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POINTS, LINES,

i Technically, the words “poinl” “line.” “plane”;
tcannol be defined withouw! using circular:

| regsoning

iDIMENSION 0: POINTS :

© Point: A specific location in space with no |
© width, length, or height. Point 7 is denoted |

. by adot: =

" but the dot is thick and only a crude

representation of the actual point.

i DIMENSION 1: ;
lLiNES, RAYS, SEGMENTS |

. Line: A line is an infinite
. colleetion  of points
Carrayed in a straight
© formation with only one
dimension: length.

B

Line W

¢ Two rays that share a common endpoint |
create an angle. The common endpoint is |

- called the vertex of the angle.
— We
by rotating a
counterclockwise,
between the angle's initial side (starting

ray clockwise

and

(end position of the ray).

— Notation: Rays
LBAC (or LOCAB).

¢ A pair of rays actually
creale o angles jone is

bigger than half o —
: revolution). To  ovoid ‘J"“‘ and :
confusion, indicate Ihe {BAC, both

one you mean with on arc

| MEASURING ANGLES; i
CONGRUENT ANGLES :

We measure angles to see how wide or

narrow they are. The measure of /A is:

denoted m s A.

—In geometry, angles are usually

measured in degrees (7). A degree is a |

unit of angle measure in which a
complete revolution is 3607; each degree
is subdivided into 60 minutes ('), and
each minute is subdivided
seconds ().

nto Gl

— Angles can also be measured in radians ;

(rad). A complete revolution measures
2 radians,

radian measure of an angle is the length of an
arc of a circle of radius 1 cut off by that ongle.

. Converting between degrees and radians:

1 revolution = 360° = 27 rad
o :

1 rad = 227 = L revolution

19 = 55 rad = —!li—" revolution

. Congruent angles: If /A and /3 have the
- same measure, they are congruent. Write

|PARALLEL AND

AB and AC create angle

. perpendicular, In di
! indicated with a square bracket.

with vertex A, -

PLANES

— Any two different points define a unique |

line. The line containing points A and B
is denoted AR,

— Three or more points
that lie on a line are
collinear. Three or
maore points that do
not lie on the same
line are non-
collinear. Any two
points are collinear,

—1f three points are

Points A, B, C'
are collinear
B, D, E are nol
Also, A—B—C'

collinear, one of them is between the

other two. Notation: A—B—C' (or
C'—B—A) means that point B is
between points A and €.

Line segment: A portion of a line with two
. endpoints and finite length. The segment

(A= /BormiA-=
congruent angles are noted by crossing the

m/ B In diagrams,

strokes. See diogrom in Angle pairs: Verfical
angles, below

Zero angle: ()°. The two rays coincide,
.

zerp angle
meARC =0

- Right angle: 90°. The two rays are
rams, a right angle is .

right angle
me ABC = 80

Straight angle: 15807, The two rays are :

apposite,
L of 8 i
- e
straight angle
m< ABC = 180

Acute angle: Less than 90°. Between a zero
angle and a right angle; the angle is "sharp.”
"

el angle

E — — | Obtuse angle: Greater than 907 and less ©
Rodion measure is technically unitless: the | H

than 180°. Between a right angle and a

straight angle; the angle is “blunt.”
a0y

180

wbtiaae e

Oblique angle: Either acute or obtuse (not

: zero, right, or straight).

- portion of a line that

1 are complementary

with endpaoints A and

B is denoted AB.

— A segment is the
set of all points
hetween the two
endpoints, \ [

Ray: A "half-line"—a | segment AB;

has an endpoint and oy &0

extends without end in one direction. The

ray with endpoint A extending through

Bis denoted AB.

— AB is the set of all points X such that X
is between A and I8 or B is between A
and X.

— Two rays that have a eommon endpoint
but extend in opposite directions are

called opposite rays.

|
¢ are of the angle with an equal number of Adjacent angles: Two angles that have a
an think of an angle as being formed |
or |
distinguish !
= :

position of the ray) and terminal side |

common vertex and a common side (but no !
| common interior points),

KH.J and
supplementary, they
are also adjacent

¥ JHT are
ABC and LDEF

Vertical angles: Two intersecting lines (or
segments) form four angles: two pairs of

angles in each pair are congruent. Any two
adjacent angles will be supplementary.
— If one of the angles in the intersection
of two lines is a right angle, then all
four angles are right angles.

1 and
angles; <2 and 4
are verfical angles

Lines f, and ¢4
Intersect in four right

angles

. angles are congruent.

. congruent. Here, /1 = /8and £2 =/
* Interior angle pairs: Two pairs; on the same

3 ore vertical ;

HANGLE BISECTOR :

HDIMENSION 2: PLANES 5

Plane: A flat, boundless surface in space .

with two dimensions: length and width, A

plane has no height. !

