Chapter 7

Chapter 7 Maintaining Mathematical Proficiency (p. 357)
1. 47 —x) =16

47-x _16
4 4
7—x= 4
-7 =-1
—x=-3
—x_ -3
-1 -1

=

271 —x)+2=—19

—2=-2
7(1 —x) = —21
71 —x) _ =21

7 7
1—x= -3
-1 =1

—x=—4

—x_—4

-1 -1

x=4

3.3c—5 +8x—5) =22
3x — 15+ 8x—40=22

1lx —55=22
Hx_55_2
11 11 11
x—5=2

+5=45
x=17

4. Slopeoflinea:yzu:i: —

2—4 -6 —6
. —4—-(=2)_—4+2_—-4_ 2
1 f line b: = =_T=_Z
Slope of line 0= (=3) 3 3 3
-3-0 -3 -3 1

Slope of line¢c: ——— = —— = —— = —=

o 4-0 4
1 f1 ——===2
Slope of line d 31 2
Because the slopes of line a and line b are equal, a || b.

Because (—%)(2) =—1l,cld.
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5.

Slope of line a: 1-(=3_1+3_4

3-0 3 3

Slopeoflineb:%tg:%:%

mee 4=l 3 _ 3

Slope of line c: e a
—4 -2 -6 6 3

Slope of line d: -5 =174 8- 4

Because the slopes of line a and line b are equal, a || b.
Because the slopes of line ¢ and line d are equal, ¢ || d.

Because (g)(—%) =—l,alc,aldblcandb L d.

—4-(-2 _—4+2_—2_ 1

. Slope of line a: = =

4—(-2) 4+2 6 3

Slope of line b: e —— =533 4
e S 14

Slope of line c: 53 —_1_4

Slopeoflined:ﬁzi—l:_l

0—(—4 4 4

Because 4(—%) =—1,b1ldandc L d.

Because the slopes of line b and line c are equal, b | c.

. You can follow the order of operations with all of the other

operations in the equation and treat the operations in the
expression separately.

Chapter 7 Mathematical Practices (p. 358)

1.

false; There is no overlap between the set of trapezoids and
the set of kites.

. true; There is no overlap between the set of kites and the set

of parallelograms.

. false; There is area inside the parallelogram circle for

rhombuses and other parallelograms that do not fall inside
the circle for rectangles.

. true; All squares are inside the category of quadrilaterals.

. Sample answer: All kites are quadrilaterals. No trapezoids

are kites. All squares are parallelograms. All squares are
rectangles. Some rectangles are squares. No rhombuses
are trapezoids.

Quadrilaterals

Parallelograms

Trapezoids

Cyclic Quadrilaterals

o
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7.1 Explorations (p. 359)

1. a. The sum of the measures of the interior angles of
quadrilateral ABCD is 91° + 106° + 64° + 99° = 360°.

C

A D

The sum of the measures of the interior angles of pentagon
EFGHI is 108° + 110° + 115° + 91° + 116° = 540°.

G

b.

Number of
sides, n

Sum of angle

180° | 360° | 540° | 720° | 900° | 1080° | 1260°
measures, S

C.

y HE
(9, 1260) ©
:zgg (8, 1080) o
800 o (7, 900)
e (6, 720)
600 o (5, 540)
400 (@, 360)
(. 180) |

123456 7 8 9 10x

d. S = (n — 2) « 180; Let n represent the number of sides of
the polygon. If you subtract 2 and multiply the difference
by 180°, then you get the sum of the measures of the
interior angles of a polygon.

2. a. An equation used to determine the measure of one angle in a

regular polygon is S = (n=2) - 180
b.S=(5_2) - 180
5
_3.180
5
=340
5
=108
The measure of one interior angle of a regular pentagon
is 108°.
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Number
of sides, n

Sum of
angle
measures,
S

180°[360°| 540° | 720° | 900° |1080°|1260°

Measure
of one
interior
angle

60° | 90° | 108° | 120° |128.57°| 135° | 140°

3. The sum § of the measure of the interior angles of a polygon
is given by the equation S = (n — 2)180, where n is the
number of sides of the polygon.

45— (n —2)180
n
_(12-2)180
12
_(10)(180) _ 1800 5
TR TR
The measure of one interior angle in a regular dodecagon
is 150°.

7.1 Monitoring Progress (pp. 360-363)
1.(n —2)«180° = (11 — 2) « 180°
=9 .180°
= 1620°
The sum of the measures of the interior angles of the
11-gon is 1620°.
2. (n— 2) « 180° = 1440°

(n—2)«180° _ 1440°
180° 180°
n—2=28
n=10

The polygon has 10 sides, so it is a decagon.

3.x + 3x + 5x + 7x = 360°

16x = 360°

16x _ 360°

16 16
x=225°

3x =3 «22.5°=675°

Sx =5 225°=1125°

Tx =17 «22.5°=1575°

The angle measures are 22.5°, 67.5°, 112.5°, and 157.5°.
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4. The total sum of the angle measures of the polygon with 7. (n — 2) « 180° = 720°

5 sides is 540°.
(n—2)+180° _ 720°

93° + 156° + 85° + 2x = 540° Tl 180°
2x = 206 =6
x =103

The polygon has 6 sides, so it is a hexagon.
msS =msT = 103°
8. (n —2) « 180° = 1080°

5. Pentagon ABCDE is equilateral but not equiangular. (n—2)+ 180° _ 1080°
C 180° 180°
n—2=6
B D n=2~8

The polygon has 8 sides, so it is an octagon.

9. (n — 2) » 180° = 2520°

A E
(n—2)+180° _ 2520°
6. The sum of the measures of the exterior angles is 360°. T 180°  180°
The sum of the known exterior angle measures is n—2=14
34° 4+ 49° + 58° + 67° + 75° = 283°. n=16
So, the measure of the exterior angle at the sixth vertex is The polygon has 16 sides, so it is a 16-gon.

360° — 283° = 77°.
10. (n — 2) » 180° = 3240°
(n—2) - 180° _ 3240°
180° 180°

7. You can find the measure of each exterior angle by
subtracting the measure of the interior angle from 180°.

In Example 6, the measure of each exterior angle is
180° — 150° = 30°. n—-2=18
7.1 Exercises (pp. 364-366) n=20

The polygon has 20 sides, so it is a 20-gon.
Vocabulary and Core Concept Check

11. XYZW is a quadrilateral, therefore the sum of the measures
of the interior angles is (4 — 2) « 180° = 360°.

100° + 130° + 66° + x° = 360°

1. A segment connecting consecutive vertices is a side of the
polygon, not a diagonal.

2. The one that does not belong is “the sum of the measures of

the interior angles of a pentagon”. This sum is 540°, but in 296 + x = 360
each of the other three statements the sum is 360°. x =64
Monitoring Progress and Modeling with Mathematics 12. HJKG is a quadrilateral, therefore the sum of the measures
3. (n—2)180°=(9 —2) + 180° = 7 « 180° = 1260° of the interior angles is (4 — 2) « 180° = 360°.
The sum of the measures of the interior angles in a nonagon 1037 4+ 133° + 58° + x° = 360°
is 1260°. 294 + x = 360
4. (n —2)+180° = (14 — 2) « 180° = 12 » 180° = 2160° =66
The sum of the measures of the interior angles in a 14-gon 13. KLMN is a quadrilateral, therefore the sum of the measures
is 2160°. of the interior angles is (4 — 2) « 180° = 360°.
88° + 154° + x° + 29° = 360°

5.(n—2)+180° = (16 — 2) « 180° = 14 « 180° = 2520°

The sum of the measures of the interior angles in a 271+ x = 360
16-gon is 2520°. x =89
6. (n — 2)+180° = (20 — 2) » 180° = 18 « 180° = 3240°
The sum of the measures of the interior angles in a 20-gon
is 3240°.
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14. ABCD is a quadrilateral, therefore the sum of the measures
of the interior angles is (4 — 2) « 180° = 360°.

x° 4+ 92° 4+ 68° + 101° = 360°
x + 261 = 360°
x=99
15. The polygon has 6 sides, therefore the sum of the measures
of the interior angles is (6 — 2) « 180° = 720°.
102° + 146° + 120° + 124° + 158° + x° = 720°
650 + x =720
x=170
16. The polygon has 5 sides, therefore the sum of the measures
of the interior angles is (5 — 2) « 180° = 540°.
86° + 140° + 138° + 59° + x° = 540°
423 + x =540
x=117
17. The polygon has 6 sides, therefore the sum of the measures
of the interior angles is (6 — 2) « 180° = 720°.
121° + 96° + 101° + 162° + 90° + x° = 720°
570 + x =720
x =150
18. The polygon has 8 sides, therefore the sum of the measures
of the interior angles is (8§ — 2) « 180° = 1080°.
143° + 2x° + 152° + 116° + 125° + 140° + 139° + x° = 1080°
815 + 3x = 1080

3x = 265
1

= 88~

*T 0%

19. The polygon has 5 sides, therefore the sum of the measures
of the interior angles is (5 — 2) « 180° = 540°.

Xx° + x° + 164° + 102° + 90° = 540°

2x + 356 = 540
2x = 184
x=92

msX =msY = 92°

20. The polygon has 5 sides, therefore the sum of the measures
of the interior angles is (5 — 2) « 180° = 540°.

Xx° +90° + x° + 119° + 47° = 540

2x + 256 = 540
2x = 284
x =142

msX =msY = 142°
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21. The polygon has 6 sides, therefore the sum of the measures
of the interior angles is (6 — 2) « 180° = 720°.

90° + 99° + 171° + x° + x° + 159° = 720°

2x + 519 =720
2x = 201
x = 100.5

m/X =msY = 100.5°

22. The polygon has 6 sides, therefore the sum of the measures
of the interior angles is (6 — 2) « 180° = 720°.

100° + x° + 110° + 149° + 91° + x° = 720°

2x + 450 = 720
2x =270
x =135

m/X =m/Y = 135°

23. 65° + x° + 78° + 106° = 360°
x + 249 = 360
=111

24. 48° + 59° + x° + x° + 58° + 39° + 50° = 360°

2x + 254 = 360
2x = 106
x =53

25. 71° + 85° + 44° + 3x° + 2x° = 360°

5x + 200 = 360
S5x = 160
x =32

26. 40° + x° + 77° + 2x° + 45° = 360°

3x + 162 = 360
3x = 198
x = 66

27. The sum of the measures of the interior angles of a pentagon
is (5 —2) «180° = 3 « 180° = 540°.

Each interior angle: % = 108°

360° _ 1o

Each exterior angle:
The measure of each interior angle of a pentagon is 108° and
the measure of each exterior angle is 72°.

28. The sum of the measures of the interior angles of an 18-gon
is (18 —2) « 180° = 16 « 180° = 2880°.

2880° _ oo

Each interior angle:

Each exterior angle: % = 20°

The measure of each interior angle of an 18-gon is 160° and
the measure of each exterior angle is 20°.
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29. The sum of the measures of the interior angles of a 45-gon
is (45 — 2) « 180° = 43 « 180° = 7740°.

Each interior angle: 77407 _ 172°
Each exterior angle: % = 8°

The measure of each interior angle of a 45-gon is 172° and
the measure of each exterior angle is 8°.

30. The sum of the measures of the interior angles of a 90-gon
is (90 — 2) « 180° = 88 « 180° = 15,840°.

15,840°
: = 176°
90

Each interior angle:

360°
90

The measure of each interior angle of a 90-gon is 176° and
the measure of each exterior angle is 4°.

Each exterior angle: =4°

31. The measure of one interior angle of a regular pentagon was
found, but the measure of one exterior angle should be found
by dividing 360° by the number of angles.

The correct response should be g =72°.

32. The correct response should be % =72°.

33. A regular hexagon has 6 sides. The sum of the measures of
the interior angles is (6 — 2) « 180° = 720°. The measure of

= 120°.

each interior angle is 720

34. A regular decagon has 10 sides. The sum of the measures of
the interior angles is (10 — 2) » 180° = 1440°. The measure

1440° _ 144°. The measure of each

of each interior angle is

o

exterior angle is 360° _ 36°.

(n 2’)1 180 -
(n—2)+180 = nx
ne180 —2 <180 = nx
n 180 — 360 = nx
n 180 = nx + 360
n e 180 — nx = 360
n(180 — x) = 360
n(180 — x) _ 360

35.

180 — x 180 — x
_ 360
"7 180 — x

The formula to find the number of sides 7 in a regular
polygon given the measure of one interior angle x°
360
180 — x°

is:n=
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36.

37.

38.

39.

40.

41.

42

43

o _ 360°

n
U360
nex=mn-e
n

nex =360
nex 360
X X
_ 360

n =
X

The formula to find the number of sides n in a regular
polygon given the measure of one exterior angle x° is:
_ 360

P
_ 360° _ 360° _ 5

180° — 156°  24°

The number of sides of a polygon where each interior angle
has a measure of 156° is 15.
_ 360° _360° _
T80 - 165 150 2t
The number of sides of a polygon where each interior angle
has a measure of 165° is 24.

n

n

n

360°

n="go = 40

The number of sides of a polygon where each exterior angle
has a measure of 9° is 40.

= 360°

60

The number of sides of a polygon where each exterior angle
has a measure of 6° is 60.

=60

A, B;

A.n:ﬁ:ﬁg =20/
B.n:ﬁﬁgg —40v
C.n=%=?820=3.43x
D= 2000 _360°_, 5k

180° — 40° ~ 140°

Solving the equation found in Exercise 35 for n yields a
positive integer greater than or equal to 3 for A and B, but
not for C and D.

. In a pentagon, when all the diagonals from one vertex are

drawn, the polygon is divided into three triangles. Because
the sum of the measures of the interior angles of each
triangle is 180°, the sum of the measures of the interior
angles of the pentagon is (5 — 2) « 180° = 3 « 180° = 540°.

. In a quadrilateral, when all the diagonals from one vertex are

drawn, the polygon is divided into two triangles. Because the
sum of the measures of the interior angles of each triangle

is 180°, the sum of the measures of the interior angles of the
quadrilateral is 2 « 180° = 360°.

Geometry 235
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44,

45,

46.

47.

236

yes; Because an interior angle and an adjacent exterior angle
of a polygon form a linear pair, you can use the Polygon
Exterior Angles Theorem (Thm. 7.2) to find the measure of
the exterior angles, and then you can subtract this value from
180° to find the interior angle measures of a regular polygon.

A hexagon has 6 angles. If 4 of the exterior angles have
a measure of x°, the other two each have a measure of
2(x + 48)°, and the total exterior angle sum is 360°, then:

4x° + 2[2(x + 48)]° = 360°
4x + 2[2x + 96] = 360
4x + 4x + 192 = 360

8x + 192 = 360
8x = 168
x =21

2x +48) = 2(21 + 48) = 2+69 = 138

So, the measures of the exterior angles are 21°, 21°, 21°, 21°,
138°, and 138°.

yes; The measure of the angle where the polygon caves in is
greater than 180° but less than 360°.

Divide the quadrilateral into two triangles. The sum of the
measures of the interior angles of each triangle is 180°.
Therefore, the total sum of the interior angle measurements
for this quadrilateral is 2 « 180° = 360°.

Divide the pentagon into three triangles. The sum of the
measures of the interior angles of each triangle is 180°.
Therefore, the total sum of the interior angle measurements
for this pentagon is 3 « 180° = 540°.

