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Mathematics - Book 14019

Geometry

Lines and Angles

identify parallel lines and perpendicular linesin a
given selection of figures.

construct parallel lines.

determine angles when atransversal cuts parallel lines.

construct angles using a protractor, given alist of
angle measurements.

identify types of angles. acute, right, obtuse, straight,
complete, reflex.

Illustrate with diagrams the following angle relations:
complementary, adjacent, supplementary, exterior, and
vertical or opposite.

Introduction to Geometric Figures

identify parts of acircle.

construct acircle and label its parts.

identify avariety of polygons.

Identify avariety of polyhedrons.

use the Pythagorean Theorem to find length of one
side of atriangle.

Characteristics of Geometric Figures

identify the line or lines of symmetry in given figures.

identify congruent lines, angles, and shapes.

determine whether two figures are ssmilar and apply
similarity in calculation exercises.

Construction of Geometric Figures

construct a variety of geometric figures, given the




appropriate measurements.

bisect angles using ruler and compass.

construct altitudes and perpendiculars from a given
point.

Problem Solving with Geometric Figures

solve multi-step problems requiring the performance
of any combination of mathematical operations
involving whole geometric figures, with or without a
calculator.




THE NEXT STEP

Book 14019

Geometry

Geometry 1S the branch of mathematics that explains how
points, lines, planes, and shapes are related.

Lines and Angles

Points

Points have no size or dimensions, that is, no width, length,
or height. They are an idea and cannot be seen. But, points

are used to tell the position of lines and objects. Points are
usually named with capital letters:

A, B, C, D and so on.



Points can describe where things begin or end.
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Points can be used to measure distance.
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Points define the perimeter of shapes and objects.
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Lines

Lines extend in opposite directions and go on without
ending. Like points, lines have no volume, but they have
infinite length. Lines are named by points with aline



symbol written above.

(]
‘@

-—e 4

Linesintersect at apoint. Lines AB and CD intersect at
point Z.

I:) Line AB can also be named BA.

Line Segments

Line segments are parts of lines defined by two endpoints
aongtheline. They have length.

Line segments are named by their two points with the line
segment symbol written above:

AB (orm)



An infinite number of line segments can be located along a
line:

AB AE AC AD AF EC ED €EF...

A B C D i F

I:) Line segments of equal length are called
congruent line segments.

Rays

Rays are parts of lines that extend in one direction from one
endpoint into infinity.

A B

Rays are named by the endpoints and one other point with a
ray symbol written above. The endpoint must always be
named first.
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The Compass

The compass at |eft is atypical golf-pencil
compass that seems to be preferred by many
students. It is not recommended. The whole
point of acompass isto draw an arc with
constant radius. Thismodel tendsto dip
easily. Friction is the only thing holding the
radius. Asit wears out, it becomes even
looser. Also, the

point is not very sharp, so it will not hold its position well
when drawing. Two advantages are that it is easy to find
and it isinexpensive.
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The compass on the right is a much better
design. The wheel in the center allowsfor fine
adjustment of the radius, and it keeps the radius
from dlipping. It has a much heavier
construction, and will not easily bend or break.

Keep the compass |ead sharpened for a nice,
fine curve. There are special sharpeners made
just for the leads that fit the compass, but it isa
simpler matter to carry a small piece of sandpaper. Stroke
the lead across it afew of timesto give the tip a bevel.

Hold the compass properly. Use one hand, and
hold it by the handle at the top. Do not hold it
by the limbs. If you do that, there will be a
tendency to change the radius as you draw.




Thisis especially a problem with the cheaper compasses
that have no way of locking the radius. Tilt the compass
back dlightly, so that the lead is dragged across the page. If
the compass is pushed toward the lead, it will cause the
anchor point to lift up and slip out of position.

Do not be impatient with your work. When using a
compass, there must be some well-defined point for the
center point, such as the intersection of two lines. Center
the compass precisely on that intersection. Depending on
the complexity of the construction, small errors may be
greatly magnified.

Parallel Lines

Parallel lines lie within the same plane and are always the
same distance apart. Parallel lines continue to infinity
without intersecting or touching at any point.
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The symbol for paralld linesis || and isread “is parallel
to.”

AB llco



Constructing Parallel Lines

Given a line and a point, construct a line through the

point, parallel to the given line.

1. Begin with point P and line .

”I.'r-

2. Draw an arbitrary line through
point P, intersecting line k. Call
the intersection point 0. Now the
task isto construct an angle with
vertex P, congruent to the angle of
Intersection.

3. Center the compass at point O
and draw an arc intersecting both
lines. Without changing the radius
of the compass, center it at point P
and draw another arc.

4. Set the compass radius to the
distance between the two
Intersection points of thefirst arc.
Now center the compass at the
point where the second arc
intersects line PO. Mark the arc
intersection point R.

=




5.Line PR isparalle to linek. /<

A second method follows these steps:

Step 1 On agiven linez, create two points and label them.

&> " >

L M

Step 2 Point P will be the point through which you will
construct aline paralléel to the given linez.

Pe

Step 3 Open compass to the length of LM. Put compass
point at P and draw an arc.

pe \




Step 4 Open compass to the length of LP. Put compass
point at M. Draw an arc to cut the previous arc.

Label Q.
v X
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Step 5 Draw PQ. PQ || LM.
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Perpendicular Lines

Lines that intersect to form 90° angles, or right
angles

Example:

A

M N

5
AS L MN

Read: Line RS is perpendicular to line MN

Construct the Perpendicular Bisector of a Line Segment

Definition: The perpendicular bisector of a segment isthe
line that is perpendicular (at aright angle) to the segment
and goes through the midpoint of the segment.

Construction Steps

Use a compass to draw a circle whose center is
one of the endpoints of the segment, and whose
radius is more than half the length of the
segment.

Draw another circle with the same radius, and
center the other endpoint of the segment.



Draw the line through the two points where the ®‘ )
circles intersect.

Note: You don't have to draw the entire circle, but just
the arcs where the two circles intersect.

Construct the Perpendicular to a Line Through a Given
Point

Given aline and a point, there is one and only one
perpendicular to the line through the point.

The main ideaisto construct aline segment on the line,
then construct the perpendicular bisector of this segment.

Construction Steps

A. If the point isnot on the line, use a

compass to draw a circle whose center isthe
given point, and whose radiusis large enough m
so that the circle and line intersect in two —
points, P and Q.
B. If the point is on the line,

draw acircle whose center is the given point; /‘\

the circle and line intersect in two points, P
and Q.

Construct the perpendicular bisector of
segment PQ.



Linesthat intersect but do not form 90° angles, or right
angles, are smply called intersecting lines.

Transversal

A line that intersects two or more lines

Example:

Line AB isatransversal.

N

N\
P tl _ i

Name each figure.

—— pe .
L3 - 2. %

M line QF O lineVX

O line segment FQ O line segment VX

O Ray QF O Ray VX

0 Ray FQ [0 Ray XV
3. 1.; . 4. 1\ :Y,




O line segment BA LI line segment VX
[0 Ray AB O Ray VX
[0 Ray BA O Ray XV
5. o M 6. Y K
O line segment KS O line segment NK
O Ray KS L Ray KN
7.7 g 8. B c
O lineBV O lineBC
O line segment VB O line segment CB
O Ray BV L Ray BC
O Ray VB [ Ray CB
Classify each group of lines.
1. O Parallel 2. O Parallel
._I_. O Intersecting O Intersecting
L Perpendicular L Perpendicular
3. O Parallel 4. O Parallel
I I O Intersecting *:;, O Intersecting
L Perpendicular L Perpendicular
6. O Parallel

5. AT. O Parallel

LI Intersecting

LI Intersecting




1 Perpendicular I Perpendicular
7. O Parallel 8. O Parallel
«— [ Intersecting .~ HlIntersecting
I Perpendicular O Perpendicular
0. O Parallel 10. O Parallel
\ L1 Intersecting .1 Olintersecting
1 Perpendicular " O Perpendicular

Compl ete the following constructions.

1. Draw line segment DE and point F not in the line
segment. Use acompass and aruler to construct aline
segment through F paralld to line segment DE.

2. Draw line segment AB and point C not in the line
segment. Use acompass and a ruler to construct aline
segment through C paralléel to line segment AB.

3. Draw line XY and point A notinline XY. Usea
compass and aruler to construct the perpendicular from
AtolineXY.

4. Use acompass and aruler to construct the perpendicular
from D to line segment CB and from D to line segment
AB.




Angles

Angles are formed by two rays with a common endpoint

caled avertex.
_‘1 . 3 4

Vertex Z

Angles are named by writing the names of three points on
the set of lines after the symbol for angle, or by naming
only the middle point after the angle symbol. The middie
point always names the vertex.

b XAZ or b ZAX or P A

Angles come in different shapes and sizes. Some are
narrow, some are wide. But all angles can be measured as
part of acircle. To make calculations easy, scientists have
developed the protractor, akind of ruler for angles.



