CONTINUITY

EXERCISE - 1
Single Choice
—ef+1=(1- 1 5
Lim X=€ +1 (21 c0s 2x) L a2
x—0 X 2 2
>

Hence for continuity f(0)=-—

2
5 1
[£(0)]=-3;{f(0)} = {_5} =5
Hence [f(0)] {f(0)} =-— % =—15]

By theorem, if g and h are continuous functions on the
open interval (a, b), then g/h is also continuous at all x in
the open interval (a, b) where h (x) is not equal to zero.

lim fx)=0 & lim f(x)=1
x—0" x—0"
f(AH=f1)=f(1)=2
f2)=1; f(2)=2
= fis not continuous at x = 2

f(0)=1, f2)=2

. . .. e"—cos2h—h
Ll}%lt g(n+h)= Ll}%lt A W
e =h=1 | i (1—cos2h)
_ c-a=l imit ——= .4
= L]}_Iglt o2 + =10 4h2
= 14_2 = 2
2 2

Lﬂg})lt g(n—h)

e "M _cos2(1-{n—h})—(1-{n—h})

(1-{n—h})’
1. e"—cos2h—h B B 5
- Lim 2N (4 gy o) = S

5
g(n)= 5 Hence g(x) is continuous at Vxe] .

Hence g (x) is continuous Vx eR ]

HINTS & SOLUTIONS

12.

14.

2cosXx —sin2x T
(m—2x) 2

h(x)=
e*COSX _1 TC
X>—
8x —4n 2
LHL atx=m/2
Lim 251nh—251n2h ~ Lim 251nh(1—zcosh) 0
h—0 4h h—0 4h
sinh 1 . e —1sinh 1
- Lim ———— = Lim —_— ==
RHL: ST ((n/2)+h)—4n -0 8h  sinh 8
= h(x) is discontinuous at x = /2.
Irremovable discontinuity at x = 7/2.
n T 1
fl— |=0 and g|— |==
2 2 8
TC+ T[7
gr)=x—[x]={x}

fis continuous with f(0) = f(1)

h(x)=f(g(x)) =f({x})
Let the graph of f is as shown in the figure

f(x)
o N
|
|
0 '] X
satisfying
f(0)=1(1)

now h(0)=f({0})=1f(0)=1(1)
h(0.2)=£({0.2})=1(0.2)
h(1.5)=£({1.5})=1(0.5) etc.

Hence the graph of h(x) will be periodic graph as shown

= hiscontinuousinR = C

h(x)
VRN

|
!
0 1

o+—--
w
s
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MATHS FOR JEE MAIN & ADVANCED

17. lim ﬂ—g _Nal—ax+x’ —a’ +ax+x

x=0” > 26. lim f(x)= lim
X i 50 100 = 355 Va+x—+Ja—x
lim —X:8 > f{0)=8 on rationalizing b
et g both Nr. & Dr. we get
’ V16 +Jx -4 .
o ~ B lim fix)=— \/a
So f(x) is continuous at x =0 whena =8 x>0
18. f2)=8; f(2)=16 So f(0)=-+a
(2 x x¥ ) ([ ¥ x ¥ ) .. . 1-e"
. XLI+aL1_§+Z_amﬂ_bLX—§+§_%m 27. for continuity I;Lrgl =£(0);
21. f(x)=lim .
x—0 X
. et -1
—a b Hence f(O):—Iﬁlrgl =-1
(+a-b)+x’ St o0x
— ljm 2 2 . 3 . 2
0 X 1-¢" —h—| 1
B . +1 l_eh+h TR TR
= l+a-b=0 .. (l) f'(0+):LlII} h =Lim —
0 h 0 K2 i
ond 2+ 2 i
and > +6—1 ..... (i) :_l
Solving (i) and (ii) we get 2
l1-e™t
-5 -3 +1 ~h
a=—,b=— P —h .. 1-e -h
2" £0)=bip—=4—=bin—
22. £(0)=0; f(0)=0; f(0)=-1
h h*
I-h- 1_i+5_ ......
. f(0+h)-f(0 . -~
23. f’(O)Z}f&M:l also f(0)=-c N h2
. - . - 1
£ () lef(x+h) f(x) :lef(x)+f(h)+c f(x) _ 1
h—0 h h—0 h 2
. f(h)-f0) x
- Lim =2 (o) =1 17 i xx0
f'x)=1 Hence f(x)—[
. . -1 if x=0
25.y=73 , where t= ——, y =1{(x) is discontinuous
t +t—2 X—l _ =_x2+ _ +
at x = 1, where t 1is discontinuous and 28 (x \/3_)f(x) 2 2\/3_ 3
1 x> +2x 23 +3
=—————_att=—2andt=1 =
YTt 2)(t-1) fx) 3
1
= 39 = 2x+2=1, (x—ﬁ)(Z—f—x) i
] = <3 =2- -X
=3
| f(\3 )=2-2+3
1- = x=2
x—1
) .. . 1
f(g(x)) is discontinuous at x = Ex 2,1

