





GEQMETRY

Lesson 1: Searching a Region in the Plane

1. Atennis player hits the ball from position (0, 9) directly at her opponent at position (72,27). The ball
reaches the opponent after 0.5 second. The tennis court is measured in feet.

a.

Plot the points representing the two players, and
draw the segment connecting the points.

(72,27}

What was the change in the x-coordinate?

-y
V00 SO U -

Since 72 — 0 = 72, the change in the

. . {(0,9)
x-goardingte is 72.

What was the change in the y-coordinate?

3

Since 27 — 9 = 18, the chonge in the y-toordinate is 18.

What is the ratio of the change in y to the change in x7?

The ratio of change is 18. 72, which reduces to 1: 4.

! need to find the length of the

hypotenuse of a triangle with
The distance, d, between the two players can be found legs of length 18 and 72.

using the Pythagoreon theorem.

d=+182 4 72%2
d =v5508
d =~ 7422

How far did the ball travel between the two players?

The belf trovelled approximately 74. 22 feet.

What was the speed of the ball?

The ball travelled approximuotely 74. 22 feet in 0.5 second, and % = 148, 44, so the speed of

the ball was gpproximately 148. 44 feet per second.

| know that speed is
distance divided by time.
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GECMETRY

2. You want to program a robot vacuum cleaner to clean a vacant 44 ft. by 30 ft. room. The robot can travel
in a straight line and moves at a constant speed. The vacuum is at position (12, 6) after 4 seconds and at
position (36, 16) after 12 seconds.

How far does the robot travel over 8 seconds?

el = \/(35 —12)% + (16 - 6)7 i can use the distance formula:

d = V576 + 100 d = (%3 — %)% + (y2 — 30)2.
d =676 In this problem, (x1,y:) = (12,6)
d =726 and (x5, v} = (36,16).

The robot travels 26 feet during this 8 seconds.

Speed is distance divided
by time, so the speed is
Since the robot troveled 26 feet in 8 seconds, its speed is 28 feet per second.

3. 25 feet per second, s

What is the constant speed of the robot?

What is the ratio of the change in the x-coordinate to the change in the y-coordinate?

The change in the x-covordinate is 36 — 12, which is 24. The change in the y-coordinate is
16 — 6, which is 10. The ratio of change in the x-coordingte to the chonge in the v-coordinate is
24: 30, which reduces o 12: 5.

Where did the robot start?

in 8 seconds, the robot trovels 24 units horizontally ond 10 units vertically, Then, in the first

4 seconds, i trovels 12 units horizontolly and 5 units vertically becouse it is troveling ot o constant
speed, The origing! position Js 12 units to the left and 5 units down from (12, 6). The origingl
pasition is (G, 1),

Where will the robot be when 14 seconds have elapsed?

After 14 seconds, the robot will be 6 units to the right and 2.5 units up from (36, 16), so it will be
at position (42, 18.5).
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At what location will the robot hit the wall?

| know fram part (c)
that the ratio of
horizontat to vertical
movement is 12: 5.

The robot will hit the wall when it trovels on additional 2
feet korizontally from (42, 18.5). When it traveis 2 feet

horizontolly, it trovels 1;'7 of a foot verticolly, The robot wilf
hit the woll of the approximate location (44, 19.33).

At what time will the robot hit the wall?

The robot travels from the starting position (0, 1) to the approximate position (44, 19.33).

d ~ /(44 — 0)% +(19.33 — 1)?
d ~ V1936 + 335.99
d =~ 47.67

The robot travels approximately 47. 67 feet ot o speed of 3. 25 feel per second, 50 it takes
approximotely 155 seconds for the robot to reach the for woll,

3. A basehall player hits a ball at home plate at position (0, 0). It travels at a constant speed across third
base at position (0,90) in 0.75 second.

a.

What was the speed of the ball?
{0, 400) §
The ball troveled 90 feet in 0. 75 second, so its speed { :

90 iy ,
was feet per second, which Is eguivalent to 120

feet per second.

When will it hit the outfield fence at position {0, 400)?
Explain how you know. {0, 50)

The ball needs to travel 400 feet at a speed of 120 feet

per second. Since % = 3. 33, the boll will hit the

outfield fence gfter approximately 3. 33 seconds.

(6,0}
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GEGIMETRY

Lesson 2: Finding Systems of Inequalities That Describe

Triangular and Rectangular Regions

1. Consider the region shown.

a. How many half-planes intersect to form this region?

Three holf-plones intersect to form this region.

One half-plane lies to the left of the X

right edge, another half plane lies below

the top edge, and the third half-plane o g ——
lies above the bottom edge.

b. Identify three points an the boundary of the region.

For exomple, (2,23, (3.4), and (—3,5) alf lie on the boundary. There are infinitely many other
COITECt Gnswers.

c. Describe the region in words,

The region is the set of points thot are between oron the lines v = Z ond y = b and to the left of
or on the ling x = 3.

2. Region R is shown to the right.

a. Write the coordinates of the vertices of region R.

The vertices hove coordinotes (2,1), (10, 1), (10, 13),
ang (2,13).

b. DPescribe the region using inequalities.

The points (x,¥) in region R satisfy 2 < x < 10 and
1<y <13

{ can also use set notation.
{(x2<x<10,1<y <13} T

: | iesson2: Finding Systems of Inegualities That Describe Trianguiar and Rectangular
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What is the length of a diagonal of the rectangle bounding region R?
The length of a diagonal is the distonce, d, from point (2, 1) to (10,13).

d=J{16-2)2+ (12 —1)2

d =64+ 144
d =208 | remember that the distance, d,
d ~ 14.47 between points (x4, ¥1) and (x3,V2)

isd = —x1)% + (y2 — )%
The diogonal is approximotely 14. 42 units long. 'S \/(xz 1)+ G2 =)

Give coordinates of a point that is both in region R and on a diagonal.

The ratio of the change in the y-coordinate to

the change in the x-coordingte is 3: 2, One If 1 add a multiple of 2 to the
point thot is in both region R and on a diagonol x-coordinate of (2,1) and the same
is (4,4). There are other correct responses. multiple of 3 to the y-coordinate of (2, 1),

{ will get a point on the line through the
diagonat from (2, 1) to (10,13).

Write the equation of a line that passes through region R.

There are infinitely many lines that pass through region R. One such line has equation y = x.

To find the equation of a line that passes through R, | can choase two points
on different sides of the boundary and find the equation of the tine that
connects them. The line y = x connects points (2, 2) and (10, 10).

3. letT be the region bounded by the parallelogram shown.
a. Write the system of inequalities that describe region T.
The fines that bound the paralleiogrom gre y = —32,
y=2Zx— 14,y = 6, and y = Zﬁg‘f"’L
I know the equation of a horizontal line has
the form y = k, and | know how to find the
equation of a line through two points.
The inequalities that describe region T are
y=2-2,y=2xr— 14 y<6,ondy <2Zx+ 2 Once | have the equations of the lines
bounding region T, | can determine
which inequality to use by testing
with the point (0, 0), which isin T.
EU REKA Lesson 2: Finding Systems of Inequalities That Describe Triangular and Rectangutar : 5
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GEQMETRY

Translate the paralielogram 5 units to the left and 3 units up. Write the new system of inequalities

that describes the translated region.