Angles are measured in degrees from O degrees to 180
degrees.

To measure with the protractor, line up the angle of the
item to the center of the hole at the middle bottom. Make
one edge of the angle line up with where there would be a0
and then read on that scale where the other edge crosses.

In this example, the angle is 140 degrees.



Practicc Exercise

1.) On a separate piece of paper, use a protractor and aruler
to construct an angle, MAP, with a45° angle.

2.) On a separate piece of paper, use a protractor and aruler
to construct an angle, BOG, with a90° angle.

3.) On a separate piece of paper, use a protractor and aruler
to construct an angle, DIN, with a60° angle.

4.) On a separate piece of paper, use a protractor and aruler
to construct the angle, SET, with SE =5.5cm, ET =6

cm, and B SET measuring 120°.



Acute Angle
An angle whose measure is greater than 0° and less than
90°
Example:

b

Obtuse Angle

An angle whose measure is greater than 90° and less than
180°

Example:
l

- ‘/J‘-\ il

Right Angle
An angle whose measure is 90°
Example:

" is & mark
for & 90 angle.

¥




Reflex Angle

An angle whose measure is more than 180 degrees, but
less than 360 degrees.

Example:

Straight Angle

An angle whose measure is 180°
Example:

A B [

b ABC is a straight angle.

Complete Angle
An angle whose measure is 360 degrees (acircle)
Example:

90
135 45

180 0 /360

225 315

270



Practicc =“xercise

Acute, Obtuse, Right, Straight, Reflex, and
Complete Angles

1 A 28 degree angle would be classified as:
[ An acute angle.
[ An obtuse angle.
[ Aright angle.
[ A straight angle.

2 A 90 degree angle would be classified as:
[ Areflex angle.
[ An obtuse angle.
[ Aright angle.
[ A straight angle.

3 A 150 degree angle would be considered:
[ Areflex angle.
[ An obtuse angle
[ A complete angle.
[ A straight angle.




4 A 180 degree angle would be considered:
| An acute angle.
| An obtuse angle.
| A complete angle.
| A straight angle.

5 An 88 degree angle would be considered:
| An acute angle.
| An obtuse angle.
| Aright angle.
| A straight angle.

6 Larry opens up his lounge chair at a 131 degree
angle and creates one of these angles.

| Acute Angle
| Obtuse Angle
[ Reflex Angle
| Straight Angle

7 Which angle is impossible to have in a rhombus
(diamond-shape) but could be found in a
square?

[ Acute Angle
| Obtuse Angle
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Interior Angles
Angles on theinner sides of two lines cut by a

transversal
Example:

Angles 3, 4, 5, and 6 are interior angles.

Exterior Angles
The angles on the outer sides of two lines cut by a

transversal
Example:

,\2 _
3\

. N6

T\

Angles 1, 2, 7, and 8 are exterior angles.




Alternate Exterior Angles
A pair of angles on the outer sides of two lines cut by a

transversal, but on opposite sides of the transversal
Example:

,‘\324 N
b land b 8and b 2 and b 7 are alternate exterior
angles.

Alternate Interior Angles
A pair of angles on theinner sides of two lines cut by a
transversal, but on opposite sides of the transversal
Example:

,‘\324 _
b 3and b 6 and b 4 and b 5 are dlternate interior
angles.




Corresponding Angles
Angles that are in the same position and are formed by a
transversal cutting two or more lines
Example:

,\2 _
3\

. N6

T\

p 2 and b 6 are corresponding angles.

Vertical or Opposite Angles
A pair of opposite congruent angles formed by

intersecting lines
Example:

Vertical
Angles

L1and L3
L2and £4




Adjacent Angles
Angles that share acommon side, have the same vertex ,
and do not overlap
Example:

./

A (5] C

b ABD isadjacent to b DBC.

Complementary Angles
Two angles whose measures have asum of 90°

Example:
o E
Ly
- 80" L~ a0 -
A g C

b DBE and ® EBC are complementary.

Supplementary Angles
Two angles whose measures have asum of 180°
Example:

o

124/ 5B*°
A B c

mMbPABD + mbDBC = 124° + 56° = 180°



Practicc Exercise

Adjacent Angles

E

C
A . »

Use the picture above to answer the following
guestions?

1. Which angle is adjacent to <BAC?
2. Which angle is adjacent to <CAD?

Complementary and Supplementary Angles

1. What angle would be supplementary to a 75 degree
angle?

2. What angle would be complementary to a 50 degree
angle?

3. What angle would be complementary to 25 degree
angle?



4. What angle would be supplementary to a 120 degree
angle?

5. Using the diagram below: a) identify all of the
interior angles.
b) identify all of the
exterior angles.
¢) identify all of the
vertical or opposite
angles.




Introduction to Geometric Figures

Circle

A closed curve with all points on the curve an equal
distance from a given point called the center of the circle
Example:

W

canter

Radius

A line segment with one endpoint at the center of a

circle and the other endpoint on the circle
Example:

—

TN

- /
e

o
radius ST



Diameter

A chord or line segment with endpoints on acircle that

passes through the center of a circle
Example:

diameter OF

The diameter of acircleisaline that crossesthe circle
through its center from one side to the other. It aso
measures the distance across the circle. The radius of a
circleisaline from the center of the circleto any point on
the curve of thecircle. A radiusis half the distance across
acircle. In other words, aradiusis haf of the diameter of a
circle.

Circumference

The distance around a circle.
The perimeter of acircleiscalled circumference.



The formulafor the circumference of acircleis
C = td, where C = circumference, T=34o 3 andd =
diameter

Pi (T0)

The ratio of the circumference of acircle to the length
of itsdiameter;

N=314or 2

» ISthe symbol that means “ approximately equal to”.

I:) It is useful to be familiar with both values of T,

because in some problems afraction is easier to use,
while in others a decimal will make the computation
easier.

Example Find the circumference of the circle shown

below.

C=T7d
C=314x5ft
C =15.70=15.7 ft



Solution: Replace T with 3.14 and d with 5 ft in the
formulaC = Td. The circumference of the
circleis15.7 feet.

When finding the circumference of acircle, if only the
radiusis given, you must multiply the radius by 2 to find
the diameter, and then use the formula.

Example Find the circumference of the circle shown
below. Use22/7 for TT.

RN
[ \
l\\ 35m Y,

N e

Step 1 Notice that the picture shows the radius of the
circle. To find the diameter, multiply the radius by

2.
d=2x35=70m

Step 2 Replace T with 22/7 and d with 70 m in the
formulaC = Td.

C=T7d
C=22[7x70
C=220m

Answer: The circumference of thecircleis220 m.



To find the diameter of acircle, if only the circumferenceis
given, divide the circumference by T,

To find the radius of acircle, if only the circumferenceis
given, divide the circumference by T to find the diameter.
Then divide the diameter by 2 to find the radius.

If you already know the diameter of the circle, you can find
the radius by dividing the diameter by 2.

If you already know the radius of the circle, you can find
the diameter by multiplying the radius by 2.

Practicc =xercise

1. Name the center
2. Name each radius

3. Name each diameter



4. Explain how the length of one radius comparesto a
diameter

5. Draw adiameter and label the new points

Find the Circumference for each.
Round to the nearest hundredth. Assume T= 3.14

g=26m 2.

81.64 m

m =21 mi 4.

D OO
D OO0




Complete the table for each circle.
Round to the nearest hundredth. Use 3.14 for T

1
For problems 11-14, use 3 - for TC.

P PO0O~NOUOUOAAWDNE
-H-O.- - 0= - - 0= - o=

l_\
N

l_\
w

14,

15.

radius
5mm
10 mi
yd
12 ft
3in
3.4m
cm
km
45in
9.4 mi
3
z cm
4
5 — km
5
3
5 — ft
5
mm
13. 41vyd

diameter
10 mm
mi

4yd
24 ft
6in
6.8 m
13.6 cm
km

in

18.81 mi

cm

11 — ft
5

3
10 — mm
5

26.82 yd

circumference
mm

mi

yd

ft

in

m

cm

km

in

mi

cm

km

ft

mm




Parts of a Circle

Chord

A line segment with endpointson acircle
Example:

A
=]

Segment

A straight set of pointsthat has two endpoints.
Example:

Ae
/ g \\x
||,-' lII". IIII
o |
\. \*, )
— B

AB isasegment. In this picture, it isastraight set of points
with two endpoints. Since both of the endpoints are on the
circlethis segment isalso a chord.