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



CONTINUITY

EXERCISE -2

Part # I : Multiple Choice

|x + m|

6. fx)=

sinx

|-n+h+n| . |h|

() f=m) = LM Ty = % —sinh = !

. |—m—h+m|

(B) f(_ni): lhggl sin(—n—h) " b0 sinh

_limm_

(©) f(-m)=f(-w) So lim f(x) does not exist

(D) for lim f(x)

Ll = lim Ix+m 4. 2n-h  2¢
T sink M0 siph 0

RuL - lim |x + 7| lim 2n+h 2n
T xont sin X T hs0 —sinh o 0 T
LHL = RHL

So lim f(x) does not exist.
X—T

. ox+1 1

7. lim (x+1)e™®¥= lim — = % =0
x—0" x=0" € [§

. (=11
lim (x+1)e (e

Hence continuous for x € I — {0}

10. (i) tanf(x)= tan G—l] x &[0, 7]

0<x< <> 1<y
_X_TC:>—_2—_2—

By graph we say tan(f(x)) is continuous in [0, 7]

1 2
(i) @ “<_2 isnotdefinedatx=2 € [0, «t]

o L X2
(iii) y= —2

= f !(x)=2x+2is continuous in R.

11. (A) f(x) is continuous no where
(B) g(x) is continuous at x = 1/2
(C) h(x) is continuous at x =0
(D) k(x) is continuous at x =0

13.

15.

17.

18.

0 x=—1
-1 -1<x<0
Ix-101=] 0 oyay
0 1<x<2

= rangeis {0,—1}
The graph is

y
-2 —1T

s 4913' .

RHL= lim (3 _ {cotl (—2 X;_ : } D

=3—[cot 1 (~0)]=3-3=0

h—0

LHL =lim (0 —ny} cos[e[()h]}

= lim (0-h)? cos (¢ ™) =0

Given f is continuous in [a, b] ()

g is continuous in [b, c] ...(ii)

f(b)=g(b) -....(iii)

hx)=f(x) forx € [a,b)
=f(b)=g(b) forx=>b ee(iV)
=g(x) forx € (b, c]

h (x) is continuous in [a, b) U (b, c] [using (i), (ii)]
also f(b)=f(b); g(b")=g(b) ...(5)
h (b7) =f(b") = f(b) = g(b) = g(b") =h(b")
[using (iv), (V)]
now, verify each alternative. Of course! g(b") and f (b")
are undefined.
h(b)=f(b)=1(b)=g(b)=g(d")
and h(b") =g =g((b)=f(b)=1f(b)
h(b)=h(b")=f(b)=g(b)
and h (b) is not defined = (A)

hence

(A) LHL=-1 &RHL=0

(B) LHL=1 &RHL=2/3

(C) LHL=-1 &RHL=2/3

(D) LHL=-2log,3 & RHL =2log 2
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21.

22.

23.

Part # 11 : Assertion & Reason

3.

