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SELECTED CALCULUS EQUATIONS 
 
Partial fractions 

𝑸(𝒙) = (𝒙 − 𝒂)(𝒙 − 𝒃)(𝒙 − 𝒄) …    
𝑷(𝒙)

𝑸(𝒙)
=

𝑨𝟏

(𝒙 − 𝒂)
+

𝑨𝟐

(𝒙 − 𝒃)
+

𝑨𝟑

(𝒙 − 𝒄)
+ ⋯ 

𝑸(𝒙) = (𝒙 − 𝒂)𝒏      
𝑷(𝒙)

𝑸(𝒙)
=

𝑨𝟏

(𝒙 − 𝒂)
+

𝑨𝟐

(𝒙 − 𝒂)𝟐 +
𝑨𝟑

(𝒙 − 𝒂)𝟑 + ⋯ 
𝑨𝒏

(𝒙 − 𝒂)𝒏 

 

𝑸(𝒙) = 𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄     
𝑷(𝒙)

𝑸(𝒙)
=

𝑨𝒙 + 𝑩

𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 
 

 

𝑸(𝒙) = (𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄)𝒏      
𝑷(𝒙)

𝑸(𝒙)
=

𝑨𝟏𝒙 + 𝑩𝟏

𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 
+

𝑨𝟐𝒙 + 𝑩𝟐

(𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄)𝟐 
+

𝑨𝟑𝒙 + 𝑩𝟑

(𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄)𝟑 
+ ⋯ 

𝑨𝒏𝒙 + 𝑩𝒏

(𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄)𝒏 
 

 

Linearization 

𝑇𝑜 𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒 𝑓(𝑥) 𝑛𝑒𝑎𝑟 𝑓(𝑎):  𝑳(𝒂) = 𝒇(𝒂) + 𝒇′(𝒂)(𝒙 − 𝒂) 
 

 Integrating by parts 

∫ 𝒖𝒅𝒗 = 𝒖𝒗 − ∫ 𝒗𝒅𝒖  

𝐹𝑜𝑟:  𝒙𝒂𝒆𝒃𝒙,   𝒙𝒂 𝐬𝐢𝐧 𝒃𝒙,  𝒙𝒂 𝐜𝐨𝐬 𝒃𝒙,  → 𝒙𝒂 = 𝒖   𝑡ℎ𝑒 𝑟𝑒𝑠𝑡 = 𝒅𝒗 

𝐹𝑜𝑟:  𝒙𝒂𝒍𝒏 (𝒃𝒙),   𝒙𝒂 𝐬𝐢𝐧−𝟏 𝒃𝒙,  𝒙𝒂 𝐜𝐨𝐬−𝟏 𝒃𝒙,  𝒙𝒂 𝐭𝐚𝐧−𝟏 𝒃𝒙, 𝒙𝒂 𝐜𝐨𝐭−𝟏 𝒃𝒙 → 𝒙𝒂𝒅𝒙 = 𝒅𝒗    𝑡ℎ𝑒 𝑟𝑒𝑠𝑡 = 𝒖  

𝐹𝑜𝑟:  𝒆𝒂𝒙 𝐬𝐢𝐧 𝒃𝒙,   𝒆𝒂𝒙 𝐜𝐨𝐬 𝒃𝒙    →  𝒆𝒂𝒙 = 𝒖  𝑜𝑟  𝒆𝒂𝒙𝒅𝒙 = 𝒅𝒗 

 
Trigonometric substitutions 

 𝒙 = 𝒂 𝐬𝐢𝐧 𝝑     ∫ √𝒂𝟐 − 𝒙𝟐  𝒅𝒙 =   ∫ 𝒂𝟐 𝐜𝐨𝐬𝟐 𝝑 𝒅𝝑 = 𝒂𝟐 (
𝟏

𝟐
𝝑 +

𝟏

𝟒
𝐬𝐢𝐧 𝟐𝝑) + 𝑪 

𝒙 = 𝒂 𝐭𝐚𝐧 𝝑     ∫ √𝒂𝟐 + 𝒙𝟐  𝒅𝒙 =   ∫ 𝒂𝟐 𝐬𝐞𝐜𝟑 𝝑 𝒅𝝑 = 𝒂𝟐 (−
𝟏

𝟐
𝐬𝐞𝐜 𝝑 𝐭𝐚𝐧 𝝑 +

𝟏

𝟐
𝐥𝐧|𝐬𝐞𝐜 𝝑 + 𝐭𝐚𝐧 𝝑|) + 𝑪 

𝒙 = 𝒂 𝐬𝐞𝐜 𝝑     ∫
√𝒙𝟐 − 𝒂𝟐

𝒙
 𝒅𝒙 =   ∫ 𝒂 𝐭𝐚𝐧𝟐 𝝑 𝒅𝝑 = 𝒂(𝐭𝐚𝐧 𝝑 − 𝝑) + 𝑪 

 

