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Angles related to straight lines and 
parallel lines8

By studying this lesson, you will be able to;
• identify and verify the theorems related to the adjacent angles/vertically opposite 

angles formed by one straight line meeting or intersecting another straight line, 
and use them to solve problems,

• identify the angles formed when a transversal intersects two straight lines,
• identify and verify the theorems related to the angles formed when a transversal 

intersects two straight lines, and use them to solve problems.

Introduction 

Let us first recall the basic geometrical facts we learnt in previous grades.

Adjacent angles

   

A CD

B

The angles ABD 

>

 and DBC

>

 in the above figure have a common vertex. This common 
vertex is B. They also have a common arm BD. The pair of angles ABD 

>

 and DBC

>

  

lie on opposite sides of the common arm BD. Such a pair of angles is known as a 
pair of adjacent angles. 

 
ABD 

>

 and DBC

>

 are a pair of adjacent angles.

However, ABD 

>

 and ABC

>

 are not a pair of adjacent angles. This is because, these 
two angles are not on opposite sides of the common arm AB.
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Complementary angles
   
A

C

B

40o

50o

Q

R

P
60o

30o

P
R

SQ
Figure I Figure II

In figure I, since ABC 

>

+ PQR 

>

 = 40o + 50o = 90o, ABC 

> and PQR 

>

 are a pair of 
complementary angles. 

In figure II,  PQR

>  and RQS 

>

are a pair of adjacent angles. Furthermore, since 
PQR 

> + RQS 

>

= 90o, they are a pair of complementary angles too. Therefore,                                   

PQR 

>

 and RQS 

>

 are a pair of complementary adjacent angles.  

Supplementary angles

140o

Q R

P

40o

L

M

K

Figure I Figure II

BCA

D

60o120o

 

In figure I, since KLM

>

+ PQR

>

  = 180o, KLM

>

 and PQR

>

  are a pair of supplementary 
angles. In figure II, ACD

>

 and BCD

>

 are a pair of adjacent angles. Furthermore, 
since ACD 

>

 + BCD

>

 = 180o, they are a pair of supplementary angles too. Therefore, 
ACD

>

and BCD

>

 are a pair of supplementary adjacent angles. 
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Vertically opposite angles

   

RP

S Q

T

The pair of angles PTR
>

 and STQ

>

, formed by the intersection of the straight lines 
PQ and RS at the point T, are vertically opposite angles. 
Similarly, PTS

>

and RTQ

>

 are another pair of vertically opposite angles. 
Vertically opposite angles are equal in magnitude. 
   Therefore, PTR

>
 = STQ

>

 and PTS

>

 = RTQ

>

.

Parallel lines

Two straight lines in a plane which do not intersect 

A

B

C

D  
each other are called parallel straight lines. The gap 
between two parallel straight lines  is a constant.
As shown in the figure, parallel lines are indicated 
using arrow. We use the notation AB//CD to indicate 
that AB and CD are Parallel.

Do the following exercise, to strengthen your understanding of the above facts. 
Review Exercise
1' From the angles given below, select and write the pairs which are complemen-

tary.

O

FD

E

70o
G

H

I

55o

K J

L

80o

M

P

R

40o

C

A

B 35o

M N

20o T

S U

10o
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2. Based on the magnitudes of the angles shown in the figure, write     

        

   i. four pairs of complementary angles,                    

Q

R

S

P
60x

60x 60x

30x30x

120x

  ii. two pairs of complementary adjacent angles,          
 iii. two pairs of supplementary angles.

3. The straight line segments AB, CD and EF shown in the figure intersect at a 
point. According to the information given in the figure,                                   

            E

A

D
F

B

C

a b
dd c

30o

 
    i. find the value denoted by a.
  ii. give reasons why b = d.
 iii. find the value denoted by d.
 iv. find the values denoted by b and c.

4. Name three pairs of parallel straight lines.  A B

CDE     

8.1 Angles related to straight lines

Let us assume that the point O is located on the straight line AB.

 
A BO

Then AOB

>

 can be considered as an angle between the arms AO and OB. Such an 
angle is known as a straight angle. 
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A BO

AOB

>

 

The unit “degree” which is used to measure angles has been selected such that a 
straight angle is equal in magnitude to 180°. Therefore, we can write AOB

>

 = 180o. 

