9. Continuity

Exercise 9.1

1. Question

Test the continuity of the following function at the origin :

_ = x=0
f(x)=14|x|
‘ 1 x=0

.

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x), we
can say that if we plot the coordinates (x, f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lll}é flc—h) = LE}) f(c+h) = f(c)

where h is a very small positive no (can assume h = 0.00000000001 like this)
It means:-

Limiting the value of the left neighbourhood of x = ¢ also called left-hand limit LHL{i. e EE(I) f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i_e ij f(c +h) }and both
-0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds, function is continuous else it is
discontinuous.

2. The idea of modulus function |x |: You can think this function as a machine in which you can give it any
real no. as an input and it returns its absolute value i.e. if positive is entered it returns the same no and if
negative is entered it returns the corresponding positive no.

Eg:- 12| =2;[-2| =-(-2) =2
Similarly, we can define it for variable x, if x = 0 |x]| = x
If x <0 |x]| = (-x)

L x| = [—x,x< 0
“lxx=0

Now we are ready to solve the question -

We need to check the continuity at the origin (0,0) i.e. we will check it at x=0.
So, we need to see whether at x=0,

IF, LHL = RHL = f(0)

ie. Ll%f(c —h) = Ll%f(c +h) =f(c)

For this question c = 0



f(x) can be rewritten using the concept of modulus function as :

I=1x>0

X

f(x) = X qxeQ e Equation 1

—X

Indeterminate formx = 0
NOTE : (g) is called indeterminate form as its exact value can't be determined

Now we have three different expressions for different conditions of x.

. _ s _ _ - _ —_h_ . .
LHL—EE}JF(O h)_LHj};f( h)_—_(_m_ —= —1lusingeqnl

RHL = 1im f(0 + h) = lim f(h) = 7 = 1 using eqn 1

LHL # RHL so we even don’t need to check for f(0)

. We can easily say that f(x) is discontinuous at the origin.
2. Question

(f x =3 . .
x -3 Show that f(x) is continuous at x = 3.

5 if x=3

A function f(x) is defined as f(x} —.

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x), we
can say that if we plot the coordinates (x, f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Ll%f(c —h) = LE}]f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means:-

Limiting the value of the left neighborhood of x = ¢ also called left-hand limit LHL{i. e Ligaf(c —h) } must be

equal to limiting value of right neighborhood of x= c called right hand limit RHL [1_9 Lim flc+h) }and both
—=0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Let’s solve :

To prove function is continuous at x=3 we need to show LHL = RHL = f(c) As continuity is to be checked at x
= 3, therefore c=3. (in equation 1)

X% —X—6 .
f(x) = { x-3 ifx=3 Eqn 2
5 (ifk=3

- f(3) = 5 using eqn 2



LHL = EEE‘) f(3 —h)

Using equation 2 -

o (3—}:1)2—(3—11)—6_1, 9+h2—6h—3+h—6_1, h? — 5h

T 3-h-3 = —h Tho b
-5

ST S G =5-0=95

RHL = lim f(3 + h)
h—0

_1,(3+hV—{3+hy—6_, 9+h2+6h—3—h—6_r h? + 5h

B B e a— " =i,
h(h+5

=lim¥= lim(5+h)=5+0=5

h—0 +h h—0

Clearly, LHL = RHL =f(3) =5
- f(x) is continuous at x=3

3. Question

ifx=3

x> -9
A function f(x) is defined as f(x} :J x -3
1 6 cifx=3

Show that f(x) is continuous at x = 3.
Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x), we
can say that if we plot the coordinates (x, f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Ll%f(c —h) = LH}]KC +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this)
It means:-

Limiting the value of the left neighborhood of x = c also called left-hand limit LHL{i. e Linaf(c —h) } must be

equal to limiting value of right neighborhood of x= c called right hand limit RHL [i.e E”éﬂ:c +h) }and both

must be equal to the value of f(x) at x=c i.e. f(c).
Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds, function is continuous else it is
discontinuous.

Let’s solve :

To prove function is continuous at x=3, we need to show LHL = RHL = f(c) As continuity is to be checked at x
= 3 therefore c=3 (in equation 1)



x*—9 .
f(;ﬂ:{ﬁ jifk=3 eqgn 2
6 ifx =
From egn 2 :
f(3)=6
LHL = ng}] f(3 —h)

Using equation 2 -

y (3—h)2—9 . 9+h?—6h—9 y h? — 6h
M son-s T m o W
. h(h—6)
SimT o - imeh=6-0=6

o (3+h)2—9_, 9+h?+6h—9_1, h? + 6h

B e il L T
h(h+6

=lim¥= lim(6+h)=6+0=6

h—0 +h h—0

Clearly, LHL=RHL =f(3) =6

.~ f(x) is continuous at x=3

4. Question
J—X; -1 forx =1

IFf(x)=4 x-1 " 7. Find whether f(x) is continuous at x = 1.
1 2 cforx =1

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x), we
can say that if we plot the coordinates (x, f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-
Li%f(c —h) = L'H}}f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds, function is continuous else it is
discontinuous.

Let’'s solve :
To check whether function is continuous at x=3 we need to check whether LHL = RHL = f(c)

As continuity is to be checked at x = 1 therefore c=1 (in equation 1)



= 1
As, f(x) = {x—l rorx= 1 ... egn 2
2 forx=1

From egn 2 :
f(l) =2
LHL = ng}] f(1—h)

Using equation 2 -

y (1-h)?-1 . 1+h?-2h—-1 y h? —2h
S Ton-1r T o W
. h(h—2)
ST — imeoh=2-0=2

RHL = lim f(1 + h)
h—0

o (1+h)2—1_1, 1+h2+2h—1_1, h? + 2h
B e . e
h(h+2
=lim¥= lim(Z+h)=2+0=2
h=0 +h h—0

Clearly, LHL = RHL = f(1) = 2
- f(x) is continuous at x=1

5. Question

sin 3x
cwhenx =0 _ . .
If £(x) :l X . Find whether f(x) is continuous at x = 0.

1 cwhenx =0

~

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x), we
can say that if we plot the coordinates (x, f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Ll%f(c —h) = L%f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means:-

Limiting the value of the left neighbourhood of x = ¢ also called left-hand limit LHL{i. e EE(I) f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i,e ij f(c+h) }and both
—=0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds, function is continuous else it is
discontinuous.



2. The idea of sandwich theorem - This theorem also known as squeeze theorem that you may have
encountered in your class 11 in limits chapter suggests that

If | be an interval having a point as a limit point. Let g, f, and h be functions defined on |, except possibly at a
itself. Suppose that for every x in | not equal to a, we have{\displaystyle \lim _{x- a}g(x)=\lim _{x-
ath(x)=L.}{\displaystyle \lim _{x- a}f(x)=L.}

g(x) = f(x) = h(x) and also
limg(x) = limh(x) = K(say)

Then, 1‘1_1.1; f(x) = K We say that f(x) is squeezed between g(x) and h(x) or you can assume it like sandwich.

sinx
~ is also squeezed between 1 whenx— 0

. 4. Einx
Slim——
x—=0 X

= 1 equation 2

NOTE : denominator in the above limit should be exactly same as that of content in sine function

sin (3-x)

Eg : lim 1

x—3 3-x
Let's solve :
To check whether function is continuous at x=0 we need to check whether LHL = RHL = f(c)

As continuity is to be checked at x = 0 therefore c=0.

sin3x . h 0
As, f(x) = { x swhenx = . Equation 3
1 ;;whenx=0

Clearly, f(0) = 1 using egn 3
LHL = LlE}) f(0 —h)

Using equation 3 -

. sin2(0- . sin{-3h . sinzh .. _. .
— Jim 2220y S0CED g S03R 1 Gin(-0) = - (sin 0)]
h—0 0-h h—0 -h h—=o h

To find its limit we need to think of Sandwich theorem as the form looks similar but term in denominator is
not exactly same as that in the content of sine function.

Ok no problem lets bring it there but if we put 3 in denominator we need to put a 3 in numerator too so that
both can be cancelled.

Let's do it:

sin3h 3+ lim sin 3h
= -
3h h—o 3h

“LHL = lim 3 = =3+1=3
h—0
RHL = lim f(0 + h)
h—0

Using equation 3 -

sin3(0+h) . sin(3h) I sin 3h
N

Again using sandwich theorem as we used while finding LHL

ZRHL=1im3»3230_ 3, 3 _3,1-3
h—=0 3h h—0

Thus,

LHL = RHL = 3

But, f(0) = 1 by definition of f(x) i.e. equation 3



.~ LHL = RHL # f(0)
.. condition for function to be continuous is not satisfied
. f(x) is discontinuous at x = 0

6. Question

Jéx if x =0

. Find whether f is continuous at x = 0.
1 1 :ifx=0

i £(x)=

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lll%f(c —h) = LE})f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e EE(I) f(c— h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e lim f(c + h) }and both
h—0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Let’s solve :
To check whether function is continuous at x=0 we need to check whether LHL = RHL = f(c)
As continuity is to be checked at x = 0 therefore c=0.

1/x .5
As, f(x) = {el : :zi g ...... say it equation 2

Clearly, f(0) = 1 using egn 3
LHL = ng}) f(0 —h)

Using equation 3 -
1 —
= lim efe-0 = lim ef = g @ [ hisverysmall, “Lis very large ‘-ve‘]
h—0 h—0 h
RHL = lim f(0 + h)
h—0

Using equation 3 -
1

1 . 1. ‘ ‘
— limefe*m = limeh = e® = oo [ his very small, - s very large ‘+ve'l
h—0 h—0

Clearly, LHL = RHL = f(0)



. We can easily say that f(x) is discontinuous at origin.

7. Question

‘1-cos x
——— :whenx=0 o _
Let f(x)={ x° . Show that f(x) is discontinuous at x = 0.
1 | :whenx =0

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Ll%ﬂ:c —h) = LH})f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e Lin}) f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e ij f(c+h) }and both
—0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

2. Idea of sandwich theorem - This theorem also known as squeeze theorem that you may have encountered
in your class 11 in limits chapter suggests that

If | be an interval having the point a as a limit point. Let g, f, and h be functions defined on I, except possibly
at a itself. Suppose that for every x in | not equal to a, we have{\displaystyle \lim _{x- a}g(x)=\lim _{x-
arh(x)=L.}{\displaystyle \lim _{x- a}f(x)=L.}

g(x) = f(x) = h(x) and also

limg(x) = limh(x) = K(say)

X—=a X—=a

Then, 1'1_1.1;11 f(x) = K We say that f(x) is squeezed between g(x) and h(x) or you can assume it like sandwich.

sinx
—— is also squeezed between 1 whenx — 0
X

sinx

Slim =1 equation 2

x—=0 X
NOTE : denominator in the above limit should be exactly same as that of content in sine function

sin (3-x)

Eg : lim =1

X—=3 —X
Let’s solve :
To check whether function is continuous at x=0 we need to check whether LHL = RHL = f(c)

As continuity is to be checked at x = 0 therefore c=0.



1—-cosx

As, f(x) = { = Whenx = 0
1 ;whenx =10

...... Equation 3

Clearly, f(0) = 1 using egn 3
LHL = LlE}) f(0 —h)

Using equation 3 -

. 1—cos{0-h) .
= lim—————— = lim
h—o (0-h)? h—0

Lc;sh [ Cos(_e) = (coSe)]

Whenever you see trigonometric term in numerator and corresponding or similar content of term in
numerator try to apply sandwich theorem in finding apply if you are unable to do so think of alternative.

Here we have cos term but to apply the theorem we need to have sin term in numerator.
Can we bring it ?
Yes, we know that :

(1 - cos 6) = 2sin?(8/2)

We have,
oz AL .
LHL _ s 2sin?(z) _ 2. sm(zj 2
iy 5 = 2y

To find its limit we need to think of Sandwich theorem as the form looks similar but term in denominator is
not exactly same as that in the content of sine function.

Ok no problem, let’s bring it there but if we multiply 1/2 in denominator we need to multiply 1/2 in
numerator too so that both can be cancelled.

Let’s do it:

S LHL = 21im [ 2
h=0

-1 21i sin(%) 2:&
P hlg}g][—rE 1"=3
RHL = lim f(0 + h)
h—0
Using equation 3 -
_ 1 1+cos(0+h) ” 1+ cosh
Tt (0Fh)?  heo B2

It is not taking gor any other indeterminate form.

SO, RHL = EE% 1+;:sh _ (1+:;050) _ % — o

Thus,

LHL = RHL

-~ LHL = RHL = f(0)

- condition for function to be continuous is not satisfied

.~ f(x) is discontinuous at x = 0

8. Question



B2

.whenx=0

X_
Show that f(x )= { is discontinuous at x = 0.

| S I S

., when x=0

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lll}a flc—h) = LE}] f(c +h) = f(c) ..Equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e EE(I) f(c— h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL {i.e ij f(c+h) }and both
—=0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

2. Idea of modulus function |x]| : You can think this function as a machine in which you can give it any real no.
as an input it returns it absolute value i.e if positive is entered it returns the same no and if negative is
entered it returns the corresponding positive no.

Eg:- 12| =2;|-2|=-(-2)=2
Similarly, we can define it for variable x, if x = 0 |x| = x
If x <0 |x]| = (-x)

L |x] = [—x,x< 0
“lxx=0

Now we are ready to solve the question -

We need to check the continuity at origin (0,0) i.e we will check it at x=0.
So, we need to see whether at x=0,

LHL = RHL = f(0)

i.e. Li%f(c —h) = Li%f(c +h) =f(c)

For this questionc = 0

f(x) can be rewritten using the concept of modulus function as :

XX

T= 0;x>0
f(x) = x—l;—x]=22_x=x; x<Q Equation 2
2:x=0

Now we have three different expressions for different conditions of x.



LHL = EEE‘) f(0 —h) = EEE‘) f(—h) = EE}](—h) = Q0 using eqn 2

RHL = lim f{0 + h) = lim f(h) = bh _ 5 using egn 2
h—0 h—0 2

f(0) =2
Clearly, LHL = RHL = f(0)
. We can easily say that f(x) is discontinuous at origin.

9. Question

[IX—ﬂI _
.when x=a

Show that f(x) =1 x —¢ is discontinuous at x = a.

‘ 1 .when x=a

h

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lll}a flc—h) = LE}} flc+h)="f(c)...... Equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e EE(I) f(c —h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i_e ij f(c +h) }and both
—=0
must be equal to the value of f(x) at x=c f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

2. Idea of modulus function |x]| : You can think this function as a machine in which you can give it any real no.
as an input it returns it absolute value i.e if positive is entered it returns the same no and if negative is
entered it returns the corresponding positive no.

Eg:- 12| =2;|-2| =-(-2) =2
Similarly, we can define it for variable x, if x = 0 |x]| = x
If x <0 |x]| = (-x)

L x| = [—x,x< 0
"l xx=0

Now we are ready to solve the question -
We need to check the continuity at x = a
So, we need to see whether at x=a,

LHL = RHL = f(a)



i.e. Llfé.ﬂ:c —h) = Ll%f(c +h) =f(c)

For this question c = a
We have:

[x—al h
—— ,whenx=a
f(x)={x—a

1 Whenx=a

Using the concept of modulus function we can redefine the above equation as given below :

S iwhen(x—a) >0orx>a

f(x) = —ix——:J .when (x—a) <0orx<a " Equation 2
1;whenx=a
Clearly,
f(a) =1
=limf(a—h) = im=22 = lim & = 2 = —1 usi
LHL lim ( ) Llﬂ( — ) EE;—h — 1 using eqn 2

— lim2 = 2= 1 using eqn 2

h—a a

RHL = Ti — 1 a+h—a
Llﬂf(a—l— h) Llﬂf( )

a+h-a
Clearly, LHL = RHL

. We can easily say that f(x) is discontinuous at origin.
10 A. Question

Discuss the continuity of the following functions at the indicated point(s).

[|x|cos — X =
f(x]:. X atx=0
‘\ 0 .Xx=0
Answer

Idea to solve problem :

Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we can
say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can do
so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lll}a flc—h) = LE}} flc+h)="f(c)...... Equation 1

where h is a very small positive no (can assume h = 0.00000000001 or even smaller)
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e LlEtl] f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i_e ij f(c +h) }and both
-0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else



it is discontinuous.
Let’s Solve the problem now:
we need to check continuity at x = 0 for given function
f(x) = {|X| cos G) X#0 equation 2
0 ,X=0
. we need to check RHL ,LHL and value of function at x = 0
Clearly,
f(0) = 0 [from equation 2]

LHL = LIE]D. f(0 —h) = E{}y—hl cos (_—lh) = llﬂlE}] hcos (%) =0 [ cos (-8) = cos 6]
RHL = Egaf(o +h) = Lif})lhlms (1—11) = Ligahcos (1—11) = 0 [from egn 2]

Why Ligahcos (1_11) =07

Since whatever is value of h, cos(1/h) is goimg to range from -1 to 1

As h— 0 i.e. h is approximately 0

. 0*some finite quantity is equal to 0.

Clearly, LHL = RHL = f(0)

-~ f(x) is continuous at x =0

10 B. Question

Discuss the continuity of the following functions at the indicated point(s).

[xzﬂn — | .x=

f(x]: XJ atx=0
l 0 x=0

Answer

In this problem we need to check continuity at x = 0
Given function is
2 - 1
f(x) = {X sin (Z) XFO gt x=0...... Equation 2
0 xXx=0

. we need to check LHL, RHL and value of function at x = 0 (for idea and meaning of continuity refer to
Q10(i))

Clearly,
f(0) = 0 [from equation 2]

=i —_ = |i —_ 2 a3 i = |i —_ 2 i 1 = v sin(- = gj
LHL EE}]f(O h) = EE(I)( h)?sin (_h) = LIEI‘) (h )sm(h) =0 [ sin(-0) = sinB]
= — i 2gin() = 1 2ygin (1) = '
RHL Lnj}]f(ﬁ +h) = LlE(l}l:h) sin (h) = nga(h )sin (h) =0 [ using eqn 2]
im hZsin(2) =
Why Ll%h sm(h) =07

Since whatever is value of h, sin(1/h) is going to range from -1 to 1

As h— 0 i.e. h is approximately 0



. O*some finite quantity is equal to 0.
Clearly, LHL = RHL = f(0)

.~ f(x) is continuous at x =0

10 C. Question

Discuss the continuity of the following functions at the indicated point(s).

~ ‘(x—a)sin

f(x]—}

.

X —a
0 .X=a
Answer
In this problem we need to check continuity at x = a
Given function is

. 1
f(x) = {(X_ a)sin (E) XFdgtx=a... Equation 2

,X=a

. we need to check LHL, RHL and value of function at x = a (for idea and meaning of continuity refer to
Q10(i)

Clearly,
f(a) = 0 [from equation 2]

1

a—h-a

- 1; - I —h— ) si = Ii in(2) = 0 [ sin(-0) = si
LHL—EE}]f(a—h)— Llf}}(a h a)sm( )—LlEahSlIl(h)—O[ sin(-8) = sin@]

1
a+h-a

— s e o (1)
RHL—EE%f(a+h)— EE%(H_'_h a)sm( )— ng}]hsm(h)— 0 [from eqn 2]

Why lim hsin (;) = 0 2
Since whatever is value of h, sin(1/h) is going to range from -1 to 1
As h— 0 ,i.e. approximately 0
. 0*some finite quantity is equal to 0.
Clearly, LHL = RHL = f(a)
-~ f(x) is continuous at x = 0
10 D. Question
Discuss the continuity of the following functions at the indicated point(s).
‘& ifx=0
log(1+2x) atx =10

7 Jdfx=0

f(x)=-

.

Answer
In this problem we need to check continuity at x = 0

Given function is

ef-1
f(x) = !log(1+2x]
7 Jifx=0

,|Fx;t0atx=0

. we need to check LHL, RHL and value of function at x = 0 (for idea and meaning of continuity refer to
Q10(i))



1. NOTE : Idea of logarithmic limit and exponential limit -

limM =1 equation 1
x—=0 X

x_ .
linée‘( 1 equation 2
K— b,

You must have read such limits in class 11. You can verify these by expanding log(1+x) and € in its taylor
form.

Numerator and denominator conditions also hold for this limit like sandwich theorem.

E.g :lim =1

log(1+2x)
x—0 X

log(1+2x)

But, l'ng.' # 1 as denominator does not have 2x
x—o

Now we are ready to solve the problem.

Given function is

| .
f(x) = {logl1+2x) ifx =0 atx=0...... Equation 3
7 Jifk=10

Clearly,
f(0) = 7 [from equation 2]
LHL = EE}] f(0—h) = Li%f(—h) [ putting x = -h in equation 3]

-h oh_

-1
lim = lim ———
h—olog1+2(-h) h—0log(1-2h)

Using logarithmic and exponential limit as explained above, we have:
i —h_
(e 1) 1

LHL = El' = i
m 1——“—5;, L
2h—0 OEfz 2 2

h
RHL = Linaf((} +h) = Lin(l}f(h) [ putting x = h in equation 3]

h

-1 —

= lim = lin
h—0logi+zh h—0log(1+2Zh)

Using logarithmic and exponential limit as explained above, we have:

h

(et—1})
=1, 1
RHL_—IlIIleﬁﬁy=—
2ho0 =5p— 2

Thus, LHL = RHL = f(0)
- f(x) is discontinuous at x = 0
10 E. Question

Discuss the continuity of the following functions at the indicated point(s).

