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Check yourself

Check yourself
Rational simplification and inverses verified by composing; modulus cases checked;
combined transformations; sec, cosec, cot with identities; harmonic form with exact R;
compound and double angle proofs; log-graph recovery; growth-decay models with
floor; product, quotient, chain and implicit differentiation; recognition integrals;
sign-change and iteration methods.
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Exercises 2.1·2.3

• Factorise top and bottom, then cancel the common factor:

(x− 3)(x+ 3)

(x+ 3)(x+ 4)
=

x− 3

x+ 4
(x ̸= −3,−4)

• Check at x = 1: original −8
20

= −2
5
; simplified −2

5
✓.

2 Practice

2.1 Simplify 2x2 + 5x− 3

x2 + 2x− 3
. [3]

2.2 For f(x) =
x

x+ 2
(x ≥ 0), state the range of f . [2]

2.3 With f(x) = x2 and g(x) = 2x+ 1, find fg(3) and state what you computed first.[2]

2.4 Find the inverse of f(x) = 3x− 5 and check it by composing. [3]

2.5 Find the inverse of g(x) = x+ 1

x− 2
, x ̸= 2. [4]
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Exercises 2.1·2.3

• Factorise top and bottom, then cancel the common factor:

(x− 3)(x+ 3)

(x+ 3)(x+ 4)
=

x− 3

x+ 4
(x ̸= −3,−4)

• Check at x = 1: original −8
20

= −2
5
; simplified −2

5
✓.

2 Practice

2.1 Simplify 2x2 + 5x− 3

x2 + 2x− 3
. [3]

2.2 For f(x) =
x

x+ 2
(x ≥ 0), state the range of f . [2]

2.3 With f(x) = x2 and g(x) = 2x+ 1, find fg(3) and state what you computed first.[2]

2.4 Find the inverse of f(x) = 3x− 5 and check it by composing. [3]

2.5 Find the inverse of g(x) = x+ 1

x− 2
, x ̸= 2. [4]
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Solutions

2.1 (2x− 1)(x+ 3)

(x− 1)(x+ 3)
=

2x− 1

x− 1
(x ̸= 1,−3). Check x = 2: original (3)(5)

(1)(5)
= 3; simplified

3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
, so f−1(x) =

x+ 5

3
. Check: f

(
x+5
3

)
= x+ 5− 5 = x ✓.

2.5 y(x − 2) = x + 1 =⇒ x(y − 1) = 2y + 1 =⇒ x =
2y + 1

y − 1
, so g−1(x) =

2x+ 1

x− 1

(x ̸= 1). Check: g
(
2x+1
x−1

)
=

(2x+ 1) + (x− 1)

(2x+ 1)− 2(x− 1)
=

3x

3
= x ✓.

3.1 (a) 0 ≤ f(x) < 2
3

(increasing from f(0) = 0 toward the horizontal limit 2
3
). (b)

y(3x + 1) = 2x =⇒ x(3y − 2) = −y, so f−1(x) =
x

2− 3x
. (c) x

2− 3x
=

2x

3x+ 1
=⇒

x(3x + 1) = 2x(2− 3x) =⇒ x(9x− 3) = 0, so x = 0 or x = 1
3
. Check x = 1

3
: f(1

3
) = 1

3

✓.

3.2 x2 + x − 2 = (x + 2)(x − 1): 5x+ 1

(x+ 2)(x− 1)
=

A

x+ 2
+

B

x− 1
gives 5x + 1 =

A(x− 1) + B(x+ 2). At x = 1: 6 = 3B, B = 2; at x = −2: −9 = −3A, A = 3.

5x+ 1

x2 + x− 2
=

3

x+ 2
+

2

x− 1

Setting equal to 1: 5x + 1 = x2 + x− 2 =⇒ x2 − 4x− 3 = 0 =⇒ x = 2±
√
7. Check

x = 2 +
√
7: denominator ̸= 0 ✓.

Local review guidance: correct order for composition or correct solving-for-x structure;
exact inverse/range; verification by composing or by a test value. This is authored
classroom guidance.
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=
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(x ̸= 1,−3). Check x = 2: original (3)(5)

(1)(5)
= 3; simplified

3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
, so f−1(x) =

x+ 5

3
. Check: f

(
x+5
3

)
= x+ 5− 5 = x ✓.

2.5 y(x − 2) = x + 1 =⇒ x(y − 1) = 2y + 1 =⇒ x =
2y + 1

y − 1
, so g−1(x) =

2x+ 1

x− 1
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(
2x+1
x−1

)
=

(2x+ 1) + (x− 1)

(2x+ 1)− 2(x− 1)
=

3x

3
= x ✓.

