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Introduction B

O In the last section we saw how antidifferentiation
could be used to find exact areas. In this section
we will develop some fundamental results about
antidifferentiation.

5.2.1 pEFINITION A function F is called an antiderivative of a function f on a given
open interval if F'(x) = f(x) for all x in the interval.




The Problem with the Previous % S
Example

O If we to 1/3 x3, then the
function G(x) = 1/3 x3 + Cis also an

antiderivative of f(x) since the derivative of
G(x) is G'(x)= x2 + 0 = f(x)

O For example, take the derivatives of the
following: F(x) = 1/3 x3-5, F(x) = 1/3 x3 5
+1/4, F(x) = 1/3 x3+1, F(x) = 1/3 x3 +7, etci?j%z

THEOREM [If F(x) is any antiderivative of f(x) on an open interval, then
for any constant C the function F(x) + C is also an antiderivative on that interval.
Moreover, each antiderivative of f(x) on the interval can be expressed in the form

F(x) 4+ C by choosing the constant C appropriately.




The Indefinite Integral X

O Since F'(x) = f(x), when we go backwards
means the same thing.

O For a more specific example:

T, 1, _ _ d
x“dx = —x° + C is equivalent to Ix
1x

o Thec\arocess of finding antiderivatives is called
antidifferentiation or integration.




s

O Here are some examples of derivative
formulas and their equivalent integration o

7R .

formulas: DIFFERENTIATION FORMULA  INTEGRATION FORMULA |
O The integration ,.d%mﬂ de'HC

o | 1
formula is just 2_5[_51_ =x (ra-1) [Fde= ZetC (r2-1)
de|r+l r+l

backwards .%isim]ﬂm [cosm‘x=sim+C

.il—msr]ﬂim ]sin.rdt=—msx+(.‘

dx
.dirlunx]ﬂac’x fsecixdr=tanx+c

when compared to
the derivative

formula you know. |
.E[—mtx]usczx [mc!.tdr=—-mu+c

.%[m]ﬁecmm fsec.tlnnxdrﬂmu(?
N e Y/
AL



O Here are more examples of derivative formulas and
their equivalent integration formulas:

O When you need to refer ‘ DIFFERENTIATION FORMULA INTEGRATION FORMULA
back to these (you d
. — |=cscx] = csex colx f cscx coly dx=—csex+ C
probably will need to dx
d
quite often), you will - gle1=¢ [M‘”I*C
find the list on : & lffb =b* (0<b, b#]}fb‘d.r: o0 0<hbr1)

You might want to mark d | 1
: d_—lln|.r]]= - [—dr=ln|,t|+('
X X X



Examples

O Here are some common examples to follow when
integrating x raised to a power other than -1. \




Properties of the Indefinite % &
Integral

O Our first properties of antiderivatives (integrals)
follow directly from the simple constant factor, sum,
and difference rules for limits and derivatives:

o 1.
fﬂf(}‘w') dx = Eff(x_) dx %%

o 2.
f [f(x) + g(x)]dx = f f(x)dx + / g(x)dx .

f [F() — g()1dx = [ i f 2 (x) dx



Combining Those Properties X

O We can combine those three properties for
combinations of sums, differences, and/or
multiples of constants.

O Example:

i i - llln_ IIII-L: it |'l;
R o o i = 117 = || Al k] Y I 3 Il[ . I [ '
o LA o B S i SRS I i I ST - LR g - - it i
|'II WXE = 2x - ix + dx =3 | x?dx—2 |'7 xdx T idx =
S R Al | !
.:.ul:l f

I
o gl

J

O General Rule: ,, /

f[cl fl (I] +52f2(x) = wie =t f-'ﬂﬁl (.1')] dx

e f £ dI-l“ﬂ‘szz(I) i +---+cnfﬁ.(x)dx



O Sometimes it is useful to rewrite an integrand
(the thing you are taking the integral of) in a
different form before performing the

integration.
> Example 4 Evaluate

(a} Eﬂz-’v i (b f? ;r‘*:. .:;_: (.:}J[

SinT X

Solution (@),

COS X 1 o | R A = |
f dx = f TEp fff?-‘ f osex cotx dx =|_ ESC ORI

EIH .I Slﬂl S x
Formula & in Table 5.2.1
Solution (b).
g ;1. e
- =2t 1
_ S g gL L6
f e f (r 2) fifr —2)dt

. t__;|.

1
= — %O =—= —
= t+ ; 2A+C
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Integral Curves X

O As we discussed on slide #4, any of these %é
curves could be the integral (antiderivative) of

f(x) = x2 because we do not know what the
value of C is.




Initial Condition X
O When an »3%
O Example: Instead of finding that the integral X/«

passes through the point
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Slope Fields X

O If we interpret dy/dx as the slope of a tangent line,
then at a point (X,y) on an integral curve of the

equation dy/dx=f(x), the slope of the tangent line

is f(x).
O We can find the slopes of the tangent lines by ¢
doing repeated substitution and drawing small o\
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Slope field with integral curves

Slope field for dy/dx = x>

(b)

(a)



I love the Eiffel Tower




