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SOLUTIONS FOR PAGES 3-15

Page 3

Exercises

1. TB 2. T 3. ¢ 4. AD 5. CB
6. AD with the interior points of CB removed.

7. null set 8. AB 9. BB, AC, CB
10. Intersection is the null set.

Union is the set of whole numbers.
11. Intersection is the null set.
Union is the set of nonzero integers.
12. Yes 13. No, not when A < B.
Page 4

4. AuB={1,3,5,7,9,10, 11, 13, 15, 17, 19, 20,21,23}
5. AnB=1{5,15}

16. ANA=A

17. UuB=U 18. (AUB)UU=U

19. (ANB)NU=ANB={5,15}

20, UNnB-=8B 21. AU (BUU)=1U
22. An(BNU)=ANB={5,15]
23. UN(AUB)=AUB
2. UNA=A 25. pnu=29
26. (UNAU(UNB)=AUB
27. (UNA)UB=AUB
28. (AUUYNQ@ =0
29. Point 0 30. Point T 31. AABD and its

interior.

32. Circles 0 and 0'

33. 0 - 0' or complement of 0' relative to 0.

Page 6

Class Exercises

Page 9
8. 15 9. 1 10. 20
11 21
1. 512 12, 243
2187 512
13. Sum of the first » even numbers equals n(n + 1)
14. Sum of first » multiples of 5 equals 5/2 n(n + 1)
15 (1)(2) + 2)(3) + ()M + ... +nn+ 1) = (n-1)n (n+ 1)
3
16, 3+5+7+94 . .+ (2n+ 1) =n(n+2).
17. 70, 70, 40. 18. 25, 25, 130,
19. 40, 100, 40.
20. Two of the angles have equal measure.
21. Exterior angles equal interjor angles equal 360.
Page 13
Exercises

1. If equal numbers are added to equal numbers the sums are
equal.

2. Multiplication commutative.

3. Multiplication and addition properties of equality.

4. Distributive property.

5. Multiplication property of equality.

6. A1l are, properly interpreted. For example in 1 we have
if two sums are equal and one pair of addends are
equal, then the other pair are also equal.

7. If two angles are vertical angles, then their sides form
two pairs of opposite rays.

8. If an angle forms a linear pair with one of the interior
angles of a triangle, then it is an exterior angle of
the triangle.

9. If two angles form a linear pair, then their non-common
sides are collinear.

10. The set of all points is space.

11. See 7 through 9 above.

12. Perpendicular lines are two lines that form equal
adjacent angles.

13. Not if they remain postulates. If a postulate is proved
it becomes a theorem.

14. It could be but it would have to be related to other
elements in some way.

15. It would not be restrictive enough. There are plenty of
sets of points in a plane that are not collinear.

16. This would be circular defining.

1. Intuition 2. Most people would say no.
Page 7
3. Induction 4. 3 5. 4 6. 5
7. 6 8. 7 9. n+1 10. Inductive.
Page 8
Exercises
1. Intuition 2. Induction 3. 2,5,9
4. 54 5. sum is 180°
Page 9
6. sum is 540° 7. 37

Page 15
Class Exercises
1. 9 2. 3 3. 17 4. 5
5. Not necessarily 6. -10 and 4
7. Either z <~ 3 orz = 3.
8. VYes. 9. Yes.
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Page 16 Page 25
Class Exercises continued Exercises continued
10. =z>-6 M., < 6 12, -3/2<zx<}% 10. If me ROS = % mL POR, since they are complementary,
N m. ROS = 30, me POR = 60. Since me TOS =% mz ROS,
13. (-17/10)< = < (27/10) me TOS = 15
Since me TOP = m POS + me SOT, mz TOP = 90 + 15 = 105
1. 2/3 x 90 = 60 12. 1% x 90 = 150 13, 2 x90 = 180
Page 17 14, 3% x 90 = 45 15. 90 16. 180
Class Exercises
1. Points of the 1ine are a subset of points of the plane.
Page 26
2. Yes. 3. VYes. 4. No. 5. Yes 6. Yes.
17. 58 18. 131 19. 28 20. 104
27. 35 28. 18 29. 75 30. 125
Page 18 31. 8 32. 172 33. 90 34. 105
Exercises 3. 58 3%. 38, 58, 84 37. 32, 58, 90
1. 4 2. ¢ 3. a 4. ¢ 5.5b 38. 56, 62, 62
39. right 40. acute 41. obtuse
42. each is acute and less than 45 degrees.
Page 19
43. each is equal to 45 degrees.
6. both 7. neither 8. coplanar 9. coplanar
— — N 44, each is Tless than 45 degrees.
10. AF 1. A 12. AD 13. 9 14. BE 15. 9
16. one 17. no, no, yes 18. True
19. False 20. False 21. False 22. False Page 27

23. True
24. A line in a plane separates the plane into two half planes.

25. Triangle.
exterior.

Three, the interior, the triangle, and the

26. Four half lines, four rays, four angles, four half planes:
any eight of these.

45, &+ 2x = 905 x = 305 2x = 60
46. =z + x - 36 =90; 22 = 1265 x = 63; x - 36 = 27
47. Sx + 6 + x = 180; 6z = 174; = = 29; 5z + 6 = 151

48. 180 - x = 5(90-x) + 10; 180 - x = 450 - 5x + 103
4x = 280; x = 70

Page 30

Page 22

Class Exercises

1. False 2. False 3. True
4. False, BR is a side, not AB
5. £ EOD, £ DOC, £ 1, L 2, £ AOC, £ AOE, £ BOE.
6. Two names for the same angle.
7. L DOB or L BOA, or . BOE.
8. B

W0 U half plane or the B side of AD.

10. No, but ‘0B does.

11. 38. 12. M2. 13. 30.
Page 25
Exercises
1. acute 2. right 3. obtuse 4. acute
5. obtuse 6. acute 7. L POT, £ ROT
8. L POR 9. L ROP

Class Exercises
1. No 2. Yes 3. Yes 4. Yes 5. No
6. AADO, ADOC, ACOB, ABOA, AADC, ACBA, ADAB, ADCB

7. AADB is isosceles, AAOD is scalene, AAOB is scalene,
AADB is acute, AACD is right, AAOB is right.

8. AQ, PC, RB
9. KNCM, KBNM, KBCM, AMNB, AKNC

Page 32
1. Pentagon 2. Triangle 3. Hexagon 4, Pentagon
5. sides 6. 3-sided 7. n-gon 8. vertex,
midpoint
9. two 10. hypotenuse 11. equiangular
2. D 13. triangle

14, AAED, AADC, AABC, are triangles formed by diagonals
from A.
15. AAED is isosceles.

AADC is equilateral. AABC is scalene.
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Page 32

Exercises continued

16. AAED is obtuse, AADC is acute, AABC is right

17. LA, 2D, C

Page 33
18. Pentagon 19. Quadrilateral 20. Decagon
21. Dodecagon 22. 9-gon 23. 7-gon
24. trilateral or 3-gon
25. 6-gon
26. AC, DB 27, TQ, TR, PS, PR, QS
28. PN, PM, PL, OK, OL, OM, NK, NL, MK
29. 61, 64, 55 30. 30, 60, 90
31. 30, 60, 90 32. 180
33, mM=T118 3. mL P =135 3. me U =50
m. L =55 ms 0 = 45 m T =72
m. K = 104 m. N =135 m. S = 108
m.J = 83 m. Q= 45 m. R =130
36. 360
Page 36
Exercises
1. 2.
3 4,
5 6

P

7. False 8. False 9. False
12. space 13. a closed half plane
15. above 16. half spaces

18. parallel lines

7
P

10. True
14. plane
17. all

1.

False

Page 37

Exercises covtinued

19. 20. «—>

¢/
21, 22.
.

23 24.

25. False 26. False 27. True 28. False
29. L A-EF-C, L A-EF-G

30. . CFB, £ BFG

31. They have a common edge and a common face with disjoint

interiors.
32. L A-EF-C, L A-EF-G

Page 39

Review Exercises

1.
7.

23.
25.

p 2. A 3.8 4. U 5. U 6. U
A 8 A

{ 3, (1},.04}, {6}, {83, {1, 4}, {1, 6}.,(1, 8}, {4, 6},
{4, 8}, {6, 8}, {1, 4, 6}, {1, 4, 8}, {1, 6, 8),{4, 6, 8}
{1, 4,56, 8}

The null set, a single point, the set of all points of
the line.

Intuition

Beliefs held without a conscious logical reason.

Conclusions based on many specific cases.
1 15. 37 16. 38 17. 39
81

(n/2)(1 + n)
Truthful is dependable is trustworthy is truthful.

This with "Space is the set of all points" illustrates
circular defining.

Theorem

When it is impossible for "if" to be true and "then"
false.

#  24. {A, R, C, D}, {B, C, D}, {A,R,B,C}, {A, B, D}
A, R, C
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Page 40 Page 51
Review Exercises continued 22. True, "if" and "then" both false.
— 23. True, both "if" and "then" are true.
26. A 27. AB 28. @ 29. R 30. AC 24, With a false "if" it is impossible to have true "if" and
false "then".
31. Plane P 32. 31 33, 132 34. 20
25. With a true "then" it is impossible to have a true "if"
35. obtuse 3. right 37. acute 38. acute and a false "then."
39. 60 40. 45
45, 64 46. 81 47. 30 48. 45
Page 54
49. 60 50. 45 51. 90 52. 135
Exercises
53. heptagon 54. nonagon 55. 5-gon 56. 6-gon
. 1. Definition of a right angle.
57. C, DB 58. None 2. Definition of complementary angles.
3. Substitution.

Page 41
_ . Page 55
59. GE, GF legs, EF hypotenuse
o Addition postulate (add -15}).
60. PG, QE, RF 61. False Definition of supplementary angles and of linear pair.

Multiplication postulate (multiply by %).
. Definition of a right angle.

63. False 64. False 65. A-BC-E, E-BC-D 9. corresponds

10. noncoplanar.

11. 0 and 180.

4

5.

6. Substitution.
62. True (if they intersect) 7
8

Chapter Test 12. 3
13. Tline (if they intersect).
1. L EDH 2. ARBF 14. plane
15. supplementary
3. The statement is true, both "if" and "then" are false. }g- ;g
4. The measure of AB 18. Reflexive
19. Multiplication property of equality, symmetric property,
5. Segment with A and B endpoints transitivity.
20. Angle sum postulate.
6. Line AB 21. Angle difference postulate
22. Angle uniqueness postulate
7. Ray with A endpoint and through B. 23. Supplementary angle postulate.
24. Points-in-a-plane postulate.
8. False 9. True 10. False 11. True 12. True 25. True
26. True
13. 2x + 3z =90; 52 =90; x = 18 27. False
28. False
14, 5x = 180; x = 36 15. 90
16. acute 17. obtuse 18. False
Page 56
29. £ AOC and £ COB are supplementary (Supplementary
Page 50 angle postulate).
. 30. m. COB = me DOA (definition of supplementary angles
Exercises and addition property of equa]ityg.
31. m£ 3 (substitution and addition property of equality).
1. True, "if" is false.
2. False, "if" is true and "then" is false.
3. True, "if" is false.
4, False, for x = 4 "if" is true and "then is false.
5. True, "if" is false. Page 59
6. True, "if" is false (some roses are yellow)
7. False, true "if" and false "then." Exercises
8. True, when "if" is true,so is "then". When "if" is

The addition property of equality.

15. True, "if" and "then" are both true or both false. The substitution postulate.

16. True, "if" and "then" are both true or both false.

false, so is "then. . 1. The line postulate.
9. False, T1f”.1s true and "then" is false for x =-4, y = 4. 2. The points-in-a-plane postulate.
10, True, "if" is false. . , 3. Definition of midpoint.
11. False, "if" is true and "then"false for the number 2. 4. The distance postulate.
12. False, "if" is true and “then" is false for the number 9. 5. The point uniqueness postulate.
13. False, "if" is true and "then" is false for the 6. The Tine postulate and the plane postulate.
numbeﬁ_l?.~ . W 7. The space postulate.
14, False, "if" is true and "then" is false for the 8. The plane intersection postulate.
number 15. 9.
10.
T " " 11. unique
17. False, "if" is true and "then" false for the number 21. 12. plane
18. False, "if" is true and "then" false for the number 34. 13. plane

19. True, a postulate.
20. False, true only if B is between A and C.
21. True, a postulate.



SOLUTIONS FOR PAGES 60-66

Page 60

Page 63

Exercises continued

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

line, line

plane, angle

If C is between A and B and AC = CB then any point D
between A and B is such that AD # DB.

If two angles are right angles then they have equal
measure.

If two supplementary angles have equal measure then they
are right angles.

If two angles have equal measure then their complements
have equal measure.

If two Tines are perpendicular then they form right
angles.

If two intersecting lines form right angles then they
are perpendicular.

If two angles have the same complement then they have
equal measure.

If two lines are perpendicular then they form four
right angles.

If two rays are noncommon sides of a linear pair then
they are opposite rays.

If plane m contains two intersecting lines then plane »n
does not contain them.

Page 61

Class Exercises

1.

2.

2. distributive property

3. distributive property

4. multiplication commutative
5. chain rule

symmetric and transitive properties.

Page 62

Exercises

1.
2.
3

If two addends are odd then the sum is even.

If two factors are odd then the product is odd.

If the difference of two numbers is multiplied by
the sum of the square of the first number, their
product, and the square of the second number, then
the product is the difference of their cubes.

If the sum of two numbers is multiplied by the sum of
the square of the first number, the additive inverse
of their product, and the square of the second number,
then the product is the sum of their cubes.

If n is an integer then n® + » is an even integer.
If an odd integer greater than one is squared, then
the square is one more than a multiple of eight.
If 52-13 = z-1, then 4x = 12 (adding -z + 13)

If 4x = 12, then = = 3 (multiply by %)
If 52z-13 = z-1, then = = 3 (chain rule)

2m + 1, 2n + 1 are two odd integers (given)

(2mn + 1) + (2n + 1) = 2m + 2n + 2 (associative and
commutative properties)

2m+ 2n + 2 =2(m+n+ 1) (distributive property)

2 (m+mn+1) =2k (integers are closed to addition).

2k is an even integer (definition of even integer)

(2m + 1) + (2n + 1) = 2k (transitive property)

2m + 1, 2n + 1 are two odd integers (given)

(2m+ 1)(2n + 1) = (2m + 1) 2n + (2n + 1)1
(distributive property)

(2m+ 1)2n + (2m + 1)1 = 2n(2m + 1) + (2m + 1)
(multiplication is commutative and
mu]t1p11cative identity)

n(2m + 1) + (2n+ 1) =2n * 2m + 2n + 2m + 1
(d1str1but1ve property and associative property
for addition)

10.

1.

continued

me2m+t2n+2m+ 1 =2 (ne*2m+n+m+1
(distributive property)

2(n * 2m +n +m) + 1 is an odd integer
(definition of odd integer)

(a - b)(a® + ab + %) = (a-Db)a® + (a-b)ab + (a - b)b?
(distributive property)
(a-b)a® + (a-Db)ab + (a - b)b? =a?(a - b) + abla - b)}*
b%(a - b)
a’(a - b) + abla - b) +b%(a-b) = a® - a®b + a®b - ab? *+
ab? - b3 (d1str1but1ve property)
a® - a%b + a®b - ab? + ab?® - b3 - b3
(additive inverse and 1dent1ty propert1es)
(a -b) (a®> + ab +b2) =4
(transitive property)
a® - b® = (a - b)(a® + ab + b?) (symmetric property)

(a + b)(a® - ab + b%) = (a + b)a?
(distributive property)
(a +b)a® - (a+b)ab + (a+ b)b? = a?(a+b) - ab(a + b)*
b?2 (a +b) (multiplication is commutat1ve)
a*(a + b)- ab(a +b) + b2 (a+b) = a® + a®b -a’b - ab® +
ab2 *, b’(d1str1but1ve property)
a® +a% - a®b - ab?® + ab? + b =4 + b?
(additive identity and inverse)
(a +b)(a® - ab + b2) = a® +b?
a® + b3 =(a+b)(a® - ab + b?)

- (a +b)ab + (a + b)b?

(transitive property)
(symmetric property)

n? +n=mn(n+1) (distributive property)

If n is even then n(n + 1) is even (if there is an
even factor the product is even)

If n is odd then (n + 1) is even and n(n + 1) is even
(same as step above)

If n is even or odd (any n) n? + n is even
(two steps above)

2n + 1 is an odd integer greater than one (definition
of odd integer)

(2n+1)2=(2n+ 1)2n + (2n + 1)1
(distributive property)

(2n+N2n+ (2n+ 1)1 =2n(2n + 1) + (2n + 1)

(distributive property and multiplicative identity)
n(2n+ 1) +2n+ 1 =2ne2n+2n+2n+1
(distributive property)
nem+2n+ 2n+1 =802+ 4n+ 1
(multiplication commutative and distributive property)
dn® + 8n + 1 =4n (n+ 1) + 1 (distributive property)
n(n + 1) is even (exercise 12)
4n(n + 1) is a multiple of 8 (step above)
dn(n + 1) + 1 is one more than a multiple of 8
(step above)
{2n + 1) is one more than a multiple of 8
(substitution)

Page 64
Class Exercises
1. PQ
2. PM =M
3. 2
Page 65
4. % of PQ
5. True
Page 66
Exercises

1.

1. If 7 is a line then it contains two points, R and S.
2. If P is not in 7 then R,S, P determine a plane.
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Page 66

Page 74

Exercises continued

1. continued

3. If R, S lie 1in the plane then 7 lies in the plane.

4, If 7 lies in the plane and P lies in the plane
then there is exactly one plane containing the
point and the line.

2. 1. Two points determine a line.

Three noncollinear points determine a plane.

If two points of a 1ine lie in a plane all points
1ie in the plane.

4. Steps 2 and 3.

w N

3. 1. If 7 and k intersect in point P then they intersect

in point R,distinct from P.
2. If 7 and k intersect in P and R then two points P,
R determine two distinct lines, which is false.
Thus, 7 and k intersecting in P and R is false.
They intersect in exactly one point P.

4. 1. assumption.
2. Two points determine exactly one line.

5. 1. If 7 and k intersect in point R then I contains a
point S not on k.
2. If S is a point no on k then S and k determine
exactly one plane.

3. If S and k determine a plane then the plane contains
A

4, If %he plane contains Z and k¥ then 7 and %
determine exactly one plane.

Two points of a line determine it.

Theorem 2-5.1.

If two points of a 1ine are in a plane then
that line is in the plane.

4. Definition of "determines"

W N —

7. 1. If PQ is a segment then it has a

measure PQ.

2. If PQ is the measure of a segment then %PQ
is the measure of a segment.

3. If %PQ is the measure of a segment there is a
unique point M between P and Q such that
PM = 1PQ.

4, If PM = LPQ then M is the midpoint of PQ.

Distance Postulate.
Distance Postulate.

Point Uniqueness Postulate.
Definition of midpoint.

ENFRY N

Page 72

Class Exercises

1. £ DBC 2. L FBA 3. L EBA
4, [ DBC and £ CBE 5. 85

6. They have equal measure.

7. mL EBC = ms DBC

8. 360 9. 90 10. perpendicular

Exercises

1.

Theorem 2-6.2 supplements ofangles of equal measure,
or of the same angle, have the same measure.

Given: mL A =ms B, L C supplement of £ A,
£ D supplement of L B, L E supplement of £ A

Prove: mLC=mLD=mLE

Proof.
STATEMENTS REASONS
1. m£A+m C=180 1. Definition of supplementary
m.B +ms D= 180 angles.
m.A+msE =180
2. mLA+mC=mLA+ 2. Symmetric and Transitive
+ mLE properties.
3. meC-= mLiE 3. Addition property of
equality.
4., m, A=mL B 4. Given
5. mLA+me C=nmnL B+ 5. Symmetric and Transitive
+m. D properties.
6. m.C=mD 6. Equals subtracted from

equals.

7. £ C=m.D=mE 7. Steps 3 and 6.

2. m. 1 +m. 1 =180 substituting me 1 for m. 2 in step 5.
3. The "if" and "then" have been interchanged. That is,
they are converses.

4. False

5. True

6. True

7. True

8. False

9. relationships

10. Statement, Given, Prove
11. four

12. perpendicular

13. 24 4. £ 6 15. 22
16. L NOS 17. L TON 18. L TOS
19. 70 20. 80 21. 30
22. 80 23. 150 24. 100
25. L EBA and . CBD
26. L FBC and £ ABG
27. L CBE, L ABE, £ ABD

Page 75

28. 180 - «x 29. x 30. 180 -z
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Page 75 Page 77
Exercises continued Review Exercises continued
31. 60 32. L FBC, . FBA, £, CBG, . GBA 37. (L FBC and £ ABG  38. £ EBC 39. perpendicular
40. 30 41. 110 42. 110
33. L FBE, . FBD, £~ GBE, £ GBD 43. 150 44, 150 45. 70
34. 60 35. 140 Chapter Test
36. equal measure 37. equal measure 1. 34 2. states more than necessary

Review Exercises

1. True
Page 76
2. True 3. True 4. False 5. True 6. False
7. Point Betweenness Postulate
8. The Plane Intersection Postulate
9. The Angle Sum Postulate
10. terms 11. restrictions
12. statements 13. undefined
14. 4 noncoplanar 15. postulates
16. multiplication property of equality
17. transitive property of equality
18. closure for real numbers
19. Postulate 1-6, Definition 1-28
20. Postulate 2-7 21. Postulate 2-2
22. Postulate 2-1
23. If an integer has one's digit five then it has five
for a factor.
24. If a plane contains two intersecting lines then no
other plane contains them both.
25. If two lines form equal adjacent angles then they are
perpendicular.
26. If 3(x-5)=x+7then3zx-15=2zo+ 7
(distributive property)
If 3z - 15 = x + 7 then 2z = 22
(addition property of equality)
If 2z = 22 then =z = 11 (multiplication property of
equality)
27. If5(x+1) =3c- 11 then 52 + 5 = 3¢ - 11
(distributive property)
If 52 + 5= 3z - 11 then 2z = 16 (addition property
of equality)
If 2z = -16 then x = -8 (multiplication property of
equality)
28. point 29. two 30. segment
31. of equal measure 32. right
33. Hypothesis - 2 Tines are perpendicular
Conclusion - Tines form right angles
34. Hypothesis - 2 angles form a linear pair
Conclusion - the sum of their measures ts 180,
35. Hypothesis - opp. angles are formed by intersecting lines
Conclusion - the angles have equal measure
36. Theorem, given, prove

3. Definitions are derived from undefined terms.
Theorems are proved from unproved statements.

4. One factor may be distributed over the terms of another

factor.

That is, the first factor can be multiplied

by each term of the other factor rather than the factor

itself.

5. 170 6. False 7. True

8. True

9. If you come over, then you have to work.

10. . FOC, . BOG, £ COG, £ FOB

11. FG and BC 12.
14. The Plane Postulate
15. Theorem:

£ AOB, £ COD

13. ., DOB

The product of an odd integer and an even

integer is an even integer.

Gilven:

Prove: 2n (2m + 1) is even

Proof:
STATEMENTS

1. 2m+ 1 is odd
2n is even

2. 2n(2m + 1) = 2n * 2m
+ 2n

3. 2n ¢ 2m+ 2n = 2°
(n* 2m + n)
4, 2(n s 2m + n) is even

5. 2n(2m + 1) is even

16. Theorem:

0dd integer 2m + 1, even integer 2n

REASONS

1. Given

2. Distributive Property

3. Distributive Property

4. Definition of even
number

5. Substitution

If a point does not lie in a given line, then

there is exactly one plane containing both the

point and line.

Given: P not on 7
Prove:

P and 7.
Proof:
STATEMENTS

1. 1line 7 contains
points R, S

2. P s not in 7

3. R, S, P are three
noncollinear points

4. There is one and only
one plane M containing
R, S, P

5. Any plane containing 7
will contain R, S

6. Any plane containing 7
and P must contain
R,S, P

7. Any plane containing 7
and P is the plane M.

There is one and only one plane M containing

REASONS

1.

Two points determine
a line.

Given

Steps 1 and 2

Three noncollinear
points determine a
plane.

A 1ine Ties in a plane
when all its points lie
in the plane.

Step 5

The noncollinear points
determine only one
plane.



SOLUTIONS FOR PAGES 81-38

Page 81 Page 90
Answers for Exercises 1-6 may vary 6. AE = CE, ED = EF, DA = FC
L A=/,C, . D=¢F, L AED= £ CEF.
1. ABC < FDE 2. DEP « SRP
3. APN = RPS 4. ABCDE < RKLMN 7. PR =20QS, RX = SY, XP = YQ
5. QPSA © LISA 6. NLS ¢ PAI, or NLIR « PASR LP=/Q, LR=/LS, L X=/,Y.
8. AM = BN, MP = NO, PA = OB
LA=/B, LM=/N, LP=,Q.
Page 85 9. MQ = NP, QP = PQ, PM = QN
L M=/ N, £ MQP = £ NPQ, £ MPQ ==~ NQP.
Class Exercises
1. AB; symmetry 2. segment congruence
3. XV; definition of segment congruence
4. symmetry 5. symmetry Page 91
6. XY; XY; segment congruence .
7. transitive 8. segment congruence 10. ¢S 1. NP
9. transitive 10. transitive
11. reflexive 12. segments; equivalence 12. Given ARBC
AB = AB, BC = BC, CA=CA (Theorem 3-1.8)
L A=/, A, LB=/,B, £C=,C (Theorem 3-1.8)
AMBC = AABC (Definition 3-3)
Page 86 13. If AABC = AKLM, AB = KL, BC=1TM, CA=MK, L A=, K,
—y B=/L, /. C=7.M_(Definition 3-3)
Class Exercises KL = AB, LM=BC, MK=CA, LK=, A, L L=,B,
L M=/, C (Theor‘em 3-1.8)
1. ABC © FED 2. triangles not congruent AKLM = AABC (Definition 3-3).
Lad «
g. k{ﬁ”« DléiRP g ﬁg? DN ﬁgg or 0SU < NST 14. If AABC = AKLM and AKLM == APQR, AB = KL = PQ, BC = LM
. > =QR, CA=MK=RP, LA=/K=/,P, LB=LL
7. triangles not congruent T
8. DEFGH * MNQKL 9. ReoW. SeX *LQ,LCQ‘LMQ‘LR (Def1n1t1on33) 2B = PQ
) . N . C e Bl=qQR, CA=RP, LA=/,P, LB=/,Q,LC=/,R
10, ReW; SeX; TeyY;, UeZ. TeY, U’ ?
1. Q=C X“B:R®S. (Theorem 3-1.8) AABC *APQR (Deﬁmtwn 3-3).
12, T«A; FeE; U®eN 15. ARST = ANML
13 A« V;B*eU; C*T; D*S; E®R, 16. AAKF = AGHJ .
14. True 15. False 16. False 17. True 17. LG=/M, LH=,N, £ 1=¢L, GH=MN, HI = NL,
18. True 19. False 20. True 21. True GI = ML
18. LR=y U, £S=/,V, L T=,MW, RS=1UV, ST= W,
T = UW.
Page 87 19. LR=/K 2C=/,L,LA=/.H, RC=K, CA=1H
RA = KH
22. ABC ¢ FED; BCA © DEF; and others
23. MNR © WTS; MRN € WST; and others 20. ADFE = ACAB
24. PQRS <« HFMN; RQPS ¢ MFHN; and others 21. ADFE = AABC
25. ABP € ABQ; APB ¢ AQB; and others o
26. AABN © AACM; AMPB € ANPC; AMBC ¢ ANCB 22. Since AB + CD, m ABC = me ABD (Theorem 2-6.5)
27. APSR ¢ AQRS; APTS € AQTR; APQS € AQPR Since AAMB == AANB, mz ABM = me ABN (Definition 3-3)

Therefore, m. MBC = me NBD (Theorem 2-6.1)
28. Gven L AOB

Prove ([ AOB =/ AOB 23. Since AABD = AACD, £ ABD =2 ACD (Definition 3-3)
mZ AOB is a number (Postulate 1-5) Therefore, £ ABE = £ ACF (Theorem 3-1.4)
m. AOB = mz AOB (Reflexive property of equality)
L AOB =/ AOB (Definition 3-2). 24, Since AKLP = AMLP, £ KPL =~ MPL (Definition 3-3)
£ KPL = £ SPT and £ MPL = /2 RPT (Theorem 3-1.5)
29. £ C 30. LCMA 31. LCAM 32, m.B 33. ms CAM Therefore £ RPT = £ SPT (Substitution)
34. AM 3H. AC 36. CM 37. ™8 38. AB 25. AABC is isosceles, since it has two congruent sides.

39. Individual student drawings.

Page 96
Page 90 Class Exercises
, 1. SAS 2. SSS 3. SAS
Ezercises 4. insufficient information 5. ASA
6. ASA 7. not congruent 8. ASA
1. GF = VU, GH = VW, HF = WU 9. insufficient information
LF=/,U, LG=/, VN, LH=LMW.
2. EF = XY, FG = YZ, GE = ZX
LE=/s X, LF=/,Y, LG=/ L.
Page 98
3. RS = MN, ST = NO, TR = OM -
LR=/ M, £S=/N, LT=,0. Exercises
1. SSS 2. ASA 3. not congruent
4. AB = CB, BX = BY, XA = YC 4 as & css e eps oneT
L1=02,LA=LCLX=LY, 7. ASA 8. SSS 9. SAS
10. SAS 1. SAS 12. SSS
5. PO = Q0, 0S = OR, SP = RQ 13. not con
~ = ~ . gruent 14. not congruent 15, ASA
LP=,0Q,LS=,R, LP0S=/QOR. 16. not congruent
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Page 100

Page 98
32. XY= XZ (Postulate 2-4, Definition 1-16)
17. £ A=, D, and AE = DE (given) XR = XR (Theorem 3-1.8)
L AEB = £ DEC (Theorem 3-1.5) YR = 7R {Definition 1-15)
AAEB = ADEC  (ASA) AXYR = AXZR (SSS)
L Y=/,17 (Definition 3-3).
33. AC - BC = DB - BC (Addition property of equality)
AB = DC (Definition 1-16)
Page 99 AP = DQ, BP = CQ (Definition 1-16)
- AAPB = ADQC  (SSS)
18. AD = BC, and AB = DC (given) L P=,0Q (Definition 3-3)
AC = AC (Theorem 301‘6? o
ACDA = AABC  (SSS) 34, AF = CF (Definition 1-15, Definition 1-16)
AD = CE (Definition 1-15, Addition property of equality)
19. £Q=,S (Theorem 2-6.5 and Theorem 3-1.1) AADF == ACEF  (SAS)
QR = SR (Definition 1-15) DF = EF (Definition 3-3, Definition 1-16).
£, PRQ = £ TRS (Theorem 3-1.5)
APQR = ATSR  {ASA) 35. From the given information, AAPC = ADPB (ASA)
Therefore PB = PC (Definition 3-3)
20. L PMQ =, PMR (Theorem 2-6.5 and Theorem 3-1.1)
QM =RM (given)
PM = PM (Theorem 3-1.6)
APQM = APRM  (SAS)
Page 101
21, £ 1=,2, and £ 3=, 4 (given)
EG = EG (Theorem 3-1.6) 36. From the given information, AAPC = ADPB (ASA),
AEFG == AGHE  (ASA) therefore £ APC = mz DPB (Definition 3-3)
LH=/F (Definition 3-3) £ BPC =/ BPC (Theorem 3-1.7).
Thus, m. APB = mz DPC  (Subtraction property).
22. L AMP = /£ BMC (Theorem 3-1.1)
AAPM = ACBM  (ASA) 37. L F=/ ABC (Theorem 2-6.5, and Theorem 3-1.1)
AP = (B (Definition 3-3) L 1=,2, and FB = EC (given)
o BE = BE; therefore FE = BC (Addition property)
23. OA=0B, OB =0C (Definition 1-16) ADFE = AABC  (ASA)
ADAB = AOBC (SAS) £ D=z A (Definition 3-3)
AB = BC (Definition 3-3)
AB = BC (Definition 1-16) 38. ZR = 25, and X = ZY (given)
— (Z=/Z (Theorem 3-1.7)
24, KL = KN, LM=NM (Definition 1-16) ARZY == ASZX  (SAS)
KM = KM (Theorem 3-1.8) LZRY = £ 2SX (Definition 3-3)
AKLM = AKNM  (SSS) L XRY = £ YSX (Theorem 3-1.4)
£ 1=,2 (Definition 3-3)
_— 39. From the given information and FE = FE, DF = EB
25. £ 3=/, 4, PR=QR (Definition 1-16) (Subtraction property)
RS = RS (Theorem 3-1.8) AADF = ACBE  (SAS). Therefore , AFD = ~ CEB
APRS = AQRS  (SAS) (Definition 3-3). o
L 1=,2 (Definition 3-3) Since . AFB = £ AFD (given), AF 1 DB (Definition 1-25)
£ PST = /£ QST (Theorem 3-1.4) and £ AFD is a right angle (Theorem 2-6.5).
Thus £ CEB is a right angle (Substitution postulate, 2-1)
L ABP =/ DCP (Theorem 3-1.4)
AAPB = ADPC  (ASA) 40. Since ¢ ABF =/ DCG (given), £ ABC = £ ACB (Theorem 3-1.4)
LAPB = £ DPC (Definition 3-3) BC = BC

Also £ EBC =, ECB (given), and BC = BC (Theorem 3-1.6).
Therefore AABC = ADCB (ASA), and L A=/ D
(Definition 3-3).

I~

DEC == 2 BEC (Theorem 2-6.5, Theorem 2-5.5)
BE (Definition 1-15, Definition 1-16)

jw=)
m)

EC = EC (Theorem 3-1.8)
ADCE = ABCD (SAS)
DC = BC (Definition 3-3, Definition 1-16).
Page 104
Class Exercises
1. vertex; opposite 2. perpendicular
Page 100 3. median 4. obtuse

L1=,2and £ 3=,4 (given)
L MST = £ NST (Theorem 3-1.4)
ST = ST (Theorem 3-1.6)
AMST = ANST  (ASA) Page 108
MS = NS (Definition 3-3) .

Exercises
DF = AF and EF = BF (Definition 1-15) 1. exterior 2. median 3. KR
L DFE = £ AFB  (Theorem 3-1.5) 4. altitude 5. obtuse 6. isosceles
ADFE = AAFB  (SAS) 7. L MKL, £ KM. 8. one, one 9. True
DE = AB (Definition 3-3) 10. False
DC=DE (Transitive property)
MB = AC, AE = AD (Definition 1-16)
L BAE = £ CAD (Theorem 3-1.5)
ARBE = AACD  (SAS) Page 109
BE = CD (Definition 3-3, Definition 1-16).
L EAB =/ DCB (Theorem 2-6.5, Theorem 3-1.1) 1. True _ 12. False (segment)13. True
AB =TCB (Definition 1-15, Definition 1-16) 14. False (all triangles) 15, True
AEAB = ADCB  (ASA) 16. False

AE = CD (Definition 3-3, Definition 1-16)
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Page 109 Page 110

32. (L PBC =, PCB (Theorem 3-4.2)
L PBA ==/ PCD (Theorem 3-1.4)

17. Given AMBC is equiangular APBA = APCD (SI:\S)_
Since £ B=/ C, AB=AC (Theorem 3-4.3) AP = DP (Definition 3-3, Definition 1-16)
Similarly, since 2 A=/ C, AB = BC (Theorem 3-4.3) ) .
Therefore AABC is equilateral (Transitive property) 33. Since AP = DP (given), £ A=/ D (Theorem 3-4.2).
Therefore AAPB = ADPC (SAS) and PB = PC (Definition 3-3).

18. £ CBA =/ BCA (Theorem 3-4.2)
L 1=/,2 (Theorem 3-1.4)

19. APQM == APRM (SSS)

L QPM =/ PPM (Definition 3-3) Page 111
PM is an angle bisector (Definition 1-29, Definition 3-8)
34, £ DPG=/ FPG (Definition 3-8)

20. L PMQ =, PMR (Theorem 2-6.5 and Theorem 3-1.1) PG = PG (Theorem 3-1.6)
L QPM =/ RPM (Definition 1-29) ADPG = AFPG  (SAS)
PM=PM (Theorem 3-1.6) L PGD = £ PGF (Definition 3-3)

L DF (Theorem 3-1.2, Theorem 2-6.6)

AP = 170N (ASA)
s_an altitude of ADPF (Definition 3-10)

PG
PQ = PR (Definition 3-3) PG

i
AMBC is isosceles (Definition 3-12) _ﬁi FG (Definition 3-3)
PG is a median of ADPF (Definition 3-9)
21. L A=/ B (Definition 3-12, Theorem 3-4.2)
AAKL = ABLM (SAS) 35. BAD = £~ CAD (Definition 1- 29)
LM = KL (Definition 3-3, Definition 1-16) AD* AD (Theorem 3-1.6)
AABD = AACD (SAS), and BD = DC (Definition 3-3)
22. From the given information, AKAL = ALBM__(SS l Therefore £ DBC =~ DCB  (Theorem 3-4.3)
Therefore £ A=/ B (Definition 3-3), AC = BC
(Theorem 3-4.3) and 36. Since BD = DC (given), ms DBC = ms DCB (Theorem 3-4.2)
AABC is isosceles (Definition 3-12) By the addition property me ABC = ms ACB.
Therefore, AB = AC (Theorem 3-4.3)
23. By subtraction, AD = AE. Thus, me ADE = mz AED AABD = AACD (SAS), and £ BAD = £ CAD (Definition 3-3)
(Theorem 3-4.2) Thus AD bisects £ BAC.

24. Since AB = AD (given

), £ ABD = £ ADB (Theorem 3-4.2) o shigs "
By subtraction, m. CBD = 37. £ Q=L,R (Definition 3-3).

m. CDB, and BC = DC

(Theorem 3-4.3) TV _ s _
Thus ABCD is isosceles (Definition 3-12). 3. %ﬁa% E?ﬁ;gﬂlgtg_?_gg Definition 1-16)
YR =7R (Definition 1-15)
AXYR == AXZR (SSS)
L Y=/,17 (Definition 3-3)
Page 110
39. From the given information, AABC = AAED (SAS)
25. Since AB = AC, £ B=, C (Theorem 3-4.2) Therefore, m. BCA = £ EDA.
L PRB =/ PSC (Theorem 2-6.5 and Theorem 3-1.1) Since AC = AD, m. ACD = mz ADC (Theorem 3-4.2).
ABRP = ACSP  (ASA); Therefore PR=PS (Definition 3-3). By the addition property, m. BCD = ms EDC.
26. From the given information, . BRP =/ CSP 40. Since AABC is equilateral, mL A=m. B = me C.
(Theorem 2-6.5 and Theorem 3-1.1) Since AB = BC = AC, and BF = DC = AE (given),
Therefore APRB = APSC (SAS) and £ B=,C AB - BF = BC - DC = AC - AE, or AF = CE = BD
(Definition 3-3) (Subtraction property)
Thus AB = AC (Theorem 3-4.3)and AABC is isosceles. Therefore AAFE = ABDF = ACED (SAS), and
FE = DF = ED (Definition 3-3). Thus ADEF is
27. PB = PC (Definition 1-15) equilateral.
PR = PS (given)
ms BPR = me CPS  (given) 41, £, ACD =, ADC (Theorem 3-1.3)
APRB = APSC (SAS) and £ B =/, C (Definition 3-3) AC = AD (Theorem 3-3.4)
Thus AB = AC (Theorem 3-4.3) and AABC is isosceles. AABC = AAED  (SAS)

. I /L BAC = £ EAD {Definition 3-3).
28. Since DE = FE (given), £ D= . F (Theorem 3-4.2)

ADEG = AFEH (ASA), and £ DGE = £ FHE (Definition 3-3). 42. Since ms BAD = m. EAC (given), and ~ CAD = 2 CAD,
Therefore £ HGE = £ GHE (Theorem 3-1.4) m. BAC = ms EAD
Thus GE = HE (Theorem 3-4.3) and ADEF is isosceles. By substitution m£ 1 = me 2
Also 2 ACD = £ ADC (Theorem 3-1.3)
29. Since GE = HE, £ HGE = £~ GHE (Theorem 3-4.2). Therefore AC = AD (Theorem 3-4.3)
Therefore £ DGE = ~ FHE (Theorem 3-1.4) Thus AABC = AAED (ASA), and 2 B =, E.

ADGE == AFHE  (ASA).
DE = FE (Definition 3-3) and ADEF is isosceles.

30. AK=KC, AM=CL (Definition 1-15, Addition property of

equality) Page 112
L A=/, C (Corollary 3-4.2a) . . ) .
AAKM = ACKL  (SAS) 43. From the given information and TR = TR, )
KM =KL (Definition 3-3) ARQT == ARST  (SSS), and £ QRT = £ SRT (Definition 3-3)
Similarly, KL =1M Thus AQRP = ASRP  (SAS), and L QPR ==~ SPR
AMKL is equilateral (Theorem 3-1.8, Definition 3-12). (Definition 3-3).
31. MQ=NR (Definition 1-15) 44. ADBC = ARBC (SAS)
G/Q\”E_B (Given, Definition 1-16) AC = DC (Definition 3-3)
£ Q=/, R (Theorem 3-4.2) L ADC = £ DAC (Theorem 3-4.2)
AMQA = ANRB (SAS) .
MA = NB (Deﬁ'nition 3-3, Definition 1-16). 45. PQ = PR (Addition property)

L PQR = £ PRQ (Theorem 3-4.2)
AMQR = ANRQ  (SAS)

£ MRQ = £~ NQR (Definition 3-3)
KQ = KR (Theorem 3-4.2)
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Page 112

Page 119

46.

47.

48.

L D=/ AFD (Theorem 3-4.2)

£, C=/ BFC (Theorem 3-4.2)

Since £ D=, C (given), £ AFD = ¢ BFC
(Transitive property)

AF = FB (Transitive property) 12.

AAFE = ABFE  (SSS)

L AFE =/ BFE (Definition 3-3)

L DFE = £ CFE (Addition property)
EF . DC (Definition 1-25)

x>

£ C (Theorem 3-4.2)
ACMP  (SAS)

A=

AMN =

ANM = £ CPM (Definition 3-3)
BNP

1=

NN

£ 2 (Subtraction property)

AC
cD
CA
AD
AD

CB = BA (Corollary 3-4.3a)

CE, BE = BF (Theorem 3-4.3)

CD = CB - CE (Subtraction property)
E (Closure property)

BF (Transitive property).

E I N S [

Page 116 15.

Class Exercises

BN —

ASPR, ARQS 16.

AACD, ADBA; or AACB, ADBC
ASRP, ANMP; or ATRP, AWMP; or QRP, APNQ; and other pairs.
J and L ILJ

£ HLJ 17.

B = CB (Addition property) 13.

=/ BPN (Theorem 3-4.2) 4.

BE = CE (Theorem 3-4.2)

L BEA =/ CED (Theorem 3-1.5)
ABEA = ACED (ASA)

AE = DE (Definition 3-3)

DB

= AC (Definition 1-16, and Addition property).

. SPR =, PSQ (Addition property)

In APOS, PO = SO (Theorem 3-4.3)

By the addition property, SR = PQ.

Also SP = SP. _

Therefore ASPR = APSQ (SAS), and RP = SQ (Definition 3-3)

Since £ 1=, 2, PB = PC (Theorem 3-4.3)
Therefore from this and the given information
AAPC == ADPB (ASA), and AP = DP (Definition 3-3)

In APQR, at the beginning of these exercises, SR and TQ
are the medians to the congruent sides.
ASQR = ATRQ  (SAS)

SR=TQ (Definition 3-3)

From the given information BC = DC (Subtraction property)
AACD = AECB  (SAS) and ~ CBE = £ CDA (Definition 3-3)
Therefore £ ABE = £ EDA (Theorem 3-1.4).

L SRQ =/ TRP (Postulate 2-10)
ASRQ = ATRP (SAS)
PT = QS (Definition 3-3)

Let DB intersect CA at E.

L CAB_=, DBA (Theorem 3-1.4)
AE = BE (Theorem 3-4.3)

/ DEA =/ CEB (Theorem 2-6.3)
L DEA == £ CEB (ASA)

. BCA =/ ADB (Definition 3-3)

Page 120

Page 117

6.

7.

Since £ ILJ =, ILJ, and £ HLI = £ KLJ, £ HLJ = £ KLI
(Addition property).

Theorem 3-4.2 8. LKI (ASA)

Page 118 20.

Exercises

1.
4.
6

21.

ARSQ 2. APSR 3. LP

RQ 5. median

In addition to the given information L A=, A
(Theorem 3-1.6)

Then, AABN = AACM (ASA) 22.

Therefore BN = CN

L B =/ DEF (Theorem 2-6.5, and Theorem 3-1.1)
Since BE = CF (given), BC = EF (Addition property)
Therefore AABC = ADEF (ASA), and AB = DE (Definition 3-3)

23.

L A=/, B (Theorem 2-6.5, and Theorem 3-1.1)

AF = BE (Addition property)

ADAF = ACBE (SAS), and . AFD = £ BEC (Definition 3-3)
Therefore in AEGF, EG = FG (Theorem 3-4.3).

AAED = A BAE  (SSS), and £ AED = £ BAE (Definition 3-3) 24,

ABDC == ACEB  (SSS), and £ ECB = ~ DBC (Definition 3-3)
Therefore, AB = AC (Theorem 3-4.3, Definition 1-16).

n

Since m. ABP = mz CBD (given), and 2 PBD = £ PBD,
m. ABD = mz PBC (Addition property)
L A=/ BPC, and AB = PB (Given)
ABAD = ABPC (ASA), and £ ADB =/ BCP (Definition 3-3)

Since £ A= £ BPA (given), AB = PB (Theorem 3-4.3).

Also since, me ABP = me CBD (given), and/PBD = £ PBD,
m. ABD = m. PBC (Addition property).

ABAD = ABPC (SAS), and £ A=, BPC (Definition 3-3).

Since £ A= ¢ BPC (Exercise 20), and 2 A= £ BPA (given),
L BPC =, BPA (Transitive property).

Since £ QSR = £ RTQ (given), £ PSR =2 PTQ

(Theorem 3-1.4).
Since £ PST =/ PTS (given), PS = PT (Theorem 3-4.3).
APTQ = APSR  (ASA), and £ Q =, R (Definition 3-3).

Since £ PST =, PTS (given), PS = PT (Theorem 3-4.3)
Since SQ = TR (given), PQ = PR (Addition property)
APTQ = APSR  (SAS), and £ PSR =, PTQ (Definition 3-3)
By subtraction, ms TSW = me STW, and SW = TW

(Theorem 3-4.3)

Since £ PST = £ PTS (given), £ QST = £ RTS
(Theorem 3-1.4), also PS = PT (Theorem 3-4.3).

Since £ QSR = £ RTQ (given), £ TSR =/ STQ
(Subtraction property)

AQST = ARTS (ASA), and SQ = TR (Definition 3-3).

Since SW = TW (given), £ TSW =/ STW (Theorem 3-4.2).
Since PS = PT (given), £ PST = £ PTS (Theorem 3-4.2)
By addition, £ PSW =/ PTW.

Therefore, £ QSR = £ RTQ (Theorem 3-1.4).
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25. Since m/ ABP = m/ CBD (Given), and / PBD =
(Theorem 3-1.6), m/ ABD

Since / BCD = BOC (Given),

AABD = APBC TASA), and / A

/ PBD

m/ PBC (Addition Property)
= BC (Theorem 3-4.3)

= / BPA (Definition 3-3)

Page 122

Review Exercises

1.7 2. APEB < DPFC 3. Identity.
4, s 5. DE __ 6. BC
7. AB and BC (or BD) 8. AC 9. ARST = ANDF
10. ASA, SAS, or SSS.

Page 123
11. Since BC = BC and AB = DC (given), AC = DB

(Addition property)
APAC = AQDB (SAS).

12. L ABF =/ DCG {(Theorem 2-6.5 and Theorem 3-1.1)
AABF == ADCG  (ASA).

13. equiangular (or 1sosce1es)
14. interior
15. corollary

16. BM = CM (Definition 1-15)
M= AM (Theorem 3-1.6)
AABM = AACM (SSS), and £ AMB == £ AMC (Definition 3-3).
M 1 BC (Definition 1-25).

17. Since AB = AD (given), m. ABD = m/ ADB (Theorem 3-4.2)

By subtraction, me CBD =
Therefore BC = DC

m/ CDB.
(Theorem 3-4.3)

18. Since £ AEP = £ AFP (given),
(Theorem 3-1.4).
ABEP == ACFP (SAS) and £ B =~ C (Definition 3-3).
Therefore AB = AC (Theorem 3-4.3)
By subtraction, AE = AF.

L BEP = £ CFP

19. Since AB = AC (given), £ ABC =~ ACB (Theorem 3-4.2).
Since AD = AE (given), BD = CE

BF = FC (Theorem 3-4.3), and ABFC is isosceles.

20. Since PI = PS (given), £ PIS = £ PSI (Theorem 3-4.2).
Also by addition, LS = IA.

ASPL = AIPA (SAS , and £ SPL == £ IPA (Definition 3-3).

21. Since DE = EC (given), £ EDC = £ ECD (Theorem 3-4.2)
Since_BE = AE (given), AC = BD (Addition property)
DC = DC (Theorem 3-1.6)
AADC = ABCD (SAS), and £ ADC = £ BCD (Definition 3-3).

(Subtraction property).
ABDC == ACEB (SAS), and £ EBC = £ DCB (Definition 3-3).

Page 124

Chapter Test
1. Opposite sides_are_ congruent
2. AR=BS, RX=SZ, AX=8B

LR=,S

LA=,.B

LX=/L1
3. SAS

4. Draw isosceles AABC with angle bisects AE and CF.
Label_the intersection of AE and CF point H.
AH = CH (Theorem 3-4.3)
L FHA = £ EHC (Theorem 3-1.5)

ABHF = ACHE (ASA)
FE‘EEH EDefinition 3-3)
=EA (Addition property).

12

Page 124

Draw_isosceles right APQR with right L P.
Let PT be the required median.
RT = QT (Definition 1-15)
L R=/Q (Theorem 3-4.2)}
ARPT = AQPT (SAS)
L RTP =/ QTP (Definition 3-3)
m RTP = mZ QTP = 90 (Theorem 2-5.6)
ARTP and AQTP are right triangles (Definition 1-32)

L ACB =/ DBC (Theorem 3_1 3)
AACB = ADBC (ASA)}, and AC = DB (Definition 3-3)
Since PO = PA (given), £ POA = £ PA0 (Theorem 3-4.2)
Therefore £ POJ = £ PAN (Theorem 3-1.4).

AJOP = ANAP (ASA), and £ J = £ N.

By subtraction, BF = CF.

Therefore £ FBC == 2~ FCB_ (Theorem 3-4.2)

BC = BC (Theorem 3-1.6)

ABEC = ACDB (SAS), and 2 DBC = £ ECB (Definition 3-3).
Therefore AB = AC (Theorem 3-4.3) and AMBC is isosceles.

Page 129
Mathematical Excursion
1. Yes 2. No, not reflexive 3. No, not reflexive
4. Yes 5. No 10 # 1
6. 17 -38=(-3)7
7. 23-37=(-2)7
8. 17+23=(5x7)+53 ;
38+37=(10x7) +5 both have remainder 5
9. 17 x 37 €[6] and 38 x 23 €[6]
10. Prove that the sum of two elements from two classes is
an element of the sum of the classes.
Let a € [p] and b € [r].
Then g = 7m + p, b = Tn + r, where m, p, n, r are
integers and 0 s p <7, 0s r<7.
a+hb= 7m+p+7n+r—7(m+n + (p + 7), s0
a+b€[p+rl
11. Prove that the product of two elements from two classes
is an element of the product of the classes.
Let m € [d], n € [fl.
Then, m = 7z + d, n = Ty + f, where z, y, d, and f are
integers and 0 < d<7,0<s F<7.
men=(7x+d)(7y + f) = 8xy + Txf + 1dy + df.
By the Distributive property, m *« n = 7(7zy + xf + dy) +
af
Thus, m * n €[df].
Page 137
Exercises
1. True 2. True 3. True
4. False 5. False 6. true
7. False 8. True 9. t~r
10. z~y 11. contrapositive 12. sometimes
13. p 4, ~p~~g
15. If two angles are not vertical angles, then the angles
are not congruent.
16. If two lines are not perpendicular, then the lines do
not meet to form right angles.
Page 138
17. If two distinct Tines do not 1ntersect then the lines

do not intersect in exactly one point
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Exercises continued

18.

If two angles are not congruent and supplementary, then
the two angles are not right angles.

19. If three points are collinear, then they do not determine
exactly one plane.

20. If two angles bisectors of a triangle are not congruent
then the triangle is not isosceles.

21. True 22. True 23. True 24. False

25. If two angles are congruent, then the two angles are
vertical angles. False.

26. If two lines meet to form right angles, then the two
lines are perpendicular. True.

27. If two lines intersect in exactly one point, then the
two distinct Tines intersect. True.

28. If two angles are right angles then the two angles
are congruent and supplementary.

29. If three points determine exactly one plane, then the
three points are noncollinear. True.

30. If a triangle is isosceles, then two angle bisectors of
the triangle are congruent. True.

31. If the bisectors of the base angles of a triangle are
not congruent, then the triangle is not isosceles.

32. If the base angles of a triangle are not congruent,
then the triangle is not isosceles.

33. If two angles are not right angles, then the two angles
are not congruent and supplementary.

34, If there is not exactly one bisector then there is not
exactly one angle.

Page 139

35. If triangles are congruent, then corresponding sides
are congruent. p + g

3. If sides are congruent, then triangles are congruent.
q=*p

37. Sides are congruent if and only if triangles are

congruent. p > g

Page 140

Class Exercises

2. =; assumption
3. DC; Definition 3-3
4. midpoint; Definition 1-15
5. 3 AACD; contradiction of hypothesis
Page 141
Exercises
1. ~p 2. p is false 3. q is true
Page 142
4. contrapositive 5. true 6. contrapositive
7. the conclusion 8. a known fact 9. negation of the

assumption

Exercises continued

10.
1.
12.
13.

14.

16.
17.

18.

20.

21.

22.

23.

24.

25.

26.

Suppose an angle has more than one bisector.
Suppose L A # L B.
Suppose a segment has two midpoints.

Suppose there are at least two altitudes from a vertex
to the opposite side.

Given AB with midpoints M and N (M and N lie between A
and B). AM = BM, AN = BN (Definition 1-15)

AM + MB = AB = AN + NB (Postulate 2-4)

2AM = 2AN (Transitive property of equality,Postulate 2-1)
AM = AN (Multiplication property of equality),

M =N (Postulate 2-2), contradicting our assumption
that M # N. There is 1 midpoint.

L 1 | ]

r T T 1

A M N B

The first step is the conjecture as stated.

The first step is the conjecture as stated.

Three congruent angles implies the triangle is
equilateral (Corollary 3-4.3a). This contradicts
Definition 3-12). Therefore, it is false that all 3
angles are congruent.

Existence. BD is a median of AABC.

D

Use the contrapositive of Corollary 3-4.2a
with Definition 3-11.

Counterexample. AABC and AADE are right triangles but
are not congruent.

B
D

Assume £ P =/ Q is true, then the sides opposite are

congruent (Theorem 3-4.3)

But a scalene triangle has no congruent sides
(Definition 3-12)

Therefore £ P # £ Q.

Assume ARST is isosceles. Then its base angles are
congruent (Theorem 3-4.2). This contradicts our
hypothesis. Therefore ARST is not isosceles.

If ARST is isosceles, then some angles of ARST are
congruent. Use Theorem 3-4.2.

Assume that a point is on the line perpendicular to the
given segment at its midpoint. Then see the proof of
Example 4 in section 4-3.

If right angles are not formed by two lines, then the
lines are not perpendicular. (Contrapositive of
Theorem 2-6.5).

By Definition
This is

Assume that two triangles are congruent.
3-3 the corresponding sides have equal measure.
the contrapositive of the given statement.
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Exercises continued

27.

28.

29,

30.

Assume there is more than one plane containing both the
point and the line. Since a line is determined by two
points, there must be at least two points, A and B, in
the given line. These two points and the given external
point determine a unique plane. This contradicts the
assumption. Therefore there is not more than one plane
containing both the point and the line.

Assume there is more than one plane containing the two
intersecting lines. Since three points determine a
unique plane, a point on each line (not at the
intersection) and the point of intersection determines
a unique plane. This contradicts the assumption.

Assume a line segment, AB, has more than one midpoint,
say two midpoints, C and D. By Definition 1-15 AC = CB
and AD = DB, this implies that AC = AD or that C and D
are the same point. This contradicts the assumption.

See the second part of the proof of Theorem 3-4.1.
You may wish to use the method of contradiction as in
Exercise 29.

Page 148

Exercises

1.

Draw AC. AC = AC
AADC == ACBA (SSS)
Therefore £ D=/ B

(Theorem 3-1.6)

(Definition 3-3)

SP =3P
$SS)
=L

Draw SP.
APSQ = APSR
Therefore £ Q

(Theorem 3-1.6)

R (Definition 3-3)
Draw BC. BC = BC
AABC = ADCB  (SSS)
Therefore £ A=/, D (Definition 3-3)

(Theorem 3-1.6)

DF = BE (Addition property)
AADB = ACBD (SSS)

L ADB = £ CBD (Definition 3-3)
AADE = ACBF (SAS)

AE = CF (Definition 3-3)

DF = BE (Addition property)
AAEB = ACFD  (SSS)

L ABE =/ CDF (Definition 3-3)
AABD == ACDB  (SAS)

AD = BC (Definition 3-3)

DE = BF (Subtraction property)
AADE = ACBF  (SSS)

L ADE = £~ CBF (Definition 3-3)
AADB = ACBD (SAS)

AB = DC (Definition 3-3)

L AGB = £ DGC (Theorem 3-1.5)
AAGB = ACGD (SAS)

L B=/,D (Definition 3-3)

£ DGF = £ BGE (Theorem 3-1.5)
ADGE = ABGE (ASA)

EG = FG (Definition 3-3)

AG = GC (Definition 1-15)

£ AGE =/ CGF (Theorem 3-1.5)
AAEG = ACFG (ASA)

EG = FG (Definition 3-3)

L AEG =/ CFG (Definition 3-3)

L BEG =/ DFG (Theorem 3-1.4)
L BGE = £~ DGF (Theorem 3-1.5)
ABEG = ADFG (ASA)

L B=/,D (Definition 3-3)

14

1.

12.

AAEG = ACFG  (SSS)

£ A=, C (Definition 3-3)

/. AGB =/ CGD (Theorem 3-1.5)
AAGB = ACGD (ASA)

AB = DC (Definition 3-3)

L AGE = 2 CGF (Theorem 3-1.5)
AAGE = ACGF (SAS)

L AGB =~ CGD (Theorem 3-1.5)
AAGB = ACGD (ASA)

BG = DG (Definition 3-3)

AABC = ACDA (SSS)

£ BAC = £ ACD (Definition 3-3)
L AMF = £ CME  (Theorem 3-1.5)
AAMF = ACME  (ASA)

FM = EM (Definition 3-3)

L AMF = / CME
AAMF = ACME  (SAS)

£ BAC = £~ ACD (Definition 3-3)
ABAC == ADCA (SAS)

L D=/,B (Definition 3-3)

(Theorem 3-1.5)
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13.

14.

15.

16.

17.

19.

20.

21.

continue from Exercise 12:
AF = CE (Definition 3-3)
DE = BF (Subtraction property)

o

APSR == APTR  (SAS)
L PSR= £ PTR (Definition 3-3)
AQSR = AQTR (SAS)
L QSR =, QTR (Definition 3-3)

mL PSQ = m. PTQ (Subtraction property)

AQSR = AQTR  (ASA)
SR = TR (Definition 3-3)
PR= PR (Theorem 3-1.6)
APSR == APTR  (SAS)
PS = PT (Definition 3-3)

APSR = APTR  (SSS)
L SPR =, TPR (Definition 3-3)
APSQ = APTQ (SAS)
£ PQS =« PQT (Definition 3-3)

AABX = ACBX (SSS)

£ ABX =/ CBX (Definition 3-3)
L A=/ C (Theorem 3-4.2)

ABY = ACBY (ASA)

= CY (Definition 3-3)

=

ASQP == AQSR
/£ RSQ =, PQS (Definition 3-3)
ASMT = AQNW  (ASA)

ST=0QW (Definition 3-3)
SW=1QT (Addition property).

(SSS)

Draw BC.

L ABC =/ ACB, £ EBC =, ECB
L DCE = £ FBE (Postulate 2-11)
[ FEB =/ DEC (Theorem 2-6.3)
ABEF = ACED  (ASA)

DE = FE (Definition 3-3)

AQPW = ARPH  (SAS)

£ PQT = £ PRS (Definition 3-3)
QW = RW (Definition 3-3)

£ SWQ =/ TWR (Theorem 3-1.5)
ASWQ = ATWR (ASA)

SW =TW (Definition 3-3)

WQ = WR (Theorem 3-4.3)

£ SWQ =, TWR (Theorem 3-1.5)
ASWQ = ATWR (SAS)

L SQW =, TRW (Definition 3-3)
m/ PQR = m£ PRQ
PQ = PR (Theorem 3-4.3)
APQW = APRW (SAS)

£ QPW = £ RPW

(Theorem 3-4.2)

(Addition property)
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Exercises continued

22.

23.

AADC = ABCD (SAS)

AC = BD (Definition 3-3)

£ BDC =/ ACD (Definition 3-3)
DE = CE (Theorem 3-4.3)

AE = BE (Subtraction property)
L CAB =/ DBA (Theorem 3-4.2)

AAXY = ABZY (SSS)

L XYA = /ZYB (Definition 3-3)
L XYB =/ ZYA (Postulate 2-10)
AXBY = AZAY (SAS)

XB = ZA (Definition 3-3, Definition 1-16).
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24,

25.

26.

27.

28.

Draw BD.

In ABDC, £ CBD = £ CDB (Theorem 3-4.2).
By subtraction, . ABD = £ ADB and AB = AD

(Theorem 3-4.3).

M

Given: AABC = ADEF
AM is a median of AABC
DM is a median of ADEF

Prove: M N

14

Proof: BC = EF (Definition 3-3)

AB = DE (Definition 3-3)
AABM = ADEN (SAS)
AM = DN (Definition 3-3)

BM = EN (Division property)
L B=/E (Definition 3-3)

Given: AABC = ADEF

AM is an angle bisector of AABC
DM is an angle bisector of ADEF

Prove: AM = DN

Proof:

L BAC = £ EDF (Definition 3-3)

L BAM= £ EDN (Division property)
AB = DE (Definition 3-3)

L B=/E (Definition 3-3)

AABM = ADEN  (ASA)
AM = DN (Definition 3-3)

Draw QS.

APQS = ARSQ  (SAS)

£ RQS =~ PSQ (Definition 3-3)
QT = ST (Theorem 3-4.3)

APQT = APRS  (SAS)

SR =TQ (Definition 3-3)

Draw RQ

SQ = TR (Subtraction property)
AQSR = ARTQ (SSS)

£ SRQ = £ TQR (Definition 3-3)
In AQMR, QM = MR (Theorem 3-4.3)

29.

Draw PJ.

APJL = APJA  (SSS)

LL=,A (Definition 3-3)
APIL = APSA (ASA)

PI = PS (Definition 3-3)

L PIS =/ PSI (Theorem 3-4.2)
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Exercises

1.
4.
7

13.

14,

15.

right 2. three 3. perpendicular bisector
external 5. two or more 6. distance
See the figure for Exercises 9-11

Given: AB = AD and BC = DC.
AC N BD at M.

Prove: AC is the perpendicular bisector of BD.

Proof: AMBC = AADC (SSS)
L BAC = £ DAC (Definition 3-3)
ABAM = ADAM  (SAS)
L AMB =/ AMD and BM = DM (Definition 3-3)
AC + BD (Definition 1-25) .
Therefore AC is the perpendicular bisector of BD.

Use the, figure for Theorem 4-4.5.

Assume PX L m (where X is distinct from M).

This contradicts Theorem 4-4.6. Therefore this cannot be,
that is there does not exist a triangle such as APMX.

AB = AD and BC = CD (Theorem 4-4.3)
AABC = AADC  (SSS)
£ ABC =, ADC (Definition 3-3)

See the solution for exercise 7.

