UNIT 4:  ANTIDERIVATIVES AND INTEGRATION

3.9:  Antiderivatives




		         -----------differentiate----------           ________________________
				          <----------                       ------------



		_____________		----------------------------------------  
				 	 	<---------------------------------------



  is called an __________________________________ of  




Notation:  Generally asked in this way:  Given that , find an antiderivative.  That is, find  such that .  Using this notation,



 is called an antiderivative of  .



So   is an antiderivative of .  Are there others?

From theorems I asked you to read in section 3.2, which are proved via MVT:
[image: ]
[image: ]





So   is an antiderivative of ,   is the most general antiderivative of  (family of curves)

Exampe:  Find the general antiderivative for each of the following:


	      __________________________________


	      __________________________________


	      __________________________________


	      __________________________________


	      __________________________________


	      __________________________________


	      __________________________________


	      __________________________________


	      __________________________________				(Properties)


	      __________________________________


	      __________________________________





Example:  Finding a specific antiderivative:  Find  given that   and 




Application of Antiderivatives:  Rectilinear Motion


In Chapter 2 we learned that if an object is moving in a straight line having position given by :


				


				


				

Chapter 4 :  Integrals

4.1. Motivation for Integration – Two Classic Problems

			1)_________________________________		2)_________________________

The Area Problem:  Given f(x) 0, continuous on I=[a, b].  Find the area below f(x) and above the x axis, over I. 

[image: ]

Example:  Find the area below  , over [0, 2]





Suppose we cut the region into 4 vertical strips of equal width.  What would the width be?  ______________________  How do we find the x value for the location of each of these strips? These strips could be approximated by rectangles.  How do we decide where to draw the tops of the approximating rectangle?

						Left					Right									
					[image: ]		[image: ]					

How could we get a better approximation?

Consider 8 vertical strips of equal width.  What is the width?  X values?


					Left							Right						
				[image: ]  		 [image: ]   			








															

https://www.desmos.com/calculator/yfs11mco2v
		[image: ]	  [image: ]



										

			[image: ]						[image: ]



Another approach:  Use the midpoint as sample point to determine the height of the rectangle.

		[image: ]  					[image: ]		


What if the sample point is randomly chosen?

 
		[image: ]						[image: ]




In the next section, we will revisit this problem and use limits to find the area exactly.





The Distance Problem  
How can be find the distance traveled by an object if we know its velocity?

But what if the velocity is not constant?
[image: ]


















4.2 The Definite Integral


Returning to the example from the last section: Find the area below  , over [0, 2].

We will use Calculus and Limits to find the area exactly..
								
[image: ]Partition the interval [0, 2] into _____________ subintervals of equal width________________.

Which divides [0,2] into 


		
where 		
	


Then Rn=   							(could have used Ln, Mn, random)



So AREA = 	


How can we write this more compactly?  How can we compute it?  (See next page)











Summation (Sigma) Notation – Appendix E
[image: ]
Sigma notation provides a way to express a long sum.

Example:    											


So we can write 

Here are some properties that help us manipulate sums written in sigma notation.
[image: ]


So returning to previous problem…..(see previous page)


Generalizing this process to find the area under any  f(x) 0, continuous on I=[a, b].  

Partition  [a,b] into n subintervals of equal width ________________________, which partitions the interval as follows:


	


Where  ______________________________________________
[image: ]

												















We form n rectangles, by taking an arbitrary sample point in each subinterval,  and using the functional value at that 


sample point as the _________________________________  of the rectangle.  The area of the ith rectangle, then, is    _________________

The area enclosed in the n rectangles is given by:  ____________________________________________ 

The above sum is called a Riemann Sum. If we take the limit as the number of subintervals goes to infinity for this Riemann Sum, we get the (exact) area.

		AREA = 
It turns out, this process useful in many applications unrelated to area or distance, so we define the process and notation.

[image: ]

Note, if  and continuous, this is the same as the definition of area, but this definition does not make those requirements.





What would this process yield if  on [a,b]?


[image: ]Consider applying the process to the function  on [1,5]

Approximate  using L4






So  is not area.  It is  RELATED to area.  In this case, it is the ___________________________ of area.

Important:   ONLY represents ___________________________if _____________________

		Area is never _________________________,  Integrals ARE sometimes ____________________


		 can be thought of being RELATED to area _______________________________________

[image: ][image: ]Example  Compute using the Riemann sum definition











[image: ]
Suppose you wanted to find the total AREA enclosed between the curve and the x axis in the above problem.  What integral expression would give that value?



Methods of Computing an Integral thus far;

	1)  Approximate using a Riemann Sum
	2)  Find exactly by finding the limit of a Riemann Sum
	3)  Use an Area (or “net signed area”)  interpretation.




