Ex 9.1

Continuity Ex 9.1 Q1
We have to check the continuity of function atx =0,

LHL = fim fix)=fmff0-h)= I.l'mi = ﬁmﬂ= -1
P A=0 .ﬁ—)ﬂl_hl A0 K

RH.L = iim fix)=limf{o+h) = I.l'mi= 1
k=0 h=0 .ﬁ—)Dlh|

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-m-(3-H)-6 _ RP_sh
LHL = ) = gl G = gy =Ty - TS =S
S+ R -[3+M) -6 2
R.H.L =Hmf(x}=n'mf{3+h}=n'm( +hA) - (3+h) =."."mh +5h=ﬁmh+5=5
P A=0 A=0 {3+h]—3 ] h L=0

f(3)=5

Thus, we have, LHL =RHL =73} =5
So, The function is continuous atx = 3

Continuity Ex 9.1 Q3



We have, to check the continuity of the function atx = 3.

(3-m°-9 K¢ _sh
=lim
{B—h}—B [ R b0

LHL = firp £ x) = fimf (3-8} = lim
= A= k=0

2
[3+H)7 -2 ”_mhz_,.eh

RHL = fim f{x) = limf{3+0) = lim = =limh+6=6
oy k=0 k=0 (3+h)—3 A=l b0

ff3)=2

Thus, we have, LHL =RHL =T {3) =&

S0, the given function is continuous atx = 3,

Continuity Ex 9.1 Q4

We want, to check the continuity of the function atx =1,
(L-hf-1_ . R?-2h
(L-R)-1 #s0 -h

LHL = fim £ {x) = limf{1-h) = iim =lim-h+2=2
1" h=0 A0 h=0

{1+ h) -1 R +2h
—— =lim
(T+A) -1 b0

RHL = i f (x) = imf(1+h) = lim =limh+2="2
r=1t h=0 A0 h=0

f{yy=2
we find that LHL=RHL = F{1} =2

Hence, J"(X} is confinuous atx =1,

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

sin3{-h) . sin3h
-h h—=0 -h

LHL = fim £ {x) = limf[0-h) = lirm
T A0 b0

sin3h

RHL = lirm f {x) = imf [0+ h) = lim
x= 0t h=0 b=
f{o)=1

LHL = RHL = £ (0]
= Function is discontinuous at x = 0. Itisremovable discontnuty.

Continuity Ex 9.1 Q6

We have, to check the continuity of the function atx = 0.
1
LHL = fim flx)=timf{x)=imff{o-h)= J'a'mef‘{* =e™ =10
= x=0 A= h=0

RHL = fim fx)=timffo+h)= ."a'me}"g =g® = m
x=0F A0 b=

So, LHL = RHL

Hence, the function is discontinuous atx = 0. Thisis discontinuty of 1% kind.

Continuity Ex 9.1 Q7



We want, o check the continuity of the given function atx = Q.

1-oosf-h
LHL = iim ffx) = limf[{o-h) = Ia'm#
P k=0 k=0 {_h)
. 1-cosh
= im = [ cos(-8) = cos 6]
2sin g
=lim wl-cosd =2s5in? —]
bso B2 z2
2
sin—=
=lmz = 2xl _1
h=0 4 2
2
1- ersh 2si? 2 sir? 2
RHL= lim ffx) = limf[0+h) = lim =lim 2 _limz 2| —2x
P h=0 b0 2 bso B2 b0 h

F(0)=1

LHL = RHL = £ {0)

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

Continuity Ex 9.1 Q8

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

-h-|-h _h-
LHL = fim_ f[x) = fimff{0-R)={im Rl . h-t_ q
a0 h=0 A0 A0 2
RHL = lim £ {x) = lim £ {0+ h) = fim i i
F O h=0 A= o

f{o)=2

Thus, LHL = RHL = 7 {0)

Hence, The function is discontinuous atx =0
This is remowvable discontinuty.

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

_h-
- ()= gl b= - g

. L o Jath-al L R
RHL = Im () = imrla+h) = I 2 = I

Thus, LHL = RHL
Hence, functon is discontinuous atx = &, And the discontinuty is of first kind.

Continuity Ex 9.1 Q10(i)
We want, to check the continuity atx =0.

. . . 1 ) 1
LHL = jJ_r}‘g_f{x) = f_rjgf(@—h) = is_rjwu|—h|cos (E] = isgahcos [ﬁ] =0
RHL = firmm = liraf {0+ R = fim|h|cos [lj =0
a0t A0 A h

Floy =0

Thus, LHL= RHL = J"(O] =0
Hence, function is continuous atx =0,



Continuity Ex 9.1 Q10(ii)

We want, to check the continuity atx = 0.

0

. . . - 1
LHL = x."a_.?g_f(x} = E_r;r?clf{ﬂ -h) = ia_r:‘.-u {-#)" sin [$]
RHL = .f.l'm+f{x) = limf[0+h) = iim hE sin [iJ =0
= O f | A= h

floj=0

Thus, LHL =RHL = F {0} =0

Hence, the function is continuous atx = 0.

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

LHL = x.l'ﬁ?_f(x} = i;ggf{a—h} = f’_r;.lg{a —-h-alsin [a—h—a] = f_r:g—hsm [_Fl] =0

. . . . 1 , (1
P\HI_=XIJ_r}?+f{X) =£J_r’ﬁnf(a+h} =£ﬂ(a+h—a)ssn[a+h_3] =is_r’73hsm[ﬁ] =0

fla)=0

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

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

_A —h
LHL = firm £ {x) = fimf (0-h) = lim e -1 gim—% "1 o
w0 b0 talogfl+ 2(-H))  #=ologfl-28)

RHL = im f{x) = J'J'mf(0+h} = lirm -1 DNE
xa 0 L=

£
hsolog(l+2R)
Thus, Both LHL and RHL do not exist

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

Continuity Ex 9.1 Q10(v)



We want, t check the continuity atx =1

n 1- 1—nh+Mh2+...
LHL= imf{x)=lmffl1-hH —Hml_(l_h} =lim 2
_x—yl' { )_h—pﬂ [: B }_.ﬁ'—;D l—il—h] _.".'—10 h

- J'J'mn——n{n_l) h+
k=0 2l

=N

1—{1+nh+yh2 +}

. . 1-f1+h)"
RAL = BP0 = g e ) = Iy~ 43 h
-1
=limn+ mh+...
h=0 2l
=n
ffy=n-1
Thus, LHL = RHL = £ (1)
Hence, function is discontnuols atx =1
This is removable discontinuity,
Continuity Ex 9.1 Q10(vi)
We want, to check the continuity atx =1,
LHL = fim i f{l—h) =i ‘(1—h)2—1‘ I }h2—2h| 1 h-2=2
i mre-n -t op s it -3
1+ -1 2
RHL = firm £ (x) = lim {1+ ) = n'mi‘[ ’ - _imitr o
x=1t L0 b0 14+ h-1 h—0 h
fl=2

[HL =RHL= f{l) =2
Hence, function is continuous.

Continuity Ex 9.1 Q10(vii)
2eh) e LA ohar
“h

b=

LHL = Jirm f(x} = IJ’mf[O —h} =lim -2
=0 h=0

h=0

2>c|ﬁ|+ﬁ2
P B e —
h

RHL = im F {X) = J'J'mf(o + h) =lim
r= ot k=0 b0

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

This is discontinuity of 1% kind,

Continuity Ex 9.1 Q11
We want to check the continuity atx = 1.

