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Continuity in Applications

% (Voltage) N y (Amount of inventory)
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Figure 1.10: Examples of discontinuity

1.3.1 Continuity on an Interval

We say a function f is continuous from the left at c if

lm f(z) = (9

and is continuous from the right at c if

lim f(@) = (o)

|

DEFINITION A function f is said to be continuous on a closed interval [a,b] if the

following conditions are satisfied: Y, P]CCO\ X‘M 'F()‘) @'F( b) QU;\ 'F(X )
1. f is continuous on (a, b). g\% wa '
2. f is continuous from the right at a. "
3. f is continuous from the left at b. JE—Q—:' —'vé’. 3 X
o

Example 1.16 Explain the continuity of the function f(z) = v/9 — 22 on the interval [-3,3]

Solution. \ \3 ={q-x* f Yo @%-‘: Con“t( e G@ 2) T A X=C uV
i s cont o X=c dwu nn
e woce(-3,3):

=9 -X
i :59._ - y%o A 'FC(.)/J q-¢* ce(-3,3)
q-x %0 ‘)/ () Jim 0 = RTM V& = Jo-cZ

1y =9
=3C

2.g <0 © S foo = fee) ‘v‘ce(~3 3)
X-C
X-3)%3) £0 .%me'}orﬁw@mww » {00 W x = -3
i e SN | * X (ﬂ{('?) O
A ) Q) fim, fxy = /le 9-x* =0

'3 K")~3

| %) -{:(-«‘3) ,Qws 'f(x\

K -%
3

—
-

169 —Q»n JT?— 0 (3 f(- L Cyeaifzmg &\M

X 93" if
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Some Properties of Continuous Functions

THEOREM 1.5 If the functions f and g are continuous at ¢, then
(a) f+ g is continuous at c.

(b) f— g is continuous at c.

(¢) fg is continuous at c.

(d)  f/g is continuous at c if g(c) # 0 and has a discontinuity at c if g(c) = 0.

Continuity of Polynomials and Rational Functions

THEOREM 1.6
(a) A polynomial is continuous everywhere.

(b) A rational function is continuous at every point where the denominator is nonzero,

and has discontinuities at the points where the denominator is zero.

Example 1.17 For what values of z is there a discontinuity in the graph of
z? -4 D
v=ma W eR-{gY
Solution. Y = ( X"Q)(X-\—Z\ 97\\5 . X +2 i X:{: 2.7
J

(=3 W %x-2)

n—

m%"r\wn'\ﬁﬁvﬁh f\ﬂd\‘otﬁ\m U X q\’(a%\\: (Xq'fgx +6) =0
: & i ' (x-2)x-% =0
Yo 2,3

o oo x= 2.3,

% X
| N /

— X=72 woeidu LAty Mogu
S Qim F63 = t02, Qim foy = -00)
3 &37Y Sy~
v N Y=9 1&)9!0\&0\\19:: i 'F(x) J;Dj”"’;
- =52 1(2)’1

NoOTE: Exponential, Logarithm, Trigonometric and Inverse trigonometric functions are

continuous on their domains .
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Example 1.18 Show that f(z) = |z| is continuous everywhere.

% 5y X 20
Solution. 'FO‘\\ :\7(‘ “ 0 )’ X =0

@ v (O,oﬂ) fy=x% cgrﬁ (@u&:ﬁ/&uw\xmaﬂ
@ s (-_00,_03{60 = o cont ((Auhd ﬁumgum 5

m\nw‘ix:o (!)4(03:0 QM__ =D
@ i—-———""“""/ () ,QiM _(j(x\ 5(!-30 .%.', 9”\!\ 'F(X) =0
N Om . X i

X0 Ly =0
() glv:\) & :O::?(o\ S cont @ x=0

1.3.2 Continuity of Compositions '\: (’/‘0\1&3?'29‘] Q\o‘r\u R

AN 500N =A W09 TURO oAU 1700 a] doiller
TurorEM 1.7 If lim g(z) = L and if the function f is continuous at L, then h—%l flglz)) =
E—rC o — . ¢
f(L). That is,

tim(flo(x)) = £(lim g(z))

P

Example 1.19 Given that lim #2 — 9 = —5 find, H%'ng —9i.
b3 T
] 2
Solution. ('ﬂ R\W\ X -
e

B

%
-
=) \
(2) abm £ =% contS|% =-S5

2 e ) =\9jm -a| =\-s| = 5

X7 %39,

THEOREM 1.8

(a) If the function g is continuous at ¢, and the function f is continuous at g(c), then the

composition f o ¢ is continuous at c.

(b) If the function g is continuous everywhere, and the function f is continuous everywhere,

then the composition f o g is continuous everywhere.
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4 \
1.4 Intermediate-Value Theorem [% q\ﬁgjﬂmmﬁv’hﬂnnﬁ]

THEOREM 1.9 (INTERMEDIATE-VALUE THEOREM) If f is continuous on a closed interval

[a, b] and k is any number between f(a) and f(b), inclusive, then there is at least one number
oy,

x in the interval [a, b] such that f(z) = k. \)‘HOQ < K ¢ 'F(EO) /H[’B) < k‘ {; ’?(0\

[

fla

i

/ [ i 33

4

el S i =

Figure 1.11: Concept of Intermediate-Value Theorem

Example 1.20 Verify that there exists at least one root of the equation z° — 2z — 1 = 0 in the closed
interval [1,2]. Then, approximate this root to two decimal-place accuracy.

o 1. e
Solution.

Since f(1) = —1 and f(2) =5, we have f(1) <0 < f(2). Therefore the root is between 1 and 2.

o 1 1.1 1.2 113 | 14 ¢ 16 1 46| 1.7 | 1.8 | 1L

)
o

f@) | -1]-0.77 | 047 | 0.1 | 0.34 | 0.88 | 1.5

1
o
B
o

30313965

[3N]

Since f(1.3) < 0 and f(1.4) > 0,
the root 1s between and

2 1130] 131 | 132 [133[134]1.35
f(z) | -0.1 [-0.06 | -0.02 | 0.02 | 0.07 | 0.11

z 1361 137 | 1.38 | 1.39 | 1.40
Jiz) 016 02 | 625 | 03 | 0.34

Figure 1.12: Graphof y =23 —z — 1

3

The root of the equation > — x — 1 = 0, that is between 1 and 2, is approximately

Academic year 2019 ; 206111: Calculus 1
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Aasaueridu g Annvualiiselun

e ,r <1

|

g9(z) =<|5z — 1 <z <?2
\9 , T > 2

' = T s
1. 3WAAN g HANNNRABLUEIWN = = 2

2. g Aetiasuudas [1, 2] wiald wmaziwe e

® o ) =9

® a0 2 by
=) {im St =9
K2
;. fm g0 =9
X2
y lov‘\' X= 9_
() fm oG 292) D 9 Yronz ool

@ 9 Aowdodvu () 2]

M o solovu (1,2)

() 0 Aol MIVN N K= b — jz,w,q(/():q(q)
| %= Af

&) 9 nolowpNUN X=2 % Lim 0 () = g(2)
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