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5.1 INTRODUCTION

You aready know how to identify different lines, line segments and anglesin agiven
shape. Can you identify the different line segments and angles formed in the following
figures? (Fig 5.1)

Sl in U

0 (iii) (iv)

Fig 5.1
Canyou asoidentify whether the angles made are acute or obtuse or right?

Recall that aline segment hastwo end points. If we extend thetwo end pointsin either
direction endlesdy, weget aline. Thus, we can say that alinehasno end points. On the other
hand, recall that aray hasoneend point (namely itsstarting point). For example, look at the
figuresgivenbeow:

Q
A
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P Oe P

. i .
Fig 5.2

Here, Fig 5.2 (i) showsalinesegment, Fig 5.2 (ii) showsalineand Fig 5.2 (iii) isthat

of aray. A linesegment PQisgeneraly denoted by thesymbol PQ, alineAB isdenoted by

thesymbol AB andtheray OPisdenoted by OP . Givesomeexamplesof linesegmentsand
raysfromyour daily lifeand discussthemwithyour friends.
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Againrecall that an angleisformed when linesor line segmentsmeet. InFig 5.1,
observethe corners. These cornersareformed when two linesor line segmentsintersect
at apoint. For example, look at thefiguresgiven below:

A

0] _ (i)
Fig 5.3
InFig5.3(i) linesegmentsAB and BCintersect at B toform angleABC, and again
line segments BC and AC intersect at C to form angle ACB and so on. Whereas, in
Fig 5.3 (ii) linesPQ and RSintersect at O to form four angles POS,
SOQ, QOR and ROP. An angle ABC is represented by the symbol
ZABC. Thus,inFig5.3(i), thethreeanglesformed are ZABC, Z/BCA
and ZBAC, andinFig 5.3 (ii), thefour anglesformed are £/POS, £SOQ,
ZQOR and ZPOR. You have dready studied how to classify theangles
asacute, obtuse or right angle.

Note: Whilereferringtothemeasureof anangleABC, weshal writemZABC assmply
ZABC. Thecontextwill makeit dear, whether wearereferringtotheangleor itsmeesure.

List ten figures around you
and identify theacute, obtuse
andright anglesfoundinthem.

5.2 RELATED ANGLES

5.2.1 Complementary Angles
When the sum of the measures of two anglesis90°, theanglesare called complementary

angles.
60°
30° 35°
65°
0] (i) (i) (v)
Are these two angles complementary? Are these two angles complementary?
ves Fig 5.4 No

Whenever two angles are complementary, each angleis said to bethe complement
of theother angle. Intheabovediagram (Fig 5.4), the* 30° angle’ isthe complement of the
‘60° angle’ andviceversa
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Tuink, Discuss AND WRITE ‘WW
1. Cantwo acute anglesbe complement to each other? f Q\/(
2. Cantwo obtuse anglesbe complement to each other? ~ B
3. Cantwo right anglesbe complement to each other? yan

Try THESE
1. Whichpairsof following anglesare complementary?(Fig 5.5)

20
259
70° N 75°
0 (i)
52°
48° L 35° 55°¢ -
(i) Fig 5.5 )
2. What isthemeasure of the complement of each of thefollowing angles?
(i) 45° (i) 65° (iiiy 41° (iv) 54°

3. Thedifferenceinthe measuresof two complementary anglesis 12°. Find the measures of theangles.

5.2.2 Supplementary Angles
Let usnow look at thefollowing pairsof angles(Fig 5.6):

“0° 120 650 112

0] (i)



T\ ATHEMATICS

100°

135°

80°

(i Fig 5.6 )

Do you noticethat the sum of the measures of the anglesin each of the above pairs
(Fig 5.6) comesout to be 180°? Such pairs of anglesare called supplementary angles.
When two angles are supplementary, each angleissaid to bethe supplement of the other.