. X
1—x neNatx=1
‘\ n-1 .x=1
Answer
In this problem we need to check continuity at x = a

Given function is



1—x0

f(x):{ T~ XFlienatx=1... Equation 2
n—1 ,x=1

. we need to check LHL, RHL and value of function at x = a (for idea and meaning of continuity refer to
Q10(i) )

Clearly,
f(1) = n-1 [from equation 2]

LHL = Jj —h) = Jjp G-
Hm f(1—h) = lim~==5 = Im—

n
Using binomial theorem - {1 — h)® = Z My _pykn-k
g (1—h) 1{zo(k)( h)*1

— 2
(1-h)"=1-nh + (;’)h e

. 1—1+nh—{§)h2+---higherdegterms . n n\y. 2
LHL = %}E}] n = LT}]{“ - (z)h + (g)h -

.- higher deg terms}
Putting h=0 we get,
LHL =n

1-(1+0)" 1-(1+h)®

RHL = i =i =i
Hm (1 +h) = lim oy — M

Using binomial expansion as used above we get the following expression

Similarly,
. 1- l—nh—{n]hz—- ~higherdeg terms \ 2
RHL = lim S = lim{n+ (Sh+ (Hh* -
.- higher deg terms}

Putting h=0 we get,

RHL = n

Thus RHL = LHL = f(1)

- f(x) is discontinuous at x=1

10 F. Question

Discuss the continuity of the following functions at the indicated point(s).
[’| x* -1

f(x)=1 x-1
‘ 2 Jforx =1

Jforx =1
atx =1

Answer
In this problem we need to check continuity at x =1
Given function is

1 g 1
f(x) = { -1 orx#latx=1.... Equation 2
2 forx=1

. we need to check LHL, RHL and value of function at x = 1 (for approaching idea and meaning of continuity
refer to Q10(i))

Clearly,
f(1) = 2 [ from equation 2]



(1-h)3-1 . 1+h®—2h-1 . |h(h—-2)
| l_ 11111| l_ hmQ

1-h-1 h—0 —-h h—o —h

LHL = 1lim f{1 —h) = lim
h—0 h—0
Since h is positive no which is very close to 0

. (h-2) is negative and hence h(h-2) is also negative.

~ [h(h-2)| = -h(h-2)

ALHL = 1im 282 _ im(h—2) = —2
h—0 h—0
2_ 2 —
RHL = lim f(1 + h) = lim a1 lim 2Ry Ihth+2)]
h—0 h—o0 1+h-1 h—0 h h—0

Since h is a positive no which is very close to 0
-~ (h+2) is positive and hence h(h-2) is also positive.
“|h(h+2)] = h(h+2)

~ RHL = lim h(b+2)
h—0

= Efa(h +2)=2
Clearly, LHL = RHL

- f(x) is discontinuous at x=1

10 G. Question

Discuss the continuity of the following functions at the indicated point(s).

[.2|:*1|—)112 <=

f(x)=- X T T atx=0
‘\ 0 .x=0

Answer

In this problem we need to check continuity at x = 1

Given function is

2 x| +x*
f(x) = { — XF0atx=0.... Equation 2
0 LXK =

. we need to check LHL, RHL and value of function at x =0 (for approaching idea and meaning of continuity
refer to Q10(i))

Clearly,
f(0) = 0 [ from equation 2]

—_ — z . .
LAL = lim flo—h) = Engf(—h) = L'n}]'zl h|_+'1f ) [by putting x = -h in eqn 2]

— . 2h+h® L _
i = im2 =2

— 1 . . 2[h]+(h)? ; —hi
RHL = lim f(0 + h) = lim f(h) = lim = [by putting x = h in eqn 2]
h—0 h—0 h—0 h

2h+h?

TImTe T imerh=2

Clearly, LHL = RHL = f(0)
.~ f(x) is discontinuous at x=0
10 H. Question

Discuss the continuity of the following functions at the indicated point(s).



‘|x—a|s1'n

f(x]:}

.

J Jforx =a

X —a atx =a

0 .forx=a
Answer
In this problem we need to check continuity at x = a
Given function is
\ 1
f(x) = {I(X_ a)|sin (E) XFdtx=a.... Equation 2
0 ,X=a

. we need to check LHL, RHL and value of function at x = a (for idea and meaning of continuity refer to
Q10(i))

Clearly,
f(a) = 0 [from equation 2]

1

a—h-a

LHL = LIEI‘) fla—h)= lim|(a—h— a)lsin(

h—0

) [putting x = (a-h) in egn 2]

= LiEE'I—hI sin (_—1) = LiEtljh sin (1—11) =0

-1 T _ . 1y . o1
RHL = ngg) fla+h)= EE}] |a+h— a|sin (a+h_a) = Efélhl sin (h)
=1 in (1) =
= ng}]hsm (h) =0

; P

Why ng}.hsm(h) 07
Since whatever is value of h, sin(1/h) is going to range from -1to 1
As h- 0 ,i.e. approximately 0
. 0*some finite quantity is equal to 0.
Clearly, LHL = RHL = f(a)

.~ f(x) is continuous at x =0

11. Question

is discontinuous at x = 1.

Show that f(x]:{l_x_ LA 0=x =1

2—-x Lifx=1
Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-
Ligtl] flc—h) = LE}] flc+h)=1f(c) ...... Equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )



It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e Lin}] f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e ij f(c+h) }and both
—=0
must be equal to the value of f(x) at x=c f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

In this problem we need to check continuity at x =1
Given function is

2 -
flx) = [1+ x> jfosx=1 Equation 2

2—-x Jjfx>1
. we need to check LHL, RHL and value of functionatx =1
Clearly,
f(1) = 1+12 = 2 [using equation 2]
LHL = EEE‘) f(1—-h)
since 1-h is less than 1
. we will use the first expression from equation 2 i.e. f(x) = 1+x2
LHL = E931+(1—h)2 = EE%'(H 1+h*—2h)=2
RHL = Lig})f(l +h)
since 1+h is greater than 1
. we will use the second expression from equation 2 i.e. f(x) = 2-x
RHL=L'E%2—(1+h) =1

Clearly, LHL = RHL
.~ f(x) is discontinuous at x=1

12. Question

“sin 3x .
JAfx <0

tan 2x

3’
Show that f(x)=1 = _if x =0 is continuousatx =0

“»

log(1+3x) .
- (k ) Af x>0
g —1

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to



be checked
If:-

Ll%f(c —h) = L%f(c +h) = f(c) equation 1
where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = ¢ also called left hand limit LHL{i. e Lin(l) f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e Ljn}] f(c+h) }and both

must be equal to the value of f(x) at x=c i.e. f(c).
Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

2. ldea of sandwich theorem - This theorem also known as squeeze theorem that you may have encountered
in your class 11 in limits chapter suggests that

If | be an interval having the point a as a limit point. Let g, f, and h be functions defined on I, except possibly
at a itself. Suppose that for every x in | not equal to a, we have{\displaystyle \lim _{x-= a}g(x)=\lim _{x-
a}th(x)=L.}{\displaystyle \lim _{x- a}f(x)=L.}

g(x) = f(x) = h(x) and also
limg(x) = limh(x) = K(say)

Then, Lin; f(x) = K We say that f(x) is squeezed between g(x) and h(x) or you can assume it like sandwich.

sinx
—— is also squeezed between 1 whenx — 0
X

imEE =1 equation 2

x—=0 X
. tanx . COSXsinx . Ssinx .
lim—— = lim——— = lim =1 ... equation 3
x—=0 X x—=0 X x—0 X

NOTE : denominator in the above limits should be exactly same as that of content in sine function

Eg: 1imM =1

x—3 3-X
3. Idea of logarithmic limit and exponential limit -

limM =1 equation 4

x—=0

e¥ 1

=1...... equation 5

lim
x—=0 X

You must have read such limits in class 11. You can verify these by expanding log(1+x) and € in its taylor
form.

Numerator and denominator conditions also hold for this limit like sandwich theorem.

. log(1+2x
E.g : lim=81*29 _ 4
x—=0 X
. log(1+2x .
But, lm})% # 1 as denominator does not have 2x
—

Now we are ready to solve this problem:

Given function is :



sin3x

Jfk <0
3

f(x) = B Jifk=0 ... equation 6

log{1+3x)

e2¥—1

tan 2x

Jfx >0

As we need to check continuity at x=0, so we need to check value of f(x) at x = 0,left hand and right hand
limits. If all 3 comes out to be equal we can say that f(x) is continuous at x=0 else it is discontinuous.

Clearly,

f(0 >

(0) = 3

LHL = EE}] f(0—h) = ng(l) f(—h)
Putting x = -h in equation 6, we have

sin(=3h) _ ); j_‘; [* sin(-8) = sind and also tan(-8) = tand ]

LHL = lim =
h—0 tan{—2h) h—0 tan

sinahw3 sinzh
= lim = -lim

h_.otanz » 2ho tanz

z zh

= g [using equations 2 and 3 to apply sandwich theorem]

RHL = ng}) flo+h) = LlH(l] f(h)

Putting x = h in equation 6, we have

|Og|:J.+B|1)*
RHL = lim 1°git+3h] = E“E. e;h“_l [trying to apply logarithmic and exponential limit using equation 4 and 5]
e —

h—0 -1 - =
b *2

log(1+ah)

—im g =3
- ELIE}} e 2

zh
Clearly, LHL = RHL = f(0) =§

.~ f(x) is continuous at x = 0.

13. Question

a sinz(x—l) .x=0
.

s

‘ . is continuous at x =
l fanx —smx

Find the value of ‘a’ for which the function f defined by f(x) =.

x=0
3
X

0.
Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-
Li%ﬂ:c —h) = L’H})f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )



It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e Lin}] f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e ij f(c+h) }and both
—=0
must be equal to the value of f(x) at x=c f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

2. Idea of sandwich theorem - This theorem also known as squeeze theorem that you may have encountered
in your class 11 in limits chapter suggests that

If | be an interval having the point a as a limit point. Let g, f, and h be functions defined on |, except possibly
at a itself. Suppose that for every x in | not equal to a, we have{\displaystyle \lim _{x- a}g(x)=\lim _{x-
ath(x)=L.}{\displaystyle \lim _{x- a}f(x)=L.}

g(x) = f(x) = h(x) and also

limg(x) = limh(x) = K(say)

X—=a X—=a

Then, limf{x) = K We say that f(x) is squeezed between g(x) and h(x) or you can assume it like sandwich.
Xx—a

sinx
—— is also squeezed between 1 whenx — 0
X

. 1. SInx
-lin

=1 ... equation 2

x—=0 X

. tanx , _ Ccosxsinx . Ssinx
lim—— =lim——— = lim
x—=0 X x—=0 X x—=0 X

=1... equation 3

NOTE : denominator in the above limits should be exactly same as that of content in sine function

Eg : lim 1

sin(3-x) _
x—3 -

Let’s Solve :

asing(x+ 1) ,x=0

tan x—sin x

flx)=1 .. > . . equation 4

= L, X>0
Given that f(x) is continuous at x=0
.. LHL = RHL = f(0)

%115}3] flo0—h) = %Ij}) f(0 +h) = f(0)
From egn 4:

f(0) = asin%((} +1)=a

LHL = EE}] f(—h) = LE};aS”]E (-h+1)=a

tanh—sinh
RHL = lim f(h) = lim———
h—0 (h) h—0 h?
sjnh—sinh
lim =esh ——
h—0 h?

=]im SnhA=cosh) .. 6ing = 2sin(6/2)cos(8/2) and (1-cosB) = 2sin2(6/2)]

h—o h?cosh

h h h
2sin-cos(—)2 sin®=
_ 2z 2

h—0 h? cosh



= 2 sinl—1 ccs(EJE sinz|—-1
- lim————=——-°
h—0 h3cos0

sin

20 ny?
= 4lim 52 = 2lim [ 252 | [ using sandwich theorem as explained ... egn 2]
h—o 2,5 g

heo\ =
2
2 2
As LHL = RHL
2

.~ for f(x) to be continuous at x=0

1
a:—
2

14. Question

px—z Jifx <=0
1 x+1 .ifx=0

L

Examine the continuity of the function f(x ) =- at x = 0. Also sketch the graph of this

function.
Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

Ifi-

Ll%f(c —h) = L%f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = ¢ also called left hand limit LHL{i. e Lin(l) f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e ij f(c +h) }and both
—=0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Let’'s Solve now:
Given function is

f(x) = [3X_ 2 jifx<o0o Equation 2

x+1 ,ifx>0
We need to check whether f(x) is continuous at x=0 or not
For this we need to check LHL, RHL and value of function at x=0
Clearly,
f(0) = 3*0 - 2 = -2 [from equation 2]



LHL = EEE‘) f(0 —h) = LIEEn f(—h) = EE}]{S(—h) —2}= -2
RHL=E£1}]f(0+h) = Eféf(h): Eﬂ}{h—l— 1}=0+1=1
As, LHL # RHL

-~ f(x) is discontinuous at x = 0

This can also be proved by plotting f(x) on cartesian plane.
For x >0 ,we need to plot

y=x+1

put y=0, we get x=-1 and for second point we put x=0 and thus get y=1
two points are enough to plot the straight line.

Two coordinates are (-1,0) and (0,1)

For x=0, we need to plot

y=3x-2

putx =0theny = -2

on putting y=0 we get x = 2/3

two coordinates are (0,-2) and (g, 0)

Graph:

y=x+1forx=0

y=3x-2 forx=<0

It can be seen from graph that there is breakage in curve at (0,0)
Thus, it is discontinuous at x = 0
15. Question
J'x .X>0
Discuss the continuity of the function f(x) =41 .x =0 atthe point x = 0.
|

-x.x=0

.

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we



can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lll}a flc—h) = LE}] flc+h)=1f(c) ...... equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e EE(I) f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i,e ij f(c+h) }and both
-0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Given,
X ,x>0

f(x) =11 ,x=0- equation 2
—X,x<0

we are asked to check its continuity at x=0

. we need to check LHL, RHL and value of function at x = 0, if all comes out to be equal we can say f(x) is
continuous at x=0 else it is discontinuous.

Clearly,

f(0) = 1 [from egn 2]

LHL = Jg RO =) = Jg o) = g —(oh = Jimyh =0
RHL = Luﬁtaf((} +h) = Ll%f(h) = Eﬁ(h) = Lllj}]h =0
Thus, LHL = RHL = f(0)

-~ f(x) is discontinuous at x = 0

16. Question

Discuss the continuity of the function f(x)=11/2 . Xx=1/2 atthe point x = 1/2.

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = c where c is x-coordinate of the point at which continuity is to
be checked



If:-

Lll}a flc—h) = LE}] flc+h)=1f(c) ...... equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e EE(I) f(c— h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL {i.e ij f(c +h) }and both
—=0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Given,

X , 0=x<1/2
flx)=41/2 , x=1/2 ... equation 2
1-x , 1/2<x<1

we are asked to check its continuity at x=1/2

. we need to check LHL ,RHL and value of function at x = 1/2 ,if all comes out to be equal we can say f(x) is
continuous at x=1/2 else it is discontinuous.

Clearly,
f(i) = g [from eqn 2]

LHL=EE}]fG—h)= Egé(i—h) = -0=3

= 1j - — 1 -2 1 =1
RHL = Eﬂf(z“L h) - EE})(l (2+h)) =370=3
Thus, LHL = RHL = f(0)

.~ f(x) is continuous at x =§

17. Question

fo—l .x=<0

Discuss the continuity of f(x )= } atx = 0.

2x+1 .x=0

.

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-
Llfa f(c—h) = %H}] flc+h)=1f(c) ...... equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )

It means :-



Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e Lin}) f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e Em f(c+h) }and both
—0

must be equal to the value of f(x) at x=c i.e. f(c).
Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Given,

2x—1 ,x<0 .
flx) = [Zx +1 x=0T equation 2
we are asked to check its continuity at x=0

. we need to check LHL ,RHL and value of function at x = 0 ,if all comes out to be equal we can say f(x) is
continuous at x=0 else it is discontinuous.

Clearly,

f(0) = 2¥0+1 = 1 [from eqn 2]

LHL = Jim £(0 —h) = lim f(~h) = Jim2(~h) — 1= —1

RHL = lim f(0 +h) = lim f(h) = lim2h +1=2+0+1=1
Thus, LHL # RHL

= f(x) is discontinuous at x =@

18. Question

x?-1 _
For what value of k is the function f(x) = WJ x -1 X *1 continuous atx = 1?

k .x=1

w

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lli}(l) f(c—h) = %E}) flc+h)=1f(c) ...... equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e Lin}) f(c—h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e ij f(c+h) }and both
-0
must be equal to the value of f(x) at x=c f(c).

Thus, it is the necessary condition for a function to be continuous

So, whenever we check continuity we try to check above equality if it holds true, function is continuous else



it is discontinuous.
Given,

x—1
f(x) = {Z x=L equation 2

k ,x=1

We need to find the value of k such that f(x) is continuous at x =1
Since f(x) is continuous at x = 1
.~ (LHL as x tends to 1) = (RHL as x tends to 1) = f(1)
Lif}%ﬂ:l —h) = L%f(l +h) =f(1)
As, f(1) = k [from equation 2]
We can find either LHL or RHL to equate with f(1)
Let’s find RHL but if you want you can proceed with LHL also.

{(1+h)%-1 . 1+h®+2h-1
= lim
1+h-1 h—0

RHL =lim f(1 + h) = lim
h—0 h—0

z
= Jim 2 _ iy 2042 _ lim(h+2)=0+2=2
h—0 h h—0

As, f(x) is continuous
- RHL = f(1)
k=2

19. Question

.xz —3x+2 .
. . == = ifx=l, .
Determine the value of the constant k so that the function f(x ) = [ v —1 is continuous at
‘k k if x =1
X =1.
Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

Lli}a flc—h) = LH}] flc+h)=1f(c)...... equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e Lin}] f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e Em f(c+h) }and both
-0
must be equal to the value of f(x) at x=c i.e. f(c).

Thus, it is the necessary condition for a function to be continuous



So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Given,
flx) = { x—1 iFx=1 equation 2
k Jfx =
We need to find the value of k such that f(x) is continuous at x =1
Since f(x) is continuous at x = 1
.~ (LHL as x tends to 1) = (RHL as x tends to 1) = f(1)
%}E}]ﬂ:l —h) = LE}]f(l +h) =f(1)
As, f(1) = k [from equation 2]
We can find either LHL or RHL to equate with f(1)

Let’s find RHL,you can find LHL also.

RHL = LIEE, f(l : h) _ EE}}(Hh]j;ic_l;h]H _ LIE}. 1+h%+2h—3-3h+2

= = - =01 = 1

As, f(x) is continuous

. RHL = f(1)

Lk=-1

20. Question
sin 5x .

For what value of k is the function f(x )= J 3x i x 20 continuous atx = 0?
1 k JAf x=0

L

Answer

Ideas required to solve the problem:

1. Meaning of continuity of function - If we talk about a general meaning of continuity of a function f(x) , we
can say that if we plot the coordinates (x , f(x)) and try to join all those points in the specified region, we can
do so without picking our pen i.e you will put your pen/pencil on graph paper and you can draw the curve
without any breakage.

Mathematically we define the same thing as given below:

A function f(x) is said to be continuous at x = ¢ where c is x-coordinate of the point at which continuity is to
be checked

If:-

L@}aﬂ:c —h) = L%f(c +h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
It means :-

Limiting value of the left neighbourhood of x = c also called left hand limit LHL{i. e EE(I) f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i_e ij f(c +h) }and both
—=0
must be equal to the value of f(x) at x=c f(c).

Thus, it is the necessary condition for a function to be continuous



So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

2. Idea of sandwich theorem - This theorem also known as squeeze theorem that you may have encountered
in your class 11 in limits chapter suggests that

If | be an interval having the point a as a limit point. Let g, f, and h be functions defined on I, except possibly
at a itself. Suppose that for every x in | not equal to a, we have{\displaystyle \lim _{x- a}g(x)=\lim _{x-
ath(x)=L.}{\displaystyle \lim _{x- a}f(x)=L.}

g(x) = f(x) = h(x) and also
limg(x) = limh(x) = K(say)

Then, 1‘1_1.1; f(x) = K We say that f(x) is squeezed between g(x) and h(x) or you can assume it like sandwich.

sinx
~ is also squeezed between 1 whenx — 0

. 4. Einx
< lim

x—=0 X

=1 equation 2

NOTE : denominator in the above limit should be exactly same as that of content in sine function

EQ : 1i sin (3-x) _
g LI_I}% — 1
Given,
sin5x .
flx) = { 3x ifx=0 equation 3
k ifx=0

We need to find the value of k such that f(x) is continuous at x = 0
Since f(x) is continuous at x = 0

.. (LHL as x tends to 0) = (RHL as x tends to 0) = f(0)

%}Ea flo—h) = LE}] f(0 +h) = f{0)

As, f(0) = k [from equation 2]

We can find either LHL or RHL to equate with f(1)

Let’s find RHL, you can proceed with LHL also.

sin 5h 5sin5h

= 1lim
3h  23ph—p 5h

Ho O+ 1) = Jimy i) = i

5,,  sinsh 5
=-lim——=-*1=
3h—=0 5h 3

wi |

As, f(x) is continuous
. RHL = f(0)

k=

wlw

21. Question

kx® Lifx=2

Determine the value of the constant k so that the function f(x ) = I . is continuous at x = 2.
]\ 3 Lifx=2

Answer

Given:

It is clear that when x<2 and x>2, the given function is continuous at x = 2.

So,atx =2



lim f(x) = lim f(x) kx?
X—2 X—2

= 111}?1_ f(x) kx (2%)

= 4k

XL“;L f(x) = xlllg]gr 3=3
We know that,

If f is continuous at x = ¢, then The Left-hand limit, the Right-hand limit and the value of the function at x = ¢
exist and are equal to each other.

lim f(x) = lim f(x) = f(c)
XILI%'L_ f(x) _\(1_1.12115r flx) = f(2)
=>4k =3

= k=

Blw

Therefore, the required value of k isﬂ—i

22. Question

['sin 2x fx0

Determine the value of the constant k so that the function f(x) =+ 3x ) is continuous at x =
‘\ k Lifx=0

0.

Answer

Given:

The function f is continuous at x = 0,Therefore,
limf(x) = f(c)

x—0

We know that,

If f is continuous at x = ¢, then The Left-hand limit, the Right-hand limit and the value of the function at x = ¢
exist and are equal to each other.

lim f(x) = lim f(x) = f(c)

. sin2x
= lim =k
x—0 bX

. sin2x  2x
= lim =

x— =Kk
x—=0 2X bx

23
= k=1><_—:

~limT= =1

x—=0 X

= ==k

| ra

wko=

Thus, fis continuous at x = 0 if k =

wi | ba

23. Question



ax+5 Lifx<2
[

Find the values of a so that the function f(x ) =- is continuous at x = 2.

