Characteristics of Linear Relations Lesson # I:
Line Segments on a Cartesian Plane

Lesson 1 and Lesson 2 of this unit are not required for this curriculum, but are
included because

1. they are important characteristics of linear relations not covered elsewhere

2. this information is required in higher level math courses such as Calculus

Unit Overview

The graph of a linear relation:is represented by a'straightline” The line can be infinite or
finite depending on the domain and range of the linear relation. In some cases we are only
interested in a portion of a line. This portion is called a line segment:

We have already studied some of the characteristics of the graph of a linear relation:
intercepts, domain, and range. In this unit we study some characteristics of line segments:
namely;length; midpoint;distance, and slope. We demonstrate an understanding of slope
with respect to rise and run, the slope formula, and rate of change. We then discuss the slopes
of parallel and perpendicular lines.

Line Segment o)

A line segment is the portion of a line between two points on the line. / Ao

If the endpoints of a line segment are A and B, we > refer to it as line segment AB.
NOTE: Line segment AB may also be written as AB.

Length of a Horizontal Line Segment

Consider the line segments shown on the grid. AR
a) Find the length of each line segment by counting. :
¢ length of AB is D units. ) DN =

¢ length of CD is -IO units.
o length of EFis __] ° units. ' =
b) Determine the coordinates of the endpoints of

n

ach lin t. E E
?afwesigmil(g,‘b) B (9, D .
*CD - C(3%,4) D(1,4) y

‘B> E(A) F(2,0 ' ;
¢) Complete the following. / K)(/)gf)é\g{g‘g f}é’eﬂ %—f % '

* The difference in the x-coordinates, xz—x,, is

* The difference in the x-coordinates, J?D: ;(:3, is 4O \ 8 _ a X Q)
* The difference in the x-coordinates, xz—xg, 1is o 0 ,

d) How can the coordinates of the end points of a horizontal line segment be used to find
the length of the line segment?
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342 Characteristics of Linear Relations Lesson #1: Line Segments on a Cartesian Plane
At 1@ T ﬁyﬂ" \{"H Y
a) Line segment AB has endpoints A(2,8) to B(-5,8). Determine the length of AB.

Xg=Xa —5-A = -7 T Ouans C

b) Determine the length of the line segment from P(a—2,b) to Q(a+4,b).

Length of a Vertical Line Segment

Consider the line segments shown on the grid.

Wh

a) Find the lengths of each line segment by counting. B
. length of GH 1s__2.__ units.

. length of I7 is 5 _units.
e length of KL is l? units.

b) Determine the coordinates of the endpoints of
each line segment. : T i

eGH —» G5 HHMY) i K
el o IV, JUh
kKL » K(b- Lb,~)» Q

¢) Complete the following. LI Cf)
¢ The difference in the y-coordmates yH yG , __&

e arm P

(ol

[
~—

o The difference in the y-coordinates, y;—y;, is Ej 7 9\
» The difference in the y-coordinates, y; —Yg, is Cﬁ A “CO

d) How can the coordinates of the end points of a vertical line segment be used to find
the length of the line segment?

top Ycoodier Stpfiuct otiom & -Cood

ClassEx.#2 | a) Line segment RS has endpoints R(1,—4) to S(1,-9). Determjne the length of RS.
~H--Q = onirs.

' b) Determine the length of the line segment from P(a ,b) to Q(a, b+ 10).

o+Ho =Y = 10 vnds.

Complete Assignment Questions #1 - #5 k,
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Characteristics of Linear Relations Léssop #1: Line Segments on a Cartesian Plane 343

Midpoint

The midpoint, M, of a line segment on the graph of a linear relation is the point at the centre

of the line segment.

