
FORMULA SHEET 

 SPHERICAL COORDINATES (𝒓, 𝜽,𝝓):      𝑑𝑙 = 𝑑𝑟𝑟̂ + 𝑟𝑑𝜃𝜃/ + 𝑟𝑠𝑖𝑛𝜃𝑑𝜙𝜙/   ;    𝑑𝜏 = 𝑟!𝑠𝑖𝑛𝜃𝑑𝑟𝑑𝜃𝑑𝜙 

𝑥 = 𝑟 sin 𝜃 cos𝜙                                                𝑥+ = sin 𝜃 cos𝜙 𝑟̂ + cos 𝜃 cos𝜙 𝜃. − sin𝜙𝜙.	
𝑦 = 𝑟 sin 𝜃 sin𝜙                                                𝑦+ = sin 𝜃 sin𝜙 𝑟̂ + cos 𝜃 sin𝜙 𝜃. + cos𝜙𝜙. 
𝑧 = 𝑟 cos 𝜃                                                 𝑧̂ = 	 cos 𝜃 𝑟̂ − sin 𝜃 𝜃. 
 
𝑟 = 3𝑥! + 𝑦! + 𝑧!                                           𝑟̂ = sin 𝜃 cos𝜙 𝑥+ + sin 𝜃 sin𝜙 𝑦+ + cos 𝜃 𝑧̂     	
𝜃 = cos"#(𝑧	 𝑟⁄ )                                                𝜃. = cos 𝜃 cos𝜙 𝑥+ + cos 𝜃 sin𝜙 𝑦+ − sin 𝜃 𝑧̂ 
𝜙 = tan"#9𝑦 𝑥		: ;                                              𝜙. = −sin𝜙 𝑥+ + cos𝜙 𝑦+ 
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 CYLINDRICAL COORDINATES (𝒔, 𝝓, 𝒛):  𝑑𝑙 = 𝑑𝑠𝑠̂ + 𝑠𝑑𝜙𝜙/ + 𝑑𝑧𝑧̂   ;    𝑑𝜏 = 𝑠𝑑𝑠𝑑𝜙𝑑𝑧 

𝑥 = 𝑠 cos𝜙                                          𝑥+ = cos𝜙 𝑠̂ + sin𝜙𝜙.	
𝑦 = 𝑠 sin𝜙                                          𝑦+ = −sin𝜙 𝑠̂ + cos𝜙𝜙. 
𝑧 = 𝑧                                                𝑧̂ = 	 𝑧̂ 
 
𝑠 = 3𝑥! + 𝑦!                                    𝑠̂ = cos𝜙𝑥+ + sin𝜙 𝑦+ 
𝜙 = tan"#9𝑦 𝑥: ;                                𝜃= = −sin𝜙 𝑥+ + cos𝜙 𝑦+ 
𝑧 = 𝑧                                                    𝑧̂ = 	 𝑧̂ 
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Divergence Theorem: 	∫ (∇ ∙ v=⃗ )𝑑𝜏𝒱 = ∮ v=⃗ ∙ 𝑑𝑎⃗𝒮       Rotational (Stokes) Theorem: ∫ (∇ × v=⃗ ) ∙ 𝑑𝑎⃗𝒮 = ∮ v=⃗𝒫 ∙ 𝑑𝑙 

Orthogonality Relation:  ∫ sin 𝑘𝑥 sin 𝑛𝑥%
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Electrostatic Boundary Conditions: 
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Linear Dielectric: 
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Ampere’s Law: ∮𝐵=⃗ ∙ 𝑑𝑙 = 𝜇&𝐼'12.        
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