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CONTINUTY AND DIFFERENTIABILITY (XII, R. S. AGGARWAL)
EXERCISE 9A (Pg.No.: 345)
1.  Show that f(x) =x’ is continuous at x=2.
Sol. f(x)=x’
Left hand limit at x=2,
=lim f(x) = lim f (2~h) = lim (2=h)" =
Right hand limit at x =2,
=lim f(x)= lim f(2+h) =lim (2+h) = lim (4+h° +4h) =(4+(o)1 +4(o)) =4

lim #*=4h+4=(0)° -4(0)+4 =4

h—0"

Value of functionat x=2, f(2)= (2)3 =4
Since lfn f(x)= 31:1;1 f(x) = f(Z) =4 . Hence, f(x) is continuous at x=2.
2. Showthat f(x)= (;vc2 +3x+4) is continuous at x =1
Sol. f(x)=(x"+3x+4)
Left hand limit at x=1,
=Eg!f(x):ligl_f(l—h):g(r’l__{(l—h)z +3(1-h)+4] =

= lim (h*~5h+8)=(0)"~5(0) +8=8

h—0"

lim(1+h3-2h+3-3h+4)

B0

Right hand limit at x=1,
=lim £ (x)= lim £ (1+h)=lim {(1+h)’ +3(1+4)+4}
:lg_$(1+h-+2h+3+3h+4):£§_$(h- +5h+8) =(0)" +5(0)+8=8

Value of function at x =1,
F()={r +3(1)+4} = (1+3+4)=8
Since 1131 f(x)zlt? f[x)zf(l)zS, Hence, f(x) is continuous at x=1
Prove that : @

0 when x #3 bo c’)\\

3 flp= -3 ™ is continuous at x =3. @

5, when x =3 % Q
. N
Sol. f(x):qxx_x3 , when x=3 %\’Q %.

15, when x=3 Q

(x(x=3)+2(x-3) . (x-3)(: Q" é
fx)=9 (-3 = f(x)=1

3, when x=3 5, heﬂ x=3
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when x =3

Tl

Now, left hand limitat x=3,
111;131 F(x)= ’!151}1 (3—h+2):3_1§]1_ (3-—h+2):3_1$ (S—h) =(5-0)=5

And, Right hand limit at x =3,

!Lr}}@f(x)=J!Lr}3f(3+h):l§:11¢{(3+h)+2}=ii$ (3+h+2) =iirg(5+h)=(5+0)=5
Value of function at x =3,

f(x]:.’i :>f(3)=5

Since lim f(x) = lim 7(x)=f(3)=5: Hence, f(x) is continuous at x=3.

(¥ -25

_— h 5
F{x)=4 (x~5) when x= , iscontinuous at x=35.
|10, when x=5
(x)' -5 (x=5)(x+5)
. —_— h #5 ~— - when X5
fE)={"x=5 * T S ()= (x-5)
|10, when x=35 10, when x=5
5 (_x-+5), when x#5
f(x)_{lo, when x=5

Now, left hand limitat x=35,

jlrl_’m f(x)= ,1,’_5,’ f_(S—h) = ille';{(S+h+5) = ;l,i??(m—h) =(10=0)=10.
And, Right hand limitat x =5,

lim f(x) = lim f(5+h)=lim (S+h+5)=lim (10+4) = (10+0) =10
Value of function at x=5, f(x)=10 = f(5)=10

lim f(x) = lim f(x) =f(5) =10. Hence, f(x) is continuous at x =5.

(sin3x h 0
f(x)=3 & ° T , is discontinuous at x =0.
| when x=0
(sin3x
)= 3 when x =0 o .\Q®
L when x=0 @b 6}'

Left hand limit at x=0,
Bre-are-n- i
And, Right hand limit at x =0,
i )=lig o+n)=lin Fh=ln

Value of functionat x=0, f(x)=1 = f(0)=1

sin3(—h) i sin3h T

h—>0"

sin3h i sin3A -

MR
S

Since, 31_{;1 )= }2‘;1 f(x)# f£(0). Hence, f(x) is discontinuous at

N
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——, when x#0 . .
Fflx)={ »* , s discontinuous at x=0.
1L when x=0
(1-cosx
f(x):-: F when x#0
L when x=0

Left hand limit at x=0,

1-cos(-h
i/ 5)= i /0-1) =l ()= i =5
i l-cosh .. 2sin°h/2 . 2.sinh/2.sinh/2
= lim ——=|im = lim
h—0" h"‘ P hz T h-
_ 2(sinh;’2)x(sinhf2)x_1_=l
h—0" hi2 hi2 4 2

