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Chapter 9 Continuity Ex 9.2 Q2

When x = 0,
o1 ;s & =<0
X
Flx) =
M i=1;,>(:~III

|

So, f{x) is a constant function when x =0

hence, is continuous for all x <0 and x = 0

Mo,
Consider the paint x = 0.
LHL-.".'m ;"'[X]-.".'mf[lil ."'.-]-.".' —h =-1
—}III| h|
h
RHL = .".'m f{x}—a’amf{tuh] H=1

So, LHL = RHL
Hence, function is discontinuous atx =0



Chapter 9 Continuity Ex 9.2 Q3(i)
Whenx =1

f[x] x%-x%+2x -2 isapolynomia, sois continuous forx <1 and x > 1

Mow, consider the pointx =1

LHL—.".'m;"'[x]—.".'m;"'[l ."'.-]—.".'m[l ."‘.'] —[1 ."‘.'] +2[1 ."‘.'] 2=1-14+2-2=10

=1

. . . 3 2
RHL = Jim f(x) = lim F(1+h) = lim {1+ h) - {1+ h)" +2(1+h)-2-1-1+2-2-10

=1

F{1) =4

LHL = RHL = £ (1)

Thus, function is not discontinuous atx =1

Chapter 9 Continuity Ex 9.2 Q3(ii)

When x = 2, we have,

) = 4_15 {X +4)[x —4) {X2+4){X+2][x—2]
wo-2 x -2

=f[x]=[x2+4)[x+2]

which is a polynomial, so the function is continuous whenx < 2 ar x > 2

Mow, consider the pointx =2

LHL = x."a_.;‘.g_f[x] = hm f[z h] = Iaﬂm

- 2% _aBh+6.9h° - 4277 +hY - 16
b= -k

16 - 32h +24h° - B8R  + h* - 16
Hirn
b= -h

= lm3z-24h+8R - R = a2
h=0

(2+h) =16 16+3zh+24n?+ant+ht- 16

RHL—XJ’T’.'f[x]—hmf[:2+h]—ﬁmm=iaﬁ -

= im 32 +24h +Sh° + A7
h=0

=32

Also, £{2) = 16
Thus, LHL = RHL = f =)

Hence, the function is discontinuous aty =2



Chapter 9 Continuity Ex 9.2 Q3(iii)

sin
When x < 0, we have, f(x)=

X
We know that sinx and the identity function continuous for x < 0, so the quotient function

Flx) =2

is continuous forx <0,

When x > 0f(x)=2x +3, whichis a polynomial of degree 1 so f {x) = 2x + 3 is cantinuous far x »

Mow, consider the pointx =0

s {—h] _dim = sin h _

= g 70 - (0 )= gy Ty e
RHL = fim f[x}—hmf[lj+h]-hmgmh=1

rat
F{o0)=2x0+3=3

Thus, LLHL=R.H.L= i'r[:El]
Hence, £ (x) is discontinuous atx =0

Chapter 9 Continuity Ex 9.2 Q3(iv)

Whenx =0 f(x) = sin 3%

X

We know that sin3x and the identity function » are continuous forx < 0 and » » 0,

SR 3N . )
iz continuous forx < 0 and & = 0.

So, the quotient function £{x) =

Mow, consider the pointx =0

- sin3{-kh) . -sin3h
LHL—x."ﬁT.' f{x) = I’—%f[u_h]=h+nT=iﬂT=
sin 3h _ 3

RHL = dim fx)=limf{0+h)=
x—= 0 h=0

F{0) = 4
Thus, LHL = RHL = f{l:l:]

Hence, £ (x] is discontinuous atx = 0



Chapter 9 Continuity Ex 9.2 Q3(v)

sin x
Whenx =0, we have, f[x] =

+ COs N

We know that
sinx and cos X is continuous forx < 0 and x = 0.
The identity function x is also continuous for x < 0 and x = 0.