]\x—l JAf x =2
Answer

Given:

The function f is continuous at x = 2

We know that,

If f is continuous at x = ¢, then The Left-hand limit, the Right-hand limit and the value of the functionat x = ¢
exist and are equal to each other.

lim f(x) = lim f(x) = f(c)

limax + 5
X—=2"

= limax2+ 5
x—=27

=2a+5

lim x—1

x—=2 7

= 111211+ 2—1

K

= lim+1 =1

x—=2

since f is continuous at x = 2,

limax + 5 = lim x—1 = {(2)
- x—2+

x—2
~2a+5=1
=2a=1-5
=2a=-4
=a=-2

Thus, fis continuous at x = 2 if a = -2.

24. Question

X
_— X
Prove that the function f(x} :J | X | +2x~ remains discontinuous at x = 0, regardless of the choice
1\ k .x=0
of k.
Answer

To prove given f(x) is discontinuous at x = 0, we have to show that left-hand limit(LHL) and right-hand
limit(RHL) is unequal.

LHL = lim f(x) = lim f(c — h), since (c-h)<c
X—=C h—0
RHL = = Klixggr flx) = EE}]f(c + h), since (c + h)>c

LHL = lim —

x—0— |x| +2x2

y 0—h
=
ho0]0 —h| + 2(0—h)?




. —h
= AR+ 2(h)e

—h

o
b

:b —
hooh(1 + 2h)

= limi
h—o(1 + 2h)

L&D
(1

=-1

RHL = lim

x—0 T x| +2x2

r 0+h
= hll]}alo + h| + 2(0 + h)2

h
" SR+ 200

, h
T

b
= 25%h(1 + 2n)

= limL
h~0(1 + 2h)

&
D

=1

since x11}(1}1_ f(x) =+ xl_l%h f(x)
The function f(x)remains discontinuous at x = 0, regardless the choice of k.

25. Question

kcosx . S
. . . . —— .ifx=n/2
Find the value of k if f(x) is continuous at x = n/2, where f (x ) ={ 7—2x
‘\ 3 JdAfx=m/2
Answer
Given:

f(x) is continuous at x = g

lim+ f(x) = Linaf(c + h), since (c + h)>c

i kcosx
im
x—r% -2
keos(z + h)
= lim T



. k(—sinh)
= lim T
S (2x75 + 2xh)

. —k(sinh)
= lim T
h—0m — 2 Xz —=2xh)

. —ksinh
- .
he0TT — T — 2h

. —ksinh
=

. ksinh
= I

k]' sinh
=i

I sinh

R h
= 551

2

k
- —

2

Also, given f(g) =3

since f(x) is continuous at x = g
™

limf(x) = f(=

limy (x) (2)

i.e,-=3

(SN

= k=6
The value of k is 6 when f(x) is continuous at x =§

26. Question

sin(a+1)x+sinx
(s ) forx <0
X
Determine the values of a, b, ¢ for which the function f(x] =. X . forx=0is
X +bx? — \f;
35 ., forx=0
bx”'*

L

continuous at x = 0.
Answer

Given:

f(x) is continuous at x = 0

For f(x) to be continuous at x = 0,f(0)" = f(0) * = f(0)

LHL = f(0)" = Jjm SnE* x> sinx

x—=0 x

_ sin(a + 1)h + sinh
= lim
h—0 h



sinfa + 1)h sinh

=
o osinfa+ 1)h (a+ 1) _ sinh
= lim X + lim ——
h~0 h (a+ 1) n-0o h
_ sin(a + 1)h y (a+ 1) Ll sinh
= -
hoo (a + Dh 1 hoo b

~ sin(a + 1)h
lim————— =
h=o (a+ 1)h

i sinh L
oo h

~1lx(@a+1)+1

= (a+1)+1

RHL = f(0 * ) = Jjm ¥X* 2" bﬁz_w
x—0 bz
WX 4+ bxZ—4x
= lim———
x—=0 bxz
. vh + bhz— \.'(H
= lim————
h—0 bhz
. vh + bhz— \.'(H
= lim————

h-0 b x h x h3

vh + bhz—\.'(H

= HIH—
¢ bxhxvh

h—

JB(T + bh)—+h

= lim
h—0 b x h xvh

\-"H[:\. 1 + bh— \-’T)

= lim

h—0 bh x \-"H
(W1 + bh— !I)
= lim
h—0 bh

Take the complex conjugate of
(vl + bh— \H).

i.e, (V1 + bh + V1) and multiply it with numerator and denominator.

I (v1 + bh— q)x(\.l-l-bh-l-\.q)
= 1ln
h—0 bh (V1 + bh + 1)

(VT +Bbh)* - (V1)?
= lim
h—0 bh

-(a + b)(a-b) = a?- b2

y (1 + bh—1)
= llin
h=0 bh(V1 + bh + V1)



i (bh)
= 11m
h-=0 bh(vI + bh + V1)

1
= lim
h—0 (y1 4+ bh + \.’T)

1
\.l-i-bXO-l-\.q)

T

(e,

since, f(x) is continuous at x = 0,From (1) & (2),we get,

:;.a+2=3

b3

So the values of a = ? ,C = ziand b = R-{o}(any real number except 0)

27. Question

‘I—CF}S kx 20

Iff(x)=- xS is continuous at x = 0, find k.
1 é .x=0

Answer

Given:

f(x) is continuous at x = 0 & f(0) =21

For f(x) to be continuous at x = 0,f(0)" _ f(0) * = f(0)

LHL = f(0)~ = Jjm 222

x—0 xsinx

I 1 —cosk(0—h)
=1
b (0 —h)sin(0—h)

I 1 — cosk(—h)
a0 (—h)sin(-h)

~COS(-x) = cosx

I 1 — cosk(h)
o (—h) x —sin(h)



I 1 — cosk(h)
o (h)sin(h)

cos2x = 1-2sin2x
1-cos2x = 2sin?x

1-cosx = ZsinL';

. - kh
' sin® =
“h0 (W)sin(h)
sinz%
= limﬁ
h=0 (h)ZSinicosi
sinz%
= lim h m
h=0 (h)Zsinicosi

. 51112% (%)2
= lim TR

h=0 (7)2 2hsin%cos%

3]

sin® kh (%)

. 2
= lim h X h

h—0 2 .
— sins
( 2 ) 2h xhligl 2

X

] =

h
2

kh
(3)?
1 h
thlxixi
k?h?
(%)
= il

hzxi

= 1x

K1
T2 2
=kZ=1
=Kk=41

28. Question

=



x—4 .
+a .if x<=4
(X -4
Iff(x)=+ a=+b .if x =4 is continuous at x = 4, find a, b.
x—4 ,
Jf o x =4
| X —4
Answer
Given:

f(x) is continuous at x =4 &f(4) =a+ b

For f(x) to be continuous at x = 4, f(4)" _ f(4) * = f(4)

LHL=f(4)'—11m = +a
I‘c 4|
(4—h)—4
M Er
. (4—h—4) N
= 2)(4—n—4 " °
(—h)
= lim + a
h~0|[(—h)|
. (~h
= lim + a
h—0
=a-1
LHL = f(4
()" =lim .=
' (4+ h)—4
:) ——
hoo|(4 + h) — 4]
4 +h—4
=
h
=
=
=1

Since ,f(x) is continuous atx =4 &f(4) =a+ b
f(4) =f(4) * =f(4)

sa-l=a+b=1

=a-1=1

=a=2

at+b=1

=2+b=1



29. Question

J'sin 2%
X FE
For what value of k is the function f(x)=1 x continuous at x = 0?
1 k .x=0

Answer

L

For f(x) to be continuous at x = 0, f(0)~ _ f(0) * = f(0)

LHL = f(0)" = Jjm 222

x—=0

sinZx

= lim
x—=0 X

im
h—-0 O0—nh

I —sin2h
= lim
h=0 —h

sin2h

= lim
h—0

sin2h
2h

I sinzh
o

= lim x 2
h—0

= 1x2
=2

Since,

f(0)"=f(0) * =f(0)
k=2

30. Question

sin2(0 —h)

J x # 0. Find the value of f at x = 0 so that f becomes continuous at x =

X X
Let log I—EJ—log 1—E
f(x)=
X
0.
Answer

For f(x) to be continuous at x = 0, f(0) = f(0) * =f(0)

X X
LHL = £(0)" = pj, 281 * )18 )

x—0

.4

log (l + @) —log(1— W)

= lim
h—0

(0—h)

log (1 + @) —log(1— %)

= lim
h—0

-h

Iog(l + ?)—log(l + %)

= lim
h—0

-h



. (—h)) , h
B Llf})l()g(l + ~ Eﬁlog(l +p)
—h —h
, (—h)) . h
_ Lll}}]log(i + 5 - %Ealog}fl +p)
——5><a __E><b
, (—h)) , h
Llf}]l(’g(l + o Ll%log(l +5)
= n + h
-—5><a E)(b
1 + 1
“a'hb
a+b
ab
hence,f(0) = 2‘1'3

31. Question

216
- afx=2 , ,
Iff(x)=4 4*_16 is continuous at x = 2, find k.
1 k Jfx=2
Answer
Given:

f(x) is continuous at x = 2 & f(2) = k
If f(x) to be continuous at x = 2,then,

f(2)” - f(2) * = f(2)

X+z2_
LHL = f(2)" = Jjm > ¢

x—2 4%-16

2(2—11] +2 __ 16
= M 2w 16

2U4-h 16
= IMae® 16

' 2% x 27"~ 16
= M-
h—042 X 472 — 16

y 16x(272-1)
~ 16 x (4P - 1)

y (2B —1)
= hoo(4h—1)
y (2h—-1)
:b —
R0 (2P - 1)

o @t-1)
M SIOERD

y (27" -1)
TR - D@ + 1)




- (a + b)(a - b) = a%-b?
y 1
=R

N S
(@=°+1)

~20=1
Lt
(@0 + 1)

1

T+
1

ﬁ_

2

Since, f(x) is continuous at x = 2 and f(2) = k,then

k =

B | e

32. Question

J.COSEX—SIIHEX—I <=0
If f(x) :l 2 11-1 ) is continuous at x = 0, find k.
k .X

H

Il
=

.

Answer

Given:

f(x) is continuous at x = 0 & f(0) = k
If f(x) to be continuous at x = 0,then

f(0)~ = f(0) * = (0)

LHL = f(o)_ =lim cos’x—sin®x—1

x=0 Jx*+1-1

cos*(0—h) —sin*(0 —h) —1

n -
b0 f(0—h)? + 1-1

cos*(—h) —sin®(—h) — 1
b0 f(Ch)? + 1—1

y cos*h — (sinh)— 1
im

B=0 Jhr 4+ 1-1

~ cos’h— sin®h—1
lim —_—

B=0 Jhr+1-1

~ cos2h—1
lim —
b=0Uh? + 11

" —sin2h
m—p——
vhz+1

[By Applying L - Hospital Rule.]



Hence, LH.L=0

As f(x) is continuous at x = 0.
Then, k = L.H.L

K=0

33. Question

l1-cos7(x—m)
Extend the definition of the following by continuity f(X )= —— at the point x = .
S(x—m)

Answer

Given:

f(x) is continuous at x = 1,

If f(x) to be continuous at x = 1,then

f(m)~=f(m) * =f(n)

_ . l—cosT(x—m)
LHL = = jm o7
f(T[) LI_IE[ 5(x—T)°

! 1—cos7(m—h-—m)
=
hoo  5(T—h) — m)°

. 1 — cas7(—h)
i e

1— cos7h
h—o 5h?

2511127—h

= lim——=
h—o 5h?

o2 sinf , 7\,
- im2x (<)

ﬁ
2
. sin— 2 7 2
= llﬂé T X=X (E)
2
. sin—-
i) e e
2
1% 2 y (49)
= =z -
5 4
49
=> _
10
) =2

10

34. Question

Iff(x}:jx_S sin X

: .X = () is continuous at x = 0, then find f(0).
3X+2smx

Answer



Given:
f(x) is continuous at x = 0

If f(x) to be continuous at x = 0,then

f(0)~ = f(0) * = (0)

LHL = f(o)_ = lim 2% + 3sinx

x—0 3% + Zsinx
I 2(0 —h) + 3sin(0—h)
=
th}JB(O —h) + 2sin(0—h)
. 2(—h) + 3sin(-h)
= 1112})3(—1*1) + 2sin(—h)

I —2h — 3sinh
:b —
th}J—Bh — 2sinh

—(2h + 3sinh)

= lim——————
h—=0—(3h + 2sinh)

(2h + 3sinh)
h—0({3h + 2sinh)

h(2 + 35}111111)
2sinh

)
(2 + 35131111’1

he0 (3 + Zsl}lnh)

. sinh
(2 + 3 x EE%T)

. sinh
(3 + 2 LIEAT)

sinh __ 1

~ lim
h—=0 h

(2 + 3x1)
(3+2x1)

Hence,f(0) =1

35. Question

1-cos 4x
. _ ——— .whenx=0
Find the value of k for which f(x )= 8x~°
1\ k . when x =0
Answer
Given:

f(x) is continuous at x = 0 & f(0) = k

If f(x) to be continuous at x = 0,then,

is continuous at x = 0.



f(0)~ = f(0) * = f(0)

LHL = f(0)” = lim ===

x—0 g2x

. 1—cos4(0—h)
= Mg o—n°

. 1 — cos4(—h)
= 28 8(—h)?

1 — cos4h

= lim————
x—=0 81’12

cos2x = 1-2sin2x
1-cos2x = 2sin2x
1-cos4x = 2sin22x

! 2sin*2h
=T

r 2sin*2h
- o e
202 x 4h?

_ 2sin*2h
:b —
202 x (2h)°

. (Silth)z
= lim{—

x—=0
=1
Since f(x) is continuous at x = 0 & f(0) = k,then
k=1
36 A. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

1- 2kx

[L ifx=0
f(X):' X- atx =20

l 8 Jafx=0
Answer

Given:
f(x) is continuous at x = 0 & f(0) = 8
If f(x) to be continuous at x = 0,then,

f(0)~ = f(0) * = f(0)

LHL = f(0)" = Jjm 2zcosz

x—=0

1 — cos2k(0—h)

= lim
h—0

(0—-h)*
I 1 — cos2k(—h)
R (—n)?

Ccos(-x) = cosx

Cos2x = 1-2sin2x



1-cos2x = 2sin2x
1-cos2x = 2sin?x

I 1 — cos2kh
= iy

- 2K?

Since f(x) is continuous at x = 0 & f(0) = 8,then

2k?=8
>k2=4
>k ==+2

36 B. Question
In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :
[(x—l)tan— Jf x =1
f(x)=- 2 atx =1
\\ k Jif x =1
Answer
Given:

f(x) is continuous at x =1 & f(1) = k

If f(x) to be continuous at x = 0,thenf(1)” = f(1) = (1)
LHL = f(1)" = lim(x — 1)tan—
x—1 2

lim((1 - h) — Dtan
= hll%(( —h)- )tanT

n(1—h)
2

= lim(—h)tan
lim(—h)

n(1—h)
2

= lim(—h)tan
lim(—h)

. b (T[ Tfh)
= hlE}](— Jtan 573

tan(g -x) = cotx

mh

Cos T

= lim(—h) h
—0 sin(=-)



. _Th
sin(-) y mh
mh 2

2

1'1111:05(1;—}1)
= (_h) h—=0

. 1h
sin(=-) 1th
mh 2

2

lim
h—0

-2

36 C. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

fl{{_x2 ~2x) Lif x<0

f(X):- atx =0
l cos X JAfx =0

Answer

Given:

f(x) is continuous at x = 0

If f(x) to be continuous at x = 0,then f(0)~ = f(0) +=£(0)
RHL = f(0)" = L_I}% COSX

= Lif})u:os(o —h)

= Lil}}]cos(—h)

= Lil}}]cos(h)

~cos(0) =1

fl0)* = 1

LHL = (0) = lim k(x? — 2x)

= EE};R((O_ h)? —2(0—h))

= Liﬂ:.]k((—h)z —2(—h))



= limk(h?® + 2h)
h=0
= limkh(h + 2)
h—0
= kx0
=0
Hence, the value of k = 0.

36 D. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

Ikx—l Jifx=s

f(x)=- atx=5
]\3}(—5 JAfx =5

Answer

Given:

f(x) is continuous at x = 5
If f(x) to be continuous at x = 5,thenf(5)" = f(5) * = f(5)

LHL = f(5) = limkx + 1

X—2

= limk(5—h) + 1

h—0
=5k+1
RHL =f(5)t* =lim3x—5

x—=0

= lim3(5 + h) -5

h—0
= lim15 + 3h—5

h—0
= lim10 + 3h

h—0
=10
Since, f(x) is continuous at x =5
we have,5k + 1 =10
= 5k = 9

=Kk=

ui |

The value of k is

wl |

36 E. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

x2-25

— X =5
f(x]:. x—5 atx =5

‘ k Xx=5
Answer

Given:



f(x) is continuous at x =5 & f(5) = k

If f(x) to be continuous at x = 5,thenf(5) = f(5) * =f(5)

LHL = f(5) = Jjm X222

x—5 X—5

y (5—-h)2—25
T (5-n) -5
- (a-b)2=a2-2ab + b?

25 —10h + h®— 25
5—h-5
—10h + h®
= lim———
h—0 —h
! 10h — h?
=
h(10 —h)
h
(10 —h)

= lim
h—0

= lim
h—0

= lim
h—0

= Eﬂ)(lﬁ —h)

=10

Since ,f(x) is continuous at x =5 & f(5) = k

k=10

36 F. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

f(x):-lkx_ 'X:_latx=
]4 Lx =1

Answer

Given:

f(x) is continuous at x =1

If f(x) to be continuous at x = 1,then,f(1)=f(1) * =f(1)
LHL = f(1)" = Ll_l}}4

= 4 ...(1)

RHL=f(1) * = Li_l}}lmz

= Lilj})k(l— h)?

= k(1-0)?2

=k ...(2)

Since, f(x) is continuous at x = 1 & also

from (1) & (2)



~k=4
36 G. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

[k(x*+2) Lifx<0

f(x]: - atx=0
l 3x+1 JAfx =0

Answer

Given:

f(x) is continuous at x = 0
If f(x) to be continuous at x = 0,then,f(0)" - f(0) * _ f(0)
LHL = f(0)" = 1111(1] k(x* + 2)
o
: _ 2
= EE})R((O h)® + 2)
: _ 2
= LIE]D.}{[:[: h) + 2)
3 2
= Ll%k(h + 2)
= k(0 + 2)
= 2k ...(1)
RHL = f(0) * = 1111(1]3}{ +1
X—
= lim3(0 + h) + 1
h—0
= lim3h + 1
h—0
=1..(2)

Since, f(x) is continuous at x = 0,From (1) & (2),we get,

2k =1

=k =

(SR

36 H. Question

In each of the following, find the value of the constant k so that the given function is continuous at the
indicated point :

"x3 x2—16x +20

X=2
f(x)=- (x-2) at x = 2.
‘ k Xx=2
Answer
Given:

f(x) is continuous at x = 2 & f(2) = k

If f(x) to be continuous at x = 2,then,f(2)” = f(2) ¥ = f(2) LHL = f(2) = mehf—%
x—=2 XK=z )”



_(2-h)*+ (2—-h)*—16(2—h) + 20
= jm (2—Dh)—2)°

—h*—3x22x(~h) + 3x2xh? + [22—2x2xh + h?]—32 + 16h\+ 20
(—h)* |

= lim
h—0
- (a-b)3 = a3-b3-3a2b + 3ab?

(a-b)2 = a2-2ab + b?

[8—h®*—12h + 6h%] + [4—4h + h?]—32 + 16h + 20

= lim

h—0 (h)2

~ 8—h*—-12h + 6h* + 4—4h + h?—32 + 16h + 20
= lim

h—0 (h)?

- —h® + (6h%* + h?) + (16h—12h—4h) + (8 + 4 + 20 —32)
= lim

b0 (h)?

y —h?® + 7h?
> Im

I h*(—h + 7)
T

= LIH})(_h +7)
= 7

Since ,f(x) is continuous at x = 2 & f(2) = k

k=7

37. Question
[ 1 if  x=3

Find the values of a and b so that the function f given by f(x)={ax +b .if x <x <3 is continuous at x
l 7 JAf 0 x =5

=3andx =5

Answer

Given:

f(x) is continuous at x =3 & x =5
If f(x) to be continuous at x = 3,then,f(3) - f(3) T _ f(3)
LHL = f(3)" =1lim1

x—3
=1..01)
RHL=f(3)* = lin% ax + b

-
= lima(3 +h)+ b
h—0

=2a(3+0)+Db
=3a+b..(2)

Since ,f(x) is continuous at x = 3 and From (1) & (2),we get

3a+b=1..03)



Similarly ,f(x) is continuous at x = 5
If f(x) to be continuous at x = 5,then, f(5)" _ f(5) ¥ _ f(5)

LHL = f(5)" = limax + b

= Lll%a(5—h) +b
=>a(5-0)+b
=5a+b..(4)

RHL=f(5)* =1lim7

x—5
=7 ...(5)

Since , f(x) is continuous at x = 5 and From (4) & (5),we get,
5a+b=7..(6)

Now equate (3) & (6)

3a+b=1
Sa+b=7
-2a = -6
=2a=3

Now Substitute a = 3 in any one of above equation(3) & (6) ,
3a+b=1

=3(3)+b=1

=29+b=1

=b=-8

38. Question

. Show that f is continuous at x = 1.

Answer
Given:
For f(x) is continuous at x =1

If f(x) to be continuous at x = 1,we have to show, f(1y=f(1) * = f(1)
LHL = f(1)" = lim(X)
x—1" 2

(11
sz )

(12— 2x1xh + h?
2

-
-(a-b)2 = a2-2ab + b?

