9. Continuity

Exercise 9.1

1. Question

Test the continuity of the following function at the origin :

) Ji Xx=0
f(x)=4]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 = c where c is x-coordinate of the point at which continuity is to
be checked

If:-

%111#1}] flc—h) = %H}; 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 = c also called left-hand limit LHL{i. e Lin}] f(c —h) } must be

equal to limiting value of right neighbourhood of x= ¢ 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, 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.

Egi- 2] =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‘:i 0
Sl xx=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. LIEE' f(c—h) = Lnjé f(c+h) =f(c)

For this question c =0
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f(x) can be rewritten using the concept of modulus function as :

I=1x>0

X

f(x) = X Qx<Q e Equation 1

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.

. . - -h .
LHL = EE(I)f(U h) = EE(])f( h) = et —1usingegn 1l

RHL = LiE}]ﬂ:O +h) = Li%f(h) = 1—}1: 1usingegnl

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

A function f(x) is defined as f(x) —.

x’-x-6
——— ifx#3 . ,
} x—3 Show that f(x) is continuous at x = 3.

5 if 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:-

%112}} flc—h) = %112}} 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 Lin% f(c — h) } must be

equal to limiting value of right neighborhood of x= ¢ called right hand limit RHL {i.e Em 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

ﬁﬂ=[x4 k=3 Eqn 2
5 (ifk =3

. f(3) = 5 using egn 2
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LHL = LIEE. f(3 —h)

Using equation 2 -

. [3—1’1)2—(3—1'1)—6_1. 9+h2—6h—3+h—6_1. h? — 5h

= T R b “Im
. hth-5)

ST MG =s-0=s

RHL = lim f(3 + h)
h—0

~ (3+h)?*—-(B3+h)—-6 _ 9+h*+6h—-3—-h—-6 _ h*+5h
= lim = lim = lim
h—0 3+h-3 h=0 h h=0
h(h+5
=limg= 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

A function f(x) is defined as f(x) —=.

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:-

LIE}) flc—h) = LIE}) 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 Liné f(c — h) } must be

equal to limiting value of right neighborhood of x= ¢ 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, 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)
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0 ifx#3
f(x)=[x-a A= L eqn 2
6 ifx=
From eqgn 2 :

f(3) =6

LHL = LiE(l) f(3—-h)

Using equation 2 -

. (3—h)2—9_1. 9+h2—6h—9_1. h? — 6h
e S e
h(h —6)

= lim

= = lm(6-m=6-0=6

RHL = lim f(3 + h)
h—0

. (3+h)2—9_1, 9+h2+6h—9_1. h? + 6h

R e i L s i L
h(h+6

=limg= 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

- — 1 forx =1
x—1 : "~ Find whether f(x) is continuous at x = 1.

I £(x)=

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:-

LIE}) flc—h) = LIE}) 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)
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2

== f 1
As, f(x) = [x—l srorx= 1 . egn 2
2 forx=1
From eqn 2 :
f(l) =2

LHL = EE},ﬂ:l —h)

Using equation 2 -

. (1—h)2—1_1. 1+h2—2h—1_1. h? — 2h
% 1-h-1 B2 —h “ 1% —h
h(h —2)

= lim

= = Ime-m=2-0=2

RHL = lim f(1 + h)
h—0

. (1+h)2—1_1, 1+h2+2h—1_1, h? + 2h

B e e L s i L
h(h+ 2

=limg= lim(2+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 20 _ _
X . Find whether f(x) is continuous at x = 0.

If £(x)=-
}\ 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:-

%111#1}] flc—h) = %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 the value of the left neighbourhood of x = ¢ also called left-hand limit LHL{i. e Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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, function is continuous else it is
discontinuous.
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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 I be an interval having a point 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)

X—a X—a

Then , lfﬂ 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

sinx

S lim = 1 equation 2

=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

Xx—=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.

sin 3x ) h 0
As, f(x) = [ x s Whenx = . Equation 3
1 ;whenx=0

Clearly, f(0) = 1 using eqn 3
LHL = EE(I) f(l0—h)

Using equation 3 -

. 5in 3(0-h . sin(—3h . sin3h .. _. .
= 1im 2220 _ iy 05D iy [ sin(-8) = - (sin 0)]
h—0 0-h h-o0 -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:

sin 3h . sin 3h
= 3 =lim =3+«1=3
h h—0 2h

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

Using equation 3 -

sin3(0+h) sin(3h) sin 3h
=lim—————=1i = lim
h—=0 O0+h h—=0 h h—=0 h

Again using sandwich theorem as we used while finding LHL

S~ RHL=1im3 * sindh _ 3+ lim sin3h _ 3x1=3
h—0 3h h—o 3h

Thus,

LHL = RHL =3

But, f(0) = 1 by definition of f(x) i.e. equation 3
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.. LHL = RHL = f(0)
.. condition for function to be continuous is not satisfied
.~ f(x) is discontinuous at x = 0

6. Question

Jel *oaifx =0

|ffx:-
(x) ]\1 ifx =0

. Find whether f is continuous at 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:-

%112}} flc—h) = %112}} 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 Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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 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 ’ :FFXX i g ...... say it equation 2

Clearly, f(0) = 1 using eqn 3
LHL = LIEE. f(0 —h)

Using equation 3 -

1 -1 . -1 . ‘ ‘
= limeo-1 = lime® = e~ =0 [ hisvery small, - IS very large ‘-ve’]
h—0 h—0

RHL = lim f(0 + h)
h—0

Using equation 3 -

1 1 . 1. ‘ ‘
= limele*m = limen = e® = oo [ his very small, —is very large ‘+ve’]
h—0 h—0

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

7. Question

1-cosx
————— :whenx=0 - .
Let f(x } =. X . Show that f(x) is discontinuous at x = 0.
l 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:-

%112}} flc—h) = %112}} 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 Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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.

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 I 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)

X—a X—a

Then , lfﬂ 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

sinx

= 1 equation 2

< lim
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.
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17cos% . whenx =0
As, f(x) = [ x2 ' T Equation 3
1 :whenx =0

Clearly, f(0) = 1 using eqn 3
LHL = EE(I) f(l0—h)

Using equation 3 -

= lim S5 = Hm e [ cos(-0) = (cos0)

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,
2gin® |_1 _ i |_1
LHL — jim —lsmz( ) = 2jim [—m(Z)]2
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, 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:

-
2

1 , (h 2
S LHL = 21im [ E"S“‘(E) l
h—0

h
1 . sin(—) 1
=+ 2lim[—2-]*=-
4 * h_.o[ B ] 2

RHL = lim f(0 + h)
h—0

Using equation 3 -

" 1+ cos(0+ h) " 1+ cosh
T a0 (0+4m)Z om0 b2

It is not taking gor any other indeterminate form.

1 h 1 li] 2
So, RHL = Jim +cosh _ ( +cos )
h—0 h?

—_ - = 0
0 0

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

Get More Learning Materials Here : & m @\ www.studentbro.in



.Whenx=0_ ,
} 2 is discontinuous at x = 0.
-

Show that f(x) =
. 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 = c where c is x-coordinate of the point at which continuity is to
be checked

If:-

%111#1}] flc—h) = %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 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.

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.

Egi- 2| =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‘:i 0
S 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)

ie. EEE' f(lc—h) = EEE. f(c+h) = f(c)

For this questionc =0

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

?:0;x>0
f(x) = x-(z-x]zzz_xzx; X< Equation 2
2:x=0

Now we have three different expressions for different conditions of x.
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LHL = EEE' flo—h) = anxa f(—h) = anxa(—h) = 0 using egn 2

RHL = lim f(0 + h) = lim f(h) = b= _ 0 using eqn 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

JIX —a|
.when x=a .
Show that f(x ) :} X —a is discontinuous at x = a.
1

.when x=a

-

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:-

LIE}) flc—h) = LIE}) 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 Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em flc+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:- 2| =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‘:i 0
S lxx=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)
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ie. LIEE' f(c—h) = Lnjé f(c+h) =f(c)
For this question ¢ = a

We have:

|[x—al h
— WhNenx=+a
flx) ={x—a

1 whenx=a

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

E ;when(x—a)>0orx>a

f(x) = % .when (x—a) <0orx<a Equation 2
1;whenx=a
Clearly,
fla) =1
LHL = limf(a—h) = lim(Z222) = |im 2 = £ = —1 using eqn 2
—a hoa' a-h-a hoa-h -a

a+h—a

RHL = limf(a+ h) = lim f( ) — lim2=23-1 using eqn 2
h—a ha h—ah

a+h—a 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).

+H

| x| cos

— . X
xJ atx=0
0 .x=0

f(x)= 1
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:-

%111#1}] flc—h) = %H}; flc+h)=1f(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 = ¢ also called left hand limit LHL{i. e Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e Em 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
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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 ,Xx=10
-~ we need to check RHL ,LHL and value of function at x = 0
Clearly,
f(0) = 0 [from equation 2]

LHL = 1im (0 — h) = lim|—h| cos (=) = lim heos(}) = 0 [ cos (-8) = cos @]
RHL = Liljg.f([) +h) = Elﬂ,lhl cos (%) = EE}]hCDS G) = 0 [from eqgn 2]

Why EE}) hcos (%) =07?

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

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

Given function is

e 1
f(x) = [X st (Z) X#FO0 e x=0..... Equation 2
0 ,X=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 —1) = imi—h)2sin (=Y = 1im —(h2ysin (X)) = 0 [ sin(=8) = si
LHL EE(])fl:O h) = EE(])[: h) sm(_h)— %119(1] (h )sm(h)—o[ sin(-8) = sin@]
=1 — 1 Zain (1Y — 15 2yqin (1Y) = '
RHL LlE}]f(O+h) = EE(I)[:h) sm(h) = EE(])(I’I )sin (h) =0 [ using eqn 2]
im hZsin (1) =
Why %E?tljh sm(h)— 07

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

As h- 0 i.e. h is approximately 0
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. 0*some finite quantity is equal to 0.
Clearly, LHL = RHL = (0)

- f(x) is continuous at x =0

10 C. Question

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

Answer
In this problem we need to check continuity at x = a
Given function is
. 1
f(x) = [(X_ a)sin (E) XFAdgtx=a.... Equation 2
0 ,2X=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 — 1 T} — 3) s — i in(*) = 0 [ sin(-6) = si
LHL—EE}]f[a—h)—EE}](a h a)sm( )—%{E}]hsm(h)—ol sin(-0) = sinB]

1
a+h-a

o o e i (1) =
RHL—LlE}]f[aJrh)— %E;I;l}(a-i-h a)sm( )— %E}]hsm(h)— 0 [from eqn 2]

Why lim hsin (3) = 0 2

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

10 D. Question

Discuss the continuity of the following functions at the indicated point(s).
X7l k=0

log(1+2x) atx =0

7 Jifx=0

f(x)=

L8

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

Given function is

e¥—

1
flx) = {10g(1+2:\-:]
7 Jifx=10

,|Fx¢0atx=0

. we need to check LHL, RHL and value of function at x = 0 (for idea and meaning of continuity refer to
Q10(i))
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1. NOTE : Idea of logarithmic limit and exponential limit -

limM =1 . equation 1
x—=0 X

x_ .
ime=—t=1.... equation 2
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: 11111M =1
x—0 X
. log(1+2x ,
But, 11113% #+ 1 as denominator does not have 2x
x—o

Now we are ready to solve the problem.

Given function is

ef_1 .

f(x) = {log(1+2x) ifx =0 at
7 Jfk=10

x=0..... Equation 3

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

-h_ -h_

. e R e
lim——— = lim————
h—0log1+2{-h) h—0log(1-2h)

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

. |:e_h—J.:l 1
LHL = EL}E}]@%&Y .
—zh

RHL = E%f{(} +h) = Lifé'f(h) [ putting x = h in equation 3]

eh—l eh—l

= lim = lim——
h—ologi+zh h—0log(1+2h)

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

1 (eh-a) 1
RHL = ELIEE;WEHEY ==
zh

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).
J' 1-x"

f(x)= 1

L8

-

1-x neNatx=1

n-1 .x=1

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

Given function is
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1—x"
f(x) = [ . X7 111 eNatx=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]

1—(1-h)1 - lim 1-(1-h)%

1-(1-h)  h—0

LHL = lim f(1 —h) = lim

h—0 h—0

E " kin-k

. . . _ _ n__ ny,_ n—
Using binomial theorem - (1 — h)® = k=0[k)[: h)*1

(1-h)"=1-nh+(2)h%- ...

1- 1+nh—{2}hz+- ~higherdegterms

LHL = lim . = limn — ()b + (3)h* ~
---higher deg terms}

Putting h=0 we get,
LHL=n

RHL = i _ 1—-{1+h)" o 1-{1+h)"
o f1+h) = i =
Using binomial expansion as used above we get the following expression
Similarly,
. l—l—nh—{;)hz—---higherdeg terms . n n\1.2
RHL = lim - = lim{n+(3)h+ (Hn* -
.-~ higher deg terms}

Putting h=0 we get,

RHL =n

Thus RHL = LHL = (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

Jforx =1
f(x}:l x—1 a

tx=1

2 Jforx =1

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

i 1
f(x) = [ 1 TOrX=larx=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]
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LHL = 1i _ T | (1-h}2-1] _ 1 | 1+h%—2h-1]| _ [h{h—2)]
m -0 =M =i - Im

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)

“LHL = Jim 282 _ lim(h—2)= -2

h—0 h—0

RHL =1im f(1 + h) = lim NC o) e P P B o R Y L)

h—0 h—0 1+h-1 h—0 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)

h(h+2)
h

~ RHL = lim = lim(h+2)= 2
h—0 h—=0

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).

S
|2lxl+"
f().;}:l x atx =0

0 .x=0

e

.

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

Given function is

2 x| +x2
f(x) = [ - XFO0gex=0..... Equation 2
0 X =

.. 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]

LHL = |3 —h) = lim f(—h) = ljm 2227
a0 —h) = (=) = ™

— 1:... 2h+h® o L _
i 5 = 2 b = 2
Z .
RHL =1im f(0 + h) = lim f(h) = lim 220 1py putti
h—0 h—0 h—0o h

2h+h?