. . sinx .
. The quotient function f[x] = is continuous for x < 0 and x > 0,

X ) .
and, the sum +ecosk 15 also continuous for each x <0 and & = 0,

Mow, consider the pointx =0

b L
LHL = fim (x) = .".'m;"'[EI h]—.".'mgm[ ]+cos[—h]=."."m Smh+cosh=l+1=2
g A=
RHL = .".'.*‘."'.' f[x]-."amf{lj+h]- Smh+msh=l+l=2
h=0
F{0)=5

Thus, LHL = RHL = ;"'[I:I:]

Hence, f{x] is discontinuous atx =0

Chapter 9 Continuity Ex 9.2 Q3(vi)

4 .3 2

X+ KT+ 2N

Whenx = 0, we have, fx] = —
tan &

We know that a polynomial is continuous forx <0 and x > 0, Also the inverse frignometric functic
is continuous in its dormain,

Here, xtexd e’ s polynamial, sois continuous farx < 0 and x >0 and tan~' x iz also continuo

for x <0 and x = 0

]_x4+x +ox%

] is continuous for each x < 0 and » = 0.

So, the quatient function £ {x

tan " x
Maow, consider the pointx =0
I A SN LN TN 4 .3 2
WL = tim ()= fim (0 #) w prp LD AT 2B B0 20E g
#=+0 #i=+0 b0 tan~ {—."'.'} b0 =l h
4 43 2
RHL = Jim f[x]-."amf[u.Fh}_”-mh +hE+eh?
St A0 panTlh

r(0) =
Thus, LHL = RHL = £ {0}
Hence, the function is not continuous atx =0



Chapter 9 Continuity Ex 9.2 Q3(vii)

When x 20, we have,

*_q
;|r = —_
) fog, [1+2x)

We know that @ and the constant function is continuous forx <0 and x = 0

= g% - 1is continuous forx < 0 and x > 0

Aqgain, logarithmic function is continuous forx <0 andx =0
= log, [1+2x) iscontinuous forx >0 and x < O

: : e -1 : :
So, the guotient function ;'"[:X] = W is continuous for each » <0 and x = 0.
oG, |1+ 2x

Mow, consider the pointx =0

e -1
_h
LHL = firm £ {x) = fim £ (0 h) = fim =~~~ im =i —i
s #=0/og, (1 - 2h) b0 Tog, f1- zh] 2
-2h
. e’ -1
o o " -1 , h _ 1
RHL_;ITS*f[X}_f—%f{D+h] i’—%!og [1+2h) i—'?qn.'bge[1+2h] 5 2
e ——-
2h

flo)=7

Thus, LHL = RHL = £ {0}

Hence, £ [x) is not continuous atx = 0



Chapter 9 Continuity Ex 9.2 Q3(viii)
We know that

(i) The absolute value function g {x) = |¢| is continuous on IR

[ii] Polynomial function are every where continuous,

So, the only possible point of discontinuity of f[x] can be x =1
Mo

Fl)=p-3=}2=2

lirn f[x] = JI_}FI‘I_'_'X - 3| =7z

=1t
. [ x? 3w 13
lirm f[x:]:hm 42
=1 x=1"1 4 2 4
1 3 13 g
= — -t — = —=2
4 2 4 4
Since

JLr;rl_ Flx) = xlﬂj[;{] =ff1)=2
f{x) is continuous atx

Hence f{x) has no point of discontinuity.



Chapter 9 Continuity Ex 9.2 Q3(ix)
When x < -3,

Fx)=|e|+3
We know that ¢| is continuous for x < -3

|X|+ 2 is continuous for ¥ < -3

When x > 3

f{x)=6x +2 which is a polynomial of degree 1, so f{x) = 6x + 2 is continuous for x > 3

When - 3<x <3

;F[X] = -2x which is again a polynomial so, itis continuous far -3 <x < 3

Mow, consider the point x = -3
LHL = &im fx)=limf(-3-#) = ."."m|—3—h|+3 = lirm |3+h|+3= &
h=0 h=0 b=

r=-3

RHL = fim flx)=limf{-3+h)=lim-2(-3+h)=6
P h=0 b=

f{-3)=|-3|+3=6

Thus, LHL =RHL = F{-3) = 6

So, the function is continuous atx = -3
Mow, consider the pointx =3

LHL = fim f[x) = imf(3-h)=lim-2(3-h)=-6
= L=0 L=0

Chapter 9 Continuity Ex 9.2 Q3(xi)

(2x, ifx<0
The given function is /(%) =10, if0<x<]I
Ly, ifx >

The given function 15 defined at all points of the real line.
Let ¢ be a point onthe real line.