 
A BO

AOB
>

= 180o

Accordingly, the magnitude of a straight angle is180o.

In the following figure, two angles have been drawn at the point O which is located 
on the straight line AB.

  
A BO

C

Here, AOC

>

 and BOC

>

 are a pair of adjacent angles. In a situation such as this, we say 
that the adjacent angles AOC

>

 and BOC

>

 are on the straight line AB. Furthermore, 
since  AOB

>

 = 180o, it is clear that, 

     AOC

>

 + BOC

>

 = 180o. 

Hence, the two angles AOC

>

 and BOC

>

 are a pair of supplementary adjacent angles. 
The facts we have discussed can be stated as a theorem as follows.

 

Theorem:
The sum of the adjacent angles formed by a straight line meeting 
another straight line is two right angles.

The facts discussed above can be generalized further. As an example, in the figure 
given below, four angles have been drawn at the point O on the straight line AB.
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A BO

ao 

bo 
co 

do 

The values of these angles in degrees have been denoted by a, b, c and d. In a situation 
such as this too, we say that the angles are on the straight line AB. Furthermore, 
since AOB

>

 = 180o, it is clear that,

a + b + c + d = 180.
It is also clear that this relationship holds true for any number of angles on a straight 
line. Therefore,

 
“The sum of the magnitudes of the angles on a straight line is 180°.”

Now, by considering some examples, let us learn how to solve problems using these 
theorems.

Example 1
 

In each figure given below, if PQR is a straight line, then find the value denoted by x. 
    PQD

>

 + DQR

>

 = 180o  ^ Angles on the straight line PQR) 
D

RQP
x100x

            

   100o + x = 180o 

   x = 180o  – 100o 

       =  80o 

          

PQS

>

 + SQT

>

+ TQR

>

 = 180o   ^ Angles on the straight line PQR) 
                               
              x +  2x + 30o = 180o                                        

P

Q

R

T

S

30o
2xx

       3x +  30o = 180o 

                 3x = 180o  – 30o  
                            3x = 150o 

                              x = 50o 
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Example 2
 

In the given figure, AQR

>

= 70x and the bisector of PQA

>

 is QB.

Q RP

B A

70o

 
If  PQR is a straight line, then find the magnitude of  AQB

>

.

Since PQR is a straight line,

       PQA

>

 + AQR

>

 = 180o  (angles on the straight line PQR)
               PQA

>

 + 70o  = 180o                                                  

             ...      PQA

>

 = 180o – 70o

           = 110o

Since BQ is the bisector of PQA

>

,

   PQB

>

 = AQB

>

 = 12  PQA

>

      ...      AQB

>

 = 110o

2
                   = 55o

                          

  1. In each of the following figures, AB is a straight line. Based on the information 
       in each figure, find the value of the angle denoted by the lower case letter.

BC

D

A
a

i.

vi.

B

RQ

P

A
O

xx x
2x

ii. P BA

Q

b108o
iii.

D
A

B

KC

c20o

v.

A

B

M

L

m
30o

iv.

Q BA

P R

xx 80o

Exercise 8.1
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2. In the figure,  ABC is a straight line. If  DBC

>

 = 36o, show that the magnitude of
ABD

>

 is four times the magnitude of DBC

>

.  

CBA

D

36o

 

3. In the figure, ABC is a straight line. Based on the information given in the figure, 
show that PBR

>

 is a right angle.                                    

B

A

C

R

Q

P

x x y
y

 

 

4'   In the figure, ABC is a straight line. Moreover, PBC

>

= CBQ

>

 . Show that   
     ABP

>

= ABQ

>

.                             

B

A

P

C

Q

8.2 Vertically opposite angles

                                      

O

C

BD

A

In the figure, the straight lines AB and CD intersect each other at O.

The vertex O is common to both the angles AOC

>

 and  DOB

>

 . Furthermore, they are 
on opposite sides of O. 

The pair of angles AOC

>

 and DOB

>

are known as a pair of vertically opposite angles. 

Similarly, AOD

>

 and  BOC

>

 lie on opposite sides of O, which is the common vertex 
of these two angles.
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Therefore AOD

>

 and  BOC

>

 are also a pair of vertically opposite angles. 

