[BYJu's

The Learning App

EXERCISE 9.1

1. Test the continuity of the following function at the origin:

f(z) = {%’“ﬁ“

l.z2 =10
Solution:
Given
T ;é 0
o= IrI

Consider LHLatx =0
lim £(z) = lim £ (0 h) = lLim (-

Consider RHLatx =10

lim £ (z) = lim £ (0+ k) = lim £ (1)

z—+*

llmi=hmE=]j_m1:1
ho0 |h| B0 R RO
lim £ (z) # lim £(z)

Hence LHL # RHL

h)

Hence f(x) is discontinuous at origin.

2. A function f(x) is defined as

_ ;1:23:—;1: ﬂ‘tf:l:?"—‘g
‘ﬂm)_{ 5. ife—3

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

Solution:
Given
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ﬂ: if 3
fm={ 2l

Consider LHLatx=3

lim f(2) = lim (3 - h)

 B-nN'-(3—H)-6 _ 9+M-6h—3+h—-8 . W —-Br
i R ~ R “h = T =

h—0

Consider RHLatx =3

lim f(z) = lim £ (3 + h)

3+h)?—(3+h)—6 0+h?2+6h—3—h—6 h? + 5h

[ 2 { ) = lim iolido : = lim : —]J.ml[u-ir'r}—a
b0 {3 +h)—3 k-0 h hos0 h b0
MNow, f(3)=5

o337

- lim £(z) = lim f(2) = £(3)
Hence f(x) is continuous at x =3

3. A function f(x) is defined as

. f: ) ifx#3
‘ﬂm)_{ 6. if ©— 3

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

Solution:
Given
-9,
N Egrife#3
f('I]_{ 6; if 1=3

Consider LHLatx =3
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lim f(z) = lim £ (3 — h)

2 5 5
3—1F 9 F+h—06Rh—9 h? — 61 hih—6
i E-L—-im : ' —]jm1 S lim ( }—'
] [3 },] a2 b0 3-hL—-3 hosd h hos0 k Y

Consider RHLatx=3

- lim f(z) = lim (3 +H)
lim f(2) = lim 7 (3+ h)

. (3+h)*-9 _ 4+h24+6h—-9 _ AK2+6h . h(6+h)
m — = = lim =]

k0 34+h—3 Pt h kst h b0 h

=f];11:ﬁ[5}h]l—ﬁ

We havef (3)=6
- lim f(z) = lim £(2) = £(3)

Hence f(x) is continuous at x =3

4. f(z) = {—

Find whether f(x) is continuous at x = 1.

Solution:
Given

=L a4l
f'['rj_{ % if 71

Consider LHLatx=1

lim f(x) = lim f(1—h)

 (1-mP-1 _ 1+R*—2% -1 _ h?-—2h h(h—2)
].IIII'J——' 111 = 111 - —_—
k0 (1-h)—1 &0 1-h-—1 R —h hd  —h Bl

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

v RD Sharma Solutions for Class 12 Maths Chapter 9
m BYJ U S Continuity

The Learning App

Consider RHLatx=1
111:1 flz) = El};f{l + h)

T | 2 7 4 h(h+

e O, e ARG AR o BEAR o AN ie g
h0 (1+h)—1 bl 1+hk—1 hsl) h hl h bl
Givenf(1)=2

- Yim £(2) = lim £(2) = £ (1)
Hence f(x) is continuous at x =1

sindx
; when x© # 0
5.1 == "
Ff(=) { 1; when x =0

Find whether f(x) is continuous at x = 0.
Solution:

Given

(z) = @ when x #£ 0

flx) = 1; when =10

Consider LHLatx=0

Jim f(z) = lim (0 — k) = lim f(~h)

. sin(—3h) _  —sin(3k) . 3sin(3h) . sin(3h)

R el R S R
Consider RHLatx=0

lim £ (z) = Jim £ (h)

. sin3h . 3sin3h _ _ sin(3h)

i T im g = dm g =313
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Givenf (0)=1
f (x) to be continuous atx=a

But here,

lim £(z) = lim 7 (z) = £ (a)

I

lim £(2) = lim £ (z) # £(0)

Hence f (x) is discontinuous at x =0

6. 1f f(z) = {EE; when x # 0

1; when = =10
Find whether f(x) is continuous at x = 0.

