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4.1 Antidifferentiation: (Integral Calculus)

Exa

mple:Suppose y' = 2x. Then what is y?

y = x7~2. Another choiceisy = x~2 + 5: y'= 2x

Is y uniquely determined by its derivative?

If z' = y' =2x then (z-y)' =z'-y'

=2X-2x=0
and so (z-y) is a constant- (Mean ValueTheorem

f(b) - f(a) = f'(c)(b-a) a<c<b)

Notation: The general antiderivative of 2x is
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Initial it | the C fl :

Example: Suppose f'(x) = \/x +3x° andf(l)=5. Whatisf?

— - 312 X 3 +C
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Now evaluateatx =1 :—3=2—y3/2 +y3 + C
- /- 7~ g~ 3/2 N 1 3 -t C é——
5=1(1) = (2/3) 1 + 1 T N
C= 5-5/3=10/3
fx) = (23)x32 + x> 4 13_0

Example: The velocity of a projectile is

thrown at 64 ft/second The the projectile is released at 12 feet above

—ground level then what is its height ——+ 7 777 7 7 °n£#777777

h(t) =!64-32t dt = 64t -32(1t2) +C —pat-16t% 4




—C1(X) =0.0000x +-02xXx F+ I
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in dollars per gallon. C (x) =J C'(x) dx







4.2 Antiderivatives as Areas

Definite Integrals
D grals

/ Indefinite Integral

-
If J f(x) dx = F(x) + C  (so that F'(x) = f(x))

then f — definite integra'b
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Properties: /f(x) dx =0 (F(a)-F(a) =0)
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Physical Interpretation of the definite integral as area
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We claim that A(x) is a differentiable function of x

Consider |im A(x+h)-A(X) <«
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of width

h and height f(x)

A(x+h) - A(x) = f(x)h

and the approximation gets better the smaller h Is.

A(x+h) - A(x)

i
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= T(X)
h=>0 h

Therefore A'(x) = f(x) or A is an antiderivative of f(x). Since

A(a) =0
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A(x) = F(x) - F(a) = lr-f(t) dt
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Conclusion: If f(x) = 0 and f(x) is continuous then

b

J f(x) dx = Area underthe graphy =f(x) a<x <D
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= Area of ///
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Example: Use the interpretation of the definite integral as area to evaluate

r5_' -7 < y=7

J/dx / .

2 . /

= length x width /

= 7x3=21 /
) /
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f7 dx = 7x = 7(5)-7(2) = 35-14 =21




Mand definition of the Riemann (definite) integral

SV S

N N

A S S
L

y=f(x c~c~—

rbf(x) dx = (-1) Area / //
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(because J!‘f(x) dx = - r-f(x) dx and -f(x)>0)
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a

Ny

O




Example Evaluate the area of the region below the graph of y = 2X-X2

and above the x-axis.

y' =2 -2x= 2(1-x)

x=1 crit point
when x=1, y=1
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