THINK, Discuss AND WRITE

1. Cantwo obtuseanglesbe supplementary?
2. Cantwo acuteanglesbe supplementary?
3. Cantworight anglesbe supplementary?

TrY THESE

1. Findthepairsof supplementary anglesinFig5.7:

105°
(i)

50°

110°

v

S
>

45° N

(i) Fig 5.7 W)

0]

v
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2. What will bethe measure of the supplement of each one of thefollowing angles?
(i) 2100° (i) 90° (iii)y 55° (iv) 125°

3. Among two supplementary anglesthe measure of thelarger angleis44° morethan
themesasureof the smaller. Find their measures.

5.2.3. Adjacent Angles
Look at thefollowingfigures:

When you open abook it lookslike the above Look at this steering wheel of a car. At the

figure. InA and B, we find apair of angles, centre of the wheel you find three angles

placed next to each other. being formed, lying next to one another.
Fig5.8

At both the verticesA and B, wefind, apair of anglesare placed next to each other.
Theseanglesaresuchthat:
(i) they haveacommon vertex;
(i) they haveacommonarm; and
(iif) thenon-common armsare on either side of thecommon arm.

Such pairsof anglesare called adjacent angles. Adjacent angles have acommon
vertex and acommon arm but no common interior points.

Try THESE
1. Aretheanglesmarked 1 and 2 adjacent? (Fig 5.9). If they are not adjacent,
say, ‘why’.
1 —~—
1
2 2 1 2 N X[

N
v

0] (ii) (iii)
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W) Fig 5.9 )

2. InthegivenFig5.10, arethefollowing adjacent angles?
(@ Z£AOBand £BOC
(b) «BOD and £BOC
Jusgtify your answer.

THINK, Discuss AND WRITE

Can two adjacent angles be supplementary?

Can two adjacent anglesbe complementary?

Can two obtuse angles be adjacent angles?

Can an acute angle be adjacent to an obtuse angle?

A wDNPRE

g} 5.2.4 Linear Pair

A linear pair isapair of adjacent angleswhosenon-common sdesareoppositerays.

2 1
Are /1, Z2 alinear pair? Yes Are /1, 2 alinear pair? No! (Why?)
0] Fig 5.11 (i)

InFig 5.11 (i) above, observe that the opposite rays (which are the non-common
sidesof Z1and £2) formaline. Thus, £1+ £2 amountsto 180°.

Theanglesinalinear pair are supplementary.
Haveyou noticed modelsof alinear pair inyour environment?

Note carefully that a pair of supplementary angles form a linear pair when
placed adjacent to each other. Do you find examplesof linear pairinyour daily life?
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Observe avegetable chopping board (Fig 5.12).

T
(G
VI

A vegetable chopping board A pen stand

The chopping blade makes a The pen makes alinear
linear pair of angleswith the board. pair of angles with the stand.
Fig 5.12

Canyou say that the chopping bladeismaking alinear pair of angleswith the board?
Again, look at apen stand (Fig 5.12). What do you observe?

THINK, DISCUSS AND WRITE

1. Cantwoacuteanglesformalinear pair?
2. Cantwoobtuseanglesformalinear pair?
3. Cantworight anglesformalinear pair?

TrY THESE

Check which of thefollowing pairsof anglesformalinear pair (Fig5.13):

405
140°
@)

90°

60°

65°

80°

115°

v

(iif) Fig 5.13 (iv)
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5.2.5 Vertically Opposite Angles
Next take two pencilsand tiethem with the hel p of arubber band at the middle as shown

(Fig5.14).

Look at thefour anglesformed £1, £2, £3 and Z4. 1
Zlisverticaly oppositeto /3. 2 4
and Z2isvertically oppositeto £4. 3
Wecall £1and £3, apair of vertically oppositeangles. Fig 5.14

Canyou nametheother pair of vertically opposite angles?
Does /1 appear to beequal to £3? Does £2 appear to be equal to £4?

Beforechecking this, let ussee somered life examplesfor vertically oppositeangles
(Fig5.15).