Solution:
Given

 [e7,ifz £0
F (=)= (ufx:u)

Consider LHLatx=0

lim £ (z) = lim £ (0 — k) = lim £ (k)

-

! 1 1
limer =lm [— | =——— =0
fe—0 b0 ek ]imh ,EEF

Consider RHLatx=10

lim £ (z) = lim f (k)

a3t
. 1
lim e® = 0

fi—+0

We havef(0)=1

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

v RD Sharma Solutions for Class 12 Maths Chapter 9
m BYJ U S Continuity

The Learning App

It is known that for a function f (x) to be continuous at x=a
lim f(z) = lim f(z)= f(a)
But

lim £(z) # lim f (2)

)

Hence f(x) is discontinuous at x=0

1—
=, when = # 0

7. Let f(x) = { z2

1, whenz = 0. Show that f(x) is discontinuous at x = 0

Solution:

Given
i) = {%m—m. when x # 0

1. whenr = 0.

Consider,

2 s 1— coszx
iy 1 2) = i (57

=l

=30 x—+0) z?
4(%)
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g 2
. 2 Stn—
7o) 2ty (1)

z
2

[

= lim fa) = 317 =
We have f (0) =
lim f(z) # £(0)

Thus f (x) is discontinuous at x=0

T—|x|
8. Show that f(x) = { 3 * when x # 0

2, whenz = 0. is discontinuous at x = 0

Solution:
Given
r—|xz|
_ )= s whenxz #0
F () { 2, whenx = 0.

The given function can be written as

Iz .whenz =0

flz) = I—'I Jwhenz < 0

| 2, whenr =0

0, whenz =0
f(z) = § z,whenz < 0
2, whenz =0

Consider LHLatx=0

lim f(z) = lim f(0—h) = lim £ (—h)

=m0 =0
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Consider LHLatx=0

lim f(z) = lim f(0 — h) = lim £ (—h)

-+

(R =0

Consider RHLatx =0
lim £(z) = lim £ (0+ k) = lim (1)
}Li]iﬂn 0=0
And we have f (0) =2
lim £ () = lim £(z) # £ (0
Hence, f(x) is discontinuous at x=0

lz—al

9. Show that f(x) = { T—a

, when x # a
1, whenxz = a.

Solution:
Given

z—al
F(z) = { —» whenx # a

1, whenx = a.
The given function can be written as

r—a h -
> Whenz > a

flz) = : Z,whenr < a1

| 1, whenr =a

—1, whenz < a
1,whenr =a

1,whenz > a
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1, whenz > a
=~f(z]=( g )

—1,whenz < a
Consider LHLatx=a

Tm £ (z) = lim f(a— h)

= lim (-1) = -1
Consider RHLatx=a

lim f(z) =lim f (a+ k)

iy (1) =1

lim f(z)+# lim f(z)

I+ r-ra

Thus f (x) is discontinuous at x=a

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

1
mflz) = { =] CGS(E)’ z70 atz =0
0,

r=>0
Solution:
Given
Fig) = {|z[cns(?)? x+0
{0, =1}
Consider,

Z : 1
111% flz) = l.l.'l::ll} |z| cos(;)

. L . 1
= i 7e) = iy ey s 3 )
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. . 1
= 11% flz)=0x ll%cus(;) =0

= lim £ (z) = £(0)

Hence f(x) is continuous at x =0

3 . 1
(i) f(z) = {I EID(E)’ 7 atr =0
0, z=10

Solution:

Given

f(z) = {“'Em(%) z#0

0, z=10
Consider,

lim Igsin(l) — lim z° imsiu(l) =0x limsin(l) =0
i T 0 x—0 T 3l T
= lim £ (2) = £(0

Hence f(x) is continuous at x =0

{iii}f{ﬂ:{{z_““iﬂ(ﬁ)’ TFC e —a
0, T=a
Solution:
Given
I{I}_{{I—a]siu(—u), r#a

0, T=a
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Now substitute x —a =y in above equation then we get,

L ) ]mesm(l)
r—a y— y
1 .. (1
= lim y lim sin =0x%limsin| — | =0
g+ y}l] y y—+0 Y

