
Math 155, Tuesday, April 25th , 2018. Section 4.4

Given information about the rate of change of a quantity, we have determined informa-
tion about the amount of change of a quantity. We have done this by approximation by
pretending the rate of change is constant on small intervals. We have also done this by
integration(also known as anti-differentiation). Today we will use Riemann sum notation
and limits to connect the two processes for using information about a rate of change to find
an amount of change.

Example 1: Summation Notation. Scientists use summation notation to write long
sums more compactly and use it to code numerical solutions to differential equations-they
don’t usually do something like Euler’s method by hand. Find the following sums.

a)
5∑

i=1

i2(2)

b)
4∑

i=1

1

i
(0.5)

c)
6∑

i=1

sin(iπ)(0.2)

Connection to Rate/Amount problem When given a rate of change function we can
pretend the rate is constant on small intervals. We can find small amounts of change by
multiplying the rate by change in time. Then we add up all those small bits of change to
find the total amount of change.
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Example 2a Suppose the rate of change of bacteria growth as a function of time is given
by the equation

f ′(t) = (5)2−t

Find the approximate amount of change of bacteria between t = 1 and t = 5. Break up
the interval into n = 8 equal pieces and pretend the rate of change on the entirity of each
interval is equal to the rate of change at the right endpoint of each interval. Use summation
notation to represent your sum.

Example 2b Find the approximate area under the curve of the function f ′(t) = (5)2−t

between t = 1 and t = 5. Use a Right-Hand Riemann Sum with n = 8. Draw the approxi-
mating rectangles you used on the graph below. (Label Axes)

How is the area under the curve y = f ′(t) from t = 1 to t = 5 related to the value f(5)−f(1)?
How is the area of each small rectangle connected to the formula ∆y = r∆t?
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Definition of Integral
Suppose you are given a rate of change function f ′(t). You want to know how much the

values of f(t) changed between t = a and t = b. In other words, you want to find f(b)−f(a).
You can break the interval from a to b up into n pieces, each of them size ∆t. Find the
value of f ′(t) at the left endpoint of each interval, ti. The integral of the function f ′(t) on
the interval from a to b is ∫ b

a

f ′(t)dt = lim
n→∞

n−1∑
i=0

f ′(ti)∆t

Example

a)Suppose that we have an interval with endpoints t = 1 and t = 15. We want to cut it
up into 23 equally sized intervals. How long is each interval? Draw a picture of situation.

b) Suppose that we have an interval with endpoints t = a and t = b. We want to cut it
up into n equally sized intervals. How long is each interval? Express your answer in terms
of parameters a, b, and n.
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Example We can use Desmos to make the adding up of small changes in y given the rate
of change of y with respect to t faster. We will compute right-hand Riemann sums. This
means we use rate of change at right side of intervals to approximate the amount of change.

My graph is at this link: https://www.desmos.com/calculator/tbkdkktnuo
a) Label parts of Desmos graph. Label a, b, r(x). Explain what the number 1.347 has to
do with the graph. What will happen to the number 1.295 if n increases? What does b−a

n

represent?

b) Suppose I made a = 1, b = 2 and n = 4 and got Desmos to compute the following
sum. What number would I get? Show work. What would that number represent?
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