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EXERCISE 9.1 PAGE NO: 9.16
1. Test the contmunty of the following function at the origin:
) — J I=|? & 7/__ 0
f(x) { g
Solution:
Given

f(r) = \'l 7 0
T 1. 1:(_1

Consider LHLatx =0
Iliﬂ)J f(z) = }‘lﬂ% f(O—h)= ,111115 f(—h)

) —h . —h :
Im — =lim—=1lim-1=-1
hoU |—p| k0 R k0

Consider RHLatx=0

lim f(z) = lim £(0 + h) = lim f ()

z 0"

h h

’110|h\ ilxl[)h ’111

. Ih.]-%)]- f(z) # 111%1 f(z)
Hence LHL # RHL

Hence f(x) is discontinuous at origin.

2. A function f(x) is defined as

o |55 ife#£3
f(‘t)_{ 5 if o —3

Show that f(x) is continuous at x = 3.

Solution:
Given
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re—r—06 - . ;9
fla)={d 13 W73
T 9 if =4
Consider LHLatx =3
lim f(z) = }iuljlf[lz’; h)
r »3 hos
3 K} (3 h) 6 9+h? 6h-3+h-6 K 5l |
lim [ - lim : - — lim : — lim (5 h) =5
bl (3-h}—3 hoH) h ool h ool :
Consider RHLatx =3
lin? filz)= }ill'l'f{:i t k)
(3+h)* (3th) 6 9+h216h 3 h 6 h? t 51
lim - litn : = . lim (5 k) — 5
k0 (3+h) -3 h o0 h i h B0

Now, f(3) =5

Vlilyfll fz) = lim f(z) = f(3)
Hence f(x) is continuous at x = 3

3. A function f(x) is defined as
Y ifax#£3

r)={ =3’
f=) 6, if x =3

Show that f(x) is continuous at x = 3.

Solution:
Given

L D
f‘ll = { I.l‘—Z; ’ 1,; S 3

6, ifad=23

Consider LHLatx =3
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lil}g] izl = ’lillllllf[.'{ h)
I h)? 9 . B+ hr-6h-9 . h* - 6h ~ h{h 6) -
S E-N-8 3 B-F-3 iy = o -mu-n=d
Consider RHLatx =3
= lim f(z) = }in(l)f(?» t h)
z +3° 12
lim f(z) = Ilinzf{ii t h)
z »3' 1 40
3+ h)° 9 32 + h2 + 6h — 9 246 h(6+F
lim -!—!-)-— lim i e lim h—-ﬂ lim —'-{w-—l-l lim (6 + h) = 6
L0 34 hKh-3 ko0 h ko0 h b0 h h 0
We havef(3)=6
Ililgél flz) = Iliflgl f(z)=1(3)
Hence f(x) is continuous at x = 3
2l ifx A1
4. flx) = ¢ =—1°
' 2; oF aof—%
Find whether f(x) is continuous at x = 1.
Solution:
Given
=1
flo) 2 { N if £ 1
- 2N =
Consider LHLatx=1
ﬁgl f(z)= ,llilll[lif{l k)
1-h) -1 1+h2-2h-1 h? — 2h h(h—2
lin S——-]——— = lim = lim ]iln"l—) lim(2 k) =2
R (1 —-h)—1 k40 1—-h-1 ho0 h h 30 h bl
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Consider RHLat x=1

lim f(z) = lim f(1 + h)

r 1’ h 0

Iy | 249 249 hih+2

lim L = lim R sk A lim E N lim u =lim(2+h)=2
ki (1+h) -1 k40 1+h—1 ho+) h ho0 h ko0
Givenf(1)=2

Ihnll flz) = Ili_nll_ f(z)=r(1)
Hence f(x) is continuous at x =1
sindT , )
5 IF Fla) = =L when @ # 0
o 1l; whenx =0

Find whether f(x) is continuous at x = 0.
Solution:
Given

() — “”:—3' when x # 0
Fiz) = 1: when xr =0
Consider LHLatx =0

lim f(z) = lim £(0 = k) = lim f (—h)

. sin(—3h) . —sin(3h) . 3sin(3h) . sin(3h)

PR TR AR h o am s im0t

Consider RHLatx=0
hnal f(z) =lim f (k)

h o0

sin3h .. 3sin3h . sin(3h) .
s S = — =1 =
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Givenf(0)=1
f (x) to be continuous atx=a

But here,

lim f(z) = lim f(z) = f(a)

lim £(z) = lim (z) # £(0)

Hence f (x) is discontinuous at x=0

er; when x £ 0
1;: when x =0

6. If f(a:):{

Find whether f(x) is continuous at x = 0.

Solution:
Given

| 3, ifr #0
flz)= (l,ier:O)

Consider LHLatx=0

lim £ (z) = lim £ (0 — h) = lim £ ()

z 0
1 1
() =
0 ek ]imh »0 ek

Consider RHLatx=0

=&

lim e
h 0

lim f(z) = lim £ (h)

We have f(0) =1
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It is known that for a function f (x) to be continuous at x = a

lim f(z) = lim £(z) = £ (a)

T a

But

lim f(z) # lim f(z)
z 0 z 0!
Hence f(x) is discontinuous atx=0

1—cosx
7. Let f(m) — { T2 . u’hen, T # 0

1, ankieti — b, Show that f(x) is discontinuous at x = 0
Solution:
Given

1-cost when x # 0

Fle)= { z

1. whenx = 0.

Consider,

lim f (z) = lim (1—1)
P ] z 0 -
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| B 9 's-in%

62| =
-
Il
[u| ol

= lim f(z) = -

We have f(0)=1
lim f(z) # f(0)

x )

Thus f (x) is discontinuous at x=0

{£— | . .
8. Show that f(x) = { 3 i ;L e o ?]é 0 is discontinuous at x = 0
. whenx = 0.

Solution:
Given

L= ;l‘\
. when x # 0

Ty = 2
f(=) { 2, whenx = 0.

The given function can be written as

r I
b

f(z) =1 ZZ whenz <0

%

,whenz =0

\ 2,whenz =0

0, whenz = 0

f (=) 377 X when=ga
2, whenx = 0
Consider LHLatx=0

zliﬁ)l )= ’lti;}}]f(ﬁ k)= ’llil?(l)f( h)

=lim (—h)=0

ko0
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Consider LHLatx=0

Lim f(z) = lim f(0— h) = lim f(—h)

= lim (—h) =0
Consider RHLatx=0

lim f(2) = lim £ (0~ h) = lim £ (h)

lim0=10

h 0
And we have f (0) =2

zli.I})l Iiz) = }iﬂl)l' f(z) # f(0)

Hence, f(x) is discontinuous atx =0

|x—al

. wh & :

9. Show that f(x) = ¢ *-a’ ign « Aa is discontinuous at *x = a
lathherth— o

Solution:
Given

1.N%whet® — @.

|
Flz { —@ Wwhen x # a

The given function can be written as

r a 4 'h : -
—, whenz > a

f(z) = %,whanr <@

| 1,whenz = a

1, whenz > a
= f(z)=% —l,whenz < a

1, whenr = a
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= f(z) = ( 1, whenz > a )

—1,whenz < a
Consider LHLatx=a

lim f(z) = lim f(a — h)
~ lim (~1) = -1
Consider RHLatx=a

lim f(z) = }in})f(,a + h)

’1111}{1) (1)=1

lim f(z)# lim f(z)
Thus f (x) is discontinuous at x = a

10. Discuss the continuity of the following functions at the indicated point(s):
. 'L P
(i)f(I)Z{[ICOS(I)’ I"*Oat:z::(]

0, =1
Solution:
Given
| -
e { |z cos(;), et 0
0, T =
Consider,

lim f(z) = lim |z| CDS(l)
z 0 r

z )