In AABD, AB = AD (Theorem 3-4.3)
In ABCD, BC = DC (Theorem 3-4.3) __
AC is the perpendicular bisector of BD (Corollary 4-4.3a)

Since AABC is isosceles AC = BC.
C is on MD (Theorem 4-4.3)

AM = BM, £ AMC = £ BMC (Definition 3-3)
AACM = ABCM (SAS)

AC = BC (Definition 3-3)

AMBC is isosceles (Definition 3-12)

7Q,= TR (Theorem 3-4.3)
S is the perpendicular bisector of QR (%gyollary 4-4 ,3a)
Since PQ = PR (Theorem 3-4.3), P is on TS
(Theorem 4-4.3)

£ PQR = £ PRQ (Theorem 3-4.2)

L TQR = £ TRQ (Multiplication property)
19 = TR_(Theorem 3-4.3)

PTS 1+ QSR (Corollary 4-4.3a)

APQT == APRT  (SAS)

L QPT = £ RPT (Definition 3-3)

AQPS = ARPS  (SAS)

QS = SR (Definition 3-3)
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. BM = CN (Multiplication property)

L ABC =~ ACB (Theorem 3-4.2)

ABMC == ACNB  (SAS)

£ NBC =~ MCB (Definition 3-3)

BG = CG (Theorem 3-4.3) .

AGH is the perpendicular bisector of BC. (Corollary 4-4.3a)

. SR = SQ and SQ = SP (Theorem 4-4.3)

Therefore SR = SP (Transitive property)

. L RSQ = £ RQS (Theorem 3-4.2)

£ NSQ =, MQS (Multiplication property)
TS = 7Q (Theorem 3-4.3)
RTW is the perpendicular bisector of SWQ (Theorem 4-4.3)
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Exercises continued

19. P is on ETheorem 4—4.3;
P is on Th%%rem 4-4.3

Therefore R N QT at P.
20. Since RP is the perpendicular bisector of AB, AP = BP.
Since SP is the perpendicular bisector of AC, CP = AP.

Therefore BP = CP  (Transitive property)

P is on QT (Theroem 4-4.3)
Page 167
Exercises
1. perpendicular 2. perpendicular segment.

Page 168

perpendicular bisector plane
a point 5. coplanar

Use Theorem 4-5.5.

Use Theorem 4-5.5 and prove by contradiction.
Use Theorem 4-5.6

Use Theorem 4-5.6 and prove by contradiction.
Use Definition 4-10 and Theorem 4-5.9

[@ RN R NNe,) S w

1. PQ + plane T and PM = QM (Given)
PQ + MB (Definition 4-7)
L PMB == £ QMB
AMPB = AMQB
Then PB = QB.
P

T
M<:B
Y
t

|
Qé

12. Use Definition 4-10 and contradiction.

(SAS)

13. Let the projection of R be R'
Then ARSR'= ARTR' (SAS) and SR = TR {Definition 3-3).

14. Let the midpoints of RQ and RP be T and S, respectively.
PX = RX and RX = QX (Theorem 4-4.3)
APXA = ARXA = AQXA  (SAS)
AP = AQ = AR (Definition 3-3)

15, AARS = ABRS (ASA)

RA = RB (Definition 3-3)

16. Simply apply Theorem 4-5.1

Page 170

Review Exercises

1. Converse: If two angles of a triangle are congruent,

then the sides opposite these angles are

congruent.

Inverse: If two sides of a triangle are not congruent,
then the angles opposite these sides are not
congruent.

Contrapositive: If two angles of a triangle are not

congruent, then the sides opposite these
angles are not congruent.
2. Converse: If two triangles are congruent, then the
corresponding sides of the two triangles are
congruent.

Page 170

2. continued

Inverse: 1f the corresponding sides of two triangles are
not congruent, then the triangles are not
congruent.

Contrapositive: If two triangles are not congruent, then
the corresponding sides of the two triangles are
not congruent.

3. Converse: If L B=(, Y, then AABC == AXYZ.

Inverse: If AABC # AXYZ, then L B # L Y.

Contrapositive: If L B= (Y, then AABC = AXYZ.

4. Converse: If AB has exactly one midpoint, then AB is a

segment.

Inverse: 1f BB is not a segment, then AB does not have
exactly one midpoint.

Contrapositive: If AB does not have exactly one midpoint,
then it is not a segment.

5. original implication

6. negation of the hypothesis

7. q

8. For a proof by contradiction assume two triangles are
not congruent. .

For a proof by contrapositive use the hypothesis:

"the corresponding angles are not congruent" and
conclude "the two triangles are not congruent."

9. For a proof by contradiction assume two angles are not
vertical angles.

For a proof by contrapositive use the hypothesis:

"the two angles are not congruent" and conclude
"the two angles are not vertical angles."

10. Draw AC. AC = AC (Theorem 3-1.6)

AABC = AADC  (SSS)

L B=¢,D (Definition 3-3)
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11. APSQ == ARSQ (SAS)

‘PQ = RQ (Definition 3-3)

L PQS =, RQS (Definition 3-3)

APQT = ARQT  (SAS)

L QPT = £ QRT (Definition 3-3)

12. Because there would then be two perpendiculars to a given
line from a given external point. This violates
Theorem 4-4.6.

13. AB = AC (Theorem 3-4.3)

m. DBE = mL DCB  (Subtraction property)
BD = CD (Theorem 3-4.3) o
DE is the perpendicular bisector of BEC
(Corollary 4-4.3a)

14. perpendicular

15. exactly one

16. perpendicular

Chapter Test

1. If BC # AC, then £ A=, B.
2. Suppose AABC is scalene.

AB # BC # CA (Definition 3-12)
LA#/.B%# s C (contrapositive of Corollary 3-4.3a)
Contradiction.
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Chapter Test continued

3. c

I,
~17

D

Given BB and CD are perpendicular and bisect each
other

Prove Quadrilateral ADBC is equilateral
Proof AC

BD
AD

CB (Theorem 4-4.3)
CB (Theorem 4-4.3)
BD (Theorem 4-4.3)

nounou

Therefore quadrilateral ADBC is equilateral
(Transitive property)

Given  MN 1 Plane P __
Planes R and Q intersect at MN

Prove Plane R 1 Plane P
Plane Q + Plane P

Proof  If MN 1 plane P, then plane R L plane P
and plane Q + plane P (Theorem 4-5.9)
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5. AM = DM and BM = CM (Definition 1-15)
L AMB == £ DMC (Theorem 3-1.5)
AAMB = ADMC  (SAS)
L B=/ C (Definition 3-3)
AEBM == AFCM  (SAS)
EM = FM (Definition 3-3)

6. L ABC=, ACB (Theorem 3-4.2)
MB = NC (Multiplication property)
AMBC = ANCB  (SAS)
L GBC == £ GCB (Definition 3-3)
1In AGBC, BG = CG (Theorem 3-4.3)
AGE is the perpendicular bisector of BEC.
(Corollary 4-4.3a)

17
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Multiplication property.
Subtraction property.
Transitive property.
Trichotomy property.
Transitive property.
Addition property.
Trichotomy property.
Division property.
Subtraction property.
Multiplication property
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20.

21.

22.

23.

Corollary 5-1.7a

Multiplication property.

Trichotomy property.

Division property.

Transitive property.

Addition property.

Subtraction property.

Transitive property.

Less than; Transitive property.

Greater than; Addition property.

Less than; Trichotomy property.

Less than; Subtraction property.

Less than; Theorem 3-4.3
Postulate 2-1

Greater than; Transitive property.

Greater than; Addition property.

Less than; Division property.

Complement £ A < complement L B.

Supplement £ A > supplement £ B.

Let a be any negative number, and b be any
positive number.
Therefore a < 0.
Thus,

However 0 < b

Let m be the measure of the acute angle.
Let s be the measure of its supplement.
s +m =180, and m < 90
s > 90 (Subtraction property).

AB = AP + BP (Point Betweenness Postulate, 2-4)
AB - AP = BP (Subtraction property)
Since BP > 0,

AB - AP > 0 (Substitution Postulate, 2-1)
AB - AP + AP > AP (Addition property of inequalities)
AB > AP (Additive inverse and identity properties)
To prove AB > BP interchange AP and BP in the

above proof.

m.. AB? = m. APB + mz CBP (Point Betweenness Postulate,
2-4

g%néngL n AﬁBO, ms CBP (Subtraction property)
mL ABC - mz APC > 0 (Substitution Postulate, 2-1)

ms ABC - mz APC + ms APC > mz APC (Addition property
of inequalities)

ms ABC > mz APC (Additive inverse and identity
properties)

To prove me ABC > mz CBP interchange me APC with ms CBP
in the above proof.

BE > EC (Given)

DE > EC (Given)

EC = AE (Given)

DE > AE (Postulate 2-1)

BE + DE > EC + AE (Addition property)
BD > AC (Postulate 2-4).

a < b by the Transitive Property of Inequality.

18

24.

25.

26.

27.

28.

= m. B (Given, Theorem 3-4.2)
C > mz DAC (Corollary 5-1.1b)
C>ms B (Transitive property).

AN

D

AAED = AAFD (ASA)
AE = AF (Definition 3-3)
EB < FC (Subtraction property).

AABH == AADH (SAS)
m. B = m. ADB (Definition 3-3)
m. C < mz B (Postulate 2-1).

AADB = ACDP (SAS)

ms A = ms DCP

mz ACR > mz DCP (Corollary 5-1.1b)
mZ ACR > me A (Postulate 2-1).

ED = DC (Theorem 3-4.3)

m. AED = mz BCD (Addition property)
EG = HC (Subtraction property)

mZ DGH = mZ DHG (Theorem 3-4.2)

m. AGE = mZ BHC (Transitive property)
AAEG = ABCH (ASA)

AE = BC (Definition 3-3)

AAED = ABCD (SAS)

AD = BD (Definition 3-3)

m. 6 = m. ABD (Theorem 3-4.2)
m. 5 < ms ABD (Corollary 5-1.1b)
m. 5 <ms 6 (Postulate 2-1).

Page 181

G whN—

LA, (B

Theorem 5-2.1

They are less than mz ACD.
Definition 1-17

Acute, by Exercises 3 and 4.
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j—
o
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LABK, £CBH, (ACF, (BCG.
LDAB, LEAC, /BCG, LACF.
LABC, /BAC.

Greater than.

Equal.

Supplementary.

By Theorem 5-2.1, mt G
By Theorem 5-2.1, mt E
Ls 2, 4,14, 12.

ts 1, 2, 15, 16.

L6, L7, L AEB, £ ABJ, ~ DGB. £ AHC, /4, /3.
L6, (5, L AHC, L AFD, £ ABJ.

L 15 0or £ 9.

L1

CB > ms CAB and mz GCB > mz ABC.
AC > me ABC amd mz EAC > ms ACB.

(I) For AEGB: ms ABJ > mz 11 (Theorem 5-2.1)
For AAGE: ms 11 > mz 8 (Theorem 5-2.1)
Therefore: mL ABJ > mz 8 (Transitive property)

(I1) For AAEB: ms ABJ > me AEB (Theorem 5-2.1)
However mz AEB > mz 8 (Corollary 5-1.1b)
Therefore: m. ABJ > mz 8 (Transitive property)
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16. Given: Obtuse AABC with obtuse 2 ABC 21. (continued)
Prove: L A and L C are acute.
m. B <90. In a similar way we show that ~ C is

A also acute.
22. Let £ A, L B, and £ C be the 3 angles of a triangle.
mL A + mL B < the measure of the exterior angle
at C < 180.
m. A + mL C < the measure of the exterior angle
o ————— 5 c

> at 8 < 180.
m/. B + mL C < the measure of the exterior angle
£ ABD and £ ABC are supplementary (Supplementary at A < 180.
Angles Postulate, 1-6) Therefore 2m. A + 2mg B + 2mz C < the sum of
L ABD is acute (Definition 1-28) the measures of the exterior angles at A, B, and
m. A < m. ABD (Theorem 5-2.1) C < 3¢(180)(Addition property).
m. C < me ABD (Theorem 5-2.1) Thus m A + mz B + me C < %(540) or 270.

Therefore 2 A and £ C are acute (Definition 1-24)
23. Students should discover that an exterior angle of a

17. 4 quadrilateral may be acute while a remote interior
angle is obtuse. Better students may wish to present
D a formal proof. c
BZ \ o 24, »
C E
m/ ACE > mz ABC (Theorem 5-2.1)
mZ ABC > mz ABD (Corollary 5-1.1b)
Therefore me ACE > ms ABD (Transitive property)
18. 4 4 B
AD = AB (Given)
mZ ADB = mz ABD (Theorem 3-4.2)
m. ADB > mz € (Theorem 5-2.1)
B c ms ABD > me C (Substitution postulate)
D m. ABC > mz ABD (Corollary 5-1.1b)
ms ABC > mZ C (Transitive Property of Inequalities)
m, ABD > mz ACB (Theorem 5-2.1)
Therefore m. ABD # m. ACB (Trichotomy property) 25. me 1 = me 2 (Definition 3-8)
me 3> ms 1 (Theorem 5-2.1)
19. m. 3> ms 2 (Substitution postulate)

B
b 26. me CED > mz A (Theorem 5-2.1)
ms BDC > mz CED (Theorem 5-2.1)
mz BDC > mz A (Transitive property)
c 4 27.

mZ ACD > mz ADC (Given)
mz ADC > mt. B (Theorem 5-2.1)
Therefore mz ACD > m/ B (Transitive property)

20. Given: AABC
Prove: mL A+ me ABC < 180

A
m/ BHD > mz ACB (Theorem 5-2.1)
mz BDA > ms BHD {Theorem 5-2.1)
*m/ BDA > ms ACB gTransitive pr())perty)
mZ AFD > mLZ ABC (Theorem 5-2.1
ST 5 ¢ ms ADC > mz AFD (Theorem 5-2.1)
*mz. ADC > mz ABC (Transitive property)
mZ ABD + mz ABC = 180 (Supplementary Angles Postulate,1-6) m, CED > mz BAC (Theorem 5-2.1)
m. A < msz ABD (Theorem 5-2.1) ms BDC > mz CED (Theorem 5-2.1)
By adding the above two relationships: *ms BDC > mz BAC (Transitive property)
m. ABD + mL ABC + m. A < ms ABD + 180.
(Addition property of inequalities) Now add the (*) inequalities:
By subtracting mz ABD from both sides of the m/ BDA + ms ADC + me BDC > me ACB + mz ABC + ms BAC
inequality: (Addition Property of Inequalities)

mL ABC + me A < 180.
28. £ A is the same as . BAD, £ C is the same as . BCD

21. Given: Isosceles AABC, with AB = AC ms. EBC > mz BAC (Theorem 5-2.1
Prove: (B and /C are acute angles m/ EBC > me ACB (Theorem 5-2.1)

mZ FDC > mz DAC (Theorem 5-2.1)

4 m. FDC > mZ DCA (Theorem 5-2.1)

Now add the above inequalities:
2 (me EBC) + 2 (mz FDC) > ms BAC + mz ACB + mz DAC +
ms DCA (Addition Property of Inequalities)
2 (mz EBC) + 2(mz FDC) > mz BAD + mz BCD
B c (Substitution ostu1ateg

m, EBC + mz FDC > %[mz BAD + mz BCDJ (Division by 2
From Exercise 20 we know that mz B + mz € < 180. or multiply by %).
Since m£ B = me C (Theorem 3-4.2), 2 mz B < 180, or

19
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29. Given: AABC with obtuse ¢ ABC
AD 1 %C.
Prove: D is in the exterior of AABC.
Indirect Proof: Suppose D is not in the exterior of AABC.
Then D is either in BC or coincident with B.
If D is in BC, then mz ADC > ms ABC.
But a right angle is not greater than an obtuse angle.
Therefore, D is not in BC.
If D is coincident with B, then AB . BC,
This is also not true because £ ABC is
obtuse (not a right Te}.
Therefore D is not 1in %%Sor coincident with B.
Instead it is in the exterior of AABC.
Page 186
1. (B; (Theorem 5-3.1)
2. ( C; (Theorem 5-3.1)
3. RS; (Theorem 5-3.2)
4. PR; (Theorem 5-3.2)
5. L F; (Theorem 5-3.1)
6. L E; (Theorem 5-3.1)
7. MN; (Theorem 5-3.2)
8. MK; (Theorem 5-3.2)
9. AP; (Theorem 5-3.2) o _
10. Given: AABC with altitudes DC, AE, and FB.
Prove: AE + DC + BF < AB + CA + BC
N
A 7 P
From the result of Exercise 9:
AE < AB
DC < CA
BF < BC
By adding these inequalities we get:
AE + DC + BF < AB + CA + BC.
11. Given: AABC with median BD and altitude BF.
Prove: BD > BF
B
A c
D F
From Exercise 9 applied to ABDF: BD > BF.
By this point students should realize that the
hypotenuse is the longest side of a right triangle.
12. In APBA, PB is the Tongest side (Theorem 5-3.2).
Since ACPB is isosceles, PB = PC (Theorem 3-4.2).
However CE > PC (Theorem 5-3.2)
Therefore CE > PB (Transitive property)
Lastly, CD > CE (Theorem 5-3.2) which lets us conclude
that CD is the longest segment in the figure.
13. ms ACD > mz A (Theorem 5-2.1)
ms ACB > ms A (Transitive property)
BC < AB (Theorem 5-3.2).
14. In AAMB, AM < BM (Theorem 5-3.2)
In ACMD, CM < DM (Theorem 5-3.2)
AC < BD (Addition property).
15. ms ADB < ms DAC (Theorem 5-2.1)
m. DAC = ms BAD
mZ ADB > mz BAD (Postulate 2-1)
AB > BD (Theorem 5-3.2).
16. ms ACB < mz ABC (Theorem 5-3.1)

ms PCB < mz PBC (Division property)
PC > PB (Theorem 5-3.2).

20

18.

19.

20.

21.

22.

23.

24,

25.

m. ABD > ms ADB (Theorem 5-3.1)
ms CBD < mz CDB (Subtraction property)
In ABDC, DC < BC (Theorem 5-3.2).

Since AD is the shortest side, AD < AB

In AADB, ms ABD < mz ADB.

Similarly, since BC is the longest side, DC < BC.
In ADBC, me CBD < me CDB.

Therefore, m. ABC < mz ADC (Addition property).

AC
cD

AB (Given)

BE (Given)

AC + CD < AB + BE (Addition Property of Inequalities)
AD < AE (Substitution postulate)

m. E <m D (Theorem 5-3.1)

or, . D>m E.

A+ A

AD < DC (Postulate 2-1)

mZ ACD < mz CAD (Theorem 5-3.1)

ADAC = ABCA (SSS)

ms ACD = mz BAC (Definition 3-3)

mz BAC < mz CAD (Postulate 2-1)

AC does not bisect £ BAD (Definition 1-29).

N

A F P

m. NFP > mz A (Theorem 5-2.1)

mZ NFP = ms NPF (Theorem 3-4.2)
mZ NPF > mz A (Postulate 2-1)

In AANP, AN > NP (Theorem 5-3.2).

N

P
F A

mZ NAP > mz NFA (Theorem 5-2.1)
mZ NFA = mz P (Theorem 3-4.2)
mZ NAP > me P (Postulate 2-1)
AN < NP (Theorem 5-3.2).

In right AABD, AB > BD (Exercise 9).

In right AACD, AC > DC (Postulate 2-1 and Postulate 2-4).

AB + AC > BD + DC (Addition property)
AB = AC (Given)
2(AB) > BC.

m. ADC > m B (Theorem 5-2.1)

mZ ADC = mz ACD (Theorem 3-4.2)

me ACD > mz B (Postulate 2-1)

However, m. ACB > mz ACD (Postulate 2-11)
m. ACB > mz B (Transitive property).

AEAD = ACAD (SAS)

mL C = me AED (Definition 3-3)
m. AED > mz B (Theorem 5-2.1)
m. C> ms B (Postulate 2-1).
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Class Exercises

1. Yes 2. No

3. No 4. Yes

5. AD 6. HE

7. BD 8. CE

9. AE 10. HD
Exercises

1. BC 2. GD

3. GC 4. FC
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Exercises continued

5. AG 6. GF

7. FB 8. DG

9. BD 10. DG

11. Yes 12. No

13. No 14. No

15. Let the sides of the triangle be:

5, 7, X, such that x > 0.

5+ 7>x, 12> x {Theorem 5-4.1)

5+ x>7, x> 2 (Theorem 5-4.1)

7 + x> 5 (Theorem 5-4.1) already true.
Therefore 2 < x < 12, or

{x: 2< x<12}

Exercises 16-18 arve done in a similar manner.

16.
17.
18.
19.
20.
21.

{y: 8 <y<14}

{z: 1 <z<3}

{w: 11 <w <25}

AE < AB and AE < AC.
CD < AC and CD < BC.
BF < AB and BF < BC.

Page 192

22.

23.

24,

25,

26.

27.

28.

29.

30.

D

In quadrilateral ABCD, draw BD.

BC + CD > BD (Theorem 5-4.1)

AB + BC + CD > BD + AB {Addition property)
BD + AB > AD (Theorem 5-4.1)

AB + BC + CD > AD (Transitive property).

AB + AC > BC (Theorem 5-4.1)
AB = AC (Given)

2AB > BC (Postulate 2-1), or
AB > %BC (Division property).

In AAPB, PB < AB + AP (Theorem 5-4.1)

In ABPC, PB < BC + PC (Theorem 5-4.1)

2PB < AB + AP + BC + PC (Addition property)
PB < %(AB + BC + CA) (Division property).

In AABD, BD < AD + AB (Theorem 5-4.1)

In ACBD, BD < CD + BC (Theorem 5-4.1)

2BD < AB + BC + CD + DA (Addition property)
BD < %(AB + BC + CD + DA) (Division property).

BP < AP + AB (Theorem 5-4.1)

BP < BC + DC + DP (see Exercise 22).

2BP < AB + BC + CD + DA (Addition property)
BP < %(AB + BC + CD + DA) (Division property)

AB + DB > AD (Theorem 5-4.1)
BC + DB > AD (Postulate 2-1), or
DC > AD (Postulate 2-4).

AP + AR > PR (Theorem 5-4.1)
AP + AR + PB + RC > PR + PB + RC (Addition property)
AB + AC > PR + PB + RC (Postulate 2-4).

AABE = AADE (SAS)

BE = ED (Definition 3-3)

DC < ED + EC (Theorem 5-4.1)
DC < BE + EC (Postulate 2-1)
DC < BC (Postulate 2-4).

AARBC
AB + AC > BC (Theorem 5-4.1)
AB > BC - AC (Subtraction property).

Given:

21
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Page 192
31. AB + BM > AM (Theorem 5-4.1)
AC + MC > AM (Theorem 5-4.1)
AB + AC + 2BM > 2AM (Addition property, Postulate 2-1)
AB + AC > 2BM (Theorem 5-4.1)
2(AB + AC) > 2AM .
AB + AC > AM (Division property).
32. 4
F E
B D C
Given: AABC with midpoints F, D, and E respectively.
AB + AE > BE
BC + EC > BE (Theorem 5-4.1)
AB + AC + BC > 2BE (Addition property)
AB + AC + BC > 2AD, AB + AC + BC > 2CF
(Theorem 5-4.1, Addition property)
3(AB + AC + BC) > 2(BE + AD + CF)
(Addition property)
BE + AD + CF < 1%(AB + AC + BC)
(Division property).
Page 193
33. PN + NC > PC (Theorem 5-4.1)
BP + PN + NC > PC + BP (Addition property)
BN + NC > PC + BP (Postulate 2-4)
AB + AN > BN (Theorem 5-4.1)
AB + AN + NC > BN + NC (Addition property), or
AB + AC > PC + BP (Transitive property).
34. AP + PB > AB (Theorem 5-4.1)
AP + PC > AC (Theorem 5-4.1)
PB + PC > BC (Theorem 5-4.1)
2(AP + PB + PC) > AB + AC + BC (Addition property)
AP + PB + PC > %(AB + AC + BC) (Division property).
35. BP + PC < AB + AC (Exercise 33)
AP + BP < AC + BC (Exercise 33)
AP + PC < AB + BC (Exercise 33)
2(AP + BP + PC) < 2(AB + AC + BC) (Addition property), or
AP + BP + PC < AB + AC + BC (Division property)
36. Choose any point in the plane and use the proof of

Theorem 5-4.2 to show that the length of the
perpendicular segment from the external point to the
plane is less than the distance from the external
point to the chosen point in the plane.

Page 196

Class Exercises

OO wN ~

Greater than; (Theorem 5-5.
Greater than; (Theorem 5-5.
Greater than; (Theorem 5-5.
Less than; (Theorem 5-5.1)
Greater than; (Theorem 5-5.1)
Less than; (Theorem 5-5.1)
Greater than; (Theorem 5-5.1)
Greater than; (Theorem 5-5.1

— s

Exercises

For exercises 1-9 use Theorem 5-5.1

1.
3.

Less than
Greater than

Greater than 2.
Greater than 4,
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Exercises continued 9. ( DBE and . DEB
10. .~ DBC and 2 DCB
5. Greater than 6. Greater than 11. £ GFC and £ GCF
7. Less than 8. Greater than 12. ( GDB and . DBG
9. Less than 13. Yes, because of Theorem 5-2.1.
14. No, because of Theorem 5-2.1.
10. AB > AC (Theorem 5-3.2) 15. Apply Theorem 5-2.1 to A BDG:
= MC (Definition 3-9) m. BGC > mz DBG (1)
mL AMB > mZ AMC (Theorem 5-5.2) m. BGC > ms BDG (z)
L AMB is obtuse {Definition 1-28, Postulate 2-11). However, mz BDG > mz GDH (Corollary 5-1.1b)
B and mz BDG > mz HDB (Corollary 5-1.1b).
1. Therefore, m. BGC > mz GDH (Transitive property) (3)
and mz BGC > mz HDB (Transitive property) (4)
Apply Theorem 5-2.1 to AGFC:
m. BGC > mL GCF (5)
M m. BGC > m/L GFC (6)
However, m. GFC > ms GFJ (Corollary 5-1.1b)
and ms GFC > mz JFC (Corollary 5-1.1b)
Therefore, m. BGC > mz GFJ (Transitive property) (7)
c 4 mz BGC > ms JFC (Transitive property) (8)
Consider Theorem 5-2.1 relative to AGJF:
m. AMC < mz AMB (Given) ms BGC > mz GJF (9)
CM = BM (Definition of Median, 3-9) Consider Theorem 5-2.1 relative to AGHD:
AM = AM (Reflexive property) ms BGC > ms DHG (10)
AB > AC (Theorem 5-5.1) Consider Theorem 5-2.1 relative to AABF:
m. GFC > mz A
Now consider AABC: However, from (6) above, ms BGC > ms GFC
m. C > ms B (Theorem 5-3.1) Therefore, m. BGC > m. A (Transitive property) (11)
P Since mL DHG = mz BHE (Theorem 2-6.3)
12. From (10): ms BGC > me BHE (Substitution
Postulate, 2-1) (12)
Since mL GJF = me EJC (Theorem 2-6.3)
From (9): mL BGC > mz EJC (Substitution
Postulate, 2-1) (13)
Consider Theorem 5-2.1 relative to ADJE:
m.. EJC > mL DEJ
9] R However, from (13): m. BGC > me DEJ
T (Substitution postulate, 2-1) (14)
Since PT = PT (Reflexive property), we apply Here are 14 angles of measure less than that
Theorem 5-5.1 to AQPT and ARPT to conclude QT < RT. of £ BGC.
13. mz BAD > mz CAD (Corollary 5-1.1b). 16. From Corollary 5-1.1b the following angles have measure
In ABAD and ACAD, AB = AC and AD = AD. Tess than that of . ADE:
BD > CD (Theorem 5-5.1). L ADF, . FDE, £ FDC, . EDC, . ADC.
Apply Theorem 5-2.1 to ADBE:
14. AAED = ACEB (SAS) ms ADE > mz. ABC
AD = BC (Definition 3-3) mZ ADE > ms DEB
m/ ADC < mz BCD (Def1n1t1on 1-24, Definition 1-28) Similarly for ADFB:
AD < BD (Theorem 5-5.1} m. ADF > ms ABF (Theorem 5-2.1) (a)
mz ADF > mz DFB (Theorem 5-2.1) (b)
15. In AABC, mz ABC > mz ACB (Theorem 5-3.1) For ABDC:
Consider APBC and AQCB, PC > QB (Theorem 5-5.1) m. ADC > mz ABC (Theorem 5-2.1) (c)
mZ. ADC > mz BCD (Theorem 5-2.1) (d)
16. Consider APBC and AQCB, ms ABC > msz ACB (Theorem 5-5.2) For ADGB:
In AABC, AC > AB (Theorem 5-3.2) m. ADG > m. DGB (Theorem 5-2.1) (e)
Since ms ADE is greater than that of each of the left
17. PR > RS (Corollary 5-1.1a) members of inequalities a, b, ¢, d and e, mL ADE
PR > QP (Postulate 2-1) is also greater than each of the right members.
m. PQR > mz PRQ (Theorem 5-3.1)
Consider DHB:
18. See diagram in text. Assume ms B = m/ E. AABC == ADEF (SAS). mZ ADE > mz DHB (Theorem 5-2.1)
This is impossible since AC > DF and not AC = DF. Therefore since ms FHE = mz DHB (Theorem 2-6.3),
Naw assume that mz B < mz E. AC < DF (Theorem 5-5.1). m ADE > mL FHE.
This, too, is impossible since AC > DF.
m. B > m. E (Trichotomy property). 17. In AACD, ms ACB > ms ADC ETheorem 5-2.1
In ADAE, me. ADC > mz DAE (Theorem 5-2.1
Therefore, m. ACB > mz DAE (Transitive property)
Page 200 18. mz AKB > mz ANK (Theorem 5-2.1)
mZ ANK > mZ NCB (Theorem 5-2.1)
Review Exercises mz NCB > mz Q (Theorem 5-2.1)
ms Q < ms AKB (Transitive property).
1. Greater than; (Corollary 5-1.7a)
2. Greater than; (Addition property)
3. Greater than; (Division property)
4. Less than; (Trichotomy property)
5. Greater than (Transitive property)
6. Less than (Corollary 5-1.1p) Page 201
7. mL M<mLN (Subtraction property)
8. mz ACD = mz ADC (Theorem 3-4.2) 19. (R, £P, £Q.
ms CAD = me CAD (Reflexive property) 20. 7 KM, MN
mZ BAC + me CAD = mZ EAD + mz CAD (Addition property) 21. ms DBC > mz ABC (Corollary 5-1.1b)
m. BAD = ms EAC (Substitution Postulate) ms DCB < mz ACB (Corollary 5-1.1b)

ABAD = AEAC (ASA)
BD = CE (Definition of congruent triangles, 3-3)
CF > CE (Corollary 5-1.1a); CF > BD (Postulate 2-1).

22

mL ABC = me ACB (Theorem 3-4.2)
mZ DBC > mz DCB (Transitive property)
DC > DB (Theorem 5-3.2).
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Page 201

Review Exercises continued

22.

23.

24.

25.

29.
3.
32.

33.

34.

Page 202

m. B> ms C (Theorem 5-3.1) 3.

mZ AMC > mz B (Theorem 5-2.1)
mL AMC > mz C (Transitive property)
AC > AM (Theorem 5-3.2).

m. B > ms BAM (Theorem 5-3.1)
AM > CM (Transitive property)
ms C > mL CAM (Theorem 5-3.1)

mL B+ ms C>ms BAM + mZ CAM,or 4.

m. B + ms C > ms BAC (Addition property, Postulate 2-10)

mZ PCB > mz PBC (Theorem 5-3.1)
mL ACB > mz ABC (Addition property)
AB > AC (Theorem 5-3.2).

FC 26. BC
AB 28. CF
Yes. 30. No.
Yes.

Chapter Test continued

In AAED, AE is longest side ETheorem 5-5.2;
In AADB, AD is longest side (Theorem 5-5.2
In ABCD, BD is longest side (Theorem 5-5.2)

AE > AD (Theorem 5-3.2)

AD > BD (Theorem 5-3.2)

AE > AD > BD (Transitive property)

Therefore AE is longest segment in the diagram.

In AAED, AD s shortest side (Theorem 5-3.2)

In AADB, BD is shortest side (Theorem 5-3.2)

In ABCD, DC is shortest side (Theorem 5-3.2)

AD > BD (Theorem 5-3.2)

BD > DC (Theorem 5-3.2)

AD > BD > DC (Transitive property)

Therefore DC is shortest segment in the diagram.

Use Theorem 5-4.1:

Page 203

5+6> 2 -

5+ax>6 - x> 1

6 +2>5 already true.
Therefore 1 < £ < 11,

M>zx

Use Theorem 5-4.1:
28 + 28> i
28+ x>28 ~—
Therefore 0 < x < 56.

56 > x
x>0

The shortest of the segments is PC (Theorem 5-4.2).

Page 202

35.

36.

37.

38.
40.
42.

AABC with AB = AC

AB + AC > BC (Theorem 5-4.1)
2AB > BC (Postulate 2-1)

AB > 4BC (Division property).

Given:

Given quadrilateral ABCD with interior point P.

AP + BP > AB (Theorem 5-4.1)

AP + DP > AD (Theorem 5-4.1)

DP + PC > DC (Theorem 5-4.1)

BP + PC > BC (Theorem 5-4.1)

2(AP + BP + DP + PC) > AB + AD + DC + BC (Addition
property)

AP + BP + CP + DP > L(AB + AD + DC + BC) (Division
property).

AD + DB > AB (Theorem 5-4.1)
AD + DC > AC (Theorem 5-4.1)
2 AD + BC > AB + AC (Addition property).

Less than 39. Less than
Less than 41. Greater than
AD = DC and BD > AC (Given)

BC == BC (Theorem 3-1.6)

mZ DCB > mZ ABC (Theorem 5-5.2)

Chapter Test

1.

Since the exterior angle must have greater measure than
either remote interior angle, the exterior angle at R
must have at Teast measure 64.

Use Theorem 5-3.1 to get:

(1) L KMN has the greatest measure, and
(2) L KNM has the smallest measure.

23

Vo~ ,

No; Theorem 5-4.1
Yes; Theorem 5-4.1
Yes; Theorem 5-4.1
No; Theorem 5-4.1
Let x be the third side of the triangle;
17, 17, x are the third sides of the triangle
where z > 0
17 + 17 >z, 34 > & (Theorem 5-4.1)
17 +x > 17,2 >0
Therefore 0 <zx < 34

A

C
M B

(M = MB (Definition of Median, 3-9)
AM = AM

For AAMB and AAMC:

AB > AC (Theorem 5-5.1)

Show that two of the three possibilities (of <, >, or =)
are not true.

C

Case I.
If AB = BC = AC,

Altitude Median
AN is an altitude and a median
BM is an altitude and a median
CP is an altitude and a median
BM = CP
= AN + BM + CP (Addition property)

Case II.

If AC = BC

Altitude

P =P P
AN R
BQ

BM

AR (Theorem 5-4.2)

Median
[
AN
BQ (Theorem 5-4.2) BM

vV
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Page 203

12.

13.

14.

continued

CP + AN + BM > CP + AR + BQ (Addition Property of
Inequality).

Case IIT.

If AC # BC # AB

Altitude Median
CP > CX (Theorem 5-4.2) 93 P
AN > AQ (Theorem 5-4.2) AQ AN
BM > BR (Theorem 5-4.2) BR BM

CP + AN + BM> CX + AQ + BR (Addition Property of
Inequality).

m/ BAD = ms BCD (see figure)(Theorem 5-5.1)
m. ACD > mz CAD (Theorem 5-5.1)

ms BAC > ms BCA (Subtraction property)

BC > AB (Theorem 5-3.2).

m.. APQ > mz B (Theorem 5-2.1)

m. B = ms C (Theorem 3-4.2)

m. € > mL CQD (Theorem 5-2.1)

mZ APQ > ms CQD (Transitive property)
mL APQ > mz AQP (Postulate 2-1)

AP < AQ (Theorem 5-3.2).

AP = AP (Theorem 3-1.6)
In AAPB and AAPD:

BP < PD (Theorem 5-5.1)
CP =TCP (Theorem 3-1.6)

In ABCP and APCD:
L BCP < £ PCD (Theorem 5-5.2)

Page 210

Mathematical Excursion

—_

The sum is 2.

1 -n/ (n+1)] = I(n +1 -n)
for n < (1/M - 1)

No. We cannot make any part of the sequence approach a

predetermined number.

Divide the circle into isosceles triangles whose sides

are radii of the circle. The sum of the bases of these

triangles approaches the circumference as the length of

each base decreases. Use the areas of these triangles to

approach the area of the circle.

Divide the rectangle by a commensurable unit.

has & units and the altitude a units.

and B above are both zero.

W+ 1) = |1/ +1)|<M

The base
Consequently, o
The area is a * b.

Page 215

Class Exercises

G w N =

No, skew lines fit this.

More restrictive than Definition 6-1.
No, might be collinear.

Adequate definition.

A1l right, if we agree on what is meant by "share."

Exercises

~ow —

%, T, 2.
TU, 5P, RQ 4.
6.

zrgra
323
L2149

No, they intersect at B.

24
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Exercises continued

8. Because they always intersect.
9. Corresponding
10. Alternate interior.
11. Alternate interior.
12. Interior angles on the same side of the transversal.
13. ¢ 7 and £ 4; £ 8 and £ 3.
14. £ 15 and £ 20; £ 13 and £ 19.
15. £ 27 and £ 30; £ 28 and £ 29.
16. . 1and £ 3; 27 and £ 6; L2 and L 4; £ 8 and L 5.
17. £ 17 and £ 13; £ 20 and £ 163 £ 18 and £ 15; £ 14 and £ 19
18. £ 25 and £ 29; £ 27 and £ 325 L 26 and L 30; L 28 and £ 31
19. £ 8and £ 4; L7 and L 3.
20. £ 20 and £ 13; £ 19 and £ 15.
21. (£ 27 and £ 29; £ 28 and £ 30.
22. L 2 and £ 27; £ 8 and £ 25.
23. L4 and £ 32; L5 and £ 29.
24. £ 21 and £ 113 £ 10 and £ 24.
25. L2 and £ 265 £ 8 and £ 28; £ 7 and £ 275 L 1 and L 25.
26. £ 3and £ 29; £ 4 and £ 30; £ 5 and £ 31; £ & and L 32.
27. L 9 and £ 21; 210 and £ 23; £ 12 and 2 24; £ 11 and £ 22.
28. (£ 2 and £ 25; L 8 and £ 27.
29. £ 4 and £ 29; £ 5 and £ 32.
30. 10 and £ 215 £ 11 and £ 24.
3. Eﬁ 32. %: 33. % u. 8 3. FF
3. HG 37. MN 38.
Page 217
9. 245 1N 40. [ 28; L 22
41. £ 14; £ 19; L 24 42. (L 3
43. Given: ‘? // ’C—) % . EF.
Prove: D 1
Assume ﬁﬁ not perpegn;cu r to EF.
jis ip LD so that Theorem 4-4.2)
o // RB (Theorem 6-1.1)
and CPD cannot both be pa ralle %?}o B8 (Postulate 6-1)
Our assumption is false and T+
44. Given: AB // g: EF 4/ TD.
Prove:
Assume T8 X EF.
meet at P 5
B and EF contain P and are not parallel to 0
Impossible (Postulate 6- 1)
Thus, )Y // ﬁ—f
45. Given: ,Ee?//‘c%; [ Y P
Prove:
'G_H’L ?\'”’ (Corollary 6-1.1b)
ﬁ_’(Theorem 6-1.1).
46. Civen: BB is_not parallel to 0, intersecting at H
1 CD
L AB.
Prove : %E’is not parallel to JF.

Assume ‘GE !/ TF.

T 7/ A8 (Corollary 6-1.14)
This contradicts the Given
Thus, is not parallel to J JF.

Page 220

Class Exercises

AN wnN—

Yes; Corollary 6-2.1a.

Yes; Corollary 6-2.1b.

Yes; Theorem 6-2.1.

AB // CD; Theorem 6-2.1.

AD // BCE; Theorem 6-2.1.

AB // FE and AC // FD; Theorem 6-2.1.
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Page 220 iy Page 221
Ezercises Exercises continued
1. BC // FE; Theorem 6-2.1 15.  continued
2. '// BC, Corollary 6-2.1a.
3. AC // BE; Corollary 6-2.1a. ARBC = ACDA (SSS)
4. BB // DC; Theorem 6-2.1 £ BAC = £ DCA (Definition 3-3)
5. // ¥0; Theorem 6-2.1 BB // CD (Theorem 6-2.1)
6. AB // DC; Corollary 6-2.1b Similarly, AD // CB.

16. APHA = APHB (SAS)
. PBA =/ PAB (Definition 3-3)
L PAB = /£ BAC (Definition 1-29)
Page 221 L PBA = £ BAC (Transitive property)
PB // AC (Theorem 6-2.1)

Exercises continued . — —
17. The perpendicular bisector of AD meets AD at F.

7. L BEC = £ BCE (Theorem 3-4.2) AAFE == ADFE (SAS)
ABC th‘/_ DCF (Transitive property) L ADE = £ DAE (Definition 3-3)
(Corollary 6-2.1a). L ADE == £ CAD (Transitive property)

AC // DE (Theorem 6-2.1)
8. ©B // DE (Theorem 6-2.1)
ABD == / FDB (Postulate 2-10) B
(Theorem 6-2.1).

9. Given: L2=(3 £ b
Prove: 1, /] 1,

/3 A Ie C
h

/

I

/ Page 222
£ 1=¢ 3 (Theorem 3-1.5)
£ 1=, 2 (Transitive property) Exercises continued
1, // 1, (Theorem 6-2.1) o
18. CE = AE (Definition 1-15)

10. Given: ( 2 is supplementary to £ 3. £ FEA = £ DEC (Theorem 2-6.3)

Prove: 11 /] 1, AAEFa ACED (SAS)
L AFE =/ CDE (Definition 3-3)
AF // CD (Theorem 6-2.1)
VA h AFEC = ADEA (SAS)
L CFE = /£ ADE (Definition 3-3)
2 CF //_MB (Theorem 6-2.1)
h FC = DA )Definition 3-3)
DA = DB (Definition 3-9)
FC = BD (Transitive property).
£ 1 is supplementary to . 3 (Postulate 1-6) P c
L V=2 £ 2 (Theorem 3-1.4)
71 // 1, (Theorem 6-2.1)
11. mz ACE = 126 (Definition 1-29).
CAD = 54 (Definition 1-29).
// TE (Corollary 6-2.1b).
12. BC = QP (Addition property) A ) B
AABC == ARQP (SAS)
L ACB = ( RPQ (Definition 3-3) 19. Consider DB.
C // PR {Theorem 6-2.1). AAED = ACFB (SAS)
ED = FB (Definition 3-3)

13. L EDF =/ BCA (Theorem 2-6.2) L AED = £ CFB (Definition 3-3)
AC = FD (Add1t1on property) £ BED = £ DFB (Theorem 3-1.4)
AABC = AFED (SAS) ABED = ADFB (SAS)

L A= F (Definition 3-3) L EDB = L FBD (Definition 3-3)
AB // EF (Theorem 6-2.1) DE // BF (Theorem 6-2.1)
14 EEE (Definition 1-15)
BM = EM (Definition 1-15) Class Exercises
L AMB = £ DME (Theorem 2-6.3)
AAMB = ADME (SAS) 1. m 65. 2. mL 65.
ﬁB’Ca L MDE (Deﬁmtwn 3-3)
// DE (Theorem 6-2.1).
15. Given: In quadrﬂatera] ABCD, AB = CD; AD = CB.
Prove: BB // T Page 223
AD //_Ct CB
Draw AC. Class Exercises continued
A B 3. Congruent. 4. Corresponding angles.
5. mL 115. 6. Supplementary.
7. Interior angles on same side of transversal.
8. The conclusions are stated in Corollary 6-3.1a
D C and Corollary 6-3.1b.

25
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Page 224 Page 225

Exercises Exercises continued

1. 40; Corollary 6-3.1a. 14,  continued

£ ABD =/ (DB (Theorem 6-3.1)

2. 674 Corolllary 6-3.1b.
= Corolllary 6 £ ADB =/ C(BD (Theorem 6-3.1)

3. Since HB // DG, m. DCA = m. ABC = 45 (Theorem 6-2.1) AABD == ACDB (ASA).
Since AF // EC, m. FAC = m. ECA = 45 + 25 = 70. .
By subtraction m. FAB = 25. 15. Given: 1, // 1,
4, 3 -2+ 7x+ 2 =180. Prove: L 2=/ 3
x = 18.
/
5. 13x + 2 =15z - 6 ] I
= 4,
6. 152 -7 = 10x + 3 15
© = /
7. L D is supplementary to £ A (Corollary 6-3.1b) 11 // 1, (Given)
L B is supplementary to 2 A (Corollary 6-3.1b) £ 1=/ 2 (Theorem 6-3.1)
L D=, B (Theorem 3-1.4) £ 1=/ 3 (Theorem 3-1.5)
L 2=/, 3 (Transitive property)
8. L A=/ C (Theorem 6-3.1)
£ C=/ D (Theorem 6-3.1) 16. Given: 1, // 1,
L A=, D (Transitive property)
Prove: [ 2 is supplementary to £ 3.
9. £ A=/ C (Theorem 6-3.1)
L B=/ D (Theorem 6-3.1) /
AAEB = ACED (ASA) 73 h
AE = CE (Definition 3-3)
BE = DE (Definition 3-3) ,
2
10. /B ==, C (Theorem 6-3.1) /
£ AFB = ¢ DEC (Theorem 6-3.1)
BF = CE (Closure property) 1, /11, (Gwen)
AAFB = ADEC (ASA) L1= /%2 (Theorem 6-3.1)
AF = DE (Definition 3-3) £ 1 is supplementary to £ 3 (Postulate 1-6)
£ 2 is supplementary to 2 3 (Substitution Postulate 2-1)
17. « = 35 (Corollary 6-3.1a)
£, FEG = 90 (Given)
Page 225 L FEB + £ BEG = 90
x + £ BEG = 90
Exercises continued 35 + L BEG = 90
L BEG = 55
11. £ APE = £ CEP (Theorem 6-3.1) L HEG + £ BEG = 180 (Postulate 1-6)
£ CEP = £ FEP (Definition 1-29) y +5 =180
L APE = / FEP (Transitive property) y =125
APFE is isosceles (Theorem 3-4.3, Definition 3-12).
18. ms AED = ms FCE = 55 (Corollary 6-3.1a)
12. £ FAD = £ FBC (Corollary 6-3.1a) x = m FCE = 65 (Theorem 6-3.1)

£ DAC == £ BCA (Theorem 6-3.1)

L B =/ C (Theorem 3-4.2)

L FAD = £ CAD (Transitive property)
AU bisects £ FAC (Definition 1-29)

13. AC and BD intersect at E
£ BAC = £ DCA (Theorem 6-3.1)
L ABD = £ CDB (Theorem 6-3.1)
L BCA = £ DAC (Theorem 6-3.1)
AMBC = ACDA (ASA)
AB = CD (Definition 3-3)
AAEB = ACED (ASA)

AE = E Definition 3-3
Q_% Definition 3-3
AC and BD bisect each other (Definition 1-15).
A B
D (o
14. 4 B
C D

26

£ D is supplementary to . BCD (Corollary 6-3.1b
£ B is supplementary to £ BCD (Corollary 6-3.1b

£ D=, B (Theorem 2-6.2)
D=y =mB=35

D=a=m BEF + me FED

25) + mz BEF = 180
m_ BEF = 65

c
90

—~

25) + me FED
me FED
=130
180
180
50

65
m. BED

Therefore,
y + mL BED
¥ + 130

wonon 8

w

20. m AEC

nou

m. AEG + me. CEG
m.. AEG BAE = 65 (Theorem 6-3.1)
m. CEG DCE = 35 (Theorem 6-3.1)
Therefore, * = 65 + 35 = 100
£ FCE = £ AEC (Theorem 6-3.1)
y + 35 = 100
Y 65

il

&
A
n

E
E is supplementary to L BEF (Corollary 6-3.1b)
+

DE is supplementary to . FED (Corollary 6-3.1b)
+ 180
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Page 226 Page 226
Exercises continued 24, continued
21. Given: EAB £ ENC = £ BCD (Theorem 6-3.1)
AD bisects exterior £ EAC of AABC AENR = ADCR (ASA)
T// ER = DR (Definition 3-3)

Prove: AABC is isosceles.
£ EAD = £ EBC (Corollary 6-3.1a)
£ DAC = £ ACB (Theorem 6-3.1)

L EAD = £ DAC (Definition 1-2) Page 229

L ACB = £ EBC (Transitive property)
AMBC is isosceles (Theorem 3-4.3). 100; Theorem 6-4.2
1105 Theorem 6-4.2

w N —
RRR
'S)>)>)>
—h+ [Tl

ms C = 128 (Theorem 6-4.2).
Therefore me A = 64.
4, mL B +ms A= 132 (Theorem 6-4.2)
2m. A + m/_ A = 132 (Substitution postulate, 2-1)
3me A= 132
m. A= 44

5. mL A=290 - 20 =70 (Corollary 6-4.2b)

6. Applying Theorem 6-4.2 to AADC we get
22. mZ ADC = 180 - (29 + 40)

Therefore = = 111.
Applying Theorem 6-4.1 to AABD we get
m. ADC = y + 57

x=y+57
1M1 =y + 57
y = 54

7. Since AABC is isosceles, ms ABC = m. ACB (Theorem 3-4.2)
Therefore mL ABC = =

By Theorem 6-4.2: 2x + 48 = 180,
and x = 66
y = x+ 48 (Theorem 6-4.1)
£ BPN = £ PNR (Theorem 6-3.1) y =66 + 48 = 114,
QﬁNPC_3 £ PNR (Transitive property)
PR = NR (Theorem 3-4.3) 8. Since AABC is equilateral:
Similarly, MR = PR m.A=mLB=m C {Corollary 3-4.2a)
R = NR (Trans1t1ve property). 3x = 180; and
x= 60
23. =y = 60.
N ¥
A
Page 230
1. m£ B =m C (Theorem 3-4.2)
M m.A+m.LB+ms C= 180 (Theorem 6-4.2)
m. A+ 2ms B = 180 (Substitution postulate, 2-1)
YA ¢ m. A+ 2 (60) = 180
P m. A= 60
Let AH_1 NP. Exercises 2-20 are done the same way as Exercise 1.
AH // BC (Theorem 6-1.1)
£ NAH = £ C (Corollary 6-3.1a) 2. 61 3. 34
/ HAM = £ B (Theorem 6-3.1) 4, 45 5. 12%
L C=/ B (Theorem 3-4.2) 6. 53% 7. 90 - =
£ NAH = / HAM (Transitive property) 8. 180 - 5x 9. 95 - 2
ANAH = AMAH (ASA) 7"
NA = MA (Definition 3-3) 10. 177 - 7x 11. 60
AAMN is isosceles (Definition 3-12). ?
12. 130 13. 90
24. 14. 178 15. 1
A 16. 180 - 2z 17. 180 - 6x
18. 4x - 180 19. 186 - 10x
NE 20. 540 - 14z
21. By Corollary 6-4.2b, x + 2 = 90, where x represents
N R c the measure of the smaller acute angle. Thenzx = 30,
B ~ and 2x = 60. A
N D
\ﬁ 22. \20"
Draw tF // Y -

EP intersects BC at N.
£ ADE == £ DEN (Theorem 6-3.1)
£ ACB = £ ENB (Corollary 6-3.1a)

£ ACB = £ ABC ETheorem 3-4.2)

L ENB =/ ABC (Transitive property) v
EB = EN (Theorem 3-4.3) c ;
EN DC

(Transitive property)

27
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Page 230 Page 230
22. , continued 32. continued
A
x +x + 20 = 180 (Theorem 6-4.2)
x = 80
x +y =180
y = 100 b £
Exercises 23 - 26 are done the same way as Exercise 22. B
23. 120 24. 135 € ¢
25. 147% 26. 180 - 4z Let ms FBC = me FCB =
m. BFC = 180 - 2z (Theorem 6-4.2)
27. mz A = me ABC = z (Theorem 3-4.2) m. FCE = x (Definition 3-8)
mL A+ ms ABC = 90 (Corollary 6-4.2b) m. ACG = 180 - 2z (Definition 1-28)
xz+ x =90 m. BFC = me ACG (Transitive property)
x = 45
y=m. A+ m C (Theorem 6-4.1) 33. If x and y are the measures of two angles of the triangle,
y=45+ 90 = 135 then the third angle has measure x + y
z+y+ (x+y) =180 (Theorem 6-4.2)
28. a«+ 53 + 90 = 180 (Theorem 6-4.2) 2 (x +y) = 180 (Distributive property)
x =37 Z +y =90 (Division property)
x+ y =90 (Corollary 6-4.2b) The triangle is a right triangle (Definition 1-24).
37+ y=90
y =53 34.
c
29. ms DAC = me DCA = z (Theorem 3-4.2)
m. BDA = m. DAC + ms DCA = 2x (Theorem 6-4.1)
m. B = m. BDA = 2z (Theorem 3-4.2)
In AABD, 42+ y = 180 (Theorem 6-4.2) A B
hen ¥ = 180 - 4x (1) D
AC, mz EAB + ms. BAC = 180
87 + m. BAD + me DAC = 180 £ DCB is complementary to £ DCA (Definition 1-27)
87 +y+ x=180 L A is complementary to £ DCA (Corollary 6-4.2b)
x+ Y =93 £ DCB = £ A (Theorem 3-1.3).
Then y = 93 - z (II)
Equating equations (1) and (II) gives us 35. ADAE = AEBC (SAS)
180 - 4x =y =93 - x DE = EC (Definition 3-3)
3x = 87 ADEC is isosceles (Definition 3-12)
x =29 £ ADE = £ BEC (Definition 3-3)
Y =64 m. AED + me ADE = 90 (Corollary 6-4.2b)
mL BEC + me AED = 90 (Transitive property)
30. Given: AABC and AXYZ m. BEC + me AED + me DEC = 180 (Postulate 2-10,
L A=/ X Definition 1-28)
LB=LY m. DEC = 90 (Subtraction property)
ADEC is an isosceles right triangle (Definition 1-32,
Prove: ( C=(1 Definition 3-12).
c X 36. Consider PG // AE.
L ACP = £ CPG (Theorem 6-3.1)
£ APC = £ ACP (Theorem 3-4.2)
£ APC = £ CPG (Transitive property)
4 B Similarly, L GPD = 2 DPB (Definition 1-28)
X Y m.. APC + ms CPG + mz DPB = 180 (Definition 1-28)
2m. CPG + 2me GPD = 180 (Postulate 2-1)
A+mB+mC= 180 (Theorem 6-4.2) m. 3+ m 4 = 90.
X+meY +msZ =180 (Theorem 6-4.2)
m.C-m Z=0 (Subtraction property)
m. C=m Z (Addition property{
Page 231
31. Given: Right AABC
ms C =90 37. MK+ me N+ me M= 180 (Theorem 6-4.2)
Prove: L A+ £ B =290 (z + 10) (22) + (2z - 30) = 180 (Substitution
Postulate, 2-1)
x = 40
B WoK=gx+10 =50
m. N =2x =280
mM=2x - 30 =50
AKNM is isosceles.
¢ 4 Exercises 38-40 are done in the same way as Exercise 37.
m.A+mB+mLC= 180 (Theorem 6-4.2) 38. moK=90, meN =45, m. M = 45; isosceles right.
m. A+ mB+ 90 =180 (Substitution postulate, 2-1)
m. A+ mB =90 39. m. K =50, . N =40, m. M= 90; right.
Therefore £ A is complementary to L B

40. ms K= 30, m N =90, mL M= 60; right.
32. Given: AMBC is fisosceles. .
Angle bisectors CD and BE intersect at F. 41, C

Prove: mL BFC = ms ACG

28
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41.

42.

43.

44,

45.

46.

47.

48.

continued

CBA = 60

(Definition 3-8)
(Definition 3-8)
m. 4 = 55 (Theorem 6-4.1)

+8m?

=Z2>
+ I+ + 1l O
o

50, mz CBA = 60
A+ me 2 (Theorem 6-4.1)

OO

90 (Corollary 6-4.2b)

R

T+
"
~N ©

©

acute angle.

=
@

(Theorem 3-4.2)
+me A =180 (Theorem 6-4.2)
= 180

RR RBRRRRRSERR

Rz
=~ — N e Nel >
RR
S > >

o +

C
C
8

~nN

—~
>
o

= 90 (Corollary 6-4.2b)

ww e
n ++E
o
nxXs i+ 0
o —
WO o
o

180

R
+ >
I
(o]

+mA=
= 180

RRR
EBSHoo
Emmm.&:mlg\

Lo

FDB (Theorem 6-4.1)

88
"o
H
n
T+
O M S0
—?
w
N

eorem 3-4.2)

V-3 )]
oo ©

m. ACB
= ms ACB + mz DCB

RR

m. DBC + ms ABC = 180
60 + 45 = 180
75

Bl ceew 8 8
W+ onn

30 + mz ECB = 180
B (or m. ACB) = 80

C + mz ACB + mz ABC =
80 + ms ABC = 180
C
E

5
+ mL CBE (Theorem 6-4.1)
5 = 105

180 (Theorem 6-4.2)

SSRRSRR

non

RR
b
o
non
R

+ @ 0
(=]

N MmN

100

[(RTRT]
w
[

=

X
m. ADE = 333

Use Theorem 6-4.1 and Theorem 3-4.2 in AEDC, ABED,

ABEC, AABE.
m. A = m. ABC (Theorem 3-4.2)
32=2z+ (180 - 6x)
3x= 180 - 4z

x= 255/7.

29
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Page 231
49. Let me ACE =
mE = m DCE = z (Theorem 3-4.2)
m. ADE = mL E+ mL DCE (Theorem 6-4.1)
m. ADE = 2z (Substitution Postulate 2-1)
m. BAD = m ADE = 2z (Theorem 6-3.1)
But m. B = mL ACB (Theorem 3-4.2)
2mz ACB = 180 - 2x
ms ACB = 90 - x
Therefore, ms. BCE = mz ACB + ms ACE
m. BCE = 90 - = + = = 90.
Page 232
50. m. EAB = ms B (Theorem 6-3.1)
m. FAC = mz C (Theorem 6-3.1)
m. EAB + ms FAC + mz BAC = 180 (Postulate 2-10,
Definition 1-28)
m. B + mL C+ ms BAC = 180 (Postulate 2-1).
51. m. DBA + m. ABC + ms ECA + me ACB =2(90) = 180 (Def.1-27).
m. DBA = me BAF (T eorem 6-3.1)
m. ECA = me CAF (Theorem 6-3.1)
m. BAF + mz ABC + ms CAF + ms ACB = 180 (Postulate 2-1)
m. BAF + me CAF = ms BAC (Postulate 2-10)
m. BAC + ms ABC + mz ACB = 180 (Postulate 2-1).
52. m. FED = mz BDE (Theorem 6-3.1)
m. BDE = mz A (Corollary 6-3.7a)
m. FED = m£ A (Transitive property)
ms FEC = m£ B (Corollary 6-3.1a)
m. BED = me C (Corollary 6-3.1a)
m. FEC + m FED + me BED = 180 (Postulate 2-10,
Definition 1-28)
m.B+m. A+ me C= 180 (Postulate 2-1).
53. m. ACF = mz A + mz ABC (Theorem 6-4. 1)
m. DCF = 4(ms ACF) = 4(m. A + mL ABC) = 3(mz A) +
L(ms ABC) (Postulate 2-1, D1str1but1ve property)
m. DBC = %(ms ABC) (Definition 1-29)
me DCF = %(ms A) + m. DBG (Transitive property)
m. DCF = me DBC + m. D (Theorem 6-4.1)
m. DBC + %(mz A) = me DBC + me D (Transitive property)
m. D = %(me A) (Subtraction property).
54. m. ACE = ms BCF = 60 (Given, Theorem 6-4.2)
m. BCE = mz FCA (Addition property)
EC = AC (Theorem 3-4.3)
BC = CF (Theorem 3-4.3)
AECB = AACF (SAS)
BE = FA (Definition 3-3)
Similarly, FA = CD.
55. mZ MQON = = mL PQR (Theorem 6-4.2, Definition 3-12)
MQ = NQ (Theorem 6-4.2, Definition 3-12)
PQ = RQ (Theorem 6-4.2, Definition 3-12)
AMQP = ANQR (SAS)
PM = RN (Definition 3-3)
56. AM = BM = CM. _
Let FM bisect ~ AMB and EM bisect £ AMC.
AAMF = ABMF (SAS)
L BMF = £ FMA (Definition 3-3)
Similarly, £ AME = L EMC.
m/. BMF + mZ FMA + mZ AME + mz EMC = 180 (Definition 1-28)
2ms FMA + 2mz AME = 180 (Postulate 2-1)
m. FMA + m. AME = 90 (Division property)
mL 6 +m. 3 =90 (Theorem 6-4.2)
m. 5 +me 1 =90 (Theorem 6-4.2)
mo6+m3+me5+me 1 =180 (Postulate 2-10)
m. 6+ m.5 =90 (Subtraction property)
m. BAC = 90 (Postulate 2-1).
57. Llet mL MNC = 2, mz KNB = y, M. B = a=m C.

The angles of AKMN each have measure 60 (Postulate 2-1)
m. AMN = mz C + mZ MNC (Theorem 6-4.1)

m. AMK = x + a - 60 (Postulate 2-1)

m. A =180 - 2a (Theorem 6-4.2)

m. BMK = m. A+ m. AMK (Theorem 6-4.1)

m. BKM = 180 - 2a + x +a - 60 = £ -a + 120 (Postulate 2-1)
m. BKN = mZ BKM = mz NKM = mz BKM - 60 (Postulate 2-11)
m.BKN = - g+ 120 - 60 = x - a + 60 (Postulate 2-1)

m. BKN + mL AMK = £ -a + 60 +& + a - 60 = 2x (Add. prop):
mL MNC = %(mz BKN + mz AMK) (Transitive property).
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Page 233

—

Yes, it is consistent with Definition 6-3.

2. Yes, it is consistent with Definition 6-3.
3. Yes, it is consistent with Definition 6-3.
Page 236
Exercises
1. Yes, concave.
2. No, Definition 6-3, part 1.
3. Yes, convex.
4. Yes, concave.
5. VYes, concave._
6. 5 diagonals; AC, AD, EB, EC, DB.
Page 237
7. Equilateral.
8. Square.
9. No, could be rhombus.
10. No, could be rectangle.
11. By theorem 6-5.1, when n = 3, the sum of the measures of

won

the angle is (n - 2) 180 = (3 - 2) 180 = 180.

Exercises 12-18 are done in the same way as Exercise 11.

12.
14.
16.
18.

19.

540 13. 720
900 15. 1080
1440 17. 1800
3240

Method I

By Corollary 6-5.1a, when n = 4, each interior angle

has measure:
(n - 2)18 = (4 -2) 18 = 90.
n 4

Method IT
By Corollary 6-5.2b, when n = 4, each interior angle
has measure:
180 - 360 = 180 - 360 = 90.
n 4

Exercises 20-24 are done in the same way as Exercise 19.

20.
22.
24,

25.

108 21. 120
135 23. 140
144

By Corollary 6-5.2a, when n = 4, the measure of an
exterior angle is:

360 = 360 = 90.

7

a

Exercises 26-28 are done in the same way as Exercise 25.

26.
29.
30.

31.

32.

10 27. 5 28. %
Theorem 6-5.2, Definition 6-5.

Since there are n congruent exterior angles in a regular
polygon of n-sides, each has a measure of 1 of the

n
sum of measures of all the exterior angles (i.e.360).
Thus the measure of each interior angle is 360.

n

Since the measure of each exterior angle of a regular
polygon of #» sides is 360 (Corollary 6-5.2a) and each

n
exterior angle is supplementary to an interior angle,
the measure of an interior angle is 180 - 360.
n

Both are right angles since they are congruent and
supplementary; therefore the regular polygon is a square.

30

Page 237

33.

Let £ = the exterior angle.
%z = the interior angle
x + %= 180 (Postulate 1-6)
x= 120
Since 360 = 120 (Corollary 6-5.2a), n =
n
polygon is an equilateral triangle.

