






[image: ] O-LEVEL MATHEMATICS
Unit 8 – Measurement & Scale Drawing (Lesson 1)
Maps, Ratios, and Real Distances

👋 Welcome to O-Level Mathematics Unit 8
Welcome to Measurement and Scale Drawing, where mathematics meets real life!
This lesson will teach you how to represent real distances on paper using scales, and how to convert between map measurements and real-world distances.
You’ll see how architects, surveyors, and even bus planners use these calculations daily.

👩🏽‍🏫 Teacher’s Story – The Map Drawer from Masvingo
Mr. Mudzvova, a geography teacher in Masvingo, asked his class to draw a map of Zimbabwe.
He said,
“If 1 cm on your map represents 50 km in real life, how far is Mutare from Harare if they are 4.5 cm apart on your map?”
The students calculated:
Distance=4.5×50=225 km\text{Distance} = 4.5 × 50 = 225 \text{ km}Distance=4.5×50=225 km 
They were amazed to discover the real distance without even leaving the classroom!
That’s how scale drawings make big distances small enough to fit on a page — without losing accuracy.

🎯 Learning Objectives
By the end of this lesson, you should be able to:
1️⃣ Define and use scales in map reading and drawing.
2️⃣ Convert map distances to real distances and vice versa.
3️⃣ Express scales as ratios, fractions, and words.
4️⃣ Apply measurement and scale drawing to real-life situations.

💡 1️⃣ Key Definitions and Examples
	Term
	Meaning
	Example

	Scale
	Ratio of map distance to actual distance.
	1 : 50 000 means 1 cm = 50 000 cm (500 m).

	Map Distance
	Distance measured on the drawing.
	4.5 cm between two towns.

	Actual Distance
	Real-life distance represented by map distance.
	4.5 × 50 000 = 225 000 cm = 2.25 km.

	Scale Factor
	The number by which real distance is reduced.
	1/50 000.

	Conversion
	Changing from one unit to another.
	100 cm = 1 m, 1000 m = 1 km.


🧠 Memory Tip:
Always use the same units before calculating — convert cm to km or vice versa.

🧮 2️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Finding Real Distance
Scale: 1 : 100 000.
Map distance = 3.5 cm.
Actual Distance=3.5×100000=350000 cm=3.5 km.\text{Actual Distance} = 3.5 × 100 000 = 350 000 \text{ cm} = 3.5 \text{ km.}Actual Distance=3.5×100000=350000 cm=3.5 km. 
✅ The towns are 3.5 km apart in real life.

🧩 Example 2 – Finding Map Distance
Actual distance = 12 km, scale = 1 : 200 000.
Convert 12 km → 1 200 000 cm.
Map Distance=1200000200000=6 cm.\text{Map Distance} = \frac{1 200 000}{200 000} = 6 \text{ cm.}Map Distance=2000001200000​=6 cm. 
✅ On the map, towns are 6 cm apart.

🧩 Example 3 – Real Zimbabwean Example
If 1 cm on a road map represents 25 km,
and Harare to Gweru is 220 km,
Map Distance=22025=8.8 cm.\text{Map Distance} = \frac{220}{25} = 8.8 \text{ cm.}Map Distance=25220​=8.8 cm. 
✅ The distance between Harare and Gweru is 8.8 cm on that map.

🧩 Example 4 – Scale Conversion
A building plan uses a scale of 1 : 100.
This means 1 cm on the plan = 100 cm in real life = 1 metre.
✅ Used in construction, furniture design, and interior layout.

🧩 Example 5 – Ratio and Word Scale
1 : 50 000 = “1 cm represents 50 000 cm” = “1 cm to 0.5 km”.
✅ Always express scales in simplest understandable form.

🏗 3️⃣ Real-Life Applications Across Zimbabwe
	Field
	Application

	Surveying (Chinhoyi)
	Measuring plots and farm boundaries.

