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Definitions

Below is the picture of an angle. Pechnically, it is the union of
two rays with a common end point,

(Pig. 1)

The two reys are symbolized as TP and 5Q and the angle as / ABC, / CB4,
or / B. The rays are called the sides of the angle, ﬁ and ¥C in this

angle., The point of intersection of the rays, point B for this angle,
is called the vertex.

An angle separates the plane into three sets of points, the interior
of the angle, the exterior of the angle, and the angle.

7727 T T
i
77////

When o linear measurement is made, a unit of length is used. What
do you think would be used as & unit of measure for an angle? If you

Measuri les

said another angle, you were correct.
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Activities

In euch of the problems 1-5, use the given angle as the unit of measure
and measure each angle. Remeamber that meagurement is never exact, although
it may involve only a very small error, and give your answer to the nearest
unit of measure., (Copy the unit angle on another sheet of paper and use your
raler to tear it out.)

>
Unit Angle

1. /
B ~> m /ABC =

2.

(m / ABC means the
measure' of / ABC)

m / DEF =

Se

¢
\ n /ool =
>
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m/XKIM = .

C

5, €% R g n /PR = .

Just as the unit measure for length has been standaerdized, the unit
of measure for angles has also beeu standardized. The two most often
used units of measure for angles are the degree and the radian, For our
purposes we will use the degree as the unit of measure primarily because
an instrument for measuring angles in degrees is readily available., This
instrument is called a protractor., The following illustration will show
you how to measure an angle, in degrees, with a protractor.

The measure of the angle pictured in figure 3 is 50, That is, it
contains 50°, The measure of the angle is found in this manner:

50 - 0 50

or
18C - 130 = 50




When finding the measure of an angle using a protractor, always |
use the two outside numerals which are associated with the sides of the ,
angle or the two inside numerals., Never subtract a number of the ineide |
scale from & number of the outside scale or vice versa,

Activities

With the use of a protractor, find the measures of the following
angles, (Give your answer to the nearest degree. We will not be measuring
any angle whose measures are greater than 180 o)

1. A 2.
A
B (;é’ B i
|
i
? mLABC-___ m/m -
|
| 3o X
G
4
L
| ~—>
f H J
m JGHI =

n /KIM =




m /STU =

Use the drawing below to find the measures of the indicated angles,

Problem number 7 is an example,

0 11. mLABD = =

W

7. m /ABC = 140 =110 =
8. m /CED = 110 « 85 = 12, m L ABE = =

9 m/DBE = 85.- 60 = ______ 13

10. m / EBF
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In problers 14-18 use the drawing below and a protractor to £ill in the
blanks with the correct measures,

140 mLABC =
15 m /ABE =

160 m LEBD =

SRR
hr

17 m / ABD

18, m / DBC

Angles and Triaggles B c >

The figure below is a picture of a triangle, Technically, a triangle
is the union of three line segments with three noncollinear points. The
three noncollinear points are represented by A, By, and C in this drawing.
(Three points are noncollinear if there is no line which contains all
three points.) Triangle ABC is symbolized by /A ABC, The gides are AB,

A
~ .
B \. c
(Pig. 4)

E, and BC, The lengths of the three sides are AB, ACy and BC, The angles,
which are not completely pictured, are / ABC, / BCA, and / CAB, Triangle
ABC is pictured in figure 5 with emphasis on its angle ABC,

,

B —>

A

(Pig. 5)

A triangle separates the plane into three sets of points, the interior
of the triangle, the exterior of the triangle, and the triangle, the




interior of the trizngle and the triangle form what is known as a
triengular region, That is, the union of the triangle and its in-
terior 1s a triangular region.

) B NTHRIOL

g (Pigo 6)

In problems 1-3 find the measures of each of the angles of the
triangles, (Use your protractor.)

1, 2.
A D




m/G =
n/H =
\.LJ |

Use problems l- 3 to answer each of these:
4. mLA+mLB+mLC = °
5¢ n/D+n /E+n /P = .