Accordingly, it is clear that two pairs of vertically opposite angles are formed by the 
intersection of two straight lines. 
Let us now consider a theorem related to vertically opposite angles. 
 

Theorem:
The vertically opposite angles formed by the intersection of two straight lines 
are equal. 

By considering the figure, it can clearly be seen that ‘vertically opposite angles are 
equal’. However, by using the fact we learnt earlier, that ‘the sum of the angles on a 
straight line is 180’, and also the axioms learnt in the previous lesson, this theorem 
can be proved as follows.

   

O

C

BD

A

Data: The straight lines AB and CD intersect each other at O.
To Prove: AOC

>

 = BOD

>

  and

    AOD

>

 = BOC

>

 
Proof:
Since AB is a straight line,
 AOC

>

 + BOC

>

 = 180o (angles on the straight line AB)
Similarly, since CD is a straight line,
 BOC

>

 + BOD

>

 = 180o (angles on the straight line CD)
 ...  AOC

>

 + BOC

>

 = BOC

>

 + BOD

>

  (axiom)
Subtracting BOC

>

  from both sides of the equation,

  AOC

>

  + BOC

>

 –  BOC

>

 = BOC

>

 –  BOC

>

 +  BOD

>

       ∴ AOC

>

 = BOD

>

Similarly,  AOD

>

 + AOC

>

 = 180o (angles on the straight line CD)
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 AOC

>

 + BOC

>

 = 180o (since AB is a straight line)
     ...  AOD

>

 + AOC

>

 = AOC

>

 + BOC

>

 (axiom)
Subtracting AOC

>

 from both sides of the equation we obtain, 
 AOD

>
 = BOC

>

. 

Let us consider the following examples to learn how this theorem is used to solve 
problems.

Example 1
 

Based on the information given in the figure, giving 

O
F

C
A

E

D B

43o57o

reasons, determine the following.
 (i) The magnitude of DOB

>

(ii) The magnitude of AOC

>

. 

     (i) Since EOF is  a straight line,
EOD

>

 + DOB

>

 + BOF

>

 = 180o  (sum of the magnitudes of the angles on a straight line)       
    57o + DOB

>

 + 43o = 180o 

              DOB

>

  = 180o – (57o + 43o)
              ...     DOB

>

  = 80o

               

  (ii)   AOC

>

 = DOB

>

  (vertically opposite angles)
          DOB

>

 = 80o   (proved above)
  ...    AOC

>

 = 80o

        

Exercise 8.2

1. In the figure, the straight lines AB and CD intersect each other at O.
                

O

C
A

D B

 

        
  i. If AOC

>

 = 80o , find the magnitude of BOD

>

.
  ii. Name an angle which is equal in magnitude to AOD

>

.
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2. In the figure, the straight lines AB, CD and EF intersect at O. Based on the 
information provided in the figure, find the magnitude of each of the following 
angles.         

O

C

A

D

B
E

F

30o

100o

  

  i. AOC
>

 
 ii. BOE

>

 
           iii. COE

>

  

3. Based on the information given in each of the figures shown below, find the 
value of each English letter representing an angle.

      
i. ii.

C

D

A

B

x
35o100o

S

Q

T

R

P

Ua
b b 38o

In the figure AB and CD are 
straight lines.

In the figure, RS and PQ are 
straight  lines.             

E

  iii.  iv.

F

C
A

E

D
B

p
2p

2p
G m

m n F

C

D

E

B

A

 In the figure, the straight lines AB, 
CD and EF intersect at G.    

  In the figure, AB and CD are straight lines.
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4.  In the figure, AB, CD, DE and BF are straight lines. Moreover, a = d. Fill in 
the blanks given below to prove that b = c.  

                                                     

a
b

d
 c

F

E

B

C

A

D   a = b   (................)
  d = ..... (................)
  But, ..... = ..... (data)
     ...     b = c

5. In the figure, AB, CD and EF are straight lines. Moreover p = r. Prove that                             
s = q.       

                               

s

q
p

r

A

C

B
F

D
E

8.3 Corresponding angles, alternate angles and allied angles

    

    

B

EA

C
D

H

G

a1

a2

b1

b2

d1

d2

c1

c2

F

In the above figure, the two straight line AB and CD are intersected by the straight 
line EF at the points G and H respectively. The line EF is known as a transversal.

 
A line intersecting two or more straight lines is known as a transversal.

