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3.1 Stuff that you already know. Amost everyone is done with 3.1
Page down to Page 13 to see 3.2 material.
I proved Rolle's and Mean Value Theorems in writing at the very end.

They're not that difficult, if you remember all the theorems that went before,
but we didn't cover those formalities in class, because you guys are so fast.

[E 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(¢) = f(x) for all x in D.

o absolute minimum value of f on D if f(c) = f(x) forall x in D.

(2] Definition The number f(c) is a
o local maximum value of f if f(c) = f(x) when x is near c. b PCD»

» local minimum value of f if f(¢) = f(x) when x is near c.

a b

@ The 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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@ Fermat’s Theorem If f has a local maximum or minimum at ¢, and if f'(c)
exists, then f'(c) = 0.
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@ Definition A critical number of a function f is a number ¢ in the domain of
f such that either f'(¢) = 0 or f'(c) does not exist.
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If f has a local maximum or minimum at ¢, then c is a critical number of f.
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The Closed Interval Method To find the absolute maximum and minimum
values of a continuous function f on a closed interval [a, b]:

1. Find the values of f at the critical numbers of f in (a, b).
2. Find the values of f at the endpoints of the interval.

3. The largest of the values from Steps 1 and 2 is the absolute maximum value;
the smallest of these values is the absolute minimum value.

Summary: Check fat endpoints of its domain and at all critical values of f.
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3-4 For each of the numbers a, b, ¢, d, r, and s, state whether the
function whose graph is shown has an absolute maximum or min-
imum, a local maximum or minimum, or neither a maximum

nor a minimum.

3 L] 4.
VA VA

o
2
o>
o
L
=Y
=
bl
= o
o
-
T
-y




240306-notes.notebook

5-6 Use the graph to state the absolute and local maximum and
minimum values of the function.
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7-10 Sketch the graph of a function f that is continuous on [1, 5]
and has the given properties.

lc £6™)
7. Absolute maximum at 5, absolute minimum at 2, i

)
local maximum at 3, local minima at 2 and 4 (elia

8. Absolute maximum at 4, absolute minimum at 5, ~ .pcqﬂ

local maximum at 2, local minimum at 3

. } a5
9. Absolute minimum at 3, absolute maximum at 4,

local maximum at 2

10. Absolute maximum at 2, absolute minimum at 5,4 is a
critical number but there is no local maximum or minimum
there.

11. (a) Sketch the graph of a function that has a local maximum
at 2 and is differentiable at 2. (2 D "
(b) Sketch the graph of a function that has a local maximum s =
at 2 and is continuous but not differentiable at 2. Ak ¥

(c) Sketch the graph of a function that has a local maximum
at 2 and is not continuous at 2.
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14. (a) Sketch the graph of a function that has two local max-
ima, one local minimum, and no absolute minimum.
(b) Sketch the graph of a function that has three local min-
ima, two local maxima, and seven critical numbers.
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15-28 Sketch the graph of f by hand and use your sketch to
find the absolute and local maximum and minimum values of f.
(Use the graphs and transformations of Sections 1.2 and 1.3.)

15. f(x) =33x—1), x<3

16. f(x) =2 — %t X
17.
18.
19.
20.
21.
22,
23.
24,
25.

26.

27.

28.

f)=1/x, x=1

= -2

fx)=1/x, 1<x<3

f(x) =sinx, 0=x<m/2

f(x) =sinx, 0<x=m/2

f(x) =sinx, —-w/2<x<mx/2
f(t) =cost, —3mw/2<t<3m/2
) =1+ (x+ 1)

fx) =|x]|
flx)=1-x
fx)=1-x°

xz
f(x) = {2 3y

Flx) = {Z.r + 1

4 — 2x

+L Ffu) = ’).-%Y, xz -2
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if —1=x=0
ifo<x=<1
if 0=x<1
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29-42 Find the critical numbers of the function.
29. f(x) =4 + 3x — 37 30. f(x) = x* + 6x* — 15x
31. f(x) = 2x* — 3x? — 36x 32. f(x) = 2x® + x2 + 2x

33.9g(t) =t* + P+ 12 + 1 34. g(1) = |31 — 4|
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45-

56 Find the absolute maximum and absolute minimum values

of f on the given interval.

45,
46.
47,
48.
49,
50.

51.

52.

53.

flx) =12 + 4x — x%, [0,5]
flx) =5+ 54x — 2x°, [0,4]
flx)=2x*=3x* = 12x+ 1, [-2,3]

flx)=x*—6x24+5, [-3,5]

flx) =3x* —4x* —12x* + 1, [-2,3]
fly=—4)7 [-2,3]
flx) =x + L [0.2, 4]

X -

fj'
flx) = ————— [0.3]
x*—x+1

fly=1—yr, [-1,4]
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Don't jump to the conclusion that there's a converse to Fermat's Theorem.

Just because the derivative is zero doesn't mean that you're looking at a max
or a min:
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3.2 The Mean Value Theorem

Rolle’s Theorem Let f be a function that satisfies the following three hypotheses:
1. f is continuous on the closed interval [a, b].

2. f is differentiable on the open interval (a, b).

3. fla) = f(b)

Then there is a number ¢ in (a, b) such that f'(c) = 0.

/™M T J/L('-U ows W’ch_ 2 such C_'s_
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The Mean Value Theorem Let f be a function that satisfies the following
hypotheses:

1. f is continuous on the closed interval [a, b].

2. fis differentiable on the open interval (a, b).

Then there is a number ¢ in (a, &) such that

) o _ f(b) = fla)
1) b—a
or, equivalently,
2] f(b) = fl@) = ()b — a)
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11-14 Verify that the function satisfies the hypotheses of the
Mean Value Theorem on the given interval. Then find all num-
bers ¢ that satisfy the conclusion of the Mean Value Theorem.

11, flx) =2x"=3x+ 1, [0,2]

12, f(x) =x" —3x+2, [-2,2]

13. f(x) = Jx, [0.1] 14, f(x) = 1/x, [1,3]
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