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PREFACE

The Department of Education in Science & Mathematics (DESM) &
National Council of Educational Research & Training (NCERT)
developed Exemplar Problems in Science and Mathematics for
Secondary and Senior Secondary Classes with the objective to provide the
students a large number of quality problems in various forms and format
viz. Multiple Choice Questions, Short Answer Questions, Long Answer
Questions etc., with varying levels of difficulty.

NCERT Exemplar Problems are very important for both; School & Board
Examinations as well as competitive examinations like NTSE, Olympiad
etc. The questions given in exemplar book are mainly of higher difficulty
order by practicing these problems, you will able to manage with the
margin between a good score and a very good or an excellent score.

Approx 20% problems asked in any Board Examination or Competitive
Examinations are of higher difficulty order, exemplar problems will make
you ready to solve these difficult problems.

This book NCERT Exemplar Problems-Solutions Mathematics X
contains Explanatory & Accurate Solutions to all the questions given in
NCERT Exemplar Mathematics book.

For the overall benefit of the students’ we have made unique this book in
such a way that it presents not only hints and solutions but also detailed
and authentic explanations. Through these detailed explanations,
students can learn the concepts which will enhance their thinking and
learning abilities.

We have introduced some additional features with the solutions which
are as follows
Thinking Process Along with the solutions to questions we have given
@ thinking process that tell how to approach to solve a
problem. Here, we have tried to cover all the loopholes which may
lead to confusion. All formulae and hints are discussed in detail.
Note We have provided notes also to solutions in which special
points are mentioned which are of great value for the students.

For the completion of this book, we would like to thank Priyanshi Garg
who helped us at project management level.

With the hope that this book will be of great help to the students,

we wish great success to our readers.

Authors
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Real Numbers

Exercise 1.1 Multiple Choice Questions (MCQs)

Q. 1 For some integer m, every even integer is of the form

(@ m (b) m+1 () 2m (d) 2m +1

Sol. (¢) We know that, even integers are 2, 4, 6, ...

So, it can be written in the form of 2m.

where, m =Integer=27 [since, integer is represented by /]
or m=---10123...
: 2m=---,-2,0,2,4,6...

Alternate Method

Let ‘@’ be a positive integer. On dividing ‘a’ by 2, let m be the quotient and r be the
remainder. Then, by Euclid’s division algorithm, we have

a=2m+r,wherea<r<2ie..r=0andr=1.
= a=2mora=2m+1
when, a = 2m for some integer m, then clearly a is even.

Q. 2 For some integer g, every odd integer is of the form

Sol. (d)

@ q (b) g +1 (€ 2q (d) 2q +1

We know that, odd integers are 1, 3, 5, ---
So, it can be written in the form of 2g + 1.

where, g =integer=2
or g=-,-101223 ...
2g+1=---3-1135...

Alternate Method

Let ‘@’ be given positive integer. On dividing ‘a’ by 2, let g be the quotient and r be the
remainder. Then, by Euclid’s division algorithm, we have

a=2q +r,where 0<r<?2
= a=2q + rwherer=0orr=1
= a=2qgor2qg + 1
when a =2q + 1for some integer q, then clearly a is odd.
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Q. 3 n? —1is divisible by 8, if nis

Sol. (¢)

(@) an integer (b) a natural number
(c) an odd integer (d) an even integer
Leta=n’ -1

Here n can be ever or odd.
Casel n=Evenie., n=2k wherekis an integer.
= a=@2kyP -1
= a = 4k? -1
Atk = —1,= 4 (-1)? —1=4—1= 3, which is not divisible by 8.
Atk=0a=4 (O)2 —1=0-1= -1, which is not divisible by 8, which is not
Case ll n=0ddie., n=2k+1, where k is an odd integer.
a=2k+1
a=(@2k+ 17 -1
a=4K? + 4k +1-1
a=4k® + 4k
a=4kk+1)
Atk =—1,a=4(-1)(-1+ 1) = Owhich is divisible by 8.
Atk =0, a=4(0)(0+ 1) = 4which is divisible by 8.
Atk =1a=4 1)1+ 1) =8 which is divisible by 8.
Hence, we can conclude from above two cases, if n is odd, then n® —1is
divisible by 8.

Lue Uy

Q. 4 If the HCF of 65 and 117 is expressible in the form 65m — 117, then the
value of m is

(@ 4 (b) 2 (1 d 3
@ Thinking Process

Apply Euclid's division algorithm until the remainder is 0. Finally we get divisor, which is
the required HCF of 65 and 117. Now, put 65 m — 117 = HCF (65, 117) and get the value
of m.

Sol. (b) By Euclid’s division algorithm,

b=aq +r,0<r<a [.dividend=divisor x quotient + remainder]
117 =65x1+ 52
65=52x1+13
52=13x4+0
HCF (65 117)=13 (D)
Also, given that, HCF (65, 117) =65 m — 117 (D)}
From Egs. (i) and (ii),
65m—-117 =13
= 65m=130
= m=2

LUl
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Q. 5 The largest number which divides 70 and 125, leaving remainders 5 and 8
respectively, is
(@ 13 (b) 65 (©) 875 (d) 1750
@ Thinking Process

First, we subtract the remainders 5 and 8 from corresponding numbers respectively and
then get HCF of resulting numbers by using Euclid's division algorithm, which is the
required largest number.

Sol. (a) Since, 5 and 8 are the remainders of 70 and 125, respectively. Thus, after subtracting
these remainders from the numbers, we have the numbers65=(70-5),
117 = (125 — 8), which is divisible by the required number,

Now, required number =HCF of 65,117 [for the largest number]
For this, 117 =65x1+ 52 [ dividend = divisor x quotient + remainder]
= 65=52x1+13
= 52=13x4+0

HCF =13

Hence, 13 is the largest number which divides 70 and 125, leaving remainders 5 and 8.

Q. 6 If two positive integers a and b are written as a = x°y? and b = xy?,
where x, y are prime numbers, then HCF (a, b) is

(@) xy (b) xy? (© Xy’ (d) xy?
Sol. (b) Given that, a=x> Y =xxxxxxXyxy
and b=xf=xxyxyxy
- HCFofaand b = HCF (x%y?, ay®)=x x y x y= ny®

[since, HCF is the product of the smallest power of each common prime facter
involved in the numbers]

Q. 7 If two positive integers p and q can be expressed as p =ab®
q=a’b; where a, b being prime numbers, then LCM (p, q) is equal to

(@) ab (b) a’b? (0) a’b? (d) a’b’
Sol. (¢) Given that, p=ab’=axbxb
and g=a’b=axaxaxb

LCM of pandg =LCM (ab? a%b)=ax b xb xaxa=a’b?

[since, LCM is the product of the greatest power of each prime factor involved in the
numbers]

Q. 8 The product of a non-zero rational and an irrational number is
(@) always irrational (b) always rational
(c) rational or irrational (d) one

Sol. (a) Product of a non-zero rational and an irrational number is always irrational i.e.,

% x A2 = ¥ (irrational).

and
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Q. 9 The least number that is divisible by all the numbers from 1 to 10
(both inclusive)
(@ 10 (b) 100 (c) 504 (d) 2520

Sol. (d) Factors of 1to 10 numbers
1=1
2=1x2
3=1x3
4=1x2x2
5=1x5
6=1x2x3
7=1x7
8=1x2x2x2
9=1x3x3
10=1x2x5

LCM of number 1to 10= LCM (1,2, 3,4, 5,6, 7, 8,9, 10)
=1Xx2x2x2x3x3x5x7=2520

will terminate after

. . . 14587
Q. 10 The decimal expansion of the rational number 408

(@) one decimal place (b) two decimal places
(c) three decimal places (d) four decimal places
@ Thinking Process

In terminating rational number the denominator always have the form 2" x5".
14587 _ 14587

Sol. (d) Rational number = 1250~ 2T 5 5 | 1250
_ 14587 @) 51625
10)(53 (2)3 51125
_ 14587 x 8 512
10 x 1000 N
1
— 116696 _ 1 6696
10000

Hence, given rational number will terminate after four decimal places.

Exercise 1.2 Very Short Answer Type Questions

Q. 1 Write whether every positive integer can be of the form 4q+ 2, where qis
an integer. Justify your answer.

Sol. No, by Euclid’sLemma, b =ag + r,0<r<a [.dividend= divisor x quotient + remainder]
Here, b is any positive integera=4,b=4qg + rfor0<r<4ie.,r=012,3

So, this must be in the form 4g, 4g + 1,4g + 2 or4g + 3.
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Q. 2 ‘The product of two consecutive positive integers is divisible by 2' Is this
statement true or false? Give reasons.
@ Thinking Process

The product of two consecutive numbers i.e, n(n+1) will always be even, as one out of n
or (n+1) must be even.

Sol. Yes, two consecutive integers can be n, (n+ 1). So, one number of these two must be
divisible by 2. Hence, product of numbers is divisible by 2.

Q. 3 ‘The product of three consecutive positive integers is divisible by 6" Is
this statement true or false? Justify your answer.

Sol. Yes, three consecutive integers can be n, (n + 1)and (n + 2).
So, one number of these three must be divisible by 2 and another one must be divisible by
3. Hence, product of numbers is divisible by 6.

Q. 4 Write whether the square of any positive integer can be of the form
3m + 2, where m is a natural number. Justify your answer.

Sol. No, by Euclid’s lemma, b = aq +r,0< r< a Here, b is any positive integer,a=3,b =3q +r

forO<r<2
So, any positive integer is of the form 3k, 3k + 1or 3k + 2.
Now, (3kP =9k =3m [where, m = 3 k?]
and (Bk+1° = 9k® + 6k + 1

=3Bk2+2K +1=3m+1 [where, m= 3 k? + 2 K]
Also . (Bk+2P=9k>+12k+ 4] (@a+ b7 =a’+2ab + b?]

=9k? + 12k + 3+ 1
=3Bk +4k+1)+1
=3m+1 [where, m=3k? + 4k + 1]

which is in the form of 3m and 3m+1. Hence, square of any positive number cannot be of
the form 3m+-2.

Q. 5 A positive integer is of the form 3q+ 1, q being a natural number. Can you
write its square in any form other than 3m + 1, i.e., 3m or 3m + 2 for some
integer m? Justify your answer.

Sol. No, by Euclid's Lemma, b=aqg +r,0<r<a
Here, b is any positive integera=3 b=3 g + rfor0<r< 3

So, this must be inthe form3 g, 3 g + 1or3 g + 2.

Now, (39F=9q9%2=3m [here, m=3q?]
and Bqg+1°=9g°+6q+1

=3(38q%+2q)+1=3m+1 [where, m=3q%+2q]
Also, B3g+27°=9qg°+12qg+4

=9qg2+12g+3+1
=3Bqg%+4g++1
=3m+1 lhere,m=3q? + 4q + 1]

Hence, square of a positive integer is of the form 3q + 1is always in the form 3 m + 1 for
some integer m.
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Q. 6 The numbers 525 and 3000 are both divisible only by 3, 5, 15, 25 and 75.
What is HCF (525, 3000)? Justify your answer.
Sol. Since, the HCF (525, 3000) =75
By Euclid’s Lemma, 3000 = 525 x 5+ 375 [.dividend = divisor x quotient + remainder]
525 =375x 1+ 150
375=150%2 + 75
150=75%2 + 0

and the numbers 3, 5, 15, 25 and 75 divides the numbers 525 and 3000 that mean these
terms are common in both 525 and 3000. So, the highest common factor among these is 75.

Q. 7 Explain why 3 x 5 X 7+ 71is a composite number.

@ Thinking Process
A number which has more than two factors is known as a composite number.

Sol. We have, 3x5x7+7=105+7=112
Now, 112 =2x2x2x%x2x7=2%x7

So, it is the product of prime factors 2 and 7. i.e., it has more than two factors.
Hence, it is a composite number.

Q. 8 Can two numbers have 18 as their HCF and 380 as their LCM? Give
reasons.

Sol. No, because HCF is always a factor of LCM but here 18 is not a factor of 380.

987

10500
terminating or non-terminating (repeating) decimal expansion. Give
reasons for your answer.

Sol. VYes, after simplification denominator has factor 5°-22 and which is of the type 2™ -5". So,
this is terminating decimal.

Q. 9 without actually performing the long division, find if will have

987 47 _ 47 _2

- X
10500 500 5%.22 2
94 94 94

= = = = 0.094
52 x2% (10 1000

Q. 10 A rational number in its decimal expansion is 327.7081. What can you
say about the prime factors of g, when this number is expressed in the

form P ? Give reasons.
q

Sol. 327.7081 is terminating decimal number. So, it represents a rational number and also its
denominator must have the form2™ x 5”.
Thus, 327.7081 = 3277081 _p (say)
10000 g
g=10"=2x2x2x2x5x5%x5x%x5
=2*x5"=@2x5)

Hence, the prime factors of g is 2 and 5.
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Exercise 1.3 Short Answer Type Questions

Q. 1 Show that the square of any positive integer is either of the form 4q or
4q+ 1 for some integer q.
@ Thinking Process

Use Euclid's division algorithm, put the value of divisor as 4 and then put the value of
remainder from 0 to 3 and get the different form. Now, squaring every different form and
get the required form.

Sol. Leta be an arbitrary positive integer. Then, by, Euclid’s division algorithm, corresponding
to the positive integers a and 4, there exist non-negative integers mand r, such that

a=4m+ r,where 0<r< 4
= a®=16m° + r> + 8mr ()
where, 0<r<4 [-(a+ b)? =a® + 2ab + b?]
Casel When r = 0, then putting r = 0in Eq. (i), we get
a®=16m° = 4 (4m°) = 4q
where,q = 4m? is an integer.
Casell When r =1, then putting r = 1in Eq. (i), we get
a® =16m° + 1+ 8m
=4(4m? +2m)+1=4q + 1
where, g = (4m® + 2m)is an integer.
Caselll When r=2,then puttingr=2in Eq. (i), we get
a® =16m° + 4+ 16m
=4(4m° + 4m+ 1)=4q
where, g = (4m® + 4m + 1)is an integer.
CaselV  Whenr = 3, then putting r = 3in Eq. (i), we get
a® =16m° + 9+ 24m=16m" + 24m + 8 + 1
=4(4m° + 6m+2)+ 1=4q + 1
where, g = (4m® + 6m + 2)is an integer.

Hence, the square of any positive integer is either of the form 4 g or 4q + 1for some integerq.

Q. 2 Show that cube of any positive integer is of the form 4m, 4m + 1 or4m + 3,
for some integer m.
@ Thinking Process

Use Euclid’s division algorithm. Put the value of remainder from O to 3, get the different
forms of any positive integer. Now cubing to every different form of positive integer and
get the required forms.

Sol. Leta be an arbitrary positive integer. Then, by Euclid’s division algorithm, corresponding to
the positive integers a and 4, there exist non-negative integers g and r such that
a=4g + r,where0<r< 4
3 _ 3 _ 3, .3 2 2
= a’=(4q+r)°=64q° +r° +12qr° + 48q°r
[-(@+ b)® =a® + b® + 3ab? + 3a°b]
= a® = (6492 + 48q°r + 12qr) + r° ()
where, 0<r<4
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Casel When r=0,
Putting r = 0in Eq. (i), we get
a® =64q° = 4(169°)
=a’ + 4mwhere m=16q° is an integer.
Casell When r =1, then putting r = 1in Eq. (i), we get
a® =64q9° + 48g° + 12q + 1
=4(169° +12q9? + 3q)+ 1
=4m+1
where, m=(16q? + 12g? + 3q)is an integer.

Caselll Whenr =2, then puttingr =2 in Eq. (i), we get
a®=64qg° + 14492 +108q + 27
=649° +1449° +108q + 24+ 3
=4(16qQ° + 3692 +27q + 6)+ 3=4m+ 3
where, m=(16q° + 362 + 27 g + 6)is an integer.
Hence, the cube of any positive integer is of the form 4m, 4m + 1or 4m + 3 for some integer m.

Q. 3 Show that the square of any positive integer cannot be of the form 5q + 2
or 5q + 3 for any integer q.
Sol. Leta be an arbitrary positive integer.

Then, by Euclid’s divisions Algorithm, corresponding to the positive integers a and 5, there
exist non-negative integers mand r such that
a=5m+r,where 0<r<5

= a®=0Bm+r?=25m° + > +10mr [ (a+ b)? =a° + 2ab + b?]
= a® =55m° + 2mr) + r .. (i)
where, 0<r<5b

Casel When r = 0, then putting r = 0in Eq. (i), we get
a® =5(5m°)=5q
where, g = 5m° is an integer.
Casell When r =1, then putting r = 1is Eq. (i), we get
a® = 55m° + 2m) + 1
= q=5q +1
where, g = (5m° +2m)is an integer.
Caselll  When r =2, then putting r=2in Eq. (i), we get
a®>=506BEm’ + 4m)+ 4=5q + 4
where, g = (5m° + 4m)is an integer.
CaselV  Whenr = 3, then putting r = 3in Eq. (i), we get
a®=56Bm? + 6m)+9=5(5m" + 6m)+ 5+ 4
=5(5m? + 6m+ 1)+ 4=5q + 4

where, g = (5m° + 6m +1)is an integer.
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CaseV  Whenr =4 then putting r = 4in Eq. (i), we get
a>=5(Bm"+8m)+16=50Bm>+ 8m)+ 15+ 1
= a’=5(0Bm’+8m+3)+1=5q + 1
where, g = (5m° + 8m + 3)is an integer.

Hence, the square of any positive integer cannot be of the form 5q + 2 or 5g + 3 for any
integer g.

Q. 4 Show that the square of any positive integer cannot be of the form 6m + 2
or 6m + 5 for any integer m.

Sol. Leta be an arbitrary positive integer, then by Euclid’s division algorithm, corresponding to
the positive integers a and 6, there exist non-negative integers g and r such that
a=6q + r,where 0<r<6

= a®=(6q +r?=369° +r°+12gr [+(@a+ b)® =a° + 2ab + b?]
= a® =6(6q° + 2qr) + r? )
where, 0<r<6

Casel When r = 0, then putting r = 0in Eq. (i), we get
a® =6(6g°)=6m
where, m = 6g? is an integer.
Casell  Whenr =1, then putting r =1in Eq. (i), we get
a’=6(6g°+29)+1=6m+1
where, m = (6g° + 2q)is an integer.
Caselll Whenr =2, then puttingr =2 in Eq (i), we get
a’ =6(6g° + 4q)+ 4=6m+ 4
where, m = (6g° + 4q)is an integer.
CaselV  Whenr = 3, then putting r = 3in Eq. (i), we get
a’ =6(6g° + 69)+ 9
=6(6g° + 6a)+ 6+ 3
= a®=6(6g°2+6q+1)+3=6m+3
where, m = (6q + 6qg + 1)is an integer.
CaseV  Whenr = 4, then putting r = 4in Eq. (i), we get
a®>=6(69% + 8q)+ 16
=6(6g°+8q)+ 12+ 4
= a’=66q°+8q+2)+4=6m+ 4
where, m = (6g2 + 8q + 2)is an integer.
Case VI Whenr =5, then putting r = 5in Eq. (i), we get
a® =6(6g% +10q) + 25
=6(692% +10q)+ 24 + 1
= a>=6(6qg°+10q + 4)+ 1=6m+1
where, m = (6g% + 10g + 1)is an integer.

Hence, the square of any positive integer cannot be of the form 6m + 2 or 6m + 5 for any
integer m.
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Q. 5 Show that the square of any odd integer is of the form 4m + 1, for some

integer m.

Sol. By Euclid’s division algorithm, we have a = bq + r, where 0< r< 4
On putting b = 4in Eq. (i), we get
a=4q +r, where0<r<4 je,r=0123
If r=0= a=4q, 4q is divisible by 2 = 4q is even.
Ifr=1= a=4q + 1, (4g + 1)is not divisible by 2.
Ifr=2= a=4qg +2,2(2q + 1)is divisible by 2 =22qg + 1)is even.
Ifr=383= a=4q + 3 (4g + 3)is not divisible by 2.
So, for any positive integer g, (49 + 1)and (4g + 3)are odd integers.
Now, a®=(4qg + 1) =16g2 + 1+ 89 =4 (4g° + 2q) + 1

[ (@+ b)? =a° + 2ab + b?]

is a square which is of the form 4m + 1, where m = (492 + 2q)is an integer.
and a = (4g + 3)? =16q° + 9+ 24q = 4(4q° + 6g + 2) + 1 is a square

[+ (a+ b =a° + 2ab + b?]

which is of the form 4m + 1, where m = (49° + 6q + 2)is an integer.
Hence, for some integer m, the square of any odd integer is of the form 4m + 1.

Q. 6 If nis an odd integer, then show that n? — 11s divisible by 8.

Sol. Let a=n°-1
Given that, n is an odd integer.
n=135,..
FromEq. (), atn=1a=(1?2 -1=1-1=0,
which is divisible by 8.
FromEq. (), atn=3a=@BF-1=9-1=8,
which is divisible by 8.
FromEq. (), atn=5a=(5¢° -1=25-1=24=3x 8§,
which is divisible by 8.
FromEq. (), atn=7,a=(7)° —1=49-1=48=6x 8,
which is divisible by 8.
Hence, (n® — 1)is divisible by 8, where nis an odd integer.

Alternate Method

We know that an odd integer nis of the from (4q + 1) or (4g + 3)for some integerq.

Casel Whenn=4qg + 1
In this case, we have
(n® =)= (4g + 1)* -1
=16g° + 1+ 89 —1
(@a+ b)® =a® + 2ab + b?]
=16q2 +8g =8g 2g + 1)
=16g2 + 8q = 8g (2q + 1)
which is clearly, divisible by 8.
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Casell Whenn=14q + 3
In this case, we have
(n® =1)=(4g + 3)* -1
=16g° + 9+ 24q — 1 [(@+ b)> =a® + 2ab + b?]
=16q° + 24q + 8
=8(@2q° + 3q + 1)
which is clearly divisible by 8.
Hence, (n® — 1)is divisible by 8.

Q. 7 Prove that, if x and y are both odd positive integers, then x? + y? is even
but not divisible by 4.
@ Thinking Process

Here we have to take any two consecutive odd positive integers. After that squaring and
adding both the number and check it is even but not divisible by 4.

Sol. Letx=2m+ 1and y=2m+ 3are odd positive integers, for every positive integer m.
Then, 2+ V2 =@em+ 17 + @m+ 37
=4m° + 1+ 4m+ 4m° + 9+ 12m [ (@+ b)> =a° + 2ab + b?]
=8m° + 16m+ 10 = even
=2(4m° + 8m+ 5)or 42m> + 4m+ 2) + 1

Hence, x? + y? is even for every positive integer m but not divisible by 4.

Q. 8 Use Euclid’s division algorithm to find the HCF of 441, 567 and 693.
@ Thinking Process

First we use Euclid's division algorithm between two larger numbers any of three and get
the HCF between these two. After that we take the third number and resulting HCF of
two numbers and apply again Euclid’s division algorithm and get the required HCF.

Sol. Leta=693 b =567 andc = 441
By Euclid’s division algorithms,
a=bq+r ()
[~ dividend = divisor x quotient + remainder]
First we take, a = 693 and b = 567 and find their HCF.
693 =567 x 1+ 126
567 =126 x 4 + 63
126=63x2+ 0
HCF (693, 567) = 63
Now, we take ¢ = 441and say d = 63, then find their HCF.
Again, using Euclid’s division algorithm,
c=dq +r
= 441=63%x7+ 0
: HCF (693, 567, 441) = 63
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Q. 9 Using Euclid's division algorithm, find the largest number that divides

Sol.

1251, 9377 and 15628 leaving remainders 1, 2 and 3, respectively.

Since, 1, 2 and 3 are the remainders of 1251, 9377 and 15628, respectively. Thus, after
subtracting these remainders from the numbers.
We have the numbers, 1251 —1=1250, 9377 —2 = 9375 and 15628 — 3 = 15625
which is divisible by the required number.
Now, required number = HCF of 1250, 9375 and 15625 [for the largest number]
By Euclid’s division algorithm,
a=bq+r ()
[ dividend = divisor x quotient + remainder]
For largest number, put a = 15625 and b = 9375
15625 = 9375 x 1+ 6250 [ from Eq. ()]
9375 =6250x 1+ 3125
6250=3125%x2+ 0
HCF (15625, 9375) = 3125
Now we take c =1250and d = 3125, then again using Euclid’s division algorithm,
d=cq+r [from Eq. (i)]
= 3125 =1250%2 + 625
= 1250 =625%x2+0

=
=

g HCF (1250, 9375, 15625) = 625
Hence 625 is the largest number which divides 1251,9377 and 15628 leaving remainder 1,
2 and 3, respectively.

Q. 10 Prove that +/3 + +/5 is irrational.

Sol.

® Thinking Process

In this type of question, we use the contradiction method i.e, we assume given number is
rational and at last we have to prove our asssumption is wrong, ie, the number is
irrational.

Let us suppose that /3 + /5 is rational.

Let /3 + /5 = a, where a is rational.

Therefore, V3=a-+5

On squaring both sides, we get
(3f =(a-5)

= 3=a’+5-2a'5 [ (@-b)? =a° + b®> —2ab]
= 2a/5=a’+2

a2 +2 .. -
Therefore, J5 = which is contradiction.

2a
As the right hand side is rational number while +/5 is irrational. Since, 3 and 5 are prime

numbers. Hence, +/3 + /5 is irrational.

Q. 11 Show that 12" cannot end with the digit 0 or 5 for any natural number n.

Sol.

If any number ends with the digit 0 or 5, it is always divisible by 5.

If 12" ends with the digit zero it must be divisible by 5.

This is possible only if prime factorisation of 12” contains the prime number 5.

Now, 12=2x2x3=2%x3

= 12" = (22 x 3)" =22" x 3" [since, there is no term contains 5]
Hence, there is no value of ne N for which 12" ends with digit zero or five.



Real Numbers 13

Q. 12 On a morning walk, three persons step off together and their steps
measure 40 cm, 42 cm and 45 cm, respectively. What is the minimum
distance each should walk, so that each can cover the same distance in
complete steps?

Sol. We have to find the LCM of 40 cm, 42 cm and 45 cm to get the required minimum distance.

For this, 40=2x2 x2 x5
42 =2 x 3% 7

and 45=3x3x%x5

: LCM (40, 42,45) =2 x3x 5x2x2x3x7
=30x12x7=210x12
=2520

Minimum distance each should walk 2520 cm. So that, each can cover the same distance in
complete steps.

Q. 13 Write the denominator of rational number

in the form 2™ x 5",

where m, n are non-negative integers. Hence, write its decimal
expansion, without actual division.

257 s 5000.
00

Sol. Denominator of the rational number

Now, factors 0f 5000 =2 x 2 x2 x 5 x 5 x 5 x 5= (2)° x (5)*, which is of the type 2™ x 5,

where m = 3and n = 4 are non-negative integers.
. 257 257 2
Rational number= — =_—"__ x—
5000 2% x5* 2

[since, multiplying numerator and denominater by 2]

__514 _ 514
24 x5 (10

=ﬂ= 0.0514
10000

Hence, which is the required decimal expansion of the rational % and it is also a

terminating decimal number.

Q. 14 Prove that \/B+ \/a is irrational, where p and q are primes.

Sol. Let us suppose that /p + /g is rational.
Again, let\/[p + \[g = a, where aiis rational.

Therefore, Jg=a-p
On squaring both sides, we get

g=a’+ p-2aJp [ (@a—-b) =a° + b? —2ab]
2
Therefore, \/Bza-;ﬂ, which is a contradiction as the right hand side is rational
a

number while \/p is irrational, since pand g are prime numbers.
Hence, /p + +/q is irrational.
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Exercise 1.4 Long Answer Type Questions

Q. 1 Show that the cube of a positive integer of the form 6q +r, q is an integer
andr=0, 1, 2, 3, 4, 5is also of the form 6m +r.

Sol. Leta be an arbitrary positive integer. Then, by Euclid’s division algorithm, corresponding to
the positive integers ‘a’ and 6, there exist non-negative integers g and r such that

a=6q+r where, 0<r<6
= a®=06qg+n°=216Q°+r+3-69-r(6q +1)

[-(@a+ b’ =a®+b>+3ab(a+b)]
= a® =216 g® +108q%r + 18qr3) + r* ()
where, 0<r< 6
Casel When r = 0, then putting r = 0in Eq. (i), we get

a® =216q° =6(369°%) = 6m
where, m = 36q° is an integer.
Casell When r =1, then putting r =1 in Eq. (i), we get
a® =(169° + 1089° + 18q) + 1=6(36g° + 189° + 3q) +1
= a°=6m+1 wherem=(36q° + 18q° + 3q)is an integer.

Caselll  Whenr =2, then putting r =2 in Eq. (i), we get
a® =(2169° + 21692 + 72q) + 8

a® =(216q° +216q° + 72q + 6) + 2
= a’>=6(36g°+36q° +12g + N+2=6m+2
where, m=(36g°2 + 3692 + 12q + 1)is an integer.
CaselV  When r = 3, then putting r= 3in Eq. (i), we get
a® = (2169° + 324g° + 162q) + 27= (216q° + 324q° + 162q + 24) + 3
=6(36g9°% + 54g° + 27 + 4)+ 3=6m+ 3
where, m=(36q2 + 5492 + 27q + 4)is an integer.

CaseV  Whenr =4, then putting r = 4in Eq. (i), we get
a® =(2169° + 432q° + 288q) + 64

=6(369° + 7292 + 48q) + 60 + 4

=a° 6(369° + 72q% + 48q + 10)+ 4=6m+ 4
where, m = (36q° + 7292 + 48q + 10)is an integer.

Case VI  Whenr =5, then putting r = 5in Eq. (i), we get
a® =(2169° + 540q° + 450q) + 125

= a®=(216q° + 540q2 + 450q) + 120 + 5
= a%>=6(369°+ 90g° + 75 + 20)+ 5
= a’=6m+5
where, m = (369> + 90g° + 75g + 20)is an integer.

Hence, the cube of a positive integer of the form 6g + r,g is anintegerandr=0,12,3 4,5
is also of the forms 6m,6m+ 1, 6m+ 2,6m+ 36m+ 4and 6m+ 5i.e.,.6 m+r.
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Q. 2 Prove that one and only one out of n, (n+ 2) and (n+ 4) is divisible by 3,
where nis any positive integer.
@ Thinking Process
Since, n'is positive integer put n=1,2, 3,... in the given numbers and makes the order
triplets, then we see that any one digit in a triplet is divisible by 3.
Sol. Leta=nb=n+2andc=n+4
Order tripletis (@, b,c) = (n,n+2,n+ 4) ()
Where, nis any positive integeri.e.,n=12, 3,...
Atn=1 (a bc)=(11+21+ 4)=(1,35)

Atn=2;(a bc)=2,2+22+ 4)=(2,4,6)

Atn=3 (a, b,c)=(33+2 3+ 4)=(357)

Atn=4 (abc)=(44+2 4+ 4)=(468)

Atn=5 (a, bc)=(55+25+4)=(57,9)

Atn=6; (a,b,c)=(66+2,6+ 4)=(6810)

Atn=7;(a bc)=7,7+2,7+ 4)=(7,911)

Atn=8 (a b,c)=(88+2 8+ 4)=(81012)

We observe that each triplet consist of one and only one number which is multiple of 3 /.e.,
divisible by 3.

Hence, one and only one out of n,(n+2)and (n + 4)is divisible by 3, where, nis any positive
integer.

Alternate Method
On dividing ‘n’ by 3, let g be the quotient and r be the remainder.
Then, n=3qg + r, where, 0<r< 3

= n=23qg + r,where,r=0,12
= n=3gorn=3g+1orn=3q +2
Casel If n=3q, then nis only divisible by 3.
but n+ 2 and n+ 4 are not divisible by 3.
Casell If n=3q + 1then (n+ 2)=3q + 3= 3(q + 1), which is only divisible by 3,

but n and n+ 4 are not divisible by 3.
So, in this case, (n + 2)is divisible by 3.
Caselll Whenn=23qg+2,then(n+ 4)=23q + 6= 3(q + 2), which is only divisible by 3,
but nand (n+ 2) are not divisible by 3.
So, in this case, (n + 4)is divisible by 3.
Hence, one and only one out of n, (n + 2) and (n + 4)is divisible by 3.

Q. 3 Prove that one of any three consecutive positive integers must be
divisible by 3.
Sol. Any three consecutive positive integers must be of the form
n, (n+ 1)and (n + 2), where n is any natural number.i.e., n=12,3, ...
Let, a=nb=n+1landc=n+2
Order tripletis (a, b,c)=(n,n+ 1, n+2), where n=12,3, ... ..(0)
Atn=1 (@ bc)=11+11+2)=(1,2,3)

Atn=2; (@,b,c) =(12+12+2)=@2,3 4
Atn=3 (@, b,c)=(33+13+2)=(345)
Atn=4; (@a,b,c) =(44+14+2)=(45,6)
Atn=5 (@ b,c)=(55+15+2)=(567)
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Atn=6, (a,b,c)=(66+16+2)=(67,8)

Atn=7, (@ b,c) =7,7+1,7+2)=(7,879)

Atn=8; (a,b,c)=(88+18+2)=(8 9 10)

We observe that each triplet consist of one and only one number which is multiple of 3 i.e.,
divisible by 3.

Hence, one of any three consecutive positive integers must be divisible by 3.

Q. 4 For any positive integer n, prove that n® — nis divisible by 6.

Sol. Let a=n>-n = a=n-(n°-1)
= a=n-(n="1-(n+1) [+ @ -b%)=(a—-b)(@a+ b)
= a=n-"1-n-(n+1) ()

We know that,

I. If a number is completely divisible by 2 and 3, then it is also divisible by 6.

Il If the sum of digits of any number is divisible by 3, then it is also divisible by 3.
lll. If one of the factor of any number is an even number, then it is also divisible by 2.
a=n-10-n-(n+1) [from Eq. (i)]
Now, sum of the digits =n-1+n+n+1=3-n

= multiple of 3, where nis any positive integer.

and (n —1)-n-(n + 1) will always be even, as one out of (n — 1) or n or (n + 1) must of even.
Since, conditions Il and lll is completely satisfy the Eq. (i).

Hence, by condition | the number n® — n is always divisible by 6, where n is any positive

integer. Hence proved.

Q. 5 Show that one and only one out of n,n+4,n+8, n+12 and n+ 16 is
divisible by 5, where n is any positive integer.
Sol. Given numbers aren, (n+ 4), (n+ 8), (n + 12)and (n + 16), where n is any positive integer.
Then, letn="5qg, 59 + 1,59 + 2,59 + 3,59 + 4forge N [by Euclid’s algorithm]

Then, in each case if we put the different values of n in the given numbers. We definitely get
one and only one of given numbers is divisible by 5.

Hence, one and only one out of n, n+ 4,n+ 8 n+ 12 and n+ 16 s divisible by 5.
Alternate Method

On dividing on nby 5, letg be the quotient and r be the remainder.
Thenn=5q + r,where 0<r< 5.

= n=5q +r,wherer=012,34

= n=5qor5qg +1or5g +2o0r5qg + 3or 59 + 4

Casel If n=5q,then nis only divisible by 5.

Casell lfn=5qg + 1,thenn+ 4=5g+1+ 4=5q + 5=5(q +1), whichis only
divisible by 5.
So, in this case, (n + 4)is divisible by 5.

Caselll Ifn=5g+ 3thenn+2=5q9+ 3+12=5qg + 15=5(g + 3), which is divisible
by 5.

So, in this case (n + 12)is only divisible by 5.
CaselV Ifn=5q+ 4,thenn+16=5q + 4+ 16=5g +20=5(g + 4), whichis
divisible by 5.
S0, in this case, (n + 16)is only divisible by 5.
Hence, one and only one outof n,n + 4,n+ 8 n+ 12 and n + 16is divisible by 5, where nis
any positive integer.



Polynomials

Exercise 2.1 Multiple Choice Questions (MCQs)

Q. 1 If one of the zeroes of the quadratic polynomial (k — 1)x® + kx + 1 is =3,
then the value of k is

x b) ——
(a)3 (b) 3 (0)

@ Thinking Process

-2
3

(d)

W N

If oL is the one of the zeroes of the quadratic polynomial f(x)=ax® + bx+ c. Then, f(oL)
must be equal to 0.

Sol. (@) Given that, one of the zeroes of the quadratic polynomial say p(x) = (k — 1)x® + kx + 1

is =3, then p(=3)=0
= (k = 1)(-3)° + k(-3)+1=0
= 9k —1)-3k+1=0
= % -9-3k+1=0
= 6k —8=0
: k=4/3

Q. 2 A quadratic polynomial, whose zeroes are —3 and 4, is
2

(@) X% = x+12 (b) 32+ x+12 (c)%—g—e (d) 2x% + 2x - 24
Sol. (¢) Letax® + bx + c be a required polynomial whose zeroes are —3and 4.
Then, sum of zeroes=-3+ 4 =1 [ sumof zeroes = _—b]
a
N —b_1 , -b__(0) 0
a 1 a 1
and product of zeroes = -3 x4 =-12 [ product of zeroes = 9]
a
- c_-12 i
a 1

From Egs. (i) and (ii),
a=1b=-1and c=-12
—ax’+ bx+cC
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. Required polynomial =1-x2 —1.x — 12

=x% —x-12
:ﬁ_f_e
2 2

We know that, if we multiply/divide any polynomial by any constant, then the zeroes of
polynomial do not change.

Alternate Method
Let the zeroes of a quadratic polynomial areo. = —3and p = 4.
Then, sum of zeroes =o+pf=-3+4=1
and product of zeroes = off = (-3) (4) =—-12
Required polynomial =x? — (sum of zeroes)x + (product of zeroes)

=x? —(x + (-12)=x° —x-12

=X _X_ ¢
2 2

Q. 3 If the zeroes of the quadratic polynomial x% + (a+ 1)x + b are 2 and -3,

then
(@a=-7,b=-1 (bya=5,b=-1
(©a=2,b=-6 d)a=0,b=-6

Sol. (d) Let p(x)=x®+(@+Nx+b
Given that, 2 and -3 are the zeroes of the quadratic polynomial p(x).
p@@)=0and p(-3)=0

= 22+ @+ 0)@)+b=0

= 4+2a+2+b=0

= 2a+b=-6 ()
and (=3P +(@+N(-3)+b=0

= 9-3a-3+b=0

= 3a-b=6 (i)
On adding Egs. (i) and (i), we get

5a=0=a=0

Put the value of a in Eq. (i), we get
2x0+b=-6=>b=-6
So, the required values are a=0 and b = -6.

Q. 4 The number of polynomials having zeroes as —2 and 5 is
(@1 (b) 2 (©3 (d) more than 3

Sol. (d) Letp(x)=ax? + bx + ¢ be the required polynomial whose zeroes are —2 and 5.

Sum of zeroes = ﬁ
= —Z=-2+5=

and product of zeroes = ¢
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From Egs. (i) and (ii),
a=1b=-3andc =-10
plx)=ax®+bx+c=1-x%-3x-10
=x%-3x-10

But we know that, if we multiply/divide any polynomial by any arbitrary constant. Then,
the zeroes of polynomial never change.

p(x) = kx® — 3kx — 10k [where, k is a real number]
x> 3. 10 .
= p(x) = W ;x 0 [where, k is a non-zero real number]

Hence, the required number of polynomials are infinite i.e., more than 3.

Q. 5 If one of the zeroes of the cubic polynomial ax® + bx?® + cx + d is zero,

the product of then other two zeroes is
@) = (b) < ©0 2
a a a

@ Thinking Process

Firstly, we find the sum of product of two zeroes at a time and put the value of one of the
zeroes i.e., zero, we get the required product of the other two zeroes.

Sol. (b) Letp(x)=ax® + bx? +cx +d
Given that, one of the zeroes of the cubic polynomial p(x) is zero.

Leta, B and y are the zeroes of cubic polynomial p(x), where a = 0.
We know that,

Sum of product of two zeroes at a time = c
a
c
= of + By +yo ==
a
= 0><B+[3y+y><0=9 [ a =0, given]
a
c
= 0+By+0==
a
c
= Br=-
a

Hence, product of other two zeroes = =

Q. 6 If one of the zeroes of the cubic polynomial x* + ax? + bx + ¢ is —1, then
the product of the other two zeroes is
@b-a+1 b)b—a-1 (ha—-b+1 (da-b-1
@ Thinking Process

Firstly, we find the value of constant term ‘c, by using p(—1) =0. After that we find the
product of all zeroes and put the value of one of the zeroes. Finally, we get the required
result.

Sol. (a) Let p(x) =x> + ax® + bx + ¢
Leta, B and y be the zeroes of the given cubic polynomial p(x).

R oa=-1 [given]
and p(=1)=0
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= 1+ a(=1? + b(-)+c=0
= -1+a-b+c=0
= c=1-a+b ()
We know that,

Product of all zeroes = (-1)°. _Constantterm _ _¢

Coefficient of x° 1
afy=-c

= (- Py=-c [ a=-1]
= Py=c
= pr=1-a+b [from Eq. ()]

Hence, product of the other two roots is1—a + b.

Alternate Method

Since, — 1is one of the zeroes of the cubic polynomial f(x) = x + ax® + bx +c i.e.,
(x + 1)is a factor of f(x).

Now, using division algorithm,

¥+ @-1x+(b-a+1)

x+1> x3+ax® + bx+cC

x% + x?

(@-1x° + bx

@-1x+@-1x

(b-a+Mx+c
b-a+Nhxb-a+1)
c-b+a-1

oxltaxl+bx4c=@+Nx{xl+@-Nx+b-a+N+c-b+a-1)
= x+ax+bx+b-a+N)=(x+N{x>+@-1x+0B-a+1}
Leta and P be the other two zeroes of the given polynomial, then
— Constant term
Coefficient of x®
—-(b-a+1)
1
= of=—-a+b+1
Hence, the required product of other two roots is (— a + b+ 1).

Product of zerces = (- )a-B =

= —o-B=

Q. 7 The zeroes of the quadratic polynomial x% + 99x + 127 are

(@) both positive (b) both negative
(c) one positive and one negative (d) both equal

Sol. (b) Let given quadratic polynomial be p(x) = x? + 99x + 127.

On comparing p(x) with ax? + bx + ¢, we get
a=1b=99andc =127
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_h+ [p2 _
We know that, x = # [by quadratic formula]
a
99+ /(997 - 4 x1x127
2 x1

_ —99+ /9801 - 508
2
-99+ v9293 _ -99+ 964

2 2
-99 + 964 -99 - 964

2 2
-26 -1954
"o
=-13 -977
Hence, both zeroes of the given quadratic polynomial p(x) are negative.
Alternate Method

We know that,

a>0 b>0c¢>0

In quadratic polynomial, if
9 Poly a<0 b<0c<0

}, then both zeroes are negative.

In given polynomial, we see that

a=1>0,b=99>0andc =127>0
which satisfy the above condition.
So, both zeroes of the given quadratic polynomial are negative.

Q. 8 The zeroes of the quadratic polynomial x% + kx + k where k 0,

(a) cannot both be positive (b) cannot both be negative
(c) are always unequal (d) are always equal
Sol. (a) Let p(x)=x+ ke + k k#0

On comparing p(x) with ax? + bx + ¢, we get
a=1b=kandc =k

_h+ p2 —
Now, X = w [by quadratic formula]
a

_—k+ K - 4k
DL

_ ke kK=, =0 4T
——

Here, we see that
k(k —4)>0
= K € (=0, 0) U (4, o)
Now, we know that
In quadratic polynomial ax® + bx + ¢
lfa>0,b>0c>00ra<0b<0c<0,
then the polynomial has always all negative zeroes.

and ifa>0,c<0ora<0c>0 then the polynomial has always zeroes of opposite
sign.
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Casel |If ke (-, 0)ie, k<O
= a=1>0 b,c=k<O0
So, both zeroes are of opposite sign.
Case ll If ke (4, )ie, k=>4
= a=1>0 bc=>4

So, both zeroes are negative.
Hence, in any case zeroes of the given quadratic polynomial cannot both be positive.

Q. 9 If the zeroes of the quadratic polynomial ax?+ bx+ ¢, where ¢ #0, are
equal, then
(@) c and a have opposite signs (b) c and b have opposite signs
(c) ¢ and a have same signs (d) c and b have the same signs

Sol. (¢) The zeroes of the given quadratic polynomial ax® + bx +c, ¢c#0 are equal. If
coefficient of x° and constant term have the same sign i.e., ¢ and a have the same
sign. While b i.e., coefficient of x can be positive/negative but not zero.

eg., ()x®+4x+4=0 (i) x®> —4x+4=0
=  (x+2°=0 = (x-2P=0
N x=-2-2 = x=272

Alternate Method
Given that, the zeroes of the quadratic polynomial ax? + bx + ¢, wherec # 0, are equal
i.e., discriminant (D) = 0

= b? —4ac =0
= b? = dac

b2
= ac = —
= ac>0

which is only possible when a and ¢ have the same signs.

Q. 10 If one of the zeroes of a quadratic polynomial of the form x? + ax + b is

the negative of the other, then it
(a
(b

=

has no linear term and the constant term is negative
has no linear term and the constant term is positive
(c) can have a linear term but the constant term is negative
(d) can have a linear term but the constant term is positive

Sol. (a) Let p(x) =x? + ax + b.
Constant term
Coefficient of x?

Let oo and B be the zeroes of p(x).

= — =

Now, product of zeroes =

Product of zeroes (- B) = %

Given that, one of the zeroes of a quadratic polynomial p(x) is negative of the other.
af< 0
So, b<0 [from Eq. (i)]

Hence, b should be negative
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Puta = 0, then, p(x)=x°+b=0
= x2=-b
= x=%+-b [+-b<(

Hence, if one of the zeroes of quadratic polynomial p(x) is the negative of the other,
then it has no linear termi.e., a = 0 and the constant term is negative i.e., b < Q.

Alternate Method
Let fx)=x? +ax+b
and by given condition the zeroes are o. and — o..

Sum of the zeroes =0 —a = a
= a=0

f(x) = x2 + b, which cannot be linear.

and product of zeroes =a.-(-a) = b
= —a?=b
which is possible when, b < 0.
Hence, it has no linear term and the constant term is negative.

Q. 11 Which of the following is not the graph of a quadratic polynomial?

i A A

v

Y

(O - (b) P

(@ (9

Sol. (d) For any quadratic polynomial ax® + bx + ¢, a # 0, the graph of the Corresponding
equation y = ax® + bx + ¢ has one of the two shapes either open upwards like U or
open downwards like N depending on whether a> 0 or a< 0. These curves are called
parabolas. So, option (d) cannot be possible.

Also, the curve of a quadratic polynomial crosses the X-axis on at most two points but in
option (d) the curve crosses the X-axis on the three points, so it does not represent the
quadratic polynomial.
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Exercise 2.2 Very Short Answer Type Questions

Q. 1 Answer the following and justify.
(i) Can x® —1 be the quotient on division of x® +2x> +x—1 by a
polynomial in x of degree 5?
(ii) What will the quotient and remainder be on division of ax? + bx + c by
pxd +qx® +rx+s,p#£0?

(i11) If on division of a polynomial p(x) by a polynomial g(x), the quotient
is zero, what is the relation between the degree of p(x) and g(x)?

(iv) If on division of a non-zero polynomial p(x) by a polynomial g(x), the
remainder is zero, what is the relation between the degrees of p(x)
and g(x) ?

(v) Can the quadratic polynomial x + kx + k have equal zeroes for some
odd integerk > 17

Sol. (i) No, because whenever we divide a polynomial x® + 2x2 + x — 1by a polynomial in x of
degree 5, then we get quotient always as in linear form i.e., polynomial in x of degree 1.
Let divisor = a polynomial in x of degree 5

=ax® + bx* +cx® +dx’ +ex + f
quotient = x2 — 1
and dividend = x® + 2% + x -1
By division algorithm for polynomials,
Dividend = Divisor x Quotient + Remainder
=(ax® + ba* + cx® + dx? + ex + )x (x? — 1) + Remainder
= (a polynomial of degree 7) + Remainder
[in division algorithm, degree of divisor > degree of remainder]
= (‘a polynomial of degree 7)
But dividend = a polynomial of degree 6
So, division algorithm is not satisfied.
Hence, x — 1is not a required quotient.

(ii) Given that, Divisor px® + gx® + rx + s, p# 0
and dividend = ax® + bx + ¢

We see that,
Degree of divisor > Degree of dividend

So, by division algorithm,
quotient = 0 and remainder = ax® + bx + ¢
If degree of dividend < degree of divisor, then quotient will be zero and remainder as
same as dividend.

(iii) If division of a polynomial p(x) by a polynomial g(x), the quotient is zero, then relation
between the degrees of p(x) and g(x) is degree of p(x) < degree of g(x).

(iv) If division of a non-zero polynomial p(x) by a polynomial g(x), the remainder is zero,
then g(x) is a factor of p(x) and has degree less than or equal to the degree of p(x). i.e.,
degree of g(x) < degree of p(x).
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(v) No, let p(x) = x% + kx + k
If p(x) has equal zeroes, then its discriminant should be zero.
- D=8’ -4AC=0 .. (i)
On comparing p(x) with Ax? + Bx + C, we get
A=1B=kandC =k

(K)? = 4((k)=0 [from Eq. ()]
= k(k —4)=0
= k=04

So, the quadratic polynomial p(x) have equal zeroes only at k =0, 4.

Q. 2 Are the following statements ‘True’ or ‘False’? Justify your answer.

(i) If the zeroes of a quadratic polynomial ax? + bx + c are both positive,
then a, b and c all have the same sign.

(i1) If the graph of a polynomial intersects the X-axis at only one point, it
cannot be a quadratic polynomial.

(i11) If the graph of a polynomial intersects the X-axis at exactly two
points, it need not be a quadratic polynomial.

(iv) If two of the zeroes of a cubic polynomial are zero, then it does not
have linear and constant terms.

(v) If all the zeroes of a cubic polynomial are negative, then all the
coefficients and the constant term of the polynomial have the same
sign.

(vi) If all three zeroes of a cubic polynomial x° +ax? —bx +c are
positive, then atleast one of @, b and c is non-negative.

(vii) The only value of k for which the quadratic polynomial kx? + x + k has

1
equal zeroes is .

Sol. (i) Faise, if the zeroes of a quadratic polynomial ax® + bx + ¢ are both positive, then
0c+[3=—9 and oc-B:E
a a

where a.and B are the zeroes of quadratic polynomial.
c<0,a <0 and b>0
or c>0,a>0 and b<0
(i) True, if the graph of a polynomial intersects the X-axis at only one point, then it cannot

be a quadratic polynomial because a quadratic polynomial may touch the X-axis at
exactly one point or intersects X-axis at exactly two points or do not touch the X-axis.

(iii) True, if the graph of a polynomial intersects the X-axis at exactly two points, then it may
or may not be a quadratic polynomial. As, a polynomial of degree more than z is
possible which intersects the X-axis at exactly two points when it has two real roots and
other imaginary roots.
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(iv) True, let o, B and v be the zeroes of the cubic polynomial and given that two of the
zeroes have value 0.

Let Bp=v=0

and flx)=(x —a)(x = P)(x — )
=(x —a)(x - 0)(x—0)
=% - ax?

which does not have linear and constant terms.

(v) True, if f(x) = ax® + bx® + cx + d. Then, for all negative roots, a, b, ¢ and d must have
same sign.

(vi) False, leta, B and y be the three zeroes of cubic polynomial x® + ax® — bx + c.

3 Constant term

Then, product of zeroes = (-1)° ——————
Coefficient of x

- opy= ——(+1C)

o oby = ¢ ()
Given that, all three zeroes are positive. So, the product of all three zeroes is also positive
ie., By > 0

X <=0 [from Eq. ()]
- c<0

1) Coefficient of x?

Now, sum ofthe zeroes=o+ B+ y=(-
Coefficient of x°

a

= a+P+y=- T =-a

But o, B and v are all positive.

Thus, its sum is also positive.

So, a+B+vy>0

= -a>0

= a<0

and sum of the product of two zeroes at a time = (— 1)? , Coeliicientofx _ —b
Coefficient of x® 1

= of+By+yo=-b

of +Py+oay>0 = -b>0

= b<O0

So, the cubic polynomial x* + ax® — bx + ¢ has all three zeroes which are positive only
when all constants a, b and ¢ are negative.

(vii) False, let f(x) = kx? + x + k
For equal roots. Its discriminant should be zero i.e., D = b? — 4ac = 0
= 1-4k-k=0
= k= il

2
So, for two values of k, given quadratic polynomial has equal zeroes.
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Exercise 2.3 Short Answer Type Questions

Find the zeroes of the following polynomials by factorisation method and
verify the relations between the zeroes and the coefficients of the

polynomials
(i) 4x% —3x — 1.

® Thinking Process
Firstly, we use the factorisation method e, splitting the middle term of quadratic
polynomial and find its zeroes. After that use the formula of sum of zeroes and product

of zeroes for verification.
f(x) = 4x® — 3x —1
=45 —4x + x — 1
=dx(x =)+ x—1)
=(x —1)(4x + 1)
So, the value of 4x? — 3x — 1is zero when x — 1= 0or 4x + 1= 0i.e., whenx =1orx = o

Sol. Let
[by splitting the middle term]

Sum ofzeroes=1—7_,_T

= (-1 [Coefficient of x J
Coefficient of x°
and product of zeroes = (1) (—l) S
4 4
= (1P ( Constant term )
Coefficient of x2

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(ii) 3% + 4x — 4.
Sol. Let flx)=3x% + 4x — 4
=3 +6x—2x—4
=3x(x +2)-2(x + 2)
=(x+2)(3x-2)
So, the value of 3x° + 4x — 4 is zero when x +2=0o0r 3x =2 =0, j.e., when x = -2 or

[by splitting the middle term]

x = 2. S0, the zeroes of 3x2 + 4x — 4are —2 and %

Sum of zeroes = -2 + 2__4
3 3
= (1 (Coeff'm—entofx)
Coefficient of x?

and product of zeroes = (-2) (%) = %4

= (1P ( Constant term )
Coefficient of x?
Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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(iii) 5t + 12t + 7.
Sol. Let ft)=5t2 +12t +7
=5t2 47t + 5t +7 [by splitting the middle term]
=ttt +7)+ 15t +7)
=bBt+7)¢t+1)

So, the value of 5t + 12t + 7 is zero when 5t + 7 = 0ort + 1= 0,
-7

ie., whent = ? or t=-1
So, the zeroes of 5t° + 12t + 7 are —=7 / 5and —1.
Sum ofzeroes:—7 —1=is2

5
- oy Sosctemcf )
Coefficient of t°
and product of zeroes = (—%) (=)= %
P (M)
Coefficient of t°

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(iv) t — 2t% — 15t.

Sol. Let fit)y=t3 -2t —15¢
=t(t? -2t —15)
=t(t? -5t + 3t —15) [by splitting the middle term]
=t[t(t —5)+ 3t - 5)]
=tt -5 + 3
So, the value oft® —2t2 — 15t is zerowhent = Qort —5=00rt + 3=0
ie., whent =0ort =50rt =-3.

So, the zeroes of t3 —2t? — 15t are =3, 0 and 5.
Sum of zeroes=-3+ 0+ 5=2=ﬁ
_ (1) [ Coefficient of t*
| Coefficient of 2
Sum of product of two zeroes at a time
=(=3)(0) + (0)(5) + (9) (-3)
=0+0-15=-15
= (1P ( Coefficient of ¢ )
Coefficient of t2

and product of zeroes = (-3) (0) (5) = 0
(1 3( Constant term )

Coefficient of t°
Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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3
(v) 2x% + =x + =,
4
Sol. (et f(x)=2x2+gx+%=8x2+14x+3
=8x% +12x +2x + 3 [by splitting the middle term]

=4x 2x + 3)+1@2x + 3)
=@x+ 3)(4x + 1)
So, the value of 8x? + 14x + 3is zerowhen2x + 3= 00r4x + 1=0,

. 3 1
ie., whenx =—=orx =——
2 4

So, the zeroes of 8x° + 14x + 3are — § and — %

2
3_1_.7 _ -7
2

4 4 2x2
(Coefficient of x)

(Coefficient of x?)

And roduct of zeroes = (— §) (— l)=§ =i
2 4 8 2x4

_ Constant term
Coefficient of x2
Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(Vi) 4x? + 54/2x — 3.

Sum of zeroes = —

Sol. Let f(x) = 4x° + 5J2x - 3
=4x° + 6\2x —\2x - 3 [by splitting the middle term]

=2+2x (2x + 3) = 1+2x + 3)
=(2x +3)2V2 - x - 1)
So, the value of 4x? + 5v2x — 3is zero when v2x + 3=00r242 - x —1=0,

ie. Whenxz—iorsz.
’ V2 242
2 3 1
So, the zeroes of 4x +5\@x—3are—ﬁand ﬁ'
Sum ofzeroes=—i+i
V222
__ 5 _ -5
22 4

—~ N

_ (Coefficient of x)

(Coefficient of x2)
and product of zeroes = — 3.1 _.3
V2 22 a4
_ Constant term
Coefficient of x?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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(vii) 2s% — (1 + 24/2)s + /2.
Sol. Let f(s)=2s —(1+22)s + /2
=25 —s-2\2s+2
=s@s-1)-~2@s-1)
=@s-1)(s -2)
So, the value of 25 — (1+ 2+/2) s + ~/2 is zerowhen2s —1=0ors =2 = Q,

ie., when s =%ors =2

So, the zeroes of 2s? — (1+ 24/2) s + /2 are % and /2.

1+242 _ —[-(1+242)] _ (Coefficient of s)
2 2 (Coefficient of s2)
and product of zeroes = 1 V2= 1 _Constantterm
2 V2 Coefficient of s2

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

Sum of zeroes = % + 2 =

(viil) V2 + 4~/3v — 15.
Sol. Let fv)=v?+4J3v-15
=v2+ (53 -3 -15 [by splitting the middle term]
=v? +5/3v —/3v-15
= V(v + 5J3)—3(v + 5V3)
= (v + 5V3)(v —+/3)
So, the value of v? + 44/3v — 15is zero when v + 5J3 = 0orv —+/3 = 0,
ie. whenv = -5J3orv =+/3.
So, the zeroes of v2 + 44/3v — 15are =543 and /3.
Sum of zeroes = — 513 + /3 = — 443
— (1), ( Coefficient of v )
Coefficient of v?
and product of zeroes = (-5v/3) (+/3)
=-5x3=-15
— (12 ( Constant term )

Coefficient of v?
Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(ix) y? + g«/gy - 5.

Sol. (et f(y)=y>+3VBy-5
W=y o VY =2y? + 3J5y-10

=2y? + 4/5y—-5y-10 [by splitting the middle term]
=2y (y+25) - /5 (y + 24/5)
=(y+2v5) Ry - V5)
So, the value of y* + g By — 5is zero when (y + 2+/5) = 0or Ry — +/5) = 0,
J5

ie., when y=—-2+50ry = o
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So, the zeroes of 2y? + 35y — 10are — 24/5 and g

2.5 + V5 _-3J5 _ _ (Coefficient of y)
2 2 (Coefficient of y?)

And product of zeroes = — 24/5 x RE 5 Constant term

2 Coefficient of y

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

Sum of zeroes = —

11 2
2
x) 7y ——y-—
3 3
11 2
Sol. Let f(y) =7y - —_y-%
=7y 3 y 3
=212 — 11y -2
=21y% — 14y + 3y -2 [by splitting the middle term]

=7y(8y—-2)+ 18y —2)
(3y 2)(7y+1)
So, thevalueof7y2—fy—3|szerowhen3y 2=00r7y+1=0,

. 2 1
ie., when y = 5or y=-—
So, the zeroes of 72 — uy— 2 are gand —1.
3 3 3 7
Sum of zeroes = 2 — + = 14— S—E——(_H)
21 3x7

3 7
Coefficient of y
Coefficient of y?

and product of zeroes = (2) ( )_ = -2
3 21 3x7

— (72 [ _Constant term
Coefficient of y°

Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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Exercise 2.4 Long Answer Type Questions

Q. 1 For each of the following, find a quadratic polynomial whose sum and
product respectively of the zeroes are as given. Also, find the zeroes of
these polynomials by factorisation.

-8 4 21 5 -3
iy —, = i)y =, = (i) —2v3,-9  (iv)—=, -
0 =53 (i) 57 (i) ()2«/32

@ Thinking Process

(i) Firstly we use the concept or method of formation a quadratic equation,
ie, f(x) =2 — (sum of the zeroes) x+ (product of zeroes).

(i) After making a quadratic polynomial we factorise it by splitting the middle term
and get the required zeroes.

Sol. (i) Given that, sum of zeroes (S) = —g

and product of zeroes (P) = 4

Required quadratic expression, f(x) = x% —Sx + P
:x2+§x+ﬂ:3x2+ 8x + 4
3 3
Using factorisation method, = 3x2 + 6x + 2x + 4

=3x(x+2)+2(x+2)=(x+2)(38x +2)

Hence, the zeroes of f(x)are —2 and — %

(i) Given that,S =2 and P = >
8 16
Required quadratic expression, f(x)=x? —Sx + P
o 21 5

=x? -Sx+ —~=16x" —42x + 5
8 16

Using factorisation method = 16x2 — 40x —2x + 5
=8x2x -5 -1Qx -5=02x-5)(8x—1)
Hence, the zeroes of f(x) are 5 and %

(iii) Giventhat,S =-2+/3andP=-9
Required quadratic expression,
flx)=x? —=Sx + P=x° +2/3x - 9
=x% + 3/3x —/3x -9 [using factorisation method]
=x (x + 3v3) =3 (x + 3J/3)
= (x + 33) (x = V/3)
Hence, the zeroes of f(x) are — 3J/3 and /3.

; . 3 1
iv) Giventhat,S=—-—"——_andP=-—
W 25 2
.. Required quadratic expression,
3 1
fx)=x2-Sx + P =x®+ "_x ——
) 2J5 2

=25x% + 3x — /5
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Using factorisation method, = 2J5 x°% + 5x —2x — /5
=/5x 2x + v/5) - 1(2x + +/5)
=@x + /5) (V5x - 1)
J5 1

Hence,the zeroes of f(x) are — > and —.

V5

Q. 2 If the zeroes of the cubic polynomial x> — 6x2 + 3x + 10 are of the form
a, a+ b and a+ 2b for some real numbers aand b, find the values ofaand b
as well as the zeroes of the given polynomial.

g Thlnklng Process
Using the following relations related to a cubic polynomial.
Coefficient of &
(i) Sum of the zeroes =(=1) ————— =
g Coefficient of x°

. A Coefficient of
(if) Sum of product of two zeroes at a time = (— 1)° ~M
Coefficient of x

Sol. Let flx)=x® — 62% + 3x + 10
Given that, a, (@ + b)and (a + 2b) are the zeroes of f(x). Then,
(Coefficient of x?)

Sum of the zeroes =— 3
(Coefficient of x°)

= a+(a+b)+(a+2b)=——(_6)
= 3a+3b=6
= a+b=2 ()

Sum of product of two zeroes at a time = ( Cosfficient of x )

Coefficient of x°

= a(a+b)+(a+b)(a+2b)+a(a+2b)=%
= a@+b)+@+b){l@+b)+bt+a{(@a+b)+b}=3
= 2a+22+b)+a(2+hb)=3 [using Eq. ()]
= 2a+2@+2-a)+aR+2-a)=3 [using Eq. (i)]
= 2a+8-2a+4a-a>=3
= -a®+8=3-14a
= a°-4a-5=0
Using factorisation method,
a®-5a+a-5=0
= a(@-5+1@-5-=0
= @-5@+1=0
= a=-15
when a=-1then b=3
When a=5 then b=-3 [using Eq. (i)]
..Required zeroes of f(x) are
When a=—-1landb=3
then, a@+h),@+2)=-1 (-1+3), (-1+6) or =12,5
When a=>5and b =- 3 then

a@a+b),@+2b)=5(>B-3),(5-6) or 52, -1.
Hence, the required values ofa and b area=—-1and b = 3ora =5, b = — 3and the zeroes
are—12and 5.
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Q. 3 If V2 is a zero of the cubic polynomial 6x > + v/2x2 — 10x — 4+/2, the find
its other two zeroes.
@ Thinking Process

Use division algorithm and get a quadratic polynomial. Further factorize the quadratic
polynomial by factorisation method and get the other two required roots.

Sol. Let f(x)=6x° + v2x2 —10x — 42 and given that, /2 is one of the zeroes of f(x) i.e.,

(x — ~/2)is one of the factor of given cubic polynomial.
Now, using division algorithm,

6x° + 7\2x + 4
(x - J§)>6x3 +\2x2 —10x — 42
6x° — 62x°
+

7\/§x2 —10x — 42
72x% —14x
- +

4x — 42
4x — 2
X
6x° + J2x% —10x — 42 = (6x° + 7+2x + 4) x (x =2)+ 0
[ dividend = divisor x quotient + remainder]
= (x —2) (6x% + 4/2x + 3\2x + 4)
(x —2) {\2x (3V2x + 4)+ 1(32x + 4)}

=(x —~2){(3v2x + 4) (2x + 1)}
=(x —v2)(W2x + 1) (3V2x + 4)
So, its other zeroes are — % and — %

Q. 4 Find k, so that x? + 2x + k is a factor of 2x* + x* — 14x? + 5x + 6. Also,
find all the zeroes of the two polynomials.

Sol. Given that, x® + 2x + k is a factor of 2x* + x® — 14x? + 5x+ 6, then we apply division
algorithm,
2x% = 3x + (-8 = 2k)
x% +2x + k)| 2x* + x% —14x° + 5x + 6

2x* + 4x3 + 2kx?

—3x% — 2k + 14)x° + 5x + 6

—3x% - 6x% — 3kx
+ + +

(6 -2k —14)x? + Bk + B)x + 6
(-8 — 2k)x? +2(-8 — 2k)x + k(-8 — 2kK)

(3k + 5+ 16+ 4k)x + (6 + 8k + 2k°)
Since, (x? + 2x + k)is a factor of 2x* + x® — 14x2 + 5x + 6.
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So, when we apply division algorithm remainder should be zero.
Tk+20)x+ @k + 8k+6)=0-x+ 0
7k+21=0 and 2k + 8k+6=0
k=—3 or k®+4k+3=0
k> +3k+k+3=0 [by splitting middle term]
kkk+3)+1(k+3=0
k+1)(k+3)=0
k=-1or -3
Here, if we take k = — 3, then remainder will be zero.

L A

Thus, the required value of k is — 3.
Now, Dividend = Divisor x Quotient + Remainder
= 2x% + x% —14x% + 5x + 16=(x® + 2x — 3) 2x® — 3x — 2)
Using factorisation method,
=(x® + 3x —x — 3)(2x° — 4x + x —2) [by splitting middle term]
={x(x+3)-Tx+3IP}{2x (x -2)+ 1(x - 2)}
=x-Nx+3x-2)Cx+ 1)
Hence, the zeroes of x? +2x —3are 1, -3 and the zeroes of 2x* + x> —14x% + 5x + 6
are 1, =3, 2,_—1.
2

Q. 5 If x — /5 is a factor of the cubic polynomial x * — 3v5x 2 + 13x — 345,
then find all the zeroes of the polynomial.

Sol. Letf(x)=x% - 3v/5x2 + 13x — 35 and given that, (x — +/5)is a one of the factor of f(x).
Now, using division algorithm,

x? —2/6x + 3
x—\/§>x3—3\/§xz+13x—3«/§
%% — /Bx?
-+

—245x% + 13x — 35
—25x% + 10x
R i

3x - 3J5
3x - 3J5
- 4+

X

x® - 3J5x% + 13x — 3J5 = (x® — 24/5x + 3) x (x — +/5)

[ dividend = divisor x quotient + remainder]
=(x—-V5)[x% - {5+ v2)+ (5 -~2)}x + 3] [by splitting the middle term]
= (x = /5)[x* - (V5 + V2)x - (V5 - V2)x + (/5 + ¥2) (/5 - 2)]

[+3=(5+2) (V5 -2
= (x =B [x{x = (V5 + v2)} - (VB = ¥2) {x = (/B + +2)}]
= (x = V8) {x - (5 + v2)}{x - -2)}
Hence, all the zeroes of polynomial are v/5, (+/5 + +/2)and (v'5 — +/2).
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Q. 6 For which values of @ and b, the zeroes of q(x) = x> + 2x° + a are also the
zeroes of the polynomial p(x)= x> —x* —4x> + 3x% + 3x + b? Which
zeroes of p(x) are not the zeroes of p(x)?

@ Thinking Process
(i) Firstly, we use the division algorithm to get the remainder. Since, g(x) is a factor of
p(x). So, remainder should be zero.

(i) Now, equating the like terms of x and get the values of ‘a’ and 'b’. After that factorise
the quotient by splitting the middle term method.

(iii) Finally, we get two more zeroes, which are not the zeroes of p(x).

Sol. Given that the zeroes of g(x)=x® + 2x° + a are also the zeroes of the polynomial
plx)=x° —x* — 4x3 + 3x® + 3x + bie., q(x)is a factor of p(x). Then, we use a division
algorithm.

x% —3x +2

x3+2x2+a>x5—x4—4x3+3x2+3x+b

%+ 2x* + ax®

—3x* —4x3 + (B3-ax®+3x+b

—3x* - 6x% - 3ax
+ + +

2x3 + (3-ax®+ B3+ 3ax+ b

2x° + 4x° + 2a

—(1+ax? + (3+ 3ayx + (b —2a)

If (x3 + 2x° + a)is a factor of (x° — x* — 4x® + 3x® + 3x + b), then remainder should
be zero.
ie, —-(+ax?+@B+3a)x+(b-2a)=0

=0-x°+0-x+0

On comparing the coefficient of x, we get

a+1=0
= a=-1
and b-2a=0
= b=2a
= b=2(-1)=-2 [ca=-1]

Fora=—1and b = — 2, the zeroes of g(x) are also the zeroes of the polynomial p(x).
qx)=x° +2x% -1
and plx) =% —x* — 4x® + 3x° + 3x -2
Now, Divident = divisor xquotient + remainder
plx)= (x> +2x% —1) (x® = 3x +2)+ 0
= +2x2 - {x® —2x —x + 2}
=@x® +2x% —)(x -2)(x - 1)

Hence, the zeroes of p(x) are 1and 2 which are not the zeroes of g(x).
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in Two Variahles

Exercise 3.1 Multiple Choice Questions (MCQs)

Q. 1 Graphically, the pair of equations
6x —3y+10=0
2x—y+9=0
represents two lines which are
(a) intersecting at exactly one point
(b) intersecting exactly two points
(c) coincident

(d) parallel
Sol. (d) The given equations are
6x —3y+10=0
= 2x —y+ % =0 [dividing by 3]...(J)
and 2x—-y+9=0 (i)
Now, table for2x — y + % =0,
5
x 2
0 3
10 10
=2x+— —
y=2x 3 3 0
Points A B
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and table for 2x — y+ 9=0,

9

x -2

0 2

y=2x+9 9 0
Points C D

Hence, the pair of equations represents two parallel lines.

Q. 2 The pair of equations x + 2y + 5=0 and — 3x — 6y + 1 =0 has

(@) a unique solution (b) exactly two solutions
(c) infinitely many solutions (d) no solution
Sol. (d) Given, equationsarex + 2y + 5=0and - 3x — 6y + 1=0
Here, a,=1b;,=2,cy=5and a,=-3b,=-6¢C, =1
a _ _1b _ 2 1
% 3b, 6 3
c; _5
& 1
a_b o
a, b, ¢,

Hence, the pair of equations has no solution.

Q. 3 If a pair of linear equations is consistent, then the lines will be
(@) parallel (b) always coincident
(c) intersecting or coincident (d) always intersecting

Sol. (¢) Condition for a consistent pair of linear equations

4. by [intersecting lines having unique solution]
a, b,
and a_b_o [coincident or dependent]
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Q. 4 The pair of equationsy =0and y=—7 has

(@) one solution (b) two solutions
(c) infinitely many solutions (d) no solution
Sol. (d) The given pair of equations are y = 0and y = — 7.
Y
A
X< Of v=0 ,x
< y = =7 3
Y
Y’

By graphically, both lines are parallel and having no solution.

Q. 5 The pair of equations x = a and y = b graphically represents lines which are

(@) parallel (b) intersecting at (b, a)
(c) coincident (d) intersecting at(a, b)
Sol. (d) By graphically in every condition, if a,b>0; a b<0, a>0 b<0 a<0, b>0 but
a=b=0.
The pair of equations x = a and y = b graphically represents lines which are intersecting
at (a, b).
Ifa,b>0
Y
x=a
A IA
1
@ b))
B e - >y =Db
1
i
1
X'« L > X
0 i
1
1
1
Y
Y
Y/

Similarly, in all cases two lines intersect at (a, b).

Q. 6 For what value of k, do the equations 3x —y+8 =0 and 6x —ky = — 16

represent coincident lines?
1 1

a) — b) —— (© 2 d) -2
(@ 2 (b) 2
Sol. (¢) Condition for coincident lines is
a, _ b, _c .
_____ ..()
a, b, ¢,
Given lines, 3x-y+8=0

and 6x —ky+16=0
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Here, a,=3b=-1c,=8
and a,=6b,=—kc,=16
. 3_-1_8
From Eq. (i), > =2
a0 6 -k 16
1_1
= =
k 2
k=2

Q. 7 If the lines given by 3x+ 2ky = 2 and 2x + 5y = 1 are parallel, then the
value of k is

5 2 15 3
(@ -— (b) = (0 — d =
4 5 4 2
Sol. (¢) Condition for parallel lines is
a _b o 0
a, b, ¢,
Given lines, 3x +2ky-2=0
and 2x +5y—-1=0
Here, a, =3 b, =2k cy=-2
and a,=2,b, =5¢, =-1
) 3 2k
From Eg. (i), 2=
q. (i) 5 s
k = 1_5
4

Q. 8 The value of c¢ for which the pair of equations cx —y =2 and 6x — 2y =3
will have infinitely many solutions is
@ 3 (b) -3 (© -12 (d) no value

Sol. (d) Condition for infinitely many solutions
a _ b _c

The given linesare cx —y=2 and 6x —2y =3

Here, a=c b =-1c,=-2
and a,=6b,=-2,c,=-3
. c_-1_-2

From Eq. (i), ===
a. () =5 3
Here, c_1 s €22
6 2 6 3
= c=3 and c=4

Since, ¢ has different values.
Hence, for no value of ¢ the pair of equations will have infinitely many solutions.