Limit f(x +h) = Limit f(x)+ f(h)
h—0 h—0

= f(x) + Limit f(h)
h—0
Hence if h - 0 f(h)=0
= 'f' is continuous otherwise discontinuous
" J 0, xel
(=[x and g0)={,2"  _p_
lirrllg(x) = lirrllx2 =1, but g(1)=0
limf(x) =lim[x] does not exist since
x—1 x—l1

LHL=0 and RHL=1
gof(x) =g([x)=0
= gof(x) is continous for all values of x

0 ) xel
fog= [x’] > xeR-1

fog(1)=0, limfog(x)=0_ limfog(x)=1

fog is not continous at x = 1

lim f(x)= lim_ b(x]>+[x])+1

= lim b([-1+h?+[-1+h])+1
=b(1)?-1+1=1

= beR

lim f(x)= ]]12 sin(m(x+a))

x—>=1"
= }11111’(1) sin (n(— 1 —-h+a))=—sinma

sinta=-1

=2 +3_n =2 +i
Tia = N7 b — a=:in B

Also option (C) is subset of option (A)

Statement - 1
f(x)= {tanx} —[tan x]

tan x s 0Sx<%
f(x) =tanx —2 [tanx] = x
tanx —2 ZSx<tan'12

i
obviously atx = — f(x) is continuous. (True)

3

9.

Statement - 2

y =1 (x) & y = g(x) both are continuous at x =a

then y =1(x)  (g(x) will also be continuous at x =a (True)
Statement-1 can be explained with the help of statement - 2.

-1 O 1 2 3

f(x) is discontinuous atx =0 and f (x) <0 V x € [-a,, 0)
and f(x)>0 Vx € [0, o]

+91-9350679141
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CONTINUITY

EXERCISE -3

2. A Llil’é sin {l-h}=cosl+a
:>£1£r3 sin(l-h)—cos1=a
= a=sinl-cos 1

sinl —cos1
Now |k|= =1
d

V2 sinl.\/z—cosl.\/lgj

k==+1

2sin2[smxj .
(B) £0)= lim = x[suzlxj

x—0 1
& (sm x)
2

1
2

= f(0)=

(C) function should have same rule for Q & Q'
. P

= x=1-x = X=7
(D) fx)=x+{-x}+[x]

X is continuous at x € R

Checkatx=1 (wherelis integer),

Iy =21+1

fI)=21-1

So f(x) is discontinuous at every integer
re,1,0,—1

Part # II : Comprehension

Comprehension # 2

. x+1 0<x<£2
(x)= —-Xx+3 2<x<3

f(x) is discontinuous

atx=2

x+2 0<x<1
fof(x)=9—x+2 1<x<2
-x+4 2<x<3

fof(x) is discontinuous atx =1, 2
f(19)=1f(3x6+1)=1f1)=2

+91-9350679141
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EXERCISE - 4

Subjective Type

1. a=-1b=1

2. (i) continuous atx =1 (ii) continuous

(iii) discontinuous (iv) continuous atx =1, 2

3. non-removable - finite type

9-l/h 1‘\
)= |5y -

21/ h l
+ _ i En———
f(0 )—m[ 21/h+1j =-1
= LHL#RHL = Nonremovable-finite discontinuity

4. gofis discontinuous at x =0, 1 and —1

5 ! b=4

5. a= 5 0=
lim . l-sin’x im l1-cos’h
m f(x)= hm Toosx b —3Sin2h
x—>5 x—>5

2 4 3
1—(1—h+h—....]
21 41

T . 1

and lim_ f(x)= lim b(l—sinx)

X_)E x~>7 (TC ZX)

=lim ——5— =

b(1—-cosh) b
h—0 4h’ 8

So

1_b_
;-3 72

1 (1 nz)
6. a= a0

g(0)
I—a’h+(—h)a’h1n(a)_ a"-1-hlna
h—>0 a"(-h)? T ho0 h?

2

h
w 1 +hlna +2—!(1na)2 +...—1—hlna (nay

h—0 h? )

2"a" —hln2-hlna-1

P
g(o )7 %IL‘% h2
h2
‘ 1+h1n(2a)+a(ln2a)2+...—hlna—1 (n2a)
=lim 3 =
h—0 h 2'
Now g(x) is continuous so
(®na)’ =(®n2a)’
— (®na)’=(®n2)>+(®na)>+2@n2@na
= @n -l on?2 = !
a=— a=—=
2 )
2
log[lJ
0 7—\/5_1_ ® 22
=" =5 (n2)
a=0;b=-1
a=-3/2, bx0,c=1/2
] sin(a + 1)x + sin X
}E? " =a+2
. bx* — 1
and lim Xrox X =—asb=#0