. 1—2h + h?
= lim(———
h=0



1-2x0 + 0°

RHL = (1) * = lim(2x> — 3x + )
3
= lim(2(1 + h)?2—3(1 + h) + E) ~(a+ b)>=a% + 2ab + b?
3
= EI]})Z(lz +2x1xh+h?)—-3(1 +h)+ >
3
= lim2(1 + 2h + h®)—-3(1 + h) + =
h—0 2
3
= lim(2 + 4h + 2h* -3 —-3h + o)
h—0 2
3
= lim(2h? + 4h—3h + 2—-3 + o)
h—0 2
lim(2h? + h + E
= 2

=,2><02+0+§

From (1) & (2),we get f(1)" = f(1) *

Hence ,f(x) is continuous at x =1

39 A. Question

Discuss the continuity of the f(x) at the indicated points :

f(x) = x| +|x-1]atx =0, 1.

Answer

To prove whether f(x) is continuousatx =0 &1

If f(x) to be continuous at x = 0,we have to show that f(0y=f(0) * = f(0)
LHL = f(0)" = Li_I}(l)(IXI + |x—1])

= lm(|(0—h)| + [(0—h) - 1))

= lm(|(-h)| + [(=h) 1)

= [(-0)| + [(-0)-1

S=x| = x| = x

= |-1]

=1..1)

RHL = f(0) + = Lii%(lxl + [x—1])

= Hm(|(0 + )| + [(0 + h) —1])

= lm(IMm)] + 1) - 11

= |0] + |0-1|



aeIx] = Ix] = x
= |-1

=1..2)

From (1) & (2),we get f(0)"=f(0) *

Hence ,f(x) is continuous at x = 0

If f(x) to be continuous at x = 1,we have to show, f(1) =f(1) ¥ = f(1)
LHL = f(1)" = Li_x}l(lxl + [x—1])

= lm(|(1-h)| + [(1-h) - 1])

= lm(I(1-W)| + (D))

= [(1-0) + (-0)]|

= [(1)]

=1..(3)

RHL=f(1)*= _@}(lxl + |x—1])

= lm(/(1 + W] + |(1 + B) - 1))

= Hm(|(1 + W] + [(h)])

=[(1 + 0)] +|0|

S=Ix] = x| = x

= 1]

=1..(4)

From (3) & (4),we get f(1) _ f(1) *

Hence ,f(x) is continuous at x = 1

39 B. Question

Discuss the continuity of the f(x) at the indicated points :
f(x)=|x-1] +|x+ 1l]latx=-1, 1.

Answer

To prove whether f(x) is continuous at -1 & 1

If f(x) to be continuous at x = -1,we have to show, f(-1y=f(-1) ¥ =f(-1)
LHL = f(-1) = x“_”_]l(lx_ 1 + [x + 1P

= lm(|(—1—h) = 1 + |(=1—h) + 1])

= lim(I(-2 - B + |(-W)D)
= [(-2-0)| + [-0]

= |-2]

~]-x| = [x| = x

=2 ..(1)



RHL = f(-1) t = Jixyl(lx— 1] + |x + 1]
= En}](l(—l +h-—D]+ [(-1+h) + 1))
= lim(|(-2 + h)| + |

= (-2 + 0)] + [0]

From (1) & (2),we get f(-1)"=f(-1) *

Hence ,f(x) is continuous at x = -1

If f(x) to be continuous at x = 1,we have to show, f(1y =f(1) ¥ =f(1)
LHL = f(1)" = Li—IH(IX_ 1 + [x + 1)

= lIm([(1-h-1] + [(1-]h) + 1))

= Eﬂé(l(_h)l + [(2-h)])

= |-0| + |2-0]
= [2]
=2..(3)

RHL = f(1) * =Li_IH[:|X- 1 + |x + 1))
= Lin}](l(l +h-1+(1+h+ 1D
= lm(IM)] + 12 + W)

= |0| + |2 + O]

.'.|—X| = |X| =X

= |2]

=2 ..(4)

From (3) & (4),we get f(1)"=f(1) *
Hence ,f(x) is continuous at x = 1

40. Question

X|

H

is discontinuous at

[
w

Il

=

=
Prove that f(x ) = 1

we have to prove that f(x) is discontinuous at x = 0

If f(x) to be discontinuous at x = 0,then f(0)~ = f(0) *



LHL = f(0)" = limx_—IXI

(0—h)—[0—h]
(0—h)
(=h) —[-hl|

M=

= lim
h—0

x| = |x| = x

—h—-h
-h

= lim
h—0

= lim——
h h

—0 —
= lim?2
h—0
=2 ..(1)

RHL = f(0) * _ lim*

x—=0 X

! (0 + h)—|0 + b
2 0+

= limL_IhI
h~0 (0—h)
I h—h
= I
= lim0
h=0
=0..(2)

From (1) & (2),we know that,
f(0) = f(0) *
Hence, f(x) is discontinuous at x = 0

41. Question

j’ 2xP+k  Lifx=0

Iff(x)= A
l—lx" +k .ifx=<0

. then what should be the value of k so that f(x) is continuous at x = 0.

Answer
we have to find the value of 'k' such that f(x) is continuous at x =0
If f(x) is be continuous at x = 0,then, f(0) =f(0) * = f(0)
LHL = f(0) =lim—2x? + k
x—=0

= lim—-2(0—h)* + k

h—0

J _ _ 2
= LIE]D. 2(-h)* + k
= lim—2h% + k

h—0
= -2x0%2 + k

=k ...(1)



RHL = f(0) * =lin(1]l 2% + k
x—o
= lim2(0 + h)* + k
h—0
: 2
= EHE.JZ(h) +k
= lim2h® + k
h—0
= 2x02 + k
=k..(2)
From (1) & (2),we get, f(0) = f(0) *

So the value of k can be any real number(R),so that f(x) is continuous at x =0

42. Question

J.}-.(_x2 ~2x) .ifx=0

continuous at x = 0? What about
l 4x +1 Jfx =0

For what value of is the function f(x) =.

continuity at x = = 17
Answer
we have to find the value of '3_' such that f(x) is continuous at x = 0
If f(x) is be continuous at x = 0,then, f(0)"=f(0) ¥ =f(0)
LHL = f(0)= lim A(x? —2x)
X—
= Lin}] A((0—h)?—2(0—h))
= lim A((=h)? = 2(-h))
= lim A.(h? + 2h)
h—0
= 3.(02 + 2x0)
=0..(1)
RHL = f(0) * = 1111(1](4:{ + 1)
B
= EHE‘)4(O +h) +1)
= Eﬁﬁh) + 1)
=4(0)+1
=1..02)
From (1) & (2),we get f(0)"=f(0) *,
Hence f(x) is not continuous at x = 0
we also have to find out the continuity at point +1
For f(x) is be continuous at x = 1,
then ,f(0)"=f(0) * =f(0)

LHL =f(1) * = lim A(x? - 2x)



= Lin}] A((1—h)2—2(1—-h))

= lim A(12—=2h + h? =2 + 2h)
. 2 _

= LIE]D. A(h®*—1)

= 5.(02-1)

RHL = f(1) * = 11111(4){ + 1)
B

= Eﬂétl(l +h) +1)
= lim(4 + 4h + 1)

h—0
= (5 + 4x%0)
=5..2)
From (1) & (2),we get f(0)" = f(0) *,
ie, -3 =5
= }_‘_ = —5
Hence f(x) is continuous at x = 1,when ;3 = -5
Similarly, For f(x) is be continuous at x = -1,
then ,f(-1)"=f(-1) ¥ =f(-1)
LHL = f(-1)"= liml A(x?—2x)

He

= lim A((-1—h)?2—2(—-1—-h))
= Lin})—l((l + h)* + 2(1 + h))
= Lin}]—l(lz + 2h + h? + 2 + 2h)
= lim—A(h® + 4h + 3)

h—0
= -7.(02 + 4x0 + 3)
=-3 5 ..(3)
RHL = f(-1) * = 111111(4){ + 1)

S

= EH})4(_1 + h) + 1)
= lim{(—4 + 4h + 1)

h—0

= (-3 + 4x0)

=-3...(2)

From (1) & (2),we get, f(-1)"=f(-1) *
i.e, =33 =-3

:‘I,-‘_=1

Hence f(x) is continuous at x = 1,when j_ =1



43. Question

For what value of k is the following function continuous at x = 27?

"Qx—l coifx <2
f(x)=1 k Do x=2
3x-1 ; x=2
Answer
Given:

For f(x) is continuous at x = 2 & f(2) = k
If f(x) to be continuous at x = 2,we have to show, f(2y=f(2) * =f(2)
LHL = f(2) = 11II%[:2X + 1)

-
= EH})(Z(Z_ h) + 1)
= EE})(-’-}—-’-}h + 1)
= EH})(B — 4h)
= (5-4%0)
=5..(1)
RHL = f(2) * = 1111%(3}1— 1)

o

= EE})@(Z +h)-1)
= LIHI‘)(G + 3h—1)
= EE}](S + 3h)
=2(5-3x%x0)
=5..2)
Since , f(x) is continuous at x = 2 & f(2) = k
k=5
44. Question

3

1—sin” X . T
— .if x<=—
3cos X 2
. T . . L
Let f(x)=- a .if  x =—.Iff(x) is continuous at_ find a and b.
iy ]
b(l-sinx , T
(—,\) if x = =
(m—2x) =
Answer
Given:

f(x) is continuous at x = g & f(g) = a,

If f(x) to be continuous at x = g,we have to show, f(g)‘ - f(g) t_ f(g)



1—sin’x

LHL—f( —111 ( )

3cos’x

4
1— 51113(5 —h)

= lIim(——x—)

h—0 3c052(§ —h)

. T
_-_sm(E -X) = COSX

m .
.-.cos(; -X) = sinx

(1 — cos®h
= lim(———
h—0" 3sin®h

1% —cos®h
= lim

h—0 3sin®h

y (1 —cosh)(1? + cosh + cos?h)
= hoo 3(1 — cos®h)

-(a3-b3) = (a-b)(a% + ab + b?)

(1 —cosh)(1? + cosh + cos®h)
3(1% — cos®h)

= lim
h—0

y (1 —cosh)(1? + cosh + cos?h)
= hoo 3(1— cosh)(1 + cosh)

y (1% + cosh + cos?h)
= hoo 3(1 + cosh)

(12 + cos0 + cos?0)

3(1 + cos0)

~.cos(0) =1

(1+1+1)

3(1+ 1)

©)

3(2)
= 2..(1)

2
LHL = f( llq[:b(l sm\(])

ofa-sn (3 + )

[r-2(3 + h)]z

T
< Bl (E + X) = (08X

= 11111

b[1 — cosh]
= lim
h—0 [n 2><——2><h]

r b[1 — cosh]
= | m—n—2np

= lim{—————

[
b[1 — cosh]
[-2h]? }

h—0



b x 2sin® b

- 2
> 55
~ )bx 251112% 1
s sz
4 x T

Cos2x = 1-25in2x

1-cos2x = 2sin2x

1-cosx = 2sin2t

. zh

b |sin®5

= gim (h_z)
4

SRS

g
- 2.2

a8

f(x) is continuous at x = g & f(g) = a ,and from (1) & (2),we get

EO R (C R (€

= a=E
2

b 1
= — = —
8 2
>b=4

Hence,a=§&b=4

45. Question

If the function f(x), defined below is continuous at x = 0, find the value of k:

'l—coslx
_— x =0
2x-
f(x)= k . x=0
X
— . x=0
x|
Answer

we have to find the value of 'k’
Given:

f(x) is continuous at x = 0 & f(0) = k
If f(x) is be continuous at x = 0,then,

f(0)"=f(0) * = f(0)

LHL = f(0) = lim (=232

x—0 X



1—cos2(0—h)

= I 0=
. 1 — cos2(—h)
:b B ——————
b0 2(—h)?
I 1 — cos2h
= I
~cos(0) =1
. 2sin®h
pR T

c052x = 1-25in2x
1-c052x = 2s5in2x

. sin®h
= lim——
h—0 h?

I (sinh) .
= m (5

y sinh 1
R h

= (1)2

=1

RHL = f(0) * = lim (i)

x—0 \x|

I (0+h)
= o+

im ()
= Im(

im (77)

:b —

hoo \[1]

= im

=1

Since, f(x) is continuous at x = 0 & f(0) = k
And also , f(0)" — f(0) * _ f(0)

So k=1

46. Question

Find the relationship between ‘a’ and ‘b’ so that the function ‘f’ defined by f(x )

continuous at x = 3.

Answer

we have to find the value of 'a' & 'b'
Given:

f(x) is continuous at x = 3

J'ax—l
be—.%

.



If f(x) is be continuous at x = 3,then,f(3)" _ f(3) T _ f(3)
LHL = f(3)" = 11113(3){ + 1)

= Eﬂa(a(?,— h) + 1)

= EE}](3a—ha + 1)

=23a-0xa+1

LHL =f(3) * =lin§(bx + 3)
-

= limb(3 + h) + 3

h=0
= lim3b + hb + 3

h—0
=23b-0xb+3
=3b+ 3...(2)
Since ,f(x) is continuous at x = 3 and From (1) & (2),we get

3a+1=3b+3
=23a+3b=3-1

»3a+3b=2
=3(a+b) =2
s(@a+b)=2

3
Exercise 9.2
1. Question
J'sin X 0
— X<
Prove that the function f(x)=+ x is everywhere continuous.
1\ x+1 .x=0

Answer

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = L'H})f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.
This is very precise, using our fundamental idea of the limit from class 11 we can summarise it as
A function is continuous at x = c if :

lim f(x) = f(c)

s

Here we have,

sinx

f(x) = { —~  x<0_ . equation 1
x+1 ,x=0

To prove it everywhere continuous we need to show that at every point in the domain of f(x) [ domain is
nothing but a set of real numbers for which function is defined ]

lim f(x) = f(c) ,where c is any random point from domain of f
X—=C



Clearly from definition of f(x) {see from equation 1}, f(x) is defined for all real numbers.
. we need to check continuity for all real numbers.

Let c is any random number such that ¢ < 0 [thus c being a random number, it can include all negative
numbers ]

f(c) = ¥° [ using eqgn 1]

c

. . sinx  sinc
limf(x) = lim =
X—=C x—=c X C

sin ¢

Clearly, lim f(x) = f(c) =

c
. We can say that f(x) is continuous for all x < 0

Now, let m be any random number from the domain of f such that m > 0
thus m being a random number, it can include all positive numbers]
f(m) = m+1 [using egn 1]

limf(x)= limx+1=m+1

X—m X—m
Clearly, limf(x) =f(c)= m+1
K—C

. We can say that f(x) is continuous for all x > 0
As zero is a point at which function is changing its nature so we need to check LHL, RHL separately
f(0) = 0+1 = 1 [using eqn 1]

sin(—h) sinh

LHL = li —h) = lim &= — [ =
R T
[+ sin -8 =-sin 6 and lim sinh _ 1]

h—o h

RHL:EEE.f(OJFh): Lli%h—i-1=1

Thus LHL = RHL = f(0).

- f(x) is continuous at x = 0

Hence, we proved that f is continuous forx < 0;x>0and x =0
Thus f(x) is continuous everywhere.

Hence, proved.

2. Question

E
2]
H-
(]

[

]
v
Il
]

Discuss the continuity of the function f(x )= {

Answer

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :

lim f(c —h) = lim f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.
This is very precise, using our fundamental idea of the limit from class 11 we can summarise it as

A function is continuous at x = c if :



lim f(x) = f(c)

Here we have,

X

f(x) = {ﬁ X#0 equation 1
0 ,x=0

The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Function is changing its nature (or expression) at x = 0, So we need to check its continuity at x = 0 first.

NOTE: Definition of mod function: [%| = {_:z i g
LHL = 1111 f(0 —h) = 1111 f(—h) = _2_ 4

—(-h} h

[using egn 1 and idea of mod fn]
h
RHL = li = 1i ==
Lnﬁ]}]f((} +h) Lll}tl]f(h) -=1

[using egn 1 and idea of mod fn]

f(0)=10

[using eqn 1]

Clearly, LHL # RHL = f(0)

- function is discontinuous at x = 0

Let ¢ be any real number such thatc > 0
¢ ¢

f(C)=—= =1

le] e
[using eqn 1]

And, limf(x) = lim— = limS=1

X—C x—clel Xx—=c €
Thus, lim f(x) = f(c)
X—C

. f(x) is continuous everywhere for x > 0.

Let ¢ be any real number such thatc < 0

afl)=—=—=-1

le] —c
[using eqn 1 and idea of mod fn]

And, 11111 f(x) = lim— = lim—= —1

x—c el x—c —€
Thus, lim f(x) = f(c)
X—=C

. f(x) is continuous everywhere for x < 0.
Hence, We can conclude by stating that f(x) is continuous for all Real numbers except zero.
3 A. Question
Find the points of discontinuity, if any, of the following functions :

[ +2x -2 ifx=1

] 4 Lifx=1



Answer
Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}af(c —h) = L'H})f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)
Here we have,

3_ .2 _ P
f(x) = [X X*+2x -2 Jifx=1 equation 1

4 Jfx =

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Function is changing its nature (or expression) at x = 1, So we need to check its continuity at x = 1 first.
Clearly,

f(1) = 4 [using egn 1]

Li_l}}f(x)z 1{1_1.1}(}{3—}{2+2x—2)= 1°—12+2+1-2=0

Clearly, lim f(x) # f(c)

- f(x) is discontinuous at x = 1.

Let c be any real number such thatc # 0

f(c) = 3 - c? + 2c - 2 [using eqn 1]

limf(x) = lim(x®*—x?+2x—2)= c*— c?+ 2c—2
X—C —

X—C
Clearly, Llj}g f(x) = f(c)
. f(x) is continuous for all real x except x =1

3 B. Question

Find the points of discontinuity, if any, of the following functions :

4

[ﬂ ifx 22
f(x)=1 x-2

‘\ 16 .ifx=2
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = gf})f(': +h) = f(c) where h is a very small ‘+ve’ no.
i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if:



lim f(x) = f(c)
X—=C
Here we have,

f(x) = X::f: ("”“5_‘5)“"”): (2 +4)(x+2) Jfx+2

16 Jifx=2

...Equation 1
Note: [for changing the expression used identity:- (a-b?) = (a+b)(a-b)]
Note: x - 2 is cancelled from numerator and denominator only because x # 2, else we can’t cancel them

The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Function is changing its nature (or expression) at x = 2, So we need to check its continuity at x = 2 first.
Clearly,
f(2) = 16 [using eqn 1]

. Cx*—16 | (X*+HE-2)E+2) 5
M=y Tl xp Ak
=16

Note: (x - 2) is cancelled as x # 2 but x— 2
Clearly, lim f(x) = f(c)

- f(x) is continuous at x = 2.

Let c be any real number such thatc # 0
f(c) = (c®+ 4)(c+ 2) [using eqn 1]

Imf(x) = im(x?+ 4 (x+2) = (c2+4)(c+2)

Clearly, lim f(x) = f(c)

.~ f(x) is continuous for all real x
3 C. Question

Find the points of discontinuity, if any, of the following functions :

sin x .

[ JAfx =<0
flx)=9 x

2x+3 ifx=0
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Li%f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘4+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(c)



Here we have,

sinx

T ,ifX< 0
2x+3 ifx=0

...Equation 1

f(x) = {
The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Let c is any random number such that ¢ < 0 [thus ¢ being a random number, it can include all negative
numbers ]

f(c) = S2° [ using eqgn 1]

[

. . sinx  sinc
limf(x) = lim =

X—=C x—=c X C

sinc

Clearly, lim f(x) = f(c) =

c
. We can say that f(x) is continuous forall x < 0

Now, let m be any random number from the domain of f such that m > 0
thus m being a random number, it can include all positive numbers]
f(m) = 2m + 3 [using eqn 1]

limf(x)= lim2x+3= 2m+ 3

X—m X—m

Clearly, limf(x) =f(c) = 2m + 3

. We can say that f(x) is continuous for all x > 0
As zero is a point at which function is changing its nature so we need to check LHL, RHL separately

f(0) = 2x0+4+3 = 3 [using egn 1]

. . sin—h ., sinh
LHL = EE})f(O h) = ng(l) = Elj}] =1
[ sin -8 = - sin 8 and lim =22 — 1]
h—0 h

RHL:M};f{O_’_h): L@}}}Zh+3=3

Thus LHL = RHL

- f(x) is discontinuous at x = 0

Hence, f is continuous for all x # 0 but discontinuous at x = 0.
3 D. Question

Find the points of discontinuity, if any, of the following functions :

sin 3 .

[M JAfx=0
f(x]:. X

‘\ 4 Jfx =0
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}}f(': +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.



This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if:

lim f(x) = f(c)

Here we have,

sin3x I'F =0
f(x) = { x X ...Equation 1
4 ifx=0

The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Let c is any random number such that c # 0 [thus c being a random number, it can include all numbers
except 0]

f(c) = =3¢ [ using eqn 1]
[

sin3x sin 3c
limf(x) = lim =

X—=C x—=c X C

sin 3¢

Clearly, lim f(x) = f(c) =
K—C

C

. We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature, so we need to check the continuity here.
f(0) = 4 [using eqn 1]

sin—-3h . sin3h _

LHL = i —h) =l =
jim f0 —b) = Jm == = TR =3
[ sin - = - sin 8 and lim =2 = 1]
x—=0 X
RHL = lim f(0 + h) = lim Sndh _ 3imR_3
h—0 hZo h hoo 3h

Thus LHL = RHL = f(0)

- f(x) is discontinuous at x = 0

Hence, f is continuous for all x # 0 but discontinuous at x = 0.
3 E. Question

Find the points of discontinuity, if any, of the following functions :

sin X .

