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👩🏽‍🏫 Teacher’s Story & Introduction
Imagine a builder in Mutare measuring a slanted roof beam.
He knows the wall is 6 m high and the roof extends 8 m from the wall.
He doesn’t climb up to measure the beam—he uses a simple rule he once learnt at school:
“Square the height, square the base, add them together, then take the square root.”
That rule comes from a brilliant Greek mathematician called Pythagoras who lived about 2 500 years ago.
He discovered that in any right-angled triangle, the area of the square built on the longest side equals the combined areas of the squares on the other two sides.
This simple relationship helps builders, surveyors, electricians, and even farmers measure things without direct contact.
When a drone pilot calculates distance to a tower, or when a tailor measures the diagonal of fabric, Pythagoras is quietly at work.
So, today, think of yourself as that builder—you will learn to measure the unreachable through numbers.

🎯 Learning Objectives
By the end of this lesson you will:
1️⃣ State and explain Pythagoras’ Theorem in your own words.
2️⃣ Identify the three sides of a right-angled triangle.
3️⃣ Use the theorem to find missing sides.
4️⃣ Relate it to real situations—construction, design, navigation.

💡 Meaning of Pythagoras’ Theorem
In any right-angled triangle,
the square of the hypotenuse = the sum of the squares of the other two sides.
a2+b2=c2a^{2}+b^{2}=c^{2}a2+b2=c2 
where
· a = one short side (adjacent)
· b = the other short side (opposite)
· c = the longest side (hypotenuse)

🔤 Key Terms & Visual Examples
	Term
	Simple Meaning
	Everyday Illustration

	Hypotenuse
	Longest side, opposite the right angle.
	The slanted roof beam or ladder.

	Adjacent Side
	Side next to the chosen angle θ.
	The ground distance from wall to ladder foot.

	Opposite Side
	Side directly opposite the chosen angle θ.
	The wall height reached by the ladder.

	Square ( x² )
	Multiply a number by itself.
	4² = 16 (4×4).

	Square Root ( √x )
	The number that gives x when squared.
	√16 = 4.


🖍 Visual: Draw △ABC with ∠C = 90°. Shade small squares on each side and write a² + b² = c².

🧮 Worked Examples with Teacher Commentary
🧩 Example 1 – Finding the Hypotenuse
Teacher’s voice: “Let’s test the rule on the famous 3–4–5 triangle.”
c2=32+42=9+16=25⇒c=25=5 cmc^{2}=3^{2}+4^{2}=9+16=25 \Rightarrow c=\sqrt{25}=5 \text{ cm}c2=32+42=9+16=25⇒c=25​=5 cm 
✅ So the slant side is 5 cm.
🧠 Notice the pattern 3² + 4² = 5²—remember it forever; it appears in many ZIMSEC papers.

🧩 Example 2 – Finding a Short Side
Given: Hypotenuse = 13 cm, one side = 5 cm
a2=132−52=169−25=144⇒a=144=12 cma^{2}=13^{2}-5^{2}=169-25=144 \Rightarrow a=\sqrt{144}=12 \text{ cm}a2=132−52=169−25=144⇒a=144​=12 cm 
✅ The missing side is 12 cm.
✏️ When the question says “find the shorter side”, always subtract, not add.

🧩 Example 3 – Real-Life Application 1 (TV Screen)
A 40 cm × 30 cm TV:
c2=402+302=1600+900=2500⇒c=50 cmc^{2}=40^{2}+30^{2}=1600+900=2500 \Rightarrow c=50 \text{ cm}c2=402+302=1600+900=2500⇒c=50 cm 
So a “50-cm screen” refers to its diagonal.
📺 Fun fact: TV sizes worldwide follow Pythagoras’ rule!

🧩 Example 4 – Real-Life Application 2 (Building Site)
A church stage wall is 6 m high; the floor is 8 m deep.
To install decorative lights, you need wire from wall-top to front edge:
c=62+82=100=10 mc=\sqrt{6^{2}+8^{2}}=\sqrt{100}=10 \text{ m}c=62+82​=100​=10 m 
✅ You’ll cut a 10 m wire—simple maths saves climbing!

⚙️ Common Mistakes & Exam Hints
	Mistake
	Fix

	Forgetting to square before adding
	Always perform squares first.

	Using theorem in non-right triangles
	Check for 90° symbol first.

	Leaving out √ step
	After addition, always take square root.

	Rounding too early
	Keep 3 decimal places until the end.

	No units or degree sign
	Marks lost—write cm / m and °!


