Prove the Fundamental Theorem of Calculus


[image: image1.wmf]ò

=

1

)

(

)

(

1

x

a

x

f

dt

t

f

dx

d







only if f is continuous on 
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(this says that the derivative and definite integral are inverses of each other)

recall, we cannot “cross over” the = sign when “proving” a theorem

Definitions to be used:  

Reference Numbers


Reason / Notes
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A concept from Riemann Sums using Areas:
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The Mean Value Theorem for Definite Integrals:
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when f is continuous on 
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The Squeeze Theorem


if 
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(original theorem to prove)

Reason / Notes

Re-writing the proof using:
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re-using:






___________ and ___________
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using :
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now using the Theorem :
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where 
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simplifying
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where 
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or, using the Theorem:
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since 
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Q.E.D. !!!

"quod erat demonstrandum" (Latin for "which was to be demonstrated")

Prove the 2nd Fundamental Theorem of Calculus

For f continuous on [a,b] then 
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where F(x) is antiderivative of f(x)


F is a __________integral
Start with by defining:
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G is a   ________integral
by the Theorem:





_________________________________

G’(x) = f(x)
for all x on [a,b]


since F(x) is also an anti-derivative (indefinite integral) of f(x), then


F(x) – G(x) = c




_________________________________

re-arranged to


F(x) = G(x) + c

now, since
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_________________________________

then 


F(a) = G(a) + c = c


F(b) = G(b) + c

and, by:






_________________________________


F(b) – F(a) = [G(b) + c] – c) =  G(b)

we obtain by :






_________________________________

F(b) – F(a)  = 
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Q.E.D. !!!

Practice Problems  on Fundamental Theorems of Calculus

Evaluate the following:





Notes / Comments
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write answer & the antiderivative










is this a “definite” or “indefinite”
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AC electricity is in sinewaves










this value represents AC power
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is this a value or function or ?










why isn’t the “1” important


[image: image32.wmf]ò

+

x

dt

t

dx

d

3

2

)

1

(


=





what is f ?

what is F, the antiderivative of f ?
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What is different & is it critical?










Technique:  try letting u = sin(x)











then  
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(fill in the blanks)










We are using the _______Rule




=
____________________
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on [1,3]

a) sketch f

b) estimate 
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 (average value of f)

c) find  
[image: image39.wmf]f


d) Find the value of c

Method of Substitution

Integrate Each:
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Theorem:  Chain Rule
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let y = f(u)

then
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Find the derivative:
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Integrate Each
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by expansion
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3 Techniques of Integration


1] know the forms
2] u-substitition   (must have variable as part of du,  i.e. du = (2x) dx  )

3] change form (expand, trig identity)

Find the Indefinite Integrals
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Find the Definite Integral
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change of limits
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Theorem:
for f(x) odd, 
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for f(x) even, 
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find area under y = 
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