
YEAR 12 PURE · EXPONENTIALS AND LOGARITHMS · LESSON 1 OF 8 · WORKSHEET ANSWERS

Exponential Functions and Their Graphs
Specification: AQA 7357: F1, B1, B9 · Edexcel 9MA0: 6.1, 2.1, 2.9

INDEPENDENT You do

A · Values and shape No calculator.

1 Copy and complete the table for y = 3x. Click a cell to check it.

x −2 −1 0 1 2

y

3−2 = 
1
32  = 

1
9

negative power: reciprocal

3−1 = 
1
3

negative power: reciprocal

30 = 1 a⁰ = 1

31 = 3, 32 = 9 × 3 each step

xx

yy

−2−2 −1−1 11 22

22

44

66

88

1010

OO

yy = 3 = 3xx

(0, 1)(0, 1)
(1, 3)(1, 3)

(2, 9)(2, 9)

× 3 each step

1
9

1
3

1 3 9

2 Write each in the form a−x, where a > 1.

(a) ( 1
6

)x

(b) 0.25x

(c) ( 2
3

)x

(a)  (
1
6

)x = (6−1)x = 6−x
1/a = a⁻¹

(b)  0.25 = 
1
4

 ⇒ 0.25x = 4−x
write 0.25 as ¼

(c)  
2
3

 = 
1

1.5
 ⇒ (

2
3

)x = 1.5−x or ( 3
2
)−x

3 Increasing or decreasing?

(a) 1.01x

(b) 0.99x

(c) 2−x

(d) ( 1
3

)−x

(a)  increasing 1.01 > 1

(b)  decreasing 0 < 0.99 < 1

(c)  decreasing 2−x = ( 1
2

)x

(d)  increasing ( 1
3

)−x = 3x
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B · Transformations State the y-intercept and the equation of the asymptote, then sketch.

4 Sketch y = 2x + 3.

f(x) + 3: translation 03 , up 3 f(x) + a: up a

x = 0: y = 20 + 3 = 1 + 3 = 4, so the y-intercept is (0, 4)
y-intercept: put x = 0

Asymptote y = 3 asymptote moves too

xx

yy

−3−3 −2−2 −1−1 11 22 33

22

44

66

88

OO

yy = 3 = 3

yy = 2 = 2xx  + 3+ 3

(0, 4)(0, 4)

(0, 4); asymptote y = 3

5 Sketch y = 5x − 1.

f(x) − 1: translation 0
−1 , down 1 f(x) − a: down a

x = 0: y = 50 − 1 = 1 − 1 = 0, so the y-intercept is (0, 0)
y-intercept: put x = 0

Asymptote y = −1 asymptote moves too

xx

yy

−3−3 −2−2 −1−1 11 22 33

−2−2

22

44

66

88

OO
yy = −1 = −1

yy = 5 = 5xx  − 1− 1

(0, 0)(0, 0)

(0, 0); asymptote y = −1

6 Sketch y = 4 × 3x.

Stretch parallel to the y-axis, scale factor 4
4f(x): stretch, s.f. 4

x = 0: y = 4 × 30 = 4 × 1 = 4, so the y-intercept is (0, 4)
y-intercept: put x = 0

Asymptote y = 0 asymptote unchanged

xx

yy

−3−3 −2−2 −1−1 11 22 33

22

44

66

88

1010

OO

yy = 4 × 3 = 4 × 3xx

(0, 4)(0, 4)

(0, 4); asymptote y = 0

7 Sketch y = 3x − 1.

f(x − 1): translation 1
0 , right 1 f(x − a): opposite way

x = 0: y = 3−1 = 
1
3
, so the y-intercept is (0, 

1
3

)

y-intercept: put x = 0

Asymptote y = 0 asymptote unchanged

xx

yy

−3−3 −2−2 −1−1 11 22 33

22

44

66

88

OO

yy = 3 = 3xx−1−1

(0, 1/3)(0, 1/3)

(0, 1/3); asymptote y = 0

8 Sketch y = ( 1
2

)x − 2.

Decreasing curve, then f(x) − 2: down 2 0 < a < 1; down 2

x = 0: y = (
1
2

)0 − 2 = 1 − 2 = −1, so the y-intercept is (0, −1)

y-intercept: put x = 0

Asymptote y = −2 asymptote moves too

xx

yy

−3−3 −2−2 −1−1 11 22 33

−2−2

22

44

66

OO

yy = −2 = −2

yy = (1/2) = (1/2)xx  − 2− 2

(0, −1)(0, −1)

(0, −1); asymptote y = −2

9 Sketch y = 2−x + 1.

Reflect y = 2x in the y-axis, then up 1 f(−x) + 1: reflect, up 1

x = 0: y = 20 + 1 = 1 + 1 = 2, so the y-intercept is (0, 2)
y-intercept: put x = 0

Asymptote y = 1 asymptote moves too

xx

yy

−3−3 −2−2 −1−1 11 22 33

22

44

66

88

OO

yy = 1 = 1

yy = 2 = 2−−xx  + 1+ 1

(0, 2)(0, 2)

(0, 2); asymptote y = 1
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C · Reasoning No calculator.