 
In the above figure, there are four angles around the point G and four angles around 
the point H. According to where these angles are located, they are given special 
names in pairs.
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Corresponding angles

Consider the four pairs of angles given below.

 (i) a1 and a2 (ii) b1 and b2 (iii) c1 and c2 (iv) d1 and d2

Each of these pairs of angles is a pair of corresponding angles. 

To be a pair of corresponding angles, the following characteristics should be there 
in the two angles. 

  1. Both angles should lie on the same side of the transversal.

According to the above figure, both the angles a1 and a2 are on the left side of 
the transversal. Similarly, both the angles b1 and b2 are on the right side of the 
transversal. Also, the two angles c1 and c2 are on the left side of the transversal and 
the two angles d1 and d2 are on the right side of the transversal.

2. Both angles should be in the same direction with respect to the two 
straight lines. 

According to the given figure, the angles a1 and a2 lie above the lines AB and CD 
respectively. The angles b1 and b2 also lie above the lines AB and CD respectively. 
Similarly, the angles c1 and c2 lie below the lines AB and CD respectively, and the 
angles d1 and d2 also lie below the lines AB and CD respectively.
 

In the given figure, the pairs of angles AGE

>

  and CHG

>

, BGE

>

  and DHG

>

, 
AGH

>

  and CHF

>

, BGH

>

  and DHF

>

are pairs of corresponding angles.

Alternate angles
   

 

A
G

E

B

D
H

F

C

d1

a2

A
G

E

B

D
H

F

C

c1

b2

In the figures, the two pairs of angles given below are pairs of alternate angles. 
 (i) a2 and d1
(ii) c1 and b2
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The characteristics common to these pairs of angles that can be used to identify 
pairs of alternate angles are the following. 

1. The two angles should be on opposite sides of the transversal.

According to the above figure, the angles a2 and d1 lie on opposite sides of the 
transversal. Similarly, c1 and b2 also lie on opposite sides of the transversal.

2. The line segment of the transversal, which lies between the two straight 
lines, should be a common arm of the two angles. 

According to the given figure, the line segment GH is a common arm of the angles 
a2 and d1 and also of the angles c1 and b2.

In the given figure, the pair of angles BGH
>

  and GHC

>

 and the pair of angles
AGH

>

  and GHD

>

 are pairs of alternate angles. 

Allied Angles 

    

A
G

E

B

D
H

F

C

a2

c1

               

A
G

E

B

D
H

F

C

b2

d1

             

               

In the figures, the two pairs of angles given below are pairs of allied angles. 

  (i) a2 and c1
 (ii) d1 and b2

In the figure, the two straight lines are intersected by a transversal. The pairs of 
angles on the same side of the transversal segment GH, between the straight lines 
AB and CD are

         (i) the pair AGH

>

 and CHG

>

 

 (ii) the pair BGH

>

 and DHG

>
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For all four of these angles, GH is a common arm. A pair of angles on the same side 
of the common arm GH and between the straight lines AB and CD is called a pair 
of allied angles, Accordingly,

while the pair of angles AGH

>

 and CHG

>

 is a pair of allied angles, the pair 
of angles BGH

>
 and DHG

>

 is also a pair of  allied angles. 

1. Consider the figures given below of two straight lines intersected by a transversal.
             

  

a

b
c

d

f
e

Figure 1 Figure 2 Figure 3

By considering the angles represented by the lower case English letters in the given 
figures, fill in the blanks. 

   (i) In figure 1, a and b form a pair of  ………………. angles.
  (ii) In figure 2, c and d form a pair of  ………………. angles.
 (iii) In figure 3, e and f form a pair of  ………………. angles.

2. Consider the figure given below of two straight lines intersected by a transversal. 
Its angles are indicated by lowercase English letters. 

   

A a b
c d

e f
hg

E

B

D F

C

  i.  Name the line which can be considered as the transversal.
 ii.  Name the two straight lines which are intersected by the transversal. 
iii.  One pair of corresponding angles is the pair of angles a and e. Write the other  

three pairs of corresponding angles in a similar manner.
iv.    Write the two pairs of allied angles in terms of the lower case English letters. 
v.    Write the two pairs of alternate angles in terms of the lower case English 
        letters. 