Divide the hexagon into four triangles. The sum of the
measures of the interior angles of each triangle is 180°.
Therefore, the total sum of the interior angle measurements
for this hexagon is 4 « 180° = 720°.

Geometry
Worked-Out Solutions

48.

49.

Divide the heptagon into five triangles. The sum of the
measures of the interior angles of each triangle is 180°.
Therefore, the total sum of the interior angle measurements
for this heptagon is 5 « 180° = 900°.

When diagonals are drawn from the vertex of the concave
angle as shown, the polygon is divided into n — 2 triangles
whose interior angle measures have the same total as the sum
of the interior angle measures of the original polygon. So,

an expression to find the sum of the measures of the interior
angles for a concave polygon is (n — 2) « 180°.

The base angles of ABPC are congruent exterior angles
of the regular octagon, each with a measure of 45°. So,
m/BPC = 180° — 2(45°) = 90°.

F E

G D

H C
[]

A B P

a. The formula for the number of sides 7 in a regular
polygon, where h(n) is the measure of any interior angle

is () = =2 = 180°
n
b iy = O D180 T I0°_ 12600
¢ 1500 = (n—2) - 180°
150n = (n — 231- 180
150n = 180n — 360
—30n = —360
—30n _ =360
-30 —30
n=12

When h(n) = 150°, n = 12.
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d.
Number of sides | Measure of each interior angle
3 60°
4 90°
5 108°
6 120°
7 128.6°
8 135°
h(n) ERCRED)
(7,128.6)\| \
1‘2‘2 (6,120)., o ®
100 (5,108) o
ol e
60 (3, 60)
40
20

123456 7 8n

The value of h(n) increases on a curve that gets less steep
as n increases.

50. no; The interior angles are supplements of the adjacent
exterior angles, and because the exterior angles have
different values, the supplements will be different as well.

51. In a convex n-gon, the sum of the measures of the n interior
angles is (n — 2) « 180° using the Polygon Interior Angles
Theorem (Thm. 7.1). Because each of the » interior angles
forms a linear pair with its corresponding exterior angle,
you know that the sum of the measures of the n interior and
exterior angles is 180n°. Subtracting the sum of the interior
angle measures from the sum of the measures of the linear
pairs gives you 180n° — [(n — 2) « 180°] = 360°.

540
2.1 h
52. In order to have 130°

diagonals, the new polygon will need 3 more sides.

= 3 more triangles formed by the

Maintaining Mathematical Proficiency
53. x°+ 79° = 180°
x=180—179
x =101

54. x° + 113° = 180°
x=180—113
x =67

55. (8x — 16)° + (3x + 20)° = 180°

11x +4 =180
11x = 176
x =16
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56. (6x — 19)° + (3x + 10)° = 180°
9x — 9 =180

9x = 189

x= 21

7.2 Explorations (p. 367)

1. a. Check students’ work; Construct (A;E) and a line parallel
to AB through point C. Construct BC and a line parallel
to BC through point A. Construct a point D at the
intersection of the line drawn parallel to AB and the line
drawn parallel to BC. Finally, constructAB, BC,CD, and
DA by removing the rest of the parallel lines drawn.

b. Check students’ work. (For sample in text,
m/A=msC=6343°and m/B = m/D = 116.57°.);
Opposite angles are congruent, and consecutive
angles are supplementary.

. Check students’ work. (For sample in text, AB = CD =
2.24 and BC = AD = 4.); Opposite sides are congruent.

n

d. Check students’ work; Opposite angles of a parallelogram
are congruent. Consecutive angles of a parallelogram are
supplementary. Opposite sides of a parallelogram
are congruent.

2. a. Check students’” work.
b. Check students’ work.

n

. Check students’ work. (For sample in text,
AE = CE = 1.58 and BE = DE = 2.55.) Point E
bisects AC and BD.

d. The diagonals of a parallelogram bisect each other.

3. A parallelogram is a quadrilateral where both pairs of
opposite sides are congruent and parallel, opposite angles
are congruent, consecutive angles are supplementary, and the
diagonals bisect each other.

7.2 Monitoring Progress (pp. 369-371)

1.mLG=mLE
m/E = 60°
m/G = 60°

FG = HE

HE =38

FG =38

In parallelogram GHEF, FG = 8 and m£G = 60°.

2.m/J=mLL
2x° = 50°
x =125
JK = ML
18=y+3
15=y
In parallelogram JKLM, x = 25 and y = 15.
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3. m/LBCD + m/ADC = 180°
m/BCD + 2m/BCD = 180°
3m/BCD = 180°

m/BCD = 60°

4. Given ABCD and GDEF are parallelograms.

Prove £ C and ZF are supplementary angles.

C

< : E

B
D F
A G

STATEMENTS REASONS
1. ABCD and GDEF are 1. Given

parallelograms.
2. £Cand 4D are 2. Parallelogram

supplementary angles. Consecutive Angles

Theorem (Thm. 7.5)

3. m£C+ msD = 180° | 3. Definition of
supplementary angles

4. /D=LF 4. Parallelogram Opposite
Angles Theorem
(Thm. 7.4)

5. mLD =mLF 5. Definition of congruent
angles

6. m/C+ m/F =180° | 6. Substitution Property of
Equality

7. £Cand LF are 7. Definition of

supplementary angles. supplementary angles

5. By the Parallelogram Diagonals Theorem (Thm. 7.6), the
diagonals of a parallelogram bisect each other.

S . (1+35+1 46
M fTV: (—, —) = (—, —) = (2,
idpoint of 7V: {— 5 23)= @3
L —2+63+3)=(§§)=
Midpoint of SU: ( R ) (2,3)

The coordinates of the intersection of the diagonals are (2,3).

— 2-4 2
6. Slope of AB = ST2 = —§
The rise is 2 units (starting at C, go up 2 units and left

3 units). So, the coordinates of D are (0,1).

y
4 A
/TN
/
B
DI\ //
-2 b 4 X
C
-2
|
-4
\
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7.2 Exercises (pp. 372-374)
Vocabulary and Core Concept Check

1. In order to be a quadrilateral, a polygon must have 4 sides,
and parallelograms always have 4 sides. In order to be a
parallelogram, a polygon must have 4 sides with opposite
sides parallel. Quadrilaterals always have 4 sides, but do not
always have opposite sides parallel.

2. The two angles that are consecutive to the given angle are
supplementary to it. So, you can find each of their measures
by subtracting the measure of the given angle from 180°. The
angle opposite the given angle is congruent and therefore has
the same measure.

Monitoring Progress and Modeling with Mathematics

3. The Parallelogram Opposite Sides Theorem (Thm. 7.3)
applies here. Therefore, x = 9 and y = 15.

4. By the Parallelogram Opposite Sides Theorem (Thm. 7.3),
n =12 and m + 1 = 6. Therefore, m = 5.

5. Parallelogram Opposite Sides Theorem (Thm. 7.3):
z—8=120
z=128
Parallelogram Opposite Angles Theorem (Thm. 7.4):
(d —21)° = 105°
d =126
Therefore, z = 28 and d = 126.

6. Parallelogram Opposite Sides Theorem (Thm. 7.3):
16 —h=17
—h=-9
h=9
Parallelogram Opposite Angles Theorem (Thm. 7.4):
(g +4)° =65°
g =61
Therefore, h = 9 and g = 61.

7.m/A + m/B = 180°
51° + m/B = 180°
m/.B = 129°

8. m/M + m/N = 180°
95° + m4N = 180°
m/.N = 85°

9. LM = 13; By the Parallelogram Opposite Sides Theorem
(Thm. 7.3), LM = QN.

10. LP = 7; By the Parallelogram Diagonals Theorem (Thm. 7.6),
LP = PN

11. LQ = 8; By the Parallelogram Opposite Sides Theorem
(Thm. 7.3), LQ = MN.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

By the Parallelogram Diagonals Theorem (Thm. 7.6),
MP = PQ. MQ =2 * MP
MQ=2-82=164

Parallelogram Consecutive Angles Theorem (Thm. 7.5)
mZ LMN + m/MLQ = 180°

m/LMN + 100° = 180°
mZLMN = 80°

Parallelogram Opposite Angles Theorem (Thm. 7.4)
m/NQL = m/NML

m/NQL = 80°

Parallelogram Opposite Angles Theorem (Thm. 7.4)
m/MNQ = m/MLQ

m/ZMNQ = 100°

Alternate Interior Angles Theorem (Thm. 3.2)
msLMQ = m/NOM
m/ LMQ = 29°
n° + 70° = 180°
n=110
2m° = 70°
m = 35

So,n = 110 and m = 35.

(b — 10)° + (b + 10)° = 180°
2b = 180
b =90

d° = (b + 10)°

d=90+ 10

d =100

c=(b—10)

¢c=90-10

c =80

So, b =90, ¢ = 80, and d = 100.

k+4=11
k=17
m=38

So,k=7and m = 8.

2u +2=5u—10
2u = 5u — 12

So,u=4andv = 18.
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21.

22,

23.

24. Given ABCD, EBGF, and

25.

26.

In a parallelogram, consecutive angles are supplementary;
Because quadrilateral STUV is a parallelogram, £S and £V
are supplementary. So, m2ZV = 180° — 50° = 130°.

In a parallelogram, the diagonals bisect each other. So
the two parts of GJ are congruent to each other; Because
quadrilateral GHJK is a parallelogram, GF = FJ.

Given ABCD and CEFD B c
are parallelograms.
Prove AB =FE A 5 E
F
STATEMENTS REASONS
1. ABCD and CEFO are | 1. Given
parallelograms.

2. AB =DC,DC =FE 2. Parallelogram Opposite
Sides Theorem (Thm. 7.3)

3. AB=FE 3. Transitive Property of
Congruence (Thm. 2.1)

HJKD are parallelograms.
Prove £2= /3

STATEMENTS REASONS
1. ABCD, EBGF, and 1. Given
HJKD are
parallelograms.
2. L1=/2,/3= /4, 2. Parallelogram Opposite
L1l=/4 Angles Theorem
(Thm. 7.4)
3. L2=/4 3. Transitive Property of
Congruence (Thm. 2.1)
4, £12=/3 4. Transitive Property of
Congruence (Thm. 2.1)

By the Parallelogram Diagonals Theorem (Thm. 7.6), the
diagonals of a parallelogram bisect each other.

e —2+45+0):(g§):
Midpoint ofWY.( o 22 (1,2.5)

L —.2+05+0):(g§):
Midpoint of ZX: ( IR > (1,2.5)

The coordinates of the intersection of the diagonals are (1, 2.5).

By the Parallelogram Diagonals Theorem (Thm. 7.6), the
diagonals of a parallelogram bisect each other.

(=141 34+(=2))_(01)_
Midpoint of OS: (T T) = (5, 5) =(0,0.5)
54(=5) 2+ (=1) 1

2

220 (11)- 005

The coordinates of the intersection of the diagonals are (0, 0.5).

Midpoint of TR: (
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27. AR
\ F
’p \
G
—4 -2 2 4 x
-2
— 5-2 3
Slope of ED = -0 -1~ -3

Starting at G, go up 3 units and left 1 unit. So, the
coordinates of F are (3, 3).

28. y

F

/.

E T

Ll

| /1

o 4
Slopeofﬁ=g+?=%=—7

Starting at D, go up 7 units and left 1 unit. So, the
coordinates of E are (—3, 3).

29. y
4 F
7
E,_— /
G
—af 2 L—"2 | ax
—
D I
|
‘4
Slope of ED = -2 __ 3 §=3

3 -(-4 -3+4 1
Starting at F, go down 3 units and left 1 unit. So, the
coordinates of G are (2, 0).

30.
776}/ F
—
E -
2
2 4 _~—38x
L —
Py o
Fo=0-0_6 _
SlopeofFG—S_g—_3— 2

Starting at £, go down 6 units and right 3 units. So, the
coordinates of D are (2, —2).
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31.

32,

33.

34,

35.

x° + 0.25x° + x + 0.25x° = 360°
2.5x = 360

L 360

2.5

x =144

0.25x° = 0.25(144°) = 36°
The angles are 36° and 144°.

x° + (4x + 50)° + x° + (4x + 50)° = 360°
10x + 100 = 360
10x = 260
x =26
(4x + 50)° = (4 + 26 + 50)° = 154°
The angles are 154° and 26°.
If the points are in the order of ABCD, the quadrilateral

could not be a parallelogram, because ZA and £ C are
opposite angles, but mZA # m/C.

m/J + msK = 180°
Bx + 7)° + (5x — 11)° = 180°
8x —4 =180
8x =184
x=23

msJ = (323 +7)°=76°
msK=(5+23—11)° = 104°

Sample answer:
B C

<]

A D

When you fold the parallelogram so that vertex A is on
vertex C, the fold will pass through the point where the
diagonals intersect, which demonstrates that this point of
intersection is also the midpoint of AC. Similarly, when

you fold the parallelogram so that vertex B is on vertex D,
the fold will pass through the point where the diagonals
intersect, which demonstrates that this point of intersection is
also the midpoint of BD.
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36. Sample answer: A B 39.

o y+14 P
E
—2x + 37 x—5
F G
m/.1 = m/G because corresponding pairs of congruent
figures are congruent. Note thatAB || CD || FG. So, v m N
m/1 = m/BDE and m/ GDE = m/ G because they are y+s
pairs of alternate interior angles, and m2.1 = m/ GDE MQ = NP
by the Transitive Property of Equality. Also, by the Angle 2x+37=x-5
Addition Postulate (Post. 1.4), m/2 = m/ BDE + m/ GDE. By = —42
By substituting, you get m/2 = m/1 + m/1 =2m/1. "
x=
37. Given ABCD is a parallelogram. B c
MQ=-2+¢14+37=-28+37=9
Prove Z/A=/C,/B= /D
NP=14-5=9
A D
QP = MN
STATEMENTS REASONS
y+1l4=4+5
1. ABCDis a 1. Given -
-3y=-9
parallelogram. 3
e p— y =
2. AB|DC,BC |AD 2. Definition of
parallelogram QP=3+14=17
3. /BDA = /DBC, 3. Alternate Interior Angles MN=4.3+5=12+5=17
£DBA = /BDC Theorem (Thm. 3.2) The perimeter of MNPQ is 17 + 9 + 17 + 9 = 52 units.
4. BD =BD 4. Reflexive Property of LM _ 4x
Congruence (Thm. 2.1) 40. MN _ 3x
5. AABD = ACDB 5. ASA Congruence M 3x N
Theorem (Thm. 5.10)
6. LA=/C,/LB= /D | 6. Corresponding parts of
congruent triangles are ax
congruent. 4x
38. Given PQRS is a parallelogram. Q R
Prove x° + y° = 180° X Y. L 3x p
PY" X/ 4x +3x + 4x + 3x =28
14x = 28
STATEMENTS REASONS =2
1. gRS_lb a parallelogram. | 1. Given IM =4 2 = 8 units
2. OR ||PS 2. Definition of
parallelogram 41. no; Two parallelograms with congruent corresponding sides
3. £Qand ZP are 3. Consecutive Interior may or may not have congruent corresponding angles.
1 . Angles Th
supplementary ngles 1 lcorem 42. a. decreases; Because £ P and £ Q are supplementary, as one
(Thm. 3.4) . . S
increases, the other must decrease so that their total is still
4. x° + y° = 180° 4. Definition of 180°.
supplementary angles b. increases; As m/ Q decreases, the parallelogram gets
skinnier, which means that Q and S get farther apart.
c. The mirror gets closer to the wall; As mZ Q decreases,
the parallelograms get skinnier, which means that P,
R, and the other corresponding vertices all get closer
together. So, the distance between the mirror and the
wall gets smaller.
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43. m£USV + m£TSU = m£TUV
(x)° 4+ 32° = 12x°
X2—=12x+32=0
x—8)x—4)=0
x—8=0
x=38
m/USV = (x2)° = (82)° = 64°

x—4=0
x=4
m/USV = (32)° = (42)° = 16°

44. yes; C

Any triangle, such as AABC, can be partitioned into four
congruent triangles by drawing the midsegment triangle,
such as ADEF. Then, one triangle, such as ACDE, can
be rotated 180° about a vertex, such as D, to create a
parallelogram as shown.

