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vii) He is an actor.

viii) Did you have lunch?

ix) Have a cup of tea.

x) (x + y)2 = x2 + 2xy + y2 for all x, y ∈ R.

xi) Every real number is a complex number.

xii) 1 is a prime number.

xiii) With the sunset the day ends.

xiv) 1 ! = 0

xv) 3 + 5 > 11

xvi) The number Π is an irrational number.

xvii) x2 − y2 = (x + y) (x − y) for all x, y ∈ R.

xviii) The number 2 is the only even prime 
number.

xix) Two co-planar lines are either parallel or 
intersecting.

xx) The number of arrangements of 7 girls in 
a row for a photograph is 7!.

xxi) Give me a compass box.

xxii) Bring the motor car here.

xxiii) It may rain today.

xxiv) If a + b < 7, where a ≥ 0 and b ≥ 0 then  
a <   7 and b <   7.

xxv) Can you speak in English?

1.2	Logical	connectives:

A logical connective is also called a logical 
operator, sentential connective or sentential 
operator. It is a symbol or word used to connect 
two or more sentences in a grammatically valid 
way.

Observe	the	following	sentences.

i) Monsoon is very good this year and the 
rivers are rising.

ii) Sneha is fat or unhappy.

iii) If it rains heavily, then the school will be 
closed.

iv) A triangle is equilateral if and only if it is 
equiangular.

The words or group of words such as 
“and”, “or”, “if ... then”, “If and only if”, can 
be used to join or connect two or more simple 
sentences. These connecting words are called 
logical connectives.

Note: ‘not’ is a logical operator for a single 
statement. It changes the truth value from T to F 
and F to T.
Compound	Statement:

A compound statement is a statement which 
is formed by combining two or more simple 
statements with the help of logical connectives.

The above four sentences are compound 
sentences.
Note:

i) Each of the statements that comprise 
a compound statement is called a sub-
statement or a component statement.

ii) Truth value of a compound statement 
depends on the truth values of the sub-
statements i.e. constituent simple statements 
and connectives used. Every simple 
statement has its truth value either ‘T’ or ‘F’. 
Thus, while determining the truth value of 
a compound statement, we have to consider 
all possible combinations of truth values of 
the simple statements and connectives. This 
can be easily expressed with the help of a 
truth table.

Table	1.1:	Logical	connectives

Sr.
No.

Connective Symbol Name	of	
corresponding	

compound 
statement

1. and ∧ conjunction
2. or ∨ disjunction
3. not ∼ Negation
4. If ... then →

(or ⇒)
conditional or 

implication
5. If and only 

if
or
iff

⇔
(or ⇔)

Biconditional 
or double 

implication
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A) Conjuction (∧):

If p and q are any two statements connected 
by the word “and”, then the resulting compound 
statement “p and q” is called the conjunction of 
p and q, which is written in the symbolic form 
as ‘p∧q’.

For	example:

Let   p : 2  is a rational number

 q : 4 + 3i is a complex number

The conjunction of the above two 
statements is p∧q i.e. 2  is a rational number 
and 4 + 3i is a complex number.

Consider	the	following	simple	statements:

i) 5 > 3 ; Nagpur is in Vidarbha.

 p : 5 > 3

 q : Nagpur is in Vidarbha

 The conjunction is

 p∧q : 5 > 3 and Nagpur is in Vidarbha. 

ii) p : a+bi is irrational number for all a ,b ∈ R; 
q : 0 ! = 1

 The conjuction is

 p∧q : a + bi is irrational number, 

 for all a, b ∈ R and 0 ! = 1

 

Truth	table	of	conjunction	(p∧q)
Table	1.2

p q p ∧ q
T

T

F

F

T

F

T

F

T

F

F

F

From the last column, the truth values of 
above four combinations can be decided.

Remark:

i) Conjunction is true if both sub-statements 
are true. Otherwise it is false.

ii) Other English words such as “but”, “yet”, 
“though”, “still”, “moreover” are also used 
to join two simple statements instead of 
“and”.

iii) Conjunction of two statements corresponds 
to the “intersection of two sets” in set 
theory.

 SOLVED EXAMPLES

Ex.	 1: Write the following statements in 
symbolic form.

i) An angle is a right angle and its measure is 
90°.

ii) Jupiter is a planet and Mars is a star.

iii) Every square is a rectangle and 3 + 5 < 2.

Solution:

i) Let p : An angle is right angle.
  q : Its measure is 90°.
 Then, p ∧ q is the symbolic form.

ii) Let p : Jupiter is plannet
  q : Mars is a star.
 Then, p ∧ q is the symbolic form.

iii) Let p : .............
  q : .............
 Then, .....................

Ex.	 2: Write the truth value of each of the 
following statements.

i) Patna is capital of Bihar and 5i is an 
imaginary number.

ii) Patna is capital of Bihar and 5i is not an 
imaginary number.

iii) Patna is not capital of Bihar and 5i is an 
imaginary number.

iv) Patna is not capital of Bihar and 5i is not an 
imaginary number.

Solution: Let p : Patna is capital of Bihar

  q : 5i is an imaginary number
  p is true; q is true.
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E)	 Negation	of	a	compound	statement:

We have studied the negation of simple 
statements. Negation of a simple statement is 
obtained by inserting “not” at the appropriate 
place in the statement e.g. the negation of “Ram 
is tall” is “Ram is not tall”. But writing negations 
of compound statements involving conjunction., 
disjunction, conditional, biconditional etc. is not 
straight forward.

1)	 Negation	of	conjunction:

In section 1.3(B) we have seen that  
∼ ( p ∧ q) ≡ ∼ p ∨ ∼ q. It means that negation of 
the conjunction of two simple statements is the 
disjunction of their negation.

Consider the following conjunction.

“Parth plays cricket and chess.”

Let p : Parth plays cricket.

    q : Parth plays chess.

Given statement is p ∧ q.

You know that ∼ (p ∧ q) ≡ ∼ p ∨ ∼ q 

∴ negation is Parth doesn’t play cricket or 
he doesn’t play chess.

2)	 Negation	of	disjunction:

In section 1.3(B) we have seen that  
∼ (p ∨ q) ≡ ∼ p ∧ ∼ q. It means that negation of 
the disjunction of two simple statements is the 
conjunction of their negation.

For	ex: The number 2 is an even number or the 
number 2 is a prime number.

Let p : The number 2 is an even number.

    q : The number 2 is a prime number.

∴ given statement : p ∨ q.

You know that ∼ (p ∨ q) ≡ ∼ p ∧ ∼ q 

∴ negation is “The number 2 is not an 
even number and the number 2 is not a prime 
number”.

3)	 Negation	of	negation:

Let p be a simple statement.
Truth	table	1.25

p  ∼ p ∼ (∼ p)

T

F

F

T

T

F

From the truth table 1.25, we see that 

∼ (∼ p) ≡ p 

Thus, the negation of negation of a 
statement is the original statement ∼ (∼ p) ≡ p.

For	example: 

Let p : 5  is an irrational number.

The negation of p is given by

∼ p : 5  is not an irrational number.

∼ (∼ p) : 5  is an irrational number.

Therefore, negation of negation of p is  
∼ (∼ p) i.e. it is not the case that 5  is not an 
irrational number.

OR it is false that 5  is not an irrational 
number.

OR 5  is an irrational number.

4)	 Negation	of	Conditional	(Implication):

You know that p → q ≡ ∼ p ∨ q

∴ ∼ (p → q) ≡ ∼ (∼ p ∨ q)

 ≡ ∼ (∼ p) ∧ ∼ q   ... by De-Morgan's law

∴ ∼ (p → q) ≡ p ∧ ∼ q

We can also prove this result by truth table.

Truth	table	1.26
p q p → q ∼ (p → q) ∼ q p ∧ ∼ q 

1 2 3 4 5 6
T

T

F

F

T

F

T

F

T

F

T

T

F

T

F

F

F

T

F

F

F

T

F

F
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ii) If India is playing in world cup and Rohit is 
the captain, then we are sure to win.

iii) Some bureaucrats are efficient.

Solution:

i) The negation is,

Some girls are not sincere

OR, There exists a girl, who is not sincere.

ii) Let p : India is playing world cup

    q : Rohit is the captain

    r : We win.

The given compound statement is 

(p ∧ q) → r 

Therefore, the negation is,

∼ [(p ∧ q) → r] ≡ (p ∧ q) ∧ ∼  r

India is playing world cup and Rohit is the 
captain and we are not sure to win.

iii) The negation is, all bureaucrats are not 
efficient.

Converse,	Inverse	and	contrapositive:

Let p and q be simple statements and  
let p → q be the implication of p and q.

Then, i) The converse of p → q is q → p.

  ii) Inverse of p → q is ∼ p → ∼ q.

  iii) Contrapositive of p → q is ∼ q → ∼ p.

For	 example: Write the converse, inverse and 
contrapositive of the following compound 
statements.
i) If a man is rich then he is happy.
ii) If the train reaches on time then I can catch 

the connecting flight.

Solution:
i) Let p : A man is rich.
    q : He is happy.

Therefore, the symbolic form of the given 
statement is p → q.

Converse: q → p     
i.e. If a man is happy then he is rich.

Inverse: ∼ p → ∼ q     
i.e. If a man is not rich then he is not happy.

Contrapositive: ∼ q → ∼ p i.e. If a man is 
not happy then he is not rich.

ii) Let p : The train reaches on time.

  q : I can catch the connecting flight.

Therefore, the symbolic form of the given 
statement is p → q.

Converse, q → p i.e. 

Inverse  i.e. 

Contrapositive  i.e. 

Ex.	 3: Using the rules of negation, write the 
negation of the following :

i) (∼ p ∧ r) ∨ (p ∨ ∼ r)

ii) (p ∨ ∼ r) ∧ ∼ q

iii) The crop will be destroyed if there is a 
flood.

Solution: 

i) The negation of (∼ p ∧ r) ∨ (p ∨ ∼ r) is  
∼ [(∼ p ∧ r) ∨ (p ∨ ∼ r)] 

 ≡ ∼ (∼ p ∧ r) ∧ ∼ (p ∨ ∼ r)  

... by De-Morgan's law

 ≡ (p ∨ ∼ r) ∧ (∼ p ∧ r)  

... by De-Morgan's law and  
∼ (∼ p) ≡ p and ∼ (∼ r) = r.

ii) The negation of (p ∨ ∼ r) ∧ ∼ q is

 ∼ [(p ∨ ∼ r) ∧ ∼ q] 

 ≡ ∼ (p ∨ ∼ r) ∨ ∼ (∼ q)  

... by De Morgan's law

 ≡ (∼ p ∧ r) ∨ q  

... by De Morgan's law and  
∼ (∼ q) ≡ q.

















