
 

In the figure to the right, I see similar triangles: ∆𝑩𝑫𝑬~∆𝑩𝑨𝑪. 

 ∠𝐵 ≅ ∠𝐵 by the reflexive property of congruence. 

 ∠𝐵𝐷𝐸 ≅ ∠𝐵𝐴𝐶 because they are corresponding angles of 

parallel lines 𝐷𝐸ሬ⃖ሬሬሬ⃗  and 𝐴𝐶ሬ⃖ሬሬሬ⃗  with transversal 𝐴𝐵തതതത. 

 ∆𝐵𝐷𝐸~∆𝐵𝐴𝐶, then, by the AA Similarity Theorem. 

 

 

Area raƟos are the squares of the corresponding linear raƟos.  Perimeters are linear 

measures.  Therefore, we have the proporƟon: 

𝑟ଶ ൌ
40
90

   ሺusing 𝑟 for ratioሻ 

The small figure is on the top in the fracƟons and the large figure on the boƩom.  The 

perimeter raƟo, 𝑟, is squared to get the area raƟo.  Then, 

𝑟ଶ ൌ
40
90

ൌ
4
9

     
 

→      𝒓 ൌ ඨ
4
9

ൌ
𝟐
𝟑

  or  𝟐: 𝟑 

 

 

We only have the sides to work with, so we must check 

proporƟons.  The easiest way to do this is by increasing 

the sizes of the sides of the triangles as you move from 

leŌ to right in the proporƟons.  So, we want to know if: 

     
8

24
ൌ

9
27

ൌ
10
30

  ? 

Simplifying the fracƟons, we get:  
ଵ

ଷ
ൌ ଵ

ଷ
ൌ ଵ

ଷ
.  Then, by the SSS Similarity Theorem, 

∆𝑭𝑫𝑬~∆𝑨𝑪𝑩. 

Be careful to name the triangles with corresponding angle names in the same posiƟon in 

the 3-leƩer triangle names.  For example, in the above problem, angles F and A correspond 

because they are both angles between the largest and smallest sides of their respecƟve 

triangles. 
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It looks like we have congruent triangles here, by the SAS congruence 

theorem.  Congruent triangles are similar, so we also have similarity, 

though in math parlance, similarity is less robust than congruence (i.e., 

it tells us less about the relaƟonship between the shapes). 

In any case, ∆𝑭𝑫𝑬~∆𝑨𝑪𝑩 by the SAS Similarity Theorem. 

Note that I can name the first triangle in the similarity statement using the angle names in 

any order, but I am then constrained to name the second triangle with corresponding angle 

names in the same posiƟons in the 3-leƩer triangle name. 

 

 

Let’s be careful with leƩer order in seƫng up 

our proporƟon for this problem. 

𝐸𝐹
𝐸𝐷

ൌ
𝐴𝐵
𝐴𝐶

 

𝑥 െ 5
5

ൌ
13

𝑥 ൅ 3
 

ሺ𝑥 െ 5ሻሺ𝑥 ൅ 3ሻ ൌ 13 ∙ 5 

𝑥ଶ െ 2𝑥 െ 15 ൌ 65 

𝑥ଶ െ 2𝑥 െ 80 ൌ 0 

ሺ𝑥 െ 10ሻሺ𝑥 ൅ 8ሻ ൌ 0 

𝑥 ൌ 10, െ8 NoƟce that  𝑥 ൌ െ8 would give negaƟve lengths in the diagram, so we 

discard that soluƟon.  So,  𝒙 ൌ 𝟏𝟎. 
 

 

In construcƟng proporƟons for the sides of similar figures, leƩers must be in the same 

order on both sides of the equal sign.  𝐹𝐴 are the first two leƩers of ∆𝐹𝐴𝑇, and 𝐹𝑇 are the 

first and third leƩers.  We want the same leƩers of ∆𝐶𝑂𝑊 on the right side of the 

proporƟon – first two on top of the fracƟon, first and third on the boƩom of the fracƟon: 

𝐹𝐴
𝐹𝑇

ൌ
𝑪𝑶
𝑪𝑾

 

 

 

SomeƟmes.  Similarity requires that corresponding angles be congruent, but not that 

corresponding sides be congruent.  Two equilateral triangles are congruent if their side 

measures are equal.  They are not congruent if their side measures are not equal. 
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Area raƟos are the squares of the corresponding linear raƟos.  Perimeters are linear 

measures.  Therefore, we have the proporƟon: 