. . .I. — 1 . i 1
. }l%f(_l) - P%Q.ﬂll%cos(z)
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Hence f(x) is continuous at x =0

EYPIN & | T
(ii‘,lf(;r)Z{I Sm(‘)’ 9 Om‘;r:()

0, z=10
Solution:
Given
W i
f(.r)Z{I Sm(f)-‘ R
0, z =1
Consider,

. 1 2 1 i
lim z* sin(—) = lim z° lim sin(——) =0 % lim sin(—) =0
z 30 T z 0 z 0 b - z 0 T

Hence f(x) is continuous at x =0

(z a)sin(rla), x 2 o

0, T = a

(ili) f (x) = {

Solution:
Given

f(z)= {(Ia)sin(rla), r#a

O, Ir=aua
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Now substitute x —a =y in above equation then we get,
lim (m—a)sin( . ) :limysin(l)
z )a ‘ T—a y 0 y

&= limylimsin(l) =% linﬁsin(l) =#

y )y 0 Y

= lim £ (z) = £(a) = 0

Hence f (x) is continuous at x = a

N if 2#a
(iv) f(z) = { los(1! &)’ " atz=0
Tif o=

Solution:
Given

= if z#a
fla) = | b=
7,if =0

Consider,

|
ki D Wi W
750 f(z) z 0 log(1 + 2x)

= limy £(z) — lim

z+0 2zlogil|2z)

2r

1, (F)

5 z »0 ( log{1 | 2z) )

2z
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s er
(111]1‘r W 3 )

1 ’
» log(1:2z)\ 5 W —
(tim, 0 =5 )

And we have f (0) =7
= lm% f(z) # £(0)

Hence f (x) is discontinuous at x =0

V) f(z) = {ﬁ’ I";éln. e Natr=1

n—1; =1l

Solution:
Given

Clearly,f(1)=n—-1

. : ; . 1-(1=h)" . 1-(1-h)"
limf(1—h)=lim————= lim———
LHL = h—o0 ( ) h—0 1-(1-h) h—0 h

Using binomial theorem we get
n

(1-m"= ) (@)(-hk1m
k=0

(=<1 -nh+ G- .

[H =
: 1-1+nh- 'E')h3+--~hi herdegterms : o
lim (o) > BT = lim{n - (®)h + [

-0
---higher deg terms}

Putting h=0 we get,
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LHL=n
' : 1-{1+h)" 1—-(1+h)™
limf(1+h) =lim————= lim———
RHL=h~o(' ) h—0 1-(1+h) h—0 -h

Using binomial expansion as used above we get the following expression
Similarly,

RHL =
1-1-nh—(])h*—higherdeg terms

lim
h—0 -h

---higher deg terms}

= lim{n + (Bh+ (3)h? -

Putting h=0 we get,
RHL=n
Thus RHL=LHL = f (1)

Hence f (x) is discontinuous at x=1

= 1|

(Vi) £ (z) = {T'M st e

2, for =l

Solution:
Given

|2 1] )
f(z) Al 7 g/ @7 1
2, for el

Clearly, f (1) =2

| (1-h)3-1]
1-h-1

. | 1+h%2-2h-1] . |h{h=2)]
= lim——— = lim———
h—0

limf(1—h) = }111_% T Lo —h

LHL = h—0
Since h is positive no which is very close to 0
% (h—2) is negative and hence h (h—2) is also negative.

|h (h=2)] =—h (h-2)
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h(h-2) _ .. "
LHL < im——— = lim(h—2) =
| 1+h)3-1] . |1+h%+2h-1] . |h(h+2)]
lnnf 1+h)= lm = lim——— = lim———
RHL =h ( I= 1+h-1 h—0 h h—0 h

Since h is a positive no which is very close to 0
(h+2) is positive and hence h (h—2) is also positive.
s |h (h+2)| =h (h+2)

h(h+

hm llm(h +2)= 2

& RHL =
Clearly, LHL # RHL

Hence f(x) is discontinuous at x=1

2z|+ z? ;
Mnf@y:{ 2 v TF0

0, z:=1
Solution:
Given
2z|t z? 40
0, o 0
Clearly, f (0) =
2|-h|+(-h)?
LHL-hm flo0—h) = llm f(—h) = lnn o
2h+h
llm lml( —2—h)=
2|h|+(h)?

hm f(0+h) = hm f(h) = llm

RHL=h h

lim At
— =

_lim %1111(1)(2 +h)= 2
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Clearly, LHL # RHL = f (0)

Hence f(x) is discontinuous at x=0

-
—_ 1 wh
(witi) f(x) = {|a: alsin—, when x # a b

0, whenxz = a.

Solution:
Given

== a|sinﬁ, when © # a
(@) = { 0, whenxz = a.

Clearly, f(a)=0

limf(a—h)= lim|(a—h—a)|sin i
y _imfa—h) = lim|( )|sin(—==)

_ }Iil%l_hl sin (_—lh) = Li_%h sin (%) =0

: : . 1 . .
RHL=LI_I%f(a +h) = Ll_l}}) |]a+h— a|sin (a+h_a) = El%lhl sm(;)

_ LI_I% hsin (i) =0

Since whatever is value of h, sin (1/h) is going to range from—1to 1
As h—=> 0, i.e. approximately 0

Clearly, LHL=RHL=f(a)

Hence f (x) is continuous at x=0

1+2%, if0<x2<1

2 —z, if > 1. is discontinuous at * = 1

11. Show that f(x) = {

Solution:
Given
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v J1+2if 0=z<1
f(‘r]_lg .T.lf .l‘l
Consider LHLatx=1

lilfl Flm) = }imf(:l k)

— lim ('1 (1 h‘]f) = lim (2 + h? — 2h) = 2

h o0\ h :0"

Now again consider RHLatx =1

lim f(z)= Flin;f{l th)
z )1 h 0 )

:’lin}(B [1+h]]:}il1l1)(1 h)=1

lim f(z) # lim f(x)

& 51 e 317

Hence f (x) is discontinuous at x =1

¢ SINLAT zj: r < 0
tan2z * ’

12. Show that f(x) = ¥ %» if =0 iscontinuous at x = 0

log{14-3x)
\ e 1, if >0
Solution:
Given
¢ Sindx g
tan2x* if <0
3

f('-lf)=j s ifx=0

log (1+3x)
\ e 1, if x>0
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Consider LHLatx=0

lim f(z) = lim £ (0 — k) = lim f(~h)

x )

dsin 3h
ind(—h " sin 3h :
= lim (Sm—(}) -, sin ) = tim | 2
hoo \tan2(—h)/ h 0\ tan2h h 0 114::’:12!1

. " 3sin 3k o1 sindh
B llIllh +0 ( 31;‘ ) B 311111}. ;.()( gh ) B BT | 3 3
n 2tan2h n o s tan2h n 2 1 B E
limy, ( = ) 2 limy, -,n( 5 ) .
Consider RHLatx=0
im f(z)=lim f(0 + h) = im f(h)
x 0 R h 0 b0 ;
log(1 4+ 3hk)
. (log(1+ 3h) i h—;
=lm|———)=lm | ———&
h 0 C‘}'h 1 h 0 2h(eh 1)
2k
log{1 3h) . log(1 4 3h)
3 I dh 3 hmh - ( 3h ) Ix1 3
=—lm| —— | = — = =y —
2h0 | (1) i -1 2xl1 2
% iy, g ( h )

We have f (0) = 2/3
lir(l]l flz) = li%l, f(z)=£(0)

