@ S.S.L.C

Yakub Koyyur
GHS nada
Belthangady
taluk

D.K. - 574214

Besa LEnglish Medium
Part-1

All Solutions

Based on new syllubus

Available in:ykoyyur.blogspot.com


mailto:yhokkila@gmail.com

SSL.C Mathematics Solutions — Part -1 YK
Contents
Part -1

SI.No. Chapters Page No.
1 Arithmetic Progression 1-31
2 Triangles 32 - 62
3 Pair of Linear equation in two variables | 63 — 98
4 Circles 99 — 107
S Area Related to circles 108 - 122
6 Constructions 123 - 132
7 Coordinate Geometry 133 - 149
8 Real Numbers 150 - 159

Page 1] 159 Available in ykoyyur.blogspot.com




SSL.C Mathematics Solutions — Part -1 YK

1]  Arithmetic progression

1.2 Arithmetic Progressions:

An arithmetic progression is a list of numbers in which
each term is obtained by adding a fixed number to
the preceding term except the first term.

) 1,2,3, 4., each term is 1 more than the term preceding it.
ii) 100, 70, 40, 10 ........ each term is 30 less than the term preceding it.
each term is obtained by adding 1 to the term preceding it.
iii) -3,-2,-1, 0 ....ccueee.
all the terms in the list are 3 , i.e.,, each term is obtained by
iv) 3,3,3,3 ccccciniinnens adding(or subtracting) 0 to the term preceding it.
V) -1, -1.5,-2.0,-2.5 each term is obtained by adding — 0.5 to (i.e., subtracting 0.5

....... from) the term preceding it.

This fixed number is called the common difference of the AP. Remember that it can be positive,
negative or zero.

Let us denote the first term of an AP by a,, second term by a,,
..., nth term by a, and the common difference by d. Then
the AP becomes a,, a,,a;, .. ., a,.

So, a, —a; =a; —a, =...=a, —a, ; =d
a,atd,a+2d,a+3d,...
Represents an arithmetic progression where a is the first term

and d the common difference. This is called the general form
of an AP.

Finite AP.:

In an AP there are only a finite number of terms. Such an AP is called a finite AP. Each

of these Arithmetic Progressions (APs) has a last term.

a) The heights ( in cm ) of some students of a school standing in a queue in the morning
assembly are 147 , 148, 149, .. ., 157.

b) The balance money ( in Rs ) after paying 5 % of the total loan of Rs 1000 every month
is 950, 900, 850, 800, . . ., 50.

c) The total savings (in Rs ) after every month for 10 months when Rs50 are saved each
month are 50, 100, 150, 200, 250, 300, 350, 400, 450, 500.
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Infinite AP.:

In an AP there are infinite number of terms. Such an AP is called a infinite AP. Each of
these Arithmetic Progressions (APs) do not have last term.

a) 3, 7,1, ....

b) L4, 7. 10, ...

c) -10, =15, =20, . . . .

Note: You will If we know the first term a’ and the common difference d’ then we can

write an AP.
31 1 3

Example 1: 555> 75> — geeseeeeees write the first term a and the common difference d.
3 1 3 1 1
Here, a, = -d=a, -a;,= --=- =-1 a; -a,=—--=- =-1
ere, a; = 5 d 2 1 il 3 2 >= 3

Example 2 : Which of the following list of numbers form an AP? If they form an AP,
write the next two terms
i) 4,10, 16, 22 ...

ii) 1, -1, -3, -5 .......
iii) -2, 2, -2, 2 .......
V)L 11,2223 3,3 .

Solution :

i) 4,10, 16, 22 ...

a,-a;=10— 4 =6

as;-a,=16—-10 =6

as;-a,=22-16 =6

ie, a4 —ag is the same every time.

So, the given list of numbers forms an AP with the common difference d = 6. The next two
terms are: 22 + 6 =28 and 28 + 6 = 34.

i) 1, -1, -3, =5 ......

a,-a,=-1-1 =2

az-a,=-3 — (-1) =-2

az-a,=-5 - (-3) =-2

ie, ap 41 —ap is the same every time.

So, the given list of numbers forms an AP with the common difference d = -2. The next two
terms are: — 5+ (-2)=-7 and-7+(-2)=-9

iii ) -2,2,-2,2........

a,-a;=2 — (-2)=2+2=4

az-a,=-2 — 2 =-4

az-a,=2 — (2) =2+2=4

Here, a;,.,; # a; So, the given list of numbers does not form an AP,

ivi, 1,1,2,2,2,3 3 3 ...

a,-a;=1-1=0

az-a,=1-1=0

az-a,=2—-1=1

a, - a; =as - a, # as - a, So, the given list of numbers does not form an AP.
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EXERCISE 1.1

In which of the following situations, does the list of numbers involved make an arithmetic
progression, and why?

i). The taxi fare after each km when the fare is Rs15 for the first km and Rs 8 for each
additional km

The firstterm a; = 15, a, = 15 + 8 = 23 ,a3 = 23 + 8 = 31 .......

Here, each term is obtained by adding a common difference = 8, except first term.

.e . . . 1 .
ii). The amount of air present in a cylinder when a vacuum removes " of the air

remaining in the cylinder at a time.

Let the initial volume of the air present in the cyclinder be V.

_3v
==,

PN

The remaining air in the cylinder after using vacuum pump first time V -

Remaining air in the cylinder after using vacuum pump second time
3V. 3V _1_3V 3V _ 9V

—— —X-=—— —= — andsoon
4 4 4 4 16 16
3V 9V

Here, the terms are V, e

3V v
a -a=——V=—-
2 1 4 4

9V 3V 9V 12V 3V
a3—a2=———=———=——

16 4 16 16 16

ay; — Ay F Az — Ay

Hence, it does not form an AP

iii). The cost of digging a well after every metre of digging, when it costs Rs 150 for the first
metre and rises by Rs 50 for each subsequent metre.

The cost of digging for the first meter = Rs 150

Cost of digging for the second meter = 150+50 = Rs 200

Cost of digging for the third meter = 200+50 = Rs 250

Cost of digging for the fourth meter = 250+50 = Rs 300

Thus the list of numbers is 150, 200, 250, 300........

Here, we can find the common difference = 50
So it forms an AP.

iv). The amount of money in the account every year, when Rs 10000 is deposited at
compound interest at8 % per annum.

n
We know that amount A = P(l + ﬁ)

Here, P = 10,000; 1= 8%, n=1,2,3...
1
Amount in first year = 10000(1 + i) = 10000x— = 100x108 = Rs 10800
100 ) 100
Amount in second year =10000(1 + —-) = 10000x: o x 22 = 108 x 108 = Rs 11664

Thus the list of numbersis 10000, 10800, 11664 .. .....
a, - a; = 10800 — 10000 = 800

as; - a, = 11664 — 10800 = 864
There for a, — a; # a; - a,

Hence it does not form an AP.

. Write first four terms of the AP, when the first term a and the common difference d are

given as follows:
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i) a=10,d=10
a, =10,

a,=a; +d=10+10=20
a;=a,+d=20+10=30
a,=az;+d=30+10=40

Thus the first four terms of an AP are 10, 20, 30, 40
ii) a=-2,d=0

a, =-2,

a,=a;+d=-2+0=-2
a;=a,+d=-2+0=-2
a,=az;+d=-2+0=-2

Thus the first four terms of an AP are -2, -2, -2, -2,
iii) a=4,d=-3

a, =4,

a,=a;+d=4-3=1

a;=a,+d=1-3= -2

a,=az+d=-2-3=-5

Thus the first four terms of an AP are 4, 1, -2, -5

. 1
1v)a—-1,d—5
a, =-1,
a;=a;+d= -1+

1
az=a; +d=—-+

IPN RN R

a,=az+d= 0+
Thus the first four terms of an AP are -1, — %, 0, %
v) a=-1.25,d=-0.25

a1 = -125

a,=a, +d= -1.25 - 0.25 = -1.50

a3 :az + d: -150 - 025 = - 175

a4 = a3 + d = -175 + 025 = -200

Thus the first four terms of an AP are -1.25, -1.50, -1.75, -2.00

. For the following APs, write the first term and the common difference:

The first term a =3,

Common differenced=a, -a; =1-3=-2

ii) -5,-1,3, 7.......

The first terma=>5

Common differenced =a, -a; =-1 - (-5)=-1+5=4

een 1 1 11

lll) P R
2> 2 2’ 2

The first term a = %

. 1
Common differenced=a, - a; =-—

2
iv) 0.6, 1.7, 2.8, 3.9, ........

The first term a = 0.6

Common differenced=a, -a; =1.7-0.6=1.1

. Which of the following are APs ? If they form an AP, find the common difference d and
write three more terms

=0

N | =
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i) 2,4,8,16........
a,-a;=4-2=2
az-a,=8-4=4
Here, a, - a; # a3 - a,

There fore the given list of numbers does not form an AP.

os 5 7
ll) 2,5,3,5 .........
a a =3

2 1,

_ 7
a4—a3_5_

Here, a; -a; =az -a; =a4-az

I
N RN RN TR

2
a3—a2=3—§
3

Therefore the given list of numbers forms an AP with common difference d = %

7,1 1 9 9
_+_:4;4—|—_:_;_
2 2 272

The next 3 terms of this AP are, 5

iii) -1.2, -3.2,-5.2,-7.2 .....
a-a;=-32-(-1.2)=-32+12=-2
az-a,=-52-(32)=-52+32=-2
ag-az =-72—-(-52)=-72+52=-2
Here, a; -a; = a3 -a; =a, -as

+1_5
2

Therefore the given list of numbers forms an AP with common difference d= —2
The next 3 terms of this AP are, -7.2-2 =-92;-92-2 =-11.2; —11.2-2 =-13.2
iv) -10, -6, -2, 2 ......

a,-a;,=-6-(-10)=-6+10=4

az-a;=-2—(-6) =-2+ 6=4

ag-az3=2—-(2)=2+ 2=4

Here, a; -a; = a3 -a; =a, -as

Therefore the given list of numbers forms an AP with common difference d =4
The next 3 terms of this APare2+4 =6;6+4 =10; 10+4=14

i) 3,3+v2,3+2v2,3+3V2,.........

ay-a,=3+v2-3 =2

az-a,=3+2V2- 3+V2=v2

ag-a3; =3+3V2-3+2V2=+2

Here, a; -a; =az-a; =a, -az

Therefore the given list of numbers forms an AP with common difference d =2
The next 3 terms of this AP are 3+ 3vV2+v2 =3 +4/2; 3+ 5V2; 3+ 6V2

i) 0.2,0.22,0.222, 0.2222 .............

a,-a; =022-0.2 =0.02

as -a, =0.222- 0.22=0.002

Here, a, -a; # a3 -a,

There fore the given list of numbers does not form an AP.

iii) 0, -4, -8, -12 ...ceeuereee

a,-a;=-4-0=-4
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az-a,=-8— (4)=-8 +4=-4

ag-az =-12— (-8) = —12+8=+4

Here, a; -a; = a3 -a; =a, -as

Therefore the given list of numbers forms an AP with common difference d=-4

The next 3 terms of this AP are -12 -4 =-16; -20; -24
1 1 1 1

iV) _E’ _E' _E'_E' .....

em ==t =(=2) <-2eto
em=-to (-] =-teiso
10em ==d (=) ==ieo

Here, a, -a; = a3 -a, =a, -ay
Therefore the given list of numbers forms an AP with common difference d=0
The next 3 terms of this AP are — %, ! L

Ty 7%
v) 1,3,9,27 ...

a;-a;=3-1=2

az;-a,=9-3 =6

Here, a; -a; # az -a,

There fore the given list of numbers does not form an AP.
vi) a, 2a, 3a, 4a .........

a-a;=2a—a=a

az-a,=3a —2a =a

as-a; =4a —3a =a

Here,a, -a; = a3z -a; =a, - ag

[oN
I
o

Therefore the given list of numbers forms an AP with common difference
The next 3 terms of this AP are 5a, 6a, 7a

vii)a, a% a, a*.......

a,-a;=a> —a=a(a—1)

az-a,=2a —a’> =a*a-1)

Here,a, -a; # a3 - a,

There fore the given list of numbers does not form an AP.

viii) V2, V8, V18, V32........

ay-a; =V8 —V2 =2v2-vV2=12

ds —az=\/ﬁ —\/g :3\/2'2\/22\/2

dy - dg :\/3_ —\/1_ :4\/2'3\/22\/2

Here,a, -a; = a3z -a; =a, - ag

Therefore the given list of numbers forms an AP with common difference d =2
The next 3 terms of this AP are /50, V72, V98

ix) V3,v6,V9,V12..........

dpy -dq = \/6 - \/§

az-a,=v9 -6 =3-6

Here,a, -a; # az - a,
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There fore the given list of numbers does not form an AP.

x) 11,34 527% ...

a,-a;=3"-1'=9-1=38

az-a,=5-32=25-9=16

Here,a, -a; # a3 - a,

There fore the given list of numbers does not form an AP.

xv) 11,52, 72,73, ..........

a,-a; =5 —-1'=25-1=24

ag-a,=7> -52=49-25=24

ag-a; =73 —7* =73-49=24

Here, a; -a; =az-a; =a, -az

Therefore the given list of numbers forms an AP with common difference d =24
The next 3 terms of this AP are 73 +24=97,97 +24 =121, 121 +24 =145
1.3 n™ Term of an AP

[The first term of an AP is a’ Common difference is d’ then the nth term}
is

a,=a+ n-1)d

[ n" term from the last n[l-last term , d — Common difference J

[ l-(n—1)d J

Example 3 : Find the 10th term of the AP : 2,7,12,...
Solution : a=2,d=7-2=5 and n=10

a,=a+ n—-1)d

A9 = 2+ (10_ 1)5

A9 = 2+ (9)5
a9 =2 +45
ao =47

Example 4 : Which term of the AP : 21, 18, 15, . .. is — 81? Also, is any term 0? Give
reason for your answer.

Solution: a = 21, d = 18 - 21 = -3 and a, = -81. Now we have to find n
a,=a+n-1)d

—81 =21+ (n—-1)(-3)

—81=21—-3n+3

—81 =24 —3n

3n=24+81 =105

n =35

which term is Zero?

0=21+(Mm—-1)(-3)
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0=21—-3n+3

3n =24

n=2_8

8! term is Zero

Example 5 : Determine the AP whose 3rd term is 5 and the 7th term is 9.

Solutin: a + (n — 1)d = a,

a+(B3-1)d=5 Alternate Method:

a+2d=5---—--- (D g=2"%

a+((7—-1)d=9 p-q

a+6d=9 e ) a, =a; ;aq =as

a + 2d= 5 d=2373 _975 _%_

7-3  7-3 4

a + 6d= 9 a=a,+(p—1d a
4d = -4 a=a,+(7-1)1

oo a=9+(7-1)1

sa+2(1)=52a+2=5>a=5-2=3 a=9+6=3

~AP:3,4,5,6, - - -

Example 6 : Check whether 301 is a term of the list of numbers 5, 11, 17, 23, . ..
Solution: a=5,d=11-5=6

a+(n—-1)d=a,

5+(m—-1)6 =301

5+6n—6 =301

6n—1 =301

6n =301+1
6n = 302

302 151

T 6 3

Here n is not an integer
There fore 301 is not a term of the list of numbers 5, 11, 17, 13 ........

Example 7 : How many two-digit numbers are divisible by 3?
Solution: 12, 15,18 ...... 99

a=12,d=3,a.=99

a+(n—-1d=a,

124+ (n—1)3=99

124+ 3n—-3 =99

3n+9 =99

3n =99-9

3n =90 =n =30

There for 30 two digit numbers are divisible by 3.

Example 8 : Find the 11th term from the last term (towards the first term) of the
AP:10,7,4,...,—62.

Solution: a=10,d=7-10=-3, [= -62

l=a+(n-1)d

n® term from the last = [ — (n — 1)d

=—-62—(11-1)(-3)

=—-62+33-3

=—-62+ 30

= -32
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Example 9 : Asum of Rs 1000 is invested at 8% simple interest per year. Calculate the
interest at the end of each year. Do these interests form an AP? If so, find the interest at
the end of 30 years making use of this fact.

Solution: The formula to calculate the simple intrest I = %
So, the interest at the end of the 1st year = % = Rs 80
the interest at the end of the 2nd year = 1001(:));8)(2 = Rs 160
the interest at the end of the 3rd year = 1001(::)8)(3 = Rs 240

There fore the terms are 80, 160, 240, — — -

Here a, -a, =az-a,=d= 80

It is an AP as the difference between the consecutive terms in the list is 80,

The interest at the end of 30 years an, a=380,d =80, n=230

ap=a+(m—-1)d

azp =80+ (30—-1)80

a, = 80 + 29x80

a, =80+ 2320

a, = Rs 2400

Example 10 : In a flower bed, there are 23 rose plants in the first row, 21 in the second,
19 in the third, and so on. There are S rose plants in the last row. How many rows are
there in the flower bed?

Solution: The number of rose plants in the 1st, 2nd, 3rd, . . ., rows are :23, 21, 19— - -
Here a; -a; =a3;-a,=-2

There fore itis an AP. a=23,d=-2,a,=5,n="?

a+(n—-1)d=a,

23+ (n—1)(-2)=5

23—2n+2 =5

—2n+25 =5
—2n =5-25
—2n = -20
n =10

So, there are 10 rows in the flower bed. = 10.

EXERCISE 1.2

. Fill in the blanks in the following table, given that a is the first term, d the common

difference and a the nth term of the AP:

a d n an
(i) 7 3 8 28
(i) - 18 2 10 0
(iii) 46 -3 18 -5
(iv) - 18.9 2.5 10 3.6
v) 3.5 0 105 35

i)a, =a+(n—-1)d
ag =7+(8-1)3
ag =7+7x3

ag =7+21
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ag =28

i) a, =a+(n—1)d
0 =-18+(10-1)d
0 =-18+9d

9d =18

d =2

ii) a, =a+(n—-1)d
—5 =a+ (18— 1)(-3)

-5 =a—-17x3
-5 =a-51
a =46

iii) a, =a+(n-1)d
3.6 =—18.9+ (n—1)(2.5)

3.6 =—-189+2.5n—2.5
3.6 =—-21.4+2.5n
25n= 36+214

n - B0

ivya, =a+(m-1)d

a, = 3.5+ (105-1)(0)

a, = 3.5+ 104x0

a, = 3.5

Choose the correct choice in the following and justify :
30th term of the AP: 10,7, 4,...,is

a, =a+n-1)d

d=ay-a;,=7-10=-3

aso =10+ (30—1)(-3)

asp =10+ (29)(-3)

asy, =10—87

azg = —77

(A) 97 B) 77 (©C) -77 (D) -87
(i) 11" term of an AP: -3, % 2, e is

a, =a+((n—-1)d

d=a,-a;=——(3) =—+3=>

a; =—3+(11-1) [g]

a5 = -3+ (10) E]

a;; =—-3+25

a;q =22

(A) 28 (B) 22 (C) -38 (D) —48§

In the following APs, find the missing terms in the boxes :

o2, [14], 26
ity | 18] 13, |8 3,

i) 5.| 62 |L|,9§,
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iv) -4 -2], [o ] [2 ][4 ]..6

v) 153,38, 123). [ 8], [-7.], -22

. Which term of the AP: 3, 8,13,18,....is 78?

Solution:a, =a+ m—1)d
d=a,-a;,=8-3=5;a=3;a,=78;n="7?
78 =3+ (n—-1)5

78 =3+4+5n-5

78 =5n-2
5n =78+2
5n =80
n =16

. Find the number of terms in each of the following APs :

Solution: 1) 7, 13, 19...... 205

a, =a+(m—-1)d
d=a,-a;,=13-7=6;a=7;a,=205;n="7?
205 =7+ (n-1)6

205 =7+6n-6

205 =6n+1
6n =205-1
6n =204
204
T 6
n =34

(ii) 18, 15%, 13 o 47
a, =a+m-1)d
d=a2—al=15%—18=—§;a=18;an=—47;n=?

5
47 =18+ (n—1) [_E

47 =18 > +5
= 2173
36 —5n+5
—47 =—
2
47 _41—5n
)
—94 =41-5n
—5n =-94- 41
—5n = -135
n =27

. Check whether — 150 is a term of the AP: 11,8,5,2...

Solution:a, =a+ (n—1)d
d=a,-a;=-3;a=11;a,=150;n="?
—-150 =114+ (n—1)(-3)

—-150 =11-3n+3

—150 =14-3n
—3n =-150-14
—3n =-—164
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_ 164

=73

n is not an integer. So, —150 is not a term of the AP: 11, 8, 5,
. Find the 31st term of an AP whose 11th term is 38 and the 16th term is 73.

YK

2,.

Solution:a, =a+ m—1)d
a;; =38,a1;4=73,a3;,="?
a+(11—-1)d= 38
a+ 10d =
a+(16—-1)d= 73
a+15d= 73
from (1) and (2)
a+ 10d = 38
a+ 15d = 73
-5d =-35

Alternate Method:
_3p~34q
p-q
dp = a6 ;g = A11
d= a16—a11 _ 73-38 E
16-11 5 5
a,=a,+(n—p)d a
a3z1 = Qi + ( 31— 16)7
as; =73+ (15)7
as; =73+ 105 =178

7

()=>a+ 10x7 = 38
>a+ 70 = 38

=a = 38-70

=>a = —32

a;; =-324+B1-1)7
az; = —32+4+(30)7

az; =-—32+4210

az; =178

An AP consists of 50 terms of which 3rd term is 12 and the last term is 106. Find the 29th

term.50

Solution:a+ (n — 1)d = a,
n=>50,a; =12,a2,=106 a,q =7
a+(50—-1)d = 106

Alternate Method:
_%p~34q
p-q
dp Tds50,dq T A3
_ago—az _ 106-12 _ 94
" 50-3 47 47
a,=a,+(n—p)d a
a9 =as + (29 —3)2
azq1 = 12 + ( 26)2
as; =12 +52 =64

=2

a+49d = 106 -—-—---- (1)
a+2d = 12-—-—-- -(2)
a+49d = 106
a+2d = 12

47d =94
=d=2
Substituted =2 ineqn (2)
a+2(2)= 12
a+4 =12
a=12 -4
a =38

A =8+ (29—-1)2
ay, = 8+ (28)2

g = 8456

A, = 64

. Ifthe 3rd and the 9th terms of an AP are 4 and — 8 respectively, which term of this AP is

zero?
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Solution:a; =4, aq =—8

an=at+t(n-1)d
az=at(3—-1)d
4=a+2d -------—--—--- (1)
a=at(@—-1)d
-8 =a+8d---------- (i1)

Substract (i) from (ii),we get
—12=6d =d=-2

From equation (i),
4=a+2(-2)

4=a—-4

a=28

Ifa, =0,

an=at(n—-1)d
0=8+(n—-1)(-2) =8—2n+2
2n=10

n=>5

So, the 5" term is 0

Alternate method:
_3p~34q
p—q
ap = ag , aq = a3
ag—a -8—4 -12
d=2973 _ 84 _-12_ 5
9-3 6 6

a=a,+(p—1d a
a=az;+(3-1)(-2)
az; =4+ (2)(-2)
a1 =4—4 =0

The 17th term of an AP exceeds its 10th term by 7. Find the common difference.

Solution:an=a+ (n—1)d
dq7 :a+(17_1)d

dq7 = a-+ 16d

Similarlly, a;,=a+9d
But, dq7 —dqg ~ 7
(a+16d)—(a+9d)=7
7d=17

d=1

Which term of the AP: 3, 15, 27, 39, . .. will be 132 more than its 54th term?

Solution:AP: 3, 15,27, 39, ...
a=3,
d=a,—a;=15-3=12
354:a+(54_ l)d

ag, =3 +(53) (12)

ag, =3 +636=0639

132 +639 =771

Now we find which term is 771
a, =771.

an=a+(n—1)d
771=3+(1n—-1) 12

768 =(n—1)12

(n—1)=64

n==65

There fore 65" term is 132 more than 54™ term.

Or

n’th term is 132 more than 54™ term.
n=54+-2
12

=54+ 11 =65" term.
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12. Two APs have the same common difference. The difference between their 100th terms is

100, what is the difference between their 1000th terms?
Solution:Let the first terms of an AP’s be a’ and b’. Common difference — d

For the first AP,

d100 :a+(100_ l)d
digp — a + 99d

d1000 = a+(1000_ l)d
dqp00 = @ + 999d

For 2™ AP,
3100 :b+(100_1)d
di00 ~— b + 99d

d1000 = b + (1000 - 1) d
d1000 ~ b+ 999d
The difference of 100" terms is 100
There for (a+99d) — (b +99d) =100
a—b=100 ----------m-meem- (1)
The difference of 1000™ terms is ?
(a+999d)— (b+999d)=a—b
From equation (i),
ar —ax=100
So, the difference of 1000 terms is 100.
13. How many three-digit numbers are divisible by 7?
Solution:The first 3 digit number which is divisible by 7 is a=105 and d=7
The last 3 digit number which is divisible by 7 is a,= 994

There for AP: 105,112,119, ...994

n="7?

an=at+(n-1)d

994=105+(n—-1)7

889=(mn—-1)7

(n—1)=127

n=128

There for 128 three digit numbers are divisible by 7.
Or

The 3-digit numbers which are divisible by 7 are 105, 112, 119, .... 994 .
These numbers are in AP:

a=105and d=7, an= 994

=>at+(n-1)d=99%

=105+ (n-1)x7=99%

=7(n-1)=889
=>n-1=127
=>n=128

14. How many multiples of 4 lie between 10 and 250?
Solution:Multiples of 4 lie between 10 and 250 are 12, 16, 20, 24, ...248

a=12,d=4,a, =248
an=a+(n-1)d
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248=12+(n-1)x4
248 =12+ 4n—4

248 =8+ 4n
4n =248 -8
4n =240
n=60

Hence, ther are 60 multiples of 4 lie between 10 and 250.
For what value of n, are the nth terms of two APs: 63, 65,67,... and 3,10,17,...equal?
Solution: a=63, d=a,—a, =65—-63=2
an=at+(n-1)d

an=63+(Mn—-1)2=63+2n-2

an=61+2n ----------- (1)

3,10,17, ...

a=3,d=a,—a, =10—3=7

a=3+m—-1)7

an=3+7n-7

an=7Tn—4 - (i1)

According to question , n term of both AP’* are equal.
=61 +2n=7n—4

=61 +4=5n =5n=65

=>n=13

Hence, the 13" the two given AP’® are equal.

Determine the AP whose third term is 16 and the 7th term exceeds the Sth term by 12.
az =16

at3—-1)d=16

a+2d=16 - (1)

a; —ag =12

[at (7—-1)d]—[a+ (- 1)d]=12
(a+6d)—(a+4d)=12

2d=12

d=6

From equation (i),

a+t2(6)=16

at12=16

a=4

Then the required AP is 4, 10, 16, 22, ...
Find the 20th term from the last term of the AP: 3, 8,13, ..., 253.
Given AP: 3,8, 13,...,253

n" term from the last=/—(n—1)d

1 =253,a=3,d=5

n term from the last =253 — (20— 1)5

=253 -(19)5
=253- 95
=253- 95 =158

The sum of the 4th and 8th terms of an AP is 24 and the sum of the 6th and 10th terms is
44. Find the first three terms of the AP.
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an=at+(n—-1)d
a,=at+t(@-1)d
a,=a+3d
Similarlly,
ag=a+7d
ag=a+5d
a;p=a+9d

But, a, tag =24
at3d+a+7d=24

2a+10d =24

a+5d=12 ---mememm- (1)

ag+ a,0=44
a+5d+a+910d=44
2a+14d=44

at+7d=22 -—--memv (i1)

By substracting (ii) from (i),
2d=22-12

2d=10

d=5

Substituting d =5 in equation (i),
at+5d=12

at5(05)=12

a+25=12

a=-13

aa=at+td=-13+5=-8
aza=a+d=—8+5=-3

Hence the first three terms are —13, —8, and —3.

Subbia Rao started work in 1995 at an annual salary of Rs 5000 and received an
increment of Rs 200 each year. In which year did his income reach Rs 7000?
The annual salary received by Subba Rao in the years 1995 onwards are

5000, 5200, 5400,----7000

Hence, these numbers forms an AP.

a=5000, d =200, a,- 7000.

an=at+(n-1)d

7000 = 5000 + (n— 1) 200

200(n — 1) =2000

(n—1)=10

n=11

Thus the 11%" years of his service or in 2005, Subba Rao received an annual salary of
Rs 7000.

Ramkali saved Rs 5 in the first week of a year and then increased her weekly savings
by Rs 1.75. If in the nth week, her weekly savings become Rs 20.75, find n.

a=5,d=1.75a,=20.75,n="?
an=at+(n—-1)d
20.75=5+(n-1)x 1.75
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1575=(n-1)x 1.75
15.75=1.75n - 1.75
1.75n=15.75 +1.75

1.75n=17.50
q= 1750 _1750 _
175 175

1.4 Sum of First n Terms of an AP

* First term - a Common
difference - d

* When the first and the last terms of an
AP are given and the common
difference is not given

[ s=§[za+(n-1)d] J

S=§[a+l]

Example 11 : Find the sum of the first 22 terms of the AP : 8, 3,-2,...

Solution: Here a= 8, d=3-8=-5,n=22.
S="[2a+ (n-1)d]

S =2{2x8 + (22 - 1)(-5)]
S=11[16+21(-5)]

S=11[16 - 105]

S=11x-89 =-979

Example 12 : If the sum of the first 14 terms of an AP is 1050 and its first term is 10,

find the 20th term.
Solution: Here, S14=1050,n=14, a=10

S="[2a+(n-1)d]
1050 = 12—4[2)(10 +(14 - 1)d]

1050 = 7[20 + 13d]
1050 = 140 + 91d
91d = 1050 — 140

91d =910
d=22-10

91
an=at(n—-1)d

ay, =10+ 19x10
ay, =10+ 190
dog :200

Example 13 : How many terms of the AP : 24, 21, 18, . . . must be taken so that their

sum is 78?

Solution:a =24, d=21-24=-3, Sn= 78 , We have to find ‘n’

S= g[za +(n-1)d]
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78 =72x24 + (n - 1)(-3)]
78=§[48 -3n+3]
156 =n[48 -3n+ 3]
156 =51n - 3n?
52=17n - n?
n’—17n+52=0
n’—13n—4n+52=0
n(n—13)-4(n—-13)=0
(n—13)(n-4)=0
n=13 3= n=4
Example 14 : Find the sum of :
(i) the first 1000 positive integers (ii) the first n positive integers
Solution: (i) Let S=1+2 + 3 +...... + 1000
S ="[2a+ (n- 1)d]
S=500[2 + 999]
S=500[1001]
S =500500
()LetS=1+2+3 +...... tn
S ="[2a+ (n- 1)d]
=>[2x1+ (n- D1]
S="[2+n-1]
S="[n+1]
Example 15 : Find the sum of first 24 terms of the list of numbers whose nth term is
given by a, =3 + 2n.
Solution: a, =3 +2n
a; =3+2x1=3+2=5
a,=3+2x2=3+4=7
a;=3+2x3=3+6=9
There for APis: 5, 7, 9, - - -
a=5,d=2,n=24
S =22a+ (n- 1)d]
S =2[2x5+ (24 - 1)2]
S=12[10+ 23x2]
S=12[10 + 46]
S =12x56
S=672
Example 16 : A manufacturer of TV sets produced 600 sets in the third year and 700 sets

in the seventh year. Assuming that the production increases uniformly by a fixed number
every year, find :

(i) the production in the 1st year (ii) the production in the 10th year

(iii) the total production in first 7 years
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Solution:i) Since the production increases uniformly by a fixed number every year, the

number of TV sets manufactured in 1st, 2nd, 3rd, . . ., years will form an AP.
Let us denote the number of TV sets manufactured in the n™ year by a,

az =600, a; =700,

a+2d =600

a+6d=700

By solving the equation we get,

d=25and a=550

(i) Therefore, production of TV sets in the first year is = 550

(i1) Production of TV sets in the 10th year is: a;o = a + 9d

a0 = 550 4+ 9x25
=550+225 =775
(111) The total production of TV sets in first 7 years is
S ="[2a+ (n- 1)d]

S = %[2)(550 +(7 - 1)25]

S =§[1100 + 6x25]
S =§[1100 +150]
S =2{1250]

S =7x625 =4375

Exercise 1.3

Find the sum of the following APs:
i 2,7,12... to 10 terms
a=2,d=a,—-a;,=7-2=5,n=10
Sa==[2a+(n-1)d]
S1="2[2(2) + (10 1) x 5]
S1o=5[4+(9) x (5)]

S10=15 x 49 =245

ii) -37, -33, -29 ...... to 12 terms
a=-37
d=a,—a;=(33)-(37=-33+37=4
n=12

Sa==[2a+(n-1)d]

S =2 [2(:37) + (12 - 1) x 4]
S12=6[-74 + 11 x 4]

S12=06[-74 + 44]

S12=6(-30) =-180

iii) 0.6, 1.7, 2.5 ..... to 100 terms
a=0.6

d=a—a=17-0.6=1.1
n=100

Su=2[2a+(n-1)d]

Si00="22 [1.2+(99) x 1.1]
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S100=50[1.2 +108.9]
S100=150[110.1]

S100= 5505
. 1 1 1
iv) — —, — -—-—-to 11 terms
15° 12" 10
1
a = —_—
15 1 _5-4 1
d=a-a=5-5=-5
n=11

Sa==[2a+(n-1)d]
Su=2[2xL+(11-1)x 2]

11 . 3 E
20
Find the sums given below :

i) 7+10§+14+ -------- +84
a=7,1=84
1 7
d=a—a=10; -7 ==-7==
2 2
[=a+(n-1)d
84=7+(n-1)x7
77=(m-1)x2
154=7n-7
Tn=161
n=23
Sp= (a+1])
2
S23=22 (7 +84)

23 2093
:7X91 =

T2
:1046§
ii)34+32+30+.....+ 10
a=34, d=ay—a1=32-34=-2,/=10
[=a+(n—1)d
10=34+(n—1) (-2)
24=(mn-1)(-2)
12=n-1
n=13
Sa=2(a+))
Siy =2 (34 + 10)
S13=§X44
Siz=13 x22
S13=286
iiii) -5 + (-8) + (-11)+ .... + (-230)
a=-5 1=-230, d=ay—a;=(-8)—(-5) =—8+5=-3
[=a+(n—1)d
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-230=-5+(m—-1)(-3)
-225=(n—-1)(3)
(n—1)=75
n=76
Sh =§(a+1)
St6 =7 [(-5)+ (:230)]
S76 =38(-235)
S76 =-8930
Inan AP:
i) Given a=5,d=3,a,=50 find n and Sn
a=5,d=3,2a,=50
an=a+ (n—1)d,
=50=5+(1n-1)x3
=3(n-1)=45
=>n-1=15
=>n=16
Snzg(a"_an)
Sis =22 (5 + 50) = 440
Si6 =8 (55) =440
ii) Given a=7,a43=35findd and Si3
a=7,a,3 =35
an=a+ (n—1)d,
=35=7+(13-1)d
= 12d=28
= d=28/12=2.33
Snzz(a"_an)

2
Si3 == (7+35)
S =2 (42) = 13x21
S13=273
iii) Given a;; =37,d=3 find a and Si:
a;, =37,d=3
an=a+ (n—1)d,
Sa,=a+(12-1)3
=>37=a+33
=>a=4
Sn:%(a"_an)
Si2=""(4+37)
Si2=6 (41)
S12=246
iv) Given az =15, S10=125 find d and a4
as = 15, Sio=125
an=a+ (n—1)d,
az=a+(3—-1)d
15=a+2d ------------ (1)
Sa==[2a+(n-1)d]
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Si0=22[2a+ (10 - 1)d]

125 =5(2a+9d)

25=2a+9d ----------- (ii)
Substract equation (i) from (2)

30=2a+4d -----—------ (iii)
Substract (ii) 22@w&3 (iii)
-5=5d

d=-1

From equation (i),
15=a+2(-1)

I15=a—-2

a=17

a;p=a+(10-1)d
a;o=17+09) (1)
a=17-9=28

v) Given d=5,S9o=75 find a and aq
d=5,S9=75

Sn="{2a+ (n- 1)d]

75=2[2a+ (9 - 1)5]
75=2(2a +40)

75=19 (a + 20)
75=9a+ 180

9a="75-180
_ -35

an=§+(n—1)d
ag=a+(9—1)(5)
:‘735+8(5)

=540
3

_ —35+120 _ 85

3 3
vi) Given a=2,d=38,Sn=90 find n and a,
a=2,d=8,S,=90

Sa="[2a+ (n-1)d]

90="[2a+ (n- 1)d]

= 180=n(4 + 8n - 8)

=180=n(8n - 4)

=180=8n’ - 4n

= 8n’>-4n-180=0

=2n*-n-45=0

=2n’-10n+9n-45=0
=2n(n-5)+9Mn-5)=0

= (2n-9)(2n+9)=0

n =5 (Positive number)

There foras=8+5 x4 =34

vii) Given a=8,an=62,Sn =210 find n and d
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a=38,a,=62,S,=210

Sn:%(a"‘_an)
n

210=2(8 +62)

= 35n=210

a,=a+(n-1)d

62=8+5d

=5d=62-8=54

>d=2=108

viii) Given an=4,d=2,Sn=-14 find n and a
an:4,d:2, Sn:_14

an=a+(n—1)d

4=a+(n—1)2

4=a+2n—2

at+t2n=26

14="(a+4)

—28=n(a+4)

—28 =n (6 —2n+ 4) {From equation (i)}
—28=n(—2n+10)

—28 =—2n’+ 10n

2n>—10n—28=0

n’—5n-14=0

n’>—7n+2n—-14=0
nn—=7)+2(n—-7)=0
(n—=7)(n+2)=0
Eithern—7=0o0rn+2=0
n="7orp—=2

From equation (i),

a=6—2n

a=6—-2(7)

a=6—14

a=-8

ix) Given a=3,n=8,S =192 find d
a=3,n=8,S=192

Sa==[2a+ (n-1)d]
192=2[2 %3+ (8 - 1)d]

192 =416 +7d]

48=6+7d

42 ="7d

d=6

x) Given 1=28, S =144 and there are 9 terms. Find the value of a
1=28,S=144,n=9

Sa="(a+])

Page 24| 159 Available in ykoyyur.blogspot.com

YK



SSL.C Mathematics Solutions — Part -1 YK

144 =2 (a+28)

(16) x (2)=a+28

32=a+28

a=4

How many terms of the AP: 9,17, 25, ... must be taken to give a sum 0f 636?
a=9

d=az—al=17—9=8

n

Sn =3 [2a+ (n-1)d]
636=§[2xa+(8-1)x8]
636 ="[18 + (n- 1) x 8]
636=n[9 +4n—4]
636 =n (4n+5)
4n’+5n—-636=0
4n’+53n—48n—636=0
n(4n+53)—12 (4n+53)=0
(4n+53)(n—12)=0
4n+53=0o0rn—12=0
n=534orn=12
>n=12
The first term of an AP is 5, the last term is 45 and the sum is 400. Find the number of terms
and the common difference.
a=15,1=45, S,=400
Sn =§(a+ )
400 == (5 +45)
400 = (50)
25n =400
n=16
[=a+(n—1)d
45=5+(16—-1)d
40 =15d
40 8
d=13
The first and the last terms of an AP are 17 and 350 respectively. If the common difference
is 9, how many terms are there and what is their sum?
a=17, [=350, d=9
[=a+(n—1)d
350=17+(n-1)9
333=(mn-1)9
(n—1)=37
Sy = g (a+1)
S35 =22 (17 + 350)
S3s=19 x 367
S3s= 6973
. Find the sum of first 22 terms of an AP in which d =7 and 22nd term is 149.
d=7, a,, =149, Sn="?
an=a+(n—1)d
ap=a+(22-1)d
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149 =a+21x7

149 = a + 147

a=2

Sn=§(a+an)
S»=2(2+149) =11 x 151

S =1661

Find the sum of first 51 terms of an AP whose second and third terms are 14 and 18
respectively.

