DEEP MATHS CAMBRIDGE WORKBOOK SERIES

Junior Maths - Geometry

Lines, Angles and Notation and full-series practice

Student workbook edition
Near-A4 print layout with ruled working space

DeepMaths Auckland | Founder: Min Luo

Junior Maths - Geometry Page 1 of 230



Junior Maths - Geometry - Table of Contents

Chapter Title Target Chapter Objective
Questions
1 Lines, Angles and 85 | Use correct angle notation and facts for points, lines, and turns.
Notation
2 Parallel Lines and Angle 95 | Solve multi-step angle problems using parallel-line relationships.
Chasing
3 Triangles and 90 | Apply angle sums and properties of common polygons.

Quadrilaterals

4 Polygons and 80 | Find interior and exterior angles and reason about regular polygons.
Tessellations

5 Circles, Loci and 80 | Use circle vocabulary, circle measures, basic loci, and compass-and-
Constructions straightedge construction descriptions.
6 Circle Geometry 100 | Use circle parts, angle facts, tangent facts and introductory circle

theorems to solve diagram-based geometry problems.

7 Coordinate Geometry 85 | Plot points, find midpoints, use gradient informally, and draw simple
Basics shapes.

8 Transformations 110 | Reflect, rotate, translate, and enlarge on grids with precise descriptions.

9 Congruence, Similarity 75 | Identify congruent and similar figures and calculate simple scale factors.
and Scale

10 Geometry Mixed Review 60 | Combine angle, coordinate, transformation, and shape reasoning in

exam-style sets.

Name: Class: Start date:

Worked Solutions Online

This workbook keeps final answers in print so parents and students can check quickly.
For full worked solutions, please visit deepmaths.co.nz and search by book, page and question number.

Direct link: deepmaths.co.nz/worked-solutions

Junior Maths - Geometry Page 2 of 230



Chapter 1: Lines, Angles and Notation

Chapter Goal

Use correct angle notation and facts for points, lines, turns, straight lines, and angles around a point.

Calculator Policy

Non-calculator. All angle calculations use exact whole degrees.

Quick Notes - Page 1
In ZABC, the middle letter B is the vertex.

Angles on a straight line sum to 180°. Angles around a point sum to 360°. A right angle is 90°.

Quick Notes - Page 2
Acute: less than 90°. Right: 90°. Obtuse: between 90° and 180°. Straight: 180°. Reflex: between 180° and 360°.

Vertically opposite angles are equal.

Worked Examples

Example 1

In ZPQR, name the vertex.

Solution: The vertex is Q.

Example 2
A straight line is split into 72° and z°. Find z.

Solution: z = 180 — 72 = 108°.

Example 3

Angles around a point are 80°, 95°, and z°. Find z.

Solution: z = 360 — 80 — 95 = 185°.

Example 4

Two straight lines intersect. One angle is 68°. Find the adjacent angle.

Solution: Adjacent angles on a straight line sum to 180°, so the angle is 112°.

Example 5

Write % of a full turn in degrees.

Solution: 2 x 360 = 270°.

Example 6

Two complementary angles are z° and 2z°. Find z.

Junior Maths - Geometry Page 3 of 230



Solution: z + 2z = 90, so 3z = 90 and =z = 30.

Skill Practice

. In ZABC, which letter is the vertex?

. Write the angle with vertex @ and arms QP and QR.

.In ZM NO, name the two arms.

. Write the line segment from A to B using notation.

. Write a ray that starts at P and passes through S.

.In ZXY Z, which point lies on both arms?

. Name the angle with vertex A and points B and C on its arms.

. If points D, E, F' are in a straight line, name the straight angle with vertex E.

. What symbol is used before three letters to name an angle?

10.

In ZRST, name the vertex and arms.

1.

Can ZABC have vertex A?

12.

Write an angle name for a 40° angle at O between OA and OB.
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13.

Classify an angle of 25°.

14.

Classify an angle of 90°.

15.

Classify an angle of 118°.

16.

Classify an angle of 180°.

17.

Classify an angle of 240°.

18.

Classify an angle of 360°.

19.

Classify an angle of 7°.

20.

Classify an angle of 135°.

21.

Classify an angle of 270°.

22.

Classify an angle of 89°.

23.

Classify an angle of 91°.

24.

Classify an angle of 300°.

25.

Two angles on a straight line are 63° and z°. Find z.
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26. Two angles on a straight line are 142° and z°. Find z.

27. Angles around a point are 90°, 125°, and z°. Find z.

28. Angles around a point are 40°, 80°, 110°, and z°. Find z.

29. Two complementary angles are 28° and z°. Find .

30. Two complementary angles are 74° and z°. Find .

31. Two supplementary angles are 105° and z°. Find z.

32. Two supplementary angles are 17° and z°. Find .

33. At a point, three angles are 120°, 95°, and z°. Find z.

34. Aright angle is split into 35° and z°. Find .

35. Write a quarter turn in degrees.

36. Write a half turn in degrees.

37. Write a three-quarter turn in degrees.

38. Write 90° as a fraction of a full turn.
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39. Write 180° as a fraction of a full turn.

40. Write 45° as a fraction of a full turn.

41. How many right angles make a full turn?

42. How many degrees are in % of a full turn?

43. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is 52°. Find the vertically
opposite angle.

44. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is 118°. Find the adjacent
angle on the straight line.

45. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is 35°. Find the adjacent
angle on the straight line.
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46. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is 140°. Find the vertically
opposite angle.

47. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is 73°. Find the other
three angles.

48. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is z° and the adjacent
angle is 129°. Find z.

49. Diagram: two straight lines intersect at one point. Two straight lines intersect. One angle is 2z° and the adjacent
angle is 100°. Find z.
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Structured Practice

1. Diagram: rays OA, OB, and OC meet at 0. ZAOB = 38° and Z/BOC = 47°. Find ZAOC.

2. Diagram: points A, O, B lie on a straight line. Ray OC forms ZAOC = 64°. Find ZCOB.

3. Diagram: four angles around point P are 72°, z°, 110°, and 95°. Find z.

4. A student writes ZABC for an angle with vertex A. Explain the mistake and write a correct angle name using
points A, B, C.

5. Two straight lines intersect. One angle is 128°. Find the other three angles.

6. Aturnis 1—72 of a full turn. Find the angle in degrees.

7. An angle is 135°. Classify it and state how many degrees are needed to make a straight angle.
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8. Diagram: a right angle is split into angles 2z° and 30°. Find .

9. Diagram: angles around a point are x°, 2z°, 90°, and 120°. Find .

10. Two complementary angles are in the ratio 2 : 3. Find both angles.

11. Two supplementary angles are in the ratio 4 : 5. Find both angles.

12. Diagram: line AB is straight and rays OC, OD split the straight angle above it into 35°, z°, and 80°. Find z.

13. A compass turn is 225°. Write it as a fraction of a full turn in simplest form.

14. Diagram: two straight lines intersect. One pair of vertically opposite angles are (3z + 10)° and 100°. Find z.
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15. An angle is reflex and is 40° more than a straight angle. Find the angle.

16. Diagram: angles around a point are 45°, 75°, 90°, and z°. Find = and classify it.

17. Write the correct notation for the angle at T made by points R, T, S, then state the vertex.

18. Arobot turns 90°, then 135°, then 45° in the same direction. How far has it turned in total, and what fraction of a
full turn is this?

19. Diagram: ZAOB = 120°. Ray OC lies inside it and ZAOC = 3/COB. Find ZCOB.

Mixed Review

1. Classify 118°, then find its supplement.
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2. Write g of a full turn in degrees, then classify the angle.

3. In ZPQR, name the vertex and classify the angle if its size is 90°.

4. Two lines intersect. One angle is z°, the adjacent angle is 4z°. Find z.

5. A straight angle is split into three angles: 25°, 2z°, and 75°. Find z.

6. Angles around a point are 60°, 120°, and two equal angles. Find each equal angle.
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7. Areflex angle and an acute angle make a full turn. The acute angle is 35°. Find the reflex angle.

8. Write a correct angle name for an angle with vertex M, then explain why ZLM N is correct.

9. Two complementary angles differ by 20°. Find the smaller angle.

10. Two supplementary angles differ by 40°. Find the larger angle.
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Challenge Questions

1. Angles around a point are in the ratio 2 : 3 : 4. Find the largest angle.

2. Three angles on a straight line are consecutive multiples of 15°. Find the angles.

3. Two lines intersect. One angle is (5z — 20)° and an adjacent angle is (2 + 25)°. Find z.
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4. Areflex angle is five times the acute angle that completes a full turn with it. Find both angles.

5. An angle is % of a full turn. How many degrees must be added to make a straight angle?

6. Four angles around a point are z°, (z + 20)°, (2z — 10)°, and 90°. Find z.
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7. A straight angle is split into four angles. Three are 18°, 47°, and 65°. The fourth angle is split equally into two

smaller angles. Find each smaller angle.

Common Mistakes

« Putting the vertex letter in the wrong place.

» Using 180° for angles around a point.

» Using 360° for angles on a straight line.

« Confusing vertically opposite angles with adjacent angles.

» Calling all angles over 90° reflex angles.

Progress Tracker

Skill
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| can use angle notation correctly.
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(]
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| can find missing angles on a straight line.
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| can find missing angles around a point.
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| can use vertically opposite angles.
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| can convert turns and degrees.
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Chapter 2: Parallel Lines and Angle Chasing

Chapter Goal

Solve angle problems using parallel-line relationships and clear angle-chasing steps.

Calculator Policy

Non-calculator. All angles use exact whole degrees.

Quick Notes - Page 1
When two parallel lines are cut by a transversal:

e Corresponding angles are equal.
« Alternate interior angles are equal.
« Alternate exterior angles are equal.

o Co-interior angles sum to 180°.

Use F, Z, and C shapes only as memory aids. The reason must still be stated clearly.

Quick Notes - Page 2
Useful earlier facts:

e Angles on a straight line sum to 180°.
» Angles around a point sum to 360°.

» Vertically opposite angles are equal.
» Angles in a triangle sum to 180°.

« Adjacent angles in a parallelogram sum to 180°.

Worked Examples

Example 1

Lines ¢; || £2. A corresponding angle to 64° is labelled z. Find z.

Solution: Corresponding angles are equal, so z = 64°.

Example 2

Lines £, || £,. A pair of co-interior angles are 72° and z°. Find z.

Solution: Co-interior angles sum to 180°, so z = 180 — 72 = 108°.
Example 3

Lines ¢; || £2. An alternate interior angle to 58° is adjacent to angle y. Find y.
Solution: The alternate angle is 58°. The adjacent angle is 180 — 58 = 122°.

Example 4
Corresponding angles are (3z + 5)° and 80°. Find z.
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Solution: 3z + 5 = 80, so 3z = 75 and = = 25.

Example 5
In trapezium ABCD, AB || CD. If ZA = 69°, find ZD.

Solution: Angles A and D are co-interior, so D = 180 — 69 = 111°.

Example 6

Aline through A is parallel to BC in triangle ABC. The angle between AB and the parallel is 47°. Find Z/B.

Solution: Corresponding angles are equal, so /B = 47°.

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 55 | [] /55 [1
Exam-Style Structured Practice 21 | [] 121 [1
Mixed Review 11 | [] I [
Challenge Questions 8 | [] _ /8 []

Skill Practice

1. Two parallel lines are cut by a transversal. Name the relationship between the angle above the first line and left of
the transversal, and the angle above the second line and left of the transversal.

2. Two parallel lines are cut by a transversal. Name the relationship between the angle inside the parallels below the
top line and right of the transversal, and the angle inside the parallels above the bottom line and left of the
transversal.

3. Two parallel lines are cut by a transversal. Name the relationship between two interior angles on the same side of
the transversal.
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4. Two parallel lines are cut by a transversal. Name the relationship between two exterior angles on opposite sides
of the transversal.

5. Two straight lines intersect. Name the relationship between opposite angles at the intersection.

6. Two angles sit next to each other on a straight line. What is their total?

7. Angles around a point are added together. What is their total?

8. In an F-shape diagram made with parallel lines, which angle fact is normally being used?
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9. In a Z-shape diagram made with parallel lines, which angle fact is normally being used?

10. In a C-shape diagram made with parallel lines, which angle fact is normally being used?

11. Lines ¢; and ¢, are parallel. A transversal cuts both. An angle at the top intersection is 68°. Find the corresponding
angle at the lower intersection.

12. Lines ¢; || £2. An alternate interior angle to 121° is labelled z. Find z.

13. Lines ¢; || £2. A pair of co-interior angles are 47° and z°. Find z.
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14. Lines £, || £,. A pair of co-interior angles are 138° and z°. Find z.

15. Lines ¢; || £2. A corresponding angle is 112°. Find the adjacent angle on the straight line at the lower intersection.

16. Lines ¢; || £2. An angle alternate interior to 74° is vertically opposite to angle z. Find .

17. Lines 41 || £2. Atop angle is 39°. Angle z is adjacent to the corresponding lower angle. Find z.

18. Lines ¢; || £2. An exterior angle of 128° corresponds to an exterior angle at the other line. Find the adjacent interior
angle.

19. Lines ¢; || 4,. A pair of co-interior angles are z° and 96°. Find z.
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20. Lines ¢, || £,. An alternate exterior angle to 57° is labelled z. Find z.

21. Lines ¢ || £2. A corresponding angle is 88°. Find the angle adjacent to it on a straight line.

22. Lines ¢, || £5. A pair of co-interior angles are 65° and z°. Find z.

23. Lines ¢, || £2. Atop angle is 73°. Angle z is vertically opposite to the corresponding lower angle. Find z.

24. Lines ¢ || ¢2. Atop angle is 104°. Find the interior angle on the same side of the transversal between the two
parallel lines.

25. Lines ¢, || £5. An angle of 46° is alternate interior to angle z. Find the angle adjacent to z on a straight line.
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26. Lines ¢ || £5. An angle of 118° is corresponding to angle y. Find the co-interior angle next to y.

27. Lines ¢ || ¢2. A transversal makes an acute angle of 31° with the top line. Find the obtuse angle it makes with the
bottom line.

28. Lines ¢ || £2. A transversal makes an obtuse angle of 137° with the top line. Find the acute angle it makes with the
bottom line.

29. Lines ¢, || €. A co-interior angle is 52°. Find the other co-interior angle, then state whether it is acute or obtuse.

30. Lines 41 || £2. An angle of 84° is alternate interior to x, and z is adjacent to y. Find y.

31. Lines ¢; || £,. Corresponding angles are (3z + 10)° and 85°. Find z.
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32. Lines ¢, || £,. Alternate interior angles are (2z + 15)° and 95°. Find z.

