MODULE 7
Geomelric Relations
J
What this module is about
This module is about relations of segments and angles. As you go over the
exercises, you will develop your skills involving points, segments and angle pairs and solve

problems on the relationships between segments and between angles. Treat the lessons
with fun and take time to go back if you feel you are at loss.

2% Y What yow are expected to-learn
This module is designed for you to:
1. illustrate betweenness and collinearity.
2. illustrate the following:
e congruent segments
e midpoint of a segment
e congruent angles
e bisector of an angle
e complementary angles
e supplementary angles
e adjacent angles
e linear pair

e vertical angles



A
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Answer the following questions:

1. Whatis /IP/?

2. If /IM/=/MH/ =/IH/, then what point is between the other two?

3. If M is the midpoint of AC, what segments are congruent?

4. Name the coordinate of the midpoint of U

5. ZEMFand ZzFMC are ____ angles.

6. «EMF form a linear pair with

7. If ZEMF is the complement of ~FMC and on ~FMC = 75, what is on ~EMF?
8. If ~AMD = «DMC and are supplementary, what kind of angle is each?

9. What is the measure of each angle if the measure of the angles in a
supplementary pair is twice that of the other?

10. What is the measure of each angle if the two angles are both vertical and
complementary?



AR What youw will do-

ET] ﬁﬂ“ Lesson 1

Collinearity of Points

You may ask this question, “how many points are there in a line?” “ How many
points are there in a plane?” Do you know the answer? Yes, it is infinite or many points.
Now you take a look at BP in the figure.
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<>
Points B, C, P are contained in BP

<>
Points X, Y, Z are notin BP

<>
Points B, X, Y are notin BP
The set of points B, C, P are collinear
The set of points X, Y, Z are not collinear

The set of points B, X, Y are not collinear

Collinear points is a set of points which are contained in a line

Examples:
The following set of points are collinear
1. A,O,P,L S

2. M,N,P,S A O \P L

A
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3. A,QC

4. A/P,B,S

5 B,R,C

A

Do you still remember the number line?

AB CDEFGMHI J KLMN

A
v

6 -5-4-3-2-1 012 3 45 6 7

The points of a line can be placed in correspondence with the real numbers in such a
way that:

to every point of the line there corresponds exactly one real number;
to every real number there corresponds exactly one point of the line;
the distance between any two points is the absolute value of the
corresponding numbers.

wnN =

The number corresponding to a given point is called the coordinate of the point.
Examples:
1. The coordinate of M is 6, the coordinate of G is 0, the coordinate of B is -5.

B C

A
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X -1 O 1 Y

2. If the coordinate of B is x and the coordinate of C is y then, /BC/ = /X-Y/ (read as
distance BC equals the absolute value of X minus Y).

v
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-5 O 3

3) B/ = |-5 - +3|
|-8]
8

Try this out

Which set of points are collinear:

C
B
1. A,OD ) D E _
2. A/B,O A 0 ' g
3. B,O,F
4. G,0O,F
5. C,0G G F

v

A

Give the coordinate of each of the following points:

G

COON®

D
M
A
K
B. The coordinates of P and Q are listed. Find /PQ/.

1. P: O 6. P. 7
Q: 7 Q 3



2. P: 12 7. P: 19
Q: 0 Q: 113
3. P 4 8. P: 5
Q: 15 Q: -5
4. P: 21 9. P: 56
Q: 14 Q: -18
5. P: 15 10. P: 12
Q 6 Q: -51

MNO P Q R SCT U VWX Y Z AB

C. « >
-51-4 302 A 011 2 314 5

4.5 0.5 I1

Find:
1. IPS/ 6. /RX/ + /PR/
2. /US/ 7. ICR/ + /OR/
3. /IPT/ 8. /PS/ + /RU/
4. INC/ 9. /ISW + /WY/
5. INT/ 10. /NR/ + /IRW/

Lesson 2
Betweenness
A B C

< Il | L »
] T T 1 >

Let A, B, C be three points. B is between A and C. If A, B and C are on one line and
[AB/ + /BC/ = /AC/. This definition of betweenness means that:

1. If B is between A and C, then A, B and C then, A, B, C are collinear and /AB/ +
/IBC/ = /AC/.

2. If A, B and C are collinear and /AB/ + /BC/ = /AC/ then, B is between A and C.



Examples:

1. If x,y, and z are collinear X Y Z
and /xy/ + lyz/ = [xz/ then, <
Y is between X and Z.

v

2. Given: Tis between Rand U
Conclusion: R, T, U are collinear
and /RT/ + /TU/ =/RU/

3. Ois between S and P S O P
Find /SP/ < >
Solution: -2 0 3
/SO/ + /OP/ = [/SP/
2 +3 = [SP/
5 = /SP/
Try this out

A. Which point is between the other two?

1.
P
O
M
« G E v
2. h ' "
B OA
3. <« ——t >

4. A, B, and C are three points on a line with coordinates 8, 4, and 13 respectively.



5. R, S, and T have coordinates x, y, and z respectively x < y < z.

From each of the following equations determine which point is between the other two.

6. /AB/ +/BC/ = /AC/
7. [PO/+[QR/ = [PR/
8. /LM/+/LN/ = /MN/
9. /BC/- /AB/ = |AC/
10./QR/ - /PQ/ = IRP/

P QR S T U V W X

w
A
v

5 4 3 -2 1 0 1 2 3 4

1. lIsittrue that /QS/ + /ST/=/QT/?
2. lIsittrue that /PS/ +/ST/=/PT/?
3. lIsittrue that /PW/-/PR/=/RW/? _
4. lsittrue that O is the coordinate of the midpoint of PX?
5. lIsittrue that /XP/ - WX/ = [PW/?
A B C DEF GHI JKLWM
6.—10. ¢ >
6 5 4 -3 -2 1 01 2 3 456
6. Give the distance between points G and J.
7. Give the distance between points Gand D.
8. Find the distance between G and the midpoint JL .
9. Find the coordinate of the midpoint of DK.
10. Find the midpoint of AM.
C. A E I O U B

A
v

-10 -5 0 5 10 15
Using the figure complete the statement in nos. 1 — 5.

If E is between A and B,

1. /AB/ = |AE/ +

2. IAE/ = |AB/ -

3. IEl = |AB/ -

4. |/AB/ =

5. /IB/ = o
6. What is the coordinate of the midpoint of AU?



What two segments are congruent if O is the midpoint of BE?

Find a segment congruent to AO with B as one endpoint.

O is the midpoint of a segment with | as one of the endpoints. Find the
segments.

10. AU =

© N

Lesson 3

Congruent Segments and Midpoint of a Segment

Segments are congruent if and only if they have equal measures.

Examples:
_ L R @)
1. RS = XY
0 4
If you look at RS and XY X Y
mRS = /0-4/ = 4 : :
mXY = /4-8/ = 4 4 8
mRS = m XY
RS = XY
2. AD = EH
A.B CDEFGH I J
432101 23 465 .
3. N;__J L L
4. ifmMB =25cm. and m ST =25 cm then MB = ST
5. RM =MB =6 then, RM = MB

Midpoint — is a midpoint of the segment which divides the segment into two
congruent parts.

Examples:

1. P is the midpoint of BC

if and only if BP = PC .



2. O is the midpoint of SP

3. MisbetweenDand E
such that MD = ME , then
M is called the midpoint of DE

More about midpoint

A segment has exactly one midpoint
If M is also midpoint of AY then M
2 IAM/ = |AY/ 2 IMY/] = |AY/

JAM = %/AY/ IMY/ = %/AY/ Y

Any line that passes through the midpoint of a segment is called a bisector of the

segment.

Try this out

A

D E F G HI JKULMNOPAQR S
<—8-7-6-5-4-3-2-101234567 ”

1. What is the distance between D and G?
2. Whatis mLO? . .
3. What can you conclude about DG and LO?
4. What two points are at a distance 3 from L?
5. What can you say about LO and LI?
<>
Given: MD with point A M
between points M and D
such that /MA/ =% /MD/ and /MD/ = 12 A
6. Whatis /IMA/?
7. Whatis /AD/? D

8. Is /MA/ = /AD/?

10



9. Is MA = AD?
10. Is A the midpoint of MD?

Given ME, SO, PA, and RU with their respective measures

M . 5cm .E

S . 10 cm .0

P . 10 cm A

R . 12 cm .U

Write <, > or =to compare the measures of the line segments.

