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RECTILINEAR FIGURES

6.01 Triangle and its Angles :

We have sutdied about angles, made by straight lines at a point. In this chapter, we
shall study about a plane figure formed by more than two lines. If'we take three non-collinear
points in a plane and join them by taking two points at one time, then we will get threeline
segments. Thus, the figure so formed bounded by three line segments is called a tirangle.

"A plane figure bounded by three line segments by joining three non-
collinear points in a plane is called a triangle. " P

Fig. 6.01 three non-collinear points A, B and (' are
joined. Figure ABC, so formed by joining line segments 4B,

BC and (4, 1scalled triangle. Symbol’ A" 1sused in place of

the word 'triangle'. So, triangle 48" willbe denoted by AABC .

These three points which makes a triangle are called verticesof o
triangle. Three line segments of triangle are called its sides. Fig. 6.01
Angles formed at the vertices of a triangle by three line segments

are called angles of triangle.

FromFig.6.02, itis clearthat in A ABC :

(i) points 4, B andC areits vertices.
(i) line segments AR, BC andC4 areitssides.
(iii) ZCAB, (or LA), LABC (or £B) £BCA (or LC)

are the angles of the triangle If the sides of AABC are

extended in order, then angle between extended side and
adjacent side is called an exterior angle of triangle.
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Infigure 6.2 21, 2 2 , 23 areexterior angles of triangle ABC. ~4, #/5 /6 are
interior angles of triangle ABC.

Triangles can be classified on the basis of their sides or angles.

6.02 Classification of Triangles on the Basis of Sides

(i) Scalene Triangle : A triangle having all the three sides of different measure is called
scalene triangle. In Fig. 6.03, A AB(" isascalene triangle.

5 cm

Fig. 6.03
(ii) Isosceles Triangle : It two sides of a triangle are of equal measure, then it is called an
1sosceles triangle. In Fig. 6.04, APOR isanisosceles triangle in which PO = PR.

4cem
Fig. 6.04
(iii) Equilateral Triangle : A triangle, whose all sides are equal 1s called an equilateral
triangle. InFig. 6.05, A ABC' isanequilateral triangle mwhich AR =BC =CA.




6.03 Classification of Triangle on the basis of Angles :
(i) Acute-angled Triangle : Atriangle, whose each angle is acute, is called an acute-
angled triangle. In Fig. 6.06, APQR 1sanacute-angled triangle, since /P, ~ () and £ R

are acute angles.

P

0 R
Fig, 6.06
(ii) Right-angled Triangle : Atriangle withone anglea

right angle iscalled a right-angled triangle. InFig. 6.07, AABC

isaright-angled triangle, since £ B =90

(111) Obtuse-angled Triangle : Atriangle withone 7
angle an obtuseangle, isknown as an obtuse-angled triangle.
InFig 6.08, APOR 1sanobtuse-angled triangle, since her

Z POR =120 .

120°

Fig. 6.08

The sum of three angles ot a triangle is 180° proot of this geometrical fact is following.
Theorem 6.1. The sum of the three angle of a triangle is equal to two right angles.
Given : Atriangle AB(Tand itsangles namely <1, 22 and £3 .
To prove /1+ 2+ /3=180° <
Construction : Through A, draw aline parallel to BC.
Proof: = BC'||¢

£2=/5 (Alternate angles) ..(1)

and Z3=/4 (Alternate angles) ....(2)
On adding equations (1) and (2), we get 3
L2+ /3=L5+24 .03

Fig. 6.09

Adding to both sides of equation (3), we get
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N4 22+23=21+25+24 . ) . (iv)

(Sum of'angles ata pointon aling is 180° )

Zl+ 25+ 24=180 L 3
From () and (5),
Thus S+ 224+ 23=180° Hence Proved

Corollary 1. If a side of a triangle is produced the exterior angle so formed is equal to
the sum of the two interor opposite angles.

Sum of the three interior angles of atriangle 1s 180°

InFig. 6.10. L1+ 22+ 23=180° (1)
By linear pair property
23+ 24=180° ... (1)

From cquationas (1) and (ii), we get
L+ 22+ 73=/3+74 5 .
Thus. L1+22=/.4 Fig. 6.10

Corollary 2. An exterior angle of a triangle is greater then either of the interior
opposite angles.