33. Lines ¢ || £2. Co-interior angles are (z + 38)° and (2z + 22)°. Find z.

34. Lines ¢ || 4. Co-interior angles are (4z — 5)° and (z + 30)°. Find z.

35. Lines ¢ || £5. Corresponding angles are (5z — 12)° and (3z + 28)°. Find z.

36. Lines ¢ || £2. Alternate interior angles are (7z + 4)° and (4z + 49)°. Find z.

37. Lines ¢, || £2. Co-interior angles are (3z + 12)° and (5z — 8)°. Find z.
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38. Lines ¢ || £,. Corresponding angles are (2z + 7)° and (z + 49)°. Find = and the angle size.

39. Lines 41 || 42. An angle (z + 25)° corresponds to an angle adjacent to (3z — 5)°. Find x.

40. Lines {1 || £2. An alternate interior angle is (4z + 20)°. The angle adjacent to it is (2z + 40)°. Find z.

41. Lines {1 || £2. One co-interior angle is (2z + 35)°. The other is vertically opposite to (z + 70)°. Find z.

42. Lines ¢, || 4. A corresponding angle is (6z — 4)°, and the angle adjacent to it is (2z + 24)°. Find z.

43. Lines /1 || £2. Atop angle is 62°. Angle z is adjacent to the corresponding lower angle. Find z.
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44. Lines ¢, || ¢,. Atop angle is 128°. Angle z is alternate interior to the adjacent acute angle. Find z.

45. Lines {1 || £2. Angle y is vertically opposite to 74°. Angle z is co-interior with y. Find z.

46. Lines {1 || £2. At the lower intersection, y = 56°. Angle z corresponds to the angle adjacent to y. Find z.

47. Lines AB || CD. Atransversal AD makes angle A = 37° with AB. Find the co-interior angle at D.

48. In triangle ABC, a line through A is drawn parallel to BC. The angle between AB and this parallel line is 44°.
Find ZABC.

49. In triangle ABC, a line through C'is drawn parallel to AB. The angle between AC and this parallel line is 62°. Find
LA.
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50. In triangle ABC, point D lies on AC and DE || AB. If ZADE = 48°, find ZA.

51. In trapezium ABCD, AB || CD. If ZA =72°, find ZD.

52. In trapezium ABCD, AB || CD. If ZB = 115°, find ZC.

53. In a parallelogram, one interior angle is 68°. Find an adjacent interior angle.

54. In a parallelogram, one interior angle is 124°. Find an adjacent interior angle.

55. In a parallelogram, angle A = 76°. Find angles B, C, and D, going around the shape.
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Exam-Style Structured Practice

1. Lines ¢, || £2 are cut by a transversal. Angle a is corresponding to 73°. Angle b is adjacent to a. Angle c is co-
interior with a. Find a, b, and c.

2. Lines ¢; || 4. In a Z-shape, alternate interior angles are (2z + 10)° and 86°. (a) Find z. (b) Find the angle adjacent
to 86°.

3. Lines ¢; || £». In a C-shape, co-interior angles are (3z + 12)° and (z + 48)°. (a) Find z. (b) Find both angle sizes.
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4. In triangle ABC, a line through A is drawn parallel to BC. The angle between this parallel line and AB is 52°. The
angle between this parallel line and AC is 41°. Find /B, ZC, and ZA.

5. In trapezium ABCD, AB || CD. Given ZA = 64° and Z/B = 118°, find ZC and £D.

6. A broken line crosses two parallel horizontal lines. The upper sloping segment makes 35° with the top parallel.
The lower sloping segment makes 48° with the bottom parallel on the opposite side. Find the angle between the
two sloping segments inside the strip.
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7. Three parallel lines are cut by the same transversal. At the first line, an acute angle is 64°. (a) Find the
corresponding acute angle at the second line. (b) Find the adjacent obtuse angle at the third line. (c) Find a co-
interior angle paired with the acute angle.

8. Lines ¢; || £». A corresponding angle is (4z + 6)°. The angle adjacent to it at the lower line is (2z + 30)°. (a) Find z.
(b) Find both angle sizes.

9. In triangle ABC, a line through A is parallel to BC. The exterior angle between the extension of AB and the
parallel line is 123°. Also ZC = 49°. Find /B and ZA.
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10. In parallelogram ABCD, /A = (3z + 20)° and ZB = (z + 40)°. (a) Find z. (b) Find all four interior angles.

11. Lines ¢; || £». Alternate interior angles are (5z — 15)° and (2z + 45)°. (a) Find z. (b) Find the angle size. (c) Find
the adjacent angle.

12. Two co-interior angles are in the ratio 2 : 3. Find the two angles.
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13. Two co-interior angles differ by 36°. Find the two angles.

14. Two sloping transversals meet between parallel lines. One transversal makes 58° with the top parallel. The other
makes 47° with the bottom parallel, opening on the same side of the strip. Find the obtuse angle between the two
transversals.

15. In triangle ABC, points D and FE lie on AB and AC respectively, with DE || BC. If ZADE = 64° and LZAED =
53°, find «B, ZC, and ZA.
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16. In parallelogram ABCD, ZABC = 72°. Find ZCDA, /BAD, and Z/BCD.

17. Lines ¢; || £2. Corresponding angles are (7z + 3)° and (4z + 45)°. Find z and the angle size.

18. Lines ¢; || 2. Co-interior angles are (z + 15)° and (4= — 10)°. Find z and both angle sizes.

19. Lines ¢; || £2. At the top intersection, one angle is 112°. Find the four angle sizes at the lower intersection.
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20. Lines ¢, || ¢5. An exterior angle z° corresponds to an exterior angle (52 — 80)°. (a) Find z. (b) Find the adjacent
interior angle.

21. Atransversal cuts two lines. One pair of corresponding angles are both 67°. Another pair of co-interior angles are
113° and 67°. Are the two lines parallel? Give a reason.

Mixed Review

1. In ZPQR, name the vertex.

2. A straight line is split into 79° and z°. Find z.
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3. Two straight lines intersect. One angle is 46°. Find the vertically opposite angle.

4. Write £ of a full turn in degrees.

5. Two angles in a triangle are 52° and 63°. Find the third angle.

6. In a parallelogram, one angle is 99°. Find an adjacent angle.

7. Lines ¢; || £2. A corresponding angle to 59° is labelled z. Find z.
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8. Lines ¢; || £,. A co-interior angle to 122° is labelled z. Find z.

9. Classify an angle of 132°.

10. Angles around a point are 85°, 120°, 64°, and z°. Find z.

11. On a straight line, adjacent angles are (2z + 15)° and (z + 30)°. Find .
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Challenge Questions

1. Lines ¢; || £. A corresponding angle is (2z + 18)°. The adjacent angle at the lower intersection is (5z — 6)°. Find =
, then find the two angle sizes.

2. In triangle ABC, a line through A is parallel to BC. The exterior angle between the extension of AB and the
parallel line is (4z + 3)°. The interior angle B is (2z + 21)°. Find z and ZB.

3. Two co-interior angles are in the ratio 4 : 5. Find the angles, then find the difference between them.
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4. Two sloping line segments meet between two parallel horizontal lines. One segment makes 32° with the top
parallel and the other makes 43° with the bottom parallel on the opposite side. Find the acute angle between the
two sloping segments.

5. In a parallelogram, adjacent angles are (2z + 15)° and (5z — 3)°. Find z, then find the smaller angle.

6. Lines ¢; || £2. A corresponding angle is (3z + 5)°, and an alternate exterior angle in the same diagram is (2z +
30)°. They are equal. Find z, the angle size, and the adjacent angle.
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7. In triangle ABC, points D and E lie on AB and AC, with DFE || BC. Given ZADE = (4z — 6)°, ZABC = (2z +
28)°, and LACB = 53°, find z, /B, and ZA.

8. In an isosceles trapezium ABCD, AB || CD. Angles on the same side are ZA = (3z + 12)° and ZD = (z + 48)°.
Find z, then find all four angles.

Common Mistakes

« Treating every pair of angles in a parallel-line diagram as equal.

» Forgetting that co-interior angles sum to 180°, not that they are equal.

» Using a parallel-line fact before checking that the lines are parallel.

« Mixing up alternate interior and corresponding angles.

» Finding an angle correctly, then giving its adjacent supplement by mistake.

« In algebra questions, solving for = but not substituting back when the question asks for an angle.
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Chapter 3: Triangles and Quadrilaterals

Chapter Goal

Apply angle sums and shape properties to triangles and common quadrilaterals.

Calculator Policy

Non-calculator. All angle calculations use exact whole degrees.

Quick Notes - Page 1
Triangle facts:

» Angles in a triangle sum to 180°.

« An exterior angle of a triangle equals the sum of the two opposite interior angles.
« In an isosceles triangle, the base angles are equal.

» In an equilateral triangle, all angles are 60°.

« In aright triangle, the two acute angles sum to 90°.

Quick Notes - Page 2
Quadrilateral facts:

» Angles in any quadrilateral sum to 360°.

« Arectangle has four 90° angles.

» In a parallelogram, opposite angles are equal and adjacent angles sum to 180°.
* Arhombus has the same angle facts as a parallelogram.

* In an isosceles trapezium, base angles are equal.

« In the kite convention used here, one pair of opposite angles is equal when stated in the diagram.

Worked Examples

Example 1

Two angles in a triangle are 48° and 67°. Find the third angle.
Solution: 180 — 48 — 67 = 65°.

Example 2

An isosceles triangle has apex angle 40°. Find each base angle.

Solution: The base angles share 180 — 40 = 140°, so each is 70°.

Example 3

An exterior angle of a triangle is 118°. One opposite interior angle is 49°. Find the other opposite interior angle.

Solution: 118 — 49 = 69°.
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Example 4

Three angles in a quadrilateral are 82°, 93°, and 106°. Find the fourth angle.
Solution: 360 — 82 — 93 — 106 = 79°.

Example 5

In a parallelogram, one angle is 76°. Find an adjacent angle.

Solution: Adjacent angles sum to 180°, so the adjacent angle is 104°.

Example 6

Atriangle has angles (z + 30)°, (2z + 10)°, and 50°. Find z.

Solution: = + 30 4 2z + 10 + 50 = 180, so 3z + 90 = 180, giving x = 30.

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 52 | [] _ /52 [
Exam-Style Structured Practice 20 | [] _ 120 [1
Mixed Review 11 | [1] _ N [
Challenge Questions 7111 7 [1

Skill Practice

1. What is the sum of the interior angles in any triangle?

2. What is the sum of the interior angles in any quadrilateral?

3. What is the size of each angle in an equilateral triangle?
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4. In an isosceles triangle, what can you say about the two base angles?

5. State the triangle exterior-angle fact.

6. What is the size of each angle in a rectangle?

7. In a parallelogram, what can you say about opposite angles?

8. In a rhombus, what can you say about opposite angles?

9. Two angles in a triangle are 52° and 63°. Find the third angle.
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10. Two angles in a triangle are 48° and 90°. Find the third angle.

11. Two angles in a triangle are 36° and 72°. Find the third angle.

12. Two angles in a triangle are 25° and 88°. Find the third angle.

13. Two angles in a triangle are 108° and 36°. Find the third angle.

14. Two angles in a triangle are 40° and 70°. Find the third angle.

15. Two angles in a triangle are 59° and 61°. Find the third angle.
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16. Two angles in a triangle are 23° and 112°. Find the third angle.

17. Two angles in a triangle are 45° and 45°. Find the third angle.

18. Two angles in a triangle are 80° and 55°. Find the third angle.

19. Two angles in a triangle are 65° and 65°. Find the third angle.

20. Two angles in a triangle are 75° and 15°. Find the third angle.

21. An isosceles triangle has base angles 68° and 68°. Find the apex angle.
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22. An isosceles triangle has apex angle 52°. Find each base angle.

23. An isosceles triangle has one base angle 73°. Find the other base angle and the apex angle.

24. Aright isosceles triangle has one angle 90°. Find the two acute angles.

25. An equilateral triangle has one angle labelled z. Find x.

26. An isosceles triangle has apex angle 110°. Find each base angle.

27. An isosceles triangle has one base angle 42°. Find the apex angle.
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28. Atriangle has angles 2z°, 3z°, and 4z°. Find z and the three angles.

29. Aright triangle has one acute angle 34°. Find the other acute angle.

30. Three angles in a quadrilateral are 90°, 90°, and 110°. Find the fourth angle.

31. Three angles in a quadrilateral are 85°, 95°, and 120°. Find the fourth angle.

32. Three angles in a quadrilateral are 72°, 108°, and 65°. Find the fourth angle.

33. Arectangle has one angle labelled . Find z.
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34. In a parallelogram, /A = 74°. Find an adjacent angle and the opposite angle.

35. In a parallelogram, one angle is 128°. Find an adjacent angle.

36. In a rhombus, one angle is 58°. Find the opposite angle and an adjacent angle.

37. In an isosceles trapezium, the two base angles on the same base are equal. If one is 78°, find the other.

38. In kite ABCD, /B = ZD. If ZB = 64°, find ZD.

39. A quadrilateral has three right angles. Find the fourth angle.
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40. In trapezium ABCD, AB || CD. If ZA = 105°, find ZD.

41. An exterior angle of a triangle is adjacent to an interior angle of 117°. Find the exterior angle.

42. The two opposite interior angles to a triangle exterior angle are 44° and 58°. Find the exterior angle.

43. A triangle exterior angle is 126°. One opposite interior angle is 48°. Find the other opposite interior angle.

44. Atriangle interior angle is 65°. Find the exterior angle adjacent to it.

45. An exterior angle of a triangle is 140°. Find the adjacent interior angle.
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46. What is the sum of one exterior angle at each vertex of a quadrilateral?

47. Atriangle has angles (z + 40)°, (2z + 20)°, and 3z°. Find .

48. A triangle has angles (2z + 10)°, (z + 30)°, and (z + 20)°. Find z and the three angles.

49. An isosceles triangle has base angles (x + 15)° and (z + 15)°, and apex angle 70°. Find z.

50. A quadrilateral has angles (z + 40)°, (z + 60)°, 2z°, and 100°. Find z.

51. In a parallelogram, adjacent angles are (3z + 15)° and (z + 45)°. Find z.
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52. A triangle exterior angle is (4z + 10)°. The two opposite interior angles are (z + 20)° and 50°. Find z.
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Exam-Style Structured Practice

1. In triangle ABC, ZA = 47° and /B = 68°. (a) Find ZC. (b) Find the exterior angle adjacent to ZC.

2. An isosceles triangle has apex angle 38°. (a) Find each base angle. (b) Classify each base angle as acute, right,
obtuse, or reflex.

3. Atriangle has an exterior angle of 124°. One opposite interior angle is 53°. (a) Find the other opposite interior
angle. (b) Find the interior angle adjacent to the exterior angle.
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4. Quadrilateral ABCD has /A = 96°, /B = 84°, and ZC = 110°. Find ZD.