Draw twolines| and m, intersecting at apoint. You cannow mark £1, £2, /3 and
Z4 asintheFig (5.16).

Takeatracecopy of thefigure on atransparent sheet.

Placethe copy ontheorigina suchthat £ 1 matcheswithitscopy, £2 matcheswith
itscopy, ... etc.

Fix apin at the point of intersection. Rotate the copy by 180°. Do thelinescoincide
again’?

)

can berotated to get

Fig 5.16

Youfindthat £1 and £3 haveinterchanged their positionsand so have £2 and Z4.
Thishasbeen donewithout disturbing the position of thelines.

Thus, £1=/3 and £2 = /4.
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We conclude that when two lines inter sect, the vertically opposite angles so
formed areequal.

Let ustry to provethisusing Geometrical dea !

Let usconsider twolinesl andm. (Fig 5.17)

Wecan arriveat thisresult through logical reasoning asfollows: o

Let| and mbetwo lines, whichintersect a O, < 3 >m

0
making angles £1, /2, /3and /4. /</ |
Wewant to provethat £1 =3 and £2 = /4 Fig 5.17

Now, £1=180° — £2 (Because £1, £2 formalinear pair, so, Z1+ £2=180° (i)
Similarly, £3=180°- /2 (Since £2, Z3formalinear pair, so, £2+ £3=180° (ii)
Thefore, £1=43 [By(i)and(ii)]

Similarly, we canprovethat £2= /4, (Tryit!)

/

2

. >
—*

1. Inthegivenfigure, if
£1=30° find £2and £3.

2. Giveanexamplefor vertically oppositeanglesin
your surroundings.

ExampLE 1 InFig(5.18) identify: .E
() Fiveparsof adjacent angles. (i) Threelinear pairs.
(i) Two pairsof vertically oppositeangles.

SoLuTION . .
(i) Fiveparsof adjacent anglesare (£LAOE, ZEOC), (£LEOC, £LCOB), A
(£LAOC, £COB), (£COB, £BOD), (£EOB, £BOD)
(i) Linear pairsare(£AOE, LEOB), (£AOC, £COB),
(£COB, £BOD)
(i) Vertically oppositeanglesare: (£COB, ZAOD), and (£LAOC, £BQOD)

o
e

ExERCISE 5.1

1. Findthecomplement of each of thefollowing angles:

63° 570

20°

0] (i) (if)
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2.

o

10.

Find the supplement of each of thefollowing angles:

154°
105°

0] (i) (i)

I dentify which of thefollowing pairs of anglesare complementary and which are
upplementary.

(i) 65° 115° (i) 63°, 27° (i) 1120, 68°

(iv) 130°, 50° (v) 45° 45° (vi) 80°, 10°

Findtheanglewhichisequal toitscomplement.
Findtheanglewhichisequal toitssupplement.
Inthegivenfigure, £1and £2 are supplementary 1
angles
If £1isdecreased, what changes should take place
in £2 so that both the angles still remain
upplementary.

Cantwo anglesbe supplementary if both of them are:

(i) acute? (i) obtuse? (i) right?
Anangleisgreater than 45°. Isits complementary angle greater than 45° or equal to
45° or lessthan 45°?

Intheadjoiningfigure: A®

() IsL1ladjacentto £2? 1
(i) Is£AOC adjacent to LAOE? 2
(i) Do ZCOE and ZEOD form alinear pair? 3
(iv) Are/BOD and ZDOA supplementary? 4
(v) IsZL1verticaly oppositeto £4?

(vi) What isthevertically oppositeangleof £5?

Indicatewhich pairsof anglesare:

(i) Verticaly oppositeangles. (i) Linearpairs.

[Tie

«B
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11. Inthefollowingfigure, is.£1 adjacent to £2? Givereasons.