0 bx3/2(\lx+bx2+\/;) 2

according to question

-1 & av2-= ==
c= 2 a = 2 = a=
0= 25 f(0) = —= = *Pis diconti 0
(0" = X 0)= ap = Tis icontinuous atx =0 ;

g(0)=g(0)=g(0)= g => ‘g’ is continuous at x = 0

(n—sin1(1—{h}2)).sin1(l—{h}j
lim_f(x)= lim 2

b0 V2({h} - (h})

(g—sin’l(l—hz)jsin’l(l—h)
= lim V2(h-h%)
hm cos” (1—h2) sin” (1 —h) _n
201 -h?) h 2
(Tzc—sin1(1—(1—h)2Jsin1(1—(1—h))
lim f(X)—

- N2(1-h) - (1-hY)

T .
—sin" h -

T Ra-ma-mh 42
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CONTINUITY

So f(x) is discontinuous at x =0
I ; x20
N (9] ?
ow g(x)= T
2\/5 ; x<0
42
g ; x20
gx)=1,
— 5 x<0
2
So g(x) is continuous at x =0

log3—1*"sinl _log3—sinl

10. f(1)= lim
) I S 2
_ 2n _ ;
f1°) = lim lim log(3+h)—(1 +}21) sin(l+h) _ sinl
h—0 n—w» (1+h) "]
_(1_ 2n o3
£(1) = lim Tim log(3+h)—(1 }21) sin(l+h) _ log3
h—0 n—w (l_h) "1
discontinous at x = 1
11. f(0)=0
lim h + h +
(0= 350 h+1 (h+D(2h+1)
___h &
(2h+D3h+1) A oo TSR )
. 1 1 1 1 1
=lim<1 + - + - P — 0
h—0 h+1 (h+1) 2h+1 2h+1 3h+l1
f(x) is not continous at x = 0 since f(0) = f(0")
12. fiscontinuousin—1<x<1
13. (A) -2,2,3 (B) K=5 (C) even
fx)=(x+2)(x-2) (x—3)
(x+2)(x-2), x#3 o
x)= K . x =3 for continuity
14. Since g is onto continuous function so by reference of

intermediate value theorem we get required result.
k= limh(x)=35
x—3

h(x)=(x+2) (x—2)=x*-4 whichiseven V x e R

15. A=—4,B=5,f(0)=1

sin3x+ Asin2x + Bsinx

f(x):!gr(} =
. sinx [3-4sin>x+2Acosx+B)

= 1111’% Z
X—> X X

_ lim 1+2cos2x+2Acosx+B

T x50 X4

. ( ([ expr exf ) ([ X x )
1

:gf 1+2L17 o +T+...J+2AL175+Z+ +BJ

.1 4 A
= ng_“(3+2A+B+X2(_4_A)+X4(§+E] +.)

= 2A+B+3=0 and —4-A=0
= A=-4,B=5

and f(0)=1
. T
In(tanx) if 0<X<Z
16. k=0;gx) = .
0o if T<x<Z
4 2

Hence g(x) is continuous everywhere.

. X . ( X X
sm| — n S AT
[2 j 272

=2 (n(5%) -wn(2)

t t X +t X t X+ t (X)
=tanx—tan — +tan — —tan— +..—tan | 5o
2 2 4 2"

X

f(x) =tanx —tan (27)

. Intanx — (tan x)'[sin(tan )]
Now g(x)= ‘]gr; T+ Gan ) 2

Inttanx)  when x<%

gx)= {

-—[sin(tan %)] when x>%
g[ﬁ—hj lim T
4 =lim .n(tan(th))—Onl—O

b
= K=0 and g(x)iscontinuous in (0, 5 )
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17. (i) xeR-{2,3} 5 1
. =(1+ - h b
(i) xeR—{-1,1} (1 X)(l (l+x2)“] whenx#0,n e N=0
(ii) x eR when x=0,neN

(iv) xe R—{2n+1),nel}
1+x> x=0

18. (i) continuous every where in its domain y(x)= lim (0= [ 0 x X

n—o0

(ii) continuous every where in its domain

so y(x) is discontinuous at x =0
19. a=¢!

