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By measuring slopes at points on the sine curve,
we get strong visual evidence that the derivative
of the sine function is the cosine function.

In this chapter we begin our study of differential calculus, which is concerned with how
one quantity changes in relation to another quantity. The central concept of differential
calculus is the derivarive, which is an outgrowth of the velocities and slopes of tangents
that we considered in Chapter 2. After learning how to calculate derivatives, we use
them to solve problems involving rates of change and the approximation of functions.
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APPLICATIONS OF
DIFFERENTIATION
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Calculus reveals all the important aspects of graphs of functions.
Members of the family of functions f(x) = cx + sinx are illustrated.

We have already investigated some of the applications of derivatives, but now that we
know the differentiation rules we are in a better position to pursue the applications of
differentiation in greater depth, Here we learn how derivatives affect the shape of a
graph of a function and, in particular, how they help us locate maximum and minimum
values of functions. Many practical problems require us to minimize a cost or maximize
an area or somehow find the best possible outcome of a situation. In particular, we will

be able to investigate the optimal shape of a can and to explain the location of rainbows
in the sky.
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INTEGRALS

To compute an area we approximate a region by rectangles
and let the number of rectangles become large. The precise
area is the limit of these sums of areas of rectangles.

In Chapter 3 we used the tangent and velocity problems to introduce the derivative,
which is the central idea in differential calculus. In much the same way, this chapter
starts with the area and distance problems and uses them to formulate the idea of a
definite integral, which is the basic concept of integral calculus. We will see in
Chapters 6 and 9 how to use the integral to solve problems concerning volumes, lengths
of curves, population predictions, cardiac output, forces on a dam, work, consumer
surplus, and baseball, among many others.

There is a connection between integral calculus and differential calculus. The Funda-
mental Theorem of Calculus relates the integral to the derivative, and we will see in this
chapter that it greatly simplifies the solution of many problems.
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