[——cosx Lifx=0
f(x)=1 x

‘\ 5 LAfx =0
Answer
Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = EE}]KC +h) = f(c) where h is a very small ‘+ve’ no.
i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)



Here we have,

sinx

— +cosx Jfx =0
5 Jfx=0

...Equation 1

f(x) = {
The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Let c is any random number such that ¢ # 0 [thus c being a random number, it can include all numbers
except 0 ]

f(c) = ¥2° 4 cos ¢ [ using eqn 1]

[

sinx sinc
+cosx) =

lim f(x) = lim( +cosc

X—=C

X
Clearly, Lillg f(x) = f(c)

. We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature, so we need to check the continuity here.
f(0) = 5 [using eqn 1]

and,

\ sinx . Sinx \ .. Sinx
lim(—+cosx) = lim——+ limcosx =1+ cos0 =2 [ 1lim =1]
x—=0 X —=0 X x—0 x—=0 X

X

Thus lim f(x) = f(c)
X—C
. f(x) is discontinuous at x = 0
Hence, f is continuous for all x # 0 but discontinuous at x = 0.
3 F. Question

Find the points of discontinuity, if any, of the following functions :

4 3, 4.2
X +X +.2X .
f(x)= tan~ x
‘\ 10 Jifx=0
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = Li%f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x » ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if:

lim f(x) = f(c)

Here we have,

x*+x? 4227 ifx =0
f(x) = { tan~lx ATX ...Equation 1
10 Jfx=10

The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )



Let c is any random number such that ¢ # 0 [thus ¢ being a random number, it can include all numbers
except 0 ]

f(c) = M[ using eqn 1]

tan~lc
x4 2 c* +c?+2c?

limf(x) = lim =
P (x) x—'c( tan~1x ) tan—1c

Clearly, Llj}g f(x) = f(c)

. We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature so we need to check the continuity here.
f(0) = 10 [using eqn 1]

and,

(x“ +x3+ ng)

limf(x) = lim
x>0 (x) tan—1x

x—0

. . . tan"'x
=7 =0["using lim——
x—0 X

=1l

or. lim et rzn | }1{"_1}},{:‘3"'3‘2"'2:‘) 0
. =T = =T
wop | manix I

x X0

Thus lim f(x) = f(c)

.~ f(x) is discontinuous at x = 0
Hence, f is continuous for all x # 0 but discontinuous at x =0
3 G. Question

Find the points of discontinuity, if any, of the following functions :

Tl ifx=0
£(x) = log_(1+2x) |
7 Lfx=0
| x—3| Jaf x <1
Answer
Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = Lifz-}f(': +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)

Here we have,

e¥—1
loge(1+2x)
7 Jfx=0

Jfx =0

f(x) = ...Equation 1

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Let c is any random number such that ¢ # 0 [thus ¢ being random number, it is able to include all numbers



except 0 ]

et [ using egn 1]

flc) = loga(1+2c)

lim () = 1 e —1 B e -1
e = :clE}:(loge(l—i—Zx))_ log.(1+ 2c)

Clearly, Li_I.]é f(x) = f(c)

. We can say that f(x) is continuous for all x # 0

As x = 0 is a point at which function is changing its nature so we need to check the continuity here.
Since, f(0) = 7 [using eqn 1]

NOTE : Idea of logarithmic limit and exponential limit -

log (1+x
limL =1
x—=0

e¥—1
lim

x—=0

=1

You must have read such limits in class 11. You can verify these by expanding log(1+x) and €* in its taylor
form.

Numerator and denominator conditions also hold for this limit like sandwich theorem.

log(1+2x)
2x N

E.g : lim 1

x—=0

log(1+2x)

But, lim + 1 as denominator does not have 2x
x—0

and,
ling )

e¥—1

= lim [Using logarithmic and exponential limit as explained above, we have:]

x—0log1+23

(e¥-1)

1.
- EL_{% opri¥ex] — 5
zx

Thus, lim f(x) = f(c)
X—=C
.~ f(x) is discontinuous at x = 0
Hence, f is continuous for all x # 0 but discontinuous at x =0

3 H. Question

Find the points of discontinuity, if any, of the following functions :

[' | x—3| Jifx =1

fix)=1x* 3x 13
‘X——ﬁ——h Lfx <1
L4 2 4

Answer

Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :

Lil}}.f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘+ve’ no.



i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(c)
X—C
NOTE: Idea of modulus function |x]| : You can think this function as a machine in which you can give it any

real no. as an input and it returns its absolute value i.e. if positive is entered it returns the same no and if
negative is entered it returns the corresponding positive no.

-12[=2;5]-2|=-(-2) =
Similarly, we can define it for variable x, if x = 0 |x]| = x
If x <0 |x] = (-x)

x| = [—x,x< 0
"l xx=0

Here we have,

Ix— 3| Jfx=1

f(x) =1x?> 3x 13
I—?“FT ,Ifx<l

Applying the idea of mod function, f(x) can be rewritten as:

2
x:—af+— ifx<1
f(x) = x—3 ifx>3 equation 1

—(x—3),ifl=x<3

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain (domain = set of numbers for which f is defined )

Let c is any random number such that ¢ < 1 [thus ¢ being a random number, it can include all numbers less
than 1]

f(c) = < _ 3 13 using eqn 1]
4 2 4

. x* 3x -:2 3c 13
limf(x) = 11111(— -— —) = =4
X—=C

Clearly, Llj}g f(x) = f(c)

-~ We can say that f(x) is continuous forall x < 1
As x = 1 is a point at which function is changing its nature, so we need to check the continuity here.

1)=]1-3]|=2[usingegn 1]

LHL = lim f(1 — h) = hm(“ y* - B EL N
h—=0 4 2 4
RHL:EE}]f(1+h): EE}]|1+1’1—3|=|—2|=2

Thus LHL = RHL = (1)

- f(x) is continuous at x =1

Now, again f(x) is changing its nature at x = 3, so we need to check continuity at x = 3
f(3) = 3- 3 = 0 [using egn 1]

LHL = Eféf@_h) = Ll%—(?;—h—B) =0

RHL:EEE'f(3+h)= %112(1}34-}1—3 =0



Thus LHL = RHL = f(3)

- f(x) is continuous at x = 3

For x > 3 ; f(x) = x-3 whose plot is linear, so it is continuous for all x > 3
You can verify it by checking limits.

Similarly, for 1 < x < 3, f(x) = 3-x whose plot is again a straight line and thus continuous for all point in this
range.

Hence, f(x) is continuous for all real x.

3 1. Question

Find the points of discontinuity, if any, of the following functions :
"|x|—3 Lifx=-3

f(x)=4 -2x ,if —-3<x<3
| 6X +2 JAf x =3

Answer

Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘4+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x - ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(c)
X—C
NOTE: Idea of modulus function |x]| : You can think this function as a machine in which you can give it any

real no. as an input and it returns its absolute value i.e. if positive is entered it returns the same no and if
negative is entered it returns the corresponding positive no.

Eg:- 12| =2;|-2| = -(-2) = 2
Similarly, we can define it for variable x, if x = 0 |x| = x
If x <0 |x] = (-x)

x| = [—x,x< 0
"l xx=0

Here we have,

x| +3 Jfx < -3
f(x)=9 —-2x if—-3<x<3
6x+2,ifx=3

Applying the idea of mod function, f(x) can be rewritten as:

3—x Jfx= -3
flx) =4 —2x ,f—-3<x<3... equation 1
6x+2,ifx=3

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain (domain = set of numbers for which f is defined )

Let c is any random number such that ¢ < -3 [thus ¢ being random number, it is able to include all numbers
less than -3]

f(c) =3 —c[ using eqn 1]



limf(x) = lim(3 —x)= 3 —c

x—c X—¢

Clearly, Li_I.]é f(x) = f(c)

. We can say that f(x) is continuous for all x < -3

As x = -3 is a point at which function is changing its nature so we need to check the continuity here.
f(-3) = 3-(-3) = 6 [using eqn 1]

LHL = im f(—3 —h) = im(3 — (-3 —h)) = €
RHL = Lnjg)f(—B +h) = LEE;_Z(_B +h)=6

Thus LHL = RHL = f(-3)
.~ f(x) is continuous at x = -3

Let c is any random number such that -3 < m < 3 [thus ¢ being random number, it is able to include all
numbers between -3 and 3]

f(c) = —2m/[ using eqn 1]

and, lim f(x) = lim(—2x) = —2m

x—m x—m
Clearly, Llj}g f(x) = f(c)

. We can say that f(x) is continuous for all -3 < x < 3

Now, again f(x) is changing its nature at x = 3,50 we need to check continuity at x = 3
f(3) = 6*34+2 = 20 [using eqgn 1]

LHL:EE}]f@—h): %11%—2* (3—h)=-6
RHL:EEE;f(?’_'_h) = %112(1]6(3+ h)+2 =20

Thus LHL = RHL

. f(x) is discontinuous at x = 3

For x > 3 ; f(x) = 6x + 2 whose plot is linear, so it is continuous for all x > 3
You can verify it by checking limits.

Hence, f(x) is continuous for all real x except x = 3

There is only one point of discontinuity at x = 3

3 J. Question

Find the points of discontinuity, if any, of the following functions :

10 -
X Jifx =1
f(x)=]",
]\x" Jf x =1
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.



This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if:

lim f(x) = f(c)
Here we have,

¥ ifx<1 .
= A=t equation 1
fx) [xz Jfx =1 9

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain (domain = set of numbers for which f is defined )

Let c is any random number such that ¢ < 1 [thus ¢ being random number, it is able to include all numbers
less than 1]

f(c) = ¢19[ using egn 1]

lim f(x) = lim(x'%) = ¢*°

prame: x=c

Clearly, lim f(x) = f(c)

. We can say that f(x) is continuous forall x < 1

As x = 1 is a point at which function is changing its nature so we need to check the continuity here.
f(1) = 110 = 1 [using eqn 1]

_Ti — — T; _ hwylo —
LHL = ng}) f(1-h) ng}g,(l h) 1
— i p— i 2 —
RHL—LII_IE'f(l-i‘h) Lnjg}(lJr h)*=1

Thus LHL = RHL = f(1)
~f(x) is continuous at x =1

Let m is any random number such that m > 1 [thus m being random number, it is able to include all
numbers greater than 1]

f(m) = m? [ using eqn 1]

and, lim f(x) = lim (x?) = m?

X—m X—m
Clearly, lim f(x) = f(m)
XK—Im

. We can say that f(x) is continuous forallm > 1

Hence, f(x) is continuous for all real x

There no point of discontinuity. It is everywhere continuous
3 K. Question

Find the points of discontinuity, if any, of the following functions :

"Zx Jif x <0
f(x)=40 .if0=x<1
‘\4){ Jifx =1
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :



Lii}af(c —h) = L'H})f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)

Here we have,

2% Jfx <0
f(x)=40 ,ifosx<1... equation 1
4y ifx>1

The function is defined for all real numbers, so we need to comment about its continuity for all numbers in its
domain (domain = set of numbers for which f is defined )

Let c is any random number such that ¢ < 0 [thus c being a random number, it can include all numbers less
than 0]

f(c) = 2¢[ using eqn 1]

limf(x) = lim(2x) = 2c

x—c X—¢

Clearly, lim f(x) = f(c)

. We can say that f(x) is continuous forall x < 0
As x = 0 is a point at which function is changing its nature, so we need to check the continuity here.
f(0)=0

[using egn 1]

LHL = im0 1) — Jim —2h — 0
RHL=LiEE'f(0+h) = %1113(1]0=0

Thus LHL = RHL = f(0)

- f(x) is continuous at x =0

Let m is any random number such that 0 < m < 1 [thus m being a random number, it can include all
numbers greater than 0 and less than 1]

f(m) = 0 [ using eqn 1]
and, lim f(x) = lim(0)= 0
Clearly, lim f(x) = f(m)

. We can say that f(x) is continuous forall0 < x <1

As x = 1 is again a point at which function is changing its nature, so we need to check the continuity here.
f(1)=0

[using eqn 1]

LHL=LIE})f(1—h)= LIEEnO =0
RHL=E§}]f(1+h) = %112(1}4(14- h) =4

Thus LHL # RHL

- f(x) is discontinuous at x = 1



Let k is any random number such that k > 1 [thus k being a random number, it can include all numbers
greater than 1]

f(k) = 4k [ using egn 1]

and, jl{i_l:lllif(x) = Li_t}f{-‘-b{ =4k

Clearly, lim f(x) = f(k)

. We can say that f(x) is continuous for all x > 1

Hence, f(x) is continuous for all real value of x, except x =1
There is a single point of discontinuity at x = 1

3 L. Question

Find the points of discontinuity, if any, of the following functions :

sinx—cosx .ifx=0
f(x]:J .
]\ -1 JAfx=0
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = L'H})f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x - ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)
Here we have,

f(x) = [sinx— cosx Lifx=0 ...Equation 1

-1 Jfx=0

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Let c is any random number such that c # 0 [thus c being a random number, it can include all numbers
except 0]

f(c) = sinc — cos c [ using egn 1]

limf(x) = lim(sinx— cosx) = sinc —cos c
X—C

X—C
Clearly, Llj}g f(x) = f(c)
. We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature, so we need to check the continuity here.

f(0) = -1 [using eqn 1]

and,
lim(sinx —cosx) = limsinx— limcosx =0 —cos0=—-1
x—0 x—=0 x—0

Thus lim f(x) = f(c)



-~ f(x) is continuous at x = 0
Hence, f is continuous for all x.
f(x) is continuous everywhere.
No point of discontinuity.

3 M. Question

Find the points of discontinuity, if any, of the following functions :

"—: Lifx=-1
f(x)=42x .if -l=<x<l
2 Lifx=l
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = E}}})f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)

Here we have,

-2 Jfx< —1
f(X)=q42x Jif—1<x<1.errnn equation 1
2 ifx=1

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain (domain = set of numbers for which f is defined)

For x < -1, f(x) is having a constant value, so the curve is going to be straight line parallel to x-axis.
So, it is everywhere continuous for x < -1.

It can be verified using limits as discussed in previous problems

Similarly for -1 < x < 1, plot on X-Y plane is a straight line passing through origin.

So, it is everywhere continuous for -1 < x < 1.

And similarly for x > 1, plot is going to be again a straight line parallel to x-axis

. it is also everywhere continuous for x > 1



From graph it is clear that function is continuous everywhere but let’s verify it with limits also.
As x = -1 is a point at which function is changing its nature so we need to check the continuity here.
f(-1) = -2 [using egn 1]

LHL = EE}]f(—l -h)= LH}]_?‘ = -2

RHL = L”j%,f(_l +h)= %11%2(—1 +h)=-2

Thus LHL = RHL = f(-1)

- f(x) is continuous at x = -1

Also at x = 1 function is changing its nature so we need to check the continuity here too.

f(1) = 2 [using egn 1]

LHL = EE})f(l —h) = %11%2(1— h)y= 2

RHL:EEE;f(l_'_h) = LIE};?‘:Z

Thus LHL = RHL = (1)

- f(x) is continuous at x =1

Thus, f(x) is continuous everywhere and there is no point of discontinuity.

4 A. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

Tadn D
[sm-x Fx20
f(x)=1 5x
3k Lifx=0
Answer

Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = L'H}]f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x - ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(c)



Here we have,

sin 2x |f =0
f(x) = { s X Equation 1
3k ifx=0

Function is defined for all real numbers and we need to find the value of k so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

As, for x # 0 it is just a combination of trigonometric and linear polynomial both of which are continuous
everywhere. It can be verified using limits and also by plotting curves. Since we are given that function is
continuous everywhere so don’t need to bother about that.

As x = 0 is only point at which function is changing its nature so it needs to be continuous here.
f(0) = 3k [using egn 1]

and,

sin x

= = 1 — sandwich theorem]

. sin2x 1., sin 2x 2.,
lim——==-lim?2 = = =lim

x—0 959X Sx—=0 X Sx—=0 2x

sin 2x

[ lim

x—=0 X

[T ]

" f(x) is continuous everywhere [given in question]

~ limf(x) = f(c)

4 B. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

kx+5 [ifx<?2
f(x):J . .
]\x—l JAf x =2
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = EH})f(C +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x - ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(c)
Here we have,

f(x) = {I{X +5 Jifx=2 equation 1

x—1 |fx>2

Function is defined for all real numbers and we need to find the value of k so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = 2



Given,
f(x) is continuous everywhere

~ limf(x) = f(2)
x—=2
Lii}}.ﬂ:z —h) = lim f(2 +h) = f(2) [using basic ideas of limits and continuity]
Lii}}. f(2 +h) =f(2) [considering RHL as RHL will give expression independent of k]
Ligaz +h—1=2k+ 5 [using equation 1]

w2k+5=1
2k = -4

4 C. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

£(x) fk[xz—.%x'] Jfx <0
X)=4
l cos 2X JAfx =0

Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x » ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)
X—=C
Here we have,

5 .
f(x) = [k(x +3x) Jfx<o0 equation 1

oS 2X Jifx=0

Function is defined for all real numbers and we need to find the value of k so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = 0
Given,
f(x) is continuous everywhere

- lin%f(x)= f(0)

Lii}a flo—h) = EE}] flo+h) =£(0)



[using basic ideas of limits and continuity]

Lll}a f(—h) = f(0)

[considering LHL as LHL will give expression dependent of k]

Lig}.k{ (—h)? + 3(—h) } = cos0 [using equation 1]

vk*¥0=1

As above equality never holds true for any value of k

k = not defined

No such value of k is possible for which f(x) is continuous everywhere.
F(x) will always have a discontinuity at x = 0

4 D. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

[' 2 Jif x <3

f(x)=4jax+b .if 3<x<5
‘\ 9 Jaf x =5

Answer

Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if:

lim f(x) = f(c)
X—=C
Here we have,

2 Jif XxX=3
f(x) =dax+b ,if 3<X<H i, equation 1
9 Jif x=5

Function is defined for all real numbers and we need to find the value of a & b so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = 3
Given,
f(x) is continuous everywhere

- lin;f(x)= f(3)

Li}}}.ﬂ:?: —h) = lim f(3 + h) = f(3) [using basic ideas of limits and continuity]



Lii}aﬂ:?: +h) =f(3) [considering RHL as RHL will give expression inclusive of a & b]
Efé{a(BJr h) +b} = 2 [using equation 1]

S3a+b=2. Equation 2

Also from equation 1 ,it is clear that f(x) is also changing its expression at x =5
Given,

f(x) is continuous everywhere

- Lj_l:l;f'(x)z f(3)

Lii}a f(6—h) = L'E}] f(5+h) =f(5)

[using basic ideas of limits and continuity]

EE% f(5 —h) =1f(5)

[considering LHL as LHL will give expression inclusive of a & b]

Lii}a{a(S— h) +b} = 9 [using equation 1]

“S5a+b=9......... Equation 3

Putting value of b in equation 2:

3a+9-5a=2

2a=17
7
a=-
2
b=9-5()= -2
2
a=landb=-X

4 E. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

" 4 Jif o x=-1

f(x)=]ax’+b .if -1<x=<0
cosx . if x=0

Answer

Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}}f(': +h) = f(c) where h is a very small ‘+ve’ no.
i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)



we have,

4 g x=-1
f(x) =qax?+b if —1 <X <0 v, equation 1
cosx if x=0

Function is defined for all real numbers and we need to find the value of a & b so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = -1
Given,

f(x) is continuous everywhere

- xlin_ll f(x) = f(—1)

Ligaﬂ:—l —h)= Li%f(—l +h)=1f(-1)

[using basic ideas of limits and continuity]

Li%f(—l +h)=1(-1)

[considering RHL as RHL will give expression inclusive of a & b]
Lii}a{a(—1+ h)®+ b} = 4 [using equation 1]

La+b=4 Equation 2

Also from equation 1, it is clear that f(x) is also changing its expression at x = 0
Given,

f(x) is continuous everywhere

- Lj_l.l%f(x)z f(0)

Lii}a flo—h) = L'E}] flo+h) =£(0)

[using basic ideas of limits and continuity]
Li%f(—h) = f(0)

[considering LHL as LHL will give expression inclusive of a & b]
Lig(lj{a(—h)2 +b} = cos0 = 1 [using equation 1]
sb=1 Equation 3

Putting value of b in equation 2:

a+l=4

a=3

~a=3andb=1

4 F. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:



‘.\/l_px VB ko
) X

<X <
f(x)=
2x+1 .
Jf0=x=1
L x—2
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :

11111 flc—h) = 1111 f(c + h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x - ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(c)

Here we have,
YIPREYATPY i 1< x <0 _
f(x) = X equation 1

2x+1 .
Jfo=x=1
x—2

Function is defined for all real numbers and we need to find the value of p so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = 0
Given,
f(x) is continuous everywhere

- lin% f(x) = f(0)
lim f(0 —h) = lim f(0 + h) = f(0) [using basic ideas of limits and continuity]

Lii}}. f(—h) = f(0) [considering LHL as LHL will give expression inclusive of p]

{1—ph—,/1+ph 2x0+1 1 . .
lim [” E - P }: LS. —- [using equation 1]

h—=0 0-2

2

”1—ph—31+ph J1—ph +/1+ph 1
J1—-ph +/1+ph -

1 ph—l—ph 1 1
Lim )(; ; li= —2
h—0 J1—ph +,/1+ph 2

Lim
h—=0 | (- h)(,fl—ph + I2L—i—pl’1)

—2ph 1
2




4 G. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

" 5 Jif o x=2
f(x)=1ax+b .if 2<x<10
| 21 Jif o x=10
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}}f(': +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)
Here we have,

5 Jif x=2
f(x) =qax+b ,if 2<x <10 ciiriiiiiniiiinnnnn, equation 1
21 |if x=10

Function is defined for all real numbers and we need to find the value of a & b so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = 2
Given,

f(x) is continuous everywhere

- E_I.]%f(x): f(2)

EE% f(2—-h) = Lnj(l) f(2+h) =1(2)

[using basic ideas of limits and continuity]

Lii}cl) f(2+h) =1(2)

[considering RHL as RHL will give expression inclusive of a & b]
Eila{a(2+ h) +b} = 5 [using equation 1]

S2a+b=5. Equation 2

Also from equation 1 ,it is clear that f(x) is also changing its expression at x = 10



Given,

f(x) is continuous everywhere

- _\P_E]ilof(x) = f(10)

Lii}a f(10—h) = Liﬂ f(10+h) = f(10)
[using basic ideas of limits and continuity]
EE% f(10 —h) = f(10)

[considering LHL as LHL will give expression inclusive of a & b]
Lii}a{a(lo —h)+b}=21

[using equation 1]

S10a+b=21 ... Equation 3
As,b=21-10a

Putting value of b in equation 2:
2a+21-10a=5

8a =16

a= Y 2

wb=21-10x2=1

~a=2andb=1

4 H. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

"k cosx R

T—2X )

-

f(x) 3 . X=-

3 tan 2x T

R N o —

L 2X—-T7 2

Answer

Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)

Here we have,



kcosx L
, X<—
m—2x 2
flx)=4 3 ., x= g ................. equation 1
3tanix b1
, X>—
2xX—-T 2

Function is defined for all real numbers and we need to find the value of k so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = /2
Given,

f(x) is continuous everywhere

- ““}2 f(x) = f(m/2)
Lil}}.f(ﬂﬁ— h) = Elj}]f(ﬁfz +h) = f(1/2) [using basic ideas of limits and continuity]

lim f(m/2 —h) = f(1/2) [considering LHL as LHL will give expression inclusive of k]

s
lim [kis(n?—h]} = 3 [using equation 1]
h—0 L m™=2{7-h)
I [ksinh} kl' {sinh} k 3
hool 20 ) 2 h ST 27
h—0

[ 1111(1}? = 1 (sandwich theorem)]
X—0 O

Lk=3%x2=6
k=g

5. Question

2

X° .
- JAf 0=x<1
a
a

The functionf(x} =. af 1l=x <« \E is continuous on [0, «]. Find the most suitable values of a

b2 _ .
74D i Fexcw
>

and b.