The new paralielogram has vertices (—7,1), {1,1), (5,9), and (—3, 9). The resulting inequalities

grey>Lyv>22xr—1L,v<9, gndy < 2x-+ 15.

4. Consider the triangular region shown with vertices A(3, 2),

B(—1,4), and C(3,0).

a.

Write the system of inequalities that describes the region
enclosed by the triangle,

B

> < —
X=3 The equation for AC isx = 3,
and the interior of the triangle
is to the left of this line.
¥y —x+3 i e left of this line .
— 21
The equation for BC isy = —x + 3, and the
interior of the triangle is. abowve this line.
< i N 7
Ye—gx+g —
2 2 The equation for AB isy = — %x + -Z;, and

the interior of the triangle is below this line.

Rotate the region by 1807 about point . How will this
change the coordinates of the vertices?

The rotated triangle is shown 1o the right. The impge of

point O s point C, 50 the coordinoies do not change. The
coordinotes of the Image of point 4 gre (3,~2), and the

coordinates of the image of point B are (7, —4).

Write the system of inegualities that describes the region
enclosed by the rotated triangle.

x =3
y= """;‘;“i"" 3 i When | rotate by 180°
Y K around point C, the
2 2 equations of lines
through € do not change.
tesson 2: Finding Systems of inequalities That Describe Triangular and Rectangular
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GEOMETRY

Lesson 3: Lines That Pass Through Regions

1. Consider the rectangular region shown.

a.  Which boundary points does a line through the origin with slope —3 intersect? What is the length of
the segment within the region along this line?

The region shown is defined by the inequalities —1 < x £ 3 and F 0y
2 <y < 5. The line through the origin with slope —3 has
equation v = —3x. The lines that form the left and lower

boundaries of the rectongie have eguations x = ~1andy = 2,

The graph of the line with the rectangle shows that the line
intersects the left edge and the lower edge.

e
A graphi of the region and the line together will allow me to L 1 2 3 A :
see which edges of the rectangle are intersected by the line. e S B S
]
On the left edge: 1Y | |
y=—3x T
X = —1 SV SN, ( SRR, AR —

S0y = —3(—1) = 3, and the line intersects the left edge at the
point (—1,3).

On the lower edge:

y==3x I

So-3x=2, ondx = — ; The line Intersects the lower edge at the point (— g 2).
The length of this segment can be calculated os follows:

- (=) v

12
— - 2
d ( 3> +)
[
_\/9
d~ 105

The length of the segment within the region is approximately 1. 05 uniis fong.
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GEOMETRY

Which boundary points does a line through the origin with slope — 2 intersect?

The graph of the line together with the rectangle shows that the
tine appears 1o intersect the rectangle ot the lower left corner.
The equation of the line is v = —2x, and the equation of the feft
edge of the rectongle s x = 1.

On the left edye:
v o= —2x
X == —%

S0y = ~3{~1) = Z, and the line intersects the left edoe at the
point (—1, 2), which is the lower left corner of the rectangle.

Which boundary peints does a line through the origin with slope —1 intersect?

The groph of the line together with the reciangle shows that
the line does not gppegr to intersect the rectongle ot oll. The
eguation of the iine is v = X, and the equation of the left

edge of the rectungle is x = —1,

A graph of the region and the line
together shows that the line does not
intersect the rectangular region.

On the left edge:

y=-x

x=-1
Soy = ~(~1) =1, ohd the line y = —x intersects the line x = —1 gi the point (—1, 1), which is
outside of the rectangie,
The line through the orlgin with slope —1 does not intersect the boundory of the rectongular
region.

Lesson 3: Lines That Pass Through Regions Euum
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2. Consider the triangular region in the plane given by the triangle with vertices A(2,4), B{(—1,—1), and
C(3,-3).
a. The vertical line with equation x = 1 intersects this region. What are the coordinates of the two
boundary points it intersects? What is the length of the vertical segment along this line within the
region?

| remember that the slope of the line between
two points (X4, ¥1) and (x5, ¥2) ism = Zz —iﬁ_ In
27 1

this case, the two points are (2,4) and (—1, 1),

The line through AB has slope —::1, 50 it has equation
y—4= g(x — 2}. An equivalent representation of this fine in
slope-intercept formis y = iz«x + i;—. When x = 1, this gives

5 e ; =5
y=3 1+ ; = -;, so the vertical line x = 1 intersects AR at

(13)

The fine through BC hus slope — %, 50 it has equation

y+i1=-— % (x + 1). The cguation of this line in slope-intercept

. i 3 P .
form, is y = — X5 When x = 1, this gives

y=— % (1) - j::r = —2, 50 the vertical fine x = 1 intersects BC at
(3, —2).

The length of the vertical segment glong the linex = 1

in this region is -1—33, which is approximately 4. 3.

1 need to find the distance between
the points (1, v-;:) and (1,—2). Since
these points have the same

x-coordinate, the distance is the
difference of the y-coordinates.

/
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b. Arobot starts at vertex B and moves horizontally to the right at a constant speed of 0.2 unit per
second. When will it exit the triangular region?

The robot will exit the tricngular region at the intersection of AC
and the line with equation y = —1, The slope of the line through
AC is %5};, which js —7. Then the equation of the fine through AC
sy 3 = -T(x—3), whichiseguivolent o y = ~7Tx 4 18, When
v = —1, wecon sohve -1 = ~7x + 1B to find that x = E; Thus,

the robot will travel 3,? units within the triongle from {1, 1) fo

(%9—, - 1) Since the robot trovels ot o speed of 0. 2 unit per second,

this will take the robot approximotely 18 57 seconds.

Z6

| can divide distance by speed to find time, and BZZ—' = 18.57.

The Bermuda Triangle is defined as the triangle with vertices in Miami, San
Juan, and the island of Bermuda. Before sailing in this region, Steven set up.
a map of the area, using the island of Aruba as the origin for his coordinate
system and measuring distances in miles.

Location | Coordinates
Aruba {0,0)
San Juan (280,350)
Bermuda | (330,1440)
Miami (=700,910)

a. Steven plans to sail from Aruba to San Juan, then to Bermuda, then to Miami, and back to Aruba.
Approximately how far will he travel?

Distance from Aruba to Son Juan: iy = »\,/ (280 — 0)% + (350~ 0)? =~ 448.2

Distance from Sen Juan to Bermuda:  dy = /(330 — 280)7 4 (1440 — 350)% ~ 10911

Distance from Bermuda to Miami:  ds = /(=700 — 330)% + (910 — 1440)2 ~ 1158.4

Distance from Miomi to San Juon: dy = (280 — (—700))2 + (350 — 910)* =~ 1128.7
Distonce from Son Juan to Arvbor dy =dy =~ 4482

The total distance Steven travels is opproximately 4, 275 miles.

After finding the individual distances between ports, | need
tosumthemup: dy +d, + dy +dy +ds = 4274.6.

Lesson 3: Lines That Pass Through Regions

€ 2015 GreatMinds eureka-math.org
GED-M4-HIWH-1.3.0-10,2015



_Homework Helper

unctions

GEQMETRY

b. Conhnie is sailing due west frorm Miami at a constant speed of 20 miles per hour. According to
Steven’s map, how long will she sail before she leaves the Bermuda Triangle?