Midpoint of a Horizontal Line Segment

Consider the line segment AB shown on the grid.

a) Determine the coordinates of the midpoint by
counting. Label the midpoint, M, on the grid
and list the coordinates beside it.

b) List the coordinates of point A and point B.
on the grid. How can the x-coordinates of
points A and B be used to find the
coordinates of the midpoint of a horizontal

Q,’D

VA

fine” q"\"'%\)ﬂ(‘b"fg\ = L{\)\(\ﬂ’j

Midpoint of a Vertical Line Segment

Consider the line segment CD shown on the grid.

a) Determine the coordinates of the midpoint by
counting. Label the midpoint, M, on the grid
and list the coordinates beside it.

b) List the coordinates of point C and point D
on the grid. How can the y-coordinates of
points C and D be used to find the
coordinates of the midpoint? (0

9.2
ONetowR ot Yoo, ==~ @‘i

57
0+
2

=5 COO(dW

A

Midpoint of an Oblique (Dtagonal) Line Segment

Consider the line segment EF shown on the grid.

a) Use the results from above to determine the
midpoint of EF.

b) Express in words how to find the midpoint, M, {/

of the line segment joining the pomts (xl, n)
and (xz, »)- QNN CA (

o werd ~w0(o\
¢) Complete the form: to exgzess fe
relationship in b). xy, = ,___\__)f;& M=
o~
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344 Characteristics of Linear Relations Lesson #1: Line Segments on a Cartesian Plane

Midpoint of a Line Segment

Consider line segment PQ with endpoints P(x;,y) and Q(x, ). (/

The midpoint, M, of the line segment has coordinates.
X+x ntyn
(2237

% Line segment PQ can also be written as PQ.

Determine the coordinates of the midpoint of the line segment with the given
pair of endpoints.

a) P@,7), 0(12,3)  b) B(=5,7), F-11,-2)

(ﬂﬂl 7%?5 Sy 740
,——"'———’)/—""
2
DV (-5
%) 5} ’5{) 9*>ﬂ<8’ 077

Ruby was doing a question in her coordinate geometry homework, p
and her little brother Max wrote over part of the question as a prank

) Aw+3,2w), CSw=1,Tw+1)

VOTL T Sw-t - JutTwt!
— 7%  ’7 o,

Class Ex. #4

| Calculate the missing coordinates. thp ©

)(P*Xq - 6‘!"’” ~
Yt - SHI.(3)

—

Complete Assignment Questions #6 - #17
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Characteristics of Linear Relations Lesson #1: Line Segments on a Cartesian Plane 345

Assignment

1. Determine the length of each line segment.
a) AQ2,7) to B(S,7)

¢) K-3,-8) to J(3,-3)

b) C(-5,3) to D(=5,12)

d) K(7,-10) to L(-35,-10)

2. Determine whether each line segment is horizontal or vertical, and write an expression

for its length.
a) A@p,q) to Bp—-4,9)

.

b) Cm—-3,n+5) to D(m—3,n+12)

3. A triangle has vertices P(—4,-3), Q(9,-3),

and R(1, 5).

e Sketch the triangle on the grid.

e Calculate the area of the triangle.

4. On the grid, plot the points P(-6,6), Q(-6,-10),
and R(6,-10).
a) Determine the distance from P to R using the

Pythagorean Theorem.

b) Calculate the area and perimeter of 4 PQR.

VA
< p
4
[ 7A
10
%3
-10 101
c10
A /
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346 Characteristics of Linear Relations Lesson #1: Line Segments on a Cartesian Plane

5.

Rebecca uses quadrant I in a Cartesian plane to describe the location of the bases in a game
of high school softball. The four bases form a square. The origin is at home plate.

First base is at (18, 0), and the distance between each base is 18 m.

The pitcher’s mound is located between home plate and second base.

a) State the coordinates of second base.

b) The pitcher stands on the mound 12 m from home plate. If she has to throw a ball to
second base, what distance to the nearest tenth of a metre, would she throw the ball?

Determine the coordinates of the midpoint of the line segment with the given
pair of endpoints.

a) A(2,6), C(4,16) b) X(-3,-8), ¥(-11,0) ¢) K(15,-17), L(-11,3)

Determine the coordinates of the midpoint of the line segment with the given
pair of endpoints.

a) C(3x,8y), D(7x,-4y) b) S(a+b,a+7b), T(a+b,a-3b)

Otto was given two points: A(—6,4) and B(12,-8). He was asked to divide AB into four
equal parts. State the coordinates of the points which will divide AB into four equal parts.
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13.

9.

11.

12.