And, Right hand limit at x= 0.
lim 7 (x) = lim (0°+ ) = lim 1= S22 jj 2510172
+ + o* h- h—30* h_
(smh!2) (smhi’2) 1_
rHo hi2 hi/2 4 "2

Value of functionat x=0, f(x)=1 = f(0)=1
Since, lim f (x)= lim f (x)= £(0). Hence, /f (x) is discontinuous at x=0

2—-x, when x<2
x)= is discontinuous at x =2
f( ) {2+x, when x>2

when x <2
f() {2+x when x> 2
Left hand limitat x=2,
limf (x)=lim f(2-h)=lim {2—(2-h)} = lim (2-2+h) = lim h=0

h—07

And, Right hand limitat x=2,
lim f(x)— lim (2+h)' lim (2+2+h) = lim (4+h) =(4+0)=4

X2 h0"

Value of functionat x=2, f(x)=2+x= f(2)=2+2=71(2)=4
Since, lirg f(x)= lil’!l_ f(x)=f(2). Hence, f(x) is discontinuous at x=2. bo 0\0

3—-x, wh <0
f(x)z{ Yo WA X3V s dilSontinuousEEEERO0 <

when x>0
\% Q
3—x, when x<0

X, when x>0

Left hand limit x=0, Q KQ
lim £ (x) = lim f (0~ )= lim {3~(~h)} = lim (3+4) =(3+0) = 3\\\ o)
And, nght hand it at %= 0, \/
lim f(x)m lim f(0+h) = lim f(h)w lim () = lim #* =0 \&ﬂ

&‘Q
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f(x)=3-x = f(0)=3-0=1(0)=3

Since, lim f(x)=# lim f(x). Hence, f(x) isdiscontinuousat x=0.
X0 0"
Sx—4, when 0<x<1 _ .
Flay=3 . is continuous at x =1
4x —3x, whenl<x<2

5x—4, when 0<x <1

f(x)={

Left hand limit at x=1, Iirggf(x):}!_iir;f(l—h)z’!ir}; S(I—h)—4

4x* -3x, whenl<x<2

= lim 5—5h—4=31rr]1'1-—5h=l~5(0)=1

h—0™
Right hand limit at x =1, lim /(x) = lim f (1+4) = lim 4(1+h)" ~3(1+h)
= lim 4(1+4#* +2h)-3-3h=4-3=1
=)™
Value of functionat x=1, f(x)=5x—4 = f(1)=5-4=1
Since, hr{l f(x):li_rf;f(x)zf(l)zl‘ Hence, f(x) is continuous at x=1.

x—1. whenl<x<2 3
f(x)= is continuous at x =2
2x—73, when 2<x<3

x—1, whenl<x<2
f(x)_{zx—l when 2<x<3
Left hand limit at x =2, lim f(x)= lim /(2=A)= lim(2~/)-1= lim2-h-1=1
Right hand limit at x =2, 31_21f(x}z:l_’rir)!f(2+h)=,l‘1_$'2(2+h}—3=lxg; 442h-3=1
Valueof functionat x=2, f(x)=2x-3 = f(2)=2(2)-3 = f(2)=4-3 =f(2)=1
Since, lirg f'(x)z lirg f(x)=f(2)=l, Hence, f(x) is continuous at x=2.

cosx, whenx=>0 _ :
f(x)= , is discontinuous at x=0 .
—cosx, when x <0
cosx, when x>0
1(0)-{
Left hand limitat x=0,

im £ (x) = lim 7 (0=ny=lim f (~h)=~Tiin cos(~h)=~lim cos =1 60 &

Right hand limit at x =0, :!11:)1 f(x)= lim £(0+h)= lim f (k)= lim cos /1 =1

—cosx, when x <0

Value of function at x=0, f(x)=cosx = f(0)=cos0 = f(0)=1 (&% Q

Since, lim f(x)#lim f(x)=£(0). Hence, f(x) is discontinuous at x=0 6\'

EETR N

F(®2)y=4 x=q" Wi a, is discontinuous at x =0 .\\\ @
1, when x=a \ \/

e
&
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13.

Sol.

14.

Sol.

15.

