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Chapter 1. Basic Geometry 

1.1. Lines, Angles and Shapes  1. (3) line segment 2. (2) ∠CAD 3. (4) 𝑍𝑌𝑋𝑊 4. (1) congruent angles 5. (4) obtuse 6. (2) m∠2 = 70° 7. (2) 90° 8. (2) The angles are adjacent. 9. (3) ∠𝐸𝐶𝐹 and ∠𝐷𝐶𝐻 are a pair of vertical angles 10. (4) 𝐵𝐶 = ଵଶ 𝐴𝐶 11. 2𝑥 − 40 = 𝑥 + 10  𝑥 − 40 = 10  𝑥 = 50  𝐴𝐵 = 𝐵𝐶 = 60  𝐴𝐶 = 120 
12. 6𝑥 + 5 + 𝑥 = 180  7𝑥 + 5 = 180  7𝑥 = 175  𝑥 = 25 

13. 𝑥 + 15 + 𝑥 − 5 = 90  2𝑥 + 10 = 90  2𝑥 = 80  𝑥 = 40  m∠𝐵𝐴𝐶 = 40 + 15 = 55°  m∠𝐷𝐴𝐶 = 40 − 5 = 35° 
14. 2ሺ4𝑥 + 1ሻ = 75  8𝑥 + 2 = 75  8𝑥 = 73  𝑥 = 9.125 

15. △ 𝐿𝑀𝑁, △𝑀𝑁𝐿, △𝑁𝐿𝑀,   △ 𝐿𝑁𝑀, △𝑁𝑀𝐿, or △𝑀𝐿𝑁  16. (3) Consecutive vertices must be listed in clockwise or counterclockwise order. 17. Diagonals 𝐴𝐶 and 𝐵𝐷. 

  

18. a) Triangles ABE, CDE, and BCE.  b) Quadrilaterals ABCD, ABCE, and BCDE. 

19. a) Triangles TUW, RVW, RQT, and TSR.  b) Quadrilaterals QTSR, QTUV, USRV, QTWV, and SRWU.  c) Pentagons QTUWR and SRVWT.      
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1.2. Pythagorean Theorem  1. 5ଶ + 7ଶ = 𝑐ଶ  74 = 𝑐ଶ  𝑐 = √74 ≈ 8.6  2. 24ଶ + 𝑏ଶ = 26ଶ  576 + 𝑏ଶ = 676  𝑏ଶ = 100  𝑏 = 10 cm  3. 𝑥ଶ + 19.5ଶ = 20ଶ  𝑥ଶ + 380.25 = 400  𝑥ଶ = 19.75  𝑥 ≈ 4.4 ft. 
4. 9ଶ + 𝑏ଶ = 18ଶ  𝑏ଶ = 243  𝑏 ≈ 15.6 

5. 8ଶ + 𝑥ଶ = 10ଶ  4ଶ + 𝑦ଶ = 10ଶ  64 + 𝑥ଶ = 100  16 + 𝑦ଶ = 100  𝑥ଶ = 36   𝑦ଶ = 84  𝑥 = 6   𝑦 = √84 ≈ 9.2  𝑦 − 𝑥 ≈ 9.2 − 6 ≈ 3.2 ft. 6. 𝑥ଶ + 7ଶ = ሺ𝑥 + 1ሻଶ  𝑥ଶ + 49 = 𝑥ଶ + 2𝑥 + 1  2𝑥 = 48  𝑥 = 24  Vertical bar is 𝑥 + 1 = 25 inches 
1.3. Perimeter and Circumference  1. 𝑥 + ሺ𝑥 + 2ሻ + (𝑥 − 3)   Perimeter is 3𝑥 − 1   2. 4𝑥 + (𝑥 + 3) + 3𝑥 − 1 = 34  8𝑥 + 2 = 34  8𝑥 = 32  𝑥 = 4   4𝑥 = 16, 𝑥 + 3 = 7, 3𝑥 − 1 = 11  3. Length of ▭ = diameter = 8 in.  Perimeter = ଵଶ2𝜋𝑟 + 𝑙 + 2𝑤   = ଵଶ8𝜋 + 8 + 14 = 4𝜋 + 22 ≈ 34.6 in. 

4.  Width of ▭ = radius = 2 cm.  Perimeter = ଵଶ2𝜋𝑟 + 𝑟 + 2𝑙 + 𝑤   = ଵଶ4𝜋 + 2 + 8 + 2 = 2𝜋 + 12  ≈ 18.3 cm. 5. ଵଶ15𝜋 + 60 + 15 = 7.5𝜋 + 75 ≈ 98.6 ft. 6. ଵଶ4𝜋 + 4 ∙ 4 = 2𝜋 + 16 ≈ 22.3 cm. 7. ଵଶ12𝜋 + 8 + 14 = 6𝜋 + 22 m 8. ଵଶ6𝜋 + 4 + 10 + 6 = 3𝜋 + 20 9. All sides of the polygon are 3.5.  Perimeter = 3.5 × 7 = 24.5 inches 10. Each side 𝑠 = 2𝑟 = 10  Perimeter = 4 ቀଵସ 2𝜋𝑟ቁ + 4𝑠 = 10𝜋 + 40 
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11. Length of arc 𝑆𝐵𝑇 = ଵସ2𝜋𝑟 = ଵସ 12𝜋 = 3𝜋.  Let 𝑤 = 𝑅𝐶, so 𝐴𝑅 = 8 −𝑤.  𝐶𝑇 = 𝑟 − 𝑅𝐶 = 6 −𝑤  𝐴𝑆 = 𝑟 − 𝐴𝑅 = 6 − (8 −𝑤) = 𝑤 − 2    Since ABCR is a rectangle, its diagonals are ≅.  Diagonal RB is a radius, so 𝐴𝐶 = 𝑅𝐵 = 6.  Perimeter = 𝑆𝐵𝑇෿ + 𝐶𝑇 + 𝐴𝑆 + 𝐴𝐶 = 3𝜋 + (6 −𝑤) + (𝑤 − 2) + 6 = 3𝜋 + 10  
1.4. Area  1. ଵଶ 𝜋𝑟ଶ + 𝑠ଶ = ଵଶ 36𝜋 + 12ଶ = 18𝜋 + 144 2. 𝜋𝑟ଶ + 𝑙𝑤 = 5ଶ𝜋 + (20)(10) = 25𝜋 + 200 3. ଷସ 𝜋𝑟ଶ + 𝑠ଶ = ଷସ 𝜋(4)ଶ + 4ଶ = 12𝜋 + 16 4. 𝜋𝑟ଶ + 𝑠ଶ = 𝜋𝑥ଶ + (2𝑥)ଶ = 𝜋𝑥ଶ + 4𝑥ଶ  or  (𝜋 + 4)𝑥ଶ 5. 𝑠ଶ − 𝜋𝑟ଶ = 8ଶ − 4ଶ𝜋 = 64 − 16𝜋  6. 𝑠 = √36 = 6 𝑟 = ଵଶ 𝑠 = 3  𝐴 = 𝜋𝑟ଶ = 9𝜋 7. 𝐴 = 𝑠ଶ − ଵଶ 𝜋𝑟ଶ = 6ଶ − ଵଶ9𝜋 = 36 − 4.5𝜋 8. 𝑙𝑤 − 2𝜋𝑟ଶ = (20)(10)− 2(5ଶ)𝜋 =  200 − 50𝜋 9. ଵସ 𝜋𝑟ଶ − ଵଶ 𝑏ℎ = ଵସ (4ଶ)𝜋 − ଵଶ (4)(4) =  4𝜋 − 8 10. 𝑙𝑤 − ଵଶ 𝑏ℎ = (12)(4)− ଵଶ (9)(4) = 30 
11. 𝑠ଶ − 𝜋𝑟ଶ = 6ଶ − 3ଶ𝜋 = 36 − 9𝜋 sq. in. 12. 𝑙𝑤 − 𝜋𝑟ଶ = (36)(15)− 4ଶ𝜋 = 540 − 16𝜋 ≈ 490 sq. ft. 490 × 1.95 = $955.50 13. (80 − 70)ଶ + (40 − 15)ଶ = 𝑐ଶ  10ଶ + 25ଶ = 𝑐ଶ  725 = 𝑐ଶ  𝑐 = √725 ≈ 26.93  𝐴𝑟𝑒𝑎 ≈ 26.93 × 6 ≈ 162 sq. ft. 14. 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = ௣௢௣௨௟௔௧௜௢௡௔௥௘௔   27,785 = ௫ଷ଴ଷ   𝑥 ≈ 8,419,000 

15. 𝐴 = 2000 × 500 = 1,000,000 sq. ft. 1,000,000 𝑓𝑡ଶ × ଵ ௔௖௥௘ସଷ,ହ଺଴ ௙௧మ ≈ 22.957 𝑎𝑐𝑟𝑒𝑠   𝑑 = ଺,଼଼଻ଶଶ.ଽହ଻ ≈ 300 trees per acre 16. a)  ଵସ.଻ଵ଴଴,଴଴଴ = ௫ଵ,଺ଷଶ,଴଴଴    b)  𝑑 = ଶସ଴ଶଶ.଼ ≈ 10.5 per square mile   100,000𝑥 = 23,990,400   𝑥 ≈ 240    
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Chapter 2. Coordinate Geometry 

2.1. Forms of Linear Equations  1.  No.  (3) = 3(−2) + 15?    3 ≠ 9 2.  𝑦 = 𝑚𝑥 + 𝑏  𝑦 = −4𝑥 + 5 3.  𝑦 − 𝑦ଵ = 𝑚(𝑥 − 𝑥ଵ)  𝑦 + 2 = −3(𝑥 − 1) 4.   𝑚 = ିହ ା ଷହ ା ଶ  = −ଶ଻   𝑦 − 𝑦ଵ = 𝑚(𝑥 − 𝑥ଵ)  𝑦 + 3 = −ଶ଻ (𝑥 + 2)  5. 𝑚 = ହ ି ଷ଼ ି ଵ = ଶ଻  𝑦 − 3 = ଶ଻ (𝑥 − 1) 6. 𝑚 = ସ ି ଴ହ ି (ିହ) = ଶହ 𝑦 − 4 = ଶହ (𝑥 − 5)  7. −2𝑥 + 𝑦 = −5  2𝑥 − 𝑦 = 5  8. 4𝑦 = 4 ቀଷସ 𝑥 + ଵଶቁ  4𝑦 = 3𝑥 + 2  −3𝑥 + 4𝑦 = 2  3𝑥 − 4𝑦 = −2  
2.2. Parallel and Perpendicular Lines  1.  equation (1)  2𝑦 + 2𝑥 = 6  2𝑦 = −2𝑥 + 6  𝑦 = −𝑥 + 3  

2.  equation (1)  −3𝑦 = 2𝑥 + 5  −2𝑥 − 3𝑦 = 5  −2(−2𝑥 − 3𝑦 = 5)   4𝑥 + 6𝑦 = −10  3. equation (2) 4. equation (1)  𝑥 − 5𝑦 = 25  −5𝑦 = −𝑥 + 25  𝑦 = ଵହ 𝑥 − 5  5. 𝑦 = −2𝑥 + 2  6. 𝑦 = −2𝑥  7. 2𝑦 − 𝑥 = 8 (−1) = ଵଶ (4) + 𝑏  2𝑦 = 𝑥 + 8 𝑏 = −3  𝑦 = ଵଶ 𝑥 + 4  𝑚 = ଵଶ  𝑦 = ଵଶ 𝑥 − 3 
8. 𝑚 = −3  (12) = −3(−9) + 𝑏  𝑏 = −15   𝑦 = −3𝑥 − 15 9. 3𝑦 = 6𝑥 + 3 (4) = −ଵଶ (2) + 𝑏  𝑦 = 2𝑥 + 1 𝑏 = 5  𝑚 = −ଵଶ  𝑦 = −ଵଶ 𝑥 + 5 
10. The slope of 𝑦 = 2𝑥 + 3 is 2.  The slope of 2𝑦 + 𝑥 = 6 is −ଵଶ.  Since the slopes are opp reciprocals, the lines are ⊥. 
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11. The slope of 𝑥 + 2𝑦 = 4 is −ଵଶ.  The slope of 4𝑦 − 2𝑥 = 12 is ଵଶ.  Since the slopes are neither = nor opp reciprocals, the lines are neither ∥ nor ⊥. 
12. ௫ ି ଵସ  = ିଷ଼  2(𝑥 − 1) = −3  2𝑥 − 2 = −3  𝑥 = −ଵଶ  

2.3. Distance Formula  1.  𝑑 = ඥ(6 + 2)ଶ + (−3 − 3)ଶ   = √64 + 36 = √100 = 10 2. 𝑑 = ඥ(8 − 3)ଶ + (10 − 5)ଶ  = √25 + 25 = √50 = 5√2 3. 𝑑 = ඥ(7 + 1)ଶ + (4 − 9)ଶ  = √64 + 25 = √89 4. 𝑑 = ඥ(1 − 5)ଶ + (6 − 3)ଶ  = √16 + 9 = √25 = 5 5. 𝑑 = ඥ(7 − 3)ଶ + (2 + 4)ଶ  = √16 + 36 = √52 = 2√13 6. 𝑑 = ඥ(6 − 3)ଶ + (−1 − 8)ଶ  = √9 + 81 = √90 = 3√10 7. 𝑑 = ඥ(4 + 3)ଶ + (25 − 1)ଶ  = √49 + 576 = √625 = 25  8. 𝑑 = ඥ(146 + 4)ଶ + (52 − 2)ଶ = ඥ22,500 + 2,500 = ඥ25,000 = 50√10  9. 𝑚ୄ = −5 Equation of ⊥ line: Solve system for x: Solve for y:  Distance for (6,−2) to (5,3): 𝑦 + 2 = −5(𝑥 − 6) −5𝑥 + 28 = ଵହ 𝑥 + 2 𝑦 = ଵହ (5) + 2  𝑑 = ඥ(5 − 6)ଶ + (3 + 2)ଶ 𝑦 = −5𝑥 + 28  𝑥 = 5  𝑦 = 3   = √1 + 25 = √26 
2.4. Midpoint Formula  1. ቀ௫భ ା ௫మଶ , ௬భ ା ௬మଶ ቁ = ቀିଶ ା ଺ଶ , ଷ ି ଷଶ ቁ = (2,0) 2. ቀ௫భ ା ௫మଶ , ௬భ ା ௬మଶ ቁ = ቀଷ ା ଼ଶ , ହ ା ଵ଴ଶ ቁ =ቀ5 ଵଶ , 7 ଵଶቁ 3. ቀିହ ା ଷଶ , ଵ ା ହଶ ቁ = (−1,3) 4.  The third terms of the arithmetic sequences x: 1, 3, … and y: −5, 5, … are 5 and 15, so 𝐵(5,15). 5. M is the midpoint of BC.   Sequences x: 4, 0, … and y: −3,−2, … give us third terms of –4 and –1, so 𝐶(−4,−1). 6. x: 1, 3.5, 6 and y: 8, 2,−4, so 𝑅(6,−4) 7. x: −1, 2, 5 and y: 5, 3, 1, so (5,1)    
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2.5. Perpendicular Bisectors  1.  Midpoint is ቀଷ ା ଽଶ , ହ ା ଵ଻ଶ ቁ = (6,11)  𝑚 = ଵ଻ ି ହଽ ି ଷ  = ଵଶ଺  = 2 𝑚ୄ = −ଵଶ    Equation of ⊥ bisector is   𝑦 − 11 = −ଵଶ (𝑥 − 6)  
2.   Midpoint is ቀିଶ ା ଺ଶ , ଷ ି ଷଶ ቁ = (2,0)  𝑚 = ିଷ ି ଷ଺ ା ଶ  = ି଺଼ = −ଷସ  𝑚ୄ = ସଷ  Equation of ⊥ bisector is 𝑦 = ସଷ (𝑥 − 2) 

3.   Midpoint is ቀଶ ା ଼ଶ , ଺ ା ଵଶଶ ቁ = (5,9)  𝑚 = ଵଶ ି ଺଼ ି ଶ  = ଺଺ = 1 𝑚ୄ = −1  Equation of ⊥ bisector is   𝑦 − 9 = −(𝑥 − 5)  𝑦 − 9 = −𝑥 + 5  𝑦 = −𝑥 + 14  y-intercept is 14 

4. Midpoint is ቀିସ ା ଶଶ , ହ ା ହଶ ቁ = (−1,5)  The segment is horizontal with a 0 slope.  Its ⊥ bisector is vertical, with an equation of 𝑥 = −1. 
5. 𝑀 = ቀସ ା ଼ଶ , ଶ ା ଺ଶ ቁ = (6,4)  𝑚 = ଺ ି ଶ଼ ି ସ = 1  𝑚ୄ = −1  𝑦 − 4 = −(𝑥 − 6) 

