Investigation: The triangle inequality
Year 9 Maths · A5 question sheet
Can any three lengths make a triangle? In this investigation you’ll test lengths with a ruler and compass, find the rule that decides it, then write and refine a step-by-step algorithm that also tells you whether the triangle is right-angled, acute or obtuse. You’ll need a sharp pencil, a ruler, a compass, a protractor and a blank A4 sheet.
Part A: Can you build it?
Here is a construction for a triangle with three given side lengths.
· Step 1: Draw the longest length as a base AB.
· Step 2: Open your compass to the second length. Put the point on A and draw an arc above the base.
· Step 3: Open your compass to the third length. Put the point on B and draw an arc that crosses the first one.
· Step 4: If the arcs cross, call the crossing point C and join AC and BC. If they don’t cross, no triangle can be made.
[image: figures/8.01-inv1-arcs.png]
1. Use the construction on your blank sheet to test each set of lengths (in cm). Copy and fill in the table.
	Lengths (cm)
	Triangle? (Yes or No)
	Sum of the two shorter lengths

	5, 6, 7
	
	

	3, 4, 8
	
	

	4, 5, 9
	
	

	6, 6, 6
	
	

	2, 7, 8
	
	

	3, 5, 7
	
	

	2, 3, 6
	
	

	4, 4, 7
	
	



1. Look closely at what happened with 4, 5 and 9. Describe what the arcs did, and what the “triangle” would look like.
Part B: Find the rule
1. Compare the last two columns of your table. Complete the rule.
· Three lengths make a triangle only when the two shorter lengths add up to ______________ the longest length.
1. This rule is called the triangle inequality. Explain why you only need to check the two shorter lengths against the longest one, and not every pair.
1. Use the rule (without drawing) to decide whether each set of lengths makes a triangle.
0. 10 cm, 11 cm, 20 cm
0. 1.2 m, 2.5 m, 3.9 m
0. 35 mm, 60 mm, 25 mm
Part C: Write an algorithm
An algorithm is a list of steps and decisions that always gives an answer. Here is an algorithm for three lengths. It uses Pythagoras’ theorem to sort triangles into right-angled, acute (all angles less than 90°) and obtuse (one angle more than 90°).
· Step 1: Write the lengths in order from smallest to largest. Call them a, b and c, so c is the longest.
· Step 2: If a + b ≤ c, write “No triangle” and stop.
· Step 3: Work out  and .
· Step 4: If , write “Right-angled”. If , write “Acute”. If , write “Obtuse”.
1. Run the algorithm on each set of lengths. Show the numbers you compare.
	Lengths
	a, b, c
	a + b ≤ c?
	
	

	6, 8, 10
	
	
	
	

	5, 6, 7
	
	
	
	

	3, 5, 7
	
	
	
	

	2, 3, 6
	
	
	
	

	12, 5, 9
	
	
	
	



1. Test Step 4. You constructed triangles with sides 5, 6, 7 and 3, 5, 7 in Part A. Measure the largest angle of each with a protractor. Does each measurement agree with the algorithm’s output?
0. 5, 6, 7: largest angle ______________ Agrees?
0. 3, 5, 7: largest angle ______________ Agrees?
1. Jo leaves out Step 1. She checks “a + b ≤ c” using the lengths in the order they are given.
0. Find a set of three lengths where Jo’s version gives the wrong answer.
0. Explain why sorting the lengths first fixes the problem.
1. Kai changes Step 2 to “If a + b < c, write No triangle and stop.” Which set of lengths from Part A does Kai’s version get wrong? Explain.
Part D: How long can the third side be?
1. A triangle has two sides of 7 cm and 12 cm.
0. What is the shortest whole-number length the third side can have?
0. What is the longest whole-number length the third side can have?
0. How many whole-number lengths are possible for the third side?
0. Write a rule for the possible lengths of the third side when two sides are known.
0. Find the two lengths of the third side that make a right-angled triangle, each to 1 decimal place. Hint: the third side could be the hypotenuse, or 12 cm could be.
1. Ruby is making a triangular garden bed from three pieces of timber. She has pieces of 1.2 m, 1.8 m, 2.5 m and 3.1 m. Which three pieces could she use? List every possible choice, and say which one (if any) gives a right angle.
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b) The arcs don't meet: no triangle
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