3 and the regular

Exercises 34-37 are done in the same way as Exercise 33.

34,
36.

38.

6 35. 8
5 37. 10

Let x = the measure of an exterior angle of the
regular polygon.
xz +mc =180 (Postulate 1-6)

z(1 +m =180
x = 180
T+m
x = 360 (Corollary 6-5.2a)
n
Therefore 180 = 360
1T +m n
n=2(1+m)
S=(n-~2) 180 (Theorem 6-5.1)
540 = { n - 2) 180
3=n-2
n =5 (sides)

Ezercises 40-42 are done in the same way as Exercise 39.

40, 16 sides 41. 12 sides 42, 17 sides
43. S = (n - 2) 180 (Theorem 6-5.1)

S=(7-2)180

S =900

The remaining angle has measure 900 - 755 = 145.
4. S = (n-2) 180 (Theorem 6-5.1)

S=(4-2)180 = 360

3x + 4x + 5z + 6x = 360

x =20

Therefore 3x = 60, 4z = 80, 5x = 100, 6x = 120.
45. This angle is found in the regular polygon with the fewest

number of sides.

Thus when n = 3, (n-2) 180 = 60.

n
Page 238
46. Increases
47. None
48. 108
49. No, 360 is not an integer.
50

50. Yes, 360 is an integer.

40

Page 240

Class Exercises

1. AABC = AEDF (HL)
2. AADB = AADC (HL)
3. ABAE = ACDE (AAS)

AABC = ADCB (HL)
4. ADEC = ABFA (HL)

AEDA = AFBC (ASA)
5. AABC = ADEC (AAS)
6. ACDF = ABEF (AAS)

Exercises

1.

L BAD = £ BCD (Theorem 3-1.4)
APBD == ACBD (AAS).
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Page 240 Page 241
Exercises continued Exercises continued
2. =90 = m. C (Theorem 2-6.5) 12. Isosceles AABC (Given)
L BEA =/ CED (Theorem 3-1.5) BB = AC (Given)
AE = DE (Definition 1-15) Altitudes BE and CD (Given)
AABE = ADCE (AAS). AAEB = AADC (AAS)
BE =: TD (Definition 3-3)
13. BE = CE (Definition 1-15)
B AAEB and ADEC are right triangles (Definition 1-32)
Page 241 AAEB = ADEC (HL)
£ AEB = £ DEC (Definition 3-3)

3. AFEB and AFDB are right triangles (Definition 1-32). . AEB and £ AEC form a linear pair (Definition 1-26)
AFEB = AFDB (HL) £ DEC and 2 AEC also form a linear pair (Transitive
£ FBE == £ FBD (Definition 3-3). property)

Thus FB bisects £ ABC (Definition 1-29). Thus, A, E, and D are collinear (Definition 1-11).

4. L ADB = £ CBD (Theorem 6-3.1) 14. Quadrilateral ABCD, AB = CD, ~ B and £ D are right
DE = BF (Addition property) angles (Given)

AADE = ACBF (AAS). AABC = ACDA (HL)
£ BAC = £ DCA (Definition 3-3)
5. £ BCA = £ DAC (Definition 3-3)
b ¢ BB // TD {Theorem 6-2.1)
AD // BC (Theorem 6-2.1)
A B
Page 242
AABD and ABAC are right triangles (Definition 1-32) 15. AD is_an altitude of isosceles AABC, AB = AC (Given)
AABD = ABAC (HL) AB = AC (Definition 1-15)
AD = BC (Definition 3-3) AADB and AADC are right triangles (Definition 1-32)
AADB = AADC (HL)
6. A BD = CD (Definition 3-3)
AD is_a median of AABC (Definition 3-9)
D E AD + BC (Corollary 4-4.2a)
AD is an altitude of AABC (Definition 3-10).
16. Construct £ PAB =/ FDE
L PBA =/ FED
B C AABP = ADEF {ASA)
AP = DF (Definition 3-3)
1: L ABC = L ACB (Theorem 3-4.2) L F =/ APB (Definition 3-3)
ABDC = ACEB (AAS) AC = AP (Transitive property)
CD == BE (Definition 3-3) L APB =/ ACB (Transitive property)
m. ACP = mL APC (Theorem 3-4.2)
2: L ADC =~ AEB (Theorem 3-1.4) m. PCB = m. CPB (Postulate 2-11)
LADC = AAEB (AAS) CB = PB (Theorem 3-4.3)
CD = BE (Definition 3-3). AABC = AABP (SAS)
AABC = ADEF (Transitive property).
7. mL FEC = 90 = ms GDB (Theorem 2-6.5)
FC = GB (Addition property)
L PBC =/ ACB (Theorem 3-4.1)
AFEC = AGDB (AAS)
L F=/ G (Definition 3-3) Page 244

8. AFEC and AGDB are right triangles (Definition 1-32) Review Exercises
FC = GB (Addition property)

AFEC = AGDB (HL) 1. False; they may be skew lines.

LF =/ G (Definition 3-3). 2. False; A, B, C, D could be collinear.
9. AFEC = AGDB (HL)

L ABC = £ ACB (Exercise 8)

AB = AC (Theorem 3-4.3)

AABC is isosceles (Definition 3-12). Page 245
10. BF = CG (Subtraction property) 3. True.

ADFB = AEGC (HL) 4. F

L B=,C (Definition 3-3) 5. RS

AB = AC (Theorem 3-4.3) 6. only one

AABC is isosceles (Definition 3-12). 7.

A D N c
n.
B
D E 4 M
B C

BE and CD are altitudes of AABC, BE = CD
AAEB = AADC (AAS)

AB = AC (Definition 3-3)

AMBC is isosceles (Definition 3-12)

(Given)

31

AADN = ABCN (SAS)

AN = BN (Definition 3-3)

BB 1 MN {(Corollary 4-4.2a)

AAMN = ABMN (SAS or SSS)

mZ ANM = mz BNM (Definition 3-3)

m. MND = mZ MNC (Postulate 2-10, Addition property)
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Page 245 Page 246
Review Exercises continued 18. b
, B A
7. continued 3 L
mZ MND = 90 = m. MNC (Theorem 3-1.2)
MV + DC (Theorem 2-6.6) T
BB // DC (Theorem 6-1.1) ,470 > 13
8. We now have five methods of proving that lines are
parallel: 71 // 12 (Given)
1. Prove a pair of alternate interior angles congruent. 13 bisects £ ABC (Given)
2. Prove a pair of corresponding angles congruent. 1, bisects £ DCB (Given)
3. Prove a pair of interior angles on the same side L1 =1/,2,,3=/,4 (Definition 1-29)
of the transversal supplementary. L DCB is supplementary to L ABC (Corollary 6-3.1b)
4. Prove that the lines are parallel to the same ms DCB + me ABC = 180
line or to parallel lines. mel+m2=m3+m4=180
5. Prove that the lines are coplanar and perpendicular 2me 2 + 2me 3 = 180
to the same line or to parallel lines. me2+m 3=90
w2+ m 3+m5 =180 (Theorem 6-4.2)
9. m. ABC = 2m. EBC (Given) 90 = m. 5 = 180
m/ BCD = 2m. ECB (Given) w5 = 90
m. ABC + m. BCD = 2(90) = 180 (Addition property) Therefore 73 & Iy
A8 // CD (Corollary 6-2.1b)
19. m. ACE = me BCE = 45 (Definition 1-29)
10. BC = FD (Add1t1'on property) m. CBE + mz EBD = 180 (Definition 1-26, 1-28)
ARBC = AEFD (SAS) m. CBE + 140 = 180
L ACD = £ EDF (Definition 3-3) m. CBE = 40
AC // DE (Theorem 6-2.1) m. AEC = m/ CBE + m. BCE (Theorem 6-4.1)
m. AEC = 40 + 45 = 85
11. BC = CD (Definition 1-15)
EC = CA (Definition 1-15) 20. (4z +9) + (3z + 18) + 10z = 180 (Theorem 6-4.2)
ABCA = ADCE (SAS) 17¢ = 153
LB=,D (Definition 3-3) z=9
AB // DE (Theorem 6-2.1) The sides have lengths:
4z + 9 = 45
12. m£ ABD = mZ BDC = m DCE = 25 (Theorem 6-3.1) 3z + 18 = 45
mZ ADB = mz ADC - mZ BDC 10x = 90
m. ADB = 116 - 25 = 91 Therefore the triangle is an isosceles right triangle.
From Theorem 6-4.2, m. A = 180 - (ms ABD + m. ADB)
m. A= 180 - (25 + 91) = 64. 21. See Definition 6-4.
22. 180 - 360 = 180 - 360 (Corollary 6-5.2b)
n 26
n
Page 246 = 18051313
13. AC = FD (Addition property) = 166 13
LA=/LF (Theorem 6-3.1)
AABC = AFED (SAS) 23. 360 = 360 = % degree (Corollary 6-5.2a)
L _ACB _L FDE (Definition 3-3) n 720
DE // BC (Theorem 6-2.1)
24.
14.
! ’ I T
2x + 27 + 35 =180 (Postulate 1-6)
x =15 and 2x =10
D c Therefore 10 = 360
n ., and
Quadrilateral ABCD (Given) n= 36
AD // BC (Given)
AB //_DC (Given) 25. (n-2) triangles formed if all diagonals are drawn from
Draw AC any single vertex
£ DAC = £ BCA (Theorem 6-3.1) n =17 (n-2) triangles = 15 triangles
£ BAC == £ DCA {Theorem 6-3.1) n =10 (n-2) triangles = 8 triangles
LA =,C (Postulate 2-10) 15 triangles - 8 triangles = 7 triangles, each of
Similarly, L B=,D. whose measure sum = 7 (180) = 1260.
15, 60. 26. Quadrilateral ABCD, 2 A = £ C (Given)
16. Complementary. L B=,D (Given)
m.A+mB+m C+m D= 360 (Theorem 6-5.1)
7. B 2m. A + 2m. D =360 (Postulate 2-1)
m. A+ me D =180 (Division property)
BB || OC (Corollary 6-2.1b)
Similarly, AD | BC.
c A
Ifm C=mA+mB
mLC+m A+ B = 180 (Theorem 6-4.2)
2(ms C) = 180
mL C = 90
Therefore, AABC is right triangle.
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Page 247 Page 251
27. Sometimes {only right triangles) 3. continued
less than 360. This makes it impossible for a
28. Always (AAS) quadrilateral to have four right angles.
29. AADC == AAEB (AAS) 4, It is greater than 360.
AC = AB (Definition 3-3)
AABC is isosceles (Definition 3-12). 5. It is less than 360.
30. AAPQ = ABPQ (HL) 6. Square.
AQ = BQ (Definition 3-3).
7. Joining the ends of the perpendicular segments, we have
Chapter Test four congruent isosceles right triangles. Hence, each
base angle is greater than 45 degrees. Now draw the
1. % (180 - 30) perpendiculars at A, B, C and D. We have four more
congruent isosceles triangles with each base angle less
2. 360 - 360 = 0. than 45 degrees. Thus, the vertex angles are greater
3. Let z = the measure of non-adjacent exterior angle of a than 90 degrees.
triangle for interior angles of measure x and y. 8. Reverse the inequalities in Exercise 7.
2 = z and 2 =z +y (Theorem 6-4.1)
Therefore 2x = = + y,and = = y.
Therefore two sides of the triangle are congruent
(Theorem 3-4.3) and the triangle is isosceles.
Page 257
4, perpendicular
Class Exercises
5. Since the larger triangle is equilateral x = 60
(Corollary 3-4.2a) 1. parallelogram.
Since the smaller triangle is an isosceles right triangle, 2. BC.
=60 - 45 = 15, 3. AD.
4. BC.
6. Use Theorem 6-3.1 and Corollary 6-3.1b to get 5. They are equal.
z =24 and y = 85.
Page 258
Page 248
Exercises
7.- 10. Only 8 (AAS); the others give insufficient o
information. 1. MV || LK, ML || NK:
Mp = KP,
11. By Theorem 6-4.2, mL BAC + m£ B + m£ C = 180. MN = EK, TP =NP
Therefore (11x - 7) + (3¢ + 4) + (10x +15) = 180 ML = NK
Thenz =7, and m. C = 3z + 4 =
However, ms PAC = 6z - 17 = 25. 2. Eight pairs;
herefore since m. C = m. PAC, ZLMN = £ LKN, £ MLK = 2 MNK
P’|[ BC (Theorem 6-2.1) L LMK = £ NKM, £ NMK = £ LKM
L MNL = £ KLN, £ KNL = £ MN
12. AQPR = ASPT (HL) L MPN = £ KPL, £ MPL = £ KPN.
L R= /T (Definition 3-3)
L T=/, TMR (Theorem 6-3.1) 3. £ MLK, £ MNK
L R=¢ TMR (Transitive property)
RN = MN (Theorem 3-4.3) 4. £ LMN, £ NKL
AMNR is isosceles (Definition 3-12)
5. Use Theorem 7-1.4 to find:
13. m. X = 133
me Y = 47
me Z = 133
6. m. D = 145
m A= 35
m. B = 145
m. C= 35
£ PRB = £ PSB (Theorem 2-6.5, Theorem 3-1.1) 7. Since EH = FG (Theorem 7-1.2)
A PRB = A PSB (AAS) 3x - 5 =7z - 17
PR = PS (Definition 3-3) =3
Therefore EH = FG = 4; and GH = 7.
8. Since WP = YP (Theorem 7-1.5)
3x - 5 = 12x - 41
" Page 251 =4
Therefore WY =2 (WP) = 2 (3z - ) 14
Mathematical Excursion Exercises and zz = 2(zP) = (3 +11) = 46
1. Construct the altitude from the vertex of the largest 9. Since HP = AP (Theorem 7-1. 5)
angle, forming two right triangles. The sum of the S5z +y =8y -x ordr=3y
angles of the original triangie ts the sum of the angles Similarly, MP = TP (Theorem 7-1.5)
of the right triangles minus the two right angles at the y+ 7=z + 6y
foot of the altitude. xt 3y =17
z=1,andy = 2
2. 360 HA = 2 (HP) = 2 (5x = 14
MT = 2 (MP) = 2 (3y + ) = 26.
3. The sum of the angles of a triangle is less than 180

implies the sum of the angles of a quadrilateral is
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Page 258 Page 259
Exercises continued 18. AB = DC (Theorem 7-1.2)
AP = CQ (Addition property)
10. mz A+ msB = 180 (Theorem 7-1.4) 7B || DC (Definition 7-1)
m. C+ m. B =180 (Theorem 7-1.4) £ PAC = £ QCA (Theorem 6-3.1)
LA=( (Theorem 3-1.4) £ APQ = £ CQP (Theorem 6-3.1)
Similarly, £ B = 2 D. AAMP = ACMQ (ASA)
AM = MC (Definition 3-3)
M. L A=, C (Theorem 7-1.3) PM = MQ_(Definition 3-3)
£ B =/ D (Theorem 7-1.3) AC and PQ bisect each other (Postulate 1-15)
m.A+m.B+msC+m D= 360 (Theorem 6-5.1)
2m. A + 2ms B = 360 (Postulate 2-1) 19. ED = AE = BC (Definition 3-12)
m. A+ ms B = 180 (Division property) AF = BF = DC (Definition 3-12)
m. EDA = 60 = me FBA (Theorem 7-1.3)
12. m. ADC = me ABC (Theorem 7-1.3)
M B m. EDC = ms FBC (Addition property)
4 AEDC == ACBF (SAS)
EC = CF (Definition 3-3)
K N m. DAB = 180 - mz ADC (Corollary 6-3.1b)
mL EAF = 360 - (60 + 60 + me DAB)(Postulate 2-1)
b 1 c m. EAF = 240 - (180 - mADC) (Postulate 2-1)
m. EAF = 60 + m. ADC (Postulate 2-1)
m. EAF = m. EDC (Postulate 2-1)
MB = (%)AB (Definition 1-15) AEDC = AEAF (SAS)
DL = (%)DC (Definition 1-15) EC = EF (Definition 3-3)
MB = DL (Transitive property) AEFC is equilateral (Definition 3-12)
Similarly, BN = DK o
£ B=,D (Theorem 7-1.3) 20. Draw PE + DC (Definition 3-10)
AMBN == ALDK (SAS) AB 1 DC (Definition 3-10)
MN = LK (Definition 3-3) PE | B (Theorem 6-1.1)
L EPC =~ B (Corollary 6-3.1a)
13. L B =, ACB (Theorem 3-4.2)
D H £ . EPC =~ ACB (Transitive property)
AEPC = A NCP (AAS)
PN = EC (Definition 3-3)
OC || MP (Theorem 6-1.1)
G 0 Quadrilateral DEPM is a parallelogram (Definition 7-1)
7 PM = ED (Theorem 7-1.2)
PM + PN = ED + EC = CD (Addition property).
m. DGH = (%) ms DGF (Definition 1-29) 21. Use Definition 7-3 and the proof of Theorem 5-4.2.
mL FEJ = (%) mL FED (Definition 1-29)
m. DGF = ms FED (Theorem 7-1.3) 22. Converse. The Tength of the shortest segment which has
ms DGH = me FEJ (Transitive property) an endpoint on each of two parallel lines is the distance
DG = FE (Theorem 7-1.2) between the parallel lines.
£ D=/ F (Theorem 7-1.3) Proof outline: Use an indirect proof to show that the
ADGH == AFEJ (ASA) perpendicular segment is shorter than any other such
DH = FJ (Definition 3-3) segment. Apply Definition 7-3.
DE = FG (Theorem 7-1.2)
HE = GJ (Subtraction property).
14. BC = DA (Theorem 7-1.2)
BC || DA (Definition 7-1) Page 265
£ BCA ==/ DAC (Theorem 6-3.1)
m. BGC = 90 = m. DHA (Theorem 3-1.1) Exercises
ABGC == ADHA (AAS)
HD == GB (Definition 3-3) 1. No.
AH = CG (Definition 3-3) 2. Yes, Theorem 7-2.1.
== 3. Yes, Theorem 7-2.4.
15. MA || HT (Definition 7-1) 4. Parallelogram ABCD
L AMT = £ HTM (Theorem 6-3.1) M, N, P, Q are the midpoints of sides AD, AB, BC,
L MEG == £ TEO (Theorem 3-1.5) ¢D, respectwe]y (Given)
AMEG = ATEO (ASA) AM = (3;)AD (Definition 1-15)
GE = OE (Definition 3-3) PC = (1) BC (Definition 1-15)
MT bisects GO at E (Definition 1-15) AD = BC (Theorem 7-1.2)
AM = PC (Postulate 2-1)
16. Par?ﬂewgram MATH, MGH, HOT, MT bisects GO at E (Given) Similarly, AN = QC
Definition 7-1) L A= (T (Theorem 7-1.3)
L MGO == L TOG (Theorem 6-3.1) AMAN = APCQ (SAS)
L MEG = £ TEQ (Theorem 3-1.5) MN = PQ (Definition 3-3)
AMEG = ATEQ (ASA) Similarly AMDQ = APBN (SAS)
ME = TE (Definition 3-3) MQ = PN (Definition 3-3)
G0 bisects MT at E (Definition 1-15) Quadrilateral MNPQ is a parallelogram (Theorem 7-2.1)
17. MB = (%) AB (Definition 1-15) 5. AB = CD (Theorem 7-1.2)
ND = (%) DC (Definition 1-15) FB = DE (Subtraction property
AB = DC (Theorem 7-1.2) AF = CE (Subtraction property
MB = ND (Postulate 2-1) AB |i CD (Definition 7-1)
AD == CB (Theorem 7-1.2) Quadrilateral AFCE is a parallelogram (Theorem 7-2.2)

£ ADN = £ CBM (Theorem 7-1.3)
AADN = ACBM (SAS)

L AND =/ CMB (Definition 3-3)
RB || DC (Definition 7-1)

¢ ABD = £ CDB (Theorem 6-3.1)
ADFN = ABEM (ASA)

DF == BE (Definition 3-3)
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Page 265 Page 266
6. 14. Parallelogram ABCD with M and N midpoints of
A F B sides AB and CD, respectively (Given)
AN = (%)AB (Definition 1-15)
DM = LE)CD (Definition 1-15)
BB = CD (Theorem 7-1.2)
b E ¢ 78 = DC (Definition 7-1)
AN = DM (Postulate 2-1)
Quadrilateral ANMD is a parallelogram (Theorem 7-2.2)
£ D=, B (Theorem 7-1.3) AD = NM (Definition 7-1)(Theorem 7-1.2)
AD = CB (Theorem 7-1.2) AD [l NM (Definition 7-1)(Theorem 7-1.2)
AADE = ACBF (ASA) Similarly BC = NM
AE = CF (Definition 3-3) BC || NM
DE = BF ( efinition 3-3) . _
AF = CE (Definition 3-3) 15. Quedrilateral ABCD with AP and DP the bisectors of
AB = CD (Theorem 7-1.2) ¢ DAB and L ADC, respectively
Quadrilateral AFCE is a parallelogram (Theorem 7-2.7) AP is not perpendicular to DP (Given)
me 1l +ms2# 90
7. 2 1+ 2me 2 # 180 (AP is not perpendicular to DP)
A C AB is not parallel to DC (Corollary 6-3.1b)
ABCD is not a parallelogram (Definition 7-1).
16. AM =(%) SA (Definition 1-15)
AN = (%) AQ (Definition 1-15)
B P SA = AQ (Theorem 7-1.5)
AM = AN (Postulate 2-1)
/. KPA =/ LRA (Theorem 6-3.1)
CM = MB (Definition 3-9) PA = RA (Theorem 7-1.5)
AM = MP (Definition 3-9) L PAK = £ RAL (Theorem 3-1.5)
Quadrilateral ABPC is a parallelogram (Theorem 7-2.6) APAK = ARAL (ASA)
. = LA (Definition 3-3)
8. PQ || SR (Theorem 6-2.1) Quadrilateral MKNL is a parallelogram (Theorem 7-2.6)
m. 1l +m3=m2+m. 4 (Definition 1-28)
m. RQS = mL PSQ (Subtraction property) 17.
PS || QR (Theorem 6-2.1) A B
Quadrilateral PQRS is a parallelogram (Definition 7-1)
9. £ FNP = £ RSA (Theorem 3-1.4)
AFNP = ARSA (AAS) Ju
NP = SA (Definition 3-3) D c
Quadrilateral ASPN is a parallelogram (Theorem 7-2.5).
10. ST [l QH (Theorem 6-1.1) AD || BC (Theorem 6-1.1)
PS = RQ (Theorem 7-1.2) DC is the distance between AD and BC (Definition 7-3)
PS || RQ {Definition 7-1) AB is_also the distance between AD and BC (Given)
L SPR =/ QRP (Theorem 6-3.1) AB 1 AD (Definition 7-3)
ASTP = AQHR (AAS) AB L BC (Definition 7-3)
ST = QH (Definition 3-3) Quadrilateral ABCD is a parallelogram (Theorem 7-2.3).
Quadrilateral TSHQ is a parallelogram (Theorem 7-2.2)
QT || HS (Definition 7-1) 18. MB = MC (Definition 1-15)
£ TQH == £ TSH (Theorem 7-1.3). Quadrilateral GCQB is a parallelogram (Theorem 7-2.6)
AN = NC (Definition 1- 15§
Quadrilateral GCPA is a parallelogram (Theorem 7-2.6)
QC il BGN (Definition 7-1)
PC || AGM (Definition 7-1)
Page 266 Quadrilateral GPCQ is a parallelogram (Definition 7-1)
. GM = (%)GQ (Definition 1-15)
11. MN = RS (Theorem 7-1.2) GQ = PC (Theorem 7-1.2)
MN || RS (Definition 7-1) PC = AG (Theorem 7-1.2)
L MNR = £ MRS (Theorem 6-3.1) GM = (%) AB (Postulate 2-1)
AMNP = ARSQ (ASA) GM = %%)AM (Division property)
NP = SQ (Definition 3-3) GN = (%)GP (Definition 1-15)
L MNP = £/ RQS (Definition 3-3) GP = QC (Theorem 7-1.2)
L NPQ =/ SOP (Theorem 3-1.4) QC = BG (Theorem 7-1.2)
NP || SQ (Theorem 6-2.1) GN = (1)BG (Postulate 2-1)
Qgﬁd 11 ateral PNQS is a parallelogram (Theorem 7-2.2) GN = (5)BN (Division property).
PS || QN (Definition 3-3).
12. MN = RS (Theorem 7-1.2)
MN || RS (Definition 7-1)
4 MNR = £ MRS (Theorem 6-3.1) Page 267
= RQ (Subtraction property)
AMPN = ARQS (SAS) Class Exercises
(continue as in the solution of Exercise 11). ]
13. PN = g: (Theorem 7-1.2) D c
PN || @S (Definition 7-1)
A PO =/ SQP (Theorem 6-3.1)
é;_PN;§ L RQS (Theorem 3-1.4)
MP = RQ (Subtraction property)
AMPN = ARQS (SAS)
MN = RS (Definition 3-3) A B
£ NMR = £ SRM (Theorem 6-3.1)

MN || RS (Theorem 6-2.1)
Quadrilateral PNQS is a parallelogram (Theorem 7-2.2)
L PSQ = £ PNQ (Theorem 7-1.3)

2. Congruent.
3. Right angles.
4. Congruent.
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Page 267 Page 269
Class Exercises continued 14, continued
5. SAS. m. BAE = 90 (Subtraction property)
6. Congruent. Similarly, me AED = mz EDB = mz ABD
7. Congruent. Quadrilateral ABDE is a rectangle (Theorem 7-3.3)

15. PM, QM, RM, and SM are medians of right triangles,
APB, AQB, ARB, ASB;
Each has length (%) AB (Theorem 7-3.5)

Page 269 PM = QM = RM = SM (Postulate 2-1).

1. VYes, Theorem 7-3 3, Theorem 6-5.1. 16. AE = BE (Definition 1-15)

2. Yes, Theorem 7-3.4. AE = EC (Def nition 1-15)

3. No. BE = EC (Transitive property)

m. A = m. ABE (Theorem 3-4.2)

4. Since AC = BD (Theorem 7-3.2) me C = m& EBC (Theorem 3-4.2)

Je + 5= 3 + 17 m. A+ m. ABE + m. C + m EBC = 180 (Definition 1-28)
x =3 2 me ABE + 2 mz EBC = 180 (Postulate 2-1)
AC =BD =3z + 17 =26 m. ABC = ms ABE + m EBC = 90 (Division property).

5. PM =2+ 3y =20 17. After proving AAMR = ANCP and AMBN = APDR, we prove
SM =14y - 2z = 20 that quadrilateral MNPR is a parallelogram
x=2,andy =6 (Theorem 7-2.1);

By proving that quadrilateral ABNR is a parallelogram

6. MP = PQ (Theorem 7-1.5) (Theorem 7-2.2), RN = AB = AD;

152 - 11 = 7x + 21 Quadrilateral ADPM is a parallelogram (Theorem 7-2.2)
x =4 MP = AD (Definition 7-1);

MQ = MP + PQ = 22x + 10 = 98 RN = MP (Transitive property).

RN = 20x + 18 = 98

Therefore parallelogram MNQR is a rectangle (Theorem 7-3.4)

7. 7%; Theorem 7-3.5.

8. 30; Theorem 7-3.5. Page 270

9. mLA=90=m N (Theorem 7-3.1)

AF == NF {Definition 1-15) 18. AC = BD (Theorem 7-3.2)

AS = NP (Theorem 7-1.2) DP = (%)BD (Definition 1-15)
AFAS = AFNP (SAS) DP = (%)AE (Postulate 2-1)
FS = FP (Definition 3-3) m. APE_= 90 (Exercise 16)
ASFP is isosceles (Definition 3-12). PC + PE (Theorem 2-6.6)

10. CN = EM (Addition property) 19. A

m. C =90 =m E (Theorem 7-3.1)

CT = ER (Theorem 7-1.2)

ANCT = AMER (SAS) R

TN = RM (Definition 3-3) b NE

mZ CTN = mz ERM (Theorem 7-3.1) h‘&

mCTR = mz ERT (Theorem 7-3.1) B aWa c

m. PTR = mZ PRT (Subtraction property) FH

PT = PR (Theorem 3-4.3) o _ .

ATPR s isosceles (Theorem 3-4.3) Draw MPN || BC where MPN intersects AH at J (Theorem 7-1.6)
m. CNT = mZ EMR (Theorem 3-4.3) Draw NR + AB with ARD, ENC.

MP = NP (Theorem 3-4.3) NR = PD + PE (See Exercise 20, Section 7-1)
AMPN is isosceles (Theorem 3-4.3). We can easily show that AJ = PD + PE

AH = AJ + JH = PD + PE + PF (Addition property).
11. Draw rectangle ABCD.
ABCD is a parallelogram with one right angle, 2 A
(Definition 7-5)
mLA+m.B=180 =m. A+ me D (Theorem 7-1.4)

m.LB=m D =90 (Transitive property) Page 272
L A=/ C (Theorem 7-1.3)
m. C = 90 (Transitive property). Class Exercises

12. The quadrilateral is a parallelogram (Theorem 7-2.3). 1.

EN
-]

It is also a rectangle (Theorem 7-2.3, Definition 7-5).
13. Draw parallelogram ABCD with AC = BD.

AD = BC (Theorem 7-1.2)

AADC = ABCD (SSS)

L ADC ==z BCD (Definition 3-3)

m. ADC + mz BCD = 180 (Theorem 7-1.4) D c

m. ADC = mZ BCD = 90 (Theorem 2-5.6)

Parallelogram ABCD is a rectangle (Definition 7-5).

2. Congruent.
14. 4 B 3. Theorem 7-4.1.
4. No.
5. SSS
6. L CBD.
F ¢ 7. L CDB.
8. Angle bisector.
9. Each diagonal bisects two angles.
E D 10. AC + BD (Coro]]gry %1-4.3a).
T re perpendicular.
me F = 120 (Corollary 6-5.1a) b hey are perp
AF = FE (Definition 6-5)
m. FAE = m. AEF = 30 (Theorem 3-4.3)
mZ FAB = 120 (Corollary 6-5.7a)
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Page 273 Page 274
Exercises 13
E
1. No. //ﬁ
2. Yes, Theorem 7-4.5. <« Pl
3. Yes, Theorem 7-4.6. A ;B
a. ?L ABD »)« mL(BAC - 9? (Corollary 6-4.2b) /
3¢ -5) + (11x - 3) =90 >
Mo c /N R\ D
m. ABD = 3x - 5 =16 F
m. ABC = me ADC = 32 (Theorem 7-4.2; Theorem 7-1.3)
ms BAC = 11z - 3 =74
m. BAD = m. BCD = 148 (Theorem 7-4.2; Theorem 7-1.1)
m. QMN = (%) me NMP (Definition 1-29)
mZ QNM = (%) mL MNR (Definition 1-29)
m. NMP + ms MNR = 180 (Corollary 6-3.1b)
(%) mz NMP + (%) mZ MNR = (%) (180) = 90 (Multiplication
Page 274 property)
QMN_+ mZ QNM = 90 (Postulate 2-1)
5. AB = DC and AD = BC (Theorem 7-1.2) MQR L NQP (Theorem 2-6.6)
172 - 3 =4z + 23, and x = 2 AMQP = A MQN == ARQN(ASA)
= 31 = BC _Q_E RQ (Definition 3-3)
Therefore parallelogram ABCD is a rhombus (Definition 7-6) NQ = PQ (Definition 3-3)
_ Quadritlateral MPRN is a parallelogram (Definition 7-1)
6. Draw rhombus ABCD with diagonal BD. Parallelogram MPRN is a rhombus (Theorem 7-4.3).
AABD = ACBD (Theorem 7-1.1)
L ABD ==/ CBD EDefinition 3-3 14, me Y =180 - mt X.
L ADB = £ CDB (Definition 3-3 Since CY = BY,
BD bisects £ B_and £ D (Definition 1-29) m. YCB = me CBY = 5[180 - (180 - me X)1 = & me X
Similarly for AC. (Theorem 3-4.2 and Theorem 6-4.2)
. _ Similarly, since AX = BX,
7. Draw rhombus PQRS with diagonals PR and QS meeting at M. m. XAB = mL XBA = %(180 - mz X) = 90 - 5 m. X.
PS = PQ (Theorem 7-4.1) m. ABC = 180 - [m/ XAB + ms CBY]

SR = RQ (Theorem 7-4.1) 180 - [90 - b L X + 5 m2 X] =
PR is_the perpendicular bisector of QS (Corollary 4-4.2a) Therefore AABC is a right triangle.
PR + QS (Definition 4-4)
15. Quadrilateral APHR is a parallelogram (Definition 7-1)

8. Conclusion follows from Theorem 7-1.2 and Theorem 7-4.1. m. HAB + mz NAB = 90 (Theorem 2-6.5)
e mZ HAR + mZ NAC = 90 (Subtraction property)
9. PR 1 QS (Theorem 7-4.3) m. NAB = mz NAC (Definition 1-29)
E_ bi s ects QS (Theorem 7-1.5) m. HAB = m. HAR (Subtraction property)
PQ = PS (Theorem 4-4.2) Parallelogram APHR is a rhombus (Theorem 7-4.6)
Quadr11atera1 PQRS is a rhombus (Definition 7-6).

10. Draw para]le]o?ram PQRS where PR bisects £ SPQ.

£ QPR = £ SRP (Theorem 6-3.1)
L SRP = £ SPR (Transitive property) Page 275
SP = SR (Theorem 3-4.3)
Parallelogram PQRS is a rhombus (Definition 7-6). Exercises
1. 1. Rectangle, square.
2. A1l parallelograms.
3. Rhombus, square.
4. Rectangle, square.
5. A1l parallelograms.
6. Square.
7. mL HIJ = 90, me LIJ = 60 and me LIH = 150
m. IHL = me ILH (Theorem 3-4.2)
ACAD = ABAD (SAS) m. IHL + me ILH + me LIH = 180 (Theorem 6-4.2)
CD = BD (Definition 3-3) y +x+ 150 = 180
AD = ED (Definition 1-15) y = 15.
Quadrilateral ABEC is a parallelogram (Theorem 7-2.6)
Parallelogram ABEC is a rhombus (Definition 7-6) 8. See Theorem 7-3.2 and Theorem 7-4.3.
AB = EB (Theorem 7-4.1) 9. See Theorem 7-4.2.
10. Use Theorem 7-1.5, and Theorem 7-4.3, HL. Also, each
12. o acute angle has measure 45.
? ¢ 11. Since a square is a rhombus we may use the result of
L N Exercise 14 on page 274 and since a square is also a
rectangle use the result of Exercise 12 on page 274.
s R Other equally simple methods may be used involving
K congruent triangles.
12. m. BAC = (%) mi BAD = 45 (Theorem 7-4.2)
AAQP is an isosceles right triangle (Definition 3-12,
ALPM = ANQM = ANRK = ALSK (SAS) Definition 1-32)
LM = NM= NK = LK (Definition 3-3) AQ = PQ (Definition 3-12, Definition 1-32)
Quadrilateral MNKL is a rhombus (Theorem 7-4.4) m. PQC = mz B = 90 (Theorem 2-6.5)

APQC = APBC (HL)
PQ = PB (Definition 3-3).
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Page 276 Page 280
Exercises continued Exercises
13. m TSN = (%)(90) = 45 (Theorem 7-4.2) Use Theorem 7-6.3 for Exercises 1-4.
m. STN = me SNT = (%) (180 - me TSN) = (%) (180 - 45)
= 67 % (Theorem 3-4.2, Postulate 2 1, Multiplication 1. 7 2. 9 3. 8; 4. 7-3/4
__property) c
PR + SQ (Theorem 7-4.3) 5.

m. STR = 90 (Theorem 2-6.5)
mZ NTR = m£ STR - m£ STN = 90 - 67 % = 22 4

(Postulate 2-11) M N
m. STN = 3mz NTR (Closure for multiplication).

14. m. ADP + mz RDC = 90 (Corollary 6-4.2b)
m. DCQ + m. RDC = 90 (Corollary 6-4.2b) 4 0 B
L ADP = £ DCQ (Theorem 3-1.3)
AD = DC (Theorem 7-4.1) Pemmeter of AABC = AB + BC + AC = 15
Similarly, m. A = m. QDC = 90 = %(AB) (Theorem 7-6.3)
AAPD = ADQC (ASA) = %(BC) (Theorem 7-6.3)
PD = QC (Definition 3-3). NQ = %(AC) (Theorem 7-6.3)
Perimeter of AMNQ = MN + MQ + NQ
15. m. CBQ = m DCQ = mZ ADS = m. BAS (Definition 7-7, Perimeter of AMNQ = %(AB) + %(BC) + 35(AC)
Subtraction property) Perimeter of AMNQ = %(AB + BC + AC)
= BC = CD = DA (Definition 7-7, Subtraction property) Perimeter of AMNQ = %(15)
AAPB = ABQC = ACRD == ADSA (ASA) Perimeter of AMNQ = 7%.
=QC = = SA (Definition 3-3)
AP = BQ = = DS (Definition 3-3) 6. Since DE = LBC (Theorem 7-6.3)
PQ = QR = = PS (Subtraction property) Tz - 1 =1 (3z + 20)
Quadrﬂatera1 PQRS is a parallelogram (Theorem 7-2.1) = 2
m. BAS + mz 4 = 90 (Definition 1-27) Therefore DE = 13 and BC = 26.
m. BAS + m£ 1 = 90 (Postulate 2-1) _
m. APB = 90 (Theorem 6-4.2) 7. DE is a midline (Theorem 7-6.4 and Definition 7-9)
mZ BPS = 90 (Theorem 3-1.2) Therefore D 1s m1dpo1‘nt of AB
Parallelogram PQRS is a square (Definition 7-7). AD = %(AB) =
18c - 31 = ‘/z(7x + 35)
16. Quadrilateral PQRS is a rectangle (Theorem 7-3.3) x =3
£ 2=/, 3 (Theorem 3-1.3) AD = DB = 18 - 31 = 23
Similarly £ 1=/, 2
L1=/,4 8. In AABC, QP = %(BC) (Theorem 7-6.3)
L4=/,3 = 4(BC); Therefore BC = 10
AAPB = ABQC = ACRD == ADSA (AAS) In ADBC, MN = 4(BC) = %(10) = 5. (Theorem 7-6.3)
=QC = = SA (Definition 3-3)
AP = BQ = = DS (Definition 3-3) 9. 3/5
PQ = QR = = PS (Subtraction property)
Rectangle PQRS is a square (Definition 7-7). 10. %
17. PQ = QR = SR = PS (Theorem 7-4.1) 11. Since DF is 2/5 of BF, 2/5 x 15 = 6.
PB = QC = RD = SA (Addition property)
m. APB = m. BQC = mz CRD = mz ASD (Theorem 7-3.1) 12. A
AAPB = ABQC = ACRD = ADSA (SAS)
AB = BC = CD = DA (Definition 3-3)
Quadrilateral ABCD is a rhombus (Theorem 7-4.4) D, E
m. 4 + me SDA = 90 (Corollary 6-4.2b)
ms. 3 + me SDA = 90 (Postulate 2-1)
m. ADC = 90 (Postulate 2-10) B Va C
Rhombus ABCD is a square (Definition 7-7).

18. £ E =, F (Theorem 3-4.2) (1) Draw_equilateral AABC with midpoints D, E, F of
AjEC = AQFC (ASA) AB, AC and BC. respectively.
EQ = FQ (Definition 3-3) DE = (%)BC (Theorem 7-6.3)
cj_; EF (Corollary 4-4.2a) DF = (%)AC (Theorem 7-6.3)

AQ BD (Theorem 2-6.6) EF = (%)AB (Theorem 7-6.3)
l[ _D (Theorem 6-1.1) DE = DF = EF (Division property)

ADEF is equilateral.

19. mz PQB + mz CPQ = 90 (Corollary 6-4.2b)

m. SPA + ms CPQ = 90 (Postulate 2-10) (2) Use Theorem 7-6.2 to prove that the measure of

m. PQB = mL SPA (Postulate 2-1) each of the angles of ADEF equals 60.

PQ = SP (Theorem 7-4.1)

m. BPQ = 45 = mt PSA (Theorem 7-4.2) 13.

APBQ a; ASAP (ASA) 4 £ B

S = BP (Definition 3-3) ~ <

H F
~
D G C
Page 280
Class Exercises (1) Draw rectangle ABCD with midpoints E, F, G, H.
Each side of quadrilateral EFGH is (%)AC or
1. Exactly 1, Postulate 6-1, Theorem 6-1.1. (%)BD (Theorem 7-6.3)
2. DB. Definition 1-15. AC = BD (Theorem 7-3.2)
3. EC. Theorem 7-6.1. Quadrilateral EFGH is a rhombus (Theorem 7-4.1).
4. Midpoint.
5. Midline. (2) EF li AC (Theorem 7-6.2)
6. DE = 4BC, Theorem 7-6.3. HG [‘ AC (Theorem 7-6.2)
EF | HG (Corollary 6-1.1c)

Similarly EH || BD
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Page 281

Page 281

13.

15.

17.
18.

20.

(2) continued

FG 11 BD
EN |, FG

Quadrilateral EFGH is a parallelogram (Definition 7-1)

Parallelogram EFGH is a rhombus (Theorem 7-4.3)

(1) Draw rhombus ABCD with midpoints E, F, G, H.

EF || AC (Theorem 7-6.2)

HG I AC (Theorem 7-6.2)

EF || HG (Corollary 6-1.1c) o
Similarly, EH || BD, FG |, BD, EH || F&

AC + BD (Theorem 7-4.3)

EF 1 EH (Corollary 6-1.1b)

EFGH is a rectangle (Definition 7-5).

(2) The proof using Theorem 7-6.3 1is similar.

Each side of the smaller triangle has half the length
of the side of the larger triangle which is parallel

to it. Therefore, the smaller triangle has half the

perimiter of the larger triangle.

B ¥ 4

Draw AABC with D, E, F as midpoints of sides AB,
AC, CB, respective]y

Quadrilateral ADFE is a parallelogram (Theorem 7-6.2,
Definition 7-1}

AAED = AFDE (Theorem 7-1.1)

Similarly, AFDE == AECF and AFDE = ADFB.

In AAQB, AD = DQ (Theorem 7-6.4)

b

XYz B

is a midline (Given)

is an altitude (Given)

bisects £ ACB (Given)

15 a median. (Given)

E || BB (Theorem 7-6.2) __

, N, and P are midpoints of CX, CY, and
Z respectively (Theorem 7-6.4).

= MX (Definition 1-15)

Y (Definition 1-15)

1 (Definition 1-15)

Edwlelle lellw]
N =<<|><| M|

OO0
v==
[ |

==

PS (Theorem
PS (Theorem
RQ
RQ

~EXRr
Wononon
~ e~
AT AT o
S

PP P

7-
7-
(Theorem 7-
(Theorem 7-
= PS + RQ, w

of quadrilateral MNK

NEE=ZE
=
—
+
)
—
=

h is the perimeter
Addition property).

I—J'O\O‘IO\O\
"\ﬁ wwww
~

DE || BC (Theorem 7-6.2)

DE = (%)BC (Theorem 7-6.3)

Similarly, MN || BC

MN = BC

DE = MN (Transitive property)

DE || MN (Corollary 6-1.1c)

Therefore, DENM is a parallelogram (Theorem 7-2.2).

—
=

1
2

21.

22.

23.

(%IMC (Theorem 7-6.3)
arly RE = (%)MC.

11
= RE (Transitive property)

P

Let BF = (%)BC (Definition 1-15)
DE = BF (Transitive property)

DE || BF (Corollary 6-1.1c)

Quadrilateral DEFB is a parallelogram, EF = BD
(Definition 7-1)

(%)AB (Theorem 7-6.3)

BD = AD (Transitive property)

AE = EC (Theorem 7-6.4, Definition 1-15).

ML is a midline of AABK.

Therefore BL = LK (Theorem 7-6.4)

NK is a midline of ABCM.

Therefore KC = LK (Theorem 7-6.4)

Thus BL = = KC (Transitive property).

EF

nouon

Page 282

24.

25.

26.

In AABD, PQ || BD (Theorem 7-6.2) and PQ = % (BD)
(Theorem 7-6. 3)

In ACBD, §§'H BD (Theorem 7-6.2), and SR = %(BD)
(Theorem 1-6. 31_

Therefore, PQ || SR and PQ =

Thus PQRS 1is a_g;ra]]e]ogram (Theorem 7-2.2)

Also in AADC, PS_|| AC (Theorem 7-6.2)

Since AC 1 BD, PS 1 PQ.

G (Theorem 7-6.4)

= (R)EC
D 1s the m1dpo1nt of AF (Theorem 7-6.4)

= (3)AB (Multiplication property.
Use Theorem 7-6.1 for an alternate proof.

Since PD = %(AD) = %(BC) = BQ
and PD Il BQ, PBQD 1s a parallelogram (Theorem 7-2.2)

Since PM |j DN, in AADN, AM = MN (Theorem 7-6.4)

Similarly since QN || BM, in ACBM, CN =

Therefore AM = MN = CN

Page 286

Exercises

10.
1.
12.

39

oo JLNRe ) O wh—

Length of median = %(3 + 7) = 5.
18%.

33,9

]73

N +b)

45
b 17
45.
8

38

+

180 (Theorem 7-7.5)

25 (Theorem 7-7.3)
25 =
= 155,

Y

58, 122,
100, 80,
170, 10,

and 122 (see solution for Exercise 9).
and 80 (see solution for Exercise 9).
and 10 (see solution for Exercise 9).

MN (Theorem 7-6.4)
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Page 286 Page 287
Exercises continued 20. A B
13. AB = %(PQ + SR) (Theorem 7-7.2)
S5z + 23 = 4(16x - 15 + 13z + 4)
x =3
AB = 5z + 23 = 38 D —2a c
PQ = 16x - 15 =
SR =13z + 4 = 43
Draw trapezoid ABCD with £ D= . C,
AH 1 DC
BG + DC.
AH = DG (Theorem 7-1.6)
Page 287 L AHD == £ BGC (Theorem 7-3.1)
AAHD = A BGC (AAS)
14. Trapezoid ABCD is isosceles (Theorem 7-7.8) AD = BC (Definition 3-3)
m. ADC = mZ BCD (Theorem 7-7.3) Trapezoid ABCD is isosceles (Definition 7-13).
23x - 3 =5 + 33
x =2 21. 4 B
m. ADC = me BCD =
L DAB is supplementary to L ADC (Theorem 7-7.5)
m. DAB = 137 = mz CBA
15. D 15 c b ¢
o Y
45717 7145 Draw trapezoid ABCD with ms BAD + ms C = 180.
4s° [ A8 || DC (Definition 7-10)
AT s F 7 2 m. BAD + m. D = 180 (Corollary 6-3.1b)
L C=/¢ D (Theorem 3-1.4)
Trapezoid ABCD is isosceles (Theorem 7-7.6).
Since AABF and ADCE are isosceles right triangles,
AF = BF = 7, and DE = CE = 7. 22. A B
Since BCEF is a rectangle,FE = BC = 15.
Therefore AD = AF + FE + DE = 7 + 15 + 7 = 29.
16. Draw trapezoid ABCD with median MN.
MN N BD at P, and MN N AC at Q. b H G c
P and Q are midpointsof BD and AC, respectively.
(Theorem 7-6.) . P —
You may also wish to apply Theorem 7-6.4 Draw trapezoid ABCD with AC = BD
to AABD and AABC. AH 1+ DC
BG + DC.
17. 4 AH = DG (Theorem 7-1.6)
AAHC = ABGD (HL)
/\ £BDC = (ACD (Definition 3-3)
D > E AADC = ABCD (SAS)
£ ADC = £ BCD (Definition 3-3)
B c Trapezoid ABCD is isosceles (Theorem 7-7.6).
23.
L B ¥, C (Theorem 3-4.2) 4 £ B
Quadrilateral DECB is an isosceles trapezoid ~
(Theorem 7-7.6). M, N N
7 N
]8. A B D l* C
Draw isosceles trapezoid ABCD where AD = BC.
E and F_are midpoints of AB and DC, respectively,
E 5 ra F and MN is the median.
AE = BE (Theorem 7-7.3)
L A=/ B (Theorem 7-7.3)
£ ADC == £ BCD (Theorem 7-7.3) AEAD = AEBC (SAS)
£ ADE = £ BCF (Theorem 3-1.4) ED = EC (Definition 3-3)
A ADE = ABCE (SAS) EF 1 DC (Theorem 4-4.2)
L E = L F (Definition 3-3) MN || DC (Theorem 7-7.1)
Trapezoid ABFE is an isosceles trapezoid (Theorem 7-7.6). EF L MN (Corollary 6-1.1b)
19. 24. [ BAC = £ ECA (Theorem 6-6.1)
4 B L MBE_= £ CEB (Theorem 6-6.1)
AQ = CQ (Definition 1-15)
AABQ = ACEQ (AAS)
BQ = QE (Definition 3-3)
D c & ]x %_' (Theorem 7-6.2)
Q || AB" (Corollary 6-1.1c)
. AB = CE (Definition 3-3)
Draw isosceles trapezoid ABCD with AD = BC DE = DC - CE = DC - AB (Subtraction property)
m. A+ me D= 180 (Corollary 6-3.1b) PQ = (%)DE (Theorem 7-6.3)
L D=/, C (Theorem 7-7.3) PQ = (%)(DC - AB)(Postulate 2-1)
m. A+ me C =180 (Postulate 2-1) E is the midpoint of DC (Theorem 7-6.4).
Similarly, m£ B + m£ D = 180.
25. MN = z + y (Postulate 2-1)
AB + DC = 2z + 2y (Postulate 2-1)
MN = (%)(AB + DC) (Division property, Postulate 2-1).
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Page 288 Page 289
Review Exzercises 23. Since AAED is a right triangle (Theorem 7-4.3),
m. ADB + ms DAC = 90.
1. ADCB; Theorem 7-1.1. Therefore (7x - 11) + (2z - 7) = 90, and z= 12.
2. BC (Theorem 7-1.2). m. DBC = m. ADB (Theorem 6-3.1)
3. é_ABC (Theorem 7-1.3) Thus me DBC = 72 - 11 = 73.
4, EC (Theorem 7-1.5)
5. ACEB Theorem 7-1.5; Theorem 7-1.2, SS§_Postu1ate 24, DE = (%)AB = EB (Theorem 7-3.5).
(other methods also possible). 6. (Def. 7-1) £ EDB =/ EBD (Theorem 3-4.2)
7. Use Theorem 7-1.4 to get the angle measures 47, 133, Similarly, L BDF = / DBF.
and 133 £ EBD = £ BDF (Theorem 6-3.1)
8. BE = DE (Theorem 7-1.5). L EDB = £ DBF (Transitive property)
7z - zo = 12¢ - 35 DE || BF (Theorem 6-2.1)
z=3 Quadrilateral DEBF is a parallelogram (Theorem 7-2.4).
BD = 2(BE) = 2(7x - 20) = Parallelogram DEBF is a rhombus (Definition 7-6).
Page 289 Page 290
9. PQ= QT (Theorem 7-1.2) 25. Congruent sides, all angles, right angles, congruent
RS == PQ (Theorem 7-1.2) diagonals, perpendicular diagonals, diagonals bisect
QT = RS (Transitive property) opposite angles, diagonals bisect each other, and
£ TQN = £ SRN (Theorem 6-3.1) opposite sides parallel.
L T =/, RSN (Theorem 6-3.1)
ATQN = ASRN (ASA) 26. To prove that a quadrilateral is a square, prove that:
QN = RN (Definition 3-3) 1. it is a rectangle with consecutive sides congruent.
TN = SN (Definition 3-3) 2. it is a rectangle with a diagonal bisecting one
of its angles.
10. True 3. it is a rectangle with perpendicular diagonals.
11. True. 4. it is a rhombus with one right angle.
12. False (could be trapezoid). 5. it is a rhombus with congruent diagonals.
13. BM = CM (Definition 3-9) 27. VYes, it has all the properties of both quadrilaterals.
m. BEM = 90 = mz CDM (Theorem 3-1.5, Theorem 3-1.2)
ABEM = ACDM (AAS) 28. 45,
EM = DM (Definition 3-3)
Quadrilateral BECD is a parallelogram (Theorem 7-2.6). 29. AP =BQ = CR = DS (Subtraction property)
LAELBELCEL (Theorem 3-1.1)
14. 14; Theorem 7-3.5. ASAP = APBQ = AQCR = ARDS (SAS)
SP = PQ = QR = RS (Definition 3-3)
15. AADC = ABCD (HL) m. ASP + ms APS = 90 (.Cor‘o'l'lar‘y 6-4.2b)
= BC (Definition 3-3) m. APS = me DSR (Definition 3-3)
Quadrilateral ABCD is a parallelogram (Theorem 7-2.2). m. ASP + m. DSR = 90 (Postulate 2-1)
Parallelogram ABCD is a rectangle (Theorem 7-3.4). Quadrilateral PQRS is a square (Definition 7-7).
16. AC = BD (Theorem 7-3.2) 30. %(24) = 12 (Theorem 7-6.3)
ED = EC (Transitive property)
AEFD = AEFC (HL) 3. c
DF = CF (Definition 3-3)
17. 4 X Y
4 B
z
D E
P, of AXYZ = XY + XZ +YZ =15
B I ¢ P, of AABC = AB + BC_+ AC
XY = %(AB) (Theorem 7-6.3)
XZ = %(BC) (Theorem 7-6.3)
DM = (%)BC (Theorem 7-3.5) YZ = 5(AC) (Theorem 7-6.3)
EM = (%)BC (Theorem 7-3.5) XY + XZ + Yin= 5(AB + BC + AC)
DM = EM (Transitive property) 15 = % P, of AABC
ADME is isosceles (Definition 3-12). P, of AABC =
18. To prove that a quadrilateral is a rhombus, prove that: 32. MN = %(BC) (Theorem 7-6.3)
1. it has four congruent sides. Jz - % = 5(3z + 21) and x= 2.
2. it is a parallelogram with consecutive sides Therefore MN = %(3x + 21) = 13%.
congruent. L .
3. it is a parallelogram in which a diagonal bisects 33. Draw AABC with MN a midline (AMB, ANC), and AD a
an angle of the parallelogram. __median intersecting MN at P
4. it is a parallelogram with perpendicular diagonals. MPN |, BC (Theorem 7-6.2)
P_is the midpoint of AD (Theorem 7-6.4)
19. Perpendicular. MN bisects AD (Definition 1-15).
20. Since AB = AD (Theorem 7-4.1) 4z - 7 = 2z + 17, A
and x = 12
BC = AD = 2(12) + 17 = 41. A\
M N
21. Since ADEC is a right triangle (Theorem 7-4.3), ‘\
(BDC is supplementary to . ACD (Corollary 6-4.2b) B c
Therefore m. ACD = 67.
22. m DAC = mz BAC (Theorem 7-4.2)

Therefore ms DAC =

41
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Page 290

Review Exercises continued

34.

35.

36.
37.

38.

39.

40.
41.

D N c

MP || NQ (Corollary 6-1.1c)
P is the midpoint of BE (Theorem 7-6.4)
MP = (%)AE (Theorem 7-6.3)
Similarly, NQ = (%)CE (Theorem 7-1.5)
AE = CE(Theorem 7-1.5)

= NQ (Postulate 2-1)

Quadrilateral MPNO is a parallelogram (Theorem 7-2.2).

P

R

Q is the midpoint of PR (Theorem 7-6.4)
QT = QR (Transitive property)
£ QTR = L R (Theorem 3-4.2)
Definition 7-10, Theorem 7-7.1, Theorem 7-7.2.

Congruent legs, congruent diagonals, congruent base
angles, and opposite angles supplementary.

To prove that a trapezoid is isosceles, prove that:
its nonparallel sides are congruent.
the base angles of one pair are congruent.

P wnh—

its diagonals are congruent.

18

X

%(32 + z) (Theorem 7-7.2)
4.

Use Theorem 7-6.1 or Theorem 7-6.4.

Quadrilateral PBCQ is a parallelogram (Theorem 7-2.2).
BC = PQ (Theorem 7-1.2)

PQ = AD (Transitive property)

Trapezoid APQD is isosceles (Definition 7-13).

the opposite angles of one pair are supplementary.

Page 291

Chapter Test

1.
2.

34; Theorem 7-3.2.

AADB is isosceles (Definition 7-6).
Therefore m. ADB = 50 (Theorem 3-4.2)

10 = 5(x + 6); = = 14

42

Page 291
4. If A8 | PQ || RS || DC
AP = PR = RD = z (Theorem 7-6.1)
BQ = QS = SC = y (Theorem 7-6.1)
3z = AD = 21
x =7
AD = BC = 21 (Theorem 7-1.2)
3y = BC = 21
y =7
SB =2y = 14
5. AD = DB = CD (Theorem 7-3.5)
152 - 17 = 8& - 3
x =2
DB = 15x - 17 = 13
AB = AD + DB = 26
6. D 9 ¢
| I
| k|
AL h d e\,
x M 9 N x
AADM = ABCN (HL)
AM = NB (Definition 3-3)
Since DCNM is a rectangle, MN = 9
x+9 +x=17
x =14
z =h = 4 (Theorem 3-4.3)
7. WMF Il CHF (Theorem 7-6.2)
MN || BB (Theorem 7-6.2)
MF + MN (Corollary 6-1.1b)
8. PQ = (%)BC (Theorem 7-6.3)
RS = (%)BC (Theorem 7-6.3)
RS = PQ (Transitive property)
PQ !l BC (Theorem 7-6.2)
RS I BC (Theorem 7-6.2)
PQ It RS (Corollary 6-1.7c)
Quadrilateral PQSR is a parallelogram (Theorem 7-2.2).
Page 296
Exercises
1. BC _BE
DC EC
2. EC_EM
GF ~ HF
Page 297
3.
The dashed lines depict the second quadrilateral.
4. Since A, B, C, D is an harmonic range, 0-A, B, C, D
is an harmonic pencil. Since 0-E, G, F, H is the same
pencil as 0-A, B,C, D, we have that E, G, F, H is an
harmonic range.
No. They are equal if and only if ACBD || EGFH.
5. Refer to Exercise 4.
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Page 297 Page 303
Exercises continued M. =z _3 and 5 _ 3
y 5 y =
6. Quadrangle
Vertices A, B, C N 12. RT _PS and PS _ PR
Sides B, BT T BY, 1, 07 TR R TR
Diagonal points X, Y, Z. 2
13. 3 _13 and x = 21%
A 5 " =z
2
14. 12 15. 153, 16. 24
B
D 17. 2 _z andzx =4
x 8
¥ Y 18. 18. 19. JT5. 20. 2.
21. a _ ¢ if and only if a » d =5 * ¢ (Theorem 8-1.1)
b~ d
Equivalently, a * d=b = ¢ if andonly if b _d
)
a ¢ if and only if b d (Transitive property).
b~d a e
Note: many variations of this proof are possible.
Quadrilateral 22. % B % if and only if ¢ * d =b + ¢ (Theorem 8-1.1).
Vertices X, D, A, B, Y, C
Sides XA, ?:, SIAT Equivalently, a * d=b * ¢ if and only if ¢ b .
Diagonals AC, o5, ¥V’ e

d
if and only if @ b (Transitive property).
e~ d

SR
|0

23. See proof outline on Page 301.

24. See proof outline on Page 307.

25. 70 26. 11

49 22
27.

n
o
~n
oo
<
[
N
.
£
[}
1

—|

5

29. EC (Corollary 8-1.1b).
30. DE (Corollary 8-1.1b).
31. BC (Theorem 8-1.1).

. 32. AB (Theorem 8-1.1).
7. The harmonic conjugate of C is the ideal point on BB,

33.
Page 301 3z + 5z = 40, and x = 5. Therefore AP = 3z = 13.
Clase Exercises 34.
For example, 2 _ 4 10 .
37615
3z = 28, and = _ 28. Therefore CD = 7x _ 196, and
1. 16 2. 24 3.16 _2 4. Equal. 3 I
24 ° 3 Q _ 112,
K]
5.2 _6 _8 _10 _ 2 _ 2
5 15720 25 ~ 65 5
6. It would equal any of the seven ratios.
Page 308
Exercises
Page 303 1. NP _ NQ (Theorem 8-2.1
MP ~ KQ
Exercises
15 .10
1. 1 2. 1 3. 3 4. 4 1 z - 10
g 3 4 T
3 15x - 150 = 120
5. 21 6. 7. 535 8, 15
17 152 = 270
9. pr 10. ./AB-CD =18
q

43
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Page 308

Exercises continued

2.

10.

12.

13.

NQ _ NP (Theorem 8-2.1)
KQ ~ PM
4 ___ =
5 " 3% -=x
Bz = 144 - 4z
x =16
NQ _ NP (Theorem 8-2.1)
KQ ~ PM
S,z
40 8
x =1
NP _ NQ (Theorem 8-2.1)
PM ~ KQ
6_12 -«
4 x
6x = 48 = 4z
4
x = 45,
28 _8
21~ 6
4.4
3 3
Therefore NQ _ NP and PQ || MK (Theorem 8-2.2).
KG - PM
2 .4
373
Therefore NP NQ and PQ || MK (Theorem 8-2.2)
PM 7 KQ
8,15
2775
Therefore NP, NQ and PQ | MK (Theorem 8-2.2)
PM 7 KQ
# 18
3715
3
9
2 _6
5 %5
4
6 _ 6 ; Therefore NP _ NQ and PQ [, MK (Theorem 8-8.2).
5 5 PM T~ KQ
JK
NK 5 Corollary 8-2.7a
KM
MH 3 Theorem 8-2.1
NI
KJ 5 Corollary 8-2.7a
HK
MH ; Corollary 8-2.1a
7_5
9 "z
3
x =617
S_ =z
137 39

16.

20.

21.

22.

23.
24.
25.

26.

Page 309

1.3
7 =z (Postulate 8-1)
x = 2]
5_ 16 - =«
37 x (Postulate 8-1)
=6
5 5
x - 15 T 4 (Postulate 8-1)
x = 27
3.4
z 5 (Theorem 8-2.1)

=33
x =3 2
z _5
47y (Postulate 8-1)

=51
¥ 53

A
D E

B c

Given: AB/AD = AC/AE
Prove: DE || BC

From Theorem 8-1.3, (AB - AD)/AD = (AC - AE)/AE.
Therefore BD/AD = EC/AE.
Thus, DE || BC (Theorem 8-2.2).

¥ || AB (Corollary 8-2.2a)
MPN || DC or PN || DC (Corollary 6-1.1c)
DP/BD = NC/BC (Corollary 8-2.1a).

x K 3x R
QK/KR = QM/MP  (Theorem 8-2.1)
1/3 = QM/MP
3/1 = MP/QM (Corollary 8-1.1a)
NR/PN = QM/MP (Theorem 8-1.2)
(NR + PN)/PN = (QM + MP)/MP
PR/PN = PQ/MP
PN/PR = MP/PQ (Corollary 8-1.la)
PN/PR = 3y/dy = 3/4
MQ/PQ = 1y/4y = 1/4

NR/PN = 12/3z = 1/3

AE/EC_= BP/PC (Theorem 8-2.1)
EP || TD (Corollary 6-1.1c)
= BP/PC (Theorem 8-2.1)
AE/EC = BE/ED (Transitive property).

AF/FD = AE/EC (Theorem 8-2.1)

8/12 = AE/EC

AD/DB = AE/EC (Theorem 8-2.1)
20/0B = 8/12

DB = 30



27.

28.

Page 310
BE/CE = DE/PE (Corollary 8-2.1a)
DE/PE = BD/BQ (Corollary 8-2.1a)
BE/CE = BD/BQ (Transitive property)

LADF = £~ AFD (Theorem 3-4.2)

. ADF = /£ CPD (Theorem 6-3.1)

L AFD = £ CFP (Theorem 3-1.5)

L CPD= £ CFP (Transitive property)

CF = CP (Theorem 3-4.3)

BQ = CP (Theorem 7-1.2)

CF = BQ (Transitive property)

BE/CE = BD/CF (Transitive property)
BE « CF = BD * CE (Theorem 8-1.1)
BP/PC = BN/NA (Theorem 8-2.1)

BP/PC = BQ/QR (Theorem 8-2.1)
BN/NA = BQ/QR (Transitive property)
NG || AR (Theorem 8-2.2).

