Antiderivative: Indefinite Integrals December 05, 2018

4.10 Antiderivatives: Basic Concepts

Goals:

1. Understand that antiderivatives are the
functions from which the present derivative
was found.

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

3. Understand that solving a differential
equation means to find the antiderivative of
the function.

Study 4.10 #465, 471, 475-483, 487, 491-499,
503-511, 515,517,521, 523

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home __Homework
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4.10 Antiderivatives: Basic Concepts

cdy 3
Fmda.y—x — 2x

1. multiply coefficient by exponent
2. subtract 1 from the exponent

1x7<h)<‘s :%%

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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4.10 Antiderivatives: Basic Concepts

d
Find d—y = x5 — 2x3

—%\é sx'—Lx”
1. multiply coefficient by exponent
2. subtract 1 from the exponent

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

Calculus Home i Homework

4.10 Antiderivatives: Basic Concepts

Suppose you are given:

f(x) =
How would you find f(x)?

Inverse of finding the derivative:
1. multiply coefficient by exponent
2. subtract 1 from the exponent
Therefore:

1. Add 1 to exponent

2. Divide by new exponent.

Is there only one f(x)?
Ir),
D+ A XS
Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home _ Homework
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Suppose you are given

f (x) =
How would you ﬁnd f(x)"

%J ~

3 g
= X+ =X 4
[s there only one f{x)?

Ir),

Class Notes: Proil rcl\ée{Sﬁv@sfnf{erl %uthﬁy d&ﬂ,}l,atlve .

. . . k
g eulus Home 1. multiply coefficient by exponeg """

2. subtract 1 from the exponent
Therefore:

1. Add 1 to exponent

2. Divide by new exponent.
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4.10 Antiderivatives: Basic Concepts

Definition, Antiderivative:

A function F is an antiderivative of f on an
interval 1if F'(x) =f(x) forallxinl.

A Differential Equation in x and y is an equation
that involves X, y, and the derivative of y.

eg: dy =5x?- 6x°
dx

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

Homework
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4.10 Antiderivatives: Basic Concepts

So far, we have created differential equations by
finding derivatives. Now, we reverse the process.

start with the definition of the differential of y

Definition of dy:

Let y = f{x) represent a function that is differentiable
on an open interval containing x.

The differential of x (dx) is any nonzero real number.
The differential of y (dy) is:

Proceed to solve a differential equation to find y.

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

dy =f"(x) dx dy =dy dx

Homework

dx

4.10 Antiderivatives: Basic Concepts

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 = | fiodx = F(x) +c,

integrand  variable constant
of integration of integration

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

Homework
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Solve the differential equation: 5
dy = 5x*
dx
/ dy = Q’X dx 1. Write definition of differential.
. dx

2. Substitute given function as
23 = 0(7(, the derivative.
) 3. Insert integral signs

(function is now the integrand)

Note: this has NO integral sign
and NO differentials

L.’ 8 = 4. Integrate.

5 (‘] < 5. Simplify.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home __Homework
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4.10 Antiderivatives: Basic Concepts

Solve the differential equation: 5

d
,419(

/ é:]" d’%‘ 1. Write definition of differential.

2. Substitute given function as
33 aﬁa Y %j the derivative.
) 3. Insert integral signs
(function is now the integrand)

_)i 4. Integrate.
s Note: this has NO integral sign
and NO differentials

5 g X 5. Simplify.

L.’

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

a8

© G. Battaly 2018


http://www.battaly.com/calc/homework/4_10_antiderivatives.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/4_10_antiderivatives.htm
http://www.battaly.com/calc/wcccalc1.htm

Antiderivative: Indefinite Integrals December 05, 2018
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y = [ fogdx = Foo +c

integrand  variable constant
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 Homework

4.10 Antiderivatives: Basic Concepts
Rules of:
Differentiation Integration
d(c) = 0 fO dx =c
dx
dkx) = k Jkdx = kx + ¢
dx
n+l
A X
dx") _ ! Jx”dx: —+c
d n+1
d(sinx) = cos x fcosxdx = sinx + ¢
dx
d(cosx) = -sin X fsinxdx = —COSX + C
dx
|
| |
\ |
\ |
| | 'f'sinxdx = - COSX + C
Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Homework
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L+l