20. discontinuous at all integral values in [ 2, 2] 25. discontinuous at nm + = (2n+1) 3 nel
~. 4 b 2 2

21. continuous every where except at x =0

22. The function f is continuous everywhere in [0, 2] 27. A=1:12)=172

=2-x;1<x<2,
R x=0
=4_x- <
0 , 0<x<1/2 o TAmx2sxss,
g is discontinuous atx =1 & x =2
-1 , 1/2<x<1
O=15_ax | 1<x<5/4 7
4x-5 , 5/4<x<2 29. -3,-2,0
6 , x=2 1
u= is discontinuous at x = — 2
X+2
) 3 3 3 3 .
6l . W)= 4503 20 +6u-u-3 Qu_D@u+3 °
\ . 1
ST discontinuous at u = 5 & 3
“1 g S d L 3
Cox+2 2 M x+2
3_.
24 = x=0 and x:—g
1 L . 7
Hence y = f(u) 1sdlscont1nousatx:—g,—Z,O
0] 12 1 54 2
B o0—e

f(x) is discontinous at x=0, 1/2, 1, 2 in [0, 2]

23. y, (x) is continuous at x = 0 for all n and y (x) is

discontinuous at x =0

(e
(1+x)

Y, () =x>
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CONTINUITY

EXERCISE - §

Part#1 : AIEEE/JEE-MAIN tan §+ tanh

1-
1 —tanEtanh

11
B
X

2. fx)=xe ¥ ],X¢0 |x—{
0 ,x=0

X, x>0 h—0 n+4h—-n
X x<0 1 —tanh—1 —tanh

h—0 (1 —tanh)x4h

2/ x

xe ', x>0
so f(x) = x ,x<0 :limi tanh :71
0 5 x=0 h—0 4 h 2
. T 1 T
(I) continuous atx =0 &lir})f(zﬂlj :_E:f Zj
lim f(0+h)= lim f(0—h)=fi
lim 0 +h)= lim f(0~h)=1(0) f(z):_i
lim f(0+h)= lim hxe2"=0 4) 2
h—0 h—0
lim f(0—h)= lim =0 f(0)=0 1 2 .
h=0 h=0 4. fx)=— - = 1canbecontmuousa’tx:O
X e -

f(x) is continuous at x =0 or f(x) is continuous for all x
So t}imo f(0+h)= }}in}) f(0—h)=1(0)
(I1) differentiability atx = 0 \ -

1 2
_ _ . f0-h)-f0) _-h-0 _ lim f(0+h)= — —
L.Il.D.Lf‘(O)}%fTTl gy FO =" =5
. 0+h)-1(0
R.H.D. Rf(0)= lim O +h)~10) lim L 2
h—0 h h—0 h - 2h_1
hxe?' " -0
== @"-1)-2h ©
h lim a0 form
Lf'(0) = Rf'(0) h=0 hx (e -1)
f(x) is not differentiable at x =0 fm e2h w2 _0-2 0 .
= — form
So that f(x) is cont at x = 0 but not differentiable at x =0 h=0 hxe x24e?h -1 0
1-t h
3= x#nld xe[0,m2) lim 2x2¢” _4
| axmn h-0 22 thxe? x2x2+e?Mx2 4
f(x) is continuous at x € [0, /2] f0)=1
So atx=m/4
s T T ; ;
lim fl =+h | = lim f| —==h | =f| = _ . sin(p+1)x sinx
0 [4 j 0 (4 j (4) D S
=pt+D+1=p+2
So&in})f(%+hj=f(§j (prhri=p
\ LHL=f0) = |p+2=q] ... 0
i P 1 -tanx
lim f Z+h = dx—1 X2 1
h—0 - :
RHL = lim =—
, x—>0X3/2(m+\/;) 2
1—tan(4+hj
G AT pt2=q=1 = qzl— p:_—3
-0 4[Z+h]—n 2 2° 2
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6. f,(x)=x; x € Ris continuous.

sm[lj ; x#=0
fL(x)= X
0 ; x=0

lim sin [l—j does not exist

x—0 X

f»(x) is discontinuous on R.

Now, ()= {f R
= lim f,(X).f,(x)= im x.sin(lJ
x—0 x—0 X
()
sin| —
= lim ——5 = 0= /(0)

e

f(x) is continuous on R
Statement—1 is true, statement—2 is false.