Sol.
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. when x#a
. f(¥)=4 x-a . when x#0
1 when x=a

Left hand limit at x =0,

. . . |la-h-a . |=h| .. h
i 1 6)= i o) = i S [
|a+h—a| h

Right hand limit at x =a, lim f(x):l:_r“x}.f(0+h)=iﬁ e

Value of functionat x=a, f(x)=1= f(a)=1

Since, lim f(x)# lim f(x)= f(a).Hence, f(x) is discontinuous at x=a.

1
E(x—lx[), whes x 7 is discontinuous at x =0

7()=

2, when x=0

L 8

(1
f(x)=<5(x_|x[)’ when x#0

12, when x=0
Left hand limit at x =0, nm s \x)= nm ; (v—Ah)=lim (~h) = lim %(—h—| ~hl)

= lim 2 ()= fim 2x(-25) = im (~4) =~ lim =0
Right hand limit at x =0, lim /(x)= lim /(0+4)= lim %(h—[h|)=m%xo=o

Value of function at x=0, f(x)=2 = £(0)=2
Since, lim f(x)=1lim f(x)# f(0). Hence, f(x) is discontinuous at x=0.
X a0’

1
'sin—. when x#0 _ 4
f(x):zlmx' WAER ¥ s discontinuous at x=0.

0, when x=0

Left hand limit at =0, lim f(x)= lim f(0~A) = lim f(~h)= lim sin[lhjz_ac

x>0

Right hand limitat x =0, lim f(x) =1ir:rl f(0+h) :Ll_{fn f(h)=£l‘{l., sin —I~J=oc

Value of functionat x=0, f(x)=0 = f(0)=0 60 C}

Since, lim f(x)# lim f(x) ;tf(O). Hence, f(x) is discontinuousat x=0. @
x—0" 230"

, when x<2 @
f(x)=42, when x=2, isdiscontinuous at x =2. 6\' %.
|x*, when x>2 Q Q

O o\

2x, when x<2 .‘\\ 0
f(x)=42, whenx=2 @ Ve

(x", when x>2
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lim f(x):lgr'! f(2-h)= lim 2(2- ) = lim 4-2h=4-2(0)=4
Right hand limit at x =2,

lim f(x)= Aiﬂf(2+h) = lim (2+h) = lim 4+h +4h=4+(0) +4(0)=4
Value of functionat x=2, f(x)=2 = f(2)=2
Since, lim f(x)=1lim f(x)= f(2). Hence, f(x) is discontinuousat x=2.
(—x, when x<0

f(x)=1L

B2 when x>0

p—

when x =0 is discontinuous at x=0.

-x, w~hen x<0
f(x)=1L when x =0

|x, when x>0

Left hand limitat x =0, lim f(x)=lim £(0~h)= lim f(~h) = lim ~(=h)=1lim 5 =0

=) ;

Right hand limitat x=0, lim f(x)=lim f(0+A)=1lim h=0
x50 h—0" [ i
Value of functionat x=0, f(x)=1 = f(0)=1
Since, li:?_ Fx)= lirg f(x)# f(0). Hence, f(x) is discontinuous at x =0

sin 2x

Find the value of & for which f(x)={ 5x ~ el , is continuous at x=0.
k, when x=0
sin 2x
——— when x20
f(x)=1 5x
| &, when x=0

Left hand limitat x=0,

(h) SiHZhXZk
: o s _osin2(-h) . —sin2h o= 2p
ISR/ O-Afnr =0y i e e

Value of tunction at x=0, f(x)=k = f(0)=k

&

" —lim (= F (B = 2= Hen = "
Slnce’kinﬂ_f(x)—}_m‘f() (k) gois  FHencgh 5 bo c’)\\o

<&
Find the value of A for which f(x)={ '+ s . Is continuous at xz@. KQ
{/L when x =—1 é Q
—xﬁ —=3 when x = -1 6\' %.
f(¥)=1 x+1 ° Q
A, when x=-1 ‘\\O @
M when x# -1 x(x— : @

> f()={ 1 = 1(x)=

A, when x=-1
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when x# -1 x—3, when x=-1
= f(x)={ x+1 = f(x)=
A, when x=-1
A, when x=-1
Left hand limit at x =—1, hm f(x)—’l’imf( 1- h)‘!l_i};l 1-h- 3—}!1_{2 -4-h=-4-0=—4
And value of function at x=-1, f(x)=21 ::>f(—l)=/1