	Civil Engineering (Mutare)
	Designing roads and bridges.

	Town Planning (Harare)
	Creating scaled city maps.

	Transport (Bulawayo)
	Bus routes and mileage charts.

	Architecture
	Building design and blueprints.


🧱 Builders, surveyors, and designers all depend on accurate scale drawings — it saves time, cost, and material.

⚙️ 4️⃣ Common Mistakes and Exam Tips
	Mistake
	How to Fix

	Forgetting to convert to same units
	Always use cm or m consistently.

	Reversing scale ratio
	Scale is map : actual, not the other way.

	Rounding too early
	Keep at least 2 decimal places.

	Ignoring units in answers
	Write km, m, or cm clearly.


📘 Exam Tip:
If unsure, always start from the definition of scale:
Scale=Map DistanceActual Distance\text{Scale} = \frac{\text{Map Distance}}{\text{Actual Distance}}Scale=Actual DistanceMap Distance​ 

✝️ Faith and Motivation Corner
“See, I have set you as a measure and a standard to the nations.” — Isaiah 49 : 6 (paraphrased)
God uses people as living measurements of His glory — your accuracy, discipline, and excellence become the standard others follow.
Work with precision in life just as you do in mathematics.

🧾 5️⃣ Self-Check Quiz (with Answers Below)
1️⃣ Scale = 1 : 50 000, map distance = 2 cm. Find real distance in km.
2️⃣ Actual distance = 10 km, scale = 1 : 250 000. Find map distance.
3️⃣ What does a scale of 1 : 100 mean on a building plan?
4️⃣ Convert 600 000 cm into km.
5️⃣ Write in words: 1 : 200 000.
Answers
1 → 2 × 50 000 = 100 000 cm = 1 km.
2 → 10 km = 1 000 000 cm → 1 000 000 ÷ 250 000 = 4 cm.
3 → 1 cm = 1 m in real life.
4 → 600 000 ÷ 100 000 = 6 km.
5 → “1 cm represents 2 km.”

🧠 6️⃣ Summary Notes
· Scale = ratio of map distance to actual distance.
· Always convert units before calculating.
· Use formula:
Actual=Map×Scale Denominator\text{Actual} = \text{Map} × \text{Scale Denominator}Actual=Map×Scale Denominator 
· 1 km = 100 000 cm.
· Architects and surveyors rely on precise scaling.

✅ 7️⃣ Revision Checklist
☐ I can define scale and convert between map and real distance.
☐ I can use correct formula for scale problems.
☐ I can interpret ratio and word scales.
☐ I understand how scale applies to real life.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 8 – Lesson 1: Maps, Ratios & Real Distances
(Next → Unit 8 – Lesson 2: Scale Drawings & Map Constructions – Using Compass, Ruler & Protractor)
O-LEVEL MATHEMATICS
Unit 8 – Measurement & Scale Drawing (Lesson 2)
Scale Drawings & Map Constructions (Using Compass, Ruler & Protractor)
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👋 Welcome to O-Level Mathematics Unit 8 Lesson 2
Welcome to the practical side of Measurement & Scale Drawing!
This lesson will help you master how to construct and interpret maps or plans accurately using a ruler, compass, and protractor.
Whether you are drawing a classroom, a farm, or a road map — accuracy is key.
You’ll learn to bring numbers to life through geometry and measurement.

👩🏽‍🏫 Teacher’s Story – The Young Builder from Mutoko
Tawanda grew up helping his uncle build houses in Mutoko.
Before every construction, his uncle drew a floor plan on graph paper using a scale of 1 : 100.
He would say,
“If you can’t measure it, you can’t build it.”
Tawanda soon realised that a good plan saves cement, time, and money.
Today, he runs his own building company and still uses mathematics daily — just as you are learning right now.