Q. 9 One equation of a pair of dependent linear equations is — 5x + 7y — 2 = 0.
The second equation can be

(@ 10x+14y +4=0 (b) —10x—-14y + 4=0
() —10x+ 14y + 4=0 (d) 10x=14y + 4=0
Sol. (d) Condition for dependent linear equations
8 _b _¢c _1 (i
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Given equation of lineis, = bx + 7y -2 =0

Here, a=-5b=70c=-2

From Eq. (i), —£=l=—£=l [say]
a, b, Cc, K

= a, =—5k b, =7k c, = -2k

where, k is any arbitrary constant.

Putting k = 2, then a, =-10b, =14

and c,=-4

.. The required equation of line becomes

ax + b,y +c, =0
= —-10x + 14y -4=0
= 10x —14y+4=0

Q. 10 A pair of linear equations which has a unique solution x = 2and y = — 3 is
(@ x+y=land2x-3y=-5
(b) 2x+ 5y =—11and 4x+ 10y =—-22
(c) 2x—y=1and3x+ 2y =0

(d) x—4y —14=0and5x—-y-13=0

Sol. (b) If x =2, y=-3is a unique solution of any pair of equation, then these values must
satisfy that pair of equations.

From option (), LHS=2x + 5y =2@2)+ 5(-3) =4-15=-11=RHS
and LHS = 4x + 10y = 4(2) + 10(- 3)=8-30=-22 = RHS

Q. 11 If x=aandy=>b is the solution of the equations x —y=2 and
X+ Yy =4, then the values of @ and b are, respectively
(@ 3and 5 (b) 5and 3 () 3and 1 (d) —Tand-3

Sol. (¢) Since, x =aand y = b is the solution of the equations x — y=2 and x + y = 4, then
these values will satisfy that equations

a-b=2 ()
and a+b=4 - (i)
On adding Egs. (i) and (i), we get
2a=06
a=3and b =1

Q. 12 Aruna has only Z 1 and % 2 coins with her. If the total number of coins
that she has is 50 and the amount of money with her is ¥ 75, then the
number of ¥ 1 and T 2 coins are, respectively

(@ 35and 15 (b) 35 and 20 (c) 15and 35 (d) 25 and 25
Sol. (d) Let number of ¥ 1 coins = x
and number of ¥ 2 coins =y

Now, by given conditions x+ y=50 ()
Also, xx1+yx2=75
= x+2y=75 (i)

On subtracting Eq. (i) from Eq. (ii), we get

(x+2y)—(x+ y)=75-50
= y=25
When y =25, thenx =25
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Q. 13 The father’s age is six times his son’s age. Four years hence, the age of
the father will be four times his son’s age. The present ages (in year) of
the son and the father are, respectively

(@) 4 and 24 (b) 5and 30
(c) 6 and 36 (d) 3and 24
Sol. (¢) Letx yr be the present age of father and y yr be the present age of son.

Four years hence, it has relation by given condition,
(x+4)=4y+ 4

= x—4y=12 ()
and x =6y - (i)
On putting the value of x from Eq. (ii) in Eq. (i), we get

oy —4y=12
= 2y =12
= y=6

When y = 6, then x = 36
Hence, present age of father is 36 yr and age of son is 6 yr.

Exercise 3.2 Very Short Answer Type Questions

Q. 1 Do the following pair of linear equations have no solution? Justify your
answer.

(i) 2x + 4y =3and 12y + 6x =6
(i) x =2y and y = 2x

2

(iii) 3x+y—3=0and2x+§y=2

Sol. Condition for no solution 2t = by gl
a, b, ¢,
(i) Yes, given pair of equations,
2x + 4y=8and 12y + 6x =6
Here, a=2b=4c,=-3
a,=60b,=12,c,=-6
ﬁ_2 _1 by 4 1

¢, _-3_1

c, 6 2
a by, ¢
a E Co

Hence, the given pair of linear equations has no solution.
(if) No, given pair of equations,
x=2yand y=2x
or x—-2y=0and 2x —-y=0
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Here, a,=1 b =-2¢,=0
a,=2,b,=-1c¢, =
i:iandﬁ:g
a, 2 b,
a1¢ﬁ
a by

Hence, the given pair of linear equations has unique solution.
(iii) No, given pair of equations,
3x + y—3=0and2x+%y—2=0

Here, a,=3b=1¢c,=-3

Hence, the given pair of linear equations is coincident and having infinitely many
solutions.

Q. 2 Do the following equations represent a pair of coincident lines? Justify
your answer.

. 1
(1) 3x+;y:3and7x+3y:7
(i) —2x —3y =1land 6y + 4x =—2
x 2 5
iii) —+y+—-=0and 4x +8y + — =0
() 3 +y+g AT

Sol. Condition for coincident lines,

a_b_¢&
a, b, ¢,
(i) No, given pair of linear equations
3x+Y-3=0
7
and 7x+3y—-7=0,
where, a1=3,b1=;,c1=—3;

a,=7,b,=3C,==7

Now, ﬂ:iﬁ:i}ﬁ:g Rl
a 7 b, 21c, 7 [aQ b2J

Hence, the given pair of linear equations has unique solution.
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(i) Yes, given pair of linear equations

where,

Now,

—2x-3y—-1=0and 6y + 4x + 2 =
a=-2b=-3 ¢ =-

a,=4b,=6c¢c, =2

a _ 2_ 1

a, 4 2

by 8_ 1c¢ _ 1
b, 6 2¢c 2
a, b, c, 2

Hence, the given pair of linear equations is coincident.
(iii) No, the given pair of linear equations are

Here,

Now,

0
1;

5

f+y+g=0 and 4x + 8y+ —=0
2 5 16

1 2
a,=—b,=1c, ==
J 5 1 1 5
5
a, =4 b,=8 ¢c, =—
2 2 2 16

Hence, the given pair of linear equations has no solution.

Q. 3 Are the following pair of linear equations consistent? Justify your answer.
(i) —3x —4y=12and 4y +3x =12

3 1 1
i)—x—-y=—and—x-3y=—
()5 y=3andZ y

1
6

(iii) 2ax + by =aand 4ax + 2by —2a=0;3, b %0
(iv) x +3y =11and 2(2x + 6y) = 22

Sol. Conditions for pair of linear equations are consistent

and

a b
A

a, by

a, _ b, _c

(i) No, the given pair of linear equations

Here,

Now,

—38x—4y=12 and 3x + 4y =12
a=—3b =-4c,=-12
a,=3b,=4c,=-12

I . S
a, 3 b, 4 Cy
&b Lo

a, b, ¢,

[unique solution]

[infinitely many solutions]

-2
—12

1

Hence, the pair of linear equations has no solution, i.e., inconsistent.
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(i) Yes, the given pair of linear equations

3 1 1 1
Zx—-y=— and —x—-3y=—
Y 2 5 y 6

5
Here, a1=§,b1=—1,c1=—1
5 2
and azzl’bzz_SyC2=__
5
NOW, i:g‘ﬂzjzlyizg
a 1b, -3 3c¢c, 1

45

[.'.i¢g1

a sz

Hence, the given pair of linear equations has unique solution, i.e., consistent.

(i) Yes, the given pair of linear equations
2ax+ by—a=0
and dax + 2by—2a=0,a,b+#0

Here, a,=2a,b,=bc,=-a
a, =4a b, =2b,c, =-2a
Now, a _2a_1b _b _10 _
a, 4a 2 b, 2b 2c,
a b, ¢ 1
a b, c, 2

Hence, the given pair of linear equations has infinitely many solutions, i.e., consistent or

dependent.
(iv) No, the given pair of linear equations
x+ 3y=11and2x + 6y =11

Here, a,=1b=3¢c=-1
a,=2,b,=6c¢c,=-11

Now, a _1b _3_1c _-1_,
a 2b, 6 2c, -1
a _b o
a, b, ¢,

Hence, the pair of linear equation have no solution /.e., inconsistent.

Q. 4 For the pair of equations Ax+3y+7=0 and 2x+ 6y — 14 = 0. To have
infinitely many solutions, the value of A should be 1. Is the statement

true? Give reasons.

Sol. No, the given pair of linear equations

Ax+ 3y+7=0and2x + 6y—14=0

Here, a=Ab;,=3c,=7a,=2b,=6cCc,=—14
-5 _% , then system has infinitely many solutions.
ap 2 G
A3 7
= —_— == -
2 6 14
2 6
and A__T =1
2 14

Hence, A = —1does not have a unique value.

So, for no value of A the given pair of linear equations has infinitely many solutions.
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Q. 5 For all real values of ¢, the pair of equations x — 2y =8 and 5x — 10y =c¢
have a unique solution. Justify whether it is true or false.

Sol. False, the given pair of linear equations

x—-2y—-8=0
and 5x —10y—-c =0
Here, a=1b=-2¢=-8

a,=5b,=-10c, =-c

Now, A-_A="°=_
a, 5b, -10 5
6 _-8_8
c, -C ¢

But if ¢ =40 (real value), then the ratio C1 becomes % and then the system of linear
Cs

equations has an infinitely many solutions.
Hence, atc = 40, the system of linear equations does not have a unique solution.

Q. 6 The line represented by x = 7 is parallel to the X-axis, justify whether the

statement is true or not.
Sol. Not true, by graphically, we observe that x = 7 line is parallel to Y-axis and perpendicular to

X-axis.
Y
A x=7
X [ >
0 X
Y
YI

Exercise 3.3 Short Answer Type Questions

Q. 1 For which value(s) of A, do the pair of linear equations Ax + y = A? and

x+ Ay =1 have
(i) no solution? (i1) infinitely many solutions?
(iii) a unique solution?

Sol. The given pair of linear equations is
M+ y=2andx+ Ay =1
Here, a=Ahb =1c =~ A2
a,=1b,=AcCc,=-1
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(i) For no solution,

a _b Lo
a, b, ¢,
S
e _ =
1 A -1
= P -1=0
= A=A+ 1)=0
= A=1-1

Here, we take only A = — 1because at A = 1the system of linear equations has infinitely
many solutions.

(i) For infinitely many solutions,

a, b, ¢
A1
—4 —_—= = —
1 A 1
A a2
= ="
1 1
= AAL-1=0
When A #0 then A =1
(iii) For a unique solution,
i;ﬁﬂ = &;ﬁl
a, b, 1 A
= P e

So, all real values of A except 1.

Q. 2 For which value (s) of k will the pair of equations

kx +3y=k -3,
12x+ ky =k
has no solution?
Sol. Given pair of linear equations is
ke+3y=k-3 ()
and 12x + ky =k (i)
On comparing with ax + by + ¢ = 0, we get
a, =kb, =3 andc, =—- (k- 29) [from Eq. (i)]
a, =12,b, =kandc, = -k [from Eq. (ii)]
For no solution of the pair of linear equations,
& _b o

a, b, ¢,
kK 3 —(k-93)

= — =%
12 k -k
Taking first two parts, we get
k 3
= _ =
12 kK
= k? = 36
= k= *+6
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Taking last two parts, we get

3 ,k-3
k k
= 3k#k(k—-23)
= 3k—-kk-3)=0
= k(@ —k+3)#0
=
=

#

k(6-k)#0
k#0and k #6
Hence, required value of k for which the given pair of linear equations has no solution is — 6.

Q. 3 For which values of a and b will the following pair of linear equations has

Sol.

infinitely many solutions?
x+2y=1
@-b)x+(@+b)y=a+b-2

Given pair of linear equations are

x+2y=1 (D)
and @-b)x+@+b)y=a+b-2 (i)
On comparing with ax + by + ¢ = 0, we get
a,=1b,=2andc, =-1 [from Eq. (i)]
a,=@->b),b,=(@+0b) [from Eq. (ii)]
and c,=—(@+b-2)
For infinitely many solutions of the the pairs of linear equations,
a, _ b, _c
a, b, ¢,
1 2 -1

= = =
a-b a+b -—-(@+b-2)

Taking first two parts,

1 2
a-b a+b
= a+b=2a-2b
= 2a—a=2b+b
= a=3b . (ifi)
Taking last two parts,
2 1
a+b (@+b-2)
= 2a+2b-4=a+b
= a+b=4 (iv)
Now, put the value of a from Eq. (iii) in Eq. (iv), we get
3b+b=4
= b =4
= b=1
Put the value of b in Eq. (iii), we get
a=3x1
- a=3

So, the values (a, b) = (3, 1) satisfies all the parts. Hence, required values of a and b are 3
and 1 respectively for which the given pair of linear equations has infinitely many solutions.
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Q. 4 Find the values of p in (i) to (iv) and p and g in (v) for the following pair
of equations
(i) 3x —y —=5=0 and 6x —2y —p =0, if the lines represented by these
equations are parallel.
(i) —x +py =1and px —y =1, if the pair of equations has no solution.
(i) —3x +5y =7and 2px —3y =1,
if the lines represented by these equations are intersecting at a
unique point.
(iv) 2x +3y —5=0 and px — 6y —8 =0,
if the pair of equations has a unique solution.
(v) 2x +3y =7 and 2px +py =28 —qy,
if the pair of equations has infinitely many solutions.
Sol. (i) Given pair of linear equations is

3x-y-5=0 ()
and 6x —-2y—-p=0 (i)
On comparing with ax + by + ¢ = 0, we get
a =3 b =-1
and cy=-5 [from Eq. (i)]
a,=6b,=-2
and Co=—p [from Eq. (ii)]
Since, the lines represented by these equations are parallel, then
a _b ¢
a b_z Co
3 _-1,-5
6 -2 —p
Taking last two parts, we get ;; #* ;2
= 1.5
2. p
= p#10
Hence, the given pair of linear equations are parallel for all real values of p except 10 i.e.,
pe R - {10}
(ii) Given pair of linear equations is
-x+py—-1=0 ..()
and px—y—-1=0 - (if)
On comparing with ax + by + ¢ = 0, we get
a,=—1b; =pandc,; =-1 [from Eq. (i)]
a, =p b, =—1andc, = -1 [from Eq. (ii)]
Since, the pair of linear equations has no solution i.e., both lines are parallel to each
other.
g _ ﬂ £ _

c — —

g_bg Cy P -1
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Pt
-1 -1
= p#-1
Taking first two parts, we get
-1 _p
o -1
= p? =1
= p= t1
but p#-1
. ,O=1

Hence, the given pair of linear equations has no solution for p = 1.

(iii) Given, pair of linear equations is

-3x+5y-7=0 (D)
and 2px —3y—-1=0 (i)
On comparing with ax + by + ¢ = 0, we get
a,=-3b,=5
and Cy=—7 [from Eq. (i)]
a,=2p b, =-3
and Cc, =—1 [from Eq. (ii)]
Since, the lines are intersecting at a unique point /.e., it has a unique solution.
& by
o 1
a, b,
= __3 £ 5
2p -3
= 9= 10p
9
= *—.
P 10

Hence, the lines represented by
real values of p except 0

(iv) Given pair of linear equations is

these equations are intersecting at a unique point for all

2x+3y—-5=0 ()
and px —6y—8=0 (i)
On comparing with ax + by + ¢ = 0, we get
a,=2,b=3
and c,=-5 [from Eq. (i)]
a,=p b,=-6
and c,=-38 [from Eq. (ii)]
Since, the pair of linear equations has a unique solution.
. & %z 1
a, b,
= 2,8
p -6
= p#—4

Hence, the pair of linear equatio
ie., p

ns has a unique solution for all values of p except — 4
eR-{-4}.
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(v) Given pair of linear equations is

2x+ 3y=7 ()
and 2px + py =28 -qy
= 2px +(p+Qq)y=28 (i)
On comparing with ax + by + ¢ = 0, we get
a,=2Db=3
and Ci=—7 [from EQ. (i)]
a8 =2pb,= (p+q)
and c, =—-28 [from Eq. (ii)]
Since, the pair of equations has infinitely many solutions i.e., both lines are coincident.
a, by _c
a b,
2 3 -7

f - =

2 _-7
2p -—-28
1 1
= —_ =
p 4
= p=4
Again, taking last two parts, we get
3 -7 3 1
= = = —
p+q -28 p+q 4
= p+q=12

= 4+q =12 [ p=4]
qg=28

Here, we see that the values of p= 4and g = 8 satisfies all three parts.

Hence, the pair of equations has infinitely many solutions for the values of p=4andqg = 8

Q.5Two straight paths are represented by the equations x —3y =2 and

— 2x+ 6y = 5. Check whether the paths cross each other or not.
Sol. Given linear equations are

x-3y-2=0 (D)
and —2x+6y—-5=0 - (i)
On comparing both the equations with ax + by + ¢ = 0, we get
a=1b =-3

and Ci=-2 [from Eq. (i)]

a,=-2, b,=6
and c,=-5 [from Eq. (ii)]
Here, & _ i

a, =2

ﬁ:jz_l andi:i_g

b, 6 2 c, -5
ie., & _ b gl [parallel lines]

a, b, ¢,

Hence, two straight paths represented by the given equations never cross each other,
because they are parallel to each other.
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Q. 6 Write a pair of linear equations which has the unique solution
x=-1and y = 3. How many such pairs can you write?
Sol. Condition for the pair of system to have unique solution
a, , b
il "l
a, b,
Let the equations are,
ax+by+c,=0
and ax + by,y+c, =0
Since, x =-1and y = 3is the unique solution of these two equations, then
a(=1+ b3 +c,=0

= -a +3b;+¢c;=0 ()
and ay(=1)+ by(3)+c, =0
= -a, +3b, +c, =0 (i)

So, the different values of a,, a,, b, b, ¢, and ¢, satisfy the Egs. (i) and (ii).
Y

Hence, infinitely many pairs of linear equations are possible.

Q. 71f 2x+y=23 and 4x—y=19, then find the values of 5y— 2x and

y_
X
Sol. Given equations are
2x+ y=23 ()
and 4x —y=19 - (i)

On adding both equations, we get
6x =42 = x=7
Put the value of x in Eq. (i), we get

27)+y=283
= 14+ y=23
= y=23-14
= y=9
We have, 5y—-2x=5x9-2x7
=45 —14= 31
and Y o4 5.9 5. 9-14__ 5
X x 7 7 7

Hence, the values of (5y — 2x)and (X - 2) are 31and _75 respectively.

8
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Q. 8 Find the values of x and y in the following rectangle

P x + 3y N
¥ >
>
J’_
& 7
Ag >B
13
Sol. By property of rectangle,
Lengths are equal, i.e., CD=AB
= x+ 3y=13
Breadth are equal, i.e., AD = BC
= 3x+y=7
On multiplying Eq. (ii) by 3 and then subtracting Eq. (i), we get
9x + 3y =21
x+ 3y=13
8x =8
x=1

On putting x =1 in Eq. (i), we get
y=12 = y=4

Hence, the required values of x and y are 1 and 4, respectively.

Q. 9 Solve the following pairs of equations
0.6

(i) x +y =33, =-13x-2y#0
3x—2y
(i) =+ ¥ =4 XYy,
3 4 6 8
6 8
(iii) 4x +— =15, 6x —— =14,y #0
y y
1 1 1 1
(iv) ———=-1, —4+—=8xy#0
2x Y x 2y
(V) 43x + 67y = — 24, 67x + 43y =24
NX Oy X v
vi) —+==a+b, —+—=—=2,a,b#0
(Vi) <+ Z T
oy 2 3 -3
(vii) il =-, al =—x+y#0,2x—y#0
x+y 2 2x—y 10
Sol. (i) Given pair of linear equations are is
x+y=33
and 06 __
3x -2y
= 06=-3x+2y
= 3x -2y=-06

53
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Now, multiplying Eq. (i) by 2 and then adding with Eq. (i), we get

= 2x +2y =66
= 3x—-2y=-0.6
50 =6 = x=§=1.2
5

Now, put the value of x in Eq. (i), we get

12+y=233
= y=33-12
= y=2.1

Hence, the required values of x and y are 1.2 and 2.1, respectively.
(ii) Given, pair of linear equations is

f + X =4
3 4
On multiplying both sides by LCM (3, 4) =12, we get
4x + 3y =48 (1)
and Sx Yo 4
6 8
On multiplying both sides by LCM (6, 8) =24, we get
20x — 3y = 96 (i)
Now, adding Egs. (i) and (i), we get
24x =144
= x=6
Now, put the value of x in EQ. (i), we get
4x6+ 3y =148
= 3y =48 - 24
= 3y=24 = y=8

Hence, the required values of x and y are 6 and 8, respectively.
(iii) Given pair of linear equations are

s+ 8=15 0
y
and 6x -2 =14y 0 (i)
y
Letu = 1, then above equation becomes
y
4x + 6u =15 .. (i)
and 6x —8u =14 (i)

On multiplying Eq. (iii) by 8 and Eg. (iv) by 6 and then adding both of them, we get
32x + 48u =120
36x —48u =84 = 68x =204

= x =3
Now, put the value of x in Eq. (iii), we get
4x3+6u=15

= 6u=15-12 = 6u=3

11 [ 1]
= Uu=— —> —=— ["U=*J

2 y 2 Y
= y=2

Hence, the required values of x and y are 3 and 2, respectively.
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(iv) Given pair of linear equations is

1 1 .
or ;— 1 (1)
and T _gay=o0 .. (i)
x 2y
Letu = 1 andv = % then the above equations becomes
X
Yov=—1
2
= u-2v=-2 (i)
and u+Y=8
2
= 2u+v=16 (i)
On, multiplying Eq. (iv) by 2 and then adding with Eq. (iii), we get
4u +2v =32
u—-2v=-2
5u =30
= u==6
Now, put the value ofu in Eq. (iv), we get
2xXx6+v=16
= v=16-12=4
= v=4
lezl and y:l:l
u 6 v 4

Hence, the required values of x and y are % and % respectively.

(v) Given pair of linear equations is
43x + 67y =-24 ()
and 67x + 43y =24 ...(ii)
On multiplying Eq. (i) by 43 and Eq. (ii) by 67 and then subtracting both of them, we get
(67)°x + 43 x 67y =24 X 67

(43° x + 43 x 67y = — 24 x 43
+

{(67)% - (43)°} x =24 (67 + 43)

= (67 + 43) (67 — 43) x =24 x 110 [-(@%-b%)=(a—b)(@+ b)
= 110 x 24 x =24 x 110
= x =1

Now, put the value of x in Eq. (i), we get
43x1+ 67y=-24

= 67y =-24-43
= 67y =—-67
= y=-1

Hence, the required values of x and y are 1 and —1, respectively.
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(vi) Given pair of linear equations is

Yyloarnp (i
a b

and XY 22ab20 ...(ii)
a® b2

x y
a® b?
L+L=1+9
a® ab _ a
1 1 b
L |=2-1-E
y(b2 ab) a
N y(a—b)=1_9=(a—b)
ab® a a
2
= y:ﬂzy:b2
a
Now, put the value of yin Eq. (ii), we get
2
12+b72:2
a b
X
= a—2=2—1=1
= x =a°

Hence, the required values of x and yare a® and b?, respectively.
(vii) Given pair of equations is

2xy =§,wherex+y¢0
x+y 2
N x+Yy =g
2xy 3
= £+l=f
xy xy 3
N 1,14 0
y x 3
and Xy =_—3,where2x—y¢0
2x—-y 10
N 2x—y_=10
xy 3
= 2x _y _-10
xy xy 3
= 2_1_-10 (D)
y x 3
Now, put L uand 1o v , then the pair of equations becomes
x y
4
V+U=— . (i)
3

and 2v—u=_T10 (V)
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On adding both equations, we get

gy=4_10_-6
3 3 3
= 3v=-2
-2
= v=——
3
Now, put the value of v in Eq. (iii), we get
-2 4
4+ U=—
3 3
= u:ﬂ+g:§=2
3 3 3
1 1
X =—=_—
u 2
and y:l:#:__s
v (-2/3) 2

Hence, the required values of x and y are % and _?3 respectively.

Q. 10 Find the solution of the pair of equations %+ % —-1=0and §+ % =15

and find A, if y = Ax + 5.

Sol. Given pair of equations is

XY 1=0 (i)
10 5
and Xy Y_1s (i)
8 6
Now, multiplying both sides of Eq. (i) by LCM (10, 5) =10, we get
x+2y—-10=0
= x+2y=10 .. (i)
Again, multiplying both sides of Eq. (iv) by LCM (8,6) = 24, we get
3x + 4y = 360 ..(iv)
On, multiplying Eq. (i) by 2 and then subtracting from Eq. (iv), we get
3x + 4y =360
2x +4y=20
x =340
Put the value of x in Eq. (iii), we get
340 + 2y =10
= 2y=10-340=- 330
= y=- 165
Given that, the linear relation between x, y and A is
y=Ax+5

Now, put the values of x and y in above relation, we get
—-165=1A(340)+ 5

= 340 L =-170

= kz—l

2
He1nce, the solution of the pair of equations is x = 340,y=- 165 and the required value of A is

2
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By the graphical method, find whether the following pair of equations
are consistent or not. If consistent, solve them.

(i)3x+y+4=06x —2y+4=0
(i) x —2y=6,3x -6y =0
(i) x +y=3,3x+3y=9

Given pair of equations is

3x+y+4=0 ..()
and 6x —2y+ 4=0 (i)
On comparing with ax + by + ¢ = 0, we get
a; =3 b =1
and c,=4 [from Eq. (i)]
a,=6b,=-2
and C, =4 [from Eq. (ii)]
a, 6 2 b, -2
and G4 1
c, 4 1
a ¢ﬁ
a, b,

So, the given pair of linear equations are intersecting at one point, therefore these lines
have unique solution.

Hence, given pair of linear equations is consistent.
We have, 3x+y+4=0
= y=—4-3x
When x =0, theny=-4

When x =-1theny=-1

When x =-2,theny=2

x 0 =1 -2
y -4 -
Points B C A
and 6x—-2y+4=0
= 2y=06x+ 4
= y=3x+2

When x =0, theny=2
When x =—1,theny=-1
When x =1 theny=5

X -1 0 1

y —1 2 5

Points C Q P
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Plotting the points B (0, — 4)and A (- 2, 2), we get the straight tine AB. Plotting the points
Q (0, 2) and P (1, 5), we get the straight line PQ. The lines AB and PQ intersect at C

(=1-1).

4 P(1,5)

6x —2y+4=0

Q0,2

(ii) Given pair of equations is x—-2y=6

and 3x -6y=0

On comparing witha x + by + ¢ = 0, we get
a,=1b,=—2andc; =-6
a, =3 b, =—6andc, =0
a 1 b -2 1 c;, -6

Here, —+=—, 1 —=—and1=—
a 3 b, -6 3 c, O
a _b ¢
a, b, ¢,

[from Eq. (i)]
[from Eq. (ii)]

Hence, the lines represented by the given equations are parallel. Therefore, it has no

solution. So, the given pair of lines is inconsistent.

(iii) Given pair of equations is x+y=3

and 3x+3y=9

On comparing with ax + by + ¢ = 0, we get
a,=1b;=1and ¢, =-3
a, =3 b,=3andc, =-9

Here, i:ly ﬁ:l and i=j=,
a 3 b, 3 c, -9
= &b ¢
a, b, ¢,

.l.‘.(ii)

[from Eq. (i)]
[from Eq. (ii)]

So, the given pair of lines is coincident. Therefore, these lines have infinitely many

solutions. Hence, the given pair of linear equations is consistent.
Now, x+y =3 =2>2y=3-x
[fx=0theny=3 Ifx=3theny=0

x 0
y 3
Points A
and 3x+3y=9 = 3y=9-3
9-3x
= y=

3
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[fx=0theny=3 ifx=1theny=2andifx =3 theny=0

X 0 1 3
y 2 0
Points C D E
Y
N
\ A, 3
C0.3) N0
24 D, 2)
v 11 B(3, 0)
h 1 2 3 > X
E@3,0)
Y
Y/

Plotting the points A (0,3) and B (3,0), we get the line AB. Again, plotting the points
C (0,3) D (1, 2) and E (3,0), we get the line CDE.

We observe that the lines represented by Egs. (i) and (ii) are coincident.

Q. 12 Draw the graph of the pair of equations 2x + y = 4 and 2x — y = 4. Write
the vertices of the triangle formed by these lines and the Y-axis, find the

area of this triangle?

Sol. The given pair of linear equations
Table for line2x + y = 4,

X 0
y=4-2x 4
Points
and table for line2x — y = 4,
x 0
y=2x-4 -4
Points C
X'«

Graphical representation of both lines.
Here, both lines and Y-axis form a AABC.




Sol. Given pair of linear equations is

Pair of Linear Equations in Two Variables

Hence, the vertices of a AABC are A(0, 4) B (2, 0) and C (0, — 4).
Required area of AABC =2 x Area of AAOB

=2x%x4x2=83qunits

Hence, the required area of the triangle is 8 sq units.
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Q. 13 Write an equation of a line passing through the point representing

solution of the pair of linear equations x+y =2 and 2x —y =1, How

many such lines can we find?

x+y-2=0

and 2x—y—-1=0

On comparing with ax + by + ¢ = 0, we get

a,=1b,=1andc, =-2
a,=2,b,==1and ¢, = -1

Here, i:llﬁ:i
a, 2 b, -1

and G _-2_2
c, -1 1

& ;ﬁﬁ

a, b,

()
...(ii)

[from Eq. (i)]
[from Eq. (ii)]

So, both lines intersect at a point. Therefore, the pair of equations has a unique solution.

Hence, these equations are consistent.

Now, x+y=2 = y=2-x
Ifx =0 then y=2andifx =2, theny=0
x 0 2
y 2 0
Points A B
and 2x—y-1=0 = y=2x-1

Ifx =0 theny=-1 ifx=%,theny=0and if x =1 theny=1

X 0 1/2 1
y -1 0 1
Points C D E
Y
4 4
341
2

X/

4 3 2 4 0/70
-1 5¢ 0,1
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Plotting the points A (2,0) and B (0, 2), we get the straight line AB. Plotting the points C
(0, —1)and D (1/2, 0), we get the straight line CD. The lines AB and CD intersect at E (1, 1).
Hence, infinite lines can pass through the intersection point of linear equations x + y =2
and2x —y=1ie,E(11)likeasy=x2x+ y=3 x + 2y =3 soon.

Q. 14 If (x + 1)is a factor of 2x> + ax® + 2bx + 1, then find the value ofaand b

Sol.

given that 2a — 3b = 4.

Given that, (x + 1)is a factor of f(x)=2x° + ax? + 2bx + 1, then f(- 1) = 0.
[if (x + o) is a factor of f(x) = ax? + bx + ¢, then f(=) = 0]

= 21 +a-12+2b(-1)+1=0
= -24+a-2b+1=0
= a-2b-1=0 ()
Also, 2a—-3b=4
= 3b=2a-4
- b=(2a—4)
3

Now, put the value of b in Eq. (i), we get

8_2(253—4)_1:0
3

= 3a-2@Ra-4)-3=0
= 3a-4a+8-3=0
= -a+5=0
= a=>5
Now, put the value of a in Eq. (i), we get
5-2b-1=0
= 2b=14
= b=2

Hence, the required values of aand b are 5 and 2, respectively.

Q. 15 If the angles of a triangle are x, y and 40° and the difference between

Sol.

the two angles x and y is 30°. Then, find the value of x and y.

Given that, x, y and 40° are the angles of a triangle.
x + y+ 40°=180°
[since, the sum of all the angles of a triangle is 180°]
= x + y=140° 0
Also, x —y=30° (i)
On adding Egs. (i) and (i), we get
2x =170°
= x = 85°
On putting x = 85°in Eq. (i), we get
85° + y =140°
= y = 55°

Hence, the required values of x and y are 85° and 55°, respectively.
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Q. 16 Two years ago, Salim was thrice as old as his daughter and six years later,
he will be four year older than twice her age. How old are they now?

Sol. Let Salim and his daughter's age be x and y yr respectively.
Now, by first condition
Two years ago, Salim was thrice as old as his daughter.
ie., x-2=3(y-2)= x-2=3y-6
= x—-3y=-4 (i)
and by second condition, six years later. Salim will be four years older than twice her age.
x+6=2(y+6)+4

= x+6=2y+12+4
= x-2y=16-6
= x-2y=10 (D)
On subtracting Eq. (i) from Eq. (i), we get
x—-2y=10
x—-3y=-4
oo +
y=14
Put the value of yin Eq. (i), we get
x—2x14=10
= x=10+28 = x =238

Hence, Salim and his daughter’s age are 38 yr and 14 yr, respectively.

Q. 17 The age of the father is twice the sum of the ages of his two children.
After 20 yr, his age will be equal to the sum of the ages of his children.
Find the age of the father.

Sol. Letthe present age (in year) of father and his two children be x, y and z yr, respectively.

Now by given condition, x=2(y+ 2 (1)
and after 20 yr, (x +20)=(y + 20) + (z+ 20)
= y+z+40=x+20
= y+z=x-20
On putting the value of (y + z)in Eq. (i) and get the present age of father
x =2(x —20)

o x=2x —40=40
Hence, the father’s age is 40 yr.

Q. 18 Two numbers are in the ratio 5 : 6. If 8 is subtracted from each of the
numbers, the ratio becomes 4 : 5, then find the numbers.

Sol. Letthe two numbers be x and y.
Then, by first condition, ratio of these two numbers =5: 6

x:y=5:6
- *x_ 5 .6 0
y 6 5

and by second condition, then, 8 is subtracted from each of the numbers, then ratio
becomes 4 : 5.
x -
y—-8
5x —40=4y - 32
5x —4y=8 (i)

(e0)
[EN

=
=
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Now, put the value of y in Eq. (i), we get

5x — 4 ((ix) =8
5
= 25x —24x = 40
= x =40
Put the value of x in Eq. (i), we get .
y : x 40
=6x8 =48

Hence, the required numbers are 40 and 48.

Q. 19 There are some students in the two examination halls A and B. To make
the number of students equal in each hall, 10 students are sent from A
to B but, if 20 students are sent from B to A, the number of students in A
becomes double the number of students in B, then find the number of
students in the both halls.

Sol. Letthe number of students in halls A and Bare x and y, respectively.

Now, by given condition, x—10=y+10

= x—y=20 ()
and (x +20)=2 (y—20)

= x—-2y=-60 (D)

On subtracting Eq. (ii) from Eq. (i), we get
(x=y)—(x —2y)=20+ 60
x—y—-x+2y=80 = y=80
On putting y = 80in Eq. (i), we get
x—-80=20=>x=100
and y =280
Hence, 100 students are in hall A and 80 students are in hall B.

Q. 20 A shopkeeper gives books on rent for reading. She takes a fixed charge
for the first two days and an additional charge for each day thereafter.
Latika paid ¥ 22 for a book kept for six days, while Anand paid ¥ 16 for
the book kept for four days. Find the fixed charges and the charge for
each extra day.

Sol. Let Latika takes a fixed charge for the first two day is ¥ x and additional charge for each day
thereafter is X y.
Now by first condition.
Latika paid % 22 for a book kept for six days i.e.,
x+4y=22 ()
and by second condition,
Anand paid ¥ 16 for a book kept for four days i.e.,
x+2y=16 ... (i)
Now, subtracting Eq. (i) from Eq. (i), we get
2y=6 = y=3
On putting the value of y in Eq. (ii), we get
x+2x3=16
x=16-6=10
Hence, the fixed charge =% 10
and the charge for each extra day =3 3
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Q. 21 In a competitive examination, 1 mark is awarded for each correct answer
while 1/2 mark is deducted for every wrong answer. Jayanti answered
120 questions and got 90 marks. How many questions did she answer

correctly?

Sol. Letx be the number of correct answers of the questions in a competitive examination, then

(120 — x) be the number of wrong answers of the questions.
Then, by given condition,

x><1—(120—x)><%=90
= x—60+g=90
= 3% _ 150
2
x=190%2 56502100

Hence, Jayanti answered correctly 100 questions.

Q. 22 The angles of a cyclic quadrilateral ABCD are ZA = (6x+ 10)°,

ZB=(5x)°, ZC = (x+ y)°and £D = (3y — 10)".
Find x and y and hence the values of the four angles.

Sol. We know that, by property of cyclic quadrilateral,
Sum of opposite angles = 180°
ZA+ ZC =(6x +10)° + (x + y)° =180°

[+ £A=(6x+ 10)° £LC = (x + y)°, given]

0

= 7x+ y=170
and 4B+ ZD = (bx)° + (8y — 10)° = 180°

[ 4B = (5x)°, £D = (3y —10)°, given]
= B5x + 3y =190°

On multiplying Eq. (i) by 3 and then subtracting, we get
3x(7x + y)— (5x + 3y)=510° —190°
21x + 3y — 5x — 3y = 320°
16x = 320°
x =20°

=
=

On putting x = 20° in Eq. (i), we get
7 %20+ y=170°
= y=170°-140°= y = 30°
ZA = (6x + 10)° = 6 x 20° + 10°
=120° + 10° =130°
4B = (5x)° = 5x20°=100°
£C =(x + y)° =20° + 30° = 50°
4D =@y —-10)°=3x 30°-10°
=90° - 10° = 80°

(i)

Hence, the required values of x and y are 20° and 30° respectively and the values of the

four angles i.e., ZA, «B, #C and «D are 130°, 100°, 50° and 80°, respectively.
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Exercise 3.4 Long Answer Type Questions

Q. 1 Graphically, solve the following pair of equations
2x+y=6and2x—-y+2=0
Find the ratio of the areas of the two triangles formed by the lines
representing these equations with the X-axis and the lines with the Y-axis.

Sol. Given equationsare2x + y = 6and2x - y+2=0
Table for equation 2x+ y=6,

x 0 3
y 6
Points B A

Table for equation2x — y+ 2= 0,

x 0 -1
y 2 0
Points D C

Let A, and A, represent the areas of AACE and ABDE, respectively.

1

Now, A, = Area of AACE=§>< AC x PE
=1><4><4=8
2
and A, = Area of ABDE:%xBDxQE
1
=—x4x1=2
2

LAA =8:2=4:1
Hence, the pair of equations intersect graphically at point £ (1, 4), i.e.,x =1and y = 4.
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Q. 2 Determine graphically, the vertices of the triangle formed by the lines
y=x,3y=xandx+y=28

Sol. Given linear equations are

y=x (1)
y=x ()]
and x+y=38 (i)
For equation y = «,
Ifx =1 then y=1
Ifx =0, theny=0
Ifx =2 theny=2
Table for line y = x,
x 0 1 2
y 0 1
Points @) A B

For equation x = 3y,
Ifx=0theny=0;ifx=3theny=1andifx =6 theny=2
Table for line x = 3y,

X 0 3 6
y 0 1
Points | O C D
For equation x+y=8 = y=8-x

lfx=0theny=8 ifx=8theny=0andifx =4, theny=4
Table for line x + y=38,.

x 0 4 8
y 8 4 0
Points P Q

A
- N W A N O N o%
O T T T .

<
<t

S
A=)
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Plotting the points A1, 1) and B(2, 2), we get the straight line AB. Plotting the points C(3, 1) and
D(6,2), we get the straight line CD. Plotting the points P(0, 8), Q(4, 4) and R(8, 0), we get the
straight line PQR. We see that lines AB and CD intersecting the line PR on Q and D,
respectively.

So, AOQD is formed by these lines. Hence, the vertices of the AOQD formed by the given
lines are O(0, 0), Q(4, 4) and D(6, 2).

Q. 3 Draw the graphs of the equations x =3, x =5 and 2x —y — 4 = 0. Also
find the area of the quadrilateral formed by the lines and the X-axis.

Sol. Given equation of lines2x —y—4=0x=3andx =5
Table for line2x — y —4=0,

X 0 2
y=2x-4 -4 0
Points P Q

Draw the points P (0, — 4)and Q (2, 0) and join these points and form a line PQ also draw the
linesx =3and x =5.

/c 5, 6)

W<

-, Area of quadrilateral ABCD = % x distance between parallel lines (AB) x (AD + BC)

[since, quadrilateral ABCD is a trapezium]

T x2x(6+2)
2
[ AB=0B-0A=5-3=2 AD=2
BC = 6]
= 8sQ units
Hence, the required area of the quadrilateral formed by the lines and the X-axis is 8 sq units.

Q. 4 The cost of 4 pens and 4 pencils boxes is ¥ 100. Three times the cost of a
pen is ¥ 15 more than the cost of a pencil box. Form the pair of linear
equations for the above situation. Find the cost of a pen and a pencil box.

Sol. Letthe cost of a pen be % x and the cost of a pencil box be T y.

Then, by given condition,
4x + 4y =100 =x + y=25 ()
and 3x=y+15

and
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= 3x-—y=15 ()
On adding Egs. (i) and (i), we get
4x = 40
= x =10
By substituting x =10, in Eqg. (i) we get
y=25-10=15
Hence, the cost of a pen and a pencil box are ¥ 10 and % 15, respectively.

Q. 5 Determine, algebraically, the vertices of the triangle formed by the lines

3x—-y=3

2x -3y =2

and x+2y =38
Sol. Given equation of lines are 3x—-y=3 (D)
2x —3y=2 (D)
and x+2y=28 .. (i)

Let lines (i), (i) and (iii) represent the sides of a AABC i.e., AB, BC and CA, respectively.
On solving lines (i) and (i), we will get the intersecting point B.
On multiplying Eq. (i) by 3 in Eq. (i) and then subtracting, we get

9x - 3y=9

2x—§y=2

Tx=7=x=1
On putting the value of x in Eq. (i), we get
3x1-y=3
= y=0
So, the coordinate of point or vertex Bis (1, 0).
On solving lines (ii) and (i), we will get the intersecting point C.
On multiplying Eq. (iii) by 2 and then subtracting, we get

2x + 4y =16
2x —-3y=2
- + -
7y=14
= y=2
On putting the value of yin Eq. (iii), we gat
x+2x2=8
= x=8-4
= x=4

Hence, the coordinate of point or vertex C is (4, 2).
On solving lines (iii) and (i), we will get the intersecting point A.
On multiplying in Eg. (i) by 2 and then adding Eq. (iii), we get

6x -2y =6
x+2y=28
7x =14
= x =2
On putting the value of x in Eq. (i), we get
3x2-y=3
=3 y=6—3
= y=3

So, the coordinate of point or vertex Ais (2, 3).
Hence, the vertices of the AABC formed by the given lines are A (2, 3), B (1, 0)and C(4, 2).
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Q. 6 Ankita travels 14 km to her home partly by rickshaw and partly by bus.
She takes half an hour, if she travels 2 km by rickshaw and the remaining
distance by bus. On the other hand, if she travels 4 km by rickshaw and
the remaining distance by bus, she takes 9 min longer. Find the speed of
the rickshaw and of the bus.

Sol. Letthe speed of the rickshaw and the bus are x and y km/h, respectively.

distance |

Now, she has taken time to travel 2 km by rickshaw , t; = 2 h. [ speed = i
ime

X
and she has taken time to travel remaining distance i.e., (14 —2)=12km by bus =t, = 12 h.
y

By first condition, ti+t, = > = Z4+ 2=

1 ,
x oy 2 -0

Now, she has taken time to travel 4 km by rickshaw, t, = i h
X

and she has taken time to travel remaining distance i.e., (14 — 4) = 10km by bus =t , = 10 h.
y
By second condition, ty+t, 1,9 1,3
2 60 2 20
- 4,00_19 i
x y 20
Let 1. uand 1 v, then Egs. (i) and (ii) becomes
x y
oy +12v =1 (i)
2
and 4u + 10v=ﬁ . (iv)
20
On multiplying in Eg. (iii) by 2 and then subtracting, we get
qu + 24v =1
4u +10v = 13
20
1ay=1-3_7
20 20
1 1
= 2V=— = V=—
20 40

Now, put the value of v in Eq. (iii), we get

ou+ 12 (l):l
20) 2

1 3 5-3
= Uu=——-—=="_=
2 10 10
2 1
= U=— = U=—
10 10
y
—=Uu
x
1 1
= —=_— = x=10km/h
x 10
and 1=v 1=i
y y 40
= y = 40km/h

Hence, the speed of rickshaw and the bus are 10 km/h and 40 km/h, respectively.
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Q. 7 A person, rowing at the rate of 5 km/h in still water, takes thrice as much
time in going 40 km upstream as in going 40 km downstream. Find the
speed of the stream.

Sol. Letthe speed of the stream be v km/h.
Given that, a person rowing in still water = 5km/h
The speed of a person rowing in downstream = (5 + v) km/h
and the speed of a person has rowing in upstream = (5 — v) km/h
Now, the person taken time to cover 40 km downstream,

(= 40 h [,‘_ speed =d|s'tance]
5+v L time
and the person has taken time to cover 40 km upstream,
t, =29 h
? 5oy
By condition, t,=t;x3
40 40
= = X 3
5-v b+v
1 3
= =
5-v 5+v
= 5+4v=15-3v = 4v=10

V= % =2.5km/h

Hence, the speed of the stream is 2.5 km/h.

Q. 8 A motorboat can travel 30 km upstream and 28 km downstream in 7 h. It
can travel 21 km upstream and return in 5 h. Find the speed of the boat in
still water and the speed of the stream.

Sol. Letthe speed of the motorboat in still water and the speed of the stream are u km/h and

v km/h, respectively.

Then, a motorboat speed in downstream = (U + v) km/h
and a motorboat speed in upstream = (u — v) km/h.
Motorboat has taken time to travel 30 km upstream,

t,=—9
u-v
and motorboat has taken time to travel 28 km downstream,
28
t, = h
u+v
By first condition, a motorboat can travel 30 km upstream and 28 km downstream in 7 h
ie., ty+t,=7h
= 0 , 28 _4 )
u-—-v u+v
Now, motorboat has taken time to travel 21 km upstream and returni.e., t; = 21
u-v

[for upstream]

and ty = AN [for downstream]
u+v

By second condition, t, +t;=5h

N LI (i)
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1

Let x = and y=
u+v u-v
Egs. (i) and (ii) becomes 30x + 28y =7 . (i)
and 21x +21y=5
R xhy=2 o
Y=o (V)
Now, multiplying in EqQ. (iv) by 28 and then subtracting from Eq. (iii), we get
30x + 28y =7
28x + 28y = 140
~ - 21
2x=7_@= 21-20
3 3
= 2x = 1 = x = 1
3 6
On putting the value of x in Eq. (iv), we get
1 5
—+ y=—
6 y 21
. yo5_1_10-7_3 1
21 6 42 42 14
x=— =l=>u+v=6 v)
u+v 6
1 1
and = =_
Y u-v 14
= u-v=14 ()

Now, adding Egs. (v) and (vi), we get
2u=20=u=10
On putting the value of u in Eq. (v), we get
10+v=6
= v=-4
Hence, the speed of the motorboat in still water is 10 km/h and the speed of the stream
4 km/h.

Q. 9 A two-digit number is obtained by either multiplying the sum of the digits

by 8 and then subtracting 5 or by multiplying the difference of the digits
by 16 and then adding 3. Find the number.

Sol. Let the two-digit number = 10 x + y

Case | Multiplying the sum of the digits by 8 and then subtracting 5 = two-digit number

= 8Xx(x+y)—-5=10x+ y
= 8x+ 8y—-5=10x + y
= 2x —7y=-5 (i)
Case Il Multiplying the difference of the digits by 16 and then adding 3 = two-digit number
= 16x(x—-y)+3=10x+y
= 16x —16y+ 3=10x + y
= 6x —17y=-3 (D)
Now, multiplying in Eq. (i) by 3 and then subtracting from Eq. (ii), we get

6x —17y=-3

6x —21y=-15

- + +

4y=12=y=3
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Now, put the value of y in Eq. (i), we get
2x —7x 3=-5
= 2x=21-5=16 = x=8
Hence, the required two-digit number
=10x + y
=10x 8+ 3=80+ 3=83

Q. 10 A railway half ticket cost half the full fare but the reservation charges
are the same on a half ticket as on a full ticket. One reserved first class
ticket from the stations A to B costs T 2530. Also, one reserved first
class ticket and one reserved first class half ticket from stations A to B
costs ¥ 3810. Find the full first class fare from stations A to B and also
the reservation charges for a ticket.

Sol. et the cost of full and half first class fare be % x and 3 g respectively and reservation

charges be Ry per ticket.
Case | The cost of one reserved first class ticket from the stations A to B

= %2530
= x + y=2530 ()
Case Il The cost of one reserved first class ticket and one reserved first class half ticket from
stations Ato B = ¥3810

= x+y+§+y=3810
N %’“ +2y=23810
= 3x + 4y =7620 (i)
Now, multiplying Eq. (i) by 4 and then subtracting from Eq. (i), we get

3x + 4y =7620

4x + 4y =10120

—x =-2500

= x =2500

On putting the value of x in Eq. (i), we get
2500 + y =2530

= y =2530 — 2500

= y =230

Hence, full first class fare from stations A to B is ¥ 2500 and the reservation for a ticket is
T 30.

Q. 11 A shopkeeper sells a saree at 8% profit and a sweater at 10% discount,
thereby, getting a sum ¥ 1008. If she had sold the saree at 10% profit
and the sweater at 8% discount, she would have got ¥ 1028 then find
the cost of the saree and the list price (price before discount) of the
sweater.

Sol. Letthe cost price of the saree and the list price of the sweater be ¥ x and %y, respectively.

Case | Sells a saree at 8% profit + Sells a sweater at 10% discount = ¥ 1008

= (100 + 8)% of x + (100 — 10)%0f y = 1008

= 108% of x + 90%0f y = 1008

= 1.08x + 09y = 1008 ()
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Case Il Sold the saree at 10% profit + Sold the sweater at 8% discount = ¥ 1028

= (100 + 10)%of x + (100 — 8)% of y =1028
= 110%of x + 92% of y = 1028
= 1.1x+ 092y =1028 (D)

On putting the value of y from Eg. (i) into Eq. (i), we get

(1 008 — 1.08x )

1.1x + 0.92 =1028

1.1x 0.9x + 927.36 — 0.9936x = 1028 x 0.9
0.99x — 0.9936x = 9252 — 927.36

~0.0036x = —2.16
_ 216

00036

Lyl

=600

On putting the value of x in Eq. (i), we get
1.08 x 600 + 0.9y = 1008
108 x 6+ 0.9y =1008
0.9y = 1008 — 648

0.9y = 360

y=3%0 _ 400

0.9

Hence, the cost price of the saree and the list price (price before discount) of the sweater
are ¥ 600 and 400, respectively.

Loy

Q. 12 Susan invested certain amount of money in two schemes A and B, which

offer interest at the rate of 8% per annum and 9% per annum,
respectively. She received ¥ 1860 as annual interest. However, had she
interchanged the amount of investments in the two schemes, she would
have received ¥ 20 more as annual interest. How much money did she
invest in each scheme?

Sol. Letthe amount of investments in schemes A and B be % x and %y, respectively.

Case | Interest at the rate of 8% per annum on scheme A+ Interest at the rate of 9% per
annum on scheme B = Total amount received

- xx8x1  yx9x1_si000 r-.-simple interest = Principal x rate x time |
100 100 | 100
= 8x + 9y = 186000 0

Case Il Interest at the rate of 9% per annum on scheme A + Interest at the rate of 8% per
annum on scheme B = ¥ 20 more as annual interest
xx9x1 L Y% 8x1

- — 320 + 21860
100 100
N 9% 8 _4gg0
100 100
N 9x + 8y = 188000 (i)

On multiplying Eq. (i) by 9 and Eq. (i) by 8 and then subtracting them, we get
72x + 81y = 9 x 186000
72 x + 64y = 8 x 188000

- 17y =1000 [(9 x 186) — (8 x 188)]
=1000 (1674 — 1504)= 1000 x 170
17y =170000 = y =10000
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On putting the value of yin Eq. (i), we get
8x + 9 x 10000 = 186000
= 8x = 186000 — 90000
= 8x = 96000
= x =12000
Hence, she invested ¥ 12000 and ¥ 10000 in two schemes A and B, respectively.

Q. 13 Vijay had some bananas and he divided them into two lots A and B. He
sold the first lot at the rate of ¥ 2 for 3 bananas and the second lot at
the rate of ¥ 1 per banana and got a total of ¥ 400. If he had sold the
first lot at the rate of T 1 per banana and the second lot at the rate of
T 4 for 5 bananas, his total collection would have been ¥ 460. Find the
total number of bananas he had.

Sol. Letthe number of bananas in lots A and Bbe x and y, respectively

Case | Cost of the first lot at the rate of ¥ 2 for 3 bananas + Cost of the second lot at the rate
of ¥ 1 per banana = Amount received

= %x+y=400

= 2x + 3y =1200 ()
Case |l Cost of the first lot at the rate of ¥ 1 per banana + Cost of the second lot at the rate of
% 4 for 5 bananas = Amount received

- x+gy=460

= 5x + 4y =2300 ..(ii)
On multiplying in Eq. (i) by 4 and Eq. (ii) by 3 and then subtracting them, we get
8x + 12y = 4800
15x + 12y = 6900
—7x =-2100
= x =300
Now, put the value of x in Eq. (i), we get
2 x 300 + 3y =1200

= 600 + 3y =1200

= 3y =1200 — 600

= 3y =600

= y =200

.. Total number of bananas = Number of bana nas in lot A + Number of bananas in lot B
=x+y

= 300 + 200 = 500
Hence, he had 500 bananas.
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Exercise 4.1 Multiple Choice Questions (MCQs)

Q. 1 Which of the following is a quadratic equation?
@x2+2x+1=(4-x?%+3 (b)—2x2:(5—x)(2x—§)

© (k +1) x* +%x=7,wherek=—1 dx=-x*=x-1°

@ Thinking Process

An equation which is of the form ax? +bx+ c=0a#0is called a quadratic equation.

So, simplify each part of the question and check whether it is in the form of
ax’ +bx+c=0,a#0or not.

Sol. (d)
(a) Given that, ¥ +2x+1=(4-x7° +3
= x? +2x+1=16+ x? - 8x + 3
= 10x —18=0
which is not of the form ax® + bx + ¢, a # 0. Thus, the equation is not a quadratic
equation.
(b) Given that, —2x% = (5 x) (Zx - 35)
N —2x2=10x—2x2—2+%x
=3 50x +2x —10=0
= 52x —10=0
which is also not a quadratic equation.
(c) Given that, 22 (k+ 1)+ S x=7
Given, k=-1
. x2(—1+1)+2§x=7
= 3x-14=0

which is also not a quadratic equation.
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(d) Given that, x2—x?=(x-1)°
= x% —x? =x% = 3x? (1) + 3x (1P —(1)°
[- (@a-b)P=a°-b>+ 3ab? - 3a°h)
= ad —x? =% - 3x% + 3x -1
= —x®+3x° -3x+1=0
= 2x2 - 3x+1=0

which represents a quadratic equation because it has the quadratic form
ax’+bx+c=0a=0

Q. 2 Which of the following is not a quadratic equation?

@2(x-1)2=4x* - 2x+1 b)2x-x*=x*+5
(©) (W2 x+ ~3)2=13x% - 5x (d) 6+ 292 =x* + 3 + 4x°
Sol. (d)
(a) Given that, 20— 1% = 4x% —2x + 1
= 2(x%+1-2x)=4x2 - 2x + 1
= 2x° + 2 — dx =4x° - 2x + 1
= 2x% +2x-1=0

which represents a quadratic equation because it has the quadratic form
ax®*+bx+c=0a=#0.

Iven that, X—x" =x"+
(b) Given that 2 2=x%45
= 2x° —2x+5=0

which also represents a quadratic equation because it has the quadratic form
ax’ +bx+c=0a=0.

(c) Given that, (2 -x + +/3)? = 3x? - 5x
= 2.x% +3+2/6-x =3x% - 5x
= ¥ - (5+2/6)x-3=0

which also represents a quadratic equation because it has the quadratic form
ax’ +bx+c=0 a=0

(d) Given that, (x® + 2x)° = x* + 3+ 4x?
= xt + 4x® + 4x® =xt 4+ 3+ 4x?
= 4x°% -3=0

which is not of the form ax® + bx + ¢, a = 0. Thus, the equation is not quadratic. This is a
cubic equation.

Q. 3 Which of the following equations has 2 as a root?
@ x> —4x+5=0 (b) x> +3x=12=0
(©2x* =7x+6=0 (d)3x* —6x-2=0
@ Thinking Process

If oLis one of the root of any quadratic equation ie, f(x)=ax’ +bx+ c =0, then x=o
e, o satisfies the equation act” +bot + ¢ =0.
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Sol. (¢)
(a) Substituting x =2in x> —4x + 5, we get @)° -4 (2)+ 5
=4-8+5=1=0.
So, x =2is not aroot of x® — 4x + 5= 0.
(b) Substituting x =2 in x2 + 3x — 12, we get
@) +3@)-12
=4+6-12=-2%#0
So, x =2 is not a root of x% + 3x —12 = 0.
(c) Substituting x =2 in2x2 —7x + 6, we get
2QRF -7T@)+6=2(4)-14+6
—8-14+6=14-14=0
So, x =2 is root of the equation 2x? — 7x + 6 = 0.
(d) Substituting x =2 in 3x% — 6x —2, we get
32 -6(@)-2
=12-12-2=-2=%0
So, x =2 is not a root of 3x% — 6x —2 = 0.

1. . .
Q.4 IfE is a root of the equation x® + kx — Ei 0, then the value of k is

(@ 2 (b) -2 (c) d—

2

RN

@ Thinking Process

1 . . 1. .
Since, > is a root of given equation, then put x = > in given equation and get the value of k..

Sol. (a) Since, % is a root of the quadratic equation x® + kx — % =0

2
Then, (1) + k(l)—§=o
2 2) 4
= 1+5-§:0:}M:0
4 2 4 4
= ok—4=0
= 2k=4 = k=2

Q. 5 Which of the following equations has the sum of its roots as 37

@) 2x* =3x+6=0 (b) —x* +3x-3=0
(c)\/ixz—ix+1=o d)3x% -3x+3=0
V2

@ Thinking Process

If o and B are the roots of the quadratic equation ax’ +bx+ c=0, a#0, then sum of
Coefficient of x b
=(=1)- .

roots=0+p=(-1) ——=
P=" Coefficient of &
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Sol. (b)
(a) Given that, 2x? —3x + 6=0
On comparing with ax? + bx + ¢ = 0, we get
a=2,b=-3andc =6

Sum of the roots = —b_-3_3
a 2 2
So, sum of the roots of the quadratic equation 2x° — 3x + 6=0is not 3, so it is not the

answer.
(b) Given that, —x> + 3x - 3=0
On compare with ax® + bx + ¢ = 0, we get
a=-1b=38andc=-3

-~ Sumoftheroots= 2 =B _3

So, sum of the roots of the quadratic equation —x2 + 3x — 3= 0is 3, so it is the answer.

) 3
c) Giventhat, 2 x° - =2 x + 1=0
© &

= 2x2-3x+2=0
On comparing with ax? + bx + ¢ = 0, we get
a=2b=-3andc =2

Sum of the roots = b_-9_3
a 2 2
So, sum of the roots of the quadratic equation v2x2 — %x + 1=0is not 3, so it is not
the answer.
(d) Given that, 3x% — 3x + 3=0
= x2-x+1=0
On comparing with ax® + bx + ¢ = 0, we get
a=1b=-1andc=1
Sum of the roots = 2 = ZE0 _ 4
a 1
So, sum of the roots of the quadratic equation 3x2 — 3x + 3= 0is not 3, so it is not the

answer.

Q. 6 Value(s) of k for which the quadratic equation 2x® — kx + k = 0 has equal
roots is/are
@0 (b) 4 (08 (d)o, 8
@ Thinking Process
If any quadratic equation ie, ax’ +bx+ c =0, a#0 has two equal real roots, then its
discriminant should be equal to zero. ie, D =b’ —4ac=0
Sol. (d) Given equationis2x® —kx + k=0

On comparing with ax? + bx + ¢ = 0, we get
a=2,b=—-kandc =k
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For equal roots, the discriminant must be zero.

ie., D=b?-4ac =0
= (kP -—4@)k=0
= k® —8k=0
= kk-8)=0

k=028

Hence, the required values of k are 0 and 8.

Q. 7 Which constant must be added and subtracted to solve the quadratic
equation 9x° + % x—~2=0 by the method of completing the square?

9
64

1 1
2 b)
() p (b) Py
Sol. (b) Given equation is 9x° + g x —~2 =0.

(€ (d)

IR

@m2+%@m—d§=o

On putting 3x = y, we have y° + %y—«/? =0

i
4" \8 8
11
(y+_) =—+2
8) 64

(y+1)2 146442
8 64

Thus, é must be added and subtracted to solve the given equation.

Q. 8 The quadratic equation 2x? — V5x+1=0 has

(a) two distinct real roots (b) two equal real roots

(c) no real roots (d) more than 2 real roots

@ Thinking Process

If a quadratic equation is in the from of ax* + bx+ c =0, a # O then

(i) IfD=b" —4ac >0, then its roots are distinct and real.

(if) IfD=b" — 4ac =0, then its roots are real and equal.

(iii) IfD =b* — 4ac <0, then its roots are not real or imaginary roots.

Any quadratic equation must have only two roots.

Sol. (c¢) Given equationis2x? — /5x + 1=0.
On comparing with ax? + bx + ¢ = 0, we get
a=2,b=-+5andc =1
. Discriminant, D=b?-4ac=(-/57° —4x2)x ()=5-8
=-3<0

Since, discriminant is negative, therefore quadratic equation 2x° — +/5x + 1= 0 has no
real roots i.e., imaginary roots.
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Q. 9 Which of the following equations has two distinct real roots?
(a)2x2—3\/§x+%=0 b) x>+ x-5=0

© X2 +3x+ 242 =0 d) 55> =3x+1=0
Sol. (b) The given equationis x> + x —=5=10

On comparing with ax® + bx + ¢ = 0, we get

a=1b=1andc=-5
The discriminant of x2 + x — 5= 0is
D =b% - 4ac = (12 — 4 (1) (-5)
=1+ 20=21
= b —dac>0

So, x° + x — 5= 0has two distinct real roots.

(a) Given equation is, 2x° - 3v2x +9/4=0.
On comparing with ax2 + bx +¢ = 0
a=2,b=-3J2andc=9/4
Now, D = b® —4ac = (-3v2)? = 4(2)(9/4)=18-18 =0
Thus, the equation has real and equal roots.
(c) Given equation is x° + 3x +2+2 = 0
On comparing with ax® + bx +¢ = 0
a=1,b=3andc=22
Now, D =b? —4ac = (3)° - 41)2+2) = 9-8V2 < 0
..Roots of the equation are not real.
(d) Given equation is, 5x°> —=3x+1=0
On comparing with ax? + bx +¢ = 0
a=5b=-3,c=1
Now, D =b? — 4ac = (=3)% = 4(5)(1) = 9-20 <0

Hence, roots of the equation are not real.

Q. 10 Which of the following equations has no real roots?

@ x> —4x+3v2 =0 (b) x> + 4x =32 =0
(c)x2—4x—3\5=0 (d)3x2+4\5x+4:0

Sol. (@)
(a) The given equation is x® — 4x + 3v2 = 0.
On comparing with ax® + bx + ¢ = 0, we get

a=1b=-4andc =32
The discriminant of x® — 4x + 3¥2 = 0is

D =b? - 4ac
=(—4P° —4(1)(3V2)=16-1242 =16 - 12 x (1.41)
=16-16.92=-0.92
= b? —4ac<0
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(b) The given equation is x2 + 4x — 3v2 = 0
On comparing the equation with ax® + bx + ¢ = 0, we get
a=1,b=4andc=-3/2
Then, D =b? —4ac = (-4)? - 41)(-32)
=16+12v2 >0
Hence, the equation has real roots.
(c) Given equation is x% —4x —3v2 =0
On comparing the equation with ax? + bx + ¢ = 0, we get
a=1b=-4and c=-32
Then, D = b? —4ac = (-4)° - 41)(-32)
=16+1242>0
Hence, the equation has real roots.
(d) Given equation is 3x° + 4+/3x + 4 = 0.
On comparing the equation with ax® + bx + ¢ = 0, we get
a=3,b=4/3andc=4
Then, D =b?-4ac = (4J/3)? — 43)(4)= 48-48=0
Hence, the equation has real roots.
Hence, x° — 4x + 3v2 = O has no real roots.

Q. 11 (x* + 1) - x* =0 has
(a) four real roots  (b) two real roots  (c) no real roots (d) one real root
Sol. (¢) Given equationis (x? + 1) —x% =0

= xt+1+2x° -x%2=0 [(@+ b)? =a® + b> + 2ab]
= x*+x2+1=0
Let x2=y
(x2)2+x2+1=0
Y+ y+1=0

On comparing with ay? + by + ¢ = 0, we get
a=1b=1andc =1
Discriminant, D = b® — 4ac
=17 -4(M)()
=1-4=-3
Since, D<0
Ly +y+1=0ie, x* + x> +1=0 or(x® + 1% — x% = 0 has no real roots.
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Exercise 4.2 Very Short Answer Type Questions

Q. 1 State whether the following quadratic equations have two distinct real
roots. Justify your answer.

() x® -=3x+4=0 (ii) 2x% +x —1=0

(iii) 2x2—6x+§=0 (iv) 3x% —4x +1=0

(V) (x +4)° —8x =0 (vi) (x =422 =v2 (x +1) =0
(vii) 222 —Tx+7—o (viii) x (1-x)—2=0

(ix) (x-D(x+2)+2=0 X) (x+)(x-2)+x=0

@ Thinking Process

If ax’ +bx+c=0 a#0 be any quadratic equation and D=b"—4ac be its
discriminant, then

()D>0ie, b’ —4ac>0 = Roots are real and distinct.
(i) D=0ie, b’ —4ac=0 = Roots are real and equal.
(i) D<0ie,b* —4ac<0 = No reals roots ie, imaginary roots.
Sol. (i) Given equationis x® — 3x + 4 =0.
On comparing with ax? + bx + ¢ = 0, we get
a=1b=-3andc =14
. Discriminant, D =b? - 4ac = (-3)° — 4(1)(4)
=9-16=-7<0 je.,D<0
Hence, the equation x° — 3x + 4 = Ohas no real roots .
(i) Given equationis, 2x° + x —1=0
On comparing with ax? + bx + ¢ = 0, we get
a=2b=1andc =-
. Discriminant, D=b%-4dac =(1F -4@2)(-1)

=1+8=9>0ie,D<0
Hence, the equation 2x? + x — 1= 0has two distinct real roots .

(iii) Given equation is 2x — 6x + 59 =0.

On comparing with ax® + bx + ¢ = 0, we get
a=2,b=-6andc :g
- Discriminant, D =b? - dac
_(6) - 4(2)(§)= 36-36=0 ie,D=0

Hence, the equation 2x? — 6x + 29 = 0 has equal and real roots.
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(iv) Given equation is 3x% — 4x + 1= 0.
On comparing with ax? + bx + ¢ = 0, we get
a=3b=-4andc =1
Discriminant, D =b? - 4ac = (- 4° — 43)(1)
=16-12=4>01/e,D>0
Hence, the equation 3x2 — 4x + 1= 0has two distinct real roots.
(v) Given equation is (x + 4)° — 8x = 0.

= x%2+16+ 8x—8x =0 [ (@+ b =a° + 2ab + b?]
= x?+16=0
= x>+ 0-x+16=0

On comparing with ax? + bx +c¢ = 0, we get

a=1b=0andc =16

. Discriminant, D=b%-4ac =(0° -4(1)(16) =—64<0 ie, D<O0
Hence, the equation (x + 4)° — 8x = 0 has imaginary roots, i.e., no real roots.

(vi) Given equation is (x—V2P -2 (x+1)=0
= X2+ (2P —2x 2 —2x -2 =0 [(a—b)? =a° —2ab + b?]
= X2 +2-22x-\2x-2=0
= ¥ —32x +(2-+2)=0

On comparing with ax? + bx + ¢ = 0, we get

a=1b=-3J/2andc=2-2
. Discriminant, D = b? — 4ac
=(=3R2P 4@ -2)=9x2 -8+ 42
=18-8+ 4/2=10+42>0ie,D>0
Hence, the equation (x — ~2)? — v2 (x + 1) = 0 has two distinct real roots.
i . 3 1
vii) Given, equation is v2x% - —— x + — = 0.
(vii) q N N
On comparing with ax? + bx + ¢ = 0, we get
3 1
a=+2,b=—_"_andc=—~—
2 2

. Discriminant, D =b? - 4ac

3\ (0
(-3 —4z( L
%) -+ (%)
=9 _4-9-8_1.0 e D>0
2 2 2

Hence, the equation V2x? - %x + % = O has two distinct real roots.
(viii) Given equationisx (1-x)—-2=0.
= x-x2-2=0

= x° —x+2=0
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On comparing with ax? + bx + ¢ = 0, we get
a=1b=-1andc =2

-. Discriminant, D =b? — 4ac

=(-1P -4(1N)@)=1-8=-7<0ie,D<0
Hence, the equation x (1 — x) —2 = 0 has imaginary roots i.e., no real roots.

(ix) Given equation is
(x=-NEx+2)+2=0
= x> +x-2+42=0
= x2+x+0=0
On comparing the equation with ax? + bx + ¢ — 0, We have
a=1,b=1andc=0

. Discriminant, D =b? — 4ac

=1-4(1)(0)=1>0ie,D>0
Hence, equation has two distinct real roots.

(x) Given equation is x+Nx-2)+x=0
= x>+ x-2x-2+x=0
= x> -2=0
= x> +0-x-2=0

On comparing with ax® + bx + ¢ = 0, we get

a=1b=0andc=-2
. Discriminant, D = b? — 4ac = (0> — 4 (1) (=2)= 0+ 8=8> 0
Hence, the equation (x + 1) (x —2) + x = 0 has two distinct real roots.

Q. 2 Write whether the following statements are true or false. Justify your
answers.

(i) Every quadratic equation has exactly one root.
Every quadratic equation has atleast one real root.
Every quadratic equation has atleast two roots.
Every quadratic equation has atmost two roots.

If the coefficient of x® and the constant term of a quadratic equation
have opposite signs, then the quadratic equation has real roots.

(vi) If the coefficient of x? and the constant term have the same sign and
if the coefficient of x term is zero, then the quadratic equation has no
real roots.

Sol. (i) False, since a quadratic equation has two and only two roots.
(i) False, for example x2 + 4 = O has no real root.

(iii) False, since a quadratic equation has two and only two roots.
(iv) True, because every quadratic polynomial has atmost two roots.

(v) True, since in this case discriminant is always positive, so it has always real roots, i.e.,
ac < 0and so, b2 — 4ac > 0.

(vi) True, since in this case discriminant is always negative, so it has no real roots i.e.,
if b =0 then b® — 4ac = — 4ac < Oand ac>0.
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Q. 3 A quadratic equation with integral coefficient has integral roots. Justify
your answer.

Sol. No, consider the quadratic equation 2x? + x — 6 = 0 with integral coefficient. The roots of

the given quadratic equation are —2 and 2gwhich are not integers.

Q. 4 Does there exist a quadratic equation whose coefficients are rational but
both of its roots are irrational? Justify your answer.
Sol. Yes, consider the quadratic equation 2x° + x — 4 = Owith rational coefficient. The roots of

SRR PELES

are irrational.

the given quadratic equation are

Q. 5 Does there exist a quadratic equation whose coefficient are all distinct
irrationals but both the roots are rationals? why?

Sol. Yes, consider the quadratic equation with all distinct irrationals coefficients
i.e., \3x? =7 \/3x + 124/3 = 0. The roots of this quadratic equation are 3 and 4, which are

rationals.

Q. 6 Is 0.2 a root of the equation x* — 0.4 = 0? Justify your answer.
Sol. No, since 0.2 does not satisfy the quadratic equation i.e., (0.2)2 - 04=004-04=0.

Q. 71fb=0,c<0, is it true that the roots of x* + bx + ¢ = 0 are numerically
equal and opposite in sign? Justify your answer.
Sol. Giventhat, b = 0andc < 0and quadratic equation,
x>+ bx+c=0 0
Putb=0in Eg. (i), we get
x®+0+c=0
- RN [here c > 0]

x=i\/$

So, the roots of x2 + bx +c = 0 are numerically equal and opposite in sign.

—c>0
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Exercise 7.3 Short Answer Type Questions

Q. 1 Find the roots of the quadratic equations by using the quadratic formula in
each of the following

(i) 2x® —=3x —=5=0 (ii) 5x% +13x +8=0
(iii) —3x% +5x +12=0 (iv) —x? +7x —10=0
(v) x® +242x -6 =0 (vi) x% —=36x +10=0

oy 1
(vii) Exz ~J11x+1=0

@ Thinking Process

Compare the given quadratic equation with ax’ + bx+ ¢ =0 and get the values of a,b
and c. Now, use the quadratic formula for finding the roots of quadratic equation.

—b+ b’ —4ac

2a
Sol. (i) Givenequationis 2x° —3x —5=0.

e, x=

On comparing with ax? + bx + ¢ = 0, we get
a=2,b=-3andc=-5

_ —b*b? - dac

By quadratic formula, X =
2a
= (-3)% (=37 - 4@)(-5) _3+ .9+ 40
B @ 4
_3+449 3+7 10 -4 _5
4 4 44 2

So, gand —1are the roots of the given equation.

(i) Given equation is 5x° + 13x + 8 = 0.
On comparing with ax® + bx + ¢ = 0, we get
a=5b=13andc =8
By quadratic formula, x = _bi— “::_480
_—(13)£ (137 - 4(5)(8)
) 2 (5)
_—13+,/169-160 —13+ /9
10 10
~13£3_ 10 16 _ 8
10 10 10 5
(iii) Given equation is — 3x + 5x + 12 = 0.

On comparing with ax® + bx + ¢ = 0, we get
a=-3b=5andc =12
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_ph+ . /p2 _
By quadratic formula, x = u

2a
- (5)% /(5 - 4(-3)(12)
2(-9)
-5+ 25+ 144 5+ 169
-6 -
_—5i13=£,—18=_i3
-6 -6 -6 3
So, — % and 3 are two roots of the given equation.