										




Properties of Integrals:
[image: ]
[image: ]				[image: ]  

Example: 


[image: ]










4.3 The Fundament Theorem of Calculus
[image: ]
In this section we seek a better technique.


In 4.2 problem #27 we prove that 



[image: ]




Proof:   where .  Consider the interval .  Applying the MVT to F(x) on ,









This theorem tells us two important things:


Examples:

























Abstract example, motivating the first part of the FTC.
[image: ]

		


What does it mean?





How would we compute it?




What would we get if we differentiated now?





So we found that 


[image: ]												

											That is, 

											

Why is this important?

1) ______________________________________________________________________________________

2)______________________________________________________________________________________




Example.    Find   				









Example:  













Example involving the Chain Rule.

Back to earlier example

		



Before we learned FTC part 1, we computed it “the long way” by actually integrating and then differentiating.




What if we were asked:






In general  will result in a function of u so to differentiate it we will need ___________________________________






[image: ]  [image: ]




[image: ]



4.4  Integrating with Absolute Values – Indefinite Integrals – Net Change Theorem



Lead in example:  Find the area enclosed between  and the x axis on [0, 3]

[image: ]

The total area enclosed between f(x) and the x axis over [a, b]:  A= 

So for the previous example,  .  But how would we compute that?



Recall:  			Compute:  
	



Similarly:    so  






Net Change

[image: ]
where F’(x) is any antiderivative of f, thus F’(x)=f(x).  This leads to:
[image: ]
[image: ]Examples:  
[image: ]






Displacement vs Distance traveled.

[image: ]

Example:
  [image: ]

	 




Displacement:  




Distance:  






[image: ]

Evaluate movememt: 
 [image: ]







Previously, we considered         	Note:  The result is a  _____________________________
We now introduce a new notation:


Indefinite Integrals


		where F(x) is the general antiderivative, so will include a +C

						Note:  The result is a______________________________________


Example:











								Book Notation:   





4.5 Integration by Substitution

So far, the only antiderivatives we can find are:

Today we will learn a new method for helping us find more antiderivatives.


Recall from section 3.9:  		         -----------differentiate----------           ________________________
				         				 <----------antidifferentiate  -----

or using derivative and integral notation:     	____________________________

						________________


Suppose f is a composite function   		   	____________________________
						___________________     
			 

  						   	____________________________
			
						___________________     

  In general, the chain rule tells us		   	____________________________
S0			
						___________________     
Examples: Choosing u well takes practice.  You will begin to “see” two steps ahead whether your choice of u might work.





























Definite integrals with u-substitution:


Changing to U’s limits							Keeping x’s limits:  Watch noation!


























5.1  Area Between Curves  (development in book differs)

Finding vertical distance:						Finding Horizontal distance: 
[image: ]
									[image: ]







Suppose and  are continuous on [a, b] with     for all x in [a, b]. Find the area enclosed between  and  over [a, b].

[image: ]


Example:  Find the area of the region bounded by y=x+6 and  y=x2 over [0,2]					(Ans 34/3)

[image: ]


Example:  Find the area of the region bounded by y=x and  y=x2 .						(Ans 1/6)


[image: ]


Example:  Find the area of the region bounded by x+y=4, y=2 and  y=x2 +2					(Ans 5/6)
[image: ]

Consider looking at functions from a different point of view:




												
[image: ]	[image: ]       [image: ]


Some curves make more sense to view with y being the independent variable and x being a function of y.

						 
[image: ][image: ]









Example:  Find the area of the region bounded by  and the y axis for 		(Ans 2/3)

[image: ]  








In general suppose and  are continuous on  with     for all y in [c, d]. Find the area enclosed between  and  over [c, d].

[image: ]




Redo example, this time with respect to y:  Find the area of the region bounded by x+y=4, y=2 and  y=x2 +2

[image: ]
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Methods of Computing an Integral thus far;

1) Approximate using a Riemann Sum
2) Find exactly by finding the limit of a Riemann Sum
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where F is any antiderivative of f, that is, a function F such that F' = f.
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is the net change of position, or displacement, of the particle during the time
period from ¢, to £,. In Section 4.1 we guessed that this was true for the case
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always true.

« If we want to calculate the distance the object travels during the time interval,
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the distance is computed by integrating | o(1) |, the speed. Therefore
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(b) the distance traveled by the particle during the given time
interval.




