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REAL NUMBERS

State Euclid’s Division lemma

If a and b are two positive integers, such that
a > b then there exists unique integers g and r such
thata =b x q+71,0 <r <b. Itis known as Euclid’'s
division lemma.

Example 1: Use Euclid’s aligorithm to find HCF of
4052 and 12576.
Solution:

4052) 12576 (3
12156

420) 4052 (9
3780
272) 420 (1
272
148) 272 (1
148
124) 148 (1
124
24) 124 (5
120
4) 24 (6
24
0

By Euclid’s lemma,
12576 = 4052 x 3 + 420
4052 =420 X9+ 272
420 =272 x 1+ 148
272 =148 x1+ 124
148 =124 x 1+ 24

124 =24 X544

24=4 X640

The remainder is zero, At this stage, the last divisor
4 is HCF of 4052 and 12756.

CBSE - NCERT Solution Book for class 10

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 any positive integer and b = 2.
Therefore By Euclid’s lemma,

a = 2q +r, for some q and r takes value 0 or 1.
Therefore 0 < r < 2.

If r = 0,a = 2q, then a is positive even integer.
Ifr=1,thena=2q+1

Therefore a is positive odd integer.

Example 3: Show that any positive odd integer is of
the form 4q + 1 or 4q + 3, where q is some
integer.

Solution:

Let a be any positive odd integer. and b = 4.
By lemma, a = 4q + r, for some q and r takes values
0,1,2,3.
Therefore if r = 0, then a = 4q
ifr=1,thena=4q+1
ifr=2,thena =4q+ 2
ifr=3,thena =4q+ 3
Since a is odd integer, a cannot be 4qg and 4q + 2
(Since they are even).
Therefore any odd integer is of the form 4q + 1 or

4q + 3.

Example 4: A sweetseller has 420 Kaju bartis 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 are of the tray. What is the
maximum number of barfis that can be place in
each stack for this purpose?

Solution:

Find HCF of 420 and 130
130) 420 (3
390
30) 130 (4
120
10) 30 (3
30
0
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By Euclid’s lemma, The remainder is zero, at this stage the last
420 = 130 x 3 + 30 divisor 196 is HCF of 38220 and 196.
130 =30 x4+ 10
30 = 10 X3 + 10 ili) 867 and 255
The remainder is zero, at this stage the last divisor 255) 867 (3
10 is HCF of 420 and 130. 765
Therefore HCF = 10. 102) 255 (2
Hence sweetseller can make stacks of 10 for both 204
kind of barfi. 51) 102 (2
102
EXERCISE 1.1 0
S ce00e — 0
By Euclid’s lemma,
1) Use Euclid’s divisor lemma to find HCF of 867 = 255 X 3 + 102
) 135 and 225 255 = 102 x 2 + 51
Solution:
olution 102 =51 x 2 +0
135) 225 (1 . . .
The remainder is zero, at this stage the last
135 divisor 51 is HCF of 867 and 255.
90) 135 (1
90 2) Show that any positive integer is of the form
45) 90 (2 6q + 1 or 6q + 3or 6q + 5, where q is some
integer.
90 Solution:
0 Let a be any positive odd integer and b = 6.
By Eculid’s lemma, Therefore By Euclid’s lemma,
225 =135 X 1490 a=6q+r,r:0’1,2’3,4,5.
135 =90 xX1+4+45 Ifr=20, a=6q
90 =45 x2+0 lfr=1 a=6q+1
The remainder is zero, at this stage the last Ifr=2, a=6q+2
divisor 45 is HCF of 225 and 135. lfr=3, a=6q+3
fr=4, a=6q+4
ii)196 and 38220 Ifr=5 a=6qg+5
196) 38220 (195 Since a is odd integer, 'a’ cannot be 64,
196 6q + 2,6q + 4 (Since they are even).
Therefore any odd integer is of the form
1862 6qg +1,6q + 3 or6q + 5.
1764
980 3) An army contingent 616 members is to march
behind an army band of 32 members in a
980 parade. The two groups are to march in the
0 same number of columns. What is maximum
number of colomns in which they can march?
By Euclid’s lemma, Solution:
38220 =196 x 195+ 0 To find maximum number of columns, find HCF of
616 and 32.
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32) 616 (19
608
8)32 (4
32
0
By Euclid’s division lemma,
616 =32 x19+8
32=8x%x4+0
The remainder is zero, the last divisor 8 is HCF

of 616 and 32.
Hence HCF of 616 and 32 is 8.

4) Use Euclid’s division lemma to show that the
square of any positive integer is either of the
form 3 m or 3m + 1 for some integer.
Solution:

Let a be any positive integer and b = 3.
Therefore By Euclid’s lemma,
a=3q+rr=0,1,2.

If r = 0 then a = 3q.

Ifr=1thena =3qg+ 1.

Ifr =2thena=3q+ 2.

Now a = 3¢ = a? = 9¢* = 3(3¢?)

= 3m (Where m = 3q?)

When a = 3q + 1, Therefore a®> = (3q + 1)
=9g%>+6q+1
=3[3g>+2q]+1 isa

Square which is of the form 3m + 1,

where m = 3¢? + 2q.

When a = 3q + 2,Therefore a®> = (3q + 2)?
=9¢%+12q + 4
=9g%2+12q+3+1
=3[3¢g’+4q+1]+1lisa

Square number which is of the form 3m+1

,where m = 3q% + 4q + 1.

Hence square of any positive integer is of the

form 3mor3m+ 1.

CBSE - NCERT Solution Book for class 10

Theorem: Fundamental Theorem
of Arithmetic

Definition:

Every composite number can be written as
a product of primes and this factorisation is
expressed, apart from the order in which the
prime factors occur.

Example 5: Consider the numbers 4", where n
is a natural number, check whether there is
any value of n for which 4" ends with the digit
zero.
(OR)

Prove that there is no natural number for
which 4" ends with the digit zero.
Solution:

We know that any positive integer ending

with zero is divisible by 5.

So, its prime factorisation must contain the prime
5.

Now 4n = (22)n = 22n

The prime factorisation of 4 is 2.

5 does not occur in the prime factorisation of 4".
Therefore, 4" does not end with the digit zero

for any n.

Note:

(1)For HCF
For find the HCF of two or more numbers, take
the product of all common prime factor (least
power) present in the prime factorisation of
given numbers.

(2)LCM
For finding LCM take the product of greatest
powers of each prime factors available in the
prime factorisation of given numbers.

Example 6: Find the LCM and HCF of 6 and 20
by prime factorisation method.

Solution:

2|6 2|20 6=2x3

313 2110 20=22x5
1 5|5

1
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Therefore, HCF of 6, 20 = 2 (least power of
common factor).

LCM=22x3x5
=4x3x5

=60 (greatest power of each prime factors)

Example 7: Find the HCF of 96 and 404 by
prime factorisation method. Hence find their
LCM.

Solution:
2196 21404 96 =25x 3
2148 21202 404 = 22 x 101
224 101 [101
212 1
216
313
1
HCF=22=4 (least power of common factor)

LCM = 2% x 3 x 101 (greatest power of each prime

factors)

=32x3x101
=96 x 101
= 9696

Note:
Product of two numbers = Their LCM x Their HCF

Example 8: Find the HCF and LCM of 6, 72, 120
using the prime factorisation method.

Solution:
216 272 2120 6=2x3
313 2136 2|60 72=23x3?
1 2118 2|30 120=23x3x 5
319 3115
313 5156

1 1
HCF of 6, 72, 120 = 2 x3
=6 (least power of common factors)
LCM of 6, 72, 120
= 23 x 32 x 5 (Highest power of available factors)
=8x9x5=72x5 =360

CBSE — NCERT Solution Book for class 10
EXERCISE 1.2
‘L— (X X X X} —9.

1) Express each number as a product of its
prime factors.
(i) 140 21140 140=22x5x7

2170
5135
77
1
(i) 156 21156 156 =22x3x 13
2|78
3139
13113
1
51 3825
51765
3153
3151
17117
1
5 15005
711001
11 143
1313
1
1717429

191437
23123
1

(iii) 3825 3825 =52x 32x 17

(iv) 5005 5005=5x7x 11 x 13

(v) 7429 7429 =17 x19x 23

(i) Find the LCM and HCF of the following
pairs of integers and verify that LCM x HCF
= product of two numbers. (i) 26 and 91
Solution:

2126 7191 26=2x13
13113 1313 91=7x13

1 1
HCF of 26, 91 = 13
LCMof 26,91 =2x7x13 =182
=26 x 91
= 2366

product of two numbers

L
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LCM x HCF =13x182

= 2366

59\
&
From @D and @2

product of two numbers = Their LCM x HCF

(ii)510 and 92

Solution:
2510 2192 510=2x5x3x17
51255 2146 92 =22x23
31561 23]23_
1717 1
1
HCF =2

LCM=22x3x5x17 x23
=60x17 x23 =60 x 391

= 23460
product of two numbers =510 x 92

= 46920 D
LCM x HCF = 23460 x 2 = 46920 @)

From @D and @2)

product of two numbers = Their LCM x HCF.

(iii) 336 and 54

Solution:
21336 2|54 336=24x3x7
21168  3|27_ 54 =2x33
2184 39
2142 3|3 _
3121 1
7L7_
1
HCF=2x3=6
LCM=24x33x7 =16x27 x7
= 3024 oD
product of two numbers = 336 x 54
= 18144 ©
LCM x HCF =3024 x6 =18144

From @D and @2)
Product of Two Numbers = LCM x HCF

CBSE - NCERT Solution Book for class 10

2) Find the LCM and HCF of the following
intergers by prime factorisation method.

(i) 12,15, 21
Solution:
2112 315 321 12=22x3
2|16 515 717 15=3x5
313 1 1 21=3x7
1
HCF =3
LCM =22 x 3 x 5 x 7 (Highest power of available factors)
=420
(ii) 17, 23, 29
Solution:
17 =17 x 1
23=23x1
29=29x1
HCF =1
LCM =17 x 23 x 29
=11339
(iii) 8, 9, 25
Solution:
8=23x1
9=32x1
25=52x1
HCF =1
LCM=23x32x52=8x9x25
=9 x 200 =1800

3) Given that HCF of 306, 657 = 9. Find LCM.
Solution:

HCF of 306, 657 =9
Now, LCM = product of two numbers
HCF
34
= 306 x 657
9
=657 x 34 =22338
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4) Check whether 6" can end with the digit 0

for any natural numbers n.
Solution:

We know that any positive integer ending with
zero is divisible by 5.

So. its prime facorisation must contain the
prime number 5.

Now 6" =(2x3)"=2"x 3"

The prime factorisation of 6 are 2 and 3.

5 does not accur in the prime factorisation of
6".

Therefore, 6" does not end with the digit
zero for any n.

5) Explain why 7 x 11 x 13 + 13 and

7x6x5x4x3x2x1+5are composite
numbers.
Solution:

7x11x13

It is product of more than two prime number.
Hence it is composite number.

Now, 7x11x13+13 is sum of composite
number and prime number.

~ Tx11x13+13 is composite number.
Hence 7 x 11 x 13 + 13 is composite number.

7x6x5x4x3x2x1
=7x2x3x5x2x2x3x2x1
It is product of more than two prime number.
Hence it to composite number.
Now, 7x6x5x4x3x2x1+5issum of
composite number and prime number.

~7x6x5x4x3x2x1+5is composite
number.

Hence 7x6x5x4x3x2x1+5isa
composite number.

6) There is a circular path around a sports

field. Sonia akes 18 minutes to drive one
round of the field, while Ravi takes 12 min
for the same. Suppose they both starts at
the same point and at the same time, and go
in the same direction. After how many

CBSE - NCERT Solution Book for class 10

minutes will they meet again at the starting
point?

Solution:

Find LCM of 12, 18

12=2x2x3=22x3
18=2x3x3=2x32
LCMof12,18=22x32=4x9=36

They will meet again after 36 minutes.

Revisiting Irrational Numbers
Definition:
1) A number which cannot be expressed in the
form of s, g is known as an irrational

numbers.

2) A number which cannot be expressed
either terminating form or non-terminating
repeating form then it is known as irrational
numbers.

3) Numbers in the form of non-terminating non
repeating are known as irrational numbers.

Note (Theorem): Let p be a prime number. It
p divides a2, then p divides a, where a is
positive.

Theorem 1.4: Prove that V2 is an irrational
number.
Proof:

Let us assume that /2 is rational number.

Therefore, V2 = 2 (where p and q are

coprime) squaring on both sides

o
%

= 2 divides p? = 2 divides p (by Theorem)

2=0 — p? =2¢?
G o=t =2

= g = ¢ (where ¢ is constant)

= p = 2¢c = p? =4CZ—@2>
From @D and @?
2g? = 4c?
= q2 =2¢2
= 2 divides g?
= 2 divides q
Thus 2 divides p and q, that is 2 is common

factor of p and q.
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This is contradicts the assumption as there is no
common factor. [Therefore p and q are co-prime
is only common factor is 1].

Thus V2 is not rational.
Hence V2 is irrational.

Example 9: Prove that V3 is irrational
Proof:

Let us assume that V3 is rational.

Therefore V3 = s (Where p and q are coprime)

Squaring on both sides

2

_r 2 _ 2,2 e
z = Pr=34 w
= 3 divides p?
=3divide8p=§=c=>p=36
2 — g2 )
= p*=9c 02

) )
From {01 and {02;
3g? = 9¢?
= q? = 3¢?

= 3 divides g% = 3 divides q

Thus 3 divides p and q.

That is 3 is common factor of p and q.

This is contradicts that the assumption as there is
no common factor except 1. (Since p and q are
coprime)

Thus V3 is not rational.

Hence V3 is irrational number.

Example 10: Show that 5 - /3 is irrational.
Solution:

Assume that 5 - v/3 is rational
Therefore 5 -3 = §=>5— §= V3

=>5q—P= \/§
q

Since p and q are integers.

5q-p . .
Therefore % is a rational number.

Therefore /3 is also a rational number (From @D

But +/3 is irrational
This shows that our assumption is incorrect.

Hence 5 - /3 is irrational number.

)

CBSE - NCERT Solution Book for class 10
Example 11: Show that 3+/2 is irrational.
Solution:

Let us assume that 3+/2 is rational.

Therefore 3v2 = 3 = 2= 3%

p and q are integers.

Therefore % is rational number.

Therefore V2 is also rational number (From {g1})
But v/2 is irrational.
This shows that our assumption is incorrect.

Hence 32 is irrational.

« EXERCISE 1.3 ,

1) Prove that /5 is irrational.
Solution:

Let us assume that /5 is rational.

Therefore V5 = s (Where p and q are coprime)

Squaring on both sides

5= — p? = 52
qz p_q

= 5 divides p?

= 5 divides p

p

— — =
5

¢ =p=>5c @2)
Therefore p? = 25¢?
From {01} and (02}
5q% = 25c¢?

= q% = 5¢2

= 5 divides g?

= 5 divides ¢q
Therefore 5 divides p and q.
That is 5 is common factor of p and q.
This is contradicts the assumption as there is
no common factor except 1.
(Therefore p and q are coprime)
Thus /5 is not rational.

Hence /5 is irrational number.
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2) Prove that 3 + 21/5 is irrational.
Solution:
Let us assume that 3 + 2v/5 is rational.

Therefore 3 + 21/5 = g (Where p and q are

coprime)
3- § =2V5
3q-p - 2\/5
— 3a-p o
= 5= 24 Wy

Here 2, 3, p, q are integers.

Therefore ” 2 is a rational number.

Therefore V5 is rational number. (From (o1} )

But /5 is irrational number.

This shows that our assumption is incorrect.

Hence 3 + 2+/5 is irrational.

3) Prove that the following are irrational.

o 1
() 5
Solution:
Let us assume thatJ_ is rational.
i_r V2__p
Thereforeﬁ— . = Bl = q
V2 _p
:>ﬁ = .
_ 2p a1\
= V2= . )

Here 2, p, q are integers.
2p . .
Therefore f is rational number.

Therefore /2 is rational number (From @D)

But v/2 is irrational number.
This shows that our assumption is
incorrect.

1 R .
Hence N3 is rational numbers.

(i))7V/5

Solution:

Let us assume that 7+/5 is rational.

Therefore 7+/5 = g = 5 = 73 —

q S

Here 7, p, q are integers.

CBSE - NCERT Solution Book for class 10

Therefore % is rational.

Therefore V5 is also rational (From {g1})
But /5 is irrational.

This shows that our assumption is

incorrect.

Hence 7/5 is rational numbers.

(iii)) 6+ V2

Solution:

Let us assume that 6 + V2 is rational number.
Therefore 6 + \/_—— = 2= 5—6

Here 6, p, q are integers.

Therefore 2224 . 1 s a rational number.

Therefore V2 is rational number. (From {a1})

But V2 is irrational number.
This shows that our assumption is

incorrect.

Hence 6 + V2 is irrational number.

Rational Numbers and their decimal

Expansions:
Note:

(1)A rational number in the form ofs can be expressed

as terminating decimal expansion only if prime
factors of denominators ie q is expressible in the
form of 2™ X 5™,

(2) A rational number in the form ofs can be expressed

in the form of non-terminating repeating decimal
expansion if its prime factors of denominators (ie) g
has any prime number in its prime factors other than
250r 55.

(3)If prime factors of denominators is q has 53 and

some other number othere than 2° then also it can
be expressed in the form of non-terminating
repeating decimal expansion.




OM MURUGA PUBLICATION

EXERCISE 1.4
¥ Shania Yt il

1) With actually performing the long division, state
whether the following rational numbers will have
a terminating decimal expansion or a non-
terminating repeating decimal expansion

() 55z
5[3125
5625
5125
5|25
55
1

13 13
3125 55 x 20

The factors of denominator 3125 are 2° x 55.

13 . N .
Therefore 3155 82 terminating decimal.

T 7
()5 = Z3xs0
The factors of denominator are 23 x 5°.

Therefore g is a terminating decimal.

(i) o=
5(455
7191
1313
1
The factors of denominator 455 are 5 X 7 X 13
is not of the form 2™ x 5™,

64 . . . .
Therefore 20 1S non-terminating repeating
decimal.

. 15
(IV) 1600

2[1600.
2800
21400
21200
2[100

2|50
5125
5(5
1

CBSE - NCERT Solution Book for class 10

The factors of denominator 1600 are 26 x 52.

This is in the form 2™ x 5™,

15 . N :
Therefore Teoo 82 terminating decimal.

29
V) 353

The factors of denominator 343 are 73.

Which is not in the form of 2™ x 5™

Therefore % is non terminating repeating

decimal.

. 23
Vi) 23s
The factors of denominator is in the from of

2™ x 5™,

23 . o .
Therefore Zixoz IS terminating decimal.

. 129

(V")22><52><75

The factors of denominator is not in the form of
2™ x 5™,

Therefore it is non terminating repeating decimal.

(viii) 135

6 6

1_5 = 3%X5

The factors of denominator is not in the from of
2™ x 5™,

Therefore % is non terminating repeating

decimal.

. .35

(ix) %o
_ 35
T 52x2°

The factors of denominators are 21 x 52.

Which is in the from of 2™ x 5.

35

Therefore —
52x2

is terminating decimal.
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77
) 575

The factors of denominators are 2 X 3 X 5 X 7.

Which is not in the form of 2™ Xx 5.
Therefore % is non-terminating repeating

decimal.

2) 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 p/q then what we
can say about the prime factors of q?

(i) 43.123456789

We know that any rational has either terminating
or non-terminating repeating decimal expansion.
Here 43.123456789 has terminating decimal

expansion.

_ 431234656789 _ p
Therefore 43.123456789 = 1000000000 ¢

Here ¢ = 1000000000 = 10°
= (2x5)°
=29%5°
The facotors of g are 22 x 5°
(ii) 0.120120012000120000.....
Here 0.120120012000120000 ..... is non

terminating, non-repeating decimal expansion.

So it is an irrational number.

(i) 43.123456789
Here 43.123456789 is non terminating
repeating decimal expansion. So it is a rational
number.
Let x = 43.12395678910 —— {01}
on multiplying 1000000000 on both sides.
Therefore 1000000000 x =

43123456789.123456789 ——— (02
2 = 1000000000 x = 43123456789. 123456789
1= X = 43.123456789
2 - 1= 999999999 x = 43123456746

_ 43123456746 _ p oo
999999999 q

where g = 999999999

10
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02

POLYNOMIALS

Definition:

A polynomial is in one variable x, is an
algebraic expression of the form.
P(X) = anx" + an X"+ .. +ax+ap
where n is positive integer and ao, a1, az, .... are
constant and these are known as coefficient of
ploynomials and a+ 0

Degree of a Polynomial
Highest power of p(x) is called the degree
of the polynomial.

Types of polynomial:
a) Zero polynomial:
A polynomial of degree zero, is
called zero polynomial (OR)
A polynomial which contains only
constant term is called a zero polynomial.
Note that zero polynomial is also
known as a constant polynomial.
b) Linear polynomial:
A polynomial of degree one, is
called linear polynomial.
c) Quadratic polynomial:
A polynomial of degree two, is
called Quadratic polynomial.
d) Cubic polynomial:
A polynomial of degree three, is
called Cubic polynomial.
e) Biquadratic polynomial:
A polynomial of degree four, is
called Biquadratic polynomial.

Values of a polynomial at a given point:

It p(x) is a polynomial in x and « is a real
number, then the value obtained by putting x = «
in p(x) is called the value of p(x) at x = «.

Zero of a polynomial:
A real number K is said to be a zero of a
polynomial t(x) is f(k) = 0.

11
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EXERCISE 2.1
f S il Y

(X X X X ]
Note:
The number of points at which the graph of

p(x) intersects the x — axis, gives the number of
zeros and their x — coordinates gives the zeros.

(iif) (iv)

(v) (vi)
Answer:

(i) The graph does not cut the x — axis at any
point. So, it has no zero.

(ii) Here the graph cut the x — axis at one
point. So, it has one zero.

(iii) The graph cut the x — axis at three distinct
points. So, it has three zeros.

(iv) The graph cut the x — axis at two distinct
points. So, it has two zeros.

(v) The graph cut the x — axis at four distinct
points. So, it has four zeros.

(vi) The graph cut the x — axis at five distinct

points. So, it has five zeros.
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Relation between zeros and
coefficients of polynomial:

/7

< For quadratic polynomial:
In general, let « and B be the zeros of the

polynomial p(x) = ax? + bx + ¢, a # 0 then,

b

sum of zeros « + B = — -

_ coefficient of x

coefficient of x?2

product of zeros x g = 2

constant

~ Coefficient of x2
« For cubic polynomial:
In general, let «, 8 and y be the zeros of
the cubic polynomial.

p(x) = ax® + bx? + cx + d, a# 0, then

b coefficient of x?

X = - -= -
+B+vy a coefficient of x3
c coefficient of x

x X=-=
B + By + Y a coefficient of x3

" B _ d __ constant term
y=—--= coefficient of x3

Example 2: Find the zeros of the quadratic

polynomial x?+7x+10, and verify the

relationship between the zeros and the

coefficients.

Solution:

Let p(x) = x>+7x+10,

To find zeros of polynomial, p(x) =0

(i.e) x>+7x+10 =0
(x+2)(x+5) =0

=x+2=0 x+5=0

x=-2 xX=-5

Therefore the zeros of the given polynomial

area=-5,= —2.

Comparing the given polynomial x?+7x+10 with

ax?+bx+c.

Herea=1,b=7,c=10

Sumofzeros= —2= — 2= —7
a 1
X +B=-5-2=-7
product ofzeros=§= 1—10= 10

12
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(i.e) ¢ B =(-2) (-5)= 10

Hence verified.

Example 3: Find the zeros of the polynomial

x? — 3 and verify the relation between the zeros
and the coefficients.

Answer:

Let p(x) =x2-3

To find zeros of p(x), p(x) =0

x2-3=0

x2=3= x=43

Therefore the zeros of p(x) are v3 and /3
On verification, compare p(x) with ax?+bx+c
Herea=1,b=0,c=-3

Sum of the zeros=-§: %: 0
x +8=43-43 =0
Product ofzeros=§: - %z -3

« = (V3) (V3) = -3

Hence verified.

Formation of Quadratic and Cubic Polynomial:

(i) If < and B are the zeros of a quadratic
polynomial, Then the quadratic polynomial will
be x? — (sum of zeros)x + product of zeros is
X2 — (¢ + B)X + x f.

(ii)If <; B and y are the zeros of cubic polynomial,
then the cubic polynomial will be
x3 — (sum of zeros) x2 + (sum of the product of
two zeros at a time)x — product of zeros.

X3 -( + B+ )X+ (x B+ fy+x y)x - < fy

Example 4: Find a quadratic polynomial the
sum and product of whose zeros are — 3 and
2 respectively.

Solution:

Sum of zeros x + f = —3

product of zeros « f = 2

Therefore the required polynomial is
=x2-(x +B)x+x B =x2-(—3)x+ 2

=x243x+ 2




OM MURUGA PUBLICATION

Example 5: Verify that 3, -1, - % are the zeros

of the cubic polynomial p(x) = 3x3 — 5x% — 11x
— 3 and then verify relationship between the
zeros and the coefficients.

Solution:

p(x) =3x3—5x>—11x-3

p(3) = 3(3) = 5(3)2— 11(3) - 3
=3(27)-5(9)-33-3 =81-45-36

p(3)= 0

p(-1) = 3(- 17 = 5(- 12 = 11(- 1) - 3
=-3-5+11-3 =11-11

p(-1) = 0

P(-3) = 3(-3° = 5(- 37— 11(-3) -3

1 1 11
=3(-5) =535 +5 -3

1 5,11 5 _-1-5+33-27
9 9 3 9
33-23
= =0

Therefore 3, -1, - % are zeros of p(x).

On comparing p(x) with ax® + bx? + cx + d
Herea=3,b=-5,c=-11,d=-3

Sum of the zeros x + g + y=-§:%:§

Butx + g + y=3—1—§ =9_2_1

9-4 _5
3 3

Sum of product of zeros taken two at a time

% f+pytoy = —= 11
B+ By y=_-=-3
But o § + fy+ocy = 3(- 1) + (- 1)(-3) + 3(-3)
=_34_1_1:—9+1—3 _ .1
3 3 3
product of zeros = < fy = — g: %3= +1

By =3(-1)-3) = 1

Hence verified.

13
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EXERCISE 2.2
#— (X X X X ] —9.

1) Find the zeros of the following quadratic
polynomials and verify the relationship
between the zeros and the coefficients.

(i) x2-2x-8
To find zeros, p(x) = 0
x2-2x-8 =0
(x+2)(x-4) =0
x+2=0 x-4=0
X=-2 x=4

Therefore zeros of p(x) are — 2 and 4 on
comparing p(x) with ax?+bx+c
Herea=1,b=-2,c=-8

Sumofzeros=-2= ﬂ=2
a 1

But, «x +=—-2+4=2

Product of zeros = 2 =—-=-8

xf=-2(4)= -8

Hence verified.

(ii) 4s2-4s+1
Let p(x) = 4s2-4s+1

= (2s-1)(2s-1)
To find zeros, p(x) =0
(2s-1)(2s-1) =0

2s-1=0 2s-1=0
1 1
s=- s=-
2 2
. 11
Hence zeros of polynomial are 25
b —(-4
Sumof zeros = -2 = 25 — 1
a 4
But « +B=l+l =1
2 2

[ 1
Product of zeros = =3

Butc f=()(5) = 5

Hence verified.
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(iii) 6x2-3-7x
Let, p(x) = 6x3-7x-3

To find zeros, p(x) =0

6x2-7x-3=0
(3x+1)(2x-3) =0
3x+1=0 2x-3=0
3x=-1 X = 3
2
1
x -_ - —
3
1 3
= - - =

on comparing p(x) with ax>+bx+c
Herea=6,b=-7,c=-3

b 7
sum of the zeros = - o=

But,oc+ﬂ=-§+§—

Product of zeros =
=13y
But x g = 3 (2)

Hence verified.

(iv) 4u?+8u
Let p(x) = 4u?+8u

To find zeros, p(x) =0

4u?+8u =0

4u(u+2)=0
=u=0o0ru+2=0
=u=0oru=-2
Hence zeros of p(x) are x = 0,8 = -2
on comparing p(x) with ax?>+bx+c
Herea=4,b=8,c=0

Sumofthezeros=-2=—§= -2
a 4
Butox + 5 =0+ (-2)= -2
Product of zeros = < = 3 0
a 4

Butxg=0(-2)=0
Hence verified.

(vi) 3x2-x-4
Let p(x) = 3x?-x-4

To find zeros, p(x) =0
3x%-x-4 =0
(x+1)(3x-4)=0

14
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x+1=0 3x-4=0
x=-1 x=2
3

Hence zeros of p(x) are x = -1, = g

on comparing p(x) with ax>+bx+c
Herea=3,b=-1,c=-4
Sum of the zeros = - b_1

a 3

Butox +f =-1+2 ="22= 2
3 3 3

W |

C
Product of zeros = - = —

But x f=-1() = — 3
Hence verified.

2) Find a quadratic polynomial each with the
given numbers as the sum and product of its
zeros respectively.

o 1
@), -1
Solution:

SR

Given, sum of zeros < + 8 =

product of zeros o« f = - 1
Therefore the required polynomial is
X2-(x + X+ xp

4x2—x—4

x2-(§)x—1=>

4x2—x-4

The other polynominal is k(

)

if k = 4, then the polynominal is 4x*> — x — 4

(i)VZ,
Solution:

Given, sum of zeros « + 8 = V2
product of zeros o« 8 = g

Therefore the required polynomial is
X2 - (< +B)x+xp

1 3x2-3v2x+1
X2"VGZX +'§1=$ ————?;————

2_
The other polynominal is k(gxiﬂ)

if k = 3, then the polynomial is 3x%2 — 3v2x + 1
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(ii)) 0,v5 (vi)4, 1

Solution: Solution:

Let o and g are zeros of the required Let « and B are zeros of the required
polynominal polynominal

Given, sum of zeros « + = 0 Given, sum of zeros « + 3 = 4
product of zeros o« g = /5 product of zeros « § = 1

Therefore the required polynomial is Therefore the required polynomial is
X2- (¢ +B)X+x B x2-(x +B)x+xp

X2 - 0x +V5 = x%2 ++/5 x?-4x +1

(iv)1, 1

Solution:

Let < and g are zeros of the required
polynominal

Given, sumofzeros x +f =1
product of zeros < f = 1

Therefore the required polynomial is
X2- (< +f)x+xf

X2-1x+1=x>—x+1

11
(V) = ZJ Z

Solution:

Let o< and B are zeros of the required

polynominal

Given, Sum of zeros x + f§ = —

i

1
Product of zeros « 8 = "

Therefore the required polynomial is
x2-(x +B)x+xf

1 1 4x%4x+1
x2— (- —)x+—ﬁl
4 4 4

2
The other polynominal is k(4x ;xﬂ)

If k = 4, Then the polynominal is 4x% + x + 1

15
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03

PAIR OF LINEAR
EQUATIONS IN TWO
VARIABLES

Graphical Method of solution of a pair of linear
equations

Example 4: Check graphically whether the pair
of equations x+3y = 6 and 2x-3y =12 is

consistent. If so, solve them graphically.

Solution:
x+3y=6 . 0 6
3y=6-x
6—x
_ 6% y==5 (2| 0
y== 3
x 0 3
2x-3y =12 _2x-12 ) ,
3y=2x-12 | Y~ 3 - -
2x-12

y= 3
Plot the points A(0, 2), B(6, 0) and P(0, -4) and

Q(@3, -2)

Clearly, the two lines P
intersect at the point (6, 0). Therefore unique

solution exist and system is consistent.

Example 5: Graphically, find whether the
following pair of equations has no solution,
unique solution or infinitely many solution.
Solution:

5x -8y +1=0 and 3x—2?4y+§=0

5x—8y+1=0 D
23 o)
3x—5y+5—0 02

16
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Multiply @2 by =

5 24 5 35
3x3x—?x3y+5 3 =0
8
5 24 5 3 5
3X§x—gx3y+5 3—0
5x—8y+1=0
o

From this equation {01; and \_j are same.

Hence the given lines are coincident.
Therefore the equations have infinitely many

solutions.

Example 6: Champa went to a “sale” to
purchase some pants and skrits. 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 skrits is four
less than four times the number of pants
purchased”. Help her friends to find how many
pants and skrits champa bought.

Solution:

Let x denote the number of pants and y denote the
number of skrits.
Bydata,y=2x-2 and y=4x—4

y=2x-2 y=4x—4
x| 0|2 x| 0 1
yi|-2|2 y|-410

From the graph the two lines intersect at (1, 0).

Hence the numbér pant svi‘1e prc;cised is 1

and she did not buy any skirts.
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EXERCISE 3.2
f Sahisin oy guiutinill

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

(i) 10 students of class x took part in
Mathematic 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.
Solution:

let x denote the number of boys and y
denote the number of girls.
Bydata,x +y=10 and y=x+4

y=10-x y=x+4
x| 0 |1 x| 5|4
yl4 |5 y|95 |6

From the graph the two lines intersect at (3, 7).

SO,X=3,y=7. N

1
2 & & s

Hence the required number of boys is 3
and girls is 7.

(ii) 5 pencils and 7 pens together cost %50,
where as 7 pencils and 5 pens together
cost ¥46. Find the cost of one pencil and
that of one pen.

Solution:

let x denote the cost of pencil (one) and y

denote the cost of one pen.

By data, 5x + 7y =350 and @D
7x + 5y = %46 ®@
Sx + 7y =%50 7x + 5y =46
7y =50 - 5x Sy=46-7x
50 — 5x 46 — 7x
Y= Y=

17
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x| 103 X
y| O y|-21|5
_\ﬂJP

(10,0)

2)

af b2 3 4 5 b & 9 o
-2l (s,-2)

From the graph x = 3, y = 5 is the required

solution.
Hence the cost of one pencil is 3 and

cost of one pen is %5.

. . b .
On comparing the ratios %b—l and 2—1 find
2 2 2

out whether the lines representing the

following pairs of linear equations

interseat at a point, are parallel or

coincident.

()5x—4y+8=0and 7x+6y—9=0
Here a; = 5,b; = —4,¢; = 8 and

a2=7, b2=6,C2=_9

a 5 b -4 -2
Now == Zand == — =—
ay 7 bz 6 3
@ b
ar b,

Therefore given lines are intersecting

lines.

(ii)9x + 3y + 12 = 0 and
18x+6y+24=0
Herea, =9, by = 3, ¢, =12and
a, =18,b, = 6, c, = 24
a9 1 b 3 1 ¢ 12
a, 18 2'b, 6 2'¢c, 24 2’
a b ¢
@ b o
Therefore given lines are coincident

lines.
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(iii) 6x—3y+10=0and2x—-y+9=0
Here a;, = 6,b; = —3,c; = 10and

aZ = 2,b2 = _1,C2 =9

a1_6_3 bl__3_3 Cl_lo
ay 2 b, -1 ¢ 9
Nowﬂzﬁ

a b,

Therefore given lines are parallel.

3) On comparing the ratios ﬂ,ﬁ and 2 find
a bz C2

out whether the following pair of linear

equations are consistent or
inconsistent.

() 3x+2y=52x—-3y="7(or)
3x+2y—-5=0and2x-3y—-7=0
Note:

b b
For consistent =+ # —tor L =2t="2
a; b a, by
b
For inconsistent = = 2% = &

a; by ¢
Here a; = 3,b; = 2,c; = —5and
a2=2,b2=_3,C2:_7
ap 3 by 2 ¢ =5 5
a, 2'b, -3¢, -7 7
Now 2 & 21
a; b

Therefore given lines are consistent.

(ii)2x —3y=8,4x -6y =9
2x—3y—8=0; 4x—6y—9=0
Here a; = 2,b; = —3,¢c; = —8 and
a, =4,b,= —6,c, =-9
a1_2_1'b1_—3_1 ¢ —8
a, 4 2'b, -6 2'¢c, -9

a b c
Now =+ =2 # =2
az b, C2

Therefore given lines are inconsistent.

(i) 2x+3y="7; 9x—10y =14
“x+2y—7=0; 9%x—10y—14=0

18
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3
Gq_5_ 3 _t 1
a, 9 2x9 2x3 6’
5
by 3 5 5 1
b, -10 3(-10) -30 -6’
¢ =7 1
c, —14 2
b
Nowﬂ;t—1
ap bz

Therefore given lines are consistent.

(iv)5x — 3y =11,-10x + 6y = —22
5 -3y—-11=0; —10x+6y+22=0

Here a; =5, by = —-3,c; =—-11and
a, = _10, bz = 6, Cy = 22

a 5 1
a, —-10 2’
bl__g_ 1
b, 6 2’
¢ —11 1
c, 22 2
G _bh_a_ _1
Nowaz_bz_CZ_ 2

Therefore given lines are consistent.

(V)3x+2y =8 2x+3y=12
Sx+2y-8=0; 2x+3y—12 =0
Here a1=§, b; = 2, ¢, =—-8and

a2=2,b2=3,C2=—12

4

a; _ 3 __ 4 _2
ar 2 3x2 3
by _ 2

b, 3

Cl_ -8 _ 2

c;  -12 3

a; _ by C1
Now —= = —= = —

a b, C2

Therefore given lines are consistent.
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4) Which of the following pair of linear
equations are consistent / inconsistent?

If consistent, obtain the solution

graphically.

(i) x+y=5 and 2x+2y =10
Solution:

')
\/

x+y=5 = x+y—-5=0
2x+2y =10 =
2x+2y—-10=0

Here a, =1,b; = 1,c;, = -5 and

o)
N\

a, = 2,b2 = 2,C2 =-10

ap 1 by 1 ¢ =5 1
a, 2'b, 2'¢c, —10 2
1 _b1_a_ 1
az_bz_CZ_Z

Hence the given equations are

consistent.
x+y=>5 2x+2y =10
y=5—x X+y=5
y=5—x
x |0 3 <10 11
y |5 2 y 20

From the graph the two lines are coincident.

0.5
5

Therefore the equations have infinitely

many solutions.

(i) x—y=8 and 3x—-3y =16

Solution:
x—y=28
= x—y—8=0 @D
3x —3y =16
=3x—3y—-16=0 D)
Here a; =1,b; = —1,¢c, = -8 and

az = 3,b2 = _3,C2 =—-16
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al_l_b_—l_l_cl_—S_l
az 3 b, -3 3¢, -16 2
a _ b1 ,

=2t

Therefore the pair of linear equations is
inconsistent.

(iii) 2x+y—-6=0 and 4x—-2y—-4=0
Solution:
Here a; =2,b; = 1,¢c, = —6 and

a; =4‘,b2 = —2,C2 =—4

a1_2_1_b1_1_C1_—6_3
a, 4 2'b, -2"¢c, —4 2
G b a

a; by ¢

Hence given equations consistent and have

unique solution.

x |0 2
2x+y—-6=0

y |5 3
4x -2y —4=0
y=6-—2x x |1 ]2
2y = 4x — 4 y |4 ]2
_4(x—1)
T2
y=2(x—1)
=2x—-2

(19)

F ‘ . . —
l .'LY 4 5 GZQL
-1
._7 (of_.z.jl

The lines are intersect at (2, 2).

Hence the solutions is x = 2,y = 2.

(iv)2x —2y—-2=0 and 4x—4y—-5=0
Solution:

Here a; = 2,b; = —2,¢; = -2 and

aZ =4‘,b2 = _4‘,C2 = _5

a1_2_1 bl__z_l Cl__z_z
a, 4 2'b, -4 2'¢c, -5
G _bia

a; by

Hence given equations are inconsistent.
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3)

6)

Half the perimeter of a rectangular
garden, whose length is 4 more than its
width is 36m. Find the dimension of the
garden.
Solution: x|2(41]0
Let the length of y|3]0]6
the garden be x m and its breadth be y m.
Perimeter of the garden = 2 (x + y)
Half the Perimeter =x+y
i — o
Given that, x + y = 36 )
Also given, length is 4 more than its width.
x=y+4 @2)
x—y=4 @
x+y=36 @D
1+2=2x=140
=2-20
2
x =20
sub x = 20,in 2
20—y=4 =>y=20—4
y =16m
Hence length of the garden x = 20m
Breadth of the garden y = 16m.
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) coinident lines
b
(i) For intersecting lines 2Lt
a; b
Therefore any intersecting lines may be
takenas 5x+9y—-7=0or
3x +5y+9=0.
(ii) For parallel lines e + 1
a; by

Therefore any parallel lines to
2x+3y—8=0is6x+9y+7=0o0r
4x+6y—9=0

(iii)

.. . a b c
For coincident lines = = + = 2%
a b, c

20
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Therefore any line coincident to

2x+3y—8is4x+6y—16=00r

8x +12y —32=0.

7) Draw the graphs of the equations
x—y+1=0and 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.

Solution:
x—y+1=0 3x+2y—12=0
y=x+1 2y = —=3x+12
_ —3x+12
2
Tk b)
. o x |0 1 -1
5 y|1 (2 |0
P)
2 (_llg")
2
LD\‘) I_’ Uhd)
'ﬁ:) L2 2 \ 5 6 7

From the graph two lines intersect at (2, 3).

Hence x = 2,y = 3 is the solution of the given

pair of lines.

Algebraic Method of solving a pair

of linear equations:
Substitution Method:

Example 7:
equations by substitution method.
7x —15y =2 and x+ 2y =3

Solution:
7x — 15y =2 oD
x+2y=3 @g\,
From 2
x=3-2y @:D

substitute 3 in 1
73—-2y)—15y =2

21— 14y — 15y = 2
21-29y =2 =29y =21—2
29y = 19

Solve the following pair of
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y=ﬁ

substitute y = g in3

x=3-2(2)=3-8 _3B_2
29 29 29 29
Therefore the solution is x = 9 and y = 19
29 29
Example 8: Aftab tells his daughter. “Seven

years ago, | was seven times as old as you were
then, Also, three years from now, | shall be
three times as old as you will be. Represent
this in substitution method.

Solution:

Let the father’s present age be x and daughter
present age be y years.

Seven years ago father's age = x — 7

His daughter’s age =y—-7
Bydata,x —-7=7(y —7)
x—7=7y—49
x—7y=7-49
x— 7y =—42 on

3 years hence, father's age = x + 3 years
Daughter's age =y + 3
By data, x + 3 = 3(y + 3)

x+3=3y+9

x—3y=9-3

x—3y=26 @2>
Therefore Algebraic representation is
x—7y=—42 @D
x—3y=6 @2}
2=x=6+3y 6@
substitute@@in @D substitute y = 12 in@:_a)
643y — 7y = —42 x=6+3(12)
6 — 4y = —42 x=6+36
4y =42+ 6 x = 42
4y = 48

=¥_1

4

Therefore Aftab present age is 42 and His

daughter’s present age is 12.
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Example 9: Romila went to a stationary shop
and purchased 2 pencil and 3 erasers for ¥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 ¥18.
Represent this in substition method.

Solution:

Let the cost of one pencil be Xx and the cost of one
eraser be Xy.

Given that Romila purchased 2 pencil and 3 eraser
for 9.

Therefore 2x + 3y =9 @D

Also, given that sonali purchased 4 pencils and 6

erasers for %18.

Therefore 4x + 6y = 18 @2>
From 1 2x =9 —3y

9-3y 2\
x =22 @

2
substitute @:D in @2>

9 — 3y
4( )+6y=18
2
29-3y)+6y =18

18 — 6y + 6y = 18
18 =18

This given that both the given equations are
same.

Therefore the given equations have infinitely
many solution. We cannot find the cost of
pencil and eraser uniquely.

Example 10: Two rails are represented by the
equations x +2y—-4=0 and 2x+4y—-12=0
Represent this by substitution method.
Solution:

X+2y—4=0 D
2x+4y—12=0 o
From1 x=4-2y @3

Substitute @) in @2)
24-2y)+4y—-12=0
8—4y+4y—12=0
8—-12=0 = —-4=0
which is a false statement.

So, the two rails will not cross each other.
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EXERCISE 3.3
f S Y

1. Solve the following pair of linear equation by
the substitution method.
()x+y=14andx—-y =4

Solution:

x+y=14 @D
x—y=4 @
From@z} x=y+4 @])
substitute {§3) in {07)
y+4+y=14

2y =14 —4 =10
2y=10=y = 12—0=5
y=25

substitute y = 5 in (03)
x=5+4=9

Therefore the solution is x=9 and y=5

ii —3 S, t_
(ii) s—t=3, 3+2—6

Solution:
s—t=3 @) and
s t_ N
37260 0z
2s + 3t
_ Ao\
6 - \U?/
= 25+ 3t =36
From1 s=3+t¢

substitute 3 in 2
23+t)+3t=36
6+ 2t + 3t =36
5t =30

_30_

t=—=6
5

substitute t = 6in 3
s=34+6=9
s=9

Hence the solution is t=6, s=9

(iii)3x—y=3and9x -3y =9
Solution:

3x—y=3 @D
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9x —3y =9 @)

substitute@D in @g\,

9x —3(3x—-3)=9

9% —9x+9=9

9=9

This shows that the given equations has

infinitely many solutions.

(iv)0.2x+ 0.3y = 1.3 and 0.4x + 0.5y = 2.3
Solution:

0.2x + 0.3y = 1.3 D

1x10 = 2x + 3y = 13 @)
0.4x + 0.5y = 2.3 D
o
{3 x 10 = 4x + 5y = 23 @,
From{@) 2x + 3y =13
_ 13-3y D)
== 0y

; D) i 7a
Substitute 05 in {04

4(2) +5y =123

26— 6y +5y =23

26—y =23=y=26—23
y=3

substitute y = 3 in@@

_133) _ 139 _4_,
2 2 2

Hence the solutionis x = 2,y = 3.

(v) V2x +V3y =0 and V3x —v8y = 0

Solution:

V2x +v/3y =0 @D
V3x—VBy =0 @
From2 +/3x =+/8y
_V8 a3
=5 &
Substitute {3 in (01}
V8
\/§<— >+\/§ =0
\/§y y
Viey
——+3y=0
3 y
1y
—+3y=0
73 y

22
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4y + 3y
=0=7y=0=y=0
73 y y
substitute y = 0 in
V8
x=—(0)=0
V3
Hence the solutionisx =0and y = 0.
N x,y_13
(V|)2 S = 2and3+2—6
Solution:
3_x_5_y:_2 E+X:E
2 3 3 2 6
9x—-10y —2 2x+3y E
6 6 6
— N )
9x — 10y = —12 ()
2x + 3y = 13 ©
From2 2x=13-3y
_ 133y )
x == @

substitute 3 in 1

9(22) - 10y = —12

117-27y
2
117-27y-20y _
— =
117 — 47y =-24

—47y = =24 — 117

— 10y = —12

-12

—47y = =141
y=£=3
47
y=3
substitute y =3in 3
13 -3(3)
T
13-9
=T
x=§ =2

Hence the solution is x=2 , y=3.

2. Solve 2x+ 3y =11 and 2x — 4y = —24 and
hence find the value of ‘m’ for which

y=mx+ 3.
Solution:

— )
2x+3y =11 ()
2x — 4y = —24 @

23
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From{02) 2x = 4y — 24

oo 2 2(2y-12)
-2 T 2

Substitute x =2y —12in @D
22y —12) +3y =11
4y — 24+ 3y =11
7y =11 + 24
7y = 35
=35

7
y=5
substitute y = 5 in @:2
x =2(5) —12
x=10—-12=-2

= 2y-12

Hence the solutionis x = -2 and y =5

Now y = mx 43 @D
substitute x = —2and y=5in
5=m(-2)+3
5-3=-2m
2=-2m
m=-1

3. Form the pair of linear equations for the
following problems and find their solution by
substitution method.

(i) The difference between two numbers is
26 and one number is three times the
other. Find them.

Solution:

Let the two nos be x and y(x>y)

o
oy

By data, x —y = 26

and x = 3y
substitute @) in @D
3y—y=26

2y = 26

)
&

y=§=13

substitute y = 13 in
x =3(13) =39

Hence the two numbers are 39 and 13.
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(ii) The larger of two supplementary angles

exceeds the smaller by 18 degrees. Find
them.

Solution:

Let the supplementary angles be x"and

y (' >y)

By data, x” +y* = 180° D)
and x’ —y" =18’ @_2)
From{®2 x° =y +18° @

ote o) in 1)
substitute 03} in 01
y+18°+y° =180
2y° =180 - 18’

2y° = 162°

Y= 162 _ 81"
2

y =81

subtitute y = 81" in {§3)
x=81"+18 =99°

Hence the required angles are 99" and

o

81.

(iii) The coach of a cricket team buys 7 bats

and 6 balls for 3800. Later, she buys 3
bats and 5 balls for X1750. Find the cost
of each bat and each ball.

Solution:

let the cost of one bat be Xx amd the cost of

one ball be y.
— A7\
By data, 7x + 6y = 3800 oy
3x + 5y = 1750 2
From 2
3x = 1750 — 5y
__1750-5y N
x = @
substitute @:Ein @D
1750 — 5y
7 (T) + 6y = 3800
12250 — 35y + 18
- Y% 3800

12250 — 17y = 3800 x 3
12250 — 17y = 11400
17y = 12250 — 11400

24
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17y =850 = —850—50
= T
substitute y = 50in 3

1750 — 5(50)
X=——

3
1750 — 250
T3
1500
X = T =500

Hence the cost of one bat is ¥500 and

cost of one ball is ¥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 105 and for a
journey of 15 km, the charge paid is ¥155.
What are the fixed charges and the
charge per km? How much does a
person have to pay for travelling a
distance of 25 km?

Solution:

Let the fixed charge be Xx and the charge

per kilometre be Xy.

By data, x + 10y = 105 n
x + 15y = 155 @
From 1 x =105 — 10y @;E

substitute @:D in@z)
105 — 10y + 15y = 155
5y = 155 — 105

50
5y =50 =y =+ =10

substitute y = 10 in {§3)

x =105 —-10(10)

x =105-100

x=5

Hence fixed charge is 5 and charge per
km is 10.

Hence the amount paid by the person for
25 km is 5+25(10) =5+250 =X255
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9
(v) A fraction becomes ’eL if 2 is added to

both the numerator and the denominator.
If, 3 is added to both the numerator and

the denominator it becomes z. Find the

fraction.
Solution:

Let the fraction be §

condition |, 2 is added to both numerator and
denominator, the new fraction is %

By data, o2
y+2 11

= 11(x+2) =9(y + 2)
11x 4+ 22 =9y + 18

11x — 9y =18 — 22

11x — 9y = —4 n

condition I, 3 is added to both numerator
and denominator, the new fraction is ;—2

5
By data, 3 _2
y+3 6

= 6(x +3) =5(y + 3)
6x + 18 =5y + 15
6x —5y=15-18
6x — 5y = -3
From{@) 6x—5y=-3

o)
N\

— 53 o)
X == ©;

substitute {83} in D)

5y —3
11( y6 )—9y=—4

55y—33—54y__
6

y—33=-24

y=33—-24

y=9

i —9in A
substitute y = 9 in {03)

g =503 _ 453 _ 42
6 6 6

=7

Therefore the fraction is § = g.

25
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(vi) Five year 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?
Solution:

Let the present age of Jacob be x years and
the present age of Jacob’s son be y years.
5 years hence (After 5 years)

Jacob’sage =x +5

son'sage=y +5

By data, x + 5 = 3(y + 5)

x+5=3y+15
x—3y=15-5

x—3y =10 @
Five years ago, Jacob’s age=x — 5

son'sage=y—>5

By data, x —5=7(y —5)
x—5=7y—-35
x—7y=-354+5
x—7y=-30
x=7y—30
From2 x =7y —30
substitute @:-D in @D
7y —30 — 3y = 10
4y =10+ 30

o
N\

3
&

4y=40=y="22=10
substitute y = 10in 3
x=7(10)—30 =70—-30 =40

Hence the present age of Jacob is 40
years and his son’s present age is 10
years.

Elimination Method:

Example 8: The ratio of incomes of two persons
is 9:7 and the ratio of expenditure is 4:3. If each
of them manages to save 2000 per month, find
their monthly incomes.

Solution:

Ratio of incomes of two persons = 9:7
Therefore income of 15t person = 9x

Income of 2™ person = 7x
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Ratio of their expenditures = 4:3
Therefore Expenditure of 15t person = 4y
Expenditure of 2" person = 3y

By data Their savins are 2000 per month

9x — 4y = 2000 ———{1)

7x — 3y = 2000 @)

@x@) = 27x— 12y = 6000 ®)

@ x@8 = 28x— 12y = 8000 @
2\

N _1~q _
\04J—\03y = x = 2000
substitute x = 2000 in @D
9(2000) — 4y = 2000
18000 — 4y = 2000

4y = 18000 — 2000 = 16000

16000
y= T = 4000

Therefore monthly income of 15t person = 9x =
9 x 2000 =3%18000

Monthly income of 2" person = 7x =7 x
2000 =3%14000

Example 9: Use elimination method to find all
possible solutions of the following pair of linear
equations:-2x 4+ 3y =8,4x+ 6y =7

Solution:

2x+3y =8 @D

4x+6y=7 2

x@) =4x+6y=16 ®@)
dx+ 6y =7 @2)

@-@ = 0=9
Which is false statement.

Hence, the given equation has no solution.

Example 10: The sum of 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?

Solution:

Let the ten’s and unit’s digits of the original number,
be x and y.

Therefore the original number is of the form

10x + y.
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When the digits are reversed, the reversed number
is of the form 10y + x.

By data, (10x + y) + (10y + x) = 66

11x + 11y = 66

11(x + y) = 66
x+y=6 @D
Also given that the digits differ by 2.
Therefore x —y =2 @2)

x+y=6 @D
@@ -0

x=4
substitute x = 4 in 1 44+y=6
y=6—4=2

Therefore the original number is
10x +y=10(4) +2 =42
The reversed number is 10y + x = 10(2) + 4 = 24

Hence two such numbers are 42 and 24.

EXERCISE 3.4
: CISE 34 ,

1) Solve the following pair of linear equations
by the elimination method and the
substitution method.