🎯 Learning Objectives
By the end of this lesson you should be able to:
1️⃣ Draw and interpret scale diagrams using given ratios.
2️⃣ Use a compass, ruler, and protractor accurately.
3️⃣ Convert real dimensions into scaled lengths.
4️⃣ Construct triangles, rectangles, and maps to scale.
5️⃣ Apply these concepts to real-life Zimbabwean projects.

💡 1️⃣ Tools and Materials
	Tool
	Purpose

	Ruler
	For straight lines and accurate measurements.

	Compass
	For drawing arcs and circles.

	Protractor
	For measuring and constructing angles.

	Pencil & Eraser
	For neat and adjustable work.

	Graph Paper
	For scaled map work or building plans.


✅ Teacher’s note: Always draw with a sharp pencil and label every line.

💡 2️⃣ Key Terms
	Term
	Meaning
	Example

	Scale Drawing
	Diagram representing a real object accurately but smaller or larger.
	House plan 1 : 100.

	Plan View
	Drawing from above (bird’s-eye view).
	Floor layout of a room.

	Elevation
	Side view or front view.
	House front diagram.

	Bearing
	Direction measured clockwise from North.
	Road direction 045°.

	Compass Direction
	N, S, E, W used to show orientation.
	Farm gate facing East.



🧮 3️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Drawing a Scaled Triangle
Draw a triangle ABC where:
AB = 8 cm, AC = 6 cm, ∠BAC = 45°, using scale 1 : 100.
1️⃣ Convert to real: 8 cm → 8 m, 6 cm → 6 m.
2️⃣ On paper, draw AB = 8 cm using ruler.
3️⃣ Use protractor: measure 45° at A.
4️⃣ From A, draw an arc 6 cm long (AC).
5️⃣ Join B and C.
✅ Label all points — your triangle represents a real object 8 m × 6 m.

🧩 Example 2 – Map Scale Construction
On a road map, scale = 1 : 50 000.
Distance from Mutare to Nyanga = 110 km.
Map Distance=1100.5=22 cm.\text{Map Distance} = \frac{110}{0.5} = 22 \text{ cm.}Map Distance=0.5110​=22 cm. 
✅ Draw a straight line 22 cm long on your map between the two towns.
Teacher’s voice: “Don’t guess — always convert km to cm (1 km = 100 000 cm).”

🧩 Example 3 – Using Bearings
A borehole (B) is 8 cm away from a farmhouse (F) on a bearing of 060°.
To plot:
1️⃣ Draw a North line through F.
2️⃣ Use protractor to measure 60° clockwise from North.
3️⃣ Draw a line 8 cm long → mark borehole B.
✅ Always measure bearings clockwise from North.

🧩 Example 4 – Real-Life Example: Planning a Farm in Murehwa
Farmer Nyika draws his farm plan using scale 1 : 200.
The field measures 100 m × 60 m.
Convert to cm → divide by 200:
100 m = 10 000 cm ÷ 200 = 50 cm
60 m = 6 000 cm ÷ 200 = 30 cm
✅ Draw a rectangle 50 cm × 30 cm.
His drawing fits perfectly on a large sheet and saves errors during fencing!

🏗 4️⃣ Real-Life Applications Across Zimbabwe
	Field
	Application

	Architecture (Harare)
	Designing house floor plans.

	Road Planning (Masvingo)
	Mapping distances and curves.

	Agriculture (Chiredzi)
	Irrigation layouts and fencing.

	Mining (Zvishavane)
	Shaft and site plans.

	Urban Planning (Mutare)
	City zoning and street maps.


🧠 Mathematics in measurement builds a nation — literally!

⚙️ 5️⃣ Common Mistakes and Exam Tips
	Mistake
	Fix

	Forgetting scale conversion
	Always change to same units before drawing.

	Drawing without ruler or protractor
	Accuracy earns marks.

	Bearing measured anticlockwise
	Always measure clockwise from North.

	No labels or direction arrow
	Always include North and labels.