InFig. 6.10, /1 4=/1+.2 (From Corollary 1)

D

= Zd=1
and Zd= 22
Corollary 3. In a right-angled triangle, right angle is the greatest angle,
Sum of the three angles of a triangle = 180°
Sum of onc right angle + Sum of two other angles =130°
= 90+ Sum of other two angles =180°
Sum of other two angles = 90°
=  Rcmaining two angles arc acutc angles.
Thus, Right angle 1s greater than remaining two acute angles.
Notc: In cach trianglc, at lcast two angles arc acute angles.
Corollary 4. Sum of the four angles of a quadrilateral is equal to four right angles,
In Fig. 6.11, ABCD is a quadrilateral having four angles £ 4, 2/ B, 2" and /D . Linc AC
divides quadrilateral into two triangles.

In AABC 21+ 22+ 23=180° (1)

andin AADC | 244+ 25+ 26=180° ......... 2)

From cquations (i) and (ii), we get



1+ 224 23+ 24+ 25+ 26=360°

= (L14+24)+ L2+ (L34 £5)+ £6=360°
Thus, LA+ LB+ 20+ 2D =360°
Ilustrative Example Fig. 6.1

Example 1 : InFig. 6.12, onc anglc of AABC is 40° . Ifthe diffcrence between remaining
two angles is 30° then find them.
Solution : Let £x and £ p arc remaining two angles of A 4BC .
Zx+Zy+40°=180°
- Lx+Zy=140° (i)
= Zx—2y=30° (Given) ... (11)
On adding (i) and (ii), wc get
Lx+Ly+Lx—2yp=140°430°
= 22x=170°

= Zx=83°

and from (i) ZLy=140°-Lx
= 140° —8§5°=355°

Thus, the required angles are 2 x =835° and £y =357,

Example 2. From Fig. 6.13, find ~/ RPQ, /(JRP and /PUR .

Solution : FromFig. 6.13
Zx+ZLx=126°

= 22 x=126°
= Zx=063"
and LZRPQ =63°
and Z PR =063°
now Zy+2126°=180° (Linear pair)
Zy=180°-126°=54°
or ZORP =54°
Example 3. In Fig. 6.14, Find £x,2y and £ ACD Here, BA|CE .

Solution : Here, ~ x =42° (Altcrnatc angles)
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Now  ZACD=/x+66°

= 42° 4 66°
~108°
Zy+ ZACD=180° )
or Zy+108°=180°
- Zy=180°-108°
= Ly=72° Fig 6.14

Example 4. Ifin a AABC, bisectors of angle B and C intersect each other at point

1
'()', then show that ZBOC =90" + 5 ZA .

Solution : Draw AABC as shown in Fig. 6.15 and then

draw B} and (O, thebisectorsof gand /(. A
ZA+ ZABC+ ZACB =180
(Sumofthree angles ofa A is 180%)

. . . . o
or ]—LAJrlLABCJrlLACB:lxlSO"
2 2 2 2

or %LA+LOBC+LOCB:90“ (D Fig 6.15

Given B( and CO are the bisectors of /B and £C respectively.

. ZBOC+ Z0BC+ Z0CB =180" (thedangles of AOBC} ........ 2)
Subtracting (1) from (2), we get

ZBOC+ £Z0BC+Z0CB ——; ZA - Z0BC - Z0CB =180" - 90°

_ Z/BOC —%4;\ =90°

Thus, ZBOC =90" +%4A ‘
Example5. In Fig. 6.16,if BE | AC, /EBC =30° and /FAC = 20" , then find the
valuesof /x and /.

Solution : In ABCE,
00°+ 30+ x= 180
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or 120° + £Zx =180°
or Zx =187 -120¢
or Zx =60°

Now, £y = ZFAC+ Zx (Exterior angle=Sum of interior
opposite angles)

Zy =20"+60° =80°

Exercise 6.1
1. InFig. 6.17, tind all the angles of A ABC

Fig. 6.17

2.InFig. 6.18, AABC isanequilateral triangle. Find the valuesof ~/ x, ~ v and /z from
thefigure.

