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DeriNiTION A function f is said to be continuous at r = c¢ provided the following
conditions are satisfied:

1. f(c) is defined.

2. lim f(x) exists.
e i

3. Im fla)= o).

1.3.1 Continuity on an Interval

We say a function f is continuous from the left at c if
TR -%
B

lim flz)= fle) \ i

T=>C™ ) ( :

and is continuous from the right at c if
[

lim f(2) = (o). +S—
C

DEFINITION A function f is said to be continuous on a closed interval [a.b] if the
following conditions are satisfied: Em ﬁ‘ﬁ} a%}

| * (b
1. f is continuous on (a.b). %0 é‘“ &*ﬂl, = )

2. f is continuous from the right at a. -—H—

3. [ is continuous from the left at b. a b

£is ontwmovs on  [a,b) _L.'.(___.;_

(I)-f IS continuous on (q,b) O b
() § s Contonons  from the vight ot o .
L. z‘h_\_ﬂx) s fla)
1 8 )
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Example 15 Explain the continuity of the function f(z) = v/9 — 22 on the interval [—3, 3].
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Some Properties of Continuous Functions

THEOREM 1.5 If the functions f and g are continuous at ¢, then
: TR

(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 ¢ if g(c) # 0 and has a discontinuity at ¢ if g(c) = 0.

Continuity of Polynomials and Rational Functions

THEOREM 1.6 " "l

T WHY? W0 . nymeryior
(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. i

Example 16 For what values of = is there a discontinuity in the graph of
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Example 17 Show that |z| is continuous everywhere. COx >, )
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1.3.2 Continuity of Compositions

THEOREM 1.7 If lim g(x) = L and if the function f is continuous at L, then hm flglzl) =

i Qimal) =L
i’

@ flole)) = f(lim g(x)).

f(L). That is,
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[HEOREM 1.8

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

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

then the composition f o ¢ is continuous everywhere.

Theorem

Trigonometric functions, inverse trigonometric functions,
exponential functions, logarithmic functions are continuous in on

their domains.
W
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1.4 The Intermediate-Value Theorem

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

tween f(a) and f(b). inclusive. then there is at least one number

x in the interval [a, b] such that f(z) = k. i (4 k < Hﬁ)
B

[a.b] and K is any number be
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Example 19 Verify that there exists at least one root of the equation 23 — x —1 = 0 in the closed

interval [1,2]. Then, approximate this root to two decimal-place accuracy.

‘f(\t)-—x3-x -\

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

2 1 11 12 1.3 1.4 1.5 1.6 1.7 1.8 1.9

/)] ~\ 036 |-093:0.10 [0%%|052 | L% 2,21 3@ 3R | ¢
~ Since f (LL) < 0 and f (‘.L) >0,

2y the root is between 1% and L& .

v |130(13171.%52[133[1.94]1.
i F(x) | —0.103 -0.861 || ~0.02d_ 0 0231 0. 06 [ O.10
1 r | 1.36 1387133139 1.%0
f(x) | 0/5S [0.20( [p.2%€| O0.Z6| 0.3

- 1 S ’ Since ;‘(‘37’ = 0 and 7‘(l 33) > 0,
the root is between L}l and L3 3

» (TR0 1921 19282 [ 133 | 13281 [ 1985
f(z) |-0.000| -0015 | —poll| -000F =0.003]| 0.CO2
+ |16 | 187 1Rs | 1.329 133

f(x) | 6.0655 | 0.009% 0.0%0 0.083 |0 -0%b

RN

G

Figure 1.13: Graphof y =23 —2 — 1

The root of the equation 2® — 2 — 1 = 0, that is between 1 and 2, is approxinmte!!ﬁ \-32 .
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