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4.1: Extreme Values of Functions

Where do the extreme values occur?
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ExaAMPLE: Where do the extreme values occur? What are the extreme values?
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EXTREME VALUE THEOREM:
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ExXAMPLE: Use analytical methods to find extreme values.
1.f(x) =x3+x*-8x+5 -3 <x
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4.2: Extreme Values of Functions

MEAN VALUE THEOREM FOR DERIVATIVES
If y = f(x) is continuous at every point of the closed interval [a, b} and
dszerentlabie at every point of its interior (a, b) then
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EXAMPLE: f(x) =x2+2x+1 [-2,1]
a) Check to see that f(x) satisfies the MVT hypotheses.

b) Find c such that¥(c) = f(b) f(“)

o) confinuous on -2, ] ? Yes
alfeertiabic on (-2,1) Yes
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*f is continuous on [a,b] and differentiable on (a,b)
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EXAMPLE Where is f(x) =x?+2x+1 mcreasmg and decreasing?
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EXAMPLE: Given f(x) = x8/3 — x2/3
e find extreme values
e find intervals where increasing
e find mtervals where decreasmg
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DeT" nition: Antiderivative

Banding e

i
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EXAMPLE: f’(x) = 3x% x > 0and P(1,7)
Find the function thru P with given the derivative.
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4.3 part I: First Derivative Test

FIrsT DERIVATIVE TEST FOR LocaL EXTREMA
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EXAMPLE: Given y = 4x3 4+ 21x? + 36x - 20 on [—4,3]

Use the 1st Derivative Test to find extrema

e State intervals where increasing and decreasing
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EXAMPLE: Below is a graph of h”(x)

a) On what mtervals is h(x) concave up?
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b) On what intervals is h’(x concave down?
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EXAMPLE: Given y = sin™1(x — 2)
e State intervals where y is concave up or concave down
e Find the inflection points
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4.3 part II: Second Derivative Test

[
SECOND DERIVATIVE TEST FOR LoCAL EXTREMA ¥ cant
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EXAMPLE' Use 2" Derivative Test to find extrema for y = 4x3 + 21x% + 36x - 20.
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EXAMPLE: Below is a graph of a car's velocity.

(a) On what intervals is the car moving forward?
\ when vy 0 (0,35 -
e \\ (b) When is the car's speed the greatest?
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a) Identify any extrema on the interval [0,6] and classify them as maximums or
minimums. Justify your answers.
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b) Identify any inflection points on the interval [0,6]. Justify your answers.
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c) Sketch a possible graph of the function.
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EXAMPLE: Suppose f(x) is continuous on [-2, 4]. f(-2)=5, f(4)=1, and f’ and f” have
the following properties.
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a) Find where all absolute extrema of f occur.
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b) Find where the points of inflection of f occur.

c) Sketch a possible graph of f.




4.4: Modeling and Optimization

EXAMPLE: Find two positive numbers such that their product is 192 and their sum

is @ minimum.
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EXAMPLE: A manufacturer wants to design an open box with a square base and
surface area of 108 square inches. What dimensions w;II produce a box with

maximum volume?
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EXAMPLE: A farmer plans to fence a rectangular pasture adjacent to a river. The
pasture must contain 180,000 square feet. What dimensions require the least
amount of fencing if the river side does not requnre fence?
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EXAMPLE: Suppose r(x) = 8vx represents revenue and c(x) = 2x2? represents cost,
with x measured in thousands of units. Is there a production level that satisfies
profit? If so, what is it? *note: profit = revenue - cost
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4.5: Linearization and Differentials
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Definition: Linearization of f at a
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EXAMPLE: Find L(x) at a = 2 for f(x) = x3
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Definition: Differentials / chonge 1%
Let y = f(x) be a differentiable function. The differential dx R

is an independent variable. The differential dy is
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EXAMPLE: Find dy

o y=x*+ 23x

e y = sin3x

o y=3x*+5 A

EXAMPLE: Estimating change with differentials
The radius of a circle changes fromr=6tor = 6.1 m. Use dA to estimate the
increase in the circle's area. ‘
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EXAMPLE! To estimate the depth of a well from the equation s = 16t? you time how
long it takes a heavy stone to splash into the water below. How sensitive will your
calculations be to a 0.1 sec error in measuring the time? 4
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4.6: Related Rates
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EXAMPLE: The length of a rectangle is decreasmg at the rate of 2 cm/sec while the
width is increasing at a rate of 2 cm/sec.

When L = 12 and W = 5, find the rate of change of: (
a) the area {
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Strategy for "Relate Rates" problems:
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EXAMPLE: A 13 foot ladder is leaning against a house when its base starts to slide
away. When the base is 12 ft from the house, the base is moving at a rate of 5ft/s.

a) How fast is the tip of the ladder sI|d|ng down the wall at that moment?
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b) At what rate is the area of the triangle formed by the ladder, wall, and ground
changing at that moment?
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c) At what rate is the angle 8 between the ladder and the ground changing at that
moment?
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EXAMPLE: A television camera at ground level is filming the lift-off of a space
shuttle that is rising vertically according to the equation s = 50t?, where s is
measured in feet and t is measured in seconds. The camera is 2000 feet from the
base of launch pad. Find the rate of change in the angle of elevation for the camera
at 10 sec. after lift-off.
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ExXAMPLE: Sand falls from a conveyor belt at the rate of 50 m®/min onto the top of
a conical pile. The height of the pile is always 3™ the base diameter. How fast are
the height and radius changing when the pile is 4 meters high?
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