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We have to check the continuity of function at » =0,

LHL = fim flx)=iimf{0-h)= ."."mi = ."."mﬂ= -1
x=0 h=0 h=0 |_h| h=0 R

RHL = .f."m+f[x] = fimf(0+h) = .f."mi =1
r=0 h=0 .*.'—:t|:||h|

Thus, LHL #R.H.L

So, the given function in discontinuous and the discontinuity is of first kind.



Continuity Ex 9.1 Q2
We have, to check the continuity atx = 3

(3-h)°-{3-H)-6  R2-

Sh
L.H.L —jﬂf[}{]—nmfﬁ h]_ni‘g G-h—3 _iJi‘.'E - =isfg—h+5=5
3+h (34 H) -6 2
RHL =limfx)=iimf{3+h)= IJm[ +hy - (5+5) = .".".f'.f'.'h + Sh =limh+5=5
PR k=1 k=0 {3+ h] -3 h=0 b0
£(3)=
Thus, we have, LHL =RHL =f(3) =5
Zo, The function is continuous atx = 2
Continuity Ex 9.1 Q3
Wie have, to checlk the continuity of the function atx = 2.
(3-h) - R -Bh _
LHL = fim f[x} = [imf(3-h) = (im SR 3 iﬂ - jim-hxB=6
3+ h) =9 z
RHL = im F{x)=limf{3+h) = nm{ +) = .".".f‘.f‘.'h + Bl Nmh+6=6
P k=0 k=0 {3+h] 2 k=0 h A0
f(3) =
Thus, we have, LHL = RHL = f[S] =
=0, the given function is confinuous atx =3,
Continuity Ex 9.1 Q4
wie want, to check the continuity of the function atx = 1.
1-hY -1 2 _
LHL = ."Jmf[}{]—.".lmf[l h]_hm{ ) .".".f‘.f'.'h 2h=."."m—."'.'+2=2
0fl-h)-1 420 -h  h=0
(1+h)* -1 R +2h
RHL = nmf{x]_nmf[1+h]_nmm =iJﬂT=imh+2=2

(1) =

we find that LHL=RHL = f{1) =2
Hence, f[x] is contdnuous atx =1,



Continuity Ex 9.1 Q5
We have, to check the continuty of the function atx = 0.

S'.'.."-.'S—[—."-.'] = j,m_m =

-h h=0 -h 3

LHL = fim £ (%) = limf [0-h) = im
ra h=0 bh=0

sin3h

RHL = fim f{x)=limf {0+ h) = iim 3
Ot h=0 h=0

f{oy=1

LHL = RHL = f {0}
= Functon is discontinuous atx = 0. I[tisremovable discontnuty.

Continuity Ex 9.1 Q6

We hawve, to check the continuity of the function atx =0,

LH.L = fim fx)=dimf(x)=timf(0-h)= I."me}{"’ =™ =[
=0 x=0 A= LN

RHL = fim flx)=fimf{0+h)= .".".r'.".-ri-}‘£ =e% = w
v ot h=0 bh=0

So, LHL = RHL

Hence, the function is discontinuous atx = 0, This is discontinuty of I kind.
Continuity Ex 9.1 Q7

Wie want, to check the continuity of the given functionat x = 0.

1—osf-h
LHL = firry £ {x) = fim (0= ) = Jir 224
= A= =0 [—h]

1 -rcosh
- imT [ cos (-8) = cos .9]
2sm25 - a
= lirri 2 | 1-cosd=25in? —}
b= hz i 2
smﬁ i
= hm?2 i =2xl=l
A= h g4z
rl
2
1 cosh 2sir? 2 sir? 2
RHL= lim f{x) = limf{0+h) = lim——— = lim =limz
x—=0t b= h—=0 hz h=0 hz h=0

F(0) -1

LHL = RHL = £ {0}

Hence, the function is discontinuous atx =0
This is removable discontinuty.

1
—Px =
“a

Fa] =



Continuity Ex 9.1 Q8

We want, to check the continuty of the function atx = 0.

LHL = fim_ f{x) = hmf[l:l h]- ,r,m h_|_h| _ i “h-h o
=0 o | o

~{lx
RHL = fim f[x]- .f.'mf[lil+h] .".'m EF| ” =0

f{o) =

Thus, LHL = RHL = £ {0)

Hence, The function is discontinuouws atx = 0
This is removable discontinuty.

