
Unit 3 – Parallel and 
Perpendicular Lines 



| Parallel lines never meet. 

You might think that’s sad... 

 

 
But Perpendicular lines meet  

only once, and drift apart 
forever...which is even worse.  

 



3.1 – Parallel Lines

|  Objective: We have seen angles 
formed by two intersecting lines 
(linear pairs and vertical angles). 
Now we want to look at three 
intersecting lines.



|  Defini&on	-	Two	lines	are	______________	if	
they	never	intersect.	

|  Defini&on	-	Two	lines	are	___________	if	they	
do	not	____________	and	are	not	
____________	



	

	

|  List	which	lines	are	parallel?	Skew?	Not	
parallel?	

| Do	lines	k	and	j	intersect?	

k 

m	

n	

U

T

j	



Example	1)	Identify	each	of	the	following	using	the	
box	below.	

	

	

(a)	all	segments	parallel	to	BC	

	

(b)	all	segments	skew	to	EH	

	

(c)	all	planes	parallel	to	plane	ABG	

A 

D 

H 

E 

C 

F 

G 

B 



|  Euclid	(circa	325	BC	–	265	BC)	–	mathematician	
in	ancient	Egypt	who	wrote	The	Elements,	a	
series	of	13	mathematics	texts	that	begin	with	
deMinitions	and	postulates.	
{  The	Mifth,	and	one	of	his	most		
important	postulates	was	called	the		
Parallel	Postulate.	

http://www-groups.dcs.st-and.ac.uk/~history/Biographies/Euclid.html  



|  Euclid’s	Parallel	Postulate:	

|  If	there	is	a	line	and	a	point	_____	___	____	
________,	then	there	is	exactly	one	line	
through	the	point	____________	to	the	given	
line.	(Draw	a	line	through	“p”	below)	

p 

l 



|  Defini&on	–	a	_______________	is	a	line	that	
intersects	two	or	more	_______________	lines	
at	different	points.	(Draw	a	line	“t”	through	
“m”	and	“l”)	

l 

m 
t 



|  Angles formed by Transversals - 

t
2 

6 
4 

5 



|  Angles formed by Transversals - 

t

8 

1 
3 
5 



Example	2)	Identify	all	pairs	of	angles	of	the	
given	type.	

a)	Corresponding									b)	Alternate	Interior	

	

8
7

65

3 4
21



Example	2b)	Identify	all	pairs	of	angles	of	the	
given	type.	

c)	Alternate	Exterior				d)	Consecutive	

8
7

65

3 4
21



Example	3)	Classify	each	pair	of	angles.	

	

	

	

	

(a)	∠4	and	∠9 	 	 	(b)	∠5	and	∠7	

(c)	∠3	and	∠5 	 	 	(d)	∠10	and	∠11	

(e)	∠1	and	∠6 	 	 	(f)	∠6	and	∠8	

2	1	

5	

3	 4	

6	

8	 9	

11	 12	
10	

7	



|  Exit Question: Find the measure of ∠1

127.5˚1



3.2 – Parallel Lines and 
Angles

|  Given two lines cut by a 
transversal, we want to look 
specifically at two parallel lines 
cut by a transversal, so that we 
can understand angles formed by 
light.



|  Postulate	#1	-	_____________	___________	
Postulate	-	If	two	parallel	lines	are	cut	by	a	
transversal,	then	the	pairs	of	corresponding	
angles	are	_____________.	

2

6



|  Thm	#1	-	_____________	____________	
_________	Theorem	–	Alternate	Interior	Angles	
are	_______________.	

3
6



|  Thm	#2	-	______________	_____________	
Theorem	–	Consecu&ve	angles	(or	“same	side	
interior”)	add	up	to	_________.	

4
6



|  Thm	#3	-	______________	_____________	
___________	theorem	–	alternate	exterior	
angles	are	______________.	

2

7



|  Example 1) Find the value of x.