Fig. 6.18

3. InFig. 6.19, sides AB and AC of AABC are produced to F-and 1D
respectively. Ifangle bisectors B and CO ot £ CBE and ~ RCD
meet each other at point (7, then prove that;

ZBOC =90" — %
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InFig 620, /P =52" and £/ POO = 64" ,iTQ0 and RO are the angle bisectors of
ZPOR and £ PR respectively, thentind thevaluesof £ x and £y .

DCE.

Fig.6.21
InFig. 6.22, it lines PO and RS Intersects each other at point T, such that

PRI =40°, ZRPT =95 and /7180 =75 ,thenfind ZSQOT .
P

95
40°

R

Q
Fig. 6.22

In Fig. 6.23, sides QP and RQ of a triangle POR are produced upto Sand T
respectively. If ZSPR=135° and ~/PQ¥ =110° then find ZPRQ .

S
PA)135°
110
T Q R
Fig. 6.23



8. InFig. 6241t PO | PS, PO || SR, ZSQR =28" and ZQJRT = 65", thenfind
the values of xand y.

_'I-_r

Fig. 6.24
9. InFig 6.25, side QK of APQR is produced to point.$. If the bisectors of /POR and

. |
ZPR S meetsatpoint 7, then provethat : LZOIR = 5 ZOPR

T
P

Q R S
Fig. 6.25

10. InABC, Aisright angle. /. is any point on BC such that AL 1 BC . Provethat

/BAL = /ACE
11. The angles of a triangle are in ratio 2:3:4. Find the all angles of the triangle.
6.04 Rectilinear Figures
A closed plane figure, bounded by at least three straight lines s called rectilinear figure It we

take n{n=3) different points onthe plane suchthat :

(i) Line segments made by any two points out of 72 considered points, should not passes
through any remaining point { # — 2 points) except its own end points.

(i) Two lines segment from a point is not collinear.

Then join these pointsin an order and figure so obtained is called polygon of 7 sides. These

points are called vertices of the polygon and line segments which make pelygon are called

sides of polygon. Angles subtended by line segments at the vertices are called interior

angles of polygon.

Itis clear that in a 72 sided polygon :

(1) There aren vertices.

(i1) There are # sides.

(111) There are n terior angles.

Polygons are classified on the basis of number of sides and the measure of angles.

(i) Triangle : Whenn=3, thenrectilinear figure s called triangle.

(ii) Quadrilateral : When n=4, the rectilinear figure s called quadrilateral.
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(iii) Pentagon : A polygon with 5 sides is called pentagon. In
Fig.6.26, ABCDE isa pentagon, which AB, BC, CD, DE and EA
areitssidesand ~ FAB, ~/ ABC, /BCD,/CDE and g ¢

Z DEA areitsinterior angles.

A B
Fig. 6.26
(iv) Hexagon : A polygon with 6 sides is called hexagon. InFig.
6.27 ABCDEF is a hexagon. Angles namely £1,/2, /3,24, /5
and <6 areitsinterior angles and AB, BC, CD, DE, EF and FA are F 6 e "'ﬂ
its sides.
Fig. 6.27

(v) Heptagon : Apolygon with 7 sides iscalled heptagon. In Fig. 6.28 ABCDEFGisa
heptagon. r
D

p

Fig. 6.28

(vi) Octagon : Apolygonwith 8 sidesis called an octagon. InFig. 6.29, ABCDEFGH is
anoctagon. " P

Fig. 6.29

Convex Polygon : Ifeach angle of'a polygon s less then two right angles, then the polygon
1s called a convex polygon. Unless otherwise stated, a polygon means a convex polygon.

