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Exercise 9.1 Page No: 9.16

1. Test the continuity of the following function at the origin:
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= 0
_ =
f () {Lm:D
Solution:
Given
=, #0
o) = dia
o= {77

Consider LHL atx =0

lim £ (z) = lim 7 (0 — k) = lim £ ()

z

—h —h
lim — =lim — =lim -1=-1
b0 |_h,| k-0 R b0

Consider RHLatx =10

lim £ () = lim £ (0+ k) = lim £ (k)

0t

h h
m-—=Ilm— =lml=1
k0 || k=0 b k0

. lim f(z) # lim f(z)

0+ z—0

Hence LHL # RHL

Hence f(x) is discontinuous at origin.

2. A function f(x) is defined as

b ifa #£3
ﬂm)_{ 5 if 2 —3

Show that f(x) is continuous at x = 3.
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Solution:
Given
fla) = o
5, if =23
Consider LHLatx=3
lim f(2) = lim £ (3~ h)

(3-h)'-(3-h)-6  9+h-6h-3+h-6 K> —5h
B0 (3—h)—3 R0 —h ht  —h

Consider RHLatx=3

Jim f(z) = lim f(3 + k)

3+ k)~ (3+h)-6 0+h2+6h—3—h—6 h? + 5h
m{ ) ( ) — lim + k= + bl ] — lim + 5 —Jim (54 h) =5
[ [31,‘1] k] kol h bl h kbl
Now, f(3)=5

» lim (@) = lim £() = £(3)

3t

Hence f(x) is continuous at x=3

3. A function f(x) is defined as

=D s #£3
f(m)_{ 6. if v —3

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

Solution:
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Given

fl[.r]={z-'::3? if ©#3

6: 1f v=23
Consider LHLatx=3

lim f(z) = lim £ (3 — k)

2
C (3-R)°-9  324+h2-6h-9 _ h®-6h  h(h-6)
Wi 3-h)-3 A 3 -h-3 =g ———=—m——— =m{—h) =6

Consider RHLatx=3

- lim f(z) = lim £ (3+h)

r—3*

lim £ (z) = lim £ (3 + h)

3+h)?-90 2 4 h2 ~ 2 h(6+ h
i O P 9 B ARAOR 0 RAOR  n POTR) e h) =6
B 3I4+R—3 [ h kil h B0 h Bl

We havef(3)=6
z]:ﬂl flz)= z]i:];' flz)=f(3)

Hence f(x) is continuous at x =3

-1, 1
4, flx) = { EE-I i;";i'_fi

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

Solution:
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Given

flz) = {112:11; if ©# 1

2afr=1
Consider LHLatx=1

lim £ (z) = lim £ (1~ h)

C (-hP*-1  1+h2-2-1 _ K2 -2 _ h(h-2)
AR 1 MR TIohRo1 AT TR Rm T o ek =2
Consider RHLatx=1
iﬁyg‘fiml=liﬁf{1+hl

1+ h)% -1 1+h2+2h—1 h? + 2h hh+2
g LFR) 71 1A TN e L L Gt R S S
hs0 (1+h)—1 &0 1+h-—-1 hs0  h b3 h h—+0
Givenf (1)=2

. lim f(2) = lim f(2) = £ (1)

x31
Hence f(x) is continuous at x =1

Sin3z . yphen x # 0

5.1f f(z) = { @

1; when =10

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

Solution:
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ST phen x4 ()
o= {5 %

I: when r =10

Consider LHLatx=0

lim £(z) = lim £ (0~ h) = lim 7 ()

lim sin( —3h) _y —sin(3k) . 3sin(3h) — 3%im sin(3h)

h 30 —h A —h = RS0 3h hi 3R =3-1=3

Consider RHLatx=0
hﬂg f(z) = lim f(h)

sindh _ . 3simn3h . sin(3h) B

iy —— = lim — ho0  3h 3:1=3
Givenf (0)=1

f (x) to be continuous at x=a

But here,

lim £(z) = lim f(z) = £ (a)

lim f(2) = lim £ (2) # £ (0)
Hence f (x) is discontinuous at x=0

er; when x # 0

1; when =10

6.1f f(x) = {

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

Given
ez, ifr £0
AC A (1,:‘._&:0)

Consider LHLatx=0

Tim £ () = lim £ (0~ h) = lim 7 ()

! 1 1
lime® = lim — | =—F =10
h—30 k0 ek ].i]']lh 0 -

Consider RHLatx=0

lim £ (z) = lim 7 (k)

0t

1
lim e® = 0o
h—0

We havef(0)=1

It is known that for a function f (x) to be continuous atx = a

lim £ (2) = lim, £ (2) = £ ()

I+

But

lim f(2) # lim £ ()

Hence f(x) is discontinuous at x =0

l—cosx

1. whenz — 0. Show that f(x) is discontinuous at z = 0
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Solution:
Given
Consider,
. . 1 — cosxz
lny £ () = iy (5% )
_ 251112%
= lim f (z) = lim | —;
. [ 2sin® 3
= liy 1) = Ly | —
(%)
2
2(51]1%)
1—cosx whena::,é[] iljﬁ%f{z}:ﬁ ( )9
_ )T 4(=
flx) = { ml. whenx = 0. 2

N
:-]m;(.«:}:zun;(smi)

z—+0 4 =0 %

. 1 5, 1
=>11ﬁﬂﬂf(13=§'1 =3
We havef(0)=1

lim f (z) # f(0)

Thus f (x) is discontinuous at x=0

xz—|z|
8. Show that f(x) = { 3 » when z #0

2, whenz = 0. i8 discontinuous at @ = 0
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Solution:

Given

flz) = {‘T_Tlml, when x # 0

2, whenx = 0.

The given function can be written as

z—;,whenz =0

Tz

I
| 2, whenz =0

0, whenz = 0
f(z) =4 z,whenz < 0

2, whenz =0

flz) =

whenx < 0

Consider LHLatx=0

lim f(z) = lim £(0—h) = lim £ (—h)

lz—al

9. Show that f(x) = { r—a’

when x # a

Consider LHLatx=0

lim f(z) = lim £(0— h) = lim f ()

—lim (~h) =0

h—0

Consider RHLatx=0

lim £ (z) = lim 7 (0 + h) = lim £ (1)

o

lm0=20
h—0

And we have f(0) =2
lim f(z) = lim f(z) # £(0)

-+ T

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

ig discontinuous at » — a

1, whenxz = a.