()x+y=5 2x—-3y=4
Elimination method:

x+y=>5 @D
2x—3y =4 @
@Dx(@: 3x+3y =15 @ID
2x—3y =4 ©
@+=  5x=19

19
X =—
5

19
i =2
substitute x = - in {0}

19 _ 25-19 _ 6

19
?+y—5 ﬁy—S—? s S

Therefore the solution is x = %, y = g

Substitution method:

x+y=5 @D
2x —3y =4 ©
From1x=5-y @)
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i a2 in 7o)
substitute 3} in {0
26—-y)—-3y=4
10—2y—-3y =4
10-5y=4 = 5y=10—-4

5y =6
_
Y=3
substitute y = g in @D

6 6
x+-=5=x=5-¢

. 19 6
Hence the solution is x = ?,y =

(ii)3x +4y =10 and 2x — 2y = 2

Elimination method:-

— )
3x+4y =10 )
2x —2y =2 ©
Equation @2)x2 = 4x—4y =4 @:E
3x + 4y = 10 o
@D"’@:D = 7x =14
x=2=2
7
x=2
substitute x = 2 in @D
3(2) + 4y = 10
6+4y =10
4y=10—6=14
4
y=,=1
y=1

Hence the solutionisx =2, y=1
Substitution method:
— )
3x+4y =10 )
2x—2y =12

From2 2x =2+ 2y

— 2(12+y) =1+y
substitute x =1+ y in @D

31+y)+4y =10
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3+3y+4y =10

7y =10 — 3
7y =17

7
y:;:l
y=1

substitute y =11in 3
Thereforex =1+1=2
x=2

Hencex=2,y=1

(iii)3x—5y—4=0and 9x =2y + 7
Solution:

Elimination method:

3x —5y=4 @D
— I
9x — 2y = 02
ODx@3) = 9x — 15y = 12 @@
@ ==
a2\ _ 7o\ _ —
@-@= -13y=
——
T 13
i = Z2in o
substitute y = 3 NPy
3x—5 (_5) =4
*7o\13) T
3x + 25 _ 4
*T13T
3y = 4 25
ST
3y = 52725
13
*T3Ix 1313
_ 9
*=13
Substitution method:
3x -5y =4 @D
9x—2y=7 ©
From1 3x =5y +4
_ Syt4 72
x === @

3
substitute 3 in 2

9 —2y =7

27
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15y +12 -2y =7

13y +12=7
13y =7 —12
13y = =5
-5
Y=1

substitute y = I—; in3

-5
_ 5(33)+4
3
_ —25+52
T 13x3
27
x =
13x3
)
T 13

X

9 -5
Therefore x = —, y = —
13 13

2) Form the pair of linear equations in the
following problems, and find their solutions
(if they exists) by the elimination method.

(i) If we add 1 to the numerator and subtract
1 from the denominator, a fraction

1
reduces to 1. It becomes 2 if we only add

1 to the denominator. What is the
fraction?

Solution: Let the fraction be 5

1st condition:
If we add 1 to the numerator and subtract 1

from denominator, then the new fraction is
x+1
y—1

Bydata,%zl =x+1=y-1
>x—-y=-1-1

Sx—y=-2 @D

2" condition:

1 is added to the denominator, the fraction is

X

y+1

X 1
Bydata,m—5=2x—y+1

P
¢

&/

2x—y=1

28
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2x—y=1—@2>
x—y=-2 Q;

2-1= x=3
substitute x =3 in1
3—y=-2

3+2=y

Therefore y =5

. .X 3
Therefore fraction is — = P
y

(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.

Solution:

Let the present age of Nuri be x years and the
present age of Sonu be y years.

5 years ago,

Nuri'sage =x—5

Sonu’sage=y—5

By data, x — 5 =3(y — 5)

x—5=3y—-15
x—3y=-15+5
x—3y=-10 D

After 10 years, Nuri's age =x + 10
Sonu’s age =y + 10
By data, x + 10 = 2(y + 10)
x+10=2y+ 20

x-2y=20-10
x—2y=10 @2>
x =3y =10 D;

2-1= y =20
substitute y = 20 in 1
x —3(20) = —-10

x—60= —10
x=60-—10
x =50

Therefore Nuri’s present age x = 50
years.

Sonu’s present age y = 20 years.
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(iii) The sum of the digits of 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.
Solution:

Let x be the 10’s place of two digit number
and y be the unit place of two digit number.
Therefore the original number is of the form
10x +y.

When the number is reversed, the reversed
number is of the form 10y + x.

By data,

9(10x +y) = 2(10y + x)

90x + 9y = 20y + 2x

90x — 2x = 20y — 9y

88x =11y
11y y
88 B
Also given that sum of the digit is 9
x+y=9 @D

substitute x = % in 1

2+y=9 = X _ 9
8 8

9y =72

y:2 =8

9
substitute y = 8in 1
x+8=9
x=9-8=1
Hence the required two digit number is
10x +y =10(1) + 8

=18

(iv) Meena went to a bank to withdraw 32000.
She asked the cashier to give her 50 and
%100 notes only. Meena get 25 notes in all.
Find how many notes of 50 and X100 she

received.
Solution:

Let x denote the number of 50 and

vy denote the number of X100.

By data, 50x + 100y = 2000 D
(= 50)

X + 2y = 40 ©
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x+ 2y =40
x+y=25
2-1 = y =15
substituteyzls?
x+15=25
x=25-15
x=10

Hence, number of ¥50 notes is 10 and the

number of ¥100 notes is 15.

(v)A leading library has a fixed charge for the
first 3 days and an additional charge for
each day thereafter. Saritha paid X27 for a
book kept for seven days, while Susy paid
%21 for the book she kept for 5 days. Find
the fixed charge and the charge for each
extra days?

Solution:

Let x denote the fixed charge for first 3 days,
and y denote, the additional charge per day.
By data,

Saritha paid for 7 days = %27

(i.e) for (3 + 4) days = X27

x + 4y = 327 oD
Susy paid for 5 days = 21
(i.e) 3 days + 2 days = %21

x+2y =321 o)
X+ 4y =27 Qn
x+2y =21 ©
1-2 = 2y=6
y=§=3
y=3
substitute y = 3in 2
x+2(3) =21
x+6=21
x=21-6

x =15
Hence fixed charge for 3 days = %15 and

additional charge for each extra days is 3.

29
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Cross Multiplication Method:

Note:

Conditions for pair of linear equations

a;x + by +c; =0and a,x + b,y +c, =0 are
@b

(i) unique solution, if
az 2

(i) No solution, if L = b 4
a; by C2
(iii) infinitely many solutions, if 2 =22 = &
a; b2 Cy
Note 2:
For unique solution, use cross multiplication method.

x y 1

bicz—bycq C102—C201 aiby—azby

Example 14: From a Bus stand in Bangalore, if we
buy 2 tickets to Malleswaram and 3 tickets to
Yeshwanthpur, the total cost is ¥46; but if we buy 3
tickets to Malleswaram and 5 tickets to
Yeshwanthpur the total cost is ¥74. Find the fare
from Bus stand to Malleswaram and to
Yeshwanthpur.

Solution:

Let x denote the fare from Bus stand to Malleswaram

and y denote the frare from Bus stand to

Yeshwanthpur.

By data,

2x+3y =46 = 2x+3y—46=0——1)

3x+5y=74 =3x+5y-74=0 —{)
x y 1

3 —46 2 3

5 =74 3 5

X _ y _ 1
3(=74)—5(—-46)  3(-46)—-2(=74)  2(5)—3(3)

X _ y _ 1
—222+230 T —138+148 ~ 10-9
X 1 b
=YX - =Z-1=x=8and
8 10 1 8
y
10 y

Hence the fare from Bus stand in Bangalore to

Malleswaram is ¥8 and to Yeshwantapur is ¥10.
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Example 15: For which values of P does the pair of
equations given below has unique solution?
Solution:

4x +py+8=0and2x+2y+2=0
Here a; =4, by = p;, ¢c; =8 and
a2=2,b2=2,C2=2

Given that pair of equations have unique solution.

a; by

a, b,
4 p
—+-—=p#*4
2727°

Therefore for all values of p, except 4, the given pair of

equations will have a unique solution.

Example 16: For what value of K will the following
pair of linear equations have infinitely many
solutions? kx+3y—(k—3) = 0,and
12x+ky—-k=0

Solution:

Herea; =k, by =3, ¢; =—(k—3) and

a2=12, b2=k, C2=_k

Given that the equations have infinitely many solutions.
Therefore & =2 = &
az by ¢
k3 —(k-3)
12k —k

k 3
Therefore T

== k?=36
2k

Therefore k = +6

3 —(k-3)

kK~ —k

3 k-3 f— 33

k= k -

= k=6 or

3k = k(k —3)
3k=k?—3k = k?—=3k—-3k=0
= k2-6k=0

= k(k—-6)=0

= k=0k—-—6=0
Therefore k = 6
Therefore k=0and k=6
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EXERCISE 3.5 G_h_a_l
‘L— YT Y] —9. Therefore a b, Cy 2
1) Which of the following pairs of linear equations Hence the given equation has infinitely many
has unique solutions, or infinitely many solutions.
solutions or no solutions. In case there is a
unique solution, find it by using cross (v)x—3y—7=0and3x—-3y—15=0
multiplication method. Solution:
x—-3y—-3=03x-9y—-2=0 Here a; = 1,b; = =3,¢, = —7 and
Solution: a, = 3,b, = —3,¢c, = —15
Wehavex —3y—-3=0,3x—-9y—-2=0 a; 1 1 b, -3 1 7
NOW, —_—=—-= -, —=—= 1’—=—
Herea, = 1,b; = —3,¢; = —3 and az 3 2'bp -3 €z 15
b
ay =3,by = =9,¢c, = =2 Therefore — # —
@ _1bh_3a_3 v
az 3'by -9'c; 2 Hence the given equations has a unique
Therefore 21 = 21 » & solutions.
ay b, (W) X y 1
Hence the given equations has no solution. 3 _7 1 —3

(i)2x +y=5and3x+2y =18 -3 —-15 3 -3

Solution: ad = Y = 1
=-3(-15)-(-3)(-7)  -7(3)-(-15)(1)  1(-3)-3(-3)
2x+y—-5=0and3x+2y—8=0 x y 1
45-21  —21+15  —3+9
Here a; = 2,b; = 1,¢4 = —5 and
*x_y_1
a2=3,b2=2,C2=_8 24_—6_6
Now “=2Dbi_1a_35 Consider
“ap 3'by, 2'c, 8 x 1 y 1
Therefore % * % = the equations has unique 24 6 -6 6
R 6x = 24 =y=-1
solution.
_ %y,
Therefore x y 1 ="
1 -5 2 1
2) (i) For which value of a and b does the following
2 -8 3 2 pair of linear equations have an infinite number
x y — 1 of solutions? 2x+3y=7, (a-b)x + (a+b)y = 3a+b-2
—8+10 —-5(3)-(-8)2 2(2)-3(1) Solution:
x__y _ 1 We have 2x + 3y —7 =0,
2 -15+16  4-3
x_y_1 (a—b)x+(a+b)y—Ba+b—-2)=0
2 1 1 Here a; = 2,b; = 3,¢; = —7 and
. X
Consider; =1=x =2 a=a—bb,=a+b,c;=—Ba+b-2)
Y _ 2 b 3 7
Consider>=1 =y =1 Now X = 1_ ‘1 _

a; E'E_m'cz_%wb—z
(iii) 3x — 5y = 20, 6x — 10y = 40 o ]
For infinite number of solutions
Solution:

3x —5y—20=0and 6x—10y —40=0 — ==

Here a; = 3,b; = —5,¢; = —20 and 2 _ 3 7
a, = 6,b, = —10,c, = —40 a-b a+b 3a+b-2
2 3
1 - 1 2 1 Now, — =— = 2(a+b) =3(a—b
Now,ﬂzzz—’ ﬁ=_5=_, ﬂ:—0=— a—b a+b ( + ) ( )
a, 6 2 b, -10 2 Cy 40 2
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2a+2b=3a—-3b
2b+3b =3a—2a

a=>5b
3 7
Also, — =
a+b 3a+b-2

= 3@Ba+b—-2)=7(a+b)
9a+3b—6=7a+7b

9a—7a+-349—7@-6=0

20—4b—6=0
(= 2), a—2b—-3=0
a=2b+3——0
from1and2 2b+3 =5b
5b—2b =3

3b=3 =>b=1

substitute b = 1 in equation 1

a=5(1)=5

Thereforea =5,b =1

Hence required values of aand b are 5 and 1.

(ii) For which value of K will the following pair of
linear equations have no solution?
3x+y=1,2k—-1x+(k—-1)y=2k+1
Solution:

We have3x +y—-1=0, and

QRk-Dx+k-1Dy—-Qk+1) =0

Herea; = 3,b; =1,¢; = —1and
a, = Zk_l,bz = k_l,CZ - _(2k+1)2)

a, 2k-1’b, k-1

__a; b
For no solution, = = =
a, b,

2:—_1=ﬁ =3(k-1)=2k—-1
3k—3=2k-1

3k—2k=3-1

k=2

When k = 2 the equation has no solution.
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3) Solve the following pair of linear equations by
the substitution and Cross-multiplication
methods: 8x + 5y =9,3x + 2y =4
Solution: (Substitution Method)
8x+5y=9 —@D
From1 5y = 9-—8x

9-8x

— oY
y= 5 \ggl

3x+2y=4
3x + 2 (9_58x) =4

18-16x
5

15x—-18—-16x
5

18 —x =20
18 -20=x

5
%

3x + =4

=4

Therefore x = —2
substitute 3 in 2

substitute x = —2in 3
:9—8(—2):ﬂ:§:5
5 5 5
y=>5
Therefore solutions are x = —2,y = 5.

Cross Multiplication Method:
8x+5y—-9=0,and3x+2y—4=0

X y 1
5 -9 8 5
2 —4 3 2
X _ y _ 1
5(-49)-2(-9)  3(-9)-(-4)(8) 8=(2)-3(5)
X _ y _ 1
—20+18  —-27+32  16-15
x _y_1
-2 5 1
Consider Also
=>_12=1=>x=—2 §=1=>y=5
Hence the solutions are x = —2,y = 5.
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4) Form the pair of linear eqations in the following When 8 is added to its denominator, the fraction is

problems and find their solutions (if they exists) x

1, .

by any algebraic method:- J+8 8 (given)

(i) A part of monthly hostel charges is fixed and
the remaining depends on the number of days 4x=y+8
one has taken food in th mess. When a 4x—y=8 _@2>
student A takes food for 20 days she has to N
pay ¥1000 as hostel charges where as a 3x -y =3 0y
student B, who takes food for 26 days, pays 2—-1=> «x =5

%1180 as hostel charges. Find the fixed
charges and the cost of food per day
(CCE 2010).

Solution:-

substitute x = 5 in 1
35)-y=3

15-3=y=>y=12
Let x denote the monthly hostel charge and y x 5
Therefore the fractionis - = —

denote the cost of food for one day. y 12
For A student:
x + 20y =X1000 —@D (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

For B student:
x + 26y =X1180
2-1 x + 26y =X1180

53
N\

x + 20y =X1000

questions were there in the test?

6y = 180 Solution:
Let x denote the number of right answer and y
6y =180
denote the number of wrong answer.
=y=22=30 Total number of questions is x + .

6 In the first case:

Marks scored for x right answers = 3x
Marks lost for y wrong answers =y X 1 =y

— 40 — a7
By data 3x —y = 40 Jy

substitute y = 30 in 1
x +20(30) = 1000
x + 600 = 1000
x = 1000 — 600 = 400.

Hence monthly fixed hostel charge is ¥400 and cost

In the second case:
Marks scored for x right answers = 4x

Marks lost for y wrong answers = 2y
of food for one day is ¥30.

By data, 4x — 2y = 50 —@2)
1 _ Aa)
(ii) A fraction becomes 3 when 1 is subtracted from 1X2= 6x-2y=80 03
1 4x — 2y = 50 ———{82)
the numerator and it becomes — when 8 is added
4 3-2=> 2x =30
to its denominator. Find the fraction. 30
Solution: xX=—-= 15
x=15

Let the fraction be f.
Y substitute x = 15in 1

3(15) —y = 40
45—y =40 =y=45-40=5

When 1 is subtracted from the numerator, the
fraction is xy;l = g(Given)

Hence total number of questions

=3x—-1)=y

+y=15+5=20
=3x—3=y xTy
=>3x—y=3—@D
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(iv) Places A and B are 100 km a part 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 speed of the cars?
Solution: (15t case)

Let speed of the 1%t car = x km/hr
and speed of the 2" car = y km/hr
18t car starts from the point A and the second car
starts from the point B (same direction).
15t '

i

~

ord

A——— oo m

5
The two cars meet at C after 5 hours.
AC:{The distance travelled by the

1%t car in 5 hours = 5x km
BC jLThe distance travelled by the

2" car in 5 hours =5y km
AC-BC=AB
5x — 5y = 100
- = M
(+5) x—y =20 ()
(second case)
st S 2ndf
A R N
A c - —{5‘
T T T T T T T T T T leeem -

Let two can meet at C after one hour.

then x+y =100

x—y=20

1+2 2x =120
x=2=460

20

Therefore x = 60

substitute x = 60 in 1

60 +y =100
y =100 - 60
y =40

Therefore speed of the 15t car = 60 km/hr

and speed of 2" car = 40 km/hr.
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(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.

Solution:

Let x be the length of the rectangle and y be the

breadth of the rectangle.

Therefore Its area = xy.

case (i)

Area is reduced by 9 sq. units, when the length =
x — 5 and breadth =y + 3

Therefore Area = (x — 5)(y + 3)

By data, (x —5)(y +3) = xy—9

xy+3x—-5y—15=xy—9

3x —5y=15-9
3x—5y:6—@D

case (ii)

Area is increased by 67 sq. units when length

= (x + 3) and breadth (y + 2)

Therefore Area = (x + 3)(y + 2)
By data, (x +3)(y + 2) = xy + 67

xy+2x+3y+6=xy+67

2x+3y=67-6

2x +3y = 61 ———{82)
1x2 = 6x—10y=12 )
2 x3 = 6x + 9y = 183 ———{04)
3 x4 = —19y= —171
y= %=9
Therefore y =9
substitute y =9 in 1
3x—5(9) = 6
3x—45=6
3x=45+6
3x =51
=2 =17
x =17

Hence length of the rectangle x = 17 units and

breadth of the rectangle y = 9 units.
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Equations Reducible to a pair of linear Equations in
Two variables:

Example 17: Solve the pair of equations ; + % =13,

5 4

———=-2
Xy
Solution:
1 1\ _ A\
2(;)+3(3) = 13 oy
N_ 4N 9
5(:)-4() = -2 @
Letl= a,l =b
x y
Therefore 1 and 2 becomes
_ A2}
2a+3b =13 \(_];J\
5a—4b = -2 \04J
- ae\
3 X4 = 8a+ 12b =52 >05<
4 x3 = 15a—12b = —6—\0(5}
546 = 23a =46
= %%_5
23
a=2,But,a= 1
X
Hence,1=2 =x=1
X 2
substitute a =2in 3
2(2)+3b=13
4+4+3b=13
3b=13—-4
3b=9
b= o _ 3
=3=
b=3
b=3,Buth ==
y
Hence- =3 =y = -
y 3
Hence the solution is x = %,y = %
Example 18: Solve:- >+ =2, > 3 -1
x-1  y-2 x-1 y-2
Solution:
S ot A7)
x—1+y—2 =2 0y
6 3 _ Ao\
x—1 y-2 =1 \0.2/
Let—=gand—="b
x-1 y-2
_ Ao\
Thereforel = 5a+ b =2 —\Uraj\
2 = 6a—3b=1 \Of}
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-6 — fon\
3 X3 = 15a+3b =6 >(}5<
6a—3b=1 \qu
5+44 = 21a =7
7 1
a= —= -
21 3
1
a= -
3

substitute a = § in3

50)+b—2
b=
6—5

5 1
b=2-2=7—F=3

a=<,Buta=—
3 x—1
Hence,iz 3
x—1 3
x—1=3
x=4
Therefore x = 4

b = l’ But b:;
3 -2

y
Henceﬁ=%
y—2=3
y=5

Therefore the solution of the given equation is

x=4;y=05.

Example 19: A boat goes 30 km upstream and 44 km
downstream in 10 hours. In 13 hours, it can go 40
km upstream and 55 km downstream. Determine the
speed of the stream and that of the boat in still
water.

Solution:

Let the speed of the boat in still water be x km/hr.
Let the speed of stream be y km/hr.

The speed of boat in downstream = (x + y)km/hr.
Speed of boat is upstream = (x — y)km/hr.

For condition I:

Distance = Speed x Time

. Distance
Therefore time = ———
Speed

When boat goes 30 km upstream.

30
Therefore the time taken t; = Ehours.

When boat goes 44 km downstream.

44
Therefore the time taken t, = poree hours.
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But total time taken for both upstream and down stream

=10 hours.
30, 44 _ I
x=y + x+y L \OD

For condition IlI:

When boat goes 40 km in upstream time taken
40

1 _'x_y'

When boat goes 55 km in down stream the time taken
55

T x+y

2

But total time taken for both Upstream and downstream
T,+T, = 13 hours.

40 55 ooy
_ = —_—102
—y + ty 13 V2
let— = g and — = b
x-y x+y
Equation 1 becomes = 30a + 44b = 10 @:_a)
Equation 2 becomes = 40a + 55b = 13 @D
_ )
3X4 = 120a + 176b = 40 \0'_5}
— e
4 X3 = 120a + 165b = 39 \UGJ
5-6 = 11 =1
1
b=1
substitute b = — in 3
11
30a +44 (=) = 10
11
30a+4=10
30a =10—-4
30a=6
6 1
a=—=-
30 5
But, a = —
x=y
R —y = o7
Therefore 5 5 =x—y=5 ()
1 1
b-_II’bUtb-_;1;
1 1 g\
- —= = 08
Therefore oy - 11 =x+y=11 08,
x—y=5
x+y=11(+)
2x =16
=%_g
2
x=8

substitutue x = 8in 8
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8+y=11 =>y=11-8
y=3
Hence the speed of the boat in still water = 8 km/hr.

Speed of the stream water = 3 km/hr.

EXER.?.I.S.E 3.6
1)Solve:-

D5ts=2 2t5=0
Solution:
Lrier—®
Lt t—@

1 1
Let==aand ==b
x y

b
Equation 1 becomes §+ 3= 2

3a+2b
6

3a+2b=12

=2

I
0y

b
Equation 2 becomes 2 +-= ]
3 2 6

2a+3b _ 13

6 6
= 2a+3b=13
3 X3 = 9a+6b=36
4 X2= 4a+6b=26 ——
5-5= b5a =10

10
5

S\
&/

o\ 2\
T\

a=
a=2
substitute a =21in 3
3(2) +2b =12
6+2b=12
2b=12-6
2b=6
b=3

Nowa=28uta=§

Therefore i =2

Now b = 3 But, b:%

Therefore the solution is x =

N =

1
,y=§.
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4 9 _

2 3
ii) =4+—==2; ——=-1
@ F+5=23%-5
Solution:
2.3 _ AT\
=2 oy
A2 _ 1o\
Vo Ny 1 N\
1 1
Let\/—z—aandﬁ—b
Y
2a+3b =2 \03%\
4a—9b:—1—\04J P
3><3=>6a+9b=6—\0_5;\
4a—9b=—1—\q4j
4+5 = 10a =5
_5_1
a=107"2

substitute a = %in 3
1 J—

2(5) +3b=2

143b=2
3b=2-1

3b=1

b==
3

1 1
azg,But—za

Vx

1 1
Therefore N

= Jx=2

squaring, x = 4

-1 A _
b—3,Butﬁ b

1
3

al-

y
= [y=3

squaring,y =9

Therefore the solution of the given equations

x=4,y=09.

(i) *+3y=14;>—4y =23

Solution:
4 = )
~+3y =14 o
3 _py=93 N
=123 @
Put= =aq
X
Therefore
Equation 1 becomes = 4a + 3y = 14
Equation 2 becomes = 3a — 4y = 23 @

o\
&

\&E/
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3x4 = 16a+12y =56 ——{05)

A\
_ - )
4 x3 = 9a — 12y = 69 {06}
5+46 = 25a =125
a=2=5
25
a=5
substitute a =5in 3
4(5)+3y =14
20 +3y = 14
3y =14 — 20
3y= -6
==°
Yy =3
y=-2
a=2>5, But:=a
X
1_5
X
x=1
5
Therefore x = %,y = -2
i) > 1 _9. 6 3 _
W S+2=%a 21
Solution:
T o\
x—1  y-2 2 0
6 3 )
- __° = 02
x-1  y-2 1 7
let—=a—=b
x-1 y-2
Equation 1 becomes 5a + b = 2 @:D
Equation 2 becomes 6a —3b =1 @B‘
_ /ae)
3x3 = 15a+3b=6 >l35<
6a—3b=1 \Mj
544 = 2la =7
7
a= —
21
1
a=-
3

substitute a = § in3
1
qﬁ+b_2
Stp=2
3

b=

N

wlun

6—5
b=22
3

b=1
3
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1
x-1

a= 3, But =a
3
Therefore —=1=x-1=3
x-1 3
x=4
b=1But—=bh
3 y-2
Thereforei=1=y—2 =3
y-2 3
y=5
Therefore solutions of the given equations are

x=4,y=5.

(V) 7x-2y 5. 8x+7y - 15

- )

Xy xy
Solution:
7x-2y =5
xy
x_ 2y _
Xy Xy -
7_2z_ AN
y X oy
8x+7y =15
xy
R &
Xy Xy
8 7 _ o\
yte= D &%
let==a; ~=b
x y
Therefore
Equation 1 becomes 7b —2a =75 @:B
Equation 2 becomes 8b + 7a = 15 @h)
_ AR\
3 X7 = 49b — 14a = 35 @Ej
— 778)
4 X2 = 16b+ 14a = 30 \06/
546 = 65b =65
b=1
substitute b =1in 3
71) —2a =5
7—2a=5
2a=7-5
2a=2
a=1

a=1, Buti =a
Therefore, i =1

=x=1
b=1,But ==b
y
Therefore, §=1=>y=1

Hencex =1,y = 1.
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(vi)6x + 3y = 6xy and 2x + 4y = 5xy

Solution:

6x + 3y = bxy

6x+3y _
xy -

6x L 3y _

Xy Xy

6

6 3 6 — M
SF3=6 D

2x + 4y = 5xy
2x+4y =5
xy
2 by
Xy  xy
2,4 02
S+He=5 @
Let 1_ a,l =b
x y
Therefore
Equation 1 becomes 6b + 3a = 6—@:9
Equation 2 becomes 2b + 4a = 5—@4)
3 x4 = 24b+12a =24—{05)
_ e
4 X3 = 6b + 12a = 15 06
5-6 = 18b =9
p==
18
1
b=3

substitute b =%in3
1
6(5)+3a=6
3+3a=6
3a=6—3
3a=3
a=1
a=1,Butl=a
X

Therefore, % =1 =x=1

b=21But==b
2 y
1 1
Therefore, - =-=y =2
y 2

Hence,x =1,y = 2.
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oy 102 15 5
(vil) —+—=4and ———=-2
x+y x=y x+y x=y

Solution:

20,2 4N
x+y + x—y 4 \OD
15 5

A5 5 9 o
: @

x+y x—y_
1 1
Let—=a,—=0b
x+y x—y

Equation 1 becomes 100a + 2b = 4

=)\
&

Equation 2 becomes 15a — 5b = -2
3 x5 = 50a+10b=20
4 x2= 30a—10b= -4 ———
5+ 6 = 80a=16
ao16_1

80 5

substitute a = i in3

16
a\
&/

1
10(g)+2b—4
2+2b=4
2b=4-2
2b=2
b=1
a=<,But,—=a
5 x+y
Therefore,i=l
x+y 5
_ AN
=x+y=5 \07J
b=1,But,—=h
x=y

Therefore, — =1 = x—y =
x-y

o\
\&/

x+y=5
x—y=1

A~
RS,

7+48 = 2x =6
x= g=3

substitute x = 3in7
3+y=5

y=5-3

y=2
Hence, x = 3,y = 2.

1 1 3 1 1 1

+ ==and
3x+y  3x-y 4

2(3x+y)  2(3x—y) 8

(viii)
Solution:
1 n 13 o

3x+y | 3x-y 4 A\

1 11
2(3x+y) 2(3x-y) 8

o\
o/
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1

1
Let—— = a and
3x+y

3x-y
Equation1becomesa+b:%
= 4a +4b = 3 ———®)
Equation 2 becomes e _b__1
2 2 8
ab _ _1_, 8@ _
2 8 2
4(a—b) = -1
A= -1 — A
4a —4b = -1 04
R S
4a+4b =3 03,
P T 77
4a —4b = -1 04
8a =2
2
a= -
8
1
a= -
4
substitute @ = = in 3
1
4(3)+4b=3
1+4b=3
4p=3-1
4b =2
b=2
4
1
b=3
a=lBut, ! —a
4 3x+y
Therefore, ! =l=>3x+y=4
3x+y 4
b=2But,—=b
4 3x-y
Therefore, ! =lz3x—y=2—
3x-y 2
3x+y=4—@§
3x—y = 2—— (%)
6x =6
x=1

substitute x =1in 5

3(D)+y=4
y=4-3
y=1

Hence,x =1,y = 1.

o)
&/

o\
&/



OM MURUGA PUBLICATION

2) 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
current.

Solution:

Let speed of Ritu in still water = x km/hr.
and speed of current = y km/hr.

Therefore downstream speed = (x + y)km/hr.
and Upstream speed = (x — y)km/hr.

case (i):

Ritu can row downstream, 20 km in 2 hours.

Then time taken t; = —hours

Therefore%= 2 =>x+y= ?
x+y=10 —(D

case (ii):

Ritu can row upstream 4 km in 2 hours.

Therefore time taken = i.
x=y

x-y=2——@®
1+2 = 2x =12
xX=6
substitute x = 6 in 1
6+y=10
y=10—-6
y=4
Therefore Hence, speed of Ritu is still water
=6 km/hr.
Speed of current = 4 km/hr.

(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 women alone to finish the work, and
also that taken by 1 man alone.
Solution:

. 1
Let work of one woman in one day = e

. 1
Work of one men in one day = 5

Case (i): Therefore work of 2 women and 5 men

. 2 5 5x+2
in one day = ;+; = Ty

CBSE - NCERT Solution Book for class 10

Therefore number of days required to complete

the work by 2 women and 5 men = Xy
5x+2y
=4 (Given)
Therefore 22 %
v 2y _1
Xy Xy T4
2_1 )
5 + =1 (4
case (ii):

Now work of 3 women and 6 men one day work =

3 6 6x+3
+ - =Xy
x y xy

Therefore number of days required to complete

the work by 3 women and 6 men = a2d
6x+3y
xy3 =3 (Given)
Therefore &3 = ;
ox | 3y _ l
xy = xy _-3
6,3_1 0D
y+x 3 \02/
Ietlz 1-p
x Ty
1
Equation 1 becomes 5b + 2a = n
_ a2\
20b+8a=1 03,
Equation 2 becomes 6b + 3a = §
_ N
18b+9a =1 \04J
—Q — (oR)
3x9 = 180b+72a=9 ©
_ )
4 x8 = 144b+72a =8 \Uﬁj
5—-6 = 36b =1
1
b=3
1
substitute b = % in3
20 (<) +8a =1
24+8a=1
9
8a=1-2
9
8a ==
9
4+ _1
=538 18
a=—Bul=a b=LBut 1=b
18 6
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Therefore = = — Therefore = = — 5-6 = 240b =3
x 18 y 36
p= 3 - 1
— x =18 =y =136 T 240 80
Hence one woman can finish the work in 18 substitute b = % in3
days. One men can finish the work in 36 days. 15a + 60b = 1
1
(iii) Roohi travels 300 km to her home partly by 15a + 60 (g) =1
train and party by bus. She takes 4 hours if 3
she travels 60 km by train and the remaining 15a + 3 1
by bus. If she travels 100 km by train and the 3 1
remaining by bus, she takes 10 minutes 15a =1 32
longer. Find the speed of the train and the bus 11
separately. 4= x5 60
Solution: a=L
Let the speed of the train be x km/hr and the . 60 )
speed of the bus be y km/hr. =% But, x4
Total distance travelled by her = 300 km. Therefore, % = i = x =60
case (i): Roohi travels 60 km by train and b= 1
remaining (300-60) = 240 km by bus in 4 hours. 80
60 = 240 b =-=But, b=1
Therefore ~ + 5 = 4 80 ’ y
1 1
(= 4) 15,60 _ 4 @D Therefore, S Y= 80

x y

case (ii): She travels 100 km by train and Therefore speed of the train is 60 km/hr.

remaining (300-100) = 200 km by bus in 4 hours

and 10 min.

Therefore 1xﬂ + Zyﬂ = 4 hours + 10 min

and speed of the bus is 80 km/hr.

[Because 60 min = 1 hour

1
10 min = Z hour]

@4_@ = (4 +1) hours.
x y 6

100 |, 200 _ 25

x y 6
25 100 . 200
(+2) zZ+z =1
6 67
6x100 = 6X200 1
25x 25y -
24 48 Ao\
— 4 —=1 —-02
x5 N\

Let1=aandl=b
x y

Equation 1 becomes 15a + 60b =1 —@IB
Equation 2 becomes 24a + 48b = 1 ————{04)
3 x8 = 120a+480b =38 —@'@

e AN
4 x5 = 120a+ 240b =5 {06}

41
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04

QUADRATIC
EQUATIONS

Note:
ax?® + bx + ¢ = 0 is called the standard form
of a quadratic Equation.

Example 2: Check whether the following are
quadratic equations:-

(i) *x—2)2%+1=2x-3

Solution:

(x—2)2+1=2x-3

X’ +4—4x+1-2x+3=0

x> —6x+8=0

This is in the form of ax? + bx + ¢ = 0
Therefore the given equation is a quadratic

equation.

(i) x(x+1)+8=x+2)(x—2)
Solution:
x(x+1)+8=x+2)(x—2)

x2+x+8=x%2—-4

x24+x+8-x*+4=0=>x+12=0
This is not in the form of quadratic equation
ax?+bx+c=0
Therefore the given equation is not a

quadratic equation.

x(2x+3)= x*+1
Solution:

(iii)

x2x+3)=x?>+1

2x>+3x—x2-1=0= x*+3x—-1=0
This is in the form of ax? + bx + ¢ = 0
Therefore the given equation is a quadratic

equation.

(iv) (x+2)3=2x3-4
Solution:

(x+2)B3=x3-4
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x3+22+3x2(2) +3x0)2) —x3+4=0
8+6x2+12x+4=0
6x*>+12x+12=0

This is in the form of ax? + bx + ¢ = 0

Therefore the given equation is a quadratic

equation.
EXERCISE 4.1
‘L— [ X X X X —2.
1) Check whether the following are quadratic
equations:-
() (x+1)?2=2(x-3)
Solution:

(x+1)?=2(x-3)

x> +2x+1=2x—-6
x2+2x+1—-2x+6=0

x°+7=0= x24+0x+7=0

This is in the form ax? + bx + ¢ = 0.
Therefore the given equation is a quadratic

equation.

(i) x2-2x=(-2)3—-x)
Solution:

x?—2x=(-2)3—x)

x2—2x= —6+2x

x> —2x+6—-2x=0 = x*—4x+6=0
This is in the form ax? + bx + ¢ = 0.

Therefore the given equation is a quadratic

equation.

(i) x—2)x+1D)=((x-1)(x+3)
Solution:

x—2)x+1D)=x—-1D(x+3)
x2+x—-2x—2=x>+3x—-x-3
x2—x—2=x?>+2x-3
x2—x—-2-x>-2x+3=0
-3x+1=0

This is not in the form of ax? + bx + ¢ = 0
Therefore the given equation is not a

quadratic equation.




OM MURUGA PUBLICATION
(iv) *x—3)2x+1) = x(x+5)
Solution:
(x—3)2x+1) = x(x+5)
2x2+x—6x—3 = x%+5x
2x2—5x—3—x2-5x=0
x2-10x—-3=0
This is in the form of ax? + bx + ¢ = 0.
Therefore the given equation is a

quadratic equation.

(v) Cx—-1D)x-3)=x+5)x—-1)
Solution:

Cx—1Dx-3)=x+5)x-1)
2x2—6x—x+3=x*—x+5x-5
2x2—7x+3= x*+4x-5
x2-11x+8=0
This is in the form of ax? + bx + ¢ = 0
Therefore the given equation is a quadratic

equation.

(vi) x2+3x+1= (x—2)?
Solution:

x> +3x+1= (x—2)?
x2+3x+1=x2—4x+4
x2+3x+1—x24+4x—-4=0
7x—3=0

This is not in the form of
ax?+bx+c=0.

Therefore the given equation is not a

quadratic equation.

(vii) (x + 2)3 = 2x(x? — 1)
Solution:

(x+2)3=2x(x2-1)

x3 + 23 +3x2(2) + 3x(2%) = 2x3 — 2x
x3+8+6x2+12x —2x3+2x=0
[(a+b)3 = a®+ b3+ 3a?b + 3ab?]
—2x3+6x2+14x+8=0

This is not in the form ax? + bx + ¢ = 0.
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Therefore the given equation is not a quadratic

equation.

(vii) x3—4x?-x+1= (x—2)3
Solution:

x3—4x?—x+1= (x—-2)3

x3—4x? —x+1= x3-23-3x2(2) +3x(2)
x3—4x? —x+1=x3-8-6x%+12x
2x2—-13x+9=0

This is in the form of ax? + bx + ¢ = 0.
Therefore the given equation is a

quadratic equation.

2) Represent the following situation is in the
form of quadratic equations:-

(i) The area of a rectangular plot is 528 m?.
The length of the plot (in meters) is one
more than twice its breadth. We need to
find the length and breadth of the plot.
Solution:

Let breadth of plot be x m.
Given, length of the plot is one more than twice
its breadth.
(i.e) Length = (2x + 1)m.
Area of the plot = length x breadth
=(2x + Dx
=528
(According to the Question)
(2x + 1)x = 528
2x2+x—528=0

which is the required quadratic equation.

(ii)) The product of two consecutive positive
integers is 306. We need to find the integer.
Solution:

Let the two consecutive positive integers be x
and x + 1.

By data, x(x + 1) = 306

x2+x—-306=0

Which is the required quadratic equation.
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(iii) Rohan’s mother is 26 years older than him.
The product of their ages (in years) 3 years
from now will be 360. We would link to find
Rohan’s present age.

Solution:

Let the present age of Rohan = x years.

His mother’s age = x + 26(condition given)

3 years hence,

Rohan’s age = (x+3)7 years.

His mother's age = (x + 3 + 26) years.
= (x + 29) years.

By data, (x + 3)(x +29) = 360

x% 4+ 29x + 3x + 87 = 360

x?+32x+87—-360=0

x2+32x—273=0

Which is the required quadratic equation.

(iv)A train travels a distance of 480 km at a
uniform speed. If the speed had been 8
km/hr less, then it would have taken 3
hours more to cover the same distance. We
need to find the speed of the train.
Solution:

Let the speed of the train be x km/hr.
The distance travelled by the train = 480 km

480
Time taken for travelling 480 km = ~ hours.

[Distance = speed x time]

. Distance
[Time = p—— |

If the speed had been 8 km/hr less,
(x — 8) km/hr, then

time taken for travelling 480 km =% hours.

Bydata,ﬂ—@= 3
x—8

X

480x — 480(x — 8) _

x(x —8) B
480[x — (x — 8)]

x(x —8)
480[x —x + 8] = 3x(x — 8)
480(8) = 3x% — 24x
3840 = 3x2 — 24x

3x2 —24x — 3840 =0

=3
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x2—8x—1280=0

Which is the required quadratic equation.

Solution of a quadratic Equation by
Factorisation

Example 3: Find the roots of the equation
2x* — 5x + 3 = 0 by factorisation.
Solution:

2x2—=5x+3=0
(x—1D@2x—-3)=0

=x—1=0 o 2x—-3=0
x=1 or 2x =

3

X ==

2

Therefore solutions of the equation are
3

x=1 x=-.
2

Example 4: Find the roots of the quadratic
equation 6x%Z —x—2 = 0.
Solution:

6x2—x—-2=0
2x+1)Bx—-2)=0

=2x+1=0 3x—2=0
2x = —1 3x =

1 2

X =—- X =-

2 3

Therefore Roots of the given equation are
1 2

X=—-,X=-
2 3

Example 5: Find the roots of the quadratic

equation 3x2 -2V6x+2=0.
Solution:

3x2 —2V6x +2=0
(V3x=v2)(V3x —v2) = 0

= V3x—-V2=0
V3x—v2=0
VEx=+V2 = x= ¢£ (twice)
3
Therefore the roots of 3x% — 2V/6x +2 = 0 are
V2 V2
V3’3
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Example 6: Find the dimension of the prayer
hall having a carpet area of 300 square metre
with its length one metre more than twice its
breadth. What should be the length and
breadth of the Hall?

Solution:

Let breadth of the hall = x m.
Therefore length of the hall = 2x + 1
Area of the Hall = 300m?
By Data,
x(2x + 1) =300
2x2+x—-300=0
(x—12)(2x+25) =0

x—12=0

x =12

2x+25=0
2x = =25
-25

2
x cannot be negative
Therefore x = 12
Hence, the breadth of the hall =12 m.
length of the hall = 2x + 1
=2(12)+1
=24+1=25m.

EXERCISE 4.2

1) Find the roots of the following quadratic
equations by factorisation:-
(i) x¥*-3x—-10=0
Solution:
x2-3x—-10=0
(x+2)(x—=5=0

=x+2=0 x—5=0
x= -2 x=5
Therefore roots of the equation are
x= —-2,x=>5.

(i) 2x2+x—-6=0
Solution:
2x24+x—-—6=0

(x +2)2x—3) =0

x+2=0 2x—3=0
xX=-2 2x=3 =>x= =
Therefore solutions are x = —2, %

CBSE - NCERT Solution Book for class 10

(iii)vV2x2 + 7x +5v2 =0
Solution:
V2x2 +7x +5V2 =0
(x +v2)(V2x+5)= 0

x+v2=0 V2x+5=0
x= =2 V2x = =5
-5
*= 7
Therefore roots of the equations are
-5
X = — 2, E

(iv) 2x2 —x+% =0
Solution:
16x%> —8x + 1 B

8
= 6x2—-8x+1=0
Ax—-1DUAx-1)=0

4x—-1=0 4x —1 =
4x =1 dx =1
x=1 x=1
T4 T4

1
Therefore Roots are x = 2

I

(v) 100x*> —20x+1 =0
Solution:
100x2 —20x +1=10

(10x —1)(10x—1) =0

10x—1=0 10x—-1=0
10x =1 10x =1

1 1

xX= — xX= —

10 10

1 1
Therefore the roots are x = —,—
10’ 10

2) John and Jivanthi together have 45 marbles.
Both of them lost 5 marbles each, and the
product of the number of marbles thy now
have is 124. We would like to find out how
many marbles they had to start with.
Solution:

Let the number marbles John had be x.

Number of marbles Jivanthi had 45 — x.

Given both of them lost 5 marbles.

Therefore now number of marbles John had x-5
and Number of marbles Jivanthi had 45 — x — 5.
=40 —x

Therefore their product = 124
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(x—5)(40 —x) = 124
40x — x? — 200 + 5x = 124
—x24+45x —200—-124=0
—x% +45x —324 =0
x% —45x+324=0
(x—=36)(x—9)=0
x—36=0

x =36

x—9=0
x=9

Hence, Number of marbles they have

x=36,90rx=09,36.

3) Find two numbers whose sum is 27 and

product is 182.
Solution:
Let one number be x.

Therefore the other number is 27 — x
[Therefore sum of two number = 27]
Given that their product = 182
x(27 —x) =182
27x — x? = 182
x2—27x+182=0
(x—13)(x—14)=0
x—13 =0

x=13

x—14=0
x =14

Therefore the two numbers are x = 13, 14.

4) Find the consecutive positive integers sum

of whose squares is 365.
Solution:
Let two consecutive positive integers be x,x +

1.
By data, x? + (x + 1)? = 365
x2+x%+2x+1=2365
2x>+2x+1-365=0
2x2+2x—364 =0
x2+x-182=0
(x—13)(x+14) =0
x—13=0

x=13

x+14=0
x= —-14
But x cannot be negative

Therefore x = 13.

6) A cottage
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Hence the two consecutive positive integers
are 13 and 14.

5) The altitude of a right triangle is 7 less than

its base. If the hypotenuse is 13 cm, find the
other two sides.

Solution:

Let the base of the right triangle be x.

By data, altitude AB = x — 7 &
Hypotenuse AC = 13 cm. 13
By Theorem, AC? = AB? + BC?
B2 = (x —7)% +x2 B
169 = x2 +49 — 14x + x?
169 = 2x? — 14x + 49
Therefore 2x? — 14x + 49 — 169 = 0
2x%> —14x —120=0

(=2) x> —7x—60=0
(x+5x—-12)=0

=x+5=0 x—12=0
x=-5 x =12

x cannot be negative
Therefore x = 12

side AB =12 -7 =5 and
side BC = x =12

Therefore the other two sides are 12, 5.

industry produces a certain
number of pottery articles in a day. If was
observed on a particular day that the cost of
production of each article was(X in) 3 more
than twice the number of articles produced
on that day. If the total cost of production on
that day was 90, find the number of articles
produced and the cost of each article.
Solution:

Let the number of pottery articles produced on a

perticular day be x.

By data, cost of production of each article

=%(2x + 3).

Total cost of production = Number of articles x
Cost of each articles.

=x(2x + 3)

=2x% + 3x

46



OM MURUGA PUBLICATION

But total cost = X90.
Therefore 2x? + 3x = 90
2x2+3x—-90=0
2x+15)(x—-6)=0
= 2x+15=0

2x = =15
-15

2

x—6=0
xX=6

But x cannot be negative

Therefore x = 6

(i.e) number of articles produced in a day =6

Cost of each article =2x + 3
=2(6)+3=12+3 =315

Solution of a quadratic equation by
completing the square.

Example 7: Solve the equation 2x* — 5x + 3 =
0 by the method of completing square.

Solution:

2x2—-5x+3=0

(+=2) «x? —§x+%= 0

[convert the 2" term into in the form of 2ab]

2 E(E) +2=0
X 2\ X =

16

—
=
[©]
=
e,
o
=
(0]
=

I

|

Il
-+

3
Therefore x = S 0rx= 1
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Example 8: Find the roots of the equation 5x% —
6x — 2 = 0 by the method of completing square.
Solution:

5x2 —6x—2=0
- 2_6.._2_
(=5«x 5x 5—0

[convert the 2™ term in the form of 2ab]

-2 (Ym0

K =2(5)x+ QP - -5 =0

2
3 9 2
5 25 5

(r-2) -2

5 25
3 19
(x=D?—32=0
5 25
( 3)2 19
xX—=) ==
5 25
3 V19
Therefore x — == +—
5 5
3 19
x=—i—\/_
5 5

3—-v19
5

3+V19
Therefore the roots are s or

Example 9: Find the roots of 4x* + 3x + 5 = 0 by
the method of completing the square.
Solution:

4x>+3x+5=0
@0?+2(3) @0+ (%)2 - (%)2 +5=0
= (2x+%)2—1;’6+5=0

(a2 -2 0

2
(2x+3) +Z=0
4 16
2
(Zx + E) =-Z<o
4 16
32 .
But (Zx + Z) cannot be negative for any real value of

X.
Therefore the given equation has no real value.

Therefore the given equation has no real roots.
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Note: The roots of the quadratic equation

—b++vb%Z-4ac
2a

ax’?+bx+c=0is

Example 10: The are of a rectangular plot is

528 m?. The length of the plot is one more than
twice its breadth. Find the length and breadth by
using quadratic formula.

Solution:

Let the breadth of the plot be xm.

Therefore the length = (2x + 1)m (by condition).
Therefore Area of the plot = x(2x + 1)

x(2x + 1) = 528 (given)

2x>+x—528=0

Herea=2,b=1,c=—-528

—b11/b2—4ac

Therefore x =
2a

_ —1+/1-4(2)(-528)

= 2(2)
_ —1+V1+4224 _ —14V4225
- 4 - 4
1465
T4
_ 64 —66
T 44
—-33

But x cannot be negative. Therefore x = 16.
Breadth of the plot x = 16 m and length of the plot
2x+12(16) +1 =33 m.

Example 11: Find two consecutive odd positive
integers, sum of whose squares is 290.
Solution:

Let the smaller of the two consecutive odd positive

integer be x. The next odd positive integer will be
x+ 2.
By data, x? + (x + 2)? = 290
x2+x%+4x+4 =290
2x2+4x+4-290=0

2x2+4x — 286 =0
x> +2x—143=0 (+2)
Herea=1,b=2,c = —143

—bi,/b2—4ac -2+ /22—4(1)(—143)
2a -

2(D)

Therefore x =
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—24V4+572 _ —2+y/576

2 2
2424 —2-24 -2+24
T2 T a4 2

-26 22
T 22
x= —13,11

But x cannot be negative. Therefore x = 11.
Therefore the two consecutive odd integers are 11
and 13.

Example 12: A rectangular park is to be designed
whose breadth is 3m less than its length. Its area
is to be 4 square metres more than the area of the
park that has already been made in the shape of an
isosceles triangle with its base as the breadth of
the rectangular park and of altitude 12m. Find the
length and breadth.

Solution:

Let the length of the rectangular park be x m.

Therefore its breadth = (x — 3)m [given]
Now its area = length X breadth
=x(x —3)
= x? —3x
Given that the base of the isosceles triangle is breadth

of the park and height of the triangle is 12m.

Therefore Area of the isosceles triangle

= %x base X height
= % X (x —3) X 12
=6(x—3)
=6x—18
According to the problem
x?—3x=6x—18+4
x2—-3x—6x+18—-4=0
x2-9x+14=0
x—7Nx—-2)=0=x=70rx=2
But x = 2 is not possible.
Since breadth = 2 — 3 = —1 not possible.
Therefore x = 7.
Hence length of the park = 7m

and its breadth = x — 3
=7—-3=4m.
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Example 13: Find the roots of the following Example 14: Find the roots of the following
quadratic equations, if they exists, using the equations:-
quadratic formula. () x+1=3,x%0
. 2 _ x
(i) 3x*-5x+2=0 Solution:

Solution: L

. . . 2 xX+-= 3
Compare this equation with ax* + bx +c =0 x

Herea = 3,b = —5,c = 2. x2x+1=3=>x2+1=3x

—bt b —4ac = x2—-3x+1=0

2 Herea=1,b= —-3,c =1.

5+/(=5)2-4(3)(2)

Therefore x

- 2(3) Therefore x = —b+Vb%-4ac _ 3+/9-4(1)(1)
_ —5+V25-24 2a 21
- 6 _ 3+/9-4
_ 5%V1 2
- 6 _ 345
_ SEL_ (5H 571 2
6 6 6 Therefore the roots are 3+\/§, ﬂ.
— (%% 2 2
=23
2 o1 1
—(1,5) (II);—E—?),.X':FO,Z.
2 Solution:
Therefore the roots are 1,-.
3 l _ L _ xX—2—-Xx _
x x-2 x(x—2)
-2
(i) X2 +4x+5=0 3
Solution: . . . — —2=3(x%-2x)
Compare this equation with ax? + bx +c =0
—-2=3x%-6
Herea =1,b = 4,c = 5. x x
3x2—6x+2=0
N T6=4(5)
Therefore x = —— 5 T 12(14)(1)(5) Herea=3,b = —6,c = 2.
- — — 2_ —
_ 44+/16-20 Therefore x = btVvb2-4ac _ 6+.,/36-4(3)(2)
2 2a 2(3)
_ Ak _ 6+V36-24 _ 612
> = =
6 6
V—4 is not a real value. _ 6+Vax3  _ 612V3
Therefore the given equation has no real value. 6 6

2(3+/3) _ 3+/3
(iii) 2x2 —2V2x+1= 0 6

. 3+V3 3-3
Solution: Therefore the roots are +3\/_’T\/_'
Compare this equation with ax? + bx + c =0
Herea =2,b = —2v2,c = 1. Example 15: A motor boat whose speed is 18 km/hr
- in still water takes 1 hour more to go 24 km
Therefore x — —b+ b’ —4ac _ 2V2+(-2v2) —4(2)(1) upstream than to return downstream to the same
2a 2(2) spot. Find the speed of the stream.
_2V2+V8=8 _ 2v2 _ V2 _ 1 Solution:
* 4 2 V2 Let the speed of the stream be x km/hr.
1 1
Therefore the roots are N Therefore speed of Upstream = (18 — x)km/hr and

Speed of downstream = (18 + x)km/hr.
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. Distance
Now time taken to go Upstream = .
Speed
24
= —— hours.
18—x
. 24
Time taken to go downstream = Torx hours.

24 24
By data, —— — ——
18—x 18+x

=1

24(18+x)-24(18-x) _
(18-x)(18+x)

= 24[18 + x — 18 + x] = 182 — x?
2x(24) = 324 — x2
48x = 324 — x?
Therefore x2 + 48x — 324 = 0
Herea=1,b = 48,c = —324.

Y = —-btvVb?-4ac _ —48+./482-4(1)(-324)
- 2a - 2(1)
_ —484V2304+1296 _ —48+/3600
- 2 - 2
_ —48460 _ —48+60 —48-60
- 2 - 2 2
12 -108
=5 = (6,—54)

Speed of the stream cannot be negative.

Therefore x = 6.

Hence the speed of the stream = 6 km/hr.

EXERCISE 4.3

1) Find the roots of the following quadratic
equations if they exists, by the method of
completing the square.

(i) 2x>2-7x+3=0

Solution:
2x2—7x+3=0

7 3
+2) x2—-x+=-=0
(+=2) x 2x+2

7 49 3
:(x—-) ~¥43o
4 16 2
2
7 24-49
:>(x——) + 0
4 16
2
7 -25
4 16
7\% 25 7 25
= |Xx —- = — —_—-= —_
4 16 4 16
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7 5
X—-= +-
4 4
7.5
Therefore x = -+ -
47 4
745 7-5
X =— or —
4 4
12 2
X ==or-
4 4
1
x=3o0r -
2

Therefore the roots are 3 and %

(i) 2x*+x—-4=0
Solution:

2x2+x—4=0

(—2) x2+§—§—0
x2+2(%)—2=0
x2+2(%)x—2=0
2)es () -2-
= (v -2
= (x+1) -2
= (v 0= (oo
_ 33

16
=>x+1=_ g
it

v33-1 -1-v33
4 or 4

Therefore the roots are \/f_l and _\/3;_3_1.

Therefore x =

(iii) 4x* + 4/3x +3 =0
Solution:

4x2 +4V3x +3=0
3
(+=4) x2+\/§x+1=0
24281320
2 4

o2 (D (B - (D 430
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-+ 3430

2

(x+\/2—§) =0
x+g=0
=x= —?

Therefore the roots are — g, — ?
(iv)2x2+x+4=0
Solution:

2x24+x+4=0

X
(=2) x2+§+2=0
1
x2+2(z)x+2=0

2 (e ) - v
(x+%)2—i+2:0
(x+%)2+%—0

(x+i) +% 0

2
(x N 1) _ 3
4 16

Taking square root on both side.

1 -31

But / is not possible. Because square of

real number cannot be negative.
Therefore the roots are not real value.

2) Find the roots of the following quadratic
equation by applying the quadratic formula.
(i) 2x>2-7x+3=0
Solution:
Compare the given equation with
ax?+bx+c=0
Herea = 2,b=-7,c = 3.

—b+VbZ—4ac +/N2-2(2)(3)
Now, x = b+VbZ-4ac _ 7 (=7)2-4(2)(3)
2a 2(2)
7+/49-24
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_ 74V25 _ 745
4 4 4’ 4

=(53)=063)

Therefore the roots are 3 and %

(i) 2x*+x—-4=0
Solution:
Compare the given equation with

ax’+bx+c=0

Herea=2,b=1,c = —4.
— 2 _ — 2_ —
Now, x = b+Vb2—-4ac — 1+12-4(2)(—4)
2a 2(2)
_ —1+/1¥32 _ -14y33
- 4 - 4
V33-1 —/33-1

= (E o,

Therefore the roots are \/f_l and _‘/f_l

(iii) 4x*> + 4V/3x +3 =0
Solution:
Compare the given equation with

ax’+bx+c=0
Here a = 4,b = 4v/3,c = 3.