Center of gravity 

𝒙̅ =
𝟏

𝑨
∫ 𝒙𝒇(𝒙)𝒅𝒙

𝒃

𝒂

    𝒚̅ =
𝟏

𝑨
∫

𝟏

𝟐
[𝒇(𝒙)]𝟐𝒅𝒙

𝒃

𝒂

     𝑨 = ∫ 𝒇(𝒙)𝒅𝒙
𝒃

𝒂

 

 

Power series 

𝒇(𝒙)𝒂𝒕 𝒙𝒐
= ∑

𝒇𝒏(𝒙𝟎)

𝒏!

∞

𝟎

(𝒙 − 𝒙𝟎)𝒏 = 𝒇(𝒙𝟎) + 𝒇′(𝒙𝟎)(𝒙 − 𝒙𝟎) +
𝒇′′(𝒙𝟎)

𝟐!
(𝒙 − 𝒙𝟎)𝟐 +

𝒇′′′(𝒙𝟎)

𝟑!
(𝒙 − 𝒙𝟎)𝟑 + ⋯ +

𝒇𝒏(𝒙𝟎)

𝒏!
(𝒙 − 𝒙𝟎)𝒏 + ⋯ 

 

𝒇(𝒙)𝒂𝒕 𝒙𝒐=𝟎 = ∑
𝒇𝒏(𝟎)

𝒏!

∞

𝟎

𝒙𝒏 = 𝒇(𝟎) + 𝒇′(𝟎)𝒙 +
𝒇′′(𝟎)

𝟐!
𝒙𝟐 +

𝒇′′′(𝟎)

𝟑!
𝒙𝟑 + ⋯ +

𝒇𝒏(𝟎)

𝒏!
𝒙𝒏 + ⋯ 

 
Binomial theorem: 

(𝒙 + 𝒚)𝒏 = ∑ (
𝒏

𝒌
)

𝒏

𝒌=𝟎

𝒙𝒏−𝒌𝒚𝒌 = (
𝒏

𝟎
) 𝒙𝒏𝒚𝟎 + (

𝒏

𝟏
) 𝒙𝒏−𝟏𝒚𝟏 + (

𝒏

𝟐
) 𝒙𝒏−𝟐𝒚𝟐 + ⋯  (

𝒏

𝒏 − 𝟏
) 𝒙𝟏𝒚𝒏−𝟏 + (

𝒏

𝒏
) 𝒙𝟎𝒚𝒏                  (

𝒏

𝒌
) =

𝒏!

(𝒏 − 𝒌)! ∙ 𝒌!
     

(𝟏 + 𝒙)𝒏 = ∑ (
𝒏

𝒌
)

𝒏

𝒌=𝟎

𝒙𝒌 = (
𝒏

𝟎
) 𝒙𝟎 + (

𝒏

𝟏
) 𝒙𝟏 + (

𝒏

𝟐
) 𝒙𝟐 + ⋯  (

𝒏

𝒏 − 𝟏
) 𝒙𝒏−𝟏 + (

𝒏

𝒏
) 𝒙𝒏 = 𝟏 + ∑

𝒏(𝒏 − 𝟏) ⋯ (𝒏 − 𝒌 + 𝟏)

𝒌!

∞

𝒌=𝟏

𝒙𝒌     |𝒙| < 𝟏                
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Common Maclaurin series: 

𝟏

𝟏 − 𝒙
= ∑ 𝒙𝒏 = 𝟏 + 𝒙 + 𝒙𝟐 + 𝒙𝟑 + ⋯

∞

𝟎

                             𝑹 = 𝟏 

𝟏

𝟏 − 𝒙𝟐
= ∑(−𝟏)𝒏𝒙𝟐𝒏 = 𝟏 − 𝒙𝟐 + 𝒙𝟒 − 𝒙𝟔 + ⋯

∞

𝟎

            𝑹 = 𝟏 

𝒆𝒙 = ∑
𝒙𝒏

𝒏!
= 𝟏 + 𝒙 +

𝒙𝟐

𝟐!
+

𝒙𝟑

𝟑!
+

𝒙𝟒

𝟒!
+ ⋯                           𝑹 = ∞

∞

𝟎

 