= lim = lim(2+h)= 2
h—0 h—0

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).
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|x—alsin

X —a atx =a

f(;.l:.:w J .forx =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) 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

LHL = Lil?};ﬂ:a —h)= lim|(a—h - a)|sin(

) [putting x = (a-h) in egn 2]
h—0

= EE};I_hI sin (_—lh) = H}}h sin (S =0

= 1: 1 _ . 1y (1
RHL = EE(I) fla+h) = %111#1(1]|a +h—alsin (Mh_a) = %111#1}]|h| sin (h)
=i in (1) =
= %111#1}] hsin (h) =0

. . 1

Why %&1] hsin (E) =07
Since whatever is value of h, sin(1/h) is going to range from-1to 1
As h- 0 ,i.e. approximately 0
. O*some finite quantity is equal to 0.
Clearly, LHL = RHL = f(a)
-~ f(x) is continuous at x = 0
11. Question

_[1—;';2 if0=x=1

]:—X daf x =1

-

Show that f(x) = is discontinuous at 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 = c where c is x-coordinate of the point at which continuity is to
be checked

If:-
EIJ}} f(c—h) = EE}; flc+h)=1f(c)...... Equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
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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= ¢ 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 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 -
f(x) = {1+ X fosx<1 Equation 2

2—-X Jfx>1
-~ we need to check LHL, RHL and value of function at x = 1
Clearly,
f(1) = 1+12 = 2 [using equation 2]
LHL = Efg,ﬂ:l —h)
since 1-h is less than 1
. we will use the first expression from equation 2 i.e. f(x) = 1+x2

LHL=1lim1+ (1 —h)?= lim(1+ 1+h*—-2h)=2
h—0 h—0
RHL = lim f(1 + h)
h—0
since 1+h is greater than 1
- we will use the second expression from equation 2 i.e. f(x) = 2-x
RHL=Ilim2—-(1+h)=1
h—0
Clearly, LHL = RHL
- f(x) is discontinuous at x=1

12. Question

sin 3x

Lfx <0
tan 2x
Show that f(x):. E if x =0 is continuous atx =0
-5
log(1+3x) .
‘Ex ) Af x>0
et —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
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be checked
If:-

%112}} flc—h) = %112}} 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 Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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.

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 I 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)

X—a X

Then, Lil]; 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

< lim =1 .. equation 2

x—=0 X
. tanx . cosxsinx . Einx .
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: lim 2P G _

x—=3 —-X

3. Idea of logarithmic limit and exponential limit -

limM =71 equation 4
x—0 X

x_
1111':1"9Y R equation 5
K— 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
Eg: lim 282*29 _ 4
x—0 2x
. log(1+2x .
But, lma% + 1 as denominator does not have 2x
x—o

Now we are ready to solve this problem:

Given function is :
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sin 3x

tan2x

Jifk <0
3

flx) = 3 k=0 ... equation 6

log(1+3x)

e?¥_q

Jifk>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) = 3
(0) =3
LHL = lim f(0 —h) = lim f(—h)

Putting x = -h in equation 6, we have

LHL = lim sin(—3h) . sin3h

= [ sin(-8) = sinB and also tan(-0) = tanB ]
h—0 tan{—2h) h—o0tan2h

sinzh sinzh
3 —_— . . .
= lim 224, = 2lim 2L = - [using equations 2 and 3 to apply sandwich theorem]
h—=0—=2 2 h—sp—— 2
zh zh

RHL = LiE(l) flo+h) = LiE(l) f(h)

Putting x = h in equation 6, we have

|UEI:J.+E|1)*
RHL = lim 1"5;”:‘] = Lim—ez% [trying to apply logarithmic and exponential limit using equation 4 and 5]
h—0 e°"— =0 ___—u2
zh
3 log(1+zh) 3
=gim—hs =
zh

Clearly, LHL = RHL = f(0) =§

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

13. Question

. T
asin—(x+1) .x=0
“

a—

is continuous at x =

Find the value of ‘a’ for which the function f defined by f(x} =. .
l fanx —smzx <50

Xs
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 = c where c is x-coordinate of the point at which continuity is to
be checked

If:-
EIJ}} flc—h) = EE}; f(c + h) = f(c) equation 1

where h is a very small positive no (can assume h = 0.00000000001 like this )
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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= ¢ 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 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 |, 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, lim f(x) = K We say that f(x) is squeezed between g(x) and h(x) or you can assume it like sandwich.
X—a

sinx
~ is also squeezed between 1 whenx — 0

I sinx
< lim

x—=0 X

=1 .. equation 2

tan x cosxsinx . 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

sin (3—x)

Eg : lim =1

x—=3 —X

Let’s Solve :

asing(x+ 1) ,x=0

tanx—sin x
)

f(x)=1 .5 . e equation 4

JX=0

X

Given that f(x) is continuous at x=0
-~ LHL = RHL = f(0)

EEE' flo—h) = LIEE' f(0 +h) = f(0)
From eqn 4:

f(0) = asing(o +1)=a

. . . T
LHL_LIE};ﬂ: h) = LlE}]asmz( h+1)=a

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

=Emw [+ sinB = 2sin(6/2)cos(6/2) and (1-cosh) = 2sin?(6/2)]

=i 2 sin'—lcos(E]E sinzl—1
h—0 h? cosh
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- .. 2 sin'—lcos(E]E sinzl—1
h—0 h2 cos0

in2D AN
= 4lim 2 = 2lim (252 | [ using sandwich theorem as explained ... eqn 2]
h—0 '1?*3 8h—0

2 2
As LHL = RHL
a=}
2

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

a =
2

14. Question

J’sx—z Lifx=0
1 x+1 .ifx=0

.

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

If:-

%112}} flc—h) = %112}} 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 Liné f(c —h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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 now:
Given function is

f(x) = [3X— 2 ifx<0 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]
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LHL = LlEE' f(0—h) = LIEE' f(—h) = EEE'{B(—h) —-2}= -2
RHL:EEE.f(O+h) = Li%f(h)= Egé{h+ 1}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

put x = 0theny = -2

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

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

Graph:

y=x+1forx=0

y=3x-2 forx=0

-5

It can be seen from graph that there is breakage in curve at (0,0)
Thus, it is discontinuous at x = 0

15. Question

Xx .x=0

Discuss the continuity of the function f(x ) = 1 1 .x=0 atthe pointx = 0.

—X.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
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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:-

%111#1}] 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 EE}; f(c —h) } must be

equal to limiting value of right neighbourhood of x= ¢ 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,
X ,x>0

f(x) =41 ,x=10." 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 eqgn 2]

LHL = fimg O —h) = Jimg {=h) = iy (=) = imh =0
RHL = lim f(0 +h) = lim f(h) = lim(h) = limh = 0
Thus, LHL = RHL = f(0)

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

16. Question

X ., 0=x<1/2
Discuss the continuity of the function f(x)=<1/2 . Xx=1/2 atthe point x = 1/2.
11—:( ./ 2<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
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If:-

%111#1}] 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= ¢ 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.

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() = L [from eqgn 2]
2 2

=i L —lim(:f-n)=t_po=12
LHL_EEéf(E_h)_EE})(z h)_ z 0= 2

RHL = lim £(3+ 1) = lim (1= G+1)) = $- 0=

Thus, LHL = RHL = f(0)
. f(x) is continuous at x =$
17. Question

J'Zx—l .Xx<0

l2x+1 .x=0

L

Discuss the continuity of f(x )= atx = 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 = c where c is x-coordinate of the point at which continuity is to
be checked

If:-
EIJ}} f(c—h) = EE}; flc+h)=1f(c)...... equation 1

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

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

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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.

Given,

2x—1 ,x<0 .
= T T tion 2
f(x) {2x+ 1 x=0 equation
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 egn 2]

LHL = Eﬂﬂ:o —h) = Eﬂﬂ:_h) = Eiz}]z(—h) —1=-1
RHL=LiE(1]f(0+h) = LiE}]f(h)= %E}]Zth 1=2*0+1=1
Thus, LHL = RHL

-~ f(x) is discontinuous at x =

18. Question

For what value of k is the function f(x) :l x —1 LX #1 continuous atx = 1?7

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:-

LIE}) flc—h) = LIE}) 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 lim f(c +h) }and both
h—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
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it is discontinuous.

Given,

x7—1
f(x) = [: x=1 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)
LiE}]f(l —h) = Eﬂﬂ: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—o h—o

= lim h®+2h
h—=0 h

= Jim 22 _ limth+2)=0+2=2
h—=o0 h h—0

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

19. Question

'xz —3x+2 .

Determine the value of the constant k so that the function f(x } = J x—1 fx =l is continuous at
l k Jif 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:-

%111#1}] flc—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 = ¢ also called left hand limit LHL{i. e Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= ¢ called right hand limit RHL [i.e Em 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
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So, whenever we check continuity we try to check above equality if it holds true, function is continuous else
it is discontinuous.

Given,
f(x) = [ — Afx=1 equation 2
k Jfx=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)
LlE}]f(l —h) = EE(I)fl: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.

. . (1+h)*-3{1+h)+2 . 1+h®+2h—3-3h+2
RHL =lim f(1 + h) = lim Q) 202 _ gy 140 #2033k
h—0 h—0 1+h-1 h-0

2

. _h®-h .. h
= lim = lim &
h—=0 h h—=0

_1]—' — = — = —
- —EE(I)[:}I 1)=0-1 1

As, f(x) is continuous
. RHL = f(1)
Lk=-1

20. Question

sin 5x .
_ _ Afx =0 _
For what value of k is the function f(x )=+ 3x continuous atx = 0?
} k Afx=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:-

%111#1}] flc—h) = %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 Liné f(c — h) } must be

equal to limiting value of right neighbourhood of x= c called right hand limit RHL [i.e Em flc+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
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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-
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 , lfﬂ 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

sinx

=1 ... equation 2

< lim
x—=0 X

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

Eq: 1 sin (3—x) _
g Ll_lg—_x 1
Given,
sin 5x .
f(x) = [ 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)

LiE% f(0—h) = LiE(l) 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 1., 5s5in5Sh
RHL = lim f(0 + h) = lim f(h) = lim—— = -lim——
h—0 h—0 h—0 2h 3 h—=0 5h
3. sin 5h 3 3
=lim—=2%1=->
3h—p 5h 3 3

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

Sk =

[N

21. Question

[kx* Lifx<2

1 3 Jifx=2

L

Determine the value of the constant k so that the function f(x } —. is continuous at x = 2.

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

So,atx =2
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xligl_ f(x) = xlll%]_ f(x) kx®
= xligl_ f(x) kx (2%)

= 4k

K1_1.1211+ f(x) = K1_1.1211+ 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)
X—=C X—=C
xllgl_ f(x) ](1_1.1211Jr f(x) = £(2)
=24k =3
- k=2
4
Therefore, the required value of k is%

22. Question

sin 2x .
, _ Jfx=0 .
Determine the value of the constant k so that the function f(x} =< 5x is continuous at x =
l kK .ifx=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
x—0 X

I sin2x 2x
= lim X— =
=0 2X bx

23
= l{ = 1>< __‘:
2H

. sinx
~lim—=1
x—=0 X

= =Kk

| ra

K 2
wko= g
Thus, f is continuous at x = 0 if k =§

23. Question
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J'ax—ﬁ Afx=2 _
is continuous at x = 2.

Find the values of a so that the function f(x) 1 ¢
x—-1 ifx=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 function at x = ¢
exist and are equal to each other.

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

limax + 5
x—=2"

= limax2+ 5
x—=2"
=2a+5

lim x—1
x—2 1

= lim 2-1
x—=2t

= lim1=1
x—=2t

since f is continuous at x = 2,

limax + 5 = lim x—1 = f(2)
- x—=27

%2
~2a+5=1
=22a=1-5
=2a=-4
=a=-2

Thus, f is continuous at x = 2 if a = -2.

24. Question

X
— LJXF
Prove that the function f(x} = J |x|+2x~ remains discontinuous at x = 0, regardless of the choice
l 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) = LiE}]f(c— h), since (c-h)<c

X—=C

RHL = = YLiICHJr f(x) = Eféf(c + h), since (c + h)>c

LHL = lim

x—0— lx| +2x2

! 0-h
= h20]0—h| + 2(0—h)?
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—h

= lim

ho0|—h| + 2(—h)2
. —h

= hlftlah + 2h?
I h(-1)

= 220h(1 + 2h)

= limi
h—o(1 + 2h)

R (-1
(1)

= -1

RHL = x&1§1+ —le-i-—2:-.'2
y 0 +h

=
hoo]0 + h| + 2(0 + h)?
" h

= heolh| + 2(h)?
. h

= 250h + 2h?
I h(1)

= 220h(1 + 2h)

= limi
h—0(1 + 2h)

=;. Q
(1)

=1

since 3‘11.1(1]1_ f(x)# x1_1131+ f(x)
The function f(x)remains discontinuous at x = 0, regardless the choice of k.

25. Question

kcosx .
_ _ _ _ JAf x=m/2
Find the value of k if f(x) is continuous at x = /2, where f(x) =1 ©—2x
}\ 3 JAfx=7/2
Answer
Given:

f(x) is continuous at x = E
lim f(x) = limf(c + h), since (c + h)>c
X—C h—0

_ kcosx
lim
x_.gﬂ — 2%

keos(z + h)
= lim——F——
h=0r — 2z + h)
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. k(—sinh)
= lim T
h-0q — (2x7 +2xh)

. —k(sinh)
= lim

h-'ﬂﬂ—2><g—2><h)

Also, given f(g) =3

since f(x) is continuous at x =

ta A

lim f(x) = f(g)

X3

el
i.e,E =3
2
= k=6
The value of k is 6 when f(x) is continuous at x =g

26. Question

sin{a+1)x+sinx
( ) forx <0
X
Determine the values of a, b, ¢ for which the function f(x) —. X . forx=0is
X +bx’ —\E
T . forx=0
bx™'-

.

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)" = lim sin(a + 1)x + sinx

x—=0 X

~ sin(a + 1)h + sinh
= lim
h—0 h
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sin(a + 1)h sinh

e
~osinfa+ 1)h (a+ 1)
= lim X
h=0 h (a+ 1)

sinfa+ Lh (a+ 1)

1i %
1% @+ Dh 1
~ sin(a + 1)h
lim———— =
=0 {(a + 1)h
" sinh L
Boo b

~1lx(@+1)+1

= (a+1)+1

f(0y=a+2.... (1)

RHL = f(0 + ) = iy WX R bﬁz_w
x—0 bxz
Vx + bxZ —x

= lim 2
x=0 bxz

vh + bhz—\,'"H

= lim =
h—0 bhz
. vh + bhZ — \,'"E
= lim

h—0 b x h x hz

. vh + bhZ — \,'"E
= lim
h—-0 bxhxvh

JR(T + bh) —vh

= lim
h—0 b x h x vh

\."'E(\. 1 + bh-— \.q)

= lim
h-0 bh x \,'"E

(W1 + bh - \.q)
= lim
h—0 bh

Take the complex conjugate of

(v1 + bh— \.’T)r

sinh

+ lim——

h=0 h

sinh

+ lim——
h=0 h

i.e, (v1 + bh + V1) and multiply it with numerator and denominator.