45. Three parallelograms can be created.

Let D be the fourth vertex.

Slope of XY = 6-4_2 _ 2

Starting at W, go up 2 units and left 3 units. So, the
coordinates of D are (—2, 4).

y
6 X
— N\
D_—] D
2
N Y
N 7
2
w
-2 2 4 | 6x
—t 2
\

Starting at W, go down 2 units and right 3 units. So, the
coordinates of E are (4, 0).

6 v X
N
N
4 Y
5%,
\\
E
-2 2 4 X
2
\
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Let F be the fourth vertex.

Starting at Y, go up 4 units and right 2 units. So, the
coordinates of F are (8, 8).

y
,8 F
_—~
_—
,6 X
4 A,
_—
,2 W
2 4 6 | 8x

46. Given EK bisects ~ FEH,

FJ bisects L EFG,
and EFGH is

a parallelogram. H 7 K G
Prove EK | FJ
STATEMENTS REASONS
1. EK bisects 2 FEH 1. Given
and FJ bisects
LEFG. EFGHisa
parallelogram.
2. m/PEH = m/ PEF, 2. Definition of angle

10.

11.

m/LPFE = m/PFG

. m/HEF = m/PEH

+ m/PEF,
m/lEFG = m/LPFE +
m/LPFG

. m/LHEF = m/PEF +

m/PEF, m/EFG =
m/PFE + m/PFE

. m/HEF =

2(m/ PEF),
m/ EFG = 2(m/ PFE)

. m/HEF + m/ EFG

= 180°

. 2(mLPEF) +

2(m/ PFE) = 180°

. 2(m/PEF + m/ PFE)

= 180°

. m£LPEF + m/PFE

= 90°

m/PEF + m/PFE +
m/EPF = 180°

90° + m£LEPF = 180°

10.

11.

bisector

. Angle Addition

Postulate (Post. 1.4)

. Substitution Property

of Equality

. Distributive Property

. Parallelogram

Consecutive Angles
Theorem (Thm. 7.5)

. Substitution Property

of Equality

. Distributive Property

. Division Property of

Equality

Triangle Sum Theorem
(Thm. 5.1)

Substitution Property
of Equality
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12. m/ EPF = 90° 12. Subtraction Property Maintaining Mathematical Proficiency

of Equality 48. yes; ¢ || m by the Alternate Interior Angles Converse

) ) Theorem (Thm. 3.6).
13. ZEPF is aright angle. | 13. Definition of right

angle 49, yes; £ || m by the Alternate Exterior Angles Converse

14. EK | FJ 14. Definition of Theorem (Thm. 3.7).
perpendicular lines

50. no; By the Consecutive Interior Angles Theorem

e e (Thm. 3.4), consecutive interior angles of parallel line
47. Given GH || JK || LM, GJ =JL are supplementary.

Prove HK =KM

__ . o . 7.3 Explorations (p. 375)
Construct KP and MQ, such that KP || GJ and MQ || JL, thus

1. a. Check students’ work.

KPGJ is a parallelogram and MQJL is a parallelogram. b S ¢BC = -3 _ 4 4 |
YOS SOPEOIBE T TR T (C12) T 8+ 12 4
G P /H — 3-(-1 4 4
Slope of AD = = =—-=1
J K -5-(-9 -5+9 4
Fo3-Ch 4 4 4
LM SlopeofAB—_lz_(_g)__]2+9__3_ 3
- _ 7-3 4 4 4
Slope of CD = 8-(=5) —8+5 -3 3
STATEMENTS REASONS

Because the slope of BC equals the slope of AD, BC || AD.
o Because the slope of AB equals the slope of CD,AB || CD.
2. Construct PK a(n_d) oM 2. Construction So, the quadrilateral ABCD is a parallelogram.

such that PK || GL | OM

I(G_)HHTIEH(I:M,G_JEJ_L 1. Given

c¢. Check students’ work. If the opposite sides of a

3. GPKJ and JOML are 3. Definition of quadrilateral are congruent, then the quadrilateral is a
parallelograms. parallelogram parallelogram.
4. LGHK = £JKM, 4. Corresponding d. If a quadrilateral is a parallelogram, then its opposite
/PKQ = /0OML Angles Theorem sides are congruent. The converse is true. This is the
(Thm. 3.1) Parallelogram Opposite Sides Theorem (Thm. 7.3).
5.GJ = PK,JL =0M 5. Parallelogram 2. a. Check students’ work.
Opposite Sides b. Yes the quadrilateral is a parallelogram. The opposite
Theorem (Thm. 7.3) angles are congruent and the opposite sides have the
6. PK = oM 6. Transitive Property of same slope.
Congruence c. Check students’ work. If the opposite angles of a
(Thm. 2.1) quadrilateral are congruent, then the quadrilateral is a
7. /HPK = / PKQ, 7. Alternate Interior parallelogram.
LKOM = £ QML Angles Theorem d. If a quadrilateral is a parallelogram, then its opposite
(Thm. 3.2) angles are congruent. The converse is true. This is the
8. LHPK = / OML 8. Transitive Property of Parallelogram Opposite Angles Theorem (Thm. 7.4).
Congruence 3. To prove a quadrilateral is a parallelogram, show that the
(Thm. 2.2) opposite sides are congruent or that the opposite angles are
9. LHPK = L KOM 9. Transitive Property of congruent.
Congruence
(Thm. 2.2) 4. In the figure m/ZA = m/.C and £B = £/ D. Because the
opposite angles are congruent, you can conclude that ABCD
10. APHK = AQKM 10. AAS Congruence is a parallelogram.
Theorem (Thm. 5.11)
- 7.3 Monitoring Progress (pp. 377-380)
11. HK = KM 11. Corresponding sides

1. WXYZ is a parallelogram because opposite angles are

f t tri 1
ol congruent triangies congruent; W= /Yand £X = £Z. So,m/Z = 138.

are conguent.
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2. By the Parallelogram Opposite Angles Converse (Thm. 7.8), if
both pairs of opposite angles of a quadrilateral are congruent,
then the quadrilateral is a parallelogram. So, solve
3x — 32 = 2xforxand 4y = y + 87 for y.

3x — 32 =2x
—32=—x
x =32

y+ 87 =4y
87 = 3y
29 =y
So,x =32 and y = 29.

3. Opposite Sides Parallel and Congruent Theorem (Thm. 7.9).
4. Parallelogram Opposite Sides Converse (Thm. 7.7).
5. Parallelogram Opposite Angles Converse (Thm. 7.8).

6. By the Parallelogram Diagonals Converse (Thm. 7.10), if
the diagonals of a quadrilateral bisect each other, then the
quadrilateral is a parallelogram. So, solve 2x = 10 — 3x for x.
2x =10 — 3x
S5x =10

x=2
So, x = 2.
—3-3_~-6_
3-2 1
—-5-1 —6 —6

Slope of JK = _3_(_4): —3+4:T: -6

7. Slope of LM =

Because the slope of LM equals the slope of JK, LM ||JK.
LM = V(3 =27 + (=3 = 3)2 = V(1) + (-6 = V37
JK =V(=3=(=47 + (=5 = 1 = V1P + (-6 = V37
Because LM = JK = V37,LM = JK.

So,JK and LM are congruent and parallel, which means that
JKLM is a parallelogram by the Opposite Sides Parallel and
Congruent Theorem (Thm. 7.9).

8. Sample answer: Find the slopes of all four sides and show
that opposite sides are parallel. Another way is to find the
point of intersection of the diagonals and show that the
diagonals bisect each other.

7.3 Exercises (pp. 381-384)
Vocabulary and Core Concept Check

1. yes; If all four sides are congruent, then both pairs of opposite
sides are congruent. So, the quadrilateral is a parallelogram by
the Parallelogram Opposite Sides Converse (Thm. 7.7).
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2. The statement that is different is “Construct a quadrilateral
with one pair of parallel sides”.

[\

Monitoring Progress and Modeling with Mathematics
3. Parallelogram Opposite Angles Converse (Thm. 7.8)

4. Parallelogram Opposite Sides Converse (Thm. 7.7)

5. Parallelogram Diagonals Converse (Thm. 7.10)

6. Parallelogram Opposite Angles Converse (Thm. 7.8)

7. Opposite Sides Parallel and Congruent Theorem (Thm. 7.9)
8. Parallelogram Diagonals Converse (Thm. 7.10)

9. x = 114 and y = 66 by the Parallelogram Opposite Angles
Converse (Thm. 7.8).

10. x = 16 and y = 9, by the Parallelogram Opposite Sides
Converse (Thm. 7.7).

11. By the Parallelogram Opposite Sides Converse (Thm. 7.7):

4x+6="7x—-3
6=3x—3
9 =3x
3=x

4y —3=3y+1

y—3=1
y=4

So,x=3andy = 4.

12. By the Parallelogram Opposite Angles Converse (Thm. 7.8):
(4x + 13)° = (5x — 12)°
13=x—-12
25=x
4y +7)° = (3x — 8)°
4y +7=325-8
4y +7=75-38
4y = 60
y=15
So,x =25andy = 15.

13. By the Parallelogram Diagonals Converse (Thm. 7.10):

4x+2=5x—-06
2=x—-06
8§=x

So, x = 8.
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14.

15.

16.

17.

By the Opposite Sides Parallel and Congruent Theorem
(Thm. 7.9):

2x+3=x+7

x+3=7
x=4
So, x = 4.
By the Opposite Sides Parallel and Congruent Theorem
(Thm. 7.9):
3x+5=5x-9
—2x+5=-9
—2x=—14
x=17
So,x =17.
By the Parallelogram Diagonals Converse (Thm. 7.10):
6x =3x + 2
3x=2
-2
73
2
So,x ==.
0, X 3
Ay
—10
—8
—6
B c
A¥E b
_T 2 4 6 81012x
——4
\
- _4—-4 _0_
Slope of BC = D—4-3°" 0
— _ 1-1_0_
Slope of AD =3-0" 3 0

The slope of BC equals the slope of AD, therefore BC || AD.
BC=\(12 - 42+ (4 — 42 =\(8)2 + (02 = V64 =8
AD = V(@ =02+ (1—1)>=V@E8?2+ (0)?=Ve4 =8
Because BC = AD = 8, BC =AD. BC and AD are opposite
sides that are both congruent and parallel. So, ABCD is a

parallelogram by the Parallelogram Opposite Sides Parallel
and Congruent Theorem (Thm 7.9).
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18.

19.

y
5
F 4
O
N
1N\
E N
—5-4-3N\-1 | 1 N3 4 5x
G
AN
N
r° H
Slope of EF = % = % = undefined
Slope of GH = % = %4 = undefined

The slope of EF equals the slope of GH, therefore EF I GH.

EF=\(-3— (=32 +@4—-02=V0>+ 4 =V16=4

GH=\( =37+ (=5 — (=D)P = V(0 + (=47
=V16 =4

Because EF = GH = 4, EF = GH.EF and GH are opposite
sides that are both congruent and parallel.

So, EFGH is a parallelogram by the Opposite Sides Parallel
and Congruent Theorem (Thm. 7.9).

\ y
K-8
NI AN
,,2 M
-8-6-4-2 | 2 4 6 8x
L
76
-8
\
k- _0-7 _ -t _ 1
SlopeofKL—3_(_5)—3+5— 3
=23 _ -1 _ 1
SlopeofJM—6_(_2)—6+2— 3

The slope of JK equals the slope of LM, therefore JK || LM.

JK=V\(=5— (=22 + (T =32 =V\(-5+2)> + £
=V9+16=V25=5

LM =V(6 =32+ 2—-62=V3?2+ (—42=V9+ 16
=V25=5

Because JK = LM = 5,JK =LM.JK and LM are opposite

sides that are both congruent and parallel.

So, JKLM is a Parallelogram by the Opposite Sides Parallel
and Congruent Theorem (Thm. 7.9).

Geometry 245

Worked-Out Solutions



Chapter 7

20. ‘P y
&
/// 5 AN
/ 1 N\ |
N/ AW
“N\|-3-2-1 | 1 3x
NERNPZ
N A
R \_4
—_ 4-0 4
Slope of NP = 0-(=5 5
— 0—4 4
Slope OfPQ = m = —§
— —4 - -4 4
SlOpCOfQR—_2_3—_—5 g
Slope of NR = —4-0 _ 4 4

—2-(=5 -2+5 3
The slope of NP equals the slope of OR, therefore NP || OR.
The slope of PQ equals the slope of NR, therefore PQ || NR.
Because both pairs of opposite sides are parallel, NPOR is a
parallelogram by definition.

21. In order to be a parallelogram, the quadrilateral must
have two pairs of opposite sides that are congruent, not
consecutive sides. DEFG is not a parallelogram.

22. In order to determine that JKLM is a parallelogram by the
Opposite Sides Parallel and Congruent Theorem (Thm. 7.9),
you would need to know thatJM || KL. There is not enough
information provided to determine whether JKLM is a
parallelogram.

23. The diagonals must bisect each other, so solve for x using
either 2x + 1 = x + 6 or 4x — 2 = 3x + 3. Also, the
opposite sides must be congruent, so solve for x using either
3x+1=4x —4or3x + 10 = 5x.

2x+1=x+6

x+1=6
x=5

dx—2=3x+3

x—2=3
x=5

3x + 10 = 5x
10 = 2x
x=5

3x+1=4x—4
1=x—-4
5=x

So, x = 5.

24. yes; By the Consecutive Interior Angles Converse (Thm. 3.8),
WX || ZY. Because WX and ZY are also congruent, WXYZ is a
parallelogram by the Opposite Sides Parallel and Congruent
Theorem (Thm. 7.9).
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25

26

27

28.

29.

30.

31.

32

33.

. Sample answer:

. A quadrilateral is a parallelogram if and only if both pairs of

opposite sides are congruent.

. A quadrilateral is a parallelogram if and only if both pairs of

opposite angles are congruent.

. A quadrilateral is a parallelogram if and only if the diagonals

bisect each other.

Sample answer: Draw two horizontal segments that are the
same length and connect the endpoints.

y

- N W h U O

-1 123456 7x

Check students’” work. Because the diagonals bisect
each other, this quadrilateral is a parallelogram by the
Parallelogram Diagonals Converse (Thm. 7.10).

both; If you show that OR || 7S and QT || RS, then QRST is a
parallelogram by definition. If you show that OR =TS and
QT =RS, then QRST is a parallelogram by the Parallelogram
Opposite Sides Converse (Thm. 7.7).

Sample answer:

7

a. Because m£ZAEF = 63° and ZFEAF is aright angle
(mZLEAF = 90°), m/AFE = 90° — 63° = 27°.

b. Because the angle of incident equals the angle of
reflection m/ZAFE = m/. DFG = 27°. Because
m/FDG = 90°, m£ FGD = 90° — 27° = 63°.