𝐬𝐢𝐧 𝒙 = ∑(−𝟏)𝒏
𝒙𝟐𝒏+𝟏

(𝟐𝒏 + 𝟏)!
= 𝒙 −

𝒙𝟑

𝟑!
+

𝒙𝟓

𝟓!
−

𝒙𝟕

𝟕!
+ ⋯

∞

𝟎

   𝑹 = ∞ 

𝐜𝐨𝐬 𝒙 = ∑(−𝟏)𝒏
𝒙𝟐𝒏

(𝟐𝒏)!
= 𝟏 −

𝒙𝟐

𝟐!
+

𝒙𝟒

𝟒!
−

𝒙𝟔

𝟔!
+ ⋯

∞

𝟎

           𝑹 = ∞ 

𝐭𝐚𝐧−𝟏 𝒙 = ∑(−𝟏)𝒏
𝒙𝟐𝒏+𝟏

(𝟐𝒏 + 𝟏)
= 𝒙 −

𝒙𝟑

𝟑
+

𝒙𝟓

𝟓
−

𝒙𝟕

𝟕
+ ⋯

∞

𝟎

 𝑹 = 𝟏 

𝐥𝐧(𝟏 + 𝒙) = ∑(−𝟏)𝒏+𝟏
𝒙𝒏

𝒏!
= 𝒙 −

𝒙𝟐

𝟐
+

𝒙𝟑

𝟑
−

𝒙𝟒

𝟒
+ ⋯     

∞

𝟏

𝑹 = 𝟏 

Remainder: 

|𝑹𝒏(𝒙)| ≤
𝑴

(𝒏 + 𝟏)!
|𝒙 − 𝒙𝟎|𝒏+𝟏 

Geometric series 

∑ 𝒂 ∙ 𝒓𝒏

∞

𝒏=𝟎

=
𝒂

𝟏 − 𝒓
 

Alternating harmonic series 

∑
(−𝟏)𝒏+𝟏

𝒏

∞

𝒏=𝟏

= 𝟏 −
𝟏

𝟐
+

𝟏

𝟑
−

𝟏

𝟒
+ ⋯  = 𝒍𝒏𝟐 

Binomial series 

(𝟏 + 𝒙)𝒎 = 𝟏 + ∑
𝒎(𝒎 − 𝟏) ⋯ (𝒎 − 𝒌 + 𝟏)

𝒌!

∞

𝒌=𝟏

𝒙𝒌      |𝒙| < 𝟏 

Convergence 

𝑰𝒇 𝐥𝐢𝐦
𝒏→∞

𝒂𝒏 = 𝟎 ⇒ ∑ 𝒂𝒏  𝒄𝒐𝒏𝒗𝒆𝒓𝒈𝒆𝒔

∞

𝟏

 

∑ 𝒂𝒏  𝒄𝒐𝒏𝒗𝒆𝒓𝒈𝒆𝒔

∞

𝟏

  ⇔   ∫ 𝒇(𝒙)𝒅𝒙 
∞

𝟏

 𝒄𝒐𝒏𝒗𝒆𝒓𝒈𝒆𝒔 

Fundamental theorem of calculus 

𝒈(𝒙) = ∫ 𝒇(𝒕)𝒅𝒕
𝒖(𝒙)

𝒂

  𝒈′(𝒙) = 𝒇(𝒖)𝒖′ 

Limits 

𝐥𝐢𝐦
𝒙→𝟎

𝐬𝐢𝐧 𝒙

𝒙
= 𝟏         𝐥𝐢𝐦

𝒙→𝟎

𝟏 − 𝐜𝐨𝐬 𝒙

𝒙
= 𝟎   

𝐥𝐢𝐦
𝒙→∞

𝐬𝐢𝐧 𝒙

𝒙
= 𝟎         𝐥𝐢𝐦

𝒙→∞

𝐜𝐨𝐬 𝒙

𝒙
= 𝟎   

 

Areas and length of curves 

Rectangular: 

𝑨 = ∫ 𝒇(𝒙)𝒅𝒙 
𝒃

𝒂

        𝑳 = ∫ √𝟏 + 𝒇′(𝒙)𝟐
𝒃

𝒂

𝒅𝒙 

Parametric: 

𝑨 = ∫ 𝒈(𝒕) ∙ 𝒇(𝒕)𝒅𝒕 
𝒕𝟐

𝒕𝟏

        𝑳 = ∫ √(
𝒅𝒙

𝒅𝒕
)

𝟐

+ (
𝒅𝒚

𝒅𝒕
)

𝟐𝒕𝟐

𝒕𝟏

𝒅𝒕 

Polar: 

𝑨 = ∫
𝟏

𝟐
 𝒓𝟐𝒅𝝑

𝜷

𝜶

     𝒓 = 𝒇(𝝑)     𝑳 = ∫ √𝒓𝟐 + (
𝒅𝒓

𝒅𝝑
)