28

2.	 Logical	connectives: 

Sr.
No.

Name of the 
Compound 
statement

Connective Symbolic form Negation

1. Conjunction and p ∧ q ∼ p ∨ ∼ q
2. Disjunction or p ∨ q  ∼ p ∧ ∼ q
3. Negation not ∼ p ∼ (∼ p)

= p
4. Conditional or 

implication
If ... then p → q

or
p ⇒ q

 p ∧ ∼ q

5. Biconditional or 
double implication

If and only
if ... iff ...

p ↔ q
(or p ⇔ q)

(p ∧ ∼ q) ∨
(~p ∧ q)

3.	 Tautology: A statement pattern which is always true (T) is called a tautology (t).

Contradiction: A statement pattern which is always false (F) is called a contradiction (c). 

Contingency	\: A statement pattern which is neither a tautology nor  contradiction is called a 
contingency.

4.	 Algebra	of	statements	: 

(Some standard equivalent statements)

1. p ∨ p ≡ p Idempotent laws p ˄ p ≡ p

2. p ∨ (q ∨ r)

≡ (p ∨ q) ∨ r

≡ p ∨ q ∨ r

Associative laws p ∧ (q ∧ r)

≡ (p ∧ q) ∧ r

≡ p ∧ q ∧ r
3. p ∨ q ≡ q ∨ p Commutative laws p ∧ q ≡ q ∧ p

4. p ∨ (q ∧ r)

≡ (p ∨ q) ∧ (p ∨ r)

Distributive laws p ∧ (q ∨ r)

≡ (p ∧ q) ∨ (p ∧ r)
5. p ∨ c ≡ p

p ∨ t ≡ t

Identity laws p ∧ c ≡ c

p ∧ t ≡ p
6. p ∨ ∼ p ≡ t

∼ t ≡ c

Complement laws p ∧ ∼ p ≡ c

∼ c ≡ t
7. ∼ (∼ p) ≡ p Involution law (law of 

double negation)
8. ∼ (p ∨ q) 

≡ ∼ p ∧ ∼ q

DeMorgan’s laws ∼ (p ∧ q) 

≡ ∼ p ∨ ∼ q
9. p → q

≡ ∼ q → ∼ p

Contrapositive law





30

6. If  p : He is intelligent.
  q : He is strong

 Then, symbolic form of statement “It is 
wrong that, he is intelligent or strong” is

a) ∼ p ∨ ∼ p b)  ∼ (p ∧ q)

c) ∼ (p ∨ q) d)  p ∨  ∼ q

7. The negation of the proposition “If 2 is 
prime, then 3 is odd”, is

a) If 2 is not prime, then 3 is not odd.

b) 2 is prime and 3 is not odd.

c) 2 is not prime and 3 is odd.

d) If 2 is not prime, then 3 is odd.

8. The statement (∼ p ∧ q) ∨∼ q is

a) p ∨  q b)  p ∧ q

c) ∼ (p ∨ q) d)  ∼ (p ∧ q)

9. Which of the following is always true?

a) (p → q) ≡ ∼ q → ∼ p

b) ∼ (p ∨ q) ≡ ∼ p ∨ ∼ q

c) ∼ (p → q) ≡ p ∧ ∼ q

d) ∼ (p ∨ q) ≡ ∼ p ∧ ∼ q

10. ∼ (p ∨ q) ∨ (∼ p ∧ q) is logically equivalent 
to

a) ∼ p b)  p

c) q d)  ∼ q

11. If p and q are two statements then 

 (p → q) ↔ (∼ q → ∼ p) is

a) contradiction

b) tautology

c) Neither (i) not (ii)

d) None of the these

12. If p is the sentence ‘This statement is false’ 
then

a) truth value of p is T

b) truth value of p is F

c) p is both true and false

d) p is neither true nor false.

13. Conditional p → q is equivalent to

a) p → ∼ q

b) ∼ p ∨ q

c) ∼ p → ∼ q

d) p ∨ ∼ q

14. Negation of the statement “This is false or 
That is true” is

a) That is true or This is true

b) That is true and This is false

c) This is true and That is false

d) That is false and That is true

15. If p is any statement then (p ∨ ∼ p) is a 

a) contingency

b) contradiction

c) tautology

d) None of them.

II)	 Fill	in	the	blanks:

i) The statement q → p is called as the 
––––––––– of the statement p → q.

ii) Conjunction of two statement p and q 
is symbolically written as –––––––––.

iii) If p ∨ q is true then truth value of  
∼ p ∨ ∼ q is –––––––––.

iv) Negation of “some men are animal” is 
–––––––––.

v) Truth value of if x = 2, then x2 = − 4 is 
–––––––––.

vi) Inverse of statement pattern p ↔ q  is 
given by –––––––––.

vii) p ↔ q  is false when p and q have  
––––––––– truth values.
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viii) Let p : the problem is easy. r : It is  
not challenging then verbal form of  
∼ p → r is –––––––––.

ix) Truth value of 2 + 3 = 5 if and only if 
− 3 > − 9 is –––––––––.

III)	 State	 whether	 each	 of	 the	 following	 is	
True	or	False:

i) Truth value of 2 + 3 < 6 is F.

ii) There are 24 months in year is a 
statement.

iii) p ∨ q has truth value F is both p and q 
has truth value F.

iv) The negation of 10 + 20 = 30 is, it is 
false that 10 + 20 ≠ 30.

v) Dual of (p ∧ ∼ q) ∨ t is (p ∨ ∼ q) ∨ C.

vi) Dual of “John and Ayub went to the 
forest” is “John and Ayub went to the 
forest”.

vii) “His birthday is on 29th February” is 
not a statement.

viii)  x2 = 25 is true statement.

ix) Truth value of 5  is not an irrational 
number is T.

x) p ∧ t = p.

IV)	 Solve	the	following:

1. State which of the following sentences are 
statements in logic.
i) Vanilla Ice cream is my favourite.
ii) x + 3 = 8 ; x is variable.
iii) Read a lot to improve your writing 

skill.
iv) z is a positive number.
v) (a + b)2 = a2 + 2ab + b2 for all a, b ∈ R.
vi) (2 + 1)2 = 9.
vii) Why are you sad?
viii) How beautiful the flower is!
ix) The square of any odd number is even.
x) All integers are natural numbers.

xi) If x is real number then x2 ≥ 0.

xii) Do not come inside the room.

xiii) What a horrible sight it was!

2. Which of the following sentences are 
statements? In case of a statement, write 
down the truth value.

i) What is happy ending?

ii) The square of every real number is 
positive.

iii) Every parallelogram is a rhombus.

iv) a2 − b2 = (a + b) (a − b) for all a, b ∈ R.

v) Please carry out my instruction.

vi) The Himalayas is the highest mountain 
range.

vii) (x − 2) (x − 3) = x2 − 5x + 6 for all x∈R.

viii) What are the causes of rural 
unemployment?

ix) 0! = 1

x) The quadratic equation ax2 + bx + c = 0 
(a ≠ 0) always has two real roots.

3. Assuming the first statement p and second 
as q. Write the following statements in 
symbolic form.
i) The Sun has set and Moon has risen.
ii) Mona likes Mathematics and Physics.
iii) 3 is prime number iff 3 is perfect square 

number.
iv) Kavita is brilliant and brave.
v) If Kiran drives the car, then Sameer 

will walk.
vi) The necessary condition for existence 

of a tangent to the curve of the function 
is continuity.

vii) To be brave is necessary and sufficient 
condition to climb the Mount Everest.

viii)  x3 + y3 = (x + y)3 iff xy = 0.
ix) The drug is effective though it has side 

effects.
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Let's Note: 

1)  (AT)T = A

2) If A is a symmetric matrix then A = AT

3) If B is a skew symmetric matrix then B = −BT

4) A null square matrix is also skew symmetric.

5) |A| = |AT|

(3)  Equality of Two matrices: Two matrices A and B are said to be equal if (i) order of A = order of 
B and (ii) corresponding elements of A and B are same. That is aij = bij for all i, j. Symbolically, 
this is written as A=B.

For example: i) If A = 
2 4 1

1 0 0
2 3

�

�
�

�

�
�

�
 and B = 

2 1

4 0

1 0
3 2

�

�

�
�
�

�

�

�
�
�
�

 Here BT =  
2 4 1

1 0 0
2 3

�

�
�

�

�
�

�
   In matrices A and B, A ≠ B, but A = BT.

For example: ii) If  
2 4

7 2

1 4

7 3

a b
a b

�

�
�

�

�
� �

�

�
�

�

�
�  , then find a and b.

 Using definition of equality of matrices, we have

 2a − b = 1 ...... (1) and

 a + 3b = 2 ...... (2)

 Solving equation (1) and (2), we get  a = 
5

7
  and  b = 

3

7

Let's note: If A = B, then B = A

(4)  Addition of Two Matrices: A and B are two matrices of same order. Their addition, denoted by 
A + B, is a matrix obtained by adding the corresponding elements of A and B. Note that orders 
of A, B and A + B are same.

 Thus if A = [aij]m×n and B = [bij]m×n then A + B =  [aij+ bij]m×n

For example: i) If  A  = 
2 3 1

1 2 0
2 3

�

�
�

�

�
�

�

 and B = 
�

�
�

�

�
�

�

4 3 1

5 7 8
2 3

 find A + B.

Solution: Since A and B have same order, A + B is defined and 

 A + B = 
2 4 3 3 1 1

1 5 2 7 0 8

2 6 2

4 5 8
2 3 2 3

� � �
� � �

�

�
�

�

�
� �

�

�
�

�

�
�

� �

( )

( )

Let's Note:  If A and B are two matrices of same order then subtraction of two matrices is defined as,  
A − B = A + (−B), where −B is the negative of matrix B.

For example: i) If  A  = 
�

�

�
�
�

�

�

�
�
�
�

1 4

3 2

0 5
3 2

 and B = 
�

�

�
�
�

�

�

�
�
�
�

1 5

2 6

4 9
3 2

 , Find A − B.
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Ex. 2: If A  = 
1 3 3

3 1 3

3 3 1

�

�

�
�
�

�

�

�
�
�

 find A2 − 5A. What is your conclusion?