=14, a3=18, d=a3—a,=18—-14=4

a=a+d

14=a+4

a=10

Su=7[2a+ (n- 1)d]

Ss1=22[2 % 10+ (51 - 1) x 4]
=220 + (50) x 4]

[20 +200]

[220] =51 x 110 = 5610

If the sum of first 7 terms of an AP is 49 and that of 17 terms is 289, find the sum of
first n terms.

S7=49, S;7=289

Sa==[2a+ (n-1)d]

s7=§ [2a+ (n-1)d]

51
2

51
2

S7=2 [2a+ (7 - 1)d]

49 = g [2a + 6d]
7= (a+3d)
a+3d=7 ccoeees (i)
Similarlly,

17
Si7= > [2a+ (17 - 1)d]

17
289 =—(2a+ 16d)

17=(a+8d)

at+8d=17 ------—-- (i)

Substract equation (ii) from (i)
5d=10 =>d=2

From equation (i)

a+32)=7

at6=7 >a=1

Sa==[2a+ (n-1)d]
~2RM)+m-1)x2]=2@+2m-2)

=§(2n =’
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Show that aj, az, a3 ..... ay ,......form an AP where a, is defined as below
(i)a,=3 + 4n (i)a,=9 - 5n

Also, find the sum of the first 15 terms in each case.

()a,=3 + 4n

ai=3+4(1)=7

a=3+42)=3+8=11

a3=3+43)=3+12=15

aa=3+44)=3+16=19

s>a—a=11-7=4

a3—az=15—11 =4

as—a3=19—-15=4

So, the given sequence forms an AP with first term =7 and common difference = 4
Sa==[2a+ (n-1)d]

Sis=2 [2(7) + (15 - 1) x 4]

= [(14) + 56]

=2 (70) =15 x35 =525

(ii) a,= 9 - 5n

a=9-5x1=9-5=4

aa=9-5%x2=9-10=-1

$3=9-5%x3=9-15=-6

a=9-5%x4=9-20=-11

Say-—a=—1-4=-5

a3—az=—6—(—1):—5

a—a3=—11—-(-6)=-5

So, the given sequence forms an AP with first term =4 and common difference = -5
Sa==[2a+ (n-1)d]

Sls=12—5 [2(4)+ (15-1) (-5)]
=2 [8 + 14(-5)]
=2 (8-70) = (-62) = 15(-31) = 465

If the sum of the first n terms of an AP is 4n — nz, what is the first term (that is S )? What
is the sum of first two terms? What is the second term? Similarly, find the3rd, the 10th and
the n'" terms.

Sp=4n-n’

Firstterm a=S;=4(1)—(1)’=4—-1=3

Sum of first two terms

S=422)- (2)’=8-4=4

a=5-S1=4-3=1

d=a—a=1-3=-2

n™ term an=a+ (n—1)d

=3+ (n—1)(2)

=3-2n+2

=5-2n

So, the third term a3 =5—-2(3)=5-6=-1

10" term ajo=5-2(10)=5-20=—15
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Find the sum of the first 40 positive integers divisible by 6.
6,12,18,24 ...
This is an AP with common difference = 6 and the first term = 6
a=6, d=6, Ss=7?
Sa="[2a+ (n-1)d]
Sa0="22[2(6) + (40 - 1) 6]
=20[12 +(39) (6)]
=20(12 +234) =20 x 246 = 4920
Find the sum of the first 15 multiples of 8.
The numbers multiples of 8 are
8,16,24,32...
These numbers form an AP with common difference 8 and the first term 8
a=8,d=8, S;5=7?
Sa="[2a+ (n-1)d]
S1s =2 [2(8) + (15 - 18]
15
= [6+(14) (8)]
= [16+ 112] == (128) = 15 x 64 = 960
Find the sum of the odd numbers between 0 and 50.
The odd numbers between 0 and 50
1,3,5,7,9 ... 49
This is an AP with common difference 1 and the first term 2
a=1,d=2, [=49
[=a+(n—1)d
49=1+m-1)2
48=2(n—1)
n—1=24
n=25
Sn :g (a + l)

S2s =2 (1+49)

=2 (50) = (25)(25) = 625

A contract on construction job specifies a penalty for delay of completion beyond a
certain date as follows: Rs 200 for the first day, Rs 250 for the second day, Rs 300 for the
third day, etc., the penalty for each succeeding day being Rs S0 more than for the
preceding day. How much money the contractor has to pay as penalty, if he has delayed
the work by 30 days?

This is an AP with common difference 50 and the first term 200

a=200,d=50

The penalty payable for the delay of 30 days = S3o

Su="[2a+ (n-1)d]

S30==" [2(200) + (30 - 1) 50]

= 15 [400 + 1450] = 15 (1850)
= Rs 27750

Page 28| 159 Available in ykoyyur.blogspot.com



16.

17.

18.

SSL.C Mathematics Solutions — Part -1 YK

A sum of Rs 700 is to be used to give seven cash prizes to students of a school for their
overall academic performance. If each prize is Rs 20 less than its preceding prize, find the
value of each of the prizes.

Let the first prize = a

The amount of 2™ prize =a — 20

The amount of 3" prize =a— 40

This is an AP with common difference -20 and the first term a

d=-20, S;=700

Su="[2a+ (n-1)d]

%[Za+(7 - 1)d] =700
%[2a+ 6d] = 700

7 [a+ 3d] = 700
a+3d=100

a +3(-20) = 100
a—60=100

a=160

So, the values of prizes Rs 160, Rs 140, Rs 120, Rs 100, Rs 80, Rs 60, and Rs 40.

In a school, students thought of planting trees in and around the school to reduce air
pollution. It was decided that the number of trees, that each section of each class will

plant, will be the same as the class, in which they are studying, e.g., a section of Class I

will plant 1 tree, a section of Class II will plant 2 trees and so on till Class XII. There are
three sections of each class. How many trees will be planted by the students?

This is an AP with common difference 1 and the first term 1
a=1,d=2-1=1

Sa==[2a+ (n-1)d]

S =2 [2(1) + (12 - 1)(1)]

=6(2+11)=6(13) =78
Hence, the trees planted by the students of each section =78
There for the trees planted by the students of 3 sections = 78 x 3 =234

A spiral is made up of successive semicircles, with centres alternately at A and B,

starting with centre at A, of radii 0.5 cm, 1.0 cm, 1.5 cm, 2.0 cm, ... as shown in Fig.
1.4. What is the total length of such a spiral made up of thirteen consecutive semi

circles (Take T =27—2 )

fig 1.4

[Hint: length of successive semi circles is /;, [, 13, Iy, .....with centers as A, B,A,B ..... I, b, I3, 1y ....]
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The length of the semi circles = nr
I =n(0.5)= g cm
L=mn(l)=mcm

3=m(1.5)= 377[ cm

l1, I, I3 . . . are the lengths of semicircles
b4 3

E , T, ?, 21E,
T T
d=h-h=n-2=%
2- 11 5 3
b4
a=—Ccm
2

Sa==[2a+ (n-1)d]
There for the total length of such a spiral made up of thirteen consecutive semi circles
S=2 2%+ (13- 17 = 2 [n+ 6n]

200 logs are stacked in the following manner: 20 logs in the bottom row, 19 in the next row,

18 in the row next to it and so on (see Fig. 1.5). In how many rows are the 200 logs placed
and how many logs are in the top row?

The logs are in an AP

20, 19, 18...
a=20,d=a—a=19-20=-1
Sh =200

Su="[2a+ (n- 1)d]

200 =2 [2(20) + (n - 1)(-1)]
200=§[40-n+ 1]

400=n(40—n+1)

400 =n (41 —n)

400 =41n—n?

n>—41n+400=0

n? — 16n — 25n + 400 = 0
n(n—16)-25m—-16)=0

(n—16) (n—25)=0
(n—16)=00rn—25=0

n=16orn=25

an=a+(n—1)d
ale=20+(16—-1)(-1)>a;s=20—-15=5
Similarly,

as=20+(25-1)(-1) =20—24

= —4 (negetive number is not possible)
Hence the number of rows is 16 and the number of logs in the top row is 5
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In a potato race, a bucket is placed at the starting point, which is 5 m from the first potato,
and the other potatoes are placed 3 m apart in a straight line. There are ten potatoes in the
line (see Fig. 1.6). -

et ¥ \'.'
E P . . o © ) o o e d (¢

Sm im im . . . . . .
fig 1.6

A competitor starts from the bucket, picks up the nearest potato, runs back with it, drops
it in the bucket, runs back to pick up the next potato, runs to the bucket to drop it in, and
she continues in the same way until all the potatoes are in the bucket. What is the total
distance the competitor has to run?
[Hint : To pick up the first potato and the second potato, the total distance (in metres)
run by a competitor is2 x5+2 x (5§ +3)]
The distances from the bucket to potatos 5, 8, 11, 14...
They have to run twice, then the distacnes run by the competiror 10, 16, 22, 28, 34,..........
a=10, d=16—-10=6, Sio=?
Sa="[2a+ (n-1)d]
Sto="2"[2(10) + (10 - 1)(6)]

=5[20 + 54] =5 (74) =370
Hence, the distance the competitor has to run is 370km

Summery:

® An arithmetic progression (AP) is a list of numbers in which each term is obtained
by adding a fixed number d to the preceding term, except the first term. The fixed
number d is called the common difference

® The general form ofan AP :a, a+d, a+2d, a+3d......

® Inan AP if there are only a finite number of terms. Such an AP is called
a finite AP. Such AP has a last term.

® The AP has infinite number of terms is called infinite Arithmetic
Progression. Such APs do not have a last term.

® The first term — a and the common difference is d then the nth term of
an AP

a,=a+(n—-1)d

® The nth term from the last [ last term — 1, common difference — d |
l—(n—1)d

® s the first term, d is the common difference then sum to nth term
S="[2a+(n- 1)d]

® [f common difference is unknown then the sum to nth term
S= g[a + 1] {1-the last term }
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2 Triangles

1.

2.2 Similar Figures
Two polygons of the same number of sides are similar, if

All the corresponding angles are equal and

All the corresponding sides are in the same ratio (or
proportion).

EXERCISE 2.1

Fill in the blanks using the correct word given in brackets

i) Allcircles are (congruent, similar)

ii) All squares are (similar, congruent)

iii) All triangles are similar. (isosceles, equilateral)

iv) Two polygons of the same number of sides are similar, if (a) their corresponding angles
are and (b) their corresponding sides are (equal, proportional)

Give two different examples of pair of

(i) similar figures. (ii) non-similar figures.
State whether the following quadrilaterals are similar or not:

3 em C
D ] O

5 15cm R 3em 3em
/ /
I.Sumlf;" /1.5 em
/
/ / 0 [
P 5em Q A Jem B
Fig 2.8
Solutions:

Fill in the blanks using the correct word given in brackets

v) All circles are similar (congruent, similar)

vi) All squares are similar (similar, congruent)

vii) All similar triangles are equilateral. (isosceles, equilateral)

viii))  Two polygons of the same number of sides are similar, if (a) their corresponding

angles are equal and (b) their corresponding sides are proportional (equal,
proportional)
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1. Give two different examples of pair of

4.

(i) similar figures:

Pair of circles

Pair of squares

(ii) non-similar figures.
A triangle and a square

A rectangle and a Quadrilateral
State whether the following quadrilaterals are similar or not:

3 3 em C
°O O

5 15cm R 3em 3em
I.ium;"’f 1.5 ¢em
P isem @ ‘\'_l Jem l_B
Fig 2.8

The corresponding angles are not equal. Hence, they are not similar
2.3 Similarity of Triangles

Basic proportionality theorem|[Thales theorem]

If a line is drawn parallel to one side of a triangle to
intersect the other two sides in distinct points, the other two
sides are divided in the same ratio

Theorem

2.1

fig 2.10 C

Data: In AABC, the line drawn parallel to BC intersects AB and AC at D and E .

o orave AD _ AE
o prove: —— = =
Construction: Join BE and CD. Draw DM | AC and EN | AB.
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Proof:
Area(AADE) % X AD x EN AD . 1 .
= 1 = — [ ~Area of triangle = = x Base x Height]
Area(ABDE) ~ X DB XEN DB 2
Area(AADE) % XAEXDM AE
Area (ACED) %x ECxDM  EC
ABDE and ADEC stand on the same base DE and in between BCIDE
Area (ABDE) = Area (ADEC) — (3
~ From (1), (2) and (3),
AD _ AE
DB  EC

Theorem | If a line divides any two sides of a triangle in the same
2.2 ratio, then the line is parallel to the third side.

Example 1 :If a line intersects sides AB and AC of a ABC at D and E respectively and is parallel

AD AE
- — A
to BC, prove that B - AC ( See ﬁg 2.13 ) ;

Solution: DEIBC (Data)
AD AE D

— = — (Theorem 2.1) T\
DB

EC
DB EC

DB EC Fig 2.13 c

AE
— = — (~ Taken reciprocal
AB AC( en reciprocals)

Example 2 : ABCD is a trapezium with AB || DC. E and F are points on non parallel sides AD

BF

and BC respectively such that EF is parallel to (See fig 2.14 ) Show that g =tc

A B

D : C
Fig 2.14
solution: Join AC to intersect EF at G. (See fig 2.15)
ABIDC &2 EFIAB (Given)

So, EF ||DC (Lines parallel to the same line are parallel to each other )
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Now in AADC,

EGIDC (~EFIDC)

AE AG
— =—(Theorem 2.1) —-——(1) A
ED GC s

Similarly, from ACAB, “a
CG  CF . G

T E/ o F

. AG _ BF 5 ~
M- 6c T Fe —@ .

~ From (1), (2) axiom (1), s
AE  BF D C

ED FC
PS PT

Example 3 : In Fig. 2.16, S0 1R and ZPST = 2PRQ prove that APQR is an isosceles

triangle.

Solution: P
PT

. PS
Given that, so " TR
~ STIQR (~~Theorem 2.2)

=/PST = £PQR (~Corresponding angles) ----(1) A
But, £PST = £PRQ (~ Given) - () S
So, £PRQ = £PQR [from (1), (2) and axiom (1) ]

Therefore, PQ = PR (*+Sides opposite the equal angles) ) A

i.e., PQR is an isosceles triangle. Q Fig 2.16

Exercise 2.2
. In Fig.2.17, (i) and (ii), DE || BC. Find EC in (i) and AD in (ii).

. A —_ D~ 1.8
Y ]]1-.‘_";"" T2em o~ \g
Pz - \ T
Iem L \
// | B ﬂ-i cm
B ‘'c
(i) (i) ‘(
Fig. 2.17 ]
(1) In triangleAABC, DE|BC (Given)
AD AE
< — =— [Thales theorem]
DB EC
1.5 1 3x1 30
—=— =EC=—7—=—/=2cm.
3 EC 1.5 15
(ii) In AABC, DE|IBC (Given)
AD AE
< — =— [Thales theorem]
DB EC
AD 1.8
ﬁ _— e —
7.2 5.4
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1.8x7.2 18x7.2
= AD= = =24 cm.
5.4 54

. E and F are points on the sides PQ and PR respectively of a PQR. For each of
the following cases, state whether EF || QR :

(i) PE=39cm EQ=3cm PF=3.6cm FR=24cm

(ii) PE=4cm QE=4.5cm PF=8cm RF=9cm

(iii) PQ =1.28cm PR =2.56cm PE =0.18cm PF = 0.36cm

Solution:

(1) PE 39cm, EQ=3 cm ,PF=3.6 cm, FR =2,4 cm (Given) P

32 339 = 1.3 [Thales theorem]

' Rg e
PF

And — = =— =15
FR %

w
o
w
o

Therefore ,

N
QO | o
e
e

Hence, EF is not parallel to QR ) s
(ii) PE = 4 cm, QE = 4.5 cm, PF = 8cm, RF = 9cm Q ®

PE_4 40 38
: == [Thales theorem]
“QE 45 45 9

PF
And, —=
RF

O |

PE PF
Therefore ,
QE RF

Hence, EFIIQR

(i11) PQ =1.28 cm, PR =2.56 ¢cm, PE = 0.18 cm, PF = 0.36 cm
Here, EQ=PQ-PE=128-0.18=1.10 cm

And, FR=PR - PF=2.56 - 0.36 =2.20 cm
. PE_018 18 9

—— == - (0)

"QE 110 110 55
PE_036 36 9

and, — =——=— ... (i)
FR 2.20 220 55

JPE L FE

" QE FR

There fore, EFIQR

. In Fig. 2.18, if LM || CB and LN || CD, prove that

AM AN B
AB AD M
In the glven fig, LM || CB,

B E ... (1) [corollary of BPT] :
Similarlly, LN || CD, N
AN AL D

CAD ac ... (i1) [corollary of BPT]

From (i) and (ii) ,
AM AN
MB  AD

. In Fig. 2.19, DE || AC and DF || AE. Prove that

BF _ BE
FE EC
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In AABC, DE || AC (Given)

. BD _ BE A
“TAT Ec T (1) [ Thales theorem]

In AABC, DF || AE (Given) D
BD BF
ST = e (2) [ Thales theorem]
DA FE
From equation (i) and (ii)
BE _BF s FE ¢
EC FE Fig 2.19

. In Fig. 2.20, DE || OQ and DF || OR. Show that EF |y
In APQO, DE || OQ (Given)

PD PE
S o= E—Q -------------- (1) [ Thales theorem]
In APOR, DF || OR (Given)
. PD _PF 2) [ Thales th
S SSTER T (2) [ Thales theorem]
= PE_IF [From equation (1) and (2) ]
EQ FRL omedt
- In APQR, EF | QR. [Converse of BPT] Q Fig 2.20
. In Fig. 2.21, A, B and C are points on OP, OQ and OR respectively such that AB || PQ
and AC || PR. Show that BC || QR P
In AOPQ, AB || PQ (Given) A
OA OB A
o—_=— (1) [ Thales theorem]
AP BQ o
In AOPR, AC || PR (Given) B, C
. 0A OC )
ST (2) [ Thales theorem] Q Fig 2.21 R
9B _%¢ [F tion (1) and (2
BQ  CR rom equation (1) and (2) ]

~ AOQR 589, BC || QR. [Converse of BPT]

. Using Theorem 2.1, prove thata line drawn through the mid-point of one side of a triangle
parallel to another side bisects the third side. (Recall that you have proved it in Class
1X).

Data: : In AABC, D is the mid-point of AB = AD=DB. A

The parallel line DE to BC drawn from D intersects AC at E
To prove: E is the mid-point of AC.

Proof: D is the mid-point of AB. D/ \E
AD
~AD=DB =— =1 (1)
BD
In AABC, DE || BC, '\

AD AE AE .
BD _EC [Thales theorem] =1 = EC [From equation (1)]
~ AE =EC = E is the mid-point of AC
. Using Theorem 2.2, prove that the line joining the mid-points of any two sides of a
triangle is parallel to the third side. (Recall that you have done it in Class IX).

Data: In AABC, D and E are the mid-points of AB and AC
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=AD=BD and AE=EC.
To prove: DE || BC

Proof: D is the mid-point of AB (Given) A
AD
~AD=DB = —= (1)
BD
E is the mid-point of AC (Given)
AE
. = —_— (
 AE=EC = )
Ab _AF [F tion (1) and (2)]
BD _ Ec LFrom equation | .
~ DE || BC [By BPT] B c
ABCD is a trapezium in which AB || DC and its diagonals intersect each other at the point O.

co

AO
how that — = —
Show that =5 = 55

Data: In trapezium ABCD, ABIBC, and AC and BD intersects each other at O.

To Prove: A0 _ €O
o Prove: —~ = ==
Construction: Draw EO from O such that EO || DC || AB A B
Proof: In AADC, OE || DC (Construction)
AE_40 (1) [By BPT
ED . CO (1) [By ]
In AABD, OE || AB (Construction)
B_DX By BPT
AE _ BO [By BPT]
a2 (2) [ Taken reciprocal
5 = 5o (2) [ Taken reciprocals]
3 tion (1) and (2
0 Do [From equation (1) and (2)]
A0 _cO
BO DO
The diagonals of a quadrilateral ABCD intersect each other at the point O such
AO
that — = — Show that ABCD is a trapezium A
BO DO B
Given: In ABCD, AC and BD intersects at O

co

AO
hthat — = —
Suc BO DO

To prove: ABCD is a trapezium
Construction: Draw EO through O such that EO || AB which
Intersects AD at E

Proof: In ADAB, EO || AB D ¢
c 222 ey 52 = 20 1) [taken reciprocal
vl BO[ ] > = Do (1) [taken reciprocals]
Similarll 20_9 Gi
imilarlly, = = == (Given)
AO BO
5— = — )
(6]0) DO
AE AO

“ "o [From equation (1) and (2)]
EO || DC &= EO || AB [ converse of BPT]

= AB || DC.
~ABCD is a trapezium
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2.4 Criteria for Similarity of Triangles

A

B C E F
Fig 2.22

It must be noted that as done in the case of congruency of two
triangles, the similarity of two triangles should also be expressed
symbolically, using correct correspondence of their vertices. For
example, for the triangles ABC and DEF of Fig. 2.22, we cannot write
ABC ~ EDF or ABC ~ FED. However, we can write BAC ~ EDF

If in two triangles, corresponding angles are equal, then their
corresponding sides are in the same ratio (or proportion) and

Tht;o;‘em hence the two triangles are similar.

This criterion is referred to as the AAA (Angle—Angle—Angle) cr
AAA it er ion of similarity of two triangles.

Data: In AABC and ADEF,

2A =¢D, «B = £E and 2£C = £F
AB  BC AC
To prove: 55 = 5~ pF (D and AABC~ ADEF A
Construction:Cut DP = AB from DE and DQ = AC
from DF and join PQ

Proof: In AABC and ADPQ,

AB =DP [Construction] B
AC =DQ [Construction]

LA =¢£D [data]

~AABC = ADPQ [SAS Congruency rule]

=BC =PQ ---—----—-- (1) and

=>«2B= 24P [CPCT] ButzZB= 2E [Given]

~ LP =¢E

~PQIIEF [Since corresponding angles are equal]

PQ
" 5E = DF = EF [by Corolary of BPT]
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AB AC BC .

=>— = — = — [By construction and (1) ]
DE DF EF

~AABC~ ADEF

If two angles of one triangle are respectively equal to two angles of another
triangle, then the two triangles are similar.

This may be referred to as the AA similarity criterion for two triangles.
4

If in two triangles, sides of one triangle are proportional to
Theorem) (¢ in the same ratio of ) the sides of the other triangle, then
their corresponding angles are equal and hence the two
triangles are similiar.

This criterion is referred to as the SSS (Side—Side—Side) similarity criterion for two triangles.

Data: In AABC and ADEF,
AB AC  BC D

To Prove: ZA=4D, zB=¢E and £C=«ZF A
And AABC = A DEF

Construction: Cut DP = AB from DE and P, Q
DQ = AC from DF.Join PQ
AB AC ) r . B
Proof : DE - DF [Given] B C E F
DP DQ Fig 2.26
=> — = — [~ DP=AB, DQ=A(C]
DE DF

~ PQIEF [corollary of Converse of BPT in A DEF]
= /P=/E &3 2Q =/F

~ ADPQ ~ADEF [ AA Similarity criteria]
DP  PQ

oE = EF [Corresponding sides of similar triangles]
AB P
= — = L (1) [AB = DP Construction]
DE EF
AB BC .
But,ﬁ =5 (2) [Given]
PQ

=>BC=PQ

In AABC and ADPQ,

BC =PQ [Proved]

AB=DP [Construction]

AC=DQ [Construction]

~AABC = ADPQ [SSS Congruency rule]

Hence, ZA = 24D, £B= 4P and 2C= 2£Q

=/A = 2D, £B= £E and 2C = 4F and AABC = A DEF
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Theorem 2.5 : If one angle of a triangle is equal to one
angle of the other triangle and the sides including these

Theorem angles are proportional, then the two triangles are similar

25

Given:In AABC and ADEF, ZA = «D and

) p— (1) R

DE  DF A /™ \.

To Prove: AABC = ADEF \ \
Construction: Cut DP = AB from DE P/ Q
and DQ = AC from DF.Join PQ -/ \
Proof: In AABC and ADPQ, B CE F

AB = PQ [By Construction]

AC = DF [By Construction]

2A = «D [Given]

AABC = ADPQ [ By SAS Congruency rule]---------- 2)
From eqn (1) we get,

AB AC DP DQ

— = — = — = — [AB=DPand AC =DQ]
DE DF DE DF

= PQIIEF [By converse of corollary of BPT]

=/P = £E, 2Q = £F [Corresponding angles]

~ ADPQ ~ ADEF [by AA similarity ctriteria] -------- 3)

= AABC = ADEF [From equation (2) and (3) ]

Example 4 : In Fig. 2.29, if PQ || RS, prove that APOQ ~ASOR

Solution: PQIRS [given]
P

~LP = £S [Alternate angles] ' o
2Q= £R [Alternate angles] "
And £POQ = 4£SOR [vertically opposite angles]
~APOQ ~ ASOR [AAA similarity criteria] Q Fig 2.29 s
Example 5 : Observe Fig. 2.30 and then find P.
Solution: In AABC and APQR, R
AB 38 1BC_ 6 1
RQ 7.6 2 CQ 12 2 A 63

CA 3V3 1 /s 33 (¢
And — = —f4= = - 3%

PR 6V3 2 /.60 o
_, AB _BC _CA B 6 c P 12

RQ ~ CQ PR Fig 2.30

~ AABC ~ ARQP [SSS similarity criteria]
£C = 2P [Corresponding angles of similar triangles]
But £C = 180 - ZA - £B [The sum of interior angles of a triangle is 180°]

=180°—80°-60°=40°=> 2P = 40°
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Example 6 : In Fig. 2.31, OA. OB = OC. OD. Show that £A = 2C =8 £4B= £D.

Solution: OA.OB =0OC.OD [Given] A C
OA 0D
oc = o8 T M o

£AOD = 2£COB [Vertically opposite angles] ———-- (2) .

From equation (1) and (2),

AAOD ~ ACOB [SAS similarity criteria] D

& £A=2C and £D = £B [Corresponding angles of similar triangles] Fig 2.31 B
Example 7 : A girl of height 90 cm is walking away from the base of alamp-
post at a speed of 1.2 m/s. If the lamp is 3.6 m above the ground, find the length of her
shadow after 4 seconds.

Solution v
AB is a Lamp post. CD i the hs hight of the girl : {
DE is the length of the shadow of the girl.

Let DE =x’m
Now, BD=12m x4 =4.8m
In AABE and ACDE,
¢B= 2D =90°
And £E = £E [Common angle]
~ AABE ~ ACDE [AA similarity criteria] Fig 2.32
_BE AB
.o ﬁ — a
4.8+x

= = 3 ( *90cm = 2= 0.9m)
X 0.9 100

= 4.8+x=4x

= 3x=48

=>x=1.6

Hence, the length of her shadow after 4 seconds is 1.6m

Example 8 : In Fig. 2.33, CM and RN arerespectively the medians of AABC
and APQR. If AABC ~APQR, prove that :

=

(i) AAMC APNR Q. N _p
AB
= _ 22 A
(i) 4y = 5o .
ii) ACMB ~ARNQ
Solution: M,
i) AABC ~ APQR .
AB  BC CA . c
—_— = — = —  e———— (1) B Y
PQ QR RP . R
and ZA= 2P, tB=1Q., £C=4R - 2) Fig 2.33
But, AB=2AM and PQ =2PN [CM and RN are the medians]
2AM _ C_A
2PN~ RP
AM CA
S5— = — e 3)
PN RP
But, ZA= £P [ From (2)] ----—--—--- 4)
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From (3) and (4),
AAMC ~ APNR [SAS similarity criteria]  ——(5)
.. CM CA
i1) From (5) N - mp (6)
BtC—A— A—B[Frm(l)] 7
Wrp T Pl —
CM _ AB
RN pq T )
AB _ BC .
(i) 55 = o )
= o B¢ F 8
N = o [From ®)]
CM AB BM
=5 — = — = zBH [CM and RN are the medians]
RN =~ PQ  2QN
CM BM
e — (10)
RN = QN
CM BC BM
=> — = — = — [From (9) and (10)]

RN QR QN
~ ACMB ~ ARNQ [SSS similarity criteria]
[ Note: you can solve (ii) and (iii) using same method as solved for (i)]

Exercise 2.3

1) State which pairs of triangles in Fig. 6.34 are similar. Write the similarity criterion used by

you for answering the question and also write the pairs of similar triangles in the symbolic
form :.

P
/)
;f |
P ‘//( I|
| |
r\ I| ."\ ;/( IIS
J 1
II’;%?\ I|I 2:\ /-' II
ks f 8 ) ' / '
H: ! 4 |2\\(' G- k) -“f, R B.I 7 g ‘_ Gz_ 4 IR
(i) (ii)
P
|llll
D f/ \
1 ,I M 3 r'lll \\\
/ I $ rIH 5 / \
27\ ] 25705, “'IT p .
/ \ | . I .,
M 3 ‘P E 5 F N L Qf A i SR
(iii) {iv)
1 D v
)] P
A s b N
25 [Top '
B 8P \\ CE s E F b S Q! {' ﬁE)L\R
3 v} 6 {vi)
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(i) In AABC and APQR,

2A = 2P =60°[Given] ; £B=2Q=280°[Given]; £C= 4R =40° [Given]
~ AABC ~ APQR [AAA similarity criteria]

(i) In AABC and APQR,

AB _BC _ CA

QR RP PQ

~ AABC ~ AQRP [SSS similarity criteria]

(iii)in ALMP and ADEF,

IM=27,MP=2LP=3,EF=5,DE=4,DF=6

MP 2 1
DE 4 2
PL 3 1
DF 6 2
LM 27 27
EF 5 50
MP PL LM
Here, —=—#—
DE DF’ EF

~ ALMP and ADEEF are not similar
(iv) In AMNL and AQPR,
MN ML 1

QP QR 2

LM =2Q="170°

~ AMNL ~ AQPR [SAS similarity criteria]
(v) In AABC and ADEF,

AB=25,BC=3,2£A=80° EF=6,DF =5, 2F = 80°

= AABC and ADEF are not similar
(vi) In ADEF,

2D + £E + £F = 180° [Sum of the interior angles of a triangle]
= 70° + 80° + F = 180°

= ¢«F=180°-70° - 80°

= £F =30°

In APQR,

2P+ £Q + £R = 180 [Sum of the interior angles of a triangle]
= £P +80°+ 30°=180°

= «P=180° - 80° -30°

= £P="70°

In ADEF and APQR,

2D =¢/P=70°

¢F=2Q=280°
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¢F=+4R =30°

= ADEF ~ APQR [AAA similarity criteria]

In Fig.2.35, AOBA ~AODC, £LBOC=125° and 2CDO =70°. Find £DOC, «DCO and
20AB

Solution:

DOB is a straight line

~ £DOC + 2 COB = 180°

= «DOC =180° - 125° =55°
In ADOC, 0x)125°
2DCO + £ CDO + £ DOC = 180°

= «DCO +70° + 55°=180° A B

= «DCO = 180" - 125° = 55°

AODC ~ AOBA. [Given] Fig. 2.35
+~ £OAB = 2£0CD [CPCT]

= £ OAB =55°

. Diagonals AC and BD of a trapezium ABCD with AB || DC intersect each other at the

point O. Using a similarity criterion for two triangles. Show that % =

oD
In ABOA and ADOC,

£2ABO = 2CDO [AB || CD, Alternate angles] A B
£BAO=£DCO [AB | CD, Alternate angles] . -7
£BOA = £DOC [Vertically opposite angles | P

~ ABOA ~ ADOC [AAA Similarity criteria] 7 N
,OC oD . S

“Sx ~op By CPCT] al MM

OA OB ,
=— = — [Taken on reciprocals]
ocC oD

4. In Fig. 2.36, %=% and 21 = £2 Show that APQS ~ATQR
In APQR,

21 =22 [Given] P
“PQ=PR et (1)
QR _ QT (Gi

But, — =
Qs ~ PR

QR _ QT 1 2
o5 = g [From (D] e @) Q AN

In APQS and ATQR, Fig. 2.36
% = g—(Tl [From eqn (2)]

£Q = £Q [Common angle]

~ APQS ~ ATQR [SAS similarity criteria]

S and T are points on sides PR and QR of APQR such that 2P
ARPQ ~ ARTS

Solution:

9
W

A
W

<RTS. Show that
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In ARPQ and ARST, A
£RTS = £QPS [Given]

2R = £R [Common angle] s \
~ ARPQ ~ ARTS [AA similarity criteria]

In Fig. 2.37, if AABE = AACD, show that AADE ~AABC
Solution:

AABE = AACD [Given] A
DN TN G — (1) [By CPCT]
Y DD BN o R— (2) [By CPCT]
AADE 3 AABCreg),

Dividing (2) by (1)
AD _ AE

AB ~ AC

£A = £A [Common angle] Fig. 2.37
~ AADE ~ AABC [SAS Similarity criteria]

In Fig. 2.38, altitudes AD and CE of ABC intersect each other at the point P. Show that
i) AAEP ~ ACDP

ii) AABD ~ACBE C
iii) AAEP ~ AADB D
iv) APDC ~ ABEC P

(i) In AAEP and ACDP,

£AEP = 2CDP =90°

£APE = 2CPD [Vertically opposite angles] A
~ AAEP ~ ACDP[AA similarity criteria]

(ii) In AABD and ACBE,

2ADB = £CEB =90°

2ABD = £CBE [Common angle]

~ AABD ~ ACBE [AA similarity criteria]

(iii) In AAEP and AADB,

£AEP = £ADB = 90°

2PAE = £DAB [Common angle]

~ AAEP ~ AADB [AA similarity criteria]

(iv) In APDC and ABEC,

£PDC = £BEC = 90°

£PCD = £BCE [Common angle]

~ APDC ~ ABEC [AA similarity criteria]

E is a point on the side AD produced of a parallelogram ABCD and BE intersects CD at F.