Solution:
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1, whenz > a
= f(=) = (—l,whenr < ﬂ)
Consider LHLatx=a
Given lim f(z) = lim f(a— h)
r—a k0
Flz) = %, when x© # a —lim(-1)= -1
1, whenxz = a. fi0

. . . i Latx=
The given function can be written as Consider RHL atx = a

lim 7 (z) = lim f (a+h)

—— ,whenz > a z-sat
flz) = E,whenz < a
| 1, whenzr =a E]iﬂu (1)=1
1, whenz > a ,]jﬂll f(z) # zl]ﬂ:ll f (=)
= f(z) =4 —1,whenz < a
1, whenz = a Thus f (x) is discontinuous at x = a

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

1
(i}f[z]={|z|mﬁ(;)’ z#0 atz =10
0, x=10

Solution:
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Given
f(z) = { o cos(), =70
: z=0
Consider,
y%nx}:y-mﬂm(%) :»y%f(:}ﬂxy%m(é) 0

= limy £ (z) = £ (0)

1
lim = lim |z| i — . .
= f=) z40 lI'z%ms(a:) Hence f(x) is continuous at x =0

(i) f (z) = {IZSin(%)’ * #Dﬂtz =1

0, z=10
Solution:
Given
f(@) - {IE““(%) = #0
0, z=10
Consider,

]jmzzsin(l) — lim z° lim siu(l) =0 ]jmsin(l) =0
ol T x—0 x—l T ol T
= lim £ (2) = £(0)

Hence f(x) is continuous atx =0

(i) f (z) = {(E —a)sin(35), eFa, o

0, rT=a
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Solution:
Given
. 1
f(z) = {(z —a}sm(n), z#a
0, r=a

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

: . 1 . . (1
H{I—ﬂ-}ﬂn(z_ﬂ.) —Hysm(a)

=Hmyhnﬂ{l)=ﬂxﬁmﬂ{l)=ﬂ

g+l gyl y gy y

= lim f(z) = f(a) =0

T2

Hence f (x) is continuous atx=a

iyt 7t

7,if =10

atr =0

(iv) f(z) = {

Solution:
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Given

eT-1 .

7,if =0
Consider,

. e® —1
lim f(z)

= log(1 + 2x)

. . e —1
= lim £ (z) = lim 52 log(11 22)
%
e —1
= lim f(2) = = lim (=)
z— P (lugf_llﬂz})
3%
: 1
= lim f(z) = = x (im0 ) R
¥ . Loy dr
i 2" (lme o %L;) 2 172

And we have f(0)=7

= lim 7 (z) # £(0)

Hence f (x) is discontinuous at x=0

1z
1
(V}f($}= Loz ? 7 ncNatz=1
n—1, z=1

Solution:
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1"
f{z}:{ = 7l cn

n—1, =1

Clearly,f(1)=n—-1

. oo 1-(-mt . 1-(1-h)"
LHL = dm (1 —h) = lim === = lim —

Using binomial theorem we get
1-w=)  (@hke

(1-hP=1-nh+ 2=

LHL =

) 1—1+nh—(g)h2 +-higherdegterms ) 2
lim - = lim{n - (H)h+ (3)h? -
---higher deg terms}

Putting h=0 we get,
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LHL=n
X o 1-(+m)® . 1-(1+h)"
ruL = M f(1+h) = lim =7 = lim——

Using binomial expansion as used above we get the following expression
Similarly,

RHL =
1-1-nh—(3)h*—higherdeg terms

lim
h—0 -h
---higher deg terms}

= lim{n+ (3)h + (3)h* -

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

Hence f (x) is discontinuous at x=1

e 1
{Vi}f(I}={zl’for TFL e —1
2, for z=1

Solution:
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Given

o= { et =71
2, for z=1

Clearly, f(1)=2

limf(1—h) = E_IE

LHL = h=0 1-h-1 he0 -h

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)

. —h{(h-2) .. _ _
LHL= = = fm(h=2) = =2

) e |@+h)®-1] .. [1+h®+2h-1]
RHL 1M KL +h) = im="2-= = 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 [h(h+2)] =h(h+2)

. h{(h+2)
% RHL =1m =

E_Ig{h+ 2)= 2
Clearly, LHL = RHL
Hence f(x) is discontinuous at x=1

x| 422

(vii) f{z}z{—= » 2700

0, z=10

Solution:

(1-h)%-1 . 1+h®*—2h-1
—— = lim——— =

. |h(h-2)]|
e

. hih+2)
lim [hth+2))
h—=o h
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Given

2|1:|}=2
- {75 =20

0, z=10
Clearly, f(0)=0

: T T R Qe 2I7BIHER)
LHL = B RO —h) = lim f(—h) = lim =
. 2h+h® .

i - 2 =) - =2

. e o 2lhl+m)?
RHL = im (0 +h) = lim f(h) = lim ==

. 2h+h?
lim
= h—0

Clearly, LHL = RHL = f (0)

= E_IE{E-I-}I): 2

Hence f(x) is discontinuous at x=0

1
— L wh
(viid) f(z) = {l:l: a|sin—, when = # a atr—a

0, whenx = a.

Solution:
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Given

|z — a|3i‘.nm1:, when = # a

() = {

0, whenxz = a.

Clearly, f(a) =0

1
a—h—

)

limfla—h)= lim|(a—h—a)|sin
L - i @ ) = HmlC isin

=Li£%|—h| sin(_ih) = Li_rghsin (E) =0

: . . 1 , (1
RHL =E_IE fla+h) = 111_13‘1] |a+h—a|sin (Hh_a) = Ll_IE|h| sm(ﬁ)

_ ]ni_%hsin (%) =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=f (a)

Hence f (x) is continuous at x=0

1+2%, if0<x<1

2w, if x> L. is discontinuous atx =1

11. Show that f(x) = {

Solution:

Given
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C[1+2if 0<z<1
“z}_{z—m,a‘_f z>1

Consider LHLatx=1

Tim 7 (z) = lim £ (1 - h)

. 2 .
=lim (1+ (1 —#)°) = lim (2+ h* — 2h) =2

Now again consider RHLatx=1

lim, £ (z) = lim £ (1+)

—lim (2~ (1+h)) = lim (1 — h) =1

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

Hence f (x) is discontinuous at x =1

sindx .
Il''lu';-:.-:b,E:I:"‘ t‘f z <0

12. Show that f(x) = « %a if =0 s continuous atx =0

log (1+3x)
el —1,if x>0

Solution:
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Given

sindr .
rtt:r:.-:-,E:I:’ T'f x <0

flz)y={ 2 ifxz=0

log (14 3x)
Vet 1, if x>0

Consider LHLatx=0

Tim £(2) = lim £(0— k) = lim £ (~F)

. . dsin 1k
~ bim (51113{—-’1}) _k (51113-'1) _ T
h0 \ tan 2 (—h) h0 \ tan2h R | 2tan2h