(iv) Given equation is — x° + 7x —10=0.
On comparing with ax® + bx + ¢ = 0, we get
a=-1b=7andc=-10

— 2
By quadratic formula, x = M

2a

(7P -4 (1) (=10) -7+ [A9-40
2 (-1) -2
-2 -2 -2 2
So, 2 and 5 are two roots of the given equation.

(v) Given equationis x2 + 242 x —6=0.

On comparing with ax® + bx + ¢ = 0, we get
a=1b=2J2andc=-6

— b+ 2 _
By quadratic formula, x = @

2a
_—@V2) £ V2 —4(1)(-6) _-2V2 + 8+ 24

2(1) - 2
_ 22 +432 _ -—22+42
2 2
_ —2\/§2+ 42 ’—2\/52—4\/§=\/§1_3\/§
S0, ~2 and — 342 are the roots of the given equation.
(vi) Given equation is x° — 3v/5x + 10= 0.
On comparing with ax® + bx + ¢ = 0, we have

a=1b=-3J/5andc =10

— 2 -—
By quadratic formula, x = bi— Vb7 - 4ac

2a
_—(-3V5) £ (-3/57 - 4(1) (10)
2(1)
_3/5+./45-40 3/5+ 45
2 2
_ 3\/524- \/E’ 3\/52—\/§=2\/§’\/§
So, 2+/5 and /5 are the roots of the given equation.
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(vii) Given equation is % X —ix+1=0

On comparing with ax? + bx + ¢ = 0, we get
azg,bz—\/ﬁ andc =1

2
».By quadratic formula, x = —b* b - 4ac “2b_43c
a
- (=11 = \/(—\/ﬁ)2 —4><%><1
*(2)
2
_Jiixi1-2 ;/”‘2 — 11+ 9

=J11+£3=3+/11,/11-3
So, 3+ +/11and +/11 — 3are the roots of the given equation.

Q. 2 Find the roots of the following quadratic equations by the factorisation

method.

. 5 iy 2 3
(1) 2x° +=x-2=0 (11)gx2—x—g=0

(iii) 3v2x? —5x —+2=0  (iv) 3x® +5J5x —10=0
1
(v) 21x% —2x + — =0
21

@ Thinking Process

If any coefficient of the quadratic equation of the form ax? +bx+ ¢ =0, is in fractional

form, then make all the coefficients in integral form. Then, use the factorisation method
le, by splitting the middle term, we get the required roots of the given quadratic
equation.

Sol. (i) Given equation is2x2 + gx -2=0
On multiplying by 3 on both sides, we get
6x° + 5x - 6=0
6x% + (9x — 4x) - 6=0 [by splitting the middle term]

=
= 6x° + 9x —4x —6=0
= 3Bx@@x+3)—-2@2x+ 3)=0
= Px+3)(B3x—-2)=0
Now, 2x+3=0
3
= x=-=
2
and 3x-2=0
2
= x==
3

Hence, the roots of the equation 6x° + 5x — 6 = Oare _73 and %
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(i) Given equation is % 2% —x- g -0
On multiplying by 5 on both sides, we get
= 2x% —5x—3=0
2x% —(x —x)—3=0 [by splitting the middle term]

= 2x% —6x+x-3=0

= 2x (x=3)+1(x-3)=0

= (x=3)2x+1)=0

Now, x—-—3=0=>x=3

and 2x+1=0

= x=- 1

2
Hence, the roots of the equation 2x° —5x —3=0are — % and 3.

(iii) Given equation is 3v2 x2 — 5x — 2 = 0.
32 x2 —(6x —x) -2 =0 [by splitting the middle term]
3W2x? —Bx+x-+2=0
32x% =32 \Px+x—-2=0

= V2 x(x—2)+1(x-+2)=0

= (x —2) (32x + 1)=0

Now, x—2=0=x=42

and 3W2x+1=0
1R

- TT3R e

Hence, the roots of the equation 3v2x® — 5x —+2 = 0 are — % and /2.

(iv) Given equationis 3x2 + 5/5x —10=0.

3x2 + 6v/5x —/5x —2+/5.4/5 = 0 [by splitting the middle term]
= 3x® + 6v5x —/Bx —10=0

3x” + 6V5x —/5x =25 4/5=0
= 3x (x +2/5) = /5 (x + 24/5) = 0

= (x + 2+/5)(3x —/5)=0
Now, x+2J5=0
= x=-25and 3x -/5=0
= x=§
3

Hence, the roots of the equation 3x2 + 5V/5 x —10=0 are —2/5 and ﬁ

(v) Given equation is21x2 — 2x + % =0.

On multiplying by 21 on both sides, we get
441x°% = 42x +1=0

441x% — @1x + 21x)+ 1=0 [by splitting the middle term]
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= 441x% —21x - 21x + 1=0
= 21x @1x = 1)=1@R1x = 1)=0
= @lx -1)@Rlx —1)=0
Now, Sx—1=0 = x=%and 2l —1=0

1
X =—
21
1

Hence, the roots of the equation 441x> — 42x + 1= 0 are 51 and %

Exercise 4.4 Long Answer Type Questions

Q. 1 Find whether the following equations have real roots. If real roots exist,

find them
(i) 8x% +2x —3=0 (i) —2x* +3x +2=0
. 1 1 3
(iii) 5x° —2x —10=0 (iv) + =1, x#-,5
2x -3 x-5 2

(v) x° +5+/50-70=0

@ Thinking Process

(i) Firstly we will check the quadratic equation has real roots or not for this, is
discriminant, D =b’ —4ac>0 = roots are real.

(i) If roots are real, we may factorise the equation or use the quadratic formula to
obtain the roots of the equation.

Sol. (i) Given equation is 8x> + 2x — 3= 0.
On comparing with ax® + bx + ¢ = 0, we get
a=8b=2andc=-3
Discriminant, D = b? — 4ac
=P -4(8 (-3
=4+ 96=100>0
Therefore, the equation 8x2 + 2x — 3= 0 has two distinct real roots because we know
that, if the equation ax® + bx + ¢ = 0has discriminant greater than zero, then if has two

distinct real roots .
-b+D _-2+100 _-2+10

Roots, X =
2a 16 16
_—2+10 -1-10
16 16

—_

2

_8 _12_1_
16" 16 2

3
4
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(i) Given equation is —2x2 + 3x + 2 = 0.
On comparing with ax® + bx + ¢ = 0, we get
a=-2,b=38andc =2
Discriminant, D = b? — 4ac

=(3F -4(-2)@)

=9+16=25>0
Therefore, the equation — 2x? + 3x + 2 = 0 has two distinct real roots because we know
that if the equation ax® + bx + ¢ = 0 has its discriminant greater than zero, then it has
two distinct real roots.

Roots,xz_bim:_gim
2a 2 (=2)
_-8+5_-8+5-38-5
-4 -4 4
_2 8__1,
-4 -4 2

(iii) Given equation is 5x° —2x —10=0.
On comparing with ax® + bx + ¢ = 0, we get
a=5b=-2andc=-10
-. Discriminant, D = b? — 4ac
= (-2F - 4(5)(-10)
=4+200=204>0
Therefore, the equation 5x° —2x — 10 = 0 has two distinct real roots.

ROOtS,x=ﬂ
2a
_—(-2)+ 204 _2+ 251
2x5 10
_1x61 _1+ 51 1-4/51
5 5 ' 5
(iv) Given equation is + ! =1,x¢§,5
2x -3 x-5 2
x—5+2x -3
= e —————
@x - 5) (x — 5)
3x -8 _
= 5 =
2x° —bx —10x + 25
3x -8
= e
2x° —15x + 25
= 3x — 8=2x% —15x + 25
= 2x° —15x —3x + 25+ 8=0
= 2x% —18x + 33=0

On comparing with ax? + bx + ¢ = 0, we get
a=2,b=-18andc =33
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~. Discriminant, D = b? — 4ac
=(—18)2 — 4x 2 (33)
=324 -264=60>0
Therefore, the equation 2x® — 18x + 33 = 0 has two distinct real roots.
-bx~D _—(-18)% /60
2a 20
_18+215 9+ 415
T
9++15 9-415
2 2
(v) Given equation is x? + 5v5x — 70 = 0.

Roots, x =

On comparing with ax® + bx + ¢ = 0, we get
a=1b=5/5andc =-70
Discriminant, D = b? — 4ac = (5\/3)2 — 4(1)(-70)
=125+ 280= 405> 0
Therefore, the equation x% + 5v5x — 70 = 0 has two distinct real roots.
-b++D
2a

_ -5J6 405 _-5/5+ 95

2(1) 2

_ 55+ 9V56 -5/56-9V5
2 ' 2

=42£,—¥=2£,—7£

Roots, x =

Q. 2 Find a natural number whose square diminished by 84 is equal to thrice of
8 more than the given number.

@ Thinking Process

Firstly, we make a quadratic equation by using the given condition after that we solve
the equation by factorisation equation. Finally, method to obtain the desired number.
Sol. Letn be a required natural number.
Square of a natural number diminished by 84 = n? — 84

and thrice of 8 more than the natural number = 3 (n + 8)

Now, by given condition,

n® -84=3(n+ 8)

n® —84=3n+24

n? - 3n-108=0

n° -12n+9n-108=0 [by splitting the middle term]
nin-12)+9(n-12)=0

(n=12)(n+ 9 =0

n=12 [-n # — 9because n is a natural number]
Hence, the required natural number is 12.

| A
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Q. 3 A natural number, when increased by 12, equals 160 times its reciprocal.
Find the number.

Sol. Let the natural number be x.
According to the question,

x+12=180
X
On multiplying by x on both sides, we get
= x? +12x —160=0
x% + (20x — 8x)—160=0
= x% +20x —8x —160=0 [by factorisation method]
= x(x+20)-8(x+20)=0
= (x+20)(x-8)=0

Now, x + 20 = 0= x = — 20 which is not possible because natural number is always greater
thanzeroandx —8=0 = x =8
Hence, the required natural number is 8.

Q. 4 A train, travelling at a uniform speed for 360 km, would have taken
48 min less to travel the same distance, if its speed were 5 km/h more.
Find the original speed of the train.
Sol. Let the original speed of the train = x km/h
Then, the increased speed of the train = (x + 5) km/h [by given condition]
and distance = 360 km
According to the question,

r“time _ Distance
360 _ 360 _4 ' Speed

rooxES S and48min=28h-%4p

60 5 |

- 360 (x + 5)— 360x _ 4 [ agmine Bho4h

x(x + 5) 5 | 60 5 |
360x + 1800 — 360x _ 4
= > = —
x° + bx 5
1800 _ 4
= > = —
x“+5x 5

- x2+5x=71802>(5=2250

= x? + 5x —2250=0
x2 + (50x — 45x) — 2250 = 0

= x2 + 50x — 45x — 2250 = 0 [by factorisation method]
= x (x+50)—45(x + 50)=0
= (x +50)(x —45)=0

Now, x + 50=0=x =-50
which is not possible because speed cannot be negative and x — 45 =0=x = 45.
Hence, the original speed of the train = 45 km/h
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Q. 5 If Zeba were younger by 5 yr than what she really is, then the square of
her age (in years) would have been 11 more than five times her actual
age, what is her age now?

Sol. Letthe actual age of Zeba = x yr.
Herage when she was 5 yr younger = (x — 5) yr.
Now, by given condition,
Square of her age = 11 more than five times her actual age
(x — 5 = 5 xactual age+ 11
(x -5)% = 5x + 11
x? +25-10x = 5x + 11
x?-15x +14=0
x2 —14x —x+14=0 [by splitting the middle term]
x(x-14)-1(x-14)=0
(x=1N(x-14)=0
x=14
here, x # 1because her ageisx — 5. S0, x — 5=1- 5= -4 j.e,, age cannot be negative]
Hence, required Zeba's age now is 14 yr.

S A

Q. 6 At present Asha’s age (in years) is 2 more than the square of her daughter
Nisha’s age. When Nisha grows to her mother’s present age. Asha’s age
would be one year less than 10 times the present age of Nisha. Find the
present ages of both Asha and Nisha.

Sol. Let Nisha's present age be x yr.

Then, Asha’s present age = x° + 2 [by given condition]
Now, when Nisha grows to her mother’s present age i.e., after {(x? + 2)— x} yr. Then,
Asha’s age also increased by [(x? + 2) — x]yr.
Again by given condition,
Age of Asha = One years less than 10 times the present age of Nisha
x? +2)+ {(x® +2)—x} =10x — 1
2x% —x + 4=10x -1
2x% —11x + 5=0
2x% -10x - x+5=0
2x (x -5 -1(x-5=0
(x-=5)Rx-1)=0
x=5
[here, x= %cannot be possible, because at x = % Asha’s age isZ%yr which is not possible]

A A

Hence, required age of Nisha = 5yr
and required age of Asha=x2 + 2=(5)° +2=25+2 =27 yr
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Q. 71In the centre of a rectangular lawn of dimensions 50mx 40m, a
rectangular pond has to be constructed, so that the area of the grass
surrounding the pond would be 1184 m®[see figure]. Find the length and
breadth of the pond.

Sol. Given that a rectangular pond has to be constructed in the centre of a rectangular lawn of
dimensions 50 mx 40 m. So, the distance between pond and lawn would be same around
the pond. Say x m.

<+ 50m

Y

Now, length of rectangular lawn (1;) = 50 m
and breadth of rectangular lawn (b;) = 40m
~.Length of rectangular pond ( ;) = 50 — (x + x)= 50 - 2x
and breadth of rectangular pond (b,) = 40 — (x+ x)= 40 - 2x
Also, area of the grass surrounding the pond = 1184 m?
. Area of rectangular lawn — Area of rectangular pond
= Area of grass surrounding the pond
L xby—1, xb,=1184 [+ area of rectangle = length x breadth]
50 x 40 — (50 —2x ) (40 —2x) =1184
2000 — (2000 — 80x — 100x + 4x°)=1184
80x + 100x — 4x? = 1184
4x? —180x + 1184 =0
x% — 45x + 296 = 0
x°— 37x — 8x + 296 =0 [by splitting the middle term]
x(x—-37)-8(x—-37)=0
(x=37)(x-8)=0

L A
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x=8
[At x = 37, length and breadth of pond are —24 and —34, respectively but length and
breadth cannot be negative. So, x = 37 cannot be possible]
o Length of pond =50-2x=50-2 (8)=50-16=34m
and breadth of pond =40-2x=40-2(8)=40-16=24m
Hence, required length and breadth of pond are 34 m and 24 m, respectively.

Q. 8 Att min past 2 pm, the time needed by the mi2r\ute hand of a clock to

show 3 pm was found to be 3 min less than tZ min. Find t.

Sol. We know that, the time between 2 pm to 3 pm = 1h = 60 min
Given that, at t min past 2pm, the time needed by the min hand of a clock to show 3 pm was
2

found to be 3 min less than % mini.e.,

Z.2
t+]|—-3[=60
4

4t +t° —12 =240

=
= t? + 4t -252 =0

= t2 +18t —14t =252 =0 [by splitting the middle term]
= [¢t+18)-14¢ +18)=0 [since, time cannot be negative, sot # —18]
= t+18)¢t-14=0

: t =14min

Hence, the required value oft is 14 min.
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Exercise 5.1 Multiple Choice Questions (MCQs)

Q.1Inan AP ifd=—4,n=7anda, =4, thenais equal to

(@) 6 (b) 7 (c) 20 (d) 28
Sol. (d) InanAP a,=a+ (n-1)d
= d=a+ (7-1)(-4 [by given conditions]
= 4=a+6(-4
= 44+ 24=a
a=28

Q. 21Inan AP, ifa=3.5d=0andn=101, then a, will be

@0 (b) 3.5 (c) 103.5 (d) 104.5
Sol. (b) ForanAPR a,=a+ (n-1)d=35+ (101-1)x0 [by given conditions]
: =35

Q. 3 The list of numbers — 10, — 6, — 2, 2, ... s

(@) an AP withd =-16 (b) an AP withd =4
(c) an AP withd =—4 (d) not an AP
Sol. (b) The given numbers are —10,—6,-2, 2,....

Here, @, =-10a, =-6, a; =-2anda, =2,....
Since, a, —a,=—6-(-10)

=-6+10=4

a;—a, =—2-(-0)
=-2+6=4

Each successive term of given list has same difference i.e., 4.
So, the given list forms an AP with common difference, d = 4.
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-5 5
Q. 4 The 11th term of an AP —5,7,0,5,...
(@ -20 (b) 20 (0 -30 (d) 30
Sol. (b) Given AP —5,—2,0,2
Here, a=—5,d=;5+5=§
2 2
aqy=a+ (11-1)d [va,=a+ (n-1)d]
5
=-5+(10)x=
+ ( )><‘2
=-5+25=20

Q. 5 The first four terms of an AP whose first term is — 2 and the common

difference is —2 are
(@-2,0,2,4 (b)-2,4,-8,16
©-2,-4,-6,-8 (d)-2,-4,-8,-16
Sol. (¢) Letthe first four terms of an AP area, a+ d,a + 2d and a + 3d.

Given, that first term, a = — 2 and common difference, d = — 2, then we have an AP as
follows

—2,-2-2,-2+2(-2), -2 + 3(-2)
=-2-4-6-8

Q. 6 The 21st term of an AP whose first two terms are — 3 and 4, is

(@ 17 (b) 137 (c) 143 (d) —143
Sol. (b) Given, first two terms of an AP area = - 3anda + d = 4.
= -3+d=4
Common difference, d =7
a, =a+ @21-1)d [-a,=a+ (n-1)d]
=—3+(20)7
=-—38+140=137

Q. 7 If the 2nd term of an AP is 13 and 5th term is 25, what is its 7th term?

(a) 30 (b) 33 (c) 37 (d) 38

Sol. (b) Given,a, =13anda; =25
= a+@-1d=13 [-a,=a+(n-1)d]
and a+(5-1)d=25
= a+d=13 ()
and a+4d =25 .. (i)

On subtracting Eq. (i) from Eq. (ii), we get
3d=25-13=12=d =4

FromEq. (i), a=13-4=9

: a;,=a+(7-1)d=9+6x4=33
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Q. 8 Which term of an AP : 21, 42, 63, 84, ... is 210?

(a) 9th (b) 10th (c) 11th (d) 12th
Sol. (b) Letnthterm of the given AP be 210.
Here, first term, a=21

and common difference,d = 42 —21=21 and a, =210
. a,=a+n-1d
= 210=21+ (n-1)21

= 210=21+21n-21
= 210=21n = n=10

Hence, the 10th term of an AP is 210.

Q. 9 If the common difference of an AP is 5, then what isa,; — a;;?

(@5 (b) 20 (c) 25 (d) 30
Sol. (¢) Given, the common difference of AP j.e.,d =5
Now, ag—az=a+ (18-1)d -[a+ (183-1)d] [-a,=a+ (n-1)d]
=a+17x5-a-12x5
=85-60=25

Q. 10 What is the common difference of an AP in which a,s —a,, = 32?

(@8 (b) -8 (-4 (d) 4
Sol. (a) Given, ag —a, =32
- a+(18-1)d —[a+ (14-1)d]=32 [+a, =a+(n-1)d]
= a+17d —a—-13d = 32
= 4d =32
d=8

which is the required common difference of an AP.

Q. 11 Two APs have the same common difference. The first term of one of
these is — 1 and that of the other is — 8. The difference between their
4th terms is

(@) -1 (b) -8 (7 d-9
Sol. (¢) Letthe common difference of two APs are d, andd,, respectively.
By condition, d,=d, =d (i)

Let the first term of first AP (g,) = — 1
and the first term of second AP (a,) = -8
We know that, the nthterm of an AP, 7, =a + (n-1)d
~o4thterm of first AP, T, = a, + (4—-1)d =-1+ 3d
and 4th term of second AP, T, =a, + (4-1)d =-8+ 3d
Now, the difference between their 4th terms is i.e.,
T, -T,|=(-1+3d)—(-8+ 3d)
=-1+3J+8-3A=7
Hence, the required difference is 7.
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Q. 12 If 7 times the 7th term of an AP is equal to 11 times its 11th term, then
its 18th term will be
(@7 (b) 11 (c) 18 do
Sol. (d) According to the question,
7a; =11ay,
7la+ (7 -1)d]=11[a+ 11-1)d] [+ a,=a+(n-1)d]
7(@+ 6d)=11(a+ 10d)
7a+ 42d =11a+ 110d
da+68d =0
2(a+ 34d)=0
2a+ 34d =0 [-2=#(
a+17d =0 ()
18thtermof an AP, a3 =a + (18 - 1)d
=a+17d =0 [from Eq. (i)]

B L | I N e

Q. 13 The 4th term from the end of an AP — 11, =8, —5, ..., 49 is

(@) 37 (b) 40 (c) 43 (d) 58
Sol. (b) We know that, the nth term of an AP from the end is
a,=1—-(n-1)d ()
Here, [ = Lastterm and [ = 49 [given]
Common difference, d=-8-(-11)
=-8+11=3

From Eq. (i),a, =49 —-(4-1)3=49-9=40

Q. 14 The famous mathematician associated with finding the sum of the first
100 natural numbers is

(a) Pythagoras (b) Newton
(c) Gauss (d) Euclid

Sol. (¢) Gauss is the famous mathematician associated with finding the sum of the first 100
natural numbers i.e., 1,2, 3,...,100.

Q. 15 If the first term of an AP is — 5 and the common difference is 2, then the
sum of the first 6 terms is

(@) 0 (b) 5 © 6 (d) 15
Sol. (a) Given, a=-5andd =2
86=2§[2a+(6—1)o’] [-.-Snzg{za+(n—1)d}]

=3[2(-9)+5@)]
=3(=10+10)=0
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Q. 16 The sum of first 16 terms of the AP 10, 6, 2, ... is
(@) —320 (b) 320 (c)—352 (d) — 400
Sol. (a) Given APis10, 6 2, ...

Here, first term a = 10, common difference,d = — 4

16

816=?[23+(16—1)d] [-.-S,,z {2a+(n—1)d}}

NS

82 x 10+ 15 (- 4)]
=8(20 - 60)= 8 (- 40) = — 320

Q.17 Inan AP, ifa=1, a, =20 and S, =399, then nis equal to

(@19 (b) 21 (c) 38 (d) 42
Sol. (¢) - S, =g[2a+(n—1)o’]
399=g[2><1+(n—1)d]
798=2n+n(n-1)d ()
and a, =20
= a+(n-1)d=20 [-a,=a+(n-1)d]
= 1+ (n=-1)d =20 =n-10)d=19 (D)
Using Eq. (i) in Eq. (i), we get
798 =2n+19n
= 798 =21n
n='%8_3
21

Q. 18 The sum of first five multiples of 3 is
(a) 45 (b) 55 (c) 65 (d) 75
Sol. (a) The first five multiples of 3 are 3, 6, 9, 12 and 15.
Here, first term, a = 3, common difference, d = 6 — 3 = 3and number of terms, n =5

S, = 2pa+(5-1)d] {-:Snzg{23+(n—1)d}]

Px3+ 4x3]

(6+12)=5x9=45
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Exercise 5.2 Very Short Answer Type Questions

Q. 1 Which of the following form of an AP ? Justify your answer.

(G) -1,-1,-1,-1,... (i1)0,2,0,2, ...
(iii) 1,1,2,2,3,3, ... (iv) 11, 22, 33, ...
111 .
(v) 23 (vi) 2, 2%, 23, 2%

(vii) /3, V12, 127, /48, ...

Sol. (i) Here,t;, =-1t,=-1t;=-1and t, =—1
ty—t,=—1+1=0
ty—t,=—1+1=0
ty—ts=—1+1=0

Clearly, the difference of successive terms is same, therefore given list of numbers form
an AP.

(i) Here,t; =0t, =2,t5 =0 andt, =2
t,-t,=2-0=2
ty—t,=0-2=-2
ty—t;=2-0=2
Clearly, the difference of successive terms is not same, therefore given list of numbers
does not form an AP.

(i) Here,t; =1t, =1ty =2 andt, =2
t,-t;=1-1=0
tg—t,=2-1=1
t,-t,=2-2=0

Clearly, the difference of successive terms is not same, therefore given list of numbers
does not form an AP.

(iv) Here,t; =11t, =22 andt; = 33
t, —t, =22 -11=11
ty—t,=33-22=11
t,—ty=33-22=11
Clearly, the difference of successive terms is same, therefore given list of numbers form

an AP.
111
V) - = —
()2 3 4
1 1 1
Here, t,=—,t, =—andt, =—
1 D) 2 3 3 4
tz_t1=l_1=ﬂ=_l
3 2 6 6
Py 3 12 12

Clearly, the difference of successive terms is not same, therefore given list of numbers
does not form an AP.
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(vi) 2,22,23% 2% ...ie. 2, 4816, ..
Here, t,=2,t,=4t;=8andt, =16
t,—t;=4-2=2
ty—t,=8-4=4
t,—t;=16-8=8
Clearly, the difference of successive terms is not same, therefore given list of numbers
does not form an AP.
(vii) /3,412,427, V48, ... i.e., /3,243, 3V3, 443, ...
Here, t, =+/3,t, =243,t; =3J/3 andt, = 4/3
t,—t;=2J3-+3=+3
ty—t,=3/3-2J3=43
ty—t;=4J/3-3J/3=43
Clearly, the difference of successive terms is same, therefore given list of numbers form
an AP.

. - -3 5
Q. 2 Justify whether it is true to say that —1, P -2, PR forms an AP as

Sol. False
Here,a1=—1,a2=_?3,a3=—2anda4=§
az—a1:_?3+1:—%
a3—32=—2+§=—%
a4—aa=§+2=§

Clearly, the difference of successive terms is not same, all though, a, —a, =a; —a, but
ag —a, # a, —ag, therefore it does not form an AP.

Q. 3 For the AP —3,-7,—-11,... can we find directly a, —a,, without
actually finding a5, and a,,? Give reason for your answer.

Sol. True
~ nthtermofan AP, a, =a+ (n-1)d
az =a+ (30-1)d =a+ 29d

and ay=a+@20-1)d=a+19d ..()
Now, gy — Ay =(a+29d)-(a+19d)=10d
and from given AP common difference,d = -7 —= (- 3)=-7+ 3

=-4

gy — sy =10 (= 4)=—40 [from Eq. (i)]
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Q. 4 Two AP’s have the same common difference. The first term of one AP is 2
and that of the other is 7. The difference between their 10th terms is the
same as the difference between their 21st terms, which is the same as the
difference between any two corresponding terms? Why?

Sol. Let the same common difference of two AP's isd. Given that, the first term of first AP and
second AP are 2 and 7 respectively, then the AP’s are

2,2+d,2+2d,2+ 3d,...
and 7,7+d,7+2d,7+ 3d,...
Now, 10th terms of first and second AP’s are2 + 9d and 7 + 9d, respectively.
So, their difference is7+9d -2+ 9d) =5
Also, 21st terms of first and second AP’s are 2 + 20d and 7 + 20d, respectively.
So, their difference is 7 +20d — (2 + 9d) = 5
Also, if the a, and b,, are the nth terms of first and second AP.
Then, b, —a, =7+ (n—-N)d)]-2+ (n-1)d]=5
Hence, the difference between any two corresponding terms of such AP’s is the same as
the difference between their first terms.

Q. 5 Is 0 a term of the AP 31, 28, 25,...7 Justify your answer.

Sol. Let 0 be the nth term of given AR i.e., a, = 0.
Given that, first term a = 31, common difference,d =28 — 31=-3
The nth terms of an AP, is
a,=a+ (n-1d

= 0=31+(n-1)(-3)
= 3(n-1)=31
31
= n-1==—
3
n:ﬂ+1:%:111
3 3 3

Since, n should be positive integer. So, 0 is not a term of the given AP.

Q. 6 The taxi fare after each km, when the fare is 15 for the first km and ¥ 8
for each additional km, does not form an AP as the total fare (in ) after
each kmis 15, 8, 8, 8, ... . Is the statement true? Give reasons.

Sol. No, because the total fare (in %) after each kmis

15,(15+ 8),(15+ 2 x 8), 15+ 3% 8),...= 15,23 31, 39,...
Let t,=151t,=23t; =31 andt, =39
Now, t,—t;,=23-15=38

ty—t,=31-23=8

t,—t;=39-31=8

Since, all the successive terms of the given list have same difference i.e., common
difference = 8
Hence, the total fare after each km form an AP.
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Q. 7 In which of the following situations, do the lists of numbers involved form
an AP? Give reasons for your answers.
(i) The fee charged from a student every month by a school for the whole
session, when the monthly fee is T 400.
(i1) The fee charged every month by a school from classes I to XII, When
the monthly fee for class I isT 250 and it increase by ¥ 50 for the next
higher class.

(i11) The amount of money in the account of Varun at the end of every year
when ¥ 1000 is deposited at simple interest of 10% per annum.

(iv) The number of bacteria in a certain food item after each second, when
they double in every second.
Sol. (i) The fee charged from a student every month by a school for the whole session is
400, 400, 400, 400,...
which form an AP, with common difference (@) = 400—-400=0
(ii) The fee charged month by a school from | to Xl is
250, (250 + 50), (250 + 2 x 50), (250 + 3 x 50),...
ie., 250, 300, 350, 400, ...
which form an AP, with common difference (d) = 300 — 250 = 50
Principal x Ratex Time
100
1000 x 10 x 1
© 100
So, the amount of money in the account of Varun at the end of every year is
1000, (1000 + 100 x 1), (1000 + 100 x 2), (1000 + 100 x 3), ...
ie., 1000, 1100, 1200, 1300,...
which form an AP, with common difference (@) = 1100 — 1000 = 100
(iv) Let the number of bacteria in a certain food = x
Since, they double in every second
: x,2x,2 2x),22-2 - x),...
ie., x,2x, 4x, 8x,...
Now, let ty=xt, =2x,t; =4x andt, = 8x

(iii) Simple interest =

=100

l,-t=2x—-x=x
tg—t, =4x —2x =2x
t, —ty3=8x—4x=4x

Since, the difference between each successive term is not same. So, the list does form
an AP
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Q. 8 Justify whether it is true to say that the following are the nth terms of an

AP.
(i) 2n -3 (ii) 3n? +5 (iii) 1+ n+n?
Sol. (i) Yes, here a, =2n -3

Putn=1, a,=2(1)-3=-

Putn=2, a, =2@)- 3=1

Putn=3 33—2(3) 3=3

Put n =4, =2(4)-3=5

List of numbers becomes -1,1,3,..

Here, az—a1=1—(—1)=1+1=2

a; —a,=3-1=2
a, —a3=5-3=2
a,—a =a;-a,=a,—a; =...
Hence, 2n — 3is the nth term of an AP.

(i) No, here a, =3n° + 5
Putn="1, a,=3(1P° +5=8
Putn=2, a, =3@2)F +5=34)+ 5=17
Putn=3, a; =337 +5=3(9)+5=27+5=32
So, the list of number becomes 8,17, 32, ...
Here, a—-a=17-8=9

a; —a,=32-17=15
a, —a; #a; —a,
Since, the successive difference of the list is not same. So, it does not form an AR

(iii) No, here a, =1+ n+ n°
Putn=1, a,=1+1+ (17 =3
Putn=2, a,=1+2+@QF =1+2+4=7
Putn=3 a;=1+3+(3°=1+3+9=13
So, the list of number becomes 3, 7, 13,...
Here, a,—a =7-3=4

a;—a,=13-7=6
a, —a #a; —a,
Slnce the successive difference of the list is not same. So, it does not form an AP.
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Exercise 5.3 Short Answer Type Questions

Q. 1 Match the AP’s given in column A with suitable common differences given

in column B.
Column A ColumnB
@) |2-2,-6,-10,... @) :
(A,) |a=-18,n=10,a0,=0 B,) =5
(A;) |a=0,a,,=6 B5) 4
(A,) |a,=13,a0,=3 (B,4) -4
Bs) 2
(5,) 3
(B) 5
Sol. A.2-2,-6,-10,...
Here, common difference,d = -2 -2 =-4
Ay e a,=a+(n-1d
= 0=-18+ (10-1)d
18 =9d
.. Common difference, d =2
A v a,=06
= a+(10-1)d=6
= 0+9d =6
- =6 = d=2
3
A,. a, =13
= a+@2-10d=13
= a+d=13
and a,=3 = a+@4-0)d=3
. a+3d=38
On subtracting Eq. (i) from Eq. (ii), we get
2d =-10
d=-5

(A})—> B, (Ay)— Bs, (A;)—> Biand (A ) = B,

[-a=0(given)]

Q. 2 Verify that each of the following is an AP and then write its next three

terms.

. 1
1)0,—,
(o,

[ NSRS

I4

Nlw

raxE

(iii) /3, 24/3, 343, ...

(v) a,2a+13a+2 4a+3 ..

.. 14 13
(i) 5 —, —., 4, ...
3 3

(ivia+b, @+ +b@+2)+b+1,...
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Sol. (i) Here,a, =0, a, = %, a, = % and a, =%
a, — & =l,a3 -a, 1.1
4 2 4
a,—a =a;—a,=a, —a,
S|nce the each successive term of the given list has the same difference. So, it forms an AP.
The next three terms are, ag; = a, + 4d

=a+4(1)=1, ag=a, +5d=a+ 5(1)=§
4 4 4

1 1
4 4

a;,=a+6d=0+ 6.3
4 2

(i) Here, a1—532—%433—§anda4—4
14 14-15 -1 13 14 1
a —a=—-95= =—a8z—a8=—-——=——
3 3 3 3 3 3

f 3 3 3

a, —a =a; —a,=a, —a,

Slnce the each successive term of the given list has same difference.
It forms an AP.

The next three terms are,

as=a; +4d =5+ 4(—1):5_f:ﬂ
3 3 3

ag=a +5d =5+ 5(—1):5_§:E
3 3 3

a;=a; +6d=5+ 6(—%):5—2=3

(iii) Here, a, =+/3,a, =23 and a, = 33
a, —a,=2J3-+3=+3,a;, —a, =3/3-2J3=43
a, —a, =a, — a, = /3 = Common difference

Since, the each successive term of the given list has same difference.

So, it forms an AP.

The next three terms are,
a,=a +3d=+/3+3(/3)=4/3
as =a, + 4d =/3 + 4/3=5{3
ag=a +5d =3+ 5/3=63

(iv) Here,a, =a+ b,a, =(a+ 1)+ bag=(a+1)+(b+1)
a-g=(@@+)+b-(a+b)=a+1+b-a-b=1
a;—a,=(a+ 1)+ (b+1)-[(a+1)+ b]
=a+1+b+1-a-1-b=1
a, —a, = a; —a, = 1=Common difference

Since, the each successive term of the given list has same difference.

So, it forms an AP.

The next three terms are,
a,=a+3d=a+b+3()=(a+2)+(b+1)
ag=a,+4d=a+b+4(l)=@+2)+ (b+2)
ag=a,+5d=a+b+51)=@+ 3+ (b+2)
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(v) Here,a,=a,a, =2a+ 1 a;=3a+2anda, =4a+ 3
a—a=2a+1-a=a+1
a;—a,=3a+2-2a-1=a+1
a, —ag=4a+3-3a-2=a+1
a, —a =a; —a, =a, —a; =a+ 1=Common difference

Since, the each successive term of the given list has same difference.

So, it forms an AP.

The next three terms are,
a;=a+4d=a+4(@+1)=>5+4
ag=a+bd=a+5@+1)=6a+5
a,=a+6d=a+6@+1)=7a+6

Q. 3 Write the first three terms of the AP’s, when a and d are as given below

(i)a:%,d:—% (ii)a=-5d=-3
1

i) a=+/2,d=——

(i) 7

Sol. (i) Given that, first term (a) = % and common difference (d) = — %

 nthtermofan AP, 7, =a+ (n—1)d

~.Secondtermof an AP, T, =a + d L
2 6 6 3
and third term of an AP, T, = a+2d 1.2 _1.1.3-2_1
2 6 2 3 6 6
Hence, required three terms are 1, 1, 1.
2 36
(i) Given that, first term (a) = — 5and common difference (d) = — 3

nthtermofan AP, 7, =a+ (n—-1)d

- Secondtermofan AP, T, =a+d=-5-3=-8

and thirdterm of an AP, T, =a+2d = -5+ 2 (- 3)
=-5-6=-11

Hence, required three terms are — 5, — 8, — 11.

(iii) Given that, first term (a) = +/2 and common difference (d) = %
- nthtermofan AP, 7, =a+ (n-1)d
1 2+1 3
- Secondtermofan AP, T, =a+d =2+ ——=5""=_°_
? N2 N2 2
and third term of an AP, T, + a+2d =<2 + & =212 _ 4
e V2o 2 42

8 4
NN

Hence, required three terms are /2,
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Q. 4 Find a, b and c such that the following numbers are in AP, a, 7, b, 23 and c.

Sol. Since a,7, b,23andc are in AP
: 7—-a=b-7=23-b=c —23= Common difference

| I 1l Y

Taking second and third terms, we get

b-7=23-b
= 2b =30
b=15
Taking first and second terms, we get

7—-a=b-7

7-a=15-7 [+b=15]
= 7—-a=8
a=-1
Taking third and fourth terms, we get

23-b=c-23

= 23-156=c -23 [ b=15]
= 8=c-23
= 8+23=c = c =31

Hence, a=-1b=15 ¢ =31

Q. 5 Determine the AP whose fifth term is 19 and the difference of the eighth
term from the thirteenth term is 20.

Sol. Let the first term of an AP be a and common differenced.

Given,a; =19and a,; —ag =20 [given]
w ag=a+(5-1)d=19and[a+ (13-1)d]-[a+ (8-1)d]=20 [-a,=a+ (n-1)d]
= a+ 4d =19 ()
and a+12d —a-7d =20 = 5d =20
d=4
On puttingd = 4in Eq. (i), we get

a+ 44)=19

a+16=19
a=19-16=3

So, required APisa,a+d,a+2d,a+ &,... i.e., 3,3+ 4,3+ 2(4),3+ 3(4),...

ie, 37,1115 ..

1 .
Q. 6 The 26th, 11th and the last terms of an AP are, 0,3 and — = respectively.

Find the common difference and the number of terms.
Sol. Let the first term, common difference and number of terms of an AP are a, d and
n, respectively.
We know that, if last term of an AP is known, then
l=a+ (n-1)d ()
and nth term of an AP is
T,=a+((n-1)d .. (i)
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Given that, 26th term of an AP = 0

= Tg=a+@6-1d=0 [from Eq. (i)]
= a+25d=0 .. (ifi)
11thterm of an AP = 3
= Ty=a+(11-1)d=3 [from Eq. (ii)]
= a+10d =3 o (iv)
and lastterm of an AP = —-1/5
= l=a+ (n-1d [from Eq. (i)]
= -1/5=a+ (n-1)d (V)
Now, subtracting Eq. (iv) from Eq. (iii),
a+25d=0
a+10d=3
15d =-3
= d __1
5
Put the value of d in Eq. (iii), we get
a+25 (- 1):0
5
= a-5=0= a=5

Now, put the value of a,d in Eq. (v), we get
-1/5=5+(n-1(-1/5)

= -1=25-(n-1)

= -1=25-n+1

= n=25+2=27

Hence, the common difference and number of terms are — 1/5and 27, respectively.

Q. 7 The sum of the 5th and the 7th terms of an AP is 52 and the 10th term is
46. Find the AP.
Sol. Letthe first term and common difference of AP are a and d, respectively.
According to the question,
as + a, =52and a,, = 46

= a+(b5-1Nd+a+((7-1)d=52 [-a,=a+ (n-1)d]

and a+ (10-1)d =46

= a+4d+a+ 6d =52

and a+ 9d =46

= 2a+ 10d =52

and a+ 9d =46

= a+ 5d =26 (D)
a+ 9d =46 (D)}

On subtracting Eq. (i) from Eq. (i), we get

4d =20 = d=5
From Eq. (i), a=26-5(5=1
So, required AP is aa+d,a+2d,a+ &,... ie., 1,1+ 51+2(5),1+ 35),... ie,
1,6,11,16, ...
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Q. 8 Find the 20th term of the AP whose 7th term is 24 less than the 11th
term, first term being 12.
Sol. Let the first term, common difference and number of terms of an AP are a,d and n,
respectively.
Given that, first term (a) = 12.
Now by condition,
7thterm (T;) = 11th term (7;,) — 24
[ nthtermofan AP, T =a+ (n—1)d]
a+ (7 -Nd=a+(11-1)d-24
a+6d=a+10d -24
24=4d = d =6
20th term of AP, T,, =a + (20 - 1)d
=12+19x6=126
Hence, the required 20th term of an AP is 126.

RV

Q. 9 If the 9th term of an AP is zero, then prove that its 29th term is twice its

19th term.
Sol. Let the first term, common difference and number of terms of an AP are a,d and n
respectively.
Given that, gthtermofan AP, 7y = 0 [ nthtermof an AP, T, =a + (n —1)d]
= a+(9-10d=0
= a+8d=0 = a=-8d (D)
Now, its 19thterm, T,y =a + (19 - 1)d
=—8d +18d [from Eq. (i)]
=10d .. (i)
and its 20thterm, T,y =a + (29 - 1)d
=—8d + 28d [from Eq. (i)]
=20d =2 x (10d)
= Tog =2 X Tig
Hence, its 29th term is twice its 19th term. Hence proved.

Q. 10 Find whether 55 is a term of the AP 7, 10, 13, ... or not. If yes, find
which term it is.

Sol. Yes, let the first term, common difference and the number of terms of an AP are a,d and n

respectively.

Let the nthterm of an AP be 55.7.e,, T, =55

We know that, the nthterm of an AP, T, =a + (n—1)d ()
Given that, first term (a) = 7 and common difference (d)=10-7 = 3

From Eq. (i), 55=7+nNn-1)x3

= 556=7+3n-3=>55=4+3n

= 3n =51
n=17
Since, nis a positive integer. So, 55 is a term of the AP.
Now, put the values of a,d and nin Eq. (i),
T,=7+(17-1)(3)
=7+16x3=7+ 48=55
Hence, 17th term of an AP is 55.
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Q. 11 Determine k, so that k® + 4k + 8, 2k? + 3k + 6 and 3k? + 4k + 4 are three

consecutive terms of an AP.
Sol. Since, k% + 4k + 8 2k® + 3k + 6and 3k® + 4k + 4 are consecutive terms of an AP

=

U

=

2Kk + 3k + 6—k>— 4k —8=3k* + 4k + 4 —2k> -3k — 6
k> —k—-2=kKk>+ k-2
—k=k =>2k=0= k=0

2k® + 3k + 6 — (k% + 4k + 8) = 3k® + 4k + 4 — (2k® + 3k + 6) = Common difference

Q. 12 Split 207 into three parts such that these are in AP and the product of
the two smaller parts is 4623.

Sol. Letthe three parts of the number 207 are (a —d), aand (a + d), which are in AP
Now, by given condition,

=
=
=

Sum of these parts = 207
a-d+a+a+d=207
3a =207
a==69

Given that, product of the two smaller parts = 4623

and

aa—-d)=4623
69-(69 —d) = 4623
69 —d =67
d=69-67=2

firstpat =a—-d =69 -2 =67,

second part = a = 69

thirdpart =a+d=69+2 =71,

Hence, required three parts are 67, 69, 71.

Q. 13 The angles of a triangle are in AP. The greatest angle is twice the least.
Find all the angles of the triangle.

Sol. Given that, the angles of a triangle are in AP
Let A, Band C are angles of a A ABC.

=

B=A+C
2
2B=A+C

We know that, sum of all interior angles of a AABC = 180°

=
=

A+ B+ C=180°
2B+ B=180°
38=180°= B=60°

Let the greatest and least angles are A and C respectively.

A=2C

Now, put the values of Band A in Eq. (i), we get

=

2x60=2C+C
120=3C = C =40°

Put the value of C in Eq. (i), we get

A=2x40° => A=280°

Hence, the required angles of triangle are 80°, 60° and 40°.

[ from Eq. (i)]

[by condition] ... (ii)
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Q. 14 If the nth terms of the two AP’s 9, 7, 5, ... and 24, 21, 18, ... are the
same, then find the value of n. Also, that term.

Sol. Let the first term, common difference and number of terms of the AP 9, 7, 5, ... are a;, d,
and n,, respectively.
i.e., first term (g,) = 9 and common difference (d,)=7 - 9=-2.

= Its nth term, T, =a + (0 = 1)d,

N Tn’1 =9+ (N -1(-2)

- T, =9-2n+2

N T, =11-2n, [ nthtermofan AP, T, =a+ (n - 1)d]...()

Let the first term, common difference and the number of terms of the AP 24, 21, 18, ... are
a,, d, and n,, respectively.
i.e., firstterm, (a,) =24 and common difference (d,)=21-24=-3

= lIts nth term, Ty, =ay + (n, —1)d,

N Tn”2 =24+ (n, =1)(=3)

N T, =24-3n, + 3

N Ty =27 - 3n, (i)

Now, by given condition,
nth terms of the both APs are same, i.e., T; =T’

11-2n, =27 - 3n, [from Egs. (i) and (ii)]
= n=16
~onthterm of first AP, T'ny =11-2n, =11-2 (16)
=11-32=-21
and nth term of second AP, T"’n, =27 — 3n, =27 — 3 (16)
=27 - 48=-21

Hence, the value of nis 16 and that termi.e., nth term is —-21.

Q. 15 If sum of the 3rd and the 8th terms of an AP is 7 and the sum of the 7th
and 14th terms is —3, then find the 10th term.

Sol. Let the first term and common difference of an AP are a and d, respectively.
According to the question,
a;g+ag=7anda, +a,=-3
= a+@-Nd+a+B-1)d=7 [Fa,=a+ (n-1)d]
and a+(7-1)d+a+(14-1)d=-3
a+2d+a+7d=7

and a+6d+a+13d=-3
2a+9d =7 ()
and 2a+19d =-3 - (i)
On subtracting Eq. (i) from Eq. (i), we get
10d=-10=>d =-1 [from Eq. (i)]
2a+9(-1)=7
= 2a—-9=7
= 2a=16 >a=38

a,=a+ (10-1)d
=8+ 9(-1)
=8-9=-1
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Q. 16 Find the 12th term from the end of the AP — 2, — 4, —6, ..., — 100.

Sol. Given AR -2,-4,-6,...,—100
Here, first term (a)=-2, common difference (d)=-4-(-2)=-2 and the last term
()=-100.
We know that, the nth term a,, of an AP from the end is a, = [ — (n —1)d, where [is the last
term and d is the common difference.
. 12th term from the end,
a, =—100-(12 -1)(-2)
=—100+ (11)(2)=—100+ 22 =-78.
Hence, the 12th term from the end is =78

Q. 17 Which term of the AP 53, 48, 43, ... is the first negative term?

Sol. Given AP is 53, 48, 43, ...
Whose, first term (a) = 53 and common difference (d) =48 - 53=-5
Let nth term of the AP be the first negative term.
ie., T,<0 [ nthtermofan AP, T, =a+ (n—1)d]
@+ mn-1d)<o0
53+ (n-1)(-5<0
53-5n+5<0
58 - 5n< 0=5n> 58
n>116=n=12
i.e., 12thterm is the first negative term of the given AP.
: T,=a+(12-1)d=53+11(-5)
=53-55=-2<0

=
=
=
=

Q. 18 How many numbers lie between 10 and 300, which divided by 4 leave a
remainder 3?
Sol. Here, the first number is 11, which divided by 4 leave remainder 3 between 10 and 300.
Last term before 300 is 299, which divided by 4 leave remainder 3.
. 11,15,19,23,..., 299
Here, first term (a) = 11, common differenced =15-11=4
nthterm, a, =a+ (n—-1)d =1 [last term]
29=11+(n-1)4
299 -11=(n-1)4
4(n-1)=288
n-1=72
n=73

R U T I

Q.19 Find the sum of the two middle most terms of an AP

4 2 1
__1_1/__,. ,4_
3 3 3
Sol. Here, firstterm (a) = —g, common difference (d)= -1+ % =%
and the last term (/) = 4 113
3 3
nthtermofan AP, I=a, =a+(n-1)d
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Loy U

=18 [even]
. n n . 18 18
So, the two middle most terms are (E)th and (5 + 1)th. ie., (?)th and (? + 1)th terms

89=a+8d— f+8(l)=ﬂ:f
3 3 3 3
3 3 3 3
- 4 5 9
So, sum of the two middle most terms = a4 + a,, = 3 + 3 = 3 =3

Q. 20 The first term of an AP is — 5 and the last term is 45. If the sum of the
terms of the AP is 120, then find the number of terms and the common
difference.

Sol. Let the first term, common difference and the number of terms of an AP are a,d and n

respectively.

Given that, first term (@) = — 5and last term (I) = 45

Sum of the terms of the AP =120= S, =120

We know that, if last term of an AP is known, then sum of nterms of an AP is,

n
Sﬁ=§(a+ l)
= 120=g(—5+45):>120><2=40><n
= n=3x2=>n==6

. Number of terms of an AP is known, then the nth term of an AP is,
l=a+(nh-Nd=45=-5+(6-1)d

= 50=5d = d =10

So, the common difference is 10.

Hence, number of terms and the common difference of an AP are 6 and 10 respectively.

Q. 21 Find the sum
()1+(=2)+(=5)+(—8) +... +(—236)

. 1 2
(i1) (4 - —) + (4 - —J + (4 - i) + ... upto n terms.
n n n

(iii)a_b+3a_2b+5a_3b+ to 11 terms
a+b a+b a+b 7 )

Sol. (i) Here, first term (a) =1 and common difference (@) =(-2)-1=-3

~-Sumofnterms of an AP, S, = n 2a+ (n-1)d]

NS oIS o

= S, Rx1+((n-1)x(=3)]

= S, ="@-an+ 3):>Sn=g(5—3n) 0
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We know that, if the last term (/) of an AP is known, then

l=a+ (n-1d
= —-236=1+(n-1)(-3) [ 1 =-236 given]
= -237==-(n-1)x3
= n-1=79 = n=80

Now, put the value of nin Eq. (i), we get
S, =? [5 - 3 x 80]= 40 (5 — 240)

=40 x (- 235)= — 9400
Hence, the required sum is — 9400.
Alternate Method
Given,a=1d =-3and [ =-236

- Sum of nterms of an AP, S, =g [a+ 1]

- % (1+ (= 236) [ n = 80]

= 40 x (- 235)= — 9400

(i) Here, first term, a =4 — 1
n

Common difference, d = (4 - E) _ (4 _ 1): -2, 1_-

n n n n n

- Sum of nterms of an AP, S, =0 Ra+ (n-1)d]

= sn=Qr2(4-1)+(n-1)(_1)1
2[ n n
:Q{g_g_prl}
2 n n
n( 1) n (7/7—1) 7n -1
= — 7—_ =X =
2 n 2 n 2
(iii) Here, first term (A)= &~ P
a+b

3a-2b _a-b_2a-b
a+b a+b a+b

and common difference, D =

- Sum of nterms of an AP, S, =g[2a+ (n-"1)d]

= s =Nlp@=-b) ,_4ea-b)
" 2] (@+») @+ b)

{2&—2b+2an—2a—bn+ b}

NS

a+b
_n 2an—-bn->b
2 a+b

g 11 {23(11)—b(11)—b}

"2 a+b

_11(11a-6b) _ 11 (22&—12b)

a+b =E a+b
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Q. 22 Which term of the AP —2, — 7, — 12, ... will be — 77 ? Find the sum of
this AP upto the term — 77.
Sol. Given, AP —2,—7,-12, ...
Let the nth term of an AP is — 77.
Then, first term (a) = — 2 and common difference d)=-7 - (-2)=-7+2=-15.
wnthtermofan AP, T, =a+ (n—1)d
= —-77==2+(n-1)(-5)
= —75==(n-1)x5
= (n=1)=15 = n=16.
So, the 16th term of the given AP will be — 77.
Now, the sum of nterms of an AP is

S, =g[2a+(n—1)c/]

So, sum of 16 terms i.e., upto the term — 77.
ie. Sip =R x(2)+ (1= 1(- 5]

=8[-4+(16-1)(-5)]=8(-4-75)
=8x-79=-632
Hence, the sum of this AP upto the term — 77 is — 632.

Q. 23 Ifa, = 3 — 4n, then show thata,, a,, a;, ... form an AP. Also, find S,,.

Sol. Given that, nth term of the seriesisa, = 3 — 4n (D)
Putn =1, a,=3-4(1)=3-4=-1
Putn=2, a,=3-4Q)=3-8=-5
Putn =3, a;=3-43)=3-12=-9
Putn = 4, a,=3-4(4)=3-16=-13
So, the series becomes —1, -5 -9, —13, ...

We see that,
a,-a,=-5-(-N=-5+1=-4
a3 —a,=-—9-(-5=-9+5=-4
a, —a;,=-—13-(-9)=-13+9=-4
ie., a,—a =a;—a,=a,—a;=..=-4

Since, the each successive term of the series has the same difference. So, it forms an AP.
We know that, sum of nterms of an AP, S, = g Ra+ (n-1d]

- Sum of 20 terms of the AP, S, = 22—0 RE-=1)+@0-1)(-4)]

=10(-2+ (19)(- 4))=10(-2 - 76)
=10x-78=-780
Hence, the required sum of 20 terms /.e., S, is — 780.
Q. 24 In an AP, if S, = n (4n+ 1), then find the AP.
Sol. We know that, the nth term of an AP is

ap =Sn _Sn—1
a,=n@n+1)-n-N{4n-1)+1 [~S,=n{4n+1)]
= a,=4n°> + n—(n—1)(4n-13)

=4n° +N—-4n°+3n+ 4n-3=8n-3
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Putn =1, a,=8(1)-3=5
Putn=2, a,=8@2)-3=16-3=13
Putn=3 a;=8(3)-3=24-3=21

Hence, the required AP is 5, 13, 21, ...

Q. 25 Inan AP, ifS, =3n® + 5nand a, = 164, then find the value of k.

Sol.

-+ nth term of an AP,
ap =Sn _Sn—1
=3n°+5n-3(n-1°-5(n-1) [+S, =3n° + 5n (given)
=3n° +5n-3n° -3+ 6n-5n+5
a,=6n+2 ()
or a, =6k+2=164 [ a, =164 (given)
= 6k =164 -2 =162
: k=27

Q. 26 If S, denotes the sum of first n terms of an AP, then prove that

Sol.

512 =3 (58 - 54)'

-+ Sum of nterms of an AR, Snzg[2a+(n—1)d] ()
88=§[2&+(8—1)d]=4(2a+7d)=8a+28o’
and S =§[Za+(4—1)d]=2(23+3d)=4a+6d
Now, Sg—S, =8a+28 —4a-6d = 4a+22d (i)
and 812=%[2a+(12—1)d]=6(23+11d)
=3 (4a+22d)=3(Sg -S,) [from Eq. (ii)]
S5 =365 -S,) Hence proved.

Q. 27 Find the sum of first 17 terms of an AP whose 4th and 9th terms are — 15

Sol.

and — 30, respectively.

Let the first term, common difference and the number of terms in an AP are a, d and n,
respectively.

We know that, the nthtermof an AP, T, =a+ (n-1)d (D)
4thtermofan AP, 7, =a+ (4-1)d =-15 [given]
= a+3d=-15 (i)
and 9thtermofan AP, 7, =a+ (9-1)d =-30 [given]
= a+8d=-30 .. (ifi)
Now, subtract Eq. (i) from Eq. (ii), we get
a+8d=-230
a+3d=-15
- = +
5d =-15
= d=-3

Put the value of d in Eq. (i), we get
a+3(-3)=-15 = a-9=-15
a=-15+9 = a=-6
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.+ Sum of first nterms of an AP, S, = g Ra+ (n-1)d]

-~ Sum of first 17 terms of an AP, S, = 1?7[2 X (—=6)+ (17 =1 (- 3)]
= [-12.+ (16) (- 3]
_17 17

5 (£12-48)= 2" x (- 60)
=17 x (- 30)= - 510

Hence, the required sum of first 17 terms of an AP is — 510.

Q. 28 If sum of first 6 terms of an AP is 36 and that of the first 16 terms is
256, then find the sum of first 10 terms.

Sol. Letaandd be the first term and common difference, respectively of an AP

~ Sumofnterms of an AP, S, :g[2a + (n-1d] (1)
Now, Sg =36 [given]
- 2§[2a+(6—1)d]=36
= 2a+ 5d =12 - (i)
and S =256
= ;ﬁ[za+(16—1)d]=256
= 2a+ 15d = 32 .. (iii)

On subtracting Eq. (ii) from Eq. (iii), we get
10d =20 = d =2

From Eq. (i), 2a+ 5@)=12
= 2a=12-10=2
= a=1
10
Sio =?[2a+ (10-1)d]

=52 1)+9@)]=5R+18)
=5x%x20=100
Hence, the required sum of first 10 terms is 100.

Q. 29 Find the sum of all the 11 terms of an AP whose middle most term is 30.

Sol. Since, the total number of terms (n) = 11 [odd]
M _(n+) (1141 _
. Middle most term = Tthterm = (T)thterm = 6thterm
Given that, ag; =30
= a+ (6-1d =30
= a+5d =230 ()

Sum of nterms of an AP, S, =g[2a + (n-=1d]
Sﬁ=g[2a+(11—1)d]
=12—1(Za+10d)=11(a+ 5d) [from Eq. (i)]

=11x30=330
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Q. 30 Find the sum of last ten terms of the AP 8, 10, 12,..., 126.

Sol. Forfinding, the sum of last ten terms, we write the given AP in reverse order.

e, 126,124,122,..,12,10, 8
Here, first term (a) = 126, common difference, (d) =124 — 126 =
n

-2
S1O=12—0[2a+(10—1)d] [S 2[23+(”—1>d]]

=5{2(126)+ 9(-2)} = 5 (252 — 18)
=5x234=1170

Q. 31 Find the sum of first seven numbers which are multiples of 2 as well as
of 9.

Sol. For finding, the sum of first seven numbers which are multiples of 2 as well as of 9. Take
LCM of 2 and 9 which is 18.
So, the series becomes 18, 36, 54,...
Here, first term (a) = 18, common difference (d)= 36 -18=18

S;=2Ra+(-1d]=_R(18+7 -1
:%[36+ 6x18]=7 (18+ 3 18)
=718+ 54)=7 x72 =504

Q. 32 How many terms of the AP — 15, — 13, — 11, ... are needed to make the

sum — 557
Sol. Letnnumber of terms are needed to make the sum — 55.
Here, first term (a) = — 15, common difference (d)=-13+ 156=2
Sum of nterms of an AP, S, = g Ra+ (n-1)d]
= —55= g 2(=15)+ (n = 1)2] [+S, = — 55 (given)]
= -55=-16n+n(n-1)
= n? —16n+55=0
= n> —11n-5n+ 55=0 [by factorisation method]
= nin-11)-5n-11)=0
= n=11)(n-5=0

RS n=>511
Hence, either 5 and 11 terms are needed to make the sum — 55.

Q. 33 The sum of the first n terms of an AP whose first term is 8 and the
common difference is 20 is equal to the sum of first 2n terms of another
AP whose first term is — 30 and the common difference is 8. Find n.
Sol. Given that, first term of the first AP (a) = 8
and common difference of the first AP (@) =20
Let the number of terms in first AP be n.
Sum of first nterms of an AP, S, = n Ra+ (n—-1)d]

S,==—[2x8+(n-1)20]

NSy
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= S,,=§(16+20n—20)
n
= S, = > 20n - 4)
. S,=n(10n-2) ()
Now, first term of the second AP (a”) = — 30
and common difference of the second AP (d”) = 8
~.Sum of first2nterms of second AP, S,, = %ﬂ [2a"+ 2n-1)d"]
= S,, =n[2(=30)+ @2n—1)(8)]
= S,, =n[-60+ 16n - 8)]
= S,, =n[16n - 68] ..(i)

Now, by given condition,
Sum of first nterms of the first AP = Sum of first 2n terms of the second AP
S,=S,, [from Egs. (i) and (ii)]
n(10n-2)=n(16n - 68)
n[(16n-68)—(10n-2)]=0
n(16n-68-10n+2)=0
n(6n-66)=0
n=11 [-n=0

B UV A

Hence, the required value of nis 11.

Q. 34 Kanika was given her pocket money on Jan 1st, 2008. She puts ¥ 1 on
day 1, %2 on day 2, ¥ 3 on day 3 and continued doing so till the end of
the month, from this money into her piggy bank she also spent ¥ 204 of
her pocket money, and found that at the end of the month she still had
T 100 with her. How much was her pocket money for the month?

Sol. Let her pocket money be T «x.

Now, she takes ¥ 1 on day 1, ¥2 on day 2, ¥ 3 on day 3 and so on till the end of the month,
from this money.

ie., 1+2+3+4+ ...+ 31
which form an AP in which terms are 31 and first term (a)=1, common difference
@=2-1=1
Sum of first 31 terms = S,
Sum of nterms, S, = g Ra+ (n-1)d]
Ss, =%[2><1+(31—1)><1]
_ 3104 502 31x32
2
=31x16=496

So, Kanika takes % 496 till the end of the month from this money.
Also, she spent ¥ 204 of her pocket money and found that at the end of the month she still
has ¥ 100 with her.
Now, according to the condition,
(x — 496) — 204 =100
= x —700=100
x =3 800
Hence, ¥ 800 was her pocket money for the month.



124 NCERT Exemplar (Class X) Solutions

Q. 35 Yasmeen saves T 32 during the first month, Z 36 in the second month
and ¥ 40 in the third month. If she continues to save in this manner, in
how many months will she save T 2000?

Sol. Given that,
Yasmeen, during the first month, saves =% 32
During the second month, saves =% 36
During the third month, saves =% 40
Let Yasmeen saves % 2000 during the n months.
Here, we have arithmetic progression 32, 36, 40, ...
First term (a) = 32, common difference (d)=36-32 =4
and she saves total money, i.e., S, =% 2000
We know that, sum of first nterms of an AP is,

S, =g[2a+(n—1)o’]

2000=g[2><32+(n—1)><4]

2000=n(32 +2n-2)
2000 =n (30 + 2n)
1000=n(15+ n)
1000 =150 + n?

n? +15n—1000=0

n? + 40n — 250 — 1000 = 0

nin+40)-25(n+40)=0 = (n+ 40)(n—-25=0

R n=25 [-n=—-40]

Hence, in 25 months will she save % 2000. [since, months cannot be negative]

B L L

Exercise 5.4 Long Answer Type Questions

Q. 1 The sum of the first five terms of an AP and the sum of the first seven
terms of the same AP is 167. If the sum of the first ten terms of this AP is
235, find the sum of its first twenty terms.

Sol. Let the first term, common difference and the number of terms of an AP are a, d and n,

respectively.

-+ Sum of firstnterms of an AP, S, = g Ra+ (n-1)d] ()

. Sum of first five terms of an AP, Sg = g Ra+ (5-1)d] [from Eq.(i)]
=§(2a + 4d)=5(a + 20)

= S, =5a+ 10d ...(ii)

and sum of first seven terms of an AP, S, = g Ra+ (7-1)d]

=g[2a+ 6d]=7 (a+ 3d)

= S, =7a+21d ...(iil)
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Now, by given condition,

Ss +S,=167
= ba+ 10d + 7a + 21d =167
= 12a + 31d =167
Given that, sum of first ten terms of this AP is 235.
S0 =235
= 1?0[23+(10—1)d]=235
= 5@a+ 9d)=235
= 2a+ 9d =47

On multiplying Eq. (v) by 6 and then subtracting it into Eq. (vi), we get

12a + 54d =282
12a + 31d =167
23d =115
= d=5
Now, put the value ofd in EqQ. (v), we get
2a+9(5) =47 > 2a+ 45=47
= 2a=47-45=2 = a=1

Sum of first twenty terms of this AP, S,, = 2?0 2a+ (20-1)d]

=102 x (1) + 19% (5)]=102 + 95)

=10x 97 =970
Hence, the required sum of its first twenty terms is 970.

Q. 2 Find the

125

(i) sum of those integers between 1 and 500 which are multiples of 2 as

well as of 5.

(i1) sum of those integers from 1 to 500 which are multiples of 2 as well as

of 5.

(iii) sum of those integers from 1 to 500 which are multiples of 2 or 5.

Sol. (i) Since, multiples of 2 as well as of 5= LCM of (2, 5) =10

. Multiples of 2 as well as of 5 between 1 and 500 is 10, 20, 30,..., 490
which form an AP with first term (a) = 10 and common difference (d)=20-10=10

nth term a,, =Last term (/) = 490
..Sum of nterms between 1 and 500,

n
S, :E[a+l]
. a,=a+(n-1d=1
- 10+ (n=1)10 = 490
- (n=1)10 = 480
= n—-1=48 = n=49
From Eq. (i), S =4?9(10+ 490)
-9 500
>

=49 x 250 = 12250
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(i) Same as part (i),
but multiples of 2 as well as of 5 from 1 to 500 is 10, 20, 30, ..., 500.
a=10d =10a, =/=500
a,=a+(n-1)d=

= 500=10+(n—1)10
- 490 = (n —1)10
= n-1=49 = n=50
n
Sn=§(a+1)
= 350_%(1% 500) = %x510

=50 %255 =12750
(iii) Since, multiples of 2 or 5 = Multiple of 2 + Multiple of 5 — Multiple of LCM (2, 5) i.e., 10.
*. Multiples of 2 or 5 from 1 to 500
= List of multiple of 2 from 1 to 500 + List of multiple of 5 from 1 to 500
— List of multiple of 10 from 1 to 500
=2, 4,6,...,500)+ (510,15,..., 500)- (10,20,...,500) ()
All of these list form an AP.
Now, number of terms in first list,
500=2+ (1, —=1)2 = 498 =(n, - 1)2
= n, —1=249 = n, =250
Number of terms in second list,
500=5+(n, -1)5 = 495=(n, —1)5
= 9=(n,-1)=n, =100
and number of terms in third list,
500=10+ (n; —1)10 = 490=(ny —1)10
= Ny —1=49 = n, =50
From Eq. (i), Sum of multiples of 2 or 5 from 1 to 500

=Sumof (2, 4,6, ...,500) + Sum of (5, 10, ..., 500) — Sum of (10, 20, ..., 500)

o N, Ny [« _n )

_72+500+75+500 -3 [10+ 500 S, =—(a+1
5 [ ] [ ] 5 [ ] [ n 2( )J

_@x502+@x505 5—O><510
2 2 2

=250 x 251+ 505 x 50 — 25 x 510= 62750 + 25250 — 12750
= 88000 — 12750 = 75250

Q. 3 The eighth term of an AP is half its second term and the eleventh
term exceeds one-third of its fourth term by 1. Find the 15th term.

Sol. Letaandd be the first term and common difference of an AP, respectively.
1

Now, by given condition, ag = 5 a,
= a+7d=%(a+d) [~a,=a+ (n-1)d]
= 2a+14d =a+d
= a+13d =0 ()
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’
and a11=§a4+1

= a+10d=%[a+3d]+1

= 3a+ 30d =a+ 3d + 3

= 2a+27d =3 (D)

From Egs. (i) and (i),
2 (—13d)+27d =3

= —-26d +27d =3
= d=38
From Eq. (i),
a+13@Q3)=0
= a=-39
a; =a+ 14d = -39+ 14 (3)
=-39+42=3

Q. 4 An AP consists of 37 terms. The sum of the three middle most terms is 225
and the sum of the last three terms is 429. Find the AP.

Sol. Since, total number of terms (n) = 37 [odd]
.. Middle term = (37 + 1)th term = 19th term

So, the three middle most terms = 18th, 19th and 20th.
By given condition,
Sum of the three middle most terms =225
ag + a9 + ayy =225

= (@+17d)+ (@+18d)+ (@ + 19d) =225
= 3a + 54d =225
= a+18d =75 (D)
and sum of the last three terms = 429
= 8gg + 8gg + g7, = 429
= (@+ 34d)+ (@a+ 35d)+ (a+ 36d ) =429
= 3a + 105d = 429
= a+ 35d =143 (D)}
On subtracting Eq. (i) from Eq. (ii), we get
17d = 68
= d=4
From Eq. (i), a+18(4)=75
= a=75-"72
= a=3
~.Required APisa,a+d,a+2,a+ 3d ...
ie., 33+43+2(4),3+ 3(4),..
ie., 37,3+83+12,..

ie., 37,1115, ...
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Q. 5 Find the sum of the integers between 100 and 200 that are
(i) divisible by 9. (ii) not divisible by 9.
Sol. (i) The numbers (integers) between 100 and 200 which is divisible by 9 are 108, 117, 126,
... 198.

Let n be the number of terms between 100 and 200 which is divisible by 9.
Here,a=108d =117 -108 =9and a, = =198
v a,=l=a+n-1d
198=108+ (n—1)9
90=(n-1)9
n-1=10

n=11

Sum of terms between 100 and 200 which is divisible by 9,

S, =g[2a+ (n-1d]

B U U U

- sﬂ=12J[2 (108)+(11—1)9]=g[216+ 90]

=12_1><306=11><153=1683

Hence, required sum of the integers between 100 and 200 that are divisible by 9 is 1683.

(if) The sum of the integers between 100 and 200 which is not divisible by 9 = (sum of total
numbers between 100 and 200) — (sum of total numbers between 100 and 200 which is
divisible by 9). .. (i)
Here, a=101,d =102 -101=1anda, =/=199
a,=Il=a+n-1)d

199 =101+ (n-1)1

(n=1)=98 = n=99

.. Sum of terms between 100 and 200,

S, =g[23+ (n-1)d]

Ly

i Sgg=%[2 (101)+(99—1)1]=%[202+98]

:% x 300= 99 x 150 = 14850

From Eq. (i), sum of the integers between 100 and 200 which is not divisible by 9
= 14850 — 1683 [from part (i)]
=13167

Hence, the required sum is 13167.

Q. 6 The ratio of the 11th term to the 18th term of an AP is 2 : 3. Find the ratio
of the 5th term to the 21st term and also the ratio of the sum of the first
five terms to the sum of the first 21 terms.

Sol. Letaandd be the first term and common difference of an AP

Given that, ayiag=2:3
a+10d 2
= = —
a+17d 3
= 3a+ 30d =2a + 34d
= a=4d ()
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Now, a; =a+ 4d =4d + 4d = 8d [from Eq. (i)]
and ay =a+20d =4d +20d =24d [from Eq. (i)]
: as:ay =84:24d =1:3
Now, sum of the first five terms, Sy = g Ra+ (5-1d]
= >R (4d)+ 40] ffrom Eq. ()]
=580 + 4d)= 2 x12d = 30d
2 2
and sum of the first 21 terms, S, = g [a+ @1-1)d]
221 [2 (4d) + 20d ] [from Eq. (i)]

=%(28d)=294d
So, ratio of the sum of the first five terms to the sum of the first 21 terms
S5:5,,=300d:294d =5:49
Q. 7 Show that the sum of an AP whose first term is a, the second term b and
(@+c)(b+c—2a)
2(b—a)

the last term c, is equal to

Sol. Given that, the APisa, b, ...,c
Here, first term = a, common difference =b — a
and lastterm, l=a, =c
. a,=l=a+n-1d
= c=a+(n-1(b-a)

c-—a

= n—-1=
( )b_a

c-a
= n= + 1

b-a

c—-a+b-a c+b-2a )
= n= = (i)

b-a b-a

Sum of an AP, S, —5[23+( -1d]

b+c 2a) [28+{b+c ~2a }(b—a)]
b +c-2a)l C - 1
Lz b (b a)J
- (b7+ €=23) ba4c-a)
2(b-a)
_brc-23) (a+c) Hence proved.

2(b —a)
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Q. 8 Solve the equation — 4 + (1) + 2+ ... + x = 437.

Sol. ‘- Givenequationis,—4—-1+2+ ...+ x = 437 ()
Here, —4—-1+2+ ..+ x forms an AP with first term =-4 common difference =3,
a,=l=x

nthtermof an AP, a, =l=a+ (n—-1)d
= x=—-4+(n-1)3
x+ 4 x+7 .
N =n-1= n= (i)

Sum of an AP, S, =g[2a+ (n=1d]

Sn=x+7[2(—4)+(x+4)'3]

2 %3 3
:x+7(_8+x+4):(x+7)(x—4)
2x%x3 2x%x3
From Eq. (i),
S, =437
- (x+7)(x—4)=437
2x3
= x?+7x-4x-28=874x3
= x% + 3x —2650=0
34+ 2 _ A (—
X = 3£ 5 4 (= 2650) [by quadratic formula]
_ —3%,/9+ 10600
2
_ -3++10609 _ -3+ 103 _ 100 106
2 2 2 2
=50, - 53

Here, x cannot be negative.i.e., x #— 53
also, for x = =53, n will be negatuve which is not possible
Hence, the required value of x is 50.

Q. 9 Jaspal Singh repays his total loan of ¥ 118000 by paying every month
starting with the first installment of ¥ 1000. If he increases the
installment by ¥ 100 every month, what amount will be paid by him in the
30th installment? What amount of loan does he still have to pay after the
30th installment?

Sol. Given that,
Jaspal singh takes total loan =3 118000
He repays his total loan by paying every month.
His first installment =¥ 1000
Second installment = 1000 + 100 =% 1100
Third installment = 1100 + 100 =% 1200 and so on
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Let its 30th installment be n.
Thus, we have 1000, 1100, 1200, ... which form an AP, with
first term (a) = 1000 and common difference (d) = 1100 — 1000 =100
- nthtermofan AP, T, =a+ (n—-1)d
For 30th installment, 75, = 1000 + (30 — 1) 100
=1000 + 29 x 100
=1000 + 2900 = 3900
S0, 33900 will be paid by him in the 30th installment.
He paid total amount upto 30 installments in the following form
1000 + 1100 + 1200 + ... + 3900
First term (@) = 1000 and last term (/) = 3900

~.Sum of 30 installments, Sg, = ? [a+ 1]

[-sumof first nterms of an AP is, S,, = — [a + [], where [ = last term]

n
2
= S, =15 (1000 + 3900)

=15 x 4900 =% 73500

.. Total amount he still have to pay after the 30th installment
= (Amount of loan) — (Sum of 30 installments)

= 118000— 73500=7% 44500
Hence, ¥ 44500 still have to pay after the 30th installment.

