
Chapter 4 Notes Packet  Name: ______________________________ 

Similarity 

Chapter 4: Similarity 

4.1 – Ratios & Proportions 
Objectives: 

 Write Ratios; solve applications involving ratios 

 Use the Cross Product Property to solve proportions 

 

 Ratios 

 If 𝑎 and 𝑏 are two quantities that are measured in the same units, then the ratio of a to b is  

 Ratios are usually expressed in simplest form. 

 

Example 1: The perimeter of a rectangle is 60 centimeters. The ratio of the width to the length is 3 : 2.  

a. Find the length and the width. 

 

b. Find the area of the rectangle. 

 

 

 

 Proportions 

 An equation that equates two ratios is a proportion. 

 Cross Product Property – The product of the 
extremes equals the product of the means:  

 

Examples: Use the Cross Product Property to solve each proportion. If necessary, round to the nearest 
hundredth. 

2.  
3𝑥 − 8

6
=

2𝑥

10
 3.  

𝑥 + 3

3
=

8

𝑥 − 2
 

  

 

  

𝑎

𝑏
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4.2 – Dilations 
Objectives: 

 Determine the scale factor of a dilation 

 Given the pre-image, scale factor, and center of dilation, graph dilations 

 Given the vertex coordinates, scale factor, and center of dilation, determine the 

coordinates of dilated figures  

 Prove that figures are similar using transformations 

 

 Dilations 
 In the figure below A’B’C’ is the image of ABC after a dilation with center O and scale factor 

_?_. 

 
 Use a ruler to find the following lengths in millimeters: 

OA = _______________ OA’ = _______________ 

OB = _______________ OB’ = _______________ 

OC = _______________ OC’ = _______________ 

AB = _______________ A’B’ = _______________ 

BC = _______________ B’C’ = _______________ 

AC = _______________ A’C’ = _______________ 

 What do you notice about the lengths of the corresponding sides of the two triangles? 

 

 

 Use a protractor and find the measures of the corresponding angles. 

mA = ______ mB = ______ mC = ______ 

mA’ = ______ mB’ = ______ mC’ = ______ 

 What do you notice about the measures of the corresponding angles? 

 

 The scale factor, k, for a dilation is the ratio of a linear measurement of the image to a 
corresponding measurement of the preimage. 

 What is the scale factor of the dilation above?  
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 Similarity 

 In a dilation, the image and pre-image are SIMILAR because they have the same shape – but are 
different sizes. 

 Corresponding side lengths are proportional 

 Similarity ratio – The ratio of any side length in the first figure to the corresponding side 
length in the second figure. 

 Corresponding angles are congruent 

 
Example 1:  Find the scale factor of the dilation and then set up and solve a proportion to find the value of 
the variable. 

 
 

 Dilations in the Coordinate Plane with center (0, 0) 

 The graph below represents a dilation from center (0, 0) by scale factor k = 2. 

 

 Compare the pre-image, 𝐴𝐵̅̅ ̅̅ , to the image 𝐴′𝐵′̅̅ ̅̅ ̅̅ . What effect does the dilation have on the 
coordinates of dilated points? 

 
 
 
 Complete the conjecture: The image of (𝒂, 𝒃) after a dilation with center at the origin and scale 

factor 𝒌 has the coordinates _______________. 

 

𝑃′ 

𝑃 



P a g e  | 4 

 

Chapter 4: Similarity 

 A dilation with 𝑘 > 1 is an enlargement. A dilation with 0 < 𝑘 < 1 is a reduction. 

 
Examples –  

2. Identify the dilation as an enlargement or a reduction and find its scale factor. 

 
 

Apply the dilation to the polygon with the given vertices. Name the coordinates of the image points. 
Describe the dilation: center, scale factor, enlargement or reduction. 

3.  𝐷: (𝑥, 𝑦) → (2𝑥, 2𝑦) 

𝐴(2, 1), 𝐵(2, 3), 𝐶(5, 1) 

4.  𝐷: (𝑥, 𝑦) → (
2

3
𝑥,

2

3
𝑦) 

𝑃(−6, 3), 𝑄(−3, 9), 𝑅(3, 6) 

  
 
 Constructing Dilations – Center NOT at the Origin 

1. Plot the center point on the coordinate plane. 

2. Determine the coordinates of one pre-image point. 

a. What is the vertical distance from the center of dilation to the pre-image point? 

b. What is the horizontal distance from the center of dilation to the pre-image point? 