Claze I

Ife <0, thenf(¢)=2¢
]1“1 f{l} = ﬁl'ﬂ {Ex] = 2(-

“lim £ (x)= £ (c)

Therefore, f15 continuous at all pomnts x, suchthat x < 0



Chapter 9 Continuity Ex 9.2 Q3(xii)

sinx—cosx,ifx=0
-1 ifx=10

The given function fis fx) =J[
It 15 evident that {15 defined at all points of the real line
Let ¢ be areal number.

Caze I

If ¢ # 0, then f (¢)=sine—cosc
iim_f(x) = lim_{sinx - r:usx) =s8inc—cosc

Kedg LTS

lim £ (x)= £ (€)

Therefore, f'1s contirous at all points x, such that x # 0



Chapter 9 Continuity Ex 9.2 Q3(xiii)

-2, ifx < -]
The given function fis f{x)={2x if ~1<xs1
2, ifx>1

The given function is defined at all points of the real line.
Let ¢ be a point onthe real line.

Zaze I

If ¢ <=1, then f(¢)=~2 and EI_T flx)= ii_zq{ml) ==2
sim f(x)= 1 (c)

P

Therefore, {15 contirmous at all points x, such that x < —1

iZase I
Ife=—1, thenf(c)= f(-1)=-2
The left hand limit of fat x=—1 i3,

lim f(x)= lim {-2)==2

N—— x——1
The right hand limit of fat x=—1 15,

lim f(x})= lim (2x)=2x(-1)=-2

x=w-1" x=a—

~lim £ (x)=£(-1)

Therefore, {15 continuous at x = —1
Caze IIT

If —1<c<l, thenf(c)=2c

limf[x) = iin‘!(ix} =2c

o X b

im 7 (x)=£(c)

Therefore, f'15 continuous at all points of the interval (-1, 1).



Case TV
Ife =1, thenf(c)= 7 (1)=2x1=2

The left hand lirit of fat x=1 15,
lim f(x)=lim(2x)=2x1=2

vl N |

The right hand limit of fat x =1 15,

lim f(x)=lim2=2

.',I . .I'."’_.

lim £ (x) = 7(c)

Therefore, fis continuous atx= 2

Case V!
Ife=>1, ihenj'{.:r} =2 and lim flx)= ]_im_[;’} =2

lim f(x)=f(c)
Therefore, {15 continuous at all points x, such that x > 1

Thus, from the above observations, it can be concluded that /15 continuous at all points of
the real line

Chapter 9 Continuity Ex 9.2 Q4(i)

We have given that the function is continuous atx =0
s LHL=RHL = F[0) ....(1)

LHL = firm f[x] = i f[EI - h] = Ia'mw = iim - sin2h = lim sin 2h x% = %

Fo h=0 ] 5[—h} k=0 -5k k=0 2R Sh
f{o) = 3k
So, using {1) we get,
2
g
_2
15

Chapter 9 Continuity Ex 9.2 Q4(ii)
Itis given that the function is continuous

LHL=RHL=T-[:2:] [1}
LHL = fim £ () = imf (2-h) = imk (2-h)+5 =2k +5
raz b0 b=

RHL = Iim fx)=limf[2+h) =limf{2+h)-1=1
P b=0 b=

Thus, using (1), we get,
2 +5=1
k=-2



Chapter 9 Continuity Ex 9.2 Q4(iii)
It is given that the function is continuous
LHL = RHL = £ {0).... (1)

LHL = firny £ (x) = fimf (0— ) = imk ((-0)" + 3(-R)] = fimk r? - 3H) = 0
r=0

f[D] =cos2x0=cosf =1

LHL = £ {0)

Hernce, no value of & can make { continuous

Chapter 9 Continuity Ex 9.2 Q4(iv)

First check the continuity of the function atx =3

fls=2 ... [a)
RHL = fim f[x]—hmf[3+h]—ﬁma[3+h]+b =3a+b....[B)