=, Jim bh

_ (VT +bh)? - (V1)?
= lim
h—0 bh

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

. (1 + bh—-1)
= lim
h—=0 bh(y/1 + bh + \H)

Get More Learning Materials Here : &

(\-m— \-q) « (\-m + \-q)
(v1 + bh + \.’T)

@ www.studentbro.in



! (bh)
= llImn
h-0 bh(yI + bh + V1)

1
= lim
h—=0 (4/1 + bh + \.’T)

1
=
(V1 +bx0 + 1)

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

=;.a+2=l

ra

Also,
f(0)~ = f(0) * = f(0)
= f(0)=c

=;.c=a+2=2i

1
=;,C=_
2

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

27. Question

(l—m‘as kx -0

If f(x)=" xS x is continuous at x = 0, find k.
\ % .Xx=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) = lim *==2

x—0 Xsinx

. 1 —cosk(0—h)

=

e (0 —h)sin(0—h)
1 —cosk(-h)

= lim

h-o (—h)sin(—h)

~C0S(-X) = cosx

. 1 — cosk(h)
Theo (—h) x —sin(h)
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" 1 — cosk(h)
Theo (h)sin(h)

cosZ2x = 1-2sin2x
1-cosZx = 2sin2x

1-cosx = 2sinL:

. 21{}1
~ sin®5-
=>th1]1 (h)sin(h)

. o kh
s51n T
= lim

h—0 . h h
(h)25111§ cos5

L kh
s5In° —-

= lim 2

h—0 . h h
(h)25111§ cos5

= lim s’ % (%) 2

G

2

. h h
Zhsmi oS3

cosh

1
lim = —,co0s0=1
h—0 2 2’

. - kh kh
=:-h_!iom SII:;T ¥ (2 );
Z)) x sing

B =
x
3| =

lim
—=0

h
2

kh
= lxij_h
thlx—xi

2
k*h*
(%)
” h? ><l

()

1

f(0) = K
2

Since ,f(x) is continuous at x = 0 & f(0) =23

k2 1
T2 2
=;-k2=1
=k=1+1

28. Question
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x—4 .
+a .if x<4
X —4|
Iff(x):. a+h _if x =4 is continuous at x = 4, find a, b.
x—4 .
Jf 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)" = lim ** 4 a
x—d [x—4|

(4—h)— 4

= Iy —g @

o @mho
T onlol(4-h—4] ' °

—h
= lim—— + a
h—o|(—h)|

(—h)

= lim—— + a
h—0 h
=a-1

LHL = f(4) * = lim ==
x—4 |x—4|

o () —4

= he0|(4 + h)— 4]

R
= lim———
h—0[4 + h— 4|

. h
=

I 1
= I

=1
Since ,f(x) is continuous at x =4 &f(4) =a+ b
f(4)"=f(4) * =f(4)

sa-1l=a+b=1

=a-1=1
=a=2
at+b=1
=2+b=1
=b=1-2
=b=-1
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29. Question

0

continuous at x = 0?

0

H

J'sin 2x
For what value of k is the function f(x) = }

X
k . X

.

Answer

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

LHL = f(0)" = lim ™2

x—=0 X

sin2x

= lim
x—=0 X

" sin2(0 — h)
= I
—sin2h
= lim
h—0 —h

_sin2h
= lim
h—0

. sinzh
= lim

h—0

x 2

I sinzh L
"2 2h

= 1x2

=2

Since,

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

30. Question

.
Let log| 1+ EJ —log| 1- EJ x # 0. Find the value of f at x = 0 so that f becomes continuous at x =
f(x)=
X
0.
Answer

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

X X
LHL = f(0)" = Jim log(1 +3)-log(1 )

x—=0 X

| log(l + @) —log(1— Lg h))
> i 0—h)

log (1 + @) —log(1— %)
= =

log(l + %)— log(1 + %)
= lim
h—0 —h
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, (—h)) , h
. LlE(l]log(l + ~ Eﬂélog(l + )
—h —h
, (—h) , h
Egélog(l + g %Eélog(l + )
- _
h ho .
2 xa b %
, (—h)) , h
LlE(l]log(l + Eﬂélog(l +3)
= +
—Ex E><b
a”d b
1 N 1
- 4
a b
a+b
= Tab

hence,f(0) = 2+
ab

31. Question

27 _16 .
- afx=2. _ _
If f(x] =4 4% _16 is continuous at x = 2, find k.
‘ 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)

22( + 2_1&

LHL = f(2)” = lim—
v 4¥_1g

2(2—1:.] +2_ 16

= Im— w16

2R — 16
= M - 16

y 2* x27h 16
~ 2z x4 16

y 16 x (272 —1)
~ 2016 x (4P — 1)

y (272 -1
= M

(2D
= lim

hoo ((22)7F — 17)

- (2"-1)
R CEE

| (27 -1
T rno((2) - D(@)F + 1)
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- (a + b)a-Db) = a%-b2
c @D
1
T @0+ 1)
~20=1
1
T @0+ 1)

1
=
(1+1)
1

= —

2

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

k =

[N

32. Question

"cos"x—sin"x -1

.x=0
If f(x)=- 2i1-1 is continuous at x = 0, find k.
‘ k .Xx=0
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) * = f(0)

LHL = f(o)_ = lim cos x—sin"x—1
=0 Jxi4+1-1
cos?(0—h) —sin*(0 —h) — 1

S o — 12 o 1
b0 f(0—h)? ¥ 1-1

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

. cos?h — (sin*h)— 1
im

=0 Jh?+ 1-1

~ cos?h— sin®h—1
lim —

Be0 Jh 4+ 11

~cos2h—1
lim —
b=0/h? + 1-1

" —sin2h
L
vhz+1

[By Applying L - Hospital Rule.]
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Hence, LH.L=0

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

K=0

33. Question
1-cos7(x—T)

Extend the definition of the following by continuity f(x )= ),, at the point x = m.
S(x—m)

Answer

Given:

f(x) is continuous at x = T,

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

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

LHL = f(m)~ = lim =&

x—m 5(x-m)?

. 1—cos7(m—h—m)
T2 s(m—h)-m)?

" 1 — cos7(—h)
= 2% 5(—h)?

. 1 — cos7h
= I

ZsinEE

= lim
h—0 5h?

2 sinE 7
T 2 )= M E
= me >\ ~7n x( )
2

5111—7h 2 7

; 2 |=.2 -

- | 7 ) 5% (3)
2

. 7h
. S5iN—-
) T
2

12 2 (49)
= 1*X—-X|—
5 4

49
=>_

10
=29
f(p) = o
34. Question

2Xx +3sin X , , ,
If f(x)==—"————"_x =0 is continuous at x = 0, then find f(0).
3Xx+2sm x

Answer
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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)" = lim 2x + 3sinx

x—0 3% + 2sinx
. 2(0—h) + 3sin(0—h)
=
hlEtlJB(O —h) + 2sin(0—h)
" 2(=h) + 3sin(—h)
= hlEEnB(—h) + 2sin(—h)

. —2h — 3sinh
=> _—
h}EEn—Bh — 2sinh

. —(2h + 3sinh)
= hlEtln—(Bh + 2sinh)

(2h + 3sinh)
h—0(3h + 2sinh)
h(2 + 35;11111)

2sinh

.
(2 + 35}1]11h)

2sinh
)
. sinh
[:2 + 3 x EE%T)

. sinh
(3 + 2x %E-.%T)

sinh =1
h

~ lim
h—0

(2+3x1)
T Br2x1)

Hence,f(0) =1

35. Question

J'l— cos 4x

Find the value of k for which f(x )= 9x 2
Lk

Answer

Given:

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

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

1—cos4x

LHL = f(0)" = lim
x—=0

. 1— cos4(0—h)
=
<0 8(0— h)?

1 — cos4(—h)

= e

. 1 — cos4h
=T

cos2x = 1-2sin2x
1-cos2x = 2sin2x
1-cosdx = 2sin22x

" 2sin®*2h
= lm——

~ 2sin*2h
= lim——
x=02 X 4h?

" 2sin®*2h
= 1202 x (2h)?

511121'1) 5

= 11111( oh

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- 2k

JM ifx=0
f(x}: X atx =0

l 8 Ldfx=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)

1-cos2kx

LHL = f(0)" = lim

x—=0 X

o

1 — cos2k(0—h)

=T 0wy
" 1 — cos2k(—h)
oy

cos(-x) = cosx

cos2x = 1-2sin2x
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1-cos2x = 2sin2x
1-cos2x = 2sin2x

" 1 — cos2kh
= I
2sinkh

= lim————
h=0 hZ

— 2k?

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

2kZ=38
>k?=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 —1)tan— .if x =1
f(x)=" 2 atx =1
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) * = f(1)
LHL = f(1)" = lim(x — 1)tan—
x—=1 2

(1 —h)

= LiE}]((l —h)— 1)tan 2

(1 —h)
2

= lim(—h)tan
lim(—h)

= i —_
EE(I)( h)tan

n(1—h)
2

" h (T[ T[h)
= hlEEl(_ Jtan 277
tan(g -x) = cotx

" h (nh)
= hlEEl(_ Jcot >
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mh
COS(T)
= lim(—h) ———=—
"0 U sin(m) b
><_
mh 2
2

Liniljcos(g—h)
= (—h) _.. 0
sin(—-) h

mh 2
2

lim
h—0

sin(ﬂ—h)
~ lim 2
h—0 mh
2

=1

mh
cos(T)

= lim(—-1) T
h—0 1x 7l

~cos(0)=1

—1x1
=

S

-2

T
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 :

_Jk(xg—lx) Afx <0

f(x)= atx=0
l Cos X A x =0

Answer

Given:

f(x) is continuous at x = 0

If f(x) to be continuous at x = 0,thenf(0)~ _ f(0) * = f(0)
RHL = f(0) = Li_l}tlj COSX

= EEE'COS[:O —h)

= Li%cos[—h)

= EE}]COS[:h)

~cos(0) =1

f0)* = 1

LHL = f(0)" = Li_l}tlj k(x? — 2x)

= EEE'I{[:[:O— h)? —2(0—h))

= limk((~h)* —2(-h))
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= limk(h® + 2h)
h—0

= Egakh[h + 2)

= 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 :

J'kx—l ifx<=35
f(x)= o Atx=5
133(—5 JAf x =5

L.

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
K—=>

= limk(5—h) + 1

h—=0
=5k +1
RHL=f(5)* =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

=k =

|

The value of k is?

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 :
J'xf—zs
— . X

f(x}:. x—5 atx =5
1 k .X=5

H
Lh

L.

Answer

Given:
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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) = lim *=2°

g (87— 25
~ b2 (5-h) 5

~(@a-b)2=a%-2ab+ b2

i 25~ 100 + b — 25
= hoo 5-h-5

—10h + h®

= lim————

h—=0 —h

I 10h — h?
=

~ h{10—-h)
= lim———

h—0 h

- (10—-h)
= lim——
h—0

= EEE'(IO —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}:JkX_ X2l
1\ 4 .x<«l1

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) = Li_l}}‘l

= 4...(1)

RHL =f(1) * = Li_I}}-l{Xz

= LiE(l]k(l— h)®

= k(1-0)?

=k..(2)

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

from (1) & (2)
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~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 :

atx =0

f(x}:Jk(X—_~) Jfx=0
| 3x+1  Lifxs0
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) = lin&k(xz + 2)
X—
; 12
= EE%}{((O h)* + 2)
; 12
= LIE(]JR(( h)* + 2)
; 2
= LlE};k(h + 2)
= k(0 + 2)
= 2k ...(1)
RHL = f(0) * = 1111%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 =

[

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 :

% ext—16x+20

X=2
f(x)= (x—j)" atx = 2.
1\ k x=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) = limw
x—=2 K—2 )™
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(2—h)® + (2—h)?—16(2—h) + 20

= lim

h—0 ((2—h)—2)2
S [2*-h*—-3x2°x(-h) + 3x2xh? + [22—-2x2xh + h¥] —-32 + 16h\+ 20
=5 ? |

- (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)?

~ 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

h—0 (h)?

y —h® + 7h?
ST m

" h?*(—=h + 7)
ST

= Efé(_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)=7ax+b .if x<x <3 is continuous at x
} 7 if X=5

=3andx =5 )

Answer

Given:

f(x) is continuous atx =3 & x =5

If f(x) to be continuous at x = 3,then,f(3)" = f(3) * _ f(3)
LHL = f(3)" = Li_l}% 1

=1..(1)

RHL=f(3)* = Li_l}% ax + b

= LiE(l]a(B +h)+b

=a(3+0)+b

=3a+b..(2)

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

3a+b=1..(3)
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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

= lima(5—h) + b
h—0

=a(5-0)+b

=5a+b..4)

RHL = f(5) * =1lim7

x5
=7 ..(5)

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

Now equate (3) & (6)

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

x° .
‘ — Af0=x=1
If f(x) =. = . Show that f is continuous at x = 1.
5 3 .
llx‘—iﬁx—: Aflex=2
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 = (1)" = lim (%)

x—1
-~ (1-h)?
= )
. (1?—=2x1xh + h?)
= lim(
h—0 2

-(a-b)? = a2-2ab + b2

| 1—2h + h?
T )
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1-2x0 + 0°
2

..(1)

=

=

b |

RHL = f(1) * = 1111}(2:{2 —3x + g)
3
=:-Lina(2(l+h)2—3(l+h)+i) ~(a+ b)?=a% + 2ab + b?
3
=:-Lin%z[::ﬁ+2><1><h+h2)—3(1+h)+i
lim2(1 + 2h + h*)—=3(1 + h +3
= lim2( )= 3( ) + 3
3
= lim(2 + 4h + 2h* -3 -3h + )
h—0 2
3
= lim(2h* + 4h—3h + 2-3 + )
h—0 2
= i 21r12+h+E
i 2
=>2><02+o+§

...(2)

=

[N

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 continuous at x =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)" = Lil%(lxl + |x—1])

= lIm(I(0 ~B)| + 1(0~h) ~ 1)

= lm(I(-B)| + I(~h) - 1))

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

felx] = x| = x

= |-1]

=1..(1)

RHL = f(0) * = Li_l}cl'[lxl + [x—1])

= lim([(0 + h)[ + [(0 + h) —1])

= lim([(h)| + [(h) —1)

= |0] + [0-1]
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s=lx] = x| = 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_l}}(lxl + |x—1])

= lm([(1-h)| + [(1-h) —1])

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

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

= (1)

=1..(3)

RHL = f(1) * = Li_l}}(lxl + |x—1])
= Lina(l(l + h)| + |(1 +h)—-1])
= lm([(1 + h)[ + [(h)])

= |(1 + 0)| + |0|

Xl = [ = 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+1]atx=-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) = xllll_llﬁlx— 1 + [x + 1P

> lm(|(-1—h) — 1] + |(~1=h) + 1))

= Liljg,(l(—z—h)l + 1(=h)D)
= |(-2-0)| + |-0]

= |-2|

~-x] = |x] = x

=2 ..(1)
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RHL =f(-1) t = xlll]_lll:lx— 1 + |x + 1])

= E%(l(—l +h-1)]+ |[(—1 + h) + 1)
= lim([(=2 + W[ + [(h)])

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

al-x] = Ix| =

= |-2|

= 2..(2)

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(1) =f(1) * =f(1)
LHL = f(1)" = Lif}(lx— 1 + [x + 1]

= lm([(1-h—1D[ + [(1-h) + 1]))

= LIEE.(I(_h)I + [(2—h)])

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

RHL = f(1) * =Lil1}(|x— 1 + [x + 1P
= Li”}](l(l +h-—1|+ (1 +h+1])

= LlE(l](I(h)l + [(2 + h)])

=|0| + |2 + O]
Xl = Ix] = X
= |2]

=2 ..(4)

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

40. Question

e

[X— | x|

Provethat f(x)=1 x x#0 is discontinuous at
}\ 2 .x=0

x = 0.