3.1 (a) 0 ≤ f(x) < 2
3

(increasing from f(0) = 0 toward the horizontal limit 2
3
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y(3x + 1) = 2x =⇒ x(3y − 2) = −y, so f−1(x) =
x

2− 3x
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x(3x + 1) = 2x(2− 3x) =⇒ x(9x− 3) = 0, so x = 0 or x = 1
3
. Check x = 1

3
: f(1

3
) = 1

3

✓.

3.2 x2 + x − 2 = (x + 2)(x − 1): 5x+ 1

(x+ 2)(x− 1)
=

A

x+ 2
+

B

x− 1
gives 5x + 1 =

A(x− 1) + B(x+ 2). At x = 1: 6 = 3B, B = 2; at x = −2: −9 = −3A, A = 3.

5x+ 1

x2 + x− 2
=

3

x+ 2
+

2

x− 1

Setting equal to 1: 5x + 1 = x2 + x− 2 =⇒ x2 − 4x− 3 = 0 =⇒ x = 2±
√
7. Check

x = 2 +
√
7: denominator ̸= 0 ✓.

Local review guidance: correct order for composition or correct solving-for-x structure;
exact inverse/range; verification by composing or by a test value. This is authored
classroom guidance.
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2.1 (2x− 1)(x+ 3)

(x− 1)(x+ 3)
=

2x− 1

x− 1
(x ̸= 1,−3). Check x = 2: original (3)(5)

(1)(5)
= 3; simplified

3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
, so f−1(x) =

x+ 5

3
. Check: f

(
x+5
3

)
= x+ 5− 5 = x ✓.

2.5 y(x − 2) = x + 1 =⇒ x(y − 1) = 2y + 1 =⇒ x =
2y + 1

y − 1
, so g−1(x) =

2x+ 1

x− 1

(x ̸= 1). Check: g
(
2x+1
x−1

)
=

(2x+ 1) + (x− 1)

(2x+ 1)− 2(x− 1)
=

3x

3
= x ✓.

3.1 (a) 0 ≤ f(x) < 2
3

(increasing from f(0) = 0 toward the horizontal limit 2
3
). (b)

y(3x + 1) = 2x =⇒ x(3y − 2) = −y, so f−1(x) =
x

2− 3x
. (c) x

2− 3x
=

2x

3x+ 1
=⇒

x(3x + 1) = 2x(2− 3x) =⇒ x(9x− 3) = 0, so x = 0 or x = 1
3
. Check x = 1

3
: f(1

3
) = 1

3

✓.

3.2 x2 + x − 2 = (x + 2)(x − 1): 5x+ 1

(x+ 2)(x− 1)
=

A

x+ 2
+

B

x− 1
gives 5x + 1 =

A(x− 1) + B(x+ 2). At x = 1: 6 = 3B, B = 2; at x = −2: −9 = −3A, A = 3.

5x+ 1

x2 + x− 2
=

3

x+ 2
+

2

x− 1

Setting equal to 1: 5x + 1 = x2 + x− 2 =⇒ x2 − 4x− 3 = 0 =⇒ x = 2±
√
7. Check

x = 2 +
√
7: denominator ̸= 0 ✓.

Local review guidance: correct order for composition or correct solving-for-x structure;
exact inverse/range; verification by composing or by a test value. This is authored
classroom guidance.
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Exercises 2.4·2.5

• Factorise top and bottom, then cancel the common factor:

(x− 3)(x+ 3)

(x+ 3)(x+ 4)
=

x− 3

x+ 4
(x ̸= −3,−4)

• Check at x = 1: original −8
20

= −2
5
; simplified −2

5
✓.

2 Practice

2.1 Simplify 2x2 + 5x− 3

x2 + 2x− 3
. [3]

2.2 For f(x) =
x

x+ 2
(x ≥ 0), state the range of f . [2]

2.3 With f(x) = x2 and g(x) = 2x+ 1, find fg(3) and state what you computed first.[2]

2.4 Find the inverse of f(x) = 3x− 5 and check it by composing. [3]

2.5 Find the inverse of g(x) = x+ 1

x− 2
, x ̸= 2. [4]
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• Factorise top and bottom, then cancel the common factor:
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20
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5
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. [3]
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x

x+ 2
(x ≥ 0), state the range of f . [2]

2.3 With f(x) = x2 and g(x) = 2x+ 1, find fg(3) and state what you computed first.[2]

2.4 Find the inverse of f(x) = 3x− 5 and check it by composing. [3]

2.5 Find the inverse of g(x) = x+ 1

x− 2
, x ̸= 2. [4]
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Exercises 2.4·2.5

• Factorise top and bottom, then cancel the common factor:

(x− 3)(x+ 3)

(x+ 3)(x+ 4)
=

x− 3

x+ 4
(x ̸= −3,−4)

• Check at x = 1: original −8
20

= −2
5
; simplified −2

5
✓.