Q. 10 The students of a school decided to beautify the school on the annual

day by fixing colourful flags on the straight passage of the school. They
have 27 flags to be fixed at intervals of every 2 m. The flags are stored
at the position of the middle most flag. Ruchi was given the
responsibility of placing the flags.
Ruchi kept her books where the flags were stored. She could carry only
one flag at a time. How much distance she did cover in completing this
job and returning back to collect her books? What is the maximum
distance she travelled carrying a flag?

Sol. Given that, the students of a school decided to beautify the school on the annual day by

fixing colourful flags on the straight passage of the school.
Given that, the number of flags = 27 and distance between each flag =2 m.

Also, the flags are stored at the position of the middle most flag i.e., 14th flag and Ruchi was
given the responsibility of placing the flags. Ruchi kept her books, where the flags were
stored i.e., 14th flag and she could carry only one flag at a time.

Let she placed 13 flags into her left position from middle most flag i.e., 14th flag. For placing
second flag and return his initial position distance travelled = 2+ 2= 4m.

Similarly, for placing third flag and return his initial position, distance travelled = 4+ 4=8m
For placing fourth flag and return his initial position, distance travelled = 6+ 6= 12 m.
For placing fourteenth flag and return his initial position, distance travelled
=26+ 26=52m
Proceed same manner into her right position from middle most flag i.e., 14th flag.
Total distance travelled in that case = 52 m
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Also, when Ruchi placed the last flag she return his middle most position and collect her
books. This distance also included in placed the last flag.

So, these distances form a series.
4+8+12+16+ ..+ 52 [for left]
and 44+8+12+ 16+ ...+ 52 [for right]
.. Total distance covered by Ruchi for placing these flags
=2x(4+8+12+ ...+ 52)

-+ Sumof n terms of an AP
S, =g [2a+ (n-1)d

=2><[12_3{2><4+(13—1)><(8—4)}}

2><[12—3(8+12><4)}

[+ both sides of Ruchi number of flags i.e., n = 13]
=2x[13(4+12x2)]=2x13(4+ 24)
=2x13x28=728m
Hence, the required is 728 m in which she did cover in completing this job and returning
back to collect her books.
Now, the maximum distance she travelled carrying a flag = Distance travelled by Ruchi
during placing the 14th flag in her left position or 27th flag in her right position
=@+2+2+ ..+ 13times)
=2x13=26m
Hence, the required maximum distance she travelled carrying a flag is 26 m.
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Exercise 6.1 Multiple Choice Questions (MCQs)

Q. 1 In figure, if ZBAC =90° and AD L BC. Then,
A

B D C
(@ BD-CD =BC* (b) AB-AC=BC* (c)BD-CD =AD? (d) AB- AC = AD?
Sol. (¢) In AADBand AADC,

B D C

4D =«D =90°
/DBA = ZDAC [each equal to 90° — < C]
AADB ~ AADC [by AAA similarity criterion]
BD _ AD

AD CD
= BD-CD = AD?

Q. 2 If the lengths of the diagonals of rhombus are 16 cm and 12 cm. Then, the
length of the sides of the rhombus is

(@ 9 cm (b) 10 cm (c) 8 cm (d) 20 cm
Sol. (b) We know that, the diagonals of a rhombus are perpendicular bisector of each other.

Given, AC =16cmand BD =12 cm [let]
AO =8cm, BO = 6cm
and ZAOB = 90°
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In right angled AAOB,
D C
A
A B
AB? = AO? + OB? [by Pythagoras theorem]
= AB® = 8% + 6% = 64+ 36=100
AB=10cm

Q. 3 If AABC~ AEDF and AABC is not similar to ADEF, then which of the
following is not true?

(@ BC-EF=AC-FD (b) AB-EF = AC - DE
(c)BC-DE =AB-EF (d)BC-DE=AB-FD
Sol. (¢) Given, AABC ~ AEDF
AB _BC AC
ED DF EF
E
A
B Cc D F
Taking first two terms, we get
AB _BC
ED DF
= AB-DF =ED-BC
or BC - DE = AB- DF
So, option (d) is true.
Taking last two terms, we get
BC AC
DF  EF
= BC-EF = AC-DF

So, option (a) is also true.
Taking first and last terms, we get
AB _AC
ED  EF
= AB-EF =ED- AC
Hence, option (b) is true.
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Q. 4 If in two AABCand APQR, ﬁ:ﬁzc—A, then
QR PR PQ
(@) APQR ~ ACAB (b) APQR ~ A ABC
(c) ACBA ~ APQR (d) ABCA ~ APQR
AB _BC _CA

Sol. (a) Given,intwo A ABC and APQR, L= =="2 ="

which shows that sides of one triangle are proportional to the side of the other triangle,

then their corresponding angles are also equal, so by SSS similarity, triangles are
similar.

ie., A CAB~APQR

B C R P

Q. 5 In figure, two line segments AC and BD intersect each other at the point P
such that PA =6 c¢cm, PB=3cm, PC=25 cm, PD=5 cm, £ZAPB =50° and
ZCDP = 30°. Then, ZPBA is equal to

P

250/77

B
(@) 50° (b) 30° (c) 60° (d) 100°
Sol. (d) In AAPB and ACPD, ZAPB = ZCPD =50° [vertically opposite angles]
AP 6
A0 (i)
PD 5
CP 25 5
From Egs. (i) and (ii)
AP _BP
PD CP
AAPB ~ ADPC [by SAS similarity criterion]
. ZA = £D = 30° [corresponding angles of similar triangles]
In AAPB, LA+ £ZB+ ZAPB=180° [sum of angles of a triangle = 180°]

= 30° + /B + 50° = 180°
ZB= 180° — (50° + 30°) =100°
ie., Z PBA =100°
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Q. 6 If in two ADEF and A PQR, 2D = £Q and £R = ZE, then which of the
following is not true?

EF DF DE EF DE DF EF DE
@—=— b) — =— C)—=—+- d) —=—
PR PQ PQ RP QR PQ RP QR
Sol. (b) Given, in ADEF and APQR, #D= £Q, /R = ZE
Q
D
F EP R
ADEF ~ AQRP [by AAA similarity criterion]
= LF = ZP [corresponding angles of similar triangles]
DF _ED _FE
QP RQ PR

Q. 7 In AABCand ADEF, ZB = ZE, ZF = ZCand AB = 3DE. Then, the two

triangles are
(a) congruent but not similar (b) similar but not congruent
(c) neither congruent nor similar (d) congruent as well as similar
Sol. (b) InAABC and ADEF, 4/B= £E, ZF = ZC and AB = 3DE

A D
We know that, if in two triangles corresponding two angles are same, then they are

similar by AAA similarity criterion. Also, AABC and ADEF do not satisfy any rule of
congruency, (SAS, ASA, SSS), so both are not congruent.

... B 1 APRQ) .
Q. 8 If AABC ~ APQR with Bt _1 , then ar(APRQ) is equal to
QR 3 ar (ABCA)
@9 (b)3 1 (o~
3 9

@ Thinking Process

Use the property of area of similar triangle.
Sol. (@) Given, AABC ~APQR and g_g - %

We know that, the ratio of the areas of two similar triangles is equal to square of the ratio
of their corresponding sides.

ar (APRQ) «yn2=(oﬁ)2_(3fzz$=9

ar (88CA) Bcy \8c) 4
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Q. 9 If AABC ~ ADFE, ZA =30° £C=50° AB=5cm, AC=8 cm and
DF = 7.5 cm. Then, which of the following is true?

(@ DE=12cm, ZF =50° (b) DE =12 cm, ZF =100°
(c)EF=12cm, £ZD =100° (d)EF =12 cm, £D =30°
Sol. (b) Given, AABC ~ ADFE, then ZA = £D = 30°, ZC = ZE = 50°
A
30°
5cm 8cm
509
B C E
/B = /F =180° — (30° + 50°)=100°
Also, AB=5cm, AC=8cmand DF =7.5cm
AB_ AC
DF DE
5 8
= ==
75 DE
DE = 8x75 12cm
5
Hence, DE =12 cm, ZF =100°
. AB BC . ..
Q. 10 If in AABC and ADEF, YT then they will be similar, when
(@) ZB=ZE (b) LA= 2D
(c) £B=«D (d)y ZA=ZF
Sol. (¢) Given, in AABC and AEDF,
A8 _BC
DE FD
B C D F

By converse of basic proportionality theorem,

AABC ~ AEDF
Then, /B= /D, /A= ZE
and /C=/F
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ar(AABC) 9

Q. 11 If AABC~ AQRP, ————~ ==, AB =18 cm and BC = 15 cm, then PR is
ar(APQR) 4
equal to
(@ 10 cm (b) 12 cm () ? cm (d) 8 cm
Sol. (a) Given, AABC ~AQRP, AB=18cm and BC =15cm
Q
$
Y
B 15¢cm CR P

We know that, the ratio of area of two similar triangles is equal to the ratio of square of
their corresponding sides.

ar(AABC) _ (BC)®
ar(AQRP)  (RPY
But given, %:% [given]
2
= ((;i)f = % [-BC =15cm, given]
N RPY = 2224 _ 400
RP =10cm
Q. 12 If S is a point on side PQ of a APQR such thatPS = QS = RS, then
(@ PR-QR =RS? (b) QS? + RS? = QR?
(c) PR* + QR = PQ? (d) PS* + RS* =PR?
Sol. (¢) Given, in APQR,
PS =QS =RS ()
In A PSR, PS =RS [from Eq. ()]
= L1= 22 -..(ii)
Similarly, in A RSQ,
= £3= /4 (D)
[corresponding angles of equal sides are equal]

Now, in APQR, sum of angles = 180°
= ZP+ £Q + ZR =180° [using Egs. (i) and (iii)]
2+ L4+ A+ £3=180°
A+ L3+ A1+ £3=180°

2(L1+ £3)=180°

21+ 23=150 = o0°

L 44l

- ZR = 90°
In A PQR, by Pythagoras theorem,
PR? + QR? = PQ?
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Exercise 6.2 Very Short Answer Type Questions

Write whether True or False and justify your answer.

Q. 1 Is the triangle with sides 25 ¢cm, 5 cm and 24 cm a right triangle? Give
reason for your answer.

Sol. False
Leta=25cm, b=5cmandc =24cm
Now, b? +c? = (58 + (247

=25+ 576 = 601 # (25)°

Hence, given sides do not make a right triangle because it does not satisfy the property of
Pythagoras theorem.

Q. 21t is given that ADEF ~ ARPQ. Is it true to say that £D= /R and
ZF = ZP ? Why?

Sol. False
We know that, if two triangles are similar, then their corresponding angles are equal.
: /D= /R, ZE = /ZPand ZF =Q

Q. 3 A and B are respectively the points on the sides PQ and PR of a APQR such

that PQ = 125 cm, PA=5cm, BR =6 cm and PB =4 cm. Is AB|| QR ? Give
reason for your answer.

Sol. False
Given, PQ =12.5¢cm, PA=5cm, BR =6c¢cmand PB = 4cm
P
Q >
%oé\ 0 3
NI B
v
2,
Q R
Then, QA=QP -PA =125-5=7.5cm
Now, ﬂ:i:@:g (i)
AQ 75 75 3
BR 6 3
. . PA PB
From Egs. (i) and (ii), AR
gs. (i) (ii) 20~ BR

By converse of basic proportionality theorem,
AB || QR
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Q. 4 In figure, BD and CE intersect each other at the point P. Is APBC ~ APDE?

Why?
Sol. True
In APBC and APDE,
/BPC = ZEPD [vertically opposite angles]
PB 5 1 )
Now, =—=_ ()
PD 10 2
and E:E:l (i)
PE 12 2
. y PB _PC
From Egs. (i) and (ii), — =
gs. (i) (i) o0~ PE

Since, one angle of APBC is equal to one angle of APDE and the sides including these
angles are proportional, so both triangles are similar.

Hence, APBC ~ APDE, by SAS similarity criterion.

Q. 51In APQR and AMST, ZP =55°, £Q =25, ZM=100° and S =25°. Is
AQPR ~ ATSM? Why?

Sol. False
We know that, the sum of three angles of a triangle is 180°.
In APQR, ZP+ £Q + ZR =180°
= 55° + 25° + ZR =180°
= ZR =180° — (55° + 25°)=180° — 80° =100°
In ATSM, LT+ £S + ZM =180°
= LT + £25° + 100° = 180°
= £T =180° — (25° + 100°)
=180° — 125° = 55°
P T
55°
100°
25° 25°
Q R S M

In APQR and ATSM,
LP =T, £LQ =4S
and ZR = 4ZM
: APQR ~ ATSM [since, all corresponding angles are equal]

Hence A QPR is not similar to ATSM, since correct correspondence is P« T,Q < S and
R & M.
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Q. 6 Is the following statement true? Why? “Two quadrilaterals are similar, if
their corresponding angles are equal”.
Sol. False

Two quadrilaterals are similar, if their corresponding angles are equal and corresponding
sides must also be proportional.

Q. 7 Two sides and the perimeter of one triangle are respectively three times
the corresponding sides and the perimeter of the other triangle. Are the
two triangles similar? Why?

Sol. True

Here, the corresponding two sides and the perimeters of two triangles are proportional, then
third side of both triangles will also in proportion.

Q. 8 If in two right triangles, one of the acute angles of one triangle is equal
to an acute angle of the other triangle. Can you say that two triangles will
be similar? Why?

Sol. True
Let two right angled triangles be AABC and APQR.
C R
1 1
A B p Q
In which LA = ZP =90°
and /B = £Q = acute angle

Then, by AAA similarity criterion, AABC ~APQR

Q. 9 The ratio of the corresponding altitudes of two similar triangles is o Is it

. . . b
correct to say that ratio of their areas is E? Why?

Sol. False
By the property of area of two similar triangles,

2
Area, |_( Altitude,
Area, Altitude,

2 .
- Area, | _ (g) al’['|tude1 _ §, given
Area, 5 altitude, 5
-9.5

25 5

S0, given statement is not correct.
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Q. 10 D is a point on side QR of APQR such that PD L QR. Will it be correct to
say that APQD ~ ARPD? Why?

Sol. False
In APQD and ARPD,

PD = PD [common side]
£ZPDQ = ZPDR [each 90°]
P
[ O
Q D R

Here, no other sides or angles are equal, so we can say that APQD is not similar to ARPD.
But, if ZP =90°, then £DPQ = ZPRD
[each equal to 90° — £8 and by ASA similarity criterion, APQD ~ A RPD]

Q. 11 In figure, if £D = ZC, then it is true that AADE ~ AACB? Why?

A
D E
B C
Sol. True
In AADE and AACB,

LA = LA [common angle]
«D=2C [given]

AADE ~ AACB [by AAA similarity criterion]

Q. 12 Is it true to say that, if in two triangles, an angle of one triangle is
equal to an angle of another triangle and two sides of one triangle are
proportional to the two sides of the other triangle, then the triangles are
similar? Give reason for your answer.

Sol. False
Because, according to SAS similarity criterion, if one angle of a triangle is equal to one angle
of the other triangle and the sides including these angles are proportional, then the two
triangles are similar.
Here, one angle and two sides of two triangles are equal but these sides not including equal
angle, so given statement is not correct.
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Exercise 6.3 Short Answer Type Questions

Q. 11In a APQR,PR?2 —PQ? =QR? and M is a point on side PR such that
QM L PR. Prove that QM? =PM x MR.

Sol. GivenIn APQR, PR? — PQ? =QR? and QM L PR
To prove QM? = PM x MR
Proof Since, PR? — PQ® =QR?
= PR? = PQ? + QR?
P
M
Q R
So, APQR is right angled triangle at Q.
In AQMR and A PMQ), LM = ZM [each 90°]
ZMQR = ZQPM [each equal to 90° — ZR]
A QMR ~ A PMQ [by AAA similarity criterion]

Now, using property of area of similar triangles, we get
ar (AQMR) _ (QM)?

ar(APMQ)  (PM)?

1

— x RM x QM >

= 21 = (QM)2 [ area of triangle = 1 x base x height]
> PM xQm  (PM) 2

= QM? = PM x RM Hence proved.

Q. 2 Find the value of x for which DE || AB in given figure.
@ Thinking Process

Use the basic proportionality theorem to get required value of x.

Sol. Given, DE || AB
. CD _CE

AD BE
x+ 3 _ X A
3x+19 3x+ 4
(x+3)(B3x+4)=x@Bx+19) 3x +19 3x +4
3x® + 4x+ 9x + 12 = 3x° + 19x
19x - 13x =12
6x=12 x+3 x

[by basic proportionality theorem]

B

U

L4 U

x=—=2 C

Hence, the required value of x is 2.



144 NCERT Exemplar (Class X) Solutions

Q. 3 In figure, if £1= £2 and ANSQ = AMTR, then prove that APTS ~ APRQ.
P

M Q R N

® Thinking Process

Firstly, show that ST || QR with the help of given information, then use AAA similarity
criterion to prove required result.

Sol. Given ANSQ = AMTR and £1=2£2
To prove APTS ~ APRQ

Proof Since, ANSQ = AMTR
So, SQ=TR (D)
Also, £L1=4£2 = PT=PS (D)
[since, sides opposite to equal angles are also equal]
. . PS _PT
From Egs. (i) and (ii), o TR
= ST||QR  [by convense of basic proportionality theorem]
s Z1=2PQR
and £2=2PRQ
In APTS and APRQ, [common angles]
LP=zZP
Z1=2ZPQR
£2=2ZPRQ
A PTS ~A PRQ [by AAA similarity criterion]

Hence proved.

Q. 4 Diagonals of a trapezium PQRS intersect each other at the point 0, PQ || RS
and PQ = 3 RS. Find the ratio of the areas of A POQ and A ROS.

@ Thinking Process

Firstly, show that APOQ and AROS are similar by AAA similarity, then use property of
area of similar triangle to get required ratio.

Sol. Given PQRS is a trapezium in which PQ || RS and PQ = 3RS

PQ
RS

—lw
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In APOQ and AROS, £ SOR = ZQO0OP [vertically opposite angles]
£ SRP = £ RPQ [alternate angles]
- A POQ ~ A ROS [by AAA similarity criterion]
By property of area of similar triangle,
2 2 2

ar (A POQ) _ (PQ)” _ (@) _ (g) [from Eq. (i)]

ar(ASOR) (RS)? RS 1

ar (A POQ) _ 9
= —_ v ==

ar (ASOR) 1

Hence, the required ratio is 9 : 1.

Q. 5 In figure, if AB|| DC and AC, PQ intersect each other at the point 0. Prove
that 0A-CQ = OC-AP.

D Q C

Sol. Given AC and PQ intersect each other at the point O and AB|| DC.
To prove OA-CQ =0C - AP

Proof In A AOP and A COQ, Z AOP = 2C0OQ [vertically opposite angles]
£ APO =2£CQO
[since, AB|| DC and PQ is transversal, so alternate angles]
- A AOOAP ~ Q\PCOQ [by AAA similarity criterion]
Then, oc o [since, corresponding sides are proportional]
= OA-CQ=0C- AP Hence proved.

Q. 6 Find the altitude of an equilateral triangle of side 8 cm.

Sol. Let ABC be an equilateral triangle of side 8 cm i.e., AB=BC =CA = 8cm.
Draw altitude AD which is perpendicular to BC. Then, D is the mid-point of BC.

BD=cD=_8c=8-4cm A
2 2
Now, AB? = AD? + BD? [by Pythagoras theorem]
= (8)° = AD® + (47
= 64 = AD® + 16
= AD? =64 —-16 = 48
= AD =48 = 4J/3 cm. B 5 C

Hence, altitude of an equilateral triangle is 4+/3 cm.
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Q. 7 If AABC ~ ADEF, AB =4 cm, DE =6, EF =9 cm and FD = 12 cm, then find
the perimeter of AABC.

Sol. Given AB=4cm, DE =6cmand EF =9cmand FD =12 cm

Also, AABC ~ ADEF
AB _BC _ AC
ED EF DF
4 BC AC
= _ = =
6 9 12
On taking first two terms, we get
A_BC
6 9
= BC = 42 9_ 6cm
—ac=5x12 _gcm
9
Now, perimeter of A ABC = AB+ BC + AC

=4+ 6+ 8=18cm

Q. 8 In figure, if DE || BC, then find the ratio of ar (AADE) and ar (DECB).
A

12cm
B C

Sol. Given, DE|| BC, DE = 6cm and BC =12 cm
In AABC and A ADE,

£ ABC = £ ADE [corresponding angle]
£ ACB =« AED [corresponding angle]
and LA=ZLA [common side]
: AABC ~AAED [by AAA similarity criterion]

ar (A ADE) _ (DEY?

Then, =
ar (A ABC) (BC)
_®° _(1Y
(2P _(E)
N ar (A ADE) =(1J2 1
ar (AABC) 2 4

Let ar (A ADE) = k, thenar (A ABC) = 4k
Now, ar (DECB) = ar (ABC) —ar(ADE)= 4k — k = 3k
.. Required ratio = ar (ADE) :ar (DECB)=k : 3k=1:3
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Q. 9 ABCD is a trapezium in which AB||DC and P.Q are points on AD and BC
respectively, such that PQ || DC, if PD =18 cm, BQ =35cm and QC = 15 cm,
find AD.

Sol. Given, atrapezium ABCD in which AB|| DC. P and Q are points on AD and BC, respectively
such that PQ || DC. Thus, AB|| PQ|| DC.

A B
X
35cm
P
7%
18 cm 15¢cm
¥ ¥
D
Join BD.
In A ABD, PO|| AB [ PQ]| AB]
. . . DP DO :
By basic proportionality theorem, —=—"2 L
Yy prop y 2P OB (i)
In A BDC, oQ|| bC [-PQJ| DC]
By basic proportionality theorem,
8Q_08
QC OD
- Q¢ _ oD (i
BQ OB
: . DP QC
From Egs. (i) and (ii), = ==
gs. () (i) 2 - BQ
18 15
= ="
AP 35
= Ap=18X35_ 45

AD = AP + DP=42 + 18=60cm

Q. 10 Corresponding sides of two similar triangles are in the ratio of 2 : 3. If

the area of the smaller triangle is 48 cm?, then find the area of the
larger triangle.

@ Thinking Process
Use the property area of similar triangle to get required area.
Sol. Given, ratio of corresponding sides of two similar triangles =2 : 3 or 2
Area of smaller triangle = 48 cm?

By the property of area of two similar triangle,
Ratio of area of both riangles = (Ratio of their corresponding sides)?

ie ar (smaller triangle) _ (3)2
o ar(larger triangle) 3
48 4
= _— =
ar(larger triangle) 9
= ar (larger triangle) = 48x 9 _ 12 x 9 =108cm?
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Q. 11 In a APQR, Nis a point on PR, such that QN L PR. If PN-NR = QN?, then
prove that ZPQR = 90°.
@ Thinking Process

Firstly, show that AQNP ~ ARNQ, by SAS similarity criterion and then use the property
that sum of all angles of a triangle is 180°.

Sol. Given APQR, Nis a point on PR, such that QN L PR

and PN-NR = QN?
To prove ZPQR = 90° P
Proof We have, PN-NR = QN? N
= PN-NR =QN-QN
N PN _QN )
QN NR
In AQNP and ARNQ, PN _QN
QN NR Q R
and ZPNQ = ZRNQ [each equal to 90°]
A QNP ~ ARNQ [by SAS similarity criterion]
Then, AQNP and A RNQ are equiangulars.
ie. ZPQN = ZQRN
ZRQN = ZQPN
On adding both sides, we get
ZPQN + ZRQN = ZQRN + ZQPN

= ZPQR = ZQRN + ZQPN ()]
We know that, sum of angles of a triangle = 180°
In APQR, ZPQR + ZQPR + ZQRP =180°
= ZPQR + ZQPN + ZQRN =180° [+ ZQPR = ZQPN and ZQRP = ZQRN|
= ZPQR + ZPQR =180° [using Eq. (ii)]
= 2 ZPQR =180°
- ZPQR = iﬁ —90°

ZPQR =90° Hence proved.

Q. 12 Areas of two similar triangles are 36 cm?® and 100 cm®. If the length of a
side of the larger triangle is 20 cm. Find the length of the corresponding
side of the smaller triangle.

Sol. Given, area of smaller triangle = 36 cm? and area of larger triangle =100 cm?

Also, length of a side of the larger triangle =20 cm
Let length of the corresponding side of the smaller triangle = x cm
By property of area of similar triangle,

ar (larger triangle) _ (Side of largertriangle)?

ar (smallertriangle)  Side of smallertriangle®
100 _ (20)° > (20)° x 36
=7 = x =~ -

= _ =
36 A 100
- x22M2144
100

x=4/144 =12 cm

Hence, the length of corresponding side of the smaller triangle is 12 cm.



Triangles 149

Q. 13 In given figure, if ZACB = ZCDA, AC=8 cm and AD = 3 cm, then find BD.

Sol. Given, AC =8cm, AD=3cm and ZACB = ZCDA
From figure, ZCDA = 90°
: /ACB = ZCDA = 90°

C
A D B
In right angled AADC, AC? = AD? + CD?
= (8)° = (3 + (CDY*
= 64-9=CD?
= CD = /55 cm
In ACDBand AADC, «BDC = ZADC [each 90°]
#DBC = #«DCA [each equal to 90° — £ A]

. ACDB ~ AADC
Then, C—D = @

BD CD
= CD? = AD x BD

BD = LLDZ = @ = E cm

AD 3 3

Q. 14 A 15 high tower casts a shadow 24 long at a certain time and at the
same time, a telephone pole casts a shadow 16 long. Find the height of
the telephone pole.

@ Thinking Process
Firstly, draw the figure according to given conditions, then show that both triangles are

similar by AAA similarity criterion and then use ratio of sides of both triangles to get
required length.

Sol. Let BC =15m be the tower and its shadow ABis 24 m. At that time ZCAB = 6. Again, let
EF = h be a telephone pole and its shadow DE =16 m. At the same time ZEDF = 6.
Here, AABC and ADEF both are right angled triangles.

¢ F
15cm h
0
A 0
24 m B D 16m E
In AABC and ADEF, Z/CAB = ZEDF =6
/B=Z/E [each 90°]

AABC ~ ADEF [by AAA similarity criterion]
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Then, @:&
DE EF
24 15
= - = __
16 h

po15x16 _ .0
24

Hence, the height of the telephone pole is 10 m.

Q. 15 Foot of a 10 m long ladder leaning against a vertical wall is 6 m away
from the base of the wall. Find the height of the point on the wall where
the top of the ladder reaches.

@ Thinking Process

Firstly, draw the figure according to given conditions and then apply Pythagoras theorem
to get required height.

Sol. LetAB be a vertical wall and AC =10m is a ladder. The top of the ladder reaches to A and
distance of ladder from the base of the wall BC is 6 m.

A
\Q(Q
0
c 6m B
In right angled AABC, AC? = AB? + BC? [by Pythagoras theorem]
= (10 = AB® + (6
= 100 = AB? + 36
= AB* =100 - 36 = 64
AB=+/64 =8cm

Hence, the height of the point on the wall where the top of the ladder reaches is 8 cm.

Exercise 6.4 Long Answer Type Questions

Q. 1 In given figure, if ZA=4ZC, AB=6 cm, BP =15 cm, AP =12 cm and
CP =4 cm, then find the lengths of PD and CD.
A

\JC

Sol. Given, ZA=2C, AB=6cm, BP=15cm, AP=12cmand CP = 4cm
In AAPB and ACPD, LA=£C [given]
ZAPB = £CPD [vertically opposite angles]




Triangles
AAPD ~ ACPD
AP _PB _AB
=3 L = =_"
CP PD CD
12 15 6
) - = =
4 PD CD
On taking first two terms, we get
12_15
4 PD
= PD = 154 _ 5cm
12
On taking first and last term, we get
12_6
4 CD
= CD = 6x4_ 2cm

Hence, length of PD = 5cm and length of CD =2 cm

151

[by AAA similarity criterion]

Q. 2 It is given that AABC ~ AEDF such that AB =5cm, AC =7 cm, DF = 15 cm
and DE = 12 cm. Find the lengths of the remaining sides of the triangles.

@ Thinking Process

Use the property of similar triangles i.e, the corresponding sides are in the same ratio

()

and then simplify.
Sol. Given, AABC ~ AEDF, so the corresponding sides of AABC and AEDF are in the same ratio.
o ED EF DF
A E
B C D
Also, AB=5cm, AC=7cm

DF =15cmand DE =12 cm
On putting these values in Eq. (i), we get
5 _

5_7 _BC
12 EF 15
On taking first and second terms, we get
5 7
12 EF
- EF=7X512:16.80m
On taking first and third terms, we get
5
12 15
N BC = 2X18 _go50m

Hence, lengths of the remaining sides of the triangles are EF =16.8cm and BC = 625cm.
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Q. 3 Prove that, if a line is drawn parallel to one side of a triangle to intersect
the other two sides, then the two sides are divided in the same ratio.

Sol. Leta AABC in which a line DE parallel to BC intersects AB at D and AC at E.
To prove DE divides the two sides in the same ratio.

ie.,

B C
Construction Join BE, CD and draw EF L. ABand DG 1L AC.

1 ADXEF
2

Proof Here, ar (AMDE) _ [ area of triangle = 1 x base x height]
ar (ABDE) 1 « DB x EF 2
2
AD .
= —_—— e |
B (i)
]
— X AExGD
similarly, ar (AADE) _ 2 _AE (i

Now, since, ABDE and ADEC lie between the same parallel DE and BC and on the same

base DE.
So, ar (ABDE) = ar (ADEC) ... (i)
From Egs. (i), (i) and (iii),
AD _ AE
= Hence proved.
DB EC

Q. 4 In the given figure, if PQRS is a parallelogram and AB||PS, then prove that

0C|| SR.
Sol. Given PQRS is a parallelogram, so PQ || SR and PS || QR. Also, AB|| PS.
A
P Q
)
S
B R c
To prove OC || SR
Proof in AOPS and AOAB, PS|| AB
ZPOS = ZAOB [common angle]
ZOSP = ZOBA [corresponding angles]
AOPS ~AOAB [by AAA similarity criterion]
Then PS _0OS

8- 0B -0
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In ACQR and ACAB, QR|| PS || AB
ZQCR = ZACB [common angle]
/CRQ = ZCBA [corresponding angles]
. ACQR ~ ACAB
Then, Qﬁ = Cj
AB CB
PS CR .
= — == ... (i)
AB CB

From Egs. (i) and (ii),

[since, PQRS is a parallelogram, so PS = QR]

OS _CR__OB _CB
Y -

OB CB OS CR

On subtracting from both sides, we get

OB _4_CB_,
oS CR
OB-0S _CB-CR
= =
oS CR
BS _ BR
— - =
OS CR

By converse of basic proportionality theorem,

SR

[|OC Hence proved.

Q. 5 A 5 m long ladder is placed leaning towards a vertical wall such that it

reaches the wall at a point 4 m

high. If the foot of the ladder is moved

1.6 m towards the wall, then find the distance by which the top of the
ladder would slide upwards on the wall.

Sol. Let AC be the ladder of length 5 m and BC = 4 m be the height of the wall, which ladder is
placed. If the foot of the ladder is moved 1.6 m towards the wall i.e, AD =16 m, then the

ladder is slide upward i.e., CE = x m.
In right angled AABC,

AC? = AB? + BC? [by Pythagoras theorem]
= (5F = (AB)® + (4)°
= AB? =25-16=9 = AB=3m
DB=AB—-AD=3-16=14m
ATEmD B
In right angled AEBD, ED? = EB? + BD? [by Pythagoras theorem]
= (5% = (EB? + (1.4)° [ BD=14m]
= 25 = (EB? + 196
= (EB? =25 - 196 = 23.04
= EB=+/2304 = 48
Now, EC=EB-BC =48-4=08

Hence, the top of the ladder would slide upwards on the wall at distance 0.8 m.
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Q. 6 For going to a city B from city A there is a route via city C such that
AC L CB, AC = 2x km and CB = 2(x + 7) km. It is proposed to construct a 26
km highway which directly connects the two cities A and B. Find how
much distance will be saved in reaching city B from city A after the
construction of the highway.

@ Thinking Process

Firstly draw the figure according to the given conditions and use Pythagoras theorem to
find the value of x Then, required saved distance will be equal to the difference of
(AC +BC)and 26.

Sol. Given, AC LCB, kmCB=2(x + 7)km and AB =26 km
On drawing the figure, we get the right angled A ACB right angled at C.
Now, In AACB, by Pythagoras theorem,
AB? = AC? + BC? B

= @67 = 2x)* + {2(x + 7)}?
= 676 = 4x° + 4(x° + 49 + 14x) N
= 676 = 4x2 + 4x° + 196 + 56x Q/@\é(\ g
4

= 676 = 8x2 + 56x + 196 =
= 8x? + 56x — 480 =0 3
On dividing by 8, we get x> +7x-60=0 A c
= x% +12x —5x - 60=0 2x km
= x(x+12)—5x +12)=0
= (x+12)(x-5)=0
x=-12,x=5
Since, distance cannot be negative.
x=5 [-x=-12]
Now, AC =2x =10km
and BC =2(x+7)=2(5+7)=24km
The distance covered to reach city B from city A via city C

=AC + BC

=10+ 24

= 34km
Distance covered to reach city B from city A after the construction of the highway

= BA =26km

Hence, the required saved distance is 34 — 26 i.e., 8 km.

Q. 7 A flag pole 18 m high casts a shadow 9.6 m long. Find the distance of the
top of the pole from the far end of the shadow.

Sol. LetBC =18m be the flag pole and its shadow be AB = 9.6 m. The distance of the top of the
pole, C from the far end i.e., A of the shadow is AC.

C

w gl

A
' 9.6m B
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In right angled AABC, AC? = AB? + BC? [by Pythagoras theorem]
= AC? = (96)% + (18)

AC?=9216 + 324
= AC? = 41616

RS AC =+/41616 =20.4m
Hence, the required distance is 20.4 m.

Q. 8 A street light bulb is fixed on a pole 6 m above the level of the street. If a
woman of height 1.5 m casts a shadow of 3 m, then find how far she is
away from the base of the pole.

@ Thinking Process

Firstly, draw the figure according to the question and get two triangles. Then, show both
triangles are similar by AAA similarity criterion and then calculate the required distance.

Sol. Let A be the position of the street bulb fixed on a pole AB=6m and CD =15 m be the
height of a woman and her shadow be ED = 3 m. Let distance between pole and woman
be xm.

A

A

C

*

1.6m

* Y

“«~3m><«—x— B
D

Here, woman and pole both are standing vertically.

So, CD|| AB

In ACDE and AABE, ZE=ZE [common angle]
/ABE = ZCDE [each equal to 90°]
ACDE ~ AABE [by AAA similarity criterion]

Then, @ = C£

EB AB

3 15
3+x 6
3x6=1508+ «x)

18=1.5x3+ 1.5x
1.5x =18 -45

x=——=9m
1.5

Hence, she is at the distance of 9 m from the base of the pole.

=

Luy
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Q. 9 In given figure, ABC is a triangle right angled at B and BD L. AC. If AD =4

cm and CD =5 cm, then find BD and AB.

A
D

Sol. Given, AABC in which £B=90°and BD L AC

Also, AD = 4cmand CD =5cm
In AADB and ACDB, ZADB = /CDB
and /BAD = /DBC
ADBA ~ ADCB
Then, % = E
DA DB
= DB? = DA x DC
= DB’ =4x5
N DB =2+5cm
In right angled ABDC, BC? = BD? + CD?
= BC? = @+/5f + (57
=20+ 25 = 45
= BC =+/45 =35
Again, ADBA ~ ADCB,
DB _BA
DC BC
N 2J5 _ BA
5 35
BA = % =6Ccm

Hence, BD = 2+/5 cm and AB = 6cm

[each equal to 90°]
[each equal to 90° — £C]
[by AAA similarity criterion]

[by Pythagoras theorem]

Q. 10 In given figure PQR is a right triangle, right angled at @ and QS L PR. If

PQ =6 cm and PS = 4 cm, then find @S, RS and QR.

P
S
Q R
Sol. Given, APQR in which £Q =90°, QS L PR and PQ = 6¢cm, PS =
In ASQP and ASRQ,
ZPSQ = ZRSQ
ZSPQ = £ZSQR
- ASQP ~ ASRQ
Then, g = Sj

PS SQ

4cm

[each equal to 90°]
[each equal to 90° — ZR]



Triangles 157

= SQ? =PS xSR ()
In right angled APSQ, PQ? = PS? + QS? [by Pythagoras theorem]
= (6)° = (4 + QS?

= 36=16+ QS?

= QS%=36-16=20

QS =20 =2+/5cm
On putting the value of QS in Eq. (i), we get

@vJ57° =4 x SR
= SR = 4x5 _ 5cm
In right angled AQSR, QR? =QS? + SR?
= QR? = 2/5)? + (57
= QR? =20+ 25
QR =+/45 = 3/5¢cm

Hence QS =25¢cm, RS = 5¢cm and QR = 345 cm

Q. 11 In APQR, PD L QR such that D lies on QR, if PQ =a, PR = b, QD = ¢ and
DR =d, then prove that (@a+ b) (a — b) = (c + d) (c — d).
@ Thinking Process

Apply the Pythagoras theorem in both APDQ and APDR to get two equations and then
equate them to prove required result.

Sol. GivenIn APQR,PD 1 QR,PQ =a, PR=b,QD=cand DR =d
Toprove(a+ b)@a-b)=(c +d)c -d)
Proof In right angled APDQ,

PQ? = PD? + QD? [by Pythagoras theorem)]
= a’ =PD? +¢c?
= PD? = a° —c? )

P
a b
Q c 5 g R

In right angled A PDR, PR? = PD? + DR? [by Pythagoras theorem]
= b? = PD? + d?
= PD? = b? —d? ..(ii)

From Egs. (i) and (ii),
a® -c®=b®-d?
a2 _p2 =2 _ g2
(@-b)l@+b)=Cc-d)c+d) Hence proved.

U

U
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Q. 12 In a quadrilateral ABCD, ZA + £D = 90°. Prove that
AC* +BD? = AD” + BC’.

@ Thinking Process

Firstly, produce AB and DC and show that ZE =90°. Then, apply Pythagoras theorem in
different right triangles made with E and show the required result.
Sol. Given Quadrilateral ABCD, in which ZA + £ZD = 90°
To prove AC? + BD? = AD? + BC?
Construct Produce AB and CD to meet at E.
Also, join AC and BD. A
Proof In AAED, LA+ £ZD =90° [given]
: ZE =180° — (LA + 4D)=90°
[~ sum of angles of a triangle = 180°]
Then, by Pythagoras theorem, ~ AD® = AE® + DE?

In ABEC, by Pythagoras theorem, BC? = BE? + EF?
On adding both equations, we get
AD? + BC? = AE? + DE? + BE® + CE? (i)
In AAEC, by Pythagoras theorem,
AC? = AE? + CE?
and in ABED, by Pythagoras theorem,
BD? = BE? + DE?
On adding both equations, we get
AC? + BD? = AE® + CE® + BE® + DE? ..(ii)

From Egs. (i) and (ii),
AC? + BD? = AD? + BC? Hence proved.

Q. 13 In given figure, L || m and line segments AB, €D and EF are concurrent at

. AE A E
point P. Prove that — = AC = C—
BF BD FD

l m

A A
A D
# F
C B

Y Y

Sol. Given || m and line segments AB, CD and EF are concurrent at point P

To prove AE AC = C¢E
BF BD FD
Proof In AAPC and ABPD, ZAPC = «BPD [vertically opposite angles]
ZPAC = £PBD [alternate angles]
- AAPC ~ ABPD [by AAA similarity criterion]
AP _AC _PC .
Then, === ()

PB  BD PD
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In AAPE and ABPF, ZAPE = ZBPF
ZPAE = ZPBF

AAPE ~ ABPF

Then, AP = E = ﬁ

In APEC and APFD, ZEPC = ZFPD
ZPCE = ZPDF
APEC ~ APFD

Then, ==l

From Egs. (i), (i) and (iii),

159

[vertically opposite angles]
[alternate angles]

[by AAA similarity criterion]
)

(il

[vertically opposite angles]

[alternate angles]
[by AAA similarity criterion]
)

i

Hence proved.

Q. 14 In figure, PA, @B, RC and SD are all perpendiculars to a line [, AB =6 cm,
BC=9cm, CD=12cm and SP =36 cm. Find PQ, QR and RS.

S
Q R

P

< 3
< >

A B C D

Sol. Given, AB=6cm, BC =9cm,CD =12 cm and SP = 36¢cm

Also, PA, QB, RC and SD are all perpendiculars to line I.
PA|| QB|| RC || SD
By basic proportionality theorem,

PQ:QR:RS =AB:BC:CD

=6:9:12
Let PQ =6x, QR =9xand RS =12x

Since, length of PS = 36km
: PQ+ QR + RS =36

= 6x + 9x + 12x = 36
= 27x = 36
36 4
x=—=_
27 3
Now, PQ=6x=6><g=80m

QR=9x=9x%=12cm

and RS =12x =12 x%:160m
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Q. 15 0is the point of intersection of the diagonals AC and BD of a trapezium
ABCD with AB || DC. Through 0, a line segment PQ is drawn parallel to AB
meeting AD in P and BCin Q, prove that PO = Q0.

Sol. Given ABCDis a trapezium. Diagonals AC and BD are intersect at O.
PQ|| AB|| DC.
To prove PO =QO

Proof In AABD and APOD, PO || AB [ PQI|l AB]
/D= 2D [common angle]
ZABD = £POD [corresponding angles]
AABD ~ APOD [by AAA similarity criterion]
OP _PD )
AB  AD

In AABC and AOQC, OQ|| AB - 0Q|| AB]
«C=2C [common angle
ZBAC = £Q0C [corresponding angle

AABC ~ AOQC [by AAA similarity criterion

Then, % = % (i

AB~ BC
Now, in AADC, OP|| DC

AP OA ) . .

= by basic proportionality theorem]...(iii

e [oy prop y ]...(iii)
In AABC, oQ|| AB

BQ OA

— = by basic proportionality theorem]...(iv
oc " o0 [oy prop y ]...(iv)

Then, N (

= Lo

From Egs. (iii) and (iv),
AP _ BQ

PD QC
Adding 1 on both sides, we get

AP+ PD _ BQ +QC

PD QC

AD _ BC
= _

PD QC
PD _QC

AD  BC

= o _0Q [from Egs. (i) and (ii)]

AB  BC

= oP_0oQ [from Eq. (ii)]

AB  AB
= OP =0Q Hence proved.
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Q. 16 In figure, line segment DF intersects the side AC of a AABC at the point E

. . . BD BF
such that E is the mid-point of CA and ZAEF = ZAFE. Prove that — = —.
B (D CE
F
Cr—7 A
D
Sol. Given AABC, E is the mid-point of CA and ZAEF = ZAFE B
BD BF G
To prove — = NF
CD CE ;
Construction Take a point G on AB such that CG || EF. /
Proof Since, E is the mid-point of CA.
CE = AE ()
In AACG, CG || EF and E is mid-point of CA.
So, CE =GF ()] D
[by mid-point theorem]
Now, in ABCG and ABDF, CG|| EF
BC BG . o
g — =— by basic proportionality theorem
oD - GF [by prop y ]
BC _BF -GF BC _BF
= — = = —=——-1
CD GF CD GF
BC BF y
. = 1= from Eq. (ii
D . [ g. (]
N BC+CD_BF _, BD_BF Hence proved.

cD CE ~CD CE

Q. 17 Prove that the area of the semi-circle drawn on the hypotenuse of a
right angled triangle is equal to the sum of the areas of the semi-circles
drawn on the other two sides of the triangle.

@ Thinking Process

Firstly, draw these semi-circles on three sides of right triangle taking each side as
diameter. Then, find area of each semi-circle by using formula area of semi-circle :7

and then proceed required result.

Sol. Let ABC be a right triangle, right angled at B and AB =y, BC = x.
Three semi-circles are drawn on the sides AB, BC and AC, respectively with diameters AB,
BC and AC, respectively.
Again, let area of circles with diameters AB, BC and AC are respectively A, A, and A,.
Toprove A; = A + A,
Proof In AABC, by Pythagoras theorem,
AC? = AB® + BC?

= AC? = y? + x°
= AC =4y? + x°

2
We know that, area of a semi-circle with radius, r = %
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2

2
2 2
. Area of semi-circle drawn on AC, A, =2 (AQC) 23 [W]

2 2
A, = n(y ;x ) ()

=

2
Now, area of semi-circle drawn on AB, A, = > (%)

2 - 2
= A1 _7(7) = A1 =L ..(ii)
BCY =
and area of semi-circle drawn on BC, A, = = 7 = E
x
- A
Y
On adding Egs. (i) and (iii), we get A, + A, = o + =
) 2
.1V 8+ *)_ A, [from Eq. (i)]
= A+ A=A Hence proved.

Q. 18 Prove that the area of the equilateral triangle drawn on the hypotenuse
of a right angled triangle is equal to the sum of the areas of the
equilateral triangle drawn on the other two sides of the triangle.

@ Thinking Process

Firstly draw equilateral triangles on each side of right angled AABC and then find the
area of each equilateral triangle by using the formula, area of equilateral triangle

= 73 (Side)* and prove the required result.

Sol. Letaright triangle BAC in which ZA'is right angle and AC = y, AB = x.
Three equilateral triangles A AEC, A AFB and ACBD are drawn on the three sides of AABC.
Again let area of triangles made on AC, ABand BC are A, A, and A,, respectively.
To prove A, = A + A,

Proof In ACAB, by Pythagoras theorem, C D
BC? = AC? + AB?
= BC? = y + x° E
= BC =4y? + x?
. ) J3 2 ] B
We know that, area of an equilateral triangle = o (Side) A
. Area of equilateral AAEC, A, = ? (AC)? F
J3 .
= A =20P ()
4
and area of equilateral AAFB, A, = 73(;\3)2 - 73 2 + 2)
3 2 2 3 2 3 2
=22 x)=2 ¢ oy
. (v ) PR
=A+ A [from Egs. (i) and (ii)]

Hence proved.



Coordinate Geometry

Exercise 7.1 Multiple Choice Questions (MCQs)

Q. 1 The distance of the point P(2, 3) from the X-axis is

(@) 2 (b) 3 (€1 (d)5

Sol. (b) We know that, if (x, y)is any point on the cartesian plane in first quadrant.
Then, x = Perpendicular distance from Y-axis
and y = Perpendicular distance from X-axis

Y
A
x Py
Br—""
|
I
1y
|
|
| < 1 | N
X< 0 i > X
Y
Y

Distance of the point P2, 3) from the X-axis = Ordinate of a point P2, 3)= 3.

Q. 2 The distance between the points A(0, 6) and B(0, — 2) is
(@6 (b) 8 (4 (d) 2
@ Thinking Process

The distance between two points (x4, y,) and (x,,y,) is \/(xz —361)2 +(y, —y1)2‘ Use this
formula and simplify it.

Sol. (b) - Distance between the points (x;, y;)and (x,, ¥,),
d=\Jte, — 2,7 + (y, -y
Here, x=0y,=6andx, =0y, =-2
. Distance between A(0, 6) and B(0, —2),
AB=(0-0F + (-2 - 6f

=Jo+(-87 = V82 =8
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Q. 3 The distance of the point P(— 6, 8) from the origin is
(a) 8 (b) 247 (©) 10 (d) 6
@ Thinking Process
Coordinate of origin is (0, 0)
Sol. (¢) - Distance between the points (x;, y1)and (x5, ¥o)

d = - ny
Here, x,==6y = 8andx2 =0, y2—0
.. Distance between P(-6, 8) and ongln i.e., O, 0),
PO =[[0— (-6)F + (0 - 8)
= (6)2 +(-8F

=,/36 + 64=+100 =10

Q. 4 The distance between the points (0, 5) and (- 5, 0) is
(@5 (b) 52 (© 245 (d) 10
Sol. (b) - Distance between the points (x;, y;) and (x,, ¥,),
d =, -2, + (y, -y

Here,x, =0, y; =5andx, =-5y, =0
.. Distance between the points (0, 5) and (-5, 0)

=J=5-07 +(0-57
~ 5+ 25 =50 = 52

Q. 5 If AOBC is a rectangle whose three vertices are A(0, 3), 0(0, 0) and B(5, 0),
then the length of its diagonal is

(@5 (b) 3 (© /34 (d) 4
Sol. (¢)
A(0,3) C
0 (0,0) B(50)

Now, length of the diagonal AB = Distance between the points A(0, 3) and B(5, 0).
Distance between the points (x;, y;) and (x,, ¥,)
d =y -2, + (v -
Here,x, =0y, =3andx, =5y, =0
~. Distance between the points A(0, 3) and B(5, 0)
AB=/(5-0) + (0- 3

=25+ 9 =

Hence, the required length of its diagonal is v/34.
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Q. 6 The perimeter of a triangle with vertices (0, 4), (0, 0) and (3, 0) is
(@) 5 (b) 12 (© 11 (d)7++/5

@ Thinking Process

(i) Firstly, plot the given points on a graph paper and join them to get a triangle.
(i) Secondly, determine the length of the each sides by using the distance formula,

J =22+, — .
(iii) Further, adding all the distance of a triangle to get the perimeter of a triangle.

Sol. (b) We plot the vertices of a triangle i.e., (0, 4), (0, 0) and (3, 0) on the paper shown as
given below

Y

Now, perimeter of AAOB = Sum of the length of all its sides = d(AQO) + d(OB) + d(AB)
-+ Distance between the points (x4, y;) and (x,, ¥»),
d =, =27 + (y, - )
= Distance between A(0, 4)and O(0, 0) + Distance between O(0, 0) and B(3, 0)
+ Distance between A(0, 4)and B (3, 0)

=J(0-02 + (0- 47 + /(3= 02 + (0- 07 + (3— 0 + (0 - 47
=J0+16+ 9+ 0+ (37 + (4° =4+ 3+/9+16

=7++25 =7+5=12
Hence, the required perimeter of triangle is 12.

Q. 7 The area of a triangle with vertices A(3, 0), B(7, 0) and C(8, 4) is
(@) 14 (b) 28 ()8 d)6
@ Thinking Process
The area of triangle, whose vertices are A(x,y-) , B(x,,y,) and (x,,y5) is given by
%[aq O, =y3) + %(y5 —yo) + x,(y1—1,)]. Use this formula and simplify it to get the
result.

Sol. (¢) Areaof AABC whose Vertices A = (x;, y;), B= (x5, y,)and C = (x,, y;) are given by
1
A= > [ (Vo = Y3)+ x5 (V3 = Y1) + 23 (V) — Vo)l

Here, x;, =3 y,=0x,=7,y,=0x5=8and y; =4

A=

%[3(0—4)+7(4—0)+ 8(0—0)]

=B(—12+28+ 0)

-11el=
_’2(16)’ 8

Hence, the required area of AABC is 8.
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Q. 8 The points (— 4, 0), (4, 0) and (0, 3) are the vertices of a
(a) right angled triangle (b) isosceles triangle
(c) equilateral triangle (d) scalene triangle
Sol. (b) Let A~ 4, 0), B(4, 0),C(0 3) are the given vertices.
Now, distance between A (-4, 0) and B (4, 0),
AB=J[4= (- 4P + (0-0f

[ distance between two points (x;, y;)and (x,, y,).d = \/(x2 —x,) + (Yo — ¥ )2]

=Ja+ap =2 =8

Distance between B(4, 0) and C(0, 3),

BC =(0- 47 + (3-07 =16+ 9=+25=5
Distance between A(—4, 0) and C(0, 3),

AC=\[0- (- 4P +(3-07 =16+ 9=+25=5
. BC = AC
Hence, AABC is an isosceles triangle because an isosceles triangle has two sides
equal.

Q. 9 The point which divides the line segment joining the points (7, — 6) and
(3, 4)in ratio 1 : 2 internally lies in the
(a) | quadrant (b) Il quadrant (c) lIl quadrant (d) IV quadrant

Sol. (d) If P(x, y)divides the line segment joining A(x;, y;) and B(x,, ¥,)internally in the ratio
M + % gy = Mo ¥ Y,
m+n m+n

m:n, thenx =

Giventhat, x,=7,%=-6, x,=3y,=4 m=1andn=2
1(3) + 2(7) 1(4) + 2(- 6)

X = Y= [by section formula]
1+2 1+2
3+14 4-12
fl X = ’y:
3 3
. eo17,.8
3’ 3

So, (x, y) = (% - %) lies in IV quadrant.

[since, in IV quadrant, x-coordinate is positive and y-coordinate is negative]
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Q. 10 The point which lies on the perpendicular bisector of the line segment
joining the points A(—2, —5)and B(2, 5) is
(@ (0, 0) (b) (0, 2) (© (2,0 (d) (=2,0)

Sol. (a¢) We know that, the perpendicular bisector of the any line segment divides the line
segment into two equal parts i.e., the perpendicular bisector of the line segment
always passes through the mid-point of the line segment.

Mid-point of the line segment joining the points A (-2, —5)and B2, 5)
_ (—2 +2 -5+5

> 2 ):(0,0)

[since, mid-point of any line segment which passes through the points
xXp+x, Y+ y2)]
2 2

Hence, (0, 0) is the required point lies on the perpendicular bisector of the lines
segment.

(xy, ) and (x,, )/2)=(

Q. 11The fourth vertex D of a parallelogram ABCD whose three vertices are
A(- 2, 3), B(6, 7) and C(8, 3) is
@ (0, 1) (b)©0,-1) (©(=1,0) (d) (1,0
@ Thinking Process

(i) Firstly, consider the fourth vertex of a parallelogram be D(x,,y.,)
(i) Secondly, determine the mid point of AC and BD by using the formula
[
2 2
(iii) Further, equating both points and get the required coordinate of fourth vertex.

Sol. (b) Let the fourth vertex of parallelogram, D = (x,, y,) and L, M be the middle points of AC
and BD, respectively.

Then, LE(‘2+8,3+3)E(3, 3)
R

[since, mid -point of a line segment having points (x4, y;) and (x,, ¥,)

:(x1+x2 y1+y2)
2 2

and M= (m 7+_y4)
2 2

D(xy, y4) C(8,3)

A(-2,3) 5\3(6,7)

Since, ABCD is a parallelogram, therefore diagonals AC and BD will bisect each other.
Hence, L and M are the same points.
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_6+x, and 3=7+y4

3
= 6=6+x, and 6=7+Yy,
= x,=0 and y, =6-7
x,=0 and y, =-1

Hence, the fourth vertex of parallelogram is D = (x,, y,) = (0,—1).

Q. 12 If the point P(2, 1) lies on the line segment joining points A(4, 2) and
B(8, 4), then
(@) AP = % AB (b) AP =PB (© PB= % AB (AP = % AB

Sol. (d) Given that, the point P(2, 1) lies on the line segment joining the points A(4, 2)and B(8, 4),
which shows in the figure below:
P(2,1) B (8,4)

A (4,2)

Now, distance between A(4,2) and (2, 1), AP = /(2 — 4% + (1 =2

[ distance between two points two points (x;, y;) and B (x,, y,),d

:\/(xz _x1)2 + (xz_)/1)2]

=JE2F + (-1 =4+ 1=45
Distance between A(4,2) and B(8, 4),
AB =8 4F + (4—2)

=@ + @f =16+ 4=+20=2V5
Distance between B(8, 4) and P(2, 1), BP =+/(8 =2)? + (4 — 1)

=,6°+3°=/36+ 9=+/45=3/5

AB=25=2AP = AP=%

Hence, required condition is AP = ﬁ

Q.131fp (g, 4) is the mid-point of the line segment joining the points
Q(— 6, 5) and R (- 2, 3), then the value of a is

(@) -4 (b) —12 (©12 d)-6
Sol. (b) Given that, P(%, 4) is the mid-point of the line segment joining the points Q(—6, 5) and

R (-2, 3), which shows in the figure given below

o5 9

Q(-6,5) R (-2,3)
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- Mid-point of QR = P(_ 62‘2, 5*2’ 3) =P(-424)

[ since, mid-point of line segment having points (x,, y;) and (x5, y,)

_ ((x1 +x,) i+ yz))]

2 2
But mid-point P (g 4) is given.

a
—4|=(-4,4
(54)=c0
On comparing the coordinates, we get

a

_——= - 4

3

a=-12

Hence, the required value of a is —12.

Q. 14 The perpendicular bisector of the line segment joining the points A(1, 5)
and B(4, 6) cuts the Y-axis at
(@) (0, 13) (b) (0, -13) (©) (0, 12) (d) (13, 0)
Sol. (a) Firstly, we plot the points of the line segment on the paper and join them.

Perpendicular
bisector

——t—t—+>X
34\567

We know that, the perpendicular bisector of the line segment AB bisect the segment AB,
i.e., perpendicular bisector of line segment AB passes through the mid-point of AB.

—
o+

Mid-point of AB = (”_4, 5+ 6)
> T2
= P:(E’ﬂ)
22

[ mid-point of line segment passes through the points (x4, y;)and (x5, ¥»)

=(x1+x2 )’1+)’2):|
> 2
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Now, we draw a straight line on paper passes through the mid-point P. We see that the
perpendicular bisector cuts the Y-axis at the point (0, 13).

Hence, the required point is (0, 13).
Alternate Method

We know that, the equation of line which passes through the points (x;, y;) and (x5, ¥,)
is

(y—y) =227 N (x - x) - (i)
Xy — Xy
Here, x=1y,=5 and x,=4y,=6

So, the equation of line segment joining the points A(1, 5) and B(4, 6)is
6-5
-5 = x —1
(y-95) i (x=1)

y
= -5)=—(x-1
(y )3( )
= 3y—-15=x -1
1 14 -
= y=x—-1d=sy=—x—-— {l
Yy V=g 3 (i)

Slope of the line segment, m, = %

If two lines are perpendicular to each other, then the relation between its slopes is

my-my =—1 .. (iii)
where, m; = Slope of line 1
and = Slope of line 2

Also, we know that the perpendicular bisector of the line segment is perpendicular on
the line segment.

Let slope of line segment is m,.
From Eq. (iii),

’
’771"772:5"7"2:_1

= m, =-3
Also we know that the perpendicular bisector is passes through the mid-point of line
segment.

Mid-point of line segment = (H—4 S+ 6) = (§ E)
2 2 2 2
Equation of perpendicular bisector, which has slope (-3) and passes through the point

(Ey ﬂ), is
2 2
11 5
-—|=3)|x-=
(=5)=9(=3)
[since, equation of line passes through the point (x4, y;) and having slope m
(Y= yy)=m(x — x;)]

= RCy-11)=-3@2x-5)

= 2y—11=—-6x + 15

= b6x +2y =26

= 3x+ y=13 (iv)

If the perpendicular bisector cuts the Y-axis, then put x = 0in EQ. (iv),
3x0+y=13=y=13
So, the required point is (0, 13).
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Q. 15 The coordinates of the point which is equidistant from the three vertices

Sol. (a)

of the AAOB as shown in the figure is

Y
0, 2y) NA
X' < B »X
o (2x,0)
;/VI
, b) (, U) q (vx)
(@ (x,y) (b) (v, x) (c)(2 2 (d) 7’7

@ Thinking Process

(i) Firstly consider the new point be P(h, k).
(i) Secondly, determine the distance PO, PA and PB by using the formula,

(x, —x) + (v, —y)* and equating them i. e, PO =PA=PB
X% Yo=Y g

(iii) Further, solving two-two terms at a time and solving them to get required point.

Let the coordinate of the point which is equidistant from the three vertices
0O(0, 0), A0, 2y) and B(2x, 0)is P(h,k).

Then, PO =PA=PB

= (POY = (PAY = (PBY - (1)

By distance formula,
[J(h — 0P + (k- OF ]2 - [J(h — 0P + (k- 2y)2]

= R+ k? =h? + (k =2y = (h—2x)° + k* . (i)
Taking first two equations, we get
h? + k? = h? + (k - 2y)?
= K* =K% + 4y° — 4yk = 4y(y-kK)=0
= y=kK [-y=#0]
Taking first and third equations, we get
h? + k? = (h—2x)° + k?

2

= h? = h? + 4x2 — 4xh
= dx(x—h)=0
= x=h [-x=0]

Required points = (h, k) = (x, y)
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. . .. 13
Q. 16 If a circle drawn with origin as the centre passes through (? 0), then
the point which does not lie in the interior of the circle is
@ (_3 , 1) (b) (2, 7) © (5, _1) ) (—6, 5)
4 3 2 2
Sol. (d) Itis given that, centre of circle in (0,0) and passes through the point (12—3 0).

.. Radius of circle = Distance between (0, 0) and (12—3 0)

e ooy e

A point lie outside on or inside the circles of the distance of it from the centre of the
circle is greater than equal to or less than radius of the circle.

Now, to get the correct option we have to check the option one by one.

2
(a) Distance between (0,0) and (_TST) = \/(_73 - O) +(1-07

~ 19 4y =\/§=§=1.25<6.5
16 16 4

So, the point (—%1) lies interior to the circle.

2
(b) Distance between (0,0) and (2%) = \/(2 —0P+ (g_ O)

\/ 49 \/36+ 49
9 9

So, the point (2%) lies inside the circle.

2
(c) Distance between (0,0) and (5, _?1): \/(5_ 0)2 4 (_%_ O)

= =5.02< 6.5
1

So, the point (5, —7) lies inside the circle.

2
(d) Distance between (0,0) and (—6,§)= \/(—6— 0)2 + (g - 0)

So, the point (—6,2) lis an the circle i.e., does not lie interior to the circle.
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Q.17 A line intersects the Y-axis and X-axis at the points P and
Q, respectively. If (2, — 5) is the mid-point of PQ, then the coordinates of

P and Q are, respectively
(@ (0,—5)and (2, 0)
(©) (0, 4) and (- 10, 0)

(b) (0, 10) and (- 4, 0)
(d) (0, — 10) and (4, 0)

Sol. (d) Letthe coordinates of P and Q (0, y) and (x, 0), respectively.

So, the mid-point of P (0, y)and Q (x, 0)is M (O‘; x y+ 0)

[ mid-point of a line segment having

)

2

points (x;, y;) and (x,, ¥,)= (M W)]

But it is given that, mid-point of PQ is (2, -5).

Y
A
p 40y
(2,-5)
M
X'« >X
Q(x,0)
‘Yr/
o_ X+ 0
2
and — :LO
2
= 4=xand -10=y
= x=4and y=-10

So, the coordinates of P and Q are (0, —

10)and (4, Q).

Q. 18 The area of a triangle with vertices (a, b+ c), (b, c+a) and (c, a+ b)is

Sol. (b)

@@+ b+ 0? (b) 0

(©@+hb+0 (d) abc

Let the vertices of a triangle are, A= (x,, y;)=(@ b + ¢)

B=(x,, y,)=(b,c+a)andC =(x4, y5)=(,a+ b)
1
.+ Area of AABC = A =§[x1 (Vo = Y3)+ %5 (V3 = V4) + x5 (V4 — Vo)l

A=

[\3|_;I'\3\—L[\)\—k

Hence, the required area of triangle is 0.

(ac —ab + ab —bc + bc —ac)=

[ac+a-a-b)+ b@a+b-b-c)+cb+c-c—-a)

[ac — b)+ b(a—c)+ c(b —a)]

1 0)=
5(0)—0
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Q. 19 If the distance between the points (4, p) and (1, 0) is 5, then the value of

pis
(@) 4 only (b)y+ 4 (c) — 4 only (d)o
Sol. (b) According to the question, the distance between the points (4, p)and (1, 0)= 5
ie., Ja=42 +(0-pf =5

2

[ distance between the points (x4, y;) and (x,, y,), d = \/(xz —x) + (Yo — ¥ )2]

= JE=3P +p° =5
= o9+ p? =5

On squaring both the sides, we get

9+ p° =25
= p°=16 = p=+4
Hence, the required value of p is + 4.

Q. 20 If the points A(1, 2), B(0, 0) and C(a, b) are collinear, then
(@a=>b (b) a=2b (c2a=b (da=-b

Sol. (¢) Letthe given points are A = (x;, y;) = (1,2),
B=(x,, ¥,)=(0 0)and C = (x5, y53) = (a b).

1
o Area of AABC A = —[x; (Vo — V3) + %5 (V5 = ¥4) + %5 (V5 — Vo)l

A=_[1(0-b)+ 0(b-2)+a@ - 0)]

N =N =N

(—b+O+2a)=%(2a—b)

N

Since, the points A(1,2), B(0, 0) and C(a, b) are collinear, then area of AABC should be

equal to zero.

ie., area of AABC =0

- Tea-p)=0
2

= 2a—-b=0

= 2a=b

Hence, the required relation is 2a = b.
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Exercise 7.2 Very Short Answer Type Questions

Write whether True or False and justify your answer

Q. 1 AABC with vertices A(0 —2,0), B(2, 0) and C(0,2) is similar to ADEF with
vertices D(— 4, 0), E(4, 0) and F(0, 4).

Sol. True
-.Distance between A (2,0) and B (2, 0), AB = J[z —@)P+(0-07=4

[ distance between the points (x;, y;) and (x,, ¥,),d = \/(x2 - 9c1)2 + (Yo = ¥ ]

Similarly, distance between B(2, 0) and C(0,2), BC = \/(o —2P +2-0° =4+ 4=22
In AABC, distance between C(0,2) and A—(2, 0),
CA=40-¢ ]+ @-0? =4+ 4 2(

Distance between F(0, 4) and D(—4, 0), FD = \/ 0+ 4y \/42 =42
Distance between F(0, 4) and £(4, 0), FE = /(4 — O (o 47 J42 + 42 = 4@
and distance between E£(4, 0) and D(-4, 0), ED = Wz \/872 =8
N AB_4 1 AC _242 1 BC 242 1
ow, =_=_ " ="""=_ " ="""=_
OE 8 2 DF 42 2 EF 42 2
AB_AC _BC
DE DF EF

Here, we see that sides of AABC and AFDE are propotional

TANYAY

(2,00 220 C(2,0)
Hence, both the tnangles are similar. [by SSS rule]

Q. 2 The point P(— 4, 2) lies on the line segment joining the points A(— 4, 6)
and B(— 4, — 6).

Sol. True
We plot all the points P(—4, 2), A(—4, 6) and B(—4, — 6) on the graph paper.
Y
A(-4,6
( 4 ) &
4
P(-4, 2) 2
X< } > X
-4 0
2—2
-4
Y -6
B(-4,-6)
Y

From the figure, point P(- 4,2) lies on the line segment joining the points A(- 4, 6) and
B(- 4, - 6).
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Q. 3 The points (0, 5), (0, —9) and (3, 6) are collinear.

Sol. False
Here,x; =0 x, =0 x3=3andy,=5y,=-9 y; =6

Area of triangle A = > [ (Vo = Ya)+ x5 (V5 = Vi) + x5 (Y = Vo)l

—

A=_[0(-9-6)+0(6-5)+3(5+9)]

2
%(0+ 0+ 3x14)=21%0

If the area of triangle formed by the points (0, 5), (0 —9)and (3, 6) is zero, then the points are
collinear.
Hence, the points are non-collinear.

Q. 4 Point P(0, 2) is the point of intersection of Y-axis and perpendicular
bisector of line segment joining the points A(—1, 1) and B(3, 3).
Sol. False

We know that, the points lies on perpendicular bisector of the line segment joining the two
points is equidistant from these two points.

PA = \[-4- (4 + (6-27

= (07 + (47 =4
PB =[-4—4F + (-6 -2 (0P + (-8 =8
PA #PB

So, the point P does not lie on the perpendicular bisctor of AB.
Alternate Method

[by perpendicularity condition, mm, = —1]
Also, the perpendicular bisector passing through the mid-point of the line segment joining
the points A(-1,1) and B(3, 3).
. . -1+3 1+ 3
Mid-point = — =012
point = (722 2 %)= 12
[since, mid-point of the line segment joining the points (x,, y;) and (x,, ¥, )is

(x1+x2 y1+y2)
2 2

Now, equation of perpendicular bisector have slope (—2) and passes through the point (1, 2) is
(y-2)=(=2)(x-1)

= y—-2=-2x+2

= 2x+y=4 ()

[since, the equation of line is (y — y;) = m (x — x,)]

If the perpendicular bisector cuts the Y-axis, then put x = 0in Eq. (i), we get
2x0+y=4

= y = 4

Hence, the required intersection point is (0, 4).
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Q. 5 The points A(3, 1), B(12, — 2) and (0, 2) cannot be vertices of a triangle.

Sol.

True
Let A=(x, y)=(31),B=(x, y,)=(12,-2)
and C =(x3,¥3)=(0,2)
Area of AABC A =%[ac1 (Yo = Vo) + x5 (V5 — Y1) + x5(¥; — Vo)l
=%[3—(2 -2)+122 -1+ 0{1-(-2)}]
=%[3(— 4) + 12(1) + 0]
=%(-12+ 12)=0

Area of AABC =0
Hence, the points A(3 1), B(12,—2) and C(0,2) are collinear. So, the points A(3, 1),
B(12, —2)and C(0, 2) cannot be the vertices of a triangle.

Q. 6 The points A4, 3), B(6, 4), C(5, —6) and D(—3,5) are vertices of a

Sol.

parallelogram.

False
Now, distance between A (4, 3)and B (6, 4), AB= \/(6 — 4P + (4-23) \/22 +1? =45

[~ distance between the points (x4, y;) and (x5, ¥,), d —\/ - X, 2+ + (v, — y1) ]
Distance between B (6,4)and C (5, — 6),BC = \/ 5-6)° + (- 6—4)

=12 + (- 10)2

= (- 87 + 112
J64+121=4/185

Distance between D (- 3, 5)and A (4, 3), \/4 +3)° -5y

=72+ (- .2)2
= /49 + 4 =153

In parallelogram, opposite sides are equal. Here, we see that all sides AB, BC, CD and DA

are different.

Hence, given vertices are not the vertices of a parallelogram.
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Q. 7 A circle has its centre at the origin and a point P (5, 0) lies on it. The
point Q (6, 8) lies outside the circle.
@ Thinking Process

Firstly, we find the distance between Q(6, 8) and origin O(0, 0) by distance formula and
check OQ is greater than the length of radius, i.e, OP or not.

Sol. True
First, we draw a circle and a point from the given information.
AY
°*(Q(6,8)
X a
0.0) /5,0
Y
Y'

Now, distance between origini.e., O(0, 0) and P (5, 0),0P = \/(5 — 07+ (0-0)0°

[ - Distance between two points (x;, y;)and (x,, ,), d = \/(xg —x)? + (Yo — ¥ )2]

= /5% + 0° = 5 = Radius of circle and distance between origin O(0, 0)
and Q (6,8),0Q = /(6 — 07 + (8— 0 = /6% + 82 = /36 + 64 =100 =10
We know that, if the distance of any point from the centre is less than/equal to/ more than
the radius, then the point is inside/on/outside the circle, respectively.
Here, we see that, OQ > OP
Hence, it is true that point Q (6, 8), lies outside the circle.

Q. 8 The point A (2, 7) lies on the perpendicular bisector of the line segment
joining the pointsP (5, — 3)and Q (0, — 4).

Sol. False
If A (2,7) lies on perpendicular bisector of P(6, 5)and Q (0, — 4), then AP = AQ
: AP =(6-27 + (5-7)

JO0-2) + (=4 —7Y

V=27 + (117
=+4+121=4125
So, A does not lies on the perpendicular bisector of PQ.
Alternate Method
If the point A 2, 7) lies on the perpendicular bisector of the line segment, then the point A
satisfy the equation of perpendicular bisector.
Now, we find the equation of perpendicular bisector. For this, we find the slope of
perpendicular bisector.

and A
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-1
Slope of line segment joining
the points (5,- 3) and (0, — 4)
-1 Yo = Y
=— =5 -+ slope =227t
—4-09 [ " xz"ﬁ}
0-5
[since, perpendicular bisector is perpendicular to the line segment, so its slopes have the
condition, m; - m, = -1
Since, the perpendicular bisector passes through the mid-point of the line segment joining
the points (5, — 3)and (0, — 4).

Mid-point of PQ = (5; 0 -3- 4)= (5 ;7)

Slope of perpendicular bisector =

2 2" 2

So, the equation of perpendicular bisector having slope % and passes through the

mid-point (§ _—7) is,
2 2
7 5
+—|=5|x—-—=
(y 2) ( 2)

[+ equation of lineis (y — y;) = m (x — x;)]

= 2y+7=10x —25

= 10x -2y —-32=0

= 10x —2y =32

= 5¢x—y=16 ..(i)
Now, check whether the point A 2, 7) lie on the Eq. (i) or not.

5x2-7=10-7=3%#16
Hence, the point A (2, 7) does not lie on the perpendicular bisector of the line segment.

Q. 9 The point P(5, — 3) is one of the two points of trisection of line segment

Sol.

joining the points A(7, — 2) and B(1, — 5).

True

Let P (5,-3) divides the line segment joining the points A (7,-2) and B (1,-5) in the ratio k: 1
internally.

By section formula, the coordinate of point P will be

(K(1)+ () k(=5)+ 1(—2))

k+1  k+1
ie. (k+7;6k—2)

k+1 k+1
Now, (5,—3)=(k+—7,‘5k ‘2)

k+1 k+1
- k+7=5

K+ 1
= k+7=5k+5
= —4k = -2
k:l
2

So the point P divides the line segment AB in ratio 1: 2.
Hence, point P in the point of trisection of AB.
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Q. 10 The points A(- 6, 10), B(— 4, 6) and C(3, — 8) are collinear such that
AB = E AC.
9

Sol. True
If the area of triangle formed by the points (xy, y;) . (x,, ¥,) and (x5, y5) is zero, then the
points are collinear.