_p+VbTdac  —4V3i [(4V3)P-4(H)(3)
Therefore x = —= =
2a 2(4)
_ —4V31V48-48 _ -4/3 _ V3
8 8 2

Therefore the roots are T\/E and T\/_
(iv)2x*+x+4=0

Solution:

Compare the given equation with

ax’+bx+c=0

Herea=2,b=1,c = 4.

-b+Vb?—4ac _ -1+/1?2-4()(4
Therefore x = = @)
2a 2(2)
_ -1V1-32 _ -14/=31
N 4 - 4

Now v —31 is not possible.
Because square of a real number cannot be
negative.

Therefore Roots does not exists.
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3) Find the roots of the following equations
Mx—-=3x%0
Solution:

1
x——=3
x

x% -1
= =3
x

= x?2-1=3x
= x2-3x—1=0
Herea=1,b = —-3,c = —1.
_ —b++bZ—4ac
2a
_ 3+/(-3)2-4(M)(-1) _ 31V9+4

2(1) 2

_ 3413 (3+\/13 3—\/13)
- 2 7 2 72

X

+v13 3—vV13

Therefore the roots are 3 > and 5

1 1 11
(i)———=—,x #—-4,7
x+4 x=7 30
Solution:

1 1 11
x+4 x—7 30
(x=7)—(x+4) _ 11

(x+4)(x-7) 30

x-7-x—-4 11
x2-7x+4x-28 30

-11 11
x2-3x-28 30

= —11(30) = 11(x? — 3x — 28)
(+11) —-30=x%2-3x-128

= x>—-3x—-28+30=0
x2=3x+2=0
Herea=1,b = —3,c = 2.

—b +Vb? — 4ac
x =
2a

+3+/(-3)2-4(1)(2)
2(1)

3+v/9-8
2

34Vl 341 3-1 4 2
= =2 3)=G3)

=21

Therefore the roots are 2 and 1.
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4) The sum of the reciprocals of Rehman’s ages,
(in years) 3 years ago and 5 years from now is %

Find his present age.
Solution:

Let the present age of Rehman be x years.
3 years ago, Rehman’s age = (x — 3) years.

5 years ago, Rehman’s age = (x + 5) years.

By condition,

1 1 1 x+5+x-3 1
—_— —_—_——_ e — = -
x-3  x+5 3 (x—3)(x+5) 3

2x+2 1

XZt2x-15 3
= 3Q2x +2)=x*>+2x—15
= 6x+6=x%+2x—15
= x2+2x—15-6x—6=0
= x2—-4x-21=0

Herea=1,b = —4,c = —-21.

—b +Vb? — 4ac
x:
2a

_ 4+/T6-am(2D)
2(1)

4+V16+84 _ 44100

2 2
4410  4+10 4-10
2 2 2
14 -6
2 2
=70r—-3

Therefore the roots are 7 and -3.

5) In a class test, the sum of Shefali’s marks in
Mathematics and English is 30. Had she got 2
marks more in mathematics and 3 marks less in
English, the product of their marks would have
been 210. Find her marks in the two subjects.
Solution:

Let Shefali’'s maths mark be x.

Given that sum of Maths and English marks is 30.
Therefore Shefali’s English mark = 30 — x.

By condition, (Maths Mark + 2) X

(English Mark — 3) = 210
(x+2)(30—x—-3) = 210

= (x+2)(27 —x) = 210

= 27x — x? + 54 — 2x = 210

25x —x24+54—-210=0
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25x —x%2—156 =0
Therefore x? — 25x + 156 = 0
Herea=1,b = —25,c = 156.

—b +Vb?% — 4ac
x =
2a

_ 25+,/625-4(1)(156)
B 2(1)
254+v/625-624
2
_ 254Vl _ 2541
2 2
25+1 25-1
— T
26 24

= — or
2 2

= (13 0r 12)
When x = 12 marks in Maths, then the marks in
Englishis 30 —x =30 —-12 = 18.
When x = 13 marks in Maths, then the marks in
Englishis 30 —x =30 —-13 = 17.

6) The diagonals of a rectangle field is 60 m more
than the shorter side. If the longer side is 30 m
more than the shorter side, then find the sides
of the field.

Solution: Let ABCD be the rectangular field.

The shorter side of the field is BC = x m.

) . B

A B
Given that the longer side AB is 30m more than the
shorter side.
Therefore AB = (x + 30)m
Also given that the diagonal of the field AC is 60m
more than the shorter side.
Therefore AC = (x + 60)m.
In right angled triangle ABC,
AC? = AB? + BC?
(By pythagoras theorem)
(x +60)%2 = (x +30)? + x?
= x2 4+ 120x + 3600 = x2 + 60x + 900 + x?
= x2 4+ 120x + 3600 — 2x2 — 60x — 900 = 0
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= —x2 +60x +2700=0
= x2 —60x —2700 =0
Herea=1,b = —60,c = —2700.

—b+VbZ-4ac _ 60+,/3600—4(1)(-2700)
2a - 2(1)
60+1/3600+10800 _ 60+v14400
2 2

601120 60+120 60-120
= or
2 2 2

@or_—eo =90 or — 30

2 2

X =

But x cannot be negative.
Therefore x = 90.

Hence, breadth of the rectangle x = 90m.

and length of the rectangle = x + 30
=90+ 30
=120 m.

The difference of squares of two numbers is
180. The square of the smaller number is 8
times the larger number. Find the two numbers.
Solution:

Let two numbers be x and y, x > y.

Given that the difference of squares of two numbers
is 180.

x? —y? =180 ———(o1)

Also it is given that the square of smaller number is
8 times the larger number.

y?=8x ——@
substitute 2 in 1
x?—8x=180 = x?—-8x—180=0
(x — 18)(x + 10) = 0 (by factorisation)
=>x—18=00rx+10=0

= x =18 or x = —-10

When x = 18, equation 2 = y? = 8(18)
y?2 =144 = y = +12

When x = —10,2 = y? = 8(—10)

= —80 which is not possible.

Therefore square of a number cannot be
negative. Hence the required numbers are 18
and 12 or 18 and -12.
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8) A train travels 360 km at a uniform speed. If the Therefore the value of the tank filled by the smaller
speed had been 5 km/hr more, it would have
taken 1 hour less for the same journey. Find the

speed of the train. Now time taken by larger tap to fill the tank
Solution:

tapin 1 hour = %

completely = (x — 10)hours.

Let the speed of the traln be x jem /hr. Therefore the volume of tank filled by the larger tap

Given that distance covered by the train is 360 km. 1
in 1 hour = —-.

Therefore time taken to cover the distance 360 km —10
. ) ) 3

is ¢ = Distance _ ﬂ hours. Time taken by both the tap to fill = 95 hours.
Speed
" 75

By condition, =5 hours.

the speed of the train = (x + 5)km/hr.
Distance = 360 km.

Therefore tank filled by the smaller tap in % hours.

SRz
Therefore time taken to cover the distance = 8 \x 8x
360 nours. Tank filled by the larger tap is %5 hours.
x+5
. 75( 1
By condition, == (x—m)
360 360 _ 4 75 75
x  x+5 Therefore — + =1
[ 8x  8(x—10)
= 360|-——| =1 751 1
e 8 [; x—10] 1
X —-X
= 360[ 15 =1 75 x—10+x] _
8 Lx)x—10)
:>360[2+5]_1 2x— 10]_
8 [x2-10x

= 360 x5 = x% + 5x

= x2+5x—1800=0

Herea=1,b =5,c = —1800.
—b+Vb2—4ac

= 75(2x —10) = 8(x? — 10x)
= 150x — 750 = 8x% — 80x
= 8x2 — 80x — 150x + 750 = 0

Therefore x = ———— = 8x2 —230x+750=0

_ —5+,/25-4(1)(—1800) Herea = 8,b = —230,c = 750.

2(1) Th f __ —b+Vb2-4ac
_ —5%V25+7200 _ -5+V7225 erefore x = 2a
2 z _ 230+,/2302-4(8)(750)
_ 5%85 _ 5485 | 5785 = 28)
2 2 2
80 —90 _ 2304v52900-24000 _ 230428900

:707'7:4007”—4‘5 - 16 - 16
But speed x = —45 is not possible. = 2301‘2170 = 230:6170 or 2301_6170
Therefore speed of the train x = 40 km/hr. 400 60 15

= o T e = 25 or—-

3 When x = 25, time taken by smaller tap =
9)Two water taps together can fill a tank in 9 3 hrs.

The tap of larger diameter takes 10 hours less 25 hours.

than the smaller one to fill the tank separately. Therefore time taken by larger tap

Find the time in which each tap can separately =x—10hrs =25—10 = 15 hours.
fill the tank. is

Solution: when x = R time taken by the smaller tap
Time taken by smaller tap to fill the tank completely _ 14—5hours.

= x hours.
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Therefore time taken by the larger tap = x — 10

15 15-40
4 4

-25

Which is not possible.
Therefore time taken by smaller tap = 25 hours

and time taken by larger tap = 15 hours.

10) An express train takes 1 hour less than a
passenger train to travel 132 km between
Mysore and Bangaluru. If the average speed of
the express train is 11 km/hr more than that of
passenger train, then find the average speed of
the two train.

Solution:

The average speed of the passenger train be

x km/hr.

By condition, average speed of the express train =
(x + 11)km/hr.

Distance from Mysore to Bangaluru = 132 km.
Time taken to cover the distance 132 km by
Express train = % hours.

132
=1
x+11

1 ]:1

x+11

132
By data, =

=>132[§—

— 132 ["*“"‘] -1

x(x+11)
11
x2+11x

= 132 |=1

= x2+11x =132 x 11

= x?2+4+11x — 1452 =10
Herea=1,b =11,c = —1452.

—-b+Vb2—-4ac

2a

Therefore x =

_ 114+4/112-4(1)(-1452) _ -11+V121-5808

2(1) 2
_ —114V5929 _ —11477
- 2 -2
—11+77 -11-77 66 -88
= = — or —
2 2 2 2
= 33 0or — 44

Speed cannot be negative. Therefore x = 33
Hence speed of passenger train = 33 km/hr.
Speed of Express train = x + 11

=33+4+11 =44 km/hr.

55

CBSE - NCERT Solution Book for class 10

11) Sum of the areas of two squares is 468 m?. If
the difference of their perimeters is 24 m, find
the side of two squares.

Solution:

Length of side of first square be x m.

Therefore its perimeter = 4x.

Given that the difference of their perimeter is 24 m.

Perimeter of 2" square — Perimeter of the 1t

square = 24

Therefore perimeter of 2" square = 24 + 4x
=4(6 + x)

Therefore side of 2™ square = 4(6+x)

= (6 +x)m.
Also it is given that the sum of areas of two squares
is 468 m?2.
x2+ (6 +x)? =468
x2+36+x%2+12x—468 =0
2x2+12x—432=0
(+2) x2+6x—216=0
Herea=1,b = 6,c = —216.
—-b+Vb2—4ac

2a

Therefore x =

_ —6%/36-4(1)(-216)
2(1)

—61+v36+864  —61+v900

2 2
—-6+30 —6+30 -6—30
2 2 2
24 -36
= —or— =120r—18
2 2
x = —18 is not possible.

Therefore side of the 15t square = 12 m.
Side of the 2" square = 6 + x
=6+12 =18 m.

Nature of Roots:
The roots of the equation ax? + bx + ¢ = 0 are

. —-b+Vb2—4ac
given by x = — e
Since, b? —4ac determines whether the

quadratic equation ax? + bx + ¢ = 0 real roots
or not. b? — 4ac is called the discriminant of the
quadratic equation.
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Note:

1) If b2 — 4ac > 0, then the roots are real and
distinct.

2) If b2 — 4ac = 0, then the roots are real and
equal.

3) If b2 — 4ac < 0, then the roots are imaginary
no real roots.

Example 16: Find the discriminant of the
quadratic equation 2x% — 4x + 3 = 0, and hence
find the nature of its roots.

Solution:

Given equation is 2x?2 —4x +3 =0
Compare the given equation with ax? + bx + ¢ = 0
Herea=2,b= —4,c =3
Discriminant = b? — 4ac
= (—4)? —4(2)(3)
=16—-24= —8<0

Therefore the given equaion has no real roots.

Example 17: A pole has to be erected at a point
on the boundary of a circular park of diameter
13 m in such a way that the differences of its
distance from two diametrically opposite fixed
gates A and B on the boundary is 7 m. lIs it
possible to do so? If yes, at what distances
from the two gates should the pole be erected?
Solution:

Let p be the position of the pole on the boundary.
A and B are two gates diametrically opposite.

Let the distance between

the pole and gate B N
be x m. (PB = xm).

Also it is given that the X
difference of the distance = P

of the pole from the two
gates = AP — BP or BP — AP = 7m (given)
BP — AP =7m
x—AP =7m or AP —x=7m
Therefore AP = (x + 7)m
Now Diameter AB = 13 m
ThereforeAB? = AP? + BP? (By pythogores Th)
132 = (x +7)% + x?
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169 = x? + 14x + 49 + x?

169 = 2x% + 14x + 49

2x2+14x+49—-169 =0

2x% +14x—120=10
(+2) x2+7x—60=0

(x+12)(x—=5)=0
=x+12=0

x= —12

x—5=0
x=5
But x cannot be negative
Therefore x = 5
distance between the pole and gate B = 5m.
Therefore distance between the pole and gate
A= AP
=x+7 =5+7=12m.
Therefore The pole has to be erected on the
boundary at a distance of 5m from gate B and

12m from gate A.

Example 18: Find the discriminant of the
equation 3x? — 2x+§= 0 and hence find the

nature of its roots. Find them, if they are real.
Solution:

Given equation is 3x? — 2x +§ =0
Herea=3, b= -2, c = é
Discriminant = b% — 4ac

= (-2)2-4(3)() =4—-4=0
Discriminant = 0 = the roots are equal.

—btVb2-4ac _ —(=2)+0 _ 2 _ 1

2a 2(3) 6 3

1

1
Therefore the roots are 3 and 3
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+EXERCISE 4.4 ,

1) Find the nature of the roots of the following
quadratic equations. If the real roots exists,
find them.

(i)2x>-3x+5=0
Solution:

The given equation is 2x2 —3x +5=10
Herea=2,b= —-3,c=5
Discriminant = b? — 4ac

= (—3)? - 4(2)(5)

=9-40= -31<0
Therefore the given equation has no real

roots.

(ii)3x> —4V3x+4 =0
Solution:

The given equation is 3x% —4v/3x +4 =0
Here a =3,b = —4v3,c = 4
Discriminant = b? — 4ac
= (-4V3)" - 4(3)(®)
=16 X3 —48
=48—-48=0

Therefore roots are real and equal.

_ch_ —(=4/3 _ 43 _ 23 _ 2
T2 280 6 3 3
Therefore the roots are — and —
erertore eroosareﬁan \/§'

(iii) 2x> +6x+3 =0
Solution:

The given equation is 2x? + 6x +3 =0
Herea=2,b= —6,c =3
Discriminant = b2 — 4ac
= (-6)* —4(2)(3)
=36—24
=12>0
Therefore the roots are real and distinct.

—b+Vb%—4ac _ 6+,/12)
2a T2

Now x =

_6+V4x3 6+2V3  2(3+V3)
B 4 4 4
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_3%V3

2
3+V3 3—/3
or——

2 2

Therefore the roots are 343 and %

2) Find the value of k for each of the following
quadratic equations, so that they have two
equal roots.

(i)2x>* +kx+3=0
Solution:

Herea=2,b =k,c = 3.
Given that they have Equal roots.
Therefore, Discriminant = b%? —4ac =0
=k?*-4(2)(3)=0
=k?-24=0
k2 = 24
k= +V24 = +V4 x6=12V6

(i)kx(x—2)+6=0
Solution:

kx(x—2)+6=0
kx?—2kx+6=0
Herea=k,b = —2k,c =6
Discriminant = b? — 4ac = (—2k)? — 4(k)(6)
= 4k? — 24k
Given that the two roots are equal.

Therefore Discriminant = 0

4k? — 24k =0
4k(k—6)=0

=k=0 k—6=
=k=0 k=6

3) Is it possible to design a rectangular mango
whose length is twice its breadth and the
area is 800m?? If so, find its length and
breadth.

Solution:

Breadth of the rectangular mango grove = xm.
Therefore length of the rectangular mango
grove = 2xm.

Area of rectangular mango grove = 800 m?.
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x(2x) = 800
800
2x?2 =800 = x? = T=400
x = 120
x = —20 is not possible.

Therefore x = 20
Hence, Length = 2x = 2(20) = 40m.
Breadth = x = 20 m.

4) Is the following situation possible? If so,

determine their present ages. The sum of the
ages of two friends is 20 years. Four years
ago, the product of their ages in years was
48.

Solution:

Let the age of one of two friends be x years.
Therefore the age other friend = 20 — x
(Since, sum of their ages is 20)
4 years ago,
The age of 18t friend = (x — 4) years.
and the age of 2" friend = 20 — x — 4

= (16 — x) years.
By data,
(x—4)(16 —x) = 48
16x —x2 —64+4x—48=0
—x24+20x—-112=0
x?—20x+112=0
Herea=1,b = —20,c =112
-b+Vb2-4ac

2a
_ 20+,/400-4(1)(112)
2(1)
201v400—448 _ 20+vV-48

2 2

Therefore x =

Discriminant =-48 <0
Therefore the roots are not real.

Hence, the situation is not possible.
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5) Is it possible to design a rectangular park of
perimeter 80m and area 400m?? If so, find
its length and breadth.

Solution:

Let breadth of the park be x m.
Given, perimeter of the park = 80 m.
(i.e) 2(Length + Breadth) = 80 m.

Length + x = % =40m.

Therefore Length = (40 — x)m.
Also, it is given that area of the park = 400m?2.
(i.e) Length x Breadth = 400
(40 — x)x = 400
40x —x2—400=0
x2 —40x +400=0
(x —20)(x —20) =0 = x = 20,20
Therefore Breadth of the park x = 20 m.
Length of the park = 40 — x
=40-20 =20m
Hence, it is possible to design a rectangular

park of perimeter 80 m and area 400 m?.
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05

ARITHMETIC
PROGRESSIONS (AP)

Sequence:

A list of numbers arranged in a definite
order according to some definite rule, is called a
sequence.

Arithmetic Progression:

An Arithmetic Progression is a list of
numbers in which each term is obtained by additing
a fixed number to the preceding term except the
first term.

In general a, atd, at?d, at3d, ...... represent
an arithmetic progression, where ‘a’ is the first term
and d is common difference. This is called general
form of an AP.

Example 1: For the AP: %% —%, —%,
first tem a and the common difference d.

Solution:

write the

. .. 31 1 3
The given sequence is S1g T T

3
Here a; = >

common difference d = a, — a,

2 2

w
|
N

Therefore the first term a, = %

Common differened = —1

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

Solution:

Here a; = 4,a, = 10,a3 = 16,a, = 22
We have

a,—a;=10—4=6
a;—a,=16—-4=6

a,—a3 =22—-16=6

Here differences are equal.

Therefore the given sequence form an AP.
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The next two term are a; = 22 + 6 = 28
and
a, =28+ 6 =34

(ii)1,-1,-3,-5
Solution:

Here a; = 1,a, = —1,a3 = —3,a, = =5

We have

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

az—a,=-3—-1=-3+1= -2

a,—az3=-5—-3= -5+3=-2

Here differences are equal.

Therefore the given sequence form an AP.

The next two term are as; = —5 + (—2)
=-5-2 =-7 and

ag =-7+(-2)= -9

(i) -2,2,-2,2,-2,......
Here a, = _2, a, = 2, a3 = _2, Ay = 2,
We have

a,—a;=2—-(-2)=2+2=4

az—a, =—2—2=-—4

Here a; —a; # az — a,

Therefore the given list of numbers does not

form an AP.

(iv)1,1,1,2,2,2,3,3,3
az_a1:1_1=0

az—a,=1—-1=0

ags—az=2—-1=1

Here a; —a, # a4 — a3

Therefore the given list of numbers does not

form an AP.

Note: If the difference of list of humbers are
equal, then the given sequence form an AP.
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EXERCISE 5.1

1) In which of the following situations, does the

list of numbers involved make an AP, and

why?

(i) The taxi fare after each km when the fare
is ¥15 for the first km and 8 for each
additional km.

Solution:

The fare for journey of 15t km is 15

The fare for journey of 2@ km is ¥15+8
=% 23

The fare for journey of 3™ km is ¥23+8
=331

Here each term is obtained by adding 8 to

the preceding term.

So, it forms an A.P.

(ii) The amount of air present in a cylinder
when a vaccum pump removes % of the

air remaining in the cylinder at a time.
Solution:
Let the amount of air present in the
cylinder be y units.
By data,
Remaining air in the cylinder after using
vaccum pump in the first time
1 4y— 3
=y -yG)=22 =2
Again, Remaining air in the cylinder after

using vaccum pump in the second time
3y 1 3y 3y 3y 12y-3y 9y

=2 Ti0) TV T T T

9y

, 1_6' .

3y _

3y—4 -
Herea, —a; =2 —y=22Y_-"%
4 4 4

oy 3y _ =3y 3
2716 4 16 16

a, —a; #as —a,

Therefore the numbers are y,%y

as —

Hence, it is not form an AP.

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

Solution:

Cost of digging for the 15t metre, 2" metre
and 3¢ are 150, (150+50),
(150+50+50) .....

metre
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Here each term is obtained by adding 50 to
the preceding terms.

So, it forms an AP.

(iv) The amount of money in the account
every year, when ¥10000 is desposited at
Compound interest at 8% per annum.
Solution:

Here p = X10000
r = 8% p.a Cl

r T
We know that Amount = p (1 + E)

Now, the amount in the first year

_ 8 \! _ 8
= 10000 (1+—-) = 10000(:>)
= 210800

The amount in the 2™ year

A =10000(1 + —)2
100

108)2 _10000x108x108
100/ ~  100x100

= 100000(

= 11664 =X11664
Therefore the numbers are 10000, 10800,

Here a, —a; = 10800 — 10000 = 800
as —a, = 11664 — 10800 = 864
Common difference is not equal.

Therefore it does not form an AP.

2) Write first four terms of the AP, when the first

term ‘a’ and the common difference d are
given as follows.
() a=10,d=10

Solution:

1stterm of AP is t; =a =10
2 termof APist, =a+d =10+ 10 = 20
3dtermof AP is t; =a+ 2d = 10 + 2(10)

=104 20 =30
4t term of APis t, =a+3d = 10 + 3(10)
=104+ 30 =40

Therefore first four terms of the AP are
10, 20, 30, 40.
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(i) a=-2,d=0
Solution:
First four terms of the AP are a,a+d,a +
2d,a + 3d
Now, a = —2

a+d=-2+0= -2

a+2d=-2+200)= -2
a+3d=-2+4+300)= -2
Therefore first four terms of the AP are -
2,-2,-2,-2.

(iii)a=4,d = -3
Solution:

First four terms of the AP are a,a + d,a +
2d,a + 3d
Now, a = 4

a+d=4-3=1
a+2d=4+2(0-3)=4—-6=-2
a+3d=4+3(-3)=4-9=-5
Therefore first four terms of the AP are
4,1,-2,-5.

(ivVa= -1d=;
Solution:
First four terms of the AP are
a,a+d,a+2d,a+3d

Here, a = —1

a+d=-14-=22-_2
2 2 2

a+2d= —1+2(§)= ~1+1=0

243 1
2 2

a+3d=-1+3(3)= -1+3=

Therefore first four terms of the AP are

-1, -1

2’

1

0,

(v) a= —1.25,d = —0.25
Solution:

First four terms of the AP are
a,a+d,a+2d,a+ 3d
Now, a = —1.25

a+d= -125-0.25= —-1.50
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a+2d= —125+2(-0.25)
= —1.25-0.50 = —-1.75
a+3d = —1.25+ 3(-0.25)
= —-125-075=-2
Therefore first four terms of the AP are
-1.25, -1.50, -1.75, - 2.

3) For the following AP write the first term and
the common difference.
(i 3,1,-1,-3, .....
Solution:

Given that the list of numbers are in AP.
Here first term is a = 3 and the common
differenceisd = a, — a,

=1-3= -2

(ii) -5, -1, 3,7, ....
Solution:

Given that the list of numbers are in AP.
Here first term is a = —5 and the common
differenceisd = a, — a,
=—1-5=-1+5=4
(iii)3,3,5,5
Solution:

Given that the list of numbers are in AP.
Here first term is a =§ and the common

differenceisd = a, — a,

1 4
3 3

w|wu

(iv)0.6,1.7, 2.8, 3.9, ....
Solution:

Given that the list of numbers are in AP.
Here first term is a = 0.6 and the common
differenceisd = a, — a,

=17-06= 1.1

61



OM MURUGA PUBLICATION

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

(i) 2,4,8,16,....
Solution:

Here a,—a,=4-2=2
az—a,=8—-4=4
a, —aq # az —a,

Therefore the given list of nhumbers does

not form an AP.

. 5 7
(Il) 2, E, 3, E,

Solution:

5
Here az—a1=5—2= =

az - a1 = a3 - az
Therefore the given list of numbers form an

AP and the common difference is d = %

Therefore next three terms are
1

7 1 7 1 1 7 1 1
23 (Gry)+yand G+i+3)+3
8 9 10
2’2" 2

9
4,5,5

(iii) 1.2, -3.2, -5.2, -7.2, ...

Solution:
Here a, —a; =—-3.2—-(-1.2)
= -32+12= -2
as; —a, = =52 —(-3.2)
=-52+4+32= -2

a, —a, =az —a,
Therefore the given list of numbers form an
AP with common difference d is — 2.

Next three terms are

1.2+ (-2)=-9.2

92+ (-2)=-11.2

-11.2+(-2)=-13.2

Therefore three terms are

-9.2,-11.2, -13.2
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(iv) -10, -6, -2, 2, ....
Solution:
Here a, —a, = —6—(—10)

= —-6+10= 4
az;—a; = —2—(—6)
=-24+6=4
a, —a; =az—ay
Therefore the given list of numbers form an
AP with common difference d = 4

Next three terms are

2+4 =6
6+4 = 10
10+4 = 14

Therefore next three terms are 6, 10, 14.

(v) 3,3++v2,3+2v2, 3+3V2,..

Solution:
Here a;—a; =3+vV2-3=42
as —a, =3+2v2— (3 ++2)
=3+2V2-3-2
=2V2-V2=1+2

So a,—a; =az—a,

Therefore the given list of numbers form an
AP and the common difference is d = /2.
Therefore next three terms are
3+3V2+V2=3+4/2
3+4V2+V2=3+5V2
3+5V2+V2=3+6V2

Therefore the next three terms are

3+4v2,3+5V2,and 3 + 6V2

(vi) 0.2,0.22,0.222,0.2222, ...
Solution:

Here a, —a; =0.22 —0.2 = 0.02
az —a, = 0.222 — 0.22 = 0.002
a, —aq # az — a,
Therefore the given list of numbers does

not form an AP.
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(vii) 0, —4, -8, 12, ...
Solution:
Here a,—a;=—4—-0= —4
az—a, = —8+4= —4
a,—az;=-12+8= —4
a —Q1 =43 — Ay = a4 — Q3
Therefore the given list of numbers form an
AP with common difference d is — 4.

The next three terms are

-12-4=-16
-16-4=-20
-20-4=-24

Therefore next 3 terms are -16, -20, -24

. 1 1 1 1
(viii) T T T
Solution:
1 1
Here az—a1=——+—=0
2 2
1 1
a3_a2 = _E+E=O
NOW az_a1=a3_a2=0

Therefore the given list of numbers form an

AP with common difference d = 0

Therefore as = a, +d = _%4_ 0= _%
—agtd= —ot0= —2
a6 = a5 = > = 2
= agtd= —2+0= -~
a; = ag = =3 = -3
Therefore next 3 terms are —%, —%.—%
(ix) 1,3,9, 27, ...
Solution:
Here a,—a;=3-1=2

a3 - az = 9 - 3 = 6
a, —aq #az — a,
Therefore the given list of numbers does

not form an AP.

(x) a,2a,3a,4a,..

Solution:
Here a,—a;=2a—a=a

az—a, =3a—2a=a
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Now a,—a,=az—a, =a
Therefore the given list of numbers form an
AP with common difference d = a
Therefore as = a,+d = 4a+a= 5a
ag=as+d= 5a+a= 6a
a;=ag+d=6a+a= 7a

Therefore next 3 terms are 5a, 6a,7a

(xi) a,a? a3 a*, ..
Solution:
Here a’?—a=a(a—1)

a,—a; = a*—a=a(a—1)

a;—a, = a®—a?=a*(a-1)
a, —a; # az — a,

Therefore the given list of numbers does
not form an AP.

(xii) v2,8,V18,v/32, ....

Solution:
V2=1x 2
V8=+V4 x2=2V2
V18 =49 x2 =3v2
V32 =16 x2 =42
Therefore v2,/8,vV18,v32, ....
= V2,2v2,3v2,4V2, ...

Here a, —a; = 2v2 -2 = V2

az—a, =3V2—-2V2 =2
Therefore a, —a; =a; —a, = V2
Therefore the given list of numbers form an
AP with common difference d = V2

Therefore

as = a, +V2 = 42 +V2 = 5V2

ag= as+V2 = 5V2+V2 = 6V2

a; = ag+V2 = 6V2+V2=7V2
Therefore next 3 terms are 5v2,6v2, 72
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(xiii) v3,v6,v9,V12,...
Solution:
Here a, —a; =V6—+3
as—a, =V9 -6
a,—a; ¥az—a,

Therefore the given list of numbers does
not form an AP.

(xiv) 12%,32%,52%,72, ..
Solution:
Here a,—a;=32-12=9-1=8
a3_a2= 52_32=25_9=16
So, a, —a; + as — d,

Therefore the given list of numbers does
not form an AP.

(xv) 12,52,72,73, ....
Solution:

Here a,—a; =52—-12=25—-1=24
as—a, =72 —52 =49 — 25 = 24
73 —7% =73 —49 =24

Now a, —a, =az —a, =24

Therefore the given list of numbers form an
AP with common difference d = 24
Therefore as = a, + 24 = 73+ 24 = 97
ag = as +24=97+24 =121
a; = ag+24 = 121+ 24 = 145
Therefore next 3 terms are 97,121,145

nt" Term of an A.P

If the first term of an A.P is ‘a’ and its common
difference is ‘d’, then its n" term is given by the formula
a,=a+ n-1)d
The n' term of an AP is also called its, general term.
Note:

The n'" term is known as last term of an AP and it is
denoted by , whichis givenby [ =a+ (n—1)d

Example 3: Find the 10'" term of the AP 2, 7, 12......
Solution:

Given APis2,7,12, .....

Here a = 2,
d=a,—a;=7-2=5
n=10
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So,ap=a+Mn—1)d =2+ (10 -1)5
=2+9(5) =2+45 =47
Therefore 10*" term of the given AP is 47.

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

Solution:

Given AP is 21, 18, 15, .....
Here a =21,d =a; — a4
=18-21=
a+(n—1)d= -81
21+ (n—1)(-3) = -81
-3n+3=-81-21
—3n=-81-21-3
—3n =-105

—-105
n=——
-3

-3,a, = —8

n =35

Therefore 35" term of the given AP is -81
Suppose a,, = 0

a+(n—1)d=0

21+ (n—1(-3)=0
n—1)(-3)=-21

n—1= 3 = 7
Thereforen=7+1=8

So, 8t term is zero.

Example 5: Determine the AP whose 3 term is 5
and 7*" term is 9.
Solution:

Givena; =5anda, =9

a+2d=5——_Qn
a+6d=9 ©
1-2=  —4d= -4
d=1

substituted =1 in1

a+2=5=a=5-2=3

Hence the required AP is a,a +d,a + 2d, ...
3,3+1,3+2(1),....
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Example 6: Check whether 301 is a term of the list
of numbers 5, 11, 17, 23, ....
Solution:

Given list of numbers 5, 11, 17, 23, ....
Here a =5,

a,—a, =11-5=6
a;—a,=17—-11=6
So,a, —a; =az;—a, =6

Herea, —a; = az; —a,

Therefore the given list of numbers is an AP with
a=5andd =6.

Leta, = 301

a+(n—-1)d =301

5+ (n—1)6=301
(n—1)6=301-5

(n—1)6 =296
Thereforen — 1 = % = 48.33
n=49.33

But n is integer.
Therefore 301 is not a term in the given list of
numbers.

Example 7: How many two digit numbers are
divisible by 3?
Solution:

Two digit numbers which are divisible by 3 are 12, 15,
18, 21,24, .....99
Here a = 12
a,—a, =15-12=3
a;—a,=18—-15=3
So,a, —a; =az;—a; =3
Therefore the given list of numbers is an AP
a=12,d =3,a, =99

a+ (n—1)d =99
12+ (n—1)d =99

n—1)d=99-12

(n—1)d = 87

(n—1)3 =87
n—1=¥=29
n=29+1

n =30

Therefore there are 30 two digit numbers divisible
by 3.
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Example 8: Find the 11" term from the last term

(towards the first term) of the AP 10,7, 4, ...... —62.
Solution:

Given AP is 10,7, 4, .... —62.

Here a = 10,

d=7-10=-3

Leta, = —62

a+(n—-1)d=-62
10+ (n—1)(—3) = —62

(n—1(-3)=-72

(n-1)="=24
n=24+1=25
So, there are 25 terms in the given AP.
Now, the 11" term from the last term will be 15" term.
Therefore a,;s = a + 14d
=10+ 14(-3) =10—-42 = —-32

Hence, the 11t term from last is -32.

Example 9: A sum of ¥1000 is invested at 8%
simple interest per year. Calculate the interest at
the end of each year. Do these interest from an
AP? If so, find the interest at the end of 30 years
making use of this fact.

Solution:

Here p =X1000,r = 8%.

Therefore the interest at the end of 15t year = pm

100
_ 1000X1x8 _ g

100
Interest at the end of 2" year = % = X160
Interest at the end of 3™ year = % = 3240.

So, the interest at the end of 1%, 2", 3, ... years are
80, 160, 240, ....
The list of numbers is an AP with a = 80 and d = 80.
Therefore the interest at the end of 30" year is a3, =
a+29d

=80+ 29(80) =80+ 2320 = 2400
Therefore 30" year Interest is T 2400.
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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 5 rose plants in the last
row. How many rows are there in the flower bed?
Solution:

Number of rose plants in the 1, 2", 3, ... rows are
23,21,19,....5
Here a = 23,
a,—a; =21-23=-2
az—a, =19—-21=-2
So,a,—a;=az—a; =-2
Therefore the given list of numbers is an AP with
a=23,d=-2.
Leta, =5
a+(n—1d =5
23+ (n—-1)(-2)=5
(n—1)(-2)=5-23
(n—1)(-2)=-18

Hence, there are 10 rows in the flower bed.

EXERCISE 5.2

1) Fill in the blanks in the following table, given
that a is the first term, d the common difference

and a,, the n*" term of the AP.
()a=7,d=3,n=8,a, =?

Solution:

a, =a+ n-1)d

ag =7+ 7(3)
=7+4+21=28

(ija = -18,d =?,n=10,a, = 0.
Solution:

a,=a+n—-1)danda;, =0
Ao =0 = —18+9(d) = 0

9d = 18
d=2

9
d=2
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(iii)a=?,d = -3,n=18,a, = —5

Solution:
a, =—5 = a;g=-5
a+17d = =5
a+17(-3)=-5
a—51=-5
a=51-5
a=46

(vla=-18.9,d =2.5,n=?,a, = 3.6
Solution:
a, = 3.6
a+(n—1)d =36
—-189+ (n—1)(2.5) = 3.6
(n—1)(2.5) =3.6+18.9
(n—1)(2.5) =225

22,5 225

25 25

n—-1=9 =>n=10

n—1=

(v) a=3.5d=0,n=105,a, =?
Solution:
a, =a+n-1)d
Therefore a;os = 3.5+ (n—1)d
=354+ (n—-1)(0)
=35

Therefore a,os = 3.5

2) Choose the correct choice in the following
and justify.

(i) 30 term of the AP: 10, 7,4, .... is
a)97 b)77 «¢)-77 d)-87
Solution:

Given AP is 10,7, 4, ....
Here a =10,d = a; —a,
=7-10
= -3
azo =a+29d
10 + 29(-3)
=10-87
= =77 Ans:(c)
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(i) 11t term of the AP is —3, —%, 2, ...

1
a)28 b)22 ¢)—38d) —485
Solution:
Given AP is —3,—%,2,
Herea=-3,d=a; —a;
= —243=22=2
2 2 2
a11 =a + 10d
5
= -3+10(3)
=-3+25
= 22 Ans: (B)

3) In the following Aps, find the missing terms in

the boxes:-

Solution:
Given list of numbers is an AP.

Therefore a, —ay = az —ay

X—2=26—x
XxX+x=264+2
2x = 28
x=14
(ii) , 13, , 3

Solution:
Given that the list of numbers is an AP.
Therefore a, —a; = a3 —a; = a4 —as
13—x=y—-13=3-y
Considery —13=3—-y= 2y =13+3
2y =16
y=28
Consider, 13 —x =y — 13
x=13-8+13
x=5+13=18
Therefore the first term x = 18 and the third
termy = 8.

1
(iii) 5,——,——,9 2
Solution:

Given that the list of numbers is an AP.
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let the second and 3™ terms are x,y
az_al =a3_a2 =a4_a3

Now,x—5=y—x=9%—y

X—5=y—x y—x=?—
x+x—y=5 y+y—x=—
2x—y =5 2y—x=§
4y —2x =19

2x —y =+5 @D

—2x +4y =19 ©

Adding Equation 1 and 2 = 3y = 24

24
y=?=8’y=8

substitute y = 8 in 1
2x—8=5

2x =845

2x =13

13

=5

Therefore 2™ and 3" terms are 12—3 8.

4) Which term of the AP 3, 8, 13, 18, ..... is 787

Solution:

Given that the list of numbers is an AP.

Herea=3,d=a,—a; =8—-3=5

Leta, =78

a+(n—-1)d =78

3+(n—1)d =78
(n—1)5=78-3

n—-1)5=75
n-1=2=15
5
n=16

Therefore 16" term of the given AP is 16.

5)Find the number of terms in each of the following

AP’s.

(i) 7,13,19, ....205
Solution: Given AP is 7, 13, 19, .... 205
Herea=7,d=a;—a; =13—-7=6
Let a, = 205
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a+ (n—1)d = 205
7+ (n — 1)(6) = 205
n—-1)6=205-7

(n—1)6 = 198
n—1=2_33

6

n = 34

Therefore the given AP has 34 terms.

(i) 18,157,13, ... —47
Solution:
Given AP is 18, 15%, 13, ... —47
Herea =18,d = a; —a;
=%_18=31;36=—_5

Leta, = —47
a+ (n—1)d=—-47

18+ —1) (‘75) = _47

(n—1) (‘75) = —47 —18 = —65

n—1:—65x(—§)

=13x2 =26
Therefore n=26+1=27

Hence the given AP has 27 terms.

6) Check whether -150 is a term of the AP: 11, 8, 5,

2 ...

Solution:

Given AP is 11, 8,5, 2, ....

Herea=11,d=a; —a; =8—-11=-3

Leta, = —150

a, =a+ (n-1)d =-150

11+ (n—1)(-3) = —150

(n—1)(-3)=-150—-11
(n—1)(-3) =-161

-161

(Tl— 1) = _—3 = 53.66
n—1=53.66
n = 54.66

But n should be positive integer.
Therefore -150 is not a term of the AP.
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7) Find the 315t term of an AP whose 11t term is 38
and the 16" term is 73.

Solution:
Given that 11" term is 38
a1 = 38
= a+10d = 38 ——D
Also, 16" term is 73
a6 =173
= a+15d =73
a+15d = 73 ——(02)
a+10d = 38 ——— (o7
2—1= 5d=35
d=2=7
substitute d = 7 in 1
a+10(7) = 38
a+ 70 =38

a=38—-70=-32
Now az; = a + 30d

=-32+4+30(7) =-32+210=178
Therefore 315t term of an AP is 178.

8) An AP consists of 50 terms of which 3™ term is
12 and the last term is 106. Find the 29" term.
Solution:

Number of terms in the AP is 50.

Also given that 3" term is 12.

az; =12
= a+2d =12 D
Last term is 106.
aso = 106
a+ (n—1)d =106
a+49d = 106 ——{@2
a+49d = 106 ——02
a+2d = 12—

2—1 = 47d =94

d=%=2
substitute d = 2 in 1
a+2(2)=12
a+4=12 = a=12-4=8

Now a,o = a + 28d =8+ 28(2) =8+56
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QA9 = 64
Therefore 29t term of the given AP is 64.

9) If the 3™ and 9t terms of an AP are 4 and — 8
respectively, which term of this AP is zero.
Solution:

Given that 3 term of an AP is 4.

a3:4
_ AN
a+2d=4 (),
Also, ag = —8
)
a+8d=—-8—"""0
_ 5o\
a+8d=-8 02
_ AN
a+2d=4 oy
2—-1= 6d =-12
—_2__5

Therefore d = —2
substitute d = —2in 1
a+2(-2)=4
a—4=4 =a=8
Leta, =0
a+(n—1)d=0
8+(n—1(-2)=0
(n-1(-2)=-8

Therefore 5" term of the given AP is zero.

10) The 17" term of an AP exceeds its 10" term by

7. Find the common difference.
Solution:

Given that a,; — a9 =7
(a+16d) —(a+9d)=7
a+16d—a—-9d =7
7d=7 =d=1

Therefore common difference d = 1.

11) Which term of the AP 3, 15, 27, 39, ..... will be

132 more than its 54" term?
Solution:

Given AP is 3, 15, 27, 39, ....
Herea=3,d=a;, —a;
=15-3=12
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Now, as, = a+53d =3+ 53(12)
=3+ 636 =639

Required term = 132 more than 54" term

= (132 +639) =771

Leta, = 771

=a+n-1)d=771

3+ (n—1)(12) = 771
(n—1)(12) =771 -3
(n—1)(12) = 768

n-1="2=64
12

n—1=64 > n=65

Hence 65" term is required term.

12) Two AP’s have common difference. The

difference between their 100t terms is 100,
what is the difference between their 1000"
terms.

Solution:

Let the first AP be a4, ay, as, ... a, and the 2" AP

be by, by, b3, ... by,

Let d be the common difference of two Aps.

Therefore n™ term of 15t AP a,, and nth term

29 AP b, are a, = a; + (n—1)d and

b, =b;+(n—1)d

Now,

an—b,=[a;+ (n—1)d] —[by + (n—1)d]
=a;+(n—-1)d—-b;, —(n—1)d
=a;—b

Given that a,og — b1go0 = a1 — b1 = 100

S0, a1900 — b1000 = 100.

Hence difference between 1000t terms is also

100.

13) How many 3 digit numbers are divisible by 7?

Solution:

The first 3 digit number divisible by 7 is

100-2+7 =105.
7)[_?0 CIH

L A
3o
22,

2.
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The last 3 digit number divisible by
71is 999 —5=994.

Therefore 3 digit number which 1 )6_2!6?9 o ITQ'
are divisible by 7 are g

105, 112, 119, ... 994. 28
Here a = 105,d = 7,1 = 994. P

a, = 994 =

—

=a+ (n—1)d =994

105+ (n—1)7 =994
(n—1)7 =994 — 105

(n—1)7 =889
n—1=22=127

n =128
Hence number of 3 digit numbers which are
divisible by 7 is 128.

14) How many multiples of 4 lie between 10 and

2507 &2
Solution: N,
| _ _ h)2kq
The First multiples of 4 after 10 is 12. 254
The last multiples of 4 before 250 4
is 250 - 2 = 248, 2

)

—

Therefore Number of terms in an AP
whose 15t term a = 12 and the last term
a, = 248
a+(n—1)d =248
12+ (n—1)4 = 248
(n—1)4 =248 -12

(n—1)4 = 236
n—1=2¢ —59
4
n =60

Therefore Number of multiples of 4 lie between
10 and 250 is 60.

15) For what value of n, the n" terms of the AP’s

63, 65, 67, ... and 3, 10, 17, ...are equal.
Solution:

Given AP’s are 63, 65, 67, ... and 3, 10, 17, ....
In the 1t AP a = 63,d = 65— 63 = 2,and

a, =a+(n—-1)d = 63 + (n—1)2

Inthe 29 AP,b=3,d=10—-3 = 7,and
by=b+Mm—-1d =3+ (1m-1)7
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Given that a,, = b,
63+(n—1)2=3+mn—-1)7
63+2n—-2=3+7n—-7
61+2n=-4+7n
61+4=7n-2n
65 =5n

=22 _13
"=

Hence, the 13t term of two given AP’s are

equal.

16) Determine the AP whose third term is 16 and 7t

term exceeds the 5" term by 12.
Solution:

Letthe APbea,a+d,a + 2d, ..

Given that a; = 16

a+2d = 16—

Also it is given that 7" term exceeds the 5" term by

12.

a; —ag =12

=a+6d—(a+4d) =12
a+6d—a—4d =12

2d = 12 =>d=§=6

Therefore d=6

substitute d = 6 in 1
a+2d=16=a+2(6) =16

a+12=16
a=16—-12=4

Therefore a = 4

Then the required AP is a,a + d,a + 2d, ....

4,4+ 6,4+ 2(6), ...

4,10,16, ...

17) Find the 20* term from the last term of the AP:

3,8,13, .... 253.
Solution:

The given AP from the last is 253, .... 13, 8, 3.

Here a = 253,d =8 —-13 = —5,n = 51.

Therefore a,, = a+ 19d = 253 4+ 19(-5)
=253 -95=158

Hence 20t from the last is 158.
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18) The sum of 4'" and 8" terms of an AP is 24
and the sum of the 6™ and 10" term is 44.
Find the first three terms of the AP.
Solution:

Given sum of 4" and 8™ terms of an AP is 24.

a4+a8:24
a+3d+a+7d =24
— I
2a + 10d = 24 (D

Also it is given that

Sum of 61" and 10" terms is 44

ag +ag = 44
a+5d+a+9d =44
2a + 14d = 44—
2a + 14d = 44—
2a + 10d = 24 ———{o1)
2-1=  4d=20
d=2=5

Therefore d =5
substitute d = 5 in 1
2a +10(5) = 24

2a+ 50 = 24
2a =24-50
2a = —26
a=-2=-13
Therefore a = —13

Hence, first three term of the AP are
a,a+d,a+2d

a=-13

a+d=-13+4+5=—-8and

a+2d= -13+2(5)=-13+10= -3
—13,-13 +5,—-13 + 2(5)

-13,-8,-3.

19) Subba Rao started work in 1995 at an annual
salary of ¥5000 and received an increment of
%200 each year. In which year did his income
reach ¥7000?

Solution:

The annual salary received by Subba Rao in the
year 1995, 1996, 1997 are ¥5000, 35200, 35400,
.... respectively.

The list of numbers from an AP.
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Here a =35000,d = a; —a;
= 35200 — 5000 = X200
Let a,, =X7000
a+ (n—1)d =37000
5000 + (n — 1)200 = X7000
(n—1)200 = X7000 —X5000 = 32000

Therefore n = 11 years.
Hence in the 11t year, he received ¥7000 as

salary.

20) Ramakali saved %5 in the first week of a year

and then increased her weekly savings by
¥1.75. If in the nt" week, her weekly savings
become ¥20.75. Find n.

Solution:

Ramkali’s savings are in the subsequent weeks are
%5, 35+%1.75, 35+2(1.75) ....
5,6.75,8.50,10.25, ....
Here a = 5,d = X1.75.
let a, = 20.75
a+(n-—1)d=20.75
5+ (n—1)(1.75) = 20.75
(n—1)(1.75) = 20.75 -5

= 15.75

n—-1=272_1575=9
1.75

n=9+1=10
Hence the 10" week her saving becomes
Rs.20.75

Sum of First n Terms of an AP

Note 1 : If first term of an AP is ‘a’ and its common
difference is ‘d’, then the sum of its first n terms
S, is given by

S, = g[Za +(n—1)d]

This can also be written as

Sn = Zla+ay] where a, is n" term
If L is the last term then
Sp=la+1
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Note 2: The n'" term of AP is obtained by the
difference of sum of first n terms and the sum to
first (n-1)terms.  a, =S, — Sn_1

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

The given AP is 8, 3, -2, ....
Herea=8,d = a, —a,
=3—-8= -5
n =22
We know that Sn=%[2a+(n—1)d]

Therefore Sy, = 22 [2(8) + 21(=5)]

=11[16 — 105] = 11[-89] = —979
Hence, the sum of first 22 terms of AP is -979

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

20" term.

Solution:
Sum of first 14 terms of an AP is 1050.
514 = 1050

g[Za + (n—1)d] = 1050
14
—[2a +13d] = 1050

1050
2a+13d=T= 150

2a +13d = 150 D

Here the first term a = 10
Therefore 1 = 2(10) + 13d = 150
20+ 13d =150

13d = 150 — 20

13d = 130

d—130—10
=43 =

d=10

Therefore a,o = a + 19d
=10+ 19(10)

=10+ 190 = 200

Hence 20t term is 200.
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Example 13: How many terms of the AP 24, 12,
18, .... must be taken so that their sum is 78?
Solution:

Given AP is 24, 21, 18, ...
Here a = 24,d =21 —-24 = —-3,5, =78
S, =178

E[2a +(n—-1)d] =78

N

3[2(24) +(n—1)(=3)] =78

n[48 —3n+3] =78 x 2 = 156

n[51 — 3n] = 156

51n—3n2—-156 =0

3n?2 —51n+ 156 = 0

+3, n?—-17n+52=0

n—13)(n—4)=0

n—13=0 n—4=0
n=13 n=4

Therefore number of terms is either 4 or 13.

Example 14: Find the sum of
(i) The first 1000 posititve integers.
Solution:

LetS,=14+2+3+4:-.41000
Herea=1,d =1,1 =1000
Therefore S, = ~[a + ]

1000
=——[1+1000]

= 500(1001)
= 500500

(ii) The first n positive integers.
Solution:

LetS,=1+2+4++4+n

Herea=1,d=11l=n

Therefore S, =%[a+l]
n
2
_nn+1)
2

[1+n]
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Example 15: Find the sum of first 24 terms of
the list of numbers whose n'" term is given by
a, =3+2n.

Solution:

Given a, =3+ 2n

Thereforea; =3+2=5
a,=34+22)=34+4=7
a;=34+23)=34+6=9
a,=3+2(4)=3+8=11

Therefore the list of numbers are 5, 7, 9, 11, ....
Herea=5d=7-5=2,n=24

Therefore S,, = %[Za + (n—1)d]

24
Soa = 7 [2(5) + 23(2)]

= 12[10 + 46]
= 12[56] = 672

Hence the sum of first 24 terms is 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:

a) the production in the first year.

b) the production in the 10" year.

c) the total production in first 7 years.
Solution:

Given that the production increases uniformly by a
fixed number every year.

Hence the TV manufactured in the 1st, 2nd 3rd
year will form an AP.

Here a; = 600 and a; = 700

a+6d =700 D
_ )
a+ 2d = 600 02
12=  4d =100
d=""=25
4
d =25

substitute d = 25 in 1
a+ 6(25) =700
a+ 150 =700
a=700-150
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a =550
a) Therefore 15t year production is a = 550
b) a,o, =a+dd =550+ 9(25)
=550+ 225 =775

Therefore production in the 10" year =775
S, = ;[Za + (n—1)d]

S, = 2[2(550) + 6(25)] = %[1100 + 150]

7
2
= 2[1250] = 7 x 625 = 4375

c¢) Therefore total production in the first 7

years is 4375.

. EXERCISE 5.3 ,

1) Find the sum of the following Aps:-
a) 2,7,12,....10 terms.
Solution:

Given APis2,7,12, ....
Herea=2,d =7—-2=75,n=10.

10 terms.

Sum of first n terms is

S, = %[Za + (n — 1)d]

Therefore S;o = % [2(2) +9(5)]

= 5[4 + 45] = 5[49] = 245

b) -37,-33,-29,.... to 12 terms.

Solution:
Given AP is — 37, - 33, - 29, ....
Here a = —37,d = =33 — (—37)
=-33+37=4
a= —-37,d=4,n=12

to 12 terms.