Page 312

Write each statement and reason of proof of Theorem 8-3.1
(pages 310-311), but replace AECB in statement 8 with
AACD.

2. Have students realize the analogy between an interal
(Theorem 8-3.1) and external (Corollary 8-3.1a)
partitioning of a Tine segment (BC).

3. Corollary 8-3.1a An exterior angle bisector of a
triangle determines with each of the other vertices
segments along the line containing the opposite side of
the triangle which are proportional to the two
remaining sides.

Page 313

1. BT/TC = AB/AC (Theorem 8-3.1)

4/TC = 16/24
=6

2. BT/TC = AB/AC (Theorem 8-3.1)

BT/6 = 20/15
=8

3. BT/TC = AB/AC (Theorem 8-3.1)

BT/(18 - BT) = 12/24
=6 and TC = 12

4, BT/TC = AB/AC (Theorem 8-3.1)
3/4 = 6/AC
AC = 8

5. BT/TC = AB/AC (Theorem 8-3.1)
3/TC = 5/AC
TC/AC = 3/5

6. BT/TC = AB/AC (Theorem 8-3.1)

(BT + TC)/TC = (AB + AC)/AC (Theorem 8-1.2)
BC/TC = (AB + AC)/AC

BC/4 = (AB + AC)/7

BC/(AB + AC) = 4/7

7. BT/TC = AB/AC (Theorem 8-1.2)
BT/TC = 11/11 = 1/1

8. BT/TC = AB/AC (Theorem 8-1.2)
BT/(7 - BT) = 5/6
BT = 32 , and TC = 39 .

11 11

9. BT/TC = AB/AC (Theorem 8-3.1)
BT/5 = 13/14
BT = 65/14
BC = BT + TC
BC = 65/14 + 5
BC = 135/14

45
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Page 313
10. BT/TC = AB/AC (Theorem 8-3.1)
4/2x = 3x/6
x =2
AB =3x =6
TC = 2x = 4
11. BT/TC = AB/AC (Theorem 8-3.1)
3b/4d = 2a/5d
8ad = 15bd
8a = 15b
a/b = 15/8
12.
9 12
x 18—x
x/(185— x) = 9/12 (Theorem 8-3.1)
=7°/7
18 - z =72/7
y
9
12—~y
18
y/ (12 -y) = 9/18 (Theorem 8-3.1)
y =4
12-4-=38
m
12
9—m
18
m/ (9 - m) = 12/18 (Theorem 8-3.1)
= 18/5
9 - m=27/5
Page 314
13. RT/QT = RP/PQ (Corollary 8-3.1a)
RT/9 = 10/6
RT = 15
14, RT/QT = RP/PQ (Corollary 8-3.1a)
15/QT = 11/8
qQr = 120/11
15. RT/QT = RP/PQ (Corollary 8-3.1a)
( +18)/18 = 24/16
=9 = RQ
16. RT/QT = RP/PQ (Corollary 8-3.1a)
RT/(RT - 40) = 32/24
= 160, and QT = 120
x - 40 = 120 = QT
17. RT/QT = RP/PQ (Corollary 8-3.1a)
/1 = RP/4
= 34/5
18. No, SP || TQ and R does not exist.
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Page 314 Page 314
Exercises 24. A
19. AD/DB = AF/BF (Theorem 8-3.1) E
AE/EC = AF/CF (Theorem 8-3.1) F
BF = CF (Definition 1-15)
AD/DB = AE/EC (Transitive property)
DE || BC (Theorem 8-2.2). B b} c
20. .
A Using angle bisector AD: BD/DC = AB/AC (Theorem 8-3.1
0 Using angle bisector BE: EC/AE = BC/AB (Theorem 8-3.1
P Using angle bisector CF: AF/BF = AC/BC (Theorem 8-3.1)
By the multiplication property:
c
? T BD  EC AF_AB BC  AC_ |
DC ~ AE  BF ~ AC ~ AB  BC ~
AB/BT = AC/CT (Definition 1-29)
AB/BP = AC/CQ (Postulate 2-1) Therefore, AF » BD « EC = BF « DC » AE.
-2.2
P H BC (CoroTlary 8 2) 25. DP/PB = AD/AB (Theorem 8-3.1)
21 A AQ/QC = AD/DC (Theorem 8-3.1)
AB = DC (Theorem 7-1.2)
DP/PB = AQ/QC (Postulate 2-1, Transitive property)
DP/EPM + MB) = Ag/ QM + MC) (Postulate 2-1)
DP/(PM + DM) = AQ/(QM + AM) (Theorem 7-1.5)
DP/(2PM + DP) = AQ/(2QM + AQ) (Postulate 2-1)
DP/2PM = AQ/2QM (Theorem 8-1.2)
B ) c DP/PM = AQ/QM (Multiplication property)
PQ || AD (Theorem 8-2.2).
Draw AABC with_AD with AD an angle bisector and D the
midpoint of BC.
AB/AC = BD/DC (Theorem 8-3.1)
BD = DC (Definition (1-15)
AB/AC = 1 (Postulate 2-1) Page 315
AB = AC (Multiplication property)
ARBC is isosceles (Definition 3-12). 26. The proof of the converse of Corollary 8-3.1a is
similar to the proof of the converse of Theorem 8-3.1
22. Use the diagram accompanying Theorem 8-3.1. (see Exercise 22). Using this converse, BC/AC = BD/DA.
CD/DB_= CA/AB (Given) DC is an exterior angle bisector of AABC (Corollary 8-3.1a
Draw BE || AD. We can prove that CE bisects 4 ACB. BE/EA = BC/AC = %
CD/DB = CA/AE (Theorem 8-2.1) (Transitive property). BE/AB = BE/(BE + EA) =
AB = AE (Theorem 8-1.5) (Postulate 2-1).
L 4=/ 2 (Theorem 3-4.3)
L 3=/ 4 (Corollary 6-3.1a)
£ 1=, 2 (Theorem 6-3.1)
£ 1=/ 3 (Transitive property)
AD bisects £ BAC (Definition 1-29). Page 317
23. Exercises
A 1. K 2. RK 3. RP/PQ.
2 4. RQ/JK = RP/KH (Definition 8-6)
12 6/15 = 4/KH
HK = 10.
B < # ra Q 5. RQ/JK = PQ/JH (Definition 8-6)
N ] 6/15 = PQ/12
2 PQ = 24/5
w - _
y 6. From Exercise 4 or Exercise 5: RQ/JK = 6/15 = 2/5.
7. True (Definition 3-3, Definition 8-6).
Let BP = z, and BQ = y. 8. False.
From Theorem 8-3.1:
x 24 9. True (Theorem 8-4.1).
32-x - 12
and = = 21%
From Corollary 8-3.1a:
: = 24 Page 318
y - 32 12
and y = 64. 10. HM/AS = HB/AP = MB/SP (Definition 8-6)
8/AS = 9/3
AS = 8/3
1. 10/AP = 9/3
AP = 3%
12. MB/SP = 9/3 = 3/1 (Definition 8-5).

4
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Page 318 Page 318
Exercises continued 24,
T R
13. AHMB/vAASP = 27/9 = 3/1, or
AHMB/¥AASP = MB/SP = 9/3 = 3/1 0
14. Consider two similar n-gons. If their ratio of P A
similitude is R, then the ratio of any pair of
corresponding sides is R. Use Theorem 8-1.4 to
complete the proof.
The ratio of similitude of similar triangles TAP and RPA
15. 5/7 is 1:1 (Definition 8-1)
ATAP == ARPA (SSS)
16. 13| 141 15 TP = RA (Definition 3-3).
x 21 25. 4
13/ = 15/21 (Definition 8-6)
z = 91/5 ¢
17. 131 14| 15y v =42
21 Pz = B r c
15/21 = 42/%, (From Exercise 14, page 318)
The figures above show a part of two regular polygons
©, = 294/5 with the same number of sides.
AB/PQ = BC/QR = ... = »r/s
18. Corresponding sides are in proportion, corresponding
angles are congruent (Transitive property). The m x = 180(n-2) m. y = 180(n-2) (Corollary 6-5.1a)
triangles are similar (Definition 8-6). ) ; n
19. Use Postulate 2-1 and Definition 8-6. Therefore m2 = = m. y (Transitive property)
20. A Therefore two regular polygons with same number of
1//////\\\ sides are similar (Definition 8-4}.
D E 26. DE || BC (Corollary 8-2.2a)
L ADE = ~ B (Corollary 6-3.1a)
£ AED =, C (Corollary 6-3.1a)
B 7 ¢ AADE ~ ARBC (Definition 8-6).
Draw AABC with D, E, and F as midpoints of AB, AC, and
BC, respectively. —
DE = (35)CB (Theorem 7-6.3) Page 321
DE/CB = %(Division property)
Similarly, EF/AB = % and DF/AC = % Class Exercises
DE/CB = EF/AB = DF/AC (Transitive property) (For exercises 1-5 there are altermate answers)
Quadritaterals DECF, DEFB, and AEFD are parallelograms
(Definition 7-1) 1. Corollary 8-5.1c 2. Corollary 8-5.1b
L EDF = £ C (Theorem 7-1.3) 3. No, corresponding parts not similar.
. DEF =/ B (Theorem 7-1.3) 4. Corollary 8-5.1b. 5. Corollary 8-5.1a.
L DFE = £ A (Theorem 7-1.3)
AABC ~ AFED (Definition 8-6) Exercises
21. ¢ 1. No, corresponding angles not congruent.
2. Yes, Theorem 8-5.1.
3. Yes, Theorem 8-5.1.
X Y
4. (£ B=(C (Theorem 3-4.2)
m. BMP = 90 = ms CNP (Theorem 2-6.5)
AMPB ~ ANPC (Corollary 8-5.1a)
4 M B The resulting proportion is: MB/NC = MP/NP = BP/CP.
AXYM ~ AABC (from Exercise 20, page 318) 5. L BAE =/ E (Theorem 6-3.]
XY = %(AB) (Theorem 7-6.3) L B =( BCE %Theorem 6-3.13
XY/AB = 3 ) AFAB ~ AFEC (Corollary 8-5.1a)
VAXYZ/WAABC = XY/AB = % (from Exercise 14, page 318) FE/AF = FC/FB (Definition 8-6)
FE/(AF + FE) = FC/(FB + FC) (Theorem 8-1.2)
22. A1l the angles are congruent to one ancther (Corollary FE/AE = FC/BC (Postulate 2-4)
3-4.2a). The sides of each triangle are congruent FE « BC = AE * FC (Theorem 8-1.1).
(Definition 3-12). The ratios of the corresponding
sides are equal (Definition 8-1). Equilateral triangles 6. . PRQ =, TSU (Theorem 6-3.1
are similar (Definition 8-6). APQR ~ ATUS (Corollary 8-5.1b)
TU = R initi -
23. L CEF.=/ A (Definition 3-3) FO/TU S RasSU (Definition 8°6)

EF || B (Corollary 6-3.1a)

Similarly DE | BC

Quadrilateral DEFB is a parallelogram (Definition 7-1)
L B =/ DEF (Theorem 7-1.3).

47

PQ ¢ SU = RQ » TU (Theorem 8-1.1).
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Page 322 Page 323
Exercises continued 16. L A=/ C (Theorem 7-1.3)
BB || DC (Definition 7-1)
7. The third pair of corresponding angles of the two L APS = £ CSP (Theorem 6-3.1)
triangles are congruent (Corollary 6-4.2a). Therefore Similarly, £ QPS = £ RSP
by Theorem 8-5.1 the two triangles are similar. L APQ = £ CSR (Subtraction property)
AAPQ ~ ACSR (Corollary 8-5.1a)
8. Use the same procedure as in exercise 7. AQ/RC = QP/SR (Definition 8-6).
9. 17.
A A P B
l)f fi E
B c
D C
Since DE[BC (Given), m. ADP + m. APD = 90 (Corollary 6-4.2b)
£ ADE =/ B and £ AED = ~ C (Corollary 6-3.1a) m. BPC + ms APD = 90 {Corollary 6-4.2b)
AADE ~ AABC (Corollary 8-5.1a) £ ADP ==/ BPC (Theorem 3-1.3)
ADAP ~ APBC (Corollary 8-5.1b)
10. Base angles of both triangles are congruent to one AP/BC = AD/PB (Definition 8-6)
another (Theorem 3-4.2). AP « PB = AD * BC (Theorem 8-1.1).
The two triangles are similar (Corollary 8-5.1a).
18. mz APD + ms ADP = 90 (Corollary 6-4.2b)
11. The measure of each angle of any equilateral triangle mZ PDC + ms ADP = 90 (Corollary 6-4.2b)
is 60 (Corollary 3-4.2a, Theorem 6-4.2). L APD = £ PDC (Theorem 3-1.3)
Any two equilateral triangles can be proved similar AAPD ~ APDC (Corollary 8-5.1b)
(Theorem 8-5.1). PD/AP = DC/PD (Definition 8-6)
: (PD)2 = AP « DC (Theorem 8-1.1)
2.
4 5 19. c
E
D c A ) B
Draw trapezoid ABCD with diagonals intersecting at E.
£ BAC = £ ACD (Theorem 6-3.1) AADC ~ AACB (Corollary 8-5.1b)
£ ABD = £ BDC (Theorem 6-3.1) AC/AB = CD/CB (Definition 8-6)
ARBE ~ ACDE (Corollary 8-5.1a) AC + CB = CD - AB (Theorem 8-1.1).
AE/EC = BE/ED (Definition 8-6).
D 20. APSR ~ APTQ (Corollary 8-5.1b)
13. 4 QT/RS = PQ/RP (Definition 8-6)
QT,* RP = RS « PQ (Theorem 8-1.1).
E F 21. L A=, C (Theorem 7-1.3)
N L E = ( ABE (Theorem 6-3.1)
AABF ~ ACEB (Corollary 8-5.1a)
B M c AF/BC = BF/BE (Definition 8-6)
AF « BE = BF - BC (Theorem 8-1.1).
Draw AABC ~ ADEF such that AM is an altitude of AABC. 22. AADG ~ ABCG (Corollary 8-5.1b)
DN is an altitude of ADEF L DAG == £ GBC (Definition 8-6)
L C=/F (Definition 8-6) AAFD ~ ABED (Corollary 8-5.1b)
AAMC ~ ADNF (Corollary 8-5.1b) AF/BE = AD/BD (Definition 8-6)
AM/DN = AC/DF (Definition 8-6M. AF + BD = BE + AD (Theorem 8-1.1)
AC = AF + FC (Theorem 7-1.2)
14, b AC = DE + AF (Theorem 7-1.2)
4 AC=DE +(BE - AD)/BD (Postulate 2-1)
AC/AB = DE/AB + (BE = AD)/(BD * AB) (Multiplication
£ property)
R £ AC/AB = (DE - BD)/(AB « BD) + (BE + AB) (Multiplication
property).
B c
P 23. L BAE = £ DEA (Theorem 6-3.1)
__ L ABD = ¢ EDB (Theorem 6-3.1)
Draw AABC ~ ADEF such that AP is an angle bisector of AABC. AEDG ~ AEBG (Corollary 8-5.1a)
DR is an ang]e.bisector of ADEF. GE/AG = GD/GB (Definition 8-6)
L C=( F (Definition 8-6) Similarly, ABGF ~ ADGA
L BAC = £ EDF (Definition 8-6) GD/GB = AG/GF
m. PAC = (%)m. BAC (Definition 1-29) GE/AG = AG/GF (Transitive property).
m. RDF = (%)m. EDF (Definition 1-29)
m. PAC = m. RDF (Postulate 2-1) 24. AACZ ~ AAYB (Corollary 8-5.1c)
APAC ~ ARDF (Corollary 8-5.1a) ABCZ ~ ABXA (Corollary 8-5.1c¢)
AP/DR = AC/DF (Definition 8-6) AZ/CZ = AB/YB (Definition 8-6)
BZ/CZ = AB/AX (Definition 8-6)
15. ABDE ~ ABCA (Corollary 8-5.1b) AZ/CZ + BZ/CZ = AB/YB + AB/AX (Addition property)

EB/AB = BD/BC (Definition 8-6).

48

AZ + BZ = AB (Postulate 2-4)
AB/CZ = AB/BY + AB/AX (Postulate 2-1)
1/CZ = 1/BY + 1/AX (Division property)
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Exercises continued 12. 4
25. AB/AC = BD/DC (Theorem 8-3.1)
AB/AC = DE/DC (Postulate 2-1) E
FE/AC = DE/DC (Theorem 8-3.1) b
AB/AC_= FE/AC (Transitive property)
AB = FE (Postulate 2-1). B M Cc
AADN ~ AABM (Corollary 8-5.1c)
BM/DN = AM/AN (Definition 8-6)
“Page 327 Similarly, AANE ~ AAMC
CM/EN = AM/AN
Class Exercises BM/DN = CM/EN (Transitive property)
DN = EN (Division property)
1. AE/BE = EC/ED (Theorem 8-1.1). AN is a median of AADE (Definition 1-15).
2. L AEB = £ CED (Theorem 3-1.5). A
3. AABC ~ ACDE (Theorem 8-6.1). 13.
4. [ B=(, ACD. D
5. CD/AC = BC/AB.
6. AB/AC = BC/CD = AC/AD. B c
7. AC is the mean proportional between AB and AD. M
E % F
Page 328 Draw AABC and ADEF such that AM is a median of AABC,
DN is a median of ADEF.
8. AABC ~ AAED AB/DE = BC/EF = AM/DN
9. . BAC =, DAC BC/BM = 2/1 = EF/EN (Addition property)
10. AE/AB = AD/AC. BC/EF = BM/EN (Corollary 8-1.1b)
11. AAED ~ AABC. AABM ~ ADEN (Theorem 8-6.2)
12. LAED = £ ABC. L B=(,E (Definition 8-6)
AABC ~ ADEF (Theorem 8-6.1).
Exercises
u. o,
1. ATRP ~ ANRM (Theorem 8-6.1) D
2. Yes, Theorem 8-6.2.
3. Yes, Corollary 8-5.1a. M
4. Not similar. N
5. Yes, Theorem 8-6.1.
c B F E
Draw right AABC and the right ADEF such that mz ACB =
Page 329 mL DFE = 90
AC/DF = AB/DE
6. Yes, Theorem 8-6.1. AM/AB = 1/2 = DN/DE (Definition 1-15)
7. VYes, Theorem 8-6.2. AM/DN = AB/DE (Transitive property)
8. AAED ~ AABC (Theorem 8-6.1) CM = AM (Theorem 7-3.5)
L ADE = £ C (Definition 8-6) FN = DN (Theorem 7-3.5)
m. ADE + m. BDE = 180 (Definition 1-28). CM/FN = AB/DE (Postulate 2-1)
m. C + mz BDE = 180 (Postulate 2-1). AAMC ~ ADNF (Theorem 8-6.2)
L A=/ D (Definition 8-6)
9. BC/QR = AC/PR (Definition 8-6) AABC ~ ADEF (Theorem 8-6.1).
DC/SR = AC/PR (Definition 8-6)
m. ACB = mz PRQ (Definition 8-6) 15. 4
m. ACD = me PRS (Definition 8-6) D
BC/QR = DC/SR (Transitive property)
m. BCD = mL QRS (Addition property)
ABDC ~ AQSR (Theorem 8-6.1).
10. Since the included angles of the two pairs of B r3 C
proportional legs are right angles, Theorem 8-6.1
proves the triangles similar. Since £ AEC = £ BDC (Theorem 3-1.1)
n ABDC ~ AAEC (Corollary 8-5.1a), then DC/EC = BC/AC.
. b Therefore AABC ~ AEDC (Theorem 8-6.1).
16. AD bisects £ BAC (Converse of Theorem 8-3.1)
B ] ¢ AADC ~ AABE (Theorem 8-5.1)
LAEB = £ ACD (Definition 8-6)
ABED ~ AACD (Corollary 8-5.1a)
E F L EBC = £ DAC (Definition 8-6)
N BD/AD = DE/DC (Definition 8-6)

Draw AABC ~ ADEF such that AM is a median of AABC and
DN is a median of ADEF.
L B=(E (Definition 8-6)

AB/DE = BC/EF (Definition 8-6)

BM/BC = 1/2 = EN/EF (Definition 1-15)
BC/EF = BM/EN (Postulate 2-1)

AB/DE = BM/EN (Transitive property)

AABM ~ ADEN (Theorem 8-6.1)
AM/DN = AB/DE (Definition 8-6).

49

AADB ~ ACDE (Theorem 8-6.1)
/BAD = £ ECD (Definition 8-6)
L EBC = £ ECB (Transitive property).
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Exercises continued

17. PC = (%)BC = (%)2QC =
PC/QC = 1/2 (Division property)
DQ/AD = 1/2 (Transitive property)
PC/QC = DQ/AD (Transitive property)
m. D =90 =m C (Theorem 7-3.1)
APCQ ~ AQDA (Theorem 8-6.1)
PQ/QA = QC/AD = 1/2 (Definition 8-6, Postulate 2-1)
Q = (%)QA (Multiplication property)
Show mz AQP = 9
AAPQ ~ AQPC (Theorem 8-6.1)
L APQ = £ QPC (Definition 8-6)
PQ bisects 2 APC (Definition 1-29).

(%)QC (Multiplication property)

18. PR/PQ = PQ/PS (Mean proportional)
m.PSB + m. PQB =
m. SPQ + m. B = 180 (Theorem 6-5.1,
Similarly, mz RPQ + m£ C = 180
L B=,C (Theorem 3-4.2)
L SPQ = £ RPQ (Theorem 3-1.4)
ASPQ ~ AQPR (Theorem 8-6.1).

19. m A =90 = m. BCD (Given, Definition 7-5)
AMAB ~ ADCB (Theorem 8-6.1)
BD/BM = BC/AB (Definition 8-6)
£ MBM = £ CBD (Theorem 7-3.1)
£ ABC = £~ MBD (Addition property)
AABC ~ AMBD (Theorem 8-6.1)
m. BMD = mz A =

20.
pe—_y
L
P B

AKAP ~ APAB (Theorem 8-6.1)
L PKA = £ BPA (Definition 8-6)
£ KPA = £ PBA (Definition 8-6)

180 (Theorem 2-6.5, Addition property).
Subtraction property)

0 (Definition 8-6, Transitive property).

mL PKA = mL KPB + me PBK (Theorem 6-4.1)
m. PKA = m. BPL + me KPL + me APK (Theorem 3-4.2)
mL ALP =

m. PKA = mz ALP

m. BPL + ms KPL

ms KPL
mL APK

+
m. KPL + me APK (Theorem 3-4.2)
+
+

(Theorem 6-4.1)
= m. ALP + mL KPL (Transitive

property)
m. BPL + mz APK = mz ALP (Subtraction property)
m. KPL + me APK = mz BPL + mz APK (Transitive property)
m. KPL = me BPL (Subtraction property)
PL bisects £ KPB (Definition 1-29)

Page 331

Class Exercises

Since AADC ~ AACB, AD/AC = AC/AB (Definition 8-6).
AC is the mean proportional between AD and AB.
Since ACDB ~ AACB, BD/BC = BC/AB (Definition 8-6).
BC is the mean proportional between BD and AB.
Since AADC ~ ACDB, AD/CD = CD/BD (Definition 8-6).
CD is the mean proportional between AD and BD.

DB WN -

Page 333

Exercises

1. AMNP, APMQ
AMNR, AQPR, APMR

2. V12 = /&3 = /B /3= 23

3. 42 4. 46 5. /2 6. bay/3c

50

Page 333

7. 3_¢z

x - 6

x?= 18

x = =92 = 82 = 3/2
8. 2/3 9. 9 10. 8/3 1. 6n/3
2. 6 =«

x 8

x2= 48

/48 = ,/T6°3 = /16> /3 = 4/3
13, J2T 14.18 15. %27 or /21

16. See clas
17. See clas

18. x

s exercises page 331, questions 1-4.

s exercises page 331, questions 5-6.

The side length 13 is the hypotenuse (Theorem 5-3.2)

13/5 = 5/x (Coro]]ary 8-7.1a)

= 25/13
r/y /(13 z) (Corollary 8-7.1b)
25/13% y/(144/13)

25/13 + 14413

= 60/1

19. AD/DC
AD-DB
AB/AC
AB«AD
AC2- DC?
Now, AB-

3, 5 and 12 are also altitudes.

DCéDB (Corollary 8-7.1b)

DC

ACéAD (Corollary 8-7.1a)
C

= AB-AD - AD-DB
AD - AD-DB = AD(AB - DB)

and AB - DB = AD; so
AC2- DC%= AD<AD = AD? (Postulate 2-1).

Could use the
but should us

proof of Exercise 19 to solve Exercises 20-25,
e Corollaries 8-7.1a and 8-7.1b to enable students

to remember their corollaries.

20. Let AD = z, and BD = y
AB/AC = AC/AD AB/DC = BC/DB
( =y)/2 = 2/x (z +y)/BC = BC/y
24 gy = 4 4/BC = BC/3
x2+ 3 =4 BC = 2/3
x =1=AD
MB=zx+y=4
AD/CD = CD/DB
z =43
J3 y
xy = 3
But. x =1

Therefore y= 3 = DB
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Exercises continued 25. continued
21. Let AD = z, and BD = y BC =(¢c + 3) N oAk
x-2/)"°
AB/DC = BC/DB AD/CD = CD/DB
(= +y)/3 = 3/y _x 27 26. c
xy *yt =9 ez Ty
= 8
8 15
Substituting yields:
8+y2=9 A4 . > B
y2 =1 17
y =1=B8D
Since xzy = 8, and y = 1 AB/AC = AC/AD Let = = AE AE = AD + DE
z=8=AD 17/8 = 8/AD 17 - = = EB 136/23 = 64/17 + DE
Therefore ABB =z +y =8+ 1 =9 AD = 64/17 AE/EB = AC/BC DE = 136/23 - 64/17
z/(17 - z) = 8/15 DE = 5.91 - 3.76
AB/AC = AC/AD xz = 136/23 = AE DE = 2.15
z + y)/AC = AC/x
(AC)2 = «2 +
(AC)2 =64 + 8 =72
AC = V72 = 6/2
Page 334
22. AB/AC = AC/AD AD/CD = CD/DB AB/BC = BC/DB
3 .3 z/CD = CD/y 3/BC = BC/2 27. AC2 = AD+AB (Corollary 8-7.1a)
J3 T x 1/CD =_CD/2 BC = ./6 BC2 = DB+AB (Corollary 8-7.1a)
CD = .2 So AC2/BC? = AD/DB = AE2/EB2 (Theorem 8-3.1)
x =1=AD
AB==x+y
3=1+y Class Exercises
y=2=DB
1. AC is the mean proportional between AB and AD
23. x/CD = CD/y z(5 - x) = 4 (Corollary 8-7.1a).
z/2 = 2/y 5z - x2 = 4 2. Therefore ¢/b = b/myor b%= em. (Theorem 8-1.1).
= z? - 5z + 4 =0 3. BC is the mean proportional between AB and BD
AB=2z=y (x-4) (x-1)=0 (Corollary 8-7.1a).
5=ax+y, y=5-=zx z=4] 2z =1 4. Therefore c¢/a = a/n; or a® = cn. (Theorem 8-1.1)
y=1]ly =4 5. Adding the results of Exercises 2 and 4, we get
a®> + b2 =cm+ on=c (m+n). (Addition property,
x=4=AD, orx=1=AD Distributive property)
y=1=DB,ory =4=0DB 6. Butm+n=c.
7. Therefore a® + b?= ¢? (Postulate 2-1).
AB/AC = AC/AD
5/AC = AC/x
(AC)? = 5z
Ifx=1,AC =6z =,5
If x =4, AC =Bz =20 = 25 Page 337
Exercises
AB/BC = BC/DB
5/BC = BC/y 1. (3/5)2 = 22 + (/3)% (Theorem 8-8.1)
(BC)2 = 5 _ z = /82
Ify =1, BC =45y =45_ _
Ify =4, BC=,5 =.,20=2/ 2. (4/2)% = &% + z? (Theorem 8-8.1)
xz =4
2. B =2x+y AB/BC = BC/DB 3. (15)% = y2 + (9)% (Theorem 8-8.1)
xty =2 y =12
x=1=AD 2 _,Z x =2y = 24
JZ Ty
y=1=DB 4.
AB/AC = AC/AD AD/CD = CD/BD 5.
2/AC = AC/1 x/CD = CD/y
AC = V7~ (CD)2 = zy
(cp)2 =1
Cb =1
25. AD/CD = CD/DB
(x-2)/ (x+3) = (x+ 3)/DB
DB = (x+ 3)2/(x - 2)
AB = AD + DB
AB = (x-2) + (x+3)2) (z-2)
AB = (z-2)2+ (x+ 3)?% (z-2)
AB = 2z% + 2x + 13/ (z - 2)
AB/AC = AC/AD
(AC)? = (AB) <(AD) . 6. (8)%2 = z2 +(4)2 (Theorem 8-8.1)
(AC)2 =[(22% + 2z + 13)/ (z - 2)]* (x - 2) x = 4/3 (Theorem 8-8.1)
(AC)? = 2x% + 2z + 13
AC = V227 + 22 + 13
AB/BE = BC/DB
BC)? = (AB) « (DB)
%BC;Z =L22xz + 22+ 13) e - 2)] °[(.7: +3)%/(x - 2)]

51
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Page 337

Exercises continued

7.

WT3)2 # (WV12)% + (/5)?
13717

Not the sides of a right triangle, (Theorem 8-8.2)

Exercises 8-12 are done the same way as Exercise 7.

8. No. 9. No. 10. Yes. 11. Yes. 12. Yes.
Page 338
13. o
17 g \UJO0
N x y R
H
Use the Pythagorean Theorem:
(17)2 = a2+ (8)? H (10)2 = (8)* + y?
x =15 =6
NR =x +ty =21

14. »

Q 3 R

PS? = RP? - SR? (Theorem 8-8.1)

PS? = PQ% - QS? (Theorem 8-8.1)

RPZ - SR? = PQ? - QS2 (Transitive property)

PQ? - RPZ = QS2 - SR? (Subtraction property)
15. NM2 = AM?> - AN? (Theorem 8-8.1)

NM? = MC2 - NC? (Theorem 8-8.1)

= MC (Definition 1-15)

NM? = BM?> - NC? (Postulate 2-1)

AM2 - AN? = BM? - NC2 (Transitive property)

AM? + NC2 = BM2 + AN? (Addition property).
16.

C
7 7

4 4 D 4 B

AACD = ABCD  (SSS)

L 1= £2 (Definition 3-3)

Therefore £ 1 and £ 2 are right triangles

(7)2 = x? + (4)?

z =,/33
17.

(17)2 (8)% + (pB)?

In right APAB
= (Theorem 8-8.1)
15

In right APBC
(PB)? = (Bcz2 + (PC)?
(15)% = (9)

PC =12

(Theorem 8-8.1)
+ (PC)? (Theorem 8-8.1)

In right APCD

(PD)2 = (DC)? + (PC)?
(PD)2 = 49/4 + 144
PD = 25/2.

(Theorem 8-8.1)

52

Page 338

20.

21.

22.

23.

24.

D2 = 72 + w? + h? (See Example 4, page 337)
D? 9 +16 + 25

D V@’T_?_ 5/2

D2 =12 + % + R (See Example 4, page 337)
9 16 + 144 + K2

uou

w i

L=w=nh

2 = 72 + »? + h? (See Example 4, page 337)
3@2

=a\/§

wou

D B

AC
DE
CE
BE
BC

NN-&NN
/—\Ilbo oo;m

v" nwuw un

(DE)2 = (DB)? + (BE)?
625_=1éDB)2 + 400

—
>
o

(
AB

625 + 576

/)x)z + (BC)? ’
AB = 7

DA =DB - AB = 8

Draw rhombus ABCD with diagonals meeting at E.
Let AE = g, BE = b,and AB = o.

DAEB is a right tr1ang1e (Theorem 7-4.3)

a?® + b% = ¢ (Theorem 8-8.1)

4a® + 4p% = 402 (Multiplication property)

AC = 2a (Theorem 7-4.3)

BD = 2b (Theorem 7-4.3)

AC2+ BD? = 4(AB)2? (Postulate 2-1).

AB2? = AC2 + CB2? = AC2 + (3CM)2 = AC2 + 9(CM)?
(Theorem 8-8.1)

AN? = AC% + CN%2 = AC? + AC% + 4(CM)2
(Theorem 8-8.1)

AM? = AC? + CM? (Theorem 8-8.1)

3(AB)2 = 3(AC)2 + 27(CM)2 (Multiplication property)

5(AM)? = 5(AC)? + 5(CM)2 (Multiplication property)

8(AN)2 = 8(AC)? + 32(CM22 (Multiplication property)

3(AB)2 + 5(AM)2 = 8(AN)? (

(2cM)2=

4+ 0 ouou

Addition property).

BP?
cp?
AP2
CR?

BS?
CR?
AQ?
AQ?

BR? + RP? (Theorem 8-8.1)
CQ? + QP? (Theorem 8-8.1)
AS2 + SP?2 (Theorem 8-8.1)
AS2 + BR? + CQ2? (Addition property).

+ + + +
=
©
N

wononou

©
=)
~
+ 0oun

Page 339

25.

MP2 + LP? (Theorem 8-8.1)

NK2 = NP2 + KP? (Theorem 8-8. 1;
1

1)

ML? +
+

KL2 = KP2 + LP? (Theorem 8-8.
+

MN2 = NR? + MP2 (Theorem 8-8.
MLZ + NK2 = MP2 + LP2 + NP2 + KP2=
property, Transitive property).

KL2+ MN? (Addition
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Exercises continued 29. continued
26. =15 ; BE =10
4 Use Theorem 8-8.1:
(BC)? + (CE)2 = (BE)2 = (10)2 = 100
(AC)2 + (DC)2 = (AD)? = (15)2 = 225
By the add1t10n property:
B c (BE)2 + (AD [(BC )2 + (AC)2] + [(CE)2 + (DC)2] (1)
D
For AABC:
(AB)2 = (BC)2 + (AC)? (Theorem 8-8.1) (I1)
AC%? + AB2 = 2(AD)? + DC? + BD? (Theorem 8-8.1) For ADEC:
(Add1t1on property) (DE)2 = (CE)2 + (DC)? (Theorem 8-8.1) (III)
(DC + BD)2 = BC? (Postulate 2-1, Distributive property)
m. BAC = 90 (Theorem 8-8.2). Substituting (I7) and (III)in (I):
(BE)? + (AD)? = (AB)? + (DE)?
27. D? = 1% + w? + h? (See Example 4, page 337) 100 + 225 = (AB)? + (DE)?
D> =n? + (n+ 1)%2 + (n2+ n)? 325 = (AB)2 + (DE)?
D% = (n* + nzz + 2+ 0?4 2n 41 However, DE = %(AB), (Theorem 7-6.3)
D2 = (n? + n)% + 202 + 2n + ® 325 = (AB)2 + AB Z_ (AB)? + AB 2
Di = En22+ n)? + ZS?Z +n) +1 7 T
D2 = [(n? +7n) + 1 = 2/65
p? = ng +n+ 1 e c
30.
28.
10 24
A B
“ M J\o J
v Y
x 26 —x
(26)2 = (10)% + (24)
Therefore AABC is a right triangle (Theorem 8-8.2)
m. ACB = 90
26/10 = 10/AM,
= 50/13
B xz/(26 - z) = 10/24
w3 D a2 = 130/17 = AN
AN = AM + MN
130/17 = 150/13 + MN
In right ABCD = 840/221
(BC)2 = (BD)* + (CD)?
81 = 18 + (CD)? 31. Let BD =
cb = 3/7 and let AD = y.
Use Theorem 8-8.1:
In right AACN For A ABD:
(AC)® = (CN)* + (AN)2 22 +y? = (13)2.
81 = (9 - x)% + (AN)? = 169 - z°
*8] - (9 - 2% = (AN)2
For AADC:
In right AANB (14 - 2)? + y2 = (15)?
(AB)? = (AN)® + {NB)? y? =225 - (14 - x)?
72 = (AN)? + 22
*72 - x® = (AN)? Therefore 225 - (1 42 z)? = 169 - x? (Transitive property)
- + + - -
Now equate the two (*) equations: izz 5,122d Saf 12 ¥ AD]GQ @
81 - (9 - x)? =72 - <* 32. AB2 = (AE + ED)2 + BD? = AEZ + 2AE « ED + ED? + BD?
x =4 = BN (Theorem 8-8.1)
9 -x=5=¢CN BD? = BE2 - ED? (Theorem 8-8.1)
AB2 = AE2 + BE? + 2AE « ED (Postulate 2-1)
In ABCD and APNC Similar1¥, BC2 = EC? + BE? - 2EC » ED
£ BDC = £ PNC ABZ + BC2 = AE2 + BE2 + 2AE « ED + EC? + BE® - 2EC + ED
L BCD = £ NCP (Addition property)
/. CBD = £ NPC = EC (Definition 1-15)
ABZ + BC2 = 2(AE)? + 2(BE)* (Postulate 2-1)
Therefore ABCD ~ APNC (Theorem 8-5.1) (Multiplication property).
Thus BC/CP = CD/CN = DB/PN
9 7
37-5 = 5
y = 6/7 =PD Page 342
7
Class Exercises
29.
B Median of a right triangle

ZA

53

WO~ W —

60

60

Equilateral,(Definition 3-12).
AC = AM = LAB (Definition 1-15).

02

e
a® + {5+ ¢)?= c*.
a+ ket = e,
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Class Exercises continued 40.
0. 3/4 1. a=~/T3T/TET=¥§_(c)
12. Theorem 8-9.2 and Theorem 8-9.3.
41.
Page 343
For Exercises 1-6 use Theorem 8-9.3:
lZ.J@ 42.
1. 6/3 2. 1573 3. 2
4. 31/5“ 5. 9 6. %’JF
For Exercises 7-12 use Corollary 8-9.3a:
7. 10/3° 8. 24/3 9. g(%z
10. 93~ 1. 24 12. 2006
2 3
For Exercises 13-18 use Theorem 8-9.3:
13. 8/3° 14. 10/3° 5. 27/3
2 43.
16. g}%i: 17. 12 18. 5 7%
For Exercises 19-24 use Theorem 8-9.1:
19. 5/2° 20. 6v2 21. 1W2
22. % 23. 18 24. 28
For Exercises 25-30 use Theorem 8-9.2 and Corollary 8-9.3b:
25. 6,3/3 26. 2,/3 27. 10,5/3°
28. 15,l§%§— 29. 22/3,33 0. 6/5, 3/15 u
For Exercises 31-36 use Corollary 8-9.la: .
31. /2 2. 32 33. 5/2
2 2
34. 25/2 35. 8 3%. 56
/) 2
37. By Corpllary 8-9.3a, the side of the equilateral triangle
is (5)@55 _ 10/3 . Therefore the perimeter of the
triang]g is (3) é%@) -10/3
38.
45,
As shown above two 30-60-90 triangles are formed by the
altitude. From Theorem 8-9.3, = = (16)/3 = 8/3. The
base has length (2)(8/3) = 16/3.
46.
Page 344

39. Use Theorem 8-9.2 to find the length of the altitude, 30.
Use Theorem 8-9.3 to find the length of one-half the

base,

5/3.
The length of the base is then 10/3.

54

Use Corollary 8-9.1a to find the length of the
altitude, 5/2.

Use Corollary 8-9.1a to find the length of one-half of
the base, 5/2. _

The length of the base is then 10/2.

Use Theorem 8-9.3 to find the length of the altitude,
5/3.

Use Theorem 8-9.2 to find the length of one-half of the
base, 5.

The length of the base is then 10.

A 8 B
45° 30°
h 8
45° = H 30°

D
3 M 8 N 4

By drawing rectangle ABNM, we find that AAMD is an
isosceles right triangle, and ABNC is a 30-60-90 triangle.
Using Theorem 8-9.2 and Theorem 8-9.3 we obtain the
lengths of NC and BN, respectively, 4 and

Therefore AM = 4/3 also, and DM = 4/3.

Thus the altitude is 4/§L and base DC haslength 12 + 4/3.

Notice the two special right triangles in the figure

above.
In isosceles right AADC, CD = 6/2
4/3 (Corollary 8-9.3a)

(Theorem 8-9.1).
f+¢2+1)

6 and AC =

In 30-60-90 AADB, AB = 6(%./3 )=
and BD = 2/3 (Theorem 8-9.2)

P =652 + (6 +2/3) +4/3=

Notice the two special ri ht triangles in the figure above.

In 30-60-90 APNQ, NQ = (Theorem 8-9.3)
mdPN=5(TMomm892

Therefore in isosceles right APNR, RN = PN = 5, and

PR = 5/2 (Theorem 8-9. 1
=5/2+10 + (5 +5/3) = 5(3+,3+.2).
lu
x
2/3) .
In the figure above, x = 12 ( 3 8/3
The perimeter is (4) (8/3) = 32/3.
14
A o8
30°
10V3 20
m 6%
D 17 E 10 ¢

After considering rectangle ABED a 30-60-90 triangle is
realized. EC = 10 (Theorem 8-9.2) and
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46.

47.

48.

49.

50.

51.

52.

53.

continued
AD = BE = 10/3 (Theorem 8-9.3).
¥ =14+ 20+ 24 +10/3 =58 + 10/3.

A 12 B
45° 45°
8v2 8 8 8v/2
pl4s . ul 45 c
8 M 12 N 8

In the f1gure above ABNM is a rectangle, therefore
MN = = 12.

DM = NC = 8 (Corollary 8-9.1a)

=12+ 8/2+28+8/2=28(5+2/2).

S1nce there are two 30-60-90 triangles formed,
=5 {Corollary 8-9.3b) and AB = 10 (Corollary 8-9.3a).
A]so AC = 10/3 ( Theorem 8 9.2) and DC = 15 (Theorem 8-9.3)
=10 + 20+ 10/3 = (3 +./3).

AC? + BC? = AB2 (Theorem 8-8.1)
AC% + BC2 = (AC ,/2)%2 = 2(AC)? (Postulate 2-1)
BCZ = AC2 (Division property).

BC = AC (Division property).

AC? = (%)(AB)2 (Multiplication property)
BC2 = 3(AC) (3/4)(AB)? (Postulate 2-1)
AC? + BC2 = (%)(AB)2 + (3/4)(AB)2 = AB? (Addition prop.)

m. C = 90 (Theorem 8-8.2).

EG, EC and CG are diagonals of three congruent square
faces,

AECG is equilateral

EG = EC = ce 8/2" (Theorem 8-9.1)

O - (EN) Corollary 8-9.3b
EN = (2EG t(a/%)m- i% )
N = (4/2)(V3)=

WE || BB (Theorem 6-1.1)

ME = (%)AB (Theorem 7-6.4, Theorem 7-6.3)

PM 1 MB (Theorem 4-5.2)

MB (Definition 1-32, Definition 3-12)

MB = AB(/2/2) (Coro]lary 8-9.1a)

PE? = (%)(AB)? + (%)(AB)2 = (3/4)(AB)? (Postulate 2-1)
PE = %(AB/3)(Postu1ate 2-1).

o
=
N

In ACBD:

BD = 2/3 (Corollary 8-9.3b)

BC = 2(BD) = 4/3 (Theorem 8-9.2)
In AABD:

AD = (DBWZ = 2/6 (Theorem 8-9.1)

( %QEELLAB)Z + (BC)? (Theorem 8-8.1)
= 2/15.

In AADC:

(Zf" - é (2./6)?

Therefore AADC is a right triangle (Theorem 8-8.2)
and AD .+ CD.

Page 347

Class Exercises

1.
2.

J2 3 x = 2 (Theorem 8-9.1)
V3 (Theorem 8-9.3); x = 2 (Theorem 8-9.2)

0on

¥
¥
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Page 347
3. b =30 45 b = 60
sin & 1 /2 /3
2 2 2
cos pY A3 VZ_ 1
2 2 2
tan p 3 1 /3
3
4. sin 45° - cos 45° NRIN/
sin 30° = 2 2 -
” =
@ 2 l 2
5. (sin 60°)2 + (cos 60°)2 = ( z)*\2) =1
Page 349
Exercises
1 .8387 2. .1908 3. .1763
4. .95M1 5 1.9000 6. 37
7. 69 8. 3 9. 70
10. 3/5 1. 3/4 12. 3/5
13. 4/3 14. 4/5 15. 4/5
1216 _,
16. tan LN« tan s M=16 " 12
sin LM _ 16 16/20 _
17. tan £ M ~cos £ M~ 12 ~ 12/20 ~
(122 (16)2
18. (sin £ N)% + (cos 4 N)2 "1\20 2
(mz .9
19. 1 - (sinsM)2=1-120) ~25.
Page 350
20. tan 25° =z
0
x =20 ¢« tan 25" ~ 9.3
X
21. cos 37° = 75
x =75+ cos 37° ~ 59.9
o 24
22. sin 317 =
24
T = At 46.6
5
23. tan & = 6 = .,8333 *,8391
58
8 =40 .8333
>235
.8098
24. sin 8 =24 = .9600 *.9613
25 213
8 =174 .9600
>37
.9563
25. B
13
5
C A

12

(13)2 = (5)% + (12)2
Therefore AABC is right triangle (Theorem 8-8.2)

tan L A

W > 3=

=5

= 4167

*.4245
.4167
.4060

>.0078
>.0107
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Page 350 Page 352
Exercises continued 8. FH=2x -7
EG/GD = EH/FH
26. S _1_
C 12 T z7
z=19
5 5 5
9. =z 30
ATy 8 12 = 10
x =36
3
cos L A =5 = .6000 10. In AADC
m.A=53=mB 2/3 = AF/FC
m. A+ m.B + ms ACB = 180
m. ACB = 74 In AABC
5 AF/FC = AG/GB
27. sin28° =z 2/3 = ;(\G/GB)
5 2/3 = (10-x)/x
x = 7695 ~ 10.65 =6
tan 28" = §
y 1. In_ABCM
. _5 - 9.404 CR/RM = CN/NB  (Theorem 8-2.1)
¥~ 75317 : CR/RM = 14/21 = 2/3
Let 2x = CR
28. Apply Theorem 8-8.1. This check is not entirely 3x = RM
accurate. The values for x and y are approximate AM = CR + RM = 52z = MC
(rounded off).
In AANR
29. BE =1 AP/PN = AM/MR = 5x/3x = 5/3 (Theorem 8-2.1)
sin 40° = 1
30 12.
h = 30(.6428)
h o= 19.2840% 19 14 )
sin £ C=hr_=19
50 50
sin £ C = .3800 x 25—x
m. C =22
30. tan 85° = AB/10 - 2) = 14/21 -3,
A8 = 10(11.4361) ;:/iZ?O x) = 14/ (Theorem 8-3.1)
AB = 114.361 =~ 114 25 - x =15
13. 8/12 = x/y (Theorem 8-3.1)
y=3
Page 351 i
200 However we are given:
31. tan 15° = =z x+y+ 20 =50
or tan 75° = & z+y =30
200 z+3 =30
x = 200 + tan 75° = 746.42 ~ 746 ft. 2Y
R ) x =12
32. tan 86 = =z y =18
24000
x = 24000(14.3007)
x = 343216.8 ft
343%188.8 - 65.0 miles Page 353
14.
33. PR =100
tan 41° = RB_
100
RB = 100(.8693) ~ 87
tan 32 = AR
100
AR = 100(.6249) ~ 62
AB = RB + AR = 149
z 6
7 -z 8 (Theorem 8-3.1)
x=3=2CD
Page 352 15.
Review Exercises //
e
1.1 2 2 2. 28 4
3, 3, 1 AL
3. 6, 2/T5, 3 4. a-b y b T~
b B _—— e T=a,
C
m 2 15
5. r 6. 3 7. 22 .

56



16.

18.

Page 353
continued
If a>b:
BP/CP = AB/AC (Corollary 8-3.la)
BP/CP = a/b, PC/BC = b/a
(BP-CP)/CP = (a-b)/b
BC/CP = (a-b)/b
PC/BC = b/(a-b)

If b >a:

CP/BP =

CP/BP = b/a

AC/AB (Corollary 8-3.1a)

(CP-BP)/BP = (b-a}/a

BC/PB = (b-a)/a,

PB/BC = a/(b-a)

10|12'14Lf1= 36
| T3le =-—
10/ = 14/35
x = 25
0 l&
0, = 35
36 _2
v, = §
¥, = 90
9[ 12’ 18] ¢, = 39
x]y l zl ¥, =52

T w
WO

—_
[e<]

e

r

x y 2" g
2
9.3 12 3 18 _
x 5 y 5 z
x =12 y =16 z =
Py P
X z m r
y n
z_4Y_Z2
m-n _r ratio of similitude
let k =z _y _z _
m-n »r~
k=gz k=y k=2
m., n, r
x = nk, y = kn, z = kr
zt+y+ta+t ... =kim+n+tr+. ..
xty+taz+ .. .
m¥AFtrr ... K
P=x+ty+az+t ...
Po=m+tn+tr+...
© ctytazt ... xr oy
12 o ==L
p, mEntr+.o.. " k=m=5y%-=
(Theore

8-1.4

)
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Page 353

19.

20.

21.

22.

23.

DF/AC

(Theorem 7-6.3)
(Theorem 7-6.3)
(Theorem 7-6.3)

2

AABC ~ ADEF  (Theorem 8-6.2)

£ D=/ FCE

£ DAF = £ CEF (Theorem 6-3.1)
AADF ~ AECF (Corollary 8-5.1a)

DE Il TB (Theorem 6-1.1)
AADE ~ AACB (Corollary 8-5.1c)

kS

PRI O

RYRARRAR

>

Therefore . A= M. M=mL B =
Thus, AABC ~ AMNP (Theorem 8-5.

RoRRRRRR

m. N
180
180

o=

4+ uonowon

m. N

=R

m N
1)

AACB ~ ACHB (Corollary 8-5.1b)
CB/AB = HB/CB

AHDB ~ ACEB

HD/CE
CB/AB

(Corollary 8-5.1a)
HB/CB

.M+ N+ mP (Transitive prop.)

HD/CE (Transitive property)

Page 354

24.

25.
26.

28.

29.

31.
32.

33.

1. If at least two angles of one triangle are congruent

%o ghe corresponding angles of the other triangle
AA).

2. If two sides of one triangle are proportional to two
sides of the other triangle, and the angles included
by those sides are congruent (SAS).

3. If the corresponding sides of the two triangles are
proportional (SSS).

Theorem 8-6.1

Theorem 8-6.2

Theorem 8-6.1

AE/BE = EC/ED (Theorem 8-1.1),
AAEB ~ ACED (Theorem 8-6.1),
. B=,D (Definition 8-6).

AABC is similar to:
AADE, ADBF, ADCE, ACDF, AACD, ACBD.

2/x

xX

27/x

x

x/16
x

z/8 (Corollary 8-7.1b)

4
xz/3 (Corollary 8-7.1a)
9

16/4z (Corollary 8-7.1b)
8

AABC ~ ABEC (Theorem 8-5.1)
CA/BC = BC/CE {Definition 8-6)

or simply apply Corollary 8-7.1a to AABC.



SOLUTIONS FOR PAGES 355-361

Page 355 Page 356
Review Exercises continued 52. continued
34. AADC ~ AACB (Corollary 8-5.1b) m.A=mB
AB/AC = BC/CD (Definition 8-6) cos L A= 7/25 = .2800
CD « AB = AC * BC (Theorem 8-1.1) m. A =74
m. B =74
35. 2 = (21)% + (28)% (Theorem 8-8.1) m. ACB = 32
x =35
Chapter Test
36. (13)% = z2 + (5)2 (Theorem 8-8.1)
x =12 1. tan 25° = 35/QP
QP = 75 058
37. xz z2 = (10)% (Theorem 8-8.1) sin 25° = z/QP
2 x = (QP)(s1n 25°)
) e x = 31.7208
8. (1/2) 2 (Theorem 8-9.3)
) 2. (20)% = (12)2 + y® [FG = y; GE = zJ (Theorem 8-8.1)
. (@)m - 2/3 y = 16
3 3 (Corollary 8-9.3a) (15)2 = (12)% + 2% (Theorem 8-8.1)
z =9
40. The other leg has length 3/3 (Corollary 8-9.3b) r=y+ta=25
The other hypotenuse has length 6 (Theorem 8-9.2)
3. 12 =22
41. (3/2) 6&;)_ 3 (Corollary 8-9.1a) z = 6J2
5 =
_ . 4, BD =y _
42. (/3)(/2)= v6& (Theorem 8-9.1) 6 = /3
y = 2/3
43. ? 1?e of .the equilateral triangle has length i =2y = 4/3
3 -
Qa )‘ 6. 5.
$¥=3+6=18. F 10 G
a4, 8 {s 2
60° 45° 10 a 15 H
x 2x y y\/?
O 30° h 4 22 = (8)2 + (15)2  (Theorem 8-8.1)
xV3 y z =17
. 6. AABC ~ ABDE
sin 300 = x/2x = % L C<—>, BDE
. V2 L B>/ B
45. cos 45° = 57?'= 2 L A <>/ BED
R AB/EB = AC/DE = BC/BD
46. tan 60° = x/3 =.3 5/2 = 3/z. and z = 6/5
z 3 .4 ., .8
. 6 Ty, My 5
47. cos 60 = x/2x = %4 5
48. sin 60° = /3 =3 7. z/(7 - =) = 9/12
2x 2 = 3 =DC = HC
o AD = AG = 4
49. tan 45" =z _ 1 AABC ~ AGBH (Theorem 8-6.1)
x Therefore AB/BG = BC/BH = AC/GH
12/8 = 9/6 = 7/GH
9/6 = 7/GH
GH = 14/3
Page 35 8. AMNP ~ AABP (Corollary 8-5.1c)
_ MN/AB = PN/PB (Definition 8-6)
50. tan 25 = z m. MNP = mz ABP (Definition 8-6)
- 5(.4663) APNL ~ APBC {Corollary 8-5.1c)
23 NL/BC = PN/PB (Definition 8-6)
im : m. LNP = m. CBP (Definition 8-6)

2.3 MN/AB = NL/BC (Transitive property)
m. MNL = me ABC (Postulate 2-10)

51. sin 79 = x_ AMNL ~ AABC (Theorem 8-6.1).

15
15(.9816)

[l

88

14.7
c
52. Page 361
Exercises
1. False. Pgint P is a point in the interior of the circle.
25 25 2. False. MB is a secant of © P.
3. True. __
4. False. BD is a secant segment of © P.
5. True.
6. True.
A nD___1p 7. True 8. True. 9. True.
7 7 10. False.

58
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Page 361 Page 363
Exercises continued 7. By the reflexive property, MP = Mp.
8. BMP (HL)
11. False. The diameter of a sphere is a chord of the sphere. 9. BM (Definition 3-3)
12. False. A chord of a circle contains as many points of a 10. Theorem 9-2.2.
circle than a secant of the same circle. 11. Theorem 4-4.3,
13. False. A sphere has many segments that can be called a 12. Yes; radii of the same circle.
radius. 13. Theorem 4-4.2.
14. True. 15. True 16. True. 17. True. 14. Theorem 9-2.1, Theorem 9-2.2, Theorem 9-2.3.
18. A B
p
AB = 2(BP) Page 366
Sz + 6 = 2(x + 12)
Sz + 6 = 2z + 24 Exercises
3z =18
x =6 1. True.
AP = BP = 2 + 12 = 18 2. False. If a line contains the center of a circle and
the midpoint of one of the chords of the circle, and is
19. MN = 2(NQ) perpendicular to another chord, then the two chords are
Jz - 5 = 2(5x - 13) parallel.
Jx - 5 = 10x - 26
x =7 3. False. The perpendicular bisector of one chord of a
NQ =MQ = 5x - 13 =22 circle is also the perpendicular bisector of any chord

. . . parallel to the given chord.
20. Simply draw any two diameters of a circle and prove by

Definition 9-4 that they are congruent. 4. True.
21. Simply draw any two diameters of a sphere and prove by 5. False. The closer a chord is to the center of a circle,
Definition 9-4 that they are congruent. the longer it is.
22. Apply Definition 9-4 and definition of a radius. 6. ﬁ§’¢ BB (Theorem 9-2.1)
23. Apply Definition 9-4 and definition of a radius. AAMC = ABMC (SAS)
N AC = BC (Definition 3-3),
24. AP =BP (radii) DABC is isosceles (Definition 3-12).
ADAP = ACBP (SAS) .
DP = CP (Definition 3-3) 7. BB = AC (Theorem 3-4.3)

;g§ is the perpendicular bisector of BC (Corollary 4-4.2a)

25. The diagonals are congruent and bisect each other, so contains Q (Theorem 9-2.3).

quadrilateral ABCD is a rectangle (Theorem 7-2.6,

Theorem 7-3.4). 8. The midpoint of a chord is contained in the perpendicular
bisector of the chord (Theorem 9-2.1). The distances
of these chords from the center of the circle are equal
(Theorem 9-2.4). These midpoints determine the required

circle (Definition 9-1).

Page 362
26. m NMP = (%)me AMP (Definition 1-29)
m. P = (4)(m. B + m. P) (Definition 3-12)
m. AMP = m£ B + m. P (Theorem 6-4.1) Page 367
m. NMP_ = mz P (Transitive property)
MN || BP (Theorem 6-2.1). 9.
27. CQ = DQ (Radii)
AQ = BQ (Radii)
GQ = HQ (Subtraction property)
ACQG = DQH (SAS)
CG = DH (Definition 3-3)
28. If r is the radius of @P, NP < » and MP > » (Definitions
of interior, exterior regions)
NP < MP (Transitive property
mL N> m. M (Theorem 5-3.1). AC = (Definition 1-15)
AO = BO (Definition 9-1)
29. Draw DP and CP. 0C = 0C (Reflexive property)
BP = AP (Radii) AAOC = ABOC (SSS)
DP = TP (Radii) m. ACO = mL BCQ (Definition 3-3)
ABPD = AAPC (SSS) Therefore 7 . AB (Definition 1-25)
LB= L A (Definition 3-3)
AC || BD (Theorem 6-2.1) 10.

Class Exercises
BM 2. BP. Radii of the same circle.
3. Mand P are two points that are equidistant from the
ﬁﬂgpo1nts of AB.
P’is the perpendicular bisector of AB (Corollary 4-4.2a).

—_

7 1+ BB (Given)

OA = 0B (Definition 9-1)
Page 363 0C = 0C (Reflexive property)
AAOC = ABOC (HL)
5. AAMP d ABMP are right triangles. AC = BC (Definition 3-3).

6. AP =Bp
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Page 367

Page 367

Exercises continued 20.

1.

12.

15.

18.

19.

AC = CB (Def1n1t1on 1-15)
7 1 AB (Given)

0C = 0C (Reflexive property) 21.

ms ACO = ms BCO (Definition 1-25)
AACO = ABCO (SAS)

A0 = BO (Definition 3-3)

Therefore 7 contains 0 (Theorem 4-4.3)

Use the_diagram in Example 1.

BB and CD are congruent chords of ©P, PM 1 AB at M
PN + CD at N (Given)

AM = g)AB (Theorem 9-2.2)

DC (Theorem 9-2.2)

(Mu1t1p11cat1on property)

)
N (Definition 3-3).

':DIU
> OIZ=
—_

§,l> =
RSk
2 sz

2

)

.,

T

.

See proof outline on page 365.

The distance of the diameter from the center of the
circle is zero, so there is no chord closer to the
center than the diameter.
longest chord.

Refer to the diagram for Theorem 9-2.5.

Assume CD is not greater than AB.

Either CD = AB or CD < AB (Trichotomy property)

PM (Theorem 9-2.4), contradicting

If CD = AB, then PN =
the hypothesis.

If CD < AB, then PN > PM (Theorem 9-2.5), contradicting
the hypothesis.

Our assumption is false.

CD > AB.

23.

[N
8
n
N
E=

25.

o]
nou
—

Thus, the diameter is the 22.

24.

The point of intersection of the perpendicular bisectors
of two nonparallel chords of a circle will determine the
center of the circle.

R

RS = 7, (RP)2 + (3)2 = (5)2
RP = 4

RS = RP + PS

7=4+PS
PS = 3

(5)% = =* + (3)?

x=4

DC =2x =8

Draw AQ, BQ, DQ, and CQ.
AQMP = AQNP (AAS)

MP = NP (Definition 3-3)
QM= QN (Definition 3-3)
AB = CD (Theorem 9-2.4)

MB = (%)AB (Theorem 9-2.2)

ND = (%)CD (Theorem 9-2.2)

MB = ND (Postulate 2-1)

BP = DP (Subtraction property)

I

(e

%g g_' (Radii)
P 1 BD (Corollary 4-4.2a)

AAQP = ACQP (SSS)

L APF = /CPF (Definition 3-3)
AQMP = AQNP (AAS)

QM= QN (Definition 3-3)

AB = CD (Theorem 9-2.4)

LN,

e

N

The longest chord is a diameter (Theorem 9-2.6)
MN =
AB + MN (AB is the shortest chord through P)
BO MO =5 =

+(3)?

radwus
2

/\

PO =4

Draw PM » AMCB and QN +
PM = NQ (Theorem 7-1. )
PM || NQ (Theorem 6-1.1)
Quadrilateral PMNQ is a parallelogram (Theorem 7-2.2)
Thus PQ =

However, MC = (%)AC and NC = (%)BC (Theorem 9-2.2)
Therefore, MN = (%)AB.
Hence, PQ = (%)AB.

Page 368

26.

(10)% = =* + (8)2
x 6

Choose any three collinear points, A, B, C. From
Theorem 9-2.3, the perpendicular bisector of AB and

the perpendicular bisector of BC intersect at the center
of the circle of which AB and BC are chords. However
these two perpendicular bisectors are parallel

(Theorem 6-1.1). Therefore the three points cannot be
collinear. (Indirect proof).

60

gfgw AC intersecting TQ at M. .
Q is the perpendicular bisector of AC
AAMT = ACMT (SAS)

L ATM =/ CTM (Definit
Draw QR + TB and QS +
ARTQ = ASTQ (AAS)

_g SQ (Definition 3-3)

AB = CD (Theorem 9-2.4)

(Corollary 4-4,3a)

3-3)

jon
L TD such that TRB and TSD.
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Page 368 Page 371

Exercises continued 15. PQ + AT (Theorem 9-3.3)

. ) . . £ ATP = £ ATQ (Theorem 3-1.1)
27. PQ is the perpendicular bisector of AB (Refer to AATP == AATQ (SAS)

Exercise 26) AP = AQ (Definition 3-3)

PQ meets AB at M (Theorem 8-8.1)

PM = 12 (Theorem 8-8.1) 16. AP = BP (Radii)

AP = PD = 13 AAPB is isosceles (Definition 3-12)

MD =PD-PM=13-12=1 m. PAB = me PBA (Theorem 3-4.2)

AQ =.DQ +C = DQ + 3 PA + TA (Theorem 9-3.2)

Letting DQ = PB L TB (Theorem 9-3.2)

(z + 3)2% = 25 (z + 1)% (Theorem 8-8.1) m. PAT = mz PBT (Theorem 3-1.1)

x = 17/4 m. BAT = m/ ABT (Subtraction property)

AQ = 3+ 17/4 = 29/4. AATB is isosceles (Theorem 3-4.2).
28. SP + PQ > SQ (Theorem 5-4.1) 17. PM 1 CMD (Theorem 9-3.2)

SP = RP (Radii) AC || PM || BD (Theorem 6-1.1)

RP + PQ > SQ (Postulate 2-1) AP = BP (Rad11

RQ > SQ (Postulate 2-1) CM = DM (Theorem 7-6.1)

M is the midpoint of CD (Definition 1-15)
18.
Page 369 B
]

Class Exercises

N

1. Yes.

CH

w AP AP_and BQ.

