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Definitions of Derivatives: 

• 𝐿𝑡
∆𝑥→0

∆𝑦

∆𝑥
=

𝑑𝑦

𝑑𝑥
 } 𝑤ℎ𝑒𝑛 𝑦(𝑥) 

• 𝐿𝑡
∆𝑥→0

𝑦𝑥+∆𝑥−𝑦𝑥

∆𝑥
=

𝑑𝑦

𝑑𝑥
 } 𝑤ℎ𝑒𝑛 𝑦(𝑥, 𝑡) 

• 𝐿𝑡
∆𝑥→0

(𝑥+∆𝑥)𝑦𝑥+∆𝑥−𝑥𝑦𝑥

∆𝑥
=

𝑑(𝑥𝑦)

𝑑𝑥
 } 𝑤ℎ𝑒𝑛 𝑦(𝑥, 𝑡) 

• ln(1 + 𝑥) = 𝑥 −
1

2
𝑥2 +

1

3
𝑥3 − ⋯ ≈

𝑥 (for small x) 

• erf(𝑛) =
2

√𝜋
∫ 𝑒−𝑛2

𝑑𝑛
𝑛

0
 

• 
𝑑

𝑑𝑥
(ln 𝑥) =

1

𝑥
 

• ∫
𝑑𝑇

𝑇𝑛 =
𝑇−𝑛+1

−𝑛+1
 

• ∫
𝑑𝑇

𝑇
= ln 𝑇 

• ∇2=
𝑑2

𝑑𝑥2 +
𝑑2

𝑑𝑦2 +
𝑑2

𝑑𝑧2}  𝐶𝑎𝑟𝑡𝑒𝑠𝑖𝑎𝑛 

• =
1

𝑟

𝑑

𝑑𝑟
(𝑟

𝑑

𝑑𝑟
) +

1

𝑟2

𝑑2

𝑑∅2 +
𝑑2

𝑑𝑧2} 𝐶𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙

Solutions to Common Derivatives: 

• 
𝑑𝑇

𝑑𝑥
= 𝑐𝑇 → 𝑻 = 𝒄𝟏𝒆𝒄𝒙 

• 
𝑑2𝑇

𝑑𝑥2 = 0 →
𝑑𝑇

𝑑𝑥
= 𝑐1 → 𝑻 = 𝒄𝟏𝒙 + 𝒄𝟐 

• 
𝑑2𝑇

𝑑𝑥2 = 𝑐0 →
𝑑𝑇

𝑑𝑥
= 𝑐0𝑥 + 𝑐1 → 𝑻 =

𝒄𝟎𝒙𝟐

𝟐
+ 𝒄𝟏𝒙 + 𝒄𝟐 

• 
𝑑

𝑑𝑟
(𝑟

𝑑𝑇

𝑑𝑟
) = 𝑐0 → 𝑟

𝑑𝑇

𝑑𝑟
= 𝑐0𝑟 + 𝑐1 →

𝑑𝑇

𝑑𝑟
= 𝑐0 +

𝑐1

𝑟
  → 𝑻 = 𝒄𝟎 + 𝒄𝟏 𝐥𝐧(𝒓) + 𝒄𝟐 

 
 

• Solution to 
𝑑2𝑇

𝑑𝑥2 − 𝑐𝑇 = 0  is 𝑇 = 𝐴𝑒√𝑐𝑥   𝑜𝑟   𝑇 = 𝐴𝑒−√𝑐𝑥 

o General solution is 𝑇 = 𝐴𝑒√𝑐𝑥 + 𝐵𝑒−√𝑐𝑥 where “A” and “B” are constants. 

o Average of a function T(x) over 0 ≤ x ≤ L is given by  𝑇𝑎𝑣𝑒 =
∫ 𝑇𝑑𝑥

𝐿

0

𝐿
 

o Solution to 
𝑑2𝑇

𝑑𝑥2 + 𝑐𝑇 = 0  is  𝑇 = 𝐴 sin √𝑐𝑥   or   𝑇 = 𝐴 cos √𝑐𝑥 

o General solution is 𝑇 = 𝐴 sin √𝑐𝑥 + 𝐵 cos √𝑐𝑥 where “A” and “B” are constants. 

• 
𝑑𝑇

𝑑𝑡
= 𝑐

𝑑2𝑇

𝑑𝑥2   can be solved by using separation of variables. 

 
 
Basic Properties/Rules: 

• ∫ 𝑐𝑓(𝑥)𝑑𝑥 = 𝑐 ∫ 𝑓(𝑥)𝑑𝑥 (“c” constant) 

• ∫ 𝑘 𝑑𝑥 = 𝑘𝑥 + 𝑐 

• ∫
1

𝑥
𝑑𝑥 = ln|𝑥| + 𝑐 

• ∫ 𝑥2 𝑑𝑥 =
𝑥3

3
+ 𝑐  

• ∫ 𝑥 𝑑𝑥 =
𝑥2

2
+ 𝑐  

• ∫ 𝑒𝑥 𝑑𝑥 = 𝑒𝑥 + 𝑐 

• 
𝑑

𝑑𝑥
(𝑐) = 0  where “c” is a constant 

• 
𝑑

𝑑𝑥
(𝑥𝑛) = 𝑛𝑥𝑛−1 

• 
𝑑

𝑑𝑥
(sin 𝑥) = cos 𝑥 

• 
𝑑

𝑑𝑥
(cos 𝑥) = − sin 𝑥 

• ∫ 𝑓(𝑥)
𝑏

𝑎
𝑑𝑥 = − ∫ 𝑓(𝑥)

𝑎

𝑏
𝑑𝑥 

 
 
Integration by Parts: 

• ∫ 𝑢 𝑑𝑣 = 𝑢𝑣 − ∫ 𝑣 𝑑𝑢 

o Choose “u” and “dv.” Compute “du” by differentiation u and “v” by understanding 

𝑣 = ∫ 𝑑𝑣
 