X
_‘-x”dx: +c

f@'-‘ An

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

4.10 Antiderivatives: Basic Concepts

n+l
x
j xXdx=

+c
n+1

f?f Ay = X 're

N?ﬁy check: A Quxt o
J 5
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f( ' 31?2) At

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

Calculus Home ~Homework

4.10 Antiderivatives: Basic Concepts
> -2

(93(34‘3’(1)6‘/%: Y@X—PEX )d/)(«
Y -1

= 9 , X yc

Y F -l

- f__1_xc

=X g Sax'Lac

check: ME_@Q—EB
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I
74»#

X

Calculus Home

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

Homework

4.10 Antiderivatives: Basic Concepts
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Calculus Home
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f (5= T+9) &t

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

4.10 Antiderivatives: Basic Concepts

f (5= T+9) &t

y
= EX 9 Ux e
73

F oo+ dx ¢
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\SC)OS)(OL((,:

Jsmcati=-

j S€ls L =

y&x%y AL =

Calculus Home

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

4.10 Antiderivatives: Basic Concepts

\S\COS)(OL‘C: Sy + <

\S\Sa\xdxﬂ: —cosx+ <
\_( S€&w Lx. = Fon % 4 Q

ygqx%x 00/% S Fle X~

Calculus Home
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SHK X
)— SMX J?L

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

4.10 Antiderivatives: Basic Concepts
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G A= X" z(‘)

Calculus Home
a

,{/@:‘/
- Salﬁ.‘f'ﬂ&lﬁz F4(¥

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

1. Start with 2nd Derivative. Integrat
2. Substitute given to find c.
3. State 1st Derivative

4. Integrate 1st Derivative

5. Substitute given to find c,.
6. State function.

Homework

4.10 Antiderivatives: Basic Concepts

G {u(y ” D ERY 1(0):

Fi Solve Jf/( F4(v

=l +¢C
T{ ) =3 X
\1{ 2. Substitute given to find c.
0)=

Otcsg. 03§
‘{(Y) = K’(x)é@%

4. Integrate ' (x).

})

M

K{a\ -

-5-0 +§(o) +Q, =

6. State f (x).

Calculus Home
[« )

-

1.

{19- H"&m o= ot

3. State f'

Start with f " (x). Integrate

(/y

}"“8

half way there

§arg e

:_Lﬁ ,L ¥ C
37+E)\+Q2 IQ)(+€X+ )

5. Substitute given to find c..

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

Homework
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Find: Indefinite Integral & Check by Differentiation

+ A
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Homework
3

4.10 Antiderivatives: Basic Concepts

Find: Indefinite Integral & Check by Differentiation
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4.10 Antiderivatives: Basic Concepts

G. a_(‘t)l_'?gm/_(! Fa)h(t} b) How long to

hit bottom?

V(’é)__ th) ie: find t when h =0
Eons  ale v(E)s K
al€)=-9.§m/s?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Homework
3 @

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

4.10 Antiderivatives: Basic Concepts

G a_('t'): -8~/ F @D h (L) b) How long to

hit bottom?
_T —°~. v(_é)__ h’({_) ie: find twhenh =0
)foom.) ale)= v(t)= h'(¢)
al€)<- 9.8~/s2
)< falt)an < [-aedt
. ?' & t + Q| 1. Start with h "(t) = a(t). Integrate

2. Substitute given to find c.

o, (0= -1k e, ¢=% 0
V(f);J?@t M/S 3. State h* (t) = v(t)

h(‘ﬁ) 2 J‘/é(‘)"of 4. Integrate h '(t)=v(t)
“Calculuwﬂjlts ?‘Uj‘es:-l’q)lf.?vga!weslchesler Community College, NY ‘Homework

h({)\“(@_t:\+ C{:_Y'{?{“Q
a

5. Substitute given to find c,.

4307 h(d)=~-$3(2)* Oy
(‘x:}\'a = [JUDm:

6. State h(t).

h(t)s =49t+5D m.

b) How long to hit bottom? At bottom when h(t) =0
~Y 91 41809 = ©

+ 49yt ¥ EN eI
o TR
y9 negative meaningless
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Think Questions: True or False?
1. The antiderivative of f(x) is unique.

2. Each antiderivative of an nth-degree polnomial function
is an (n+1)th degree polynoial 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 ~ Homework
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4.10 Antiderivatives: Basic Concepts

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) + ¢

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

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

~ Calculus Home ~ Homework
a a
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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 _Homework
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