¢. m{GHC = m£EHB = 27°

d. yes; ZHEF = / HGF because they both are adjacent
to two congruent angles that together add up to 180°,
and L EHG = / GFE for the same reason. So, EFGH is
a parallelogram by the Parallelogram Opposite Angles
Converse (Thm. 7.8).
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34,

35.

36.

37.

38.

39.

a. Because JK = LM and KL =JM, JKLM is a parallelogram
by the Parallelogram Opposite Sides Converse (Thm. 7.7).

b. Because m£JKL = 60°, m£JML = 60° by the
Parallelogram Opposite Angles Converse (Thm. 7.8).
m/KJM = 180° — 60° = 120° by the Parallelogram
Consecutive Angles Theorem (Thm. 7.5).
m/KLM = 120° by the Parallelogram Opposite Angles
Converse (Thm. 7.8).

c. Transitive Property of Parallel Lines (Thm. 3.9)

You can use the Alternate Interior Angles Converse

(Thm. 3.6) to show thatAD || BC. Then, AD and BC are both
congruent and parallel. So, ABCD is a parallelogram by the
Opposite Sides Parallel and Congruent Theorem (Thm. 7.9).

You can use the Alternate Interior Angles Converse

(Thm. 3.6) to show thatAB | DC and AD || BC. Because both
pairs of opposite sides are parallel, ABCD is a parallelogram
by definition.

First, you can use the Linear Pair Postulate (Post. 2.8) and
the Congruent Supplements Theorem (Thm. 2.4) to show
that ZABC and £ DCB are supplementary. Then, you can
use the Consecutive Interior Angles Converse

(Thm. 3.8) to show thatAB | DC and AD || BC. So, ABCD is
a parallelogram by definition.

By the Parallelogram Opposite Sides Theorem (Thm. 7.3),
JM = LK. Also, you can use the Linear Pair Postulate
(Thm. 2.8) and the Congruent Supplements Theorem (Thm.
2.4) to show that £ GJM = / HLK. Because /. JGM and

/ LHK are congruent right angles, you can now state that
AMGJ = AKHL by the AAS Congruence Theorem

(Thm. 5.11).

Given ZA=/C,/B= /D B C
Prove ABCD is a parallelogram. Q
A D
STATEMENTS REASONS
1. ZA=/C, /B= /D 1. Given
2. Letm/A =msC = 2. Definition of
x°and mZB = m/D congruent angles
= yo

3. mLA+msB+ mLC 3. Corollary to the
+msD =x°+y° + Polygon Interior

x° 4+ y° = 360° Angles Theorem
(Cor. 7.1)
4. 2(x°) + 2(y°) = 360° 4. Simplify
5. 2(x° + y°) = 360° 5. Distributive Property
6. x° + y° = 180° 6. Division Property of
Equality

7. m£A + m/B = 180°, 7. Substitution Property
mLA + msD = 180° of Equality
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8. ZA and 4B are
supplementary. ZA and
/D are supplementary.

9. BC | AD,AB ||DC

8. Definition of
supplementary angles

9. Consecutive Interior
Angles Converse

2. /ROS = /PSQ 2.
3. 0S =08 3.
4. APQS = ARSQ 4.

5. LOSR= /SQP 5.

6. OP ||RS 6.

7. PORSis a 7.

parallelogram.

(Thm. 3.8)

10. ABCDisa 10. Definition of

parallelogram. parallelogram

40. Given OR ||PS,0OR = PS Q R
Prove PQRS is a parallelogram.
P N

STATEMENTS REASONS
1. Q_R||I¥,Q_R'=“ﬁ 1. Given

Alternate Interior Angles
Theorem (Thm. 3.2)

Reflexive Property of
Conguence (Thm. 2.1)

SAS Congruence Theorem
(Thm. 5.5)

Corresponding parts of
congruent triangles are
congruent.

Alternate Interior Angles
Converse (Thm. 3.6)

Definition of parallelogram

Geometry 247
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41.

42.

248

Given DiagonalsJT and KM K L
bisect each other. ’.‘
Prove JKLM is a parallelogram. ; M
STATEMENTS REASONS
1. Diagonals JL and KM | 1. Given
bisect each other.
2. JP =LP,KP =MP 2. Definition of segment
bisector
3. LKPL= /MPJ 3. Reflexive Property of
Congruence (Thm. 2.1)
4. AKPL = AMPJ 4. SAS Congruence Theorem
(Thm. 5.5)
5. LMKL = LKMJ, 5. Corresponding parts of
KL =MJ congruent triangles are
congruent.
6. KL ||M_J 6. Alternate Interior Angles
Converse (Thm. 3.6)
7. JKLM is a 7. Opposite Sides Parallel
parallelogram. and Congruent Theorem
(Thm. 7.9)

Given DEBF is a parallelogram. AE = CF
Prove ABCD is a parallelogram.

D F C
A E B
STATEMENTS REASONS
1. DEBF is a parallelogram, 1. Given
AE = CF
2. DE =BF,FD = EB 2. Parallelogram
Opposite Sides
Theorem (Thm. 7.3)
3. LDFB = /DEB 3. Parallelogram
Opposite Angles

Theorem (Thm. 7.4)

4. LAED and £ DEB form 4. Definition of linear

a linear pair. ZCFB and pair
/£ DFB form a linear pair.
5. LAED and £DEB 5. Linear Pair Postulate
are supplementary. (Post. 2.8)
£ CFB and £DFB are
supplementary.
6. LAED = /CFB 6. Congruent
Supplements
Theorem (Thm. 2.4)
Geometry

Worked-Out Solutions

43.

44,

45.

7. AE =CF 7. Definition of
congruent segments
8. AKPL = AMPJ 8. SAS Congruence
Theorem (Thm. 5.5)
9. AD =CB 9. Corresponding
parts of congruent
triangles are
congruent.
10. AB = AE + EB, 10. Segment Addition
DC = CF + FD Postulate (Post. 1.2)
11. FD = EB 11. Definition of
congruent segments
12. AB=CF + FD 12. Substitution
Property of Equality
13. AB=DC 13. Transitive Property
of Equality
14. AB = DC 14. Definition of
congruent segments
15. ABCD is a parallelogram. | 15. Parallelogram
Opposite Sides
Converse (Thm. 7.7)

no; The fourth angle will be 113° because of the Corollary
to the Polygon Interior Angles Theorem (Cor. 7.1), but these
could also be the angle measures of an isosceles trapezoid
with base angles that are each 67°.

The segments that remain parallel as the stand is folded are

By the Parallelogram Opposite Sides Theorem (Thm. 7.3),
AB =CD. Also, ZABE and £ CDF are congruent alternate
interior angles of parallel segments AB and CD. Then, you
can use the Segment Addition Postulate (Post. 1.2), the
Substitution Property of Equality, and the Reflexive Property
of Congruence (Thm. 2.1) to show that DFF = BE. So,
AABE = ACDF by the SAS Congruence Theorem

(Thm. 5.5), which means that AE = CF = 8 because
corresponding parts of congruent triangles are congruent.
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46. Draw the first parallelogram: 49. Given quadrilateral ABCD with midpoints E, F, G, and H

A that are joined to form a quadrilateral, you can construct
diagonal BD. Then FG is a midsegment of ABCD, and EH
is a midsegment of ADAB. So, by the Triangle Midsegment
Theorem (Thm. 6.8), FG || BD, FG =5BD, EH || BD, and
Rotate ABCD 120° about B: EH = %BD. So, by the Transitive Property of Parallel Lines
(Thm. 3.9), EH || FG and by the Transitive Property of
Equality, EH = FG. Because one pair of opposite sides is
both congruent and parallel, EFGH is a parallelogram by the
Opposite Sides Parallel and Congruent Theorem (Thm. 7.9).

.

C

B F

L

C
Then rotate ABCD —120° about B:

G
A " D
50. Based on theﬁiven information, GH is a midsegment of

AEBC, and FJ is a midsegment of AEAD. So, by the

47 C o the Parallel c iive Aneles Th Triangle Midsegment Theorem (Thm. 6.8), GH | BC,
. Converse to the Parallelogram Consecutive Angles Theorem: S pe 7T i
g g GH = 3BC.,FJ |AD, and FJ = 5 AD. Also, by the

If every pair of consecutive angles of a quadrilateral are
supplementary, then the quadrilateral is a parallelogram.

oN

Parallelogram Opposite Sides Theorem (Thm. 7.3) and the
definition of a parallelogram,lf andAD are congruent and
Is parallel. So, by the Transitive Property of Parallel Lines
(Thm. 3.9), AD || FJ |GH || BC and by the Transitive
Property of Equality, % BC=GH=FJ]= %AD. Because
one pair of opposite sides is both congruent and parallel,
FGHJ is a parallelogram by the Opposite Sides Parallel and

Congruent Theorem (Thm. 7.9).

A

N

In ABCD, you are given that ZA and £ B are supplementary,
and £ B and £ C are supplementary. So, mZA = m/C.
Also, £ B and £ C are supplementary, and £ C and 2D

are supplementary. So, m/ B = m/.D. So, ABCD is a Maintaining Mathematical Proficiency
parallelogram by the Parallelogram Opposite Angles 51. The quadrilateral is a parallelogram by the definition of a
Converse (Thm. 7.8). parallelogram (a quadrilateral with both pairs of opposite

sides parallel).
48. Given ABCD is a parallelogram and Z A is a right angle.

Prove /B, /C,and 2D are right angles. 52. The quadrilateral is a rectangle by the definition of a
rectangle (a quadrilateral with four right angles).

y

D d) C(b. d) 53. The quadrilateral is a square by the definition of a square
(a quadrilateral with four right angles and four congruent
sides).

=l B(b, 0)

A(0, 0) X 54. The quadrilateral is a rhombus by the definition of a rhombus

.. . (a quadrilateral with four congruent sides).
By the definition of a right angle, mZA = 90°. Because

ABCD is a parallelogram, and opposite angles of a 7.1-7.3 What Did You Learn? (p. 385)
parallelogram are congruent, mZA = mZC = 90°. Because 1. The relationship between the 540° increase and the answer is
consecutive angles of a parallelogram are supplementary, that the interior angle value added is 540° or 3 « 180°.

£.C and 4B are supplementary, and £ C and £D are
supplementary. So, 90° + m£B = 180° and 90° + m4D =
180°. This gives you mZB = m/D = 90°. So, 4B, £C,
and 2D are right angles.

2. By the Parallelogram Diagonals Theorem (Thm. 7.6), the
diagonals of a parallelogram bisect each other. So, the
diagonals will have the same midpoint, and it will also be
the point where the diagonals intersect. Therefore, with
any parallelogram, you can find the midpoint of either
diagonal, and it will be the coordinates of the intersection
of the diagonals; Instead of this method, you could also
find the equations of the lines that define each diagonal,
set them equal to each other and solve for the values of the
coordinates where the lines intersect.
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3. You could start by setting the two parts of either diagonal 9. AD = 7; By the Parallelogram Opposite Sides Theorem
equal to each other by the Parallelogram Diagonals Theorem (Thm. 7.3), AD = BC.
(Thm. 7.6) or you could start by setting either pair of
opposite sides equal to each other by the Parallelogram 10. AE = 7; By the Parallelogram Diagonals Theorem
Opposite Sides Theorem (Thm. 7.3). (Thm. 7.6), AE = EC.
7.1-7.3 Quiz (p. 386) 11. BD = 2 + 10.2 = 20.4; By the Parallelogram Diagonals
1. 115° + 95° 4+ 70° + x° = 360° Theorem (Thm. 7.6), BE = ED.
280 + x = 360 .
_ 12. m£BCD = 120; By the Parallelogram Opposite Angles
x =80 Theorem (Thm. 7.4), m/ DAB = m/ BCD.
2. (5 —2)+180° =3« 180° = 540° 13. By the Parallelogram Consecutive Angles Theorem
60° + 120° + 150° + 75° + x° = 540° (Thm. 7.5), £ DAB and £ ABC are supplementary. So,
405 + x = 540 m/ABC = 180° — 120° = 60°.
x =135

14. By the Parallelogram Consecutive Angles Theorem
(Thm. 7.5), ZDAB and ZADC are supplementary. So,

3.2° + 60° + 30° + 72° + 46° + 55° = 360 mZADC = 180° — 120° = 60°.

x + 263 = 360

x=97 15. m£ADB = 39°; By the Alternate Interior Angles Theorem
(Thm. 3.2), m£.DBC = m/ADB.
_ (10 —2)+180° 8 .180°

4. Interior angle = 10 T 16. The quadrilateral is a parallelogram by the Opposite Sides
_ 1440° _ 1440 Parallel and Congruent Theorem (Thm. 7.9).
10
) 360° . 17. The quadrilateral is a parallelogram by the Parallelogram
Exterior angle = 0 36 Diagonals Converse (Thm. 7.10).

In a regular decagon, the measure of each interior angle is

144° and the measure of each exterior angle is 36°. 18. The quadrilateral is a parallelogram by the Parallelogram

Opposite Angles Converse (Thm. 7.8).
(15 —2)«180° 13 .180°

5. Interior angle = G = 5 10. RY;
2340°
— — o 2
15 156 ;
Exterior angle = 607 _ 24° —7-6-5-4-3-2-1 1.2 3x
15 _ Q | R
In a regular 15-gon, the measure of each interior angle is \
156° and the measure of each exterior angle is 24°. Iz
\
. _ (24 —2).180° 22 .180° -5
6. Interior angle = oA == - } NRE
= 392640 = 165° |
— —2-—(=2) —2+4+2 0
o Slope of OR = = =5=0
Exterior angle = *o0" = I5° peofOR =35 “3+5 8
In a regular 24-gon, the measure of each interior angle is Slope of ST = —6—-(=6)_—6+6_ 0 _ 0
165° and the measure of each exterior angle is 15°. —7-1 -8 —8
) (60 — 2) « 180° _ 58 + 180° The slope of OR equals slope of ST, therefore OR || ST.
7. Interior angle = 60 = 60
OR=V3 = (=52 + (-2~ (-2
~10,440° 1740
== VB +52+(—2+22=V8 =V64 =8
Exterior angle = 3280 =6° Because QR = ST = 8, QR = ST. QR and ST are opposite
In a regular 60-gon, the measure of each interior angle is sides that a.lre both congruent and parallel. o
174° and the measure of each exterior angle is 6°. So, ORST is a parallelogram by the Opposite Sides Parallel

and Congruent Theorem (Thm. 7.9).
8. CD = 16; By the Parallelogram Opposite Sides Theorem
(Thm. 7.3), AB = CD.
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20.

21.

