Section 2.5:Continuity Siveck Subsh rule

DEFINITION 1. A function f(z) is continuous at z = a if lim f(x) = f(a).) More implicitly: if f s
a0
continuous at a then

{ J_'>f[{1] 18 defined (i.e. a is in the domain of f);

@ lim f(z) exists. 4
lim f(x) = f(a)

= | a 4

A function is said to be continuous on the interval |a,b] if it is CﬂntiRuO'iLS/é each point in tfh\ate-maf.

5 .
Jim £0) = £(0) mo0=2(1)
5(’:’0:," xS b
Geometrically, if f is continuous at any point in an interval then its graph has no break in it (i.e. can

\

be drawn without removing vour pen from the paper).
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REASONS FOR BEING DISCONTINUOUS

() exists
! i ! Lo 80) = Limn 209
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(a) is not defined

! xr
\
\

0
f(a) is defined, but
(i.e. a is not in the domain of f)

a.

the limit as z — a DNE

' £(o) DNE

|/

i
/|

fla) is defined and lim f(x) exists,
S T—ra

but lim f(x) # f(a)
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Classification of discontinuities:
nfinite discontinuity

i

f,(a,\ {s wok cont. ok oo and b,

removable discontinuity
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such  discoptivuaty,
o Yrap ot ) sek

£ =L

removable discontinuity

Jump discontinuity
y Yy
)
/T_ . \ /'/
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:g(o-\ R ¥isks 1Q ey &L gﬁ;a ‘?(79 ’?,m {L(x\ DNE )eems&
- X o
To fixt gt 2a)=|, b make Lk one —sided  Mimiks exisks,
£ ) conhiviwous .

‘Q»)l' do wnot coinUde _
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EXAMPLE 2. Explain why each function is discontinuous at the given point:

2x L
(a) flzg)=——, =3

£(xy pre (te. *=3 does not Kelong o
Yoo domain of £-)

;r2—2;r—|—] ‘
(b) f(z)= ——7 & 2Fl [
if =1, °

X1 x=2\ B %>\ r= X1

[ |
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DEFINITION 3. A function f is continuous from the right at z =a if

lim f(z)= f(a)

r—raT
and f is continuous from the left at a if /—\
|
lim fiz)= f(a). - '
lim f(z) = f(a) = &

REMARK 4. Functions continuous on an interval if it is continuous at every number in the interval.

At the end point of the interval we understand continuous to mean continuous from the right or continuouns
from the left.

EXAMPLE 5. Find the interval(s) where f(x) = /9 — 22 is continuous.

Fi\no\ domann cr% ,i ; C‘—)?' >0 = )3' €9 = (x| £3 ,0r
(-2 2] -35%S3,
2w fx) = ) = J a- o> @W all -2< a<

X=a.

i $) = £6-3) 1 15 combnucs o)

X9 -3¥
Liwm BlX) = f—(&) - L-3, 3-'\

X9y
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EXAMPLE 6. Find the constant ¢ that makes g continuous on (—oc,00):

~ N
(x) = :1:2—02,@}” x <4 P‘%'m‘ds
= cx? -1 if :r?-_>4/.

Sine Poeﬁhomids afe cownwhinuous .For dﬁ X
W is sufficent Te find ©  sud Yhat
X —C = eX -4 ok X=Y
- = ey -
c+lbc -\1 =0
(c-NH(e+)=0

““SM’W'. c=) o c=~17 .
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EXAMPLE 7. For each of the following, find all discontinuities, classify them by using limits, give the

continuity interval(s) for the corresponding function. If the discontinuity is removable, find a funetion g

that agrees with the given function except of the discontinuity point and is continuous at that point.

Pl A
( W)/(xq'*cﬂ o x”--::q <X#15> o
\To &ix
£20%) omd FCZ TS wnde fined | However A\:W*‘M“S
- o = g 00, x$13
IQMW A = eAm Eeq (@34 ¥ 2‘#"{ -
X x> x— X3 L ,X-j3
%0, {-u\ et vemovable Aiscontivuily ot x=33 |
(b) f(z)=
z+12 o ‘?('-\7',) oroE

xihzo D X=~12,

,& = 4+ 0 =) iw({/;niv‘e AiSch+imujJ:j at X=-]2
x> x"'“’
X > -\ = X+x\12>0
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Since ,00=X 4 X, £.00= 8-X

_’fﬁ—tﬁ_ if ©<?2 oxe Po%vxo\m\dg/ %Q*jwéo\r\‘\riw
(C) f(T): Gisie if ©>2 S‘VO‘( odl X | T]/\uu) :@ 15 conHiuge
= e fox ol x %2, Twveskgate
i@(l\ = K Sﬁ»"bowod-dﬁ x= 7
“+ _ L
%M fr(x) = Do (K X) = 2 1= =£ 4 =;€(;>,\
%= 2= S
%< 2. \‘ 0
So A _g-(k.):.e ’—:}:L/:,c[z')
Do 80y = b (82) 23226 72
X->3F %2 Yomovable oliscont. ah x=3
X >2
To Q;‘ x At debine
200, X# 2

%(}(\? - , X= 2
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Intermediate Value Theorem: If f(z) is contivbus on the closed interval [a,b] and N is any

number strictly between f(a) and f(b), then there is a number ¢, @ < ¢ < b, so that f(¢) = N.

ot - £(a) &N <£(L)
N ‘. N= z(c)
£ (o) | l II
4 | !; .
G C b X
EXAMPLE 8. If f(z) = 2° — 22® + 22 + 2, show there a number c s@
Y\wﬁ‘"{\% (=1 cS-2c>+C v2=1 C®is o oominant

%’((): @'Q(}-&C’L*1=O ferm an Cc>+o

omd a0y C D -oP

go, @m%(o}:m and L 8(&)_-__00

C> o C2-co )

So g0 Inounger Mg om (=2 02) | iLL. there

xsks o suck that %CC):O , or Rl =14

Nole ek

X \o\ \ @ ’\0:4(_Q</L<g_(-\)——ﬁ
gcx\\ 7_\ 2 \ Y \—lO ,}‘(‘Q

Sinee  £0A) TS con¥inuowy g\a IVT we onclude Yot Hiere
(05 o \)ol’.ﬁ\r\orvv‘-a\i) 7
exicke  © on 4,=2)  suck et £(oy= 4,
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EXAMPLE 9. Show that following equation has a solution (a root) between 1 and 2:

£(?<3—:3T3_2T2—2_L_5:0
1\(\ oYhor  words  show Mt Mhere exists & e .

St Ch Yot < C < and :@(C_):.O.

A[’v’a IVT. #0635 o eJﬂnomh!, so 20 is continueuwy

on TL2T. We. hane

£00) = 3-2-2-5=-6 <O
}(ﬂ“}%‘l-‘l"‘hs =" 2o
%, £ hay oF biop} ome reot oM ()
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