Bob Brown
Math 251   Calculus 1   Chapter 5, Section 2
6
CCBC Essex

Exercise 1:  Suppose that a car is moving with increasing velocity, which we measure every two seconds, obtaining the following data.
	
	
	time (sec.)
	0
	2
	4
	6
	8
	10

	
	
	velocity (ft./sec.)
	15
	25
	33
	39
	43
	45


How far has the car traveled?  It is impossible to calculate the exact distance since the velocity of the car is not constant and since we don’t know the velocity at every moment.  However, we can make different types of estimates.  (We will make three different estimates.)

	lower estimate/lower sum

	
	upper estimate/upper sum
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Therefore, we can say that
__________ 
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 total distance traveled 
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 __________ 

A third and different estimate of the total distance traveled is

Observation:  We started with a velocity function, which is a

       or

function; it is the rate of change of


or


with respect to

time.  And the function that we ended up with (an approximation of, given by area) was

Exercise 2:  Estimate the area between the graph of 
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 and the x-axis between
x = 1 and x = 3.
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	(i)  Estimate the area with an upper sum by partitioning 
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 into four subintervals.  Start by graphing 
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 between x = 1 and x = 3.
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	(ii)  Estimate the area with a lower sum by partitioning 
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 into four subintervals.  Start by graphing 
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Therefore, we can say that
__________ 
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 total area 
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A third and different estimate of the total distance traveled is

Question:  Could g(x) = 1/x be considered a rate of change function?  Yes, g(x) = 1/x is the derivative of f(x) =

  .  Note also that ln(3) – ln(1) 
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In a later section (5.4), we will more fully discuss the relationship between the area “under” a derivative function and the function that the derivative function is a derivative of.  (Try to say that fast five times.)  For now, we’ll examine the technical, algebraic ideas behind this topic.
Exercise 3:  Determine the upper sum for the region bounded by the graph of 
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 and the x-axis between x = 0 and x = 4, using n partitions.
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	Def.:  
[image: image29.wmf]x

D

 =


[image: image30.wmf]x

D

 is the                   of each subinterval.

In this problem, 
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Note:  We will temporarily cease direct work on this problem but will continue it in Exercise 8.
Summation Formulas (see page 296 in the text)

	1.  
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Exercise 4:  Verify Formula 2 with n = 6.
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Formula 2 with n = 6:

Exercise 5:  Verify Formula 3 with n = 6.
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Formula 3 with n = 6:

Exercise 6:  Write each of the following sums in sigma notation, but do not evaluate.

(i)  1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 =


(ii)  3 + 3 + 3 + 3 + 3 + 3 + 3 + 3 =

(iii)  3 + 4 + 5 + 6 + 7 + 8 =



(iv)  3 + 4 + 5 + … + 77 + 78 =
(v)  
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(vi)  
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Exercise 7:  Write as sums, and evaluate.
(i)  
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(ii)  
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= [2(1) – 4] + [2(2) – 4] + [2(3) – 4] + … + [2(20) – 4]
Exercise 8:  Use the summation formulas to continue work from Exercise 3.

At the end of Exercise 3,we had:  
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Note:  We will complete this problem in Exercise 9.
Area Definition
Def.:  Let f be a continuous function and (for now) nonnegative on the interval 
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.  The (exact) area of the region bounded by the graph of f, the x-axis, and the vertical lines

x = a and x = b is given by
Exercise 9:  (Completion of Exercises 3 and 8)  Using the limit definition of area, determine the (exact) area of the region bounded by the graph of 
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x-axis between x = 0 and x = 4.
     Exact Area  =

Other Types of Approximating Sums
Exercise 10:  Given is a typical subinterval 
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 of a partition of 
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.  For each of the following types of approximating sums, determine the location of 
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 in the subinterval, and draw the corresponding approximating rectangle.

	Actual Area
	Upper Sum
	Lower Sum
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	Left-Hand Sum
	Right-Hand Sum
	General Riemann Sum
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