22,

w y
7
/ 6
4 X
/ 3
z : /
~6-5-4 -1 [ 1/ 3 ax
|/
3
\ Y
X o1 _ —4 _~—4_ 2
SlopeofWX—3_(_3)—3+3— 6 = 3
w3 -3_=6_-3_
Slope of XY = -3 —_2—_1—3
y7-1l-C=3) _1+3_ 4 2
Slope of YZ = - — s 6 3
Slopeofﬁ= =7 6 6 3

—5-(=3) -5+3 -2
Because the slope ofK_X equals slope of YZ,WX I YZ and

because the slope of XY equals the slope of WZ, XY|| WZ.
Because both pairs of opposite sides are parallel, WXYZ

is a parallelogram by definition.

a. The stop sign is a regular octagon.
b (8—2)+180° _ 6.180° _ 1080°

3 A e 135
The measure of each interior angle is 135°.
360° .
g =45

The measure of each exterior angle is 45°.

a.JK = ML by the Parallelogram Opposite Sides Theorem
(Thm. 7.3).JM =KL by the Parallelogram Opposite Sides
Theorem (Thm. 7.3), £J = £ KLM by the Parallelogram
Opposite Angles Theorem (Thm. 7.4), LM = £JKL by
the Parallelogram Opposite Angles Theorem (Thm. 7.4)

b. Because OT ||RS and QT = RS, QRST is a parallelogram
by the Opposite Sides Parallel and Congruent Theorem
(Thm. 7.9).

c. ST = 3 feet, because ST = QR by the Parallelogram
Opposite Sides Theorem (Thm. 7.3). m£ QTS = 123°,
because m£ QTS = m£ QRS by the Parallelogram
Opposite Angles Theorem (Thm. 7.4). mZTQR = 57°,
because £ TQOR and £ QTS are consecutive interior angles
and they are supplementary. So,
m/.TQOR = 180° — 123° = 57°. Because £ TSR and £ TQR
are opposite angles by the Parallelogram Opposite Angles
Theorem (Thm. 7.4), m£. TSR = 57°.

Copyright © Big Ideas Learning, LLC
All rights reserved.

7.4 Explorations (p. 387)
1. a. Check students’ work.
b. Check students’ work.

C. D

B 4&
N\
E

d. yes; yes; no; no; Because all points on a circle are the
same distance from the center, AB =AE =AC =AD.
So, the diagonals of quadrilateral BDCE bisect each other,
which means it is a parallelogram by the Parallelogram
Diagonals Converse (Thm. 7.10). Because all 4 angles of
BDCE are right angles, it is a rectangle BDCE is neither
arhombus nor a square because BD and EC are not
necessarily the same length as BE and DC.

e. Check students” work. The quadrilateral formed by
the endpoints of two diameters is a rectangle (and a
parallelogram). In other words, a quadrilateral is a
rectangle if and only if its diagonals are congruent and
bisect each other.

2. a. Check students’ work.

b. E B

A D

c. yes; no; yes; no; Because the diagonals bisect each other,
AEBD is a parallelogram by the Parallelogram Diagonals
Converse (Thm. 7.10). Because EB = BD = AD = AE,
AEBD is arhombus. AEBD is neither a rectangle nor a
square because its angles are not necessarily right angles.

d. Check students’ work. A quadrilateral is a rhombus if
and only if the diagonals are perpendicular bisectors of
each other.

3. Because rectangles, rhombuses, and squares are all
parallelograms, their diagonals bisect each other by the
Parallelogram Diagonals Theorem (Thm. 7.6). The diagonals
of a rectangle are congruent. The diagonals of a rhombus are
perpendicular. The diagonals of a square are congruent and
perpendicular.

4. yes; no; yes; no; RSTU is a parallelogram because the
diagonals bisect each other. RSTU is not a rectangle
because the diagonals are not congruent. RSTU is a
rhombus because the diagonals are perpendicular. RSTU is
not a square because the diagonals are not congruent.

5. A rectangle has congruent diagonals that bisect each other.

Geometry 251
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7.4 Monitoring Progress (pp. 389-392)

1. For any square JKLM, it is always true thatJK 1 KL,
because by definition, a square has four right angles.

2. For any rectangle EFGH, it is sometimes true that FG = GH. s
because some rectangles are squares.

3. The quadrilateral is a square.

T

1, [

4. mLADC = 2 » 29° = 58° because each diagonal of a
rhombus bisects a pair of opposite angles.

m/BCD =2 « 61° = 122° because each diagonal of a
rhombus bisects a pair of opposite angles.

5. m£EDG = 180° — 118° = 62° by the Parallelogram
Consecutive Angles Theorem (Thm. 7.5).

m/1 = —— = 31° because each diagonal of a rhombus
bisects a pair of opposite angles.

m/2 =ms1 = 31° because each diagonal of a rhombus
bisects a pair of opposite angles.

m/EFG = m/ZEDG = 62° because opposite angles
of a parallelogram are congruent, and a rhombus is a
parallelogram.

m/.3 = 31° because each diagonal of a rhombus bisects a
pair of opposite angles.

mZ/4 = ms3 = 31° because each diagonal of a rhombus
bisects a pair of opposite angles.

6. no; The quadrilateral might not be a parallelogram.

7. OS =RT
4x —15=3x+ 8
x—15=28

x=23

Lengths of the diagonals:
0S=423-15=92—-15=177
RT=323+8=69+8=77

8. P(=5,2),0(0,4), R(2, —1), S(=3, =3)

y

Q
P~ \

\ T\

\ 'L
|
|

_—

-3

PR=V(=5— 22+ (2~ (—1)? = V49 + 9 = V58
05 =0 — (=3)P + (4~ (—3)? =9 +49 = V58

Because PR = (S, the diagonals are congruent, so the
quadrilateral is either a square or rectangle.

252 Geometry
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PO=V(=5-02+@2—4?=V25+4 =129
OR=V0 =22+ @4 — (=12 =V4+25=V29

Because PQ = QR, the adjacent sides]@ and Q_R are
congruent. So, PORS is a square, a rectangle, and a rhombus.

7.4 Exercises (pp. 393-396)
Vocabulary and Core Concept Check

1. Another name for an equilateral rectangle is a square.

2. If two consecutive sides of a parallelogram are congruent,
then the parallelogram is also a rhombus.

Monitoring Progress and Modeling with Mathematics

3. ZL is sometimes congruent to ZM. Some rhombuses are

squares.

J ) K
HE
1. [

M ! L

4. /K is always congruent to ZM. A rhombus is a
Parallelogram and the opposite angles of a parallelogram
are congruent.

ﬁ
M L
5.JM is always congruent to KL. By definition, a rhombus

is a parallelogram, and opposite sides a parallelogram are
congruent.

K

J

M L

6.JK is always congruent to KL. By definition, a rhombus is a
parallelogram with four congruent sides.

/7
M L

7. JL is sometimes congruent to KM . Some rhombuses are

squares.
J : K
M f L
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8. LJKM is always congruent to £ LKM. Each diagonal of a
rhombus bisects a pair of opposite angles.

Jﬁ K

M L

9. square; All of the sides are congruent, and all of the angles
are congruent.

10. rectangle; Opposite sides are congruent and the angles
are 90°.

11. rectangle; Opposite sides are parallel and the angles are 90°.

12. rhombus; Opposite angles are congruent and adjacent sides
are congruent.

13. A rhombus is a parallelogram with four congruent sides. So,
m/1 =m/FEG = 27°, by the Base Angles Theorem
(Thm. 5.6). By the Rhombus Opposite Angles Theorem
(Thm. 7.12), m£2 = m£1 = 27°. By the Rhombus
Diagonals Theorem (Thm. 7.11), m£3 = 90°. By the
Rhombus Opposite Angles Theorem (Thm. 7.12),

m/4 = m/FEG = 27°. By the Rhombus Opposite Angles
Theorem (Thm. 7.12), m£ FED = 2 « 27° = 54°. By the
Parallelogram Consecutive Angles Theorem (Thm. 7.5),
m/ GFE = 180° — m/ZFED = 180° — 54° = 126°. So,
m/5S = ms6 = 63°, by the Rhombus Opposite Angles
Theorem (Thm. 7.12).

14. By the Rhombus Diagonals Theorem (Thm. 7.11),
m/.1 = 90°. By the Rhombus Opposite Angles Theorem
(Thm. 7.12), m£EDG = 2 « 48° = 96°. By the
Parallelogram Consecutive Angles Theorem (Thm. 7.5),
m/DGF = 180° — m/ZEDG = 180° — 96° = 84°. So,
by the Rhombus Opposite Angles Theorem (Thm. 7.12),
m/2 = ms3 = 42°. By the Rhombus Opposite Angles
Theorem (Thm. 7.12), m£4 = 48°. By the definition of a
parallelogramD_E |GF. So,ms5 = 48°, by the Alternate
Interior Angle Theorem (Thm. 3.2).

15. By the Parallelogram Consecutive Angles Theorem
(Thm. 7.5), m£ EDG = 180° — 106° = 74°, So, by the
Rhombus Opposite Angles Theorem (Thm. 7.12),
m/1 =m/2 = 37°. By the definition of a parallelogram
DE || GF. So, m£3 = 37°, by the Alternate Interior Angles
Theorem (Thm. 3.2). By the Rhombus Opposite Angles
Theorem (Thm. 7.12), m£4 = 37°. By the Parallelogram
Opposite Angles Theorem (Thm. 7.3), m2£5 = 106°.

16. By the Rhombus Opposite Angles Theorem (Thm. 7.12),

m/LEDG = 2 «72° = 144°.So, m£ 1 = 180° — 144° = 36°,

by the Parallelogram Consecutive Angles Theorem

(Thm. 7.5). By the Triangle Sum Theorem (Thm. 5.1),

m/1 +ms2 + 72° = 180°. So, m£2 + 108° = 180° and
m/2 = 72°. By the Rhombus Opposite Angles Theorem
(Thm. 7.12), m£3 = 72°. By the Rhombus Opposite Angles
Theorem (Thm. 7.12), m£4 = 72°. By the Parallelogram
Opposite Angles Theorem (Thm. 7.3), m£5 = 36°.
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17.

18.

19.

20.

21.

22,

23.

24,

£ W is always congruent to £ X. All angles of a rectangle are

congruent.
w " X
[ " L]
1 H ]
z Y

WX is always congruent to YZ. Opposite sides of a rectangle
are congruent.

w . X
[T o ]
1 " ]

z " Y

WX is sometimes congruent to XY. Some rectangles are
squares.

w X
I

1, [
z ! Y

WY is always congruent to XZ. The diagonals of a rectangle
are congruent.
w X

z Y

WY is sometimes perpendicular to XZ. Some rectangles are
squares.

w X

z ! Y

£ WXZ is sometimes congruent to £ YXZ. Some rectangles
are squares.

The quadrilateral is not a rectangle. All four angles are not
congruent.

The quadrilateral is a rectangle. Opposite sides are congruent
and the angles are 90°.
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25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

254

WY = XZ
6x—7=3x+2
3x=9
x=3

WY=6.3—-7=18—-7=11
XZ=3+3+2=9+2=11

WY = XZ

14x + 10 = 11x + 22
3x=12
x=4

WY =144+ 10 =56 + 10 = 66
XZ=11+4+22 =44+ 22 =66

WY = X7
24x —8 = —18x + 13
42x =21
I
42 2

WY=24-%—8=12—8=4

XZ=—18~%+13=—9+13=4
WY = XZ
16x +2=36x—6
—20x = —8
_ -8 _2
YT 2075
_ 2 _32,10_42 _
WY=16+3+2="72+75 =" =84
a2 T2 30 _42_
XZ—36-§ 6—5 5—5—8.4

Quadrilaterals that are equiangular are squares and
rectangles.

Quadrilaterals that are equiangular and equilateral are
squares.

Quadrilaterals where the diagonals are perpendicular are
squares and rhombuses.

Opposite sides are congruent are true for all parallelograms,
rectangles, thombuses, and squares.

Diagonals bisect each other are true for all parallelograms,
rectangles, thombuses, and squares.

Diagonals bisect opposite angles are true for rhombuses and
squares.

Diagonals do not necessarily bisect opposite angles of a
rectangle. The sum of the two angles equals 90°.

mZQSP = 90° — m/RQS

x° =90° — 58°
x =32
Geometry
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36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

£ QSP and £ RQS should be complementary because they
are the two acute angles of a right triangle.

m/QSP = 90° — m/RQS
x° =90° — 37°
x =153

m/.DAC = 53° by the Rhombus Opposite Angles Theorem
(Thm. 7.12).

m/AED 90° by the Rhombus Diagonals Theorem
(Thm. 7.11).

m/ADC = 180° — 2 « 53°
= 180° — 106° = 74°

DB = 16 by the Parallelogram Diagonals Theorem
(Thm. 7.6).

AE = 6 by the Parallelogram Diagonals Theorem (Thm. 7.6).

AC = 12 by the Parallelogram Diagonals Theorem
(Thm. 7.6).
m/ QTR = 90° — 34° = 56°

mZ QRT = 34° by the Alternate Interior Angles Theorem
(Thm. 3.2).

m/SRT = 180° — 34° — 90° = 56°

QP =5 by the Parallelogram Diagonals Theorem
(Thm. 7.6).

RT = 10 by the Parallelogram Diagonals Theorem
(Thm. 7.6).

RP = 5 by the Parallelogram Diagonals Theorem (Thm. 7.6).

mZMKN = 90° because the diagonals of a square are
perpendicular.

m/ LMK = 45° because the diagonals of a square bisect
opposite angles.

m/ LPK = 45° because the diagonals of a square bisect
opposite angles.

KN = 1 because the diagonals of a square bisect each other.
LN = 2 because the diagonals of a square bisect each other.

MP = 2 because the diagonals of a square are congruent.
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55.

56.

N

N

<
1

Diagonals:

JL=V1 = (=97 + (=1 =22 = V(1 + 492 + (=37
—V25+9 =134

KM =0 — (=32 + (3 — (=22 =V(3) + (52
=V9+25 =134

Sides:

JK=VO - (492 +3—-22=V@?2+ 1?2 =Vi6 + 1
=V17

IM = V(=3 = (4P + (=2 = 2 = V(1 + (-4
=V1+16 =V17

-2-2 -4

Slope of IM :—3—7(—4):T: —4
—_ 3-2 _1
SlopeofJK—ioi 4" 4

Because —4 « % = fl,W 1LJK at ZJ.

So, quadrilateral JKLM is a square, a rhombus, and a rectangle.

VAN
2| »
"N/

0o

Diagonals:
JL=\(=2 = (=2))> + (7T — (=3))> = V(0)> + (10
=V100 = 10
KM=\ (=11 =72+ (2 — 2)
=\(—18)? + 0?2
= V324
=18

Slope of JL = _2_7(_2) = 0
— 2-2 0
SlopeofMK—71177——71 =0

7-(3) _10 = undefined
8

JL 1 MK
The diagonals are perpendicular and not congruent, so JKLM
is a thombus.

Copyright © Big Ideas Learning, LLC
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57.

58.

y
4
M 2 J
-4 2 4 x
‘72
L | K
‘74
Sides:
ML = V(=2 = (=2)2 + (1 — (=3))> = V(02 + (4)?
=V16 =4
LK =\(3 = (=2)2 + (=3 — (=3)2 = V(5)* + (0)?
=V25 =5

KI=V3 =32+ (1 - (=3)? = V(0 + @? = V16 =4
IM =3 = (=P + (1 =12 =V52+ (02 =V25=5

— _ 1 —=(=3 _4_
Slope of ML =2 -(270 = undefined
M=t _0_
MR BN
ML 1L JM

The sides are perpendicular and not congruent. So, JKLM is
a rectangle.

L
K
2
-4 | -2 2 X
M
-2
N
‘—4
Diagonals:
MK =V = (=3)7 + (-1 = 22 = V() + (=37
— V49 + 9 = V58
JL=\(=1 =22+ @4 = (=3))> = V(=3)* + (7)?
— V9 +49 = V58
— —1-2 3
Slope of MK = i-(3) 7
Slope of JL = % = f%

The diagonals are congruent and not perpendicular, so JKLM
is a rectangle.
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59.