We know that sum of first n terms is
[2a + (n — 1)d]
[2(=37) + 11d]

2
= 6[—74 + 11(4)]
= 6[—74 + 44]
[—30] = —180

I
o))
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c)0.6,1.7, 2.8, .... to 100 terms.
Solution:
Given AP is 0.6, 1.7, 2.8, .... to 100 terms.
Herea =0.6,d =1.7—-0.6 =1.1,n = 100
We know that sum of first n terms is
Sy = §[2a + (n—1)d]

Therefore S,50 = %[

2(0.6) +99(1.1)]
= 50[1.2 + 108.9]

= 50[110.1]

= 5505.0
)%%1—10 to 11 terms.
Solution:
Given AP is i,i,i, ... to 11 terms.
1571210
Herea=—~d=-_-L1=-3%_21 , _11
15 12 15 60 60
= 1 d= =11
a= 15, = 60'n =

We know that sum of first n terms is
Sy = §[2a + (n— 1)d]

11 1 1

=7 12(%) + 106
11 -2 1

=% st

_E[ﬁ _11x9

T 21013017 2x30

EE

20

Therefore

2) Find the sums given below.
(1) 7+ 105 + 14 + -+ 84
Solution:
Given AP is 7+ 10~ + 14 + - + 84

Herea=7,d=1o§—7=3§,l=84

We know that sum of first n terms is

Sp = %[a + 1]
Therefore S,; = 22—3 [7 + 84]

=2 191]

_ 2093

2

= 1046~
2
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a+(n—1)d =84
7+(n—1)2 =84
(n— 1)% =84—7

(n—1)§=77

77X2
7

(n-1) =
(n—1) =11x2
n=22+1=23

(ii) 34+324+30+--4+10
Solution:

Given AP is34+32+4+30+ -+ 10
Here a =34,d =32 —-34 =-2,1 =810
We know that sum of first n terms is
Sn=>la+1]
Therefore = = [34 + 10]
= [44]
=13 x22 =286
a, =10
a+(n—1d =10
344+ (n—1)(-2)=10
(n—1)(=2) =10 — 34

n—1=—
-2
n—1=12

n=13

(iii))—5 + (—8) + (—11) + --- + (—230)
Solution:

Given AP is =5 + (=8) + (=11) + - +

(—230)

Herea = —-5,d =—-8-5
=—-8+5=-3

l=-230

We know that sum of first n terms is
Sp=7>la+1]
Therefore S;6 = 2[5 + (—230)]

= 38[—235] = —8930
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a+(n—1)d=-230
5+ (n—1)(=3) = —230

(n—1)(—-3)=-230+5
-225

n—-1=—-
-3
n—1=75
n=176
3) Inan AP
(i) Givena =5,d=3,a, =50, findn and
Sn
Solution:

Here a =5,d = 3,a,, =50
a+(n—1)d =50
54+ (n—-1)13) =50
(n—-1)@B)=50-5
(n—1)3 =45
(n-1)=2=15
n=16
We know that sum of first n terms is
S, = g[a +1]
Sie = % [5 + 50]
=8 X 55 =440
Hence S,c = 440

(li) Given a = 7, a3z = 35, find n and 513
Solution:

Here a= 7, a13 = 35

a+12d =50
74+12d =50
12d =35—-7
12d = 28
=53
d=Z

3
We know that sum of first n terms is

Sp=>la+1]
S =173[7+35]

=12—3[42] =13 x 21 = 273
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Hence S5 = 273

(iii) Given a4, = 37,d = 3 find a and S,

Solution:
Here a;, =37,d =3
a+11d = 37
a+11(3) =37
a+33 =37
a=37-33
a=4

We know that sum of first n terms is
Sp=>la+1]
Sz =~ [4+37]
= 6[41] = 246
Hence S, = 246

(iv)Given as = 15,5;0 = 125 find d and

(Z5T)
Solution:
Hel‘e as = 15, 510 - 125
_ A\
a+2d =15 \01J
_ )
2a+9d =25 02
_ A2
1x2= 2a+4d =30 03,
2-3 = 5d = -5
d= -1

Now, a;g = a + 9d
=174+9(1)=17-9=38
Therefore a,;; = 8
S10 = 125
We know that sum of first n terms is
% [2a + 9d] = 125

2a+9d = %

[\
@

2a+9d =25
d=—-1in1
a+2(—-1) =15
a—2=15
a=17
Hencea=17,d = -1, a9 = 8 and

510 = 125

75
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(v) Given d = 5,59 = 75 find a and a4
Solution:

Here d = 5,5 = 75
g[za + (M -1)d] = 75

§[2a+ (n—1)5] = 75

75%2
2a +8(5) = =
150
2a +40 = —
9
150
2a= —— 40
9
150-360
2a =
9
—-210
a=
9X2
-70 =70 -35
= —= — or = —
3x2 6 3

We know that sum of first n terms is
Now, ag = a + 8d
_ 35 35
=—+8(5) =—+40

_ 120-35 _ 85

(vi)Given a=2,d = 8,S,, =90 find n and
an
Solution:

Given a =2,d =8,5, =90
g[za +(n—1)d] = 90
n[2(2) + (n—1)8] =

90 x 2
n[4 + 8n— 8] =180
n[8n — 4] = 180
8n? —4n—-180=0
(= 2) 4n? -2n—-90=0
(n-52n+9)=0
n—-5=0 2n+9=0
n=>5 2n= -9
9
n=--
2
Thereforen=5 n = —gis not possible.
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Now, a, = a5 =a+4d
=2+4+4(8)=2+32
as = 34
Hence n =5, a; = 34

(vi) Given a =8,a, =62,5,, =120 findn

and d.
Solution:

Givena = 8,a, = 62,5, = 120

We know that sum of first n terms is

n
Sp = 5la+1]1=210

%[8 +62] = 210

2[70] =210
35n =210
n= Z0 _ 6

35
Therefore n = 6
a, =62,Herea=8n==6
a+(n—1)d =62
8+5d =62
5d =62—-8=54

Now,

54
Hencen = 6,d = 5

(viii) Given a, =4,d =2,5, = —14 find n and

a
Solution:

Givena, =4,d =2,5, =14
We know that sum of first n terms is

n
Sn= E[a+l]=—14

“la+4]=-14

nla + 4] = —28 @D
Now a,, = 4
a+(n—1d=4
a+(n—1)2=4
a=4—(n—1)2
subtitute 2 in 1
nf4—(n—-1)2+4]= —28

o\
&/

76
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n[8—-2n+2] = — 28

n[10 — 2n] = —28
10n—2n2+28=0
2n? —10n—28=0
(+2) n?-5n—-14=0
n+2)(n=7)=0

=n+2=0 or n—7=0
n= -2 or n=7
But n = —2 is not possible

Therefore n =7
Now a,; = 4
a+6d=4
a+6(2)=4
a+12=4
a=-8

Hencea=-8andn=7

(ix)Given a =3,n=8,5 = 192 find ‘d'.
Solution:

Given a =3,n=8,5 =192
We know that sum of first n terms is

Sn == [2a+ (n—1)d]

So, 2[2(3) +7d] = 192

4]6 + 7d] = 192
6+7d=""=48
Therefore 7d = 48 — 6 = 42

d=2=6
7

Therefored =6

(x) Given [ =28,5 =144 and there are
total 9 terms. Find 'a’.

Solution:
Herel = 28,s = 144,n =9
Se = 144
§[a+ 1] = 144
9la + 28] =144 x 2
a+ 28 — 144 X2
9
a+28=32
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a=32-28
a=14

4) How many terms of the AP: 9, 17, 25, ... must
be taken to give a sum of 6367
Solution:

Given AP is 9, 17, 25, ....
Herea=9,d=17—-9=28

Let S, = 636

" 2a+ (n-1)d] = 636

| S N

5[2(9) + (n— 1)8] = 636

n[18 + 8n — 8] = 636 x 2
n[10 + 8n] = 636 x 2
10n +8n? — 1272 =0
(+2)4n*+5n—-636=0
Here
a=4,b=5,.c=-636
Now,

—btVvb?—-4ac _ —5+,/25-4(4)(—636)

n=

2a 2(4)
_ —5+V25¥10176 _ —5+V10201 _ —5+101
- 8 - 8 - 8
9%
= —==12

8
12 terms must be taken so that their sum is 636.

5) 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.
Solution:

Given a = 5, last term a,, = 45
a+ (n—1)d =45
54+ (n—1)d =45

(n-1)d=45-5
(n—1)d =40 oD
Also, given S,, = 400
§[2a + (n—1)d] = 400

substitute 1 in 2
2[2(5) + 40] = 400

n[10 + 40] = 400 x 2
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50n =400 x 2

400x2
50

16

subtitute n = 16 in 1
(16 —1)d = 40 = 15d = 40

40 8
d:—:—

15 3

Hence number of terms n=16 and

. 8
common difference d = 3

6) The first and 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?

Solution:

Giventhata = 17 and a,, = 350,d =9
Now a,, = 350
a+ (n—1)d = 350
17+ (n—1)9 =350
(n—1)9 =350-17
(n—1)9 =333

1= 383
n =35 =

n = 38

Now S35 = > [a + ay]

= 2[17 + 350]

= 19[367] = 6973
Hence number of terms n = 38 and
S3g = 6973

7) Find the sum of first 22 tems of an AP
whose d = 7 and 22" term is 149.
Solution:

Givend =7 and a,, = 149

a,, = 149
a+21d = 149
a+21(7) =149
a+ 147 =149
a =149 — 147
a=2

Now Sy, =~ [2a + (n — 1)d]
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= 2[2(2) + 21(7)]
= 11[4 + 147] = 11[151] = 1661

Hence sum of first 22" terms is 1661.

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

Solution:
Givena =14 and a; = 18
a+d=14 D
a+2d =18 @
2-1= d=4
substitute d = 4 in 1
a+4=14

Thereforea =14 — 4 =10

Now Sey = 52—1 [2a + 50d]

= 2 [2(10) + 50(4)]

-~ % [20 + 200]

°1 220
=—X
2

=110 x 51 = 5610
Hence S;; = 5610

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

of n terms.
Solution:
S, =49
n
E[Za + 6d] = 49
7
> [2a + 6d] = 49
2a + 6d = 22
2a+ 6d =14
(+2) a+3d=7

Also given that S,, = 289

% [2a + 16d] = 289

289x2

2a +16d =
17
2a +16d = 34
(+2) a+8d=17

78
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a+8d=17 an
a+3d=7 @)
2-1= 5d =10
d===2

5
Therefore substitute d = 2 in 1

a+32)=7
at+6=7
a=7—-6=1
a=1

Now S, =-[2a+ (n— 1)d]

2+ (n—1)2]

[2 4+ 2n — 2]

Il
NIZ NIZ VIR NS
X

[\

S

I
=
N

10) Show that a,, a,, ....a, form an AP where a,,
is defined as below.
(i) a, = 3 + 4n, find sum of 15 terms.
Solution:

Givena, =3 +4n

Thereforea = a; =3+4(1)=3+4=7
a,=3+4(2)=3+8=11

Therefored =a, —a; =11-7=4

S1s == [2a + 14d]

Sis =2 [2(7) + 14(4)] =[14 + 56]
Sys = 175[70] =15 x 35 = 525
Hence S5 = 525

(ii)Given a,, =9 — 5n
Solution:

a=a,=9-5(1)=9-5=4
a,=9-52)=9-10=—1
Therefored =a, —a;, =-1-1=-5
Sis == [2a + 14d] = 2 [2(4) + 14(-5)]
S =175[8—70] =12—5[—62] = —31x15

Hence S5 = —465
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11) If the sum of the first n terms of an AP is
4n — n?, what is the first term (5;)? What is
sum of first two terms? What is the second
term? Similarly find 3%the 10" and n'"
terms.

Solution:

Given S, = 4n — n?

Firstterm a = S; = 4(1) — 12

=4-1=3

Sum of first two terms S, = 4(2) — 22

S,=8—4=4

Therefore 2™ term =S, — S,
a,=4-3=1

Therefore common difference d = a, — a,
d=1-3= -2

Now az; = a + 2d = 3 + 2(—2)

=3—-4=-1
a;p=a+9d

=3+4+9(-2)=3-18=-15
nhterma, =a+(n—1)d =3+ (n—-1)(-2)

=3-2n+2 =5-2n

Hence, first term a = 3

sum of first 2 terms =4

Second term =1

3 term = -1

10t term = -15

nt"term =5 —2n

12) Find the sum of the first 40 positive
integers divisible by 6.
Solution:

First 40 positive integers divisible by 6 are 6,
12,18, 24, .... 240.

Here a =6,d = 6,1 = 240

Sum of 40 integers = §,, = 42—0 [a+1]

Now S, = 20[6 + 240]
= 20[246]

= 4920
Hence S0 = 4920
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13) Find the sum of first 15 multiples of 8.

Solution:
First 15 multiple of 8 are 8, 16, 24, .... 120

Here a =8,d =8,l =120
15

Therefore S,, = Y [a+1]
Now S;5 = —[8+120] = ~>[128]
=15 X 64 = 960

Hence S5 = 960

14) Find the sum of odd numbers between 0

and 50.
Solution:

The odd numbers between 0 and 50 are 1, 3,
5,7....49, which are in AP.
Herea=1,d=3—-1=2,1=49
=49
a+(n—1)d =49
1+(n—1)2 =49
(n—1)2 =48
n—1= 5
n—1=24 = n=25
Therefore sum of 25 terms = S,

= 25[a+ 1] = 2[1+49]

22—5><50= 25 x 25

S,s = 625

15) A contract on construction job specifies a

penalty for delay of completion beyond a
certain date as follows: 3200 for first day,
X250 for 2" day X300 for 3™ day etc., the
penalty for each succeeding day being 350
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.

Solution:

The penalty for each succeeding day is 350 for
the first day, 2" day, 3™ day etc will form an
AP.

Here a = 200,d = 50,n = 30

penalty for 30 days = S5,
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Therefore S3 = ~[2a + (n — 1)d]

= ?’2—0[2(200) +29(50)] = 15[400 + 1450]

= 15[1850] =R27750
Hence, the contractor has to pay 327750 as

penalty.

16) A sum of X700 is to be used to give seven
cash prizes to students of a school for their
overall academic performance. If each
prize as 320 less than its preceding prize,
find the value of each of the prizes.
Solution:

Let the value of the first prize be Ix

Then, the value of the 2" prize Ix — 20

the value of 2" prize I(x —20)—20

Ix—40

and so on.

the list of the number form an AP whose first

term a = Xx and the common difference

d= as;—a, =a—40— (a—20)
=a—40—-a+20=-20

Here X700 used for 7 cash prize.

S, = 700
n
> [2a + (n—1)d] = 700

%[Zx +6(=20) = 700]

7[2x + (=120)] = 700 x 2

700%x2

2x — 120 = = 200

2x =200+ 120 = 320

x = 22— 160
2

Hence the 15 prize value = 3160
2" prize value = 3160 — 20 = 3140
3" prize value =3140 — 20 = 3120
4t prize value =3120 — 20 = 3100
5t prize value =3100 — 20 = 380
6" prize value =380 — 20 = 360
7t prize value =360 — 20 = 340
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17) In a school, students thought of
planting trees in and around the school
to reduce air pollution. It was dicided
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 | will
plant 1 tree, a section of class Il will plant
2 trees and on till class XIl. There are
three sections of each class. How many
trees will be planted by the student?
(2014)

Solution:

Number of sections in each class = 3.
Number of trees that are planted
by the students of class | =1x3=3
Number of trees that are planted
by the students of class Il }= 2X3=
6
and so on.
Number of trees that are planted}>
by the students of class XI| =12%x3 =
36
Thus the list of Numbers 3, 6, 9, .... 36 form
an AP.
Here=a=3,d=6-3=3,l=36
a+(n-1)d =36
3+(n—1)3=36
(n—1)3=36—-3 =33

n—-1=—=11
3
n=12
Hence the number of trees planted

by the students = §;, = %[a +1]

= 2[3 +36] = 6[39] = 234

18) A spiral is made up of successive semi-

circles with centres alternately at A and B,
starting with centre at A of radii 0.5 cm, 1.0
cm, 1.5 cm, 2 cm .... as shown in below
figure. What is the total length of such
spiral made up of thirteen consecutive

. . 22
semi circles? (take = 7)
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Solution:

Length of successive semi

circles are l;1, 1[5 with centres 4, B ....

7 (0.5)
Length of 2" semi circle = (1)

Length of3rd semi circle = 7 (1.5) etc.

form an AP.

4657 =057[1+2+3 4+ 13]

=0.5><§x12—3[2a+12d]

=0.5 x ? X 12—3 [2(1) + 12(1)]

=3 22814 =11x3=143cm.
10 7 2

(i) How many rows, are the 200 logs
top row?

of log?
Solution:

18,17, ....

20,d =19 —-20=—1and S, = 200
S, = 200
~[2a + (n = 1d] = 200
n[2(20) + (n — 1)(=1)] = 200 x 2
n[40 —n + 1] = 400
n[41 —n] = 400
41n—n?—-400=0
n? —41n 4400 = 0
n—25)(Mn-16)=0
n—25=0 orn—16=0
When n = 25,

81

Therefore length of 15t semi circle = nr =

Therefore length of 13" semi circle = 7(6.5).

The list of numbers 0.57,m, 1.57, 27, ... 6.5

Sum of 13 semi circles = 0.57+ 7 + 1.57m +

19) 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.

placed and how many logs are in the

(ii)Which value is depicted in the pattern

Number of logs stacked in each row is 20, 19,

The list of numbers from an AP with a =

a,=a+ n-—1)d
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=20+ 24(-1)
=20—-24= -4
The number of logs in the last row a,, = —4 is
not possible.
Therefore n = 16,a, = a + (n — 1)d
=20+ 15(-1)
=20-15 =5

Hence the number of rows is 16 and the
number of log in the top row is 5.

20) In a potato race, a bucket is placed at the
starting point, which is 5m from the first
potato and the other potatores are placed
3m apart in a straight line. There are ten
potatoes in a lines. A competitor starts
from the bucket, piccks up the nearest
potato, runs back with it, drops it in the
bucket, runs back to pickup the next
potato, runs to the bucket to drop it in and
she continues in th same way until all the
potatoes are in the bucket. What is the
total distance the competitior has to run.

Solution:
The distance run by the competitor to pick up
the first potato =2 x5 =10
The distance run by the competitor to pick up
the 2™ potato =2 x (5+3) = 16
For 39 potato =2 x (5+ 3 + 3)

=2 x11 = 22 etc
Here the list of number 10, 16, 22, 28,..... form
an AP.
Herea=10,d =16 —-10=6,n =10
Therefore S,, = %[Za + (n—1)d]

10
S10 =_[

—~[2(10) +9(6)]
= 5[20 + 54]
= 5[74] = 370
Hence the total distance the competitor

has to run is 370 m.

82
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06

TRIANGLES

Similar Figures:

Two geometrical figures are said to be
similar, if they have same shape but not
necessarily the same size.

Note:

All the congruent figures are similar but the

similar figures need not be congruent.

Similar Polygons:

Two polygons of same number of sides are

similar, if

a) all the corresponding angles are equal.

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

Similarity of Triangles:
Two triangles are said to be similar, if
a) their corresponding angles are equal.
b) their corresponding sides are proportional.

. EXERCISE 6.1,

1) Fill in the blanks using the correct word
given in brackets.
(i) All circles are ------—--- (Congruent,
similar)
Ans: similar
[Since all circles have same shape but
size can vary]
(i) All squares -------- (similar, congruent)
Ans: similar.
[since all square have same shape but
size Can vary].
(i) All -—--- triangles are similar.
[isoceles, Equilateral]
Ans: Equilateral
[since all equilateral triangles have same
shape but size can vary].
(iv) Two polygons of the same number of
sides are similar, it
a) their corresponding angles are --------
and
b) their corresponding sides are ----------
--- (equal, proportional)
Ans: a) their corresponding angles
are equal.
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b) their corresponding sides are
proportional.

2) Give two different examples of pair of (i)

similar figures (ii) non-similar figures.
(i) Similar figures:
a) pair of equilateral triangles are similar
figures.
b) pair of squares are similar figures.
(ii)Non-Similar figures:
a) A triangles and a quadrilateral form a
pair of non-similar figures.
b) A square and a circle form a pair of
non similar figures.

State whether similar or not:

Solution: S 15¢m R
PQ 15 15 1
AB~ 3 30 2 15cm 1.5 ¢cm
QR 15 15 1

=== 5 P 1.5cm Q

BC~ 3 30 2
Clearly the corresponding sides of PQRS and

ABCD are proportional. p 3em C

3cm 3em
But their corresponding

angles are not equal. A 3cm B
Hence PQRS and ABCD are not similar.

Theorem 6.1: If a line is drawn parallel to
one side of a triangle to interseat the other
two sides in distinct points, then the other
two sides are divided in the same ratio.
(Thales Theorem).

Given:

In triangle ABC, a line DE is parallel to BC,

intersect AB at D and AC at E.

A
To prove: M

AD AB N

DB~ EC D E
Construction:

Join BE and CD. C

Draw EF L r AD and DG 1 r AE.
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Proof:

1 ,
Area of AADE X Base X Height
Area of A BDE % X Base X Height

LwaDxEF  4p

_pAE_m e
l«DExEF DB N
2 )
02
1 A\
Area of A ADE _ FXAEXDG  Af
Area of A DEC © IXECxDG  EC

But A BDE and A DEC have the same base DE
and between the parallel lines DE and BC.

Therefore Area of BDE = Area of A DEC —@:E
AE

From 1,2, 342 — 4E
DB EC

Theorem 6.2:

Converse of Basic proportionality
Theorem:- If a line divides any two sides of
a triangle in the same ratio, then the line
must be parallel to the third side.

Given:
In A ABC, aline DE intersect AB at D and AC
atE
AD _ AE i
Such that T oy
To prove DE || BC. 1
Proof: F

Let us assume that DE is
not parallel to BC. B

Now, draw a line DF parallel to BC.

Therefore by BPT A
DB FC

AF

From1and2A—E= —
EC FC

Add 1 to both side of equation 3

,415_1_,41~*+1
EC =~ FC
AE+EC AF+FC AC AC
== = - — = —
EC FC EC  FC
= EC = FC

= E and F are coincides.
Hence DE is parallel to BC.
DE || BC.

Example 1: If a line intersect sides AB and Ac

of A ABC at D and E respectively, and is parallel

AD _ AE
to BC, prove that B ac
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Solution:
Given:
In A ABC, DE is parallel to BC.

AD _ AE A
Therefore by BPT 5= ac ()

To prove:

AD AE
AB  AC

EC AN
E %

add 1 to both sides of equation 2.

DB
From1, — =
AD

DB+ AD _ EC+AE b
AD —  AE

AB AC AD AE

=S — ) — = —

AD  AE ~ AB  AC B c

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

BC respectively such that EF is parallel to AB.

Show that % = %.

Given:

ABCD is a trapezium with AB||DC. E and F are
points on non-parallel sides such that EF||AB.
Construction: ' A B
Joint AC meets EF at G.

To prove: E G F
AE _ BF

ED FC

Solution:

Now AB||DC and EF||AB

Therefore DC||EF.

In AADC, EG||DC

D

AE _ 4G 47\
Therefore by BPT, > = oc (),
In AABC, FGJ||AB

CF _CG _ AG _ BF

Therefore by BPT, — = =
FB GA GC FC
From 1 and 2

AE BF
— = — Hence the proof.
ED FC
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Example 3: In the Figure 2 " and tST= ERQ
) g ’SsQ TR

. Prove that PQR is an isoceles triangle.

Solution: P

In APQR, = = 2L and
sQ TR

PST=|PRQ Qn s T

PS PT
Now, — = —
SQ TR Q R

Therefore by converse of BPT, ST||QR
=|PST=|PQR

(corresponding angle)

From 1 and 2

IPQR=|PQR

= PQ = PR (sides opposite to eual angles are
equal)

= APQR is an isoceles triangle.

EXERCISE 6.2

#— (XX X X ] —9.
1) (i) In the figure DE||BC, Find EC.
Solution:
In AABC, DE||BC
D AE 1.5cm A1 ¢m
Therefore By BPT, — = — D E
DB EC
L5 _ i 3cm
3 EC
15 1 1 1 B C
—_——— ) — = —
30 EC EC 2
= EC =2cm
(i) In the figure DE||BC, find AD.
Solution:
In AABC, DE||BC A
D cm
Therefore By BPT, A2 sz E
DB EC
AD _ 18 B 5.4 em
7.2 5.4 c
AD 1.8x7.2 18><72
=— = —X7.
5.4 54
=2.4cm

2) E and F are points on the sides PQ and PR
respectively of a APQR. For each of the
following cases, state EF||QR.

(i) PE=3.9 cm, EQ =3 cm, PF = 3.6 cm and FR
=24cm
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Solution:
In APQR, E and F are points on PQ and PR.
PE _39 _39 _13 _ A
Now, EQ 3 30 10 1.3 \m/'
PF _ 36 __36_3 a9
andFR_2.4_24_2 92

From 1 andZE;tE
EQ ' FR

= EF is not parallel to QR

(i)PE=4cm, QE =4.5cm, PF =8 cm and FR

=9cm

Solution:

In APQR, E and F are points on PQ and PR.
PE _ 4 _40_8 et

Now, EQ 45 45 &

From 1 and 2 L
EQ

Therefore By converse of BPT, EF||QR

(iii) PQ = 1.28 cm, PR = 2.56 cm, PE = 0.18
cm and PF =0.36 cm
Solution:

In APQR, E and F are points on PQ and PR.
PQ=1.28, PE=0.18
Therefore, EQ = PQ-PE =1.28 - 0.18 = 1.1

Now, PE— 018 _ 18 G

PR = 2.56

PF =0.36

Therefore FR = PR - PF = 2.56 — 0.36
=2.20

Therefore % = % = % = % @2)

From 1 and 2 PE _PE
EQ

FR

Therefore by CBPT, EF||QR

3) In the figure LM||CB and LN||CD. Prove that

AM _ AN
AB ~ AD’ B
Solution: M
In AABC, LM||BC A L C
N
Therefore BY BPT, 4 = 4% an
AB ~ AD o/

In AACD, LNJ||CD

85




OM MURUGA PUBLICATION

Therefore BY BPT, == = =~ @)
LC ND
From1and2 22 -4 _ M8 _ND @:D
MB ND AM AN

Add, 1 to both sides of equation 3
Br1=241
AM AN

MB+AM _ ND+AN

AM AN
AB _AD _, AM _ AN
AM ~ AN AB ~ AD

Hence the proof.

4) In the figure DE||AC and DF||AE. Prove that

BF _ BE A
FE ~ EC
Solution: D
In AABC, DE||AC 5 N .
Therefore BY BPT, 22 = 22 D)
Also, In AABE, DF||AE
Therefore BY BPT, 22 = 22 D)
From1and 2 2£ = 5E
EC FE
Hence the proof.
5) In the figure DE||OQ and DF||OR.
Show that EF||QR. P
D
Solution: e
In APOQ, EDI||QO il S
Therefore BY BPT, = = 1= D)
Also, In APOR, DF||OR
Therefore by BPT, % = % @2}

PF

From 1 and 2 L
EQ FR

Therefore by Converse of Basic Propotionality
theorm (CBPT), EF||QR
Hence the proof.

6) In the figure A, B and C are points an OP, OQ
an OR respectively such that *

AB||PQ and AC||PR. A
Show that BC||QR.(2010,12)
Solution: o
B
In AOPQ, AB||PQ Q ¢
OA _ OB oo
Therefore by BPT, 7 =50 ()

7)

8)

9)
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In AOPR, AC||PR

0C _ 04
CR AP
oc

CR

Therefore by BPT,

<\
&/

From 1 and 2 95 _
BQ

Therefore by converse of BPT, BC||QR
Hence the proof.

Using Thales theorem, prove that a line
drawn through the mid-point of one side of a
triangle parallel to another side bisects the
third side.

Given: In AABC, D is mid point of AB. DE||BC.

A
To prove: AE=EC.
Proof: D &
D is mid point of AB.
Therefore AD = DB = 22 = 1 — =@} <
DB

Also, DE||BC,

Therefore By BPT, 2—D =2 @_2)

B~ EC
From1and2%=1=>AE=EC

Hence the proof.

Using converse of Basic proportionality
Theorem, prove that the line joining the mid
points of any two sides of a triangle is
parallel to the third side.

Solution: A
Consider the triangle ABC,
in which D and E are the
D E
mid point of AB and AC
respectively.
Therefore22 =1and2 =1 2B
DB EC G
AD _ AE
DB EC

Therefore by converse of BPT, DE||BC.

Hence the proof.

ABCD is a trapezium in which AB||DC and its
diagonals intersect each other at the point O.

40 _ co
Show that %0 = Do"
Solution:

Given:

ABCD is a trapezium in
which AB||DC.

Diagonals intersect at O.

86




OM MURUGA PUBLICATION

To prove:
A0 (O
BO DO

Construction:
Through O, Draw EF parallel to AB also II! to
CD.

Proof:
In AACD, EO||CD.

AE _ A0 )
Therefore 5= oc ()

Also, in AABD, EO||AB.

AE _ BO o
Therefore By BPT, = = op (2

AO BO AO ocC
Fromland2 —=—= —=—
oc oD BO oD

Hence proved.

10) The diagonals of a quadrilateral ABCD
interscet each other at the point O, such that

AO co . .

50 = Do Show that ABCD is a trapezium.
Solution:

Given:

ABCD is a Quadrilateral

in which the diagonals

intersect at O, such that

40 _co _ A0 _ BO an
BO DO cO DO Ny
To prove:

ABCD is a trapezium, to prove ABJ|CD.
Construction:

Through O, draw OE||AB.

Proof:

In AABD, EO||AB

Therefore By BPT, DE_DO or AE_50 —@2)
EA OB ED oD
From 1 and2£=£
ED co

Therefore By converse of BPT, EO||DC.

Now EO||AB(by construction) and EO||DC
(by proof)

Therefore AB||DC

= ABCD is a trapezium.

AAA Similarity Creterion
Theorem:
If in two triangles, corresponding angles are
equal, then their corresponding sides are in the
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same ratio, they are proportional and hence the
two triangles are similar.

SSS Similarity Creterion
Theorem:
If in two triangles, sides of one triangle are
proportional to the sides of the other triangle,
then their corresponding angles are equal and
hence the two triangles one similar.

SAS Similarity Creterion
Theorem:
If one angle of a triangle is equal to one angle of
the other triangle and the sides including these
angles are porportional, then the two triangles
are similar.

Example 4: If the figure, if PQ||RS, prove that
APOQ~ASOR. R
Solution: P

Given PQ||RS
Therefore LP = LS and o S
LQ = LR (alternative angles)

Also, LPOQ = LSOR
angles)

Therefore By AAA creteria, APOQ~ASOR

(vertically  opposite

Example 5: From the figure find LP.

A
38 80’ 33 R
B 60 C
6 603 7.6
Solution:
In AABC and APQR » o Q

AB 38 1 BC 6 1 AC 33 1

RQ 76 2'PQ 12 2'RP _6v3 2
Therefore 22 = 2¢ = 4€ — AABC~APQR
RQ PQ RP

= their corresponding angles are equal.
LC=LP
LC =180 — (LB + LB)

=180 — (80 + 60)

=180 — 140 = 40

LP =40
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Example 6: In the figure C

OA.OB=0C.OD.

Show that LA = LC A
and LB = LD. >
Solution: D

OA.OB = OC.0D

04 _ 0D )
S oc~ OB 4

LAOD = LBOC (o

&/

From 1 and 2

two sides are proportional and one angle is
equal.

Therefore By SAS similarity

AOAB ~AOBC

= LA= LCand LB = LD

(corresponding angles of similar triangle)

Example 7: A girl of height 90 cm is walking
away from the base of a lamp-post at a speed
of 1.2m/s. If the lamp is 3.6m above the
ground, find the length of her shadow after 4
seconds. A

Solution:

Let AB be the lamp post,
CD be the girl and D be the

position of the girl after
4 sec.
Let DE = x be the length of the shadow of the
girl.
GivenCD =90 cm=0.9m, AB=3.6 m.
Speed of the girl = 1.2 m/sec.
BD = Distance of the girl from the lamp-post
after 4 sec
= speed X time
=1.2m/sec x4sec =4.8m
In AABE and ACDE
LB = LD and LE is common.
Therefore AABE~ACDE

Therefore their corresponding sides are

proportional.
AB  BE
CD DE
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36 BD+DE

09  DE

36 4.8+x 4.84+x
— = = 4 =

9 X X

= 4x=48+x
4x —x =4.8
3x =4.8

xzﬂ =16m
3

Hence length of her shadow after 4 sec 1.6 m.

Example 8: In the figure CM and RN are
respectively the median of AABC and APQR.
If AABC~APQR. Prove that

A Q N P

B

(i) AAMC~APNR
Solution:
Given AABC ~APQR
AB _ BC _ AC
PQ QR PR
LA= LP,LB= LQ,LC = LR

and @D

)
&

Also, medians bisects the opposite sides.
AM = BM = AB = 2AM

QN = NP = PQ = 2PN

AB AC
Therefore from 1 — = =
PQ PR

. 24M _ AC AM _ AC N
L R L 03

(-8) 2on = 7r PN ~ PR hd

In AAMC and APNR

A - LandLA= LP

PN PR

Therefore By SAS property, AAMC ~APNR

.y CM AB
(II) BN E
In AAMC and APNR, AAMC ~ APNR

AM _ AC _ CM
PN PR RN
cM AB _

CM
= — =—from 1

. AC
consider, — =
PR RN PQ RN
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(iii) ACMB~ARNQ

From 122 = 22
PQ QR
But from (Result ii) 22 = <X
PQ RN

CM 2BM BM

- — = = —

RN ~ 20N~ QN
CM BM

Therefore 25 = <X = 2Y — ACMB~ARNQ
QR RN QN

1) State which pairs of triangles in the figure
are similar. Write the similarly criterion used
by you for answering the question and also
write the pair of similar triangles in the

symbolic form:- P
a) A
60"
60"
80 4 P
B C o8¢ 407 o
Solution:

In AS= ABC and APQR

LA= LP=060°

LB = LQ = 80°

LC = LR =40°

By AAA Similarity criteria, AABCN~APQR

b) A
Solution: 3
In AABC and PQR
25 C
AB 2 1 . -
QR ™ 4 2 i
AC 3 1
PQ 6 2 y ¥
BC 25 25 1
PR_ 5 50 2 R

Therefore By SSS Similarity creteria, AABC~
APQR

c)

Solution: L D

MN 2 1 ; .
DE a2 2 4

IN 3 1 M™3" N g —%——F
DF 6 2

LM 27 27

EF 5 50
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MN LN 1 LM
Here — = — = - But not equal to —
DE DF 2 EF

Therefore ALMN is not similar to ADEF

M
d) 2.5 70° 3 A
Solution: N L.
In ALMN and PQR y
MN 25 25 1 Q o 0 R
P05 50 2
ML _ 5

=2=landLMm = LQ =70°
QR 10 2

Therefore By SAS creteria, ALMN~APQR

A

D
g)olution: Bz.s o c / |
In A= ABC and ADEF /s
AB 25 25 1 /
FT5 =502 R B

BC 3 _landLA= LF=80°
EF 6 2
AABC is not similar to ADEF.

Since the sides included angle is not given.

f) D P
Solution: 70
8¢° 80 3¢
In ADEF E F Q R

LF = 180 — (70 + 80)
=180 — 150 = 30°

In APQR,

LP =180 — (80 + 30)
=180 —-110 = 70°

In ADEF and PQR

LD = LP =70°

LE = LQ = 80°

LF = LR =30°

Therefore by AAA Similarty creteria,

ADEF~APQR
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2) In the figure AODC~AOBA,LBOC = 125° and Therefore AOCD~AOAB

I‘COD_ = 70°Find LDOC,LDCO and LOAB. = their corresponding sides are proportional.’
Solution:

D__¢ i) _0¢_¢D

70° (i-e) 0B 0A AB
0/ )125° Therefore 2—§ = %. (Reciprocal of 15t two terms)
Hence proved.

BDis a lin¢ A B

-

Therefore LDOC + LBOC = 180°
LDOC + 125 =180 = LDOC =180 - 125

4)  Inthe figure ‘;—‘; =2(2010) and L1 =12

show that APQS~ATQR. T
LDOC = 55° Solution: 2
Therefore LAOB = 55° (vertically opposite L1 =1L2 (given)
angles are equal) = PQ = PR Q< :
Given LCOD = 70° (sides opposite to equal angles are equal)
Therefore LABO = 70° (alternate angles are Given that &8 = 9L — @R _ T (PR = PQ)
QS PR QS PQ
equal
qual) e _ ke (reciprocal)
In AOCD, QR QT
LODC + LDCO + LCOD = 180° In APQS and ATQR
. QS PQ
70° + LDCO + 55° = 180° LQ is common and oF — ot
LDCO + 125 = 180 Therefore APQS~ATQR (By SAS property)
Therefore LDCO = 180 — 125 = 55°
Therefore LDCO = 55° 5) S and T are points on sides PR and QR of
. APQR such that LP =LRTS. Show that

(alternate angles are equal) Solution:
Hence LDOC = 55° In ARPQ and ARST s T

LDCO = 55° LP = LT (Given)

LOAB = 55° LR is common P ry

Therefore RPQ~RTS (by AA similarty)
3) Diagonals AC and BD of a tripezium ABCD

with AB||DC intersect each other at the point 6) In the given figure, if AABE = AACD
O. Using a similarity creterion for two Show that AADE~AABC (2’015) ’
triangles, show that % = Z—ﬁ Note:

Solution: [Two triangles are congruent. If their

corresponding angles and sides are equal.

Two triangles are similar if their
corresponding angles are equal and their
corresponding sides are proportional]

Solution: A

AABE = AACD
= AB = AC and AE = AD

ABCD is a trapezium such that AB||CD.
Diagonals AC and BD intersect at O.
consider the AS 0AB and OCD

=2 -1and22=1
LDOC = LAOB (vertically opposite angles) AC AE
B C
LCDO = LOBA (alternate angles) = j—? = ‘:—Z and LA is common.
LDCO = LOAB (alternate angles) Therefore AABC~AADE (by SAS similarity)
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7) In the figure altitutes AD and CE of AABC
intersect each other at the point P. Show that
(i) AAEP~ACDP c

Solution: D

A B
E

Given AD, CE are altitutes of AABC intersect
at P.

In AAEP and ACDP

LAEP = LCDP =90°

LAPE = LCPD (Vertically opposite angles)
By AA similarity AAEP~ACDP

(i) AABD~ACBE
Solution:

In ASABD and ACBE
LADB = LCEB = 90°
LB is common

Therefore By AA similarity AABD~ACBE

(iii) AAEP~AADB
Solution:

In ASAEP and AADB
LAEP = LADB =90°
LA is common

Therefore By AA similarity AAEP~AADB

(iv) APDC~ABEC
Solution:

In A*PDC and ABEC
LPDC = LBEC = 90°
LC is common
Therefore
APDC~ABEC (By AA similarity )

8) E is a point on the side AD produced of
a parallelogram ABCD and BE intersect CD
of F. Show that AABE ~ACFB.
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Solution: =
ABCD is a parallelogram,
D F .
produce AD to E such that
BE intersect DC at F.
In a parallelogram ABCD 4 a

LA = LC (opposite angles of a [[9™ are equal).
In AABE and ABCF

LCFB = LEBA (alternate angles)

Therefore By AA similarity AABC~ABCF

9) In the figure, ABC and AMP are two right
angled triangles, right angled at B and M.
Prove that
(i) AABC~AAMP
()4 = E¢ 3

PA

C

MP

Solution:
(i) In AABC and AAPM A B ¥
LABC = LAPM = 90°

L4 is common

Therefore By AA similarity AABC~AAPM

(ii)AABC ~AAPM (proved)
=Their corresponding sides proportional.
Ac _ BC
AP~ PM

Hence proved

10) CD and GH are respectively the bisectors of
LACB and LEGF such that D and H lie on

sides AB and FE of AABC~AFEG
respectively. If AABC~AFEG show that
A
cD _ AC o ”
) = 7 .
Solution: e <. vir

Given AABC~AFEG.

Therefore all corresponding angles are

equal.
LCAB = LGFE
LACB = LEGF
— )
LCAD = LGFH o))

1L ACB = LLEGF = LACD = LFGH —@2
2 2
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From 1 and 2

AACD~AEGH (By AA similarity)
AD AC CD cCD AC

- — = — = —
FH FG GH GH FG

(ii) ADCB~AHGE
Solution:

In AABC and AFEG are similar.

= their corresponding angles are equal.
so, LABC = LFEG D

LACB = LFGE

! LACB = L LFGE
2 2

— 9\
= LDCB = LHGE 02,
From 1 and 2 ADCB~AHGE (by AA

similarity)

Hence proved.

(iii) ADCA~AHGF

Solution:

In AABC and AFEGG are similar (Given)
— e

SO, LBAC = LEFG oy

and LACB = LFGE

L LACB = L LFGE
2 2

= LACD = LFGH

@
From 1 and 2
ADCA ~AHGF (by AA similarity)

11) In the figure, E is a point on side CB

produced of an isoceles triangle
ABC with AB=AC. A
If ADL rBC and

EF1 rAC, prove that

AABD~AECF (2019)

Solution:

Given: E B D

AABC is an isoceles triangle with AB=AE.

— )
= LB=LC )
(angle opposite to equal sides are equal)
ADis L rof BC and EF L r AC.
Therefore LADB = LEFC = 90°

o\
&

92

CBSE - NCERT Solution Book for class 10

In AABD and AECF
LB =LC and LADB = LEFC =90°
Therefore By AA similarity, AABD~AECF

12) Sides AB and BC and median AD of a

triangle ABC are respectively
propertional to side PQ and QR and
median Pm of another triangle PQR.
Show that AABC~APQR.

Solution:

P
A

B Co
Given:

AABC and APQR in which AD and PM are
their medians respectively, and also given
that

AB _AC BC

PQ PR QR

Now 22 = B¢ - 42 (Given)
PQ QR PM

1
AB _ ;BC 4D
PQ Ior PM
Q -QR

A8 _BD _4D AADB~APQM
_— = = ~
PQ QM PM ¢
= )
= LB =LQ )
4B _ BC (Given)—()
In As ABC and PQR, 70 = oF (Given)—02;

From 1 and 2 AABC~APQR (by SAS similarity)

Hence proved.

13) D is a point on the side BC of a triangle

ABC such that LADC = LBAC. Show
that CA?> = CB.CD(2015)
Solution:

R [A "
,A&,_ D e B -

In AABC, D is a point on BC and Join AD.
In AABC and AADC
LADC = LBAC

and LC is common
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By AA similarity AABC~AADC

AB BC AC

= — = — = —

AD AC DC
__AC

. BC
consider — = — =
AC DC

AC? = BC.DC

Hence proved.

14) Sides AB and AC and Median AD of a

triangle ABC are respectively
proportional to side PQ and PR and
median PM of another triangle PQR.

Show that AABC~APQR.
Solution: A
P
B
Given: P e g n 2

AABC and APQR in which AD and PM are
the medians, such that

AB _ AC _ AD o
PQ PR PM o/

To prove:

AABC~APQR
AB _ AC _ BC

In AABC and APQR — = — =
PQ PR QR

AB _BC
PQ QR

AB %BC

PQ QR

A2 (5
PQ QM \Og’

From 1 and 2

AB BD AD
=_—_ =2_" = AABD~APQM

PQ QM PM

= LB = LQ ®@

From122 = 2 and LB = LQ
PQ PR

Therefore By SAS simiarity AABC~APQR

15) A verticle pole of length 6m casts a

shadow 4m long on the ground and at
the same time a tower casts a shadow
28m long. Find the height of the tower.
Solution:

Let AB=6 m be a pole cast a shadow BC =

4 m.
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B am @

Now, let PQ = h m be cast a shadow
QR =28 m.
In AABC and APQR
LABC = LPQR =90°
LACB = LPRQ = 6 [sun rays have same
inclination]
Therefore AABC~APQR (By AA similarity)
AB _ BC _ AC
PQ QR PQ
6 4
=78 = 4h =28 X6
h=7 X6=42m
Hence the height of the tower h = 42m.

16) If AD and PM are medians of triangles

ABC and PQR, respectively where
AABC~APQR prove that 22 = 22

PQ _ PM
Solution: A

Given: B 5 < gy
AD and PM are the medians of AABC and
APQR. Also, AABC~APQR

To prove:

AB _AD

PQ PM

Proof:

In AABC and APQR,

AABC~APQR (Given)

4B _ BC _ oy
:PQ_QRand LB = LQ ()
AB _35C _ a5 _ BD W)
PQ lor T PQ T oM 7

From 1 and 2

AB BD
—=—and LB = LQ
PQ QM
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= AABD~APQM (By SAS similarity) Example 9: In the figure, the line segment XY is
AB BD AD parallel to side AC of AABC and it divides the
= % = Q_M = M ;r;i(angle into two parts of equal area. Find the ratio
2% A
AB _ AD AB
Therefore E = Iy Solution: )
Hence proved_ XY is parallel to AC of
AABC (XY||AC)(Given) )
. . B Y e
Area of Similar Triangle Also, XY divides the triangle into two parts of equal
Theorem: The ratio of the areas of two similar area.
triangles is equal to the square of the ratio of their 3
corresponding sides. (2019, 2020). Area of AABC = 2(area of AXBY) ———(q1)
A P Now, In AABC and XBY, XY||AC
Therefore LBAC = LBXY and
LBYX = LBCA, LB is common.
= AABC ~ AXBY
B D cC " areaof AABC _ (AB 2
Q M pJ area of AXBY - (XB)
Given: AABC ~ APQR Erom - 2(area of AXBY) _ (AB)*
area of AXBY (XB)?
To prove: ,
AB 2 AB _\2
M_(ﬁ)z_(ﬂ)z_(ﬂ)z () =i=%="1
areaof APQR ~ \PQ/ ~ \PR/ = \QR XB 1
Construction: Therefore 72 = 7
Draw altitudes AD and PM of AABC and APQR 1_%B_q_ %
AB 2
Proof: AABC ~ APQR AB-XB _ Vi-1
= LA= LP AB V2
_ AX _V2-1 _V2-1 V2 V2(V2-1) 22
LB = LQ and B __ﬁxz_ T = 2
LC = LR o) _
e Therefore 22 = 2z
AB _ AC _ BC 02) AB 2
PQ PR QR =4
In AABD and APQM
o EXER"C.I§E 6.4,
LB=LQ and LD = LM =90 ¢ b
Therefore By AA similarity AABD ~ APQM. 1) Let AABC ~ ADEF and their areas be,
AB _ AD _ BD o) respectively, 64cm? and 121 cm?.
PQ PM QM pg A
X If EF = 15.4 cm. Find BC.
area of AABC _ 7;*BCxAD . i ‘_\
Now, areaof APOR %XQRXpM Solution:
Given, AABC ~ ADEF A Py
=B A0 _AB AR [From Equation 2 & 3] & F
QrR " PM PQ " PQ
_ (AB 2 area of AABC BC\?
(PQ) Therefore area of ADEF = (E)
. AC\? BC\? 2 2 2
Similarly we can prove that (—) and (— 64 _ (BC BC\™ _ 8%
y P (PR) (QR) 121 (EF) = (EF) T 112
area of AABC _ (AB\? _ rAc\? _ (BC)? BC _ 8
Therefore area of APQR (PQ) - (PR) - (QR) = 1
Hence proved. B _ 8
154 11

e —
94
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= BC = % x15.4 = 11.2 cm

Therefore BC = 11.2 cm.

2) 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 AOB and COD. 2 L

Solution:

Given ABCD is a trapezium
in which ABJ||DC and AB = 2CD e

AB _Z2 AN
:CD_1 Oy

In AOAB and AOCD

LAOB = LCOD (Vertically opposite angles)
LDCO = LOAB (alternate angles)

LCDB = LDBA (alternate angles)
Therefore AOAB ~ AOCD

2
area of AAOB AB
Now, 4re407 8408 _ (45)

-3 =
“areaof Acob  \cp) ~ \1/ T 1

Hence ratio of area of AAOB and ACOD is 4:1.

3) In the figure ABC and DBC are two triangles on

th same base BC. If AD intersect BC at O, Show

area of AABC _ AO I e

that = —,
area of ADBC Do

Solution: /
From the figure triangles ABC &
and DBC stands on the same base BC.
Construction:

Draw AF 1L r to BC and DE 1 r BC.
Proof: In AAOF and AEOD

LAOF = LEOD (vertically opposite)
LAFO = LDEO = 90°

Therefore By AA similarly AAOF ~ ADOE.

AF _ A0 1
DF~ DO
1
Area of AABC _ ;XBCXAF
Now, = £
Area of ADBC ExBCXDE
AF AO
= — =— (From 1)
DE DO

Hence proved.

4) If the areas of two similar triangles are equal,
prove that they are congruent, (2010)

Solution:
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Let two triangles be
AABC and APQR.

Also, given that AABC ~ A PQR and

area of AABC = area of APQR
area of AABC __

area of APQR o

() =Go) =) =1

AB\ 2
= 2£-q
PQ
= AB = PQ

Similarly AC = PQ and BC = QR.
By SSS congreuence rule AABC = APQR.

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. A
Solution:

In AABC, D, E, F are mid points
of AB, BC, AC respectively.
Join D,E,F. 3 £

[

By mid point theorem, DF = %BC and

I £

DE—lAC EF—lAB
T2 20

DF _DE _EF _ 1

BC  AC  AB 2
= ADEF ~ AABC (By SSS similarity)

(-3

Hence the required ratio is 1:4.

2
area of ADEF DE
Now Sreeof 0Er _ (b

area of AABC — \ac

Prove that the ratio of the areas of two similar
triangles is equal to the square of the ratio of
their corresponding medians.

Solution:

A P

D

&) c

L
Let AD be the median of AABC.
D is mid point of BC.

Therefore BC = 2BD = BD = %BC.

Also, PM is median of APQR.
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M is mid point of QR = QR = 2QM.
Therefore QM = %QR.
AABC ~ APQR (Given)
A8 _BC g &)
PQ QR’ LB = LQ. \OL’

AB _ 2BD AB _ BD
PQ ~ 20M PQ QM

In AABD and APQM, LABD = LPQM

o
N\

and 48 _ 3D (from 1 and 2)
PQ QM

Therefore By SAS similarity AABD ~ APQM.
m_0___ 6
PQ oM Y

area of AABC __ (AB)2
"areaof APQR  \PQ

= (2)" ©y3)

Now

Hence proved.

7) 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. (2010, 2018).

Solution:

Let ABCD be a square of -1
length ‘a’.
Then the diagonal BD = a2 !
(By Pythagoras Theorem) o gk’
Now construct two equilateral !
triangles ABP and BDQ. A "
Therefore AABP ~ ABDQ a a
(equilaterals triangles are similar)
areaof APB _ AB®> _ a?
areaof BDQ _ BD? _ (av2)?

a1

2a2 2

Therefore area of APB = %area of BDQ

Hence proved.
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Theorem 6.8

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

c ’ c

C
A.— D 2 A B
A i)
& c
A s ,

P B

Given:

AABC is aright angled triangle at C and Draw CD L r
to AB (hypotenuse)

To prove: AB? = AC? + BC?

Proof: ABC is a right angled triangle and CD 1 r AB.
In AABC and ADC,

LA iscommonand LC = LD =90°

Therefore By AA similarity

AABC ~ AADC

AB _ BC _ AC

AC~ ¢D AD

AB _ AC 2 ooy
NOWA_C_E = AC” = AB.AD —y
In AABC and ABCD
LC = LD = 90° LB is common.
Therefore By AA similarity

AABC ~ ABCD
AB _ AC _ BC
BC  ¢D  BD
Now 28 = B¢ — B(? = AB.BD ———
BC _ BD
Adding 1 and 2
AC? + BC? = AB.AD + AB.BD
= AB(AD + BD)
= AB.AB

= AB?

o)
o2/

Therefore AB? = AC? + BC?

Hence proved.




OM MURUGA PUBLICATION CBSE - NCERT Solution Book for class 10

Theorem 6.7 Example 12: In the figure, if AD L BC, prove that
If a perpendicular is drawn from the vertex of the right AB? + CD* = BD* + AC?
Solution: In the fi AD 1 rBC.
angled of a right triangle to the hypotenuse then olufton: In the tigure 4
Therefore ABD i ight I
triangles on both sides of the perpendicular are similar eretore 's a right angled %
triangle.
to the whole triangle and to each other. rangle .
. By Pythagoras Theorem, 2 A
Example 10: In the flgure I_ACB = 90° and ) ) ) N
AB® = AD“ + BD* — {01
CD 1 rAB. Prove that 2o =70 =g
In right angled triangle ADC
2 2 2
AC“ = AD*+CD _\j
From 1 and 2 AD? = AB? — BD? = AC? — CD?
= AB? + CD? = AC?* + BD?
Hence proved.
c .. 4G
Example 13:
BL and CM are medians of a triangle AE 1
A A at A. Prove that 4(BL?> + CM?) = 5BC?.
D B Solution: A D
Solution: BL and CM are medians of )
By Theorem, AABC ~ AADC the triangle ABC, at LA = 90°
AC _ 4B In AABC, M
ap - Ac BC? = AB? + AC* ———(o)
= AC? = AB.AD ———(a1) > pd A

(by Pythagoras Theorem)

BC _ AB 2
BD  BC — (lAC) + AB?
2
= BC? = AB.BD _ A—C2+A32:>AC2+4ABZ
From 1 and 2 *

Y/

= 4BI2 = AC? + 4AB> ———{0
BC? _ AB.BD _ BD \

AC? ~ ABAD ~ AD In AAMC, CM? = AM? + AC?
Hence proved.

& (AB))2 + AC?

_ 2 AB?+4AC?
Example 11: A ladder is placed against a wall such = tACT = ———
that its foot is at a distance of 2.5 m from the wall Therefore = 4CM? = AB? + 4AC? @)
and its top reaches a window 6 m above the
ground. Find the length of the ladder. 2+3 =
Solution: A 4BL? + 4CM? = AC? + 4AB? + AB? + 4AC*?
Let AB be the ladder and AC be = 5AB? + 5AC*?
the wall with window at A. = 5(AB? + AC?)
Also, BC = 2.5 m, AC = 6 m. bm = 5BC? (from 1)
By Pythogoras Theorem,
AB? = AC? + BC? B 2.5m C

= 6%+ (2.5)% =36 + 6.25 = 42.25
Therefore AB = V42.25 = 6.5
Therefore Length of the ladder AB = 6.5 m.
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Example 14: O is any point inside a rectangle

ABCD. Prove that OB% + 0D? = 0A4% + OC?.
D c

Given: ABCD is rectangle, O is any
point inside ABCD.
To prove: 0B? + 0D? = 0A? + 0C?.

A B8

Construction: Through O Draw PQ||AB.
So that A lies on AD and Q lies on BC.
Proof: PQ||AB
= PQ LrtoAD and PQ L r BC [Since ABCD is a
rectangle].
Therefore ABQP and PQCD are rectangle.
Now, In AOPA, 04% = OP? + PA> ——— (01}
In AOPD,0D? = OP? + PD?
In AOBQ, 0B? = 0Q? + BQ? ————
In AOCQ,0C? = 0Q? + QC?
2+3 =
0B% + 0D? = 0Q% + BQ* 4+ OP? + PD?

= 0Q% + PA? + OP? + QC?

= 0A% 4 0C%[BQ = PA,PD = QC]
Therefore 0B? + 0D? = 0A* 4+ 0C?

Hence proved.

YY)
BN\

1) Sides of triangle are given below. Determine
which of them are right triangles. In case of
right — triangle, write the length of its
hypotenuse.

(i) 7cm,24cm, 25cm
Let AB=7cm, BC =24 cm, AC =25 cm.
Now, AB? = 49
BC? = 242 =576 o
AC? = 25%2 =625
Now, AB? + BC? = 49 +576 25

= 625

Therefore ABC is right triangle and its

2h4em

hypotenuse is 25 cm.

(ii) 3cm,8cm,6cm
Let AB=3cm, BC=8cm, AC=6cm.

AB*=3%2=9

BC? = 8% = 64

AC? =62 =36

Now, AB%Z + AC? =9 + 36 = 45

#+ BC?
Therefore ABC is not a right triangle.
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(iii) 50 cm, 80 cm, 100 cm
Let AB =50 cm, BC =80 cm, AC = 100 cm.
AB? = 50% = 2500
BC? = 80% = 6400
AC? =100 = 10000
Now, AB? + BC? = 2500 + 6400
= 8900 + AC?
Therefore ABC is not right triangle.

(iv) 13cm,12cm, 5 cm

Let AB=13cm,BC=12cm, AC=5cm.
Now, AB? = 132 = 169

BC? =122 = 144

AC?=5% =25

BC? + AC? = 144 + 25 = 169 = AB?
Therefore ABC is right triangle, its hypotenuse
is 13 cm.

2) PQRis a right triangle at P and M is a point on
QR such that PM L r QR.

Show that PM? = QM. MR. (2019)
Solution:
PQR is a triangle right angle at P. fa

M is a point on QR such that PM L r QR.
In APQR and APMR.

LP = LM =90° and LQ is common P
Therefore APQR ~ APMR —@D
(By AA similarity)

In APQR and APMR.