Show that AABE ~ ACFB
Solution:

In AABE and ACFB,

=

q

=
=]

(&)
s
=]

£A = £C [Opposite angles of a parallelogram]
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£AEB = 2CBF [AE || BC,Alternate angles]
~AABE ~ ACFB [AA similarity criteria]

D, F c

-
L

A B
In Fig. 2.39, AABC and AAMP are two right triangles, right angled at B and M

respectively. Prove that:

i) AABC ~AAMP
.. CA BC M

C

(i) In AABC and AAMP,

2A = £A [Common angle]

£ABC = LAMP = 90° A B
~ AABC ~ AAMP [AA similarity criteria] Fig. 2.39
(ii) AABC ~ AAMP [Proved in(i)]

= % = P [the corresponding sides of similar triangles are proportional]

CD and GH are respectively the bisectors of ZACB and 2ZEGF such that D and H lie on
sides AB and FE of AABC and AEFG respectively. If AABC ~ AEFG, show that:

ii) ADCB ~ AHGE

iii) ADCA ~ AHGF

(i) AABC ~ AFEG [Given]

~ £A = 2F, £ACB = £FGE [Corresponding angles of similar triangles]
CD is the bisector of ZACB, GH is the bisector of ZFGE

~ £ACD = 2FGH A E
In AACD and AFGH, '
/A =/F
D H
2ACD = £FGH
~AACD ~ AFGH [AA similarity criteria] 2 4
CD AC . 1 ) 3
>—= — B C F G
GH FG

(ii) AABC ~AFEG [Given]

~ £B=¢E, and 2ZACB = 2FGE [Corresponding angles of similar triangles]
CD is the bisector of ZACB, GH is the bisector of ZFGE

~2DCB = 2£HGE

Now, In ADCB and AHGE,

2DCB = £HGE

¢4B=¢E

~ ADCB ~ AHGE [AA similarity criteria]

(iii) AABC ~ AFEG [Given]
~ £A = 2£F, £ACB = £FGE [Corresponding angles of similar triangles]
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CD is the bisector of ZACB, GH is the bisector of ZFGE

+ £ACD = £FGH

In ADCA and AHGF,

2ACD = £FGH

2A=F

~ ADCA ~ AHGF [AA similarity criteria]

In Fig. 2.40, E is a point on side CB produced of an isosceles triangle ABC with AB =
AC.IfAD1BC and EFL AC , prove that AABD ~ AECF

ABC is an isosceles triangle A

AB = AC

=«/B = £C [ Opposite sides of equal angles]
= £ABD = £ECF ------ (D

In AABD and AECF,

£ADB = £EFC =90° [ AD1BC, EF]AC ]
= £ABD = £ECF [From (1)]

~ AABD ~ AECF [AA similarity criteria]
Sides AB and BC and median AD of a triangle ABC are respectively propor- tional to
sides PQ and QR and median PM of PQR (see Fig.2.41). Show that AABC ~APQR

Given: In AABC and APQR, P
AB_BC _ AD A
PQ QR PM
To prove: AABC ~ APQR
AB _BC _ AD B D Co M R
Proof: —=—= —

P R PM
Q Q Fig. 2.41

— =Z— = — [D and M are the mid-points of BC and QR respectively]

PQ QM PM
= AABD ~ APQM [SSS similarity criteria]
~ £ABD = 2PQM [Corresponding angles of similar triangles]
= £ABC = £PQR ----------- (1)

In AABC and APQR,

AB BC

— =— [Given]

PQ QR

2ABC = £PQR [From (1)]

~ AABC ~ APQR [SAS similarity criteria]
D is a point on the side BC of a triangle ABC such that ZADC = ZBAC . Show that
CA2 =CB.CD. A

In AADC and ABAC, <>

£ADC = £BAC [Given]

2ACD = £BCA [Common angle]

~ AADC ~ ABAC [AA similarity criteria] ) [ .

_CA _cD B D ¢

“B _ CA [The corresponding sides of the similar triangles are proportional]

= CA?=CB.CD.
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Sides AB and AC and median AD of a triangle ABC are respectively proportional
to sides PQ and PR and median PM of another triangle PQR. Show that AABC ~APQR
Given: In AABC and APQR,

AD and PM are the medians drawn to

BC and QR respectively.
AB AC AD
and — = — = —
PQ PR PM
To prove: AABC ~ APQR
Construction: Produce AD to E such that

AD =DE, join CE

and produce PM to N such that PM = MN, join RN B D' '€ q M 'R
Proof: In AABD and ACDE,

AD =DE [Construction]

BD =DC [AD is Median]

2ADB = «CDE [Vertically opposite angles]
~ AABD = ACDE [SAS Congruency rule]

E?b
?*u

[y
[

w
-

= AB=CE [By CPCT] ——emmemm- (1)

Similarlly, In APQM and AMNR,

= PQ=RN [By CPCT] - (i1)
AB AC AD .

But,—= — = — [Given]

PQ PR PM

=>CE AC AD [F . d (ii) ]
- = = = - rom (1) and (11
RN PR PM ) (i)
CE AC 2AD
ﬁ_ = oem— = ——
RN PR 2PM
CE AC AE

> — = — = — [+v2AD= AE &= 2PM = PN]
RN PR PN -

~ AACE ~ APRN [SSS similarity criteria]

w L2 =14

Similarlly, 21 = £3
w21+ 22=2143+24
=>LA=/2P e (iii)

In AABC and APQR,

AB AC ]

— = — [ Given]

PQ PR

LA = /P [From (iii)]

~ AABC ~ APQR [SAS similarity criteria]

A vertical pole of length 6 m casts a shadow 4 m long on the ground and at the same time
a tower casts a shadow 28 m long. Find the height of the tower.
Length of the vertical Pole = AB = 6m

Length of the shadow casts by the Pole = BC =4 m

Length of the shadow casts by the Tower = EF =28 m

Let the height of the tower = DE =4 ‘m

In AABC and ADEF,
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£C = £F [The angles make by sun at same time] D
2B =2E=90°
~ AABC ~ ADEF [AA similarity criteria]

AB BC . . .. . A
+ — = —=[corresponding sides of the similar triangles]

DE EF Tower
oo 4 !
B -

S h=6x2— =6x7 2h=42m c |
4

4m B F 28m
Shadow Shadow

-~ Height of the tower =42 m.

If AD and PM are medians of triangles ABC and PQR, respectively where

AABC ~ APQR prove that 2= =22
PQ PM P

AABC ~ APQR [Given] A
AB _ AC _BC
Q) E = ﬁ:& -------------- (1)
and £ZA = 2P, £B=2Q, £C= 4R ~==mm-- )
AD and PM are the Medians "
QR B D C Q M R

BD=B7Cand QM:7 .......... 3)

From equations (i) and (iii), we get
AB %BC BD

L= = = == e “4)
PQ QR QM

In AABD and APQM,

2B=2Q [From(2)]

AB_BD o .

PQ QM [ From (iv}]

~ AABD ~ APQM [SAS similarity criteria]
AB AD

>— = —
PQ = PM

2.5 Areas of Similar Triangles

The ratio of the areas of two similar triangles is equal to the
square of the ratio of their corresponding sides.

Theorem
2.6

P

A :

Given: AABC ~APQR . :

. Area(ABC) (AB)?_ (BC\?_ (cA)? : |

To Prove: Area(PQR)_(PQ) B (QR) B (PR) /\ :
Construction: Draw AM 1 BC and PN QR B M cQ N R

Fig 2.42

ZxBCxAM
Area(ABC)  ZX7LE7T _ BCXAM -(I) [Areaof triangle=%xbasexheight]

Area(PQR) %x QRx PN QRx PN
In AABM and APQN,
2B = 2£Q [Corresponding angles of the similar triangle]

Proof:
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£ZM = £N = 90° [Construction]

~ AABM ~ APQN [AA similarity criteria]
AM _ AB

"W P 0 T )
PN  PQ
But, AABC ~APQR [Given]
. AB _ BC _ CA 3
"' PQ QR PR ----3)
AM _ BC
PN QR [ From (2) and (3)]
. Area(ABC) BC BC
" Area(PQR)_ QR T QR [From (1) and (3)]
Area(ABC) _ (E)Z
Area(PQR) QR
Area(ABC) _ (AB 2_ BC 2_ cA 2
Area(PQR) (PQ) = (QR) = (PR) [From (3)]

Example 9 : In Fig. 2.43, the line segment XY is parallel to side AC of AABC and it

. . . AX
divides the triangle into two parts of equal areas. Find the ratio B
Solution: XYIIAC [Given]

£ BXY = £A [Corresponding angles] A
£2BYX = «£C [Corresponding angles] '
~ AABC ~ AXBY [AA similarity criteria] X

Area(ABC) _ (AB 2
Area(XBY) (XB) [Theorem 2.6]  —————— )

But, Area(ABC) =2 Area (XBY) [Given]
Area(ABC) 2

AreaxBY) 1 T/ & B Y e
AB\? 2 Fig 2.43
()" = 2 [ from (1) and 2)]
AB _ v2
XB ~ 1
XB 1 .

Or B- 7 [Taken reciprocals]

XB 1
= 1--=1- =
AB-XB _ v2-1 _ AX _ 2-1 _ 2-V2

AB 2 AB - vz T 2

Exercise 2.4

. Let AABC ~ ADEF and their areas be, respectively, 64 cm? and 121 cm?. IfEF =
15.4 cm, find BC.
AABC ~ ADEF [Given]

Area AABC = 64 cm? and area ADEF =121 cm?*, EF=15.4cm
Area(ABC) _ AB? BC? _AC?

Areaomn ~ b ~pe ~pp [ AABC~ADEF] oo (i)
64 _BC?
121 _EF?

82 _ BC? 8 _ BC 8 _ BC

112 EF? 11 EF 11 154
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8
:>BC=EX15.4 > BC=8x14
=>BC=11.2cm

. Diagonals of a trapezium ABCD with AB || DC intersect each other at the point O. If

AB =2 CD, find the ratio of the areas of triangles AAOB and ACOD
Solution: In trapezium ABCD, AB || DC,

Diagonals AC and BD intersect each other at O
In AAOB and ACOD,
21 =122 [Alternate angles] <73 27
23 =14 [Alternate angles] 5
£5=1,6 [Vertically opposite angles] o
~» AAOB ~ ACOD [AAAsimilarity criteria] 6
Area(AOB)  ABZ _ (2CD)? . _
Aea(COD)  CDZ (D2 [ AB=2CD] A‘Ll 4 'L'B
Area(AOB) 4CD? _ 4
Area(COD) - cpz 1
= The ratio of the areas of triangles AAOB and ACOD is = 4:1

. In Fig. 2.44, ABC and DBC are two triangles on the same base BC. If AD intersects BC at

A(ABC) _ AO
O, show that aEDBc; =50 A c
Construction: Draw AP] BC and DM | BC ‘\ M A
. Area(ABC) %BCxAP AP \\ .
Proof: Area(DEF) %BCxDM = bpm T M \\v,(‘) ‘\\
In AAPO and ADMO, P
£APO = 2DMO = 90°
£AOP = 2DOM [Vertically opposite angles] / Y
~ AAPO ~ ADMO [AA similarity criteria] B Fig 2.44 D
AP _ AO
SIb=ts e @)

wa(ABC) AO
Area
m ~bo [ From (1) and (2)]

. Ifthe areas of two similar triangles are equal, prove that they are congruent.

Given : AABC ~ APQR and Area AABC = AreaAPQR
To prove: AABC = APQR
Proof: AABC ~ APQR A P
Area(ABC) BC?
Area(PQR)  QR?
2
= 1= % [Area(ABC)= Area(PQR)] . . 4 e
= BC? = QR>=BC=QR
Similarlly, AB=PQ and AC=PR
~ AABC = APQR [SSS congruency rule]
. D, E and F are respectively the mid-points of sides AB, BC and CA of AABC. Find the
ratio of the areas of ADEF and AABC.

Solution:
In AABC, D,E and F are the mid-points of AB, BC and AC respectively

. DF= %BC, DE = %AC, =@ EF = %AB[Mid—point theorem]

In ADEF and ACAB,
DF__DE_EF _1

BC CA AB 2

Page 52| 159 Available in ykoyyur.blogspot.com



SSL.C Mathematics Solutions — Part -1 YK

. ADEF ~ ACAB A
. Area(DEF) _ DE?
" Area(CAB)  AC2

1 2
Area(DEF) _ (;AC) D/ \F
Area(CAB) AC?

Area®EY) _ 11 AreaAABC = ArcaACAB]
Area(ABC) 4

= Area(DEF) : Area(ABC)=1:4 = -E—m—c

Prove that the ratio of the areas of two similar triangles is equal to the square of the ratio
of their corresponding medians.
Solution: AABC ~ ADEF [Given]

. Area(ABC) _ AB? dﬁ=E=% A D
" mea0EF) DEZ M SETEF T D A A
AB  3BC  BM
=t =T (D)
DE ZEF EN
In AABM and ADEN,
<B=¢E [AABC ~ ADEF] | \ _ J ) _
AB _ BM B M C E N F
DE EN [from (1)]
~ AABM~ ADEN [SAS similarity criteria]
AB _ AM

DE DN
. Area(ABC) _ ABZ2 _ AM?

" Area(DEF) DE2  DNZ2

Prove that the area of an equilateral triangle described on one side of a square is equal
to half the area of the equilateral triangle described on one of its diagonals
Solution: AAPB and AAQC are equilateral triangles

~ AAPB ~ AAQC [AAA Similarity criteria] P

. Area(AQC) _ AC?

" Area(APB) AB? o
Area(AQC) _ (vZAB)® D Lof _ VZsid )
Arca(APB)  AB? [Diagonal of a square = v 2side] A B
Area(AQC) _ 2
Area(APB) 1

= Area(APB) = é x Area(AQC)

Tick the correct answer and justify :

ABC and BDE are two equilateral triangles such that D is the mid-point of BC. Ratio of
the areas of triangles ABC and BDE is

A)2:1 B)1:2 O4:1 D)1:4

AABC and ABDE are equilateral triangle. D is the mid-point of BC

: BD=DC=BC

Let the sides of AABC = 2a /A?\

= the sides of ABDE = « <

AABC ~ ABDE E

_ Area(ABC) _ BC? 50

" Area(BDE)  BD?
Area(ABC) _ (2a)? _ ﬂ _ f B“O = D ﬁc
Area(BDE) a? a2 1

~ Ans: (C) 4:1
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9. Sides of two similar triangles are in the ratio 4 : 9. Areas of these triangles are in the ratio
A)2:3 B)4:9 C)81:16 D) 16:81

AABC ~ ADEF and % =2

_ Area(ABC) BC? ’

h Area(DEF) " EF?
Area(ABC) 42 16
Area(DEF) B 9_2 T 81

~ Ans : (D) 16:81

2.6 Pythagoras Theorem

| If a perpendicular is drawn from the vertex of the right angle

of a right triangle to the hypotenuse then triangles on both

Theorem) sides of the perpendicular are similar to the whole triangle and
2.7 to each other.

In a right triangle, the square of the hypotenuse is equal to the
Theorem 'sum of the squares of the other two sides.

2.8
In a triangle, if square of one side is equal to the sum of the
Th squares of the other two sides, then the angle opposite the first
gogem side is a right angle.

Theorem 2.8: In a right triangle, the square of the hypotenuse is equal to the sum of

the squares of the other two sides. A
Given: In 4ABC, 4B = 90°

To Prove: AC? = AB? + BC?
Consruction: Draw BD_| AC
Proof: In AADB and AABC /
4B = 4D = 900

2A = £A [Common angle]
AADB ~ AABC [AA similarity criteria]

AD _ AB
AB ~ AC
= AD.AC=AB?  ——— )

In ABDC and AABC
2B = 2D = 900

2£C = «C [Common angle]

ABDC ~ AABC [AA similarity criteria]
¢ _ BC
BC = AC
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= CD.AC=BC?  —————— (2)

AD.AC + CD.AC = AB? + BC?[ By adding (1) and (2)]

= AC (AD+CD) = AB? + BC?

= AC x AC = AB*+ B(C?

= AC2=AB?+B(C?

Theorem2.9: In a triangle, if square of one side is equal to the sum of the squares of
the other two sides, then the angle opposite the first side is a right angle.

Given: In AABC, AC?=AB?+ BC?

To prove: 2B =90°

Construction: Draw APQR such that

£Q = 90° and PQ=AB, QR=BC
Proof:

In APQR,

PR? = PQ? + QR? [by Pythogoras theorem]
PR? = AB? + BC? [Construction] ~ ——————————— (1)
But, AC?= AB?+ BC? [Given] =~  —————————— (2)
~ AC=PR [from (1) and (2)] ~———————(3)

AB =PQ [Construction]

BC = QR [Construction]

AC = PR [from (3)]

~ AABC = APQR [SSS congruency rule]
~ 4B = £Q [By CPCT]

But, 2Q =90° [Construction]

~ 2B = 90°

A P

BC2 BD
Examplel0: In Fig. 2.48, ZACB = 90° and CDLAB prove that A2 AD
Solution: AACD ~ AABC [Theorem 2.7]

. AC _ AD 2 AD AB e
“45 = ac = AC’=AD.AB (1)

ABCD ~ ABAC [Theorem 2.7]
BC BD

~—=— = BC’=BA.BD (2)
JBA - BC ) | |

dividing (2) by (1) A D

BC? BA_ BD BD Fig 2.48

ACZ ~ ABTAD AD

Example 11 : A ladder is placed against a wall such that its foot is at a distance of

2.5 m from the wall and its top reaches a window 6 m above the ground. Find the length

of the ladder.

Solution:

Let AB isaladder, CA isawalland A is a window

~BC=2.5m =2 CA=6m

AB? = BC? + CA? [by Pythagoras theorem]
AB2=(2.5)+ 6

AB*=6.25+36

AB?=42.25

C
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AB=6.5
The length of the ladder 6.5m
Example 12: In Fig. 2.50, if AD1 BC, prove that AB? + CD?= BD? + AC?

Solution: In AADC, £ ADC = 90° e
o~ AC? = AD? + CD? —--—-- (1) [by Pythagoras theorem]

In AADB, 2 ADB =90° D

~» AB? = AD? + BD? - (2) [by Pythagoras theorem] N

Substract (2) from (1) ) y

AB? - AC? = BD?-CD? ? Fig 2.50A

AB® + CD’= BD’ + AC?

Example 13 : BL and CM are medians of a triangle ABC right angled at A. Prove that
4 (BL2 + cCM?2) =5 BC2 B
Solution: In AABC, A = 90°,BL and CM are the medians

In AABC,

BC? = AB? + AC?[Pythagoras Theorem] ----- (1) ‘M
In AABL, 4

BL? = AL? + AB? [Pythagoras Theorem|] - . []
L A

AC\ 2
= BL?= (7) + AB? [L is the mid-point of AC] Fig 2.51
=4BL*= AC? + 4AB? ()
In ACMA,
CM? = AC* + AM?

AB\?
= CM?= AC*+ (7) [M is the mid-point of AB]

2 ac2, AB?
=>CM AC+4

= 4CM ?=4AC? + AB? 3)

Adding (2) and (3)

4(BL*+ CM ?) = 5(AC? + AB?)

= 4(BL2+ CM2)=5BC? [from(1)]

Example 14 : O is any point inside a rectangle ABCD (see Fig. 2.52). Prove that
OB2 + OD? = 0A% + OC?2

Solution: Draw PQ through the point O such that PQIADI BC

~» PQLAB and PQIDC [£B = 90%and 2C = 90]

In AOPB, 20PB =90° A

OB? =BP?+ OP? - (1)

In AOQD,

OD?’=0Q*+DQ* - () o

In AOQC, o T
0C? =0Q*+CQ* e 3)

In AOAP, B

OAZ — AP2 + OP2 ______________ (4) Fig 2.52
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Adding (1) and (2),
OB? + OD? = BP? + OP? + 0Q* + DQ?
OB? + OD? = CQ? + OP?> + OQ? + AP? [ BP=CQ and DQ=AP]
OB? + OD? = CQ?+ 0Q? + OP? + AP?
OB?+ OD? = OC? + OA?*[from (3) and (4)]
Exercise 2.5

Sides of triangles are given below. Determine which of them are right triangles.In
case of a right triangle, write the length of its hypotenuse.
i) 7cm, 24cm, 25¢m

ii) 3cm, 8cm, 6¢cm

iii) 50cm, 80cm, 100cm

iv) 130cm, 12c¢m, Scm

(i) 7 cm, 24 cm and 25 cm.

Squaring the numbers 49, 576, and 625.

49 + 576 =625

(7)° +(24)* = (257

-~ Converse of Pythagoras theorem, It is a right triangle.
Length of the hypotenuse = 25cm

(ii) 3 cm, 8 cm and 6 cm.

Squaring the numbers, 9, 64, and 36.

9+36+#64

=32+ 6282

It is not a right triangle

(iii) 50 cm, 80 cm and 100 cm.

Squaring the numbers 2500, 6400 and 10000.

2500 + 6400 £ 10000

= 50% + 807 # 100>

It is not a right triangle

(iv) 13 cm, 12 cm and 5 cm.

Squaring the numbers 169, 144, and 25.

144 +25 =169

=122 +52=132

-~ Converse of Pythagoras theorem, It is a right triangle.
Length of the hypotenuse = 13cm

. PQRis a triangle right angled at P and M is a point on QR such that PM] QR. Show

that PM2 = QM . MR P
Solution: In APQM, 2P =90° and PM_] QR >
~ APQM ~ ARPM [Theorem 2.7]

PM _ QM

MR PM

—=PM? = QM. MR ¢ M "

. InFig. 2.53, ABD is a triangle right angled at A and AC1 BD. Show that
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i) AB2=BC.BD

ii) AC2=BC.DC

iii) AD? = BD.CD 20t w2

(i) In AADB, A =90°, AC1BD
=AABD~A CBA [Theorem 2.7]

2% —22 = AB>=BC.BD »
BC AB

(ii) In AADB, zA =90°, AC]1BD

=AABC~A DAC [Theorem 2.7] C
AC _ BC

ax _>2~ 2 —
:>DC o = AC-=BC.DC

(iii) In AADB, ZA =90°, AC1BD
=AABD~A CAD [Theorem 2.7]
AD BD Fig.2.53

=5 = 2 = AD’*=BD x CD

ABC is an isosceles triangle right angled at C. Prove that AB2 =2AC2
Solution:In AABC,2C =90° A

AC =BC [Given]

AB? = AC? + BC? [By Pythagoras theorem]

AB?= AC? + AC?[AC = BC]

AB? =2AC? ¢ B
. ABC is an isosceles triangle with AC = BC. IfAB2 =2 ACZ, prove that ABC is a right
triangle. A
Solution:InAABC,

AC = BC and AB?=2AC?[ Given]

AB? = AC*+ AC?

AB? = AC? + BC’[AC = B(] 0\
~AABC is a right triangle ¢ ’

. ABC is an equilateral triangle of side 2a. Find each of its altitudes.

Solution: ABC is an equilateral triangle
AB=BC=CA = 2a.
Draw height AM1 BC

A
In AABM,
=BM = MC = a [AABC is an equilateral, AM | BC Bisects BC ]

£AMB =90° [ AM | BC is the height] iy 5
AB? = AD?+ BD?

= AD? = (2a)* - a° / \
= AD? = 4a’ - B . o, ¢
= AD =+/3a M

Prove that the sum of the squares of the sides of a rhombus is equal to the sum of the
squares of its diagonals.
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Solution: ABCD is a rhombus D
~ AC and BD bisects each other perpendicularly at O
~AO=C0="% and BO=DO ==
In AAOB, 2AOB = 90°
AB?=AQ* + ;302 [bzy Pythagoras theorem] A o C
=as=(5) +(3)
SAB2 =A% | BO
4 4
=4AB?= AC* + BD?
AB?+ AD?+DC2+BC? = AC2+ BD? [ AB=BC=CD=DA] B

In Fig. 2.54, O is a point in the interior of a triangle ABC, OD1BC, OE| AC and
OF_LAB . Show that

i) OAZ+ OB? + OC? - OD?- OE? - OF? = AF? + BD? + CE? A
ii) AF? + BD? + CE? = AE? + CD? + BF? 20 mQz. \
Solution:Join OA, OB and OC

(1) In AAOF, £OFA =90°

~» OA% = OF? + AF? [ By Pythagoras theorem]

In ABOD, 2ODB = 90° Fl
=~ OB? = OD? + BD? [ By Pythagoras theorem]

In ACOE, £OEC =90° L
~» OC? =0E? + EC? [ By Pythagoras theorem] 5

Adding all three, B
OA? + OB? + OC? = OF* + AF* + OD? + BD? + OE*+ EC?

OA?+ OB? + OC? - OD? - OE? - OF? = AF? + BD? + CEZ2.

(i) AF?+ BD?+ EC?= OA2- OF? + OB?- OD? + OC? - OE?

AF? + BD? + EC? = QA% - OE? + OC? - OD? + OB? - OF?

« AF? + BD? + CE? = AE? + CD? + BF~.

Aladder 10 m long reaches a window 8 m above the ground.

Find the distance of the foot of the ladder from base of the wall.?

Solution:Height of the wall CA = 8m, Height of the ladder AB = 1(
AB? = AC? + BC? [By Pythagoras theorem]

10> = 82 + BC?

BC?=100 - 64

BC?=36

BC=6m

The foot of the ladder is 6m away from the base of the wall

A guy wire attached to a vertical pole of height 18 m is 24 m long and has a stake attached
to the other end. How far from the base of the pole should the stake be driven so that
the wire will be taut? A
Solution:Length of the Pole AB= 18m, 'ﬁ"
Length of the wire AC = 24m the wire.
AC? = AB? + BC? [By Pythagoras theorem] 24m
242 = 182+ BC? o
BC?=576 -324
B e
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BC?=252

BC=6V7m

An aeroplane leaves an airport and flies due north at a speed of 1000 km per hour. At the
same time, another aeroplane leaves the same airport and flies due west at a speed of

1
1200 km per hour. How far apart will be the two planes after 1; hours?

Solution: The speed of the acroplane which flies due north = 1000 km/hr

-~ The distance travelled in 1 % hours = 1500 km

The speed of the aeroplane which flies due west = 1200km/hr

~ The distance travelled in 1 % hours = 1800 km |

In AAOB, 2AOB = 90° . A
AB? = AO? + OB? [by Pythagoas theorem]

= AB? =(1500)%+ (1800)>

= AB =+/2250000 + 3240000

= AB =+/5490000 S W .
= AB =300/6 km

Two poles of heights 6 m and 11 m stand on a plane ground. If the distance between the
feet of the poles is 12 m, find the distance between their tops.
Solution:Pole CD= 11m and Pole AB =6m
~CP=11-6=5m

Distance between two poles BD = 12m = AP

AAPC, £CPC = 90° AT m [ 1p
AP?+ PC?= AC?

AC?= (12m)* + (5m)? 6m 6m
AC? = (144+25)m? = 169 m? B 12m b
AC=13m

=~ The distance between the top = 13 m.

11m

D and E are points on the sides CA and CB respectively of a triangle ABC right angled

at C. Prove that AEZ2 + BD2 = AB? + DE2
Solution:In AACE, 2ACE =90°

~ AC? +CE?= AE? oo (i)

In ABCD, 2 BCD = 90°

~BC*+CD*=BD’ ... (ii)

Adding (1) and (2),

AC?+CE?+ BC?+CD?= AE*+BD? ... (iii)
In ACDE, £DCE = 90°

A
4

DE?=CD?+ CE? oo (iv)
In AABC, 2ACB = 90° B
AB?*=AC*+CB? - (v)

Substitute (iv) and (v) in (iii)
DE? + AB? = AE? + BD?.
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14. The perpendicular from A on side BC of a AABC intersects BC at D such that

DB =3 CD (see Fig. 2.55). Prove that 2 AB2 =2 AC2 + BC2
Solution:In AABC, AD 1 BC and DB =3CD A

In right angle triangles ADB and ADC,
AB?=AD?+BD? ... (i) [By Pythagoras theorem]
AC?=AD?+DC? .. (ii) [By Pythagoras theorem]
Substract (i) from (ii),

AB2 AC? = DB? - DC? “o B
AB? - AC? =9CD*- CD? [~ BD = 3CD] Fig. 2.5
2
AB?- AC? =8 x (BTC) [+BC = DB+ CD = 3CD + CD = 4CD]
» AB? - AC2 =B
2

= 2(AB? - AC?) =B(C?
= 2AB?-2AC? = BC?
~ 2AB?=2AC? + BC%

15. In an equilateral triangle ABC, D is a point on side BC such that BD = %BC Prove that

9AD? =7AB?
Solution:In an equilateral triangle ABC

Let AB=BC=AC=a BD——— . Draw AE_|BC
SBE=EC=2=2
2 2

2 2 2 2

a 4a“—a 3a

=>AE’=a’- (—) = .
2 4 4

= AE =¥
DE=BE-BD=2-2=
2 3

In AADE, £AED =90°
AD? = AE? + DE? [by Pythagoras Theorem]

A= (5" (2)

ola

] B e

3a2 a? 27a%+a? 28a? 7a?
AD2 — + — = = = i .
4 36 36 36 9 B D
> AD? =1 AB?

= 9 AD?*=7 AB?
16. In an equilateral triangle, prove that three times the square of one side is equal to four
times the square of one of its altitudes.

Solution: In an equilateral triangle ABC, 2
Let AB = BC = AC =a.AE]BC.
=>BE=EC=—==
In AABE, LAEB = 90"
AB? = AE? + BE? [by Pythagoras Theorem| L
2
@ = AE? + (%) B E c
2
a2 =AR* + &
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2
4a%-qa 3a2
= AE?=—— ==
4 4

4AE? = 3a?

= 4 x (height)? = 3 x (Side)?

Tick the correct answer and justify :

In AABC,AB = 6v/3cm, AC =12 cm and BC =6 cmAABC c9 AB = 6v3cm, AC = 12cm

the angle B is,

A)120° B)60° C)90° D)4s® 3

AB = 6v/3cm, AC=12 ¢cm, and BC =6 cm /3

AB2 =108, AC% = 144 and BC2 =36 p

AB? + BC? = AC?

108 +36 =144

- £B=90° B 12 A

The ans is C).90°

2.7 Summary

Two figures having the same shape but not necessarily the same size are called similar figures.
All the congruent figures are similar but the converse is not true

Two polygons of the same number of sides are similar, if (i) their corresponding angles are
equaland (ii) their corresponding sides are in the same ratio (i.e., proportion).

If a line is drawn parallel to one side of a triangle to intersect the other two sides in distinct
points, then the other two sides are divided in the same ratio.

If a line divides any two sides of a triangle in the same ratio, then the line is parallel to the third
side.

If in two triangles, corresponding angles are equal, then their corresponding sides are in the
same ratio and hence the two triangles are similar (AAA similarity criterion).

If in two triangles, two angles of one triangle are respectively equal to the two angles of the
other triangle, then the two triangles are similar (A A similarity criterion).

Ifin two triangles, corresponding sides are in the same ratio, then their corresponding angles
are equal and hence the triangles are similar (SSS similarity criterion).

If one angle of a triangle is equal to one angle of another triangle and the sides including these
angles are in the same ratio (proportional), then the triangles are similar (SAS similarity
criterion).

The ratio of the areas of two similar triangles is equal to the square of the ratio of their
corresponding sides.

. If a perpendicular is drawn from the vertex of the right angle of a right triangle to the

hypotenuse, then the triangles on both sides of the perpendicular are similar to the whole
triangle and also to each other.

In a right triangle, the square of the hypotenuse is equal to the sum of the squares of the other
two sides (Pythagoras Theorem).

If in a triangle, square of one side is equal to the sum of the squares of the other two sides,
then the angle opposite the first side is a right angle.

62 | 159 Available in ykoyyur.blogspot.com



SSL.C Mathematics Solutions — Part -1 YK

Pair of Linear Equations in
two Variables

Linear equation with one variable: The algebraic equation of the typeax + b =0
(a # 0 and b are real numbers, x — variable is called linear equation of one variable.

These type of equations having only one solution.

Example : 2x+5=0:>2x=—5:>x=7

3.2 Pair of Linear Equations in Two Variables

2x+3y=5;

X -2y-3=0and

x-0y=2,=2x =2

An equation which can be put in the form ax + by + ¢ = 0, where a, b and c are real numbers,
and a and b are not both zero, is called a linear equation in two variables x and y. A solution
of such an equation is a pair of values, one for x and the other for y, which makes the two
sides of the equation equal.

In fact, this is true for any linear equation, that is, each solution (x, y) of a linear equation
in two variables, ax + by + ¢ = 0, corresponds to a point on the line representing the
equation, and vice versa.

2x+3y=5;x-2y-3=0

These two linear equations are in the same two variables x and y. Equations like these are
called a pair of linear equations in two variables.
The general form for a pair of linear equations in two variables x and y is,

a1 x+bix+cy =0 and a,x+ b,x+c, =0

Here, a{, by, c1, a,, by, c, are real numbers

Some examples of pair of linear equations in two variables are:

(1) 2x+3y-7=0; 9x-2y+8=0

(i) Sx=y; -7x+2y+3=0

() x+y=7; 17=y

Two lines in a plane, only one of the following three possibilities can happen:
(i) The two lines will intersect at one point.

(i) The two lines will not intersect, i.e., they are parallel.
(iii) The two lines will be coincident.

7 e
/

/
/ ol

' ~ Y

Example 1: Akhila goes to a fair with Rs 20 and wants to have rides on the Giant Wheel
and play Hoopla. Represent this situation algebraically and graphically (geometrically).
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Solution: The pair of equations formed is :
y = %X =2y=x

=>x-2y=0 (1) and 3x+4y =20 2)
Let us represent these equations graphically. Y

For this, we need at least two solutions for
each equation.

X 0 2

y=5 | 2 1
X 0 4 8
20-3x

— 5 2 -1

Example 2 : Romila went to a stationery shop and purchased 2 pencils and 3 erasers for
Rs 9. Her friend Sonali saw the new variety of pencils and erasers with Romila, and she
also bought 4 pencils and 6 erasers of the same kind for Rs 18. Represent this situation

algebraically and graphically.

Solution : Let us denote the cost of 1 pencil by x’ and one eraser by y’. Then the algebraic

representation is given by the following equations:

2x+3y =0 commmreeeeee (1) | 1
4x+ 6y =18 --ooomoomm ) % ]
(1)=3y=9-2x el
_9-2x 3 \\Idz
Y= : A(0,3)
X 0 3 6
- ! N
y= 9 3Zx 3 1 -1 ~
] B(@3,1)
(2) = 6y=18 —4x :
_ 18;4-x § 20 i {f_
£ 1 0 )(‘?\); b
" 03T 6 , N9 0L(6.-1)
_ 18—4x 1
== 301 -1 Y

Example 3 : Two rails arerepresented by the equationsx+22y—-4=0
and 2x + 4y — 12 = 0 Represent this situation geometrically.
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Solution : Two solutions of each of the equations : %
x+2y= 4 and 2x+4y =12
x+2y=4=2y=4-x =y=""

X 0 4
4-x
y=21*1"°
2x +4y =12 =>y=12;2x
X 0 6 x|
_12-2x | 3 0 '
4

Exercise 3.1

. Aftab tells his daughter, “Seven years ago, I was seven times as old as you were

then.Also, three years from now, I shall be three times as old as you will be.” (Isn’t
this interesting?) Represent this situation algebraically and graphically.

Let the present age of Aftab = x years and the present age of his daughter = y years.

Age of Aftab before7years = (x — 7) and the age of his daughter before 7 years = (y — 7)
Then the algebraic representation is,

x=7=7y=7) 2x—-—7=7y—49 =5x -7y = —42

Age of Aftab after 3 years= (x 4+ 3) years and age of his daughter after 3 years=y + 3
Then the algebraic representation is,
x+3=3y+3)>x+3=3y+9=>x—-3y=9-3=>x—-3y=6

Solutions of each of the equations :

x—7y=—42=>7y=x+42=>y="+742
x 710 | 7 Iy
— x+42 5 6 7 10
7
x=0= :0+742:4:7—2: an
i 7yt i
'%(0.6) —— P(42,12)
| ] 1
3y =6 __x—=6 1 *__..AD-:""'""— ’
X=3y=6=y=— X .// X
6 3 0 T 1 ] 40 a0 80
X M0,
/mNm,_?.)mJ 0
=% 1o | a2
y 3 10
6—6 0
x—6$y—T—§—0 “.Yl
3—-6 -3
x=3=y=—"F=—=-1 . . .
e 3 The two lines are intersecting each other. There fore there
x=0=y="F=75=-2 is a unique solution. The coordinates of intersecting

point are (42, 12)
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The coach of a cricket team buys 3 bats and 6 balls for Rs 3900. Later, she buys another bat and
3 more balls of the same kind for Rs1300. Represent this situation algebraically and
geometrically.

Let no.of bats =x, Let no.of balls = y. Then the algebraic representation is,

3x + 6y =3900 and x+ 3y = 1300

3x + 6y = 3900 = 6y = 3900 — 3x = y = 2=
X 300 | 100 | —100 x=300:>y=%3(3°°)=¥=500
_ _ 3900-3(100) _ 3600 _
y= PR3 500 600 700 *mI0 =y 3908—3(—10_0) 6 4250600
6 x =100 =y = 22— 20 = 222 = 700
X +3y = 1300 = y = 20X Iy
1300-400 900 i
x=400zy=T=T=300 ‘S\_i(im,ﬂm )
1300-700 600 =
x=700=>y=T=T=0200 ~ LT S
x=1000 =y = =520 = T2 = 100 5“\“\‘“‘\
__zgg.ﬂ]m,sm\ (1)} “‘u"“‘-\.,"\\:
1 (400,300) | R
X ]
XX 400 | 700 | 1000 (100.200) \"-Pgm’" X
-200 0 200 400 GO0 800 1000 1200 NUU 1800
_1300—x | 300 | 200 | 100 200 S
y= 3 s N
The two lines are intersecting each other. [Rakss
There fore there is a unique solution. The |60
coordinates of intersecting point are (1300, 0) Y

The cost of 2 kg of apples and 1kg of grapes on a day was found to be Rs160. After a
month, the cost of 4 kg of apples and 2 kg of grapes is Rs 300. Represent the situation
algebraically and geometrically.

