
3.4 The Chain Rule

Theorem. If u = g(x) is di!erentiable at x and y = f(u) is di!erentiable at g(x), then the
composite function F = f → g defined by F (x) = f(g(x)) is di!erentiable at x, and F → is
given by the product:
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Example. Find F →(x) if F (x) =
↑
x2 + 1.
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Example. Di!erentiate y = sin(x2).
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Example. Di!erentiate y = sin2(x).

3



Example. Di!erentiate y = (x3 ↓ 1)100
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Example. Find f →(x) if f(x) =
1

3
↑
x2 + x+ 1

.
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Example. Find the derivative of the function g(t) =

(
t↓ 2

2t+ 1

)9
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Example. Di!erentiate y = (2x+ 1)5(x3 ↓ x+ 1)4
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Example. Di!erentiate y = esinx
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Example. Di!erentiate f(x) = sin(cos(tanx)).
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Example. Di!erentiate y = esec 3ω.
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Theorem. Let a > 0 with a ↔= 1. Then

d

dx

(
ax

)
= ax ln a.

Proof.

Example. Di!erentiate g(x) = 2x

Example. Di!erentiate g(x) = 5x
2
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