5. In parallelogram ABCD, /A = (2z + 20)° and ZB = (z + 40)°. (a) Find z. (b) Find all four interior angles.

6. In rhombus ABCD, /A = 68°. Find Z/B, ZC, and ZD.

7. Kite ABCD has /B = /D, ZA =96°, and ZC = 48°. Find ZB and £ZD.
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8. In isosceles trapezium ABCD, AB || CD, LA = /B, and LA = 74°. Find ZC and ZD.

9. Atriangle has angles (z + 20)°, (2z + 10)°, and 3z°. (a) Find z. (b) Find the three angle sizes.

10. A quadrilateral has angles z°, (z + 20)°, (2z + 30)°, and 90°. Find z and the four angle sizes.
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11. In triangle ABC, points D and E lie on AB and AC, with DE || BC. If ZADE = 54° and ZAED = 63°, find ZB,
/C,and ZA.

12. In parallelogram ABCD, diagonal AC splits Z A into 28° and 35°. Find ZA, ZC, and the adjacent angles B and D

13. In a rectangle, a diagonal makes a 34° angle with one side at a corner. Find the other angle at the same corner
between the diagonal and the adjacent side.
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14. One exterior angle at each vertex of a quadrilateral is measured. Three exterior angles are 130°, 95°, and 85°. (a)
Find the fourth exterior angle. (b) Find the interior angle adjacent to it.

15. A triangle exterior angle is (3z + 30)°. The two opposite interior angles are (z + 20)° and 70°. (a) Find z. (b) Find
the exterior angle.

16. An isosceles triangle has base angles (2z + 10)° and (2z + 10)°, and apex angle (z + 40)°. Find z and all three
angles.
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17. In trapezium ABCD, AB || CD. ZA = (2z + 10)°, 4D = (z + 50)°, and «/B = 115°. Find z, ZA, 4D, and ZC.

18. The angles in a quadrilateral are in the ratio 2 : 3 : 4 : 6. Find the four angles.

19. A triangle has an exterior angle of 146°. One opposite interior angle is 79°. (a) Find the other opposite interior
angle. (b) Find the adjacent interior angle.
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20. In a parallelogram, one angle is 5 times an adjacent angle. Find all four angles.

Mixed Review

1. In ZABC, name the vertex.

2. A straight line is split into 126° and z°. Find .

3. Lines ¢; || £,. A corresponding angle to 82° is labelled z. Find z.

4. Lines ¢, || £5. A co-interior angle to 113° is labelled z. Find .
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5. Two angles in a triangle are 51° and 59°. Find the third angle.

6. Three angles in a quadrilateral are 100°, 80°, and 90°. Find the fourth angle.

7. An isosceles triangle has base angles 66° and 66°. Find the apex angle.

8. In a parallelogram, one angle is 107°. Find an adjacent angle.

9. Name the quadrilateral with exactly one pair of parallel sides.
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10. The two opposite interior angles to a triangle exterior angle are 33° and 81°. Find the exterior angle.

11. On a straight line, adjacent angles are (2z + 30)° and (z + 60)°. Find z.
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Challenge Questions

1. Atriangle has angles (2z + 5)°, (3z + 10)°, and (4z — 15)°. Find z, then find all three angles.

2. A quadrilateral has angles (z + 30)°, (2z + 10)°, (3z — 20)°, and (z + 60)°. Find z, then find the four angles.

3. An isosceles triangle has an exterior angle of 128° at its apex. Find the interior apex angle and each base angle.
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4. Kite ABCD has /B = /D = (¢ + 15)°, LA = 92°, and ZC = 68°. Find z, /B, and ZD.

5. In trapezium ABCD, AB || CD. ZA = (4z + 6)°, ZD = (2z + 30)°, and B = (3z + 20)°. Find all four angles.

6. Adjacent angles in a parallelogram are in the ratio 2 : 7. Find all four angles.
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7. The exterior angles of a quadrilateral are in the ratio 3 : 4 : 5 : 6. Find the exterior angles and the corresponding
interior angles.

Common Mistakes

» Using 360° for a triangle.

» Forgetting that quadrilateral angles sum to 360°.

« Assuming every triangle with two equal-looking angles is isosceles without a mark or statement.
« Giving the exterior angle when the question asks for the adjacent interior angle.

« In parallelograms, forgetting that adjacent angles are supplementary.

« Solving for z but not substituting back when the question asks for angle sizes.
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Chapter 4: Polygons and Tessellations

Chapter Goal

Find interior and exterior angles of polygons and reason about regular tessellations.

Calculator Policy

Non-calculator. Use exact whole-number angle facts.

Quick Notes - Page 1
For an n-sided polygon:
interior angle sum = (n — 2) x 180°
One exterior angle at each vertex of any polygon sums to:
360°

For a regular polygon:

360°

each exterior angle =

and

interior angle + exterior angle = 180°.

Quick Notes - Page 2
Atessellation has no gaps and no overlaps. Around a point, the angles must add to 360°.
Regular polygons that tessellate by themselves include equilateral triangles, squares and regular hexagons.

Regular pentagons and regular octagons do not tessellate by themselves because their interior angles do not divide 360°
exactly.

Worked Examples

Example 1

Find the interior angle sum of an octagon.

Solution: (8 —2) x 180 = 1080°.

Example 2

Find each exterior angle of a regular decagon.

Solution: 360 + 10 = 36°.

Example 3

A regular polygon has exterior angle 24°. Find the number of sides.

Solution: 360 + 24 = 15, so the polygon has 15 sides.
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Example 4

Find each interior angle of a regular hexagon.

Solution: The exterior angle is 360 < 6 = 60°, so the interior angle is 120°.

Example 5

A pentagon has four angles with total 430°. Find the fifth angle.

Solution: A pentagon sums to 540°, so the missing angle is 540 — 430 = 110°.

Example 6

Two regular octagons and one square meet at a point. Do they fit exactly?

Solution: 2 x 135 + 90 = 360°, so they fit exactly.

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 54 | [] __ 154 [l
Exam-Style Structured Practice 18 | [] /18 [1
Mixed Review 10 | [] __ /10 []
Challenge Questions 6 | [] _ /6 []

Skill Practice

1. How many sides does a pentagon have?

2. How many sides does a hexagon have?

3. How many sides does an octagon have?
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4. Name a polygon with 7 sides.

5. Name a polygon with 10 sides.

6. What does regular mean when describing a polygon?

7. What is the sum of one exterior angle at each vertex of any polygon?

8. Write the formula for the interior angle sum of an n-sided polygon.

9. Find the interior angle sum of a pentagon.
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10. Find the interior angle sum of a hexagon.

11. Find the interior angle sum of a heptagon.

12. Find the interior angle sum of an octagon.

13. Find the interior angle sum of a nonagon.

14. Find the interior angle sum of a decagon.

15. Find the interior angle sum of a 12-sided polygon.
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16. Find the interior angle sum of a 15-sided polygon.

17. A pentagon has four angles 100°, 110°, 95°, and 120°. Find the fifth angle.

18. A hexagon has five angles 120°, 130°, 110°, 125°, and 115°. Find the sixth angle.

19. A heptagon has six angles 130°, 128°, 142°, 115°, 121°, and 134°. Find the seventh angle.

20. An octagon has seven angles with total 945°. Find the eighth angle.

21. Find each exterior angle of a regular pentagon.
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22. Find each exterior angle of a regular hexagon.

23. Find each exterior angle of a regular octagon.

24. Find each exterior angle of a regular decagon.

25. Find each interior angle of a regular pentagon.

26. Find each interior angle of a regular hexagon.

27. Find each interior angle of a regular octagon.
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28. Find each interior angle of a regular decagon.

29. Find each interior angle of a regular 12-sided polygon.

30. Find each interior angle of a regular 18-sided polygon.

31. Aregular polygon has exterior angle 30°. How many sides does it have?

32. Aregular polygon has exterior angle 45°. How many sides does it have?

33. Aregular polygon has exterior angle 24°. How many sides does it have?
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34. A regular polygon has interior angle 150°. How many sides does it have?

35. A regular polygon has interior angle 135°. How many sides does it have?

36. A regular polygon has interior angle 162°. How many sides does it have?

37. Can regular equilateral triangles tessellate by themselves? State how many meet at a point.

38. Can squares tessellate by themselves? State how many meet at a point.

39. Can regular hexagons tessellate by themselves? State how many meet at a point.
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40. Can regular pentagons tessellate by themselves? Give a reason.

41. Can regular octagons tessellate by themselves? Give a reason.

42. At a tessellation point, two regular hexagons and two equilateral triangles meet. Check the angle total.

43. At a tessellation point, two regular octagons and one square meet. Check the angle total.

44. At a point, three regular pentagons and one equilateral triangle meet. Do they fit exactly?

45. At a point, one regular hexagon and two squares have already met. What angle is still needed to make 360°7?
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46. At a point, two equilateral triangles and one regular dodecagon meet. What angle is still needed to make 360°7?

47. At a point, one square, one equilateral triangle and one regular hexagon meet. What angle is still needed to make
360°7?

48. At a point, two regular pentagons and one regular decagon meet. Do they fit exactly?

49. Three regular hexagons meet at a point. Check whether they fit exactly.

50. A regular polygon has exterior angle 24°. Find the number of sides and each interior angle.

51. A polygon has interior angle sum 1980°. Find the number of sides.
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52. A regular polygon has interior angle 150°. Can copies of this polygon tessellate by themselves? Give a reason.

53. At a point, two squares and one regular octagon meet. What angle is still needed to make 360°?

54. The exterior angles of a pentagon are 70°, 80°, 60°, 75°, and z°. Find z, then find the largest interior angle.
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Exam-Style Structured Practice

1. A pentagon has angles 105°, 112°, 98°, 121°, and z°. (a) Find the interior angle sum of a pentagon. (b) Find x. (c)
Find the exterior angle adjacent to x.

2. For a regular 12-sided polygon, find (a) each exterior angle, (b) each interior angle, and (c) whether it tessellates
by itself.

3. A hexagon has five interior angles 110°, 118°, 122°, 130°, and 125°. (a) Find the sixth angle. (b) Find its adjacent
exterior angle.
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4. Aregular polygon has exterior angle 18°. Find (a) the number of sides, (b) each interior angle, and (c) the interior
angle sum.

5. At a tessellation point, one square, one regular hexagon and one regular dodecagon meet. Show that the angles
fit exactly.

6. A polygon has interior angle sum 1620°. Find the number of sides.
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7. For a regular 15-sided polygon, find (a) the interior angle sum, (b) each exterior angle, and (c) each interior angle.

8. The exterior angles of an irregular pentagon are 70°, 85°, 60°, 55°, and z°. Find z, then find the interior angle
adjacent to x.

9. In a regular polygon, the interior angle and exterior angle are in the ratio 3 : 1. Find the exterior angle, interior
angle, and number of sides.
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10. In a regular polygon, the interior angle and exterior angle are in the ratio 4 : 1. Find the exterior angle, interior
angle, and number of sides.

11. A pentagon has angles (z + 80)°, (z + 90)°, (2z + 40)°, 100°, and 110°. Find « and all five angles.

12. Aregular polygon has interior angle 160°. Find (a) each exterior angle, (b) the number of sides, and (c) the interior
angle sum.
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13. At a tessellation point, two regular octagons and one square meet. (a) Find the angle total. (b) Explain whether
they fit exactly.

14. At a point, two regular pentagons and one regular decagon meet. Show that they fit exactly.

15. A polygon has interior angle sum 1080° and is regular. Find (a) the number of sides, (b) each exterior angle, and
(c) each interior angle.
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16. A hexagon and a nonagon are compared. (a) Find each interior angle sum. (b) How much larger is the nonagon
sum?

17. Aregular polygon has exterior angle (z + 12)° and has 10 sides. Find z, then find each interior angle.

18. At a point, one regular hexagon and two squares meet. (a) Find the total already used. (b) What regular polygon
could fill the remaining angle?

Mixed Review

1. Two angles in a triangle are 46° and 71°. Find the third angle.
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2. In a parallelogram, one angle is 118°. Find an adjacent angle.

3. Lines ¢; || £;. A co-interior angle to 79° is labelled z. Find .

4. A quadrilateral has angles 90°, 86°, 104°, and z°. Find z.

5. Name a polygon with 8 sides.

6. Find each exterior angle of a regular square.
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7. Aregular polygon has exterior angle 60°. How many sides does it have?

8. An isosceles triangle has apex angle 84°. Find each base angle.

9. At a point, four squares meet. Find the angle total.

10. A triangle exterior angle is 132°. One opposite interior angle is 57°. Find the other opposite interior angle.
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Challenge Questions

1. In a regular polygon, the interior angle is 5 times the exterior angle. Find the exterior angle, interior angle, and
number of sides.

2. At a tessellation point, one square and one regular hexagon meet one regular polygon. Find the interior angle of
the unknown polygon and identify it.

3. Aregular polygon has interior angle (62 + 30)° and exterior angle (z + 10)°. Find z, the angle sizes, and the
number of sides.
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4. The exterior angles of an irregular hexagon are intheratio 2:3: 4 :5: 6 : 10. Find the largest interior angle.

5. Aregular polygon has 3 more sides than another regular polygon. The smaller polygon's exterior angle is twice
the larger polygon's exterior angle. Find both polygons.

6. At a tessellation point, two regular pentagons and one regular decagon meet. Prove the angle total and state why
the three tiles fit exactly at the point.
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Common Mistakes

» Using 360° as the interior angle sum of every polygon.

» Forgetting to subtract from 180° when moving between interior and exterior angles.
« Dividing the interior angle sum by the number of sides for an irregular polygon.

« Saying a polygon tessellates just because it is regular.

» Forgetting that tessellation angles around a point must total exactly 360°.
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Chapter 5: Circles, Loci and Constructions

Chapter Goal

Use circle vocabulary, circle measures, basic loci, and compass-and-straightedge construction descriptions.

Calculator Policy

Mostly non-calculator. Leave circle measures in exact form using .

Quick Notes - Page 1
Circle vocabulary:

» Radius: centre to circumference.

« Diameter: across the circle through the centre.
« Chord: joins two points on the circumference.

« Arc: part of the circumference.

« Sector: region between two radii and an arc.

e Segment: region between a chord and an arc.

« Tangent: touches the circle at one point.

A radius to a tangent point is perpendicular to the tangent.

Quick Notes - Page 2
Circle measures:

d=2r, C = 2nr = 7d, qquadA = 7r?
Locus facts:

« Fixed distance from a point: circle.
« Equidistant from two points: perpendicular bisector.
« Equidistant from two intersecting lines: angle bisectors.

» Fixed distance from a line: two parallel lines.

Worked Examples

Example 1

A circle has radius 8 cm. Find its diameter.

Solution: d = 2r = 16 cm.