Answer

Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :

lim f(c —h) = L'E}}f(': +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)



Here we have,

3{2 "
- Jf 0=x<1
f(x) = a JF 1% <2 e equation 1
2b®-4b

Jf V2=x <o

The function is defined for [0,~] and we need to find the value of a and b so that it is continuous everywhere
in its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1 ,it is clear that f(x) is changing its expression at x = 1
Given,
f(x) is continuous everywhere

- Iin}f(x)z f(1)
Lii}}.ﬂ:l -h) = EE% f(1 +h) = f(1) [using basic ideas of limits and continuity]

Lil}tl} f(1 —h) = f(1) [considering LHL as LHL will give expression inclusive of a ]

lim {(1-11)2} = a [using equation 1]
h—ol a
doa=>a’l=1
a
ca=x1. equation 2

Also from equation 1 ,it is clear that f(x) is also changing its expression at x = v2
Given,

f(x) is continuous everywhere

~ lim f(x) = f(V2)
x—y 2
Lmaf’(\fz —h) = Linaﬂifo +h) = f(V2) [using basic ideas of limits and continuity]

Egaﬂ:\a’rz - h} = f(\fz) [considering LHL as LHL will give expression inclusive of a & b]

2b? — 4b
lima=a= f—zbz—Zb
b (V2)?
[using equation 1]
mb?2-2b=a ., Equation 3

From equation 2, a = -1
b2 -2b =-1
=>b%2-2b+1=0
=(b-12=0
~b=1whena=-1

Putting a = 1 in equation 3:



b2-2b=1

=>b2-2b-1=0

=b= ":‘EJt*"W= 2R o1 142
Thus,

Fora=-1;b=

Fora=1;b=1%vV2

6. Question
Find the values of a and b so that the function f(x) defined by

‘x—a\Esinx Af O0=x<n/4

f(x)=1 2xcotx+b Af mA=x<n/2

acos2x —bsinx .if w2=x=n

.

becomes continuous on [0, r].
Answer
Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
fii_?.l’olf(f —h)= fﬁ%f{f + h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

limf(x) = f(c)
Here we have,

x + av2sin x Jf 0=x <nm/4
flx)= 2xcotx+b JF /A4S X S IJ2 e, equation 1
acos2x—bsinx Jif m/2=sx=nm

Function is defined for [0,n] and we need to find the value of a and b so that it is continuous everywhere in
its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = n/4
Given,

f(x) is continuous everywhere
“"}J(I) = f(n/4)
fii_?.rotf(i’f/‘ﬂr —h) = fzi_?.%f(ﬁf“-l +h) = f(m/4) [using basic ideas of limits and continuity]

l;,iimfe — h) = f(m/4) [considering LHL as LHL will give expression inclusive of a & b]
=0



) —av2sin(C— ) = T eot T - i
Eﬁ[ﬁ n) —avzsin (2— h)} = Zcot Z+ b [using equation 1]

M o
JEoa=Z4+bp
4 2

ca+b=-m4... equation 2
Also from equation 1 ,it is clear that f(x) is also changing its expression at x = n/2
Given,

f(x) is continuous everywhere

» lim £0) = f(n/2)

fii_?.lgf(ﬁlz —h) = gzi_?.%f(ﬁfz +h) = f(m/2) [using basic ideas of limits and continuity]
fii_?.l’olf(ﬁfz —h) = f(m/2) [considering LHL as LHL will give expression inclusive of a & b]
lim?2 (E— h) cot (E— h) + b =acosmw — bsinn /2

h—0  \2 2

[using equation 1]

Iimz(ﬁ—h) tanh+b= —a—>b

h—0 ‘2

b=-a-b
=-2b ., Equation 3

Putting value of a from equation 3 to equation 2

n-2b+b=-m/4
=>b=mn/4

soa = -2x(n/4)

= -1/2

Thus, a =-/2and b = /4

7. Question

['xz—ax—b . 0=x<2
The function f(x) is defined by f(x)=1 3x+2 . 2=x=4 Iffis continuous on [0, 8], find the values
2ax +5b . 4=x=8
of a and b. )
Answer

Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
;ii_r.rotf(c —h) = ‘Eﬂ%ﬂc +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = £(©)

Here we have,



x2+ax+b , 0=sx<?2
flx)= Ir+ 2 L 2 XS4 equation 1
2ax+5b , 4<x<8

Function is defined for [0,8] and we need to find the value of a and b so that it is continuous everywhere in
its domain (domain = set of numbers for which f is defined)

To find the value of constants always try to check continuity at the values of x for which f(x) is changing its
expression.

As most of the time discontinuities are here only, if we make the function continuous here, it will
automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = 2
Given,

f(x) is continuous everywhere

= limf(x) = f(2)

fii_?.lgf(z —h) = ff_{%f@ + h) = f(2) [using basic ideas of limits and continuity]
fii_?}’olf(z —h) = f(2) [considering LHL as LHL will give expression inclusive of a & b]
lim{(2—R)*+a(2—h)+b} =3+2+2=10

[using equation 1]

442a+b=38
~2a+b=4
Sb=4-2a ... equation 2

Also from equation 1 ,it is clear that f(x) is also changing its expression at x = 4
Given,

f(x) is continuous everywhere
~ limf(x) = f(4)

x—=4
fii_?.lgf(‘ﬂr —h) = ff_{%f@ + h) = f(4) [using basic ideas of limits and continuity]
fii_?.rotf("-l +h) = f(4) [considering RHL as RHL will give expression inclusive of a & b]
gii_r.r[}Za(-‘-} +h) +5b =3 x 4+ 2 [using equation 1]

w8a+5b=14 ... Equation 3
Putting value of a from equation 2 to equation 3

.. 8a + 5(4-2a) = 14

=22a=6
=3

Sb=4-2x3=-2
Thus,a=3and b =-2

8. Question



tan| —

4
cot 2x

f(x) becomes continuous every where in [0, 11/2].

—X

for x = E_ find the value which can be assigned to f(x) at x = /4 so that the function

Answer
Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
ii_?.réf(c —h)= £ii%f(€ +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

limf(x) = f(c)

Function is defined for [0,n] and we need to find the value of f(x) so that it is continuous everywhere in its
domain (domain = set of numbers for which f is defined)

As we have expression for x # /4, which is continuous everywhere in [0,1],50
If we make it continuous at x = /4 it is continuous everywhere in its domain.

Given,

Fx) = i )fm X % T equation 1

cotlxy
Let f(x) is continuous for x = n/4
lim f(x)= f(n/4)
x4
. T g .
“f(3) = im0
m
= lim M = lim M[ “tan (n/2-6) = cot 0]
x—mf4 cot2x x—mf4 tan (Z-2x)

ran(——x}

= lim _4— ,_,4_ [multiplying and dividing by n/4-x and n/2-2x to apply sandwich theorem]

x_.-,f,q. tan-——zr)

E—z.r
tan(Z-x)
lim —=—

X=mie  ——x 4x 1

=_ 4 @ .- -

tan (= M)*E*Eug ax 2

= T—aX
lim —2— =g

A=Tfa I—z[—zx

[l Otanx: 1 {(sandwich theorem)]

x—
. value that can be assigned to f(x) at x = /4 isg
9. Question

-1 .ifx<2

X
Discuss the continuity of the function f(x )= J 3x :
— ifx=2
-

.

Answer



Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
fii_?.l’olf(f —h)= fﬁ%f{f + h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

limf(x) = f(c)
X—C
Here we have,
2x—1 ifx<2

) = X e e equation 1
& { 3? ifx=2 aueat

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Function is changing its nature (or expression) at x = 2, So we need to check its continuity at x = 2 first.
LHL = limf(2—h) = lim2(2—h)—1=4—1 = 3 [using eqn 1]

3=(2+h) 3+2

RHL = [i = lim————=—= i 1
iﬁgf(2+h) }!ﬂ% : . 3 [using eqn 1]

[using eqn 1]
Clearly, LHL = RHL = f(2)
.. function is continuous at x = 2

Let c be any real number such that c > 2
3c .
s f(c) = 5 [using eqn 1]

And, lim f(x) = lim¥ = %
x—c xr—=e 2 2

Thus, Lim f(x) = f(¢)

-~ f(x) is continuous everywhere for x > 2.
Let m be any real number such that m < 2
- f(m) = 2m — 1 [using eqn 1]

And, lim f(x)= lim2m—1=2m—1
X—m

x—m
Thus, ){E{ﬁf(l') =f(m)

. f(x) is continuous everywhere for x < 2.

Hence, We can conclude by stating that f(x) is continuous for all Real numbers
10. Question

Discuss the continuity of f(x) = sin |x].

Answer

Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :



;ii_r.rotf(c —h) = }Ei_?,%f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of the limit from class 11 we can summarise it as a function
is continuous at x = c if :

lim f(x) = £(©)

NOTE: Definition of mod function: |x| = [_ii ; g
Here we are given with
f(x) = sin |x|

flx)= [sm (=x)= —sinx,x<0 equation 1

sinx,x=0

Function is defined for all real numbers so we need to comment about its continuity for all numbers in its
domain ( domain = set of numbers for which f is defined )

Function is changing its nature (or expression) at x = 0, So we need to check its continuity at x = O first.
LHL = iﬁr(}f(o —h) = iﬁrﬂt—mn (0—h) = iﬁrﬂ:mnh =0

[using eqn 1]

RHL = }Iiingf(() +h) = E]’%Si?l h =0 [using egn 1]

f(0)=sin0=0

[using eqn 1]

Clearly, LHL = RHL = f(0)

- function is continuous at x = 0

For all x = 0, f(x) is simply a trigonometric function which is everywhere continuous which can be verified by
seeing its plot in X-Y plane or even can be verified using limit.

. f(x) is everywhere continuous in its domain i.e. it is continuous for all real values of x

11. Question

sinx .
—— .ifx=0 )
Prove that f(X) =1 x is everywhere continuous.
l x+1 .ifx=0
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
ii_?.réf(c —h)= £ii%f(€ +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

limf(x) = f(c)

Here we have,



Sinx ;
flx)= { — x<o__ . equation 1
x+1 ,x=0

To prove it everywhere continuous we need to show that at every point in domain of f(x) [ domain is nothing
but a set of real numbers for which function is defined 1]

limf(x)= f(c) ,where c is any random point from domain of f
X—=C

Clearly from definition of f(x) { see from equation 1}, f(x) is defined for all real numbers.
. we need to check continuity for all real numbers.

Let c is any random number such that ¢ < 0 [thus c being a random number, it can include all negative
numbers ]

f(C) - sinc

[ using eqn 1]
sin x sinc

limf(x)= lim =
x—-cf[: ) xX—c X C

sinc

Clearly, fﬁ?ﬂx} =f(o) =

c
. We can say that f(x) is continuous forall x < 0

Now, let m be any random number from domain of f such that m > 0
thus m being a random number, it can include all positive numbers]
f(m) = m+1 [using eqn 1]

limf(x)=limx+1=m+1

X—=m X1
Clearly, ii_?.rclf(x) =f(c)=m+1

. We can say that f(x) is continuous for all x > 0
As zero is a point at which function is changing its nature so we need to check LHL, RHL separately
f(0) = 0+1 = 1 [using egn 1]

sinh

=1["sin -6 =sin 6 and lim =1]
h—0 h

sin—h . sinh
= lim

—h h—0

LHL = iﬁgf(o —h) = fﬂ%
RHL = £ﬁ§f(0+h) = £11%h+ 1=1

Thus LHL = RHL = f(0).

- f(x) is continuous at x = 0

Hence, we proved that f is continuous forx < 0;x>0and x =0
Thus f(x) is continuous everywhere.

Hence, proved.

12. Question

Show that the function g(x) = x - [x] is discontinuous at all integral points. Here [x] denotes the greatest
integer function.

Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :



;ii_r.rotf(c —h) = }Ei_?,%f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

limf(x) = f(c)

xe

Given,

g(x) = x-[x] ceerninnnnn. equation 1

We need to prove that g(x) is discontinuous at every integral point.
Note: Idea of greatest integer function [x] -

Greatest integer function can be seen as an input output machine in which if you enter a number, It returns
the greatest integer that is just less than number x.

For example : [2.5] =2;[9.99998] =9;[-3.899] =-4;[4] =4

To prove g(x) discontinuous at integral points we need to show that
lim f(x) = f(c)

x—c

Where c is any integer.

Let c is any integer

~.g(c) = c-[c]l=c-c=0[using eqn 1]

LHL = limg(c—h) =limc—h—[c—hl=c-(c-1) =1

[ cis integer and h is very small positive no, so (c-h) is a number less than integer c.. greatest integer less
than (c -h) = (c-1)]

RHL = £ijgg(c+ h) = %fiﬁc +h—[c+h]=c—c=0[using eqn 1 and idea of gif function]

Thus, LHL # RHL

. g(x) is discontinuous at every integral point.
13 A. Question

Discuss the continuity of the following functions :
f(x) = sin x + cos X

Answer

Idea : If f and g are two functions whose domains are same and both f and g are everywhere continuous then

i) f + g is also everywhere continuous

ii) f - g is also everywhere continuous

iii) f*g is also everywhere continuous

“ f(x) = sin x + cos x

It is a purely trigonometric function

As sin x is continuous everywhere and cos x is also continuous everywhere for all real values of x
As f(x) is nothing but sum of two everywhere continuous function

.~ f(x) is also everywhere continuous.

We can see this through its graph which shows no point of discontinuity.



Fig : plot of sin x + cos x

13 B. Question

Discuss the continuity of the following functions :
f(x) = sin x - cos x

Answer

Idea : If f and g are two functions whose domains are same and both f and g are everywhere continuous then

i) f + g is also everywhere continuous

ii) f - g is also everywhere continuous

iii) f*g is also everywhere continuous

" f(x) = sin x - cos x

It is a purely trigonometric function

As sin x is continuous everywhere and cos x is also continuous everywhere for all real values of x
As f(x) is nothing but difference of two everywhere continuous function

. f(x) is also everywhere continuous.

We can see this through its graph which shows no point of discontinuity.

Fig : plot of sin x + cos x

13 C. Question

Discuss the continuity of the following functions :
f(x) = sin x cos x

Answer

Idea : If f and g are two functions whose domains are same and both f and g are everywhere continuous then



i) f + g is also everywhere continuous

ii) f - g is also everywhere continuous

iii) f*g is also everywhere continuous

iv) f/g is also everywhere continuous for all R except point at which g(x) = 0

~ f(x) = sin x X cos X

It is a purely trigonometric function

As sin x is continuous everywhere and cos x is also continuous everywhere for all real values of x
As f(x) is nothing but product of two everywhere continuous function

.~ f(x) is also everywhere continuous.

We can see this through its graph which shows no point of discontinuity.

Fig : plot of sin x x cos x

14. Question

Show that f(x) = cos x? is a continuous function.

Answer

Idea: Such problems can be solved easily using the idea of the continuity of composite function.

If we not go to very strict mathematical meaning of composite function you can think it as it is a function of
function.

Let, g(x) = cos x

And h(x) = x?

Then g(h(x)) = g(x2) = cos x?

We write g(h(x)) as (goh)(x) and this is what we called composite function/function composition.

We have a theorem regarding composition of function in continuity which lets us to solve problems easily.

Theorem: If f and g are real valued function such that (fog) is defined at ¢, and g is continuous at c and f is
continuous at g(c) then (fog) is continuous at x = ¢

For our problem:

Let, g(x) = cos x

and h(x) = x?

Given: f(x) = cos x2 = g(h(x)) = (goh)(x)

Clearly, h(x) is a polynomial function, which is everywhere continuous



And g(x) being cosine function, it is also everywhere continuous.

FIG : Plot of cos x2

. goh(x) = f(x) is also everywhere continuous. [using above explained theorem]

15. Question

Show that f(x) = |cos x| is a continuous function.

Answer

Idea : Such problems can be solved easily using idea of the continuity of composite function.

If we not go to very strict mathematical meaning of composite function you can think it as it is a function of
function.

Let, g(x) = cos x

And h(x) = x?

Then g(h(x)) = g(x?) = cos x?

We write g(h(x)) as (goh)(x) and this is what we called composite function/function composition.

We have a theorem regarding composition of function in continuity which lets us to solve problems easily.

Theorem: If f and g are real valued function such that (fog) is defined at ¢, and g is continuous at c and f is
continuous at g(c) then (fog) is continuous at x = ¢

For our problem:

Let, g(x) = ||

and h(x) = cos x

Given: f(x) = |cos x| = g(h(x)) = (goh)(x)

Clearly, h(x) is a cosine(trigonometric) function, which is everywhere continuous
And g(x) being mod function ,it is also everywhere continuous.

. goh(x) = f(x) is also everywhere continuous. [using above explained theorem]
16. Question

Find all the points of discontinuity of f defined by

f(x) = |x| - [x + 1].

Answer

Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :

;ii_?.réf(c —h)= fﬂgf(c +h) = f(c) where h is a very small ‘+ve’ no.



i.e. left hand limit as x = ¢ (LHL) = right hand limit as x - ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of the limit from class 11 we can summarise it as a function
is continuous at x = c if :

lim f(x) = f(e)

-X,x<0
Lx=0

NOTE: Definition of mod function: |x| = [
Here we have,
f(x) = |x| - |x + 1|
f(x) rewritten using idea of mod function:
—x—{-(x+1)}=1,x=-1
f)=]-—x—(x+1)= —2x—1,-1<x <0 .en. equation 1
x—x—1=-1,x>=20
Clearly for x < -1, f(x) = constant and also for x > 1 f(x) is constant
. in these regions f(x) is everywhere continuous.
For -1 < x < 0, plot of graph is a straight line as in this region f(x) is given by linear polynomial
- it is also continuous here.
" function is changing its expression at x = -1 and x = 0, so we need to check continuities at these points.
Atx =-1:
f(-1) = 1 [using equation 1]
LHL = fﬂ%f(-l —h)= il'_?.gl = 1 [using equation 1]
RHL = £g§f(—1+ h) = iﬁﬁ_z(_lJrh) -1=2-1=1

[using equation 1]

Clearly,

LHL = RHL = f(-1)

-~ it is continuous at x = -1

Atx=0:

f(0) = -2*¥0-1 = -1 [using equation 1]

LHL = Eféfto_h) = EEE'—Z(—h)—1= 0—-1=-1
[using equation 1]

RHL = lim f(0 +h) = lim(-1) = —1

[using equation 1]

Clearly,

LHL = RHL = f(0)

-~ it is continuous at x = 0

Hence,

f(x) is continuous everywhere in its domain.

17. Question



> .1
_ Jx' sim— .X = _ _
Is f(x)=- X a continuous function?
1\ 0 .x=0
Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
Lil}}.f(c —h) = L'E}]f(c +h) = f(c) where h is a very small ‘+ve’ no.

i.e. left hand limit as x - ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of the limit from class 11 we can summarise it as a function
is continuous at x = c if :

lim f(x) = f(c)
Given :

.1
x%sin- ,x=0

X
,x=10

................... Equation 1

f(x) = {

As for x # 0, f(x) is just a product of two everywhere continuous function
-~ it is continuous for all x # 0.
" f(x) is changing its nature at x = 0, So we need to check continuity at x = 0

f(0) = 0 [using equation 1]

. .1
and lim(x?sin-) = 0
x—=0 x

[+ sin(1/0) is also going to be a value between [-1,1] ,s0 its product with 0 = 0]
Thus,

1Y1_1}(1] f(x) = f(0)

-~ Itis continuous at x = 0

Hence, it is everywhere continuous.

18. Question

1 . Find the points of discontinuity of the function f(f(x)).
x+2

Given the function f(x) =

Answer
Basic Idea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
lim f(c —h) = L'E}}f(': +h) = f(c) where h is a very small ‘+ve’ no.
i.e. left hand limit as x = ¢ (LHL) = right hand limit as x -» ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise it as, A function is
continuous at x = c if :

lim f(x) = f(c)

NOTE: If f and g are two functions whose domains are same and both f and g are everywhere continuous
then f/g is also everywhere continuous for all R except point at which g(x) = 0



As, f(x) = —

x+2
Domain of f = { all Real numbers except2 } =R - {-2}
Clearly it is not defined at x = -2, for rest of values it is continuous everywhere
Because 1 is everywhere continuous and x + 2 is also everywhere continuous

-~ f(x) is everywhere continuous except at x = -2

1 ) 1 x+2
1l -

=4 2x+
X+z z xra

Domain of f(f(x)) = R - {-2 , (‘?5)}

For rest of values it just a fraction of two everywhere continuous function
.. at all other points it is everywhere continuous.

Hence,

f(f(x)) is discontinuous at x = -2 and x = -5/2

19. Question

Find all point of discontinuity of the function f(t) =— 1 _ where t = L
tT+t-2 x—1

Answer

Clearly,

t = —is discontinuous at x = 1 as t is not defined at this point.

x—1
.. f(t) being a composition of function involving t, it is also discontinuous at x =1

1 1
£24t—2  (t+2)(t—1)

f[:t) —

by observing f(t) we can say that f(t) is not defined at
t=-2andt=1.