. 1
Area of tr|angle=5 6 (Vo = Va)+ x5 (V5 = Y4) + x5 (V5 — Vo)l

Here, x, =-6x, =—4x;=3and y, =10y, =6,y; =-8
Area of AABC = — [- 6{6— (- 8)} + (- 4) (- 8—-10) + 3(10 - 6)]

[-6(14) + (- 4) (- 18) + 3(4)]

(-84+72+12)=0

So, given points are collinear.
Now, distance between A (— 6,10)and B (— 4, 6), AB = \/(— 4+ 6)2 + (6 — 10)2

=22 + 42 = [4+16=+20 =25

[ - distance between the points (x,, y;)and (x,, y,),d = \/(xg —x, )+ (Yo — ¥ )2]

Distance between A (— 6,10)and C (3, — 8), AC = \/(3 + 67 + (- 8-10)°
=+/405 = [81x 5 =95
AB= % AC

which is the required relation.

Q. 11 The point P(— 2, 4) lies on a circle of radius 6 and centre (3, 5).

Sol. False

If the distance between the centre and any point is equal to the radius, then we say that
point lie on the circle.
Now, distance between P (-2, 4) and centre (3, 5)

=J@+27 + (547
=.5% + 12
=./25+ =26

[ -+ distance between the points (x4, y;) and (x,, y,), d = \/(x2 — %)+ (Yo — ¥ )2]

which is not equal to the radius of the circle.
Hence, the point P(-2, 4) does not lies on the circle.
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Q. 12 The points A (- 1, — 2), B (4, 3), C (2, 5) and D (- 3, 0) in that order form a

rectangle.

Sol. True

Distance between A (-1, —2)and B (4, 3), A, -2) B (4,3)
AB=J(4+ 17+ (3+2)
=82+ 5= 25+ 25 =52
Distance between C (2, 5)and D (- 3, 0),
CD= /(- 3-27 + (0—5)

D (-3,0) C(29)

2

[ distance between the points (x4, y;) and (x,, y,). d = \/(xz %)+ (Vo — ¥4 )2]

Distance between A (-1, —2)and D (-3, 0),
AD=(-3+ 1P + (0+2 =\(-2P +22 = J4+ 4=22
and distance between B (4, 3)and C (2, 5), BC = \/(4 -2P +(3-5)°

=22+ (2P =4+ 4 =22

We know that, in a rectangle, opposite sides and equal diagonals are equal and bisect each
other.

Since, AB=CDand AD =BC
Also, distance between A (-1, —2)and C (2, 5), AC = \/(2 + 12+ (5+2)°

=32 +72=/9+ 49 =58

and distance between D (=3, 0)and B (4, 3), DB = \/(4 +3°2+(3-0)0°
=72+ 3% = [49+ 9=+/58
Since, diagonals AC and BD are equal.

Hence, the points A (-1, -2), B (4, 3),C (2, 5)and D (- 3, 0) form a rectangle.

Exercise 7.3 Short Answer Type Questions

Q. 1 Name the type of triangle formed by the points A (-5, 6), B(— 4, — 2) and

C(7, 5).
@ Thinking Process
(i) Firstly, determine the distances AB, BC and CA by using the distance formula,
Joo =% + 0, =y )

(i) Secondly, check the condition for types of a triangles
(a) If any two sides are equal, then it is an isosceles triangle.

(b) Ifsides of a triangle satisfy the phythagoras theorem, then it is a right angled triangle.
(c) Ifall three sides of a triangle are equal, then it is an equilateral triangle.

(d) If none of the side of a triangle are equal, then it is an scalene triangle.
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Sol. To find the type of triangle, first we determine the length of all three sides and see whatever
condition of triangle is satisfy by these sides.
Now, using distance formula between two points,

AB=(-4+5F +(-2-6

= (1 + (- 8

- [T+ 64 =65 oo =@z = %)+ (v, = )]
BC =7 + 47 + (5+ 2 = (11 + (7Y

= J121+ 49 = 70

and CA=(-5-7) + (6-5F =/(-127 + (17
= JT44+ 1 =145
We see that, AB # BC #CA
and not hold the condition of Pythagoras in a AABC.
ie., ( Hypotenuse)® = ( Base)® + ( Perpendicular)?
Hence, the required triangle is scalene because all of its sides are not equal i.e., different to
each other.

Q. 2 Find the points on the X-axis which are at a distance of 2+/5 from the
point (7, —4). How many such points are there?

Sol. We know that, every point on the X-axis in the form (x, 0). Let P(x, 0) the point on the X-axis
have 2+/5 distance from the pointQ (7, — 4).

By given condition, PQ =25 [ distance formula = \/(xg —x,)? + (Vo — ¥, )]
= (PQ? =4x5

= (x =77 + (0+ 47 =20

= x? + 49 - 14x + 16 =20

= x? —14x + 65-20=0

= x% —14x + 45=0

= x2-9x —b5x+ 45=0 [by factorisation method]
= x(x—-9-5(x-9=0

= (x=9(x—-5=0

RS x=59
Hence, there are two points lies on the axis, which are (5, 0) and (9, 0), have 2/5 distance
from the point (7, — 4).

Q. 3 What type of quadrilateral do the points A (2, —2), B (7, 3) C (11, — 1) and
D (6, — 6) taken in that order form?
@ Thinking Process
(i) Firstly, determine the distances AB, BC, CD, DA, AC and BD by using the distance

formula =\/(x2 —xQz + (1 —y1)2‘
(i) Secondly, check the condition for types of a quadrilaterals
(a) If all four sides and also diagonals are equal, then quadrilateral is a square.

(b) If all four sides are equal but diagonal are not equal, then quadrilateral is a
rhombus.

(c) If opposite sides of a quadrilateral are equal and diagonals are also equal then
quadrilateral is a rectangle.
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Sol. To find the type of quadrilateral, we find the length of all four sides as well as two diagonals
and see whatever condition of quadrilateral is satisfy by these sides as well as diagonals.
Now, using distance formula between two points,

sides, AB= /(7 —2)° + (3+ 2)?

= (6 + (5)° =25+ 25
=50 =52

[ since, distance between two points (x4, y;) and (x,,y,)= \/(xz —x)+ (Vo — V4 )2]

BC = J(11=7P + (= 1= 37 = (4} + (- 47

=16+ 16=+32=42 A2 -2) Ei(6,—6)
CD=(6-117 + (- 6+ 17 \\\ 5 ///
= J= 52 + (- 57 /><i\
= J25+25=/50 = 52 /,/ \\
and DA=\le-6f +(-2+6f B3 C(1,-1)
=32 =42

Diagonals, AC =/(11-2)% + (— 1+ 2)?

=(9F + (If =81+ 1=+82
and BD=/(6-7) + (- 63
==+ (- 97

- [+ 81=82

Here, we see that the sides  AB=CD and BC = DA
Also, diagonals are equal i.e., AC = BD
which shows the quadrilateral is a rectangle.

Q. 4 Find the value of a, if the distance between the points A (— 3, — 14) and
B (a, —5)is 9 units.
Sol. According to the question,
Distance between A (- 3, —14)and B (a, — 5), AB=9
[ distance between two points (x4, y;) and (x,, y,) d = \/(xz —x)+ (Vo — Y 2]

= Jla+ 3P + (-5+147 =9

= Ja+ 3P+ (9° =9

On squaring both the sides, we get
(@a+ 3)?° + 81=181
= @+3°=0=a=-3

Hence, the required value of ais — 3.
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Q. 5 Find a point which is equidistant from the points A (— 5, 4) and B (— 1, 6).
How many such points are there?
Sol. Let P (h, k)be the point which is equidistant from the points A (- 5, 4)and B (- 1, 6).
PA = PB [ by distance formula, distance = \/(xg — %) + (Yo — y,°]
(PAY = (PBY
(=5—hP + (4—KkP =(=1-h) + (6 - kF
25+ h* + 10h+ 16+ k? —8k =1+ h* + 2h + 36 + k? — 12k

25+ 10h+16—-8k =1+ 2h+ 36—-12k
8h+ 4k + 41-37=0
8h+4dk+4=0
2h+ k+1=0 ()

Mid-point of AB = (‘ 52‘1, 4+ 6)= (-3 5)

2
~+ mid-point = (M’ y1+y2):|
2 2

L A A

At point (- 3, 5), from Eq. (i),
2h+ k=2(-3)+5
=—6+5=-1
= 2h+ k+1=0
So, the mid-point of AB satisfy the Eq. (i). Hence, infinite number of points, in fact all
points which are solution of the equation 2h + k + 1= 0, are equidistant from the points A
and B.

Replacing h, k by x, y in above equation, we have 2 x +y+1=0

Q. 6 Find the coordinates of the point Q on the X-axis which lies on the
perpendicular bisector of the line segment joining the points A (- 5, — 2)
and B (4, — 2). Name the type of triangle formed by the point Q, A and B.

Sol. Firstly, we plot the points of the line segment on the paper and join them.

17
16
Perpendicular «— T°
bisector T4
13
Q<i o> f
2
SR /N B R B
2T TN
Als S = » B (4, -2)
S
-4+ 2
_5--
_6--
-7+

Y

Y/
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We know that, the perpendicular bisector of the line segment AB bisect the segment AB, i.e.,
perpendicular bisector of the line segment AB passes through the mid-point of AB.

Mid-point of AB = (‘5; 4 ﬁ)

2
1
= Rz(——,—2)
2

[~ mid-point of a line segment passes through the points (x,, y;) and (x,, y,)is

(x1+x2’y1+y2):|
2 2

Now, we draw a straight line on paper passes through the mid-point R. We see that

perpendicular bisector cuts the X-axis at the point Q (—% O).

Hence, the required coordinates of Q = (—% O)

Alternate Method

(i) To find the coordinates of the point of Q on the X-axis. We find the equation of
perpendicular bisector of the line segment AB.

Now, slope of line segment AB,

Let m1:)/2_)/1:_2—(—2):—2+2:9
X, —x; 4-(=9H 4+5 9
= m, =0

Let the slope of perpendicular bisector of line segment is m,.
Since, perpendicular bisector is perpendicular to the line segment AB.
By perpendicularity condition of two lines,

my-m, =—1
-1_ -1
—4 m2=_=_
m 0

= my, = oo

Also, we know that, the perpendicular bisector is always passes through the mid-point of
the line segment.
Mid-point = (ﬂ, ﬂ) = (__1 _ 2)
2 2 2

-+ mid-point = (M’ )/1+)/2):|
2 2

To find the equation of perpendicular bisector of line segment, we find the slope and a
point through which perpendicular bisector is pass.

Now, equation of perpendicular bisector having slope « and passing through the point

_—1,—2)is,

2
1
<y+2>=eo(x+§) o (y = yy) = my (x — x,)]
X+ — 0 2
1
X =—
2

So, the coordinates of the pointQ is (_?1 0) on the X-axis which lies on the perpendicular

bisector of the line segment joining the point AB.
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To know the type of triangle formed by the points Q, A and B. We find the length of all
three sides and see whatever condition of triangle is satisfy by these sides.

Now, using distance formula between two points,
AB=y(4+ 57 +(—2+2P =9 +0=9

[~ distance between two points (x,, y;)and (x,, ¥,) = \/(xz —x)+ (Vo — ¥4 ]

ol
oot

and QA= \/( ) (-2 - 0p Q(_%,O)

\ A(-5.-2)
e

We see that, BQ = QA = AB B (4,-2)
which shows that the triangle formed by the points Q, A and Bis an isosceles.

Q. 7 Find the value of m, if the points (5, 1), (- 2, — 3) and (8, 2m) are collinear.

@ Thinking Process

(i) First, using the condition of collinearity
1
E[x1(yz y3)+ %0 —y) + %0y —p)] =

(i) Simplify it and get the result.
Sol. LetA=(x;, y)=(51),B= (x,, y,)=(-2,— 3) C =(x3 y3)=(82m)
Since, the points A= (5,1), B= (-2, — 3)an = (8,2m) are collinear.
Area of AABC =0

]
= E[x1 ()/2 _Y3)+ Xo (Y3 _)/1)"‘ X3 ()/1 _y2)]=
= %[5(—3—2m)+(—2)(2m—1)+8{1—(—3)}]=O
= %(—15—10m—4m+2+32):0
= 1(—14m+19) O:m_g
2 14
19

Hence, the required value of mis o
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Q. 8 If the point A2, — 4) is equidistant from P(3, 8) and Q(- 10, y), then find

Sol.

the value of y. Also, find distance PQ.

According to the question,
A 2, — 4)is equidistant from P (3, 8) = Q (- 10, y)is equidistant from A (2, — 4)

ie., PA=QA
= Je-3P +(—4—8F =@+ 107 + (- 4— )
[ distance between two points (x,, y;) and (x,, y,),d = \/(xz —xq)+ (Vo — y1)2]
= P+ (=127 = Ja2) + (4+ y7
= m=\/144+16+y2+8y

= V145 = 160 + y* + 8y

On squaring both the sides, we get
145=160 + y° + 8y
y2 + 8y +160-145=0
y2 +8y+15=0
y? + 5y +3y+15=0
Viy+5+3y+5=0
(y+95((y+3=0

Lu U

Ify+5=0 theny=-5
Ify+3=0 theny=-3

o y=-3-5
Now, distance between P (3, 8) and Q (- 10, y),

PQ=(-10-3P + (y- 8 [putting y = — 3]
= = =13 + (- 3-8

= /169 + 121 = 4290

Again, distance between P (3, 8)and (— 10, y), PQ = \/(— 137 + (- 5— 8) [putting y = — 5]

= /169 + 169 = V338

Hence, the values of y are -3, —5 and corresponding values of PQ are 290 and
/338 = 13+/2, respectively.

Q. 9 Find the area of the triangle whose vertices are (-8, 4), (- 6, 6) and

Sol.

(_ 3/ 9).
Given that, the vertices of triangles
Let (x5, )= (=8 4)
(%5, ¥o)— (= 6,6)
and (x5, ¥3) = (=39)
We know that, the area of triangle with vertices (x;, y;), (x5, y,)and (x3,y;5)
1
A=§[x1 (Vo = V) + x5 (Y3 = V) + x5+ (V4 — Vol
= -8(6-9-6(0-4)+ (-3(4-6)
= - 8(-3)-6(5)- 3(-2)] = J@4-30+ 6
1 1
=—-(80-30)==(0)=0
2( ) 2( )

Hence, the required area of triangle is 0.
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Q. 10 In what ratio does the X-axis divide the line segment joining the points
(— 4, —6)and (- 1, 7)? Find the coordinates of the points of division.

@ Thinking Process

Ax,+x, Ay, +

(i) Firstly, determine the ratio by using the formula MM .
A+1T 0 A+

(ii) Further, put the y coordinate of above formula is zero and get the value of A.
(iii) Finally, put the value of A in the internally section formula and get the required

result.
Sol. Letthe required ratio be A : 1. So, the coordinates of the point M of division A (- 4, — 6) and
B(-1,7)are
A, + 120 Ay, + 14y,
A+1 0 A+

Here,x; =-4,x,=-1andy,=-6y, =7
M-D+1=4) A7)+ 1-(=-6)|_(-A-47L-6
' A+1 A+

ie.,
A+ 1 A+ 1
But according to the question, line segment joining A(— 4, — 6) and B(— 1, 7) is divided by the

X-axis. So, y-coordinate must be zero.
7A—6

=7A,-6=0
A+
r=9
7
[_6_ 4 7x 6_ 6]
So, the required ratio is 6 : 7 and the point of division M is 67 , 67
—+1 —+1
7 7
-34
- 766, (=3
Le., E , E /.e.,(13 , 0.
7 7
Hence, the required point of division is (_%1 0).

Q. 11 Find the ratio in which the point P G, %) divides the line segment

. . 1
joining the points A (E g) and B(2, — 5).

Sol. LetP (g %) divide ABinternally in the ratio m: n.
Using the section formula, we get

(22

2m —
4’12): m+

[ - internal section formula, the coordinates of point P divides the line segment joining the
Moy + My, )]

myx, + M,
m + m,

point (x4, ;) and (x,, y,)in the ratio m, : m, internally is
m, + m,
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On equating, we get

n
2m—— -5m+=n
§= 2 and 3:
4 m+n 12 m+n
3 4m-n 5 —10m+ 3n
= = and i
4  2(m+ n) 12 2(m+ n)
N §=4m—n and 5=—10m+3n
2 m+n 6 m+n
= 3m+ 3n=8m-2nand 5m+ 5n=-60m+ 18n
= 5n—5m=0and 65m—-13n=20
= n=mand13G5m-n)=0
= n=mand 5m-n=0
Since, m = n does not satisfy.
. 5m-n=0
= Sn=n
E:l
n 5

Hence, the required ratio is 1 : 5.

Q. 12 IfP(9a — 2, — b) divides line segment joining A(3a + 1, — 3) and B(8a, 5) in
the ratio 3 : 1, then find the values of a and b.

Sol. LetP(9a -2, — b)divides ABinternally in the ratio 3 : 1.
By section formula,

38a)+1(3a+ 1)
3+ 1

9a-2 =

[ internal section formula, the coordinates of point P divides the line segment joining the

point (x,y;) and (x,, ¥,)in the ratio m, : m, internally is (m2x1 * Mi¥p Mpby % MY ]]

m+m,  m+m,

and _b=3(5)+1(—3)

3+ 1
- 9q_p_24a+3a+1

4

and —b=15_3

4
N 93_2:27a+1
and _b=E

4

= 36a-8=27a+1
and b=-3
= 36a—-272a-8-1=0
= 9a-9=0
: a=1

Hence, the required values of aand b are 1 and — 3.
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Q 13 If (a,b) is the mid-point of the line segment joining the points
A(10, — 6), B(k, 4) and a —2b =18, then find the value of k and the

distance AB.
Sol. Since, (a b)is the mid-point of line segment AB.
(a,b)=(1o+ k’ -6+ 4)
2
[since, mid-point of a line segment having points (x;, y;) and (x,, y,)= (961;7962 %)]
= (a,b)=(1o+k,—1)
2
Now, equating coordinates on both sides, we get
Q= 10+ k 0)
5
and b=-1 (D)
Given, a-2b=18
From Eq. (ii), a-2(-1=18
= a+2=18 = a=16
From Eq. (i), 16= 10+ K
= 32=10+ k=k=22
Hence, the required value of k is 22.
= k=22

A=(10-6) B=(22 4)
Now, distance betweenA (10, — 6)and B (22, 4),
AB =12 107 + (4+ 6)

2

[ distance between the points (x;, y;)and (x,, y,), d = \/(x2 —x)" + (Vo = Y ]

=(12)* + 10 = /144 + 100
=244 =261
Hence, the required distance of ABis 2+/61.
Q. 14 If the centre of a circle is (2a, a — 7), then Find the values of a, if the
circle passes through the point (11, — 9) and has diameter 10~/2 units.
@ Thinking Process

(i) Firstly, determine the distance between centre and point on a circle by using the

distance Formula \/(xz —x,Y +(y, —y.)', which is equal to the radius of circle.
(i) Further, using the given condition and simply it.
Sol. By given condition,
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Distance between the centre C(2a, a — 7) and the point P(11, — 9),
Radius of circle

Radius of circle = \/(11 —2al +(-9-a+ 7y

191

which lie on the circle =

[+ distance between two points (x;, ;) and (x,, ¥,) :\/(x2 — %) + (Yo — ¥y ]

Given that, length of diameter = 1042

Length of radius = Length of diameter

2
=102&:5\/§

Put this value in Eq. (i), we get

52 =\ J(11-2af + (-2 — af’
Squaring on both sides, we get
50 = (11-2a)® + 2 + a)°
50=121+ 4a° — 44a + 4+ a° + 4a
5a° — 40a+ 75=0
a®-8a+15=0
a®-5a-3a+15=0
a@-5-3a-5=0
(@-5@-3=0
. a=35
Hence, the required values of aare 5 and 3.

B VA O

[by factorisation method]

Q. 15 The line segment joining the points A(3, 2) and B(5, 1) is divided at the

point P in the ratio 1 : 2 and it lies on the line 3x — 18y + k = 0. Find the

value of k.

theratio1: 2.

Coordinate of point P = {5(1) +3@2) 1) + 2(2)}

1+2 1 1+2

=(5+6 1+4)=(ﬂ g)
3 3 3’3

Sol. Given that, the line segment joining the points A(3,2) and B(5, 1)is divided at the point P in

[ -+ by section formula for internal ratio = MXp + MpXy , MYs + MY,
m; + m, my, + m,
But the point P(g g) lies onthe line 3x — 18y + k = 0. [given]

3(2)—18(§)+ k=0
3 3
- 11-304 k=0

= k—19=0= k=19
Hence, the required value of k is 19.
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Q. 16 1f D(— % g) E (7, 3) and FG g) are the mid-points of sides of AABC,

then find the area of the AABC.

@ Thinking Process

(1) Firstly, consider the vertices of of AABC be A(x, y) B(x,,y,) and C(x;,y;)
(i) With the help of mid-point formula form the equations in terms of
X, Y4 %, Yy, X% andys and solve them to get the values of vertices.

(iii) Further, determine the area of triangle by using the formula,

%[%(yz =)+ %5 =y + %y, 1))

Sol. LetA=(x, ;) B=(x,, y,)andC = (x,, y,)are the vertices of the AABC.

Gives, D(— % g) E(7, 3) and F(g g) be the mid-points of the sides BC, CA and AB,

respectively.
Since, D (— % S) is the mid-point of BC.
Xy + X3 _ _l
2 2

[since, mid-point of a line segment having points (x,, y;) and (x,, yz)is(xﬂgixz, )/1;)/2)]
and YotV S

2 2
= Xo+ x5 =—1 (D)
and Yo+ ¥3=5 (i)
As E(7, 3)is the mid-point of CA.

X3+ Xy _ 7

2
and Vst Vo3

2
= Xg+ xy =14 ..(iii)
and Vs + ¥, =6 (V)
Also, F(g g) is the mid-point of AB.

X+ X, _ Z

2 2
and Nt Ye 1

2 2
= X+ x, =7 (V)
and Vi+ Yo =7 )

On adding Egs. (i), (i) and (v), we get
2(xy + x5, + x5)=20

= X+ Xy + x5 =10 . (vii)
On subtracting Egs. (i), (iii) and (v) from Eq. (vii) respectively, we get
x=11x,=-4x5=3

On adding Egs. (i), (iv) and (vi), we get

200 + Yo + ¥5)=18
= Vit Yot Y3=9 ....(viii)
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On subtracting Egs. (ii), (iv) and (vi) from Eq. (viii) respectively, we get

Vi=4y,=3Yy;=2
Hence, the vertices of AABC are A (11, 4), B(— 4, 3)and C (3, 2).

y
Area of AABC = A = §[x1(y2 = Va)+ xX5(Yg = Vi) + x3(Ys — Vo)l

>
Il

13-2)+ (-4 @2 -4+ 34-3)]

MIx1+ (=4 (=2)+ 31)]

(11+ 8+ 3)_%_11

N[N =N —

Required area of AABC =11

Q. 17 If the points A (2, 9), B (3, 5) and C (5, 5) are the vertices of a AABC right
angled at B, then find the values of a and hence the area of AABC.

Sol. Given that, the points A (2, 9), Ba, 5)and C(5, 5)are the vertices of a AABC right angled at B.
By Pythagoras theorem,  AC? = AB® + BC? ()

Now, by distance formula, ~ AB = /(@ —2) + (5 - 9

[ -+ distance between two points (x;, y;)and (x,, ¥,) = \/(x2 —x12)+ Yo =W )2]

=\/a2+4 4a+16—\/a2—4a+20

BC = (5—-af + (5- 5
5-a’+0=5-a
and AC = J(z 5 (9 5)2

=3P+ (4P =9+ 16=+25=5

Put the values of AB, BC and AC in Eq. () we get

(5 = (\Ja® — 4a + 20)° + (5—a)®
25=a° —4a+20+25+ a° —10a
2a® —14a+20=0
a®-7a+10=0
a®-2a-5a+10=0 [by factorisation method]
a@-2)—-5a-2)=0
(@-2)a-5=0
o a=2,5
Here, a# 5, since at a=5, the length of BC = 0. It is not possible because the sides
AB, BC and CA form a right angled triangle.
So, a=2
Now, the coordinate of A, Band C becomes (2, 9), (2, 5) and (5, 5), respectively.

|
Area of A ABC = — [x1(y2 — Vo) + xo(ys = i)+ x50 — Vo))

I N VO

2(5 - 5)+ 2(5 - 9) + 59 - 5)]

2 x0+2(-4)+ 5(4)]

(0— 8+ 20)= 5><12 6

Hence, the required area of AABC is 6 sq units.
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Q. 18 Find the coordinates of the point R on the line segment joining the
points P(— 1, 3) and Q(2, 5) such that PR = EPQ.

Sol. According to the question,

P(-1,3) R(x ) Q (2, 15)
I } |
3:2
Given that, PR = g PQ
PR 3
- PR+ RQ _5
PR 3
PR 3
= @:ﬁ_‘]:g
PR 3 3
RQ:PR=2:3
or PR:RQ=3:2

Suppose, R(x, y) be the point which divides the line segment joining the points P(- 1, 3) and
Q(2, 5)in the ratio 3 : 2.
3@2)+2(—1) 3(5)+2(3
(. y)= [3@)+ 21 36)+2()
3+2 3+2

[ *+ by internal section formula, {

2(6—2 15+ 6):(& Q)
5 5 55
Hence, the required coordinates of the point R is (g 2—51)

MyXq + MiXy MYy + MYy H
m, + m, m + m,

Q. 19 Find the values of k, if the points A(k+ 1, 2k), B(3k, 2k + 3) and
C (5k — 1, 5k) are collinear.

Sol. We know that, if three points are collinear, then the area of triangle formed by these points
is zero.
Since, the points A(k + 1, 2k), B(3k, 2k + 3)and C(5k — 1, 5k) are collinear.
Then, area of AABC =0

= E[x1(y2_)/3)+x2()/3_)/1)+x3 (yy = ¥.1=0

Here, Xy =K+1x, =3k xg =5k—-1and y, =2k, ¥, =2k + 3, y; = 5k

= %[(k+1)(2k+ 3= 5Kk) + 3K (5k — 2K) + (5K — 1) (2K — 2k + 3))] = 0
N %[(k+1)(—3k+3)+3k(3k)+(5k—1)(2k—2k—3)]=0
N %[—SKZ+3K—3k+3+9k2—15k+3]=0

= % (6k? =15k + 6)=0  [multiply by 2]
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= 6k —15k + 6=10 [by factorisation method]
= 2k> =5k +2=0 [divide by 3]
= 2k? —4k—k+2=0
= 2k (k-2)-1(k-2)=0
= k-2)Rk-1=0
lfk—-2=0,thenk=2
[fok—1=0, thenk = -
2
k=21
2

Hence, the required values of k are 2 and %

Q. 20 Find the ratio in which the line 2x+ 3y — 5 = 0 divides the line segment

joining the points (8, —9) and (2, 1). Also, find the coordinates of the
point of division.

@ Thinking Process
(i) Firstly, consider the given line divides the line segment AB in the ratio A : 1.
A + 2 My +yq)
A+1 T A+ )
(i) Substitute the coordinate in the given equation of line and get the value of A.
(iii) Further, substitute the value of A in Point P.

Sol. Lettheline2x + 3y — 5= 0divides the line segment joining the points A (8, — 9)and B (2, 1)
in the ratio A : 1at point P.

Then, coordinate of P be (

Coordinates of p= {2+ +8 A -9
A+1 A+1
[ -~ internal division = JM¥2 + MaX1 MYy + My}
m, + m, m, + m,

But Plieson2x + 3y—5=0.

227»+8 +3 A—-9 _5-0
A+ 1 A+

= 2@L+ 8+ 3A -9 —5A+1)=0
= dN+16+ 30 —-27-5L-5=0
= 2L -16=0
= A=8=A:1=8:1
So, the point P divides the line in the ratio 8 : 1.
Point of division P = { +8 8- 9}
8+1 8+ 1
6+8

5)
(3 91)

(s
(5

9
Hence, the required point of division is (§ 31)

)
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Exercise 7.4 Long Answer Type Questions

Q. 1 If (— 4, 3) and (4, 3) are two vertices of an equilateral triangle, then find
the coordinates of the third vertex, given that the origin lies in the
interior of the triangle.

Sol. Let the third vertex of an equilateral triangle be (x, y). Let A (— 4, 3), B(4, 3)and C (x, y).

We know that, in equilateral triangle the angle between two adjacent side is 60 and all three
sides are equal.

. AB=BC =CA
= AB? = BC? = CA? ()
Now, taking first two parts.
AB? = BC?
= (4+ 4% + (3-3P =(x— 472 + (y- 3y
= 64+ 0=x>+16-8x+ y° + 9— 6y
= x% + Yy — 8x — By =39 ...(ii)
Now, taking first and third parts,
AB? = CA?
= 4+ 47 + (3-8 =(-4-xf + (3-y)
= 64+ 0=16+x° + 8x + 9+ y° — 6y
= x? + y? + 8x — 6y =39 -..(iif)

On subtracting Eq. (ii) from Eq. (iii), we get
x% + y® + 8x — 6y =39
x? + y? —8x — 6y =239
-+ + + -

16x =0
= x=0
Now, put the value of x in Eq. (i), we get
O+ y?>—0—6y=239

- Y2 —6y-39=0
6+ (- 6 —4(1) (- 39)
y:
2 x1
—b+.b%—
[ solution of ax? + bx + ¢ = Ois x =D—\/F
a

- - 6% [T 156

2
- ,_ 619

2
= y=6i§7\/4—8=3im
= y=3+ 4/3
= y=3+4J30r3- 443

So, the points of third vertex are (0, 3 + 44/3) or (3 — 4,/3)
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But given that, the origin lies in the interior of the AABC and the x-coordinate of third
vertex is zero. Then, y-coordinate of third vertex should be negative.

Y

B(4,3) B(4, 3)

@)
/Q@

X<

4
Y
>

Cixy)

Y
2

Y
Hence, the required coordinate of third vertex, C = (0, 3 — 4+/3). [ ¢ #(0, 3+ 43)]

Q. 2 A, 1),B (8, 2) and C(9, 4) are three vertices of a parallelogram ABCD. IfE is
the mid-point of DC, then find the area of AADE.

@ Thinking Process

(i) Firstly, consider the fourth vertex of a parallelogram be D(x;y).

(i) Using the concept that mid-point of both diagonals are coincide, determine the
coordinate of fourth vertex.

(i) Also, determine the coordinate of E by using mid point formula,
ey
2 2 )
(iv) Further, determine the required area of triangle by using the formula,

]
E[xw(%_yz) + %00, —y3) + %05 — )]
and simplify it to get the result.

Sol. Giventhat, A (6, 1), B(8 2)and C (9, 4) are three vertices of a parallelogram ABCD.
Let the fourth vertex of parallelogram be (x, y).
We know that, the diagonals of a parallelogram bisect each other.

Dix y) E C(9,4)

Mid-point of BD = Mid-point of AC

(8+x 2+y) (6+91+4)
= ) = ,
2 2 2 2

[ - mid-point of a line segment joining the points (x;, y;)and (x,, y,) = (M MJ]

2 2
(8+x 2+y)_(15 5)
= : ==
2 2 2 2
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8+ «x _ 15

2 2
= 8+x=15=>x=7
and 2+y_5

2 2
= 2+y=5=>y=3
So, fourth vertex of a parallelogram is D (7, 3).
Now, mid-point of side DC = (7 * 9, 8+ 4)

2 2
E=

2

[ -+ area of AABC with vertices (x4, y;), (x5, Vo) and (x5, y5) = !

5[961()/2 - )/3)

+ x5(Y5 = ¥y) + x3(V4 — ¥o) :|

.. Area of AADE with vertices A (6, 1), D (7, 3) and E(B, ;)
A= 1[6(3 - z) + 7(Z - 1) + 8(1— 3)]
2 2 2
1 -1 5 .
= 5[6 X (?) + 7(5) + 8( 2)]

=_" [but area cannot be negative]

Hence, the required area of AADE is % sq units.

Q. 3 The points A(x,, v,), B(x, y,)and C(x;, y3) are the vertices of AABC.

(i) The median from A meets BC at D. Find the coordinates of the point D.
(i1) Find the coordinates of the point P on AD such that AP:PD=2:1

(iii) Find the coordinates of points Q and R on medians BE and CF,
respectively such that BQ:QE=2:1and CR:RF=2:1

(iv) What are the coordinates of the centroid of the AABC?
Sol. Given that, the points A (x;, y;), B (x,, ¥,)and C (x5, y,) are the vertices of AABC.

(i) We know that, the median bisect the line segment into two equal parts i.e., here Dis the
mid-point of BC.

2

N Dz(x2+xsy)/2+)’3)
2 2

.. Coordinate of mid-point of BC = (362-;7% M)
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(i) Let the coordinates of a point P be (x, y).

Given that, the point P(x, y), divide the line joining A (x,,y,) and D(’“ZZ_’“S, %) in

the ratio 2 : 1, then the coordinates of P

A, ¥4)
2
P
'
C (x5, ¥3)
B (xpy) D o
27(—’“2+’“3)+1~x1 2-(—y2+y3)+1~y1
_ 2 2
2+ 1 ' 2+ 1

. . mx, + Mox, MYy, + M
-+ internal section formula=| —=2 21 WV 2)1
m, + m, m + m,

E(x2+x3+x1 y2+y3+y1)
3 ' 2

.. So, required coordinates of point P = (x1 TXF Xy Yt Yot ys)

3 ’ 3

(iii) Let the coordinates of a point Q be (p,q)
A (xy, ¥4)

B (x5, ) € (.13

Given that, the point Q(p, q), divide the line joining B(x,, y,) and E(’““;ixs %) in

the ratio 2 : 1, then the coordinates of Q
2.(%)4. 1 x, 2.(%)4. 1y,

2+ 1 ' 2+ 1

z(x1+x2+x3 y1+y2+y3)
3 3

[since, BE is the median of side CA, so BE divides AC in to two equal parts.

-~ mid-point of AC = Coordinate of E = E = (% %)]

So, the required coordinate of point Q = (x1 FXp Xy i Vot y3)

3 3
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Now, let the coordinates of a point £ be (o, B). Given that, the point R(c, B), divide the line
joining C(x4, y5)and ,_-(361;7362 Nt Yo inthe ratio 2 ; 1, then the coordinates of R

Xy + X y+y
o (¥ T X ) iy, o (T2
_ ( 2 ) i ( 2 ) 5

2+ 1 ' 2+ 1

=(351"'362""63 )’1+YQ+Y3)
3 3

[since, CF is the median of side AB. So, CF divides ABin to two equal parts.

~.mid-point of AB = coordinate of F = F = (361;7362 )/1-;)/2)]

So, the required coordinate of point R = (x1 Xy + X3 A Ty t Y3)

3 3
(iv) Coordinate of the centroid of the AABC
_ (Sum of abscissa of all vertices Sum of ordinate of all vertices)
3 ’ 3
=(x1 +X,+ x5 Y+ y2+y3)

s

3 3

Q. 4 If the points A (1, — 2), B (2, 3), C(a, 2) and D(- 4, — 3) form a parallelogram,
then find the value of a and height of the parallelogram taking AB as base.

Sol. In parallelogram, we know that, diagonals are bisects each other i.e.,
mid-point of AC = mid-point of BD

D(-4,-3) E C(a, 2)
z _/| \\\
A B
(1.-2) B(2, 3)
(1+a—2+2) (2—4 3—3)
= ) = )
2 2 2 2
1+a 2-4 -2
= - = = = - 1
2 2 2
since, mid-point of a line segment having points (x;, y;)and (x, y,)is (961;7% y”;y?)]
= 1+a=-2
= a=-3

So, the required value of ais — 3.
Given that, AB as base of a parallelogram and drawn a perpendicular from D to AB which
meet ABat P. So, DP is a height of a parallelogram.

Now, equation of base AB, passing through the points (1, —2) and @, 3)is
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= (y—y)="—="x-x)
Xp = X
= (y+2)= 220 -1)
= (y+2)=5(x — 1)
N Bx—y=7 )

Slope of AB say m, _Yemh 342 4

Let the slope of DP be m,.
Since, DP is perpendicular to AB.
By condition of perpendicularity,
my-m, = —11:>5~m2 =-1

1 m, = — —
2
5

Now, Eq. of DP, having slope (—%) and passing the point (- 4, — 3)is

(Y = yp) = my(x — x;)

= (y+ 3):_§(x+4)
= S5y+156=—-x-4
= x+ 5y=-19 -.(i)

On adding Egs. (i) and (i), then we get the intersection point P.
Put the value of y from Eq. (i) in EqQ. (i), we get
x+5(bBx-7)=-19 [using Eq. (i)]
x +25x —35=-19
26x =16
8
X =—
13

=
=

Put the value of x in Eq. (i), we get
y=5(§)_7=i0_7

13 13
- yod0-91_ -5t
13 13
Coordinates of point P = (i, ;51)
13 13

So, length of the height of a parallelogram,
2 2
DP = (£+ 4) + (_—51+ 3)
13 13
[ by distance formula, distance between two points (x4, y;)and (x,, ¥») ,is
d =, = x,7 + (v = ) ]
2 2
- ()
13 13
-1 3600+ 144
13

_ 1 J37ag 12426
13 13

Hence, the required length of height of a parallelogram is

1226
13
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Q. 5 Students of a school are standing in rows and columns in their playground
for a drill practice. A, B, C and D are the positions of four students as
shown in figure. Is it possible to place Jaspal in the drill in such a way
that he is equidistant from each of the four students A, B, C and D? If so,
what should be his position?

10

9 B

8

T

5 A

4 ©

3

2

1 D

123456 7 8 910

Columns (O Teacher

Sol. Yes, from the figure we observe that the positions of four students A, B, C and D are
(3,5),(7,9), (11, 5)and (7, 1) respectively i.e., these are four vertices of a quadrilateral. Now,
we will find the type of this quadrilateral. For this, we will find all its sides.

B
A i C
D
Now, AB=+[(7-3f + (9-5)

[by distance formula, d = \/(xz 2, + (Yo — Y )2]

AB =47 + (47 = 16 + 16

AB =42
BC =(11- 77 + (5 9P = J(4F + (- 47
_ 6516 = 42
CD =7 — 112 + (1= 8P == 47 + (- 47
_ 6516 = M2
and DA=(3-7) + (51 = i 47 + (47
_ 616 =42

We see that, AB = BC = CD = DAi.e., all sides are equal.
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Now, we find length of both diagonals.
AC =1/(11- 3P + (5-5 = /(8 + 0 =8

and BD=A7-7F +(1-97 =0+ (-8F =8
Here, AC = BD
Since, AB =BC = CD = DA and AC = BD

Which represent a square. Also known the diagonals of a square bisect each other. So, P be
position of Jaspal in which he is equidistant from each of the four students A, B, C and D.
..Coordinates of point P = Mid-point of AC

5(3”1, 5+ 5) E(E,E)E(m)
2 2 2 2

[since, mid-point of a line segment having points (x;, y;)and (x,, ¥,) =(% 362;”/2)]

Hence, the required position of Jaspal is (7, 5).

Q. 6 Ayush starts walking from his house to office. Instead of going to the office

Sol.

directly, he goes to a bank first, from there to his daughter’s school and
then reaches the office. What is the extra distance travelled by Ayush in
reaching his office? (Assume that all distance covered are in straight lines).
If the house is situated at (2, 4), bank at (5, 8), school at (13, 14) and
office at (13, 26) and coordinates are in km.

Daughter’s school

________________________ > e __2
@, 4) (13, 26)

By given condition, we drawn a figure in which every place are indicated with his coordinates
and direction also.

We know that,

distance between two points (x4, y;)and (x,, ¥»),

d = (e, = 2,7 + (y, - )
Now, distance between house and bank = \/(5 —2 + (8- 4)°
=@ + 4P =9+ 16=+25=5
Distance between bank and daughter’s school
= /13- 57 + (14- 87 = /8 + (67

= /64 + 36 =+100=10
Distance between daughter’s school and office = \/(13 —13)? + (26 — 14)?

=0+ (127 =12

Total distance (House + Bank + School + Office) travelled = 5+ 10 + 12 =27 units
Distance between house to offices = \/(13 —2)? + (26— 4)°

=172 + (227 = 121+ 484

= /605 =24.59 = 24.6 km
So, extra distance travelled by Ayush in reaching his office =27 — 24.6=2.4km
Hence, the required extra distance travelled by Ayush is 2.4 km.
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Introduction ¢
Trigonometry and
its Applications

Exercise 8.1 Multiple Choice Questions (MCQs)

Q. 1 If cosA = % then the value of tanA is

3
= b
(a)5 (b)

@ Thinking Process

(i) First, we use the formula sin® =+/1— cos’@ to get the value of sin®,

smee to get the value of tan®.

(c) (d)

B
[SSHINN
w | U

(i) Second, we use the formulatan @ =
cos

Sol. (b) Given, cosA= 4

5

[--sin A+cos? A=1]
sinA =41-cos® A

L-.sinA:wH—cos‘2 AJ
_ 1_(i)2= /1_@=\E=§
5 25 25 5
3

Now, tanA="""=2="2-

Hence, the required value of tan Ais 3/ 4.
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Q. 2 IfsinA = % then the value of cot A is

1 V3
b) — N2 d)1
b @3 (d)

® Thinking Process

(i) First, we use the formula cos® =+/1—sin’@ to get the value of cos 6.

(@3

(i) Now, we use the trigonometric ratio cot 0 = C(_)See to get the value of cot 6.
sin
Sol. (@) Given, sinA =%
1\
COSA=+1-sin®A= 1_( )
2
= 1—%= %= 23 [ sin® A+ cos? =1=>c0s A = 4/1-sin A]
V3
Now, cotA:C(_)_SAziz\@
sinA 1
2

Hence, the required value of cot Ais V3.

Q. 3 The value of the expression cosec (75° + 0) — sec (15° — 0) — tan (55° + 0)
+ cot (35°—0)is

(@ -1 (b) 0 @1 (d)

N W

® Thinking Process

We see that, the given trigonometric angle of the ratio are the reciprocal in the sense of
sign. Then, use the following formulae

(i) cosec (90° —0) =secO (ii) cot (90° —0) =tan 6
Sol. (b) Given, expression = cosec (75° + 8) — sec (15° — 0) — tan (55° + B) cot (35° — 6)
=cosec[90° — (15° — 8)] — sec (15° — 0) — tan (55° + 6) + cot {90° — (55° + 0)}
=sec (15° - 8) —sec (15° — 6) — tan (55° + 0) + tan (55° + 0)
[+ cosec (90° —0) = sec Band cot (90° — 6) = tan 6]

=0
Hence, the required value of the given expression is 0.
. d .
Q. 4 1fsin6 = b then cos® is equal to
b2_ 2
@2 02 (S il (d) ———
bZ _ a2 a b bZ _ aZ
Sol. (¢) Given, sing=2 [-sin? § + cos? § = 1=>c0s 6 = 4/1—sin’ 6]

b
cos 0 =+/1-sin’0
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Q. 5 If cos(or + B) = 0, then sin (o — B) can be reduced to

(a) cosP (b) cos 2B (c) sina (d) sin 2o
Sol. (b) Given, cos (o + B) = 0 =cos 90° [-cos 90° = (]
= o+ B =90°
= o=290°-P 0
Now, sin (o —B)=sin(90° - - B) [put the value from Eq. (i)]
=sin (90° — 2B)
=cos2pB [ sin (90° — 8) = cos 0]

Hence, sin (o — B) can be reduced to cos2p.

Q. 6 The value of (tan1° tan2° tan3° ... tan89°) is
@0 (b) 1 (©2 d—

@ Thinking Process
Use the transformation tan(90°—0)=cot® from greater than trigonometric angle

tan 45° after that we use the trigonometric ratio, cot 0 :—9.
tan

Sol. (b) tani°-tan2°-tan3°...tan 89°

=tan1°-tan2°tan3°... tan44° - tan 45°- tan 46°... tan 87°-tan 88°-tan 89°
=tan1°-tan2°-tan3°...tan 44° - (1) - tan (90° — 44°)... tan (90° — 3°)-
tan (90° —2°)- tan (90° — 1°) (.- tan 45° =1)
=tan1°-tan2°-tan3° .... tan44° - (1)- cot 44° ...... cot 3°-cot2°-cot1°
[ tan (90° — 0) = cot 0]
1 1 1 10 1]

-+ cotl = 7J

=tan1°.tan2°.tan3°...tan44°(1). . .
tan44°  tan30° tan2° tan1° L tan

=1

Q. 7 If cos 90 = sinow and 901 < 90°, then the value of tan 50 is
1

@7 (b) /3 (©1 (d)o
Sol. (¢) Given, cos9a =sinaand 9o < 90°/.e., acute angle.
sin(90° = 9a)=sina [-cosA =sin(90° — A)]
= 90°-9a =0
= 100 =90°
= o=9°

tan 5o =tan (5 x 9°) = tan 45° =1 [ tan 45°=1]
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Q. 8 If AABC s right angled at C, then the value of cos (A + B) is

1 3
@o (b) 1 (© 3 (d) B
Sol. (@) We know that, in AABC, sum of three angles = 180°

ie., A+ ZB+ £C =180°
Butright angled at C i.e., ZC = 90° [given]

ZA+ ZB+ 90° =180°
- A+ B=090° [+ ZA = A
. cos (A + B)=cos90° = 0 B C

Q. 9 If sinA + sin? A = 1, then the value of (cos? A + cos* A) is
1

(@) 1 (b) 3 (o) 2 (d) 3
Sol. (@) Given, sinA+sin?A=1
= sinA =1-sin? A =cos® A [ sin0 + cos®6 = 1]

On squaring both sides, we get

sin? A=cos A
= 1-cos? A=cos* A
= cos? A+ cos* A=1

Q. 10 If sina = % and cosf} = % then the value of (o + B) is

(@) 0° (b) 30° (c) 60° (d) 90°
. . 1 [ 1]
. d)G , =_ = 30° 30° =
Sol. (d) Given sino > sin [ sin 2J
= o = 30°
1 [ 1]
d =_ = 60° 60° = _
an cos > cos [ cos 2J

= B = 60°
: o+ B = 30° + 60° = 90°

Q. 11 The value of the expression
sin® 22° + sin® 68°
cos? 22° + cos® 68°

(@3 (b) 2 (o)1 (d) o
sin®22° + sin® 68°
cos?22° + cos?® 68°

_ sin°22° + sin*(90° — 22°)

cos?(90° — 68°) + cos?® 68°

PN o 2 o .o i o _ —
_ sm2 22° + 003222 + SN2 63° + Cos63°.Cos 63° [~ sin(90° - ) 903 0]
sin® 68° + cos“ 68° and cos (90° - 6)=sin® J

+ sin 63° + cos 63° sin 27° | is

Sol. (b) Given expression, + sin® 63° + cos 63°sin27°

+ sin® 63° + cos 63°sin(90° — 63°)

+ (sin? 63° + cos? 63°) [ sin® @ + cos? § = 1]

— 4

+1=2
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4 sin® — cosO
Q. 12 If 4 tan® = 3, then (M) is equal to

4 sin® + cosO

@2 (b) 1 © 1 @3
3 3 2 2
Sol. (¢) Given, 4tan® =3
N tane=% )

4 sin®
4sin6—cose= cos 0
4sin@+cos® 4 SIN6

1

cos 6
[divide by cos 6 in both numerator and denominator]
_4tan6 -1 F,., ‘an 6= sin® |
4tan 0 + 1 [ cos 0

4 (ﬁ) -1
- \4) _38-1_2_1 [put the value from Eq. (i)]

Q. 13 If sinB — cosB = 0, then the value of (sin* 8 + cos* 8) is

(@1 (b) = (€)= (d)—
4 2 4
@ Thinking Process

Firstly, from sin © — cos © =0 get the value of . After that put the value of © in the given
expression to get the desired result.

Sol. (c) Given, sin@-cosB=0
= sin@=cos 06 = Slne=1
cos 6
= tan0 =1 [:' tan® = sin® and tan 45° = 11
[ cos 0 J
= tan 0 = tan45°
0 = 45°
Now, sin*@ + cos? 6 =sin* 45° + cos* 45°
4 4
1 1 [ 1]
== +|—= . 8in45° =cos45° = —
(@) (@) | 72
1T 1 2 1
=4 — =—=—
4 4 4 2

Q. 14 sin (45° + 0) — cos (45° — B) is equal to
(@) 2 cosO (b) 0 (c)2sin® (d)1
Sol. (b) sin(45° + B) — cos(45° — )= cos[90°— (45° + 0)] — cos(45°—B) [.- cos(90° — B) = sin 0]
=c0s(45° — 0) — cos(45° — 0)
=0
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Q. 15 If a pole 6 m high casts a shadow /3 m long on the ground, then the
Sun’s elevation is
(@) 60° (b) 45° (c) 30° (d) 90°
Sol. (a) Let BC = 6 m be the height of the pole and AB =2+/3 m be

the length of the shadow on the ground. let the Sun’s makes c{}Sun
an angle 6 on the ground.
. BC
Now, in ABAC, tane =—
AB 6m
6 _ 3 3
= tang=_— =" .Y a [
2J3 V3 43 A 223m B
— 3\/5 — —_ o .. o
= tane—?—\@—taHGO [+ tan 60°= /3]
. 6 =60°
Hence, the Sun'’s elevation is 60°.
Exercise 8.2 Very Short Answer Type Questions
Write whether True or False and justify your answer.
tan47°
Q.12 _,
cot 43°
Sol. True
tan47 _tan (90° — 43°) _ cot 43 -1 [ tan (90° — 6) = cote]

cot43° cot43° cot43°

Q. 2 The value of the expression (cos® 23° — sin? 67°) is positive.

Sol. False
c0s223° — sin 67° = (c0s23° — siN67°) (c0s23° + SiN67°) [~ (@ — b?)=(a - b) (@ + b)]
=[c0s23° —sin (90° — 23°)] (c0s23° + sin67°)
= (c0s23° — c0s23°) (c0s23° + Sin67°) [ sin (90° — 0) = cos 0]
=0-(c0s23° + sin67°)=0
which may be either positive or negative.

Q. 3 The value of the expression (sin 80° — cos 80°) is negative.

Sol. False
We know that, sin® is increasing when, 0°<6<90° and cos6 is decreasing when,
0°<06<90°
sin80° — cos80° > 0 [positive]

Q.4 \/(1 — cos®0) sec?0 =tan6

Sol. True
\/(1 —c0s26)sec?6 = vsin’6-sec?0 [ Sin?0 + cos26 = 1]
= Jsin?6-—__ =+tan?6 = tan6 r-.- sech=_' tan@= sino |
cos” L cos 6 cos eJ
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Q. 5 If cosA + cos? A = 1, then sin A + sin“A =1

Sol. True
" cosA+ cos? A =1
= cosA=1-cos?A=sin’ A [ sin® A+ cos® A =1]
= cos® A=sin* A
= 1-sin? A=sin* A
= sinf? A+ sint A=1 [ cos? A=1-sin? A

Q. 6 (tanb + 2) (2tan® + 1) = 5tan® + sec’ O

Sol. False
LHS =(tan® + 2) 2 tan 6 + 1)
=2tan 0+ 4tan @+ tan @ + 2
=2(sec?0—-1)+ 5tanH+ 2 [ sec? 6 —tan? 0 = 1]
=2sec? B+ 5tan® = RHS

Q. 7 If the length of the shadow of a tower is increasing, then the angle of
elevation of the Sun is also increasing.

Sol. False
To understand the fact of this question, consider the following example
. A tower 2+/3 m high casts a shadow 2 m long on the ground, then C
the Sun’s elevation is 60°.
_AB 243
In AACB, tane—ﬁ—T N3 m
= tan © = /3 = tan60°
6= 60° aA——Lg
Il. A same hight of tower casts a shadow 4m more from preceding
point, then the Sun’s elevation is 30°.
In AAPB, tang=28___AB A
PB PC+CB
_2J3 _243
= tane—4_‘_2—76 NFm
= tane:ﬁ.%:if 0 60°
? 3 33 <“«~—4m—>C<2m->
= tan® = — =tan30°
V3
6 =30

Hence, we conclude from above two examples that if the length of the shadow of a
tower is increasing, then the angle of elevation of the Sun is decreasing.

Alternate Method

False, we know that, if the elevation moves towards the tower, it increases and if its
elevation moves away the tower, it decreases. Hence, if the shadow of a tower is
increasing, then the angle of elevation of a Sun is not increasing.
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Q. 8 If a man standing on a plat form 3 m above the surface of a lake observes
a cloud and its reflection in the lake, then the angle of elevation of the
cloud is equal to the angle of depression of its reflection.

Sol. False
From figure, we observe that, a man standing on a platform at point P, 3 m above the
surface of a lake observes a cloud at point C. Let the height of the cloud from the surface of
the platform is h and angle of elevation of the cloud is 6.

Now at same point P a man observes a cloud reflection in the lake at this time the height of
reflection of cloud in lake is (h+ 3) because in lake platform height is also added to
reflection of cloud.

So, angle of depression is different in the lake from the angle of elevation of the cloud above

the surface of a lake.
CMm h

In AMPC, tan®, = =— = — c T
PM  PM
N tan6, _ 1 ) L
h PM
In ACPM, tan62=%=OC+OM=h+3
PM PM PM
- tan 9, :i (i)
h+3 PM

From Egs. (i) and (ii),
tan6, _ tan®,

h h+3
= tanezz(h+3

) tan 6,

Hence, 0, #0,
Alternate Method

False, we know that, if P is a point above the lake at a distance d, then the reflection of the point
in the lake would be at the same distance d. Also, the angle of elevation and depression from
the surface of the lake is same.

Here, the man is standing on a platform 3 m above the surface, so its angle of elevation to
the cloud and angle of depression to the reflection of the cloud is not same.

: 1 . s
Q. 9 The value of 25in6 can be a+ =, where a is a positive number and a # 1.
a

@ Thinking Process

Use the relation between arithmetic mean and geometric mean ie, AM > GM.

Sol. False
Given, a is a positive number and a # 1, then AM> GM

a+ I 1
= as lga-—- = (a+f)>2
2 a a

[since, AM and GM of two number’s a and b are (a+b) and +/ab, respectively]

= 2sin9>2 r‘.‘28iﬂ9=a+l_]
| al

= sin®>1 [-—1<sin6< ]

which is not possible.

Hence, the value of 2sin @ can not be a + l

a
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2 2
a“+b . L.
Q.10 cos6 = b where a and b are two distinct numbers such thatab > 0.
a
Sol. False
Given, a and b are two distinct numbers such that ab > 0.
Using, AM > GM

a+b

[since, AM and GM of two number a and b are and +/ab, respectively]

2 2
a“+b [2 2
= > 82‘b2

2
= a® + b®>2ab
a’ + b® [ a? + b2 |
= > 1 L C0sS 0=
2ab [ 2ab J
= cos 6> 1 [-—1<cos0<1]
which is not possible.
2 2
Hence, cos 0 # a+b
2ab

Q. 11 The angle of elevation of the top of a tower is 30°. If the height of the
tower is doubled, then the angle of elevation of its top will also be
doubled.

@ Thinking Process

(i) Firstly, we find relation between h and x by putting angle of elevation is 30 in case I.

(i) After that we take double height and taking angle of elevation is 6. Now, use the
relation (i) and get the desired result.

Sol. False
Case | Let the height of the tower is hand BC = x m A
In AABC,
tan30° = £ = ﬁ
N 1 _h (i)
V3« A ]
Case ll By condition, the height of the tower is doubled. i.e., PR = 2h. B x ¢
In APQR, tang= A _2h
X
2 x [ x N
= tanf == x = ~~h=-"-,from Eq. (i)
x 3 I ]
2
= tan®=— =115
NE]

8 =tan™' (115) < 60°
Hence, the required angle is not doubled.
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Q. 12 If the height of a tower and the distance of the point of observation
from its foot, both are increased by 10%, then the angle of elevation of
its top remains unchanged.

Sol. True
Casel Let the height of a tower be h and the distance of the point of A
observation from its foot is x. T
In AABC, ;
tan 61 = & = ﬁ
BC «x
- 6, = tan” (ﬁ) W) BES=EC
X
Case ll Now, the height of a tower increased by 10% = h + 10%0of h = h+ h x 10 _ %
and the distance of the point of observation from its foot = x + 10% of x
10 Tx
=x+xX—=—2
100 10
(1 1h)
In APQR, tan@, = E _\10 P
QR (1 1x)
10
2h
= tan®, = h
X
ya [
= 0, =tan™' (h) iy @ x R
X
From Egs. (i) and (ii),
6, =6,
Hence, the required angle of elevation of its top remains unchanged.
Exercise 8.3 Short Answer Type Questions
Prove the following questions 1to 7.
sin@ 1+ cosO
Q. 1 + — =2 cosecO P
1+ cosO sin®
; F A2 2
Sol. LHS = sin® +1+.oose=sm.e+(1+cose) 11h
1+ cos O sin® sin 6 (1+ cos 6) 1E
P2 2
_sin 9+.1+cos 0+ 2cos0 [-(a+ b)Y =a® + b + 2ab] Q e
sin® (14 cos ) 11x
< —>

_1+1+2cos0
_sin6(1+cose)
_ 2(1+cose) 2
_sin9(1+cose)_sine

[+ sin? 8 + cos?0 =1] 10

=2cosec 0= RHS [ cosecH = 1]

sin®
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Q 9 tanA 3 tanA
T 1+4secA 1-secA
Sol. LHS= tanA ~ tanA _tanA(1-secA—1-secA)
1+secA 1-sec A (1+secA)(1—sec A)
_tan A(—2sec A) _2tanA-sec A
© (d—sec?A)  (sec2 A—1)
(@+b)@a-b)=a°-b?
_2tanA-sec A
A

= 2 cosecA

[-sec? A—tan® A =1 [ sec 0 =

tanA SinA

Q. 3 IftanA = 3 then sinA cosA = 12 .
4 25

@ Thinking Process

Perpendicular

and tan® =

cos 6
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sin®
cos 0

:
|
1]
|

cosec=——

sin®

We know that, tan® = ——————— Now, using Pythagoras theorem, get the value of

Base

hypotenuse. i.e, (Hypotenuse)’ = (Base)> + (Perpendicular)* and then find the value of

trigonometric ratios sin® and cos® and get the desired result.
_ 3 _ P _ Perpendicular

Base

Sol. Given,

Let P=3k and B=4k
By Pythagoras theorem,
H? = P? + B? = (3k)? + (4k)?
= 9k® + 16k? =25k

= H=5k [since, side cannot be negative]
sinA_E_%—§ and CosAzﬁzikzi
H bk bk 5
Now, sinAcosA= 3.4_12
5 25

Q. 4 (sina + cosa) (tanow + cot o) = secow + cosec o

Sol. LHS =(sina + cos o) (tan o + cot o)

. sinot  cosa [ sin®
=(sina + cos o) + = o tanf =
coso  sino cos 0
. sin® a + cos® o
=(sino+coso)| ——M———
sSino - COS o

1
(sino - cos o)
[ sin® 6 + cos® 6 = 1]
1 1
COS o SINo [

=(sino. + cos ) -

cos6

=sec o, + cos o = RHS

andcot 6 =

. sec o= L and cosec 6 = L

3k

9
AT B

Hence proved.

cos 9]
sineJ

1
sin GJ
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Q. 5 (/3+1) (3 cot30°) =tan> 60° — 2sin60°

Sol. RHS = tan’®60° —2sin60° = (+/3)° — 2ﬁ= 3J/3-3=243
LHS = (V3 + 1) (3 - cot30°)= (/3 + 1) - V3)
[ tan 60° = /3 sin 60° = ?and =3+ 1)+/3 (/3 = 1)cot 30° = /3]
=33 -1)=3(3-1)=2V3
LHS =RHS Hence proved.

cot®o
Q.61+ ————=coseco,

1+ cosec
2 2 P2
Sol. LHS =1+ cotto  _y, cos a/§|n o r~.~ cote= 0939 and cosec 0 = —.1 |
1+ coseca 1+ 1/sin o L sin® sin GJ
1+ cos®a  _sino (1+ sino)+ cos® o
sino. (1+ sino) sina (1+ sina)

_sino + (sin® o + cos® o)
sino (1+ sina)

[ sin® 0 + cos®0 = 1]

_ (sino+1) 1
sino (sinot+ 1) sina

[ 1]
. cosec=——
[ sin eJ

=coseco = RHS

Q. 7 tanO + tan (90° — ) = sec 6 sec (90° — 0)

Sol. LHS =tan® + tan (90° — ) [~ tan (90° — 6) = cot 0]
sin® + cos 0
cos® sin®

=tan® + cotb =

=s|n'e+cos 0 f,‘, tano = sin® and cotezcés 0l
sin@cos 6 [ cos 0 smGJ

= ; [ sin® § + cos? § = 1]

sin®cos 6

[ 1 1]

=sec 0 cosecH secd=——andcosO=——
[ coso sin eJ

=sec Bsec (90° —0) = RHS [ sec (90° — 0) = cosec0]

Q. 8 Find the angle of elevation of the Sun when the shadow of a pole hm high
isv/3hm long.

Sol. Let the angle of elevation of the Sun is 6.

Given, height of pole = h
Now, in AABC, A
tan 6 = ﬁ = L
BC /3h i
N tan 6= | =tan30° = 6=30°
V3
Hence, the angle of elevation of the Sun is 30°. B [ ]

V3h
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Q. 9 If /3 tan® = 1, then find the value of sin’ @ — cos® 6.

@ Thinking Process

From the given equation, get the value of © and put the value of © in the given expression,
we get the required value.

SOL Given that, \/§tane=1
1
= tan® = — = tan30°
V3
= 6 =30°
Now, sin®@ — cos? 0 = sin” 30° — cos® 30°
(1) - BY
2 2
4 4 4 4 2

Q. 10 A ladder 15 m long just reaches the top of a vertical wall. If the ladders
makes an angle of 60° with the wall, then find the height of the wall.
Sol. Given that, the height of the ladder =15m

Let the height of the vertical wall = h
and the ladder makes an angle of elevation 60° with the wall i.e., 6 = 60° .

In AQPR, cosee =1 =10 P
PQ 1 /] ‘
1 h
= _=
2 15 15m h
= h=12m. }
2
15 Q LR

Hence, the required height of the wall o m.

Q. 11 Simplify 1+ tan? 6) (1 — sin®) (1 + sind)
Sol. (1+ tan®6)(1—sin®) (1 + sin®) = (1 + tan® 6) (1 — sinH) [-(@a=-b)(@+ b)=a° - b?]
=sec?0-cos’0
[ 1+ tan® 8 = sec? B and cos®6 + sin® O = 1]

= 12 -cos20 =1 r': sech = L1
cos” 0 L cos eJ
Q. 12 1f 25in? 0 — cos? O = 2, then find the value of 6.
Sol. Given, 2sin0 —cos?0 =2
= 2sin’6 —(1-sin @) =2 [-sin? 6 + cos® 0 = 1]
= 2sin® 0+ sing —1=2
= 3sin® 6 = 3
= sin 6 =1 [+sin 90° = 1]
= sin® =1=sin 90°

6 =90°
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cos?(45° + 0) + cos® (45° — 6) B
tan (60° + 0) tan (30° — )

_ cos” (45° + 6) + cos® (45° — 6)
tan (60° + 0) - tan (30° — 6)
_ cos® (45° + 6) + [sin {90° — (45° — )}
tan (60° + 0) - cot {90° — (30° —0)}
[ sin (90° — B) = cos 6 and cot (90° — 0) = tan 6]

Q. 13 Show that

Sol. LHS

_ cos” (45° + 6) + sin® (45° + 6)
tan (60° + 0) - cot (60° + 0)

= 1 . =1=RHS [-cot®=1/tan6]
tan (60° + 0) ————
tan (60° + 0)

[ sin® 0 + cos?6 = 1]

Q. 14 An observer 1.5 m tall is 20.5 m away from a tower 22 m high.
Determine the angle of elevation of the top of the tower from the eye of
the observer.

Sol. Let the angle of elevation of the top of the tower from the

eye of the observe is 6
Given that, AB=22m,PQ=15m=MB
and QB=PM =205m
= AM = AB - MB
=22-15=205m
Now, in AAPM,  tane =M _205 _
PM 205
= tan ® = tan45° E
0= 450 Q 205m i

Hence, required angle of elevation of the top of the tower from the eye of the observer is 45°.

Q. 15 Show that tan® 6 + tan? @ = sec* 6 — sec’ 6.

Sol. LHS =tan* 6+ tan? 6 =tan® 0 (tan’ 6 + 1)
=tan’ 0-sec?0 [ sec®0 =tan’6 + 1]
=(sec®0—1)-sec? 0 [ tan®6 = sec®0 — 1]
=sec? 0 -sec? 6=RHS



218

Exercise 8.4 Long Answer Type Questio
2 —
Q. 1 If cosec 6 + cot © = p, then prove that cos6 = P 1.
p2 +1

@ Thinking Process

NCERT Exemplar (Class X) Solutions

ns

Reduce the given equation into sin® and cos® and simplify it. In simplification form, we

use the componendo and dividendo rule to get the desired result.

Sol. Given, cosec B+ cot8=p
= L CC.JS 0 = r'.' cosec 0 = L andcot 0 = cgs 0
sin®  sin® L sin® smeJ
N 1+ .COS 0 _p
sin@ 1
= w ’O— [take square on both sides]
sin“ 0 1
1+cos’0+2cos0 _ p°
4 — =
sin 0 1

Using componendo and dividendo rule, we get
(1+cos® 0+ 2cos6) —sin" 6 _ p” -1
(1+cos?0+2cos0) +sin?0 p°+1

- 1+ cos® 0 + 2cos 8 — (1-cos’6) _ p° -1
1+2cos 0+ (cos’0 +sin0)  p° + 1

- 2.cos” 0 +2cos0 _ p° -1
2+2cos6 o+ 1

. 2cos@(cos®+1) _ p° -1
2 (cos 6+ 1) o + 1

cos 0= p§—1

p-+1

Q. 2 Prove that \/secz 0 + cosec’® = tan 0 + cot 6.

Sol. LHS =./sec’6 + cosec?®

[ sin® 0 + cos? 6 = 1]

Hence proved.

= 1 L r'.' sec 0= and cosec 0 = L1
cos®®  sin’0 [ cos 0 sin eJ
sin”8 + c0s”6 _ [.-sin®6 + cos®0 = 1]
sin®@-cos®0 sin®0-cos®0
_ sin’6 + cos”6 [+1=sin’0 + cos® 6]
sm 0-cos 9 sin©-cos 0
_sin’e cos®0
sin®-cos® sin ©-cos O
_ sin® cgse F"' tano = sin® and cot © = coso |
cosH  sind [ cos 0 sin GJ

=tan® + cot 6 = RHS
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Q. 3 The angle of elevation of the top of a tower from certain point is 30°. If
the observer moves 20 m towards the tower, the angle of elevation of the

top increases by 15°. Find the height of the tower.

@ Thinking Process

(i) First, we drawn a right angle triangle from the given information in the question.
(i) Now, apply the suitable trigonometric ratio corresponding to given sides in the
triangle and get the required value of which we want.

Sol. Let the height of the tower be h.

also,

Given that,
and

Now, in APSR,

=

=

Now, in APQR,

=

=

SR=xm, ZPSR =6

QS =20m
ZPQR = 30°
PR _h

tan 6= —=—
X

tanezﬁ

tan30° = PR__PR
QR QS +SR
h
20+ x
h h

tan30° 1/4/3
20+ x = /3

tan30° =

20+ x =

20+ 1 —ns3

tan 0

I
1

30°
o R

<«—20mM—»S «—xm—-

0)

~..(iiy [from Eq. (i)]

Since, after moving 20 m towards the tower the angle of elevation of the top increases by

15°.
ie.,
=

I}

=

=

Hence, the required height of tower is 10 (+/3 + 1)m.

ZPSR =6 = ZPQR + 15°

6 =30°+ 15 =45°
h

2

20 + =hJ3
tan45°
20+?=h\/§
20=hJ3-h
h(“/3-1)=20
20 3+1
CV3-1 V3+1
_20(\3+ 1) _20(W3+ 1)
=S
=103+ 1)m

[from Eq. (i)]

[by rationalisation]
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Q. 4 1f 1+ 5in’ 6 = 35in6 cos6, then prove that tan® = 1 or %

@ Thinking Process

(i) First we reduce the given equation, with the help of trigonometric ratio and identities
in the form of cot 6.

(i) Now, factorise the quadratic equation in cot 0 by splitting the middle term and get
the desired result.

Sol. Given, 1+ sin® = 3sin0-cos O
On dividing by sin® 6 on both sides, we get
12 +1=3-cot6 r'.'cotezcliW
sin“ 6 L smGJ
= cosec® @+ 1=3-coth [cosece = 41
I o]
sin
= 1+cot?0+1=3-coto [.-cosec? 6 —cot? § = 1]
= cot?0—3cot0+2=0
= cot? 9 —2cot®—cotf+2=0 [by splitting the middle term]
= cotf(cot6—-2)—-1(cot6-2)=0
= (cot6—-2)(coto—-1)=0 = coto=1 or 2
= tan6=1 or 1 r-.- tanezL1
2 L cot eJ

Hence proved.

Q. 5 If sin@ + 2 cos® = 1, then prove that 2 sin — cos6 = 2.

@ Thinking Process

Squaring both sides the given equation and use the identity sin’® + cos”@ =1to change
sin’@ into cos’ 8 and vice-versa. Finally use the identity (a —bY =a’ + b’ —2ab and get
the desired result.
Sol. Given, sin@+2cos6=1
On squaring both sides, we get
(sin® + 2 cos 6)° =1
sin? @+ 4cos® 0+ 4sin0-cosH=1

=

= (1-cos?0)+ 4(1—-sin?B) + 4sin6-cos O =1 [ sin® 0 + cos? § = 1]
= —cos? 0 — 4sin®0 + 4sinB-cos 6 =— 4

= 4sin® 0 + cos?0 — 4sinH-cos B = 4

= 2sin®—cos0) =4 [-a2 + b? —2ab =(a - b?]
= 2sin6—-cosH=2 Hence proved.

Q. 6 The angle of elevation of the top of a tower from two points distants and t
from its foot are complementary. Prove that the height of the tower is ~/st.
@ Thinking Process

Use the concept of complementary angles in the angle of elevation. i.e, if two anlges are
complementary to each other, then the sum of both angles is equal to 90°.

= o +pf=90°
where, o.=0 and B=(90°-0)
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Sol. Letthe height of the tower is h.

and ZABC =6

Given that, BC =s,PC =t

and angle of elevation on both positions are complementary.
ie., ZAPC =90° -6

[if two angles are complementary to each other, then the sum of both angles is equal to

90°.]
Now in AABC, tan® = AC _h ()
BC s
and in AAPC
AC
tan (90° - 0) = — ~tan (90° -0 )=cot 0
( ) e [ ( ) ]
= cotO = tﬁ
N T _h r-.- coto = 1 (i)
tan® t l tan GJ
On, multiplying Egs. (i) and (i), we get
1 h h
tang ——— =—. —
tan®@ s t
h2
= _ =
st
= h® =st
= h=+/st
So, the required height of the tower is /st . Hence proved.

Q. 7 The shadow of a tower standing on a level plane is found to be 50 m
longer when Sun’s elevation is 30° than when it is 60°. Find the height of
the tower.

® Thinking Process

Consider the shadow of the tower be x m when the angle of elevation in that position is
60°, when angle of elevation is 30°, then the distance becomes (50 + x) m. Now, apply

suitable trigonometric ratios in the triangle and get the desired result.
Sol. Let the height of the tower be hand RQ = x m

Given that, PR =50m
and ZSPQ = 30°, £SRQ = 60°
Now, in ASRQ, tan60° = g
RQ
= f:ﬁ = x:i ()

x 3
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and in ASPQ, tan30°=£= SQ __"h
PQ PR+RQ 50+ «x
S£¥Sun
hm
30° 60° \
P 50m R xm Q
= A __h
J3 50+ «x
= V3 -h=50+x
h .
J3-h=50+—— from Eq. (i
= 7 [ q. ()]
= (Jf—j?h=50
= Mh:&)
3
j_ 50V3
2
h=25/3m

Hence, the required height of tower is 25v/3 m.

Q. 8 A vertical tower stands on a horizontal plane and is surmounted by a

Sol.

vertical flag staff of height h. At a point on the plane, the angles of
elevation of the bottom and the top of the flag staff are o and B

. ) ) htano
respectively. Prove that the height of the tower is | ———— |.
tan B — tana
Let the height of the tower be Hand OR = x
Given that, height of flag staff = h = FP and £ZPRO =«, £LFRO =j3
Now, in APRO, tano = @ = ﬂ
RO «x
= x = H ()
tano
and in AFRO, tanB = % - FP;OPO r
ht H flag staﬁ‘}7
tan =
x P
h+H .
= X = (i)
tan B &
From Egs. (i) and (ii),
H _h+H B J
tanoe  tanp A ~ 0
= Htanp = htano + Htana
= Htanp — Htano = htana
= H(tanP - tana) = htano. = H=_ htana
tanP — tano
Hence the required height of tower is _ htano Hence proved.

tanp —tana
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2

+1

Q. 9 Iftan® + sec 6 = |, then prove that sech = 1

® Thinking Process
Firstly, we find the value of (tan® — sec®). By using identity sec’® —tan’@ =1and get the
desired result. If sec® +tan@ =a

1
= sec® —tanO=—
a

Sol. Given, tan 0 +secO=1 ()
[multiply by (sec 6 — tan 6) on numerator and denominator LHS]
(tan® + sec 6) (sec 6—tan6) _ , _ (sec” 6 —tan” 0) _

(sec 6 —tan ) (sec 6 — tan 0)
N L =1 [-sec? 6 —tan® 6 = 1]
sec 6 —tano
- sece—tanezll (i
On adding Egs. (i) and (i), we get
2sec 0=1/+ 1
l
2
= sec b= 7+ 1 Hence proved.

Q. 10 IfsinO®+ cosO = p and sec6 + cos ec 6 = g, then prove that
q(p® - 1) =2p.
@ Thinking Process

(i) Firstly we will get the value of sin® - cos© with the help of given both equation.

(i) Now, squaring both sides of the equation sin® + cos® =p and put the value of
sin® - cos 0. Finally simplify it and get the desired result.