Let the cost of apples/ kg = Rs x, the cost of grapes/kg = Rs y

Then the algebraic representation is,

2x+y =160,  4x + 2y = 300 ¥
2x +y =160 = y = 160 — 2x 120 %;X
X 50 1 60 | 70 100
y =160 —x 60 | 40 | 20 80
GO
4x + 2y = 300 = y = 2= 3
x 70 | 80 | 75 |
x!
= 3004 10 [-10| 0O ») >
y = B 00 160
-20
| B's

Both lines are parallel to each other. There
fore there are no solutions for thes equations.
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3.3. Graphical Method of Solution of a Pair of Linear Equations

Consistent pair : A pair of linear equations in two variables, which has
a solution, is called a consistent pair of linear equations.

( Dependent pair : A pair of linear equations which are equivalent has
infinitely many distinct common solutions. Such a pair is called a
| dependent pair of linear equations in two variables.

{

Inconsistent pair : A pair of linear equations which has no solution, is
called an inconsistent pair of linear equations.

}

ux +byy+c¢ =0
ax + by + ¢, = 0 202 ITW Fwessonen,

Comparing Representing Algebraic Consistenc
the ratios on graph solution y
= g 3 §
Z =~ = <~ = <~ Z
dq bl . .
— *+ — Intersecting Unique Consistant
ay b, each other solution
a;, by ¢ I .
a_1_=41 coincident Infinite
aa by o lines. sulutions dependent
dq _ bl C1
a, b, c, || Parallellines No solutions Inconsistent

Example 4 : Check graphically whether the pair of equations

HNx+3y=6
2x -3y =12

(1) and
(2)

is consistent. If so, solve them graphically.

6—x

x+3y=6=>3y=6-—x=>y=—

6—-6 0
X 0 6
6—x
y=7% 2 0

Ay

i
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2x—3y =12 =3y =2x— 12 :y:z’:“
x=0:>y:2(°)T_12:'712:_4 x 0 3
x=3:>y:Z(3)T_1Z:_?6:—2 y:Zx;12 -4 -2

Both lines are intersecting at the point (6,0). Therefore the solution of the equationis x = 6
and y = 0 = The equations are consistant pair.

Example 5 : Graphically, find whether the following pair of equations has no solution,
unique solution or infinitely many solutions:
5x—-8y+1=0 (1)
24 3
3x — ?y + E =0 (2)

Multiplying equation (2) by g

5 24 (5 3(5

3(5) -5 () +:()=0

5 —-8x+1=0

But, this is the same as Equation (1). Hence the lines represented by Equations (1)and (2)

are coincident. Therefore, Equations (1) and (2) have infinitely many solutions.

Example 6 : Champa went to a ‘Sale’ to purchase some pants and skirts. When her

friends asked her how many of each she had bought, she answered, “The number of

skirts is two less than twice the number of pants purchased. Also, the number of skirts is

four less than four times the number of pants purchased”. Help her friends to find how

many pants and skirts Champa bought.

Let us denote the number of pants by x and the number of skirts by y.

Then the equations are:

y=2x—2 (D

y=4x —4 (2)
y=2x—2

x=2=y=212)-2=4-2=2

x=1=y=2(1)—-2=2-2=0 e
x=0=>y=2(0)-2=0—-2=-2
X 2 1 0
y=2x-2| 3 0 -2
y=4x—4

x=0=y=4(0)—-4=0—-4=—-4
x=1=y=4(1)-4=4-4=0

The two lines intersect at the point (1, 0).

So, x =1, y= 0 is the required solution of the
y=4x—4 -4 0 pair of linear equations, i.e., the number of pants
she purchased is 1 and she did not buy any skirt.

X 0 1
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Exercise 3.2

. Form the pair of linear equations in the following problems, and find their solutions
graphically.

(i) 10 students of Class X took part in a Mathematics quiz. If the number of girls is 4 more
than the number of boys, find the number of boys and girls who took part in the quiz.
(ii) S pencils and 7 pens together cost Rs 50, whereas 7 pencils and 5 pens together
cost Rs 46. Find the cost of one pencil and that of one pen

(1) Let the number of girls be x number of boys be y

x+y=10 D ; x—y=4 (2)

D x+y=10=y=10—x

x=5=y=10-5=5 i N iis
x=4=y=10—4=6 Sy
x=6ﬁy=10—6=4 I "u(«y:}

x 5 4 6 - Ci6-dy
y=10-x | 5 © 4 N
Q=2x—y=4=>y=x—4 ‘”-‘;{:
x=5=>y=5-4=1 A SN
x=4=>y=4—4=0 1 pillp 1SS “
x=3=y=3-4=-1

X / i

x 51 4 3 g Q4o

y=x—-4 | 1] 0 -1 Ty Ao

Two lines are intersecting at the point (7, 3)

~ The solution is: x=7, y=3
=Number of Girs = 7, Number of boys = 3
(i1) Let the cost of a pencil be Rs x, and the cost of a pen is Rs y Then the equation are:

5x +7y =50 and 7x + 5y = 46 Y
5x +7y =50 = y = 2% \
50 —5(10) 50 — 50 :
x=10=y= 7 =— =0 u\\
- et o) DL S 1
XEThEmyET T T ; ’
x 3 10 -4 , \
~
50-5x
y === 5 0 10 b N ]
7x + 5y = 46 EREEREEEE] 1
=5y =46—Tx =y =" 2y
. _ 46-7(8) _ 46-56 _ -10 _
x=8=Sy=—Fr—=—"—=""=-2 x 8 3 -2
X:3:>y=46_7(3):46_21:E:5
42—7(—2) ®16+14 - 60 y=300_4x -2 5 12
X=—2=y= = ===12 2

5 5 5
Two lines are intersecting at the point (3, 5). - The solution is: x=3, y=5
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Therefore the cost of pencil = Rs 3; The cost ofpen = Rs 5
On comparing the ratios:—: , E—: , Z—:ﬁnd out whether the lines representing the following
pair of linear equations intersect at a point, parallel or coincident.
(i)5x —4y +8=0(i) 9x+3y +12 =0 (i) 6x —3y + 10 =0
7x + 6y —9 =0 18x + 6y + 24 =0 2x— y + 9=0
(i)5x —4y +8 =0
7x + 6y —9 =0
Comparing these with a;x + by + ¢; = 0 and a,x + b,y + ¢, = 0 we get
a,=5b;=—4 ¢g=8and a,=7 by,=6, c;=-9
a; _ 5 by -4 -2 T b,
a 77 b, 6 3 T b
=~ The pair of lines intersect at a point and have unique solution.
(i)9x + 3y + 12 =0
18x + 6y + 24 =0
Comparing these witha;x + b;y + ¢; = 0 and a,x + b,y + ¢, = 0 we get
a; =9, b;=3, ¢;=12 and a, =18, b, =6, c, =24
a; _ 9 _ 1 b; 3 1 ¢ 12 1 oa _ by o

a, 18 2’ b, 6 2’ ¢ 24 2 “a, by, ¢

~ The pair of lines are coincident.and have infinite solution.

(iii)6x — 3y + 10 =0

2x —y+9=0

Comparing these with a;x + b;y + ¢4 = 0 and a,x + b,y + ¢, = 0 we get
a; =6, by=-3, ¢;=10 and a, =2, b,=-1, ¢, =9

)

a_6_3 by _-3_4 a_10 cAa_bh g

az 2 ’ b, -1 ! Cy 9 ay bz Cy

=~ The pair of lines are parallel and have no solution.
a b c

On comparing the ratios = , b_l and — find out whether the lines representing the
az 2 C2

following pair of linear equations are consistent or inconsistent?
(1) 3x +2y =5;2x — 3y = 7

(1) 2x — 3y = 8;4x — 6y = 9

(111) §x+§y= 7; 9x— 10y = 14

(iv)5x — 3y = 11;—-10x + 6y = —22

(V) Sx + 2y = 8;  2x + 3y = 12
(i) 3x + 2y = 5;2x — 3y =

4 _3 bh_ 2 L aah

a2_2' bz_—3 h az bz

=This pair of linear equations are consistent.
(ii) 2x— 3y = 8;4x — 6y = 9

a, 2 1 bq -3 1 Ccq 8 . a __ by
a 4 2 b, -6 o9 a; by
=This pair of equations are inconsistent

3 5
(i) Sx +2y = 7; 9x — 10y = 14

) )

bz_—6_2 C2_9 v a, bz Cy

3 5
E:—E :§)<1:l ﬁ:—5 :5)(—1 :—l ﬂ:,tﬁ
as 9 29 6’ by -10 37 -10 6 a; by

=This pair of linear equations are consistent.
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(iv) 5x — 3y = 11; —-10x + 6y = —22
a; _ 5 1 by _ -3 _ 1 ¢ __ 11 1, aqg _ by _
az -10 2" b, 6 2’ ¢ =22 2 Ta, by ¢

=This pair of linear equations are consistent and have infinite solutions.
V) 3x+2y =8; 2x+3y=12
4

3 _4gl_2 bh_2 a_8_2 o a_bh_a
= ) =21=

a, 2 37273 b, 3’ ¢ 12 3 as b

=This pair of linear equations are consistent and have infinite solutions.

Which of the following pairs of linear equations are consistent/inconsistent? If

consistent, obtain the solution graphically:

i) x+ y =25 2x + 2y = 10

(i) x- y =38, 3x — 3y = 16

(ii)2x + y — 6 =0, 4x — 2y — 4 =
2

)

o

(iv)2x — 2y — 2 =0, 4x — 3y —5=0
i x+y=52x+ 2y =10

a; 1 b; 1 ¢ _ 5 1 La _ by
a2’ b 2’ o 10 2 Ta b o

-~ These are coincident lines and have infinite solutions. Hence the pair is consistent.
x+y=5=>y=5-x

x=2=y=5-2=3 Ay
x=3=y=5-3=2 B
x=4=y=5-4=1
AN
X 2 3 4 %
y=5—x 3 2 1 4 z:&\
10-2 S
2x+2y=10=y = X B B(2,3)
_ _ 10-2(2) _ 10-4 _
Xrmy =L s 3 7 €32
10-2(3) 10-6
10-2(4) 10-8 4 % D(4.1)
x=d=y=—r=7=1 %
1
X % X..._
x 2 3 4 i . a
_10-2x 3 2 1 ;
y=- VY
(ii)x-y =8 3x — 3y =16
a_1 by _-1_1 Ga_8_1 LA _b o
a, 3’ b, -3 3’ ¢ 16 2 “a; by | oy

~ These are parallel lines and have no solutions.Hence the pair is inconsistent.
(iii)2x + y-6 =0; 4x -2y —-—4=0

a_ 2 _ 1 b_l_ 1 1 ,3_1:/:[)1

dp 4 - E’ bz - -2 - 2 h dp E
~these lines are consistent and intersect each other. These lines have unique solution
22).2x +y-6=0=>y=6—2x
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x=0=y=6-2(00=6-0=6
x=1=y=6-2(1)=6-2=4
x=2=y=6-2(2)=6-—4=2

x 0 1 2

6 4 2
4x—4

y=6-—2x

dx — 2y —4 =0=>y=

YK

Ay

A(0,6)

B(1.4) 0 Q3.4)

4(1)-4 4-4 0
X:lﬁy:—() :—:—:0
2 2 2
4(2)-4 8- 4
X:Zﬁy:—() :—:—:2
2 2 2 1
4(3)-4 _12-4 _ 8 A
= == -= N
x=3=y . . . 4 _)fl Iy 1 X
11 0| W ApLm:2 oy 5 & T
x 1 2 3 (1,0 \
=4x—4 0 2 4 -1 y
y 2 "Yl
ivv 2x-2y-2=0;4x-3y —-5=0
a_ 2 _1 m_ =2 _2 L a_h
az_ 4 _2’ bz_ -3 _3 ’ a bz
-~ these lines are consistent and intersect each other. These lines have unique solution.
2x-2
2X—2y—2=0:>y:X2 ¥
4
x=3ﬂy=2(32)_2=62;2=§=2 2
x 1 2 3
=2X—2 0 1 2 1
2 1
B x
4x-5 a2 - T
4x-3y-5=0=>y= x3 REms:
1
x=2=>y:4(23?_5=ﬁ=§=1 /
- _ S -1
x=5:y_4(53? 5 20 5=13_5=5 /
_ 4-D-5 _-4-5 _ s -3
X 1=>y= B =— = 3 (-1,-3)

_4‘

. Half the perimeter of a rectangular garden, whose length is 4 m more than its width, is

36 m. Find the dimensions of the garden.

Let the width of the Garden = x, Length =y.
Length: y =x+4
x 0 8 16 x=0=y=0+4=4
y=x+4 4 2 20 x=8=y=8+4=12

x=16=>y=16+4 =20
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Half the perimeter: @z 36 =>x+y=36
x+y=36=>y=36—x

x 0 16 36 x=0=y=36-0=36
x=16=y=36—-16 =20
y=36—-x 36 20 0 x=36=y=36—-36=0

-~ these lines are consistent and intersect each other. These lines have unique solution (16,20)

=>Width = 16m Length = 20m

Given the linear equation 2x + 3y — 8 =0, write another linear equation in two variables
such that the geometrical representation of the pair so formed is:

(i) Intersecting lines (ii) Parallel lines (iii) Coinsident lines

(i) Given equationis 2x +3y-8=0

If the lines are intersecting then :—1 * E—l
2 2

Therefor the second equationis 2x +4y —6 =0

a 2 b 3 a b
o2, 23 o Ak
dp 2 bz 4 dp bz
.. . aq b1 Cq
(i) Ifthe lines are parallel then — = — # —
a 2 C2
Therefor the the second line is 4x + 6y —8 =10
a; _ 2 _ 1 b; 3 1 ¢ _ -6 _ 3 31_b1:/:C1
a, 4 2’ b, 6 2’ ¢ -8 4 a; by ¢
. .. a; b1 c1
(iii) If the lines are coincident then — = — = —
a; by ¢
Therfor the second line is 6x + 9y — 24 =0
a, _ 2 1 by 3 1 cl_—8_1:> a; _ by _cq
a, 6 3’ b, 9 3’ ¢ -24 3 a; by, ¢

. Draw the graphs of the equations x— y+ 1 =0 and 3x + 2y — 12 = 0. Determine the
coordinates of the vertices of the triangle formed by these lines and the x-axis, and
shade the triangular region.
x—y+1=0=>y=x+1

x 0 I 2

x=0=y=0+1=1
x=1=y=1+1=2
x=2=y=2+1=3

3x+ 2y — 12 = 0:>y=12;3"
x 0 2 4
_12-3x 6 3 0

2

Y
The coordinates of the vertices of the triangle are(2,3), (—1,0), (4,0)
3.4 Algebraic Methods of Solving a Pair of Linear Equations

In the previous section, we discussed how to solve a pair of linear equations graphically. The
graphical method is not convenient in cases when the point representing the solution of
the linear equations has non-integral coordinates
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3.4.1 Substitution Method :

Step 1 : Find the value of one variable, say y in terms of the other variable, i.e., x from either
equation, whichever is convenient.

Step 2 : Substitute this value of y in the other equation, and reduce it to an equation in one
variable, i.e., in terms of x, which can be solved.

Step 3 : Substitute the value of x (or y) obtained in Step 2 in the equation used in Step 1
to obtain the value of the other variable.

We have substituted the value of one variable by expressing it in terms of the other
variable to solve the pair of linear equations. That is why the method is known as the
substitution method.

Example 7: Solve the following pair of equations by substitution method:.

7x — 15y = 2 (1)
x + 2y =3 (2)
Equation(2) = x + 2y = 3

—x=3-2y 3

Substitute the value of x in equation (1) we get,
73 - 2y) — 15y = 2 = 21 — 14y — 15y = 2
—29y = 2-212y = —>=2

19 -29 29
Substitute y = s in equation (3),

19 38 87-38 49
x=3—2(—)=3——= =2

29 29 29 29
19

29
Example 8: Aftab tells his daughter, “Seven years ago, I was seven times as old as you

were then.Also, three years from now, I shall be three times as old as you will be.”
(Isn’t this interesting?) Represent this situation algebraically and graphically.

Let the present age of Aftab be x Years, The present age of his daughter be y’ years

The age of Aftab before 7 Years = x — 7 Years

The age of his daughter before 7 years =y — 7 yeares

. 49
~The solution is, x = %

x—7=7y—-7)= x—-T7y+42=0 ¢9)
After 3 years, his age = x + 3 years and his daughter’s age = y +3 years
x+3=3(y+3) = x-3y=6 (2)
Equation (2) = x=3y+6 3)

Substituting the value of x in (1) we get,

3y +6 -7y +42 =0

4y = 48>y = 12

Substituting the value of y in equation we get,

x = 3(12)+ 6 = 36+6 =42

Therfor the age of Aftab and his daughter is 42 and 12 respectively.

Example 9 : Let us consider Example 2 in Section 3.3, i.e., the cost of 2 pencils and3
erasers is Rs 9 and the cost of 4 pencils and 6 erasers is Rs 18. Find the cost of each
pencil and each eraser.

Let the cost of pencil be Rs X and the cost of rubber be Rsy, the the equations are

2x + 3y =9 (1)
Equation (1) > 2x=9—-3y = x = 9-3y 3)

2
Substituting x in equation (2) we get,
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4(2) + 6y =18
18 -6y + 6y =18

18 =18

This statement is true for all values of y. However, we do not get a specific value of yas a
solution. Therefore, we cannot obtain a specific value of x. This situation has arisen because
both the given equations are the same. Therefore, Equations (1) and (2) have infinitely many
solutions.

Example:10 Let us consider the Example 3 of Section 3.2. Will the rails cross each other?

x+2y—4=0 (D
2x + 4y — 12 =0 (2)
Equation (1) = x = 4 — 2y 3)

Substituting x in equation (2) we get,

24-2y)+4y—12=0

8—4y+4y—-12=0

8—-12=0

—-4=0

which is a false statement. Therefore, the equations do not have a common solution. So, the
two rails will not cross each other.

Exercise 3.3

Solve the following pair of linear equations by substitution method.
i x+y=14 (1)

x—y=4 (2)

Equation (1) =>x =14 —y 3)

Substituting x in equation (2) we get,

14—y—y=4= 14-2y=4

—2y=4-14 = -2y=-10 > y=—2=5

Substituting y =5 in equation (3)

x=14—-y=14-5=>x=9

~x=9, y=5
(i) s—t=3 ¢8)
=+ =6 2)
Equation (1) =>s=3+t (3)
Substituting s in equation (2) we get,
34 Lt e SRt

3 2 6

> 6+5t=36=>5t=36—6 =2 t==

Substituting ¢ = 6 in equation (3)
s=3+t=>s=3+6 25=9

30
5

~5=9 t=6
(iii) 3x —y =3 (D
9x -3y =9 (2)

Equation (1) = y = 3x — 3 Substituting y in equation (2) we get,
9x—-3(Bx—-3)=9 2> 9x—9x+9=9
9=9
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This statement is true for all values of y. However, we do not get a specific value of yas a
solution. Therefore, we cannot obtain a specific value of x. This situation has arisen because
both the given equations are the same. Therefore, Equations (1) and (2) have infinitely many
solutions.

(iv)0.2x+ 0.3y =1.3

0.4x+ 0.5y =2.3

0.2x + 0.3y = 1.3 (1) x 10

0.4x + 0.5y = 2.3 (2) x 10

2x +3y =13 3)

4x + 5y = 23 (4)

Equation 3) = 2x =13 -3y = x = 13;3y (5)

Substituting x in equation (4) we get,
13-3y _
4(222) + 5y =23

26 — 6y + 5y =23
26—-23=y = =3

Substituting y = 3 in equation (5)

N e

Lo B3 1394,
2 2

vy V2x++V3y=0 (1

\/§X — \/§y =0 (2)

Equation (1) = V2x = —/3y = x = _% 3)

Substituting x in equation (2) we get,
3y _ 3y _
ﬁ(—ﬁ)—@y—O::» 5 Vidx2y=0
3y _ i_ _
~2_2v2y=0>= y(-5-2v2)=0
y = 0, Substituting y = 0 in equation (3)
V3 (0)

~x=0, y=0
i) -2 =2 (1)
(vi) 5 2
roy_ B
3727 % ()
Equation (1) X2 = 3x —5y =—4 3)
Equation (2) X6 = 2x+ 3y = 13 €))
Equation 3) = 3x=5y—-4 =« =? (5)

Substituting x in equation (4) we get,
2(22) +3y =13 5 12222 = g3

3
19y —-8=39 = 19y =39+8 = 19y =47 :y:g
Substituting y = % in equation (5)

47
5(—19)-4 _235-76 1 . 159 1, _ 53
= Sox = =

3 19 19 73 T 19
2. Solve 2x + 3y = 11 and 2x — 4y = — 24 and hence find the value of ‘m’ for which
y=mx+ 3.

X =
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2x +3y = 11 (D
2x — 4y = =24 (2)
Equation(2) = 2x =4y —24 = x =2y — 12 3)

Substituting x in equation (1) we get,

22y —12)+ 3y = 11

4y —24+3y=11=>7y=114+24 = 7y=35 =2y =5
substituting y = 5 in equation (3)
x=2x5-12=10-12= -2

sx=-2, y=5

y =mx + 3

5=m(-2)+3

5-3=-2m= -2m=2>m=—-~=-1

-2 -
Form the pair of linear equations for the following problems and find their solution by
substitution method

(1) The difference between two numbers is 26 and one number is three times the other.
Find them.
Let the first number be x, the second number be y, then y > x. By the given condition the

equations are

y—x=26 (D

y=3x (2)

Substituting the value of y in equation (1) we get,
3x—x =26 = 2x =26

x =13 , Substitute x= 13 in equation (2)

y =3(13) =39

~x=13, y=39

(ii)The larger of two supplementary angles exceeds the smaller by 18 degrees. Find them.
Let the larger angle be , the smaller angle be y. If the angles are supplementary then sum
of two angles is 180° , By the given conditions the equations are,

x+7y=180° (D

x=y+18° (2)

Substituting the value of x in equation (1) we get,

y+18°+y =180° = 2y =162°

y =81° Substitute y=81° in equation (2)

x =81°+18°% =999

2x=99°, y=81°

(iii) The coach of a cricket team buys 7 bats and 6 balls for Rs 3800. Later, she buys 3
bats and 5 balls for Rs 1750. Find the cost of each bat and each ball.

Let the cost ofabat = Rs x, the costofaball = Rsy. the equations are

7x + 6y = 3800 (D

3x + 5y = 1750 (2)

Equation (1) = 7x = 3800 — 6y = x = 3800-6y

3)
Substituting the value of x in equation (2)we get
3 (322) + 5y = 1750

0TI — 1750 = 11400 + 17y = 12250
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850 _
17

= 17y = 12250 — 11400 = 17y = 850 =y = 50

Substitute y = 50 in equation (3)

_ 3800—76(50) _ 38007—300 _ 35700 —£00
~ The cost of abat = Rs 500, The costofaball = Rs 50
(iv) The taxi charges in a city consist of a fixed charge together with the charge for the
distance covered. For a distance of 10 km, the charge paid is Rs 105 and for a journey
of 15 km, the charge paid is Rs 155. What are the fixed charges and the charge per
km? How much does a person have to pay for travelling a distance of 25km?
Let the fixed charges be Rs x, the charges/km be Rs y. Then the equations are,

x + 10y = 105 (D
x + 15y = 155 (2)
Equation (1) = x = 105 — 10y 3)

Substituting the value of x in equation (2)we get

105 — 10y + 15y = 155

105+ 5y =155 = 5y =155-105 = y == =10

Substitute y = 10 in equation (3)

x =105—-10(10) =105—-100=5

~ the fixed charges is Rs 5 and charges per km is Rs 10

The total charges to travel 25km is x + 25y =5 + 25(10) = 5+ 250 = Rs 255

. 9 . . .
(v) A fraction becomes I if 2 is added to both the numerator and the denominator If, 3
is added to both the numerator and the denominator it becomes % Find the fraction.

Let the fraction be i By the given condition,

D L ix+22=9y+18
= — =
y+2 11 x Y

= 11x — 9y = 18 — 22 = 11x — 9y = —4 (1)

S ex+18=5y+15
= — =
y+3 6 Y
= 6x—-5y=15-18 = 6x—-5y=-3 (2)

—4+9y
11
Substituting the value of x in equation (2)we get
-4+9y —24+54y—-55y
6( 11 )—5y=—3:> 11 =3
> —24—y=-33 > —y=—-33+24 > —y = —9
Subtitute y = 9 in equation (3)
_THHO(9) _ o481 77 _
11 11 11
The fraction = =
y 9

Equation (1) = 11lx = —44+9y=x = 3)

X

(vi) Five years hence, the age of Jacob will be three times that of his son. Five years ago,
Jacob’s age was seven times that of his son. What are their present ages?

Let age of Jocob = x, and age of his son =y By the given condition the equations are
After 5 years x +5=3(y + 5)

= x+5=3y+15=>x—-3y =10 (D
Before 5 years x —5=7(y —5)

= x—5=7y—-35=x—-7y =-30 (2)
Equation (1) = x =10+ 3y 3)
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Substituting the value of x in equation (2)we get

10+3y—7y=-30 = 10—4y =-30

> —4y=-30-10 > —4y =—40 > y =—=10

Substitute y = 10 in equation (1),

x =10+ 3(10) =10+ 30 =40

~ Age of Jocob = 40 and age of his son = 10

3.4.2 Elimination Method

Example 11 : The ratio of incomes of two persons is 9 : 7 and the ratio of their
expenditures is 4 : 3. If each of them manages to save ~ 2000 per month, find their
monthly incomes

Solution: Let the incomes of two persons be Rs 9x and Rs 7x respectively. The expenditure

be Rs 4y and Rs 3y, then we get the equations,

9x — 4y = 2000 (1)
7x—3y=2000 2)
Multiply Equation (1) by 3 and Equation (2) by 4 to make the coefficients of y equal.
9x — 4y = 2000 (1)x3
7x —3y=2000 2)x4

27x =12y = 6000 3)

28x— 12y = 8000 4

-X =-2000

= x=2000

Substitute x = 2000 in equation (1), we get

9(2000) — 4y =2000 =18000—2000= 4y =4y = 16000 = y=4000

~ The monthly incomes of two persons are = Rs 18000 and Rs 14000

The method used in solving the example above is called the elimination method, because
we eliminate one variable first, to get a linear equation in one variable. In the example
above, we eliminated y. We could also have eliminated x. Try doing it that way.

You could also have used the substitution, or graphical method, to solve this problem.
Try doing so, and see which method is more convenient.

Example 12 : Use elimination method to find all possible solutions of the following pair
of linear equations

2x + 3y = 8 (D)
4x + 6y = 7 2)
Multiply Equation (1) by 2 to make the coefficients of x equal.
2x + 3y = 8 (1Hx2
4x + 6y = 16 3)
Substracting (2) from (1) , we get
4x + 6y = 16 3)
4x + 6y = 7 2)
0 = 9

0= 9, which is a false statement. Therefore, the pair of equations has no solution

Example 13 : The sum of a two-digit number and the number obtained by reversing the
digits is 66. If the digits of the number differ by 2, find the number. How many such
numbers are there?

Let the two digits number = 10x+y
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Number after reversing the digits = 10y + x

~10x+y+10y+x=66=>11x+ 1ly=66 =>x+y=6 (D
We are also given that the digits differ by 2, therefore,
Xx—y=2 2)
substract (2) from (1)

Xty=6 (1)

Xx—y= 2 )

2y=4

= y=2

Substitute y = 2 in equation (1)

x+2=6 = x=4

Therfor the numberis 10x+y=10x4+2 =42
=Two numbers are 42 and 24

1.

Exercise 3.4

Solve the following pair of linear equations by the elimination method and the substitution

method :
() x +y=5=32x-3y=4

Eliminating method:

x ty=5 (D)
2x-3y= 4 2)
Multiply Equation (1) by 2 to make the coefficients of x equal.
2x+2y=10 3)
Substracting (2) from (1),

2x+2y=10 3

2x-3y= 4 2

5y=06

S y-¢
Substitute y= g in equation (1),

X + §= 5 :>5x+6=25=>5x=19:>x=%

'x—lgand =5
o s y s

Substituting Method:

X + y =5 (1)
2x— 3y= 4 2)
(H)=y=5-x

Substitute y=5-—x1in (2)

=2x — 35-x)= 4 3)

=2x—15+3x=4=5x=19 :>x=§

Substitute x = ? in (1)

2+ y= 5219+ Sy = 2525y

: x—lgand =8
o s y s

25-19=y = g
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(ii) 3x +4y=10 and 2x-2y=2

Eliminating Method:

3x+4y=10 (D)

2x—-2y= 2 (2)

Multiply Equation (2) by 2 to make the coefficients of y equal.

2x-2y= 2 2)x2

4x - 4y= 4 3)

Adding equation (1) and (2)
3x+4y=10 (1)
4x- 4y= 4 (3)
7x =14

> x=2

Substitute x =2 in (1)
32)+4y=10=>6+4y=10=24y=10-6>4y=4=>y=1

wx=2,y=1

Substituting Method:
3x+4y=10 (D)
2x—-2y= 2 2)

2)=>-2y=2x2=>y=x-1

Substitute y = x — lin equation (1)

3x+4(x—-1)=10=23x+ 4x -4 = 10=>7x = 10+4=>7x = 14 =2x=2
Substitute x =2 in (1)

22)-2y= 2 24-2y =2=2-2y=2-4=2y=2=y=1
~x=2,y=1

(iii) 3x -S5y-4=0=3 9x =2y +7

Eliminating method:

3x-5y-4=0 =3x-5y=4 (1)
Ox=2y+7 =>9x-2y=17 2)
Multiply Equation (1) by 3 to make the coefficients of x equal.
Ox—-15y=12 3)
Substracting (2) from (3)
Ox-15y=12 3)
O9x- 2y =7 2)
-13y=5
-13y=5=>y= —%
Substitute y = — 15—3 in (1)
3x-5(-2) =4 =3x +2 = 42300+25=-52 230 =272 2
9 5
-'-x=Eandy=—E
Substituting Method:
3x-5y-4=0 =3x-5y=4 (1)
Ox=2y+7 =>9x-2y=7 2)
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(1)=>-5y=4-3x=>5y=3x—4= y=3"5““ 3)

Substitute y = 3X5_4 in (2)

ox—2(21) =7 =9x— (250) = 72450 6x+ 8=35 =30x =27 =y =2 = 2
5 5 39 13

Substitute x == in (1),

9 _ _ - __32 —_35
3(2)-5y=4 =27 -65y=52 > - 65y=52-2T > y=—2my=—2
freand o

13 13

s \X 2y y _

(1V)E+?—-1andx-3 3

Eliminating Method:

242 = 123x+4y=-6 (1)

x-§=3 =>3x -y =9 ()

Substracting (1) from (2)

3x +4y=-6 (1)

3x -y=9 (2)
+5y =-15

= y=-3
Substitute y=-3 in (1)

3x+4(-3)=-6=23x-12=-6=23x =6=>x =2
~x=2and y=-3

Substituting Method:

3x+4y=-6 (1)

3 x-y=9 2)
2)=-y=9-3x>y=3x-9 3)

Substitute y=3x—9in (1)

3x + 4(3x-9) = -6 =23x + 12x- 36= -6 =2 15x = 30=>x =2

Substitute x = 2 in(3)

y=32)-9 25y=6-9=>y=-3

s~ x=2and y=

. Form the pair of linear equations in the following problems, and find their solutions
(if they exist) by the elimination method :

(i) If we add 1 to the numerator and subtract 1 from the denominator, a fraction reduces to
1. It becomes % if we only add 1 to the denominator. What is the fraction?

Let the fraction = g

According to question , f%=1=>x+1=y—1=>x—y=-2 (1)
x 1
andm=5 =22x=y+1 =22x-y=1 (2)
Substract (1) from (2)
X—y=-2 )
2x—y=1 (2)
x =-3
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=>x=3

Substitute x =3 in (1)
3—y=-2=2-y=-2-3=y=5
The fraction =§

(ii) Five years ago, Nuri was thrice as old as Sonu. Ten years later, Nuri will be twice as old
as Sonu. How old are Nuri and Sonu?
Let the age of Nuri = x and that of Sonu = y.According to question

(x-5)=3(y-5)
x-3y=-10 (1) and
(x+10y) =2(y + 10)
x-2y=10 2)
Substract (1) from (2)

x-3y=-10 (D
x-2y=10 )

-y =-20
=y =20

Substitute y=201in (1)
x-60=-10 = x=50
~ The age of Nuri = 50 years and the age of Sonu = 20years

(iii) The sum of the digits of a two-digit number is 9. Also, nine times this number is

twice the number obtained by reversing the order of the digits. Find the number.

Let the two digits number = xy, According to question,

Xty =9 )

2(10y +x)=9(10x +y)

20y +2x=90x +9y

88x—11y=0

=>8x—-y=0 2)

By adding (1) and (2)

xty=9 )

8x—y= 0 2)
9x =9

= x=1

Substitute x =1 in (1)

l+y=9 = y=8

Therefor the number is xy = 18

(iv) Meena went to a bank to withdraw Rs 2000. She asked the cashier to give her
Rs 50 and Rs 100 notes only. Meena got 25 notes in all. Find how many notes of Rs
50 and Rs 100 she received

Let the number of Rs 50 notes = X and the number of Rs 100 notes = y. According to qn

X+y=25 (1) and
50x + 100y = 2000
= x+2y=40 2)
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Substract (1) from (2)
x+2y=40 2)
x+ y =25 (D)

y= 15

Substitute y= 15 in (1)
x+15=25 =2x=25-15 =2x=10
Therefor the number of Rs 50 notes =10 and the number of Rs 100 notes = 15

(v) A lending library has a fixed charge for the first three days and an additional charge
for each day thereafter. Saritha paid Rs 27 for a book kept for seven days, while Susy paid
Rs 21 for the book she kept for five days. Find the fixed charge and the charge for each
extra day.

Let the fixed charges for first 3 days, =Rs x

The additional charges for remaing days = Rs y According to question

x+4y=27 (1)
x+2y=21 2)
Substract (1) from (2)
X+ 2y =21 2)
x+ 4y =27 (1)
-2y =-6
>y=3

Substitute y= 3 in (1)
x+4x3=27=>x+12=27
=>x=27-12 =>x=15
The fixed charges = Rs 15 and the additional charges = Rs 3
3.4.3 Cross - Multiplication Method
Equations are:
aux +byy+c¢ =0
a,x + by +¢c, =0

_ bicy—bycy Ciaz— Czaq

y=
aip, =~ azby aip, = azbg
X _ y _ 1

[a;b, — azby # 0]

bicz—bac;  ciaz—cpa; ajby—azb;

X y 1

by Cy ay by

b, C2 dy b,

Examplel4:From a bus stand in Bangalore , if we buy 2 tickets to Malleswaram and 3
tickets to Yeshwanthpur, the total cost is Rs 46; but if we buy 3 tickets to Malleswaram
and 5 tickets to Yeshwanthpur the total cost is Rs 74. Find the fares from the bus stand
to Malleswaram, and to Yeshwanthpur.
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Solution: Let Rs x be the fare from the bus stand in Bangalore to Malleswaram, and Rs y to
Yeshwanthpur. From the given information, we have

2x+3y=46,= 2x+3y—46=0 (1)
3x+5y=T74 = 3x+5y—T4=0 )
X y 1
3 —-46 2 3
5 —~74 3 5
X _ y _ 1
bicy—bycq B Cqap—Cpaq B a;by—abq
X _ y _ 1
3(=74)— 5(-46)  (—-46)3—(=74)2  2(5)- 3(3)
X _ y __1
—222+ 230 -138+148 10-9
=L =1=52=1=>x=8
8 10 8

y _ —
:>E —1:>_’y =10

Hence, the fare from the bus stand in Bangalore to Malleswaram is Rs 8 and the fare to
Yeshwanthpur is Rs 10.

Example 15 : For which values of p does the pair of equations given below has unique
solution?

4x +py+8=0
2x+2y+2=0
Here,a; =4,b; =p,c; =8anda, =2,b, =2,c, =2

:% #2 op+4

Therefore, for all values of p, except 4, the given pair of equations will have a unique solution
Example 16 : For what values of k will the following pair of linear equations have
infinitely many solutions?

kx+3y-(k-3)=0

12x+ky-k=0

For a pair of linear equations to have infinitely many solutions:

Here, a; = k, b; = 3,¢c;=-(k-3)and a, =12, b, = k,c; =-k

a_bi_a

a; by ¢

a b k 3 —(k-3 k 3

S b k3 (9 K _3 k=36 k=146
dp bz 12 k -k 12 k

b; ¢ 3 _ —(k=3)

bz Cy k -k

=3k=k>-3k=>6k=k> 2 (6k-K¥)=0=2k(6-k)=0=>k=0v35m 6-k=0=>k=6

Therefore, the value of k, that satisfies both the conditions, is k= 6. For this value, the pair of
linear equations has infinitely many solutions.
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Exercise 3.5

Which of the following pairs of linear equations has unique solution, no solution, or
infinitely many solutions. In case there is a unique solution, find it by using cross
multiplication method

(i) x-3y-3=0

3x-9y-2=0

Here, a; = 1, b; = -3,¢c;=-3and a, = 3, by, = -9,¢c, =-2

a, _1_ by _-3_11¢ _-3_3

a, 3’ b, -9 3c, -2 2

az b, C2
Therefore the given pair of linear equations are parallel and not intersecting each other.
Hence the pair has no solution.
2x+y=5 = 2x+y-5=0
3x+2y=8= 3x+2y-8=0
Here a; = 2, by = 1,¢cq=-5and a, = 3, by = 2,¢c, =-8
a 2 by 1 ¢4 -5 5 a b,
— =, TS T T 2 F
a, 3 b, 2°c; -8 8 a, b,
Therefore the pair of linear equations has unique solution

X A4 1
1 -5 2 1
2 -8 3 2
X _ y _ 1
bicz—bacq cijaz—Cza;  a;by—azb;
. X _ y _ 1
T1(=8)-2(=5) (=5)3—(=8)2  2(2)- 3(1)
1 1
-8+10 -15416 4-3 2 1 1
X 1
>- =-2>x=2
2 1
y 1
L= :1
1 1Y

Therefore x =2 and y=1

iii) 3x -5y =20 =3x-5y-20=0

6x - 10y =40=>6x—- 10y —-40=10
Here, a; = 3, b; = -5,¢c;=-20and a, = 6, b, = -10,c, =-40

a _ _ _ — —

3
6

N | =
.

az
a; by ¢
az bz ¢

Therefore the given pair of linear equations are coincident and the pair has infinite solutions.

