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5.4 Indefinite Integrals, Net Change Theorum

Goals: Understand

1. The process of finding an antiderivative
or indefinite integral requires the reverse
process of finding a derivative.

2. The result of a Definite Integral is a
numerical value. The result of an Indefinite
Integral is a function.

3. The Net Change Theorum is an
interpretation of the Fundamental Theorum
of Calculus (FTC).

Homework: Study 5.4 #1; 5-11,
15,19, ..31; 37,41, 45, 49, 51, 59, 61

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework on Web
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Find g))f: y=x°+3

Find%)%: y=x5+2mr

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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5.4 Indefinite Integrals, Net Change Theorum

Suppose you are given:

fx) = 5x*
How would you find f(x)?

Is there only one f(x)?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page : h N

Homework on Web
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5.4 Indefinite Integrals, Net Change Theorum

dy —
Solve the differential equation: a")f = 5x4

I 5x4 dx

oX5 + ¢
5

=X5+C
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5.4 Indefinite Integrals, Net Change Theorum

Antidifferentiation or Indefinite Integration

The operation of finding all the solutions to the
differential equation, dy = f (x) dx, is called
antidifferentiation or indefinite integration and is
denoted by the integral sign [. The solution
when F'(x) =f(x) is:

y = [ fogd = Fe +e

integrand  variable constant
of integration of integration

y = fF'(x)dx = F(x) +c

looking for the function, F(x), for which the
integrand is the derivative, F'(x) = f(x)

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

Homework on Web

5.4 Indefinite Integrals, Net Change Theorum

. I — Fro+ f 5x4 dx
y—fxf(X)T = Fo+c Z5x5 + ¢
integran‘d var‘iable cor‘lstant = X° + c

of integration of integration

Note: Operators [ and dx are no longer present after
the operation of integration is performed.

The integral sign [ and dx indicate the operation of integration the
same way that a plus sign indicates the operation of addition.

For the division problem, 12 + 2 = 6, the result no longer has the

operator, + Instead, it contains only the result, 6.

Likewise, for integration, the result no longer has either the integral
sign [or the dx. Therefore, to continue to write the | or the dx
after the operation of integration has been performed is not correct.

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

Hi k on Web
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5.4 Indefinite Integrals, Net Change Theorum

Rules of:

Differentiation Integration
d(c) = 0 fO dx =c
dx
dkx) = k fkdx: kx + ¢
dx

L+l

d(x ):nan Ix”a’x: . e

d n+1
d(sinx) = cos x fcosxdx = sinx + ¢
dx
d(cosx) = -sin x fsinxdx = -COSX + C
dx

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
Homework on Web
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H/X—5dx

x
J. xdx =
n
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5.4 Indefinite Integrals, Net Change Theorum

n+l
X
J.x”dx =
n+l

[ %5 dx

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

Calculus He P
__ Calculus Home Page Homework on Web
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I 1
3 —
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f(8x3+— dx f(%uﬂ( )M

L/ -1
= 9x L X yc
7 F -l
= é'-)fL/~ -y C =) L e
- a X - X—gx
check: 4_(_%_-_&)("135
o
_—EXE-I- X‘l_\o
\& +°))(K
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[ NE (2 + 3t +2) dt

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
g Homework on Web
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5.4 Indefinite Integrals, Net Change Theorum
[\t (&2 + 3t +2) dt

[ + 38+ 2ER) dt

Z =
:é-i*:ét'-ilr %ﬁ’-/ +C
hoo n Hh

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

Homework on Web

5.4 Indefinite Integrals, Net Change Theorum

[_sinx
1 - sin2x

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homeworl k on Web
a
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5.4 Indefinite Integrals, Net Change Theorum

_SINX _ 4qx = [_Sinx

1 - sin?x COS2X dx

_J‘ 1 sin X
COSX COS X

dx

=I sec x tan x dx

— secx+c

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

% ) Homeworl k on Web
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Fundamental Theorem of Calculus (FTC)
If : 1. afunction fis continuous on [a, b] and
2. Fis an antiderivative of f on the interval,

then: _Lb f(X)dX = F(b)'F(a)

o
- ~~

- ~

~,

I” F'(x)dx = F(b)-F(a)

Interpret FTC as NET CHANGE
in the antiderivative fromato b

L ———

4
4
1
1
1
1
1
1
1
1
1
1
1
1
1
\

N

~

-
_______________________________________

10
J, v(t)dt = h(10)-h(0)
when v(t) = h'(t), this definite integral
results in net change in distance from
t=0 to t=10

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page .
. Homework on Web
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5.4 Indefinite Integrals, Net Change Theorum

G: Honey bee population starts with 100 bees
and increases at a rate of n'(t) bees per week.
F: What does the following represent?

100 + ["n'(t)dt

graphs
a

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

__Calculus Home Page Homework on Web

5.4 Indefinite Integrals, Net Change Theorum
G: a(t)=2t+3 (nms) V(0)=-4, 0<t<3

F: a) velocity at time t
b) distance traveled from t=0 to t=3 sec

graphs
a

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

a
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G: a(t)=2t+ 3 (inmis?), v(0)=-4, 0<t<3

F: a) velocity at time t

b) distance traveled from t=0 to t=3 sec

a) velocity at time t
vy =] at)dt=] (2t + 3)dt =222+ 3t + ¢
V()= 2+ 3t+c 2
v(0)= 02+ 3(0)+c=-4 . c=-4and
V(t) = t2 + 3t - 4 |[velocity at time tin m/s

b) distance traveled from t=0 to t=3 sec

3
h(ty= [ v(t)dt = [(tz + 3t - 4)dit = t2 + 32 - 4’(]
3 2

=27+27-12 -0 0‘.;graphs
3 2 |
= (54+81-72)/6 = 63/6 £ 10.5 M |fom ot e tes s
e g 187 PG Bt W o N

5.4 Indefinite Integrals, Net Change Theorum

G: a(t)=2t+3 nms?), v(0)=-4, 0<t<3
F Function
Q f(x) = §+3- :

a) v/ @ &) =X+
\ @ h(x) =2x+3
Number

@ a=105

graphs
a

3 2 .
= (54+81-72)/6 = 63/6 F 10.5 M |from o toto ac

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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5.4 Indefinite Integrals, Net Change Theorum
Think Questions: True or False?
1. The antiderivative of f(x) is unique.