1. /ME/ 1SO/
2. [SO/ IPA/
3. /PA/ /RU/
4. /RU/ IPA/
5. /RU/ IME/

M NOWP QRSTUVWXY ZA B C

<

87 6--5-4-3-2-10123456 7 8

v

6. How faris it from M to P?
7. How faris it from C to Z7?
8. Find /RZ/
9. Find /CU/
10. Give two pairs of congruent segments.
A B CD E F GH I J K
-10 -8 4 2 0 2 4 6
1. /AD/ =
2. mAD m DG
3. AD DG
4. If Dis between A and G, /AD/ + /DG/ =
5. D is the midpoint of __ :
6. If G is the midpoint of El then =
7. IfAD = DG then is the midpoint of AG
8.

Suppose point B is on AC and B is not a midpoint of AC, then /AB/ + /BC/ =

11



Given: Point M is the midpoint of JK and JM = 5. Complete the following:

9. /MK/
10. /JK/

and Jﬁ =~

Lesson 4

Congruent Angles and Angle Bisector
Congruent Angles are two angles with equal measure

Angle bisector is a ray from the vertex of an angle to a point in its interior which
divides the angle into two congruent parts.

Examples:

1. m ~AOF =15 0 D
m ~EOG =15 B )
m Z/AOF =m_<EG E
- /AOF = /EDG

2. mzZ1=45 P R
m«zZ2= 45 h F O G
mzZ1=m«2
L1 =42

3. £z X=zY
60° Y/60°

v
v

g .
4. OB is an angle bisector AN C/




_> . .
5. OB is an angle bisector of ~LOA

L
B
30°
O 3Q° >
A
_>
6. AC is not an angle bisector B
C
N
J 30° A
~ D

You can also state the definition of angle bisector this way:

If D is in the interior of ~ BAC B
and «BAD = ZDAC, then AD
bisects ~ BAC and AD is called
the bisector of LBAC D
A
C

Try this out

A. Complete the following statements:

1.Two angles are said to be congruent if the angles have measures.
2. When two angles have equal measures, the angles are
3.fm«3=57and 24 =57then 3 and £4 are angles.

4. A ray from the vertex to the interior of the angle which bisects an angle is called .

4

5.1f ~LEM = ~MEN then L} M
is the angle bisector of ~LEN
E N

6. «MON
7. £SOT

e 1

13



8. ~POQ =
9. «~MDQ =
10. is the angle
bisector of ~ POR.

Nos. 6-10

1. Ngme two congruent angles with
JK as a common side.
2. Give another pair of congruent
angles each measuring 30°.
3. What do you call JH?
4. JKis of angle PJQ.
5. ZRJS____ /PJQ

6. If IT is the angle bisector
name two congruent angles.

7. 1fm2PIS=90 and ITis a
bisector whatis m 2 SIT?

8. If IT is a bisector of ~PIS and
m < PIT = 33, what is m £ SIP?

9. fmz£0O =120 whatism A
if /O = ~£/A?

10. If £O is bisected what is
the measure of each part?

A
R H S
30° 30°
J
30930
P K Q
v
A Nos. 6-8
P T
| s
O L
A

14



Lesson 5

Complementary and Supplementary Angles

The sum of the measures of complementary angles and two angles is equal to 90.

Here you can see #M is the
complement of ~ZP.
2 is the complement of 2 P. 60° 60°

ms/M+m~zP =90

/M and «P are complementary angles. 30°
P

v

The sum of the measures of supplementary angles are two angles is equal to 180.

Each of two supplementary angles
is called a supplement of the other
angle. You can see that ZB is the

supplement of ZE. P 120 60 R
msB+m«E =180 b B E -
«B and «E are supplementary angles. A
Examples: A
1.15° + 75° = 90° B
<« AOB and #BOC are 75°
complementary angles. < 15 0]
C
2. 140° + 40° = 180° R
/SER and #TER are
supplementary angles _140° _~40°
°S E T

3. GivenmzLI= ~70° findits complement.
Since the sum of the measures of complementary angles is equal
to 90, subtract the given angle from 90 to get the complement.
Solution: 90 — m «I| = complement
90 — 70 =20

15



4. sXand Y are supplementary. Find m2Y if m2X=100.
Solution: mzZX+mzY =180

100 +m«Y =180
m«Y =180 -100
mzY = 80

Try this out

A. In the given figure, «AOB and ~DOC are right angles

1 - 2. Name all pairs A B
of complementary angles

3 — 4. Name all pairs
of supplementary angles

C

What is the complement of each of the angles whose measures are given:

5. 12° 8. 67°
6. 39° 9. 79°
7. 41° 10. 84.5°

B. What is the supplement of each of the angles whose measures are:
1. 11°

2. 44°

3. 121°

4. 152.5°

5. 78.6°

6. A and «£B are complementary. If ~A=78°then, B =

7. «Cand «D are supplementary. If ~C=110.5°then, ~«D =

8. An angle has a measure x. Find the measure of its complement.
9. An angle has a measure 2x. Find the measure of its supplement.