(iv) x-3y-7=0

3x-3y-15=0
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Here, a; = 1, by = -3,¢;=-7and a, = 3, b, = -3,¢, =-15

31 _ 1 b1 3 . C1 _ _7 _ 7
a, 3’ b, -3 ¢ -15 15
a; b,
*= 2L
az b,

Therefore the pair has unique solution.

X \'4 1
-3 -7 1 -3
-3 -15 3 -3
X _ y _ 1
bicy—bycy Ciaz— Cpag aiby—azbq
. X _ y _ 1
T(=3)(-15)-(-3)(-7)  (-73-(-15)1  1(-3)-3(-3)
X _ y _ 1
T745-21  —21+15  -3+9
X oy DX 1l 6x=245x=4
24 -6 6 24 6
y _ 1

L ==o6y=-6>y="I

There fore x =4 and y=-1

. (i) For which values of a and b does the following pair of linear equations have an

infinite number of solutions?
2x+3y=7 =22x+3y-7=0
(a-b)x+(a+b)y=3a+b-2 =>x+(@+b)y-Ba+tb-2)=0

a1 _bi_oc

For a pair of linear equations to have infinitely many solutions: 3, =1, =~ ¢,
Here, a; = 2, by = 3,¢c;=-7and a, = (a-b), b, = (a+Db),c; =-3a+b-2)

a; 2 . by 3 Ccq -7 7

a, (a-b) > by (atb) P —(3a+b-2) (3a+b-2)
m_do5 2 3 o@tb)=3a-b)

a, by :>(a—b) - (a+b)
=>2a+2b=3a-3b
=a=5b (1)

by, 3 7

b, ¢y (a+b) - (3a+b-2)

= 3Ba+b-2)=7(atb) =9a+3b—6=7a+7b

=2a-4b =6=>a-2b=3 (2)

From (1) and (2)

(2)»5b-2b=3 =3b=3 =b=1[va=5b]
a=5h>a=5x1=>a=5

= If a=5and b=1 the pair of linear equations has infinite solutions.
i1) For which value of k will the following pair of linear equations have no solution?
3x+y=1 =23x+y-1=0
2k-Dx+(k-1)y=2k+1=2k-1x+(k-1)y-Q2k+1)=0

. . . a_bha
For a pair of linear equations to have no solutions: =, * 2
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(a@’) 31 = 3, b1 = 1, C1 = —1 m@_bc az = (2k - 1), b2 = (k - 1), CZ = —(2k +1)
a _ 3 . b_1 _ 1 . Cp -1 _ 1
—(2k+1) (2k+1)

a, (2k-1)° b, (k-1)’ ¢
a; by 3 1

a b, (k-1 (k-1
=>3k-1)=Qk-1)=>3k-3 =2k-1 =k=2

Therefore, if k=2 then the pair of linear equations have no solution.

Solve the following pair of linear equations by the substitution and cross-multiplication methods :
8x +5y=9 (1)
3x+2y=4 2)
Substitution Method:
8x+5y=9=5y=9-8x=>y=

9-8x
5
Equation (2) = 3x+2y=4 = 3X+2(9—8x) _4

5
18 -16x

= 3x+ =4 Multiplying by 5
I5x+18 —16x =20
>x=20-18=2-x=2=x=-2
Substitute x = -2 in (1)

3(:2)+2y=4 =2 -6+2y=4
=22y=4+6=2y=10=>y=5

Therefore the solution is: x = -2 &8y y =35

Cross multiplication Method:

8x+5y=9=8x+5y-9=0 @)
3x+2y=4=>3x+2y-4=0 2)
Here, a; = 8, by = 5,¢c;=-9anda, =3, b, = 2,¢c,=-4
X v 1
5 —~9 8 5
2 —4 3 2
X _ y _ 1
byjca—byc;  ciaz—cza;  ajby—azby
. X _ y _ 1
TEED-@9)  (-93-(-98  8(2)- 3(5)
. X _ y _ 1
T _20+18 -27+32  16-15
>Z =Y=125% =1=3x=2
-2 5 -2
% =1=>y=5

Therefore the solution: x = -2a02 y=35

Form the pair of linear equations in the following problems and find their solutions (if

they exists) by any algebraic method.

i) A part of monthly hostel charges is fixed and the remaining depends on the number
of days one has taken food in the mess. When a student A takes food for 20 days she has
to pay Rs 1000 as hostel charges whereas a student B, who takes food for 26 days, pays

YK

Rs 1180 as hostel charges. Find the fixed charges and the cost of food per day.
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Let the fixed charge = x and daily food charges = y. According to question

x + 20y = 1000 (1)
X +26y=1180 )
Substracting equation (1) from (2)
X +26y=1180 (2)
x + 20y = 1000 (1)
6y= 180
= y=30

Substitute y = 30 in equation (1)

x +20%x30=1000= x=1000- 600 = x =400

Therefore the fixed charges = Rs 400 and daily food charges = Rs 30

(ii) A fraction becomes % when 1 is substracted from the numerator and it becomes %
when 8is added to its denominator. Find the fraction.

Let the given fraction = 3 According to questions,

x71= Z = 3-y-3 (1)
e =i:>4x—y=8 )
By substracting equation(1) from (2)
4x -y=8 2)
3x-y=3 (1)
X =5

Substituting x = 5 in equation (1)

I5-y=3=>y=12

Therefore the fraction = %

iii) Yash scored 40 marks in a test, getting 3 marks for each right answer and losing 1
mark for each wrong answer. Had 4 marks been awarded for each correct answer and 2
marks been deducted for each incorrect answer, then Yash would have scored 50 marks.

How many questions were there in the test?
Let the number of right answer = x and the number of wrong answer = y

According to question,

3x-y=40 (1) and

4x-2y=50 = 2x-y=25 2)

By substracting equation(1) from (2)
2x- y=25 (2)
3x- y=40 (1)
- X =-15

=>x=15

Substituting x = 15 in equation (1)

3(15)-y=40 =-y=40-45 =>-y=-5=>y=5
Therefore the right answers = 15 ; Wrong answers = 5; Total questions = 20
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iv) Places A and B are 100 km apart on a highway. One car starts from A and another
from B at the same time. If the cars travel in the same direction at different speeds, they
meet in 5 hours. If they travel towards each other, they meet in 1 hour. What are the
speeds of the two cars?

Let the speed of car A = x km/h and speed of car B = y km/h

The speed of both car travel in same direction = (x - y) km/h
The speed of both car travel in opposite direction = (# + v) km/h
According to question,

Sx-y)=100 =x-y=20 (D
I(x+y)=100 =x+y=100 2)
By adding equation (1) and (2)

x- y=20 2)

x+ y=100 (1)

2x =120

= x=60

Substituting x = 60 in equation (1)

60-y=20=>-y=-40 =y=40

Therefore the speed of car A and B = 60 km/h and 40 km/h

v) The area of a rectangle gets reduced by 9 square units, if its length is reduced by 5
units and breadth is increased by 3 units. If we increase the length by 3 units and the
breadth by 2 units, the area increases by 67 square units. Find the dimensions of the
rectangle.

Let the area = xy According to question,
(x-5)@p+3)=x-9

=2xy+3x-5y—-15=xy-9 =3x-5y=6 (1)

x+3)(+t2)=xy+67

=>xy+2x+3y+6=xy+ 67 = 2x+3y=061 2)
6+5y

3x-5y=6=>3x=6+5y =x= 3

Substituting the value of x in equation (1), we get

() +3y=61 =204 3,-61  Multiplying by 3,
=12 + 10y +9y=183=>19y =183 -12=19y =171 =y =9
Substituting y =9 in equation (1),

3x-509)=6 =3x-45=6=>3x=51=>x=17
Therefore length of the rectangle = 17 units and bredth = 15 units

3.5 Equations Reducible to a Pair of Linear Equations in Two Variables

Example 17:Solve the pair of equations

2 3 5 4
SHT=1% - =2
y x y
1

Solution: = + 5 =13 > 2(%) 3 (—) - 13 (1)

2o 5()-a0) -2

1 1
Let; = pand ;-4
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(1) ® 2p+3q=13 3)
(2)=> 5p-4q=-2 @
From (3) 2p+3q=13 =3q=13-2p =q=—"22

3
Substitute q = ——22

5p-4(2E2) =2 =5p- (E2) =2 Multiplying by 3,

= 15p-52+4+8p=-6=>23p =46 =>p =2
Substitute p =2 in (1) we get,
2(2)+3q=13=24+3q=13=3q=9=q=3

= substituting the value of p and q,

in equation (4) we get,

Example 18 : Solve the following pair of equations by reducing them to a pair of
linear equations

B
x— + y—2 -

6 3
x-1 y-2

1 1 1
Solution: — + — =2 :>5(—) + — =2
- y—2 x-1 y-2

6 3 1
e () - 365 -
x-1 y-2 x—1 y-2

1 1

Let 1= p ,;:E——q
5p+ q= (1)

6p - 3q =1 )

From (1) = q =2 — 5p Substituting in (2) we get
6p - 32-5p) =1
=6p - 6 +15p =1:>21p=7:>p=§

Substitute p = % in (1),
SG) + q=2 :>q=2-§:>q=§
1 p=>i=—:>3=x—1 =>x=4
x—1 x-1 3

1 1 1 _ _
E—qﬁ E =3 =>3=y-2=>y=5
Example 19:A boat goes 30 km upstream and 44 km downstream in10 hours. In 13
hours, it can go40 km upstream and 55 km down-stream. Determine the speed
of the stream and that of the boat in still water.
Solution: Let speed of the boat in still water = x km/h and the speed of the stream = y km/h

Then the speed of the boat down stream = (x +y) km/h &3
Speed of the boat in upstram = (x - y) km/h

[uy

Distance

time =
Speed

In the first case, when the boat goes 30 km upstream, let the time taken, in hour be T

Page 91| 159 Available in ykoyyur.blogspot.com



SSL.C Mathematics Solutions — Part -1 YK

Then T =——
X -y
Let T, be the time, in hours, taken by the boat to go 44 km downstream
Then To= ——
X+y
The total time taken (T1+T2):>i+ ® 10 (1)
X -y X+y
In the second case, in 13 hours it can go 40 km upstream and 55 km downstream we get the equation,
40 55
x—y—’_x+y_13 (2)
Let — =p: ;7%
() = 30p+44q=10=30P +44q-10=0 3)
(2)= 40p +55q=13=240p+55q-13=0 4
Here, a; = 30, by = 44,c;=-10and a, = 40, b, = 55,¢c,=-13
P q 1
44 -10 30 44
55 -13 40 55
p _ q _ 1
bicy—bycy Ciaz— Cpag aiby—azbq
N p _ q _ 1
T (44)(-13)-(55)(-10)  (-10)40—(—13)30  30(55)— 40(44)
Db _ q _ 1
5724550  -400+390  1650-1760
P 9 __1
-22  -10 -110
P __1
-22 -110
T —
P =T 5
a -1
-10 -110
—— -1
1= ~97 1
= = L _lox y=5
X -y =P XxX—-y 5 y
1 1
vy 97, 0 =x+ty=1l

Adding the equations we get,

2x=16=>x=8

8—y=5=>y=3

Therefore the speed of the boat = km/h and speed of the stream = 3km/h

Exercise 3.6

Solve the following pairs of equations by reducing them to a pair of linear equations

. 1 1 1 1 13
i —+—==2; =+ —=—
2x 3y 3x 2y 6

o 1_
Let; =p and ;=4
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I P L9 _ . =
2x+3y 2:>2+3 2 23p+2q -12 =0 )
1 1_13,p .49 _13 13 =
Here, a; = 3, b; = 2,¢;=-12and a, = 2, b, = 3,¢c, =-13
P _ q _ 1
bicy—bycy Ciaz— Cpag aiby—azbq
- P _ a _ 1
T(@(-13)-(3)(-12)  (-12)2-(-13)3  3(3)- 2(2)
T 26436 -24+39 9-4
P _qa _1
10 15 5
p _1 = =
T 5:>5p 10=p=2
q _1 = =
T 5q=15=q=3
1_ 1_ =1 1_ 1_ =1
;—p:>X 2=x m:vi_sgy_qﬁy_?):y .
e 2 3 49 _
(ll)ﬁ + N 2; w5 1
1 _ 1 _
Letﬁ =pand N q
2 3 _ _
ﬁ+—y—2:>2p+3q =2 =2p+3q -2 =0 (1)
4 9 _ _ _. _ _
Ny 1=4p - 9q 1 =>4p-9q+1=0 (2)
Here, a; = 2, b; =3,¢c;=-2and a, = 4, b, = -9,¢c, =1
P _ q _ 1
bicy—bycq Cqap—Cpaq a;by—azbq
N P _ a _ 1
BGYDW-=9(-2) (=24-D2 2(-9-40)
P _ aqa __ 1
T3-18 -8-2 -18-12
p _qa _ 1
-15  -10 -30
U = =1
== T 30p=-15=p >
qQ _ 1 - =1
= " 507 30g=-10=>q 3
1 _ 11 = =
5 TP =2 Vx=2ox=430%
1 1 1
—=g>==-> =3y=
=425 =52y y=9
ooy 4 . 3 _
(iii) . + 3y = 14; - 4y =23
1_
Let ~=Dp
4p +3y=14 1 x3
3p — 4y=23 2) x4
12p + 9y =42 3)
12p - 16y=92 4)

Substracting equation(3) from equation(4) we get,
25y=50=>y=-2

Substitute y =2 in equation (1)

4p +3(-2)=14

=>4p =20=>p=>5

93 | 159 Available in ykoyyur.blogspot.com



SSL.C Mathematics Solutions — Part -1

! slosoy=t
— — X:—
X p X 5

Therefore x =§ and y=-2

(ivy—+—=2, . 32-1
x—1 y-2 x-1 y-2
1 1

Let — =p;-—=q

Spt+ q=2 (1)

6p- 3q= 2)

(H)x3=15p+3q=6 3)

Adding (2) and (3) we get,

6p - 3q=1

15p+3q=6

21p=7:>p=§

Substituting p =§ in (1),
5 = = 5
ST a=2=q9=2 - ;

1

W=

1 1
=p=>— =->3=x-1>x=4
x—-1 x—1 3
1

1 1
;:E::C1:>;:E::§:3:3:)F2 :>y::5
7x-2y 8x+7y
V) - = b; - = 15
7x 2 8x 7
= . Z= 5, 2y 25
xy xy xy xy
7 2 8 7
— -—= 15 -+ —-=15
y X y x
1 _,.1_
Let; _p:x q
Tp - 2q= (1
8 +7q=15 )]
::5+2q

7
Substituting in (2) we get,

(32 +7q=15

7
014 L 9q=15 Multiplying by 7.
40 + 16q + 49q=105
65q=65=>q=1

Substituting q =1 in equation (1),

Tp — 2()=5

>7p=7 =p=1

1_ 1_ =
—p:>y I=>y=1

y

1o 1o =

~=q == 1= x=1

(vi) 6x + 3y = 6xYy; 2x +4y = 5xy
6x + 3y = 6xy; 2x +4y = 5xy

Divide both equations by xy we get
ox [ 3y _6xy, 2x 4y _5xy

xy xy xy’ & xy xy xy
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6p+3q=06 (1)
2p+4q=5 )
Multply equation (2) by 3,
6p+12q=15 3)
Substract (1) from (3),

6p +12q=15

6p+ 3q= 6

99=9
= q=1
Substitute q=1 in equation (2) we get,
2p+4(1)=5=2p=1
1

:>p:E

l: :)l :l:) :2

y p y 2 y

1

;:q:>—:1:>X:

Gi 2+ Zog 155
x+y x-y x+y x-y
1, L =

Letm—p,x_y q

10p + 2q=4 (1)

15p - 5q=-2 @)

(1)=5p+q=2 3)

(3)=q=2-5p “)

Substitute (4) in (2) we get,
15p -5(2-5p) =-2
=15p—-10+25p=-2
=40p =8

8 1
P~ % 75
Substitute p =§ in (3) we get,

5(9+q=2$1+q=2
=q=1

X
=2>x+y=5 )
1

=2>x-y=1 6)
By adding (5) and (6)
x+y=5
x—y=1
2x =6
=>x=3
Substituting x =3 in equation (5), we get
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3+y=5=>y=53=>y=2
Therefore the solutions are x =3, y=2

ey 1 1 3 1 1 -1
(Vlll) 3x+y + 3x—y= Z; 2(3x+y) B 2(3x-y) - ?
11
Let 3x+y L 3x-y —q
P+q=2 =4dp +4q=3 (1)
p gq_-1
> _E:?:4p—4q=-1 2)
Substract (2) from (1)
4p+4q =3
4p—4q =-1
8q=4
~q=" =q=_
8 2

Substitute q = % in (1) we get,
4p+4(2)=3=dp+2-3=d4p=1 =p=1

1 1
3x+y: :>3x+y :g :>3X+y=4 (3)
s 925573 =>3x-y=2 €))
By adding (3) and (4), we get

3x+y=4

3x—y=2

6x =6

= x=1

Substituting x = lin equation (3),

3J()ty=4=>y=4-3 =>y=1

Therefore the solutions are x =1, y=1

. Formulate the following problems as a pair of equations, and hence find their solutions.
(i) Ritu can row downstream 20 km in 2 hours, and upstream 4 km in 2 hours. Find her
speed of rowing in still water and the speed of the current.

Let the speed of Ritu in still water = x km/h  the speed of the stream = y km/h

The speed of Ritu in upstream = (x - y) km/h

The speed of Ritu in downstream = (x + y) km/h, According to question
2(x+y)=20

=>x+y=10 (1)
20x-y)=4

=>x-y=2 2)
By adding equation (1) and (2),
x+y=10

x-y= 2

2x =12

=>x=6

Substituting x =6 in (1)
6+y=10=>y=10-6 =y=4
Therefore the speed of Ritu in still water = 6 km/h and the speed of the water = 4 km/h.
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(ii) 2 women and 5 men can together finish an embroidery work in 4 days, while 3
women and 6 men can finish it in 3 days. Find the time taken by 1 woman alone to finish
the work, and also that taken by 1 man alone.

Let the time taken by women to finish embroidery work = x days and

the time taken by men = y days
Therefore the work finished by one women in a day = % and

the work finished by a man in day = i According to question,

1
Let—- p,y q

2p+5q=% = 8p +20q =1 (1)
3p+6q=§
=9p+18q=1 2)
(H)=>8p=1- 20q :p—ﬂ

20q

Substituting p =

o124 20q)+18q—1 -2°1804 4 18q=1
=9 - 180q + 1449 =8 Multlplylng by 8
=-36q=-1 :>q=%

in (2)
9- 180q

Substituting q=% in (1),

1) _ 20 _ 5
8p+20(2) =1 =8p+2 —1::8p+;—1
:>72p+5:9:>72p :4:>p25 :>p:E

1
=p= =T =x=18

=q > -=— =y=36

RSIRR |+
RIRR |,

Therefore the time taken by a women to finish the work = 18 days and a man = 36 days

(iii) Roohi travels 300 km to her home partly by train and partly by bus. She takes 4
hours if she travels 60 km by train and the remaining by bus. If she travels 100 km by
train and the remaining by bus, she takes 10 minutes longer. Find the speed of the train
and the bus separately.

Let the speed of the train = x km/h and the speed of the bus y km/h

According to question,
@ 240

+ == )

x y
100 200 25
+ (2)

6

x v o
1 1
Let; = p and ;= q
60p +240q=4 =15p+ 60q =1 3)
100p +200q == = 600p + 1200q = 25
=24p + 48q = 1 @)
1 — 60q
B)=>15p =1 -60qg =P=

15
Substitute P = % in (4).
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1 - 60q _
24(A=2"0 ) + 489~ 1
:% +48q=1 Multiplying by 15.

24 — 1440q + 720 =15 = -720q=-9 = q =$

Substitute q = 81—0 in (3),

15p+ 60(=) =1

I5p+ 2 =1 15p=1- 2 = 15p=2 =p==
P p T4 P=7 7P %

1

S =p>- == =x=60

X X 60

1 1 1 _

; =q :>; = a =>y= 80

Therefore the speed of the train =60 km/h and the speed of the bus = 80 km/h.

Summery:

Two linear equations in the same two variables are called a pair of linear equations in two
variables. The most general form of a pair of linear equations is

a;x +byy+c;=0and a,x+byy+c,=0

. A pair of linear equations in two variables can be represented, and solved, by the:

(i) graphical method (i) algebraic method

Graphical Method :

The graph of a pair of linear equations in two variables is represented by

two lines.

(1) If the lines intersect at a point, then that point gives the unique solution of the two equations.
In this case, the pair of equations is consistent.

(i) Ifthe lines coincide, then there are infinitely many solutions — each point
on the line being a solution. In this case, the pair of equations is dependent
(consistent).

(iii)If the lines are parallel, then the pair of equations has no solution. In this case, the pair of
equations is inconsistent

. Algebraic Methods : We have discussed the following methods for finding the solution(s)

ofa pair of linear equations :

(i) Substitution Method

(i) Elimination Method

(ii)) Cross-multiplication Method

If a pair of linear equations is given by a;x + b;y + ¢; =0 and a,x + b,y + ¢,=0, the the
following situations can arise :

a b . . . . . .
=+ b—l In this case, the pair of linear equations is consistent
2 2

a b c . . . . . .

a—l = b—l * C—l In this case, the pair of linear equations is inconsistent
2 2 2

a by

= 2 In this case, the pair of linear equations is dependent and consistent
2 b, ¢ p q ep

There are several situations which can be mathematically represented by two equations that
are not linear to start with. But we alter them so that they are reduced to a pair of linear
equations
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4

Circles

e
ne

Non-intersecting Line: The line PQ and the circle have no common
_ point. In this case, PQ is called a non-intersecting line.PQ is non-
intersecting line for the circle of center A

Secant: There are two common points M and N that the line PQ and )
the circle have. In this case, we call the line PQ a secant of the circle
of center B

Tangent: There is only one point O which is common to the line PQ )
and the circle. In this case, the line is called a tangent to the circle of
center C

4.2 Tangent to a Circle
Tangent to a circle is a line that intersects the circle at only one point. There is only one

tangent to a circle at a point. The common point of the tangent and the circle is called the
point of contact.

The tangent at any point of a circle is perpendicular to the radius
through the point of contact.

Theorem
4.1
Given:A circle with centre O and tangent XY at a point P. o
To Prove: OP XY .
Consruction: Take any point Q, other than P on the tangent XY ‘5
Y . X

and join OQ - > e
Proof: Hence, Q is a point on the tangent XY, other than the point of contact P. So Q fl)es

outside the circle..
[~ There is only one point of contact to a tangent]
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Let OQ intersect the circle at R

~ OP = OR [~ Radius of the same circle ]

Now, OQ =OR + RQ

=0Q > OR

=0Q> OP [+OP = OR]

Therefore, OP is the shortest distance to the tangent from the center O

~ OPLXY [ Perpendicular distance is always the shortest distance]
Remarks :

1. By theorem above, we can also conclude that at any point on a circle there
can be one and only one tangent.

2. The line containing the radius through the point of contact is also sometimes called the
‘normal’ to the circle at the point.

Exercise 4.1

How many tangents can a circle have?
Answer: Infinite
Fill in the blanks :

i) A tangent to a circle intersects it in point (s).

Answer: One

(ii) A line intersecting a circle in two points is called a

Answer: Secant

iii) A circle can have parallel tangents at the most.

Answer: Two [Note: we can draw only two(pair) parallel tangents each other. But we can
draw infinite parallel pair of tangents]

iv) The common point of a tangent to a circle and the circle is called

Answer: Point of cantact
A tangent PQ at a point P of a circle of radius 5 cm meets a line through the centre O at

a point Q so that OQ =12 cm. Length PQ is :

a) 12 cm b) 13 cm c) 8.5 cm d) 119 cm

Answer:

The line drawn from the point of contact to the center of the circle is perpendicular to the
tangent.

=0P 1 PQ

In AOPQ,

0Q? = OP? + PQ*[Pythagoras Theorem]

= (12)*= 5"+ PQ? o

=PQ*=144-25
=PQ*=119
=PQ =+v119 cm P a
(d) V119 cm

Heom 12 cm
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4. Draw a circle and two lines parallel to a given line such that one is a tangent and the
other, a secant to the circle.
AB — A line Al pe Xe
PQ — A secant
XY — A tangent

By Q1 Y

4.3 Number of Tangents from a Point on a Circle
Case 1 : There is no tangent to a circle passing through a point lying inside the circle.

Case 2 : There is one and only one tangent to a circle passing through a point lying on the circle.

Case 3 : There are exactly two tangents to a circle through a point lying outside the circle.

The lengths of tangents drawn from an external point to a
Theorem\ Circle are equal.

4.2

©g: PQ and PR are the two tangents drawn from

an external point P to a circle of center O. JoinOP,
0Q, OR

T Prove: PQ =PR

Proof: Inright angle triangle OQP and ORP,

OQ =O0R [Radius of the same circle]
OP=0P [Common side]

~, AOQ P =A ORP [RHS]

~, PQ= PR [CPCT]

Example 1 : Prove that in two concentric circles, the chord of the larger circle, which
touches the smaller circle, is bisected at the point of contact.

P

We are given two concentric circles C, and C, with
centre O and a chord AB of the larger circle C; which G
touches the smaller circle Cy at the point P (see Fig. 4.8).
We need to prove that AP = BP.

Let us join OP. Then, AB is a tangent to C at Pand OP

is its radius. Therefore, by Theorem 4.1,
Therefore OP AB [From theorem 4.1]
Now AB is a chord of the circle C, and OP LAB

Therefore, OP is the bisector of the chord AB, as the perpendicular from the centre bisects
the chord,
= AP =BP

Fig 4.8
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Example 2 : Two tangents TP and TQ are drawn to a circle with centre O from an
external point T. Prove that PTQ =2 OPQ.

Solution: TP and TQ are the two tangents drawn from

an external point T to the circle with centre O P

To Prove: ZPTQ =220PQ \

Let ZPTQ=16 Q)
TP =TQ [ ~Theorem 4.2] T *0
Therefore TPQ is an isosceles triangle.

£TPQ = £TQP =~ [180 — 0]

= £TPQ=2TQP=90"- 26  (2) Fig 4.9
£OPT =90° 3)

£0PQ = 2£0PT - £TPQ

= £0PQ=90°- (90°—26) [+ from(2)and(3)]

= 20PQ =§ 0

=/PTQ=24£0PQ [+~From (1)]

Example 3 : PQ is a chord of length 8 cm of a circle of radius 5 cm. The tangents at P
and Q intersect at a point T (see Fig. 4.10). Find the length TP.

Solution: JoinOT Let it intersect PQ at the point R
Then ATPQ is isosceles and TO is the angle bisect
or of «PTQ.

~ OTLPQ therefore OT bisects PQ

= PR=RQ=4cm.

~ RO =52 = 4% 5RO =25 — 16 = RO =9

= RO =3cm
£ OPR + 2 TPR =90° (1) [“In APRO, £ PRO =90°]
2 PTR + 2 TPR =90° (2) [~“InAPTR, £ PRT=90°]
From (1) and (2),
2 OPR=2PTR 3)
~ APRO and APTR right triangles are similar [AA similarity criteria]
PT PR _ PT _4 4x5 _ 20
5> —=—=——=-PT="==—
OP OR 5 3 3 3

EXERCISE 4.2

In Q.1 to 3, choose the correct option and give justification.

. From a point Q, the length of the tangent to a circle is 24 cm and the distance of Q from

the centre is 25 cm. The radius of the circle is

OP L PQ and AOPQ is a right angle triangle.

0Q=25cmand PQ=24 cm

In AOPQ, By Pythagoras theorem,

= (25)*= OP? + (24)? 25em
=0P? =625 - 576=0P*> =49 0P =7 cm
@033: (A) 7 em.

A) 7cm  B) 12cm  O) I5cm D) 24.5 cm

Q- 24cm P
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In Fig. 4.11, if TP and TQ are the two tangents to a circle with centre O so that POQ =
110°, then PTQ is equal to

TP and TQ are the tangents to a circle at P and Q OP and T
OQ are radius of the circle at point of contacts P and Q

«~ OP L TP and OQ L TQ 1
£0PT = 20QT =90° m
In Quadrilateral POQT, o Q

£PTQ+ £OPT + £POQ + £0QT =360°
= £PTQ +90° + 110° + 90° = 360°

= £PTQ=70° Fig 4.11

=Ans (B) 70°.

A) 60 B) 70 O 80 D) 90

If tangents PA and PB from a point P to a circle with centre O are inclined to each other

at angle of 80°, then POA is equal to
OA and OB are the radius drawn at the point of contact of the tangents BP and BQ
~ OA LPA and OB 1L PB

20BP = £OAP =90° B

In Quadrilateral AOBP, N,

£2AOB + £OBP + £OAP + £APB = 360°

= £AOB +90° + 90° + 80° =360° O¢ | 80°[ > P
= £AOB =100°

Now, In AOPB and AOPA, \ »

AP =BP [Tangents drawn from an external point]

OA = OB [Radius of the same circle]

OP = OP [Common]

~ AOPB = AOPA [SSS congruence rule]

=/POB = 2ZPOA

2AOB = £POB + £ZPOA

= 2 £POA =2A0OB

= £POA =50°

= (A) 50°

A) 50 B) 60° c) 70° D) 80°
Prove that the tangents drawn at the ends of a diameter of a circle are parallel.

AB is a diameter. PQ and RS are the tangents drawn » r
to the circle at point A and B ! ?
OA and OB are the radius drawn at point of contact.
~ OA LPQ and OB L RS

20OAP = 2£0AQ = 20OBR = £OBS =90° A|‘
In the fig, '
20BR = £0AQ [Alternate angles |

£0OBS = £OAP [Alternate angles ] L 3

= PQIRS
Prove that the perpendicular at the point of contact to the tangent to a circle passes
through the centre.

o

-—bB
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AB is the tangent drawn to the circle with radius O

To Prove:The perpendicular at P passes through the center O.

If possible,let the perpendicular passing through some other

Point say Q

Join QP and OP

OP is the radius at point of contact AB is the tangent

~ OPLAB = £0PA =90°

But, ZRPA =90° (PQ L AB)

= Which is possible only when points P and Q coinside.

- the perpendicular at the point of contact to the tangent to a circle passes through the centre.
The length of a tangent from a point A at distance 5 cm from the centre of the circle is 4
cm. Find the radius of the circle

AB is the tangent to the circle at point B. OB is the radius at point of contact
~ OB 1 AB ——

OA =5cm and AB =4 cm [Given] vd AN

In AABO,

OA? = AB?+ BO? [Pythagoras theorem] |I o |

= 52=42+ BO*= B0O?=25-16 ~~{_ sem

= B0O?’=9=B0O=3 N T~

= Radius = 3 cm. B 4com A

. Two concentric circles are of radii 5 cm and 3 cm. Find the length of the chord of the

larger circle which touches the smaller circle.

Two concentric circles of radius S5cm and 3cm drawn with
common center O

AB is the chord of circle with radius Scm such that it touches
the circle of radius 3cm at P

-~ AB is the tangent to the smaller circle at P
= OP L AB

~ AP = PB [The perpendicular drawn from the center to the che.v c.oevis e citiu,
OA? = AP?+ OP?[By Pythagoras theorem]

= 52=AP*+3?= AP?=25-9 = AP=4,

AB=2AP=2x4=8cm

=~ The length of the chord = 8 cm.

A

. A quadrilateral ABCD is drawn to circumscribe a circle (see Fig. 4.12). Prove that

AB+ CD=AD + BC
From the figure,

DR = DS [Tangents from the external point D ] (1)
AP = AS [Tangents from the external point A ] 2)
BP =BQ [Tangents from the external point B ] 3)
CR = CQ [Tangents from the external point C ] @)

H+2)+B)+@)

DR+ AP+ BP+CR=DS+ AS+ BQ+ CQ

= (BP+ AP) + (DR + CR) = (DS + AS) + (CQ + BQ)
=>AB+ CD =AD +BC
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In Fig. 4.13, XY and X'Y! are two parallel tangents to a circle with centre O and
another tangent AB with point of contact C intersecting XY at A and X'Y!at B. Prove

that ZAOB=90°.
Let the tangent AB touches the circle at C. Join OC.

In AOPA and AOCA,

OP = OC [radius of the same circle] - ’,‘; P AY
AP = AC [The tangents from an external point A]

AO =AO [Common]

~ AOPA = AOCA [SSS congruence rule]

= /POA = 2COA (1) C
Similarlly, < v
AOQB = AOCB - Q B
£QO0OB = £COB 2) Fig 4.13

POQ is the diameter .. ZPOQ = 180°
=/POA + £COA + 2COB + 2QOB=180"°
From (1) and (2) we get,

2£COA +24COB = 180°

= £LCOA +2£COB=90° = £AOB=90°

Prove that the angle between the two tangents drawn from an external point to a circle
is supplementary to the angle subtended by the line-segment joining the points of

contact at the centre

Let PA and PB are the tangents drawn from an external point to the circle with center O

Join OA and OB
To Prove: 2APB + 2BOA = 180°

Proof: OA L PA [Radius at point of contact to the circle]

~ £OAP =90°

Similarlly,

OB LPB .~ £OBP=90°

In quadrilateral OAPB, B
2£0OAP +2APB +2£PBO +£BOA = 360°[Sum of interior agles]
= 90° + LAPB + 90° + LBOA = 360°

= 2/APB + ZBOA = 180°

Prove that the parallelogram circumscribing a circle is a rhombus.
Given: ABCD is a parallelogram circumscribing a circle.

To prove: AB=BC=CD=DA

Proof: ABCD 2,02 Z&50033 23306 2.

~ AB=CD (1)

~ BC=AD 2)

We know that the tangent drawn from an external point

Qe

to the circles are equal
Therefore, DR = DS, AP = AS, BP=BQ, and CR=CQ
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Adding all these, we get

DR + CR+BP+ AP=DS + CQ +BQ + AS P c
= (BP+ AP) + (DR + CR) = (DS + AS) +(CQ + BQ) S

= AB+CD =AD+ BC 3) o

Substituting (1) and (2) in (3),

2AB=2BC= AB=BC (4) Q

From equation (1), (2) and (4), A T8

AB=BC=CD=DA
~ ABCD is a Rhombus

A triangle ABC is drawn to circumscribe a circle of radius 4 cm such that the segments
BD and DC into which BC is divided by the point of contact D are of lengths 8 cm
and 6 cm respectively (see Fig. 4.14). Find the sides AB and AC.

In AABC,

CF = CD = 6cm [Tangents from an external point]
BE = BD = 8cm [Tangents from an external point]
AE=AF=x [Tangents from an external point]
>a=AB=AE+EB=x+8
b=BC=BD+DC=8+6=14
c=CA=CF+FA=6+x

AB+BC+CA x+8+14+6+x 2x+28
§= =T = =>S=14+x

AreaofAABC=\/s (s —a)(s — b)(s — )
=J14+x[14+x —(x+8)](14+x — 14)[14+x — (6 +x)]
=J(14+x)[14+x —x—8](14+x — 14)[14+x —6—x]
=14 +x) (6)(x)(8)

= J(14 + x) 48x cm? (1)

Similarlly, Area of AABC= Area of AOCB+ Area of AOBA+ Area of AOAC
=~BC.OD +AB.OE +-AC.OF
= (14x4) +(8+x}4 +~(6Hx)4 =28 +16 + 2x + 12+ 2x
= (56 + 4x)cm? ()
From (1) and (2),
(14 + x) 48x =56 + 4x
48x (14 + x) = (56 + 4x)*[ Squaring on both sides]

2
= 48y = [4(14+x)]
14 + x

=2 48x=16(14+x)=>48x =224+ 16x > 32x=224=>x =7 cm
Therefore, AB=x+8=7+8=15cm
CA=6+x=6+7=13cm

Prove that opposite sides of a quadrilateral
circumscribing a circle subtend supplementary angles
at the centre of the circle.
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Given: ABCD is a quadrilateral circumscribing a circle 4

with center O. Let the circle touches the quadrilateral at . 5
points P,Q,R and S

To Prove:2AOB + 2COD = 180" and ZAOD + £BOC = 180’ 1
Construction: Join OP, OQ, OR and OS. 29
Proof: The tangents drawn from an external point to the p\ """""" Yais
circle substend equal angle at the center.
/1 =242; £3=14;£5=16;27 =18 \ |
But, B Q c
L1+ L2+ 23+ 24+ 245+ £6 + £7 +4£8 =360°

(21 + £2)+ (43 + 24) + (45 + £6) + (£7 +£8) =360°

= 2(£2 + £3) +2(46 + 27) =360°

= (L2 + £3)+ (46 + 27) =180°

= £AOB + 2COD = 180°

Similarlly, 2ZAOD + 2£BOC = 180°

~ Opposite sides of a quadrilateral circumscribing a circle subtend supplementary
angles at the centre of the circle.
Summary

1. The tangent to a circle is perpendicular to the radius through the point of contact.
2. The length of the tangents from an external point to the circle are equal.
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S

Area Related to
circles

5.2 Perimeter and Area of a Circle — A Review

The distance covered by travelling once around a circle is its perimeter, usually called its
circumference. You also know from your earlier classes, that circumference of a circle bears
a constant ratio with its diameter. This constant ratio is denoted by the Greek letter 7 (read
as ‘p1’). In other words,

I- circumference |-. Circumference = 2TII"

diameter

Area of the triangle = Tir?