Exercise 8.3
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3. Answer the questions given below in relation to the given

A

B

P

R

S

Q

D

C

    
 figure of two straight lines intersected by a transversal. 
   

  (i) Name the angle which together with ABP

>

forms a
       pair of corresponding angles.
  (ii) Name the angle which together with BCS

>

 forms the 
       following.           
            a) Pair of allied angles
 b) Pair of alternate angles
 c) Pair of corresponding angles.
 (iii) What type of angles is the pair RCD

>

 and PBC

>

?
 (iv) What type of angles is the pair PBC

>

 and BCR

>

?

8.4 Angles related to parallel lines

A
R

S

Q

P

B

D

C

As indicated in the figure, the transversal PQ intersects 
the two straight lines AB and CD at R and S respectively. 
Now let us consider how the two lines AB and CD are 
positioned in each of the following cases. 
 ³ When a pair of corresponding angles are equal
 ³ When a pair of alternate angles are equal
 ³ When the sum of a pair of allied angles is 180o

Do the following activity to identify this.

Step 1:   On a sheet of A4 paper, draw two straight lines 

70o

Q

O B

P

R

A

AB and PQ such that they intersect at O and 
such that POB

>

= 70o, as shown in the figure. 
Mark a point R on OP. 

Activity 1
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Step 2:     Using the protractor, as shown in the figure, 

70o

Q

O B

P

R

A

70o

C
draw PRC

>

at R such that its magnitude is 
70°. Observe that POB

>

 and PRC

>

 are a 
pair of corresponding angles (considering 
PQ as a transversal which intersects the 
straight lines RC and AB)

Step 3:     Using a set square and a straight edge, examine whether the lines AB 
and RC are parallel.

Step 4:    Selecting different values for POB
>

, repeat the above three steps and in 
each case examine whether the lines AB and RC are parallel. 

                                

70o

Q

O B

P

R

A

70oC

Step 5:      Carry out steps 1 to 3 which were performed 
for corresponding angles, for alternate 
angles too. When completing these steps 
you will obtain a figure similar to the one 
shown here.

                                            

C

 

70o

Q

O B

P

R

A

110o

Step 6:     Carry out the steps which were performed 
for corresponding angles, for allied angles 
too. In this case, the line drawn in step 2 
above should be drawn as shown in the 
figure, such that CRO

>

 = 180o − 70o  = 110o.
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In doing the above activity you would have observed that, when

(i) a pair of corresponding angles are equal or
(ii)  a pair of alternate angles are equal or
(iii) the sum of a pair of allied angles is equal to 180o,

then the straight lines AB and RC are parallel. 

This result which is true in general, can be expressed as a theorem as follows.

Theorem : When two straight lines are intersected by a transversal, if
(i) a pair of corresponding angles are equal or
(ii)  a pair of alternate angles are equal or
(iii)  the sum of a pair of allied angles is 180o, then the two  
 straight lines are parallel to each other.

  Example 1
 

   

20o

45o115o

C

D
E

A

B

Based on the information given in the figure, show that AB and DC are parallel. The 
two angles ABC

>

 and BCD

>

  formed by the transversal BC meeting the two straight 
lines AB and DC, are a pair of allied angles. 

 ABC

>

 = 115o

 BCD

>

 = BCE

>

 + ECD

>

 = 45o + 20o = 65o

    ...     ABC

>

+ BCD

>

 = 115o + 65o = 180o

Since the sum of the pair of allied angles ABC

>

and BCD

>

 is 180o , AB and DC are 
parallel.

Now let us consider another theorem which is related to parallel lines. 
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Step 1: On a sheet of A4 paper, draw two straight 

C

A

Q

B

D

R

S
Plines AB and CD parallel to each other (the 

parallel lines can be drawn using a set square 
and a straight edge), and a transversal PQ 
such that it intersects the lines AB and CD at R 
and S respectively, as shown in the figure. 

Step 2:  Use a protractor to measure the magnitudes of the below given angles.
(i) Measure the magnitudes of the pair of corresponding angles SRB

>

and PSD

>

and check whether they are equal. Similarly, measure the magnitudes of the 
other pairs of corresponding angles and check whether they too are equal.

(ii) Measure the magnitudes of the pair of alternate angles CSR
>

and SRB

>

and 
check whether they are equal. Similarly, measure the magnitudes of the 
other pair of alternate angles and check whether they too are equal. 