3. Multiply the vertical and horizontal distances by the scale factor to determine the new vertical 
and horizontal distances. 

a. Using these distances, plot your new point starting from the center of dilation. 

4. Repeat for all vertices. 

 

Scale Factor 

𝑘 =
image′

preimage
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Examples –  
5. Dilate by a scale factor of 1 3⁄  with center of 

dilation at (3, 0). 

6. Dilate by a scale factor of 4 3⁄  with center of 

dilation at (0,−6). 

  

 

In the following problems, one figure has been dilated to obtain the new figure. Determine the scale 
factor AND the center of dilation. 

7. k = _____; center of dilation: ________ 8. k = _____; center of dilation: ________ 

 
 

9. k = _____; center of dilation: ________ 10. k = _____; center of dilation: ________ 
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4.3 – Similarity Transformations 
Objectives: 

 Explore the basic concept of similarity as illustrated through transformations 

 Prove that figures are similar using transformations 

 

 Similarity 

 In a dilation, the image and pre-image are SIMILAR because they have the same shape – but are 
different sizes. 

 Corresponding side lengths are proportional 

 Similarity ratio – The ratio of any side length in the first figure to the corresponding side 
length in the second figure. 

 Corresponding angles are congruent 

 The order of the vertices in a similarity statement is important. It identifies the corresponding 
angles and the corresponding sides. 

 
 

Example: – Finding Unknown Lengths in Similar Polygons 

2. Is ABCD ~ EFGH? Explain your reasoning. 

 

 

3. The quadrilaterals below are similar: QUAD ~ SIML 

a. If QUAD is the pre-image, what is the scale factor? 
 
 
 

b. Find mD, mU, and mA. 
 
 
 

c. Use the scale factor to find the unknown sides lengths SL 
and MI. 
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 Similarity Transformations 

 A dilation or composition of one or more dilations and one or more congruence transformations. 

 Two figures are SIMILAR if and only if there is a similarity transformation that maps one figure 
to the other figure. 

 

Examples – Determining Whether Polygons are Similar 

Use the definition of similarity in terms of similarity transformations to determine whether the two 
figures are similar. Explain your answer.  

3. Is PQRS ~ WXYZ? 4. Is DEF ~ ACB? 

 
 

 

 

 

The figures shown are similar. Assume that the figure on the left is the pre-image. List the sequence of 
transformations that verifies the similarity of the two figures. 

5.  6.  
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4.4 – Triangle Similarity 
Objectives: 

 Given two triangles, explain why they are similar 

 Given two triangles and a similarity theorem, determine the additional information needed to 

prove similarity 

 Given two triangles, determine whether they are similar 

 Use scale factor and proportions to Find missing segment lengths in triangles 

 
 Angle-Angle Similarity Postulate (AA) 

 If two angles of one triangle are congruent to two angles of another triangle, then the two 
triangles are similar. 

 

 

 

 

 

A ≅ X 

C ≅ Z 

ABC ~ XYZ 

by the AA Similarity Theorem 

 

Example:  Determine whether the triangles are similar. 
Explain your reasoning. If they are similar write a 
similarity statement. 

 

 

 

 Side-Side-Side Similarity Postulate (SSS) 

 If the three sides of one triangle are proportional to the corresponding sides of another, then the 
triangles are similar.  

 
𝐴𝐵

𝑋𝑌
=

𝐵𝐶

𝑌𝑍
=

𝐴𝐶

𝑋𝑍
 

4

5
=

6

7.5
=

8

10
→

4

5
 

ABC ~ XYZ 

by the SSS Similarity Theorem 

Z 

Y 

X 

C A 

B 
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Example:  Is either DEF or GHJ similar to ABC? Explain your reasoning. 

 

 
 
 
 
 Side-Angle-Side Similarity Postulate (SAS) 

 If an angle of one triangle is congruent to an angle of a second triangle and the lengths of the 
sides that include these angles are proportional, then the triangles are similar. 