6o mn /G+m /H+m/J = .
7. What is the sum of the measures of the angles of a triangle?

Baming Angles

If an angle has a measure of less than 90, it is kmown as an acute

angle., An angle with a measure of 90 is known as a right angle. One
measuring less than 180.but greater than 90 is called an obtuse angle,

and an angle of 180 is a straight angle.
/ \ ~
>
A Acute Angle Obtuse Angle
° 1805
= > < ‘ >

Right Angle Straight Angle




Activities

Tn each of the problems 1-10 describe the angle as acute, right,
or obtuse, You may use your protractor.

1. 2,
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Po;xgons and the Measures of Their les

We have just seen that the sum of the measures of the angles of a
triangle is 180, Iet us use this fact to determine the sum of the
measures of the angles of a polygon of more than three pides. First,
what is a polygon? Here are pictures of six different polygons.

AV &

iy hwww

Priangle Quadrilateral ' Pentagor
Hexagon Heptagon Octagon
(Fig. 7)

Do you see that a polygon is a set of line segments placed end to
end with the right hand end point of the final segment coinciding or
"ritting on" the left hand endpoint of the first segment?

4.

2 _——\ 3 ® n
left hand end=-
point of first
right

segment
hand end point
of final segment

1.

Building a Polygon (quadrilateral)




The hexagon of figure T is a concave polygon. The other polygons
are convex.

Any convex polygon and some concave polygons separate the plane
into three sets of points, the interior of the polygon, the exterior
of the polygon, and the polygon.

7

(rig. 8)

The union of the polygon and its interior is called a polygonal

region.
The mmber of degrees in the angles of any polygon may be deter-

mined by separating it into triangles., This is illustrated below,

J &

(Fig. 9) (Pig. 10)

Two triangles are formed in figure 9, and the sum, in degrees, of the
measures of the angles is 2 X 180, or 360, What is the sum of the
measures of the angles of the polygon pictured in figure 10?




Activities

In each of the problems 1-5 find the sum of the measures of the

angles of the indicated polygon.

1,

4.

2.

De

S

6. Complete the following table and see if you can determine the mmber
of degrees in the angl s of any polygon.

Name of Number Number of Sum of Measures
Polygon of Sides Triangles Formed | of Angles (in Degrees)
Quadrilateral 4 2 2 X 180 = 360
Pentagon 5 3

Hexagon 6 —

Heptagon 7 —_—

Octagon 8 —_—

Nonagon 9 —

Decagon 10 —

n-gon n —_—

o T TR R
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A regular polygon is a polygon whose sides all have the same length

and whose angles have the same measure., For instance, the quadrilateral
which is pictured below is a regular quadrilateral, |

4 om,
90° 90°
4 cm, 4 cm,
90° 90°
4 cm,
(Pig. 11)

Meagsure of One Angle of Regular Polygons

Activities

1, How would you determine the number of degrees in one angle of a regu-
lar polygon? Complete the table below and see if you cen answer the
previous question?

Name of Sum of leasures No. No. of Degrees
Polygon (Regular) | of Angles (in Degrees) | Angles| in One Angle
Square 360 4 360>+ 4 = 90
Regular Pertagon 540 5

Regular Hexagon

Regular Heptagon

Regular Octagon

Reguler Nonagon

Regilar Decagon

2, TFind the number of degrees in one angle of a regular 20-gon,
3, TFind the number of degrees in one angle of a regular 25=gon,

By now it is apparent that the sum of the measures of the angles of
a polygon of 20 sides is greater than the sum of the measures of the
angles of & polygon of 19 sides.
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Measure of Exterior Angles of Polygon

What about the sum of the measures of the extexior angles, one at
each vertex, of a polygon? Angle 1 represente’ in figure 12 is an ex~
terior angle., 'T‘

|1 —>
Pig, 12)

Consider first the exterior angles, one at each vertex, of a triangle.

(Pig. 13)

The angle pairs 1 and 4, 2 and 5, and 3 and 6 each form a straight angle.

