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👋 Welcome to O-Level Mathematics Unit 9 Lesson 1
Welcome to Transformations — where shapes move, flip, turn, and grow while keeping their form!
This lesson shows how to describe and draw movements of figures on the coordinate plane.
You’ll discover that geometry is not only about lines — it’s about motion, order, and beauty in mathematics and creation.

👩🏽‍🏫 Teacher’s Story – The Sign Writer from Kadoma
Ruth runs a small sign-writing shop in Kadoma.
When clients ask for printed road signs, she often needs to flip letters, rotate designs, or enlarge symbols before printing.
Her assistant once said,
“Madam, how do you make the same design face the other direction but keep it perfect?”
She smiled and said,
“That’s transformation — I’m just doing geometry in art!”
That’s exactly what you’ll learn — how objects move and change mathematically while keeping their structure.

🎯 Learning Objectives
By the end of this lesson, you should be able to:
1️⃣ Define the four main transformations: translation, reflection, rotation, and enlargement.
2️⃣ Apply each transformation on the coordinate plane.
3️⃣ Describe the position of an image using coordinates.
4️⃣ Identify invariant points and properties.
5️⃣ Apply transformations to design and real-life models.

💡 1️⃣ Key Definitions and Examples
	Term
	Meaning
	Example

	Transformation
	Movement or change of a shape.
	Shifting, turning, flipping.

	Object
	The original shape before movement.
	Triangle ABC.

	Image
	The new shape after movement.
	A′B′C′.

	Translation
	Shifting a shape without turning.
	(x, y) → (x + a, y + b).

	Reflection
	Flipping over a mirror line.
	Across x-axis or y-axis.

	Rotation
	Turning a shape around a fixed point.
	About origin (0,0).

	Enlargement
	Increasing or decreasing size.
	By scale factor k.

	Invariant Point
	Point that does not move.
	Centre of rotation.


🧠 Remember:
Transformation = new position, same shape (except enlargement changes size).

🧮 2️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Translation
A point A(2, 3) is translated by ( +4 , −2 ).
A′=(2+4,3−2)=(6,1)A′ = (2+4, 3−2) = (6, 1)A′=(2+4,3−2)=(6,1) 
✅ Shift 4 units right and 2 down.
Teacher’s note:
Positive → right/up.
Negative → left/down.

🧩 Example 2 – Reflection
Reflect point B(3, 5) in the x-axis.
x stays same, y changes sign.x \text{ stays same, } y \text{ changes sign.}x stays same, y changes sign. B′=(3,−5)B′ = (3, -5)B′=(3,−5) 
✅ The shape “flips” across the x-axis like a mirror.

🧩 Example 3 – Rotation
Rotate point C(1, 2) about the origin (0, 0) through 90° clockwise.
Rule: (x, y) → (y, −x).
C′=(2,−1)C′ = (2, −1)C′=(2,−1) 
✅ The point turns around the origin.

🧩 Example 4 – Enlargement
Enlarge point D(2, 3) by scale factor 2 about origin.
D′=(2×2,3×2)=(4,6)D′ = (2×2, 3×2) = (4, 6)D′=(2×2,3×2)=(4,6) 
✅ Shape doubles in size; distance from origin also doubles.

🧩 Example 5 – Real-Life Example (Logo Design in Harare)
A company’s logo on a truck is reflected on the opposite side so it faces forward.
Scale factor is reduced to fit.
· Original = Object
· Flipped = Reflection
· Smaller version = Enlargement (k < 1).
✅ Transformations make design uniform and professional.

🏗 3️⃣ Real-Life Applications Across Zimbabwe
	Field
	Application

	Architecture (Mutare)
	Designing window patterns.

	Printing & Graphics (Kadoma)
	Mirroring and rotating text.

	Carpentry (Marondera)
	Cutting identical wood pieces.

	Fashion Design (Harare)
	Flipping fabric patterns.

	Road Engineering (Bulawayo)
	Aligning curved routes using rotation.


🧱 Geometry is everywhere — in roads, bridges, patterns, and art!

⚙️ 4️⃣ Common Mistakes and Exam Tips
	Mistake
	Correction

	Swapping x and y wrongly
	Follow transformation rule exactly.

	Forgetting negative signs
	Mind direction (up/down, left/right).

	Using wrong centre for rotation
	Always mark the correct point.

	Drawing without scale
	Use accurate grid spacing.