I—}

f[x] will be continuous atx =3 if2a+h = 2[1]

Mow, chedk the continuity atx =5

f{5)=9 - {c)
LHL = firm f[x]-hmf[E h]-hma[E h]+b Es+h
=3

f{x) will be continuous atx = 5 if SBa+ b =9....(2)

Solving [1)& [2), we get
3= E and b = ﬁ
2 2
Chapter 9 Continuity Ex 9.2 Q4(v)

Itis given that the function is continuous

Arw =-1

fl-1) =4

RHL = [irm f[k’]_nmf[ 1+h]_nma[ 1+h]| +h=a+b
x=s-1t

Since, f{x) iscontinuous atx =-1
Lat+b=4 o (A

Mow, atx =0,

fl0)=msr =1

LHL = firn f (%) = fimf (0~ F)= fima{-h)" +b=b
Since, f(x) iz continuous atx =0

L o) =LHL

=bH=1

wfrom (A)

a=23

Thus, a=3, b=1



Chapter 9 Continuity Ex 9.2 Q4(vi)

It is given that the function is continuous,

Atx =10
—oh NL- PR - A1+ 2R [N1-Ph+1+2h
LHL = fim f[x) = fim f{0-h) = im 1-Ph ”{1+Ph=."."m{ Jx( J
s h=0 h=0 -h h=0 -h (\,"1 T ,\,f]_ +,Dh]
_ tirn [1-2R)-(1+PR) _2P _,
#+D-h(J1-Ph+41+PhJ 2
RHL = fim f[x}= Hmf[lil+h]= Hire 2h+1_-1
a0 b=0 b0 h -2 2

Since, f(x) is continuous so,

p-1
2



Chapter 9 Continuity Ex 9.2 Q4(vii)

5, ifx<2
The given function fis f(x)=1ax+b,if 2<x <10
21, ifxz10

It 15 evident that the given function /15 defined at all points of the real line.
If /15 a continuous function, then 15 continuous at all real numbers.
In particular, f1s continuous atx=2 and x =10

Since f1s continuous at x =2, we obtain

fim £ ()= lim 7(x) =/ (2

= lim (5)= lim (ax+b)=5

=+ 2
= S5=2a+h=>5
=2a+b=35 (1)

Since fis continuous atx =10, we obtain

lim 7 (x)= lim f(x)=f(10)

= lim (ax+b)= lim (21) =21

=10 x—l0
= 10a+bh=21=12]
=10a+b=21 -(2)

On subtracting equation (1) from equation (23, we obtain

By putting @ = 2 1n equation (1), we obtain

2x2+b=35
4+b=5
b=1

Therefore, the values of @ and & for which fis a continuous function are 2 and 1
respectively.



Chapter 9 Continuity Ex 9.2 Q4(viii)

. i : d o
Since the function is continuous at e therefore

LHL of f(x) atx=— is

. fcsinh
=lim
02— 2h
}'cl, sin (T —h)
=—1l
20 (—h)
e
3
Again
Fit
(7)_
Hence
1aL= 7 %)
_flkgj
kE_,
2
k=6

Chapter 9 Continuity Ex 9.2 Q5



We have given that £{x) is continuous on [O.ee]

« f{x) is continuous atx =1 and x = N

LAt =1, LHL=RHL=F‘_{1] [,&,}
1) =1 o 1)
1- kY
LHL = dim F{x) = iimf{1- k) = ."."mu=l
rsl h=0 &=0 e E]
Using [a) we get,
.:'.~=l =a‘=1= a=tl
3
At =2 LHL = RHL = £[+2) o [B)
2 2
r_(ﬁ)=2.b —:-t':Eb _4b=bz—2tl
() -
LHL=xiTﬁ_f[X]=iaﬂf(ﬁ—h)=£_rz?ja=a.