2 Practice

2.1 Simplify 2x2 + 5x− 3

x2 + 2x− 3
. [3]

2.2 For f(x) =
x

x+ 2
(x ≥ 0), state the range of f . [2]

2.3 With f(x) = x2 and g(x) = 2x+ 1, find fg(3) and state what you computed first.[2]

2.4 Find the inverse of f(x) = 3x− 5 and check it by composing. [3]

2.5 Find the inverse of g(x) = x+ 1

x− 2
, x ̸= 2. [4]
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Solutions

2.1 (2x− 1)(x+ 3)

(x− 1)(x+ 3)
=

2x− 1

x− 1
(x ̸= 1,−3). Check x = 2: original (3)(5)

(1)(5)
= 3; simplified

3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
, so f−1(x) =

x+ 5

3
. Check: f

(
x+5
3

)
= x+ 5− 5 = x ✓.

2.5 y(x − 2) = x + 1 =⇒ x(y − 1) = 2y + 1 =⇒ x =
2y + 1

y − 1
, so g−1(x) =

2x+ 1

x− 1

(x ̸= 1). Check: g
(
2x+1
x−1

)
=

(2x+ 1) + (x− 1)

(2x+ 1)− 2(x− 1)
=

3x

3
= x ✓.

3.1 (a) 0 ≤ f(x) < 2
3

(increasing from f(0) = 0 toward the horizontal limit 2
3
). (b)

y(3x + 1) = 2x =⇒ x(3y − 2) = −y, so f−1(x) =
x

2− 3x
. (c) x

2− 3x
=

2x

3x+ 1
=⇒

x(3x + 1) = 2x(2− 3x) =⇒ x(9x− 3) = 0, so x = 0 or x = 1
3
. Check x = 1

3
: f(1

3
) = 1

3

✓.

3.2 x2 + x − 2 = (x + 2)(x − 1): 5x+ 1

(x+ 2)(x− 1)
=

A

x+ 2
+

B

x− 1
gives 5x + 1 =

A(x− 1) + B(x+ 2). At x = 1: 6 = 3B, B = 2; at x = −2: −9 = −3A, A = 3.

5x+ 1

x2 + x− 2
=

3

x+ 2
+

2

x− 1

Setting equal to 1: 5x + 1 = x2 + x− 2 =⇒ x2 − 4x− 3 = 0 =⇒ x = 2±
√
7. Check

x = 2 +
√
7: denominator ̸= 0 ✓.

Local review guidance: correct order for composition or correct solving-for-x structure;
exact inverse/range; verification by composing or by a test value. This is authored
classroom guidance.
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(x ̸= −3,−4)

• Check at x = 1: original −8
20

= −2
5
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5
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2 Practice

2.1 Simplify 2x2 + 5x− 3

x2 + 2x− 3
. [3]

2.2 For f(x) =
x

x+ 2
(x ≥ 0), state the range of f . [2]

2.3 With f(x) = x2 and g(x) = 2x+ 1, find fg(3) and state what you computed first.[2]

2.4 Find the inverse of f(x) = 3x− 5 and check it by composing. [3]

2.5 Find the inverse of g(x) = x+ 1

x− 2
, x ̸= 2. [4]

Pearson Edexcel ·International A-Level ·Pure Mathematics • 3.1 Functions: rational expressions, inverses 2

Solutions

2.1 (2x− 1)(x+ 3)

(x− 1)(x+ 3)
=

2x− 1

x− 1
(x ̸= 1,−3). Check x = 2: original (3)(5)

(1)(5)
= 3; simplified

3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
, so f−1(x) =

x+ 5

3
. Check: f

(
x+5
3

)
= x+ 5− 5 = x ✓.

2.5 y(x − 2) = x + 1 =⇒ x(y − 1) = 2y + 1 =⇒ x =
2y + 1

y − 1
, so g−1(x) =

2x+ 1

x− 1

(x ̸= 1). Check: g
(
2x+1
x−1

)
=

(2x+ 1) + (x− 1)

(2x+ 1)− 2(x− 1)
=

3x

3
= x ✓.

3.1 (a) 0 ≤ f(x) < 2
3

(increasing from f(0) = 0 toward the horizontal limit 2
3
). (b)

y(3x + 1) = 2x =⇒ x(3y − 2) = −y, so f−1(x) =
x

2− 3x
. (c) x

2− 3x
=

2x

3x+ 1
=⇒

x(3x + 1) = 2x(2− 3x) =⇒ x(9x− 3) = 0, so x = 0 or x = 1
3
. Check x = 1

3
: f(1

3
) = 1

3

✓.