6. 𝑀 = ቀିଵ ା ଻ଶ , ଵ ି ହଶ ቁ = (3,−2) 𝑚 = ଵ ି (ିହ)ିଵ ି ଻  = −ଷସ  𝑚ୄ = ସଷ  𝑦 + 2 = ସଷ (𝑥 − 3)  7. 𝑀 = ቀଷ ା ଷଶ , ିଵ ା ହଶ ቁ = (3,2)  Line segment is vertical, so its ⊥ bisector is horizontal, with equation 𝑦 = 2. 8. 𝑀 = ቀ଴ ା ଺ଶ , ଴ ା ଴ଶ ቁ = (3,0)  Line segment is horizontal, so its ⊥ bisector is vertical, with equation 𝑥 = 3. 
2.6. Directed Line Segments  1. 𝑘 = ହ଺ 𝑃௫ = 𝐴௫ + ହ଺ (𝐵௫ − 𝐴௫) = 3 + ହ଺ (9 − 3) = 8  𝑃௬ = 𝐴௬ + ହ଺ (𝐵௬ − 𝐴௬) = 5 + ହ଺ (17 − 5) = 15   𝑃(8, 15)  

2. 𝑘 = ଷହ 𝑆௫ = 𝑅௫ + ଷହ (𝑇௫ − 𝑅௫) = −2 + ଷହ (3 + 2) = 1  𝑆௬ = 𝑅௬ + ଷହ (𝑇௬ − 𝑅௬) = 2 + ଷହ (−8 − 2) = −4   𝑆(1,−4)  3. 𝑘 = ଷ଼ 𝑃௫ = 𝐿௫ + ଷ଼ (𝑀௫ − 𝐿௫) = −2 + ଷ଼ (6 + 2) = 1  𝑃௬ = 𝐿௬ + ଷ଼ (𝑀௬ − 𝐿௬) = 3 + ଷ଼ (−3 − 3) = ଷସ     𝑃 ቀ1, ଷସቁ 
4. 𝑘 = ଶହ 𝐺௫ = 𝐹௫ + ଶହ (𝐻௫ − 𝐹௫) = 1 + ଶହ (6 − 1) = 3  𝐺௬ = 𝐹௬ + ଶହ (𝐻௬ − 𝐹௬) = −3 + ଶହ (5 + 3) = ଵହ    𝐺 ቀ3, ଵହቁ   
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Chapter 3. Polygons in the Coordinate Plane 

3.1. Triangles in the Coordinate Plane  1.  𝑚஺஻ = ଵଵ ି ଻ହ ି ଶ  = ସଷ  𝑚஻஼ = ଼ ି ଵଵଽ ି ହ  = −ଷସ  𝐴𝐵 ⊥ 𝐵𝐶, so ∠𝐵 is a right ∠.  Therefore, ABC is a right △.  
2. 𝐴𝐵 = ඥ(5 − 2)ଶ + (11 − 7)ଶ = √25 = 5   𝐵𝐶 = ඥ(9 − 5)ଶ + (8 − 11)ଶ = √25 = 5   𝐴𝐶 = ඥ(9 − 2)ଶ + (8 − 7)ଶ = √50 = 5√2   Two sides are equal in length, so  △ 𝐴𝐵𝐶 is an isosceles △. 3. 𝐷𝐸 = ඥ(5 − 4)ଶ + (5 + 2)ଶ = √50   𝐸𝐹 = ඥ(−1 − 5)ଶ + (3 − 5)ଶ = √40   𝐷𝐹 = ඥ(−1 − 4)ଶ + (3 + 2)ଶ = √50   Two sides are equal in length, so  △𝐷𝐸𝐹 is an isosceles △.  
4.  𝐽𝐾 ⊥ 𝐾𝐿   𝑚௃௄ = ଺ ି ସ଺ ା ଶ = ଵସ, so 𝑚௄௅ = −4  ିଶି଺௫ି଺ = −4   −8 = −4(𝑥 − 6)  −8 = −4𝑥 + 24  −32 = −4𝑥  𝑥 = 8 5. Recognize that 𝑃𝑅 is horizontal  (since 𝑦 = −2 for both endpoints).  𝑃𝑅 = 8 − 4 = 4  An altitude may be drawn from the opp vertex, Q, to point 𝑆(−6,−2).  𝑄𝑆 = 4 − (−2) = 6   Therefore, the area is ଵଶ (4)(6) = 12  square units. 

6. 𝐴𝐵 = ඥ(5 − 2)ଶ + (1 − 2)ଶ = √10   𝐷𝐸 = ඥ(4 − 1)ଶ + (−5 + 4)ଶ = √10   𝐵𝐶 = ඥ(4 − 5)ଶ + (5 − 1)ଶ = √17   𝐸𝐹 = ඥ(3 − 4)ଶ + (−1 + 5)ଶ = √17   𝐴𝐶 = ඥ(4 − 2)ଶ + (5 − 2)ଶ = √13   𝐷𝐹 = ඥ(3 − 1)ଶ + (−1 + 4)ଶ = √13   𝐴𝐵 ≅ 𝐷𝐸, 𝐵𝐶 ≅ 𝐸𝐹, and 𝐴𝐶 ≅ 𝐷𝐹, so  △ 𝐴𝐵𝐶 ≅△ 𝐷𝐸𝐹 by SSS. 7. 𝑚ோௌ = ିଵ ି ଻ଷ ା ଵ  = −2     𝑚ௌ் = ଶ ା ଵଽ ି ଷ = ଵଶ  The slopes are opp reciprocals, so they are ⊥ lines forming a right ∠ at S.    Since ∠𝑆 is a right ∠, △𝑅𝑆𝑇 is a right △. 
8. To prove that △ 𝐽𝐸𝑁 is a right △, prove that its legs are ⊥ by showing their slopes are opp reciprocals:  𝑚௃ா = ିଷ ି ଵିଶ ା ସ = −2      𝑚ாே = ିଵ ା ଷଶ ା ଶ  = ଵଶ To prove that △ 𝐽𝐸𝑁 is an isosceles △, prove that it legs are ≅ by using the distance formula:   𝐽𝐸 = ඥ(−2 + 4)ଶ + (−3 − 1)ଶ = √20  𝐸𝑁 = ඥ(2 + 2)ଶ + (−1 + 3)ଶ = √20     
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3.2. Quadrilaterals in the Coordinate Plane  1. ቀଵ ା ଵ଴ଶ , ଷ ା ଻ଶ ቁ = ቀଵଵଶ , 5ቁ   [diagonals bisect each other, so E is the midpoint of both 𝐴𝐶 and 𝐵𝐷] 2. 𝑚஺஻ = ି଼ ି ଴ିଵ ା ହ = −2    𝑚஼஽ = ସ ା ସଷ ି ଻ = −2  𝑚஻஼ = ିସ ା ଼଻ ା ଵ  = ଵଶ        𝑚஺஽ = ସ ି ଴ଷ ା ହ = ଵଶ  𝐴𝐵 ⊥ 𝐵𝐶, 𝐵𝐶 ⊥ 𝐶𝐷, 𝐶𝐷 ⊥ 𝐴𝐷, and 𝐴𝐷 ⊥𝐴𝐵, so all 4 ∠’s are right ∠’s.   Therefore, ABCD is a ▭. 
3. 𝐴𝐵 = ඥ(1 + 6)ଶ + (0 + 3)ଶ = √58   𝐵𝐶 = ඥ(4 − 1)ଶ + (7 − 0)ଶ = √58   𝐶𝐷 = ඥ(−3 − 4)ଶ + (4 − 7)ଶ = √58   𝐴𝐷 = ඥ(−3 + 6)ଶ + (4 + 3)ଶ = √58   𝑚஺஻ = ଴ ା ଷଵ ା ଺ = ଷ଻      𝑚஻஼ = ଻ ି ଴ସ ି ଵ = ଻ଷ  4 ≅ sides but not 4 right ∠’s → Rhombus 4. 𝐴𝐵 = ඥ(2 + 5)ଶ + (0 + 6)ଶ = √85   𝐵𝐶 = ඥ(11 − 2)ଶ + (9 − 0)ଶ = √162   𝐶𝐷 = ඥ(4 − 11)ଶ + (3 − 9)ଶ = √85   𝐴𝐷 = ඥ(4 + 5)ଶ + (3 + 6)ଶ = √162   𝑚஺஻ = ଴ ା ଺ଶ ା ହ = ଺଻ 𝑚஻஼ = ଽ ି ଴ଵଵ ି ଶ = 1 2 pairs of opp sides ≅ but not 4 right ∠’s → ▱ 

5. 𝐴𝐵 = ඥ(5 − 1)ଶ + (2 − 1)ଶ = √17   𝐵𝐶 = ඥ(6 − 5)ଶ + (−2 − 2)ଶ = √17   𝐶𝐷 = ඥ(2 − 6)ଶ + (−3 + 2)ଶ = √17   𝐴𝐷 = ඥ(2 − 1)ଶ + (−3 − 1)ଶ = √17   𝑚஺஻ = ଶ ି ଵହ ି ଵ = ଵସ      𝑚஻஼ = ିଶ ି ଶ଺ ି ହ  = −4  𝐴𝐵 ⊥ 𝐵𝐶, so ∠𝐵 is a right ∠.  4 ≅ sides and a right ∠ → Square 6. 𝑚஺஻ = ସ ି ଵସ ି ଶ = ଷଶ  Since 𝐴𝐵 ⊥ 𝐵𝐶, 𝑚஻஼ = −ଶଷ. 7. 𝑃𝑅 = ඥ(7 + 4)ଶ + (−5 − 0)ଶ = √146   𝑄𝑆 = ඥ(−1 − 4)ଶ + (−8 − 3)ଶ = √146    Diagonals are congruent. 𝑚௉ோ = ିହ ି ଴଻ ା ସ  = − ହଵଵ        𝑚ொௌ = ି଼ ି ଷିଵ ି ସ = ଵଵହ   Diagonals are ⊥. Midpoint of 𝑃𝑅 is ቀିସା଻ଶ , ଴ିହଶ ቁ = ቀଷଶ ,−ହଶቁ  Midpoint of 𝑄𝑆 is ቀସିଵଶ , ଷି଼ଶ ቁ = ቀଷଶ ,−ହଶቁ  Diagonals bisect each other. 8. Both pairs of opp sides of a ▱ are ∥.  Parallel lines have the same slope.  The slope of side 𝐵𝐶 is 3.    For side 𝐴𝐷 to have a slope of 3, the coordinates of point D must be (1,3).  𝑚஺஻ = ଶ ି ଴ହ ି ଴ = ଶହ     𝑚஼஽ = ଷ ି ହଵ ି ଺ = ଶହ  𝑚஺஽ = ଷ ି ଴ଵ ି ଴ = 3      𝑚஻஼ = ହ ି ଶ଺ ି ହ = 3 

9. To prove that ABCD is a rhombus, show that all sides are ≅ using the distance formula:   𝐴𝐵 = ඥ(8 + 1)ଶ + (2 + 5)ଶ = √130   𝐵𝐶 = ඥ(11 − 8)ଶ + (13 − 2)ଶ = √130   𝐶𝐷 = ඥ(2 − 11)ଶ + (6 − 13)ଶ = √130   𝐴𝐷 = ඥ(2 + 1)ଶ + (6 + 5)ଶ = √130  
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10. To prove that ABCD is a ▱, show that both pairs of opp sides of the ▱ are ∥ by showing the opp sides have the same slope:  𝑚஺஻ = ହ ି ଶ଺ ା ଶ = ଷ଼         𝑚஼஽ = ିଷ ି ଴ିସ ି ସ = ଷ଼  𝑚஺஽ = ିଷ ି ଶିସ ା ଶ = ହଶ       𝑚஻஼ = ଴ ି ହସ ି ଺ = ହଶ  Because ଷ଼ and ହଶ are not opp reciprocals, the consecutive sides of ABCD are not ⊥, and ABCD is not a ▭. 

11. The length of each side of quad is 5.  Since each side is ≅, quad MATH is a rhombus.    The slope of 𝑀𝐻 is 0 and the slope of 𝐻𝑇 is −ସଷ.  Since the slopes are not opp reciprocals, the sides are not ⊥ and do not form rights ∠’s.    Since adjacent sides are not ⊥, quad MATH is not a square.  
12.  𝑚஺஻ = ଺ ି ଺଺ ା ହ = 0      𝑚஼஽ = ିଷ ା ଷିଷ ି ଼ = 0 𝑚஺஽ = ିଷ ି ଺ିଷ ା ହ = − ଽଶ        𝑚஻஼ = ିଷ ି ଺଼ ି ଺  = − ଽଶ  𝐴𝐵 ∥ 𝐶𝐷 and 𝐴𝐷 ∥ 𝐵𝐶 because they have equal slopes.  ABCD is a ▱ because opp side are ∥.   
 𝐴𝐵 = 11 and 𝐵𝐶 = √85.  ABCD is not a rhombus because 𝐴𝐵 ≠ 𝐵𝐶.  𝐴𝐵 and 𝐵𝐶 are not ⊥ because their slopes are not opp reciprocals.  Therefore, ABCD is not a ▭ because ∠𝐵 is not a right ∠. 

13. Use the midpoint formula to find  
 𝑀(−5,5),𝑁(0,3),𝑃(2,−4),𝑄(−3,−2). Use the slope formula to find 
 𝑚ெே = −ଶହ 𝑚௉ொ = −ଶହ  𝑚ெொ = −଻ହ 𝑚ே௉ = −଻ହ 
 Since both opp sides have equal slopes and are ∥, MNPQ is a ▱.  Use the distance formula to find 𝑀𝑁 = √29 and 𝑁𝑃 = √53.  𝑀𝑁 ≠ 𝑁𝑃, so MNPQ is not a rhombus since not all sides are congruent. 

3.3. Perimeter and Area using Coordinates  1. 𝐴𝐵 = ඥ(4 − 1)ଶ + (1 − 4)ଶ =    √18 = 3√2   𝐵𝐶 = ඥ(−3 − 4)ଶ + (0 − 1)ଶ =    √50 = 5√2    𝐴𝐶 = ඥ(−3 − 1)ଶ + (0 − 4)ଶ =    √32 = 4√2   Perimeter = 3√2 + 5√2 + 4√2 = 12√2  

2. 𝐴𝐵 = √3ଶ + 4ଶ = √25 = 5  𝐵𝐶 = ඥ8ଶ + (−6)ଶ = √100 = 10  𝐴𝐶 = ඥ11ଶ + (−2)ଶ = √125 = 5√5  Perimeter = 5 + 10 + 5√5 = 15 + 5√5 
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3. Method 1: enclose in ▭    Method 2: area of right △  𝑚஼஺ = ସସ = 1  𝑚஺஻ = −ଷଷ = −1  Slopes are opp reciprocals, so  𝐶𝐴 ⊥ 𝐴𝐵 and ∠𝐴 is a right ∠.  From problem 1, 𝐴𝐶 = 4√2 and 𝐴𝐵 = 3√2.  Area of right △ 𝐴𝐵𝐶 = ଵଶ (𝐴𝐶)(𝐴𝐵)   = ଵଶ ൫4√2൯൫3√2൯ = 12 square units.   Area of ▭ = 7×4 = 28    Area of I = ଵଶ (4)(4) = 8  Area of II = ଵଶ (3)(3) = 4.5  Area of III = ଵଶ (7)(1) = 3.5  Area of △ 𝐴𝐵𝐶 = 28 − (8 + 4.5 + 3.5) = 12 square units 4.   𝐸𝐹 = ඥ(6 − 3)ଶ + (10 − 6)ଶ   = √25 = 5  𝐹𝐺 = ඥ(18 − 6)ଶ + (5 − 10)ଶ   = √169 = 13  Since EFGH is a ▱, 𝐺𝐻 = 𝐸𝐹 and 𝐸𝐻 = 𝐹𝐺. Perimeter of 𝐸𝐹𝐺𝐻 =  2(5) + 2(13) = 36   Area of ▭ = 15 × 9 = 135 Area of I = Area of III = ଵଶ (3)(4) = 6  Area of II = Area of IV = ଵଶ (5)(12) = 30  Area of ▱EFGH = 135 − ሾ2(6) + 2(30)ሿ = 63 square units 5.  
vertex x y upper lower difference 

K −7 −7 −14 35 −49 
L – 5 2 −30 6 −36 
M 3 6 −9 6 −15 
N 1 −3 −7 21 −28 
K −7 −7      Area   = |(ିସଽ) ା (ିଷ଺) ା (ିଵହ) ା (ିଶ଼)|ଶ  = |ଵଶ଼|ଶ  = 64 square units. 
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Chapter 4. Rigid Motions 

4.1. Translations  1. (2 − 6, 4 + 1) = (−4, 5)  2. (−2,−2) 3. (𝑥 + 3,𝑦 − 7) 4. (2,−8) 5. (−6,6) 6. (𝑥 + 4,𝑦 + 4) 7. (0,−9) 8. 𝑇ଶ,ଶ of Q is 𝑄′(6,−4)  9. 𝑅(−5,−5) → 𝑅′(3, 0) is 𝑇 ,ହ 𝑈′(3, 6) 10. 𝐴(1,3) → 𝐴′(4,4) is 𝑇ଷ,ଵ  𝐶′(7,1) 11. (−5,5) 12. (0,1) 13. 𝐵(−6,4) and 𝐷′(−5,−4) 14.  