So, using [E-]J we get,
b - 2h =g
For a=1, b2 - 2h-1=0

L poZENY B

2

Fora=-1  h®*-2h+1=0
=fb-1%-0 =b-=-1

Thus, a=-1, b=1ora=1, b=1iy'r§
Chapter 9 Continuity Ex 9.2 Q6



Since, f(x) is continuous on [0, ]

f{x) is continuous atx = % and x = g
sty =2,
4
T
LHL = RHL = i‘r[—] ..... {,-'1'-.]
4

now, 7( 2] - 22 cot (2] +b- L1t Zen (1)
4 4 4 2

LHL = firm f[x]=im’6f[§—h]=Ia'm{;—hJ+a 25;’n[§—h]=
- -

= —
4

Thus, using [f—‘«]

o

a—b=1.....[E-]

Aty = —
2

Mo, f[;}—amgz——bm =-3-b...[2)

T
)
LHL = firm f[x]—.".'mf{ J

P
2

- n'mz{i-h]mr[ﬂ-h]+b=”um:b
| o 2

using [C), we get,

-3
-a-b=h = Zh=-3 ::>b=?
from (B), &+ +3.7
2 4
3 s
= —_—a3 = —
2 4
b
= ==
i}
andbh=_2-"7
2 1z
Thus, 3= =, -7
1z

Chapter 9 Continuity Ex 9.2 Q7



It is given that the £ {x) is continuous on [0,8]
f{x) is continuous atx =2 and x = 4,
Mow, Aty =2

LHL = RHL = £ {2}.... {4)
fl2)=3x2+2=8..(1)

LHL = fimm f[x’]= Ia’mf[z—h]= Ia'm[z—h]2+a[:2—h]+b= d+23+h
=2 h=0 b=0

fram [a)

44+ 23+bH=8

2a+b=4..(B)

Mow, Aty = 4
LHL = RHL = £ [4)....{C)
Fl4)=3x4+2=14...(2)

RHL = fim fx) = fimf{4+h)=lim2a(4+h)+5b=5a+5b
r— gt k=0 b=0

From (C), we get,

83 + 5b = 14....[D)

Solving {B) and (D), we get,
g=3andb=-2

Chapter 9 Continuity Ex 9.2 Q8

The function will be continuous on {D, g} ifitis continuous at every point in [D’%}

Let us consider the pointx =

4

We must have,

kN

LHL = RHL = f[z]....[g]

o I
tah [— -+ ."'.-] h
LHL = firm f[x] = fim f{i— h] = fim 4 4 = iim tan
- h=0 4 h=0 Ed b=0tan 2h
co 2[—— H

P
4

tan h
_ i o _1
- }?ﬂ tan?h o
h

Thus, using {f-‘«] we gef,
f{EJ _ 1
4 2
Hence, f{x] will be continuous on [EI, E} if f[i] = 1
2 4 2

Chapter 9 Continuity Ex 9.2 Q9

el )md



When x < 2, we have

f{x)=2x -1, whichis a polynomial of degree 1,

So, Ffx) is continuous for x < 2,

When x = 2, we have
f{x) = S‘E—XJ which is again a polynamial of degree 1.

So, fx) is continuous for x > 2,

Mow, consider the pointx = 2

IxE
>-c:=3

ffz)=

LHL = dlim f{x) = {imf({2-h)=fim2(2-h)-1=3
— —

=2

3f2+h) _ .

RHL = i f{x} = lim f[E +h] = lm
h=0 b= 2

x—zt

LHL = RHL = f{2}) = 3

Thus, £ {x) is continuous atx =2

Hence, £ [x] is continuous every where,
Chapter 9 Continuity Ex 9.2 Q10
Let f(x)=sin|x|

This function f1s defined for every real number and fcan be written as the composition of
two functions as,

f=g ok, where g(x)=|x| and h(x)=sinx
{,i:rih}[_r] = H(f’{-‘f}) =g {:i'mx} = |5in xi= f(l}J
It has to be proved first that g{x)=|x| and h(x)=sinx are continuous functions.

g(x)=|x| can be written as
J—,r, ity <

“lx, ifxz0

g(x)

Clearly, g 15 defined for all real numbers.

Let ¢ be areal number.