Sol. Given that, sin6+cosB=p (D)
and sec 0+ cosec 6=q
1 1 [ 1]
= + —=q " sec o= and cosec 6 = ——
cos® sin6 [ cos 6 sin GJ
sin® + cos 6
= [ ————
sin®.cos 6
- __h =q [from Eq. (i)]
Sin@-cos 0
- sin®-cosg =P [from Eq. ()]...(i)

q
sind + cosO = p
On squaring both sides, we get

(sin® + cos 0)° = p?

=  (sin’8 + cos®0) + 2sin 6.cos B = p° [ (a+ b)? =a® + 2ab + b?]

= 1+ 2sin0-cos 6 = p° [-sin%0 + cos26 = 1]

= 1+2.P=p? [from Eq. (ii)]
q

= q+2p=pq = 2p=pqg-q

U

q(p® =1)=2p Hence proved.
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Q. 11 If asin0 + bcosB = ¢, then prove that a cos® — b sin® = \/a® + b? — 2.

Sol. Given that, asin@+ bcosB=c
On squaring both sides,
(a-sin®+ cos 0-b)*> =c?
a’sin0 + b?cos?O + 2absin@-cosO=c?  [-(x + y)° =x° + 2ay + )]
a’(1—cos?0)+ b2(1 —sin’6) + 2ab sin®-cos 6 =c? [-sin%0 + cos®6 = 1]
a® —a’ cos?0 + b? — b®sin?@ + 2absin®-cos O =c?
a’ + b? —c? =a%cos?6 + b?sin’H — 2absin-cos O
(@ + b? —c?)=(acos 0 — bsin ) [ a® + b%> —2ab = (a - b)?]
(acos @ —bsing)? =a’ + b? —c?

acos - bsin®=a’ + b*> —c? Hence proved.

1+ secH —tan6 1 sin®

1+ secO + tan0O cosO
1+secH—tan0

L R

Q. 12 Prove that

Sol. LHS=—"—""~"~"— = —
1+secO+ tan®
_ 1+ 1/cos® —SIII’IG/COSG F._. cec 6 and tan — sin® |
1+ 1/cos8 + sinB/cos6 [ cos 0 cos 0
26 . 0 0
_Ccos@+1-sin _ (cosB+1)—sin6 _ 2cos 2 28'“5' cos5
cosO+ 1+sin® (CosO+1)+siN0 5.5629 4 ogin®.cos®
2 2
r'.' 1+ cos 0 = 2cos? 9 and sin 6= QSiHQCOSQ_I
| 2 22
26082 9 _ 28in§v cosg 20039(003g —sing)
_ 2 > o _ o2 T2
2c0s?? 4+ 2gin?. cosg 2c0s?(cos? +sin?
2 2 2 2 2 2

COSQ - Sing (COSg - Sil’]g)
2 2o, \ 2 2

[ by rationalisation]

Cosg + sing cosg - sing
2 2 2

2
2
(oos_ sm
= [ (@a—-b) =a®+ b?-2aband(a-b) (a+b) = (a°> - b?)]
(cos 28 _ e)
2 2
(Cos2 9 L sin? Q) - (23in§~cosg)
= 2 2 2 2 r-.- cos?® —sin? @ = cos 91
cos© L 2 J
= 1(:088'29 [:'sn + cos® = 1}

=RHS Hence proved.
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Q. 13 The angle of elevation of the top of a tower 30 m high from the foot of

another tower in the same plane is 60° and the angle of elevation of
the top of the second tower from the foot of the first tower is 30°. Find
the distance between the two towers and also the height of the tower.

Sol. Let distance between the two towers = AB=x m
and height of the other tower = PA=h m
Given that, height of the tower = QB = 30 m and ZQAB = 60°, £PBA = 30°

Now, in AQAB,  tan60° = Q@B _30 Q
AB x
30
= J3 ; b
30
x=30.¥8_80V3 4o T m
and in APBA, l 4 3
tan3oe = PA N A - gl
AB «x
= Lo h [ox=10/3m]
J3 1043 :
= h=10m

Hence, the required distance and height are 103 m and 10 m, respectively.

Q. 14 From the top of a tower h m high, angles of depression of two objects,
which are in line with the foot of the tower are o and B (B > o). Find the

distance between the two objects.

Sol. Letthe distance between two objects is x m.
andCD =ym.
Given that, ZBAX =o = £ZLABD,
ZCAY =B = LACD
and the height of tower, AD=hm

[alternate angle]
[alternate angle]

Now, in AACD,
AD h
tanf=—=—
CD vy
- __h )
tanp
and in AABD,
AD AD
tano = — =
BD BC +CD
= tano = =>x+y= h
xX+y tano
h .
tano
From Egs. (i) and (ii),
h h
— = —-X
tanfp tana
h h
XxX=— - —
tana.  tanp
N L h (cota. — cotP) r‘.’ cot 6 = L1
tana  tanP [ tan OJ

which is the required distance between the two objects.

Hence proved.
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Q. 15 A ladder against a vertical wall at an inclination o to the horizontal. Its
foot is pulled away from the wall through a distance p, so that its upper
end slides a distance g down the wall and then the ladder makes an

Sol.

angle [ to the horizontal. Show that

@ Thinking Process

p _cosP—cosa

q sino —sinB’

(i) First, we draw a figure in which the both positions of ladder are shown. In required

figure generate two triangles.
(i) In first position, when ladder makes

an angle of elevation is o,we use the

trigopnometric ratios sin® and cos® and get the vertical and horizontal height

respectively.

(iii) In second position, when ladder makes an angle of elevation is 3, due to its past is
pulled away from the wall, we use again the trigonometric ratios sin® and cos® and

get the another vertical and horizontal
ladder is same.

(iv) Now, we find the value of p and g with
desired result.

height respectively. In both case length of

the help of steps (ii) and (iii) and get the

[+ AB=SQ]...(ii)

[+ AB=SQ]...(\)

(V)

Let OQ=xandOA=y
Giventhat, BQ =q,SA =P and AB=SQ = Length of ladder
Also, /BAO =a.and £ZQSO =
Now, in ABAO,
coso = OA
AB
= coso =
AB
= y=ABcos o =0A
and sino = 08
AB
= OB =BAsina
Now, in AQSO
cosf = %
SQ
= OS =SQcos B = ABcos B
o 0Q
and sinf ==—
SQ
= 0OQ =SQsinp = ABsinf
Now, SA=0S - AO
P = ABcos 3 — ABcos o
= P = AB(cos 3 —cos o)
and BQ =B0O -QO
= g = BAsina — ABsin
= g = AB(sina. —sinf)

Eq. (v) divided by Eq. (vi), we get

(Vi)

_ AB(cosP —cosa) _ cosf —cosa

AB (sina. —sinB)
_cosP —cosa
sino. —sinf

sina —sinf

Hence proved.
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Q. 16 The angle of elevation of the top of a vertical tower from a point on the
ground is 60° From another point 10 m vertically above the first, its
angle of elevation is 45°. Find the height of the tower.

Sol. Let the height the vertical tower, OT = H

and OP=AB=xm
Given that, AP =10m
and ZTPO = 60°, ZTAB = 45°
. ., OT H
Now, in ATPO, tanB0° = —_ ="
X
= \/—:ﬂ
X
H .
= X =— {
7 (i)
and in ATAB, tanase = 18 - H =10
B x
= 1=H=10 & v—H-10
X
= H _H-10 [from Eq. ()]
V3
H 1
= H-'_=10 = H|1-—|=10
NE) ( 3)
J3-1
= H|———[=10
%
1043 /3 +1 o
H= . by rationalisation
V3-1 J3+1 lby ]
_10V3(/3+1)_10/3(/3+1)
3-1 2
= =53 (/3 + 1)=51/3 + 3)m.

Hence, the required height of the tower is 5 (+/3 + 3)m.

Q. 17 A window of a house is h m above the ground. Form the window, the angles
of elevation and depression of the top and the bottom of another house
situated on the opposite side of the lane are found to be o and B,
respectively. Prove that the height of the other house is h(1+tano cot ) m.

Sol. Let the height of the other house = 0Q = H
and OB=MW =xm Q _

Given that, height of the first house = WB = h = MO .
and ZQWM =o, ZOWM =3 = LZWOB <
[alternate angle] T
Now, in AWOB tanp="B_h W@
, ) 0B = (Wmdow)[ i Py Pttt M H
= x = L 0!
tan h h
And in AQWM, tano = am = 0Q - mo J 1
V/—\//M . wMm B o 0
= tano = ——
X
= x=H=h (ii)
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From Egs. (i) and (ii),

L

h _H-h
tanfp tana
htano =(H-h)tanp

htano = HtanP — htanB
Htan B = h(tan o + tan B)

H=h
tan B

=h|1+ tano-——
tan B

tana + tan P

1

Hence, the required height of the other house is h (1 + tano.-cot B)

J: h(1+ tana-cot B) {

Hence proved.

Q. 18 The lower window of a house is at a height of 2 m above the ground and
its upper window is 4 m vertically above the lower window. At certain
instant the angles of elevation of a balloon from these windows are
observed to be 60° and 30°, respectively. Find the height of the balloon
above the ground.

Sol. Letthe height of the balloon from above the ground is H.
Aand OP=w,R=wQ=x
Given that, height of lower window from above the ground = w,P =2 m=OR

Helght of upper window from above the lower window = w, w, = 4m = QR

BQ=0B - (QR+RO)
=H - (4 + 2)
=H -6
and ZBw; Q = 30°
= ZBw,R = 60°
Now, in ABw,R,
tan60° BR _BQ+QR
wW,R x
- J3 (H-6)+4
X
N =12
3 12
and in ABw,Q,
tan30° = Ba
w,Q
H-6_ 1
tan 30° = — Wa
x f
= x=v3(H i) p
From Egs. (i) and (ii),
J3(H-6) = _(H )
3(H-6)= H—2= 3H-18=H-2
= 2H=16 => H=8

So, the required height is 8 m.
Hence, the required height of the ballon from above the ground is 8 m.

30°

upper
Wlﬁgo

xm

60" ——x ——

Lower
window

} xm

Balloon

(H-6)

Hm




Circles

Exercise 9.1 Multiple Choice Questions (MCQs)

Q. 1 If radii of two concentric circles are 4 cm and 5 cm, then length of each
chord of one circle which is tangent to the other circle, is
(@3 cm (b) 6 cm (©09cm (d)1cm
Sol. (b) Let O be the centre of two concentric circles C, and C,, whose radii are , = 4cmand
r, = 5cm Now, we draw a chord AC of circle C,, which touches the circle C, at B.

Also, join OB, which is perpendicular to AC. [Tangent at any point of circle is
perpendicular to radius throughly the point of contact]

Now, in right angled AOBC, by using Pythagoras theorem,
0C?=BC*?+B0O*?
[ (hypotenuse)? = (base)? + (perpendicular)?]
= 52 =BC? + 42
= BC? =25-16=9 = BC = 3cm
Length of chord AC=2BC=2x3=6cm

Q. 2 In figure, if ZAOB = 125°, then £COD is equal to

(a) 62.5° (d) 55°
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Sol. (d) We know that, the opposite sides of a quadrilateral circumscribing a circle subtend
supplementary angles at the centre of the circle.

ie. ZAOB + £COD =180°
= £COD =180° - ZAOB
=180° — 125° = 55°

Q. 3 In figure, AB is a chord of the circle and AOC is its diameter such that
ZACB =50°. If AT is the tangent to the circle at the point A, then ZBAT
is equal to

©)
Y

A T
(a) 45° (b) 60° (c) 50° (d) 55°
Sol. (¢) Infigure, AOC is a diameter of the circle. We know that, diameter subtends an angle
90° at the circle.
So, ZABC =90°
In AACB, LA+ 4B+ £ZC =180°
[since, sum of all angles of a triangle is 180°]
ZA+ 90° + 50° =180°
ZA +140=180
ZA=180° —140° = 40°
ZAor ZOAB = 40°
Now, AT is the tangent to the circle at point A. So, OA is perpendicular to AT.

Ll

o ZOAT =90° [from figure]
= ZOAB + ZBAT = 90°

On putting £ZOAB = 40°, we get

= ZBAT =90° — 40° = 50°

Hence, the value of ZBAT is 50°.

Q. 4 From a point P which is at a distance of 13 cm from the centre 0 of a circle
of radius 5 cm, the pair of tangents PQ and PR to the circle is drawn. Then,
the area of the quadrilateral PQOR is

(@) 60 cm’ (b) 65 cm’ (c) 30 cm? (d) 32.5 cm?
Sol. (a) Firstly, draw a circle of radius 5 cm having centre O. Pis a point at a distance of 13 cm

from O. A pair of tangents PQ and PR are drawn.
Q

5cm

13cm
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Thus, quadrilateral PQOR is formed.

g oQ LQP

In right angled A PQO, OP? =0Q? + QP?
= 13% = 5° + QP?

= QP? =169 -25=144
= QP =12cm

Now, area of AOQP = % x QP x QO

:%x12><5=300m2

Area of quadrilateral QORP =2 AOQP

=2 x 30=60cm?

231

[since, AP is a tangent line]

Q. 5 At one end A of a diameter AB of a circle of radius 5 cm, tangent XAY is
drawn to the circle. The length of the chord CD parallel to XY and at a
distance 8 cm from A, is

(@ 4 cm
(c) 6 cm

(b) 5 cm
(d) 8 cm

Sol. (d) First, draw a circle of radius 5 cm having centre O. A tangent XY is drawn at point A.

A chord CD is drawn which is parallel to XY and at a distance of 8 cm from A.

Now,

ZOAY = 90°

[Tangent and any point of a circle is perpendicular to the radius through the point of

=
Also,

AOAY + AOED =180°
AOED =180°
AE =8cm. JoinOC

Now, in right angled AOEC, OC2=0E?+EC?

=

Hence,

EC?=0C?-0E?
-52_32
[~ OC =radius = 5cm, OF
=25-9=16
EC =4cm
length of chordCD =2 CE =2 x 4=8cm

contact]
[ sum of cointerior is 180°]

[by Pythagoras theorem]

=AE - AO=8-5=3cm]

[since, perpendicular from centre to the chord bisects the chord]
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Q. 6 In figure, AT is a tangent to the circle with centre O such that OT =4 cm
and Z£0TA = 30°. Then, AT is equal to

0]
4o
30°
A T
(@ 4 cm (b) 2 cm (©) 2/3 cm (d) 4+/3 cm

Sol. (¢) JoinOA.

We know that, the tangent at any point of a circle is perpendicular to the radius through
the point of contact.

- ZOAT = 90°
In AOAT, cos 30° = AT
oT o
V3 AT !
- 2 4 | Lom
- AT =243 cm - 30 T

Q. 7 In figure, if 0 is the centre of a circle, PQ is a chord and the tangent PR at P
makes an angle of 50° with PQ, then ZP0Q is equal to

P R

Q

(@) 100° (b) 80° (c) 90° (d) 75°
Sol. (a) Given, ZQPR = 50°

We know that, the tangent at any point of a circle is perpendicular to the radius through
the point of contact.

Z0PR = 90°

= Z0PQ + ZQPR =90° [from figure]
= Z0PQ =90° — 50° = 40° [ ZQPR = 50°]
Now, OP =0Q = Radius of circle
: Z0QP = Z0PQ = 40°

[since, angles opposite to equal sides are equal]
In AOPQ, Z0+ £ZP+ £Q =180°

[since, sum of angles of a triangle = 180°]

= 20 =180° — (40° + 40°) [ 4P =40° = £Q)]

=180° — 80° = 100°
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Q. 8 In figure, if PA and PB are tangents to the circle with centre O such that
2 APB = 50°, then Z0AB is equal to

A
N
P <3
/
B
(@) 25° (b) 30° (c) 40° (d) 50°
Sol. (a) Given, PA and PBare tangent lines.
: PA=PB
[since, the length of tangents drawn from an external point to a circle is equal]
- ZPBA = /PAB=9 [say]
In APAB, LP+ LA+ £ZB=180°
[since, sum of angles of a triangle = 180°]
= 50° + 0+ 6=180°
= 20 =180° — 50° = 130°
= 0 = 65°

Also, OA LPA

[since, tangent at any point of a circle is perpendicular to the radius through the
point of contact]

ZPAO = 90°

ZPAB + £ZBAO = 90°

65° + £ZBAO = 90°
ZBAO =90° - 65° = 25°

LUy

Q. 9 If two tangents inclined at an angle 60° are drawn to a circle of radius
3 cm, then the length of each tangent is

(@) %\/5 cm (b) 6cm (c) 3 cm d) 343 cm

Sol. (d) Let P be an external point and a pair of tangents is drawn from point P and angle
between these two tangents is 60°.

Join OA and OP.

Also, OP is a bisector line of Z APC.

£ APO = £ CPO = 30°
Also, OA L AP

Tangent at any point of a circle is perpendicular to the radius through the point of
contact.
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In right angled AOAP, tangoe = 9A - 8
AP AP
N 1 _3
J3 AP
= AP = 3/3cm

Hence, the length of each tangent is 3+/3 cm.

Q. 10 In figure, if PQR is the tangent to a circle at Q whose centre is 0, ABis a
chord parallel to PR and ZBQR = 70°, then £AQB is equal to

A B

(a) 20° (b) 40° (c) 35° (d) 45°
Sol. (b) Given, AB|| PR

P Q R
ZABQ = £ZBQR =70° [alternate angles]
Also, QD is perpendicular to ABand QD bisects AB.
In AQDA and AQDB, ZQDA = ZQDB [each 90°]
AD = BD
QD=QD [common side]
. AADQ = ABDQ [by SAS similarity criterion]
Then ZQAD = ZQBD [CPCT] ...(I)
Also ZABQ = £BQR [alternate interior angle]
ZABQ =70° [+ £ZBQR =70
Hence, ZQAB =70° [from Eq. (i)]

Now, in A ABQ, LA+ ZB+ £Q =180°
= Z£Q =180° — (70° + 70°)= 40°
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Exercise 9.2 Very Short Answer Type Questions

Q. 1 If a chord AB subtends an angle of 60° at the centre of a circle, then angle
between the tangents at A and B is also 60°.

Sol. False
Since a chord AB subtends an angle of 60° at the centre of a circle.
ie. £ AOB = 60°
As OA = OB = Radius of the circle
: Z0AB = ZOBA = 60°
The tangent at points A and Bis drawn, which intersect at C. .
We know, OA L AC and OB L BC.
- ZOAC =90°, ZOBC = 90° A v B
= ZOAB + ZBAC = 90°
and ZOBA + ZABC = 90°
= ZBAC =90° — 60° = 30°
and ZABC =90° - 60° = 30° Do
In AABC, ZBAC + £CBA + ZACB =180°
[since, sum of all interior angles of a triangle is 180°]
= ZACB =180° —(30° + 30°)=120°

Q. 2 The length of tangent from an external pointP on a circle is always greater
than the radius of the circle.

Sol. False

Because the length of tangent from an external point P on a circle may or may not be greater
than the radius of the circle.

Q. 3 The length of tangent from an external point P on a circle with centre O is
always less than OP.
Sol. True
PT is a tangent drawn from external point P. Join OT.
OT LPT

So OPT is a right angled triangle formed.
In right angled triangle, hypotenuse is always greater

than any of the two sides of the triangle. P
o OP> PT

or PT <OP T

Q. 4 The angle between two tangents to a circle may be 0°.

Sol. True
This may be possible only when both tangent lines coincide or are parallel to each other.
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Q. 5 If angle between two tangents drawn from a pointP to a circle of radius a
and centre 01s 90°, then OP = a+/2.

Sol. True
From point P, two tangents are drawn. T
Given, OT=a

Also, line OP bisects the ZRPT.
: ZTPO = ZRPO = 45°

Also, OT LPT ASE
In right angled AOTP, sin45° = o1
OoP
1 a R
= — =2 S 0P=a2
V2 OP

Q. 6 If angle between two tangents drawn from a pointP to a circle of radius a
and centre 0 is 60°, then OP = a+/3.

Sol. False
From point P, two tangents are drawn.
Given, OT =a

Also, line OP bisects the ZRPT.

ZTPO = ZRPO = 30°
Also, OT LPT

In right angled AOTP,

sin30° =g
OoP

1 a

= =
2 OP

= OP =2a

Q. 7 The tangent to the circumcircle of an isosceles AABC at A, in which
AB = AC, is parallel to BC.

Sol. True
Let EAF be tangent to the circumcircle of A ABC.
E A F
B C
To prove EAF || BC
ZEAB= £ABC
Here, AB= AC
= ZABC = ZACB . ()

[angle between tangent and is chord equal to angle made by chord in the alternate
segment]
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-~ Also, ZEAB= ZBCA ()
From Egs. (i) and (i), we get

ZEAB= ZABC
= EAF|| BC

Q. 8 If a number of circles touch a given line segment PQ at a point A, then

Sol.

their centres lie on the perpendicular bisector of PQ.

False
Given that PQ is any line segment and S, S,, S5, S,, ... circles are touch a line segment PQ
at a point A. Let the centres of the circles S, S,, S5, S,, ... be C,,C,, C5, C,,... respectively.

P

To prove Centres of these circles lie on the perpendicular bisector of PQ.

Now, joining each centre of the circles to the point A on the line segment PQ by a line
segmentie., C,A C,A C;A C,A,...soon.

We know that, if we draw a line from the centre of a circle to its tangent line, then the line is
always perpendicular to the tangent line. But it not bisect the line segment PQ.

So, C/ALPQ [forS,]
C,ALPQ [forS,]
C,ALPQ [forS,]
C,ALPQ [forS,]
...soon.

Since, each circle is passing through a point A. Therefore, all the line segments
C,A C,A C;A C,A,..., soon are coincident.

So, centre of each circle lies on the perpendicular line of PQ but they do not lie on the
perpendicular bisector of PQ.

Hence, a number of circles touch a given line segment PQ at a point A, then their centres lie

Q. 9 If a number of circles pass through the end points P and Q of a line

Sol.

segment PQ, then their centres lie on the perpendicular bisector of PQ.

True i

We draw two circle with centres C, and C, passing through the

end points P and Q of a line segment PQ. We know, that

perpendicular bisectors of a chord of a circle always passes ﬁ
through the centre of circle. p N u /\ Q

Thus, perpendicular bisector of PQ passes through C, and C,. ——
Similarly, all the circle passing through PQ will have their centre on

perpendiculars bisectors of PQ.



238 NCERT Exemplar (Class X) Solutions

Q. 10 ABis a diameter of a circle and AC s its chord such that ZBAC = 30°. If
the tangent at Cintersects AB extended at D, then BC =BD.

Sol. True
To Prove, BC = BD

Join BC and OC.
Given, Z/BAC = 30°
= Z£BCD = 30°
[angle between tangent and chord is equal to angle made by chord in the alternate
segment]
ZACD = ZACO + £0OCD = 30° + 90° = 120°
[+OC LCDandOA =0C = radius = ZOAC = £ZOCA = 30°]
In A ACD, ZCAD + £ACD + £ADC =180°
[since, sum of all interior angles of a triangle is 180°]
= 30° + 120° + £ ADC =180°
= ZADC =180° — (30° + 120°) = 30°
Now, in ABCD £BCD = «BDC = 30°
= BC =BD

[since, sides opposite to equal angles are equal]

Exercise 9.3 Short Answer Type Questions

Q. 1 Out of the two concentric circles, the radius of the outer circle is 5 cm and
the chord AC of length 8 cm is a tangent to the inner circle. Find the
radius of the inner circle.

Sol. LetC,andC, be the two circles having same centre O. AC is a chord which touches the C,
at point D.

Co

Ay
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Join OD.
Also, OD 1L AC
AD=DC =4cm [perpendicular line OD bisects the chord]
In right angled AAOD, OA? = AD? + DO?

[by Pythagoras theorem, i.e., (hypotenuse)® = (base)’ + (perpendicular)?]
= DO? =52 — 4?

=25-16=9

= DO =3cm

..Radius of the inner circle OD = 3cm

Q. 2 Two tangents PQ and PR are drawn from an external point to a circle with
centre 0. Prove that QORP is a cyclic quadrilateral.
Sol. Given Two tangents PQ and PR are drawn from an external point to a circle with centre O.
R

Q
To prove QORP is a cyclic quadrilateral.
proof Since, PR and PQ are tangents.
So, OR LPRand OQ L PQ
[since, if we drawn a line from centre of a circle to its tangent line. Then, the line always
perpendicular to the tangent line]
£ ORP = Z0QP = 90°
Hence, Z0RP + £0OQP =180°
So, QOPR is cyclic quadrilateral.
[If sum of opposite angles is quadrilateral in 180°, then the quadrilateral is cyclic]
Hence proved.

Q. 3 Prove that the centre of a circle touching two intersecting lines lies on
the angle bisector of the lines.
Sol. Given Two tangents PQ and PR are drawn from an external point P to a circle with centre O.
R

Q
To prove Centre of a circle touching two intersecting lines lies on the angle bisector of the
lines.
In ZRPQ.
Construction Join OR, and OQ.
In APOR and APOQ
ZPRO = £PQO = 90°
[tangent at any point of a circle is perpendicular to the radius through the point of contact]
OR =0Q [radii of some circle]



240 NCERT Exemplar (Class X) Solutions

Since, OP is common.

. APRO = APQO [RHS]
Hence, Z/RPO = 2QPO [by CPCT]
Thus, O lies on angle bisecter of PR and PQ. Hence proved.

Q. 4 If from an external point B of a circle with centre O, two tangents BC and
BD are drawn such that £ZDBC=120° prove that BC+BD=BO0 i.e.,

BO =2BC
Sol. Two tangents BD and BC are drawn from an external point B.
C
B
To prove BO =2BC
Given, ZDBC =120°

Join OC, OD and BO.

Since, BC and BD are tangents.
OC L BCand OD 1. BD
We know, OB is a angle bisector of ZDBC.

: 20BC = £DBO = 60°

In right angled AOBC, Ccos60° = BC
OB
1 _BC
= —=__
2 OB
= OB=2BC
Also, BC =BD
[tangent drawn from internal point to circle are equal]
OB=BC+BC
= OB=BC+BD

Q. 5 In figure, AB and CD are common tangents to two circles of unequal radii.
Prove that AB = CD

A
B
D
C
Sol. Given AB and CD are common tangent to two circles of unequal radius
To prove AB = CD

A




Circles 241

Construction Produce AB and CD, to intersect at P.

Proof PA=PC
[the length of tangents drawn from an internal point to a circle are equal]
Also, PB = PD

[the lengths of tangents drawn from an internal point to a circle are equal]
PA-PB =PC-PD
AB = CD Hence proved.

Q. 6 In figure, AB and CD are common tangents to two circles of equal radii.
Prove that AB = CD.

A B
C D
Sol. Given AB and CD are tangents to two circles of equal radii.
To prove AB=CD

Construction Join OA OC,0’Band O’D
Proof Now, ZOAB = 90°

[tangent at any point of a circle is perpendicular to radius through the point of contact]
Thus, AC is a straight line.

Also, Z0AB + £0CD =180°

AB||ICD

Similarly, BD is a straight line

and £Z0’'BA=2£0'DC = 90°

Also, AC=BD [radii of two circles are equal]
In quadrilateral ABCD, LA=4B=24C=24D=90°

and AC =BD

ABCD is a rectangle

Hence, AB=CD [opposite sides of rectangle are equal]

Q. 7 In figure, common tangents AB and CD to two circles intersect at E. Prove
that AB = CD.
A
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Sol. Given Common tangents AB and CD to two circles intersecting at E.

To prove A B=CD
A D
E
C B
Proof EA=EC ()
[the lengths of tangents drawn from an internal point to a circle are equal]
EB=ED (i)
On adding Egs. (i) and (i), we get
EA +EB =EC + ED
= AB=CD Hence proved.

Q. 8 A chord PQ of a circle is parallel to the tangent drawn at a point R of the
circle. Prove that R bisects the arc PRQ.

Sol. Given Chord PQ is parallel to tangent at R.
To prove R bisects the arc PRQ

M R N
P Q
Proof L1=2/2 [alternate interior angles]
L1=43
[angle between tangent and chord is equal to angle made by chord in alternate segment]
- £L2=/3
= PR =QR [sides opposite to equal angles are equal]
= PR =QR

So, R bisects PQ.

Q. 9 Prove that the tangents drawn at the ends of a chord of a circle make
equal angles with the chord.

Sol. To prove £1= 22, let PQ be a chord of the circle. Tangents are drawn at the points R and
Q.
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Let P be another point on the circle, then, join PQ and PR.
Since, at point Q, there is a tangent.

. L2 =/P [angles in alternate segments are equal]

Since, at point R, there is a tangent.

: L1=«P [angles in alternate segments are equal]
L1=212= /P Hence proved.

Q. 10 Prove that a diameter AB of a circle bisects all those chords which are
parallel to the tangent at the point A.

Sol. Given, ABis a diameter of the circle.
A tangent is drawn from point A. Draw a chord CD parallel to the tangent MAN.

M__ C
i
|
A = ;rLO B
|
i
Nt D
So, CDis a chord of the circle and OA is a radius of the circle.
ZMAO = 90°
[tangent at any point of a circle is perpendicular to the radius through the point of contact]
ZCEO = ZMAO [corresponding angles]
£ CEO = 90°
Thus, OE bisects CD, [perpendicular from centre of circle to chord bisects the chord]

Similarly, the diameter AB bisects all. Chords which are parallel to the tangent at the point A.

Exercise 9.4 Long Answer Type Questions

Q. 1 If a hexagon ABCDEF circumscribe a circle, prove that
AB + CD+EF =BC+ DE +FA

Sol. Given A hexagon ABCDEF circumscribe a circle.
A

TN

E C
D
To prove AB+ CD + EF =BC + DE + FA
Proof AB+ CD+ EF =(AQ + QB)+ (CS + SD) + (EU + UF)
=AP+BR+CR+ DT+ ET+ FP
=(AP+ FP)+ (BR + CR)+ (DT + ET)
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AB+ CD + EF = AF + BC + DE

AQ = AP

QB=BR

CS =CR

DS =DT

EU=ET
[tangents drawn from an external point to a circle are equal]
Hence proved.

Q. 2 Let s denotes the semi-perimeter of a AABC in which BC=a, CA =b and

AB =c. If a circle touches the sides BC, CA, AB at D, E, F, respectively.
Prove thatBD =s — b.

Sol. Acircle is inscribed in the A ABC, which touches the BC, CA and AB.

A
F E
B D C
Given, BC =a,CA=band AB=c
By using the property, tangents are drawn from an external point to the circle are equal in
length.
: BD=BF =x [say]
DC=CE=y [say]
and AE=AF =2z [say]
Now, BC+CA+ AB=a+b+c
= (BD+ DC)+ (CE+ EA)+ (AF+ FB)=a+ b +c
= X+ Y+ y+2)+(z+x)=a+b+c
= 2(x+y+2)=2s
[-2s =a+ b+ c = perimeter of AABC]
= S=x+y+2z
= x=s—(y+ 2
= BD=s-b [-b=AE+EC=2z+Y]

Hence proved.

Q. 3 From an external point P, two tangents, PA and PB are drawn to a circle
with centre 0. At one point E on the circle tangent is drawn which
intersects PA and PB at C and D, respectively. If PA =10 cm, find the
perimeter of the trianlge PCD.

Sol. Two tangents PA and PB are drawn to a circle with centre O from an external point P.
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Perimeter of APCD = PC + CD+ PD
=PC+CE+ED+PD
=PC+CA+ DB+ PD
=PA+ PB
=2PA=2(10)
=20cm
[~ CE =CA, DE = DB, PA = PBtangents from internal point to a circle are equal]

Q. 4 If AB is a chord of a circle with centre 0, AOC is a diameter and AT is the
tangent at A as shown in figure. Prove that ZBAT = ZACB.

C
O B
A T >
Sol. Since, AC is a diameter ling, so angle in semi-circle makes an angle 90°.
ZABC =90° [by property]
In A ABC, LCAB+ £ABC + LACB =180°
[~ sum of all interior angles of any triangle is 180°]

= ZCAB + £ ACB=180° — 90° = 90° ()
Since, diameter of a circle is perpendicular to the tangent.
ie. CA L AT
ZLCAT = 90°
= ZCAB + £ZBAT =90° ()]

From Egs. (i) and (ii),
ZCAB+ LACB= ZCAB + ZBAT
= ZACB = £ZBAT Hence proved.

Q. 5 Two circles with centres 0 and 0" of radii 3 cm and 4 cm, respectively
intersect at two points P and Q, such that OP and O’P are tangents to the
two circles. Find the length of the common chord PQ.

Sol. Here, two circles are of radii OP = 3cmand PO’ = 4cm.
These two circles intersect at P and Q.

Q

Here, OP and PO’ are two tangents drawn at point P.
£ OPO’=90°
[tangent at any point of circle is perpendicular to radius through the point of contact]
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Join OO0’ and PN.
In right angled AOPO’,

QO’Y = (OP) + (PO’Y? [by Pythagoras theorem]
ie., (Hypotenuse)? = (Base)? + (Perpendicular)?
= (37 + (4° =25
= 0O0’=5cm
Also, PN 1L OO’
LetON = x, then NO" =5 - x
In right angled AOPN,
(OPy* = (ONY? + (NPY? [by Pythagoras theorem]
= (NP2 =32 — x> =9 — x° 0!
and in right angled A PNO’,
(PO’)? = (PNY? + (NO’Y? [by Pythagoras theorem]
= (4 = (PN + (5 — x)°
= (PNY =16 — (5 — x) ...(ii)

From Egs. (i) and (ii),
9-x°=16—-(5-x)°

= 7+ x%-@5+x%-10x)=0
= 10x =18
x =18
Again, in right angled AOPN,
OP? = (ON)? + (NP)® [by Pythagoras theorem]
= 3 =(1.87° + (NPY
= (NP =9-3.24=576
- (NP)=2.4
.~.Length of common chord, PQ=2PN=2x24=4.8cm

Q. 6 In a right angle AABC is which ZB =90° a circle is drawn with AB as
diameter intersecting the hypotenuse AC at P. Prove that the tangent to
the circle at PQ bisects BC.

Sol. Let O be the centre of the given circle. Suppose, the tangent at P meets BC at Q. Join BP.

To prove BQ=QC [angles in alternate segment]
Proof ZABC =90°

[tangent at any point of circle is perpendicular to radius through the point of contact]

~.In AABC, L1+ £5=90° [angle sum property, ZABC = 90°]
£3= 21

[angle between tangent and the chord equals angle made by the chord in alternate
segment]
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o £33+ £5=90° (D)
Also, ZAPB = 90° [angle in semi-circle]
= L3+ £4=90° [£APB+ £BPC =180°, linear pair]

From Egs. (i) and (i), we get
L3+ £5= 43+ L4

= £L5=/4
= PQ=QC [sides opposite to equal angles are equal]
Also, QP=QB

[tangents drawn from an internal point to a circle are equal]
= QB=QC Hence proved.

Q. 7 In figure, tangents PQ and PR are drawn to a circle such that ZRPQ = 30°.
A chord RS is drawn parallel to the tangent PQ. Find the ZRQS.

Sol. PQand PR are two tangents drawn from an external point P.

S R
30°
Q P
PQ=PR
[the lengths of tangents drawn from an external point to a circle are equal]
= ZPQR = ZQRP

[angles opposite to equal sides are equal]
Now, in APQR ZPQR + ZQRP + ZRPQ =180°
[sum of all interior angles of any triangle is 180°]

= ZPQR + ZPQR + 30° =180°
= 2 ZPQR =180° — 30°
= 2PoR = 189" =30 8002" 30 _ 750
Since, SR QP
ZSRQ = ZRQP =75° [alternate interior angles]
Also, ZPQR = ZQSR =75° [by alternate segment theorem]
In AQRS, /ZQ+ ZR + £S =180°
[sum of all interior angles of any triangle is 180°]
= ZQ =180° — (75° + 75°)
=30°
ZRQS = 30°

Q. 8 AB is a diameter and AC is a chord of a circle with centre O such that
ZBAC = 30°. The tangent at C intersects extended AB at a point D. Prove
that BC =BD.

Sol. Acircle is drawn with centre O and AB s a diameter.

AC is a chord such that ZBAC = 30°.
Given AB is o. diameter and AC is a chord of circle with certre O, ZBAC = 30°.
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To prove BC =BD
C
A 30° 0O B D
Proof £BCD = ZCAB [alternate segment theorem]
ZCAB = 30° [given]
ZBCD = 30° ()
ZACB = 90° [angle in semi-circle is right angle]
In AABC,
LA+ £B+ £C =180°
30°+£B+ 90°=180°
= ZB = 600
Also, ZCBA+ £CBD =180° [linear pair]
= £CBD =180°- 60°-120° [ £CBA = 60°]
Now, in ACBD
«£CBD+ #BDC + «DCB =180°
= 120°+4£BDC + 30°=180° [fromEq.(i)]
= £BDC = 30° .. (i)
From Egs. (i) and (ii),
«£BCD = «BDC
BC =BD

[sides opposite to equal angles are equal]

Q. 9 Prove that the tangent drawn at the mid-point of an arc of a circle is
parallel to the chord joining the end points of the arc.

Sol. Let mid-point of an arc AMBbe M and TMT’ be the tangent to the circle.
Join AB, AM and MB.

Since, arc AM =arc MB
= Chord AM = Chord MB
In A AMB, AM = MB

= ZMAB = ZMBA

[equal sides corresponding to the equal angle] ... (i)

T M T

Since, TMT’ is a tangent line.
LAMT = ZMBA
[angles in alternate segments are equal]
= ZMAB [from Eq. (i)]
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But ZAMT and £MAB are alternate angles, which is possible only when

AB|| TMT’
Hence, the tangent drawn at the mid-point of an arc of a circle is parallel to the chord joining
the end points of the arc. Hence proved.

Q. 10 In a figure the common tangents, AB and CD to two circles with centres
0 and Q' intersect atE. Prove that the points O, E and O' are collinear.

Sol. Joint AO,OC and O’D, O’B.
Now, in AEO’D and AEQO’B,

O'D=0B [radius]
OE=0E [common side]
ED=EB

[since, tangents drawn from an external point to the circle are equal in length]

o AEO'D = AEO'B [by SSS congruence rule]
= Z0’ED = £O’EB
O’E is the angle bisector of ZDEB. (D)
Similarly, OF is the angle bisector of ZAEC.
Now, in quadrilateral DEBO’,
£0O'DE = ZO’BE = 90°

[since, CED is a tangent to the circle and O’D is the radius, i.e.,0’D L CED]
= /0O’'DE + #O’BE =180°
/DEB + #DO’B=180° [since, DEBO’is cyclic quadrilateral] ...(ii)
Since, ABis a straight line.
: ZAED + #DEB =180°

= ZAED +180° — «DO’B = 180° [from Eq. (ii)]
= ZAED = 2DO’B (i)
Similarly, LAED = ZAOC (iv)
Again from Eq. (ii), «DEB =180° — «DO’B

Divided by 2 on both sides, we get
1 speB=90° -1 2DOB
2 2

= Z/DEO’ = 90° —% /DO'B V)

[since, O’E is the angle bisector of £ZDEBi e., %ADEB = Z/DEQ’]

Similarly, ZAEC =180° — ZAOC
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Divided by 2 on both sides, we get

1 oaec =000 -1 za0C
2 2

= ZAEO = 90° — % ZAOC (Vi)

[since, OE is the angle bisector of ZAEC i.e., % ZAEC = ZAEQ]

| —_

Now, ZAED + «DEO’ + LZAEO = ZAED + (90° DO’B)+ (90O - % AAOC)

>
= JAED + 180° — % (/DOB+ ZAOC)
= ZAED + 180° — % (LAED + ZAED) [from Egs. (i) and (iv)]
— LAED +180° — ; (@ x ZAED)

= LAED + 180° — LAED =180°
. ZAEO + ZAED + #DEQO’” =180°
So, OEQ’ is straight line.
Hence, O, E and O” are collinear. Hence proved.

Q. 11 In figure, Ois the centre of a circle of radius 5 cm, T is a point such that
0T =13 and OT intersects the circle atE, if AB is the tangent to the circle
atE, find the length of AB.

Sol. Given,OT =13cmandOP = 5¢cm
Since, if we drawn a line from the centre to the tangent of the circle. It is always
perpendicular to the tangent i.e., OP L PT.

In right angled AOPT, OT? =0P? + PT?
[by Pythagoras theorem, (hypotenuse)? = (base) + (perpendicular)’]

= PT? = (137 — (5)° =169 — 25 = 144
= PT =12cm
Smce the length of pair of tangents from an external point T is equal.
- QT =12cm
Now, TA =PT — PA
= TA =12 - PA ()
and B =QT-QB
= B =12-QB ...(ii)
Agam using the property,length of pair of tangents from an external point is equal.

PA=AE andQB=EB ...(iii)

OT =13cm
o ET =0T -0OE [.OE = 5cm =radius]
= ET=13-5
= ET =8cm
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Since, ABis a tangent and OE is the radius.
OE 1L AB
= ZOEA = 90°
- ZAET =180° — ZOEA
= ZAET = 90°
Now, in right angled AAET,
(AT) = (AEY?
(PT — PAY = (AE)?
(12 = PAY = (PAY
144 + (PAY —24-PA = (PA)?
24-PA = 80

PA = Ecm
3

AE=Ecm
3

(ETY
(8)°
(8)°
64

+ oo+

L

Join 0OQ.
Similarly BE = %cm

Hence, AB= AE + EB
10 10
=__+ =
3 3
20
==—cm
3

Hence,the required length ABis 2—§cm.
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[linear pair]

[by Pythagoras theorem]

[from Eq. (iii)]

[from Eq. (iii)]

Q. 12 The tangent at a point C of a circle and a diameter AB when extended

intersect at P. If ZPCA = 110°, find £ CBA.

Sol. Here, ABis a diameter of the circle from point C and a tangent is drawn which meets at a

point P.

Join OC. Here, OC is radius.

Since, tangent at any point of a circle is perpendicular to the radius through point of contact

circle.

OC LPC

Now, ZPCA =110°

= ZPCO + £OCA =110°

= 90° + L OCA =110°

= Z0CA =20°

OC = OA = Radius of circle
= Z0CA = ZOAC =20°

[given]

[since, two sides are equal, then their opposite angles are equal]
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Since, PC is a tangent, so £ BCP = £CAB =20°
[angles in a alternate segment are equal]
In APBC, P+ 2C + ZA=180°
£ZP =180° - (£C + ZA)
=180° — (110° + 20°)
=180° — 130° = 50°
In APBC, ZBPC + £PCB+ £PBC =180°
[sum of all interior angles of any triangle is 180°]

= 50° + 20° + £PBC =180°
= ZPBC =180° —70°
= £ZPBC =110°

ince, APBis a straight line.

L))

o £ PBC + ZCBA =180°
= ZCBA =180° - 110° = 70°

Q. 13 If an isosceles AABC in which AB = AC = 6 cm, is inscribed in a circle of
radius 9 cm, find the area of the triangle.

Sol. Inacircle, AABC is inscribed.
Join OB, OC and OA.
Conside AABO and AACO
[given]
[radii of same circle]

AQO is common.

. AABO = AACO [by SSS congruence rule]
= L1=22 [CPOT]
Now, in AABM and AACM,
AB= AC [given]
1= 22 [proved above]
AM is common.
AAMB = AAMC [by SAS congruence rule]
= LAMB = ZAMC [CPCT]
Also, LAMB+ £ZAMC =180° [linear pair]
= ZLAMB = 90°

We know that a perpendicular from centre of circle bisects the chord.
So, OA is perpendicular bisector of BC.

Let AM = x,thenOM =9 — x [-OA = radius = 9 cm]
In right angled AAMC, AC? = AM? + MC? [by Pythagoras theorem]
ie., (Hypotenuse)® = (Base)’ + (Perpendicular)?

= MC? = 6% — x? .. (i)
and in right AOMC, 0C? =0OM? + MC? [by Pythagoras theorem]

= MC? = 9% — (9 — x)? ....(ii)
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From Egs. (i) and (ii), 62 —x2 =92 — (9 - x)°
= 36— x% =81-(81+ x2 —18x)
= 36=18x = x =2
- AM =x =2
In right angled AABM, AB? = BM? + AM? [by Pythagoras theorem]
6% = BM? + 22
= BM? =36—-4=32
BM = 42

U

BC =2 BM = 8J2 cm
Area of AABC = % x Base x Height

=1 BCxAM

2
=%x8\/§x2=8\/§cm2

Hence, the required area of AABC is 82 cm?.

Q. 14 Ais a point at a distance 13 cm from the centre 0 of a circle of radius 5

cm. AP and AQ are the tangents to the circle at P and Q. If a tangent BC
is drawn at a point R lying on the minor arc PQ to intersect AP at B and
AQ at C, find the perimeter of the AABC.

Given Two tangents are drawn from an external point A to the circle with centre O,

OA=13cm.
Tangent BC is drawn at a point R. radius of circle equals 5cm.
To find perimeter of AABC.

Proof Z0OPA =90°
[tangent at any point of a circle is perpendicular to the radius through the point of contact]
: OA? = OP? + PA? [oy Pythagoras theorm]
(13 = 52 + PA?
= PA® =144 =127
= PA=12cm
Now, perimeter of AABC = AB+ BC + CA

=(AB+ BR)+ (RC + CA)
=AB+ BP+CQ + CA
[ BR = BP, RC = CQ tangents from internal point to a circle are equal]
= AP + AQ
=2 AP
=2(12)
=24cm
[AP = AQ tangent from internal point to a circle are equal]
Hence, the perimeter of AABC =24 cm.
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Constructions

Exercise 10.1 Multiple Choice Questions (MCQs)

Q. 1 To divide a line segment AB in the ratio 5 : 7, first a ray AX is drawn, so
that £ BAX is an acute angle and then at equal distances points are
marked on the ray AX such that the minimum number of these points is

(@) 8 (b) 10 (@1 (d 12
Sol. (d) We know that, to divide a line segment AB in the ratio m: n, first draw a ray AX which
makes an acute angle ZBAX, then marked m + n points at equal distance.
Here, m=5n=7
So, minimum number of these points =m+n=5+7 =12,

Q. 2 To divide a line segment AB in the ratio 4 : 7, a ray AX is drawn first such
that £ BAXis an acute angle and then points A, A,, A5, ... are located at
equal distances on the ray AX and the pointB is joined to

@ A, (b) Ay (© Ao (d) A

Sol. (b) Here, minimum 4+ 7 =11 points are located at equal distances on the ray AX, and
then Bis joined to last point is A, ;.

Q. 3 To divide a line segment AB in the ratio 5 : 6, draw a ray AX such that
Z BAX is an acute angle, then draw a ray BY parallel to AX and the points
A, A, A;, ...andB,, B,, B;,... are located to equal distances on ray AX
and BY, respectively. Then, the points joined are
(@) A; and B (b) Ay and By () A, and B; (d) A; and B,

Sol. (a) Given, aline segment AB and we have to divide it in the ratio 5: 6.
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Steps of construction

1. Draw a ray AX making an acute ZBAX.

2. Draw a ray BY parallel to AX by making ZABY equal to £ BAX.

3. Now, locate the points A, A,, Ag, A, and A; (m=5)on AX and B,, B,, B;, B,, B; and
By (n = 6) such that all the points are at equal distance from each other.

4. Join ByAs. Let it intersect AB at a point C.
Then, AC:BC =56

Q. 4 To construct a triangle similar to a given AABC with its sides 2 of the

corresponding sides of AABC, first draw a ray BX such that ZCBX is an

acute angle and X lies on the opposite side of A with respect to BC. Then,
locate pointsB,, B,, B5,... onBX at equal distances and next step is to join
(@B, toC (b) B; to C (0B, to C (d)B, to C

Sol. (¢) Here, we locate points B,, B,, By, B,, Bs, By and B, on BX at equal distance and in next
step join the last points is B, to C.

Q. 5 To construct a triangle similar to a given AABC with its sides % of the

corresponding sides of AABC draw a ray BX such that £ CBX is an acute
angle and X is on the opposite side of A with respect to BC. The minimum
number of points to be located at equal distances on ray BX is

@5 (b) 8 (©13 d3

Sol. () 1o construct a triangle similar to a given triangle, with its sides M of the corresponding
n

sides of given triangle the minimum number of points to be located at equal distance
is equal to the greater of mand nin m

n
Here, m_
n

o | o

So, the minimum number of point to be located at equal distance on ray BX is 8.

Q. 6 To draw a pair of tangents to a circle which are inclined to each other at
an angle of 60°, it is required to draw tangents at end points of those two
radii of the circle, the angle between them should be

(@) 135° (b) 90° (c) 60° (d) 120°
Sol. (d) The angle between them should be 120° because in that case the figure formed by the

intersection point of pair of tangent, the two end points of those two radii (at which
tangents are drawn) and the centre of the circle is a quadrilateral.
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From figure it is quadrilateral,
ZPOQ + £PRQ =180° [.-sum of opposite angles are 180°]
60° + 6 = 180°
6=120

Hence, the required angle between them is 120°.

Exercise 10.2 Vert Short Answer Type Questions

Q. 1 By geometrical construction, it is possible to divide a line segment in the

Sol.

. 1
ratio +/3 : —.
V3
True
. . 1
Given, ratio = /3 : —
V3
Required ratio= 31 [multiply /3 in each term]
So,+/3: % can be simplified as 3 : 1 and 3 as well as 1 both are positive integer.

Hence, the geometrical construction is possible to divide a line segment in the ratio 3 : 1.

Q. 2 To construct a triangle similar to a given AABC with its sides 3 of the

Sol.

corresponding sides of AABC, draw a ray BX making acute angle with BC
and X lies on the opposite side of A with respect of g¢. The pointsB,, B,,
..., B; are located at equal distances on BX, B;is joined to C and then a
line segment B¢C” is drawn parallel to B;C, where C’ lines on BC produced.
Finally line segment A’C” is drawn parallel to AC.
False
Steps of construction
1. Draw a line segment BC with suitable length.
2. Taking Band C as centres draw two arcs of suitable radii intersecting each other at A.
3. Join BA and CA. AABC is the required triangle.
4. From Bdraw any ray BX downwards making an acute angle CBX.
5. Locate seven points B,, B,, B;, ..., B, on BX, such that BB, = BB, = B,B, = B;B, = B,5;
= ByBs = B¢B,.
6. Join B;C and from B, draw a line B,C’|| B;C intersecting the extended line segment BC
atC’.
7. From point C”draw C"A’|| CA intersecting the extended line segment BA at A".

Then, AA’BC’ is the required triangle whose sides are % of the corresponding sides of

AABC.
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Given that, segment B,C” is drawn parallel to B,C. But from our construction is never
possible that segment B,C” is parallel to B,C because the similar triangle A’BC” has its

sides % of the corresponding sides of triangle ABC. So, B,C”is parallel to B,C.

Q. 3 A pair of tangents can be constructed from a point P to a circle of radius
3.5 cm situated at a distance of 3 ¢cm from the centre.

@ Thinking Process
Let r=radius of circle and d = distance of a point from the centre.
(i) If r=d then point lie on the circle i.e, only one tangent is possible
(i) If r < d, then point lie outside the circle i.e, a pair of tangent is possible.
(iii) If r>d, then point lie inside the circle i.e, no tangent is possible.

Sol. False

Since, the radius of the circle is 3.5 cmi.e., r = 3.5cm and a point P situated at a distance of
3 cm from the centre j.e., d = 3cm

We see that, r>d
i.e., a point P lies inside the circle. So, no tangent can be drawn to a circle from a point lying
inside it.

Q. 4 A pair of tangents can be constructed to a circle inclined at an angle of
170°.
@ Thinking Process

If the angle between pair of tangents is greater than 180°, then a pair of tangent never
constructed to a circle.

Sol. True
If the angle between the pair of tangents is always greater than 0 or less
than 180°, then we can construct a pair of tangents to a circle.
Hence, we can drawn a pair of tangents to a circle inclined at an angle of 170°.

Exercise 10.3 Short Answer Type Questions

Q. 1 Draw a line segment of length 7 cm. Find a pointP on it which divides it in
the ratio 3 : 5.
Sol. Steps of construction
1. Draw a line segment AB=7 cm.
2. Draw a ray AX, making an acute £ BAX.
3. Along AX, mark 3+ 5 = 8 points
Ay Ay Ay Ay Ay, Ag, Ay, Ag such that
AA = A A, =AA = AA =A A=A A =AA, = A A,
4. Join AgB.

5. From A, draw A,C || Az Bmeeting AB at C.
[by making an angle equal to ZBA A at A ;]

Then, C is the point on ABwhich divides it in the ratio 3 : 5.
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Thus, AC:CB=3:5

Justification
Let AA, =
In AABA 4, we have

Hence, AC:CB=3:5

Q. 2 Draw a right AABC in which BC=12 cm, AB=5 cm and £ B=90°.

. .. . 2 .
Construct a triangle similar to it and of scale factor 3 Is the new triangle

also a right triangle?
@ Thinking Process

m 2. . .
Here, Scale factor — =—i.e, m < n, then the triangle to be constructed is smaller than the
n 3

given triangle. Use this concept and then construct the required triangle.
Sol. Steps of construction

1. Draw a line segment BC =12 cm.

2. From Bdraw a line AB = 5cm which makes right angle at B.
A

>
—>

5cm
NN
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Q.3

© N o O~ W

. Join AC, AABC is the given right triangle.

. From B draw an acute £ CBY downwards.

On ray BY, mark three points B,, B,and By, such that BB, = B, B, = B, B;.
Join B; C.

. From point B, draw B,N || B;C intersect BC at N.

. From point N draw NM || CA intersect BA at M. AMBN is the required triangle.
AMBN is also a right angled triangle at B.

Draw a AABC in which BC=6 cm, CA =5 cm and AB =4 cm. Construct a

. . . 5
triangle similar to it and of scale factor —.

@ Thinking Process

m_5. . .
Here, scale factor — == i.e, m> n, then the triangle to be constructed is larger than the
n 3

given triangle. Use this concept and then constant the required triangle.

Sol. Steps of construction

1.

Draw a line segment BC = 6cm.

2. Taking Band C as centres, draw two arcs of radii 4 cm and 5 cm intersecting each other

atA.

3. Join BA and CA. AABC is the required triangle.
4. From B, draw any ray BX downwards making at acute angle.
5. Mark five points By, B,, B;, B, and B; on BX, such that

BB, = BB, = B,B, = B,B, = B,B,.

6. Join B,C and from By draw ByM || B;C intersecting the extended line segment BC at M.

7. From point M draw MN || CA intersecting the extended line segment BA at N.

Then, ANBM is the required triangle whose sides is equal to g of the corresponding

sides of the AABC.
Hence, ANBM is the required triangle.
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Q. 4 Construct a tangent to a circle of radius 4 cm from a point which is at a
distance of 6 cm from its centre.

@ Thinking Process

(i) Firstly taking the perpendicular bisector of the distance from the centre to the
external point. After that taking one half of bisector as radius and draw a circle.

(i) Drawing circle intersect the given circle at two points. Now, meet these intersecting
points to an external point and get the required tangents.
Sol. Given, a point M’ is at a distance of 6 cm from the centre of a circle of radius 4 cm.
Steps of construction

1. Draw a circle of radius 4 cm. Let centre of
this circle is O.

2. Join OM’ and bisect it. Let M be mid-point
of OM’.

3. Taking M as centre and MO as radius draw
a circle to intersect circle (0, 4) at two
points, P and Q.

4. Join PM’ and QM’. PM’ and QM’ are the
required tangents from M’ to circle
C (0 4)

Exercise 10.4 Long Answer Type Questions

Q. 1 Two line segments AB and ACinclude an angle of 60°, where AB =5 cm and
AC=7 cm. Locate points P and Q on AB and AC, respectively such that

AP = %AB and AQ = %AC. Join P and Q and measure the length PQ.

@ Thinking Process
(i) Firstly we find the ratio of AB in which P divides it with the help of the relation

A:EAB.
4

(i) Secondly we find the ratio of AC in which Q divides it with the help of the relation
1
AQ=—AC
Q 4

(iif) Now, construct the line segment AB and AC in which P and Q respectively divides it
in the ratio from step (i) and (ii), respectively.

(iv) Finally get the point P and Q. After that join PQ and get the required measurement of
PQ.

Sol. Giventhat, AB=5cmand AC =7 cm

Also, AP:%ABand AQ =%AC ()
From Eq. (i), AP:§~AB:§><5:1—50m

4 4 4
Then, PB=AB— AP=5— 175 - # - gcm [ Pis any point on the AB]

155

AP:PB:4 = AP:PB=3:1
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i.e., scale factor of line segment ABis %

Again from Eq. (i), AQ = %AC - % w7="cm

4
Then, QC=AC—AQ=7_%
:%%zgcm [ Qis any point on the AC]
AQ:QC=Z:§=1;3
4 4
= AQ:QC=1:3

i.e., scale factor of line segment AQ is %

Steps of construction
1. Draw a line segment AB=5cm.
. Now draw a ray AZ making an acute ZBAZ = 60°.
. With A as centre and radius equal to 7 cm draw an arc cutting the line AZ atC.
. Draw a ray AX, making an acute £BAX.
. Along AX, mark 1+ 3 = 4points A, A,, A;, and A,
Such that AA; = A/A, = A,A; = AjA,

2
3
4
5

6. Join A,B

7. From A, draw A;P || A,Bmeeting ABat P. [by making an angle equal to ZAA,B]
Then, P is the point on ABwhich divides it in the ratio 3 : 1.
So, AP:PB=3:1

8. Draw a ray AY, making an acute £CAY.
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9. Along AY, mark 3 + 1= 4points B,, B,, B; and B,.
Such that AB, = B,B, = B,B; = B;B,

10. Join B,C.

11. From B, draw BQ || B,C meeting AC atQ. [by making an angle equal to £AB,C]
Then, Q is the point on AC which divides it in the ratio 1 : 3.
So, AQ:QC=1:3

12. Finally, join PQ and its measurment is 3.25 cm.

Q. 2 Draw a parallelogram ABCD in whichBC=5cm, AB=3cm and ZABC = 60°,
divide it into triangles BCD and ABD by the diagonal BD. Construct the

. .. . 4 .
triangle BD’C” similar to ABDC with scale factor 3 Draw the line segment

DA’ parallel to DA, where A’ lies on extended side BA. Is A’BC'D’ a
parallelogram?

@ Thinking Process

(i) Firstly we draw a line segment, then either of one end of the line segment with length
50 cm and making an angle 60° with this end. We know that in parallelogram both
opposite sides are equal and parallel, then again draw a line with 50 cm making an
angle with 60° from other end of line segment. Now, join both parallel line by a line
segment whose measurement is 3 cm, we get a parallelogram. After that we draw a
diagonal and get a triangle BOC.

. o . 4
(i) Now, we construct the triangle BD'C' similar to ABDC with scale factor 3

(iif) Now, draw the line segment D ‘A’ parallel to DA.
(iv) Finaly, we get the required parallelogram A ‘BC' D.
Sol. Steps of construction
1. Draw a line segment AB = 3cm.
2. Now, draw a ray BY making an acute ZABY = 60°.
3. With B as centre and radius equal to 5 cm draw an arc cut the point C on BY.
4. Again draw aray AZ making an acute ZZAX” = 60°. [.- BY || AZ, .. £YBX’ = ZAX" = 607
5. With A as centre and radius equal to 5 cm draw an arc cut the point D on AZ.
7 Y
D’ C’
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11.

O ©O© o N O

. Now, join CD and finally make a parallelogram ABCD.

. Join BD, which is a diagonal of parallelogram ABCD.

. From Bdraw any ray BX downwards making an acute ZCBX.

. Locate 4 points B,, B,, By, B, on BX, such that BB, = BB, = B,B; = B;5,.

. Join B,C and from B,C draw a line B,C’|| B;C intersecting the extended line segment BC
atC’.

From point C” draw C’D’|| CD intersecting the extended line segment BD at D”. Then,
AD’BC’ is the required triangle whose sides are g of the corresponding sides of ADBC.

12. Now draw a line segment D’ A’ parallel to DA, where A’ lies on extended side BAi.e., a

ray BX".

13. Finally, we observe that A’BC’D’ is a parallelogram in which A’D’=6.5cm A’B=4cm

Q.3

and £A’BD’ = 60° divide it into triangles BC’D” and A’BD’ by the diagonal BD".

Draw two concentric circles of radii 3 cm and 5 c¢cm. Taking a point on
outer circle construct the pair of tangents to the other. Measure the
length of a tangent and verify it by actual calculation.

Sol. Given, two concentric circles of radii 3 cm and 5 cm with centre O. We have to draw pair of
tangents from point P on outer circle to the other.

Steps of construction

1.

Draw two concentric circles with centre O and radii 3 cm and 5 cm.

2. Taking any point P on outer circle. Join OP.
3. Bisect OP, let M’ be the mid-point of OP.

Taking M” as centre and OM’ as radius draw a circle dotted which cuts the inner circle at
Mand P".

4. Join PM and PP’. Thus, PM and PP’ are the required tangents.
5. On measuring PM and PP’, we find that PM = PP’ = 4 cm.

Actual calculation
In right angle AOMP, ZPMO = 90°

PM? = OP? - OM?
[by Pythagoras theorem i.e. (hypotenuse)? = (base)? + (perpendicular)?]

= PM? = (5)° — (3 =25-9=16
= PM = 4cm
Hence, the length of both tangents is 4 cm.
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Q. 4 Draw an isosceles triangle ABC in which AB=AC=6 cm and BC =5 cm.
Construct a triangle PQR similar to AABC in which PQ = 8 cm. Also justify
the construction.

@ Thinking Process

(i) Here, for making two similar triangles with one vertex is same of base. We assume
that,

In AABC and APQR; vertex B=vertexQ
So, we get the required scale factor.

. o . P
(i) Now, construct a AABC and then a APBR, similar to AABC whose sides are A—i of the

corresponding sides of the AABC.
Sol. Let APQR and AABC are similar triangles, then its scale factor between the corresponding
. PQ_8_4
sidesis —=—=—_.
AB 6 3
Steps of construction
1. Draw a line segment BC = 5¢cm.
2. Construct OQ the perpendicular bisector of line segment BC meeting BC at P".
3. Taking Band C as centres draw two arcs of equal radius 6 cm intersecting each other at A.

4. Join BA and CA. So, AABC is the required isosceles triangle.

Here, PB = 8 cm

5. From B, draw any ray BX making an acute ZCBX.
6. Locate four points B,, B,, By and B, on BX such that BB, = BB, = B,B; = B;B,

7. Join B;C and from B, draw a line B,R || ByC intersecting the extended line segment BC
atR.

8. From point R, draw RP || CA meeting BA produced at P.
Then, APBR is the required triangle.



Constructions

Justification

B,R|| BC
BC 3

CR 1
BR _BC +CR

Now, 20—

BC BC

=1+Ci=1+
BC

Also, RP|| CA

AABC ~ APBR
PB_RP _BR _4

and = =—=_

265

(by construction)

Hence, the new triangle is similar to the given triangle whose sides are g times of the

corresponding sides of the isosceles AABC.

Q. 5 Draw a AABC in which AB =5 cm, BC =6 cm and £ABC = 60°. Construct a

Sol.

. . . 5 . .
triangle similar to ABC with scale factor = Justify the construction.

Steps of construction

1.
2.

Draw a line segment AB=5cm.

From point B, draw ZABY =60° on which take
BC =6cm.

3. Join AC, AABC is the required triangle.
4. From A, draw any ray AX downwards making an

acute angle.

5. Mark 7 points B, B,, B;, B,, B;, Bgand B, on AX,

such that AB, = BB, = B,B,
= B,B, = B,B; = BBy = ByB,.

6. Join B,B and from B, draw B;M || B,B intersecting
AB at M.

7. From point M draw MN || BC intersecting AC at N.
Then, AAMN is the required triangle whose sides are
equal tog of the corresponding sides of the AABC.

Justification

Here, BsM|| B,B (by construction)

AM_5
MB 2
AB _ AM + MB
Now, e AT e
AM AM
MB 2 7
=1+ —=1+==—
AM 5 5

Also, MN|| BC

AAMN ~ AABC

Therefore, M = ﬂ = W = §

wo 9
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Q. 6 Draw a circle of radius 4 cm. Construct a pair of tangents to it, the angle
between which is 60°. Also justify the construction. Measure the distance
between the centre of the circle and the point of intersection of tangents.

Sol. /norderto draw the pair of tangents, we follow the following steps

Steps of construction
1. Take a point O on the plane of the paper and draw a circle of radius OA = 4cm.
2. Produce OAto Bsuch that OA = AB=4cm.
3. Taking A as the centre draw a circle of radius AO = AB=4cm.
Suppose it cuts the circle drawn in step 1 at Pand Q.
4. Join BP and BQ to get desired tangents.
Justification In AOAP, we have

OA=0P=4cm (.- Radius)
Also, AP = 4cm (.- Radius of circle with centre A)
. AOAP s equilateral
= ZPAO = 60°
= ZBAP =120°

In ABAP, we have
BA = APand £BAP =120°
ZABP = ZAPB = 30°
= ZPBQ = 60°
Alternate Method
Steps of construction

1. Take a point O on the plane of the paper and draw a circle with centre O and radius
OA=4cm.

2. At O construct radii OA and OB such that to ZAOB equal 120° j.e., supplement of the
angle between the tangents.

3. Draw perpendiculars to OA and OB at A and B, respectively. Suppose these
perpendiculars intersect at P. Then, PA and PB are required tangents.
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Justification
In quadrilateral OAPB, we have
Z0OAP = Z0OBP = 90°

and ZAOB =120°
Z0AP + ZOBP + ZAOB + ZAPB = 360°
= 90° + 90° + 120° + LAPB = 360°

ZAPB = 360° — (90° + 90° + 120°)
= 360° — 300° = 60°

Q. 7 Draw a AABC in which AB=4 cm, BC=6 cm and AC =9 cm. Construct a
. - . 3 . .
triangle similar to AABC with scale factor > Justify the construction. Are

the two triangles congruent? Note that, all the three angles and two sides
of the two triangles are equal.

® Thinking Process

Triangles are congruent when all corresponding sides and interior angles are congruent.
The triangles will have the same shape and size, but one may be a mirror image of the
other.

So, first we construct a triangle similar to A ABC with scale factor 3/2 and use the above
concept to check the triangles are congruent or not.

Sol. Steps of construction
1. Draw a line segment BC = 6cm.

2. Taking Band C as centres, draw two arcs of radii 4 cm and 9 cm intersecting each other
at A.

3. Join BA and CA. AABC is the required triangle.
4. From B, draw any ray BX downwards making an acute angle.
5. Mark three points B;, B,, B; on BX, such that BB, = BB, = B,B5;.

6cm—>C M

B4

B
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6. Join B,C and from B, draw B;M || B,C intersecting the extended line segment BC at M.
7. From point M, draw MN || CA intersecting the extended line segment BA to .

Then, ANBM is the required triangle whose sides are equal to S of the corresponding

sides of the AABC.
Justification
Here, B;M|| B,.C
& = g
CM 1
Now, BM _ BC + CM
BC BC
=1+ Cﬂ =1+ 1 = §
BC 2 2
Also, MN|| CA
: AABC ~ ANBM
Therefore, @ = W = % = §

The two triangles are not congruent because, if two triangles are congruent, then they have
same shape and same size. Here, all the three angles are same but three sides are not
same i.e., one side is different.
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Areas Related 7o Circle

Exercise 11.1 Multiple Choice Questions (MCQs)

Q. 1 If the sum of the areas of two circles with radii R, and R, is equal to the
area of a circle of radius R, then
@R, +R,=R (b) R + R; =R?
(©R, +R, <R (d) R} + R3 <R?

Sol. (b) According to the given condition,
Area of circle =Area of first circle + Area of second circle
nR? = nR? + R

- R? =R? + R

Q. 2 If the sum of the circumferences of two circles with radii R, and R, is

equal to the circumference of a circle of radius R, then
(@R, + R, =R
b)R, + R, >R
(R, +R, <R
(d) Nothing definite can be said about the relation among R;, R, and R.
Sol. (@) According to the given condition,
Circumference of circle = Circumference of first circle + Circumference of second circle
- 2nR =27R; + 21R,
= R=R, + R,

Q. 3 If the circumference of a circle and the perimeter of a square are equal,
then

(a) Area of the circle = Area of the square

(b) Area of the circle > Area of the square

(c) Area of the circle < Area of the square

(d) Nothing definite can be said about the relation between the areas of the circle
and square
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Sol. (b) According to the given condition,
Circumference of a circle = Perimeter of square

2nr=4a
[where, rand a are radius of circle and side of square respectively]
22
= 7r:2a:>11r=7a
11 7a )
= a=—r=r=— ()
7 11
Now, area of circle, A, = nr?
2 2
7a 22 49 .
=nll8] =22 % from Eq. (i
(11) 7 121 [ a- 0]
2
_l4a (D)
11
and areaofsquare, A, = (@) ...(iif)

From Egs. (i) and (i), A, = 11_‘1‘ A,
Ai>A,

Hence, Area of the circle > Area of the square.

Q. 4 Area of the largest triangle that can be inscribed in a semi-circle of radius
runits is
(@ r? sq units (b) % r? sq units (© 2r? sq units () V2 r? sq units

Sol. (@) Take a point C on the circumference of the semi-circle and join it by the end points of
diameter A and B.

2C =90° [by property of circle]
[angle in a semi-circle are right angle]
So, AABC is right angled triangle. C
Area of largest AABC = ' x AB x CD |
?
=_—X2rxr |
2 !
= r? sq units A D B

2r

Q. 5 If the perimeter of a circle is equal to that of a square, then the ratio of
their areas is
(@22:7 (b)14:11 (€)7:22 (d)11:14

Sol. (b) Letradius of circle be r and side of a square be a.
According to the given condition,
Perimeter of a circle = Perimeter of a square
2nr=4a:>a=%r 0

Area of circl 2 2
Now, eaofcircle _ m’ _ =

Area of square () (an
2

224 m 22/7 22 11
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Q. 6 It is proposed to build a single circular park equal in area to the sum of
areas of two circular parks of diameters 16 m and 12 m in a locality. The
radius of the new park would be

(@ 10 m (b) 15 m () 20 m (d) 24 m
Sol. (a) Area of first circular park, whose diameter is 16 m
16Y d _16
:nrzzn(f) =64 Tm’ [-.-r:f:7=8m]
2 2 2
Area of second circular park, whose diameter is 12 m
2
=R(E) =1 (67 = 361wm’ ['.'r=g=E=6m]
2 2 2

According to the given condition,
Area of single circular park = Area of first circular park + Area of second circular park

TR =64n+36T [ R be the radius of single circular park]
= mR? =100 = R? =100
o R=10m
Q. 7 The area of the circle that can be inscribed in a square of side 6 cm is
(@) 36m cm? (b) 187 cm? (©12m cm? (d)9m cm?
Sol. (d) Given, side of square =6 cm

A B
Diameter of a circle, (d) = Side of square = 6 cm / \
Radius of a circle (r) = g_6_ 3cm
2 2
Area of circle = 7 (r)? \ /
D C

=n (32 =9ncm?

Q. 8 The area of the square that can be inscribed in a circle of radius 8 cm is
(a) 256 cm’ (b) 128 cm? (c) 64+/2 cm? (d) 64 cm?

Sol. (b) Given, radius of circle, r = OC = 8cm.
-. Diameter of the circle= AC=2 x0C =2 x 8=16cm
which is equal to the diagonal of a square.
Let side of square be x.

In right angled AABC, ~ AC? = AB? + BC? [by Pythagoras theorem]
= (16)" = x? + «° D C
= 256 = 2x° oSS
= x2 =128 \:(//
2 2 SO
Area of square = x“ =128 cm e .
Alternate Method A - > B

Radius of circle () = 8 cm

Diameter of circle (d) = 2r =2x8=16cm

Since, square inscribed in circle.

.. Diagonal of the squre = Diameter of circle
(Diagonal> _ (16)° _ 256

Now, Area of square = = =22 = 108cm?
2 2 2
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Q. 9 The radius of a circle whose circumference is equal to the sum of the
circumferences of the two circles of diameters 36 cm and 20 cm is

(@) 56 cm (b) 42 cm (c) 28 cm (d) 16 cm
Sol. (¢) - Circumference of first circle =2 nr = nd, =36 ncm [given,d, = 36¢cm]
and circumference of second circle = nd, =20n cm [given,d, =20cm]

According to the given condition,

Circumference of circle = Circumference of first circle + Circumference of second circle
= nD=36n+20m [where, Dis diameter of a circle]
= D =56cm

So, diameter of a circle is 56 cm.

Required radius of circle = %6 =28cm

Q. 10 The diameter of a circle whose area is equal to the sum of the areas of
the two circles of radii 24 cm and 7 cm is
(@ 31 cm (b) 25 cm (c) 62 cm (d) 50 cm

Sol. (d) Let rn=24cmandr, =7cm
Area of first circle = nr? = ©t (24)° = 576 m cm?

and area of second circle = n rf = mt (7)° = 491 cm?

According to the given condition,
Area of circle = Area of first circle + Area of second circle
nR? =576 T + 491 [where, R be radius of circle]

= R? =625 =R =25cm

Diameter of a circle =2R =2 x25=50cm

Exercise 11.2 Very Short Answer Questions

Write whether True or False and justify your answer.

Q. 1 Is the area of the circle inscribed in a square of side a cm, Ta® cm?? Give
reasons for your answer.

Sol. False
Let ABCD be a square of side a.
-. Diameter of circle = Side of square = a

Radius of circle = g

2 na?
Area of circle = 1 (Radius)? = 1 (7) -

2
. . ma
Hence, area of the circle is e cmP.

-
N
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Q. 2 Will it be true to say that the perimeter of a square circumscribing a circle
of radius a cm is 8a cm? Give reason for your answer.

Sol. True

D C
Given, radius of circle, r =acm
.. Diameter of circle,d =2 x Radius =2acm a

Side of a square = Diameter of circle

=2acm K /
.. Perimeter of a square = 4 x (Side) = 4 x 2a
A B

=8a cm

Q. 3 In figure, a square is inscribed in a circle of diameter d and another square
is circumscribing the circle. Is the area of the outer square four times the
area of the inner square? Give reason for your answer.