📘 Exam Pattern:
ZIMSEC gives 3 marks: formula (1) + substitution (1) + final answer with unit (1).

🧾 Self-Check Quiz
1️⃣ Triangle sides 6 cm & 8 cm → find c.
2️⃣ c = 10 cm, b = 8 cm → find a.
3️⃣ Wall 15 m high, shadow 20 m → find distance from top to end of shadow.
4️⃣ Where do you use this theorem in daily life?
5️⃣ Why can’t it work in equilateral triangles?
Answers
1 = 10 cm 2 = 6 cm 3 = 25 m 4 Building, carpentry etc. 5 No right angle.

✝️ Faith and Motivation Corner
“By wisdom the Lord laid the earth’s foundation.” — Proverbs 3 v 19
Every side of life balances when God is at the centre. Let faith be your hypotenuse that holds you steady between effort and grace.

📘 Summary Notes
· Works only in right-angled triangles.
· Formula → a² + b² = c².
· Hypotenuse = longest side.
· Use √ to get final length.
· Label diagram + write units.

🧾 Revision Checklist
☐ I can draw and label sides of a right triangle.
☐ I can apply Pythagoras to find missing sides.
☐ I can connect it to real-life situations.
☐ I understand exam marking rules.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Lesson 2 – Pythagoras’ Theorem in Detail
(Next Lesson → Lesson 3 – Trigonometric Ratios SOH-CAH-TOA
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👋 Welcome to O-Level Mathematics Unit 5 Lesson 3
Welcome back to Trigonometry — the study of how sides and angles in right-angled triangles relate.
In this lesson you’ll master the three Trigonometric Ratios that rule every right-angled triangle: Sine, Cosine and Tangent.
They are the key to solving heights, distances, and inclinations anywhere in Zimbabwe or the world.

👩🏽‍🏫 Teacher’s Story – The Surveyor from Mutare Hills
Mr Makoni, a land surveyor from Mutare, had to measure the height of a hill in Penhalonga.
He couldn’t climb it, so he stood 50 m away and measured the angle from the ground to the top — 38°.
Using his calculator, he typed
tan⁡38°=h50⇒h=50×0.7813=39.07 m.\tan 38° = \frac{h}{50} \Rightarrow h = 50 \times 0.7813 = 39.07 \text{ m}.tan38°=50h​⇒h=50×0.7813=39.07 m. 
He smiled: “That’s the power of Trigonometric Ratios — they measure the unreachable.”

🎯 Learning Objectives
By the end of this lesson, you should be able to:
1️⃣ Identify sides in relation to an angle (opposite, adjacent, hypotenuse).
2️⃣ Use the ratios sin θ, cos θ and tan θ to find sides or angles.
3️⃣ Apply these ratios in real-life problems.
4️⃣ Use the inverse functions (sin⁻¹, cos⁻¹, tan⁻¹) to find angles.

💡 1️⃣ Key Definitions and Visual Examples
	Term
	Meaning
	Everyday Example

	Right-angled triangle
	A triangle containing a 90° angle.
	Ladder against wall.

	Hypotenuse
	Longest side — opposite the right angle.
	The ladder itself.

	Adjacent side
	Side next to the angle under study (θ).
	Ground distance.

	Opposite side
	Side directly facing angle θ.
	Wall height.

	Sine (sin θ)
	Opposite ÷ Hypotenuse.
	Measures height ratio.

	Cosine (cos θ)
	Adjacent ÷ Hypotenuse.
	Measures base ratio.

	Tangent (tan θ)
	Opposite ÷ Adjacent.
	Compares height to base.


🧠 Memory Aid → SOH – CAH – TOA
Sine = Opposite/Hypotenuse
Cosine = Adjacent/Hypotenuse
Tangent = Opposite/Adjacent

🧮 2️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Finding a Side Using Sine
Triangle ABC, ∠A = 30°, Hypotenuse = 10 m. Find opposite side.
sin⁡30°=Opposite10⇒Opposite=10×0.5=5 m.\sin 30° = \frac{\text{Opposite}}{10} \Rightarrow \text{Opposite} = 10 \times 0.5 = 5 \text{ m.}sin30°=10Opposite​⇒Opposite=10×0.5=5 m. 
✅ The height is 5 m.
Teacher: “Always start by labelling the angle θ, then decide which ratio fits the known sides.”