 

15. 𝑇′(−6,3), 𝐴′(−3,3), 𝑃′(−3,−1) 

 
4.2. Line Reflections  1. (2,3) 2. 𝑃′(−4,1) 3. (2,5) 4. (−3,4) 5. 𝑀′(2,8) 6. (−4,3) 7. (−2,5) 8. 𝐴′(0,−2) and 𝐵′(4,−6) 
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9. 

 

10. 

 11. 𝑋′(5,1),𝑌′(4,4),𝑍′(7,4) 12.  

 𝑆′(0,6),𝑈′(−3,5),𝑁′(−3,0) 13. 

   𝐴′(7,−2),𝐵′(2,−1),𝐶′(3,−2),𝐷′(2,−4) 

14. 

  𝐴𝐵 = ඥ(7 − 2)ଶ + (8 − 6)ଶ = √29   Area = ൫√29൯ଶ = 29  
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15. Equation of ⊥ line is 𝑦 − 2 = −2(𝑥 + 2), or 𝑦 = −2𝑥 − 2 in slope-intercept form.  Solving ଵଶ 𝑥 − 2 = −2𝑥 − 2 gives us 𝑥 = 0.  Substituting for x, 𝑦 = −2, so M is (0,−2).   
 M is the midpoint of 𝑃𝑃′, so P’ is (2,−6). 

 

16. Equation of ⊥ line is 𝑦 − 2 = 1(𝑥 + 2), or 𝑦 = 𝑥 + 4 in slope-intercept form.  Solving −𝑥 + 3 = 𝑥 + 4 gives us 𝑥 = −ଵଶ.  Substituting for x, 𝑦 = ଻ଶ, so M is ቀ− ଵଶ , ଻ଶቁ.   
 M is the midpoint of 𝑃𝑃′, so P’ is (1,5). 

 
4.3. Rotations  1. (2) 2. (3) 3. (4) 4. 𝑅ଽ଴°: (𝑥, 𝑦) → (−𝑦, 𝑥)  (2, 4) → (−4, 2) 5.  A clockwise rotation of 90° is equivalent to a counterclockwise rotation of 270°.  𝑅ଶ଻଴°: (𝑥,𝑦) → (𝑦,−𝑥)  (−2, 5) → (5, 2) 6.  A clockwise rotation of 180° is equivalent to a counterclockwise rotation of 180°.  𝑅ଵ଼଴°: (𝑥,𝑦) → (−𝑥,−𝑦)  (−2, 1) → (2,−1) 

7. 𝑅ଵ଼଴°: (𝑥,𝑦) → (−𝑥,−𝑦)  𝐴ᇱ(0, 4),𝐵ᇱ(−4, 2),𝐶ᇱ(−5, 4),𝐷′(−1, 6) 
 8. 𝑅ଽ଴°: (𝑥, 𝑦) → (−𝑦, 𝑥)  𝐴′(−2, 1),𝐵′(−3,−4),𝐶′(5,−3) 9. 𝑅ଽ଴°: (𝑥, 𝑦) → (−𝑦, 𝑥)  𝑃(−2,5)− 𝐶(2,3) = (−4,2)  (−4,2) → (−2,−4)  (−2,−4) + 𝐶(2,3) = 𝑃′(0,−1) 10. 𝑅ଵ଼଴°: (𝑥,𝑦) → (−𝑥,−𝑦)  𝑃(3,−2) − 𝐶(2,−3) = (1,1)  (1,1) → (−1,−1)  (−1,−1) + 𝐶(2,−3) = 𝑃′(1,−4) 

11. 𝑅ଽ଴°: (𝑥, 𝑦) → (−𝑦, 𝑥) 𝐴(1,2)− 𝑃(2,−1) = (−1,3) → (−3,−1) +𝑃(2,−1) = 𝐴′(−1,−2)  𝐵(−4,3)− 𝑃(2,−1) = (−6,4) → (−4,−6) +𝑃(2,−1) = 𝐵′(−2,−7)  𝐶(−3,−5)− 𝑃(2,−1) = (−5,−4) → (4,−5) +𝑃(2,−1) = 𝐶′(6,−6)  
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4.4. Point Reflections [NG]  1. 𝐾′(−4, 7) 2. (3,1) 3. 𝑅′(−2,3), 𝑆′(−5,−1) 4. (2 ∙ 1 − 5, 2 ∙ (−1)− 3) = 𝑁′(−3,−5) 5. 2 × 6 = 12 units 6. Use the midpoint formula:  𝑃 ቀଷା଻ଶ , ଺ିଶଶ ቁ = 𝑃(5,2)  7.  

  

8.  𝐷′(8, 1), 𝐸′(6,−2), 𝐹′(5, 4) 

  
4.5. Map a Polygon onto Itself  1. (3) 2. 180° 3. ଷ଺଴ହ = 72°   4. ଷ଺଴ଵ଺ = 22.5°    
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Chapter 5. Dilations 

5.1. Dilations of Line Segments  1. (1) 2.  (15,−10) 3.  (4, 12) 4. ቀଷଶ ,−1ቁ 5. (2, 5) 6. (12, 0) 7. 

8. 𝐴(1,6)− 𝑃(3,4) = (−2,2)   (−2,2) → (−4,4)    (−4,4) + 𝑃(3,4) = 𝐴′(−1,8)   𝐵(6,6)− 𝑃(3,4) = (3,2)   (3,2) → (6,4)   (6,4) + 𝑃(3,4) = 𝐵′(9,8) 

 

9. 𝐶(0,6)− 𝑃(−6,2) = (6,4)   (6,4) → (3,2)   (3,2) + 𝑃(−6,2) = 𝐶′(−3,4)  𝐷(2,0)− 𝑃(−6,2) = (8,−2)   (8,−2) → (4,−1)   (4,−1) + 𝑃(−6,2) = 𝐷′(−2,1) 
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5.2. Dilations of Polygons  1. (3) m∠𝐵 = m∠𝐵′ 2. 𝐴ᇱ(2,2),𝐵ᇱ(3,0),𝐶′(1,−1) 3.   

  

4. 

  5.  

 

6. 

 7.  

 

8. 

  𝐴ᇱ(−2, 6),𝐵ᇱ(4, 0),𝐶ᇱ(4,−2),𝐷′(−6,−2)  
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9. Using 𝐵(0,4) as the “new origin,”  (−1,−4) → (−2,−8), so 𝐴′(−2,−4)  B maps to itself, (0,4)  (2,−4) → (4,−8), so 𝐶′(4,−4) 

 

10. Using 𝑃(2,−4) as the “new origin,”  (−2,6) → (−1,3), mapping to 𝐴′(1,−1)  (0,8) → (0,4), mapping to 𝐵′(2,0)  (4,4) → (2,2), mapping to 𝐶′(4,−2) 

 11. a) 𝐴ᇱ(−1, 1),𝐵ᇱ(4,−2),𝐶ᇱ(3,−5),𝐷′(−2,−2)      b) 𝑚஺ᇲ஻ᇲ = ିଶିଵସାଵ = −ଷହ  𝑚஼ᇲ஽ᇲ = ିଶାହିଶିଷ = −ଷହ  𝐴′𝐵′ ∥ 𝐶′𝐷′   𝑚஺ᇲ஽ᇲ = ିଶିଵିଶାଵ = 3  𝑚஻ᇲ஼ᇲ = ିହାଶଷିସ = 3  𝐴′𝐷′ ∥ 𝐵′𝐶′   𝐴′𝐵′𝐶′𝐷′ is a ▱ because both pairs of opp sides are ∥. 
5.3. Dilations of Lines  1.  𝑦 = 3𝑥 − 20 2.  2𝑥 + 3𝑦 = 4   →    𝑦 = −ଶଷ 𝑥 + ସଷ  Equation of its image is 𝑦 = −ଶଷ 𝑥 + 4 3.  𝐶(1,−1) is a point on the line:   (−1) = 3(1)− 4  Therefore, the equation of the image is the same as the pre-image, 𝑦 = 3𝑥 − 4. 

4.  𝐶(1, 0) is not on the line. 

  Find the point on the line where x = 1:   𝑦 = 2(1) + 2 = 4, so 𝐴(1, 4).  𝐶𝐴 = 4, so 𝐶𝐴ᇱ = 2(4) = 8 and 𝐴′(1, 8)    8 = 2(1) + 𝑏   →    𝑏 = 6   Equation of image is 𝑦 = 2𝑥 + 6. 
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Chapter 6. Transformation Proofs 

6.1. Properties of Transformations  1. a) reflection  b) dilation  c) translation  d) rotation  e) dilation 2. (3) rotation 3. (2) opposite orientation; reflection 4. (4) ry = x 5. (3) ry-axis 6. (3) orientation 7. (4) D2 8. (1) dilation 9. (3) dilation by a scale factor of ଵଶ 
6.2. Sequences of Transformations  1. (4) translation followed by a reflection 2.  Rotation 𝑅ଽ଴° with center at origin,   followed by reflection 𝑟௫ି௔௫௜௦ 3.  Rotation 𝑅ଶ଻଴° around point A,   followed by translation 𝑇ହ,ିଶ 4.  Reflection 𝑟௬ୀభమ followed by rotation   𝑅ଶ଻଴° around the point (1,−3) 5.   

 6. 

 

7. 

 8. (3) (8,12) 
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9. 

  𝑅ଵ଼଴°  

10.  

  𝐴ᇱ(3, 4),𝐵ᇱ(−2, 4),𝐶′(3, 2)  𝐴ᇱᇱ(−1, 7),𝐵ᇱᇱ(−6, 7),𝐶′′(−1, 5) 11. If 𝐴𝐵 is reflected first, the coordinates are 𝐴′(2,−6) and 𝐵′(4,−2).    When the reflection is dilated, the coordinates are 𝐴′′(1,−3) and 𝐵′′(2,−1).   If 𝐴𝐵 is dilated first, the coordinates are 𝐴′(1, 3) and 𝐵′(2, 1).    When the dilation is reflected, the coordinates are 𝐴′′(1,−3) and 𝐵′′(2,−1).    The images are the same. 
6.3. Transformations and Congruence  1.  Translation so that A maps onto D. 2.  Reflection over 𝐴𝐶. 3.   Rotation of 180° around point J. 
 

4.  Reflection over the bisector of ∠𝐻𝐿𝐾.  (Note that △𝐻𝐿𝐾 is isosceles.) 5. Reflection over the vertical line passing through P, followed by the translation 𝑇ଶ,ିସ (or vice versa).  No, it is not possible because the triangles have opposite orientations and both translations and rotations preserve orientations. 
6.4. Transformations and Similarity  1.  𝐷భమ with A as the center of dilation  followed by 𝑇ସ,଴ mapping 𝐴 → 𝐴′. 2.  𝐷భమ with B as the center of dilation,   then a translation 𝑇଴,ିଶ to map 𝐵 → 𝐵′, and finally a reflection 𝑟஻ᇲ஼ᇲ.     
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Chapter 7. Circles in the Coordinate Plane 

7.1. Equation of a Circle  1.  a) (0,0) and √10  b) 3ଶ + (−1)ଶ = 10 Yes. 2.  (2,−3) and 6 
3.  (1,−3) and 3 4. (0,7) and 4√2 5. 𝑟 = 4 𝑥ଶ + 𝑦ଶ = 16 6. 𝑟ଶ = 3ଶ + 4ଶ 𝑟 = 5  (𝑥 + 3)ଶ + (𝑦 − 4)ଶ = 25 7. r = 3 (𝑥 − 1)ଶ + (𝑦 + 2)ଶ = 9  8. Center is at the midpoint of the diameter, (2,−4).  Radius is 4.  (𝑥 − 2)ଶ + (𝑦 + 4)ଶ = 16 9. (3,−2) → (9,−6) 10. (−4,2) → (−8,4)  and 𝑟 = 2 ∙ 9 = 18 11. 𝑥ଶ + 4𝑥 + 𝑦ଶ = 5  (𝑥ଶ + 4𝑥 + 4) + 𝑦ଶ = 5 + 4  (𝑥 + 2)ଶ + 𝑦ଶ = 9    Center is (−2,0), radius is 3  

12. 𝑥ଶ + 6𝑥 + 𝑦ଶ − 4𝑦 = 12  (𝑥ଶ + 6𝑥 + 9) + 𝑦ଶ − 4𝑦 = 12 + 9  (𝑥 + 3)ଶ + 𝑦ଶ − 4𝑦 = 21  (𝑥 + 3)ଶ + (𝑦ଶ − 4𝑦 + 4) = 21 + 4  (𝑥 + 3)ଶ + (𝑦 − 2)ଶ = 25  Center is (−3,2), radius is 5  13. 𝑥ଶ − 16𝑥 + 𝑦ଶ + 6𝑦 = −53 (𝑥ଶ − 16𝑥 + 64) + 𝑦ଶ + 6𝑦 = −53 + 64   (𝑥 − 8)ଶ + 𝑦ଶ + 6𝑦 = 11  (𝑥 − 8)ଶ + (𝑦ଶ + 6𝑦 + 9) = 11 + 9  (𝑥 − 8)ଶ + (𝑦 + 3)ଶ = 20  Center is (8,−3), radius is 2√5 
14. 𝑥ଶ − 2𝑥 = −𝑦ଶ + 10𝑦 + 1  𝑥ଶ − 2𝑥 + 𝑦ଶ − 10𝑦 = 1  (𝑥ଶ − 2𝑥 + 1) + 𝑦ଶ − 10𝑦 = 1 + 1  (𝑥 − 1)ଶ + 𝑦ଶ − 10𝑦 = 2  (𝑥 − 1)ଶ + (𝑦ଶ − 10𝑦 + 25) = 2 + 25  (𝑥 − 1)ଶ + (𝑦 − 5)ଶ = 27  Center is (1,5), radius is 3√3 15. Since the center of the circle is (𝑟, 𝑟), the equation is (𝑥 − 𝑟)ଶ + (𝑦 − 𝑟)ଶ = 𝑟ଶ.  Since point (6,3) is on the circle, we can substitute this point for (𝑥,𝑦), giving us  (6 − 𝑟)ଶ + (3 − 𝑟)ଶ = 𝑟ଶ.  Now, solve for r.  36 − 12𝑟 + 𝑟ଶ + 9 − 6𝑟 + 𝑟ଶ = 𝑟ଶ  45 − 18𝑟 + 2𝑟ଶ = 𝑟ଶ  45 − 18𝑟 + 𝑟ଶ = 0  𝑟ଶ − 18𝑟 + 45 = 0  (𝑟 − 3)(𝑟 − 15) = 0  𝑟 = {3, 15} Radius is 15.    



 

24  

7.2. Graph Circles [NG]  1. 

 

2. 

 3. 

 

4. 