LHL = fim f {x) = limf{1-h) = i1+ [1—h}2 =liml+1-2h+h* =2
=17 h—=0 A0 A0l

RHL = imf () = imf{1+h) = lim2-(1+h) =1
r—1t h—=0 h—=0

LHL = RHL
Hence, the functionis discontinuous atx =1

This is discontinuity of I kind.

Continuity Ex 9.1 Q12



We want to check the continuity atx =0,

sinsh
x

sinf3=(-h e, 3h
LHL = fim f (%) = lirf (0= k) = fim (el ) S R -3
P A0 b0 tan{2x(—h}} k=0 —tanzh b=s0tanzh woh 2
=R
g 1+ 3h)
. : - log(1+3h) _ TX% 3
A R i I = s wd=
x=h
3
f{o)= 5
Thus, LHL = RHL = £ {0) = 2
2
Hence, the functon is continuous atx =0
Continuity Ex 9.1 Q13
We want to check the continuity of the function atx =0
LHL = fir £{x) = im f{0-h) = lim2[-h) - |-h| = lim-2h-h =10
= h=0 h=0 b0
RHL = lime f{x) = limf(0+h) = im2h- |/ =0
x0T h=0 h—0
floj=0
Thus, LHL =RHL=F{0} =0
Hence, the functon is contnuous atx =0
Continuity Ex 9.1 Q14
We want to check the continuty of the function atx =0
LHL = fim F{x) = limf{0-h) = lim3(-h)-2=lim-3h-2=-2
PRy h=0 A= L=
RHL = lirm J"{X} = I.l'mf(0+h} =lmh+1=1=0
x 0t L =31] b0
LHL = RHL
50, the function is discontinuous
F 9 }_
S__
6__
4 fix)=x=+1
24
X

1
[=2=]
1
(=11
t
[
-
o
[==]

fix)=3x-2—

Continuity Ex 9.1 Q15



We want to discuss the continuity of the function atx = Q.
LHL = fim f(x} = IJ’mf(:O —h} = lim- (:—h} =0
r= O A= k=0
RHL = im f{x) = limf{o+h) = limh =0
o0t k=0 A=l
floj=1

Thus, LHL = RHL = £ {0)
Hence, the function is discontinuous atx = 0. And this is removable discontnuity.

Continuity Ex 9.1 Q16

We want to discuss the continuity of the function atx = %
LHL = fim 1 (x) = lim{ 1 n|=yiml-n-1
. 1= h=o L2 k=02 =

o=

RHL= lim =Hmf[l+hj=.I'J'm1—[£+h]=l
+ ka0 |2 b 2 2

)
-2

Thus, LHL =RHL = F[ 2] = X
2 2
Hence, the functon is continuous atx =%.

Continuity Ex 9.1 Q17
We want to check the continuity of the function atx =0.

LHL = firm f(x} = I.l'mf{O—h) = Hmz(—h) -1=-1
= b0 b

RHL = irm f{x) = I.l'mf(0+h} =lim2h+1=1
L b0 =]

Thus, LHL = RHL
Hence, the function is discontinuous atx = 0. This is discontinuity of IFkind.

Continuity Ex 9.1 Q18
We have given that the functionis continuous atx =1
LHL = RHL = £ (1) ... (1)

(1-h)* -1 RE _ 2h

R -1 = [im =2

Mow, LHL= fm £ (x) = limf(1-h) = lim
Py h=0 k=0

FIY) =k

From {1},LHL = £ {1)
2=k

Continuity Ex 9.1 Q19
Wie have that the function is continuous atx =1
S LHL=RHL=7(1) ...{1)

M,
(1-H)°-3[1-h)+2 H +h
(T-h)-1

- i )= 1) - 2
fly=k

From(1), we get,

e =-1

=lirm =lim-h-1=-1
A0 —



Continuity Ex 9.1 Q20
Wie know that a function is continuous at 0 if
LHL=RHL=7(0)  ...[1)

Mo,

SINS(=h) _ i o -sinsh _ . sinSh Sh _5

3{—h] h=0o —3h k=0 5 %_g

LHL = firm f(x) = IJ’mf{O—h) =lm
Py h=0 h=0

f(O) =i
Thus, from (1),

]
3

Continuity Ex 9.1 Q21

: et ifx <2
The given function is / ()= ][ an
13, ilx>2

The given function fis continuous at x = 2, if {15 defined atx =2 and if the value
of fat x =2 equals the limit of fatx=2

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

Tim f(x) = lim £ (x) = £(2)
= lim (k)= lim (3) = 44

= kx2 =3=4k

.3
Therefore, the required walue of kis 1

Continuity Ex 9.1 Q22

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

Mo,

_ _ _sin2(-h) . _sinzh . sinzh _2h 2
LHL = i b = Jrr =M = sy i i *5R TS

F(0) =k

sing {1} e =§

Continuity Ex 9.1 Q23



We have given that the functionis continuous atx =2
LHL =RHL = 7(2).....{1)

o,
LHL = fim J’(x} = IJ’mf[Z—h} = IJ’ma{Z—h}+5= 23 +5
P A0 b=

f (2) =Z2a+5
RHL = firm f{x) = Ia'mf(2+h) =fm2+h-1=1
r=a2t h=0 h=0

2 Uging 1,
2Z2+5=1=a=-2

Continuity Ex 9.1 Q24
Wie have, atx =0

) . ) -h . —-h ) -1
LHL:x”—{?D-I"f(X} = gﬂf{o_h] =i'l§g |—J".'|+2[:—h:]2 =.i—>t|h+2h2 A=D1+ 2R -

F(0) =k

RHL = lirm f{x) = J'.l'mf(0+h}= i 1
x 0t h—=0

=lim =1
=0 |H| +2R2 k0l +Z2h

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

Continuity Ex 9.1 Q25

Since flx) is continuous at x = %, L.H.Limit = R.H.Limit.
. . . ™
= lim flx)= lim fix)= lim f[x]=f[—]
X—Pl x—oi X+ —
2 2 2
kecosx
= lim ———=
p- T—2X
X+ —
2
sin[i—x
=k lim af =3
- I LI
X 2[2 X
sin[l—x
=— |im 2 =3
x—»?’? %—x
k
=:-—=3
2
=k=5

Continuity Ex 9.1 Q26



We have given that the functionis continuous atx =0
LHL =RHL = #{0).... (1)

f (O) =C
sin (a + 1) [—h} + 35N [—h} i s [ah + h] —sinh
-h - h=0

LHL = fim ffx) = limf{o-h) = lim
Fg A0 L0

p sinfa +h)h i S0
ST R TR

=4+1+1l=a+2

2
RHL = i (4] - im0+ ) - 122D
P A0 b k]
bhz
B B R B 4
h=0 bh; \Irh N b,h2 N ,‘JI'E
i h+bh®-h ) hh? 1
= firm =lim _1
k=0 3 bt > 5
BhZ (W . ﬁ) bi? [JT+BR + 1)
from {1,
1 -
I+2="= 3=—
2 2
c= 1 and
2
beR- {D}