൬
50
30

൰
ଶ

ൌ
100

𝑥
 

The large triangle is on the top in these fracƟons and the small triangle on the boƩom.  The 

perimeter raƟo is squared to get the area raƟo.  Then, 

2500
900

ൌ
100

𝑥
     

 
→      𝒙 ൌ

100 ∙ 900
2500

ൌ 𝟑𝟔 𝐮𝐧𝐢𝐭𝐬𝟐 

 

 

False.  Obtuse triangles have exactly one obtuse interior angle, but that obtuse angle can 

have different measures in two triangles. Therefore, the obtuse angles do not have to be 

congruent, meaning that the obtuse triangles do not have to be similar. 

 

 

True.  Area raƟos are the squares of the corresponding linear raƟos.  Scale factors are 

linear measures.  Therefore, we have the proporƟon: 

൬
2
5

൰
ଶ

ൌ
2ଶ

5ଶ ൌ
4

25
 

 

 

True.  Area raƟos are the squares of the corresponding linear raƟos.  Perimeters are linear 

measures.  Therefore, we have the proporƟon: 

൬
7
6

൰
ଶ

ൌ
7ଶ

6ଶ ൌ
49
36

ൌ
98
72

 

 

 

False.		This is a good one to draw.  To the right are two isosceles 

triangles that are clearly not similar because the angles between 

the congruent sides differ in the two triangles. 
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∆𝐴𝐵𝐶 ≅ ∆𝐷𝐸𝐶. 

Let’s label the distances and points.  Then, 

comparing the large triangle to the small 

triangle, we have: 

𝑙𝑒𝑓𝑡 𝑠𝑖𝑑𝑒 ∆𝐴𝐵𝐶
𝑙𝑒𝑓𝑡 𝑠𝑖𝑑𝑒 ∆𝐷𝐸𝐶

ൌ
𝑏𝑜𝑡𝑡𝑜𝑚 ∆𝐴𝐵𝐶
𝑏𝑜𝑡𝑡𝑜𝑚 ∆𝐷𝐸𝐶

 

𝐴𝐵
5

ൌ
16 ൅ 8

8
     

 
→      𝑨𝑩 ൌ

5 ∙ 24
8

ൌ 𝟏𝟓 𝐟𝐞𝐞𝐭 

 

 

Perimeter raƟos are linear raƟos.  Scale factors are linear also.  Therefore, we have the 

proporƟon: 

5
2

ൌ
45
𝑥

 

𝒙 ൌ
45 ∙ 2

5
ൌ 𝟏𝟖 𝐟𝐭 

 

 

In the figure to the right, I see similar triangles: ∆𝑨𝑬𝑩~∆𝑨𝑫𝑪. 

 ∠𝐴 ≅ ∠𝐴 by the reflexive property of congruence. 

 ∠𝐴𝐸𝐵 ≅ ∠𝐴𝐷𝐶 because they are corresponding angles of parallel lines 𝐷𝐶ሬ⃖ሬሬሬ⃗  and 𝐸𝐵ሬ⃖ሬሬሬ⃗  

with transversal 𝐴𝐷തതതത. 

 ∆𝐴𝐸𝐵~∆𝐴𝐷𝐶, then, by the AA Similarity Theorem. 

 

 

𝑙𝑒𝑓𝑡 𝑠𝑖𝑑𝑒 ∆𝐴𝐸𝐵
𝑙𝑒𝑓𝑡 𝑠𝑖𝑑𝑒 ∆𝐴𝐷𝐶

ൌ
𝑟𝑖𝑔ℎ𝑡 𝑠𝑖𝑑𝑒 ∆𝐴𝐸𝐵
𝑟𝑖𝑔ℎ𝑡 𝑠𝑖𝑑𝑒 ∆𝐴𝐷𝐶

 

6 െ 5
6

ൌ
2

𝑥 ൅ 4 ൅ 2
     

 
→     

1
6

ൌ
2

𝑥 ൅ 6
     

 
→      𝑥 ൅ 6 ൌ 12     

 
→      𝒙 ൌ 𝟔 

𝑩 

𝑨 

𝑪  𝟏𝟔                       𝟖 

𝑫 

𝑬 
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𝑩𝑪 ൌ 𝑥 ൅ 4 ൌ 6 ൅ 4 ൌ 𝟏𝟎 

𝑨𝑪 ൌ 𝐴𝐵 ൅ 𝐵𝐶 ൌ 2 ൅ 10 ൌ 𝟏𝟐 

 

 

First, we need to find the similarity, then the 

appropriate proporƟon. 