Activities

Find the sum of each of the following: (m / means measure of the
angle in degrees.)

1. mfl+m f4 = .
2e m L2+m L5 = _____ e
3¢ m L3 +m L6 = .
4. m /f14m L24+m L3 +m L4+ /5+m /6 = .

S5e n /4+nl5+n/l6 = _____ _sm/ll+m/2+m/3 = o




,F
[
E
}
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Use figure 14 to solve problems 6-13,

A
ST G
b,
V' (rig. 14)
6o m /1l +m /5 = .
Te n/2+m /6 = .
8e m/L34+n /T = ____ &
9 m L4 +m /8 = .
100 mLl+mL2+m L3 +mL4+n/5+n/6+nlT+n/l8 =
1le n /5+m L6+n LT +m /8 = .

12. n /14+n /2+n /3 +m /4 = o

13, What is the sum of the measures of the exterior angles of a
quadrilateral? An octagon? A 20=-gon? R

Inscribed Angles

There is a relationship between what is known as an inscribed angle
and its intercepted arc, PFigure 15 illustrates an inscribed angle.

A

C
(Pig. 15)

To be an inscribed angle, an angle must meet the following require-
ments: the sides of the angle must contain two chords of the circie,
in this case AB and 7873'; the vertex of the angle, B for this angle,
must be a point of the circle. The part of the circle not in the
exterior of the angle, Ad here, is the intercepted arc.
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Activities

E 1, Use your protractor and figure 16 to complete the table,
! | A c 7‘
70
p 1

Z,

%6°
|
E
,r B4
E 3
|
B .
(Pig. 16)
Angle Intercepted Arc | Number of Degrees in] Number of Degrees
Intercepted Are In Inscribed Angle

[ ABE AR 9o

L 1BD 5 so

L rmc ic 20

L cBE CE 7o -

L cBD o) 3o .

N
/ DBE DE 40

2. What is the reletionship between an inscribed angle and its inter-

cepted arc?




B
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Use the relationship between an inscribed angle and its intercepted
arc to answer questions 3-9, The questions refer to figure 17.

A

(Pige 17)
3¢ What is the sum, in degrees, of the measuies of the three arcs, R!,
CB, and BA?
4, ™nd % of the measvre of AC + CB + Bho
5 The measure of / ABC equuls one=half the measure of arc .
6. The measure of / BAC equals one=half the measure of arc o

7. The measure of / ACB equals one~half the measure of arc o

8. m /ABC +m /BAC +m /L ACB = % (AC + + )e

9 m /ABC +m /BAC +m / ACB = degrees,

In each of the problems 10=14 determine the measure of the angle
or angles without using your protractor:

10, 1., 12,
A D
\ '\
o .
B f 0 E 1200
c >
3

m[_ABCa 0 mLDEF- 0




M
13,
~—
m /MOP = . m /MOQ = .
n /NOP = o m /NOM =
14,
m [_XIZ = 0 X
mn /XWZ = . v
m vaz = @ 1400
v

15, The three angles XVZ, XWZ, and XYZ are three inscribed angles
which intercept the same arc, Are inscribed angles which
intercept the same arc always equal?
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In each of the tris' zles represented by figures 18-20 / ABD is an

exterior angle of the triangle. The angles A and C are the remote
interior angles with respect to the angle ABD,

Activities

‘; With your protractor find the measures of / ABD, / A, and Z¢C
in each of the triangles represented in figures 18-20,

i
b

1, mL’_.A. ¢

mLC = N

m/ABD = . |

O
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Be mLA = ®
m/C = .
mLABD = °
A
D
< B C
(rig. 20)

4.

e

6.

Use the results of problems 1l-3 to fill in the table here,

Pigure | mZA | mZ¢c | nZa+M/C | mZAED

18

19

20

What is the relationship between the measure of the exterior angle
of a triangle and the sum of the measures of its two remote interior
angles? That is, what is the relationship between m ZA + m /C

and m / ABD?

Do you think this relationship is true of all triangles?