Thus f (x) is continuous at x=0

13. Find the value of a for which the function f defined by
asing(z+ 1),z <0
Ffilx) = is continuous at x = 0

tan *—sin T
—s x>0

Solution:
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Given
asiny(x+1),2 <0
f(z) =

tan r—sin T
ol = {)

Consider LHLatx=0

i i : : ) Lo
z,hf([)l f(z) —}lll%f(ﬂ =R)= }‘I%f(—h) = masmi(—h+ 1) —a.smE —a
Now again consider RHLatx=0

lim £ () = lim £ (0 + h) = lim £ (h) = Jim 220 01

z 0! h—0 h?

sinh

. = Eerk —sinh
=>:r ’O'f(I)zh +0 h3

sinh
(1 —cosh)

= lim f(z) = lim

h3
(l—cosh)tanh
= i fie)= ~
z+0° h
2sin2gtanh
MG e
2 sm2%tanh
- Jim 7o) = S T
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e mra e
= lim f(z) =5 x1x1

; o &

If f (x) is continuous at x =0, then

lim £(z) = lim f(2)

x )

ST

1
2

14. Examine the continuity of the function

e —2,2<0 .
‘f(w)_{a:—l—l,a:>0 atx =0
Also sketch the graph of this function.
Solution:
A
8..-
6-.
44 fx)=x+1
2.
W) LBE TR
)
L4
-6

f(x) =3x-2 —>
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Given

3e —2,2<0

r+1l.x >0 BLE=0

f(w)={

The given function can be written as

35— 2,210
=% Filz) = 2.x2=10

Consider LHLatx=0

=lim f(z) = }ll'u%}_lf(ﬂ h) = }31‘1',1_.]‘[_ h)

z 0

a3 (—h)—2=-2
k0

Now again consider RHLatx =0

= lim f(z) = }li%f{o + R }‘il)llll f(h)

x »0

lim(h+1)=1
h »0

x 0

s lim f(x) # lim f(x)

Hence f (x) is discontinuous at x =0

15. Discuss the continuity of the function
r.x >0

Flx) = l,x =0 atthepointax=0
—xr.x < 0

Solution:
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Given

&, 20
Fim) = l,z =0 atthe pointx =0
—x.x <0

Consider LHLatx=0

= lim f(z) = lim (0 — k) = lim f(~h)

z 0

}ltn% (-h)=0

Consider RHLatx=0

Ili%l' o= };i% f(O+h)= ’lllmﬂ f(h)

'l!u% (h)=0

And we havef (0)=1

= i Flz) = li%l f(z) # f(0)

x )

Hence f (x) is discontinuous at x =0

16. Discuss the continuity of the function

x, Rl < % 4
flz) = 12, x = % at the point * = -

1—:1:,%(:1:§1

Solution:
Given

5
=]

S
BI= A
| =

f@={ 1

8 toh-l/\

/\”H
AN
[
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Consider LHLatx =%

linll F(z)=km f (% h.)

z ) h 0

. 1 1
}3‘[.(5 h)zi

Again consider RHLatx =%

lim f(z)= Iin%f (._ : h)

We have f (1/2) =%

lin]l flz) = hllll' fiz)=Ff (l>

By &y

Hence f (x) is continuous at x = %

17. Discuss the continuity of

Al2xg 1, g 0 y
I (z) B {2x+ - N =0
Solution:
Given

L J2x -1,z <0
f(m)_{2:l:+1,a:2[] atxr =0

Consider LHLatx=0

lim f(z) =2(0) - 1= -1
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Again consider RHLatx=0
lip[f flz)=2(0)+1=1
= lipul f(z) # lim f(z)

z 0

Hence f (x) is discontinuous at x=0

18. For what value of k is the function

x2-1
Flis] = { z—-1° :z:—;él . continuous at * = 17

e, =
Solution:
Given
r2-1

If f (x) is continuous at x = 1, then

lim f () = £(1)

o~ TG+ 1,
b @ Dt )
z 1 z—1

lm(z+1) =k

T 1l

19. Determine the value of the constant k so that the function
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z2—-3zx+2
i 1 )
Fix) = { z—1 % # continuous atx = 1

k.x=1
Solution:
Given
r2—-3x+2
—— Tt r#l1
Flx) { e i

If f (x) is continuous at x = 1, then

lim f(z) = (1)

M= F
2)(z—1

lim = S ) =k

z 51 T 1

20. For what value of k is the function

sin Sx O
flx) & { 3f zf1£- :;g 0 continuous at * = 07
Solution:
Given
sin br .
e 5 ifxF0
f(x) { k. if x =0

If f (x) is continuous at x = 0, then we have
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21. Determine the value of the constant k so that the function

kx?, if £ <2 . e
Fiz) = { 3, if x> 2 i8 continuous at » = 2
Solution:
Given

_ Jkx?, if x < 2
f(‘”)_{ 3, if x > 2

If f (x) is continuous at x = 2, then we have

lim £ (2) = lim £ () = £(2)

Now,

lim f(z) = lim £(2 — h) = lim k(2 - h)? = 4k
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f(2)=3
From the above equation we can write as

4k =3
:f-k:E
4

22. Determine the value of the constant k so that the function

sin 2x -
Fixm) = bz ! 2 27& 0 is continuous at x =0
ksf =10
Solution:
Given

B sz'.nI2;r’ 'lf.I!;/—'O
r@={"% 7

If f (x) is continuous at x=0

lim f(z) = £ (0)

z 30 )

. sin2zx
lim
z ) Brx

=k
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23. Find the values of a so that the function
N_Jazx+35, if x <2
f("’-)_{a:—L if x> 2

18 continuous at * = 2

Solution:
Given

_Jax+5, if x <2
f(“’-)_{x—l, if ©> 2

Consider LHLatx =2

lima(2—h)+5=2a+5

Now again consider

lim £(2) = lim £ (2 + b)

Lim (2 + h — 1)
h 30

Since f (x) is continuous at x = 2 we have

lim £(2) = lim £(z) = £(2)

2a+5=1

2a =—4
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EXERCISE 9.2 PAGE NO: 9.34

S”_;I,:l-'<0

1. Prove that the function f(x) = { is everywhere continuous.

z+1l,x>0
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

%}11#1}) f(c—h) = %}111}) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

X—C

Here we have,

sinx
f(x) = { e
x+1 ,x=0_  equation1

To prove it everywhere continuous we need to show that at every point in the domain
of f(x) [domain is nothing but a set of real numbers for which function is defined]
lim f(x) = f(c) ,where cis any random point from domain of

X—=C

Clearly from definition of f(x), f(x) is defined for all real numbers.

Now we need to check continuity for all real numbers.

Let c is any random number such that c < 0 [thus ¢ being a random number, it can
include all negative numbers]

sinc

f(c)= ¢ [using equation 1]

_ _ . sinx sinc
limf(x) = lim =
X—cC x-c X £

sinc

Clearly, Llilg tiz) =)=

C

We can say that f(x) is continuous for all x < 0
Now, let m be any random number from the domain of f such that m >0
Thus m being a random number, it can include all positive numbers]
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f(m) =m+1 [using equation 1]

limf(x)= limx+1= m+1

X—m X—m

Clesstiv, Lillg fx)=f(c)=m+1

Therefore we can say that f(x) is continuous for all x >0

As zero is a point at which function is changing its nature so we need to check LHL, RHL
separately

f(0) =0+ 1 =1 [using equation 1]

sin(—h) sinh

O =
lim 222 =
[+ sin—8 =—sinBandh—0 h ]

RHL:}}B%f(O+}1) = %}H‘éh%—l: 1

Thus LHL = RHL = f (0).

Therefore f (x) is continuous at x=0

Hence, we proved that f is continuous for x<0; x>0and x=0
Thus f(x) is continuous everywhere.