Example 2

Find the circumference of a circle with diameter 11 cm, in terms of «.

Solution: C = nd = 117 cm.
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Example 3

Find the area of a circle with radius 5 cm, in terms of .

Solution: A = 7r? = 257 cm?.

Example 4

Describe the locus of points exactly 3 cm from P.

Solution: A circle with centre P and radius 3 cm.

Example 5

Describe the locus of points equidistant from A and B.

Solution: The perpendicular bisector of AB.

Example 6

Describe how to start constructing the perpendicular bisector of AB.

Solution: Open the compass to more than half AB, draw equal-radius arcs from A and B, then join the arc intersections.

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 46 | [1] _ 146 [
Exam-Style Structured Practice 18 | [] 118 [
Mixed Review 10 | [] __ 110 []
Challenge Questions 6 | [] /6 []
Year 9 Extension: Intersecting Chords and Secants 12 | [] 112 []

Skill Practice

1. Aline segment from the centre of a circle to the circle is called what?

2. Aline segment across a circle through the centre is called what?

Junior Maths - Geometry Page 86 of 230



3. Aline segment joining two points on a circle is called what?

4. Aline that touches a circle at exactly one point is called what?

5. Aline that cuts a circle at two points is called what?

6. Part of the circumference between two points is called what?

7. The region between two radii and an arc is called what?

8. The region between a chord and an arc is called what?
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9. Acircle has radius 7 cm. Find its diameter.

10. Acircle has radius 11 cm. Find its diameter.

11. A circle has diameter 18 cm. Find its radius.

12. A circle has diameter 25 mm. Find its radius.

13. Acircle has radius 3.5 cm. Find its diameter.

14. Circle centre O has point A on the circumference. If OA = 8 cm, what circle partis OA?
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15. Circle centre O has points A and B opposite each other on the circumference, with O on AB. What circle part is
AB?

16. Circle centre O has points P and @ on the circumference. Segment P(Q does not pass through O. What circle part
is PQ?

17. A tangent touches a circle at point T'. What angle does the tangent make with radius OT'?

18. A tangent touches a circle at point A. Radius OA is drawn. If one angle at A is labelled z, find =.

19. Find the circumference of a circle with radius 5 cm, leaving your answer in terms of .

20. Find the circumference of a circle with radius 9 cm, leaving your answer in terms of =.
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21. Find the circumference of a circle with diameter 14 cm, leaving your answer in terms of .

22. Find the circumference of a circle with diameter 23 cm, leaving your answer in terms of .

23. Find the area of a circle with radius 4 cm, leaving your answer in terms of .

24. Find the area of a circle with radius 6 cm, leaving your answer in terms of .

25. Find the area of a circle with diameter 10 cm, leaving your answer in terms of .

26. Find the area of a circle with diameter 16 cm, leaving your answer in terms of .
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27. A semicircle has radius 6 cm. Find its area in terms of .

28. A semicircle has diameter 14 cm. Find its area in terms of .

29. Describe the locus of points exactly 4 cm from point P.

30. Describe the locus of points exactly 7 cm from point A.

31. Describe the locus of points equidistant from two points A and B.

32. Describe the locus of points equidistant from two intersecting lines.
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33. Describe the locus of points exactly 3 cm from a straight line [.

34. Describe the locus of points within 5 cm of point O.

35. What construction creates the line of points equidistant from A and B?

36. What construction creates the line of points equidistant from the arms of an angle?

37. To construct the perpendicular bisector of AB, where should the compass point be placed first?
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38. When constructing the perpendicular bisector of AB, why must the compass width be more than half of AB?

39. When constructing an angle bisector, what is the first compass action from the vertex?

40. To construct a perpendicular to a line at point P on the line, what should you mark first?

41. To construct a triangle with sides 5 cm, 6 cm, and 7 cm, what should be drawn first?

42. To construct a triangle with sides 4 cm, 5 cm, and 9 cm, explain why it is impossible.

43. Can a triangle with side lengths 3 cm, 4 cm, and 8 cm be constructed? Give a reason.
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44. Can a triangle with side lengths 6 cm, 7 cm, and 10 cm be constructed? Give a reason.

45. A construction asks for all points 4 cm from A and 4 cm from B. What construction marks the possible points?

46. A point must be equidistant from A and B, and also lie exactly 3 cm from A. What two loci should be drawn?
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Exam-Style Structured Practice

1. Acircle has centre O, radius 6 cm, and point A on the circle. (a) Name segment O A. (b) Find the diameter. (c)
Find the circumference in terms of .

2. Acircle has diameter 18 cm. (a) Find the radius. (b) Find the area in terms of «. (c) Find the circumference in
terms of .

3. Atangent touches a circle at T'. The centre is O. (a) State the angle between OT and the tangent. (b) If another
angle at T' on a straight line is labelled z, find x.
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4. Describe the construction of the perpendicular bisector of segment AB.

5. Describe the construction of the angle bisector of ZABC.
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6. Point P must be exactly 5 cm from A and exactly 4 cm from B. Describe the construction that finds possible
positions of P.

7. A point must be equidistant from points A and B, and within 3 cm of point C. Describe the required region.

8. A semicircle has diameter 20 cm. Find (a) its radius, (b) its area in terms of 7, and (c) its curved arc length in terms
of m.
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9. Acircle has area 497 cm?. (a) Find its radius. (b) Find its diameter. (c) Find its circumference in terms of .

10. Circle A has radius 3 cm. Circle B has radius 5 cm. (a) Write each circumference in terms of 7. (b) Find the
difference between the circumferences.

11. A construction requires a triangle with sides 5 cm, 7 cm, and 11 cm. (a) Decide whether it can be constructed. (b)
Give the reason.
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12. A construction requires a triangle with sides 4 cm, 6 cm, and 11 cm. (a) Decide whether it can be constructed. (b)
Give the reason.

13. Describe how to construct a triangle with sides 6 cm, 8 cm, and 9 cm.

14. A point X must be equidistant from the arms of ZABC and exactly 6 cm from B. Describe the construction.
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15. Acircle has radius (z + 2) cm and diameter (3z — 4) cm. Find «, then find the radius and diameter.

16. A circle has circumference 247 cm. Find (a) its diameter, (b) its radius, and (c) its area in terms of =.

17. Two points A and B are 8 cm apart. Points exactly 5 cm from A and exactly 5 cm from B are required. How many
possible points are there, and what construction finds them?
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18. A path must stay exactly 2 m from a straight fence line. Describe the locus and explain why there are two parts.

Mixed Review

1. Find the diameter of a circle with radius 13 cm.

2. Find each interior angle of a regular hexagon.

3. Atriangle has angles 41°, 64°, and z°. Find z.

4. Lines ¢ || ¢2. A co-interior angle to 116° is labelled z. Find z.
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5. Name the circle part that joins two points on the circumference but does not have to pass through the centre.

6. Find the circumference of a circle with diameter 9 cm, in terms of «.

7. Describe the locus of points exactly 2 cm from point P.

8. A quadrilateral has angles 88°, 92°, 105°, and z°. Find z.

9. Can a triangle with sides 5 cm, 5 cm, and 12 cm be constructed?
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10. At a tangent point T, radius OT meets the tangent. Find the angle between them.
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Challenge Questions

1. A circle has circumference (4z + 8)7 cm and diameter (3z + 18) cm. Find z, then find the radius.

2. Two circles have the same centre. The larger radius is 9 cm and the smaller radius is 5 cm. Find the exact area of
the ring between them.

3. Point X must be exactly 6 cm from A and exactly 8 cm from B. The distance AB is 14 cm. How many possible
positions are there? Give a reason.

Junior Maths - Geometry Page 104 of 230



4. Point P must be equidistant from A and B, and exactly 4 cm from A. Points A and B are 6 cm apart. How many
possible positions are there?

5. A semicircle has perimeter 18 4+ 97 cm, including the diameter. Find its radius.

6. A regular hexagon is made from 6 congruent equilateral triangles meeting at the centre. If the distance from the
centre to each vertex is 7 cm, find the perimeter of the hexagon.
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Year 9 Extension: Intersecting Chords and Secants
Intersecting chord theorem:
If two chords AB and CD intersect at P inside a circle, then
PAx PB=PC x PD.
Intersecting secant theorem:
If two secants from an external point P meet the circle at A, B and C, D, then
PAx PB = PC x PD,
where PA and PC are the outside parts, and PB and PD are the whole lengths from P to the far intersection points.

E1. Two chords intersect at P. If PA = 3, PB = 8, and PC = 4, find PD.

E2. Two chords intersect at P. If PA =5, PB = z, PC = 6, and PD = 10, find z.

E3. Two chords intersect at P. One chord has parts  and = + 2. The other has parts 4 and 15. Find z.

E4. Two secants are drawn from external point P. On the first secant, the outside part is 4 and the whole length is 16. On
the second, the outside part is 8. Find the whole length of the second secant.

E5. Two secants are drawn from external point P. The first has outside part 6 and inside part 9. The second has outside
part 5 and inside part y. Find y.

E6. Two secants are drawn from external point P. The first has outside part 3 and inside part 9. The second has outside
part 4 and inside part y. Find y.

E7. Two chords intersect at P. If one chord has parts « and 9, and the other has parts 6 and 12, find x.

E8. Two secants are drawn from external point P. One has outside part z and whole length z 4+ 10. The other has outside
part 6 and whole length 24. Find z.

E9. Two chords intersect at P. One chord has parts  and = + 1. The other has parts 5 and 6. Find z.

E10. Two secants are drawn from external point P. The first has outside part = and inside part 7. The second has outside
part 6 and inside part 14. Find z.

E11. Two secants are drawn from external point P. The first has outside part 5 and inside part 15. The second has
outside part 4 and inside part y. Find y.

E12. Two chords intersect at P. One chord has parts z + 1 and x + 4. The other has parts 4 and 10. Find z.
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Common Mistakes

« Using the diameter when the formula needs the radius.

« Forgetting that the radius is half the diameter.

» Writing approximate decimal circle answers when exact 7 form is requested.

e Saying a tangent is a chord.

« Drawing construction arcs with different compass widths when equal widths are required.

« Describing a locus as only one point when it is a line, circle or region.

« In the secant theorem, multiplying the outside part by only the inside part instead of by the whole secant length.

» Mixing up intersecting chords inside the circle with secants from an external point.
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Chapter 6: Circle Geometry

Chapter Goal

Use circle parts, angle facts, tangent facts and introductory circle theorems to solve diagram-based geometry problems.

Calculator Policy

Non-calculator. Use exact angle facts and give angle answers in degrees.

Quick Notes - Page 1
Circle parts:

« Radius: a line segment from the centre to the circumference.

» Diameter: a chord through the centre. A diameter is twice the radius.
« Chord: a line segment joining two points on the circumference.

e Arc: part of the circumference.

« Sector: a region between two radii and an arc.

« Segment: a region between a chord and an arc.

« Tangent: a line that touches a circle at exactly one point.

« Secant: a line that cuts a circle at two points.

tangent
or

secant diameter

Quick Notes - Page 2
Core circle angle facts:

« The angle at the centre is twice the angle at the circumference on the same arc.
» The angle in a semicircle is 90°.

« Angles in the same segment are equal.

» Opposite angles in a cyclic quadrilateral sum to 180°.

» Avradius drawn to a tangent point is perpendicular to the tangent.

« The tangent-chord theorem says: the angle between a tangent and a chord equals the angle in the alternate
segment.
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centre angle
same segment

D&

tangent/chord

semicircle

Worked Examples

Example 1

In a circle with centre O, ZAOB = 118°. Find the angle at the circumference standing on the same arc.

Solution: The angle at the circumference is half the angle at the centre, soitis 118 + 2 = 59°.

Example 2

AB is a diameter and C lies on the circle. If ZCAB = 37°, find ZCBA.

Solution: ZACB = 90°. Therefore Z/CBA = 180 — 90 — 37 = 53°.

Example 3
ABCD is cyclicand ZA = 74°. Find £C.

Solution: Opposite angles in a cyclic quadrilateral sum to 180°. Therefore Z/C = 180 — 74 = 106°.

Example 4

A tangent touches a circle at P. OP is a radius. Find the angle between OP and the tangent.
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tangent

2 1

Solution: A radius to a tangent point is perpendicular to the tangent, so the angle is 90°.

Common Mistakes

» Using the angle-at-centre theorem the wrong way round. The centre angle is double; the circumference angle is

half.

« Assuming every chord is a diameter. Only a chord through the centre is a diameter.

» Forgetting that cyclic quadrilateral facts only apply when all four vertices lie on the same circle.

« Shading a sector when the question asks for a segment, or the other way round.

Exam Tips

« Mark equal radii before angle chasing. Equal radii often create isosceles triangles.

« Write the theorem you use before calculating the angle.

» For tangent questions, first look for the 90° radius-tangent angle.

« For a multi-step question, find one small angle at a time and keep the diagram labelled.

Progress Tracker

Section Questions Completed Correct Retry
Circle parts and basic facts 24 | [] _ 124 [
Angle theorems 18 | [1] 118 [1
Semicircles, same segments and cyclic quadrilaterals 20 | [] 120 [1
Tangents and mixed facts 12 | [1] _ 112 [1
Exam-style questions 18 | [1] __ 118 [1
Challenge questions 8 | [] /8 []
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Circle Parts and Basic Facts

1. Using the diagram, name the line segment from the centre to the circumference.

tangent
I r
rgdius

-~ '

secant diameter

2. Using the diagram, name the chord that passes through the centre.

ta gent
I r
radius

-
,,,,, cho

secant diameter

3. What is the name of a line segment joining two points on the circumference?

4. What is the name of a line that touches a circle at exactly one point?
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5. What is the name of a line that cuts a circle at two points?

6. What is the name of part of the circumference between two points?

7. What is the name of the region between two radii and an arc?

8. What is the name of the region between a chord and an arc?

9. A circle has radius 6 cm. Find its diameter.

10. A circle has diameter 18 cm. Find its radius.
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11. A circle has radius 4.5 cm. Find its diameter.

12. A circle has diameter 23 mm. Find its radius.

13. In the same circle, OA and OB are both radii. If OA = 7 cm, find OB.

14. A tangent touches a circle at P. What angle does radius O P make with the tangent?

tangent

I

15. A chord does not pass through the centre. Is it a diameter?

16. A diameter is drawn in a circle. What angle at the centre does it create for a semicircle?
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17. A minor arc has central angle 95°. Find the central angle of the major arc.

18. A sector has central angle 60°. What fraction of the full circle is the sector?

19. A sector has central angle 90°. What fraction of the full circle is the sector?

20. If AB is a diameter and O is the centre, where is O on AB?

21. Explain the difference between a tangent and a secant.

22. Explain why every diameter is a chord.
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23. Explain why not every chord is a diameter.