= lim £ (¢) = f(a) = 0

E—ra

lﬂﬂ (z —a) sm(

Hence f (x) is continuous at x = a

() f(z) = { !Dg{mr}, e “ats—10
T.if =1

Solution:

Given

f{i‘:] {Eug{]r?t}’tf I?Eﬂ
T,3f z=0

Consider,

’ e —1
m flz) = g RS TR
3l x-30 ng{]. J 21‘:]

_ e —1
;“lll:%f{ﬂ.‘ Tz 2rlog(12z)
2r
o |
o3 B e = (<)
-+ 9
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. eT—1
= lim f(z) 1>< (hmm’nT) lxl L
)= — = = w— ==
ol 2 (]imI o ltu:[;;h]') 2 1 2

And we have f(0)=7

= lim £ (z) # £(0)

Hence f (x) is discontinuous at x =0

1-z"

{V}f{z}={ﬁ’ I#IRENatz=1

n—1, z=1

Solution:
Given

1-z"

f[z}z{ﬁ’ Tl en

n—1, z=1

Clearly, f(1)=n—-1

n n

—(1-h)" ..
1-(1-h) LIH%.

. o1
L - Im f(1 =) = lim

Using binomial theorem we get
1—nh n:Zn n —h kln—k
a-wt=p (Qh

(A-hP=1-nh+ G-

LHL =

, 1—1+nh—{2}h2+---higherdegt&rms_ , n n\y. 2
lim - = lim{n— (3)h + (3)h
---higher deg terms}

Putting h=0 we get,
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LHL=n

w7 lim 1-Q+h)"

111]1f{:1+h)_]_.01( = m—

RHL =

Using binomial expansion as used above we get the following expression

Similarly,

RHL =

lim 1—1—1111—{2}112—---high&rdeg terms — lim {Il n (n)h n (n)hg B
h—0 —h h—0 2 3
---higher deg terms}

Putting h=0 we get,
RHL=n
Thus RHL = LHL = f (1)

Hence f (x) is discontinuous at x=1

=1 .
Vi) fz) =4 =i for =F1 4021
2, for z=1
Solution:
Given

s@ = Tt 221
2, for z=1

Clearly, T (1) =

_ | (1-h)3-1] | 1+h®-2h-1|
LHL—hHl f(1—h) = 11111 \ o - Lliu——h lim ===

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)
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. —hth-2) .. oy
LHL = 1m = lim(h—2)= -2

. e 1@eh)E-1] o [1+h®4+2h-1]
RHL = I L+ h) = Im = = lim -

Since h is a positive no which is very close to 0
(h+2) is positive and hence h (h—2) is also positive.
S lh(h+2)] =h (h+2)

h(h+2)

lim

“ RHL=1n"0 = imh+2)=2

Clearly, LHL = RHL

Hence f(x) is discontinuous at x=1

2|;|:|l::2 0
{vii}f{z}={—= v TFVatz =0
0, z=10
Solution:
Given
2|I|l::2 )
f{z}:{ = 270
0, z=10
Clearly, f(0) =0
. N e ey 1i 2l=hlH(ER)?
|HL = M f(0 —h) = lim f(—h) = lim =
. 2h+h® :
e =2 = 2
| e o 2lhl+®)?
RHL = im0 +h) = lim (h) = lim
2
Jim 22 _ lim(2+h)= 2
= h—0 h—0

https://byjus.com
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Clearly, LHL = RHL = f (0)

Hence f(x) is discontinuous at x=0

o1
— —, wh
(viii) f(x) = {|:L' a|sin—, when = # a at x— a

0, whenxz = a.

Solution:

Given

Fla) = |z — a|3inﬁ, when © # a
0, whenxz = a.