Tangent

Tangent lines are perpendicular to the radius that has
an endpoint on the point of tangency.

Example:

Line Jisatangent line that meets the radius line CW at an
endpoint W on the circle that forms a 90 degree angle.
Therefore, Line Jis perpendicular to line CW.

Arc

A section of acircle.

Think about acircular pizzathat has been cut likeapieis
cut. The crust acts like the circumference of the pizza.
That would make the crust on one piece of pizzaan arc
becauseit isjust a section of the whole circle.
Example:

b

R
\ /' C
P



There are many arcs shown here. Can you see them all?
1) Small arc fb and big arc fb.
2) Small arc fc and big arc fc.
3) Small arc bc and big arc bc.
4) Arc cfb

Semicircle

The arc that goes halfway around acircleiscalled a
semicircle.
Example:

Sector

A regioninacirclethat is created by a central angle and its
Intercepted arc.
A piece of pie.
Example:

@)

The piece of pie that the number 1isiniscalled a sector.



CIRCLE CONSTRUCTIONS

Center/point construction:;

Procedure: Center point A and linear point
B are the endpoints of a given radius. Set
the point of the compass on A and the lead
on B and draw the circle.

Diameter construction:

Procedure: Bisect given diameter AB by placing the
compass point first on Point A and opening your compass
so that the lead touches a point on the line that is more
than midway towards Point B.

Ae 1 *B

Using this setting, make an arc above and below the line.




Now, put your compass point on Point B, and using the
same compass setting, make an arc above and below the
line that intercepts the arc made from point A.

Where the arcs intercept, join the two points to form a line
that will bisect line AB. Since C denotes the midpoint of

AB, then AC and BC are radii of the circle and either can
be used to set the compass.




Practicc =xercise

1. On aseparate piece of paper, use a compass to construct
acirclewith center M and radius 6 cm. Draw a sector
in your circle labeled AMR.

2. On a separate piece of paper, use a compass to construct
acircle with adiameter 9 cm and center O. Label the
diameter as RS. In the same circle draw aradius and
label it as FO.

f

Using the diagram above, identify the following circle parts
listed on page 159.

Name two radiuses.
Name a diameter.
Name a chord.
Name two arcs.
Name a segment.

akrwpdPE



6. Name a sector.
/. Name atangent.
8. Name asemicircle.

Polygon

A closed plane figure formed by three or more line

segments
Examples:

=5

The figure below is not a polygon, since it is not a closed
figure:

The figure below is not a polygon, since it is not made of

line segments:



The figure below is not a polygon, since its sides do not
intersect in exactly two places each:

/

~

Regular Polygon

A regular polygon is a polygon whose sides are al the
same length, and whose angles are all the same.

Examples:

The following are examples of regular polygons:

@0

Examples:

The following are not examples of regular polygons:

-




Convex Polygon

A figureis convex if every line segment drawn between
any two points inside the figure lies entirely inside the
figure.

Example:

The following figures are convex.

Concave Polygon

A figurethat is not convex is called aconcave figure. A
concave polygon has at least one side that is curved inward.

The following figures are concave. Note thered line
segment drawn between two points inside the figure that
also passes outside of the figure.

w
L



Triangle

A three-sided polygon

Examples:
N\

Quadrilateral

A four-sided polygon

Examples:

</

Parallelogram

A quadrilateral whose opposite sides are parallel and

congruent
Example:

B em

G cm



Trapezoid

A quadrilateral with only one pair of parallel sides
Example:

[\

Square

A rectangle with 4 congruent sides
Example:

[T t ]

Rectangle

A parallelogram with 4 right angles
Example:




Rhombus

A parallelogram whose four sides are congruent and

whose opposite angles are congruent
Example:

9

Pentagon

A five-sided polygon

Examples:

(A

Hexagon

A six-sided polygon

Examples:

O




Octagon
An eight-sided polygon

Examples:

Q=
Practicc =xercise

Write down the name for each polygon.

1. /. Triangle 2. /]

3. O 4. IL

5. Q 6. O




Right Triangle

A triangle with exactly one right angle
Examples:

.Imb- QU or .45? m?

Isosceles Triangle

A triangle with two congruent sides
Example:

i ﬁ\m
[\

2cem

Scalene Triangle

A triangle with no congruent sides
Example:

Tt St

101



Equilateral Triangle

A triangle with three congruent sides and three

congruent angles
Example:

Acute Triangle

A triangle in which all three angles are acute
Example:

Obtuse Triangle

A triangle containing exactly one obtuse angle
Example:

A

E/\ﬂ

b Aisobtuseso b ABC isan obtuse triangle




Practicc =xercise

1. Measure the sides and classify the triangle as equilateral,
isosceles, or scalene.

S HENN
IR VAR

2. Measure the largest angle, then classify the triangle as
acute, obtuse, or right.

AN
V

AN




Pythagorean Theorem (Pythagorean Property)

Pythagoras was a Greek philosopher and mathematician.
His ideas influenced great thinkers throughout the ages, and
he iswell known to math students. His Pythagorean
Theorem is asimple rule about the proportion of the sides
of right triangles. The square of the hypotenuse (the
longest side)of a right triangle is equal to the sum of the
square of the other two sides (legs).

In any right triangle, if a« and b are the lengths of the
legs and ¢ isthe length of the hypotenuse, then a* + b
— 2
—-C
Example:

“‘u‘fn:rn
Iem .

ul
4 cm

a’+b°=c*
3+ 4%=5°
9+16=25

Example Find the length of the hypotenuse in the triangle

below.
A -

6 1m



Step 1 Replace « with 6 and b with 8 in the formulaa® + b°
— 2
- C.

a‘+ b*=¢°
62+82:CZ
36 + 64 =¢°

100 = ¢*

Step 2 The formula gives the value of the hypotenuse
squared. To find the length of the hypotenuse,
find the square root of 100.

¢ = 0100

c=10in

Answer: The length of the hypotenuse in the given
triangleis10 in.

In some problems you may be given the length of the
hypotenuse and the length of one of thelegs. To find the



length of the other leg, you can still use the Pythagorean
theorem.

Example Find the length of the missing leg in the triangle
below.

.

Step 1 Write down the Pythagorean theorem and substitute
in the values you know.

2 2_ 2
a+b°=c

a’+9°=15°
Step 2 Find the values of the squares.
a®+81=225

Step 3 To get the unknown, a, alone on one side, subtract
81 from both sides.



a‘+ 81 -81=225-81
a’= 144

Step 4 To find a, find the square root of both sides of the
eguation.

a=0144

Answer: The length of the missing leg in the given
triangleis 12 ft.

In some problems you will have to recognize that afigure
isaright triangle. The picture or problem may say nothing
about aright triangle, the hypotenuse, or legs. Drawing a
picture may help you see that the problem involves aright-
triangle relationship.

Example A boat sails 20 miles east of port and then 15
miles south to an island. How far isthe boat
from the port if you measure in astraight line?



Step 1 Make adrawing to see how to solve the problem.
East is normally to the right on amap, and south is
toward the bottom. Notice that the actual distance
from the port is the hypotenuse of aright triangle.

e 15 m

et
-
~

1=land

Step 2 FZ%p:Iaé:ze a with 20 and b with 15 in the formulaa® +

Cl2 + b2 — CZ
20°+ 15°=¢°
400 + 225 = ¢*

625 = c°

Step 3 Find the square root of 625.
0625 =c
25 =c

Answer: Theboat is25 miles from the port.



11.

13.

15.

17.

19.

Practic

Xereise

Use ABC as shown on left to help you
¢ compl ete each question.
Round to the nearest hundredth.

a B
Ifa=5and b =12,
thenc =

If a=28and b =45,
thenc =

If a=3and b =5, then
c=
Ifa=2and b =29, then
c=
Ifa=6and b =11,
thenc =

If a= 3 and b =8, then
c=

If a=8and b =10,
thenc=
Ifa=4and b =9, then
c=

If a=8and b =2, then
c=

If a=9and b =18,
then c =

2.

4.

10.

12.

14.

16.

18.

20.

If a=12 and b = 35,
thenc =

If a=3 and b =4, then
Cc=

If a=7and b =11,
thenc =

If a=12and b =8,
then c =

If a=3and b =11,
thenc =

If a=8and b =9, then
c=

If a=7and b =25, then
c=

If a=11and b =5,
thenc =
Ifa=3andb=12,
then c =

If a= 16 and b = 14,
thenc =




21.

23.

25.

27,

11.