Solution : Let A2 = A.A

 
   =  

1 3 3

3 1 3

3 3 1

�

�

�
�
�

�

�

�
�
�

  
1 3 3

3 1 3

3 3 1

�

�

�
�
�

�

�

�
�
�

 

   = 
1 9 9 3 3 9 3 9 3

3 3 9 9 1 9 9 3 3

3 9 3 9 3 3 9 9 1

� � � � � �
� � � � � �
� � � � � �

�

�

�
�
�

�

�

�
�
�

   = 

19 15 15

15 19 15

15 15 19

�

�

�
�
�

�

�

�
�
�

 ∴ A2 − 5A  =  

19 15 15

15 19 15

15 15 19

�

�

�
�
�

�

�

�
�
�

 − 5  
1 3 3

3 1 3

3 3 1

�

�

�
�
�

�

�

�
�
�

   =  

19 15 15

15 19 15

15 15 19

�

�

�
�
�

�

�

�
�
�

  − 

5 15 15

15 5 15

15 15 5

�

�

�
�
�

�

�

�
�
�

 ∴ A2 − 5A  = 
14 0 0

0 14 0

0 0 14

�

�

�
�
�

�

�

�
�
�

 = 14  
1 0 0

0 1 0

0 0 1

�

�

�
�
�

�

�

�
�
�

= 14 I

 ∴ By definition of scalar matrix, A2 − 5A is a scalar matrix.

Ex. 3: If A = 
3 2

4 2

�

�
�

�

�
�  , find k, so that A2 − kA + 2I = O, where I is a 2×2 the identity matrix and 

 O is null matrix of order 2.

Solution: Given A2 − kA + 2I = O

 ∴ Here, A2   = AA

   =  
3 2

4 2

�

�
�

�

�
�   

3 2

4 2

�

�
�

�

�
�

   = 
9 8 6 4

12 8 8 4

�
�

�

�
�

�

�
�

   = 
1 2

4 4

�

�
�

�

�
�
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3)  Find the inverse of A = 

2 0 1

5 1 0

0 1 3

�

�

�
�
�

�

�

�
�
�

 by using elementary row transformation.

Solution: Let  A  =  

2 0 1

5 1 0

0 1 3

�

�

�
�
�

�

�

�
�
�

    |A| =  
2 0 1

5 1 0

0 1 3

-

 

     =  2(3 − 0) − 0(15 − 0) − 1(5 − 0)

     =  6 − 0 − 5 

     =  1 ≠ 0

 ∴  A−1 is exist.     

   Consider AA−1 = I 

    

2 0 1

5 1 0

0 1 3

�

�

�
�
�

�

�

�
�
�

  A−1 =  

1 0 0

0 1 0

0 0 1

�

�

�
�
�

�

�

�
�
�

 By R1 → 3R1   

6 0 3

5 1 0

0 1 3

�

�

�
�
�

�

�

�
�
�

  A
−1 =  

3 0 0

0 1 0

0 0 1

�

�

�
�
�

�

�

�
�
�

 By R1 → R1 − R2   
1 1 3

5 1 0

0 1 3

�

�

�
�
�

�

�

�
�
�

  A−1 = 
3 1 0

0 1 0

0 0 1

�

�

�
�
�

�

�

�
�
�

 

 By R2 → R2 − 5R1  
1 1 3

0 6 15

0 1 3

�

�

�
�
�

�

�

�
�
�

  A−1 = 

3 1 0

15 6 0

0 0 1

�

�

�
�
�

�

�

�
�
�

 

 By R2 ↔ R3 
1 1 3

0 1 3

0 6 16

�

�

�
�
�

�

�

�
�
�

  A−1 =  
3 1 0

0 0 1

15 6 0

�

�

�

�

�
�
�

�

�

�
�
�

 

 By R1 → R1 + R2 and R3 → R3 − 6R2  
1 0 0

0 1 3

0 0 3

�

�

�
�
�

�

�

�
�
�

  A−1 =  
3 1 1

0 0 1

15 6 6
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  By R3 → 
1

3
 R3  

1 0 0

0 1 3

0 0 1

�

�

�
�
�

�

�

�
�
�

  A−1 = 

 3 -1 1
 0 0 1
 5 -2 2

  

 By R2→ R2 −3R3 

1 0 0

0 1 0

0 0 1

�

�

�
�
�

�

�

�
�
�

   A
−1 = 

3 1 1

15 6 5

5 2 2
 

    IA−1 =   
3 1 1

15 6 5

5 2 2

�

�

�
�
�

�

�

�
�
�

    A−1 =   
3 1 1

15 6 5

5 2 2

�

�

�
�
�

�

�

�
�
�

2) Inverse of a non singular matrix by Adjoint Method: This method can be directly used for 
finding the inverse. However, for understanding this method we should know the definitions of 
minor and co-factor.

Definition: Minor of an element aij of matrix is the determinant obtained by ignoring ith row and jth  
  column in which the element aij lies. Minor of an element aij is denoted by Mij.

Definition: Cofactor of an element aij of matrix is given by Aij = (−1)i+jMij, where Mij is minor of   
 the element aij. Cofactor of an element aij is denoted Aij.

Adjoint of a Matrix:

 The adjoint of a square matrix is defined as the transpose of the cofactor matrix of A.

 The adjoint of a matrix A is denoted by adjA.

For Example: If A is a square matrix of order 3 then the matrix of its cofactors is 

      

A A A

A A A

A A A

11 12 13

21 22 23

31 32 33

�

�

�
�
�

�

�

�
�
�

 and the required adjoint of A is the transpose of the above matrix. Hence 

     adjA = 

A A A

A A A

A A A

11 21 31

12 22 32

13 23 33

 If A = [aij]m×m is non singular square matrix then the inverse of matrix exists and given by 

    A−1 = 
1

A
 adj (A)
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   ∴  A22 = (−1)2+2 
2 1

1 2
  =  1(4 − 1) = 3

   ∴  A23 = (−1)2+3
2 1

1 1

-
-

  =  −1(−2 + 1) = 1

   ∴  A31 = (−1)3+1 
-

-
1 1

2 1
  =  1(1 − 2) = −1

   ∴  A32 = (−1)3+2 
2 1

1 1- -
  =  −1(−2 + 1) = 1

   ∴  A33 = (−1)3+3  
2 1

1 2

-
-   =  1(4 − 1) = 3

   ∴ Cofactor matrix [Aij]3x3  = 
3 1 1

1 3 1

1 1 3

�

�

�
�
�

�

�

�
�
�

 

   adj (A) = [Aij]
T  = 

3 1 1

1 3 1

1 1 3

�

�

�
�
�

�

�

�
�
�

     A−1  =  
1

A
 adj A 

     A−1  =  1

4

3 1 1

1 3 1

1 1 3

�

�

�
�
�

�

�

�
�
�

EXERCISE 2.5

1) Apply the given elementary transformation on each of the following matrices.

 i)  
3 4

2 2

�

�
�

�

�
�  ,  R1 ↔ R2

 ii) 
2 4

1 5

�

�
�

�

�
�  , C1 ↔ C2

 iii) 
3 1 1

1 3 1

1 1 3

�

�

�
�
�

�

�

�
�
�

  3R2 and  C2 → C2 −  4C1

2) Transform 
1 1 2

2 1 3

3 2 4

�

�

�
�
�

�

�

�
�
�

 into an upper triangular matrix by suitable row transformations. 







































90

Generalisation:

 If y is a differentiable function of u1, ui is a 
differentiable function of ui+1, for i = 1, 2, 3, 
..... (n−1) and un is a differentiable function 
of x then

  dy
dx

 = 
dy
du

du
du

du
du

du
dx
n

1

1

2

2

3

× × × ×.........

 SOLVED EXAMPLES

1) y = (4x3 + 3x2 − 2x)6.  Find  dy
dx

Solution: Given y = (4x3 + 3x2 − 2x)6

 Let u = (4x3 + 3x2 − 2x)

 ∴ y  =  u6

 ∴ dy
dx

  = 6u5

 ∴ dy
dx

  = 6(4x3 + 3x2 − 2x)5  

 and  du
dx

  = 12x2 + 6x − 2

 By chain Rule  dy
dx

 = dy
dx

  ×  du
dx

 

∴  dy
dx

 = 6 (4x3 + 3x2 − 2x)5 (12x2 + 6x − 2)

2) y = log(4x2 + 3x − 1).  Find  dy
dx

Solution: Given y = log(4x2 + 3x − 1)

         Let u = (4x2 + 3x − 1)

 ∴ y = log(u)

 ∴ dy
dx

  = 1
u

 ∴ dy
dx

  = 
1

4 3 1
2

( )x x�
   

  and    
du
dx

  =  (8x + 3)  

  By chain Rule dy
dx

 = dy
dx

  ×  du
dx

 ∴ dy
dx

  = 
1

4 3 1
2

( )x x�
 (8x + 3)  

 ∴  dy
dx

 = 
8 3

4 3 1
2

x
x x

�
�( )

3) If y = 3 8 7
2

5
3 x x�� �  ,  find  dy

dx

Solution:  Given y =  3 8 7
2

5
3 x x�� �

 ∴ y = 3 8 7
2

5

3x x�� �
 Let u = (3x2 + 8x − 7)

 ∴ y = u
5

3

 ∴ dy
dx

  = 
5

3

2

3u

 ∴ dy
dx

  = 5

3
3 8 7

2

2

3( )x x�   

 and du
dx

  =  (6x +8)

        By chain Rule dy
dx

 = dy
dx

  ×  du
dx

 ∴ dy
dx

  = 5

3
3 8 7

2

2

3( )x x�   (6x +8)

4)  If y = e x(log )+6 ,  find dy
dx

Solution: Given y =  e x(log )+6

         Let u = logx + 6

 ∴ y = eu

 ∴ dy
dx

  = eu

 ∴ dy
dx

  = e x(log )+6   and  du
dx

  = 
1
x

 By chain Rule dy
dx

 = dy
dx

  ×  du
dx

 ∴ dy
dx

  = e x(log )+6  
1
x
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3.5  Derivative of a Parametric Function:

        Now we consider y as a function of x where 
both x and y are functions of a variable ‘t’ . 
Here ‘t’ is called a parameter.

