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Definition of the Derivative Function

Recall the definition of the derivative function.

The Derivative Function

Let f be a function and x a value in the function’s domain. We define
the derivative of f, a new function called f’, by the formula
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provided this limit exists.

We are limited in what can be accomplished from this definition alone,
we would like to develop some rules to make things smoother.
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Derivative of Constant Functions

Constant Functions

For any real number ¢, if f(z) = ¢, then f'(z) = 0.
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Derivative of Constant Functions

Proof: If f(z) = ¢, then:
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Constant Functions

Example: Find f/(z) if f(x) = 42.

Example: Find ¢'(7) if g(z) = e'1%% 4 10g(16.51) — 7',
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The Constant Multiple Rule

The Constant Multiple Rule

For any real number k, if f(x) is a differentiable function with
derivative f'(z), then L [kf(z)] = kf'().
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The Constant Multiple Rule

Proof:




The Constant Multiple Rule

Example: Find f/'(z) if f(z) = 3.

Example: Find ¢/(z) if g(z) = 422.
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The Sum Rule

If f(z) and g(z) are differentiable functions with derivatives f’(z) and
g'(z) respectively, then L[f(z) + g(z)] = f'(z) + ¢'(z).
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The Sum Rule

Proof:
% F(2) + g(x)] = %13%) (flx+h) +g= +:LL)) — (f(z) + g(2))
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The Sum Rule

Example: Find f/'(z) if f(z) = 3z + 4.

Example: Find ¢'(7) if g(z) = 22 + 42 + 8.
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The Power Rule

The Power Rule

For any nonzero real number n, if f(z) = 2", then f'(z) = na" 1.
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The Power Rule

Proof (for positive integer n):

flx+h) = f(z)
f( ) haO h
— lim (x+h)"—z
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Using the Binomial Theorem: (z 4+ y)" =Y 1_, (})z kyn=k,
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The Power Rule

Example: Find f/(z) if f(x) = 922 + 62 + 3.

1
Example: Find ¢'(z) if g(z) = 9%
x

Example: Find /() if {(z) = v/4z.

Example: Find ¢'(z) if ¢(z) =

Torin Quinlivan (Knox College) Derivative Rules Lecture #9 14 /19



The Product Rule

The Product Rule

If f and g are differentiable functions, then their product
P(z)=(f-g)(x) = f(z) - g(z) is also a differentiable function, and

P'(z) = f(2)g'(z) + g(2)f'(z).

I will leave out the proof here, but I can post it later. When we get to
implicit differentiation and logarithms, it will become a lot easier to
prove.
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The Product Rule

Example: Find f/(z) if f(x) = (32% — 4z)(2* - 1).

Example: Find ¢/(z) if g(z) = 42°(52% — 3/x).

1
(22° + 725).

Example: Find ¢/ (z) if {(x) = —
x
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The Quotient Rule

The Quotient Rule

If f and g are differentiable functions, then their quotient Q(z) = %
is also a differentiable function for all z where g(x) # 0, where

o) _ 9@ @)~ (@)@
e G@?F

I will leave out the proof here, but I can post it later. When we get to
implicit differentiation and logarithms, it will become a lot easier to
prove.
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The Quotient Rule

The Quotient Rule

If f and g are differentiable functions, then their quotient Q(z) = %

g
is also a differentiable function for all  where g(x) # 0, where

_ 9(@)f'(z) — fz)g'(x)
(9(z))*

Q'(x)

I like to remember this as “lo d-hi minus hi d-lo over lo squared”.
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The Quotient Rule

2
4
Example: Find f'(z) if f(z) = z —: .
x
2a° + 7"
Example: Find ¢'(z) if g(z) = i iy
x
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