 ∠𝐵 ≅ ∠𝐵 by the reflexive property of 

congruence. 

 ∠𝐴𝐸𝐵 ≅ ∠𝐶𝐷𝐵 because they are corresponding angles of parallel lines 𝐴𝐸ሬ⃖ሬሬሬ⃗  and 𝐷𝐶ሬ⃖ሬሬሬ⃗  

with transversal 𝐸𝐷തതതത. 

 ∆𝐴𝐸𝐵~∆𝐶𝐷𝐵, then, by the AA Similarity Theorem. 

The proporƟon we want must follow the leƩering in the similarity. 

஺஻

஼஻
ൌ

ா஻

஽஻
 , with the leŌ triangle on the top and the right triangle on the boƩom of the 

proporƟon. 

4𝑥 െ 8
16

ൌ
5
4

 

16𝑥 െ 32 ൌ 80 

16𝑥 ൌ 112 

𝒙 ൌ 𝟕 

𝑨𝑩 ൌ 4𝑥 െ 8 ൌ 4 ∙ 7 െ 8 ൌ 𝟐𝟎 

 

An angle bisector in a triangle divides the opposite sides into 

segments that are proporƟonal to the adjacent sides.  So, 

4
𝑥 െ 3

ൌ
𝑥 െ 3

9
 

ሺ𝑥 െ 3ሻሺ𝑥 െ 3ሻ ൌ 4 ∙ 9 

𝑥ଶ െ 6𝑥 ൅ 9 ൌ 36 

𝑥ଶ െ 6𝑥 െ 27 ൌ 0       

ሺ𝑥 െ 9ሻሺ𝑥 ൅ 3ሻ ൌ 0     
 

→       𝑥 ൌ 9, െ3 

If 𝑥 ൌ െ3, we have negaƟve side lengths, so we discard the soluƟon  𝑥 ൌ െ3. 

If 𝑥 ൌ 9, the sides of ∆𝐵𝐴𝐷 would be 4, 6, 15, which does not make a triangle ሺ4 ൅ 6 ൏ 15ሻ, 
so we discard the soluƟon  𝑥 ൌ 9.  This problem has no soluƟon. 

𝑫 
𝑪 

𝑩 

𝑨 
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First, we need to find the similarity, then the appropriate proporƟon. 

 ∠𝐴𝐵𝐸 ≅ ∠𝐷𝐵𝐶 because they are verƟcal angles. 

 ∠𝐴 ≅ ∠𝐷 because they are alternate interior angles of 

parallel lines 𝐴𝐸ሬ⃖ሬሬሬ⃗  and 𝐶𝐷ሬ⃖ሬሬሬ⃗  with transversal 𝐴𝐷തതതത. 

 ∆𝐴𝐵𝐸~∆𝐷𝐵𝐶, then, by the AA Similarity Theorem. 

The proporƟon we want must follow the leƩering in the similarity. 

஺஻

஽஻
ൌ

ா஻

஼஻
 , with the large triangle on the top and the small triangle on the boƩom of 

the proporƟon. 

10
5

ൌ
8

𝐶𝐵
 

10 ∙ 𝐶𝐵 ൌ 40 

𝐶𝐵 ൌ 4 

𝑪𝑬 ൌ 𝐸𝐵 ൅ 𝐶𝐵 ൌ 8 ൅ 4 ൌ 𝟏𝟐 

 

 

The four parallel verƟcal lines in the diagram divide the 

horizontal lines into proporƟonal segments. 

5
𝑥

ൌ
4
3

     
 

→      4𝑥 ൌ 15     
 

→      𝒙 ൌ
𝟏𝟓
𝟒

ൌ 𝟑. 𝟕𝟓 

4 ൅ 3
𝑦

ൌ
4
3

     
 

→      4𝑦 ൌ 21     
 

→      𝒚 ൌ
𝟐𝟏
𝟒

ൌ 𝟓. 𝟐𝟓 

We have assumed in this problem that 𝑦 is the distance along the boƩom of the two 

horizontal lines, between the 2nd and 4th verƟcal lines, as shown in purple in the diagram. 