2. Each antiderivative of an nth-degree polynomial function
is an (n+1)th degree polynomial function.

3. If p(x) is a polynomial function,then p has exactly one
antiderivative whose graph contains the origin.

4. If F(x) and G(x) are antiderivatives of f(x), then
F(x) = G(x) +c

5. If f'(x) =g(x), then[ g(x) dx =f(x) + ¢

6. | f(x)g(x)dx = [ f(x)dx [ g(x)dx

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

5.4 Indefinite Integrals, Net Change Theorum

Think Questions: True or False?

f 1. The antiderivative of f(x) is unique.

T 2. Each antiderivative of an nth-degree polnomial function

is an (n+1)th degree polynoial function.

T 3. If p(x) is a polynomial function,then p has exactly one
antiderivative whose graph contains the origin.

T 4. If F(x) and G(x) are antiderivatives of f(x), then
F(x) =G(x) +c

T5. If f'(x) =g(x), then | g(x) dx =f(x) + ¢

£6. [f(x)g(x)dx = [ f(x)dx | g(x)dx

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
Homework on Web
(2]

11


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/ch4s1.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/ch4s1.htm

Indefinite Integral; FTC as Net Change

©G. Battaly 2017

5.4 Indefinite Integrals, Net Ch Th 3
naermite Integrals, INC ange eorum £ﬁ[?
& f’m: SV (Cg vy

3. State 1st Derivative
. #—ﬂ M . F: ( ) 4. Integrate 1st Derivative
F ‘ SD’V'Q jﬂ { ¥ 5. Substitute given to find c,.

6. State function.

Class Notes: Prof. G. Battaly, Westchester Community College, NY Homeworl 'k on Web
_ Calculus Home Page =

5.4 Indefinite Integrals, Net Change Theorum

G f;(y):xm’ Zr(o): g) 1/0):4 E&Cﬁbr

F SD{K‘I'K. J%JZ_ F:{(\()
{,(x)= J{”&) o f)(lol"ﬁ - §+ C1;Startwithf" (x). Integrate

{'(y)t —é—xgﬂ‘c

3. State f' (x).

7{( )= 0tcag .otk ,g (- }—' g +8

half way there

4. Integrate f' (x).

yRRYCERICE

q
=1 X _ L
39 X1, = my+§x+ ¢y

5. Substitute given to find ?2.
K(b\‘\)_‘%o-{.g(o)‘{_(;:q I-Ca-:$/

6. State f (x).

Class Notes: Prof. G. Battaly, Westchester Community Collecs NY
_ Calculus Home Page b ° " __Homework on Web
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5.4 Indefinite Integrals, Net Change Theorum %
Find: Indefinite Integral & Check by Differentiation ?@,ﬁ

+ L
X(; aby_

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
i Homework on Web

5.4 Indefinite Integrals, Net Change Theorum é

Wrag

Find: Indefinite Integral & Check by Differentiation

x+ L x+ X, L )
(; M:j—ﬁ'#: X'/z-r xVa. J/l'

&
= Yo 2
ﬁx +6X T )dA
A
- . y{ 4
L X SR IR T
L L |
Al ) ek
Q\,\ec\<~ do

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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G alt)= =18/ FAh(E)
b) How long to

S e) | e
1®0m, : ald)= v(t)= h'(¢)
al€) < - 9.§~/s?

é &ﬁ'@g

1. Start with 2nd Derivative. Integrate
2. Substitute given to find c.

3. State 1st Derivative

4. Integrate 1st Derivative

5. Substitute given to find c..

6. State function.

b) How long to hit bottom? At bottom when h(t) =0

5.4 Indefinite Integrals, Net Change Theorum é’xﬁi
‘ - 98/t : ) res
G. “—ét) &~ F ah(t b) How long to

=TT V@ hE) nbeter?
1% "'-] ale): v(t)= ()
al€)<-9.8~/s2

v(e)s [ alt)ap <[22t
~18t+c 1. Strtuih h"'«>='am. m«etgrate
f0, W)= -14d)Te, G o St
Cv@)==98E /g 3 seeno=w
T
nd)~ | -aredt

h(’at‘m}}- C{:-‘{,‘?’f*(&
F}

5. Substitute given to find c,.
1200 h(D)~-19(2)F 0y
(‘L = }\‘ = /Wb"'\ :

6. State h(t).

p(t)z =49t 415D m.

b) How long to hit bottom? At bottom when h(t) = 0

-</,?Zl+/m)‘ o
+ t/}ﬁ‘ NRVZAN 7 Lo s
T T:M‘% '
/ 9 negative meaningless

Class Notes: Prof. G. Battaly, Westchester Community College, N
Callulus Home Page. N Homework on Web
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4.1 Antiderivatives: Basic Concepts £ %C& ﬁ)

Find a function f such that the graph of f has a horizontal
tangent at (2,0) and f "(x) = 2x

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