If a=15and b =15,
then c =

Ifa=14and b =17,
then c =

If a=10.9and b = 3.9,
then c =

Ifa=99andb=6.1,
thenc =

22.

24.

26.

28.

If a=19and b = 10,

thenc =

If a=17and b =21,

thenc =

If a=6.7and b =4.2,
thenc =

If a=9.8and b=11.3,
thenc=

c Use ABC as shown on left to help you
complete each question.
a B Round to the nearest hundredth.

If c=5and b =4then
a=

If c=37anda=35
thenb =
Ifc=25andb=24
thena=
Ifc=13anda=12
thenb =

If c=33andb=19
thena=
Ifc=42and b =24
thena=

2.

4.

6.

8.

10.

12.

If c=17anda=15
thenb =

If c=53andb =45
then a=

If c=41and b =40
then a=

If c=46anda= 30
then b =

If c=32anda=14
thenb =

If c=20and a=9then
b=




13.

15.

17.

19.

21.

23.

25.

27,

Ifc=22anda=10
thenb =

Ifc=47and b =20
then a=

Ifc=35andb=9
then a=

Ifc=24andb=12
then a=

If c=76and b =46
then a=

If c=86and a=63
thenb =

If c=15.78 and a=
10.8then b =

Ifc=12.16 and b =

45 then a=

14.

16.

18.

20.

22.

24,

26.

28.

If c=35anda=12
thenb =

If c=23and b =13
thena=

If c=38anda=16
thenb =

Ifc=45anda=34
thenb =

If c=74and b =49
thena=

If c=73anda=51
thenb =

If c=15.6and a=
12.6thenb =

If c=15.77and b =
11.1thena=



Polygons and circles are flat, or two-dimensional. They
have only length and width. But cubes, prisms, pyramids,
and spheres are solid. They have athird dimension known
as height or, sometimes, depth. These solids are also called
space figures Or polyhedrons.

Cubes, prisms, pyramids, and other solids have sides
called faces. These faces are flat surfacesthat arein the
shapes of polygons. Faces meet at edges. The edges are
line segments, which meet in vertexes. The vertexes are
points.

edge

vertex

Prism

A polyhedron whose two bases are congruent,
paralel polygons in paralée planes and whose lateral
faces are parallelograms
Example:

...... e ==
-
-

rectangular prism



Cube

A sguare prism with six congruent square faces
Example:

B

Pyramid

A polyhedron with abase that isapolygon and with
lateral faces that are triangles which share acommon

vertex
Example:

square pyramid

Cone

A solid figure with acircular base and one vertex
Example:

— VT BN




Sphere

A solid figure with al points the same distance from the
center
Example:

=

Cylinder

A solid figure with two parallel, congruent circular

bases connected by a curved surface
Example:




Practicc =xercise

Name the following three-dimensional solid figures.

1. ﬁ 2. i'l

‘- L

=




Characteristics of Geometric Figures

Symmetry

Tyger! Tyger! burning bright
In the forests of the night,
What immortal hand or eye
Could frame thy fearful symmetry?
-William Blake
The Tyger

Symmetry surrounds us. It isfound in art and architecture,
music, plants, insects, animals---and humans.

Symmetry 1S the exact matching of shapes or figures
on opposite sides of dividing lines or around a central
point. Line symmetry means that afigure can be folded
along the line so that its parts match exactly. The dividing
lineis called the axis of symmetry or line of symmetry.
Certain shapes, particularly polygons and circles, have
many lines of symmetry.

Vertical line of symmetry

(U



Horizontal line of symmetry

Examples:

The triangle below is a symmetric figure. The dotted lineis
the line of symmetry.

-

The sguare below is a symmetric figure. It has four
different lines of symmetry.

The rectangle below is a symmetric figure. It has two
different lines of symmetry.

-




The regular pentagon below is a symmetric figure. It has
five different lines of symmetry.

The circle below is a symmetric figure. Any line that passes
through its center isaline of symmetry!

The figures shown below are not symmetric. They are
called asymmetric.

mh ( o




To create lines of symmetry, you need to know afew basic
constructions.

The perpendicular bisector of aline segment is aline that
goes through the midpoint of the segment, forming right
angles. Constructing the perpendicular bisector of a
segment will give you aright angle.

IRy

The second construction is the bisector of an angle, aline
that divides the angle into two equal parts. Using both
compass and straight-edge, the bisector of an angle can be
constructed as shown below:




Example

Construct the center point of a given circle.

1. Begin with acircle, but no
center point.

2. Draw chord A4B. :

3. Construct the perpendicular

bisector of chord AB. Let C and
D be the points where it ¢
intersects the circle.

4. Chord CD is adiameter of the
circle. Construct point P, the
midpoint of diameter CD. Point
P isthe center point of the
circle.




Practicc =xercise

Use acompass and aruler to construct aline of symmetry
through each of the following figures.

oF X
+

PE 4
.

Folding paper is a good way to demonstrate lines of
symmetry in geometric figures.




Example

Take a square piece of paper and fold it like this.

A -

When you unfold the paper, the square’ s lines of
symmetry, represented by the point segments or
broken lines, will be revealed.

Part of a geometrical figure is given in each of the
diagrams on the next page. The figures are to be
completed so that the line 'm’, in each case, is
the line of symmetry of the completed figure.
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Answers: Complete symmetrical figures about line m
are:

i {ii} 8'

giiiy {iv)

L B dom C
x
1.5cm
3em
A ¥ m
¥ 1.5cm o
lem ¥
=] W a
B 4em c

In order for line m to be the line of symmetry in each
figure, the parts on each side of line m must be equal in
area or half of the total area of the newly created figure.



The origina figureisarectangle. The area of arectangle
equals length multiplied by width.

A=|xw
A=4x15
A=6

The area of the original figureis 6 cm.

B dcrm C

1.5cm

1.5cm

B 4em '



The new section that has been added to the figureisalso a
rectangle. Itsarea (I x w) isalso equal to6cm. Linemis
separating two figures that are equal in area; therefore, line
m isthe line of symmetry in thisfigure.

Thetotal area of the complete symmetrical figure should
also be double the area of the original figure.

A=Ixw
A=4x(15+15)
A=4x3

A=12

Thetotal area of the complete symmetrical figureis 12 cm.
That is double the area of the original figure that was 6 cm.



Planes

A plane can be modeled by afloor, atabletop or awall.
Planes extend indefinitely in all directions and have no

edges or thickness. Planes are often denoted by asingle
capital letter and represented as four-sided figures.

/vuasn/

Plane symmetry involves moving all points around the
plane so that their positions relative to each other
remain the same, although their absolute positions
may change. Symmetries preserve distances, angles,
sizes, and shapes.

1. For example, rotation by 90 degrees about a
fixed point is an example of aplane
Symmetry.

Example

To rotate an object meansto turn it around. Every
rotation has a center and an angle.



[before rotation] R

center .

[angle - 9A°]

z [after rotation]

2. Another basic type of symmetry isa
reflection. The reflection of afigurein the
plane about a line moves its reflected image
to where it would appear if you viewed it
using amirror placed on the line. Another
way to make areflection isto fold a piece of
paper and trace the figure onto the other side
of the fold.

Example

To reflect an object means to produce its mirror
image. Every reflection hasamirror line. A
reflection of an"R" isabackwards"R".

[before reflection] R ,I [after reflection]



3. A third type of symmetry is translation.
Trandating an object means moving it
without rotating or reflecting it. Y ou can
describe atrangdlation by stating how far it
moves an object, and in what direction.

Example

To trandate an object means to move it without
rotating or reflecting it. Every trandation has a
direction and a distance.

[before translation) R

R [after translation]

4. The fourth (and last) type of symmetry isa
glide reflection. A glide reflection combines
areflection with atrandation along the
direction of the mirror line.



Example

A glide reflection combines areflection with a
trandation along the direction of the mirror line.
Glide reflections are the only type of symmetry
that involve more than one step.

[before glide reflection]

/7

3%/24) B lafter glide reflection]
-

Some 3-D shapes can be divided by aplane (rather than a
line) to produce two identical 3-D shapes. Thisplane is
called aplane of symmetry.

The plane of symmetry (like a sheet of glass, or amirraor)
cuts through the three-dimensional shape: the shapeis cut
exactly in half, with both halvesidentical, i.e. mirror
Images.)



The cone in the diagram is divided into identical shapes
by a plane of symmetry. Note that the plane passes through

the centre of the base of the cone,

Plane of symmetry

A\

plana of symmetry




Most shapes have many planes of symmetry.

A rectangular prism
has three planes of
symmetry.

=
¥ g
=

The planes of symmetry can be infinite.



