
 

Normal vector:  𝑟
𝑢

× 𝑟
𝑣

= 〈𝑎,  𝑏,  𝑐〉

Plane equation:  𝑎(𝑥 − 𝑥
0
) + 𝑏(𝑦 − 𝑦

0
) + 𝑐(𝑧 − 𝑧

0
)

 
Coordinate Systems 

Polar: 
 𝑥 = 𝑟𝑐𝑜𝑠(θ)
 𝑦 = 𝑟𝑠𝑖𝑛(θ)

 𝑑𝐴 = 𝑟 𝑑𝑟 𝑑θ
 

 𝑥2 + 𝑦2 = 𝑟2

 θ = 𝑡𝑎𝑛−1 𝑦
𝑥( )

Cylindrical: 
Polar, except 

 𝑑𝐴 = 𝑟 𝑑𝑧 𝑑𝑟 𝑑θ

Spherical: 
 𝑥 = ρ 𝑠𝑖𝑛(ϕ) 𝑐𝑜𝑠(θ)
 𝑦 = ρ 𝑠𝑖𝑛(ϕ) 𝑠𝑖𝑛(θ)

 𝑧 = ρ 𝑐𝑜𝑠(ϕ)

 𝑑𝐴 = ρ2 𝑠𝑖𝑛(ϕ) 𝑑ρ 𝑑ϕ 𝑑θ
 

 𝑥2 + 𝑦2 + 𝑧2 = ρ2

 
Line and Surface Integrals 

 
𝐶
∫ 𝐹 · 𝑑𝑟 =

𝐶
∫ 𝐹 · 𝑇 𝑑𝑠 =

𝑎

𝑏

∫ 𝐹(𝑟(𝑡)) · 𝑟'(𝑡) 𝑑𝑡

 ∫
𝑆
∫ 𝐹 · 𝑑𝑆 = ∫

𝐶
∫ 𝐹 · 𝑛 𝑑𝑆 = ∫

𝐷
∫ 𝐹(𝑟(𝑥, 𝑦)) · (𝑟

𝑥
× 𝑟

𝑦
) 𝑑𝐴

                                  𝑚𝑎𝑦 𝑏𝑒 ∫
𝐷
∫ 𝐹(𝑟(ϕ, θ)) · (𝑟

ϕ
× 𝑟

θ
) 𝑑𝐴

                                                ∫
𝐷
∫ 𝑓(𝑥, 𝑦, 𝑧) 𝑑𝑆 = ∫

𝐷
∫ 𝑓(𝑟(𝑢, 𝑣)) 𝑟

𝑢
× 𝑟

𝑣| | 𝑑𝐴

Parameterizations 

“For lines when given points 
P and Q” 
 

 𝑟(𝑡) = (1 − 𝑡)𝑃 + 𝑡𝑄

“When using polar 
coordinates” 
 

 𝑟(𝑡) = 〈𝑟𝑐𝑜𝑠(𝑡),  𝑟𝑠𝑖𝑛(𝑡),  𝑡〉

“Easy parameterization” 
 

 𝑟(𝑡) = 〈𝑥,  𝑦,  𝑓(𝑥, 𝑦)〉
 𝑛 = 〈 − 𝑓

𝑥
,  − 𝑓

𝑦
,  1〉

 
Three Theorems 

Stokes’ 

 
𝐶
∫ 𝐹 · 𝑑𝑟 =

 ∫
𝑆
∫ 𝑐𝑢𝑟𝑙(𝐹) · 𝑑𝑆

Divergence 

 ∫
𝑆
∫ 𝐹 · 𝑑𝑆 =

 ∫∫
𝐵
∫ 𝑑𝑖𝑣(𝐹) 𝑑𝑉

Green’s 

 
𝐶
∫ 𝑃 𝑑𝑥 + 𝑄 𝑑𝑦 =

 ∫
𝐷
∫ δ𝑄

δ𝑥 − δ𝑃
δ𝑦( )𝑑𝐴

 



 

When 
 𝑟(ϕ, θ) = 〈𝑠𝑖𝑛(ϕ) 𝑐𝑜𝑠(θ),  𝑠𝑖𝑛(ϕ) 𝑠𝑖𝑛(θ),  𝑐𝑜𝑠(ϕ)〉

 𝑟
ϕ

× 𝑟
θ

= 〈𝑠𝑖𝑛2(ϕ) 𝑐𝑜𝑠(θ),  𝑠𝑖𝑛2(ϕ) 𝑠𝑖𝑛(θ),  𝑠𝑖𝑛(ϕ) 𝑐𝑜𝑠(ϕ)〉

 𝑟
ϕ

× 𝑟
θ| | = 𝑠𝑖𝑛(ϕ)

 
Half-Angle Identities 
 

 𝑠𝑖𝑛2(𝑥) = 1−𝑐𝑜𝑠(2𝑥)
2

 𝑐𝑜𝑠2(𝑥) = 1+𝑐𝑜𝑠(2𝑥)
2

 
Fundamental Theorem of Line Integrals 
Given that  is a potential equation of a conservative field  𝑓(𝑥, 𝑦) 𝐹

 
𝐶
∫ 𝐹 · 𝑑𝑟 = 𝑓(𝑄) − 𝑓(𝑃)

 
Area With No Flux 

 𝐴(𝑆) = ∫
𝐷
∫ 1 + δ𝑧

δ𝑥( )2
+ δ𝑧

δ𝑦( )2
𝑑𝐴

 
2nd Derivative Test 

 𝐷 = 𝑓
𝑥𝑥

𝑓
𝑦𝑦

− 𝑓
𝑥𝑦( )2

 
If , then the point is a saddle 𝐷 < 0
If , then the test is inconclusive 𝐷 = 0
 
If  and , then it’s a minimum value 𝐷 > 0 𝑓

𝑥𝑥
> 0

If  and , then it’s a maximum value 𝐷 > 0 𝑓
𝑥𝑥

< 0

 

 

 