Hence, proved.

L. ox#0
2. Discuss the the continuity of the function f(x) = { 6" 7&0
s T =
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

LlH(l) f(d— h) | LIE‘(I) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

lim f(x) = f(c)

X—C

Here we have,

X
) = {E X#0
0 ,x=0_ . equation 1
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The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)

Function is changing its nature (or expression) at x = 0, so we need to check its
continuity at x = O first.

We know that from the definition of mod function we have

: —RE XD
xI = {

XX =0
; & RS @ - _ =
o= R e m o
) ) — h
limf(0+h) = limf(h)=-=1
HL = h—0 ( ) h—0 (h) h [using equation 1 and mod function]

f (0) = 0 [using equation 1]
Clearly, LHL # RHL # f (0)
~ Function is discontinuous at x =0

Let c be any real number such thatc>0
c +

s f(c)=lel c [using equation 1]

limf(x) = lim,il = lim<=1

And, X—cC x—clC Xx—c C

Thu

Therefore f (x) is continuous everywhere for x > 0.

Let ¢ be any real number such thatc< 0
C (4

Therefore f (¢) = !¢l ¢
[Using equation 1 and idea of mod function]

: lim f(x) = f(c)

F r = C a C
limf(x)& lim— = lim—= -1
And, X—cC x—clcl Xx—ec —C

Thus, .lxillg ) =)

Therefore f (x) is continuous everywhere for x < 0.

Hence, we can conclude by stating that f (x) is continuous for all Real numbers except
zero that is discontinuous at x = 0.

3. Find the points of discontinuity, if any, of the following functions:
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(i) f(z) = g —gf 22 -2, if o1
‘ A 1. 3fe=1
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

%}11_1(1) f(c—h) = %1111}) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x - ¢ (LHL) = right hand
limit as x < ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

X—C
Here we have,

— {xg—x2+2x—2 JFx = 1
f(x) = : _
4 ifx=1__ equation1

Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)

Function is changing its nature (or expression) at x =1, so we need to check its
continuity at x = 1.
Clearly, f (1) = 4 [using equation 1]

Lill} f(x) = Lill}(xs —x?+2x—2)=1"-12+2+1-2=0

Clearly, lim f(x) = f(c)

=~ f (x) is discontinuous at x = 1.
Let c be any real number such thatc# 0
f(c)=c®—=c*+ 2c— 2 [using equation 1]

limf(x) = lim(x®—x?+2x—2)= c®— c?+ 2c -2

X—=C X—>¢

Clearly, Llllg Bl =)

Therefore f(x) is continuous for all real x except x =1

N I;:w-_ if & £ 2
(i1) £ () = { TR




WWW.edllgl'OOSS.C()lll

EDUGROSS

WISDOMISING KNOWLEDGE

RD Sharma Solutions for Class 12 Maths Chapter 9

Continuity
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

Ln_l% f(c—h) = LIH(I) f(c+h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

lim f(x) = f(c)

X—=C

Here we have,

x*-16 E+4HE-2)x+2) - o
f()s)= x— 2 - (X—Z) — (X +4)(X+2) ,|fX¢2

16 Jrx=2

...Equation 1
The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)

Function is changing its nature (or expression) at x = 2, so we need to check its
continuity at x = 2 first.

Clearly, f (2) = 16 [from equation 1]

. _ oox*—16 | (X*+HE-2)E+2)

Ltoah ey Ve e - L R
= 16

Clearly, 1:1—1-13: ORI

=~ f (x) is continuous at x = 2.
Let c be any real number such that c #0

fc)= (c2+4)(c+2) [using equation 1]

lim f(x) = lim(x* + 4)(x+ 2) = (c*+4)(c+2)

Clearly, Llilg i) ~1e}

Therefore f (x) is continuous for all real x
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ST Gf <0
) — Pt
(iii) f(x) {2“3! 5 5
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

%111_1(1) f(c—h) = ng(l) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x - ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

lim f(x) = f(c)

X—C

Here we have,

sinx "
) { — ifx<o

2x+3 ,ifx=0 _Fquation1
The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)

Let c is any random number such that c < 0 [thus ¢ being a random number, it can

include all negative numbers]
sinc

f(c)= < [using equation 1]

_ 4 . sinx sinc
limf(x) = lim =
X—cC x—=c X 18

sin ¢

Clearly, }\1113 0 =T = c

We can say that f(x) is continuous for all x < 0

Now, let m be any random number from the domain of f such that m >0
Thus m being a random number, it can include all positive numbers]
f(m) =2m + 3 [from equation 1]

limf(x)= lim2x+3= 2m+ 3

X—m X—m

Clearly, @3 f(x) =f(c)= 2m+3

We can say that f(x) is continuous for all x > 0
As zero is a point at which function is changing its nature so we need to check LHL, RHL
separately
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f(0) =2 x 0+ 3 =3 [using equation 1]

sinh

: : . sin=h ’
=== iy =t

lim 222 = 1
[+ sin—B =—sinB andh~0 h ]

RHL=L1B(1)f(O +h) = Ll{l‘(l)Zh-F?) =3

Thus LHL = RHL
~ T (x) is discontinuous at x=0

Hence, f is continuous for all x # 0 but discontinuous at x = 0.

gin 3x .o
(il?)f(m):{ z ifx#0

4, if =0
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

}111_1% (e —h) = %1131}) f{c+h)  1(c}

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

Here we have,

sin 3x 4
- {—x ,!fx =0
4 ifx=0 _ Fquation1

The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)

Let c is any random number such that c # 0 [thus ¢ being a random number, it can
include all numbers except 0]
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sin3c
f(c)= ¢ [from equation 1]

. _ ~ sin3x  sin3c
limf(x) = lim =

X—C x—=c X &
3
limf(x) = f(c) = sin3c
Clearly, x—c

We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature, so we need to check the
continuity here.

f (0) = 4 [using equation 1]

sin— : sin 3h

L llm f(0—h) = 1 im 3%}111(1) oy
lim 225 = 1
[ sin—B =—sin B andx—0 x ]
sin 3h
e llmf(0+h _— 31 m— &3

Thus LHL=RHL = f (0)
“ f(x) is discontinuous at x=0

Hence, f is continuous for all x # 0 but discontinuous at x = 0.

Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f

if
%111}3 fi(c <hl= LIH% f{c+h) = f{c)
Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand

limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
limf(x) = f(c)

X—=C

Here we have,
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X

sinx .
f(x) = {— + cosX ,{f,\ #+0
5 ifx =0 _ Equation 1

The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)

Let c is any random number such that ¢ # 0 [thus ¢ being a random number, it can
include all numbers except 0]

sinc

—+4cosc, . .
Tlg)= = [using equation 1]
, _ . sinx sinc
limf(x) = lim(——+ cosx) = —— +cosc
X—C ¥—re X E

Clearly, 1\1113 i) ~5¢e)

We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature, so we need to check the
continuity here.

f (0) = 5 [using equation 1]

sinx sinx

+ limcosx=1+cos0 =2 lim = 1
= [ex=0 x ]

: sinx :
lim(— + cosx) = lim
x—0 X ) x—0 X

Thus e+

~ f (x) is discontinuous at x=0

Hence, f is continuous for all x = 0 but discontinuous at x = 0.

zitz42c? o
(vi) f(z) = tan iz ° if € #0

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

}1111(1) f(c—h) = ngg) f(c+h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x < ¢ (LHL) = right hand

limit as x & ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if
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lim f(x) = f(c)

Here we have,

425,
f(X):= {_;;;:T;_ Jfx=0
10 Jifx=0_ Equation 1
The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)
Let c is any random number such that ¢ # 0 [thus ¢ being a random number, it can
include all numbers except 0]