📘 Exam Tip:
ZIMSEC Paper 2 loves “draw a triangle to scale” or “find bearing of B from A.”
Always:
1️⃣ Label,
2️⃣ Include North arrow,
3️⃣ Show scale and angle.

✝️ Faith and Motivation Corner
“Write the vision, and make it plain upon tables, that he may run that readeth it.” — Habakkuk 2 : 2
God is a planner — He works by measure and proportion.
Your life, like a blueprint, must be drawn with purpose, balance, and clarity.

🧾 6️⃣ Self-Check Quiz (with Answers Below)
1️⃣ What does a scale of 1 : 100 mean?
2️⃣ If a road is 5 km long, what length represents it on a 1 : 50 000 map?
3️⃣ Draw a line 6 cm long to represent 3 km. What scale is used?
4️⃣ Define a bearing.
5️⃣ What are the three main drawing tools used in this topic?
Answers
1 → 1 cm on plan = 100 cm (1 m) in real life.
2 → 5 km = 500 000 cm ÷ 50 000 = 10 cm.
3 → Scale = 1 : 50 000.
4 → Direction measured clockwise from North.
5 → Ruler, Compass, Protractor.

🧠 7️⃣ Summary Notes
· Scale drawing = smaller or larger accurate version of real object.
· Always use correct units and tools.
· Bearings measured clockwise from North.
· Always include a North arrow and title.
· Check accuracy — a small error can cause big mistakes!

✅ 8️⃣ Revision Checklist
☐ I can use scale to draw accurate diagrams.
☐ I can convert between map and real distances.
☐ I can measure bearings with a protractor.
☐ I can apply scale drawing to real life.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 8 – Lesson 2: Scale Drawings & Map Constructions
(Next → Unit 8 – Lesson 3: Bearings, Directions & Navigation — Advanced Applications)
O-LEVEL MATHEMATICS
Unit 8 – Measurement & Scale Drawing (Lesson 3)
Bearings, Directions & Navigation – Advanced Applications
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👋 Welcome to O-Level Mathematics Unit 8 Lesson 3
Welcome, student!
You’ve learnt how to use scales and draw maps — now let’s master how to find direction and position using bearings and angles.
This lesson helps you calculate direction accurately when travelling, mapping routes, or solving exam diagrams.

👩🏽‍🏫 Teacher’s Story – The Bus Driver from Bulawayo
Mr. Dube is a bus driver for InterAfrica Coaches.
He drives from Bulawayo to Victoria Falls — but sometimes must take detours because of roadworks.
When he gets new routes, he checks his road map:
“I travel from Bulawayo on a bearing of 320° to Lupane, then change direction to 040° for Victoria Falls.”
That’s mathematics in motion — bearings and directions help him travel safely and precisely.

🎯 Learning Objectives
By the end of this lesson, you should be able to:
1️⃣ Define and interpret bearings.
2️⃣ Measure bearings using a protractor and compass.
3️⃣ Draw routes and find directions between two points.
4️⃣ Solve problems involving distances and bearings.
5️⃣ Apply these concepts to real-life navigation and map work.

💡 1️⃣ Key Definitions and Concepts
	Term
	Meaning
	Example

	Bearing
	Angle measured clockwise from North.
	045°, 135°, 270°.

	Compass Direction
	N, S, E, W showing orientation.
	North = 0°, East = 90°, etc.

	True Bearing
	Bearing measured from true North.
	Common on maps.

	Reciprocal Bearing
	Opposite direction, 180° difference.
	If A from B is 060°, B from A is 240°.

	Three-Figure Bearing
	Bearing written with three digits.
	45° = 045°, 7° = 007°.


🧭 Memory Tip: Always measure clockwise, and always use three digits (e.g., 005°, 120°, 315°).

🧮 2️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Measuring a Bearing
On a map, town B is northeast of town A.
If the angle from North to the line AB = 045°,
then the bearing of B from A = 045°.
✅ Always measure from North at the starting point.