 5. 𝑥ଶ + 4𝑥 + 𝑦ଶ − 4𝑦 = 41  𝑥ଶ + 4𝑥 + 4 + 𝑦ଶ − 4𝑦 = 41 + 4  (𝑥 + 2)ଶ + 𝑦ଶ − 4𝑦 = 45  (𝑥 + 2)ଶ + 𝑦ଶ − 4𝑦 + 4 = 45 + 4  (𝑥 + 2)ଶ + (𝑦 − 2)ଶ = 49  
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Chapter 8. Foundations of Euclidean Geometry 

8.1. Postulates, Theorems and Proofs  1. (4) vertical angles 2. (1)   𝐴𝐶 ≅ 𝐷𝐵 3. (2) 𝐴𝐵 = 𝐶𝐷 4. (2) reflexive prop and subtraction prop 5.   
Statements Reasons ∠1 and ∠2 are complementary Given ∠2 and ∠3 are complementary Given ∠1 ≅ ∠3 Complements of the same ∠ are ≅ m∠1 = m∠3  Def of ≅ ∠’s 

 6. 
Statements Reasons 𝑃𝐶𝐸𝐺തതതതതതതത, 𝑃𝐶തതതത ≅ 𝐺𝐸തതതത  Given 𝐶𝐸തതതത ≅ 𝐶𝐸തതതത  Reflexive Prop 
PC = GE,   CE = CE Def of ≅ segments 
PC + CE = GE + CE Addition Prop 
PE = PC + CE, GC = GE + CE Segment Addition 
PE = GC Substitution 𝑃𝐸തതതത ≅ 𝐺𝐶തതതത  Def of ≅ segments 

 

8.2. Parallel Lines and Transversals  1. (3) ∠4 and ∠8 2. (1) ∠1 and ∠8 3.  (a) linear pair; supplementary  (b) vertical angles; congruent  (c) corresponding angles; congruent  (d) alternate interior angles; congruent    (e) alternate exterior angles; congruent 4. (2) consecutive interior ∠’s 5. (2) Alternate interior ∠’s are ≅. 6. (3)  ∠3 and ∠6 are supplementary 7. (4)  𝑑 ∥ 𝑒 8. 𝑥 + 20 = 2𝑥 − 10  (alternate interior ∠’s are ≅)  𝑥 = 30 
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9. m∠𝐸𝑌𝐷 = 180 − 123 = 57°     (linear pair)  m∠𝐴𝑋𝑌 = m∠𝐸𝑌𝐷 = 57°     (alternate interior) 
10. Vertical ∠’s are ≅, therefore: 

   𝑥 = 180 − (30 + 80) = 70 11. 𝑎 = 180 − (57 + 64) = 59°  b = 64°  c = 57°  d = 180 – 64 = 116° 
12.   15𝑥 − 5 = 180 − 125  15𝑥 − 5 = 55  7𝑦 + 27 = 125  15𝑥 = 60   7𝑦 = 98  𝑥 = 4   𝑦 = 14  13.   

Statements Reasons ∠1 and ∠3 are supplementary Given ∠1 and ∠2 are a linear pair Def of linear pair ∠1 and ∠2 are supplementary Linear pairs are supplementary ∠2 ≅ ∠3 Supplements of the same ∠ are ≅ ∠2 and ∠3 are alternate exterior ∠’s Def of alternate exterior ∠’s 𝑚 ∥ 𝑛 If a transversal intersects two lines to form ≅ alternate exterior ∠’s, then the lines are ∥ 
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Chapter 9. Triangles and Congruence 

9.1. Angles of Triangles  1.   180 − (60 + 40) = 80 2. 50 + 70 = 120° 3. m∠𝐴𝐵𝐶 = 180 − 125 = 55°  m∠𝐴𝐶𝑅 = 60 + 55 = 115° 4. 60 + 60 = 120°  5. 6𝑥 + 5 = 3𝑥 + 65  3𝑥 = 60  𝑥 = 20 6. 5𝑥 + 𝑥 + 12 + 𝑥 = 180  7𝑥 + 12 = 180  7𝑥 = 168  𝑥 = 24   ∠’s are 24°, 36°, and 120°, so △ is obtuse. 7. m∠𝐽 = 180 − (90 + 48) = 42°  m∠𝐽𝑀𝑆 = 180 − 59 = 121°  m∠𝐽𝑆𝑀 = 180 − (42 + 121) = 17° 8. m∠𝐸𝐻𝐼 = 20°  (vertical ∠’s)  m∠𝐸𝐼𝐻 = 60°  (vertical ∠’s)  m∠𝐻𝐸𝐼 = 180 − (20 + 60) = 100° 9. m∠𝑅𝑇𝑄 = 63°  (alternate interior)  m∠2 = 180 − (90 + 63) = 27° 10. m∠𝐴 = 180 − (90 + 52) = 38°  m∠𝐸𝐵𝐶 = 90 + 38 = 128°  m∠𝐸𝐵𝐷 = ଵଶm∠𝐸𝐵𝐶 = 64°  m∠𝐴𝐵𝐷 = 52 + 64 = 116°  m∠𝐷 = 180 − (38 + 116) = 26° 11. 

   m∠ACB = 180 − (90 + 65) = 25°  m∠DEC = 180 − (80 + 50) = 50°  𝑥 = 180 − (50 + 25) = 105°   

12. 

 
 𝑦 = 56°  (corresponding ∠’s)  𝑧 = 65°  (linear pair)  𝑥 = 180 − (56 + 65) = 59° 13. m∠𝐴𝐵𝐷 = 180 − (93 + 43) = 44  𝑥 + 19 + 2𝑥 + 6 + 3𝑥 + 5 = 180  6𝑥 + 30 = 180  𝑥 = 25   m∠𝐵𝐷𝐶 = 𝑥 + 19 = 44 Yes, because alternate interior ∠’s ∠𝐴𝐵𝐷 and ∠𝐵𝐷𝐶 are ≅, 𝐴𝐵 ∥ 𝐷𝐶. 
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9.2. Triangle Inequality Theorem  1.  (2) 2.  (4) 3. (1)    4. The sum of any two sides of a triangle must be greater than the third side.    7 + 8 < 16. 5. (2) 6. 4𝑥 + 3𝑥 − 1 + 𝑥 + 3 = 34   8𝑥 + 2 = 34  𝑥 = 4  16, 11, and 7.  Yes, because 16 < 11 + 7. 7. ∠𝐵, ∠𝐴, ∠𝐶 8. 𝐸𝐹,𝐷𝐸,𝐷𝐹 9. m∠𝐴𝐵𝐷 = 42°  (exterior ∠ of △ 𝐶𝐵𝐷)  m∠𝐴𝐷𝐵 = 72°  (180 − 66 − 42)  𝐴𝐵 is the longest side and 𝐴𝐷 is the shortest side of △𝐴𝐵𝐷. 
10. m∠𝐴𝐷𝐵 = 36° and m∠𝐶𝐷𝐵 = 93°.  𝐵𝐷 is the shortest side of △𝐵𝐶𝐷, but 𝐵𝐷 is not the shortest side of △𝐴𝐵𝐷.  Therefore, 𝐴𝐵 is the shortest segment. 

9.3. Segments in Triangles  1.   (a)  𝐵𝐸തതതത           (b)  𝐴𝐷തതതത           (c)  𝐶𝐹തതതത  2. (4) 3. 6𝑥 − 6 = 90  6𝑥 = 96  𝑥 = 16 4. 4𝑥 − 17 = 3𝑥 − 4  𝑥 = 13  m∠𝑋𝑌𝑊 = 4(13)− 17 = 35   So, m∠𝑋𝑌𝑍 = 2(35) = 70° 5. 4𝑥 − 8 + 6𝑥 + 13 = 90  10𝑥 + 5 = 90  𝑥 = 8.5 6. 𝑥ଶ + 3𝑥 = 6𝑥 + 10  12𝑦 + 24 = 2(2𝑦 + 60)  𝑥ଶ − 3𝑥 − 10 = 0  12𝑦 + 24 = 4𝑦 + 120  (𝑥 − 5)(𝑥 + 2) = 0  8𝑦 = 96  𝑥 = 5  (reject 𝑥 = −2)  𝑦 = 12 7. a) 2𝑥 + 3 = 7𝑥 − 47       b) 𝑦ଶ + 9 = 90   50 = 5𝑥   𝑦ଶ = 81   10 = 𝑥    𝑦 = 9   𝐷𝐻 = 2(10) + 3 = 23 m∠𝐸𝐹𝐻 = 12𝑦 = 108°   𝐷𝐺 = 2𝐷𝐻 = 46   
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9.4. Isosceles and Equilateral Triangles  1. ଵ଼଴ିଵଶ଴ଶ = 30°  2. ଵ଼଴ିସ଺ଶ = 67°  3. (a)  𝐶𝐸തതതത     (b)  𝐴𝐹തതതത     (c)  𝐵𝐷തതതത 4.  (3) an obtuse angle 5. m∠𝐴 = ଵ଼଴ି଼଴ଶ = 50°   m∠𝐵𝐶𝐷 = 80 + 50 = 130° 6. m∠𝐿𝑀𝑂 = 55°  m∠𝑁𝑀𝑂 = 180 − 55 = 125°  m∠𝑁 = 180 − (125 + 28) = 27° 7. a) 60°     (equilateral △)  b) ଵ଼଴ିହ଴ଶ = 65°   (base ∠ of isosceles △)  c) 180 − (60 + 65) = 55° (parts of a straight ∠)  d) 65 + 50 = 115°  (exterior ∠)  e) 60 + 60 = 120°  (exterior ∠)  f) 60°     (vertical ∠’s with ∠𝐵𝐴𝐶) 8. m∠𝑄𝑅𝑃 = ଵ଼଴ିହସଶ = 63°   m∠𝑄𝑅𝑆 = 180 − 63 = 117°   𝑥 = ଵ଼଴ିଵଵ଻ଶ = 31.5°  
9. m∠𝐸𝐹𝐺 = 90 − 60 = 30°   𝑥 = 180 − (90 + 30) = 60° 

10. 30 

 

11. No, m∠𝐾𝐺𝐻 ≠ m∠𝐺𝐾𝐻  

 12. The altitude is also the median.  𝑥ଶ + (𝑥 + 7)ଶ = 13ଶ [Pythagorean Thm]  𝑥ଶ + 𝑥ଶ + 14𝑥 + 49 = 169  2𝑥ଶ + 14𝑥 − 120 = 0  2(𝑥 + 12)(𝑥 − 5) = 0  𝑥 = 5  (reject 𝑥 = −12)  Base = 2𝑥 = 10 
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13. 
Statements Reasons m∠𝐾 = 70°, m∠𝑀𝐿𝑁 = 55° Given m∠𝐽𝐿𝐾 = m∠𝑀𝐿𝑁  Vertical ∠’s are equal in measure m∠𝐽𝐿𝐾 = 55°  Substitution m∠𝐽 + m∠𝐾 + m∠𝐽𝐿𝐾 = 180°  Sum of the ∠’s of a △ is 180° m∠𝐽 + 70° + 55° = 180°  Substitution m∠𝐽 = 55°  Subtraction m∠𝐽𝐿𝐾 = m∠𝐽  Transitive prop △ 𝐽𝐾𝐿 is isosceles If two ∠’s of a △ are equal in measure, then the △ is isosceles 

 

9.5. Triangle Congruence Methods  1. (2) by SSS 2. (1) by SAS 3. (2)  ∠𝐴 ≅ ∠𝑋 4. (3)  𝐽𝐿 ≅ 𝑀𝑂 5. (1)  ∠𝐴 ≅ ∠𝐿 6. 𝐴𝐺 ≅ 𝑂𝐿 7.  ASA 

  

8.  ASA  ∠𝐴𝐸𝐷 and ∠𝐶𝐸𝐵 are a pair of vertical ∠’s.  

 9. AAS  𝐼𝐽ഥ ≅ 𝐿𝐽ഥ  by def of bisector  ∠𝐼𝐽𝐻 ≅ ∠𝐿𝐽𝐾 by vertical ∠’s 
  

10. SAS  𝐶𝐴തതതത ≅ 𝐴𝐶തതതത by Reflexive Prop 

  11. AAS  ∠𝐵𝐴𝐶 ≅ ∠𝐷𝐴𝐶 by def. of ∠ bisector  𝐴𝐶 ≅ 𝐴𝐶 by Reflexive Prop 12. AAS  ∠𝐵𝐴𝐶 ≅ ∠𝐷𝐶𝐴 by alternate interior ∠’s  𝐴𝐶 ≅ 𝐶𝐴 by Reflexive Prop 
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9.6. Prove Triangles Congruent  1. 3.  Def of ⊥  6.  Alternate Interior ∠’s Thm  8.  AAS  9.  CPCTC 2.   
Statements Reasons 𝐵𝐸 and 𝐴𝐷 intersect at C,  𝐵𝐶 ≅ 𝐸𝐶, 𝐴𝐶 ≅ 𝐷𝐶 Given ∠𝐵𝐶𝐴 ≅ ∠𝐸𝐶𝐷  Vertical ∠’s are ≅ △ 𝐴𝐵𝐶 ≅△ 𝐷𝐸𝐶  SAS 

 3. 
Statements Reasons 𝐹𝐻 ≅ 𝐹𝐼, 𝑆𝐻 ≅ 𝑆𝐼 Given 𝐹𝑆 ≅ 𝐹𝑆  Refelexive Prop △ 𝐹𝐻𝑆 ≅△ 𝐹𝐼𝑆  SSS ∠𝐻 ≅ ∠𝐼  CPCTC 

 4. 
Statements Reasons 𝐴𝐷 bisects 𝐵𝐶 at E, 𝐴𝐵 ⊥ 𝐵𝐶, 𝐷𝐶 ⊥ 𝐵𝐶 Given ∠𝐵 and ∠𝐶 are right ∠’s Def. of ⊥ 𝐵𝐸 ≅ 𝐶𝐸  Def. of segment bisector ∠𝐵 ≅ ∠𝐶  Right ∠’s are ≅ ∠𝐴𝐸𝐵 ≅ ∠𝐷𝐸𝐶  Vertical ∠’s are ≅ △ 𝐴𝐵𝐸 ≅△ 𝐷𝐶𝐸  ASA 𝐴𝐵 ≅ 𝐷𝐶  CPCTC 

 5.  
Statements Reasons △ 𝐴𝐵𝐶, 𝐵𝐷 bisects ∠𝐴𝐵𝐶, 𝐵𝐷 ⊥ 𝐴𝐶 Given ∠𝐶𝐵𝐷 ≅ ∠𝐴𝐵𝐷  Def. of ∠ bisector 𝐵𝐷 ≅ 𝐵𝐷  Reflexive Prop ∠𝐶𝐷𝐵 and ∠𝐴𝐷𝐵 are right ∠’s Def. of ⊥ ∠𝐶𝐷𝐵 ≅ ∠𝐴𝐷𝐵  Right ∠’s are ≅ △ 𝐶𝐷𝐵 ≅△ 𝐴𝐷𝐵  ASA 𝐴𝐵 ≅ 𝐶𝐵  CPCTC 
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6.  
Statements Reasons 𝐴𝐹𝐸𝐶, 𝐴𝐹 ≅ 𝐸𝐶, ∠1 ≅ ∠2, ∠3 ≅ ∠4 Given ∠1 is supplementary to ∠𝐷𝐹𝐶 and  ∠2 is supplementary to ∠𝐵𝐸𝐴 Linear pairs are supplementary ∠𝐷𝐹𝐶 ≅ ∠𝐵𝐸𝐴  ≅ Supplements Thm 𝐸𝐹 ≅ 𝐸𝐹  Refelexive Prop 𝐴𝐹 + 𝐸𝐹 = 𝐸𝐶 + 𝐸𝐹  𝐴𝐸 ≅ 𝐹𝐶  Addition Prop △ 𝐴𝐵𝐸 ≅△ 𝐶𝐷𝐹  ASA 

 

9.7. Overlapping Triangles  1. AAS  Separate out the overlapping triangles and mark the given pairs of congruent angles.  Note also that the two triangles share the same side, 𝐵𝐶, which must be congruent to itself by the Reflexive Prop. 

 

2. SAS  Separate out the overlapping triangles and mark the given pairs of congruent sides.  Note also that the two triangles share the same angle, ∠𝐴, which must be congruent to itself by the Reflexive Prop. 

 
3. 
     

Statements Reasons 𝐷𝐴 ≅ 𝐶𝐵   (S) Given 𝐷𝐴 ⊥ 𝐴𝐵, 𝐶𝐵 ⊥ 𝐴𝐵 Given ∠𝐷𝐴𝐵 and ∠𝐶𝐵𝐴 are right ∠’s Def. of ⊥ ∠𝐷𝐴𝐵 ≅ ∠𝐶𝐵𝐴   (A) Right ∠’s are ≅ 𝐴𝐵 ≅ 𝐴𝐵    (S) Reflexive Prop △𝐷𝐴𝐵 ≅△ 𝐶𝐵𝐴  SAS 
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4. 
   

Statements Reasons 𝐴𝐵 ≅ 𝐶𝐵  Given 𝐴𝐷 ≅ 𝐶𝐸   (S) Given ∠𝐷𝐴𝐶 ≅ ∠𝐸𝐶𝐴  (A) Isosceles △ Thm 𝐴𝐶 ≅ 𝐴𝐶   (S) Reflexive Prop △𝐷𝐴𝐶 ≅△ 𝐸𝐶𝐴  SAS ∠𝐴𝐷𝐶 ≅ ∠𝐶𝐸𝐴  CPCTC 
 5. 