-}
c*+c?+2c?

f(c)= tan~tc [from equation 1]

lim ) = 1 (x4+x3+ sz) c*+c?+2c?
imf(x) = lim =
x—c  x—c  tan~ix - tan—ic

limf(x) = f(c
Clearly, o (x) =f(c)
We can say that f(x) is continuous for all x # 0
As zero is a point at which function is changing its nature so we need to check the
continuity here.
f (0) = 10 [using equation 1]

, _ o (x*+x3+2%°
limf(x) = lim
x—0 x—0

tan~—1x
. 4B 5% o yngﬁ3+x2+2§) 0 5
or, limd —i—a— | " == gl ; =0 lim B —
x—0 - lim . .
X X0 X [+ usingx—0 x ]

T 209 = 6

& f (x) is discontinuous at x=0

Hence, f is continuous for all x # 0 but discontinuous at x =0

e —1 .
oy 2oy _ I paramy 2 F0
(vii) f(x) { q R D

Solution:
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A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if
}111_1(1) f(c—h) = %111_% f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim £(x) = £(c)

Here we have,

s |

—— ifx#0
loge(1+2x)

7 Fx=0
..Equation 1

f(x) =

Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)
Let c is any random number such that ¢ # 0 [thus ¢ being random number, it is able to
include all numbers except 0]
ef-1
f (c) = lege(1+2¢) [using equation 1]
‘ . =1 el

gz = L“—Ii('loge(l e log (1 +2c)

Clearly, .lwlllg Kx) =1(c)
We can say that f(x) is continuous for all x # 0

As x =0 is a point at which function is changing its nature so we need to check the
continuity here.

Since, f (0) = 7 [from equation 1]
log (1+x) ’

lim

N—0 X
e¥—1

lim =1
x—0 X

Log (1+x) and e*in its Taylor form.
From sandwich theorem numerator and denominator conditions also hold for this limit
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. log(1+2x) P
bR q
x—0 2x

log(1+2x) ) .
28TY + 1 as denominator does not have 2x

lim f(x)

x—0

e!\

lim
= x—0leg1+2x [Using logarithmic and exponential limit as explained above, we
have:]

(eX-1)

g T z
:LI_I}E)T—h_ogo11+L\']' =
i 2X

3|

8

T, L9 = 10

& f(x) is discontinuous at x=0

Hence, f is continuous for all x # 0 but discontinuous at x =0

i poy— [ Jo =l if a2
(vnz.)f(lf)—{j_%-}-%,ifw‘(l

4
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

}111_1}) f(ct-h) = %11_1_1(1) f(c+h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

¥—C
Now, we can define it for variable x, if x =0 | x| =x
lfx<0 |x]| =(=x)

x| = [—x,x <0
LA 8 arm el
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Here we have,

|x — 3| jifx =1
f(x) =4x? 3x 13

1—74‘? Fx«<1

Applying the idea of mod function, f(x) can be rewritten as:

x* 3x 12 . A

——=4+—_ifx<1

4 2 4
x—3,ifx=3

—(x—3),ifl=x<3

f(x) =
...... equation 1

Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)

Let c is any random number such that c < 1 [thus ¢ being a random number, it can
include all numbers less than 1]

¢ 3¢ 13

flc)=2+ 2 &
lim ) < 1 o 3}(+ 3 3c+13
=7 272772 Q

Clearly, Ll-l}g R =¥e)

We can say that f(x) is continuous for all x< 1

As x = 1 is a point at which function is changing its nature, so we need to check the
continuity here.

f(1)=|1-3| =2 [from equation 1]

limf(1—h) = Iiln("""l_h)‘—3""1_11:I +1—3') = L0508 g
HL = h—0 HS0° 4 2 4 4 2 4
RHL:}}EE)f('1+11') = }1111%| 1+h-3|=|-2|=2

Thus LHL = RHL = f (1)

~ f(x) is continuous at x =1

Now, again f(x) is changing its nature at x = 3, so we need to check continuity at x = 3
f(3) =3 -3 =0 [using equation 1]
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LHL }}E(l)f(?) —h) = %115})—(_3 —h—-3)=0

RHL=LH~%f(3+h) = %111}3)34—}1—3 =0

Thus LHL = RHL = f (3)

~ f(x) is continuous at x = 3

For x > 3; f(x) = x—3 whose plot is linear, so it is continuous for all x > 3

Similarly, for 1 < x < 3, f(x) = 3 — x whose plot is again a straight line and thus continuous
for all point in this range.

Hence, f(x) is continuous for all real x.

lz| 4+ 3, if 2 < —3
(iz) f(x) = 2z, if —3<x<3
6x +2, if x >3

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

LIE% f(c—h) = %1111(1) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

A function is continuous at x = c if
lim f(x) = f(c)

X—C
Similarly, we can define it for variable x, if x> 0 | x| = x

If x <0 |x]| =(—x)
g 3 [—x,x<:0
x| 3 X, %6 0

Here we have,

|x] + 3 Jifx < -3
f(xP=4{ —2x f—3<x<3
6x+2,ifx=3

Applying the idea of mod function, f(x) can be rewritten as:
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3—x Jifx< -3
f(x) =4 —2x ,if—-3<x<3
ex+2x=3 @ _ equation 1

Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)

Let c is any random number such that c < =3 [thus c being random number, it is able to
include all numbers less than —3]

f (c) = 3 - c [from equation 1]

limf(x) = lim(3 —x) = 3—c

X—C X—=C

Clearly, !}B} Bl —1ry

We can say that f(x) is continuous for all x < -3

As x =—=3 is a point at which function is changing its nature so we need to check
the continuity here.

f (-3) = 3—{(-3) = 6 [using equation 1]

(L= Im (=3 —h) = lim(3 — (-3 -M)) = 6

_— %}l}})f(—S +h) = %11113)—2(—3 + =6
Thus LHL=RHL =f (-3)

=~ f(x) is continuous at x = -3

Let c is any random number such that —3 < m < 3 [thus ¢ being random number, it is able
to include all numbers between -3 and 3]

f (c) =-2m [ using equation 1]

and, lim f(x) = lim(—2x) = —2m
X—m

X—m
Clearly, Llllg f(x) = f(c)

We can say that f(x) is continuous for all -3 <x < 3
Now, again f(x) is changing its nature at x = 3, so we need to check continuity at x =3
f(3) =6 x3+2=20[using equation 1]
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LHL= LIH% f(3—h) = LIE% —2=(3—h)=-6

cipil }}1}(1)f(3 +h) = %1113%6(3 +h)+2 =20
Thus LHL # RHL

~ f (x) is discontinuous at x = 3

For x > 3; f(x) = 6x + 2 whose plot is linear, so it is continuous for all x> 3
Hence, f(x) is continuous for all real x except x = 3

There is only one point of discontinuity at x =3

10 .
et 1 ifax 1
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

En}) f(lc—h)= Lill(l) f(c + h) = f(c)
Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand

limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

X—=C

Here we have,

) 0 {1 ] ifw < -
f(x) = {kﬁ el

x* ifx>1 __ equation1
Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)

Let c is any random number such that c < 1 [thus ¢ being random number, it is able to
include all numbers less than 1]

f(c)=C"" [from equation 1]
limf(x) = lim(x1%) = ¢°
X—=cC X—=C

Clearly, llllg hal—1n

We can say that f(x) is continuous for all x< 1
As x =1 is a point at which function is changing its nature so we need to check the
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continuity here.
f (1) = 1'°=1 [using equation 1]