Answer

Given:

f(0) =2

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) *
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LHL = f(0)" = 1im *=

=0 X
iy @) —[0—h]
% (0-h)

= lim 7(_}1) —|hl
h—0o (0 —h)

~-X| = |X| = x

.
= I,

——
= o

= lim2
h—0

=2 ..(1)
RHL = £(0) * _ lim *=&
x—=0 X

4oy © ) =10 + Il
2% (0 +h

= limw
h—o (0 —h)

h—nh
= lim
h—0 —

= 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

[2:8—1«; Lifx=0

If f(x)=-
(x) ]‘—ng—k JAfx <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

: _ _ 2
= LIE(IJ 2(-h)* + k
= lim—2h® + k

h—0
=-2x02 + k

=k ...(1)
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RHL = f(0) * =“”& 2% + k
= lim2(0 + h)* + k
h—0
: 2
= lim2(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-}-.[ixg ~2x) Lifx<0

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

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

continuity at x = = 17
Answer
we have to find the value of ';_' 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—=2(0—h))
= Lil](l) A((—h)? - 2(-h))
= lim A.(h? + 2h)
h—0
= 7.(0%2 + 2x0)
=0...(1)
RHL = f(0) * = 11113(4){ + 1)
X—
= %11%4(0 + h) + 1)
= %11%401) + 1)
=4(0)+1
=1..2)
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 41
For f(x) is be continuous at x = 1,
then ,f(0)"=f(0) * =f(0)

LHL = f(1) + = 111111 A(x%—2x)
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= lim A((1—h)*—2(1—h))

= Li%l[lz —2h + h* =2 + 2h)
= lim A(h?i—1)

= 7.(0%-1)

= -3 ..(1)

RHL=f(1)*= Li_l:l}-(‘drx + 1)

= Li%é}(l +h) + 1)

= Li%(dr + 4h + 1)

= (5 + 4x0)

=5 ..(2)

From (1) & (2),we get f(0) = f(0) *,
i.e,-7. =5

=7 =-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(—l)'=xli}1_11 A(x%—2x)

= lim A((-1—h)*—2(—1—-h))

= EEE'—}L((:L + h)? + 2(1 + h))
= EE})—}L(:LQ + 2h + h* + 2 + 2h)
= EEE'—}L(hE + 4h + 3)

= -7.(02 + 4x0 + 3)

=-3 7 ...(3)

RHL = f(-1) * =lim (4x + 1)

= EE%‘H:_]- +h) + 1)

= Li%(—tl + 4h + 1)

= (-3 4+ 4x0)

=-3...(2)

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

=3 =1

Hence f(x) is continuous at x = 1,when ;3 =1
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43. Question

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

2x+1 ; ifx=<2
f(x)=1 k x=2
13){—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(2)=f(2) * =f(2)
LHL = f(2) = 1111%(2}{ + 1)
X—

= EE}](Z(Z— h) + 1)
= lim(4—4h + 1)

h0
= EEE.(S — 4h)
= (5-4x0)
=5..(1)
RHL=f(2)* = 1111%(3){— 1)

X—

= EEE'(S(Z + h)—1)
= lim(6 + 3h—1)

h0
= EEE.(S + 3h)

=(5-3x0)

=5..(2)

Since , f(x) is continuous at x = 2 & f(2) = k
k=5

44. Question

1—sin’x . T
—— .if x<—
3cos X 2
. T . , L=
Let f(x} = a Jif  x =2 .Iff(x) is continuous at; find a and b.
-5
b(l-sinx , -
(7) JAf 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) +_ f(g)
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LHL = f(g)_ _ li_lﬂ(l_sm :\-.')

3cos™x

T
1 —sin®*(5 —h)
= lim 2

R 31:052(% —h) )

. T
.-.sm(E -X) = COSsX

T .
.-.cos(E -X) = sinx

" (1 —cos’h
= lim(—————
h—0" 3sin®h

~ 1* —cos’h
= lim

h—o 3sinh

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)
=
hed 3(1 + cosh)

(1% + cos0 + cos®0)

3(1 + cos0)

~.cos(0) =1

(1+1+ 1)

3(1L+ 1)

3

3(2)
= 2.1

2

b{1-sinx)

(m—2x)* )

[b[l— sin (3 + h)]}

=2 )]

el
< 5111 (E + X) = COSX

" b[1 — cosh]
= lim
h—0 [TE—?.X%—ZXh]E

. [ b[1 — cosh] ]
= limj————

h—o | [ — m— 2h]?

" b[1 — cosh]
= Iy

LHL = f(0) + =l (

= lim
h—0
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b x 2sin®5
= lim{ ————=
h—0 4h?

b x 251112% 1

= lim X —

o
e

€Cos2X¥ = 1-25in2?x

1-cos2x = 25in2x

1-cosx = 2sin2Z

h
.
5111 7

b
= 8hso

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

R (R (&)

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:

_ “
1 cei-x < <0
2x-
= X =0
| x|

L.

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 (-2222%)
x—=0 % 2%
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" 1 —cos2(0—h)
= he0 2(0—h)?

. 1 — cos2(—h)
~ b 2(—h)?

1 — cos2h

= lim————
h—0 2h?

~cos(0)=1
2sin®h

= lim——
h—0 2h®

cos2x = 1-2sin2x
1-cos2x = 2s5in2x

sin®h
h2

= lim
h—0

" (sinh) .
= I (5

. sinh L
R h

= (1)2

=1

RHL = (0) * = lim ()

x—0 xl

. (0+h)
= H20\[0 + n|

i ()
= 1

= lim (i)
h—o\|1]
=
=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
[ax+1 .ifx=3 i
]bx—?s Jdfx =3

.

Find the relationship between ‘a’ and ‘b’ so that the function ‘f’ defined by f(x] —=- S

continuous at x = 3.

Answer

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

f(x) is continuous at x = 3

Get More Learning Materials Here : & m @\ www.studentbro.in



If f(x) is be continuous at x = 3,then,f(3)” = f(3) * = f(3)
LHL = f(3)" = lin;(ax + 1)
X—
= LIE};(H(?’_ h) + 1)
= lim{3a—ha + 1)
h—0

=23a-0xa+1

LHL=f(3) * =Lii1;(bx + 3)

= LiE}]b(?’ +h) + 3

= EE(IJ?’b + hb + 3

=23b-0xb+3

=3b + 3...(2)

Since ,f(x) is continuous at x = 3 and From (1) & (2),we get
33+1=3b+3

=3a+3b=3-1

=3a+3b=2

=>3@+b)=2

:(a+b)=§

Exercise 9.2

1. Question

Prove that the function f(x)=1 x ’ is everywhere continuous.
Answer

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
LIE}) flc—h) = %Etl} 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,

sinx
f(x) = [ —~  x<0_ . equation 1

xX+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
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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 ¢ being a random number, it can include all negative
numbers ]

f(c) = ¥2° [ using eqn 1]
C

. . sinx  sinc
limf(x) = lim =

X—C x—=c X C

sin ¢

Clearly, limf(x) = f(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, Li-l.]é f(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]

LHL = Ii _ — 1 sin(—hjz \ sinh=
im0 —1) = pm = = IS =1

[ sin - 8 = - sin 6 and lim =22 = 1]
h—-0 h

RHL:EEE.f(O+h)= Ll%h+1=l

Thus LHL = RHL = f(0).

. f(x) is continuous at x = 0

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

Hence, proved.

2. Question

&
H
(o]

LX 3

\X\

o

E><
[l

=

Discuss the continuity of the function f(x )= 1

L.

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

= x=0
f(x) = [le T 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: |x| = [_iz i g
LHL = im f(0 —h) = limf(-h) = % - 2_ 4
h—0 h—0 —(-h)  h

[using egn 1 and idea of mod fn]
h
RHL =i +h)=1U =-=
Luqta f(l0+h) Luqta f(h) =1

[using egn 1 and idea of mod fn]

f(0)=0

[using egn 1]

Clearly, LHL = RHL = f(0)

- function is discontinuous at x = 0

Let c be any real number such thatc >0
c

cflc)=—=-=1

lel <
[using egn 1]

And, limf(x) = lim— = lim==1
X—=C

x—clel Xx—=ct
Thus, lim f(x) = f(c)
X—=C
-~ f(x) is continuous everywhere for x > 0.
Let c be any real number such thatc < 0

—-C

) =g=5="1

[using egn 1 and idea of mod fn]

And, limf(x) = lim— = lim—= —1
X—=C x—clcl

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 :
Jx‘l’—xz—ix—i Jaf x =1
1 4 Lifx=1

L.

f(x)=
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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) = 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 limit from class 11 we can summarise it as, A function is
continuous at x = cif :

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

3_ L2 _ i
f(x) = [X x*+2x -2 ifx=1 equation 1

4 Jfx=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 )

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 eqn 1]

Lig}-f(x) = Li_l}}[xa—x2+ 2x—2)=1*—-12+4+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) = c3 - c2 4+ 2c - 2 [using eqgn 1]

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

x—c x—¢

Clearly, Liilg 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
JX 1 ifx=2
f(x)=9 x-2
l 16 JAf x=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 :
LIE}) flc—h) = %Etl} 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 :
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lim f(x) = f(c)
Here we have,

x*-16 (¥+4)E-2)(x+2)
fx)=4x—2 (x—2)

16 Jfx=12

...Equation 1

Note: [for changing the expression used identity:- (a?-b2) = (a+b)(a-b)]

= (x2+4)(x+2) ,ifx+2

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 egn 1]

. _xf—-16 (X +HYE-DE+2)
A I - B ) B
=16

Note: (x - 2) is cancelled as x # 2 but x— 2
Clearly, LI_IE 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]

limf(x) = EEJ‘;(XZ +4)(x+2)= (cZ2+4)(c+2)

X—=C

Clearly, Li_l}g 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 .

J JAfx <0
f(x)=1 x

12x+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 :

LIE}) flc—h) = %Etl} 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
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Here we have,

sinx

. Jfx< 0
2x+3 ifx=0

...Equation 1

flx) = [
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) = ¥2° [ using eqn 1]
C

. . sinx  sinc
limf(x) = lim =

X—C x—=c X C

sin ¢

Clearly, limf(x) = f(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) = 2m + 3 [using eqn 1]

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

X—m X—=m

Clearly, limf(x) = f(c) = 2m + 3
X—=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) = 2x0+3 = 3 [using egn 1]

LHL = 1i . — 15 sin—h= . sinh=
im0 —1) = =57 = ISR =1

[ sin -0 = - sin 8 and lim 28 = 1]
h—-o h

RHL:EEE.f(O+h)= EEE'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 .

{sm X fx20
f(x)={ x

1\ 4 Afx =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) = 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.
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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,

sin3x

— ifx=0
X
4 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 c being a random number, it can include all humbers
except 0]

f(c) = 221 using eqn 1]
C

. . sin3x  sin3c
limf(x) = lim =
X—=C x—=c X C

sin 3¢

Clearly, limf(x) = f(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—2h sin 2h

LHL = lim f{0 — h) = lim = 3lim 3
h—0 h—=0 h—0 3h
[ sin -6 = - sin 8 and lim 22 = 1]
x—0 X
RHL =lim f(0 + h) = lim Sndh_ gy 23 _ 3
h—0 h—0o h h—=0o 3

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 .

J +cosxX Lifx=0
f(x)=1 x

l 5 Afx =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 :
LIE}) flc—h) = %Etl} 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)
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Here we have,

sinx .
f(x) = [T +oosx ifx+0 ...Equation 1

5 Jfx=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 ¢ # 0 [thus ¢ being a random number, it can include all humbers
except 0]

f(c) = ¥2° | cos c [ using eqn 1]

c

sinx sinc
+ CosX) =

lim f(x) = lim( +cosc
X—C x—=c X

Clearly, Li_l}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) = 5 [using eqn 1]

and,

sin x

1]

\ sinx . sinx \ v s
lim(— +cosx) = lim—+ limcosx=1+cos0 = 2 [ lim
x—=0" X x—=0 X x—0 x—=0

x
Thus lim f(x) = f(c)
K—=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 :

-

Jx“l—x‘l’—ix"

JAfx=0
f(x)= tan”' x
1\ 10 Af 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 :
EE(I] flc—h) = EE}] 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,

xt+x? 2% ifx =0
f(x) = [ L ...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 )

Get More Learning Materials Here : & m @\ www.studentbro.in



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

e 2 2
f(C) — cT+c+2c

tan~lc

[ using eqn 1]

im0 = 1 (x“+x3+2x2) c* +c? + 2c?
imf(x) = lim =
s x—c tan~1x tan—1c

Clearly, lim 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 egn 1]

and,

%0 tan—1x

. Cxt+ x4+ 2x?
11113 f(x) = lim{ —————
X—

@ x4 2% lim(x® +x%+2x) . tan—Lx
or,lim | = ¥ = =0["usinglim—— = 1]
x—0 ( t_anx X ) }{jnétan = 1 x=0 ¥

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 G. Question

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

i Af x=0
F(x)= log, (1+2x) |
7 Lfx=0
| x =3 Jdf 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 :
EE(I] flc—h) = EE}] 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,

E‘x -

&t
log=(1+2x)
7 Jfx=0

Jfx =0

flx) = ...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
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except 0]

C
f(c) = m[ using eqn 1]

e —1 e —1
log (1+2x)) log (1 + 2c)

hm f(x) = hm(

Clearly, Li_l}g 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 egn 1]

NOTE : Idea of logarithmic limit and exponential limit -

~ log(1+x)
lmé— =

et —1
lim
x—=0 X

=1

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

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

. L 1+23
E.g: lim 28129 _ 4
w—=0 2x
.1 ; .
But, lma@ + 1 as denominator does not have 2x
:(—*
and,
lim f(x)
x—=0
111111 [Usmg logarithmic and exponential limit as explained above, we have:]
x—0logl

(e¥—-1)

1
=-limggism ==
2%—0 7"3::2" 2

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 :

J' |x 3| Jifxz=l
f(x)=¢x? 3x 13
WX——LX——L ifx <1
L4 2 4
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) = lim f(c +h) = f(c) where h is a very small ‘+ve’ no.
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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: 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.

