Fundamental Theorum of Calculus - Part 1 December 12, 2018

5.3 Fundamental Theorem of Calculus

Goals:

1. Recognize and understand the
Fundamental Theorem of Calculus.

2. Use the Fundamental Theorum of
Calculus to evaluate Definite Integrals.
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 a
Second Fundamental Theorem of Calculus.

Study 5.3 #171, 175-197

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

Calculus Home Homework

3 a

ex: Indefinite Integrals

5.3 Fundamental Theorem of Calculus .
[Xetp=2 e

Start with Indefinite Integration: complete the following

2. 5\()(-#%( 3x-2)dy = J‘<3)(2—1—X "QW

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

3 a3

ex: Indefinite Integrals
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5.3 Fundamental Theorem of Calculus n n#l
‘fx =X
Start with Indeﬁnite Integration: complete the following h+|
5 ( S ax-dy = £ x _x +<
’i
2% .
X +X -X+< .
P2
2 e 60w -2y
Y 2
X +X-ax+c
A
Class Notes: Prof. G. Battaly, Westchester Community College, NY
~ Calculus Home _ Homework
51 a
ex: Indefinite Integrals
5.2 Fundamental Theorem of Calculus
G: ﬂ: SXL F:S«Ted'f'(or%
dx
_ody Ay Start with the
d; - 2" differential of y, dy
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Homework

& ]

Nov 28-6:27 PM
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5.3 Fundamental Theorem ot Calculus

G‘. -j;i: SXL

N
- J,x Start with the
N2 differential of'y, dy
x
3

2
6/‘ 3X 4e = X +c
3

~. Sé'ert'(or a»

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Homework
3 &
Nov 28-6:27 PM

5.3 Fundamental Theorem of Calculus

Problem: Find the area under y = x2 from x=1 to x=4

Estimates:
20 Sum of rectangles:
] 1(4) +1(9) + 1(16)
=29
15 | -
10

| /
A

1/
-0.5 0 05 7

5 4 45

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Homework
a a8

Estimating Area, Definite Integral
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5.3 Fundamental Theorem of Calculus
Problem: Find the area under y = x? from x=1 to x=4

Estimates:

Sum of rectangles:
1(4) + 1(9) + 1(16)
=29
a single trapazoid:
(1/2)(b1+bo)h =
(1/2)(1+16)(3) =
25.5
Use multiple trapazoids
for better estimate.

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

5] ]

Estimating Area, Definite Integral

5.3 Fundamental Theorem of Calculus

Problem: Find the area under y = x? from x=1 to x=4

Estimates:

Sum of rectangles:
1(4) + 1(9) + 1(16)
=29
18] a single trapazoid:
(1/2)(b1+by)h =
(1/2)(1+16)(3) =
25.5

Vi
/ / b2 Use multiple trapazoids
5] for better estimate.
5 b b
y =x? y // // . 4
el v/ 15 2 25 3 a5 Ilm Z f(Ci) ax: J{(X)M
LN

20

-05 0 b.5 Kl 4 ;1-.5 [1A[->0 A';‘

Estimating Area under a Curve, since y is non-negative.

Also estimating the definite integral. t
Therefore, use the definite integral: f Xa J X
|

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

Calculus Home aHomework
| )

Estimating Area, Definite Integral
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5.2 Fundamental Theorem of Calculus

20

10 7 /
b,
y=2| b, /

05 [0 05 7 15 2 25 3 35 4 45

1a]->0

Therefore, use the definite integral:

Calculus Home
a

Problem: Find the area under y = x? from x=1 to x=4

Az

N
im 3 (c) ax - J J6x

Estimating Area under a Curve, since y is non-negative.
Also estimating the definite integral. % 2
f X dx
I

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

Estimates:

Sum of rectangles:
1(4) + 1(9) + 1(16)
=29
a single trapazoid:
(1/2)(b4+by)h =
(1/2)(1+16)(3) =
255
Use multiple trapazoids
for better estimate.

Homework

Estimating Area, Definite Integral

I

Dec 10-6:26 PM
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5.2 Fundamental Theorem of Calculus

1. a function fis continuous on [a, b] and

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

L
{0t = F(p)-Fa)

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.)

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

_ Calculus Home Homework

3 a
FTC

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

2. Fis an antiderivative of f on the interval,

b2
If&:? -
H (g = F(B-F)

q A
ﬁ ;
: /m
el //V

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

Calculus Home Homework

% ] a

FTC
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53 Fundamental Theorem Of Calculus Fundamental Theorem of Calculus (FTC)
If:

1. afunction fis continuous on [a, b] and

Lf t2h.el-;:is an antiderivative of f on the interval,
Cdx = 7P b
j' ' H(xw = F(R-F)
a . /./

Do not need ¢, the constant
of integration. It gets

| added and subtracted

to add to 0.