📘 Exam Tip:
ZIMSEC may ask:
· “Describe the transformation fully.”
Always state:
1️⃣ Type of transformation
2️⃣ Direction / angle / scale
3️⃣ Centre or line of transformation

✝️ Faith and Motivation Corner
“Do not be conformed to this world, but be transformed by the renewing of your mind.” — Romans 12 : 2
Just as shapes are transformed in geometry, your life can be transformed by God’s word — same person, new direction, renewed purpose.

🧾 5️⃣ Self-Check Quiz (with Answers Below)
1️⃣ Translate point (3, −2) by (−5, +4).
2️⃣ Reflect (−3, 6) in the y-axis.
3️⃣ Rotate (2, 0) about origin 90° anticlockwise.
4️⃣ Enlarge (1, 2) by scale factor 3 about origin.
5️⃣ Define invariant point.
Answers
1 → (−2, 2).
2 → (3, 6).
3 → (−0, 2) → (−0, 2) = (−0, 2) simplified to (−0, 2).
4 → (3, 6).
5 → A point that remains unchanged after transformation.

🧠 6️⃣ Summary Notes
· Four transformations: Translation, Reflection, Rotation, Enlargement.
· Each has a specific rule or formula.
· Always describe fully (type, centre, direction, scale).
· Use graph paper for accuracy.
· Transformation preserves shape but changes position.

✅ 7️⃣ Revision Checklist
☐ I can perform all four transformations.
☐ I can describe transformations clearly.
☐ I can identify invariant points.
☐ I understand real-life transformation uses.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 9 – Lesson 1: Translations, Reflections, Rotations & Enlargements
(Next → Unit 9 – Lesson 2: Symmetry, Tessellation & Geometric Patterns)
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👋 Welcome to O-Level Mathematics Unit 9 Lesson 2
Welcome to Symmetry and Patterns, where mathematics meets beauty and culture.
This topic reveals how lines, shapes, and repetition create harmony — both in geometry and in life.
Every building, basket, and flower follows patterns of balance designed by the Creator Himself.

👩🏽‍🏫 Teacher’s Story – The Basket Weaver from Binga
In the Binga District, Gogo Ncube teaches young women to weave traditional Tonga baskets.
She says,
“If you miss one pattern, the whole design breaks.”
When asked how she keeps them so even, she smiles:
“I follow invisible lines — my eyes see symmetry.”
That’s the power of mathematics in art — repetition, rotation, and balance — all guided by geometric principles.

🎯 Learning Objectives
By the end of this lesson, you should be able to:
1️⃣ Identify and draw lines of symmetry.
2️⃣ Describe rotational symmetry and order.
3️⃣ Explain what tessellation is and identify examples.
4️⃣ Create and analyse geometric patterns.
5️⃣ Appreciate how symmetry appears in real-life Zimbabwean art and design.

💡 1️⃣ Key Definitions and Examples
	Term
	Meaning
	Example

	Symmetry
	Balanced arrangement of parts.
	Butterfly wings, church windows.

	Line of Symmetry
	Line dividing a figure into two equal mirror parts.
	Square → 4 lines, Triangle → 1 or 3.

	Rotational Symmetry
	When a shape fits onto itself before completing 360°.
	Square → Order 4.

	Order of Symmetry
	Number of times a shape fits onto itself during a full turn.
	Rectangle → Order 2.

	Tessellation
	Repeating shapes without gaps or overlaps.
	Floor tiles, honeycomb.

	Pattern
	Design made from repeated shapes or colours.
	Fabric prints, wall mosaics.


🧠 Memory Tip:
Every tessellation = repeated symmetry!

🧮 2️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Lines of Symmetry
· Square → 4 lines
· Rectangle → 2 lines
· Equilateral triangle → 3 lines
· Circle → infinite lines
✅ Always draw and fold along line of symmetry.

🧩 Example 2 – Rotational Symmetry
A shape has rotational symmetry if it looks the same before a 360° turn is complete.
· Square → 4 times
· Rectangle → 2 times
· Rhombus → 2 times
Formula:
Angle of rotation=360°order\text{Angle of rotation} = \frac{360°}{\text{order}}Angle of rotation=order360°​ 

🧩 Example 3 – Tessellation
Regular shapes that tessellate perfectly:
· Squares
· Triangles
· Hexagons
Shapes that do not tessellate perfectly: circles, pentagons (leave gaps).
✅ Use tessellation to design walls, floors, and art.

🧩 Example 4 – Real-Life Pattern from Zimbabwe
In Ndebele wall painting, artists repeat geometric motifs — triangles, diamonds, and lines — painted with perfect balance and bright colour symmetry.
Each line has reflection and rotational balance, showing mathematical skill hidden in art.