60.

v
8
L/t ]
\
-8 | -4 4 X
—4 YM
\
Diagonals:
KM =V(1 = 1> + (9 = (=5)* = V(0)> + (14)
=V196 = 14
LI=V(=3 =52+ @2 =27 = V(=87 + (07
=V64 =8
Slope of KM = % = % = undefined
o272 _ 0 _
Slope of LT = —3—5 = —g =0
KM 1 LJ

The diagonals are perpendicular and not congruent, so JKLM
is a rhombus.

Diagonals:
LI =V(=1-57%+ 2 -2 =V(=6)?+ (02
=V36 =6
KM =\(2 =2+ (5= (=1))? = V(0> + (6)

=V36 =6
j-2-2 _0 _
SlopeoflJf_l_Sf_6 0
= (=D _6_
iope iKM =525 T = undefined
L] L KM

The diagonals are perpendicular and congruent, so JKLM is a
rectangle, thombus, and square.

61. ABCD is a thombus, because the sides are congruent.
104° + x° = 180°
x =176
y+8=3y
8§ =2y
4=y
256 Geometry
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

PQRS is a square because all four angles are 90° and the
diagonals are perpendicular.

5x° = (3x + 18)°

2x =18
x=9
2y =10
y=>5

a. HBDF is a rhombus, because BD = DF = BH =HF .
ACEG is a rectangle because ~ HAB, /. BCD, / DEF, and
£ FGH are right angles.

b. AE = GC and AJ= JE = CJ = JG, because the
diagonals of a rectangle are congruent and bisect
each other.

quadrilateral

parallelogram

| rectangle || rhombus |

square

All of the shapes have 4 sides. So, quadrilateral is at the top
of the diagram. Because the rest all have two pairs of parallel
sides, they are all parallelograms. Then, parallelograms with
four right angles make one category, while those with four
congruent sides make another, and if a parallelograms is both
arhombus and a rectangle, then it is a square.

A square is always a rhombus. By the Square Corollary
(Cor. 7.4), a square is a thombus.

A rectangle is sometimes a square. A rectangle with four
congruent sides is a square.

A rectangle always has congruent diagonals. The diagonals
of a rectangle are congruent by the Rectangle Diagonals
Theorem (Thm. 7.13).

The diagonals of a square always bisect its angles. A square
is a rhombus.

A rhombus sometimes has four congruent angles. Some
rhombuses are squares.

A rectangle sometimes has perpendicular diagonals. Some
rectangles are rhombuses.

Measure the diagonals to see if they are congruent. They
should be V12.5 = 3.54 meters in length.

Copyright © Big Ideas Learning, LLC
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72,

73.

Copyright © Big Ideas Learning, LLC

Given ABCD is a parallelogram,A_C 1 BD.
Prove ABCD is a rhombus.
A B

D q

Because ABCD is a parallelogram, its diagonals bisect each
other by the Parallelogram Diagonals Theorem (Thm. 7.6).
So, BX = DX by definition of segment bisector. Because
AC 1 BD, /DXC = £ BXC. By the Reflexive Property of
Congruence (Thm. 2.1),XC = XC. So ABXC = ADXC

by the SAS Congruence Theorem (Thm. 5.5). So, BC =
DC because corresponding parts of congruent triangles are
congruent. Also, AD = BC and DC = AB because opposite
sides of a parallelogram are congruent. So, by the Transitive
Property of Congruence (Thm. 2.1),AB =BC =DC =AD,
which means that by the Rhombus Corollary (Cor. 7.2),
ABCD is a thombus.

Given PQRSis a p@llelogram,ﬁ bisects £ SPQ and
£ QORS, and SQ bisects £ PSR and £LRQP.

Prove PQRS is a rhombus.

S
STATEMENTS REASONS
1. PORSis a o 1. Given
parallelogram. PR
bisects ZSPQ and
Z QRS. SQ bisects
/PSR and ZRQP.
2. /SRT = /QRT, 2. Definition of angle
L RQT = /RST bisector
3. TR =TR 3. Reflexive Property of

Congruence (Thm. 2.1)

4. AQRT = ASRT

5. OR =5R

6. OR =PS,PQ =SR
7. PS =0OR =SR =PQ

8. PQORS is a rhombus.

All rights reserved.

. AAS Congruence

Theorem (Thm. 5.11)

. Corresponding parts of

congruent triangles are
congruent.

. Parallelogram Opposite

Sides Theorem (Thm. 7.3)

. Transitive Property of

Congruence (Thm. 2.1)

. Definition of rhombus

74.

75.

76.

77.

78.

79.

Given WXYZ is a rhombus. w X
Prove WY bisects ZZWX and £ XYZ.
ZX bisects 2~ WZY and £ YXW.

z Y
STATEMENTS REASONS
1. WXYZ is a thombus. 1. Given
2. WX =XY=YZ=WZ 2. Definition of a
rhombus
3 XV =XV.YV=YV, . Reflexive Property
ZV =ZV,and WV =WV of Congruence
(Thm. 2.1)
4. WXYZ is a parallelogram. . Definition of a
rhombus
5. @ bisects WY, WY bisects . Parallelogram
XZ. Diagonals Theorem
(Thm. 7.6)
6. WV = Y_V,X_V =zv . Definition of
segment bisector
7. AWXV = AYXV = AYZV . SSS Congurence
= AWZV Theorem (Thm. 5.8)
8. LWXV = LYXV, . Corresponding
LXYV = LZYV, parts of congruent
LYZV = L WZV, triangles are
LIWV = LXWV congruent.
9. Wbisec_ts £ ZWX and . Definition of angle
£ XYZ,7ZX bisects LWZY bisector
and £ YXW.

A diagonal will never divide a square into an equilateral
triangle because then the diagonals of a square always create
two right triangles.

The diagonal of a rhombus can divide the rhombus into
two equilateral triangles. If the angles of a rhombus are
60°, 120°, 60°, and 120°, then the diagonal that bisects
the opposite 120° angles will divide the rhombus into two

equilateral triangles.

A square can be called a regular quadrilateral because it has
four congruent sides and four congruent angles.

Sample answer: You need to know whether the figure is a
parallelogram.

All rhombuses are not similar because corresponding angles
from two rhombuses might not be congruent.

All squares are similar because corresponding angles of two
squares are congruent.
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80.

81.

82.

83.

84.

258

Because the line connecting a point with its preimage in a
reflection is always perpendicular to the line of reflection,
when a diagonal connecting two vertices is perpendicular to
the other diagonal, both can be a line of symmetry.

Conditional statement: If a quadrilateral is a rhombus, then it
has four congruent sides.

Converse: If a quadrilateral has four congruent sides, then it
is a rhombus.

The conditional statement is true by the definition of rhombus.

The converse is true because if a quadrilateral has four
congruent sides, then both pairs of opposite sides are
congruent. So, by the Parallelogram Opposite Sides
Converse (Thm. 7.7), it is a parallelogram with four
congruent sides, which is the definition of a rhombus.

Conditional statement: If a quadrilateral is a rectangle, then it
has four right angles.

Converse: If a quadrilateral has four right angles, then it is a
rectangle.

The conditional statement is true by definition of rectangle.
The converse is true because if a quadrilateral has four right
angles, then both pairs of opposite angles are congruent.
So, by the Parallelogram Opposite Angles Converse

(Thm. 7.8), it is a parallelogram with four right angles,
which is the definition of a rectangle.

Condition statement: If a quadrilateral is a square, then it is a
rhombus and a rectangle.

Converse: If a quadrilateral is a rhombus and a rectangle,
then it is a square.

If a quadrilateral is a square, then by definition of a square,

it has four congruent sides, which makes it a rhombus by the
Rhombus Corollary (Cor. 7.2), and it has four right angles,
which makes it a rectangle by the Rectangle Corollary

(Cor. 7.3). If a quadrilateral is a rhombus and a rectangle,
then by the Rhombus Corollary (Cor. 7.2), it has four
congruent sides, and by the Rectangle Corollary (Cor. 7.3), it
has four right angles. So, by the definition, it is a square.

no; If a rhombus is a square, then it is also a rectangle.

Geometry
Worked-Out Solutions

85. Given AXYZ = AXWZ, X Y
LXYW = LZWY
Prove XYZW is a rhombus.
w z
STATEMENTS REASONS
1. AXYZ = AXWZ, L. Given

LXYW = LZWY

. LYXZ = L WXZ, 2.

LYZX = L WZX,
XY =XW,YZ=WZ

Corresponding parts of
congruent triangles are
congruent.

3. XZ bisects ZWXY 3. Definition of angle
and LWZY. bisector
4. LXWY = LXYW, 4. Base Angles Theorem
LWYZ = LZWY (Thm. 5.6)
5. ZXYW = L WYZ, 5. Transitive Property of
LXWY = LZWY Congruence (Thm. 2.2)
6. WY bisects ZXWZand | 6. Definition of angle
L XYZ. bisector
7. XYZW is a thombus. 7. Rhombus Opposite
Angles Theorem
(Thm. 7.12)
86. Given BC =AD,BC L DC, A B
AD 1L DC
Prove ABCD is a rectangle.
D C
STATEMENTS REASONS
1. BC =AD,BC 1 DC, 1. Given
AD 1 DC
2. BC |AD 2. Lines Perpendicular
to a Transversal
Theorem
(Thm. 3.12)
3. ABCD is a parallelogram. 3. Opposite Sides
Parallel and
Congruent Theorem
(Thm. 7.9)
4. m/ DAB = m/BCD, 4. Parallelogram
m/LABC = m/LADC Opposite Angles
Theorem (Thm. 7.4)
5. m£BCD = m/ZADC = 90° | 5. Definition of
perpendicular lines
6. m/DAB = m/BCD = 6. Transitive Property
m/ABC = m/LADC = 90° of Equality
7. ABCD has four right angles. | 7. Definition of a right
angle
8. ABCD is arectangle. 8. Definition of a

rectangle

Copyright © Big Ideas Learning, LLC
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87. Given PQRSis arectangle. P Q
Prove PR = 5@
S R
STATEMENTS REASONS
1. PORS is a rectangle. 1. Given
2. PORSisa 2. Definition of a rectangle
parallelogram.
3. PS=0QR 3. Parallelogram Opposite
Sides Theorem (Thm. 7.3)
4. /POR and LQPS 4. Definition of a rectangle
are right angles.
5. LPOR= /QPS 5. Right Angle Congruence
Theorem (Thm. 2.3)
6. PO =PQ 6. Reflexive Property of
Congruence (Thm. 2.1)
7. APQR = AQPS 7. SAS Congruence
Theorem (Thm. 5.5)
8. PR =50 8. Corresponding parts of
congruent triangles are
congruent.

88. Given PQRS is a parallelogram. p y Q
PR =S50 i
Prove PQRS is a rectangle. —+ —+
S " R
STATEMENTS REASONS
1. PORS is a parallelogram, | 1. Given
PR =50
2. PS =QR 2. Parallelogram
Opposite Sides
Theorem (Thm. 7.3)
3. @ E@ 3. Reflexive Property
of Congruence
(Thm. 2.1)
4. APQR = AQPS 4. SSS Congruence
Theorem (Thm. 5.8)
5. LSPQ = LRQP 5. Corresponding parts
of congruent triangles
are congruent.
6. m/SPQ = m/ RQP 6. Definition of

. mLSPQ + m/RQP =

180°

. 2m/SPQ = 180° and

2m/RQP = 180°

Copyright © Big Ideas Learning, LLC
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congruent angles

7. Parallelogram
Consecutive Angles
Theorem (Thm. 7.5)

8. Substitution Property
of Equality

9. m£SPQ = 90° and 9. Division Property of

mZRQP = 90° Equality
10. m£ RSP = 90° and 10. Parallelogram
mZ QRS = 90° Opposite Angles

Theorem (Thm. 7.4)

11. £SPQ, ZRQP, /RSP, 11. Definition of a right

and Z QRS and right angle
angles.
12. PORS is a rectangle. 12. Definition of a

rectangle

Maintaining Mathematical Proficiency

89. AE = EC
x =10
1
ED = —-CB
2
1
=—-+16=38
)
90DE=%BC
7:%)6
14 =x
BD = DA
y =
91. AD = DB
x=9
DE =L ac
2
1
1:—.
3 > y
26 =1y

7.5 Explorations (p. 397)
1. a. Check students’ work.
b. yes; AD = BC
c. If the base angles of a trapezoid are congruent, the
trapezoid is isosceles.
2. a. Check students’ work.
b./B=/C

c. If a quadrilateral is a kite, it has exactly one pair of
congruent opposite angles.

3. A trapezoid is a quadrilateral with only one pair of parallel
sides. A trapezoid that has congruent base angles is isosceles.
A Kkite is a quadrilateral with exactly one pair of congruent
opposite angles.

4. yes; When the base angles are congruent, the opposite sites
are also congruent.

5. no; In a kite, only one pair of opposite angles is congruent.
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7.5 Monitoring Progress (pp. 398-402)

1. Slopeof@z%:%:%
SlopeofC_D= 441 (_22) = % :%
Slope of AD = _22_;(6_5) = %4 = _%
Slope of CB = H = % = undefined

AD = V(=2 = (=5)? + (2 — 6 = V(=2 + 57 + (—47?
=V32+16=V9+16=V25=5

CB=\4— 42+ @4 —9?2 =02+ (-52=V25=5

The slope of AB equals the slope of DC, and the slope of AD
is not equal to the slope of BC. Because ABCD has exactly
one pair of parallel sides, it is a trapezoid. Also, AD = BC.
So, ABCD is isosceles.

2. If EG = FH, then by the Isosceles Trapezoid Diagonals
Theorem (Thm. 7.16) the trapezoid is an isosceles trapezoid.

3. Because mZ FGH = 110°, m£ GFE = 70° by the
Consecutive Interior Angles Theorem (Thm. 3.4). So,
/L HEF = / GFE and the trapezoid is isosceles.

4. 9cm K
N 12 cm p
M L

NP = UK + ML)

12=%(9+ML)
24 =9+ ML
15 = ML

So, ML = 15 centimeters.

5. Sample answer: Find the coordinates of ¥ and Z and
calculate the distance between the points.

Midpoint ¥ = (u, 6 10) = (§ 12—6) =(4,8)

2 2 2’
idpoint z = (2212 u) - (ﬁ &) -
Midpoint Z ( ) 2:2) = (1.2

YZ=\V@E -T2+ @22 =V(-32+62=V9+36
= V9 +5 = 3V5 units
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6. 3x° + 75° + 90° + 120° = 360°

3x + 285 = 360
3x=175
x =25

The angles are 3 « 25 = 75°,75°,90°, and 120°.

The value of x is 25. The measure of the congruent angles
is 75°.

7. Quadrilateral DEFG could be an isosceles trapezoid,
parallelogram, rectangle, square, or rhombus.

8. Quadrilateral RSTU is a kite, because it has two pairs of
consecutive congruent sides and the opposite sides are
not congruent.

9. Quadrilateral YVWX is a trapezoid because two sides are
parallel and the diagonals do not bisect each other.

10. Quadrilateral CDEF is a quadrilateral because the markings
are not sufficient to give it a more specific name.

7.5 Exercises (pp. 403-406)
Vocabulary and Core Concept Check

1. A trapezoid has exactly one pair of parallel sides and a kite
has two pairs of consecutive congruent sides.

2. The question that is different is “Is there enough information
to prove thatAB = DC ?” There is not enough information to
prove AB = CD, but there is enough information to prove the
other three.