Continuity Ex 9.1 Q9
wie want, to cheds the continuty of the function atx = a.

h
LHL = i f () = i (a ) = ”EEH i

[
u_ﬁmﬁ_ 1

F{HL-Iamf[}{]—hmfl[a+h]_”ma+h a hsoh

Thus, LHL = RHL
Hence, function is discontinuous at x = 8. And the discontinuty is of first kind.

Continuity Ex 9.1 Q10(i)

Wie want, to check the continuity-atx =0,

1 . 1
LHL = firm £ {x) = nmf[[:l h = nm|—h|cc'5 (—h] = i.lﬂhms [EJ =0

=0

RHL = firmm = nmf{0+h] = IJm|h|CDS [;J 0

{0) =

Thus, LHL= RHL = f[[]} =
Hence, function is continuous atx = 0.



Continuity Ex 9.1 Q10(ii)

We want, to check the continuity at» =0,

LHL = firr f[x]-.f.'mf[lil ."'.-]-.f.'m[ #) San[ih]=lj

w0
. . ) 1
RHL = fim fx)= fimf{0+h)= fimhZsin| Z|=0
PO, k=0 h=0 h
F(0) =
Thus, LHL =RHL = {0} =0
Hence, the function is continuous at x = 0,

Continuity Ex 9.1 Q10(iii)
We want, to check the confinuity of the function atx = a.

) : ) ) 1 3 -1
LHL = xfﬂﬂ_f[x] = isﬂf[a—h] = i;i‘.lg[a —h—a] sin {m] = ﬂﬂ—hSJn[F] =0
. ) . 3 1 ) .1
RHL = xﬂ_ﬂﬁlj{xj = fﬂf{m h] = ﬂﬂ{&+h—&]5.‘ﬂ [m] = isﬂhsm(ﬁj =0

f{a)=

Thus, LHL = RHL = f{a] =
Hence, the function is contdnueous at x.= 4,

Continuity Ex 9.1 Q10(iv)
wie want, to cheds the coninuity of the function atx =0,

_h &
LHL = fim £ {x) = nmf[D h) = E—l IJ'mE—_l = DINE
=0 .#—}I:I,I'Qg{1+2{_h” .#—}D."G'g[:l—z.h}
et _1
RHL = x."ﬁ'ﬂ f[x} = nmf[0+ h] = Imm OMNE

Thus, Both LHL and EHL do not exist

Functon is discontinuous and the discontinuty is of 1" kind.



Continuity Ex 9.1 Q10(v)
Wie want, to check the continuity atx =1

1—ll—nh+rwﬂ_1]h2+”}

: : o 1-{1-RyY 2l
LHL:jﬁf[}{]=flﬂf§f[l‘h}=fﬂ1_[1_h} =i;i-,g r
=Ia'mn——ﬂ[ﬂ_1]h+...
b0
=h
LB 1—1+ﬂh+ﬂp;r”h2+”}
. . . - + ) i
RHL=£ﬂf{X}=£ﬂf{l+h]=£ﬂ T =£ﬂ .
-1
=JH’:fTHf7+ﬂ[ﬂ ]h+...
h=0 2l
=h

f{ly=n-1

Thus, LHL = RHL = £ {1)

Hence, funcdon is discontnuous atx =1
This is removable discontinuity.
Continuity Ex 9.1 Q10(vi)

We want, to check the continuity atx =1

LHL = Jim £ () = im f(1 =) = § S T il P
RFGURR R L S R A e il U e Ul L
1+h)2 =1 2
RHL:Hn7ﬂx}=mﬂfﬂ+h]=MﬂE__J__J - imT 2 o
x—=1* h—0 h=0 I3 h-1 =0
FlY) -2
LHL =RHL = F(1) = 2
Hence, function is continuous.
Continuity Ex 9.1 Q10(vii)
2{|-Hl) + (-h)* 2
LHL = fim £ () =t (0 by = fim 2 2her? g
x=O h=0 A= —h b=

2:<|h|+h2 _

z
h

RHL = i f[x} = IJ'mf[D+ h] = i
r— 0t b0 =0

Thus, LHL = RHL
Function is not contdnuous atx =0

This is discontinuity of I kind,



Continuity Ex 9.1 Q11
Wie want to checlk the continuity atx = 1.