7. f(x)=x-2|+x-5];xeR
f(x) is continuous in [2, 5] and differentiable is (2, 5)
and f(2) =f(5) =3.
By Rolle's theorem f'(x) = 0 for at least one x € (2, 5).

|x—2| |x—5|
f'xX)=——+ ——
®) x—2+x—5

f(4)=0 but f(x)=0Vxe (2,5)

Part # 11 : IIT-JEE ADVANCED

2. For f to be continuous :
f@am) = f@n).
= b, + cos2nt = a_ + sin2nm
= b +t1=a = a -b =1

(.. B is correct)

b, +cosmx 2n-1,2n)
Also £ a, +sinnx 2n,2n+1]
X)=
4 b,,, +costx (2n+1,2n+2)
a, +sin x Rn+2,2n+3]
Again f(2n+ 1)) = f((2n+ 1)")

= an:brﬂ-l_ 1
-

= an_ bn+1 = _1

= a (.. D is correct)
-

1

B MOCKTEST ooy

(@’ —ax+x’—a’—ax—x%)

lim
x>0 (a+x—-a+x)
Wa+x++a—x)
(\/a27ax+xz+\/212+ax+x2
_ lim Zﬂ Ja+x ++va—x
0 2x \/az—ax+xz+\/a2+ax—|-x2
Ja
SRRy
a
A)

f(x)=[x] (sinkx)P

(sin kx)P is continuous and differentiable function
VxeR,keRand p>0.

[x] is discoutinuous atx € I

Fork=nmn,nel

f(x) = [x] (sin (n7x))?

lim f(x)=0,ael

and f(a)=0

So f(x) becomes coutinuous forallx € R

RHL—E@?f(§+hj—Lm1§EQ_ﬂg2_%w

h—0' h
. sin(sinh
» LHL=Lim f|Z_n|= Lim sin(sinh)
h—0' 2 h—0 —h
. sin(sinh) sinh
=Lim | ———X——=1x-1=-1
b0 sinh ~h
LHL# RHL
B)
e/x —e/x %;1 —2e/x
im & ¢ gy 00D
=00 et e o0t (1+e )
1. ee/x 7e—e/x ~ 1 e—e/X(CZe/x 71)
m —pe——ps = M Tre o
x-»0 e* t+e x>0 e (e +1)
(el 2e/x
:Mne(J %ri .
x—0 € +1

limit doesn’t exist So f (x) is discoutinous

B3
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CONTINUITY

10. (O)
S, : False (take f{x)=0,x € R

)

> LHL.= lim f(x)= lim

x>0 -0 [x]+] x| T
S, : Domain of f{x) is {2}
X . . .

and RH.L= lim )= lim e 2 f(x) is not continuous at x =2

X0 =0 [X]+H]X | S, : ™ not differentiable at x = 0

et _2 S, « Derivative of [f]* is 0 where ever f(x) is 0 and the
= lim — o0 . LHL=#RHL £(x)
wex derivative of [f is 2[f(x)|. e =2f(x) where ever
- ® fix)#0
©
12. (B,D)

lim fix)= lim x=a,x € Q ]
x—a x—>a A) llil} f(x) does not exist
lim f(x)= lim (—x)=-a,x e R~ ) 2
x—a ( ) Xx—a ( ) Q B) ]12’11 f(X): g

Limit exists <a=0 f(x) has removable discontinuity at x = 1

)= [x/zsin[x +%H ©) lxlirll f(x) does not exist
. -1
discontinuity may arise at the points where D) hrrll f(x) = m
sin(x + E] _ L , sin| x + LAV oo f(x) has removable discontinuity at x = 1
4) 2 4) 2
lim (x4 1)etd— fm XHL - L
and sin(x +£j =0 13 5o (xthe Xlggl 2x e 0
fim (e e H) =
T n 3n 3n In ; - am - (x+1)e =1
X=7,X= 5, 5 ,X= 7,7~ Iivepoints
2 22 44 Hence continuous for x € [ - {0}
B)
(B) 14. (A) f(x) is continuous no where
(B) g(x) is continuous at x = 1/2
o x<-l (C) h(x) is continuous at x = 0
0, =x=-1 (D) k(x) is continuous at x = 0
-1, -1<x<0
. — lim 2
Rgn={0 ., x=0 15 I foo=lim b(x?+[x)+1
, O<x<l1 )
0, x=1 =M (- 1+hP+[-1+h]) +1
-1, x>l =b((-1)>-1)+1=1 =beR
points of discontinuity are x=—1, 0, 1 lim fx)= lim sin(n(x+a))
x—>-1" x—>-1"
i 2l L1 fm e LS
by X2 - i X2 |x? :hhg}) sin(n(— 1 —h+a)) =—sin na
1 sinta=—1
li | |
= XE.H(I_)X {x2}j 70 3