In each of the problems 7-1l, find the measure of the exterior
angle of each of the triangles by using the fact that the measure of
the exterior angle of a triangle equals the sum of the measures of the
two remote interior angles, .

7. 8.
A )
/\ 4\
63° J K
B ¢ 3> o -
m/ACD = . m/GK = .
9. 10, B
e G4do
/l
260 R s
P —-> € Crid
G P D
n/QS = ___ m /EFG = .
|
|
11.
¢
30
— 21 D
B
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You are familiar with the symbols " > " and "< ," We would write
5¢<6 and read this as " 5 is less than 6." To say that ™0 is greater
than 9" is to write 10> 9. Use one of the three symbols, =y <, or >
to make the following statements true., Angles BCD and BAE are exterior
angles, B

& A M D

12 m /BCD _____m / BAC
13, n /B ____ n/B+mn/BAC
14, n /B _____m /BCDD
15, m/B_____ m /BAE
16 m/B+m/ACB_____m/EAB
17 m /BCA ____ m / EAB

18, Do you think that in any triangle the exterior angle is greater
then either of the remote interior angles?

Where is the best place on the football field from which to kick
a field goal? You would probably agree that there are two primary
considerations in kicking this field goal, the distance from the pl.ace
of kicking and the angle in which the football must travel to be a gcod

kick, f——v
In Bounds
Marker
Kicking
Angle

Aruitoxt provided by Eic:

ERIC
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Activities

1, Vhich one of these positions would be most favorable for kicking
a field goal? Give a reason for your answer,

Y e 4
Goal Line
c
10 Yard Line
. B
A 15 Yard Iine

2., This is problem number 1 again with a hint added. Now, do you think
your answer to problem 1 is correct? If not, what should

be your answer to problem 1?

Goal Iine

10 Yard Iine

\_//37

A _ 15 Yard Iine

3. If you were kicking a field goal from the 10 yard line, where on the
field would be the most favorable kicking angle?
Explain,
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Iines and Angles

Two lines are parallel if they lie in the same plane and do not inter-

sect or meet, Figure 21 is a picture of two parallel lines and figure 22
is a picture of two non-parallel lines,

(Pig. 21) (Pig. 22)

The arrows in the pictures indicate that the lines go on and on. A line

which intersects two other lines that are in the same plane is called a
transversal,

(Fig. 23)

«
One transversal in figure 23 is EF,.

Angles such as 1 and 5 are corresponding angles. Three other pairs
of corresponding angles are /3 and /T, /2 end /6, / 4 and / 8, Angles

such as 4 and 5 are alternate interior angles. Angle 3 and angle 6 are also
altermate interior angles.




Activities

In each of the problems 1-8 use your protractor to find the measures
of angles 1-8, (B and 83 are parallel,)

A B
€ —
3 \4
C D
€< 7\ & >
1, mél = , J 56 mL5 = o
2. m[_2 = ° 6. mLG = °
30 mé3 = ° 70 mL7 = °
40 mé4 = 0 8, m[B = °
9., Angle 2 &nd angle 6 are corresponding angles, What do you notice
about the measures of these two angles?
10, Neame three other pairs of corresponding angles.

What seems to be true of the measures of each of

these pairs of corresponding angles?

11, Angle 3 and angle 6 are alternate interior angles, What do you

notice about the measures of these two angles?

——

12, Name another pair of altermate interior angles.

What seems to be true of the measures of this pair of altermate

interior angles?




Without using "your protractor give the measures of angles 1, 3, 4,
> >
5, 6 7y end 8¢ In the drawing, PQ and RS are parallel,

126°

s
hn
o
w

v

m/1
m/5 = .
m /4
m/6
m/3
mn/7 = .
m/8 = o

i

it L, |
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ANGLES

I1llustration of Terms

Angle, the plane figure formed by the union of two rays.

-~

Acute angle, an angle with a measure less than 90 but more than O.

/ AN |

Alternate interior aggles, angles 1 and 2 are alternate interior
angles, 80 are angles 3 and 4.