Case [

Ife <0, then g(c)=~c and limg(x)=lim{-x)=-¢

X

sdim g{x] = g[c)

Therefore, g 15 continuous at all points x, suchthatx < C

_ase IT;

Ifc>0, theng(c)=cand limg(x)=limx=¢

R

slim g{x} =g(c)

iy

Therefore, g 15 continuous at all points x, suchthatx > C

Case III;

Ifc=0, theng(c)=g(0)=0

lim g(x)=lim (~x)=0

x— 330
S S
Iir£1 g(x)=1lim(x)=g(0)
L i
Therefore, g 15 continuous atx =0
From the above three observations, it can be concluded that g 15 continuous at all points.
A =sinx
It 15 evident that /&2 () = sin x 15 defined for every real number.
Let c be areal number Put x=c+ k&

Ifx—c thenk — 0

Alci=sine



hic)=sine
|"im.lrf{.1'}= limsin x
= E_in}l:iin{c + k)
E.ii‘l:‘lll_ﬁltl‘j ceosk + cosesin .&;
Ei:}}{siﬁ ceosk )+ lim(coscsink)
sinccos0+cosesind
= gine + 0

= SN

limh({x)=g(c)
Therefore, i 15 a continuous function.

It 15 known that for real valued functions g and A such that (g o /) 15 defined at ¢, if g 15
contituous at ¢ and 1if 15 continuous at g (2}, then (f o g) 15 continuous at ¢

Therefore, /(x)=(goh)(x)=g(h(x)}= g(sinx)=|sinx|is a continuous function

Chapter 9 Continuity Ex 9.2 Q11
When x < 0, we hawve,
s

*

f{x) =

We know that the sinx and the identity function » are continuous for » < 0,

is continuous for x < 0.

. . sin X
So, the quotient function Ffx) =

When x = 0, we have,
f{x)=x+1, which is a polynomial of degree 1. So, £ (x) is continuous for x > 0

Mow, consider the pointx = 0,
;"'[EI] =0+1=1.

LHL = fim £ [x) = lim £ (0 - h) = lim
r A= h=0 _h A=0 -k

RHL = fim fx)=f{imf[0+h)=limh+1=1
r= 0t b=0 b=

Thus, LHL =RHL = {0} = 1

So, fx) is continuous atx = 0.

Hence, £ [x] is continuous everywhere

Chapter 9 Continuity Ex 9.2 Q12



The given function is g(x) = x-[x]

It 15 evident that g 15 defined at all integral points.

Let iz be an integer.

Ther,

g(n)=n-[nl=n-n=0

The left hand lirmit of fat x =1 15,

im ()= im (=[] = ()~ im <] n~(1-1) -1
The right hand limit of fat x = 15,

lim g{x)= ILm (x—[x]] = lim (x)- lim [x] = n-n=0

I—i.l'fl Ak Eae

It 15 observed that the left and right hand limits of fat x = do not coincide.
Therefore, f'15 not continuous at x =

Hence, g 15 discontimuous at all integral points

Chapter 9 Continuity Ex 9.2 Q13



It 15 known that if g and &z are two continuous functions, then

g+h, g—h, and g.hare also continuous.

It has to prowved first that g () = sin x and & () = cos x are continuous functions.
Letg x)=sinx
It 15 evident that g () =sinx is defined for every real number.
Let ¢ be areal number Putx=c+ 4
Ifx — e, thenh — 0
g(e)=sinc
lim g(x)=limsinx
= Li{r;sin[c+ h)
= Li_i:;§sin ccosh+coscsin]
= Li::g{sin ccosh)+ Liﬂ{cusc sin /1)
=sinccos0+ coscsin(
=ginc+0
=sinc
v limg(x)=g(c)
Therefore, g 13 a continuous function.
Leth (xy=cosx
It 15 evident that /2 (xX) = cos x 15 defined for every real number.
Let ¢ be areal number Putx=c+ %
Ifx — e, thenfh — 0
hilci=c¢ose
EE}?(I}: lim cos x

KR

= Limccrs[c{rh]

—ll

= lim {ms ccoshi—sinesin h}
Jp—al}

=limcosccosh—limsinesinh
Tr=sil Taaib

=cosceos0—sinesind

=coscx]—sinex0

=C0S¢

s imhb{x)=h(c)

K=k

Therefore, 213 a continuous function.