Concave Polygon : ifat least one angle of the polygonis greater than two right angle, it is
called a concave polygon. In the given figure 6.30, ABCDEFGH is a concave polygon, since

Its interior angle .~ F#1D is greater thantwo right angles.
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Fig. 6.30

Equilateral Polygon : A polygon with all sides equal is called an equilateral polygon.
(Fig. 6.31)

E H D

P A Fig. 6.31
Equiangular Polygon : Apolygon with all interior angles equal is called an equiangular
polygon. (Fig. 6.32) R D
L) N

120

4 B
Fig. 6.32
Regular Polygon : Apolygon which is equilateral and equiangular, is called regular
polygon(Fig. 6.33). L &

1207

Fig 633

Exterior angles of a polygon : ifthe sides of a polygon are
produced in order (7.¢. clockwise or anticlockwise
direction) then the angles outsides the polygen, which are
supplementary angles ofinterior angles, and called exterior
angles ofthe polygon.

InFig. 6.34, the sides of polygon ABCDEF is produced in
same order and we obtained exterior angles as

[127]



/1./2./3 24,25 and £6. B
Perimeter of a Polygon : The sum of all sides of'a polygoniis

called its perimeter.

Diagonals of a Polygon : Byjoining the vertices ofapolygon | 8
we get the straight lines (that are not the sides) are called j
diagonals of polygon. InFig. 6.35, lines AC, AD and AE are
diagonals from point A. Here, Total 9 diagonals

Il

. . . n{n-1
Total number of diagonalsin n-sided polygon = ( 5 ) n
e.g. ifn—6, thennumber of diagonals
6(6-1 5 ~
5 Gt P S R P E ¢
2 2

Ina n-sided polygon, the diagonals drawn trom vertices make
(n-2) triangles. In Fig. 6.36, diagonals AC and AD of
pentagon ABCDE makes three traingles. On the basis of
above tacts we will establish the formula to find the sum of all A %
the interior angles of any polygon, and on this basis we will find
the sum ot all extrior angles of polygon.

Theorem 6.2

(i) Sum of inteior angles of an n-sided polygon is equal
to (2n-4) right angle.

(ii) Sum of exterior angles of an n-sided polygon is
equal to 4 right angles.

(iii) Each interior angles of a regular polygonis equal

to i(2!1 - 4) right angle.
H

Thesides AB, BC, CD, DE, EF, FA, ... ofansided pelygon
are produced in same order. In This way
L), L2,/3,24, 25, 26--- arerespectively exterior
angles at the vertices A, B, C,D,E, F, ...

Toprove

(1) Sum ofall interior angles = (2n -4) right angles

(11) Sum of all exterior angles =4 right angles

(2}1—4)

(i) Eachinterior angle ofa regular polygon= rightangle

Construction : Draw diagonalsAC, AD, AE, ... fromthe vertex A. In the way we get (n-2)
triangles in total.
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Proof (i) : We know diagonals of polygon fromits vertices divides itinto (n-2) triangles.

Sum ofall interior angles of n sided polygon
=Sum ofnterior angles of (n-2) triangles made by the diagonals from the vertices
=(n-2)x2right angle
= (2n-4)right angle Hence Proved
Proof (ii) : Weknow that when the sides of polygon are preduced, then sum of'its pair of
interior and exterior angles is equal to 2 right angles. Thus, there are n pairs ofinterior and
exterior ina n-sided polygon and their sum=# x 2 right angles =2n right angles.
Sum of minterior angles = (2n - 4) right angle.
Sum of n exterior angles =2nright angle - (2n -4) right angle.

=(2n-2n+4) right angle = 4 right angle.

]
Proof (iii) : It polygon is regular thenits each interior angle = " (21— 4) right angle

Proof : We know that the sum of all the interior angles of #-sided polygon isequal to (21-4)
right angles. We know that, each angle ofregular polygonis same. Let each angle of regular

polygonis y°, then HX = (2;1 - 4) right angles (sum ot all rangles)

1
xX= ;(2?? —4) rightangles Hence Proved.
[Mlustrative Examples
Example 6. In a regular polygon, number of sides is 10. Find its each interior angle.
Solution : First Method : -- Each exterior angles or of n-sided regular polygon
4 .
= — (right angles)

4
4 ]
=ﬁ><90 (Here n=10)

=36°

- Each interior angle =180° - 36°
1440

Second Method ;
(2rn—4)rightangle

Eachinterior angle of # sided regular polygon = "

(2X10-4)x90°
10

16x90°
10

—144°
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Example 7. Find the sumof all interior angles of'a heptagon.
Solution : Sum ofinterior angles ot n sided regular polygon = (2n— 4) right angle.
. Sum ofall the interior angles ot 7 sided rgular polygon.

