Average Value and Mean ValueTheorum for Integrals February 20, 2017

6.5 Mean Value Theorum &Average Value

Goals:

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

2. Find the average value of a function

on [a,b].

Study 6.5 #1-9, 13, 17, 21

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

Calculus Home Page a
3

3.2 Rolle's Theorum and the Mean Value Theorum

geogebra demo

Mean Value Theorum .
for|Derivatives )

Let f be: "
1. continuous on closed interval [a,b] and -

2. differentiable on open interval (a,b)
then 3 at least one c € (a,b) >

fl(C) - fb -fa 0 05 1 15 3 25 3 35 s 5 85

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 c 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
- |
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Mean Value Theorum for|Integrals

If the MVT for derivatives tells us
something about the slope of the
tangent line to a curve,

what do you expect the MVT for
integrals to tell us?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework
Calculus Home Page ®
&

6.5 Mean Value Theorum &Average Value
Mean Value Theorum

for|Integrals &

The major interpretation of
integrals is area;

MVT for Integrals is about area. ;x2 /
‘x‘-y;o R

Let f be continuous on a

-0.5 0 05 1 15 2 25 3 35 " 4.5
C

closed interval [a,b]
then 4 at least one c € [a,b] >

[ fx)dx = f(c)(b - a)

(equal areas: area of rectangle, f(c)*(b-a)=
area under curve from a to b)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework
Calculus Home Page % 1
&
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Mean Value Theorum
for|Integrals /

Let f be continuous on a
closed interval [a,b] 10
then 3 at least one c € [a,b] > f(c)

b ° /
§a f(x)dx = f(c)(b - a) Yz XZ//

-0.5 0 0s 1 15 2 25 3 35 4 4.5
C

4 4
jx2dx= x3/3] = 43/3- 1/3 =63/3 =21
1

MVT guarantees a value of x, ¢, so that f(c)(4-1) =21

Tofindc: x2=7 or f(c)=7

X = +J7
Use c=+/7 or 2.65

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

Homework
3‘Calculus Home Page a
6.5 Mean Value Theorum &Average Value
Mean Value Theorum i /
for|Integrals i
Let f be continuous on a 10

closed interval [a,b] | e /1]
then 3 atleastonece[ab]s Y= Xz//
o 0

b 05 (0 05 i1 1.5 2 25 3 35 4 45
| f(x)dx = f(c)(b - a)

£4x2dx=21 = (2.65)2(4 - 1)

(equal areas: area of rectangle, f(c)*(b-a)=
area under curve from a to b)

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

Homework
Calculus Home Page ®
]
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Average Value of a Function on [a,b]

b
FomMVT: [ fix)dx = fic)(b - a)
a
Multiply both members of the equation by 1/(b-a)

1 b
5=z ) ix)ax = fo)b - )
b-a
Results in an equation for f(c), the average value of the function f(x)
on the interval [a,b]

g@ee@@@eeeeee

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

Homework
__Calculus Home Page ]
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G: f(x)=9 F: ¢ ¢ [1,3] 5 MVT applies
X3

-1 0 1 2 3 4

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

Homework
Calculus Home Page @
®
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X3
f(x) cont on [1,3] .MVT applies /7o = fic)(b - )

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

Homework
Calculus Home Page ” |

G: f(x)=9 F: ¢ [1,3] MVT applies

: - f:i/x)owhg(t-)(b*«)

6.5 Mean Value Theorum & Average Value

b-a a

f(x) = 4(x2+1) F: Ave. Value on[1,3]
2

AveVal=_1_ [ ¢y dx

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

Homework
__Calculus Home Page &
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G: f(x) = 4(x2+1)
X2

AveVal= 1

b_ajbf(x)dx

a

3
A"(= L/(XZ”)M

= 25 (HX

- 3[34)-a(5)-&)

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

__Calculus Home Page
¢

a

x|

-

A

=3 x+_LI'] 2[x*’] =2[(3 1) (\D]

Homework

F: Ave. Value on[1,3]

6.5 Mean Value Theorum &Average Value

G: f(x) = cosx

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

Calculus Home Page

a a

AveVal = 1 J‘b f(x) dx

a

F: Ave. Value on|[0,11/2]

b-a

Homework
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G: f(x) = cosx F: Ave. Value on [0,m1/2]

l (A
e V-0 Cosxon

2

"

(-

0
T 2L 5, ]n/__:’:_ ir_. ]~l'
T hyd%,ﬂsm;.wxo =7

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

__Calculus Home Page € ]
a3

AveVal=_1_ | ® %) dx

%

6.5 Mean Value Theorum &Average Value

The concentration of a certain drug during the first 20 hrs after
it has been administered can be approximated by:

p(x)=_300x , 0<x<20
6x2+ 5
where x is the time in hours after the medication is taken and
p(x) is the concentration in percent. Determine the average
concentration during the first 10 hrs after the medication was

taken.

AveVal = _1 Ibf(x)dx

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

__Calculus Home Page a
i
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The concentration of a certain drug during the first 20 hrs after
it has been administered can be approximated by:

p(x)=_300x , 0<x<20

6x2+5
where x is the time in hours after the medication is taken and
p(x) is the concentration in percent. Determine the average

concentration during the first 10 hrs after the medication was
taken.
AveVal = _1 J'b f(x) dx

_ a=0, b=10
b-a ‘a

AveVal = 1 J’10 300x dx
10-0 o 6x2+5

AveVal

30 J‘10 12x_ dx
12 5 6x2+5

10
5 In|6x2+ 5H
2 0
= 5 [In 605 - In 5] = (5/2) In(605/5)

= (5/2) In(121) = 11.99%

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

Homework
__Calculus Home Page K]
6.5 Mean Value Theorum &Average Value

F: Average value
f(x)=Vx on [0,4]
gt)y=_t _ on[1,3]

V3+t2
fx)=_x2_ on[-1,1]

343y
h(x) = Inx_on [1,5]

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

Calculus Home Page

s g
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F: Average value

f(x)=Vx on [0,4]

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

Homework
Calculus Home Page a
a8
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F: Average value

g(t)y=_ t on [1,3]
o+t

"
|-
-
w
&

=J[am-a[=(=-))

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

Homework
Calculus Home Page A
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F: Average value

fx)=_x2 on[-1,1]
(3+x3)2

2

-.{(:Q ewt. A ]

A
.6—:,{/1)2(:{’!-3); FiAveval enl-11] 2=

i |
ﬁlﬂ.miﬂ aﬂ[)& —p- !
= —LF (x +5Y23 Xy = “} (x*+3) _[-:

T

3] w(1) (s(a) /

]

/
)<
)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework
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F: Average value

h(x) = Inx_on[1,5]
X

. dDwzo

preved = iz f_ b () do

O m Z =24
AveVal = "5-1 &'—‘rf:’ dz= L doc

), = U | &
PR N T [©
4 Zd» 5 | 4S5

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