D C
H G

Sol. False
Given diameter of circle isd.
Diagonal of inner square = Diameter of circle =d
Let side of inner square EFGH be x.
In right angled AEFG,

EG? = EF? + FG? [by Pythagoras theorem]
= d? =x%+ «°
2
= d?=2x% = x% = 9
2
Area of inner square EFGH = (Side)’ = x? = d?

But side of the outer square ABCS = Diameter of circle =d
Area of outer square =d?

Hence, area of outer square is not equal to four times the area of the inner square.

Q. 4 Ts it true to say that area of segment of a circle is less than the area of its
corresponding sector? Why?

Sol. False

It is true only in the case of minor segment. But in case of major segment area is always
greater than the area of sector.
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Q. 5 Is it true that the distance travelled by a circular wheel of diameter d cm
in one revolution is 2nd cm? Why?

Sol. False
Because the distance travelled by the wheel in one revolution is equal to its circumference
ie., md.
ie., n@2r)=2nr = Circumference of wheel [-d =21

. . . . S
Q. 6 In covering a distance s m, a circular wheel of radius r m makes po-
o

revolution. Is this statement true? Why?

Sol. True
The distance covered in one revolution is 2 mr. i.e., its circumference.

Q. 7 The numerical value of the area of a circle is greater than the numerical
value of its circumference. Is this statement true? Why?
Sol. False

If 0< r< 2, then numerical value of circumference is greater than numerical value of area of
circle and if r > 2, area is greater than circumference.

Q. 8 If the length of an arc of a circle of radius r is equal to that of an arc of a
circle of radius 2r, then the angle of the corresponding sector of the first
circle is double the angle of the corresponding sector of the other circle.
Is this statement false? Why?

Sol. False

Let two circles C; and C, of radius r and 2r with centres O and O’ respectively.
It is given that, the arc length ABof C, is equal to arc lengthCD of C,, i.e., AB=CD = [ (say)

Now, let 6, be the angle subtended by arc AB of 0, be the angle subtended by arc CDat the

centre.
AB=i1= som 0
360
and ED=1=22 xonpen= 2o wan (i)
360 360

From Egs. (i) and (ii),

&y 27 = B 4nr
360 360
= 6, =26,
i.e., angle of the corresponding sector of C, is double the angle of the corresponding sector

of C,.
It is true statement.

Q. 9 The area of two sectors of two different circles with equal corresponding
arc lengths are equal. Is this statement true? Why?

Sol. False
It is true for arcs of the same circle. But in different circle, it is not possible.
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Q. 10 The areas of two sectors of two different circles are equal. Is it necessary
that their corresponding arc lengths are equal? Why?

Sol. False
It is true for arcs of the same circle. But in different circle, it is not possible.

Q. 11 Is the area of the largest circle that can be drawn inside a rectangle of
length a cm and breadth b cm (a > b)is 7 b? cm? Why?

Sol. False

2
The area of the largest circle that can be drawn inside a rectangle is & (g) cm, where (g)

is the radius of the circle and it is possible when rectangle becomes a square.

Q. 12 Circumference of two circles are equal. Is it necessary that their areas be
equal? Why?
Sol. True

If circumference of two circles are equal, then their corresponding radii are equal. So, their
areas will be equal.

Q. 13 Areas of two circles are equal. Is it necessary that their circumferences
are equal? Why?
Sol. True

If areas of two circles are equal, then their corresponding radii are equal. So, their
circumference will be equal.

Q. 14 Is it true to say that area of a square inscribed in a circle of diameter
p cm is p? cm?? Why?

Sol. True

When the square is inscribed in the circle, the diameter of a circle is equal to the diagonal of
a square but not the side of the square.

Exercise 11.3 Short Answer Type Questions

Q. 1 Find the radius of a circle whose circumference is equal to the sum of the
circumference of two circles of radii 15 cm and 18 cm.

Sol. Let the radius of a circle be r.
Circumference of a circle =2nr
Let the radii of two circles are r; and r, whose values are 15 cm and 18 cm respectively.
ie. r=15cmandr, =18cm
Now, by given condition,
Circumference of circle = Circumference of first circle + Circumference of second circle

= 2nr =27 + 27,
= r=n+r,

= r=15+18

: r=33cm

Hence, required radius of a circle is 33 cm.
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Q. 2 In figure, a square of diagonal 8 cm is inscribed in a circle. Find the area
of the shaded region.

Sol. Letthe side of a square be a and the radius of circle be r.
Given that, length of diagonal of square = 8cm

= a2 =8
= a=4J2 cm
Now, Diagonal of a square = Diameter of a circle
= Diameter of circle=8
= Radius of circle =r = Diameter
= r= § =4cm
2
Area of circle = nr? = m(4)?
=161 x cm?
and Area of square = a° = (42)°
=32cm?
So, the area of the shaded region = Area of circle — Area of square
= (161 — 32) cm?

Hence, the required area of the shaded region is (161 — 32) cm?.

Q. 3 Find the area of a sector of a circle of radius 28 cm and central angle 45°.

Sol. Given that, Radius of a circle, r =28cm

and measure of central angle 6 = 45°
2

Area of a sector of a circle = o
360

Oxe

2
_22 X (8) x 45°

7 360
=22><28><28>< 45° O

7 360°
=22><4><28><18

=22 x 14
=308cm’

Hence, the required area of a sector of a circle is 308 cm?.
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Q. 4 The wheel of a motor cycle is of radius 35 cm. How many revolutions per

minute must the wheel make, so as to keep a speed of 66 km/h?
Sol. Given, radius of wheel, r = 35cm

Circumference of the wheel =2 nr

—2x2 x35
7
=220cm
But speed of the wheel =66 kmh™' = 661000

m/min

=1100 x 100 cmmin™'

=110000 cm min™"

.. Number of revolutions in 1 min = M = 500 revolution

Hence, required number of revolutions per minute is 500.

Q. 5 A cow is tied with a rope of length 14 m at the corner of a rectangular
field of dimensions 20 m x 16 m. Find the area of the field in which the
Cow can graze.

Sol. Let ABCD be a rectangular field of dimensions 20m x 16 m. Suppose, a cow is tied at a
point A. Let length of rope be AE =14 m = (say).

D C
G ——\\\
£ »E
of| S
s \
A F
< 20m >
.Area of the field in which the cow graze = Area of sector AFEG = ——X mr?
% x 1 (1 4)2
360
[so, the angle between two adjacent sides of a rectangle is 90°]
122
=—Xx==x196
4 7
=154m°

Q. 6 Find the area of the flower bed (with semi-circular ends) shown in figure.

«~—38m——

=

<« 10cm—>
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Sol. Length and breadth of a circular bed are 38 cm and 10 cm.
Area of rectangle ACDF =Length x Breadth = 38 x 10 = 380cm?

«—3ecm———m>

C D

[y)
m
<«——10cm—>

A F
Both ends of flower bed are semi-circles.
. o DF 10
Radius of semi-circle = > = o =5cm
2
Area of one semi-circles = % = g (57 = ZSTTE cm?

Area of two semi-circles =2 x % n =25 mcem?

Total area of flower bed = Area of rectangle ACDF + Area of two semi-circles
= (380+ 257) cm?

Q. 7 In figure, AB is a diameter of the circle, AC = 6 cm and BC = 8 cm. Find the
area of the shaded region. (use = 3.14)

C
A B
Sol. Given, AC =6cmand BC = 8cm
We know that, triangle in a semi-circle with hypotenuse as diameter is right angled triangle.
£C =90°

In right angled AACB, use Pythagoras theorem,
: AB? = AC? + CB?

= AB? =6° + 82 =36+ 64
= AB? =100
= AB=10cm [since, side cannot be negative]

AreaofAABC=%><BC><AC=%><8><6=24cm2

Here, diameter of circle, AB=10cm

Radius of circle, r = 12—0 =5cm

Area of circle = mr® =3.14x(5)
=3.14x 25=78.5cm?
Area of the shaded region = Area of circle — Area of AABC
=78.5-24=54.5¢cn?
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Q. 8 Find the area of the shaded field shown in figure.

= 8m =
A T
€
<
€
° '
Y /
Sol. Inafigure, join ED
< 8 >
c m B
A T
IS
<
£ v
©
b E A
Y
IE
From figure, radius of semi-circle DFE,r=6—-4=2m
Now, area of rectangle ABCD=BC x AB=8x 4=32 m?
2
and area of semi-circle DFE = % = g @@ =2nm?

*. Area of shaded region = Area of rectangle ABCD + Area of semi-circle DFE
=(32 + 2m)m?

Q. 9 Find the area of the shaded region in figure.

§

A
N
(o))
3
Y

Sol. JoinGH and FE

D G/E// F / Cy

w
3
;&\
[
Ned
\BL\
12m

A
N
»
3
Y
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Here, breadth of the rectangle BC =12 m
Breadth of the inner rectangle EFGH =12 — (4 + 4)=4cm
which is equal to the diameter of the semi-circle EJF,d = 4m
Radius of semi-circle EJF, r=2m
Length of inner rectangle EFGH =26—(5+ 5)=16m

2 2
.. Area of two semi-circles EJF and HIG =2 [%]: 2XT % =41tm

Now, area of inner rectangle EFGH = EH x FG=16 x 4= 64 me
and area of outer rectangle ABCD =26 x 12 = 312 m?

Area of shaded region = Area of outer rectangle — (Area of two semi-circles
+ Area of inner rectangle)
=312 — (64 + 41)= (248 — 41)m?

Q. 10 Find the area of the minor segment of a circle of radius 14 cm, when the
angle of the corresponding sector is 60°.

“y0
A Minor segment B

Sol. Given that, radius of circle (r)=14 cm
and angle of the corresponding sector i.e., central angle (0) = 60°
Since, in AAOB, OA = OB = Radius of circle i.e., AAOBis isosceles.
= £Z0AB=2£Z0BA =6
Now, in AOAB ZAOB + ZOAB + 2OBA =180°

[since,sum of interior angles of any triangle is 180°]

= 60° + 6 + 6 =180° [given, ZAOB = 60
= 20 =120°
= 0 = 60°
ie. Z0OAB = Z0OBA = 60° = ZAOB
Since, all angles of AAOB are equal to 60° i.e., AAOB s an equilateral triangle.
Also, OA=0B=AB=14cm
So, Area of AOAB = 3 (side)?
=YY % (14)? [ area of an equilateral triangle = ? (side)?]

x 196 = 493 cm?

NS
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2
and area of sector OBAO = m2 X0
360
_22 14x14 oo
7 360
22 x2x14 22x14 308  »
6 3 3

Area of minor segment = Area of sector OBAO — Area of AOAB
= (372)8 - 493 ) cm?

Hence, the required area of the minor segment is (% - 49\/5) cm?.

Q. 11 Find the area of the shaded region in figure, where arcs drawn with
centres A, B, C and D intersect in pairs at mid-point P, Q, R and S of the
sides AB, BC, CD and DA, respectively of a square ABCD. (use © = 3.14)

A P B

e

<« 12cm

Sol. Given, side of a square BC =12 cm
Since, Q is a mid-point of BC.

Radius = BQ = % =6cm

2 2

Now, area of quadrant BPQ = % = 3'14Z ©° _1 13:"04 cm?
Area of four quadrants = 4x11304 =1123.04 cm?

Now, area of square ABCD = (12)? =144cm?

Area of the shaded region = Area of square — Area of four quadrants
=144 — 113.04=30.96 cm?

Q. 12 In figure arcs are drawn by taking vertices A, B and C of an equilateral
triangle of side 10 cm, To intersect the sides BC, CA and AB at their
respective mid-pointsD,E and F. Find the area of the shaded region. (use
n = 3.14)

A
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Sol. Since, ABC is an equilateral triangle.
LA=24/B=2/C=60°
and AB=BC =AC =10cm

So, E, Fand D are mid-points of the sides. o7 .
AE = EC =CD = BD = BF = FA = 50m \
o 60x 3.14 1 c !
Now, areaof sectorCDE=—"—"_=">-"=""_" (5) ! <
360 360 \ hi
3146>< 25 785 — 13.0833cm? E D
20
Area of shaded region = 3 (Area of sector CDE) em
= 3x 13.0833
=39.25cm?

Q. 13 1In figure, arcs have been drawn with radii 14 cm each and with centres
P, @ and R. Find the area of the shaded region.
P

Q R

Sol. Given that, radii of each arc (r)=14cm
Now, area of the sector with central ZP = %OPO X e

= 2P yax 14)? cm?
360°
[~ area of any sector with central angle 6 and radius r = % x 6]
Area of the sector with central angle = 2Q w2 = £Q o rx (14> cm?
360° 360°
and area of the sector with central angle R = AR = LB (14 cm?
360° 360°

Therefore, sum of the areas (in cm?) of three sectors

=4P><n><(14) 49><n><(14) +74Rxn><(14)

360° 60° 360°
_ 4P+ £Q+ ZR 180°

X196 x m= ><1961tcm

360

[since, sum of all interior angles in any triangle is 180°]

:98ncm2=98x§

=14 x22 = 308cm?
Hence, the required area of the shaded region is 308 cm?.
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Q. 14 A circular park is surrounded by a road 21 m wide. If the radius of the
park is 105 m, then find the area of the road.

Sol. Given that, a circular park is surrounded by a road.
Width of the road =21m
Radius of the park (r) =105m
..Radius of whole circular portion (park + road),
L =105+21=126m
Now, area of road = Area of whole circular portion
—Area of circular park
= nf — [-.area of circle = mr]

2 2
= — 1)

=1 {(126% - (105)*}

=§x(126+ 105)(126 - 105)

=§x231><21 [+ @ -b%)=(a-b)(@+b)

Circular park

=66 x 231
=15246cm°

Hence, the required area of the road is 15246 cm?.

Q. 15 In figure, arcs have been drawn of radius 21 cm each with vertices A, B,
C and D of quadrilateral ABCD as centres. Find the area of the shaded
region.

Sol. Given that, radius of each arc (r) =
LA
— X = —

360°
[ area of any sector with central angle 6 and radius r = 3725[0

Area of sector with 28 = 2B x m2 = 4B « 1 x @12 cm?
360° 360°

£C w2 =4C y @1 cm?

360° 360°

D o= LD nx @1)%cm?

360° 360°
Therefore, sum of the areas (in cm?) of the four sectors

- A nx(21)2+478>< nx(21)2+ic
360° 360° 360°

Area of sector with ZA =

Area of sector with ZC =

and area of sector with ZD =

X rc><(21)2+47D><7t><(21)2
360°

_(£A+ ZB+ £C + £D)
360°

x 1 x (21

[ sum of all interior angles in any quadrilateral = 360°]
=22 x 3x21=1386cm?

Hence, required area of the shaded region is 1386 cm?.



284 NCERT Exemplar (Class X) Solutions

Q. 16 A piece of wire 20 cm long is bent into the from of an arc of a circle,
subtending an angle of 60° at its centre. Find the radius of the circle.

Sol. Length of arc of circle =20cm
Here, central angle = 60°

Length of arc = 9 X 2T
360°

= 20= 00 om = 20%6_,
360° 2T
60
r=-=--cm
T
. . . 60
Hence, the radius of circle is — cm.
b1

Exercise 11.4 Long Answer Type Questions

Q. 1 The area of a circular playground is 22176 m?. Find the cost of fencing this
ground at the rate of ¥ 50 per m.
Sol. Given, area of a circular playground = 22176 m?
nr? =22176 [~ area of circle = nr?]
22 12 292176 =% =1008 x 7

= r° =7056 =1 = 84m

Circumference of a circle =2nr=2 x % X 84

=44 x12 =528m
Cost of fencing this ground = 528 x 50 = % 26400

Q. 2 The diameters of front and rear wheels of a tractor are 80 cm and 2m,
respectively. Find the number of revolutions that rear wheel will make in
covering a distance in which the front wheel makes 1400 revolutions.

Sol. Given, diameter of front wheels, d, =80cm

and diameter of rear wheels, d, =2 m=200cm
Radius of front wheel () = % =40cm

and radius of rear wheel (r,) = % =100cm
Circumference of the front wheel =2 r, = 2X22 4o = 1780
2
-, Total distance covered by front wheel = 1400 x 1760 _ 200x 1760
= 352000cm

Distance coverd

Circumference
352000 _ 7 x 3520 _ 24640 _

2)(%)(100 2x22 44

Number of revolutions by rear wheel =

560
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Q. 3 Sides of a triangular field are 15 m, 16m and 17m. with the three corners
of the field a cow, a buffalo and a horse are tied separately with ropes of
length 7m each to graze in the field.

Find the area of the field which cannot be grazed by the three animals.

Sol. Given that, a triangular field with the three corners of the field a cow, a buffalo and a horse

are tied separately with ropes. So, each animal grazed the field in each corner of triangular
field as a sectorial form.
Given, radius of each sector (r)=7m

B) H)
Buffalo 7 m 7m Horse
< 15m >
Now, area of sector with ZC = 20 w2 =45 «nx 7)?m?
60° 360°
Area of the sector with 2B8= 28 x 12 = 2B  nx 7)°m?
360° 360°
and area of the sector with zH = 27 x w2 = £H 7 x 7)°m?
360° 360°
Therefore, sum of the areas (in cm?) of the three sectors
=47C><rt><(7)2+473><11:><(7)‘2+Zil—lxnx(?)2
360° ° 360°
_(£C+ 4B+ LH)>< % 49
360°
=180 22 49 =11x7 =77 cni
360° 7
Given that, sides of trianglearea=15b=16andc =17

o . a+b+c
Now, semi-perimeter of triangle, s = ————

15+ 16+17 _ 48

= =  — =_"=24
2 2
Area of triangular field = \/s(s —a)(s—hb)(s-c) [by Heron’s formula]
=,24-9-8-7
=,/64-9-21

=8x 3+21=24/21 7

So, area of the field which cannot be grazed by the three animals
= Area of triangular field — Area of each sectorial field
=2421 - 77 m?
Hence, the required area of the field which can not be grazed by the three animals is
@421 = 77)mP.
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Q. 4 Find the area of the segment of a circle of radius 12 cm whose
corresponding sector has a centrel angle of 60°. (use ™ = 3.14)

Sol. Given that, radius of a circle (r) =12 cm

and central angle of sector OBCA (0) = 60°
2

Area of sector OBCA = g—éo X 0 [here, OBCA = sector and ABCA = segment]
_ 314 x12 x12 % 60°
360°
=314x2x12

=314 x 24 =7536 cm?
Since, AOAB is an isosceles triangle.

Let Z0OAB = ZOBA =6,
and OA=0B=12cm
ZAOB=0=060°

Z0AB+ Z0OBA + ZAOB=180° [.- sum of all interior angles of a triangle is 180°]
0, + 6, + 60° =180°
20, =120°
0, = 60°
- 0, =0=060°
So, the required AAOB is an equilateral triangle.

V3

Now, area of AAOB = " (side)® [ area of an equilateral triangle =

B0
= 02)

§x12x12=36\/§cm2

R

? (side)?]

Now, area of the segment of a circle i.e.,
ABCA = Area of sector OBCA — Area of AAOB
= (75.36 — 36,/3) cm?
Hence, the required area of segment of a circle is (75.36 — 36,/3)cm?.

Q. 5 A circular pond is 17.5 m is of diameter. It is surrounded by a 2m wide
path. Find the cost of constructing the path at the rate of ¥ 25 Per m??

Sol. Given that, a circular pond is surrounded by a wide path.
The diameter of circular pond =17.5m

Radius of circular pond (r;) = Diameter
ie., OA:q:Zj:8.75m
and the width of the path=2m
ie., AB=2m
Now, lengthof OB=0A + AB=1,+ AB

Let (L)=875+2=1075m
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So, area of circular path = Area of outer circle i.e., (circular pond + path)
— Area of circular pond

=nf - n? [+ area of circle = nr?]
=g - 1)
= n{(1075)° — (875)*}

n{(10.75 + 875) (1075 - 875)}

314 x195 x2

=122.46 m°

Now, cost of constructing the path per square metre =325
».Cost constructing the path ¥ 122.46 m® = 122.46 x 25

=33061.50
Hence, required cost of constructing the path at the rate of Z 25 per m? is Z 3061.50.

Q. 6 In figure, ABCD is a trapezium with AB||DC. AB = 18 cm, DC = 32 cm and

distance between AB and DC =14 cm. If arcs of equal radii 7 cm with
centres A, B, C and D have been drawn, then find the area of the shaded

region of the figure.
N[ s

D / \ C
Sol. Given, AB=18cm, DC = 32 cm, height, (h)=14cm
and arc of radii =7cm
Since, AB|| DC
: LA+ £ZD =180°

and /B+ 2C =180°
0 x nr?
360
180° 22
= x 2 x
360 7
=11x7 =77 cm?

Similarly, area of sector with angle Band C =77 cm

Area of sector with angle Aand D =

(77

Now, area of trapezium = % (AB+ DC)xh

=%(18+ 32)><14=5?0 x 14 = 350cm?

- Area of shaded region = Area of trapezium — (Area of sector points A and D
+ Area of sector points Band C)
=350 — (77 + 77)=196 cm?

Hence, the required area of shaded region is 196 cm?.
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Q. 7 Three circles each of radius 3.5 cm are drawm in such a way that each of
them touches the other two. Find the area enclosed between these circles.
Sol. Given that, three circles are in such a way that each of them touches the other two.

Now, we join centre of all three circles to each other by a line segment. Since, radius of each
circle is 3.5 cm.

So; AB =2 xRadius of circle
=2x35=7cm
= AC =BC =AB=7cm

which shows that, AABC is an equilateral triangle with side 7 cm.
We know that, each angle between two adjacent sides of an equilateral triangle is 60°.
..Area of sector with angle ZA = 60°.

= A 2= T % (35)°
360° 360°
So, area of each sector = 3 x Area of sector with angle A.
—3x 09 Tt % (35)
360°
= % X @ x 35x 35
x5, 31T
10 10 2 2
- % —19.25cm?
and Area of AABC = ? x (7Y [ area of an equilateral triangle = ? (side)?]
= 49§0m2

.. Area of shaded region enclosed between these circles = Area of AABC
— Area of each sector
V3

= 497 —1925=1225x /3 = 1925

=21.2176 — 1925=1.9676 cm?
Hence, the required area enclosed between these circles is 1.967 cm? (approx).

Q. 8 Find the area of the sector of a circle of radius 5 cm, if the corresponding
arc length is 3.5 cm.
Sol. Letthe central angle of the sector be 6.

Given that, radius of the sector of a circle (r) = 5cm
and arc length () = 35¢cm

..Central angle of the sector, 8 = w

radius
= 0=22_07R [o=t] 5
5 L r J
= 0= (0.7 X @) |: 1R = @Dﬂ arc
T T
Now, area of sector with angle 6 = 0.7
2 o
= (07) x 180
360° b
2
= O 07 225%7 175 _g750n?
2x10 20

Hence, required area of the sector of a circle is 8.75 cme.
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Q. 9 Four circular cardboard pieces of radii 7 cm are placed on a paper in such
a way that each piece touches other two pieces. Find the area of the
portion enclosed between these pieces.

Sol. Given that, four circular cardboard pieces arc placed on a paper in such a way that each
piece touches other two pieces.

Now, we join centre of all four circles to each other by a line segment. Since, radius of each

circle is 7 cm.

So, AB =2 xRadius of circle
=2x7=14cm

= AB=BC =CD=AD=14cm

which shows that, quadrilateral ABCD is a square with each of
its side is 14 cm.
We know that, each angle between two adjacent sides of a
square is 90°.

Area of sector with ZA = 90°.

= A = nx (7
360° 360°

= 1 X % X 49 = @ = z
4 7 4 2

=38.5cm?

Area of each sector = 4 x Area of sector with ZA
=4x 385
=154 cm?
and area of square ABCD = (side of square)?
=(14)? =196cm? [.area of square = (side)?]

So, area of shaded region enclosed between these pieces = Area of square ABCD
— Area of each sector
=196 - 154
=42 cm?

Hence, required area of the portion enclosed between these pieces is 42 cm?.

Q. 10 On a square cardboard sheet of area 784 cm?, four congruent circular
plates of maximum size are placed such that each circular plate touches
the other two plates and each side of the square sheet is tangent to two
circular plates. Find the area of the square sheet not covered by the
circular plates.

Sol. - Area of square = 784
(Side)? = (28)° D C
= Side =28cm \
Since, all four are congruent circular plates.
-. Diameter of each circular plate =14 cm

Radius of each circular plate =7 cm

Now, area of one circular plate = r? = % (7) K

=154 cm? A B
Area of four circular plates = 4 x 154= 616 cm?
. Area of the square sheet not covered by the circular plates = 784 — 616 = 168 cm?
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Q. 11 Floor of a room is of dimensions 5m x 4m and it is covered with circular

Sol. Given, floor of a room is covered with circular tiles.

tiles of diameters 50 cm each as shown infigure. Find area of floor that
remains uncovered with tiles. (use m = 3.14)

Length of a floor of aroom (/)= 5m

and breadth of floor of a room (b) = 4m

.. Area of floor of aroom =/ x b
=5x4=20m?

Diameter of each circular tile = 50 cm

= Radius of each circular tile = %O =25cm

e m= 1 m [ diameter =2 x radius]
100 4

Now, area of a circular tile = 7 (radius)?
2
= 314 x G) =314 e

.. Area of 80 circular tiles = 80 x % =5x314=157m°
[~ 80 congruent circular tiles covering the floor of a room]
So, area of floor that remains uncovered with tiles = Area of floor of a room — Area of 80
circular tiles
=20-157=43m"

Hence, the required area of floor that remains uncovered with tiles is 4.3 m?.

Q. 12 All the vertices of a rhombus lie on a circle. Find the area of the

rhombus, if area of the circle is 1256 cm?. (use & = 3.14)

Sol. Letthe radius of the circle ber.

Given that, Area of the circle = 1256 cm? C D
nr® =1256
= =126 _1256_ 4, di % d
T 314
2 2 e AN

= r< =(20) A Va
= r=20cm
.. S0, the radius of circle is 20 cm.
= Diameter of circle =2 xRadius

=2x20

=40cm

Since, all the vertices of a rhombus lie on a circle that means each diagonal of a rhombus
must pass through the centre of a circle that is why both diagonals are equal and same as
the diameter of the given circle.
Letd, and d, be the diagonals of the rhombus.

d, =d, =Diameter of circle = 40cm

So, Area of rhombus = % xd; xd,

=1><40><40
2

=20 x 40= 800cm?
Hence, the required area of rhombus is 800 cm?.
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Q. 13 An archery target has three regions formed by three concentric circles as
shown in figure. If the diameters of the concentric circles are in the
ratio 1 : 2 : 3, then find the ratio of the areas of three regions.

Sol. Letthe diameters of concentric circles be k, 2k and 3k.

..Radius of concentric circles are g k and %

2 2
Area of inner circle, A, = n(ﬁ) = k—n
2 4
> k’m _ 3k°m
~. Area of middle region, A, = m(k)" — e = 2

[-areaof ring = n(R2 —r? ), where R is radius of outer ring and r is radius of inner ring]
2
and area of outer region, A; = n(%) _ k2

_9mk®
==
Required ratio = A2 A, © Ay
_ k°rn 3k’m  5rk®
4 4
Q. 14 The length of the minute hand of a clock is 5 cm. Find the area swept by
the minute hand during the time period 6 : 05 am and 6 : 40 am.

Sol. We know that, in 60 min, minute hand revolving = 360°

In 1 min, minute hand revolving = 36600

e = 5nk®

=1:3:5

In (6:05 am to 6:40 am) = 35 min,

360° | 35=6x 35 A

minute hand revolving =

OO
Given that, length of minute hand (r) = 5cm.
2
.. Area of sector AOBA with angle £0 = %O x £0

2
=%ﬂx6x35
7 360°
=%X5X5X6X35

7 360°

=22><5x5><5=22><5><5

60° 12

:11x5x5=@=452 om?

Hence, the required area swept by the minute land is 45% cm?.
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Q. 15 Area of a sector of central angle 200° of a circle is 770 cm?. Find the
length of the corresponding arc of this sector.

Sol. Letthe radius of the sector AOBA ber.
Given that, Central angle of sector AOBA =6 = 200°

and area of the sector AOBA = 770 cm? A Q
2
We know that, area of the sector = 37200 X 0° . B
nr?
Area of the sector, 770 = 007 x 200
N 77 x 18 _ 2
T
= P2 =T X18 7 2 _gxag
22
= r=3x7
r=21cm
So, radius of the sector AOBA =21cm.
Now, the length of the correspoding arc of this sector = Central angle x Radius [ = l]
P
=200 x21x [c1o= ™ g
180° i 180 |
@ x 21X %
18 7
= %0 cm 731 cm

Hence, the required length of the corresponding arc is 73% cm.

Q. 16 The central angles of two sectors of circles of radii 7 cm and 21 cm are
respectively 120° and 40°. Find the areas of the two sectors as well as
the lengths of the corresponding arcs. What do you observe?

Sol. Letthe lengths of the corresponding arc be [, and L.
Given that, radius of sector PO,QP =7 cm
and radius of sector AO,BA =21cm
Central angle of the sector PO,QP = 120°
and central angle of the sector AO,BA = 40°

, <> A
" Area of the sector with central angle O, P @ Q
2 2
- g2 T o qope
360° 360°

=22 TX7 w150 A B

7 360°

22x7 154 o
= =_"‘cm

3 3

and area of the sector with central angle O,

2 2
-V e= TR 400

360° 360°

_22 21x21 0

7 360°
_ 22 x 3x 21

=22 x7=154cm’
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Now, corresponding arc length of the sector PO,QP
= Central angle x Radius of the sector

=120°x 7 x " [o=landro=_T R]
180° | r 180° |

o

and corresponding arc length of the sector AO,BA
=Central angle xRadius of the sector

=400 x 21x [o=laondrr=_" R]
180° Ly 0°
—g><21><%
9 7
_g><22_ﬁcm
3 3

Hence, we observe that arc lengths of two sectors of two different circles may be equal but
their area need not be equal.

Q. 17 Find the area of the shaded region given in figure.

14 cm

Sol. JoinJK, KL, LM and MJ.
Their are four equally semi-circles and LMJK formed a square.
: FH=14-(3+ 3)=8cm
So the side of square should be 4 cm and radius of semi- 0|rcle of both ends are 2 cm each.
Area of square JKLM = (4)? =16 cm?

Area of semi-circle HIM = %

mx (2 =2ncm’

o Area of four semi-circle = 4x 6.28 = 25.12 cm?

Now, area of square ABCD = (14)? =196 cm?

: Area of shaded region =Area of square ABCD
— [Area of four semi-circle + Area of square JKLM]
=196 -[8n +16]=196 —16 - 8x
= (180— 8m) cm?

Hence, the required of the shaded region is (180 — 87) cm?.
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Q. 18 Find the number of revolutions made by a circular wheel of area 1.54 m?
in rolling a distance of 176 m.
Sol. Let the number of revolutions made by a circular wheel be n and the radius of circular

wheel ber.
Given that,  area of circular wheel = 1. 54 m?

. nr? =154 [ area of circular = mr?]
= =154 7 2 2049
22
r=07m

So, the radius of the wheel is 0.7 m.
Distance travelled by a circlular wheel in one revolution = Circumference of circular wheel

=2 7r

=2 X % x 07 = % =44m [.circumference of a circle =2 nr]

Since, distance travelled by a circular wheel =176 m

Number of revolutions = Total distance = @ =40

Distance in one revolution 4.4

Hence, the required number of revolutions made by a circular wheel is 40.

Q. 19 Find the difference of the areas of two segments of a circle formed by a
chord of length 5 cm subtending an angle of 90° at the centre.
Sol. Letthe radius of the circle be r.
OA=0B=rcm
Given that, length of chord of a circle, AB=5cm
and central angle of the sector AOBA (8) = 90°

Now, in AAOB (AB)® = (OAY? + (OBY? [by Pythagoras theorem]
(B2 =r’+r°
= 2r? =25
r= i cm
NA)

Now, in AAOB we drawn a perpendicular line OD, which meets at D on AB and divides chord
AB into two equal parts.
AB 5

SO, AD=DB="""—_==¢cm
2 2

[since, the perpendicular drawn from the centre to the chord of a circle divides the chord
into two equal parts]

By Pythagoras theorem, in AADO,
(OA? =0D? + AD?

Major
segment

= 0OD? = 0A% — AD?
=(3)2 _(§)2=2_5_2_5
V2 2 2 4
_50-25_25
4 4 Minor segment
= OD = §cm
2

.. Area of an isosceles AAOB = % x Base (= AB) x Height (= OD)
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2
Now, area of sector AOBA = " X0 =

~.Area of minor segment = Area of sector AOBA — Area of an isosceles AAOB

_ (25815 245)cm ()

Now, area of the circle = nr°= =t ( 5 )_ 25_n cm?

V2 2

Area of major segment = Area of circle — Area of minor segment
2 8 4

_o5m 25
8 4

_(75_“+2_5)Cm2 ()
8 4
. Difference of the areas of two segments of a circle =| Area of major segment — Area of

minor segment |
8 4 4 4

(fon 250 (25n 25
8 8 8 4

75m - 257 50‘ 50 50

8 4 8 4
- (%J + %J cm?
4 2
25t 25 >
Hence, the required difference of the areas of two segments is 4 + o cm©.

Q. 20 Find the difference of the areas of a sector of angle 120° and its
corresponding major sector of a circle of radius 21 cm.

Sol. Given that, radius of the circle (r) = 21cmand central angle of the sector AOBA (0) = 120°

So, area of the circle = nr® = % x (217 = % x21x 21

Majtor
seclor
=22 x 3x21=1386cm?

Now, area of the minor sector AOBA with central angle 120°
2

SV =22, 21X2T oy

360° 7 360° sector

_22X3X21 _ o5 01— 462 o

..Area of the major sector ABOA
=Area of the circle —Area of the sector AOBA
= 1386 — 462 = 924 cm?
Difference of the areas of a sector AOBA and its corresponding major sector ABOA
= \Area of major sector ABOA — Area of minor sectorAOBA\
=|924 - 462| = 462 cm’

Hence, the required difference of two sectors is 462 cm?.
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Surface Areas
and Volumes

Exercise 12.1 Multiple Choice Questions (MCQs)

Q. 1 A cylindrical pencil sharpened at one edge is the combination of
(@) acone and a cylinder
(b) frustum of a cone and a cylinder
(c) a hemisphere and a cylinder
(d) two cylinders
Sol. (@) Because the shape of sharpened pencil is

0; >
- 0 ) + >

= Cylinder + Cone

Q. 2 A surahi is the combination of
(@) a sphere and a cylinder (b) a hemisphere and a cylinder

(c) two hemispheres (d) a cylinder and a cone

Sol. (@) Because the shape of surahiis

= + = Sphere + Cylinder
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Q. 3 A plumbline (sahul) is the combination of (see figure)

(@) a cone and a cylinder
(b) a hemisphere and a cone

(c) frustum of a cone and a cylinder
(d)

sphere and cylinder

B : : i = Hemisphere + Cone

Q. 4 The shape of a glass (tumbler) (see figure) is usually in the form of

Sol. (b)

(@) acone (b) frustum of a cone
(c) acylinder (d) a sphere
Sol. (b) We know that, the shape of frustum of a cone is

So, the given figure is usually in the form of frustum of a cone.

Q. 5 The shape of a gilli, in the gilli-danda game (see figure) is a combination

of
(a) two cylinders (b) a cone and a cylinder
(c) two cones and a cylinder (d) two cylinders and a cone
Sol. (¢)

<0 > - <00 00>

= Cone + Cylinder + Cone
= Two cones and a cylinder
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Q. 6 A shuttle cock used for playing badminton has the shape of the
combination of
(a) a cylinder and a sphere (b) a cylinder and a hemisphere
(c) a sphere and a cone (d) frustum of a cone and a hemisphere

Sol. (d) Because the shape of the shuttle cock is equal to sum of frustum of a cone and
hemisphere.

Q. 7 A cone is cut through a plane parallel to its base and then the cone that is
formed on one side of that plane is removed. The new part that is left over
on the other side of the plane is called

(@) afrustum of a cone (b) cone (c) cylinder (d) sphere

Sol. (a)

Acone sliced  Thetwoparts  Frysium of a cone
by a plane separated
parallel to base

[when we remove the upper portion of the cone cut off by plane, we get frustum of a cone]

Q. 8 If a hollow cube of internal edge 22 cm is filled with spherical marbles of

. o 1 .
diameter 0.5 cm and it is assumed that 3 space of the cube remains

unfilled. Then, the number of marbles that the cube can accomodate is
(a) 142244 (b) 142344 (c) 142444 (d) 142544
@ Thinking Process

If we divide the total volume filled by marbles in a cube by volume of a marble, then we
get the required number of marbles.

Sol. (a) Given, edge of the cube =22 cm
Volume of the cube = (22)° = 10648 cm® [~ volume of cube = (side)’]
Also, given diameter of marble = 0.5cm

Radius of a marble, r = % =0.25cm [ diameter =2 x radius]

Volume of one marble = 2 1% = % x 22 x (0.25)°
3 3 7
[+ volume of sphere = g x 1 x (radius)’]
= 1375 _ 00655 cm?
21
Filled space of cube = Volume of the cube % x Volume of cube

=10648—10648xl8

=10648x%=9317 om?



Surface Areas and Volumes 299

Total space filled by marbles in a cube
Volume of one marble

.. Required number of marbles =

_ 9317
0.0655
Hence, the number of marbles that the cube can accomodate is 142244.

= 142244 (approx)

Q. 9 A metallic spherical shell of internal and external diameters 4 cm and
8 cm, respectively is melted and recast into the form a cone of base
diameter 8 cm. The height of the cone is

(@ 12 cm (b) 14 cm (0 15 cm (d) 18 cm

@ Thinking Process

When a solid shape is melted and recast into the form other solid shape, then volume of
both shapes are equal.

Sol. (b) Given, internal diameter of spherical shell = 4cm
and external diameter of shell = 8cm

.. Internal radius of spherical shell, r, = g cm=2cm [ diameter = 2 x radius]
and external radius of shell, r, = § =4cm [ diameter = 2 x radius]
8cm
4cm

Spherical shell

Now, volume of the spherical shell = g nlrd - r®]

[ volume of the spherical shell = %n {(external radius)® — (internal radius)*}]

4 3 53
=—m(4° -2
3 ( )
4
=—_mn(64-8
3 ( )
224 3
==""ncm
3
Let height of the cone = hcm
Diameter of the base of cone = 8cm
.. Radius of the base of cone = g =4cm [ diameter = 2 x radius]

According to the question,
Volume of cone = Volume of spherical shell
- 1 rapn=224 1 =n=22% _140m
3 3 16

[-- volume of cone = %x 7 x (radius)? x (height]

Hence, the height of the cone is 14 cm.
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Q. 10 If a solid piece of iron in the form of a cuboid of dimensions 49 cm x 33 cm
X 24 cm, is moulded to form a solid sphere. Then, radius of the sphere is
(@ 21 cm (b) 23 cm (c) 25 cm (d) 19 cm
Sol. (a) Given, dimensions of the cuboid = 49 cm x 33cm x 24cm
. Volume of the cuboid = 49 x 33 x 24 = 38808 cm®

[~ volume of cuboid = length x breadth x height]
Let the radius of the sphere is r, then

Volume of the sphere = g rd [.- voulme of the sphere=g 1 x (radius)’]

According to the question,

Volume of the sphere = Volume of the cuboid
4

= 5nr3=38808
= 4x§r3=38808x3
= 8 - 88808X3X7 _ 4ay oy
4 x 22
= r=21x21x 21
r=21cm

Hence, the radius of the sphere is 21 cm.

Q. 11 A mason constructs a wall of dimensions 270 cmx 300 cm x 350 cm with
the bricks each of size 22.5 cm x 11.25 cmx 8.75 cm and it is assumed

1 . .
that 3 space is covered by the mortar. Then, the number of bricks used

to construct the wall is
(@) 11100 (b) 11200 (c) 11000 (d) 11300
@ Thinking Process

If we divide the volume of the wall except the volume of mortar are used on wall by the
volume of one brick, then we get the required number of bricks used to construct the
wall.

Sol. (b) Volume of the wall = 270 x 300 x 350 = 28350000 cm®
[- volume of cuboid=length x breadth x height]
Since, % space of wall is covered by mortar.

So, remaining space of wall = Volume of wall — Volume of mortar
= 28350000 — 28350000 x %

= 28350000 — 3543750 = 24806250 cm®
Now, volume of one brick =225 x 1125 x 875= 2214.844 cm®

[- volume of cuboid=length x breadth x height]

.. Required number of bricks = % =11200 (approx)

14.844
Hence, the number of bricks used to construct the wall is 11200.
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Q. 12 Twelve solid spheres of the same size are made by melting a solid
metallic cylinder of base diameter 2 cm and height 16 cm. The diameter
of each sphere is

(@) 4 cm (b) 3 cm (c) 2 cm (d) 6 cm
Sol. (¢) Given, diameter of the cylinder =2 cm
~.Radius = 1cmand height of the cylinder =16 cm [ diameter = 2 xradius]
~.Volume of the cylinder = © x (1) x 16 = 16  cm®
[- volume of cylinder= 7 x (radius)? x height]
Now, let the radius of solid sphere = rcm

Then, its volume = g s em® [+ volume of spherezg x 1 % (radius)®]

According to the question,
Volume of the twelve solid sphere = Volume of cylinder

= 12><%nr3=16n

= rP=1=r=1cm

Diameter of each sphere,d =2r=2 x1=2cm
Hence, the required diameter of each sphere is 2 cm.

Q. 13 The radii of the top and bottom of a bucket of slant height 45 cm are
28 cm and 7 cm, respectively. The curved surface area of the bucket is
(@) 4950 cm? (b) 4951 cm? (c) 4952 cm? (d) 4953 cm?

Sol. (a) Given, the radius of the top of the bucket, R =28 cm
and the radius of the bottom of the bucket, r =7 cm
Slant height of the bucket, /= 45cm
Since, bucket is in the form of frustum of a cone.
.. Curved surface area of the bucket = /(R + r)=nt x 4528+ 7)

[+ curved surface area of frustum of a cone = n(R + r)!]

=n><45><35=§><45><35=4950cm2

Q. 14 A medicine-capsule is in the shape of a cylinder of diameter 0.5 cm with
two hemispheres stuck to each of its ends. The length of entire capsule
is 2 cm. The capacity of the capsule is

(@) 0.36 cm® (b) 0.35 cm® (c) 0.34 cm’ (d) 0.33 cm’

Sol. (a) Given, diameter of cylinder = Diameter of hemisphere = 0.5 cm
[since, both hemispheres are attach with cylinder]

. Radius of cylinder (r) = radius of hemisphere (r) =¥: 0.25cm

[ diameter = 2 x radius]

0251 [0-5¢m 025

<
<

Y

2cm
and total length of capsule =2 cm
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.~.Length of cylindrical part of capsule,
h=Length of capsule — Radius of both hemispheres
=2-(0.25+ 0.25)=1.5cm
Now, capacity of capsule = Volume of cylindrical part + 2 x Volume of hemisphere

=nr’h+2 ><%1tr3

[~ volume of cylinder= 7 x (radius)? x height and volume of hemispere = %n(radius)s]

22 1(0.25)2 x 1.5+g>< (0.25)%]

"7
- % [0.09375+ 0.0208]

- % % 011455 =0.36 cm®

Hence, the capacity of capsule is 0.36 cm?®.

Q. 15 If two solid hemispheres of same base radius r are joined together along
their bases, then curved surface area of this new solid is
(a) 4rr? (b) 671> () 3rr? (d) 87r?

Sol. (@) Because curved surface area of a hemisphere is2nr® and here, we join two solid
hemispheres along their bases of radius r, from which we get a solid sphere.

Hence, the curved surface area of new solid =2 rtr® + 2 r® = 4mr?

Q. 16 A right circular cylinder of radius r cm and height h cm (where, h> 2r)

just encloses a sphere of diameter
(@ rcm (b) 2r cm (©)hcm (d) 2h cm

Sol. (b) Because the sphere encloses in the cylinder, therefore the diameter of sphere is equal
to diameter of cylinder which is 2r cm.

Q. 17 During conversion of a solid from one shape to another, the volume of
the new shape will
(@) increase (b) decrease
(c) remain unaltered (d) be doubled

Sol. (¢) During conversion of a solid from one shape to another, the volume of the new shape
will remain unaltered.

Q. 18 The diameters of the two circular ends of the bucket are 44 cm and
24 cm. The height of the bucket is 35 cm. The capacity of the bucket is

(@ 32.7L (b) 33.7 L (c)34.7 L (d)31.7L
Sol. (@) Given, diameter of one end of the bucket,
2R=44 = R=22 cm [ diameter, r =2 x radius]
and diameter of the other end,
2r=24 = r=12cm [ diameter, r=2 x radius]

Height of the bucket, h=35cm
Since, the shape of bucket is look like as frustum of a cone.
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Capacity of the bucket = Volume of the frustum of the cone

= nhR? + %+ R

= x T x35[@2) + (12)? + 22 x 12]
_ 351

[484 + 144 + 264]
=35n><892=35><22><892
3 3x7

= 327066cm® = 327 L [-1000 cm3=1L]
Hence, the capacity of bucket is 32.7 L.

Q. 19 In a right circular cone, the cross-section made by a plane parallel to the
base is a
(a) circle (b) frustum of a cone (c) sphere (d) hemisphere

Sol. (b) We know that, if a cone is cut by a plane parallel to the base of the cone, then the
portion between the plane and base is called the frustum of the cone.

Q. 20 If volumes of two spheres are in the ratio 64 : 27, then the ratio of their
surface areas is
(@ 3:4 (b)y4:3 (©9:16 (d)y16:9
Sol. (d) Letthe radii of the two spheres are r, and r,, respectively.

Volume of the sphere of radius, , =V, = % i ()

[~ volume of sphere = g 7 (radius)®]

4 3

and volume of the sphere of radius, r, =V, = 3 Ly - (i)
. . 3™ e
Given, ratio of volumes = V,: V, = 64:27 = 2 = > [using Egs. (i) and (ii)]
3
— Ty

h 64 Lo_4
N I e I -..(ii)
27 ', 3

2

Now, ratio of surface area = Amh [~ surface area of a sphere = 41 (radius)?]
4z,
A
2 2
o (fJ [using Eq. (iii)]
r, 3
=169

Hence, the required ratio of their surface area is 16 : 9.
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Exercise 12.2 Very Short Answer Type Questions

Write whether True or False and justify your answer.

Q. 1 Two identical solid hemispheres of equal base radius r cm are stuck
together along their bases. The total surface area of the combination is
6mrl.

Sol. False
Curved surface area of a hemisphere =2 nr?

Here, two identical solid hemispheres of equal radius are stuck together. So, base of both
hemispheres is common.
.. Total surface area of the combination

=2nr? + 2nr° = 4mr?

Q. 2 A solid cylinder of radius r and height h is placed over other cylinder of
same height and radius. The total surface area of the shape so formed is
4rrh+ 4 el

Sol. False
Since, the total surface area of cylinder of radius, r and height, h =2mrh + 2 nr?

When one cylinder is placed over the other cylinder of same height and radius,
then height of the new cylinder=2h

and radius of the new cylinder = r

. Total surface area of the new cylinder = 2r(2h) + 2nr® = 4nrh + 2w

Q. 3 A solid cone of radius r and height his placed over a solid cylinder having
same base radius and height as that of a cone The total surface area of the

combined solid is @r [4/r® + h? + 3r + 2h].

Sol. False
We know that, total surface area of a cone of radius, r
and height, h = Curved surface Area + area of base = nrl + e

where, I=+h° +r°

and total surface area of a cylinder of base radius, r and height, h

=Curved surface area + Area of both base =2mrh + 27r°
Here, when we placed a cone over a cylinder, then one base is common for both.
So, total surface area of the combined solid

=ql+2nh+ e =mnr [l +2h+71]

= nr[1/r2 +h +2h+ r]
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Q. 4 A solid ball is exactly fitted inside the cubical box of side a. The volume of
the ball is %na3.

Sol. False
Because solid ball is exactly fitted inside the cubical box of side a. So, a is the diameter for
the solid ball.
Radius of the ball = g
4 (a)® 1
So, volume of the ball = = n(f) =_na°
3 \2 6

.1 .
Q. 5 The volume of the frustum of a cone is gnh [rZ + % —rr,], where his

vertical height of the frustum and r,, r, are the radii of the ends.
Sol. False

Since, the volume of the frustum of a cone is% nh[i + rZ + I, 1,}, where his vertical height

of the frustum and 1, r, are the radii of the ends.

Q. 6 The capacity of a cylindrical vessel with a hemispherical portion raised

upward at the bottom as shown in the figure is %[3h —2r].

rcecm A

hcm

Sol. True
We know that, capacity of cylindrical vessel = nr*h cm?®

and capacity of hemisphere = %nr3 cm

From the figure, capacity of the cylindrical vessel

—w?h—2 = P [3h—2n
37 3

Q. 7 The curved surface area of a frustum of a cone is ml (r; +1,), where

= h?+(r, +1,)%, 1, and r, are the radii of the two ends of the frustum
and his the vertical height.

Sol. False
We know that, if , and r, are the radii of the two ends of the frustum and h is the vertical

height, then curved surface area of a frustum is (r; + r,), where I =/h? + (r, — 1, )?.
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Q. 8 An open metallic bucket is in the shape of a frustum of a cone, mounted
on a hollow cylindrical base made of the same metallic sheet. The surface
area of the metallic sheet used is equal to curved surface area of frustum
of a cone + area of circular base + curved surface area of cylinder.

Sol. True
Because the resulting figure is

E F

Here, ABCD is a frustum of a cone and CDEF is a hollow cylinder.

Exercise 12.3 Short Answer Type Questions

Q. 1 Three metallic solid cubes whose edges are 3 cm, 4 cm and 5 cm are
melted and formed into a single cube. Find the edge of the cube so

formed.
Sol. Given, edges of three solid cubes are 3 cm, 4 cm and 5 cm, respectively.
Volume of first cube = (3)° =27 cm?
Volume of second cube = (4)° = 64cm?®
and volume of third cube = (5)° = 125cm®
Sum of volume of three cubes = (27 + 64 + 125)=216cm®

Let the edge of the resulting cube = R cm
Then, volume of the resulting cube, R® =216 = R =6cm

Q. 2 How many shots each having diameter 3 cm can be made from a cuboidal
lead solid of dimensions 9 cm x 11¢cm x 12 cm?
Sol. Given, dimensions of cuboidal = 9cmx 11cmx 12 cm
-.Volume of cuboidal = 9 x 11x 12 = 1188 cm?
and diameter of shot = 3cm
Radius of shot, r = g =15¢cm

Volume of shot = 4 1% = 4 x 22 & (1.5
3 3 7

=297 _ 14143 cn®
21

1188

Required number of shots = = 84 (approx
. 14.143 (@pprox)
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Q. 3 A bucket is in the form of a frustum of a cone and holds 28.490 L of water.
The radii of the top and bottom are 28 cm and 21 cm, respectively. Find

Sol.

the height of the bucket.

Given, volume of the frustum = 28.49 L = 28.49 x 1000 cm? [-1L=1000 cm3]

=28490cm’
and radius of the top () =28.cm
radius of the bottom (r,) =21cm
Let height of the bucket = hcm

Now, volume of the bucket=% nh(F + 2 + rr,) = 28490
1_22 2 2
= 5X7Xh(28 + 217 + 28 x 21) = 28490
= h(784+ 441+ 588)=7284902>2< 8x7
= 1813 h=1295 x 21
h:1295)(21=27195=150m
1813 1813

[given]

Q. 4 A cone of radius 8 cm and height 12 cm is divided into two parts by a
plane through the mid-point of its axis parallel to its base. Find the ratio

Sol.

of the volumes of two parts.

Let ORN be the cone then given, radius of the base of the cone r, = 8cm,

A

12cm

and height of the cone, (h) OM =12 cm
Let P be the mid-point of OM, then

OP:PM:%:Gcm

Now, A OPD ~ A OMN

oP _FD

OM  MN

6 PD 1 PD
= —_— = = - =

12 8 2 8
= PD =4cm

The plane along CD divides the cone into two parts, namely
(i) a smaller cone of radius 4 cm and height 6¢cm and (i) frustum of a cone for which
Radius of the top of the frustum, r, = 4 cm
Radius of the bottom,r, = 8 cm
and height of the frustum,h =6 cm
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Volume of smaller cone = (% TX4x%x4x 6)= 32ncm’

and volume of the frustum of cone = % X X 6[(8)° + (4 + 8x 4]

=21 (64 + 16 + 32)=224 mcm®
.. Required ratio = Volume of frustum : Volume of cone=24n:32n=1:7

Q. 5 Two identical cubes each of volume 64 cm? are joined together end to
end. What is the surface area of the resulting cuboid?

Sol. Letthe length of a side of a cube = a cm

=

<>

Y

2a
Given, volume of the cube, a° = 64cm® =a = 4cm
On joining two cubes, we get a cuboid whose
length, I =2acm
breadth, b =acm

and height, h=acm
Now, surface area of the resulting cuboid =2 (b + bh + hl)

=2(Ra-a+a-a+a-2a)

=2 (2% + a° + 2a°%)=2 (5a°)

=10a® =10 (4f° = 160cm?

Q. 6 From a solid cube of side 7 cm, a conical cavity of height 7 cm and radius
3 c¢m is hollowed out. Find the volume of the remaining solid.

Sol. Given that, side of a solid cube (a) =7 cm
Height of conical cavity i.e., cone, h=7 cm

/\

>l
-

7cm

3cm

Since, the height of conical cavity and the side of cube is equal that means the conical
cavity fit vertically in the cube.
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Radius of conical cavity i.e., cone, r = 3cm

= Diameter=2 xr=2 x3=6cm

Since, the diameter is less than the side of a cube that means the base of a conical cavity is
not fit inhorizontal face of cube.

Now, volume of cube = (side)®= a® = (7)® = 343 cm?®

, L 1
and volume of conical cavity /.e., cone = 3 Txréxh

=l><%><3><3><7
3 7

=66cm°

..Volume of remaining solid = Volume of cube — Volume of conical cavity
=343-66=277cm’

Hence, the required volume of solid is 277 cm3.

Q. 7 Two cones with same base radius 8 cm and height 15 cm are joined
together along their bases. Find the surface area of the shape so formed.

Sol. If two cones with same base and height are joined together along their bases, then the
shape so formed is look like as figure shown.
A A

8cm

16 cm

15¢cm

Y

A

8cm

Y 4

30 cm

< >
~t -

Given that, radius of cone, r = 8cm and height of cone, h=15cm

So, surface area of the shape so formed
= Curved area of first cone + Curved surface area of second cone
=2 Surface area of cone [since, both cones are identical]

=2X =2 X XX+ R

- X%XSX (87 + (157

_2x22X8x ., 64+225
7
:44><8><\/289
7
=44><8><17

7

= 5984 _ gsag50n?

7
= 855cm? (approx)

Hence, the surface area of shape so formed is 855 cm?.
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Q. 8 Two solid cones A and B are placed in a cylindrical tube as shown in the
figure. The ratio of their capacities is 2 : 1. Find the heights and
capacities of cones. Also, find the volume of the remaining portion of the
cylinder.

21 cm

£
&)
©

Sol. Letvolume of cone Abe2V and volume of cone Bbe V. Again, let height of the cone A = h,
cm, then height of cone B = (21— h;)cm

21cm

<
<

Y

6cm
>
w

6cm

Y

A
Y
A

Given, diameter of the cone = 6¢cm
Radius of the cone = 56 =3cm

Now, volume of the cone, A =2V = % nrlh= % n(37h,

1 3 .
= V=—_n9h ==hmn N (
6 | 2 0
and volume of the cone, B=V = %n (3 (21— h)=3n@21-h) (D)

From Egs. (i) and (ii),
gmn =3n@1-h)

= h=2@1-h)
= 3h, = 42
= = 4—2 =14cm
3
Height of cone, B=21-h, =21-14=7cm
Now, volume of the cone, A =3 x 14 x ? =132¢cm’ [using Eq. (i)]
and volume of the cone, B = % X % X 9x7 =66cm [using Eq. (ii)]
Now, volume of the cylinder = nr?h = ?(3)2 x 21 = 594cm®

.. Required volume of the remaining portion = Volume of the cylinder
— (Volume of cone A+ Volume of cone B)
=594 — (132 + 66)
=396cm’
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Q. 9 An ice-cream cone full of ice-cream having radius 5 cm and height 10 cm
as shown in figure

10cm

. . .1 . .
Calculate the volume of ice-cream, provided that its — part is left unfilled
with ice-cream.

Sol. Given, ice-cream cone is the combination of a hemisphere and a cone.
Also , radius of hemisphere = 5cm
Volume of hemisphere = 2l = % X % x (5)°
= 9500 _ 561 .90cm?
Now, radius of the cone = 5¢cm
and

height of the cone=10-5=5cm
Volume of the cone =  7r2h

= 2750 _ 43095 cm?
o1

Now, total volume of ice-cream cone = 261.90+ 130.95= 392.85 cm®
Since, % part is left unfilled with ice-cream.

.Required volume of ice-cream = 392.85— 392.85 x 1 392.85— 65475

=327.4cm’

Q. 10 Marbles of diameter 1.4 cm are dropped into a cylindrical beaker of

diameter 7 cm containing some water. Find the number of marbles that
should be dropped into the beaker, so that the water level rises by 5.6 cm.

Sol. Given, diameter of a marble=1.4 cm

Radius of marble =ﬁ =0.7cm

So,  volume of one marble = n(07)°

- gn % 0343=1372 1 omd
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Also, given diameter of beaker =7 cm
. Radius of beaker = g =3.5cm

Height of water level raised = 5.6 cm

~.Volume of the raised water in beaker = 1 (3.5)° x 5.6= 68.6m cm°

Volume of the raised water in beaker
Volume of one spherical marble

= 686m 5_150
1.372 1

Now, required number of marbles =

Q. 11 How many spherical lead shots each of diameter 4.2 cm can be obtained

from a solid rectangular lead piece with dimensions 66 cm, 42 cm and
21 cm?

Sol. Given that, lots of spherical lead shots made from a solid rectangular lead piece.
. Number of spherical lead shots
_ Volume of solid rectangular lead piece
Volume of a spherical lead shot

Also, given that diameter of a spherical lead shot /.e., sphere = 42 cm

.. Radius of a spherical lead shot, r = %2 =21cm { radius = % diameter1

J

()

So, volume of a spherical lead shoti.e., sphere
4 3
=—_Tr

42 oy
377

=352 oqx21x21
3 7
=4><2.2 x21x21x21
3x 7 x 1000

Now, length of rectangular lead piece, [ = 66 cm
Breadth of rectangular lead piece, b = 42 cm
Height of rectangular lead piece, h =21 cm
-.Volume of a solid rectangular lead piece i.e.,cuboid=1x b x h = 66 x 42 x 21
From Eq. (i),

Number of spherical lead shots = 66 x 42 x 21 x 3x7 x 1000
4 %22 x21%x21x 21
_ 3x22 x21x2 x21x21x1000

4x22 x21x21x21

=3x2 x250

=6 %250 =1500
Hence, the required number of spherical lead shots is 1500.

Q. 12 How many spherical lead shots of diameter 4 cm can be made out of a
solid cube of lead whose edge measures 44 cm.
Sol. Given that, lots of spherical lead shots made out of a solid cube of lead.

. Number of spherical lead shots
_ Volume of a solid cube of lead

" Volume of a spherical lead shot
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Given that, diameter of a spherical lead shot/.e., sphere = 4cm
4

= Radius of a spherical lead shot (1) = 5
r=2cm [ diameter =2 x radius]
So, volume of a spherical lead shot /.e., sphere

Y
Now, since edge of a solid cube (a) = 44 cm
So, volume of a solid cube = (a)® = (44)° = 44 x 44 x 44cm®

From Eq. (i),
Number of spherical lead shots = 44 44 x 44 x 21
4x22x%x8
=11x21x11=121x 21
= 2541

Hence, the required number of spherical lead shots is 2541.

Q. 13 A wall 24 m long, 0.4 m thick and 6 m high is constructed with the

Sol.

bricks each of dimensions 25 cm x 16 cm x 10 cm. If the mortar

occupies % th of the volume of the wall, then find the number of bricks

used in constructing the wall.
Given that, a wall is constructed with the help of bricks and mortar.

(Volume of wall) —(ith volume of wall )
Number of bricks = 10

Volume of a brick
Also, given that
Length of a wall (1) =24 m,
Thickness of a wall (b) = 0.4m,
Height of a wall (h)=6m
So, volume of a wall constructed with the bricks =7 x b x h

=24 % 0.4 % 6:24X173X6m3
Now,ithvolumeofawallzi><‘24X4><6 _24x4x6 3
10 10 10 10?
and Length of a brick (/,) =25 cm:%sO m
Breadth of a brick (b;) =16cm = % m

Height of a brick (h;) =10 cm = 10 m
100

So, volume of a brick = [, x by x
_25 16 10 _25x16
100 100 100  10°
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From Eq. (i),

(24><4><6_24>< 4><6)
Number of bricks = 10 100

(25><16)
10°

24x 4% 6 10°
=— " " x9x

100 25x 16
=24><4><6><9><1000
25x 16

=24x6x9x10=12960
Hence, the required number of bricks used in constructing the wall is 12960.

Q. 14 Find the number of metallic circular disc with 1.5 cm base diameter and
of height 0.2 cm to be melted to form a right circular cylinder of height
10 cm and diameter 4.5 cm.

Sol. Given that, lots of metallic circular disc to be melted to form a right circular cylinder. Here, a
circular disc work as a circular cylinder.

Base diameter of metallic circular disc =1.5cm

.. Radius of metallic circular disc = 1—5 cm

[ diameter =2 x radius]
and height of metallic circular disci.e., =0.2 cm

Volume of a circular disc = r x (Radius)? x Height

2
=nx(E) x 0.2
2

x1.5x1.5x0.2

_n
4
Now, height of a right circular cylinder (h) = 10cm
and diameter of a right circular cylinder = 4.5cm

= Radius of aright circular cylinder (r) = Ecm
Volume of right circular cylinder = mr?h

2
- n(ﬁ) x10= " x 45x% 4.5% 10
2 4

. Number of metallic circular disc = Volume of a right c'|rcullar cyther
Volume of a metallic circular disc
%x4.5><4.5><10

%x1.5x1.5x0.2

_ 3x3x10:@:450

Hence, the required number of metallic circular disc is 450.
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Exercise 12.4 Long Answer Type Questions

Q. 1 A solid metallic hemisphere of radius 8 cm is melted and recasted into a

Sol.

right circular cone of base radius 6 cm. Determine the height of the cone.

Let height of the cone be h.
Given, radius of the base of the cone = 6cm

Volume of circular cone = % nr? hzé n(6)° h= 36—;”7 =12 nhem?
Also,  given radius of the hemisphere = 8cm
Volume of the hemisphere =% nrd= % n(8)° = &;ZR cm®

According to the question,
Volume of the cone = Volume of the hemisphere

= 12nh=7512:2n

h=512 X2T
12x3m

= @ =2844cm

Q. 2 A rectangular water tank of base 11 m x 6 m contains water upto a height

Sol.

of 5 m. If the water in the tank is transferred to a cylindrical tank of
radius 3.5 m, find the height of the water level in the tank.

Given, dimensions of base of rectangular tank = 11m x 6 mand height of water = 5m
Volume of the water in rectangular tank = 11 x 6 x 5= 330 m°

Also, given radius of the cylindrical tank =3.5 m

Let height of water level in cylindrical tank be h.

Then, volume of the water in cylindrical tank = © r* h= 7 (3.5)° x h
=¥x 3.5% 3.5% h

=110 x 35 xh=385hm°

According to the question,
330 = 385h [since, volume of water is same in both tanks]
- 330 _ 3300
385 385
=857mor8.6m

Hence, the height of water level in cylindrical tank is 8.6 m.
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Q. 3 How many cubic centimetres of iron is required to construct an open box
whose external dimensions are 36 cm, 25 ¢cm and 16.5 cm provided the
thickness of the iron is 1.5 cm. If one cubic centimetre of iron weights
7.5 g, then find the weight of the box.

Sol. Let the length(l), breadth (b) and height (h) be the external
dimension of an open box and thickness be x.

Given that,
external length of an open box (/) = 36 cm x &
external breadth of an open box (b) =25cm
and external height of an open box (h) =16.5cm x
.. External volume of an open box = Ibh

=36x25x%x16.5

=14850cm®

Since, the thickness of the iron (x) = 1.5¢cm
So, internal length of an open box () =/ - 2x
=36x2x15
=36-3=33cm
Therefore, internal breadth of an open box (b,) = b —2x
=25-2x1.5=25-3=22cm
and internal height of an open box (h,) = (h — x)
=16.5-1.5=15cm
So, internal volume of an open box = (I — 2x)- (b — 2x)- (h — x)
=33 x22 x 15= 10890 cm®
Therefore, required iron to construct an open box
= External volume of an open box — Internal volume of an open box
= 14850 — 10890 = 3960 cm®

Hence, required iron to construct an open box is 3960 cm?®.

Given that, 1 cm? of iron weights =7.5g = % kg = 0.0075kg

3960 cm? of iron weights = 3960 x 0.0075= 297 kg

Q. 4 The barrel of a fountain pen, cylindrical in shape, is 7 cm long and 5 mm
in diameter. A full barrel of ink in the pin is used up on writing
3300 words on an average. How many words can be written in a bottle of
ink containing one-fifth of a litre?

Sol. Given, length of the barrel of a fountain pen =7 cm

and diameter=5mm= % cm= l cm

2
. Radius of the barrel = =0.25cm
2 %2
Volume of the barrel = nir?h [since, its shape is cylindrical]
= ? x (0.25)% x 7

=22x 0.0625= 1.375 cm®
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Also, given volume of ink in the bottle = % of litre = % x 1000 cm?® = 200 cm®

Now, 1.375 cm® ink is used for writing number of words = 3300

-1 cm® ink is used for writing number of words = 132(;2

200 cm® ink is used for writing number of words = 135;;2 x 200= 480000

Q. 5 Water flows at the rate of 10 m min~* through a cylindrical pipe 5 mm in
diameter. How long would it take to fill a conical vessel whose diameter at

the base is 40 cm and depth 24 cm?
Sol. Given, speed of water flow = 10m min~" = 1000 cm/min

and diameter of the pipe = 5mm = 0 cm

Radius of the pipe = 5 _ 0.25cm
10x2

-.Area of the face of pipe = nr? = ? x (0.25)% = 0.1964 cm?

Also, given diameter of the conical vessel = 40cm

..Radius of the conical vessel = % =20cm

and depth of the conical vessel =24 cm

Volume of conical vessel = %ﬂ:r2h = % X % X (20)? x 24

- % 10057 14cm?

Volume of the conical vessel
Area of the face of pipe x Speed of water
10057.14

T 0.1964x 10x 100

=51.20 min= 51 min%x 60s=5Tmin12s

Required time =

Q. 6 A heap of rice is in the form of a cone of diameter 9 m and height 3.5 m.
Find the volume of the rice. How much canvas cloth is required to just
cover heap?

Sol. Given that, a heap of rice is in the form of a cone.

Height of a heap of rice i.e., cone (h)= 3.5m
and diameter of a heap of rice j.e.,cone=9 m

Radius of a heap of rice i.e., cone (r) = 5 m

So, volume of rice = % T xr°h
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Now, canvas cloth required to just cover heap of rice
= Surface area of a heap of rice

= nrl

:%xrxw/r2+h2

2
29 (9) + (352
72 2
Tx9, 181 1205
7 4

=14142 x 5.7
=80.61m?

Hence, 80.61 m? canvas cloth is required to just cover heap.

Q. 7 A factory manufactures 120000 pencils daily. The pencils are cylindrical in
shape each of length 25 c¢cm and circumference of base as 1.5 cm.
Determine the cost of colouring the curved surfaces of the pencils
manufactured in one day at ¥ 0.05 per dm?.

Sol. Given, pencils are cylindrical in shape.

Length of one pencil =25cm
and circumference of base = 1.5 cm

N r=15%7_ 00386 cm
22% 2
Now, curved surface area of one pencil =2 nrh
=2 x% x 0.2386 x 25
- 26346 — 37.49 cm?
_37.49 4 > [ em= 1 aml
100 | 10|
=0.375 dm?

-.Curved surface area of 120000 pencils = 0.375x 120000 = 45000 dm?

Now, cost of colouring 1 dm? curved surface of the pencils manufactured in one day
=%0.05

-.Cost of colouring 45000 dm? curved surface = ¥ 2250

Q. 8 Water is flowing at the rate of 15 kmh ™" through a pipe of diameter 14 cm
into a cuboidal pond which is 50 m long and 44 m wide. In what time will
the level of water in pond rise by 21 cm?

Sol. Given, length of the pond= 50 m and width of the pond = 44 m

Depth required of water=21cm = % m

3
Volume of water in the pond = (50 X 44 x %) =462 m°
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Also, given radius of the pipe =7 cm = 17% m
“14 cm
Pipe

50 m

and speed of water flowing through the pipe = (15 x 1000)= 15000 mh™"
Now, volume of water flow in1 h=x R% H
=(§xixix15ooo)
7 100 100
=231m°
Since, 231 m® of water falls in the pondin 1 h.
So, 1 m® water falls in the pond in 2%1 h.

Also, 462 m?® of water falls in the pond in (% X 462) h=2h

Hence, the required time is 2 h.

Q. 9 A solid iron cuboidal block of dimensions 4.4 mx 2.6mx 1m is recast into
a hollow cylindrical pipe of internal radius 30 cm and thickness 5 cm. Find
the length of the pipe.

Sol. Given that, a solid iron cuboidal block is recast into a hollow cylindrical pipe.
Length of cuboidal pipe (/) = 44m
Breadth of cuboidal pipe (b) = 2.6 m and height of cuboidal pipe (h)=1m
So, volume of a solid iron cuboidal block =/-b-h
=44x26x1=1144 m’

Also, internal radius of hollow cylindrical pipe () = 30cm = 0.3m
and thickness of hollow cylindrical pipe = 5cm = 0.05m
So, external radius of hollow cylindrical pipe (f, ) = ; + Thickness
=0.3+0.05
=0.35m
..Volume of hollow cylindrical pipe = Volume of cylindrical pipe with external radius
—Volume of cylindrical pipe with internal radius
= 7tre2h1 - nr,zh1 = (e - f/‘z) hy
=2 (0357 - (0311

=§x 065 x 0,05 x h, = 0715 x h, /7

where, h, be the length of the hollow cylindrical pipe.
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Now, by given condition,
Volume of solid iron cuboidal block = Volume of hollow cylindrical pipe
= 1144=0715xh/7
h=11.44><7 —112m
0715
Hence, required length of pipe is 112 m.

Q. 10 500 persons are taking a dip into a cuboidal pond which is 80 m long
and 50 m broad. What is the rise of water level in the pond, if the
average displacement of the water by a person is 0.04 m>?

Sol. Let the rise of water level in the pond be hm, when 500 persons are taking a dip into a
cuboidal pond.
Given that,
Length of the cuboidal pond = 80 m
Breadth of the cuboidal pond = 50 m hi
Now, volume for the rise of water level in the pond
= Length xBreadth x Height

=80 x 50 x h= 4000 hm®
and the average displacement of the water by a person = 0.04
3
m
So, the average displacement of the water by 500 persons = 500 x 0.04 m?

Now, by given condition,
Volume for the rise of water level in the pond = Average displacement of the water by
500 persons
= 4000 h = 500 x 0.04
h 500x 004 20 1
= = = mMm
4000 4000 200
=0.005m
=0.005x100cm
=0.5¢cm
Hence, the required rise of water level in the pond is 0.5 cm.

Q. 11 16 glass spheres each of radius 2 cm are packed into a cuboidal box of
internal dimensions 16 cm x 8 cm x 8 cm and then the box is filled with
water. Find the volume of water filled in the box.

Sol. Given, dimensions of the cuboidal =16 cm x 8 cm x 8cm

~.Volume of the cuboidal = 16 x 8 x 8 = 1024 cm®
Also, given radius of one glass sphere =2 cm

Volume of one glass sphere = 4 = 4 X 22 X
3 3 7
704

=" -33523 cm®
21

@)

Now, volume of 16 glass spheres = 16 x 33.523= 536.37 cm®
Required volume of water = Volume of cuboidal — Volume of 16 glass spheres
=1024 — 536.37 = 487.6 cm’
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Q. 12 A milk container of height 16 cm is made of metal sheet in the form of a
frustum of a cone with radii of its lower and upper ends as 8 cm and
20 cm, respectively. Find the cost of milk at the rate of ¥ 22 per L which

the container can hold.

Sol. Given that,height of milk container (h) = 16 cm,
Radius of lower end of milk container (r) = 8 cm
and radius of upper end of milk container (R) =20 cm

o 8cm

Milk
container

Y

20cm

- 22;16(400+ 64+ 160)

=22><‘|261>< 624=21ZE1348 [-1L = 1000cm?]

=10459.42 cm® = 10.45942 |_

So, volume of the milk container is 10459.42 cm?®.

-+ Costof 1 L milk =322
-.Cost of 10.45942 L milk =22 x 10.45942 =% 230.12

Hence, the required cost of milk is ¥230.12

Q. 13 A cylindrical bucket of height 32 cm and base radius 18 cm is filled with
sand. This bucket is emptied on the ground and a conical heap of sand is
formed. If the height of the conical heap is 24 cm, find the radius and

slant height of the heap.

Sol. Given, radius of the base of the bucket =18cm

Height of the bucket = 32 cm
So, volume of the sand in cylindrical bucket = nr?h= nt (18)? x 32 = 10368 &

Also, given height of the conical heap (h) =24 cm
Let radius of heap be rcm.
Then, volume of the sand in the heap = — nreh

e x24=8 nrl

wl=wl—=
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According to the question,
Volume of the sand in cylindrical bucket = Volume of the sand in conical heap

= 10368 1 = 87r?