Connie will travel on the lineg y = 910, The slope of the line connecting San Juan and Bermuda is
H, which simplifies to 21, 8. The equotion of this western edge of the Bermudao Triangle is
then y — 350 = 21.8(x — 280), which simplifies to y = 21.8x — 5754,
910 =21.8x~ 5754
6664 = 21.8x

306 ~ x

| need to find the intersection of the
linesy =910 and y = 21.8x — 5754
| only need the x-coordinate since |
know y = 910.

Because 306 — (—700) = 1006, Connie will saif
vpproximetely 1, 006 miles at 20 miles per hour,
She will leave the Bermudy Trinngle after sailing
for epproximatelfy 530. 3 hours.

EU REKA Lesson 3: tines That Pass Through Regions 11
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Lesson 4: Designing a Search Robot to Find a Beacon
1. Find the new coordinates of point (5, —2) if it is rotated:
o . | . . \\
a. 90° counterclockwise around the origin | know that rotating a point (, b) 90°
(2,5) counterclockwise around the origin produces the

point {(—b,a). Inthiscase,a =5and b = 2.

A
b. 180° counterclockwise around the origin
“
(—5,2) | know that rotating a point (a, ) 180° around
the origin produces the point {(—a, —b).
J

c. 270° counterclockwise around the origin

{(—2Z,-5) Rotating 270° counterclockwise has the same
result as rotating 90° clockwise. | know that
rotating a point {(a, b) 90° clockwise around
the origin produces the point (b, —a).

2. Line segment P@ connects points P(—3,4) and Q(2,5).
a. What is the slope of the original segment PQ?

54 1
SRJQE. EW:WE::*,;E =z

b. Where does point @ |land if the segment is rotated 90°
counterclockwise about P? What is the slope of the rotated
segment?

The image point @' has coordingtes (—4,9).

To get from £ to €, | move 5 units to the right and 1 unit
up. The picture heips me see that to get from P to the

rotated point @', | need to move 5 units up and 1 unit to
the left. Then the coordinates of Q' are (—3 — 1,4 + 5).

9 -4

SrETR

Stope of rotated segment PG’

12 Lessan 4: Designing a Search Robot to Find a Beacon E@RE“
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¢. Where does point @ land if the segment is rotated 180°
counterclockwise about P? What is the slope of the rotated
segment?

The image point Q' has coordingtes (—8,3).
/\\"""—--.____

To get from P to @, | move 5 units to the right
and 1 unit up. To get from P to ', | need to
move 5 units to the left and 1 unit down. Then
the coordinates of Q' are (=3 — 5,4 — 1).

4-3  4-3
3-(-8) -3+8

Slope of rotated segment PQ': - = %

d. Where does point  land if the segment is rotated 90° clockwise
about P? What is the slope of the rotated segment?

The image point @' has coordinates (—2,—1).

To get from P to §, | move 5 units to the right and 1 unit up.
The picture helps me see that to get from P to the rotated
point @', | need to move 1 unit to the right and 5 units down.
Then the coordinates of Q" are (-3 + 1,4 — 5).

4--h 5 _ .

Fa
Slope of rotated segment P —— H T

e,  Where does point P land if the segment is rotated 90°
counterclockwise about @? What is the slope of the rotated
segment?

The image point P’ hos coordinates (3, 0).

To get from Q to P, | move 5 units to the left and 1 unit
down. The picture helps me see that to get from @ to the
rotated point P', | need to move 5 units down and 1 unit to
the right. Then the coordinates of P are (2 + 1,5 — 5).

5-8
-3

i

Slope of rotated segment QP'; ~5

,‘g s -«‘E w[:-; N
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3. ifline # has slope —10, what is the slope of a fine perpendicular to €7

- e . 1
Ay line perpendicular to £ will have siope 10 | know that the slopes of perpendicular lines

are negative reciprocals of each other.

4. Line { passes through the origin and has a slope of g

a. What is the slope of the line perpendicular to £ that passes through the origin?

Any ling perpendiculor to £ hos slope — é

b. Could a line through the origin that passes through the point (5, —2) be perpendicular to £7?

The line through the origin that passes through (5, —2) has sippe — é, sa this ting is not
perpendiculor to £.

14 Lesson4: Designing a Search Robot to Find a Beacon EHM“
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Lesson 5: Criterion for Perpendicularity

1.

3.

‘\

The converse of the Pythagorean
Use the converse of the Pythagorean theorem to theorem states that if triangle ABC
determine whether AC is perpendicular to AB for points has sides of length ¢, b, and ¢, and
A(1,1), B(—2,3), and C(4,5). a’ + b? = ¢?, then the triangle is a
right triangle. Since BC is the
AB = \/(3 ~DP+(-2-1)2=v4+9= El longest side. of the triangle, it would
AC = \/(5 — 12 +(4—1)2 = Vi6 +9 =25 =5 be the hypotenuse. /

BC:\/(S—S)Z + (4-—-(—2))2 =4 + 36 = 40 = 2¢/10

Then (BC)? = 40 and (AB)? + (A0)% = 13 + 25 = 38. Since (AB)? + (40)% = (BC)%, A ABCisnot
a right triangle, and AC is not perpendicular to AB.

Use the general formula for perpendicularity of segments through the origin to determine if OA and OB
are perpendicular for points 0(0, 0}, A(~2,5), and B(—5, 2).

a by +ayhy = (-2)(-5) + (5)(2) f[ know that for two points A(a4, az)
=10+ 10 and B(b4, b;) and the origin 0(0,0),
= 20 04 and OB are perpendicular if
*0 a. by + azb; = 0.

Since a, by + ayb, = 0, 04 and OB are not perpendicular.

For points 0(0,0), P(10,2), and G(—1,5), OP and 0Q are perpendicular.
a. Will the images of the segments be perpendicular if the three points 0, P, and @ are rotated by 45°
counterclockwise?

Yes. Rototion preserves angles, 50 rotating both segments by the same amount will net change
the angle between them. Since OP and OQ are perpendicular, their images under rotation by 45°
will also be perpendicular.

b. Consider points R(—3,6), §(7,8), and T(—4,11). Are RS and RT perpendicular? Explain without
using triangles or the Pythagorean theorem.

Points R, 5, and T ore images of the griginal points @, P, and @ after tronsiating left by 3 units

will also be perpendiculor.

EUREKA Lesson 5: Criterion for Perpendicularity i5
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A robot that picks up tennis balls is on a straight path from P(5, 4) toward a ball located at Q(—2,0) and
then turns 90° to the left. Which of the following balls lies in its path?

a. Aballlocated at (5, —4)
b. Abaliiocated at (4, —5)
c. A balllocated at (7,—2)
d. Aballlocated at (2,—7)

Any line perpendicular to ‘P—Q' will
have slope —Z, so | will compute

the slope of the four possible lines.