LP = LPMR = 90° and LR is common

R&“\JA
P @ P Q

Therefore By AA similarity

- Y 7\
APQR ~ APMR 02

From 1 and 2 APMQ ~ APMR
From 1

PQ _ PR _ QR
oM~ PM PQ

Po _ oM 7na)

PR PM \UaJ e &
From 2
PQ _ PR _ QR m
PM ~ MR PR

PQ_PM N

PR~ MR \MJ P ] P
From 3 and 4 & =22

PM ~ MR

= PM? = QM.MR

Hence proved.




OM MURUGA PUBLICATION

3) In the figure ABD is a triangle right angled at A
and AC L r BD. Show that
(i) AB? = BC.BD
(ii) AC? = BC.DC c
(iii) AD? = BD.CD

Solution: B A

(i) ABD is a triangle right angled at A and
AC L r BD. D
In AABD and AABC

LBAD = LBCA =90°

and LB is common & A B

Therefore By AA similarity AABD ~ AABC

ﬁ_ﬂ_@_fm\
BC  AC  AB A\

5 50 — AB? = BC.BD

. A
Consider —=—=
BC AB

Hence proved.

(ii)From 1 and 2 AABC and AACD are similar.

. AB BC
Consider From 1 — = — and
AD AC

AB AC
From2 —=—
AD cD

Therefore % - 2‘—g — AC? = BC.CD

Hence proved.

(iii) In AABD and AACD
LBAD = LACD = 90°
LD is common B A
Therefore AABD ~ AACD.
AB _ AD _ BD _fgg\
AC~ ¢D AD A\
AD B

Consider 22 =52 _, Ap2 — ¢D.BD
CcD AD

Hence proved.

4) ABC is an isosceles triangle right angled at C.
Prove that AB? = 2AC?. (2014, 15)
Solution: ABC is an isosceles B

triangle right angled at C.

Therefore AC = BC.

Now ABC is right angled triangle.

D

Therefore AB? = AC? + BC? e
But BC = AC (AABC is an Isosceles)
Therefore AB? = AC? + AC?

= 2AC?
Hence AB? = 2AC?
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5) ABC is an isosceles triangle with AC=BC. If

AB? = 2AC?, Prove that ABC is a right triangle.

Solution: ABC is an isosceles triangle

with AC = BC.

Given AC = BC and AB? = 2AC?

Now AC? + BC? = AC? + AC? [BC = AC] < A
= 2AC?
= AB?

= ABC is a right angled triangle (By converse of

Pythagoras Theorem)

6) ABC is an equilateral triangle of side 2a. Find

each of its altitudes. A
Solution: ABC is an equilateral

triangle of side 2a.

AD 1 rto BC of AABC.

Now In As ABD and ACD s D o

AD = AD (common side)

LADB = LADC = 90° and AB = AC (sides of an
equilateral AABC.

Therefore AABD = ACD.

Then BD = DC =5 BC = a.
In AADB,AB? = AD? + BD?
(2a)? = AD? + a?
4a? —a? = AD? = AD? = 3a?
Therefore altitude AD = v3a?
=aV3

7) Prove that the sum of the squares of the sides of
a rhombus is equal to the sum of the squares of
the diagonals. (2015) (OR)
ABCD is a rhombus. Prove that AB? + BC? +

CD? + AD? = AC? + BD?. (CBSE 2005)
Solution: y e
Given: V
ABCD is a rhombus. A
Therefore AB = BC = CD = AD B

let the diagonals AC and BD intersect at O.

In a rhombus the diagonals bisect each other at
right angles.

Therefore

LAOB = LBOC = LCOD = LAOD =90° and
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8)

0A =0C,0B =0D.
In right angled triangle AOB.
AB? = 0A? + 0B?

(GAC)? + (BD)?
AC?

4 4 4

BD? __ AC?+BD?

= AC? + BD? = 4AB?
= AB%? + AB? + AB? + AB?
= AB? + BC? + CD?* + AD?
[Because AB = BC = CD = AD]

Hence proved.

In the figure, O is a point in the interior of a
triangle ABC, OD L r BC,0E L rAC and OF 1
rAB. Show that
(i) 0A4% + OB? + OC? — OD? — OE? — OF? = AF? +
BD? + CE?
(i) AF? + BD? + CE? = AE? + CD? + BF*
Given:
O is a point in the interior of a
triangle ABC and OD L rBC,
OE L r AC, OF 1L rAB.
(i) In right angled AOAF,0BD,
OCE. (dot triangles)
0A? = OF?% + AF?
OB? = 0D? + BD?
0C? = OE? + CE?
Adding all the results.
0A% + OB? + 0C* = OF* + OD* + OE? + AF? +
BD? + CE*?
Therefore,
0A? + OB? + 0C? — OF? — 0D? — OE? = AF? +
BD?* + CE* — 1

Hence the proof (i).

(ii) In right angled triangle OEA,OFB,0DC
(* triangles)
0A? = OE? + AE?
OB? = OF? + BF?
0C? = 0D? + CD?
Adding all the results.
0A%? + OB? + 0C? = OE? + OF? + OD* + AE* +
BF? + CD?
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= 0A%* + OB? + 0C? — OE? — OF? — 0D*? =
AE? + BF? + ¢D*———{(02)

From 1 and 2

AF? + BD? + CE* = AE? + CD? + BF?

9) A ladder 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. e
Solution: Let AC be the ladder

and BC be the wall.
Also AC =10m,BC =8m.
In right angled triangle ABC, A 2
AC? = AB? + B(C? (By Pythagores Theorem)
10?2 = AB? + 82
100 = AB? + 64 = AB? =100 — 64

AB? =36

&m

AB =36 =6m.
Hence, the distance between the foot of the ladder

and base of wall AB = 6 m.

10) 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?

Solution: Let AC = 25m be guy

wire attached to the vertical pole
BC of height 18m. To keep the wire
taut, let it be fixed to stake at A.

Now ABC is a right angled triangle at C.

C.
By Pythagoras Theorem,
AC? = AB? + B(C*? 2.4
(&m
242 = AB% + 182
576 = AB* + 324
A B

Therefore AB? = 576 — 324 = 252
Therefore AB = \/252 = 67 m.
The stake may be placed at a distance of 6v/7 m

from the base of the pole.
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11) An aeroplane leaves an airport and flies due

north at a speed of 1000 km/hr. At the same
time, another plane leaves the same airport and
flies due west at a speed of 1200 km/hr. How
far apart will be the two planes after 1% hours. N
Solution:

Let O be the position of the airport.

Let the first flight starts

from O and goes upto A

e

&
at a speed of 1000 km/hr. & 0

Time taken to reach the point A is 1; hours.
Therefore Distance 0A = speed X time
= 1000 x = = 1500 km.

Let the second flight starts from O goes upto B at a
speed of 1200 km/hr.

Time taken to reach the point B is 1; hours.
Therefore Distance OB = speed X time

= 1200 X ; = 1800 km.

Distance between two planes after 1% hours is AB.

Now AB = VOA? + 0B% = /15002 + 18002

= /2250000 + 3240000 = /5490000
= V9 %x61x100x 100 =300V16 km.

12) Two poles of height 6 m and 11 m stand on a

plane ground. If the distance between the feet
of the pole is 12 m, find the distance between
their tops.

Solution: [&
Let AD and BC be the poles s
of height 6 mand 11 m D =
respectively. tm

Let CD be the distance bm 12m
Between their tops.

Given AD = 6 m. A 12m 5
BC=11mAB=DE =12m

Now BE = 6m

[Because AD = BE]

Therefore EC =BC —BE =11—-6=5m.

In right angled triangle DEC,

DC? = DE*+ EC? = 122 +5% =144 +25 =169
Therefore DC = V169 = 13m.

Hence the distance between their tops = 13m.
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13) D and E are points on the sides CA and CB
respectively of a triangle ABC right angled at C.
Prove that AE? + BD? = AB? + DE? (2019).
Solution: )

Consider a right angled
triangle ACB, at LC = 90°.

D and E are point on sides £ ]

AC and BC respectivley.

In right angled triangle AEC, . D A
2 2 2 n\

AE EC- + AC —\(]1/

[By Pythagoras Theorem]

In right angled triangle BCD,

2 _ 2 2 o
BD“ = BC*+ CD \02j
In right angled triangle ECD,
ED? = EC? + CD>? :})

2 _ A2 2 a2\
In AACB,AB* = AC* + BC _\04j
Adding 1+ 2
= AE? + BD? = EC? + AC? + BC? + CD?
= (EC? + CD?) + (AC? + BC?)
= ED? + AB?

2\

Hence the proof.

14) The perpendicular from A on side BC of a AABC
intersect BC at D such that DB = 3CD. Prove
that 2AB? = 2AC? + BC?. (2005, 2009, 2012,
2019)

Given:
In AABC, through A Draw AD 1 rto BC.

Also, DB = 3CD &

Now BC = BD + DC
=3CD + DC
= 4CD

Therefore CD = B¢ 1
4 [a i} D B

From Equation 1, DB =3 EBC] = %BC

In right angled triangle ABD,

2 _ 2 2 A7\
AB* = AD* + DB Qy
In right angled triangle ACD,

2 — An2 2 o\
AC® = AD* 4+ DC* ———02;
Equation 1 — 2,

= AB? — AC? = AD* + DB% — (AD? + DC?)
= AD? + DB? — AD? — D(C?

= DB? — DC? (Since DB =2BC and CD = BC)

= (35¢) - (35¢)
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2 BC? — = BC?
16 16

2 Bc?
16

(5~ 3BC* =
= ~BC?
Therefore 2[AB? — AC?] = BC?
2AB? — 2AC? = BC?
2AB? = 2AC? + BC?

Hence proved.

15) In an equilateral triangle ABC, D is a point on
side BC such that BD = §BC. Prove that 94D? =

7AB?. (2014, 2018)
Given:

In an equilateral triangle ABC, D is a point on BC
such that BD = Bc. A
Draw AE L r to BC.

Therefore BE = EC = %BC

Now DE = BE — BD B D E -

- 1BC—§BC

2
= (5-3)BC = &HBC =:BC.

In right angled triangle ABE,
AB? = AE* + BE2 —— (1)
In right angled triangle ADE,
AD? = AE? + DF2 ———(82)
1-2 =
AB? — AD? = (AE? + BE?) — (AE? + DE?)

= AE? + BE? — AE? — DE?

= BE? — DE?

= GBC)? - GBC)?

__ BC? BC? _ 9BC?-B(?

4 36 36
__8BC? _ 2BC?
36 9

Therefore 9(AB% — AD?) = 2B(?
9AB? — 9AD? = 2AB?
(Because AB = BC = CA)
9AB? — 24B* = 9AD?
7AB? = 9AD?

Hence proved.
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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:

Let ABC be an equilateral triangle.
Draw AD 1 r BC and AD A
is altitude of AABC.

Therefore BD = DC = %BC

In right angled triangle ABD,
AB? = AD? + BD? -

B D C
= AD? + (5 BC)?
= Ap? + £
4
2

= AD? + %= [because AB = BC = AC]

AB2 — 42 _ 4p2
4
2_ap2 2
44B2-4B _ 412 3482 _ 4p2
4 4

Therefore 34AB% = 4AD?

Hence proved.

17) Tick the correct answer and justify:- In
AABC,AB = 6V/3 cm,AC = 12 cm,BC = 6 cm. The

angle B is
Solution: A
AB% + BC? = (6V/3)% + 62
=36x3+36 2Ly
6Vs
=108+ 36
= 144
> 6 e
=122

= AC? = LB =90°

(By converse of Pythagoras Theorem)
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07

COORDINATE
GEOMETRY

Axes of co-ordinates:-

In the figure Ox and OY are called as x - axis
and y — axis respectively and both together are known
as axes of coordinates.

Origin:

Origin is the point of intersection of the axes of
co-ordinates.
Abscissa:

The distance of the point P from y - axis is
called its abscissa. That is x - coordinate is called

abscissa. Y
Ordinate: ¥ F ()
The distance of the point , 1 3
P from x - axis is called its < 5 5
ordinate. y - coordinate is ™ A
called ordinate. (-5-) N G,-)
Ly

Distance between any two
Points P(x,,y,) and Q(xy,y,) is

PQ= (x;—x1)%*+ (y2—y1)? (OR)
\/(xl —x2)2 + (y1 —y2)?

Example 1: Do the points (3,2), (-2,-3), (2,3) form a
triangle? If so, name the type of triangle.
Let the points are A(3,2), B(-2,-3) and C(2,3)

AB = \J[(=2-3)2+ (-3-2)?
= J(=5)2+(-5)? = V25 + 25
= V50 = 7.07 (app)
BC = /(2= (-2))2 + (+3 + 3)2
= 42 + 62 = /16 + 36
V52 = 7.21 (app)
AC=J@2-3+(3B -2y
= VI+1= V2 =1414 (app)

Given points A, B and C will form a triangle. Since
sum of any two sides is greater than the third side.

Now AB? + AC? = (v/50)2 + (v/2)?
=50+2 =52
= BC(?

By prthagores Theorem, LA = 90°
Hence AABC is a right angled triangle.
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Example 2: Show that the points (1,7), (4,2) (-1,-1)
and (-4,4) are the vertices of a square.

Solution:

Let the points be A(1,7), B(4,2), C(-1,-1) and D(-4,4)
To prove given points form a square.

That is to prove all the sides are equal and diagonals
also be equal.

Now AB = /(4 — 1)2 + (2 — 7)2 = /32 + (-5)2

=V9+25= 34

BC= \/(-1-4)%+ (-1-2)2 =52 + 32
= V25+9= 34

D= J(=4+1)?+ @ +1)?2=,/(-3)% +52
= V9+25= 34

AD = J(-4—-1)2+ (4 —7)2=/(-5)2 + (-3)?
= V25+9= 34

Also, AC = /(-1 =12+ (-1 -7)% =,/(-2)? + (-8)2

= V4+64= 68

BD = /(-4 —4)2+ (4 —2)? =,/(—8)2 + (2)2
= V64 +4 =68

Here AB = BC = CD = AD and diagonals AC = BD.
Therefore ABCD is a square.

Example 4: Find a relation between x and y such
that the point (x, y) is equidistance from the points
(7,1) and (3,5).

¢ny)
Solution: POt

Let P(x,y) be equidistant from the

points A(7,1) and B(3,5).

PA = PB = PA? = PB? ACty  B(s)

(x=7P+@-1)?=x-3°+y-5)7
x2+49—14x+y*+1-2y
=x2+9—6x+y?+25—10y
14x —6x+2y—10y =49+1-9-25
8x -8y =16

(+8) x—y=2

Example 5: Find a point on the y - axis which is
equidistant from the points A(6,5) and B(-4,3).
Solution:

Any point on the y - axis be of the form (0, y).

Let P(0,y) be the point on the y — axis which is

equidistant from A(6,5) and B(-4,3).
PA=PB = PA? = PB?

0-62+-5*= (0+4*+(y—3)*
36 +y?—10y +25=16+y%2 -6y +9
36 =10y — 6y
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4y =36
y=9
Hence the required point is (0,9).

EXERCISE 7.1

1) Find the distance between the following pairs of
points.
a) (2,3), (4,1)
Let the points be A(2,3) and B(4,1)

Distance between A and B =

V@ =22+ (1-3)?

= 22+ (-2)* =V4+4 = V4x2
=2v2
b) (-5,7), (-1,3)
Let the points be A(-5,7) and B(-1,3)
Distance between A and B

=/(-1+5)2+ (3 —7)2

= 42+ (—4)? =V16+16 =V2x 16
=42
c) (a,b), (-a,-b)
Let the points be A(a,b) and B(-a,-b)
Distance between A and B =
J(—a—a)? + (=b — b)?
= /(=2a)? + (=2b)? =4a? + 4b?
= \/4(a? + b?) =2Va? + b?

2) Find the distance between the points (0,0) and
(36,15).
Solution:
Let the points be A(0,0) and B(36,15).

Distance AB = /(36 — 0)2 + (15 — 0)2
= /362 + 152 = V1296 + 225 = V1521 = 39

3) Determine if the points (1,5), (2,3), (-2,-11) are
collinear.
Solution:
Let the points be A(1,5), B(2,3), and C(-2,-11).

We know that Distance between A(x,y;) and
B(x2y2)
d=A4B = /(x; = x)% + (i, = y1)?
AB=,/2-1)?%*+(3-5)?
=J1+(-22=+VI+4=+5

Now,
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BC =./(-2—-2)2+ (-11-3)2

= /(4% + (—14)% = V16 + 196
= V212 = V22 x 53 = 253

AC = \/(=2— 12+ (-11-5)2

= J(=3)> + (-16)

= V9 + 256 = V265

Hence AC # AB + BC
Therefore A, B, C are non-collinear points.

4) Check whether (5, - 2), (6, 4) and (7,- 2) are
vertices of an isosceles triangle.
Solution:
Let the points be A(5,- 2), B(6, 4) and C(7, - 2).

Distance formula d = \/(x; — x)2 + (¥, — ¥1)?

Now AB = /(6 — 5)2 + (4 — (—2))?

= V12 +36 = V37

BC = J(7—6)2+ (-2 —4)?
=V1+36= 37

AC = J(7-5)2+ (-2 —(-2))?
=V22+0=V4=2

Here AB =BC =37
Therefore A, B, C will form the vertices of an
isosceles triangle.

5) Name the type of quadrilateral formed if any, by
the following points and give reasons for your
answer.

a) (' 1! - 2)’ (1!0)! (' 1! 2): (' 3! 0)
Solution:
Let the points be A(- 1, - 2), B(1, 0), C(- 1, 2) and

D(- 3, 0)

Now AB = /(1 — (—1))% + (0 + 2)% = V22 + 22
=Vi+4=8=V2x4=2V2
BC=,(-1-1)2+(2-0)2=,/(-2)2 +22
=Va+4=+8=V2x4=2V2
CD=,/(-3+12+(0-2)2
= D7+ (27
=VA+4=+8=2x4=2V2
AD = /(=3 = (=1))2 + (0 - (-2))?
=B+ + @2 =(-2) + 27
=Vi+4=8=V2x4=22
Diagonal AC =,/(—1 — (-1))% + (2 — (—2))2
=V02+42 =4
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Diagonal BD = /(=3 — 1)2 + (0 — 0)?2
= (47 = VI6 =14
Here four sides AB = BC = CD = AD and
Diagonals AC =BD.
Therefore given points form a square.

b) (-3,5),(3,1),(0,3),(-1,-4)

Solution:
Let the points be A(- 3, 5), B(3, 1), C(0, 3) and

D(-1,-4)

Distance = /(x, — x1)2 + (¥ — ¥1)?

Now AB =,/(3—(-3))2+ (1 -5)2 =36+ 16
=52 = V4x13=2V13
BC=,(0-32+3B-1)?2=V9+4
=13
CD=./(-1-10)2 + (-4 —3)2
= JCP F 77
=V1+49 = V50 = V2x25=5V2
AD = /(=1 — (=3))2 + (-4 - 5)?

=22+ (-9)2=+4+81

=85
AC =.,/(0+3)2+(3-5)2
=V9+4=+13

Diagonal BD = /(-1 —3)% + (—4 — 1)2

= (=42 +(-5) = V16 +25 =41
Now AC + BC = V13 + V13 = 2v/13 = 4B

Therefore A, B, C are collinear.
Hence the given points does not form a
Quadrilateral.

c) (4,5),(7,6),(4,3),(1,2)
Solution:
Let the points be A(4, 5), B(7, 6), C(4, 3) and

D(1, 2)
Now AB = /(7 — 4)% + (6 — 5)2 = V32 + 12
—VIF1= V10

BC =4 —-7)2+(3-6)2=,/(—3)2+(-3)2
=V9+9=1+2x9=3V2
CD=(1-4?2+(2-3)2=,/(=3)2 + (=1)?
=V9+1=+10
AD =./(1—4)2+ (2—-5)2
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= (=32 + (=32 =V9+9 =2 x 9

=32
Diagonal AC = /(4 — 4)2 + (3 — 5)2

_ 0 (2 =VE=2

Diagonal BD = /(1 —7)2 + (2 — 6)2

= O + (97
— V3616 = V52 = 2V13

Here AB = CD and BC = AD.
Diagonals AC +# BD.
Therefore the given points form a

Parallelogram.

6)

7)

Find the point on the x - axis which is
equidistant from (2, - 5) and (- 2, 9).
Solution:

Let the point on the x - axis be A(x, 0) which

equidistant from B(2, - 5) and C(- 2, 9).
Therefore AB = AC
= AB? = AC?
= 2-x)24+(-5-0)2=(-2-x)?+(9-0)2
4+ x> —4x+25=4+x*+4x+81
—4x + 29 = 4x + 85
—4x —4x =85—-29
—8x =56

56
-8

-7

Hence the required point is A(- 7, 0).

Find the values of y for which the distance
between the points P(2,—-3) and Q(10,y) is 10
unity.

Solution:

Given points are P(2,—3) and Q(10,y).

By data, PQ = 10.
JA0-2)2+ (y+3)2=10
J82+y2+9+6y=10

squaring on both sides,
64+ y?+9+ 6y =100
y2 4+ 6y +73—100=0
y2+6y—27=0
@+9y-3)=0
=y+9=0 | y—3=0

y=-9 y=3

Hence the value of P are — 9 and 3.
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8) If Q(0,1) is equidistant from P(5,—3) and R(x, 6).
Find the value of x. Also find the distances QR
and PR.

Solution:

Given that Q (0, 1) is equidistant from P (5, - 3) and

R(x, 6).

QP = QR

= QP? = QR?

= (5-0)2+(-3-1)2= (x—0)%+ (6 — 1)?

= 25+ 16 = x2+25

= x’=16=x =44
Therefore the coordinates of R are (4, 6) and R(- 4, 6).
Case (i)

Distance between the points Q(0,1) and R(4,0) is

J@E-0)2+(6-1)2=vV16+25= V41

Distance between the points P(5,—3) and R(4,6) is

PR=J(4—52+(6+3)* = {/(-1)2+92
=V1+81= 82

Case (ii)

Distance between the points Q(0,1) and R(—4,6) is

QR =\/(=4—-0+ (6 - 1)> =V16+25= V4l
Distance between the points P(5,—3) and R(—4,6) is

PR = /(-4 —5)2+ (6 + 3)2
=J(-9)2+92= VBI+81l= V2x8l=9V2

9) Find a relation between x and y such that the
point (x,y) is equidistant from the point (3, 6)
and (- 3, 4).

Solution:
Given that the point A(x, y) is equidistant from the

point B(3,6) and C(-3,4).
AB = AC
= AB? = AC?
B-0?+(6-y)?=(-3-2)"+“-y)*
9+x2—6x+36+y2—12y
=9+ x?+6x+16+y2—8y
—6x — 12y + 45 = 6x — 8y + 25

—6x —6x — 12y + 8y = 25—-45

—12x — 4y = —-20

(+-4) 3x+y=50r3x+y—-5=0
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Section formula:

Internal division of a line segment:

Let A(xq,y;, ) and B(x,,y,) are two points and P(x,y) is
a point on the line segment joining A and B such that
AP : PB = = m; : m, then the point P is said to divide
line segment AB internally in the ratio m; : m,.

o PO

AOns,) T stn

Coordinates of P are given by (m1x2+m2x1,m1y2+m2y1)

mq+msy m+n

known as section formula.

Example 6: Find the coordinates of the point which
divides the line segmet joining the points (4, - 3)
and (8, 5) in the ratio 3 : 1 internally.

Solution:

Let P(x,y) be the required points.

Given P divides AB internally in the ratio 3:1

\ 3 |
I ¢ A
A (43 p Ony) B (8:8)
Here m;:m, =3:1
(x1y1) = (4,-3)
(x2y2) = (8,5)
; _ (MaXxztmaXq myyz+myy;
By section formula P(x,y) = ( pp— — )
_ 3B)+1(4) 3(5)+1(=3) _ (24+4 15-3\ _ (28 12\ _
=( 341 ' 341 )_(4’4)_(4’4)_(7’3)

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) [CBSE 2019].

Solution:

Let the point P(—4, 6) divide the line segment joining

the points A(—6,10) and B(3, —8).

By section formula,
Pery) = (

Here P(x,y) = (— 4,6)

(x13’1) = (_65 10)

(nyZ) = (31 _8)

Therefore (_ 4 6) — (m1(3)+m2(_6) ml(_8)+m2(10))

miq+my mqi+m;

myx, + myx; myy, + mz)’1)

my; +m, m; +my,

3m1 - 6m2

= —4=

= (my + my)(—4) = 3m; — 6m,
—4m1 - 4m2 = 3m1 - 6m2
—4m,; — 3m; = —6m, + 4m,

_7m1 = _2m2
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ma

Therefore m;:m, = 2:7

Example 8: Find the coordinates of the points of
trisection of the line segment joining the points
A(2, - 2) and B(- 7, 4).

Solution:

Let P and Q be the points of trisection of AB.

AP = PQ= QB
p Q B

' R

(2, i-73)

Therefore P divides AB internally in the ratio 1 : 2.

Therefore By section formula, (m1x2+m2x1 MYz ey 1)
mq+m; mq+my
A7) +2(2) 1(4) +2(-2)
B 1+2 7 1+2
—7+4 4—4 (-3
-(F—5)=(F0)-co

Therefore the point p is (- 1, 0).
Now, Q divides AB in the ratio 2 : 1.

2(=7)+1(2) 2(4)+1(—2))
2+1 ' 2+1

Therefore the point Q = (

—14+42 3—2) _ (—12 6) _
3 7 3 “\3 '3/

= (

(-4,2)
Therefore the point Q is (- 4, 2).

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.
Solution: Y

Let A(5, -6) and B(- 1, -4) be

the given line segment.

Let y - axis divides AB in
the ratio K : 1.

Therefore By section formula,

K(-1)+1(5) K(—4-)+1(—6))

1+k 1+K
The point P is on the y - axis.

P =(

Any point on the y — axis, x coordinate is zero.
Therefore X5 =0 = —K+5=0
1+K
= K=5

Hence the required ratiois 5: 1.
5(-1)+1(5) 5(—4)+1(—6)

Therefore the coordinates of P = (: ,
1+5 1+5
—-5+5 —-20-6 -26 -13
=) =0—) =0+

Hence the required point of intersection is (0, _Tls).

)

CBSE - NCERT Solution Book for class 10

Example 10: If the 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:

Given points A(6, 1), B(8, 2), C(9, 4) and D(p, 3) are

the vertices of a parallelogram.
We know that, In a parallelogram, diagonals bisect
each other.
mid point of AC = mid point of BD.
6+9 4+1 8+P 342
( 2 ' 2 ) V2 T2
15 5 8+P 5
=(33)=52

15 8+P

P=15-8
P=7

. EXERCISE 7.2,

1) Find the coordinates of the point which divides
the join of (-1, 7) and (4, - 3) in the ratio 2 : 3.
Solution:

Let P(x,y) divides the line joining A(- 1, 7) and
B(4, - 3) in the ratio 2 : 3.

Here m;:m, =2:3

(x1,¥1) = A(=1,7)

(x2,y2) = B(4,-3)

Therefore the point P = (

mox1+mqxy

mayy +m1YZ)

mq+my mq+my

_ (3(—1)+2(4) 3(7)+2(-3)
- 243’ 243

_ (—3+8 21—6) 5 15
“\s ’ s

=G
=(13)

2) Find the coordinates of the points of trisection
of the line segment joining (4, - 1) and (- 2, - 3).

Solution:
Let P and Q be the points of trisection of AB.

L. b= t t —
Therefore P divides AB , Chem1) a C"P-ﬁ.ﬂ
in the ratio 1 : 2.
Therefore the coordinates of
p= (m1x2+mzx1 m1y2+mzy1) _ (1(—2)+2(4-) 1(—3)+2(—1))
mq+my mq+my 142’ 1+2

—2+8 —-3-2 6 -5
=(F)=¢

Therefore the coordinates of P is (2,_?5).

-5
=(23)
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Let Q divides AB in the ratio 2 : 1.

2(-2)+1(4) 2(-3)+1(-1)

Therefore the coordinates of Q = ( ,
1+2 1+2
_—4+4 —6-1
=25
-7

3) Find the ratio in which the line segment joining
the points (- 3, 10) and (6, - 8) is divided by
(-1, 6).
Solution:
Let P(-1, 6) divides the line segment joining A(- 3,
10) and B(6, -8) in the ratio m,: m,.
By section formula, P(—1,6) =
(m1(6)+mz(—3) m1(—8)+mz(10))

mit+my mit+my
6mq—3m
=-1= """
mq+my
= —(my + m,) = 6m; —3m,
= -m;—m,= 6m; —3m,
-my —6m; = —3m, +m,
_7m1 = _Zmz
my _ -2 _ 2
m, -7 7

Therefore m;:m, =2:7

Find the ratio in which the line segment joining
A(1, - 5) and B(- 4, 5) is divided by the x — axis.
Also find the coordinates of the point of
division.

Solution: a P ‘

HC\'-E) BC““fr;)

Let x - axis divides the line joining A(1, - 5) and
B(- 4,5)intheratioK: 1 at P.
Therefore By section formula, the point P is
_ K(=4)+1(1) K(5) +1(-5)
1+K ’ 1+K
Any point on the x - axis, y coordiate is zero.

Equatiny y — coordinate of P to zero.

K5 Ssk_5=0
1+K B

= 5K =5
zK=5=1
5
Therefore K = 1

Therefore the required ratiois 1 : 1.

Therefore the coordinates of point P is

(1(—4)+1(1) 1(5)+1(—5))
1+1 1+1

—4+1 5-5

=73

)
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= (-3,0)

5) If (1, 2), (4, y), (x,6) and (3, 5) are the vertices of
a parallelogram taken in order, find x and y.
Solution:

Let A(1, 2), B(4, y), C(x, 6) and D(3, 5) are the
vertices of a parallelogram.

We know that, In a parallelogram, diagonals bisect

each other.
mid point of AC = mid point of BD.
(1+x 2+6)_ 44+3 y+5
2 2 ) 2 2
x_ 7 8_ ¥+5
2 2 27 2
=x+1=7 y+5=8
x=7-1 y=8-5
Therefore x=6 y=23

6) Find the coordinates of a point A, where AB is
diameter of a circle whose centre is (2, - 3) and B
is (1, 4).
Solution:

Given, AB is diameter of a circle and the centre C is
(2, - 3). Let the coordinate of A'is (a, b).
We know that,

centre of the circle = mid point of diameter

a+1 b+4
(2I_3)=( 2 ’T) A
(o) ' By

= 1 _2and 2= 3

2 2
a+1=4 b+4= -6

a=4-1 b= -6—-4

a=3 b= —-10

Therefore the coordinates of A is (3, - 10).
7) If Aand B are (- 2, - 2) and (2, - 4) respectively,
find the coordinates of P such that AP = % AB
and P lies on the line segment AB.

Solution: pO4y)
Given, AP =2 AB - " —
’ 7 AC-2,-2) B(2,-4)
AB 7 AP + PB 7
_— sy = —
AP 3 AP 3
AP+PB _ 7
AP 3
1+2=1
AP 3
PB 7 PB 7-3
—=-—1=—=—
AP 3 AP 3
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PB _ 4

AP~ 3
Therefore 22 = 2= Ap: PB =3 : 4
PB4

Therefore the point P divides AB in the ratio 3 : 4
By section formula,
3(2) + 4(—=2) 3(—4) +4(-2)

3+4 3+4

6-8 —12-8 -2 =20
=G =) =G

Therefore the coordinates of P is (_72,_720).

P(x,y) = (

8) Find the coordinates of the points which divide
the line segment joining A(- 2, 2) and B(2, 8) into
four equal parts.

Solution:
P %
T

—_

A(-2,2) BC£:8)

Let P, Q, R be the points of four section of AB.
Therefore P divides AB in the ratio 1 : 3.

Therefore the coordinates of

)
2—-6 8+6

— (26 846y _ (A 14\ _ . .7
_(4’4)_(4’4)_( 1'2)
Now, Q divides AB in the ratio 1 : 1.

Therefore coordinates of Q is

1(2)+3(-2) 1(8)+3(2)
143 7 143

Pis (

1(2)+1(-2) 1(s)+1(2)) _ (2—2 8+2

10
= ( 1+1 o141 T'T) = (0'7) = (0,5)
Now, R divides AB in the ratio 3 : 1.

Therefore coordinates of R is

_ (3(2)+1(—2) 3(8)+1(2)) — (6—2 24+2) _ (4 26) _ (1'12_3)

341 3+1 4’ 4 )T s

Hence the required points are

P(-1,2), Q(0, 5), R(1,>).

9) Find the area of a rhombus if its vertices are
(3, 0), (4, 5), (-1, 4) and (- 2, - 1) taken in order
[Area of rhombus= % x product of diagonals]
Solution:
Let the vertices of rhombus be A(3, 0), B(4, 5), C(-1,
4) and D(-2, -1).
Diagonal AC = /(-1 —3)2 + (4 — 0)2
=V16+16 = V2 x16 =42
Diagonal BD = /(-2 — 4)2 4+ (—1 — 5)2
=36 +36 = V2 x36=6V2
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Therefore Area of rhombus = % X product of

diagonals

=1 x4v2 x6v2

=%><4 X6X2

= 24 sq units.

Area of a Triangle

Area of a triangle when its base and heights are given
A= % X base X height
Area of a triangle when the coordinates of its vertices

are given.
Area of a triangle when vertices are

A(xy,¥1), B(x2,¥x), C(x3,y3) are given by =
l[xl X2 X3 xl]
21lY1 Y2 V3 01

1
=5 [Ceryz + x2y3 + x3¥1) — (V1X2 + Y2X3 + Y3x4]
Area of a trapezium:
Area of trapezium = %(sum of parallel sides) X

distance between them.

Example 11: Find the area of a the triangle whose
vertices are (1, - 1), (-4, 6) and (- 3, - 5).
Solution:

Let the vertices of a triangle be A(1, - 1), B(- 4, 6) and
C(-3,-5).

_ _1[1 -4-31
Now Area of the triangle ABC = - 16 —5-1

=2[(1(6) = 4(=5) = 3(-D) = (-1(-4) +
6(—3) — 5(1))]

=2[(6+20+3)— (4—18—5)]

= %[29 —19]

=2[29+19] =1[48]

= 24 sq units.

Example 12: Find the area of a triangle formed by
the points A(5, 2), B(4, 7) and C(7, -4).

Solution:

Given points are A(5, 2), B(4,7) and C(7, -4).
. _154 7 5

Area of the triangle ABC = 2[2 7 _4 2]

=2 [(5(7) +4(=4) +7(2)) - (2(4) + 7(7) — 4(5)) |
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:é[(35—16+4)—(8+49—20)]
= [33-@37)] =;[-4]=-2

But Area cannot be negative.

Therefore Area of the triangle ABC = 2 sq units.

Example 13: Find the area of the triangle formed by
the points P(-1.5, 3), Q(6, -2) and R(-3, 4).
Solution:

Vertices of the triangle are P(-1.5, 3), Q(6, -2), R(-3, 4).
. _1[—-15 6 —3-1.5
Area of the triangle PQR = 5[ 24 3 ]

=%[(3+24—9)—(18+6—6)]
1 1
=-[18-18] =_[0] =0
Therefore Area of the triangle PQR = 0.

Example 14: Find the value of K if the points A(2,
3), B(4, k), C(6, -3) are collinear.
Solution:

Given that the points are collinear.
= Area of the triangle = 0.

124 6 2]
213 k -3 3

=>%[(2k—12+18)—(12+6k—6)] =

=0

=2k+6—(6+6k)=0
= 2k+6—-6—-6k=0
= 2k —6k =0
= —4k=0=>k=0

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. D

Solution: ABCD is a quadrilateral

by joining A and C, we get two
triangle ABC and ACD. A
Area of the Quadrilateral

= Area of AABC + Area of AACD.

-5 -4 -1 -5
7 =5-6 7

= 2[(25 + 24— 7) — (28 + 5 + 30)]

5B
Now Area of AABC = %

[(49 — 7) — (35 — 28)]

1
T2
1
=42 -] = —[42 —7]

Area of AABC = ?5 sq units.
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. _1[-5-14 -5
Area of the triangle ACD = 2[ 7 65 7

[(30 — 5 + 28) — (=7 — 24 — 25)]

Nlr—\

=2[(58 — 5) — (—56)]

1

3 [109]sq units.
Therefore Area of the Quadrilateral
ABCD = Area of ABC + Area of ACD

=340 ﬂ—725qun|ts

1
—5[53+56] =

1 2

« EXERCISE 7.3,

1) Find the area of the triangle whose vertices are
(i) (2,3),(-1,0), (2, - 4)

Solution:
Let the vertices of the triangle be A(2, 3), B(- 1,
0), C(2, - 4).
_ 112 -1 2 2
Area of AABC = 23 0 —43

=

=[(2(0) = 1(-4) + 2(3)

- (3(-1) +0(2) —4(2))]

l\.)

[(0+4+6)—(—3+0-18)]

NP N R

[10 - (-11)] = % [10+11] = =

= 10.5 sq units.

(”) (' 55 = 1)! (3! = 5)5 (55 2)
Solution: Let the vertices of the triangle be
A(-5,-1),B(@S, - 5) C(5, 2).

5355

Area of AABC = 5o _1

[(25+ 6 —5) — (3 — 25 — 10)

[26 — (—38)]

[26 + 38] =

1
~2
1
~2
=1 —[64] = 32
L -
=32

sq units.

2) In each of the following find the value of ‘K’ for
which the points are collinear.
(I) (7! h 2)! (5, 1)’ (3! k)
Solution:
Let the points be A(7, - 2), B(5, 1) and C(3, k).

Given that points are collinear.
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= Area of the triangle is zero.

2[ 2 1 k —2]_0
= (74+5k—6)— (—10+3+7k) =0
145k—(=7+7k)=0
1+5k+7-7k=0

8—2k=0 =2k=38

k=2=4

2
k=4
(ii) (8, 1), (k, - 4), (2, - 5)
Solution:
Let the points be A(8, 1), B(k, - 4) and C(2, - 5).
Given that the points are collinear.
= Area of AABC =0
1 [8 k 2 8
-4 -5 1
= (-32-5k+2)—(k—8—-40)=0
= —-30—-5k—-k+48=0

=0

=18—-6k=0

= 6k = 18

Sk=2=3
6

k=3

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), (0, 3). Find the
ratio of this area to the area of the given
triangle.

ACo,~1)

Solution:

Let A(O, - 1), B(2, 1), C(0, 3)
be the vertices of AABC and ™ N
M, N, P be the mid point of
AB, AC and BC respectively.

B2 P clos)

The coordinates of M = mid point of AC
0+2 —1+1
- (T’ 2 )
=(1,0)
The coordinates of N = mid point of AC
0+0 —-1+3
- (T’ 2 )
=01
The coordinates of P = mid point of BC

240 1+3

=(5>5)=a
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_1/1 0 1 1
Area of MNP = 2lo 1 2 0]
[1+0+0)—(0+1+2)]

[1-@)]=;[-2=~
Area can’t be negative.

Therefore Area of AMNP = 1 squnit.

0 20 0]
-1 1 3 -1

[(0+6+0)—(—2+0+0)

1
2
1
2

Now, Area of AABC = %

N IH N IH

[6 + 2] = = = 4 squnit.

Therefore Required ratio
= Area of AMNP : Area of AABC.
=1:4

4) Find the area of the quadrilateral whose
vertices, taken in order are (- 4, - 2), (- 3, - 5),
(3,-2)and (2, 3). c(32
Solution:

Let the vertices of the
quadrilateral be A(- 4, - 2),
B(- 3, - 5), C(3, - 2) and D(2, 3). /G-
Now Area of the quadrilateral

-3 3 -4
-5 -2 =2

BG3-5)

lr—4
ABCD =[5
l[(20+6+9 4) — (6 —15 -4 —12)]
=_[31_( 25))— [31 4 25] —%[56]

Area of the quadrilateral ABCD = 28 sq unit.

5) The median of a triangle divides it into two
triangles of equal areas. Verify this result for
AABC whose vertices are A(4, - 6), B(3, - 2) and
C(5, 2).

Solution:

Given the points are

A(4, - 6), B(3, - 2) and C(5, 2). A (4,-6)
Given that AD is median of AABC.
Therefore D is mid point of BC.
Therefore coordinates of
D = mid point of BC. A SHY &

_ (3T+5’—2+2) — (4,0) (3_,-—2) C5/2)
Now, Area of AADC = i[_‘% _32 g —46]

[(—8+40—24) — (=18 — 8 + 0)]

bJI =
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= 5[=32 - (=26)) = 5[-32 + 26]

1
=-l-6]= -3

But Area can’t be negative.
Therefore Area of AADC = 3 sq unit.

_ 1[4 4 5 4
AreaofAADC—2_6 0 2 —6]

=%[(0+8—30)—(—24+0+8)]

_1 22 16 _1 22+ 16
=5[22 - (-16)) = 7 [-22 + 16]
—6

= -3
2

Therefore Area of AADC = 3 sq unit.
Thus Area of AABD = Area of AADC
Hence, the median of AABC, divides it into two

triangle of equal areas.
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08

INTRODUCTION TO
TRIGONOMETRY

A
Trigonometric Ratios:
Hypotenuse
. ite side AB
) Hypotenuse AC
2) cos 0 = adjacent side — E a
Hypotenuse AC B
e Side adjacent to
3) tan 0 = opposite side — E angle
adjacent side BC
Hypotenuse AC 1
4) cosecf= ———=—=
) adjacent side AB sin @
1 Hypotenuse AC
5) secH = = == —
) cos @ adjacent side BC
1 adjacent side BC
6) cotod = == —
) tan 6 opposite side AB
sin 6
7) tanfg =
cos 6
cos @
8) cotd = —
sin @

Example 1: Given tan A = g, find the other
trigonometric ratios of the angle A.

Solution: .
Given tan A = £ = opposite _ BC
3 adjacent  AB
In right angled triangle
AC? = AB? + BC? 4
AC* =25
opposite 4 3

Therefore sin A= ———— = -
hypotense 5

adjacent 3
cos A = _adjacent _ >
hypotense 5
opposite 4
tan A = L = =
adjacent 3

1 5
coseCA=—= =
sin A 4

1 5
seCA=—= -
Cos A 3

1 3
CotA=—= =
tan A 4

Example 2: If = LB and LQ are acute angles such
that sin B = sin Q then prove that LB = LQ.
[ 4

Solution: .

In A ABC and APQR

sinB=sin Q . s o o
AC_PR_ AC _AB _ /A0
AB~ PQ PR PQ K(say) Oy

By Pythagoras Theorem,

Side upposite to angle 8

CBSE - NCERT Solution Book for class 10

BC = VAB? — AC? and QR = /PQ? — PR?
BC VAB?—AC? /(KPQ)?— (KPR)?

QR PQ?-—PR? PQ% — PR?
_ JK2(PQ?-PR?)
= e from 1
__ KkyPQ?-PR? _ foz\
- \/PQZ—PRZ - \/
from 1 and 2
AC—AB—BC=>AABC APQR
PR~ PQ OR ¢
= LB=LQ

Hence the proof.

Example 3 : Consider AACB, right angled at C, in
which AB = 29 units, BC = 21 units and LABC = 6.
Determine the values of a) cos?8 + sin*6

b) cos*6 — sin?0 A
Solution:
In right angled triangle ACB,
AC = /AB? — BC? 29
= 297 — 212
=J@-2D-@9+2D) 0
21
=+/8x50 = V400 = 20
AC =20
2 . 5 21\2 | (20\2
a) cos“0 + sin“0 = (g) + (E)
_ 441 | 400 _ 4414400
T 841 ' 841 841
_ 841 _
T sa1
Therefore cos?0 + sin?6 = 1
2 2
b) cos*6 — sin?0 = (g) - (%)
_ 44 400 441-400

T 841 841
41

841

841

41

841

Therefore cos?0 — sin%0 =

Example 4: In a right angled triangle ABC, right —
angled at B, if tan A =1 then verify that

2sinAcosA=1. A
Solution:
In AABC,tan A =1
BC e
=1
AB KV3
= BC = AB. K

let AB = BC = K (say)
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VK2 + K?
=2K? =

Now, AC = VABZ + BC? =
KV2

Now 2 sin A cos A= 2(1«/’) (K\/_)

=2 XE =1
Therefore 2 sin Acos A=1

Hence proved.

Example 5: In AOPQ, right angled atP OP =7 cm, and
O0Q-PQ =1 cm. Determine the values of sin Q and

cos Q. Q
Solution:
In AOPQ, we have
2 _ 2 2 f'\
0Q* = 0P? + PQ* ———{01)

Given0Q —PQ =1 =0Q=1+PQ
Therefore 1 = (1 + PQ)? = OP? + PQ?
1+ PQ% 4 2PQ = OP? 4 PQ?
1+ 2PQ = OP?
1+2PQ = 72=49
2PQ =49—-1 =148

7 cm

PQ = 48/2
PQ = 24
Now, 0Q =1+ PQ
=1+4+24 =25
_ 24
Therefore st——Qz 25, cos Q= _Q =
EXERCISE 8.1
&— .....—2.

1) In AABC, right anlged atB, AB=24cm,BC=7cm
Determine a) sin A, cos A b) sin C, cos C.

Solution:
i"\“lp f i jwp
B -7 (&

In right angled triangle

ABC,AC = /AB? + BC? 14

Neyeen ke
V576 + 49
op
= V625 =25
a) SinA,Cos A
In AABC,
; — o _ 7 _ adj _ 24
sinAd = hyp 25 CosA = hyp — 75
b) SinC,CosC
In AABC,
i _ opp _ 24 —ad _ 7
smC—hyp—Zs, cosC—hyp 75
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2) In the figure, find tan P — cot R.

Solution:
In right angled triangle P
QR? = PR? — PQ?

13 ¢
= 132 —12%2 = 169 — 144 12em ”
=25

Therefore QR = V25 =5 R sem . R
Now, tan P —cot R = S _3=9
12 12
3) Insin A4 = %, calculate cos A and tan A.
Solution: B
Given sin A = % 4
ovp _ BC _ 3 3
hyp ~ AB 4
= BC =3, AB=4
7 #
In AABC, AC = VAB? — B(C?
= V42 -32=V16-9= V7
_adj _ V7 —op _ 3
Therefore cos A = oy = 4 tan A = iy

4) Given 15 cot A =8, find sin A and sec A.
Solution:
Given 15cotA=8

8
= cotA = —
15

adj _ AB __ 8

opp  BC 15
= AB = 8,BC = 15.
In AABC,AC = VAB? + BC?
=82+ 152 = V64 + 225 = /289
AC =17

=5 secA=24_2
17’

Therefore Sin A = 222
hyp hyp 17

5) Given sec 0 = g, calculate all other trigonometric

ratios.
Solution: A
Given sec 9 = g 13 A
Lr
o _ 13 °PF £
adj 12 5
a_13 B 0
BC 12 ad; ch
= AC =13,BC =12

In AABC,

AB = /AC? — B(C?

= V132 — 122
= V169 — 144 = V25
AB =5
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Other ratios are

Sing= > Cosec 6= 2
13 5
Cos 9 =22 Secg =23
13 12
-5 - 1z
Tan(9—12 Cot 0 = -

6) If LA and LB are acute angles such that
cos A =cos B, show that LA : A
Solution:
In triangle AABC,
cos A=cos B
=>AC— B¢ = AC = BC
AB ~ AB B s
= LB= LA
[Therefore in a trianlge, angles opposite to equal
sides are equal].
Hence proved.

_ Z (1+sin@)(1-sin @)
7) If cot 0 = & evaluate a) (Treos8)(1—cosd) b)
cot?0.
Solution: . &
Given cot 6 = 3
[
aj_ 7 g N
opp 8
BC=7,AB=8 N
INAABC, AC = VAB? + BC? 8 7 ¢
= /82 472
= V64 +49 = 113
(1+sin0)(1-sinf) _ 1-sin?0 _ cos?0 2
) (1+cos@)(1—cos@)  1-cos26  sin20 cot®d
7 49
:(5)2 =
Therefore (LHsin®)-sing) _ 49
(1+cos 8)(1—cos 8) 64
20 — (N2 _ &9
b) cot?f = (8) ==
Therefore cot?0 = g
8) If 3cot A = 4, check whether
_ 2
1t _ cos?A-sin?A or not
1+tan~A
(2014).
Solution:
. A
Given3cotA=4
N
= cotAd = -
; 4
adj _ AB _ 4 -
opp BC 3 & 3 C_

AB=4,BC=3
In right angled triangle ABC, AC = VAB? + B(?
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= V42 + 32
= V16 +9 = /25
AC =5
Now, sin A= 22 = 2 _ 3
hyp AC 5
— odj _ AB _ 4
cos A = oy ac = 5
— opp _ BC_ 3
tan A = adj ~ AB 4
2 -
LHs = tmtenta _ () _ 1 S
1+tan?A 1+G)2 1+19—6 16129
A
LHS = @

RHS = co0s?4 — sin’A

4\2 3\2 16 9 16-9
_(E) _(E) T 25 25 25
- 7 )
RS = & ——@
from 1 an 2
LHS = RHS

9) In AABC, right angled at B, if tan A = % then find

the value of a) sin Acos C +cos AsinC b)cos A
cos C —sin A sin C.

Solution: d

. _ 1 .
Giventan A = NG ﬁ 2.
BC 1
AB 3 B | <

= BC=1,AB= 3
In right angled triangle ABC, AC = VAB? + B(C?

= /(x/§)2 +12

=V3+1=+V4=2
a) sinAcosC+cosAsinC
1 1 V3 3 1 3 4
= —-X—F4 —X—= — —=-=1
2 2 2 2 4 4 4
b) cos Acos C—-sinAsinC
V3 1 1 V3 V3 3
= —X-—=X—=——-——=0
2 2 2 2 4 4

10) In APQR, right angled at Q, PR+QR = 25 cm and
PQ =5 cm. Determine the values of sin P, cos P
and tan P. (CBSE 2010).

Solution:

LetQR =x,PR=y,PQ =5cm A
Given PR + QR = 25 9
y+x=25 5
=25—x
Y ¥ n %

In right angled triangle, PQR,
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PR? = PQ?+ QR? Example 7: In APQR, right angled at Q, PQ = 3 cm
y2 = 5% 4 x2 and PR =6 cm. Determine LQPR and LPRQ.
) 5 Solution:
(25-—x)"=25+x Given PQ =3 cm, PR =6 cm. P
625 + x%2 — 50x = 25 + x? PQ _ 3 _ 1
sinR = PR 6 2 6
50x = 625 — 25 32
600 S|nR=l :I_R: 30°
50x = 600 =x= =12 2
LPRQ = 30°
Now, y =25 —x ¢ ] R,
cosP=22-2_2
y=25-12=13 PR 6 2
Therefore QR=x = 12,PR=y = 13,PQ = 5 cm. cos P = § = LP = 60
. Z QR _ 12 —Po_ 5 _ o
Now sin =or= 13 COSP=. = LQPR = 60
QR _ 12
anP=20=3 Example 8: If sin(A - B) =, cos(A +B)=1,0<4+
B <90° A > B find A.
11) State whether the following statements are true Solution:
or false. Justify your answer. Given sin(A—-B) = %
(i) The value of tan A is always less than 1. oo N\
Ans: False, because tan A lies between — oo to + oo. =A4-B=30 N\ from table
1
(ii) Sec A = % for some value of LA. Also, cos(A +B) =~
Ans: True, because sec A is always greater than 1. = A+ B =60° @2)
(iii) (i;)ls A is the abbrevation used for cosecant of A+ B =30° @D
) — 0o )
Ans: False, because cos A is abbrevation of cosine A—-B =260 0
A. 1+2= 2A =90°
(iv) Cot A is the product of cot and A. A= 45°
Ans: Cot A is symbol, not the product of cot and A.
(false). substitute A = 45°in 2
(v) Sin 6 = 2 for some LQ. 457+ B =60
3 B = 60° — 45°
Ans: False, becaused sin 6 is always less than or B = 15°

equal to 1. Therefore sin 6 = gis not possible.

EXERCISE 8.2

Trigonometric ratios of 0°,30°,45°,60° and 90’ S v0 000
0 0’ 30° 45° 60’ 90’
1 1) Evaluate:
Sin 6 1
0 > N ? 1 (i) sin 60 °cos30° + sin 30° cos 60°
V3 \/— 1
Cos 6 1 v3 | L 1 0 2% + X3
2 | V2 | 2 I ﬂ _i_y
Tan 6 1 oyt
0O F| V3 | «a (i) 2tan?45 + cos?30° — sin? 60°
Cosec V3 V3
e | 2 | v2 % 1 = 2()* + (5 - ()
(7] 3
3 3
=2+ ---=2
Sec 0 1 % N 5 . (1) + i
1 1
cos 45° V2 _ 7
Cot & a V3 1 % 0 (i) sec30°+cosec 30° 13+2 - 2+\/2§\/§
1 V3 B

=X 2aefm 224
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_ V3 V2-/6 _ V3(V2-v6)
2024V8) T V26 2)(v2)"-(V6)?]
_ V618 _ V6—/9x2
To2[2-6]  2(-4)
V6-3V2 _ 3v2—V/6
= 8
. Sin30+tan45—cosec 60
(IV) sec30+cos 60+cot 45
1 2 V3+2V/3-4
_TE . TeE
2.1 2(2)+/3+2V3
V3 2 —
_3V3-4 _ 3V3-4  4-3\3
T 4+3V3  4+43V3 T 4-343

_ 12v/3-9Y3v3-16+12V3

16—(3+/3)2
244/3-9x3-16 __ 24V3-27-16
T 16-9x3  16-27

24V3-43 _ 43-2443
-1 11

(V) 5 cos?260+4 sec?30— tan?45
sin230+ cos230

Note: (sin?30 + cos?30 = 1)

5(3)% +4(7)* 17
= F & =5xi+4x§—1

1
5, 16 15+64—12
=-+——=1= ——
4 3 12
79-12 _ 67
12 12

2) Choose the correct answer and justify your

. .y 2tan30 .
choice: (i) T 1anZ30 (A) sin 60 (B) cos 60
(C)tan 60 (D) sin 30
Solution:
() 2tan 30 — 2(\/%) — i — é
1+ tan230 1+(%)2 14 :
_ 2 .3 _ ¥3_
= 55X 3 = sin 60 (4)
.\ 1-tan?45 .
(i) pyw—ye (A)tan90 (B)1 (C)sin45 (D)O
i-tan?45 _ 1-12 _ 1-1 _ 0 _
1+tan245 1412 141 2 0(0)
(iii) sin 2 A= 2 sin A is true when A =
(A)o° (B)30° (C)45° (D) 60°
Solution:

sin2 A=2sinA
When A = 0°, sin 2(0) = 2 sin (0)

sin0=2sin0
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0=0
Hence the given statement is true for when A = 0°

. 2tan30
(iv) 1-tan?30
(A)cos 60 (B)sin60 (C)tan60 (D) sin 30
Solution:
1 2
2tan30 _ X[ G
1-tan230 1_(%)2 1_§
2
_ 3 _ 2 3
=TT 5%:
3
= V3 =tan60

3) If tan(A + B) = V3 and tan(A - B) = %
0<A+B<90°4 > B find A and B.
Solution:
tan(A+B) =3
tan (A+B) = tan 60
=A+B=60° — {7
tan(A - B) = %

= A- B =300 ———{2)
A+B =60° D;
A-B=30° ——(02
1+2=  24=90°
A = 45°
substitute A = 45°in 1
45 + B = 60°
B = 60 — 45 = 15°
B =15°

4) State whether the following are true or false.
Justify your answer.
(i) sin(A+B)=sin A+sinB
Suppose A = 30°, B =60°
LHS = sin(A+B) = Sin (30°+60°)

= Sin 90° = N
= Sin 90° = 1 ()

RHS = Sin A + Sin B = Sin 30° + Sin 60° =1 +
_1+V3 N\
== %

From 1 and 2, LHS # RHS
(i) The value of sin 6 increases as 6 increases
True. (From the table).
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(i) The value of cos O increases as 0 increases
False. (see the table).