. ' — B — Brald— Wi —
LHL=}1H~%f(‘1 h) %111_13)(1 h) 1

rp <M f(1+h) = lim(1+h)* =1

Thus LHL = RHL =f (1)
T (x) is continuous atx =1

Let m is any random number such that m > 1 [thus m being random number, it
is able to include all numbers greater than 1]

f (m) = m? [using equation 1]

and, lim f(x) = lim(x?) = m?
X—In X—Im

Clearly, o K~ fom)

We can say that f(x) is continuous forallm > 1

Hence, f(x) is continuous for all real x
There no point of discontinuity. It is everywhere continuous

ar, iy <4
(xi) flx) = £ 0, B3RO0 << L
4, Y © Tk

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

}]11_1% f(cg-h) = %}111(1) f(c+h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x < ¢ (LHL) = right hand

limit as x & ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if
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lim f(x) = f(c)

Here we have,

2% ifx <0
f(lx)=40 ifo<sx<1
4x,ifx>1 equation 1

The function is defined for all real numbers, so we need to comment about its continuity
for all numbers in its domain (domain = set of numbers for which f is defined)
Let c is any random number such that c < 0 [thus ¢ being a random number, it can
include all numbers less than 0]
flc)=2c
limf(x) = lim(2x) = 2c
X—C X—=C
Clearly, }\lﬂ ) =He)
We can say that f(x) is continuous for all x< 0
As x =0 is a point at which function is changing its nature, so we need to check the
continuity here.
f (0) = 0 [using equation 1]
LHL LIH}) f(0—h) = }1113(1) —2hf= 0

pHL — e i = T

Thus LHL = RHL =f (0)
=~ f(x) is continuous at x =0
Let m is any random number such that 0 < m < 1 [thus m being a random number, it can
include all numbers greater than 0 and less than 1]
f (m) =0 [using equation 1]
and, lim f(x) = lim(0)= 0
X—m

X—In

Clearly, Jll—l'll}l K] = )

We can say that f(x) is continuous forall0<x < 1
As x =1 is again a point at which function is changing its nature, so we need to check the

continuity here.
f(1)=0
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L < = gl = 3

RHL=EI—I}>H‘1 +h) = %111_1(1)4(1+h_) =4

~ f(x) is discontinuous at x =1
Let k is any random number such that k > 1 [thus k being a random number, it can
include all numbers greater than 1]
f (k) = 4k [using equation 1]
and, limf(x) = lim4x = 4k
x—k x—k

Clearly, Llilllf(x) = il

We can say that f(x) is continuous for all x > 1
Hence, f(x) is continuous for all real value of x, except x =1
There is a single point of discontinuity at x =1

.. v _Jsinx —cosz, if x£O
(zit) f(z) = { 1 ifz=0

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

}]11_1% f(c—h) = %1111% f(c+h) =1(€)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x < ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise
it as, A function is continuous at x = c if

lim f(x) = f(c)

X—C

Here we have,

. sinx —cosx ,ifx#0
f(x) = : e .
= | Jifx =0 _Equation 1
Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)
Let c is any random number such that c # 0 [thus ¢ being a random number, it can
include all numbers except 0]
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f (c) = sin ¢ — cos ¢ [using equation 1]
limf(x) = lim(sinx— cosx) = sinc—cosc

X—C X—C

Clearly, }\1113 ) =56

We can say that f(x) is continuous for all x # 0

As zero is a point at which function is changing its nature, so we need to check the
continuity here.

f (0) = -1 [using equation 1]

Li_l}(l)(sin X — COSX) = Li_l}cl) sinx— limcosx=0—cos0=-1

x—0
rhs I 09 = €9

=~ f(x) is continuous at x =0
Hence, f is continuous for all x.
f (x) is continuous everywhere.
No point of discontinuity.

2, ife€ —1
(ziii) f(z) =4 2z, if —1l<ax<1
2 sfm>1
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

%111_1%) f(c—h) = %}H}, f(c+h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

X220
Here we have,
-2 Jjfx< —1
fx)=92x ,if—-1<x<1
aE=L 000000 equation 1

Function is defined for all real numbers so we need to comment about its continuity for
all numbers in its domain (domain = set of numbers for which f is defined)
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For x < —1, f(x) is having a constant value, so the curve is going to be straight line parallel
to x—axis.

So, it is everywhere continuous for x < —1.

Similarly for =1 < x < 1, plot on X=Y plane is a straight line passing through origin.
So, it is everywhere continuous for -1 < x < 1.

And similarly for x > 1, plot is going to be again a straight line parallel to x—axis

~ it is also everywhere continuous for x > 1

As x =—1 is a point at which function is changing its nature so we need to check the
continuity here.

f(-1)=-2

1] e A= e S

RHL=LH—%f(_1 +h) = %}11_1%2(—1 +h)=-2
Thus LHL = RHL =f (-1)

=~ f(x) is continuous at x = -1

Also at x = 1 function is changing its nature so we need to check the continuity here too.
f (1) = 2 [using equation 1]

LHL < }fl%f(l —h) = kg})Z(l —h)=2

RHL < im (1 +h) = lim2 =2

Thus LHL = RHL = f (1)

=~ f (x) is continuous at x =1
Thus, f(x) is continuous everywhere and there is no point of discontinuity.
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N Oy

4. In the following, determine the value(s) of constant(s) involved in the definition so

that the given function is continuous:

sin 2x 2 -
(i)f(:c):{ 222 if 20

3k ife=10
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

Lin(l) f(c—h) = }11113) f(c + b€ f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

lim f(x) = f(c)

X—=C

Here we have,
sin2x
f(x) = { sx "
3k ,ifx =0 Equation 1

Function is defined for all real numbers and we need to find the value of k so that it is
continuous everywhere in its domain (domain = set of numbers for which f is defined)
As, for x # 0 it is just a combination of trigonometric and linear polynomial both of which
are continuous everywhere.
As x = 0 is only point at which function is changing its nature so it needs to be

ifx =0
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continuous here.
f (0) = 3k [using equation 1]
.. =N 2% 1 [ sin 2x 2. _Sin2x% 2 RIS g -
lim—— =-=-1lim2 = = =lim == _lim = 1 — sandwich theorem
x—0 5x 5 x—0 23 5x—=0 2x 3 [-; x—0 X

«+ f (x) is continuous everywhere [given in question]

~ limf(x) = f(c)

u|

3k =
k=15
_Jkx+S5ifx <2
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f

if
%1113}) f(c—h) = Llll}) f(c +h) = f(c)
Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand

limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)
Here we have,

kx +'8a,ifx < 2
o) = { . |
K" ifx>2_ o equation 1
To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.
As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere.
From equation 1, it is clear that f(x) is changing its expression at x = 2
Given, f (x) is continuous everywhere
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«~ limf(x) = f(2)
%115% f(2—h) = LIEI'CI) f(2+h) =1(2)

limf(2+h) =f(2 L —_ .
B ( =i [Considering RHL as RHL will give expression independent

of k]

lim2+h—-1=2k+5_ . :
hod ! [Using equation 1]

“2k+5=1
2k=—-4

j
k= 2 ==2

o s | BES + ) iF w2 0
(zzz)f(.lr)_{ cos2x, ifx >0

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

}1113}) f(c—h) = LIE‘(I) f(c + h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

This is very precise, using our fundamental idea of limit from class 11 we can summarise

it as, A function is continuous at x = c if
lim f(x) = f(c)
X—C

Here we have,

k(x?+3x) ,ifx<o0
f(x) = :
cos2x  ifx=0_ ... equation 1

To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.