. Isinlhk . sin 1h
B ]lmh:D(T} B 3limy, :.u( T ) 3x1 3
iy, m(zt;izh) 2 limy, ?D( 2:,:;) 2x1 2
Consider RHLatx=10
Ihfg_fiz}=}3%f{ﬂ+h]=}3%.f[h]
log(1 | 3h)
o (lest3n)y 3R =
R e2h 1 ~h0 2h(e 1)
o
log(1 4 3h) ) log(1 4 3h)
—3]_i]:r1 h _Ehmf”ﬂ( 3h }_3)-(1_3
T 2ha0 | (™) _zﬁ ({eﬁu) C2x1 2
oh Wk 0\ —35

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

x+l z—+0*

Thus f (x) is continuous atx =0

13. Find the value of a for which the function f defined by

asing(x+ 1),z <0
flx) = is continuous at x = 0

tan x—sin T

3 ’m}u

Solution:
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Given

asing(x+ 1),z <0
flx) =

tan T—sin T
3

L2 >0

Consider LHLatx=0

lim £ (z) = lim £ (0 — ) = lim £ (~h) = ]m%asmg( h—l—l}—asm%:a

x—+

Now again consider RHLatx=0

ta.nh—smh,
Tim £ (2) = lim £ (0 + B) = im £ (4) = Jim =2

sin ke .
" —7 —sinh
= T ﬂ]l f[I} :~ﬂ hﬂ
::: (1 — cosh)
- zh:]ul f(=) = P: ] h?
. (1 —cosh)tanh
= zh:]&t_ flz) = lm x
zsif 2 tanh
- zthL f[I} ﬁ +l 4E w h

4
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= ]imf{:c}:%xlxl

z—l+

. 1
= lim f(@) = 5
9 sin’ %t:;m.-': If f (x) is continuous at x = 0, then
] ]1]']1}'(1:}2 —]_l]Ilhi—
3 4 R0 Txh h%fiij:h?f(-r)
T3 E—F t

. Ry 2
) 1. S & . tanh 1
:hm_f{z}—ELm( )ﬁT =a=_

14. Examine the continuity of the function

3z —2,z<0
‘f(m):{m—l—l,m}_[} atx =0

Also sketch the graph of this function.

Solution:
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44 fix)=x+1
2-
T4 3 >

-2

+-d

16

flw) =3x-2
41-8
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Given

3z —2,2< 0

‘f(m):{:t:—l—lm‘;:v_ﬂ atx =0

The given function can be written as

32— 2,2 <0
flz)=43(0)—2,z=0

z+1,z =0

3z — 2,z <0
::'-f(I]: _27I=D

zr+ 1z =0
Consider LHLatx=0

- lim f(z) = lim £ (0~ h) = lim f (~h)

}:% 3(—h)—2=-2

Now again consider RHLatx =0

= lim f(z) = lim £ (0 + h) = lim  (h)

0"

lim (h+1)=1
k0

- lim f(z) # Lim f(z)

-+ z—0"

Hence f (x) is discontinuous at x =0

15. Discuss the continuity of the function

xr,x >0
flx) = l, =0 atthepointx =10
—x,x < 0
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Solution:
Given
r,x >0
flx) = 1, =0 atthepointxz =20
—x,x < 0

Consider LHLatx=0

= lim f(z) = lim f(0 — h) = lim f(—h)

0

lim — (~h) =0

Consider RHLatx=0

lim £ (z) = lim £ (0-+ k) = lim £ (k)

z—+

}51% (k) =0

And we have f(0)=1

o lim f(z) = lim f(z) # £(0)

3+

Hence f (x) is discontinuous at x=0

16. Discuss the continuity of the function

m,[]ﬁ_:n:{% 1
flx) = 12, = % at the point © = 2

l—m,%{mﬂ_fl

Solution:
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Consider LHLatx=1%

1
lim £ (2) =Hf(§ —h)

. 1 1
E‘iﬁ(i"‘)—i

Again consider RHLatx =%

lim f[z]:}]f':%f(%ﬂ—h)

. 1 1
(- (547) -3

We have f (1/2) =
Given 1
L o lm f(@) = ]ingrf($3=f(§)
x, 0 < x < 3 T3 T4
f(z) = 12,z = o

1—x, 1 2 < x <1 Hencef(x)is continuous at x =%

17. Discuss the continuity of

l.z< 0 o
F(z) = {2m+1 x>0 4*=0

Solution:
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Again consider RHLatx =0

Given
_ im f(z)=2(0)+1=1
flz) = 2z —Lxz<0 oo o
2c + 1,z > 0
. li li
Consider LHLatx=0 s f(=) # 2001 f(=)
lim f(z) =2(0) —1=-1 Hence f (x) is discontinuous at x = 0

18. For what value of k is the function

-1
flx) = { 1T 7 1 continuous at @ = 17

k.x=1
Solution:
Given
-1
— Z_1° - —_,é 1

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

2 _
lim =1
T+l I —
o (z—1)(z+1)
lim =
z+1 r—1
lil:}tll{I‘Fl}:k
k=2
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19. Determine the value of the constant k so that the function

x2—3x+2
flx) = { -1 AL continuous at x = 1

k.t =1
Solution:
Given
7 (@) = {EEEE:TI# 1

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

lim f(z) = f(1)

2 _
lim &2 1H2
Tl I—].

— 2 —1
g E- A1
T—+1 r—1
ll]il:ll{I— 2)=k
k=-1

20. For what value of k is the function

o= {527

k. ifz—0 continuous at x = 07

Solution:
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lim f(z) = f(0)

lim sin bx .
z+l 3
Hsin br B
z% 3 x5z -
E]jmsmﬁ.t _k
3 z0 b5z
Given 5
—x1l=k
sin bx T.-f :]3-—,"'—‘[] 3
flx)=4 3= ]
kE.,if x =0
L — 5
If f (x) is continuous at x = 0, then we have 3

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

kx?, if © < 2
3, if x> 2

ig continuous at r = 2

o=

Solution:
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Given

_ kx?, ifx <2
f(mJ_{ 3, if x> 2

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

lim (2) = lim (z) = £ (2

T2

Now,
. Rt B T 2
lim f(z) = lim £ (2 — h) = lm k(2 — h)° = 4k
f(2)=3
From the above equation we can write as
4k =3
3
k==
!