Corresponding a les, the pairs of corresponding angles in this
ﬁ.gure are / 1 and /2, /3and /4, /5and /8, /T and /6.

« 5,\1
T\3

—>

8 \ 2
< 5\4

Exterior angle, an angle like / ACD pictured here.

AN

Exterior of an _a_ngl_g, po:l.nts outside the englej such as A, B, and C.
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Inscribed angle, an angle formed by two rays meeting on the circle,
part of each ray being in the interior of the circle,
A

The angle A is inscribed in the circle,

Interior of an angle, pointes inside the angle like D, E, and P,

Obtuse angle, an angle with a measure greater than 90 but less than 180,

o
142 >

Remote interior angles, angle A and angle B are the two remote interior
angles with respect to angle ACD of A ABC pictured here.

A
/_\} J
Remote Intew .
7B ¢c 1 |

Right angle, an angle having a measure of 90,

. s
NI

Straight angle, an angle having a measure of 180,
A

| A\ B
A< B 90

Arc, an unbroken part of a circle or curved line,
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Intercepted Arc, a part of a circle or curved line which is separated

from the whole by a line which crosses it.
Intercepted

Chord, a lire segment which cuts off an arc; the line segment from one end
point of an arc to the other end point.

chord

Collinear points, points that are on the same line,

Degree, unit used in measuring angles.

105 degrees
\ 40 deg;'ees \ N

End points, the points on each end of a line segment or on a segment of
a curve,

end point
y _/ona poin s&/\«

Pield goal, a score made by kicking a football placed on the ground
across the bar of the goal posts,
success=-3 points failure-=0 points

0 points

.+ 3 points

Heptagon, & seven sided closed plane figure.
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Hexagon, & six gided closed plane figure.

O O 4

n-gon, & closed plane figure having n number of sides where n is any one of the
elements of (3, 4, 5, 6, ool

:\\\i

Noncollinear, not lying on the same straight line,
Example: Three or more points of a circle are noncollinear.

Octagon, en eight sided closed plane figure.

Pentagon, a five sided closed plane figure.

i

Polygon, a plane closed figure have n vertices and n sides where n is any one
of the elements of [3,4,5,6, ced

3=3 4=4 ;-; 12-12

Concave Polygon, if you extend all sides of the polygon, at least two will
intersect another side of the polygon.

\

\
Convex Polygon, if you ‘extend any side of a polygon and the extension does

" does not go inside the polygon, it is convex, \,

L
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Regular Polyson, a polygon is regular if all the sides have the same length

and all the angles have the samne measure,

/\

Perallel lines, lines that are an equal distance apart and never meet,

N

Polyzonal region, the union of the polygon and its interior,

| , y

Protractor, an instrument for measuring angles in degrees.

AN
2

Quadrilateral, a four siaed closed plane figure,

Ray, a straight line which begins at a point and continues wnlimited in
one direction.
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Segment, £ portion or a part.

line segment

v

Pransversal, a line that intersects other lines,.

< /7@__i:?ansversal _—
< ¢( >

Trianzle, a three sided closed plane figure,

VAN |

Priangular region, the union of the triangle and its interior.

& and ‘ww@/lﬂv/m.make%b

Union, the union of sets A and B is a third set, C; such that the elements
in set C are contained in at least one of sets A, B.

(1,2} U {3t} = {1,2,3,4)
(O} u (0yA) = {O:0,4)

{ayeyis0} U {i,0yu} = [a,e,i,o,u}

Unit, comes from the word unity which means "one," so anything given the
measure of 1 is called a unit.

Some linear units are: inch, centimeter, foot and yard.

Some area units are: square inch, square centimeter, square yard.

Some volume units are: cubic centimeter, cubic inch, pint, liter
and quart.

Some angular units are: degree and radian,

Vertex, is élg the place where two sides of flat figure meet;
2) the place where three or more sides of a solid figure meet,

vertex

(1)

(2) ver?ex Thegse figures have five vertices.
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