Slope of P TS TS
. L0 4 4
Slope of the line through Q and (3, —4) 5 =5 =—3 1 catl the focation ofthe ball )
stmofe o Qo3 5P =Lom <} N TR
Slope of the fine through Q and (7, -2): ;“‘"? = _%3 = % point satisfies QP 1 QR. I can
U - use slopes to figure out which is
Slope of the line through Q and {2, -7): 2;%5—;2 = :% = '“'IZ‘ the right point R.

S

The bali jocated at (2, 7)) ligs in the path of the robot.

5. Gretchen thinks that the line through the points A(—3, 2) and B(11, —5) is'perpendicular to a line with
slope 2. Do you agree with her?
The si AB s 5" nich is — 1 | remember that two lines are perpendicular
e slope of STy (~3Y WIHR IS — 35 if their slopes are negative reciprocals; that
Any fine with slope 2 is perpendicelorto AB, is, ifmy = — ;%_m, where m, ahd m, are the
sa Greichen is correct. _ 2
slopes of the two lines.
i5 Lesson 5: Criterion for Perpendicularity
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GEQMETRY

leet at Right Angles

1. Two segments, 04 and OB, intersect at the origin 0. Given the points A(1,—4) and B{—4,-3), is

0A L OB? Explain.

If the two segments are perpendiculor ond intersect ot the h‘?\w
I

origin, then it must he frue that xy - x; + vy, = 0.

(D (-H+(D(-3)=90
—4& + 12 =0 Foise

Since 8 = G, points A and B do not sotisfy the criterion for
perpendicularity, so OA is not perpendicular to OB.

think that perpendicular lines
have slopes that are negative
reciprocals, but | haven't proven it
to be true in all cases, so | cannot
use it in my argument. | will have
to rely on the criterion for

\perpeﬂdiculariw.

I

/

2. Two segments, MN and MP, intersect at the point M(—1,—1). Given the points N(1, —4) and

P(—4,—3),is MN 1L MP? Explain.

A tronslation along the vector (1, 1) maps the
intersection point M to the origin. The same tronsiation
meps P - P'(—4 +1,~3+1) = P'(~3,-2), and
maps N > N'(1+1,—4+ 1) =N'(2,-3).
IfM'N' L M'P', thenx, - x5 + y1 - Vo = 0 where
N (xi: yl) and PI(XZJ yZ)‘

(2)-(=N+(3)-(-2)=0

—&6+6=0 True

M'N" L M'F by the criterion for perpendicularity, and
since translptions preserve angle measure by mapping
lines to paralfel lines, it must be true that MN L MP.

coordinates as A and B abovein
Problem 1, but the segments do not
intersect at the origin. If a translation
of the plane mapping M to the origin
shows that the images of the
segments are perpendicular, then |
can conclude that the given segments
are perpendicular since translations
preserve distance and angle measure.

e

The points N and P have the same \

EUREM Lesson 6: Segments That Meet at Right Angles
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GEOMETRY

Given the points F(—2,4) and H{4, 6), find a point G where x = 2 such that FG 1 GH.

Lef & have the coordinate (2, g ). Then o transiation mopping G to the origin wouid be giong the vector
(=2, —gyand wouid map F — F'(~2 — 2,4 — g) = F'(—4,4 ~ g) ond
H— H {4~ 2,6—g)=H{2,6g).

By the criterion for perpendicularity, This quadratic equation means that

() (2 +Ed~-g)-6-g)=0 { am going to have two possible
(—8) + (24 —10g + QZ) = | answersto this problem. | will have
gt —10g+16=0 to use the zero product property to
(g~ 8g—2)=0 find the solutions for g.
g=Borg=2

The coordinates of point G whose x-coordingte is 2 such that FG L GH are G(2,8) or G(2,2).

Lesson 61 Segments That Meet at Right Angles Eumm
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A Story of Functions

GEOMETRY
Lesson 7: Equations for Lines Using Normal Segments
1. Describe what a normal segment is.
A normuol segment iz o segment with one endpoint on © line to which it is perpendicuior.
2. Aline passes through point § of segment ST and a point \
Plx,v). | must remember that the

original criterion for

a. Describe what must be true if ST L SP. - o
perpendicularity is based on

For §T 1 SP, § must be transiated to the origin, two segments, each with an
ond the coordinates of the transiated coordinates endpoint at the origin. iIf the
of T and P by (6, — 1) would satisfy the criterion of lines in question are not
perpendicularity. . passing through the origin, we

can use a modified version of
the criterion for

Ti-64) perpendicularity based on

j translating the lines so that
they pass through the origin;

Qe Lesson 6 for reference. /

51-8,1)

]

e,
—

EU REKA tesson7: Equations for Lines Using Normal Segments 19
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h. ST 1 SP, whatis the equation of SP?
(0,0
T'(1,3)
Plx—(-6),y—1)
(=5 =N~ (~6))+(@~{y—-1)=0
(Dx+e)+Ay-1D =90
IHy—-4)=~x~6
3y—-3=—x—6

3y=—x—3
! 1

Given M(6,10) and N{-4,5).

A line passes through M and is perpendicular to MN. Using what you know about the abscissa and
ordinate values of the image point of translated point N’, write the equation of the line in standard form.

if the equotion of the line that passes through M is written in stondard form Ax + By = €, then the
vaiues of A and B can be determined by the x- and y-coordinates {abscissa and ordinate coordinates,
respectively] of the tronslated endpoint of the perpendicular segment thet is not on the line, or in this
cose, N,

N'(—4—6,5—-10), or N'(—10,-5)
A point P on the line thot posses through M becomes P'(x — 6,y — 10).

Then, the equation of the line that passes through M ond is perpendicular to BN in standard
Jorm is

(~10¥x — &) + (~B)(y ~ 10) = @.

Lesson 7 Eguations for Lines Using Normat Segments EU REM
MATH'
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worlk Helper

GEOMETRY

Lesson 8: Parallel and Perpendicular Lines

1. Givenapoint A(3,5)and aliney = %x ~ 5,
a. What is the slope of any line parallel to the given line? Explain,

The slope is %; lines gre porallel if and only if they hove equal slopes.

b. What is the slope of any line perpendicular to the given line? Explain.

The sfope is —2; perpendicular lines have slopes that are negative reciprocals of eoch other.

c. Find the equation of the line through A and parallel to the line.

) 1
y-5H=5E-3

y:§x+&5

d. Find the equation of the Hine through 4 and perpendicular to the line,

¥y~ 5)=~2(x~3)
y=—2Zx+ 11

2. Write the equation of the line through (4, —~2) and:

a. Paralleltoy = ——ix - 7.

Y=73*T3

b. Perpendiculartoy = %x + 2.

=-2x43
¥y = zl‘

EU ““ Lesson 8: Parallel and Perpendicular Lines 21
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3. AB has endpoints A{ay, a,) and B(by, b3), and €D has endpoints C(cy, ¢;) and D(d,, d3).

22

a.

What is the slope of AB?
f)z ~ {ip
by ay

Hiap =

What is the slope of CD?

AB 1 CD. What is known about the relationship between the slopes of the segments?

The product of the slopes of the perpendicular segments is — 1 mypmep = —1.

Use your responses to paris (a) and (b} to rewrite the relationship between the slopes of the
segments?