-121=2;5-2|=-(-2) =2
Similarly, we can define it for variable x, if x = 0 |x| = X
If x <0 [x] = (-x)

x| = [—x,x‘:i 0
S lxx=0

Here we have,
|x— 3| Jfx=1
flx) =4<x? 3x 13

I—?‘FT ,|FX<1

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

XZ

:—?4— Jifx< 1
f(x) = - 3,1fx >3 e 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) = —2— —+ —[ using eqgn 1]

lim () = 1 x? 3x+ 13 c? 3¢ . 13
3-.'1—1-]& X) = xIEl[: 4 2 4 ) = 4 2 4
Clearly, Li-l.]é 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)=|1-3| = 2[using eqn 1]

_ z
LHL = lim f(1 — h) = hm(“h By
h—0 2 4 4 2 4
RHL:EE(I)f[:l-l-h):EE(13|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 eqn 1]

LHL = Egaﬂ:?;—h) = LIEEI_[:B_h_B) =

RHL:EEE'f(3+h)= EEE'3+h—3 =0
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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 I. Question

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

|x|+3 Lif x =7

f(x)=4 -2x .if -3<x=<3
| 6X +2 ifx=3

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) = 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 limit from class 11 we can summarise it as, A function is
continuous at x = cif :

lim f(x) = f(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:i- 2] =2;|-2| =-(-2) =2
Similarly, we can define it for variable x, if x = 0 |x| = X
If x <0 |x] = (-x)

o x| = {—x,x <0
"l xx=0

Here we have,

[x| + 3 Jfx<= -3
flx) =1 —-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
f(x) ={ —2x ,if —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]
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limf(x) = lim(3—x)= 3—c
Clearly, lim 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 egn 1]

LHL = im f{(—3 —h) = lim(3 — (-3 —h)) = 6
RHL = EE};ﬂ:_3 +h) = EE(I}—Z(—3 +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 egn 1]

and, lim f(x) = lim(—2x) = —2m

X—m X—m

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

. We can say that f(x) is continuous forall -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*3+2 = 20 [using eqn 1]

LHL:EEE.f[:B_h)Z LIEE._Z*(S_h)Z_G
RHL:EEE'f(3+h)= %11%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 JAf x =1
f(x) | ,

lx‘ JAf 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 :
LIE}) flc—h) = %Etl} 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.
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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,

0 ifx<1 .
f(x) = {X T T equation 1
(x) x2 ifx>1 g

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) = ¢1%[ using eqgn 1]
limf(x) = lim(x*%) = ¢
X—=C X—=C

Clearly, Li_l}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.
f(1) = 110 = 1 [using eqgn 1]
= 1i — = i —_ 10=
LHL = lim (1 —h) = lim(1—h) 1
— i == i 2 =
RHL = EE(])fl:l +h) EE%[:]_-F 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) = m2 [ using egn 1]
and, lim f(x) = lim (x?) = m?
X—Imn X—Imn
Clearly, lim f(x) = f(m)
X—Imn

. 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 :

2x Lifx<0

f(x)=10 .if0=x=l
L’lx Jaf 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 :
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LIE}) flc—h) = %Etl} 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% Jfx <0
flx)=40 Jfo=sx<1.... equation 1
4x 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 ¢ being a random number, it can include all numbers less
than 0]

f(c) = 2c[ using egn 1]

limf(x) = lim(2x) = 2c

X—=C X—=C

Clearly, }(I_I}é 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 eqn 1]

LHL = Egaﬂ:() —h) = EEE'—Zh =0
RHL:EEE.f(O+h) = LIEEnOZO

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

X—Im X—Im
Clearly, lim f(x) = f(m)

X—Im

. 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 = Egaﬂ:l—h) = EEE'O =0
RHL = Egaf(l +h) = EEE'4(1+ h)=4

Thus LHL # RHL

- f(x) is discontinuous at x = 1
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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 eqn 1]

and, lim f(x) = lim4x = 4k
x—=k x—=k

Clearly, _}‘i_l}llifl:x) = f(k)

. We can say that f(x) is continuous forall 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 :

fsinx—cosx ifx=0
| ifx=0

L8

f(x)="

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 :
LIE}) flc—h) = %Etl} 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,

f(x) = {sinx— cosx ,ifx=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 ¢ # 0 [thus c being a random number, it can include all numbers
except 0]

f(c) = sinc — cos c [ using eqn 1]

limf(x) = lim(sinx— cosx) = sinc—cosc
X—=C

X—=C

Clearly, lim 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)
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- 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 :

2 lifx=-1

f(x)=2x .if -l=x<l
| 2 JAfx =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 :
LIE}) flc—h) = %Etl} 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 Jfx= —1
f(x)=12x ,f—-1<x<1. . 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
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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 eqgn 1]

LHL = L}E(l)f(—l —h)= EE(I}—Z = -2

RHL = L}E}]ﬂ:—l +h) = %111#1}]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 eqgn 1]

LHL = L}E(l)f(l —h) = EE(])Z(l— h)= 2

RH|_=EE(1]fl:l+h) = %115(1]2=2

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:

sin 2x .

J JAfx=0
f(x)=] 5x

1 3k LAfx=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 :
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 limit from class 11 we can summarise it as, A function is
continuous at x = c if :

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

sin 2x |f £0
f(x) = [ sx 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 eqn 1]

and,

. sinZ2x 1., gin 2x 2., sin2x 2.4, EBinx .
lim——=-lim2 = ==-lim——==["lim = 1 — sandwich theorem]
x—0 05X 3 x—0 2x Sx—0 2x 35 x—=0 X

" f(x) is continuous everywhere [given in question]

~ limf(x) = f(c)

[T

2
1

k=

91}

4 B. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

f(x}_ka—S afx=2

_1 x-1 .ifx=2

L8

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) = 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 limit from class 11 we can summarise it as, A function is
continuous at x = cif :

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

kxk +5 ifx<2

....................... equation 1
x—1 ifx>2 g

f(x) = [

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
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Given,
f(x) is continuous everywhere

~ limf(x) = f(2)
x—=2
EE}) f(2—h) = EE}) f(2 +h) = f(2) [using basic ideas of limits and continuity]
Lli}}} f(2 +h) =f(2) [considering RHL as RHL will give expression independent of k]
EE};Z +h—1=2k+ 5 [using equation 1]

n2k+5=1
2k = -4

k="2t=-2
2

4 C. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is
continuous:

f(x}:.yk(_xj_h] if x <0
]\ cos 2X Afx =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 :
LIE}) flc—h) = %Etl} 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) = [k(xz +3x) Jfx<o equation 1

CoS2x Jfx=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

lintljf(x)= f(0)

LIE}) fl0—h) = LIE}) flo+h) =f(0)
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[using basic ideas of limits and continuity]

%111#1}] f(—h) = f(0)

[considering LHL as LHL will give expression dependent of k]

%1151]l k{ (—h)* + 3(—h) } = cos0 [using equation 1]

“k*¥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 Jaf Xx=3
f(x)=qax+b .if 3<x<35
1 9 af 0 x =35
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 :
LIE}) flc—h) = %Etl} 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 Jf x=3
f(x)=14ax+b ,if 3<X<H i, equation 1
9 Jf 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)

lim f(3—h) = lim f(3 +h) = f(3) [using basic ideas of limits and continuity]
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%Etl} f(3 +h) = f(3) [considering RHL as RHL will give expression inclusive of a & b]
Egé{a(?) +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 expressionat x = 5
Given,
f(x) is continuous everywhere
~ limf(x) = f(3)
X—=o
LIE}) f(6—h) = LIE}) f(5+h) =f(5)
[using basic ideas of limits and continuity]
%1151]l f(5—h) =f(5)
[considering LHL as LHL will give expression inclusive of a & b]
EI_I}]{H(S —h) +b} = 9 [using equation 1]
“S5a+b=9. ... Equation 3
As,b=9-5a

Putting value of b in equation 2:

3a+9-5a=2

2a =17

7
a=-

2
b=9-50y= _Y
2b=9-50)= -3
.'.a=zandb=_£

2 2

4 E. Question

In the following, determine the value(s) of constant(s) involved in the definition so that the given function is

continuous:
1 S x=-1
f(x)=4{ax’+b .if -l1<x<0
cosx .if xz0
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) = 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 limit from class 11 we can summarise it as, A function is
continuous at x = c if :

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

4 Jf x=-1
f(x) =4ax?+b if —1<X<0 i, 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
~ lim f(x) = f(—1)
x—=-1
%:E%f(_l —h) = LIEE'f(—l +h) =f{—1)
[using basic ideas of limits and continuity]
%E?tljf(—l +h)=1f(-1)
[considering RHL as RHL will give expression inclusive of a & b]
Egé{a(—l+ h)? + b} = 4 [using equation 1]
ca+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

Li_l}tlj f(x) = f(0)

LIE}) fl0—h) = LIE}) flo+h) =f(0)

[using basic ideas of limits and continuity]

EIJ}} f(—h) = f(0)

[considering LHL as LHL will give expression inclusive of a & b]
Eﬂé{ﬂ(—h)z +b} = cos0 = 1 [using equation 1]
Sbhb=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:
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\/l—px—\/l—px JAf -1=x <0

f(x)= X
2x+1 .
JAf0=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 :

1111 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,
) LI i —15x<0 o 1
%) = X T, equation
2l ifosx<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 humbers 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

- lintljl f(x) = f(0)
lim f(0—h) = lim f(0 +h) = f(0) [using basic ideas of limits and continuity]

EE}) f(—h) = f(0) [considering LHL as LHL will give expression inclusive of p]

lim [ _Ph_h' +Ph} 20t _ —i [using equation 1]

0-2

(fl— ph — IZL+ph) J1—ph +\fl+ph]_ 1

Lim
h—0 {(— h)(\fl ph + “’1+p1’1)

—2ph 1
2

1 ph—l—ph 1 1
Lim )(; y )= —=
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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 Jaf x=<2
f(x)=jax+b .if 2<x<I10
21 Jf x=210
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) = 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 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 Jf X2
f(x) =4ax+b ,if 2<x <10 coiiimiiiiiniinnn. equation 1
21 Jf 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

lin% f(x) = f(2)

LIE}) f(2—h) = LIE}) f(2+h) =1(2)

[using basic ideas of limits and continuity]

%111#1}] f(2+h) =1(2)

[considering RHL as RHL will give expression inclusive of a & b]
EI_I}]{H(Z +h) +b} = 5 [using equation 1]

L2a+b=5 ... Equation 2

Also from equation 1 ,it is clear that f(x) is also changing its expression at x = 10

Get More Learning Materials Here : & m @\ www.studentbro.in



Given,

f(x) is continuous everywhere

- :ll_{lllof(x) = f(10)

LIE}) f(10—-h) = LIE}) f(10 +h) = f(10)

[using basic ideas of limits and continuity]
EIJ}} f(10 —h) =f(10)

[considering LHL as LHL will give expression inclusive of a & b]
Egé{a(lﬂ —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=—_—= 2

Sb=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 cos x T
T—2X 2
T
f(x)= 3 X =—
(x) -
3 tan 2x T
X o> —
2Xx—m 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 :
LIE}) flc—h) = %Etl} 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,
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kcosx s
p— , X < —_
M—2X 2
™ .
f(x) = 3 s X T S equation 1
3tan2x ™
- , X > —
2x—m 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

- lin}r2 f(x) = f(m/2)
EE}) f(r/2—h) = %E}tljf(ﬁf'z +h) = f(11/2) [using basic ideas of limits and continuity]

lim f(mr/2 —h) = f(7/2) [considering LHL as LHL will give expression inclusive of k]

kcos (5—h)
lim [—Tp_} = 3 [using equation 1]

h—o0 | m2(7-h)

= —lim 0 =—=3

2 2

—

lim oh

h—0

[ksinh} k [sinh} k_

[ “”& Sitx = 1 (sandwich theorem)]
N— b,

~k=3x2=6

k=6

5. Question

gl

X .
— af 0=x=1

a

a Af 1=x < V{E is continuous on [0, =]. Find the most suitable values of a

o2
74 e Fex<o
=

The functionf(x} =

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 fif :

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 limit from class 11 we can summarise it as, A function is
continuous at x = cif :

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

x> .
S ,If 0 =x<1

f(x) = 3 G 1% <2 e equation 1

2b%*—4b
3{2

Jf V2sx< 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

lin} f(x) = f(1)
lim f(1—h) = lim f(1 +h) = f(1) [using basic ideas of limits and continuity]

%Etl} f(1 —h) = f(1) [considering LHL as LHL will give expression inclusive of a ]

lim [(1-11]2} = a [using equation 1]
- a

loa=>a?=1
a

Lca==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
Ené f(v2—h) = Lin}] f(V2 + h) = £(v2) [using basic ideas of limits and continuity]
Ené f(v2 — h) = f(v/2) [considering LHL as LHL will give expression inclusive of a & b]

2b% — 4b
lima=a=——F——= bZ —2b
h—0 (v2)2

[using equation 1]

abZ-2b=a i, Equation 3
From equation 2, a = -1
b%-2b=-1

=b2-2b+1=0

=(b-12=0

~b=1whena=-1

Putting a = 1 in equation 3:
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b2-2b=1

=>b2-2b-1=0

+/C2)74CD _ 2448
2 2

=p="2 =1+V2

Thus,

Fora=-1;b=1

Fora=1;b=1+v2

6. Question

Find the values of a and b so that the function f(x) defined by
'x—a\Esinx Af 0=x<m/4

2x cotx+Db Af mwd<=x <m/2

£(x)="

acos2x—bsinx .if w/2<x=mw

L

becomes continuous on [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 :
limf(c—h) = iiiréf(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 = cif :

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

x+ay2sinx if O0=sx<m/4
fx)= 2xcotx + b g M/ASx <2 equation 1
acos2x—bsinx ,if wm/f2<x<nm

Function is defined for [0,m] 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

x‘!fi’”hf (x)= f(n/4)

limf(m/4—h) = limf(r/4+h) = f(m/4) [using basic ideas of limits and continuity]

ggmfe — h) = f(m/4) [considering LHL as LHL will give expression inclusive of a & b]
h—0

Get More Learning Materials Here : & m @\ www.studentbro.in



m () —av2sin (C— 1) = F ot ™ i i
fﬂ%[(eu h) —av2sin (3 h)}_éggfﬁb-q-b[usmgequatlon 1]

Sat+b=-mw4.............. 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

x{@;r}zf(xb f(m/2)

fﬂfolf(ﬁfz —h) = fiiifgf(ﬁfz +h) = f(m/2) [using basic ideas of limits and continuity]

filfjrolf(HIZ —h) = f(m/2) [considering LHL as LHL will give expression inclusive of a & b]

i@rgZ(g—h) cot (g— h) + b =acosmw — bsinn /2

[using equation 1]

lim2 (5 ~h)tanh+ b= —a—b
b=-a-b

La=-2b Equation 3

Putting value of a from equation 3 to equation 2

w-2b+b=-m/4
=>b=mn/4

Soa = -2%x(m/4)

= -m/2

Thus, a = -n/2 and b = /4

7. Question

xX+ax+b . 0=x<2
The function f(x) is defined by f(x )= 3x+2 . 2=x =4 Iffis continuous on [0, 8], find the values
2ax +5b . 4<x<8
of aand b. x
Answer

Basic Concept:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of fif :
iﬁ_ﬁf{c —h) = iil%fﬁc + 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) = £(c)

Here we have,
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x2+ax+b , 0<sx<?2
fx)= 3y 4+ 2 L 2= X <4, 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)

gﬂfolf(z —h) = iiifolf(z +h) = f(2) [using basic ideas of limits and continuity]
i@rgf(Z —h) = f(2) [considering LHL as LHL will give expression inclusive of a & b]
fflﬁﬂz— h)?+a(2—h)+b}=3+2+2=10

[using equation 1]

4+2a+b =8
L2a+b=4
Lb=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—d
fﬂfolf('ﬂr —h) = iiirgf(-’} +h) = f(4) [using basic ideas of limits and continuity]
fﬂfolf('ﬂr + h) = f(4) [considering RHL as RHL will give expression inclusive of a & b]
ii_?‘rOIZtl(-ﬂr +h) +5b =3 x4+ 2 [using equation 1]

L8a+5b=14................... Equation 3
Putting value of a from equation 2 to equation 3

. 8a + 5(4-2a) = 14

=2a=6
=3

Lb=4-2x3=-2
Thus,a=3and b = -2

8. Question
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Tan

——x
f( ) 4 J for x = E find the value which can be assigned to f(x) at x = n/4 so that the function
X = A

cot 2x

f(x) becomes continuous every where in [0, i/2].
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 :
iﬁ_ﬁf{c —h) = iil%fﬁc + 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) = (0

Function is defined for [0,1] 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 [0,11],50
If we make it continuous at x = /4 it is continuous everywhere in its domain.