Characteristics of Linear Relations Lesson #1: Line Segments on a Cartesian Plane

In each case M is the midpoint of AB. Determine the value of x.
a) A(2,6), B(6,x), M4,-1) b) A(3,6), B(x,0), M(0,3)

ABCD is a square with vertices (\/§ ,O), (0,\/? ), (_\/? ,0), and (0,—\/3 >

respectively. The area of the square, in unit?, is

A. 5
B. 10
C. 20
D. 100

P(4,-8) and Q(-2, 10) are the endpoints of a diameter of a circle.
The coordinates of the centre of the circle are

A. (3,9

B. (2,2

C. (3,99

D. (1,1

AB is a diameter of a circle; the centre is C.

If A(8,-6) and C(5,-2) then B is the point
A. (2,2

B. (65,-4)

C. (11,-10)

D. (13,-8)

Which statement is always true?

A. Two line segments of equal length have the same midpoint.

B. Two line segments with the same midpoint are of equal length.

C. A point equidistant from the endpoints of a line segment is the midpoint.
D. None of the above statements is always true.

347
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14.

To the nearest tenth, the perimeter of 4 PQR with vertices, P(3,8), Q(3,0),
and R(-1,8) is .

(Record your answer in the numerical response box from left to right)

15. The midpoint of line segment ST is M(% , —4) If the coordinates of T are (-3, 3), and
the coordinates of S are (x,y), the value of x is .
(Record your answer in the numerical response box from left to right)
16. The point M(a, 6) is the midpoint of GH with G(22, b) and H(6,-8).
The value of a+b is .
(Record your answer in the numerical response box from left to right)
17. The midpoint of line segment AB lies on the y-axis. A lies on the x-axis,and B has
coordinates (—4,5). The length of AB, to the nearest tenth, is .
(Record your answer in the numerical response box from left to right)
Answer Key
1. a) 3 b) 9 ¢) 5 d) 42 2. a) horizontal, 4 b) vertical, 7
3. 52 units? 4. a) 20units b) area=96 units>, perimeter = 48 units
5. a) (18,18) b) 135 m 6. a) (3,11 b) (-7,-4) ¢) (2,-7)
7. 8) (5x,2))  b) (@+b,a+2b) 8. (-3.1). 6.-2, (5.5
9. a)-8 b) -3 10.B 11.D 12.A 13. D
14, 2 0 . 9 154 4
16. 3 4 174 9 . 4
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Characteristics of Linear Relations Lesson #3:
Slope of a Line Segment

A trucker driving up a hill with a heavy load may be concerned with the steepness of the hill.
When building a roof, a builder may be concerned with the steepness (or pitch) of the roof.
A skier going down a hill may be concerned with the steepness of the ski hill.

In mathematics, the term‘slope is:used to'describe the steepness-of a'line'segment:

Slope of a Line Segment

The slope of a line segment is a measure of the steepness of the line segment.

It is the ratio of rise (the change in vertical height between the endpoints)
over run (the change in horizontal length between the endpoints).

Slope = rise /l. T
run
V

¢ the rise is POSITIVE if we count UP, and NEGATIVE if we count DOWN.
« the run is POSITIVE if we count RIGHT, and NEGATIVE if we count LEFT. <—-—-—;>

-

Each line segment on the grid has endpoints with integer coordinates.

Complete the table below.
E VA
5
¢ il
g
< — ) >
/
)
_.5*
Line . Rise

Segment

GEESIENREES
EF __‘5 3 —-?’5\

:—,5—:2’:"‘2
> 5 3
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356  Characteristics of Linear Relations Lesson #3: Slope of a Line Segment

Investigation #1 | Investigating the Slope of Line Segments

a) Complete the chart. Write the slopes in simplest form. Q

| Line . _R
Segment Rise | Run Slope =
ab £ d L A

A
Al B3 SESEE S
19}

--------------

- - o e s
e s e e s o s 8

------

4D (\g S| 8:=2 | |azliiiiini

5C b I &= 2, | L
b) How are the slopes of the lineqse:gments related? \é POV/TB
e slope 15 Condistent onor m)m—

Slope of a Line \p\\\‘ygj{
The slopes of all line segments on a line are equal. S) OQP

The slope of a line representing the graph of a linear relation can be found using

slope = % for any two points on the line. S
e

Investigation #2 | Slopes of Horizontal and Vertical Line Segments G/
Consider the line segments in Grid 1 and Grid 2 below.
Grid 1 Grid 2
y
ng . SA-—IK
In
i
< + <t :
F
5 " 5
\ 4 \ 4

8
a) Determine the slopes of all the line segments in Grid 1. ?5 = O
b) Determine the slopes of all the line segments in Grid 2. 7 O—\- P 05&%
¢) Complete the following statements.