1 ARB (Theorem 9-3.2)

. ARB (Theorem 9-3.2)

m. PAB = 90 = mz QBA (Theorem 2-6.5)
A PRA £ QRB (Theorem 3-1.5)
APAR ~ AQBR (Corollary 8-5.1a)

2. VYes. AR/BR = PR/QR (Definition 8-6)
AR * QR = BR * PR (Theorem 8-1.1)

REZS

19. See proof outline, Page 369.

20.
3. One, see figure above.
4. They are perpendicular (Theorem 9-3.2) /
5. No.
6. VYes. ) ¢
AT is tangent to ©P at T (Given)
PA > PT (Definition of exterior point), .
PT is_ the shortest distance from P toff? (Definition 9-9)
PT + AT (Theorem 5-4.2).
21.
A
T
Page 371 Assume PT is not perpendicular to &T.
There exists a point A on K? such that PA v i
Exercises PA must be the shortest distance from P to A
(Theorem 5-4.2)
1. True PA < PT since PT is a radius
2. False. A tangent is a line intersecting a circle in A is in the exterior of ©P by the Given.
one point. We haye a contradiction.
3. False. Two tangents can be drawn to a circle from an PT . AT,
external point.
4. 11 + 7 =18 (sum of radii). 22.
5. 6 -4 =2 (difference of radii). 4
6. 0 . 8. 2 9. 1 10. 0
1. 0,1, 2, 3, 4.
12. Apply Theorem 9-3.2 T
13. Use Theorem 9-3.2 and Theorem 6-1.1. R
14. CMPT + KL (Theorem 9-2.1)
CMPT A B (Theorem 9-3.2)
KL || B8’ (Theorem 6-1.1)

s_tangent to ©P at T.(Given)
T Given)

i
1
SSume does not contain P. There exists T such that
1 AT (Theorem 9-3.2)
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Page 372

Page 372

Exercises continued

22.

23.

24.

25.

26.

27.

continued

e have a contradiction.

contains P.

‘lHE%g' >
1iiisiii’

Let » = AM.
MB=7-r=NB
C(N=9-N=9-(7-7r)=2+r-=CR
AMR=5-(2+pr)=3-r1p
AR = AM
3-r=r
r=1%
BM=7-1%=51%
(N=9-5%=3%

L A, LB, . C, and £ D are right angles (Theorem 9-3.2)
Quadrilaterals ABQE and CDQF are rectangles
(Theorem 7-3.3, Theorem 6-5.1)

AE = BQ (Theorem 7-3.2)

CF = DQ (Theorem 7-3.2)

BQ = DQ (Radii)

AE = CF (Transitive property)
AP = CP (Radii)

EP = FP (Subtraction property)
APEQ = APFQ (HL)

EQ = FQ (Definition 3-3)

AB = CD (Transitive property)

AD = 13%

BO' = 6 = AM (Since ABO'M is a rectangle)
MO = AM + MO

13 =6 + MO

MO = 7% = 15/2

00'=13%+6 = 19% = 39/2

(00')% = (MO )2 + (MO')® (Theorem 8-8.1)
39)2 (]5)2

[/RPT =/ TPN (Transitive property)
ARTP = ANTP (SAS)

L TRP = £ TNP (Definition 3-3)

L TRP is a right angle (Theorem 9-3.2)
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27.

continued

%JJNP is also a right angle (Postulate 2-1)
N is tangent to ©P (Theorem 9-3.1)

Page 377

-

[0

10.

center 2.
tangent plane 4.
parallel 6.

point; circle

circle

center of the circle of
intersection

Sphere S and small circle P: A is on circle P (Given)
B is on circle S (Given)

AP < AS (Theorem 5-4.2)

AS = BS (Radii)

AP < BS (Postulate 2-1)

They have the same radius as the sphere.
Since any two great circles of the same sphere
must intersect on the sphere (Postulate 2-6),

and both circles must share the same center
(Theorem 9-4.1), their line of intersection is a chord
of the sphere containing the center; that is, the
diameter (Definition 9-4).

See solution for exercise 10 page 367.

Consider any two points on the intersection of the sphere
and the plane (Do not choose points which are endpoints
of a segment containing the point of intersection of the
plane and a perpendicular to the plane from the center

of the sphere).

Let A and B be points on sphere 0. R + plane M.
Therefore PB L 0

PB and AP 1 OR (Definition 4-7)
Also OA = 0B (radii of the sphere). o
Therefore AAPO = ABPO (Thereom 6-6.2) and AP = BP.
Thus A and B 1ie on a circle, or the intersection of
the sphere and the plane is a circle.

Consider a diameter of the circle of intersection
and apply Class Exercises 1-4 on page 362.

Use the solution of Exercises 11 (Page 377).

Consider a diameter of the circle of intersection and
apply Class Exercises 11-13 on page 363.

Follow the proof outline at the top of page 369.

See the solution for Ezercises 22 on page 372.

e DN,

I

BB is diameter of the circle formed by a plane that

intersects sphere 0.
03%=z2+(6ﬁ
2

x =



Page 377
18.
4 % s
= (7)7 + (7)?
r=7/2
19.
N
(15)2 = 2% + (12)2
x =9
Page .378
20. Draw ST,
SA L TR (Theorem 9-4.7); SB L TB (Theorem 9-4.7)
m. SAT = 90 = m. SBT (Theorem 2-6.5)
SAESB(MMI)
ASAT = ASBT (HL)
TA == TB (Definition 3-3)
21. SQ + plane P (Theorem 9-4.3)
SQ + AQ (Theorem 4-5.2)
SQ 1 BQ (Theorem 4-5.2)
ASQB == ASQA == AAQB (SAS)

22.

23.

SB = SA = AB (Definition 3-3)
AABS 1is equilateral (Definition 3-12)

Find the point of intersection of perpendicular lines
of two circles of intersection formed by two nonparallel
planes intersecting the sphere.

Consider the diameters of the two circles of intersection
and then see the solution of exercise 15 on page 367.

Page 381
Class Exercises
1. semicircle 2. Q? 3. mDC
4. L CPE 5. CE 6. BCl
7. BE 8. BCh 9. BD
10. ACPE
Page 382
Exercises
1. AR, A8 2. K, C8
3. CAB, BT 4. AC
5. L BPC
6. 50; since MP = RP
7. 80; since mL MPR = 180 - (50 + 50) =
8. 80; since me. SPN = 80
9. 7100 10. 100 1. 180
12. Apply Theorem 9-5.2 . . . .
13. First apply Theorem 9-5.2 to get mDE = mEF = m GF = m'HG.

Then apply Postulate 9-1 and the addition property to
reach the desired conclusion.
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Page 382

14. AMRP = AMSP (HL)
/L\APM =/ BPM (Definition 3-3)
AM =MB (Theorem 9-5.1)

15. AQ = BQ (radii)
AAMQ = ABMQ (HL)
LAQM = £ BQM (Definition 3-3)
AP =BP (Theorem 9-5.1)

16. AAQM == ABQM (SSS)
£ AQM = £ BQM (Definition 3-3)

AP =BP (Theorem 9-5.1)

17. P contains Q (Theorem 9-2.3)
AAQM = ABQM  (SAS)

L AQM =/ BQM (Definition 3-3)
AP =BP (Theorem 9-5.1)
Page 383

18. If two central angles of a circle are congruent then
they have the same degree measure.

If the angles have the same degree measure then their
arcs also have the same degree measure (Definition 9-17).
By Definition 9-18 these arcs are then congruent. A
reverse argument is used to prove the converse.

19. Refer to the dia ram beside Theorem 9-5.2.

Given @P =0 Q, AB = (D
Prove AB = (D.

/P = (£ Q (Theorem 9-5.1)
AAPB == ACQD (SAS)

AB = CD (Definition 3-3)

20. Ed Theorem 9-5.2
A% = é% gPostu1ate 9—13
BD = CD (Theorem 9-5.3)

ARBD == AACD (SSS)
BD = CD (Definition 3-3)
21. L AEC = £ AED (Theorem 3-1.4)
DAEC = AAED (SAS)
AC = AD (Definition 3-3)
AC = AD (Theorem 9-5.2)
ACEB = ADEB (SAS)
CB = DB (Definition 3-3)
CB = DB gheorem 9-5.2)
m AC + mCB = mAD + mDB (Postulate 9-1)
ACB = ADB (Postulate 9-1)
AB is a diameter of ©Q (Theorem 9-5.3)

22. AMPB and ANPB are isosceles (Radii, Definition 3-12)

m. MPA = 2mz ABM (Theorem 6-4.1)
m. NPA = 2mz ABN (Theorem 6-4.1)
m. MPA = mz NPA (Transitive property)
MA = NA (Theorem 9-5.1)

23. ACB= DBC_(Thegrem 9-5.2)
mA\+ mCB_= mDB + mCB
m AC = m DB
AC = DB (Theorem 9-5.3)

PR + AC (Theorem 9-2.1)
PS 1 _D (Theorem 9-2.7)
PR = PS (Theorem 9-2.4)

24. Quadrilateral ABCD is a parallelogram (Ibe orem 7-2.1)
BD is a diameter since m AD + m AB = m BC + m DC
Similarly, AC is a diameter
Parallelogram ABCD is a rectangle (Theorem 7-3.4).

25. Draw ©Q such that M is the midpoint of 5

N_is the midpoint of major arc AB, and
MN meets AB_at P.
Prove MN . AB, AP = BP.

AM = BM (Theorem 9-5.2)

Aﬂa BN_(Theorem 9-5. 2)

MAN = MBN (Addition property)
MN is a diameter of ©Q

L AQM =/ BQM (Theorem 9-5.1)
AQ == BQ (Radii)

AAPQ = ABPQ (SAS)

AP = BP_(Definition 3-3)
W; AB (Corollary 4-4.2a)
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Page 383

Page 390

Exercises continued

26. Draw MQN . AB, meeting AB at M and CD at N.
Quadrilateral ACNM is a rectangle (Theorem 7-3.3)
AM = CN (Theorem 7-2.2)

M and N bisect AB and CD, respectively (Theorem 9-2.2)

Thus, AB = 2AM

€D = 20N
AB = CD (Transitive property)
f8 = D (Theorem 9-5.2)
27. Draw QC meeting AB at M.
C+CD éTheorem 9-3.2)
%g + AB (Corollary 6-1.1b)
= BC (See Exercise 15).

Page 387
Class Exercises
~ ~ ~ — °
1. ADC 2. ABC 3. ADC + ABC 4. 360
5. 18[)0 6. supg]ementary 7. 360
8. 360 9. 180 10. supplementary
Page 388
Exercises
~ o) oy
1. BAE 2. ACE 3. CAE 4. [ AEC 5. L BAE
Page 389
6. . BCE and £ BDE 7. Congruent
8. Corollary 9-6.1a 9. L ECD ~
10. 90 11. 180 12. DE
13.
A
B
(ol
oY
m ABC = 200
m AC = 360 - 200
m AC = 160
m. B = 80 = %(m AC)

Exercises 14-17 are done in a similar way to Exercise 13

14. 150 15. 10
16. (335-3x)/2 17. z

For Exercises 18-22 apply Theorem 9-6.1

18. 40 19. 37% 20. 72%

21, (5z-7)/2 22. 90-3z

23. x = 180 - 60; y = % = %(120) = 60

24. Use Theorem 9-6.2: x = 108; y = 93

25. x =180 - (116 + 24) = 40; y = % = %(40) = 20

26. m AB = 70; = 360 - (160 + 70) = 1303 = = %(70) = 35

27. z = 5(180) = 90 (Corollary 9-6.1c); m (B = 180 - 123 = 57.
y =%(57) = 285.

28. mBC = 70 (Theorem 9-6.3); = = y = %(70) = 35

(Corollary 9-6.1a)
29. See Example 2 on page 386
30. Apply Theorem 9-6.1
31. Apply Theorem 9-6.1
32. See the solution for Exercise 27 on page 383.
33. See the solution for Exercise 24 on page 383.
34. mz ACB = 90 (Corollary 9-6.1c)

CM = AM = BM (radii)

CM = 3AB (Transitive property).
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35.

37.

38.

39.

40.

41.

42.

43.

RR

3o,
w
g)ll—'l—i

L ADB is a right angle (Corollary 9-6.1c)
Therefore £ ADC is a right angle (Definition 1-26)
AD = DC (Given)

AADB and AADC are right triangles (Definition 1-32)
AADB = AADC (SAS)

AB = DC (Definition 3-3)

AB = AC (Given)

£ ADB is a right angle (Corollary 9-6.1c)
Therefore £ ADC is a right angle (Definition 1-26)
AADB and AADC are right triangles (Definition 1-32)
AADB = AADC (Theorem 6-6.2)

BD = DC (Definition 3-3)

x (Given)

y (Given)

m. PMT = y (Theorem 2-6.3)
m. RTN (Corollary 9-6.1b)
Therefore me PSN = me TRN

mbT = 140

mL PRT = %(m PT) = 70

PRT + m& TRN = 180
+x =180

R
3

,\
®3
o)

C) (Theorem 9-6.1)

=
=)

+ > = W3

) (Theorem 9-6.1)

> > O,
0030\
)

E (Theorem 5-2.5), and
53.

heorem 2-6.2)

+ x + ms DFC = 180

= 180, and y = 109.

g " RR

(]
T3 oo
AIIE

o

Y

— =
o=

U'I"’t"'lmé LI T [ ol |}
wo O

+3 "

SR

ms PMT = 90 (Corollary 9-6.1c)
M is the midpoint of TA (Theorem 9-2.2).

m. A + me BCD = 180 (Theorem 9-6.2)
m. BCD + ms BCP = 180 (Theorem 9-6.2)
L A=/, BCP (Theorem 3-1.4)

ABCP ~ ADAP (Theorem 8-5.1)

BP/DP = CP/AP (Definition 8-6)

We proved in Exercise 41 that £ A= ¢ BCP.
ABCP ~ ABAD (Corollary 8-5.1a)

AD/CP = BD/BP (Definition 8-6)

AD * BP = CP « BD (Theorem 8-1.1)

Draw CE.

m. ACE = 90 (Corollary 9-6.1c)

L ABC = £ AEC (Corollary 9-6.1a).

AADB ~ AACE (Corollary 8-5.1a)

So AB « AC = AD + AE (Definition 8-6, Theorem 8-1.1).

Page 396

~

oo s wh—

Corolla

=1

Y

V

w
—
o

R
Do
pod
=
®

=)

3
oo
=
[
3
2)
+
3
=
3
"
[Ny
=
3
=)
+
3

)Il LR [ B )
*RIRRRZS o
o= 5
3
x
=

RRR
ozz
"1"’1%
nounon
»‘{"g‘f’\,‘x‘
33~
ko)

n
Ny

p
W3 W@ I P

wonon o+

3

f\

[

<

-3
)II oo
“X‘n‘f'n‘("’\s

Sl

33
=y
e

I
[
3N
~

-

"

X
x
3
oo
.
3
[
fv~)
w3
>)



SOLUTIONS FOR PAGES 397-402

Page 397 Page 401
8. m. JLM = m. NMQ = 4m NM.= %(m NM + 1 JN - p JN) 7. continued
=»(mm+mJN-mJM)=>2(mJBM-mJM) — —_
z = %(m AED = m BD) (Theorem 9-8.4)
9. Theorem 9-8.1 through Theorem 9-8.5 z = (160 - 98) =
18. v ATC = (%)m TC (Theorem 9-8.1)
m BTD = (%) m ﬁ) (Theorem 9-8.1)
ms ATC = mg BTD (Theorem 2-6.3)
Page 400 m TC = m TD (Postulate 2-1)
m. TDB = (%)m ID  (Theorem 9-8.1)
Exercises m. TCA = (%)m TC (Theorem 9-8.1)
TDB = m. TCA (Transitive property)
1. m 180 - (90 + = 26 % 80 (Theorem 6-2.1)
x = L(64 - 26) = 19 (Theorem 9-8.3)
19. 128+ x+y = 360
2. z =% (46 + 42) = 44 (Theorem 9-8.2) x+ty =232
3. z =% (232) = 116 (Theorem 9-8.1) 40 = %(y - =)
Or me BCD = % (128) = y -x =280
and mz ACD = 180 - mL BCD 116.
— x =76
4. mBD =360 - 245 = 115. x = 180 - 115 = 65 y = 156
(Co ro]]ary 9-8.5a)
20. The angle adjacent to 115 is 65.
5. mAD = 70; therefore m AB = 360 - (70 + 70 + 157) = 63 65 = %?x + y) which yields: =z +y = 130
2z =13% (mDAB - m BE) = (133 - 70) = 31%. 25 = L(x - y) which yields: x -y =50
6. mBD = 2(62) = 124 (Theorem 9-6.1) Therefore: z =90
T = 180 - ]24 = 56 (Corollary 9-8.5a) y = 40
7. The chord joining the parallel tangents is a diameter. 21.

8. See Proof Outline on page 397.

9. See Proof Outline on page 397.

>

Draw ?R and ﬁ? tangent to ©Q at points A and B,

10. See Proof Outline on page 398.
11. See Proof Outline on page 398.

12. See Proof Outline on page 399.

13. m ABT = 105/2, so m BC = 2mz ABT = 105. _respectively
— — - — — ACB is_a minor arc.
14. mAB =mBC =mCD=mDE = mEA = 360/5 = A L ?W?(Theorem 9-3.2)
(Theorem 9-5.2) QB + P (Theorem 9-3.2)
x = %(m AB) = 36 (Theorem 9-8.4) m. QAP = 90 = mL QBP (Theorem 3-1.1)
y = 180 -_2(72) = 36 (Corollary 9-8.5a) m.P o+ m. AQB = (Theorem 6-5.1)
z = %(m COE) (T neoren 5. 8.4) m P+ mACB = 150 (Postulate 2-1).
z = %(144) = 72
— 22. Let mz PAB = m/ ABP = x (Theorem 3-4.2)
15. m AC = 130 (Theorem 9-6.1) m. APB = 180 - 2x (Theorem 6-4.2)
mAD + 152 + 130 = 360 PB L BC (Theorem 9-3.2)
mAD = 78 m. ABC = 90 : x(Postulate 2-11)
x =180 - 130 = 50 (Corollary 9-8.5a) m. APB = m AB (Definition 9-17)
y = %(m ACD) (Theorem 9-8.4) m AB = 180 - 2z (Transitive property)
y = %(282) = 141 me ABC = (%)(180 - 2z ) = (%) m AB (Postulate 2-1)
z = L(m CAD) (Theorem 9-8.4)
= = 15(208) = 104. 23. m BAC = (%)m AEC (Theorem 9-8.1)
me D= (g)m AEC (Theorem 9-6.1)
m. BAC = me D {Transitive property)
Similarly, mz DAC = m. B
AABC ~ ADAC  (Corollary 8-5.7a)
Page 401 BC/AC = AC/DC (Definition 8-6).
16. 11 = (72 - =) (Theorem 9-8.4)
x = 50 = m AD
mBD + 50 + 72 + 153 = 360
mBD = 85_ Page 402
y = %(m BDA) (Theorem 9-8.1) ~ o~
y = %(135) = 674 24. We wish to prove that AC = BC.
z = %(m BE - m BD) (Theorem 9-8.4) L B =, BCE (Theorem 6-2.1)
z = %(153 - 85) = 34 m. B = (%) m AC_(Theorem 9-6.1)
m. BCE = é%) m BC (Theorem 9-6.1)
7. m. A+ mL EDB = 180 (Theorem 9-6.2) mAC=m (Transitive property)
96 + ms EDB = 180
m. _EDB = 84 25. L P=/Q (Corollary 9-6.1a)
m BAE = 168 (Theorem 9-6.1) m. P o= (%) (mEC -m Ag) (Theorem 9-8.3)
168 = m AB + ms Q= (%) (mED - m AB) (Theorem 9-8.3)
m AB = 102 - (%)ém EC - m AB) = (%) (m FD - m AB) (Postulate 2-1)
mBD + 94 + 66 + 102 = 360, and m BD = 98 mEC = mFD (Addition property).
@ = %{m BD) = 49 (Theorem 9-8.1)
m. ABD = 3(m AED) = %(160) = 80 (Theorem 9-6.1)
mL ABD + m/. ABG = 180
80 +y =180, and y = 100
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Page 403 Page 406
Class Exercises 13. AM =DM (Theorem 9-9.1)
- ~ MC = MB (Theorem 9-9.1)
1. AC 2. AC AM + MC = DM + MB (Addition property)
3. Reflexive property 4. DPA AC = DB
5. CP/AP = AP/DP 6. CP and DP
7. CP<DP 8. AP 14. (AP)2 = (PD) » (PC) (Corollary 9-9.2a)
9. (AP)? 10. transitive; CP « DP (PB)2 = (PD) » (PC) (Corollary 9-9.2a)
(PB)2 = (PB)? (Transitive property)
Therefore AP = PB
15. See Class Exercises 1-6 on page 403.
Page 405
. 16. See Class Exercises 1-7 on page 403
Exercises

17. See Class Exercises 8-10 on page 403.

1. x =5 (Theorem 9-9.1)
2. (5+4)/z = z/84 (Theorem 9-9.2)
3. (PA) « (PB) = (PD) + (PC) (Theorem 9-9.3)
(15) = (2) = (2 + 7) » (=)
z?+ Tz -30=20 Page 407
(z+10) (x-3)=0
= 10| =3
x | 18. A P
(reject negative) v
8
8
Page 406
4. AD = AE = 5 (Theorem 9-9.1)
DL = LF = 1 (Theorem 9-9.1)
x=AD+DL =6 (AP = 9(25) = 225
SR = SE = 2 (Theorem 9-9.1) 15
RI = IF = 3 (Theorem 9-9.1)
y=SR+SI =5 19. AE = AH; EB = BF; CG = CF; GD = DH; (Theorem 9-9.1)
(AE+EB)+(G+GD)=AH+BF+CF+DH
5. PB = PC (Theorem 9-9.1) AB + CD = (AH + DH) + (BF + CF)
PB = PA (Theorem 9-9.1) AB + CD = AD + BC
Therefore x = y = 7
20.
6. PD = PC (Theorem 9-9.1)
PA = PC (Theorem 9-9.1)
PA = PD = PC (Transitive property)
Therefore y = 5
PB = PC (Theorem 9-9.1)
x =5
7. (AE) - (EB) = (DE) « (EC) (Theorem 9-9.4)
(3) = (9) = (DE) « (4)
DE = 27/4
DC = DE + EC xy = 2(18) = 36 (Theorem 9-9.4)
DC = 27/4 + 4 = 43/4 Any other chord through P will have the same product
for the two segments.
8. (AE) + (EB) = (DE) » (EC) (Theorem 9-9.4)
(3) « (8) = (6)  (EC) 21, 2+ y=17,y =17 -z
EC = 4 xy = 6(10) = 60 (Theorem 9-9.4)
x(17 - 2) = 60
9. (AE) < (EB) = (DE) * (EC) (Theorem 9-9.4) 2 - 172+ 60 =0
(18- ) + (x) = (9) * (5) (x-12) (x-5)=0
18¢ - x? = 45 x =12 z=5
%2 - 18z + 45 = 0 y=5 y =12
(x- 15) = (x -3) =0
x = 15 = EB 22. x = 8 (Theorem 9-2.2)
AE = 18 -z =3 8c = 4y (Theorem 9-9.4)
or y =2x =16
x=3=EB
AE = 18-z =15 23.
10. PB/AP = AP/PC
9/AP = AP/4
AP = 6.
1. x =BC
x+ 3=PB
(PB) « (PC) = (PD) =+ (PE)
(z +3) « (3) = (8) - (6)
x =13 = BC
2. =P (Theorem 9-9.3)

PD/AP = AP/PE
x/12 = 12/(z- 7)
z2 - Txr- 144 =0
(x - 16) « (x +9) =
x =16 = PD

66



Page 407
Exercigses continued
24, BP = DP (Theorem 9-9.1)
AP = CP (Theorem 9-9.1)
AB = CD (Subtraction property)

n—=—u0nn

2 MT = AB (Theorem 9-9.1, Transitive property).
2 NT = CD (Theorem 9-9.1, Transitive property).
MT = NT_ (Postulate 2-1)
MTN = AB (Postulate 2-4)
25. me D+ FEC = 180 (Theorem 9-6.2)
m. PE C m. FEC = 180 (Theorem 9-6.2)
L D=, PEC (Trans1t1ve property)
AEPC ~ ADPF  (Theorem 8-5.1)
EP/DP = CP/FP (Definition 8-6)
EP ¢ FP = DP « CP (Theorem 8-1.1)
26.

= (3)2 + (4)?
efore the triangle is a right triangle (Theorem 8-8.2)
r+3-r=5
1

27. Let E be the point of intersection of DC and the

circumscribed circle of AABC

L A=/ E (Corollary 9-6.1a)

£ ADC = £ BCE (Theorem 8-5.1)

AADC ~ AEBC (Theorem 8-5.1)

AC/DC = EC/BC (Definition 8-6)

AC + BC = DC,» EC = DC (DC + DE) = DC? +
(Multiplication property)

DC « DE = AD  BD (Theorem 9-9.4)

AC = BC = DC® + (AD * BD) (Postulate 2-1)

DC? = (AC « BC) - (AD « DB) (Postulate 2-1)

(DC « DE)

Page 408

28. Draw AD and CB.
AAPD ~ ACPB (Theorem 8-6.1)
(DAB =/ BCD (Definition 8-6)
Points A, B, C, and D are concyclic (Theorem 9-7.1).

29. £ BAC =/ CDB (Definition 8-6)
Points A, B, C, and D are concyclic (Theorem 9-7.1).

Page 410
Class Exercises
1. 12m 2. 4 3. % 4. 3m
5. 1/6 6. 2m 7. 5/12 8. b5m
Page 411
Exercises
1. - 5. 3 is worst approximation

%%%’” 3.1415929 is the best approximation.

6. ¢

c

2ty

2m (4) = 8n

Exercises 7-10 are done in a way similar to Exercise 6

7. l4n 8. 4rm 9. 2zm 10.7(6x- 10)
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Page 411
M. ¢ =2nr
r=Cc
2m
r=6n =3
2m
Exercises 12-15 are done in a way similar to Exercise 11.
£} e 2z + |
12. 6% 13. @ 14. 2n 15.  2m
16. ¢ =m1d
5m = nd
d=5
Erercises 17-20 ave done in a way similar to Exercise 16.
20 - 4z + 7
17. 12 18. = 19. m 20. b
21. Length of semicircle = nr.
22. Length of semicircle = nr
Length of semicircle = (3.14)(1) = 3.14

Exercises 23-26 are done in a way similar to Exercise 22.

23. 12.56 24, 28.26 25. 6.28 26. (3x-2)(3.14)
27. r=17 7
Length of the arc = 360 ° 2nr (Theorem 9-10.2)
90 _ -
= 30" T4 = 11 (when w = 22/7)
Exercises 28-31 are done in a way similar to Exercise 27,
11 385 616x 11(142- 1)
28, 12 29. 14 30. 14 31. 14
32, »=13
70 Revolutions = 70(360) =
Distance = 320 « 2nr (Theorem 9-10.2)
- B0 g,
= 5720 inches (when m = 22/7)
n
33. Length of A8 = 360 * 27r
= 120 _
%0 18m = 6m
14
34. Length of AB =360 ° 27r
= 45
30+ 16m = 20
Page 412
35, ¢ =2nr and ¢' = 2mr' are the circumferences
of two different circles.
e _2ir _r_
e! 2y’ T r'

36. Use the Class Exercises on page 410 as a guide.

37. Length of PR = n

%0 2r
2y = s - 2m = 60
38. Length of PR=_» .
%o
1l -
gg> = 30 2mx 1
39. Length of N = n_ .
360 2ny
2= 36 .
%0 2@
x =10
ks
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Page 412 Page 412
Exercises continued 53.
40.
10 0
10 10
AB = BC = AC = 8
m AB = 360 = 120
e = 2nr,r = 10 3
e = 20m m. AOB = 120
ms AOD = mL BOD = 60
4. AD = (0D)/3
/ \ 4 = (0D)W/3
0D = 4/3
3
‘ ’ r = A0 = 2(0D) = 8/3
A C = 2nr
\/ C-= 1653[3
B
54.
P =6(MB) =18 ¢
AB = 3
e = 2nr
c = 6m
Since there are 6 chords of equal length, the 6 arcs
must also have equal length.
m AB = 360/6 = 60
m. AOB = 60
m. A=m B =m AOB = 60
Therefore AAOB is equilateral and equiangular
A0 = B0 = AB = 3 AB = BC = AC =
42. The quotient of 2 rationals is rational (closure 3
an irrational number. Thus, not both ¢ and 4 are m. AOD = mv. BOD = 60
rational. AD = (OD) 3
4 = (0D)V3 _
43. A. e, Ty e, r, r=0D=4/3
CZ PZ c2 = z’Z 3
C=2mr = 3
el 1z ey _l= ™ %3[
e, T2 ez 3T
2 55. ¢ = 2nr, e, = 2ur,
e, = ¢y e, =3 20 = 2mpr, 25 = 2ur,
. r, =10 r, = 25
Doubled Tripled 3 s
Mohoe S04 Py 25
e, Ty e, T, 2n
56. InoP, PQ = PM=PN =12
L Iz _r InoQ, QP = QN = QM = 12
26 v, I 1, [heri;ori ﬁM and ﬁPSN are equilateral
r, = 21"1 r, = 31’1 eng ° - 360 2y
=120 , 24n = 8u
Doubled Tripled 360 "
45. ey =1y Length of MQN = m. MPN
e, 7, 360
S " 120 24 =
e, 3 6
¢, of P = 2m r = 24nm
Exercises 46-48 are done in a way similar to Exercise 45 e, of @Q = 21 »r,= 24y —
ey + c, -(Length of MPN + Length of MQN)
46. % 47. 8:1 48. 24m + 24n - (87 + 8n) = 32u
4. ¢, r,
T = T Page 413
5 _n 57. BC=CA=BA=28
9 9 BF = FC=CE=EA=AD=DB = 4
m.A=mLB=mC=60 -
ry =5 Length of OF = Length of FE = Length of Dt
Exercises 50~52 are done in a way similar to Exercise 44 Length of DF =

50. 15 51. 4073

52.

F
3 (4n/3) = 4n

60 &
360 ¢ 21‘!(4) = —113-
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Page 413
7.
8.
58. = FQ, CD =EQ
In right triangle PQF, PF = PQ =28
Therefore m. PQF = 30 (Theorem 8-9.2)
Therefore ms FPQ = 60
FQ = (PF)(V/3) = 4/3 = AB
mZ APC = 120
Therefore Reflex L APC = 240
=24
Length of AP,C 33%.. 2n(6)
= 8n —
Length of belt = AB + Length of BP,D + CD + Length of 9.
AP, C
=4/3+ 4 + 4/3 + 81 = 8/3 + 280
3 3
In right triangle PQE PE=4,PQ=28
Therefore m. PQE = (Theorem 8-9.2)
Therefore m. PEQ = 10.
= (PE) vr_' 4J—
mL BQD < {90 + 30 + 30 + 90) = 120 11.
Length of P,D =120 , 2n(2) = 4u
360 3 12.
Page 415
Review Exercises
1. False; A circle is the set of all points at a given
distance from a given point in a plane.
2. True.
3. True.
13.
4, False; If P is a point of ©Q, then we may say that P
is a point of ©Q.
5. False; The plane containing the center of a sphere
contains many diameters of the sphere.
6.
A
n
N‘
D
B
14.
Draw parallel chords AB and CD of ©Q. 15.
M and N are the midpoints of AB and CD, respectively.
MQ + AB (Theorem 9-2.1)
NQ + DC (Theorem 9-2.1)
MQ #/ NQ (Corollary 6-1.1c)
This is impossible since they intersect at Q.
M, Q, and N are collinear.
16.
7. 17.
18.
19.

Page 415
continued
y =6
EF = 14
A H.-'_ B
(17)2 = x* + (8)% (Theorem 8-8.1)
x =15
AB = 2x = 30

Draw PE 1 AB at E,

PF 1 BC at F.

ABEP = ABFP (AAS)

EP = FP (Definition 3-3)
AB = BC (Theorem 9-2.4).

25 3; 05 1.

M

(PT)2 = (PM(PR)
(PT)2 = (36)(16)
PT =24

(AC)(BC) = (PC)(CD)
x*x=6+24

x? = 6(24)

x =12

AB = 2x = 24

True.

False; It could be a point.

Page 416

2 4+ (6)2
(8)*

(Theorem 8-8.1)

(Theorem 8-8.1)

69

True.

True. _

Draw ASD and BSC.

SD = SB (radii)

AABS == ACDS (HL),

AS = CS (Definition 3-3)

Thus, the planes are equidistant from S.

PA = PB (radii)
= PN (Reflexive property)
AA N = ABPN (SSS)
MEW BPN (Definition 3-3)
m_AM = m (Theorem 9-5.1)
AM = BM (Theorem 9-5.3)
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Page 416

20.

21.

22.
23.

24.

~
Bac = A8 (Given)
(Reflexive property)
DAC - AC == ACB - AC
DA=CB (Theorem 9-5.3)
4 + 12x - 7 = 360

163
197

Apply the converse of Corollary 9-6.1b.

~
AC = BD (Theorem 9-6.3)
z = 20 (Corollary 9-6.1b)
m. D=180 - (75 + 73) = 32
z = 32 (Corollary 9-6.1a)

Page 417

25.

26.
27.

28.

29.

31.

32.

33.

34.

Use Theorem 9-7.1 and Definition 1-15.

Square or rectangle by Theorem 9-7.2, Theorem 7-1.3.

m. A+ ms MND = 180 (Theorem 9-6.2)
m. MNC + mz MND = 180 (Theorem 9-6.2)
£ A=/ MNC (Theorem 3-1.4)

m. B+ ms A =180 (Corollary 6-3.1b)
m. B + ms MNC = 180 (Postulate 2-1)

Quadrilateral BMNC is a cyclic (Theorem 9-7.2).

65 = %5(67 + ) (Theorem 9-8.2)

L(m CD) = 41 (Theorem 9-8.1)
00 (Theorem 9-8.1)

N) (Theorem 9-

AEN (Transitive property)
heorem 3-4.3)

m
—
—

2(z) = 5(3) (Theorem 9-9.4)

(ED) (Theorem 9-9.4)

L + 8.
éﬁ) (m%ﬁ ; m AN} (Theorem 9-8.
AN
m.

Page 418

35.

NN

Draw right AABC with right £ C.

Inscribe ©Q intersecting AABC in F, E, and D with

AFB, BEC and CDA.
Let » be the radius of ©Q.

Quadrilateral DQEC is a square (use Theorem 9-3.2,

Page 418
35. continued
Theorem 6-5.1 and Theorem 7-3.3)
AD = AF (Theorem 9-9.1)
BE = BF (Theorem 9-9.1)
CD = CE (Theorem 9-9.1)
CD = CE = r (Radii)
Thus AC + BC = AD + BE + CD + CE = AF + BF + 2r
(Postulate 2-1, Addition property)
36. AP = BP and DP = CP (Theorem 9-9.1)
AD = BC (Subtraction property).
37. circumference diameter 38. 9
39. 40. 30
m
41. z=150 |, 2nr
360
z =150 , 6m
360
x = 5m
2
42. 2n =80 ., 2nr
360
2m = 80 , 2nx
360
x =9
2
43, 2n = =z
360 2nr
v = &
360 - T6m
x = 45
Chapter Test
1. Tangent 2. 3 3. Greater
5. sum 6. congruent 7. w
8. 3(x) = 2(9) (Theorem 9-9.4)
x =6
9. ms DAC = 4m AC (Theorem 9-8.1)
x = m AC
Therefore x = me DAC = 47
10. 34 =3(mAE - m Eb) (Theorem 9-8.3)
34 = 4(m AE - 59)
mAE = 127
x = %(m%ﬁ + mﬁﬁ) (Theorem 9-8.2)
x = 5%(127 + 59) = 93
11. The radius of the sphere, r, is found by

e = 2ur
20m = 2mp
10 = »= PR
7R
0P + OR
0P =6

By Theorem 8-8.1, OR = 8

Therefore the circumference of ©0 = 2u(8)

. supplementary.
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Page 432

Class Exercises

oo,

Page 434

Frercises

1.
5.
9.
1.

12.
16.

19.
20.

21.

22.
23.
24,
25.
26.
27.
28.
29.

30.

31.

32.

33.

20,0) 2. (2, 1) 3. 4.
2, -2.25) 6. F 7. J 8.1
G

I 13. T or IV 14, III 15.
y-axis 17. x-axis 18.
Negative y-axis.

11T or IV
Positive x-axis

x =3 -2 |-1 |0 |1 2 |3

-10

3

-2|-4}-2

3] 3

o

wleo

{C-2, - 1), (-1, -3),00, 3, (0, 1), (2, 5/3)]
{(-2,3),(-1,6), (0, 9), (1, 12), (2, 15)}
{t-2,-2),(-1,1),(0,4), (1, 7), (2, 10)]
{(-2,10), (-1,7),(0,4), (0, 1), (2, -2)}
{(-2,10), (~1,8),(0,6), (1, 4), (2, 2)}
{(-2,3), (-1,2), (0, 1), 0,2), (2, 3)]
{C-1,4), (0, 1), (1, - 2)}

Solution set is {(-2, -7), (-1, -4), (0, -1), (1, 2),(2,5)}

Solation set is {(-2, -6),
(']s '3)s ('15 '2)5 IS
(]a 4)9'”3(25 6)a: (25 7)

Solution set is {(-2, -8), (-2, -9), (-2, -10),.
(-1, -5), (-1, -6),..., (0, -2),
(], O)"") (23 4)’ (23 3),"'}

3

{0, =3),.... (1. 1),

n

Page 434
34, Selution set is {{ -2, 6), (- 1, 4), (0, 2), (1,0),(2,2)}
35. Solution set is {(-2, 2), (-2, 3), (-2, 4),..., (-1,1),
(- 1,.2), (-1, 3),...,(0,0), (0,1),..., (1, 1),
(1, 2)seney (2, 2), (2, 3),...1
36. Solution set is {( -2, 4), (-2, 5), (-2, 6),..., (-1, 3),
(-1, 4),..., (0, Zg, (0, 3)5..., (1, 1), (1, 2),...,
(2, 2), (2, 3),...
Page 435
37. Solution set is { ..., (-1, -1), (0, -2), (1, -1),
(2, 0),...1
38. Solution set is { ..., (-1,2), (0,1), (1,0), (2,1),...3
39. Solution set is { ..., (-1, 3), (0, 2), (1, 1),(2,0),...}
40. Solution set is { ..., (-1,0), (0,0), (1,0), (2,0), ...}
41. Solution set is { ..., (2, -1), (2,0), (2,1), (2,2),...1
42. Solution set is { ..., (3,-3), (2, -2), (1, -1), (0, 0),
(1, 1),...}
43. The graph is all points above and including the x-axis.
44. The graph is a vertical strip between and including the
lines z= - 1 and z= 1
45. The graph is two lines, one bisecting quadrants I and III,
the other bisecting quadrants II and IV.
46. The graph is the two axes.
47. The graph is a line bisecting quadrants I and III with
(0, 0) removed.
48. The graph is a line bisecting quadrants II and IV with
(0, 0) removed.
49. The graph is a parabola with vertex (0, 0), axis the
y-axis, and directrix y = 4.
50. The graph is the reflection of Exercise 49 about the

x-axis.

Page 437

Class Exercises

1. the x-axis.

2. the y-axis.

3. perpendicular; The x- and y- axes are perpendicular.

4. right triangle.

5. |z, -~z |i(=, - 2,)?

6. !yz - 311 sy - Hl)z

7. (PR)Z + (QR)?

8. J(PR)® + (QR)? or (x, - 2,)% + (y, - ¥,)?
Page 440

.- @2 = T+va=p

2. /3 3. J178 4. JB2

5. /130 6. /37 7. Szt + 4y?
q

8. Jx? + y? 9. J9x? + y?
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Page 440 Page 441
Exercises continued 26. continued
10. %(7/2 + 4/3) = 29/12 c=(4, 2)
(- 3+3)=0 r=P1M=MP2=1
Midpoint is (29/12, 0)
27. P(3, 4)s Mz , 5 ); P, (- 3, 4)
. (-1, - 7/2) 12, (% -2) 13. (5, 7/2) m--m
z, = 3-3=0
14. (x, 0) 15. (3z , y) 2
y =-4+4 =0
m 2
(0, 0)
Page 441 r=PM+MP,=5
16. No, because Theorem 5-4,1 is violated. 28. AB =0DC =g
AD = BC = B%+ c?
17. A(2, 5), B(-1, 8), C(-3,10)
29. y
A =/-T-2)2+(8-5)7=/9+93 =32
AC=/[-3-3)7+(10-57=,/25+25 =52 F(2r,0)
X
BC= -3+ 7 F(T0-8)% =/F+8 =2/2 40,0
AC = AB + BC (Recall Theorem 5-4.1) M. d)
Exercises 18-20 are done in a way similar to Exercise 17
18. No. 9. Yes. 20. Yes.
21, (z, »y,) (acm.ym ) E(0, 2d)
P1 (' 3, ]O)s M(-Z, 9); Pz (xz,yz)
z, =x, +x, Yn =Yy *+ U, AM = T+ = EM
2 2 2. )
2=-3+g, 9=10+y, y
2 2
z, = -1 Yy, = 8 m
Pg(']’ 8)
22. AB=,(-3-1)2+(5+1)2= ,52=2713 .
0C(3,2)
AC=/{5-TYZ+ (5 + 1) = ,52=2/1T3 N
__ P(7,0)
BC=,/(5+3)7+(5-5)7=./66 =8
AB = AC A(5,—4)
Therefore AABC is isosceles
23, M =/0+ 07+ (4 -0)% =4/ CP = /20 = 2/
) v AP = /X0 = 2/57
AC=/EFH7+(0-072=8 CA = /30 = 2/T0
(CA)Z 2 (CP)? + (AP)?
BC=/B-0)Z+ (0-4)7%=4/7
v ) 40 = 40
(AC)2 2 (AB)2 + (BC)? Therefore ACPA is a right triangle
= and CP_1 m
(8) ? (4/2)% + (4/2)2 Thus, CP tangent to m (Theorem 9-3.1)
64 2 32 + 32 31. A(Z 3); B(14, 3); c(7, 8)
= =12
64 = 64 AC = 5/
BC = /74
Therefore AABC is a right triangle. P =AB + AC + BC
S P =12+ 5/2 +/74
24. PQ f 3\’/_SRQ;{ 8 Exercises 32-33 are dome in a way similar to Exercise 31.
Quadrﬂa;:era] PQRS is a parallelogram (Theorem 7-2.1) 3?‘ N+ 32 +/13 33. 8 + 429 +.37 + 3/2
3. Ps = 2/10, and PQ = 42
25. WX = 2/10 Quadrilateral PQRS is not a square (Definition 7-7).
XY = /29
YZ = 2/10
WZ = /29
Quadrilateral WXYZ is a parallelogram (Theorem 7-2.1)
but it is not a rhombus (Theorem 7-4.1) Page 446
26. P,(3, 2); Mz, y )5 Py (5,2 . . - 9-5 _ 4
(35 20 Moo vg)s P2 (55 2) nef- 355 3
z 3 + 5=4
2
y =2+2=2 Exercises 2-6 are done in a way similar to Exercise 1
Im
2 (continued next page) 2. -3 3.5 4. 0

72
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Page 446 Page 450
5. 1 6. Undefined 29. A(-2, 3) B(Z 7) c(8, 5) D(4, 1)
m of AD_ -2 _ 1
7. Since m is the slope of y = mr + b, the slope of ! T 8773
=2z + 2 is 2. m of BC _ -2 _ 1
= 6773
Exercises 8-12 are done in the same way as Exercise 7 .
m, of AB _ 4 _ 1
8. % 9. -2 0. 1 T 8-
m, of 0C_ 4 _,
n. 2 12. 3 4
Therefore AD / BC, AB / DC.
Thus ABCD is a parallelogram (Definition 7-1).
Page 449 30. For P(3, 7) and C(-3, 2).
The slope of CP _ 5
Exercises 1-12 arve done in the same way as the Class "6
Exercises on page 446
Therefore the slope of the tangent is 6.
1. 972 2. 8/5 3. -1 4.y /x "5
(Theorem 9-3.2 and Theorem 10-3.2)
5. _ 2 6. 4y 7. 2 8. -4
3z x 31. N(4, 4) is midpoint of AC
9. 7 10. -2 1. -3 12. -5 M(6 3) is_midpoint of AB
Slope of MN _4-3 _
13. Each of the points is found by finding the values which T 46 T 72
will satisfy the equation: _
Slope of BC + -5 _
y-1 _ 3 . Two possible points are: (3,4), (5, 7). 5_2 T
x-1 2 Therefore MN / BC (Theorem 10-3.1)
Exercises 14-16 are done in the same way as Exercise 13. 32. Draw AABC with coordinates A(zy, yi1)s B(xs , ¥2)»
Answers may vary. Possible answers are given below: Clxs o y3).
Let D and E be the respective midpoints of AB and BC.
4. (5, -1), (10, -3)  15. (0, -4), (2, -5) D(zy + 2,)/2, (yo +y1)/2 and E(xy + 2,)/2,
16. (9, 5), (12, 8) (y5 +y2)/2) (Theorem 10-2.2)
17. Reverse the steps in the proof of the first part.
18. Reverse the steps in the proof of the first part. DE =[(z, + @, - @3 ~%3)/21° + [y, + Y1 - ¥s -¥2)/2]2
19. A(-3.4)__B(3, 8) (0, 6) = (Wx1- x3)2 + (y; - Y3)° (Theorem 10.2.1);
m of A _ 84 _2
T 333 AC =z, - ©3)% + (y, -y5)2 (Theorem 10-2.1);
m, of BT _6-8 _2
“0-3°3 Hence, DE = (%) AC (Postulate 2-1).
my = my 33. Draw quadrilateral ABCD such that AC intersects BD at E.
Therefore A, B, C are collinear (Postulate 6-1) Let A(xy1sy1)s Blzzs y2)s Clxssy,), and D(§“éy“)
+
Exercises 20-24 are done in the same way as Exercise 19. EE;: : ;u)g ] yh;egrgézljéagdzg[’(xz @)/
20. No. 21. Yes. 22. No. 23.Yes. 24. No. 25. %4
25. (2, k) (3, 2k) Ty + Xy =Ty F Lys Yy FYs = Y2 + Yy (Postulate 2-1);
2 k1 Y R L (AR LS
3-2 T2
BC = J{x; -x3)7 * (y2- y3)> (Theorem 10-2.1);
k=%
= Z ¥ YK 2-1
26. Jgst finq the slope of the 1ine determined by the ﬁg - gEE%Trznz:t1véyprogeltngostulate )
given points: Similarly, AB = DC.
&y _ 7-3 4 34. Draw AABC such that A(0,a), B(a, 0), C(b, b).
Ar T 726 =F = -1 AC = BC (Theorem 10-2.1)
APBC is isosceles (Definition 3-12)
27. Find the negative reciprocal of the slope of the line Let D be the midpoint of AB, then D(a/2, a/2)
determined by the given points. (Theorem 10-2.2)
6-1 5 6 e e (b-alz)/(? Zali) i 10-5)
4 = 9= -2 i i ie - 8 Slope AB = a/ -a = -1 (Definition 10-
ng- =377T % - The negative reciprocal is - ¢ - S]oge D - slope BB =1+ -1=01
Thus, CD + AB (Theorem 10-3.2).
35. Draw equilateral quadr1latera1 PQRS with P(0, 0),
Q(@,0), R(c + a, b) and S(e, b) where ¢ < a. b%= a® -
(Given, Theorem 8-8.1)
Slope _Q.— b/(e - a),
28. A(1, 1)__B(0, 4) C(3,0) Slope RP = b/(c + a) (Definition 10-5)
m of AB _ -4-1 _ 5 SQ + RP, when Slope SQ  (-1)(Slope RP) = -1
_ 0-1 (Thgprem 10-3.2)
m, of AC _ g;l - Slope 20 + (-1)(Slope RP) = [b/(c-a)] * [(c + a)/-b] =
m, of BC _ %i% - % Therefore SQ + RP.

A, B, C, are not vertices of a right triangle since no
two sides are perpendicular (Theorem 10-3.2).
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Page 450

Page 455

Exercises continued

36.

Draw trapezoid TRAP such that P(0, 0), A(a, 0), T(2b, 2¢)

R(2a - 2d, 2¢).

Then if 0 and E are the respective midpoints of TP and RA

0(b,e), E(2a - dye)
Slope TR = slope AP = 0 (Definition 10-5)
Slope DE = (c-c)/(2a - d -b)_(Definition 10-5)
Slope TR = slope AP = slope OE (Transitive property)
OE / TR and OE / AP (Theorem 10-3.1)

Page 454
Exercises 1-6 are done in the same way as Example 4 on
page 462
1.y -9=3x-1) 2. y=-4c+5
3.y - 8=5(x+ 8) 4. y -7=(2/7)(x - 4)
5.y -9=2(x - 3) 6. y=-5
Exercises 7-12 are done in the same way as Example 6 on
page 453
7.y =3 8. = - 2x
9. y =x +2 10. y-1=(2/3)(x-7)
M. y=2x-9 12. y+1=1(4/3)(x - 5)

For Exercises 13-18 substitute the appropriate values for
mand b in y = mx + b.

13.
15.
17.

y = (3/4)x + 2 14, y =3¢+ 17
y=-x-9 16. y = -(%)x + 10
y = -(3/4)x - 8 18. y = -(1/5)z + 6

For Exercises 19-24 substitute the appropriate values for
aand b in x/a + y/b = 1 (Theorem 10 4.2)

19.
21.
23.
25.
26.
27.

28.

x/7 + y/21 =1 20. x/2 +y/5 =1
x/4 - y/3 =1 22. x/6 +y/6 =1
z/3 - y/1 =1 24, z/-2 - y/4 =1

Divide all terms by 4.
xz/4 + y/2 =1

Divide all terms by 6.
x/2 +y/3 =1

Divide all terms by 4.

y/b - x/2 =1

Use Theorem 10-4.2 to get the equation in the Two-
Intercept form, by dividing each term by 15.

y/15 - 22/15 = 1

Which can be written as:

Ed A
IR FR
2
The slope is - b , which is 15 _ 5
“a S
a —_—
2

Where a =-15/2 and b = 15, the
xz and y intercepts, respectively.

Exercises 29-36 are done the same way as Exercise 28.

29.
31.
33.
35.
37.

38.

39.

m=-(3/2), b=3,a=2 30.m=1/7,b=-2,a=1
m=3,b=-6,a=2 2. m=4/5,b=-4,q=5
m=-2,b=5, q= 24 4. m=-% b=-5g=-
m=2,b=-6,q=3 36. m=-(3/7), b =9/7,a

Since the slope of the given line is -2, the slope
of the perpendicular is L.

y - 7=2%z-1) (Theorem 10-4.1)
or

2z ty =6
The slopes of parallel lines are equal. The slope of
y +2 =%« - 7) (Theorem 10-4.1)
or, x - 2y =11
This is dome in the same way as Exercise 37.

y = 5.

40. Slope of AB _ -3-1 _
=04 .
Slope of the perpendicular to AB = %

The midpoint of AB is (3/2, - 1) (Theorem 10-2.2)

The equation of AB: y + 1 = %(x—%)

41. This is done in the same way as Exercise 40

y+2_2 (x-4)

5
42.

Cc1,5)
P(2,1)

4

Slope of PC _ 5-1 4
- o-1-2 77 3

Slope of 7 _ 3
T4

Equation of Z: y - 5 _3 (xz + 1) (Theorem 10-4.1)
4
43. A(2, -5) B(-2,5)
Slope of BB _ 5+5 5
T-2-2 T2

Fquation of A8: y 5 :%(x-z) (Theorem 10-4.1)

y _ Sz
=2
Since both x and y intercepts are 0, a =0, and b = 0.

Therefore we cannot express the equation in the form
z/a +y/b =1 (division by 0!)

44. M is the midpoint of BC
A(3, 2) _M(7/2, 4) (Theorem 10-2.2)
Slope of AM 4 - 2

y-2=4(x-3); and y = 4x - 10 (Theorem 10-4.1)

Page 457
Exercises 1-5 are done in the same way as Example 1 on
page 456.
1. =2 +y% =9 2. z* +y%*=3
2 2 2 2
3. % +y*=1/16 4, 2% + y*=1
5. x +y? =36

Exercises 6-10 are done in the same way as Example 3 on
page 456.

6. (x-2)% +(y-5)2 =9 7. x?+(y-3)2 =9

B (a2 +(y5) = 9 9. (a02)2+(y-5)% = 9

10. (z-1)% +(y-1)2 =9

Page 459

Exercises 1-10 are done in the same way as Example 3 on

page 456

1. z2 +y%2 =14 2. 22 +y? =25/4

3. z2+y%2 =3 4. x2  + y%= 144

5. x? +y%2=20 6. No.

7. VYes. 8. Yes 9. No. 10. Yes.
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Page 459

Page 460

Exercises 11-16 are done in the same way as Example 3 on
page 456

M. (g +1)? + (4=5)% = % 12. (x -8)? + (y -5)% = 8]
13. 2%+ (y - 3)° =16 14, (x +6)2 + (y - 4)2= 11
15. & + y2 = 4/9 16. (z-6)2+ (y -5) =36
17. (8, 5) P(2, 1) _

r=CP=.,52 =2/13 (Theorem 10-2.1)

(z-n)?2=(y-k)2= o

(x - 8)2+ (y - 5)2 =52

Page 460

, 0

= M52 = 2/
(x - 3) +(y +4)?
k)

19. A( -5, 3), C(r,k) B(3, 6)
C(-1, 9) (Theorem 10-2.2)
2

= AC = CB = 473
Yi; = %/73 (Theorem 10-2.1)

20. » =5
(- 5)2 +(y - 13)2 = 25

18. C(3 ) P(-3
= 3 (Theorem 10-2.1)
2 2

21. r =6
(x - 5)% + (y-6)* = 36

22. Draw quadrilateral ABCD with A(0, 0), B(2b, 2¢),

c(2d, 2¢), D(2a, 0). __

If E is the midpoint of BD and CA, then E(b- a,c )
and £ (d,e);

Thus ¢= e, and b - a = 4 (Postulate 2-1)

Slope BC = (2¢ - 2e¢)/(2p - 2d) = 0/(b - d) (Definition
10-5, Postulate 2-1)

Slope_Al AD 0 (Definition 10-5;

AD / BC (Thggrem_lp-3.1)

Similarly, CD / BA.

23. letm, 1+ 7 and m, 1 7 such that slope 7 =
Slope m, = -1/a,
S]ope m, = =1/a, (Theorem 10-3.2)
my # my ~ (Theorem 10-3.1).

24. Let 7 / k such that slope 7 = slope k= a.
If m1 2, then slope m = -1/a (Theorem 10-3.2)
Slope m * slope k= -1/a *a = -1 (Postulate 2-1)
m + k (Theorem 10-3.2).

25. Let 2/ k andm / k.
If slope k = a, then slope 7 = a, and slope m= q
(Theorem 10-3.1)
14/ m (Theorem 10-3.1)

26. Draw quadrilateral PQRS such that P(0,0), Q(b, 0),
R(e + b, a% = ¢%)s Sle,Wa? = &2).
Then PS = QR and PQ = SR (Theorem 10-2.1)
Slope SP = /a7 - ¢%/e,
Slope RQ =./a” - ¢?/(e + b- b) {(Definition 10-5)
SP / RQ (Theorem_10-3.1)
Similarly, PQ / SR.

27. Let ABCD be a quadrilateral with AB / DC and AB = DC.
If A(0,0), B(a, 0) and D(b,c), then C(a + d,e)
(Theorem 10-3.1)
Slope DA = ¢/b
Slope CB = ¢/d (Definition 10-5)
a® = (a+d-b)* (Theorem 16-2.1)
d - b =0 (Property of exponents)
DA#CB(TMomm1031)
ABCD is a parallelogram (Definition 7-1)

28. Draw rectangle XYZW such that X(0,0), Y(a, 0), W(0,b),

Z(a,b
IX = Ma% bZ(Theorem 10-2.1)
WY = Ja%= ¥ bi(Theorem 10-2.1)
IX = WY (Transitive property).
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29.

30.

31.

32.

33.

34.

35.

36.

37.

Draw AQRT with right ~ Q such that Q(0,0), R(2a, 0),
T(0,

If S is the m1dpo1nt of TR, S(a,b} (Theorem 10-2.2)

QS = /g~ + b2(Theorem 10-2.1)

TR = J/&a® + 4b% (Theorem 10-2.1)

TR = 2QS (Transitive property).

Draw AMOP such that M(0, 0), 0(2a, 0), P(2b, 2¢c).

If T is the midpoint of PO then T (b +a,e ) (Theorem 10-2.2)
TA / OM where A is in PM (Given)

A (x,e) (Theorem 10-3.1)

Midpoint PM (b,c) (Theorem 10-2.2)

A (b,e) (Postulate 2-4, Transitive property).

See solution for Exercise 36 on page 450.

Draw trapezoid DRAT such that D (0, 0), R(2a,0),
A(2d, 2¢), T(2b, 2¢c).
If E and F are the respective midpoints of TD and AR,
E (bse), and F(d + a,c) (Theorem 10-2.2)
EF = dta - b, (Theorem 10-2.1)
DR = 2a, TA = 2d - 2b (Theorem 10-2.1)
DR+ TA=2a+2d - 2b =2(d + a- b) (Addition property)
EF = (%)(DR + TA) (Transitive property)

Draw trapezoid DING with D(0,0), I(a, 0), N(a-d,c),

o
o
T/

GD = + ¢

NI = /4% + c2(Theorem 10-2.1)

GD = NI (Given)

b = d(Postulate 2-1

GI = éTheorem 10-2.1
ND = Theorem 10-2.1
GI = (Postulate 2-1)

DraY AABC with £ A a right angle, and A(0, 0}, B(a, 0),
C(0,a).

BC = vﬁ + a? = /24 (Theorem 10-2.1)

AB = Ja (Theorem 10-2.1)

J2RB = (Multiplication property).

Draw OP with P(O 0), and r = a.

Inscribe £ ABC in ©P with A(0,a), B(z,y), and C(0, -a)

Slope BB = (y - a)/x, (Def1n1t10n 10-5)

Slope BC = (y +a)/z (Definition 10-5)

22 + y?= g% (Definition 9-2])

(y - al/x + (y +a)/x = (y* -a®)/x* = -2%/*
__(Multiplication property, Postu]ate 2-1)

BC + AB (Theorem 10-3.2)

£ BBC is a right angle (Theorem 2-6.5).

in

Draw trapezoid CAMP with C(0,0), A(2a, 0), M{2a - 24, 2¢)
and P(2b, 2¢).

IfS, T, E, and W are the midpoints of the sides
(reading counterclockwise) then S (a, 0), T(2a- d, e),
E(a -d +b, 2¢), and W(b,c) (Theorem 10-2.2

CAMP is an isoscles trapezoid (Given)

b=4d %Postu]ate 2-1)
ST a - d)° te®,

TE = J/(a - b)?+c2(Theorem 10-2.1)

ST = TE (Transitive property)
Slope ST = e¢/(a - d)
Slope WE = ¢/{(a - d) (Def1nit10n 10-5)

ST / WE (Theorem 10-3
Similarly, TE / SW.
STEW is a rhombus (Definition 7-6).

Draw parallelogram MEAT such that M(0, 0), E(a, 0),
Ab +a, e)s T(b 5 e).

TE = MA (Given)

b - a)2 +02=¢6%2=(b+a)?+

2b (-2 =0, then, either b =
(Mu]t1p11cat1on property)

a # 0, otherwise we have no parallelogram
= 0 (Property of disjunction)

Ala,e), T(0,e) (Postulate 2-1)

MEAT is a rectangle (Definition 7-5)

e/ -a * efa = - 1 (Given, Theorem 10-3.2), or

e? = ¢*(Multiplication property)

MT = ME, and MEAT is a rhombus (Definition 7-6)

MEAT is a square (Definition 7-7).

c? (Postulate 2-1)
Oora =0
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Page 460

Exercises continued

38.

39.

Draw APOT with P(0, 0), 0(2a, 0), T(2b, 2¢). _ __

If R, A, and G are the respective midpoints of PO, OT,
and TP, then R(a, 0), A(b +a,c ), and G(b, ¢)
(Theorem 10-2.2)

GP = VBT ¥ &7, (Theorem 10-2.1}
PR =a, RG = /(b - a)? + ¢Z, (Theorem 10-2.1}
0A =B - a + c (Theorem 10-2,1)
OR = a, AR = b + e (Theorem 10-2.1)

AGPR = AARO (SSS)
Use a similar procedure to prove the remaining
triangles congruent.

Draw rhombus APEX such that A(0, 0), P(2a,0), E(2a + 2b,

2¢), X(2b, 2¢).

If L, I, N, and T are midpoints of the respective
sides, L{a, 0}, I{2a +b,e), N{a + 2b, 2¢}, and
T(bse) (Theorem 10-2.2)

Slope LI = ¢/(a +b) (Definition 10-5)

Slope NI = ¢/ (b - a) (Definition 10-5)

Slope N NT - ¢/(a + b) (Definition 10-5)

LI / NT (Theorem 10-3.1)

= b2 + ¢2 (Theorem 7-4.1)

c/(b-a) s o/fa+b) =c® J(b% - a®) =% /- &% = -]

__jPostu]ate 2-1)

LI + NI (Theorem 10-3.2)

m. LIN = 90 (Theorem 2-6.5)

LINT is a rectangle (Definition 7-5).

Page 461

Review Exercises

1.

(0, 0) 2. (-4.5,0) 3. (5.5, -5.5) 4. (0, 4.5)

5. B 6. G 7. E 8. H
9. JIxZ * 1657 0. 3
3
1. J/37.04 12. 5 +.,/8 + /170
Page 462
13. A(5,2) B(8, -1) C(10,-3)
Slope of AB _ -1-2 _
_ g5 =-1
Slope of AC _ -3-2 _ 1
- 10-5 T 7
Therefore A, B, C, are collinear (Postulate 6-1)
14. A(O 82) (BY6, -2) C(3, 6)
Ac - 30)7 + (6+2]7 =73
BC = J/(3-6) + (6 +2)% = /73
AC = BC
Therefore AABC is isosceles
15. M(4, %)is the midpoint of BC
= JEO)F ¥ (5 _ )7
2
AM = /T6 + 9/4
AM = /7374 = %/73
16. A(-5, 13), C(h.k) B(3,7)
Midpoint of AB is C(-1,10)
= AC = (B =5 (Theorem 10-2.1)
5 8
17. -3 18. ~ 8 19, 7
1 1
20. 2 21, 2 2. 3
23. A(-2, 3),__ B(-3, -2), (9, 6)
Slope of AB _ -5 _ ¢
Slope of AC _ 3
=N continued next page
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23.

24.

25.

26.
28.

32.
34.
36.
38.

39.

40.

Page 462
continued
Therefore A, B, C, are not collinear since slopes are not
equal.
This is not a right triangle since no two sides have
slopes which are negative reciprocals of each other.
6x +5y-7=20
L5 .1
TS
Slope of given line is -6/5
Therefore slope of the perpendicular is 5/6.
y+8=1(2/3) (x-2) 27.y -9 =(3/10) (x - 3)
y = -(2/5)x - % 29. («x/7) + (y/ -2} =1
y=2x-6 3.y =x2-%
m=2/3, a=3, 33.m =5/3, a= 3,
b=-2 b =-5
m=17/12, a = 16/7, 3B5.m =-10, a = 2/5,
b=- (4/3) b =
m=7/5,a=1/7, 37.m =-2/3,a=17/2,
=-1/5 b =17/3

A(2, 3), _B(-2,5)

Slope of AB - 5-3

The midpoint of A is (0, 4)

Therefore the equation of the perpendicular bisector
is y - 4 = %(z-0), or

y =hx+4

22 +y? = p

@ +y° =(l)z
. 2
2
=ty =2—9-1225

Exercises 41-43 are done in a way similar to Example 40.

41, «?

+y? =12, 82, 2 +y?=Y% 43, 2% + 4% =1

44, (7, 4);

2
(z-7)2+(y-8)72=4

Exercises 45-47 are done in a way similar to Example 44.

45, x + (y + 2)Z = 46. (x +2)2+ (y+3)2=25
x? + y? 1/]6
Page 463
Chapter Test
1. y
‘%X“’S y= 3x—5

} /f

Find the midpoint of the given segment and then find the
midpoints of the two remaining segments. These points
are (-6,0), (0,0), (6,0).

See solution of Exercise 35 on page 460.

y =2 -1
(z-3)% + (y + 2)2 = 58

y =z -1
0
A]l of the slopes are 3; ,1) is between (3,-3) and
-2, 3), since /13 + vrl = 5 /T3.
3

See solution of Exercise 48 on page 462.
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Class Exercises

1.

The Tocus is two interse&%jng lines that bisect the
angles formed by BC and AD.