Mapep = 1

t‘}g“‘{lz (lz—{,’z
bj{—{il dl"'{'im

GEOMETR

Y

What is the criterion for perpendicularity?
| must remember that given points

(by —ag)(dy —cp) + (hy —~az)(dy — €3} = O 0(0,0), A(ay, az), B(by, by), C(cy,¢5)
and D(d,,d,), OA L OB if and only if

Use algebraic manipulation to show how the (@) (by) + (az)(bz) = 0. AB L CDif

relationship between the perpendicular slopes and only if (by — a)(dy —¢1) +

{part (d)) is related to the criterion for (by—az)(dz —¢cz) = 0.

perpendicularity (part {e}).

™

F

/

Byt dy—
Bi—a; dy—t;
by — @y dy — ¢y
bi—ay _(dz—cz)
(By — ax)(dy — ) = —(By — ) (dy —¢y)
(By —a){dy —cy) + by ~ap)(dy ~ €)= 0

tesson 8: Paraliel and Perpendicular Lines
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ork Helper

GEGMETRY

Lesson 9: Perimeter and Area of Triangles in the Cartesian Plane

Using the figure below, find:

i
A Mo, 3
. R
Y 1 : Ty
>, s T
4 3 AN ] L2 3 a 3 ax
e
C
a. The perimeter of A ABC.
AB =85, BC=2v10,CA=5
Perimeter(A ABC) = V85 + 2V1I0 + 5
Perimeter{A ABC) ~ 20.5
The perimeter of A ABC is approximately 0. 5 units.
EUREKA Lesson 9: Perimeter and Area of Triangles in the Cartesian Plane 23
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tions

GEQMETRY

b, The area of A ABC, using the decompaosition method

i hottom

Area(left) = %(3)(4«} =6
1
Area(top) = E{Z){‘}j w2

1
Area(botiom) = ;‘5{2){6) = 6
Area(rectangle) = (43(9) = 36
ArealA ABC) =36 — (6 +9 + 6)
Area(a ABC) = 15

The arec of & ABC is 15 units”.

24 Lesson 9: Perimeter and Area of Triangles in the Cartesian Plane Eumm
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mework Helpe

GEOMETRY

c¢. The areaof A ABC, after translating it so that one vertex is at the origin and using the formula
1
Area =5 (%12 — X251)

& A'B'C isthe resuit of o ABC tronsiated by (1, %) and is congruent to A ABC.

y
A 4]
ER
2
S -
\\ - ~
Y _
Bl
3 2 -1 e 1 2 3 4 3 § o
w1 4

B' is assigned (x4, x;); A’ is assigned (y4,y2). Thenxy =6,y =2, x, = -3, and y, = 4.

1
Area(a A'B'CT) = 5 1Yz = %2¥1)

1 .
Area(a AB'C) == [(6-4) — (=3 - 2)] | should remember thi::lt this formula

Z depends on the coordinate (x4, )

1 belonging to the vertex that lies in
Area(A A'B'C) = 5 (30) the counterclockwise direction from

the vertex at the origin.
Area(A A'B'C) = 15

The area of A A'B'C' is 15 units®.

EU REKA Lesson & Perimeter and Area of Triangles in the Cartesian Piane 25
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d. The area of A ABC, using the shoelace formuta

a L ¥a)

e
e

GEGMETRY

Pt
w57]
g
ol

i
5 (Xy¥z +X3¥3 + X3¥g — ¥1Xp — Yoz — V3Xp)

Xy :-:'S;}";,: 1
Xy o= o, Y o= 3
x:g :“"i, 3’3-3"— -3

\

| should remember that the shoelace \\
formula is a generalization of the area
formula used in part {c); when using the
shoelace formufa, we do not translate the
triangle so that one vertex is at the origin.

It is important to select vertices in the
counterclockwise direction so that area

\calculated is positive. /

N
Area(a ABC) = 5((5)(3) + (~4)(~1) + (~1(1) ~ (D(=4) — B)(~1) ~ (~1)(5))

Area(a ABC) = %(15 +4+ (-1) = (~4) — (-3) — (—5))

1
Area(a ABC) = g(f&é})

Areals ABC) = 15

The areq of A ABC is 15 units®,

Lesson 9: Perimeter and Area of Triangles in the Cartesian Plane EUREm
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Homework Helper

Lesson 10: Perimeter and Area of Polygonal Regions in the

Cartesian Plan

Quadrilateral ABCD has the coordinates (xy,v1), (%2, v2), (X2,¥3), and (x4, ¥4)-

i
7 . .
| should notice that the coordinates have
g Ka¥e) been labeled in a counterclockwise direction
fo to ensure that the area is positive.
[ W
L f d4-
f : e .
; e I PR . ,,,/";;.' .
/ ; ' PRt
)ﬁ.‘f‘""-»-. ' H - o
(xi“ﬁ} e
éxgeyz)
&
] 3 ] 1 o i 3 3 3 H [

a. Decompose the quadrilateral into triangles to find the area of the entire quadrilateral. What are the
coordinates of your first triangle? What are the coordinates of the second triangle? Show the
calculation for the area of the entire quadrilateral.

Passible decomposition:

¥
7
.
; \\ 3
ioodeft oy right e
ii \ :{xg :Vg}
A 2 \'\‘
(Xltvl) e X
R
[
(}(2 ;Yz}
2
4 3 2 1 A i 3 3 & 13 [
EUREKA Lesson 10: Perimeter and Area of Polygonal Regions in the Cartesian Plane 27
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5 Story of Functions T
GFOMETEY

Coordinates of left triangle: (x1,Y:),(%2, 72), (X4, ¥a) /‘: hould notice that m‘\

Coordingtes of right triangle: (x,, v2),(x3, ¥3),{%5, V) taking the sum of two

triangles’ areas, the
1 terms that involve
Area(left) = E(xiyz + Xy Va t KyVy o Vdg o Yok - Yadig) the coordinates of
the endpoints of the
segment that
decomposes the
quadrilateral into the
two triangles are the

e

1
Area(guadrilateral) = 5 {(x1v2 + 5% + x4V — VX3 — %. — Y4q)

i
+T£(X23’3 T X3yt x}/yé —¥aXy — Y3y ’“M)

i
Area(quadrilateral) = ‘i(xiyz +XgY1 F Xp¥y H XYy — YaXy — YaXy — VoK — YaXy)

. 3
Area(right) = 5 (Xz¥3 + Xa¥y + XY — Voky ~ VaXy — YaXz)

Area(quadrilateral) = Area{left) + Area(right)

Use your answer from part (a) to show how the formula is indeed a “shoelace” formula.

Just as with the shoelace \\
formuila for the area of a
triangle, the arrangement of
terms js presented such that
the first column is the sum of
terms, while the second
column is the set of terms to
be subtracted.