Since, lirﬂ_f(x)z Iir_t:*f(x)zf(—l) = —-4=1. Hence, A=-4

For what value of £ is the following function continuous at x=27?
2x+1, x<2
f(x} =nk x=2
3x-1, x=>2
2x+1, x<2
f(x)=1k, xz=2
3x—-1, x>2
Left hand limit at x=2,
]Irn;n f(x)= llglf(Z-h) = E_lgl_ 2(2-h)+1= 31{1”1 4-2h+1= Rm 5-2h=5-2(0)=5
Right hand limit at x =2,
lim £ (x)=lim f(2+h)=lim3(2+h)-1=lim 6+3h~1= lim 5+3h=5+3(0)=$
Value of function at x =2, f(x) =k= f(Z) =k
* Left hand limit=right hand limit=value of function at x=2
Hence, this function is continuous at x=2. .. k=5
3‘:2;9 when x #3
For the what value of & is the function f(x)={ x-3~ . is continuous at x=3?
k, when x=3
x -9 (X) (3)
——, when x#3 ., when x#3
f(x)= = f(x)=
k, when x =3 k, when x =3

w,when X#3 x+3, when x#3
= f(x)= (x-3) =)= { k, when x =3 @

k, when x=3
Left hand limit at x =3, P;:?f(x)ﬂi_rj;._f(s—h):m(3-h)+3=£§36—h:6—0:6 %)

Value of functionat x=3, f(x)=k, f(3)=k &6 Q
Since, lim £ (x)=lim f(x)=f(k) = 6=k. Hence, k=6 s{b

kcosx’ o i_ Q Q

=%

Find the value of & for which the function f(x)=
3

?
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o if x;tz
—LX
- f(x)=
3, if x=—
7

Since, f(x) is continuous at x=7/2
Left hand limit at x=7/2,
k /12—h i
lim £ (x)= lim f[f—hj  fim Xoos(z12-0) _ . ksink
xm/2 h0t " \ 2 w0 g—2(w/2-h) v 2h
Right hand limit at x=7/2,

k /2+h —ksi
Since, lim f(x)‘: lim f £+h = lim COS(I ) =1im kS'lﬂh :.’i_
x—xi2* h=0" 2 h0" x_z(z-’n"2+h) 0T ""’2S]nh 2

So, %:3 = k=6

- - 1 -
. “sin—, if x#0 . .
Show that the function f(x)= Y x — , is continuous at x=0
0, ifx=0
x s.inl if x#0
0 if x=0

3

Left hand limit at x=0,
= : 5 ; 1 & P L 1 2 . _l o)
a1:1_’rtr'1 f(x)—kgl_f(0~h)—ll_g}f(—h) —Ei‘xg( h) mn(_h]—gggh sm[ h}_o
Right hand limit at x=0,

lim 7 (x) = lim 7 (0+h) = lim £ () = lim & sin &) b

B0 h—0*

Value of functionat x=0 = f(x)=0

* left hand limit=right hand limit=value of function=0.
Hence this function is continuous at x=0.
x+1 if x>1

Show that : f(x)=4 ., . is continuous at x =1
x +1, if x<l1

x+l, if x>1 .
4 (x):{xzﬂ, if x <l 60 c’)\,\o

Left hand limit at x =1, %Q &fb
lim f(x)=lim f(1-h)=lim(1=h)" +1 = lim »* —=2h+2=(0)" -2(0)+2=2 K Q
x—l h0" R0 0™ &®

Right hand limit at x=1, % Ny

l?_rqu(x):lrtlrgf(1+h):’!.igl’l+h+l :ii.n;! 2+h=2+0=2 OQ &Q
Value of functionat x=1, f(x)=x+1=f(1)=1+1= f(1)=2 ‘%\\ ®®

* left hand limit=right hand limit=value of function=2 at x= l@
Hence, this function is continuous at x=1. . Q

L&
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Show that: f(x)=4", . , is continuous at x=2.
x+1L ifx>2

xX’-3, if x<2
flx)=1, 7.
x +1, if x>2
Left hand limit at x =2,
= T M S _3_=.3_3_ S T S N, T, e
lim 7 (x)=lim f(2~h) = lim (2~h) -3 = lim 2’ ~/#* ~3.2.h(2~h)~3=8-0-0-3=5
Right hand limit at x =2,
lirgf(x)zlirg!f(2+h)=£ir(|‘1(2+h)2+1
=lim4+#° +4h+1= lim i’ +4h+5=(0) +4(0)+5=5
h—0" h—0"
Value of functionat x=2 = f(2)=(2)'-3= f(2)=8-3= f(2)=5
Since, left hand limit=right hand limit=value of function=5 at x=2.
Hence, this function is continuous at x =2 .
Find the values of a and b such that the following function is continuous