The cost of fencing a circular field at the rate of Rs 24 per metre is Rs 5280. The field
is to be ploughed at the rate of Rs 0.50 per m”. Find the cost of ploughing the field. (Take
22
T=—)
7

. . Total C 5
Solution:Length of the fence (in metres) = OrateOSt = ;io = 220 .

So, circumference of the field = 220 m. Therefore, if r metres is the radius of the field,

220x7
= =35m
2x22

Therefore, area of the field = Tr? =% x 352 =(22 x 5 x 35)m?

Total cost of ploughing the field at the rate of 0.50/sqm = (22 x 5 x35) x 0.5 =3» 1925

then, 2rtr = 220 Or 2x§xr=220 =>r

Exercise 5.1

[Unless stated otherwise, use ™ = % ]
The radii of two circles are 19 cm and 9 cm respectively.Find the radius of the circle
which has circumference equal to the sum of the circumferences of the two circles.
Let the required radius = R. Therefore the circumference C =2nR
The circumference of the circle of radius 19 cm =27 x 19 = 38n cm
The circumference of the circle of radius =21 X 9 = 181 cm
The sum of the circumference of two circles =381+ 1871 = 56w cm
= 2R = 561 cm [According to question] = 2R =56cm = R=28cm
The radii of two circles are 8 cm and 6 cm respectively. Find the radius of the circle
having area equal to the sum of the areas of the two circles.
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Let the required radius = R. Therefore the area = nR?

The area of the circle of radius 8 cm = & x 82= 64n cm?

The area of the circle of radius 6 cm =7 x 6° = 36w cm?

The sum of the areas of two circles = 64 cm?+36m cm?= 100m cm?
According to question,

nR? =100 cm?= R?=100cm’? = R*>=100cm?’ = R =10cm

. Fig. 5.3 depicts an archery target marked with its five scoring regions from the centre
outwards as Gold, Red, Blue, Black and White. The diameter of the region representing
Gold score is 21 cm and each of the other bands is 10.5 cm wide.Find the area of each of
the five scoring regions.

The diameter of the Golden colour Circle =21 cm
1% circle 2™ circle 3" circle 4™ circle 5t circle
ri=10.5cm rn=21cm r3=31.5 14=42 rs=152.5
A1 =mr? Ar =11’ As=mr1i? As=mrs? As=mrs’
m (10.5)? n(21)? n(31.5)° n(42) n(52.5)
346.5 cm? 1386 cm? 3118.5 cm? 5544 cm? 8662.5 cm?

Area of Golden colour =nri?=m (10.5)*=346.5 cm?
Area of Red colour = [Area of 2™ — Area of 1]
=1386 -346.5cm?> =1039.5 cm?

Area of blue colour = [Area of 3™ — Area of 2™ ]
=3118.5-1386 cm®> =1732.5 cm?

Area of black colour = [Area of 4" — Area of 3™ ]
=5544 -3118.5 cm? =2425.5 cm?

Area of white colour = [Area of 5" — Area of 4]

= 8662.5 cm? - 5544 ¢cm® = 3118.5cm?

. The wheels of a car are of diameter 80 cm each. How many complete revolutions does

each wheel make in 10 minutes when the car is travelling at a speed of 66 km per hour?
The diameter of the wheels of a car = 80 cm

Circumference of the wheel C =2nr=2r x 1 =80 cm

The Car traveled a distance in 10 minutes = (66 x 1000 x 100 x 10)/60 = 110000 cm
@RS | 110000 _ 110000X7 _ oo
C T som  80x22

Therefore no of revolution =

. Tick the correct answer in the following and justify your choice : If the perimeter and the

area of a circle are numerically equal, then the radius of the circle is
A) 2 Units B)  Units C) 4 Units D) 7 Units
Radius of the circle = r

» Circumference(Perimeter) =2nr .. Area=mr’
According to question,

Perimeter = Area

dnr=nr’=2-=r
=~ A) 2 Units
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5.3 Areas of Sector and Segment of a Circle
The portion (or part) of the circular region enclosed by two radii and the corresponding arc is
called a sector of the circle and the portion (or part) of the circular region enclosed between

a chord and the corresponding arc is called a segment of the circle.
A

O

Major Sector

some relations (or formulae) to calculate their areas.
Let OAPB be a sector of a circle with centre O and radius r
(see Fig. 5.6). Let the degree measure of £AOB be 0,
If the angle at the center is 360°, then the area of the sector = mr?
So, when the degree measure of the angle at the

2
Centre is 1, area of the sector = —

360
Therefore, when the degree measure of the angle at the centre is 6,

r? 0
Area of the sector = — x 0 = — x r?

360 360
0
Area of the sector of angle 0 = 360 X mr?

Length of the arc of a sector of angle 0 = % X 2@r

Areaof SegmentAPB —»[ Area of OAPB Sector — Area of AOAB

‘ Area of OAQB Major sector ]» [ mtr? - Area of Minor sectorOAPB

\.

[Area of AQB Major segment]ﬁ [1'L'r2 — Area of APB Minor segment

J

Example 2 : Find the area of the sector of a circle with radius 4 cm and of angle 30°.
Also, find the area of the corresponding major sector (Use = 3.14)
Solution: Given sector is OAPB.

Area of the sector OAPB = 3% X T2

=30 x314x4x4=222 ~ 419 cm?
360 3

Area of the corresponding major sector
= mr’ - Area of sector OAPB = (3.14 x 16 - 4.19) cm?~ 46.1 cm?

Alternate Method:

. . - B
Area of the corresponding major sector = 3090 ¥ 2 AP
= 22 x3.14x4x 4= 46.05 ~46.1 cm’
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Example 3 : Find the area of the segment AYB shown in Fig. 5.9, if radius of the
circle is 21 cm and ZAOB = 120° (Use m= 27—2 ) Y

Solution: Area of the segment
=Area of sector OAYB — Area of AOAB —————— Q)

.
==}

0
Area of the sector = — x 7r? 2lem 2lem

360
=%x§x21x21 — 462cm? o
To find the area of AOAB, draw OM | AB as shown in fig.5.10
Note that OA = OB

Therefore, by RHS congruence AAMO = ABMO
So, M is the mid-point of AB and ZAOM = £BOM = 60°

In AOAM, 22 = Cos60°=> M - L = oM=Zcm A
OA 21 2 2

In AOAM, M _ Sing00 =AM _ 3 o Apm =223 o 60'| 60°
OA 21 2 2
=AB =2AM = 21v/3cm
- Area of AOAB = 2 x ABxOM = & x21V3 x 2= 228y 3)

44143 462x4-4413
4

Are of the segment = 462 - 24—1(88 - 21v/3)cm?

Exercise 5.2

[Unless stated, otherwise use 7 = 27—2]

. Find the area of a sector of a circle with radius 6 cm if angle
of'the sector is 60°.

Area of the sector of angle 0 = 36600 X7 r?

Area of the sector of angle 60° = ——xg 12 cm?

360°
1 22 132
=>X6x6 X — =— cm>

6 7 7

Find the area of a quadrant of a circle whose circumference is 22 cm
Quadrant of a circle= Angle of sector 90°

Circumference C =2nr=22 cm
22x 7 7

= =-cm
2x22 2

. 22
Radius r==cm
2T

Area of the sector of angle 0 = 36600 X7 r?

Area of the sector of angle 90° = 2 xprl= —
360° 4 772 2 8

. The length of the minute hand of a clock is 14 cm.

Find the area swept by the minute hand in 5 minutes.

The minute hand is the radius of the circle. = Radius(r) =14 cm

The angle of rotation formed by minute hand in 1 hour = 360°
-~ The angle of rotation in 5 minutes = % x5=130°

(]
Area of the sector of angle 0 = 7007 T 1
30

= Area of the sector of angle 30° = ”

1 154
= §X22X7 = Tcmz

X£X14X14= i><£x14x14
7 12 7

0°
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. A chord of a circle of radius 10 cm subtends a right angle at the centre. Find the area of
the corresponding : (i) minor segment (ii) major sector. (Use =3.14)

Radius of the circle =10 cm
The angle of the Major sector = 360° - 90° = 270°

. 270 ) ©hs
Area of the major sector = Rl 2 cm 267,030 e
=2x3.14 x10x 10 =75x3.14 em’=235.5 cm’ O

In right angle AAOB, OA =10 cm, OB =10 cm
Area of AAOB :§ x OA x OB=% x10 x 10 =50 cm?-— (1)
The angle of the Minor sector = 90°

. 90
Area of the minor sector = 3e0° X7 2 em?

= ix 3.14 x10x 10 =25x3.14 cm? =25 x 3.14 cm?*=78.5 cm? -----—-- 2)
Area of minor segment = (2) - (1) =78.5 cm?- 50 cm?= 28.5 cm?

. Ina circle of radius 21 cm, an arc subtends an angle of 60° at the centre. Find:
(i) thelength of the arc (ii) area of the sector formed by the arc

(iii) area of the segment formed by the corresponding chord
Radius of the circle =21 cm

(i) The length of the Arc AB =

360°
Arc AB =2 x2x2x 21=2x2%x22x 3 =22cm
360° 7 6

(i1) The angle formed by arc AB = 60°

Area of the sector of angle 60° = 32(;0
60

=90 x 2% 21x21 em’=1 x 22x 3 x21 cm?=~ x 22x21 cm?
360° 7 6 2
=11x21 cm?=231 cm?
(iii) The area of the equilateral AAOB = ? x (OA)* = g x (21)* = # cm?
Hence the required area = Area of the sector formed by the Arc — area of AAOB
441V3\
~2em

0
X 2@r

X7 1> cm?

= (231 -

. A chord of a circle of radius 15 cm subtends an angle of 60° at the centre. Find the areas

of the corresponding minor and major segments of the circle. (Use =+/3 = 1.73)

Radius of the circle = 15 cm

In triangle AAOB, £AOBand £A = /B =60°[""OA=0B = 15cm]
) T Lo
~ AAOB is an equilateral triangle.

The area of AAOB = x (0A) =2 x (152 = 228 en?
=217 2 =97.3 cm?

The angle formed by the arc AB = 60°

- The area of the sector formed by the arc AB = —— x 1> cm?

360°

=2« (3.14)x 15x15 cm2=§x 3.14 x 5x15 cm?=1.57 x 75 cm? =117.75 cm?

360°
Area of the minor segment = Area of the sector formed by the arc AB — Area of AAOB

=117.75 -97.3 =20.4 cm?
Area of the major segment = Area of the circle — Area of minor segment
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=nr’-204 cm?=3.14 x 15x15-20.4 =3.14 x225-20.4

=706.5—20.4 = 686.1cm?

. A chord of a circle of radius 12 cm subtends an angle of 120° at the centre. Find the
area of the corresponding segment of the circle. (Use = 3.14 and /3 = 1.73).

Radius of the circle(r) = 12 cm

Draw AB | OD = OD bisects AB

=>2A = 180°-(90° + 60°) = 30°

o_AD _ V3_AD _
cos30°=—- > ==—=AD 6v3 cm

= AB=2x AD=12V3 cm

sin30°0=2L 51 -2, op=6cm At
0OA 2 12 A

The area of AAOB = %X AB x OD B
=~ x12V3x 6 cm?=36v3 cm =36 x 1.73 = 62.28 em?

The angle of minor sector = 120° o

= Area of the minor sector = ;zg: xm 2 cm? 12¢ 12cm

= ox314x12x12em’= 2x3.04x12x 12 em? A . y

3.14x4x12cm’= 3.14x48 cm? =150.72 cm?
-~ Area of the minor segment = Area of the minor sector — Area of AAOB

=150.72 cm?-62.28 cm* = 88.44 cm?

. A horse is tied to a peg at one corner of a square shaped grass field of side 15 m by
means of a 5 m long rope (see Fig. 5.11). Find

(i) The area of that part of the field in which the horse can graze

(ii) The increase in the grazing area if the rope were10 m long instead of S m. (Use =3.14)

Given, the side of the square = 15 m 2 T, 0 0l 02 :," v
The length of the rope [Radius of the arc(r)] =5 m 9 h M 5 o o M g *VJes ::
The radius of the field in which the horse can graze = 5 m. :::’ : :: i : :: :: ,‘:’o
(i) Area of the field graze by the horse y ~

L 4

[Horse is tied at the corner of the square.So, it graze only
quadrant of the circle of radius Sm]
_mr?_ 314x5%_ 785

2 2 = T =19.625 IIl2
(i1) The length of the rope is 10m then, the area graze
2 2
by the horse = %= %= % =78.5 m’

Therefore increase in grazing area - ,
=78.5m*-19.625 m* = 58.875 m? Fig. 12.11

. A brooch is made with silver wire in the form of a circle with diameter 35 mm. The wire

is also used in making 5 diameters which divide the circle into 10 equal sectors as shown
in Fig.5.12. Find :

(i) the total length of the silver wire required

(ii) the area of each sector of the brooch.

Number of diameters = 5; Legnth of the diameter = 35 mm

~ Radius (r) =35/2 mm

(i) The total lenth of wire required
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= Perimeter of the brooch + length of 5 diameter

=2n 1+ (5%35) mm

= (2x2x2)+ 175 mm= 110+ 175 mm = 285 mm

(i1) Number of sectors = 10

2
nmr
Therefore area of each sector = Ty

EX(E)Z 22 35 35 3850
7 2 :7X2X2: 4 23851’111’112 N
10 10 10 4 Fig 5.12

An umbrella has 8 ribs which are equally spaced (see Fig. 5.13). Assuming umbrella to
be a flat circle of radius 45 cm, find the area between the two consecutive ribs of the
umbrella.

Total ribs in the umbrella = 8

The radius of the umbrella when it to be flat = 45 cm \
Total Area Fig 5.13

The area between the two consecutive ribs= ———
number of ribs

2 Zxas? 4550 22275 3
= — =1 = = cm” =795.5 cm
8 8 56 28

A car has two wipers which do not overlap. Each wiper has a blade of length 25 cm
sweeping through an angle of 115°. Find the total area cleaned at each sweep of the blades.
The angle of the sector formed by the wiper = 115°
Radius of the sector = length of the wiper =25 cm

B

=15 22 05 %25 em?

360°

23 158125

== X— 625 cm? == X— 625 ¢ = cm?
72 36 252

The total area coveed by blades of two wipers

158125 o % =1254.96 cm?

252

a red coloured light over a sector of angle 80° to a distance
0f16.5 km. Find the area of the sea over which the ships are
warned. (Use =3.14)

Let the lighthouse be at O

Radius of the sector = length of the beam r = 16.5 km

Angle of the sector formed by the beam = 80°

The area of the sector which light spreads = Area of the sector = 3860;
= % x3.14 x 16.5x16.5km? = % x3.14 x 272.25km? = 189.97 km?
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A round table cover has six equal designs as shown in Fig. 12.14. If the radius of the cover
is 28 cm, find the cost of making the designs at the rate of Rs 0.35 per cm? 0.35 per
em? (Use 3 = 1.7).

The number of equal designs = 6; The radius of the cover =28 cm

Making Cost of the design =d® 0.35 / cm?

The angle of each sector =%0° =60°

AAOB ¢3¢ OA = OB [Radius of the same circle]
W 2A=2B=60°

~Area of the equilateral AAOB = ?x (OA)?
—Cx (28 =1.7x 7x28 =333.2 em?

Area of the sector OACB = 366—0; X r> cm?

:i x%x 282 ¢m? =§ x22x 4x28 cm?

= x22x2x28 cm® =410.67cm’

Area of the design = Area of the sector OACB - Area of the AAOB
=410.67 cm? - 333.2 cm?= 77.47 cm?

= The total area of 6 designs = 6 x 77.47 cm*= 464.82 cm?

= Total cost of making designs = 464.76 cm* x 8» 0.35 /cm” = Rs 162.68
Tick the correct answer in the following :

Area of a sector of angle p (in degrees) of a circle with radius R is

A) ——x2m B) —x2mr? C) -=x2mR D)—x2nR?

180
P xar2em? =2 xgRr2x ==
360° 360° 2 720

A
Fig 5.14

The area of the sector of angle p =
Answer (D) % x 2mR?

5.4 Areas of Combinations of Plane Figures

In Fig. 5.15, two circular flower beds have been shown on two sides of a square lawn
ABCD of side 56 m. If the centre of each circular flower bed is the point of intersection
O of the diagonals of the square lawn, find the sum of the areas of the lawn and the
flower beds.

Solution: Area of the square lawn = 56 x 56 m? (1) A

B
Let The radius= OA=0B=x m
Therefore, x>+ x> =567 [By Pythagoras theorem OA” + OB? = AB’]
=2x% =56 x 56 o
=>x? =56 x 28 (2)
Now, Area of the sector OAB D C
- 20 2_ 1,22
= 5o XTX°= [X T x 28 x 56 [ From eqn (2)] 3)

Total Area = [Area of sector OAB + Area of sector ODC + Area of AOAD + Area of AOBC]
90 _ 22

=20 422 428x56+ - x 22 x28x56 + ~ x56X56+~X56X56
360 7 360 7 4 4

= 22x56+ 22x56 + 14x56+14x56
= 56(22+ 22 + 14+14) =56(22+ 22 + 14+14) =56X72 = 4032m>
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Example S: Find the area of the shaded region in Fig. 5.16, where ABCD is a square
of side 14 cm

Solution : Area of square ABCD = 14 x14 cm?= 196 cm

A B

. . 14
Diaameter of each circle = 5 = 7cm

. . 7
So, radius of the circle = S cm
. 22 7 7 77
So, area of each circle = mr*> = TXIXI= cm?

Therefore area of four circles = 4 x 72—7 = 154cm?
Therefore area of shaded region = (196 — 154)= 42cm?

Fig 5.16
moxs® 6: ABCD o» 10 cm A B A B
mw:@g WPTRAR DT, T3 WP 1
LT mézmﬁd:soé e.—az;r%gs;b&
Q8RB WZ 517 TY edRevAE v I
améxcs aam;da% BOTH&LROWD.
(T = 3.14 Q0T W) m

D Fig 5.17 c b Fig 5.18 ©

Area 1+ Area Il = Area ABCD — Area of the two semicircles circle of radius 5 cm
=Area of ABCD — Area of the circle of radius5 cm = a® - r?

=10 x 10 - 3.14x 52=100 - 3.14 x 25 =100 — 78.5 = 21.5cm?

Area Il + Area IV = 21.5cm?

Therefore, Area of shaded region= Area ABCD — Area[[+11+ Il + IV]

= 100 — 2x(21.5) =100 — 43 = 57cm?

Exercise 5.3

. 22
[ Unless stated otherwise, use M= - |

. Find the area of the shaded region in Fig. 5.19, if PQ =24 cm, PR=7 cm and O is the centre

of the circle.

PQ=24cmand PR=7 cm

£P =90° [Angle of semi circle ]
= Hypotenuse QR = Diameter of the circle O,
QR?=PR? + PQ? [Pythagoras theorem in A PRQ]

= QR?>= 7+ 24’ = QR*=49 + 576

= QR%>= 625 = QR=25 cm R\“'p

. . 25
~ Radius of the circle = — cm Fig 5.19
R? 22 28 13750 6875
. . T ATSTATT
Area of semi circle =— =Z71—2-2= cm? =
2 2 56 28

Area of APQR = x PR x PQ
=§><7 x 24 cm” = 84 cm?

. Area of shaded region =245.54 cm? - 84 cm? = 161.54 cm?

6875 6875-2352 4523
[Or —=—84 = = cm? ]
28 28 28

cm? =245.54 cm?
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Find the area of the shaded region in Fig. 5.20, if radii of the two concentric circles with
centre O are 7 cm and 14 cm respectively and AOC = 40°.
Radius of the inner circle =7 cm

Radius of the outer circle = 14 cm

The angle of the sector =40°
40°

Area of the sector OAC = xm r* cm’
122 1 616
=-x=x 14 em?’=-x 22 x 2x14 cm? =—— cm?
9% 7 9 9
40°
Area OBD = Area of the sector = 2e0s T 2 cm?
122 1 154
=-x=x7*em’=-x 22 x 7 cm’= — cm?
9% 7 9 9
~ Area of shaded region Fig 5.20

= Area of the sector OAC - Area of sector OBD

616 154 ) 462 5, 154
=|— — — Jem"=—cm" =—cm
9 9 9 3

. Find the area of the shaded region in Fig. 5.21, if ABCD is a square of side 14 cm and

APD and BPC are semicircles. A B
Side of the square = 14 cm

Diameter of the semi circle = 14 cm

-~ Radius of the semi circle = 7 cm
Area of the square = 14 x 14 = 196 cm?

.. TR? %X 7X7 154

Area of the semi circle = — =5 =

Area of two semicircle =2 x 77 cm* = 154 cm? D -
Fig 5.21

=77 cm?

. Area of shaded region =196 cm*-154 cm’ = 42 cm?

. Find the area of the shaded region in Fig. 5.22, where a circular arc of radius 6 cm has

been drawn with vertex O of an equilateral triangle OAB of side 12 cm as centre.
OAB is a equilateral triangle, Therefore each angle = 60°.

Radius of the circle =6 cm.
Side of the triangle = 12 cm.

. . O
Area of the equilateral triangle = ? (OA)?
_V3 a2 _ 2 Sem
=*-(12) =3x3x12= 36V3 cm
Area of the circle = 1 R? = %X 62=220om? = 73—2 cm’?
The area of the sector of angle 60° = 3660; xm 2 cm?
= % x% X 62 cm? = 227)(6 cm? = % cm? A 12cm B
Fig 5.22

~ Area of the shaded region
= Area of equilateral triangle + Area of the circle — Area of the sector

= (36\/§ + g — %) cm? =(36\/§+$) cm?

. From each corner of a square of side 4 cm a quadrant of a circle of radius 1 cm is cut and

also a circle of diameter 2 cm is cut as shown in Fig. 5.23. Find the area of the remaining
portion of the square.

The side of the square =4 cm; Radius of the circle=1 cm
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Area of the square = (Side)* = 4%>= 16 cm?

22 o
—x1 11

2 _ 7 _ 1t sz
4 14

11 22
» Area of four quadrant =4 x — cm? = —-cm

nR?
Area of each quadrant = —,om
2

) 22 22
Area of the circle = 1 R>cm? === x 12=2cm?
7

Area of the square = Side? =42 = 16cm?

22 22 44
L£e 4 22 2 — = 2
(7+7)Cm = 7 m D Fig 5.23 c

~ Area of shaded region = Area of square — [Area of four quadrants+ area of circle]

22 | 22 112-44 68
=16 — (— + —)cm2= (—)cm2 =—cm?
7 7 7 7

. In a circular table cover of radius 32 cm, a design is formed leaving an equilateral

triangle ABC in the middle as shown in Fig. 5.24. Find the area of the design.
Radius of the circle = 32 cm

AD is the median drawn through the center O = BD = AZ—B
-~ Radius of the circle AO = %AD[ AD is the median]
=ZAD =32 cm = AD =48 cm
In triangle AADB,
AB?= AD? + BD? [By Pythagoras theorem]
= AB?= 482 + (22) = AB?=2304 + 22
M5~ 2304 = AB’=3072 = AB=32V3 em
Area of AABC =22 (AB)? =2 (32V3) =768V3 em?
Area of the circle = n R* = %X 32 x 32 =228y °

cm
~Area of the design = Area of the circle - Area of AABC B D c
~ (2% - 768v3) em®

. In Fig. 5.25, ABCD is a square of side 14 cm. With centres A, B, C and D, four circles are

drawn such that each circle touch externally two of the remaining three circles. Find the
area of the shaded region.

Side of the Square = 14 cm

- Radius of each circle = 12—4 =7 cm
Area of square ABCD = 14%>= 196 cm?

2X72

7 154 2 77 2

— =—Cm = —Ccm
4 4 2

cm?= 154 cm?

RZ
Area of the quadrant = nT cm’ =
Z
2

-~ Area of four quadrant = 4x

~ Area of shaded region
= Area of the square ABCD - 4 Area of four quadrant Fig 5.25
=196 cm?- 154 cm’= 42 cm?

Page 118 | 159 Available in ykoyyur.blogspot.com



SSLC Mathematics Solutions — Part -1 YK

. Fig.5.26 depicts a racing track whose left and right ends are semicircular.

The distance between the two inner

parallel line segments is 60 m and they are

each 106 m long. If the track is 10 m wide,
find :

(i) The distance around the track along its
inner edge
@ii) The area of the track. Fig 5.26

H G

E F

o) o

D C
-
A B

Width of the track = 10 m
Distance between parallel lines DE = CF = 60 m, Length of each parallel line = 106 m

Radius of inner circle r=0D=0'C= 62—0 =30m

Radius of outer circle R=0A=0B=30+ 10 m=40m
AB=CD=EF=GH=106 m

(i) The distance around the track along its inner edge

= CD + EF + 2 x (Circumference of inner semi-circle)

=106+ 106 + 2 x ) m =212+ @2 x Zx30)m =212+ = m=""m
(ii) Area of the running track

= Area ABCD + Area EFGH + 2 xArea of outer semi-circle - 2 x Inner semi-circle
2 2

= (AB x CD) + (EF x GH) +2 x () -2 % (I2) m?

= (106 x 10) + (106 x 10) + 2 x %(R2 -¥) m? = 1060 + 1060 + % x 700 m?

=[1060 + 1060 +( 22 x 100)] m* =[2120 +2200] m? = 4320 m>

. In Fig. 5.27, AB and CD are two diameters of a circle (with

centre Q) perpendicular to each other and OD is the diam

eter of the smaller circle. If OA =7 cm, find the area

of the shaded region.

Radius of the greater circle R =7 cm

Radius of the smaller circle r = % cm

Height of ABCA=0C=7cm; Base of ABCA=AB=14cm
Area of ABCA =-x AB x OC =-x 7 x 14=49 cm?

Area of greater circle =nR*= % x 72 =154 cm?
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. 154
Area of greater semi-circle = - cm?’= 77 em?

. 22 7 7 77
Area of smaller circle = nr? = XX = 7cm2

Area of shaded aregion
= Area of greater semi-circle - Area of ABCA + Area of smaller circle

= (77 - 49 + 72—7) cm’= (@) cm? = (%) cm? =66.5 cm?

The area of an equilateral triangle ABC is 17320.5 em2.With each vertex of the triangle as
centre, a circle is drawn with radius equal to half the length of the side of the triangle
(see Fig. 5.28). Find the areaofthe shaded region. (Use=3.14andm =3.14 and

V3 =1.73205)
ABC is an equilateral triangle . ZA=24B=2C=60°

Area of AABC = 17320.5 cm? z? x (AB)? =17320.5 ‘
2 _ 4 2 _ 4 _
= AB® =17320.5 x —— = AB> =4 x 10*= AB =200 cm “
Radius of the circle = Zzﬂ cm =100 cm
60°

Area of three equal sector of angle 60° =3x Pl r? cm? Fig 5.28
=3x £ x3.14 x 100> cm® == x3.14 x 100? em®= 22" cm? = 15700 cm’

Area of Shaded region =Area of AABC - Area of three equal sector

= (17320.5 —15700) cm? = 1620.5 cm?

On a square handkerchief, nine circular designs each of radius 7 cm are made

(see Fig. 5.29). Find the area of the remaining portion of the handkerchief.
A B

Number of circles =9; Radius of each circle =7 cm

There are three circles touch each other

~ Side of the square = 3 x diameter of the circle =3 x 14 =42 cm
Area of the square = 42 x 42 cm* = 1764 cm?

Area of 9 equal circle =9 r?=9x % x 7 x7=1386 cm?

The area of remaing part of the handkerchief
= Area of the square - Area of 9 equal circle = 1764 - 1386 =37 > mgsa
In Fig.5.30, OACB is a quadrant of a circle with centre O and radius 3.5 cm. IfOD =2 cm,
find the area of the

i) quadrant OACB i) shaded region.

Radius of the quadrant of the circle =3.5 cm =§ cm

-
-

A

2277
. nR?2 X% 77
(i) Area of OACB quadrant = = - cm? = cm’= 5 o’

(i) Area of ABOD = % X % x 2 cm?= % cm?

Area of shaded region

= Area of OACB — Area of A BOD B Fig 5.30 o
= (% - g) cm’= (78—7 - 28—8) cm? = (2—9) cm? = 6.125 cm?

In Fig.5.31, a square OABC is inscribed in a quadrant OPBQ. If OA =20 cm, find the area
of the shaded region. (Use =3.14)

Side of the square = OA = AB =20 cm
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Q
Radius of the quadrant of the circle = OB
OAB is a right angle triangle C
-~ in right angle AOAB,
OB?= AB? + OA? [By Pythagoras theorem ]
= OB?= 207 + 20°= OB*= 400 + 400
= OB2= 800=> OB =20v2 cm
The area of the quadrant of circle = HTRZ cm? (o) Fig5.31 A P

2
3 (20V2) 0 3AKA00K2 o 3 14 x 200 em? = 628 cm?

4
R8T Qaeeor =20 x 20 =400 cm’
Area of shaded region

= Area of quadrant of circle - Area of the square = 628 - 400 cm” = 228 cm?

AB and CD are respectively arcs of two concentric circles of radii 21 cm and 7 cm and
centre O (see Fig. 5.32). If AOB =30°, find the area of the shaded region

Radius of the greater circle R =21 cm and radius of smaller circle r:
The angle formed by two concentric are = 30°

30°
Area of outer sector =_—— xn 2 cm?

1 22 1
=X x21x21 cm2=zx 22 x3x7 cm?

1 231
:EX11X3 x7 cm? =Tcm2

. 30°
Area of inner sector = ﬁ XT r2 sz
1 22

1 77
=—xZx7x7cm’> =-x11x7 cm? == cm
1277 6 6

Area of shaded region

2

= Area of outer sector — Area of inner sector Fig 5.32
(231 77) ’ (693 77) ’ (616) »_308
=l=—-—")m ' =(———Jcm"=(—)cm" =—cm
2 6 6 6 6 3

In Fig. 5.33, ABC is a quadrant of a circle of radius 14 cm and a semicircle is drawn with
BC as diameter. Find the area of the shaded region.

The radius of quadrant ABC of circle = 14 cm

AB=AC=14cm

BC is the diameter of semi circle

Now, ABC is a right angle triangle

~BC?= AB? + AC? [Pythgoras theorem|

= BC?= 142 + 14> = BC=14V2cm

142—ﬁcm =7v2 cm

Area of AABC=> x 14 x 14 cm>=7 x 14 x 14 =98 cm? A pigsaz  ©

22
2_ —X 14x14

Radius semi circle =

cm? =154 cm?

2
The area of the quadrant of circle = % cm

R2 %x 72 X 7\2

. . T
Area of semi circle = -~ = =154 cm?

Area of shaded region
= Area of semi circle + Area of AABC- Area of quadrant of circle
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=154+ 98 - 154 cm? = 98 cm?
16. Calculate the area of the designed region in Fig. 5.34 common between the two

quadrants of circles of radius 8 cm each.

AB=BC=CD=AD=8cm

Area of AABC = Area of AADC =~ x 8 x 8 =32 em?

Area of Quadrant AECB = Area of quadrant AFCD
nR? %X 8x8 352 2
=— cm =—— =—cm
4 4 7
Area of shaded region
= (Area of quadrant AECB — Area ofAABC)

+ (Area of quadrant AFCD — Area of AADC)
352 ) L (352

-(32-32) + (32 - 32) em?
=2x (?— 32) cm? =2x (352;224) cm?

128 256
=2x (5) e = 2 cnr

B

Fig 5.34

Summary:
1.  Circumference of the circle = 2mr?
2. Area of the circle = Tir?
3. The radius of the circle r the angle measure with 6

Then the Length of the Arc of the sector = 3%0 X 2Tr
4. The radius of the circle r the angle measure with 0
Then the area of the sector = % x mir

5. Area of segment of a circle = Area of the corresponding sector - Area of the
corresponding triangle.
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6 Constructions

6.2 Division of a Line Segment
Construction 6.1: To divide a line segment in a given ratio.

Divede a line segment AB in the ratio m:n
Example: Devide the line segment AB in the ratio 3:2

A C B
Ay
AE
Ay
A4
A >
-

Step-1: Draw any ray AX, making an acute angle with AB

(Can draw above or below the given line)

Step-2: Locate 5 (= m + n) points A1, Ay, A3, Ay and A5 onAX so that AA| =AjAy =

ArA3z =A3A = AyAg

Step-3: Join BA;s

Step-4: Through the point A3 (m = 3), draw a line parallel to AsB (by making an angle

equal to AAsB) at A3 intersecting AB at the point C (see Fig.). Then, AC:CB=3:2

Justification:
AAjz

A3;ClAsB = =4 [Basic proportionality theorem]=
AzAs  CB

Now AC:CB=3:2

AA; 3
AzAs  5-3

=353
2

Alternate Method: Y
Step 1: Draw any ray AX making an

acute angle with AB .

Step 2: Draw a ray BY parallel to AX by B
making £ZABY equal to ZBAX 7 74

Step 3: Locate the points Ay, Ay, A3 (m

=3)on AX and B, By (n=2) on BY A B
such that AA| = AjAy = ApA3 = BBj %
= BBy A
Step 4: Join A3B;. Let it intersect AB at

a point C
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Justification:
In A AAsC and ABB2C 2 AC Asz= BC B ( Vertically opposite angles)

2 CAA3z= CBB; (Alternate angles)

A AA;C ~ A BB:C ( AA similarity criteria)
Ads _
BB,

Construction 6.2:

Afs 3y AC_3 L AC:BC=3:2

A BPT] = 2& =
BC BB, 2 BC 2

To construct a triangle similar to a given triangle as per given scale factor.
Examplel:Construct a triangle similar to a given triangle ABC with its sides equal to
% of the corresponding side of the triangle ABC [i,e. of scale factor %]

Solution: Given a triangle ABC, we are required to construct another triangle whose sides are
A

% of the corresponding sides of the triangle ABC.
Step-1: Draw any ray BX making an acute angle
with BC on the side opposite to the vertex A

Step-2: Locate 4 (the greater of 3 and 4 in 2)
points By, By, B3 and B4 on BX so that BB

= B1By = BpB3 = B3By.

Step-3: Join B4C and draw a line through B; the 5
3 point, (3 being smaller of 3 and 4in% Yparallel

toB4C to intersect BC at C!
Step-3: Draw a line through C! parallel

to the line CA to intersect BA at A!

Justification:
BC! 3  BC _3+1 _ 4 Bc! 3
clc 1 "B 3 3 BC 4
C'A'ICA ~AABC'~AABC =AE-_BC _AC_3
AB  BC AC 4
Example 2 : Construct a triangle similar to a A

given triangle ABC with its sides equal to g of
the corresponding side of the triangle ABC
[i,e. of scale factor g]

Stepl: Construct any AABC. Draw any ray BX
making an acute angle with BC on the side
opposite to the vertex A.

Step 2: Locate 5 points (the greater of 5 and 3
in g) Bi, B2, B3, B4+ and Bs on BX such that
BBi= BB, =B>B3; = B3;Bs =B4B;s

Step 3: Join B( the 3™ point, 3 being smaller of
3and5in g) to C and draw a through Bs parallel

to BsC intersect BC at C!

P age 124 | 159 Available in ykoyyur.blogspot.com



SSL.C Mathematics Solutions — Part -1 YK

Step 4: Draw a line through C! parallel
to the line CA to intersect BA at A' [Note:
Extended BA]

Justification:
AB _ AC BC

AlB Alcl BcC
BC BB 3 Bcl 5 AlB  Bct Alct 5
But’_1=_3=_ g — == 5> = =
BC BBjg 5 BC 3 AB  BC AC 3

Exercise 6.1
In each of the following, give the justification of the construction also:

. Draw a line segment of length 7.6 cm and divide it in the ratio 5 : 8. Measure the two
parts.

7.6cm -

~32.9C 7\ 4.7cm
A A
A

Step-1: Draw any ray AX, making an acute angle with AB

(Can draw above or below the given line)

Step-2:Locate 13(5+8) points Aj, Aa, -—-A12, Aj3,0n AX so that AA1= A1Ax= ArAz-—-AnAis
Step-3:Join BA13

Step-4: Through the point As (m = 5), draw a line parallel to Az B (by making an angle
equal to AA;; B) at A, intersecting AB at the point C (see Fig.). Then, AC:CB=5:8
Justification:

AsCIA;:B = 2‘135 = [BPT] = ;‘:\35 == =58
Construct a triangle of sides 4 cm,

5 cm and 6 cm and then a triangle A

similar to it whose sides are gof //\

the corresponding sides of the A )
first triangle. dcm ot

Step-1: Construct any AABC.Draw

any ray BX making an acute angle
with BC on the side opposite to the
vertex A

Step-2: Locate 3 (the greater of 3
and 4 in %)points Bi, B2, B; on

BX so that BBi= Bi B2 = B2 B3

Step-3:Join B3;C and draw line through
to B3C to intersect BC at C'
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Step —4: Draw a line through C! parallelto the line CA to intersect BA at A!
Justification:

Bc! 2  BC 2+1 3 BC! 2

clc 1 "B 2 2 BC 3

=>C'A'ICA  ~AA'BC'~AABC

. Construct a triangle with sides 5 cm, 6 cm and 7 cm and then another triangle whose

ssides are % of the corresponding sides of first.
Step-1: Construct a triangle BC= 7cm,

AB=5cm and AC =6cm

Step-2: Draw any ray BX making an acute
angle with BC on the side opposite to the
vertex A.