🧩 Example 5 – Constructing a Pattern
Use graph paper:
1️⃣ Draw a square (2 × 2).
2️⃣ Reflect it across a vertical line.
3️⃣ Repeat horizontally → tessellation.
✅ This creates a brick or tile layout — same principle used in building walls.

🏗 3️⃣ Real-Life Applications Across Zimbabwe
	Field
	Example of Use

	Art & Craft (Binga)
	Basket patterns, weaving symmetry.

	Architecture (Harare)
	Church window designs, tile layouts.

	Fashion (Bulawayo)
	Dress and shirt pattern printing.

	Road Engineering (Mutare)
	Pavement and brick layouts.

	Agriculture (Chipinge)
	Garden bed arrangements and spacing.


🧩 Geometry lives in our culture — the patterns we wear, build, and even pray under.

⚙️ 4️⃣ Common Mistakes and Exam Tips
	Mistake
	Fix

	Counting same line twice
	Draw clearly and label each.

	Confusing order with number of sides
	Order depends on how many rotations fit in 360°.

	Gaps in tessellation
	Only shapes that fit without overlap tessellate.

	Poor drawing
	Use ruler, compass, and protractor for accuracy.


📘 Exam Tip:
ZIMSEC sometimes asks:
“State the order of rotational symmetry of this shape.”
→ Divide 360° by smallest angle that fits shape onto itself.

✝️ Faith and Motivation Corner
“For God is not the author of confusion, but of peace.” — 1 Corinthians 14 : 33
Just as symmetrical patterns bring beauty and order, a balanced life shows God’s peace.
The Creator designed both nature and people with perfect proportion — live in that balance!

🧾 5️⃣ Self-Check Quiz (with Answers Below)
1️⃣ Define symmetry.
2️⃣ How many lines of symmetry does a rectangle have?
3️⃣ What is the order of rotational symmetry of a square?
4️⃣ Give two regular shapes that tessellate perfectly.
5️⃣ Name one Zimbabwean art form showing symmetry.
Answers
1 → When parts of an object are mirror images.
2 → 2 lines.
3 → Order 4.
4 → Squares and equilateral triangles.
5 → Tonga baskets, Ndebele wall art.

🧠 6️⃣ Summary Notes
· Symmetry = balance and equality.
· Line symmetry divides shape into mirror halves.
· Rotational symmetry → shape fits itself multiple times per 360°.
· Tessellation = repeated pattern without gaps.
· Geometry in culture = beauty through mathematics.

✅ 7️⃣ Revision Checklist
☐ I can draw and count lines of symmetry.
☐ I can describe rotational symmetry and order.
☐ I can identify tessellating shapes.
☐ I can relate symmetry to Zimbabwean art.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 9 – Lesson 2: Symmetry, Tessellation & Geometric Patterns
(Next → Unit 9 – Lesson 3: Coordinate Geometry – Straight Lines, Gradients & Intercepts)
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👋 Welcome to O-Level Mathematics Unit 9 Lesson 3
Welcome to Coordinate Geometry, the meeting point of algebra and geometry.
Here you’ll learn how to locate points, draw straight lines, and describe how steep a road or roof is.
If you can read a map or build a slope, you’re already using coordinate geometry!

👩🏽‍🏫 Teacher’s Story – The Civil Engineer from Mutare
Engineer Moyo works on a new bridge across the Sakubva River.
He studies the gradient of each road leading to the bridge.
“If the slope is too steep, cars will struggle to climb.”
He uses the formula Δy ⁄ Δx = gradient to design safe, smooth approaches.
That’s coordinate geometry at work — keeping people and transport moving safely.

🎯 Learning Objectives
By the end of this lesson you should be able to:
1️⃣ Locate and plot points on the coordinate plane.
2️⃣ Find the gradient of a line.
3️⃣ Write the equation of a straight line.
4️⃣ Find the x- and y-intercepts.
5️⃣ Apply these concepts to real Zimbabwean situations.

💡 1️⃣ Key Definitions and Concepts
	Term
	Meaning
	Example

	Coordinates (x, y)
	Position of a point on a plane.
	A(3, 2) → 3 units right, 2 up.

	Origin
	(0, 0) where axes meet.
	Centre of graph.

	Gradient (m)
	Steepness of a line.
	m = rise ⁄ run = Δy ⁄ Δx.

	Intercept
	Where a line cuts an axis.
	x-intercept or y-intercept.

	Equation of line
	Relationship between x and y.
	y = mx + c.