LHL = iim f{x) = iimf{1-h) = lim1+ [1—J".|]2 =liml+l-2h+h* =2
r—l” A—=0 h—0 b=

RHL = Jim F(x) = imf(l+h) = im2-{1+h) = 1

x=1t

LHL = RHL
Hence, the function is disconfinuous atx =1

This is discontinuity of 1% kind,
Continuity Ex 9.1 Q12
Wie want to checlk the continuity atx =0,

sin (3 (-h) SiN3h o
} |
LHL = im £ () = fmf (0-h) - "H”Wx[[h]l} fim ~ 8L g s~ 3
xX— zh
2
log (1+.37)
. . log (1 +3h) : T"ah 3
RHL_IITg+f[X]_£ﬂf{D+h] is_m_z,}—l _ixﬂ T - -3
Eh *

Flo)=2

Thus,LHL = RHL = £ {0) = g

Hence, the function is contdnuous atx =0
Continuity Ex 9.1 Q13
Wiz want to checlk the continuity of the function atx = 0.

LHL = fim fx) = limf{0-h) = lim2(-h) - |-h|=lim-2h-h=0
e h—=0 k=0 h—=0

RHL = fimm f(x) = im {0+ h) = firm2h - |A] =

F(0) =

Thus, LHL =RHL = £ {0) =
Hence, the function is continuous atx =0



Continuity Ex 9.1 Q14
We want to check the continuty of the function atx =0

LHL = fim £ {x) = imf[{0-h) = lim3{-h)-2=lim-3h-2=-2
Py h=0 k=0 k=0

RHL = i f[x] = J'J'mf[[:l+h] =limh+1=1=0
r— 0t b=0 b0

LHL = RHL
o, the functon is discontinuous

|:Iﬂ
&n
L
tot
(R
o
o L
o=

-y

Continuity Ex 9.1 Q15
We want to discuss the confinuity of the function atx =0

LHL = fim f[k’] = IJmf{D— h] = lim- {—h] =0
= h=0 b=0

RHL = fim f{x)=limf{o+h) =limh=20
r= 0t h=0 ]

F(0) =1

Thus, LHL = RHL = f {0}

Hence, the function is discontinuous atx = 0. And this is removable discontinuity.



Continuity Ex 9.1 Q16

wie want to discuss the continuity of the function atx =%
LHL = fim £ {x) = limf Y
1~ b0 L2 A2 2

I—}?

EHL = i =IJ'mf[l+h]=Is'm1—(l+h]=l
x—}[l]-'- Ao L2 -0 2 2
2

-4

Thus, LHL =RHL =1 l =l
2 2
Hence, the function is contdnuous at x = %

Continuity Ex 9.1 Q17
Wie want to checlk the continuity of the function atx =0,

LHL = firm f[}:} = nmf[D h] = .".'.f‘.f‘.'E[ h] 1=-1

=0

RHL = xfi‘.".' fx) = J'Jmf{r:l+h] = I3m2h+ 1=1

Thus, LHL = RHL

Hence, the function is discontinuoLus atx = 0. Thisis discontnuity of 1% kind.
Continuity Ex 9.1 Q18

We have given that the function is confinuous ats =1

LHL = RHL = £ {1).....{1)

L hz—l 2 _
L3S LHL_IJmf[X]_IJmf[l h}_nm{ ] it =2

(1) =

From [1),LHL = f {1)

2=k
Continuity Ex 9.1 Q19
We have that the functon is continuous atx =1
SLHL=RHL=F({1) .1}
Moy,
1-H¥ -3l -hY+2 2
LHL = .".".f‘."‘.'f[k’]=.".".f‘.f‘.'f[1—."‘.']=.".".f‘.f‘.'{ ] { }+ =.".".f‘.f‘.'h +h =lrm-h-1=-1
=1 h=0 h=0 [l—h]—l O R k=0

F1) =k
From(1), we get,
e =-1



Continuity Ex 9.1 Q20
We know that a funconis continuous at O if

LHL=RHL = F{0}  ...[1)
Moy,
SJHS{ h) . —sinSh sinsh Sh _5
LHL = firm —.l' Ffo- h—.l' { ==
AT TN Sy i T s
o) =
Thus, from (1},
=2
3
Continuity Ex 9.1 Q21
. [ﬁl ifr<2
The given function is /(- ) 13 s

The given function fis continuous at x =2, 1f f1s defined atx = 2 and if the value
of fat x =2 equals the limut of fatx=2

It is evident that fis defined atx =2 and £(2) =k(2) =4k

lim f(x)=lim f(x)=f(2)
= lim (&’ }—hm[ 3) < 4k

= kx2' =3=4k
= 4k =3 = 4k
= dk =3

= ==

_[_l....t

.3
Therefore, the required value of Ais !