1

2

12. Findthevauesof theanglesx, y, and zin each of thefollowing:

Y
55° X 40° . X 25°
z S
0) (i)

13. Fillintheblanks:
(i) If twoanglesare complementary, thenthe sum of their measuresis
(i) If two anglesare supplementary, then the sum of their measuresis
(i) Twoanglesformingalinear pair are .
(iv) If two adjacent anglesare supplementary, they forma
(v) Iftwolinesintersect at apoint, thenthevertically oppositeanglesare always

(vi) Iftwolinesintersect at apoint, andif onepair of vertically oppositeanglesare
acuteangles, then the other pair of vertically oppositeanglesare .
14. Intheadjoiningfigure, namethefollowing pairsof angles.
(i) Obtusevertically oppositeangles
(i) Adjacent complementary angles
(iii) Equd supplementary angles
(iv) Unegua supplementary angles B 0
(v) Adjacent anglesthat do not formalinear pair
5.3 Pairs oF LINES

5.3.1 Intersecting Lines

A *E

11>

Ne

Fig 5.19



T Y \/ ATHEMATICS

Theblackboard onitsstand, theletter Y made up of line segmentsand the grill-door of
awindow (Fig5.19), what do dll thesshavein common? They areexamplesof inter secting
lines.

Twolines| and mintersect if they haveapoint in common. Thiscommon point Ois
their point of inter section.

THINK, DISCUSS AND WRITE

InFig5.20,AC and BE intersect at P. ¢
ACandBCintersect at C,AC and ECintersect at C.
Try tofind another ten pairsof intersecting linesegments. g

Should any two lines or line segments necessarily ¥ E
intersect? Canyou find two pairsof non-intersecting line A
segmentsinthefigure? 1

Fig 5.20

Cantwo linesintersect in morethan one point? Think about it.

1. Findexamplesfromyour surroundingswherelinesintersect at right angles.

2. Findthe measuresof theanglesmade by theintersecting linesat the verticesof an
equilatera triangle.

3. Draw any rectangleand find themeasures of anglesat thefour verticesmadeby the
intersectinglines.

4. If twolinesintersect, dothey dwaysintersect at right angles?

5.3.2 Transversal

You might have seen aroad crossing two or moreroadsor arailway linecrossing severa
other lines(Fig5.21). Thesegiveanideaof atransversal.

@) Fig 5.21 (ii)
A linethat intersectstwo or morelinesat distinct pointsiscalled atransver sal.
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IntheFig5.22, pisatransversal tothelines! and m.

P

Fig 5.22

InFig5.23thelinepisnot atransversal, althoughit cutstwo
lines| and m. Canyou say, ‘why’?
5.3.3. Angles made by a Transversal

InFig5.24, you seelines| and mcut by transversal p. Theeight
anglesmarked 1to 8 havetheir specia names:

Fig 5.23

TrRY THESE

1. Suppose two lines are given.
How many transversalscanyou
draw for theselines?

2. If alineisatransversa tothree

p lines, how many points of
1 intersectionsarethere?
(7 12 3. Trytoidentify afewtransversas
3 \{ inyour surroundings.
S
/N6
7
8
Fig 5.24
Interior angles /3, /4, /5, £6
Exterior angles /1, /2, /7, /8
Pairsof Corresponding angles Zland £5, Z2and /6,

Z3and L7, Z4and £8

Pairsof Alternateinterior angles

/3 and £6, £4 and £5

Pairsof Alternateexterior angles

Zland £8, £2and £7

Pairsof interior anglesonthe
samesideof thetransversa

/3 and £5, 4 and £6

Note: Corresponding angles(like Z1and £5inFig5.25) include

() differentvertices

(i) areonthesamesideof thetransversa and
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(iii) arein‘corresponding’ positions (aboveor below, |eft or right) relativeto the

twolines.
1
3 2 4
6
5
7 8
Fig 5.25
Alternateinterior angles(like £3and £Z6inFig 5.26) 3
() havedifferent vertices 4
(i) areonoppositesidesof thetransversal and 6 5
(iii) liebetween’ thetwolines. Fig 5.26
Try THESE
Namethepairsof anglesin eachfigure:
. 5
Ay