.. this will also contribute to discontinuity

Hence,
t=—-2= L
x—1
=>x-1=-1/2
=>x=1-1/2
=2Xx=1/2

also other point of discontinuity is obtained by :

t=1 !
T x—1
=>2x-1=1
=>Xx=2

Hence points at which f(t) is discontinuous are x = { 1/2,1,2}

At all other point it is continuous.

MCQ



1. Question
Mark the correct alternative in the following:

The function f(x) = 4- X;s
4x—-x

A. discontinuous at only one point

B. discontinuous exactly at two points

C. discontinuous exactly at three points

D. none of these

Answer

Formula:- (i) A function f(x) is said to be continuous at a point x=a of its domain, iff Ll_l}; f(x) = f(a)

) — 4 —x?
() = 4x — x3
1
f(X):;
Xx=+=0+2

f(x)is discontinuous for three point

2. Question

Mark the correct alternative in the following:

If f(x) = |x - a] §(x), where ¢(x) is continuous function, then
A.f (a*) = ¢(a)

B.f' (a”) = - ¢(a)

C.f (a*t) =f(a’)

D. none of these

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

(i lim{ "=y — £ () for right hand derivative
h—0

. fla—h)—f _ oo
lim{ W} = f'(a™ ) for left hand derivative
h—0

Given:-

f(x) = |x - a| d(x)

using formula (ii)

" f(a+h)—f(a) _1 lh+a—ale(a+h)—|a—alo(a)

fu S N b }
~ he(a+h) . -

= LIE%T = Lll}})@(a-l— h) = @(a) =f'(a*)

For L.H.L



fla—h) —f(a) la—h—al@(a—h) — |a—ale(a)

it S T g b )
e lohG D PN
Sy S lim ook = 0@ = @)

3. Question

Mark the correct alternative in the following:
If f(x) = |log1g X|, thenatx =1

A. f(x) is continuous and f' (17) = logipe

B. f(x) is continuous and ' (1%) = -log;q e
C. f(x) is continuous and f' (17) = log;g e

D. f(x) is continuous and f' (17) = -logig €
Answer

Formula:-
(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llili f(x) = f(a)

(i) Hm{ %Li_f(a]} =f'(a*) for right hand derivative
h—0

lim{ %L;_f(a]} =f'(a" ) for left hand derivative
h—0
Given:-

f(x) = |logqg X|

_| logx

log. 101 llog.x.log ;. e

Using limit at x=1

I f(1+h) —f(1) ¥ [log,pe.log(1+ h)| —|log,,e.logl|

S h }
logypellog(1+h

:ng] goel hg( )lz log,oe — F'(1*1)

For left hand limit

f(1—h) —f(1
T Gl s O
h—0 h
i [log,pe.log(1—h)| —|log,ge.logl|
= lim{ 1
h—0 h
. —log;pelog(1+h)|
= lim
h—0 h

=—logpe =f"(171)
4. Question

Mark the correct alternative in the following:



[36* —9% 4% 4]
. X =0, ,
,\E —«fl 1008 X is continuous at x = 0, then k equals
k. x=0

A

If f(x)=-

.

A 1642 log 2 log3
B.16v2 In 6

C.16+2 In21n3

D. none of these

Answer

Formula:- (i) A function f(x) is said to be continuous at a point x=a of its domain, iff Ll_l}; flx) =f(a)

(ii) lim {ff:—‘”} ==, where limf(x) =1, limg(x) = m

x—a g x)
cee s sinx
(iilim—=1
x—0 X
Given:-

36— 9% —4%+1
f(x) =9 V2 =T +cosx .x+0
kx=0

Function f(x) is continuous at x=0

linﬂl)f(x) =f(0)

o (36 L)
im =
V2 — 1 +cosx

=k

8(95—1)(4*— 1)

= lim =k
x=0 2 sin? &)
VZx? oxz
16

Using formula (ii) and (iii)

8.1n9.1n4
V2o
32.1n3.1n2

V2

=



= k= 16v2.1n2.1n3

5. Question

Mark the correct alternative in the following:

x*—x
XX k=0, 1
X" —X
If f(x) defined by f(x) =" 1 .Xx=0 thenf(x) is continuous for all
-1 x=1

A. x

B. x exceptatx =0

C. x exceptatx =1

D. x exceptatx =0and x =1
Answer

Formula:-

(i)YllI}]l+f(X) #* Ji}}}l_f(x) then f(x) is discontinuous at x=0

(i) lim f(x) = lim f(x) then f(x) is continuous at x=0
x—=0 x—=0

(iii) A function f(x) is said to be continuous at a point x=a of its domain, iff Li_I};f(X) =f(a)

xlll;grf(a +h) = xlil;l_ﬂ:a —h) =f(a)

Given:-
2 _
Lz Xl,x¢0,1 Lx>1
F(x)=+ ¥ 7X = 1,x=0
) 1.x=0 ~1,0<x<1
—1,x=1
Using R.H.L

xlﬂ(])lj(){) = Lgaf(h) =-1
Using L.H.L

:}E}]l_f(x) = L%f(h) =1

f(x) is discontinuous at x=0
Again using R.H.L

iﬂlﬂx) = Lli%ﬂ:l-i— h)=1
Using L.H.L

fi 160 = fimfC1—B) = 1
f(x) is discontinuous at x=1

Therefore, f(x) is continuous for all except at x=0 and x=1

6. Question



Mark the correct alternative in the following:

" 1-sinx logsinx -
2° E P . X F—
(m—2x)" (log(1+7° —4nx + 4x°)) 2
" is continuous at x = /2, then k =
T
k’ X =—
2
AL
16
B.__L
32
c_ L
64
p. L
28
Answer
Formula:- (i) lim 284 _ 4 and im % = 1
x—=0 X w—0 X

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff Lij};f(x) =f(a)

xli};hf(a +h) = xly:._ﬂ:a —h) =f(a)

(iii) Im{f(x).g(x)} = L. m , where limf(x) =1, limg(x) = m

Given:-

1 —sinx

frx) = | (7= 2907 (log(1+ w2 — 4mx+ 4x7)) 2

logxsinx i
K T
;X = 2

Function f(x) is continuous at x=g

. ™
im0 =1(3)

2

Using substitution method

If%—x=t, then

(1) - (D

1—sin (E— t)

logsin @ - t)

. 2
lim
t—0 4tz

.log(l+ﬂ2—4H(E—t)+4(z—t)2)

2 2



Lt
1 sin’5 logyT —sinZt

1. 2

glim 5 Togli+ &)

o | 2 4t

L sin? L log(1 —sin® t)

T 2 gtz

64 lim (E)z " log(1 + 4t2) k
=0 {12 a2

Using formula (iii)

1 y (sint)z ] (1—sin’t) L
——lim(—] .limlog————— =
6t40 t t0 08 _sinZt

Using standard limit formula (i)

1

k=——
64
7. Question

Mark the correct alternative in the following:

If f(x) = (x + 1)°°™ be continuous at x = 0, then f(0) is equal to

D. none of these

Answer

tanx

log(1—x) X_1

Formula:- (i)standard limit lim

=1 and lim
x—=0 x—0

X

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff Q_I};f(x) =f(a)

lim f(a+h) = xlll;l_ﬂ:a —h) =f(a)

X—a

Gii) lim {22} = L where limf(x) = 1, limg(x) = m
w—a hglx) m X—a x—a

Given:-

f(x) = (x + 1)cotx
log f(x)=(cotx)(Iog(X+1)).ceeeriiiiririiiiiiiiiiiein, taking log both sides

1111(1] logf(x) = lin% (cotx) (log(x—i— 1)]I

log(x+ 1)
. , X
lim logf(x) = lm | —gzr—
X
Using formula (iii)
lillémg[:};i—i_l)
. _x=
lim logf(x) =*=—r—

lim——
x—=0 X



Using standard limit formula (i)
Ll_l}tljf(x) =e

f(0)=e

8. Question

Mark the correct alternative in the following:

Jlog(l—ax]—log(l—bx)

) .x=0 , , ,
If f(x)=- X and f(x) is continuous at x = 0, then the value of k is
1\ k .x=0
Ala-b
B.a+b

C.loga+loghb
D. none of these
Answer
Formula:-

log(1—x)

standard limit lim 1

x—=0

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)
x]ll;lJrf(a +h) = :}Eil_f(a —h) =f(a)
(iii) im{f(x) £ g(x)} =1+ m , where limf(x) =1, limg(x) = m

Given:-

f(x) = X x=0

{10g(1+ax]—13g(1—bx]
k,x=0
And f(x) is continuous at x =0

log(1 + ax) — log(1 — bx)
1111(1] < =k

Using formula (ii)

1 1+ 1 1—b
log(1 +ax) bhmHM .

alim,,_, = X
Using formula (i)

a+b=k

9. Question

Mark the correct alternative in the following:

er o
, ) ‘—f——.x¢0

The function f(x) =1 al'* + 1
‘ 0 .x=0

.

A. is continuous at x =0

B. is not continuous at x = 0



C. is not continuous at x = 0, but can be made continuous at x = 0
D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)

xlll;grf(a +h) = xlll;l_ﬂ:a —h) =f(a)

Given:-
1
ex—1
f(x) =gy X*0
0,x=0

Using substitution method
Lete,—l{:tso,x—>0,t—>m

t—1
t+l)

g ) =i

Therefore,

lim f(x) = £(0)

x—o

Hence, f(x) is discontinuous at x=0

10. Question

Mark the correct alternative in the following:

x—4
+a X <4
| X —4
Let f(x) =" a+b .x =4  .Then f(x) is continuous at x = 4 when
x—4 JX =4
+b
| x—4
A.a=0,b=0
B.a=1b=1

Ca=-1,b=1

D.a=1b=-1

Answer

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff Li_l};f(x) =f(a)
xlll;grf(a +h) = xlllil‘ﬂ:a —h) =f(a)

Given:-



x—4
|x—4|

(Mf(x)=4 a+b,x=4

2 tb.x>4
x—a|

+a,x< 4

(ii) f(x) is continuous at x = 4
Using R.H.L

x]l.l};1+ f(x) = %E}; f(4+h)

. h
=1111-1'];°(m+b) =1+Db
Using L.H.L

xlllll_ f(x) = %Ea f(4—h)
=i (_h+ ) —a-1
= lim Tl al=a

f(x) is continuous at x = 4

xllllyr f(x) = lim f(x) = f(4)

X—4
a-l=b+1=a+b
b=-1 and a=1
11. Question
Mark the correct alternative in the following:

f(cosx)l T x=0

l k .x=0

I

If the function f(x)- is continuous at x = 0, then the value of k is

A.0
B.1
C.-1
D.e
Answer

Formula:-

(i) lim f(x)8® = ¢ EBE-1869 \pare lim f(x) = 1 and lim g(x) = 0
x—0 x—=0 x—=0

(ii) Iim{@] =0

x—=0

(iii) A function f(x) is said to be continuous at a point x=a of its domain, iff Lifif(x) =f(a)

xli};hf(a +h) = xly:._ﬂ:a —h) =1f(a)
Given:-

(i)f(x) = [(COSE);:}S 0

(ii) f(x) is continuous at x =0



lim f{x) = £(0)
x—=0
1111(1](-:-:)5}:;)1er =k

Using formula (i)

. cosx—1
hn1( )

lim f(x)8*) = ex-o
x—=0

}=k

12. Question

Mark the correct alternative in the following:
Let f(x) = |x]| + [x - 1], then

A. f(x) is continuous at x = 0, as well as at x=1
B. f(x) is continuous at x = 0, but notatx =1
C. f(x) is continuous at x = 1, but not at x =

D. none of these

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)
lim fla+h) = lim f(a—h) = f(a)
X—a X—a

Given:-

(i) f(x) = x| + [x - 1]

Both the function are continuous everywhere
According to option

f(x) is continuous at x = 0, as well as at x=1
13. Question

Mark the correct alternative in the following:

" 4 2
X' —=5x"+4
_— x=12
(x-1)(x-2)
Let f(x)- 6 . x=1 .Then, f(x) is continuous on the set
12 . ox=2

A.R

B.R- {1}
C.R-{2}
D.R-{1, 2}
Answer

Formula:-



(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

limfla+h) = xly:._ﬂ:a —h) =1f(a)

X—=a

Given:-
<t _Ex244 x+1)(x+2)x<1
ﬁ,x;t 1,2 —(x+1DE+2),1<x<?2
f) = { ¢ DE—2) ={ x+DE+2)x>2
12,x=2 6x =1

12,x=2
Using R.H.L at x=1

glllj(x) = LlE(l}fl:l-i— h)

=—(2).(3)=-6

Using L.H.L at x=1

glll_f(x) = LlE(l}fl:l— h)

=(2)(3)=6

And Using R.H.L at x=2

JH%1+f(X) = Lgaf(l +h)=12

Using L.H.L at x=2

Xllgl_f(x) = Lgaf(l —h)=-12

F(x) is discontinuous at x=1 and x=2
For f(x) continuous at R-{1,2}

14. Question

Mark the correct alternative in the following:

sin(a+1)x +sinx
x <0
X
If f(x)- C . x =0is continuous at x = 0, then
X +bx? —\&
x>0
L bx\/;

D. none of these
Answer

Formula:-



(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

xli};hf(a +h) = xly:._ﬂ:a —h) =1f(a)
(i) im 22 = 1

x—=0 X
Given:- (i) f(x) continuous at x =0

sin(a+1)+sinx

- L X<0
(i) f(x) = ,x=20
[ x+bxZ —x
VIJT’X> 0
Using R.H.L

x111(1]1+f(x) = L’E%f(o +h)

Vi+bh—+y1 1 1

=slim—————=lim———==-

h—0 bh h-04/1+Dbh—+V1 2
Using L.H.L

xli}})l_f(x) = L’Eaf(() —h)

~ —sin(a + 1)h + sin(—h)
= lim =
h—0 X

—a—1

Function f(x) is continuous at x=0

111(1]1_f(x) = 111(1]1+f(x) = f(0)

X— X—

1 1
a —z—c

A > d !
=—zandc=3

From

Case iii
beR-{0}

15. Question

Mark the correct alternative in the following:

2l A

I

{ mx+1 .x=<

is continuous at x = —_then

2| A

131'11)(—11 X >

.

(=]

Am=1,n=0

nw
B.m= +1

-

mm
C.n e

-

-



i

Dm=n-=

| 5

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Lim f(x) = f(a)
lim fla+h) = lim f(a—h) = f(a)
X—a X—a

m
mx+1,x = —

i . 2
Given:- it
2

sinx+nx >
Using R.H.L

T
T 169 =1 mf(3 +h)

2
= ng}] [sin (g+ h) + 11} =n+1
Using L.H.L

T
g0 = ()

2
mT

=1imm(E—h)+ 1=—+1
h—0 2 2

Function f(x) is continuous at x = g

li:hf(x) = \}_iELf(x)
X—’f ) 2
il +1 +1
— =n

2

mT

=n
2

16. Question

Mark the correct alternative in the following:

o] . ]

a-—ax+x°

The value of f(0), so that the function f(x) = J _ \/a‘ XX pecomes continuous for all x,

Va+x—ya-x

given by
A. a3/

B. al/2
C.-all?
D. -a3/2
Answer
Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)



lim f(a+h) = lim f(a—h) = f(a)

X—’H+

va? —ax+ x2—vaZ+ ax + x2

Vyat+tx—+a—x

f(x) =

Using rationalization method

a?—ax+x?) - (@%+ax+x?
limf(x) = ( )~ ¢ )

x—~0 (Vatx—+va—x)(VaZ—ax+ x2+aZ+ax + x2)

y —Zax(\.fa+x+\;a—x}
= lim

x~02x(vVaZ —ax +x2 +VaZ +ax + x2)

—a(ya+x++ya—x)

= lim
x>0 (yaZ—ax+ x2+ a2+ ax+ x2)

. —Za{\ﬁ)
s v
F(0)= —\."E

17. Question

Mark the correct alternative in the following:

1. | X|=1
o 1 1 1
The functionf(x)={ — . —<|x|[<——.n=2.3....
n° n n-1
0o . x=0

A. is discontinuous at finitely many points

B. is continuous everywhere

C. is discontinuous only at x = —l_ ne? _.{(}}and x=0
n

D. none of these

Answer

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

1im+f(a +h) = xlil;l_ﬂ:a —h) =f(a)

X—=a

Given:-
Llxl=1
1 1
f(x) ==, - < n=23 ...
S o<l <—5n=23
0,x=0
1,-1=x=1
1
=y—=,— <X < ,n=23 .. ...
nZ'n x| n—1
0,x=0
Using R.H.L

2

)

] . 1
i ) = gt +)

n



Using L.H.L

2

=)

1
s 100 = e (- )

n

lim f(x) = lim f(x)
1 1

X K——
n n

Therefore f(x) is discontinuous only at x = + 1 nez - {0}andx =0
n

18. Question

Mark the correct alternative in the following:

(27-2x)" -3

The value of f(0), so that the function f(x) = : (x + 0) is continuous, is given by

9-3(243+5x)""

>
| b

C.

A N O

D.
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

limf(a+h) = Xlll;l_ﬂ:a —h) =f(a)

X—=a

(i) lim {25} = -, where limf(x) =1, limg(x) = m
Given:-

1
g = (7= 205 =3

1
9 —3(243 + 5x)3

1
(27 —2x)3—3

lim f(x) =1lim
x—=0 ( ) x—=0

1
9 — 3(243 + 5x)5

Using factorization method

1 1
(27 — 2x)3— 273
27 —2x— 27

1 1
(243 + 5x)5 — 2435
243 + 5x — 243

- () () ©en
15743 273

=2

=15

19. Question

Mark the correct alternative in the following:



.

|
—
[
h
o]

|
1

v

e

The value f(0) so that the function f(x) == . X = Ois continuous everywhere, is given by

A -1

B.1

C. 26

D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Lim f(x) = f(a)
lim fla+h) = lim f(a—h) = f(a)
X—a X—a

(ii) lim {@} -1 , where limf(x) =1 limg(x) = m
x—a \glx) m x—a x—a

Given:-

1

2 — (256 — 7x)8
f(x) = —————
(5x+32)5 —2

1
2— (266 —7x)8
lim f(x) =1im(—1)
X0 0 (5x+32)5-2

Using factorization method

1 1
(256 — 7x)8 — 2568
_ 7 im 256 — 7x — 256

1 1
5520 (5x 4 32)5— 325
BX + 32 — 32
7(1) 24 c
T 5\g/\27 )
7
T 64

20. Question

Mark the correct alternative in the following:

.\/1—px :\/l—px
X

—l=x <0
f(x)=- is continuous in the interval [-1, 1], then p is equal to
2x +1
D=x=1
x—2
A -1
B._1
2



D.1
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

xli};hf(a +h) = xly:._ﬂ:a —h) =1f(a)

Given:-
J1+px—/1—px lex<o0
fix) = 241
—0=x=1
X—2

J1—ph—/1+ph

G0 = (0 —h) = iny

—h
Using rationalization method
1,(Jl—ph—¢1+pM(¢1—ph+¢1+pm y 2p
im =lim
We have
xli}})]—f(x) = xlyal+f(x)
= %;ll%f(_h) = LlEaf(h)
y 2p ! (Zh + 1)
= lim = lim
h"‘]\fl—ph—\f"l—i-ph h—-o-h—2
2p 1
= —=——
2 2
1
=p= 5

21. Question

Mark the correct alternative in the following:

x’a . O=x<l
The function f(x) =- a . l=x < V”E is continuous for 0 = x < «, then the most suitable values of
2b° - 4b
- 2<X <o
X2

a and b are
Ala=1,b=-1
B.a=-1,b=1++vV2
Ca=-1,b=1

D. none of these
Answer

Formula:-



(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

limfla+h) = xly:._ﬂ:a —h) =1f(a)

X—=a

Given:-

Case (i)&(ii)

. . (1—h)?
0 = =h) =

Now, lim f(x) =£(1)

Case (ii)&(iii)

lim_f(x) = Lin%' f(vZ—h)

X—y 2

=lima=a
h—0

Now, lim_ f{\-@ - h) = f(\;@}
X2

= a=b*-2b
=b*-2b—a=0
Using value a from (IV)
For a=-1

b=1

22. Question

Mark the correct alternative in the following:

—sinx

If f(X) =—-when x #—and f| — | = 7._then f(x) will be continuous function at x = /2, where A =
(m—2x) 2 2
Al
8
B.1
4
cl
2

D. none of these

Answer



Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a X—a

oy 7. SIDX
(i lim—=1
x—=0 X

Given:-
1 —sinx
flx) = ——
(x) (m—2x)?
1 — sinx

limf(x) =lim ———
x—o% ( ) x—o% (T[_ ZX)Z

Using substitution method

Letz—x=t
2

1- sin(g— 1)
=lim———
t—0 (21)2

1 sin? % 1

Now we know that

£(2) = lim £(x)
(7) = tmfox

23. Question
Mark the correct alternative in the following:

The value of a for which the function may be continuous at x = 0 is

Al
_ 3
(4 -1)
: - LX=0
B.2f(x) =" sin(ax)log{(l—xﬂ)}-
| 12(log4) .x=0
C.3

D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)

(i) 1_1}11Jrf(a +h) = lim f(a—h) =f(a)

X—a



(iii) 1im 22 — 1
w—=0 X
x_
(iv) l'ntlja L loga
i
(v) lim 282*%) _ 4
w—=0 X

(vi) lim [@} ! , where limf(x) =1 limg(x) = m
x—a hglx) m x—=a x—=a

Given:-
(#-1)3

f(x) = {sin (g) log{(l + %2)}
12(log4)®*,x =0

LX=0

4:( -1 3
lim f(x) =lim ( ) 5
=0 *“Ogin (E) lo [(l + X—)}
a) '8 3

(=)

= 3alin(1] 2
X— . X s
sin 103{(1 +3 )}
= X2
a 3
= 3a(log4)?