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

sin 2z -
flx) = br if z#0 is continuous at x = 0
k.,ifx=0

Solution:
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Given

. Sinz:l:,ifm?éu
ﬂm)_{ *ifz=0

If f (x) is continuous atx=0

lim f (=) = £(0)

sin 2x
lim =k
-l Ry

2sin 2z
z% ax 2z

23. Find the values of a so that the function

] <
flx) = {amijE,’ i;f:::}_; is continuous at © = 2

Solution:
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Given

_ Jax 45, if x <2
flx) = { r—1, if x> 2

Consider LHL atx=2
lma(2—-h)+5=2a+5
b0

Now again consider

Tim £ () =lim £ (2 + h)

lim (2+h — 1)

=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)

2Za+5=1
2a=—-4
a=—2

Exercise 9.2 Page No: 9.34

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

IR ]
x+ 1,z >0

Solution:
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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) = limf(c +h) = f(c

lim f(c —h) = lim f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
K—C

Here we have,

sinx

x+1 ,x=0__ _ equationl

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
K—C

Clearly from definition of f(x), f(x) is defined for all real numbers.
Now we need to check continuity for all real numbers.

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

sinc

f(c)= ¢ [usingequation 1]

. ~ sinx  sinc
limf(x) = lim =

X—C x—c X C

limf(x) =f(c) = sin ¢
Clearly, x—c () =1() c

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

https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

@II 1A Wwil Wl


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

@II 1 WGl GG

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 equation 1]

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

K—In K—1n

Clearly, limf(x) = f(c) = m + 1

Therefore 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 equation 1]

. _ 1. sin{—h) — 1 sinh _
L= LIEE. f0—h) = LIEEJ ~h LIE}] h 1
lim 222 — 1
[**sin—B=—sinBandh—=0 b ]

HHL=EHE&f(U+h) = Llﬂnh—i_l: 1

Thus LHL = RHL =f (0).

Therefore f (x) is continuous at x =0

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

Hence, proved.

EnT F£0

2. Discuss the the continuity of the function f(x) = { o 0
s L =

Solution:
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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) = limf(c +h) = f(c

lim f(c —h) = lim f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
X—C

Here we have,

f(x)=[m
0 ,x=0

....... equation 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)

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

We know that from the definition of mod function we have

IXI_[—X,X«::D
L xx=0
lim f(0 —h) limf(-h) —— = —= —1
LHL = h—o — hio -m 1
h

|
I
'_'l.

limf(0+h) = limf(h) = -=
L:hlﬂi ( ) hlEEi (h) h [using equation 1 and mod function]

f (0) = 0 [using equation 1]

Clearly, LHL # RHL # f (0)
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.". Function is discontinuous at x =0
Let c be any real number such thatc >0

£ _%2_1
~f(c)=lel e [using equation 1]

C C
limf(x) = lim— = lim-=1
ﬁmd, X—C [: ) X—C |C| x—=c €

s B0 =00

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

Let c be any real number such thatc <0

Therefore f (c) =
I —
le] —c

[Using equation 1 and idea of mod function]

C C
limf(x) = lim— = lim—= —1
ﬂmd, X—=C l: ) x—clcl x—g —C

Thus, Ll—l}é f(x) = f(c)

Therefore 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 that is discontinuous at x = 0.

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

x® — 2?22 —2,ifx#1
4, if x =1

(2) f(=z) = {

Solution:
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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) = limf(c +h) = f(c

lim f(c —h) = lim f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

lim f(x) = f(c)

Here we have,
3 _ .2 _ i
f(x) = [x X*+2x—2 ,I_f"x =1 .
4 fx=1__ equation1

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.

Clearly, f (1) = 4 [using equation 1]
linlf(x) = lin}(‘:x;3 —x?+2x—2)=1*-1242+1-2=0
X—» X—

Clearly, LI—IE f(x) = f(c)

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

Let c be any real number such that c # 0
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f(c) = c—c?+ 2c -2 [using equation 1]

limf(x) = limx*—x*+2x—2)= c*— c*+2c-2
b, X—C

X—=C

Clearly, LI—IE fx) =1()

Therefore f(x) is continuous for all real x except x =1

zi-16 if © # 2

(i) f(x) = 31‘62! if @ — 2

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

if

EE%. flc—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

lim f(x) = f(c)

Here we have,

x*—16 (xX*+4)(x—2)(x+2)

flx)=4 x-2 (x—2)
16 Jifx=2

= (x*+4)(x+2) |ifx=2

...Equation 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)

Function is changing its nature (or expression) at x = 2, so we need to check its
continuity at x = 2 first.

https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

@II 1 Wwdlil GG1h


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

@‘II IV\dl ©CIH

Clearly, f (2) = 16 [from equation 1]

, Coxt—16 | (XF+HE-2)x+2) ,
LI_I}% f(x) = L_I}%ﬁ = LI_I}% x=2) = LI_I}% (x“+4)(x+2)
=16

Clearly, }cl—l}g f(x) = f(c)

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

Let ¢ be any real number such thatc # 0

f(c) = (c*+4)(c+2) [using equation 1]

limf(x) = LiEE;[XE +4)(x+2)= (c2+4)(c+2)

X—C

Clearly, LI—IH flx) = ()

Therefore f (x) is continuous for all real x

_(EnE o f a0
(ttt)f(mj_{2m+3e :I::-;}D

Solution:

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

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

lim f(x) = f(c)

Here we have,

f(x):{ = ifx<0

2x+3 ifx=0 _Fquation1
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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 ¢ is any random number such that ¢ < 0 [thus ¢ being a random number, it can
include all negative numbers]

sinc

f{c)= ¢ [using equation 1]

. . sinx  sinc
limf(x) = lim =

K—C x—=c X C

limf(x) =f(c) = sinc
Clearly, x—c (x) = () 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 [from equation 1]

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

X—m X—=m

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

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

As zero is a point at which function is changing its nature so we need to check LHL, RHL
separately

f(0) =2 x 0 + 3 = 3 [using equation 1]
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. . gin—h . sinh
limf(0 —h) = lim—— = lim =1
| = h—=o0 h—o0 -h h—=0 h
. sinh
lim =1

[** sin—4B=—5sinB andh—0 bk ]

HHL=EEEtf(D+h) = E532h+3= 3

Thus LHL = RHL
~ T (x) is discontinuous at x=0
Hence, f is continuous for all x # 0 but discontinuous at x = 0.
sin 3r -
: ===, ifxF#0

(i) fla)={ = 2T

4, if £ =0
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

EE%. flc—h) = Eﬂ f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
X—C

Here we have,

sin 3x

f(x) = [— Afx#0
4 ifx=0_Fquation1

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

sin3c

flc)= ¢ [from equation 1]

sin 3x sin 3c
limf(x) = lim =

K—C K—C X C
limf(x) =f(c) = sin 3¢
Clearly, x—c () =1() 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 equation 1]

. . sin—3h . sin 3h
lim f{0 —h) = lim = 3lim =3
sin x
. ) lim =1
[ sin—0 =—sin B andx—0 x ]
gin3h gin 3h
=3

Lm0 +h) = lim === 3lim=C

Thus LHL = RHL = f (0)
~ T (x) is discontinuous at x =0
Hence, fis continuous for all x = 0 but discontinuous at x = 0.