Result 3: If x = f(t) and y = g(t) are differentiable 
functions of a parameter ‘t’, then y is a 
differential function of x and 

    
dy
dx

dy
dt
dx
dt

dx
dt

�, 0

 SOLVED EXAMPLES

1) Find  dy
dx

 , if x = 2at, y = 2at2

Solution: Given x = 2at, y = 2at2

  Now, y =2at2

 Differentiate with respect to t

 ∴ dy
dt

  = 2a.2t = 4at .......... (I)

  x = 2at

 Differentiate with respect to t

 ∴ dx
dt

  = 2a  .......... (II)

 Now, dy
dx

  = 

dy
dt
dx
dt

 ∴ dx
dt

  = 4

2

at
a

 ∴ dx
dt

  = 2t

2) Find  dy
dx

 , if x = e2t, y = e
t

Solution:  Given  x = e2t, y = e
t

  Now, y = e
t

 Differentiate y with respect to t

 ∴ dy
dt

 = e
t
 d
dt

t  .......... (I)

 Differentiate x with respect to t

 ∴ dx
dt

  = 2 e2t  .......... (II)

 Now, dy
dx

  = 

dy
dt
dx
dt

 ∴ dy
dx

  = 
e

t
e

t

t

1

2

2
2

 ∴ dy
dx

  = 
e
t e

t

t
4

2

3) Differentiate log(t) with respect to log(1+t2)

Solution: let y = log(t) and x = log(1+t2)

  Now, y = log(t)

 Differentiate with respect to t

 ∴ dy
dt

  = 
1
t

    .......... (I)

 Now,  x = log(1+ t2)

 Differentiate with respect to  t

 ∴ 
dx
dt

  = 
2

1
2

t
t+  .......... (II)

  Now, dy
dx

  = 

dy
dt
dx
dt

 ∴ dy
dx

  = 

1

2

1
2

t
t
t+

 ∴ dy
dx

  = 
1

2

2

2

+ t
t
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6)  If y = log x� ��� ��
2

 then d y
dx

2

2
 = .......

7)  If x = y +
1
y   then  dy

dx
 = ........

8)  If y = eax,  then x. dy
dx

 = .......

9)  If x = t.logt , y = tt  then  dy
dx

 = .......

10)  If y = x x
m

�� �2
1   

 then ( )x2
1−   

dy
dx

 =  .......

Q.III] State whether each of the following is 
True or False:

1)  The derivative of logax, where a is constant 

is 1

x a.log
.

2)  The derivative of f(x) = ax, where a is 
constant is x.ax−1

3)  The derivative of polynomial is polynomial. 

4)  
d
dx

xx x
( ) .10 10

1

5)  If y = log x   then  dy
dx

 = 
1
x

6)  If y = e2   then  dy
dx

 = 2e

7)  The derivative of ax is ax.loga 

8)  The derivative of xm.yn = (x+y)(m+n) is 
x
y

 

Q.IV] Solve the following: 

1)  If y = (6x3 − 3x2 −9x)10 , find  dy
dx

2)  If y = 3 8 5
2

4
5 x x� �� �  , find  dy

dx

3)  If y = [log(log(logx))]2 , find  dy
dx

4)  Find the rate of change of demand (x) of a 
commodity with respect to its price (y)

  if y = 25+30x – x2. 

5)  Find the rate of change of demand (x) of a 
commodity with respect to its price (y)

 if y = 5 7

2 13

x
x
�

6)  Find  dy
dx

, if y = xx

7)  Find  dy
dx

 , if y = 2xx

8)  Find  dy
dx

 , if y = 3 4

1 2

3

4

x
x x
� �
� �( ) ( )

 

9)  Find  dy
dx

 , if y = xx + (7x – 1)x

10)  If y = x3+3xy2+3x2y Find  dy
dx

11)  If x3+y2+xy = 7 Find  dy
dx

12)  If x3y3 = x2−y2 Find  dy
dx

13)  If x7.y9 = (x+y)16 then show that 

 Find  dy
dx

 =  
y
x

14)  If xa.yb = (x+y)(a+b) then show that 

 Find dy
dx

 =  
y
x

15)  Find  dy
dx

 if , x = 5t2, y = 10t 

16)  Find  dy
dx

 if , x = e3t , y = e
t

17)  Differentiate log(1+x2) with respective to 
ax
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 Thus, the function f(x) will have a 
maximum at x = c if f(x) is increasing for  
x < c and f(x) is decreasing for x > c as 
shown in Fig. 4.4

Fig. 4.4

b) Minimum value of f(x): A function f(x) is 
said to have a minimum at a point x = c  
if f(x) > f(c) for all x ≠ c.

Fig. 4.5

 The value of f(c) is called the minimum 
value of f(x).

 The function will have a minimum at  
x = c if f(x) is decreasing for  
x < c and  f(x) is increasing for x > c as 
shown in fig. 4.5

 At x = c if the function is neither increasing 
nor decreasing, then the function is 
stationary at x = c

 Note: The maximum and minimum values 
of a function are called its extreme values. 

 To find extreme values of a function, we 
use the following tests.

Test for maximum / minimum :For a real 
valued function f, defined on [a, b] and    
differentiable on (a, b), then for c ∈ (a, b)   

i) x = c is a point of local maxima, if f ' (c) 
= 0 and f " (c) < 0. The value f (c) is local 
maximum value of  f. 

ii) x = c is a point of local minima, if f ' (c) = 
0 and f " (c) > 0. In this case f (c) is local 
minimum value of  f.

Remark :
If f′(c) = 0 and f′(c − h) > 0, f′(c + h) > 0 

or f′(c − h) < 0, f′(c + h) < 0 then f(c) is neither 
maximum nor minimum. In this case x = c is 
called a point of inflection (see.fig. 4.6)

Fig. 4.6
A function may have several maxima and 

several minima. In such cases, the maxima are 
called local maxima and the minima are called 
local minima. (see. fig. 4.7)

Fig. 4.7
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5) If the average revenue RA is 50 and 
elasticity of demand η is 5, find marginal 
revenue Rm.

Solution: Given RA = 50 and η = 5,

 Rm  = RA 1 1�

�
�

�

�
��

  = 50 1
1

5

�
�
�

�
�
�

  = 50 4

5

�
�
�

�
�
�

 Rm  = 40

6) The consumption expenditure EC of a 
person with income x, is given by

 EC = 0.0006x2 + 0.003x. Find average 
propensity to consume, marginal propensity 
to consume when his income is Rs. 200/- 
Also find his marginal propensity to save.

Solution: Given EC = 0.0006x2 + 0.003x

 ∴ APC = 
Ec

x
 

   = 0.0006x + 0.003

        At  x = 200,

  APC = 0.0006 × 200 + 0.003

   = 0.12 + 0.003

   = 0.123

  MPC = 
d
dx
cE

 

   = 
d
dx

(0.0006x2 + 0.003x)

   = 0.0006 (2x) + 0.003

        At  x = 200,

  MPC = 0.0006 × 400 +0.003
   = 0.24  + 0.003
   = 0.243

 As MPC + MPS = 1
 ∴ MPS = 1 − MPC
   =  1 − 0.243
   = 0.757

EXERCISE 4.4

1) The demand function of a commodity at 

price is given as,  D = 40 − 5

8

P  . Check 

whether it is increasing or decreasing 
function.

2) The price P for demand D is given as  
P = 183 + 120D − 3D2; find D for which 
price is increasing.

3) The total cost function for production of 
articles is given as C = 100 + 600x − 3x2. 
Find the values of x for which total cost is 
decreasing.

4) The manufacturing company produces 
x items at the total cost of Rs. 180 + 4x.  
The demand function for this product is  
P = (240 − x). Find x for which (i) revenue 
is increasing, (ii) profit is increasing.

5) For manufacturing x units, labour cost is 
150 − 54x and processing cost is x2. Price 
of each unit is p = 10800 − 4x2. Find the 
values of x for which.

 i) Total cost is decreasing

 ii) Revenue is increasing

6) The total cost of manufacturing x articles  
C = 47x + 300x2 − x4. Find x, for which 
average cost is (i) increasing (ii) decreasing.

7) i) Find the marginal revenue, if the 
average revenue is 45 and elasticity of 
demand is 5.

 ii) Find the price, if the marginal revenue 
is 28 and elasticity of demand is 3.

 iii) Find the elasticity of demand, if the 
marginal revenue is 50 and price is  
Rs. 75/-.

8) If the demand function is D = 
p
p
��

�
�

�

�
�

6

3
, 

find the elasticity of demand at p = 4.
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II) Fill in the blanks:

1) The slope of tangent at any point (a,b) is 
called as ..........

2) If f(x) = x3 − 3x2 + 3x − 100, x ∈ R then  
f ′′(x) is ..............

3) If f(x) = 7
x

− 3, x ∈ R, x ≠ 0 then f ′′(x) is 
.................

4) A rod of 108m length is bent to form 
a rectangle. If area at the rectangle is 
maximum then its dimension are ...........

5) If f(x) = x.log.x then its maximum value is 
............

III) State whether each of the following is 
True or false:

1) The equation of  tangent to the curve  

y = 4xex at ( − −1 4, e ) is y.e. + 4 = 0.

2) x + 10y + 21 = 0 is the equation of normal 
to the curve y = 3x2 + 4x − 5 at (1,2).

3) An absolute maximum must occur at a 
critical point or at an end point.

IV) Solve the following.

1) Find the equation of tangent and normal  to 
the following curves

i) xy = c2 at (ct, 
c
t

)  where t is parameter

ii) y = x2 + 4x at the point whose ordinate 
is −3

iii) x = 1
t

 , y = t − 
1
t

, at t = 2

iv) y = x3 − x2 − 1 at the point whose 
abscissa is −2.

2) Find the equation of normal to the curve  
y = x − 3 which is perpendicular to the line  

6x + 3y − 4 = 0

3) Show that the function f(x) = 
x
x �

2

1
, x ≠ −1 

is increasing

4) Show that the function f(x) = 
3
x

+ 10, x ≠ 0 
is decreasing

5) If x + y = 3 show that the maximum value 
of x2y is 4.

6) Examine the function for maxima and 
minima f(x) = x3 − 9x2 + 24x

Activities

(1) Find the equation of tangent to the curve   
x − y = 1 at P(9,4).

Solution : Given equation of curve is 

 x − y = 1

	 Diff.	w.r.to	x

 ∴ 
1

2

1

2x
dy
x

�  = 0

 ∴ 
1

2

1

2y
dy
dx

=  

 ∴ 1 1
y
dy
dx x

=

 ∴ dy
dx

y
x

=

 ∴ dy
dx

�
�
�

�
�
� p = (9,4) = 

9 3

2

 ∴ slope of tangent is 
3

2

 ∴ Eqation of the tangent at P(9.4) is

  y − 4 =  (x − 9)

 ∴ 2(y − 4) = 3(x − 9)

 ∴ 2y −  =  + 27

 ∴ 3x − 2y + 8 +  = 0

 ∴ 3x − 2y + 35 = 0
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(2): A rod of 108 meters long is bent to form 
rectangle. Find its dimensions if the area of 
rectangle is maximum.