(iv) sin 8 = cos O for all value of 6 False. sin 6 =
cos 6 only for 6 = 45°.

(v) cot A is not defined for A = 0° True. Therefore

cot 8 = oo (not defined).

Trigonometric Identifies:-
a) cos?0 +sin?6 =1

1+ tan?0 = sec?0

O

O

cos?0 =1 — sin?0

o

)

)

) 14 cot?8 = cosec?6
)

e) sec’§—tan?0 =1

f) cosec?8 — cot?0 =1

Trigonometric Ratios of Complementary Angles
Note:
sin(90 — 8) = cosH
cos(90 — 0) = sin 0
tan(90 — 6) = cotd

cosec(90 — 0) = sech
sec(90 — 0) = cosec 0
cot(90 — 0) =tan b

tan 65

Example 9: Evaluate
cot25

Solution:

tan65 tan 65
cot25 cot(90-65)
_ tan65 _

" tanés (OR)

tan65 _ tan (90—25) _ cot25 _
cot25 cot 25 ~ cot2s5

Example 10: If sin 34 = cos (A — 26°) where 3A is an
acute angle, find the value of A
Solution:

. . _ _ Y 7
Given sin 34 = cos(4 — 26) )
We know that sin 34 = cos(90 — 34)
Therefore 1 = cos(90 — 34) = cos (A — 26)

= 90—-34=A4-126
A+34A=90+26
44 = 116

A== 129
4

Therefore 4 = 29°.

Example 11: Express cot85° + cos 75° in terms of
trigometric ratios of angles between 0° and 45°.
Solution:

cot85° + cos 75° = cot(90 — 5) + cos(90 — 15)
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= tan 5° + sin 15°
Therefore cot 85° + cos 75° = tan 5° + sin 15°

EXERCISE 8.3

1) Evaluate:
(i)

..y tan26°
( ) cot 64° -

sin18°

cos 72°

sin18° _ sin18°
cos (90—-18) sin18°

tan26° _ tan26° _
cot (90-26) tan 26°

(iii)cos 48° — sin 42° = cos(90 — 42) — sin 42
=sin42 —sin42 =0
(iv) cosec 31 —sec59 = cosec(90 — 59) — sec 59
=sec59 —sec59 =0

2) Show that
(i) tan48tan23tan42tan67 = 1
LHS = tan48tan 23 tan42tan 67

= tan(90 — 42) .tan(90 — 67) .tan 42 tan 67
= cot42.cot67.tan42.tan 67
1
tan42

=1=RHS
(ii) cos 38 cos 52 — sin38sin52 = 0

LHS = cos 38 cos 52 — sin 38sin 52

= c0s(90 — 52) cos(90 — 38) — sin 38 sin 52

= sin52sin38 —sin38cos52 = 0 = RHS

X tan 42.tan 67

X

tan 67

3) If tan 24 = cot (A — 18) where 2A is an acute
angle, find the value of A.
Solution:

i - _ Y 9\
Given tan 24 = cot (A — 18) )
We know that tan 24 = cot (90 — 24)

Now Equation 1 becomes

= cot(90 — 24) = cot (A — 18)

90—-24A=A-18
90+ 18=A4+24

34 =108

A=228_3¢
3

=

Therefore 4 = 36°

4) If tan A = cot B, prove that A + B = 90°.
Solution:
tanA = cotB
cot(90 — A) = cotB
= 90—-A=B = A+B=90°
Hence proved.
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5) If sec4A = cosec(A — 20) where 4A is an acute
angle, find the value of A.
Solution:

Given sec4A = cosec(A — 20)

We know that sec 44 = cosec(90 — 4A4)
Therefore

1 = cosec(90 — 4A) = cosec(A — 20)

D)

N 90— 44 =A—20
54 =110
A=22=22

5
Therefore 4 = 22°

6) If A, B, C are interior angles fo triangle ABC,
then show that sin (B—+C) = cos2.
2 2
Solution:
We know that in a triangle sum of angles is 180°.
A+ B+ C =180°

A B C
E+E+E=9O
B+C A
— =073

Taking sin on both sides

sin (BZLC) = sin (90 - g)

. (B+C A
Therefore sin (T) = cos>

Hence proved.

7) Express sin 67 + cos 75 in terms of trigonometric
ratios of angles between 0° and 45°.
Solution:
sin67 + cos 75

= sin(90 — 23) + cos (90 — 25)
= cos 23 + sin 25
Therefore sin67 + cos75 = cos23 + sin 25

Example 12: Express the ratios cos A, tan A and sec
A interms of sin A.

Solution:

cos?A +sin?A=1

) inA
Now cos?4A = 1 — sin?A tand = =
Cos A
inA
Therefore cos4 = V1 — sin24 = ==
J1-sinZA

1 1
cosA  \1-sinZA

secA =

Example 13: Prove that secA (1 — sinA)(secA +
tanA) =1

Solution:

LHS = secA (1 —sinA)(secA + tanA)
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1 . 1 sinA
" cosA [1 —sm A] [cosA + cosA]
1 . 1+sin A
~ cosA [1 - Sll‘lA][ CcosA ]

__ (1-sinA)(1+sinA) _ 1-sin®A
- cosZA T cos2A

__cos?A
cos2A

= RHS

cotA—cosA __ cosec A-1
cotA+cosA  cosec A+1

Example 14: Prove that

Solution:
CcosA — cosA
cotA — cosA _ sinA
~ CosA
cotA+cosA 584 osA
sinA
1
cos A[——=-1] cosec A—1
= singd___ — = RHS
cos Al —+1] cosecA+1
sin 0—cos 6+1 .
Example 15: Prove that G hreost1 " wcr—ias using

the identify sec?0 = 1 + tan?0

Solution:

sin @ 1
sinf@ —cosf + 1 COSQ[@_ ]

sinf + cosf — 1 COSB[::Z +1— colsG]

cos 8

__ tanf—-1+sec6 __ tanf+sec—1
" tanf+1-sec  tanf-secH+1
(tanf—secH)
(tanb6-secBH)

__ tanf+sec—-1
" tanf-secH+1

__ tan?0-sec?6—(tanf-sech)
" (tanf-secO+1) (tanB-sech)

_ —1—tanf+sech
- (tanf—-secO+1)(tanb—sech)

_ —(1+tanB—-sech)
- (tanb—-sec6+1)(tanb—secH)

-1 _ 1
tanf-secd  secH—tand

= RHS

. EXERCISE 8.4,

1) Express the trigonometric ratios sin A, sec A and
tan A interms of cot A.
Solution:

We know that, 1 + cot?4 = cosec?A
1 1
cosecA  \[1+cot?4

We know that 1+ tan2 A = Sec?A
Therefore, SecA = V1 + tan24

1
- \/ I+ cot24

1+cot?A _ 1+cot?A

cot24 cotA

Now, sinA4 =
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tanA = L
an " cotA

Therefore 1 + tan?4 = sec?A

Therefore secA =1+ tan* A

2) Write all other trigonometric ratios of LA interms
of Sec A.
Solution:
We know that, sin?4 + cos?A =1

sin?A =1 — cos?A

i) sind = v1-—cos24
(i)

inA 1 !
SINA = _—
sec?A
_ [sec?A-1 _  |[sec?A-1
- sec2A secA
(i) cosA =
secA

(iii) tanA = Vtan?A = Vsec2A—1

(iv) cotd = —— = —L
tanA Vsec2A-1
(v) cosec A= L= .
~ sina Vsec2A-1
secA
secA
Vsec?A -1
2 2

.. Sin“63+sin“27
3) Evaluate (i) ————-~
cos“17+cos=73

Solution:
sin?63 + sin®27 _ sin*63 + sin?(90 — 63)
c0s217 + c0s273 05217 + cos2(90 — 17)

_ sin?63+cos263 1 _ 1

T cos?17+4sin217 1
identify sin?6 + sin?0 = 1
(ii) sin 25 cos 65 + cos 25 sin 65
Solution:
= sin25cos 65 + cos 25 sin 65
= sin 25 cos(90 — 25) + cos 25sin(90 — 25)
= sin 25sin 25 + cos 25 cos 25
= sin®25+ cos?25 =1

4) Choose the correct option (i) 9 sec’A — 9tan?A =
?
Solution:
(i) 9 sec’A — 9tan?4 =?
A)1 B)9 €)8 D)0
Ans:
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9 sec’A — 9tan?A
= 9(sec?4 — tan?A)
—9(1) =9
identify sec?4 — tan?4 = 1
(ii) (1 +tan @ + secO)(1 + cot — cosec §) =?
A0 B)1 €)2 D)—1

Ans:
(1 +tan6 + secH)(1 + coth — cosec )
_(1+sin9+ 1 )<1+c059 1 )
N cosf@ cos@ sinf@ sin@
_ (cosH +sin @ + 1>(sin6 + cosf — 1)
- cos @ sin @
_ (cos@ +sin@)?  cos?6 + sin?6 + 2sinf
sin @ cos 6 sin @ cos 6
_ 1+42sinfcosf-1
- sin 6 cos 6
2sinfcosf
~ sinfcos®

(iii) (Sec A + tan A) (1 — sinA) =?
A)secA B)sinA C)cosecA D)cosA

Solution:

(Sec A +tanA) (1 —sin4)

= ( ! + sinA) (1 —sin4)

cosA cosA
_ (1 + sinA) (1— sind) = 1 — sin?A
cos A cosA
_ cos?A
cos A

=cos4A

. 1+tan?A
( ) 1+cot24 ?

A)sec’A B)—1 () cot?A D) tan’A
Solution:

1+ tan?4 B sec?A
1+ cot?A ~ cosec?A

V] 1 .
= oA = — X sin?4
— cos2A
s
= tan’A

5) Prove the following identifies, where the angles
involved are acute angles for which the
expressions are defined.
(i) (cosec® — cot@)? =

1-cos @
1+cos @

Solution:
LHS = (cosec 8 — cot 8)?

1 cos@
sinf sin@

1—cos@

= ( )2 = (

2
sin8 )
__ (1—cos)?

sin%0
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(1-cos 8)(1—-cos 0)
1-cos26

(1-cos 6)(1—cos )

(1+cos 8)(1—-cos 0)

__ 1-cosé

= = RHS
14+cos @
. cos A 1+sinA
(ii) : =2secA
1+sinA cos A
Solution:
CcosA 1+sin A
LHS = 1+sinA  cosA
__ cos?A+(1+sin 4)?
- (1+sinA) cos A
__ cos?A+1+sin?A+2sinA
- (1+sinA) cos A
1+1+2sin4
" (1+sinA)cosA
2+ 2sinA
" (1+sinA)cosA
2(1 + sin A)
"~ (1+sinA)cosA
2
= = 2secA = RHS
cos A
tan 6 cot@
(iii) Tcors T Totnn = 1+ secO cosec 6
Solution:
tan 6 4 cotf
1—cotd 1-—tanf
sin @ cos @
_ cos 6 sin 6
- __cos@ __sin@
sin 6 cos @
sin 6 cos @
_ cos 6 sin @
~ sinf-cosf cos@—sin @
sin 6 cos @
sin 8 sin 8 cos cos 6

= X — - X -
cosf sinf —cosf sinf cosO —sinf
sin?0 cos?8

cos B(sin 8 — cos6) + sin 8(cos 8 — sin )

sin36 — cos 36

sinf cos 6 (sin 8 — cos H)
(sin @ — cosO)(sin?6 + cos?6 + sin 6 cosh)
sin 8 cos 6 (sin 6 — cos 8)

1+sin9cos€_ 1
sinfcosf®  sin6cosh

sin @ cos @

sin @ cos @
= cosecfsecO +1

= RHS
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. 1+secA sinZA
(iv) =
secA 1-cosA
Solution:
1
1+ secA
LHS — _— COS A
secA 1
COSA
_ CosA+1 COSA
- COSA 1
=1+cos4d —@D
RHS — sin?A
~ 1-—cosA
1-cos?A _ (1+cos A)(1—cos A)
~ 1-cosA (1-cos A)
=1+ cosA —@_2)
From 1 and 2 LHS = RHS

(v) % = cosec A+ cotA, using identify
cosec’A = 1+ cot?A.
Solution:
cosA —sind+1
cosA +sind—1

on dividing Nr and Dr by sin A,

LHS =

COsSA sin A 1

_ sinA sin4 sind _ cotA —1+ cosec A
cosA , sind 1 cotA+ 1 — cosec A
sin A sin A sinA

cotA + cosecA—1
cotA+1—cosecA

cotA + cosec A — (cosec?A — cot?A)
cotA+1—cosec A
cotA + cosec A — [(cosec A + cotA)(cosec A — cotA)]
- cotA+ 1 —cosec A
_ (cotA + cosec A)[1 — (cosec A — cotA)]
- cotA+1—cosec A
(cotA + cosec A)(1 — cosec A + cotA)
- (cotA + 1 — cosec A)

= (cotA + cosec A) = RHS
using a? — b? = (a+ b)(a — b)

Hence proved.

(vi) ’w = secA + tan A.
1-sinA

Solution:

1+sinA_ 1+sinAX1+sinA
1—sind . 1-sinA~ 1+sinA
_ | =sinA)?  |(1+ sin4)?
T 1-sin24 cos?A

_ 1+sinA_ 1
" cosA

sin A

" cosA  cosA
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=secA+tand
= RHS

Hence proved.

(vii) sin -2 sin36 — tan 6.

2 cos30—cos 0
LHS — sin@ — 2 sin%6
" 2c0s36 — cos @
_ sin 6 (1 - 2sin?6)
" cos6 (2cos?26 —1)
sin@[1 — 2(1 — cos?8)]
cos O (2cos26 — 1)
_ sinf(1 -2+ 2cos%0)
"~ cos@(2cos2 6 —1)
_ sinf(2cos?6 —1)  sinb
" cosB(2cos?0 —1) cosf
= tanf = RHS

Hence proved

(viii) (sin 4 + cosec A)? + (cos A + sec A)?
=7 + tan?A + cot*A
LHS = (sinA + cosec A)* + (cosA + secA)?
= sin?A + cosec?A + 2sinA cosec A + cos?A
+ sec?A + 2 cos AsecA
= (sin?A + cos?4) + (1 + cot?A)
1

+2sinA.— + (1 + tan?4) + 2 cos A.——
sinA

COosA

=1+4+1+cot?A+2+1+tan’*A+2
=7+ cot?A + tan®A = RHS

Note: | [cosec’A =1 + cot*A]
[sec’A =1 + tan?A]

Hence proved.

1

(IX) (Cosec A - sm A)(SECA — cos A) = tan A+cotA

Solution:

LHS = (cosec A —sin A)(sec A — cos A)
1
=(

sin A

_ (1—sin2A) (l—coszA)
- sin A cosA

—sin A4) (ﬁ —cosA)

2 in2
= o0t A cosA.sinA—fm\

sinA4 cos A \J
1 1

tanA+cotA  SinA cos4
cosA sinA

RHS =

_ 1 _ sinAcosA

T sin2A+cos2A T sin2A+cos2A
sinAcos A

=sinAcosA —@.2)

From 1 and 2 LHS = RHS
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Hence proved.

1+tan?A _ ,1-tan4A

2 _ 2
X = = tan“A.
( ) 1+cot2A (l—cotA)
Solution:
2 sin?A cos?A+sin?A
1+tan”A — cos?A _ cos2A
1+ cot2A 1 cos?A sinZA+cos?A
sin24 sin2A
1
 os2A _ 1 sin?4
1 cos2A 1
sin2A
= tan? A———1)
oy
1 sinA 2
(1—tanA)2 _ cosA
1—cotA _ cos4
sin A
cosA—sin A \ 2
— [ cosa
- sin A—cos A
sin A
_ (cosA—sinA x sinA ) 2
cos A sin A—cos A
_ (cosA—sinA (—sinA) )2
- CcosA cosA—sinA
_ (— sinA)2 __ sin?4A
"\ cosa  cos24
= tanzA _r\
0%
from 1 and 2
1+tan?4 _ (1—tanA)2 — tanA
1+cot2A 1-cotA
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09

SOME APPLICATIONS
OF TRIGONOMETRY

Example 1: Angle of elevation
The angle of elevation of

the point viewed is the angle

&
S .-
s
v_u»_.

formed by the line of sight with o

the horizontal when the point

being viewed is above the horizontal.
Angle of depression:

The angle of depression of a point on the object
being viewed is the angle formed by the line of sight
with the horizontal when the point is below the
horizontal level, i.e., the case when we lower our
head to look at the point being viewed.

Example 2: A tower stands vertically on the
ground. From a point on the ground which is
15 m away from the foot of the tower, the angle
of elevation of the top of the tower, is to be 60°.
Find the height of the tower.
Solution:

Let AB be the tower.

C is a point which is 15 m aw
from foot of the tower.

BC = 15.cm A

In A ABC, vl

tand = 22 tan60° = o /N

M= BN T s 1
AB ;L-' {\

V3= — = AB = 15V3 /7\60° grey
15 C—m——8

Hence height of the tower AB = 153 m.

Example 2: An electrician has to repair an
electric fault on a pole of height 5 m. He needs
to reach a point 1.3 m below the top of the pole
to undertake the repair work. What should be
the length of the ladder that she should use
which, when inclined at an angle of 60° to the
horizontal, would enable he to reach the
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required position? Also, how far from the foot
of the pole should he placed the foot of the
ladder?

Solution: A
Given that AD = 5m, AB=1.3m |
Therefore BD = AD — AB Y
=5-1.3=3.7m. ok
Here BC represents the ladder.
In A BCD, B
eoe BD_ 37 | Ch
ST T Be T BC | A
D C
V3 37
— = R:>BC\/§—3.7 X 2
_ 37X%2
BC = =%
_ 37%x2x43
T V3x3
= —”f = 2.4673

= 2467 x 1.732 = 4.27
Therefore length of ladder BC = 4.27 m.

Now In A BCD,
tan 60° = 5D
andct = e
3.7 3.7
3= — =DC=—
V3 DC 3
= 37 V3 _ 373
A 3 3
_ 3.7x1.732 6.4084
- 3 3

=21361=214m

Therefore he should place the ladder at 2.14 m from the
pole.

Example 3: An observer 1.5 m tall is 28.5 m away
from a Chimney. The angle of elevation of the top
of chimney from her eyes is 45°. What is the
height of the chimney?
Solution:
Here CD be the observer whose heig
is 1.5 m and AB be the tower. D
Distance between tower and observe ¢

_ ¢ 2386m ‘&
BC =28.5m.
In AADE, DE =BC =28.5m. and angle

of elevation is 45°.

Therefore tan 45° = AE
DE
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1 AE AE =285
= — = = .
285 "

Now height of the tower AB = AE+ EB = 285+ 1.5
AB=30m

Example 4: From a point p on the ground the
angle of elevation of the top of a 10 m tall
building is 30°. A flag is hoisted at the top of
the building and the angle of elevation of the
top of the flagstaff from p is 45°. Find the
length of the flagstaff and the distance of the
building from the point p.

Solution:
From the diagram AB = 10 m
denote the height of the building.
BC be the height of the flagstaff. ‘/ﬂ
Angle of elevation from p to top of P
the building is 30° and the top of flagstaff is 45°.
In A PAB, tan30° = 2=
%: 12—/1m=>13,4 =10m x V3 =10V3m.
In A PAC, tan45° = 2=
1= %:ABHBC =10V3
10 + BC = 10V3
BC =10vV3 - 10

=10(v3- 1)

=10 x (1.732 - 1)

=10 x0.732

=732m
Hence length of flagstaff BC = 7.32 m.
Example 5: The shadow of a tower standing a level
ground is found to be 40 m longer when the son’s
altitude is 30° than when it is 60°. Find the height
of the tower.
Solution:
Let AB be the tower and BC = x m.
By data, BD is 40 m longer than BC.
Now BD = x + 40 m.
In A ABC, - /)

AB ]E___f' w B
tan 60° = BC Liom
AB AB

V3 = A V3
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ABzxﬁm—@D
A ABD,
tan 30° = ﬁ
BD

From 1 and 2 x 3=x:;;0
xV3v3 = x + 40

3x=x+40 = 3x —x =40

2x =40

x =20

Therefore Height of the tower AB = 20v/3 m.

Example 6: The angles of depression of the
top and bottom of an 8 m tall building from the
top of a multi-storayed building are 30° and
45° respectively. Find the height of the multi
story building and the distance between two
buildings.

Solution:

Let AB denote the multistory
building and CD = 8 m denot
the tall building.

Angle of elevation from the to

of multistory building to top ol
tall building is 30° and bottor
of tall building is 45°.

In A ABC,
tan 45 AB 1AB AB = AC
oz—: = — = =
an AC AC
(i.e) AE + EB = AC
_ o
8+ EB = AG D,
In A BED, tan30° = 2%
DE
1 BE _
%= 2 (+ DE = AC)
1 BE
7 = 5288 (from 1)
BEV3 = 8 + BE
BEV3 —BE =38
BE(vV3-1)= 8
8 8 3+1
BE = = X\/_
V3—-1 +3-1 +3+1
8(v3+1) 8(1.732+1
E= (v3 )= ( )=4x2.732
3—-1 2
=10.928
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Therefore Height of the building AB = AE + EB
=8+ 10.92
AB =18.92 m.
Distance between two buildings AC = 8 + EB
=8+ 10.92
AC =18.92 m.

Example 7: From a point on a bridge across a
river, the angles of depression of the banks on
opposite sides of the river are 30° and 45°
respectively. If the bridge is at a height of 3 m
from the banks, find the width of the river.

Solution: ‘P
Let A and B be the points on e ®
o8 e p 4s 3o

the bank of rivers.
The width of the river is AB.
P is the point on the bridge a 3m
a height of 3 m. us 30
PQ =3m.

PQ A Q- B
In A APQ,tan 45° = —

AQ

1 PQ P A
= — =
19 —Pe=4¢
3 =40 ——1)

In A PQB,tan 30° = Fo

0B

1 3
= QB = 3V3m

\/_ QB

The width of the river AB = AQ + QB
=3+4+3v3 =3(1+V3)
= 3(1+ 1.732) = 3(2.732)

AB =8.196 m
EXER.(.E.I.S.E 9.1

1) A circus artist is climbing a 20 m long rope,
which is tightly stretched and tied from the top
of a vertical pole to the ground. Find the height
of the pole, if the angle made by the rope with
the ground leverl is 30°.

Solution: In the figure, AB be the ple and AC = 20

m is the length of the rope. -

AB 3o
In A ABC, sin 30° = A

AC
1 AB
S =" =24B =20 ? 2om
2 20 )

30
AB=10m 2y =

Hence the height of the pole AB =10 m.
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2) A tree breaks due to strom and broken part
bends so that the top of the tree touches the
ground making an angle 30° with it. The
distance between the foot of the tree to the
point where the top touches the ground is
8 m. Find the height of the tree.

Solution: A
Let AB be the tree whose part Al "~ N
breaks and touches the ground [ \

Given BD =8 m and AC = CD. c
to find height of tree AB
AB =BC + AC or

BC+CD (Therefore AC = CD)
BC

In A BCD,tan 30° = B
BD
1 BC
BC — 8 8xv3 83
VBT VA3 3
In right angled triangle BCD, sin 30° = %
1 _8V3/3
2 DC
pC =22
pC = 163
3
Now Height of free AB = BC + CD
i n 16\/— 24;/5
AB =8V/3m

3) A contractor plans to install two slides for the
children to play in a park. For the children
below the age of 5 years, she prefer to have a
slide whose top is at a height of 1.5 m and is
inclined of an angle of 30° to the ground, where
as for the elder children, she wants to have a
steep slide at a height 3 m, and inclinded at an
angle of 60° to the ground. What should be the
length of the slide in each case?

Solution:

Case (i) For children below 5 years.
Let AB = 1.5 m be the height of
the slide.

The slide AC is inclined at an

A

-5

angle 30° to the ground.

In right angled A ABC,sin30° = ‘:—ﬁ B c
1L = AC = 2(1.5) =
2 AC B
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Case (ii) For elder children A
Let AB = 3m be the height of
the slide. 2m g
Slide Ac is inclined with the >
ground is 60°. B c
In right angled A ABC, sin 60° = %
V3 3
T == V3AC =6
6 _ 6xV3
AC =5 75a

4) The angle of elevation of the top of a tower
from a point on the ground, which is 30 m away
from the foot of the tower is 30°. Find the

height of the tower. A

Solution:
Let AB be the height of the tower.
From the point C, the angle of

elevation of top of the tower is 30c Zom n
BC =30 m.
In right angled triangle ABC, tan 30° = %

30

1 _ AB

V3
_ 30 _30¥3 _ 30v3 _
Therefore AB = byt 103

Hence, Height of the tower AB = 10/3 m.

5) A Kkite is flying at a height of 60 m above the
ground. The string attached to the kite is tied
to a point on the ground. The inclination of the
string with the ground is 60°. Find the length
of the string, assuming that there is no slack in
the string.

Solution: Let AB = 60 m be the height of the kite.

Ac be the length of string. A
In right angled triangle AB(
AB

in60° = — bom
sin 1
V3 _ 50
2 AC
ACV3 =120
AC = 120 _ 120vV3 _ 120V3

3 33 3
= 40v/3m

Hence length of the string Ac = 40+/3 m.
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6) A 1.5m tall boy is standing at some distance
from a 30 m tall building. The angle of
elevation from his eyes to the top of the
building increases 30° to 60° as he walks
towards the building. Find the distance he
walked towards the building.

Solution: A -
Let AB = 30 m be the heigh
of the building. sTie 2 o
Height of the boy CD = 1.5 I-Smfr
CD=BE=15 2
Now, AE = AB — BE

=30-1.5=285
Angle of elevation from D to the top of the building
is 30°.
He walks x m towards the building and the angle
of elevation from F to the top of the building is 60°.

In right angled triangle AED, tan 30° = %
1 _ 285 _ 285
V3 DF+FE  x+y
x+y=285V3 —@D
In right angled triangle AE'F, tan 60° = %
28.5
V3=
_ 285 o\
y=Fm ¥
substitude 2 in 1
28.5
X+ f = 285\/§
28.5 1
x = 285V3 - 22 =285 (\/§—V—§)
_ 3-1\ _ 285x2 ﬁ
_28'5(W) =5 X5
_ 57.0vV3
T3
x=19/3m

So, the distance he walked towards the building
x=19V3m.

7) From a point on the ground, the angle of
elevation of the bottom and the top of a
transmission tower fixed at the top of a 20m
high building are 45° and 60° respectively.
Find the height of the tower. (2020)

Solution: [
Let AB = 20 m be the height

of the building.

Let BC be the height of the tower.

Angle of elevation from D to the

bottom of tower is 45° and top to”

D
H o
of tower is 60°. 4s° A

20mMm
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In right angled triangle ABD, tan 45° = %
1 20 AD =20
= — = =
AD m

In right angled triangle ACD, tan 60° = %
V3= 22 (2 AC=AB +BC)

20V3 = AB + BC

20V3 =20 + BC
Therefore  BC = 203 — 20 = 20(+/3—-1)

=20(1.732 — 1) = 20(0.732)
= 14.640 = 14.64m
Hence height of the tower BC = 14.64 m.

8) A statue, 1.6 m tall, stands on the top of a
pedestal. From a point on the ground the angle
of elevation of the top of state is 60° and from
the same point the angle of elevation of the top
of pedestal is 45°. Find the height of pedestal.

Solution: «
Let BC = 1.6 m be the height 16
of the statue. 8

Let AB be the height of pedesi

The point C is top of statue an A‘

B is top of pedestal. - po? '
Angle of elevation from D to top of statue is 60°

and top of pedestal is 45°.

In right angled triangle ABAD, tan 45° = %
1=12
AD
= AB = AD ———{01)
In right angled triangle CAD, tan 60° = %

V3 =

AD\3 = AB + 1.6 (~BC =1.6)

AD\3 = AD + 1.6 (~ AB=AD)
AD\3 — AD = 1.6

AB+BC
AD

(+~AC = AB + BC)

AD(V3-1)= 16
_ 16 _ 16 V3+1
AD =737 53X Ba
AD = 16 (13.7_312+1) _ L6QL73241) _ gy s o3y
AD = 2.185m

Therefore Height of the pedestal
AB =AD = 2.19m.
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9) The angle of elevation of the top of a building
from the foot of the tower is 30° and the angle
of elevation of the top of the tower from the foot
of the building is 60°. If the tower is 50 m high,
find the height of the buildin~ 2000\
Solution: Let AB be the buildi
and let CD = 50 m be the heig #,

of tower. Jovay
Angle of elevation of top of JS""’
building from foot of tower is 2 e

30° and the angle of elevation of top of tower from
foot of building is 60°.
To find height of building AB.

In right angled triangle ABC,tan 30° = %
1 _ 4B - BC M
5= Be = AB = 7 L
In right angled triangle BCD, tan 60° = %

_ 50 _ 50 N
V3 = e —BC=3F 92
substitute 2 in 1

50

- 3 _ 50 _ 50 _ 4,2

AB=5F=Ba" 3 - 163

Therefore Height of the building %

162 m.
3

10) Two poles of equal heights are standing
opposite to each other on either side of the
road, which is 80 m wide. From a point
between them on the road, the angle of
elevation of the top of the poles are 60° and
30° respectively. Find the height of the poles
and the distance of the point from the poles.
Solution:

Let AB and CD be the poles  # °
of equal height. (AB = CD).

Distance between two

poles BC = 80 m. 6o A3
B w E go-n o
Som ——

Let E be the point on the road !
which is x m distance from

the 1stpole and y = (80 — x)m
distance from the 2™ pole.

Angle of elevation from E to top of poles are 60°
and 30° respectively.

In right angled triangle ABE, tan 60° = %
— 45 - - a0
V3 = — = AB = \3x (o
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In right angled triangle ECD, tan 30° = %
1 AB _
_ 80—x Py
4B = " ——
From 1 and 2
3 80 —x
x =
V3
= xV3V3=80—x
3x=80—x=3x+x =80
4x = 80
X = 20 _ 20m
4
Now, y=80—-—x =80-20
=60m

Therefore Height of the poles AB = v/3x
=20V3m

Distances of the point E from the poles are
BE =20 m and EC = 60 m.

11) A TV tower stands vertically on a bank of a

canal. From a point on the other bank directly
opposite the tower, the angle of elevation of the
top of tower is 60°. From another point 20 m
away from this point on the line joining this
point to the foot of the tower, the angle of
elevation of the top of the tower is 30°. Find
the height of the tower and the width of the
canal.

Solution:

Let AB be the tower and BC

be the width of the canal.

Angle of elevation from the

point C to the top of the tower

is 60°and from D is 30° CD =20 m (given).

In right angled triangle ABC,tan 60° = %
— 4B — — A
V3 =22 = AB = BCV3 D
In right angled triangle ABD, tan 30° = %
1 AB
V3 BC+DC

AB\3 = BC + DC
AB\V3 = BC + 20 ——
BC/3v3 = BC + 20 [AB = BCV/3]

S\
2/
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3BC —BC =20
2BC =20
Therefore BC = 10 m
substitute BC = 10 in 1

Therefore AB = 10 V3 units

Hence Height of the tower is AB = 10 /3 units
and width of the canal BC = 10 m.

12) From of the top of a 7 m high building the angle
of elevation of the top of a cable tower is 60°
and the angle of depression of its foot is 45°.
Determine the height of the tower. (2020)

Solution: )

Let AB = 7 m be the height
of the building and CD be A 6o

nae

the height of the tower. >
Tm

From the top of building A, 45

the angle of elevation of B c

top and bottom of the tower are 60° and 45°.
Draw BC||AE. AE=BCand AB=BC=7m
In right angled triangle ADEA,

tan 60° = bE
an =1

DE
3=1%

_ o
DE = AE\V3m o

In right angled triangle AAEC, or ABC

tan 45° = A8
anEm= e

1 45 AB = BC
= — = .
BC

~ BC =17 (~ AB =7).
But, BC = AE, Hence AE=7m.[AB=BC =7]
Now, from 1 DE = AEN3m =7V3m
Hence, Height of the tower CD = CE + ED
=74+7V3 =7(1++3)
=701+ 1.732) =7(2.732)
CD =19.124m

m

Tm
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13) As observed from the top of a 75 m high

lighthouse from the sea level, the angle of
depression of two ships are 30° and 45°. If one
ship is exactly behind the other on the same
side of the lighthouse then find the distance
between two ships.

Solution: 3

Let CD = 75 m be the height
of the lighthouse.
Let A and B be the position

of ships. A ) e

T5m

From the point D, the top of lighthouse the angle of
depression of two ships A and B are 30° and 45°
respectively.

L ODA = L DAC = 30° (alternative angles)
LLODB = L_DBC = 45° (alternative angles)

In right angled triangle BCD,

o CD
tan45° = —
BC

1=7—5=>Bc=75m—@
BC

7/

In right angled triangle ACD,

tan30° = &
AC

175
V3 AB+BC
AB + BC = 75V3
AB + 75 = 753 [since BC = 75 from 1]
AB =75V3 - 75
AB =75(/3—-1) = 75(1.732 - 1)
=75 x0.732 =54.9m

Hence distance between two ships 54.9 m.

14) A 1.2 m tall girl spots a ballon moving with the

wind in a horizontal line at a height of 88.2 m
from the ground. The angle of elevation of the
balloon from the eyes of the girl at any instant
is 60°. After some time, the angle of elevation
reduces to 30°. Find the distance travelled by
the balloon during the interval. (2009).
Solution:

Let AD = 1.2 m be the
height of girl standing on

L]

the ground DC. A el
Let CE=HF =88.2mbe '*
the height of ballon. 2
Now AD =BC = 1.2 m.

129

CBSE - NCERT Solution Book for class 10

BE=CE-CB=882-12=87m.

BE = GF = 87 m.
In right angled triangle AGF,
tan 60° = E
AG
87 87
V3 = 1 = AG = ﬁ
DH = g (AG = DH)
V3
In right angled triangle ABE,
., BE
tan 30° = 1B
%: %:MlB = 87V3m.

Distance travelled by the balloon is GB = HC
87 1
= AB - AG =87V3 - % =87[V3- %

=29 x2V3

_ 3-1] V3 _ 87x2V3
=87 [ﬁ] BT T s

= 58V/3 m.

15) A straight highway leads to the foot of a tower.
A man standing at the top of the tower
observes a car at an angle of depression of 30°,
which is approaching the foot of the tower with
a uniform speed six seconds later the angle of
depression of the car is found to be 60°. Find
the time taken by the car to reach the foot of
the tower from this point. (2008)

Solution: o D
Let CD be the height of
the tower. At D, the angle
of depression of the car
Ais 30°and at B is 60°.
Time taken by the car
from A to B is 6 seconds. #F B c
LODA = LDAC = 30° (alternative angles)

LODB = LDBC = 60° (alternative angles)

In the right angled triangle ACD

tan30° = % = CD = ACtan30°
=L —
- V3 N\
In the right angled triangle BCD
tan 60° = 2
BC
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CD
V3 = R:>CD=BCx/§

= oo\
CD = BCV3 —
AC
From 1 and 2 Nl BC\3
ABJEBC = BCV3 [AC = AB + BC]

AB+BC =3BC
AB =3BC—-BC=2BC

Let the speed of the car be k Km/sec.
Distance _ 2 BC

Time = = —
Speed k
2 BC
6k= o = 6k = 2BC
Therefore BC = %
BC =3k

Hence the car moves from B to C in 3 sec.

16) The angle of elevation of the top of a tower
from two points at a distance of 4 m and 9 m
from the base of the tower and in the same
straight line with it are complementary. Prove
that the height of the tower is 6 m.

Solution:

Let CD be the height

of the tower. AC be the

horizontal line on the

ground. A and B be two

point on AC such that ) 49-¢
At—Em—p
—_—

——km — <,
am ——
AC=9cmand BC=4cm.

Let LCBD = 6,L_CAD = (90 —9)
(Since they are complementary)

In right angled triangle L_BCD, tanf = %

_ D — )
tan9—7=>CD—4tan9 (L)

cD

In AACD, tan(90 — 0) = e

_ ¢ — 5N
cotd = ?ﬂCD—9cot9 0%
from 1 and 2
1X2= CD?=4tanf X 9coth

CD? = 36

= (CD=+v36=6

Hence the height of the tower is 6 m.
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10
CIRCLES

Circle: A circle is a collection of all points in a plane
which are a constant distance (radius) from a fixed

point (centre).

CHORD: A line segment joining any two points on the

circumference of the circle is called a chord.

Note: Longest chord of the circle is diameter.
Semi Circle: A diameter of a circle divides it into two
equal parts or in two equal arcs. Each of these two

arcs is called a semi-circle.

Circumference: The length of the complete circle is

called the circumference of the circle.

Sector: The region between an arc and the two radii,

joining the end of the arc to the centre is called sector.

Important Results:

1) The perpendicular drawn from the centre of a circle
to a chord bisects it and vice versa.

2) Equal chords of a circle are equidistant from the
centre.

3) The angle subtended by an acr at the centre of the
circle is twice the angle subtended by the same are
at any point on the remaining part of the circle.

4) Equal chords of a circle subtend equal angles at
the centre.

5) The angles in the semicircle is a right angle.

6) Angles is the same segment of a circle are equal.

7) The sum of any pair of opposite angles of a cyclic

quadrilateral is 180°.

Tangent: A tangent to a circle is a line that intersects

the circle at only one point.

Theorem: The tangent at any point of a circle is
perpendicular to the radius through the point of
contact [CBSE 2020, 13, 12, 11].

Given:

A circle with centre at O and a tangent AB at the point

P on the circle.
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To prove:
OP 1, toAB

Construction: ! _
Take any point Q an AB other than P P ] 8
Join OQ(Q lies out side circle).

Proof:

Let OQ intersect the circle at R

Therefore OP = OR (radii)

Now, 0Q = OR+ RQ = 0Q > OR

= 0Q > 0P or OP < 0Q

OP is shorter than any other segment joining O to any
point on AB.

We know that the shortest between a point and a line is
perpendicular distance from the point to the line.
So,0Pis 1, toAB and OP 1, AB

EXERCISE 10.1
S I .,

1) How many tangents can a circle have?
Ans: Infinite.
2) Fill in the blanks:
a) A tangent to a circle intersect it one point.
b) A line intersecting a circle in two points is
called secant.
c) Acircle can have two parallel tangents at
most.
d) The common point of a tangent to a circle

and the circle is called point of contact.

3) 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

of PQis
a)l2cm b)13cm c)85cm d)vV119cm
Note:

1) There is no tangent to a circle passing
through a point lying inside the circle.

2) There is only one tangent to a circle
passing through a point lying on the circle.

3) There are exactly two tangents to a circle

through a point lying outside the circle.

4)
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Theorem: The length of tangents drawn from an

external point to a circle are equal.

f:)

Solution:
Let AP and AQ are two

tangents from an external

A

point A to a circle with centre O.
To prove: AP =AQ
Join OP, OQ.

Proof: We know that, a tangent at any point of a circle

Construction:

is perpendicular to the radius through the point of
contact.

Here AP is tangent and OP is radius.

Therefore OP 1 AP

similarly 0Q 1 AQ

Case 1: In AOAP and AOAQ

OP = 0Q = radius

OAis common and LOPA = LOQA =90°
Therefore OAP = 0AQ = AP = AQ.

Case 2: In AOAP and AOAQ

In AOAP, 0A? = OP? + AP? = 1% + AP2———(01)
In AOAQ, 04 = 0Q* + AQ? = r? + AQ* ———(0D
From 1 and 2 7% + AP? = r? + AQ?

= AP? = A(Q?

= AP = AQ

Hence proved.

Example 1: Prove that in two cencentric circles, the
chord of the larger circle, which touches the
smaller circle, is bisected at the point of contact.
(2019, 2009)

Solution:

Let C; and C, be two given concentric circles with
common centre O.

Let AB be the chord of the

larger circle C; touching the o)
smaller circle C, at P. A

To prove: PA =PB P
Construction: Join OP. B
Proof: Chrod AB touches the smaller circle at P.
Therefore AB is tangent at P.

OP is radius of the smaller circle C,.

We know that, OP 1, AB
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Also, we know that, perpendicular from centre to the
chord bisects the chord.

Here

OP 1, toAB. atP.

Therefore PA = PB
Hence proved.

Example 2: Two tangent TP and TQ are drawn to a
circle with centre O from an external point T. Prove
that LPTQ = 2LOPQ. P

Given: PT and QT are two
tangents to the circle from . o
an external point T.

To prove: LPTQ = 2LOPQ. 0
Proof: LPTQ + LPOQ = 180° ———{o1)
[In a Quadrilateral OPTQ, opposite angles are
supplimentary]

In AOPQ,LOPQ + LOQP + LPOQ =180°
2L0PQ + LPOQ = 180°

[LOPQ = LOQP and OP = 0Q

5
N\

Therefore AOPA =is Isosceles ]

From 1 and 2

LPTQ + LPOQ =2L0PQ + LPOQ

= LPTQ = 2L0OPQ

Hence proved.

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. Find the length TP.

Given: OP =5cm, PQ =8 cm. P

To find: Length of TP 5 cm
Solution: T ! Ci 0
In APTR and AQTR

PT=QR ——{o1) Q

(length of two tangents are equal from an external
point)

Here OT is bisector of LPTQ

Therefore LPTO = LQTO ——{@2)

LPRT = LQRT =90° ———(3)

OT is L r bisector of PQ = PR = RQ = 4cm
In right angled APRO,

OP? = PR? + OR?

52 = 42 + OR?
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Therefore OR2 =25 —16 =9 = OR = V9 = 3cm
In right angled A'ORP,

—_ 9n° a0
LRPO 4+ LPOR =90 \0?}
In right angled A'OPT,

— g(° AR\
LPOT + LOTP =90 05/

From4 and 5
LRPO + LPOR = LPOT + LOTP
_ e\
= LRPO = LOTP (0
[+ LTRP = LPRO =90° and LRPO = LOTP]
In AORP and APRT
AORP ~ APRT (BY AA)
TP PR TP 4
- — = — = — = —
OP OR 5 3
b 5% 4 _ 20
-3 3

Therefore Length of PT = 23—0 unit.

EXERCISE 10.2

1) 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
a)7cm b)12 cm c)15cm
Given:

PQ =24 cm
0Q=25cm
In right angled triangle OPQ

0Q* = OP* + PQ?
25% = OP? + 24> = 625 —576 = OP?
49 = OP?* = OP =49 = 7cm

Hence radius r=0P =7 cm.

2) In the fig if TP and TQ are two tangents to a
circle with centre O so that LPOQ = 110° then
LPTQ is equal to
a) 60° b)70° c)80°
Solution:

In AOPQ,OP = 0Q (radius)

d) 90°

Therefore, LOPQ = LOQP =x
In AOPQ LOPQ + LOQP + LPOQ = 180°
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x+x+ 110 = 180°

2x = 180° — 110°
2x=70° = x = - =35°
Therefore LOPQ = LOQP = 35°
Now, LOPT = 90° (Since radius is 1,
to tangent)
LOPQ + LQPT =90°
354 LQPT =90°
Therefore LQPT = 90 — 35 = 55°
Therefore LPQT = 55° [Since, PT = QT]
In APTQ, LPTQ + LQPT + LPQT = 180°
LPTQ + 55+ 55 =180
LPTQ =180 — 110 = 70°
Therefore LPTQ = 70°

3) If PA and PB from a point P to a circle with
centre O are inclined to each other at of 80°,
then LPOA is equal to (CBSE 2020)
a)50° b)60° c)70° d)80°
Given: PA and PB are two tangents drawn from a

point P, and LAPB = 80° 2]
Joint OA, OB, OP.
Clearly OA 1 r PA.
Similarly OB L r PB.
In Quadrilateral, OAPB.
LOAP + LAPB + LPBO + LAOB = 360°
90 + 80 +90 + LAOB = 360
LAOB = 360 — 260 = 100°

p

A

We know that tangents drawn from an external
point, subtend equal angle at the centre.

Now LPOA = LPOB

— LPOA = % LBOA

= = X100 = 50°
Therefore LPOA = 50°

4) Prove that the tangents drawn at the ends of a
diameter of a circle are parallel.
Solution:

Let AB be the diameter of the circle.
LM, PQ are two tangents drawn to the circle at A

and B respectively.
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To prove: LM || PQ

Proof: We know that, the
tangent at any point of a cirlce
is L r to the radius through
the point of contact. P B o)
Therefore 0A L rto LM and OB L rto PQ

= LLAO =90 and LPBO = 90°

But LLAO and LPBO are alternate angels
Therefore PQ ||LM.

Hence proved.

5) Prove that the perpendicular at the point of
contact to the tangent to a circle passes through
the centre.

Solution:

Let AB be the tangent to the circle at C with centre
0.

To prove: Perpendicular at C

passes through the centre O.

If possible, the perpenducular
passes through some other point
say 0'.

Construction: Join OC and OC’
Proof: We know that the tangent at any point of a
circle is perpendicular to the radius through the point

of contact.

Therefore 0C L AB = LOCA =90°
Suppose 0C' 1L AB = LO'CA = 90°
= LOCA=1L0'CA

Which is possible only O and 0 coincide.

Hence proved.

6) The length of a tangent from a point A at a
distance 5 cm from the centre of the circle is 4
cm. Find the radius of the circle.

Solution: Let AB be the tangent to the circle at B.

AB =4 cm, OA=5cm.

We know that OB 1 r AB.

Therefore In right angled triangle OAB,

0A? = OB? + AB? 4

52 = OB? + 42

25 = 0B?+16 A 5 o
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Therefore OB? =25—-16=9
Therefore OB = V9 = 3 cm.

Therefore radius of the circle OB = 3 cm.

7) 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.

Solution: Let C; and C, be two circles of radii 3 cm
and 5 cm respectively with centre O.

Let AB be the chord of the circle C, which touches
the smaller circle C; at P.
We know that OP L r AB.
= AP = PB.

In right angled triangle OPB
O0B? = OP? + PB?

52 = 32 4+ PB?
25—-9=PB? = PB? =16

= PB = V16 =4
Therefore length of the chard AB = 2 PB
=2(4)=8cm

8) A Quadrilateral ABCD is drawn to circumscribe a
circle. Prove that AB + CD = AD + BC

(CBSE
2016) 5 R e
Solution: Given ABCD is a
quadrilateral circumscribing a circle. 3 6
To prove: AB + CD = AD + BC A >
B

Proof:
We know that, the length of two tangents are equal

from an external point.

Therefore AP = AS @D
similarly BP = BQ @2)
RC = CQ ——{3)
DR = DS @
Adding 1, 2, 3, 4

AP+ BP +RC+ DR = AS + BQ + CQ + DS
(AP + PB) + (RC + DR)

= (AS + DS) + (BQ + CQ)
AB +CD = AD + BC

Hence proved.
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9) In the figure 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 LAOB = 90°
(CBSE 2013, 12, 11)
Solution: XY and X'Y! are X
two parallel tangents.

Another tangent AB touch the

circle at C, intersect XY at A
and X1Y?! at B.

To prove: LAOB = 90° x Q & 7,
Proof: We know that, tangeriws urawi nuin an

external point to a circle are equal in length.

Therefore AP = AC.

In AOAP and AOAC

AP = AC,0A is common, OP = 0C (radius)
Therefore AOAP = AOAC
= LOAP = LOAC

_ N
Now, LPAC = 2LOAC D)
similarly LQBC = 2LOBC ———{02)
Now LPAC + LQBC = 180° ——{3)

[XY||X1Y! and AB is a transversal, sum of interior
interior angles on the same side of transversal is
180°]

From 3 2LO0AC + 2LOBC = 180°

Therefore 2[LOAC + LOBC] = 180

LOAC + LOBC = 1%0= 90 ——

S\
&/

In AAOB,
LAOB + LOAC + LOBC = 180°
LAOB + 90 = 180° (from 4)
LAOB =180 —90
LAOB =90°
Hence proved.

10) Prove that the angle between the two tangents
drawn from an external point to a circle is
supplimentary to the angle subtended by the
line segment joining the points of contact at the
centre.

Solution: Let PQ and PR be two tangents drawn

from an external point P to the circle with centre O.
To prove: LQPR + LQOR = 180°

Proof: In APOQ and POR 2
PQ = PR
o
OP is common P
0Q = OR (radius) R
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Therefore APOQ = APOR (By SSS congruence)
In APOQ,
LPOQ + LPQO + LOPQ = 180° [LPQO = 90°]
+ LPOQ + LOPQ = 180° — 90° = 90° ——{01)
In APOR, LPOR + LPRO + LOPR = 180°

[But LPRO = 90°]
LPOR + 90 + LOPR = 180°
: LPOR + LOPR = 180° — 90° = 90° ———{82)
142
= LPOQ + LOPQ + LPOR + LOPR = 90 + 90
(LPOQ + LPOR) + (LOPQ + LOPR) = 180°
LQOR + LQPR = 180°

Hence proved.

11) Prove that the parallelogram circumcribing a

circle is rhombus.

Solution:

Let ABCD be a parallelogram circumcribing a circle.
To prove: ABCD is a rhombus. to prove, AB =BC
= CD = AD.

Proof:

We know that, length of tangents are equal from an

external point.
p P R

AP = AS / <
BP = BQ s @
CR=CQ

DR =DS A P =

Adding, AP+BP+CR+DR = AS+BQ+CQ+DS
(AP+BP)+(CR+DQ) = (AS+DS)+(BQ+CQ)

_ I Y
AB+CD = AD+BC (),
But ABCD is a parallelogram
Therefore AB = CD and BC = AD. ———{2)
Therefore 1 = 2AB =BC
_ Ao\
= AB=BC Q3

From 2 and 3 AB=BC =CD = AD.

= ABCD is a rhombus.
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12) 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 length 8 cm and 6 cm
respectively. Find the sides AB and AC.

Solution:

Given OD = radius =4 cm, DC =6 cm, DB = 8 cm.
Join OA, OB, OC,

We know that length of two tangents equal from an
external point.
CD=CE=6cm

BD =BE =8cm

AE =AF =xcm

Therefore sides of AABC are
AC=AE+CE=x+6=b
AB=AF+FB=x+8=c¢
BC=BD+DC=8+6=14cm=a

1
5[AC + 4B + BC]

= %[x+6+x+8+14] = %[2x+28]

= X 2[x+14] =x+14
S—a=x+14-14=x
S—b=x+14—(x+6) =x+14—-x—-6=38
S—c=x4+14—-(x+8) =x+14—-x—-8=6
Area of AABC = \/s(s—a)(s—b)(s—c)

= J(x+14)x x8x6

= J(x + 14)x x 48 ———{01)
But Area of AABC = Area of AOBC +
Area of AOBA + Area of AOAC

1 1 1
EXBCX0D+§XABX0F+§ACXOE

1 1 1
§x14x4+§(x+8)><4+5(x+6)><4

284+ 2(x+8)+2(x+6)
=28+2x+16+2x + 12
=56+ 4x =4(x + 14)

)
oY

From 1 and 2
J(x +14)x X 48 = 4(x + 14)
squaring on both sides
48x(x + 14) = 16(x + 14)?
48x = 16(x + 14)
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48
X= (x+14)

3x=x+ 14
2x =14

=—=

Hence the sides of AABC are
AB=x+8=7+8=15cm
AC=x+6=7+6=13cm
BC=14cm

Hence AB =15cm, AC = 13 cm,

7

BC =14 cm

13) Prove that opposite sides of a quadrilateral
circumscribing a circle sublend supplementary
angles at the centre of the circle.

Solution:

Let ABCD is a quadrilateral
circumscribing a circle with

centre O.

Let the circle touches the sides

of a quadrilateral at points P, Q, R, S.
To prove: LAOB + LCOD = 180° and
LBOC + LAOD = 180°

Construction: Join OP, OQ, OR, OS
Proof:

We know that, two tangents from an external point
to a circle subtend equal angles at the centre.
Ll1= L2, L3= L4, L5= L6, L7= LS8

Therefore
L1+ L2+ L34+L4+L54+L6+L7+L8=360°
AN
Oy

= 2(L2+ L3+ L6+ L7)= 360°
(L2+L3)+(L6+L7)= 180°
LAOB + LCOD = 180°
similarly from 1

2(L1+ L8+ L4+ L5) = 360°
(L1+L8)+ (L4+L5)= 180°
LAOD + LBOC = 180°

5\
N\

Hence proved from 2 and 3.
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12

AREAS RELATED
TO CIRCLES

a) Chord:
A line segment joining any two

points on a circle is called a chovel .
chord of the circle. A v ]
Diameter:
A chord of a circle passing through i
the centre is called a diameter of 19Mmedel .

the circle.
Diameter = 2 X radius

Perimeter of a circle or circumference of a circle:

(S

Circumference of circle = 2nr.

Area of circle = mrr?

Area of Ring = m(R? —1?)
=n(R+r)(R—-7)

Important formula:

1) Circumference of semi circle = (nr + 2r)

2) Circumference of quadrant of a circle = % + 2r

3) Distance moved or converted by a wheel
in 1 rotation = Circumference of the wheel.

4) Number of rotation of the wheel in travelling

Total distance travelled by the wheel

a certain distance=
Cencumference of the wheel

2
5) Area of semi circle = =~

6) Area of quadrant of a circle = "4L2

2y _ Y
A'4
ks
17h'g -

Example 1: The cost of fencing a circular field at
the rate of Rs.24 per meter 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?

Solution:

Cost of fencing per meter = Rs. 24
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Total cost of fencing = Rs. 5280

Therefore Length of fencing = % =220m.

i.e2nr = 220
2><22 =220
7=

_220%7
T 2x22
r=5x7=35m.

r

Therefore radius of the field = 35 m.
Now, Area of the field = nr?

=§x35x35

=110x 35
Area of the field = 3850 m?
Cost of ploughing 1 m? of field = Rs.0.50

Therefore cost of ploughing = 3850 x 0.50
= 3850 x -
2

Cost of ploughing = Rs. 1925

EXERCISE 12.1
J Bnbnn N Y

1) 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. (CBSE
2020).

Solution:

Radius of the 18t circle r; = 19 cm

Therefore circumference of 1%t circle = 2nry
= 21(19)

Radius of the 2™ circle r, = 9 cm.

Therefore circumference of 2" circle = 2rr,

= 21 (9)
Circumference of Required circle having radius R is
=21 (19) + 27(9)
2R = 2m(19 + 9)
R =28 cm.

Hence radius of the required circle = 28 cm.

2) 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
two circles.