 

 

Given the parallel lines, we can see that ∆𝐴𝐶𝐷~∆𝐴𝐵𝐸, by the AA 

Similarity Theorem. Then, 

top
diagonal

ൌ
top

diagonal
     

 
→     

8 ൅ 6
10 ൅ 𝑥

ൌ
8
𝑥

 

14𝑥 ൌ 80 ൅ 8𝑥 

6𝑥 ൌ 80 

𝒙 ൌ
80
6

ൌ
𝟒𝟎
𝟑

 ~ 𝟏𝟑. 𝟑𝟑 

𝑨 𝑩 𝑪 

𝑫 

𝑬 
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Given the parallel lines, we can see that ∆𝐴𝐶𝐷~∆𝐴𝐵𝐸, by the AA 

Similarity Theorem. Then, 

top
right

ൌ
top

right
     

 
→      

8
𝑦

ൌ
8 ൅ 6

20
 

14𝑦 ൌ 160 

𝒚 ൌ
160
14

ൌ
𝟖𝟎
𝟕

 ~ 𝟏𝟏. 𝟒𝟑 

Given the parallel lines, ∠𝐴𝐵𝐸 and ∠𝐴𝐶𝐷 are corresponding angles, so they are congruent.  

Then, 

𝒛 ൌ 𝟑𝟎. 

 

 

Perimeter raƟos are linear raƟos.  Scale factors are linear also.  So, the raƟos are the same. 

Perimeter raƟo ൌ 
𝟗

𝟖
  or  9:8 

 

 

 

The coordinates of the preimage are ሺ2, 1ሻ, ሺ4, 1ሻ, ሺ4, െ3ሻ. 

The dilaƟon doubles all 𝑥- and 𝑦-values.  So, the coordinates 

of the image are: 

ሺ𝟒, 𝟐ሻ, ሺ𝟖, 𝟐ሻ, ሺ𝟖, െ𝟔ሻ 

 

 

From ሺ4, 2ሻ to ሺ8, 2ሻ, the distance is:  8 െ 4 ൌ 4. 

From ሺ8, 2ሻ to ሺ8, െ6ሻ, the distance is:  2 െ ሺെ6ሻ ൌ 8. 

From ሺ8, െ6ሻ to ሺ4, 2ሻ, the distance is:  ටሺ4 െ 8ሻଶ ൅ ൫2 െ ሺെ6ሻ൯
ଶ

ൌ √80 ~ 8.944 

Perimeter ~ 4 ൅ 8 ൅ 8.944 ൌ 𝟐𝟎. 𝟗𝟒𝟒 

 

𝑨 𝑩 𝑪 

𝑫 

𝑬 

Page 7 of 11



 

From the Geometry Handbook, 

 

From the informaƟon above,  

𝑥ଶ ൌ 3 ∙ 8 ൌ 24 

𝒙 ൌ √24 ~ 𝟒. 𝟖𝟗𝟗 

 

 

 

From the informaƟon above,  

𝑥 ∙ 12 ൌ 5ଶ ൌ 25 

𝒙 ൌ
25
12

 ~ 𝟐. 𝟎𝟖𝟑 

   

 

 

 

 

 

 

 

Step Statement Reason 

1 𝐴𝐶തതതത ∥ 𝐷𝐸തതതത Given. 

2 ∠𝐵 ≅ ∠𝐵 Reflexive property of congruence. 

3 ∠𝐶𝐴𝐵 ≅ ∠𝐸𝐷𝐵  
If  parallel lines are cut by a 
transversal, then corresponding 
angles are congruent. 

4 ∆𝑨𝑩𝑪 ≅ ∆𝑫𝑩𝑬  AA Similarity Theorem. 
Angles in Steps 2 and 3. 

15 
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Step Statement Reason 

1 𝐵𝐷തതതത ∥ 𝐶𝐸തതതത Given. 

2 ∠𝐴 ≅ ∠𝐴 Reflexive property of congruence. 

3 ∠𝐴𝐵𝐷 ≅ ∠𝐴𝐶𝐸  
If parallel lines are cut by a 
transversal, then corresponding 
angles are congruent. 

4 ∆𝐴𝐵𝐷 ≅ ∆𝐴𝐶𝐸  AA Similarity Theorem. 
Angles in Steps 2 and 3. 

5 
𝑨𝑩
𝑨𝑪

ൌ
𝑨𝑫
𝑨𝑬

 
Corresponding sides in similar 
triangles are proportional. 