🧩 Example 2 – Finding a Side Using Cosine
∠B = 60°, Hypotenuse = 12 cm. Find Adjacent.
cos⁡60°=Adjacent12⇒Adjacent=12×0.5=6 cm.\cos 60° = \frac{\text{Adjacent}}{12} \Rightarrow \text{Adjacent} = 12 \times 0.5 = 6 \text{ cm.}cos60°=12Adjacent​⇒Adjacent=12×0.5=6 cm. 
✅ The base is 6 cm.

🧩 Example 3 – Finding a Side Using Tangent
Angle = 40°, Adjacent = 5 m. Find Opposite.
tan⁡40°=Opposite5⇒Opposite=5×0.8391=4.20 m.\tan 40° = \frac{\text{Opposite}}{5} \Rightarrow \text{Opposite} = 5 \times 0.8391 = 4.20 \text{ m.}tan40°=5Opposite​⇒Opposite=5×0.8391=4.20 m. 
✅ Height ≈ 4.2 m.

🧩 Example 4 – Finding an Angle Using Inverse Ratios
Opposite = 8 m, Hypotenuse = 10 m.
sin⁡θ=810=0.8⇒θ=sin⁡−1(0.8)=53.1°.\sin θ = \frac{8}{10} = 0.8 \Rightarrow θ = \sin^{-1}(0.8) = 53.1°.sinθ=108​=0.8⇒θ=sin−1(0.8)=53.1°. 
✅ Angle θ ≈ 53°.

🧩 Example 5 – Real-Life Application – Electric Pole in Gweru
A 60 m cable supports a pole making an angle of 65° with the ground.
Find the height of the pole.
sin⁡65°=h60⇒h=60×0.9063=54.38 m.\sin 65° = \frac{h}{60} \Rightarrow h = 60 \times 0.9063 = 54.38 \text{ m.}sin65°=60h​⇒h=60×0.9063=54.38 m. 
✅ Pole height ≈ 54.4 m.

🏗 3️⃣ Real-Life Applications Across Zimbabwe
	Situation
	Use of Trigonometry

	Engineering in Bulawayo
	Measuring inclined beams and ramps.

	Telecommunications in Harare
	Determining tower heights and signal angles.

	Bridge Design in Chirundu
	Calculating cable tensions and slopes.

	Farming in Mutare
	Designing irrigation pipe angles for water flow.

	Road Surveying in Chipinge
	Measuring road gradients.



⚙️ 4️⃣ Common Mistakes and Exam Tips
	Mistake
	Correction

	Using wrong ratio
	Identify which sides are given first.

	Calculator in radians mode
	Set to DEG (°).

	Forgetting to label diagram
	Always draw and mark angle θ and 90°.

	Mixing angles and sides
	Angles are in °, sides in units (cm, m).

	Ignoring units
	Write final answers with m or cm.


📘 Exam Tip: ZIMSEC Paper 2 usually includes a triangle with a missing side or angle — state the ratio first, substitute values, then solve.

✝️ Faith and Motivation Corner
“For every valley shall be exalted, and every mountain and hill shall be made low.” — Isaiah 40 : 4
Trigonometry shows us that even steep angles can be calculated and overcome.
With faith and focus, no problem is too high to solve.

🧾 5️⃣ Self-Check Quiz (Answers Below)
1️⃣ Label the sides in relation to angle θ in a right triangle.
2️⃣ Find sin 30°.
3️⃣ If tan θ = 0.75 and adjacent = 8 m, find opposite.
4️⃣ If cos θ = 0.6, find θ.
5️⃣ Name one real-life use of Trigonometry in Zimbabwe.
Answers
1 → Opposite, Adjacent, Hypotenuse.
2 → 0.5.
3 → 0.75 × 8 = 6 m.
4 → θ = cos⁻¹(0.6) = 53.1°.
5 → Engineering, construction, surveying etc.

🧠 6️⃣ Summary Notes
· sin θ = Opposite/Hypotenuse
· cos θ = Adjacent/Hypotenuse
· tan θ = Opposite/Adjacent
· Inverse functions find angles.
· Use calculator in degree mode.
· Draw diagram first and label sides clearly.

✅ 7️⃣ Revision Checklist
☐ I can label triangle sides correctly.
☐ I can use SOH-CAH-TOA to find sides and angles.
☐ I use calculator correctly in DEG mode.
☐ I can apply Trigonometry to real-life situations.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 5 – Lesson 3 : Trigonometric Ratios (SOH – CAH – TOA)
(Next → Unit 6 – Graphs and Linear Functions Lesson 1 which you already completed.)
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