
 Section 2.5 Continuity

Learning Goals



Continuity f is continuous if its graph has no holes or
breaks

Precise definition f is continuous at a if find f x f c

This means that

f lol exists Ic is in the domain of f

IN text exists time fix firm f x

f c find f x

These three conditions are called the continuity test

We say that f is discontinuous or has a discontinuity

wit say fnattfii.sn ontin iti an'interval
if f is

continuous at every point c in I

One sided continuity

f is left continuous at a if IM fix flc

f is right continuous at a if life fix flc

ny

yoy.tk
f is left continuous at 3

right continuous at 2

continuous at 1
2 1 3

continuous on 2,3



Examples 1

my

flat continuous at a since life fix flc

removable discontinuity at c

fin exists but is not equal to f c

1 jump discontinuity at c

Me f x Ima fix
L

ny

infinite discontinuity at x c

I Me fix or fiftfix is infinite

ay

UMMMM essential discontinuity

c leg infinite oscillation



2 Common functions are continuous on their domain

For example f x is continuous on

Df o 7 UC 7,3

g x In x2 4 is continuous on Dg o 2 012,0
h Ix arcsin 3x is continuous on Dn

3 Where is the function f x 5
5 6

continuous
2

53 1

We know f is continuous on o 1 Iii and lis

each piece is a common function We only need to

test the transition points 1,1

At I fins _f x LIE x2 5 6 2

IT fix time 15 x 6

f x DNE and f has a jump discontinuity at

At 1 king f x IT 5 x 4

II fix IT p 1431 4

f i 4

So fism f x f i 4 f is continuous at



Conclusion f is continuous on to 1 0Gt a

org
y f x1

I

1

A
4 The function f x sin is continuous on

o o U o o and undefined at 0 Can we

define a value of flo that would make f continuous

at x O

II sin
fine sinca If 27

So defining flo 72 gives continuity at 0

g
sin

g
o

th This
The original function continuous extension
has a removable discontinuity at 0at 0



5 Find the values of a b such that the function

fix b is continuous on R

At 1 we want him f x fli firm f x

IT f x king ax 4 a 4

f 11 Latb

In FH II 1 FI timf FtD FH 2

So we get the conditions a 4 Latb 2 which

we must solve for a b

a 4 2 a 6

Latb 2 b 2 20 2 12

b to

6 Find the values of a b such that the function
1 5

44 2 is continuous on R
72

Each piece is continuous At 1 we want

III fix ft 1 find fix

firm fix fine 5 5

f l a f it b atb



III f x JIM axtb atb

So we get the condition atb 5

At 2 we want fing fix finna fix flat

fiff fix time axtb

flat Lat b

I L FIX time 5 time E.IE 224 5

IT IT 1 5 7

So we get the condition 2atb 7

We must now solve the conditions 2atb 7
Atb 5

for a b

Subtract the two Latb C atb 7 5

3A 12

a 4

Then b at 5

b 1



Intermediate Value Theorem if a continuous function takes

the values fla and f b it takes all values between

fla and f b since the graph has no breaks holes

y f If161
9 If f is continuous on a b

and go is between f a and f b

f
there exists in a b such that

f x go

a b

Remarks
The IVT guarantees the existence of at least one xo

but there could be more

ypful y f If161
9

f a
y N s Thflat f161

a b a b

The theorem does not say how to find it just
guarantees its existence



The theorem does not hold for discontinuous functions

Yff xf 61
9

yo

flat of
a b

If f is discontinuous on a b it may skip
some intermediate values between fla and f b

Examples I Show that the equation cos x has a

solution in 0 I

cos x

We know that

f x cos x is continuous on 0

flo cos10 0 170

f E Ws E I 40

So y 0 is an intermediate value between flo and

f E By the IVT there exists in e I such

that f x go
so cos 0

Cos Xo Xo is a solution



2 Show that the equation e 3 has a solution

in the interval 0,2

We know that

f x ex is continuous on 0,2

flo oé 0 3

f 2 2e 3 since e 2

So go 3 is an intermediate value between

f 10 and f 2 By the IVT there exists in

0,2 such that f x 3
e 3 is a solution

3 Suppose that f is a continuous function such that

f 1 3 f o 5 f 1 6 f 2 1

What is the minimal number of solutions that the

equation f x 2x must have in 1,2

Put g x fix 2x g is continuous and we want

to solve g x

On 9611 fC1 21 1 3 2 140
intermediate valuesus fol a soo age

So glx 0 has at least one solution in 1,0

On 0 I
9101 5 0

911 711 2 1 6 2 4,0
8 0 is NOT between

910 and9117



So g x 0 is not guaranteed to have a solution in oil

On 1,2 941 4 0

912 f127 2.2 1 4 30
t e afetweienterfigate

So g x 0 has at least one solution in 1,2

Conclusion g x 0 has at least 2 solutions in E112

In 116
y 2x

1015

1211

C1.3

The graph of f guaranteed to intersect y 2 at

least twice on 1,2 by the IVT There may be
more than 2 solutions but there cannot be

less than 2


