
 
1.1 POINTS, LINES, PLANES       GEOMETRY: Mrs. Portugues Brennan 
      
Undefined Terms (Building Blocks)      Drawing   Notation 

POINT:   Has not dimension (no size).        , A 
  It is represented with a dot.        
   
 

LINE:   Has one dimension (length)       
   

It is represented with a line with two arrowheads.     

  It includes at least two points. (two or more points)    
  Through any two points, one line can be drawn. 
  It extends without end. 

 
Note:   Two Capital Letters without a bar on top mean length. AB = 5; CA = 2; CB = 3 
  

PLANE:  Has two dimensions (length and width).    Plane M   
  It is represented by a shape that looks like a floor or wall.   Plane ABC  
  It includes at least three points not on the same line.    
  It extends in two dimensions without end. 

 
 

Other Terms: 
 
Collinear Points:  Points that lie on one line.   Vs. Non-Collinear points 
 

        
        .C 

 
Coplanar Points:  Points that line on one plane  Vs. Non-Coplanar Points 

                      
 
 

4 Chapter 1  Basics of Geometry

1.1 Lesson

Collinear points are points that lie on the same line. Coplanar points are points that 
lie in the same plane.

 Naming Points, Lines, and Planes

a. Give two other names for  ⃖ ""⃗ PQ  and plane R.

b. Name three points that are collinear. Name four 
points that are coplanar.

SOLUTION

a. Other names for  ⃖ ""⃗ PQ  are  ⃖ ""⃗ QP  and line n. Other 
names for plane R are plane SVT and plane PTV.

b. Points S, P, and T lie on the same line, so they are collinear. Points S, P, T, 
and V lie in the same plane, so they are coplanar.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1. Use the diagram in Example 1. Give two other names for  ⃖ ""⃗ ST  . Name a point 
that is not coplanar with points Q, S, and T.

undefi ned terms, p. 4
point, p. 4
line, p. 4
plane, p. 4
collinear points, p. 4
coplanar points, p. 4
defi ned terms, p. 5
line segment, or segment, p. 5
endpoints, p. 5
ray, p. 5
opposite rays, p. 5
intersection, p. 6

Core VocabularyCore Vocabullarry

What You Will LearnWhat You Will Learn
 Name points, lines, and planes.

 Name segments and rays.

 Sketch intersections of lines and planes.

 Solve real-life problems involving lines and planes.

Using Undefi ned Terms
In geometry, the words point, line, and plane are undefi ned terms. These words do 
not have formal defi nitions, but there is agreement about what they mean.

Core Core ConceptConcept
Undefi ned Terms: Point, Line, and Plane
Point A point has no dimension. A dot represents a point.

Line A line has one dimension. It is represented by a 
line with two arrowheads, but it extends without end.

 Through any two points, there is exactly one line. You 
can use any two points on a line to name it.

Plane A plane has two dimensions. It is represented 
by a shape that looks like a fl oor or a wall, but it 
extends without end.

Through any three points not on the same line, there 
is exactly one plane. You can use three points that 
are not all on the same line to name a plane.
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line   , line AB (AB),
or line BA (BA)
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A geometric plane is suggested by a floor, wall, or table top. Unlike a table
top, a plane extends without ending and has no thickness. Although a plane
has no edges, we usually picture a plane by drawing a four-sided figure as
shown below. We often label a plane with a capital letter.

Plane M PlaneN

In geometry, the termsp oint, line, and plane are accepted as intuitive ideas
and are not defined. These undefined terms are then used in the definitions of
other terms, such as those below.

Space is the set of all points.
Collinear points are points all in one line.

Collinear points

Coplanar points are points all in one plane.

a a

Noncollinear points

Coplanar points

Noncoplanar points

Some expressions commonly used to describe relationships between
points, lines, and planes follow In these expressions, intersects means "meets"
or "cuts." The intersectioil of two figures is the set of points that are in both
figures. Dashes in the diagrams indicate parts hidden from view in figures in
space.

A

Aisinl.
Aisonl.
I contains A.
/ passes through l.

2 / Chapter I

I and h intersect in O.
O is the intersection of / and h.
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PRACTICE 

 
  c. Name three points that are coplanar but not collinear. 

      d. Name a point that is not coplanar with points Q, S and T. 
 
 
___________________________________________________________________ 
DEFINED TERMS:      DRAWING   NOTATION 
Terms derived from undefined terms 
 (points, lines, planes) 
 
 

SEGMENTS  Contains at least two points .   or  
   Has one dimension (length)     
   Has a set length. 

 
 
 

RAY   Contains an endpoint and all      

   points on one side of a line      
 

 
 
 

OPPOSITE RAYS share the same endpoint     

   Point in opposite directions        opposite of  
 
 
 
 
SPACE: Has three dimensions (length, width, and height) 
  It extends in three dimensions without end. 
  It has an infinite number of points. 
 