82.5˚
2



|  Example 2) If m∠1 = 105°, find m∠4, 
m∠5 and m∠8.

1
2

3
4 56

78



|  Example 3) If m∠3 = 68°, and m∠8 = (2x 
+ 4), find the value of x.

1
2

3
4 56

78



Example	4)	Find	the	value	of	the	variable.	

98° 

(4y)° 

92° (2x + 36)° 



|  Example	5)	Probability.	Suppose	that	you	pick	
two	angles	in	the	Figure	below.	What	is	the	
probability	that	you	select	two	equal	angles?	(Hint:	
list	all	possible	combinations!)	

1
24

3



|  Exit Question: Find the measure of ∠1

127.5˚

1



3.3	–	Slope	of	Parallel	and	
Perpendicular	Lines	

|  Objective	-	We	used	properties	of	
parallel	lines	to	<ind	angle	measures,	
and	we	will	<ind	and	compare	slopes	
of	lines.	



|  Defini&on-	the	____________	of	a	nonver&cal	
line	is	the	ra&o	of	___________	_________	
(rise)	to	___________	_________	(run)	
between	any	two	points	on	a	line.	

y 

x 

m	=																		=																														=	



|  Slope of lines in a coordinate plane: 

Negative Slope 
Positive Slope 
Zero Slope 
Undefined 

j 
y 

m 

l k 

x 



|  Example 1) Find the slope of line c.

y 

x 

c (0, 4) (6,4) 



|  Example 1b) Find the slope of line a and line d.

y 

x 

d a 

(8,2) 

(6,4) 

(6,0) 



|  Example	1c)	Write	an	equation	of	the	line	in	
point-slope	form	that	passes	through	the	point	
(2,	-4)	and	has	slope	m	=	2	



|  Example	1d)	Write	an	equation	of	the	line	in	
point	slope	form	that	passes	through	the	point	
(-1,	-4)	and	has	slope	m	=	5	



|  Postulate	#2	-	Slopes	of	Parallel	Lines	-	
In	a	coordinate	plane,	two	lines	are	
___________	ó	they	have	the	
__________	_________.	



|  Example 2) Find the slope of line a and line d.

y 

x 

d 
a 

(8,0) 

(4,6) 

(6,0) 



|  Postulate	#3	-	Slope	of	Perpendicular	Lines	-	
In	a	coordinate	plane,	two	lines	are	
_______________	IFF	their	slopes	are	
“___________	____________” of	one	
another.	

|  Ex)	What	is	the	nega4ve	reciprocal	of	5/4	?	



|  Example 3) Find the slope of line b and d.

y 

x 

d 

b (2,4) 

(5,6) 

(4,3) (8,2) 



|  Example 4) Line n passes through (0, 2) and (6, 5). 
Line m passes through (2, 4) and (4, 0). Are the 
lines parallel, perpendicular, or neither?



|  Example 5) Line m passes through (-1, 3) and 
(4, 1). Line t passes through (-2, -1) and (3, 
-3). Are the lines parallel, perpendicular, or 
neither? 



|  Example	6)	During	the	climb	on	the	“Kingda	Ka”	
roller	coaster	at	Six	Flags,	you	move	90	feet	
upward	for	every	41	feet	you	move	horizontally.	
At	the	crest	of	the	hill,	you	are	450	feet	high.	How	
far	have	you	moved	horizontally	when	the	
coaster	is	at	the	top	of	the	crest?	



|  Example	6b)	During	the	climb	on	the	“Kingda	Ka”	
roller	coaster	at	Six	Flags,	you	move	90	feet	
upward	for	every	41	feet	you	move	horizontally.	
At	the	crest	of	the	hill,	you	are	450	feet	high.	
Write	an	equation	that	represents	the	height	
Kingda	Ka	climbs	for	each	foot	it	moves	
horizontally.	What	does	this	represent?	



|  Exit Question) Line q passes through points (0, 0) 
and (-4, 5). Line t passes through points (0,0) and 
(-10, 7). Which line is steeper?