	Parallel lines
	Same gradient (m).
	y = 2x + 1, y = 2x – 3.

	Perpendicular lines
	Gradients multiply to –1.
	m₁ × m₂ = –1.



🧮 2️⃣ Step-by-Step Examples with Teacher Commentary
🧩 Example 1 – Finding the Gradient
Through points A(2, 3) and B(6, 7):
m=7−36−2=44=1m = \frac{7 − 3}{6 − 2} = \frac{4}{4} = 1m=6−27−3​=44​=1 
✅ The line rises one unit for each unit across → 45° slope.

🧩 Example 2 – Equation of a Line
Line passes through (0, 2) and has gradient 3.
Use y = mx + c.
y=3x+2y = 3x + 2y=3x+2 
✅ c = 2 means it cuts y-axis at (0, 2).

🧩 Example 3 – Finding Intercepts
Equation: y = 2x + 4
· For y-intercept → x = 0 → y = 4 → (0, 4)
· For x-intercept → y = 0 → 0 = 2x + 4 → x = –2 → (–2, 0)
✅ Intercepts show where the line meets the axes.

🧩 Example 4 – Real-Life Slope (Chirundu Highway)
A truck climbs a hill that rises 15 m over a horizontal distance of 100 m.
m=15100=0.15m = \frac{15}{100} = 0.15m=10015​=0.15 
✅ Gradient = 0.15 → gentle slope (15 %).
Teacher’s note: Engineers prefer slopes below 10–12 % for heavy vehicles.

🧩 Example 5 – Parallel and Perpendicular Roads
Road A: y = ½x + 3
Road B: y = ½x – 4 → parallel (same m).
Road C: y = –2x + 1 → perpendicular to A since (½) × (–2) = –1.
✅ Town planners use this rule when laying street grids.

🏗 3️⃣ Real-Life Applications Across Zimbabwe
	Field
	Application

	Engineering (Hwange)
	Road and rail gradients.

	Surveying (Gweru)
	Mapping plots with coordinates.

	Mining (Shurugwi)
	Tunnel slope design.

	Agriculture (Masvingo)
	Contour and irrigation channels.

	Urban Planning (Harare)
	Road layouts and drainage.


🧠 Coordinate geometry turns land into plans and dreams into designs.

⚙️ 4️⃣ Common Mistakes and Exam Tips
	Mistake
	Fix

	Subtracting wrong way round
	Use (y₂ − y₁)/(x₂ − x₁).

	Mixing up signs
	Keep consistent order of points.

	Forgetting to label axes
	Always mark x and y.

	Writing equation as x = my + c
	Correct form is y = mx + c.


📘 Exam Tip:
ZIMSEC loves questions like “Find the equation of the line passing through…” Always:
1️⃣ Find m, 2️⃣ Substitute into y = mx + c, 3️⃣ Find c.

✝️ Faith and Motivation Corner
“He set a compass upon the face of the deep.” — Proverbs 8 : 27
God designed creation with perfect coordinates and gradients. When your life is aligned to His equation, your path becomes straight and purposeful.

🧾 5️⃣ Self-Check Quiz (with Answers Below)
1️⃣ Find the gradient of a line through (1, 2) and (5, 10).
2️⃣ Find the equation of a line with m = –2 and y-intercept 3.
3️⃣ For y = 3x – 6, find x- and y-intercepts.
4️⃣ What is the condition for parallel lines?
5️⃣ If road rises 8 m in 100 m run, find gradient as percentage.
Answers
1 → (10 − 2)/(5 − 1) = 8/4 = 2.
2 → y = –2x + 3.
3 → x-int (2, 0), y-int (0, –6).
4 → Same gradient.
5 → 8 ÷ 100 × 100 = 8 %.

🧠 6️⃣ Summary Notes
· Gradient m = Δy ⁄ Δx.
· Equation y = mx + c.
· Intercepts → set one variable to zero.
· Parallel → same m; Perpendicular → m₁ × m₂ = –1.
· Used in mapping, roads, and design.

✅ 7️⃣ Revision Checklist
☐ I can find gradient between two points.
☐ I can write equations of lines.
☐ I can find x- and y-intercepts.
☐ I can interpret real-life gradients.
☐ I completed the Self-Check Quiz 5/5.

✅ End of Unit 9 – Lesson 3: Coordinate Geometry (Straight Lines, Gradients & Intercepts)
(Next → Unit 10 – Mensuration and Area of Plane Figures Lesson 1 – “Perimeter and Area of 2-D Shapes”)
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