/

28
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GEOMETRY

¢. ldentify the numeric coordinates of the quadrilateral, and find its area.
A(=3,2) xu¥1
D(1,1)  x3,¥2
€(5,3) x3.ys

B(MZJ 6} X4, y4

. 1
Area(quadrilateral) = - (x1y2 +X4¥1 + X235 + X3¥4 — P1Xz — YaX1 — Y2Xa ~ VaXs)

Area{quadrilateral) = %((wl&)(i) +{(=2)2)+ (DB + B)6) - (2)(1) - (6)(—-3)—
(1(E) ~ (3)(-2))

Area(quadrilateral) = %((~3) +{(—4) + (3) + (30) — (2) — (—18) — (5) — (—6))
Area{quadrilateral) = 21.5

EU ““ Lesson 10: Perimeter and Area of Polygonal Regions in the Cartesian Plane 28
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GEQRETRY

Lesson 11: Perimeters and Areas of Polygonal Regions Defined by

Systems of inegualities

Given the system of inequalities below:

ys-;-x+4 yzgx—tl- y 2 —4x—95

a. Graph the region defined by the system.

See the dingrom o the righi.

/Grap'hing a system of inequalities is just like
graphing a system of equations. | can start by
graphing the lines representing the

corresponding equations y = %x + 4,

y = gx —4,andy = —4x — 9.5. Then| just

have to figure aut which half-plane represents
\\the solution set to each inequality. //

b. Identify the vertices of the region.

The vertices of the region are the intersections of the grophs thot define the region’s figure.

1 3
=X s el -“—-"——4){—9.5
¥ 2x+4 v gx 4 ¥
Using substitution with the above equations:
1x+4~—-3x 4 1 + 4= —4x—-95 3x 4= —4x—-95
2*TEE3 zxg = ‘ 2" T ‘
—X = —8 L " 0
=8 Zx- 1325 zxm 55
1 X=—3 X =3
y=5(8)+4 MEL(W3)+4 y = —4(—1) — 9.5
y=8 Y=3 y=-55
=25
(8.8) Y (~1,-5.5)
{(—3,2.5)

The vertices of the region defined by the inegualities are (8,8), (—3,2.5), and (—1,-5.5).

30 tesson 11: Perimeters and Areas of Polygonai Regions Defined by Systems of Inequalities EUREM
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GEOMETRY

c. Find the perimeter of the region defined by the system of inequalities, Round your answer to the
nearest tenth of a unit if necessary.

Uising the distonce formula;

| can calculate the
Let dy be the distonce between (8,8) and (—3,2.5). perimeter by finding
s 5 the length of the three
dy = \/(MB ~8)4+(2.5-8) sides, To find their
dy =121+ 30.25 lengths, | can use the
distance formula.
dy ~12.3 -/

Let d, be the distance between (—3,2.5) ond (—1,—5.5),

dy = J(-ﬂ e (=3))2 + (=5.5 — 2.5)2

dz = \i4*+ 64
dz =~ 8.2

Let <5 be the distance between (—1,—5.5) and (8, 8).

dy = (-1 -8)2+ (-5.5 —8)2
dy =81+ 182.25
dy =~ 16.2

Perimeter = dy + d; 4+ ds
Perimeter ~12.3 +8.2+ 16.2 = 36.7

The perimeter of the region is approximately 36. 7 units.

Eu REKA Lesson 11: Perimeters and Areas of Poiygonal Regions Defined by Systems of Inegualities 31
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GEOME

d. Using Greei's theorem, use the vertices found in part (b) to calculate the area of the region graphed

in part {a).

(x.¥) (x,¥) Green’s theorem is a lot easier to
e — organize using the shoelace
((8,8) “““-5)“:::: ----- '/’(8353)) approach. That will help me

e determine which products to add
(B, 2 553, 2.3
"‘fﬁ,,-i{f;); ;T%f\“:giim{? and which products to subtract.
< o= e
=T, =B B e e, 5. 5
e e
8,8) Tl (8,8)

By Green’s theorem, the orea of the figure con be colculated:

Area :%((8-2.5) +(~3-~55)+(~1-8) ~ (8 ~3) ~(2.5- ~1) — (~5.5 - 8))

Area = %({20) 4 (16.5) + (—8) — (=24) — (=2.5) — (—44))

1
Aream§(28+16x5w8%~24+2.5+1§4)

1
Area = —(9
rea 2( 9)

Area =495

The arew of the region defined by the system of inequolities is 49. 5 square units,
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<A Story of Functions
GEOMETRY

e. Calculate the area of the region in a different way to confirm your answer to part {c}.
The region can be composed into o rectangular
region. Using properties of areq, the areq of the Since | know the vertices of the region,
region defined by the system of inequalities, A4, is | can compose the triangle into a
equal to the areo of the rectangle, Ay, minus the larger rectangle and remove the areas
areas of the outer right triangles, A,, As, and Aq. of the outer triangles to reveal the

remaining area of the triangular region

Ap=Ay+ A3 + A3 + 4y defined by the system.

Ap=11-13.5 L/
Ay =148.5

A =2 8)

2—2( :

A2=8

1
Ay =(9-13.5)

Az = 60.75

1
Ay=5(5.5-11)

A4 = 30.25

148.5 = A, + 8+ 60.75 + 30.25
148.5 = A, + 99

148.5 — 99 = 4,
49.5 = 4,

Using decomposition, the oreo of the region defined by the system of inequalities is confirmed to
be 49,5 sguare units,

EU RE“ Lesson 11: Perimeters and Areas of Polygonal Regions Defined by Systems of Inequalities
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GEOMETRY

Lesson 12: Dividing Segments Proportionately

1. Given points A(—8,3) and B(2, —3), find point € on AB such that the ratio of AC to CBis 2: 1.

2 2
6(—8%»—2— —8)1,3 w-3w3) —
3 ( ( )) * 3 ( ) If AB is decomposed into two parts

in the ratio 2: 1, then the associated
part to whole ratio of AC to AB must

be 2: 3. This means that £ must be g
of the distance from 4 to B.

c(-8+2a0,3+2(-6)
g(mg + %9", 3+ {"‘Q)

c(-S+3,-1)

3

c(=5-1)

The point € that cuts AB such thot
theratioof ACto CRIis2: 1105

(-1

fCis g of the distance.from A to B, then [ can start with

the x-coordinate of 4 and add %the horizontal distance
between A and B. Then | can use the y-coordinate of A

and add % the vertical distance between 4 and B.

2. Given points U(2, ~4), V(10,5), and W (x, ) such that V lies on UW, locate W if UV = «ZVW.

UV = %VW, then the part topartratioof UV o VW is
5:4. The associgted port to whole ratioof UV to UW is
then 5: 9, so point V lies g of the distance from U to W,

The coordinates of V are both
greater than the coordinates
of U. IfV lieson UW then |
know that the coordinates of
W must be greater than both

5 5 the coordinates of J and of V.
18=2+5(x-2) S:wti«w%%(yw(%&)) N J

V(10,5) = (z +i-2,-4+3(y- (-—4)))

ZR; _ 7 g1 w4 The ordered pairs representing
5 * 57 the location of V give me
?% L2 =y 81 4=y equivalent expressions. |can
5 5 use equations to solve for the
82 61
e = X =y unknown values x and y.
5 5

B2 61X

The coordinates of point W are ( ), or{16.4,12.2).