𝟐𝜷

𝜶

𝒅𝝑 

Special   Products 

(𝒂 + 𝒃)𝟐 = 𝒂𝟐 + 𝟐𝒂𝒃 + 𝒃𝟐 

(𝒂 − 𝒃)𝟐 = 𝒂𝟐 − 𝟐𝒂𝒃 + 𝒃𝟐 

𝒂𝟐 − 𝒃𝟐 = (𝒂 + 𝒃)(𝒂 − 𝒃) 

𝒂𝟐 + 𝒃𝟐 = (𝒂 + 𝒃𝒊)(𝒂 − 𝒃𝒊) 

𝒂𝟑 + 𝒃𝟑 = (𝒂 + 𝒃)(𝒂𝟐 − 𝒂𝒃 + 𝒃𝟐) 

𝒂𝟑 − 𝒃𝟑 = (𝒂 − 𝒃)(𝒂𝟐 + 𝒂𝒃 + 𝒃𝟐) 

𝒂𝟒 + 𝒃𝟒 = (𝒂𝟐 + √𝟐𝒂𝒃 + 𝒃𝟐)(𝒂𝟐 − √𝟐𝒂𝒃 + 𝒃𝟐) 

𝒂𝟒 − 𝒃𝟒 = (𝒂𝟐 + 𝒃𝟐)(𝒂 + 𝒃)(𝒂 − 𝒃) 

Exponential 

𝑁𝑒𝑤𝑡𝑜𝑛 𝑙𝑎𝑤 𝑜𝑓 𝑐𝑜𝑜𝑙𝑖𝑛𝑔:   𝑻(𝒕) = 𝑻𝒔 + (𝑻𝒊 − 𝑻𝒔)𝒆−𝒌𝒕 

𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐 𝑔𝑟𝑜𝑤𝑡ℎ:    𝒚 =
𝑴

𝟏 + 𝒄𝒆−𝒌𝑴𝒕
      𝑢𝑝𝑝𝑒𝑟 𝑙𝑖𝑚𝑖𝑡: 𝑴 

𝐻𝑎𝑙𝑓 𝑙𝑖𝑓𝑒:   𝑨 = 𝑨𝟎 (
𝟏

𝟐
)

𝒕
𝑯𝑳

   𝒕 = 𝑯𝑳 ∙ 𝐥𝐨𝐠𝟏
𝟐

(
𝑨

𝑨𝟎
) 

Newton’s method 

𝒙𝒏+𝟏 = 𝒙𝒏 −
𝒇(𝒙𝒏)

𝒇′(𝒙𝒏)
 

Summation 

∑ 𝒌 =
𝒏(𝒏 + 𝟏)

𝟐

𝒏

𝒌=𝟏

 

∑ 𝒌𝟐 =
𝒏(𝒏 + 𝟏)(𝟐𝒏 + 𝟏)

𝟔

𝒏

𝒌=𝟏

 

∑ 𝒌𝟑 =

𝒏

𝒌=𝟏

[
𝒏(𝒏 + 𝟏)

𝟐
]

𝟐

 

∑ 𝒂𝒓𝒌−𝟏 =

𝒏

𝒌=𝟏

𝒂
𝟏 − 𝒓𝒏

𝟏 − 𝒓
      𝒓 ≠ 𝟎, 𝟏    𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑠𝑒𝑟𝑖𝑒𝑠 

∑ 𝒂𝒓𝒌−𝟏 =

∞

𝒌=𝟏

𝒂

𝟏 − 𝒓
      |𝒓| < 𝟏    𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒 𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑠𝑒𝑟𝑖𝑒𝑠 
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Vectors 

𝒖 ∘ 𝒗 = 𝒖𝒙𝒗𝒙 + 𝒖𝒚𝒗𝒚 + 𝒖𝒛𝒗𝒛   𝑑𝑜𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

𝒖 ∘ 𝒗 = ‖𝒖‖‖𝒗‖ 𝐜𝐨𝐬 𝝑      𝐜𝐨𝐬 𝝑 =
𝒖 ∘ 𝒗

‖𝒖‖‖𝒗‖
       

𝒑𝒓𝒐𝒋𝒃𝒗 =
𝒗 ∘ 𝒃

‖𝒃‖𝟐 ∙ 𝒃        𝒔𝒄𝒂𝒍𝒂𝒓 𝒑𝒓𝒐𝒋 =
𝒗 ∘ 𝒃

‖𝒃‖
 

𝑾 = ‖𝑭‖ ‖𝑫‖𝐜𝐨𝐬 𝝑 = 𝑭 ∘ 𝑫    𝑾: 𝑤𝑜𝑟𝑘  𝑭: 𝑓𝑜𝑟𝑐𝑒 𝑫: 𝑑𝑖𝑠𝑝𝑙𝑐𝑚𝑡 