Clearly, f(a)=0

limfla—h)= lim|(a—h —a)|sin =
Ly mia—h) = lim )|sin(——)

_ EHE.I_hl 5111(_—;) = Eﬂéh sin (%) =0

. . . 1 . e
RHL 41133] fla+h) = EHE. |a+h—a|sin (a+h_a) = L@ym 5111(;)

_ hiz%hsin G) =0

Since whatever is value of h, sin (1/h) is going to range from—1to 1
As h—=> 0, i.e. approximately 0

Clearly, LHL = RHL =1 (a)

Hence f (x) is continuous at x=0

1+, if0<e<1

11. Show that f(x) = { 2 — . if x>1

Solution:
Given

https://byjus.com
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CJi42hif 0=z <1
‘f{I}_{ﬂ—I,i‘f z>1

Consider LHLatx=1

lim f(z) = lim £(1—h)

RD Sharma Solutions for Class 12 Maths Chapter 9
Continuity

= lim (14 (1 h)*) = lim (2+ h% —20) =2

bl

Now again consider RHL at x =

lim £ () = lim £(1+ )

r—1*

=lim (2~ (1+h)) = lim (1~ &

lim 7 (z) # lim f ()

x>l

1

)=1

Hence f (x) is discontinuous atx =1

12. Show that f(z) = {

.

Solution:
Given

( sindz if x <0

tan2x *
fl@)={ 5 ifz=0

log (14 3x)
voe?E ] if 20

¢ Bindx .
tan2zx * T'f r <0

3 . .
5 tf =0 i3 continuous atx =0

log (143x)
et _1, if *>0
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Consider LHLatx=0

z—{)

lim £(z) = lim 7 (0 — k) = lim 7 (k)

_ {sm3(-R)\ . remdny - (TE
= i — ] W =hm | =
h-+0 \ tan 2 (—h) k0 \ tan 2h hal | 2tan2h

T (B) Bl (%52)

=i s }u(m;%) B 9 limy ?u(mzh) T2l

Consider RHLatx =20

lim f(z) = lim (0 + k) = lim f(h)

log(1+2h)
o [l )y 3k T
oD e2h _ 1 R h(e 1)

2k

lo{14-3k) i lom{1 4 3h)
( T ) Ehm“”( Ik ) S0 1

3
(1) _El' hu({:i&u) T 9%1 92
¥

2h 2h

We have f(0) = 3/2
lim f(2) = lim £ (z) = £(0)

Thus f (x) is continuous at x =0

13. Find the value of a for which the function f defined by
asing(z+1),2 <0
flx) = is continuous at x = 0

tan x—sin T

P yx >0

Solution:

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

v RD Sharma Solutions for Class 12 Maths Chapter 9
m BYJ U S Continuity

The Learning App

Given

asing(z+1),z <0
flz) =

tan x—sin T
e

,e >0

Consider LHLatx=0

: : i o
hﬂ}f{:]ziﬁf{ﬂ—h}z}l%f(— h) = lu:uasmi{ h+1}—asmE=a

T ' ¥ h—0

Now again consider RHLatx=0

. . tanh —sinh
I11{:11'_}"'[:::]=}Ilu::%j"{'[]—l-.Fz]l llmf{h}_ —fr"

sin h

i 2 cos f
= =1_]11}]ﬂ1_ flz)= ;;Jﬂ}%i —a

—sginh

_ _ ::;:[l—cash}

{1 —cosh)tanh

 JFon Flel = 7
2 sin’ %tanh
= lim f(z) = lim —————

b0 4"'_2}(!1

4

g sin” —tzmh
R st

T pﬂ' 2 h- >ﬂ
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_ 1
:chfnﬂ:l_f{z}_gxlxl
= Jm f(@)=
_r::fEl' I_E

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

lim £ () = lim £ (c)

I

= a=

1
2

14. Examine the continuity of the function
3z —2,z<0 .
f(m)_{m—l—l,m}ﬂ atx =0

Also sketch the graph of this function.

Solution:
A
8--
6..-
44 fix)=x+1
2-
R SR S B S S
-2
44
46
fix) =3x-2
41-8
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Given

3z —2,2<0
f(m):{m—l—l;m}_ﬂ atx =0

The given function can be written as

dz -2,z <0
fl@)=13(0)-22=0
z+ 1,z >0

3r—2,x <0
=:‘-'f{1.‘}= —2,I=D

r+ 1,z >0
Consider LHLatx=0
- lim £ (2) = lim £ (0 — ) = lim £ (—})

z—+

%1% 3(—h)—2=-2
Now again consider RHLatx=0

= lim f(z) = lim (0 -+ A) = Jim £ (k)

lim (h+1)=1
R0

. lim £(2) # lim £ (o)