5, whenx<2
f(x)=1{ax+b,when 2<x<10
21, when x> 10
We note that domain of f =R
As the given function is continuous, it is continuous forall xe R .
In particular, the function is continuous at x =2 and at x =10,

Continuity at x =2 : Here. f(2)=5; Lt S (= Lt 5=5 and Lt f(x)= Lt (ax+b)=2a+b

x2

As the function f is continuous at x =2,
Li_f(x): Lt f(x)=f(2) = 5=2a+b=5 =2a+b=5
Continuity at x=10 : Here, £(10)=21;
Lj{)_f(:t): L]!)_(ax+b)=10a+b and LI{Yf(x)= Lt 21=21

As the function f, is continuous at x =10,
Lt f(x)= L f(x)=f(10) =10a+b=21=21 =10a+b=21

-1y x-l0"
Solving (i) and (ii) simultaneously, we get a =2,b=1.

Hence, the given function f is continuous if @=2 and b=1. 60 c’)\\

Find the value of a for which the function f, defined as &% Q

asin%(x+l), x<0

f(x): tanx;ssinx’x>0 is continuous at x =0 ‘ OQ &Q
0\\\ 60
Here f(O):asin%(OH):asin%:axl:a:axlza ;\
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= SIN X
tan x —si nx
and Lt = Lt BT = g Losx

x—0"  x—0" xJ x-»0" X

3

sinx(1-cosx) - smx(l cosx) 1+cosx

0" x>cosx 0" X CosX 1+cosx
sin x.sin” x sinx 1 g A 1
= It = of Y g =1’ ——
x50" X cosx(1+cosx) 0" X x50 cosx(}+cosx) 1(1+1) 2

For the function / to be continuous at x =0, we musthave Lt f(x)= Lt f(x)=f(0)
x—" x>0

1 1 1
= a=—=a =>a=—.Hence, a=—.
2 2 2

27. Prove that the function f given by f(x)=|x- 3|,x € R is continuous but not differentiable at x =3

5— <5
Sol. f(x):{x_';’ i;s Hence we have, f(5)=5-5=0

Now, lim /(x)=lim £(3+h) = lim (3-+h=5)=0
llmf(x)— Im1f(3 h) = lim 3 -(3-h)=limh=0

h—s0"

lu;1 f(.r) =lim f(x) = f(3). Thus, f is continuous at x =3.
x—3° = X3

Also, Rf'(3)=(RHD at x=3)= ‘111_’{I (3+h)hf(3)=li_mw lim %:l
Lf'(3)=(LHD at x=3 —Eim 13- h) /0) h;u] —3_(3:hh)_0—£11}}1 j’h -1

Rf’ (3)¢Lf (3) Hence. f isnot differentiable at x=3.

Tx+5, when x>0 " Z

1. Show that the function f(x)= , is a continuous function.
5—-3x, when x<0

Sol. Left hand limit at x=0,

llmf(x)—hmf(o h) =1im5+3h=5+3.0=5

h07

Right hand limit at x =0,
lim f(x)= hmf(0+h)—11m?h+5 7x0+5=5

x50
Value of functionat x=0, f(x)=7x+5, f(0)=7x0%5=5 60 ’\QQ

= lim Jx)= lim f(x)=7(0)=5. This function is continuousat x=0. %2

: ——
2. Show that the function f(x)= {sm - If *=" is continuous (&% Q
X if x> q

Right hand limit at x=0, lim f(x)— lim f(0+h)— lim /1=0 &Q

® 0
Value of functionat x=0, f(x)=x, f(O):O @
at
\Q

Sol. Left hand limit at x =0, llm f(x)w hm  f (- h) = hm 1 sin( h)-—llm sinh=0 6

= hm f(x)— lim 1 f(x)= f(0)=0. This function is continuous

A
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) - =1 . .
Show that the function f(x)=4 x—1°~ whemxsl is continuous.
i, when x=1

Left hand limit at x =1, 'ifg!f(x)zprg}_f(l—h): lim (1-h) ‘: :n(l)"" —n

B0 (] 5 h) &

, . _ _ . (1+h) -1
Right hand limitat x=1, | =] 1+h) = lim ————
ght hand limit at =1, fim ()= fim / (1+) = i 25—

=n(1)" =n
Value of functionat x=1, f(x)=n, f(1)=n
= lim F(x)= lim f(x)= f(1)=n. This function is continuous at x=n

Show that secx is a continuous function.
Let f(x)=secx.Let x=c be any real number.
lim f(x)= lim fle+h)= Elg’l sec(c+h) =sec(c)
Also, f(x)=sece .. liEf(x) =f(¢)
o f(x),ie, secx iscontinuous at x =c. But x=c is any real number.