   
Statements Reasons ∠𝐶 ≅ ∠𝐷  (A) Given 𝐴𝐶തതതത ≅ 𝐴𝐷തതതത  (S) Given ∠𝐴 ≅ ∠𝐴   (A) Reflexive Prop △ 𝐴𝐶𝐸 ≅△ 𝐴𝐷𝐵  ASA 𝐶𝐸തതതത ≅ 𝐷𝐵തതതത  CPCTC 
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Chapter 10. Triangles and Similarity 

10.1. Properties of Similar Triangles  1. m∠𝑃 = 25° and 𝑚∠𝑅 = 45°, so m∠𝑄 = 180 − (25 + 45) = 110°  2. m∠𝐵 = 180 − (50 + 30) = 100 So, m∠𝑋 = 100 3.  ଶହଵ଴ = ஺஼଺    10𝐴𝐶 = 150  𝐴𝐶 = 15 4. ହ଴௑௒ = ସ଴ଶ଴   40𝑋𝑌 = 1000  𝑋𝑌 = 25 5. ଷ଴ଶଵ = ெ௅଻   𝑀𝐿 = 10 6. ଽଷ଺ = ସ௫  9𝑥 = 144  𝑥 = 16 7. 5𝑥 + 8𝑥 + 11𝑥 = 60  24𝑥 = 60  𝑥 = 2.5  5𝑥 = 5(2.5) = 12.5 
8. ଵହଵ଼ = ହ଺  

10.2. Triangle Similarity Methods  1. △𝑄𝑅𝑆 ∼△ 𝑈𝑇𝑆  ∠𝑄 ≅ ∠𝑈 and ∠𝑅 ≅ ∠𝑇 by alternate interior ∠’s formed by ∥ lines.  The △s are similar by AA~.  (Also, ∠𝑅𝑆𝑄 ≅ ∠𝑇𝑆𝑈 by vertical ∠’s) 
2. △ 𝐴𝐸𝐵 ∼△ 𝐶𝐸𝐷  ∠𝐴 ≅ ∠𝐷𝐶𝐸 and ∠𝐵 ≅ ∠𝐶𝐷𝐸 by corresponding ∠’s formed by ∥ lines.  The △s are similar by AA~.  (Also, ∠𝐸 ≅ ∠𝐸 by Reflexive Prop.) 3. (3)  ∠𝐴𝐶𝐵 ≅ ∠𝐷𝐹𝐸  (the included ∠’s for SAS similarity) 4. SAS 5. AA 6. (4) 

10.3. Prove Triangles Similar  1. ∠𝐴𝐶𝐵 ≅ ∠𝐴𝐸𝐷   (Given)  ∠𝐴 ≅ ∠𝐴    (Reflexive Prop)  △ 𝐴𝐵𝐶~ △ 𝐴𝐷𝐸   (AA~) 
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2. 𝐴𝐵 ⊥ 𝐵𝐸, 𝐷𝐸 ⊥ 𝐵𝐸, and ∠𝐵𝐹𝐷 ≅ ∠𝐸𝐶𝐴  (Given)  ∠𝐵 and ∠𝐸 are right ∠’s    (def of ⊥ lines)  ∠𝐵 ≅ ∠𝐸       (right ∠’s are ≅)  ∠𝐵𝐹𝐷 and ∠𝐷𝐹𝐸 are supplementary and  ∠𝐸𝐶𝐴 and ∠𝐴𝐶𝐵 are supplementary   (linear pairs)  ∠𝐷𝐹𝐸 ≅ ∠𝐴𝐶𝐵      (∠’s supplementary to ≅ ∠’s are ≅)  △ 𝐴𝐵𝐶~ △𝐷𝐸𝐹      (AA~) 3. right ∠𝑄, right ∠𝑇,   𝑃𝑄 = 6, 𝑄𝑅 = 8, 𝑆𝑇 = 3, 𝑇𝑈 = 4  (Given)  ∠𝑄 ≅ ∠𝑇      (right ∠’s are ≅)  ଺ଷ = ସ଼  [scale of 2]   (def of proportion)  ௉ொௌ் = ொோ்௎      (substitution)  △ 𝑃𝑄𝑅~ △ 𝑆𝑇𝑈     (SAS~)  ∠𝑅 ≅ ∠𝑈     (CASTC) 
[Alternatively, use Pythagorean Thm to find 𝑃𝑅 = 10 and 𝑆𝑈 = 5, then △ 𝑃𝑄𝑅~ △ 𝑆𝑇𝑈 by SSS~] 

10.4. Triangle Angle Bisector Theorem  1. ௫ସ = ଽ଺   6𝑥 = 36  𝑥 = 6 2. ଶ௫ିଶ = ହଽ   5(𝑥 − 2) = 18  5𝑥 − 10 = 18  5𝑥 = 28  𝑥 = 5.6 3. Let 𝑥 = 𝐴𝐵.  So, 𝐵𝐶 = 30 − 𝑥.  ௫ଷ଴ ି ௫ = ଶଵଶସ  24𝑥 = 21(30 − 𝑥)  24𝑥 = 630 − 21𝑥  45𝑥 = 630  𝑥 = 14 
4. ௫ ି ଶ௫ ା ଵ = ௫௫ ା ସ  (𝑥 − 2)(𝑥 + 4) = 𝑥(𝑥 + 1)  𝑥ଶ + 2𝑥 − 8 = 𝑥ଶ + 𝑥  2𝑥 − 8 = 𝑥  𝑥 = 8  𝑃 = 𝑥 + (𝑥 − 2) + (𝑥 + 1) + (𝑥 + 4)   = 8 + 6 + 9 + 12 = 35 5. 6ଶ + 8ଶ = (𝐷𝐹)ଶ  100 = (𝐷𝐹)ଶ  𝐷𝐹 = 10   Let x = EG.    By angle bisector thm, ௫଼ ି ௫ = ଺ଵ଴     6(8 − 𝑥) = 10𝑥  3ଶ + 6ଶ = (𝐷𝐺)ଶ  48 − 6𝑥 = 10𝑥  45 = (𝐷𝐺)ଶ  48 = 16𝑥   𝐷𝐺 = √45 ≈ 6.7  𝑥 = 𝐸𝐺 = 3 
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10.5. Side Splitter Theorem  1. ஼஻஻஺ = ஼ாா்  ଷଵ଴ିଷ = ଺௫  3𝑥 = 42  𝑥 = 14 
2. ଵଶ௫ = ଵ଺ସ     16𝑥 = 48  𝑥 = 3 

3. ଷହ = ଺஻஼   3𝐵𝐶 = 30  𝐵𝐶 = 10 4. ஺஽஽஻ = ஺ாா஼  ଼ଵ଴ି଼ = ଵଶ௫    8𝑥 = 24  𝑥 = 3 5. ଷଽ = ௫ଵହ  9𝑥 = 45  𝑥 = 5 6. ா஻ଶହ = ଵଶଵ଼  18𝐸𝐵 = 300  𝐸𝐵 ≈ 16.7 7. ெேே௉ = ெோோொ   ଵଷ଼ = ௫ସଶି௫   13(42 − 𝑥) = 8𝑥  546 − 13𝑥 = 8𝑥  546 = 21𝑥  𝑥 = 26   𝑀𝑅 = 26, 𝑅𝑄 = 42 − 26 = 16 

8. ஼஽஽஺ = ஼ாா஻  ସଵ଴ିସ = ௫ାଶସ௫ି଻   4(4𝑥 − 7) = 6(𝑥 + 2)  16𝑥 − 28 = 6𝑥 + 12  10𝑥 − 40  𝑥 = 4  𝐶𝐸 = (4) + 2 = 6 9. 𝐶𝐷 = 𝐴𝐷 − 𝐴𝐶 = (2𝑥 + 2) − (𝑥 − 3)  = 𝑥 + 5   ஺஻஻ா = ஺஼஼஽  ଵ଺ଶ଴ = ௫ିଷ௫ାହ   16𝑥 + 80 = 20𝑥 − 60  140 = 4𝑥  35 = 𝑥  𝐴𝐶 = 𝑥 − 3 = 32 

10. By the side splitter thm,    ଽ଺ = ா௅஻ா, or ଺ଽ = ஻ாா௅ .  By the ∠ bisector thm,    ஻ா௫ = ா௅ଵହ   𝑥(𝐸𝐿) = 15(𝐵𝐸)  𝑥 = 15 ∙ ஻ாா௅   By substitution, 𝑥 = 15 ⋅ లవ = 10,   so BW = 10 11. ହଵ଴ = ଵଶ௫  24 miles     
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10.6. Triangle Midsegment Theorem  1.   𝑥 = భమ(24) = 12 2.   5𝑥 = 2(2𝑥 + 2)  5𝑥 = 4𝑥 + 4  𝑥 = 4  𝐷𝐸 = 2(4) + 2 = 10  𝐴𝐶 = 5(4) = 20 3. 𝐴𝐵 = 36 ÷ 3 = 12  𝐸𝐹 = ଵଶ 𝐴𝐵 = ଵଶ ∙ 12 = 6 cm  (triangle midsegment thm) 
4. 𝐵𝐸 = ଵଶ 𝐵𝐶 = 6  (def. of midpoint)  𝐸𝐹 = ଵଶ 𝐴𝐵 = 10  (△ midseg. thm)  𝐴𝐹 = ଵଶ 𝐴𝐶 = 8  (def. of midpoint) Perimeter = 𝐴𝐵 + 𝐵𝐸 + 𝐸𝐹 + 𝐴𝐹 = 44 5. 𝐵𝐶 = 2𝑀𝑁 = 16   𝐴𝐶 = 2𝑀𝐿 = 10, so 𝑁𝐶 = ଵଶ 𝐴𝐶 = 5  𝐴𝐵 = 2𝑁𝐿 = 12, so 𝑀𝐵 = ଵଶ 𝐴𝐵 = 6  Perimeter = 𝐵𝐶 + 𝑁𝐶 + 𝑀𝑁 + 𝑀𝐵 = 35 
6. 𝑆𝑇 = 2(3.5) = 7  (midseg. thm)  Let 𝑥 = 𝑅𝑆 = 𝑅𝑇  Perimeter 2𝑥 + 7 = 25, so 𝑥 = 9.  𝑁𝑇 = ଵଶ 𝑥 = 4.5  (def. of midpoint) 7. 𝑃𝑅 = 2𝑆𝑈 = 36  𝑆𝑇 = ଵଶ 𝑄𝑅 = 11  ∠𝑆𝑇𝑃 and ∠𝑇𝑆𝑈 are ≅ alternate interior ∠’s, so m∠𝑆𝑇𝑃 = 48°  ∠𝑆𝑈𝑅 and ∠𝑇𝑆𝑈 are supplementary consecutive interior ∠’s, so m∠𝑆𝑈𝑅 = 132°    
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Chapter 11. Points of Concurrency 

11.1. Incenter and Circumcenter  1. (4)  ∠𝐷𝐵𝐺 ≅ ∠𝐸𝐵𝐺 2. m∠𝑅𝐸𝐶 = ଵଶ (84) = 42  m∠𝐵𝑅𝐶 = 180 − (42 + 28) = 110° 3. a)  𝑟 = 𝑇𝑆 = 3, so 𝐶 = 2𝜋𝑟 = 6𝜋.  b)  m∠𝑄𝑃𝑅 = 2 ∙ 18 = 36°   m∠𝑄𝑅𝑃 = 180 − (39 + 36) = 105°   m∠𝑇𝑅𝑃 = ଵଶm∠𝑄𝑅𝑃 = 52.5° 
4. a) 𝐵𝐷 = 15, 𝐴𝐹 = 16, and 𝐴𝐸 = 17  b) 𝐴𝐺 = 𝐶𝐺 = 𝐵𝐺 = 19  [The circumcenter is equidistant from the 

three vertices of the triangle.]  c) 𝑟 = 𝐵𝐺 = 19, so 𝐴 = 𝜋𝑟ଶ = 361𝜋 5. 9.4ଶ + (𝑃𝑄)ଶ = 13.4ଶ  (𝑃𝑄)ଶ = 13.4ଶ − 9.4ଶ = 91.2 𝐴 = 𝜋𝑟ଶ = 𝜋 ∙ (𝑃𝑄)ଶ = 91.2𝜋 ≈ 286.5 sq. units 6. Draw 𝐶𝑅.    (𝐶𝑅)ଶ = ൫√53൯ଶ + 26ଶ = 729.  𝐶𝑅 = √729 = 27  Circumference = 2𝜋𝑟 = 2𝜋 ∙ (𝐶𝑅) = 54 
11.2. Orthocenter and Centroid  1. a) circumcenter  c) orthocenter  b) centroid  d) incenter 2. (3) an obtuse triangle 
3. (4) circumcenter and orthocenter 4. (1) centroid 5. a)  48     b)  16 c)  24 6. 𝑆𝑃 = 2𝑃𝑅 = 24    𝐴𝑇 = 2𝐴𝑅 = 40  𝑇𝑀 = 𝑃𝑇 + ଵଶ 𝑃𝑇 = 42   𝑃𝑌 = ଵଷ 𝐴𝑌 = 9 7. 𝐺𝐶 = 2(𝐹𝐺) = 24 cm 8. 𝐹𝐷 = ଵଶ (𝐴𝐹) = 3 9. 𝑇𝐴 = 𝑇𝑂 + 𝑂𝐴 = 10 + 2(10) = 30 10. 𝐵𝑃 = ଶଷ (𝐵𝐹) = ଶଷ (18) = 12 11. 𝐹𝐺 = ଵଷ (𝐶𝐹) = ଵଷ (24) = 8 12. 𝐶𝑅 = 2(𝑅𝐹)  24 = 2(2𝑥 − 6)  𝑥 = 9  13. 𝐵𝑃 = 2(𝑃𝑀)  7𝑥 + 4 = 2(2𝑥 + 5)  𝑥 = 2  𝑃𝑀 = 2(2) + 5 = 9 

14. 𝑄𝐶 = 2(𝐶𝑀)  5𝑥 = 2(𝑥 + 12)  𝑥 = 8  𝑄𝑀 = 𝑄𝐶 + 𝐶𝑀 = 5(8)+ (8 + 12) = 60    
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Chapter 12. Right Triangles and Trigonometry 

12.1. Congruent Right Triangles  1. A 2. (3) 3. Right △s MAT and HTA  (Given)  𝑀𝑇തതതതത ≅ 𝐴𝐻തതതത   (H) (Given)  𝐴𝑇തതതത ≅ 𝐴𝑇തതതത    (L) (Reflexive Prop)  △𝑀𝐴𝑇 ≅△𝐻𝑇𝐴   (HL)  ∠𝑀 ≅ ∠𝐻    (CPCTC) 4. 𝐶𝐴 ⊥ 𝐴𝐵, 𝐸𝐷 ⊥ 𝐷𝐹, 𝐶𝐸 ≅ 𝐵𝐹   (Given)  𝐴𝐵 ≅ 𝐸𝐷     (L) (Given)  ∠𝐴 and ∠𝐷 are right ∠’s    (Def. of ⊥)  △ 𝐴𝐵𝐶 and △𝐷𝐸𝐹 are right △s  (Def. of right △s)  𝐸𝐵 ≅ 𝐸𝐵      (Reflexive Prop)  𝐶𝐸 + 𝐸𝐵 = 𝐵𝐹 + 𝐸𝐵,  𝐶𝐵 ≅ 𝐹𝐸 (H) (Addition Prop)  △ 𝐴𝐵𝐶 ≅△ 𝐷𝐸𝐹     (HL)  𝐴𝐶 ≅ 𝐷𝐹      (CPCTC) 
12.2. Equidistance Theorems  1. 12 2. 26° 3. 𝑅𝑆 = 15.  △ 𝑃𝑆𝑅 is isosceles, so   m∠𝑅 = 30°.  Therefore, m∠𝑅𝑆𝑄 = 60°. 4. 2𝑥 + 10 = 5𝑥 − 17  10 = 3𝑥 − 17  27 = 3𝑥  𝑥 = 9 5. 2𝑥 + 5 = 4𝑥 − 25  5 = 2𝑥 − 25  30 = 2𝑥  𝑥 = 15 

6. 5𝑥 − 3 = 3𝑥 + 1  2𝑥 = 4  𝑥 = 2  m∠𝐵𝐴𝐶 = 41(2) = 82°  The ⊥ bisector of the base of an isosceles △ is also the bisector of the vertex ∠.  Therefore, m∠𝐵𝐴𝐷 = 41° and m∠𝐵 = 49°. 7. P is the incenter, so 𝑃𝑄 ≅ 𝑃𝑅 ≅ 𝑃𝑆. 8. P is the circumcenter (external to △ 𝐴𝐵𝐶), so 𝑃𝐴 ≅ 𝑃𝐵 ≅ 𝑃𝐶.    
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12.3. Geometric Mean Theorems  1.   𝑥ଶ = 3 ⋅ 9 = 27  𝑥 = √27 = 3√3 2.   𝑥ଶ = 12 ⋅ 3 = 36  𝑥 = √36 = 6  3. 𝐴𝐷 = 16 − 7 = 9  𝑥ଶ = 7 ∙ 9 = 63  𝑥 = √63 = 3√7  4. 𝑥ଶ = 12 ∙ 2 = 24  𝑥 = √24 = 2√6 
5. 𝑥ଶ = 4 ∙ 7 = 28  𝑥 = √28 = 2√7 6. 𝑥ଶ = 8 ∙ 18 = 144  𝑥 = 12 7. 6ଶ = 𝑥(𝑥 + 5)  36 = 𝑥ଶ + 5𝑥  𝑥ଶ + 5𝑥 − 36 = 0  (𝑥 + 9)(𝑥 − 4) = 0  𝑥 = 4  (reject 𝑥 = −9) 

8. 10ଶ = 𝑥(𝑥 + 21)  100= 𝑥ଶ + 21𝑥  𝑥ଶ + 21𝑥 − 100 = 0  (𝑥 + 25)(𝑥 − 4) = 0  𝑥 = 4  (reject 𝑥 = −25) 9. Let x = AD  4ଶ = 𝑥(𝑥 + 6)  𝑥ଶ + 6𝑥 − 16 = 0  (𝑥 + 8)(𝑥 − 2) = 0  𝑥 = 2  (reject 𝑥 = −8)  𝐴𝐶 = 𝑥 + (𝑥 + 6) = 10 
10. 𝑥ଶ = 4 ⋅ 5 = 20  𝑥 = √20 = 2√5  𝑦ଶ = 9 ⋅ 4 = 36  𝑦 = √36 = 6  𝑧ଶ = 9 ⋅ 5 = 45  𝑧 = √45 = 3√5  11. 𝑥ଶ = 24 ⋅ 6 = 144  𝑥 = √144 = 12  𝑦ଶ = 30 ⋅ 6 = 180  𝑦 = √180 = 6√5  𝑧ଶ = 24 ⋅ 30 = 720  𝑧 = √720 = 12√5  
12.  