24. Circle centre O has OA = OB = OC. What circle part are OA, OB, and OC?

Angles at the Centre and Circumference

25. In the circle, O is the centre and ZAOB = 64°. Find ZACB.

26. In the circle, O is the centre and ZAOB = 86°. Find ZACB.
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27. In the circle, O is the centre and ZAOB = 110°. Find ZACB.

N

28. In the circle, O is the centre and ZAOB = 124°. Find ZACB.

29. In the circle, O is the centre and ZAOB = 148°. Find ZACB.

30. In the circle, O is the centre and ZAOB = 172°. Find ZACB.
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31. In the circle, O is the centre and ZAOB = 96°. Find ZACB.

N

32. In the circle, O is the centre and ZAOB = 136°. Find ZACB.

33. In the circle, O is the centre and ZAOB = 78°. Find ZACB.

34. In the circle, O is the centre and ZACB = 24°. Find ZAOB.
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35. In the circle, O is the centre and ZACB = 37°. Find ZAOB.

36. In the circle, O is the centre and ZACB = 41°. Find ZAOB.

37. In the circle, O is the centre and ZACB = 55°. Find ZAOB.

38. In the circle, O is the centre and ZACB = 68°. Find ZAOB.
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39. In the circle, O is the centre and ZACB = 72°. Find ZAOB.

40. In the circle, O is the centre and ZACB = 31°. Find ZAOB.

41. In the circle, O is the centre and ZACB = 49°. Find ZAOB.

42. In the circle, O is the centre and ZACB = 83°. Find ZAOB.
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Semicircles, Same Segments and Cyclic Quadrilaterals

43. AB is a diameter. Point C lies on the circle. If ZCAB = 32°, find ZCBA.

C

N

44. AB is a diameter. Point C lies on the circle. If Z/CAB = 41°, find ZCBA.

C

N

45. AB is a diameter. Point C lies on the circle. If ZCAB = 56°, find ZCBA.

C

N

46. AB is a diameter. Point C lies on the circle. If ZCAB = 63°, find ZCBA.

C

£
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47. AB is a diameter. Point C lies on the circle. If ZCAB = 25°, find ZCBA.

C

N

48. AB is a diameter. Point C lies on the circle. If ZCAB = 74°, find ZCBA.

C

NI

49. Points C' and D lie on the same segment standing on chord AB. If ZACB = 38°, find ZADB.

50. Points C and D lie on the same segment standing on chord AB. If ZACB = 47°, find ZADB.
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51. Points C and D lie on the same segment standing on chord AB. If ZACB = 59°, find ZADB.

52. Points C and D lie on the same segment standing on chord AB. If ZACB = 64°, find ZADB.

53. Points C and D lie on the same segment standing on chord AB. If ZACB = 73°, find ZADB.

54. Points C and D lie on the same segment standing on chord AB. If ZACB = 81°, find ZADB.
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55. ABCD is a cyclic quadrilateral. If ZA = 67°, find ZC.

56. ABCD is a cyclic quadrilateral. If ZA = 92°, find ZC.

57. ABCD is a cyclic quadrilateral. If ZA = 105°, find ZC.

58. ABCD is a cyclic quadrilateral. If /A =118, find ZC.
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59. ABCD is a cyclic quadrilateral. If /A = 73°, find ZC.

60. ABCD is a cyclic quadrilateral. If Z/A = 86°, find ZC.

61. ABCD is a cyclic quadrilateral. If ZA = 129°, find £C.

62. ABCD is a cyclic quadrilateral. If ZA = 144°, find ZC.
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Tangents and Mixed Circle Facts

63. A tangent touches a circle at T. OT is a radius. Find the angle between OT and the tangent.

tangent

13

64. A tangent touches a circle at A. If the angle between radius O A and the tangent is z, find z.

tangent

2 1

65. A tangent touches the circle at A. The angle between the tangent and chord AB is 42°. Find the angle in the
alternate segment.
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66. A tangent touches the circle at A. The angle between the tangent and chord AB is 57°. Find the angle in the
alternate segment.

67. A tangent touches the circle at A. The angle between the tangent and chord AB is 66°. Find the angle in the
alternate segment.

68. A tangent touches the circle at A. The angle between the tangent and chord AB is 71°. Find the angle in the
alternate segment.
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69. Two tangents PA and PB are drawn from the same external point. If PA = 9 cm, find PB.

equal tangents

70. Two tangents PA and PB are drawn from the same external point. If PA = 3z + 2 and PB = 20, find z.

equal tangents

71. A tangent touches a circle at A. The angle between the tangent and chord AB is 53°. If ZABC = 48°, find ZBAC.
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72. Atangent touches a circle at A. The angle between the tangent and chord AB is 61°. Find the central angle
standing on chord AB.

73. From point P, two tangents PA and PB touch a circle. If PA = 2z + 5 and PB = 5x — 7, find = and the tangent
length.

equal tangents

74. Aradius meets a tangent at T'. In triangle OT' P, ZOTP = 90° and ZOPT = 34°. Find ZTOP.

tangent

1
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Exam-Style Circle Geometry Questions

75. In a circle with centre O, A and B lie on the circumference and ZAOB = 128°. Point C' lies on the same major
arc. Find ZAC B, then find each base angle of isosceles triangle AOB.

76. In cyclic quadrilateral ABCD, /A = 3z + 12° and ZC = 5z — 8°. Find z, ZA, and ZC.
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77. AB is a diameter. Point C lies on the circle. If ZCAB = 2z + 10° and ZCBA = 3z + 5°, find = and both acute
angles.

C

N

78. Atangent at A meets chord AB. The angle between the tangent and AB is 58°. If ZABC = 47°, find ZBAC.
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79. In cyclic quadrilateral ABCD, /B = 112°. Also AD = DC'. Find ZADC, then find Z/DAC.

80. In a circle with centre O, ZAOB = 104°. A tangent is drawn at A. Find the angle between the tangent and chord
AB.
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81. Points C and D lie in the same segment standing on chord AB. If ZACB = 3z + 7° and ZADB = 5z — 21°, find
z and the common angle.

A‘$ — 7’3

82. In cyclic quadrilateral ABCD, /A =2z 4 15° and ZC = 3z + 40°. Find z, ZA, and ZC.
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83. Two tangents from P touch a circle at A and B. If PA =2z + 5 and PB = 5z — 7, find z and PA.

equal tangents

84. AB is a diameter and a tangent is drawn at A. The angle between the tangent and chord AC is 41°. Find ZABC,
/ACB,and Z/BAC.

)

9,
@’

(
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85. In a circle with centre O, ZAOB = 150°. Find the angle at the circumference on the same arc and each base
angle of triangle AOB.

86. In cyclic quadrilateral ABCD, /A =76° and /B = 84°. Find ZC and ZD.
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87. Atangent touches a circle at T. OT = 6 cm, OP = 10 cm, and PT is tangent. Find PT.

tangent

2 1

88. Atangent at A and chord AB make an angle of 62°. Find the angle at the circumference in the alternate segment
and the centre angle standing on chord AB.
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89. AB is a diameter. The two acute angles in triangle ABC are = + 18° and 2z + 12°. Find z and the two acute
angles.

C

N

90. In cyclic quadrilateral ABC D, a pair of opposite angles are 4z + 5° and 6z — 25°. Find = and the two angles.
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91. Aradius OA meets tangent AP. In triangle OAP, Z/OPA = 34°. Find ZAOP.IfOB = OA and ZAOB = ZAOP,
find ZABO.

tangent

13

92. Acircle has centre O. A, B, and C lie on the circle. ZACB = 37°. Find ZAOB. If OA = OB, find each base angle
of triangle AOB.
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DeepMaths Challenge Questions

93. In cyclic quadrilateral ABCD, ZABC = 2z + 18° and LADC = 5z — 6°. Find z, then find both angles.

94. Atangent at A makes an angle 4z + 3° with chord AB. The angle in the alternate segment is 6z — 23°. Find = and
the angle.
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95. A circle has centre O. AOB is a triangle with OA = OB. A point C on the circle gives ZACB = 68°. Find ZAOB
and the two base angles of triangle AOB.

96. AB is a diameter. A tangent at A makes an angle 2z + 14° with chord AC. The angle ZABC = 5z — 22°. Find z,
then find ZACB.
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97. From point P, tangents PA and PB touch a circle. PA = 3z + 4, PB = 7z — 20, and the perimeter of triangle
PAB is 46. Find z and AB.

equal tangents

98. A cyclic quadrilateral has consecutive angles 82°, = + 15°, 98°, and 3z — 11°. Show that the data are consistent
and find z.
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99. Two points C and D lie in the same segment standing on chord AB. ZACB = Tx — 5° and ZADB = 4x + 31°.
Find the common angle. Then find the centre angle standing on chord AB.

A‘$ — 7’3

100. Aradius OT is perpendicular to tangent TP. OP = 13 cm and OT = 5 cm. Find T'P. Then state which circle
theorem allowed the right triangle to be formed.

tangent

2 1
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Chapter 7: Coordinate Geometry Basics

Chapter Goal

Plot points, find midpoints, use gradient informally, and draw simple shapes on coordinate grids.

Calculator Policy

Non-calculator. Count grid squares and use exact coordinates.

Quick Notes - Page 1

Coordinates are written as (z,y). The first number tells you how far across to move, and the second number tells you
how far up or down to move.

« Positive z: move right.
« Negative z: move left.
« Positive y: move up.

» Negative y: move down.

The origin is (0, 0).

Quick Notes - Page 2
Midpoint:

T1+ T2 Y1+ Y2
2 72

Informal gradient:

. rise
gradient = —
run

Horizontal lines have equation y = constant. Vertical lines have equation x = constant.

Worked Examples

Example 1

Write the coordinates of a point 4 units left and 3 units up from the origin.
Solution: (—4, 3).

Example 2

Find the midpoint of (2,6) and (8, 10).

Solution: ((2 + 8)/2, (6 + 10)/2) = (5, 8).

Example 3

Find the gradient from (0,1) to (4,9).

Solution: Rise = 8, run = 4, so gradient = 2.
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Example 4

Find the area of a rectangle with vertices (1,1), (6,1), (6,4), and (1,4).

Solution: Side lengths are 5 and 3, so area = 15 square units.

Example 5

Does (3,7) lieony = 2z + 1?

Solution: When z = 3, 2z + 1 = 7, so yes.

Example 6

Find the missing vertex of rectangle (0, 0), (5,0), (5,2), D.

Solution: D = (0, 2).

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 49 | [] _ 149 [1
Exam-Style Structured Practice 19 | [] _ 119 [1
Mixed Review 10 | [] __ /10 [
Challenge Questions 7111 17 [1

Skill Practice

1. In the coordinate (5, —2), what is the z-coordinate?

2. In the coordinate (—3, 8), what is the y-coordinate?

3. Write the coordinates of the origin.
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4. Which axis is horizontal: the z-axis or the y-axis?

5. A point is 3 units right of the origin and 2 units up. Write its coordinates.

6. A point is 4 units left of the origin and 1 unit up. Write its coordinates.

7. A point is 2 units right of the origin and 5 units down. Write its coordinates.

8. A point is 6 units left of the origin and 3 units down. Write its coordinates.

9. State the quadrant of point (4, 3).
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10. State the quadrant of point (-2, 5).

11. State the quadrant of point (-6, —1).

12. State the quadrant of point (7, —4).

13. Does point (5, 0) lie on the z-axis or the y-axis?

14. Does point (0, —3) lie on the z-axis or the y-axis?

15. What is true about every point on the horizontal line y = 4?
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16. What is true about every point on the vertical line z = —27?

17. Find the horizontal distance between (2,5) and (7, 5).

18. Find the horizontal distance between (—3,4) and (4, 4).

19. Find the vertical distance between (6, —2) and (6, 5).

20. Find the vertical distance between (—1,—4) and (-1, 3).

21. Find the midpoint of (2,4) and (8,4).
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22. Find the midpoint of (—2,5) and (4, 5).

23. Find the midpoint of (3, —1) and (3, 7).

24. Find the midpoint of (—4, —6) and (2, 8).

25. Find the midpoint of (1,2) and (7, 10).

26. Find the midpoint of (-5, 3) and (3, —1).

27. Find the gradient of the line segment from (0, 0) to (4, 2).
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28. Find the gradient of the line segment from (0, 1) to (3, 7).

29. Find the gradient of the line segment from (2, 5) to (6,1).

30. What is the gradient of the horizontal line y = 3?

31. What is the gradient of the vertical line z = 2?

32. Aline rises from left to right. Is its gradient positive, negative, or zero?

33. Aline falls from left to right. Is its gradient positive, negative, or zero?
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34. Points A(1,1), B(5,1), C(5,4), and D(1,4) are joined in order. Name the shape.

35. For rectangle A(1,1), B(5,1), C(5,4), D(1,4), find the side lengths.

36. For rectangle A(1,1), B(5,1), C(5,4), D(1,4), find the area.

37. For rectangle A(1,1), B(5,1), C(5,4), D(1,4), find the perimeter.

38. Points (-2, —-2), (1,—2), (1,1), and (-2, 1) form a square. Find its perimeter.

39. Points (-2, -2), (1,-2), (1,1), and (-2, 1) form a square. Find its area.
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40. Triangle A(0,0), B(6,0), C(0,4) is right-angled on the axes. Find its area.

41. Arectangle has vertices (1, 1), (6,1), (6,4), and D. Find D.

42. A parallelogram has vertices A(0,0), B(4,0), D(1,3), and C. Find C.

43. From (2, 3), move 4 units right and 2 units down. Write the new coordinate.

44. From (—1,5), move 3 units left and 4 units down. Write the new coordinate.

45. Does point (4, 4) lie on the line y = z?
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46. Does point (3, 6) lie on the line y = 2z?

47. Does point (2,4) lie on the line y = = 4 1?

48. On the line y = 2z — 3, find y when z = 5.

49. On the line y = = + 4, find the coordinate when z = —1.
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Exam-Style Structured Practice

1. A point P is 5 units left of the origin and 3 units up. (a) Write the coordinates of P. (b) State the quadrant of P. (c)
State the coordinates of the point reflected across the y-axis.

2. Rectangle ABCD has A(-2,1), B(4,1), C(4,5), and D(—2,5). Find (a) the side lengths, (b) the perimeter, and
(c) the area.

3. The midpoint of A(—4,2) and B(6,8) is M. (a) Find M. (b) Find the horizontal change from A to B. (c) Find the
vertical change from A to B.
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4. Line segment AB joins A(1,7) and B(5,—1). (a) Find the rise from A to B. (b) Find the run. (c) Find the gradient.

5. Triangle A(0,0), B(8,0), C(0,5) is right-angled on the axes. (a) Find the base length. (b) Find the height. (c) Find
the area.