. secx is continuous.
Show that cos| x| is a continuous function.

Let f(x)=|x| and g(x)=cosx, then (gof)(x)=g{f(x)}=g{| x|} = cos| x|
Now, f and g being continuous it follows that their composite (gof ) is continuous.
Hence, cos| x| is continuous.

sinx

Show that the function f(x)=1 x ° e ; is continuous at each point except 0.
2, when x=0
Left hand limit at x =0 = lim f(x)=lim f(-A)= lim sin (—/7) =
0" h—0" ho0" (._h)
sinh

=1

Right hand limitat x=0= ll_gl f(x) = ’l‘lr‘r} f(h)= j!irgl_

Value of functionat x=0, f(x)=2, f(0)=2

w lim f(x)=lim £ (x) = £(0) 6\5 ‘\Q

Discuss the continuity of f(x)=[x]. @

Let the integral value of x=n, ne/ K% Q

Let f(x)=[x], is continuous at x=n, ne/ ,\(b %.

At x=n,f(x)=[u]=n Q% Q

LHL : lim f(x)zlimf(n—h)zlim[n—h]=n—l * O é
won hs0* h-s0" \\\

RHL : lim £ (x)= lim / (n+h)=lim [n+h]=n \&\ N

So, LHL # RHL. Hence, f (x) is discontinuous at x=n, nel . N
O
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Show that f(x)=1 3y is continuous.
? if x=22

Left hand limit at x=2, lim f(x)= lim F(2—h)= lim 2(2-h)-1

£m4 2h— 1~llm3 2h=3-2x0=3

(2+h) 3(2+0) 6
2 2

Right hand limit at x =2, hm f(x)— hm 1 f(2+h) = llm =3

Value of function at x=2, f(x) =-— Fl2)= 12—— 3

~. lim I(x)= lim f(x)zf(2)=3. This function is continuous at x =2

x, if xz0
is continuous at each point except 0.
L x=0

Let hand limitat x=0, Ermn fix)= 12})1 f(=h)= fl'l_’l"ljl (=h)=0

Show that f(x) :{

Right hand limitat x=0, lim f(x)=lim f(h)=limh=0
x—l Bt h-—0"
Value of function at x=0, f(x)=1, f(0)=1
im /()= lim £ (x) = £(0)

¥\ =1
Y ix=1

Left hand limit at x =1, lim f(x):}n_rg(l—h):_,l:g! (1=h)=1-0=1

This function is discontinuous at x=0. Again f(x) ={

Right hand limit at x=1, Jl:lillflf(x)z.‘l,.l_l"gl f(1+n)= lim (1+0)=1
Value of functionat x =1, f(x)=x, f(1)=1
lim £ (x)=lim 7 (x) = f(1)=1
.. This function is continuous at x =1.
'y —x3+2x—2), if x=1
4, ifx=1

The only doubtful point is x=1. Hence, we check the continuity at x=1
Left hand limitat x =1,

lim / (x) = lim £ (1~ h)= lim (1= ) ~(1=h)" +2(1-h)~2 bo c’)\
= lim (1-h)" ~(1=h)" +2(1-h)=2=(1=0)' ~(1-0)" +2(1-0)-2=0 S Q&(O
Right hand limit at x =1, lim f (x) = lim f(1+4) = lim (1+h)' ~(1+/) +2(1+ o) Cb'
=(1+0)’ —(1+0)" +2(1+0)-2=0 Q
Value of function at x=1, f(x)=4, f(1)=4 \\\O
= lim /(x)=lim /(x) = / (1). This function is discontinuous a‘@

,QQ

Locate the point of discontinuity of the function f(x)= {(
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Discuss the continuity of Wesutietiionsia( gpddde}silas-cofrin the interval [-1, 2].
-x~¥—-1 ifxs0

Sol. Given = f (.r) =¢ x—x—-1 if0<x<1. Hence, only doubtful point.