— Any three noncollinear points define a
unique plane. |

— Any line and a point not on the line
define a unique plane.

— A set of points or lines are coplanar if |
they lie in the same plane; non-coplanar |
if they do not.

DIMENSION 3: SPACE i

Space: The infinite set of all points. Space !
has three dimensions: length, width,

height.

PARALLEL LINES :
HCUT BY TRANSVERSAL :

Two parallel lines interesected by a

! fransversal—a line not parallel to either-

. create 8 angles (four sets of vertical angles)
Complementary angles: A pair of angles the |
! sum of whose measure is 90°, 4
. Supplementary angles: A pair of angles the |

! sum of whose measure is 180°,

with special relationships.

Parallel lines AH and U1 are cut by the
transversal EF'. Here /1 2= /d =
and /22

' BE T
angle pairs: Four pairs; on the

5= rB

+ same side of the transversal and separated

by one of the parallel lines. Corresponding
Here £1 = /F
L7and /4 = /8,

/2= (6

; ; g ' " Aternate interior angle pairs: Two pairs; |
opposing  vertical angles. The vertical between the parallel lines, on opposite sides

of the transversal. Alternate interior angles
are congruent. Here, /3 = /Gand /4 == /5.
Alternate exterior angle pairs: Two pairs;
outside the parallel lines, on opposite sides of |
the transversal. Alternate exterior angles are |

side of the transversal. Interior angles are |
supplementary. Here, /3 and £5; /4 and /6. |

The ray that lies within the interior of an |
angle with its endpoint on the vertex of that |

. angle is the angle bisector if it creates two |

new angles of equal measure.

i
Ray B bisecls

S PARALLEL LINES :

If two lines are in the same plane, then they |
- either intesect or are parallel. Parallel lines |
never intersect. If two lines [ and /5 are

parallel, we can write £ || 4.
Parallel Postulate: Given a line and a point
not on the line, there is exactly one line
through that point parallel to the given line.

£y and {4 are porallel. Line £ is the unigue
line through point I paraliel o {3

HPERPENDICULAR LINES i

Two interesecting lines are perpendicular if
their intersection forms a right angle

i (equivalently, four right angles), If #; and
i £ are perpendicular, we write £, | 5.

—Given a line and any point (whether on

the line or not), there is exactly one !

perpendicular to the line that passes
through the point.

In both diagrams, £4 1s the unique line
perpendicular fo ¢} and passing through P




A line segment has a specific length. If the |

length of AB is 5, we write AB =

—Two segments that have the same;

length are congruent; we write

AB=CDor AB=CD.

BISECTING A SEGMENT

— Midpoint of a segment: The point an a

segment that lies exactly halfway:

between the two endpoints,
— Bisector of a segment: Any line passing
through the midpoint of a segment.

— Perpendicular bisector: A line bisecting |

and perpendicular to a segment, Every

segment has a unique perpendicular
bisector.

£y, 2, ond £y,
bisector Here AM = MB
Any point on the perpendicular
bisector is equidistant from the
endpaoints of the bisected segment.

POLYGONS IN THE PLANE

Segmen! AT with midpoint M and bisectors !
Line ¥} is the perpendicular !

A MEASURING DISTANCE

i =

The distance between two points is the .

. length of the segment connecting them.

| From a point to a line:

i The distance from a point and a line is the

. shortest distance from the point to any

point on the line.

— The shortest distance between a point
and a line is always along a perpen-
dicular.

— A point that is the same distance away from

two points (or from two lines, or from a line
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and a point) is said

to be  equidistant 1
from them. |
Between two parallel @

lines:
- The distance between
two parallel lines is
the shortest distance
between

The distonce
between line { and |
paint 1*1s the
length of the
segmen! P

any  two
points on those lines,
Drop a perpendicular from any point on

one line to the other line, and measure the |

distance,

A polygon is a plane figure composed of
segments joined at endpoints. These

endpoints are the verfices (sing. vertex) of a |
The segments are called sides. |

polygon.
The number of sides and vertices is equal.

— A polyvgon is named by listing its

vertices in order, often (but not always)
starting with the left and
proceeding clockwise,

— The angles of a polygon are understood
to mean the “inside” angles.

— Twao sides that share a vertex are called
adjacent. Two endpoints of a single
polygon side are consecutive vertices,

Diagonal of a polygon: A segment whose
endpoints are non-consecutive vertices,

Congruent polygons: Two polygons are
congruent if they are the same shape
and size: respective sides and angles are
congruent. .

lower

= D

F E

Polygon ABCDEF with diagonal DF
5 0 concave hEXCIgOn

Also, miA = 58"; miB = 23F

Similar polygons: Two polygons are
similar if they have the same shape; one
is an enlarged version of the other.
Corresponding angles are congruent;
corresponding lengths
proportional to each other. See Triongle
Congruence and Sirmilarity.

side

Perimeter: The perimeter of a polygon is .

the sum of the lengths of all of its sides.
Area: The area of a polygon is 4 mea

measured in terms of how many unit

squares (basic unit of area) can fit

inside.
Classifying polygons by number of sides
3 triangle 8 octagon
4 quadrilateral 9 nonagon
5 pentagon 10 decagon
6 hexagon 12 dodecagon
7 seplagon noon-gon
Classifying polygons by shape

Convex polygon: A polvgon whose angles

are all less than 1807,
usage, “polvgon”

gon.