3.2 x2 + x − 2 = (x + 2)(x − 1): 5x+ 1

(x+ 2)(x− 1)
=

A

x+ 2
+

B

x− 1
gives 5x + 1 =

A(x− 1) + B(x+ 2). At x = 1: 6 = 3B, B = 2; at x = −2: −9 = −3A, A = 3.

5x+ 1

x2 + x− 2
=

3

x+ 2
+

2

x− 1

Setting equal to 1: 5x + 1 = x2 + x− 2 =⇒ x2 − 4x− 3 = 0 =⇒ x = 2±
√
7. Check

x = 2 +
√
7: denominator ̸= 0 ✓.

Local review guidance: correct order for composition or correct solving-for-x structure;
exact inverse/range; verification by composing or by a test value. This is authored
classroom guidance.
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Exercise 3.1

3 Exam-style questions

3.1 (Adapted from Edexcel IAL WMA13 June 2025 Q1.) f(x) =
2x

3x+ 1
, x ≥ 0.

(a) Find the range of f .

(b) Find f−1(x).

(c) Solve f−1(x) = f(x). [6]

3.2 Express 5x+ 1

x2 + x− 2
as partial fractions, and hence solve 5x+ 1

x2 + x− 2
= 1. [6]
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Exercise 3.1

3 Exam-style questions

3.1 (Adapted from Edexcel IAL WMA13 June 2025 Q1.) f(x) =
2x

3x+ 1
, x ≥ 0.

(a) Find the range of f .

(b) Find f−1(x).

(c) Solve f−1(x) = f(x). [6]

3.2 Express 5x+ 1

x2 + x− 2
as partial fractions, and hence solve 5x+ 1

x2 + x− 2
= 1. [6]
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Solutions

2.1 (2x− 1)(x+ 3)

(x− 1)(x+ 3)
=

2x− 1

x− 1
(x ̸= 1,−3). Check x = 2: original (3)(5)

(1)(5)
= 3; simplified

3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
, so f−1(x) =

x+ 5

3
. Check: f

(
x+5
3

)
= x+ 5− 5 = x ✓.

2.5 y(x − 2) = x + 1 =⇒ x(y − 1) = 2y + 1 =⇒ x =
2y + 1

y − 1
, so g−1(x) =

2x+ 1

x− 1

(x ̸= 1). Check: g
(
2x+1
x−1

)
=

(2x+ 1) + (x− 1)

(2x+ 1)− 2(x− 1)
=

3x

3
= x ✓.

3.1 (a) 0 ≤ f(x) < 2
3

(increasing from f(0) = 0 toward the horizontal limit 2
3
). (b)

y(3x + 1) = 2x =⇒ x(3y − 2) = −y, so f−1(x) =
x

2− 3x
. (c) x

2− 3x
=

2x

3x+ 1
=⇒

x(3x + 1) = 2x(2− 3x) =⇒ x(9x− 3) = 0, so x = 0 or x = 1
3
. Check x = 1

3
: f(1

3
) = 1

3

✓.

3.2 x2 + x − 2 = (x + 2)(x − 1): 5x+ 1

(x+ 2)(x− 1)
=

A

x+ 2
+

B

x− 1
gives 5x + 1 =

A(x− 1) + B(x+ 2). At x = 1: 6 = 3B, B = 2; at x = −2: −9 = −3A, A = 3.

5x+ 1

x2 + x− 2
=

3

x+ 2
+

2

x− 1

Setting equal to 1: 5x + 1 = x2 + x− 2 =⇒ x2 − 4x− 3 = 0 =⇒ x = 2±
√
7. Check

x = 2 +
√
7: denominator ̸= 0 ✓.

Local review guidance: correct order for composition or correct solving-for-x structure;
exact inverse/range; verification by composing or by a test value. This is authored
classroom guidance.
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Exercise 3.2

3 Exam-style questions

3.1 (Adapted from Edexcel IAL WMA13 June 2025 Q1.) f(x) =
2x

3x+ 1
, x ≥ 0.

(a) Find the range of f .

(b) Find f−1(x).

(c) Solve f−1(x) = f(x). [6]

3.2 Express 5x+ 1

x2 + x− 2
as partial fractions, and hence solve 5x+ 1

x2 + x− 2
= 1. [6]
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Solutions
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=
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3
1
= 3 ✓.

2.2 From f(0) = 0 increasing toward the limit 1: 0 ≤ f(x) < 1.

2.3 g(3) = 7 first, then f(7) = 49: fg(3) = 49. In fg, g acts first.

2.4 y = 3x− 5 ⇒ x =
y + 5

3
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3
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3

)
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