𝐥𝐨𝐠𝐱 𝐚 + 𝐥𝐨𝐠𝐱 𝐛 ≡   𝐥𝐨𝐠𝐱(𝐚𝐛)

𝐥𝐨𝐠𝒙 𝒂 − 𝐥𝐨𝐠𝐱 𝐛 ≡   𝐥𝐨𝐠𝐱

𝐚

𝐛

𝐥𝐨𝐠𝐚 𝐱𝒏 ≡ 𝒏𝐥𝐨𝐠𝐚 𝐱

ANTI LAWS:

log୶ a ± b ≠ log୶ a ± log୶ b
log௫ 𝑎 ଶ ≠ 2log୶ a
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Worked Example (DFM 527f)
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Write as a single logarithm.
a) logଷ 6 + logଷ 7
b) logଶ 15 − logଶ 3
c) 2 logହ 3 + 3 logହ 2

d) logଵ଴ 3 − 4 logଵ଴
ଵ

ଶ

T.323 4E: Qs 1-2, P.11. 4.5: Qs 1-2



Worked Example
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Write in terms of log௔ 𝑥, log௔ 𝑦 and log௔ 𝑧.
a) log௔(𝑥ଶ𝑦𝑧ଷ)

b) log௔
௫

௬య

c) log௔
௫ ௬

௭

d) log௔
௫

௔ర

T.323 4E: Qs 3, P.11. 4.5: Qs 3



Worked Example

Page 21



Worked Example
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Solve the equation logଷ 𝑥 + 11 − logଷ 𝑥 − 5 = 2

T.323 4E: Qs 4+, P.11. 4.5: Qs 4+



Past Paper Q P2 2021  Q3

Page 30



Your Turn
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Past Paper Q AS 2023  Q9
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Your Turn
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Past Paper Q P1 2023  Q6
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14.6 Solving Equations using Logarithms

Just as you would with undoing a ‘trapped’ root, you must isolate 𝑒௫ terms and any log௔ 𝑏 terms, 
BEFORE using the inverse operation.

Example:

3 + logଶ 𝑥 = 5
logଶ 𝑥 = 2
𝑥 = 2ଶ = 4

Non-Example:
2௫ − 3 = 5

logଶ(2௫) − 3 = logଶ 5
𝑥 = 3 + logଶ 5
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Worked Example
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Solve the following equations, giving your answers to 3 decimal places.
a) 3௫ = 20
b) 5ସ௫ିଵ = 61

T.325 4F: Qs 1, P.118 4.6: Qs 1-2



Worked Example
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Solve the equation 5ଶ௫ − 12 5௫ + 20 = 0, giving your answer to 3 significant figures.

T.325 4F: Qs 2, P.118 4.6: Qs 3-4



Worked Example
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Find the solution to the equation 3௫ = 2௫ାଵ, giving your answer to four decimal places.



Worked Example
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Solve the equation 3௫ାଵ = 4௫ିଵ. Round your answer to 3 decimal places.



Worked Example
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Solve the equation 2௫3௫ାଵ = 5. Give your answer in exact form.

T.325 4F: Qs 3+, P.118 4.6: Qs 5+



Past Paper Q AS 2021  Q2
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Past Paper Q 2020 P2
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Past Paper Q 2020 P2

Page 62



Your Turn
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Past Paper Questions
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Past paper practice by 
topic.  Both new and old 
specification can be 
found via this link on 
hgsmaths.com 



Summary of Key Points
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