Hence,a=ﬁ, ber-{0}, l:‘=i
2 2

Continuity Ex 9.1 Q27
We have given that the function is continuous atx =0

LHL = RHL = F{0).....{1)

f(0)=%

. . . l—COSk[:—h} 1 -coslkh
LHL=XIT3_f(X}=iJ§gf{O—h)=iJ_r;.~E Thsin() = fim hoirh

25ir K
=J{mg—ﬁ
h.ZSJHE.COSE
z 242
. s.l'n@ kf 1
=i —Fp—| *—F—F
= sin=
z 2. h
h z2
z
2 2
s.l'nkz—h '%
=lm
hso|  kh sin?? 1
2 2 =+
h oz
2
|f<2
Tz
. UJsing (1)we get,
2
J'I<—=l::>.f<=ir1
2 2

Continuity Ex 9.1 Q28



We have given that the functon is continuous atx = 4
2 LHL =RHL = F{4)....{1)

F{4)=a+b....(A)

w a=ﬁmﬂ+a=a—1
R R R

LHL = .".'m 1 [x) = nmf{4 hy = nm
{4+ h) - 4

ofem-4

RHL-.f.lmf{x)-nmf(4+h}-nm —I.lm +b=b+1

. from (1)
ga-l=b+l=a-b==2 {D}

from {A) and(E)
g+b=a-1=b=-1

from {A) and (C)

g+b=b+l=a=1
Thus, a=1andb=-1

Continuity Ex 9.1 Q29
We have given that the functionis continuous atx =0

 LHL =RHL = 7 {0).....{1)

£(0) =

: . -~ sin2{0-k) . _sinzh
LHL=iJfaf(X}=£Jfgf[0—h}=i.'_.’:g F =£.'£.fa — =z

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

We know that a function is continuous atx = 0 if,
LHL = EHL = :"'[:D:]....(l:]

(€

..(B)

log [l—i]—."og [1+g] fog [1+[?]] log [1+%J
LHL = lim f(x} = .f.lm f{D h) = Iam 3 = lim +

P {—h) A0 (i] 3
2 x
1 1 a+b
=_4+_=
a b ab
from [1},
f(D) a+h

Continuity Ex 9.1 Q31



We are given that the functionis continuous atx =2

© LHL =RHL = £(2) 1)
MW,
flal=k (8
2(2—.*.' +2_16 ) 24—.&' _16
LHL = .".'m f(x}—nmf{z h}— nm fre=y 9‘32842"’—16
~ hmz“.zﬂ*’—ls
ks 4247 16
182" - 16

= —_—
A0 16, 477 - 16

16{2“” —1]
= e—_ 7
=0 16(4"" - 1)

- —_
B S

iy
I ks LS S ®)

PR 2 +1) 2
. Using (1) from [A) & (B)
k-1
2
Continuity Ex 9.1 Q33
Wie know that a function is said o be confinuous atx = & if
LHL = RHL = value of the function atx = 7.....[1)

1- 7 h - _
LHL = .".'m flx) = Ismf{;f h) = i’ " C[‘OS {7 - } rf) ,f”g 1 ;Ei “h
=0 sffs-h)-x !

2?

25 =h
= lim—=
k=0 Ch?

Thus, using [1) we gef,

flry=—

Continuity Ex 9.1 Q34

Itis given that the function is continuous atx =0

» LHL =RHL =7 ([0)....{1)

2 ( h} +3 S.".".‘[:—h} i —2h-3sinh

—»03{-h]+2sin(-H] Hs-0-30-2snA
20 +35ink

=l #
b0 30+ 25inh

h

LHL = .".'m f(x} = IJmf{O h) = nm

sinh
2+3—0/— 2.3 1 [ lirm sind 1}

A0 8

=IJ'm7h
h—}03+234l2 3I+2

Using {1) we get,
f{oy=1

Continuity Ex 9.1 Q35



Itis given that the functionis continuous atx =0,
LHL = RHL = £{0).... {1)

FIO) =k ....(8)

sinzh

LHL = firm £ {x} = fimf{o-hy = lim . . iim 5
P LE] h—=0 B(—h) LE] =1} H=0  Bh

Thus, using [1) we get,
=1

Continuity Ex 9.1 Q36
The given function will be continuous atx = 0if
LHL =RHL = 7 {0)....{1)

floy=g8.....{a)
1- 2k (-h _ 2
LHL = firm £ {x) = limf {0-h) = iim o . =h) = lim 1- cos 2kh = lim 2sin”kh
P Al bl (—h) ksl he hsd R
. sinkh 2
- fﬂgz( Kh ] :
- 22

Thus, using [1] we get,
AF=8 = kT4 =lk=212

Hence, ik =+2

1-cos 4(-h) jml-cosah . 2sif2h [
) B C ks0

2h

]2=1



let x—1=y

=x=y+1
Thus,
. e S my+1)
lim (¥ — 1tan—— = limytan ———
¥=1 2 v-»Q 2
= Iimy‘[an[ﬂ+ij
'5_.-'—00 2 2
= - Iimycorﬂ
y=0 2
cosTW
= —limy
y=0 sin—%
2
COSTW
=—limy —a
—+ im—
v [sm e
L
2
cosTw
= —lim -
=+ 0 P — | =
v [sm > |3
v
2
my
L2 o
= - lim—
y=0 T [sinﬂ]
2
v
2
= ——Iimcosﬂ
'y‘—bO 2
__ 2
T
Since the function is continuous, L.H.Limit = R.H.Limit
2
Thus, k= ——
T

Since the function is continuous at every point, therefore
LHL=RHL = f(0)
Now
F(0)=cos0
=1
Again
LHL =limk{x - 2x)

=1irgl_k[h’ —2h)

=0
Therefore there is no value of &

Since the function is continuous at every point, therefore
LHL=RHL= f(x)
Now
fla)=kmr+1
Again
RHL = -*IEE‘ cosx
= Li_)n::}_ cos(m—h)

=—lim cosh
Py

=-1
Therefore we can write
kr+l1=-1



We are given that function is continuous atx =5,
» LHL =RHL = £(5).... (1)

f(5) =5k +1
LHL = i F{x) = fimf {5+ h) = lim3(5+ h)-5=10
=5t k=0 h—0

Thus, using (1), we get,
Ek+1=10
Bk =19

k-2
S

Wie lknow that the function will be continuous atx = 5. if
LHL =RHL = £ (5)..... (1)

fl5) -k

- 2 - 2
(-t -25 _ _n*-10h
(S—h]—S hs 0 -h

LHL = firm f(x} = IJ’mf{S—h} =lm =lm-h+10=10
rs 5 A0 h=0 A0

Thus, using {1)J we gef,

i =10
We know that a functon will be continuous atx =1, if
LHL=RHL=f{1} (1}
)=k 17 =k
. ) firm
LHL=£J_T_J’{X] =isﬂgf{1—h} o 4=4

Thus, using [1), we get,

k=4

We know that a function will be continuous atx =0, if
LHL = RHL = £{0}..... {1)

F(0) =k [0+2) = 2
LHL = fim F{x) = fimf [0+ R)= lim3(h) +1 =1
x— 0t k=0 b0

Thus, using [1), we get,
=1

ol
z

Continuity Ex 9.1 Q37



Itis given that the functonis continuous atx =2 and atx =&

S LHL=RHL={3).....{1} and
LHL =RHL = £ {5)..... {2)

o,

fi3)=1

RHL = fimy F{x) = imf(3+R) = lima(3+ M +b=3a+b
=3 h=0 h=0

Thus, using [1), we get,
Za+b=1..(3)

ffs)=7
LHL = iim fix) = limf{5-h) = lima(5-h)+b =52 +b
ra 5 A0 A0

Thus, using (2}, we get
Sa+b=7...[4)