Given,

I
Fx) = tan(Z-x) forx # mf4 e equation 1

coft2x

Let f(x) is continuous for x = /4

lim f(x)= f(n/4)

x—m /4
. ™ _ . .
f(5) = tim £
T T
= [lim M = lim ﬂﬁi [ tan (m/2-6) = cot 6 ]
x—mf4 cotlx x—=m /4 tan (E—Ex]
ran(Z-x)

1y
= lim _%]_f_* il [multiplying and dividing by m/4-x and n/2-2x to apply sandwich theorem]
x—Tf4 tan (S—zx) E—Qx

tan(E—.r}
lim —*
X=W/a  ——x . mw—4x 1
= . * = # [T ==
. tan(Z-zx) s T 2
lim T
KT 4 S

[ Iingmxﬁ = 1 (sandwich theorem)]
X—

. value that can be assigned to f(x) at x = /4 isi

9. Question

Discuss the continuity of the function f(x) =

Answer
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Basic ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
iﬁ_ﬁf{c —h) = iil%fﬁc + 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 tion 1

) = e eeeeen equation
fo0) %x ifx=2 a
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 = lim f(2 —h) = lim2(2—h) =1 =4—1 = 3 [using eqn 1]

. . 3e(24h)  3s2 .
RHL = = lim———=""= 1
it_r.rgf(z + h) ‘;ﬂ% . - =3 [using eqn 1]

3%2

f2)=22=3

[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 .
- f(c) = 5 [using eqn 1]

And, limf(x) = Iim%x = %

Py x—c
Thus, lim f(x) = f(c)

. f(x) is continuous everywhere for x > 2.
Let m be any real number such that m < 2
- f(m) = 2m — 1 [using egn 1]

And, limf(x)= lim2m—1=2m—1
X—=Mm X—=Mm

Thus, J{{fﬁf(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 ldea:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f if :
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iﬁ_ﬁf{c —h) = iil%fﬁc + 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) = (0

NOTE: Definition of mod function: |x| = [_ii i g
Here we are given with
f(x) = sin |x|

flx) = {sin (=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 = 0 first.

LHL = iﬁgﬂ(} —h) = iﬁg—sm (0—h) = it_i*.rgsmh =0
[using egn 1]

RHL = iingf(o +h) = iirrésin h =0 [using eqn 1]

f(0) =sin0 =0

[using egn 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

sin X .
J JAfx <0 .

Prove that f(x)=1 x is everywhere continuous.
}\ 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 fif :
limf(c—h) = iil%fﬁﬂ +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) = £(c)

Here we have,
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sinx A
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 ]

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 ¢ being a random number, it can include all negative
numbers ]

_ sinc
flc) ==

[ using eqn 1]

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

C

sine

Clearly, i@rclf(x) = f(0) =

B
. We can say that f(x) is continuous for all 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 egn 1]

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

x—=m x—m
Clearly, imf(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]

sin—h . sminh sin h

LHL=Ilim f(0 —h) = lim = lim =1[sin-6 =sinBand [im
h—0 h—=0 - h—0 h h—0

n
h =1

RHL = ii_r.rgf(o +h) = Eﬂ%h+ 1=1

Thus LHL = RHL = f(0).

- f(x) is continuous at x = 0

Hence, we proved that fis 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 :
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iﬁ_ﬁf{c —h) = iil%fﬁc + 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—e

Given,

g(x) = x = [X] cevennnen. 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] =14

To prove g(x) discontinuous at integral points we need to show that
limf(x) = f(c)

x—e

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—h]=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 = Ef.%g(ch h) = fii_?}’(}ﬂ +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.
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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
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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

2 is a continuous function.

Show that f(x) = cos x
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(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) = cos x

and h(x) = x?

Given: f(x) = cos x? = g(h(x)) = (goh)(x)

Clearly, h(x) is a polynomial function, which is everywhere continuous
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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) = |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 Idea:

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

limf(c—h) = iiiréf(f: + h) = f(c) where h is a very small ‘+ve’ no.
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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) = (0

NOTE: Definition of mod function: |x| = [ ii ; g
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 .eren equation 1
xX—x—1=-1,x>=0

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 = ii_r.r&f(—l —h)= ii_?.rc}l = 1 [using equation 1]

RHL=£i?gf(—1+h)= }Iiing—z(—1+h)—1= 2—1=1

[using equation 1]

Clearly,

LHL = RHL = f(-1)

-~ itiis continuous at x = -1

Atx =0:

f(0) = -2*0-1 = -1 [using equation 1]

LHL = Egaf(()—h) = Ega—z(—h)—ZL: 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
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5 .1
) JX"SHI— Lx=0 ) )
Is f(x) =" X a continuous function?
}\ 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 :
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)
Given :

. 1
xzsm; x=0
0 ,X=10

flx)= [ ................... Equation 1

As for x # 0, f(x) is just a product of two everywhere continuous function
. itis 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,

lincl' f(x) = f(0)

- It is continuous at x = 0
Hence, it is everywhere continuous.

18. Question

Given the function f(x) = . Find the points of discontinuity of the function f(f(x)).

X+ 3
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 :
EE(I] flc—h) = EE}] 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

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
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As, f(x) = ﬁ

Domain of f = { all Real numbers except 2 } = 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 x+2

() = (=) = == =

—t2 2x+3
+z

Domain of f(f(x)) = R - {2, ()}

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
t24t—2 (t+2)(t—-1)

2 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= !
x—1
=>x-1=-1/2
=>x=1-1/2
=>x=1/2

also other point of discontinuity is obtained by :

t=1 L
ST x—1
=>x-1=1
=>2x=2

Hence points at which f(t) is discontinuous are x = { 1/2,1,2}

At all other point it is continuous.

MCQ
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1. Question
Mark the correct alternative in the following:

4-x*

The function f(x) = 3

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 LI_I}EI‘ f(x) = f(a)

) — 4—x°
@)=
1
f[:X)=£
x+0,x2

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 (at) =o(a)

B.f' (a7) = -¢d(a)

C.f (at) =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 }(1_1}211 f(x) = f(a)

(i) lim{ T2y — £ (a%) for right hand derivative
h—0

lim{ KE‘L;{@} = f'(a”™) for left hand derivative
h—0
Given:-

f(x) =[x - a| $(x)

using formula (ii)

i fla+h)—fla) i |h+a—al@(a+h)— |a—a|o(a)

m{ h 3= Jim{ h J
_ho(a+h) - .

= EE}]T = LIEE.E'(a“L h) = 8(a) =f'(a*)

For L.H.L
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fla—h)—f(a) " la—h—ale(a—h) — Ia—alﬁ)(a)}

Him{ h 3= jim{ h
.. |=hjo(a-h) B e
—%1111(1}——Eiltl]—ﬂ(a—h)——ﬂ(a)—f(a )

3. Question
Mark the correct alternative in the following:

If f(x) = [log1g X|, thenatx =1

A. f(x) is continuous and ' (1) = log;ge
B. f(x) is continuous and f' (1) = -log;g e
C. f(x) is continuous and f' (17) = log;g e
D. f(x) is continuous and f’ (17) = -log;g e

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

(i) lim{ T2y — £ (a%) for right hand derivative
h—0

lim{ KE‘L;{@} = f'(a”™) for left hand derivative
h—0

Given:-

f(x) = |logyg X|

lo
=| Bx = |log.x.log, el

log. 10

Using limit at x=1

. f(1+h) —f(1) ~ |logype.log(1+ h)| —|log,pe.logl|
lim{ R — 1= Lm(ln{ h }

h—0 -

log,,e|log(1+h
=En}] S0 |hg( )|=10gme=f’(l+l)

For left hand limit

g TLD =10,

h—0

=1i

~ |log,pe.log(1—h)| —|log,qe.logl]|
m{: }
h—0 h

__—logsellog(1+h)|
= lim
h=0D h

=—log,e=1f(171)
4. Question

Mark the correct alternative in the following:
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[36" ki U
If f(x)= 1 .J_ ..’1 L1008 X is continuous at x = 0, then k equals

x=0

L.

A 1642 log2log3
B.16v2 In6

C1642 In2Mn3

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 LI_I}EI‘ f(x) = f(a)

(i) lim {22} = L where limf(x) =1, limg(x) = m

X—a E( ]
(Gi)lim 22 = 1
=0 X

Given:-

36 9% —4¥ 41

f(x) = —1+cosx .X#0
k;x-—

Function f(x) is continuous at x=0

limf(x) = f(0)

x—=0

¥ (36“ 9% — 4% ¢ 1) "
11m
x—0 (2 — 1+ cosx

I ( — 14— )
= lim
x—=0 \, 1+ cosx

—
[ (9= 1)(4‘

= lim

x=0 | {2 cos
. (9% — 1)(4Y

= lim

x=0 \ /2 {2sin? (4)}

8(9*—1)(4*— 1)

= lim
x=0 2 sin2 &)
V2x? oxz2

16

—k

Using formula (ii) and (iii)

8.1n9.1n4
V2
32.In3.1n2

V2

=
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= k= 16y2.1n2.In3

5. Question

Mark the correct alternative in the following:

X7 —x
e T
X" —X
If f(x) defined by f(x) =" 1 .Xx=0 then f(x) is continuous for all
-1 X =

A. x

B. x exceptatx =0

C. x exceptatx =1

D. x exceptat x =0 and x =1
Answer

Formula:-

(i)&i}}}hﬂx) + H}f—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 LilI; f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

Given:-
2 _
Lz Xl,x¢0,1 Lx>1
F(x)=< X" —X = 1,x<0
) 1,x=0 —10<x<1
—1,x=1
Using R.H.L

3.;11.%1+f(x) = EEtljf(h) =-1
Using L.H.L

xlgy_f(x) = EEtljf(h) =1

f(x) is discontinuous at x=0
Again using R.H.L

}lg]llj(x) = LIEE'f(1+ h)=1
Using L.H.L

iﬂzll_f(x) = EE(])fl:l— h)=-1

f(x) is discontinuous at x=1
Therefore, f(x) is continuous for all except at x=0 and x=1

6. Question
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Mark the correct alternative in the following:

1-smnx logsinx

4 "

(m—2x)° (lc}g(l—ﬂ:2 —4mx + 4x3))

If .
k
AL
16
. L
32
c._ b
64
p_ 1
28
Answer
Formula:- (i) lim 82~ _ 1 and lim &= = 1
x—=0 X i X

2| A

is continuous at x = /2, then k =

(=

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

(iii) lim{f(x).g(x)} = L. m , where limf(x) =1, limg(x) = m

Given:-
1 —sinx logxsinx
f(x) = (m—2x)2 (log(1 + m2 — 4mx + 4x2)) X
s
k,X= E

Function f(x) is continuous at x=§
T
11_1.1% f(x)="1 (E)

Using substitution method

Ifg—};:t, then

it (E-) - 13)

1—sin (E— t)

™
logsin{+ —t
lim 2 (2

+
2

T

t=0 4t2
2
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.ot
1 . sin’ 7 logy1l—sin?t
g m (E)E ' ].Og(l + 4t2 )
o | 27 g —

t log(1—sin®t)

.
1 |sin’; 0

ahm (E)z " log(1+ 4t2) K
o (@ g —

Using formula (iii)

1. gsinty? (1—sin’t)
——11111( ) limlog———— =k

— . 0 ,
64 t t=0 -sin?t
t—=0

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

Formula:- (i)standard limit limM
X

. tanx
=landlim—=1
x—=0 x—=0 X

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a K—=a

Gi) lim {79} = -, where limf(x) =1, limg(x) = m

Given:-
f(x) = (x + 1)cotx
log f(x)=(cotx)(I0g(X+1)).ciciiviriiiiiiiiiiiniiieea, taking log both sides

linélogf(x) = liné (cotx) (log(er 1))

log(x+ 1)
limlogf(x) = lim | —gap—
X

Using formula (iii)

lim@
lim logf(x) = ¥=2 fanx
x—0 lim——
x—»0 X
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Using standard limit formula (i)

Li_l.léf(x) =e

f(0)=e
8. Question

Mark the correct alternative in the following:

J'log(l—ax)—log(l—bx}

If f(x)=" x X7 Yand f(x) is continuous at x = 0, then the value of k is
l k .x=0

A.a-b

B.a+b

C.loga+logb
D. none of these
Answer
Formula:-

standard limit limM =1

x—=0

(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}21‘ f(x) = f(a)
xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)
(iii) im{f(x) £ g(x)} =1+ m , where limf(x) =1, limg(x) = m

Given:-

x JE=0

log(1+ax)-log(1—bx)
f(x) =[ ;
k,x=10

And f(x) is continuous at x = 0

log(1 + ax) — log(1 — bx) B

lim k
x—0 X
Using formula (ii)
. log(1+ ax) log(1—bx)
alim,_,———— —blim _,————— =k
ax bx

Using formula (i)
a+b=k
9. Question

Mark the correct alternative in the following:

el o1
. . J— .x=0

The function f(x) =4 &l'® 11
1 0 .x=0

L8

A. is continuous at x = 0

B. is not continuous at x = 0
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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 LI_I}EI‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-
1
ex — 1
f(x) =1ty 1-X*0
0,x=0

Using substitution method

Lete,—tztso,xao,t%m

lim f(x) = li 1
fom K _tE]c}a(tJr 1)

(=1
=]

and
F(0)=0
Therefore,

lim f(x) = £(0)

Hence, f(x) is discontinuous at x=0
10. Question

Mark the correct alternative in the following:

Xx—4

+a X <4

X —4|
Let f(x)=" a+b .Xx=4  .Then f(x) is continuous at x = 4 when

x—4 X =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 ]1(1_1}21‘ f(x) = f(a)
xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-
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2 L ax< 4
e

(Nf(x) =4 a+b,x=4

2 ib,x>4
jx—a|

(i) f(x) is continuous at x = 4
Using R.H.L
Jim, f(x) = lim (4 +h)
= lim (ier) =1+b
h—zo \|h]
Using L.H.L

xlllll- f(x) = LiE(l) f(4—h)

= lim (_—h+a) =a—1
oo \[h]
f(x) is continuous at x = 4
lim, f(x) = lim f(x) = f(4)
a-1=b+1=a+b
b=-1and a=1
11. Question

Mark the correct alternative in the following:

[(cosx}l o x=0

If the function f(x}l is continuous at x = 0, then the value of k is
- — 0

A.0

B.1

C. -1
D.e
Answer

Formula:-
(i) lim f(x) 809 = ¢ HmFCI-1)8C) \ypore 1111}] f(x) =1 and 11113 g(x)=0
x—=0 X x—

(i) im{&2== _ o

x—=0 x
(iii) 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) = lim f(a—h) =f(a)
Given:-