 

4 Chapter 1  Basics of Geometry

1.1 Lesson

Collinear points are points that lie on the same line. Coplanar points are points that 
lie in the same plane.

 Naming Points, Lines, and Planes

a. Give two other names for  ⃖ ""⃗ PQ  and plane R.

b. Name three points that are collinear. Name four 
points that are coplanar.

SOLUTION

a. Other names for  ⃖ ""⃗ PQ  are  ⃖ ""⃗ QP  and line n. Other 
names for plane R are plane SVT and plane PTV.

b. Points S, P, and T lie on the same line, so they are collinear. Points S, P, T, 
and V lie in the same plane, so they are coplanar.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1. Use the diagram in Example 1. Give two other names for  ⃖ ""⃗ ST  . Name a point 
that is not coplanar with points Q, S, and T.

undefi ned terms, p. 4
point, p. 4
line, p. 4
plane, p. 4
collinear points, p. 4
coplanar points, p. 4
defi ned terms, p. 5
line segment, or segment, p. 5
endpoints, p. 5
ray, p. 5
opposite rays, p. 5
intersection, p. 6

Core VocabularyCore Vocabullarry

What You Will LearnWhat You Will Learn
 Name points, lines, and planes.

 Name segments and rays.

 Sketch intersections of lines and planes.

 Solve real-life problems involving lines and planes.

Using Undefi ned Terms
In geometry, the words point, line, and plane are undefi ned terms. These words do 
not have formal defi nitions, but there is agreement about what they mean.

Core Core ConceptConcept
Undefi ned Terms: Point, Line, and Plane
Point A point has no dimension. A dot represents a point.

Line A line has one dimension. It is represented by a 
line with two arrowheads, but it extends without end.

 Through any two points, there is exactly one line. You 
can use any two points on a line to name it.

Plane A plane has two dimensions. It is represented 
by a shape that looks like a fl oor or a wall, but it 
extends without end.

Through any three points not on the same line, there 
is exactly one plane. You can use three points that 
are not all on the same line to name a plane.

A

point A

A
B

line   , line AB (AB),
or line BA (BA)

A
C

M

B

plane M, or plane ABC

Q

PS

T mV

R

n

4 Chapter 1  Basics of Geometry

1.1 Lesson

Collinear points are points that lie on the same line. Coplanar points are points that 
lie in the same plane.

 Naming Points, Lines, and Planes

a. Give two other names for  ⃖ ""⃗ PQ  and plane R.

b. Name three points that are collinear. Name four 
points that are coplanar.

SOLUTION

a. Other names for  ⃖ ""⃗ PQ  are  ⃖ ""⃗ QP  and line n. Other 
names for plane R are plane SVT and plane PTV.

b. Points S, P, and T lie on the same line, so they are collinear. Points S, P, T, 
and V lie in the same plane, so they are coplanar.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1. Use the diagram in Example 1. Give two other names for  ⃖ ""⃗ ST  . Name a point 
that is not coplanar with points Q, S, and T.

undefi ned terms, p. 4
point, p. 4
line, p. 4
plane, p. 4
collinear points, p. 4
coplanar points, p. 4
defi ned terms, p. 5
line segment, or segment, p. 5
endpoints, p. 5
ray, p. 5
opposite rays, p. 5
intersection, p. 6

Core VocabularyCore Vocabullarry

What You Will LearnWhat You Will Learn
 Name points, lines, and planes.

 Name segments and rays.

 Sketch intersections of lines and planes.

 Solve real-life problems involving lines and planes.

Using Undefi ned Terms
In geometry, the words point, line, and plane are undefi ned terms. These words do 
not have formal defi nitions, but there is agreement about what they mean.

Core Core ConceptConcept
Undefi ned Terms: Point, Line, and Plane
Point A point has no dimension. A dot represents a point.

Line A line has one dimension. It is represented by a 
line with two arrowheads, but it extends without end.

 Through any two points, there is exactly one line. You 
can use any two points on a line to name it.

Plane A plane has two dimensions. It is represented 
by a shape that looks like a fl oor or a wall, but it 
extends without end.

Through any three points not on the same line, there 
is exactly one plane. You can use three points that 
are not all on the same line to name a plane.

A

point A

A
B

line   , line AB (AB),
or line BA (BA)

A
C

M

B

plane M, or plane ABC

Q

PS

T mV

R

n

 Section 1.1  Points, Lines, and Planes 5

Segments and rays are collinear when they lie on the same line. So, opposite rays are 
collinear. Lines, segments, and rays are coplanar when they lie in the same plane.

 Naming Segments, Rays, and Opposite Rays

a. Give another name for  — GH  .

b. Name all rays with endpoint J. Which 
of these rays are opposite rays?

SOLUTION

a. Another name for  — GH   is  — HG  . 

b. The rays with endpoint J are  !!!⃗ JE  ,  !!!⃗ JG  ,  !!!⃗ JF  , and  !!!⃗ JH  . The pairs of opposite rays 
with endpoint J are  !!!⃗ JE   and  !!!⃗ JF  , and  !!!⃗ JG   and  !!!⃗ JH  .
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Use the diagram.