Solution:

Radius of the 1%t circle r;, = 8 cm

Therefore Area of the 15t circle = ry 2 = m(8)2
= 64mcm?
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Radius of the 2™ circler, = 6 cm
Therefore Area of the 2™ circle = 1,2
= 1(6)?
= 36mcm?
Now Required Area of circle having radius
R = nR? = 641 + 36m(Given)
=100m
R?=100 =R =10cm
Hence radius of the required circle R = 10 cm.

3) The given figure depicts an archory target
marked with its five scoring region 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 band is 10.5 cm
wide. Find the area of each
of five scoring regions.

Solution:

Given diameter of gold region = 21 cm.

Therefore radius of gold region = 22—1 =10.5¢cm

Now, Area of Gold region = nr?
=Zx105x105
= 33.0 X 10.5
= 346.5 cm?
Width of each of the other band = 10.5
Therefore Radius for (Gold +Red) region = 10.5 +
10.5 =21
Now, Area of Red Region = n[R? — r?]
= 2212 - 10.5]
= % [(21 + 10.5)(21 — 10.5)]

= % x 31.5 X 10.5

=22x15x%x315
=33 x 315
= 1039.5 cm?
Now Radius (Gold+Red+Blue) for Region
=21+10.5=315
Therefore Area of blue region
=n(R? —1?)
= n[(31.5)% — 217]

= ?[(31.5 +21)(31.5 — 21)]

22
= - X 52.5 x10.5

=22%x15x%x525
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=33 x525
=1732.5 cm?
Now, radius for (Gold+Red+Blue+Black) region =
31.5+10.5
=42cm

Area of black region = [R? — r?]
22
=21422 - 31.57
7
= %(42 +31.5)(42 — 31.5)
=Zx735x105 =22x15x735
=33x%x735
Area of black region = 2425.5 cm?
Radius for (Gold + Red + Blue + Black + White)
=424+10.5=525
Now Area for white region = [R? — r?]
= ? [52.52 — 422]
=2 (525 + 42)(52.5 — 42)
=2x945x105
=22%x15%x945

=33 X 94.5

Area for white region = 3118.5 cm?

4) The wheels of a car 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?
Solution:

Diameter of the wheel = 80 cm.
Therefore radius of the wheel r = 82—0

=40 cm.

Therefore Circumference of the wheel = 2nr

=2 X

22 44x40
— X 40 =
7 7

. 1760
Circumference of the wheel = —— cm.

Now speed of the car = 66 km/hr.
66x1000 .
= —— m/min
60
= 1100 m/min
Speed of the car = 11000 cm/min
Now, wheel of the car moves in 1 min =
110000 cm.
Therefore wheel of the car moves in 10 min
= 110000 x 10 = 1100000 cm

Then, the number of revolution
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_ Distance moved by wheel of the car in 10 min
B Circumference of the wheel

__ 1100000 _ 1100000
1760 1760

7

X7 =625%x7 =4375

Hence the wheel makes 4375 complete
revolution in 10 min.

5) Tick the correct answer in the following and
justify your answer: If the perimeter and the
area of a circle are numerically equal, then the
radius of the circle is (A) 2 units (B) r units
(C)4 units (D) 7 units.

Solution:
2nr = nr?
2r =7r?
2=r
Therefore radius r = 2 units.
Ans: (A)

Area of Sector and segment of a circle

. 0
1) Area of Sector of a circle = 360 r?

)
2) Area of major sector = mr? — Area of minor sector
3) Area of minor sector = r? — Area of major sector
)
)

4) Length of arc of a sector [ = % 2nr
5) Also, Area of Sector in

terms of Length of arc = %r

Example 2: Find the area of the sector of a circle
with radius 4 cm and angle of 30°. Also find the
area of the corresponding major sector.
Solution:

Given sector is OAPB.

Here 8 = 30°%,r =4 cm

)
Area of the sector OAPB = — 71?2
360 5
P
30 22 88
= —X—X4X4=—
360 7 21

Area of the sector OAPB = 4.19 cm?
Now, Area of major sector = % — Area of minor
sector

=314%x4%x4—-4.19

=314x%x16 —-4.19 =50.24 — 4.19

Area of major sector = 46.05 cm?
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Example 3: Find the area of the segment AYB
shown in the figure, if radius of the circle is 21 cm

and LAOB = 120°.

Solution:
A

7

Area of segment AYB = Area of sector OAYB —
Area of AOAB.

Now Area of sector 0AYB = —0— x mr2

360
120 _ 22

= — X —x21 x21
360 7

=22 X 21 =462 cm?
In AOAB,0OA = 0B =21 cm. OM 1 r to AB.
Therefore AOAM =~ AOMB.

= M is mid point of AB.
AM

In AOAB, sin 60° =
04

V3 _ AM

2 21

Therefore AM = %5 cm

oM

cos 60° = 02

1 OM
2 21
21
oM = > cm
Therefore Area of AOAB = 2 X Area of AOAM

=2><%><AM><0M

21V3 21— 4413
T2 2 4
4413
Therefore Area of segment AYB = 462 — "
[From 1]
1848 — 4413

= —— m?

4

31
- (88— 21v3)cm?
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EXERCISE 12.2

1) Find the area of a sector of a circle with radius 6
cm if angle of sector is 60°.

Solution:
Radius of the sector = 6 cm. A
Central angle 8 = 60° A =5
Therefore Area of the sector = 3%717‘2
=2y = 2612

360 7 7 7

Area of the sector = 18.85 cm?

2) Find the area of a quadrant of a circle
whose circumference is 22 cm.
Solution:

Circumference of a circle = 22 cm

2mr = 22
2x§><r=22

22X7 7
= = -Ccm
2%x22 2

nr? 22 7.7 1
Area of the quadrant = — = — X -X =X =
4 7 7727274

11x49 _ 77 5
= = —cm
14%4 8

3) The length of minute hand of a clock is 14 cm.
Find the area swept by the minute hand in 5
minutes.

Solution:
Radius = length of minute hand

=14 cm
The angle described by minute hand in 60 min =
360°

Therefore the angle described by minute}= % x5

hand in 5 min
= 30°
The area swept by the minute hand in 5 min

= Area of the sector of angle 30° with radius 14 cm.

0 30 22
=—mri="x=x14x 14
360 360 7
lix14 _ 15¢ 9
- 3 T 3
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4) A chord of a circle of radius 10 cm substends a
right angled at the centre. Find the area of the
corresponding. (i) minor segment g
(ii) major sector.

Solution:
Given, radius of the circle A
r=10cm and LAOB = 90° 4
Therefore Area of AAOB = % X base X height

= % X 0A x OB

1
=3 x 10 x 10
= 29 _ 50cm?

Area of the sector 0OAPBO = 3% X mr?

90 22
—Xx=x10x 10
360 7
11X5%10

7

5_§o = 78.57 cm?

(i) Area of minor segment APB =
Area of sector OAPBO — Area of AOAB
= 78.57 — 50 = 28.57 cm?
(i) Area of major sector AQRB = Area of circle —
Area of sector OAPBO

= ur? — 78.57cm?

= %x 10 X 10 — 78.57

= @ — 7857

= 314.285 — 78.57
= 314.29 — 78.57
Area of major sector AQRB = 235.72 cm?

5) In a circle of radius 21 cm, an arc substends on
angle of 60° at the centre. Find (i) the length of
the arc (ii) area of the sector formed by the arc
(iii) area of the segment formed by the

corresponding chord.
Solution:

radius r =21 cm A
central angle 6 = 60° A ‘k

i - b
(i) Length of the arc APB = 260 2nr I

60 22
= —X2Xx—x21
360 7

Length of the arc APB = 22 cm
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(i) Area of the sector, formed by the arc

(OAPBO) = - x 712
360

00 22 1x21=11x21 =231 cm?
= —X—x21x21=11x21=
360 7 cm

(iii) Given LAOB = 60°,0A = OB = radii =
21cm
Let LOAB = LOBA=x
[Since OAB is an isosceles triangle]
In AOAB,
LABO + LOAB + LAOB = 180°
x+x+ 60 = 180°
2x =120 = x = 60°
Therefore AOAB is an equilateral triangle.

Area of the AOAB = gaz

= ?x 21 x 21
4413 5
= m
4

Therefore Area of the segment formed by the
chord = Area of the sector OAPBO - Area of

AOAB.

4413 2
cm

= (231— h

6) A chord of a circle of radius 15 cm substends an
angle of 60° at the centre. Find the areas of the
corresponding minor and major segments of the

circle. (m = 3.14,V/3 = 1.73).
Solution:

Given AB is a chord, substends an angle 60° at the
centre. LAOB = 60°
Radius OA =0B =15 cm
In AOAB,0A = OB
Therefore LOAB = LOBA =x
In AOAB,
LOAB + LOBA + LAOB = 180°
x+x+ 60 =180
2x + 60 =180 = 2x =120
x = 60°
Therefore AAOB is an equilateral triangle

VB, _\3

Therefore Area of AOB = —~a T X 152
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V3

= — X 225

4
= 1'73:225 — 0.4325 x 225
=97.3125 cm?

Area of the sector AOBP = % X 112

3.14X225
6

= 2 «314x15x15 =
360

=793 _ 117.75 cm?

Therefore Area of minor segment APB = Area of the
sector AOBP — Area of triangle OAB
=117.75—-97.3125
= 20.4375 cm?
Area of major segment = Area of circle — Area of
minor segment.
= mr? — 20.4375
= 3.14 x 152 — 20.4375
= 3.14 X 225 — 20.4375
= 706.5 — 20.4375

= 686.0625 cm?

7) A chord of a circle of radius 12 cm subtends an
angle 120° at the centre. Find the area of the
corresponding segment of the circle ,
(mr =3.14,V/3 = 1.73).

Solution:

Given, r=12cmand LAOB = 120°

AB
'P

0

Therefore Area of sector OAPBO = 3—601rr2

= 1204 314x12x12
360

=314 x4 x12
=12.56 x 12
= 150.72 cm?
In AOAB, Draw OC 1 rAB.
In AOAC and AOBC
0A = 0B (radii)
0C = 0C common
LOCA = LOCB =90°
Therefore By SAS criteria AOAC =~ AOBC

Therefore LAOC = LBOC = %I_AOB = 60°

AC

In AOAC, sin 60° =
0A
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(v}
A o= 125 120
2 12 2
bo| bo
= 6V3 cm
o_ OC ! "
cos 60° = o A c B
1_9% o0c=2L —6cm
2 12 2
Now AB = 2AC = 2(6V3)
Area of the AOAB = %xABxOC

1
- X
2

12V3 x 6 = 36V3 cm?
Now Area of the segment APB = Area of sector
OAPBO — Area of AOAB
= 150.72 — 36v3 = 150.72 — 36 x 1.73

150.72 x 62.28

Area of the segment APB = 88.44 cm?

8) A horse is tied to a peg at one corner of a square
shaped grass field of side 15 cm by means of a 5
m long rope. Find (i) the area of that part of the
field in which the horse can graze. (ii) the
increasing in the grazing area if the rope were
10 m long instead of 5 m. (r = 3.14)
Solution:

5 m

Side of the square = 15 cm. 1S

Area of the square = side X side
=15 x 15 = 225m? “gm

Also given length of rope = 5m

radius ofarc = 5m

(i) Therefore, Area of the field graze by the horse

0
Ay = —nmr
360

= 0.785 x 25
= 19.625 m?

2 = 20 «314x5x%x5
360

(ii) If length of the rope r =10 m
Therefore, Area of the field graze by the horse

6 5m
A, = %nrz
90
= —X3.14x10x 10 15
360
= 3.14 % 25 10m P2
= 78.50 m? 10m

Now increase in grazing area = A, — 4,
= 78.50 — 19.625
= 58.875 m?
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9) A brooch is made up of 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 the
figure. Find (i) the total length of the silver wire
required. (ii) the area of each sector of the

brooch.
Solution: Q‘?
g 9@ ;
(7) ‘
B

§x35=zzx5

Diameter of circular wire = 35 mm

Circumference of wire = 2mtr

d

110 mm

Now length of 5 diameter = 5 x 35
=175 mm
(i) Total length of silver wire = 110 + 175
= 285 mm

(i) The circle divides into 10 equal sectors.
360

10
= 36°

Therefore angle of each sector =

2

0
Area of each sector = %nr

36

360" 7 T2 7 2
_ 1135

22

35

35

= 96.25 mm?

10) An umberlla has 8 ribs which are equally
spaced. Assuming umbrella to be flat circle of
radius 45 cm, find the area between the two
consecutive ribs of the umbrella.
Solution:

Given, umbrella to be a flat circle.
Central angle of umbrella is 360°.

The umbrella has 8 ribs.

© = 45°

Therefore Angle between two ribs =

)
—— 12
360

2 o 2 X 45 X 45
360
45X45%X22
56
2025 x11
28

22275 5
cm
28

Now Area between two ribs =

Area between two ribs =
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11) A car has two wipers which do not overlap.
Eash 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.
Solution:

Given length of wiper blade r = 25 cm
Angle made by the blade 8 = 115°

Therefore Area cleaned by one blade

0

= — x 12,
360
115 22

= 2 xZ2x 252
360 7
115 22

= —X—=—x25x%x25
360 7

Now Area cleaned by two blade

115 22
=2X—X=X25%X
360 7

25

23X11%x625
7X18
14375%x11
126
158125 5
126 M

Area cleaned by two blade =

12) To warn ships for underwater rocks, a
lighthouse spreads a red coloured light over a
sector of angle of 80° to a distance of 16.5 km.
Find the area of the sea over which the ships
are warned (r = 3.14).

Solution:

Given, distance =r=16.5

central angle 8 = 80°

)
Therefore Area of sector = —— X r?

= 2 % 3.14 X (16.5)2
360

= % % 16.5 X 16.5

6.28X272.25
9

Which is required area of the sea which the ship

1709.73
9

189.97 km?

are warned =

13) A round table cover has six equal designs as
shown in the figure. If the radius of the cover is
28 cm, find the cost of making the designs at

the rate of 30.35 per cm?. (/3 = 1.732)
Solution:

Central angle of the sector
(circle) = 360°
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In AOAB, LAOB = 60° and
0A = OB = 28 (radii)
Let LOAB = LOBA = x (say)

Therefore angles opposite to equal sides of a
triangle are equal.
In AOAB, LAOB + LOAB + LOBA = 180°

60 + x + x = 180°

2x = 180 — 60
2x =120
x = 60°

= LOAB = LOBA = 60°
Therefore AOAB is an equilateral triangle.

V3
4

Therefore Area of AOAB =

= By g2
4
= 1'Zﬁ><28><28

1.732 X 196
= 339.472 cm?

Area of the sector AOBPA = 3% X 12

60 _ 22

= —X=X28x28
360 7

11Xx4X28 _ 44x28
3 -3

1232

= = 410.66

Area of the sector AOBPA = 410.67 cm?”
Now Area of segment APBA = Area of sector
AOBPA — Area of AAOB
=410.67 — 339.472
Area of segment APBA = 71.198 cm?

Therefore Area of 6 segment = 6 X 71.198

Area of 6 segment = 427.188 cm?
Cost of making the design is % 0.35 per cm?.
Therefore Total cost = 427.188 X 0.35

Total cost = 3149.52
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14) Tick the correct answer in the following
question. Area of a sector of angle P(in
degree) of a circle with radius R is

0 P L 2
(i) 180 2nR (ii) 180 < TR
(iii) 50- 2R (iv) oo X 27R?
Solution:

angle of sector 8 = P,radiusr = R

Therefore Area of the sector

= —X7ur
P
= — X TR?

Area of the sector = % x 2mR? (iv)
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13

SURFACE AREAS
AND VOLUMES

Important formulae:
1) Cuboid:
a) Total surface area of cuboid
TSA = 2(Ib+bh+lh) sq unit.

b) Lateral surface area of cuboid = 2(I+b)h sq unit.

c) Diagonal of the cuboid = VIZ + b2 + h2 units.
d) Volume of cuboid =1 X b X h cu unit.
2) Cube:
a) TSA of cube = 6a? sq units.
b) LSA of cube = 4a? sq units. ;
c) Diagonal of cube = v/3a units. =
d) Volume of cube = a® cu units. h
3) Right circular cylinder: ]
a) Curved surface area of cylinder = 2nrh sq
units.
b) Total surface area of cylinder = 2nr(h + 1) sq
units.
c) Volume of cylinder = mr2h cu units.

4) Sphere: A
Surface are of a sphere = 4nr? sq units. ‘é
Volume of the sphere = gnr3 Cu units. "

5) Right Circular Hollow Cylinder: = ”l_

h
|
. L

CSA of hollow cylinder = 2nrh + 2nRh
=2n(r+ R)h
b) TSA of hollow cylinder
=2n(R + r)[h + R — r] sq unit.
c) Volume of hollow cylinder = m(R? — r2)h cu

units.
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6) Spherical Shell:

a) Volume of hollow sphere = gn(R3 -3

b) Outer surface area = 4mr? sq unit.

7) Hemisphere:
a) Curved surface area of hemisphere = 2712 sq
unit.
b) TSA of hemisphere = 3mr? sq unit.
c) Volume of hemisphere = 2m‘3 cu unit.
8) Cone:
a) Slant height I = /hz +72
b) CSA of cone = mrl sq unit.

c) TSAof cone = nr(l + r) sq units.

1 .
d) Volume of cone = gm‘zh Cu units.

Example 1: Rasheed got a playing top as his
birthday present, which is surprisingly had no
colour on it. He wanted to colour it with his
crayons. The top is shaped like a cone
surmounted by a hemisphere. The entire top is 5
cm in height and the diameter of the top is 3.5 cm.
Find the area he has to colour.

Solution:

TSA of top = CSA of hemisphere + CSA of cone. — 1

. . 35
Hemisphere: radius r = - cm A

. 3.5
Cone: radius r = = cm Sem

height h= 5 —=2= 10_3'5 = 8

2
Slant helghtl—ﬂfh +7r2 = / (—)2

= J(3.25)2 + ()2 = V10,5625 + 3.0625

= +13.6250 = 3.69 =~ 3.7cm
CSA of hemisphere = 2mr?

35 _
2

22

.5
—2><— 2

3.5 3
X Z2x =2 cm
2 2
CSA of cone = nrl = 7 x?x 3.7 cm?

Therefore TSA of top = CSA of hemisphere +
CSA of cone
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22 35 35 22 35

=2x 2 x BB 2383y
7 2 2 7

= 2xBx2 137

7 2 2

=55x%x7.2
110
385
39.60

TSA of top = 39.6 cm?

Note: TSA of top is not the sum of TSA of cone and
hemisphere.

Example 2: The decorative block shown in the
figure is made of two solids — a cube and a
hemisphere. The base of the block is a cube with
edge 5 cm, and the hemisphere fixed on the top
has a diameter of 4.2 cm. Find the total surface
area of the block.

Solution:

Note that the part of cube where the hemisphere
attached is not included in the surface area.
Therefore the surface area of the block = TSA of the
cube — base are of the hemisphere + CSA of

A

hemisphere.

1. Total surface area of cube = 6a?
=6Xx5%x5
= 150 cm?

2. Base area of the hemisphere = mr?2

22 4.2 4.2

7 2 2

=126x11
= 13.86 cm?

3. CSA of hemisphere = 2mrr?

= 2(13.86)cm?

= 27.72 cm?
FromA, 1,2, 3
Therefore surface area of the black

=150 —13.86 + 27.72
= 1504 13.86
Surface area of the black = 163.86 cm?

Example 3: A wooden toy rocket is in the shape of
a cone mounted on a cylinder as in the figure. The
height of the entire rocket is 26 cm. While the
height of conical part is 6 cm. The base of the
conical portion has a diameter of 5 cm, while the
base of diameter of cylindrical portion in 3 cm. If
the conical portion is to be painted orange and the
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cylindrical portion yellow, find the area of the
rocket painted with each of these colors.

(r=3.14) cliametev g% cyy .
3¢m
Solution: aeny
[dietmeder
Cone: ot cgve
Gem
radius of the cone r = g cm.
height of the cone h = 6 cm. Bam.mp:onl .
slant height of cone | = Vh? + r? E’;’ﬁqi‘,
— lez 4 32 = 25
—\/6 +(2) = \/36+ "
= 2 =L —650cm
4 2
Cylinder:

radius of the cylinder R = % cm

Height of the cylinder H = 26 — 6 = 20 cm

The area to be painted orange (conical part) = CSA of

1 bem

cone + base area of cone — base area of cylinder
= nrl + nr? — nR?
5 5 22

22 65+22 5
—X=X65+—=—X=-X=——X
7 2 7 2 2 7

22 |5 13 5 5 3 3
A ERENENESE N
7 L2 2 2 2 2 2

_22[65 25 9]
7

4 4 4

22 8 —314x2025
7 4

Area to be painted orange (conical part) =
63.58 cm?
Now, the area to be painted yellow = CSA of the
cylinder + area of base of the cylinder.

= 2nRH + mR?

= mR[2H + R]

3.14x3[2 x 20 +5]
2 2
= 1.57 x 3[40 + 1.5]

=471 x 41.5
Area to be painted yellow = 195.465 cm?

Example 4: Mayank made a bird-bath for his garden
in the shape of cylinder with a hemispherical
depression at one end. The height of cylinder is
1.45 m and its radius is 30 cm. Find the total

surface area of the bird bath. (r = ?)

Solution:
Total surface area of bird-bath = CSA of cylinder +

; A7
CSA of hemisphere (),
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Cylinder:

Height h = 1.45m
=145 cm

radius r = 30 cm

Hemisphere:

el l-

-

radius r = 30 cm

From 1 TSA of bird-bath = 2nrh + 2mr?
= 2nr(h+71)
= 2 X Z x 30(145 + 30)
=2xZx30%175
=2x30x%x25x%x22
= 1500 x 22
= 33000 cm?

TSA of bird-bath = 3.3 m?

EXERCISE 13.1
J b plhale Y

1) 2 cubes each of volume 64 cm3 are joined end
to end. Find the surface area of the resulting

cuboid.
Rew Lem

— Lhm——y
<, .

Lewn ‘ hew
Solution:

Given volume of each cube is 64 cm?3
a® =64
=a=4cm
When two cubes are joined together, then we get a
cuboid whose length | = (4 + 4) = 8 cm breadth
b =4 cm, height h =4 cm.
Now, surface area of the cuboid = 2(lb + bh + lh)

=2[8X4+4x4+8x4]

= 2[32 + 16 + 32]

Surface area of the cuboid = 2 x 80 = 160 cm?

2) A vesselis in the form of a hollow hemisphere
mounted by a hollow cylinder. The diameter of
the hemisphere is 14 cm and the total height of
the vessel is 13 cm. Find the inner surface area
of the vessel.

Solution:
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Total height of the vessel = 13 cm.
radius of the cylinder =
radius of the hemisphere =

Height of the hemisphere =7 cm.

Height of the hemisphere

=13-7=6¢cm.
Cylinder: h =6 cm, radiusr=7 cm.
Hemisphere: radiusr=7cm.
Inner surface area of vessel = CSA of cylinder +

CSA of hemisphere
=2nrh + 2nr? =2nr(h+7)

=2xZx7[6+7] =2x22x13
=44 x 13

Inner surface area of vessel = 572 cm?

3) A toy is in the form of a cone of radius 3.5 cm
surrounded on a hemisphere of same radius.
The total height of the toy is 15.5 cm. Find the
total surface area of the toy
(2020).

Solution: ll
15 Som £ &

Given Total height of the toy is 15.5 cm.

Radius of the cone = 3.5cm
Radius of the hemisphere = 3.5cm
Height of hemisphere = 3.5 cm.
Therefore Height of cone = Total height of toy —
radius of hemisphere
=155-3.5=12cm

Conical part: radiusr=3.5cm

height h =12 cm
Hemisphere: radiusr=3.5cm
Total surface area of the toy = CSA of cone + CSA
of hemisphere.

_ 2 A
= qrl + 2nr —y

Incone [ = ‘}h2+r2
2
_ 2. (7 _ 49 _  [576+49
- /12 +(2) J144+4 J -
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- B o125
4 2

Therefore from 1

Total surface area of the toy = nrl + 2mr?

22 7 25 22 7 7
=—=X-X—+2X—X-X-

7 2 2 7 2 2

22 7 [25 7 25+14
=Z2xI[Z+2x] =11 [2H

7 212 2 2

_ 11x39
2

_ 429

Total surface area of the toy = 241.5 cm?

4) A cubical block of side 7 cm is surmounted by a
hemisphere. What is the greatest diameter of
the hemisphere can have? Find the surface area
of the solid?
Solution:

For cubical potion:
Edge =7 cm

For hemisphere portion:

Diameter =7 cm.

. 7
Therefore radius r = > cm

Surface are of solid = TSA of cuboid + CSA of
hemisphere — Area of base of hemisphere
= 6a’ + 2nr? — nr?
=6X7%+mnr?
=6X%X49 + ? X % X %
=294+ = 2944385

= 332.5 cm?

5) A hemispherical depression is cut-out from one
face of a cubical wooden block such that the
diameter [ of the hemisphere is equal to the
edge of the cube. Determine the surface area of

the remaining solid. -
Solution: ‘H
Given: /‘

Edge of cube = Diameter of hemisphere. ﬂ
=1

Therefore radius of hemisphere = é

Hemispherical depression is cut-out from one face
of cubical block.

Therefore surface area of remaining solid = TSA of
cube + CSA of hemisphere — base area of
hemisphere.
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= 6(Edge)? + 2nr? — nr?

= 6l% + mr?

2
=6l°+m (L)

2
24124712

=6lz+”—12= = E(24+7r)squnit
4 4 4 ’

2
Surface area of remaining solid = %(24 + 1) sq
unit

6) A medicine capsule is in the shape of a cylinder
with two hemisphere stuck to each of its ends.

The length of the entire capsule is 14 mm and

the diameter of the capsule is 5 mm. Find its
surface area.

T qmn—
Jd -
—— m—
Solution:
Given:

Medicine capsule is combination of two hemisphere

and a cylinder.

Length of capsule = 14 mm

Therefore Length of cylinderical part =14 -2.5-2.5
=14 -5
=9mm

radius of cylinderical part = ;

radius of hemisphere r = g
Now surface area of capsule = CSA of cylinder + 2
X CSA of hemisphere.
=2nrh + 2 X 2nr?
= 2nrh + 4mr?
= 2nr[h + 2r]
=2x%x§[9+2x§]

14]:%‘“’

110
-1

= 220 mm?

7) A ten is in the shape of a cylinder surmounted
by a conical top. If the height and diameter of
the cylindrical part are 2.1 m and 4 m,
respectively and the slant height of the top is 2.8
m, then find the area of the canvas used for
making the tent. Also, find the cost of the
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8)

canvas of the tent at the rate of 500 per m?.
(2016).

Solution:

Given that, the tent is combination of cone and the
cylinder.

Cylinder:

radius r = 2m

4
2

height h = 2.1m

Cone:

radiusr = 2m

slant height [ = 2.8 m
Required surface area of the tent = CSA of cone +
CSA of cylinder.

nrl + 2nrh

nr(l + 2h]

= x 2[28 +2(2.1)]
= x2[2.8 +4.2]
=X 7 = 44m?

Cost of canvas per meter sq. = Rs.500
Therefore cost = 44 X 500 = Rs.22000

From a solid cylinder whose heigh
is 2.4 cm and diameter 1.4 cm,

a conical cavity of the same height
and same diameter is hollowed out
Find the total surface area of the
remaining solid to the nearest cm?.
Solution:

Radius of cylinder = radius of conical cavity
1.4 07
> =0 cm

Height of cylinder = Height of conical cavity

=24cm

Slant height of conical cavity [ = ‘[hz + r2

= J(24)% + (0.7)2
= v/5.76 + 0.49

= v6.25=25cm
Now TSA of remaining solid = CSA of cavity + CSA

of cylinder + Area of the base of the cylinder

nrl + 2nrh + nr?

ar(l+ 2h +71)

2. Lyem
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= 2% 0.7(25+2(24) +0.7)

=22 X 0.1(2.5 + 4.8+ 0.7)
=2.2x%x8.0
=17.6 =~ 18cm?
TSA of remaining solid = 17.6 =~ 18cm?

9) A wooden article was made by scooping out a
hemisphere from each end of a solid cylinder, as
shown in adjacent figure. If the height of the
cylinder is 10 cm and its base is of radius 3.5
cm, then find the total surface area of the article.
Solution: ?

Given wooden article is combination
of cylinder + two hemisphere.

Height of the cylinder h = 10 cm.

radius of cylinder = radius of hemisphere
r=35cm.
Now TSA of the wooden article = CSA of cylinder +
2 X CSA of hemisphere.

= 2nrh + 2 X 2mr?

= 2nrh + 4nr?

= 2nr(h + 2r)

=2 x§x3.5[10+2(3.5)]
=2x2xzx17=
7 2
17 x 22
= 374 cm?

Example 5: Shanta runs an industry in a shed
which is in the shape of cuboid surmounted by a
half cylinder. If the base of the shed is of
dimension 7 m X 15 m and the height of the
cuboid portion is 8 m. Find the volume of air that
the shed can hold. Further, suppose the machinery
in the shed occupies a total space of 300 m?, and
there are 20 workers, each of whome occupy about
0.08 m3 space on an average. Then how much air

is in the shed? (n = g)

Solution: The volume of air inside the shed is the

volume of air inside cuboid and volume of air in the half

cylinder together.

Cuboid:
length =15 m.
breadth = 7 m.
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Height = 8 m.
Cylinder:

radius of cylinder r = %m
Height h = 15m
Therefore the required volume = volume of cuboid + %
volume of cylinder.
= Ibh + 7r2h

:15x7x8+1x2xzxzx15
2 7 2 2

_840+LSS — 840 + 288.75

=1128.75m3
Total space occupied by the machinery = 300 m3
Space occupied by the 20 workers = 20 x 0.08
=1.6m3

Therefore space occupied by machinery and 20
workers
=300 + 1.6 = 301.6 m3
Therefore volume of air inside the shed = total volume
— space occupied by the machinery and 20 workers.

= 1128.75-301.6

Volume of air inside the shed = 827.15 m3..

Example 6: A juice seller was serving his
customers using glasses as shown in the figure.
The inner diameter of the cylindrical glass was 5
cm, but the bottom of the glass had a
hemispherical raised portion which reduced the
capacity of the glass. If the height of a glass was
10 cm, find the apparent capacity of the glass and

its actual capacity. (r = 3.14)
Solution:

Actual capacity of the glass = volume of cylindrical

glass — volume of hem|sphe+=e—<>

Scm

Cylinder:

0em —y

. 5
radius r = 5 cm

Height h = 10 cm Ve N
T

Volume of cylindrical glass = nr2h
22 55
= =X=x=-x10
272

=3.14%x25%x25x%x10
=314 X% 6.25
= 196.25
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. 2

Volume of hemisphere = 5717”3

2 5.5_5

= -X314X=X=X=
3 27272

— 1.57%x125 — 196.25
6 6
=32.71
Therefore 1 = 196.25 — 32.71
= 163.54 cm?

Example 7: A solid toy is in the form of a
hemisphere surmounted by a right circular cone.
The height of the cone is 2 cm and the diameter of
the base is 4 cm. Determine the volume of the toy.
If a right circular cylinder circumscribes the toy,
find the difference of the volumes of the toy and
cylinder. (r = 3.14)

Solution:

Let ABC be the cone standing

on the base of hemisphere BPC. A
Cone:

radius of the cone r =2 cm.

Height of the cone h =2 cm.
Hemisphere:

radius of hemisphere r = 2cm.
Therefore volume of the toy = Volume of hemisphere +
Volume of cone

= %7‘[7’3 + %m‘zh

= §x3.14><23+§x3.14x22x2

=2x22[8+4]
= §><3.14><12

=314x%8

= 25.12 cm?

Cylinder:

radius of the cylinderr =2 cm

h=0A+ OP

=2+2=4cm.

Volume of cylinder = nr?h = 3.14 x 2% x4
=314 x4 x4 =3.14 x16
= 50.24 cm?

Now Difference between the cylinder and the toy is
50.24 —25.12 = 25.12 cm3

Height of cylinder
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EXERCISE 13.2

1) A solid in the shape of a cone standing on a
hemisphere with both their radii being equal to 1

cm and the height of the cone is equal to its
radius. Find the volume of the solid in terms of
.

Solution: Solid is a combination of cone and a

£
N

Now volume of solid = Volume of cone + Volume of

hemisphere.
Cone:

radius r=1cm
Heighth =1 cm
Hemisphere:

radiusr =1 cm.

hemisphere.

1 2
= ET[TZh + 57'[7"3

%nx12x1+§nx13

T 2 3
= -4 —= — =
3 3 3

mcm3

Volume of solid = 1 cm?

2) Rachel, an engineering student was asked to
make a model shaped like a cylinder with two
cones attached at its two ends by using a thin
aluminum sheet. The diameter of the model is 3
cm and its length is 12 cm. If each cone has a
height of 2 cm, then find the volume of air
contained in the model that Rachel made.
Solution:

Model is combination cylinder and two cones.

Cone:
a 3cm
Height h; = 2 cm [
. 3 12¢wm el
radius r; = 5 cm. Y U —'
Cylinder:

Height h, =12 —2—2=12—4=8cm

. 3
Radius r, = S cm.

Now volume of air inside the model = Volume of air

in (Cylinder + 2 cones)

1
T[rzzhz + 2 X Enrlzhl

22 3 3 2 22 3 3
= —X=-X=-X8+ -X—X=-X=X2
7 2 2 3 7 2 2
22 33 4 22 3,328
= —x—x—[8+—] = ZEXZX=X==66cm?
7 2 2 3 7 2 2 3

Volume of air inside the model = 66 cm3
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3) A Gulab jamun, contains sugar syrb upto 30% of
its volume. Find approximately how much syrup
would be found in 45 Gulab jamun, each shaped
like a cylinder with two hemispherical ends with
lengths 5 cm and diameter 2.8 cm.

Solution:
Gulab jamun is a combination of cylinder with two

hemisphere.
Length of gulabjamun =5 cm.

diameter =2.8cm.

L 1.4 cm

Therefore radius r = 5

Radius of hemispherical part = radius of cylinder
=1.4 cm.
Therefore Height of cylinder =5 — (1.4 + 1.4)
=5-28
=2.2cm.
Now volume of one gulabjamun = Volume of

cylinder + 2 X Volume of hemisphere.
= mr2h+2Gmr?)

= ZX 14X 14X 22+2CX 2 X 14X 14X 1.4)

22 14 _ 14 _ 22 222 14 _ 14 _ 14
= o X=X=X—F+2EX—X=X—=X=)
7 7107 10 7 10 377 7107107 10
22 14 _ 1422 2 14
= =X— —[—+2><—><—]
7 “ 107 10l10 37 10
_ 11x14 [22 56] _ Lix14, 66+56 _ 11x14 122
= 25 lio " 30l T 25 30 25 30

Therefore volume of 45 Gulab jamun

11x14 122 3X11X14%x61 33X14x61
= 45X X = = =

25 30 25 25

_ 28182

=1127.28 cm3

Volume of 45 Gulab jamun = 1127.28 cm?
Now, Volume of cyrub = 30% of volume of 45 Gulab

jamun
3381.84

= 3% x1127.28 = — 338.184
100

Volume of cyrub = 338 cm?3

4) A pen stand made of wood is in the shape of a
cuboid with four conical depressions to hold
pens. The dimensions of the cuboid are 15 cm
X10 cm X 3.5 cm. The radius of each of the
depressions is 0.5 cm and the depth is 1.4 cm.
Find the volume of wood in the entire stand.
Solution: ‘

Given length of cuboid [ = 15cm
Breadth b = 10 cm
Height h = 3.5 cm
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Volume of wooden cuboid =1 X b X h

05 =15x10x3.5

fﬁ =15%x35
|
4 = 525 cm?

Radius of conical depressionr = 0.5 cm

Height of conical depression h = 1.4 cm

. . 1
Volume of conical depression = Enrzh

1 22 5 5 14
= SXEX=X—X=—
3 7 10 10 10

11 3

= ——Ccm
30

. . 11
Now, Volume of 4 conical depression = 4 X T

22 4

= —Ccm
15

Volume of wood in the entire stand = Volume of

cuboid — Volume of 4 conical depression

=525 2

15
=525 —1.47
= 523.53 cm3

5) A vessel in the form of an inverted cone. Its
height is 8 cm and the radius of its top, which is
openis 5 cm. ltis filled with water upto the
brim. When the lead shots each of which is a
sphere of radius 0.5 cm are dropped into the
vessel, one fourth of water flows out. Find the
number of lead shots dropped in the vessel.
Given: A cone and spherical lead Sem

shots are given.
Cone:
Radiusr=5cm
Height h =8 cm

1
Volume of cone = gnrzh

1 22
5)(7)(5)(5)(8

110x40 4400 3
= ——Cm
21 21

Volume of water filled in the vessel = Volume of cone

_ 4400 3
21
Spherical lead shot:
. 1
radius r = 0.5 = Scm
4
Therefore volume of one lead shot = Em”3
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M _2_ 1
84 42 21
Note that volume of water flows’ out is equal to
volume of lead shot.
Let n be the number of lead shot dropped into the
vessel.

According to the question,

11 1
nx—= 7 of volume of water

11n _ 1 _ 4400
21 47 21
1 4400 21
n=-X—xX—
47 21 T 11
=100

Therefore Number of lead shots dropped into
the water = 100.

6) A solid iron pole consists of cylinder of height
220 cm and base diameter 24 cm, which is
surmounted by another cylinder of height 60 cm
and radius 8 cm. Find the mass of the pole,

given that 1 cm? of iron has approximg
mass. (T = 3.14)
Solution:

Given solid is a combination two cylinder.
Cylinder |
Height of 15t cylinder h; = 220 cm

radius of 1%t cylinder r;, = 22—4 =12cm

Volume of 1%t cylinder = mry2h,
=314 x12%x 12 x 220
= 3.14 X 144 x 220
= 3.14 x 31680

12Cny

=99475.20 cm?
Cylinder i
radius r, =8 cm
Height h, = 60 cm
Volume of 2" cylinder = mr,2h,
=314 x8x%x8x60
= 3.14 X 64 X 60
= 3.14 x 3840
= 12057.60 cm?3

Now, Volume of iron pole = Volume of 15t cylinder +
Volume of 2" cylinder.

= 99475.2 4+ 12057.6
=111532.8 cm?
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Given, mass of 1 cm3 of iron pole = 8 gm.
Therefore mass of 111532.8 cm?2 of iron

=111532.8 x 8 gm

111532.8 X — kg
100

8922624
~ 1000

892.2624 kg
= 892.26 kg

7) A solid consisting of a right circular cone of
height 120 cm and radius 60 cm standing on a
hemisphere of radius 60 cm is placed upright in
a right circular cylinder full of water such that it
touches the bottom. Find the volume of water
left in the cylinder, if the radius of the cylinder is
60 cm and its height is 180 cm.

Solution:

Given solid is a combination
of cone and a hemisphere
and is placed into a right

circular cylinder.

Cylinder:
Height of cylinder h; = 180 cm
Radius r = 60 cm

Cone:

Height of cone h, = 120 cm
radius r = 60 cm

Hemisphere:

radius r = 60 cm

Note that radius of cone, hemisphere, cylinder are
same.

Volume of cylinder = mr?h,

§x60><60x180

22X6X6X%X18 % 1000

22X36X%X18 % 1000

792X18 % 1000

14256 % 1000

14256000 5
—cm
7
14256 _ 3
S m

For conical portion:

radius r = 60 cm
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. . 1
volume of conical portion = gnrzhz

§x§x60x60x120
1 §x6x6x12><1000

- X
3
22X144x1000

7

3168000 2
7 cm

3.168
= m3

7
For hemispherical portion:

Radius r = 60 cm

Volume of hemispherical portion = %nr3

2 22
5)(7)(60)(60)(60
2 22
= §><7><6><6><6><1000
88%36%x1000
7
3168000
cm
7
3.168
m3
7

Volume of water left in the cylinder = Volume of

cylinder — (Volume of cone + Volume of

hemisphere)
14.256 _
7

14256 [6.336

- 7 7

14.256-6.336 _ 7.920 5
7 =5 m

3.168 3.168
[+
7 7

¥ = 1.13143

Volume of water left in the cylinder = 1.131 m3

8) A spherical glass vessel has a cylinder neck 8
cm long, 2 cm in diameter, the diameter of
spherical part is 8.5 cm. By measuring the
amount of water holds, a child finds its volume
to be 345 cm3. Check whether she is correct,
taking the above as the inside measurements
and T = 3. 14.
Solution:

Given: The spherical glass vessel
is a combination of cylinder + sphere.
Now, volume of water filled in

the vessel = volume of water in cylinder +

N
3

volume of water in sphere.

For cylindrical portion:
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Height of cylinder h =8 cm

radius of cylinder r =1 cm

Therefore volume of water in the cylinder = mr2h
=314%x1%x1x8

=25.12 cm3
For Sphere:

. 8.5
radius r = - cm

Volume of water in the sphere = gnr3

4 8.5 8.5 8.5
= -X314X—X—X—
3 2 2 2

1.57%x8.5X8.5%X8.5
3

964.17625
3

=321.39 cm?
From 1 Volume of water in the vessel = Volume of
water in the cylinder + Volume of water in the
sphere.

= 25.12 + 321.39

= 346.51 cm?

So, the correct answer is 346.51 cm3.

Conversion of Solid from one shape to Another

Example 8: A cone of height 24 cm and radius of base
6 cm is made up of modelling clay. A child reshapes it
in the form of a sphere. Find the radius of the sphere.

Given:

Cone:
Height h = 24 cm

21\er

radiusr = 6 cm

1

Volume of cone Enrzh

=§nx6><6x24

=12X24Xm
= 288 mcm3
Now the cone reshaped into the sphere
= volume of sphere = volume of cone
“mr3 = 2887

288x3
r3=
4

r?=23%x32x3

= 23x33

=72%x3

Thereforer =2 x3 =6 cm.

Therefore radius of the sphere r = 6 cm.
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Example 9: Selvi’s house has an overhead tank in
the shape of a cylinder. This is filled by pumping
water from a sump. Which is in the shape of a
cuboid. The sump has dimension 1.57 m X

1.44 m x 95 cm. The overhead tank has its radius
60 cm and height 95 cm. Find the height of the
water left in the sump after the overhead tank has
been completely filled with water from the sump
which had been full. Compare the capacity of the
tank with that of the sump. (7 = 3.14)

Solution:

The volume of water in the overhead tank is equal to

volume water removed from the sump.

Cylindrical tank: bocm
Height h = 95 cm T
r=60cm 5"
Volume of water in the overhead |
cylindrical tank = nr2h ]
~—

=3.14 X 60 X 60 X 95
Cuboid shape of sump
length = 1.57 cm = 157 cm
Breadth = 1.44m = 144 cm
Height = 95 cm

Volume of water in the sump
whenfull=1xbXxh

=157 X 144 x 95 cm3

Now, volume of water left
=157 X 144 x 95 — 3.14 X 60 X 60 X 95

=157 %x12%x12x95-3.14x12x5%x12 x 5x95
=12x12x95[157 — 3.14 X 5 X 5]

=12 % 12 X 95[157 — 3.14 X 25]

=12 x 12 x 95[157 — 78.50]

=12Xx12x%x95x%x78.5
IXbxh=12x12x95x78.5
1.57mx144mxh=12x12x95x%x78.5

12X12X95x78.5 _ 95
157x144 2

h=47.5cm
Therefore height of the water left in the tank = 47.5 cm

h =

Now, the capacity of the tank with that of sump,

capacity of the tank _ 3.14X60X60X95
157X144%95

_ 3.14X60X60
T 157x144

capacity of the sump -

_3.14x25 _ 7850 _ 1

157 157 2

Therefore Capacity of the tank is half the capacity

of the sump.
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Example 10: A copper rod of diameter 1 cm and
length 8 cm is drawn into wire of length 18 m of
uniform thickness. Find the thickness of wire.
Cylindrical rod:

Length I = 8 cm.

radius r = % cm.

Volume of rod = nr?h =1 X ; X ; X 8= %ncm3

= 2mcm3

Wire:

Length of wire h = 18 m = 1800 cm.

Let r be the radius of wire.

Therefore Volume of wire = nr2h
=nmxr?x18m
= X r?x 1800 cm?

Given, rod is reshaped into wire.

Now, Volume of wire = Volume of rod.

nr? X 1800 = 2x

2 2 1
rt =—=—
1800 900
1
Therefore r = —
30
Thickness of the wire = 2r
1
=2X—=
30
1
= —CcMnm

15
=~ 0.666 =~ 0.67 mm(app)

Example 11: A hemispherical tank full of water is

emptied by a pipe at the rate of 3% litres persecond.

How much time will it take to empty half the tank, if
it is 3 m in diameter.
Given:

radius of the tank = %m'

Volume of hemispherical tank = 27'[73

2 22 3 3 3
=SXEXSXEXS
3 7 2 2 2
99
:—m3

14
Volume of water to be emptied = % of the tank

1.9 3
=>X—m
2 14
=2 %1000 litres
28
Given volume of water emptied in 1 sec
=32 litres
7

25 ;.
= = litres
7
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So, % litres of water is emptied in 1 sec.

Therefore 1 litre of water is emptied in %
7

7
= — Sec
25

Now, % % 1000 litres of water is emptied

Z %2 %1000 sec
25 28

=990 sec

990 99

= —=-—min
60 6

=16.5 min

+ EXERCISE 13.3,

1) A metallic sphere of radius 4.2 cm is melted
and recast into the shape of a cylinder of radius
6 cm. Find the height of the cylinder.
Solution:

radius of the sphere r = 4.2 cm

lw.

4
Therefore volume of sphere = 57"3

= §><n><4.2><4.2><4.2cm3

Cylinder:
radiusr = 6 cm
Let Height of the cylinder be h cm.

Given that the sphere is melted and

i

recast into cylinder.
Y=bem
Volume of cylinder = Volume of sphere

42 42 42

10 10 10

4 42 42 42
6X6Xh==-X—=X—=X—
3 10 10 10

4
nr2h=§><n><

1 4 42 42 42
h=—X-X—X—X—
6x6 3 10 10 10
4X7XTX14  28X98
h= = cm
1000 1000
2744
~ 1000
h=2.744 cm.

2) Metallic sphere of radii 6 cm, 8 cm, 10 cm
respectively, are melted to form a single solid
sphere. Find the radius of the resulting sphere.

Solution: Letr;, = 6 cm,r, =8 cm, 13 = 10 cm be

radius of three metallic spheres. Let r be the radius

of a single solid sphere.

. I ‘

-
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Volume of single solid sphere = Volume of three =2 3% 3% 14m3 by — 2.4y
7 2 2 2
metallic sphere. — 99 m3
2ot =23+ iand + 2l
3 3 3 3
)
= %71[7‘13 + 1,3 + 133 J_

r3=6%+8%+10% =216+ 512+ 1000
=728+ 1000 = 1728 = 123

We know that the embankment form a hollow
=r=12cm

Therefore radis of resulting sphere = 12 cm. cylinder.

Therefore volume of embankment = Volume of
3) A 20 m deep well with diameter 7 m is dig and hollow cylinder
the earth from digging is evenly spread out to
form a plat form 22 m x 14 m. Find the height
of the platform. Inner radius r = % m.
Solution:

Hollow Cylinder:

OuterradiusR =4 +>=2m
Well is in the form of cylinder. z 2

2 _ 2.2
Height of the cylinder h = 20 m. Volume of hollow (R = r%)h,

Here h, be the height of Hollow Cylinder.
22[ r11\%2  [3\2
Therefore7 (?) - (—) ]hz

2

radius of cylinder r = 7/, m.

Volume of cylinder (Well) = nr2h

22 7 7 22121 9 22 [121-9
=Zxixix20 =____] 2=_[ ] )
7 2 2 7 4 4 7 4

=77x10 =770 m? =E[£]h
71412

Length of platf l=24m.
ength of patiorm mn Now volume of embankment = Volume of earth

Breadth of platform b = 14 m.

taken out.
Let h be the height of plat form 92 112
—X—Xh,; =99
Therefore volume of platform = lbh 7
99x4 X7 9
=22x14 X h Therefore h, = 1 "8 1.125m
Given that the earth is removed and spread out to Therefore Height of embankment h, = 1.125 m.

form a plat form.
5) A container shaped like a right circular cylinder

Therefore volume of plat form = Volume of having diameter 12 cm and height 15 cm is full

cylinder. of ice-cream. The ice cream is to be filled into
22 x14 X h =770 cones of height 12 cm and diameter 6 cm,

770 s having a hemispherical shape on the top. Find
= Saxis 2 the number of such cones which can be filled
=25m with ice-cream.

Solution:

Therefore Height of platform = 2.5 m.

Container (Cylinder):

4) A well of diameter 3 m is dug 14 m deep. The Height of the container h = 15 cm.
earth taken out of if has been spread evenly all

. . . . radius of the container r = = = 6 cm.
around it in the shape of a circular ring of width 2

4 m to form embankment. Find the height of Therefore Volume of ice cream in the container =
the embankment. Tr2h = T X6 X6 X% 15 cm3
Solution:

o _ Now, volume of cone full of ice-cream = Volume of
The well is in the form of cylinder. )
i o cone + Volume of hemisphere
Height of cylindrical well h = 14 m.

_ s Cone:
Radius of the well r = S m. Height h = 12 cm.
Therefore volume of earth taken out = nr2h radius r = 3 cm.

e —
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1
Therefore volume of cone = gnrzh
1
=57 X3x3x%x12

=36 cm?
Hemisphere:

radius r = 3 cm.

. 2
Therefore volume of hemisphere = 5717*3

=§nx3x3x3

=187
Therefore volume of cone full of ice cream
=36m+18m =54nw
Let n be the number of full of ice cream cone, then
the volume of ice cream container = n x Volume of
cone full of ice-cream.

TX6X6X15=nx54x%xmn

6X6Xx15
54

Therefore n = 10

Hence the number of cone is 10

6) How many silver coins, 1.75 cm in diameter and

of thickness 2 mm must be melted to form a
cuboid of dimension 5.5¢cm x 10 cm X 3.5 cm?
Solution:

coin is in the cylinder.

. . 1.75 17.5
radius of coin = = cm=—=mm.

Height of coin h = 2 mm.

Therefore volume of the coin = ©r?h
= % X %5 X 1;—5 x 2 mm?3
=11x25x%x17.5
Volume of cuboid = length x breadth xheight
=550 x 100 x 35 mm?3
Let n be the number of coins required to make the
cuboid.
Therefore n x volume of coin = volume of cuboid.

nx11x2.5x17.5 =550 %100 x 35

_ 550X100X35 _ 550x100X35
T 11x2.5x17.5  11x2.5X17.5

=400

Therefore 400 silver coins must be melted to

= 4000 mm

form a cuboid.

7) A cylindrical bucket 32 cm high and with radius

of base 18 cm, is filled with sand. The bucket is
emptied on the ground and a conical heap of
sand is formed. If the height of conical heap is
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24 cm. Then find the radius and slant height of

the heap.
Solution:

The sand filled in cylindrical bucket form a conical
heap on the ground.
Therefore volume of cylindrical bucket = volume of

cone.
mrih = gm‘zh
18x18x32=§xr2x24

Therefore r2 = 1218323
24

r2=9X2X9X2X2x2
r=v92x2t=9x22=9x4
=36 cm.
Slant height of heap | = Vh2 + 12
=242 +362 =576+ 1296

=+/1872 =24 x32x 13 =4 x 313
=12v13 cm.

Hence radius and slant height of heap are 36 cm
and 12v13 cm respectively.

8) Water in a canal, 6 m wide and 1.5 m deep is
flowing with a speed of 10 km/hr. How much
area will it irrigate in 30 min, if 8 cm of standing
water is needed.

Solution:
Given speed of water = 10km/hr.

=10 x 1000 m/hr.

Length of water flow in 1 hour = 10 X 1000 m

10x1000

Length of water flow in % hour =

= 5000 m.
Now, volume of water flowing in 30 min = volume
of cuboid of length 5000 m, width 6 m and height
1.5m.
= 5000 X 6 x 1.5 = 5000 x 9 = 45000 m?

Now, The area covered for irrigation with 8 cm

. 45000 45000 45000100
standing water = . =3 =
8cm — 8
100
4500000
= = 562500 m?
562500
= h

10000
Area covered for irrigation with 8 cm standing
water = 56.25 hec
Note: 1 hec = 1000 m?
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9) A former connect a pipe of intenal diameter
20 cm from a canal into cylindrical tank in his
field, which is 10 m in diameter and 2 m in deep.
If water flows through the pipe at the rate of
3 km/hr, in how much time will the tank be
filled?
Solution:

Given speed of flow of water = 3km/hr.
= 3000 m/hr.

Diameter of the pipe = 20 cm.

Therefore radius of the pipe = ? =10cm

10
100

1
=—m
10

Now, volume of water flow in 1 hour = nr2h
=7 X (110)2 X 3000
= 7 X X 3000
= 30mm3
For Cylindrical tank:
Diameter = 10m, Therefore radius = 5 m.
Height = 2 m.
Therefore volume of cylindrical tank = mr2h
= 1(5)% X 2
=71 X 25 X 2 = 50mm?

Therefore Required time =

volume of cylindrical tank

volume of water flows in 1 hour

=37 =30 % 60min = 100 min
30m 30

Hence time taken to fill the tank = 100 min.

Frustum of a cone: Let h be the height, [ the slant
height and r; and r, the radii of ends of the frustom of a
cone. Then we can directly find the volume, the curved
surface area and the total surface area of frustum by
using the formula.

1) Volume of the frustum of the cone

1
= §nh(r12 + 1,2 +1ry)

2) CSA of frustum of the cone = nl(r; + 1)

Where | = \/h? + (1, — 1)
3) Total surface area of frustum of a cone =

mwl (ry + 1,) + 1% + 2

Where | = \/h? + (1, — )2
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Example 12: The radii of the ends of a frustum of a
cone 45 cm high are 28 cm and 7 cm. Find its
volume, the curved surface area and the total

surface area. (m = 22/,).
Solution:

Givenr, =28 cm,r, =7 cm,h = 45 cm.
Therefore | = m
_ AT @87
=+2025 + 212
= /2025 + 441 = V2466 = 49.65

(i) Volume of frustum = gnh( n2+n2+nn)

= 2 xZ X 45[28% + 7% + 7 X 28]

=§x§x45[784+49+ 196]

=2 x 15[1029]
=22 x 15 x 147

Volume of frustum = 48510 cm3

(i) CSA of frustum = w(r; + ;)1
= % [28 + 7]49.65

= 2% 35 x 49.65

=110 % 49.65

CSA of frustum = 5461.5 cm?.
Total surface area of the frustum
=n(r, + )l +nar? + 1y’
= 54615 + = x 282 + Z x 72
= 54615+ 2 X 28X 28+ =X 7 X7

=54615+22x%x112+22%x7
= 5461.5 + 2464 + 154

Total surface area of the frustum = 8079.5 cm?

