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Derivatives
A measure of “slope” or the rate of change of a function



Power rule: 
𝑑

𝑑𝑥
𝑥𝑛 = 𝑛𝑥𝑛−1

𝑑

𝑑𝑥
5𝑥20



Product rule: 
𝑑

𝑑𝑥
𝑓 𝑥 𝑔 𝑥 = 𝑓 𝑥 𝑔′ 𝑥 + 𝑓′ 𝑥 𝑔 𝑥

𝑑

𝑑𝑥
𝑒𝑥 sin 𝑥



Quotient: 
𝑑

𝑑𝑥

𝑓(𝑥)

𝑔(𝑥)
=

𝑔 𝑥 𝑓′ 𝑥 −𝑓 𝑥 𝑔′ 𝑥

𝑔 𝑥 2

𝑑

𝑑𝑥

2𝑥

sin(𝑥)



Chain: 
𝑑

𝑑𝑥
𝑓 𝑔 𝑥 = 𝑓′ 𝑔 𝑥 𝑔′ 𝑥

𝑑

𝑑𝑥
5 𝑥 − 3 2



Chain: 
𝑑

𝑑𝑥
𝑓 𝑔 𝑥 = 𝑓′ 𝑔 𝑥 𝑔′ 𝑥

Quotient: 
𝑑

𝑑𝑥

𝑓(𝑥)

𝑔(𝑥)
=

𝑔 𝑥 𝑓′ 𝑥 −𝑓 𝑥 𝑔′ 𝑥

𝑔 𝑥 2

Product rule: 
𝑑

𝑑𝑥
𝑓 𝑥 𝑔 𝑥 = 𝑓 𝑥 𝑔′ 𝑥 + 𝑓′ 𝑥 𝑔 𝑥

Power rule: 
𝑑

𝑑𝑥
𝑥𝑛 = 𝑛𝑥𝑛−1

Which rule(s) do you need
to solve these ?

1.
𝑑

𝑑𝑥

3

𝑥3 2.
𝑑

𝑑𝑥

)sin 𝑥 co s( 𝑥

2𝑥

3.
𝑑

𝑑𝑥
2𝑥 sin 𝑥 cos 𝑥 4.

𝑑

𝑑𝑥

1

sin 𝑥
+

2

sin2 𝑥



1.
𝑑

𝑑𝑥

3

𝑥3
2.

𝑑

𝑑𝑥

)sin 𝑥 co s( 𝑥

2𝑥
3.

𝑑

𝑑𝑥
2𝑥 sin 𝑥 cos 𝑥 4.

𝑑

𝑑𝑥

1

sin 𝑥
+

2

sin2 𝑥



1.
𝑑

𝑑𝑥
𝑒𝑥 =

2.
𝑑

𝑑𝑥
sin 𝑥 =

3.
𝑑

𝑑𝑥
cos 𝑥 =

4.
𝑑

𝑑𝑥
ln 𝑥 =



Inverse Function Theorem

(𝑓−1)′(𝑥) = 𝑓′ 𝑓−1 𝑥
−1

=
1

𝑓′ 𝑓−1 𝑥

Need to find 
◦ 𝑓′ 𝑥

◦ 𝑓−1(𝑥)



Inverse function theorem: (𝑓−1)′(𝑥) = 𝑓′ 𝑓−1 𝑥
−1

=
1

𝑓′ 𝑓−1 𝑥

Find (𝑓−1)′(𝑥)

𝑓 𝑥 = 𝑒𝑥



Inverse function theorem: (𝑓−1)′(𝑥) = 𝑓′ 𝑓−1 𝑥
−1

=
1

𝑓′ 𝑓−1 𝑥

Find (𝑓−1)′(𝑥)

𝑓 𝑥 = 2𝑥2 + 4





Optimization

Is the problem asking you to take a derivative?

“Find the maximum”

“The largest possible…”



Find two positive numbers whose sum is 50 and whose product

is as large as possible.

Optimization



A car rental company charges its customers x dollars per day,
where 60 ≤ x ≤ 150. It has found that the number of cars rented
per day can be modeled by the linear function n(x) = 750 − 5x.
How much should the company charge each customer to

maximize revenue?

Optimization



A car rental company charges its customers x dollars per day, where 60 ≤ x ≤ 150. It has found that the number of cars rented per

day can be modeled by the linear function n(x) = 750 − 5x. How much should the company charge each customer to maximize

revenue?



Integrating with U substitution

𝒇 𝒈 𝒙 𝒈′ 𝒙 𝒅𝒙 = 𝒇 𝒖 𝒅𝒖 , 𝒖 = 𝒈 𝒙 , 𝒅𝒖 = 𝒈′(𝒙)

Do you see the derivative of some part of the function 
also in the function?



U-sub: 𝑓 𝑔 𝑥 𝑔′ 𝑥 𝑑𝑥 = 𝑓 𝑢 𝑑𝑢 , 𝑢 = 𝑔 𝑥 , 𝑑𝑢 = 𝑔′(𝑥)

න2𝑥 𝑥2 + 4 3𝑑𝑥



U-sub: 𝑓 𝑔 𝑥 𝑔′ 𝑥 𝑑𝑥 = 𝑓 𝑢 𝑑𝑢 , 𝑢 = 𝑔 𝑥 , 𝑑𝑢 = 𝑔′(𝑥)

නsin 𝑥 cos2(𝑥) 𝑑𝑥



Integrating by parts
𝒖𝒅𝒗 = 𝒖𝒗 − 𝒗𝒅𝒖

(ultra-violet voodoo)

Two expressions multiplied 
together 

(think of a product rule)

To choose u:

L – logarithmic function 

I – inverse trig function

A – algebraic function

T – trig function 

E – exponential function 



Int by parts: 𝒖𝒅𝒗 = 𝒖𝒗 − 𝒗𝒅𝒖

න𝑥 sin 𝑥 𝑑𝑥



Int by parts: 𝒖𝒅𝒗 = 𝒖𝒗 − 𝒗𝒅𝒖

න𝑥2𝑒𝑥𝑑𝑥



Improper Integrals 

A definite integral that has one or 
both bounds at infinity or an 
integrand that approaches infinity 
at some point in the range of 
integration 



Improper integrals

න
0

∞

𝑥2𝑑𝑥



Improper integrals

න
−∞

∞ 1

1 + 𝑥2
𝑑𝑥



Notes on Integrals 
𝑎−
𝑎

(𝑜𝑑𝑑 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛) 𝑑𝑥 = 0

𝑎−
𝑎

𝑒𝑣𝑒𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑑𝑥 = 02
𝑎
(𝑒𝑣𝑒𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛) 𝑑𝑥

Look for areas of integration that make shapes! Solve by area!



Graphing with Derivatives

Slope: +          - - +

Critical pts: Max Min

Inflection pts: concave down concave up



𝑓 𝑥 = a.

b.

Is f’(x) a or b?



𝑓 𝑥 = Graph f’(x)



𝑓′ 𝑥 = Is f(x) a, b, or c?

a. b. c.



Study Tips



Be proactiveMentality

Review the self-evaluationReview

Explore online resourcesExplore

Talk to your professor and TAConverse

Find resources on campus, such as CTL and tutoringLocate

Form a study group, develop a study planStudy

What you can do before the semester



GO TO CLASS STAY ON TOP OF HOMEWORK GO TO PROFESSOR AND TA 
OFFICE HOURS, CTL, CALC 

TABLE.

Throughout the semester





Questions? 