Mo, s0lving (3] and {4) we get,
g=3andb=-8

Continuity Ex 9.1 Q38
We want to discuss the continuity of the function atx =1
We need to prove that

LHL = RHL = £{1)

17 1
W=z-3

. . _fi-R®
LHL=!ﬂf{x]=isﬂgf{l—h}=){Jﬂg =3

RHL = fim f (%) = fim {1+ A= im2 {1+ )2 —3{1+ )+ o= 2-3+ - =
=t k=0 k=0 2 2

Thus, LHL =RHL = f (1) = %

Hence, function is continuous atx =1
Continuity Ex 9.1 Q39
We want to discuss the continuity atx =0 andx =1
o,
ffoy=1
LHL = lim £ {x) = fimf {0-h) = lim|-A[+ - 1] = 1.
Pty b= b=
RHL = i F{x) = imf {0+ h) = im|H+ |h-1]=1
x= 0 h=0 h=0
» LHL=RHL =f {0} = 1, function is continuous atx =0,

Faor x =1,

fl1y=1
LHL = dim F ) = Iimf (1-M) = limL -h|+|L-h-1|=1
x=1 L=0 h=0

RHL = fim £ (x) = limf (1+ B =liml+ A+ |1+ h-1]=1
1t A0 h=0

» LHL =RHL =1 {1) =1 function is continuous atx = L,

M|



Forx=-1

Fl-=|-1-1+}1+1)=2

LHL = fim f {x) = fimf (-1-h) = -1 -h-1+|-1-h+1 =2
P A= A0

RHL = fimy Fx) = limf -1+ h)=m|-1+ -1 +|1+h+1|=2
r—=it k=0 A=

Thus, LHL = RHL = f{—l} =2
Hence, function is continuous atx = -1

Forx=1
F=]1-1+1+1=2

LHL = im fix)=lmf{1-R)=liml-h-1+1-h+1|=2
x—1” k=0 h=0

RHL = lim fx)=limf{l+h)=liml+h-1+L+h+1|=2
=1t h=0 hal

Thus, LHL =RHL = f{l) =2
Hence, 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
lim flx)= lim f(x)

x=0- x— 0t
. T . tanx —sinx
= |im asin—I(x+1)= lim —
x—+ 0" 2 x=+ 0t X
. tanx —sinx
=q0x]1= ||r1'173
x=+0 X
sinx ,
— —sinx
. COSX
=a=lim 3
x—+0 X
sinx 1
-1
, X COSX
=a=lim 5
x—+0 X
sinx[l cosxj
Cosx
=a=lim 5
x—+0 X
sinx 1—cosx
=a=lim * |im |
¥=0 =0 CosX ¥x—=+0 Xz
. 1 —cosx
=a=1x1xIlim 5
x—=+0 X
. 1-cosx 1+cosx
=a=lim
yo0 %2 1+cosx
. 1—cos’x
=Qq= I|m27
x=0 x°(1 +cosx)
. 5in®x
=Qq= I|m27
x=0 x°(1 +cosx)
sin®x , 1
=a=lim * lim
x=0 X y=p l+COSX

=a0=1xlim—
y=0 l+cCosx

Continuity Ex 9.1 Q41
Itis given that function is continuous atx = 0, then,
LHL = RHL = £ {2).... {1)

Mo,
f(O) =20+ =k

LHL = fimn £ {2} = fimf {0 - h) = firm=2(-h)* +k =k
=0 h=0 A=

RHL = i f {x) = limn? {0+ )= lim2{r?) +k = &
P A=0 A0

Thus, the functon will be continuous for any & R,

Continuity Ex 9.1 Q42



Alx-2x), ifx<0

4x+1, ifx>0

The given functien fis f(x)=

If iz continuous at x =0, then
lim f(x)=lim f(x)=£(0)

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

:m{[f : Zx(}}=4xt} =0

= ()= 1=}, which is not possible

Therefore, there is no value of A for which {15 continuous at x =0
Atx=1,

Flly=dx+1=4dx1+1=5

lim(4x+1)=4x1+1=5
~lim f(x)= f(1)

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

Continuity Ex 9.1 Q43
The functon will be confinuous atx = 2
if LHL=RHL=(2) ...[1)

i,
Fl2) =k

LHL = fim f{x) = limf{2-h) = iimz(2-h)+1=5.
P h=0 h—0

Thus, using {1 we get,
k=5

Continuity Ex 9.1 Q44



Itis given that the function is continuous atx =

LHL = fim (%) = imgf(% - h] = lim

X

RHL = fim_flx) = fim f[g+h]= fim
x -

X—)T

Thus, using f1] we get,

Thus,a=%andb=4

Continuity Ex 9.1 Q45

]

1-sii?|Z_h

s [2 ]_”. 1-cos®h

h—=0 3‘:052 [1_ ] h=0 Zsinth
2

{1 -cosh) (1 +oos? A+ cosh}
=lim .
A0 35t h

2 sin® g {1 +oosth+ cosh)

=l

Al Isinth
2
smg 2 5
2 = xj.{1+cos h+cosh)
= z
- sinh 2
Il==| Ak
)
1 2
2.—(1+cos h+cosh) 1
=iim—2 =
h—=0 iG] 2
. m
b[l—sm{§+h]]  b{1- cosh)
== [Tey]

=t [z— 2[%”7]] P20 (n -z - 2h)"

b.ES."nzi
= ,l',l',r",\*',\iz2
h=0 [Eh}

It is given that the function is continuous atx =0, then

LHL = RHL = f[:D)(l}

T O,
Ffo) =«

RHL = dim f{x) = imf[0+hk)={im
P b0 A

Thus, using 1] we get,

k=1

Continuity Ex 9.1 Q46
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Since the function is confinuous at x =3 | therefore
LHL:RHL:;"H:I
Now
RHL =lirg_ f[x_fl
=1_in:5 F(3+ h_]
=limb(3+7)+3
=1_ir%3b+3h+3
=3b+3
Again
F(3)=a(3)+1

=3a+1
Thus we can write

f(3)=RHL
3a+1=3b+3
3a-3b=2



Ex 9.2

Chapter 9 Continuity Ex 9.2 Q1
slnx

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

We know that sinx and the identity function » both are everywhere confinuous.

So, the quotient function Snx

= f[:x) is continuaus far x <0

When s > 0, we have f (x) = x +1, which being a palynomial, is continuous for x > 0

Let us now considerx =0

LHL= fim f(x) = fimf{0-h)=lim sin{-h) = lifm —sinh _ 1
PEY A= b0 =h b0 =h

sinh 1

RHL = firn Fx) = lim Fl0+hk) = lim
x— 0 b= b=
Flo)j=o0+1=1
Th Hm = hm F ={{0)=1
us, firm £ {x) = fim f(x) = 70}
. Ffx) is contiunuos atx =0

Hence, f {x) is contiunuos everywhere,

Chapter 9 Continuity Ex 9.2 Q2



When x = 0,

—=-1,; %<0
X x

K

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

=1;x >0

hence, is continuous for all ¥ <0 and x > 0

Tl Oy,
Consider the point x = 0.