6. Parallelogram ABCD has A(-1,2), B(5,2), and D(1,6). (a) Find C. (b) Find the length of AB. (c) Find the
vertical height from AB to DC.
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7. Points A(2,2), B(7,2), C(7,7), and D(2,7) are joined. (a) Name the shape. (b) Find its perimeter. (c) Find its
area.

8. For the line y = z + 2, (a) find y when z = 3, (b) decide whether (4, 6) lies on the line, and (c) decide whether
(1,4) lies on the line.

9. A path on a coordinate grid goes from (—3, —2) to (4, —2), then to (4, 3), then to (1, 3). Find the total distance
travelled.
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10. Segment AB has endpoints A(—6,4) and B(2,4). (a) Find its length. (b) Find its midpoint. (c) State whether it is
horizontal or vertical.

11. Arectangle has vertices A(—4,—1), B(3,-1), C(3,4), and D. (a) Find D. (b) Find the area. (c) Find the perimeter.

12. Line p joins (0,0) to (3, 6). Line ¢ joins (2,1) to (5, 7). (a) Find each gradient. (b) Are the lines parallel?
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13. Triangle ABC has A(-2,1), B(6,1), and C(2,5). (a) Find the midpoint of AB. (b) Find the base AB. (c) Find the
height from C to AB. (d) Find the area.

14. From point A(—2,5), a point B is found by moving 6 right and 8 down. (a) Find B. (b) Find the midpoint of AB.

15. Line lis z = 3. Line m is y = —2. (a) Describe line [. (b) Describe line m. (c) Find their intersection point.
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16. For the line y = —x + 4, decide whether each point lies on the line: (a) (1, 3), (b) (4,0), (c) (—2,5).

17. A square has opposite vertices (—1, —1) and (5, 5), and its sides are parallel to the axes. (a) Find the other two
vertices. (b) Find its area.

18. The midpoint of AB is (2, 3). Point A is (—4,1). Find point B.
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19. Arectangle has area 30 square units. One side runs from (—2,4) to (4,4). The rectangle's other side is vertical.

Find the possible vertical side length.

Mixed Review

1. State the quadrant of (—4, 6).

2. Find the midpoint of (0,0) and (10, 6).

3. Find the gradient from (1, 2) to (5, 10).

4. Acircle has radius 6 cm. Find its diameter.
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5. Aregular polygon has exterior angle 40°. How many sides does it have?

6. A triangle has angles 42°, 58°, and z°. Find .

7. Does (2,5) lie on the line y = 2z 4 1?

8. Find the area of a rectangle with vertices (0, 0), (7,0), (7,2), and (0,2).

9. Describe the locus of points exactly 5 cm from point P.
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10. Line x = —4 is horizontal or vertical?
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Challenge Questions

1. The midpoint of AB is (—1,4). Point A is (5, —2). Find point B.

2. Parallelogram ABCD has A(—2,1), B(3,4), and D(1,—-3). Find C.

3. An L-shaped polygon has vertices (-3, —2), (4, —2), (4,2), (1,2), (1,5), and (—3,5), joined in order. Find its area.
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4. Triangle A(0,0), B(6,0), C(3,3) is plotted. Explain why it is isosceles.

5. The midpoint of (k, 2) and (6, 10) is (4,6). Find k.

6. Points A(1,2), B(5,10), and C(9, 18) lie on the same straight line. Show this using gradients.
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7. The L-shaped polygon with vertices (-3, —2), (4, —2), (4,2), (1,2), (1,5), and (-3, 5) is joined in order. Find its
perimeter.

Common Mistakes

» Writing coordinates as (y, z) instead of (z,y).

« Forgetting that left and down mean negative directions.

« Counting signed changes when a question asks for distance.
« Averaging only one coordinate when finding a midpoint.

» Using run over rise instead of rise over run for gradient.

» Treating a vertical line as if its gradient were 0.

Junior Maths - Geometry Page 163 of 230



Chapter 8: Transformations

Chapter Goal

Reflect, rotate, translate, and enlarge shapes on coordinate grids with precise descriptions.

Calculator Policy

Non-calculator. Use coordinate rules and grid-square counting.

Quick Notes - Page 1

Translation moves every point by the same vector.

Reflection flips a shape in a mirror line.

Rotation turns a shape around a centre by an angle and direction.

Enlargement changes size from a centre using a scale factor.

Quick Notes - Page 2
Useful coordinate rules about the origin:

« Reflect in the z-axis: (z,y) — (z, —y).

« Reflect in the y-axis: (z,y) — (—=z,y).

e Reflectiny = z: (z,y) — (y, ).

» Rotate 90° anticlockwise: (z,y) — (—y, ).
« Rotate 90° clockwise: (z,y) — (y, —z).

» Rotate 180°: (z,y) — (—z, —y).

Worked Examples

Example 1
Translate (2, 5) by vector (_34)
Solution: (24 3,5 —4) = (5,1).

Example 2

Reflect (—3,4) in the y-axis.

Solution: Change the sign of z: (3,4).

Example 3

Rotate (2, 3) by 90° anticlockwise about the origin.
Solution: (z,y) — (—y, ), so the image is (-3, 2).

Example 4
Enlarge (3,4) by scale factor 2 about the origin.
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Solution: (3,4) — (6, 8).

Example 5

Point (1, 2) is translated to (6, —1). Find the vector.

Solution: (6 — 1,1 —2) = (5, —3).

Example 6
Enlarge (4,5) by scale factor 2 about centre (1,1).

Solution: Displacement from centre is (3, 4). Double it to (6, 8), then add the centre to get (7,9).

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 64 | [] __ 164 [
Exam-Style Structured Practice 24 | [] _ 124 [1
Mixed Review 13 | [1] __ 113 [
Challenge Questions 9| [] /9 [1

Skill Practice

1. Atransformation that slides a shape without turning it is called what?

2. A transformation that flips a shape in a mirror line is called what?

3. A transformation that turns a shape around a fixed point is called what?
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4. A transformation that changes size from a fixed centre is called what?

5. What information is needed to describe a translation?

6. What information is needed to describe a reflection?

7. What information is needed to describe a rotation?

8. What information is needed to describe an enlargement?

9. Translate point (2, 3) by vector (%)
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10. Translate point (—1, 5) by vector (_32)

11. Translate point (6, —2) by vector (_5)_

4

12. Translate point (—4, —3) by vector (2)

13. Translate point (0,7) by vector (:g)

14. Translate point (5,0) by vector (:i)

15. Translate point (—6, 2) by vector (g)
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16. Translate point (3, —5) by vector G)

17. Translate point (~2, —1) by vector (_24)-

18. Translate point (7,4) by vector (:g)

19. Translate point (1, —6) by vector (g)

20. Translate point (—5,6) by vector (_83)

21. Reflect point (3, 4) in the z-axis.
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22. Reflect point (-2, 5) in the z-axis.

23. Reflect point (6, —3) in the y-axis.

24. Reflect point (—4, —1) in the y-axis.

25. Reflect point (2, 5) in the line y = z.

26. Reflect point (—3,4) in the line y = .

27. Reflect point (5, 2) in the line y = —=z.
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28. Reflect point (—1,6) in the line y = —=.

29. Reflect point (7, 3) in the line z = 2.

30. Reflect point (-2, 8) in the line y = 1.

31. Rotate point (2, 3) 90 anticlockwise about the origin.

32. Rotate point (—1,4) 90 anticlockwise about the origin.

33. Rotate point (5, —2) 90 clockwise about the origin.
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34. Rotate point (—3, —6) 90 clockwise about the origin.

35. Rotate point (4,7) 180 about the origin.

36. Rotate point (—5, 2) 180 about the origin.

37. Rotate point (0,6) 90 anticlockwise about the origin.

38. Rotate point (7,0) 90 clockwise about the origin.

39. Rotate point (—2, —5) 90 anticlockwise about the origin.
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40. Rotate point (3, —4) 180 about the origin.

41. Enlarge point (2, 3) by scale factor 2 about the origin.

42. Enlarge point (—1,4) by scale factor 3 about the origin.

43. Enlarge point (5, —2) by scale factor 2 about the origin.

44. Enlarge point (—4, —3) by scale factor 2 about the origin.

45. Enlarge point (6, 8) by scale factor 0.5 about the origin.
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46. Enlarge point (—10,4) by scale factor 0.5 about the origin.

47. Enlarge point (3,4) by scale factor 2 about centre (1, 1).

48. Enlarge point (—1, 5) by scale factor 2 about centre (1,1).

49. Enlarge point (4, —2) by scale factor 3 about centre (2, —1).

50. Enlarge point (8, 5) by scale factor 0.5 about centre (2,1).

51. Enlarge point (—4, 6) by scale factor 0.5 about centre (0, 2).
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52. Enlarge point (5, 7) by scale factor 2 about centre (1, 3).

53. Point (2, 3) is translated to (7,5). Write the translation vector.

54. Point (—1,4) is translated to (2, —3). Write the translation vector.

55. Point (6, —2) is translated to (1, 3). Write the translation vector.

56. Point (—4, —5) is translated to (—1, —1). Write the translation vector.

57. Point (0, 6) is translated to (—5, 6). Write the translation vector.
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58. Point (3, —7) is translated to (3, 2). Write the translation vector.

59. Point (3, 4) is reflected to (—3, 4). State the mirror line.

60. Point (2, —5) is reflected to (2, 5). State the mirror line.

61. Point (7,2) is reflected to (—1, 2). State the mirror line.

62. Point (2, 3) is rotated about the origin to (—3, 2). Describe the rotation.

63. Point (4, —1) is rotated about the origin to (—4, 1). Describe the rotation.
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64. Point (—2, 5) is rotated about the origin to (5, 2). Describe the rotation.
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Exam-Style Structured Practice

1. Triangle ABC has A(1,1), B(4,1), and C(2, 3). Translate it by vector (_32> Find 4', B', and C".

2. Triangle ABC has vertices (-2, 3), (1,4), (0,1). Reflect it in the z-axis. Give the image vertices.

3. Triangle PQR has vertices (2,—1), (5,—1), (4, —4). Reflect it in the y-axis. Give the image vertices.
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4. Rotate triangle with vertices (1,2), (3,1), (4,4) by 90° anticlockwise about the origin.

5. Rotate triangle with vertices (—2,1), (—4, 3), (—1,5) by 90° clockwise about the origin.

6. Rotate triangle with vertices (2, —3), (6, —3), (4, —1) by 180° about the origin.

7. Enlarge triangle with vertices (1, 2), (3,2), (2,5) by scale factor 2 about the origin.
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8. Enlarge triangle with vertices (2, 2), (4, 2), (2,5) by scale factor 2 about centre (1, 1).

9. Triangle ABC has A(0,1), B(2,1), C(1,4). Its image has A'(5, —2), B'(7,—-2), C'(6,1). Describe the
transformation.

10. Point (2,4) maps to (—2,4), and point (3,1) maps to (-3, 1). Describe the reflection.
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11. A point (3,2) maps to (9, 6) under an enlargement about the origin. Find the scale factor, then find the image of
(_]-a 4)

12. Point (2, 5) is translated by (_34) and then reflected in the y-axis. Find the final coordinate.

13. Reflect triangle with vertices (1,4), (3,2), (5,6) inthe line y = «.
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14. Reflect point (7, —2) in the line x = 2.

15. Reflect point (—4, 5) in the line y = —1.

16. Rotate point (4, 2) by 90° anticlockwise about centre (1,1).

17. A shape has area 18 square units. It is enlarged by scale factor 3. Find the image area.

Junior Maths - Geometry Page 181 of 230



18. Arectangle has perimeter 24 units. It is enlarged by scale factor 2. Find the image perimeter.

19. Point (-3, 4) is reflected in the z-axis, then rotated 180° about the origin. Find the final coordinate.

20. Point A(2,—1) maps to A'(8,5) by translation. (a) Write the vector. (b) Find the image of (—3,4) under the same
translation.
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21. A point (z,y) is reflected in the z-axis. Which coordinate changes sign? Use point (-2, 7) as an example.

22. Describe exactly how to draw the image of a triangle under translation by <_24) .

23. Atriangle is reflected in the y-axis and then reflected in the z-axis. What single rotation has the same effect?
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24. A rectangle with vertices (0, 0), (4,0), (4,3), and (0, 3) is translated by (_52) Find the image vertices and the

image area.

Mixed Review

1. Find the midpoint of (2, 4) and (8, 10).

2. Reflect (3, —5) in the z-axis.

3. Translate (—1, 2) by vector (_43)
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4. Rotate (2, 1) by 90° anticlockwise about the origin.

5. Enlarge (3, 4) by scale factor 2 about the origin.

6. A regular polygon has exterior angle 45°. How many sides does it have?

7. A circle has radius 5 cm. Find its diameter.

8. Line y = 4 is horizontal or vertical?
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9. Reflect (6,2) in the line y = x.

10. Find the gradient from (0, 0) to (5, 10).

11. A square has side length 4. It is enlarged by scale factor 3. Find the new side length.

12. Point (4, 7) is reflected in the y-axis. Find its image.

13. Point (1, —3) is rotated 180° about the origin. Find its image.
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Challenge Questions

1. The midpoint of AA’is (2,1). Point A is (—4,5). Point A’ is the image after a 180° rotation. Find A’ and the centre
of rotation.

2. A shape is translated by (_35) then translated by ( 9

) . Write the single equivalent translation vector.

3. Point (5, —2) is the image after translation by <_74> Find the original point.
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4. Rotate (6, 3) by 90° clockwise about centre (2,1).

5. Under enlargement centre (2, —1), scale factor 3, point A maps to A’(11, 8). Find A.

6. Point (8, 4) is reflected in the line z = a and maps to (—2,4). Find a.
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7. Atriangle has area 14 square units. It is enlarged by scale factor % Find the image area.

8. Find a point that is unchanged by reflection in the line z = 4, and explain why.

9. A point is reflected in the y-axis and then rotated 90° anticlockwise about the origin. Point (3, 2) is used. Find the
final image and the single equivalent transformation for any point (z, y).

Common Mistakes

e Using (y, z) instead of (z,y).
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» Translating some vertices but not all vertices by the same vector.
» Reflecting in the wrong axis.

» Mixing up clockwise and anticlockwise rotations.

« Enlarging from the origin when a different centre is given.

« Multiplying area by the scale factor instead of by the square of the scale factor.
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Chapter 9: Congruence, Similarity and Scale

Chapter Goal

Identify congruent and similar figures, match corresponding sides, and use scale factors for lengths, perimeters, areas,
and scale drawings.

Calculator Policy

Non-calculator. Decimal answers are limited to simple scale drawing conversions.

Quick Notes - Page 1

Congruent shapes are the same shape and same size.
Similar shapes are the same shape but may be different sizes.
For similar shapes:

» Corresponding angles are equal.
« Corresponding sides are in the same ratio.
» Lengths and perimeters use the length scale factor.