Continuity Ex 9.1 Q22

We have given that the function is continuous atx =0
S0, LHL =RHL=f{0)..... (1)

Mo,

. . . sin2(-h) . _—sin2h . _sinzh 2h 2
WAL= PG = Jmar O Al = iy s 10 2r s

F{0) =

szing [1] e =§



Continuity Ex 9.1 Q23
We have given that the function is continuous atx =2
LHL = RHL = £{2).....{1)

M,
LHL = lirm f[x] =iﬁngf[2—h] =imga{2—h]+5= 23 +5

=2
f{2)=2a+5

RHL = lirm f[x} = IJ'mf{2+h] =limz+h-1=1
rzt h=0 b=

L Udng [1] ,
24+5=1=a=-=
Continuity Ex 9.1 Q24

We have, atx =0

-1

| . _ _ . -1
R O R Gy AT

F{0) =k

RHL = irm f[x} = IJ'mf{D+ h] =lim 1
x— 0t h=0

=i g
=0 + 20 Jfﬂl + 20

Since, LHL = RHL, functon will remain discontinuous atx = 0, regardless the choice of k.
Continuity Ex 9.1 Q25

Since f(x) is continuous at x = %, L.HLimit = R.H.Limit.

= lim flx)= lim flx]=" lim f[x]zf%
J{-FTH_ o LT Pyre s\
- kcosx _
”*TH_ m—2X
sinl——x
=k |lim =3
JH?” Ekg—x
sin| — — x
= — |im = 3
S %_x
K
a?:B



Continuity Ex 9.1 Q26
Wie have given that the functon is continuous atx =0
LHL = RHL = £(0}.... {1}

{0y =c

LHL < firm f[x] _ ”mfm h] —I 5m{a+ 1] {—h]+sm{—h] _ Hm—sm[ah+h]—5mh
P ~h b= —h

=8+1 ¥l=5+"2

RHL = .".'.f‘.f‘.' f{x}—nmf[0+h] [l T A A "h+bh ~h

h=0 h=0

b,hz
\ ”.mdm.bh? -.Jh b+ bR + 7
NP X “h+ bR + R
=Is'm h+bh” - h = lim =

1
mz(m J‘) *'*-?Ubhz(«.-’1+bh+1] 2

from  [1)
a+2=l:> a=£
2 2
c=l and
2
beR—{D}



Continuity Ex 9.1 Q27

We have given that the function is continuous atx =0

» LHL =RHL =7 ({0).....{1)

f[a}=%

LHL = fim £ {x) = limf [0- )
P b=

. Using 1) we get,

z
k—=l::>k=i1
2 2

_im 1-cosk(-h) jip L=C0S kh
Chs0 hsin{-h)  A=0 +hsinh

h=0 N ¥
h 250 = cos—
=2 2

22
_ smkz_h ki"
=i’§3 @ xsmﬂ
2 2. h
E z2
2
2 z
sz_h %
= lim
kol KR smﬂ 1
e 2 L
E 2
e
kZ
-l

el B



Continuity Ex 9.1 Q28

Wie have given that the function is continuous atx = 4
S HL=RHL = J"[:4]....[1]

Fl4)=a+b...(8)