x+x—1 ifx>1

1.  Show that f(x)=x", is continuous as well as differentiable at x=3.
— u " " 3 3

Sol. Left hand limit at x =3, 11_21 f(x)= }lg{r; f(3=h)= Elgl (3-h) =(3-0) =27

Right hand limit at x =3, lim /(x) = lim f (3+ /) = lim (3+.4)' = (3+0)" =27

Value of functionat x =3, f(x)=x"=71(3)= (3) =27

lim f(x) = lirgf(x) = f(3) =27
Left hand derivative at x =3
: : 3 3
17 @)= timLCT ) g TO-H-F0) _ i, G, h_m
X—=23 M

13 h—>0" 00— h h—0"
3 3 2 2 3 2
T (3) —(h) =3(3) h+3(h) .3-27 _ s = —27h+h
A0 —h B0’ —h

—h(h* +27-9h .
( )=(0)"+27—9x0=27

= lim
h—0"

Right hand derivative at x =3
SR o 5 god
-3 ' h h

h—0"

13" x—

(3) ## +3(3) h+3(h) 3-27

=lim

A0 h
3 2 h(h* +27+%
L. limgz 0427+9x0=27
150" h h>0"

= Lf'(3)=Rf"(3). Hence, the function is continuous as well as differentiable atx =3.

2. Show that f(x)=(x—1)" isdifferentiable at x =1.

Sol. Left hand derivative at x=1 60 ‘\O

B0 B0 0™ 17
Right hand derivative at x =1 . OQ 0&0
;i fasn) () .. (+h-1)"- ..\\\ <
m = lim
w0t (1+h-1) B0’ h \/

= tim 2SO AR - @) (=AD" (=) <

Fl-a— v —h-1) s ~h \:b <2@
T ) T B 0
—hm_—h—llm?—llmf@—m 6 %'

iy L)L) _
Rf'(1)=lim .z =

x-1"
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= lim = lim =00
otk 0t h

Hence Lf'(1)# Rf'(1). This function is not differentiable at x=1.

Show that a constant function is always differentiable.
Let the function f(x)=A, where A is constant

We will discuss differentiability at x=a.

.- fla- ") fa)_ . A-4
i f (a ) 3513;1 ﬁ )R'l —-h

w7 (a')= i <a+f=> 1)y 22

h—s0" },_,0 h

=0

—=0

. LHD=RHD. Hence, :he function is always differentiable.
Show that f(x)=|x—5| is continuous but not differentiable at x=5.

Left hand limit at x =5, hrnf(x)ﬁhm(s h)—llm|5 ~h-5|=lim h=0

h—0"
Right hand limit at x =5, Pfﬂ f(x)zllg f(5+h)=g[r’g|5+h—5|=zl_$[h|:0
Value of functionat x =5, f(x)=|x-5|, 7(5)=|5-5|=0
lim /£ (x) = lim  (x)=£(5)=0
Left hand derivative at x=5

As, LF(5)= s.mf(")‘f(S) _ f(5 fr) 16) _ . |5-h-5]-|5-5|

x5 h—m k—w —h

—hml I—hml—:—l
hat" —h hao"—h

Right hand derivative at x=5

o) <t L)L JEON-70)_ i [S+-5||55]_ ol Bl B

X3 x—5 R0 h h0" h b—m h 0 h

Lf'(5) = Rf'(5) . Hence, the function is continuous but not differentiable at x=5.

Let /(x)= {

Left hand limitat x =1, lirgf(x)ziirmn__ f(l—h)=iil}'! (1-n)=(1-0)=1

2=x), when x>1
(2-%), . Show that f(x) is continuous but not differentiable at x =1.
when 0<x <1

‘)

Right hand limit at x =1, fim £ (x)= lim £ (1+4) = lim 2=(1+/) = lim 1-h=1-0=1 O ‘\QQ)

Value of functionat x=1, f(x)=2-x orx, f(1)=2-1o0r1, f(1)=1 @b
lim 7 (x) = lim f (x)=f(1) =1 &6 Q

Left hand derivative at x =1 \(b %.
)= i OO ORI 101 &

— llm — I 1mm—=
x-al” a 50 =y 0" —h B0 _h
Ob

Right hand derivative at x =1

Rf' (1) 1121 f(«\"g:_]f(l) :Pﬂ} f(l""h;'f(l) e ,!1,0 (1 +@ %{m
Q\
,Q(\\
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Lf'(1) = Rf'(1) . Henbépgiémil{arjsiar ansieddyeiiennant differentiable at x=1.

