20.7 CONTINUITY OR OTHEREWISE OF AFUNCTION AT -

POINT
5o far, we have considered only those fimctions which are comtimmous. 2w we shall discuss
somme exannples of fimotions which peny o may oot be contimaos.
Show that the fimction £y - " is A Contimmus fncto
Solntion : Domain of «*is B Letac B . where 'a " 5 arbirary.
lim f{x} = _:I:'::Eia +h), where h &5 a very small mmmber.
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Since a §s arbifary, & i a conSmoms fimetion
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36 &1 D3 e Y By meams of sraph discuss the conmimisy of the fimcgon £(x = —

Solwtion - The prab of the firetion & showmn in te adiinns fgres. The Smetion is discontmoms
as there is a gap m the paphaix= 1.



Fig, 106

CHECK YOUR PROGEESS 104

1. {a) Show that f(x)—¢"* & a continuons fimction

-
&

() Show that £ (%) =2 ° it a contimous fmetan
{c) Show that £ {x)=e"**is a contimous fimetion
{d) Show that f (%)= ¢ **** isa contimuens finction
1 By meas of gaph, examine the contimity of each of the following fimctions :
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20.6 PROPERTIES OF CONTINUOUS FUNCTIONS

M Considerthe fmotion £x) =4. Graph of the fizcGon
fi(x)=4 &5 showm m the Fiz. 20.7. From the zraph, d
we see that the fimction is confimos. In geneml 4

all copstant firy Gons are CoROMENS.
M Ifafonction i coormems ten the constant multple
of that fimcmon &5 also confimsmes.

Consider the fimction £ (x)=—=x . We know that

iz a constant fimetion. Let ‘2’ be an arbifrary real
b Fig. 207

e £{x) = lim#(a +k
Soe ) = ifia +h)
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limf{x)=1£(a)
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f[‘-'-}=#! i5 COnEmONs at % =a.

T . . . : T . . }
Ag iﬁmﬂﬂﬁﬁcmﬂmﬂi=l EI‘.]E also a contimeons fimcton at x =a.

[  Comsider the fimction f{x)=x" +2x We know that the finction x* and 2x am
COnEmIes.
How limf{x}= I.!.i.?:ﬁ:a +h}

= ]im' (2 +b)* +2(a +]1:']|
h—D

= 1im1 a® +2ah +h% +2a +1a11}
h—D

=x X ()

Also fay=at+: L (i)
. From {f) and (), lim#(x)=1(a)
-~ B{x) is contimamas Ak =a
Thus we can say that i = and 2x are two contimues fimctions at x =a then [=* + 2x ) iz also
Conbmous 3t % = a4 .
@) Comsider the fmcion £(x)=(x" +1(x +2). We know that (x* +1) and (x+2) am

Two conimems fmctions.

Also f{x)=(x" 4)(x+2)

=% +I*+x+32
As ¢ 2¢% x and 2 are contimous fimetions, therefore.
x +2x% +x+2 is also a contimmous finction
W cam say thaeif (= +1) and (£+2) are o contimaous fimctions then (x* +1) (x+12)
i5 also a comtimacns fircon.



Consider the finction gryy =X ¥ at%=2. We know that (x* —4) is contimsons at

x+2
=21 Also { x+ 2)is comtimaous at x= 1.
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Also fy=Lr %
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]iﬂﬁ::]=ﬂ:]' Thus £ (%) is confimmous at = 2.
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15 also comfimons.

I ,!_ g andx+1aremvo contmons Smction: atx=1, then
Consider the fimetion £{x)=x —2|. The fimtion can be wiitten as

—x 2)x 2

ﬂ:ﬂ:{ {z—2).x =1

km f(x)=lm#(2-8) g

=L

= Em [ - 2]

-3 =2
i 5(x) = (248 g s
= lim [(2+h)-2]
Ll
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H2)=(z 1) & ... {Hi)

- Frrom (1), (i) and (Ei), }igf[ﬂ =42)

Thus, | x— 2 is contirmous atx =1

After considering the above resales, we stite below soms propermies of confimeas fmection:.
IEf (%) and g (x) are two finchons which are coofimaous at a pomt X = & then

(0 C f (%) is contmeros at % = a, where  Is 2 consiani.
(i} £{x)+ g{x) is combimumas af =2



(i) £1 x)- gixhis confmpons alE=a
(w) f{x)e (x) is contimucas af =3, provided g(a) « O
(v} [fx) & contimuons A =2a

Note : Evary constnt fimction is contimuens.

20.9 IMPORTANT RESULTS ON CONTINUITY

By wsing the properties mentionsd above, we shall now discuss some mmportant results an

[ Considerthe fiinction f{x)=px 4g.x cR @
The donnain of this functions is the sef of real mumbers. Lat abe any arbitary r=al momber
Talone St of hoth sides of ([, we have

limf(x)=1lim(px+q)=pa+q |[=valueofpx+garxz=a]

P +q is conbmmous at k= a

Sinnlarty, if we consider f{x) = 5% +2x +3 . Wecan show that it is a confimsous fimction
In gemenal fix)=a, +ax +a.x’ ++a,_x™ ' +a, x"

whare 2;.a;,2;.....2, A8 CODSEAOTE and 0 is 3 DOD-NeFATve INEEET,

we can show that a,.2,x.2,x%,._a_x* areall contimos ata point x = ¢ (wher ¢ is amv
real oomber) and by property (1), their sum s also conbimeons at % = ¢

o £ is confimmames at any podd c.

Hence every pobynomial fimotion is confimms af svery point.

(E Censider a fimrtions(x)
Simee (x+ 1) and (x + 3) are both confirmms, we can say that (x + 1) (x+ 3] i= also
confimeens. [LEme properhy i)

.. Deooaminafor of the fmotion £(%), Le {x— 7 is also coniimame.

B [x+1) =+ 3

ix—3)

f{x)Enot defined when -5 pie AxX=3.

(x+1)x+3]
pomts except at x= 3.
In seneral i f(:;.:l’z_‘f,vﬂmpca]annq{u}xemmmfmmm and q (%) =0,
qix

then f(x) & conEmeoss I p (%) and q (%) both are conEmeonss.
26 &0 B RN Promine the comtireniny of the followins fmction arx=1
Ix-2 forx<l

Bx)= x+2 forx =2



Solntion : Snce f(x) is defined as the pohmonnal fimction 35 — 2 o0 te lef hand side of e
peoiint % = 2 and by apother potynonial fmction %+ on the dght hand side of %=1, we shall find
e boft bond lmoit and =it hand linvit of e fimcBon at x =2 sepamtely.
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Lef homd it~ = pige £7x)

=3

= lim(Ix-1)

-3 w2 -2 =
Fiphe hamd it af x=1;
lim f{x)=lim(|x+2)=4
T 1 —+2
Since the loft hand limit and the izt hand limit 2t % = 2 are aqual the [Smit of the fimction £ (%)
edsts st x=1 and Eequal o4 ie., limf(x)=4.

L2
Alo f(x) iz defined by (x+2) 2t x =2
f(2)=2+21=4
Thus, ]iﬂ::_fli:'i]:fl:i]

A

Hance (%) is contimaous atx=2.