 
𝐴𝐵

𝑋𝑌
=

𝐴𝐶

𝑋𝑍
 

15

10
=

21

14
→

3

2
 

A ≅ X 

 

BAC ~ YXZ 

by the SAS Similarity Theorem 

 
Example: Determine whether the two triangles are 
similar. Explain your reasoning. If they are similar, 
write a similarity statement. 
 
 
 
 
 

Examples – Determining Similarity 

Are the two triangles similar? Explain your reasoning. If they are similar, identify the similarity 
theorem and complete the similarity statement. 

1. SRQ  ~ ________  
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2. TSR  ~ ________ 3. ABC  ~ ________ 

 

 

  

 
 

Examples – The triangles are similar. Set up and solve a proportion to find the value of the variable. 

4. PQR ~ PST 5. EFG ~ HJG 

6. AEB ~ ADC 7. ABC ~ FEC 
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4.5 – Similarity in Right Triangles 
Objective: 

 Use the Right Triangle/Altitude Similarity Theorem and the geometric mean to find missing 

side and segments lengths of similar right triangles and solve application problems 
 

 Geometric Mean 

 For any two positive numbers a and b, the 
geometric mean is the positive number x such that: 

 

Examples – Find the geometric mean between the following numbers. If necessary, express as a radical in 
simplest form. 

1. 5 and 8  2. 4 and 18  

 
 Introduction 

 Explain how XZW ~ YZX ~ YXW 

 

 

 

 

 

 Right Triangle/Altitude Similarity Theorem 

 If an altitude is drawn to the hypotenuse of a right triangle, then the two triangles formed are 
similar to the original triangle and to each other. 

 
 Right Triangle Altitude/Hypotenuse Theorem 

 The measure of the altitude (drawn from the vertex of the right angle of a right triangle to its 
hypotenuse) is the geometric mean between the measures of the two segments of the 
hypotenuse. 

 Let h = altitude 𝐶𝐷 

 Let x & y = the two segments of the hypotenuse:  𝐴𝐷 & 𝐵𝐷 

GEOMETRIC MEAN:  
𝐶𝐷

𝐴𝐷
=

𝐵𝐷

𝐶𝐷
⇔ 

𝒉

𝒙
=

𝒚

𝒉
 

 

 Right Triangle Altitude/Leg Theorem 

 If the altitude is drawn to the hypotenuse of a right triangle, each leg of the right triangle is the 
geometric mean of the hypotenuse and the segment of the hypotenuse adjacent to the leg. 

 Let a = leg 𝐴𝐶 and x = segment 𝐴𝐷 

 Let c = hypotenuse 𝐴𝐵 

GEOMETRIC MEAN: 
𝐴𝐶

𝐴𝐵
=

𝐴𝐷

𝐴𝐶
⇔ 

𝒂

𝒄
=

𝒙

𝒂
 

 Let b = leg 𝐵𝐶 and y = segment 𝐵𝐷 

 Let c = hypotenuse 𝐴𝐵 

GEOMETRIC MEAN: 
𝐵𝐶

𝐴𝐵
=

𝐵𝐷

𝐵𝐶
⇔ 

𝒃

𝒄
=

𝒚

𝒃
 

 

𝑎

𝑥
=

𝑥

𝑏
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 You can label a diagram as shown below. 

 The legs are a & b, the hypotenuse is c, and the altitude is h. 

 Notice that segment x is adjacent to leg a, and that segment y is adjacent to leg b. 

 

 

Altitude/Hypotenuse 

ℎ

𝑥
=

𝑦

ℎ
⇒ ℎ2 = 𝑥𝑦 

 

Altitude/Leg  
𝑎

𝑐
=

𝑥

𝑎
⇒ 𝑎2 = 𝑐𝑥 

𝑏

𝑐
=

𝑦

𝑏
⇒ 𝑏2 = 𝑐𝑦 

 

Additional Formulas 

𝑥 + 𝑦 = 𝑐 

You can also use the 
Pythagorean Theorem 

for any of the right 
triangles. 

 

Examples – Find the value of the variable(s). If necessary, express as a radical in simplest form. 

3.   

4.   

