
Math 155. Calculus for Biological Scientists Spring 2018, February 16th, 2018

Section 2.1: Approximating Functions with Non-constant Rates of Change with
Linear Functions

With updating functions we have been analyzing discrete models of how biological systems
change over time. In chapter two we will focus on continuous models. The main goal of chapter
two is answering this question:

If we know the amount of a quantity at any moment in time, how fast is the quantity
changing at any moment in time?

In particular we will analyze the rate of change of exponential functions, trigonometric func-
tions, polynomials, composite functions, and logarithmic functions. We know the formula for the
rate of change of linear functions m = ∆y

∆x . We will approximate other functions on small intervals
(moments) with linear functions so that we can find formulas for the rate of change of other types
of functions.

Definition: Average Rate of Change The average rate of change of a function f(x) over an
interval is the rate of change of the linear approximation to the function. The linear approximation
must have the same change in input and the same change in output as the function you are
approximating.

Investigation: SUV problem. (All ideas were taken from http://patthompson.net/ThompsonCalc/section43.html, andhisfreeonlinetextbookhasallthevideosandimagesusedinclassforreview.)
1. Suppose the speedometer on your car was broken and you needed to estimate your rate of

change. How could you do that?

2. The photo above was taken with the camera open for 1/20 seconds. The distance between
white stripes is 3 meters. The length of the blur is the distance the car traveled while the shutter
was open.
Approximately how fast in km/hr, was the car traveling?



3. Express the variation in the car’s distance traveled in terms of differentials of numbers of
kilometers it traveled and the numbers of hours it traveled. We use the term “differential” in
calculus to mean a very small change in quantity. So, dx typically means a very small change in x
and ∆x is used when the change in x is not necessarily small.

4. Sketch a graph of the car’s distance traveled (in km) with respect to the time it traveled (in
hours) during the time this photo was formed, given that the car had traveled 35.7 km up to the
moment this photo was taken. How would the graph change had the car traveled 146.2 km up to
the moment this photo was taken?

5. If the SUV keeps traveling at the same rate found in problem 2, for another 1.7 seconds, how
far will it travel?

6. If the SUV is traveling at the same rate as problem 2, how far will it travel in 1
1000 of a second?



Graphical Investigation of Linear Approximations to Functions The following graph
gives the distance a toy car has traveled from a starting line along a straight track. The distance
is measured in feet and the time s measured in seconds. Positive distance means the car is ahead
of the starting line and negative distance means the car is behind the starting line.

a) Label the axis accurately. b) Estimate the rate of change of the car after 1, 2, 3, 4, 5, 5, 6,
8, 9 seconds.



Finding Rate of Change of a Function at a Moment
We will find the rate of change for a small change in x around x = x0 for the function

f(x) = (x + 1)2 + 1.
a) What is the average rate of change of the function f(x) on an interval of size dx = .01 close

to the point x0 = −1.28?

b) What is the average rate of change of the function f(x) on an interval of size dx = .01 close
to the point x0 = 2?

c) Using your estimate of the rate of change of the function f(x) close to x0 = −1.28, find the
equation of a line tangent to f(x) at that point. Graph the function and the line to check your
answer.


