4 Lesson 4

4.1 Continuity

Idea: a function is continuous if we can draw its graph without lifting our pen.

Definition: A function f(x) is continuous at x = c if the following hold:

e f(c) is defined
e lim, .. f(z) exists

o lim, .. f(z) = f(c)

If any of the above conditions fail, we say f(x) is discontinuous at z = c.

4.2 Types of Discontinuities

Vertical Asymptote: A function f(z) has a vertical asymptote at x = ¢ if lim, .- f(x) =
+00 and/or lim, .+ f(z) = £oo.
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Using terminology from lesson 3, f(z) has a vertical asymptote at x = ¢ when lim,_,. f(z)
is either a “Case 2” limit or a “Case 3” limit that becomes a “Case 27 limit when f(z) is
simplified using algebraic manipulation.

Hole: A function f(z) has a hole at z = ¢ if
lim f(z) = lim f(x)=lim f(z) =L <oo and f(c)# L.
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Note that f(c) can be undefined. Using terminology from lesson 3, holes can show up as
“Case 3”7 limits that become “Case 1”7 limits.
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Jump: A function f(z) has a jump at z = ¢ if lim, ,.- f(z) = L and lim, ,.+ f(x) = M
where L, M < oo and L # M.
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Example 1: Given the graph of f(z) below, find the = values where f(z) is discontinuous.
Classify the discontinuities.

/ \

\ / o

Y d‘ump ot x3=S
X hole of az-2
» d‘uﬂ\? at x3d

R verdicol asvampio‘l‘t ot x33

- __)
B

V.A. 12




Example 2: Classify the discontinuities, if any, of the following function:

x? — bx
)= x2 + 3x

votional <duncrion =D sce whch  xevalwes woawne +he  denowmewaror O
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wwas ot %20 oawad x3°3 Jo

Let’s determine +he *g?‘

determine vhe  vype of  discontinuity at cach  point.
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Example 3: Classify the discontinuities, if any, of the following function:
g(z) = 2* + 112° — 8z + 22

Pohanom'\a\s are  continuwows c.vcraawheve =) wno discontinwnitics
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Example 4: Classify the discontinuities, if any, of the following function:

Tr+1 ifx#£l,
pay= 40T R
6 ifx=1.
Ix*l and G are voth continwowns, Sseo we on\\* needh  ¥o

whevre hix) ehsn%cs definition, ie. xs30.
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Example 5: Classify the discontinuities, if any, of the following function:

S8z +2 ifx <0,
flz)=¢3z+2 if0<z<l,
r+9 ifx>1.
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=) $(x) continwowns ot x30
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