3.4 – Parallel and 
Perpendicular Line 

Equations
|  Objective - We will use slope in 

order to find equations of lines in 
slope-intercept form, point-slope 
form, and standard form



|  Defini&on	–	One	form	for	the	equa&on	of	a	line	
is	________	_________	_______,	where	m	is	
the	slope	and	b	is	the	y-intercept	

y	=	___x	+	___	

y 

x 

(0,	b)	



|  Example 1) Write an equation of the line in 
slope intercept form.

y 

x 

(0,4) 

(2,0) 



|  Definition - The _______-________ _________ 
for the equation of a line is given by

|  Where m = _______ and __________  is a point 
on the line.

y 

x 



|  Example 1b) Write an equation of the line 
in point-slope form.

y 

x 

(2, 3) 

(8, 1) 



|  Defini&on	-	The	standard	form	for	the	equa&on	
of	a	line	is	given	by		

	___x	+	___y	=	___	

| where	A	and	B	can	be	used	to	find	x	and	y	
intercepts.	We	can	change	to	“slope-intercept	
form”	by	________	____	_________	for	y.	

y 

x 



|  Example	2)	Graph	the	equa&on	3x	+	4y	=	12	by	
finding	x	and	y	intercepts	

A triangle has the following 
vertices:
A (1,5)
B (6,2)
C (6,4)
Graph the original triangle.  Then 
find the coordinates of the triangle 
after it is reflected in the x-axis, 
and graph the image.

Reflections



|  Example	2b)	Graph	the	equa&on	5x	-	2y	=	15	by	
finding	x	and	y	intercepts.	



|  Example	3)	Write	the	equa&on	3x	+	4y	=	12	in	
slope-intercept	form.	Then	graph	the	equa&on	to	
see	it	is	the	same	as	example	2.	

A triangle has the following 
vertices:
A (1,5)
B (6,2)
C (6,4)
Graph the original triangle.  Then 
find the coordinates of the triangle 
after it is reflected in the x-axis, 
and graph the image.

Reflections



|  Remark	–	Horizontal	and	VerDcal	Lines	

|  The	equa&on	of	a	___________	_____	is	_____	

|  The	equa&on	of	a	___________	_____	is	_____	
	
Ex)	Draw	x	=	-3	
Ex)	Draw	y	=	5	
At	what	point	do	they	
intersect?	

A triangle has the following 
vertices:
A (1,5)
B (6,2)
C (6,4)
Graph the original triangle.  Then 
find the coordinates of the triangle 
after it is reflected in the x-axis, 
and graph the image.

Reflections



|  Example 5) What is the slope of the line 
parallel to the line with equation y = 2x - 
3?



|  Example 5b) Write the equation of the line 
passing through the point (-1, 1) that is 
parallel to the line with equation y = 2x - 
3?



|  Example 6b) Write an equation of the line j 
passing through the point (2,3) that is 
perpendicular to the line k with the 
equation

|  y = -2x + 2. 



|  Example 7) Write an equation of the line j 
passing through the point (-1, 1) that is 
perpendicular to the line k with the 
equation

|  y = (7/3)x + 10. 



|  Example 8 (Challenge) - Find a value for k so 
that the line through (-1, k) and (-7, -2) is 
parallel to the line with equation y = x + 1.



Example	9)	You	can	rent	DVDs	at	a	local	store	for	$4.00	
each.	“Nedlix”	offers	a	flat	fee	of	$15.00	per	month	for	
unlimited	rentals.		
(a)	Write	and	graph	two	equa&ons	to	model	the	
situa&on.		
(b)	How	many	DVDs	do	you	need	to	rent	to	make	the	
online	“Nedlix”	rentals	a	beger	buy?	



|  Exit Problem) Write an equation of the line 
that passes through the point P(-1, 0) and 
has slope m = -1.