As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere
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From equation 1, it is clear that f(x) is changing its expression at x=0
Given, f (x) is continuous everywhere

ljllcl) f(x) = f(0)

}111_1% f(0—h) = }1111}) f(0 + h) = f(0)
Lig}) f(—h) = f(0)

LIE% i B o it [Using equation 1]

vk*0=1

As above equality never holds true for any value of k

k = not defined

No such value of k is possible for which f(x) is continuous everywhere.
f (x) will always have a discontinuity at x =0

2ifx <3
(iv) flzx) =L¢axz+b, 2 f3 <2 <]
9, if x > 5
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

%1113}) f(c—h) = }1111}) f{c ®h) =Jf(c)

Where h is a very small positive number. i.e. left hand limit as x - ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
This is very precise, using our fundamental idea of limit from class 11 we can summarise
it as, A function is continuous at x = ¢ if

Lin}: f(x) = f(c)

Here we have,

2 JF x=3
f(x)=4ax+b ,if 3<x<5
g F REE s equation 1

To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.
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As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere
From equation 1, it is clear that f(x) is changing its expression at x = 3

Given, f(x) is continuous everywhere
lin% f(x) = f(3)
x—v

}111_1(1) f(3—h) = }311(1)f(3 +h) =1(3)
Li{l(l) f(3+h) =1(3)

lim{a(3+h)+b}=2_ . :
hllj}){a( ) } [Using equation 1]

~3a+b=2.eeeee Equation 2

Also from equation 1, it is clear that f(x) is also changing its expression at x =5
Given, f(x) is continuous everywhere

~ limf(x) = f(3)

X—o
LlH(l) f(5—h) = Lll% f(5+h) = f(5)
ng}) f{(5—h) =K5)

%}11}3{51(5 —k Ry =19 [Using equation 1]

L B R — Equation 3
As,b=9-5a

Putting value of b in equation 2:

3a+9-5a=2
2a=7
o
=2
¥ M
b=9—5(:)— 2
7 17
~a=zandb= 2
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4ifx < —1
(v) f(®) ={azx?+b,if —1<x<0
cosz, if x >0
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

Llll(l) flc—h)= ng}) f(c+h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)
X—C

We have,
4 Jf x<-—1
f(x) =4ax?+b ,if —-1<x<0
cosx if x=20@ .9 ... equation 1

To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.

As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = -1

Given, f(x) is continuous everywhere

JHTII f(x)e f(+1)

ngtl)f(—l —h) = L‘E},f(_l +h)=f(-1)
%11_1‘1}) f(—1+h)="f(-1)
Lul}){a(_l i =4 [Using equation 1]

- 1 o LT — Equation 2
Also from equation 1, it is clear that f(x) is also changing its expression at x=0
Given, f (x) is continuous everywhere



WWW.edllgl'OOSS.COIII

EDUGROSS

WISDOMISING KNOWLEDGE

RD Sharma Solutions for Class 12 Maths Chapter 9
Continuity

ljllcl) f(x) = f(0)

lim f(0 —h) = lim f(0 + h) = f(0)
h—0 h—0

lim f(=h) = f(0)

h—0

lim{a(—h)? + b} = =1, . ;
hu—%{q(' i h=Eas [Using equation 1]

Sb=1 e, Equation 3

Putting value of b in equation 2:

a+l=4
a=3
“a=3andb=1
. \_.f"l p.l‘;\/l—p;l“' if _ 1 g T < 0
(vi) f(a) =
P, ifo<fe <1
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

LIB}) f(c—h) = Lll]‘tl) f(c +h) = f(e)

Where h is a very small positive number. i.e. left hand limit as x - ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

Ling f(x) = f(c)

Here we have,

{ 1+px—,/1-px

() l;\— if—1=x<0
) — o
s fosx<1 .
x=2 T T T T T s equation 1

To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.
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As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x =0

Given, f(x) is continuous everywhere

lincl) f(x) = f(0)
Lil.% f(0—h) = EE}, f(0 +h) = f(0)

Lil% f(—h) = f(0)

o0 5 0-2 2 [Using equation 1]

[y

i {(Jl—ph \/1+ph) \/l—ph+\/1+ph}__1

= (T=ph + Tz pp )2
1— h—l—ph 1 iy T

%‘39{ )Jl—ph +J1+ph)} 2

A

B0 |(— h)(\/l—ph + /1+ph) 2

Lim
h—0 (Jl—ph +\/1 +ph)} 2

5 ifz < 2
(vii) f(x) = {ax+ b, if2 < x <10
21, if = 2> 10

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if
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LIH}) f(c—h) = %}1}(1) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

Ling f(x) = f(c)

Here we have,

5 Jif R 2
f(x) ={Jax+b ,if 2<x<10
21 ,|f Xx=10 equation 1

.......................

To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.
As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = 2
Given, f(x) is continuous everywhere

Linl ix) = K2)

Luj(l) f(2—h) = LIH}) f(2+h) =1(2)
%11133) f(2+h) =1(2)
%}113}){'&(2 b ks [Using equation 1]

~n2a+HB=5.46. ....9 Equation 2
Also from equation 1, it is clear that f(x) is also changing its expression at x = 10
Given, f(x) is continuous everywhere

ngg)f(lo —h) = %llllg)f(lo +h) =f(10)
%}131}) f(10 —h) = f(10)
}111}3){3(10 — i = [Using equation 1]
E 10 - & 1 s £ i — Equation 3

As,b=21-10a
Putting value of b in equation 2, we get
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2a+21-10a=5
8a=16
oL P

a=g
“b=21-10x2=1
“a=2andb=1

L e < g
(i) Flz) = 3, x = %

3tan2x ™

2z—m 0 T 7 2
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

ng’(l) f(c —h) = LIE% f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = f(c)

Here we have,

kcosx

114
, X<—
m—2x >
14
Ni) = 3 =
3tan2x 114
, X >-— .
2X—T - ST equation 1

To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.

As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = /2

Given, f(x) is continuous everywhere
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x—=m/f2

}111_1% f(ln/2—h) = }’il_lg)f(rr/z +h) =f(m/2)

%111_1(1) f(m/2 —h) = f(n/2)

1T &
. kcos (-=h)
lim {—rf—} =3

h—o { m-2(;-h) [Using equation 1]

y {ksin h} B kl' {sin h} _k

hol 20 )72 UR 727
lim 22 = 1 (sandwich theorem)]

[+ x=0 x

“k=3%x2=6

St k=6
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0Lz < 1

5. The function f(x) =

a..: 'if1§m<\/§

Bt if V2<x < o0
Is continuous on [0, ==). Find the most suitable values of a and b.

Solution:

A real function fis said to be continuous at x = ¢, where c is any point in the domain of f

if
%}11}}) f(¢—h) = Ll_l}‘(l) f(c +h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand

limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if
lim f(x) = f(c)
X—C

Here we have,
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‘: f 0 <x<1
f(x) =9 a ,if 1<x <2
2b%-4b .
2 if VZsx< o _
T e equation 1

The function is defined for [0, =) and we need to find the value of a and b so that it is
continuous everywhere in its domain (domain = set of numbers for which f is defined)
To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.

