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Three Announcements

¢ Office hours on Thursday are cancelled. I'll
have office hours Friday 1:30-2:30 instead.

—

e Second midterm on Tuesday, November 4th.
More details later on.

¢ Final Exam on Saturday, December 13th,
1-3pm. More details later on.
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Related Rates



Example

A trough of water is eep and its ends are-inthe shape of
isosceles triangles. The-width of the trough is & and height is 2

meters. If water is being pumped in at a constant rate of 6 m3/s. At
what rate is the height of the water changing when the water has a

height of 1 @7 (Source)
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http://tutorial.math.lamar.edu/Classes/CalcI/RelatedRates.aspx

Example

A trough of water is 8 meters deep and its ends are in the shape of
isosceles triangles. The width of the trough is 5 meters and height is 2
meters. If water is being pumped in at a constant rate of
what rate is the height of the water changing when the w.
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Linear Approximations
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Linear Approximations

The approximation of f(x) by its tangent line is called the linear

approximation or tan line approximation of f.
PP oA
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Linear Approximations
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Linear Approximations
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The approximation of|f(x ~ f ’(a)(x — a)lis called the linear

approximation of f at a.
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Linear Approximations
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Linear Approximations
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The function L(x) = f(a) + f’(a)(x — a) is called

at a.
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the linearization of f
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Example

Find the linearization of y = sin(x) at a= 0, and use it to find an
approximate value of sin(0.5).
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Find the linearization of y = sin(x) at a= 0, and use it to find an
approximate value of sin(0.5).
A
1 b
2 —1 0 1 2 g
-1 +
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Find the linearization of y = sin(x) at a= 0, and use it to find an
approximate value of sin(0.5) = 0.4794255386. . ..
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Use a linearization to approximate the value of +10.
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Use a linearization to approximate the value of +10.

/10 =3.162277660168... <
19
L(10) = rye 3.166666666666... I

error = 4/ 10 — L(10) = —0.004389006498.. . .

[A’Ql’u.\ju% , an;}ei m a‘l— =0.
Vio % L0
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Maximum and Minimum Values of a Function

Definition

Let ¢ be a number in the domain D of a function f. Then f(c) is the
@ absolute maximum value of f on D if f(c) > f(x) for all x in D.
@ absolute minimum value of f on D if f(c) < f(x) for all x in D.

The function f(x) = sinx in R has an absolute maximum value of 1 and an
absolute minimum value of —1. These are attained as f(1/2) = 1 and
f(-m/2) = —1.



Maximum and Minimum Values of a Function

Definition
Let ¢ be a number in the domain D of a function f. Then f(c) is the

(%) maximum value of f on D if f(¢) = f(x) for all x in D.
Qabsolute/minimum value of f on D if f(c) < f(x) for all x in D.
dse
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The function f(x) = sinx in [—0.5, 0.5] has an absolute maximum value of
sin(0.5) and an absolute minimum value of sin(—0.5). These are attained as
f(0.5) =sin(0.5) and f(—0.5) = sin(—0.5).



Maximum and Minimum Values of a Function

Definition

Let ¢ be a number in the domain D of a function f. Then f(c) is the
@ local maximum value of f if f(c) > f(x) when x is near c.
@ local minimum value of f if f(c) < f(x) when x is near c.

The function
f(x)=x3—3x+1

has a local maximum value of
3atc= -1, and a local
minimum value of —1 at
c=1.




Maximum and Minimum Values of a Function

Theorem (Extreme Value Theorem)

If f is continuous on a closed interval [a, b], then f attains an absolute

maximum value f(c) and an absolute minimum value f(d) at some
numbers ¢ and d in [a, b].
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Maximum and Minimum Values of a Function

Theorem.(Fxtreme Value Theorem) »

numbers candd in|a, b).

WARNING! Continuity is essential in the extreme value theorem.

No abs

MAX
' 4
R T '3




Maximum and Minimum Values of a Function

Theorem (Fermat’'s Theorem)

If f has a local maximum or minimum at ¢, and if f’(c) exists, then
f'(c)=0.

/1




Maximum and Minimum Values of a Function

Theorem (Fermat’'s Theorem)

If f has a local maximum or minimum at ¢, and if f’(c) exists, then
f'(c)=0.

The function
f(x) =x3—3x+1

has a local maximum value of
3at c=—1, and a local
minimum value of —1 at
c=1.
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Maximum and Minimum Values of a Function

Theorem (Fermat’s Theorem)

WARNING! The converse is
not necessarily true!

The function
[ 2
f(x)=x3 XU(\: 3X

satisfies f(0) = 0, but there
is no local max or min at 0.




Maximum and Minimum Values of a Function

Theorem (Fermat’s Theorem)

If f has a local maximum or minimum at ¢, an ‘W
f'(c) =0.

A
41 WARNING! A local or
absolute max/min may occur
37 at places where f’ is not
defined!
2 4
11 The derivative of the function
N f(x) = Ix|
-2 -1 1 2
0 is undefined at 0, but there is
-17 an absolute minimum at 0.




Maximum and Minimum Values of a Function

Theorem (Fermat’s Theorem)

;i local maximum or minimum at '
f'(c)=0.

A critical num a function f(x) is-a-nu r ¢ in the domain of f
such that () f’(c) = 0/or (2)"(c) does not exist.

Example
Find the critical points of f(x) = x3 — 3x + 1. L)
Yoo - 3x5-3 — Ul evrnrbe!

g’(x)-,o ) 3x-1 -0 o =3
=Y X2\

C("h“ﬂ Ph; x4 & x=-1 ﬂb(zfl’
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