@) (@) = { " A oon e

Solution:

A real function f is said to be continuous at x = ¢, where ¢ is any point in the domain of f
if
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LIE%. f(c—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

sinx

lim f(x) = f(c) — +cosx ,ifx=0
X—c f(x) =

X

Here we have, 5 JIfx =0 _ Equation 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 ¢ is any random number such that ¢ # 0 [thus ¢ being a random number, it can
include all numbers except 0]

sinc

—+cosc, . )
flc)= ¢ [using equation 1]
. _ sinx sinc
lim f(x) = lim( + cosx) = +cosc
H—C K—C X

Clearly, Ll—l}é f(x) =1(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 equation 1]
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. sinx . sinx . . sinx
lim(— + cosx) = lim + limcosx=1+cos0=2 _ lim =1

x—=0 X Xx—=0 X x—=0 WE—=D X ]

Thys M09 = (0

~ F(x) is discontinuous at x =0
Hence, fis continuous for all x = 0 but discontinuous at x = 0.

(””(‘“)_{ “10.%if = =0

Solution:

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

limf(c—h) = limf(c+h)=f(c

lim f(c —h) = lim f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

lim f(x) = f(c)

X—C
Here we have,

*+x?* +2x° .
f(X) = [ tan~lx ifx =0
10 Jfx=0_Equation 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 ¢ is any random number such that ¢ # 0 [thus ¢ being a random number, it can
include all numbers except 0]
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c*+c?+2c°
f(c)j= tan~*c [from equation 1]

x4+ x3 4+ 2%° c* 4¢3+ 2c?

lim f(x) = Im(—— )= — ¢
Clearly, LI—IE f(x) = (9

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 equation 1]

. C(x*+ x4+ 2%°
limf(x) = lim

x—0 x—0 tan—1x
] 2 %2 +7 1im{x3+xz+2x} 0
or,lim|l—m—— | = 2 " _—9 . tan™%:
x—0 | Bn°X Lme R X 1 . lim =1
X X—0 X [+ usingz—0 x ]

T 00 =00

~ T (x) is discontinuous at x=0
Hence, f is continuous for all x = 0 but discontinuous at x=0

e —1 7o if x#0

y _ | tog.0720
(vii) f(x) {97} D a0

Solution:

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

EE%. flc—h) = Eﬂn f(c +h) = f(c)
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Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
X—C

Here we have,

loge{;-l-lz‘-;] ,IFI{ *0
—_— E :
flx) = 7 ifx=0

...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 c # 0 [thus ¢ being random number, it is able to
include all numbers except 0]

ef-1

f (c) = lege(1+2¢) [using equation 1]

imf(x) = 1 e¥—1 B e —1
e )T xIE}:(IGgE(l+2X)) ~ log.(1+2¢)

Clearly, 1:1—12 fx) = ()

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 [from equation 1]
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log(1+x)
lim——=1
w—0 X

et -1

lim =1

H—0 X

Log (1+x) and e* in its Taylor form.

From sandwich theorem numerator and denominator conditions also hold for this limit

log{1+2x)

lim———=1
x—0 2x
. log(1+2x) .
lim——— +# 1 as denominator does not have 2x
But, x—o0 X
lim f(x)
H—=0
x—
lim : N e :
= x~0leg1+23 [Using logarithmic and exponential limit as explained above, we

have:]

(e¥-1)

1 1
—lim el = -
=zxqg% 2

Thus, }{1_1}& f(x) # (<)

< (x) is discontinuous at x=0
Hence, f is continuous for all x = 0 but discontinuous at x=0

lx — 3|, ifx>1

(viii) f(z) = {m: _E LB s

4
Solution:

A real function f is said to be continuous at x = ¢, where ¢ is any point in the domain of f
if
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LIE%. f(c—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

lim f(x) = f(c)

Now, we can define it for variable x, if x = 0 | x| = x
Ifx <0 |x]| =(x)

IX| = {—x,x <0
S U xx=0

Here we have,

|x— 3| ifx=1

flx) =1x% 3x 13
?—E‘FT ,|fX‘f:1

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

2 3x 13
———+— ifx<1
4 2 4

f(x) = Xx—3. 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 ¢ is any random number such that ¢ < 1 [thus ¢ being a random number, it can
include all numbers less than 1]
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2

C ac 13
f@:?‘?+f
im () = 1 x2 3x+13 c? 3c+13
imflx) = lIm(7 -5+ )= 7-3+%73
Clearly, LI—IE f(x) = f(c)

We can say that f(x) is continuous for all 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 [from equation 1]

—h2 — -]
imf(1—h) = m(E2L 20 13y L 3,15 _,
L =h-o h—0" 4 2 4 4 2 4
F{HL=EH%f(1+h):Eﬂall+h_3|:|_2|:2

Thus LHL = RHL =f (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 equation 1]

BTG =) = i —(3 —h =) = 0

HHL=LIE31f(3+h): %1153]3+h—3 =0

Thus LHL = RHL = f (3)
.. f(x) is continuous at x =3

For x > 3; f(x) = x—3 whose plot is linear, so it is continuous for all x > 3
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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, if = < —3
(iz) f(z) = { —2x, if —3<z<3
6r +2, if x >3

Solution:

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

Liﬁ f(c—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

A function is continuous at x = c if

lim f(x) = f(c)

Similarly, we can define it for variable x, if x 2 0 |x| = x

If x <0 |x]=(-x)
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Ix| = {—x,x <0
S U xx=0
Here we have,

|x| + 3 Jifx = -3
flx) =4 —2x ,if—-3<x<3
6x+2,ifx=3

Applying the idea of mod function, f(x) can be rewritten as:
3—x Jifx < -3

flx) =4 —2x ,if—-3<x<3
6x+2,ifx=3 .....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 ¢ < -3 [thus ¢ being random number, it is able to
include all numbers less than -3]

f (c) = 3 — c [from equation 1]

limf(x) = lim(3—x)= 3 —c

X—=C

Clearly, LI—IE flx) = f(9)

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 equation 1]
limf(—3 —h) = Lina(B —(—3—-h))=6

LHL = h—o
F{HL=EHEtﬂ:_3 +h) = LIHE._E(_S +h)=6
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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 equation 1]
and, lim f(x) = lim(—-2x) = —2m
X—In X—In

Clearly, LI—IE flx) =(9)

We can say that f(x) is continuous for all -3 <x <3
Now, again f(x) is changing its nature at x = 3, so we need to check continuity at x =3

f(3) =6 x 3+ 2 =20 [using equation 1]

e = I —h) = im—2»(3—h) =6

HHL:LlH%‘f(B-I—h) = %11%6[34— 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
Hence, f(x) is continuous for all real x except x =3