b 3
na:2n1t+7 = a:2n+5
similarly lin01 flx)=1

©

Also option (C) is subset of option (A)
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17. (A) Now, by appliying L’Hospital rule,
lim (sinx+[x])=0 7
x50 —sec’ (—Xj |
. lim—
}l_)rg (sinx+[x])=-1 x>t =208 ec’(2x) 2
Limit doesn’t exist (B) We have,
lim (f(x)+h(x))= lim f(x)+ liin h(x) LHL= lim f(x)
X—a X—a X—>a h—4~
# f(a) + h(a) = lim f(4 - h)
f(x) + h (x) is discontinuous function b0
4-h-4
=11m ————+3
19. (A) h>0 |4—h—4|
Statement-II : [C & D]
i I = 11123 (——+aJ—a—l
; - - = lim
fimto) -1~ e - i, 1

. RHL= lim f(x)
= lim fg(x) o

. Lm(} f(4+h)
lim f(g(x)) = £ (limg ()| i Atho4
h—0 |[4+h—4| a
Statement is true " f(4)=a+b

Statement-I : . . .
Since f(x) is continuous at x = 4.

Since f is continuous on R .
1ir£; f(x) =f(4)= hrg f(x)

(X)) (x B X
and fx) = £ ) = 37 ) oo =fa or a—l=a+b=b+1 or b=—landa=1
. X ©) lm2=¢ +1—gl—c052x)
and [111_{130 3—n =0 x>0 X
_ ling x—e2 +1 (1—002s2x)}
. . X x>
lim f(x) = lim f(—nj —f (lim 1) = £(0) - *
n—>o n—>o 3 x—0 3" _ R
f is a constant function x+1 _[1 X+ 2} 2sin’ x
Statement is true = lim 2 T
tan E—x )
) ) (using expansion of e*)
22. (A) f{x)= —— =, (x#mA4),is continuous atx =T/4.
cos 2x 7_1_2__2
) 2
. T .
dlictefore, f[ﬂ = limf(x) Hence, for continuity, f(0) = 7%
51 1
. Now,  [f0)]=-3: (RO} = {-2 =~
tan| ——x 2 2
. 4
= lim———= 3
x>k cot2x Hence, [f(0)] {f(0)} =-— 5271.5.
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CONTINUITY

23. Fx)= lgmw

(D) f(x)isdiscontinuous atx=1and x=2.

Therefore, f(f(x)) may be discontinuous when f(x) = 1

or 2. Now,
1-x=1 = x =0, where f(x) is continuous
x+2=1 = x=-1¢(,2)
4-x=1 = x=3€[2,4]

Now,

1-x=2 = x=-1¢][0,1]
x+2=2 = x=0¢(L,2]
4-x=2 = x=2€[2,4]

Hence, f(f(x))is discontinuous atx =2, 3.

f(x)+x"g(x)
1+x>"

f(x), 0<x*<l1

2
g(x), x°>1

g(x), x<—1
f(=D+g(=D
2 b
= f(X)a

fM+ed)
2

g(x), x>1

If F(x) is continuous v x € R, F(x) must be made
continuous atx ==+ 1.

For continuity atx =—1
f(-1)=g(-1)or1—a+3=b-—1lora+tb=5 ...(i)

For continuityatx =1,
f(l)y=g(l)orl+a+3=1+bora—b=-3 ..(ii)
Solving equation (i) and (ii), we geta=1 and b =4.
fix)=g(x) = x*+x+3=x+4orx==1.