= 10368 = 8 r°

= 2 = 10968 _ 1096
8

= r=36cm

Again, let the slant height of the conical heap =1

Now, 12 = h? + r? = (247 + (36)°
=576+ 1296 =1872

R [=43267cm

Hence, radius of conical heap of sand = 36 cm

and slant height of conical heap = 43267 cm

Q. 14 A rocket is in the form of a right circular cylinder closed at the lower end
and surmounted by a cone with the same radius as that of the cylinder.
The diameter and height of the cylinder are 6 cm and 12 cm,
respectively. If the slant height of the conical portion is 5 cm, then find
the total surface area and volume of the rocket. (use m = 3.14)
Sol. Since, rocket is the combination of a right circular cylinder and a cone.
Given, diameter of the cylinder = 6 cm

Radius of the cylinder = g =3cm
and height of the cylinder =12 cm

= Volume of the cylinder = nr°h = 314 x (3)? x 12 A
=339.12 cm®

and curved surface area =2 mrh 5 cm
=2x 3.14x 3x 12=226.08

Now, in right angled AAOC,

= 2— 2: —_ = =
h=5" -8 = [25-9=116=4 . o

~.Height of the cone, h=4cm ——— C4
Radius of the cone, r = 3cm
Now, volume of the cone cE)
=1nr2h=1x3.14><(3)2><4 =
3 3
_113.04 _ 3768 cm® |
D

and curved surface area = mrl = 314x3x 5= 471 <
Hence, total volume of the rocket 6cm
= 33912 + 37.68= 376.8 cm®

and total surface area of the rocket = CSA of cone +CSA of cylinder
+ Area of base of cylinder

Y

=471+ 226.08+ 28.26
= 30144 cm?
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Q. 15 A building is in the form of a cylinder surmounted by a hemispherical
. 19 . . .
vaulted dome and contains 41 1 m? of air. If the internal diameter of
dome is equal to its total height above the floor, find the height of the
building?
Sol. Let total height of the building = Internal diameter of the dome =2rm

A

A
Y

2r

Radius of building (or dome) = % =rm

Height of cylinder=2r —r=rm
Volume of the cylinder = n r? (r) = nr® m®

and volume of hemispherical dome cylinder = % e m’
.. Total volume of the building = Volume of the cylinder + Volume of hemispherical dome
= (nr3 +2 nr3)m3 =5 e
3 3

According to the question,
Volume of the building = Volume of the air

= Spd=a119
21
. 5 o - 880
3 21
3 880x7x3 40x21
= rJ = = =8

S 21x22x5 21x5
= rP=8=r=2
Height of the building=2r=2 x2 =4m

Q. 16 A hemispherical bowl of internal radius 9 cm is full of liquid. The liquid
is to be filled into cylindrical shaped bottles each of radius 1.5 cm and
height 4 cm. How many bottles are needed to empty the bowl?

Sol. Given, radius of hemispherical bowl, r = 9 cm

and radius of cylindrical bottles, R =15 cm and height, h = 4cm
Volume of hemispherical bowl
Volume of one cylindrical bottle

2 s %xnx9x9x9

= = =54
nRh =wx15x15x 4

..Number of required cylindrical bottles =
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Q. 17 A solid right circular cone of height 120 cm and radius 60 cm is placed
in a right circular cylinder full of water of height 180 cm. Such that it
touches the bottom. Find the volume of water left in the cylinder, if the
radius of the cylinder is equal to the radius to the cone.

60 cm 60 cm

120 cm

(Right circular cone) Water —

% Water flow

(Cylinder contained a cone)

(Right circular cyclinder)

Sol. (i) Whenever we placed a solid right circular cone in a right circular cylinder with full of
water, then volume of a solid right circular cone is equal to the volume of water falled
from the cylinder.

(ii) Total volume of water in a cylinder is equal to the volume of the cylinder.
(iii) Volume of water left in the cylinder = Volume of the right circular cylinder — volume of a
right circular cone.
Now, given that
Height of a right circular cone = 120 cm
Radius of a right circular cone = 60 cm

. Volume of a right circular cone = % nrixh

=1><%><60><60><120
3 7

=§x20>< 60 x 120
=144000m cm®
.. Volume of a right circular cone = Volume of water falled from the cylinder
=144000m cm® [from point (i)]
Given that, height of a right circular cylinder =180 cm
and radius of a right circular cylinder = Radius of a right circular cone
=60 cm
~.Volume of a right circular cylinder = nr® x h

1t x 60 x 60 x 180
= 648000 © cm®

So, volume of a right circular cylinder = Total volume of water in a cylinder
= 648000 mcm® [from point (ii)]
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From point (iii),
Volume of water left in the cylinder

= Total volume of water in a cylinder — Volume of water falled from
the cylinder when solid cone is placed in it

= 648000 © — 1440007
= 5040007 = 504000 x % = 1584000 cm®

_ 1584000
(10°

Hence, the required volume of water left in the cylinder is 1.584 m°.

=1.584m°

Q. 18 Water flows through a cylindrical pipe, whose inner radius is 1 cm, at the
rate of 80 cms ™' in an empty cylindrical tank, the radius of whose base
is 40 cm. What is the rise of water level in tank in half an hour?

Sol. Given, radius of tank, , = 40cm
Let height of water level in tank in half an hour = h,
Also, given internal radius of cylindrical pipe, r, = 1cm
and speed of water = 80 cm/s i.e., in 1 water flow = 80 cm
. In 30 (min) water flow = 80 x 60 x 30 = 144000 cm
According to the question,

Volume of water in cylindrical tank = Volume of water flow from the circular pipe
in half an hour

= i by =mn i hy
= 40 x 40 x hy =1x1x 144000
144000
| = =90 cm
40 x 40

Hence, the level of water in cylindrical tank rises 90 cm in half an hour.

Q. 19 The rain water from a roof of dimensions 22 m x 20 m drains into a
cylindrical vessel having diameter of base 2 m and height 3.5 m. If the
rain water collected from the roof just fill the cylindrical vessel, then
find the rainfall (in cm).

Sol. Given, length of roof = 22 m and breadth of roof =20m
Let the rainfall be acm.
Volume of water on the roof =22 x 20 x % = 22?8 m®
Also, we have radius of base of the cylindrical vessel =1m
and height of the cylindrical vessel = 3.5 m
~.Volume of water in the cylindrical vessel when it is just full

=(§x1x1xz)=11m3
7 2

Now, volume of water on the roof = Volume of water in the vessel

= 22a _ 4y
5
11x5_

22
Hence, the rainfall is 2.5 cm.

a= 25 [.- volume of cylinder=r x (radius)? x height]
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Q. 20 A pen stand made of wood is in the shape of a cuboid with four conical

depressions and a cubical depression to hold the pens and pins,
respectively. The dimensions of cubiod are 10 cm, 5 cm and 4 cm. The
radius of each of the conical depressions is 0.5 cm and the depth is
2.1 cm. The edge of the cubical depression is 3 cm. Find the volume of
the wood in the entire stand.

Sol. Given that, length of cuboid pen stand () = 10cm

Breadth of cubiod pen stand (b) = 5cm
and height of cuboid pen stand (h) = 4cm

- ]
=
Four conical
@ @ @ @ depressions
Q A cubical
@ depression
Y LA Pen stand |
(Pen) (Pln) Cuboid
with conical  with cubical
base base

~.Volume of cuboid pen stand =/ x b x h =10 x 5 x 4=200cm?®
Also, radius of conical depression (r)= 0.5cm 0.5¢cm

and height (depth) of a conical depression (h) =2.1cm e

~.Volume of a conical depression = 3 nreh,

=1xgx0.5x0.5x2.1
3 7

1000 40 20 2.1cm
Also, given
Edge of cubical depression (@) = 3cm
~.Volume of cubical depression = (a)® = (3)° =27 cm®

So, volume of 4 conical depressions

= 4 x Volume of a conical depression

=4><ﬂ=ucm3

20 5
Hence, the volume of wood in the entire pen stand
= Volume of cuboid pen stand — Volume of 4 conical

depressions — volume of a cubical depressions

=200 1 072200 146
5 5

Conical depression

3cm
-~

=200 -29.2 =170.8cm?

So, the required volume of the wood in the entire stand is
170.8cm?.

Cubical depression
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Statistics and Probability

Exercise 13.1 Multiple Choice Questions (MCQS)

Q. 1 In the formula x =a+ % for finding the mean of grouped data d;’s
1
are deviation from a of
(@) lower limits of the classes (b) upper limits of the classes
(c) mid-points of the classes (d) frequencies of the class marks
Sol. (¢) We knowthat,d; =x; —a
i.e., d;'s are the deviation from a of mid-points of the classes.

Q. 2 While coputing mean of grouped data, we assume that the frequencies are
(a) evenly distributed over all the classes

(b) centred at the class marks of the classes

(c) centred at the upper limits of the classes

(d) centred at the lower limits of the classes

Sol. (b) In computing the mean of grouped data, the frequencies are centred at the class
marks of the classes.

)
)

Q. 3 If x;’s are the mid-points of the class intervals of grouped data, f;"s are
the corresponding frequencies and x is the mean, then X (f;x; —x) is

equal to
(@0 (b) -1 @1 (d) 2
Sol. (@) - %= Zf;ff
X(fx—x)=2fx; - Zx
=nx —nx [-2x =nx]
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>f.u;
Q. 41n the formula x=a+h i
>f

], for finding the mean of grouped
1.
frequency distribution u; is equal to

%+a o h G % -a sy
@ p (b)h(x —a) (C)_h o -
Sol. (¢) Given,x=a+h Zhu;
z
Above formula is a step deviation formula.
y ="i-2
" oh

Q. 5 The abscissa of the point of intersection of the less than type and of the
more than type cumulative frequency curves of a grouped data gives its
(@) mean (b) median (c) mode (d) All of these

Sol. (b) Since, the intersection point of less than ogive and more than ogive gives the median
on the abscissa.

Q. 6 For the following distribution,

Class 0-5 5-10 10-15 15-20 20-25

Frequency | 10 15 12 20 9

the sum of lower limits of the median class and modal class is
(@ 15 (b) 25 (c) 30 (d) 35

Sol. (b) Here,

Class Frequency | Cumulative
frequency
0-5 10 10
5-10 15 25
10-15 12 37
15-20 20 57
20-25 9 66

Now, g = % = 33, which lies in the interval 10-15. Therefore, lower limit of the median

classis 10.
The highest frequency is 20, which lies in the interval 15-20. Therefore, lower limit of
modal class is 15. Hence, required sumis 10 + 15 =25,

Q. 7 Consider the following frequency distribution

Class 0-5 6-11 12-17 18-23 24-29

Frequency 13 10 15 8 11

The upper limit of the median class is
(@17 (b)17.5 (© 18 (d) 18.5
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Sol. (b) Class Frequency | Cumulative
frequency

—0.5-55 13 13

55-11.5 10 23

11.5-17.5 15 38

17.5-23.5 8 46

23.5-29.5 11 57

Given, classes are not continuous, so we make continuous by subtracting 0.5 from
lower limit and adding 0.5 to upper limit of each class.

Here, g = % =28.5, which lies in the interval 11.5-17.5.

Hence, the upper limitis 17.5.

Q. 8 For the following distribution,

Marks Number of students
Below 10 3
Below 20 12
Below 30 27
Below 40 57
Below 50 75
Below 60 80
the modal class is
(@) 10-20 (b) 20-30 (c) 30-40 (d) 50-60
Sol. (¢) X
Marks Number of students Cumulative frequency
Below 10 3=3 3
10-20 (12-3)=9 12
20-30 (27-12)=15 27
30-40 (57=27)=30 57
40-50 (75=57)=18 75
50-60 (80—-75)=5 80

Here, we see that the highest frequency is 30, which lies in the interval 30-40.

Q. 9 Consider the data
Class 6585 | 85-105 | 105-125 | 125-145 | 145-165 | 165-185 | 185-205

Frequency 4 5 13 20 14 7 4

The difference of the upper limit of the median class and the lower limit
of the modal class is
@0 (b) 19 (0) 20 (d) 38
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Sol. (¢)
Class Frequency | Cumulative frequency
65-85 4 4
85-105 5 9
105-125 13 22
125-145 20 42
145-165 14 56
165-185 7 63
185-205 4 67
Here, g = % = 33.5which lies in the interval 125 -145.

Hence, upper limit of median class is 145.

Here, we see that the highest frequency is 20 which lies in 125-145. Hence, the lower
limit of modal class is 125.

. Required difference = Upper limit of median class — Lower limit of modal class
=145-125=20

Q. 10 The times (in seconds) taken by 150 atheletes to run a 110 m hurdle
race are tabulated below

Class 13.8-14 | 14-142 | 14.2-144 | 144-146 | 146-148 | 14.8-15

Frequency | 2 4 5 71 48 20

The number of atheletes who completed the race in less than 14.6 s is
(@ 11 (b) 71 () 82 (d) 130

Sol. (¢) The number of atheletes who completed the race in less than 14.6
=2+4+5+71=82

Q. 11 Consider the following distribution

Marks obtained Number of students
More than or equal to 0 63
More than or equal to 10 58
More than or equal to 20 55
More than or equal to 30 51
More than or equal to 40 48
More than or equal to 50 42

the frequency of the class 30-40 is
@3 (b) 4 (c) 48 (d) 51
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Sol. (a) Marks obtained | Number of students
0-10 (63-58)=5
10-20 (58 =55)=3
20-30 (55-570)=4
30-40 (51-48)=3
40-50 (48-42)=6
50... 42=42

Hence, frequency in the class interval 30-40 is 3.

Q. 12 If an event cannot occur, then its probability is

@1 (b) — (GRS d o
4 2

Sol. (d) The event which cannot occur is said to be impossible event and probability of
impossible event is zero.

Q. 13 Which of the following cannot be the probability of an event?

1 17
a) — (b)01 () 3 d) —
( )3 ) ( )16
Sol. (d) Since, probability of an event always lies between 0 and 1.

Q. 14 An event is very unlikely to happen. Its probability is closest to
(@) 0.0001 (b) 0.001
(c) 0.01 (d) 0.1

Sol. (a) The probability of an event which is very unlikely to happen is closest to zero and from
the given options 0.0001 is closest to zero.

Q. 15 If the probability of an event is P, then the probability of its
completmentry event will be

(@ P -1 (b) P (Q1—P (d)1—%

Sol. (c) Since, probability of an event + probability of its complementry event = 1
So, probability of its complementry event = 1 — Probability of an event =1- P

Q. 16 The probability expressed as a percentage of a particular occurrence can

never be
(a) less than 100 (b) less than 0
(c) greater than 1 (d) anything but a whole number

Sol. (b) We know that, the probability expressed as a percentage always lie between 0 and
100. So, it cannot be less than 0.

Q. 17 If P(A) denotes the probability of an event A, then
(@ P(A) <0 (b) P(A) >1 (©0 <PA <1 (d)—=1<P(A) £1
Sol. (¢) Since, probability of an event always lies between 0 and 1.
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Q. 18 If a card is selected from a deck of 52 cards, then the probability of its
being a red face card is

3 3 2 1
a) — b) — c) — d) —
()26 ()13 ()13 ()2
Sol. (@) Inadeck of 52 cards, there are 12 face cards i.e., 6 red and 6 black cards.
6 3

So, probability of getting a red face card = — = —
P y org g 5 26

Q. 19 The probability that a non-leap your selected at random will contains

53 Sunday is

1 3

@ (b) (0= (d)
7 7
Sol. (a) A non-leap year has 365 days and therefore 52 weeks and 1 day. This 1 day may be
Sunday or Monday or Tuesday or Wednesday or Thursday or Friday or Saturday.
Thus, out of 7 possibilities, 1 favourable event is the event that the one day is Sunday.
1
7

NN
NG

*. Required probability =

Q. 20 When a die is thrown, the probability of getting an odd number less
than 3 is

- b) - = d)o
(a)6 ()3 (C)2 (d)

Sol. (a) When adie is thrown,then total number of outcomes = 6
Odd number less than 3is 1 only.
Number of possible outcomes = 1

Required probability = %

Q. 21 A card is drawn from a deck of 52 cards. The eventE is that card is not an
ace of hearts. The number of outcomes favourable to E is
(@) 4 (b) 13 (c) 48 (d) 51
Sol. (d) Inadeck of 52 cards, there are 13 cards of heart and 1 is ace of heart.
Hence, the number of outcomes favourable to £ = 51

Q. 22 The probability of getting a bad egg in a lot of 400 is 0.035. The number
of bad eggs in the lot is
@7 (b) 14 () 21 (d) 28
Sol. (b) Here, total number of eggs = 400
Probability of getting a bad egg = 0.035
Number of bad eggs
Total number of eggs

= =0.035

Number of bad eggs
400
Number of bad eggs = 0.035 x 400 = 14

=0.035
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Q. 23 A girl calculates that the probability of her winning the first prize in a
lottery is 0.08. If 6000 tickets are sold, then how many tickets has she
bought?

(a) 40 (b) 240 (c) 480 (d) 750

Sol. (¢) Given, total number of sold tickets = 6000

Let she bought x tickets.

Then, probability of her winning the first prize = ﬁ =0.08 [given]
= x = 0.08 x 6000
x =480

Hence, she bought 480 tickets.

Q. 24 One ticket is drawn at random from a bag containing tickets numbered 1
to 40. The probability that the selected ticket has a number which is a
multiple of 5 is

1 3

2 b) 2
(a)5 ( )5 (0

Sol. (a) Number of total outcomes = 40
Multiples of 5 between 110 40 = 5,10, 15, 20, 25, 30, 35, 40
.. Total number of possible outcomes = 8

1
d) —
()3

[N

. i 8 1
Required probability = — = —
i P Y 40 5

Q. 25 Someone is asked to take a number from 1 to 100. The probability that it
is a prime, is
1 6
(@—= (b) —
5 25
Sol. (¢) Total numbers of outcomes = 100
So, the prime numbers between 1to 100 are 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41,
43, 47,58, 56, 61, 67, 71, 73, 79, 83, 89 and 97.
-~ Total number of possible outcomes =25

13

d) -2
()50

(0)

N

; i, 25 1
Required probability = — = —
i P / 100 4

Q. 26 A school has five houses A, B, C, D and E. A class has 23 students, 4 from

house A, 8 from house B, 5 from house C, 2 from house D and rest from
house E. A single student is selected at random to be the class monitor.
The probability that the selected student is not from A, B and Cis

4

@ () ©2 o

23 23 23 23

Sol. (b) Total number of students =23

Number of students in house A, BandC =4+ 8+ 5=17

Remains students =23 -17 =6

So, probability that the selected student is not from A, Band C = %
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Exercise 13.2 Very Short Answer Type Questions

Q. 1 The median of an ungrouped data and the median calculated when the
same data is grouped are always the same. Do you think that this is a
correct statement? Give reason.

Sol. Notalways, because for calculating median of a grouped data, the formula used is based

on the assumption that the observations in the classes are uniformal distributed (or equally
spaced).

Q. 2 In calculating the mean of grouped data, grouped in classes of equal
width, we may use the formula,

>f,

Where, a is the assumed mean, a must be one of the mid-point of the

classes. Is the last statement correct? Justify your answer.

Sol. No, itis not necessary that assumed mean consider as the mid-point of the class interval. It
is considered as any value which is easy to simplify it.

X =a+

Q. 3 Is it true to say that the mean, mode and median of grouped data will
always be different? Justify your answer.

Sol. No, the value of these three measures can be the same, it depends on the type of data.

Q.4Will the median class and modal class of grouped data always be
different? Justify your answer.

Sol. Notalways, It depends on the given data.

Q. 5 In a family having three children, there may be no girl, one girl, two girls
. s 1 . .
or three girls. So, the probability of each is e Is this correct? Justify

your answer.
Sol. No, the probability of each is not % because the probability of no girl in three children is

zero and probability of three girls in three children is one.

Justification
So, these events are not equally likely as outcome one girl, means gbb, bgb, bbg ‘three girls’
means ‘ggg’ and so on.

Q. 6 A game consists of spinning an arrow which comes to rest
pointing at one of the regions (1, 2 or 3) (see figure). Are the
outcomes 1, 2 and 3 equally likely to occur? Give reasons.

Sol. No, the outcomes are not equally likely, because 3 contains half part of the

total region, so it is more likely than 1 and 2, since 1 and 2, each contains half part of the
remaining part of the region.
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Q. 7 Apoorv throws two dice once and computes the product of the numbers
appearing on the dice. Peehu throws one die and squares the number that
appears on it. Who has the better chance of getting the number 362 Why?

Sol. Apoorv throws two dice once.

So total number of outcomes = 36
Number of outcomes for getting product 36 = 1(6 x 6)

o0 1
Probability for Apoorv = —
y p %

Also, Peehu throws one die,
So, total number of outcomes = 6
Number of outcomes for getting square 36 = 1(6° = 36)

Probability for Peshu = % -6

36
Hence, Peehu has better chance of getting the number 36.

Q. 8 When we toss a coin, there are two possible outcomes-head or tail.

-, .1 .
Therefore, the probability of each outcome is > Justify your answer.

Sol. Yes, probability of each outcome is % because head and tail both are equally likely events.

Q. 9 A student says that, if you throw a die, it will show up 1 or not 1.
Therefore, the probability of getting 1 and the probability of getting not 1

. 1 . .
each is equal to E Is this correct? Give reasons.

Sol. No, this is not correct.
Suppose we throw a die, then total number of outcomes = 6
Possible outcomes =1or2or3or4or5o0r6

Probability of getting 1= %

Now, probability of getting not 1 = 1— Probability of getting 1

:1—1=§
6

6
Q. 10 I toss three coins together. The possible outcomes are no heads, 1 head,
- .1 .
2 head and 3 heads. So, I say that probability of no heads is s What is

wrong with this conclusion?

Sol. Itossthree coins together [given]
So, total number of outcomes =22 = 8

and possible outcomes are (HHH), (HTT), (THT), (TTH), (HHT), (THH), (HTH)and (TTT)

Now, probability of getting no head = é

Hence, the given conclusion is wrong because the probability of no head is % not %
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Q. 11 If you toss a coin 6 times and it comes down heads on each occasion.
Can you say that the probability of getting a head is 17 Given reasons.

Sol. No, if let we toss a coin, then we get head or tail, both are equally likely events. So,
probability is % If we toss a coin 6 times, then probability will be same in each case. So, the

probability of getting a head is not 1.

Q. 12 Sushma tosses a coin 3 times and gets tail each time. Do you think that
the outcome of next toss will be a tail? Give reasons.

Sol. The outcome of next toss may or may not be tail, because on tossing a coin, we get head
or tail so both are equally likely events.

Q. 13 If I toss a coin 3 times and get head each time, should I expect a tail to
have a higher chance in the 4th toss? Give reason in support of your
answer.

Sol. No, let we toss a coin, then we get head or tail, both are equaly likely events. i.e.,

probability of each event is % S0, no question of expecting a tail to have a higher chance in

4th toss.

Q. 14 A bag contains slips numbered from 1 to 100. If Fatima chooses a slip at
random from the bag, it will either be an odd number or an even
number. Since, this situation has only two possible outcomes, so the

s .1 )
probability of each is > Justify.

Sol. We know that, between 1 to 100 half numbers are even and half numbers are odd i.e., 50
numbers (2, 4, 6, 8,...,96, 98, 100) are even and 50 numbers (1, 3,5, 7,..., 97, 99) are odd.
So, both events are equally likely.

So, probability of getting even number =

50
100
and probability of getting odd number = %

1
2
1
2

Hence, the probability of each is %
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Exercise 13.3 Short Answer Type Questions

Q. 1 Find the mean of the distribution

Class 1-3 3-5 5-7 7-10
Frequency 9 22 27 17
Sol. We first, find the class mark x;, of each class and then proceed as follows.
Class Class marks Frequency f; x;
(x;) (f,)
1-3 2 9 18
3-5 4 22 88
5-7 6 27 162
7-10 8.5 17 144.5
Eﬁ =75 Ef,-x,- =4125
Therefore, mean (x) = Zhx 4125 5.5
> f 75

Hence, mean of the given distribution is 5.5.

Q. 2 Calculate the mean of the scores of 20 students in a mathematics test
Marks 1020 | 20-30 | 3040 | 40-50 | 50-60
Number of students 2 4 7 6 1

Sol. We first, find the class mark x; of each class and then proceed as follows

Marks Class marks (x;) Frequency (f;) f; x;
10-20 15 2 30
20-30 25 4 100
30-40 35 7 245
40-50 45 6 270
50-60 55 1 55

>f =20 >fx, =700
Therefore, mean (x) = 2l _ 700 _ 55
Xf 20

Hence, the mean of scores of 20 students in mathematics test is 35.

Q. 3 Calculate the mean of the following data

Class 4-7 8-11 12-15 16-19

Frequency 5 4 9 10

Sol. Since, given data is not continuous, so we subtract 0.5 from the lower limit and add 0.5 in
the upper limit of each class.
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Now, we first find the class mark x; of each class and then proceed as follows

Class Class marks (x;) Frequency (f;) f; x;
3.5-75 55 5 275
75-11.5 9.5 4 38
11.5-155 13.5 9 121.5
15.5-19.5 17.5 10 175
3f =28 3fx, =362
Therefore, x (mean) = Tl _ 362 _ 15 93
>f 28

Hence, mean of the given data is 12.93.

Q. 4 The following table gives the number of pages written by Sarika for
completing her own book for 30 days.

Number of pages | ., 19-21 224 | 2527 28-30
written per day
Number of days 1 3 4 9 13
Find the mean number of pages written per day.
Sol. Since,
Class mark Mid-value (x;) | Number of days (f) f; x;
15.5-18.5 17 1 17
185-21.5 20 3 60
21.5-245 23 4 2
24.5-275 26 9 234
27.5-305 29 13 377
Total 30 780

Since, given data is not continuous, so we subtract 0.5 from the lower limit and add 0.5 in
the upper limit of each class.

i

Hence, the mean of pages written per day is 26.

Q. 5 The daily income of a sample of 50 employees are tabulated as follows.

Income (inX) 1-200 201-400 401-600 601-800
7

Number of employees 14 15 14

Find the mean daily income of employees.

Sol. Since, given data is not continuous, so we subtract 0.5 from the lower limit and add 0.5 in
the upper limit of each class.
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Now we first, find the class mark x; of each class and then proceed as follows

Income | Class marks | Numberof |, _ % —a _ x; —300.5 fiu;
(in%) (x;) employees | ' h 200
(f,)
0.5-200.5 100.5 14 —1 -14
200.5-400.5 a =300.5 15 0 0
400.5-600.5 500.5 14 1 14
600.5-800.5 700.5 7 2 14
N=Z2f =50 Xfu =14
Assumed mean, a = 300.5
Class width, h =200
and total observations, N = 50

By step deviation method,

5
Mean=a+hxlx2f,u,
N5

= 3005+ 200 x _— x 14
50

=300.5 + 56 = 356.5

Q. 6 An aircraft has 120 passenger seats. The number of seats occupied during
100 flights is given in the following table.

Number of seats 100-104 | 104-108 | 108-112 | 112-116 | 116-120

Frequency 15 20 32 18 15

Determine the mean number of seats occupied over the flights.

Sol. We first, find the class mark x; of each class and then proceed as follows.

Number of | Class marks |Frequency(f;)| Deviation f,d;
seats (x;) d,=x; —a
100-104 102 15 -8 =120
104-108 106 20 -4 =80
108-112 a=110 32 0 0
112-116 114 18 4 72
116-120 118 15 120
N=3%f =100 Yfd =-8

Assumed mean, a =110,
Class width, h=4
and total observation, N =100

By assumed mean method,
Mean (x) = a + Zid;
=
— 110+ (;8) —110 - 0,08 = 109.92
100
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Q. 7 The weights (in kg) of 50 wrestlers are recorded in the following table.

Weight (in kg) 100-110 110-120 120-130 130-140 140-150
Number of 4 14 1 3
wrestlers

Find the mean weight of the wrestlers.

Sol. We first find the class mark x;, of each class and then proceed as follows

Weight Number of | Class marks | Deviations f.d;
(inkg) wrestlers (f;) (x;) di=x;—a
100-110 4 105 -20 -80
110-120 14 115 -10 —140
120-130 21 a=125 0 0
130-140 8 135 10 80
140-150 3 145 20 60
N=Xf =50 Tfd =-80
- Assumed mean (a) = 125,
Class width (h) = 10 and total observation (N) = 50
By assumed mean method,
~ z };d/
Mean (x)=a +
=
—125+ =80
50

=125-16=1234kg

Q. 8 The mileage (km per litre) of 50 cars of the same model was tested by a
manufacturer and details are tabulated as given below

Mileage (kmL™") 10-12 12-14 14-16

16-18

Number of cars 7 12 18

13

Find the mean mileage.

The manufacturer claimed that the mileage of the model was 16 kmL™*.

Do you agree with this claim?

Sol. Mileage (kmL™") | Class marks (x;) | Number of cars f; x;
(f)
10-12 11 7 77
12-14 13 12 156
14-16 15 18 270
16-18 17 13 221
Total Xf,=50 Xfx, =724
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Here, Xf =50
and Xfx; =724
Meanx = Zix;
i
=724 _q448
50

Hence, mean mileage is 14.48 kmL™",
No, the manufacturer is claiming mileage 1.52 kmh~' more than average mileage.

Q. 9 The following is the distribution of weights (in kg) of 40 persons.

Weight | ) 15 | 4550 | 50-55 | 5560 | 60-65 | 65-70 | 70-75 | 75-80
(in kg)

Number | , 4 13 5 6 5 2 1
of persons

Construct a cumulative frequency distribution (of the less than type) table
for the data above.

Sol. The cumulative distribution (less than type) table is shown below

Weight (inkg) | Cumulative frequency
Less than 45 4

Less than 50 4+4=38

Less than 55 8+ 13=21

Less than 60 214+5=26

Less than 65 26+ 6=32

Less than 70 324+5=37

Less than 75 37+2=39

Less than 80 394+ 1=40

Q. 10 The following table shows the cumulative frequency distribution of
marks of 800 students in an examination.

Marks Number of students
Below 10 10
Below 20 50
Below 30 130
Below 40 270
Below 50 440
Below 60 570
Below 70 670
Below 80 740
Below 90 780
Below 100 800

Construct a frequency distribution table for the data above.
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Sol. Here, we observe that 10 students have scored marks below 10 i.e., it lies between class
interval 0-10. Similarly, 50 students have scored marks below 20. So, 50 — 10 = 40 students
lies in the interval 10-20and so on. The table of a frequency distribution for the given data is

Class interval Number of students
0-10 10
10-20 50—-10=40
20-30 130-50=80
30-40 270—-130=140
40-50 440-270=170
50-60 570-440=130
60-70 670-570=100
70-80 740-670=70
80-90 780—-740=40
90-100 800—-780=20

Q. 11 From the frequency distribution table from the following data

Marks (Out of 90) Number of candidates

More than or equal to 80 4

More than or equal to 70 6

More than or equal to 60 11
More than or equal to 50 17
More than or equal to 40 23
More than or equal to 30 27
More than or equal to 20 30
More than or equal to 10 32
More than or equal to 0 34

Sol. Here, we observe that, all 34 students have scored marks more than or equal to 0. Since,
32 students have scored marks more than or equal to 10. So, 34 — 32 =2 students lies in

the interval 0-10 and so on.

Now, we construct the frequency distribution table.

Class interval Number of candidates

0-10 34-32=2

10-20 32-30=2

20-30 30-27=3

30-40 27-23=4

40-50 23-17=6

50-60 17-11=6

60-70 11-6=5

70-80 6—4=2

80-90 4
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Q. 12 Find the unknown entries a, b, ¢, d, e and f in the following distribution
of heights of students in a class

Height (in cm) Frequency | Cumulative frequency
150-155 12 a
155-160 b 25
160-165 10 c
165-170 d 43
170-175 e 48
175-180 2 f
Total 50
Sol. Height (in cm) Frequency Cumulative Cumulative
frequency (given) frequency
150-155 12 a 12
155-160 b 25 12+ b
160-165 10 c 22+ b
165-170 d 43 22+ b+d
170-175 e 48 2+b+d+e
175-180 2 f 24+ b+d+e
Total 50
On comparing last two tables, we get
a=12
. 12+ b=25
= b=25-12=13
22+ b=c
= c=22+13=35
22 +b+d =43
= 22 +13+d =43
= d=43-35=8
and 2+b+d+e=48
= 22 +13+ 8+e =48
= e=48-43=5
and 24+ b+d+e=f
24+ 13+ 8+ 5=f

f =50

Q. 13 The following are the ages of 300 patients getting medical treatment in
a hospital on a particular day

Age (in year)

10-20 20-30 30-40

40-50

50-60 60-70

Number of patients

60 42 55

70

53 20

Form

(i) less than type cumulative frequency distribution.
(i1) More than type cumulative frequency distribution.
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Sol. (i) We observe that the number of patients which take medical treatment in a hospital on a
particular day less than 10 is 0. Similarly, less than 20 include the number of patients
which take medical treatment from 0-10 as well as the number of patients which take

medical treatment from 10-20.

So, the total number of patients less than 20 is 0 + 60 = 60, we say that the cumulative

frequency of the class 10-20 is 60. Similarly, for other class.

(ii) Also, we observe that all 300 patients which take medical treatment more than or equal
to 10. Since, there are 60 patients which take medical treatment in the interval 10-20,
this means that there are 300 — 60 = 240 patients which take medical treatment more
than or equal to 20. Continuing in the same manner.

(i) Less than type (ii) More than type
Age (in year) Number of Age (in year) Number of
students students

Less than 10 0 More than or 300
equal to 10

Less than 20 60 More than or 240
equal to 20

Less than 30 102 More than or 198
equal to 30

Less than 40 157 More than or 143
equal to 40

Less than 50 227 More than or 73
equal to 50

Less than 60 280 More than or 60
equal to 60

Less than 70 300

Q. 14 Given below is a cumulative frequency distribution showing the marks

secured by 50 students of a class

Marks Below 20 Below 40 Below 60 Below 80 Below 100
Number of 17 ” 29 50
students

Form the frequency distribution table for the data.

Sol. Here, we observe that, 17 students have scored marks below 20 i.e., it lies between class
interval 0-20 and 22 students have scored marks below 40, so 22 — 17 = 5 students lies in
the class interval 20-40 continuting in the same manner, we get the complete frequency

distribution table for given data.

Marks Number of students
0-20 17
20-40 22—-17=5
40-60 29-22=7
60-80 37-29=8
80-100 50-37=13
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Q. 15 Weekly income of 600 families is tabulated below

Weekly income (in %) | Number of families
0-1000 250
1000-2000 190
2000-3000 100
3000-4000 40
4000-5000 15
5000-6000 5

Total 600

Compute the median income.
Sol. First we construct a cumulative frequency table.

Weekly income Number of families | Cumulative frequency

(inR) (%) (cf)

0-1000 250 250

1000-2000 = mid class 190=f 250+ 190=440

2000-3000 100 440+ 100=540

3000-4000 40 540 + 40=580

4000-5000 15 580+ 15=595

5000-6000 5 595+ 5=600

It is given that, n = 600

Since, cumulative frequency 440 lies in the interval 1000 - 2000.
Here, (lower median class) [ = 1000,

f =190, cf =250, (class width) h = 1000
and (total observation) n = 600

21
Median =1 + foh

(300 — 250)

=1000 + x 1000

~1000 + 22 % 1000
190

— 1000 + 2990
19

=1000 + 263.15=1263.15
Hence, the median income is ¥ 1263.15.
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Q. 16 The maximum bowling speeds, in km per hour, of 33 players at a cricket
coaching centre are given as follows

Speed (in km/h) 85-100 100-115 115-130 130-145
Number of players 11 9 8 5
Calculate the median bowling speed.
Sol. First we construct the cumulative frequency table
Speed (in Number of Cumulative
km/h) players frequency
85-100 11 11
100-115 9 11+ 9=20
115-130 8 20+ 8=28
130-145 5 28+5=33
It is given that, n = 33
n_33_465
2 2
So, the median class is 100-115.
where, lower limit (1) = 100,
frequency (f) =9,
cumulative frequency (cf) = 11
and class width (h) =15
n
)
Median =l+%xh
—100+ 165-110 45
9
=100+ 22215 _400 4 %‘5 =100+ 917
=109.17

Hence, the median bowling speed is 109.17 km/h.

Q. 17 The monthly income of 100 families are given as below

Income (in?) Number of families
0-5000 8
5000-10000 26
10000-15000 41
15000-20000 16
20000-25000 3
25000-30000 3
30000-35000 2
35000-40000 1

Calculate the modal income.
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Sol. Inagiven data, the highest frequency is 41, which lies in the interval 10000-15000.
Here, /=10000, f,, = 41, =26, f, =16and h = 5000

Mode = I + fn = f x h

2 —h—
41-26
2x41-26-16
15

=10000 + ( )X 5000

=10000 + x 5000
8 2

—~ 10000 + (1_5) % 5000
40

=10000 + 15 x 125= 10000 + 1875=% 11875
Hence, the modal income is ¥ 11875.

Q. 18 The weight of coffee in 70 packets are shown in the following table

Weight (ing) | Number of packets
200-201 12
201-202 26
202-203 20
203-204 9
204-205
205-206 1

Determine the model weight.
Sol. Inthe given data, the highest frequency is 26, which lies in the interval 201-202

Here, [=2011,=261f =12,f, =20and (class width) h =1
Mode=1+|—m=h |xp=oots[—26=12 |4
= — 1 2x26-12-20

=201+ 14 :201+1—4=201+0.7:201.7g
52 - 32 20

Hence, the modal weight is 201.7 g.

Q. 19 Two dice are thrown at the same time. Find the probability of getting
(i) same number on both dice.
(i1) different number on both dice.

Sol. Two dice are thrown at the same time. [given]
So, total number of possible outcomes = 36

(i) We have, same number on both dice.
So, possible outcomes are (1, 1), (2, 2), (3, 3), (4, 4), (5, 5) and (6, 6).
. Number of possible outcomes = 6

6 _

. - 1
Now, required probability = —
q P y % 6
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(ii) We have, different number on both dice.
So, number of possible outcomes
= 36 — Number of possible outcomes for same number on both dice
=36-6=230

; 0 30 5
.. Required probability = =— ==
q P y % 6

Q. 20 Two dice are thrown simultaneously. What is the probability that the
sum of the numbers appearing on the dice is
(i) 77 (ii) a prime number ? (iii) 17
Sol. Two dice are thrown simultaneously. [given]
So, total number of possible outcomes = 36
(i) Sum of the numbers appearing on the dice is 7.
So, the possible ways are (1, 6), (2, 5), (3, 4), (4, 3), (5, 2) and (6, 1).

Number of possible ways = 6
i . 6 _ 1
Required probability = — = —
‘ P / 36 6

(ii) Sum of the numbers appearing on the dice is a prime numberi.e., 2, 3,5, 7 and 11.

So, the possible ways are (1, 1), (1, 2), (2, 1), (1, 4), (2, 3), (3, 2), (4,1), (1, 6), (2, 5),
(3,4),(4,3), (5, 2), (6, 1), (5 6)and (6, 5).

Number of possible ways = 15

5

12

(iii) Sum of the numbers appearing on the dice is 1.

.. Required probability = ;—Z =

It is not possible, so its probability is zero.

Q. 21 Two dice are thrown together. Find the probability that the product of
the numbers on the top of the dice is
(i) 6 (if) 12 (iii) 7
Sol. Number of total outcomes = 36
(i) When product of the numbers on the top of the dice is 6.
So, the possible ways are (1, 6), (2, 3), (3, 2) and (6, 1).

Number of possible ways = 4
- . 4 A
Required probability = — = —
g p y %9

(ii) When product of the numbers on the top of the dice is 12.
So, the possible ways are (2, 6), (3, 4), (4, 3) and (6, 2).

Number of possible ways = 4
. . 4 1
Required probability = — = —
g P Yy % 9

(i) Product of the numbers on the top of the dice cannot be 7. So, its probability is zero.
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Q. 22 Two dice are thrown at the same time and the product of numbers
appearing on them is noted. Find the probability that the product is less
than 9.

Sol. Number of total outcomes = 36
When product of numbers appearing on them is less than 9, then possible ways are (1, 6),
(1,5 (1,4),(1,3),(1,2),(1,1),2,2),(2,3), (2,4, (3,2), 4,2), (4,1),(3,1), (5, 1), (6, 1) and
@ 1).
Number of possible ways = 16
16 _ 4

-.Required probability = — = =
q p y 3% 9

Q. 23 Two dice are numbered 1, 2, 3, 4, 5, 6 and 1, 1, 2, 2, 3, 3, respectively.
They are thrown and the sum of the numbers on them is noted. Find the
probability of getting each sum from 2 to 9, separately.

Sol. Number of total outcomes = n(s) = 36

(i) Let £, = Event of getting sum 2= {(1,1), (1, 1)}
n(E,) =2

(i) Let £, = Event of getting sum 3 ={(1,2), (1,2), @ 1), @, 1)}
n(E,)=4

(iii) Let E5 = Event of getting sum 4 ={@2,2), 2,2),(3,1), (3, 1), (1. 3), (1, 3)}
n(E;)=6

(iv) Let E, = Event of getting sum 5={(2, 3), (2, 3),(41),(41),(32),(32)}
g n(E,) =6

(v) Let E5 = Event of getting sum 6 = {(3, 3), (3, 3), (4.2), (4 2),(51),(5 1)}
n(Eg)=6
_n(Es)_ 6 _ 1

(vi) Let E5 = Event of getting sum 7 = {(4, 3), (4, 3),(52),(52),(6 1), (6, 1)}
n(Eg)=6

(vii) Let £, = Event of getting sum 8 = {(5, 3), (5, 3), (6,2), (6,2)}
: nE)=4
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(viii) Let Eg = Event of getting sum 9 = {(6, 3), (6, 3)}

Q. 24 A coin is tossed two times. Find the probability of getting atmost one
head.

Sol. The possible outcomes, if a coin is tossed 2 times is
S ={(HH), (TT), (HT), (TH)}
o n@S)=4
Let E = Event of getting atmost one head
={(TT), (HT), (TH)}

- n(E)=3
Hence, required probability = nE)_3

nS) 4

Q. 25 A coin is tossed 3 times. List the possible outcomes. Find the probability
of getting
(i) all heads (i1) atleast 2 heads

Sol. The possible outcomes if a coin is tossed 3 times is
S ={(HHH), (TTT), (HTT), (THT), (TTH), (THH), (HTH), (HHT)}

nS)=8
(i) Let E, = Event of getting all heads = {(HHH)}
g n(E) =1
pE)="E)_1
E=7 S) 8
(i) Let E, = Event of getting atleast 2 heads = {(HHT), (HTH), (THH), (HHH)}

nE,)=4

peyNE) _4_1

(E) S) 8 2

Q. 26 Two dice are thrown at the same time. Determine the probability that
the difference of the numbers on the two dice is 2.
Sol. The total number of sample space in two dice, n (S) = 6 x 6 = 36
Let E = Event of getting the numbers whose difference is 2
={(13),24),(39),(46),(31),(42),(53),(6 4)}
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Q. 27 A bag contains 10 red, 5 blue and 7 green balls. A ball is drawn at
random. Find the probability of this ball being a
(i) red ball (i1) green ball (ii1) not a blue ball

Sol. If a ball is drawn out of 22 balls (5 blue + 7 green + 10 red), then the total number of
outcomes are

nlS)=22
(i) Let £, = Event of getting a red ball
n(E) =10
. . nE) 10 _ 5
Required probability = —12 = =~ = =
‘ P y n@S) 22 11
(ii) Let £, = Event of getting a green ball
nE,)=7
. . nE, 7
Required probability = ——22 = —_
‘ P Y nES) 22

(iii) Let £5 = Event getting a red ball or a green ball i.e., not a blue ball.
nEz)=(10+7)=17

n(Eg) _17

nS) 22

Required probability =

Q. 28 The king, queen and jack of clubs are removed from a deck of 52 playing
cards and then well shuffled. Now, one card is drawn at random from the
remaining cards. Determine the probability that the card is

(i) a heart (i) a king
Sol. If we remove one king, one queen and one jack of clubs from 52 cards, then the remaining
cards left, n (S) = 49
(i) Let £, = Event of getting a heart

n(E)=13
P(E):n(E1)=E
" hl) 49

(i) Let £, = Event of getting a king
n(E,)=3 [since, out of 4 king, one club cards is already removed]

n(E, 3

P(Ez): ne) —4—9

Q. 29 Refer to Q.28. What is the probability that the card is
(i) aclub (i1) 10 of hearts

Sol. (i) Let E; = Event of getting a club
n(E;)=(13-3)=10
. . n(Es;) 10
-.Required probability = ——37 = =
E P Y n (@) 49
(i) Let £, = Event of getting 10 of hearts

n(E,) =1
[because in 52 playing cards only 13 are the heart cards and only one10 in 13 heart cards]
Required probability = nE)_ 1
nE) 49
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Q. 30 All the jacks, queens and kings are removed from a deck of 52 playing
cards. The remaining cards are well shuffled and then one card is drawn
at random. Giving ace a value 1 similar value for other cards, find the
probability that the card has a value.

(i) 7 (ii) greater than 7

(iii) less than 7

Sol. Inoutof 52 playing cards, 4 jacks, 4 queens and 4 kings are removed, then the remaining
cards are left, n (S) =52 — 3 x 4 = 40.

(i) Let £, = Event of getting a card whose value is 7
E = Card value 7 may be of a spade, a diamond, a club or a heart

nE)=4
P(E)_n(E1)=i=i
") 40 10

(i) Let E, = Event of getting a card whose value is greater than 7
= Event of getting a card whose value is 8, 9 or 10
n(E,)=3x4=12

(iii) Let £5 = Event of getting a card whose value is less than 7
= Event of getting a card whose value is 1, 2, 3, 4, 5 or 6

N(E;)=6x 4=24

Q. 31 An integer is chosen between 0 and 100. What is the probability that it
is
(i) divisible by 7? (ii) not divisible by 7?
Sol. The number of integers between 0 and 100 is
nS)=99
(i) Let £, = Event of choosing an integer which is divisible by 7

Event of choosing an integer which is multiple of 7
{7,14,21,28, 35, 42, 49, 56, 63, 70,77, 84, 91, 98}

n(E)=14
P(E):n(E1)=1—4
YT hs) 99

(i) Let E, = Event of choosing an integer which is not divisible by 7
n(Ey)=n@S)-ng)
=99-14=85
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Q. 32 Cards with numbers 2 to 101 are placed in a box. A card is selected at
random. Find the probability that the card has
(i) an even number (ii) a square number
Sol. Total number of out comes with numbers 2 to 101, n(s) = 100
(i) Let E, = Event of selecting a card which is an even number = {2, 4, 6,...100}
[nan AP, l=a+ (n—1)d, here[=100,a=2 andd =2 =100=2+(n-1)2
= (n-1)=49=n=50]
n(&;) = 50

Required probability = nE)_ 50 _1
S

(i) Let E, = Event of selecting a card which is a square number
={4,9, 16, 25, 36, 49, 64, 81, 100}
={@), (37 (47, (5F, (6], (7)%, (8)%, (9)%, (10)°}

nE,)=9
Hence, required probability = n(E) = 9
n@S) 100

Q. 33 A letter of english alphabets is chosen at random. Determine the
probability that the letter is a consonant

Sol. We know that, in english alphabets, there are (5 vowels + 21 consonants) = 26 letters. So,
total number of outcomes in english alphabets are,

n(S)=26
Let E = Event of choosing a english alphabet, which is a consonent
={b,c dfghijklmnpaqgrstvwxy z}
n(E)=21
Hence, required probability = nE)_21
n() 26

Q. 34 There are 1000 sealed envelopes in a box, 10 of them contain a cash
prize of ¥ 100 each, 100 of them contain a cash prize of ¥ 50 each and
200 of them contain a cash prize of ¥ 10 each and rest do not contain
any cash prize. If they are well shuffled and an envelope is picked up
out, what is the probability that it contains no cash prize?
Sol. Total number of sealed envelopes in a box, n (S) = 1000
Number of envelopes containing cash prize =10 + 100 + 200= 310
Number of envelopes containing no cash prize,
n (E) = 1000 — 310= 690
_n(E)_ 690 _ 69 _
n(S) 1000 100
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Q. 35 Box A contains 25 slips of which 19 are marked 1 and other are marked
T 5 each. Box B contains 50 slips of which 45 are marked ¥ 1 each and
others are marked ¥ 13 each. Slips of both boxes are poured into a third
box and resuffled. A slip is drawn at random. What is the probability that
it is marked other than ¥ 1?

Sol. Total number of slips in a box, n (S) =25+ 50 =75
Box A Box B

From the chart it is clear that, there are 11 slips which are marked other than % 1.
Number of slips other than¥1 _ 11

Total number of slips 75

Required probability =

Q. 36 A carton of 24 bulbs contain 6 defective bulbs. One bulb is drawn at
random. What is the probability that the bulb is not defective? If the
bulb selected is defective and it is not replaced and a second bulb is
selected at random from the rest, what is the probability that the second

bulb is defective?
Sol. ‘- Total number of bulbs, n (S) =24

Total
bulbs 24

Let E; = Event of selecting not defective bulb = Event of selecting good bulbs
n(E)=18

Suppose, the selected bulb is defective and not replaced, then total number of bulbs
remains in a carton, n (S) =23.

In them, 18 are good bulbs and 5 are defective bulbs.

. P (selecting second defective bulb) = 2_53
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Q. 37 A child's game has 8 triangles of which 3 are blue and rest are red, and
10 squares of which 6 are blue and rest are red. One piece is lost at

random. Find the probability that it is a
(i) triangle (i1) square
(i11) square of blue colour (iv) triangle of red colour

Sol. Total number of figures

8 triangles

n(S) =8 triangles + 10 squares =18

. ) . ) 8 4
i) P (lost piece is a triangle) = — = =
(i) P(lostp gle) 59
(ii) P (lost piece is a square) = % = g
10
(i) P (square of blue colour) = % = %
(iv) P (triangle of red colour) = %

Q. 38 In a game, the entry fee is of T 5. The game consists of a tossing a coin
3 times. If one or two heads show, Sweta gets her entry fee back. If she

throws 3 heads, she receives double the entry fees. Otherwise she will
lose. For tossing a coin three times, find the probability that she

(i) loses the entry fee.

(i1) gets double entry fee.

(iii) just gets her entry fee.

Sol. Total possible outcomes of tossing a coin 3 times,
S ={(HHH),(TTT), (HTT), (THT), (TTH), (THH), (HTH), (HHT)}

. n@S)=8
(i) Let £, = Event that Sweta losses the entry fee
= She tosses tail on three times

n(E)={(TTT)}
pE)-"&_1
nS) 8

(i) Let E, = Event that Sweta gets double entry fee
= She tosses heads on three times = {(HHH)}

n(E,) =1
pE,) = 1E:) _

nS) 8
(iii) Let £5 = Event that Sweta gets her entry fee back
= Sweta gets heads one or two times

={(HTT),(THT),(TTH), (HHT), (HTH), (THH)}
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Q. 39 A die has its six faces marked 0, 1, 1, 1, 6, 6. Two such dice are thrown
together and the total score is recorded.

(i) How many different scores are possible?
(i1) What is the probability of getting a total of 77

Sol. Given, a die has its six faces marked {0, 1,1, 1, 6, 6}
. Total sample space, n(S) = 6 = 36

(i) The different score which are possible are 6 scores i.e., 0,1,2,6,7 and12.

(i) Let E =Event of getting a sum 7
={(1.6).(16),(16).(1,6),(1.6),(1.6),(6.1).(6,1),(6:1),(6,1),(6.1),(6.1)

nE)=12
P():@_E_l
nS) 36 3

Q. 40 A lot consists of 48 mobile phones of which 42 are good, 3 have only
minor defects and 3 have major defects. Varnika will buy a phone, if it is
good but the trader will only buy a mobile, if it has no major defect. One
phone is selected at random from the lot. What is the probability that it is

(i) acceptable to Varnika?
(i1) acceptable to the trader?
48 mobile
phones

Sol. Given, total number of mobile phones
n(S)=48

(i) Let £, = Event that Varnika will buy a mobile phone
= Varnika buy only, if it is good mobile

~n(E) =42 A mal
N(E) 42 7 major

P(E,) = V="2=" defect
(E)) hS) a8 8 efects

(ii) Let E, = Event that trader will buy only when it has
no major defects

= Trader will buy only 45 mobiles
n(E,) =45

3 minor
defects

Q. 41 A bag contains 24 balls of which x are red, 2x are white and 3x are blue. A
ball is selected at random. What is the probability that it is
(i) not red? (i1) white
Sol. Given that, A bag contains total number of balls = 24
A bag contains number of red balls = x
A bag contains number of white balls =2x
and a bag contains number of blue balls = 3x
By condition, x+2x + 3x =24
= 6x =24
: x=4
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.. Number of red balls = x = 4
Number of white balls=2x =2 x 4=8
and number of blue balls =3x =3x 4=12
So, total number of outcomes for a ball is selected at random in a bag contains 24 balls.
= nlS)=24
(i) Let £, = Event of selecting a ball which is not red i.e., can be white or blue.
. N(E;) = Number of white balls + Number of blue balls

= nE)=8+12=20
Required probability = nE)_20_5
n@S) 24 6

(i) Let E, = Event of selecting a ball which is white

. n(E,) = Number of white balls = 8

So, required probability = nEy)_8 _1
n

Q. 42 At a fete, cards bearing numbers 1 to 1000, one number on one card, are
put in a box. Each player selects one card at random and that card is not
replaced. If the selected card has a perfect square greater than 500, the
player wins a prize. What is the probability that

(i) the first player wins a prize?
(i1) the second player wins a prize, if the first has won?

Sol. Given that, at a fete, cards bearing numbers 1 to 1000 one number on one card, are put in
a box. Each player selects one card at random and that card is not replaced so, the total
number of outcomes are n(S) = 1000
If the selected card has a perfect square greater than 500, then player wins a prize.

(i) Let £, = Event first player wins a prize = Player select a card which is a perfect square
greater than 500
= {529, 576, 625, 676, 729, 784, 841, 900, 961}
={(23)%, (247, (25, (26)°, 27), (28)°, (29F°, (30)%, (31)°}
nE)=9

(i) First, has woni.e., one card is already selected, greater than 500, has a perfect square.
Since, repeatition is not allowed. So, one card is removed out of 1000 cards. So,
number of remaining cards is 999.

.~ Total number of remaining outcomes, n(S”) = 999
Let E, = Event the second player wins a prize, if the first has won.
=Remaining cards has a perfect square greater than 500 are 8.
nE,)=9-1=8
nEy,_ 8
n@S”’) 99

~

So, required probability =
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Exercise 13.4 Long Answer Type Questions

Q. 1 Find the mean marks of students for the following distribution

Marks Number of students
0 and above 80
10 and above 77
20 and above 72
30 and above 65
40 and above 55
50 and above 43
60 and above 28
70 and above 16
80 and above 10
90 and above 8
100 and above 0
Sol.
Marks | Class marks | Number of students f; f; x;
(x;) (Cumulative frequency)
0-10 5 80 3 15
10-20 15 77 5 75
20-30 25 72 7 175
30-40 35 65 10 350
40-50 45 55 12 540
50-60 55 43 15 825
60-70 65 28 12 780
70-80 75 16 6 450
80-90 85 10 2 170
90-100 95 8 8 760
100-110 105 0 0 0
> fx =4140
Mean=%=w=51.75
N 80

Q. 2 Determine the mean of the following distribution

Marks Number of students
Below 10 5
Below 20 9
Below 30 17
Below 40 29
Below 50 45
Below 60 60
Below 70 70
Below 80 78
Below 90 83
Below 100 85
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interval 0-10 and 9 students have scored marks below 20.
So, (9 — 5) = 4 students lies in the class interval 10 - 20. Continuing in the same manner, we
get the complete frequency distribution table for given data.

359

Sol. Here, we observe that, 5 students have scored marks below 10, i.e. it lies between class

Marks Number of | Class marks _Xx—a_x;—45 fu;
students (f) (x:) ! h h
0-10 5 5 -4 -20
10-20 9-5=4 15 -3 -12
20-30 17-9=8 25 -2 -16
30-40 29-17=12 35 =1 —-12
40-50 45-29=16 a=45 0 0
50-60 60 —-45=45 55 1 15
60-70 70-60=10 65 2 20
70-80 78-70=8 75 3 24
80-90 83-78=5 85 4 20
90-100 85-83=2 95 5 10
N=3f =85 Xfu; =29
Here, (assumed mean) a = 45
and (class width) h =10
By step deviation method,
Mean (¥) = a + 21, 29 58

i

=45+ 341= 4841

Sl xh=45+ == x10=45+ —
> 85 17

Ageequaland | 10 | 20 | 30 |40 50 | 60 | 70
above (in years)
Number of 100 | 90 | 75 | 50 | 25 | 15 5 0
persons

Q. 3 Find the mean age of 100 residents of a town from the following data.

Sol. Here, we observe that, all 100 residents of a town have age equal and above 0. Since, 90
residents of a town have age equal and above 10.

So, 100 — 90 = 10 residents lies in the interval 0-10 and so on. Continue in this manner, we

get frequency of all class intervals. Now, we construct the frequency distribution table.

Class interval| Number of | Class marks _X—-a fiu;
persons (f)) (x;) " h
0-10 100-90=10 5 -3 -30
10-20 90-75=15 15 -2 -30
20-30 75=50=25 25 =1 =25
30-40 50-25=25 35=a 0 0
40-50 25-15=10 45 1 10
50-60 15-5=10 55 2 20
60-70 5-0=5 65 3 15
N=3f =100 Sfu =—40
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Here, (assumed mean) a = 35
and (class width) h =10

By step deviation method,
Xtu

Mean (x)=a+ =i xh

/

(= 40)

=35+ x10

=35-4=231
Hence, the required mean age is 31 yr.

Q. 4 The weights of tea in 70 packets are shown in the following table

Weight (in g) Number of packets
200-201 13
201-202 27
202-203 18
203-204 10
204-205 1
205-206 1

Find the mean weight of packets.

Sol. First, we find the class marks of the given data as follows.

Weight Numberof | Class marks | Deviation f.d;
(ing) Packets (f;) (x;) (d,=x; —a)
200-201 13 200.5 -3 -39
201-202 27 2015 -2 —54
202-203 18 202.5 =1 -18
203-204 10 a=2035 0 0
204-205 1 204.5 1 1
205-206 1 205.5 2 2
N=Xf =70 Yfd =-108

Here, (assume mean) a =203.5
and (class width) h=1
By assumed mean method,
Mean (x) =a + i
zf
=203.5- 108
70
=203.5-1.54=201.96
Hence, the required mean weight is 201.96 g.
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Q. 5 Refer to Q.4 above. Draw the less than type ogive for this data and use it
to find the median weight.

Sol. We observe that, the number of packets less than 200 is 0. Similarly, less than 201 include
the number of packets from 0-200 as well as the number of packets from 200-201.

So, the total number of packets less than 201 is 0+ 13 =13, We say that, the cumulative
frequency of the class 200-201 is 13. Similarly, for other class.

Less than type
Weight (in g) Number of packets
Less than 200 0
Less than 201 0+13=13
Less than 202 27+ 13=40
Less than 203 18+ 40=58
Less than 204 10+58=68
Less than 205 1+ 68=69
Less than 206 1+69=70

To draw the less than type ogive, we plot the points (200, 0), (201, 13), (202, 40) (203, 58),
(204, 68), (205, 69) and (206, 70) on the paper and join by free hand.
-+ Total number of packets (n) =70

Y
A
(204, 68)
[AS)s ettt — (206, 70)
| (205, 69)
> 60 fmmmmmm e :
o i
= I
S 50+ b
o 1 1
2 i i i
P boozt a0) | |
R 202,400+
© I I 1 1
5 307 AR
S Lo i i
3 o0l A
__(201,13) A
101 DR
(200, 0) 4ol
At X
0 Y200 201 202 203 204 205 20
Upper limits
N
Now, — =235
2

Firstly, we plot a point (0, 35) on Y-axis and draw a line y = 35 parallel to X-axis. The line cuts
the less than ogive curve at a point. We draw a line on that point which is perpendicular to
X-axis. The foot of the line perpendicular to X-axis is the required median.

.. Median weight =201.8 g
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Q. 6 Refer to Q.5 above. Draw the less than type and more than type ogives for
the data and use them to find the meadian weight.

Sol. For less than type table we follow the Q.5.
Here, we observe that, the weight of all 70 packets is more than or equal to 200. Since, 13
packets lie in the interval 200-201. So, the weight of 70 — 13 = 57 packets is more than or
equal to 201. Continuing in this manner we will get remaining more than or equal to 202,
203, 204, 205 and 206.

(i) Less than type (ii) More than type

Weight (in g) Number of Number of packets Number of
packets students

Less than 200 0 More than or equal to 200 70
Less than 201 13 More than or equal to 201 70—-13=57
Less than 202 40 More than or equal to 202 57-27=30
Less than 203 58 More than or equal to 203 30-18=12
Less than 204 68 More than or equal to 204 12-10=2
Less than 205 69 More than or equal to 205 2—-1=1
Less than 206 70 More than or equal to 206 1-1=0

To draw the less than type ogive, we plot the points (200, 0), (201, 13), (202, 40), (203, 58),
(204, 68), (205, 69), (206, 70) on the paper and join them by free hand.

To draw the more than type ogive plot the points (200, 70), (201, 57), (202, 30), (203, 12),
(204, 2), (205, 1), (206, 0) on the the graph paper and join them by free hand.

Y
A
70+ (200.70) (504, 68) (208, 70)
More than ogive (205, 689)
3 60 + Less than ogive
s (201, 57) (203, 58)
-]
g 50T
2 40+
{30 B Y~
3 35 |
E 30T | )
3 !
20T i AD
201, 13)/ ! '
1 i N
N/zoo 0) (201.8,0) N
0 V200 201 202 203 204 205 206
Upper limits

Hence, required median weight = Intersection point of X-axis =201.8 g.
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Q. 7 The table below shows the salaries of 280 persons.

Salary (in ¥ thousand) Number of persons
5-10 49
10-15 133
15-20 63
20-25 15
25-30 6
30-35 7
35-40 4
40-45 2
45-50 1

Calculate the median and mode of the data.

Sol. First, we construct a cumulative frequency table

Salary (in ¥ thousand) | Number of persons (f;) | Cumulative frequency(cf)
5-10 49=f 49 = cf
10-15 f,=133=f 133+ 49=182
15-20 63=f, 182 + 63 =245
20-25 15 245+ 15=260
25-30 6 260+ 6 =266
30-35 7 266+ 7=273
35-40 4 273+ 4=277
40-45 2 277 +2=279
45-50 1 279+ 1=280

N =280
N_280_ 149
2

(i) Here, median class is 10 — 15, because 140 lies in it.
Lower limit () = 10, Frequency (f) = 133,
Cumulative frequency (cf) = 49 and class width (h) = 5

— —cf

2
Median=l+2f><h

(140 — 49)
L x
133
91x 5
133
455

=10+

=10+

5

=10+ 222 =10+ 3421
133

=13 13421 (in thousand)

=13421x 1000
=313421

363
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(ii) Here, the highest frequency is 133, which lies in the interval 10-15, called modal class.
Lower limit (/) = 10, class width (h) = 5, f,, =133, f, = 49, and f, = 63.

Mode =/ + =k x h
27(/77_];_’(2

—104+ ] 138749 Ly
2 x 133~ 49 - 63
84 x5 84x5

=10+ ——— =10+ =10+ 2727
266 — 112 154

=3 12727 (in thousand)
=12727 x1000=1% 12727
Hence, the median and modal salary are ¥ 13421 and ¥ 12727, respectively.

Q. 8 The mean of the following frequency distribution is 50 but the frequencies

f, and f, in classes 20-40 and 60-80, respectively are not known. Find
these frequencies, if the sum of all the frequencies is 120.

Class 0-20 20-40 40-60 60-80 80-100

Frequency| 17 f 32 f 19

Sol. First we calculate the class mark of given data

Class | Frequency(f) Classmarks(x;) |, _%i—d fiui
1
h

0-20 17 10 -2 —-34

20-40 f 30 -1 ~f

40-60 32 a=50 0 0

60-80 f, 70 1 f

80-100 19 90 2 38

Sf=68++1 Sfy=a+h—f
Given that, sum of all frequencies = 120
= 2h=68+f+1% =120
= L+ 1, =52 ()
Here, (assumed mean) a = 50
and (class width) h =20
By step deviation method,
Sfu;
Mean=a+ =L xh
i
- 50=50+ 4B =h o
= 4+ 1, -f=0
= —-hL+h=4 (i)
On adding Egs. (i) and (i), we get
2f, = 56
= =28
Put the value of f, in Eq. (i), we get
f, =52 -28

= L, =24

Hence, f; =28 andf, =24.
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Q. 9 The median of the following data is 50. Find the values of p and g, if the
sum of all the frequencies is 90.

Sol.

Given,

which lies in the interval 50-60.

Marks Frequency
20-30 p
30-40 15
40-50 25
50-60 20
60-70 q
70-80
80-90 10
Marks Frequency Cumulative
frequency
20-30 D D
30-40 15 15+ p
40-50 25 40+ p=cf
50-60 20=f 60+ p
60-70 q 60+ p+ g
70-80 8 68+ p+q
80-90 10 784+ p+gq
N =90
N_90_45
2 2

Lower limit, / =50, f =20,cf =40+ p, h=10

f—cf)
Median=l+2th

45— 40 -
_s04 (1279070) g
20

50 = 50 + (ﬂ)
2

0=2-"F

2
p=>5

78+ p+qg =90
78+ 5+q9g =90

g =90-83
q=7

[given]
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Q. 10 The distribution of heights (i
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n cm) of 96 children is given below

Height (in cm)

Number of children

Draw a less than type cumulative frequency curve for this data and use it
to compute median height of the children.

Sol. Height (in cm) Number of children
Less than 124 0
Less than 128 5
Less than 132 13
Less than 136 30
Less than 140 54
Less than 144 70
Less than 148 82
Less than 152 38
Less than 156 92
Less than 160 95
Less than 164 96

To draw the less than type ogive, we plot the points (124, 0), (128, 5), (132, 13), (136, 30),
(140, 54), (144, 70), (148, 82), (152, 88), (156, 92), (160, 95), (164, 96) and join all

these point by free hand.
Y

N
100
90 1
80
70 -
60
sof
40 -

Cumulative frequency

301 (136, 30)

201
(132, 13)
101

128, 5)

A (48, 141.17)

! 1 Il ! ! 1

> X

0 124 128 132 136 1

40 144 148 152 156 160 164
Upper limits
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N 96
2 2

We take, y = 48 in y-coordinate and draw a line parallel to X-axis, meets the curve at A and
draw a perpendicular line from point A to the X-axis and this line meets the X-axis at the point

which is the median i.e., median = 141.17.

Here, =48

Q. 11 Size of agricultural holdings in a survey of 200 families is given in the
following table

Size of agricultural Number of
holdings (in hec) families

0-5 10

5-10 15
10-15 30
15-20 80
20-25 40
25-30 20
30-35 5

Compute median and mode size of the holdings.

Sol. Size of agricultural | Number of families (f;) | Cumulative frequency
holdings (in hec)
0-5 10 10
5-10 15 25
10-15 30 55
15-20 80 135
20-25 40 175
25-30 20 195
30-35 5 200

(i) Here, N =200
Now, g = % =100, which lies in the interval 15-20.

Lower limit, /=15, h=5,f=80and cf = 55
N
—cf

Median =1+ | 2 ; 5

eneto (1052,

—15+ (f_g) =15+ 2.81=17.81hec

(ii) In a given table 80 is the highest frequency.
So, the modal class is 15-20.
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Here, I =151, =80, =30,f, =40 andh=5

o~

Mode=7+|—" 1 |xh
2f, 1 -1,

80— 30

=15+ — -
[2><80—30—40

50
+| —— x5
[160—70)

]xs

=15+(5—O)x5=15+2—5
90 9

=15+ 277 =17.77 hec

Q. 12 The annual rainful record of a city for 66 days is given in the following

table.
Rainfall (in cm) 0-10 10-20 20-30 30-40 40-50 50-60
Number of days 22 10 8 15 5 6

Calculate the median rainfall using ogives (or move than type and of less

than type)

Sol. We observe that, the annual rainfall record of a city less than 0 is 0. Similarly, less than 10

include the annual rainfall record of a city from 0 as well as the annual rainfall record of a
city from 0-10.
So, the total annual rainfall record of a city for less than 10 cm is 0+ 22 =22 days.
Continuing in this manner, we will get remaining less than 20, 30, 40, 50, and 60.

Also, we observe that annual rainfall record of a city for 66 days is more than or equal to
0 cm. Since, 22 days lies in the interval 0-10. So, annual rainfall record for 66 —22 = 44 days
is more than or equal to 10 cm. Continuing in this manner we will get remaining more than
or equal to 20, 30, 40, 50 and 60.
Now, we construct a table for less than and more than type.

(i) Less than type

(i) More than type

Rainfall (incm) | Number of days | Rainfall (incm) | Number of days

Less than 0 0 More than or 66
equal to 0

Less than 10 0+22=22 More than or 66 —22 =44
equal to 10

Lessthan20 | 22+ 10=32 More than or 44-10=34
equal to 20

Less than 30 32+ 8=40 More than or 34-8=26
equal to 30

Less than 40 40+ 15=55 More than or 26-15=11
equal to 40

Less than 50 55+5=60 More than or 11-5=6
equal to 50

Lessthan60 | 60+ 6=66 More than or 6-6=0
equal to 60

To draw less than type ogive we plot the points (0, 0), (10, 22), (20, 32), (30, 40), (40, 55),
(50, 60), (60, 66) on the paper and join them by free hand.
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To draw the more than type ogive we plot the points (0, 66), (10, 44), (20, 34), (30, 26), (40,
11), (50, 6) and (60, 0) on the graph paper and join them by free hand.
Y

A

70+
0, 66)

60
50 +
40+

33 [-
304 (

Cumulative frequency

20

10 1

(More than ogive) (50, 60)

(60, 66)
Less than ogive)

(211.'95, 0)

20 30 40 50 60 70
Upper limits

-+ Total number of days (n) = 66
Now, — =33

Firstly, we plot a line parallel to X-axis at intersection point of both ogives, which further
intersect at (0, 33) on Y-axis. Now, we draw a line perpendicular to X-axis at intersection
point of both ogives, which further intersect at (21.25, 0) on X-axis. Which is the required

median using ogives.
Hence, median rainfall = 21.25cm.

Q. 13 The following is the frequency distribution of duration for 100 calls

made on a mobile phone.

Duration (in s)

Number of calls

95-125

125-155
155-185
185-215
215-245

14
22
28
21
15

Calculate the average duration (in sec) of a call and also find the median
from a cumulative frequency curve.

Sol. First, we calculate class marks as follows

Duration Number of | Class marks _X—a fu;
(ins) calls (f,) (x;) h

95-125 14 110 -2 -28

125-155 22 140 =1 -22

155-185 28 a=170 0 0

185-215 21 200 1 21

215-245 15 230 2 30
X f, =100 Xfu =1
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Here, (assumed mean) a = 170,
and (class width) h = 30

By step deviation method,

Average(?c)=a+Mxh=170+ix3o
2 100

/

=170+ 03 =170. 3
Hence, average duration is 170.3s.

For calculating median from a cumulative frequency curve

We prepare less than type or more than type ogive

We observe that, number of calls in less than 95 s is 0. Similarly, in less than 125 s include
the number of calls in less than 95 s as well as the number of calls from 95-125.s So, the
total number of calls less than 125 s is 0 + 14 = 14. Continuing in this manner, we will get
remaining in less than 155, 185, 215 and 245 s.

Now, we construct a table for less than ogive (cumulative frequency curve).

Less than type
Duration (in s) Number of calls

Less than 95 0

Less than 125 0+ 14=14
Less than 155 14422=36
Less than 185 36+28=064
Less than 215 64 +21=285
Less than 245 854+ 15=100

To draw less than type ogive we plot them the points (95, 0), (125, 14) (155, 36), (185, 64),
(215, 85), (245, 100) on the paper and join them by free hand.

Y

A

100+ (245, 100)

90 +

(215, 85)

80

70 1

(185, 64)
60 -

I

Cumulative frequency

40 A

30 1

20 1

(125, 14)
5170 = Median

_J\/ 95’ |O) | : | | ! > X
0 '95 125 155 185 215 2456
Upper limits




Statistics and Probability 371

-+ Total number of calls (n) = 100
n_100 _ o
2 2

Now, point 50 taking on Y-axis draw a line parallel to X-axis meet at a point P and draw a
perpendicular line from P to the X-axis, the intersection point of X-axis is the median.
Hence, required median is 170 .

Q. 14 50 students enter for a school javelin throw competition. The distance
(in metre) thrown are recorded below

Distance (in m) 0-20 20-40 40-60 60-80 80-100

Number of students 6 11 17 12 4

(i) Construct a cumulative frequency table.

(i1) Draw a cumulative frequency curve (less than type) and calculate the
median distance drawn by using this curve.

(ii1) Calculate the median distance by using the formula for median.
(iv) Are the median distance calculated in (ii) and (iii) same?

Sol. ()
Distance | Number of Cumulative
(in m) students(f;) | frequency/(cf)
0-20 6 6
20-40 11 17
40-60 17 34
60-80 12 46
80-100 4 50
(i) Distance |Cumulative
(inm) frequency
0 0
Less than 20 6
Less than 40 17
Less than 60 34
Less than 80 46
Less than 100 50

To draw less than type ogive, we plot the points (0, 0), (20, 6), (40, 17), (60, 34), (80, 46),
(100, 50), join all these points by free hand.
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Now,

60 -

50 1

40t

30T

20, 6) |
X
00) 20 40 60 80 100

Taking Y =250n Y-axis and draw a line parallel to X-axis, which meets the curve at point
A. From point A, we draw a line perpendicular to X-axis, where this meets that point is
the required median i.e., 49.4.

(i) Now,

N =

2

which lies is the interval 40-60.
[=40,h=20,cf=17and f =17
N

— —cf
Median =1 + 2f X h
=40+mx20
— 40+ 8 x20
17
=40+ 9.41
= 49.41

(iv) Yes, median distance calculated by parts (ii) and (iii) are same.



