
Position	&	Source:	Position	vector	𝑟,	source	vector	𝑟′,	separation	vector	∆𝑟 = 𝑟 − 𝑟′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! 𝑓 ∙ 𝑑𝑙 = 𝑓 𝑏 − 𝑓(𝑎)		 	 ∇ ∙ 𝐴 𝑑𝜏 = 𝐴 ∙ 𝑑𝑎			 (∇×𝐴) ∙𝑑𝑎 = 𝐴 ∙ 𝑑𝑙		

	
Cartesian	Coordinates:	 𝑑𝑙 = 𝑑𝑥𝑥 + 𝑑𝑦𝑦 + 𝑑𝑧𝑧	 𝑑𝜏 = 𝑑𝑥 𝑑𝑦 𝑑𝑧	
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Spherical	Coordinates:	 𝑥 = 𝑟 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜙,		𝑦 = 𝑟 𝑠𝑖𝑛𝜃 𝑠𝑖𝑛𝜙,		𝑧 = 𝑟 𝑐𝑜𝑠𝜃	
	
𝑑𝑙 = 𝑑𝑟𝑟 + 𝑟 𝑑𝜃𝜃 + 𝑟 𝑠𝑖𝑛𝜃 𝑑𝜙𝜙	 𝑑𝜏 = 𝑟!𝑠𝑖𝑛𝜃 𝑑𝑟 𝑑𝜃 𝑑𝜙	
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Cylindrical	Coordinates:	 𝑥 = 𝑠 𝑐𝑜𝑠𝜙,		𝑦 = 𝑠 𝑠𝑖𝑛𝜙,		𝑧 = 𝑧	
	
𝑑𝑙 = 𝑑𝑠𝑠 + 𝑠 𝑑𝜙𝜙 + 𝑑𝑧𝑧	 𝑑𝜏 = 𝑠 𝑑𝑠 𝑑𝜙 𝑑𝑧	
	
∇𝑓 = !"

!"
𝑠 + !

!
!"
!"
𝜙 + !"

!"
𝑧	 ∇ ∙ 𝐴 = !

!
!(! !!)
!"

+ !
!
!!!
!"

+ !!!
!"
		

	
∇×𝐴 = !

!
!!!
!"

− !!!
!"

𝑠 + !!!
!"
− !!!

!"
𝜙 + !

!
!(! !!)
!"

− !!!
!"

𝑧							∇!𝑓 = !
!
!
!"

𝑠 !"
!"

+ !
!!

!!!
!!!

+ !!!
!!!
	

	
Tensor	Math:				(𝑎 ⋅ 𝑇)! = 𝑎!𝑇!"! 						(𝑇 ⋅ 𝑎)! = 𝑇!"𝑎!! 	
	
Lorentz	Force:	𝐹 = 𝑄(𝐸 + 𝑣×𝐵),		 	 On	Wire:	𝐹!"# = 𝐼(𝑑𝑙×𝐵)	
	
Maxwell’s	Equations:	∇×𝐸 = − !!

!"
	 	 𝐸 ∙ 𝑑𝑙 = − !
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𝐵 ⋅ 𝑑𝑎	

		 	 	 				∇ ∙ 𝐸 = 𝜌/𝜀!	 	 𝐸 ⋅ 𝑑𝑎 = 𝑄!"#/𝜀!	
	 	 	 				∇×𝐵 = 𝜇!𝐽 + 𝜇!𝜀!
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		 𝐵 ⋅ 𝑑𝑙 = 𝜇!𝐼!"#  + 𝜇!𝜀!

!
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𝐸 ⋅ 𝑑𝑎	
	 	 	 				∇ ∙ 𝐵 = 0	 	 	 𝐵 ∙ 𝑑𝑎 = 0	



Fields	in	Matter:		𝑃 = 𝑝/𝑣𝑜𝑙𝑢𝑚𝑒		 	𝐷 =  𝜀!𝐸 + 𝑃						𝜎! = 𝑃 ∙ 𝑛					𝜌! = −∇ ∙ 𝑃							𝐽! =
!!
!"
							

																																			𝑀 = 𝑚/𝑣𝑜𝑙𝑢𝑚𝑒	 	𝐻 = !
!!
𝐵 −𝑀					𝐾! = 𝑀×𝑛				𝐽! = ∇×𝑀		 																			

								∇ ∙ 𝐷 = 𝜌!	 	 𝐷 ⋅ 𝑑𝑎 = 𝑄!_!"# 	

	 	 								∇×𝐻 = 𝐽! +
!!
!"
		 	 𝐻 ⋅ 𝑑𝑙 = 𝐼!!"# +

!
!"

𝐷 ⋅ 𝑑𝑎	
	
Linear	Materials:		𝑃 = 𝜀!𝜒!𝐸		 	 𝐷 = 𝜀𝐸 = (1+ 𝜒!)𝜀!𝐸 = 𝜀!𝜀!𝐸		
																																					𝑀 = 𝜒!𝐻	 		𝐵 = 𝜇𝐻 = 1+ 𝜒! 𝜇!𝐻		
	
Boundary	Conditions:				∆𝐷! = 𝜎!																∆𝐸|| = 0		 	 ∆𝐷|| = ∆𝑃||	
	 	 	 									∆𝐻|| = 𝐾!×𝑛				 		∆𝐵! = 0		 	 ∆𝐻! = −∆𝑀!		 	
	
Ohm’s	Law	and	EMF:				𝐽 = 𝜎𝐸	 ℇ = (𝐹/𝑞) ⋅ 𝑑𝑙		 ℇ!"#$"%&' = − !!!

!"
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Energy	&	Momentum:										𝑆 = !
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EM	Waves:									𝐸 𝑟, 𝑡 = 𝐸! cos 𝑘 ⋅ 𝑟 − 𝜔𝑡 + 𝛿 𝑛							𝐵 𝑟, 𝑡 = !!
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