For example, a sphere has an infinite number of planes
of symmetry.

|magine the base of acylinder or cone. Draw a diameter
(and there are an infinite number of them). Fix aplane
vertically along that diameter. That will be a plane of

Ssymmetry.
i
I




With a cylinder you must also consider that even though it
has infinite planes of vertical symmetry, it only has one
plane of horizontal symmetry.

Congruence - Congruent

You walk into your favorite mall and see dozens
of copies of your favorite CD on sale. All of
the CDs are exactly the same size and shape.




In fact, you can probably think of many
objects that are mass-produced to be exactly
the same size and shape.

Objects that are exactly the same size and
shape are said to be congruent.
In plain English, these objects are exactly the
same
- they are duplicates of one another.

In Mathematics, if two figures are congruent
and you cut one figure out with a pair of
scissors, it would fit perfectly on top of the
other figure.

N
A
N



The two right triangles on page 203 are congruent because
the vertices (corners) and sides all match up exactly.

Mathematicians use the word congruent to
describe geometrical figures.
If two quadrilaterals (4 sided) are the same
size and shape, they are congruent.
If two pentagons (5 sided) are the same size
and shape, they are congruent.

If two polygons (any number of sides) are the
same size and shape, they are congruent.
If two line segments are the same size (they
already are the same shape), they are
congruent.



The following pairs of figures below are congruent. Note
that if two figures are congruent, they must be similar.

@ O g

The symmetrical shapes formed by drawing aline of
symmetry are congruent.

olo

Vertical line of
e S

symmetry makes

congruent shapes

Divide a line segment into congruent line segments.

1. Begin with line segment 4B.
In this example, it will be

divided into five congruent line 4o 2
segments.




2. Draw aray from point 4. Use
the compass to step off five
uniformly spaced points along
theray. Label the last point C.

A o

3. Draw an arc with the compass
centered at point A, with radius
BC. Draw a second arc with the
compass centered at point B,
with radius AC. Label the
intersection point D. Note that
ACBD is aparallelogram.

4. Use the compass to step off
points along line segment DB,
using the same radius that was
used for the points along line
segment AC.

5. Use the straightedge to
connect the corresponding
points. These line segments will
be parallel. They cut line
segments 4C and DB into
congruent segments. Therefore,
they must also cut line segment
AB into congruent segments.




The mathematical symbol used to denote
congruent is =,
The symbol is made up of two parts:
~which means the same shape (similar) and
=which means the same size (equal).

Congruent
Symbol

Al
—
—

When you are looking at congruent figures, be sure
to find the sides and the angles that "match up"
(are in the same place) in each figure. Sides and
angles that "match up" are called corresponding

sides and corresponding angles.

3 ‘Ié’{a

Congruent

In congruent figures, these corresponding
parts are also congruent. This means that the
corresponding sides will be equal in measure
(length) and that the corresponding angles will
be equal in degrees.



Congruent Angles: Anglesthat have exactly the
Same measures.

Vertical or opposite angles are congruent.

If two angles are congruent, then their complements are
congruent. Remember that two angles are
complementary if the sum of their measures is 90
degrees.

If two angles are congruent, then their supplements are
congruent. Remember that two angles are
supplementary if the sum of their measures is 180
degrees.

If two angles are complementary to the same angle, then
they are congruent.

If two angles are supplementary to the same angle, then
they are congruent.

If two angles are congruent and supplementary, then each is
aright angle.

All right angles are congruent.



The two triangles below have three congruent angles.

G

Angle C=43" Angle F =43
Angle O =477 Angle G =477
Angle E=191° Angle H =417
OE = 2628 cm GH=2528cm
EC=2725cm HF= 2725 cm
CO=3740 crm FG=3740cm

The most popular congruent figures are
triangles!
Be sure to remember that in congruent
figures, the corresponding parts are also
congruent.



AABC = ADEF

NOTE: The corresponding congruent sides are
marked with small straight line segments
called hash marks.

The corresponding congruent angles are
marked with arcs.

When two triangles are congruent, there are 6
facts that are true:

there are 3 sets of congruent (equal) sides
and

there are 3 sets of congruent (equal)
angles.

The 6 facts of congruent triangles:
A_—B ED_—E <A ==<D
BC=EF B =<K
AC=DF LC =<F




Wow! Six facts for every set of congruent
triangles!

Fortunately, when we need to PROVE (or show)
that triangles are congruent, we do NOT need to
show all six facts are true. There are certain
combinations of the facts that are sufficient to
prove that triangles are congruent.

Methods of Proving (Showing) Triangles to be

Congruent

SSS If three sides of one triangle are
congruent to three sides of another
triangle, the triangles are congruent.

Example:

T,
{ h.#hxh f-.:xw__,.-?

SAS If two sides and the included angle of
one triangle are congruent to the
corresponding parts of another triangle,
the triangles are congruent.



ASA

AAS

Example:
A1 N
SN
.-"/ L1 II \\"'\.

If two angles and the included side of
one triangle are congruent to the
corresponding parts of another triangle,
the triangles are congruent.

Example:

c F

PERAN

AABC = ADEF

If two angles and the non-included side
of one triangle are congruent to the
corresponding parts of another triangle,
the triangles are congruent.



HL

i 4

Example:
Triangle ABC and triangle JKL

are congruent triangles by AAS

if any of the following 6 cases are

true:
ANGLE ANGLE SIDE
(A) (A) )
1) <A=<J <B=<K CB=LK
2) <A=<J <B=<K AC=lL
3) <B=<K <C=<L AC=lL
4) <B=<K <C=<L AB=X
5) <A=<J <C=<L CB=LK
6) <A=<J <C=<L AB=X

Example:

If the hypotenuse and leg of one right
friangle are congruent to the
corresponding parts of another right
triangle, the right triangles are
congruent.



Right Trisngle
hyrpotenuse
leg

leg

hypotenuse
leg L L

leg

Practicc =xercise

D E
E “
o
L
B cim F

Complete each statement using the diagram above.
1) side BC =

2) 2ABC =

3) side AB =

4) hypotenuse of 4 ABCis ____

5) right angle of 4 ABCis ____

6) side of 4 DEF measuring 5 cmis ____

7) 2ACB =

8) «CAB =



If the two triangles can be proved congruent, state the
postulate (SSS, SAS, ASA, AAS, or HL) to prove they
are congruent.
If you can use more than one way to prove, state all
methods.
Triangles may not be drawn to scale.

Prove: sAACB = AFED

1. & E 2. B
& c
B C D F b E
Given: Given:
DBA and DFCE are 90- BBAD = DBCE
AD = EE DDBA = DEBC
AB = EC BD = BE
PDBA = PDFCE
Prove: 8ABD = ACBE
Prove: 4AABD = AECF
3 ; L 4 ; :
g/ \F %
C E . D
Given: Given:
D BCA and BDDEF are 9C: PCBA = PADC
DABC =DFDE PDACB = BCAD
D CAB =DEFD BC = DA
BC = DE

Prove: AABC = ACDA




b
Given:

AB = CD
BC = DA

Prove: AABC = ACDA

/
/]

Given.

DBAC and BDEC are 90-
AC= EC

AB = ED

BC= DC

Prove: LABC = AEDC

A >
D

Given:
D BDA and BBDC are 90-
DDAB = BDDCB

DABD = BbCBD
AD = CD

Prove: AADB = ACDB

Given.

AC= DF

Prove: LABC = ADEF




A B ] F
C E
Given.
P CBA and BEDF are 9C-
AB = FD
AC = EF

Prove: AMABC =z AFDE

10.

& >
D

Given.

PBDA and DBDC are 90-
DDAB = BDDCB

DABD = BCBD

DB =DB

Prove: AADB = ACDB




Rotation

When afigureisturned, we cal it arotation of the figure.
We can measure this rotation in terms of degrees; a 360

degree turn rotates a figure around once back to its original
position.

Example:

For the following pairs of figures, the figure on theright is
arotation of the figure on the | eft.

O On
<%/

Reflection

If we flip (or mirror) along some line, we say the figureisa
reflection along that line.



Examples:

Reflections along a vertical line:

|
L] HENnRNEN

Reflections along a horizontal line:

[ | NN

[ ] (1 [

Reflections along a diagonal line:

T

The Platonic Solids

A polyhedron is a closed solid bounded by plane faces,
each face of apolyhedronisapolygon. A cubeisa
polyhedron bounded by six polygons (in this case squares)
meeting at right angles. Although regular polygons are



possible for any number of sides, there are only five
possible regular polyhedrons, having congruent faces, each
aregular polygon and meeting at equal angles. Thefive
regular polyhedrons are also known as the Platonic solids,
although they were known to the Greeks before the time of
Plato. They are the tetrahedron, bounded by four equilatera
triangles,; the hexahedron, or cube, bounded by six squares,
the octahedron, bounded by eight equilateral triangles; the
dodecahedron, bounded by twelve regular pentagons; and
the icosahedron, bounded by twenty equilateral triangles.