LHL = firm f[x]:fs’mf[4—h]=f;’mw+a_ i —
o d b0 h->n|[4_h}_4| =0

RHL = firn £ {x) = limf {4+ h) = i (4+h)-4 h
x— gt h=0 b= |{4+ h}_4.| h=soh

. from (1)
g-1=b+l=5-bh="=~ [D]

from {4} and{E)
d+bh=a-1=bH=-1

from [A) and [C)
g+bh=b+l=a=1
Thus, a=1andb=-1

Continuity Ex 9.1 Q29
Wie have given that the function is continuous atx =0

© LHL =RHL = £{0).....{1]
F(0) = &

sin2 [D 3 h]
-h

= ”.m—smzh =2
h=0

LHL = firmf {x) = fimf (0 - A) = fim —F

Lusing (1), we getk =2
Continuity Ex 9.1 Q30

We know that a function is continuous atx = 0 if,
LHL = RHL = f[:EI:]....[:l]

fog {1 - —J - log [1+ _J
LHL = lirm f[x] = f’n?:lf[lil - ."'.-] = i."ng 3 = birm
-+ -

+b=lim=+b=b+1

- (Q)

.(B)

P [—h} b0 {in&
3
1 1 a+&8
=_+_ =
a & ah
from {1},
;"[D]=a+b

ah



Continuity Ex 9.1 Q31
We are Qiven that the function is continuous atx =2

» LHL = RHL = £ (2) o f1)
MOy,
F{2) =k o (A)
. . 2{2—.*‘:- +Z . 24_,.';. 15
LHL = xﬁ_.?;f[x] = i}ﬂf[z—h] ﬁﬂg—é]_[z m Jﬂa—ﬂ—# e
izt 16
k=042 47 15
16.27% — 16

= Hm—h—
=016, 477 — 16

15(24* —1)
h—=0 16(4“* - 1)

s Using (1) from [A) & (B)

k=2
2
Continuity Ex 9.1 Q33

We lkmow that a function is said to be confinuous atx =7 if
LHL = RHL = value of the function atx = 7.....{1)

1- ) h-
LHL = fim fx) = limf{z-h) = lim cos 7{x - ﬂ}
T—=IT h=0 h—=0 5 “ﬂ h} j‘f}

Thus, using (1) we get,
43

fr)= 1o



Continuity Ex 9.1 Q34
Itis given that the functon is continuous atx =0
» LHL =RHL=f({0)....[1)

2{-h +3sin{-h
LHL—IJmf[X]—hmf[D h]—ﬁ (=R +3sinth)

—-2h-2sinh

PN a-03(-h) + Esm[—h] h=0-3h - Zzinh
2h+3sink
= lim——f
h—0 30+ 25ink
h
sinb
P ||I|| R BT 2+ 3 —
N iR 3+2
SHER-
Using (1) we get,
f{o)=1
Continuity Ex 9.1 Q35
Itis given that the function is continuowsatx =0,
LHL = RHL = {0).... 1)
flo)=k..[A)
1- 4{-h _ 2
LHL = fim £ %) = hmf[D h) = Pl wll E ) = L CDSz4h= ngmzzh
x—0 .-'r—}EI B{—h] h—0 ah k=0 8h

Thus, using (1) we get,
le =1

i sing _q
ﬂe[ﬁl 8

= Hm[
h—=0

. 2
sin2h B

2h



Continuity Ex 9.1 Q36
The given function will be continuous atx = Oif
LHL = RHL = £ {0)....{1)

f{o)=8....[A)
1-cos 2k (-h - n?
LHL = fim £ (x) = limf (0-h) = HmLz{] = IJ'mﬂ = IJ’WM
w0 b= b0 {—h] b0 h b0 h
, sinkh o
‘i’ﬂﬁz( Kh J K
Thus, using (1) we get,
=8 o ki=4 k=22
Hernce, k =2
letx—1=y
=x=y+1
Thus,
, X . mly + 1)
lim (x — 1tan— = limytan ———
¥—=+1 2 y—+0 2
. T
= I|my¢alw(—y+£j
'!rz—h[j 2 2
. m
= — |lim ymr—]’f
v=0 :
cos%
= — limy —
=+ 0 1 —
! B~
COSTW
= —limy Y 7
—+ ] 2% |
W [sm Ak
L
2
COSTW
= — |lim -
—+ i — | —
V [sm 5|3
L
2
CDSTW
= - lim—
y=0 T [Sil’lﬂ]
2
v
2
, T
= - — I|mcos—]"f
Tv[ '!I_z—p|:| 2



