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4.3 Critical Values and Extrema

Goals:

1. Understand critical numbers and how
to find them.

2. Understand the difference between
relative extrema and absolute extrema.

3. Understand how critical numbers relate
to the relative extrema of the function.

4. Find absolute extrema on a closed
interval.

Study 4.3 # 109-123
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4.3 Critical Values and Extrema  ¢o, time series

]
North Slope Alaska Surface Forcing Time Series
0.6
co?
B Forcing

SURFACE FORCING (W/m?)
CT2011 CO; (ppmv)

2001 2002 2003 2004

First Direct Observation of Carbon Dioxide’s Increasing Greenhouse Effect
at the Earth’s Surface
radiative forcing: difference between insolation (energy from sun) and energy radiated to space
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4.3 Critical Values and Extrema
6 = (4, 16)

.| Extrema on an Interval

A

@

Describe what happens to the graph on [-1, 4]
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4.3 Critical Values and Extrema
Extrema on an Interval

fc=q.16)

¥ =x —3x

oA=(0,0)
o

i

Looking at y values as x changes,
Is there a maximum y value on [-1,4]?
Is there a minimum y value on [-1,4]?

Would the minimum y value be different on [0,4]?
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© G. Battaly 2019


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/4_3_extrema.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/4_3_extrema.htm

Critical Values (Numbers) and Extrema G. Battaly November 19, 2019

4.3 Critical Values and Extrema

Definition of Extrema: Let fbe defined on an interval /
containing c. (Note that I can be open or closed.)

1. f(c)is a minimum of fon /if f{c) < f(x) forall x in /.
2. f(c) is a maximum of fon /if f{c) > f{x) forall x in /.

The maximum and minimum values are extreme values.
Note that these are values of  (or y), not values of x.

The minimum and maximum on the interval are called the
absolute minimum and absolute maximum.

Extreme Value Theorem

If fis continuous on a closed interval [a, b], then f has both a
minimum and a maximum on the interval.
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4.3 Critical Values and Extrema
Extrema on an Interval

y= I e Describe what happens to the graph on [-1, 4]

We need a way to describe the points
where the graph of f turns:
from up to down
from down to up

Restrict the interval to an open interval containing the point. Then,

Definition of Relative Extrema:

1. If there is an open interval containing ¢ on which f{c) is a maximum, then f{c)
is called a relative maximum of f. Or f has a relative max at (c,f{c)).

2. [Ifthere is an open interval containing ¢ on which f(c) is a minimum, then f{c)
is called a relative minimum of f. Or / has a relative min at (¢,f(c)).
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4.3 Critical Values and Extrema

Problem 1. At each labeled point, determine if there is a
relative min or max, or an absolute min or max.

GG Mmoo W >

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

Homework
4.3 Critical Values and Extrema
Problem 1. At each labeled point, determine if there is a
relative min or max, or an absolute min or max.
A none

B Absolute Max
C none

D Absolute Min
E

F

G

relative max

relative min

none
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4.3 Critical Values and Extrema

] On [-1,4]
3 2 C |
y=x —3x ﬂ,ss. MIN =
v MAXE
rel wan=
rf mar =
( n‘A:cw) \
\v o ' 2 1B
(_’,_‘b 4 884)

What is the slope of the tangent line at these extrema?
Can the slope help us to find the extrema?
If so, for which extrema is it helpful?
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Definition of Critical Number: CN <D % 00’% e
Let f be defined at ¢, ¢ an interior point. ® '()= O
Iff'()=0,or )
if £ is not differentiable at c, ® { () e
then c is a critical number of f.
g o Xy
CN
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4.3 Critical Values and Extrema

a(x)= !(z(x"-ﬂ = xq-‘lx" F: CNs

CN:

1.y defined?

2. x when y' =07?
3. xwhen y' dne?
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4.3 Critical Values and Extrema

8(x)= (1) = xLox™ o
1. y defined?

g ”‘M Lo atiy S oeny ane
z(x)- ‘/x ¥x
| @

cne %(x)-c a'(x)u»&/,
?x(x‘ )

IR SRS
There are 3 Critical Numbers
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4.3 Critical Values and Extrema

azjxl F: CN
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CN:

1.y defined?

2. x when y' =07
3. x when y' dne?

@y'=§{+1,x>0 > y'x 0
-1, x<0

©
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4° [ x| F: CN CN:
1.y defined?

2. x when y' =07?
3. x when y' dne?
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4.3 Critical Values and Extrema
Relationship between extrema and CN?
Do all extrema occur at CNs?

Do all CNs occur at extrema?

o}
Extrema r4 " CN
X
\q
Class Notes: Prof. G. Battaly, Westchester Community College, NY
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At extrema, f '(x)=0 Y
or f'(x) dne
Extrema el CN
. o4
. —_———
: 2 X £ CN .
I AN
—
Extrema* CN
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page "‘Homework

© G. Battaly 2019


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/4_3_extrema.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/4_3_extrema.htm

Critical Values (Numbers) and Extrema G. Battaly November 19, 2019

4.3 Critical Values and Extrema

Relationship between extrema and CN?
Do all extrema occur at CNs? Yes.

Do all CNs occur at extrema? Not always, but

3.1 Extrema on an Interval
W
<
v
Class Notes: Prof. G. Battaly, Westchester Community College, NY
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4.3 Critical Values and Extrema

How Can We Find Absolute Extrema on a
Closed Interval?

Can occur at:
1) or
2)

sjuiod pus (g

YN {
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4.3 Critical Values and Extrema

Find Absolute Extrema, Closed Interval

1. Find CV's for the interval and corresponding y values

2. Evaluate to find y at the endpoints

3. Compare all y values for both the CV's and the endpts.

Largest - ABSOLUTE MAX o CN or endpT
Smallest - ABSOLUTE MIN a 7
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CiE)- xTrany  Frabsedeali)]

o]‘; CN or Enon;r
x |
o
(&@Q‘%
CN:

1. y defined?
2. xwheny'=0?
3. x when y' dne?
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CN:
1. y defined?

2. x when y' =07?
3. x when y' dne?
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2. x when y' =07?
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4.3 Critical Values and Extrema .
F. G.L)S,'C\C(Y-”'\E.J)g

= ( X / o CN or exdpT

Q - D 0 “(') ‘J
o - J\ 2

4= 1«] T3 <\}/,%3¢

CN:

1. y defined?

2. x when y' =0?
3. x when y' dne?
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4.3 Critical Values and Extrema

éi{&)*— Ax Frbs6anfs 5 )

X+

CN:

1.y defined?

2. x when y' =0?
3. xwhen y' dne?

ol CN or Ena[i?‘r
x| 3
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4.3 Crltlcal Values and Extrema
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4.3 Critical Values and Extrema
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1. y defined?

2. x when y' =07?
3. x when y' dne?
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4.3 Critical Values and Extrema
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1. y defined?
2. x when y' =0?
3. x when y' dne?
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