LHL = iim Flx) = imFfo-h) = Hmi =-1
PRy LEN] .r‘.v—>D|_h|

RHL= fim Flx)=limf[0+h)= ."J'm£= 1
x=t h=0 .".\—}D|h|

So, LHL = RHL

Hence, function is discontinuous atx =0

Chapter 9 Continuity Ex 9.2 Q3(i)
When v =1

f(x} =x-x%i2n-2 isa palynomial, sois continuous forx < 1 and x > 1
Mow, consider the pointx =1

rm{1-#) - f1-h) +2{1-A)-2=1-142-2=0

LHL = fim f{x] = ia'ngf{l—h} = i.f 4
- -

r=1"
RHL = dim £ (x) = fim f{1+h) = lim{1+h) - (1+h) +2{1+h)-2-1-142-2-10
=1t h=0 b=

fli)=4

LHL = RHL = £ {1)

Thus, function is not discontinuous atx =1

Chapter 9 Continuity Ex 9.2 Q3(ii)

When x = 2, we have,

) - x*-16 (27 +4)[x* - 4 ) [+ 4)px +2) x - 2)

— o — =f{x}={x2+4)(x+2]

which is a polynomial, so the function is continuous when x < 2 or x > 2

Mow, consider the pointx =2

4
LHL = lim F(x) = fimf (2 - k) = lim w
2 h=0 s (E—h}_g

i 2*_4oh+6. 407 - 4207 1RV - 16
=

h=0 -k

. 16-32h+24h? - s+ Rt - 16
=im

h=0 -k

= fim32-24h+8h° - K% =32
b0

&4
2+8) 16  16+32h+24h7+8h%+h* - 16

RAL = fm.F i) = Jmr e+t = i = i P

= lim 32 + 248 + BR% + A7
h=0

=32

Also, F(2) = 16
Thus, LHL = RHL = £ {2)

Hence, the function is discontinuous atx = 2



Chapter 9 Continuity Ex 9.2 Q3(iii)
When x < 0, we have, f[x] = LS

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

' .
is continuous for x < 0,
b

Flx) =
When x> 0F () = 2 +3, which is a polynomial of degree 1 so F {¥) = 2x + 3 is cantinuous far x » 0.

Now, consider the pointx =0

sinf-h)
h ka0 R

LHL = fim £ [x) = imFf0- k) = im
=0 h=0 k=0

sinh 1

RHL = fim r'(x} = lim f{D+h} = lim
x=0 A0 A0
Ff0)=2x0+3=3

Thus, LH.L=R.H.L= f[:D}

Hence, f {x) is discontinuous atx = 0

Chapter 9 Continuity Ex 9.2 Q3(iv)

When x =0 fx) = sin 3x

We know that sin3x and the identity function » are continuous forx < 0 and x > 0.
gindx

So, the quotient function f(x) =_""" is continuous forx < 0 and x = 0.
s
Mow, consider the pointx =0
. . _sin3{-h] L —sin3k
LHL = &im #[x) = timf[0- k) = {im { ]=a'am SN g
x= Ot h=0 h=0 | R

sin3h -

RHL = lm fx) = limf(0+A) = iim
r O A= b=

F{0) = 4
Thus, LHL = RHL = f{D}

Hence, f(x} is discontinuous atx = 0

Chapter 9 Continuity Ex 9.2 Q3(v)

sin X
Whenx =0, we have, x) =

+ 005 A

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

sinx

. The quotient function #{x] = is continuous for x <0 and x > 0.

X : .
And, the sum +rcosx is also continuous for each x <0 and x > 0,

Mow, cansider the pointx =0

- e
LHL = fim #{x) = limffo-h) = fa'mw+ws{—h]= lirn Smh+cosh=1+1=2
=0 A=0 A b A= 0
sink

+mosh=1+1=2

RHL = lm fx) = limf{0+h) = iim
r O h=0 ]

F(0)=5
Thus, LHL = RHL = f{D)

Hence, f[:x} is discontinuous atx =0



Chapter 9 Continuity Ex 9.2 Q3(vi)

4, .3 2

EE s =Ty

when x = 0, we have, ffx) = —_—
tant x

wWe know that a polynomial is continuous forx <0 and x = 0, Also the inverse trignometric function
is continuous inits domain.
Here, x»* +x3 +2x% is polynomial, so is continuous forx <0 and x > 0 and tan~x is also continuous

for x <0 and x > 0
4 3 2
. . KN+ xT 2T .
So, the quotient function f{x} =——70— is continuous for each x < 0 and » > 0,
tan™" x

Now, consider the pointx =0

A e R 2[R 4 _p%on2
{-h)"+(=h)" + 2 }|=Hmh R e2n?

tan~ {-h) 50 ganlh

LHL = Jim Fx) = limf[D-A) = fim
P ] b=0

4 .3 2
RHL = dim £ (%)= im F{0+R) = Ia’mw= 0
x=s0f ]

50 ganlh
(o) =10
Thus, LHL = RHL = £ {0)
Hence, the function is not continuaous atx =0

Chapter 9 Continuity Ex 9.2 Q3(vii)

Wwhenx =0, we have,

We know that e and the constant function is continuous forx < 0 and & > 0

= g -1is continuous forx < 0 andx >0

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

x

So, the quotient function £ {x) = e -1 is continuous for each » <0 and x > 0.
fog, [1+2x)
Maw, consider the pointx =0
. e -1
LHL = #im £ {x) = {im f{0-#) = iim €l im i -1
Py A0 a=ljog, [1-2h)  #0jog, [1-2R) o 2
2R
. e* -1
. ) . e’ -1 . h 1
RHL = fim flx]=limfl0+h]) = = ==
gt () #00 (0+#) K54 log, [L+2h) s log, (1+2#) 5 2
—_— X
2k

Floj=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) = 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
Moy

fl)=f-3=-|2-2

Iim+f{x} = xli_)rrI+|X—3| =2

lim #(x) = lim [X_2-3_X+£]

Py =17 4 2 4
L1 3,1 8B
4 2 4 4

Since
Jl_r;r}_ flx)= x"j}f(x) =f1)=2

f{x) is continuous at x
Hence f[x) has no point of discantinuity,

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

Flx)=|x|+3
We know that v| is continuous for x < -3

- ||+ 3 is continuous forx < -3

When x > 3

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

When - 3<x <3
f[x) = -2x which is again a polynomial so, itis continuous for -3 <x <3

Mow, cansider the paintx = -3
LHL = lim f(x)=tlim f{-3-h] = ."a'm|—3—h|+3 = lim |3+h|+3= f
PR h=0 L0 L0

RHL = iim flx)=timf(-3+h)=iim-2[-3+n)=6
P ] bl
Fl-3)=|3|+3=56

Thus, LHL=RHL = f (-3} = &

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

LHL = fim f[x)=tfimf(3-A)=lim-2(3-n)=-6
Pty A= h=0

Chapter 9 Continuity Ex 9.2 Q3(xi)



2x, ifx <0

The given function is flx)=410, if0<x<l
dx, ifx>1

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

Case I

Ife <0, then f(c)=2c

lim f(x)=lim(2x)=2¢

Kokt

~limf (x) =/ (e)

Therefore, fis continuous at all pointsx, suchthat x < 0

Chapter 9 Continuity Ex 9.2 Q3(xii)

sinx~cosx,ifxr=0
-1 ifx=0

The given function iz f[x) ={
It is evident that 1z defined at all points of the real line,
Let £ be areal number.