Step-3: Locate 7 points (the greater of 7 and 5

in g) B, By, B3, B4 — B; on BX such that
BiB> = B:B; =B3B4 = ---- =BeBy

Step-4: Join BsC( the 5 point, 5 being

smaller of 5 and 7 in g ) to C and draw a line

through Bs parallel to BsC intersect BC at C!
[Note:Extended BC]

Step-5: Draw a line through C! parallel
to the line CA to intersect BA at A![Note:
Extended BA]

Justification:

AABC~AA'BC =2 -2 _ Bt
A'B A'C BC

BC 5 AB  BC AC 5

. Construct an isosceles triangle whose base is 4cm and then another triangle whose sides

1. R . .
are 1 times the corresponding sides of the isosceles triangle.
Step-1: Construct an Isoceles triangle with base Al

8cm and altitude 4cm.,
Step-2: Draw any ray BX making an acute %
angle with BC on the side opposite to the
vertex A.

Step-3: Locate 3 points (the greater of 3 and 2
in g) B\, Bo, Bson BX such that BBj= BB, =

B»B3 B
Step-4: Join Bx( the 5™ point, 5 being smaller
of Sand 7 in g ) to C and draw a line through
B; parallel to BoC intersect BC at C!
[Note:Extended BC]

Step-5: Draw a line through C'parallelto the line CMO intersect BA at A![Note:
Extended BA]

4cm

Cl
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Justification:
AABC ~AA'BC= A8 _ AC _ BC

E_BBS_3'..BC 2 7 AB  BC AC 2

. Draw a triangle ABC with side BC = 6cm, AB =5cm, and ZABC = 60°. Then construct
a triangle whose sides are% of the corresponding sides of the triangle ABC.

Step-1: Constructa AABC with side BC =
6cm, AB = 5cm and ZABC = 60°

Step-2: Draw any ray BX making an acute
angle with BC on the side opposite to the
vertex A.

Step-3: Locate 4 points (the greater of 4 and 3

in Z) Bi, B2, B3, B4 on BX such thatBBi=

BiB2 = B2B3 = B3B4
Step-4: Join Bs( the 3™ point, 3 being smaller

of 3 and 4 in Z ) to C and draw a line through

Bs parallel to BsC intersect BC at C!

Justification:

Bcl 3 BC 3+1 4 _Bcl 3

—_— == s —= =-= =

clc 1 Bcl 3 3 BC 4

C!IA'ICA ~ AA'BC! ~A ABC
A'B _BC! Alct 3

=
AB BC AC 4

¢B =45 , £A =105" then construct a
triangle whose sides are % times the

corresponding sides of AABC. >
Step-1:  Construct a AABC with sideb BC= A
7em, 2B =45, £A =105° A
Step -2: Draw any ray BX making an acute l
angle with BC on the side opposite to the
vertex A. 45° 0
Step-3: Locate 4 points (the greater of 4 and ){3
3 in 43) Bi, Bs, B3, By on BX such that BB, :
= BB, =B:B3; =B;3B4 B,
Step-4: Join B4( the 4™ point, 4 being greater 4
of 3 and 4 in Z ) to C and draw a line through

B3 parallel to BsC intersect BC at C!
Step-5: Draw a line through C! parallelto the line CA to intersect BA at A'

Justification:

Bct 3 BC 3+1 4 Bcl 3
—_— = — =" =D —==
cic 1 Bct 3 3 BC 4
C'A'"ICA -~ AA'BC'~AABC

AlB Bcl Alcl 3
= _ _ _
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. Draw a right triangle in which the sides(other than hypotenuse) are lengths 4cm and

3cm. Then construct another triangle whose sides are % times corresponding sides of the

given triangle.

Step-1: Construct right with sides 4cm and 3cm |4
(exept hypotenuse) )
Step-2: Draw any ray BX making an acute |4
angle with BC on the side opposite to the |
vertex A. 3cm
Step-3: Locate 4 points (the greater of 3 and ;(/.-—
in2) B1, B2, B3, By on BX such thatBB,= BB, j\
= B2B3 = B3B4 X = C
Step-4: Join By( the 4™ point, 4 being greater ~ B dem \
of 4 and 3 in Z ) to C and draw a line through B: /
B,
B3 parallel to B4C intersect BC at C! - /é
Step-4: Draw a line through C! parallel ! /B
to the line CA to intersect BA at A' ! ~y
Justification:

Bc' 3 BC _3+1
clc 1 'BCl 3 BC 4
C'A'"ICA -~ AA'BC'~AABC

AlB__Bc! aAlc! 3

4 BC! 3
3

6.3 Construction of Tangents to a Circle

To construct the tangents to a circle from a point outside it

We are given a circle with centre O and a point P outside it. We have to construct the two
tangents from P to the circle.

Step 1: Join PO and bisect it. Let M be 1

the mid- point of PO ><

Step 2: Taking M as centre and MO as Q
radius, draw a circle. Let it intersect O.
the given circle at the points Q and R. \
Step 3: Join PQ and PR \
Then PQ and PR are the required Ppe
two tangents

Justification:

Join OQ, £PQO is an angle in semi

circle

~ 2PQ0O=90° = PQ 10Q, OQ is >/ R
the radius of given circle. Therefore AN\

PQ is the tangent to the circle.

Similarlly PR also the tangent to the

circle.
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Exercise 6.2

In each of the following, give also the justification of the construction:

. Draw a circle of radius 6 cm. From a point 10 cm away from its centre, construct the pair
of tangents to the circle and measure their lengths.
Step-1: Draw PO = 10cm. Join PO and bisect

it. Let M be the mid- point of PO

Step-2: Taking M as centre and MO as radius,

draw a circle. Let it intersect the given circle

at the points Q and R

Step-3: Join PQ and PR measure the length

Then PQ and PR are the required two
tangents

Justfication:

JoinO, Q £PQO is an angle in semi circle

2 PQ0O=90"= PQ 10Q, OQ is the radius

of given circle.Therefore PQ is the tangent to

the circle. Similarlly PR also the tangent to the

circle.

A PQO is a right angle triangle PQ=PR = 8cm
OP? = 0Q*+ PQ?*[ Pythagoras theorem]

= PQ*=10>-62

= PQ’=64=> PQ=8cm

. Construct a tangent to a circle of radius 4 cm from a point on the concentric circle of
radius 6 cm and measure its length. Also verify the measurement by actual calculation.
Step-1: Draw two concentric circles at O with

radius 4cm and 6¢cm. Locate a point P on
greater circle and join PO. Bisect it. Let M be
the mid- point of PO

Step-2: Taking M as centre and MO as radius,
draw a circle. Let it intersect the given circle
at the points Q

Step-3: Join PQ and mesure the length. It is
~4.5cm

Then PQ a=4.5cm is the required tangent P
Justification:

JoinO, Q £PQO is an angle in semi circle

&% £2PQO=90"= PQ 10Q, OQ is the

radius of given circle. Therefore PQ is the

tangent to the circle.

A PQO is a right angle triangle

OP? = 0Q*+ PQ?[ Pythagoras theorem]

= PQ2 =62_42 PQ ~4.5cm
= PQ’=20= PQ=447cm
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Draw a circle of radius 3 cm. Take two points P and Q on one of its extended diameter
each at a distance of 7 cm from its centre. Draw tangents to the circle from these two

Step-1:Construct a circle of radius 3cm at O. Draw a diameter and extend the diameter 7cm
on both sides. Name the end point as p and q. Draw perpendicular bisector of Op and Oq and
they intersect at M and N.

Step-2:From centers M and N draw circles of radius MO and NO. These circles intersect the
given circle at A,B and C,D.

Step-3: Joinp to A and B and q to C and D.

Now, pA,pB, qC and gD are the required tangents.

Justification:

Joinp, A «£pAO is angle on semi circle.

» £ pAO0=90"= pA | OA

OA is the radius of the given circle. So, pA has to be a tangent.

Similarlly pB, qC, qD are the tangents.

Draw a pair of tangents to a circle of radius S cm which are inclined to each other at an
angle of 60°.

Step-1:Construct angle 120° [180°- 60°]
at the center.For this draw a diameter and
construct £ROQ = 60°. Then we get
£ROP = 120°at the center.

Step-2:Draw two perpendiculars at P and
R and the intersect at A.

Now, AP and AR are the required
tangents

Justification:

AR OR [Construction] =£ARO = 90°
And OR is the radius at point of contact.
~ AR is the tangent. Similarly AP is also
the tangent to the circle.

Draw a line segment AB of length 8 cm. Taking A as centre, draw a circle of radius 4 cm
and taking B as centre, draw another circle of radius 3 cm. Construct tangents to each
circle from the centre of the other circle.
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gcm — M

Step-1:Draw AB = 8cm. Draw circles of radii 4cm and 3cm at A and B.

Step-2:Draw perpendicular bisector to AB, it intersect AB at M

Step-3:Draw a circle with center M and passes through A and B. It intersects a circle of radius
4cm at P,Q and the circles of radius 3cm at S,R.

Step-4:Join BP, BQ,AS and AR. These are required tangents.

Justification:

Join AP and BS

£APB and 2£ASB are the angles on semi-circles

=~ 2APB=90"and £ASB = 90°

Since, AP and BS are the radius, BP and AS have to be the tangents to the circle.
Similarlly BQ and AR are also the tangents.

. Let ABC be a right triangle in which AB = 6 cm, BC =8 ¢cm and B = 90°. BD is the

perpendicular from B on AC. The circle through B, C, D is drawn. Construct the tangents
from A to this circle.

Step-1:Draw the line segments BC= 8cm.and AB =6cm
perpendicular to each other. Join AC. Thus, AABC is a
right angle triangle.

Step-2:Draw perpendicular to BC which meets BC at O
Step-3:With O as center and OB as radius draw a circle
which intersects AC at D then ZBDC = 90°. Thus BD
is perpendicular to AC.

Step-4: With a as center and AB as radius draw an arc
cutting the circle at M

Step-5: Join AM. Thus AB and AM are required
tangents.

Justification:

In AABC., £ABC = 90°

=AABC is right angle triangle.

=AB] BO and BO is the radius. So, AB has to be a tangent to the circle.
AB = AM [Construction ]

~ AM is also a tangent.

. Draw a circle with the help of a bangle. Take a point outside the circle. Construct the pair

of tangents from this point to the circle.

P age 131 | 159 Available in ykoyyur.blogspot.com



SSL.C Mathematics Solutions — Part -1 YK

Step-1:Draw a circle by using a bangle.
Step-2: Draw two chords MN and NL
Step-3:Draw perpendicular bisector of
MN and NL they intersect at point O
which is the center of the circle.
Step-4: Take a point P outside the

circle join OP and bisect it.

Step-5: Let D be the midpoint of OP.
Taking D as center and OD as radius,
draw a circle which intersects the given
circle at A and B.

Step-6: Join AP and BP. Thus AP and
BP are the required tangents from P

Justification:
Join OA,OB. 2OAP is the angle lying in the semi-circle.

~ 20AP =90° = AP OA,
Since, OA is the radius of the circle with center O. So AP has to be a tangent to the circle.
Similarlly BP is also a tangent.

Summary
In this chapter, you have learnt how to do the following constructions:
1. To divide a line segment in a given ratio
2. To construct a triangle similar to a given triangle as per a given scale factor
which may be less than 1 or greater than 1.
3. To construct the pair of tangents from an external point to a circle.
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7 Coordinate Geometry

Coordinate axes:
A set of a pair of perpendicular axes X/0X and YOY!

. . Ay
[ Horizontal line ] ;
IT I
| X10X \ X - Axis ‘
X ) X
-3 -2 1 0
[Vertlcal 11ne]
: III 1A%
l YOY! l Y - Axis -
VY
[ The intersection point of X and Y axes is called the Orgin 'O’

The distance of a point from the y-axis is called its x-coordinate, or abscissa. The distance
of a point from the x-axis is called its y-coordinate, or ordinate. The coordinates of a
point on the x-axis are of the form (x, 0), and of a point on the y-axis are of the form (0, y).
The Coordinate axes divides the plane in to four parts. They are called quadrants.

The coordinaes of the orginis (0,0)

7.2 Distance Formula

The distance between two points on X-axis or on
the straight line paralle to X-axis is

Distance = x, — X4

The distance between two points on Y-axis or on
the straight line paralle to Y-axis i$

B(%,.¥)

Distance =y, —y, ol G- ¥)
AB? = AC? + BC? ; e
The distance between two points which are ‘
neither on X or Y axis nor on the line paralle to ! A(xiy) C (%)
X orY axis 3T

d =/ (xz —x1)%+(y2 — y1)? !
The distance between the point P(x,y) and the orgin K]
d = {/x%+y?

Example 1:Do the points (3, 2), (-2, —3) and (2, 3) form a triangle? If so, name the type
of triangle formed.

P(3l2)l Q(_ZP_B)P R(Zl 3)

Formula d = \/(x; — X1)2+(y; — y1)?
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2 2 A
PQ = \](3 - (=2))+(2-(-3) :
=B +2)2+(2+3)2
=,/(5)2+(5)2 = V25 + 25 = V50 = 7.07 i /
QR = /(-2 —2)2+(-3 — 3)2 1/
=/(-4)2+(-6)2 =16 + 36 =52 = 7.21
PR = /(3 -2)2+(2 - 3)2 = {/(1)2+(-1)? e T IEENETEEEE;
=VI+1=v2=141
Since the sum of any two of these distances is /
greater than the third distance, therefore the point /
P,Q and R form a triangle.
Also, PQ? + PR?= QR? by the converse of
Pythagoras theorem 2P = 90° we have
Therefore, PQR is a right triangle.
Example2: Show that the points (1, 7), (4, 2), (-1, —1) and (— 4, 4) are the vertices of a
square.
Solution: A (1, 7), B (4,2), C (-1, -1) and D (-4, 4)
AB=J(4-12+2-7)? =J/(3)2+(-52=v9+25 =+34
BC=(-1-4)24+(-1-2)2 =/(-5)2+(-3)? =25+ 9 =34

CD = \/(—4 — (-D))*+(4 - (-D)*
= (=4 +1)2+(4 + 1)2

= V37462 = V9 +25 = V34 - X
DA = \/(1 — (—)’+(7 - 4)? (b L7 '
=@+ 97+3)? = /6 +B)7 = VZ5+9 = V34
AC = /(-1 -1)2+(-1—7)2 : e
— JC2H(8)? = VA T 64 = V6B g
BD = /(=4 — 4)2+(4 — 2)? ] e
=/(-8)2+(2)? = /64 + 4 = /68 o
Since, AB = BC = CD = DA and AC = BD, all th¢ %+ % P
four sides of the quadrilateral ABCD are equal and it§
diagonals AC and BD are also equal. Thereore, ABC
is a square

Example 3 : Fig. 7.6 shows the arrangement of
desks in a classroom. Ashima, Bharti and
Camella are seated at A (3, 1), B(6, 4) and C(8, 6)

respectively. Do you think they are seated in a line?
Givereasons for your answer.

AB = /(6 —3)2+(4 — 1)2 = |/(3)2+(3)?
=v9+9=v18=1/9%x2=3V2

BC = /(8 — 6)2+(6 — 4)2 = \/(2)2+(2)?
=VE+4=V8=VEx2Z =22 i
AC = /(8 —3)2+(6 — 1)2 = /(5)2+(5)2 1 2 3 45 6 7 8 9 10
ZMZ\/S_ZWZS\/Z Columns

R{2. 3
=¥

)
f
H

Y

A(1,7]

Ci-1L1y
T\_,\—J.,—J.j

o
=

Rows

0

- N W AR AN 0O
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AB +BC=3V2+ 2vV2 =5V2
Since,, AB + BC = AC we can say that the points A, B and C are collinear.

Therefore, they are seated in a line

Example 4 : Find a relation between x and y such that the point (x , y) is equidistant
from the points (7, 1) and (3, 5).

Let the point P (x, y) is equi distance from the
points A (7,1) and B (3, 5)

PA=PB = PA’=PB’

PA = \/(x — 7)%+(y—1)2

PB = \/(X — 3)%2+4(y—5)? H
AP?=BP? =(/(x- 7)2+(y — 1)2)2

2
= (V&x =36 -57)

(x = 7P+ — 1= — 3y +(y — 5
X2+ 72 -2x)(7)+y?+12-2(y)(1) =x2+32-2(x)(3) +y?2 + 52 —=2(y)(5)
x2+49 —14x+y?+1 -2y =x>+9 —6x+y% + 25— 10y

x? —x2 —14x+ 6x+y2 —y?—2y+ 10y = 34— 50

—8x+8y=-16 +-8 =2x—y=2

Which is the require relation.

Remark :Note that the graph of the equation x — y=2 is a line. From your earlier studies, you
know that a point which is equidistant from A and B lies on the perpendicular bisector of
AB. Therefore, the graph of x— y=2 is the perpendicular bisector of AB

Example 5 : Find a point on the y-axis which is equidistant from the points A(6, 5) and
B(- 4, 3).

We know that a point on the y — axis is of the form (0,y).P (0,y) So, let the point P(0, y)
be equidistant from A and B. Then PA = PB

(6 —07+(5 -y =(-4-07+3 - y)

36 +52+y2-205)(y) =16+32+y2—-2(3)(y)

36 +25+y2—10y =16 +9+y2 -6y

y2—y2—10y+ 6y =25—-61 > —4y =-36

y = __—346 =9 Therefore the required point is (0,9)

PA=,/(6— 0)24+(5 —9)2 = /(6)2+(—4)2 = V36 + 16 = V52

PB =./(—4— 0)2+(3 — 9)2 = /(—4)2+(-6)2 = V16 + 36 = V/52

Exercise 7.1

. Find the distance between the following pairs of points :

1) (25 3)5 (49 1) “) ('55 7)5 ('15 3) lll) (aa b)a ('as 'b)
) xuyD=@23), &, y)= 1

Formula d = /(X3 — X1)2+(y; — y1)? X1 Y1 X y2
d=(4-2)2+(1-13)% =/(2)2+(-2)2 2 3 4 1
d=vV4+4=+v2x4 =22 Units X1 y1 X, ¥,
i) (x4, y)=(=5 7), (x,y,)=(-1, 3) -5 7 -1 3

d=/(-1-[-5)2+3B - 7)2 =/(4)2+(—4)?
d=v16+ 16 =v2 x 16 = 42 Units
iii) (x4, Y1) =(@, b), (%, rY2) = (—a, —b)
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d=/(ma—a)2+(=b —b)? = /(—2a)2+(~2b)? X1 | X Y2
d = V4aZ + 4b2 = \[4(a2 + b2) = 2va? + b? Units a b | = | b

. Find the distance between the points (0, 0) and (36, 15). Can you now find the distance

. Determine if the points (1, 5), (2,3) and (—2,—11) are

between the two towns A and B discussed in Section 7.2.

(x,y) =(36, 15)

d= \/x2+y2 =+/362+152 =/1296 + 225 = V1521 = 39 Units

We can find the distance between the two towns A and B.Suppose town A is at the Orgin,
then the town has to be at (36,15). The distance between these two towns is 39km (1, 5),

collinear. (15)

A(1,5),B(2,3)=03 C(-2,-11)
AB = /(2 - 1)24+(3 = 5)2 = \/(1)2+(-2)?
=VI+4=+5

BC = /(-2 — 2)2+(—11 — 3)2

= (=4)2+(~14)?

>B(2,3)

=16 + 196 = V212 /
AC = /(=2 — 1)?+(-11 — 5)2 /
= /(=3)2+(-16)2 = V9 + 256 = V265 fozay
AB + BC # AC i
~ These are non-collinear points
. Check whether (5, -2), (6,4) and (7,—2) are Q (6:4)

the vertices of an isosceles triangle.
Formula d = /(x; — x1)%+(y, — y1)?

PQ = \/(6 —5)2+(4 — (-2))°

= (1)2+(6)2 = V1 + 36 =37 6)) !
QR = /(7 — 6)2+(-2 — 4)2
= J(D)?+(=6)2 = V1 + 36 =37 (ii) ! P(5:2) R(7,2)
PR = /(7 — 5)24+(-2 — [-2])?

= V()2 +(0)2=V4=2 (iif)

(), (i), (iii) = PQ = QR,

Since, Two sides of the tringle are equal.

Hence, APQR is an isosceles triangle.

In a classroom, 4 friends are seated at the Rows
points A, B, C and D as shown in Fig. 7.8.
Champa and Chameli walk into the class and
after observing for a few minutes Champa asks
Chameli, “Don’t you think ABCD is a D%
square?” Chameli disagrees. Using distance

formula, find which of them is correct. 1 2 3 4 5 6 7 8 9 10
The coordinates of the points A,B,C and D are, Columns
A(3,4),B(6,7),C(9,4),D(6,1)

AB = /(6 —3)*+(7 —4)? =,/(3)*+(3)?

=V/9+8=+18=32 6)

BC = /(9 —6)2+(4 — 7)? =./(3)2+(-3)2
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=V9+9=+18=3V2 (ii)

CD =+/(6 — 9)2+(1 — 4)% =/(—=3)2+(-3)?

=V9+9=+18 =3V2 (iii)

DA = /(6 —3)2+(1 — 4)2 =/(3)2+(-3)?

=V9+9=+18=3V2 (iv)

AB = BC = CD = DA

Diagonal AC =+/(9 —3)2+(4 —4)2 =,/(6)2+(0)2 =36 =6 )
Diagonal BD = /(6 — 6])2+(7 — 1)2 = /(0)2+(6)2 =36 = 6 (vi)
AC =BD

Thus, AB = BC =CD = DA , diagonals: AC = DB
Since all the four sides and diagonals are equal.
Hence, ABCD is a square. So, Champa is correct.

. Name the type of quadrilateral formed, if any, by the following points, and give reasons

for your answer:
i) (-1,-2), (1, 0), (-1, 2), (-3, 0) i) (-3, 5), (3, 1), (0, 3), (-1, -4) iii) (4, 5), (7, 6), (4, 3), (1, 2)
i) A(_lr _2)r B(lr 0)r C(_lr 2)! D(_Br 0) A

AB = \/(1 — D)’ +(0 - (-2)°
= (1 +1)24+(0 + 2)2 = /(2)2+(2)? ¢
=Vd+4=8=V4x2=2V2

BC =y (~1-1)2+(2 - 0)? =/(-2)2+(2)?

=V4+4=V8=V4x2=2V2 L i
CD = \/(_3 - (—1))24'(0 —2)2 = J(3+12+(-2)Z | - BT 10 >

= J(=22+(=2)’ =VA+4=\8 =VAx2=2V2
DA = \/(—3 — (-1)*+(0 - (-2))°

_ [T @R = VAT A = VB =VIXZ = 242
AB = BC = CD = DA Y
AC= J(—1 — D)+~ ) =T+ D2+ 27 = 0T+ @? = VI6 =4

BD = /(=3 — 1)24+(0 — 0)2 =,/(-4)2+(0)2 =V16=4
Thus, AC = BD
Since, the four sides AB, BC, CD and DA are equal and the diagonals AC = DB are equal.

So the quadrilateral ABCD is a square.

“) A('3’ 5)’ B(33 1)3 C(Os 3)’ D('la '4) Sk

AB = \](3 - (_3))2+(1 - (_3))2 \ \\41 C(0,3)
=B +3)2+(1 +3)? = {/(6)2+(4)? ~\\ BG.1
~ V36 ¥ 16 = V52 \ il
BC = J(0-37+B - 1)? = /(-37+(2)? e
=9 +4 =113 \ /

CD = /(=1 — 0)2+(—4 — 3)2 v

= \/(—1)24-(—7)2 =v1+49 Pt

=50 =v25x2 =52
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DA = \/(—3 — (-1))*+(—4 — 5)2

= /(=3 + 1)2+(-9)% = \/(=2)2+(-9)?
=4 +81=+85

AB = BC # CD # DA

Since, the four sides AB, BC,CD and DA are not equal.Hence these poist does not form a
quadrilateral.

iii) A4, 5), B(7,6), C4, 3), D(1,2) A
Formula: d = \/(x; — x)2+(y, — y1)?
AB = /(7 — 4)2+(6 — 5)2

= /@) +(1)? =9+ 1=+10 u A

BC = /(4 — 7)2+(3 — 6)2 /"//7
=/(-3)2+(-3)2=v9+9 : /.

—VIB= VX2 =3V2 //'c/

CD = /(1 —4)2+(2 — 3)2 D

=/(-3)2+(-1)2=v9+1 =10 >
DA =,/(1— 4)2+(2 — 5)2
=/(-3)24(-3)2=V9+9

=18 =v9x 2 =32
AB = CD, BC=DA

AC=(4—-92+(B-5)7 = /(02+(-2)? =0 +4=V4=2
BD = /(1—7)%+(2 —6)2 =/(—6)?+(—4)? =V36 + 16 = V52 = V4 x 13 = 2V/13
AC # DB

Thus opposite sides are equal. AB= CD,& BC = DA

But diagonals are not equal. AC # DB .. The given points are forming a parallelogram.

. Find the point on the x-axis which is equidistant from (2, -5) and (-2, 9).

We know that a point on the X — axis is of the form (x, 0).

Let the point P (x, 0) is equi distance from the points A(2, -5) and B(-2, 9)
AP = BP

(x =2+ (0= (=5)=(x—(=2))+(0 — 9y

(x =22 +52=(x+2)+(-9)
x2+22-2(x)(2)+25=x2+2%2+2(x)(2) +81

—4x + 25 =4x+ 81

—4x—4x=81-25 = —8x =56 Dx=-o=—7

-8
Thus, the required point is (—7,0)

. Find the values of y for which the distance between the points P(2, — 3) and Q(10, y) is

10 units.

(Xli Y1) = (2'_3) 5 (XZ 'yz) = (10' Y)7 d=10

Formula: d = \/(x, — x1)2+(y; — y,)? X1 Yi | X2 Y2
10 = /(10 - 2)*+(y - (-3))? = /(8)?+( + 3)? 2 | 31101 ¥

102 =64+ (y+3)? =100 — 64 = (y + 3)?
=>(y+3)2=36=>y+3=1V36 = y+3 =16
>y=6—-3=3 or x=—-6—-3=-9
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If Q(0, 1) is equidistant from P(5, —3) and R(x, 6), find the values of x. Also find the
distances QR and PR.
The point Q (0, 1) is equi distance from the points P (5, -3) and R (x, 6)
PQ=QR = PQ*=PR?
PQ =+/(5 —0)2+(—3 — 1)2 = /(5 )2+(—4)2 = V25 + 16 = V41
QR =,/(x — 0)2+(6 — 1)? = /(x)2+(5)2 = Vx2 + 25
PQ*=PR? =(VxZ+25) = (V41)’
x2+25=41= x2=41-25= x2=16 = x=1V16 = x =14
The coordinate of the point R is (4,6) or (—4,6)
If the coordinates of R is (4,6) then,
QR = /(4 —0)2+(6 — 1) = /(4)2+(5)2 = V16 + 25 = V41
PR=./(4—5)2+(6 — (-3))2 =/ (-1D2+(6 +3)2 =1+ 81 =82
If the coordinates of R is (—4,6) then,
QR =./(—4 — 0)2+(6 — 1)2 = /(—4)2+(5)2 = V16 + 25 = V41
PR =,/(—4—5)2+(6 — (=3))2 = /(-9)2+(6 +3)2 =81 + 81 =81 x 2 = 92
Find a relation between x and y such that the point (x, y) is equidistant from the point
(3,6)and (- 3,4).
The point P (x, y) is equidistance from the points A (3, 6) and B (-3, 4).
PA=PB = PA’=PB?
PA=,/(x — 3)%+(y — 6)2
PB = /(x — (=3))%+(y — 4)?
2 2
AP?=BP’ =(/(x — 3)2+(y—6)2) = (J(x — (=3)2+(y —4)?)
(= 3+ ~ 6°=(x+ 3’ +(y ~ 4
x2+32-2(x)(3)+y?2+6%2-2(y)(6) =x2+32+2(x)(3) +y?+ 4% - 2(y)(4)
x2+9—6x+y?+36—-12y=x*+9+6x+y*+16—8y
x? —x* —6x—6x+y?—y?— 12y + 8y = 25 — 45
—12x—4y=-20 =+ —4
3x+y—5=0 This is the required relation
3x +y — 5 = 0 is representing a straight line
Thus the point equidistance from the point A and B on the perpendicular bisector of AB
7.3 Section Formula

The coordinates of the point P(X, y) which divides the line segment joining points A(xl, y1)

and B(x,, y,), internally, in the ratio m; : my are 1 B(xv)

m;X, + m; Xy myy, + m, Y1)
m4 + m, ’ mq + m,

P(xy) = (

The mid-point of a line segment divides the line segment
in the ratio 1: 1. Then the coordinates of the midpoint
of the line segment,

X, + X; y, + yl)

Px.y) = ( R |
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Example 6 : Find the coordinates of the point which divides the line segment joining the
points (4, — 3) and (8, 5) in the ratio 3 : 1 internally.
(x,y1) = (4,-3), (X2, ¥2) =(8,5), my:m, =3:1

C mgxp +my x; _ 3(8)+1(4) _ 24+4 28 - X1 Y1 X2 Y2
T mg+m, 341 4 4 4 e 8 5
__mqy;+myy; _ 3(5)+1(=3) _ 15-3 12 __ 3

y= m;+m,  3+41 4 4

Therefore the required point is (7,3)

Example 7 : In what ratio does the point (— 4, 6) divide the line segment joining the
points A(- 6, 10) and B(3, — 8)?

P(x,y) = (—4,6), A(xy, y;) = (—6,10) ,B(x3, y2) = (3,—8),m; =?,m, =?

(X Y) _ (m1x2 +m; X4 m;y; + my Y1)
’ mq+myp ! mjq+my

(—4,6) = (m1(3)+ m; (=6) my(=8)+my (10))

mq+m, ! m,+m,
3m;—6m, —-8m4,+10 m,
—4 =——= Or 6 = ———=—
m1+m2 m1+m2

_4m1 - 4m2 = 3m1 - 6 m,

_4m1 - 3m1 = _6 mz + 4m2
_7m1 = _2m2
-2 2
ﬂ:—:— = m;:m, =2:7
mq -7 7
We should verify that the ratio satisfies the y-coordinate also.
“8mi+10m, _ —B(+10(7) _ —16470 _ 54 _ o
mi+m, 247 T~ 9 T 9

Therefore, the point (— 4, 6) divides the line segment joining the points A(— 6, 10) and
B(3, - 8) inthe ratio 2 : 7

Example: Find the coordinates of the points of trisection (i.e., points dividing in three equal
parts) of the line segment joining the points A(2, — 2) and B(— 7, 4).

Let P and Q be the trisection points of AB. = AP =PQ = QB

Therefore, P divides AB internally in the ratio 1 : 2. Therefore, the coordinates of P, by applying
the section formula,

A(X1p Y1) = (21 _2) ) B(Xz, yZ) = (_7l 4)
m; = 1, m, = 2

P(X y) — (mlxz +my Xq myy, +my yl)

m1+m2 ! m1+m2
_ (1(—7)+2(2) 1(4)+2(—2)) _ (—7+4 4—4) A P Q B
1+2 142 3 7 3 e @ ]
_ (2,-4) (-7.4)
3 0
= (3.9 = 10

Now, Q also divides AB internally in the ratio 2 : 1. So, the coordinates of Q are
A(Xll yl) = (Zl _2) ) B(XZ, YZ) = (_7l 4)

m =2 my=1

Q(X, y) — (mlx2+m2 X1 ’ myy, +m yl)

mq +m2 mq +m2

_ (2(—7)+1(2)’ 2(4)+1(—2)) _ (ﬂ ﬂ): (_le g) = (-4, 2)

241 241 3’ 3

Therefore, the coordinates of the points of trisection of the line segment joining A and B are
(-1, 0) and (-4, 2).
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Example 9 : Find the ratio in which the y-axis divides the line segment joining the
points (5, — 6) and (-1, — 4). Also find the point of intersection.
We know that a point on the Y — axis is of the form (0, y). Let the ratio be k: 1

A(Xll Y1) = (5l_6) ) B(X2ly2) = (_1l_4)lm1 = k: m; = 1

(X Y) _ (m1x2 +m; X m;y; +m; Y1)
’ mq+m, ! m,+m,

k(-1) +1(5) k(—-4) +1 (-6)
0.y = ( )

)

k+1 k+1
0:—;:5 = —-k+5=0 = k=5 = Theratiois 5:1
_ 5(-4)+1 (-6) _ -20-6 _ -26 _ —13

5+1 5+1 6 3

~ The coordinates of the point of intersection (0, _713)

Example 10 : If the points A(6, 1), B(8, 2), C(9, 4) and D(p, 3) are the vertices of a

parallelogram, taken in order, find the value of p.

Solution: We know that diagonals of a parallelogram bisect each other.
So, the coordinates of the mid-point of AC = coordinates of the mid-point of BD

Xy + xq1 vy + y1)

The coordinates of the Midpoint = ( . 5

9+6 4+ 1 p+8 3+2 15 p+8
—_—, =\—, — > — = —
2 2 2 2 2 2

1

30=2p+16 = 2p=30-16 > p=—==p=7

2

Exercise 7.2

ratio 2 : 3.
Let the Coordinates of the Points be(x,y)
ml:mz = 2-3 (Xll Y1) = (_11 7)! (Xz, yZ) =
(4,-3),
_ (MmiXy +my Xq myy; +mz yp
(X’ Y) - ( mq+myp ! mq+myp )

. Find the coordinates of the point which divides the join of (-1, 7) and (4, —3) in the

X1

Y1

Y2

-1

7

_ (2(4)+3(—1)’2(—3)+3(7)) _ (E"“Zl): (5 %): xy)= (1,3)

243 243 5 5 5’

(=2,-3).

Let P and Q are the trisection points of AB

= AP=PQ=QB

=~ The point P divides AB internally in the ratio 1 : 2
A(xy,y1) = (4,—1), B(xz,y2) = (=2,-3),

m =1 m,=2

~ The coordinates of P is,

P(X Y) _ (m1x2 +my X; m;y; + m; Y1)
’ m;+m, ! my+m,

_ (1(—2)+2(4) 1(—3)+2(—1))
o 142’ 142

-248 -3-2 6 -5 -5
=(EZ2)=6 =02 P
The point Q divides AB internally in the ratio 2 : 1
A(Xll Y1) = (41 _1) )
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. Find the coordinates of the points of trisection of the line segment joining (4, —1) and

X1 Y1 X2 Y2
-1 7 4 -3
:-=—2 -1 0
A(4,-1)
//._
2 Q
B(l12,-3)
2, m=1

B(X2ly2) = (_2,_3) , myp =




SSL.C Mathematics Solutions — Part -1 YK

mj;X; + My Xq m;yz; +my yy

mq+myp

) [Using section formula]

Qxy) = (Pt

_ (2(_2);1(4)' 2(—32):1(—1)) — (%' ‘2‘1): (g '?7) = (0
D

3)

To conduct Sports day activities in your
rectangular shaped school groun ABCD,
lines have been drawn with chalk powder at
a distance of 1m each. 100 flower pots have
been placed at a distance of Im from each
other along AD, as shown in fig 7.12.

Niharika runs %th the distance AD on the
2" Jine and posts a green flag. Preet runs
Slth the distance AD on the eight line and
posts a red flag. What is the distance
between both the flags? If Rashmi has post
a blue flag exactly halfway between the line
segment joining the two flags, where should
she post her flag?

Solution: The distance of green flag
posted by Niharika on the 2™ line

=X AD =-x100=25m

The distance of red flag posted by Preet on the 8 line

_ L ap =1 %100 = 20
~5 ~5 —evm

Coordinates of Green flag = (2,25) = (x4,V1) X1
Coordinates of red flag = (8,20) = (x5,,y;) 2
The distance between flags d =
\/(Xz —x1)2+(y, —y1)?
d =./(8—2)2+(20 — 25)? = ,/(6)2+(=5)2 =36 + 25 = /61 m
The coordinates of blue flag, if Rashmi post in between these two flags be

_ (X2t X1 y2+y1\ _ (8+2 20+25) _ (10 45\ _
(X‘Y)_( 2 2 )_(2 ’ 2 )_(2’ 2)_(5’22'5)
. Find the ratio in which the line segment joining the points (— 3, 10) and (6, — 8) is divided
by (- 1, 6).

)
=

|

i

R O R R K|

b

Y1 X2
25 8

Y2
20

P(x,y) = (=1,6), A(xy, y1) =(=3,10), B(xp, y2) = (6,-8),m; =?, m, =?
_ (miXp +my X4 m;yz; + my yy

(X’ y) - ( mq+myp mjq+my xl y1 xz yZ

(=1,6) = (m16)+mz (=3) ’ m,(—8) +my (10)) 3 10 5 3
6mq—3 m2m1+m2 —Smﬁllgﬁlzz

-1= mq+m, Or 6= mq+m,

—-m; —m, = 6m; —3m,

—m; —6m; = -3 m, + m,

—7m; = —2m,

mp -2 __ 2

my -7 7

mq:m, = 2:7 We should verify that the ratio satisfies the y-coordinate also
“8mi+10m, _ -8(2)+10(7) _ -16+70 _ 54 _ o

m,+m, 2+7 9 9

Therefore, the point (— 1, 6) divides the line segment joining the points A(— 3, 10) and
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B(6, — 8) in the ratio 2 : 7

. Find the ratio in which the line segment joining A(1, — 5) and B(— 4, 5) is divided by thex-
axis. Also find the coordinates of the point of division.