Now we know that

f(0) = 1111(1] f(x)

12(log4)® = 3a(log4)?

a=4

24. Question

Mark the correct alternative in the following:

The function f(x) = tan x is discontinuous on the set
A.{nm:ne Z}

B.{2nm:ne Z}

' T
C.-{(211—1)5:11 EZ}
D.JE:H 7

| 2
Answer
Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llili f(x) = f(a)
Given:-

Tan x is discontinuous at [ (Z2n+ 1) g; 1152}



25. Question

Mark the correct alternative in the following:

|

.

sin 3x

H

0

is continuous at x = 0, then k =

0

. X

The function f(x)=-

X

[ -

A3

B. 6
C.9

D. 12
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

limf(a+h) = Xlll;l_f[:a —h) =f(a)

X—a

. sinx

(iNim—=1
x—=0 X

Given:-

sin3x

JX =
f(x) = i
E,XZ 0

sin3x

lim f(x) = lim
x—0 ( ) x—0

. s8in3x
=3lim =3
x—=0 X

Now we know that

f(0) = 1111(1] f(x)

26. Question

Mark the correct alternative in the following:

e ein]
If the function f(x) = =X 75 X s continuous at each point of its domain, then the value of f(0) is
2x +tan ' x
A.2
8.1
3
C.



-
D.Z
3

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) =f(a)

limfla+h) = xly:._ﬂ:a —h) =1f(a)

X—=a

R 5.4
(iNim—=1
x—=0 X

Gii) lim {22} = L where limf(x) = 1, limg(x) = m
w—a hglx) m X—a x—a

Given:-

2x —sin"'x

T 2x+tanlx

f(x)

sin"!x

. - {2x—sin'x (2 m
limf(x) =lim| —————— | =lim| ———5= | =
x—~0 x~0\2x+tan~'x/ x-0|,  fan—’x

X

W] =

Now we know that

f(0) = 1111(1] f(x)

= f(0) :%

27. Question

Mark the correct alternative in the following:

J' 5x —4

1 4x” + 3bx

~

The value of b for which the function f(x) ="

domain, is

A -1

Answer

Formula:-

X=x =1

dax <=2

is continuous at every point of its

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)

xlll;grf(a +h) = xlllz._ﬂ:a —h) =f(a)

Given:-

bx—4.,0<x<1
4x% 4+ 3bx, 1 <x < ?2

f(x) = [



ii_pllj(x) = f{1)
= Eﬂf(l'i_ h) = f(1)
= Lina(-’-}(l +h)?+b(1+h))=5-4

=24+3b=1

=2b=-1

28. Question

Mark the correct alternative in the following:

If f(x)= 1L_then the set of points discontinuity of the function f(f(f(x))) is
—X

A {1}

B. {0, 1}

C. {-1, 1}

D. none of these

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)
limf(a+h) = limf(a—h) =f(a)
X—a X—a

Given:-

1
=1

For

f(1(fe0)) = f(x; 1) - l_i_ = x

Itis R—{0,1}
It is discontinuous at x=0,1
29. Question

Mark the correct alternative in the following:

< .
Let tan 1 —X 7 The value which should be assigned to f(x) at x = E so that it is continuous
f(X) - X F*F=—, __I_
cot 2x 4

everywhere is
Al
B.1

2
C.2

D. none of these



Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)
xlll;grf(a +h) = xlil;l_f[:a —h) =f(a)
(ilim =22 = 1

x—=0 X

(iii) lim [@} -1 , where limf(x) =1 limg(x) = m
x—a hglx) m x—a x—a

Given:-

tan (g - x)
cotZx

f(x) =
Using substitution method

Letg—x=t

y tant . tant
= lim T = lim—
t—=0 i, t—
COt2(4 P tan2t
t
11' tant
=—lim
2t t
tan2t
2
1 L 1
272

Now we know that
™
f(3) = lmfeo
18 1
~1(3) =3
30. Question
Mark the correct alternative in the following:

X +xT—16x+20

The function f(x) =
x-2

is not defined for x = 2. In order to make f(x) continuous at x = 2,

f(2) should be defined as
A.0

B.1

C.2

D. 3

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)



lim f(a+h) = xlﬂl—ﬂ:a —h) =f(a)

X—a
Given:-

x¥+x?—16x+20
Xx—2

f(x) =

Using factorization method

(x+5)(x—2)(x—2)
X—2

f(x) = =(x+5)(x—2)

At point x=2
lin%f(x) =f(2)

= Li_I:%(X +5)(x—2)=1(2)

=0=f(2)
31. Question

Mark the correct alternative in the following:

B -
{asm;(x—l] .x =1

is continuous at x = 0, then a equals

3 x=0

l tan X —sinx
X

| =

Fy-

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llili f(x) = f(a)
lim fla+h) = lim fla—h) = f(a)
X—a X—=a

tanx

R 5.4 .
(ilim— =1 lim =1
x—=0 X ' x—0 X

(iii) Im{f(x).g(x)} = 1. m , where limf(x) =1 limg(x) = m

asing (x+1),x=<1

tanx—sinx
3

Given:- f(x) =

,Xx>=0

Function f(x) is continuous at x=0



tanh — sinh

ARG = ) =l s

. o h
__sinh(1—cosh) 2  sin’stanh
Th0 coshh®  4n-0 B2

L sz% iy 200
“28% B RS h
4

1
2
Now,

lim f(x) = limf(—h) = lim asin— (—h + 1) = asin— =
Jim. (x)= lim (=h) = hli}aasmz( +1) = asin- = a
Function f(x) is continuous at x=0

xll.%lj(x) = xlg(]}l_f(x)

=-—=a

32. Question

Mark the correct alternative in the following:

|4

I'axz +b . 0O:
4 . X =
Xx+3 . 1=

X <1
If f(x)=- |

.then the value of (a, b) for which f(x) cannot be continuous at x = 1, is

x=2
A.(2,2)
B. (3, 1)
C.(4,0)
D. (5, 2)
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llili f(x) = f(a)

lim fla+h) = lim fla—h) = f(a)
X—=a

X—a
ax?+b.0=x<1
Given:- f(x) = 4x=1
Xx+3,1<x<2
. T _ — 1 _ ol
:lﬂlll_f(x)—%llﬂljﬂ:l h) Ll%a(l h)*+b
=a+b

Function f(x) is discontinuous at x=1

lim f(x) = f(1)
x—=1



=at+tb=4
Checking option
(5,2) is answer
33. Question

Mark the correct alternative in the following:

2x)

H

If the function f(x) defined by f(x) = 1 x
k

.

Al

B.5

C.-1

D. none of these
Answer

Formula:-

J'log(l—.%x)—log(l—

is continuous at x = 0, then k =

.x=0

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

limf(a+h) = Xlll;l_f[:a —h) =f(a)

X—=a

(ii) Standard limits 111%%“‘ =1 lim23* _ g
x—o &

" x—=0

(iii) Um{f(x) £ g(x)} =1+ m , where limf(x) =1, limg(x) = m

log{1+3x)-log(1—2x)
Given:- f(x) = { x X
kx=0

#0

Now,

log(1+ 3x) —log(1 — 2x)
X

) =1mg
Using formula(lll)

| 1+3 | 1-2
= 311111M + ZlimM

x—0 X x—0
= 5(Using standard limit)
Function f(x) is continuous at x=0
Li_l}(l]f(x) = f(0)
=h=k
34. Question

Mark the correct alternative in the following:



- . Xx=0

If f(x)=- a . X =0.then the value of a so that f(x) may be continuous at x = 0, is

x>0

A. 25

B. 50

C.-25

D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)
xlll;grf(a +h) = xlil;l_fl:a —h) =f(a)

(ii) Standard limits lim 2= — 1
x—=0 X

Given:-
1 —cosl0x
—2,X < 0
X
f(x) = a,x=0
W >0
R,
V625 ++x— 25
Using L.H.L

xli}})l_f(x) = L’Eaf(—h)
i 1 — cos(—10h)
I

o (sin5h)?
= T (5h)2

= 50 (Using Standard limits)
Function f(x) is continuous at x=0
Li_l}(l)f(x) = f(0)

=50=a

35. Question

Mark the correct alternative in the following:

If f(x) = Xsini. x = (). then the value of the function at x = 0, so that the function is continuous at x = 0, is
X

A.0

B. -1



C.1
D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a X—a

sinx
1—

(ii) Standard limits lin =1

x—=0 X
(iii) im{f(x).g(x)} = L m , where limf(x) =1 limg(x) = m

Given:-

1
f(x) = xsin_

1
limf(x) = limx.sin—
x—=0 x—=0 X
Using formula (iii)

1
= limx.limsin— =0
x—=0 x—=0 X

Function f(x) is continuous at x=0

Li_l}(l]f(x) = f(0)

= 0=1f0)

36. Question

Mark the correct alternative in the following:

The value of k which makes continuous at x = 0, is

1
[sm— L Xx=0
X

A 8f(x)=
l k .x=0
B.1

C.-1

D. none of these

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)
lim fla+h) = lim fa—h) = f(a)
X—a X—a

(ii) Standard limits limﬂ =1
x—=0 X

Given:-



1
f(x) = sin_

1
limf(x) = limsin—
x—=0 x—0 X
Function f(x) is continuous at x=0

liI](l]f(X) = f(0)

= 0 = f(0)

1
= limsin— =k
x—=0 X

Value does not exist for function to be continuous
37. Question
Mark the correct alternative in the following:

The values of the constants a, b, and ¢ for which the function

(l—ax)lx . x=0
f(x)=- b . x=0
(x—c]”—l i

May be continuous at x = 0, are

20 2
Ara=log.| — |.b=——_c=1
3 3
2" 2
B.a=log.|— |.b=—.c=-1
3 3
2" 2
Caa=log,|—|.b==.c=1
3 3
D. none of these
Answer
Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)
xlll;grf(a +h) = xlil;l_f[:a —h) =f(a)

(i) Um{f(x).g(x)} = L. m , where limf(x) =1, limg(x) = m

Given:-
1
(1+ax)xx <0
bx=0
flx) = 1
) (x+c)3—-1

I x>0
(x+1)z—-1



Now,

1
h+clz—-1
lim, f(x) = limf(h) = lim %
x—=0 h—0 h—0 (h + 1)5 _ l

Using rationalization method

1 1
(h+c)z—1 (h+1)z2+1

=lim . I
h=0 z =
(h+1)z2—1 (h+1)z+1

Using formula (ii)

1
. (h+c)z—-13 1
I oo ity
2
-3

Function f(x) is continuous at x=0

xll%ljtx) = f(0)

b 2
= = —

3
Now again,

1
A ) = i f(=h) = fim (1~ ha)=
_alog(1—ah)
=lim——=a
h=o —ah
Function f(x) is continuous at x=0

1iI})1_f(X) = f(0)

= a = logb
Putting value of b

log2
a=——
3
38. Question
Mark the correct alternative in the following:

The points of discontinuity of the function is (are)

5
A. XZI.X:—
3
2Wx . 0=x=1
5 . 5
Bx="1f(x)=44-2x . l=x=<=
2 2
5
2x -7 :ixs—l




Cx=1,

3| L
I

D.x=0,4
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)

X—a X—a

Given:-

2Vx,0=x<1

f(x) = 4—2x,l<x<g
2x—7 g <X=4

Now at x=1

iij]llj(x) = Eﬂﬂ:l—i_ h)

= {E},(‘*_ 2(1+h))=2

Again,

E]f—f(x) = Li%ﬂ:l_ h)

= EE}](Z(\/E) =2

xlll(])lj(x) =f(0) = xlllal_f(x)

Therefore function f(x) is continuous at x=0

Now again

5
¥=32
lim f(x) = li f(5+h)
M0 = [mfl;

li (25+h 7] lim(Zh— 5) 5
=l (2G D - 7) = m@h -9 =
For left hand limit

] ] 5
€)= gt ()

2
=1 (4 25 h)—Z
=lm(¢-2G-W) =

lim f(x) = lim f(x)

X3 X—g

Therefore function f(x) is discontinuous at x =

[N

39. Question



Mark the correct alternative in the following:

1—sin’ x T
_— X < —
3cos X 2
i e . . T .
If .f(x)=- 3 . X =—..Then, f(x) is continuous at x = _if
] ]
b(1-sinx) T
_ XD‘:
(m—2x) <
3
1 8
B.a :__b = —
3 3
2 8
C a :__b = —
3 3

D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llj}; f(x) = f(a)

lim fla+h) = xlllz._ﬂ:a —h) =f(a)

X—a

(ii) Standard limits lim™& =1
x—=0 X

Given:-
1 —sin®x - T
—’X —
3cos2x 2
T
= 4,X = —
f(x) 2
b(1 — sin%x) N T
e
(— 2x)2 2
Now at x=1

gL
i, £ = | mf(3 +h)

2

b — bsin? (g+ h)
=lim
h—0 T 2
me—2 (§+ 1’1)
Using standard limit formula

. h
b sin b

= gim 8

h
2
Again,

. . T
(o) = i ( ~1)

2



b (1 — sin? (g — h))
= lim

h—0 3 cos?2 (g— h)

1 y sin’h
=300\ sinZh

3

Function f(x) is continuous at x=g

. . s
111‘|;[1Jr f(x) = lim f(x) = f(i)

X—s Xy
b 1
=>8—3—a
1

= a=—

a 3
b 8

3

40. Question
Mark the correct alternative in the following:

The points of discontinuity of the

1,
—(2x*+3) . x=1
function f(x)=4 6-5x . l<x «3is(are)
x-3 . Xx=3

A x=1
B.x=3
C.x=1,3

D. none of these
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

xli};hf(a +h) = xly:._ﬂ:a —h) =f(a)

Given:-
1
—(2x?+3),x=1
f(x) = 42
6—-5x,1<x<3
X—3,Xx=3
Now at x=1

ii_pllj(x) = Li%ﬂ:l—i_ h)



= EE%.{G_ 5(1+h)}=1

For left hand limit

09 = m1- )

1
— Tim — _ 2 _
—ngg) 5(2(1 h)?2+3)=1
iﬂlﬂx) = :lﬂlll_f(x) = f{1)
Therefore continuous at x=1

Now at x=3
xlllélj(x) = Lgaf@ +h)
= %}Ea{(3+ h)—3}=0

For left hand limit

xlﬂl_f(x) = L%f@ —h)

=lim (6—5(3—h))=-9

We have,

xlllélj(x) # xlilél_ﬂ:x)

Therefore discontinuous at x=3

41. Question

Mark the correct alternative in the following:

C Sx—4
The value of a for which the function f(x) = J

7

14)(' +3ax

.

domain, is

1

L]

A.

Y] |

B.1
C.0

D. -1
Answer

Formula:-

JAf0=x =1

Jflex =2

is continuous at every point of its

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff lim f(x) = f(a)

xlll;grf(a +h) = xlil;l_ﬂ:a —h) =f(a)
Given:-

bx—4,0<x<1
4x? 4+ 3ax,1<x<?2

f(x) = [

Now at x=1



; _ 1 —_ 1 2 —
g]llj(x) = Eféﬂ:l—i_ h) = E23{4(1+ h)* +3a(l1+h)}=4+3a
Jip 109 = i1 1)
= %11%{5(1—1*1)— 41=1
Function f(x) continuous at x=1
I 1) = Jim £00) = K1)
=4+3a=1
=a=-1
Now at x=3
leI%]Jrf(X) = LEaf@ +h)
= %11%{(3+ h)—3}=0
Using left hand limit
xlllél_f(x) = Lgaf@ —h)
=lim (6—5(3—h))=-9
Xlll;lj(x) # Klll%l_f[:x)

Therefore discontinuous at x=3

42. Question

Mark the correct alternative in the following:

sin(cosx)—cosx

(m—2x)

(A=

If f(x)=
k X =

(A=

i

Continuous at x = —_then k is equal to

(A=

w
b | —

C.

=

D.-1
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llili f(x) = f(a)

limfla+h) = xlllz._ﬂ:a —h) =f(a)

X—a

(ii) Standard limits 11111ﬂ =1

x—=0 X



(iii) Im{f(x).g(x)} = L. m , where limf(x) =1 limg(x) = m
x—a x—a x—a

Given:-
sin(cosx) — cosx T
_— B X i —_
f(x) = (m—2x)2
c b
JE=
2
Now at x=—

2
. T h
inf(3) =16

sin(cosx) — cosx

f(x) = (m— 2x)2

Using substitution method

Letg—x=t

sin(cos (g — t)) — cos g — t)

= lim =k
t=0 (2t)2
Using formula (iii)
. /sint—t sint+t
ll S]'_nt 1 l sin 2 1 COSs 2 ) k
= —-lim(——1) .lim - Jim(————) =
3 m = ) lim( g e dim— 2 )

=0=k

Very short answer

1. Question

Define continuity of a function at a point.

Answer

A function f(x) is said to be continuous at a point x=a of its domain, iff

lim f(x) = f(a)

If a function is continuous at x=a, then graph of f(x) at the corresponding pint (a,f(a)) will not be broken .

2. Question

What happens to a function f(x) at x = a, if iimﬂf(x) = f(a ) ?



Answer
If f(x) is a function defined in its domain such that

lim f(x) = f(a)

X—=a

f(x) become continuous at x=a

3. Question

. X
Find f (0), so that f{x) = ————becomes continuous at x = 0.

1-1—-x
Answer

Formula:- (i)If f(x) is continuous at x=0 then, Ll_l}; f(x) = f(a)

Given:-

X
f(x) = ———
) 1—+v1—x

using rationalization method with 1 + /1 — x

f(x) = x(1+vV1—-x)
YE Vi 0.1Vl n
% (1++41-x)

ST Tay

2 f(x)=14+V1—x

For function to be continuous at x=0
lim(1+ V1—x) = f(0)

f(0)=2

the function f(x) become continuous at x=0

4. Question

X
. x=0
If f(x) =J sin 3x is continuous at x = 0, then write the value of k.
1\ k. x=0
Answer

- sinx
Formula:- ()lim— =1
x—=0 X



(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff Lij}ellf(x) =f(a)

lim f(x) = £(0)

X—=a

X

Given:-f(x) = ! sin3x ,ifx=0
kx=0

lim f(x) = f(0)

X

lim —
x—05in3x

Using standard limit

I ( 3% )—k
<0 \3sin3x/

! k
3=
5. Question
If the function f(x) = sin10x X # 0 is continuous at x = 0, find f(0).
X
Answer
Formula:- (i)limE =1
x—=0 X

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff Li_l};f(x) = f(a)

sinl0x

Given:- f(x) = -
F(x) function is continuous
lim f(x) = f(0)

sin10x
= lim = f(0)
x—=0 X

Using standard limit

sinl10x

= 1111(1}10. = f(0)

f(0)=10

6. Question
x'-16 .

If f(x) =J x—4 if x = 4is continuous at x = 4, find k.
1 k. ifx=4

Answer

Formula:- (i) A function f(x) is said to be continuous at a point x=a of its domain, iff 1Y1_I_1; f(x) = f(a)

x?—16
fx) =9 x_1 .ifx=4
kx=4



lim f(x) = f(4)

" x?—16 .
‘{1—11}- Xx—4 N

Using factorization

(Er0).,

= lim
x—=4

=limx+4) =k
x—4
=K=8

7. Question

{ sinx” <=0
Determine whether f(x)=+ x ” s continuous at x = 0 or not.
1\ 0, x=0
Answer
Formula:- (i)l'mE =1
x—=0 X

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff E_I};f(x) =f(a)

(iii) Im{f(x).g(x)} = L. m , where limf(x) =1 limg(x) = m

sinx?
f(x) = x Lifx=0
0,x=0
P
_ Xsinx
LI—I—]}J x2 fx)

using formula (ii)

2

lim
x—0

.Li_l.%x= f(x)
Using standard limit
=0

=f(0)

liI]éf(X) =f(0)

Hence f(x) is continuous at x=0

8. Question

J'l—cosx x =

If f(x)=4 x* ° ~ “is continuous at x = 0, find k.
1\ k. x=0

Answer

\1s sinx
Formula:- ()lim— =1
x—=0 X



(i) A function f(x) is said to be continuous at a point x=a of its domain, iff Lij}ellf(x) =f(a)

1 —cosx
f(x) = xz Lifx=0
kx=0

Now,

linﬂl)f(x) = f(0)

.1 —rcosx
lim———=

x—=0 X2

9. Question

Jsin_1 X 20

Iff(x)=4 x ” “lis continuous at x = 0, write the value of k.
1\ k. x=0

Answer

in~ 1
Formula:- standard limit (i)lim > = 1

x—=0 X

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff Li_l};f(x) = f(a)

1

sin™" x
f(x) = x ifx#0
kx=0

Now,
liI](l]f(X) =f(0)

1

. sinT x
= lim = f(0)
x—0
_sinT'x
= lim =
x—0 X

Using standard limit

=K=1

10. Question

J' 5x—4  0<x=l

14x3—3bx lax <2

~

Write the value of b for which f(x) =. is continuous at x = 1.

Answer

Formula:- (i) A function f(x) is said to be continuous at a point x=a of its domain, iff Llili f(x) = f(a)

lim fla+h) = lim fa—h) = f(a)
X—a X—=a



Given:-

Ex—4,0<x=1
42+ 3bx, 1 <x <2

f0) = |
Function f(x) is continuous at x=1
H]f—f(x) = Hlllj(x) = f{1)

Jm ) = 11

=:;(_1.ignf(l— h) = 1L11105(1— h)—4=1
Again at right hand limit

=x>_}ilglf(x) = Li_l.%f(l +h)

linéf(l +h) = 11111;1(1+ h)2+3b(1+h) =4+ 3b
X— X—

11. Question

kx
. o —- x<0_
Determine the value of constant ‘k’ so that the function f(x) =+ | x| is continuous as x = 0.
l 3., x=0

Answer

Formula:- (i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}; f(x) = f(a)
lim f(a+h) = lim f(a—h) =f(a)

X—a X—a

Given:-

—,x=<0

kx
f(x) =|x|"

3.x=0

f(x) is continuous at x = 0

lim f(a —h) = f(a)

X—=a

! k(O—h)_
=T

. k(-=h)
=;ll15n =h| =3

111511(—1{) =3
=K=-3
12. Question

sz +3x-10
. —. X=#
Find the value of k for which the function f(x) =- x-2 is continuous at x = 2.

-

k, X°

Answer
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