Solution: Let x be the length and y be breadth of 
the rectangle.

 ∴ 2x + 2y = 108

 ∴ x + y =  

 ∴ y = 54 − 

 Now area of the rectangle = x y

 = x   

 ∴ f(x) = 54x − 

 ∴ f ′(x) =  − 2x

 ∴ f ′(x) =   

 For extreme values, f ′(x) = 0

 ∴ 54 − 2x = 0

  ∴ −2x =  

  ∴ x = −
−
54

2
 

  ∴ x = 

  ∴ f ′′(27) = −2 < 0

∴ area is maximum when x = 27, y = 27

∴ The dimensions of rectangles are  
27m × 27m

(3): Find the value of x for which the function 
f(x) = 2x3 − 9x2 + 12x + 2 is decreasing.

Solution: Given f(x) = 2x3 − 9x2 + 12x + 2

 ∴ f ′(x) =  x2 −  + 

 ∴ f ′(x) = 6(x − 1) ( )

 Now f ′(x) < 0

∴ 6(x − 1)(x − 2) < 0 

 since ab < 0 ⇔ a < 0 & b > 0 or a > 0 
& b < 0

Case I] (x − 1) < 0 and x − 2 > 0

 ∴ x <  and x >  

 Which is contradiction

Case II] x − 1 > 0 and x − 2 < 0

 ∴ x >  and x < 

 1 <  < 2

 f(x) is decreasing if and only if x ∈ (1,2).

v v v
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(2) Evaluate � �
�
�

�
�
� � �

�

�
�
�

�

�
�
�

11
3

4 5

7

4t t dt( )

Solution :  I = � �
�
�

�
�
� � � �11

3
4 5

7

4t dt t dt( )

 = 
11

3

7 1
3

4 5

4 1

1

4

7 1

4 1

�
�
�

�
�
�

�
�� � � �

�
� �

�

�
t

t c( )

 = 3

8
11

3

1

20
4 5

8
5t t c( )

(3) Evaluate �
�

�

�
�

�

�
�

1

6 5

1

8 3
4 9

( ) ( )x x
dx

Solution : I = � � �( ) ( )6 5 8 3
4 9x dx x dx

 = 
( ) ( )6 5

3

1

6

8 3

8

1

3

3 8x x c�
�

�

�
�

�

�
�� �

 = �
�
�

�
�
� �

�
�
�

�
�
� �

1

18

1

6 5

1

24

1

8 3
3 8

( ) ( )x x
c

(4) Evaluate 
dx

x x�� 2
 

Solution:  I = �
�

�
1

2

2

2x x
x x
x x

dx  

 = � �
x x
x x

dx x x dx2

2

1

2
2

( )
( )

 = 1

2
2

1 2 1 2� ��� ��x dx x dx/ /
( )  

 = 1

2 3 2

2

3 2

3 2 3 2x x c
/ /

( )�

�
�

�

�
� �

 = 1

3
2

3 2 3 2x x c/ /
( )�� �� �

(5) Evaluate: � ��
�
�

�
�
� �x
x
dx1

3

Solution:  I = � �� � � � � � ��
�
�

�
�
�x d x

x
x
x
dx1

3
33

3

 = x
x

x x c
4

2

2

4

1

2

3

2
3� � �log

 = x x x
x

c
4 2

2
4

3

2
3

1

2
� � �log

(6) Evaluate � �
1

2 1
2

3

x
x dx( )

Solution:  I = � �
� � �

2
8 1 12 6

2

3

3 2

2
x d x x x

x
dx( )

( )

 = � � � ��
�
�

�
�
� � � � � �8 12

6 1
4 12 6

1

2

2x
x x

dx x x x
x
clog

(7) Evaluate � �
�

5 1

1

6

2

( )x
x

dx  

Solution: I = � � �
�

5 5 1 1

1

2 4 2

2

( )( )

( )
dx x x x

x
dx

 = � � � �5 1
5

3
5

4 2 5 3
( )x x dx x x x c

(8) Evaluate   � �
�
�

�
�
�x
x

dx3

2

2
3

Solution: I = � ��
�
�

�
�
�x

x x
dx3

2
4

12 9

 = � �( )4 12 9
3 2x x x dx

 = 4
4

12
3

9
2

4 3 2x x x c� �

 = x x x c4 3 2
4

9

2
� �

(9) Evaluate � � �x x x
x

dx
3 2

4 6 5

Solution: I = � � ��
�
�

�
�
�x x
x
dx2

4 6
5

 = � � � � � �x dx x dx dx
x
dx2

4 6 5
1

 = 
x x x x c

3 2

3
4

2
6 5� � �log

(10) Evaluate � �( )
log loge e dxa x x a  

Solution: I = � � �) ( )
log log loge dx e e dxx x ae

a
e

x

 = � �
�

� �
�

( )
log

x a dx x
a

a
a
ca x

a x1

1
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5.4.2 Integrals of the form P x
Q x

dx( )
( )∫ where 

degree (P(x)) ≥ degree (Q(x)).

Method: To evaluate P x
Q x

dx( )

( )
∫

1. Divide P(x) by Q(x).

 After dividing P(x) by Q(x) we get 
quotient q(x) and remainder r(x).

2. Use Dividend = quotient × divisor 
 + remainder 

 P(x) = q(x) × Q(x) + r(x)

 
P x
Q x

( )

( )
 = q(x) + 

r x
Q x

( )

( )

 
P x
Q x

dx( )

( )
∫  = ∫q(x) dx + 

r x
Q x

dx( )

( )
∫

3. Using standard integrals, evaluate I.

 SOLVED EXAMPLES

1. Evaluate I � �
� �x x
x

dx
3

2

1

1

 

Solution: I � �
� �x x
x

dx
3

2

1

1
 

)D x x x
x x
x R

x Q
� � �

� � �

�
2 3

3

1 1

2 1

 ∴ I Q R
D

dx��
�
�

�
�
��

 I x x
x

dx� �
��

��
�
��

2 1

1
2

   = x dx x
x

dx
x

dx� � �� �
2

1

1

1
2 2

   = 
x x

x
dx c

2

2

2 2
2

1
1

1
� � ��log

   = 
x x x

x
c

2

2

2
1

1

2

1

1
� �

�
�log log

5.4.3 Integrals of the type 1

2ax bx c
dx

� ��
In order to find this type of integrals we 

may use the following steps :

Step 1 : Make the coefficient of x2 as one if 

it is not, then 1 1

2a x b
a
x c
a

dx
� �

�   

Step 2: Add and subtract the square of the 

half of coefficient of x that is b
a2

2
�
�
�

�
�
� to complete 

the square
1 1

2 2

2

2 2a
x b

a
x b

a
b
a

c
a

dx
� � �

�
�

�
�
�

�
�
�

�
�
� �

�  = 

1 1

2

4

4

2 2

2

a
x b

a
ac b
a

dx
��

�
�

�
�
� �

�

�
�

�

�
�

�

 SOLVED EXAMPLES

Evaluate the following.

1. 
1

2 1
2x x��  dx

Solution: I = 
1

2

1

1

2

1

2

2x x
dx

�
�

 = 
1

2

1

1

2

1

16

1

16

1

2

2x x
dx

� �
�

 = 
1

2

1

1

4

3

4

2 2

x
dx

��
�
�

�
�
�

�
�
�

�
�
�

�

 = 
1

2

1

2
3

4

1

4

3

4

1

4

3

4

�
�
�

�
�
�

�

�

�
�
�
�

�

�

�
�
�
�

��
�
�

�
�
� �

��
�
�

�
�
� �

�log
x

x
c

 = 
1

3

1

2

1

log x

x
c

�
�
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1

3

2 1

2 1
log x

x
c

�
�

( )

2. 1

1
2�� x x
dx  

Solution: I = 
1

1
1

4

1

4

2� �
�

x x
dx

  = 

1

1
1

4

1

4

2��
�
�

�
�
� ��

�
�

�
�
�

�
x x

dx
 

  = 

1

5

2

1

2

2
2�

�
�

�

�
�

�
�
�

�
�
�

�
x

dx
 

  =
1

2
5

2

5

2

1

2

5

2

1

2

�

�
�

�

�
�

� �
�
�

�
�
�

�
�
�

�
�
�

�log
x

x
c  

 = 1

5

5 1 2

5 1 2
log �

�
�

x
x

c

3. e
e e

dx
x

x x2
6 5� ��  

Solution: Put e tx =
 ∴ e dx dtx =

I = 
dt

t t2
6 5� ��

 = 
dt

t t2
6 9 9 5� � ��

 = 
dt

t( )��
3 2

2 2

 = 
1

2 2

3 2

3 2( )
log

( )

( )

t
t

c�
� �

�

 = 1

4

1

5
log e

e
c

x

x

+
+

+

4. �
1

2 3( )( )x x
dx  

Solution: I = �
�

1

5 6
2x x

dx

 = �
� �

1

5
25

4

25

4
6

2x x
dx

 = �
�
�
�

�
�
�

�
�
�

�
�
�

1

5

2

1

2

2 2

x

dx

 = log x x c�
�
�

�
�
� �

�
�
�

�
�
�

�
�
�

�
�
� �

5

2

5

2

1

2

2 2

 
 

 =

5. 
2 1

2 3
2

x
x x

dx�

� �
�

Solution: I �
�� �
� �

�
2 2 1

2 3
2

x

x x
dx  

= 
x

x x
dx dx

x x
�

� � � �
� �

2 2

2 3 2 3
2 2

= 2 2 3
1

2 1 2

2

2

x x
x x

� �
� �� � �

log

= 2 2 3 1 2 3
2 2x x x x x c� � � � � � �log ( )

6. 
x

x x
dx�

� �
�

1

3 2
2

Solution: x A d
dx

x x B� � � �1 3 2
2

( )  

 x A x B Ax A B� � � � �1 2 3 2 3( )

∴ 2 1 3 1A A B�and  Solving we get

 A = 
1

2
    and  B = 

−1

2

∴ I
x

x x
dx

�

� �
�

1

2
2 3

1

2

3 2
2

( )

log x c5

2
x2    5x + 6
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     I = x x x
x x

dx
3 2

2

4 3 11

5 6

� �
��  

 = ( )x dx x
x x

dx� �
�
�� �1

2 5

5 6
2

 = 
x x x

x x
dx c1

2

22

2 5

5 6

 Express 2 5

5 6 2 3
2

x
x x

A
x

B
x

�
�

�

 2x + 5 = A (x − 3) + B (x − 2)