We know that a point on the X — axis is of the form (x,0) Let the ratiobe k: 1

A(Xll Y1) = (1l_5) ) B(X21y2) = (_415) m1 = k: mz = 1
_ (MmiX; tmy Xy m;yz; + my yy
(X’ Y) - ( mq+my ! mq+myp
_ (k(=49) +1(1) k(5)+1 (-5)
(x,0) = ( k+1 ’ k+1 )
__5k-5
T k+1

5k—5=0 =5k=5
k=1, theratiois 1:1
g = LEDHI) _ —a1 =3
1+1 2 2
~ The coordinates of the point of division = (_73 0)

. If(1,2),(4,y),(x,6) and (3, 5) are the vertices of a parallelogram taken in order, find
xandy.

Solution:Let A(1,2), B(4,y), C(x,6) and D(3,5) are the vertices of the parallelogram.

Since ABCD is a parallelogram

Therefore diagonals AC and BD bisects each other.

So, the coordinates of both AC and BD are same.

~ Mid point of AC = Mid point of BD = (XZ ; 2, I ; Y1)
(x+1 6+2):(3+4 5+y)
2 2 2 2

(x+1 8)_ 7 5+y)
2 2 2) 7 2 2

x+1 7 5+y 8
2 2’ 2 2
x+1=7, 5+4y=28
x=7-1, y=8-5
X=6 y=

. Find the coordinates of a point A, where AB is the diameter of a circle whose centre is

(2,—3) and Bis (1, 4). 1
The center of the Circle is the mid-point of the :
diameter >
=~ (xy) =(2,-3), Axpy1) =7 ,B(xz,y2) = (1,4) |

_ XZ + Xl yZ + yl -6 -4 -2 0 2 4 [ 8 10
&, y) = ( 2’ 2 ) £

r (1.4)

_2) = (1+x ‘H_yl) 02.3)
(2,-3) 4(2 , = i
1+x1: +y1:_
2 o2 3
1+ x=44+y,=-6
Xx,=4-1, y,=—-6—4 o e

x; =3,y =—10
=~ The coordinates of a point A is (3,—10)

-10 B(2.D)

. If A and B are (-2, -2) and (2, -4) respectively, find the coordinates of P such that AP

=3 AB and P lies on the line segment AB
7 3 A 3 P 4 C
Given AP = ; AB - <
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P divides AB in the ratio 3:4

= AP:PB =3:4 X1 Y1 X2 Y2
— (MiXp + My X myy, +mp yg 2 2 2 -4
Q(X’ Y) ( mq+myp ! mq+myp )

_ (3(2)+4(—2) 3(—4)+4(—2)) _ (@ —12—8) _ (—_2 —_20)
- 3+4  ’ 3+4 “\7’ 7 “\7’ 7

Find the coordinates of the points which divide the line segment joining A(- 2, 2) and
B(2, 8) into four equal parts

The point X divides AB in the ratio 1:3

The coordinates of X is, X1 Y1 X2 Y2
_ (MXz+my Xy myy; + mp yq -2 2 2 8

xy) = ( mq+m, ! mq+m, )

_ (1@+3(-2)  1(8)+3(2)\ _ (2-6 8+6\_ (=4 14\ _ ( . 7
_( 143’ 1+3 )_(4’4)_(4’ 4)_(1‘ 2)
The point Y is the mid-point of AB

The coordinates of 'Y

-2 B (2 2) - )0

2 2 2 2

The point Z divides AB in the ratio 3: 1
The coordinates of Z 1is,
(X Y) — (m1x2 +m; X4 myyz + mp Y1)

my+m, ! m,+m,

_ (3@+1(=2) 3(8)+1(2)\ _ (6-2 24+2\_ (4 26) _ 13
_( 341 341 )_(4’ 4)_(4’ 4)_(1' 2)
Find the area of a rhombus if its vertices are (3,
0), 4,5, (- 1, 4 and (- 2, — 1) taken in
order[Hint: Area of rhombus = %(product of its

diagonals)] A
AC = /(1= 3)2+(4 — 0)Z = /(—4)2+(4)? D
=V16+16 =V16x2 = 4V2

BD = /(=2 — 4)24+(=1—5)2 =./(—=6)2+(—6)2 3
=36 +36=v36x2=6V2 imeaary daan s
The area of the rhombus = i X 42 x 62 | 1

_ 24(42)"
-2

oB

Co—1

= 12(2) = 24 square units. = A 7 o i

7.4 Area of a Triangle D
Area of triangle =% X base X height Y

a+b+c
2

By Heron’s Formula Area of the triangle = \/ s(s—a)(s—b)(s—c) ., Here, s=
a, b and c are the sides of the triangle.

We could find the lengths of the three sides of the triangle using distance formula. But this
could be tedious, particularly if the lengths of the sides are irrational number. Then we can
use the following formula to find the area of the triangle.

) 1
[ Area of the triangle = - [X1(y2 — y3) + X2(y3 — y1) + x3(y1 — ¥y2)] ]
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Example 11:Find the area of a triangle whose vertices T

are (1, -1),(— 4, 6) and (-3, -5).

A (1, 1), B(-4, 6) 33 C (-3, -5)

Area =3[ (v, = ¥3) + 205 = 1) + X301 = )] i
=2[1(6 = (=5) + (=4)(=5 = (D) + (=3)(~1 ~ 6)]

=2 [16+5) + (—9)(=5+ 1) + (-3)(-7)] I D
=2[11+16+21] :

=§(48) =24

L) 1

Area of the triangle is = 24 Square units

Example 12 : Find the area of a triangle formed by S B
the points A(5, 2), B4, 7) and C (7, — 4). )
A(5,2),B@4,7)and C(7,-4)

Area = %[%(3’2 —¥3) + x2(y3 — y1) + x3(y1 — ¥2)]

=2[5(7 — (—4) + 4(—-4 = 2) + 7(2 = 7)] 2 A

=2[5(7 + 4) + 4(=6) + 7(-5)] - ERESE: L
=§[55—24—35] o

= %(55 —59) 4

=2 (-4) = -2 c

Since area is a measure, which cannot be negative, we
will take the numerical value of — 2, i.e., 2. Therefore,
the area of the triangle = 2 square units.

Example 13 : Find the area of the triangle formed by the points P(-1.5, 3), Q(6, -2)
and R(-3, 4).

Area of the triangle= é [x; (Vo — y3) + x,(v3 — y1) + x3(v; — y,)]

= 2[(~1.5)(=2 = 4) + 6(4 = 3) + (=3)3 - (=2))] >

= %[(—1.5)(—6) +6(1)+ (-3)(3+2)] [
=2[9+6—15] =-(15-15)

=§(0)=0

If the area of a triangle is 0 square units, then its vertices
R

will be collinear.

!

Example 14 : Find the value of k if the points A(2, 3), B(4, k) and C(6, —3) are
collinear.
Since the given points are collinear, the area of the triangle formed by them must be 0, i.e.,

~[x1(v2 = ¥3) + x2(ys = 1) + x3(y1 = ¥,)] = 0
§[2(k —(=3)+4(-3-3)+6(3-Kk)]=0
~[2(k +3) + 4(=6) + 63— k)] = 0
%[2k+6—24+18—6k]=0

~(—4k) =0 = k=0
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Example 15 : If A(-5, 7), B(- 4, -5), C(-1, —-6) and D(4, 5) are the vertices of a
quadrilateral, find the area of the quadrilateral ABCD.
By joining B to D, we will get two triangles ABD and BCD

~ Area AABD = %[Xl(YZ —y3) +%(y3 —y1) +x3(y1 —y2)]

=2[(-5)(=5-5) + (—-H)(5 = 7) +4(7 = (-5))] T\ L1
=2[(=5)(=10) + (—4)(=2) + 4(7 + 5)] =150 + 8 + 48] e

=~(106) =53 Sq.units : \\

1 ;
~ Area ABCD = 5 [x1(y2 —y3) + x2(y3 —y1) + x3(y1 — y2)] 9

= [(=4)(=6 = 5) + (=1)(5 = (=5)) + 4(=5 — (=6))] -.
=2 [(=#)(-11) + (=1)(5 + 5) + 4(-5 + 6)] il

=~[44—10+4] = (38) =19 Sq.units
Therefore the area of quadrilateral ABCD = 53 + 19 = 72 Sq.units

Exercise 7.3

. Find the area of the triangle whose vertices are :

i) (2,3),(-1,0), (2, -4) ii) (-5, -1), (3,-5) (5,2)

i) 2,3),(-1,0), (2, -4)

Area = % [x1(v2 — ¥3) + x2(y3 — 1) + x3(y1 — ¥2)]

=120 — (—4) + (-1)(—4 = 3) + 23 - 0)]

=2[2(4) + (-D(=7) +2(3)] =3[8+7 + 6] = (21) == Sq.units
ii) (-5,-1),(3,-5) (5,2)

Area = % [x1(y2 —¥3) +%2(y3 —y1) + x3(y1 —y2)]

= [(-5)(=5-2) + 32— (-1) +5(-1 = (-5))]

=2 [(=5)(=7)+3@2+ 1) +5(-1 +5)] =~[35+9+20] =-(64)
= 32 Sq.units.

. In each of the following find the value of ‘k’, for which the points are collinear.

l) (73 '2)3 (53 1)3 (33 k) ll) (8a l)a (ka '4) (23 '5)
i) (79 'Z)a (59 1)9 (39 k)
Since the given points are collinear, the area of the triangle formed by them must be 0, i.e.,

%[Xl(YZ —y3) +x2(y3 —y1) + x3(y1 —y2)] =0

~[7(1 = K) + 5(k— (-2)) +3(-2 = 1] = 0

~[7(1 —K) + 5(k+2) + 3(-3)] = 0

%[7—7k+5k+ 10-9]=0

~(—2k+8) =0

—2k=-8= k=""=4

ii) (8, 1), (k, -4) (2, -5)

Since the given points are collinear, the area of the triangle formed by them must be 0, i.e.,

~[x1(y2 = ¥3) + X2 (y3 = y1) + X3(y1 = y2)] = 0
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~[8(—4 — (—5)) + k(=5 — 1) + 2(1 — (=4))] =0
~[8(—4 +5) +k(—6) + 2(1 + 4)] = 0

~[8(1) + k(~6) +2(5)] = 0

%[8—6k+ 10] =0

%(—6k+ 18) =0

—6k=—-18 = k:_—168:3

. Find the area of the triangle formed by joining the mid-points of the sides of the triangle

whose vertices are (0, —1), (2, 1) and (0, 3). Find the ratio of this area to the area of the
given triangle.

Let A0, -1), B(2, 1) and C(0, 3) be the

vertices of the triangle ABC

D, E and F are the mid-point of AB,BC and AC Iy )
The coordinates of D

_ (%2t %1 y2tyi) _ (240 1-1 3pC
(X’y)_( 2’ 2 )_(2 ’ 2)

2 o0

=G.3)=a0 2l X
The coordinates of E

— (tx Yty ) _ (02 341 F1 B
(X'y)_(z ’ 2)_(2’ 2)

A
Y

-1
_ (X2 + xXq y2+ y1\ _ (0+0 -1+3
xy) = ( 2 2 ) _( 2 2 )

=(0, 3= 1 i)
The area of ADEF with vertices D(1, 0), E(1, 2) and F(0, 1)

2 4
:(5‘5)2(1'2) 40 p 2 3
The coordinates of F
A
]

= %[%(J’z —¥3) + x2(y3 — 1) + x3(y1 — ¥2)]
=-[1Q2-1D+1(1-0)+0(0-2)] =[1(1) +1+0]

= %[1 +1] = %(2) =1 Sq.units

The area of given triangle = % [x1(v2 = ¥3) + x2(v3 — y1) + x5y — ¥2)]
=2[0(1 =3) + 23— (1) + 0(=1— D] = 2[0 + 2(3 + 1)) + 0]
=~[0+8+0] =(8) =4 Squnits

The ratio of the AABC and ADEF = 4:1

. Find the area of the quadrilateral whose vertices, taken in order, are (— 4, —2), (- 3,-5),

(3,—2) and (2, 3).

A(-4, -2), B(-3, -5), C(3, -2) and D(2, 3)

By joining B to D, we will get two triangles ABD
and BCD

~ Area ABD
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= 2B (2~ ¥5) + 30y — 1) + %3y~ y2)]
=2 [(=4)(=5-3) + (=3)3 = (-2)) + 2(-2 = (=5))]
= (-H(=8) + (-3)(3+2) + 2(~2 + 5)]
=2[32-15+6] =>(23) == Sq.units

~ AreaBCD

1
=5 [x1(y2 = ¥3) + %2(y3 —y1) + x3(y1 —y2)]
=2[(=3)(=2=3) + 33 = (=5)) +2(=5 — (=2))]
= 2[(=3)(=5) +3(3 + 5) + 2(=5 +2)]

=2[15+ 24— 6] =2(33) =2 Sq.units
33 5

Ae

Be

oC

= Area of ABCD = ? +2=2_78 Sq.units

2 2

3), that a median of a triangle divides it into two
triangles of equal areas. Verify this result for

eC

ABC whose vertices area (4 —6), B3,-2)and |-

C(5,2).
Coordinates of D, the midpoint of BC

_ (%2t xq y,ty _ Si ﬂ
(X’Y)_( 2 2z 1)_(z ! z)
=3 3)=@0
AreaAABD

1
=3 [x,(y2 —y3) + x2(y3 —y1) +x3(y1 —y2)]
=2[4(=2 - 0) +3(0 = (=6)) + 4(=6 — (-2))]

A

tar

Y

= %[4(—2) +3(6) + 4(—6 + 2)]
=-[-8+18-16] =5 (18— 24)
= %(—6) = —3 Sq.units

Since area is a measure, which cannot be negative, we will take the numerical value of — 3,

i.e., 3. Therefore, the area of the triangle = 3square units.

Area AADC = [x1(y2 = ¥3) + X2 (y3 = y1) + X3(y1 — ¥2)]

= [4(0 — 2) + 4(2 — (—6)) + 5(—6 — 0)]
=2[4(=2) + 4(2+6) +5(~6)] =[-8+ 32— 30]

%(—6) = —3 BEIRPIAD

Since area is a measure, which cannot be negative, we will take the numerical value of — 3,

i.e., 3. Therefore, the area of the triangle = 3square units.

Hence, the mid-point of a triangle divides it into two triangles of equal areas.
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7.5 Summary
1. The distance between two given points d = \/(x, — x1)2+(y, — y;)?
2. The distance from the orgin to the given points d = |/x2+y?

3. Section formula :P is the point which divides the line segment joining the points

A(Xll Y1) and B(XZ! y2)
If the point P divides the line in the ratio m: n then the coordinates of P

_ (mi1Xz +my Xq myyz +myp y;
P(xy) = ( :
m;+m, my+m,

4. If P is the midpoint of AB, it divides in the ratio 1:1

P £A 0zEA3+AAPAUAVAA P(xy) = (z+2 X Yz; yl)

5. Area of triangle = ~[x; (y2 = y3) + %, (y3 = y1) + X3 (y1 — y2)]
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S Real Numbers

Euclid’s division algorithm, as the name suggests, has to do with divisibility of integers. Stated
simply, it says any positive integer a can be divided by another positive integer b in such a way
that it leaves a remainder r that is smaller than b.

8.2 Euclid’s Division Lemma
Theorem 8.1

(Euclid’s Division Lemma) : Given positive integers a and b, there
exist unique integers q and r satisfyinga =bq+ 1, 0 r <b.

A lemma is a proven statement used for proving another statement
Example 1 : Use Euclid’s algorithm to find the HCF of 4052 and 12576.

4052 [ 12576 |3 420 | 4052 |9 272 [ 420 |1
12156 3780 772
370 272 148
12576 = 4052 x 3 +420 4052=420x9+ 272 420=272x1+ 148
R 2721 D4 148 1 24 1245
143 24 120
24 74 4
272 =148 x 1+ 124 148=124x1+24 124=24x5+4
4 24 6
24 24=4x6+0 . The HCF of 4052 and 12576 is 4
0

Example 2 : Show that every positive even integer is of the form 2q, and that every
positive odd integer is of the form 2q + 1, where q is some integer.

Solution :Let ‘a’ be a possitive even number,

(i)a=2q+r here, 0S1r<2 =71 mustbeOor 1

But ‘a’ is a positive even number. So r=0

~a=2q+0=>a=2q

(i))Let ‘a’be a positive odd integer ,r# 0 =r=1 ~a=2q+1

Example 3 : Show that any positive odd integer is of the form 4q + 1 or 4q + 3, where q is
some integer.

Let a'and b are be a positive integer and a>b

By Division algorithm,

a=bq+r ;0r<b

If b=4,

a=((4x2)+r,0<r<4. r=0,1,2,3

) Ifr=0,

a=4q =a= 2(2q) this is divisible by 2. Therefore this is an even number.

i) Ifr=1,

a=4q+ 1= a=2(2q) + 1 this is not divisible by 2. Therefore this is an odd number.
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lf r=2,
a=4q+2=a=2(2q+ 1) This is divisible by 2. Therefore this is an even number.
) If r=3,
a=4q+3 = a=2(2q+1)+ 1 this is not divisible by 2. Therefore this is an odd number.
~ Any positive integer is of the form 4q +1 Or 4q + 3 where q is some integer.
Example 4 : A sweetseller has 420 kaju barfis and 130 badam barfis. She wants to
stack them in such a way that each stack has the same number, and they take up the
least area of the tray. What is the number of that can be placed in each stack for this
purpose?
420 = 130 x3+ 30
130= 30x4+10

30= 10x3+ 0
So, the HCF of 420 and 130is 10.
Therefore the sweetseller can make stacks of 10 for both kinds of burfi

Exercise 8.1

. Use Euclid’s division algorithm to find the HCF of :

(i) 135and 225 (i) 196 and 38220 (iii) 867 and 255
(i) 135 =3y 225

135 22511 90 1351 45 90 2
135 90 90
90 45 0
225=135x1+90 135= 90x1+45 90=45x2 +0
~ HCF =45

(ii) 196 =33 38220
196 | 38220195

38220 38220=196x 195+ 0
0 ~ HCF = 196
(iiii) 867 =3y 255
255 867 | 3 102 25512 51 102 | 2
765 204 102
102 51 0
867 =255x3+102 255= 102x2+51 102=51x2 + 0
~ HCF = 51

Show that any positive odd integer is of the form 6q + 1, or 6q + 3, or 6q + 5, where q is
some integer.

Let a be a positive integer and let b =6

Therefore by division algorithm

a=bq+r[0<r<b]

=2a=6q+r [r=0,1,23,45]

(1) if r=0, a=6q = divisible by 2. . 6q is even

(i) if r=1, a=6q + 1 = notdivisible by 2 . 6q + 1 is odd

(iii) if r=2, a=6q+ 2 = divisible by 2. ~ 6q+ 2 is even
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(iv)ifr=3, a=6q+ 3 = not divisible by 2. ~ 6q + 3 is odd

(v) ifr=4, a=6q+4 = divisible by 2. . 6q+4 is even

(iv)ifr=5, a=6q+ 5 = notdivisible by 2. ~ 6q+ 5 is odd

any positive odd integer is of the form 6q+ 1, or 6q + 3, or 6q + 5, where q is some integer.

. An army contingent of 616 members is to march behind an army band of 32 members in

a parade. The two groups are to march in the same number of columns. What is the
maximum number of columns in which they can march?
(iii) 867 0=y 255

32 616 | 19 8 32 1 4
608 32
8 0
616=32x19+8 32=8x4+0
~ HCF = 8

They can march maximum 8 columns.

. Use Euclid’s division lemma to show that the square of any positive integer is either of

the form 3m or 3m + 1 for some integer m.

[Hint : Let x be any positive integer then it is of the form 3q,3q + 1 or 3q + 2. Now square
each of these and show that they can be rewritten in the form 3m or 3m + 1.]

Any positive integer divisible by 3, we get the remainder 0,1 or 2

= ais of the form 3q,3q+ 1 or 3q+2

i)ifa=3q.

a* = (397 =9¢ = 3(3¢) = 3m (m=3q’)

ii) if a=3q+ 1,

a?2=Bq+1)?=9¢> +6q+1= 3B3q*°+2)+1=3m+1 (m=3q>+2)
iii)ifa=3q+2.

a’?=(3q+2)7?=9q> +12q+4 = a’= 9g> +12q+3 + 1
=3(3¢>+4q+1)+1=3m+1 (m=3q>+4q+1)

From (i) (ii) and (iii)

We say, square of any positive integer is either of the form 3m or 3m+ 1 for some integer m.

. Use Euclid’s division lemma to show that the cube of any positive integer is of the form

om,9m+1 or9m+8

Let abe apositive inteer and let b =3

By Euclid’s division algorithm,

a=bq+tr[0<r<b]=>a=3q+r [r=0,1,2]

()ifr=0, a=3q

=2’ = (3q)° =2’ =9¢* = 9m [vm=q"]

(iif r=1, a=3q+1

a’=(3q+1) =a’=27¢> +3x(3q)*x1 + 3x3qx1 + 1 = a*=27¢> +27¢* + 9q + 1
=a°=93¢>+9q+q)+1 2a’=9m+1 [+m=3q>+9q+q]
(i)ifr=2, a=3q+2

a’>=(3q+2)P =>a’>=27¢’+54¢’ + 18q + 8
=a’=93¢*+6q*+2q)+8=>2a’=9m+8 [~ m=23q¢+6q>+2q]

~ We say, the cube of any positive integer is of the form 9m, 9m+ 1 or 9m+ 8
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8.3 The Fundamental Theorem of Arithmetic

Theorem 8.2 (Fundamental Theorem of Arithmetic) : Every composite number can
be expressed (factorised) as a product of primes, and this factorisation is unique,
apart from the order in which the prime the prime factors occur

The Fundamental Theorem of Arithmetic says that every composite number can be
factorised as a product of primes. Actually it says more. It says that given any composite
number it can be factorised as a product of prime numbers in a‘unique’ way, except for
the order in which the primes occur. That is, given any composite number there is one and
only one way to write it as a product of primes, as long as we are not particular about the
order in which the primes occur. So, for example, we regard 2 x 3 x 5 x 7 as the same
as 3 x 5 x 7 x 2, or any other possible order in which these primes are written.

Example 5 : Consider the numbers 41, where n is a natural number. Check whether
there is any value of n for which 41 ends with the digit zero.

Solution: If the number 47, for any n, were to end with the digit zero, then it would be divisible
by 5. That is, the prime factorisation of 41 would contain the prime 5. This is not possible
because 41 = (2)21; so the only prime in the factorisation of 41 is 2.

So, the uniqueness of the Fundamental Theorem of Arithmetic guarantees that there are no
other primes in the factorisation of 41,

So, there is no natural number n for which 41 ends with the digit zero.

Example 6 : Find the LCM and HCF of 6 and 20 by the prime factorisation method.
Solution: 6 = 2! x 3!

20=2x2x5=22x5"

HCF (6,20) =2 and LCM (6,20)=2x2x3x5=060

Any two positive integers a and b, HCF (a, b) x LCM (a, b)=a x b.

We can use this result to find the LCM of two positive integers, if we have already found the
HCEF of the two positive integers.

Example 7 : Find the HCF of 96 and 404 by the prime factorisation method. Hence, find
their LCM.

Solution: We can write the prime factors of 96 and 404 are as follows

96=2x3; 404=22x101

HCF(96,404) =2%=4

= LCM (96, 404) = 2522 = 9696

Example 8 : Find the HCF and LCM of 6, 72 and 120, using the prime factorisation
method.

6 =2x3; 72 =2°x3% 120 =2°x3x5

=~ HCF (6, 72,120) =2'x3!=2x3=6

~ LCM (6, 72,120) =23x3?x5'=8x9x5=360
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Exercise 8.2

. Express each number as a product of its prime factors:

(i) 140 (ii) 156 (iii) 3825 (iv) 5005 (v) 7429
(i) 140=2x2x5x7=22x5x7

(i) 156=2x2x3x 13=22x3 x 13

(iii) 3825 =3x 3 x5 x 5 x 17=32x 52 x 17
(iv) 5005=5x 7 x 11 x 13

(v) 7429 = 17 x 19 x 23

. Find the LCM and HCF of the following pairs of integers and verify that LCM x HCF =

product of the two numbers.

(i) 26 and 91 (ii) 510 and 92 (iii) 336 and 54.
(1) 26=2x13

91=7x13

HCF =13; LCM =2x7x13=182

Product of two numbers =26 x 91 = 2366
LCM x HCF = 13 x 182 =2366

-~ LCM x HCF = Product of two numbers

(i) 510 =2 x 3 x 5x 17
92 =2 x 2 x 23
HCF= 2; LCM = 2x2x3 x5 x 17 x 23 = 23460

Product of two numbers = 510 x 92 = 46920
LCM x HCF = 2 x23460 =46920

-~ LCM x HCF = Product of two numbers

(1) 336 =2 x2 x2x2x3x7

54=2x3x3x3

HCF=2x3=6; LCM =2x2x2x2x3x3x3x7=3024

Product of two numbers =336 x 54 =18144
LCM xHCF = 6 x3024=18144

~ LCM x HCF = Product of two numbers

. Find the LCM and HCF of the following integers by applying the prime factorisation

method (i) 12, 15 and 21 (ii) 17,23 and 29 (iii) 8,9 and 25
(1) 12=2x%x2x3; 15=3x5; 21 =3 x7

HCF = 3; LCM =2 x2x3x5x7=420

(i) 17=1x17; 23=1x23; 29=1x29

HCF=1; LCM=1x17x%x19x23=11339

(1)) 8=1x2x2x2; 9=1x3x3; 25=1%x5x5
HCF=1;, LCM=1x2x2x2x3x3x5x5=1800

. Given that HCF (306, 657) =9, find LCM (306, 657).

LCM x HCF = Product of two numbers

306 X 657

~ LCM (306,657) = = 22338

. Check whether 6™ can end with the digit 0 for any natural number n.
Here, n is a natural number.
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If the number 61, for any n, were to end with the digit zero, then it would be divisible by 5. That

is, the prime factorisation of 41 would contain the prime 5. This is not possible because the
prime factors of 6 are 2 and 3.
Therefore 5 is not a factor of 6. =6" = (2 x 3)"

So, there is no natural number n for which 6™ ends with the digit zero.
Explainwhy 7x11x13+13and 7x6 x5x4 x 3x 2 x 1+5are composite numbers
7x11x13+13 =13 (7x11+1)=13(77 +1) =13 (78) =13x2x3x13

The product of two or more than two prime numbers is a composite number.
Therefore 7 x 11 x 13 + 13 is a composite number.
TXx6x5x4x3x2x]1+5

=5(7 x6 x4 x3x2x1+1) =5(1008 + 1) =5(1009)

The product of two or more than two prime numbers is a composite number.
Therefore 7 x 6 x5 x4 x3 x2 x 1+5 is a composite number

7. Thereis a circular path around a sports field. Sonia takes 18 minutes to drive one round

of the field, while Ravi takes 12 minutes for the same. Suppose they both start at the
same point and at the same time, and go in the same direction. After how many minutes
will they meet again at the starting point?

To find the time they meet again in the same point, we have to find the LCM of time
18=2x3x3; 12=2x2x3

LCM =2x2x3x3=36

Therefore after 36 minutes they meet again at the starting point.

8.4 Revisiting Irrational Numbers
A number which can not be expressed in the form of g is called irrational number.Here,

p.q€Z,q#0

Theorem 8.3: Let p be a prime number. If p divides az, then p divides a, where a is ]
a positive integer.

Theorm 8.4: v/2 is irrational.
Proof: Let us assume, to the contrary, that V2 is rational.
= V2= L [p9€Z q#0and (p.g)=1]

So, there is no other common factors for p and q other than 1
Now, V2 = S = v/2q=p Squaring on both sides we get,
(VZq)*=p* =2¢2=p? (1)
= 2 divides p* = 2, divides p. [ By theorem]
~ Let p=2m,
(1) = 29°=(2m)? =¢> =2m?
=2,divides q? = 2, divides q [By theorem]
2 is the common factor forboth pand q

This contradicts that there is no common factor of p and q .
Therefore our assumption is wrong. So, V2 is a an irrational number.

Example 9 : Prove that /3 is irrational.
Proof: Let us assume, to the contrary, that V3 is rational.
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= V3 = S [ p.9€ Z, q # 0 and (p,q)=1 ]

So, there is no other common factors for p and q other than 1
Now, /3 = s = +/3q =p Squaring on both sides we get,

2
(V3q) =p* =3¢ =p’ (1)
= 3 divides p*> = 3 divides p [ By theorem]
~ Let p=3m,

() = 3¢*°=(Bm)? =q*=3m’

=3 divides q? = 3 divides q [ By theorem]
3 is the common factor for both p and q, This is not possible.

Therefore our assumption is wrong. So, v/3 is a an irrational number.

e The sum or difference of a rational and an irrational number is irrational and

e The product and quotient of a non-zero rational and irrational number is
irrational.

Example 10 : Show that 5 -+/3 is irrational

Proof: Assume that 5 —+/3 is a rational number.

=5-43 = s [p,9€ Z,q # 0 and (p,q)=1 ]

=5 -s =3 :SiT_p =3

Here, 55{7—;; is a rational number but /3 is an irrational number. This is not possible

So, our assumption is wrong. Therefore 5 - v/3 is an irrational number.
Example 11 : Show that 3v/2 is irrational.
Proof: Assume that 3v/2 is a rational number.

=32 = S [ p.9€ Z,q # 0 and (p,q)=1 ]
|4

3q
Here, % s a rational number but V2 is an irrational number. This is not possible

So, our assumption is wrong. Therefore 3v/2 is an irrational number 853003 3+/2 0w

Exercise 8.3

. Prove that+/5 is irrational.
Proof: Let us assume, to the contrary, that /5 is rational.

= V5 =2 [pq€Z q#0and (p.g)=1]
So, there is no other common factors for p and q other than 1
Now, /5 = s = +/5q =p, squaring on both sides we get,

2
(V5q) =p* =5¢*=p’ (1)
= 5 divides p> = 5 divide s p [ By theorem]
~ Let p=35m,

() = 5¢>=(Bm)? =q>=5m>

=5 divides q?= 5 dividesq [ By theorem]
5 is the common factor for both p and q ; this is not possible

Therefore our assumption is wrong. So, /5 is a an irrational number.
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. Prove that3 + 2+/5 is irrational.
Proof: Assume that 3 +2+/5 is a rational number.
=3 + 2v/5= S [ p,9€ Z,q # 0 and (p,q)=1 ]

oEo P _3 o JEo BN
q 2q

-3q . . . S .. .
Here, % is a rational number but /5 is an irrational number. This is not possible

So, our assumption is wrong. Therefore 3 + 2v/5 is an irrational number.
Prove that the following are irrationals:

(i) % (i) 7v/5 (iii) 6+v2
0 %

Proof: Assume that % is a rational number.

1 _r —
7 g LP9€Z q#0and (p.g=1]
2 q q

Here, 7’) is a rational number, but /2 is an irrational. This is impossible.

Therefore our assumption is wrong. - \/% is an irrational number.
(i) 7v/5
Proof: Assume that 7+/5 is a rational number.
75 =2 [pa€Z q#0and (p.a)-1]
=>V5=L
7q
Here, % is a rational number, but v/5 is an irrational. This is impossible.
Therefore our assumption is wrong. - 7+/5 is an irrational number.
(i) 6+V2
Proof: Assume that 6+ /2 is a rational number
=6+V2= " [pq€Z q#0and (p.g-1]

-6
:>\/_=§—6 :>2=¥

-6 . . . . . .. .
Here, pz—q is a rational number, but V2 is an irrational. This is impossible.

Therefore our assumption is wrong. - 6 + /2 is an irrational number.

8.5 Revisiting Rational Numbers and Their Decimal Expansion:

Theorem 8.5: Let x be a rational number whose decimal expansion
terminates. Then x can be expressed in the form 2—) where p and q are

coprime, and the prime factorisation of q is of the form 2*5™ where n, m are
non-negative integers.

Theorem 8.6 : Let x = Zbe a rational number, such that the prime

. . 4 .
factorisation of q is of the form 2n5m, where n, m are non-negative integers.
Then x has a decimal expansion which terminates.
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Theorem 8.7 : Let x = 2 be a rational number, such that the prime factorisation of q

: q o :
is not of the form 285™, where n, m are non-negative integers. Then, x has a decimal
expansion which is non-terminating repeating (recurring).

Exercise 8.4

1. Without actually performing the long division, state whether the following rational
numbers will have a terminating decimal expansion or a non-terminating repeating decimal
expansion

. 13 .y 17 .y 64 .y 15 29
(@ 3125 (i) 8 (i) 455 (iv) 1600 ) 343
o 23 . 23 o 6 . 135 77

Vi) 2353 (vii) 225775 (viii) 15 (ix) 50 () 210

1

>i) ﬁ - Factorising the denominator 3125=5 x5 x5x5x 5=20 x5°

Here, The factors of 3125 is of the form 2™5™ So, this has a terminating decimal expansion.
(i) % - Factorising the denominator 8 =2 x 2 x 2 = 23x5°

Here, The factors of 8 is of the form 2™5™. So, this has a terminating decimal expansion.

(iii) % - Factorising the denominator 455 =5 x 7 x 13

Here, The factors of 455 is 5x7x13 is not in the form 2" x 5™

So, this has non-terminating repeating decimal expansion.

(iv) % - Factorising the denominator 1600 =2 x 2 x 2 x2x 2 x2 x 5 x 5=26x 52
Here, The factors of 1600 is of the form 2™5™.

So, this has a terminating decimal expansion.

V) % - Factorising the denominator 343 =7 x7x7="73

Here, The factors of 343 is not in the form 2" x 5™

So, this has non-terminating repeating decimal expansion.

(vi) % - denominator is of the form 2" x 5™

So, this has a terminating decimal expansion.

(vil) ——
So, this has non-terminating repeating decimal expansion.

denominator is not in the form 2" x 5™

or 6 . . .
(viii) i 1% =§ dinominator 2° x 5! is of the form 2" x 5™

So, this has a terminating decimal expansion.

. | 35 35 7 7 . . |-
ix) = — =—=— dinominator 2! x 5° is of the form 2" x 5™
()50 50 10 2x5d0 0 5" 18 of the fo 5
So, this has a terminating decimal expansion.
77 77 1 11 . . .
X)— = — = —= dinominator not in the form 2" x 5™
210 210 30 2x3x5

So, this has non-terminating repeating decimal expansion.
2. Write down the decimal expansions of those rational numbers in Question 1 above
which have terminating decimal expansions.

.. 13 13 25 15x32 416
) = > —x—== = =0.00416
@ 55 55 725 1(;5 100000
ey 17 17 17 5 17x125
(i) — = —=35x 3= = 2.125
8 8 2 5 1000
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..., 15 15 15x5% 15x625
(i) — = = = —— = ———— = 0.009375
1600 2652 26x56 1000000
. 23 23 23x5 115
V) = = = — = 0.115
(iv) 2353 2353 2353 1000
6 6 2 2 4
V)— 2= =-x-=—=04
15 15 572 10
.. 35 35 7
i) == =2=L1=07
50 50 10

. The following real numbers have decimal expansions as given below. In each case,
decide whether they are rational or not. If they are rational, and of the form s what can

you say about the prime factors of q?
(i) 43.123456789 (ii) 0.120120012000120000... (iii) 43.123456789

(i) 43.123456789 - has a terminating decimal expansion.

Therefore this in a rational number and is of the form 2

43123456789 _ 43123456789
1000000000 2959

and q is of the form 2°x5™ =
(ii) 0.120120012000120000...
this has non-terminating and non- repeating decimal expansion.

Therefore this is an irrational number

(ii1) 43.123456789 - this has non-terminating repeating decimal expansion.

Therefore this in a rational number and is of the form 2
Let x= 43.123456789 €))
= 1000000000x = 43123456789123456789..... 2)

(1) - (2) = 999999999x = 43123456746

— 23123456746 this is of the form 2. i.e., the factors of 999999999 is not in the form 2" x 5™
999999999 q

Summery:

e Euclid’s Division Lemma: Given positive integers a and b, there exist whole numbers q
and r satisfyinga=bq+r, 0=<r<b

¢ Euclid’s division algorithm: This is based on Euclid’s division lemma. According to this,
the HCF of any two positive integers a and b, with a > b, is obtained as follows:
Step 1 : Apply the division lemma to find qand r wherea=bq+r, 0 <r<b
Step 2 : Ifr=0, the HCF isb. If r# 0 applyEuclid’slemmato b and r.
Step 3 : Continue the process till the remainder is zero. The divisor at this stage will be
HCF (a, b). Also, HCF(a, b) = HCF(b, ).

e The Fundamental Theorem of Arithmetic :

o Every composite number can be expressed (factorised) as a product of primes, and this
factorisation is unique, apart from the order in which the prime factors occur.

e Ifpisaprime and p divides a%, then p divides a, where a is a positive integer.

o letx= S be a rational number, such that the prime factorisation of q is of the form 2"5™,
where n, m are non-negative integers. Then x has a decimal expansion which terminates.

o Jetx= S be a rational number, such that the prime factorisation of q is not of the form 2"5™,

where n, m are non-negative integers. Then, x has a decimal expansion which is non-
terminating repeating (recurring).
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