N
v

TR
E/

5.3.4 Transversal of Parallel Lines

Do you remember what parallel linesare? They are lines on a plane that do not meet
anywhere. Canyou identify pardld linesinthefollowing figures? (Fig 5.27)

/e uk

~/\.  Fig5.27
Transversasor pardle linesgiveriseto quiteinteresting results.
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Do THis

Takearuled sheet of paper. Draw (inthick colour) two paralel linesl and m.
Draw atransversal ttothelines| and m. Label £1and £2 asshown [Fig5.28(i)]. §
Placeatracing paper over thefiguredrawn. Tracethelinesl, mandt.
Slidethetracing paper alongt, until | coincideswith m.

Youfindthat £1 onthetraced figurecoincideswith £2 of theorigina figure.
Infact, you can seed| thefollowing resultsby similar tracing and diding activity.
(i) £1= 22 (i) «£3= 24 (iii) £5= £6 (iv) £7= 48 <~

7' P
/ /
< / > < l >'
LY N
< / >/ < / >
Ve Y
/ /
/ /
v 0) v (ii)
A '
[ /
. / 51 J | R
< \5/ . v .
< >0 [ m
g < >
~ g
/ /
v | 4
(ii) Fig 5.28 (iv)

Thisactivity illustratesthefollowing fact:

If two parallel linesare cut by atransversal, each pair of corresponding anglesare
equal inmeasure.

We usethisresult to get another interesting result. Look at Fig 5.29.
Whent cutsthe parallel lines, I, m, weget, £3 = /7 (vertically opposite angles).
But £7 = 8 (corresponding angles). Therefore, £3= /8
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Youcangmilarly showthat #1 = /6. Thus, wehave t
thefollowing result :

If two parallel linesarecut by atransversal, each 57 l
pair of dternateinterior anglesareequdl. 31

This second result leads to another interesting
property. Again, from Fig 5.29. 6 8 m

£3+ £1=180° (£3and Z1formalinear pair) 4
But £1=26 (A pair of alternateinterior angles)
Therefore, we can say that £3+ £6=180°.

Fig 5.29
Similarly, £1+ #8=180°. Thus, we obtain thefollowing result: 9

If two parald linesarecut by atransversa, then each pair of interior anglesonthesame
sideof thetransversal are supplementary.

You canvery easily remember theseresultsif you canlook for relevant * shapes .
The F-shape standsfor corresponding angles:

TheZ - shape standsfor alternate angles.
t

T 5

Draw apair of parald linesand atransversal. Verify the abovethree statementsby actually
messuring theangles.
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7
/

Lines! |[m;
tisatransversa
LX=?

/o /

Linesl || m;
tisatransversa
L72=7

L)
L~

[ ;
. 55
a - i

Linesa||b;

cisatransversal
£Ly="7?

t
/

m
S
Linesl || m;

tisatransversa
L X=7?

.1, betwolines
tisatransversa
Is£1=4/27

/ m

;F,
L,

5.4 CHECKING FOR PARALLEL LINES

If twolinesareparale, then you know that atransversal givesriseto
pairsof equal corresponding angles, equal alternateinterior angles
and interior angles on the same side of the transversal being
supplementary.

Whentwolinesaregiven, isthereany method to check if they are
parald or not?You need thisskill in many life-oriented Situations.

A draftsman usesacarpenter’ ssquare and astraight edge (ruler)
to draw these segments (Fig 5.30). Heclamsthey areparalel. How?

Areyou ableto seethat he haskept the corresponding anglesto
beequal? (What isthetransversal here?)

Thus, when a transversal cuts two lines, such that pairs of
corresponding anglesare equal, then thelineshaveto beparallel.

Look at theletter Z(Fig 5.31). The horizontal segmentshereare
paralld, becausethealternateanglesareequal .

