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Survey of backgrounds

• Type in chat “a”, “b”, “c”, “d”, or “e” to state your field 
of interest:
• A: Biology

• B: Chemistry

• C: Mathematics

• D: Environmental Science

• E: Other

• You may also add “?” to pump up the confusion 
meter to test out that functionality (or if you’re 
confused).

• The “!” corresponds to your excitement level.



Re-invention of the trapezoid rule

How long ago was the trapezoid 
rule invented?
A: Before 1 AD
B: 1-1000 AD
C: 1000-1500 AD
D: 1500-1900 AD
E: 1900-2000 AD



Differentiation and dimensional 
analysis

• Gets instantaneous rate of change of one variable vs 
another.
• Let the variable 𝑥 represent distance along the x-axis (in 

meters) and 𝑦 = 𝑓 𝑥 be the height of the function on the 
y-axis (in meters).

• Then 
𝑑𝑓

𝑑𝑥
= 𝑓′ 𝑥 is the instantaneous slope (meters / meters = 

unitless).

• Let the variable 𝑡 represent time (in sec.) and the variable 
𝑥 = 𝑥 𝑡 be distanced traveled along the x-axis (in meters).

• Then 
𝑑𝑥

𝑑𝑡
= ሶ𝑥 𝑡 is the velocity (in meters/second)

• Let the 𝑣 𝑡 = ሶ𝑥(𝑡) be the velocity (meters/second, 𝑚/𝑠)

• Then 
𝑑𝑣

𝑑𝑡
= ሷ𝑥 𝑡 is the acceleration (in 𝑚/𝑠2)

• Let 𝑃 𝑡 be the population (unitless count) at time 𝑡.

• Then 
𝑑𝑃

𝑑𝑡
is the population growth rate (in number / second)



Integration

• “Opposite” of differentiation
• “Summing up value as another variable changes”

• Dimensional analysis: multiply together units along axes



Antiderivatives

Theorem: If two functions 𝐹 and 𝐺 have the same 
derivative 𝐹′ 𝑥 = 𝐺′ 𝑥 , then 𝐹 𝑥 = 𝐺 𝑥 + 𝐶, 
where 𝐶 is a constant.



Can reverse many differentiation rules
Derivative rule Integration rule

𝑑

𝑑𝑥
𝑘𝑥 = 𝑘 න𝑘 𝑑𝑥 = 𝑘𝑥 + 𝐶

𝑑

𝑑𝑥

𝑥𝑟+1

𝑟 + 1
= 𝑥𝑟, 𝑟 ≠ −1 න𝑥𝑟 𝑑𝑥 =

𝑥𝑟+1

𝑟 + 1
+ 𝐶, 𝑟 ≠ −1

𝑑

𝑑𝑥
ln 𝑥 =

1

x
= x−1 න𝑥−1 𝑑𝑥 = ln 𝑥 + 𝐶

𝑑

𝑑𝑥

1

𝑎
𝑒𝑎𝑥 = 𝑒𝑎𝑥 න𝑒𝑎𝑥 𝑑𝑥 =

1

𝑎
𝑒𝑎𝑥 + 𝐶

𝑑

𝑑𝑥
−
1

𝑎
cos 𝑎𝑥 = sin 𝑎𝑥 නsin 𝑎𝑥 𝑑𝑥 = −

1

𝑎
cos 𝑎𝑥 + 𝐶

𝑑

𝑑𝑥

1

a
sin 𝑎𝑥 = cos 𝑎𝑥 නcos 𝑎𝑥 𝑑𝑥 =

1

a
sin 𝑎𝑥 + 𝐶

𝑑

𝑑𝑥

1

a
tan 𝑎𝑥 = sec2 𝑎𝑥 නsec2 𝑎𝑥 𝑑𝑥 =

1

a
tan 𝑎𝑥 + 𝐶

𝑑

𝑑𝑥
−
1

a
cot 𝑎𝑥 = csc2 𝑎𝑥 නcsc2 𝑎𝑥 𝑑𝑥 = −

1

a
cot 𝑎𝑥 + 𝐶

𝑑

𝑑𝑥

1

𝑎
sec 𝑎𝑥 = sec 𝑎𝑥 tan 𝑎𝑥 නsec 𝑎𝑥 tan 𝑎𝑥 𝑑𝑥 =

1

𝑎
sec 𝑥 + 𝐶

𝑑

𝑑𝑥
−
1

𝑎
csc 𝑎𝑥 = csc 𝑎𝑥 cot 𝑎𝑥 නcsc 𝑎𝑥 cot 𝑎𝑥 𝑑𝑥 = −

1

a
csc 𝑎𝑥 + 𝐶



Advanced rules

• Constant multiplication rule

න𝑘𝑓 𝑥 𝑑𝑥 = 𝑘න𝑓 𝑥 𝑑𝑥

• Addition/subtraction rule

න 𝑓 𝑥 + 𝑔 𝑥 𝑑𝑥 = න𝑓 𝑥 𝑑𝑥 + න𝑔 𝑥 𝑑𝑥

න 𝑓 𝑥 − 𝑔 𝑥 𝑑𝑥 = න𝑓 𝑥 𝑑𝑥 − න𝑔 𝑥 𝑑𝑥

• No product or quotient rule. See: Integration by Parts.



Examples

 𝑚𝑎 + 𝑎35 𝑑𝑎 , where 𝑚 is a constant. 

A: 𝑚 + 35𝑎34

B: 𝑚+ 35𝑎34 + 𝐶

C: 
𝑚

2
𝑎2 +

1

36
𝑎36

D: 
𝑚

2
𝑎2 +

1

36
𝑎36 + 𝐶

E: None of the above



Examples



Initial value problems and antiderivatives

• Recall that when there are infinitely many 
antiderivatives for a function. We can choose a 
specific function by giving an initial/boundary value.



Example - IVP

• Consider the function 𝑓 such that 𝑓′ 𝑥 = 𝑥2 + 2𝑥
where 𝑓 0 = 0.

What is 𝑓 1 ?

A: 
4

3

B: 
2

3

C: 1
D: 𝑥2 + 𝐶
E: None of the above
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