MVT for Integrals, Ave Value, and 2nd FTC

4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC

July 25, 2015

Study 4.4 #1-23, 27-35,39-49, 51, 55, 75-87,91*

Goals:
1. Recognize and understand the

2. Use the Fundamental Theorum of
Calculus to §

3. Recognize and understand the Mean
Value Theorem for Integrals.

4. Find the average value of a function

on [a,b].

5. Understand the significance of the
Second Fundamental Theorem of Calculus.

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

Homework Part 1 Homework Part 2
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Fundamental Theorem of Calculus (FTC)
If :
1. afunction fis continuous on [a, b] and

2. F is an antiderivative of f on the interval,

L
H«w = F()-Fa)

q

then:

The integral of ffrom a to b is the difference:
(antiderivative of f evaluated at x=b) - (antiderivative of f evaluated at x=a.)
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3.2 Rolle's Theorum and the Mean Value Theorum

geogebra demo

Mean Value Theorum
for|Derivatives

Letf be:
1. continuous on closed interval [a,b] and I N
2. differentiable on open interval (a,b)

then 7 at least one c € (a,b)

f'(c) = f(b) -f(a
b-a

Interpretation:

There exists at least one ¢ on the interval from a to b such that the
derivative at ¢ equals the slope of the secant line joining the endpoints.
ALSO: There exists at least one ¢ on the interval where the instantaneous

rate of change equals the average value.

Prof G. Battaly, Westchester Community College, 2012

Calculus Home Page Problems for 3.2

4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC

Mean Value Theorum 55
for| Integrals .
Let f be continuous on a 10

closed interval [a,b] .
then J atleastonece[ab]s_ V= X/
=0

[fdx= fe)o-a) |

(equal areas: area of rectangle, f(c)*(b-a)=
area under curve from a to b)
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closed interval [a,b] ; v
then 3 atleastonece[ab]s Y= XZ//
0

Mean Value Theorum . /
for|Integrals ;
Let f be continuous on a 10

f(c)

4.5

b -0.5 0 0.5 i1 1.5 2 Z.é 3 3.5 4
| f(x)dx = f(c)(b - a)

4f“xzolx= 21 = (2.64)2(4 - 1)

(equal areas: area of rectangle, f(c)*(b-a)=
area under curve from a to b)
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Average Value of a Function on [a,b]

From MVT: \{\%(X}M s {(J(Gw&

Multiply both members of the equation by 1/(b-a)

Results in an equation for f(c), the average value of the function f(x)
on the interval [a,b]
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G {/x)‘-;z—; Freels3dHvTappae.

-1 0 1 2 3 4
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G )" ~Z— Fie ely23omvT opp

f(x) cont on [1,3] .*. MVT applies é fix)dx = fc)b - a)

.33 f:»g/x)awhg/'-)(b“D

J:?X-ih@ﬂr)i_ | |
Qugacd

3“')(—{]‘ }[“’ﬂ {( (3 D
g«) 2 =

-1 + ¥ N
o 03 = ﬂ- G - -—- =165
a 2
< (,3)
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4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC = f_’,c

6 {/x) j(xu F. Avtved. m):13] o
%Q-ﬁ:m‘“

|\
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i {00 L2 P ke[

Avt.vad = “f{(x)w
3
=_L_ 12,
A= <= /{?&:) L
: AT X )‘
=1+ 5

= QX(HX
o],
-:{& -a(%)-
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4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC

éf{(x) = Cosx F oovt valoe a\[o,"/,_]

b
_
“h-a L{(&)d»)(.
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6"{()(): Cos X F. ave. valoe V\[O,V/z_} ( :
| b

’L: j {(&)d/)(.

l W N

A‘U‘Q: D<~0 Cosx ol
)

!
v
T 2 5, }n/_?:. ir_. ]~l‘
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2nd Fundamental Theorem of Calculus - Concept

feor-£]-

[ear-%]:

«, 7.d(
oL {feud- 2
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44 FTC, Part 2: MVT, Ave. Value, 2nd FTC
2nd Fundamental Theorem of Calculus - Concept
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Try that, again.....

‘J:léfaf-l)ad' z

J'\x(tzh;)dd___

When upper limit is variable,

0@ f)( > fill place holder for t with the
('zf + ,}) Af |3 variable and the place
dy J f holder for dt with the
derivative of the variable.

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

Homework Part I  Homework Part 2
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K

4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC
Try that, again.....

J l(L‘i«z)aw - rae]= Bry-(5)

—154';:']%4;:

\U

wlec

J e % ae]c Kris _(4#2)
! 4

e -1
X
= 5-&&)‘ 3

When upper limit is variable,

X X B fill place holder for t with the
(‘If2+ 94)041' = X +<  variable and the place
d,)( f holder for dt with the

derivative of the variable.
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4 Jleguc- »:

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

) Calculus Home Page a
3

When upper limit is variable,
fill place holder for t with the
variable and the place

[6( ﬂ?_“'i (3 XL\ holder for dt with the

derivative of the variable.

Homework Part 1 ~ Homework Part 2

if t=x3
then dt = 3x2 dx

()

4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC

3

ﬁ_[ J () Arj = 3
M [
(‘/Q xq.,_ 2,(2’_13-1);3)(“+b*a f

E(x%’«l (35°)
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1t

When upper limit is variable,

variable and the place
M 3 holder for dt with the
derivative of the variable.

3

Il place holder for t with the

if t=x3
then dt = 3x2 dx
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a
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44 FTC, Part 2: MVT, Ave. Value, 2nd FTC

2nd FTC

If fis continuous on an open interval /
containing a,

then, for every x on the interval:

& [yl 49

plor
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4.4 FTC, Part 2: MVT, Ave. Value, 2nd FTC L
| % ]
Advantage: O_L)(—[JLA{{ -
d || e dt
t -1
= X-1
n nt /
cannot integrate - no rule yet fx df= X _ +c
n+(
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