When atransversal cutstwo lines, such that pairs of alternate
interior anglesare equal, the lines haveto be parallel.

[

Linesl ||m,p|lq;
Finda, b, c,d

Fig 5.30

Fig 5.31
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p
Draw alinel (Fig5.32). !
Draw alinem, perpendicular tol. Againdraw alinep,
suchthat pisperpendicular tom. 2 l

Thus, pisperpendicular to aperpendicular tol.

Youfindp||l. How?Thisisbecauseyou draw p such _
that £1+ £2=180°. Fig 5.32

Thus, when atransversal cutstwo lines, such that pairsof interior angleson the
same side of the transversal are supplementary, the lines have to be parallel.

/ >/ < \ s/

N
=
3\2
S
[=)
~
A2 A2
§ -~

50° 500
500 o < >m -~
b / 130"\\
ISl || m?Why? Isl||m?Why? If 1 ]| m, what is £x?

EXERCISE 5.2

1. Statethe property that isused in each of the
following satements?

h
4/3
@i If a|lb,then £1= /5. % \
5/6 b

(i) If £4=26,thenal|b. 77 8
(i) If £Z4+ £5=180° thenal|b. . \,
2. Intheadjoining figure, identify ﬂ71< .
(i) thepairsof corresponding angles. 2
(i) thepairsof dternateinterior angles. );Zy b
(i) thepairsof interior anglesonthesame P
sdeof thetransversdl. !
(iv) thevertically oppositeangles. ‘\€
3. Intheadjoiningfigure, p|| g. Find theunknown Y ¢ @\
angles. dp




4. Findthevaueof xineachof thefollowingfiguresif| || m.

. Inthegivenfiguresbelow, decidewhether | isparallel tom.
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/
IOO}J

m

A ..
e |,
|

t | A A M
110;/
s/

N
A

N

N

0] M () (il
. Inthegivenfigure, thearmsof two anglesareparald. A
If ZABC =70°, thenfind b
(i) «DGC
(i) «DEF 70° C

n
/(5'7" 5] 72°

N

N

N

N

>m 98°
‘/ (ii)

WHAT HAVE WE DIsSCcUSSED?

. Werecall that (i) A line-segment hastwo end points.

(i) A ray hasonly oneend point (itsvertex); and
(i) A linehasnoend pointson either side.

. Anangleisformed whentwo lines(or raysor line-segments) meet.

Pairsof Angles Condition

Two complementary angles M easures add up to 90°

Two supplementary angles Measures add up to 180°

Two adjacent angles Haveacommon vertex and acommon
arm but nocommon interior.

Linear pair Adjacent and supplementary

3. Whentwolines| and mmeet, we say they inter sect; the meeting pointiscalled the

point of intersection.

When linesdrawn on asheet of paper do not meet, however far produced, we call

themtobeparalld lines.
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4. (1) Whentwolinesintersect (looking liketheletter X) wehavetwo pairsof opposite
angles. They arecalled vertically oppositeangles. They areequal in measure.

(i) Atransversal isalinethat intersectstwo or morelinesat distinct points.
(i) Atransversa givesriseto several typesof angles.
(iv) Inthefigure, wehave

Typesof Angles | AnglesShown

Interior £3, /4, /5, £6
Exterior /1, /2, /7, /8
Corresponding Zland /5, 2 and /6,

Z3and £7, Z4and £8
Alternateinterior /3 and £6, 4 and £5
Alternate exterior Zland £8, 2 and £7

Interior, onthesame | £3 and £5, Z4 and £6
Sdeof transversal

(v) Whenatransversal cutstwo paralléel lines, we havethefollowing interesting
relationships
Each pair of corresponding angles are equal.
L1=/5,/3=47,/2=1,6,£4=/8
Each pair of alternate interior angles are equal.
£3=/6,/£4=/5
Each pair of interior angles on the same side of transversal are supplementary.
£3+ £5=180°, £4 + £6=180°

A
\

34
773