The locus is a line parallel to both lines and halfway
between them.

The locus is the perpendicular bisector of the line of
centers.

'y

v

The locus is the point of intersection of the
perpendicular bisectors of the sides.

The Tocus is a circle with center (-1, -3) and radius
7. (x+1)2 + (y + 3)% = 49.

Page 468

Exercises

(o WS IF — XY nN —

See Class Exercise 2.

See Class Exercise 1. 1f T3 1 E—B-), the lines forming the
locus will be perpendicular also.

Locus = {{ax,y): x* + y2 < 49].

Locus z,y): xt + y? > 4],

Locus = {(a,y): 4 < z%+ y2 < 49}.

i on

The Tocus is any point in a line parallel to and 3 units
away from AB. _

The locus is the line perpendicular to AB at C.

The locus is a circle whose equation is xz% + y2 = 9.
The locus is the interior of a circle whose equation is

2?2+ y% =9,

SOLUTIONS FOR PAGES 466-469

Page 468
11. No locus exists.
12. The midpoint of AB is the Tocus.
13. The dashed circle is the required locus.
y
F :
—4 \\\ ’ 4
—4
14. The locus is a pair of lines whose intersection is the
given point.
15. Y
—21
ST
-2 4 2
—24
16.
17.
18.
19.
2;?’
A/// N 74
7 -2 4 2 ///’
_2--
v
A/ 7
Page 469
20. We must find the perpendicular bisector of the given
segment. First find the midpoint, (11/2, 5) then the
negative reciprocal of the slope of the given segment-7/2.
The equation of this perpendicular bisector is
14z + 4y = 97.
21. (x-7)% + (y + 2)2 = 5. See solution of Exercise 17 on
page 459.
22. (x-5)% + (y + 2)% = 13. See solution of Exercise 19 on

page 460.
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Page 469
23.
y

<« f; } x
This curve is called a hypercycloid of four cusps, other
hypercycloids are possible. Although further
investigation of this curve is beyond the scope of this
course, careful drawing should produce this interesting
Tocus.

24, Find the intersection of the perpendicular bisector of
PR and PQ.

25. Find the intersection of the angle bisector of £ R and fTi

26. The locus of points at a distance of more than 13 units
from the origin is x? + y2> 169. The point (-5,12) is
13 units from the origin. Therefore the point (-5,12)
is not in the locus.

27. See Section 11-3 Construction 1.

Page 475

23. The medians always intersect in a common point
inside the triangle.

24. The medians always intersect in a common point inside
the triangle.

25, The medians always intersect in a common point inside
the triangle.

26. The altitudes always intersect in a common point not
necessarily in the interior of the triangle.

27. Construct a right triangle with sides 1, 1,2

28. Construct a right triangle with sides 1, /3, 2.

29. The third angle of the triangle in Exercise 28 may be

used.

Page 476
3. They are corresponding angles.
4. Corollary 6-2.1a
Page 478
15. Add a 45° angle to a 90° angle.
Page 479
22. The angle bisectors intersect in a common point.
Page 487
22. The circle is inscribed in the triangle in both cases.

78

Page 492
Exercises

2. See Construction 18 on page 491.

3. See Construction 19 on page 491.

4. To prove this corollary simply have students prove that
since the perpendicular bisectors of the sides of the
triangle determined by the three given noncollinear
points are unique, and by Theorem 11-7.1 are concurrent
at a unique point, the circumcircle of a triangle (with
center at this point of concurrence) is also unique.

5. Assume that two nonconcentric distinct circles intersect
in more than two points, say three points. Then these.
three points would determine two distinct circles. This
is impossible by Corollary 11-7.1a. Therefore reject
the hypothesis and reach the desired conclusion.

6. 4 7. 8 8. 15/2 9. 7/2

1. (5,4) 12. (0,0) 13, (9-/4T, 9-/4T) or
approximately (2.6, 2.6)
14. (Lo , 8
3 3
16. 3
17. It is the length of the perpendicular from X to BC.

Review Exercises

1.

y=3andy = - 3.

2. A line parallel to the two given lines and midway
between them.
3. The locus is all points in the open disc with radius
three; that is, z® + y? < 9.
4. Ly
V//
24
_2;/ x
r=19
7.
7
5. Locus {(6, 6), (6, -6), (-6, -6), (-6, 6)].
Page 494
45. 20 46. 9 47. 3
3
Chapter Test
1. y
45° 45°
< X
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Page 494 Page 506
Chapter Test continued 13, (R,)s5 (R,)s (R)
14. (R,)s (R,).
2. 15. (Ry): (R,).
y 16. (R,)s (R,)s (Rg).
17. No. add 4(R,).
18. No, add 4(Re).
19. Yes.
20. Because AABD = AACD.
21. 9 1
< x 22. 56 23. 25 60 24, z?
25. 9 26. 12% 27, hxPy?
]
28. 4x* 29. 72 30. 26 32
1 .22
3. @Y 32 8" 33. gix times greater.
A Parabola. 34. unchanged 35. nine times greater.

36. Sixteen times greater.

37. BD=BC (Theorem 7-1.2)
Page 495 M = BM
mw. A =290 =m B (Theorem 7-3.1)
3. AAMD = ABMC (SAS)
y AAAMD = #ABMC (Postulate 12-2)

38. Draw ME + DC such that DEC.
AMAD = ADEM (HL)
fﬁlﬂ?z AMBC == ACEM (HL)
<« x AAMAD = AADEM (Postulate 12-2)
4AMBC = UACEM (Postulate 12-2)
LN AAMAD + AAMBC = AADEM + #ACEM (Postulate 12-3)
-~ AADMC = (%) 4 rectangle ABCD (Postulate 2-1)

F*’/ 39.

83|

= ED (Addition property)
D = GC (Theorem 3-4.2)

GDC = £ GCD (Theorem 3-4.2)
ABC = AFED (ASA)

= |z ANABC = AAFED (Postulate 12-2)

=z 4 quadrilateral AGDB =4 quadrilateral GFEC
z-a)® + (y-b)% = 9 (Postulate 12-3).

~ o

Page 501 Page 507

Exercises 40.

Ilr"
o~

Let # =
4 =bh
7. (a +b Jbz -3 (a+b Je) +1 =0 (Given) 30
a+3a,bc-3a+'| 0, and
3a%b +bc-3b (Given
(a - b/e)? -3a-bf + ]

2h + 2b
8 + 2b
1
Therefore & =

o
n o n

a® + 3ab?c - 3a + 1 -

(3a2bJ5 + b3a/e- 3b/2) = 0 -c(3a®h + b3% - 3b) = 0 Exercises 41 and 42 are dome in a way similar to Ezample 40.
-J/e » 0 =0 (Postulate 2-1).
41. 50 42. 36
8. (x - rl)(x -r,) {z-r) = - ra® - ra? - rz? 4+
r v, + riryx +r,r,a - rr,r,= x} + ax? bx + ¢ 43. 4 = bk
(Transitive property) 48 = 16k, and h = 3.
a=-(r, +r +r ) ,O0r- a=r +7, +r,
(Postulate 3-1) 44, 4 =bn
120 = 151
h =28
The length of the diagonal (17) is found using
Theorem 8-8.1.
Page 505
45,
Exercises . 50°
1. True. 2. True. 3. False. 2 h
4. False. PQ * QRor PQ « PSor QR « RS or PS « RS 8
5. True 30 In
6. False; it also includes the triangle. b
7. False; a pentagon and its interior is a polygonal region. _ _
8. The area of a square is b*h; but b = 4, so# = b2 or s?, h =10, b =h /3 = 16/3 (Corollary 8-9.3b)
where s = b = length of a side. 4= = 100/3

9. See Example 1 on page 505.

10. Student drawing (answer may vary).
11. Student drawing (answer may vary).
12. Student drawing (answer may vary).
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Page 507 Page 511
Exercises continued 4, k =% bh
10 = 5(2)
46. h=10
~ x -5
20 45° 5. 5 6. x
o 7. £=%71, -1,
4 s 4 =1 (3){84) =6 (The legs are the two shorter lengths)
b xy
8. 330 9. 2
b =h (th rectangle is a square).
4 = 1(20) 10. #AABC = %&?’/_) 6) (sin60) (Theorem 12-2.5)
or =1 32@ = 45/2
h 2 (Theorem 8-9.1) 2
h = 10/_ =b
4 = bn = 200 1. 4 =13(8)(16) = 64 (Theorem 12-2.1)
47. 12, 4= s2/3 ands = 3
60° 4
20 4 =9/3
h 4
30 3 Exercises 13-15 are done in a way similar to Example 12
13. 21/3 14. 96/3 15. 36 z%/3
n =10, b =106/3 (Corollary 8-9.3b)
4 = pn 16. £ =1r%/3, andh = 2
4 =100/3 3
48. y2+ 8= (y+4) (y-2) 4 =43
y‘+8=yg+2y-8 ﬁé:
y =28
The altitude is y + 4 = 12 Exercises 17-19 are done in a way similar to Example 16.
ThebaseiSy—2=6
17. 8173 18. 72/3 19. 48¢%/3
49. L F =/ BEC (Corollary 6-3.1a)
L ADF = £ C (Corollary 6-3.1a) 20. Since DE = BE, and both AAED and AAEB share the same
BE = AF (Theorem 7-1.2) altitude from A to BD (Corollary 12-2.2a)
ABCE = AADF (AAS) ANAED = 4AAEB (Corollary 12-2.2a)
ANBCE = AADF (Postulate 12-2) Similarly, #4AAEB = AACEB, and "AACEB = 4ADEC.
A4ABCE + 4 quadrilateral ABED = 4AADF + £ quadrilateral
ABED (Postulate 12-3) 21. ApACB = (1/2)( AC « BC) (Theorem 12-2.1)
A4 rectangle ABCD = # parallelogram ABEF (Postulate 2-1). AAACB = (3%)(CD « AB) (Theorem 12-2.2)
(%)(AC « BC) = (%)(CD » AB) (Transitive property)

50. By drawing MK and NL, students may prove the eight AC + BC = CD « AB {Multiplication property).
trianglies congruent.
Apply Theorem 12-1.1 and Cor‘o]]ary 12-1.1a,
4 quadrilateral MNKL = %(MK)2 = 35(AD)2 = % . square ABCD.

Class Exercises Page 512
1. bh 22. An altitude from P to QR is an altitude of APQR, AMPN
2. They are congruent and equal in area. and AMPQ.
3. ApABC =% £ ABCD. 9 AAMPN _ MN AAMPQ _ QM
4. (p) (n) AAPQR © QR (Theorem 12-2.4) #APQR
5. Right triang]es. 4 4
6. (%) (p) AAMPN 2 »“A""%Qzé
7. (%)s (q) P ] ? 6
8. ADC; BDC (Postulate 12-3) 4 4 _
9. (%) (p)s (%)s (q) AMPN = 8 AMPQ =
10. (p+ q)s (b). .
23. See Class Exercises 1-4 on Page 507.
24. See (Class Exercises 6-13 on Pages 507-8.
25. Use either Postulate 2-1 and Theorem 12-2.2, or
Corollary 12-2.2a.
Page 508 26. Refer to the proof of Theorem 12-2.3 on page 510.
}; Bch ADC_ L 27. Refer to the figure for Example 4.
2. (=) (q); (a) (p) IfDE = £, DF = ¢, and EF = d, then sin £ F = DN/e
- g - p)s (B). (Definition 8-9), or

DN = e (sin £ F) (Multiplication propert )s
AADEF = (33)(EF « DN) = (%)d [e(sin £ F) 1 = (%)de (sinL F)
(Theorem 12-2.2, Postulate 2-1, Closure).

Page 511 28. Let AD be an altitude of equilateral AABC where AC = AB =

. BC =

Exercises AD = (J)/z (Theorem 8-9.3)

14 = ANRBC = (%) (B C,Z- AD) = 21-3 -2 ?/3C{2 (§2f

. B Th 12-2.2, Postulate s Closure

4-503)(8) - 12 (Theorem S

2. 153 3. 3(s +2) 29. LeKDA? be an altitude of equilateral AABC such that
2 2 = (2hf (Corollary 8-9.3a)

= (2hf§) (Trans1t1ve property)
ﬂAABC = (%) ( C« AD) = (%) ([2hf)/3] «h= n3/3)/3
(Theorem 12-2.2, Postulate 2-1, Closure).
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Page 512 Page 512
Exercises continued 40. An altitude from A to BC is an altitude of AABD and AABC.
AAABD  BD 1
30. BC is base of ADBC and AABC AARBC = BC = 6 (Theorem 12-2.4)
#ADBC _ DF _ 3 1
ARBC = AE = 8 (Theorem 12-2.3) Therefore #AABD = 6 #AABC (1)

31. #ADBC _ 3 Similarly, 4AABE _ AE 4 _ 2
AARBC ~ 8 from Exercise 30. JIARBC c =70 ° 5
Therefore #ADBC is wAABc 2

Therefore 4AABE = 5 AnABC. (11)
Thus the area of the shaded region is BJAABC
Similarly, #AAFE 6 _ 2
32. m B =_m. BAM (Theorem 3-4.2) AARBE T 9 T 3.
AM=CM (Transitive property) 2
m. C =m CAM (Theorem 3-4.2) Therefore #AAFE = 3 AAABE (IIT)
m. B + m. BAM +ms C + m. CAM = 180 (Theorem 6-4.2) Substitute (II).into (III):
m. BAM + mz CAM = 90 (Subtraction property) 2 (2 4
ANABC = (1 )(AB « AC) (Theorem 12-2. 1) AAAFE = 3 \5 HAABC = 15 4AABC (1IV)
AECDF = 4AABC - (AABD + YAAFE)

33. AAADE = %(2)(8) sin L A= 8sin s A AECDF = 4AABC - (1 ANABC + 4 ANAFE) = 17 4AABC
ANRBC = %(10)(12) sin £ A = 60 sin £ A 15 30
AAADE 8 sin £ A 8 2

AABC © 60 sin Z A~ 60 - 15

34, AAF10 = 55(5)(4) sin £ F =10 sin L F Page 513
ANFGH = %(7)(10) sin £ F = 35 sin L F —

AAF1) _ 10 _ 2 41. An altitude from Q to PR is an altitude for AQNR and
AAFGH 5" 7 APQR.
AAQNR 3
35. AAKMN = %(9)(5) sin L K = % sin £ K AAPQR = a (Theorem 12-2.4)
3
AAKLP = %(11)(9) sin L K = %9_ in L K Therefore JﬁQNR 8 AAPQR (1)
Similarly, #AQKR 8 2

45 OQNR =3
AAKMN 2 1_ 5 2
AKLP =99 =99 = 1T Therefore #AQKR = 3 4AQNR (11)

2 _ Substitute (I)into (II):

36. Draw altitude AE, BE = EC = 5 ANQKR = 2 (3 JAPQRj = %APQR.
(AB)2 = (AE)? + (BE)2 (Theorem 8-8.1) 3\8
(13)% = (AE)? + (5)%
AE = 12 42. This exercise is done in the same way as Exercise 40.
AAABC = %(BC)(AE) = %(10)(12) =
AAABC = %(AC)(BD) 25/56
60 = %(13)(BD)
BD = 120 43.
a3 c F

37. Draw DE + AC at E, and BF + AC at F. B
ARED = ACFB (AAS)

DE = BF (Definition 3-3) G
ANADP = AAABP (Corollary 12-2.2a). .
38. Draw quadrilateral ABCD, where AC and BD meet at E. p b

AAARED + JADEC = ANBEC + HADEC (Postulate 12-3)
ANADC_= #ABDC =(Subtraction property)
Draw AF + DC and BH + DC.
AF = BH (Theorem 12-2.2)
AF / BH (Theorem 6-1.1)
Quadrilateral AFHB is a parallelogram (Theorem 7-2.2)
AB / DC (Definition 7-1) 4
Similarly, AD / BH
Quadrilateral ABCD is a parallelogram (Definition 7-1)
Equilateral AABC is circumscribed about circle 0,

39. An altitude from A to BE is an altitude of AAFB and AABE. which is circumscribed about equilateral ADEF. The
ApABF _BF 3 1 difference of the areas of AABC and ADEF is #AADE +
#ARBE = BE = 9 = 3 (Theorem 12-2.4) AABDF + AACEF. Since these are congruent triangles and

each is congruent to ADEF, we need simply find OE,
Therefore #AABF = 3#AABF (1) where 4ADEF = 25/3. Since #ADEF = EGZ/3 = 25/3,
.An altitude from B to AC is an altitude of AABE and AABC. EG = /——M . But, OFE = 2EG/3.
3 N
#MABE _ AE 42 Therefore OF = 2 /2573 - 10 /3.3 _ 10 /3/3
AMRBC "ACTT0 T 5 373 SY'33=79
Therefore #AABE = 2/5 4AABC (11) 44. Draw AMBC with medians AE, CD, and BF meeting at G.
Substitute (II)into (I): (%)(AE) (Theorem 11-7.3)
sﬁABGE = (%) 4AABE (Theorem 11-7.3)
ANABF = % (2/5 #AABC) ANRBE = (1) JARBC (See Example 2)
ANRBF = 2 ANABC. AABGE = (%)(12) JAABC (Postulate 2-1)
15 ANBGE = }51/6) AAABC (Closure)
ANBGE = AAEGC (See Example 2).

Repeat this procedure to show that the remaining
triangles are equal in area.

81
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Exercises continued 17. S
45. 60 60°
h h
30° x s 9 al x 30°
-
v
17
x+ 9 +2x=17
x =4
x=hJ3, h=4/3
—_ 3 —_
A = 4(4/3 (9 +17) = 52/3
3 3
Draw median AE
From Exercise 44: A1 = 4p2 = 4A3 = dad = 405 = 4p6 8. 30° 2 30°
ANBGC = 48
AT +4dp2 = 48
ANY = dp2 = 24 n
ANABC = 6(24) = 144
60°r 9 160
40RBC = 3(AB)(AC)sin £ A (Theorem 12-2.5) X — x
144 = 3(x) (x) sin 30 17
148 = 122(3)
x = 24 = BA = CA x+9+ax =17
x =14
46. Construct oP = oQ with diameter d. ho=x/3=4/3
Inscribe AABC in ©P and ADEF in @Q. 4 = 3(4/3)(9 +17) = 52/3
Let AG and DH be the respective altitudes of AABC
and ADEF.
AB + AC = AG *» 4 and DE+DF = DHed (Ex.43, Section 9-6)
ANRBC = (%) (AG,- BC) (Theorem 12-2.2)
AG = (24AABC)/BC (Multiplication property)
AB « AC = [(24AABC)/BC]d (Postulate 2-1)
Similarly, DE + DF = [ (24ADEF)/EF1d
ANABC/YADEF = (AB - AC * BC)/(DE « DF = EF)
(Transitive property, Division property).
Exercise 19 is done in the same way as Exercise 16
47. AC/CE = 4AAHC/#AERC (Theorem 12-2.4)

AH/HF = AAAHC/AFCH (Theorem 12-2.4)
AAEHC = JAFCH (Theorem 12-2.4)

AEHC = 4AFCH (Corollary 12-2.2b)
AC/CE = AH/HF (Transitive property).

Page 517

Class Exercises

w N —

1

4

7.
10.
1
12

. 48/2

LN

2. 75 3. 10«2
5. 4% 6. 3x
8. 147/16 9. 49x2

. 76
. Since the diagonal of a parallelogram partitions it
into two congruent triangles, find the area of one of

these triangles and then double this result.

»¢A = 4ab Sin £ C (Theorem 12-2.5)
= 4(8)(12) Sin 30 = 24

ZJA 48 = Area of the parallelogram.
14. 48/3 15. 96

RS

(4)(9 +17) = 52

19. 52
20. y
45°4 a5
45° y b 45°
“ — x
20
x =4
x+y +x=20
y =12
# = 5(4) (y +20)
4 =2(12 + 20) = 64
21. x
16
-
. —~ J
2x
4 = 35016)(x + 2x)
144 = 8(3z
144 = 24«
x=6
2z = 12
Page 518
22. Let x = length of shorter base.
x+ 1= 1ength of longer base.
4 = ‘/zh(b

82

x =

2)
27 = 1 (3$(x+x+1)
+1 =

8%, and x

9%



SOLUTIONS FOR PAGES 518-519

Page 518

Exercises continued

23.
b1

gTheorem 12-3.3)

(Theorem 7-7.2)
(Substitution property)

24, 4 = nm from Exercise 23
20 = 5m, and m = 4

Exercises 25-27 are done in a way similar to Exercise 24.

35
25. 3.2 26. 5.1 27. 31
28. Draw paral]e]ogram ABCD with diagonal AC.
AAADC = (%)(AD « DC « sin D) (Theorem 12-2.5)
AADC ”ACBA (Theorem 7-1.1)
ANADC = #ACBA (Postulate 12-2)
ANADC = (1) # parallelogram ABCD (Postulate 12-3)

4 parallelogram ABCD = AD « DC + sin 2 D (Postulate 2-1)

29. See the solution for Exercise 12 on page 517.

10(15) sin 30 (Theorem 12-2.5)
150(%) = 75

nou

100(15) s1n 45
150(% v/2) = 75/2

(10)(15) sin 60
150(% /3) = 75/3

(10)(15) = 150

31.

non

BORRE RR BR
non

32.

33. The diagonals of a square are congruent;
sod =Y%ded= %d?

34. %(SQ)(RP) = %(16)(12) = 96 (Theorem 12-3.2)
=10 (Theorem 8-8.1)
= (PT)(S )
96 = £(10)
x =9.6
35. 4 8 B
X h
H
D 4 E 8 c
30 = 48 + 12), and » = 3
x? = h?2 +(4)2 ; andx =5
3. KG = 15 (Theorem 8-8.1)
AEFGJ = 35(16)(30) = 240 (Theorem 12-3.2)
AEFGJ = 17¢  (Theorem 12-3.1)
240 = 17x
x = 240/17
37.
A P B
D E c

Construct parallelogram ABCD with PE L DC at E.

A4ADPC = (4)(PE « DC) (Theorem 12-2.2)

4 parallelogram ABCD = PE « DC (Theorem 12-3.1)

A4 parallelogram ABCD = 2JADPC (Transitive property)

The remaining half of &/ parallelogram ABCD is ¥AAPD +
AABPC (Postulate 12-3)

AAAPD + SABPC = AADPC (Postulate 2-1).

Page 518
38. Construct parallelogram ABCD to meet the given conditions.
AE is a median of AABD (Theorem 7-1.5)
AADEA = (%)4AABD (Theorem 12-2.4)
AABD = ACDB Theorem 7-1.1)
AAABD = (‘) parallelogram ABCD (Postulate 12-3)
#ADEA = (%)4 parallelogram ABCD (Postulate 2-1).
39. Construct altitude AH from A to DC.
EP = FP (Theorem 7-6.1) .
MP is a median of trapezoid AEFD and NP is a median
of trapezoid CFEB (Definition 7-11)
4 trapezoid AEFD = MP - AH where AH . DC at H,
and 4 trapezo1d (:‘JEB + AH E(Se Exercise
A4 trapezoid AEFD trapezmd CFEB FTransH:lve property).
40. The altitude of this trapezoid has length 4/3
(Theorem 8-9.3) _
4 = 15(4/3) (15 + 23) = 76/3
41. AAADB = #4ACBD (Theorem 7-1.1, Postulate 12-2)
AAPGB = 4ABFP (Theorem 7-1.1, Postulate 12-2)
ANPED = AADHP (Theorem 7-1.1, Postulate 12-2).
4 parallelogram AGPE = #AADB - 4APGB - #APED = #ACBD
- 4ABFP - #ADHP (Postulate 12-3) = 4 parallelogram CFPH.
Page 519
42. Construct €PF + 8D at F.
Let BC intersect EPF at E.
ANAPD = (%) (PF » AD) (Theorem 12-2.2)
AABPC = (%)(PE « BC) (Theorem 12-2.2)
BC = AD (Definition 7-1)
AAAPD + AABPC = (%)(PF « AD) + (%)(PE - BC) =
(3)BC (PF + PE) = (%)BC (EF) = (!5) 4 parallelogram
ABCD (Theorem 12-3.1).
43. 4
D ‘r B
C
Draw quadrilateral ABCD such that AC v BD at E.
Let AE = g, DE = b, BE = d, and EC = c.
ADAED = (%)ab, 4DAEB = (%)ad, 4ADEC = (%)be
ANBEC = (%)ed (Theorem 12-2.1).
A quadrilateral ABCD = #AAED + SAAEB + #ADEC + #ABEC
(Postulate 12-3)
A4 quadrilateral ABCD = (%)ab + (%)ad + (%)be + (%)ed
(Postulate 2-1)
4 quadrilateral ABCD = (%)[a(b + d) + c(b + d)]
(Distributive property)
4 quadrilateral ABCD = (%)(b + d) (a + e)
(Distributive property)
quadrilateral ABCD = (%)BD « AC (Postulate 2-1)
44 .

ENE

\/
}éﬁ\

B L
G C

Draw AABC with inscribed ©Q such that E, F, and G are the
points_of tangency with AEB, AFC, and BGC.
QE + AB (Theorem 9-3.2)
QG 1+ BC (Theorem 9-3.2)
Q_ A__ (Theorem 9-3.2)
= QF = QG (Radii)

AABC JAAQB + 4ABQC + #AAQC (Postulate 12-3)
AnABC = (%) (AB)(QE) + (35)(BC)(QG) + (%)(AC)(QF)

(Theorem 12-2.2)
AARBC = (%)(QE)(AB + BC + AC) (Distributive property).
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45. Construct parallelogram ABCD with DM = MC. 13. The area of the square is 42 = 16, a = 2 (isosceles
Draw AM. right triangle)
Construct AE + DC at E.
AAADM = (33)(AE « DM) (Theorem 12-2.2) 14, 3336 15. 3%, 49 16. 6z, 144x?
4 parallelogram ABCD = AE + DC (Theorem 12-3.1)
DM = (%)DC ?Definition 1-15) 17.

AAADM = (%) (AE « DC) (Postulate 2-1)
AAADM = (%) # parallelogram ABCD (Postulate 2-1)
34AADM = 4 trapezoid MCBA (Subtraction property).

46. Construct trapezoid ABCD such that AB < CD. AA
Draw PM and PN. _ _ ]
Construct PF 1 DC at F such that PF intersects MN at E. 4 C B
PE = EF (Theorem 7-6.1)
PE = (%)PF {Definition 7-11) m AOB = 360/6 = 60
ANMPN = (%) (PE -« MN} (Theorem 12-2.1) mZAOC = ms BOC = 30
ANMPN = (3)[(3)PF] « MN = (%)(PF + MN) (Postulate 2-1, AB =3g; p=6s
Closure) 36 =6s; 8 =6
A4 trapezoid ABCD = PF « MN (Exercise 23) AC = CB =3
AMMPN = (%) 4 trapezoid ABCD (Postulate 2-1). 8 3\/5
=Yg
47. Construct AABC subject to the given conditions. 4 = 5(3/3) (36) = 54/3
Draw MN.
Construct AF + BC at F. Exercises 18-20 are dome in a way similar to Exercise 17.
Let MN intersect AF at E. _ _
MN / DE (Theorem 7-6.2) 18. 2/3; 24/3 19. 5/3/2; 75/3/2
Quadrilateral MNED is a parallelogram (Definition 7-1)
AE = EF (Theorem 7-6.4) 20. 25/3/6; 625/3/2
EF = (%)AF (Theorem 7-6.4) D
4 parallelogram MNED = EF « MN (Theorem 12-3.1) 21.
AAMBC = (3)(BC + AF) (Theorem 12-2.2)
MN = (%)BC (Theorem 7-6.3)
4 parallelogram MNED = [ (%)(AF)I[ (3)(BC)] = %(AF-BC),
A4 parallelogram MNED = (%) 4AABC (Postulate 2-1).
48. Construct trapezoid ABCD with AB < DC and M as the 3o°60
midpoint of BC. I a— B
Draw AM and DC._
Construct AH . DC at H m.AOB = 360/3 = 120
MF 1 AH at F m/AOC = m/BOC = 60
DE . MF at E. __ p=3s, 18=3s ,8=6
ME intersects AD at N. AC=CB =3
AAFN = ADEN (AAS) 3=a.3;a=.3
AF = DE (Definition 3-3
AADNM = %%)(MN « DE) )(Theorem 12-2.2) j = ‘/z?
AMANM = () (MN + AF) (Theorem 12-2.2) = 5(/3) (18) = 9/3
ANDAM = JADNB + AAANM (Postulate 12-3) One could also use
AADAM = (%)MN (AF + DE) (Postulate 2-1) =553ty find area.
AF + DE = AH (Definition 7-1, Postulate 2-1) 4

AADAM = (3%)MN < AH (Postulate 2-1 R , .. .
4 trapezm‘zd ABCD = Mlg . AH (Exercige 23) Exercises 22-24 are done in a way similar to Exercise 21

ANAMD = (1) # trapezoid ABCD (Transitive property). 2. 2/3/3; 473 23. 5/3/6; 25/3/4

49, 4 parallelogram TJBQ = # parallelogram LTQH (both share
base TQ and a common altitude) (Theorem 7-1.6) 24. 25/3/18; 625/3/36
Similarly, # parallelogram LTQH = # parallelogram QERN

4 parallelogram TJBQ = # parallelogram QERN (Transitive £ D

property) 25.
Similarly, # parallelogram ECPR = 4 parallelogram TIAC

parallelogram TIAC + 4 parallelogram TJBQ = %

parallelogram QERN + £ parallelogram ECPR =

4 parallelogram QCPN (Postulate 2-1). 45°

50. Since AAGD and parallelogram ABCD have the same base (AD) 4 2 C 2 B
and the same altitude, #AAGD = (%) # parallelogram ABCD
(Theorem 12-2.2, Theorem 12-3.1)

Similarly, 4AAGD = (%) # parallelogram EFGD m_AOB = 360/4 = 90

(%) # parallelogram ABCD = (%) 4 parallelogram EFGD mAOC = m. BOC = 45
(Transitive property) AC = CB =2

4 parallelogram ABCD = 4 parallelogram EFGD a=2
(Multiplication property) p=4s =16

Exercises 26-28 are done in a way similar to Exercise 25

26. 2%; 20 27. 3; 24 28. 2/2; 16/7
Page 523

29.
Exercises
1. 5as/2 2. dgs 3. bas 4. bas
5. 4 = 1(5)(20) = 50 6. 168 7. 333/2 ‘k

60° \V,

8. M ;9 16 =Ha)(6); o= 16/3 o
10. 89 n. 47 2. 3

84
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29. continued 41.
m/ AOB = 360/6 =
mAOC = m. BOCa\=/_30 ;
a=2x.3; x=a/3/3
MB =2z ,p=6 (AB) = 12z = 4a/3 A\
4 =% ap _ 0
183=%+qa-+ 4a/ A1C1B
18/§ = 2a%/3
a®* =95 and g = 3 m/AOB = 360/5 = 72
p = 4a/3 = 12/3 m/AOC = mZ BPC = 36
AC = CB =1
Exercises 30-32 are done in a way similar to Exercise 29 tan 54 = /1
a = tan 54 = 1,3764
30. 3/3; 36 31, 5/3; 60 p = 5(AB) =10
32. ./3/2; 48/3 (Use Theorem 12-2.6 and Theorem 12-2.7, or A = e
Theorem 12-4.1. 4 = %(1.3764)(10)
4 =6.8820 ~ 7

33. 4 =52 p, =4

1
36=s§;p1=24

]

6

S1

p, =6s, 324=6s, ;s,=4

VAN

60°

A 2C28B
m/A0B = 360/6 =
m/AOC = mz BOC = 30
QC =(B =2; a=2/3

7 50B e

Exercises 34-36 are done in a way similar to Exercise 33
34, 32/3/3 35. 128/3/3 36. 64/3/3
37. 4, =543

4

9/3 = s3/3
4

"]
1"

9(4)5 s, = 65p, =

60
30

360/6
mB0C

2ap
w(3.3) (18)
_ 2173

2

Exercises 38-40 are done in a way similar to Exercise 37.

38. 36/3 9. 9/3/2 40. 543

85

Exercises 42-44 are done in a way similar to Exercise 41.

42. 61.938=~ 62 sq. in. 43.
44, 290.7645 ~ 291 sq. in.

688.2 ~ 688 sq. in.

45. n =125 p=128; 12 =128 8 =1

2a = tan 75

2a = 3.7321

a = 1.86605

4 = L% ap

4 = %(1.86605)(12)
4 =11.19630 ~ 11.

Exercises 46-48 are done in a way similar to Exercise 45

46. 100.764 ~ 101 sq. in.
47. 10,076.4 ~ 10,076 sq. in.
48. 69.975 = 70 sq. in.

4. n =105 = 2 in. = 1/6 ft. = 0C

AB = 2x, p = 10(AB) = 20z
m. AOB = 360/10 = 36
tan 18 = «
1
6
1
z =g tan 18
p = 20x = 10 tan 18
3
4 = L ap
4= 5 tan 18)
_5_  tan 18
4 - 18
4 = .1 sq. ft.

5 (.3249) = .09 ~
18

If rounded off to nearest square foot _the answer is 0 or

1, but cannot be 0, therefore 4 =
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Exercise 50-52 ave done in the same way as Exercise 49.

50. 13 sq. ft. 51. 27 sq. ft. 52. 61 sq. ft.
53.
N
54° H
A x C x B
m. AOB = 360/5 = 72
m. AOC = me BOC = 36
AC = CB; p= 5(AB) = 10z
sin 36 = 2/10; sin 54 = a/10
x = 10( 5878) a = 10(.8090)
x = 5.878 a = 8.090
4 = L ap
4 = 4(8.09)(10z); = (8.09)(5zx)s = (8.09)(29.39)
4 =237.8~ 238
54.
F

Inscribe regular hexagon ABCDEF in oQ.

Inscribe equilateral AACE in oQ.

Draw AQ, CQ, and EQ.

Construct QH + AC at H and GG + FE at G.

AAQE = AAFE (ASA)

AEQC = AEDC (ASA)

AAQC == AABC (ASA)

AAACE = AAAQE + AAEQC + 4AAQC = AAAFE + AAEDC + 4ARBC
(Postulate 12-3)

AARCE = (%) # hexagon ABCDEF (Transitive property).

A]ternate solution: = QE ./3/2 (Theorem 8-9.3)

QE = FE (Definition 3-12)
4 hexagon ABCDEF = {1)QG(6FE) = (%)(QE »/3/2)(6QE) =

(3/2)Qe? /3 (Theorem 12-4.1)

AARBC = EH2 ¢r73 (Theorem 12-2.7)
#AABC = [(3/2)2 QE2 /31/3 = (3/4) QE? /3 (Postulate 2-1)
4ARBC = (%) 4 hexagon ABCDEF (Transitive property).

55. Let » = The length of the radius of the circle.
The d1agona1 of the square has length 2r. Therefore its
area = % 4% = 4(2p)? 2r2.
The hexagon is composed of six equilateral triangles,
each having sides of length r.
Each has area = r vr' Thus the area of the six

= 3r%/3 .

triangles = 6(»? 3)
4 2

The ratio of the required areas is 2»r°
32 f3 9

56.

m.AOB = 360/3 = 120
m.AOC = 60 _
AC = CB; AC =r/3; AB = 2r./3
= (AB)%/3 12r%/3
[ [

86

56.

57.

58.

59.

60.

econtinued

8/6
41/

Refer to the proof of Theorem 12-4.1.

wit
4p
wit
The

; ms A'OC' =_30
"' =pr, 0C =r /3
2

=r)/r, a/ a,= py/ p,

42 = %ap fap, = 8:8/6°6 = 16/9.

0 \

B =2, AB = 2¢

ore p=24r-.sinl5

8

r v sin 75) (24r « sin 15)
2 sin 75 « sin 15
r% (sin 75)(sin 15)
r? (.9659)(.2588);
2592

15 and » = 1

= A

o N~
I

(.9659)(.2588) ~ .25

Replace statement 5
h »n triangles of equa] area. Replace statement 7 with
olygon ABCDE = [{%)a = DC]. Replace statement 8

h 4 polygon ABCDE (»z)a +n(DC). p=mn-eDC
refore, the conclusion is # polygon ABCDE = (%)ap

F F F

= 4 hexagon ABCDEF = 222 3
360/6 =

v

continued next page
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60. continued
225/3 3 3
2553 . 3y (6n)
225/3  _ 3r%/3
2 2
rz =75
= 5/_ OA [OA is an apothem of Regular Hexagon
A B'C'D'E'F']
In right A ADA' AA' = 5 (Corollary 8-9.3b)
Therefore_p 12 « 5 =160
Rk ts0) = 150/3
61.
ANRBD = K K =hr%/3  (Theorem 12-2.7)
3
Therefore 4 = JK /3 r = /K3
ms A'OB' = 360/12 = 30
We have 12 sides, therefore 12 congruent triangles (if
all sides were drawn).
AMRYOB' = %(A'0)(B'0) sinz A'0B'
AAA'0B' = 4(r)(») sin 30 = P2
7
#, of Regular Dodecagon = 12(zr?) = 3r2=3(%/k/3)? =
(—K T EZ 4
62.
= 22
4
We have 8 congruent tr1ang1es (if all sides were drawn)
Area of Regular Octagon = (r /2 )= 2r2/2
63. Refer to the proof of Exercise 44 of Section 12-3, and
extend it to a polygon with any number of sides.
64. The proof given here is for a regular pentagon. However,

a similar proof could be given for any other regular

polygon. Construct regular pentagon ABCDE and choose

any point P _in the interior of the pentagon.

Draw PK + AB at K

PM 1 BCatM

PN .+ DC at N

PH + ED at H, and

PR & AE at R.

ANAPB = (%)(AB « PK) (Theorem 12-2.2)

ANBPC = (1) (BC + PM) (Theorem 12-2.2)

AACPD = (3)(DC « PN) (Theorem 12-2.2)

#ADPE = (%)(DE + PH) (Theorem 12-2.2)

AAEPA = (%)(EA + PR) (Theorem 12-2.2)

A4 pentagon ABCDE = (3)AB(PK + PM + PN + PH + PR) =(%)AB(S)
(Postulate 12-3)

4 pentagon ABCDE = (%)a (5AB) = (5a)(%)AB (Theorem 12-4.1)

(3%)AB(S) = (5a)(%)AB (Transitive property)

S = 5a, or PK + PM + PN + PH + PR = 54 (Postulate 2-1)

87
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Exercises
1 d=2r, r=2
4 = nr? = 4n

Exercises 2-4 are done in the same way as Exercise 1

2. 100w 3. 225m/4 4120
5. C = 2mr
10m = 2nr
r=>5
4 = = 25m
Exercises 6-8 are done in the same way as Exercise 5
6. 324n 7. 625m/4 8. 81/2n
9. 4 =nr?
25m = np?
r? = 25
r =5

Exercises 10-12 are done in the same way as Exercise 9

0. 9 n. 26 12. /82
13. 4 = nr?
49n = wp?

r=17

C=2nr = 140
Exercises 14-16 are done in the same way as Exercise 13.
14. 24nm 15, 6ny2 16. 8/
17. 4 = n/360 « mr?

30/360 « 36m

LU L

Exercises 18-20 are done in the same way as Exercise 17.

18. 9n/2 19. 36n/5 20. 8.4m
21. 4 = n/360 « mr? (Theorem 12-5.2)

24m = 90/360 » mr?

24n = nr?/4

r? = 96

4 = = 96m
Exercises 22-24 are done in the same way as Exercise 21.
22. 72 23. 60 24. 108

25. 4 =n/360 ¢« nir> (Theorem 12-5.2)

161 = n/360 « 144n
n = 360(16m)
144m
n = 40
Exercises 26-28 are done in the same way as Ezercise 25.
26. 90 27. 224 28. 30
29. d = n . gt
360 r
24m = 30, _ >
%0 "
24n = n_r_z_
12
r? = 12(24)
r =12/2 B
d = 2r = 24/2
Exercises 30-32 are done in the same way as Exercise 29.
6
0. 24 3. 122 ». #/5
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150, =5 . -
?6—0- nr? 12 144n

Area of sector = 60m

Area of sector = 90

360 n(14)(14)

= 49

AADQE =

5(14)(14) = 98

Area of sector - 4ADQE =

Area of segment

Page 527
Exercises continued 46.
33. p c
47.
d 8
F
A 8 B
— 48.
d = 8/2 o2
d =2r, r=4/2
4 =np® = 320
Exercises 34-36 are done in the same way as Exercise 33.
34. 16m 35. 50m 36. 96m
Page 528
37. c
30°
49,
[
A ) B
50.
CD = (AD)(v/3)
6 = (AD)(v/3)
AD = 2/3
AB = 4/3

PN
4 B 51.

30°
m. AOB = 360 = 120
3
m. AOD = 60
AD = (0D)J/3
2/3 = (0D)y/3; and 0D = 2
r =2(0D) = 4
4 = nr® = 16u
Exercises 38-40 are done in the same way as Exercise 37.
8. 3 3. 48 0. Xx
41.
52.
AB = 2
AC = CB =1
m. AOB = 360/6 = 60
ms AOC = 30
r = 2(AC) = 2
4 = up? = 4n
Exercises 42-44 are done in the same way as Exercise 41. 53.
42, 36m 43. 400m 44, 162n
4. 4, =nr? 4, = mr}
d, = AB'=20 d, =C=10
ry, =10 r, =5
41 =100 A2 = 25m
Ay - 4, = I5n

88

49n - 98 =
49(m - 2)

Area of segment

= Area of segment

A B
~
Length of AB = »n_
L =nrm

180
Area of sector = n 2

§t;

¥
=
n
S

=~ P

" i

-

ar s

e
=

b=3
"

>|=
[

= 2/3
= 12/3

Area of sector = me g%g . n(AQ)?

= 385 - n(48) = 16n

Area of segment = Area of sector - #AAQB = 16m - 12/3

Area of Semicircle P = 1m(AP)2 = 4m(3)2 = 2%

Area of Semicircle Q = 4m(BQ)? = 4 (4)% = 8n

Area of Semicircle R = 4 (AR)2 = 1m(7)2 = ﬁ%ﬂ

Area of shaded region = 5%3_ _(%g_+ 81) = 120

Area of Semicircle P = % w(AP)? =} n(4)? = 8n

Area of Semicircle Q = % w(AQ)? =4 ﬂ(6)2 = 18

Area of Semicircle R = % w(BR)? = mw(2)% = 2n

Shaded area = (area of Semicircle Q - area of Semicircle
P) + area of Semicircle R = (18w - 81) + 2m = 120



SOLUTIONS FOR. PAGES 528-532

Page 528

Page 529

Exercises continued

54.

55.

56.

57.

58.

59.

PQ = 3 (radius of each circle

PA = PB =QQ = QA = PQ = 3 radii
APBQ is a Rhombus

AAPQ and ABQP are equilateral

m. AQP = 60
Area of sector AQP - 60 , 2 21 2 - 3

360 © "(PQ) grr(3) >
ANAPQ = (PQ)A/3 = (3)2/3 = 9/3

4 4 4
Area of segment formed by AP = 3n - 9/3
2 4
There are four equal segments
4<%§ - %1§) = 6m - 9/3 segments formed by AP, PB, BQ, AQ.
MQ=3, AM= (M3 = 3/3/2
2

AB = 2(AM) = 3/3

Area of rhombus APBQ = %(AB)(PQ) = %(3/3)(3) = 9/3
2

Area of shaded = area of rhombus APBQ + area of the
four segments = 9/3 , o _ 9/3 = 6n - X3
2
Area sector SQR = 4mr? = 4m x 16 = 4n
Area sector PQS also = 4n

Area shaded region = area sector SQR + Area sector PQS -

Area PQRS

Area shaded region = 4m + 4m - 16 = 81 - 16
AB = 8/2, AP = r = 42
Semicircle P = 4m(AP)?= % n(32) = 16n
AAACB = 15(8)(8) = 32
4 Sector CAB of circle C = 90/360 « m(AC)? = 4% n(8)2 =

16m
(4AACB + .4 semicircle P) = 32 + 16u = (4 shaded + # unshaded)
(4AACB + 4 semicircle P) - 4 sector of circle C =
(32 + 16m) - 16m = 32 (area of shaded region).

Let AC = 2b, BC = 2a, and AB = 2c.

A4 semicircle APC = (%)b*nw (Theorem 12-5.2)
A4 semicircle CQB = (i)a?n (Theorem 12-5.2)
4 semicricle ARB = (L)e?n (Theorem 12-5.2)
(2a)? + (2p)? = (2¢)? (Thereom 8-8.1)

4a® + 4p% = 422 (Theorem 8-8.1)

(3)a*m + (33)b2m = (L)e?n (Division property)

& semicircle APC + 4 semicircle CQB = # semicircle ARB
(Postulate 2-T1)

Using the same lengths as in Exercise 57, # semicircle APC
= (%)b%n (Theorem 12-5.2)

4 semicircle CQB = (%)a?n (Theorem 12-5.2)

4 semicircle ASB = (i)e?m (Theorem 12-5.2)

AR, + AR, = 4 semicircle APC + 4 semicircle CQB + A4AABC -
i semicircle ASB (Postulate 12-3)

ARy + AR, = (%)b2m + (%)a®m + 4ARBC - (%)c2m
ePostulate 2-1)

(3)bp%m + (%)a®m = (%)e?m (Theorem 8-8.1)

AR, + AR, = #AMBC (Postulate 2-1)

Pick _point E on the boundary of the shaded region with
EC, and point F on the boundary of the unshaded region
with AFC.

Let BQ = x
AQ =r

AB = r +x, and
BC=r-=x

# shaded region = 4 semicircle AEC - 4 semicircle ANB +
4 semicircle BMC (Postulate 12-3)

4 shaded region = (n/8)(2r)% - (n/8)(r + x)? + (n/8)(r-z)?
(Postulate 2-1) = 4 shaded region = (n/8){(4r?- r?- 2px-
-z + r? - 2z + %) = (1/8)(8r® - drz) = (nr/2)(r - z)
(Multiplication and Division properties)

A4 non-shaded region = &4 semicircle AFC - 4 semicircle BMC
+ 4 semicircle ANB (Postulate 12-3)

A4 non-shaded region = (n/8)(2r)2 - (n/8)(r - z)? +

(11/8)(» + z)2  (Postulate 2-1)

(continued)

89

59. continued

4 non-shaded region = (1/8) (4r? - r2+ 2rx - x2+ r?+ 2rx+
+x?) = (n/8)(4r? + drx) = (1r/2)(r + x)
(Multiplication and Division properties)

A shaded region/4 non-shaded region = (r - z)/(r + x)
= BC/AB ?Postulate 2-1)

60. Draw TQ and BQ.

TQ + ATB (Theorem 9-3.2)

4 shaded region = # larger circle - # smaller circle
(Given)

A shaded region =
(Postulate 2-1)

TQ* + TB? = BQ?, (Theorem 8-8.1)

TB2 = BQ? - TQ>  (Theorem 8-8.1)

# shaded region = m « TBZ = m » (%)AB2 = (%)m « AB2
(Postulate 2-1)

m e+ BQ? - m e+ TQ* = n(BQ* - TQ?)

61. Draw AP and BP.

Pick point R on the boundary of the shaded region such

__that ARB.

AP 1 BP (Corollary 9-6.1c)

AP = BP (Theorem 9-5.4)

A4 shaded region = 4 semicircle ARB + #AAPB - # sector ANBP
(Postulate 12-3)
shaded region =
(Postulate 2-1)

In right AAQP, AQ? = (%)AP2  (Theorem 8

4 shaded region = (4)m « AP2 + (%)AP2- (
(%)AP2 (Postulate 2-1)

AP? = 2(PQ%) (Theorem 8-8.1)

4 shaded region = PQ? (Postulate 2-1)

() = AQ® + (5)AP2 - (i) + AP?

-8.1)
Lw o APZ =

Page 532

Exercises 2-4 are dome in the same way as Exercise 1

2. 4/5 3. 5/12 4. 73

5. 41 _ [aiY
A2 a,

A
jzi = (%)% =%
Exercises 6-8 are done in the same way as Exercise 5
6. 256/625 7. 25/49 8.

9. 4 _ 3)2__2_
&, T \T0/ T 10

0
done in the same way as Exercise 9.

9/16

4/169

Exercises 10-11 are

10. 25/64 11.



SOLUTIONS FOR PAGES 532-533

Page 532 Page 533
Exercises continued 2. x = LN 262 = s,
L e 2 =(§—L>2
EA (hz . 7.: g,
4, _[15)? 4, _1; Since one area is 4 times the other this
T80 \20, 7, T T represents a 300% increase.
4, _ 9
80 16 25. Draw AABC with midline DE / BC
AADE ~ AABC (Corollary 8-5.1c )
4, =145 )BC (Theorem 7-6.3)

dAADE/jAABC % (Theorem 12-6,1)
)z HAADE/# quadrilateral DECB = % (Theorem 8-1.3).

26. s =8, ; s+x=s5,
,ﬁ:(ﬁ..)z y=4 5 =4,
2
x \s, 7*?,1= 5, )2
s, = 28, 2 \82
16. ;711=st 17. Lletz =4, _]H_= s _\?
7; S2 2y s +x
636 - x =4, )
£t R
7z, 4 (M2 2 s +x 7 T s+ «x
2 7;‘-(#} _
4, 1 s+ x=8/2
T, T6 5)
: % = 54 &Z-s=a
A4, = 164, x =150 =
636—.7c=46 z =582 -1)
27.
D C
Page 533 M N
18. In the proof of Theorem 12-6.1 include the following 4 B
step: ratio of similitude E
=b/b' = JNABC/IAAB C' (taking the square root of each
side of the equality).
h, = DE

19. Refer to Exercise 18.

4, = 5(DE) (AB + DC) (Theorem 12-3.3)
20. The ratio of similitude of any two circles equals the
ratio of their radii, say r/r»' (Definition 8-5) 4, = (DE) (AB + DC)
4o P = my? (Theorem 12-5.1) 2
4o Q = n(r')? (Theorem 12-5.1)
do Pldo Q = mr?/m(r')? = »2/(»')? (Postulate 2-1) 4, =n, (M) (Theorem 7-7.2)

21. Refer to Exercise 18.

22. let x =4,

|

’3 SN
=

— I
~

xz + 320 =4, X Y
4y _ (s )2 P[ Q
7—zl <32 T
_x __ _ (1)
z + 320 21 h, = ST
z=480 =4, 4, = 5(ST) (PQ + SR) .
z + 320 = 360 = 4, ;
#4, = (ST)(PQ + SR) 4, =1, (XY)
23. =z =4, ; 25x =4, p 2
y=dy; y+l2= 1 - (N
. ! , T@f 7, (XY
d ,
7:= da 4 [ \? -(MN z
1z 2 T\, xy
5x=(y+ 2 4 \?
] E oy
5 % y+12 42 4 (MN)Z
y =3=4d, 7-5_’7:. XY
y +12=15 =4, _»aiu(mu)
;ﬁl A XY
#,
EA

[
—_

o

~

90
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Exercises continued

28. AD/AB = 5/7 (Theorem 8-1.
AAADE /4 MBC = 25/49 (Theo
ANADE/4 quadrilateral DECB =

2)
rem 12-6.1)
25/24 (Theorem 8-1.3).

29. M _2
BC 3
Let 2z = AB, 3x = BC, AC = AB + BC = 5z
Semicircle Q, dy, = AB = 2z
ry = AB/2 =x
dl = r? = Y
Semicircle Q, d> = BC = 3x
r, = BC/2 = 3x/2
4, = ‘/znrz = 9nz?
8
Semicircle R, d; = AC = 5z (the largest semicircle R)
ry = AC/2 = 5z/2
Ja = Lpl = 2511:1:2
4, = area of shaded = - 4, +.2¢ )
= 25nx? - (4nz? + Ynx?) = 3z
8 8 2
3nz?
4 2
Tt et | 8 =12
8 2 2512 25
30.
r = AB = BC
AC = AB + BC = 2»r
4, = n(AB)? = mp?
A, = u(AC)2 = gnp?
Ay -y = 4np? - mp? = 3mp? = 4d,(area formed by both
circles)
Ay _ 3?3
AR o
31. AKMP ~ AQRP
ADKMP (2)2 25
AAQRP 8 64
AMNP  ~ ARSP
AAMNP MP> (_) (52 25
AARSP T (PR 8/ 64
AKMNP  AAMNP + AKMP 25
JQRSP = AAQRP + #ARSP = 64 (Theorem 8-1.4)
32. Since AADE ~ AAFG ~ AABC (Theorem 8-6.1)
ADEFG = 3/4 ApAFG
AMAFG = 4/9 AAABC
|
ADEFG = 7 + 3 4AABC = 5 ¥AABC
33. AADE ~ AABC ~ AEFC (Corollary 8-5.1c)

AD/AB = %, Thus EC/AC = 3/
AAADE/4ARBC = 1716  (Postu
AAADE = (1/16)4AABC, and JAEFC

4 (Corollary 8-2.7a)
late 2-1)
=(9/16) JAABC

(Multiplication propert )

# parallelogram ABCD = (6/
(Postulate 2-1)

16)4AABC = (3/8) 4AABC

N
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Page 534
3. mL A= (%)m ™ _(Theorem 9-6.1)
ms BTP = (%) m TB  (Theorem 9-8.1)
AATP ~ ATBP (Corollary 8-5.1a)
ANATPAATBP = TP2/BP2  (Theorem 12-6.1)
ANATP/4ATBP = (AP » BP)/BP?2 = AP/BP (Postulate 2-1)
Review Exercises
1. 4=pn _
4 = (3/2)(5/3) = 15/6
2. 4= u3?
4 =1(6)2 = 18
3. 4 =>pn
b'=2b
h'= h/2
Ar=b'n' = (2 ) (nr2) =
Therefore 4 = 4!
4, 4 =ph
b'= 3
h'= 3n
A= p' nr = (3b)(3) = %A
Therefore 4' = %
5. 4 =bn
b'= 4p
B bt = () ()
'=b'n! 4p = 4bhn
4 =4
6. [ GEB = /GBE (Theorem 3-4.2)
CB = DE (Theorem 3-4.2)
AABC = AFED (ASA)
AARBC = JAFED  (ASA)
4 juadr11atera] AGEC + #AEGB = # quadrilateral FGBD +
EGB (Addition property)
E) quadr11atera1 AGEC = # quadrilateral FGBD (Subtraction
property).
Page 535
7. = 15(8)(6) = 24
8. 4 =%4bn
38/2 = 1 (6)
b = 38/2
3
9. = 1,(4)(6)sin 45 = 6/2
10. = 8%/3
)
= (8x)2 /3
4
= 162%/3
1. 4 =1%/3 (Theorem 12-2.7)
3
4= (6)2/3 12/3
3
12. AD =4, BE=3, AC=28
ANMBC = 3(AC)(BE) = %(BC)(AD)
35(8)(3) = %(BC)(4)
BC =6
13. Use the result of Exercise 44 on page 513, after
drawing CG.
14, 4 = bzé/_
48 = (8/2)h
h=6 =3/2
JZ
15, 4 = 5(13)(7) = 9172
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Review Exercises continued 23.  continued
16. 4=xa
4 = 3(25 tan 54) (250) = (25)(125)£1.3764) = 4301
24.
Area = 4 (AC)&BC) =
(AB)? = (15)* + (8)2
AB = 17
Area = (AB)(DE)
240 = 17(DE)
DE = 240/17
17. 4 = 5(6)(12 + 17) = 87
se) ) = m. AOB = 360/12
18 ms AOC = 15
AC = CB =x
p = 12 (AB) = 24«
sin 15 = x/r ; x =r sin 15
sin 75 = a/r 3 a =r sin 75
4=y
72 = %(»r sin 75) (24x)
72 = 12rx sin 75
72 = 12r (r sin 15)(sin 75)
6 = r2 sin 15 sin 75
x+ 15 + =27
x=6=h r = / 6 =/ 6 -
4= 35(6)(15 + 27) = 126 sin 15 sin 75 (.2588)(.9659) 6/.25 /24 ~ 5.
19. Draw GF . AFB and PE + §C at F.
4rAQB = (%)(QF « AB) (Theorem 12-2.2) 25.
4 parallelogram ABCD = QF « AB (Theorem 12-3.1)
ANAQB = (%) 4 paraHelogram ABCD (Postulate 2-1)
S1m11ar1y, JABCP = (%)(PE « BC), and 4 parallelogram ABCD
ﬂABcp -,é ﬂ parallelogram ABCD (Postulate 2-1) Ak
ﬂAAQB = #7ABCP (Transitive property). r
4 C B
20. 4=5y
- g(a?(m 120
21. m. AOB = 360/6 = 60
m. AOC = 30
AC = CB = s/2
p = 6(AB) = 6s
L\ i
=% ap_
oy 4= %ﬁ& a 65
m. AOB = 360/6 = 60 4 = 3s%/3
m. AOC = 30 2
AC = CB =52
a= (AC) V3 = _2) (/3) = 5/6 2%6. A =ur
p =6 (AB) = 60 = mp2
A =5 r = 60 = 2/T5
d=%&/§(60f 150/12 = 300/3 d=2r=4/15 ]
= ———— o 2
2. 4=%q 27. Area of sector - 360 ° "
60 = 3a(5/2)
10 ym = 30, 1p0q = 100m
v 360 9
23.
Page 536
28. Area of sector _n_ A
LN e
1
4 < B 721'!2 = %gg nir?
m. AOB = 360/5 = 72 r* = 4(24)
m AOC = 36 . .
p = 5(AB) = 250 r = ./a(28)
tan 54 = o/25
a = 25 tan 54

(continued)

92
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Review Exercises continued

29.

30.

31.

32.

33.

34.

35.

37.

38.

ho=s/3
2
15 = &/3
2
s = 10/3
0C is radius of inscribed circle.
D
502 2.
Y Ak
5vV3 €
m. AOB = 360/3 = 120
m. AOC = 60
5/3 = n/3
r=25
A =nrt; 4 =250
Area of sector _ 45 n(16)2 = 320
Area AAOB = 3(16)(16) sin 45 = 64,2
Area of segment = Area of sector - Area of triangle
Area of segment = 32m - 64,/2
4 Sector (with radius CQ = 8) _ 80, n(8)? = 1280
360 9
#4' Sector (with radius AQ = 4)_ 80 n(4)? = 320
360 9

éAB)Z Shoe e -
of semicircle Q = % w(BQ)?

A' of ARBC = 1(12)(5) = 30
A" of shaded region =4 - 4' = 1690 30

I
—_
-
w
o
—_
— W
~
n

A4, = (s,/ 5,)°
1/9 = (s,/5,)?
1/3 = 81/39,
A4, =(hi/h2)?
A4, = (9/16)2% =
£y = (ay/ a,)*
16/4, = (2/7)?
16/4, = 4/49

81/256

4, =19
A1, = ()2

20/45 = (14/M,)?

93

Page 536
39. AKMN ~ AABC (Theorem 8-6.2)
KM = %(AB) (Theorem 7-6.3)
DKM /KM } o
A7RBC \AB 5 C2)
Chapter Test
1. True 2. False; 4 =13 &2
3. False; it is quadrupled if the resulting pentagon is
regular.
4. True.
Page 537
5. =3 42
) 5)2_ 25
= %\7, 3
6.
N7
O
A
A A B
4 =% (AC) (BD)
4 =3 (16) (12) = 9
}AB)Z = (8)% + (6)% ; (AB)2 =100; AB =10
= (AB)(DE)
96 = (10)(DE)
DE = 9.6
2
g (Theorem 12-2.7)
9/3 = n3/3
3
h% =27
ho=3/3
8. & = 1(4)(5)(sin 30)
4 =10(%) =5
9.
18
25/ |h h| \25
ml [
X X
- Y
32
x+ 18+ x=32
=7
(25)% = z® + K2
h o= 24
4 = 1(24)(18 + 32)
A4 = 600
10.
A45C5B
m. AOB = 360/6 = 60
m. AOC = 30
a=5/3
p = 6(AB) = 60
4 = 3 ap
4 = 150/3
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Chapter Test continued 8. We have 4 congruent triangles for lateral faces.
Area of square = 6% = 36
11. Area of sector _ = Area of one lateral face = %(4)(6) = 12
%0 4(12) = 48
Total area = 36 + 48 = 84
120 = Z__ . 16m R - R
360 9. We have 4 congruent equilateral triangles, one is a base
n =270 and three are lateral faces.
]2'<féi>"<jiL> 2 Area of an equilateral triangle _ s2%/3 _ (4)3/3 . 4/3 ;
= 4 )
: : Area of base or one lateral face.
Ay (5_)2 1 Total area = 4{4/3) = 16/3.
48 20 1 —
10. Draw AC (Postulate 2-3)
4, =3 In face AVC, construct £ AVD = ¢ AVB (Postulate 2-9)
Locate B on VB such that VB = VD (Postulate 1-2)
13. 16w - 4n = 12n AVAD = AVAB (SAS)
- AB + BC > AC (Theorem 5-4.1)
14. 4 SemicircleP = 1m (3)2 = 7— BC > DC (Subtraction property)
m. BVC > me DVC (Theorem 5-5.2)
4 Semicircle R = i (3)2 = %H- m. AVB + mz BVC > mz AVD + mz DVC  (Addition property)
. 8l ms AVB + mL BVC > me AVC  (Postulate 2-1).
4 Semicircle (with AB as diameter) = m(9)2 = 2
9n 11. We have a square base and 4 congruent triangles for
4 Semicircle Q (with diameter 6) = 3m(3)2 =2 lateral faces.
Area of square = s = 64
97 , 97 | 8Inm 9 |_
Area of shaded = 5 + E—-+[—§— - E—]- 45n
15. AABQ is equilateral, m. Q = 60, r = 24 = g 5:: :is
Area of sector = ggo « w(24)% = 96m 4 4
ADABQ = 2422 3 21443
Area of segment = 96m - 144/3 (5)2 = n? + (4)%;5and 1 = 3
Area of one lateral face = %(8)(n) = 12
16. See solution to Exercise 37 on page 512 Area of the 4 lateral faces = 4(12) = 48
Total area = 64 + 48 = 112
17. ABDM ~ ABAC ~ AMEC (Corollary 8-5.7c)
AABDM/AABAC = 4 (Theorem 12-6.1) 12. Three planes. Two planes intersect in a line. The
AABDM = (%) 4ABAC (Multiplication property) line intersects the third plane in a point.
Similarly, 4AMEC = (%) 4ABAC
ANBDM + AAMEC = (%) #ABAC (Addition property) 13. Yes; when the plane of the perpendicular lines is
A parallelogram ADME = (%) #ARBC (Postulate 12-3) parallel to the other plane.
No; Theorem 4-5.6.
14. No, three are required for a polyhedral angle.
Page 543 15. Let plane AVX bisect B-AV-C, and plane CVY bisect B-CV-A.
] Plane AVX intersects plane CVY in VZ (Postulate 2-6)
Class Exercises VZ is equidistant from planes AVC and AVB, and is on the
bisector of C-BV-A (Definition 4-14).
1. Yes; No
2. 60, 90, 108, 120. 16. Measure the same distance from the vertex on each edge.
3. Yes; no; no. Planes perpendicular to the edges will determine congruent
4. VYes. triangles on the faces. Then, triangles on the
5. No. perpendicular planes are congruent.
6. Exercises 1, 3, and 4 yield triangular faces; Exercise 5
shows there are no more. 17. Not if two are in the same plane containing the flagpole.
7. Exercise 1 yields square faces; Exercise 3 shows there
are no more.
8. Exercise 1 yields pentagonal faces; Exercise 3 shows
there are no more.
Page 549
Class Exercises
Page 544 1. Volume of a single card multiplied by the number of cards.
Exercises 2. Unchanged.
1. No; Theorem 13-1.2 3. They are equal.
2. None
3. 30 + 70 > z; therefore = < 100 4, If and only if the cards have the same area as in the
30 + x> 70; therefore x> 40 first deck.
4. Yes, Theorem 13-1.1, Theorem 13-1.2
5. No, Theorem 13-1.2 violated
6. No, Theorem 13-1.1 violated
7. A line formed by the intersection of planes which bisect

the dihedral angles.
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Page 551 Page 551
Exercises 8. Llet x = ¢,
3z =e,
1. Base is an equilateral triangle with side 8;
lateral edge = 5 = ¢ Aid" = (efe')? 710 = (efe')?
A = (1x/30)? 777 = (1z/3x)?
8 8 A =179 7 = 1/27
YA b 2ot
2 = 9% , =277,
> 5 9. U=
A ZV = (wn
: 7= (8- 12)(20) = 1920
lateral area = eP, P = 3(8) = 24 10. lateral area=eP, P=3+4+4+5+6+7=29
lateral area = 5(24) e =17
lateral area = 120 lateral area = 7(29) = 203
2. 11. We have two congruent regular hexagonal bases.
: B We have six congruent rectangles for lateral faces.
T
| |
| |
| ___L__L e=8
X
x N

lateral area = eP

96 = 8(4zx)
x =3
4 = 2%=9
3. lateral area = eP
360 = 2(30)
e =12 m. AOB = 360/6 = 60 4, =10(8) = 80
m. AOC = 30 , = 6(80) = 480 area of the six
4. a = 4/3 lateral faces
N 4,= 0P, P = 6(AB) = 48
o 4,= %(4/3) (48)
Rl \p 4,= 96/3
\ 2&1 = 192/3 ({which is the area of top and bottom faces)
w, :)‘;__ Total area = 24, + 64, = 192/3 + 480
d '~
] 12. 7 =8n
U = (w)n
¥ = (25)(18)(12) = 5400
e=1l=w-=nh N
d> = 1% +w?* (Theorem 8-8.1) 13. 0 =8n
D? = 4% + »2  (Theorem 8-8.1) 50 = 10n
D% = 712 + »w? + B2 (Substitution postulate) h=5
D% = g2 + 22 + ¢ (Substitution postulate)
D=¢e/3; D=4/3 14. Total area = 6e? /=8
e? = o2 7 = wn
5.
I\ e -6e? =0 V=cecee
[N
" \p e?(e-6) = 0 D=2
w ﬁ_*___ e? = 0 (reject)
AN c-6=0
[ ' e =6
15. 7 = Bn = 25(10) = 250
There are 6 congruent squares.
e? = area of each square
Total area = 6e?
g\/j = i/g Page 552
e =8
Total area = 6(8)2 = 384 16.