   (a)  (b)  1ଶ = 2𝑥  𝑦 = 2 − ଵଶ = ଷଶ  1 = 2𝑥  ℎଶ = 𝑥𝑦 = ଵଶ ⋅ ଷଶ = ଷସ  𝑥 = ଵଶ  ℎ = ටଷସ       
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Chapter 13. Trigonometry 

13.1. Trigonometric Ratios  1. sin𝐴 = ଷହ, cos𝐴 = ସହ, tan𝐴 = ଷସ 2. sin𝐵 = ଵହଵ଻, cos𝐵 = ଵ଼଻, tan𝐵 = ଵହ଼ 3. sin 𝑆 and cos𝑅  4. tan𝐵 = ଵ଼ହ ≈ 0.533 5. sin 𝑥 = ଶ଼ହଷ ≈ 0.528 6. cos𝐴 = ଵ଺ଶ଴ = 0.8 7. sin𝑁 = ଻ଶହ 
  

8. tan𝑃 = ଶଵଶ଴ 
  9. 30ଶ + 40ଶ = 𝑐ଶ  2500 = 𝑐ଶ  𝑐 = 50   sin𝐵 = ଷ଴ହ଴ = ଷହ 

13.2. Use Trigonometry to Find a Side  1. (3) 2. sin 15° = ௪ଵ଴  𝑤 = 10 sin 15° ≈ 2.6 3.  sin 32° = ௫ଷ଴  𝑥 = 30 sin 32° ≈ 15.9 ft. 4.   tan 62° = ௫ଵହ  𝑥 = 15 tan 62° ≈ 28.2 ft. 5. sin 57° = ௫଼  𝑥 = 8 sin 57° ≈ 6.7 ft. 6. tan 32° = ௫ଶହ  𝑥 = 25 tan 32° ≈ 15.6 ft. 7. cos 65° = ௫ହ  𝑥 = 5 cos 65° ≈ 2.1 ft. 8. sin 48° = ଽ௫  𝑥 = ଽୱ୧୬ ସ଼° ≈ 12 ft. 9.  tan 11° = ସ଴଴௫   𝑥 = ସ଴଴୲ୟ୬ଵଵ° ≈ 2,058 ft. 10. tan 58° = ௫଺  𝑥 = 6 tan 58° ≈ 9.60 ft.  𝐴 = ଵଶ 𝑏ℎ ≈ ଵଶ (6)(9.60) ≈ 28.8 ft2 
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11. tan 52° = ହ଴௫    𝑥 = ହ଴୲ୟ୬ହଶ° ≈ 39 ft. from base to stake  sin 52° = ହ଴௫   𝑥 = ହ଴ୱ୧୬ ହଶ° ≈ 63 ft. wire 
12. sin 50° = ௫ଵଵ଴  𝑥 = 110 sin 50° ≈ 84 ft. high  cos 50° = ௫ଵଵ଴   𝑥 = 110 cos 50° ≈ 71 ft. between the ropes 

13. cos 72° = ௫ଵ଴ 𝑥 = 10 cos 72° ≈ 3.09 ft. ≈ 37 in. from base  sin 72° = ௬ଵ଴ 𝑥 = 10 sin 72° ≈ 9.51 ft. ≈ 114 in. up wall 
14. tan 28° = ௛ଶ଴଴  (h = cliff + lighthouse)  ℎ = 200 tan 28° ≈ 106.34 ft.  tan 18° = ௖ଶ଴଴  (c = cliff height alone)  𝑐 = 200 tan 18° ≈ 64.98 ft.  𝑥 = ℎ − 𝑐 ≈ 106.34 − 64.98 ≈ 41.4 ft. 

13.3. Use Trigonometry to Find an Angle  1. sin 𝑥 = ଷ଻  𝑥 = sinିଵ ቀଷ଻ቁ ≈ 25.4°  2. tan𝐴 = ଵଵ.ଶଵ଼.ଷ  𝐴 = tanିଵ ቀଵଵ.ଶଵ଼.ଷቁ ≈ 31.5°  3. sin 𝑥 = ଷ଴ହ଴  𝑥 ≈ 37° 4. sin𝐴 = ଵ଼ଶ 𝐴 ≈ 42° 5. cos 𝑥 = ଺ଶ଼ 𝑥 ≈ 78° 6. sin𝐴 = ଵ଴ଵ଺ m∠𝐴 ≈ 38.7°  m∠𝐵 = 90 − m∠𝐴 ≈ 51.3° 7. tan 𝑥 = ସଶ଴ଶ଴଴଴ 𝑥 ≈ 12° 8. tan 𝑥 = ଷହ଴ଵ଴଴଴ 𝑥 ≈ 19° 9. 12ଶ + 16ଶ = 𝑟ଶ 𝑟 = 20  𝑠 = 50 − 20 = 30 sin 𝑥 = ଵ଺ଷ଴ 𝑥 ≈ 32° 10. 36 – 28 = 8 ft sin 𝑥 = ଵ଼ଶ 𝑥 ≈ 41.8° 11. tan 𝑥 = ଺ସ  𝑥 ≈ 56° sin 56° = ௕ଵହ  𝑏 = 15 sin 56° ≈ 12 ft.     
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13.4. Special Triangles  1. 30-60-90 △ with a factor of 12.  𝑥 = 12√3 ≈ 21 2. 5√2 inches  Each side is 5 inches.  45-45-90 △ with factor of 5. 

    

3. 4 units  The altitude of an equilateral △ is also the ∠ bisector.  30-60-90 △ with factor of 2. 

  
13.5. Cofunctions  1. m∠𝐵 = 90 − 25 = 65° 2. 72 + 𝑥 = 90  𝑥 = 18° 3. 𝑥 + 15 + 𝑥 − 5 = 90  2𝑥 + 10 = 90  2𝑥 = 80  𝑥 = 40  

4. 2𝑥 − 1 + 3𝑥 + 6 = 90  5𝑥 + 5 = 90  5𝑥 = 85  𝑥 = 17 5. 𝑥 + 20 + 𝑥 = 90  2𝑥 + 20 = 90  2𝑥 = 70  𝑥 = 35 
6. 𝑥 − 3 + 2𝑥 + 6 = 90  3𝑥 + 3 = 90  3𝑥 = 87  𝑥 = 29 7. 2𝑥 + 20 + 40 = 90  2𝑥 + 60 = 90  2𝑥 = 30  𝑥 = 15 
8. 2𝑥 − 25 + 55 = 90  2𝑥 + 30 = 90  2𝑥 = 60  𝑥 = 30    
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13.6. SAS Sine Formula for Area of a Triangle [NG]  1. 𝐴 = ଵଶ ⋅ 6 ⋅ 8 ⋅ ଵସ = 6 2. 𝐴 = ଵଶ ⋅ 12 ⋅ 15 ⋅ sin 150 = 45 
3. 𝐴 = ଵଶ ⋅ 7 ⋅ 10 ⋅ sin 25 ≈ 14.8 4. m∠𝐶 = 180 − 2 ⋅ 75 = 30  𝐴 = ଵଶ ⋅ 10 ⋅ 10 ⋅ sin 30 = 25  
5. 𝐴 = ଵଶ ⋅ 14 ⋅ 16 ⋅ sin 30 = 56 6. 𝐴 = ଵଶ ⋅ 11 ⋅ 13 ⋅ sin 70 ≈ 67 
7. 𝐴 = ଵଶ ∙ 4 ∙ 4 ∙ sin 30° = 4  8. 𝐴 = ଵଶ ∙ 4 ∙ 5 ∙ sin 59° ≈ 8.6 
9. 𝐴 = ଵଶ ⋅ 16 ⋅ 21 ⋅ sin 58 ≈ 142.5 10.  𝐴 = ଵଶ ∙ 12 ∙ 8 ∙ sin 40° ≈ 30.9 
11. 𝐴 = ଵଶ ⋅ 12 ⋅ 31 ⋅ sin 62 ≈ 164.2 12. Vertex ∠ = 180 − 2(50) = 80°  𝐴 = ଵଶ (20.4)(20.4) sin 80 ≈ 204.9 13. m∠𝑅 = 180 − (38 + 17) = 125°   𝐴 = ଵଶ (15)(31.6) sin 125 ≈ 194    

14. 12 = భమ ∙ 8 ∙ 𝑏 ∙ sin 30° 12 = 4𝑏 ∙ sin 30°  3 = 𝑏 ∙ sin 30°  𝑏 = ଷୱ୧୬ ଷ଴° = 6  15. 42 = భమ ∙ 24 ∙ 𝑏 ∙ sin 30°  42 = 12𝑏 ∙ sin 30°  3.5 = 𝑏 ∙ sin 30°  𝑏 = ଷ.ହୱ୧୬ ଷ଴° = 7  
16. 12 = భమ ∙ 6 ∙ 𝑐 ∙ sin 30° 12 = 3𝑐 ∙ sin 30°  4 = 𝑐 ∙ sin 30°  𝑐 = ସୱ୧୬ ଷ଴° = 8  
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Chapter 14. Quadrilaterals 

14.1. Angles of Polygons  1. ହଶ (5 − 3) = 5 2. ଵ଴ଶ (10 − 3) = 35 3. (10 − 2) ∙ 180° = 1,440°  4. 1,080° ÷ 8 = 135° 5.   Regular Polygons Number of sides Measure of an exterior angle 3 120° 4 90° 5 72° 6 60° 7 ≈ 51.4° 8 45° 9 40° 10 36° 
 

14.2. Properties of Quadrilaterals  1. (4) trapezoid 2. (1) rhombus 3. (3) rhombus 4. (3) the rhombus and square 5. (2) An isosceles trapezoid has a pair of ∥ bases and a pair of ≅ legs, but may not be a ▱. 6. In a ▱, diagonals bisect each other, so 𝐴𝑀 = 10. 
7.  In a ▱, opp ∠’s are ≅, so  6𝑥 − 30 = 4𝑥 + 10  2𝑥 = 40  𝑥 = 20   m∠𝐴 = 6(20)− 30 = 90  

8.  In a ▱, diagonals bisect each other, so 𝐴𝐸 = 5.  In a rhombus, diagonals are ⊥, so △ 𝐴𝐸𝐵 is a right △ with a right ∠ at E.  (𝐵𝐸)ଶ = (𝐴𝐵)ଶ − (𝐴𝐸)ଶ  (𝐵𝐸)ଶ = 8ଶ − 5ଶ = 39  𝐵𝐸 = √39 ≈ 6.24  𝐵𝐷 = 2𝐵𝐸 ≈ 12.5 9. 𝐴𝐸 = ଵଶ 𝐴𝐶 = 9 𝐵𝐸 = ଵଶ 𝐵𝐷 = 12  (diagonals bisect each other)  m∠𝐴𝐸𝐵 = 90° (⊥ diagonals)  (𝐴𝐵)ଶ = 9ଶ + 12ଶ = 225  𝐴𝐵 = √225 = 15  (Pythagorean Thm.) 
10. 𝐴𝐸 = ଵଶ 𝐴𝐶 = 6  (𝐷𝐸)ଶ + 6ଶ = 10ଶ  (𝐷𝐸)ଶ = 64  𝐷𝐸 = 8  𝐷𝐵 = 2 ∙ 𝐷𝐸 = 16 



 

46  

11. m∠𝐴𝐵𝐶 = 180 − 100 = 80°  (consecutive ∠’s are supplementary)  m∠𝐷𝐵𝐶 = ଵଶ 80 = 40°  (diagonals are ∠ bisectors) 
12. m∠1 + m∠2 = 180 − 120 = 60°  (consecutive ∠’s are supplementary)  m∠2 = 60 − 45 = 15° 

13. Label E at the intersection of diagonals.  m∠𝐴𝐸𝑀 = 90° (⊥ diagonals)  m∠𝐴𝑀𝑇 = 90 − 12 = 78° 14. ∠1 is a base ∠ of an isosceles △. 

   m∠2 = 96  15. Since ABCD is a rhombus, all sides are ≅, so AB = AD = 24.  Diagonals of a rhombus are ⊥, so △𝐴𝐸𝐵 is a right △ with a right ∠ at E.  sin 30 = ஻ாଶସ    𝐵𝐸 = 24 sin 30 = 12   Diagonals bisect each other, so  
DE = BE = 12   

16. Since ABCD is a rhombus, the diagonals are ∠ bisectors, so   m∠𝐴𝐵𝐷 = ଵଶm∠𝐴𝐵𝐶 = 30.  Diagonals of a rhombus are ⊥, so △𝐴𝐸𝐵 is a right △ with a right ∠ at E.  sin 30 = ଵ଼஺஻   𝐴𝐵 = ଵ଼ୱ୧୬ ଷ଴ = 36    All sides of a rhombus are ≅,  so DC = AB = 36. 
14.3. Trapezoids  1. a) Diagonals are ≅, so BD = 25.  b) m∠𝐷 = m∠𝐶 = 180 − 105 = 75°.  2.  𝐺𝑇 = ସ଴ିଶସଶ = 8   (𝐴𝐺)ଶ = 10ଶ − 8ଶ = 36  𝐴𝐺 = √36 = 6    𝐿𝐹 = 𝐴𝐺 = 6  (altitudes are ≅) 3. Draw altitude 𝐶𝐸.  𝐸𝐷 = ଶ଺ିଵଶଶ = 7  (𝐶𝐸)ଶ = 25ଶ − 7ଶ  𝐶𝐸 = √576 = 24 

