
The motion problem:
Imagine an object moving in one direction with position function s(t). The instantaneous velocity is
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The acceleration is
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Recall	the	derivatives	of	some	functions	we	have	already	found:	
𝑓ሺ𝑥ሻ ൌ 𝑥ଶ has derivative 𝑓ᇱሺ𝑥ሻ ൌ 2𝑥

𝑓ሺ𝑥ሻ ൌ 𝑥 has derivative 𝑓ᇱሺ𝑥ሻ ൌ 1

𝑓ሺ𝑥ሻ ൌ 𝑐 has derivative 𝑓ᇱሺ𝑥ሻ ൌ 0

𝑓ሺ𝑥ሻ ൌ 1/𝑥 has derivative 𝑓ᇱሺ𝑥ሻ ൌ െ1/𝑥ଶ

Relation	between	differentiability	and	continuity: If a function is differentiable at 𝑎 then it is 
continuous at 𝑎. But the converse is not true ሺThink about the absolute value function.ሻ

Algebraic	rules	to	find	derivatives:
The	sum	law: ሺ𝑓 ൅ 𝑔ሻᇱ ൌ 𝑓ᇱ ൅ 𝑔′
Why? Let ℎሺ𝑥ሻ ൌ 𝑓ሺ𝑥ሻ ൅ 𝑔ሺ𝑥ሻ. Then
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The	scaling	law: ሺ𝑐 𝑓ሻᇱ ൌ 𝑐 𝑓′ where 𝑐 is a constant.

Ex:
Find the derivative of 𝑓ሺ𝑥ሻ ൌ 𝑥ଶ െ 2𝑥 ൅ 3
Here, the function 𝑓 is the sum of three functions: 𝑥ଶ, െ2𝑥, 3.
𝑓ᇱሺ𝑥ሻ ൌ ሺ𝑥ଶሻᇱ ൅ ሺെ2𝑥ሻᇱ ൅ ሺ3ሻᇱ ൌ 2𝑥 ൅ ሺെ2ሻ𝑥ᇱ ൅ 0 ൌ 2𝑥 െ 2

Ex:

Find the derivative of 𝑓ሺ𝑥ሻ ൌ ௫మିଷ௫ାଶ

௫
⎯⎯⎯⎯⎯⎯⎯

The	product	law: ሺ𝑓𝑔ሻᇱ ൌ 𝑓ᇱ𝑔 ൅ 𝑔ᇱ𝑓
Notice that ሺ𝑓𝑔ሻᇱ ് 𝑓ᇱ𝑔′ ሺthis is a very common mistakeሻ
Why? Let ℎሺ𝑥ሻ ൌ 𝑓ሺ𝑥ሻ𝑔ሺ𝑥ሻ. Then
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With the product rule, we can find the derivative of any polynomials:

Ex:
𝑥ଷ ൌ ሺ𝑥ଶሻ𝑥
So, ሺ𝑥ଷሻᇱ ൌ ሺ𝑥ଶሻᇱ𝑥 ൅ 𝑥ଶሺ𝑥ᇱሻ ൌ ሺ2𝑥ሻ𝑥 ൅ 𝑥ଶ ൌ 3𝑥ଶ

Ex:

𝑥ସ ൌ ሺ𝑥ଷሻ𝑥
So, ሺ𝑥ସሻᇱ ൌ ሺ𝑥ଷሻᇱ𝑥 ൅ 𝑥ଷሺ𝑥ᇱሻ ൌ ሺ3𝑥ଶሻ𝑥 ൅ 𝑥ଷ ൌ 4𝑥ଷ

More generally, ሺ𝑥௡ሻᇱ ൌ 𝑛𝑥௡ିଵ for any positive integer 𝑛.
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