 Put x = 2 we get A = −9

 Put x = 3 we get B = 11

 ∴ 2 5

5 6

9

2

11

3
2

x
x x x x

�
�

�

 ∴ I
x

x
x x

dx c
2

2

9

2

11

3

 ∴ I
x x x

x x
dx

x

2
x

3 2

2

24 3 11

5 6

   � �9 2 11 3log logx x c

5. 3 1

2 2
2

x
x x

dx�
��

( ) ( )

 Express 

 
3 1

2 2 2 2 2
2 2

x
x x

A
x

B
x

C
x

�
�

� �
�( ) ( ) ( )

 3x + 1 = A (x − 2) (x + 2) + B (x + 2) +  
C (x − 2)2

 Put x = 2  B = 7/4
 x = −2,  C = −5/16

 Comparig Coefficients of x2 on both sides 
we get

 A + C = 0    A = 5/16

3 1

2 2

5

16

2

7

4

2

5

16

2
2 2

x
x x x x x

�
�

� �
�( ) ( ) ( )

I
x

dx
x

dx
x

dx�
�� � �

5

16

1

2

7

4

1

2

5

16

1

2
2

( )

 

I x
x

x c� � �
5

16
2

7

4

1

2

5

16
2log log

( )

EXERCISE 5.6

Evaluate:

1) 2 1

1 2

x
x x

dx�
��

( )( )

2) 
2 1

1 4

x
x x x

dx�
�

( )( )

3) 
x x
x x

dx
2

2

1

6

�
��

4) x
x x

dx
( ) ( )��

1 2
2

5) 3 2

1 3
2

x
x x

dx
� ��

( ) ( )

6) 1

1
5x x

dx
( )��

7) 1

1x x
dxn

( )��

8) 5 20 6

2

2

3 2

x x
x x x

dx� �
� ��

Activity

 Evaluate: x
x x

dx�
1

3 2( )( )

 Now,  x
x x x x

� �
�

� �1

3 2 3 2( )( ) ( ) ( )

There is no indicator of what the numerators 
should be, so there is work to be done to find 
them. If we let the numerator be variables, we 
can use algebra to solve. That is we want to find 
constants A and B that make equation 2 below 
true for x = 2,3 which are the same constants that 
make the following equation true.
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iv) e
e e

dx
x

x x2
4 13� �

�   

v) 
dx

x x x[( ) ]log log2
4 1��   

vi) 
dx
x5 16

2�

vii) 
dx

x x x25
2�

( )log

viii) e
e

dx
x

x
4 1

2�  

4)	 Evaluate.

i) ( )logx dx2∫   

ii) e x
x

dxx 1

2
2

�
��

( )

    

iii) xe dxx2∫    

iv) log( )x x dx2 ��     

v) e dxx∫    

vi) x x dx2
2 5� ��

vii) x x dx2
8 7��  

5)	 Evaluate.

i) 3 1

2 1
2

x
x x

dx�     

ii) 2 3 9 1

2 10

3 2

2

x x x
x x

dx�
�       

iii) ( log )

( )( )

1

3 2 3

�
� ��

x
x x x

dx
log log

    

Activities

1) 
1

5 4
2

2
( )x x

x dx
��     

Solution: 
2

4

x C D
x� �� � � �

�
� �

∴ 2x = C (x − 4) + D (x − 1)

∴ C =   , D = 

∴ ( )( ) ( ) ( )x x
x dx

x x
dx�

�

�
�

�

�
�� �

1 4
2

1 4

= 
( ) ( )x

dx
x

dx�� �
1 4

=  +  + c

2) x x dx13 2 5 2 1 2
1

/ / /
( )� �

Solution: ∫xx3/2 (1 + x5/2)1/2 dx = ∫(x5/2)2 x3/2 

                   (1 + x5/2)1/2 dx

 let 1 + x5/2 = t

  dx =  dt

 I = 
2

5
 ∫ (t − 1)2 t1/2 dt

  =  
2

5
 ∫ (t2 − 2t + 1) t1/2 dt

  =  
2

5
 ∫[  dt − ∫  dt + ∫  dt]

  =  
2

5
 {  −  + } + c

3) 
dx

x x( )( )� ��
2 1

2
 =  

 
1

12
1

x
dx x ctan ........(given)

Solution: 1

2 1 2 1
2 2

( )( ) ( ) ( )x x x
Bx C
x� � �

�
�
�
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6) x
x x

dx
3

1

2
1

2

��

7)	
x

x x
dx

��
9

9

2
2

7

8) 
( )

( )

11

11

3

2

2

2 2

4

7

��
x

x x
dx  

IV Solve the following.

1) x
x x

dx
( )( )� ��

2 3
2

3

 

2) x
x x

dx�
��
3

2
1

2

( )

3) x x dx2

1

3

log∫

4) e x dxx 2
3

0

1

∫

5) e
x x

dxx2

2

1

2

1 1

2

�
�
�

�
�
��

6) 
1

4

9

x
dx∫

7)	 1

5
2

3

x
dx

��

8) dx
x x� ��

4 2
3

5

 

9) x
x

dx
2

2

3

1��

10) x dx2

1

2

∫

11) 1

4

1

x
dx�

12) 1

2 3
2

0

4

x x
dx

� �
�

13) x
x

dx
2

2

4

1��

14) 1

2 3
0

1

x
dx�

15) 5

4 3

2

2

1

2 x
x x

dx
� ��

16) dx
x x( log )1

2

1

2

��

17)	
1

1
0

9

�� x
dx

Activities

1)	 Complete	the	following	activity.

	 If		 x dx
a

b
3

0� 		then

 	 x

a

b
4

0
�

�
�

�

�
�

 ∴ 1

4
0� �

 ∴ b4
0

 ∴ ( )( )b a2 2
0�

 ∴ b as a b2 2 2
0 0� �

 ∴ b �
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3) Given : y2 = 16x

4) Given : x2 = 16y

5)

v v v
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∴ 
dy
dx

 = − e−x	+	a 	........................	II

Differentiating	 both	 sides	 of	 equation	 II	
with	respect	to	x,	we	get

 
d y
dx

2

2 � = e−x

Consider	L.H.S.	=	ex 
d y
dx

2

2  = ex	(e −x)

=	e0	=	1	=	R.H.S.

Therefore,	 the	given	function	 is	a	general	
solution	of	the	given	differential	equation.

EXERCISE 8.1

1.		 Determine	 the	 order	 and	 degree	 of	 the	
following	differential	equations.

i)	
d x
dt

dx
dt

2

2

2

8 0� �
�
�

�
�
� �

ii)	 d y
dx

dy
dx

ax
2

2

2 2�

�
�

�

�
� � �

�
�

�
�
�

iii)	

iv)	 y y y y''' '' '� � � � � � �2 2

2 6 7 0

v)	 1
1

2

3 2

�
�
�
�

�
�
�

�
�
�

�
�
�dy

dx

dy
dx

/

vi)	 dy
dx

d y
dx

= 7

2

2

vii)	 d y
dx

3

3

1 6

9
�

�
�

�

�
� �

/

2.	 In	each	of	 the	following	examples,	verify	
that	the	given	function	is	a	solution	of	the	
corresponding	differential	equation.

Solution D.E.
i) xy = log y	+	

k
y'	(1	− xy)	=	y2

ii) y = xn

x2 
d y
dx

2

2  − n × 
xdy
dx 	+	n	y = 0

iii) y	=	ex, dy
dx

 = y

iv) y = 1 − logx
x2 
d y
dx

2

2  = 1

v) y	=	aex	+	be−x
d y
dx

2

2  = y

vi) ax2	+	by2 = 5
xy 
d y
dx

2

2 	+	x
dy
dx

�
�
�

�
�
�

2

 = y.
dy
dx

8.1.5 Formation of a differential equation:

By	eliminating	arbitary	constants  

If	the	order	of	a	differential	equation	is	n,	
differentiate	 the	 equation	 n	 times	 to	 eliminate	
arbitrary	constants.

 SOLVED EXAMPLES

1.		 Form	 the	 differential	 equation	 of	 the	 line	
having	x-intercept	'a'	and	y-intercept	'b'.

Solution: The	equation	of	a	line	is	given	by,	

 x
a

y
b

� 1 ...............  I

	 Differeentiating	equation	 I	with	 r.	 t.	x	we	
get,

 1 1
0

1 1

a b
dy
dx b

dy
dx a

� �,

 �
dy
dx

b
a
	.................	II

	 Differentiating	 equation	 II	with	 r.	 t.	 x	we	

get,	 	
d y
dx

2

2 	 =	 0	 is	 the	 required	differential	

equation.

2.	 Obtain	 the	 differential	 equation	 from	 the	
relation	Ax2	+	By2	=	1,	where	A	and	B	are	
constant.

Solution: The	given	equation	is	

 Ax2	+	By2	=	1			....................	I

	 Differentiating	 equation	 I	 twice	 with	
respect	to	x,	we	get,
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2.	 A	 differential	 equation	 in	 which	 the	
dependent	variable,	say	y,	depends	only	on	
one	 independent	 variable,	 say	x,	 is	 called	
an	ordinary	differential	equation.

3.	 Order	of	 a	differential	 equation	 :	 It	 is	 the	
order	of	highest-order	derivative	occuring		
in	the	differential	equation.

4.	 Degree	of	a	differential	equation	:	It	is	the	
power	of	the	highest-order	derivative	when	
all	 the	 derivatives	 are	 made	 free	 from	
negative	and	/	or	fractional	indices,	if	any.

5. (i) General Solution :	 A	 solution	 of		
differential	equation	 in	which	 the	number	
of	arbitrary	constants	is	equal	to	the	order	
of	differential	equation	is	called	a	general	
solution.

 (ii) Particular Solution :	A	solution	of	a	
differential	equation	which	can	be	obtained	
from	 the	 general	 solution	 by	 giving	
particular	values	to	the	arbitrary	constants.

6.	 Order	and	degree	of	a	differential	equation	
are	always	positive	integers.

7.	 Homogeneous	 Differential	 Equation:	
Definition:	A	differential	equation	

	 f(x,y)dx	 +	 g(x,y)dy	 =	 0	 is	 said	 to	 be	
Homogeneous	 Differential	 Equation	 if	
f(x,y)	and	g(x,y)	are	homogeneous	functions	
of	the	same	degree.