4.  𝐴𝐸 = ଷ଺ିଶ଴ଶ = 8   (𝐵𝐸)ଶ = 17ଶ − 8ଶ = 225   𝐵𝐸 = √225 = 15 

  5. Draw altitude 𝐴𝑇തതതത.  △𝑅𝐴𝑇 is an isosceles right △ with legs of 6. (𝑅𝐴)ଶ = 6ଶ + 6ଶ  𝑅𝐴 = √72 = 6√2  
6. △ 𝑅𝑆𝑇  They share the same base, 𝑅𝑆, and congruent altitudes (since 𝑉𝑇 ∥ 𝑅𝑆). 
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14.4. Use Quadrilateral Properties in Proofs  1. ABCD is a ▱    (Given)  𝐴𝐵തതതത ≅ 𝐶𝐷തതതത and 𝐴𝐷തതതത ≅ 𝐶𝐵തതതത   (opp sides of ▱s are ≅)  𝐵𝐷തതതത ≅ 𝐵𝐷തതതത    (Reflexive Prop)   △ 𝐴𝐵𝐷 ≅△ 𝐶𝐷𝐵   (SSS) 2.      (Givens omitted)  𝐵𝑂 and 𝑁𝑅 bisect each other  (diagonals of a ▱ bisect each other)  𝑁𝑋 ≅ 𝑅𝑋 and 𝐵𝑋 ≅ 𝑂𝑋  (def of bisector)  ∠𝐵𝑋𝑁 ≅ ∠𝑂𝑋𝑅    (vertical ∠’s are ≅)  △ 𝐵𝑁𝑋 ≅△ 𝑂𝑅𝑋   (SAS) 3.      (Givens omitted)  𝐴𝑀 ≅ 𝐷𝑀    (def of midpoint)  ∠𝐴 ≅ ∠𝐷    (all ∠’s in a ▭ are ≅)  𝐴𝐵 ≅ 𝐶𝐷     (opp sides of a ▭ are ≅)  △ 𝐴𝐵𝑀 ≅△𝐷𝐶𝑀   (SAS)  𝐵𝑀 ≅ 𝐶𝑀    (CPCTC) 4.      (Givens omitted)  𝐹𝐻 ≅ 𝑆𝐿     (opp sides of ▱s are ≅)  𝐹𝐻 ∥ 𝑆𝐿     (opp sides of ▱s are ∥)  ∠𝐴𝐹𝐻 ≅ ∠𝐿𝑆𝐺    (alternate interior ∠’s thm)  △ 𝐿𝐺𝑆 ≅△𝐻𝐴𝐹    (AAS) 5.      (Givens omitted)  𝐴𝐵 ≅ 𝐶𝐷     (all sides of a square are ≅)  ∠𝐵 ≅ ∠𝐶     (all ∠’s of a square are ≅)  𝐸𝐹 ≅ 𝐸𝐹     (Reflexive Prop)  𝐵𝐸 + 𝐸𝐹 ≅ 𝐹𝐶 + 𝐸𝐹,    so 𝐵𝐹 ≅ 𝐸𝐶    (Addition Prop)  △ 𝐴𝐵𝐹 ≅△ 𝐷𝐶𝐸   (SAS)  𝐴𝐹 ≅ 𝐷𝐸     (CPCTC) 6.      (Givens omitted)  𝐴𝐷 ≅ 𝐵𝐶     (opp sides of a ▭ are ≅)  ∠𝐴 ≅ ∠𝐵     (all ∠’s of a ▭ are ≅)  △ 𝐴𝐷𝐹 ≅△ 𝐵𝐶𝐸   (ASA)  𝐴𝐹 ≅ 𝐵𝐸     (CPCTC)  𝐸𝐹 ≅ 𝐸𝐹     (Reflexive Prop)  𝐴𝐹 − 𝐸𝐹 ≅ 𝐵𝐸 − 𝐸𝐹,    so 𝐴𝐸 ≅ 𝐵𝐹    (Subtraction Prop) 
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7.       (Givens omitted)  𝑃𝐸 ≅ 𝑂𝐸      (all sides of a rhombus are ≅)  ∠𝐸𝑃𝑅 ≅ ∠𝐸𝑂𝑅     (opp ∠’s of a rhombus are ≅)  ∠𝑆𝑃𝑅 − ∠𝐸𝑃𝑅 = ∠𝑉𝑂𝑅 − ∠𝐸𝑂𝑅,    so ∠𝑆𝑃𝐸 ≅ ∠𝑉𝑂𝐸    (Subtraction Prop)  ∠𝑆𝐸𝑃 ≅ ∠𝑉𝐸𝑂     (vertical ∠’s are ≅)  △ 𝑆𝐸𝑃 ≅△ 𝑉𝐸𝑂     (ASA)  𝑆𝐸 ≅ 𝐸𝑉      (CPCTC) 
14.5. Prove Types of Quadrilaterals  1. Yes, one pair of opp sides are both ∥ and ≅. 2. Yes, both pairs of opp sides are ≅. 3. (3) Diagonals are ⊥. 4.  △ 𝐴𝑂𝐵 ≅△ 𝐶𝑂𝐷    (Given)  𝐴𝐵തതതത ≅ 𝐶𝐷തതതത      (CPCTC)  ∠𝑂𝐴𝐵 ≅ ∠𝑂𝐶𝐷     (CPCTC)  𝐴𝐵തതതത ∥ 𝐶𝐷തതതത      (alternate interior ∠’s converse)  ABCD is a ▱     (quad with pair of opp sides both ∥ and ≅ → ▱) 5. ABCD is a ▱, DF = EB    (Given)  𝐴𝐸𝐵തതതതതത ∥ 𝐷𝐹𝐶തതതതതത     (opp sides of a ▱ are ∥)  𝐴𝐵തതതത ≅ 𝐷𝐶തതതത      (opp sides of a ▱ are ≅)  𝐴𝐵 – 𝐸𝐵 ≅  𝐷𝐶 – 𝐷𝐹, so 𝐴𝐸 ≅  𝐹𝐶  (Subtraction Prop)  AECF is a ▱     (quad with pair of opp sides both ∥ and ≅ → ▱) 6. ABCD is a ▱, CEBF is a rhombus  (Given)  𝐵𝐸തതതത ≅ 𝐶𝐸തതതത      (all sides of a rhombus are ≅) 
 2 ⋅ 𝐵𝐸 ≅ 2 ⋅ 𝐶𝐸     (Multiplication Prop) 
 𝐵𝐷 ≅ 2 ⋅ 𝐵𝐸, 𝐴𝐶 ≅ 2 ⋅ 𝐶𝐸   (diagonals of a ▱ bisect each other)  𝐵𝐷 ≅ 𝐴𝐶      (Substitution)  ABCD is a ▭     (if a ▱ has ≅ diagonals, then it is a ▭) 7.        (Givens omitted)  ∠𝐵𝐹𝐴,∠𝐵𝐹𝐶,∠𝐷𝐸𝐶,∠𝐷𝐸𝐴 are right ∠’s  (def of ⊥)  ∠𝐵𝐹𝐴 ≅ ∠𝐷𝐸𝐶      (right ∠’s are ≅)  𝐹𝐸 ≅ 𝐹𝐸       (Reflexive Prop)  𝐴𝐸 − 𝐹𝐸 ≅ 𝐹𝐶 − 𝐹𝐸, so 𝐴𝐹 ≅ 𝐸𝐶   (Subtraction Prop)  △ 𝐵𝐹𝐴 ≅△ 𝐷𝐸𝐶     (AAS)  𝐴𝐵 ≅ 𝐶𝐷 and 𝐵𝐹 ≅ 𝐷𝐸     (CPCTC)  ∠𝐵𝐹𝐶 ≅ ∠𝐷𝐸𝐴      (right ∠’s are ≅)  △ 𝐵𝐹𝐶 ≅△ 𝐷𝐸𝐴     (SAS)  𝐴𝐷 ≅ 𝐶𝐵       (CPCTC)  ABCD is a ▱      (quad with both pairs of opp sides ≅ → ▱)    
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Chapter 15. Circles 

15.1. Circumference and Rotation  1.  𝐷 = 1000 ft.  𝐶 = 2 ∙ 5𝜋 = 10𝜋 ft.  𝑅 = ஽஼  = ଵ଴଴଴ଵ଴గ  ft ≈ 31.8  It must make at least 32 revolutions. 
2.  D = 100 ft. = 1200 in.  𝐶 = 8𝜋 in.  𝑅 = ஽஼  = ଵଶ଴଴଼గ  in ≈ 47.7   47 clocks can be framed. 3. 𝐶 = 2𝜋 𝐷 = 𝐶 ∙ 𝑅 = 2𝜋 ∙ 1100.5 ≈ 6,914.65 ft.  6,914.65 𝑓𝑡 × ଵ ௠௜௟௘ହ,ଶ଼଴ ௙௧ ≈ 1.3 𝑚𝑖𝑙𝑒𝑠 
4. D = 2 mi. = 10,560 ft.  𝐶 = 394𝜋 ft.  𝑅 = ଵ଴,ହ଺଴ଷଽସగ  ft. ≈ 8.5 5. 𝐷 = 1 mile = 5,280 ft.  𝐶 = 2𝜋  𝑅 = ହଶ଼଴ଷ∙ଶగ  ft. ≈ 280.1   281 rotations are needed. 

15.2. Arcs and Chords  1. (4) supplementary 2. (4) right 3.  ଶଵଶ = ଵ଺  ଵ଺ (360°) = 60°  4. m∠𝐴𝐵𝐶 = 30° 5. m∠𝐴𝑂𝐶 = 48° 6. m𝐵𝐶෽ = 140°  m𝐴𝐶෽ = 180 − 140 = 40°  7. ∥ chords intercept ≅ arcs, so  m𝐷𝐵෽ = ଵ଼଴ ି ଵଵ଴ଶ  = 35° 8. ଵ଼଴ ି ଼଴ଶ  = 50° 
9.  m∠𝐴 = 90°, so m∠𝐶 = 35°  10. m𝐺𝐹𝐸෿ = 86 × 2 = 172°   m∠𝐹 = 180 − 86 = 94° 11. m∠𝐴𝐷𝐶 = ଵଷଶ ା ଼ଶଶ  = 107° 12. 15𝑥 = 360°  𝑥 = 24°  m𝐹𝐸෽ = 48° and m𝐺𝐷෽ = 168°  m∠𝐷 = m∠𝐺 = ଵଶ m𝐹𝐸෽ = 24° or  m∠𝐸 = m∠𝐹 = ଵଶm𝐺𝐷෽ = 84°     
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15.3. Tangents  1.  Perimeter = 78. 

 

2.   △ 𝐴𝐵𝐶 is a right △.  (𝐴𝐶)ଶ = 8ଶ + 15ଶ  (𝐴𝐶)ଶ = 289  𝐴𝐶 = 17    AD is a radius.  𝐶𝐷 = 𝐴𝐶 − 𝐴𝐷 = 17 − 8 = 9   
3. 𝐴𝐵 ≅ 𝐴𝐶, so △ 𝐴𝐵𝐶 is an isosceles △.  m∠𝐴 = 180 − 2(66) = 48° 4. m𝐴𝐵෽ = 180 − 38 = 142°,  so m∠𝐴𝑂𝐵 = 142° 5.  m𝑅𝑆෽ = 180 − 54 = 126°. 6.  The measure of minor arc DC is  360 − 246 = 114°.  m∠𝐷𝐸𝐶 = 180 − 114 = 66°. 7.  

 

8.  

 
15.4. Secants  1.  a) tangent b) secant  c) diameter d) chord 2.   𝑥 = ଼଺ ି ସସଶ  = 21°  
3. m∠𝑃 = ଻଴ ି ଶ଴ଶ  = 25° 4. 30 = ଵସ଴ ି m஼஽෽ଶ , so m𝐶𝐷෽ = 80°.  m𝐷𝐸෽ = 360 − (140 + 80) = 140°. 5. (𝑃𝐴)ଶ = (𝑃𝐵)(𝑃𝐶)  (𝑃𝐴)ଶ = (4)(16)  (𝑃𝐴)ଶ = 64  𝑃𝐴 = 8 

6. (𝑃𝑄)(𝑃𝑅) = (𝑃𝑆)(𝑃𝑇)  (6)(24) = (8)(𝑃𝑇)   𝑃𝑇 = 18  
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7. (𝐵𝐶)(𝐴𝐶) = (𝐸𝐶)(𝐷𝐶)  (3)(12) = (𝐸𝐶)(9)  𝐸𝐶 = 4    
8. 𝑥ଶ = 3(𝑥 + 18)  𝑥ଶ = 3𝑥 + 54  𝑥ଶ − 3𝑥 − 54 = 0  (𝑥 − 9)(𝑥 + 6) = 0  𝑥 = 9   9. a) Let 𝑥 = 𝑇𝑀.         b)   (𝑃𝑆)ଶ = (8)(18)  𝑥(𝑥 + 2) = (12)(2)  (𝑃𝑆)ଶ = 144   𝑥ଶ + 2𝑥 − 24 = 0  𝑃𝑆 = 12   (𝑥 + 6)(𝑥 − 4) = 0       𝑥 = 4 

 𝑅𝑇 = 6 + 4 = 10 10. a) m𝐴𝐶𝐵෿ = 360 – (56 + 112) = 192   m𝐶𝐵෽ = ଵସ (192) = 48   m∠𝐶𝐸𝐵 = ହ଺ ା ସ଼ଶ  = 52 b) m∠𝐹 = ଵଽଶ ି ଵଵଶଶ  = 40  c) m∠𝐷𝐴𝐶 = ଵଵଶ ା ସ଼ଶ  = 80 11. Because they are radii of the same circle, 𝐵𝑃 = 𝑎 and 𝐵𝑄 = 𝑎.  By the Corollary to the Intersecting Secants Thm, (𝐴𝐶)ଶ = 𝐴𝑃 ∙ 𝐴𝑄.  𝑏ଶ = (𝑐 − 𝑎)(𝑐 + 𝑎) [substitute b for AC, (𝑐 − 𝑎) for AP, and (𝑐 + 𝑎) for AQ]  𝑏ଶ = 𝑐ଶ − 𝑎ଶ  [multiply the binomials]  𝑎ଶ + 𝑏ଶ = 𝑐ଶ  [add 𝑎ଶ to both sides] 
15.5. Circle Proofs  1.    Statements Reasons Circle O, 𝐴𝐵෽ ≅ 𝐴𝐶෽  Given 𝐴𝐵 ≅ 𝐴𝐶   (S) If two arcs are ≅, their chords are ≅ 𝐴𝑂 ≅ 𝐴𝑂   (S) Reflexive Prop 𝑂𝐶 ≅ 𝑂𝐵   (S) All radii in a circle are ≅ △ 𝐴𝑂𝐶 ≅△ 𝐴𝑂𝐵  SSS  Alternately, 𝐴𝐵 ≅ 𝐴𝐶could be replaced with ∠𝐴𝑂𝐶 ≅ ∠𝐴𝑂𝐵 (central ∠’s of ≅ arcs are ≅), and then △𝐴𝑂𝐶 ≅△ 𝐴𝑂𝐵 by SAS. 
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2.    Statements Reasons Circle Q, 𝑃𝑄𝑅 ⊥ 𝑆𝑇  Given 𝑃𝑄𝑅 ≅ 𝑃𝑄𝑅   (S) Reflexive Prop ∠𝑃𝑅𝑆, ∠𝑃𝑅𝑇 are right ∠’s ⊥ segments form right ∠’s ∠𝑃𝑅𝑆 ≅ ∠𝑃𝑅𝑇  (A) Right ∠’s are ≅ 𝑄𝑅 bisects 𝑆𝑇 If a radius is ⊥ to a chord, it bisects the chord 𝑅𝑆 ≅ 𝑅𝑇   (S) Def of bisector △ 𝑃𝑅𝑆 ≅△ 𝑃𝑅𝑇  SAS 𝑃𝑆 ≅ 𝑃𝑇  CPCTC 
 3. Statements Reasons Tangents 𝑃𝐴 and 𝑃𝐵, radii 𝑂𝐴 and 𝑂𝐵, and 𝑂𝑃 intersects the circle at C. Given 𝑂𝐴 ⊥ 𝑃𝐴 and 𝑂𝐵 ⊥ 𝑃𝐵 a tangent is ⊥ to a radius at the point of tangency ∠𝑃𝐴𝑂 and ∠𝑃𝐵𝑂 are right ∠’s ⊥ lines form right ∠’s 𝑂𝑃 ≅ 𝑂𝑃   (H) Reflexive Prop 𝑂𝐴 ≅ 𝑂𝐵   (L) all radii in a circle are ≅ △ 𝐴𝑂𝑃 ≅△ 𝐵𝑂𝑃  HL ∠𝐴𝑂𝑃 ≅ ∠𝐵𝑂𝑃  CPCTC 
 4. Statements Reasons Diameter 𝐵𝑂𝐷, m𝐵𝑅෽ = 70,  m𝑌𝐷෽ = 70  Given m∠𝑅𝐷𝐵 = m∠𝑌𝐵𝐷 = 35 (A) The measure of an inscribed ∠ is half its intercepted arc ∠𝐵𝑅𝐷 and ∠𝐷𝑌𝐵 are right ∠’s an inscribed ∠ of a semicircle is a right ∠ ∠𝐵𝑅𝐷 ≅ ∠𝐷𝑌𝐵  (A) right ∠’s are ≅ 𝐵𝐷 ≅ 𝐷𝐵   (S) Reflexive Prop △ 𝑅𝐵𝐷 ≅△ 𝑌𝐷𝐵  AAS  Alternately, 𝐵𝑅 ≅ 𝑌𝐷 (if two arcs are ≅, their chords are ≅), which leads to the △s ≅ by HL 
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5. Statements Reasons Quad ABCD inscribed in circle O,  𝐴𝐵 ∥ 𝐷𝐶, diagonals 𝐴𝐶 and 𝐵𝐷 Given 𝐴𝐷෽ ≅ 𝐵𝐶෽   ∥ chords intercept ≅ arcs ∠𝐵𝐷𝐶 ≅ ∠𝐴𝐶𝐷  (A) inscribed ∠’s that intercept ≅ arcs are ≅ ∠𝐷𝐴𝐶 ≅ ∠𝐷𝐵𝐶  (A) inscribed ∠’s that intercept the same arc are ≅ 𝐴𝐷 ≅ 𝐵𝐶   (S) ≅ chords intercept ≅ arcs △ 𝐴𝐶𝐷 ≅△ 𝐵𝐷𝐶  AAS 
 6. Statements Reasons 𝐴𝐷 is a diameter, 𝐴𝐷 ∥ 𝐵𝐶 Given ∠𝐵𝐸𝐴 ≅ ∠𝐶𝐸𝐷  (A) vertical ∠’s are ≅ ∠𝐵𝐴𝐶 ≅ ∠𝐶𝐷𝐵  (A) inscribed ∠’s that intercept the same arc are ≅ 𝐴𝐵෽ ≅ 𝐷𝐶෽   ∥ chords intersect ≅ arcs 𝐴𝐵 ≅ 𝐷𝐶   (S) ≅ chords intersect ≅ arcs △ 𝐵𝐴𝐸 ≅△ 𝐶𝐷𝐸  AAS 𝐵𝐸 ≅ 𝐶𝐸  CPCTC 
 

15.6. Arc Lengths and Sectors  
1. 

ଽ଴ଷ଺଴ = 
௅ଷ଴గ 𝐿 = 7.5𝜋 feet  2. 