« Areas use the square of the length scale factor.

Quick Notes - Page 2
To find a missing side:

1. Match corresponding sides carefully.
2. Find the scale factor using a known pair.

3. Multiply or divide by the scale factor.

For scale drawings, keep units consistent before converting the final answer.

Worked Examples

Example 1

A side of 4 cm is enlarged to 10 cm. Find the scale factor.

Solution: 10 + 4 = 2.

Example 2

Similar triangles have corresponding sides 6 <> 15 and 8 <+ z. Find z.

Solution: Scale factor = 15 + 6 = 2,s0 z = 8 x 3 = 20.

Example 3

A shape has perimeter 18 cm and is enlarged by scale factor 3. Find the new perimeter.

Solution: 18 x 3 = 54 cm.
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Example 4

A shape has area 12 cm? and is enlarged by scale factor 4. Find the new area.

Solution:; Area scale factor = 42 = 16, so area = 12 x 16 = 192 cm?.

Example 5

On a plan, 1 cm represents 5 m. A path is drawn as 6 cm. Find the real length.

Solution: 6 x 5 = 30 m.

Example 6

Two rectangles are 6 cm by 10 cm and 9 cm by 15 cm. Are they similar?

Solution: 9/6 = 3/2 and 15/10 = 3/2, so they are similar.

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 44 | 1] _ 144 []
Sigma Notation and Frequency Tables 18 | [1] 118 [1
Exam-Style Structured Practice 16 | [] __ /16 [1
Mixed Review 9 | ] 19 []
Challenge Questions 6 | [] /6 [1

Skill Practice

1. What does it mean for two shapes to be congruent?

2. What does it mean for two shapes to be similar?

3. A side of length 5 cm is enlarged to 20 cm. Find the scale factor.
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4. Aside of length 12 cm is reduced to 3 cm. Find the scale factor.

5. If a shape is enlarged by scale factor 6, what happens to its perimeter?

6. If a shape is enlarged by scale factor 5, what happens to its area?

7. Which congruence test uses three pairs of equal sides?

8. Which congruence test uses two sides and the included angle?

9. A drawing length of 2 cm represents 10 cm. Find the scale factor from drawing to real object.
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10. Triangles ABC and PQR are similar with A <» P, B <+ @, and C < R. Which side corresponds to BC?

11. A side of length 4 cm is enlarged to 14 cm. Find the scale factor.

12. A side of length 18 cm is reduced to 12 cm. Find the scale factor.

13. A side of length 7 cm is enlarged to 21 cm. Find the scale factor.

14. A side of length 15 cm is reduced to 6 cm. Find the scale factor.

15. Triangles ABC and DEF are similar. AB ++» DE and BC + EF.If AB=4, DE =10, and BC = 6, find EF.
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16. Similar triangles have corresponding sides 9 +» 12 and z «+» 20. Find .

17. Two similar quadrilaterals have corresponding sides 8 <+ 20 and 14 <> y. Find y.

18. Two similar pentagons have corresponding sides 18 <> 12 and z < 10. Find z.

19. Rectangles R and S are similar. Rectangle R has length 6 and width 4. Rectangle S has corresponding length 15.
Find its width.
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Sigma Notation and Frequency Tables

1. Evaluate Y0, i.

2. Evaluate Z?:l 2i.

3. Evaluate Z?:l(z' +3).

4. Write 3 + 6 + 9 + 12 using sigma notation.

5.1z =4,2,="7,and z3 = 9, find 0, ;.

6. The frequency table shows scores. Find the mean, median and 7. The frequency table shows numbers of pets. Find the mean, median
mode. and mode.
Score 1 2 3 4 Pets 0 1 2 3
Frequency 2 5 4 1 Frequency 3 6 5
8. The frequency table shows goals scored. Find the mean, median 9. The frequency table shows marks. Find the mean, median and
and mode. mode.
Goals 0 1 2 3 4 Mark 5 6 7 8
Frequency 2 3 6 4 1 Frequency 1 4 3

10. For the frequency table, find 3" f, >° fz, the mean, the median and the mode.

2 4 6 8

f 4 3 2 1
11. Evaluate Zf:1(2z' +1). 12. Evaluate Zfzz(:}i —1).
13. Write 5 + 10 + 15 + 20 + 25 using sigma notation. 14.Ifa; = 2, a3 = 5, a3 = 8, and a4 = 11, find Z?zl a;.

15. Find the mean, median and mode. 16. Find }_ f, Y f, the mean and the mode.

Value 10 20 30 @ 1 3 5 7
Frequency 2 5 3 f 1 2 4 1

17. Find the mean, median and mode. 18. Afrequency table has > f = 20 and }_ fz = 150. Find the mean.
Score 0 2 4

Frequency 4 1 3
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Skill Practice Continued

20. A small triangle has sides 5,7, 8. A similar large triangle has longest side 24. Find the other two side lengths of the
large triangle.

21. Amodel car is similar to the real car. The model length is 12 cm, the real length is 3 m, and the model width is
5 cm. Find the real width in metres.

22. Two similar flags have heights 9 cm and 24 cm. The smaller flag has width 15 cm. Find the larger width.

23. Two similar triangles have areas not given, but their corresponding sides are 10 <+ 25 and z <> 30. Find z.

24. A shape is enlarged by scale factor 2—, A side in the image is 18 cm. Find the original side length.

25. A shape with perimeter 18 cm is enlarged by scale factor 4. Find the new perimeter.
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26. A shape with perimeter 63 cm is reduced by scale factor % Find the new perimeter.

27. Two similar shapes have perimeters 28 cm and 70 cm. Find the scale factor from the smaller shape to the larger
shape.

28. A small hexagon has perimeter 36 cm. A similar hexagon has scale factor % from the small hexagon. Find the
larger perimeter.

29. The perimeter of a similar image is 96 cm. The scale factor from the original to the image is 3. Find the original
perimeter.

30. Two similar triangles have side lengths in the ratio 4 : 7. Their smaller perimeter is 44 cm. Find the larger
perimeter.

31. A shape has area 10 cm?. It is enlarged by scale factor 3. Find the new area.
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32. A shape has area 80 cm?. It is reduced by scale factor % Find the new area.

33. Two similar shapes have areas 18 cm? and 72 cm?. Find the length scale factor from the smaller shape to the
larger shape.

34. Two similar shapes have areas 45 cm? and 20 cm?. Find the length scale factor from the larger area to the smaller
area.

35. A similar image has area 147 cm?. The scale factor from the original to the image is % Find the original area.

36. A triangle has area 24 cm?. A similar triangle has length scale factor % Find the new area.

37. On a scale drawing, 1 cm represents 4 m. A wall is drawn as 7 cm. Find the real length.
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38. On a map, 1 cm represents 250 m. A path is 6 cm long on the map. Find the real distance in kilometres.

39. Aclassroom is 8 m long. On a plan, 1 cm represents 2 m. Find the drawing length.

40. A model tower is 18 cm high. The scale is 1 : 50. Find the real height in metres.

41. Triangle A has angles 40°,60°,80°. Triangle B has angles 60°, 80°,40°. Are the triangles similar?

42. Arectangle is 6 cm by 9 cm. Another rectangle is 10 cm by 15 cm. Are the rectangles similar?

43. Arectangle is 5 cm by 8 cm. Another rectangle is 10 cm by 18 cm. Are the rectangles similar?
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44. Two triangles have sides 6, 8,10 and 8, 10, 6. Are they congruent?
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Exam-Style Structured Practice

1. In triangles ABC and DEF, AB=DE =7, AC = DF =9,and Z/BAC = ZEDF = 52°. State whether the
triangles are congruent and give the reason.

2. Triangles ABC and PQR are similar with A <+ P, B+ @Q,and C < R. AB =6, BC =8, AC =10, and PQ =15
. Find QR and PR.

3. A garden plan uses the scale 1 cm : 3 m. On the plan, a rectangular lawn measures 5 cm by 8 cm. Find the real
perimeter of the lawn.
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4. Two similar shapes have length scale factor % from the smaller shape to the larger shape. The smaller area is
56 cm?. Find the larger area.

5. Shape A is similar to shape B. The perimeter of A is 42 cm, and the perimeter of B is 98 cm. The area of A is
81 cm?. Find the area of B.

6. Rectangle A is 12 cm by 20 cm. Rectangle B is 18 cm by 30 cm. Show that the rectangles are similar and find the
scale factor from A to B.
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7. Rectangle C is 9 cm by 16 cm. Rectangle D is 15 cm by 24 cm. Are the rectangles similar? Give a reason.

8. Amap has scale 1 : 20000. Two points are 7 cm apart on the map. Find the real distance in kilometres.

9. Atree casts a shadow 18 m long. At the same time, a 1.5 m post casts a shadow 2 m long. Use similar triangles to
find the height of the tree.
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10. Triangles LM N and XY Z have LM = XY, MN =Y Z,and /ZLMN = /XY Z. Decide whether there is enough
information to prove congruence. If yes, name the test.

11. Two similar trapezia have corresponding parallel sides 6 <+ 15 and 10 <> z. Find z.

12. Two similar polygons have sides in the ratio 3 : 8. The larger polygon has perimeter 120 cm. Find the smaller
perimeter.
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13. Two similar shapes have areas 32 cm? and 200 cm?. Find the length scale factor from the smaller shape to the
larger shape.

14. Triangle A has vertices (0, 0), (4,0), and (0, 3). Triangle B is similar to A and has corresponding vertices (0, 0),
(10,0), and (0, y). Find y.

15. Alogo is enlarged by scale factor ;"; The original perimeter is 64 mm, and the original area is 96 mm?. Find the
new perimeter and the new area.
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16. A similar image has area 192 cm?. The scale factor from the original to the image is 4. Find the original area and

the area scale factor.

Mixed Review

1. A triangle has angles 47° and 68°. Find the third angle.

2. Find the midpoint of (-2, 5) and (8, —1).

3. Reflect (6, —4) in the y-axis.

4. Find each exterior angle of a regular octagon.
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5. Acircle has radius 9 cm. Find its diameter.

6. Two parallel lines are cut by a transversal. One corresponding angle is 118°. Find the matching corresponding
angle.

7. A shape with perimeter 26 cm is enlarged by scale factor % Find the new perimeter.

8. Rotate (2, —5) by 180° about the origin.

9. On a map, 1 cm represents 0.5 km. A route is 9 cm long. Find the real distance.
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Challenge Questions

1. Two similar shapes have perimeters 30 cm and 45 cm. The smaller area is 80 cm?. Find the larger area.

2. Two similar figures have areas 48 cm? and 108 cm?. A side on the smaller figure is 12 cm. Find the corresponding
side on the larger figure.

3. Triangles ABC and DEF are congruent with A <+ D, B+ E,and C + F.If /A =38°and ZE = 71°, find £LF.
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4. A scale plan is drawn at 1 : 75. Arectangular table is 3.2 cm by 1.6 cm on the plan. Find the real area in square
metres.

5. In a diagram, a small triangle is similar to a large triangle. The small triangle has base 9 cm and height 6 cm. The
large triangle has base 15 cm. Find the height and area of the large triangle.

6. Triangle T" has vertices (0, 0), (4,0), and (0, 3). A similar triangle has one vertex at (0,0), its horizontal side on the
positive z-axis, its vertical side on the positive y-axis, and area 24 square units. Find the other two vertices.
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Common Mistakes

« Matching the wrong pair of corresponding sides.

» Using original length divided by image length when the question asks for image divided by original.
» Multiplying area by the length scale factor instead of by its square.

» Forgetting to convert centimetres, metres, and kilometres in scale drawings.

« Assuming equal angles alone prove congruence; equal angles prove similarity, not same size.
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Chapter 10: Geometry Mixed Review

Chapter Goal

Combine angle, coordinate, transformation, polygon, circle, congruence, similarity, and scale reasoning in one review

chapter.

Calculator Policy

Non-calculator. Leave exact answers in terms of = where needed.

Quick Notes - Page 1
Choose the fact before calculating:

» Straight line: 180°.

» Around a point: 360°.

» Triangle: 180°.

» Quadrilateral: 360°.

» Regular polygon exterior angle: 360° + n.

« Similar shape area scale: square the length scale factor.

Quick Notes - Page 2
For coordinate and transformation questions:

1. Work vertex by vertex.
2. Keep signs visible.
3. Check whether the transformation changes size.

4. For mixed questions, label each step before moving to the next.

Worked Examples

Example 1

Two co-interior angles are 73° and z. Find z.
Solution: z = 180 — 73 = 107°.

Example 2

Find the area of triangle with base 8 and height 5.

Solution: 3 x 8 x 5 = 20.

Example 3
Translate (4, —1) by <_36)

Solution: (4 — 6, -1+ 3) = (—2,2).
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Example 4

A regular polygon has exterior angle 30°. Find the number of sides.

Solution: 360 = 30 = 12.

Example 5

A shape with area 18 cm? is enlarged by scale factor 2. Find the new area.

Solution: Area scale factor = 22 = 4, so new area = 72 cm?.

Example 6

Reflect (5, —3) in the y-axis.

Solution: (5, —3) — (—5,—3).

Progress Tracker

Section Questions Completed Correct Retry
Skill Practice 35 | [] _ 135 [
Exam-Style Structured Practice 13 | [] 113 []
Mixed Review 7111 7 [1
Challenge Questions 51| 1] /5 []

Skill Practice

1. In ZABC, which letter is the vertex?

2. An angle on a straight line is 73°. Find the adjacent angle.

3. Atriangle has angles 48° and 59°. Find the third angle.
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4. Angles around a point are 85°, 120°, 64°, and z. Find z.

5. An angle vertically opposite 132° is what size?

6. Two parallel lines are cut by a transversal. One corresponding angle is 64°. Find the matching corresponding
angle.

7. Two parallel lines are cut by a transversal. One alternate angle is 112°. Find the matching alternate angle.

8. Two co-interior angles on parallel lines are 68° and y. Find y.

9. A quadrilateral has angles 95°, 88°, 102°, and z. Find z.
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10. Find each exterior angle of a regular pentagon.

11. Find the interior angle sum of a decagon.

12. Find each interior angle of a regular octagon.

13. Acircle has radius 6 cm. Find its diameter.

14. A circle has radius 5 cm. Write its circumference in terms of .

15. Find the midpoint of (—4,2) and (6, 8).
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16. Find the horizontal distance between (—3,4) and (5, 4).

17. Arectangle has vertices (1,1), (7,1), (7,5), and (1, 5). Find its area.

18. A triangle has base 10 grid units and perpendicular height 6 grid units. Find its area.

19. Translate (—2,5) by vector (_73>

20. Reflect (—4, 7) in the z-axis.
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21. Rotate (3, —2) by 90° anticlockwise about the origin.