Since the function is continuous, L.H.Limit = R.H.Limit

Thus, k= _Z
T

Since the function is continuous at every point, therefore
LHL =RHL = f(0)
Now
f10)=cos0
=1
Again
LHL =1jn%;c['x1 - 2x|
:111:3_;([' W —2h)
=0
Therefore there is no value of &
Since the function is continuous at every point, therefore
LHEL = RHY. = f{ x)
Now
flm)=kmr+1
Again
RHL = lim cosx

= 1ittl_CDS[PI'—|IT’E‘:|

A=l

=—lim cosh
e

=3
Therefore we can write
kr+1=-1
&
k=——
T
We gre Qiven that function is continuous atx =5,

S LHL =RHL = F(5).... f1)

f{5)=5Sk+1

LHL = fim (%) = limf {5+ h) = iim3[{5+ h) -5=10
r=5t L—=0 h—=0

Thus, using (1), we getf,
Blk+1=10
Elb=1%9

P
5



We know that the function will be continuous atx =G if
LHL = RHL = f[E] [1]

f(5) - &

R - 2
LHL = fim £ () = i f (5= 1) = lim e 225 P2 2100 s 10210
=5 b= b= [E—h]—S h=0 -h b=

Thus, using [1]1 we get,

l =10

We lkmow that a function will be continuous atx =1, if
LHL=RHL=f[1} [1]

Fll)=k1*=k

. ) i
LHL = fim Ffx) = limffl—h) = 4- 4
Imrd ===,

Thus, using (1), we get,

I =4
We know that a function will be confinuous ate =0, if

LHL = RHL = £{0)..... {1)

FlOy=k({0+2) =2k

LHL = fim £ (x) = limf {0+ h)=lm3[(h) +1=1
w0t h=0 b=0

Thus, using (1), we get,
2=1

P
z



Continuity Ex 9.1 Q37
Itis given that the function is continuous atx =3 and atx =%

“LHL =RHL=#({3).....{1) and
LHL = RHL = £ {5)..... (2)

Mow,

f(3)=1

RHL= im f{x)=limf{3+h)=lima(3+h)+b=3a+b
r T h=0 h=0

Thus, using (1), we get,
3a+b=1....{3)

f{s)=7

LHL = im f{x) = imf[{5-h) =lima(5S-h)+b=5a+b
a5 b= b=0

Thus, using (2), we get

Sa+b=7...[4)

Mow, solving [3] and [4} we get,

a=3andb=-8

Continuity Ex 9.1 Q38

Wiz want to discuss the continuity of the functon atx =1

We need to prove that

LHL = RHL = £ {1)

17 1
f=-Z-3

_ _ C1-RY 1
LHL = I f g = rii=h = fr——=3

RHL = Jim f (%) = im {1+ h)= lim2(1+ H)? —3(1+ )+ 2= 2342 =
PO h—=0 h—=0 2 =

Thus, LHL = RHL = £ (1) = %

Hence, function is continuous atx =1

] =



Continuity Ex 9.1 Q39
Wyie want to discuss the continuity atx =0 andx =1

Mo,

f[D] =1

LHL = fim f {x) = limf (0= 1) = im|-h+ |-h - 1| = 1.
= b= A=0

RHL = fim f{x) = limf [0+ h) = h’m|h|+ |h— 1| =1
r— 0t b0 h=0

» LHL =RHL =f({0) = 1, function is continuous atx =0,

For x =1,

L) =1
LHL = lim £ {x) = iiﬂgf[l—h]: imyl —h|+|1—h— 1|= 1

=1

RHL = fim f{x) = i."ﬂaf{1+h]= }';."."‘.fyl +hl+|l+h-1=1

x—1t

- LlHL =RHL = f[l] =1 function is continuous atx = 1.
Forx=-1

-1 =|1-1+]1+1]=2

LHL = fim F{x) = imf{-1-h) = m|-1-h-1+]<1-h+1]=2
=1 b= A—=0

RHL = im f{x) = imf{-1+hj=lim|[-1+h-1|+|-1+h+1|=2
r—1t h—0 b=

Thus, LHL =RHL = f{—l} =7
Hernce, function is continuous atx = -1

Forx=1
Fl)=[1-1+1+1=2

LHL = firm f{x} =f”ﬁﬂl‘h]=f”3|1‘h‘1|+|1‘h+ 1|=2

=1

RHL = im fix)=limf{l+h)=liml+h-1|+[1+h+1]=2
x=1t h—=0 k=0

Thus, LHL =RHL = f{l} =2
Hernce, function is continuous atx =1



Continuity Ex 9.1 Q40
Since f(x) is continuous at x =0, L.H.Limit = R.H.Limit.
Thus, we have