image222.png




image223.pict

image20.pict

Microsoft_Equation90.bin

image224.png




image225.pict

Microsoft_Equation91.bin

image226.png




image227.pict

Microsoft_Equation92.bin

image228.png
20

10

-10





image229.png




image230.png




Microsoft_Equation10.bin

image231.pict

Microsoft_Equation93.bin

image232.png




image233.pict

Microsoft_Equation94.bin

image234.png




image235.pict

Microsoft_Equation95.bin

image236.png




image237.pict

image21.png




Microsoft_Equation96.bin

image238.png




image239.pict

Microsoft_Equation97.bin

image240.png




image241.pict

Microsoft_Equation98.bin

image242.png




image243.pict

Microsoft_Equation99.bin

image22.pict

image244.pdf


� 


g(x) = sin x






image1761.png
glx)=sinx




image245.png




image246.pict

Microsoft_Equation100.bin

image247.png
4 finx)




image248.pict

Microsoft_Equation101.bin

image249.pdf


� 


⇒






image1821.png




Microsoft_Equation11.bin

image250.pdf


� 


⇐






image1841.png




image251.png




image252.pict

Microsoft_Equation102.bin

image253.png




image254.pict

Microsoft_Equation103.bin

image255.pdf


� 


_____________ dx∫






image1901.png




image23.png




image256.png
4]




image257.pict

Microsoft_Equation104.bin

image258.png
Lse)




image259.pict

Microsoft_Equation105.bin

image260.png




image261.pict

Microsoft_Equation106.bin

image262.png




image24.pict

image263.pict

Microsoft_Equation107.bin

image264.png




image265.pict

Microsoft_Equation108.bin

image266.png




image267.pict

Microsoft_Equation109.bin

image268.png




image269.pict

Microsoft_Equation12.bin

Microsoft_Equation110.bin

image270.png




image271.pict

Microsoft_Equation111.bin

image272.png




image273.pict

Microsoft_Equation112.bin

image274.png




image275.pict

Microsoft_Equation113.bin

image1.png
plx)=sinx




image25.png




image276.png




image277.pict

Microsoft_Equation114.bin

image278.png




image279.png




image280.png




image281.pict

Microsoft_Equation115.bin

image282.png
plx)




image283.pict

image26.pict

Microsoft_Equation116.bin

image284.png
Flxyzpix)y




image285.pict

Microsoft_Equation117.bin

image286.png




image287.pict

Microsoft_Equation118.bin

image288.png
plx)




image289.pict

Microsoft_Equation119.bin

Microsoft_Equation13.bin

image290.png




image291.png




image292.png




image293.png




image294.png




image295.pict

Microsoft_Equation120.bin

image296.png




image297.pict

Microsoft_Equation121.bin

image27.png
Theorem If f'(x) = 0 for all x in an interval (a, b), then f is constant on (a, b).





image298.png




image299.pict

Microsoft_Equation122.bin

image300.png
N




image301.png




image302.png




image303.png
£y




image304.pict

Microsoft_Equation123.bin

image305.png




image28.png
7] Corollary If f(x) = g'(x) for all x in an interval (a, b), then f — g is constant
on (a, b); that is, f(x) = g(x) + ¢ where c is a constant.





image306.png




image307.pict

Microsoft_Equation124.bin

image308.png




image309.pict

Microsoft_Equation125.bin

image310.png




image311.pict

Microsoft_Equation126.bin

image312.png




image29.png




image313.pict

Microsoft_Equation127.bin

image314.png




image315.pict

Microsoft_Equation128.bin

image316.png
Fiyrzgin




image317.pict

Microsoft_Equation129.bin

image318.png




image319.pict

image30.pict

Microsoft_Equation130.bin

image320.png
By




image321.pict

Microsoft_Equation131.bin

image322.png




Microsoft_Equation14.bin

image31.png




image32.pict

image2.pict

Microsoft_Equation15.bin

image33.png




image34.pict

Microsoft_Equation16.bin

image35.png




image36.pict

Microsoft_Equation17.bin

image37.png
fix)=cosx




image38.pict

Microsoft_Equation18.bin

Microsoft_Equation1.bin

image39.png




image40.pict

Microsoft_Equation19.bin

image41.png
flo=a*




image42.pict

Microsoft_Equation20.bin

image43.png
flo=1




image44.pict

Microsoft_Equation21.bin

image45.png
flo=a2"




image3.png




image46.pict

Microsoft_Equation22.bin

image47.png




image48.pict

Microsoft_Equation23.bin

image49.png
fio=1




image50.pict

Microsoft_Equation24.bin

image51.png




image52.pict

image4.pict

Microsoft_Equation25.bin

image53.png
fio=x"+x*




image54.pict

Microsoft_Equation26.bin

image55.png
Flo=1x"




image56.pict

Microsoft_Equation27.bin

image57.png




image58.pict

Microsoft_Equation28.bin

Microsoft_Equation2.bin

image59.png




image60.pict

Microsoft_Equation29.bin

image61.png




image62.pict

Microsoft_Equation30.bin

image63.png




image64.pict

Microsoft_Equation31.bin

image65.png





(55 At

W
o= 5 g3
50 et e

(5] Theorem 16/(s) = O for i i a merva 0, ), ten s constan on 0, B

(3] Corollny I, = 0 ol 2n e, - gin o
on o Byt ) - 9+ e 3 comtant.