10 Explain why the equation 2x = −4 has no solutions.

2x > 0 for every value of x. aˣ > 0 always

The graph of y = 2x never goes below the x-axis, so it
never meets y = −4.

no intersection

xx

yy

−3−3 −2−2 −1−1 11 22 33

−5−5

55

OO

yy = 2 = 2xx

yy = −4 = −4

never meets y = −4

11 (a) Show that 3x + 2 = 9 × 3x.
(b) Describe the graph of y = 3x + 2 as a

transformation of y = 3x in two different ways.

(a)  3x + 2 = 3x × 32 = 9 × 3x am+n = aman

(b)  f(x + 2): translation by −2
0  (left 2)

f(x + a): opposite way

or 9f(x): stretch parallel to the y-axis, scale factor 9
9 × f(x): stretch

xx

yy

−4−4 −3−3 −2−2 −1−1 11 22

22

44

66

88

1010

OO

yy = 3 = 3xxyy = 3 = 3xx+2+2

(−2, 1)(−2, 1)

(0, 9)(0, 9)

left 2 = stretch × 9

12 True or false? Justify each answer.
(a) For every a > 0, y = ax passes through (1, a).
(b) When x < 0, 5x < 2x.
(c) y = 0.5x is an increasing function.

(a)  True: a1 = a substitute x = 1

(b)  True: e.g. x = −1: 
1
5

 < 
1
2

try x = −1

(c)  False: 0 < 0.5 < 1, so it decreases 0 < a < 1: decreasing

xx

yy

−2−2 −1−1 11 22

11

22

33

44

55

66

OO

yy = 2 = 2xx
yy = 5 = 5xxyy = 0.5 = 0.5xx

(1, 2)(1, 2)

(1, 5)(1, 5)

x < 0: 5ˣ below 2ˣ

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

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


D · Algebra

13 The curve y = kax (with k, a > 0) passes through

(1, 12) and (3, 3). Find k and a. Is the function

increasing or decreasing?

ka = 12, ka3 = 3 substitute both points

ka3

ka
 = a2 = 

3
12

 = 
1
4

divide: k cancels

a = 
1
2

a > 0: square root

1
2
k = 12 ⇒ k = 24 substitute back

Decreasing, since 0 < a < 1 0 < a < 1: decreasing

xx

yy

−1−1 11 22 33 44 55

1010

2020

3030

4040

5050

OO

yy = 24 × (1/2) = 24 × (1/2)xx

(0, 24)(0, 24)

(1, 12)(1, 12)

(3, 3)(3, 3)

decreasing: a = ½

14 The curve y = kax (with k, a > 0) passes through

(−1, 2) and (2, 54). Find k and a.
ka−1 = 2, ka2 = 54 substitute both points

ka2

ka−1  = a3 = 
54
2

 = 27 2 − (−1) = 3

a = 3 cube root

k
3

 = 2 ⇒ k = 6 substitute back

xx

yy

−2−2 −1−1 11 22 33

1010

2020

3030

4040

5050

6060

OO

yy = 6 × 3 = 6 × 3xx

(−1, 2)(−1, 2)
(0, 6)(0, 6)

(2, 54)(2, 54)

through (−1, 2) and (2, 54)

15 (a) Show that 8x = 23x.

(b) Hence find the coordinates of the point where
y = 8x meets y = 2x + 6.

(a)  8x = (23)x = 23x
8 = 2³; (am)n = amn

(b)  23x = 2x + 6 ⇒ 3x = x + 6 same base: equate powers

2x = 6 ⇒ x = 3 solve

y = 83 = 512 check: 2⁹ = 512

(3, 512) the point

xx

yy

−1−1 11 22 33 44

100100

200200

300300

400400

500500

600600

OO

yy = 8 = 8xx

yy = 2 = 2xx+6+6

(3, 512)(3, 512)

they meet at (3, 512)
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E · Exam-style question AQA-style. Use the mark scheme to self-assess.

16 The curve C has equation y = kax, where k and a are positive constants. C passes through the points (2, 36)
and (5, 972).
(a) Find the values of a and k. [4 marks]

(b) Sketch C. State the coordinates of the point where C crosses the y-axis and the equation of its asymptote.
[2 marks]

(c) Find the value of x for which y = 324. [2 marks]

(a)  ka2 = 36, ka5 = 972 M1 substitute both points

a3 = 
972
36

 = 27 M1 divide to eliminate k

a = 3 A1 cube root

9k = 36 ⇒ k = 4 A1 substitute back

(b)  y = 4 × 3x: an increasing curve, above the x-axis B1 shape: k > 0, a > 1

x = 0: y = 4, so (0, 4); asymptote y = 0 B1 y-intercept; asymptote

(c)  4 × 3x = 324 ⇒ 3x = 81 M1 ÷ 4

x = 4 A1 81 = 3⁴

xx

yy

−3−3 −2−2 −1−1 11 22 33

1010

2020

3030

4040

OO

yy = 4 × 3 = 4 × 3xx

(0, 4)(0, 4)

(0, 4); asymptote y = 0
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