5.   
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4.6 – Proportionality Theorems 
Objectives: 

 Use the Angle Bisector/proportional Side theorem to calculate segment lengths in 

triangles 

 Use the Triangle Proportionality Theorem to calculate segment lengths in triangles 

 Use the Proportional Segments Theorem and the Triangle Midsegment Theorem to 

determine missing segment lengths 

 
 Introduction: 

 Given:  𝐶𝐴⃗⃗⃗⃗  ⃗ bisects 𝐺𝐶𝐹 

 Calculate various segment ratios.  

 What do you notice? 

 

 

 

 

 Angle Bisector/Proportional Side Theorem 

 A bisector of an angle in a triangle divides the opposite side into two segments whose lengths are 
in the same ratio as the lengths of the sides adjacent to the angle. 

 

 

 

Examples – Use the Angle Bisector/Proportional Side Theorem to set up and solve a proportion to find 
the value of 𝑥. 

1.   
 
  
 
 
 
 
 
 
 
 
 
 Triangle Proportionality Theorem 

 If a line parallel to one side of a triangle intersects the other two sides, then it divides the two 
sides proportionally. 
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Examples – Use the Triangle Proportionality Theorem to set up and solve a proportion to find the value of 𝑥. 

2.  

 

 

 

  

3.  

 

 

 

 Converse of the Triangle Proportionality Theorem 

 If a line divides two sides of a triangle proportionally, then it is parallel to the third side. 
 

4. Use the Converse of the Triangle Proportionality Theorem and 

determine whether 𝐿𝑀 ∥ 𝑅𝑆. Are the segments of the sides 
proportional? 

 
 
 
 
 
 
 
 
 Proportional Segments Theorem 

 If three parallel lines intersect two transversals, then they divide the transversals proportionally. 

 

 

 

Examples – Use the Proportional Segments Theorem to set up and solve a proportion. 

5. Find the indicated segment length. 6. Find the value of 𝑥.  

 



P a g e  | 15 

 

Chapter 4: Similarity 

 Midsegments 

 Midsegment (of a triangle)—A segment that connects the midpoints of two sides of a triangle. 

 

 The Triangle Midsegment Theorem 

 The midsegment of a triangle is parallel to the third side of the 
triangle and is half the measure of the third side of the triangle. 

 
 

Examples – Use the Triangle Midsegment Theorem to find the indicated segment length. 

7. Find LJ 8. Find x. 

 

 

 

 
 
 
 
 
 

 
 
4.7 – Applications with Similar Figures 
Objectives:  

 Apply properties of similar figures to calculate indirect measurements in real world 

contexts 

 Use proportions to solve problems involving perimeter and area of similar figures 

 

 Indirect Measurement 

 At times, measuring something directly is impossible, or physically undesirable. When these 
situations arise, indirect measurement, the technique that uses proportions to calculate 
measurement, can be implemented. 

 Your knowledge of similar triangles can be very helpful in these situations. 

 

Examples – Set up and solve a proportion that models the scenario. 

1. A 5-foot tall student stands near a flagpole. The flagpole and the student are perpendicular to the 
ground. The sun’s rays strike the flagpole and the student at the same angle. The flagpole casts a 
15-foot shadow, and the student casts a 2-foot shadow. Use indirect measurement to find the 
height of the flagpole. 
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 Investigation: Perimeters & Areas of Similar Figures 

a. Find the scale factor, k, for the pair of triangles.  

b. Find the perimeter of the first triangle. 

c. Find the perimeter of the second triangle.  

d. Find the ratio of the perimeters. 

e. What do you notice about the scale factor and the ratio of the perimeters? 

f. Complete the conjecture: If the scale factor of two similar figures is 
𝑎

𝑏
, then the ratio of their 

perimeters is _____. 

g. Find the area of the first triangle. 

h. Find the area of the second triangle. 

i. Find the ratio of the areas. 

j. What do you notice about the scale factor and the ratio of the areas? 

k. Complete the conjecture: If the scale factor of two similar figures is 
𝑎

𝑏
, then the ratio of their 

areas is _____. 

Examples: 
2. The figures in each pair are similar. Compare the first figure 

to the second. Give the ratio of the perimeters and the ratio 
of the areas. 

 

3. The figures in each pair are similar. The area of the larger 
pentagon: 135 cm2. Find the area of the other figure to the 
nearest whole number. 

 

 