22. Enlarge (2, —3) by scale factor 4 about the origin.

23. A side of 9 cm is enlarged to 15 cm. Find the scale factor.

24. Similar triangles have corresponding sides 6 «<» 14 and 9 «+» z. Find z.

25. A shape with perimeter 36 cm is enlarged by scale factor % Find the new perimeter.

26. A shape with area 20 cm? is enlarged by scale factor 3. Find the new area.
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27. A regular polygon has exterior angle 24°. Find the number of sides.

28. Find each interior angle of a regular 12-gon.

29. An isosceles triangle has vertex angle 46°. Find each base angle.

30. An exterior angle of a triangle is 125°. One opposite interior angle is 54°. Find the other opposite interior angle.

31. Point A(—1,4) is translated to A'(3, —2). Find the translation vector.

32. Point (2, 3) maps to (2, —3) and (5,1) maps to (5, —1). Describe the transformation.
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33. Arectangle is 4 cm by 6 cm. Another rectangle is 10 cm by 15 cm. Are they similar? Give the scale factor if they
are.

34. On a plan, 1 cm represents 2.5 m. A room is drawn as 8 cm long. Find the real length.

35. A point P lies on a circle with centre O and radius 9 cm. Find OP.
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Exam-Style Structured Practice

1. Two co-interior angles on parallel lines are 118° and z. A triangle then uses angles z, 47°, and y. Find z and y.

2. Triangle ABC has vertices A(—2,1), B(6,1), and C(2,5). Find its area and the midpoint of AC.

3. Triangle ABC has vertices A(1,2), B(4,2), and C(1,5). Translate it by (_43> , then reflect the image in the y-axis.

Give the final vertices.
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4. Aregular polygon has interior angle 156°. Find its exterior angle and the number of sides.

5. A circle has radius 7 cm. Find its diameter and its circumference in terms of =.

6. Triangles ABC and PQR are similar with A <+ P, B+ Q,and C <~ R. AB =9, BC =12, AC =15, and PQ =
12. Find QR, PR, and the perimeter of PQR.
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7. Triangles ABC and DEF have AB = DE, BC = EF, and AC = DF. If ZABC = 64°, prove the triangles are
congruent and find Z/DEF.

8. Shape A is similar to shape B. The perimeter of A is 40 cm, and the perimeter of B is 64 cm. The area of A is
75 cm?. Find the area of B.

9. Rectangle PQRS has vertices P(1,1), Q(7,1), R(7,4), and S(1,4). Translate it by (_32) Give the image vertices

and the image area.
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10. Amap has scale 1 : 50000. Two points are 3.6 cm apart on the map. Find the real distance in kilometres.

11. A quadrilateral has angles z,  + 20°, 2z, and 100°. Find = and all four angles.

12. Point A(1,1) maps to A'(3,3), B(4,1) maps to B'(6,3), and C(1,4) maps to C'(3,6). Describe the transformation
fully.
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13. Arectangle 5 cm by 8 cm is enlarged by scale factor 3. Find the new perimeter and the new area.

Mixed Review

1. Angles around a point are 3z, 2z, and 80°. Find z.

2. Find the midpoint of (-2, 7) and (4, —3), then translate the midpoint by (_45)

3. Acircle has diameter 20 cm. Write its circumference in terms of .

4. Aregular polygon has interior angle 140°. Find the number of sides.
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5. A shape with area 27 cm? is enlarged by scale factor % Find the image area.

6. Reflect (—3,5) in the line y = z.

7. Two similar shapes have perimeters 18 cm and 42 cm. A side on the smaller shape is 12 cm. Find the
corresponding side on the larger shape.
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Challenge Questions

1. Two co-interior angles on parallel lines are (3z + 18)° and (5z + 2)°. A triangle uses the smaller of these angles
and another angle of 47°. Find z and the third angle of the triangle.

2. Triangle T has vertices (0,0), (4,0), and (0, 3). It is enlarged by scale factor 2 about the origin, then translated by

(_51) Find the final vertices and the final area.

3. Atriangular sign has sides 6 cm, 8 cm, 10 cm, perimeter 24 cm, and area 24 cm?. A similar larger sign has
corresponding longest side 35 cm. Find the larger perimeter and area.
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4. A regular polygon has interior angle 150°. Find the number of sides. Then a regular polygon with this angle, a
square, and one other regular polygon meet at a point. Find the number of sides of the other polygon.

5. A point (a, —4) is reflected in the z-axis and then reflected in the y-axis. The final image has z-coordinate —7. Find
a and name the single equivalent transformation.

Common Mistakes

« Starting a calculation before identifying the angle fact.

« Treating co-interior angles as equal instead of supplementary.

« Forgetting that area scale factor is the square of length scale factor.

» Moving one coordinate correctly but leaving another vertex unchanged.

« Describing a transformation without enough information.
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Year 9 Extension: Intersecting Chords and

©®NDOAW

S oA wN

75°

64°

chord

97 cm.

a circle centre P radius 2 cm
75°

No;5+5 <12

. 90°
Cha

llenge Questions
z = 10; radius 24 cm
567 cm”

1

2

9cm

42cm

Secants
E1.PD=6E2.2=12E3.2=6E4.8E5. y =13

E6.y=5E7.2=8E8.2=8E9.2=5E10.2=8
E11.

y=21E12.2-4

Chapter 6 Answer Key - Circle
Geometry

Circle Parts and Basic Facts

F’”.“F”."':‘“F*’!\’.—‘

Radius.
Diameter.
Chord.
Tangent.
Secant

Sector.
Segment.
12 cm.

9 cm.

- 9cm.

11.5 mm.
7cm.
90°.

No.
180°.
265°.

L

r

At the midpoint of AB.

. Atangent touches once; a secant cuts the

circle at two points.

. A diameter joins two points on the

circumference.

. Only chords through the centre are

diameters.

. Radii.

Angles at the Centre and Circumference

. 43”
. 55
. 62°

4
86°

. 48°

68°
39°
48°
40
82°
110°
136°
144°
62°

. 98°
. 166°

Quad rllaterals

cles, Same Seg its and Cyclic

. 49“
. 34°

27°

. 65°
. 16°
. 38°

a7

. 59°

64°
73°
81°
1137
88°
75°
62°
107°

. 94°
. b1
. 36°

Tangents and Mixed Circle Facts
3.790°.

. 90%.
. 42°
. 57
. 66°
. T1°
. 9 cm.

z=6.

L T9°.

122°,

. = = 4, tangent length 13.

56°.

Exam-Style Circle Geometry Questions

75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.

ZACB = 64°; base angles 26°.
z =22, LA="18, /C =102°.

z = 15; angles 40° and 50°.
75°.

ZADC = 68°, ZDAC = 56°.
520,

x = 14, common angle 49°.

T =25, LA =65, £C = 115°.
z=4, PA=13.

41°, 90°, 49°.

75°; base angles 15°.

ZC =104°, D = 96°.

8 cm.

62° and 124°.

x = 20; angles 38° and 52°.

Junior Maths - Geometry

90. z = 20; angles 85° and 95°.
91. ZAOP = 56°, ZABO = 62°.
92. ZAOB = 74°; base angles 53°.

DeepMaths Challenge Questlons
. = = 24; angles 66° and 114°

94. z =13; angle 55°.

95. ZAOB = 136°; base angles 22°.

96. z = 12; ZACB = 90°.

97.2=6, AB=2.

98. z =44.

99. Common angle 79°; centre angle 158°.
100. TP = 12 cm; radius-tangent theorem.

Chapter 7 Answer Key - Coordinate
Geometry Basics

Skill Practice
5

.8

. (0,0)

z-axis

(3,2)

(=4,1)

2,-5)

(~6,-3)

Quadrant T

10. Quadrant IT

11. Quadrant IIT

12. Quadrant IV

13. z-axis

14. y-axis

15. Every point has y-coordinate 4
16. Every point has z-coordinate — 2

31. not defined
32. positive

33. negative

34. rectangle

35. 4 units and 3 units
36. 12 square units
37. 14 units

38. 12 units

39. 9 square units
40. 12 square units
41, (1,4)
42.(5,3)

43. (6,1)

44. (—4,1)

45, yes

46. yes

47. no

48. 7

49. (-1,3)

Exam-Style Structured Practice
1. (a) (-5, 3) (b) Quadrant Il (c) (5,3)

2.(a)6 and 4 (b) 20 units (c) 24 square units
3.(a)(1,5) (b)10(c) 6
4. (a) -8 (b) 4 (c) -2
5. (a) 8 (b) 5 (c) 20 square units
6. (a) (7,6) (b) 6 (c) 4
7. (a) square (b) 20 units (c) 25 square units
8. (a) 5 (b) yes (c) no
9. 15 units
10. (a) 8 ( ) (—2, 4) (c) horizontal
11. (a) 4) (b) 35 square units (c) 24 units
12. (a) both 2( ) yes
13. (a) (2, (b) 8 (c) 4 (d) 16 square units
14. (a) (4,-3) (b) (1,1)
15. (a) vertical (b) horizontal (c) (3, -2)
16. (a) yes (b) yes (c) no
17. (a) (~1,5) and (5, -1) (b) 36 square units
18. (8,5)
19. 5 units
Mixed Review
1. Quadrant IT
2. (5,3)

.12em

.9

. 80°

. yes

. 14 square units

. acircle centre P radius 5 cm

3.2
4
5.
6
7
8
9.
0. vertical
hal
1
2.
3.
4.
5.
6.

Challenge Questions

(~7,10)

(6,0)

40 square units

AC = BC

2

gradient AB = 2 and gradient BC = 2

7. 28 units

Chapter 8 Answer Key -
Transformations

Skill Practice

. translation

reflection

rotation

enlargement
translation vector
mirror line

centre, angle and direction
centre and scale factor
(6,4)

(2,3)

(1,2)

SOOI NOORWN =

N

55.
56.
57.

58.

59.
60.
61.
62.
63.
64.

y-axis

z-axis

z=3

90 anticlockwise about the origin
180 about the origin

90 clockwise about the origin

Exam-Style Structured Practice

. A'(4,-1), B'(7,-1), C'(5,1)
(~2,-3), (1,-4), (0,~1)
(=2,-1), (=5,—1), (—4,-4)
(=2,1), (~1,3), (~4,4)
(1,2), (3,4), (5,1)

(=2,3), (=6,3), (—4,1)
(2,4), (6,4), (4,10)
(3,3), (7,3), (3,9)

translation by

reflection in the y-axis

. scale factor 3; image (—3,12)
. (-5,1)

. (4,1), (2,3), (6,5)

. (-3,-2)

. (—4,-7)

. (0,4)

. 162 square units

. 48 units

. (3,4)

(@) (g) (b) (3,10)

. y changes sign; (—2,7) > (=2, -7)

- Move every vertex 4 lefi and 2 up, then join the image vertifes;

. 180° rotation about the origin
L (5,-2), (9,-2), (9,1), (5,1); area 12 square units

Mixed Review

(5,7)
(3,5)
(3,-1)
(-1,2)
(6,8)

10 cm
horizontal

8,-3); centre (2,1)

Challeng?e Questions

9.

PN E® N
—

-5

-3

(-2,2)

(4,-3)

(5,2)

a=3

1 square units

Any point on z = 4, for example (4,2).
(-2, -3); equivalent rule (z,y) — (~y, —z)

Chapter 9 Answer Key - Congruence,
Similarity and Scale

Skill Practice

1.
2. Same shape, corresponding angles equal, and sides in the 2@nd retio-7)
3.4
4.
5
6

Same shape and same size

1

i
. It is multiplied by 6
. Tt is multiplied by 25

19. 10
20. 15 and 21
21.1.25m
22. 40 cm
23.12
24.12cm
25. 72cm
26. 21 cm
27. %
28.45cm
29. 32 cm
30. 77 cm
31. 90 em®
32. 20 cm®
33.2
34.3

35. 12 em?
36. % cm?
37.28m
38. 1.5km
39. 4cm
40.9m
41. Yes
42. Yes
43. No
44. Yes, by SSS

Si?ma Notation and Frequency Tables
10

30

22

i3

20

mean = %, median = 2, mode =2
mean = &, median = 1, mode =1
mean = 6.6, median = 6.5, mode = 6

> f=10,3 fx =40, mean =4, median =
4, mode =2

11. 48

12.55

13. %), 5i

14. 26

15. mean = 21, median = 20, mode = 20

16. 3 f =8,3 fo = 34, mean = ¥, mode =5
17. mean = 2.6, median = 3, mode = 0

18.75

Exam-Style Structured Practice
1. Congruent by SAS
2. QR=20, PR=25
3.78m
4. 126 cm®
5. 441 cm®
6. Similar, scale factor §
7. No
8. 1.4km
9.135m
10. Yes, SAS
11.25
12. 45cm
13. 3
14. u
15. 80 mm, 150 mm?
16. 12 cm?, area scale factor 16

mean = & median = 2, mode = 2

COXNDO A WN -

Mixed Review
1. 65°

2.(3,2)

3. (~6,-4)
4. 45

5. 18 cm
6. 118°

cm
8. (~2,5)
9. 45km

Challenge Questions
180 cm?

18 cm

71

2.88 m?

10 cm, 75 cm?

(8,0) and (0,6)

Chapter 10 Answer Key - Geometry
Mixed Review

DA WN =

Skill Practice
B

107°

73°

91°

132°

64°

112°

112°

75°

10. 720

11. 1440°

12. 135°

13. 12em

14. 10m cm

15. (1,5)

16. 8

17. 24 square units
18. 30 square units

19. (5,2)

OCRNDOHWN =

21. (2,3)
22. (8,-12)
23.1

-3
24.21
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25. 54cm
26. 180 cm?
27. 15
28. 150°
29. 67°
30. 71°
4
31.(76
32. Reflection in the z-axis
33. Yes, scale factor &
34.20m
35. 9cm
Exam-Style Structured Practice
1 z=62,y="11°
2. 16 square units, midpoint (0, 3)
3. (2,6), (~1,6), (2,9)
4. 24°, 15 sides
5. 14 cm, 147 cm
6. QR = 16, PR = 20, perimeter 48
7. Congruent by SSS; ZDEF = 64°
8. 192 cm®
9. P'(-1,4), Q'(5,4), R'(5,7), §'(~1,7); area 18
10. 1.8 km
11. = = 60°; angles 60°,80°,120°, 100°

12. Translation by (;)
13. 78 cm, 360 cm?

Mixed Review
1. 56
2. (5,-3)

207 cm

9

12 cm?

(5,-3)

28 cm

Challenge Questions

z = 20, third angle 55°

(-1,5), (7,5), (—1,11); area 24

84 cm, 294 cm’

12 sides; other polygon has 6 sides

a = 7; 180° rotation about the origin

GARLN 2T Nookw
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