575
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GEQMETRY

3. Arobot starts at the point (0, 2) and travels along a straight line toward (6, 7) at a constant speed. The
robot passes (6, 7) at exactly 10 minutes after it started.

a. What is the robot’s approximate speed in units per minute?

d=J(6—-02+(7-2)2

d =62+ 5%

Once | know the distance from
d=+v36+125 (0,2)to (6,7),1canused =1t
d =61 to find the robot’s speed.
d=~78

The robot trovels o distance of approximately 7. 8 units.
d=rt
V6l =r 10
Vo1 _
10
8.78 = r

The robot’s speed is approximately 0.78 units per minute.

b. If the robot continues at the same constant rate and direction, where will it be at 1 hour?

1 hr = 60 min = 6 (10 min)

The distance to the point where the robot ligs ‘Once | know the distance from \

ot 1 hour will be six times the horizontal ond (0,2)to(6,7),lcanused =rt

vertical distonces from (Q,2) 10 (6, 7). to find the robot’s speed. Ifits
speed is constant, then its

((} F6(6-0),2+6(7~ 2)) harizontal and vertical distance

{0+ 36,2 + 30 at time 60 minutes will be 6

(36,32) times what is was at 10 minutes.

/

At 1 hour, the robot will be ot the point (36,32).
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Lesson 13: Analytic Proofs of Theorems Previously Proved by

Synthetic IV

1. Draw a median from one of the three vertices of the triangle shown on the grid below,

H :
............................................. 5
4
L v0.E, 2.5)
5,1 | »
T < prm g o
T, i \ g
) B % /o ;
-6 -5 -4 -3 271 |01/ 2 §
H Y 7 : :
: -1 PR
(1, -1}
....... -2 .

Sample solution: mitpeint jeining (—5,1) end (4,4

@ (4+(=5)) 504+ 1))

fenim)

-15)
2’z

The midpoint of the side joining (~5,1) and (4,4) s (

36
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| know that a median is a

~

segment drawn in a triangle

that joins a vertex of the

triangle with the midpoint of
the opposite side. Todraw a

median, | have to find the

midpoint of one of the sides

of the triangle. To find the
midpoint, | can use the

\midpoint formula.

/

Analytic Proofs of Theorems Previously Proved by Synthetic Means




Story of Functions.

GEOMETRY

a. Find the point on the median that is %the distance from the vertex to the midpoint of the

opposite side.

2 " 2 /s } can use the formula |
1 ‘i'g(‘“fi“ 1);“1‘*'5(5“ (*1)) learned from the last
lesson using the point
(1 +_§' (_, %) -1+ .3%@)) (1, —1) as a starting point.

(£+(-1),-1+ g)

(03)

, L2 . . , - 4
The point on the medion 3 the distance from the vertex to its opposite endpoint is (0, -5).

b. if you were to follow the above directions for a different median of the triangle, what weuld your
results be and why?

The results should be the saume no matter which \\
vertex the median is drown from. In the Gpening i | find a point on a segment
Exercise from this lesson, it was shown thot the that is = the len gth of the
. . ; , 1 3
medians of o triangle meet at a point that Is - the segment from one endpoint,
distance from the midpoint of o side to the then it must be = the length of
" . . . v ‘3

ppposite vertex. This problem requires finding the .

T ) . o the segment from the other
point 3 the distance from a vertex to the midpoint endpoint.
of the opposite side, which happens to be the same //
point.

2. Given the quadrilateral with vertices (=5, 1), (—1,4), (3, 1), and {(—1,-2).

a. Isitatrapezoid? e — I
— | need to calculate the slopes of
= M _\\‘L a pair of opposite sides.
Xy — Xy
Ty = 4 -1 i -2
11— 273 (Cn
17 % 2 =3

The slopes of one poir of opposite sides are equal, so they are porallel. if a guodriioteraf has at
least one pair of opposite porallel sides, then the quadrilateral is a trapezolid.
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GEOMETRY

i ?
Is it a parallelogram: | need to calculate the slopes of

the other pair of opposite sides.

1 (2}
el e ()
2 3

?T’igﬂ“‘; m,,gm—;;

Hig =

The slopes of the second poir of opposite sides are olso equal, so both poirs of opposiie sides ore
paraifel. If o guadriloterof has both poirs of opposite sides parallel, then it is o poraiielogrom.

Is it.a rectangle?

I need to compare
o 3 3, . .
The slopes of consecutive sides are S and — -, which are opposites, the slopes of one pair

but are not opposite reciprocals {or negative reciprocals). This of consecutive sides.

megns that consecutive sides ore not perpendiculor, so thisisnpt o
rectongle.

\\

Fve already shown that the
quadrilateral is a parallelogram,
so to be a rhombus, | can show
that consecutive sides are the
same length or that the
diagonals are perpendicular.

Is it a rhombus?

The diogonaclz of the quadriloteral lie on the same
horizontal and verticol lines, and since horizontal and
verticof lines are perpendiculor, the dingonals of the
quodrilaterol gre perpendicular. A poaralielogrom with
perpendicuiar dingonals is a rhombus.

Is it a square?

To be a square, a quadrilateral has to
be both a rhombus and a rectangle.
This already failed the rectangle test.

Mo, the quadrilateral is not ¢ square because §is
consecutive sides are not perpendiculor.
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- Homework Helper

. Astory of Functions.
GEOMETRY

Lesson 14: Motion Along a Line—Search Robots Again

1. Arobot is programmed to travel along a line segment at a constant speed. If P represents the robot’s

position at any given time, £, in minutes:
¢
P=(ay,a2) + Ejg'(bl —aq, by — ay)

a.

/This looks just like the formula that

| used to divide a line segment
proportionately a few lessons ago.
There is a starting point and a
multiple of the horizontal and

vertical distance added on. /

Explain what (a4, ;) indicates in the eguation.

The robot is programimed to move along a linear poth,
50 (@4, Ay ) Is the robot’s position ot t = 0,

Explain what (b, — a4, b; — a;) indicates in the equation.

The totaf horizontol distance covered in o given time interval Is represerited by by — a4, and the
total vertical distance covered under the same time interval is represented by b, — a5,

Explain what 5% indicates in the equation. 4

The quotient E)t_g
The G. 9 indicotes that the robot is programmed to move from i
puint {(ay, @) to (hy, by) in a time of 0.9 minutes. Thetisa
Factor that indicates by whot multiple of the given time interval
to multiply the totol distance.,

determines the total time
of travel along the line.

If the robot is programmed to move from A(3,7) to B(—1, 4) in a timeframe of 0.9 minute, rewrite
the given equation using these values,

£
P =(3 s (G e B G e T
(17}+0‘g ! )

P=(37)+ 6%(”"4’“”3)

What distance parallel to the horizental axis does the robot move every 0.9 minute?

The difference in the x-coordinates of the endpoints is —4, 5o the robot moves 4 units horizontolly
in the neguative direction.

What distance parallel to the vertical axis does the robot move every 0.9 minute?

The difference in the y-coordinates of the endpoints is -3, 50 the robot moves 3 units vertically in
the negutive direction,
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g. Where would the robot be at a time of 0.3 minute?

0.3 minuteis % of the time that it

i
P=(37)+ ) (—4,-3) takes for the robot to go from

endpoint to endpoint, so its

0.3
P=037+ 0.9 (—4,—3) location at that time will be -;—the

1 horizontal distance between the
P=@37+ 3 (=4,—3) endpoints and i« the vertical

) 4 3 distance between the endpaints.

