Linear Inequalities

Solutions
For AQA GCSE Mathematics (8300) e Higher tier

Each question is shown in grey, followed by the working, one step per line. The final answer is in a box.
Marks shows how the marks are usually given in the exam, and Tip points out a common mistake.

1 (4 marks)

Solve

(@ 4x+3<23

Subtract 3 from both sides:
4x < 20
Divide both sides by 4:

xX<5

Answer: x <5

Tip: Keep the inequality sign all the way through. Writing x = 5 as your answer loses a

mark.

Marks: 1 mark for 4x < 20. 1 mark for x < 5.

(b) 5x+6>3x+15

Subtract 3x from both sides:
2x+6>15

Subtract 6 from both sides:
2x>9

Divide both sides by 2:
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x>45

Answer: x > 4.5

Marks: 1 mark for 2x > 9. 1 mark for x > 4.5.

2 (3 marks)
Solve 5—-2x>=3x+20

Add 2x to both sides, so the x term stays positive:
5=5x+20

Subtract 20 from both sides:

-15 = 5x

Divide both sides by 5:

-3=x

This is the same as x < —3.

Answer: x < —3

Tip: If you subtract 3x instead, you get —5x = 15, and dividing by —5 reverses the sign:
Xx < —3. Many students forget to reverse it.

Marks: 1 mark for —5x = 15 or —15 = 5x. 1 mark for —3 with an inequality sign. 1 mark for

x < -3

3 (5 marks)
(@) Solve -3<2x+1<9

Do the same thing to all three parts.
Subtract 1 from all three parts:
-4<2x<8

Divide all three parts by 2:
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-2<x<4

Answer: —2<x<4

Tip: A common mistake is to subtract 1 from only one side. Whatever you do, do it to all
three parts.

Marks: 1 mark for —4 < 2x < 8 (or for —2 and 4 seen). 1 mark for -2 < x < 4.

(b) Show your answer to part (a) on the number line.

—2 is included (<), so draw a filled circle at —2.
4 is not included (<), so draw an open circle at 4.

Join the two circles with a line.

-5 -4 -3 -2 -1 O 1 2 3 4 5

Answer: Filled circle at —2, open circle at 4, joined

Marks: 1 mark for the correct circles at —2 and 4. 1 mark for a line joining them.

() Write down the integers that satisfy the inequality in part (a).

From part (a), -2 < x < 4.

—2 is included, but 4 is not.

Answer: —2,-1,0,1,2,3

Tip: Don't forget 0. It is an integer too.
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4

(2 marks)

Here is a number line.

(@) Write down the inequality shown on the number line.

The circle at —1 is open, so —1 is not included. Use <.

The circle at 4 is filled, so 4 is included. Use <.

Answer: —1<x<4

(b) How many integers satisfy this inequality? Circle your answer.

Options: 4, 5, 6, 7
—1is not included, but 4 is.

The integers are O, 1, 2, 3, 4.

Answer: 5

Tip: The open circle means —1 is not counted; the filled circle means 4 is.

(2 marks)

X
Solve 7<2_Z

Subtract 2 from both sides:

X
5<—Z

Multiply both sides by —4.
Multiplying by a negative number reverses the sign:

—20>x
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This is the same as x < —20.

Answer: x < —-20

Marks: 1 mark for 5 < —% or 28 < 8 — x. 1 mark for x < —20.

6 (3 marks)
Solve 3(2x—-5)<2x+7

Expand the bracket:
6x—15<2x+7

Subtract 2x from both sides:
4x—-15<7

Add 15 to both sides:

4x < 22

Divide both sides by 4:

x<55

Answer: x < 5.5

Marks: 1 mark for expanding the bracket correctly. 1 mark for 4x < 22. 1 mark for x < 5.5.

7 (2 marks)

Hollie says,

“The inequalities —4 <2n <6 and —2 < n < 3 are satisfied by exactly the same
integers.”

Is Hollie correct?
You must show your working.

Divide all three parts of —4 <2n < 6 by 2:
—-2<n<3

So the integers are -1, 0, 1, 2, 3.
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The integers that satisfy -2 <n<3are -2,-1,0, 1, 2.

The first includes 3 but not —2. The second includes —2 but not 3.

Answer: No. The first gives —1, O, 1, 2, 3 but the second gives -2, -1, 0, 1, 2

Tip: Look carefully at each end: < means the end value is not included, < means it is.

Marks: 1 mark for —2 < n < 3 or for listing either set of integers. 1 mark for No with both lists
(or a correct comparison of the end values).

8 (3 marks)

n is an integer.
5n—-3>2n+9 and 2n+1)<17

Work out all the possible values of n.

Solve the first inequality:
5n-3>2n+9

3n>12

n>4

Solve the second inequality:
2(n+1) <17

2n+2<17

2n<15

n<75

So4<n<75

4 is not included, and the integers below 7.5 go up to 7.

Answer: 5, 6,7

Tip: n < 7.5 still allows n = 7. Don’t stop at 6.

Marks: 1 mark for n > 4. 1 mark for n <7.5. 1 mark for 5, 6, 7.

Linear Inequalities - Solutions Page 6 of 8
www.teachmemaths.co.uk



(3 marks)

X is an integer.
3(x+4)<50—-2x
Work out the largest possible value of x.
Expand the bracket:
3x+12<50 —2x
Add 2x to both sides:
5x+12< 50
Subtract 12 from both sides:
5x <38
Divide both sides by 5:
x<76
The largest integer less than 7.6 is 7.

Check: x =7 gives 33 <36 V. x = 8 gives 36 < 34, which is false.

Answer: 7

Tip: Don’t round 7.6 up to 8: x must be less than 7.6.

Marks: 1 mark for 5x < 38 (or 5x + 12 < 50). 1 mark for x < 7.6. 1 mark for 7.

10

(3 marks)

a and b are integers.
—7<2a+1<5 and 3<b<8

Work out the smallest possible value of a? — b

Solve the inequality for a. Subtract 1 from all three parts:
—-8<2a<4

Divide all three parts by 2:

—4<a<2, soacanbe-3,-2,-1,0,1, 2.

To make a2 — b as small as possible, make a? as small as possible and b as large as

possible.
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The smallest value of a2 is 02 = O (squares are never negative).
The largest value of b is 7 (8 is not included).

a’?—b=0-7=-7
Answer: —7

Tip: Using a = —3 is a trap: (—3)? = 9, which is large, not small.

Marks: 1 mark for —4 < a < 2 (or listing the values of a). 1 mark for usinga=0and b =7. 1
mark for —7.
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