ସ଴ଷ଺଴ = 
௅ଵଶగ 𝐿 = ସଷ 𝜋 m 

3.   Central ∠ = 180 – 150 = 30° 
 

ଷ଴ଷ଺଴ = 
௅ଷସగ 𝐿 ≈ 9 cm 

4. 
ఏଷ଺଴ = 

ଵସగଷ଺గ 𝜃 = 140°  

5. 
ఏଷ଺଴ = 

ଶସ଻ଶగ∙ଵହ଴ 𝜃 ≈ 94°  6. 
ଵ଺ହଷ଺଴ = 

௅ଶగ∙ଶ.ସ 𝐿 ≈ 6.9 meters 
7. 

ସ଴ଷ଺଴ = 
ௌଷ଺గ 𝑆 = 4𝜋 sq. units 8. Central ∠ = 360 – 45 = 315° 

 
ଷଵହଷ଺଴ = 

ௌଵ଺గ 𝑆 = 14𝜋 sq. cm 

9. Area of sector: 
 

ଽ଴ଷ଺଴ = 
ௌଵ଴଴గ 𝑆 = 25𝜋  

 Area of △:  ଵଶ (10)(10) = 50 
 Area of segment = 25𝜋 − 50 sq. units 

10. Area of sector: 
 

ଵଶ଴ଷ଺଴ = 
ௌଵସସగ 𝑆 = 48𝜋 sq. units 

 Area of △:  ଵଶ (12)(12)𝑠𝑖𝑛120° = 36√3  
 Area of segment = 48𝜋 − 36√3 sq. units 

11. 
ଽଷ଺଴ = 

௅ଶగ ∙ ଷଽହସ  𝐿 ≈ 621.1 miles 
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15.7. Radians [CC]   1. a) 45 ∙ గଵ଼଴ = గସ rad  b) 270 ∙ గଵ଼଴ = ଷగଶ  rad  c) 150 ∙ గଵ଼଴ = ହగ଺  rad 
2. a) గ଺ ∙ ଵ଼଴గ  = 30°      d)  ହగଽ ∙ ଵ଼଴గ  = 100°   b) ହగସ ∙ ଵ଼଴గ  = 225°   e)  ଼గହ ∙ ଵ଼଴గ  = 288°   c) ଷగହ ∙ ଵ଼଴గ  = 108° 3. 2.5 ቀଵ଼଴గ ቁ ≈ 143.2° 4. 216 ቀ గଵ଼଴ቁ ≈ 3.8 rad 5. 65 = 5𝑟  𝑟 = 13 feet 6. 20 = 2.5𝑟  𝑟 = 8 ft. 7. 4𝜋 = 2𝜋ଷ  𝑟 𝑟 = 6 ft. 8. 18 = ଷସ 𝑟  𝑟 = 24 cm 9. 𝐿 = 2 ∙ 4 = 8 inches 10. 𝐿 = గସ ∙ 12 = 3𝜋 ≈ 9.4 inches 11. 𝐿 = ସగଷ  ∙ 12 = 16𝜋 ≈ 50 cm 12. 𝐿 = ଶగହ  ∙ 18 = 7.2𝜋 ≈ 23 inches 13. 8𝜋 = 𝜃 ∙ 10 𝜃 = ସగହ  rad  14. ఏଶగ = ௌగ௥మ  ଴.ଽ଻ଶగ  = ௌ଼ଵగ   S = 39.285 cm2     
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Chapter 16. Solids 

16.1. Volume of a Sphere  1. 𝑉 = ସଷ 𝜋𝑟ଷ = ସଷ 𝜋(9)ଷ = 972𝜋 m3 2. 𝑟 = ଵଶ ∙ ଶଽ.ହగ  = ଵସ.଻ହగ   𝑉 = ସଷ 𝜋𝑟ଷ = ସଷ 𝜋 ቀଵସ.଻ହగ ቁଷ ≈ 433.5 cu in. 3. 𝑉௕௘௙௢௥௘ = ସଷ 𝜋(3)ଷ = 36𝜋 𝑉௔௙௧௘௥ = ସଷ 𝜋(6)ଷ = 288𝜋 288𝜋 − 36𝜋 = 252𝜋 in3 
16.2. Volume of a Prism or Cylinder  1.  𝑉 = 𝐵ℎ = 6 ∙ 8 ∙ 4 = 192 ft3 2.  𝑉 = 𝑒ଷ = (1.5)ଷ = 3.375  cm3  3.  𝑉 = 𝜋𝑟ଶℎ = 𝜋(4)ଶ(10) ≈ 502.65 in3 4.  𝑉 = 𝜋𝑟ଶℎ = 𝜋(6)ଶ(15) ≈ 1696.5 in3 5. 𝑉 = 𝜋𝑟ଶℎ   32𝜋 = 𝜋𝑟ଶ(2)   𝑟ଶ = 16  𝑟 = √16 = 4 in. 6. (𝑥 − 2)(𝑥 + 1)(2𝑥) =  (𝑥ଶ − 𝑥 − 2)(2𝑥) =  2𝑥ଷ − 2𝑥ଶ − 4𝑥  7. 𝑉 = 5ଷ = 125 𝑉 = 10ଷ = 1000   1000 ÷ 125 = 8  

8. 𝑉 = 𝜋𝑟ଶℎ  342 = 9𝜋ℎ   ℎ = ଷగ଼    36 ÷ ଷగ଼ = ଷ଺గଷ଼ ≈ 2.97  2 cans 9. 𝑉௟௔௥௚௘௥ = 𝐵ℎ = 12 ∙ 30 ∙ 16 = 5760  𝑉௦௠௔௟௟௘௥ = 𝐵ℎ = 6 ∙ 12 ∙ 9 = 648      5760 − 648 = 5,112 in3 10. 𝑉௖௢௡௧௔௜௡௘௥ = (20)(15)(10) = 3,000 in3 𝑉௖௨௣ = 𝜋(2)ଶ(5) = 20𝜋 in3  3,000 ÷ 20𝜋 ≈ 47.7   47 cups 11. 𝑉௣௥௜௦௠ = 𝐵ℎ   𝑉௖௬௟௜௡ௗ௘௥ = 𝜋𝑟ଶℎ  𝑉 = (5)(3.5)(7) = 122.5 𝑉 = 𝜋(2.5)ଶ(7) ≈ 137.4 Cylinder by 14.9 in3  
16.3. Volume of a Pyramid or Cone  1. 𝑉 = ଵଷ 𝐵ℎ = ଵଷ (10)(8)(6) = 160 in3 2. 𝑉 = 3 × 8 = 24 cm3 3. 𝑉 = ଵଷ 𝜋𝑟ଶℎ = ଵଷ 𝜋(3)ଶ(8) = 24𝜋 in3  4. 𝑉 = ଵଷ 𝐵ℎ  256 = ଵଷ 𝐵(12)   𝐵 = 64  𝑠 = √64 = 8 5. 𝑉 = 5ଷ + ଵଷ (25)(6) = 175 cm3 
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6. a) 𝑉௖௬௟௜௡ௗ௘௥ = 𝜋𝑟ଶℎ = 𝜋 ∙ 5ଶ ∙ 17.8 ≈ 1398.0087 cu. units   𝑉௖௢௡௘ = ଵଷ 𝜋𝑟ଶℎ = ଵଷ 𝜋 ∙ 5ଶ ∙ 6.2 ≈ 162.3156 cu. units   𝑉௖௢௡௧௔௜௡௘௥ = 1398.0087 + 162.3156 ≈ 1560.324 cu. units  b) Half the volume of the container = ଵଶ ∙ 1560.324 ≈ 780.162 cu. units   The cone is completely filled, so subtract 780.162 − 162.316 = 617.846.   The remaining water fills ଺ଵ଻.଼ସ଺ଵଷଽ଼.଴଴ଽ ≈ 0.442 of the cylinder.   The water reaches .0442 of the cylinder’s height, 0.442 × 17.8 ≈ 7.9 units.   From the apex of the cone, the water reaches 6.2 + 7.9 ≈ 14.1 units. 
16.4. Density  
1. 𝑊 = 𝑉𝐷 = 100 𝑐𝑚ଷ ∙ ଵଵ.ଷସ ௚ଵ ௖௠య  = 1,134 𝑔 2. 𝐷 = 

ௐ௏  = 
଼଼.଺ ௚ଵ଴ ௖௠య = 8.86 𝑔/𝑐𝑚ଷ 

3. 𝐷 = 
ௐ௏  = 

ଽସ.ସସ ௚ଵଶ ௖௠య = 7.87 𝑔/𝑐𝑚ଷ 4. 𝑉 = 
ௐ஽  = 

ଽ.଼଴.଻ = 14 𝑚𝐿 

5. 𝑉 = ଵଷ 𝐵ℎ = ଵଷ (24)(10) = 80 𝑖𝑛ଷ  𝑊 = 80 𝑖𝑛ଷ ∙ ଶ ௚ଵ ௖௠య ∙ (ଶ.ହସ)య ௖௠యଵ ௜௡య ∙ ଵ ௞௚ଵ଴଴଴ ௚ ∙ ଶ.ଶ ௟௕௦ଵ ௞௚  ≈ 5.8 𝑙𝑏𝑠 

16.5. Lateral Area and Surface Area  1. 𝑆𝐴 = 2𝑙𝑤 + 2ℎ𝑙 + 2ℎ𝑤    = 2 ⋅ 8 ⋅ 6 + 2 ⋅ 4 ⋅ 8 + 2 ⋅ 4 ⋅ 6    = 96 + 64 + 48 = 208 ft2   2. 𝑆𝐴 = 2𝑙𝑤 + 2ℎ𝑙 + 2ℎ𝑤    = 2(3)(1.5)+ 2(2)(3) + 2(2)(1.5)    = 9 + 12 + 6 = 27 ft2   3. 𝑆𝐴 = 2𝑙𝑤 + 2ℎ𝑙 + 2ℎ𝑤  = 2(3.0)(2.2)+ 2(7.5)(3.0)+ 2(7.5)(2.2)   = 13.2 + 45 + 33 = 91.2 cm2   4. 𝑆𝐴 = 2𝑙𝑤 + 2ℎ𝑙 + 2ℎ𝑤  = 2(5.5)(3)+ 2(5.5)(6.75)+ 2(3)(6.75)   = 33 + 74.25 + 40.5 = 147.75 cm2   5. 𝑉 = (10)(2)(4) = 80 cm3  𝑆𝐴 = 2(10)(2)+ 2(10)(4) + 2(2)(4)   = 136 cm2 6. 𝑠 = √64య = 4   𝑆𝐴 = (6)(4)ଶ = 96 in2 7. 𝐿𝐴 = 2𝜋𝑟ℎ = 2𝜋(6)(9) = 108𝜋 ft2 𝑆𝐴 = 2𝜋𝑟ଶ + 𝐿𝐴 = 72𝜋 + 108𝜋 = 180𝜋 ft2  8. 𝐿𝐴 = 2𝜋𝑟ℎ = 2𝜋(5)(11) = 110𝜋 ft2 𝑆𝐴 = 2𝜋𝑟ଶ + 𝐿𝐴 = 50𝜋 + 110𝜋 = 160𝜋       ≈ 502.7 ft2 9. 2(𝑥 + 3)(𝑥 − 4)     2𝑥ଶ − 2𝑥 − 24  +2(𝑥 + 3)(5)   10𝑥 + 30  +2(𝑥 − 4)(5)   +      10𝑥 − 40      2𝑥ଶ + 18𝑥 − 34 



 

57  

10. 𝑉 = 𝜋𝑟ଶℎ, so ℎ = ௏గ௥మ  Radius r Height h Surface Area SA 2 ℎ = ௏గ௥మ = ଵସସగସగ  = 36  𝑆𝐴 = 2𝜋𝑟ଶ + 2𝜋𝑟ℎ = 8𝜋 + 144𝜋 = 152𝜋  4 ℎ = ௏గ௥మ = ଵସସగଵ଺గ  = 9  𝑆𝐴 = 2𝜋𝑟ଶ + 2𝜋𝑟ℎ = 32𝜋 + 72𝜋 = 104𝜋  6 ℎ = ௏గ௥మ = ଵସସగଷ଺గ  = 4  𝑆𝐴 = 2𝜋𝑟ଶ + 2𝜋𝑟ℎ = 72𝜋 + 48𝜋 = 120𝜋   The cylinder with the radius of 4 has the least surface area. 
16.6. Rotations of Two-Dimensional Objects  1.  sphere  2.  cone 3. cylinder  diameter = 10 in and height = 5 in  𝑉 = 𝜋𝑟ଶℎ = 𝜋(5)ଶ(5) = 125𝜋 in3 4. cylinder with a hemisphere on top  𝑉௖௬௟௜௡ௗ௘௥ + 𝑉௛௘௠௜௦௣௛௘௥௘ =  𝜋𝑟ଶℎ + ଵଶ ቀସଷ 𝜋𝑟ଷቁ = 27𝜋 + 18𝜋 = 45𝜋 5. 12-inch radius sphere with a 6-inch radius spherical cutout in its center  𝑉௢௨௧௘௥ ௦௣௛௘௥௘ − 𝑉௖௨௧௢௨௧ =  ସଷ 𝜋(12)ଷ − ସଷ 𝜋(6)ଷ =  2,304𝜋 − 288𝜋 = 2,016𝜋   

6.  cylinder with a cone on top Cylinder has radius of 2.5 and height of 12. 𝑉௖௬௟௜௡ௗ௘௥ = 𝜋(2.5)ଶ(12) = 75𝜋  Cone has a height of  24 − 12 = 12.  Use the Pythagorean Thm to find the radius of the cone:   𝑟ଶ + 12ଶ = 13ଶ, so 𝑟 = 5        𝑉௖௢௡௘ = ଵଷ 𝜋(5)ଶ(12)   = 100𝜋   𝑉௢௕௝௘௖௧ = 𝑉௖௢௡௘ + 𝑉௖௬௟௜௡ௗ௘௥ =175𝜋. 
16.7. Cross Sections  
1.   (4) 2.   (2) 
3.  (1) 4.  (4) 
5. (1) 6. (a)  pentagon (b)  rectangle 

16.8. Cavalieri’s Principle [CC]  
1. 𝑉 = 𝐵ℎ = (4)(3)(6) = 72 in3 2. 𝑉 = 𝜋𝑟ଶℎ = 𝜋(2)ଶ(5) = 20𝜋 in3 
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Chapter 17. Constructions 

17.1. Copy Segments, Angles, and Triangles  
1.    

  
2.   

    
3. 

   
4. SAS 5. AAS     
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17.2. Construct an Equilateral Triangle  
1.  

 

2. 

  

3.    

  

17.3. Construct an Angle Bisector  
1.    
 

 

2. 
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3. 

 

4. 

 
5. 

 

6. 

7. 
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17.4. Construct a Perpendicular Bisector  
1.   

 

2. 

  

3.   

 

4.  

 

5. Construct the perpendicular bisector of 𝑋𝑌.  Then, construct the bisector of each half.  
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17.5. Construct Lines Through a Point  
1. (2) 
 

2.   

 
3. 

 

4. 

 
5.  

 

6.  
a) 5 b) 2 c) 1 d) 4 e) 3 f) 6 
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17.6. Construct Inscribed Regular Polygons  
1.  

 

2. 

 

3.  
a) Construct two perpendicular diameters (as if constructing an inscribed square). 
b) Construct angle bisectors of the 90° central angles, forming eight 45° central angles. 
c) The endpoints of the four diameters are the vertices of the regular octagon.  Draw the chords 

between them. 

17.7. Construct Points of Concurrency [NG]  
1.   

 

2.   

  

17.8. Construct Circles of Triangles [NG]  1. (1) 2. (4) 3.   a) 2     b) 1     c) 5     d) 4     e) 3 
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