Case I

If ¢ # 0, then f (¢)=sinc—cosc

iim_f(x) = lim(sinx - cusx) =slnc—cosc
b

Fewe

alim £ ()= £ ()

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

Chapter 9 Continuity Ex 9.2 Q3(xiii)

=2, ifx<-1
The given function f1s fx)={2x, if ~1<xs1
2, ifx>1

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

Casze I

Ife<~1, thenf(c)=~2and lim £ (x)=lim(-2)=-2

“lim £ (x)= 1 (c)

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



Case IT:

Ife=~1, thenf{c)= f(-1)=-2

The left hand limnit of fat x =—1 13,

lim f(x)= jl_I‘l'_l’ll {(-2)=-2

-1
The right hand limit of fat x=—1 is,

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

ES
s lim f(x)= f(-1)
Therefore, fis continuous at x = —1

Case I

If ~I<c<l, thenf(c)=2c
lll:ﬁf(.r) = illr?‘l(Zx} =2c
’\‘E‘:f{x} = f(¢)

Therefore, {15 continuous at all points of the interval (—1, 10

Casze IV:
Ife=1, thenf(c)=f(1)=2x1=2

The left hand limit of fatxr=1 is,
1irlnf[x}= Ilir{l(zx}= 2x1=2

The right hand limit of fatx =1 13,
lim f(x)=lim2=2

x-2l x—"
tim £ ()= ()
Therefore, f1s continuous atx =2

Cazse V.
Ife>1, thenf(c)=2and lim /'(x)=lim(2)=2

lim f(x)=f(c)

Therefore, Fis continuous at all pointsx, such that x = 1

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

Chapter 9 Continuity Ex 9.2 Q4(i)

We have given that the function is confinuous atx =0

L LHL=RHL =70} ... (1)
LHL = fim f{x)=dimffo-h}=lim sin {-24) - fimI8in2h g, sinch (2R 2
w0 h=0 h=0 § (—h) h=0 -ER A0 2H &h 5
o) =3k
So, using (1) we get,
"
5
PR
15

Chapter 9 Continuity Ex 9.2 Q4(ii)



Itis given that the function is continuous

SHL=RHL=1{2) ...{1)

LHL = dim F{x) = iimf2-hy = imi (2-R)+5  =2k+5
2 h=0 ]

RHL = im fix)=limf{2+h) =lim{z+h)-1=1
P A0 A0

Thus, using [1)], we get,
2 +5=1
k=2

Chapter 9 Continuity Ex 9.2 QA4(jii)
Itis given that the function is continuous
LHL =RHL = £ {0).... (1)

. . . 2 . by
LHL = lim 7 {x) = firf {0~ F) = firk (1) +3(-R) = fimk A2 - 3H) - 0

f(O) =ms2xl=cos(F =1
LHL = £ {0)
Hence, no value of k can make £ continuous

Chapter 9 Continuity Ex 9.2 Q4(iv)

First check the continuity of the function atx =3

=2 .. {a)
RHL = dim flx)=fimf(3+h)=gmal3+r)+b  =3a+b.... {e)
=t k=0 A=l

~ Ffx) will be continuous atx =3 if3a+b = 2. (1)

Mow, chedk the continuity atx =5

f(5)=9 {C)

LHL = & f(x}=I.l'mf{E—h}=IJ’ma{S—h]+b=Sa+b
= h=0 A0

=

f{x) will be continuous at x =5 if 5a+ 6 =9,..(2)

Solving [1)& [2), we get

a=1 andb=£
2 2

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

Atx =-1

f{-1=4

RHL = dim fx) = fimf(-1+h) = IJ’ma{—1+h}2 +h=a+hb
r=-1T h=0 b0

since, f{x) iscontinuous atx =-1
La+bh=4 N

Mo, atx =0,

fl0)=aosPr =1

LHL = lim 7 {x) = limf {0~ 1) = e (-h)* + b= b
Since, f{x) is confinuous atx =0

© F[0) = LHL

=b=1

- from [A)

=73

Thus, 8a=3, b=1



Chapter 9 Continuity Ex 9.2 Q4(vi)
It is given that the function is continuous,
Atx =0

ey e JL-BR - 14 oh) [N - PR 41+ PR
LHL = fim f{x) = fimf{0-h) = lim 1-Ph - L+ Ph =Ia'm( Jx( J
P, b= ] -h b= -h ( - ok + |l1+ph)

- i {1-ph)-[1+2R) _2 o,
h*°-h(¢1-Ph+J1+Ph) 2

2h+1
h-2

RHL = lim f{x) = a'."mf(D +h}= firry it
x— 0 h=0 b 2

Since, f{x) is continuous so,

p-1
2

Chapter 9 Continuity Ex 9.2 Q4(vii)
3, ifr=<2
The given function fis f(x)=q{ax+b,if 2<x <10
21, ifx=10

It is evident that the given function fis defined at all points of the real line.
If /13 a continuous function, then f1s continuous at all real numbers.
In particular, {15 continuous atx =2 and x = 10

Since fis continuous atx =2, we obtain

|in:| flx)= !i"j .f'[:-\’}= .I"{Q}
= lim (5)= lim (ax+b)=5
=5=2g+b=5

=2a+b=35 H}

Since Fis continuous at x = 10, we obtain

lim f(x)= |i1|n fx)=r(10)

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

sl sl

= 10a+h=21=21

= 10a+b =21 (2)

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

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

2w 2+hb=5
44+ h=5
b=1

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



Chapter 9 Continuity Ex 9.2 Q4(viii)

Since the function is continuous at L= therefore

=

LHL of f(x) atx==is

ko | =

=lim f(x)

ki
==

D o A

2]
{ Y
kcos'h—z'
S o
E—E;h—?j
. ksinh
=lim
0 2 —2h
kl, sin(m—h)
=—1li
20 (r—h)
il
TE
Again
iy
[ T}
A ?)=3
Hence
i
[ 7T}
LHL fl?}
k
2
k=6

Chapter 9 Continuity Ex 9.2 Q5

We have given that F(x) is continuous on [0

. [x) is continuous atx = 1 and x = )

LAty =1, LHL=RHL=f[:1:] [:."3«}
fl1)=a e (1)
2
LHL = fim f{x]=Ia’m:"{l—h}=ﬁm—[1_h} -1
=1 L0 A0 el el
Using {a] we get,
e.'=l =a’=1= a=tl1
a
btx =+ LHL = RHL = £{\E) o B)
2 2
(A R
) °

LHL=xirzﬂﬁ_f{x)=iaﬂf(ﬁ—h}=£_rr?na=a.