8.	 The	 general	 form	 of	 a	 linear	 	 differential	

equation	of	the	first	order	is	
dy
dx

Py Q

(I),	Where	P	and	Q	are	functions	of	x	only	
or	constants.	

	 The	 solution	 of	 the	 above	 equation	 (I)	 is	
given	by	y.	 (I.F.)	=	 ∫Q.(I.F.)	dx	+	c	where	
I.F.	(Integrating	factor)	=	e∫pdx

9.	 If	given	equation	 is	not	 linear	 in	y	 that	 is	
dy
dx

P x Q� . then	 its	 solution	 is	 given	 by	

x.	(I.F.)	=	∫Q.	(I.F.)	dy	+c,	where	I.F.	=	e∫pdy.

 MISCELLANEOUS EXERCISE - 8

I) Choose the correct alternative.

1.	 The	order	and	degree	of

 are	respectively.

 a)		 3,1		 b)	 1,3

	 c)		 3,3			 d)	 1,1
2)	 The	 order	 and	 degree	 of	

1 8

3

2

3 3

3
� �
�
�

�
�
�

�

�
�
�

�

�
�
�
�

dy
dx

d y
dx

	are	respectively

	 a)	 3,1	 b)	1,3

	 c)	 3,3	 d)	1,1

3)	 The	differential	equation	of y k k
x

�
1

2 	is

	 a)	 d y
dx

dy
dx

2

2
2 0� 	 b)	 x d y

dx
dy
dx

2

2
2 0�

	 c)	
d y
dx

dy
dx

2

2
2 0  d) x 

d y
dx

dy
dx

2

2
2 0  

 

4.	 The	differential	equation	of	y = k1e
x+k2e

−x  is

	 a)	
d y
dx

y ex
2

2 	 b)	 d y
dx

dy
dx

2

2
0� �  

	 c)	 d y
dx

y dy
dx

2

2
0�  d) d y

dx
y

2

2
0�

5.	 The	solution	of	 dy
dx

=1	is	

	 a)	 x + y = c

	 b)	 xy = c

	 c)	 x2 + y2 = c

 d) y − x = c

6)	 The	solution	of	 dy
dx

x
y

�
2

2
0 	is

	 a)	 x3 +  y3 = 7
	 b))	 x2 + y2 = c
	 c)	 x3 + y3 = c
 d) x +y = c



















180

10) A

�

�

�
�
�

�

�

�
�
�

0 1 2

1 0 1

2 1 0

 

 ∴ A is a skew symmetric matrix.

11) X

�

�

�
�
�
�

�

�

�
�
�
�

3

8

1

4

3

8

1

2

   ,   Y �

�

�

�
�
�
�

�

�

�
�
�
�

1

8

1

4

1

8

1

2

 

12) A

�

�

�
�

�

�

�
�

3
14

3

8

3

2 1 3

 ,  

 

 

B �
�

�

�
�

�

�

�
�

0
10

3

16

3

0 0 5

13) x
1

4

9

2
, y  

14) a  = 1,  b = 0,  c = =
2

5

9

5
, d

15) i) Suresh book shop : Rs. 1050/- in 
Physics Rs. 305/- in Chemistry and 
Rs. 405/- in Maths.  

  Ganesh book shop : Rs. 350/- in 
Physics  Rs. 445/- in Chemistry and 
Rs. 1295/- in Maths.

	 ii)	 The	 profit	 for	 Suresh	 book	 shop	 are	
Rs. 665/- in Physics Rs. 705.50/- in 
Chemistry and Rs. 890.50/- in Maths.

  For Ganesh book shop are Rs. 700/- in 
Physics Rs. 750/- in Chemistry and  
Rs. 1020/- in Maths.

 
Exercise : 2.3

1) i) 
6 12 9

4 8 6

2 4 3

�

�

�
�
�

�

�

�
�
�

 ii) [8] 

2) 

AB and BA�
�

�

�
�
�

�

�

�
�
�

�
�

�

�
�
�

�

�

�
�
�

2 1 1

13 2 14

6 3 1

4 7 6

1 3 5

4 4 2

 ∴ AB ≠ BA 

7) (A + I) (A I) �
�

�

�
�
�

�

�

�
�
�

9 6 4

15 32 2

35 7 29

 

9) k = −7 11) a = 2,  b = −1

12) k = 1 13) x = 19, y = 12

14) x = −3, y = 1, z = −1

15) Jay Rs. 104 and Ram Rs. 150

 
Exercise : 2.4

1) i) A
T �

��

�
�

�

�
�

1 4

3 5

 

 ii) A
T

�

�

�
�
�

�

�

�
�
�

2 4

6

1

0

5

 

2) 
A and A

T

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

0 2 4

2 0 2

4 2 0

0 2 4

2 0 2

4 2 0

 ∴ Both are skew symmetric. 

6) C
T

�

�
�

�

�
�

16 14

6 10

7) i) 
7 8

5

12

8

18

�

�

�
�
�

�

�

�
�
�

      ii) 
35 10

25

15

15

10

�

�

�
�
�

�

�

�
�
�

 

11) i) 
4

1

2

1

2
5

0
5

2

5

2
0

�

�

�
�
�
�

�

�

�
�
�
�

�

�

�

�
�
�
�

�

�

�
�
�
�
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 ii) 1

2

6 1 5

1 4 4

5 4 4

1

2

0 5 3

5 0 6

3 6 0

�

�

�
�
�

�

�

�
�
�
�

�

�

�
�
�

�

�

�
�
�

 

Exercise : 2.5

1) i) 
2 2

3 4

�

�
�

�

�
�  ii) 

4 2

5 1

�

�
�

�

�
�

 iii) 
3 1 1

3

1

9 3

1 3

3 11 1

1

1

1 1

5 3

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

and   
  

2) 

1 1 2

0 1
1

3

0 0
1

3

�

�

�
�
�
�
�
�

�

�

�
�
�
�
�
�

 

3)  i) �

�
�

�

�
�

8 5

2 1

 ii) 
�

�

�
�
�

�

�

�
�
�

3 1 5

1 19 21

22 12 2

4) i) 5 3

3 2

�

�
�

�

�
�  ii) 

�

�

�
�
�

�

�

�
�
�

3 1 11

12 3 9

6 2 1

5) i) 
1 1

2 3

�

�
�

�

�
�  ii) 1

18

5 2

4 2

�

�
�

�

�
�

 iii) 1

10

10 10 2

0 5 4

0 0 2

�

�

�
�
�

�

�

�
�
�

  

6) i) 
1

5

1 2

2 1

�

�
�

�

�
�  ii) 

3 1 1

15 6 5

5 2 2

�

�

�
�
�

�

�

�
�
�

7) 
1

6

4 2 2

3 0 3

3 2 2

�

�

�
�
�

�

�

�
�
�

 8) 
13 2 7

3 1 2

2 0 1

�

�

�
�
�

�

�

�
�
�

9) 
1

6

4 4 2

11 8 5

10 10 2

�

�

�
�
�

�

�

�
�
�

 10) 

�

�

�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�

1

3

7

3

2

   
 

Exercise : 2.6

1) i) x = 0, y = 1 ii) x = 4, y = −3

 iii) x = 1, y = 2, z = 1 

 iv) x = 
5

2
 , y = −1

2
 , z = −1

2) i) x = 
1

2
 , y = 

1

2
     ii)   x = 1, y = 2

 iii) x = 3, y = 2, z =1

 iv) x = −2, y = 0, z = 3

3) Cost price T.V. Rs. 3000 and cost price 
of V.C. Rs. 13000. Selling price of T.V.  
Rs. 4000 and Selling price of V.C.R.  
Rs. 13500.

4) Cost of one Economics book is Rs. 300, 
Cost of one Co-operation book is Rs. 60 
and Cost of one Account book is Rs. 60.

MISCELLANEOUS EXERCISE - 2

I. 1) c 2) b 3) d 4) c
 5) a 6) a 7) b 8) d
 9) c 10) a 11) b 12) b
 13) d 14) c 15) b

II. 1) Column 2) 2 × 3 3) 2
 4) −1 5) 3 6) −2
 7) |A| 8) A 9) − 1

 10) 
a b
a b

x
y

c
c

1 1

2 2

1

2

�

�
�

�

�
�
�

�
�
�

�
�

�

�
�

�

�
�
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III. 1) True 2) False 3) True
 4) False 5) False 6) False
 7) False 8) False 9) False
 10) True

IV.  1) k =
15

7
 2)    x = 3,  y = 5,  z = 5

 4) A - 4B + 7I =  
5 23

15 14

�

�
�

�

�
�  

 9) a 2

7
 , b 2

7

 10) A
3

9 22

11 13

�

�
�

�

�
�

 11) x = −9,  y = −3,  z = 0

14) i) Shantaram   Kantaram

   

Rs. Rs.

Rs.

Rs.

Rs.

Rs.

33000 39000

28000

2 000

31500

24000e

�

�

�
�
�

�

�

�
�
�

 ii) Shantaram  Kantaram                         
                                             
 

Rs. Rs.

Rs.

Rs.

Rs.

Rs.8

3000 3000

2000

0

1500

000

�

�

�
�
�

�

�

�
�
�

15) i) Invertible  ii) Not Invertible
 iii) Invertible iv) Not Invertible

16) i) 

3

5

1

5

2

5

1

5

�

�

�
�
��

�

�

�
�
��

 ii) 
4 1

7 2

�

�
�

�

�
�

 iii) 

�

�

�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�

2

5
0

3

5

1

5

1

5
0

2

5

1

5

2

5

 

 iv) 
3 1 1

15 6 5

5 2 2

�

�

�
�
�

�

�

�
�
�

 

17) A

�

�

�
�
�

�

�

�
�
�

1 1

40

19 5 27

2 10 14

3 5 19

18) i) x = 
26

7
 , y = 

30

7
  

 ii) x = 3, y = 1, z = 2
 iii) x = 2, y = −1, z = 1

19) i) x = 4, y = −3  

 ii) x = 
−5

7
,  y = 

6

7
, z = 2

 iii) x = 
1

6
,  y = −

1

3
,  z = −

5

6
 

20) Three number x = 1, y = 2, z = 3

3.  Differentiation

Exercise : 3.1

I. 1) 1

2

1
1

1

1

2

2
x

x x
��

�
�

�
�
�

�
�
�

�
�
�  

 2) 2

3

2 2

2

3
x a x�� �  

 3) 9 5 4 8 15 8 8
3 2 8 2

( ) ( )x x x x x− − − −  

II. 1) 
1

x x.log  

 2) 
( )

( )

40 15 6

10 5 3 2

3 2

4 3 2

x x x
x x x

�
� �

 

 3) 
2
2

ax b
ax bx c

+
+ +

Rice
Wheat
Groundnut

Rice
Wheat
Groundnut
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III. 1) ( ).10 2
5 2 4

2

x e x x�  

 2) a a
x

x( )
.