lir f(x)= lim fix]

x—+ 0~ x—=0t
. . T . tanx —sinx
= lim asin—I(x+ 1)= lim —
x—=+0- 2 x—+ 0t X
. tanx —sinx
=qx]= I|r’n—3
x—=+0 X
sinx .
—sinx
. COSX
=aq = lim 2
¥=10 ¥
sinw 1
-1
. X COsX
=a=lim 5
¥ =10 »
sink [ 1 —cosx
. X COsX
=a=lim 5
¥—=+10 s
. sinx . 1 . 1l —casx
=aq=|im * im :»:I|r"r'1—2
x=0 X ¥x=0 CO3X  yap X
. l=cosx
=q0=1x1x ||r’r1—2
X =+ X
. 1—-cosx  l+cosx
=aq = lim »
x=0  x° 1+cosx
. 1 —cos®x
=aq = lim 5
x=+0 x°(1+cosx)
. 5in°x
=aq= |im 5
x=+0 x°(1+cosx)
. 5inx .
==-u=||m—2xl|m—
x—+0 X v LTCOsX
1

=aq=1xlim ——
v—=0 LtCosx

1
1+1

=q0=1x



Continuity Ex 9.1 Q41
Itis given that function is continuous at x = 0. then,
LHL = RHL = £ {0}.... {1}

Mo,
f[D] =20+l =k

LHL = fim £ [x) = limf [0-h) = IJ'm—E[—h]Q +l =L
r=o =0 b=0

RHL = dim £ [{x) = limf [0+ h)= .".".f‘.".'E(hz) +ho= K
r— 0t b0 b=

Thus, the functon will be continuous for any & € 2
Continuity Ex 9.1 Q42

A(x-2x), ifx<0
dx-1, ifx=0

The given function f1s f(x)=

If /15 continuous at x =0, then

lim f(x)= lim Fx)=1£(0)

X%

= lim A(x" - 2x) £ lim (4x £1)= 2(0° -2x0)

::»,a(n: : Exf}J=4x{} +1=0

== () =1=10. which is not possible

Therefore, there 15 no value of X'Tor which 15 contimious at x =0
A ax=1,
Fily=dx+1=4x1+1=5

1\i|3'||{_4.‘1' F)=4x1+1=5

o im fx)=f(1)

Therefore, for any values of A, /15 continuous at x =1



Continuity Ex 9.1 Q43

The function will be continuous atx =2
if LHL=RHL=f[2] [1}

Mo,
f{2) =k

LHL = lim f{x) = limf{2-h) = lim2{z-h)+1 =5,
=2 k=0 Ah=0

Thus, using (1) we get,
le =5



Continuity Ex 9.1 Q44

It is given that the function is continuous at x =

ra| =

1-—sin” [E - h]
LHL = lim f{x) = limf (E —h] = lim z =lim

2 h—=0 h—=0
x= 2 Zros? [E - J
2

(1 -cosh) (1 +cos® R+ Cc'sh)

2s5int h

2 5in® il (1 +oosth+ r:osh)

=l

Isint h

sin E
2

2
x?.(1+coszh+cosh

M|

L—=0

2 (1+c::~5 h+cosh)

sinh 5
3 +h
[ h J

=l
s

b[l 5“.'.".‘[ D
RHL = I."m_f[x]=im?jf{g+h]= firry .

I\Jll—l

3

b [1 cosh]

x - b0 -"?—>':|
x—>? [JT 2 [5 + h]J I:JT - 2.'5'.'}

b

= lm
b0

A S

= lim—
=02

b=
[}
| O

Thus, using (1) we get,

1
3=

2
&nd
E=l::=.":.l=4-
a

.2 8in® E
2

(2h)’

z
1

w
4

ol
2

| o |



Continuity Ex 9.1 Q45

It is given that the function is continuous atx =0, then
LHL = EHL = ;"'[EI] [1]

