
YEAR 12 PURE · EXPONENTIALS AND LOGARITHMS · LESSON 5 OF 8 · WORKSHEET ANSWERS

Laws of Logarithms
Specification: AQA 7357: F3, F4 · Edexcel 9MA0: 6.3, 6.4

INDEPENDENT You do

A · Single logarithms

B · Expanding

1 Write as a single logarithm:
(a) log3 7 + log3 4
(b) log5 36 − log5 4
(c) 2 log2 5
(d) log10 2 + log10 50

(a)  log3 (7 × 4) = log3 28 multiplication law

(b)  log5 (36 ÷ 4) = log5 9 division law

(c)  log2 52 = log2 25 power law

(d)  log10 (2 × 50) = log10 100 = 2 multiplication law; 10² = 100

2 Write as a single logarithm:
(a) 3 log2 3 + log2 2
(b) 2 log7 4 − 3 log7 2

(c) 
1
2

log3 49 + log3 2

(d) log5 8 − 1
3

log5 27

(a)  log2 27 + log2 2 = log2 54 power law first; 3³ = 27

(b)  log7 16 − log7 8 = log7 2 power law first; 16 ÷ 8

(c)  log3 7 + log3 2 = log3 14 49½ = 7

(d)  log5 8 − log5 3 = log5 
8
3 27⅓ = 3

3 Find the value of:

(a) log4 2 + log4 32
(b) log2 24 − log2 3
(c) 2 log6 3 + log6 4
(d) log10 25 + log10 4

(a)  log4 64 = 3 2 × 32 = 64 = 4³

(b)  log2 8 = 3 24 ÷ 3 = 8 = 2³

(c)  log6 9 + log6 4 = log6 36 = 2 power law; 6² = 36

(d)  log10 100 = 2 25 × 4 = 100 = 10²

4 Write in terms of loga x, loga y and loga z:
(a) loga (x

4y)

(b) loga (
x
y5

)

(c) loga (
√xy3

z
)

(d) loga (
x
a3 )

(a)  loga x
4 + loga y = 4loga x + loga y

multiplication, then power law

(b)  loga x − loga y
5 = loga x − 5loga y division, then power law

(c)  
1
2

loga x + 3loga y − loga z top: add; bottom: subtract

(d)  loga x − loga a
3 = loga x − 3 logₐ a³ = 3

5 Given loga 2 = p and loga 3 = q, write in terms of p
and q:
(a) loga 6
(b) loga 18

(c) loga 
8
9

(d) loga 1.5
(a)  loga 2 + loga 3 = p + q 6 = 2 × 3

(b)  loga 2 + 2loga 3 = p + 2q 18 = 2 × 3²

(c)  3loga 2 − 2loga 3 = 3p − 2q 8 = 2³, 9 = 3²

(d)  loga 3 − loga 2 = q − p 1.5 = 3 ÷ 2
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C · Reasoning

D · Solving equations

6 Prove the division law: loga x − loga y = loga 
x
y
.

Let loga x = p, loga y = q name the logs

x = ap, y = aq ⇒ 
x
y

 = ap − q
subtract the powers

loga 
x
y

 = p − q = loga x − loga y the log is the power

7 Show that loga 
1
x

 = −loga x. Hence find

log2 1
32

 + log2 4.

loga 
1
x

 = loga x
−1 = −loga x power law, k = −1

log2 
1

32
 = −log2 32 = −5, log2 4 = 2 2⁵ = 32, 2² = 4

−5 + 2 = −3 add

8 A pupil says log2 (x + 4) = log2 x + 2 for all x > 0.
Show this is false, and find the one value of x for

which it is true.