But why only five? The key observation is that the interior
angles of the polygons meeting at a vertex of a polyhedron
add to less than 360 degrees.

Let’s consider all possibilities for the number of faces
meeting at avertex of aregular polyhedron. For each
possibility we actually construct such a polyhedron, a
picture of which you can see close by on the following
pages. Here are the possibilities:

Triangles. The interior angle of an equilateral triangle
IS 60 degrees. Thus on aregular polyhedron, only 3, 4,
or 5 triangles can meet a vertex. If there were more
than 6 their angles would add up to at least 360
degrees which they can't. Consider the possibilities:

o 3 triangles meet at each vertex. Thisgivesriseto
a Tetrahedron.



|

o 4 triangles meet at each vertex. Thisgivesriseto
an Octahedron.

S
\ 4




o 5 triangles meet at each vertex. Thisgivesriseto
an Icosahedron.

Ly

Squares. Since the interior angle of a squareis 90
degrees, at most three squares can meet at a vertex.
Thisisindeed possible and it givesriseto a
hexahedron or cube.

p




Pentagons. Asin the case of cubes, the only
possibility is that three pentagons meet at a vertex.
Thisgivesrise to a Dodecahedron.

&

Hexagons or regular polygons with more than six
sides cannot form the faces of aregular polyhedron
since their interior angles are at least 120 degrees.

Similar Figures



Let's look at the corresponding parts of these
two triangles, triangle MHS and triangle ONE.
Are the corresponding sides equal? How about
the corresponding angles?

SMe= 0 MH=ON
L He="N HS+>+HNE
& Ses " FE SMe=sEQ

<> means "corresponds to"

These triangles are not congruent, because the
corresponding sides are obviously not equal.
But they are somehow alike, aren't they? They
have the same shape.

What about their angles? Are they equal? If we
put triangle ONE on top of triangle MHS, we
could compare each angle, and we would find
that the corresponding angles are all
congruent. This gives us the definition of
similar triangles: if the corresponding angles of
two triangles are congruent, then the triangles
are similar.

Not only are the corresponding angles the
same size in similar polygons, but also the
sides are proportional. We can use the ratios
called proportions to help us find missing
values.



Here are two quadrilaterals: RUSH and GOLD.
Are they similar? If we measured the angles,
we would find that the corresponding angles
are congruent. Therefore, these quadrilaterals
are similar.

Since we know that they are similar, we also
know that their sides are proportional. We can
set up proportions between the sides, like this:

RU U5 SH HR

Let's use a proportion to find the length of
segment OL, given the other lengths shown

here.
10 f&
]
3

H 5
G 5f g

E



We can set up the problem like this. We read
this proportion as "OL is to US as GO is to RU."

oL _Go
Us RU

If we substitute the values of the segment
lengths, we get this proportion.

S

n
7
Now we can use cross products to solve for the

length of OL. We multiply the extremes and
the means together, and solve for n.

Similarity means objects have the same shape but they are
not necessarily identical in size.

o

The pairs below are not similar or congruent.

@




Practicc Exercise

Complete. Note: The perimeters of two similar figures
are proportional.

1. D
/E(\
&
C E
LC=/E
LA A

The perimeter of smaller triangle ABC is53. The
lengths of two corresponding sides on the triangles are
20 and 40. One side of ADE is 32. What is the length of
the corresponding side on ABC?

2. Z

j :‘:C F
A

|
LA=/D
/B=/E
The length of the sides of ABC are 120, 160, and 112. The
length of the smallest side of DEF is 224, what is the length of




/
/]

/B=/E

The length of the sides of ABC are 92, 114, and 98. The
perimeter of DEC is 2080, what is the length of the longest
side of DEC?

AN

c E

LA /A

LC=/E
The length of the sides of ABC are 315, 207, and 178. The

perimeter of ADE is 1400, what is the length of the longest

N

c E

/B=/D
LA XA
AB:AD = 3:9, and AD = 306, what isthe length of AB?




LA=/D

/Bz/E
The length of the sides of ABC are 320, 312, and 288. The

length of the longest side of DEF is 396, what is the
perimeter of DEF?

1. L
HI\C E F

LB=/E

LC=/D
BC.ED = 8:10, and FE = 310, what is the length of AB?

E

i EC F
4

D
LA =/D

/B=/E
The perimeter of smaller triangle ABC is 143. The lengths

of two corresponding sides on the triangles are 47 and 282.
One side of DEF 1s300. What is the length of the
corresponding side on ABC?




Construction of Geometric Figures

What is a construction?

Geometric constructions go back to ancient Greece. They
are often called Euclidean constructions, but they certainly
predate Euclid, the Greek mathematician who taught in
Alexandria c.300 BC, and who was probably the founder of
its mathematical school. His most important work is the 13-
volume Elements, which became the most widely known
mathematical book of itstime, and is still much used in
geometry.

The phrase compass and straightedge construction may be
more descriptive. Those are the only instruments allowed.
The compass establishes equidistance (an equal distance
between points), and the straightedge establishes
collinearity (points lying on or passing through the same
straight line). All geometric constructions are based on
those two concepts.

The compass does not simply draw curves. It cannot be
replaced by acircle pattern or a coffee can. The compassis
anchored at a center point, and keeps the pencil at afixed
distance from that point. All points on the curve drawn by a
compass are equidistant from the center point.

Although rulers are often used as straightedges, the
graduation marks may not be used. No measurements are
allowed. The straightedge is used only for drawing lines,
line segments, and rays. Given any two distinct points, this



instrument can draw the set of all points that are collinear
with them.

Rulers and protractors have their place in geometry, but
these are not construction instruments. All measurements
are approximations. In reality, the compass and
straightedge also are subject to error. If we were not limited
by the physical flaws of the instruments, the drawing
surface, and the person using them, then construction
instruments would render exact results. Thisis not true of
measurement instruments.



The Drawing Instruments

The compass is used to create equal distances between
points. The wheel in the center allows for fine adjustment
of the radius, and it keeps the radius from slipping.

Keep the compass |lead sharpened for anice, fine curve.
There are special sharpeners made just for the leads that fit
the compass, but it is a simpler matter to carry a small piece
of sandpaper. Stroke the lead acrossit afew timesto give
thetip abevel.

Hold the compass properly. Use one hand, and hold it by
the handle at the top. Do not hold it by the limbs. If you do
that, there will be atendency to change the radius as you
draw. Thisis especialy a problem with the cheaper
compasses that have no way of locking the radius. Tilt the
compass back dlightly, so that the lead is dragged across the
page. If the compass is pushed toward the lead, it will cause
the anchor point to lift up and slip out of position.

Some compasses come with extraleads and a needle for
use as adivider.



A divider is an instrument used for dividing lines,
describing circles, and transferring measurements.

Finding a good straightedge is not so difficult. Most
experienced drafters would never use aruler or ascaleasa
straightedge, because it damages the graduation marks.

Y ou decide how to treat your own instruments though.
Many rulers have a metal strip along one edge, just for this
purpose.

Using atransparent plastic triangle will allow you to see
your work as you draw.




The triangle can also be used to measure a 90° angle, just
as a protractor would be used.

In a pinch, you can use the edge of a book or a calculator as
astraightedge, but that can be awkward. Bring the right
tools for the job.

Y ou should have at least one good, sharp pencil with an
eraser.

A protractor isincluded in construction sets as atool for
measuring angles.

An arm of an angle is either of the two rays making up an
angle.



arm of an angle
L

1
A degree isaunit of angle measure equal to s of a
complete revolution. There are 360 degreesin acircle.

Degrees are indicated by the ° symbol, so 35° means 35
degrees.



Construct an angle congruent to a given angle.

1. Todraw an
angle congruent to
P A, begin by
drawing aray with
endpoint D.

2. Place the
compass on point A4
and draw an arc
across both sides of
the angle. Without
changing the
compass radius,
place the compass
on point D and
draw along arc
crossing the ray.

L abel the three
Intersection points
as shown.

Tz




3. Set the compass
so that itsradiusis
BC. Placethe
compass on point £
and draw an arc
Intersecting the one
drawn in the
previous step.

Label the
intersection point
F.

5 Tz -

4. Usethe
straightedge to
draw ray DF.

DEDF @bBAC

D/ﬁﬁ -

Construct the bisector of an angle.