Monitoring Progress and Modeling with Mathematics

-3 6

v7 =2 - _0_
3. Slope of YZ = 3-(3) 3430 undefined

Slope of XW :%:%:undeﬁned
V. 9-8 1
SlopeonX—_3_1— 1
Zw— -4 _—1_1
SlopeonW—_3_1—_4—4

YX=V(=3 = 1P+ (9 =87 = V(=47 + (1P

=Vie+1=V17
ZW=V(=3 — 1P+ (3 =47 = V(4P + (-1
=Vie+1=V17

The slope of YZ equals the slope of XW, and the slope of YX
is not equal to the slope of ZW. Because WXYZ has exactly
one pair of parallel sides, it is a trapezoid. Also, YX = ZW.
So, WXYZ is isosceles.

Copyright © Big Ideas Learning, LLC
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4. Slope of DG = _33__(0_3) = _33+ 3= % — undefined
Slope of EF = % = % = 7%
Slope of DE = — 3__(]_]) = _32+ = %2 =1
SlopeofGF— 3( T) _i4:—1

DG=V(=3 = (=3)2+ (3 - 07 = V(=3 + 37 + (3
9=3

EF = V(=1 = D2+ (1 = (=4)? = V(=27 + (1 + 42
—V4+25=V29

The slope of DE equals the > slope of GF, and the slope of DG
is not equal to the slope of EF. Because DEFG has exactly
one pair of parallel sides, it is a trapezoid. Also, DG # EF.
So, DEFG is not isosceles.

. Slope of NP = 3=2 =20
Slope of MQ = 80—;(—02) 1% 0
Slopeofm—%—%=2
Slope ofPQ 5 g —%

=VO - (=22 + @ —-02 =22+ @?2=Vi+16

20 = 2V5
PO =V(5 — 8+ @ — 07 = V(=37 + 42 =9 + 16
25 =5

The slope of NP is equal to the slope of MQ, and the slope
of NM is not equal to the slope of PQ. Because NMPQ has
exactly one pair of parallel sides it is a trapezoid. Also,
NM # PQ. So, NMPQ is not isosceles.

_9-9_0
.SlopeofHL S —1 7—0
T =2=2_0_
SlopeofJK—5_4—1—O

Slope of H] = # —%

4
9-2
8—5

Slope of LK = %

HI = (1= 42 + (9 = 27 = V(=37 + (77
— Vo 149 = V58

LK=V@E8 =52+ (9 —22=V3?+ (7)?
— Vo149 = V38

The slope of HL equals the slope of JK, and the slope of HJ
is not equal to the slope of LK. Because H/KL has exactly
one pair of parallel sides, it is a trapezoid. Also, HJ = LK.
So, HJKL is isosceles.

Copyright © Big Ideas Learning, LLC
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7.

10.

11.

12.

13.

m/K + m/L = 180°
118° + m/L = 180°
m/.L = 180° — 118° = 62°

Quadrilateral JKLM is isosceles, so m/J = m/ K = 118°
and m/M = m/ K = 62°.

.m/ZR + m/S = 180°

m/R + 82° = 180°
m/R = 180° — 82° = 78°
Quadrilateral JKLM is isosceles, so m/.S = m/R = 82° and
m/Q =msT = 98°.

CMN =310 + 18)
1,

MN =128
—14

The length of midsegmentm is 14.
MN = (76 + 57)

MN = % . 133
MN = 66.5

The length of midsegmentm is 66.5.
MN = —(AB + DC)
= z(AB + 10)

14 =AB + 10
4 =AB
The length of midsegmentzﬁ is 4.
MN = 3(AB + DC)
187 = %(AB +11.5)

374 =AB+ 115
259 = AB
The length of midsegment AB is 25.9.

DYy
[P \\
[ \ c
A 8 12 | x
[ g

AB =V(2 =82+ (0 — (—4)* = V(=62 + (42
=V36+ 16 = V52 = 2V13

CD = V(12 — 02 + (2 — 10)2 = \/(12)2 + (—8)2
=V144 + 64 = V208 = V16 - 13 = 4V13
= 5 (av13 + 2v13) = L (6V13) = 313

Midsegment
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14. y V

1, 7

_~ /
S L~
/V
/ 8 [ 12 X
U
7

TU= VG~ (=2 + (=2 — (~4)?
=VB+22+ (—2+42=V25+4=129

SV =V(13 = (=2))2 + (10 — 4)2 = V(152 + (6)2
=225 + 36 = V261 = V9 .29 = 3V29

Midsegment = %(@ + 3@) = %(4@) =2V29

15. m/G +m/H + m/E + m/F° = 360°
x° + 100° + x° + 40° = 360°

2x + 140 = 360
2x =220
x =110

So,m/G = 110°.

16. m£G + mLH + m/ZE + m/F = 360°
x° 4+ 90° + x° + 150° = 360°

2x + 240 = 360
2x = 120
x =60

So, m/.G = 60°.
17.m/G +m/H + m/E + m/F = 360°
x° + 110° + 60° + 110° = 360°
x + 280 = 360

x =80

So, m/.G = 80°.
18. m£G +m/H + m/E + m/F = 360°
x° +90° + 110° + 90° = 360°

x + 290 = 360
x =170
So, m£G = 70°.
19. Because MN = %(AB + DC), when you solve for DC, you
should get
DC = 2(MN) — AB.
DC =2(8) — 14
DC=16—14
DC=2
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20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

In the kite shown, 2B = £ D. Find m/A by subtracting the
measures of the other three angles from 360°.

m/A + msB+ m/C + msD = 360°
m/A + 120° + 50° + 120° = 360°
m/A = 360° —
msA =70°

50° — 2(120°)

Quadrilateral JKLM is a rectangle because it is a
quadrilateral with four right angles.

Quadrilateral RSPQ is a trapezoid, because PS || OR, and
/. QPS and £ PSR are not supplementary.

Quadrilateral ABCD is a square because it has four congruent
sides and four right angles.

Quadrilateral XYZW is a kite because it has two pairs
of consecutive congruent sides and opposite sides are
not congruent.

no; Even though the diagonals are perpendicular, it does not
indicate that the quadrilateral is a rhombus. It could be a kite.

no; A square has four right angles and the diagonals bisect
each other, but this could also describe a rectangle.

12.5 =%(3x+ 1+ 15)

25=3x+16
9 = 3x
3=x

15=%(3x+2+2x—2)

_1
15 =5(5%)
30 = 5x
6=x

MQ = S(NP + LR)
MQ =18 +20)
MQ = 3(28) = 14
LR = 3(MQ + KS)

20 = 3(14 + KS)
40 = 14 + K
26 = KS

The diameter of the bottom layer of the cake is 26 inches.

The length of the stick from X to W is 18 inches, and the
length of the stick from W to Z is 29 inches. A kite is a
quadrilateral that has two pairs of consecutive congruent
sides, but opposite sides are not congruent.
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31.

32,

33.

34.

35.

36.

For ABCD to be an isosceles trapezoid, mZD = 70° and
m/.C = 110°. If a trapezoid has a pair of congruent base
angles, then it is an isosceles trapezoid.

Sample answer: For ABCD to be an kite, BC = DC. Then
AABC = NADC and ABCD has two pairs of consecutive
congruent sides.

Sample answer: For ABCD to be a parallelogram, BE =DE.

Then the diagonals bisect each other.

Sample answer: For ABCD to be a square,zﬁ =BC.A
rectangle with a pair of congruent adjacent sides is a square.

Given JL = LN, KM is a midsegment of AJLN.

Prove Quadrilateral JKMN is an isosceles trapezoid.

ﬂ

J N
STATEMENTS REASONS
1. j= W,Wis a 1. Given
midsegment of AJLN.
2. KM |IN 2. Triangle Midsegment

Theorem (Thm. 6.8)
3. KMNUJ is a trapezoid. 3. Definition of trapezoid

4. LLJN = LLNJ 4. Base Angles theorem
(Thm. 5.6)

5. KMNJ is an isosceles 5. Isosceles Trapezoid Base

triangle. Angles Converse
(Thm. 7.15)
Given ABCD is a kite. AB = C_B,IE =CD
Prove CE =AE
C
<=
A
STATEMENTS REASONS
1. ABCDisakite, | 1. Given
AD =CD,AB =CB

2. BD =BD,ED =ED | 2. Reflexive Property of
Congruence (Thm. 2.1)

3. AABD = ACBD 3. SSS Congruence Theorem
(Thm. 5.8)

4. LCDE = /ADE 4. Corresponding parts of
congruent triangles are
congruent.

5. ACED = ANAED 5. SAS Congruence Theorem
(Thm. 5.5)

6. CE =AE 6. Corresponding parts of
congruent triangles are
congruent.
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37.

38.

39.

RSTU is a kite for which S is any point on UV such that
Uv # Sv.

B Yy _RA
r \
| \
-8 4 X
. D
[
Iy
[
//1'7
Ce |
T —2—-5__17
Slope of AD = 64 ~ 2
TR 5—-3 _2
SlopeofAB—4_(_3) =
»~_3—-(13) _ 16 _ 16
Slope of BC = 36 —3+6 3
— —2—(—13) _ —2+13 11
Slope of CD = 6-(6 _ 6+6 12

There are no parallel segments.

AD = V(6 = 42 + (-2 =5 = V(@ + (=7
=V4+49 =53

AB=1\4— (=32 + (5 -3 =V + 3 + (2
=VI2+4=V49 +4 =V53

BC=\(=3— (-6)? + 3 — (~13)?
= V(=3 + 6>+ (16> = V9 + 256 = V265

CD = V(6 = (=6)? + (-2 — (-13)?
=16+ 6)2 + (=2 + 13)2 = \V(12)2 + (11)
= V144 + 121 = V265

Consecutive sides are equal. So, by the definition of a kite,
quadrilateral ABCD is a kite.

C

Given ABCD is an isosceles trapezoid. B
Prove /A= /D, /B= /BCD

A E D
Given isosceles trapezoid ABCD with BC || AD, construct CE
parallel to_B7 . Then, ABCE is a parallelogram by definition,
soAB = EC. Because AB = CD by the definition of an
isosceles trapezoid, CE = CD by the Transitive Property
of Congruence (Thm. 2.1). So, ZCED = /D by the Base
Angles Theorem (Thm. 5.6) and ZA = ZCED by the
Corresponding Angles Theorem (Thm. 3.1). So, ZA = 2D
by the Transitive Property of Congruence (Thm. 2.2). Next,
by the Consecutive Interior Angles Theorem (Thm. 3.4),
/B and £A are supplementary and so are ZBCD and £ D.
So, £B = £ BCD by the Congruent Supplements Theorem
(Thm. 2.4).

Geometry 263
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40.

41.

42.

43.

44.

264

Given ABCD is a trapezoid. B C

/A= /D,BC|AD
Prove ABCD is an isosceles trapezoid.

A E D

Given trapezoid ABCD with ZA = /D and BC | AD,
construct CE parallel to BA. Then, ABCE is a parallelogram
by definition, SOAB =EC. /A = /CED by the
Corresponding Angles Theorem (Thm. 3.1), so
£ CED = £ D by the Transitive Property of Congruence
(Thm. 2.2). Then by the Converse of the Base Angles
Theorem (Thm. 5.7), EC = DC. So,AB = DC by the
Transitive Property of Congruence (Thm. 2.1), and trapezoid
ABCD is isosceles.

no; It could be a square.
1
y= j(bl + b))

y=32x+7+2-5)

Y= 3dx +2)

y=2x+1

a. A B rectangle; The diagonals are

congruent, but not perpendicular.

D C

b. A B rhombus; The diagonals are

perpendicular, but not congruent.

C D

Given QRST is an isosceles trapezoid.

Prove 2 TQS = /SRT Q@R
T S
STATEMENTS REASONS
1. QRST is an isosceles 1. Given
trapezoid.

2. LQTS = LRST 2. Isosceles Trapezoid

Base Angles Theorem

(Thm. 7.14)

3. (ﬁ =RS 3. Definition of an isosceles
trapezoid

4. TS =TS 4. Reflexive Property of
Congruence (Thm. 2.1)

5. AQST = ARTS 5. SAS Congruence
Theorem (Thm. 5.5)

6. LTQS = LSRT 6. Corresponding parts of
congruent triangles are
congruent.

Geometry

Worked-Out Solutions

45.

46.

47.

48.

49.

50.

a. yes;ﬂzoau_se@ is not parallel to ﬁ, /ABX = / BAX
andAB || PQ.

b. Because 360° + 12 = 30°, m£AXB = 30°. Because
/ABX = / BAX, m/ABX = m/ BAX = M

= 75°. So, mLAQP = m/BPQ = 180° — 75° = 105°.

A; Midsegment: MN = %(b1 + b,)
MN = 5(PQ + RS)

MN = 3(PQ + 5PQ)

MN = %(6PQ)
MN = 3PQ
. MN _3PQ _3
Ratio: Rs = 75PQ =3
Given EFGH is a kite. G

EF =FG,EH =GH ; < > Y
Prove /E= /G, /F + /H 3
Given like EFGH with EF = FG and EH = GH, construct
diagonal FH, which is congruent to itself by the Reflexive
Property of Congruence (Thm. 2.1). So, AFGH = AFEH by
the SSS Congruence Theorem (Thm. 5.8), and LE = £G
because corresponding parts of congruent triangles are
congruent. Next, assume temporarily that ZF = £ H. Then
EFGH is a parallelogram by the Parallelogram Opposite
Angles Converse (Thm. 7.8), and opposite sides are
congruent. However, this contradicts the definition of a kite,
which says that opposite sides cannont be congruent. So, the
assumption cannot be true and £ F is not congruent to Z H.

a. ABCD is a trapezoid.

b. DEFG is an isosceles trapezoid.

a. Given BG is the midsegment of AACD.
GE is the midsegment of AADF.
Prove ﬁHC_D,ﬁHF, and BE = ;(CD + AF)

C D C D D
LN > b8 2N
A F A A F
By the Tri@le Midsegment Theorem (Thm. 6.8),
BG | CD. BG = 3CD,GE ||AF, and GE = JAF. By the
Transitive Property of Parallel Lines (Thm. 3.9),
CD || BE ||AF. Also, by the Segment Addition Postulate

(Post. 1.2), BE = BG + GE. So, by the Substitution
Property of Equality, BE = 1CD + JAF = 3(CD + AF).

no; A concave kite and a convex kite can have congruent
corresponding sides and a pair of congruent corresponding
angles, but the kites are not congruent.
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51. a. Given JKLM is an isosceles trapezoid. g L
KL ||JM,JK =LM
Prove JL = KM J M
STATEMENTS REASONS

1. JKLM is an isosceles
trapezoid, KL || JM,
JK =ILM

2. LJKL= /MLK

1. Given

2. Isosceles Trapezoid
Base Angles Theorem
(Thm. 7.14)

3. KL =KL 3. Reflexive Property of
Congruence (Thm. 2.1)

4. NJKL = /L MLK 4. SAS Congruence
Theorem (Thm. 5.5)

5. JL=KM 5. Corresponding parts of
congruent triangles are
congruent.

b. If the diagonals of a trapezoid are congruent, then the
trapezoid is isosceles. Let JKLM be a trapezoid, KL ||JM
and JL = KM. Construct line segments through K and L
perpendicular toJM as shown below.