. 1/x
()f(x) = {(COSE)X =,}({)¢ 0

(ii) f(x) is continuous at x = 0
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lincl' f(x) = f(0)
lincl'(cosx)lf" =k

Using formula (i)

lmf(x)8® = ex~ * “=k
x—=0

e =k

K=1

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 }(1_1}211 f(x) = f(a)

xlll;grf(a +h) = xlll;l_f(a —h) =f(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:

x'—5x"+4
TETTE
Let f(x)- 6 x =1 .Then, f(x) is continuous on the set
12 Xx=2
A.R
B.R-{1}
C.R-{2}
D.R-{1, 2}
Answer
Formula:-
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(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-
<t —5x2 44 (x+1)(x+2)x<1
ﬁ,}# 1,2 —(x+1D(x+2),1<x<2
f(x) = { % )(gx_)l =1 E+DE+2).x>2
5 6,x=1
12,x=2 12,x=2

Using R.H.L at x=1

Hzllj(x) = EE(])fl:l-l— h)
=—(2).(3)=-6

Using L.H.L at x=1

iﬂzll_f(x) = EE(])fl:l— h)
=(2)(3)=6

And Using R.H.L at x=2
xlg;_af(x) = %E}]f(l +h)=12
Using L.H.L at x=2

3‘11;%1_f(x) = %E}]f(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

If £(x)- c

‘ bxv'x

A. a:—é_b :O_C:l
2 2
2 2
2 2

D. none of these
Answer

Formula:-
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(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)
(i) lim 22 = 1
=0 X

Given:- (i) f(x) continuous at x =0

sin(a+1)+sinx

. X< 0
(i) f(x) = ,x=20
[x+bx? —%
\.IJ:{T\"X:} 0
Using R.H.L
K11.1(1]1+f(:x;) = %E}]f(o +h)
~ V1+bh—v1 1 1
=lim————=lim——=—
h—0 bh h—04/1 +bh —y1 2

Using L.H.L

3‘111(1]1_f(x) = H}}f{ﬂ —h)

~ —sin(a + 1)h + sin(—h)
= lim =
h—0 X

—-a—1

Function f(x) is continuous at x=0

3‘111(1]1_f(x) = 111(1]1+f(x) = f(0)

K—

—_ —1:—:
d 2 C

A > d L
=—gandc=7

From

Case iii
beR-{0}

15. Question

Mark the correct alternative in the following:

T
mx+1 .x=—
2. . T
If f(x)=- is continuous at x = —_then
. T 2
smXx-n .X>=—
2

L8

Am=1,n=0

nw
2

-

B.m = +1

1T
C.n=

-
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i

T
Dm=n==
5
Answer
Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

mx+1,x= z
Given:- z

sink +1n,x > =
Using R.H.L

. o ogm
xl_l.lélJrf(X) = Ll%f(i + h)

2

= EE}} [sin (g+ h) + n} =n+1

Using L.H.L

. o ogm
xl_l.%l_f(}{) = E%f(f - h)

2

—limm(z—h)+l—E+l
" h—0 2 T2

m

Function f(x) is continuous at x = 2

lim ,f(x) = lim_f(x)
ot o

3'.'—'3 2

ImT+ 1 +1
- =n
2

mTt
— =1
2

16. Question

Mark the correct alternative in the following:

5 o]

a‘—ax+x°

The value of f(0), so that the function f(x) = \/ _ \/a' XX hecomes continuous for all x,

Ja+x —+fa-x

given by
A. a3/2

B. al/?

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 }(1_1}211 f(x) = f(a)
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limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

aZ—ax+x2—+a?+ax+x?

yat+x—ya—x

i
f(x) =

Using rationalization method

aZ—ax+x?) —(a%+ ax+ ¥?
limf(x) = ( )~ ( )

x—=0 (Va+tx—va—x)(VaZ—ax+ x?+VaZ + ax + x2)

y —2ax{¢a+x+¢a—x}
= lim
x~02x(vaZ —ax + x2 +vaZ + ax +x2)

—a(ya+x++a—x)

= lim
x~0(yaZ — ax + x2 + va? + ax + x2)

—2a(\a)
— ]_' _ = —

gy~ V@
F(0)= —\."E

17. Question

Mark the correct alternative in the following:

1. | X |21
, 1 1 1
The functionf(x)=¢ — . —<|x|<——.n=2.3....
n- n n-1
0 . x=0

“

A. is discontinuous at finitely many points
B. is continuous everywhere
N 1 .
C.is discontinuousonlyat x =+=- ne7 — .loj.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 }(1_1}211 f(x) = f(a)

xlll;grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-
1Llxl=1
11
fx)=J=,- < |x| < n=23, ...
nZ’'n x| n—1’ "
0,x=10
1,-1=x<1
L x| < 2.3
=9—, =23
n¢ 'n n—1
0,x=0
Using R.H.L

2

)
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Using L.H.L

2

lim_f(x) = li f(l h)—( ! )
S =G =G

lim, f(x) # lim f(x)
1 1

K K——

n n

Therefore f(x) is discontinuous only at x = + 1—11.1152 —{0}and x =0

18. Question

Mark the correct alternative in the following:

The value of f(0), so that the function f(x) = I —(x = 0)is continuous, is given by

A.

h | b

B.6
C.2
D.4
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

xlll;grf(a +h) = xlll;l_f(a —h) =f(a)

(i) lim {*25} = -, where limf(x) =1, limg(x) = m
Given:-

1
gy = (PT=203 =3

1
9 —3(243 + 5x)5

1
(27 —2x)3 — 3

lim f(x) =lim T
o “*%9 _ 3(243 + 5x)5

Using factorization method

1 1

(27 — 2x)z— 273
27 —2x—27

1 1
(243 + 5x)5 — 2435
243 + 5x — 243

- .(3)-( =) ®.e3)3
-6 ()

= {5im

=2
19. Question

Mark the correct alternative in the following:
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2—-(256-7x
The value f(0) so that the function f(x) = ( 75 ) . X = (0is continuous everywhere, is given by
5x+32) -2
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 LI_I}EI‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

(ii) lim [@} 1 , where limf(x) =1, limg(x) = m
x—a E(i"-'] m X—a X—a
Given:-

1
2 — (256 — 7x)8

f(X) = 1
(5x+32)5 -2

1
2 — (256 — 7x)8

limf(x) =lim
x—=0 ( ) x—=0

1
(bx+32)5—-2

Using factorization method

1 1
(256 — 7x)8 — 2568
256 — 7x — 256

=—lim

1 1
5%=0 (5y 4 32)5— 325
X+ 32 —32
7 (1) 24 c
T 5\g/ \27 )
7
T 64

20. Question

Mark the correct alternative in the following:

ﬁﬁpr:JLqm —1=x=0

f(x)=- X is continuous in the interval [-1, 1], then p is equal to
2x +1
\ .0=x=1
x-2
A -1
B._1
2
c. 1
2
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D.1
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a
Given:-
J1+px—/1—-px lex<o
f(x) = x4 1
0=x=1
Xx—2

. T TR — i Y
)i 0 = (0 —b) = Jmy

/1 —ph— /1 +ph

Using rationalization method

—h

(J1—ph—/1+ph).(J1—ph+,/1+ph)

2p

lim

=lim

h~0 ~h(,/T—ph+./T+ph)

We have
xllIE'l_f(X) = xll%lj(x)
= EEaf(—h) = %E};ﬂ:h)

2p

= lim

n-0T—ph—T+ph b0

Zp 1
= — = ——
2 2

1

21. Question

= lim(

2h+1

h—?.)

Mark the correct alternative in the following:

The function f(x) =-

a and b are
Aa=1b=-1
B.a=-1,b=1++v2
Ca=-1,b=1

D. none of these
Answer

Formula:-
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(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-

XE

—0=x<1

a
f(x) = alsx<+2

2b% —4b
= A2<x< oo
Case (i)&(ii)
(1-h)?

‘15111_ f(x) = EE}; f{1—h) =

Now, lim f(x) =£(1)

Case (ii)&(iii)

lim_f(x) = Liniljf(\ﬁ— h)

K=/ 2

=lima=a
h=0
Now, 1111'1_ f{\.@ — h) = f{\.@)
K=y 2

= 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

1 T T
if £(x) = —-when x = — and f| — | = 7. then f(x) will be continuous function at x = n/2, where A =
(m—2x)" 2 2
Al
8
B.1
4
cl
2

D. none of these

Answer
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Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

xlll;grf(a +h) = xlll;l_f(a —h) =f(a)

cey 7., SIDX
(iilim—=1
x—=0 X

Given:-

1 —sinx
f(x)=——
(x) (m—2x)2
lim £(x) = I 1 — sinx
i 160 = I ey

Using substitution method
letT—x=t
2

1- sin(g — 1)
=lim———m—7—
t=0 (2t)2

St
1 sin“5 1
=—lim =—

o @) °

Now we know that

£(Z) = lim f(x)
(3) = lmcx

=>;\.=§

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
[ (+ 1)
: - x=0
B.2f(x)=- sin(ax}log{(l—x*iﬁ)}-
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 }(1_1}211 f(x) = f(a)

(i) lim fla+h) = lim f(a—h) =f(a)
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ceey 1. SIDX
(iii) im—=1
x—=0 X

a¥—1

(iv) Ll—l}tl] — = loga
(v) lim 2824 _ ¢
x—0
(vi) lim {@} — L1 Wwherelimf(x) =1 limg(x) = m
w—a Lg(x) m X—a x—a
Given:-
(4~ 1)

f(x) = {sin @)log{(l + %z)},}i¢ 0

12(log4)® ,x=0

4:(_ 1 3
lim f(x) =lim ( ) 5
0 *“sin (E) lo {(1 + X—)}
a) ‘08 3
4 — 1)3
= 3alin£1] x 2
X— . X il
sin 10%{(1 T3 )}
& X?
a 3
= 3a(log4)?

Now we know that
f(0) = liné 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}

] 2

.

C.I(Zn—l}g:HEZ}

nm
D.. —:neZ}
] ~

—

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

Given:-

Tan x is discontinuous at [ (Zn+ 1) g; nez}
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25. Question

Mark the correct alternative in the following:

0

H

. X

sin 3x
X

The function f(x) =" is continuous at x = 0, then k =

1 E . x=0
2

L8

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)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)
(jiylim 22 —

x—=0 X
Given:-

sin3x

,Xx=10
f(x) = i
E,X= 0

sin3x

lim f(x) = lim
x—=0 [: ) x—=0

. 5in3x
= 31lim =3
x—=0 X

Now we know that

f(0) = liné f(x)

26. Question

Mark the correct alternative in the following:

Y i
If the function f(x) = X7 X s continuous at each point of its domain, then the value of f(0) is
2x +tan~'x
A.2
5.1
3
c-L
3

Get More Learning Materials Here : & m @\ www.studentbro.in



N
D.=-
3

Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}211 f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

Gilim 2% = 1

x—=0 X
(iii) lim [@} 1 , where limf(x) =1, limg(x) = m
x—a g(XJ m X—a X—a

Given:-
0 2x —sin~!'x

X)=——"—

2x+ tan—1x
sin"!x

. ~ f2x—sin"1x (22— 1
Iimf(x) =lim| -———— | =lim| ——=< | =3
x—0 x—=0\2X+ tan~1x x—0 24 tan—1'x 3

Now we know that
f(0) = Li_l.lé f(x)

1
= f(0) = 3
27. Question
Mark the correct alternative in the following:
[ 5x -4 .x<x=1

]4x3—3bx dex <2

.

The value of b for which the function f(x) =-

domain, is
A. -1
B.0

=

3
D.1
Answer

Formula:-

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 }(1_1}21‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-

bx—4,0<x=1
4x? +3bx, 1 <x <2

f(x) = [
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,li_flfj(x): f(1)
= Li%f(l+ h) = f(1)
= Lin}](c;(u h)2+b(1+h))=5—4

=44+3b=1

=b=-1

28. Question

Mark the correct alternative in the following:

If f(x)= L_then the set of points discontinuity of the function f(f(f(x))) is

1-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 }(1_1}21‘ f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)

X—a X—a

Given:-

¢ 1

(x) = 1 —x

For

f(£(f0)) = f(x; 1) - l_i_ C=x

Itis R — {0,1}
It is discontinuous at x=0,1
29. Question

Mark the correct alternative in the following:

tan| — —X . . 7 . .
Let 4 J m The value which should be assigned to f(x) at x = 2_ so that it is continuous
fx)=——— 2 x#—. 4
cot 2x 4

everywhere is
Al
5.1

2
C.2

D. none of these
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Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a X—a
(i)lim =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)
cot2x

f(x) =
Using substitution method
let-—x=t

2

y tant y tant
=lm————=lim—%

e cotz(z—t) - tan2t
t

11. tant

=—lim

t— t
tanZt

2

11 1
2772

Now we know that
e
f (E) = ]1(1_1.1':1' f(x)

1
~(3) =3
30. Question

Mark the correct alternative in the following:

3, .2 A
X 16x +20 is not defined for x = 2. In order to make f(x) continuous at x = 2,

The function f(x) = X
5

-

f(2) should be defined as
A0

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 }(1_1}211 f(x) = f(a)
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limf(a+h) = xlll;l_f(a —h) =f(a)

X—a
Given:-

x*+x?—16x+20
x—2

flx) =

Using factorization method

(x+5)(x—2)(x—2)
Xx—2

f(x) = =(x+5)(x—2)

At point x=2
lin%f(x) =f(2)

= Lillé(x +5)(x—2)=1(2)

=0=f(2)
31. Question

Mark the correct alternative in the following:

. T
{asm:(x—l} .x=1

—

is continuous at x = 0, then a equals

If f(x)=-

3 = -

fan x —sinx
X

b | =

w
]| =

¢!
4

p..

6
Answer

Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a K—=a

tanx

venpe SINX .
(iDlim— =1 lim =1
x—0 X 'x—0 X

(iii) im{f(x).g(x)} = L. m , where limf(x) =1, limg(x) = m

asing (x+1),x=1

tanx—sinx
%3

Given:- f(x) =

X >0

Function f(x) is continuous at x=0
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tanh — sinh

ARG = ) = s

. o h
r sinh(1— cosh) le sin® 5 tanh
L e e L
T.