1 1+log log  

 3) 5 5 1
1( )

.
x x

x
� ��

�
�

�
�
�

log log

Exercise : 3.2

I. 1) 1

10 50+ x
 

 2) 
x
x
−
−
4

18 71
 

 3) 
1

25 2 25

2

2

+
+ +

x
x x

II. 1) 
e
x

x

1−
 

 2) ( )x
x x

2 2

2

1

1 4

�  

 3) − −( )2 10

68

2x

Exercise : 3.3

I. 1) x x x x
x x

x xx2
2

2 1
1log log
log

( )
.

� �
�

�
�

�

�
�  

 2) x e
x

xe xx 1
��

��
�
��

log  

 3) e x xx xx

1�� �log

II. 1) 1 1 1 1 1
1

��
�
�

�
�
� ��

�
�

�
�
� �

�

�
�

�

�
�x x x

x

log  

 2) ( ) log( )2 5 2 5
2

2 5
x x x

x
x� � �

�
�
��

�
��

 

 3)      
1

3

3 1

2 3 5

3

3 1

2

2 3

2

5
2

3

( )

( )( )

x
x x x x x

�
� � �

�
�

�
�

�
��

�
��

III. 1) ( ) log( )log
log

log loglogx
x

x x x
x

x x1 2
�

�

�
�

�

�
��

�
��

�
��

 

 2) x x a ax x
( )1+ +log log  

 3)  10 10 1 10
10x x xx

x x. . ( )log log+ +

   
( . ) . ( )10 10 10 10 10

9 10 2x
x xlog log+

Exercise : 3.4

I. 1) −
y
x

 2) − 
3 1 4

3 4

2

2 3

x y
y x

( )+
+

 3) − 3 2

2 3

2 2

2 2

x xy y
x xy y

+ +
+ +

  

II. 1) �
�

e ye
e xe

y x

x y  2) 
log
log
x
x( )1

2+

 3) −
y
x

   

III. 1) y
x
		 	 2)	 −	

y
x

2

2

 3) − −ey x  

Exercise : 3.5

I. 1) 1
t

   2) t 2  3) 
4

3

5et+

II. 1) 
y
x

log2
2  2) 

2

1
2+ u

 

 3) x x
. ( )5 5log

Exercise : 3.6

I. 1) −
−

1

4

3

2x  2) 20
3x  3) 56

9x−

II. 1) ex    2) 4
2 1

.
( )e x+  3) 0
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v) e
x
cx 1

+  

vi) e x
cx 1

1+
+

vii) e
x

cx 1

1
2

( )+
+  

viii)  e logx cx
( )

2 +

ix) x
logx

c+  

x) 
x
logx

c
1+

+

Exercise : 5.6

i) 1

3
1

5

3
2log x log x c� � �

ii) 1

4
1

3

4
4log x log x log x c� � � � �  

  

iii) x log x log x c� � �3 2  

iv) 
2

9

1

2

1

3 1
log x

x x
c

�
�

( )
 

v) 11

4

1

3

5

2 1
log x

x x
c+

+
+

+
+

( )
 

vi) 1

5 1

5

5
log x

x
c

+
+

vii) 1
1n

log x
x

c
n

n +
+  

viii) 6 1
9

1
log x log x

x
c�

�
�  

MISCELLANEOUS EXERCISE - 5

I. 1) b 2) a 3) b 4) c 5) a

 6) c 7) b 8) a 9) b 10) a

II. 1) x x x c5 35

3
5� �

 2) x x c� �4 1log( )

 3) f x x x c( ) log � �
2

2
 

 4) 1� log x t

 5) p =
1

3
 

III. 1) True 2) False 3) True

 4) True 5) False

IV. 1) i) 5

4

3

4

21

8
2 3

2x x x c� � �log  

 ii) 9

65
5 1

13 9x c�� � �/  

 iii) 
log 2 3

2

x
c

+
+

 iv) 2

3
4 10 4

3 2x x c�� � � �/

 v) 2

3

4

3

3 2x /

+

 vi) �
x c

2

2

2) i) � �log e cx
1

 ii) 
1

2( )ae be
cx x �

 iii) log log2 3

3

+
+

x
c

 iv) 2 1log + +x c

 v) � � �3
7

2
4 1x e cx

log

3) i) 
1

2

5

4

2
log x x c� �

 ii) 1

4

3

1
log

�
�

x
x

c
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 iii) 
1

30

3 5

3 5
log

x
x �

 iv) log e e e cx x x+ + + + +2 4 13
2  

 v) 
1

2 5

2 5

2 5
log

log

log

x
x

c�
� �

�

 vi) 
1

8 5

5 4

5 4
log

�
�

x
x

c

 vii) 1

10

5

5
log

log

log

� x
x

 viii) 1

4

1

1
log

e
e

c
x

x �
�

4) i) x x x x x c(log ) log
2

2 2� �

 ii) 
e
x
c

x

2 +
+

 iii) ( )2 1

4

2x e x−

 iv) x x x x x clog( ) log
2

2 1��� �� � � �

 v) 2 1x e cx� � �

vi) x x x x x x c+
+ + + + + + + +

1

2
2 5 2 1 2 5

2 2
log ( )

vii) ( )
log ( )

x x x x x x c�
� � � � � � � �

4

2
8 7

9

2
4 8 7

2 2

5) i) 2

3
1

5

3

2 1

2
log

log
x

x
c�

�
�

 ii) x x x
x

c
2

2

2

2 5
�

�
�

�
�
�

�
�
� �log

iii) 
2

7
3

1

21
2 3log ( log ) log ( log )+ + + +x x c

6. Definite Integrals 

Exercise : 6.1

1)  2 2) log 8

3

�
�
�

�
�
�  3) 

1

2

8

3
log �

�
�

�
�
�

4) 
32

5  5) log 3456

3125

�
�
�

�
�
�  6) 

1

4

9

7
log �

�
�

�
�
�

7)  a = −2 or 1   8) a = 2 9) 
4

3
2 1� �

10)  
1

6

35

8
log

�
�
�

�
�
�  

11) log 27 − 4 or  3log3	−	4

Exercise : 6.2

1) 0 2) 
16

315

9 2a /  3) 1

4) 3

2
 5) 

1

2
 6) 

5

2

7) 0 8) 
1

4
2

MISCELLANEOUS EXERCISE - 6

I.

1) a 2) b 3) c 4) c

5) a 6) d 7) d 8) c

9) c  10) b

II.

1) i) e2 − 1 2) 211

5
 3) 

1

2

7

2
log �

�
�

�
�
�

4) 2 5) 2  6) 1

2

8

3
log �

�
�

�
�
�

7) log 8

3

�
�
�

�
�
�  8)   0
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III. 

1) True 2) True 3) False

4) False 5) True  6) True

7) False 8)   True

IV. 

1) 3 3 2 2log x log x c� � �  

2) log6

2
 3) 9 3

26

9
log −

4) 
1

2
 5) e e4 2

4 2
−  

6) 2 7) log 8

3
 

8) 
1

9
28 3 3 7 7� �  9) log 2

10) 
7

3
 11) −log 4

12) log 5 3 3

1 3

�
�

�

�
��

�

�
��  13) 

1

2

17

5
log �

�
�

�
�
�

14)   −
1

2
3log

15) 5
1

2
5 3 85 2 45 2� �� �log log log  

16)  
log
log

2

1 2+  17) 6 − 4log2

7. Applications of Definite Integral  

Exercise : 7.1

1) i) 3124

5
 sq. units ii) 

56

3
 sq. units

 iii) 4π sq. units iv) 96 sq. units

  v) 5 sq. units vi) 12 sq. units

 vii) 10

3
 sq. units

2) 8 3  sq. units

3) 25π sq. units

4) 10π sq. units

MISCELLANEOUS EXERCISE - 7

I. 1) a        2) c      3) c        4) b        5) c

II. 1) 3124

5
 sq. units

 2) 49 π sq. units

 3) 
56

3
 sq. units

 4) 70

3

 sq. units

 5) 28

3
 sq. units

III. 1)  True 2) False
 3) True 4) False
 5) True

IV. 1) c2log2 sq. units
 2) 49

3
 sq. units

 3) 0
40 10

3

3  sq. units

 4) 12 π sq. units

 5) 21 sq. units

 6) 2 70

3

/  sq. units

 7) A � �2 2 5

0

5

0

5

y dx x dx                  

   =  
100 5

3
 sq. units

1 0l � �
�
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3) yx logx x x c2

4 4

4 16
� �.

4) x y c ey� �1 .

5) 3 3xy y c�

6) ye e cx x2 21

2
�

7) y x a ax c( )� �

8) ye e cx x2 2
4� �

Exercise : 8.6

1) 8  2) 73482 

3) 5656    4) 30000 
4

3

40�
�
�

�
�
�

t

5) Rs. 628571  

MISCELLANEOUS EXERCISE - 8

I. 1) a   2) c   3) b   4) a   5) d   6) c  7) d  8) b  
9) c  10) a

II. 

1)	 Order	of	the	differential	equation

2)	 Degree	of	the	differential	equation

3) Particular solution

4) Positive

5) e−x 6)  
d y
dx

2

2
0=

III. 

1) True 2) True 3) True

4) False 5) False 6) True

IV. 

1) i) Order : 3 ,  Degree : 3

 ii) Order : 1 , Degree : 3

2) x d y
dx

dy
dx

2

2
0�  

3) i) log 1
2

2

� � �y x x c

 ii) y = x(logx −1) + c

 iii) log r = a log |1 + θ| + c

 iv) x d y
dx

x dy
dx

x dy
dx

2 2

2
22 2− −  + x2y + 2y 

+2xy = 0 

4) log |x + y| = y − x + 
1

3
  

5) log |x + y + 1| = cx

6) a3 + x + y = ce
y
a2

7) 5x2y = x5 +c

8) 50 years

9) Rs. 10,000

10) xy2 = c2(x + 2y)

11) logy − 
x
y

3

33
= c

12) x = y (c +y2)

13) y = c.x − (1 + logx)

14) y = xlogx − x + c

v v v