* Horizontal line segments have a slope of .
* Vertical line segments have an \J A_slope.
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Characteristics of Linear Relations Lesson #3 : Slope of a Line Segment 357

Investigation #3 | Positive and Negative Slopes

a) Each line on the grids passes through at least two points with integer coordinates.
Calculate the slope of each of the lines.

Remember on a Cartesian Plane

e the rise is POSITIVE if we count UP, and NECATIVE if we count DOWN
e the run is POSITIVE if we count RIGHT, and NEGATIVE if we count LEFT

Grid 1 Grid 2

74 y

\\ iy _‘ .\'
A 1 //— i\ | \LineS
- . ' 7{ (i X ~

/ ‘ \
¥
Table For Grid 1 Table For Grid 2

Line Slope Line Slope

]
T~

"\
'S

1 4

o[k R
S

'
W

b) Compare the slopes of:

* Line 1 and Line 4 * Line 2 and Line 5 * Line 3 and Line 6

SOpES O cppovi i Sl ) SO SKp0es

¢) Complete the following statements.
* A line which rists from left to right has a P 0{\‘6\& slope.

« A line which falls from left t-c-)\_ right has a —M slope.

Complete Assignment Questions #1 and #2
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358  Characteristics of Linear Relations Lesson #3: Slope of a Line Segment

A grid has been superimposed on the sketch. v TTTT 1T

a) Estimate the pitch (slope) of the roof to the ] (/
right of the worker’s head.

By

| A

b) Could the grid be used to estimate the pitch :
of the roof the worker is standing on? T P
Explain. N n

= —

Draw a line segment on the grid which passes A .
through the point (—4,2) and has a slope of = . C - r‘«}e
/

h

The line segment must be long enough to cross \G\ n
both the x-axis and the y-axis. < \.\ 4 w

Write the coordinates of three other points on the

line segment which have integer coordinates. d
5 N

4 42 M VT ~
:3_ >3 < 6724716(’03(9; ’:—‘ﬂ Q/.

A line segment has aslobe of —% and aris'e of 12 ulate the run as an exact value. |
5 o SR -5 542 | S0l fer X
T T |77

( N i
x= 121 [89) T~ x

|| Class Ex. #4

Complete Assignment Questions #3 - #13

\&
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Characteristics of Linear Relations Lesson #3 : Slope of a Line Segment 359

- Assignment

1. Each line segment on the grid has endpoints with integer coordinates. Complete the table.

VA
5 Line . _ Rise
AN Segment Rise | Run | Slope= Run
= AB
C X
< —~ P CD
- omi M
T H GH
=5
Y
2. Every line on the grid passes through at least N
two points with integer coordinates.
Calculate the slope of each of the lines. inell Lo~ i
: -
slope of Line 1 : _ ik 4/ e \
slope of Line 2: \\\ I \
y ]
slope of Line 3: / Line 5
Line 6 / I Q
Ny
slope of Line 4: // / \\
i
slope of Line 5:
slope of Line 6:
3. Draw aline segment on the grid which passes
through the point (-5,-2) and has a slope VA
S
of % The line segment must be long -
enough to cross both the x-axis and
the y-axis.
< 3 >
Write the coordinates of three other =
points on the line segment which have
integer coordinates.
=5
Y
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360 Characteristics of Linear Relations Lesson #3: Slope of a Line Segment

4. Repeat question #3 for line segments with the given slope passing through the given point.

y
a) slope = %‘, 2,1) 5A . (/
1 :
b) SIOPe =_§’ (6’—3) <= 3 3 P
VA

¢) slope= —%, (-9,6)