Therefore, it can be concluded that

() fx) =g () + & () =sinx + cosx is a continuous function
(b) fcy=g (X)) — k() =sinx — cos x 15 a continuous function

(c) fiy=g ()% b (20) =sinx ¥ cos x 15 a continuous function



Chapter 9 Continuity Ex 9.2 Q14
The given function is /' (x) = cos (x%)
This function 15 defined for every real number and fcan be written as the composition of

two functions as,

f=g ok, where g () =cosxandh (x)=x*
[ {gﬂ}: { (k(x}) { Ejzcus(f):f{x]}

It has to be first proved that g () = cosx and & (x) =x° are continuous functions.
It 15 evident that g 15 defined for every real number.
Let ¢ be areal number.

Then, g (c)=cosc
Putx=c+h
Ifx—c, thenh—0

limg(x)=limcosx
PR,

X

= !.13'3 cm{:c + h}

= lim[coscmsh— sin ¢sin 4

=limcosccosh - llm sincsinh
Tr—al)

= cosecns—sin csmﬂ
=¢oscx]l—sinex0

" lim g{ ] g{c)

Therefore, g (x) = cos x 15 continuous function.
B =x4

Clearly, /2 15 defined for every real number.
Let k& be areal number, then k2 (k) = i2

Li_r}r}h(.r] =lim x* =k

- lim h(x)=h(k)

Therefore, i 15 a continuous function.

It 15 known that for real valued functions g and A, such that (g o #2) 15 defined at ¢, 1f g 15
contiuous at ¢ and if 15 continuous at g (c), then (f'o g) 15 continuous at ¢

Therefore, f(x)=(goh)(x)=cos(x")is a continuous function
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The given function is f{x)"—"|msx|

This function /15 defined for every real number and fcan be written as the composition of

two functions as,

F=g oh, where g(x)=|x| and A(x)=cosx

[ {gﬂh){x] = g[}r{x)] = g[uﬂs }:) = |t:n5x| = f{x]]
It has to be first proved that g(x)=|x] and &(x)=cosx are continuous functions.

g(x)=|x| can be written as

(x]— —x, ifx <0
R P

Clearly, g 15 defined for all real numbers.

Let ¢ be areal numhber,

Case It

Ife <0, then g{c)=~c and lim g (x)= lim (~x)=-e
i1mg{x] =g(c)

Therefore, g 15 continuous at all points x, suchthatx < O
Case I

[fe =0, then g{c)=c and lln}g(x) =limx=c
slimg(x)=g(e)

K

Therefore, g 15 continuous at all points x, such that x = 0



_aze III;

Ife=0, then g(c)=g(0)=0

fi £ (x) = i (=x) =0
fimy ()= lim (x) =0
o im g (x) = lim (x) = g(0)
£l a0
Therefore, g 15 continuous at x =10
From the above three observations, it can be concluded that g 15 continuous at all points.
hiy=cosx
It 15 ewident that /2 (xX) = cos x 15 defined for every real number.
Letc be areal number Putx=c+ A

Ifx—c thenh — 0

hici=cose

limh(x] = limcos x

N

=limcos(¢+h)

fr—+ti

= lim{cﬂs ccos i —sincsin h]

Jr=-all

= limcosccos fi—limsinesinh
Jr—a(} fo-sib

=cosccos—sinesin
=coscxl—sinex0
=Cosc

s Aimb{x)=hic)

K

Therefore, & ()= cos x 15 a continuous function

It 15 known that for real valued functions g and &, such that (g o #2) 15 defined at ¢, 1f g 15
contituous at ¢ and 1f f1s continuous at g 2y, then (fo g) 15 continuous at ¢

Therefore, f{x)=(goh)(x)=g(h(x))= g(cosx)=|cosx|is a continuous function
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The given function is f(x)=|x|=|x+1]

The two functions, g and /2, are defined as
g(x)=|x and h(x)=|x+1|
Then, f=g—

The contirity of g and & 15 examined first.

g(x)=|x| can be written as

(]_ —x, ifx<0
e

Clearly, g 15 defined for all real numbers.