Step Statement Reason 

1 ∠𝑋 ≅ ∠𝑍𝐵𝐴  Given. 

2 ∠𝑍 ≅ ∠𝑍 Reflexive property of congruence. 

3 ∆𝑍𝑋𝑌 ≅ ∆𝑍𝐵𝐴  AA Similarity Theorem. 
Angles in Steps 1 and 2. 

4 
𝐴𝑍
𝑍𝑌

ൌ
𝐴𝐵
𝑋𝑌

 
Corresponding sides in similar 
triangles are proportional. 

5 𝑨𝒁 ∙ 𝑿𝒀 ൌ 𝑨𝑩 ∙ 𝒁𝒀 Multiplicative property of 
equality (applied twice). 
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The four small triangles formed by connecƟng midpoints in the large 

triangle are all congruent.  Further, the perimeter of the outer triangle 

will be double the perimeter of any of the four interior triangles.  

(Also, the area of the outer triangle will be four Ɵmes the area of any 

of the four interior triangles.  We don’t need to know that for this problem.) 

We are given the three lengths shown in magenta in the diagram.  Let’s use the perimeter 

of ∆𝐷𝐵𝐹 as our basis to calculate the perimeter of ∆𝐴𝐸𝐹. 

𝑃ሺ∆𝐷𝐵𝐹ሻ ൌ 𝐵𝐷 ൅ 𝐵𝐹 ൅ 𝐷𝐹 

Of the three distances in the formula, we are missing 𝐵𝐹, but fortunately we know that 

𝐵𝐹 ൌ 𝐶𝐷 ൌ 6.5.  Then, 

𝑃ሺ∆𝐷𝐵𝐹ሻ ൌ 𝐵𝐷 ൅ 𝐵𝐹 ൅ 𝐷𝐹 ൌ 9.2 ൅ 6.5 ൅ 6 ൌ 21.7. 

𝑷ሺ∆𝑨𝑬𝑭ሻ ൌ 2 ∙ 𝑃ሺ∆𝐷𝐵𝐹ሻ ൌ 2 ∙ 21.7 ൌ 𝟒𝟑. 𝟒 units 

 

 

 

NoƟce that my lamppost is cleverly 

disguised as a tree. It’s part of the 

community deciding to go green. 

∆𝐴𝐵𝐶 ≅ ∆𝐷𝐸𝐶. 

Let the length of the shadow be 𝑥. 

Comparing the large triangle to the small 

triangle, we have: 

𝐴𝐵
𝐷𝐸

ൌ
𝐵𝐶
𝐸𝐶

 

20
6

ൌ
12 ൅ 𝑥

𝑥
 

20𝑥 ൌ 72 ൅ 6𝑥 

14𝑥 ൌ 72 

𝒙 ൌ
72
14

ൌ
𝟑𝟔
𝟕

𝐟𝐞𝐞𝐭 ~ 𝟓. 𝟏𝟒 𝐟𝐞𝐞𝐭 

 

𝑩 

𝑨 

𝑪  𝟏𝟐                                𝒙 

𝑫 

𝑬 

𝟔 

𝟐𝟎 
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Step Statement Reason 

1 ∆𝐴𝐷𝐸 ≅ ∆𝐴𝐵𝐶  Given. 

2 
𝐴𝐷 ൅ 𝐷𝐵

𝐴𝐷
ൌ

𝐴𝐸 ൅ 𝐸𝐶
𝐴𝐸

 
Corresponding sides in similar 
triangles are proportional. 

3 1 ൅
𝐷𝐵
𝐴𝐷

ൌ 1 ൅
𝐸𝐶
𝐴𝐸

 Simplification. 

4 
𝐷𝐵
𝐴𝐷

ൌ
𝐸𝐶
𝐴𝐸

 Subtraction property of equality. 

5 
𝑨𝑫
𝑫𝑩

ൌ
𝑨𝑬
𝑬𝑪

 
Multiplicative inverses of equal 
non-zero fractions are equal. 

െ5𝑥ଷ െ 45𝑥 

െ𝟓𝒙ሺ𝒙𝟐 ൅ 𝟗ሻ 

4𝑥ସ െ 64𝑥ଶ 

4𝑥ଶሺ𝑥ଶ െ 16ሻ 

𝟒𝒙𝟐ሺ𝒙 െ 𝟒ሻሺ𝒙 ൅ 𝟒ሻ 
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