1. (D)

x+27 , x<0
If f{x)=7 29 , x=0
2x+3 , x>0

3x+3  , x<0
and g(x)= 2.8 , x=0
—x*+27 , x>0

then lim f(x)=2.7, lim f(x)=3
x>0~ x—>0"

[3-2.7|=0.3<1 and f(0)=2.9liesin(2.7, 3)
f(x) is continuous under the system S,
g(x) is also continuous under the system S,

under system S, since lim f(x) does not exist
x—0

f(x) is not continuous

(i), (ii) and (iii) all are true

2. (D)

x+27 , x<0
Let flx)y=| 29 , x=0
2x+3 , x>0

3x+3 , x<0

and g(x) = 29 , x=0

—x?+275 , x>0

4x +5.7 , x<0
(troe=| 58, x=0
2x—-x*+575 , x>0

lir(r)g (f+g)(x)=5.7 and 1iIg} (f+g) (x)=5.75

lirg; f+g)- lirg (f+g)| =.05<1issatisfied

(f+g)(0)=5.8 which donotliein (5.7, 5.75)

f + g is not continuous
similarly we can show that f— g and f.g are not continu-
ous under S, .

B3
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3. (B)

A function continuous under system S, may not be

continuous under system S .

25. fix)=
1 -2, -2<x<-1
[x], -2<x<—— |
2-0 0 lsxs-o
2x7 -1, ——<x<2 .
2x7 1, ——<x<2
2
2, -2<x<-1
1
fol=1 L clsxs——
2
[2x* —1], ——<x<2
2
2, -2<x<-1
1, —1£x<—l
_ 2
) 1
1-2x7, ——<xXx<—
2 2
2x% -1, —<x<2
-2, -2<x k-1
1
fx))= -1, —1§|X|S—E:2x2—l,—2ﬁxﬁ2
) 1
21x " -1, ——<|x[£2
2
2x% +1, -2<x<-1
o 1
2x°, —ISXS—E
20 =fx) + [fx)|= | :
0, ——<X<—=
2 V2
4% -2, LSXSZ
2

g-1N)= 1i£11 2x2+1)=3,g(-1"= 1iII}1 2x2=2

26.

g(x) is continuous at x =

1 . 1"
— |[=1im0=0 &
g[ﬁJ i ’g(ﬁ]

Hence, g(x) is discontinuous at x =—1, B4

1

NG

= lim (4x*~2)=0

X—>—=

V2

o o )

1

Hence, g(x) is non-differentiable at x = E .

1-a*+x.a%lna

2
x“a*

—a*lna+Ina(a® +xa*1na)

x’a*lna +2x.a*

a*(Ina)’

_a na)’

= lim

x-0" (xa*lna+2a")

(2a)* —xIn2a-1

lim
2

L
x—0 X

2x

2

(2a)*In2a—1n2a

(22)'(In2a)’ _ (In2a)’

L
x—0 2

2

for g(x) to be continuous (®na)’ = (®n2a)>

= (®na+®n2a)=0

= a=

Sl-

1
2(0)= 5 (en2y

B3
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27.

29.

30.

% RHL.= lim f(0+h)
h—0"

cos '(1—{h}?*)sin '(1—{h})

{h}—{h}’
-1 2 s -1 _
_ lim s _(-h7) ~lim sm - (12 h)
h—0* h h—0* 1-h

(putting 1-h? = c0s20) = (sin™'1)

1 .2
cos (1-2sin’0) = lim 2_6:

s
lim = -
2\/5 00" sind \/5

650" \/Esine

> LHL = lim f0-h)

. cos '(1—{=h}*)sin '(1—{-h})
gt {hy—{ by

i cos ' (h(2 —h))sin'h
=0 T (-h@-hh

. cos'(h(2-h)) lim sin’'h
=M Theon e

2 4
since R.H.L.# L.H.L
Therefore no value of f(0) can make f continuous at x =0

_cos'0 m

As fis continuous on R, so f(0) = liglgt f(x)

Thus f(0) = limit f(ij
n—o 411

:1i“13it (sine")e’"2+ I =0+1=1
1+n—2
we have

lll’g f(x) 3 }}n’g (Sin(,h) + COS(*h))COSSC(*h)

= lim (cosh — sinh)cosech
h—0"

1 (cosh—sinh—1)

lim (1+(cosh—sinh—1)-sim-D" Csinb)
h—0"

1. cosh—sinh—1
— lim Tsinh | —
h—0" ¢ €

Now we have

1

lim 00— 1 eh 4+ 2t 4 ¥h
+ IX)= Iim , =

Xx— 0 e 24Uk o143/

2 -1
el +eh +1 e

h ot (ae e ™™ +(be ) b

If ‘f” is continuous at x =0 , then

e
e:a:E givesa=eand b= 1
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