K L

N
4

N
4

J A B M

Because KL HW, ZAKL and Z KLB are right angles, so
KLBA is a rectangle and AK = BL. Then AJLB = AMKA
by the HL Congruence Theorem (Thm. 5.9). So,

LLJB = /ZKMA.JM = JM, by the Reflexive Property of
Congruence (Thm. 2.1). So, AKJM = ALMJ by the SAS
Congruence Theorem (Thm. 5.5). Then £ KJM = LMJ,
and the trapezoid is isosceles by the Isosceles Trapezoid
Base Angles Converse (Thm. 7.15).

52. You are givenJ? =LM, Eis the midpoint of JL, F is the
midpoint of KL, G is the midpoint of KM, and H is the
midpoint of JM. By the definition of midsegment, EK || JK
and EF is the midsegment of AJKL, FG | LM and FG is the
midsegment of AKML, GH ||JK and GH is the midsegment
of AKML, and EH || LM and EH is the midsegment of
AJML. You know that EF | GH and FG | EH by the
Transitive Property of Parallel Lines (Thm. 3.9). EFGH is
a parallelogram by the definition of a parallelogram. By the
Trapezoid Midsegment Theorem (Thm. 7.17), EF = %JK,
FG = %LM, GH = %JK, and EH = %LM. You can conclude
JK = LM by the definition of congruent segments. Then by
the Substitution Property of Equality, FG = %JK and
EH = %JK . It follows from the Transitive Property of
Equality that EF = FG = GH = EH. Then by the definition
of congruent segments, EF =FG = GH = EH. Therefore,
by the definition of a rhombus, EFGH is a rhombus.
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Maintaining Mathematical Proficiency

53. Sample answer: A similarity transformation that maps the
blue preimage to the green image is a translation 1 unit right
followed by a dilation with a scale factor of 2.

54. Sample answer: A similarity transformation that maps the
blue preimage to the green image is a reflection in the y-axis
followed by a dilation with a scale factor of %

7.4-7.5 What Did You Learn? (p. 407)

1. They are congruent base angles of congruent isosceles
triangles, ADEF and ADGF.

2. If one type of quadrilateral is under another in the diagram,
then a quadrilateral from the lower category will always fit
into the category above it.

3. Find the difference between the length of the midsegment and
the length of the given base, and then either add or subtract
that amount to the midsegment to find the other base.

Chapter 7 Review (pp. 408-410)

1. The sum of the measures of the interior angles of a regular
30-gon is (30 — 2) « 180° = 28 « 180° = 5040°.
The measure of each interior angle is
(30 — 2) - 180° _ 28 - 180° _ 5040°
30 30 30

The measure of each exterior angle is 3,?8

2. The sum of the measures of the interior angles is
(6 —2)+ 180° =4+ 180° = 720°.

120° + 97° + 130° + 150° + 90° + x° = 720°
587 + x =720
x =133

3. The sum of the measures of the interior angles is
(7 —2)+180° =5« 180° = 900°.
Xx°+ 160° + 2x° + 125° + 110° + 112° + 147° = 900°

= 168°.

o

= 12°

3x + 654 =900
3x = 246
x =82

4. 49° + 7x° + 83° + 33° + 6x° = 360°
13x + 165 = 360
13x = 195
15

X
5.a° + 101° = 180°

a="179
b° =101°
6.a—10=18
a=128
(b + 16)° = 103°
b =287

Geometry 265
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7.c+5=11
c=6

d+4=14

d=10

272
=(-2-1)

8. Midpoint of TR: (_62+ 2, _32+ 1) = (_4 _2)

-8 +4 1+(—3)):(—_4 —_2)
2 7 2 272
=(=2,-1)
The coordinates of the intersection of the diagonals are
(-2, -1.

Midpoint of 0s: (

9. 20
4 ~—~—_K
\
I\ \
\ \
-2 \ 2 \6x
5 \
| M T~
\ L
-4
|
S]opeofﬁzu:u:j_ 6

1
Starting at J, go down 6 units and right 1 unit. So, the
coordinates of M are (2, —2).

10. Parallelogram Opposite Sides Converse (Thm. 7.7)
11. Parallelogram Diagonals Converse (Thm. 7.10)
12. Parallelogram Opposite Angles Converse (Thm. 7.8)

13. By the Parallelogram Opposite Sides Converse (Thm. 7.7):
4x+7=12x— 1

—8x+7=-1
—8x=—8
x=1
y+1=3y—11
—2y+1=-11
—2y=—12
y=26

The quadrilateral is a parallelogram when x = 1 and y = 6.

14. By the Parallelogram Diagonals Converse (Thm. 7.10):
6x — 8 = 4x
—8=—2x
4=x

The quadrilateral is a parallelogram when x = 4.

266 Geometry
Worked-Out Solutions

15.
o]’ X
/7
w1 | |
L
4
L
2
[ 7]
| Y
—4 [ 2 | 4x
4
z7 72
- 8-6 _2
Slope of WX = (=D 3
r-9-8_-8
SlopeofXY—l_2 _— 8
yz=—"2-0_-2_2
SlopeonZ—izi1 373
Slopeofﬁ= —2-6 __ -8 —_8—8

—2-(-1) -2+1 -1
The slope of K_X equals the slope ofL_Z, therefore K—X I YZ.
The slope of XY equals the slope of WZ, therefore XY || WZ.
Because both pairs of opposite sides are parallel, WXYZ is a
parallelogram by definition.

16. The special quadrilateral is a rhombus because it has four
congruent sides.

17. The special quadrilateral is a parallelogram because it has
two pairs of parallel sides.

18. The special quadrilateral is a square because it has four
congruent sides and four right angles.

19. WY =XZ
—2x +34=3x—26
—5x +34=-26

—5x = —60
x=12

WY=—-2+12+34=-24+34=10
XZ=3+12-26=36—-26=10
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20. 4y

8 J

6 K

oo

2 L

0

0 2 4 6 8 «x
—_8—-6_2 1

SlopeofJK—S_g—_—4— 3
KL=0"2_4_

SlopeofKL—9_7 > 2
—_2—-4_ =2 1

1 fIM=="—>=—"=—=

Slope o e— 1 2
— _4-8_ -4

1 fM]=——=—=2

Slope of MJ 35 >

Because the product of the two slopes is (—%)(2) = -1,
there are four right angles (J?J_ IE, KL 1 m, LM 1L W,
and MJ 1 JK). So, quadrilateral JKLM is a rectangle.
JK=V(5E-92+ 8- 6?2=\(—4?2+22=V16 + 4

=V20=V4.5=2V5
KL=VO =72+ (622 =P +4 =V4+16
=V20=V4.5=2V5

Because JK = KL, and JKLM is a rectangle, which is also

a parallelogram, opposite sides are equal. So,

JK = KL = LM = MJ. By definition of a rhombus and

square, quadrilateral JKLM is also a rhombus and a square.
21. m4Z=mLY = 58°

m/X = 180° — 58° = 122°

m/W=msX° = 122°

22. The length of the midsegment is %(39 +13) = % * 52 = 26.

23. 4y ;

2 M L

0
0 2 4 6 8 10 x

KL=1\(10-8)?2+ (6 -2 =V(2?+4=V4+16

=V20=V4.5=2V5
IM=\(6—22+ (10 — 2 = \(4? + 8 = V16 + 64
=V80 =V16+5 =4V5
Midsegment = %(KL + M) = %(2\5 +4V5) = %(6\@ )
=3Vs5
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24. 7x° + 65° + 85° + 105° = 360°

Tx + 255 = 360
7x = 105
x=15

The two congruent angles are 105°.

28. yes; By the Isosceles Trapezoid Base Angles Converse
(Thm. 7.15), if a trapezoid has a pair of congruent base
angles, then the trapezoid is isosceles.

26. The quadrilateral is a trapezoid because it has exactly one
pair of parallel sides.

27. The quadrilateral is a rhombus because it has four congruent
sides.

28. The quadrilateral is a rectangle because it has four right
angles.

Chapter 7 Test (p. 411)

1. The diagonals bisect each other, so r = 6 and s = 3.5.

2. In a parallelogram opposite angles are equal, therefore
b = 101. Consecutive interior angles are supplementary,
therefore a = 180 — 101 = 79.

3. In a parallelogram opposite sides are congruent. So, p = 5
andg =6+ 3 =09.
4. If consecutive interior angles are supplementary, then the

lines that form those angles are parallel. So, the quadrilateral
is a trapezoid.

5. The quadrilateral is a kite because it has two pairs of
consecutive congruent sides, but opposite sides are not
congruent.

6. The quadrilateral is an isosceles trapezoid because it has
congruent base angles.

7. 3x° + 52x + 7)° = 360°
3x + 10x + 35 = 360

13x + 35 = 360
13x = 325
x =25

2x+7=225+7=50+7=157

The measurement of each exterior angle of the octagon is
25°,25°,25°,57°,57°,57°,57°, and 57°.
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10.
11.

12.

13.

14.

15.

16.

268

Y R
10 / \
/| N\
. / N\
/ \
6 Q
N
AERN /
N\ /
, \ |/
0 P
0 2 4 6 8 «x
Slope of RP = % = %0 = undefined
A_6-6_0
1 f =——=_=
Slope of SQ 9—1 3 0

So,ﬁ s E , and quadrilateral PORS is a thombus.

. yes; the diagonals bisect each other.

no; JK and ML might not be parallel.

yes; m£Y = 360° — (120° + 120° + 60°) = 360° —
300° = 60°. Because opposite angles are congruent, the
quadrilateral is a parallelogram.

If one angle in a parallelogram is a right angle, then
consecutive angles are supplementary. So, the parallelogram
is a rectangle.

Show that a quadrilateral is a parallelogram with four
congruent sides and four right angles, or show that a
quadrilateral is both a rectangle and a rhombus.

y

L
K //7H
/

/

m

//
;Liéﬁii

=
IS
X

w

= -0_3
. Sl fJK =—F==

a. Slope o 12 2

Starting at L, go down 3 units and left 2 units. So, the

coordinates of M are (2, 0).

e 4+(—2)3+(71)):(gg):
b. Midpoint of JL ( R ) (1,1

L — [(0+22+0 22
M fKM:(—,—):(—,—): 1,1
idpoint o > 2 ] (1, 1)
The coordinates of the intersection of the diagonals are

(1, 1.
Midsegment = %(6 + 15) = %(21) =10.5
The middle shelf will have a diameter of 10.5 inches.

(n—2)+180° _ (5—2)+180° _3+180° _ 540°
n 5 5 5

The measure of each interior angle of a regular pentagon
is 108°.

= 108°

Geometry
Worked-Out Solutions

17. Design AB = DC and AD = BC, then ABCD is a
parallelogram.

18. Sample answer:

- 120°

120°

Chapter 7 Standards Assessment (p. 412)

1. Definition of parallelogram; Alternate Interior Angles
Theorem (Thm. 3.2); Reflexive Property of Congruence
(Thm. 2.1); Definition of congruent angles; Angle Addition
Postulate (Post. 1.4); Transitive Property of Equality;
Definition of congruent angles; ASA Congruence Theorem
(Thm. 5.10); Corresponding parts of congruent triangles are
congruent.

2. In steps 1 and 2, an angle bisector is drawn for ZA and
/ C. The point of intersection D is the incenter of AABC
and the center of the inscribed circle. By constructing a
perpendicular segment toAB from D, the radius of the circle
is ED. An inscribed circle touches each side of the triangle.

3. no; No theorem can be used to prove itself.

4. UV=\(2-12+Q—-12=V(=32+1

=Vo+1=V10

VO =V(=2— (=5 + (1 =22 = V(=2 + 57 + (- 1)?
V3 +1=V10

OR=V(—4— (=5 + (-2 =V(-4+ 57 +3
—VI2+9=V10

RS = V(=1 — (=42 + (6 -5 =V(-1+ 47 + 12
=Vo+1=VI0

ST=V@2 - (=D + (-6 =V3? + (-1
=Vo+1 =V10

TU=V2-12+G-22=V12+32=V1+9
=V10

Perimeter: UV + VQ + QR + RS + ST + TU = V10 +

V10 + V10 + V10 + V10 + V10 = 6V10

The perimeter is 6V10. The polygon QRSTUYV is equilateral.

For the hexagon to be equiangular each angle must be

(6 —2).180° _4-180° _ 720°
6 66

m/.Q = 90°, the hexagon is not equiangular. So, it is not a

= 120°. Because

regular polygon.
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5. Given AB = DE,BC =EF, AC > DF

Prove m/B > m/E

AN N

A Cc D

Indirect Proof

Step 1: Assume temporarily that m/ B % m/ E. Then it
follows that either m/B = m/Eorm/B <m/E.

Step 2: If m/B < m/E, then AC < DF by the Hinge
Theorem (Theorem 6.12). If m/B = m/E, then /B = /E.
So, AABC = ADEF by the SAS Congruence Theorem

(Theorem 5.5) and AC = DF.

Step 3: Both conclusions contradict the given statement that
AC > DF. So, the temporary assumption that m/B % m/FE
cannot be true. This proves that m/B > m/E.

6. Given BC |AD, /EBC = / ECB, /ABE = / DCE
Prove ABCD is an isosceles trapezoid.

B C
A E ’ D
STATEMENTS REASONS
1. lf”A_D, 1. Given

£ EBC = LEBC,
/ABE = /DCE
2. ABCD is a trapezoid.

3. m£LEBC = m/ECB,
m/LABE = m/DCE

4. m/ABE + m/ EBC =
m/ABC, m/ DCE +
m/ ECB =m/DCB

5. m/ZABE + m/EBC =
m/ABE + m/ EBC

6. m/ABE + m/EBC =
m/DCE + m/ECB

7. m/ABC = m/DCB

8. LZABC= LDCB

9. ABCD is an isosceles
trapezoid.
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2. Definition of trapezoid
3. Definition of
congruent angles

4. Angle Addition
Postulate (Post. 1.4)

5. Reflexive Property of
Equality

6. Substitution Property
of Equality

7. Transititve Property of
Equality

8. Definition of
congruent angles

9. Isosceles Trapezoid
Base Angles Converse
(Thm. 7.15)

7. Given QRST is a parallelogram, Q_S =RT
Prove QRST is a rectangle.

R

Sample answer:

STATEMENTS REASONS
1. OS =RT 1. Given
2. Q_T Elﬁ,Q_R =TS 2. Parallelogram
Opposite Sides

10.

. ATOR = ASRQ

. ZTOR = /SRQ

. mLTOR + m/SRQ =

180°

. m/ZTOR = m/SRQ

= 90°

. 90° + m/ QTS = 180°

90° + m£RST = 180°

. mZLQTS = 90°

m/ZRST = 90°

. LTOR, /SRQ, 2. QTS,

and ZRST are right
angles.

QRST is a rectangle.

10.

Theorem (Thm. 7.3)

. SSS Congruence

Theorem (Thm. 5.8)

. Corresponding parts of

congruent triangles are
congruent.

. Parallelogram

Consecutive Angles
Theorem (Thm. 7.5)

. Congruent

supplementary angles
have the same measure.

. Parallelogram

Consecutive Angles
Theorem (Thm. 7.5)

. Subtraction Property

of Equality

. Definition of a right

angle

Definition of a
rectangle
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