6. Total area = 2(Iw + Ik + wh)

= 2(150 + 120 + 80) = 2(350) = 700

0) (15) = 1350 AA 2b
1

ApC B

Lo

We have 2 congruent bases

We have 6 congruent Tateral faces

m. AOB = 360/6 = 360

m. AOC = 30 (continued)
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Page 552 Page 552
16. continued 21. continued
=D - -
a= /3 P=6(A) =6 n g (Definition 4-7)
7 . SK (Definition 4-7)
4, = l(g@) (62) There is only one perpendicular from A to 7
2\2 (Theorem 4-4.4).
Contradiction; P, / P,.
4, = »L3
22. Let plane P be paraliel to planes P, and P,
Consider 7 1 P.
1 1P, (Theorem 13-2.2)
7 1+ P2 (Theorem 13-2.2)
%b Plane P, / plane P, (Theorem 13-2.3).
k 23. 7+ Pandmzs P (Given)
N 7 and m are coplanar (Theorem 4-5.8)
AbC B Assume 7 and m intersect in A.
2 Then there are two lines from A perpendicular to plane P,
4, = 22 area of one lateral face contradicting Theorem 4-5.6.
64, = 12p* 1/ m.
Total area” = 24, + 64,
24. 1/ myand plane P r I (Given)
Total area = 32%/3 + 12b2 Consider any point M of m; through M, »n + P
1/ n (Theorem 13-2.4)
Total area = 3(4 +./3)b? There is only one line parallel to I through M
(Postulate 6-1)
17. Let B = area of base m and n coincide, and m 1 P.
B = %(a) (a)
B = a° 25. Plane P,/ plane P, (Given)
7 Let Q and R be distinct points of P;.
) If S and T are the respective projections of Q and R onto
7 =Bn P, (Definition 4-6)
9 -2 .p S LP, (Deﬁmtmn 4-6)
2 L+ P, (Definition 4-6)
7 = %a? ® //ﬁz’ (Theorem 13-2.4
The pl ne determined by and RT intersects P, and P,
18. gﬁ and ST (Theorem 13-2.1)
. a @R /T (Theorem 13-2.1)
| Quadrilateral QRST is a parallelogram (Definition 7-1)
t QS = RT (Theorem 7-1.2).
|
b 2% b 26. The lateral edges of a prism are parallel (Theorem 13-2.6)
a7/ N The plane of a right section of a prism is perpendicular
to a lateral edge (Definition 13-9)
a2 If a plane is perpendicular to one of two parallel lines,
it is perpendicular to the other (Theorem 13-2.2)
The plane of a right section is perpendicular to each
We have 2 congruent bases. lateral edge (Postulate 2-1).
LT a=al
27. The base of a right prism is perpendicular to its
lateral edges (Definition 13-10).
24, = a? The base of a right prism is a right section of the prism
(Definition 13-9)
4, = (a/2)(b) = a2 Each lateral edge of a right prism is an altitude of the
prism (Definition 13-8)
4, =ab The lateral area of a right prism is equal to the product
24, = 2ab of the perimeter of the base and its altitude
Total area = 24, + 4, + 24, (Postulate 2-1, Theorem 13-2.7).
Total area = @ + aby/2 + 2ab 28. Given prism P with base ABCDE ... , and section FGHIJ...
19. Let plane P intersect para]]e] planes P and P, %Fr;lé?(}:ﬁegtgmb?séez 6)
Planes P and P intersect in line Z, P and P, 1ntersect BB / FG (Theorem 13-2.1)
in Tine m (Postulate 2-6);7 and m 1ie in plané P. Quadrilateral ABFG is a parallelogram (Definition 7-1)
Assume they intersect; then P, and P, are not parallel, AB = FG (Theorem 7-1.2)
contrary to what is given. . Similarly, the remaining pairs of sides of the base and
1 and m are parallel (Definition 6-1). section are parallel and congruent
20. Let P, and P, be parallel such that 7 . P, EE i/‘ jg
Choose a p01nt K in P, and not in 7. AEAB = AJFG  (SAS)
1 and X determine a third plane, P (Theorem 2-5.1) L A=,F (Definition 3-3)
P1?Egs€u}2§:r;egs P, and P, in lines m and » Similarly, the remaining pairs of angles are congruent
m i/ n (Theorem 13-2.1) Base ABCDE ... = section FGHIJ ... (Definition 3-3).
24P, (Definition 4-7) 29
Z1m (Definition 4-7) : H G
11+ n (Corollary 6-1.1b) |
Choose another point in P, not in the plane of X and 1. E
Repeating the above argument we have a second line in P,. —lr F
1 1 P, (Theorem 4-5.1). |0
/T -¥7¢
21. Let planes P. and P, be perpendicular to 7 at R and s, e
respecti veiy b = B

Assume P, and P

intersect in m (Postulate 2-6)
Choose any poin

A of m such that 4 is not in 7.
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Page 552 Page 552
Exercises continued 35. ;otalﬁa};ea = fe?
= be
29. continued S f %
Parallelogram ABCD = parallelogram EFGH (Definition 13-12) D=,18=1372
AEFG = AGHE (Theorem 7-1.1) 9 .
ARBC = ACDA (Theorem 7-1. 1) 36. =e’
Quadrilateral ACGE is a parallelogram (Theorem 7-2.2) 729 = e ,
EG / AC (Theorem 7-1.2) Total area = = 486
D=e/3=9%3

EG = AC (Theorem 7-1.2)

AABC = AEFG  (SSS)

AADC == AEGH  (SSS)

ABCEFG and ACDEGH are prisms with congruent bases and
the same altitude (Deﬁnltlon 13-7)

¥ prism ABCEFG = 7 prism ACDEGH (Theorem 13-2.8)

37. Refer to the figure for Exercise 29.
Parallelogram ABCD = parallelogram EFGH
Plane_ABCD / EFGH (Definition 13-12)
B / GH (Corollary 6-1.1c)
AB = GH (Theorem 3-1.8)
ABGH is a parallelogram (Theorem 7-2.2)
Diagonals AG and BH bisect each other (Theorem 7-1.5)
Similarly, any other pair of diagonals of the
parallelepiped bisect each other.

30. Consider a prism with base B and altitude A.
Construct a rectangular parallelepiped with base B' and
altitude %' such that #B = #B', and h = A'.
For either figure, any section parallel to the base is
congruent to the base (Corollary 13-2.7b)
They have equal volumes (Postulate 13-3)
U rectangular parallelepiped = #B' « &'

U prism = 4B + % (Postulate 2-1).

Page 557
31. A parallelepiped 15 a prism whose bases are i
paral]e] jrams Def1n1t10n 13-12) Class Exercises
7 prism=4B « n (Theorem 13-2.9) .
Any face of a parallelepiped may be the base of a 1. Lateral faces are congruent isosceles triangles
_prism (Definition 13- 12? Let S = s‘lar]t height
parallelepiped = # face « % (Postulate 2-1). Let P = perimeter of base
Tateral area = SP
32. g = 10(35) = 350 cubic feet lateral area = %(10)(48) = 240
= Bh
350 = (w)(h)
350 = (10)(8)n ‘
_ a3
h 4—8— feet ‘ﬁ‘
33. (]
A C B
m. AOB = 360/6 = 60
m. AOC = 30
a = 4/3; and P = 6(AB) = 48
H A= taP
A4CaB 4= 15(4/3)(48) = 96/3
22 Total area = lateral area + 4,
Total area = 240 + 96/3
ms AOB = 360/6 = 60
mz AOC = 30 2 7
a = 3
0c =543 240 = 3(120)n
P = 6(AB) = 6a h=6
Let # = area of base
4 = 14P;
4 = %E./3) (6a)
4= 32%/3 Page 558
-2
V= Bn Class Exercises continued
@=3a23.b_ﬂ 2, . .
2 7 4 3. We have 6 congruent pyramids, each base is a square.
Each pyramid will have congruent altitudes drawn from
34. We have 2 congruent bases the center of the cube, perpendicular to each
We have 4 congruent rhombuses for lateral faces congruent square base.

= ¢% of the cube

= volume of each congruent pyramid
3

I:h
OV OV 5

= €
‘ 6
A 18 4. There are 5 congruent isosceles triangles with base 5 and
’ e altitude 10.
| 4 = 5(5)(10) = 25
4, = 5(AC)(BD) Lateral area = 5¢ = (5)(25) = 125
Zjl = 5(6)(12) = 36
1=72 N 1 32
g —dn 5. Volume of pyramid = PR =3
= 36(18) = 648 3 3
@t = (6)2+ (3)% ;2= 35 R _ 2%
4, ~ o - . 35 Volume of cube = e _*3,thene T =3
44, = 216/5
Total area = 24, + 44, = 72 + 216/5
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Page 558 Page 558

Exercises 5. continued

1. Volume of square pyramid = 3Bn = 3(64)(10) = 640/3.

By Corollary 8-9.1a, AC = 8/2.
Therefore the area of the base (B) = %(8/2)(8/2)= 64
d = 3B

38

Volume (/) of triangular pyrami
U = 640/3 = £(64)(n)
h=10
6.
7
m. AOB = 360/3 = 120
m. AOC = 6(50 73
AC = (0C)/3
3= (0CW3 5
oC = ﬁ 5
Let s = slant he}qht
s” = 5&)? + (/3)? . AOB = 360/6 = 60
8 =19 m. AOC = 30
lateral area = % sP; where P = 3(AB) = 18 5
lateral area = %(,/19)(18) = 9/T9 oc = ?‘/'3-
0A = 2(AC) = 5 = 0B
2. let g : la(rg;(g;’ ?a%/z = 5(0C)P; Where P = 6(AB) = 30
7 = ggh B ’ 4=y (%’@) (30) = 72 3 (area of base)
7 =3 (15/2)(4)
7=10 In ACOP use Theorem 8-8.1
Let s = slant height
3. P s? = (2/6)* +(§3@)2
2
3
= /19
13 ¢
D B lateral area = % sP
" = L /3/19 45/19
b = 1 =
od-ic F (30 5
45° 7\ |x - 8%
5 A 7= 3(1503).%0) _ 55 - 15
Applying Theorem 8-8.1 to APOC, OC = 5.
BC = 5 since AOCB is isosceles. 7. See Class Exercise 3 on page 558. Six pyramids of
Therefore AB = 10 equal volume are formed. Since the volume of the
The area of square base ABDE = (10)(10) = 100 cube is 2° = 8, the volume of one pyramid is 8/6 = 4/3.

7 = 3Br = 3(100)(12) = 400.
8.Base is a equilateral triangle with altitude 5.

4. Lateral faces are 3 congruent isosceles triangles with
Tateral edge 10.
30°
Let 0 be the point of intersection of the altitudes A
of the base, V3
m.0AC = 30, and me AOC = 60 3
Since AC = (B, and AB = 6, we find CB = 3.
Therefore in ABOC, OB = 2/3 (Corollary 8-9.3a)
In right APOB, A% + (2/3)% = 62 ; 4, = area of base
Therefore h= /24 = 2/6.
5 4 = h233 (Theorem 12-2.7)
4= —2535
2
d, = i@ﬁé (Theorem 12-2.6)
h|10 2 /3
. 2%_«[3 = 3—5451 (Transitive property)
s? = 100/3
= 10/3, a side of base edge
8 3

(eontinued next page)
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Page 558 Page 559
Exercises continued 13. The triangles formed are isosceles (Theorem 13-3.1)
The sides of the base are congruent (Definition 13-14)
8. continued The isosceles triangles have congruent sides
(Theorem 13-3.1)
ms. AOB = 360/3 = 120 The triangles are congruent ({Postulate 1-17)
m. AOC = 60 ,
AC = (0C) (V3) 14. Let & be lateral area, s be slant height, and p be
_@ = (0C) (J3) perimeter of the base. The area of a face is the
3 product of (%)s and a side of the base (Theorem 12-2.2).
0C = 5/3 The lateral area is the sum of the areas of the faces
A0 = 2(0C) = 10/3 = 0B Postulate 12-3)
= (4)s + p (Addition property, Distributive property).
Apply Theorem 8-8.1 to APOC
(10)2 = sz(ﬂ) 2 15. From part (1) and part (2) we know that the ratio of
3 corresponding sides of A'B'C' ... and ABC ... is constant.
_ /275 _ 5 &3 It remains to show that corresponding angles are
s=/535° 338 con t
gruent. o
_ Plane VAC cuts the section in A'C'/AC
P = 3(AB) = 10/3 AABC ~ AA'B'C' (Theorem 8-5.2)
lateral area = 4sP / ABC =/ A'B'C' (Theorem 8-5.1)
= (533 - AT Similarly, the other corresponding angles are congruent;
Tateral area = % ( 3 ) (1073) = 25/M The polygons are similar (Definition 8-4).
Total area = 4, + lateral area
53 16. jAABC/A‘AA'B'C' = VKZ/)éVK')z (Theorem 13-3.3)
2573 ﬁ. quadrilateral DEFG/¥ quadrilateral D'E'F'G' = UL%/(UL')?
Total area = === + 25/11 (Theorem 13-3.3); VK/VK' = UL/UL' (Division propertyg; )
%3 VK2/(VK')% = UL?/(UL")? (Multiplication property);
9. &= AARBC/MAA'B'C' = 4 quadrilateral DEFG/4 quadrilateral
Apply $heorem 8-8.1 to APOC; D'E'F'G' (Transitive property); #AA'B'C' = 4 quadrilateral
SR 5., D'E'F'G' (Division property).
s® = h* + (3)
n? = 215 _ 25 17. Two pyramids P and P' have equal altitudes, p and p’
379 and bases, B and B', such that 4 base B = 4 base B'.
no= %0\/5 Planes parallel to and equidistant from B and B' determine
i sections of equal area (Corollary 13-3.3a)
Vo= s _ _ 7 pyramid P = 7 pyramid P' (Cavalieri's principle).
Vo= i(25,/3) (L2
33 3 18. Triangular pyramid 0-ABC has volume 7, base B, and
J - 5006 altitude a such that 48 = b.
27 The volume of 0-ABC plus the volume of a quadrangular
pyramid 0-BCMN is equal to the volume of the resulting
10. 9y = 3Bikys and 72 = Bahz prism ABCOMN (Definition 13-1).
3 Plane OMC divides pyramid 0-BCMN into two triangular
pyramids, 0-MBC and O-MCN
Let x = h1 = h2 AMBC = AMCN  (Theorem 7-1.1)
7 pyramid 0-MBC = ¥ pyramid 0-MCN (Corollary 13-3.3b)
7, = 3(25)(2); Vo = $(36)x Pyramid 0-MNC is pyramid C-MNO.
C-MNO and 0-ABC have congruent bases and the same altitude
7y _ 28 (Definition 13-7).
7, % 7 pyramid C-MNO = ¥ pyramid 0-ABC (Corollary 13-3.3b).
prism ABCOMN = #AABC - a.
1. »jd_l =(L,_>Z pyramid 0-ABC = (%) #AMBC + o (Division property).
by \ P2
19. Divide pyramid P-ABCDE ... into triangular pyramids by
A4 - _]£>2 passing planes through P and each of the diagonals of the
}_é x base drawn from the common vertex. All of the triangular
L= i pyramids have a common vertex and bases whose union is
1| the base of pyramid P-ABCDE ...
4y =12 The sum of the measures of the bases of the triangular
pyramids is equal to the measure of the base of pyramid
12 m==2 P-ABCDE ... (Postulate 12-3).
ho, = 10 The volume of pyramid P-ABCDE ... is the sum of the
yolumes of the triangular pyramids (Postulate 13-1)
y =4 ¢ = (5)b,a + ('}g)bza + (E)baa + ...
2y =4 U= (3)a (b, + b, + by+..)(Commutative property,
~ Distributive property)
A1,V U = ()ab, where b is the measure of the base of
£, \n, pyramid P-ABCDE ... (Postulate 2-1).
ly _,x 2 20.
2 =) ,
L =(L)2
2 (]0) 4 S—S
1 x
Z 10 Lr 13
Ve X
- X
z =572 4] %50 C
10-2=10-5/72 PN
A
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Page 559 Page 559
Exercises continued 22.  continued
20. continued P
m. AOB = 360/4 =
m. AOC = 45
AC=20CB =z B
By Theorem 8-8.1 applied to APOC, OC = 5 = 30°
et B area of base OF
= 3Ba
7= %(Zx
7 = i(6)? (4) = 48 4
21. _si3 AB = PB = 4 J37
4, 4 area of base or one lateral face m. AOB = 36073 = 120
64= 82/3 m. AQOC = 60
4 AC = (0C)/3
2= % 243° - (0003
oc . 243} YL
s =42 =16 3 32
/3 7 0c=2+43
s =16 +.93° = 1637 ,base edge or lateral edge A0 = 2(0C) = 4 .93 = BO
3 33 3
4 W= (4 A0 - (0 A)t
h? = 48/3 - 16/3 = 32/3
" =373 = 4/e3
p 30 g -
A = Bh
¢ 7 - $(36) (/203 )
75 7 = 48/2/3
AB = PB =16 3
3 7 =482 - U3
m. AOB = 360/3 = 120 —
. AOC = 60 7 -4y .y =0 -a8y12
AC = (0CW3
__ 23. Refer_to the figure of Exercise 29, Section 13-2.
8 ¥3° _ (0c)/3 A8/ GH, and AB = 61 (Definition13-12)
3 Plane ABGH divides the parallelepiped into two congruent
_ triangular prisms.
0C =8 43 = 843 = 843 Continue as in Exercise 17.
33 3.3 3
24. D
A0 = 2(0C) = 1_3_ w3 = BO
16 Y37 (16 )2
o (3T (7 :
h? = 768/3 - 256/3 = 512/3
9 ) A R c
_ — Refer to the figure. Plane_R is parallel to 0 and §§t
& ‘M ho= 2“~3/2\/§ and cuts DB, DC, AC, and AB in M, N, R, and S,
v = 3Bh respectively.
Plane,ADB intersects plane R in ¥ which is parallel
y 2%/2./3 454/ 12 to AD
V=3 ( 32¢r-) 7 Plane ADC intersects plane R in NR, which is parallel

22. There are four congruent equilateral tri

Three lateral faces are congruent equi ate?a? triangles.

2
4= 2 %§> area of base or one lateral face.
a = 144; 4 =36
2
3% %ﬁ
s? = 4(36)
s = 12 . + 12 = 3% _ 1203
N B R 3
s = 4337 base edge or lateral edge.

continued next page
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to A
Plane BCD intersects
; and
Plane BCD intersects plane R in %ﬁi which is parallel
to (Definition 13-7, Definition 6-1)
/ (Corollary 6-1.1c)
N / SK (Corollary 6-1.1c)
Quadrilateral MNRS is a parallelogram

plane R in Wi, which is parallel to

(Definition 7-1).
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Page 564 Page 565
Exercises 13. continued
1. lateral area = 2nrh lateral area of cone CMN = w({EN)(CN) = m(10)(26)= 260m
= 2n(5)(8) = 80m 3 3 9
Total area = 2mr(r + k) lateral area of cone ABC = m(DB)(BC) = 65m
= 2n(5)(5 + 8) = 130m lateral area of ABNM = 65m - 260m = 325m
9 9
I
2. ¢ 7 jateral area Volune of cone ABC = Lu(DB)2(CD) = 100
r= g%%—_'; ho= %F? Volume of cone MNC = l3ﬂ(CE)‘(EN)2 = §%%E
_ 800m _ 1900m
3. Tlateral ?re§ = 2mrh VoTume gf ABNM = ]?On -2 27
183 = 2n(20)a g - nr’h _m(9)(8) .
5= 183 e N 24m
40n c
Total area = 2nr (r + k)
= 2m (20)(20 + 183) = 800w + 183
40m
Page 565
4. V= qapp
7 = n(6)2(10) = 360
5. V= mup?py
108 = n(26)%An
y = 108 _ 108 27
(26)%m =~ 676m 169
6. ? = nrth
¥ = n(6)2(2) = 72n
14. The locus is a cylinder surface with given Tine an axis
7. ]uemlama=nﬁﬂ( ) of symmetry.
= 13) = 156m
15. Cube Cylinder
8. Isosceles triangle. g
U= e? ' = ar’h
9. lateral area = mrs 7= (6)° 216 = n(S)z. n
40.4 = 1(3.2)s 2
. =40.4 _ 404 _ 101 7 =216 n = 864
3.2t 3w 8 251
P 16. Pyramid - Base is an equilateral triangle, radius of
10. 7 = §?72)(5) 2 cone is apothem of the base of pyramid.
=1 =
P
M. ¥ =3%ar*n; r=15/2
75= n (3)%
225= 2 ‘E‘
L - 2258 36 ) B\ 5
250 m C
12. e= 2mr m. AOB = 360/3 = 120
15 = 2nr ms AOC = 60
r=15/2n AC = (0C)/3 = 3/3
Y= 3mh AB = 6/3
7 = 3ﬂ<%§)2(3) Area of base = (AB)%/3 = 27/3
ﬂ 4
U= 38
= 225 cybic feet 7 = 3(20/3)(8) = 7273
4n Volume of cone = 3mr?h
g%Q__ %» _ 45 Volume of cone = 3(m)(9}(8) = 24m
T 114
17. The section, base, and cylindrical surface determine a
13. CE =28, CD=12 new cylinder (Definition 13-6).
%E526~ AEREDB The section is congruent to the base (Theorem 13-4.1)
8/12 = »/5 18. The area of_the Ease is mr? (Definition 12-5);
» =l%_= EN . Apply Theorem 8-8.1 to ACEN: The volume is mr?hn (Theorem 13-4.2).
(8)2 + »2 = ((N)2 19. The altitude of the right circular cylinder is an element
CN = 26/3 of the cylinder (Definition 13-17); the base is a right
App1¥ Theorem 8-8.1 to ACBD: sectjon (Definition 13-17); the perimeter of the right
(CD)* + (DB)? = (BC)? section is the circumference of the base (Postulate 2-1);
2 4 2 - 2 the Tateral area of a right circular cylinder is the
(12)% + (5) (BC)
BC =13 product of its altitude and circumference (Postulate 13-4,

continued

101

Postulate 2-1).



SOLUTIONS FOR PAGES 565-570

Page 565

Exercises continued

20. &£ = 2nvh (Theorem 13-4.3)
If B is _a base, #B = 2nr* (Definition 12-5)
= 2ny? + 2urh = 2nr (» + k) (Addition and
Distributive properties).
21. If the radius is », the circumference is 2mr, and if the
slant height is s, then £ = (%)2mr « s = nrs
(Postulate 13-5)
The area of the base is mr?
=np? + nps =y (r + s) (Addition and Distributive
properties).
22. Follows immediately from Postulate 13-6.
23.
u
~—_
0
The radius of cone is an apothem of the base of the
pyramid.
”1 = %ﬂrzh
= 1601
0N 5
]
30°
Portion
of
Base
N
A C B
m. AOB = 360/6 = 60
ms. AOC = 30
0C = (AC)/3
4 = (ACW3 _
AC 43 ; and AB = 83
3 3
P =6(AB) = 16/3
A =1 P
4 =1 (4)(16/3),= 32/3, area of base
J2 = {Bh
¢, = 5 (32/3) (10)
y - 32043
2 3
24. Apply Theorem 8-8.1 to find the altitude = /s~ r*.
25. 7 = up?n = i{(n) \12 ( = m/2592 cubic feet.
Therefore the number of cones which can be filled
from 7.5 gallons of ice cream is:
1 . m _1728
7.5 ° 2592 5
Page 566
26. Cylinder I Cone
lateral area = 2urh b = inp?p?
= 2n(5)(5)| 125 =1 (g)2
. = 50m 3 (5) &
h = mrn hy =15
h o= m(5)% (5) = 1250 s? =

: éﬁ%%_+ (5)2

S
lateral area = mrs

(5 10
ZSH}%%/-T

wonou
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27.

28.

Page 566
Cone Pyramid - base is an equilateral
triangle
J, = 3nr’h m. AOB = 360/3 = 120
W = 100m m. AOC = 60
The radius of cone |AC = 5/3
is an apothem of the| AB = 10/3
base of the pyramid [P = 3(AB) = 30/3
A4 = 150P
4 =14(5)(30/3) = 75/3
7m0 - a0
= 2(75/3 = 30
7:- %, ='300/3 - 100m = 100(3/3 - )

300 €
C0=n 7, of cone ABC = 3R?% = ¥, of ABNM
C0'= = > of cone MNC = 3mr’x
ACO'N ~ ACOB U, of ABNM = 7, - 7,
co'_ O'N giriz = uR%h - nrix
C B 2nr?x =nR%n
2r%x = R?h
z_r 2 , rho_ p2
5% 2103 Ra R°h
-r. 2r°h = R°h
z =% h
Lo Y
1 R® " 2n *
=7 *h
2
r ﬂ&?
R
z = .22
V2T
Class Exercises
1. mrs, 2. T r,s,
3. (mrys,- mor,s,) =n(rs - r,s,)
Page 570
Exercises
1. A4 = 4np? = 64n
2. AM = (c/ct)?
167 = 1y2
oo - (¢/¢)
4/10 = c/C'
c/C' =2/5
3. Diameter of Sphere = side of a square face
d=8;r=14
A = 4upr? = 64m
4. Maximum height will approach 12.
If the height is 12, the sphere will be inscribed in
the cylinder
5.

D, C
7
/
/
8 o
/
Z —~—
A B
AC = 10
(AC)? = (AD)2 + (DC)2 (Theorem 8-8.1)
(10)% = (8)* + (DC)*
DC = 6 diameter of the cylinder

continued
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Page 570

Page 570

Exercises continued

5.

continued

r = 3 radius of the cylinder

lateral area = 2mrh
=m(3)(8) = 48n
7y = § R D2 = Juet
4 = 256
7, = %nl6) = 2881 U, = n(4)® = S
U, -7, = 2887 - 256m _ 6080
3 3
20" = (r/r")
Let x =¢
3x = bz
12/3x = (r/r")
1/3 = (r/r')?
1 .r
T T
r, = Jg-rl
Cone Sphere
ﬂ1 é"Pih U, = %-ﬂr;
Vl = gnx?(2z) = 2mz?
3
2nz’
gi =_3 = L
v 4y :
2
Sphere Cube
ng = 4np? 'JZ = 6e?
m /. AOB = 360/4 = 90 e = 2r
m. AOC = 45 A, = 240
Ay 4t _m
&, T
9 3 3. = 2
U = 7™’ and 4 = dor
%ﬂr3 = 4up?
dnpd - 12np? = Q
ri- 32 =90
r?(r - 3) =0
r? =0 r-3=0
r =0 (reject) r=3

The Tateral area of a cone with radius », and slant
height s, is = nr,s, (Postulate 13-5)
Similarly, the lateral area of the upper cone is
= Tr,s,
The lateral area of the frustum is
= mrys - Nrys,=m(r s - r6 ,) (Subtraction property)

The triangles formed by the s]ant he]ght and radius of

each cone are similar (Corollary 6-3.1a,
Coro]]ary 8-5.1a);
s, /s (ms /r )(r,? 2 = ms /e e, - r)(r, + 1)

(D1str1buf1ve property3
= (ns, - ms,)(r, + r,)(Postulate 2-1)

=mis(r. + r, ), where s = s - s, (Postulate 2-1,
Di stributive property)

= (%)s(2mr + 2mr, ) (Distributive property).

1

1o EQEQ
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Exercises continued

12.
13.

See proof outline pages 568-569.

A.‘...ib..-'»B

AB is diameter of the circle.

(10)2 = r% + ( )2 (Theorem 8-8.1)
r = /88 = 2/21

A

= B
N
Ny

MN is side of the equilateral triangle
m. MCN = 360/3 = 120

m. MCD = 60
MC = 2(CD)
2 (CD)

Al

CD)y/3 =

(MD) =

MN)%/3 =
4

%
—
"N o

cD
MD
MN

(721)(J5) =./63=3/7
63/3

nononon
o —~2_

1S

4niy? = 6e?
= 32

62 e
r= o Yo = e

I
4
3
w

Page 572

Review Exercises

—

No, the sum is greater than 360°.

There are four congruent triangles for faces.

The base face is an equilateral triangle.

The 3 lateral faces are congruent equilateral triangles.

A = s%/3 _ 25/3

4 4
Total area = 4 = 25/3
4

It {s the point of concurrence of the planes parallel to
the faces and the required distances from them.
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Page 572

Review Exercises continued
5. Base is a square of side 3.
P=4(3) =12

lateral area = eP
= (10)(12) = 120

area = 6e® = 216

base = %(6)(x) = 3¢ = 3/7

4 = 14.

= Ph

= (14)(10) = 140

Tateral area + 2B, = 140 + 6,/7

Bh
(3/1)(0) = 30/7

o0
®©
N
A
non

9. lateral area = eP
360 =

e =27
10. P

P = 4(AB) = 20
Tateral area = % sP
Tateral area =%€§%Iz> (20) = 2517

B = (AB)2 = (5)2 = 25 area of the base
Total area = lateral area + B = 25/17 + 25

Page 573
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Page 573
11. continued
AB = 2x
m. AOB = 360/4 = 90
m. AOC = 45
0C = AC = x
§13)2 =22+ (5)2 ,andx =12
= %Bh, B = (AB)? = 4z =576
7 = 5(576)(5) = 960

The base is an equilateral triangle

There are 3 congruent equilateral triangles for lateral
faces

lateral edge = base edge

e
A

MeBRRE X
nxexiu

5
"
o
o

Let PO = 1

Therefore in APOB

n? = 81 - 27 (Theorem 8-8.1)
ho=.58 = 3/6

There are 4 congruent equilateral triangles, one for
base and 3 for lateral faces.

Let AC = x

m. AOB = 360/3 = 120

m. AOC = 60

AC = (0C)W3 = =

o = a3

0A = 2(0C) = gg%g - 0B
AB = PB = 2z

PB = 2z and OB = 35%3
3(52
(22)7 = 36 +(z{)
7
x=s g 3= g’JE

B, - (Asgﬂga - 4x2¢§' - 2% /3

Total area = 4B, = 4x2/3 = 4(3/6/2)% « /3 = 54/3

In 30-60-90 triangle ACD

6 = /3 (where AC = z)

z = 2/3 _

AB = 2x = 4/3 base edge )

B = area of base = L@%ig = 12/3
Let PC = s

Then CB = 2/3

continued
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Page 573 Page 573
Review Exercises continued 16. continued
14, continued V= 2/7 100,10, /A - 2000/2/3
B 5 73 33 9
Thus in APCB: s2 = 122 - (2/3)?
s = 2/33 17. lateral area = 2urh
P = 3(AB) = 12/3 = 2n(6)(10) = 120m
lateral area = %P;
lateral area = %(2/33)(12/3) = 36/11 total area = 2mr(r +h)
Total area = B + lateral area = 12/3 + 36/11 = 2n(6)(16) = 192m
15. p 18. 7 = nr?p
250 = n(13)%n
- 250
s - 169
D B 19. 7= 3y
Y , U = 3(10)(16) = 20
o -g¢ 20. ¢ yli
\\ . ube Cylinder
E A v, = o0 U, = urh
1000 = n(5)2n
m. AOB = 360/4 = 90 4, = (10)®
m. AOC = 45 h= 40
0C = AC = x ¥, = 1000 n
B = area of base = (AB)? = 4z?
In right APOC: 21. lateral area = mrs
xz® + 62 = 8 (Theorem 8-8.1) 8
§=2\/7 64 = n(r)(8); »r=m
= 3Bn
U =1 (8z2)(6) = 8x? = 224 h =57 = #2 (Theorem 8-8.1)
16. There are 4 congruent equilateral triangles h = /64 - (64/17%) = (8/m)ym -1
22.
E D
o
45° 45"7\
4 rcC r B
4
m. AOB = 360/3 = 120 m. AOB = 360/4 = 90
mZ. AOC = 60 m. AOC = 45
AC = (0C)V/3 (use AAOC)
x = (0C)V/3 Cube Sphere
_ /3 o
0c =73 U = (AB)® 4 = bnp?
P = 3(AB) = 6z 7= (2r)° 4 = 16n
B = area of base = %aP, . 64 = 8r?
=%x‘§§)(6x)=x2J3 r=2
In right APCB: a? + s2 = (2z)2  (Theorem 8-8.1) 23. Ul = (p/p1)?
Therefore s = x/3 /0 =5 (p/p')?
lateral area =4sP r/r' = 1/3/2
=%(@/3) (6x) = 3 /3 4 s _
Total area = lateral area + B 24, 7, =3 3 r; =4
400 = 3x%/3 + 22/3
400 = 4x3%/3 Uy = 256m
x? = 100/3 3
3 U 28 qp3 = 5
3 2
c = 10/@ = (10/3) /373 7, - 3%
In right APOC: iz 'ﬂl - 344n
PO = h,
h? = (/3)2- <;g§) 2 (Theorem 8-8.1) 25. The great circle contains the diameter of the sphere.
3
h? = 8x? Sphere Cone
3
=2 f2 =2 Uy = Frl e -6 5 = dnp? .
h~x/;—TxJ6' 3 sy 2 = gmrih; r,=6
V= 38n 7y = 288n 288 = 4n(36)n
h =24
V=3 (xzﬁ) (2g[6> = 2032
3
T=%72¢ 22« x

continued
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Page 573 Page 574
Review Exercises continued
6. continued
26.
6 B = area of base = (AB)%/3
a
2 —_ e
- 4~Z 3 .23 = 2213
N
S —/ P = 3(AB) =
N— lateral area =
%(/43) (6z) = (3/ (F
a = (10)* - (7)? Total area = B + lateral area
d =451 = 21/3 + 3/903
r = %./57 -
lateral area = 2nrk = 2m(% /51)(7) = m/51 7. Total area = 2ur(r + k)
Chapter Test = 2n(6)(6 + 8) = 168
1. Given: 70, 100, x, 2 > Q 8.
70 + 100 + x < 360 (Theorem 13-1.2) P
70 + 100 > z, therefore 170 > x (Theorem 13-1.1)
70 + £ > 100, > 30 (Theorem 13-1.1}) 10
100 + = > 70 true for all positive values of z.
Therefore 30 < x < 170.
p S
2.
04
l r? = 100 - 36 U = inr’n
0 B r =8 ¢ = 128m
ot
¢ 9. lateral area = mirs = w(2)(4) = 8n
A
B 10.
4, = area of base = AB)ZJ3 = 25/3 £ D
Total area = 44, = 100/3 0
Page 574 457N
r
3.P=3+5+4+ 6+4 -2 Ae==—p
lateral area = = (12)(22) = 264 5 5
4, B = %(5 )(12 30
Y = Bh 30(10) = 300
ms AOB = 360/4 =
5. Base is a square ms AOC = 45
B = ( )% = 64 -]
U= §B;(1 | 2
32 = 3(64)n 4 3
R =32 b=
P
6. » 6
04
‘!‘> Page 577
“ Exercises
A 1. 16 + 13 -28=1
Let x = OC 2. Answers will vary with each student.
m. AOB = 360/3 = 120 3. The numbers indicate a coloring scheme to follow. There
v /_'\OC =, 60 are other possible schemes. It is not possible to use
AC = (OC)“/; fewer than three colors.
z = (0C)y/3
0C = »/3
3
In right APOC
PO =6, PC =25 and OC = »/3 ]
3
Therefore:
= 36 + 2 (Theorem 8-8.1)
3
In right APCB:
? = 64 - 22 (Theorem 8-8.1) 4. One strip, twice as long, with two half-twists.
Therefore: 5. Two strips linked together. )
36 +z° = 64 - x* (Transitive property) 6. Two strips linked together, one with one-half-twist and
3 the other, twice as long, with three half-twists.
x =.2T; s =83

continued next page
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Page 580 Page 585
Exercises Exercises
1. BB = (1-2, 7-5) = (-1, 2) Answers for Exercises 1-16 will vary. Sample answers are
given here.
Exercises 2-9 are donme in a way similar to Exercise 1
N N 1. (6, 14) 2. (-2, 5/2) 3. (o0, 13/5)
2. MWy = (-9, 6) 3. €O = (11, -2) 4. (3/2 4) 5. (-25, 0) 6. (7,
4. EBR = (1, 7) 5. EF = (3, 9) 7. (-6 3/2) 8. (3, 5) 9. (- 14 8
6. FB = (-2, -2) 10. 3, 5) 11. (5/2, 1) 12. (1, -
13. (1/6, L) 14. (4, 16 15. (-3, O)
16. (3/5, 1/10) 17. = = /12 18. =0
19. x—iﬁ 20, x =0 21, z = #13
22, x = +3 23. (-2, -7) 24. Rectangle.
Page 581 5. 3 11 26. Rhombus 27. Square.
—_— 2 ’ J— —
7. W= (11, 1), 8 = (-11, -1) 28. BL = (-1, 1), .= (-1, -1), D&=(1, -1), or BC = (1,-1)
8. Ag=(1,0), BA=(-1,0) €D = (-1, -1), DA = (-1,
9. M = (2, 6), BA = (-2, -6)_
0. CQ=(-3,4) Nn. [&B| =5
12. B:= (2, -3) 13. DA = (2, .-
14. |DA} = /13 15. - CD =DC = (3, -4)
16. C(=3, 0) 17. (-7, 6) Page 586
18. [AB| = /13
19. [BA] = /T3 20. M(3, -3) Exercises
21. M = (-2, 2) 22. B = (-6, -4)
23. A = (-8, -2) 24. DA = (4, 3) 1. (-1, 0) 2. (6, 11) 3. (2, -8)
25. DB = (2, 5) 26. DC = (54, 1) 4. (-3, 2) 5. (4, 1) 6. (2, -6)
27. The sum of the z's for _§ and BG equals the =« for _Q 7. (-5, 0) 8. (0, 6) 9. (-3, %)
28. The sum of the y's for AB and BC equals the y for AC.
29. The z-value for the vector equals the z-coordinate of the 10. 4+ B=(5,-7) 1M.B+ 4= (5,-7) 12. v, + V,= (0, -10)
point; the y-value for the vector equals the
y-coordinate of the point. 13. v, + V= (0, -10)
4. 4+ Vs = (0, 0)
15. v, +4=(0,0)
Page 583
16. (4 + B) + v,= (5, -7) + (-3, -5) = (2, -12)
Exercises
N N 17. 4 +(B + v,) = (3, -4) + (5, -8) = (8, -12)
1. BB = (=7, -1) 2. BC= (9, -4)
3. AB+BC=(2,-5 4. CA-=(-2,5) 18. (v, + 7,) + v, = (0, -10) + (-3, 4) = (-3, -6)
5. ED = (1, -1) 6. DE = (-1, 1)
7. BG +CD + DE = (4, 4) N 19. vy + (V, + V3) = (-3, -5) +(0, -1) = (-3, -6)
8. BE = (4, 4) 9. AC + TE = (-7, 13) . . .
10. EA = (3, -3) 20. A8 = (3, 4), BC = (-8, -3), AC = (-5, 1) {Definition 14-1)
17, Yes._ N B + BC = (-5, 1) = AC (Definition 14-7, Postulate 2-1)
12. No, AB = (4, -7), but BC = (;3, -3). .
21. AL = -CA (Qefinition 14-5)
13, Let Az, , ¥y)» B (x5,y,)s and Clxysy,). AB + BC =_AC (Exercise 29)¥ e e s
N N Hence, (BB + BC) + CA = AC + CA =-CA+ CA =0
BB = (z, - @y» ¥y, -¥y)s BC = (x5 ~255 y3 -y,) (Postulate 2-1)
CA = (xy,— x3, ¥1 - ¥3) (Definition 14-1); 22. (3, 4) + (-3, -4) = 0 (Definition 14-7)

A8+ﬁ+ﬁ=(x2-xl+x5—m

tYs = Y2 t Y1 - Ys

14. Suppose A,_B,
then_AB + BC =

and C are collinea
AC (Refer to Exa

2 * Xy - T3, Y2 - Yyt

) = (0,0) =

r with ABC;
mple 2);

but AC - CA (Definition 14-5);
M +BC+CA=AC+Ch=0 (Postu]ate 2-1)
Page 584
Class Exercises
1. -% 2. -% 3. Yes, Theorem 10-3.1.
4. (4, -2) 5. (8, -4)
6. x inCD equals 2z in 7B.
7. y in [0 equals 2y in 7B.

8. Several answers possible.

For example:

The ratio of

the sum of the ; components to the sum of the

components equals the slope.

107

23. B = (3, 4), BA = (-3, -4) (Definition 14-1)
AB + BA = 0 (Definition 14-7)
24. Let 4 = (x1 »y1), B = (22,y2)» and C = (x3,y;)-
(A+B) + 0= (2 +a,0y *+y,) + (xpy,) sllz +x,)+
ta,ly, *y,) +y3]. A+ (B +C) ml,yl) +
(xz tray, t ya) = [xl + (x, + .7L'3),yl + (y2 + ya)]-
But addition of real numbers is associative;
Thus, (4 +B) +c =4+ (B + ).
Page 589
Exercises
1. (-6, 10) 2. (-4, -3) 3. (-30, -54)
4. (0, 0) 5. (13, -39) 6. (0, 0)
7. (-2, 2) 8. (-2, 2) 9. (20, -8)
10. (20, -8) 1. (-18, -3) 12. (-18, -3)
13. (0, 0) 14. (21, 35) 15. (-6, 8)
16. (17, -4) 17. (-%, 5/2) 18. (60, 70)
19 (-26, -35) 20. (4, -28) 21. (-33, 10)



SOLUTIONS FOR PAGES 589-533

Page 589

Page 591

Exercises continued

25. Let V= (z;, y,). a(®V) = albx,, by,) (Definition 14-3)
a(bl'ls bl./l) =(a(bx1)! a(byl (abxll abyl)
(Definition 14-13, Mu1t1p11cat10n of real
numbers is associative}
(ab)V = (abzx, >aby,)(Definition 14-13)
Hence, a(bV) = (ab)V (Postulate 2-1)
Page 591
Exercises

Exercises 1-6 are student drawings.

7.

The third force equals 50 1b and makes an angle of 126°50"
with the 30 1b force.

B c
£ G
D
A
AD + D¢ = AC, AB.+ BC = (Definition 14-6)
AD + DC = AB + BC_ (Trans1t1ve property)
EH = (‘/Z)A~ - (%)AB (Definition of Vector Subtraction)
FG = (%)CD - (%)CB (Definition of Vector Subtraction)
EH = FG (Postulate 2-1)
EH / FG (Definition 14-9)

Similarly, EF / HG
EFGH is a parallelogram (Definition 7-1)

o]
a

V1

Va2

Consider quadrilateral ABCD with BN =MD = v,
A=W =v, BC=v,+v, and A = v, + v, (Definition

of vector subtraction, Definition 14-5);
Hence, BC / AD (Definition 14-9)

Similarly, = - v, +V, and o = v, - V,.
AB / DC (Definition 14-9)
ABCD is a parallelogram (Definition 7-1).

Draw AABC a_(eqm red, and_let P _be any point.

PC - PA' = A'C, and PA - PB = BA" (Vector subtraction)
PC + PB = 2PA' g_ngp]imatmn)_‘

Similarly, PB + = 2PC, and BR + PC=2P8
Then 2PA' + 2PB + ZPC' =PC+PB+PA+PC+PB+P

(Ad__Ltm_,progqrt )

PA + PB + PA' + PB' + PC' (Division property)
Let v = (z,y).

0« V=0¢ (xsy) = (0 o, 0 *y) (Definition 14-3)
(0 *x, 0 *y) = (0, 0) = 0 (Definition 14-12)

Suppose 0, exists such that v + 0,= Vv for any vector v

V+o= (Property of additive identity vector)

V+0=TV+0, (Transitive property)

V' is the additive inverse of V, so (V'+ V) + 0 =
+0;_, oro+0=0+0,

That 1s, 0 = 0, (Property of additive identity vector).

(v' +v)
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Exercises continued

12. DX = AX - _j (Definition of vector subtraction)
YB = CB - CY (Defigitiog of vector subtraction)
AE - AD = DE, and CF - CB = BF (Definition of vector
_.Subtragtion)
AD = - CB (Definition 14-5, Theorem 7-1.3)
CE = - i (Definition 14-5, Given)
DE = - (Postulate 2-1)
DE = (Def1 1t1on 14-5)
Hence, W// (Definition 6-1)

Page 592
Review Exercises
1. (-8, 3) 2. (-2, 7) 3. (5, 2)
4. (1, -9) 5. (-5, 3) 6. (-5, 4)
7. JxF + yT = (x)? + -y
8. (-2, -2) 9. (5, 6) 10. (-3, 8)
11. (3, -8) 12. (3, -8) 13. (12, 7)

14. Any side of AABC can be a diagonal of the parallelogral
(6, 1) and (0, 3) are the other two.

m.

15. 30/7 16. 9/2 17. 2z =0
18. z = +,/249 19. z = +7 20. (-3, 1)
21. (-5, -3) 22. (2, 9) 23. (9, 4)
24. (1, -1) 25. (-6, 4) 26. (1, -1)
27. (6, 6) 28. (6, 6)
Page 593
29. (3, -2)
30. (ax,y) +(0,0) =(x+0,y+0)=(0+zx, 0+y)=(0,0)
+ (zoy) = (x5y
31. (-10, 15) 32. (-24, 8) 33. (0,0
34. (0, 0) 35. (12, -12) 36. (-35, -56)
37. (0, 0) 38. (24, 36) 39. (0, 15)
40. (-6, -15) 41. (-14, 1) 42. (-11, -1)
43. 20  -14 44. (-15, 11) 45. 30, -24)
3 3
46. (30, -24)
47. 4 - ¢ is the vector with initial point at the terminal

point of ¢, and terminal point at the terminal point o

48. B + C is the diagonal of the parallelogram whose sides

are congruent to B and C.

49. B - C is the vector with
point of ¢, and terminal

initial point at the terminal
point at the terminal point o

50. C - 4 is the vector with initial point at the terminal

point of 4, and terminal point at the terminal point o
51. Dr_y, rectang]e ABCD such that ™ = (5y) e = (zsy)»

(-ky,kx), and AD =

|AC| = iz k) * (y + ka)? = J/Z ¥ g (RZ ¥ 1)
(Qefinition 14-4)

+ (ke +y)? = J{&®+ y?) (k7 + 1)

|DB| = Jlky + x)?
(Definition 14-4)

The fact that AC and DB bisect each other follows from

the first vector proof presented in this section.

(-ky ska) .

Chapter Test
1. A vector is a directed segment.
2. Any member of a set of equal directed segments.
3. D (0,1
4. 5 5. 5 6. 5
7. v.= (12, 6) e
8. AB +BC = (-4, 3) +(2,-7) = (-2, 4); CA=(2,
A +BC+CA=(-2+2,4-4)=(0,0

f 4.

f B.

f C.
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Chapter Test continued

9.
12.

(-17, 14) 10. (6, 18) 11. See page 582
See page 590 13. No, it could be kite shaped.

Page 596

Exercises

1.

Let V1 = (z15 )5V = (y1» ¥a2).

Vy s Vy = xy, + xy, (Definition of dot product);

Ty, t Xy, = Y%, t y,x, (Multiplication of real
numbers is commutative)

Va * Vi yixy = ypx, (Definition of dot product)

Vy * V=V, » V, (Transitive property).

Vie (v, +Vy) =7, «(0,1,0)=1+0+3«1+5+0
= 3 (Definition 14-7, Definition of dot product);

VieVo+VyeVg=[1+24+3«0+5¢«3]+[1s(-2)+
31 +5%¢ (-3)] =17+ (-14) = 3 (Definition of dot
product); ¥y ¢ (Vo + Vi) =Vy ¢ Vo + V) * Vs
(Transitive property).

29

Vy*Vy,=1¢84+4+2+3¢(-4)=12-12=0

(Definition of dot product); since neither V; nor Vs

is equivalent to the zero vector, V, 1+ V, (Definition

of perpendicular vectors).

Not necessarily (due to zero divisors).

Draw AABC with A(0, 0), B(a,0) and C(b,e).
Let Vi = (a,O), Vz = (b‘a,-c)svg = (‘b: ‘c): V“ = (b: 0)’

and Vs = (-ke,k{b -a) }.

v, and v, intersect in (b,[{a - b) *bl/e).

The vector V¢ from (a, 0) to (b,[(a -B) <bl/e) is

(b -a, [{a - D) *» bl/e). But this is the altitude to the

opposite side if and only if vy « v, = 0. Thus, (-b,-c)*

(b -a, [(a-b) *« bl/e) =-b (b -a) + [ -c¢ * (a-b) * bl/c=0.

Let v, = (a;s a)s V, = (b5 b,)s V; = (e c,).

Vi o (v, +74) = (ays a,) = (b, + e, b, +¢,)
(Definition 14-7);

Vet (v, + V) =a, (b, +¢,) +a,(b, + ¢,)
(Definition of dot product);

Vi o (Ve + V3) = apb, +ape, +ab, + aye, (Distributive
property)

Vy * Vy = aby + ayb,, V) * Vy = a,e, + aye, (Definition
of dot product);

Vy * Vo + Vy * Va= a1by + azby + ajey + aze, (Addition
property)

Vo *Vy #V, * Vy=ab, + aje; + ayb, + a,e,(Commutative
property of addition)

VsV, +V, e V,=T . (v, +7,) (Transitive property).
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DEFINITIONS

DEFINITIONS

Definition 1-1  If every element of set A is also an element
of set B, then A is a subset of B. We denote this by A < B.

Definition 1-2 If set A is a subset of set B, but set B
contains at least one element not in set A, then A is a
proper subset of B. We denote this by A < B.

Definition 1-3
if each is a subset of the other.
A <B and B < A.

Set A and set B are equal sets if and only
A =B if and only if

De?inition 1-4 Set A and set B are equivalent sets if and
only if the two sets have exactly the same number of elements.

Definition 1-5 The intersection of sets A and B is the set
whose elements are elements of both A and B. We denote the
intersection of A and B by A N B.

Definition 1-6  The union of sets A and B is the set whose
elements are elements of at least one of the sets, A and B.
We denote the union of A and B by A U B.

Definition 1-7

set, @

A set that has no elements is the null

Definition 1-8 Two sets whose intersection is the null set
are disgjoint sets.

Definition 1-9  The distance between two points A and B is
the unique number corresponding to them. We denote the
distance from A to B by AB.

Definition 1-10 If points A, B, and C are distinct points
of a Tine such that AC + CB = AB then point C lies between
points A and B.

Definition 1-11 A set of points is collinear if all the
points lie in a Tine.

Definition 1-12 A set of points is coplanar
points 1lie in the same plane.

Definition 1-13 A line segment is determined by two points,
A and B. ATl points between A and B are points of the
segment, and A _and B are its endpoints. We denote line
segment AB by AB.

Definition 1-14 AB is the measure_of the distance between
A and B. We denote the measure of AB by AB.

Definition 1-15 Point C is the midpoint of AB if C lies
between A and B, and AC = CB.

Definition 1-16

measure is zero.

Definition 1-17  The sets of points described in the line
separation postulate are half-lines, with P as the endpoint
of;gggh half-line. We denote the half-line from P through B
by PB’.

Definition 1-18 A ray is the uniog;pf a half-line and its
endpoint. We denote the ray PQ by PQ.

Definition 1-19  An angle is the union of two noncollinear
rays with a common endpoint. The common endpoint of the rays
is the vertex of the angle. The two rays are the sides of
the angle.

if all the

A point may be considered a segment whose
We may call A a zero segment.

Definition 1-20  The sets described in the Plane Separation

Postulate are half planes, with m the edge of each half plane.

Definition 1-21  The measure of an angle is the number given
in the Angle Measure Postulate. We denote the measure of
L A by me A.

Definition 1-22  The interior of an angle is the
intersection of the two half planes. Each half plane has for
an edge the line containing one of the sides of the angle,
and contains the other side.

Definition 1-23  Adjacent angles are two angles with a
common vertex and a common side, but no common interior
points.
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Definition 1-24  An angle whose measure is between 0 and 90 is
called an acute angle.
An angle whose measure is between 90 and 180 is called an

obtuse angle.
An angle whose measure is 90 is called a right angle.

Definition 1-25  1f when A and SC intersect, they form
adjacent angles of equal measure Egen the Tines are
perpendicylar., To indicate that is perpendicular to ac
we write AB 1 AC.

Definition 1-26  If the two noncommon sides of adjacent angles
are collinear - that is, form opposite rays - we say that the
angles are a linear pair.

Definition 1-27  If the sum of the measures of two angles is
, the angles are complementary angles. Each angle is the
complement of the other.

Definition 1-28  If the sum of the measures of two angles is
180, the angles are swpplementary angles. Each angle is the

supplement of the other.
De?inition 1-29  If point P lies jn the interior of £ BAC,
such that mz BAP = ms PAC, then AP’ is the bisector of L BAC.

Definition 1-30 A straight angle is an angle whose measure
is . reated as an angle, a single ray is an angle whose
measure is 0.

Definition 1-31
Definition 1-32

acute angles.
An  obtuse triangle is a triangle with one obtuse angle.
A right triangle is a triangle with one right angle.

Definition 1-33 A quadrilateral is a four-sided polygon.

The quadrilateral has four sides and four vertices. The
endpoints of a side are consecutive vertices. Vertices that
are not consecutive in a quadrilateral are opposite vertices.
Sides with a common endpoint are adjacent sides. In a
quadrilateral, sides that are not adjacent are opposite sides.

Definition 1-34

Definition 1-35 The two sets described in the Space
Separation Postulate are half-spaces with plane P as the face
of each half-space.

Deiinition 1-36 A dihedral angle is an angle formed by the
union of a line and two noncoplanar half-planes that share
the line as edge. The half-planes are the faces of the
dihedral angle.

Definition 2-1 If the sides of two angles form two pairs of
opposite rays then the angles are vertical angles.

A triangle is a three-sided polygon.

An acute triangle is a triangle with three

Space is the set of all points.

Definition 3-1  Congruent segments are line segments which
have equal measure. We denote their congruence by AB = CD.

Definition 3-2  Congruent angles are angles which have equal
measure. We denote their congruence by £ YCX = £ QDP.

Definition 3-3 If there is a correspondence ABC ¢ XYZ such
that the sides and angles of AABC are congruent to the
corresponding sides and angles of AXYZ, then ABC © XYZ is a
congruence, and the triangles are said to be congruent
triangles.

Deé’inition 3-4 In a triangle, an angle is included by the
sides of the triangles that lie in the sides of the angle.
In a triangle, a side Zs included by the angles whose
vertices are endpoints of the segment.

Definition 3-5 By the SAS correspondence, two sides and the
included angle of one triangle are congruent to the
corresponding parts of a second triangle.

Definition 3-6 By the ASA correspondence, two angles and
the included side of one triangle are congruent to the
corresponding parts of a second triangle.

Definition 3-7 By the SSS correspondence, the three sides
of one triangle are congruent to the corresponding sides of a
second triangle.
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Definition 3-8 An angle bisector of a triangle is a segment
that Ties on the ray bisector of an angle of the triangle and
has its endpoints at the angle's vertex and at a point of the
side opposite the angle.

Definition 3-9 A median of a triangle is a segment whose
endpoints are a vertex of the triangle and the midpoint of the
side opposite that vertex.

Definition 3-10 An altitude of a triangle is a perpendicular
segment whose endpoints are a vertex of the triangle and a
point of the line containing the opposite side.

Definition 3-11
are congruent.

Definition 3-12 A scalene triangle has no congruent sides.
An isosceles triangle has two congruent sides.
An equilateral triangle has all three sides congruent.

Definition 4-1  The converse of p = q is the implication
q ~ p formed by interchanging the hypothesis p and the
conclusion q.

Definition 4-2  The inverse of p, — q is the implication
~p ~~q, formed by negating each statement of p — q.

Definition 4-3  The contrapositive of p ~* q is the
implication ~ ¢ = ~ p, formed by negating the statements of
the converse, g ~ p.

Definition 4-4  The perpendicular bisector of a segment is
the line perpendicular to the segment at its midpoint.

Definition 4-5 The distance to a line from an extermal point
1s the measure of the perpendicular segment from the point to
the Tine.

Definition 4-6  The projection of an external point onto a
Tine in a plane is the foot of the perpendicular segment from
the point to the Tine.

Definition 4-7 A line and a plane are perpendicular if and
only if they intersect and all the lines in the plane which

pass through the point of intersection are perpendicular to

the given line.

Definition 4-8 The distance to a plane from an external
point is the measure of the perpendicular segment from the
point to the plane.

Definition 4-9  The perpendicular bisecting plane of a
segment is the plane perpendicular to the segment at its
midpoint.

Definition 4-10  Two planes are perpendicular to each other
1f and only if one plane contains a line perpendicular to the
second plane.

Definition 4-11  The projection onto a plane of a segment AB
is the set of points in the plane which are the projections
of the points of AB.

Definition 4-12 I1f a plane is perpendicular to the edge of
a given dihedral angle, the intersection is called a plane
angle of the dihedral angle.

Definition 4-13 The measure of a dihedral angle is the same
as the measure of any of its plane angles.

Definition 5-1  An exterior angle of a triangle is an angle
that forms a linear pair with one of the interior angles of
the triangle.

Definition 5-2 In a triangle, the two interior angles which
o not form a linear pair with an exterior angle are the
remote interior angles of that exterior angle.

Definition 6-1 Two distinct lines are parallel if and only
if they are coplanar and do not intersect.

Definition 6-2 A line is a transversal of two or more
coplanar lines if and only if it intersects each of these
lines in different points.

A triangle is equiangular if all its angles

m
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Definition 6-3 Let {P , P
points in a plane, where n > 3. Let the n segments,

Py Pys ?2 Pas « o v Pn 1 P ,Pn Pl, have the following
properties: - n

2t - ,Pn}be a set of n distinct

1. No two segments intersect except at their endpoints.
2. No two segments with a common endpoint are collinear.

The union of such segments is called a polygon.

The consecutive vertices of a polygon are the endpoints of a
side of the polygon.

The consecutive angles of a polygon are angles of a polygon
at consecutive vertices.

A diagonal of a polygon is a line segment joining any two
nonconsecutive vertices.

Definition 6-4 A convex polygon is a polygon whose points
all Tie on one side of each 1ine containing a side of the
polygon.

Definition 6-5 A regular polygon is a polygon with all
angles congruent and all sides congruent.

Definition 7-1 A parallelogram is a quadrilateral in which
both pairs of opposite sides are parallel.

Definition 7-2 A pair of consecutive angles of a
parallelogram is formed by two angles that have their
vertices in the endpoints of the same side of the
parallelogram.

Definition 7-3 The distance between two parallel lines
is the length of the perpendicular segment from any point of
one line to the other line.

Definition 7-4  An altitude of a parallelogram is the
perpendicular segment from any point of a line containing one
side of the parallelogram to the line containing the opposite
side of the parallelogram.

Definition 7-5 A rectangle is a parallelogram with one
right angle.

Definition 7-6 A rhombus is a parallelogram with two
adjacent sides congruent.

Definition 7-7 A square is a parallelogram with one right
angle and two adjacent sides congruent.

Definition 7-8 1f a transversal intersects two lines m and
n in points A and B, then lines m and n intercept AB on the
transversal.

Definition 7-9 A midline of a triangle is the line segment
joining the midpoints of two sides of the triangle.
Definition 7-10 A quadrilateral is a trapezoid if the sides
of exactTy one opposite pair are parallel.

Definition 7-11 The median of a trapezoid is the Tline
segment Joining the midpoints of the nonparallel sides.

Definition 7-12  An altitude of a trapezoid is the
perpendicular segment from any point in the line containing
one base of the trapezoid to the line containing the other
base.

Definition 7-13 An isosceles trapezoid is a trapezoid whose
nonparallel sides are congruent.

Definition 8-1  For any two positive real numbers aand b,
b # 0, the ratio of a to b is the quotient a .
b

Definition 8-2  An equation expressing the equality of two
ratios is called a proportion.

Definition 8-3  An exterior angle bisector of a triangle

is a segment that bisects an exterior angle of a triangle,
and has its endpoints at the vertex of the bisected angle
and in the line containing the side of the triangle opposite
this angle.

Definition 8-4  Similar polygons are polygons whose
corresponding angles are congruent and whose corresponding
sides are proportional.
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Definition 8-5 A ratio of similitude of two similar polygons
is the ratio of the measure of any pair of corresponding
sides.

Definition 8-6  Similar triangles are triangles whose

corresponding angles are congruent and whose corresponding
sides are proportional.

Definition 8-7

The sine of L A = length of side opposite L A _ a
length of hypotenuse e

Definition 8-8

The cosine of L A = length of side adjacent to _ b
Tength of hypotenuse )

Definition. 8-9

The tangent of L A = length of side opposite £ A _
Tength of side adjacent £ A

Definition 9-1 A circle is the set of all points in a
pTane that are the same distance from a given point in the
plane.

Definition 9-2 A sphere is the set of all points in space
that are the same distance from a given point.

Deginition 9-3 A chord of a circle is a line segment whose
endpoints are points of the circle.

A secant of the circle is a line that contains a chord.

A secant ray is a ray that contains a chord of the circle and
whose endpoint is one of the endpoints of the chord.

Definition 9-4 A diameter of a circle or sphere is any
chord containing the center of the circle or sphere, or the
length of such a chord.

Definition 9-5 Two or more circles or spheres are
concentric 1f they have a common center.

Definition 9-6  Circles are congruent if and only if their
radii are congruent.

Definition 9-7  The common chord of two intersecting circles
is the segment whose endpoints are the points of

intersection of the two circles.

Definition 9-8  An imscribed polygon is a polygon whose
vertices are all points of a circle.

[SaisY

Definition 9-9 A tangent to a circle is a line in the plane
of the circle that intersects the circle in exactly one point.

Definition 9-10 A common tangent of two circles is a line
that is tangent to two coplanar circles.

Definition 9-11 Tangent circles are two coplanar circles
that intersect in exactly one point.

Definition 9-12 A tangent plane of a sphere is a plane that
contains exactly one point of the sphere.

Definition 9-13 A central angle of a circle is an angle
whose vertex is at the center of the circle.

Definition 9-14 A minor arc of a circle is the part of the
circle intersected by a central angle and included in the
angle's interior.

Definition 9-15 A major arc of a circle is the part of the
circle intersected by a central angle and included in the
angle's exterior.

Deginition 9-16 A semicircle is an arc of a circle whose
endpoints are the endpoints of a diameter of the circle.
Definition 9-17 The degree measure of a minor arc is the
measure of its corresponding central angle.