A § = 0.3, the rohot would be locoted ot (»;E, 6),

Mark programs a robot to move at a constant speed along a linear path in a large warehouse. His robot
starts at his location, which is the origin, and moves to point P{215,120) in a time of 4 minhutes. A
second robot is already in the warehouse, and a computer programs it to move at a constant speed from

C{80,160) to D(210,20)in3 % minutes. Assume the robots begin their motion at the same time.

a. Write an equation to model the position, B, of Mark’s robot at any time, ¢, in minutes.

t
P = (0,0) + £ (215,120)

b. Write an equation to modet the position, £., of the second robot at any time, ¢, in minutes.
£
P, = (80,160) + ﬁ(z i0 80,20 — 160)
or

4
P, = (80,160) + émg(iBﬁ, - 148}
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GEOMETRY

‘Homework Helper

¢. Do the paths of the robots intersect? If so, determine the intersection point? If not, explain why.

Path of Mark’s robot Path of second robot //_—j\\
120 140

Y=ok ¥y 160 = - (x — 80) | know that lines with different

slopes will intersect at some

) point in the plane, so | need to

Yo gX ¥ — 166G = w% (x — 80) determine the slopes of the
’ ' lines that represent the paths of

er or

the rohots.
o /

The slopes of the grophs representing the poths of the robots are not equal, 5o the paths do
intersect.

Using substitution:

G~@~1ﬁhﬁ€%@“3®

14 + 1120
43 i3 13

4 112
x4 —x =+ 160

212 60Z 1120 2080
555" "5E9 T i3 ' i3
914 3200
559>~ 13

1788 800
= Ti1882
68800
457

x ~ 150.5

24
;V=j4—3x
_ 24 68800
Y= %3 Ta57
1651200
~ 19651
38400
-~ 487
v~ 840

The paths of the robots intersect ut the approximote point (150.5,84.0).
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d. If the robots both leave their starting points at exactly the same time, will they collide with one

another?
Bark’s robot
P, = (0,0)+ ;t_, (215,120) //For the robots to collide, they have to
4 be at the same point at the same
(0,0 + i(ZlS, 120) = (688{}_0,38460} time. 1 can use the point of
4 457 4537 intersection with the equations for
14 68800 their locations to determine what
0+—{215) =
4'( ) 457 time each robot will be at the
¢ 68800 intersection point. If the times are
4 98255 the same, then the robots will collide.
B (68830) \\ /
T \98255
f=~2.8
Second rohot
i.
P, = (80,160) + —— (136, —140)
3.5
(B0, 160) + ¢ 130, —340) = (68800 38408)
160) '3,5<' ” )= 457 ' 457
80 4+ ¢ (130) = 68890
3.5" T 457
o 32240
2.5 59410
f=3.8 (32240)
~ *7\59410
t= 1.9

The robots will not collide with one gnother becouse they will be of the point of intersgction ot
different times, Mark’s robot reaches the intersection point ot approximately 2. 8 minutes from s
stare, and the gther robot does not regch that location unti! approximaotely 1. 9 minutes

after starting.
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Lesson 15: The Distance from a Point to a Line

1. Given the point K(3,7) and line n representing the equationy = %x — 4,

a. Use the distance formula derived in the lesson to find the distance from point K to line n.

in the formula that | derived in class, (p, q) are the coordinates
of the point not on the line from which we need to find the
distance. Even though the point is called X in this problem, |

know that the values of p and q are 3 and 7, respectively.

2 2z
3—%2%—4 1 3+Z+-%-
R L T - T
i 3 i

1+g ity

3 - N O
d = (;%9, 3] +l54e )11
g 9

dzj(ﬁ.i_g)ﬁ(zﬁi_ﬂf
3 10 3 3 19
d=y(6-32+(2-11)?2

d =3% + (—9)%

d=+9+8L

d = /90

d = 310

Point K is 3 16 units gway from line n.

EURE“ Lesson 15: The Distance from a Point to a Line
M

& 2015 Great Minds eureka-math,org
GEO-M3-HWH-1,3.0-14, 215

a3




44

GEOMETRY

Draw the given information on a coordinate plane. Use your knowledge about the slopes of
perpendicular lines and the distance formula to find the distance from point X to line n.

Y U R R N
yo Voo S :
? Lo k:’\;‘K{?"’?) ' - : ?//l_‘know that perpendicular \\
recipracal slopes. | can use
’ the negative reciprocal slope
Ay and the coordinates of point
3 K to write the equation of
, the line through K thatis
\\perpendicular to line n. j/
i} :
X g1 78 & ip LT 1
gk L

Perpendicular linegs hove negative reciprocal siopes. Theslope of linenis %,. so the slope of KR
must be —3.

Using the point-slope form of the equation af a line, the equation of KR isy — 7 = —3(x — 3).
Converted to sfope-intercept form, the equation is y = —3x + 16, The point of intersection of the

1
lines is the solution to the system of equations: { y=gro4 .
y=-—3x+ 16

i 1
—X—4=-3x+16 2 X A
3 Y 3 \
1 i N .
x4 3x =20 ¥ = (6) -4 To find tﬁe pon?t w}'{ere the
3 3- perpendicular lines intersect, |
}?ix =20 y=2-4 can solve the system of their
3 ¥ 2 eguations, The solution that
x =0 satisfies both equations will be
' i int tion. Th
The point on line 1t closest to point K is (6, —2). the point of intersection en

\I can use the distance formula. /

dzJ(3—6}3+(7—(m2})2 —
d= /(-3 + (9)°

d=+9+81

d =90

d =310

The distonce from K to fine n is 3+ 10 units.
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2. Review the derivation of the distance formula for finding the distance from a point to a line. In the
lesson, the coordinates of point R were rewritten in terms of p, g, m, and b using algebraic relationships.
What algebraic relationships were used?

In the lesson, the coordinotes of the point B, on line I, closest \
to point P are not given and so were first fabeled (r,5). The I need the coordinates of two

distance formule, d = ./ (x; — x)? + (¥4 — y1), can only different points in arder to

be directly used to find the distance PR if the coordinates of calculate the distance between
both points P and R are known. Even though the values of them using the d’Staﬂ_CE formula,
xq and v, are unknows, the relationship between their | only have the coordinates of
values is indicated by the equation of the fine upon which one point, but l know that the

their point lies, y = mx + b coordinates of the other point
N are related by y = mx + b. /

Knowing that PR 1 1 provides another relotionship between
the x- and y-values of point P and the x- ond y-volues of
any other point on | other than R, Choosing o point T with ) \\
ant x-vedue 1 greater than thet of R is very convenient I know the distance from the
because under the translation mapping point R to R’ ot the point to _the line is measured

origin, the coordinates of T' are (1, m). The perpendicularly, so the
perpendicutarity criterion now provides a relationship perpendicularity criterion from
between the coordinates of P’ and T', aflowing us to write earlier in the module provides

the velue of r in terms of p, g, m, and b. me with another algebraic

relationship.
With the vaiue of v now known, the corresponding y-volue /
of v can be colculated using the equotion y = mx -+ b. This
provides the coordinates of two points between which the
distance con be coleuluted using the distance formula,

d = J{xy — 2% + (¥, — ¥1)%
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