x = 4: log2 8 = 3 but log2 4 + 2 = 4 a counter-example

log2 x + 2 = log2 x + log2 4 = log2 4x 2 = log₂ 4

x + 4 = 4x ⇒ x = 
4
3

equate the insides

9 Solve log3 x + log3 4 = 2.

log3 4x = 2 multiplication law

4x = 32 = 9 ⇒ x = 
9
4

rewrite as a power

10 Solve log2 (x + 1) + log2 (x − 1) = 3.

log2 (x + 1)(x − 1) = 3 multiplication law

x2 − 1 = 23 = 8 ⇒ x2 = 9 rewrite as a power

x = 3; reject x = −3: log2 (−2) is undefined
check every log is defined

xx

yy

−4−4 −3−3 −2−2 −1−1 11 22 33 44 55

−3−3

−2−2

−1−1

11

22

33

44

55

OO

yy = 3 = 3 (3, 3)(3, 3)

left sideleft side

××
rejectedrejected

xx = 1 = 1

x = 3; x = −3 rejected (needs x > 1)

11 Solve log6 x + log6 (x − 5) = 2.

x(x − 5) = 62 = 36 ⇒ x2 − 5x − 36 = 0
one log; rewrite as a power

(x − 9)(x + 4) = 0 factorise

x = 9; reject x = −4: log6 (−4) is undefined
check every log is defined

xx

yy

−4−4 −2−2 22 44 66 88 1010

−2−2

−1−1

11

22

33

OO

yy = 2 = 2 (9, 2)(9, 2)

left sideleft side

××
rejectedrejected

xx = 5 = 5

x = 9; x = −4 rejected (needs x > 5)

12 Solve 2 log4 x − log4 (x − 3) = 2.

log4 x2 − log4 (x − 3) = log4 
x2

x − 3
 = 2

power law first; division law

x2 = 16(x − 3) ⇒ x2 − 16x + 48 = 0 rewrite as a power; × (x − 3)

(x − 4)(x − 12) = 0 factorise

x = 4 or x = 12: both make the number inside every log

positive (x > 3) ✓
check: arguments positive

xx

yy

11 22 33 44 55 66 77 88 99 1010 1111 1212 1313 1414 1515

11

22

33

44

OO

yy = 2 = 2(4, 2)(4, 2) (12, 2)(12, 2)

left sideleft side

xx = 3 = 3

two meeting points: x = 4 and x = 12 (both > 3)
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E · Exam-style question AQA-style. No calculator. Use the mark scheme to self-assess.

13 Solve log2 (3x + 2) − log2 (x − 2) = 3.

log2 
3x + 2
x − 2

 = 3 ⇒ 3x + 2 = 8(x − 2)

division law; rewrite as a power

3x + 2 = 8x − 16 ⇒ 5x = 18 ⇒ x = 3.6 x terms to one side

Check: 3x + 2 = 12.8 > 0 and x − 2 = 1.6 > 0 ✓
check: arguments positive

xx

yy

11 22 33 44 55 66 77 88 99 1010

11

22

33

44

55

66

OO

yy = 3 = 3(3.6, 3)(3.6, 3)

left sideleft side
xx = 2 = 2

x = 3.6 (x − 2 = 1.6 > 0)

14 (a) Show that log2 (x2 − 9) − log2 (x − 3)
= log2 (x + 3), for x > 3. [2 marks]

(b) Hence solve log2 (x2 − 9) − log2 (x − 3) = 3. [2 marks]

(c) Solve log2 x + log2 (x + 6) = 4. [4 marks]

(a)  log2 
x2 − 9
x − 3

M1 division law

= log2 
(x − 3)(x + 3)

x − 3
 = log2 (x + 3) A1 difference of two squares

(b)  log2 (x + 3) = 3 ⇒ x + 3 = 23 = 8 M1 rewrite as a power

x = 5 (and 5 > 3 ✓) A1 − 3; check x > 3

(c)  log2 x(x + 6) = 4 M1 multiplication law

x(x + 6) = 24 = 16 ⇒ x2 + 6x − 16 = 0 M1 rewrite as a power

(x + 8)(x − 2) = 0 A1 factorise

x = 2; reject x = −8: log2 (−8) is undefined A1 check every log is defined

xx

yy

−8−8 −6−6 −4−4 −2−2 22 44

−3−3

−2−2

−1−1

11

22

33

44

55

66

OO

yy = 4 = 4

(2, 4)(2, 4)

left sideleft side

××
rejectedrejected (c) x = 2; x = −8 rejected (needs x > 0)

VLE Tutors · Free resources at vletutors.co.uk/resources

https://vletutors.co.uk/resources/