Example 13: Hanumappa and his wife Gangamma
are busy making Jaggery out of sugarcane juice.
They have processed the sugarcane juice to make
the molasses, which is poured into moulds in the
shape of a frustum of a cone having the diameters
of its two circular faces as 30 cm and 35 cm and
the vertical height to the mould is 14 cm. If each
cm? of molasses has mass about 1.2 g, find the
mass of the molasses that can be poured into each
mould.

Solution:

Since the mould is in the shape of a frustum of a cone.
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The quantity that molasses that can be poured into it is
nothing but the volume of the frustum.
T
= §h(7‘12 + T'22 + rlrz)
Here r, = Z—Scm, T, = 32—0cm, h = 14cm.

Therefore volume

o xaa|(5) +(3) + ()< (D)

1 1225 900 1050
=-x44 (2240 —]
3 4 4 4

1 3175
= x 44|22
3 4

11x3175 _ 34925

—— = 11641.666
3 3

11641.67 cm3

Given that mass of 1 cm3 molasses = 1.2 g
Therefore mass of 11641.67 cm® molasses =
11641.67 x 1.2

= 139700004 = 13970.004 gm.

Mass of 11641.67 cm? molasses = 14 kg (app).

Example 14 : An open metal bucket is in the shape
of a frustum of a cone, mounted on a hollow
cylindrical base made of the same metallic sheet.
The diameters of the two circular ends of the
bucket are 45 cm and 25 cm the total vertical height
of the bucket is 40 cm and that the cylindrical base
is 6 cm. Find the area of the metallic sheet used to
make the bucket, where we do not take into
account the handle bucket. Also find the volume of
water the bucket can hold?

Solution:

The total height of the bucket is 40 cm which includes
the height of the base 6 cm.

Therefore Height of the frustum = 40 — 6 = 34 cm.

45 25
Here r, = =

Now, I = \/h?Z + (r; — 13)2 = /342 + (22.5 — 12.5)2

= /1156 + 10% = V1156 + 100

= 1256

=35.44cm
The area of metallic sheet used = curved surface area
of frustum + base area of frustum + CSA of cylinder.
=n(r + )l +ar? + 2nrh

Frustum: Cylinder: | Base area:

rp, =225 | r=125cm| radiusr =12.5cm
rp, =125 | h=6cm

h =34
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Area of metallic sheet used = 7[(r; + 1)l + 7% + 2rh]
=1 [(22.5 + 12.5)35.44 + (12.5)2 + 2 X 12.5 X 6]

22

=~ [35 x 35.44 + 156.25 + 150]
22

=~ [1240.4 + 156.25 + 150]

22
= - [1546.65]

=22 % 220.95

The area of metallic sheet used = 4860.9 cm?

Now, volume of bucket = X A[r;? + 1,2 + 117]

= 2—72 x 2[(22.5)% + (12.5)? + 22.5 x 12.5]

3

= % X % [506.25 + 156.25 + 281.25]
= 2—72 x % X 943.75 = 33615.48 cm?

Volume of bucket = 33.62 Itrs.

EXERCISE 13.4
F Sadintlt b oulihdi Y

1) A drinking slats is in the shape of a frustum of
a cone of height 14 cm. The diameters of its two
circular ends are 4 cm and 2 cm. Find the
capacity of the glass.

Solution:

Given h = 14 ¢m.

rn=2cm

rn,=1cm.

Now, volume of drinking glass

= %m’h[rl2 + 1,2 + 11y

2
Volume of drinking glass = 102 3 cm?

2) The slant height of a frustum of a cone is 4 cm
and the perimeter of its circular ends are 18 cm
and 6 cm. Find the curved surface area of the
frustum.

Solution:

Given slant height [ = 4 cm.
Perimeter of one circular end 271y

2nry = 18 cm.

18 9
Therefore r, = — == cm.
21 T

Perimeter of another circular end 2ntr, = 6 cm.
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Hence CSA of the frustum = (1 + 1y)l
=n|2+3] x4 =mxZx4 =4x12

CSA of the frustum = 48 cm?

3) A fez, the cap used by the turks, is shaped like

the frustum of a cone. If its radius on the open
side is 10 cm, radis at the upper base is 4 cm
and its slant height is 15 cm, then find the area
of material used for making it. i
Solution:

Givenl =15cm,r; = 10 cm,

r, =4 cm.

Hence area of material used for :
making fez = CSA of frustum + Area of upper
closed ends.

=n(r, + 1)l + 7ry?

= m[10 + 4]15 + 7(4)?

= m[210 +16] = = x 226

=22 — 7102 cm?.
7 7
Area of material used for making fez =

71073cmZ

4) A container, opened from the top and made up

of a metal sheet, is in the form of a frustum of a
cone of height 16 cm with radii of its lower and
upper ends as 8 cm and 20 cm, respectively.
Find the cost of the milk which can completely
fill the container, at the rate of 20 per litre.
Also find the cost of metal sheet used to make
the container, if it cost 8 per 100 cm?.
(m=3.14)

Solution:

Container is in the shape of frustum.
Given h = 16 cm,r; = 20,1, = 8 cm.

Now, volume of container = Volume of frustum

1
= §7l’h[7”12 + 1% + 1y

1

=3 X 3.14 x 16[20% + 82 + 20 x 8]

= 2 X 3.14 X 16[400 + 64 + 160]

=§><3.14><16><624 =3.14 x 16 x 208

_ 1044992

= 10449.92 cm? litres

=10.449 = 10.45 litres.
Cost of 1 liter milk = %20
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Therefore cost of 10.45 liters of milk = 10.45 x 20
= 209.00
Cost of 10.45 liters of milk = 3209

Now, slant height [ = m
=,/16% + (20 — 8)?
=256 + 144 =400

Slant height l = 20 cm.

Area of metal used for making the container = CSA

of frustum + Area of its Lower end.

=n(r + 1)l + 7y ?

= 3.14(8 + 20) X 20 + 3.14 x 82

=314 X 28x%x 20+ 3.14 X 64

= 3.14[560 + 64]

= 3.14 X 624 = 1959.36 cm?

Cost of metal sheet per 100 cm? = 38

Therefore, cost of metal sheet per cm?= %%

Therefore cost of metal sheet used to make the

container = 1959.36 x % = 1567488 _ 156.7488

100

Cost to make metal sheet for the container = 3156.75

5) A metallic right circular cone 20 cm high and
whose vertical angle is 60°, is cut into two parts
at the middle of its height by a plane parallel to
its base. If the frustum so obtained be drawn

into a wire of diameter 116cm, find the length of
the wire.

Solution:

A cone of height 20 cm is

0Cm

cut into two parts, one, the

upper part is cone and the

other part is like frustum.
Therefore Height of 1stpartof g ~ == @=~~=-~ o
the cone is 10 cm and

Height of the frustum h = 10 cm.

For finding radii r;, consider the triangle.

0AE,tan 60° = 22
OFE
10 10
V3=—=rnr=—ocm
" ! \/§

For finding radii ,, consider the triangle,

A0'C,tan 60° = 24
oc

VB3=2=r=2cm
2 z \/§ )
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Volume of frustum = énh[rl2 + 1,2 + 11y

=irx0[(F) + () + 5=

1 100 400 200
=Imx 0[50+ 20+ 22
3 3 3 3
1071 700 70001 3

3 3 9

Given, the frustum can be drawn into cylindrical
. . 1
wire of diameter —cm.
. . 1
Therefore Radius of wire = 3 cm-

Let 'n’ be the height of cylindrical wire

Therefore volume of wire = ntr?h

According to the question,

Volume of wire = Volume of frustum

1 700071
TX—X—Xh=
32 32 9
7000 32%X32
Therefore | = =5 x cm
_ 7000x32x32
T 9x100
71680
= =7964.44m

Hence length of wire | = 7964.44 m.
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14
STATISTICS

MEAN:
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(i) Let x4, x5, x5 .... X, be n observations, then their arithmetic Mean is given by X = %& = ?zl%
(i) Let xq, x5, X3 .... X, be n observations and let f, f5, f5 ... f be their corresponding frequencies, then their

fixatfoxat A fnxn _ Sieq fing

fitfat+fn Thafi
S fid
Z?:lfi

arithmetic mean is given by x =

(iii) Short cut Method: ¥ = A + , where A is Assumed Mean d; = (x; — A).

Example 1: The marks obtained by 30 students of class X of certain school in a mathematics paper consisting
of 100 marks are presented in table below. Find the mean of the marks obtained by the

Students
Marks 10 20 36 40 50 56 60 70 72 80 88 92 95
obtained x;
Number of
students f; 1 1 3 4 3 2 4 4 1 1 ) 3 ]
Solution: B Sfx
Mean X = —
Xi fi fix; Zfi
10 1 1 1779
30
20 1 20
= 59.3
36 3 108
2 : 160 Therefore, Mean X = 59.3
50 3 150
56 2 112
60 4 240
70 4 280
72 1 72
80 1 80
83 2 176
92 3 276
95 1 95
Sfi=30 | >fix=1779

Example 2: The table below gives the percentage distribution of female teachers in the primary schools of
rural areas of various states and when teritories of India. Find the mean percentage of female teachers by all
the three method discussed in this section.

Percentage of female Teachers

15-25

25-35

35-45

45 -55

55 -65

65-75

75-85

Numbers of states/U.T

6

11

7

4

4

2

1
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Solution:
Percentag
e Numbers of x; di=x-A _x—A fix; fid; fou;
of female | states/U.T f; =70
Teachers
15-25 6 20 -30 -3 120 -180 -18
25-35 1 30 -20 -2 330 -220 -22
35-45 7 40 -10 -1 280 70 7
45-55 4 50 A 0 0 200 0 0
55-65 4 60 10 1 240 40 4
65-75 2 70 20 2 140 40 4
75-85 1 80 30 3 80 30 3
Zfi =35 zfixi = 1390 Zfidi = —360 Zfiui = -36
. . - i
From the table (ii) using assumed mean method X = a + %
Xf =35 (-360) |
—-360
2 fx = 1390 =50+-—— =50-10.28
5/ d, = ~360 =39.71
Y fu; = —36 (iii) using step deviation method x = a + ZZL; X h
. . . —  Yfx 1390 -
(i) using direct method X = S = =2 =50 +=-2x10 =50—10.28
i 35
=39.71 =39.71

Example 3: The distribution below shows the number of wickets taken by bowlers in one-day cricket matches.
Find the mean number of wickets by choosing a suitable method. What does the mean signify?

Number of Wickets 20 -60 60 -100 100 -150 | 150 -250 | 250-350 | 350 -450
Number of Bowlers 7 5 16 12 2 3
Solution:
Number of Nurr;lf)ers X, xi— A _d; wf;
Wicket taken i d=x;—200 %i=50 i
bowlers
20-60 7 40 -160 -8 -56
60-100 5 80 -120 -6 -30
100-150 16 125 -75 -3.75 -60
150-250 12 200 - A 0 0 0
250-350 2 300 100 5 10
350-450 3 400 200 10 30
Sfi=45 Zuifi - 106
Here Assumed Mean a = 200 h =20
Meanf=a+% =200+222x20 =200-22% =200 - 47.11
Mean x = 152.89
EXERCISE 14.1
,L— cssoe —9.

1) A survey was conducted by a group of students as a part of their environment awareness programme, in
which they collected the following data regarding the number of plants in 20 houses in a locality. Find the
mean number of plants per house.
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Number of plants 0-2 2-4 4-6 6-8 8-10 10-12 12-14
Number of Houses 1 2 1 5 2 3
Solution:
Class | Frequency | x: d=x—A fixi
fi xi=7 Y fix; =38—16 = 22
0-2 1 1 -6 -6
2-4 2 3 -4 -8 Herea=7
4-6 1 5 -2 -2 Yfi=20
6-8 5 7A 0 0
8-10 6 9 2 12 X fixi = 22
10-12 2 11 4 8 Mean ¥ = a + =742
12-14 3 13 6 18 DX 20
Yfi=20 > fxi=22 =7+11=81
2) Consider the following distribution of daily wages of 50 workers of a factory.
Daily wages in Rs 100-120 120-140 140-160 160-180 180-200
Number of workers 12 14 8 6 10
Solution:
Daily d=x-A d
Wages fi i x-150 | %= 39 wifi
100-120 12 110 -40 -2 -24
120-140 14 130 -20 -1 -14
140-160 8 150-A 0 0 0
160-180 6 170 20 1 6
180-200 10 190 40 2 20
Total Zfi =50 z uf, = —12
Here a = 150 Meanf=a+%Xh =150+_5—102><20
Xfi=50 24
=150—-—= =150-4.8=145.2
Suf; = —12 5
h = 20 Mean X = 14'5 2

3) The following distribution shows the daily pocket allowance of children of a locality. The mean pocket
allowance in Rs18. Find the missing frequency.
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Daily pocket allowance (in%) | 11.13 | 13-15 | 15-17 17-19 19-21 21-23 23-25
Number of children 7 6 9 F 5 4
Solution:

cl f x fx
11-13 7 12 84
13 -15 6 14 84
15 - 17 9 16 144
17 - 19 13 18 234
19 - 21 f 20 20 f
21-23 5 22 110
23-25 4 24 96

zf=44+f fo=752+20f
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N

Here, ). f, = 752 + 20f

Given that mean = 18
Lfx _ 18

xf

752420f _
44+f

18

= 752+ 20f = 18(44 + f)

CBSE - NCERT Solution Book for class 10

752 + 20f = 792 + 18f
20f — 18f = 792 — 752
2f = 40
f =20

Therefore the missing frequently is f = 20.

4) Thirty women were examined in a hospital by a doctor and the number of heart beats per minute were
recorded and summarized as follows. Find the mean heart beats per minute for those women, choosing

a suitable method.

Number of heartbeatper | g5 55 | 6g.71 | 7174 | 7477 | 7780 | 80-83 | 83-86
minute
Number of women 2 4 3 8 7 4 2
Solution:
Ci f x; fx; Mean % = 2/%i _ 2227
65-68 2 66.5 133 Lf 30
68-71 4 69.5 278 3
71-74 3 72.5 217.5 Mean x = 75.9
74-77 8 75.5 604.0
77-80 7 78.5 549.5
80-83 4 81.5 326.0
83-86 2 84.5 169.0
Y f =30 Y fix; = 2227

5) In a retail market, fruit vendors were selling mangoes kept in packing boxes. These boxes contained
varying number of mangoes. The following was distribution of mangoes according to the number of
boxes. Find the mean number of mangoes kept in a packing box.

Number of Mangoes 50-52 53-55 56-58 59-61 62-64
Number of boxes 15 110 135 115 25
Solution:
d=x;— A

50-52 15 51 -6 -90

53-55 110 54 -3 -330

56-58 135 57 -A 0 0

59-61 115 60 3 345

62-64 25 63 6 150

Y fi =400 Y. fid;=75
X fidi

Mean x = a +

i

=57+ =57+> =57+0.18
400 16

Mean x = 57.18

6) The table below shows the daily expenditure on food of 25 households in locality. Find the mean daily

expenditure on food.

Daily expenditure

100-150

150-200

200-250

250-300

300-350

Number of households

4

5

12

2

2

165




OM MURUGA PUBLICATION CBSE - NCERT Solution Book for class 10

Solution:
d= X — A

Cl fi X x; — 225 fid;
100 - 150 4 125 -100 -400
150 - 200 5 175 -50 -250
200 - 250 12 225 A 0 0
250 - 300 2 275 50 100
300 - 350 2 325 100 200

Zf=25 Zfidi=—350
Here ). f; = 25 Mean % = q + 2Lidi =350

=2254+—=225-14
25

d; = —350,4 = 225 i

2 fid Mean x = 211

7) To find out the concentration of So: in the air the data was collected for 30 localities in a certain city is
presented below. Find the mean concentration of So: in the air.

Concentration of So2 0.00 - 0.04 0.04 - 0.08 0.08-0.12 0.12-0.16 0.16 - 0.20 0.20-0.24
Frequency 4 9 9 2 4 2
Solution:
Cl fi Xi fix;
0.00 - 0.04 4 0.02 0.08
0.04 - 0.08 9 0.06 0.54
0.08 -0.12 9 0.10 0.90
0.012 -0.16 2 0.14 0.28
0.16 - 0.20 4 0.18 0.72
0.20 - 0.24 2 0.22 0.44
Zf,- — 30 Zfixi —2.96
Here Y f; = 30 = 0.0986
X fixi = 2.96 = 0.099
Mean i = 2fi%i _ 2% Mean ¥ = 0.099
f 30

8) A class teacher has the following absentee record of 40 students of a class for the whole term. Find the
mean number of days a student was absent.

Number of days 0-6 6-10 10-14 14-20 20-28 28-38 38-40
Number of students 11 10 7 4 4 3 1
Solution:
Cl fi Xi fixi
0-6 11 3 33
6-10 10 8 80
10-14 7 12 84
14-20 4 17 68
20-28 4 24 96
28-38 3 33 99
38-40 1 39 39
Zfl=40 Zfixi=499
Here ¥ f; = 40 Mean % = Zg—]j‘ =22 = 12475 = 1248
2 fix; =499

Mean x = 12.48
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9) The following table gives the literacy rate of 35 cities. Find the mean litracy rate.

Litracy rate in % 45-55 55-65 65-75 75-85 85-95
Number of cities 3 10 11 8 3
Solution:
_ Here =35
ci f x | 4=xC 7"0 fd 2f
* Yfd=-20
45-55 3 50 20 -60 i 5 fa
55-65 10 60 -10 -100 Mean ¥ = a + 5=
65-75 11 70 A 0 0 =70 + (‘325")
75-85 8 80 10 80 —70_4%
85-95 3 90 20 60 7
=70—0.57 = 69.43 %
=35 d =-20
Lf 2f Mean x = 69.43 %

Mode: The value of observation having maximum frequency is called Mode.

Mode of grouped data:

fi—fo
2fi—fo—1f2

Where [ - lower limit of the modal class

In grouped data, Mode = [ + { } x h f1 — frequency of the modal class

fo — frequency of the class preceding the modal class

- frequency of the class succeeding the model class.
h - size of the class interval f2 9 y 9

Example 5: A survey conducted on 20 households in a locality by a group of students resulted in the following
frequency table for the number of family members in a house hold. Find the mode of this data.

Family size 1-3 3-5 5-7 7-9 9-11
Number of families 7 8 2 2 1
Solution: Mode = l+{ fi~fo }x h
. 2fi—fo—f2
Here the maximum frequency f =8 67
. =3+{-=}x2
Corresponding Modal class — 3-5 16-7-2
lower limit of Modal class [ = 3 =3+ % X 2
Class size h = 2 =3+§
Frequency of Modal class f; = 8 23 _ 306
fo - frequency of preceding Modal class =7 A
f,>- frequency of succeeding Modal class = 2 Mode = 3.286

Example 6: The marks distribution of 30 students in a mathematics examination are given below. Find the
mode of this data. Also compare and interpret the mode and the mean.

Cl 10-25 25-40 40 - 55 55-70 70 -85 85-100
Number of students 2 3 7 6 6 6
Solution:
Here f; = 7 (Highest frequency) h = 15 (class size)
| = 40 (lower limit of corresponding frequency) Mode = [ + {fol—;fifz} X h =40+ {147_-33_6} % 15

fo = 3 (frequency of preceding Modal class)

4
= 40+4-tx15 = 40+ 12=52
f>» = 6 (frequency of succeeding Modal class) {5}
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Mode = 52
For Mean: Here Y f = 30
Cl f x fx = 1860
10-25 2 17.5 35 2 fx
25-40 3 325 97.5 Mean % = 2Jx — 1860 _ (o
40-55 7 475 3325 s 30
55-70 6 62.5 375.0 Mean = 62
70-85 6 77.5 465.0 _
85-100 6 925 555.0 Mode = 52
Y f =30 Y f. = 1860

EXERCISE 14.2

CBSE - NCERT Solution Book for class 10

S te00e — D
1) The following table shows the ages of the patients admitted in a hospital during a year.
Age in years 5-15 15-25 25-35 35-45 45-55 55-65
Number of 6 11 21 23 14 5
patients
Solution:
x;—A
Cl fi X u; = 110 fiui
5-15 6 10 -2 -12
15-25 11 20 -1 -11
25-35 21 30 A 0 0
35-45 23 40 1 23
45 - 55 14 50 2 28
55 -65 5 60 3 15
Total 2:’}:2 80 2:’%1% =43
Here Y f; = 80 1=35f,=21,f,=14,h =10
a=30Yfu;=43,h =10 — fi-fo — 23-21
X fiwg Mode = [ + {Zfl—fo-fz} Xh =35+ {46—21—14} x 10

. s _ > fiug
By step deviation method x = a +=—xh 2 20
Si =35+{2}x10=35+2=35+1818

=30 +22x 10 =35+ 1.82 = 36.82
=30+ 5.37 = 35.37 Hence Maximum number of patients admitted in
For Mode:

Maximum frequency f; = 23

So, Modal class is 35-45

the hospital are of age 36.82 years.
Average age of a patient admitted in the hospital
is 35.37

2) The following data gives the information on the observed lifetime of 225 electrical components. Determine
the modal lifetimes of components.

Lift time in hours 0-20 20 - 40 40 - 60 60 - 80 80-100 100 - 120
Frequency 10 35 52 61 38 29
Solution: _ _fifo _ _ 61-52
Mode = [ + {Zfl—fo—fz} X h =60+ {122_52_38} x 20

Maximum frequency f; = 61
Modal class 60-80
So,l=60,f; =61,f, =52,f, =38,h=20

9%20
32

Mode = 65.63
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3) The following data gives The distribution of total monthly household expenditure of 200 families of a
village. Find the model monthly expenditure of the families. Also, find the moon monthly expenditure.

Exﬂf]“g'st“’e 1000 - 1500 | 1500 - 2000 | 2000 - 2500 | 2500 - 3000 | 3000 - 3500 | 3500 - 4000 | 4000 - 4500 | 4500 - 5000
24 40 33 28 30 22 16 7
Solution: = 1500+{ 10-24 }x 500
80—24—-33

Here maximum frequency f; = 40
So, Modal class = 1500-2000
l = 1500, f, = 24, f, = 40, f, = 33,h = 500

— 1500_+_16><500
23

= 1500 + 347.826 = 1847.83

e Modal = 1847.83
Modal = [ + {m} X h

4) The following distribution gives the state-wise teacher-student ratio in higher secondary schools of India.
Find the mode and Mean of this data. Interpret the two.

Number of students
per teacher

15-20 20-25 25-30 30-35 35-40 40 - 45 45-50 50 - 55

Number of states/UT 3 8 9 10 3 0 0 2
Solution: Therefore Mode = [ + {—fol;f"f} X h
1—Jo—J2
Mode: . =30 +{ 10-9 } x5
From the data, Maximum frequency f; = 10 20-9-3
So, the modal class is 30-35 =30+ 1%5 =30+ 0.625 = 30.63
Here l=30,f1=10,f0=9,f2 =3,h=5

For Mean
Cl fi Xi u; = % = x—iz.s fiu;

15-20 3 17.5 -3 -9
20 -25 8 225 -2 -16
25-30 9 27.5 -1 -9
30-35 10 325a 0 0
35-40 3 37.5 1 3
40 - 45 0 425 2 0
45 - 50 0 475 3 0
50 - 55 2 52.5 4 8
Total N=>f; =35 ¥ fiu; =23

Mean=a+%xh =325+ =x5 Mean = 29.22

23 Most of the states/UT have a student ratio is 30.6 and
=325—-= =325-3.28
7 the average ratio is 29.22

5) The given distribution shows the number of runs scored by some top batsman of the world in one day
international cricket matches. Find the mode of the data.

Runs scored 3000-4000 4000-5000 5000-6000 | 6000-7000 | 7000-8000 | 8000-9000 | 9000-10000 100000-11000
Number of batsmen 4 18 9 7 6 3 1 1
Solution: Mode = I+ {21 x h =2000+ {2} x 1000
2fi—fo—f2 36—4-9

The maximum frequency is 18. 14 14000
= 4000 + =% 1000 = 4000 + —— = 4000 + 608.69

So, corresponding Modal class is 4000-5000. 23

we have [ =4000,f, =4,f;, = 18,f, =9,h = 1000 Mode = 4608.7
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6) A student noted the number of cars passing through a spot on a road for 100 periods each of 3 minutes and
summaraised it in the table given below. Find the mode of the data.

Number of cars 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
Frequency 7 14 13 12 20 11 15 8
Solution: Mode = I+ {2} x h =40 + {22} x 10
; . 2fi—fo—f2 40-12-11
The maximum frequency is 20 8x10 80
. =40+ =40+—= =40+47
Corresponding modal class 40-50 17 17

So,1=40,f, = 12,f; = 20,f, = 11,h = 10 Mode = 44.7 cars
Median of Grouped Data: For finding the median of ungrouped data, we first arrange the data values of the

observations in ascending order.
Note: If n is odd, the median is the (nT“) th observation. And, if n is even, then the median will be the average of

the =™ and (2 + 1)“‘ observations.

Example 7: A survey regarding the height (in cm) of Therefore g =51 _ 955

51 girls of class X of a school was conducted and the 2

following data was obtained find the median height. So, 25.5 lies in the class 145-150.
Height in cm Number of girls Here [ = 145 (lower limit), f = 18,
Less than 140 4 . .
Loss than 145 11 cf = (Cumulative frequency of the class preceding
Less than 150 29 145-150)
Less than 155 40 =11
Less than 160 46 ’ )
Less than 165 51 H =5 class size.
o Z-cf
Solution: Therefore Median = [ + < - ) X h
Cl f cf 25.5-11
Below 140 4 4 = 145 +(Z57) x5
140 - 145 7 11 14.5X5 72.5
145 - 150 18 29 =15 +——=15+1
150 - 155 11 40 = 145 + 4.03
155 - 160 6 46
160 - 165 5 51 =149.03

Median Height of the girl is 149.03
Here n = 51 (odd no)

Example 8: The median of the following data in 525. Solution:
Find the value of x and y, if the total frequency is Cl f cf
100. 0-100 2 2
Cl Frequency 100 - 200 5 7
0-100 2 200 - 300 x 7+x
100-200 5 300 - 400 12 19+ x
200-300 X 400 - 500 17 36 +x
300-400 12 500 - 600 20 56 + x
400-500 17 600 - 700 y 56 +x+y
500-600 20 700 - 800 9 65+x+y
600-700 y 800 - 900 7 72+ x+y
700-800 9 900 - 1000 4 76+x+y
800-900 7
900-1000 4 Given that n = 100

76 +x+y =100
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x+y=100—76=24
x+y=24 ——1

The median is 525,

Which lies in the class 500-600.

So, 1 =500,f = 20,cf =36 +x,h = 100.

Therefore Median = [ + (chf) X h

50—(36+x)

525 =500+ o X 100

525 = 500 +5°‘2$x 100

525 =500+ (14 — x)5

CBSE - NCERT Solution Book for class 10

525 =500 — 70 — 5x
5x =500+ 70 — 525
5x =45

45
x=—=9
5

(Substitute) x =9 in 1
94y =24
y=24—-9=15
Therefore x =9,y = 15

+EXERCISE 14.3,

1) The following frequency distribution gives the monthly consumption of electricity of 68 consumers of
locality. Find the median mean and mode of the data and compare them.

Monthly consumption | 65-85 | 85-105| 105-125 | 125- 145 | 145-165 | 165-185 | 185-205
Number of consumers 4 5 13 20 14 8 4
Solution:
(i) Median:
Cl f cf
65 -85 4 4 H _
85-105 5 9 ere n=68
105-125 13 22 Yfiu =7
125 - 145 20 42 S fiug 7%20 35
145 - 165 14 56 Mean=a+—n Xh =135+ s 2135"'5
165 - 185 8 64 =135+ 2.05
185 - 205 4 68
=137.05
Here n=68
(iii) Mode:

Therefore % = 34

corresponding class 125-145
Therefore | = 125, f = 20,cf = 22,h =20

Median = [ + (7;Cf) xh =125+ 342'022 x 20
=125+ 12 = 137units.
(ii) Mean:
x — 135
Cl =

f x u 0 fu
65-85 4 75 -3 -12
85-105 5 95 -2 -10
105-125 | 13 115 -1 -13
125-145 | 20 | 135 a 0 0
145-165 | 14 155 1 14
165-185 8 175 2 16
185-205 4 195 3 12
68 7
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Here maximum frequency f; = 20.
corresponding class interval 125-145.

1=125,f, =13,f, = 14,h = 20
_ fi—fo
Therefore Mode = [ + {—2 fl_fo_fz} X h
20-13
40-13-14

=125+1—73><20=>125+

=125+ X 20

140
13

=125+10.77 = 135.77
Hence Median = 137
Mean = 137.05
Mode = 135.77
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2) If the median of the distribution given below is 28.5, find the value of x and y.

Given Median = 28.5
Which lies in the class 20-30.
Also given n=60
(i.e)45+x+y =60
x+y=60—45
x+y=15

— 1

Cl 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | Total
Frequency 5 x 20 15 y 5 60
Solution: Here 1 =20,f = 20,cf =5+x,h =10
Cl f Cf E—cf
0-10 5 5 Therefore Median = [ + <2 - ) X h
10-20 x 5+x 30-5—x
20-30 20 25 +x =20+——x10=285
30-40 15 40 + x 25—x
40-50 y 40+x+y =20+ =285
50-60 5 45+x+y B _85=25—x=17

x=25-17=38
Substitute x =8in 1
8+y=15
y=17
x=8

3) A life insurance agent found the following data for distribution of ages of 100 policy holders. Calculate
the median age, if policies are given only to persons having age 18 years onwards but less than 60 years.

Age in years | Below 20 | Below 25 | Below 30 | Below 35 | Below40 | Below 45 | Below 50 | Below 55 | Below 60
N°H°f Policy 6 24 45 78 89 98 100
olders
Solution: So, =50
cl f | cof : o
Below 20 2 > This observation lies in the class 35-40.
20-25 4 6 Here I =35,f =33,cf =45,h =5
25-30 18 24 n_or
30-35 21 45 Therefore Median = [ + <2 7 ) X h
35-40 33 78 c0_as
40-45 11 89 =35+ 33 X5
45 -50 3 92 x5 25
50 - 55 6 98 =35+5,=35+5
95 - 60 2 100 =354 0.757
n =100,
= 35.76

4) The length of 40 leaves of a plant are measured correct to the nearest millimetre, and the data obtained is

represented in the following table. Find the median length of the leaves.

Length in mm 118-126 127-135 136-144 145-153 154-162 163-171 172-180
Nl:mber of 3 5 9 12 5 4 )
eaves

Solution: | | | _N=40 |

Length in mm Number of of here n = 40,
leaves f So. ™=

117.5- 126.5 3 3 0, ;=20
126.5 - 135.5 5 8 Maximum frequency f = 12,1 = 144.5,cf =17,h =9
135.5-144.5 9 17 .
144.5-153.5 12 29 Therefore Median = [ + (E_Cf) X h
153.5-162.5 5 34 s
162.5-171.5 4 38 — 1445 + 277 g
171.5-180.5 2 40 ' 12
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= 144.5 + % X 9 = 144.5 + 2.25

=146.75 mm

CBSE - NCERT Solution Book for class 10

5) The following table gives the distribution of the life time of 400 neon lamps. Find the median of life time.

‘Jfﬁ;T::;“" 1500-2000 | 2000-2500 | 2500-3000 | 3000-3500 | 3500-4000 | 4000-4500 | 4500-5000
Ntr"be'°f 14 56 60 86 74 62 48
amps
Solution: corresponding class 3000-3500.
cl f cf I = 3000, cf = 130, h = 500.
1500 - 2000 | 14 14 .
2000 - 2500 56 70 Therefore Median = [ + {ch} X h
2500 - 3000 | 60 130 r
3000-3500 | 86 | 216 = 3000 + {222 x 500
3500 -4000 | 74 290 86
4000 - 4500 | 62 352 =3000 + % X 500
4500 - 5000 | 48 400 -
Here n = 400,% = 200. = 3000 +=—
maximum frequency f = 86. = 3000 + 406.97
= 3406.97

6) 100 surnames were randomly picked up from a local telephone directory and the frequency distribution
of the number of letters in the English alphabets in the surnames was obtained as follows.

Number of Letters 1-4 4-7

7-10

10-13 13- 16 16-19

Number of surnames 6 30

40

16 4 4

Determine (i) median number of letters in the surnames. (ii) Mean number of letters in the surnames.

(iii) Modal size of the surnames.

Solution:
(i) Median
Cl f c.f
1-4 6 6
4-7 30 36
7-10 40 76
10-13 16 92
13-16 4 96
16-19 4 100
N=100
Here n = 100,
So, = = 50.
2

Maximum frequency f = 40.
corresponding class is 7-10.
So,l=7,f =40,cf =36,h =3

Ly

Median = [ + {27} % h

— 74 {504—036} % 3

=74+32x3=7+2
40 40

=7+1.05

Median = 8.05
(ii) Mean:
Cl fi Xi fixi
1-4 6 25 15.0
4-7 30 5.5 165.0
7-10 40 8.5 340.0
10-13 16 11.5 184.0
13-16 4 14.5 58.0
16-19 4 17.5 70.0
100 832
M p=tliio 522 _g3p
ean X =57 o0 = &
Therefore Mean= 8.32
(iii) For Mode:
Maximum frequency f; = 40.
corresponding Modal class = 7-10.
fo=30,f,=16,1=7,h=3.
— fi—fe _ 40-30
Mode = [ + {—2f1ifo(if2} Xh =7+ {80_30_16} 3

=7+{5}x3 =7+2=7+088
34 34
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= 7.88 Therefore Mode = 7.88

7) The distribution below gives the weights of 30 students of a class. Find the median weight of the

students.
Weight in Kg 40-45 45-50 50-55 55-60 60-65 65-70 70-75
Number of Students 2 3 8 6 6 3 2
Solution: corresponding class 50-55.

Cl f c.f So,1=50,f = 8,cf =5k =5n=40" =20
40 - 45 2 2 2
45-50 3 5 o Z-cf _ 20-5
o . > Median = 1+{=x h =50+ {225} x5
55-60 6 19 _ 15X5 _ 75 _
60-65 6 o5 =50+ 5 —50+8 =50+9.375
65-70 3 28 =5049.38 =59.38
70-75 2 40 Median = 59.38

Here maximum frequency f = 8.
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IPROBABILITY

Experiment: An operation which produces some well-
defined outcomes, is called an experiment. Eg: Tossing
a coin.

Sample space:
Outcomes of an experiment is called sample space.
The theoretical probability of the event E is given by

Number of outcomes favourable to E

Total number of outcomes

Example 1: Find the probability of getting a head
when a coin is tossed once. Also find the
probability of getting a tail.

Solution:

When a coin is tossed once, the possible outcomes are
S={H,T}n(s) = 2

let A denote the event of getting a tail.

A={T}Ln(4) =1

n) _

Therefore P(4) = s 2

Example 2: A bag contains a red ball, a blue ball and
a yellow ball, all the balls being of the same size.
Krithika takes out a ball from the bag without
looking into it. When the probability that she takes
out the a) yellow ball b) red ball c) blue ball.
Solution:

S = {1 Red, 1 blue, 1 yellow}

n(s) =3

a) Let A denote the event of getting yellow ball.
A = {1yellow}
n(4) =1

Therefore P(A) = "E‘g 3
b) Let B denote the event of getting red ball.
B = {1 Red}
n(B) =1

n(B)

Therefore P(B) = ") 3

c) Let C denote the event of getting blue ball.
C = {1 blue}

n(C)=1

n€) _

Therefore P(C) = "OIRE]
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Example 3: Suppose we throw a die once. (i) What is
the probability of getting a number greater than 4?
(ii) What is the probability of getting a number less
than or equal to 4?

Solution:

When a die is thrown, the possible outcomes are
$={1,2,3456}n(s)=6
(i) Let A denote the event of getting a number
greater than 4.
A={5,6},n(4) =
n) _2_1

Therefore P(A) = ns) — 63

(ii) Let B denote the event of getting a number
less than or equal to 4.
B={1,2,3,4},n(B) = 4

nB) _4_ 2

n(s)_6_3

Therefore P(B) =

Example 4: One card is drawn from a well shuffled
deak of 52 cards. Calculate the probability that the
card will a) be an ace b) not be an ace.

Solution:

n(s) =52

(i) let A denote the event of getting an ace
card.

n(4) =4

Therefore P(A) = % = % = %

(ii) let A denote the event of getting a card not be an
ace.
P(A) =1-P(4)

1 12

13 13

=1-

Example 5: Two players, Sangeetha and Reshma,
play tennis match. It is known that the probability of
Sangeetha winning the match is 0.62. What is the
probability of Reshma winning the match?

Solution:

Let S and R denote the event that Sangeetha wins the
match and Reshma wins the match respectively.

Therefore P(S) = 0.62
Now P(B) = 1—P(S) =1 —0.62 = 0.38
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Example 6: Savita and Hamida are friends what is
the probability that both will have (i) different
birthdays (ii) the same birthday?

Solution:

Savita’s birthday can be any of the day of the year 365

days.

Similiarly Hamida'’s birthday can be any of the day of the

year 365 days.

(i) If Hamida’s birthday is different from Savita’s
birthday, number of outcomes for Hamida’s
birthday is 365-1 = 364.

Therefore P (Hamida’s birthday different |= Py

from Savita’s birthday)
(i) P(Savita and Hamida have the same birthday)
= 1 — P(both have dif ferent birthday)

364 1
365 365

Example 7: There are 40 students in class X of a
school of whom 25 are girls and 15 are boys. The
class teacher has to select one student as a class
representative. She writes the name of each student
on a separate card, the cards being identical. Then
she puts cards in a bag and stirs them throughly.
She then draws one card from the bag. What is the
probability that the name written on the card is the
name of (i) a girl? (ii) a boy?

Solution:

There are 40 students.

Therefore n(s) =

Let A denote the event of getting a card with Girl name.
n(4) = 25.

n) _25_5
n(s) -

40 " 8
Let B denote the event of getting a card with Boy name.
n(B) = 15.

Therefore P(A) =

nB) _15_3
n(s) -

Therefore P(B) =

40 8

Example 8: A box contains 3 blue, 2 white and 4 red
marbles. If a marble is drawn at random from the
box, what is the probability that it will be a) white b)
blue c) red.

Solution:

Number of possible outcomes = 3+2+4 =9
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n(s) =9
a) Let W denote the event of getting a white marble.
n(4) =2

n(A)

Therefore P(A) = ws) — 9

b) Let B denote the event of getting a blue marble.
n(B) =3

nB) _

Therefore P(B) = (S) 9

c) Let R denote the event of getting a white marble.
n(R) =4

n(R) _

Therefore P(R) = ) 9

Example 9: Harpreet tosses two different coins
simultaneously. What is the probability that she
gets atleast one head?

Solution:

When two coins are tossed together the sample space

is
S={(H,H),(H,T),(T,H),(T,T)}
n(S) =4

Let A denote the event of getting atleast one Head.
A= {(H,H),(HT),(T,H)}

n(4) =3

n) _

Therefore P(A) = ) — 1

Example 12: A carton consist of 100 shirts of which
88 are good, 8 have minor defects and 4 have major
defects, Jimmy, a trader, will only accept the shirts
which are good, but Sujatha, another trader, will
only reject the shirts which have major defects. One
shirt is drawn at random from the carton what is the
probability that

(i) It is acceptable to Jimmy?

(ii) It is acceptable to Sujatha?

Solution:

n(S) = 100.

let A denote the number of outcomes acceptable to
Jimmy.

n(A) = 88

Therefore P(A) = ZE/;; 100 = (.88

let B denote the number of outcomes acceptable to
Sujatha.
n(B) =100 —4 =96 or
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88+ 8 =96

Therefore P(B) = % = % =0.96

Example 13: Two dice, one blue and one gray are
thrown at the same time. Write down all the
possible outcomes. What is the probability that the
sum of the two numbers appearing on the top of the
dice is (i) 8? (ii) 137 (iii) less than or equal to 12?
Solution:

When two dice are thrown, the possible outcomes are
(1,1),(1,2),(1,3),(1,4),(1,5),(1,6)
(2,1),(2,2),(2,3),(2,4),(2,5),(2,6)
5= (3,1),(3,2),(3,3),(3,4),(3,5),(3,6)
“1(4,1),(4,2),(4,3),(4,4), (4,5), (4,6)
(5,1),(5,2),(5,3),(5,4), (5,5), (5,6)
\(6,1), (6,2), (6,3), (6:4), (6,5), (6,6)
n(S) = 36
(i) let A denote the event of getting sum is 8.
A= {(2,6)(35)(44)(5,3)(6,2)}
n(4) =5

n(A) _ 5

Therefore P(A) = 25 = 36

(ii) let B denote the event of getting, sum of the faces is
13.

B={}

Therefore n(B) = 0
_nB) 0

PB) = &= 35=0

(iii) let C denote the event of getting sum is less than or

equal to 12.
C={1,1(12)......(66)}
n(C) =36
Therefore P(C) = % = % =
EXERCISE 15.1
&— s0Bee —9.

1) Complete the following statements:-
(i) Probability of an event + probability of the
event “not E” = 1
(i) The probability of an event that cannot
happen is 0 such an event is called

impossible event.
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(iii) The probability of an event that is certain to
happen is 1 such on event is called sure
event.

(iv) The sum of the probability of all the

elementary events of an experiment is 1.

(v) The probabilities of an event is greater than

or equal to 0 and less than or equal to 1.

2) Which of the following experiments have
equally likely outcomes. Explain

(i) A driver attempts to start a car. The car
starts or does not start.

Ans: not equally likely. Since the car starts
normally. If any defect, it does not starts.

(ii) A player attempts to shoot a basketball.
She/he shoots or misses the shot.

Ans: Not equally likely. Since the outcomes
depends on training of the player, quality of
baseket ball etc.,

(iii) A trial is made to answer a true-false
question. The answer is right or wrong.
Ans: The outcomes are True or false question.
Therefore It is equally likely.

(iv) A baby is born. It is a boy or girl.

Ans: The outcomes are equally likely. Since new

baby is either boy or girl.

3) Why is tossing a coin considered to be a fair way
of deciding which team should get the ball at the
beginning of a football game.

Ans: Tossing a coin is equally likely. We get either

head or tail. So, the result is unbiased.

4) Which of the following cannot be the probability
of an event?

@ = ()15

Ans: The probabilities lies between 0 and 1. The

(i) 15%  (iv) 0.7

event cannot be negative. Therefore Ans is -1.5.

5) If P(E) = 0.05, What is the probability of ‘not E’.
Solution:
P(E) = 0.05

probability of not E = P(E) =1 — P(E) = 1 — 0.05
P(E) =0.95
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6) A bag contains lemon flavored candies only.
Malini takes out one candy without looking into
the bag. What is the probability that she takes
out (i) an orange flavored candy? (ii) a lemon-
flavored candy?

Solution:

A bag contains only lemon-flavored candies only is
n(s) = lemon. Let A denote the event of getting

orange flavored candy

A=

n(4) =0
_nd_ 0 _

PO "~

let B denote the event of getting lemon flavoured
candy.

B = lemon flavoured candy

nB _ nd _

P(B) =15 = @

7) ltis given that in a group of 3 students, the

probability of 2 students not having the same
birthday is 0.992. What is the probability that the
2 students have the same birthday?

Solution:

The probability of 2 students not having the same
birthday = 0.992.

Therefore the probability of 2 students have the
same birthday = 1 — 0.992 = 0.008.

8) A bag contains 3 red balls and 5 black balls. A
ball is drawn at random from the bag. What is
the probability that the ball drawn is (i) red (ii) not
red.

Solution:

Sample space S = {3R, 5B}

n(S) = 8

let A denote the event of getting a red ball
n(4) = 3

) _ 3

Therefore P(4) = e = 8

let A denote the event of getting not red.
Therefore P(4) = 1 — P(4)

1-3_83_5

8 8 8

9) A bag contains 5 red marbles, 8 white marbles
and 4 green marbles. One marble is taken out of

the box at random. What is the probability that
the marble taken out will be (i) red (ii) white

CBSE - NCERT Solution Book for class 10
(iii) not green.
Solution:
Sample space S = {5R,8W, 4G}
Therefore n(§) =5+8+4 =17

(i) Let R denote the event of getting red marble.

R =5red

n(R) =5
—r®_ 5
Therefore P(R) = s T

(i) Let W denote the event of getting white marble.
n(W) =8

nw) _ 8
ns) | 17

Therefore P(W) =

(iii)Let G denote the event of getting red marble.
n(G) =4

nG) _ 4

n(s) 17

Therefore P(G) =

Therefore G denote the event of getting not green
Therefore P(G) = 1 — P(G)

17-4

17

13

17

4
=1—-——=
17

10) A piggy bank contains hundred 50 p coins fifty ¥1
coins, twenty ¥2 coins and ten %5 coins. Ifitis
equally likely that one of the wins will fall out
when the bank is turned upside down, what is the
probability that the coin (i) will be 50 p coin? (ii)
will not be a ¥5 coin?

Solution:

Given:

Number of 50 p coin = 100.
Number of 1 coin = 50.
Number of 2 coin = 20.
Number of %5 coin = 10.

Therefore total number of coins n(S) = 180.
(i) Let A denote the event of getting 50 p coin.
Therefore n(A) = 100.

nA) _ 100 _
n(s) 180

10 _5

Therefore P(A) = <=3

(ii) Number of coins which are not %5 = Total number
of coins — Number of %5 coin = 180-10 = 170.
Therefore the probability that the coin will not

170 _ 17

be a %5 =
180 18
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11) Gopi buys a fish from a shop for his aquariam.
The shopkeeper takes out one fish at random
from a tank containing 5 male fish and 8 female
fish. What is the probability that the fish taken
out is a male fish?

Solution:

Number fish in the tank = 5 male + 8 female
= 13 fish.
n(s) = 13.
let A denote the event of getting a male fish =

n(4) =5

n) _

Therefore P(A) = (s

13'

12) A game of chance consists of spinning an arrow
which comes to rest pointing at one of the
numbers 1, 2, 3, 4, 5, 6, 7, 8 and these are equally
likely outcomes. What is the probability that it
will point at a) 8 b) an odd numbers c¢) a number
greater than 2? d) a number less than 9?
Solution:

Sample space S ={1,2,3,4,5,6,7,8}
n(S) =8
a) Let A denote the event of getting the number 8.
n(4) =1
n4) 1

n) 8

Therefore P(4) =

b) Let B denote the event of getting arrow at an odd

number.

B ={1,3,5,7}

n(B) = 4

ne _+_1

Therefore P(B) = w® 8- 2
c) Let C denote the event of getting arrow at a
number greater than 2.
C ={34,5,6,7,8}
n(C) =6
ne) _6_3

Therefore P(C) = S 8- 3

d) Let D denote the event of getting arrow at less

than 9.
D ={1,2,3,4,5,6,7,8}
n(D) =8
nD) _8 _
Therefore P(D) = e 8 1
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13) A die is thrown once. Find the probability of
getting.
a) a prime number b) a number lying, between 2
and 6 c) an odd number. (2020, 19)
Solution:

When a die is thrown, the Sample space
S ={1,2,3,4,5,6}

n(S) = 6.
a) let A denote the event of getting a prime number.
A={235}
Therefore n(4) = 3
_n4_3_1
Therefore P(A) = ) 6= 7

b) let B denote the event of getting a number lying

between 2 and 6.
Therefore B = {3, 4, 5}

Therefore n(B) = 3
nB _3_1

Therefore P(B) = " 67

c) let C denote the event of getting an odd number.
C ={1,3,5}
Therefore n(C) = 3

ne _3_1

Therefore P(C) =

ns) 6 2

14) One card is drawn from a well shuffled deek of 52
cards. Find the probability of getting

a king of red colour.

. aface card.

a red face card.

. the Jack of hearts.

a spade.

the queen of diamonds. (2015)

Solution:

"0 o0C

Number of cards = 52.
n(S) = 52.
a) Let A denote event of getting a king of red colour.

Number of red king = n(4) = 2.

P(4) = % ===

b) Let B denote event of getting of face card.
[ face card= 4 king + 4 Jacks + 4 queen ]
=n(B) = 2.

n(B)
n(s)

_12_3

Therefore P(B) = =5 =13

c) Let C denote event of red face card. [Red face

card = 2 king + 2 Jacks + 2 queen]
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=n(C) = 6.
nc 6 _ 3

P(0) = n(s) 52 26

d) Let D denote event of getting a Jack of heart.
[There are 4 Jack cards namely 1 heart + 1 club +

1 space + 1 diamond]

=n(D) = 1.
M _ 1
P(D) = n(s) 52

e) Let E denote event of getting a spade. [ In 52
cards 13 spades, 13 clubs, 13 hearts, 13
diamonds]

=n(E) = 13.

nk _13_1

Therefore P(E) = w5 5z 1

f) Let F denote event of getting the queen of

diamonds.

=n(F) = 1.
_nrH_1

P(F) = n(s) 52

15) Five cards — the ten, Jack, queen, King, and ace
of diamonds, are well-shuffled with their facer
downwards. One card is then picked up at

random.
a) What is the probability that the card is the
queen?
b) If the queen is drawn and put aside what is the

probability that the second card picked up is
(i) an ace (ii) a queen? (2014)
Solution:

Total number of cards = 5

n(S) =5
a) Let A denote the event of getting a queen card.
n(4) =1
Therefore P(A) = % = %
b) Queen card is drawn and put a side. Now total
number of cards = 4.
n(S) = 4.
(i) let B denote the event of getting an ace card.
n(B) =1
Therefore P(B) = % = %.

(i) let C denote the event of getting a queen card.
n(C)=0

no) _ 0

Therefore P(C) = il

=0.
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(Queen card is already drawn and put a side).

16) 12 defective pens are accidentally mixed with 132
good ones. It is not possible to just look at a pen
and tell whether or not it is defective. One pen is
taken out at a random from this lot. Determine
the probability that the pen taken out is a good
one.

Solution:

Number of good pens = 132.

Number of defective pens = 12.

Therefore total number of pens = n(S) = 144.
Let G denote the event of getting a good pen.
n(G) = 132.

n(6) _ 132 _ 11

Therefore P(G) = ) 144 12

17) (i) A lot of 20 bulbs contain 4 defective ones.
One bulb is drawn at random from the lot. What
is the probability that the bulb is defective.
Solution:

Total number of bulbs n(S) = 20.

(i) Let D denote the event of getting a defective

bulb.
n(D) =4
Therefore P(D) = 22 = £ _1

ns) 20 5

(ii) Suppose the bulb drawn in (a) is not defective
and is not replaced. Now one bulb is drawn at
random from the rest. What is the probability
that this bulb is not defective.

Given drawn bulb is not defective and is not
replaced.

Therefore the number of bulbs without
replacement is 19.

n(S) = 19.
Number of defective bulbs = 4
n(D) = 4.
Now number of good bulbs = 19 — 4 = 15.
n(G) = 15.
Let G denote the event of getting good bulb.
n(G 15
Therefore P(G) = % =5

18) A box contains 90 discs which are numbered
from 1 to 90. If one disc is drawn at random from
the box, find the probability that it bear (i) a two-
digit number (ii) a perfect square number (iii) a
number divisible by 5.

Solution:

Total number of discs in the box = n(S) = 90

[numbered from 1 to 90].
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let A denote the event of getting a two digit number.
Therefore A = {10,11,12....90}

n(4) = 81 [90 — single digit number is 90 — 9 = 81]

na) _81_ 9

Therefore P(4A) = — 0

n(s) 90
let B denote the event of getting a perfect square
number.

Therefore B = {1, 4,9, 16, 25,36, 49, 64,81}

n(B) =9

e _ 9 _1

Therefore P(B) = s 90—

10
let C denote the event of getting a number divisible
by 5.
¢ ={5,10,15,20, 25,30, 35,40, 45, 50,
55,60, 65,70,75,80, 85,90}
Therefore n(C) = 18

no _18_2 _

) 90 10

1

P(C) = 3
19) A child has a die whose six faces show the

letters as given below.

(A [ Jc o [E [A |

The die is thrown once. What is the probability of

getting (i) A? (ii) D?

Solution:

When a die is thrown once. The possible outcomes
areS={A,B,C,D,E,A}

n(s) = 6.

Let A denote the event of getting the letter A.
A={AA},n(A) =2

n4d) _ 2 __ 1

Therefore P(4) = )5 3

Let B denote the event of getting the letter D.

B ={D} n(B) =1
nB) _ 1

Therefore P(B) = s — 6

20) Suppose you a drop a die at random on the
rectangular region shown in the figure. What is
the probability that it will land inside the circle
with diameter 1 m? 3m
Solution:

2m

Area of rectangle = 3 x 2 = 6 m?

Given diameter of circle = 1m
Therefore radius of the circle = %m.
Area of circle = nr?

wG) = 5m

Now the probability that the die land inside the
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. Area of circle
circle

Area of rectangle

T

24

o |»18

21) A lot consists of 144 ball pens of which 20 are
defective and the others are good. Nuri will buy a
pen if it is good, but will not buy if it is defective.
The shopkeeper draws one pen at random and
gives it to her. What is the probability that (i) she
will buy it? (ii) she will not buy it?

Solution:

Total number of balls = 144

n(S) = 144

Number of defective pens = 20

Therefore Number of good pens = 144-20 = 124.

(i) let A denote the event of getting good pen.
n(4) = 124

ThereforeP(4) = X2 = 124 _ 31
n(s) 144 36
(ii) Let B denote the event of getting defective pens.

n(B) = 20

nB) _
n(s) 144

Therefore P(B) = 20 - %

22) A game consist of tossing a one rupee coin 3
times and nothing its outcome each time. Hanif
wins if all the tosses give the same result. Three
heads of three tails, and loses otherwise.
Calculate the probability that Hanif will lose the
game.

Solution:

A coin is tossed three times. The possible outcomes

are
S ={HHH,HHT,HTH, THH,HTT, THT, TTH,TTT}
n(§) =8

let A denote the event that the Hanif will lose the
game.

All the tosses do not have the same result.
Therefore A = {HHT,HTH, THH,HTT,THT, TTH}
n(4d) =6

n@4) _6_ 3

ns) 8

Therefore P(A) = "
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23) A die is thrown twice. What is the probability that
(i) 5 will not come up either time. (ii) 5 will come
up atleast once.

Solution:

Given a die is thrown twice.
Therefore the possible outcomes are

(1,1),(1,2),(1,3),(1,4),(1,5),(1,6)
(2,1),(2,2),(2,3),(2,4),(2,5),(2,6)
(3,1),(3,2),(3,3),(3,4),(3,5),(3,6)
(4,1), (4,2), (4,3), (4,4), (4,5), (4,6)
(5,1),(5,2),(5,3),(5,4), (5,5),(5,6)
(6,1),(6,2),(6,3),(6,4),(6,5), (6,6)
n(S) = 36.
(i) Let A denote the event of getting 5 will come
atleast one.
A= {(1,5), (2,5),(3,5), (4,5), (5,5), (6,5)}
(5,1),(5,2),(5,3),(5,4),(5,6)
n(4) = 11

Therefore P(A) = % = %.
(ii) Let A denote the event of getting 5 will not come
up either time.
Therefore P(A) = 1 — P(A)
36-11 _ 25

11
:1—— - — =
36 36 36
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