(iii) Measure the magnitudes of the pair of allied angles DSR

>

and SRB

>
and check whether they are supplementary. Similarly, measure the 
magnitudes of the other pair of allied angles and check whether they too 
are supplementary.

Step 3: Change the inclination of the transversal PQ and repeat the above two 
steps.

Activity 2

You would have observed in the above activity that when two parallel lines are 
intersected by a transversal,

(i) each pair of corresponding angles is equal, 
(ii) each pair of alternate angles is equal, 
(iii) each pair of allied angles is supplementary.

This result is true in general and can be expressed as a theorem as follows.



113
For free distribution

Theorem: When a transversal intersects a pair of parallel lines,
  i. the corresponding angles formed are equal,
 ii. the alternate angles formed are equal,
           iii. the sum of each pair of allied angles formed equals two right 
     angles.

Observe that the above theorem is the converse of the theorem learnt earlier. 

Example 2
 

   

25x

75x

E

BA

C >

>

D

In the above figure, the straight lines AB and CD are parallel (this is denoted by 
AB//CD). Moreover, BDC

>

= 75o and BAD

>

= 25o.
  (i) Giving reasons, determine the magnitude of ABE.

>

 (ii) Giving reasons, determine the magnitude of ADB.
>

 (i)                 BDC

>

 = 75o  (data)
        BDC

>

  =  ABE

>

 (corresponding angles, AB//CD)
              ...     ABE

>

  =   75o

           

(ii)                  BAD

>

 = 25o  (data)
        BAD

>

  =  ADC

>

 (alternate angles, AB//CD)
              ...     ADC

>

  =   25o

But    ADB

>

 = BDC

>

 – ADC

>

  
          = 75o – 25o

                        = 50o
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1. 
50o

P

R

S
C

D
Q

A

B

In the figure,   AB//CD. If PRB

>

= 50o, find the 
magnitude of each of the following angles.

    i. RSD

>

 (ii) ARS

>

     (iii) CSQ

>

     (iv) QSD

>

 
 

2. Based on the information in each of the following figures, giving reasons state 
whether AB and CD are parallel.

i. ii. iii.

75o

75o

A

P S

C

DB

Q R

80o

100o

C

D

P

S
R

Q
A

B

80o

80o

P

S

C

D

A

B

iv. v. vi.
120o

60o

C

P

S

D
A

B

95o
80o

P

S
C

D

A

B

55o

130o

P

S

C

D

A

B

3. Find the value of each angle denoted by a lowercase English letter in the figures 
given below.

i. ii.110o

25o

A Ba

CED

A

F
DC

B

E

>

>

20o

130o

b

>

>

Exercise 8.4

Q

Q

Q

R

R
R
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(iii)

55o

d
c

FC

D

A

B

E

(iv)

45o60o

P

Q S

A

C

B

D

TR

e f

>

> >

>

    

4. 
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Based on the information given in the 
figure, show that AB//EC.

1. Find the magnitude of each of the angles denoted using lowercase English 
letters in the following figures.

(i) (iii)
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In the figure, x, y and z denote the magnitude of 
the relevant angle.  If x + z = y, find the value of 
y.

Miscellaneous Exercise
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3. D

B
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4x3x

2x
Based on the information in the figure,

   (i)  write the values of DCE

>

 and ACD

>

in terms 
         of x.
     (ii)  find the value of x,
 (iii) find the magnitude of each angle in the triangle.

4. Write all the pairs of parallel lines in the given figure, indicating the reasons for 
your selections.
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5. In the figure,  ABC

>

 = p and CDE

>

 = q. Show that p = q.
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Summary

Summary
²  The sum of the adjacent angles formed by a straight line meeting another 

straight line is two right angles.
²  The vertically opposite angles formed by the intersection of two straight lines 

are equal. 
²   When two straight lines are intersected by a transversal, if

i. a pair of corresponding angles are equal or
ii.  a pair of alternate angles are equal or
iii. the sum of a pair of allied angles is 180o, then the two                  
 straight lines are parallel to each other.

² When a transversal intersects a pair of parallel lines,
  i.   the corresponding angles formed are equal,
 ii.   the alternate angles formed are equal,
           iii.   the sum of each pair of allied angles formed equals two right angles. 