3.5 - Prove Lines are 
parallel

|  Objective: we will use 
Corresponding angles, Alternate 
Interior angles, Alternate Exterior 
angles, and Consecutive angles in 
order to prove lines are parallel.



|  Postulate	#4	-	_______________	___________	
___________	–	If	corresponding	angles	are	
congruent,	then	the	lines	are	_________.	

2 

6 

j 

k 



|  Thm	#4	-	__________	__________	_________	
__________⇒	lines	j	and	k	are	parallel	

|  Thm	#5	-	__________	___________	_________	
__________	⇒	lines	j	and	k	are	parallel	

4 
5 

j 

k 

8 

1 



|  Thm #6 - Consecutive angles add to ______° ⇒ 
lines j and k are parallel

4 
6 

j 

k 



|  Example	1)	Find	the	value	of	x	that	makes	
m	||	n.		

65˚

(3x+5)˚
m

n



|  Example	3)	r||s	and	∠1	≅	∠3.	Prove	p||q.	

p 

q 

3 

2 1 

Given: ∠1 ≅ ∠3 
Prove: p || q s r 



|  Thm	#7	-	If	two	lines	are	_____________	to	the	
same	line,	then	they	are	____________	to	each	
other	(draw	parallel	nota&on	on	the	lines	
below).	

p q r 



|  Example 4. Find the values of x and y. 

(3x + 13)° 

127° (y - 37)° 



|  Example 4b (Challenge). Find the 
values of x and y. 

124° 

(y - 8)° 

60° 2x° 



|  Exit Question: Find the value of x that 
makes m ❘❘ n.

x˚
2x˚



3.6	–	Distance	and	
Perpendicular	Lines	

|  Objective	-	Given	Theorems	about	
Perpendicular	lines,	we	will	be	able	to	
prove	theorems	and	analyze	
perpendicular	lines.	



|  Remark	–	The	shortest	distance	between	a	
point	and	a	line	is	the	_____________	
distance.	

|  This	is	also	true	for	the	distance	between	two	
____________	lines.	



|  Theorem	-	In	a	plane,	if	two	lines	are	
_______________	(90°)	to	the	same	line,	then	
the	lines	are	____________.	

p 

n m 



|  Example 1) Determine which lines, if any, must be 
parallel in the diagram. Explain your reasoning.

c e d 

b 

a 



Example	2a)	Solve	the	system	of	equations:	

	

y	–	4	=	1(x	–	5)	

y	+	2	=	-1(x	–	5)	



Example	2a	con’t)	Find	the	distance	between	the	
two	points	(use	the	Distance	Formula!):	

	

(5,	-2)	and	(2,	1)	



Example	2a	con’t)	Line	“l”	is	given	by	the	equation	y	
–	4	=	1(x	–	5).	Find	the	distance	between	line	“l”	and	
the	point	P(5,	-2).	Leave	your	answer	in	simplest	
radical	form.	

A triangle has the following 
vertices:
A (1,5)
B (6,2)
C (6,4)
Graph the original triangle.  Then 
find the coordinates of the triangle 
after it is reflected in the x-axis, 
and graph the image.

Reflections



Example	2b)	Think,	Pair,	Share.	Line	“s”	contains	
the	point	(0,	0)	and	(-5,	5).	Find	the	distance	
between	line	“s”	and	point	V(1,	5)	

A triangle has the following 
vertices:
A (1,5)
B (6,2)
C (6,4)
Graph the original triangle.  Then 
find the coordinates of the triangle 
after it is reflected in the x-axis, 
and graph the image.

Reflections



|  Example 3) (Challenge)In the graph, what is 
the shortest distance from point A to line 
C? (use the Distance Formula)

A 

C 



|  Example 4) Use the diagram to find the 
measure of each angle: 

1 

25° 

2 
3 

4 



|  Example 4b) Use the diagram to find 
the measure of each angle: 

1 25° 

2 

3 4 

5 

35° 

48° 



|  Exit Problem) Find the measure of ∠1.

1
65˚