 2. Give another name for  — KL  .

 3. Are  !!!⃗ KP  and  !!!⃗ PK  the same ray? Are  !!!⃗ NP  and  !!!!⃗ NM  the same ray? Explain.

Using Defi ned Terms
In geometry, terms that can be described using known words such as point or line are 
called defi ned terms.

Core Core ConceptConcept
Defi ned Terms: Segment and Ray
 The defi nitions below use line AB (written as  ⃖ !!⃗ AB  ) 
and points A and B.

Segment The line segment AB, or segment AB, 
(written as  — AB   ) consists of the endpoints A and B 
and all points on  ⃖ !!⃗ AB   that are between A and B. 
Note that  — AB   can also be named  — BA  .

Ray The ray AB (written as  !!!⃗ AB   ) consists of the 
endpoint A and all points on  ⃖ !!⃗ AB   that lie on the 
same side of A as B.

 Note that  !!!⃗ AB   and  !!!⃗ BA   are different rays.

Opposite Rays If point C lies on  ⃖ !!⃗ AB   between 
A and B, then  !!!⃗ CA  and  !!!⃗ CB  are opposite rays.

A B

line

A B

segment

endpoint endpoint

A B

ray

endpoint

A B

endpoint

A BC

COMMON ERROR
In Example 2,  !!!⃗ JG   and  !!!⃗ JF   
have a common endpoint, 
but they are not collinear. So, 
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Segments and rays are collinear when they lie on the same line. So, opposite rays are 
collinear. Lines, segments, and rays are coplanar when they lie in the same plane.
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a. Give another name for  — GH  .

b. Name all rays with endpoint J. Which 
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SOLUTION
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with endpoint J are  !!!⃗ JE   and  !!!⃗ JF  , and  !!!⃗ JG   and  !!!⃗ JH  .
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 2. Give another name for  — KL  .

 3. Are  !!!⃗ KP  and  !!!⃗ PK  the same ray? Are  !!!⃗ NP  and  !!!!⃗ NM  the same ray? Explain.
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called defi ned terms.
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 The defi nitions below use line AB (written as  ⃖ !!⃗ AB  ) 
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(written as  — AB   ) consists of the endpoints A and B 
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Note that  — AB   can also be named  — BA  .
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same side of A as B.
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k and P are in M.
M contains k and P.

7 intersects M in P.

P is the intersection of j and M.

In this book, whenever we refer, for example, to "two points" or "three
lines," we will mean dffirenr points or lines (or other geometric figures).

Classroom Exercises
Classify each statement as true or false.

l. f? intersects plare M at point o.
2. R, O, and S are collinear.
3. T, O, and R are collinear.
4. X, O, and Y are collinear.
5. R, O, S, and W are coplanar.
6. R, ,S, T, and X are coplanar.
7. R, X, and O are coplanar.

9. Does a plane have edges?

8. R, X, O, and )z are coplanar.

10. Can a given point be in two lines? in ten lines?
11. Can a given line be in two planes? in ten planes?

Name a fourth point that is in the same plane as the given points.

The plane that contains the top
called plane ABCD.

14. D, C, H
17. B, G, C

of the box can be

18. Are there more than four points in plane ABCD?
19. Are there any other points in td besides C ard G?

20. The intersection of planes ABFE and BCGF is ?

21. Name two planes that do not intersect.

M and N intersect in fri.
e
XY is the intersection of M
e
XY is in M and N.

eM and N contain XX

Exs. 12-21

and N.

12. A, B, C
15. A, D, E

13. E, F, H
16. B, E, F
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6 Chapter 1  Basics of Geometry

Sketching Intersections
Two or more geometric fi gures intersect when they have one or more points in 
common. The intersection of the fi gures is the set of points the fi gures have in 
common. Some examples of intersections are shown below.

m
A

n

     

q

The intersection of two 
different lines is a point.

  
The intersection of two 
different planes is a line.

 Sketching Intersections of Lines and Planes

a. Sketch a plane and a line that is in the plane.

b. Sketch a plane and a line that does not intersect the plane.

c. Sketch a plane and a line that intersects the plane at a point.

SOLUTION
a.  b.  c. 

 Sketching Intersections of Planes

Sketch two planes that intersect in a line.

SOLUTION

Step 1 Draw a vertical plane. Shade the plane.

Step 2 Draw a second plane that is horizontal. 
Shade this plane a different color. 
Use dashed lines to show where one 
plane is hidden.

Step 3 Draw the line of intersection.
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 4. Sketch two different lines that intersect a plane 
at the same point.

Use the diagram.

 5. Name the intersection of  ⃖ ""⃗ PQ  and line k.

 6. Name the intersection of plane A and plane B.

 7. Name the intersection of line k and plane A.

Q
M

P

B

k

A
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