Qn

\

d) slope =4, (0,-7) 2 -

e ey
Q7

e) slope=-2, (4,-12)

f) slope=0, (0,6) -1 1

=
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Characteristics of Linear Relations Lesson #3 : Slope of a Line Segment 361

S. P has coordinates (~1,2). Find two positions for point Q so that the slope of PQ is

a) 2 b) -3 c) %
2
d) ~3 e) O . f) undefined
6. Two of three measures are given for rise, run, and slope.
Calculate the value of the third measure in each of the following.
a) slope= ; and run =49 b) slope =—% and rise = 15
6 3 .
¢) slope= 11 and run = 33 d) slope = 2 and rise =15

7. A ramp which has been set up by skateboarders has a slope of % . Calculate the height of
the ramp if the it has a base length of 1.5 metres.
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362  Characteristics of Linear Relations Lesson #3: Slope of a Line Segment

8. Triangle ABC is isosceles with AB=AC and BC=6.8 cm. Calculate the area of the

triangle if the slope of AC = —% .

YIUGHEN9.  The slope of PQ is
Choice

A.
B

Jw

<4$P
N

N
v

.

C
D.

W We plw s

10. The point (-4,0) is on a line which has a slope of —-% . The next point with integer
coordinates on the line to the right of (—4,0) is

A. (9,-2)
B. (-9,2)
C. (1,-2)
D. (-2,-5)

11. P isapointin quadrantl, Q is a point in quadrant II, R is a point in quadrant IIl,
and S is a point in quadrant IV.

Which one of the following statements must be true?

A. Line segment PQ has a positive slope.
B. Line segment OR has a positive slope.
C. Line segment PR has a positive slope.
D. Line segment OS has a positive slope.
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Characteristics of Linear Relations Lesson #3 : Slope of a Line Segment 363

Use the following information to answer questions #12 and #13.

~ A pyramid has a square base
of length 12 m and a vertical
height of 15 m.

............

N
Response

MRGsil12. A beetle starts to climb the pyramid starting from the midpoint of one of the faces.
To the nearest tenth, the slope of the beetle’s climb is .

(Record your answer in the numerical response box from left to right)

13. A fly starts to climb the pyramid along one of the edges.
To the nearest tenth, the slope of the fly’s climb is .

(Record your answer in the numerical response box from left to right)

Copyright © by Absolute Value Publications. This book is NOT covered by the Cancopy agreement.




364 Characteristics of Linear Relations Lesson #3: Slope of a Line Segment

Answer Key
1. 2. slopeoflinel = —;—, slope of line 2 = -2, slope of line 3 =1 /
. I &
Selé:i::n | Rise | Run | Slope= %’E"& slope of line 4 =4, slope of line 5 = 2 slope of line 6 = 2

AB ~7 L -7/‘,.

CcD 3 5 3/5

BElalv ] =1

Hlol1] %:0
3. Any three of (-8,-4), (-2,0), (1,2), (4,4)

8
R R e - S —
4.
? & 5 11%
N f ‘l"r)
- - 4+ 4

I~ N

e 4 - i alnEEES] -
it C
- - N
=5 - Seif it
| | v
a) (-8,-3), (-3,-1), (7,3) ¢) (-6,2), (-3,-2), (0,—6) e)Many possible answers including
(29 _8)’ (0’ _4)3 (—2’ 0)
b) Any3of(-9,2), (~6,1),(-3,0) d) (1,-3),(2,1),(3,5) f) Many possible answers including
0,-1),(3,-2),(9.-4) (1,6),(2,6),(3,6)

6. a) rise=35 b) run=-40 ¢) rise= —18 d) run=20
7. 1metre 8. 14.45cm? 9. D 10. C 11.
12.] 2 . 5 13. 1 . 8

. Many possible answers, including any two from:

a) (-3,-2),(-2,0),(0,4), (1,6) b) (-3,8),(-2,5),(0,-1), (1,4),
C) (21 3), (Sa 4)9 (_4, l)’ (—7’ 0) d) (-11’ 6)9 (-6’ 4)s (4, 0)’ (9’ —2)
e) (-3,2),(-2,2), 0,2),(1,2) f) (-1,1), (-1,0), (-1,-1), (-1,3)

N/
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