DIFFERENTIATION

we discussed how to determine the slope of a2 In the beginning of Chapter

curve at a point and how to measure the rate at which a function changes. Now that we have studied
limits, we can define these ideas precisely and see that both are interpretations of the derivative
of a function at a point. We then extend this concept from a single point to the derivative
function, and we develop rules for finding this derivative function easily, without having to
calculate any limits directly. These rules are used to find derivatives of most of the common
, as well as various combinations of them. The derivative is one 1functions reviewed in Chapter
of the key ideas in calculus, and we use it to solve a wide range of problems involving tangents
.and rates of change

DEFINITION  The derivative of a function f at a point xp, denoted f'(xp), is
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provided this limit exists.
The following are all interpretations for the limit of the difference quotient,

o flxo + h) — f(xo)
lim 3

h—0 ,I

1. The slope of the graph of y = f(x)atx = x5
2. The slope of the tangent to the curve y = f(x)atx = xp
3. The rate of change of f(x) with respect to x at x = xyp
4. The derivative f'(xg) at a point
The derivative of functions
DEFINITION  The derivative of the function f(x) with respect to the variable x is

the function f' whose value at x is
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provided the limit exists.



EXAMPLE 1 Differentiate f(x) = X
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Solution  We use the defimition of derivative, which requires us to calculate f(x + &) and
then subtract f(x) to obtain the numerator in the difference quotient. We have
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Differentiation Rules
Derivative of a Constant Function
If f has the constant value f(x) = c, then
df d
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Power Rule for Positive Integers:
If n is a positive integer, then
ix" =i



EXAMPLE 1  Differentiate the following powers of x.
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Solution
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Derivative Constant Multiple Rule
If 1 1s a differentiable function of x, and ¢ is a constant. then

dx dx’

Derivative Sum Rule
If u and v are differentiable functions of x, then their sum u + v 1s differentiable
at every point where u and v are both differentiable. At such points,
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Derivative of the Natural Exponential Function
d x — X
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Derivative Product Rule
If « and v are differentiable at x, then so 1s their product wv, and
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