So, using [B}, we gqet,
b -2h=23
Fora=1, bE_2b-1=10

I e I -y

2

= b

Fora=-1 bE-2b+1=0
={-1)"-0=b-1
Thus, = -1, b=10ra=1,b=1i».‘§

Chapter 9 Continuity Ex 9.2 Q6



Since, fx) is continuous on [0,7]

f{x) is continuous atx = % and x =

na| =

Bty =2,
4

LHL = RHL = ;F[%J ..... (&)

MO, f[£]=2£.cof[£]+b= Ti+b=24p o f1)
Y T 7 2 2

LHL = fim f{x}=i{n’6f[£—h]= J'a'm[i—h]+a Esm[%—h]=
En —

4 h=0l 4

X —

4
Thus, using [a)

£+b=£+a
2 4
kg
a-b==...[B
2 (B)
Atw =2
2

kg
2
LHL = fim_ffx) = tim f[i— h]
= Al 2
x—ra

= Ia’m2[£—h]mt[£—h]+b=zxD+b=b
h=0 2 2

using {C}, we get,

-a-b=5h = 2b=-3 :>.b=_2—a

i BY, 3+ 2=
ram (B) a+2

Chapter 9 Continuity Ex 9.2 Q7
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Itis given that the £ (x) is continuous on [0,8]
f{x) is continuous atx =2 and x = 4,
Mow, Aty =2

LHL = RHL = £ (2]....{&]
Fl2)=3x2+2=8..(1)

LHL = ¥m f(x}: ."."mf[:?—h}: ."."m{z—h}2+a{2—h)+b= 4422+ h
P b= b=
from {4)

4+23+b=8
2a+b=4..(8)

Mow, atxy =4
LHL = RHL = £ {4}....{c]}
Fl4)=3x4+2=14...(2)

RHL = & fx) = fimf(4+h)=tim2a{4+h)+5b=8a+5b
= dt | k=0

From {C), we get,

83 + 56 = 14....{D)

Solwing [B) and (D), we get,
2=3and b=-2

Chapter 9 Continuity Ex 9.2 Q8

The function will be continuous on {DJ g] if itis continuous at every point in {D,%]

Let us consider the point x = %,
We must have,

LHL = RHL = f[%]....(g)

LHL = i f[:x} = ia'mﬂf[i— h] = lim
- -

4 A0 g T kS0 tan 2h

] = Iim tanh { cot[g— SJ = tam?}

X
==

tanh

= fim -
L EA]

1
an2h 2
h
Thus, using {A} we get,

{oh

Hence, £ {x} will be continuous on [D,i] if f[ij -1
2 4 2

4
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When x < 2, we have
f{x)=2x -1, which is a palynomial of degres 1.

So, Flx) is continuous forx < 2,
When x > 2, we have
3 L ) .
f(x} = ?X, which is again a polynomial of degree 1.

So, F{x} is continuous forx > 2,

Mow, cansider the pointx = 2
I _ 3

Ff2)= 5

LHL = fim f[x)=tfimf(2-h)=lim2(2-A)-1=13
P k=0 L=

RHL = firm f{x) =lim f(2+h) = Ia’mM= 3
x=azt h=0 h=0 b
LHL = RHL = 7[2) =3

Thus, f{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 f'1s defined for every real number and fcan be written as the composition of
two functions as,

f=g oh, where g(x)=|x| and i{x) =sinx

[+ (goh)(x) = 2 (1(x)) = g (sinx) =[sinx| = / ()]

It has to be proved first that g(x)=|x and k(x)=sinx are continuous functions.
g(x)=|x| can be written as

J—,r, ifx <}

glx)=1

|x, ifx=0
Clearly, g 15 defined for all real munbers.
Let ¢ be areal number.

Caze I

Ife <0, then g(c)=—cand limg(x)= lﬁn_‘l(---r} =
slimg(x)=g(c)

Therefore, g 1s continuous at all points x, such thatx = 0

Caze I
Ifc>0, theng(c)=cand limg(x)=limx=c

- im g(x)=glc)

Therefore, g 15 continuous at all points x, suchthatx > 0



Case I

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

i (x)= iy () =0

i ()= i ()20

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

Therefore, g 15 continuous atx =0

From the above three observations, it can be concluded that g is continuous at all points.
hix)=sinx

It is evident that /2 (x) = sinx is defined for every real number.
Let ¢ be areal number Put x=c+ &

Ifx—c, thenk —0

hici=sine

h{c)=sine

lim h[:r) = Iin‘!sinr

Nw
=1||:t351r|(c+£'}
= lim[sinccosk +cosesin k|
]
= 11__|J|‘13[5|m.'cos!c}+ m(ccsc sink)
= sinccos0+ cosesind
=sine+0
=sinc
- timh(x)=g(c)

Therefore, & 15 a continuous function

It is known that for real valued functions g and &, such that (g o &) is defined at ¢, 1f g 13
contirmous at ¢ and if fis continuous at g (€3, then (Fo g) is continuous at ¢

Therefore, £{x)=(goh)(x)=g(h(x))=g(sinx)=sinx|is a continuous function.
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When x < 0, we have,
sin
x

Fix)=

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

sinx .
is continuous for x <0,

So, the guotient function fx] =

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

Mow, cansider the pointx = 0.
f(D) =0+1=1.

sin [-H) _ timn -sinh _
-h A0 —h

1

LHL = fim £ {x) = dimf(0-h) = fim
=0 h=0 b

RHL = lim fx)=limf(0+A)=limh+1=1
r O A= b=

Thus, LHL =RHL = ff0) =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 iz evident that g is defined at all integral points.

Let i be an integer.

Then,

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

The left hand limit of fat x = 15,

fim g () = Jim (x~[x]) = lim (x) = im [] =~ (1) =1

The right hand limit of fat x =13,

I|m g{x)= lim (x=[x])= I|m (x)- !|m [¥]=n-n=0

It iz observed that the left and right hand limits of fat x =# do not coincide.

Therefore, f1s not continuous at x=n

Hence, g 15 discontinuous at all integral points

Chapter 9 Continuity Ex 9.2 Q13



It is known that if g and & are two continuous functions, then
g+h, g—h, and g hare also continuous.
It has to proved first that g ¢o) = sinx and 2 (x) = cos x are continuous functions.
Letg (x) =sinx
It 15 evident that g () = sinx 15 defined for every real number.
Let e be areal number Put x=c+h
Ifx— e, thenh — 0
g(e)=sinc
limg(x)=limsinx
= k}r:;sm[c+h]
=lim{sinccos h +cosesin h)
Fr-all
= I;z:g{sm ccosh)+ L:T}{cusc sin /1)
=sincecos+cosesind
=sinc+0
=sinc¢
» limg(x)=g(c)

Therefore, g 15 a continuous function

Leth(xy=cosx
It is evident that # (xX) = cos x 15 defined for every real number.
Let ¢ be areal number. Putx=c+#
Ifx—c thenh — 0
hlel=cosc
lim h{x) =limcos x
= LI_I"I}COS[L'-P;J]
=lim[cos ¢ cos h—sinesin /]
Fp-all
=limcosecosh—limsinesinh
Fr—ail Tl
=cosccos-sinesind
=coscx ] —sincx()
=C0sc
slimb{x)=h(c)

Ed

Therefore, 2 15 a continucus function.

Therefore, it can be concluded that

() f(x) =g () + k() =sinx + cos x 15 a continuous function
(b) fe) =g () — h (x) =sinx — cosx is a continuous function

(C) flx) =g (x) % 1 (X) =sinx ¥ cosx 15 a continuous function
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The given function 15 f(x) = cos (x2)

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

f=g oh, where g (x)=cosxand k (x) =x?

