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Average rate of change

A fundamental philosophical truth is that everything
changes. In physics, the change in position is known as
velocity or speed. In economics, the change in price is
known as inflation. In business, the change in costs is
sometimes known as trend. In mathematics, the change
in values of a function is known as the derivative. But to
understand the derivative, which will measure
“instantaneous’ change, you need to to first be
comfortable with “average’ change over some intervals.
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dropping a ball.
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Calculating slopes of secant lines to a curve.

Next we look at what at first appears to be unrelated to
dropping a ball.

Definition 2. A secant line goes through two points on
the graph of the function. In symbols, it is a line through
(a, f(a)) and (b, f(b)) for some a and b.

Example 3. Find the secant lines to the graph of f(x) =
162% through the points with: a = 0,b=3, a = 0,b = 5,
a=2,b=25.

What do you notice about this and the previous
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Formula for instantaneous rate of change

We would see similarities in trying to compute average
and instantaneous differences regardless of what our
functions are measuring. The following definitions work
in all such cases. First, for average rate of change, we
re-write a = x and b = x + h, so that the difference
quotient becomes f(ﬁh});f(x). So for example if a = 3
and b = 4, we would instead think of x =3 and h = 1.
The reason we change from a and b to x and h is to be

consistent with the derivative.
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Definition 11. The derivative of f(x) with respect to x
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fla+h) — f(x)

f'(x) = lim

h—0 h




12

Definition 11. The derivative of f(x) with respect to x
Is the function




12

Definition 11. The derivative of f(x) with respect to x
Is the function

Fla) — fim L) = @)

h—0 h

We will talk about lim, which means the “limit", later.




12

Definition 11. The derivative of f(x) with respect to x
Is the function

Fla) — fim L) = @)

h—0 h

We will talk about lim, which means the “limit", later.




13

Example 12. What is the derivative of f(x) = 162°7




13

Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when ©x = 27




13

Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when x = 27 What
does this mean for the velocity of a ball which is dropped
from the Tower of Pisa?




Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when x = 27 What
does this mean for the velocity of a ball which is dropped
from the Tower of Pisa? or the equation of the line
tangent to f(x) atx = 27

13



Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when x = 27 What
does this mean for the velocity of a ball which is dropped
from the Tower of Pisa? or the equation of the line
tangent to f(x) atx = 27

Example 13. Suppose price index, measuring the
aggregate price for a large cross-section of household
goods measured in thousands of dollars, has values

13



Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when x = 27 What
does this mean for the velocity of a ball which is dropped
from the Tower of Pisa? or the equation of the line
tangent to f(x) at x = 27

Example 13. Suppose price index, measuring the
aggregate price for a large cross-section of household
goods measured in thousands of dollars, has values
1 — 0.5y/x + 0.15z over two years. What is the rate of
price increase over two years?

13



Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when x = 27 What
does this mean for the velocity of a ball which is dropped
from the Tower of Pisa? or the equation of the line
tangent to f(x) at x = 27

Example 13. Suppose price index, measuring the
aggregate price for a large cross-section of household
goods measured in thousands of dollars, has values
1 — 0.5y/x + 0.15z over two years. What is the rate of
price increase over two years? What is the “instantaneous
rate of inflation” at six months, one year, and two years?

13



Example 12. What is the derivative of f(x) = 162°7
What is the value of the derivative when x = 27 What
does this mean for the velocity of a ball which is dropped
from the Tower of Pisa? or the equation of the line
tangent to f(x) at x = 27

Example 13. Suppose price index, measuring the
aggregate price for a large cross-section of household
goods measured in thousands of dollars, has values
1 — 0.5y/x + 0.15z over two years. What is the rate of
price increase over two years? What is the “instantaneous
rate of inflation” at six months, one year, and two years?

13