1. Let point P bethe vertex of the
angle. Place the compass on point
P and draw an arc across both sides
of the angle. Label the intersection

points O and R.




2. Place the compass on point O
and draw an arc across the interior )
of the angle.

one drawn in the previous step.
L abel the intersection point 7.

F }' R -
3. Without changing the radius of o
the compass, place it on point R ﬁ
and draw an arc intersecting the

F IR -

4. Using the straightedge, draw ray
PW. Thisisthe bisector of DQPR.

Y ou can construct any of the following angles from a
straight line using a compass and starting with a 60°
angle.

First: Draw a straight line of any length and mark
a point on the line close to the center. Set your
comypass point on the marked point and draw
asemi-circle or half of acircle.

dh

)
CF Here




Second: Leave the setting of the compass the
same as above and place the compass point where
the semi-circle and the straight line meet. Mark a
small arc across the semi-circle.

Y
CF Here

Third: Draw aline from the center point
of your straight line to the mark on the semicircle.
Thelineis60° from the bottom line.

A

To mark a30° angle, divide the sixty degree angle in
half (bisect the angle). Since all points on the semi-
circleare equal distance from the center, all you have
to do to bisect the angleis:

First: Kegp your compass setting the same

and place the compass on the point where

the semi-circle and one of the straight lines

of the 60° angle meet. Mark an arc above,

but within the boundaries of the 60° angle.

Repeat the same action for the other 60° angleline.

CF Hepe
7N

=

*
CF Here



Second: Draw a straight line from the center
point of the straight line (vertex of the 60° angle)
to where the arcs cross. This causes the 60° angle
to be bisected and results in two 30° angles.

o0

To mark a15° angle, keep the compass setting the same
and bisect one of the 30° angles.

o
i 15

iy

To copy aline segment means to draw aline segment equal
in length to the given line segment.

Examples:
Using aruler:

Step 1 Measure the given line segment.

- .

A B

Step 2 Draw another line segment the same length.

C D



Using a compass and a straightedge:

Step 1 Draw aline segment longer than the given line
segment.

L &

A B

L &

1:-1

Step 2 Open the compass to the length of the given line
segment.

Step 3 Transfer the compass to the new line segment,
placing the metal point on one endpoint.

Step 4 Draw an arc cutting the new line segment. The
intersection is the second endpoint.

.




Construct the perpendicular bisector of a line segment.

Or, construct the midpoint of a line segment.

1. Begin with line segment XY. . y

2. Place the compass at point X. Adjust N
the compass radius so that it is more

than (1/2)XY. Draw two arcs as shown * !
here. /

3. Without changing the compass x4
radius, place the compass on point Y.

Draw two arcs intersecting the
previously drawn arcs. Label the S
intersection points 4 and B.

4. Using the straightedge, draw line 4B.
Label the intersection point M. Point M A
Is the midpoint of line segment XY, and
line 4B is perpendicular to line segment
XY.

Given point P on line k, construct a line through P,
perpendicular to k.

1. Begin with line &, containing point P. | -

2. Place the compass on point P. Using | = )
an arbitrary radius, draw arcs




intersecting line k at two points. Label
the intersection points X and Y.

3. Place the compass at point .X. Adjust N

the compass radius so that it is more -~ }P o

than (1/2).XY. Draw an arc as shown

here.

4. Without changing the compass x4

radius, place the compass on point Y. -~ ke

Draw an arc intersecting the previously | * e

drawn arc. Label the intersection point

A.

5. Use the straightedge to draw line AP.

Line AP is perpendicular to line k. f‘
-

Given point R, not on line k, construct a line through R,

perpendicular to k.

1. Begin with point line k£ and point R,
not on the line.

2. Place the compass on point R. Using
an arbitrary radius, draw arcs
intersecting line k at two points. L abel
the intersection points X and Y.




3. Place the compass at point X. Adjust
the compass radius so that it is more
than (1/2).XY. Draw an arc as shown
here.

4. Without changing the compass
radius, place the compass on point Y.
Draw an arc intersecting the previously
drawn arc. Label the intersection point
B.

5. Use the straightedge to draw line RB.
Line RB is perpendicular to line &.

Given a line and a point, construct a line through the

point, parallel to the given line.

1. Begin with point P and line .

[=]

&
2. Draw an arbitrary line through
point P, intersecting line k. Call P
the intersection point 0. Now the
task isto construct an angle with - -

vertex P, congruent to the angle of
Intersection.




3. Center the compass at point O
and draw an arc intersecting both P
lines. Without changing the radius
of the compass, center it at point P | «—2
and draw another arc. s

4. Set the compass radius to the
distance between the two P
Intersection points of the first arc. :
Now center the compass at the - ; =
point where the second arc
intersects line PO. Mark the arc
intersection point R.

| B

5. Line PR ispardlé toline k. /<

/(FIR-
e ARV -f_

When working with triangles, an altitude is a perpendicular
segment from any vertex to the opposite side or extension
of that side.




Given a line segment as one side, construct an equilateral
triangle.

This method may also be used to construct a 60° angle.

1. Begin with line segment 7U. r® °u

2. Center the compass at point 7,
and set the compass radiusto 7U.
Draw an arc as shown.

=]

3. Keeping the same radius, center
the compass at point U and draw
another arc intersecting the first
one. Let point V" be the point of
Intersection.

4. Draw line segments 7V and

UV. Triangle TUV isan

equilateral triangle, and each of its
interior angles has a measure of

60°.

One of the most frequently drawn geometric shapesis
the right triangle. Before you start working this
practice, which involves drawing right triangles, think
about what makes atriangle aright triangle.




One of the three angles of aright triangle must be a
right angle (90°).

Remember:

Two straight lines that cross each other at right angles
are perpendicular lines.

First:

Near the center of a piece of paper, draw asix inch
straight line. Divide the line in half and create a
perpendicular line through the center point. Make the
perpendicular above the horizonta line 4" in length.

Since you divided the horizontal line in half,
each horizontal line segment should measure
three inches in length.



Second:

Draw astraight line from the end point of the
horizontal line to the endpoint of the vertical line.

g
=

&

Measure the last line you drew. It
should measure five inches.

If'it does , the triangle created
Isa3-4-5 right triangle.

If it does not , then either the

length of one or both of the sidesis
not exactly three and four inches or
the horizontal and vertical lines are not
perpendicular.



Constructing Triangles
Given Two Angles and a Side

Use protractor and ruler to construct 4 ABC with AB =7
cm, BABC =25°and pBAC = 60°.

Solution:
Step 1 Using aruler, draw alineinterval, AB, 7 cm long.

Step 2 Use aprotractor to draw an angle, DABL, of 25°.

Step 3 Use a protractor to draw ©BAM of 60° so that the
arm AM intersects BL at C.

ABC istherequired triangle.

ity

257 &0°




Given Three Sides

Use a compass and aruler to construct 4 ABC with AB = 3
cm, BC=4cmand AC=5cm.

Solution:
Step 1 Draw alineinterval, 4B, 3 cm long.

Step 2 Using a compass, draw an arc with radius 4 cm and
with B asthe centre.

Step 3 With A4 asthe centre and with radius 5 cm, draw an
arcto cut thearc drawnin Step 2 at C.

Step 4 Join AC and BC.

ABC istherequired triangle.



Given Two Sides and an Angle

Use a compass, protractor and ruler to construct 4 ABC with
AB=7cm, BC=8cmand bBAC = 80°.

Solution:
Step 1 Draw alineinterval, AB, 7 cm long.

Step 2 Use aprotractor to draw BBAL, of 80°.

Step 3 Draw an arc of radius 8 cm with B as the center to cut
AL (extend thearm AL, if needed) at C.

Step 4 Join BC.

ABC istherequired triangle.

L

3 om




A sguare may be constructed by:

Drawing two diameters of a circle perpendicular to each
other. Thiswill divide the circle into four equal arcs.

Then to form a square, connect these points.

Rectangles and parallelograms of specific measurements
may be drawn provided enough of these measurements are
given.



Examples:

Draw a rectangle 1 ’2 in. long and % in. wide.

Draw line AB 1 Y2incheslong. Extend line AB in both
directions. Construct perpendiculars at points A and B.

Draw line BC and line AD % inches each.

Then draw line DC to form rectangle ABCD.

A B

Draw a parallelogram with a base 30 mm long, side 22 mm
long, and an included angle of 30 degrees.



Draw line AB 30 mm long. Extend AB in both directions.
Use a protractor to draw a 30 degree angle at points A and
B. Draw line BC and line AD 22 mm each.

Draw line DC to form parallelogram ABCD.