10.Two supplementary angles have measure of 2x — 15 and x + 30.

C. Find the measure of each angle.

1. If£Xand 2Y are supplementary then, mZX+mzY = .
2. Ifthemz£O +m«P =90then, O and £P are

16



3. What is the complement of ~ K whose measure is m?
4. Find the supplement of an angle whose measure is a.
5. If two congruent angles are complementary then, each angle has a measure of .
6. If two angle are complementary then, eachisa ____ of the other.
7-8. The measure of an angle is 15 greater than twice the measure of its complement.

Find the measure of each angle:
9-10. The measure of an angle is 20 less than three times the measure of its supplement.
Find the measure of each angle.

Lesson 6

Adjacent Angles, Linear Pair, Vertical Angles

Adjacent angles are two angles which have a common side and a common vertex
but no interior points common.

Examples:
B A
1 R A C R
M < P Q
/1and /2 are adjacent /S ~AOB and ~BOC /MPR and #RPQ
are adjacent«£ S are adjacent £ S
A
M
J N
B L
A # »
E Y O P ~
<« BEL and £ JAY are not 2MOP and ~MON are not
adjacent angles adjacent angles

17



A linear pair are two adjacent angles whose non common sides are opposite rays.

Examples:
S

v

A

s E M ‘A 0 B

T
ZPIT and £ZSIT

2 COA and «BOC
form a linear pair

< SEP and ZPEM
form a linear pair

form a linear pair

If you try to measure each angle forming a linear pair, you will find out that the sum of
their measures is 180. So angles forming a linear pair are supplementary.

Vertical Angles are two nonadjacent angles formed by two intersecting lines:

Examples:

2 AOB are DOC vertical angles

#/1 and «3 are vertical angles
«BOC and £ AQOD are vertical angles

/2 and Z4 are vertical angles

Use your protractor to measure each angle in the figure

Find:

mz1= m/2=
m«s3= m</4=
m .~ AOB = m~«BOC =

m~DOC = m -/ AOD =

Have you found out that they have the same measure?
Therefore, vertical angles are congruent.

18



Try this out
A. . R

1 -2 Name 2 angles adjacentto £ 1

A

3. Name an angle which form a linear pair with 4.
4 — 5. Name two pairs of vertical angles

6. Are 1 and «5 adjacent?
7. Are z4 and «5 adjacent?
8. What pairof «S are «3 and 247
9. Are «1 and «3 vertical angles?
10. «SOU form a linear pair with £
B. Answer with Yes or No.
1. Are 3 and £6 vertical angles?
2. Are £2 and £ 3 adjacent angles?
3. Are «1 and « 8 vertical angles?
4. Are 27 and «8 linear pair?
5. Are #4 and ~8 linear pair?
6. Are «1 and « 8 adjacent?
7. Are #1 and /7 linear adjacent?
8. Are ~1 and /7 linear pair?
9. Are 5 and 6 adjacent?
10. Are £1 and <4 vertical angles?
C. True or False

1. Complementary angles are always adjacent.

2. Supplementary angles are sometimes adjacent.

3. The angles of a linear pair are always adjacent.

4. Vertical angles are sometimes adjacent.

5. If two angles are vertical then, they are either both acute or both obtuse.

6. Two adjacent right angles are supplementary.

7. Two vertical angles are always congruent.

8. If two angles form a linear pair, they are supplementary.

9. If one of the angles in a linear pair is 90, then the other angle has a measure greater
than 90.

10. If two adjacent angles are congruent and complementary, the measure of each angle
is 90.

19



Let’s Sumumarize

Collinear points is a set of points which are contained in a line. The points of a line

can be place in correspondence with the real numbers in such a way that:

e to every point of the line there corresponds exactly
one real number;

e to every real number there corresponds exactly one
point of the line;

o the distance between any two points is the absolute
value of the difference of the corresponding numbers.

The number corresponding to a given point is called the coordinate of the point.