. oh
1 Sin” o . tanh
2h-0 h? ‘b2 h

4

Now,

lim f(x) = limf(—h) = li 'ﬁ( h+1) in-
xll(])l_ X) = hE(l} = h}E(l] ::151112 = asm2 =a
Function f(x) is continuous at x=0

K11.1(1]1+f(:x;) = 3‘111(1]1_f(x)

1
= — =3
2

32. Question
Mark the correct alternative in the following:
"ax2 +b . 0=x<l

4 . X =1 .then the value of (a, b) for which f(x) cannot be continuous at x =1, is
Xx+3 . 1<

If f(x)="

FAY

Xx=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 }(1_1}211 f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

ax’+b0=x<1
Given:- f(x) = 4x=1
X+3,1l<x=2
; 1 R — T 12
iﬂzll_f(x)—EE}]fﬁl h) %E}]a(l h)*+b
=a+b

Function f(x) is discontinuous at x=1

liIIll_f(x) = f(1)
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=a+b+4
Checking option
(5,2) is answer
33. Question

Mark the correct alternative in the following:

Jllﬁg(l—.%x}—lﬁg(l—lx)

If the function f(x) defined by f(x) =" x X ¥ IDis continuous at x = 0, then k =
l k .Xx=0

Al

B.5

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 LI_I}; f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a K—=a

(ii) Standard limits lim=— = 1 lim @+ _ 1
x—0 X " x—=0 X

(iii) im{f(x) £ g(x)} =1+ m , where limf(x) =1, limg(x) = m

log{1+3x)—log(1-2x) %

Given:- f(x) = [ x *0

x=0
Now,

log(1+ 3x) —log(1 — 2x)
X

g = g
Using formula(lll)

log(1+ 3x log(1—2x
= 311111M + ZlimM

x—=0 X x—=0 —
= 5(Using standard limit)
Function f(x) is continuous at x=0
Li_l.léf(x) = f(0)
=5=k
34. Question

Mark the correct alternative in the following:
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l—cc}?l(}x %<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 lim f(x) = f(a)

lim f(a+h) = lim f(a—h) =f(a)
X—a

X—a
(i) Standard limits lim 2= = 1
x—=0 X
Given:-
1 —cosl0x
T,X <0
f(x) = a,x=0
VX >0
X
J625 + yx— 25
Using L.H.L

xlgy_f(x) = %E%f(_h)
i 1 — cos(—10h)
R

ol (sin5h)?
= S0im e

= 50 (Using Standard limits)
Function f(x) is continuous at x=0
Li_I.].}.f(X) =f(0)

=50=a

35. Question

Mark the correct alternative in the following:

If f(x) = ijnl_ % = (). then the value of the function at x = 0, so that the function is continuous at x = 0, is
X
A0

B. -1
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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 ]1(1_1}21‘ f(x) = f(a)
xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

(ii) Standard limits lim == = 1

(iii) Liizl{f(x).g(x)} =lm , where Liﬂf(x) =1 Liizlg[x) =m

Given:-

1
flx) = xsm;

1
limf(x) = limx.sin—
x—=0 x—=0 X
Using formula (iii)

1
= limx.lim sin; =0

x—=0 x—=0
Function f(x) is continuous at x=0

Li_I.].}.f(X) = f(0)

= 0=1{(0)

36. Question

Mark the correct alternative in the following:

The value of k which makes continuous at x = 0, is

1
Jsm— Lx=0
X

1 k .x=0

L

A. 8f(x)=-

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)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

sinx
1— =

(ii) Standard limits lin 1

x—=0 X

Given:-

Get More Learning Materials Here : & m @\ www.studentbro.in



f(x) = sin_

1
limf(x) = lim sin—
x—0 x—=0 X
Function f(x) is continuous at x=0

Li_l.léfl:x) = f(0)
= 0 =1f(0)

= 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 c for which the function

(l—ax)lx . x=0
f(x) = b . x=0

(x—c}13—1 .

(x+1) 7 -1 .

May be continuous at x = 0, are

3
A.a= loge(_J‘ S
3

3
C.aa= loge(_J_ =
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 LI_I}EI‘ f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)
X—a K—=a

(i) lim{f(x).g(x)} = L. m , where limf(x) =1 limg(x) = m

Given:-
1
(1+ax)xx<0
b,x=20

flx) = 1

() (x+c)z—1
71,}{} 0
(x+1)z—1

Get More Learning Materials Here : & m @\ www.studentbro.in



Now,

1
h+c)z -1
lim f(x) = lim f(h) = lim %

Using rationalization method

1 1
(h+c)z—1 (h+ 17+ 1

=lim . I
h—0 = =
(h+1)z—1 (h+1)z+1

Using formula (ii)
1 1
(h+c)z—13

1
gliarermray A

Function f(x) is continuous at x=0
xll%lj(x) = f(0)
b=-
“P73
Now again,
1
i = li —hl=1i — “h
xlgy_f(x) LIE}JIF( h) LIEE.(:L ha)
~alog(1—ah)
=lim—=a
h=0 —ah
Function f(x) is continuous at x=0

111(1]1_f(x) = f(0)

= a=logb
Putting value of b

_log2
AT73

38. Question
Mark the correct alternative in the following:

The points of discontinuity of the function is (are)

A. X:I_X:—
2
2Jx 0=x<1
B.X:Ef(x}:- 4-2x ., l<x <:E
2 2
5
2x =7 —=x=4
2
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Cx=1

ba |

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 LI_I}EI‘ f(x) = f(a)
lim f(a+h) = lim f(a—h) = f(a)

X—a K—=a

Given:-

2Vx0<x<1

5
f[:X)= 4—2X,1<X<E
5
2x—7,-<x=4
2
Now at x=1
Htllj(x) = L“j},ﬂ:l"' h)
= %115(1](4— 2(1+h))=2

Again,

iﬂzll_f(x) = EE(])fl:l— h)
= EI]}}(Z(wl—hll= 2
xll%lj(x) =f(0) = xllIE'l_f(X)

Therefore function f(x) is continuous at x=0

Now again

_5

=3

lim, f(x) = li f(S h)

Jm, ) = (5 +

=i (25 h ?)—1' 2h—5)=-5
=i 2G 7] =jmEh -8 = -
For left hand limit

. . 5
lip66) = gt )

2
=i (4 25 h)—Z
=l (¢ -2G-1) =

lim, f(x) = lin;_}_f(x)

:\._'—.E }.’—'E

Therefore function f(x) is discontinuous at x =

B

39. Question
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Mark the correct alternative in the following:

1—sin’x T
_ X < —
3cos™ X 2
T . . T .
If . f(x)=- a . X =—..Then, f(x) is continuous at x = _ _if
2 9
b(l-smx T
( ﬂ) (o T
(m—2x) 2
A.a:l_bzz
3
1 8
Ba :__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 }(1_1}211 f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a

(ii) Standard limits limﬁ =1

x—=0 X
Given:-
1 —sin?x - s
—,X —
3cosZx 2
T
= a4,X = —
f(x) .
b(1 — sin®*x) ™
(m— 2x)2 2
Now at x=1

. . T
1111111+f(x) = EE(])f(E + h)

}.’—'E

i b — bsin? (g+ h)

B0\ 22 g+ h)z

Using standard limit formula

. h
b sins b
“5h

h
2
Again,

. ooy
LI_IEF(X) = Ll%f(i — h)

2
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b (1 — sin? (g — h))
= lim

h—0 3 cos? (g — h)

1 y sin’h
= 3n20\sinZh

3
Function f(x) is continuous at x=§

. . T
1111111+f(x) = KI_I,%LF(X) = f(E)

3'.'—'3 - 2

40. Question
Mark the correct alternative in the following:

The points of discontinuity of the

1 5
5(2:(-—3) .ox=1
function f(x)=+ 6-5x . l<x <3is(are)
Xx—3 . X =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 }(1_1}211 f(x) = f(a)

xlll;grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-
1
—(2x?+3),x=1
f(x) =14°
6—-bx1<x<3
X—3,x=3
Now at x=1

}lg]llj(x) = LIEE'f(1+ h)
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= %;1231{6_ 5(1+h)}=1

For left hand limit

}lg]ll_f(x) = Ll%f(l— h)

1
R P _ 12 _
—%111#1}] 5(2(1 h)*+3)=1
}lg]llj(x) = :ll_{lll_f(x) = f(1)
Therefore continuous at x=1

Now at x=3

leIélJrf(X) = %Eéf(?’ +h)
= %111#1(1]{(3+ h)—-3}=0

For left hand limit

K11.1;1_f(:x;) = %E}]f@ —h)

= lim (6—5(3—h))=-9

We have,

leIélJrf(X) * xlg;l_f(x)

Therefore discontinuous at x=3

41. Question

Mark the correct alternative in the following:

The value of a for which the function f(x) =-

.

domain, is

a3

3
B.1
C.0
D.-1
Answer

Formula:-

[ 5x —4
]4);3—33);

JAf0=x =1

JAflex <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 LI_I}EI‘ f(x) = f(a)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-

f(x)={ 5x—4,0<x=1
4x? +3ax,1<x <2

Now at x=1
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. _ . _ . 2 _
Hzllj(x) = EE(])fl:l-l— h) = %111#1(1]{4(1 +h)*+3a(1+h)}=4+3a
}lg]ll_f(x) = Ll%f(l— h)
= %1111}]{5(1—1'1)— 4} =1
Function f(x) continuous at x=1
}li_{]llj(x) = ii—{]f—f(x) = f(1)
=24+3a=1
=a=-1
Now at x=3
xllléhf(x) = %E}]f@ +h)
= EE}]{(3+ h)—3}=0
Using left hand limit
xlg;l_f(x) = %Eéf(?’ —h)
=lim (6—5(3—h))=-9
xlll;lj(x) * xllIél_f(X)

Therefore discontinuous at x=3

42. Question

Mark the correct alternative in the following:

sin(cosx)—cosx

T
. X F
_%Y 2
) =| (F2X) is
T
k_ LN = —
2
. 1 .
Continuous at ¥ = —_then k is equal to
2
A.0
5.1
2
C.1
D.-1
Answer
Formula:-

(i) A function f(x) is said to be continuous at a point x=a of its domain, iff 1im f(x) = f(a)

lim f(a+h) = lim f(a—h) =f(a)
X—a XK—a

(ii) Standard limits lim == = 1
x—0 X
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(iii) im{f(x).g(x)} = L.m , where limf(x) =1, limg(x) = m

Given:-
sin(cosx) — cosx T
X E -
f(x) = (m—2x)2 2
. b
» X=z
2
Now at x=—

2
. ™ |
inf(5) =13

sin(cosx) — cosx
(m— 2x)2

f(x) =

Using substitution method

LetE—x=t
2

sin(cos (g - t)) — COS (g - t)

= lim =k

t—0 (2t)2
Using formula (iii)

sint—t sint+t

11. sint D 1 ) " cos 7 ) K
= —lim(———1) .lim . Jdim =

4 t—-O( t ) t——o( sint—t ) t——o( )
=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

limf(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 .

_
Y.

2. Question

What happens to a function f(x) at x = a, if lim f(x)= f(ﬂ ) ?
X—3a
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Answer
If f(x) is a function defined in its domain such that

limf(x) = f(a)

f(x) become continuous at x=a

i
1
i
i
1
A5 _].’:‘ .

3. Question

X
Find f (0), so that f(x) = ————becomes continuous at x = 0.

1-1-%
Answer

Formula:- (i)If f(x) is continuous at x=0 then, }(1_1}211 f(x) = f(a)

Given:-

X
f(x)=— —
) 1—+1—x

using rationalization method with 1 + /1 — x

X(1++1—-x%)

fx) = (1-vVI—%).(1+Vi-x)
X(1++v1—x%)

=flx)=1+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

H

X

— ., x=z0

If f(x)= { 5in 3 is continuous at x = 0, then write the value of k.
k. x=0

.

Answer

sinx

Formula:- (i)lim =1
x—=0 X
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(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)

lim f(x) = £f(0)

X

Given:-f(x) = { sin3x ,ifx# 0
kx=0

lim f(x) = £f(0)

lim—— — k

X0 SIN3X

Using standard limit

I ( 3% ) k
x0\3sin3x/

L k

3=

5. Question

If the function f(x) = sin10x X # 0 is continuous at x = 0, find f(0).
X

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 }(1_1}211 f(x) = f(a)

ginl0x

Given:- f(x) =

X

F(x) function is continuous

lim f(x) = £f(0)

X—a
sin10x

Z;'LI—I»I}) " = f(0)

Using standard limit

sinl0x

= lim 10. = f(0)

x—=0
f(0)=10
6. Question

J'xf—m _—
If f(X):l x—4 H %7 %is continuous at x = 4, find k.

k. ifx=4
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)

x?—16
flx) =1 x—4 .ifx+4
kx=4
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lim f(x) = f(4)

x?—16
lim =k
x=4\ X—4

Using factorization

(Ea)

= lim
x—4

=lim(x+4) =k
x—d
=K=8

7. Question

sinx’
. —. X=U .
Determine whether f(x) = J, X is continuous at x = 0 or not.
1 0. x=0

L.

Answer

inx

Formula:- (i)lim ™ = 1
=0 X
(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)

(iii) im{f(x).g(x)} = L. m , where limf(x) =1, limg(x) = m

sinx?
flx) = x Lifx=0
0,x=0
f 2
Xsinx
]1(1_1.1':1' xz f(x)

using formula (ii)

2

lim
x—=0 X

.Li_l}éx= f(x)
Using standard limit
=0

=f(0)

linéf(x) =f(0)

Hence f(x) is continuous at x=0

8. Question

{l—cosx <=0
If f(x)=J x> ~ ~ iscontinuous at x = 0, find k.
1 k. x=0

.

Answer

s sinx
Formula:- ()lim—=1
x—=0 X
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(i) A function f(x) is said to be continuous at a point x=a of its domain, iff LI_I}EI‘ f(x) = f(a)

1 —cosx
flx) = xz Lifx=0
kx=0

Now,
linéf(x) =f(0)

. 1—rcosx
1111172 =
x—=0 X

1 s3]

REES

k

=k

9. Question

H

Jsin_l X <
If f(x)=- x © Tis continuous at x = 0, write the value of k.
1 k. x=0

.

Answer

sin"tx

Formula:- standard limit (i)lim =1

x—=0
(ii) A function f(x) is said to be continuous at a point x=a of its domain, iff }(1_1}21‘ f(x) = f(a)

1

sin” " x
flx) = x .ifx=0
kx=0

Now,
linéf(x) =f(0)

sin™!x

= lim = f(0)
x—0
~ sinT!x

= lim =
x—=0 X

Using standard limit

=K=1

10. Question

J' 5x—-4  0<x=1

]4x3—3bx l<x <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 Li-l.]; f(x) = f(a)

limf(a+h) = xlll;l_f(a —h) =f(a)

X—a
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Given:-

bx—40<x=1
4x? +3bx, 1 <x <2

0 = |
Function f(x) is continuous at x=1

iﬂzll_f(x) = &5111+f(x) =f(1)

}lg]ll_f(x) = Ll_l}tljf(l —h)

= lignf(l— h) = 1111105(1 —-h)—4=1

Again at right hand limit

=](>_}11g1f(x) = LI_I}':l'f(l +h)

linéf(l +h) = 1111151(1 +h)?+3b(1+h) =4+ 3b

11. Question

kx
. . T X < 0- .
Determine the value of constant ‘k’ so that the function f(x) =4 | x| is continuous as x = 0.
1 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)

xly:‘grf(a +h) = xlll;l_f(a —h) =f(a)

Given:-
ko <0
_,X
f(x) = {|x|
3x=0

f(x) is continuous at x = 0

lim f(a—h) = f(a)

X—a

. k(0—h)
= lim =

— =3
x—=0" IO— hl

__k(-h)
Z;;llénm =3

111&11(—1{) =3
=K=-3
12. Question
[f +3x-10

X
Find the value of k for which the function f(x) :l x-2 is continuous at x = 2.

k. x?

.

Answer
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