As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x =1

Given, f (x) is continuous everywhere

1j11} f(x) = f(1)
Ln_%f(l —h) = Llll(])f(‘l +h) =1f(1)

}111_1}) f(1—h) =1f(1)

. (1-h)?

lim { } =a._ . ,

h—-ol a [Using equation 1]
l—a=>a%=1

« a

“a=t1........equation 2

Also from equation 1, it is clear that f(x) is also changing its expression at x = V2
Given, f (x) is continuous everywhere

- lim f(x) = f(v/2)

x—=v2
lim f(v2 —h) = lim f(v2 + h) = f(V2)
EI_I}) f(v2-h) = f(v2)

lima=a=———=Db"—-2b
h—0 (V2)? [Using equation 1]
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% B2 — 2B 28 srssesssns Equation 3
From equation 2,a =-1
b?—-2b=-1

=>b?-2b+1=0

=(b-1)%2=0

~b=1whena=-1

Putting a = 1 in equation 3:

b2-2b=1

=b’-2b-1=0

_b- —r.;—z;:l‘:\:'n:z112—4¢ﬁ—1‘:» _ 2 i?v"s —1 42
Thus,

Fora=-1;b=1

Fora=1:b=1%+2

6. Find the values of a and b so that the function f (x) defined by
x4+ av2sinz, if 0 Sz < 3§
Fiz) = 2ecot ® + b, if T < gy becomes continuous on [0, 7]
acos2x — bsinx, if % <z @

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

f?z_n(}f(c =) = f?zi%f(_c h)/=_fifc)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand

limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f(x) = £(¢)

Here we have,

x+aV2sinx if 0=sx<m/4
f(x)=4 2xcotx+b if m/a<x<m/2
acos2x—bsinx Jif wmf2sx<=sm ... equation 1

Function is defined for [0, 1] and we need to find the value of a and b so that it is
continuous everywhere in its domain (domain = set of numbers for which f is defined)
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To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.

As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = t/4

Given, f (x) is continuous everywhere

- lim f(x)= f(n/4)

£ilg.f(n/4 —h) = ;Iii%f(n/df +h) = f(n/4)

lim f(E=h)=f/4

=ZcotZ+b

. ¥ g ol
;lf‘_’.g'[(é; h) a.v23m(4 h)} . % [Using2Ration

T

T
Z_a=Z4p
e 4 2

cat+b=—-m/4........ equation 2
Also from equation 1, it is clear that f(x) is also changing its expression at x = 1t/2
Given, f (x) is continuous everywhere

= lim f(x)= f(n/2)
£iig_f(n/2 —=ifp) = {.zii%f(n/z + h) & f(n/2)
lim f(r/2 ~ ) = £ (n/2)

g1

_ T .
f‘fl’é‘ 2 (E = h) cot (2 h) + b =acosm—bsinm /2 [l soaion 1]

lim2 (5 —h)tanh+b= —a—b
h=0 \2

b=-a—b

sa==2b .. Equation 3

Putting value of a from equation 3 to equation 2
~—=2b+b=-n/4

= b=n/4

~a=-2x(n/4)

=-1/2
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Thus, a=-n/2 and b=mn/4

2 4+ ax + b, 0<x<?2
7. The function f(x) is defined by f(x) = 3z +2,2<x<4
2ax + 5b, 4 <x < 8
If f is continuous on [0, 8], find the values of a and b.

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

ffl’&‘f(c —h) = ffﬁ%ﬂc + i) = f(£)

Where h is a very small positive number. i.e. left hand limit as x < ¢ (LHL) = right hand

limit as x = ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

limf(x)= f(c)
Here we have,

- EFrexth . 22l
i 3x + 2 , 2<x z@t
2ax+5b , 4<AE 8 equation 1

Function is defined for [0, 8] and we need to find the value of a and b so that it is
continuous everywhere in its domain (domain = set of numbers for which f is defined)
To find the value of constants always try to check continuity at the values of x for which
f(x) is changing its expression.

As most of the time discontinuities are here only, if we make the function continuous
here, it will automatically become continuous everywhere

From equation 1, it is clear that f(x) is changing its expression at x = 2

Given, f (x) is continuous everywhere

“ Uimf) = £(2)
£i_r.r&f(2 —h) = ;}i_r‘%f(Z + h) = f(2)
%L"&f(z —h) =f(2)

;’,ll_r.rg.{(_z —h)+a(2—h)+b} =3=+2+2= 10[USing squation 1]
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44+2a+b=8

~2a+b=4

ST Sl - [— equation 2

Also from equation 1, it is clear that f(x) is also changing its expression at x =4
Given, f (x) is continuous everywhere

« limf(0) = f(4)
fim (4= 1) = limf(&+1) = £(4
Pl

%frg.Z(z.(L} +h)+5b=3x4+2
2—'

s 8a +5b=14 .iiviisiesninis Equation 3

Putting value of a from equation 2 to equation 3
~ 8a+5(4-2a)=14

=>2a=6

xa=6f2

=3

nb=4-2x3==-2

Thus,a=3and b=-2

fla) = tan(§ — x)

8.If cot 2z  for x # /4, find the value which can be assigned to f (x) at x
=1t/4 so that the function f (x) becomes continuous everywhere in [0, 1t/2].

Solution:

A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

izir&f(c & h) 7 f‘fi%f(c + h) = f(c)

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x = ¢ (RHL) = value of function at x = c.

A function is continuous at x = c if

limf(x)= f(c)

X—C

Function is defined for [0, 1] and we need to find the value of f(x) so that it is continuous
everywhere in its domain (domain = set of numbers for which f is defined)
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As we have expression for x # 1t/4, which is continuous everywhere in [0, 1], so
If we make it continuous at x = /4 it is continuous everywhere in its domain.

flx)= tan(—x )for X #= n/4

Given ot — equation 1

Let f(x) is continuous for x = /4

XI»_I:JTNI;J(X) = f(x/4)
fG) = lim f(x)

x—m/4

(T T )
tan(——x " tan “‘X)
= x—mf4 COt2x - X—m/41aN(G=2X) [ tan (1i/2-6) = cot 0]

Multiplying and dividing by r/4—x and n/2—2x to apply sandwich theorem, we

get
‘T \
tan|——x
2—%) .
a S-x ——
lim —47—=
x—m/4 tan (5—-2x) :—Qx
_ Tox
Il m tanx p 1
We know that from sandwich theorem we have x—o x
tanl——.r
lim —= )
X—mwls ——x 1 . E=4x 1
———Ar— @ lin ==
tan(o-2x) 2 T—4x 2
lim ——2— NGy
— X>W/4. ——2x
2
Therefore value that can be assigned to f(x) at x = /4 is 2

9. Discuss the continuity of the function f(x) = {2$: 1y 3 @2

X if x> 2
Solution:
A real function f is said to be continuous at x = ¢, where c is any point in the domain of f
if

lim f(c —h) = lim f(c +h) = f(¢)



WWW.edllgl'OOSS.COIll

EDUGROSS

WISDOMISING KNOWLEDGE

RD Sharma Solutions for Class 12 Maths Chapter 9
Continuity

TNy A

Where h is a very small positive number. i.e. left hand limit as x = ¢ (LHL) = right hand
limit as x < ¢ (RHL) = value of function at x = c.
A function is continuous at x = c if

lim f (x)= f(r)
Here we have,

- 2x—1 JMx<?2
f(l):{ = Jfx =2

T equation 1
Function is changing its nature (or expression) at x = 2, so we need to check its
continuity at x = 2 first.

:fllﬁngf(z —h) _ %ﬁng(Z— kj—1 _§—=

LHL
; ; _ Jigg 3@+ _ 32 _
RHL=£[-]g'ﬂ'2 +h) = i’l’é : = 3
3s2
F(2)= 2 — =

Clearly, LHL = RHL =1 (2)
~ Function is continuous at x = 2
Let ¢ be any real number such thatc > 2

. , . 3x 3c
limf(x)= lim— = —
And, x—c f( ) x—c 2 2

Thus, f(i_nczf(x) > (Y

=~ f (x) is continuous everywhere for x > 2.

Let m be any real number such thatm <2

s f(m)=2m -1 [using equation 1]
LimY@® = lim2m—-1=2m—1

And, x—=m x—=m
T (x) =1 (m)

=~ f (x) is continuous everywhere for x < 2.
Hence, we can conclude by stating that f(x) is continuous for all Real numbers