In common

Concave polygon: A polygon with at least |
one angle measuring more than 1807, |

Polygon ABC DEF lefi, is concave.

are |

e of |
how much plane space it encloses, |

means “convex poly- |

Equilateral  polygon: A o
polygon all of whose sides

are congruent. Equilateral

— Perimeter: penlogon

" = (mamber of sides) > {side length)

Equiangular  polygon: A

polygon all of whose angles Q

are congruent. Necessarily

CONVEX.
pentagon |

Regular polygon: A polygon
all of whose sides are
congruent and all of whose
angles are congruent.

Necessarily convex.

—Center of a regular Reguiar
polygon: The point in the pentogonwith
middle that is equidistant center () and
from all the vertices (also, ~ Opoihema

from the midpoint of every
side).

— Apothem: Segment connecting the
center and the midpoint of a side in a
regular polygon.

Perimeter:
P = (number of sides) = (side length)

— Area:

A= %L."i < (apothem length)

Equiangular !

| Number of Diagonals
| A polygon with 2 sides has exaetly "%
- diagonals.

Angle Sums
. — The sum of the n interior angles of any |
| polygonis (n — 2)180%.
| — Exterior angle: Any angle less than 1807
has a corresponding exterior angle (see |
diagram). In a convex polygon, the sum
360°.

of all the exterior angles is

Quadrilateral with exterior ongles 1, 2, 3, 4

! The sum of the four exterior angle measures

[

QUADRILATERALS: 4 SIDES

four |
Al ;

Quadrilaterals have four sides,
vertices, and two diagonals.
quadrilalerals discussed below are convex

Types of quadnlaterals

A parallelogram is a quadrilateral with two

pairs of parallel sides.

Properties

— Opposite
congruent,

— Opposite angles are congruent.

— Diagonals bisect each other.

— Sum of interior angles is 3607, Any pair |
of unequal angles is supplementary. ;

Altitude: Perpendicular dropped between a |
pair of oppesite sides, often from a |

sides  are and

parallel

wrlm: of the top side. Depends on point !
;in diagrams, we usually draw

the altitude between the sides that are |

horizonal in the page.

— The length of the altitude is called the
height of a parallelogram.

— The side to which the altitude is dropped
is called the base of the parallelogram.

Perimeter:

F = 2{sum of lengths of two unequal sides)

Area: A = (base) = (height)

B C
height
A n
Parallelogram ABC D
Diagonals: AC and D
Parallel sides: AR || €D and BC || AD
: Congruent sides: AB = D, BC = AD,
| Bisecled diogonals: AP = PC', BP = PD
! Congruen! angles: m: A = m/C and
: mill=miD
i Supplementary angles:  mcA 4+ mdiB
miC +miB il O+ mi )
meA+mil)= 180

HRECTANGLE &
- Arectangle is a quad

- angles. It is necessarily a parallelogram.

Special types of Parallelograms
— Rectangle: All four angles are right
angles. Equiangular quadrilateral.

— Rhombus: All four sides are congruent, -

Equilateral parallelogram.

—Square: Four congruent sides and
four congruent  angles.
quadrilateral, Both a rectangle and a
rhombus.

ateral with four right

Properties

— Opposite sides are parallel and congruent.

— Diagomals are congruent and bisect each other,
- All four angles are equal and measure 907,

Perimeter: [* = 2 ((base) + (height))

Area: A = (base) = (height)

A rhombus is a parallelogram with four |

| congruent sides.

Properties !

— Opposite sides are parallel; all sides are |
congruent.

— Opposite angles are congruent.

Regular

. — All angles are equal

. — Diagonals

HRHOMBUS -

| Perimiter:
Area:

— Diagonals are B ‘
perpendicular  to v
and  bisect  each
other; diagonals i A
bisect angles. Ehnml;ﬁs

aRaO L \BCD

A(side length)

Area: |

A= %llum: diagonal) x (short diagonal)

| A square has four right angles and four equal |
sides. 1t is both a rectangle and a rhombus.
. Properties

. — Opposite sides are

parallel; all sides are
congruent.

and measure 907,
are
perpendicular and congruent; they |
hisect each other and divide the square |
into four 45°-45% 90° right triangles. :
The length of a diagonal is
V2(side length).

P = d(side length)

A=

Square ABCL

(side Il".!l};l.l!]l‘,