Let A, B, C be three points. If A, B, C are on one line and. B is between A and C

then, /AB + /BC/ = /AC/

Congruent segments are segments with equal measure.
Midpoint is a point of a segment which divides the segment into 2 congruent parts.
Congruent angles are angles with equal measure.

Angle bisector is a ray from the vertex of an angle to a point In its interior which

divides the angle into two congruent parts.

Complementary angles are two angles whose measures have the sum equal to 90.
Supplementary angles are two angles whose measures have the sum equal to 180.

Adjacent angles are two angles which have a common side and a common vertex but

no interior points in common.

Linear Pair are two adjacent angles whose noncommon sides are opposite rays.

Vertical angles are two nonadjacent angles formed between two intersecting lines.

20
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1.

2.

3.

4.

5.

6.

7.

8.-

What hawve yow learned

What is /BD/?

If RA = SA what do you
call point A?

Name a supplement of
ZNAS.

What angle pair is
lllustrated by B

40°
50° C

D

v

A
|
(o]

2RAN and ZNAS?

If ~BAM = ~SAM what do you

call AM? M

ZRAN is vertical to £
The measure of «SAM =
9. If the measure of an angle is twice

the measure of its complement, what
is the measure of each angle?

10. The measure of ~B is 9 more than twice

the measure of ~C. If B and «C are
supplementary angles, what is the measure of £ B?

21




1.

2.
3AM MC
4.1

5.

Try this out
Lesson 1

A.

collinear
not collinear
collinear
not collinear
collinear

O A WN

PSRN Sl
—_—
O~N-_2N

w

O WN
1SS I

Lesson 2

A.

B.

O is between P and M
E is between C and U
O is between B and A
A is between B and C
SisbetweenRand T

PSRN VN

1. Yes
2. Yes
3. Yes
4. Yes

— — —

©ooNO®

10.

COXNO®

COXOXN® OOVWXONO®

SCOP®ND®

©ooNO®

ZFMD

15

right

60°, 120°
45°Try this out

B is between A and C
Q is between P and R
L is between M and N
A is between B and C
P is between R and Q

OrNww

22



5. Yes 10. G
C. 1. /EB/ 6.0
2. |EB/ 7. EO=0B
3. /AE/ 8. IB
4. 25 9. IU
5. 15 10. BE
Lesson 3
A 1.3 6. 6
2.3 7. 6
3.DGz=LO 8. Yes
4. Oand | 9. Yes
5. L0 =z U 10. Yes
B. 1. < 6. 3
2. = 7. 3
3. < 8. 8
4. > 9. 8
5 > 10. MD =z CZ and RZ=CU (answers may vary)
C. 1.6 6. EG= Gl
2. = 7. D
3. = 8. IAC/
4. 12 9. 5
5. /AG/ (answers may vary) 10. 10, MK
Lesson 4
A. 1. equal or the same 6. «SOR
2. congruent 7. ZNOP
3. congruent 8. ZQOR
4. angle bisector 9. £TOQ
5. Ejl\ﬁq 10. %
B.1. ZzPJKand £QJK 6. «PIT =z £SIT
2. /RJH and ZHJS 7. 45
3. angle bisector 8. 66
4. angle bisector 9. 120
5. = 10. 60
Lesson 5
A. 1. z3and 24 6. 51°

23



C.

2. /5and /6

3. Zz1and 22

4. 7 and «£8
5. 78

1.169°
2.136°
3.59°
4.27.5°
5.101°

. 180
complementary
90-m
180 - a
45°

TN SN

Lesson 6

1. £2

2. /5

3. Zz5and ZROQ
4. z1and 24

5. «SOT and ~ROQ

. No
. No
. No
. Yes
. Yes

AP OWN

1. False
2. True
3. True
4. False
5. False

What have you learned

1. 12

2. Midpoint

3. ZRAN

4. Linear pair
5. Angle bisector

—
© © N

OV NOD

— —
COX®NO® COP®NO®

—
o©P®NO®

SCOP®NS®

6.
7.
8.
9.

49°
23°
11°

. 5.8°

12°
69.5°
90 - x
180 - 2x

. 95,85

complement
65

25

130

. 50

Yes

Yes
adjacent
No

. ZROU

Yes
Yes
Yes
No

.Yes

True
True
True
False

. False

ZSAM
40°
60°
30°

10. 123°
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