The degree measure of a semicricle is 180.

The degree measure of a major arc is equal to 360 minus the
degree measure of its corresponding minor arc.
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Definition 9-18 Congruent arcs are arcs of the same or
congruent circles whose degree measures are equal.

Definition 9-19  The chord of an arc of a circle is the chord
of the circle whose endpoints are the same as those of the arc.

Definition 9-20  An angle intereepts an arc if:
1. each ray of the angle contains exactly one endpoint of
the arc;
2. all other points of the arc lie in the interior of the
angle.
arc is called the intercepted arc of the angle.

Definition 9-21  An inscribed angle of a circle is an angle
whose vertex is a point of the circle and whose rays contain
two other points of the circle.

Definition 9-22 A cyclic quadrilateral is a quadrilateral
whose vertices are concyclic.

Definition 9-23 A tangent segment is a segment of a tangent
to a circle, one of whose endpoints is the point of tangency.

Definition 9-24 A circle is inseribed in a polygon if it is
tangent to each side of the polygon. The polygon is a
circumscribed polygon and the circle is an <nscribed circle.

Definition 9-25 A secant segment is a segment that intersects
a circle in two distinct points, exactly one of which is an
endpoint of the segment.

Definition 9-26  The circumference of a circle is the limit
of the perimeters of the inscribed regular polygons as the
number of sides of the polygons increases without bound.

Definition 10-1 The Cartesian product of X and Y is the set
of all ordered pairs (z, y) where x belongs to X and y
belongs to Y.

Definition 10-2 To each point in a plane, there corresponds
a unique ordered pair of real numbers - the abscissa and the
ordinate of the point. The abscissa is the coordinate of
the projection of the point onto the z-axis. The ordinate

is the coordinate of the projection of the point onto the
y-axis.

Definition _10-3 The distance between P (z,, y,) and
Q izz, y,), two points of a line parallel to the z-axis, is
PQ, where PQ = |x, - x,|or|z; - x,].
Definition 10-4 The distance between P (&, y;) and

(xy, y2), two points of a line parallel to the y-axis, is
PQ, where PQ = |y, - y, | or |y,- y,].
Definition 10-5 Given P, (z, , y,) and P,(x,, y,) such
that x, # =,, the slope o* the segment
P, P, is the number m where m = Ay =y, - y, -

Ax T =X,

Definition 10-6 The slope of the line determined by (z;,y,),
and (x2, y2), such that x, # x,, is the same as m, the slope
of any segment of the line.

Definition 11-1 A locus is the set of points, and only

those points, that satisfy a given condition.

Definition 11-2 The center of a regular polygon is the
center of its circumscribed or inscribed circle. Segments
drawn from the center of the polygon to the vertices

of the polygon are radii of the circumscribed circle.

Segments drawn from the center of the polygon perpendicular
to the sides of the polygon are radii of the inscribed circle.

Definition 11-3 If a single point is common to three or
more lines, then the lines are concurrent. The common

point is the point of concurrence.

Definition 12-1 A triangular region is the union of a
triangle and its interior.

Definition 12-2 A polygon region is the union of a finite
number of coplanar triangular regions that intersect in
either a line segment or a point.

Definition 12-3 The center of a regular polygon is the
center of its circumscribed (or inscribed) circle.

This
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Definition 12-4 A segment joining any vertex of a regular
polygon with the center of that polygon is a radius of the

polygon.

Definition 12-5 The apothem of a regular polygon is the
segment from the center of the polygon perpendicular to
a side of the polygon.

Definition 12-6 A circular region
circle and its interior.
Definition 12-7 The area of a circular region is the

Timit of the areas of the regular polygons inscribed in the
circle, as the number of sides increases without bound.

is the union of a

Definition 12-8 A sector of a circle is a region bounded
by an arc of the circle and the two radii which contain
the endpoints of the arc.

Definition 12-9 A segment of a circle is a region bounded
by a minor arc of a circle and the chord containing the
endpoints of the arc.

Definition 13-1 A polyhedral angle is the figure formed
by three or more planes that intersect in one point.
Definition 13-2 A polyhedral region is a solid completely
bounded by portions of intersecting planes.

Definition 13-3 A polyhedron is the union of the bounding
plane regions of a polyhedral region.

Definition 13-4 A diagonal of a polyhedron is a segment
joining two vertices that are not in the same face.

Definition 13-5 A polyhedron is a regular polyhedron if
and only if all its faces are congruent regular polygons
and all its polyhedral angles are congruent.

Definition 13-6 The total area of a polyhedron is the sum
of the areas of all its faces.

Definition 13-7 Two planes, or a line and a plane, are
parallel if they do not intersect.

Definition 13-8 A prism is a polyhedron whose faces

consist of two parallel and congruent polygons, called bases,
and the parallelograms, called lateral faces, formed by
connecting pairs of corresponding vertices of the parallel
polygons.

Definition 13-9  The altitude of a prism is the perpendicular
segment between the parallel planes of the bases, or the
tength of that segment.

Definition 13-10 The polygonal region formed by the
intersection of a polyhedron and a plane passing through

it is a section of the polyhedron. A right section of a

prism is a section formed by a plane which cuts all the

lateral edges of the prism and is perpendicular to one of them.

Definition 13-11 A right prism is a prism whose lateral

edges are perpendicular to the bases of the prism. A prism
that is not a right prism is an oblique prism.

Definition 13-12 The lateral area of a prism is the sum
of the areas of the Tateral faces.

Definition 13-13 A parallelepiped is a prism in which the
bases are parallelograms.

Definition 13-14 A pyramid is a pyramid is a polyhedron
formed by joining each point in the sides of a polygonal
region to a common point not in the plane of the polygonal
region.

Definition 13-15 A regular pyramid is a pyramid the sides
of whose base form a regular polygon whose center coincides
with the projection of the vertex onto the base.
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Definition 13-16 A cylindrical surface is the set of all
ines parallel to a given line and intersecting a given

curve in a plane that does not contain the given line.

The given curve in the definition is called the directriz
of the cylindrical surface. Each line in the set of lines
referred to in the definition is called an element of the

cylindrical surface.

Definition 13-17 A cylinder is that portion of a closed
cylindrical surface between two parallel planes, together
with the portions of the planes enclosed by the surface.

Definition 13-18 A right circular cylinder is the portion
of a circular cylindrical surface lying between two parallel
planes that are perpendicular to the elements of the surface,
together with the two circular regions of the planes

enclosed by the surface.

Definition 13-19  Two figures are congruent if and only if
every dimension of one is congruent to the corresponding
dimension of the other.

Definition 13-20 A conical surface is the set of all lines
intersecting a given plane curve and passing through a fixed
point that is not in the plane of the curve.

Definition 13-21 If a plane intersects one nappe of a
closed conical surface, then that part of the surface between

the vertex and the plane, together with the region of the
plane enclosed by the surface, is a cone.

Definition 13-22 A right circular cone is a circular cone
whose axis 1s perpendicular to the plane of the base.
Definition 13-23 The frustwnm of a cone is the figure
formed by the base of the cone, a section of the cone

parallel to the base, and the surface of the cone between
the base and the section.

Vector AB is the directed segment from A to

Definition 14-2 Equal vectors are vectors having equal
Tengths and the same direction.

Definition 14-3 The set of all vectors equal to a particular
vector is called a class of equal vectors. The ordered pair
of numbers (x, y) defines this class.

Definition 14-1

The Zlength of a vector AB belonging to the
Yy (x, y) equals vx? + y2

Definition 14-4
class define

Definition 14-6
Tengths,

Definition 14-6 The sum A + B of two vectors A and B is the
vector from initial point of 4 to the terminal point of B,
when the initial point of B is at the terminal point of 4.

Definition 14-7 The sum 4 + B of 4 = (x,, y,) and
B = (x2 , y2) 15 the vector (x, + x, , ¥, + y,/).

Opposite vectors are vectors having equal
ut opposite directions.

Definition 14-8 Two vectors are parallel if and only if they
1ie in the same line or in parallel Tlines.

Definition 14-9 = (xy , y,) and B =

parallel vectors if and only if x;
where k # 0.

Definition 14-10 Perpendicular vectors are of the form
xz, , y,) and (- kyi, kx;), where k # 0,or of the form (x , 0)
and (0, y).

(2, , y,) are
= kxiand y, = ky, ,

Definition 14-11 The absolute values of 4 = (x and B =
(xz,, y2) are equal if and only if vz,* + y,* = Jx i 22
Teldenote the equality of the absolute values of 4 and B by

Al= |B|

Definition 14-12 The zero vector, 0, equals (0, 0).

Definition 14-183 If V = (x1, y,)and a is a scalar, then

av, = (a&?l, ayl).
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Postulate 1-1 The Distance Postulate To every pair of
distinct points there corresponds a unique positive number.

Postulate 1-2 The Ruler Postulate A correspondence between
the real numbers and the points of a line can be made such
that:
1. to every real number there corresponds exactly one
point of the line;
2. to every point of the line there corresponds exactly one
real number;
3. the distance between any two points is the absolute
value of the difference of the coordinates of the points.

Postulate 1-3 The Line Separation Postulate Any point P of
a 1Tine separates the line into two distinct sets of points, one
set on each side of P.

Postulate 1-4  The Plane Separation Postulate Any line m
of plane P separates the points of P that are not an m into
two sets such that .
1. for any two points of A and B of a set, AB lies
entirely in the set;
2. if A is in one set and B is in the other set, then
AB intersects m.

Postulate 1-5 The Angle Measure Postulate To every angle
there corresponds a real number between, but not including 0
and 180.

Postulate 1-6 The Supplementary Angles Postulate Two angles
that form a linear pair are supplementary.

Postulate 1-7  The Space Separation Postulate Any plane P
separates the points in space that are not in plane P into
two distinct sets such that: .
1. for any two points A and B of a set, AB lies entirely
in that set; _
2. if A is in one set and B is in the other, then AB
intersects plane P.

Postulate 2-1 The Substitution Postulate If a = b then
either g or b may be replaced by the other in any statement
without changing the truth or falsity of the statement.

Postulate 2-2  The Point Uniqueness Postulate 1f n is_any
positive number, then there is exactly one point N of PQ such
that PN = #«.

If XY = n, then the Point Uniqueness Postulate states that
there is one and only one point R of Fﬁ such that PR = XY.

Postulate 2-3 The Line Postulate Any two distinct points
determine exactly one 1ine that contains both points.

Postulate 2-4  The Point Betweenness Postulate Between any
two points, there is at least one point of the line determined
by the two points. That is, if P is between A and B, then

AP + PB = AB.

Postulate 2-5 The Plane Postulate Any three noncollinear
points determine exactly one plane that contains the three
points.

Postulate 2-6  The Plane Intersection Postulate The
intersection of two distinct planes is a line.
Postulate 2-7  The Points-in-a-Plane Postulate If two

distinct points of a line lie in a plane, then the line lies
in that plane.

Postulate 2-8 The Space Postulate
four noncoplanar points.

Space contains at Tleast

Postulate 2-9 The Angle Uniqueness Postulate Given PQ on
the edge of half-plane R: For any real numbgl;n, where

0 <»n < 180, there is one and only one ray PB), where B is
in R, such that me QPB = n.

Postulate 2-10  The Angle Sum Postulate I1f B is in the
interior of L APQ, then mz APQ = msz APB + mz BPQ.

Postulate 2-11 The Angle Difference Postulate If A is in
the interior of L DBC and in the same half-plane, for edge E@,
as D, then mz ABD = mz ABC - ms DBC.

Postulate 3-1
is a congruence.

The SAS Postulate Any SAS correspondence

114

Postulate 3-2
1S a congruence.

The ASA Postulate Any ASA correspondence

Postulate 3-3
is a congruence.

The SSS Postulate Any SSS correspondence

Postulate 6-1 The Parallel Postulate Through a given point
not contained in a given line, there exists only one line
parallel to the given Tine.

Postulate 8-1  Proportional Line Segments Postulate Three
or more parallel lines intercept proportional segments on two
or more transversals.

Postulate 9-1

The Arc Addition Postulate If P is a point

of AB, distinct from A and B, then m ﬁﬁﬁ = m AP + m FB.

Postulate 11-1 Two-Circle Postulate Given circle A with
radius a, circle B with radius b, and the length of their
line-segment of centers AB, such that AB = ¢; if each of the
numbers a, b, ¢ is less than the sum of the other two, then
the circles intersect in exactly two points which lie on
opposite sides of AB.

Postulate 12-1 The Area Postulate To each polygonal region
there corresponds a unique positive real number.

Postulate 12-2 The Congruence Postulate for Areas If two
polygons are congruent, then their polygonal regions have
equal areas.

Postulate 12-3 The Area Addition Postulate If a polygonal
region R is the union of nonoverlapping polygonal regions
R, and R,then #R = 4R, + #R,.

Postulate 12-4 Area of a Rectangle Postulate The area of a
rectangle equals the product of the length of its base and
its altitude. # rectangle =b * &.

Postulate 13-1 The Volume Postulate To each polyhedral
region there corresponds a unique positive real number.

Postulate 13-2 The Volume Postulate for Rectangle Solids
The volume of a rectangular solid (that is, the volume of a
rectangular parallelpiped) equals the product of its length,
width, and height. V = wh.

Postulate 13-3 Cavalieri's Principle If two solid regions
have equal altitudes and if sections made by planes parallel
to the base of each solid and at the same distance from each
base are always equal in area, then the volumes of the solid
regions are equal.

Postulate 13-4 The Lateral Area Postulate The lateral
area of a circular cylinder is equal to the product of an
element and the perimeter of a right section.

Postulate 13-5 The Area of a Cone Postulate The lateral area
of a right circular cone is equal to one-half the product of
its slant height and the circumference of its base.

Postulate 13-6 The Volume of a Cone Postulate The volume of
a circular cone is equal to one-third the product of the area
of its base and its altitude. V = 3ba.

Postulate 13-7 The Area Postulate for Spheres The area of a
Z?here is the product of 2m, the diameter, and the radius.
=2m *» 2r ¢ pr = 4up?,

Postulate 13-8 The Volume Postulate for Spheres The volume
V of a sphere with radius » is 4/3 mr?.
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Theorem 2-5.1 If a point does not 1ie in a given line, then
there is exactly one plane containing both the point and
the line.

Theorem 2-5.2  If two distinct Tines intersect, then they
intersect in exactly one point.

Theorem 2-5.3 If two lines intersect, then there is exactly
one plane containing them.

Theorem 2-5.4  The Midpoint Uniqueness Theorem Any line
segment has exactly one midpoint.
Theorem 2-5.5 A1l right angles are equal in measure.

Theorem 2-5.6  Two supplementary angles of equal measure
are right angles.

Theorem 2-6.1  Complements of angles of equal measure, or of
the same angle, have the same measure.

Theorem 2-6.2  Supplements of angles of equal measure, or of
the same angle, have the same measure.

Theorem 2-6.3 The Vertical Angle Theorem \Vertical angles
have the same measure.

Theorem 2-6.4 If two intersecting lines form one right
angle, then the lines form four right angles.

Theorem 2-6.5 If two intersecting lines are perpendicular,
they form right angles.

Theorem 2-6.6 I1f two intersecting lines form a right angle,
then they are perpendicular.
Theorem 3-1.1 A1l right angles are congruent.

Theorem 3-1.2
angles.

Two congruent supplementary angles are right

Theorem 3-1.3  Complements of congruent angles, or of the
same angle, are congruent.

Theorem 3-1.4  Supplements of congruent angles, or of the
same angle, are congruent.

Theorem 3-1.5 \Vertical angles are congruent.

Theorem 3-1.6  The Identity Theorem for Segments Every

segment is congruent to itself.

Theorem 3-1.7  The Identity Theorem for Angles
is congruent to itself.

Every angle

Theorem 3-1.8 Both segment congruence and angle congruence
are equivalence relations.

Theorem 3-28.1
relation.

Triangle congruence is an equivalence

Theorem 3-4.1  Angle Bisector Theorem Every angle has

exactly one bisector.

Theorem 3-4.2  Isosceles Triangle Theorem The base angles
of an isosceles triangle are congruent.

Corollary 3-4.2a Every equilateral triangle is equiangular.
Theorem 3-4.3 In a triangle, if two angles are congruent,
then the sides opposite these angles are congruent.

Corollary 3-4.3a Every equiangular triangle is equilateral.

Theorem 3-5.1 The angle bisectors of the base angles of an

isosceles triangle are congruent.

Theorem 4-2.1 If a plane and a line not in the plane
intersect, the intersection is only one point.

Theorem 4-4.1  Two lines are perpendicular if and only if
they form right angles.

Theorem 4-4.2  lerpendicular Uniqueness Theorem In a plane,
there is one and only one line perpendicular to a given line
through a given point on the line.
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Theorem 4-4.3  The Perpendicular Bisector Theorem A line is
the perpendicular bisector of a segment if and only if it is
the set of all points in the plane equidistant from the
endpoints of the segment.

Corollary 4-4.3a If two distinct points are both equidistant
from the endpoints of a segment, the two points determine the
perpendicular bisector of the segment.

Theorem 4-4.4 If a point is not on a line, then there is a
Tine through the point perpendicular to the given line.

Through a point external to a line, there is

Theorem 4-4.5
line.

at most one line perpendicular to the given

Theorem 4-4.6  Through a point external to a line, there is
one and only one line perpendicular to the given line.
Corollary 4-4.6a No triangle has two right angles.
Theorem 4-5.1 If a line is perpendicular to each of two
intersecting lines at their point of intersection, then the
line is perpendicular to the plane determined by them.

Theorem 4-5.2 If a line is perpendicular to a plane, then
any 1ine perpendicular to the given line, at its point of
intersection with the given plane, is in the given plane.

Theorem 4-5.3  Through a point in a given line, there passes
one and only one plane perpendicular to the given line.
Theorem 4-5.4  Through a point in a given plane there passes
one and only one line perpendicular to the given plane.
Theorem 4-5.5 Through a given point there passes one and
only one plane perpendicular to a given line.

Theorem 4-5.6  Through a given point there passes one and

only one Tine perpendicular to a given plane.

Theorem 4-5.7  The perpendicular bisecting plane of a segment
is the set of all points equidistant from the endpoints of the
segment.
Theorem 4-5.8 Two lines perpendicular to the same plane
are coplanar.

Theorem 4-5.9 1f a line is perpendicular to a plane, then
every plane containing the line is perpendicular to the
given plane.

Theorem 5-1.1  For any numbers k, m, and n,if n =m+ k,

and k > 0, then n > m.

Corollary 5-1.1a 1f P is a point of AB between A and B, then
AB > AP and AB > BP.

Corollary 5-1.1b If P is a point in the interior of L ABC,
then mz ABC > mz ABP and mz ABC > mz CBP.

Theorem 5-2.1 The Exterior-Angle Theorem The measure of an
exterior angle of a triangle is greater than the measure of
either remote interior angle.

Corollary 5-2.1a If a triangle has one right angle, then
the other two angles must be acute.

Theorem 5-3.1 If two sides of a triangle are not congruent,
then the angles opposite those sides are not congruent, the
angle with the greater measure being opposite the longer side.

Theorem 5-3.2  If two angles of a triangle are not congruent,
then the sides opposite those angles are not congruent, the
longer side being opposite the angle with the greater measure.

Theorem 5-4.1  The Triangle Inequality Theorem The sum of
the Tengths of any two sides of a triangle is greater than
the length of the third side.

Theorem 5-4.2  The shortest segment joining a 1ine with an
external point is the perpendicular segment from the point
to the line.
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Theorem 5-5.1 If two sides of a triangle are congruent
respectively to two sides of a second triangle, and the
measure of the included angle of the first triangle is
greater than the measure of the included angle of the second
triangle, then the measure of the third side of the first
triangle is greater than the measure of the third side of the
second triangle.

Theorem 5-5.2  If two sides of one triangle are congruent
respectively to two sides of a second triangle, and the
measure of the third side of the first triangle is greater
than the measure of the third side of the second triangle,
then the measure of the included angle of the first triangle
is greater than the measure of the included angle of the
second triangle.

Theorem 6-1.1 If two distinct lines in the same plane are
perpendicular to the same line, then they are parallel.
Corollary 6-1.1a Parallel lines exist in any given plane.
Corollary 6-1.1b In a plane, if a line is perpendicular to
one of two parallel lines, then it is also perpendicular to
the other line.

Corollary 6-1.1e¢ 1f each of two lines is parallel to a third
Tine, then they are parallel to each other.

Corollary 6~11d In a plane, if a line is perpendicular to
one of two parallel lines and if another line is perpendicular
to the second of the two parallel Tines, then these two
perpendicular lines are parallel to each other.

Theorem 6-2.1 If two lines are cut by a transversal so that
the alternate interior angles are congruent, then the lines
are parallel.

Corollary 6-2.1a If two lines are cut by a transversal so
that the corresponding angles are congruent, then the lines
are parallel.

Corollary 6-2.1b If two lines are cut by a transversal so
that the interior angles on the same side of the transversal
are supplementary, then the lines are parallel.

Theorem 6-3.1 If two parallel lines are cut by a
transversal, then the alternate interior angles are congruent.

Corollary 6-3.1a If two parallel Tines are cut by a
transversal, then the corresponding angles are congruent.

Corollary 6-3.1b  If two parallel lines are cut by a
transversal, then the interior angles on the same side of the
transversal are supplementary.

Theorem 6-4.1 The measure of the exterior angle of a triangle
is equal to the sum of the measures of the two remote interior
angles.

Theorem 6-4.2 The sum of the measures of the angles of
any triangle is 180.

Corollary 6-4.2a 1f two angles of one triangle are congruent
to two angles of another triangle, then the remaining angle

of the first triangle is congruent to the remaining angle
of the second triangle.

Corollary 6-4.2b The acute angles of a right triangle are
comp lementary.

Theorem 6-5.1 The sum of the measures of the interior angles
of a convex polygon of n sides equals (n - 2) 180.

Corollary 6-5.1a The measure of each interior angle of a
regular polygon of » sides is (n - 2) 180.
n

Theorem 6-5.2  The sum of the measures of the exterior angles
of any convex polygon is 360.
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Gorollary 6-5.2a The measure of each exterior angle of a
regular polygon of n sides is 360.
n

Corollary 6-5.2b  The measure of each interior angle of a
reguTar polygon of » sides is 180 - 360.
n

Theorem 6-6.1  AAS Congruence Theorem If two angles and a
nonincluded side of one triangle are congruent to two angles
and a nonincluded side of another triangle, then the two
triangles are congruent.

Theorem 6-6.2  HL Congruence Theorem 1f the hypotenuse and
one leg of a right triangle are congruent to the corresponding
hypotenuse and leg of another right triangle, then the two
triangles are congruent.

Theorem 7-1.1 A diagonal of a parallelogram divides the
parallelogram into two congruent triangles.

Theorem 7-1.2
congruent.

The opposite sides of a parallelogram are

Theorem 7-1.3
congruent.

The opposite angles of a parallelogram are

Theorem 7-1.4  Any two consecutive angles of a parallelogram
are supplementary.

Theorem 7-1.5
each other.

The diagonals of a parallelogram bisect

Theorem 7-1.6 If two lines are parallel, then all the points
of each 1ine are equidistant from the other line.

Theorem 7-2.1 A quadrilateral is a parallelogram if both
pairs of opposite sides are congruent.

Theorem 7-2.2 A quadrilateral is a parallelogram if two of
its sides are both congruent and parallel.

Theorem 7-2.3 A quadrilateral is a parallelogram if the
opposite angles are congruent.

Theorem 7-2.4 A quadrilateral is a parallelogram if the
angles of either opposite pair are congruent and the sides of
either opposite pair are parallel.

Theorem 7-2.5 A quadrilateral is a parallelogram if the
angles of either opposite pair are congruent and the sides
of either opposite pair are congruent.

Theorem 7-2.6  If the diagonals of a quadrilateral bisect
each other, then the quadrilateral is a parallelogram.

Theorem 7-3.1 A rectangle has four right angles.
Theorem 7-3.2 The diagonals of a rectangle are congruent.

Theorem 7-3.3 If a quadrilateral has four right angles, then
it is a rectangle.

Theorem 7-3.4 If a parallelogram has congruent diagonals,
then it is a rectangle.

Theorem 7-3.5 The median to the hypotenuse of a right
triangle is half as long as the hypotenuse.

Theorem 7-4.1 The four sides of a rhombus are congruent.
Theorem 7-4.2  The diagonals of a rhombus bisect its angles.
Theorem 7-4.3 The diagonals of a rhombus are perpendicular

to each other.

Theorem 7-4.4 1f a quadrilateral has four congruent sides,

then it 1s a rhombus.

Theorem 7-4.5 1f a parallelogram has perpendicular diagonals,
then it is a rhombus.

Theorem 7-4.6  1f a diagonal of a parallelogram bisects an
angle of the parallelogram, then the parallelogram is a
rhombus .
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Theorem 7-6.1 If three or more parallel lines intercept
congruent segments on one transversal, then they intercept
congruent segments on any other transversal.

Theorem 7-6.2 The midline of a triangle is parallel to the
third side of the triangle.

Theorem 7-6.3 The midline of a triangle is half as long as
the third side of the triangle.

Theorem 7-6.4 1f a line containing the midpoint of one side
of a triangle is parallel to a second side of the triangle,
then it also contains the midpoint of the third side of the
triangle.

Theorem 7-7.1 The median of a trapezoid is parallel to the

bases.

Tength of the median of a trapezoid is
lengths of the bases.

Theorem 7-7.2  The
half the sum of the

angles in each pair of base angles of an

Theorem 7-7.3  The
are congruent.

isosceles trapezoid

The diagonals of an isosceles trapezoid are

Theorem 7-7.4
congruent.

Theorem 7-7.5 The opposite angles of an isosceles trapezoid

are supplementary.

Theorem 7-7.6 A trapezoid is isosceles if the angles in one
pair of base angles are congruent.

Theorem 7-7.7 A trapezoid is isosceles if the angles in one
pair of opposite angles are supplementary.

Theorem 7-7.8 A trapezoid is isosceles if its diagonals are
congruent.

Theorem 8-1.1 For any positive real numbers a, b, c, and

d, a =c¢ 1if and only if ad = be.
b d
Corollary 8-1.1a The Inversion Corollary For any positive
real numbers a, b, ¢, and d, a = ¢ 1if and only if
b d
b=d.
a e

The Alternation Corollary For any positive

Corollary 8-1.1b
if and only if

real numbers a, b, ¢, and d, a = ¢

b d

a=b.
e d
Theorem 8-1.2  For any positive real numbers a, b, ¢, and
d,a =¢ ifandonly if a+b= c+d.

b d b d
Theorem 8-1.3 For any positive real numbers a, b, ¢, and
d, a=c ifandonly ifa-b+c-4d.

b d b d
Theorem 8-1.4  For any positive real numbers a, b, ¢, d, e,
and f, ifa=c=cthen a+c+e=a.
> d F bsds+F b

Theorem 8-1.5 For any positive real numbers a, b, ¢, d, and

e, ifa=¢and a = ¢, then d = e.
b e

Theorem 8-2.1 If a line segment parallel to one side of a
triangle intersects the other two sides, then it divides
these two sides into proportional segments.

Corollary 8-2.1a If a line parallel to one side of a
triangle intersects the other two sides, then it divides these
two sides proportionally.

Theorem 8=2.2 If a line divides two sides of a triangle into

proportional segments, then the line is parallel to the
remaining side of the triangle.
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Corollary 8-2.2a If a line divides two sides of a triangle
proportionally, then the 1ine is parallel to the remaining
side of the triangle.

Theorem 8-3.1 An angle bisector of any triangle divides the
side of the triangle opposite the angle into segments
proportional to the adjacent sides.

Corollary 8-3.1a  An exterior angle bisector of a triangle
determines with each of the other vertices segments along
the line containing the opposite side of the triangle which
are proportional to the two remaining sides.

Theorem 8-4.1 If two triangles are similar to the same
triangle, or to similar triangles, then the triangles are
similar to each other.

Corollary 8-4.1a If a given triangle is similar to a triangle
that is congruent to a third triangle, then the given triangle
is also similar to the third triangle.

Theorem 8-5.1  AAA Similarity Theorem If the corresponding
angles of two triangles are congruent, then the two triangles
are similar.

Corollary 8-5.1a AA Similarity Corollary If two pairs of
corresponding angles of two triangles are congruent, then
the triangles are similar.

Corollary 8-5.1b  If two right triangles have a congruent
p§ir]of corresponding acute angles, then the triangles are
similar.

Corollary 8-5.1¢c If a line parallel to one side of a
triangie intersects the other two sides, then it cuts off a
triangle similar to the original triangle.

Theorem 8-6.1  SAS Similarity Theorem If two sides of one
triangle are proportional to two sides of another triangle,
and the angles included by those sides are congruent, then

the triangles are similar.

Theorem 8-6.2 555 Similarity Theorem If the corresponding
sides of two triangles are proportional, then the two triangles
are similar.

Theorem 8-7.1 The altitude to the hypotenuse of a right
triangle separates the triangle into two triangles that are
similar to each other and to the original triangle.

Corollary 8-7.1a The altitude to the hypotenuse of a right
triangle divides the hypotenuse so that either leg is the
mean proportional between the hypotenuse and the segment of
the hypotenuse adjacent to that leg.

Coroll 8-7.1b  The altitude to the hypotenuse of a right
triangle is the mean proportional between the segments of the
hypotenuse.

Theorem 8-8.1  The Pythagorean Theorem The sum of the squares
of the lengths of the legs of a right triangle equals the
square of the length of the hypotenuse.

Theorem 8-8.2  If the sum of the squares of the lengths of two
sides of a triangle equals the square of the length of the
third side, then the angle opposite this third side is a

right angle.

Theorem 8-9.1 In an isosceles right triangle, the hypotenuse

is /2 times as long as a leg.
Corollary 8-9.1a In an isosceles right triangle, either leg
is /2 times as long as the hypotenuse.

2

Theorem 8-9.2 In a 30-60-90 triangle, the side opposite the
angle of measure 30 is half as long as the hypotenuse.

Theorem 8-9.3 In a 30-60-90 triangle, the side opposite the
angle of measure 60 is_y/3 times as long as the hypotenuse.
2

Corollary 8-9.3a In a 30-60-90 triangle, the hypotenuse is
2/3 times as long as the side opposite the angle of measure 60.
3
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Corollary 8-9.3b In a 30-60-90 triangle,the longer leg is /3
times as Tong as the shorter leg.

Theorem 9-2.1 The line containing the center of a circle and
the midpoint of a chord of the circle that is not a diameter
is perpendicular to the chord.

Theorem 9-2.2 The Tine containing the center of a circle and
perpendicular to a chord of the circle bisects the chord.

Theorem 9-2.3 In the plane of a circle, the perpendicular
bisector of a chord of the circle contains the center of
the circle.
Corollary 9-2.3a No circle contains three collinear points.
Theorem 9-2.4  In the same circle, or in congruent circles,

chords are congruent if and only if they are equidistant from
the center of the circle

Theorem 9-2.5 In the same circle, or in congruent circles,
if two chords are not congruent, then the Tonger chord is
nearer the center of the circle than the shorter chord.

Corollary 9-2.5a The diameter of a circle is the Tlongest
chord of the circle.

Theorem 9-2.6 In the same circle or in congruent circles, if
two chords are not congruent, then the chord nearer the
center of the circle is the Tonger of the two chords.

Theorem 9-3.1 A line perpendicular to a radius at the
endpoint on the circle is tangent to the circle.

Theorem 9-3.2  The radius of a circle is perpendicular to a
tangent at the point of tangency.

Theorem 9-3.3 A line perpendicular to a tangent of a circle
at the point of tangency contains the center of the circle.

Theorem 9-4.1  The intersection of a sphere with a plane
containing the center of the sphere is a circle whose center
and radius are the same as those of the sphere.

Theorem 9-4.2  The intersection of a sphere with a plane
that contains points in the interior of the sphere is a circle
of the sphere.

Theorem 9-4.3 If a line contains the center of a sphere and
the center of the circle of intersection of the sphere with a
plane that does not contain the center of the sphere, then
the line is perpendicular to the intersecting plane.

Theorem 9-4.4 If a line contains the center of a sphere and
is perpendicular to a plane that intersects the sphere and
contains interior points of the sphere other than the center,
then the line also contains the center of the circle of
intersection.

Theorem 9-4.5 If a line contains the center of the circle

of intersection of a sphere with a plane that does not contain
its center and if the line is perpendicular to the plane, then
the line also contains the center of the sphere.

Theorem 9-4.6 A plane perpendicular to a radius of a sphere
at its intersection with the sphere is tangent to the sphere.

Theorem 9-4.7  The radius of a sphere is perpendicular to a
tangent plane at the point of tangency.

Theorem 9-4.8 A line perpendicular to a tangent plane of a
sphere at the point of tangency contains the center of the
sphere.

Theorem 9-5.1 In the same circle or in congruent circles,
two arcs are congruent if and only if their corresponding
central angles are congruent.

Theorem 9-5.2  In the same circle, or in congruent circles,
1f two chords are congruent, then their arcs are congruent.

Theorem 9-5.3 In the same circle, or in congruent circles,
if two arcs are congruent, then their chords are congruent.

Theorem 9-6.1  The measure of an inscribed angle is one-half
the measure of its intercepted arc.
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Corollary 9-6.1a  Angles inscribed in the same arc are

congruent.

Corollary 9-6.1b  If two inscribed angles intercept congruent
arcs, then the angles are congruent.

Corollary 9-6.1c  An angle inscribed in a semicircle is a
right angTe.

Theorem 9-6.2  The opposite angles of an inscribed
quadrilateral are supplementary.

Theorem 9-6.3
congruent arcs.

In any circle, parallel chords intercept

Theorem 9-6.4 In any circle, a tangent and a chord parallel
to it intercept congruent arcs.

Theorem 9-7.1 1f one side of a quadrilateral subtends
congruent angles at the two nonadjacent vertices, then the
quadrilateral is cyclic.

Theorem 9-7.2 1f a pair of opposite angles of a )
quadrilateral are supplementary, then the quadrilateral is
cyclic.

Theorem 9-8.1 The measure of the angle formed by a tangent
and a chord of a circle is one-half the measure of its
intercepted arc.

Theorem 9-8.2 The measure of an angle formed by two chords
intersecting in a point in the interior of a circle is one-
half the sum of the measures of the arcs intercepted by the
angle and its vertical angle.

Theorem 9-8.3  The measure of an angle formed by two

secants of a circle intersecting in a point in the exterior of
the circle is equal to one-half the difference of the measures
of the intercepted arcs.

Theorem 9-8.4  The measure of an angle formed by a secant
and a tangent to a circle intersecting in a point in the
exterior of the circle is equal to one-half the difference
of the measures of the intercepted arcs.

Theorem 9-8.5 The measure of an angle formed by two tangents
to a circle is equal to one-half the difference of the
measures of the intercepted arcs.

Corollary 9-8.5a The sum of the measure of an angle formed
by two tangents to a circle and the measure of the closer
intercepted arcs is 180.

Theorem 9-9.1  Two tangent segments that have the same
endpoint in the exterior of the circle to which they are
tangent are congruent.

Corollary 9-9.1a  Two tangents to a circle that intersect

in an exterior point of the circle form congruent angles with
the line containing both the exterior point and the center of
the circle.

Theorem 9-9.2 If a secant segment and a tangent segment to
the same circle share an endpoint in the exterior of the
circle, then the length of the tangent segment is the mean
proportional between the length of the secant segment and
the length of its external segment.

Corollary 9-9.2a If a secant segment and a tangent segment
to the same circle share an endpoint in the exterior of the

circle, then the square of the length of the tangent segment
equals the product of the lengths of the secant segment and

its external segment.

Theorem 9-9.3 If two secant segments of the same circle
share an endpoint in the exterior of the circle, then the
product of the lengths of one secant segment and its external
segment equals the product of the lengths of the other
secant segment and its external segment.

Theorem 9-9.4  If two chords intersect in the interior of a
circle, thus determining two segments in each chord, the
product of the lengths of the segments of one chord equals the
product of the lengths of the segments of the other chord.
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Theorem 9-10.1  The ratio, m, of the circumference of a
circle to its diameter is the same for all circles.

Corollary 9-10.1a  The circumferences of any two circles are
proportional to their radii.

Theorem 9-10.2 If an arc of a circle of radius r has
measure n, then the length of the arc is n -« 2mr.

360

Theorem 10-2.1 The Distance Formula The distance PQ
between any two points, P(x,,y,) and Q(z,, y,), is

Jw, —2)2 + (v, - 3,7 ory/ (&2)? + (By)?

Theorem 10-2.2  The Midpoint Formula The midpoint of the
segment determined by points P (x, , y,) and Q(z, , y,) is the

point M (x +=z,, y, +y,
it W SIS | 5 .

Theorem 10-3.1  Two nonvertical lines are parallel if and
only if they have equal slopes.

Theorem 10-3.2  Two nonvertical Tines with slopes m, and
m, are perpendicular if and only if m; =1 ; that is,

my
ml'm2=—1.

Theorem 10-4.1  The Point-Slope Theorem An equation of the
Tine that contains the point (z, , y,) and has a slope
misy -y, =m(x- xlg, where (x, y) is any other point

of the Tine.

Corollary 10-4.1a  The Slope-Intercept Theorem An equation
of the Tine with a slope m and y-intercept b is y = mx + b,
where (x, y) is any other point of the line.

Theorgm 10-4.2  The Two-Intercept Theorem An equation of
the 1ine with z-intercept a and y-intercept b is ZLE_
a’' b T+

Theorem 11-1.1  The set of points in the interior of an angle
and equidistant from the sides is the bisector of the angle,
exclusive of the vertex.

Theorem 11-7.1  The Perpendicular Bisector Theorem for
Concurrence  The perpendicular bisectors of the sides of a
triangle are concurrent at a point equidistant from the
vertices of the triangle.

Corollary 11-7.1a Any three noncollinear points are points
of one and only one circle.

Corollary 11-7.1b Two nonconcentric circles intersect in
at most two points.

Theorgm 11-7.2  The Altitude Theorem for Concurrence
The lines containing the three altitudes of a triangle are
concurrent.

Theorem 11-7.3  The Median Theorem for Concurrence  The
medians of a triangle are concurrent at a point of each
median located two-thirds of the way from the vertex to the
opposite side.

Theorem 11-7.4 The Angle Bisector Theorem for Concurrence
The angle bisectors of a triangle are concurrent at a
point equidistant from the sides of the triangle.

Theorem 12.1.1 The area of a square equals the square of
the Tength of a side. 4 square = s2.

Corollary 12-1.1a  The area of a square equals one-half the
square of the Tength of one of its diagonals. 4 square = 4d?2.

Theorem 12-2.1  The area of a right triangle equals one-half

the product of the lengths of its legs. # right A = 451, « 1,).

Theorem 12-2.2 The area of any triangle equals one-half the
product of the lengths of its base and the altitude to that
base. # triangle =% b * h.

Corollary 12-2.2a  Two triangles have equal areas if their
bases have the same length and the altitudes to their bases
have the same length.
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Corollary 12-2.2b Triangles that share the same base and
have their vertices in a line parallel to the base have equal
areas.

Theorem 12-2.3 1f two triangles have congruent bases, then
the ratio of their areas equals the ratio of the lengths of
their altitudes.

Theorem 12-2.4 1f two triangles have congruent altitudes,
then the ratio of their areas equals the ratio of the lengths
of their bases.
Theorem 12-2.5 The area of any triangle equals the product
of the lengths of any two sides multiplied by the sine of the
included £ C. # triangle = % ab. + sin £ C.
Theorem 12-2.6  The area of an equilateral triangle equals
J/3 times the square of the length of a side. 4 equilateral
4
triangle = s%/3 .
4
Theorem 12-2.7  The area of an equilateral triangle
equals_y/3  times the square of the length of an altitude.
3
4 equilateral triangle #%/3 .
3

Theorem 12-3.1 The area of a parallelogram equals the
product of the lengths of a base and the altitude to that

base. # parallelogram = b °* h.

Theorem 12-3.2 The area of a rhombus equals one-half the
product of the lengths of its diagonals. rhombus =

5 (d, * d,).

Theorem 12-3.3 The area of a trapezoid equals one-half the
product of the length of the altitude and the sum of the
Tengths of the bases. « trapezoid =% % (b, + b,).

Theorem 12-4.1 The area of a regular polygon equals one-half

the product of the lengths of the apothem and the perimeter.
4 regular polygon = % a * p.

Theorem 12-5.1 The area of a circle with radius »
equals mr®,

Theorem 12-5.2 The area of a sector with radius r and a

n
central angle of measure n equalsigﬁ. _—

Theorem 12-6.1 The ratio of the areas of two similar
triangles equals the square of their ratio of similitude.

Corollary 12-6.1a  The ratio of similitude of any pair of
similar triangles equals the square root of the ratio of their
areas.

Theorem 12-6.2  The ratio of the areas of two similar
polygons equals the square of their ratio of similitude.

Corollary 12-6.2a  The ratio of similitude of any pair of
similar polygons equals the square root of the ratio of
their areas.

Corollary 12-6.2b  The ratio of the areas of two circles
equals tﬁe square of their ratio of similitude.

Corollary 12-6.2¢c  The ratio of similitude of two circles
equals the square root of the ratio of their areas.
Theorem 13-1.1 The sum of the measures of any two face
angles of a trihedral angle is greater than the measure of

the third face angle.

Theorem 13-1.2 The sum of the measures of the face angles
of any convex polyhedral angle is less than 360.

Theorem 13-2.1 1f a plane intersects two parallel planes,
then it intersects them in two parallel Tines.

Theorem 13-2.2 1f a line is perpendicular to one of two
parallel planes, then it is perpendicular to the other.

Theorem 13-2.3 If two planes are perpendicular to the same
line, then they are parallel.
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Coroll 13-2.3a If two planes are both parallel to a
third plane, then they are parallel to each other.

Theorem 13-2.4 If two lines are perpendicular to the same
plane, then the lines are parallel.

Corollary 13-2.4a If a plane is perpendicular to one of
two parallel Tines, then the plane is perpendicular to the
other line.
Theorem 13-8.5 Parallel planes are everywhere equidistant.
Theorem 13-2.6  The lateral edges of a prism are congruent
and parallel.

Corollary 13-2.6a The plane of a right section of a prism
is perpendicular to all its lateral edges.

Theorem 13-2.7 The lateral area of a prism is equal to
the product of the perimeter of a right section and the
length of a lateral edge.

Corollary 13-2.7a The lateral area of a right prism is
equal to the product of the perimeter of one of its bases
and its altitude.

Corollary 13-2.7b  Every section of a prism made by a plane
parallel to the bases is congruent to the bases.

Theorem 13-2.8 Two prisms have equal volumes if their
bases have equal areas and their altitudes are equal.

Corollary 13-2.8a The plane passing through two diagonally
opposite edges of a parallelepiped divides it into two
triangular prisms of equal volume.

Theorem 13-2.9

The volume of a prism is the product of the
area of a base and the altitude. .

V=#Bh

Corollary 13-2.9a The volume of a parallelepiped is the
product of the area of any face and the length of the
altitude to that face.

Theorem 13-3.1
congruent.

The lateral edges of a regular pyramid are

Corollary 13-3.1a  The lateral edges of a regular pyramid
form congruent isosceles triangles.

Theorem 13-3.2 The lateral area of a regular pyramid is
equal to one-half the product of its siant height and the
perimeter of its base. £ =% s ¢« p

Theorem 13-3.3 If a pyramid is cut by a plane parallel to its
base, the section is a polygon similar to the base, and the
lateral edges and altitude are divided proportionally, with

the ratio of their lengths to the lengths of the segments cut
off between the section and the vertex equal to the ratio of
similitude of the base and the section.

Corollary 13-3.3a If two pyramids have congruent altitudes
and bases with equal areas, sections parallel to the bases
at equal distances from the vertices have equal areas.

Corollary 13-3.3b  If two pyramids have congruent altitudes
and bases with equal areas, then they have equal volumes.

Theorem 13-3.4  The volume of a triangular pyramid equals
one-third the product of the area of its base and the
altitude. V=3b * a.

Theorem 13-3.5 The volume of any pyramid is equal to one-
third the product of the area of its base and altitude.
Theorem 13-4.1  The bases of a cylinder are congruent.

Corollary 13-4.1a Every section of a cylinder made by a
plane parallel to the bases is congruent to the bases.

Theorem 13-4.2 The volume of a cylinder is the product of
the area of the base and the altitude. v=4B + a.

Corollary 13-4.2a The volume Vof a right circular cylinder
with radius of base » and altitude » equals nr’h. V = nrh.
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Theorem 13-4.3 The lateral area of a right circular
cylinder equals the product of its altitude and circumference.

Coroll 13-4.3a The total area, T, of a right circular
cylinder with altitude » and radius of base r is

2np?  + 2uyh or 2ur(r + h).

Theorem 13-4.4 If the lateral area of a right circular cone
is L, the total area is T, the radius of the base is », and
the slant height is s, then¥= mrs and T = nr? + Trs =

mr ((r + s).

whose

Theorem 13-4.5 The volume v of a circular cone w
nrih.

altitude is # and whose base has radius »r equals

Theorem 13-5.1 The lateral area of a frustum of a right
circular cone is one-half the product of the slant height and
the sum of the circumferences of two bases.

Theorem 13-5.2 The area of the surface generated by a line
segment revolving about an axis in its plane, but not
perpendicular to it nor crossing it, is equal to the product
of the projection of the segment onto the axis and the
circumference of the circle whose radius is the perpendicular
to the segment drawn from its midpoint to the axis.

Theore

m 14—
V, +V, =

4.1 Addition of vectors is commutative.
Vz+ Vx)

Theorem 14-4.2  Addition of vectors is associative.
(V1+V2)+V3=Vl+ (v2+v

Theorem 14-5.1 1f a is a scalar and V, and V, are vectors,

thena (V, +V, ) = aV, +aV,

Theorem 14-5.2 1f a and b are scalars and V is a vector,

then (a + b)V = aV + bV.

Theorem 14-5.3 1f a and b are scalars and V is a vector,
then a(bV) = (ab)V
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SOLUTIONS TO TESTS 1 - 4

Test 1 Test 2
Exercises 4. ML 1T+m/ 3 =290 4. Def. of complementary
angles
1. True 2 False 3. False 4. True
5. m/ 2+m/ _3=90 5. Substitution
5. False 6. True 7. True 8 False (2) in (4)
9. True 10. False 11. True 12. True 6. / 2and /_ 3 are 6. Def. of complementary
complementary angles
13. True 14. True 15. False 16. True
17. False 18. False 20. “if" true and "then" false
Test 3
21. of measure 45 22. acute 23. scalene
Exercises
24. supplementary 25. octagon 26. 44
1. False 2. True 3. False 4. False
27. BCHI 28. P 29. IH 30. 9
5. True 6. False 7. True 8. False
31. No 32. Answers vary any three points
9. True 10. False 11. False 12. False
33. BE 34,/ ADC 35. /_BCE  36. 6
13. b 14. ¢ 15. b 16. d
37. L1 38. bisector 39. exterior 40. diagonal
17. A\ TSP = A WRQ;
41, opposite 42. TC, RA (or TA, RC) TSRW and PSRQ (a three dimensional drawing)
43. 110 18. [/ SPT = / RQW
44, 0 19. dsosceles
20. 1. EC =BD (additzon)
2. ABC = / ACB (Theorem 3 - 4.2)
3 e
4. /N BCE = /\ CBD (SAS)
y N 22. 1. BC = BC
2. AC = DB (addition)
Test 2 3. A ABC = A DQB (SAS)
4. /[ PCB =/ _QBC (Definition 3 - 3)
Exercises .
23. 1. Draw RT
1. False 2. True 3. False 4. False 2. RT=RT
3. A\ STR = /\ WRT (SAS)
5. False 6. False 7. True 8. True 4. [ SRT = / WIR (Def. 3 - 3)
5. / STW - /_WRS (addition)
9. False 10. False
11. Two angles are vertical angles 12, skew Test 4
13. postulate Exercises
14. Intersecting lines are perpendicular 1. If /N APE is a right triangle, then m/_A = 90.
16. Angles of equal measure are right angles 2. contrapositive
16. may not  17. undefined terms 18. are collinear 3. If 3+4#7, then 12X_ 5
19. False 20. False 21. True 4. perpendicular 5. indirect
22. More information than necessary 6. False
23. Not sufficiently restrictive 7. The line is the perpendicular bisector
24. Too much information 8. True 9. True
25.a) False b) False c)  True 10. The conclusion false
26. transitive 11. ET 12. projection
27. Given /_1 and / 2 vertical angles 13. s not 14. indirect
/1 and / 3 complementary angles 15. one 16. Theorems 4-4.4 and 4-4.5
Prove [_2 and /_3 complementary angles 17. 0P 18. e.g. LA-BC-0
Statements Reasons 19. AP =CP 20. Fig. 1
1. /1 and /_2 vertical /_S 1. Given 21. True; Theorem 4-4.3
2. m/_1=m/ 2 2. Vertical angles 22. See the proofs of Theorem 4-4.5 and 4-4.6 (Page 154-155)
have equal measure
23. Prove the contrapositive (Theorem 3-4.2)
3. /.1 and / 3 are supplementary 3. Given
24. No. It is true that if two triangles are congruent then
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the corresponding angles are congruent.

The converse of

this statement is not true
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Test 4

25.

PT=TRand QT = TS

/_PTQ = / RTS (vertical angles)
INPTQ ¥ ARTS SAS)
/[ P= [_R (Def. 3 - 3)
/[ PM™ = / RIN (vertical angles)
A.PMT ARNT (ASA)

(Def. 3 - 3)

M
25. PYQ 20. M
T
S N R P 0

Test 5

Exercises

1.

Multiplication property of order

2. Addition property of order

3. Trichotomy property

4. Exterior Angle Theorem

5. QM<K LP 6. 2>

7. opposite TM 8. opposite /_P
9. [_B, / H, L 10. 4<x<10

1T. §s not 12. DC

13. BC 14. DC + DG

15. L CDE 16. /_ ACF

17. m LACF>m / ABC (T5-2.1), m LABC>m / BEG (T5-2.1)

m /_ACF>m / BEG (Transitive property).

18. Suppose it has a right angle; then, C5-2.1a, the other
two angles are acute. But, by C3-4.2a, all three
angles must be congruent. Since an acute angle cannot
be a right angle (D1-24), we have a contradiction. Thus,
no equilateral triangle has a right angle.

19. Use the subtraction property of order

20. [/ NFP = / NPF (T3-4.2), m /. NPF =m / NPA + m / APF
(P2-10) m /_ NPF>m / APF and m /_ APF<m / NFP

(Subtraction prop. and P2-1) AP > AF (T5-3.2)
21. AP + PB>AB, AP + PC>AC, PB + PC> BC (T5-4.1)
2 (AP + PB +PC).> AB + AL + BC (Addition property,
distributive property), AP + PB + PC > 1 (AB + AC + BC).
Test 6

Exercises

1. Tandm 2. cannot

3. s 4. alternate interior angles

5. Corresponding angles

6. interior angles on the same side of the transversal

7. transversal 8. 150

9. 115 10. 180 - 8x or 45 - 2x

11. 30 - 60 - 90 12. 1080

13. 5 '7]80 or® 129 14. 360

15. 14 (Refer to Section 6-5, Exercise 38 for a quick

solution)
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Test 6

16.
17.

18.
20.

21.

22.

23.
24,

25.

cannot

The smallest possible angle-measure is 60, which is
the measure of each angle of a regular 3-gon.

Refer to page 234. 19. Refer to page 234.

[ 1%/ _ 8 implies / 4% /[ 5 (T2-6.3),
1/ m (T6-2.1).

[ 4, L 2% [ 3(T3-4.2)
(C6-2.1a)

/1%
ﬂ DE

Draw /\ AOW such that EAWB and JOA.

m/ OAW +m /_ AWO +m /_ AOW = 180 (T6-4.

m/_ JOW+m/ AOW =180, m / BWO +m [_DW =180,
m/ EAO + m /_WAO = 180 (D1-28). m /_ JOW + / BWO
+m/_EAO +m /_AOW +m /_ OWA +m /_ WAO = 3(180) or

w(180)

2¥ /1 (P2-1)

m/_JOW+m/_ BWO +m/_ EAQ = = 360.
70

= AD (T73-4.3)
/__ ABC

L C¥/F(T6-3.1), m/LF P21),
(Subtraction), A\ ABC érz; DEF (HL).

, [/ BAC = / EAD (P2-11),
= /_ AED (AAS)

CB = FE

Test 7

Exercises

1.
3.

12.

13.

14,

144 2. 51
SCRCHCQ 4. 18

12 6. a. 2 b.8

a. 149 b. 31

The figures are designated by the following
abbreviations; P: parallelogram, R: rectangle

Rh: rhombus, S: square, T: trapezoid,

IT: isosceles trapezoid.

Opposite Sides Parallel (Both pairs) P, R, Rh, S
Exactly one pair parallel sides T, IT

Opposite Sides Congruent (Both pairs) P, R, Rh, S
Exactly one pair opposite congruent sides IT

A11 Sides Congruent Rh, S

Exactly One Pair Adjacent Congruent Angles
A11 Angles Congruent R, S

Opposite Angles Supplementary IT
Diagonals Bisect Angles Rh, S

None

Quadrilateral NPEM is a parallelogram (T7-2.2)
NPEM is a rectangel (T7-3.4)

A\ APE ¥ AN CQE (ASA), AB = DC (T7-1.2)
= CQ (D3-3); BP = DQ (Subtraction)

/ DEF ® / DAF, £/ FDE ¥ / FCE
/ DAF =/ FCE (P2-1), /\ ABC is isosceles (T3-4.3).

/ AT/ C implies / DAE € /L BCF and / EAF ¥ / FCE:
B /D (T7-1.3), AD =CB (77-1.2);
I\ ADE T N\ CBF (ASA); [ DEA = [ BPC (D3-3)
[ AFC ¥ / CEA (T2-6.2); quadrilateral AFCE is a para-
11elogram (T7-2.3)

Using ME as a transversal for GM and EO, / GME = /_QFM;
/_MRG & / ORE (T2-6.3)}; MG = OE (T7-1.2)
D\ MRG = A\ ORE (AAS).

AN QKM T A PMK (SAS); /_MQK = / KPM (D3- 3)
quadrilateral KPMQ is a parallelogram (T7-2

/L TSR=
in Section 7-5), m / STR =
(T3-4.2 and T6-4.2) m L.NTR =
m /_STN (Subtraction).

/_FDE ¥ / FED (T3-4.2);
(17-1.3)

.5

the examp]e
[_S 67%

22% = 1/3

/_TRS and each has measure 45
90 (76-4.2

(see
), m
90 - 67% =
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MIDYEAR TEST Test 8
Exercises 20. I\ ADE~~/\ BCE (AAA), AD = BC so AD + EB = AE - BC
AE E
1. 55 2. octagon
21. PQ =PS =QS (Given)
3. isosceles 4. obtuse QS RQ SR
5. s not 6. true /\ PSQ~ AQRS (T78-6.2)
7. If 3, 4, and 5 may represent the sides of a triangle, X_PQS = X QSR (Def. similar triangles)
then 3 + 4 > 5. — —
PO/ R (T6-2.1)
8. a) No b) not sufficientl stricti
) ) urhictently restrictive 22. AB2 = BD2 + AD2 (T8-8.1), but BD = }AD so 3/4ABZ = ADZ,
9. s not 10. ~p —=~q or 3(AB)2 = 4 (AD)2
11. a) K b) UK 23. 48 + 24 3 feet
12. If two triangles are not congruent then corresponding
angles are not congruent. Test 9
13. may not 14. CX Exercises
15. right angle 16. £ 1. False 2. True 3. True
17. 4 4. False 5. True 6. False
18. Quadrilateral ABCD is a rhombus (77-4.4), AC and DB 7. False 8. False 9. True
are diagonals of rhombus ABCD and AC bisects DB (77-1.5) .
hence J is the midpoint of DB (D1-15). 10. great circle 11. 60 12. minor
19. Draw JC. / HCJ ¥ / GCJ (T7-4.2), HC = GC (Given), and 13. 40 14. /_BAC 15. =
JC = JC (Identity), so /_ HCJ ¥ /_ GCJ (SAS). Thus
[ JHC ¥ / JGC (D3-3). 16. 135 17. a) 90 b) 17 «¢) 73
20. 45 21. interior angles on the same 18. 41722 + 8a + 1 19. 20 inches
side of the transversal ™
22. OSM ¥ / LME EC6 2.1a), OMS" éTLEM (C6-2.1a) 20. 24 21, 4 22. v 73
SOM = [ MLE (T6-2. ]) S iven), m-
A\ SoM = A MLE (AAS), 0 D3 3) and OS//LM (Given) 23. m /ABD =m /ACD = 90 (C9-6.1c), A\ ABD ¥ \ ACD (HL),
Quadrilateral OSML is a para11e1ogram (17-2.2). BD ¥ CD (D3-3), or use (T9-5.3).
Hence, SM 4/ OL (D7-1).
24. Use D4-7 and T9-4.6
23. ~
2 25. m/ B+wm/ D=180 (79-6.2), / B ¥/ EFC (C6-3.!a)
m/ EFC +m /_D =180 (P2-1), quadrilateral EFCD is
cyclic (T79-7.2)
M T
Test 10
H
Exercises
24. Def. of projection (T4-5.6)
P 1. IV 2. 0 3. €2,1,0, -1}

25. BB/ WW and AB = NW (D7-1, given), Quadrilateral ABWN

is a parallelogram (T7-2.2), [_NA% is a right angle 4. 10 5. (8, 1) 6. are not
(T7-3.1), &7 RBUN is a rectangle (D7-5).
7. (7. 8) 8. 5+ (3+42)v5
26. IE/V Sp (transitive property), FE = EP (given),
TE is a midline of /\ SFP (T7-6.4): 2 TE = SP (T7-6.3). 9. -5 10. _g_ 11. -%
2
27. DA = EG (T7-4.1), / ADL ¥ / EGL (T7-1.2, T7-4.2),
DL = LG (T7-1.5), ADLA T AGLE (SAS). The result can 12. 0 13, y=-4x -1
also be established using AAS.
14, x+y=1 15, y =17x + 31
5 8 8 8
Test 8 16. y=-7x+6 17, (x+ N2+ (y+3)2=
2
1. 32 2. AB - AD 3. 420 )
CD 18. The slope of the line through (-7, 6) and (5, 18) is 1,
but the slope of the 1line through (-7, 6) and (2,-11)
4. 4.8 5. 2 6. is not is - 17. The points are not collinear.
9
7. 4.8 8. 3 9. 25 v
19. F
10. U n. /R 12. v 23.04 C
PR o
13. 3 4. 31 inches 15. 36 LN,
5 !"
16. 4 17. 1 18. 450 E
2 -

19. 600

123



SOLUTIONS TO TESTS FOR GEOMETRY ( SEPARATE BOOKLET) TESTS 10 - 13

Test 10 Test 11

Exercises 11. >

20. a) 5 b) ¥2 + (x -2)2 =
y

(AN
X
e =

2. 5+ /70 5+ 205
3 3

21. , 1+
20 - 10
b/
13. R y—4=x
3
2 y=x
1
22. Locate A\ ABC in a coordinate plan such that A (0, 0), 74 123 *
B (2a, 0), and C (2b, 2c). Find the midpoint of each ~,
side and determine an equation of each median. Solve
the three equations simultaneously to show they have x=1
a point in common.
Test 11 Test 12
Exercises Exercises
1. The locus is a circle with center (0, 0) and radius 7. 1. % 2. % 3. 4
It is a line segment on the 11ne y ith endpoints
3 4710, 410 )and( / ) 4. 1 5. h=25 6. 50
5 5 9 4
7. 20 8. 1243 9. 10
10. 24943 1n. 32¢/3 12. 497
13. 1 14. 36T 15. sixteen
U w |4 mr
16. 12¢7 17. 64 - 4 (4m) = 64 - 167
6. y-7=14(x-5) 18. 1 19. 9 (1+773) 20. 30
T 5 2 9
D v C \V]
VAN N 21. 5
4 6
| | | \ 22. A L7 ABCD = MR - DC, and 4 quadrilateral AMCN =
4 BT ! MR - NC (T12-3.1). But, DC = 2NC (D1-15).
Thus, 4 quadrilateral AMCN = MR + LDC = % 4 /—7ABCD
P4 (P2-1)
7 8.
Test 13
Exercises
1. may not, (T13-1.2) 2. 4
561 )
| 4 3. 96 sq. in. 4, 177
A T
5. volume is doubled 6. 9
10. 7. /833 8. 96473
9. 48.9 10. 9
1. 3.6 12. 967V
st
13. 7010 14. 14711
15. 17677 16. 3 :5
17. pentagonal or oblique 18. 12
‘. 9. 18¥3 20. 2
21. 30 - 1043 22. 101
3
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SOLUTIONS TO TESTS FOR GEOMETRY (SEPARATE BOOKLET)

Tests 14 - Final Test

Test 14 Final Test
Exercises Exercises
1. (-4, -1) 1. one
2. (-7, 5) 2. may not
3. 440 or 270 3. If 7+ 5 =12, then the earth is a sphere
4, (-4, 6) 4. subject, predicate
5. (k, 6k), k#0 5. inverse
6. x=4+3 6. are
7. (3, -27) 7. is not
8. (-17, -5) 8. always
9. (o0, 6.5) where R = -2 9. greatest
10. s not 10. s
11. cannot 1. s
12. Locate P and W in the coordinate plane so that 12. CF = (SubtPaChon property), / ABC*¥ / DCB (T6-3.1),
the initial point of each vector is the origin. AABE = I\ DCF S/’S) /_CFD ¥ / BEA (D3-3)
Then, W - P will lie in quadrants I and IV, [ DFE = [AEF (P2-11), RE // FD (T6-2.1)
while P - W will Tie in quadrants II and III. o o
13. WN//®B (D7-9, 77-6.3), so RQ // MW (T7-6.2)
13. Again, locate R and B with the initial point of BQ = QN (given), BP = PM (T7-6.4).
each at the origin.
14. EB = AC (diagonals of a regular polygon), AF = FB (given)
14, 15. = CF (substraction property), AE = BC (given),
4 B A AFE = 2\ BFC (SSS).
A+B 15. /\ AED and A\ BAE are congruent (SSS) and isosceles
(D3-12), /[ EAR ¥ / AER (T3-4.2, D3-3 and transitive
" B property), /\ ARE is isosceles (73-4.2)
16. may not 17. 117 18. 24
19. outside 20. 6 (/3 -7/2) 21. 40
22. 90 23 AE 24,
16. s not 25. halved 26. =1 (x-4) 27. is not
3
17. In quadrilateral ABCD, Tet A B, (3, 0) 28. y=3 29. the center of the square
C (6, 4), D(-3, 4). Then, ol -{ but
R A Quadrilateral ABCD is not a parallelogram 30. %a 31. 673 32, 392 -1
so it cannot be a rectangle.
33. 91 - 18 34. See construction 4, page 473.
D(=3.4) T ce,4) 35. See construction 6, page 476.
T 36. See construction 8, page 476.
40,0  BG,0) 37. See construction 10, page 479.
38. 144 39. 40. 106
18. In trapezoid, MATH, M (0 0),,A (4, 0), T (3, 1)_L,
H(2, 1)., MA=(4,0) andHT = (1, 0). % MA =HT a1, (-19, -2) 2. (-21, -20)
1) MAI/ AT (D14-9). If P and Q are the midpoints
of M4 and AT, respectively, then P (1, %) and 43, /AT /Dand /BT /C (T6-2.1), / AEB =/ CED (T2-6.3)
Q (%, %) =(g, 0y and = gHT so A AEB ~ A DEC (AAA)
e e . 44. let RO and HM intersect in T, and let RT = x, HT = y.
PQ || MA [/ HT (D14-9), transitive lpr&oper‘c N Then, A A RHM = 4x° 2y = xy, #A_RHO = Ly - 2x = xy
WA + WY = (5, 0) (D14.7). Thus, A +7HT) However, RO # MH, so A\ RHM ¥ A\ RHO.
45, Use T9-8,4. T9-6.3 and C9-6.1b
H(2,1) T3, 1)
P(L3) 03,5
} + } \ 4
M(0, 0) A4,0)
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