Mo,

F{o)=«

RHL = x@}j[x] = fimf{0+h)= i’ﬂ% =1...[8)
Thus, using {1} we get,

k=1

Continuity Ex 9.1 Q46

Since the function is confinuous at x =3, therefore
LHI =RHL :f[?r:l
Now
RHI = lirg_ f[x:l
:l_in%f[?r+h:l
=1_iq5[3+ h]+3
=1_in:535+3h+3
=3b+3
Again
f(3)=a(3)+1

=3a+1
Thus we can wiite

f(3)=RHL
3a+1=3b+3
3a—3b=2
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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 ."'.-]-.".' =( =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 cantinuous whensx < 2 ar x > 2

Mow, consider the pointx =2

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

- 2% a4 Bh+6.9h° - 4.2h% +hY - 16
b= -k

16 - 32h +24h° -8R+ h* - 16
Hen
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) = 288

M

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

SR 3K . )
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

N+ ET 2N

Whenx = 0, we have, fx] = iy
tan &

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

Here, xtexd e’ s polynamial, sodscontinuous 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—= L __ - 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? 3 13
lirm f[x:]:hm S B
=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) = im f(3-h)= lim-2(3-h)=-&
= L=0 &=0

Chapter 9 Continuity Ex 9.2 Q3(xi)

2x, if <0
The given function is /(%)= 0.2 0 < x <1
L, 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) =sinc—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 coneluded that £is continuous at all points of
the real line

Chapter 9 Continuity Ex 9.2 Q4(i)

We have given that the function is continuous at x =0
o LHL =RHL = F0) ~...[1)

LHL = firm f[x] = i f[EI 3 h] = Ia'mw =i/ - sin2h = lim sin 2h x% = %

Fo b0 ] 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 Sa+ b =19....[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 contnuous

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]
e [1-2R)-(1+PR) _2P _,
#+D-h(J1-Ph+41+PhJ 2
RHL = fim f[x}= Hmf[lil+h]= Hire 2h+1l -1
a0 b=0 b0 he P 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 Ll
= 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
2 =0l (m— k)
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
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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,
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Let f(x)=sin|x|

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)=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 continous 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 > @

Case III;

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

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

x— 330
faatx)=In(x)
Iir£1 g(x)=lim{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 1z continuous at g (2}, then (f o g) 48 continuous at ¢

Therefore, f(x)=(goh)(x)=g {}?[_».-}} = g (sinx) =|sinx}iga continuous function
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When x < 0, we hawve,
s

*

f{x) =

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

is zontinuous for x < 0,

. ) sinx
So, the quotient function #{x] =

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
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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(+~[<) = i (- im [ 2505
The right hand limit of fat x = s,

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

I—i.l'fl .r—l-n' I—HTI J.'—}Jrl

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
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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 Put x=c + /2
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
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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
=¢coscx]l—sinex(

" lim g{ ] g{c)

Therefore, g (x) = cos x 18 continuens 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 numhbet

Case It

Ife <0, then g{c)=—c and lim g (x)= fim (~x)=-c
ilmg{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 ccoshi—sincsin h]

Jr=-all

= limcosccos fi—limsincsinh
Jr—a(} fo-slb

=cosccos—singsin
=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)=-¢ and lim g(x) = lim{-x)=-¢
~limg(x)=g(c)

Therefore, g 13 continuous at dll 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 IEIA’I(.I)"EIL‘I‘I[ (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 — /715 also a continious function.

Therefore, fhas no point of discontinuity,
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: : : X %m Jifx 20
He given function f'is f(x)= X
(A if ¥

It 15 evident that f'1s 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 -y’ £8in—<x’
¥

. 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 [.r:sinijziim(x: sin l]:ﬂ
-l |

x ] 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
Fix) =
(X) X+ 2
lim f(x)= Lim;= Lirn—1 — -0
Ho -2 0-_2_h+2 -0 h
) . 1 o1
RIS el L i

f(x) is discontinuous at x = -2

X+ 2
Let g{x) = f{f(x)) -5
. ' —§—h+2 ' —§—h+2
B L ey L
2
5 5
—§+h+2 —§—h+2

)-SR

H—)—E

© g(x) is discontinuous at x = -

Ml en

- F{f(x)) is discontinuous at x = ——2—
. f(x) is discontinuous at x = -2 and - g
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1 1
f(t) = m, Where t= m

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.