Show that f(x)=[x] is neither continuous nor deriviable at x=2.
So. LHL=lim /(3= i [4]-im[2-#] - im ()=
RHL =}1:121 f(x) = Jl:'n [x] = ’1'151 [2+h] = J!Il'gl (2) =3

Again left hand derivativeat x=2. .. linJ f(x) - lirgl_ f(x)

= lim [R=i] 2 B = fim L=

Lf'(2) = lim 1)1 _, -2 ‘ = lim _
e X 2 0t 2—h—-2  hs00 —h 0" h

x5 X x—2 X—

. Lf'(2) does not exist.
Right hand derivative at x =2
Rf'(2) =lim 17Q)_ g, 2 lim 2+AlR 22 g
¥—2 =98 w=3 w0 2+h-3 s B
. Lf'(2)#Rf’(2) = f isnotderivableat x=2

x=Z;

Hence, the [ (x) is neither continuous nor derivable at x=2.
(1-x), when x<1

. is continuous but not difterentiable at x=1.
(x" —l), when x>1

7. Show that the function f(x)= {

Sol. Left hand limitat x =1, lig;f(x):’Efquf(l—h):Il:gl—(l—h):;l’_igl__hzo
Right hand limit at x =1, ,IE,;H f(x)= 51_)111 f(l«lrh):El_g'l_ (1+h) -1=0
Value of function at x =1, j'(x)=:r3 =1, f(l]=(1)2 —-1=0

lim £ (x) = lim  (¥) =/ (1) =0

Again, left hand derivative at x =1

' = 1) = 1—(1=h);—{1-1
' x> x—1 hs* _h B0 —h
= lim i lim i= —1 Right hand derivative at x =1
ot —h ha0—h

" {a+n) <1}-(1-1)

Fi—ii” h

- g L0 g L1

xslt

N (1+2h+h:_1):[im h(2+h) _0(2+0) 60 ‘\Q

B0 h 0" h 0 é\
Lf'(1) = Rf'(1). Hence the f(x) is continuous but not differentiable at x =1. %) KQ
8. Let f(x)={ ) X0 G that £(x) is not derivabl 0 f& Q
. X)= . w i X ) 1s not denv f x=0.
), i ow tha s not derivable a 6\' %.

Sol. Left hand denivative at x =0, Iim

F(x)-7(0) . f(=h)-1(0) \
x—0 = h ’OQ &

. TN ©
_o f2-Ca-2-0) . 2+h-2_ . B _ %
e QY
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Right hand derivative at x

x—w x-0
f(n)-1(0) f(o) (::+;t:)-(2+0)_lim 2+4h-2 _ . h_,
.& m h m h T 0’ h s h B

Lf'(0) = RS’ (0) Hence, the f(x) is not derivable at x=0.
If f(x)=|x|, show that f'(2)=1.
Left hand derivative at x =2

Lf'(2) = lim f(2- h) /@) _ |2"h|_|2| R e

h—0" h—m —h rs0 —h 0" —h

Right hand derivative at x =2

Rf’(z):l f(2+h)_f(2) = ﬁmg_"’h_‘2= ] f:]

=t h B0 h h—0" h

Hence, Lf'(2)=Rf"'(2)=1
(x2 +3x+a), when x<1

(bx+2), when x> 1

Find the values of @ and b so that the function f(x)= { is differentiable at

each xe R.

Since f (x') is derivable for every x:

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

= lim f(x) f(l)*hm f(x) = lim (x‘ +3x+a) I+3+a= hm(bx+2)

x—1" x50 x—1"

= 1+3+a=1+3+a=b+2 = 4d4+a=4+a=b+2

= 4+a=b+2 = b=a+2 S=A 1)
Now, Lf*(1)= o f(x) f(l)_ h (x +3x+a) (1+3+a)
x-»1 ] x5 X
e W e l)—llm(x+4)—llm(1 h+4)=5
x>l X -1 x— (x — l) x> h—0"
o () f(l) . bx+2—(1+3+a)
R
f(1)=1 lim —~
e BE—a= (a+2)x-a 2 )
- ll_l;? -1 = .1—»!" (X 1) [USll'lg (l)]

<&
=lim a(x—l)+2(x—l) (a+2)(x l)— mla+2)= 1m a+ a+ Q
_,\Ir—)l* (x-—-.l) 'x—@l" (x ) .1 »1° ( 2) l ( 2) ( 2) 60 \\

Since Lf'(1)=Rf'(1) =~ 5=a+2, hereb=a+2 .. b=3+2=5 Hence, a= 3b% Q&@
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