Hence f (x) is discontinuous at x =0

15. Discuss the continuity of the function
r,x >0

flx) = l, =0 atthe pointx =20
—x,x < 0

Solution:

https://byjus.com
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Given

x,x >0

RD Sharma Solutions for Class 12 Maths Chapter 9
Continuity

flx) = l, =0 atthepointx =20

—x,x < 0
Consider LHLatx=0

= lim f(z) = lim f (0 — k) = lim F (~h)

||
}bllillﬂ —(—h) =0
Consider RHLatx=10

lim £ () =lim 7 (0+ k) = lim £ (k)

0

lim () = 0

And we have f(0)=1

~lim f(2) = lim f(z) # £ (0)

)

Hence f (x) is discontinuous at x =0

16. Discuss the continuity of the function
r,0<x < %

1
flx) = 12, = % at the point @ = 2

l—m,%{mﬁ_il

Solution:
Given

<
flz) = 12,2 = 3
i€Ir
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Consider LHLatx=%

lim f (z) =]j{%f(% —h)

h
T)E

) 1 1
o (§ - "‘) =3
Again consider RHLatx = }4

lim f@]:}]}i%f@m)

; 1 1
(- (50%) -3
We have f (1/2) =%

-l £ ()= lim 1) =1 ()

T-}_—E I!‘—ﬂ, 2

Hence f (x) is continuous at x = ¥4

17. Discuss the continuity of
]2z -1,z < 0 2
flx) = {2:1:+ Lz >0 atez = 0

Solution:

Given

]2z -1,z <0
‘f(m)_{Em—l—l,mTjD

atx =0
Consider LHLatx=0

lim f(z)=2(0)-1=-1

30
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Again consider RHLatx =0

lim f(z) =2(0) +1=1

= lim f(z)# lim f(z)

z—+0 4

Hence f (x) is discontinuous at x =0

18. For what value of k is the function

z2—1
flx) = { 1T 7 continuous at x = 17

k.x =
Solution:
Given
e |
—.r#1
r) = z—1 -

If f (x) is continuous at x = 1, then

lim f(z) = f(1)

2 1
lim Z — k
1 T —
(21 (z+1)
lim —
T+ r—1

19. Determine the value of the constant k so that the function

https://byjus.com
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z2—3x+42

f(x) = { Ii_cl ’ml?é 1 continuous atx = 1
s i =

Solution:
Given

z2—3x42
f@ =1 T A

k.x =1

If f (x) is continuous at x = 1, then

lim f(z) = f(1)

T+1

2

—3 2
lim Z 222 g
1 :I.'_l

— 2 —1
@ )E-1
31 r—1

20. For what value of k is the function

sin 5r -
flx) = { s WfeF0 continuous at x = 07

k,ifx=0
Solution:
Given
gin br -
N 0
fay={"= =z
kE,ifx=0

If f (x) is continuous at x = 0, then we have
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lim £ (z) = £(0)

x—+0

21. Determine the value of the constant k so that the function

kx?, if € <2 . , _
f(m)_{ 3, if x> 2 is continuous at x = 2

Solution:
Given

_ Jkx?, if 2 < 2
f(“”_{ 3, if x> 2

If f (x) is continuous at x = 2, then we have
lim £(2) = lim f(2) = £ (2
Now,

. . e T
lim £(2) = lim £ (2~ h) = lim k(2 ~ )’ = 4k
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f(2)=3
From the above equation we can write as

4k =3

I
;E"
I
|

22. Determine the value of the constant k so that the function

gin 2T .
f(x) = { 5}:} ;ft‘:: iﬁ 0 ig continuous at x = 0

Solution:
Given

_ Sinzm!,i’fm?r__u
ﬂm)_{ % if x =0

If f (x) is continuous at x=0

lim £(z) = £(0)

)
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23. Find the values of a so that the function

15 continuous at x = 2

_ Jax 45, if x <2
‘ﬂm)_{m—l, if > 2
Solution:

Given

_Jax 45, if x <2

f(m)_{m—l, if £> 2

Consider LHLat x=2

lma(2Z—-h)+5=2a+5
h—0

Now again consider

Tim, £ (2) = lim £ (2+ )

}:%{E-I-h—l}

=1

f(2)=a(2)+5=2a+5

Since f (x) is continuous at x = 2 we have

lim f(2) = lim f(2) = £ (2)

2a+5=1
2a=—-4
a=—2
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