Since y is non-negative,
the area = 21 sq. units

YL R S
S S =l B

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

Homework
uu

(L ]

FTC

5.3 Fundamental Theorem of Calculus

j‘li{(x\d% = F(b)-F(~)

aC

. 7 . -
I A e
Q

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

5 ] ]

Homework, Ex.
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5.2 Fundamental Theorem of Calculus

Ll ¢ £ yoduad<
G-j“saﬂc F-er
Q2

. ij

pl =3

= 3“‘)_.3{;1) -

= 2’-’4:@ =i

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

_ Calculus Home B

Homework
5] 8

Homework, Ex.

5.3 Fundamental Theorem of Calculus ,( b { (X) df - F(é) _ F_(Q)
o

3
f (3x 62~ )y

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

a

Example 2
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5.3 Fundam;ntal Theorem of Calculus j. b# (x)a‘f : F (‘: ) -F (Q)
0. f (3% +5x-1) o
/ ES

3% 45X V’i?
3 2 |

3 2 3 F(L)-F(
X *% X - Y{Z =F(3)—F(%

/

=3 =X 3- m){l +,§_ﬂ
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework
|

Calculus Home

Example 2

Nty

5.3 Fundamental Theorem of Calculus -
Wy =X

&

) ,
f;(’:J';c = 3| Xt
' |

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

a

Calculus Home

Examples 3, 4
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L. /b
3 I
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[ Jpu- [ axta G f
| 1 & KYI_
’ -4
- Ja J X e
h
| f)( 0&6
3
_ . § B n+/
=2 X7 _ a3 Ix i? X e
1 N+l
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\
F(b)-F(
- 2/a{8-20a h =F(Ls')-f—‘(%
= afzali -ala
= 92- 2a/a _
Class Notes: Prof. G. Battaly, Westchester Community College, NY
) Calculus Home ) Homework
Examples 3, 4
5.3 Fundamental Theorem of Calculus
xS
y : O'% =
ST
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Homework
a a
Examples 3, 4
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5.3 Fundamental Theorem of Calculus

r

~¥

-1
X-xS x-X=
¥y %
27X Jp X ,
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/2 r/ 1
j<3 dy = 2[,5 Ea
Y

:_}z[%x __§X,Z_?
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework
]

Calculus Home

Can use calculator

129 - 18.325
42

Examples 3, 4

5.3 Fundamental Theorem of Calculus

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

Calculus Home

&

JD{(XBM: F(R-F(e)

ai=(a-4) = -1

~ Homework

3

Apr 29-7:25 PM
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5.3 Fundamental Theorem of Calculus

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

__Calculus Home __Homework
3 '@

Apr 29-7:25 PM

5.3 Fundamental Theorem of Calculus

Ty
f (sec’8-sin @) d8 1N | [
/]

Sra X CoS X

Cosx | ~smx
ﬁ«x LS@I)L
SLe X Xjaxﬁ...x

stx - cacy
CaeX )—(/.l-axca'éx

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

a

Nov 28-6:27 PM
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5.3 Fundamental Theorem of Calculus

T /) )
f (secle—sin 9) d.6 s/ax Cos X
° Cosx | ~—Smx

Feux L;:..J p 8

4
— Nan & +Cos 537
S % Lskx‘/hx
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Class Notes: Prof. G. Battaly, Westchester Community College, NY

3

:[} + J%) - [0 4_1‘) Cacx  |-crex ot

alculus Home _Homework
| u}

Nov 28-6:27 PM

5.3 Fundamental Theorem of Calculus

["e-Ix-sar

Presents some problems.
1. Start with definiton of absolute value and
2. consider what this means regarding the
interval from lower to upper limits.

Step #1: Absolute value:

Step #2: About the interval
[

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

Calculus Home

a

Homework

FTC with Absolute Value
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5.3 Fundamental Theorem of Calculus

f‘;(g‘,X'SDM' /a"' & A=0

)
hes|=[#Zx-3%0pes
= (x-3), x-3<0,%<3 : -
X3

The integrand is defined differently on the interval.

Since definite integrals are defined as limits of sums, we replace the
original integral with the sum of 2 integrals which have integrands
and limits that correspond to the 2 part definition of the original:

a

L y
L {lQdh= | fodter | (60

Rewrite the original integral as the sum of 2 integrals.

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

Calculus Home __Homework
| \.’p

3

FTC: sums of intervals

5.3 Fundamental Theorem of Calculus

WG-IX-SDM /al” & A=0

-0 <0
)

hes| [*Fx-32opes T30
= (x-3), x—3<p,%<3
—X43

j‘(s-]x-SBM:jég-(sﬁM +g E‘(’"Bﬂ‘?‘ ©

L C
L {00de= | f6days | [taey

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Homework
@ a
wr

FTC with Absolute Value
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5.3 Fundamental Theorem of Calculus

[ fol-fe
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Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Calculus Home _ Homework
a8 &

FTC with Absolute Value

5.3 Fundamental Theorem of Calculus

A

‘G- CA&%) dt = Ax+ totx
/y Ja

Ppct?
;.%*c.,tzi_[.?_q+a J
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home a Homework
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