D" e

-

Practicc =xercise

1. Use acompass and a straightedge to copy thisline
segment:

2. Draw with a protractor an angle of 75 degrees. Then
construct with a compass an angle equal to it. Check
your copy of the angle with a protractor.



3. Draw aline segment that measures 6.2 cm. Bisect it
using acompass. Check with aruler.

4. Draw an angle measuring 68 degrees. Bisect it using a
compass. Check with a protractor.

5. Construct atriangle with two sides measuring 6.4 cm
and 5.8 cm and an included angle measuring 70
degrees.

6. Construct atriangle with two angles measuring 95
degrees and 40 degrees and an included side 2.3 cm
long.

7. Draw any line. Using a compass, construct a
perpendicular to it at a point on theline.

8. Draw any line. Using a compass, construct a
perpendicular to it from a point not on the line.

9. Draw any line. Select apoint outside thisline.
Through this point construct aline parallel to the line
you have drawn.

10. Draw any equilateral triangle. Select an angle and
bisect it. Construct from the vertex of this selected
angle the altitude (line segment that is perpendicular to
the opposite side). Does this perpendicular line bisect
this opposite side?



Problem Solving With Geometric Figures

Use Logical Reasoning

Some problems must be solved using logic. Based on a
few basic statements called assumptions, you will be asked
to decide which conclusion is true.

Example:

The sum of the measures of angles 1 and 2 is 180 degrees.
The sum of the measures of angles 2 and 3 is 180 degrees.
Based on thisinformation, which of the following
statements is true?

(1) mbl =120 degrees
(2) mb2 =60 degrees
(3) mbH3 =100 degrees
(4 mbl>mb2

(5 mbl=mb3

Options (1), (2), (3), and (4) are incorrect because the
assumptions given do not provide any information about
the measures of each angle. Although angle 1 looks greater
than angle 2 in the figure, we cannot conclude that it is



actually greater. Use only the information in the problem
and any labels on the figure. Do not “jump to any
conclusions.”

Option 5is correct. Angles 1 and 3 are congruent (equal).
Consider thefacts: mb1 + mb2 = 180 degrees
mb2 + mH3 = 180 degrees

mbl+mb2=mb2+ mb3
Then:

Subtract mb2 from both sides; mb1 = mb3

Using Similar Triangles

A variety of practical problems can be solved using similar
triangles. Similar triangles are often used when thereis no
way to actually perform the measurement of the missing
length.

Example: What is the height of the flagpole?

X
1.8 m

1m Sm

We can find the height of the flagpole in the diagram. The
diagram shows that the flagpol e casts a shadow of 5 m
while a 1.8-m person casts a shadow of 1 m. We use the
fact that the triangles formed by the objects and their
shadows are similar. We set up a proportion and solve.



height of the person = height of the flagpole
shadow of the person shadow of the flagpole
18=x
1 5
X = (1.8)(5)
X=9

The height of the flagpoleis 9 m.

Practicc =xercise

Solve each problem.
1. What isthe diameter of atire, if theradiusis25in.?
2. Write the name of a polygon that has three sides.

3. Whenitis9 o'clock, what type of angle is the smallest
angle formed by the minute and hour hand?

4. What isthe circumference to the nearest centimeter of
acirclewith aradius of 7 centimeters?



10.

PBXC and DAXB are complementary. If the
measure of BBXC is 25 degrees, what is the measure
of DAXB?

What is the measure of BABD if it isfour times the
measure of its supplement, DDBC.

At 4 p.m., aflagpole casts a 20-foot shadow. At the
same time, a person 6 feet tall casts a4-foor shadow.
What is the height of the flagpole?

The bottom of aladder is placed 8 feet from the wall
of ahouse. Thewall and the ground form aright
angle. If theladder is 15 feet in length, how far up the
wall does it reach (to the nearest foot)?

The three sides of triangle ABC measure 12 feet, 16
feet, and 20 feet. Triangle DEF issimilar to triangle
ABC. The shortest side of triangle DEF measures 15
feet. What are the lengths of the other two sides of
triangle DEF?

A circle has adiameter of 7 inches. What isits
circumference?



Answer Key

Book 14019 — Geometry

Page15 2. linesegment VX 3. Ray BA
4. lineVX 5. Ray SK
6. linesegment NK 7. line BV
8. line segment CB
Page 16 Parallel 3. Parallel 4. Intersecting

2.

5. Intersecting 6. Intersecting

7. Perpendicular 8. Pardllél

9. Intersecting 10. Perpendicular

Page 17  Make sure that all of the instructions are
followed to complete the constructions in
questions 1 — 4.

Page 20 Make sure that all of the instructions are
followed to complete the constructions in
questions 1 — 4.

Page 23 1. Anacuteangle 2. Aright angle
3. Anobtuseangle 4. A straight angle
5. Anacuteangle 6. Obtuse Angle
7. Right Angle 8. Complete Angle
9. Reflex Angle 10. 2

Page30 1. DbCADorDDAC 2. bBACorbCAB



Page 30 (complementary and supplementary angles)
1. 105degrees 2. 40 degrees
3. 65degrees 4. 60 degrees

5. a. Po,bp,Bg,Br b. bm,bn,bs, Dt
c. DPmandbp; Dnandbo; BDgandb ft;
brandbs

1.1 2. INor Ni; Dl or ID;1Sor Sl

3. DSor SD

4. A radiusis half the length of adiameter
5. Accept any reasonable answer

Page 36

Page37 2. 314m 3. 131.88mi 4. 113.04 ft.
5. 4949in 6. 25351cm 7. 79.13m
8. 18.84in

1. 314mm 2. 20mi; 62.8 mi

3. 2yd; 1256yd 4. 75.36ft 5. 18.84in
6. 21.35m 7. 6.8cm; 42.7cm

8. 95km; 19km 9. 9in; 28.26in
10. 59.03mi 11. 191/5cm:; 60 12/35 cm
12. 36 16/35km 13. 351/5ft
14. 53/10 mm; 33 11/35mm 15. 84.21 yd

Page 38

Page 44  Make sure that all of the instructions are
followed to complete the constructions in
questions 1 and 2.

Page44 1. FCor CF, DCor CD; ACor CA; BCor
CB 2. AForFA;BDor DB 3. AFor
FA:BDor DB 4. ABor BA:; AFor FA;



Page 51

Page 54

Page 60

Page 61

Page 66

AD or DA; BF or FB; BD or DB; FD or DF
5. AFor FA;BDor DB 6. ACB or BCA;
DCF or FCD; ACD or DCA:; FCB or BCF
7. EGor GE 8. BD or DB; AFor FA

2. Rhombus 3. Square 4. Triangle
5. Pentagon

6. Octagon

1. a. scalene b. scaene

2.

1.

6.
10.
14.
18.
21.
24.
28.

1. .
7.5 8.34.87 9. 26.98
12.
15.
18.
21.
24.
28.

11.
14.
17.
20.
23.
27.

1. Pyramid 2. Prism 3.

d. isosceles
a. right

b. right

7. Hexagon

c. equilateral

¢. obtuse d. acute

13 2. 37 3.53 4.5 5.583

7. 922 8. 1442 9. 12.53
12. 12.04 13. 12.81
16. 12.08 17. 825
19. 20.12 20. 21.26

22. 2147 23. 22.02

25. 11.58 26. 791 27. 11.63

13.04
11.40
8.60

12.37
21.21
27.02
14.96

3 2

34.47
32.88
33.82
31.13
58.54
11.30

11.

8.54

15. 9.85

8 3.12 4.28 5.7 6.9

17.86
42.53
34.47
60.50
52.23
11.20

13.
16.
19.
22.
2S.

10. 28.77
19.60
18.97
20.78
55.45
11.51 26. 9.20

Cylinder



Page 72

Page 96

Page 97

Page 109

Page 136

Page 140

4. Cone 5. Cube

Make sure that all of the instructions are
followed to complete the constructions in
this exercise.

1. sdeDE 2. bDEF 3. sideEF
4. SsdeAC 5. bABC 6. sdeDF
7. bEDF 8. BDFE

1. HL 2. AAS 3. AAS 4. ASA
5. SSS 6. SSS 7. AAS
8. Cannot beproven 9. HL 10. AAS

1. 16 2. 320 3. 780 4. 630 5. 102
6. 11385 7. 248 8. 50

Make sure that all of the instructions are
followed to complete the constructions in
questions 1-9. 10. Yes

1. 50in 2. Triangle 3. Right Angle
4. 44cm 5. 65degrees 6. 144 degrees
7. 30ft 8. 13ft 9. 20ft; 25ft

10. 21.98in
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