=(2X7-4)x90° =10 x90° = 900°

=10x90 =900
Alternative method :
Number of triangles in regular polygon made by all the diagonals from a vertex of a heptagon
=7-2=5,

Sum of interior angles of atriangle =1g(0?

Sum ofinterior angles of S triangles — 5% 180% = 900¢
Example 8. If each interior angle of aregular polygonis | 75¢, then find number of sides.
Solution : - - 1 interior angle+1 exterior angle =1 g0?

1 exteriorangle — 18(Q¢ —| interior angle

=180 -175" =5
-+ Sumotn exteriorangles = 360” (Let the number of sides are #2.)
nx5% =360
360°
Thus, n= 5 =72

Example 9. Can aregular polygon be possible in which each interior angleis | 152 ?
Check it.

Solution: - 1tisgiventhat eachinterior angle of regular polygon—115¢ (Ifitpossible.)

Eachexteriorangle — 180° —115° = 65
let the number ot sides be #1.
.+ Sumotexterior angles of a polygon=4 right angles

= nXxX 65 =360°

360° 72 7
=——=—=5—# gwholenumber
65 13 13

= B

Thus, a regular polygon cannot possible in which eachinterior angleis 115°.
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Exercise 6.2
1. Ifaregular polygon has 8 sides, then:
(1) find the sum ofits exterior angles.
(1) find the measure of each exterior angle.
(in1) tind the sum of its interior angle.
(iv) find the measure of each interior angle.

2. Ifthe sum of interior angles of aregular polygonis 2 1 60 , then what will be the number of
sides of polygon? Find it.

3. Check, whether a regular polygonis possible with each interior angles 137¢ .
4.Find ZCED and £ BDE inthe following Fig. 6.38.

A 3 [

E

Fig. 6.38

[Important Points]

1. Aplane figurebounded by » line segementsis called #-sided polygon. Ina #-sided
polygon, there are nvertices, #zinterior angles and #sides,

2. Triangle, quadrilateral, pertagon , hextagon, heptagon and octagon are the name of
the polygonaccordingto #=3,4,5,6,7, 8 respectively.

|F¥]

Sum ofthreeinterior angles of atriangleis 1 80% .

Sumof all interior angles of n-sided regular polygon isequal to (2n - 4) right angles.

bl

A polygon with equal sides and equal angles is called regular polygon.
2n—-4)

6. Eachinterior angles of7-sided regular polygon= right angles.

7. Sumofall exterior angles ofa polygon= 350"

4
8. Eachexterior angle of n-sided regular polygon= 0 right angles.
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10.

Miscellaneous Exercise- 6

Iftwo angles of atriangle are of measure 90° and30° thenthe third anglesis:

(A) 90° (B) 30° (C) 60° (D) 120° [ ]
Three angles of triangle are inratio 2:3:4, then the measure of its greatest angle 1s :
(A) 80° (B) 60° (C) 40° (D) 180° | ]
Measure of each angle of an equilateral triangle is :

(A) 90° (B) 30° (C) 45° (D) 60° [ ]

Four angles of a quadrilateral areintheratio 1:2:3:4 thenthemeasure ofits smallest
angleis:

(A) 120° (B) 36° (C) 18° (D) 10° [
InFig.6.39, side BC of A ABC isproduced upto points
D If £4=53° and ~B=60° thenthe measure of
ZACH is:

(A) 120° (B) 110° D
(C) 115° (D) 125°

Sum of allinterior angles ot ahexagonis :

(A) 720° (B) 360° (C) 540° (D) 1080° [ ]

The sum of exterior angles made by producing sides (in same order) of »-sided
regular polygon:

(A) n-right angles (B) 2# right angles

(C) (2n—4) right angles (D) 4 right angles [ ]
Inaregular polygon, number of sides in #, then the measure ot each interior angle is :

