Analysis Lesson 19
MAT320/MAT640 Analysis
with Professor Sormani
Spring 2022

Extrema,

Mean Value Theorem,
Increasing/Decreasing
and Continuity

Your work for today’s lesson will go in a googledoc you create entitled
MAT320S22-Lessonl9-Lastname-Firstname with your last name and your first
name. The googledoc will be shared with the professor sormanic@gmail.com as
an editor. Put any questions you have inside your doc and email me to let me
know it is there. Be sure to complete one page of HW on paper and take a selfie
holding up a few pages.

This lesson has five parts, lots of classwork and 5 HW problems.
Part 1: Extrema

Part 2: Mean Value Theorem,

Part 3: Increasing/Decreasing

Part 4: Continuity
Part 5: Second Derivatives

Part 1: Extrema

Watch Playlist DiffExt-1to3


https://sites.google.com/site/professorsormani/home/teaching/analysis-s22
https://youtube.com/playlist?list=PLRHpZu30FKOWfqpeyBGWepVYP7KL_0jrj
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Part 2: Mean Value Theorem

Watch Playlist MVT-1to5



https://youtube.com/playlist?list=PLRHpZu30FKOXC5EqyTeXJLMQgA_nVXXaf
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Article  Talk Read Edit View history | Search Wikipedia Q ‘
==
wixiepiA ~ Mean value theorem
The Free Encyclopedia L .
From Wikipedia, the free encyclopedia
Main page For the theorem in harmonic function theory, see Harmonic function § The mean value property.
CEIICHS In mathematics, the mean value theorem states, roughly, that for a given planar arc between X K
Current events 4 dpoints. th is at least int at which the t tioth . llel o th t Part of a series of articles about
Random article wo endpoints, there is at least one point at which the tangent to the arc is parallel to the secan Calculus
ikipedi through its endpoints. It is one of the most important results in real analysis. This theorem is used
About Wikipedia 9 P X ) P . i Fundamental theorem
Contact us to prove statements about a function on an interval starting from local hypotheses about Leibniz integral rule
Donate derivatives at points of the interval. Limits of functions - Continuity
) g X . X Mean value theorem - Rolle's theorem
Contribute More precisely, the theorem states that if f is a continuous function on the closed interval [a, b]
Help and differentiable on the open interval (a, b), then there exists a point ¢ in (a, b) such that the Differential [show]
Ieamitoreait tangent at ¢ is parallel to the secant line through the endpoints (a, f(a)) and (b, f(b)), thatis, Integral [show]
Community portal f’( ) f(b) _ f(a) Series [show]
Recent changes C)=——F—"".
— show]
Upload file b-a fectoy [Eer
Contents [hide] Multivariable [show]

Tools 1 History Specialized [show]
What links here .

2 Formal statement Miscellaneous [show]
Related changes
Special pages 3 Proof VT E
Permanent link 4 |mplications
Page information 5 Cauchy's mean value theorem y
Cite thi - "

'_e_ ' Page 6 Generalization for determinants

Wikidata item Secant

7 Mean value theorem in several variables yd
Print/export 8 Mean value theorem for vector-valued functions

Download as PDF
Printable version

©

Mean value theorems for definite integrals
10 A probabilistic analogue of the mean value theorem

In other projects 11 Generalization in complex analysis
Wikimedia Commons 12 See also
13 Notes
LCTEEREE o 14 External links T c T

Formal statement |edit]

Let f: [a,b] — R be a continuous function on the closed interval [a, b], and differentiable on the
open interval (@, b), where @ < b. Then there exists some c in (a, b) such that
b) — f(a
RLEL)
The mean value theorem is a generalization of Rolle's theorem, which assumes f(a) = f(b), so that
the right-hand side above is zero.
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Mean value theorem

Formal statement (edit]

Let f : [a,b] — R be a continuous function on the closed interval [a, b], and differentiable on the
open interval (a,b), where a < b. Then there exists some c in (@, b) such that
b) — f(a
po- 1010
The mean value theorem is a generalization of Rolle's theorem, which assumes f(a) = f(b), so that
the right-hand side above is zero.
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For a radius 7 > 0, consider the function

flz) = \/72 - wi, z € [-r,7].

Examples |[edit)

First example | edit]

1
Its graph is the upper semicircle centered at the origin. This function is continuous on the X
closed interval [—7, r] and differentiable in the open interval (=7, ), but not differentiable X
at the endpoints —7 and 7. Since f(—r) = f (), Rolle's theorem applies, and indeed, there :
is a point where the derivative of f'is zero. Note that the theorem applies even when the '
function cannot be differentiated at the endpoints because it only requires the function to |

be differentiable in the open interval. r

A semicircle of radius r. &

Second example |[edit]

If differentiability fails at an interior point of the interval, the conclusion of Rolle's theorem
may not hold. Consider the absolute value function

f(‘ll:) = |£L'|, TE [_17 1}'
Then f(—1) = f(1), but there is no ¢ between -1 and 1 for which the f"(c) is zero. This is
because that function, although continuous, is not differentiable at x = 0. Note that the
derivative of f'changes its sign at x = 0, but without attaining the value 0. The theorem
cannot be applied to this function because it does not satisfy the condition that the
function must be differentiable for every x in the open interval. However, when the

-1 0
differentiability requirement is dropped from Rolle's theorem, £ will still have a critical N
The graph of the absblute value function. &

number in the open interval (a, b), but it may not yield a honzontal tangent (as in the case
of the absolute value represented in the graph). _Q k
au? s Rﬁ/@ {— A"@“e o 0
no

Generalization [edit]




Mean value theorem

Formal statement [edit]
Let f : [a,b] — R be a continuous function on the closed interval [a, b, and differentiable on the
open interval (a, b), where a < b. Then there exists some c in (a, b) such that
£(b) — f(a)
=810
~a
The mean value theorem is a generalization of Rolle's theorem, which assumes f(a) = f(b), so that
the right-hand side above is zero.

Part 3: Increasing/Decreasing

Watch Playlist MVT-6to7


https://youtube.com/playlist?list=PLRHpZu30FKOU0FHdi0nAvPBdZyMmkqjbP
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Part 4: Continuity

Watch Playlist MVT-8to10


https://youtube.com/playlist?list=PLRHpZu30FKOXnG9QckrsngUN45zl2h1uM
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Mean value theorem

Formal statement | ear
Let f: [a,b] —+ R be a continuous function on the closed interval [a, b], and differentiable on the
open interval (a, b), where a < b. Then there exists some ¢ in (a, b) such that
f(b) — fla)

b-a
The mean value theorem is a generalization of Rolle's theorem, which assumes f(a) = f(b), so that
the right-hand side above is zero
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Part 5: Concavity

Watch Video MVT11


https://youtu.be/oV4JeKStxCo
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HWS5 is to fill in the justifications above.







