Notes 3.7 — The Relationship between Continuity and Differentiability

In this lesson, our goal is to establish a relationship between a function being continuous at a value of x
and a function being differentiable at the same value. In other words, if a function is continuous at a
particular value of x, does that imply that it is also differentiable’ Or, if a function is differentiable, does

that mean that it must also be continuous! Let’s investigate three functions.

Consider the function #(x) =+ x> —4at x =2. Answer the questions that follow.

On the grid to the right, sketch a graph of f{x) from your graphing calculator. 5
Based on the graph, i§f{x) continuous at x =2? Explain your reasoning. — 2
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Find the value of 7'(2)to determine if f(x) is differentiable at x = 2.
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Consider the function f(x)= x5 +2atx=0. Answer the questions that follow.

On the grid to the right, sketch a graph of f{x) from your graphing calculator. 5

Based on the graph, if f{x) continuous at x = 0? Explain your reasoning. 3
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Find the value of £'(0) to determine if f{x) is differentiable at x = 0.
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Consider the function f(x)=x3 +2atx =0. Answer the questions that follow.

On the grid to the right, sketch a graph of f{x) from your graphing calculator. 5

Based on the graph, if f{x) continuous at x = 0? Explain your reasoning. 2
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Find the value of 7'(0) to determine if f(x) is differentiable at x = 0.
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Based on what we have seen, does continuity imply differentiability or does differentiability imply
continuity?
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In order for a function to be differentiable at a value of x, then two things must be true:
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Consider the function g(x) = to answer the following questions.
5-x, 3<x<5

Is g(x) continuous at x = 3?7 Show the complete analysis.
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Is g(x) differentiable at x = 3? Show the complete analysis.
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For what values of k and m will the function below be both continuous and differentiable at x = 3?

h(x):{k«/xﬁ, 0<x<3

mx+2, 3<x<5

O contineas > oix

@%,n—t( = wa.\

o 763 lim i) o V6= o)
X33~ x23* X33~ x=23%* 2w+ 23 8w
( ’ 5 < S w
— )iw\QﬁJ?""l): b (mxt2)
))i:-:s_lﬁ\)x-’*l = i‘:}f (HWH’B x>3" x>3* ”é: ™

-\z—z(xu)-%. .((\ S )iw Lw‘)

(I s <L e (D = um

K a2 ™ - CZ)
(T L=2mt] By o=
o= e . -5
< %—m—u i%-rm
L=dm

Z: % and VVI_‘Q/S‘ Jo mahe
h(\&) CM")‘:fluuS D\-o' J"Pge‘en}t“lue

For what values of a and b will the function below be differentiable at x = 1?

3axZ +2bx+1, x<I1
f(x)=

axt — 4px? —-3x, x>1
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