PPN ;
(A 2 (B) (MJ right angles

R "
(C) # rightangles (D) 2n rightangles [ 1]
Ifone angles of atriangle is equal to the sum of other two angles, then the triangle 1s :
(A) Isoscelestriangle (B) Obtuseangled triangle
(C) Equilateral triangle (D) Rightangled triangle [ ]

The exterior angle of a triangle is 105" and the interior opposite angles are same. Each
ofthe equal angleis :

e} e} a

1 1 1
(&) 37 (B) 527 (© 725 (D) 75° [
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12.

14.

16.

Theanglesof atriangle areintheratio 5:3 : 7. Thistriangleis :

(A) Acuteangled triangle (B) Obtuse angled triangle
(C) Right angled triangle (D) Isoscelestriangle
If one angle of a triangleis 130° , then angle between the anglular bisector of two
angles ofatriangle may be :
(A) 50° (B) 65° (C) 145 (D) 155
In Fig. 6.40, find £ A4 .
A
112° 120°
N
B C
Fig. 6.40
InFig. 6.41, £ B=60°and 2 =40° Findthe measureof ~ A .
A
(){)O 4[}0
B (
Fig. 6.41

In Fig. 6.42 m|| QR ,thenfind ZQPR

Fig. 6.42

In Fig. 6.43, find ~ 4

100° 950




18.
19.

20.
21
22.
23.

24

25.

26.

27.

28.

29.

Fourinterior angles ofapentagonare 40°, 75°,125° and 135°, thenfind the measure
ofthe fitth angle.

It each exterior angle ofa regular polygonis 45, then find the number of its sides.

The number ot sides of a regular polygonis 12, then find the measure of each interior
angle.

Sum of allinterior angles of a polygonis 10 right angles. Find thenumber of sides.
Check, whether a polygon 1s possible if each of its interior angle 1s of measure 1 10°
Itina AABC , 2 A+-/B=-C ,thenfind the greatest angleof AABC" .

Find the sumof interior angles of an octagon.

Find each interior angle of regular decagon.

110°,130° and x° arethe exterior angles obtained by producing the sides of a
triangle in same order. Find the value of x° .

A hexagonhas one interior angle of measure 165° and remaining each interior angle

of measure x° | then find measure of remaining angle.

In Fig. 6.44, AB || DC ,Find £x, £y and £z .

B {’
: AN
P2
102° sso ] 2
A Bk

Fig. 6.44
In Fig. 645, findthe valueot ~ x and~ v ,where Zx— /3 =10°.
1’)

Fig 6.45
Inapolygon, two angles are ot g each remaining each angle is of measure 150° .
Find the number of sides of this polygon.
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30. InFig. 6.46, provethat : Lx+ ZLy=ZLA+2C.

A
13

¥

B C
Fig. 6.46
31. InFig. 6.47, lines BO and (O arethebisectorsof # B and £ ,Findanglex

Fig, 6.47
32. InFig6.48, £0 > /R ,PAisthebiscetor of QPRand PAf L (R .Provethat:

ZAPM :%(49—4;3)

Fig. 6.48
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Answers

Exercise 6.1
I. £A=68° ~LB=59° ~(=33°
2. Lx=38° Ly=22° Lz=120°

4. Zx=116", Ly=32°
5. 92°

0. 60°

7. 65°

9. Zx=37 and £y =53

1. 407, 60°, 80"
Exercise 6.2

. (i)360° (i) 45° (i) 1080° (iv)135°

2. 14 3. No g4, 74°

Miscellaneous Exercise 6

1.(C) 2.(A) 3.(D) 4.(B) 5.(C) 6.(A)
7.(D) 8.(B) 9.(D) 10.(B) 11.(A) 12.(D)
13, £LA=52° 14.80° 15.85¢ 16.97 17.165

18.8 19.150°  20.17 21.No 2. /C 23. 1080°

24, 144° 25.120° 26.111° 27 x=102°, y=92°, z = 66"

28. x =657, y =55 29.6 30.(B) 31.140°
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