🧩 Example 2 – Finding Reciprocal Bearing
If the bearing of B from A = 060°,
then bearing of A from B = 060° + 180° = 240°.
✅ When the first bearing < 180°, add 180°.
If it’s > 180°, subtract 180°.

🧩 Example 3 – Real Zimbabwe Example
Mutare lies east of Rusape.
Bearing of Mutare from Rusape = 090°.
Therefore, bearing of Rusape from Mutare = 270°.
✅ East ↔ West are 180° apart.

🧩 Example 4 – Triangle of Bearings (Practical Problem)
Town A, B, and C form a triangle.
· B is on a bearing of 070° from A, 8 km away.
· C is on a bearing of 160° from A, 10 km away.
To find the bearing of C from B:
1️⃣ Draw North at A.
2️⃣ Plot B 8 cm along 070°.
3️⃣ Plot C 10 cm along 160°.
4️⃣ Join B–C and measure angle at B from North.
✅ Bearings problems often require accurate construction.

🧩 Example 5 – Navigation Problem (Kariba to Chinhoyi)
A boat leaves Kariba and sails on a bearing of 120° for 50 km.
It then turns to a bearing of 210° and travels another 30 km.
By measuring or calculating, you can find:
· Its final position,
· The distance from starting point,
· And the bearing back to Kariba (reciprocal).
✅ ZIMSEC Paper 2 often combines bearings with scale drawing or trigonometry!

🏗 3️⃣ Real-Life Applications Across Zimbabwe
	Field
	Application

	Transport (Bus & Air Routes)
	Calculating direction between cities.

	Surveying (Mutoko)
	Locating points using compass bearings.

	Fishing & Boating (Kariba)
	Navigation and safe return bearings.

	Military / Police Mapping
	Search operations or patrol routes.

	Agriculture (Farm Layout)
	Aligning irrigation lines by compass direction.


🧭 Bearings give direction — without them, progress is lost.

⚙️ 4️⃣ Common Mistakes and Exam Tips
	Mistake
	Fix

	Measuring anticlockwise
	Always measure clockwise from North.

	Using two digits
	Always write bearings as three digits.

	Forgetting reciprocal rule
	Add or subtract 180°.

	Forgetting to draw North line
	Always mark North first.


📘 Exam Tip:
1️⃣ Draw neat diagrams.
2️⃣ Include North.
3️⃣ Use a protractor and label clearly.
4️⃣ Round final bearings to the nearest degree.

✝️ Faith and Motivation Corner
“Trust in the Lord with all your heart, and lean not on your own understanding; in all your ways acknowledge Him, and He shall direct your paths.” — Proverbs 3 : 5–6
Just like bearings show direction on a map, faith gives direction in life.
Stay aligned with God’s North — His guidance never misleads!

🧾 5️⃣ Self-Check Quiz (with Answers Below)
1️⃣ Define a bearing.
2️⃣ What is the bearing of South-East?
3️⃣ If B from A = 070°, find A from B.
4️⃣ On a map, C is on bearing 135° from D. What is bearing of D from C?
5️⃣ List three uses of bearings in real life.
Answers
1 → Angle measured clockwise from North.
2 → 135°.
3 → 70° + 180° = 250°.
4 → 135° + 180° = 315°.
5 → Navigation, surveying, travel planning.

🧠 6️⃣ Summary Notes
· Bearings = clockwise angle from North.
· Always use three figures.
· Reciprocal bearings differ by 180°.
· True bearing = measured from North.
· Useful in maps, navigation, and planning.

✅ 7️⃣ Revision Checklist
☐ I can define and measure bearings correctly.
☐ I can find reciprocal bearings.
☐ I can apply bearings in map problems.
☐ I can solve navigation problems with accuracy.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 8 – Lesson 3: Bearings, Directions & Navigation (Advanced Applications)
(Next → Unit 9 – Geometry and Transformations Lesson 1: Translations, Reflections, Rotations & Enlargements)
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