Let ¢ be areal number

Case It

If ¢ <0, then g{c)=~c and lim g(x)=lim(-x)=-¢
~limg(x)=g(c)

Therefore, g 13 continuous at all points x, suchthatx < C

Case IT:

Ife>0, theng(c)=cand limg(x)=limx=¢

N

slimg(x)= g(c}

o 1

Therefore, g 15 continuous at all points x, suchthatx > C



Caze III:
Ife=0, theng(c)=g(0)=0

lim g(x) = lim (-x) =0

lim g (x) = lim (x) =0

clim g (x }*Ilm{ }=g(0)

x—ll

Therefore, g 15 continuous at x =0

From the above three observations, it can be concluded that g 15 continuous at all points

hi{x)=|x+1] can be written as

h(x)= {—{x+ 1), if, x<—1

x+1, ifx=—1
Clearly, /2 15 defined for every real number.
Let ¢ be areal number.

Zaze I

If ¢ < —1, then h(c)=—(c+1) and Elﬂ:nh(.x)wiﬂ}[ (x+])] —(e+1)
s lim h[:r} = ﬁ:{c]

Tk

Therefore, 2 15 continuous at all points x, such that x < —1

Zaze IT;

Ife=-1, thenh{c) ¢+ 1 and llmh(x)—hm(xH} o1
“lima(x) =h(c)

Tk

Therefore, & 15 continuous at all points x, such that x > —1



Case I

Ife=-1, then h(e)=h{-1)=-1+1=0

lim h{x)= Iim[ {x+]}] ~(=1+1)=0

i1

lim /(x)= lim (x+1)=(=1+1)=0

¥

- lim F.'r(x}u lim h{x)=h(-1}

a1
Therefore, &2 15 contirmous at x=—1

From the above three observations, it can be concluded that /2 is continuous at all points
of the real line.

g and & are continuous functions. Therefore, f=g — % 15 also a contimious function.

Therefore, fhas no point of discontinuity
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: : : x? %m Jifx 20
He given function 15 f(x)= X

i, ifx=10

It 15 evident that f'15 defined at all points of the real line.
Let ¢ be areal number.

Caze I
If 0, thenf(c)=c sint
[

‘ TS | BV S |
lxl_rﬂf(x}nixlm{x smx] (ixl_lyx ][Eﬂ’;5|nx] ¢”sin—
s lim f (x)= £ (c)

Therefore, /15 contimous at all pomntsx £ O



Case IT
Ife=0, thenf(0)=0

lim f(x)= lim [.r: sinl] = Iim[x2 sini]
F—adi e

x—il x X

) L
It is known that, -l <sin— <L x=0
X

|
=5 -x? £gin-< ¥’
¥

. 3 . . 1 . 4
:}Iim{—x‘)iilm xsin—{<himx
F-akd

Keal} ¥ ¥ alk

=0< Iim[f sin l] <0

F—+l X
= lim [f sin i) =0
T3l X
i (1) <0

Similarly, fim f(x)= lim [.t::sinijz Iim(x: sin l]:ﬂ
-l |

x silf x
+ lim £ (x) = £(0) = lim £ (x)
Therefore, {15 contimious at x =0

From the above observations, it can be concluded that fis continuous at every point of the

real line.

Thus, {15 a continuous function.
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1
Fx) =
(X) X+ 2
lim f(x)= Lim;= Lirn—1 — -0
Ho -2 0-_2_h+2 -0 h
) . 1 o1
Jim f(x) =M = = iy

f(x) is discontinuous at x = -2

X+ 2
Let g{x) = f{f(x)) "5 TE
' —§—h+2 -=—-h+2
AL o L il L e e
5 S
—§+h+2 —§—h+2

© g(x) is discontinuous at x = - =
. f{f(x)) is discontinuous at x = 2
2
. f(x) is discontinuous at x = -2 and - g
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1 1
f(t) = et where t = v

Clearly t = is discontinuous at x = 1.

x—-1
For x = 1, we have
i 1
fft) = =
( ) t“+t-2 [t+2)(t—1}
This is discontinuous att=-2andt =1

1 1
Fort=-2, t= —— = x==
or ) -1 X >

1 =x=2

Fort=1,t=
x -1

Hence f is discontinuous at x = x=1andx = 2.

1
§f