There is only one point of discontinuity at x =3

W_q1,ifxe<1

Solution:

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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limf(c—h) = limf(c+h) = f(c
lim f(c —h) = lim f(c +h) = £(c)
Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand

limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
K—=C
Here we have,

10 ifx=1
* ifx>1 __ equation1

f(x) = {"

X

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 ¢ is any random number such that ¢ < 1 [thus ¢ being random number, it is able to
include all numbers less than 1]

f(c)=C"" [from equation 1]
limf(x) = lim(x*?) = c1°

Clearly, Ll—l}é f(x) = ()

We can say that f(x) is continuous for all 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" = 1 [using equation 1]
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LHL = Ao (1 —h) im(1—h) 1

i _ i 2_
F{HL:EEEnf(1+h) = Llﬂn[::H_ h) =1

Thus LHL=RHL =f (1)
“ f(x) is continuous atx =1

Let mis any random number such that m > 1 [thus m being random number, it
is able to include all numbers greater than 1]

f (m) = m? [using equation 1]

and, lim f(x) = lim (x*) = m?

X—=m

Clearly, iﬂﬂlf(}{) = f(m)

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

2x, if x <0
(xi) flx) =40, if0<xz<1
dr, if x > 1

Solution:

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

EE%. f(c—h) = EE% f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if
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lim f(x) = f(c)

Here we have,

2x Jfx <0
flx)=40 |fo=x=1
4x ifx > 1 ....equation 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
limf(x) = lim(2x) = 2c

Clearly, Ll—l}é f(x) =1(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.

f (0) = 0 [using equation 1]

(HL = i #0 —h) = lim —=2h =0

RHL = N (0 +h) = 1im 0 =0

Thus LHL = RHL = f (0)
.". f(x) is continuous at x =0

Let m is any random number such that 0 < m <1 [thus m being a random number, it can
include all numbers greater than 0 and less than 1]

f (m) = 0 [using equation 1]
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and, lim f(x) = lim(0)= 0

Clearly, ll—lo]iL f(x) = f(m)

We can say that f(x) is continuous for all 0 <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
(HL = T (1 —h) = Jim0 =0
HHL=EEErf(1+h) = EE%"’-}[::I_-I- h) =4

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

Let k is any random number such that k > 1 [thus k being a random number, it can
include all numbers greater than 1]

f (k) = 4k [using equation 1]

and, limf(x) = lim4x = 4k
x—k x—k

Clearly, Ll—l}llaftx) = 1l

We can say that f(x) is continuous for all x > 1
Hence, f(x) is continuous for all real value of x, except x =1

There is a single point of discontinuity at x =1

sin ¢ —cos x, if © # 0

(wii) f (@) = { 1, ifx =0

Solution:
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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) = limf(c +h) = f(c

lim f(c —h) = lim f(c +h) = f(c)

Where h is a very small positive number. 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 = ¢ if

lim f(x) = f(c)

Here we have,
iny — ifx=0
fx) — [smx COS X I
(%) -1 Jifx =0 _ 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 ¢ is any random number such that ¢ # 0 [thus ¢ being a random number, it can
include all numbers except 0]

f (c) = sin ¢ — cos ¢ [using equation 1]

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

Clearly, LI—IH flx) = ()

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 equation 1]

https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

g ‘AR 1A Gl Wi


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

Gg;1ll\]\—(]l‘:t:l

lim(sinx — cosx) = limsinx— limcosx=0—cos0=-1
x—0 x—0 x—0

lim f(x) = f(c
Thus x—c (©)

.". f(x) is continuous at x =0
Hence, f is continuous for all x.
f (x) is continuous everywhere.

No point of discontinuity.

—2, if < —1
(xiid) f(x) =2, if — 1 <ax<1
2, ifx>1

Solution:

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) = limf(c+h) = f(c

lim f(c —h) = lim f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
X—C

Here we have,

-2 jfx= -1
flx)=42x Jf—-1<x<1

2,ifx=1 .. 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)
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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.

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

As x = -1 is a point at which function is changing its nature so we need to check the
continuity here.

f(-1)=-2

L= (=1 —h) = lim =2 = -2

RHL =Llﬂf(_l +h) = Llﬂz(—l +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 equation 1]

- B =) = hm 201 -1 = 2

jHL = f(1+h) = lim2 =2

Thus LHL=RHL =f (1)

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

Thus, f(x) is continuous everywhere and there is no point of discontinuity.
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4. In the following, determine the value(s) of constant(s) involved in the definition so that
the given function is continuous:

Solution:

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

Llﬁ flc—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

lim f(x) = f(c)

Here we have,

sin 2x .
f(x) = [—Sx ,|.fx +0
3k ,ifx =0 Fquation 1
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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.

As x = 0 is only point at which function is changing its nature so it needs to be
continuous here.

f (0) = 3k [using equation 1]

, 1., sin 2x 2., sin2x 2 ., sinx
lim—— =-1lim 2 = = -lim =-_lim
x—0 3X S x—0 2x Sy—=p 2x J[u‘xqﬂ X

sin2x

= 1 — sandwich theorem

w T (x) is continuous everywhere [given in question]

~ lim f(x) = f(c)

.. k 51 < 2
i) @) = {2 S

Solution:

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

LIE%. f(c—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if
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lim f(x) = f(c)

Here we have,

kx +5 |ifx=2

f(x =[ X
() x—1 Jfx>2 equation 1

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
: 1111% f(x) = f(2)
EE:.] f(2 —h) = Eﬂé f(2+h) =1(2)

limf(2 +h) =1f(2 L I ..
he ( ) =1(2) [Considering RHL as RHL will give expression independent

of k]

lim2+h—-—1=2k+5_ . :
h—0 [Using equation 1]

L2k+5=1

2k=—4
__4,

k=12 =-2

k(x4 3z)if x < 0
(3i) (=) = { cos2x, if x > 0

Solution:

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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limf(c—h) = limf(c+h) = f(c
lim f(c —h) = lim f(c +h) = £(c)
Where h is a very small positive number. 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) ,ifx<o0

cos2x  Lifx=0 ... equation 1

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
~ limf(x) = f(0)
H—=0
EE% f(0—h) = LIEEn f(0 +h) = f(0)
LIEE. f(—h) = f(0)
limk{ (—=h)? +3(=h) } = 0 . . :
hﬂ% {(=h) (=h) }= cos [Using equation 1]

vk*0=1

As above equality never holds true for any value of k

k = not defined
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No such value of k is possible for which f(x) is continuous everywhere.

f (x) will always have a discontinuity at x =0

2ifx <3
(iv) flx) =qaxz+b,if3 < <H
9, if x> 5

Solution:

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) = limf(c+h) = f(c

lim f(c — h) = lim f(c + h) = f(c)

Where h is a very small positive number. 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 = ¢ if

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

2 Jf x=3
f(x) ={ax+b ,if 3<x<5
9 i x=5 equation 1

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
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- I () = £(3)
lim (3 ~ ) = lim f(3 + ) = (3)
lim (3 + h) = (3)

i b}j=2_ . .
lnl—I:-I:l:-{a{3 +h) +b} [Using equation 1]

“3at+b=2..... Equation 2

Also from equation 1, it is clear that f(x) is also changing its expression at x =5

Given, f(x) is continuous everywhere

https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-9-continuity/

@I Nnuuarcci

lin% f(x) = f(3)

EH%. f(5—h) = LIE% f(5+h) =f(5)
EH%I f(5 —h) = f(5)
LIH%{E(E —h)+Db}=9 [Using equation 1]

S534b=9 Equation 3

Putting value of b in equation 2:

3a+9-ha=>2
2a=7
7
a=z
N Y
b:9—5{2)_ 2
7 _ 17
La=zandb= =2

4if x < —1
(v) f(z) =L az®+b, if —1<x <0
cosx, if x >0

Solution:

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

EE%. f(c—h) = Eﬂ f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.
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A function is continuous at x = c if

lim f(x) = f(c)

We have,

4 JF o o x=-1
flx) =4ax®*+b |if —1<x<0
cosx if Xx=0 equation 1

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

: 1111_11 f(x) = f(—1)

Eﬂn f(—1—h) = LIE% f(—1+h)=f{-1)
Eﬂ fl—1+h) =f(-1)

li —1+h)*+b}=4_ . .
rﬂé{a( ) ) [Using equation 1]

S.catb=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
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- 1111'}h f(x) = f(0)
EE%' f(l0 —h) = Llﬂé f(0 +h) = f(0)
Llﬂ. f(—h) = f(0)

li —h)?+ b} = 0=1_ . :
hlﬂ{a( ) } = cos [Using equation 1]

ab=1 e Equation 3
Putting value of b in equation 2:
a+tl=4
a=3
“~a=3andb=1
¢1+pm;~.fl—1?3:5 if —1<x<0

(vi) f(x) =
ZZtl jfo<z <1

H i
Solution:

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) = limf(c+h) = f(c

lim f(c — ) = lim f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

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
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Given, f(x) is continuous everywhere
1111& f(x) = f(0)
]niE%l f(l0 —h) = EE% f(0 +h) = f(0)

EE%. f(—h) = f(0)

lim [y-'l—ph—y-'1+phE _ 20411
h—0 —h 0-2 2 [Using equation 1]

CﬁtE?;JL+NjCﬂ—ph+Jl+p%}=_1

h—0 J1-ph + /1 +ph 2
. 1— ph — l—ph) 1 )} 1
1m = —=
h—0 J1—ph +1+ph 2

~h)(J/T—ph +./1+ph) 2

Lim

1
= (m +W)} 2

|
{

S T R
|

?:p: _E
___'l_
S p= oz
5, ifx < 2
(vii) f(x) = qax+ b, if 2 < x < 10
21, if x = 10
Solution:

A real function f is said to be continuous at x = ¢, where ¢ is any point in the domain of f
if
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limf(c—h) = limf(c+h) = f(c
lim f(c —h) = lim f(c +h) = £(c)
Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand

limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

5 if x < 2
(vii) f(z) = (ax+ b, if 2 < x < 10
21, if * > 10

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

- 1111% f(x)= f(2)

LIE%. f(2—h) = LIE%. f(2+h) =1£(2)
Eﬂ f(2+h) =1(2)

li 2+h)+b}=5_ . .
hlﬂ{a( ) ) [Using equation 1]

“2at+b=5 ... Equation 2
Also from equation 1, it is clear that f(x) is also changing its expression at x =10

Given, f(x) is continuous everywhere
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LIE% f(10 —h) = Llﬂn f(10 +h) = f(10)
Llﬂ f(10 —h) =f(10)

li 10—h)+b}=21_ . .
hlEEr{a( ) ) [Using equation 1]

So10a+b=21 .. Equation 3
As,b=21-10a

Putting value of b in equation 2, we get

2a+21-10a=5

8a=16
8 _,

d= 8

kcosx m
ob=21-10x2=1 2 T < 3

(viii) f(x) = 3, x =3

g _ _ 3tan 2z T
wa=2andb=1 >z
Solution:

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

EE%. flc—h) = Eﬂn f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if
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lim f(x) = f(c)

Here we have,

kcosx f1s
L X< =
m—2x 2
f1s
3tanZx m
, X>»— .
2x—m 2 . eeeeeenen equation 1

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 = 1/2

Given, f(x) is continuous everywhere
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- 1111}2 f(x) = f(m/2)
Liﬂif(m’z —h)= Liﬁf(ﬂjz-l— h) = f(m/2)

Eﬂn f(m/2—h) = f(m/2)

T
. kecos (——h)
lim [+} =3
h—o { m2(;-h) [Using equation 1]
y [ksinh} kl' [sinh} k 3
hol 2n J 2 " Un J-2°7

—=0

lim? = 1 (sandwich theorem)]

[ x—=0
~k=3x%x2=6
2k=6
Zifo<z <1
5. The function f(x) = a, ifl<az< V2
2% if V2<e <o

Is continuous on [0, ). Find the most suitable values of a and b.
Solution:

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

Liﬂi f(lc—h) = EH%' f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
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x° .
- Jf 0 =x<1

limf(x) =f(c) fX=71 a |f 1<x <42

K—C z
22 f VZsx<o _

Here we have, XE equation 1

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)
EE% f{l1—h)= Eﬂafﬂl +h) =1(1)

EE% f{1—h)=f(1)

I -
lim {{1 h) }= a_ . :
h—ol =2 [Using equation 1]

Sa=tl. 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
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lim f(x) = f(v2)

x—=y 2

lim f(v2 —h) = lim f(v2 + h) = f(v2)
lim f(V2 — h) = f(v'2)

. 2b? — 4b 5
11ma=a=T=b —2b

b0 (v2) [Using equation 1]
bI=2b=a...ccccerinrennenn. Equation 3

From equation 2, a =-1
b?-2b=-1
=>b’-2b+1=0

= (b-1)2=0

. b=1whena=-1
Putting a = 1 in equation 3:
b?-2b=1

= b?-2b-1=0

—(—2)tC A I
b= {E]iy(zijz 4(-1) _ E-I_;.-ﬂ=1 /2

Thus,
Fora=-1;b=1
Fora=1;b=1%+2

6. Find the values of a and b so that the function f (x) defined by
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Given,
[ ) X R
X +ayv2sinx, |f0<x-::z
f(x) = ¢ b g X
2xcotx+b |f4 X 5
Laav.t:c:»cs23|:—'tzlsimt, ii'g{x{n

f(x) is continuous on [0, x].
_ ) n x
= f(x) is continuous at x = 1 andx = )

