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Here are our fundamental rules for taking derivatives. With them, we can calculate the deriva-
tive of any function that’s built out of functions whose derivatives we already know.

Rule Input Function Derivative
Sum f(x)+g(z) fl(z) +4'(z)
Product f(z)g(z) fl(x)g(x) + f(z)g' ()
. f(z) f(z)g(x) — f(z)g'(z)
Quotient (@ 9(2)?
Chain flg(x)) f'(g(2))g (x)

There are two kinds of functions we currently know how to differentiate: polynomials, and the
exponential function:

Rule Input Function | Derivative
Power ™ naz" !
Exponential e”, exp(x) e”, exp(x)

Remember that the second “rule” is actually part of the definition of the exponential function.
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We can combine these rules to differentiate even a complicated product:
h(z) = (° + 2% — 3z + 1)(e” — 2)
First, we notice that the function is built out of a product:
h(z) = (e* 4+ 2° — 3z + 1) (63”2 — )
f(2) g9(z)

Therefore, h'(x) = f'(z)g(x) + f(2)g'(x) by the product rule. This reduces us to computing
two (hopefully simpler) derivatives: those of f(z) and g(x).

First, f(z) = €* + 2% — 3x + 1 is a sum of several terms, but the sum rule tells us we can differ-
entiate them all separately and add them together. Each individual component is straightforward
to handle:

The derivative of e* is e by the exponential rule.

The derivative of 23 is 322 by the power rule.

The derivative of —3x is —3 by the power rule.

The derivative of 1 is 0 (it’s constant).

Adding these all up according to the sum rule, we get

fl(z) =e" +32° -3

Next up is g(z). We can again use the sum rule so that we only have to differentiate e3* and
—ux separately. The power rule tells us right away that the derivative of the second of those is —1.

The derivative of 2¢37” is trickier. Here we will use the chain rule to work out the derivative of
63962, which is the composition of e* and 3x2. If we call those functions a(x) and b(z), respectively,
then we seek the derivative of a(b(z)), which by chain rule should be a’(b(x))V/(z). The derivative
of a(x) = €” is e by the exponential rule while the derivative of b(z) = 3z is 6z by the power
rule. Combining those with the chain rule, we obtain

a (b(z))b' (z) = 3 62 = 6z
Combining these two with sum rule, we get

J(z) = 6ae®™ — 1

To recap, we have worked out:
fllx)=e*+322—3 and ¢'(z)= 6ze3™” — 1
while the quantity we really want is
W (z) = f'(2)g(z) + f(z)g'(z)

All we have to do is substitute in the quantities f(z), f'(z), g(z), ¢'(x), which we all know by

now!! , ,
W (x) = (e + 32 — 3)(e** — ) + (¢* + 2° — 3z + 1) (62> — 1)