[ (goh)(x) = 2 ((x)) = (") =cos(x*) = 7 ()

It has to be first proved that g () = cosx and & (x) =x® are continuous functions.
It is evident that g is defined for every real number.

Let ¢ be areal number.

Then, g (c)=cosc
Putx=c+h
Ifx—c, thenh—0
]img(x) =limcosx
R o A=
=limcos(c+ h)
Gl
= lim[cosccos /i - sin¢sin A]
Jr—l)
=limcosccosh—limsincsin kA
Jp-ad il

=cosccos0—sinesin0
=¢oscx]—sinex0

=Cosc

~limg(x)=g(c)

Therefore, g (x) = cos x is continuous function.
b0 =x2

Clearly, /1 15 defined for every real number.
Let k be areal number, then & () = k2

_1(]_[31‘3(.‘::] =limx* =&

< lim h(x)=h(k)

Therefore, & 15 a continuous function

It 15 known that for real valued functions g and A,5uch that (g o /) 15 defined at ¢, if g 15
contimuous at ¢ and if fis continuous at g (), then (o g is continuous at ¢

Therefore, f{x)=(goh)(x)= COS{JE:} 15 & continuous function
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The given function is f{x)=|cos x|

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

f=g ok, whereg(x)=|x] and h(x) = cosx

[ (gc}h){x] = g[h{x)) = g(msx) = |c{s$x| = f(x)]
It has to be first proved that g(x)=|x| and 2(x)=cosx are continuous functions.

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

()~

—x, ifx<0
x, ifx=z0

Clearly, g 15 defined for all real numbers.

Let ¢ be areal number,



Case [

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

!ln;n g{x] = g(c)

Therefore, g 15 contimious at all points x, such thatx < 0
Case [T

Ife=0, theng(c)=cand img(x)=lmx=c
timg(x) = g(c)

Therefore, g 15 contimious at all points x, such thatx = 0
Case I

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

fip &(x)=Jim (=) =0

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

« lim g (x)= lim (x) = 2(0)

Therefore, g 1s continuous at x =0

Fromthe above three observations, it can be concluded that g 15 continuous at all points.
h(xy=cosx

It is evident that # (xX) = cos x 15 defined for every real number.

Letc be areal number Putx=c+#

Ifx—c,thenhr =0

hley=cosc

limh(x)=limcos x
P e
=limcos{e+h)
]
=lim[cosccos h—sinesin f]
Fr=all
=limcosccos i —limsinesinh
Frsil} Ti=ail}h
=cosccos—sincsin(
=cosex]—sincx(
=cosc

~limb{x) = h(c)

X

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

It is known that for real valued functions g and #,5uch that (g o /) 15 defined at ¢, if g 13
contimuous at < and if /15 continuous at g (), then (o g) is continuous at ¢

Therefore, f[x) = (goh}(.r] =g (h (-’C}) = 8{005 x)= |‘305 -’f| 15 a continuous function
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The given function is f(x) =|x|~|x+1}

The two functions, g and k, are defined as

g(x)=|x| and h{x)=|x+1]

Then, f=g—h
The continuty of g and & 15 examined first.

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

(}_ —x, ifx<0
EVIE ifez0

Clearly, g 15 defined for all real numbers.
Let ¢ be areal number.
Case I
If e <0, then g(c)=-c and lim g(x)= lim (~x)=-¢
~limg(x)=g(c)
Therefore, g 15 continuous at all points x, suchthatx < O

Case IT:
Ife>0. theng(c)=cand limg(x)=limx=c
limg(x) = g(c)
Therefore, g 1s continuous at all points x, such thatx = 0
Case IIL
Ife=0, theng(c)=g(0)=0
fim g(x)=fim (~x)=0
fim £(x)= fig (x) =0
- lim g(x)= lim (x)=g(0)
Therefore, g 15 contimious atx =0

Fromthe above three observations, it can be concluded that g is continuous at all points.

h(x)= |x+1| can be written as

h(x) = {—{x+ 1), if,x<-1

x+1, ifr=-—1

Clearly, /2 is defined for every real number.



Let ¢ be areal number.

Case I

If ¢ <~ then ii(c)=—(c+1) and lim/(x)= I_im[—(x+]):| =—(c+1)
llrn h(x} = h{r:]

Therefore, /2 15 continuous at all points x, such thatx < -1

Case IT:
Ife>~1, then h{c)=c+1 and limAa(x)=lim(x+1)=c+1
~limh(x)=h(c)

o

Therefore, i 15 continuous at all points x, such thatx = —1

Case III:

Ife==1, then h(c)=h(-1)==1+1=0

iin} hx)= Il_i)rf} [—(x+]}] =—(=1+1)=0

e

lim h(x)= Il_l)l]’li (x+1)=(=1+1)=0

"
x—=—1

rI_!)r];l h(x} = ,,I_T;' h{x} = h(—l}

Therefore, &t is continuous atx =—1

From the above three observations, it can be concluded that /7 is continuous at all points
of the real line.

g and A1 are continuous functions. Therefore, /=g — #1 15 also a continuous function.

Therefore, fhas no point of discontinuity.
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_ - J':sinl, ifx=0
He given function fis f[-‘-‘) = X
0, ifx=0

It is evident that fis defined at all points of the real line.

Let ¢ be areal number,

Case I:

Ife=0, thenfl:c) =¢’ sinl
¢

lim f(x)= iim[.‘c2 sin l]:(iimx:][[imsin l]:- ¢ sint
¥ X3 ¥ e .

- lim F(x)=1f(c)

Therefore, {1z continuous at all points x# 0



Caze IT:

Ife =0, thenf (0} =0

. N N AT
lim f(x)=lim| x"sin— |=lim| ¥ sin—
i x| Y ) aey X/

. |l
It is known that, -1 <sin—<1, x=0
X

) o \
o =X S8IN—-5 X
X

%

. sy e f o 1Y
= lim(=x") <lim| x"sin— | <limx
X -al} e " _" _' vl

AT A
=> 0 < lim| x"sin— <0
S | X J

T}-]illlé x” sin ] ::{]
w3l | X j

soim f{x)=0

Similarly, lim f{x)=lim| x"sin— |=lim| x"sin— |=0

= lim flxy=r{0)= lim fx)
Therefore, fis continuous atx =0

From the above observations, it can be concluded that 15 continuous at every point of the

real line.

Thus, f1s a continuous function.
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1

fx) = X2

: . 1 . 1
Jm FO) = im s - i e
. . 1 o1
Jm )=l - limp =

f(x] is discontinuous at x = -2

K+ 2
Let gfx) = F{F{x}} = SoiE
—g—h+2 —g—h+2
H!gg(x)=l|rra_5_h+5 =|h_)D— - ——m
2
—§+ h+2 —g—h+2
Jm IS e o
. ! =}
 g[x) is discontinuous at x = -3

= f{f(x)) is discontinuous at x = _2
2

- f(x] is discentinuous at x = -2 and - g
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1 1
e e where t= 1

is discontinuous at x = 1.

Clearly t=

For x = 1, we have
1 1
fit) = =
() t+t-2  [t+2)fr-1)
This is discontinuous att =-Z andt =1

1
Fort=-2,t= — =x=—-
! x-1 2

Fort=1,t=%:>><=2

Hence fis discontinuous at x = ¥x=1andx =2

1
2.’



	9.1.pdf (p.1-21)
	9.2.pdf (p.22-43)