Fi 8
Now, atx = T we have

Il_‘.n? f(x) = hmt'(z—h) —1!111 [(——h) + ay/2sin (——h)] = % ﬂsin%=a+§

lim f(x) = limf( ~+h ~lim2(Z+h t(2+h)+b=Zcoto+b==+b
x—1 =0 g + 4 _2mt4 T2

. . it
Since f(x) is continuous atx = TWve have

lim f(x) = lim f(x)

x—-- :—._

elsndCa reei-
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I 7T
watgtath
b=-..(1)
= A — -
4

li f{ ) = lim f a I I I i ¢ m

llP X)=lmI| —-—nh —11111'!]2 5 1|cot| ——h b=b

lim f(x) = limf : +h) =limacos | 2 : + 1 — bsin : +h]=-(a+b
. IE { ] hn-“ 2 h—0 2 ! ' 9 ( }

. : . Ft
Since f(x) is continuous at x = 3 we have

lim f(x) = lim f(x)

x—+3 x—+3

b=-a->b

Solvingequation (1) and (2). we get

T[r:mdb *
a=— = ——
6 12

:]:2+an:+b, D<x <2
7. The function f(x) is defined by f(x) = e+ 2, 2<ax<4
2ar +5b, 4 < <8

If f is continuous on [0, 8], find the values of a and b.

Solution:

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

limf(c—h) = limf(c+h) =f(c)
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Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
limf(x) = f(c)

X—=C

Here we have,

x2+ax+b , 0=x<2
fx)= 3x + 2 , 2=x<4
2ax+5b , 4<x<=8 equation 1

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)
limf(2 —h) = limf(2+h) = f(2)
tim f(2 —h) = £(2)

] — 2 —_ = # =
fﬂg{(z h)*+a(2—h)+b}=3=2+2 lﬂ[Using equation 1]

4+2a+b =8
J.2a+b=4
“b=4-2a............... equation 2
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Also from equation 1, it is clear that f(x) is also changing its expression at x =4

Given, f (x) is continuous everywhere
= lmf(x) = f(4)

limf(4—h) = limf(4+h) = f(4)
limf(4+h) =f(4)
i@rgza(4+h)+5b= 3x4+2

.8a+5b=14.......cc.c.e.ee. Equation 3
Putting value of a from equation 2 to equation 3

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

= 2a=6
.a=6/2
=3

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

8. If for x # m/4, find the value which can be assigned to f (x) at x = /4 so that the
function f (x) becomes continuous everywhere in [0, 11/2].

Solution:

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 positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.
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A function is continuous at x = c if
lim f(x) = f(¢)
X—=C

Function is defined for [0, r] and we need to find the value of f(x) so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)

As we have expression for x # /4, which is continuous everywhere in [0, 1], so

If we make it continuous at x = 1/4 it is continuous everywhere in its domain.
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fx )_mn(rr )fﬂ'rx + m/4

Given cotzx T . equation 1

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

Jlim f(0)= f(n/4)
RIGRIUING

tan(%—x) . tan{g—x)

m
_xonfs cot2x - x=m/48anG=2) [ tan (1/2-B) = cot 6]

Multiplying and dividing by r/4—x and n/2—2x to apply sandwich theorem, we
get
ran(Z-x)
T, L

—4—,? *
x—T 4 tan (——2x) E_E'x

— %—zx
im tan x -1
We know that from sandwich theorem we have x—o0
. mnﬂlg—x}
X=ma T -x 1 m—4x 1
* — % H’;} = -
lim tun(—z—zr} 2 x—:4“ —4x 2
_ X/ 32X
1
Therefore value that can be assigned to f(x) at x = /4 is 2
. L : 2r — 1, i 2
9. Discuss the continuity of the function f(x) = mgz . iy <
s ifx > 2

Solution:

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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lim f(c ~ ) = limf(c +h) = £(¢)

Where h is a very small positive number. i.e. left hand limit as x — ¢ (LHL) = right hand
limit as x — ¢ (RHL) = value of function at x = c.

A function is continuous at x = ¢ if

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

_ 2x—1 ifx<2
fl)= %x Jifx =2

wenm€quation 1

Function is changing its nature (or expression) at x = 2, so we need to check its
continuity at x = 2 first.

limf(2—h) =£Er§2(2—h)— 1 4-1=3

LHL = h0
limf(2 +h) = limZ&H _ 32 _ 3
RHL = h—0 h—0 2 2
32
F2)=—=2 =3

Clearly, LHL = RHL =f (2)
.". Function is continuous at x = 2
Let ¢ be any real number such that ¢ > 2

. . Ax ac
Iimfix)= lim— = —
.ﬁnd, x—c fl: ) x—g 2 2

Thus, iﬁfr}fﬁl) =7

.. f(x) is continuous everywhere for x > 2.
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Let m be any real number such that m <2

.. f(m) =2m -1 [using equation 1]

g, B 0O = lim2m =1 = 2m =1

lim f(x) = f(m)

Thus, x—=m

.". f (x) is continuous everywhere for x < 2.

Hence, we can conclude by stating that f(x) is continuous for all Real numbers

_x_
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e Chapter 16—Tangents and Normals

e Chapter 17-Increasing and Decreasing Functions

e Chapter 18—Maxima and Minima

e Chapter 19—Indefinite Integrals
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About RD Sharma

RD Sharma isn't the kind of author you'd bump into at lit fests. But his
bestselling books have helped many CBSE students lose their dread of
maths. Sunday Times profiles the tutor turned internet star

He dreams of algorithms that would give most people nightmares. And,
spends every waking hour thinking of ways to explain concepts like 'series
solution of linear differential equations'. Meet Dr Ravi Dutt Sharma —
mathematics teacher and author of 25 reference books — whose name
evokes as much awe as the subject he teaches. And though students have
used his thick tomes for the last 31 years to ace the dreaded maths exam,
it's only recently that a spoof video turned the tutor into a YouTube star.

R D Sharma had a good laugh but said he shared little with his on-screen
persona except for the love for maths. "I like to spend all my time thinking
and writing about maths problems. I find it relaxing," he says. When he is
not writing books explaining mathematical concepts for classes 6 to 12 and
engineering students, Sharma is busy dispensing his duty as vice-principal
and head of department of science and humanities at Delhi government's
Guru Nanak Dev Institute of Technology.
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