
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	
	
∇𝑓 = !"

!"
𝑥 + !"

!"
𝑦 + !"

!"
𝑧	 ∇ ∙ 𝐴 = !!!

!"
+ !!!

!"
+ !!!

!"
	 	

	
∇×𝐴 = !!!

!"
− !!!

!"
𝑥 + !!!

!"
− !!!

!"
𝑦 + !!!

!"
− !!!

!"
𝑧											∇!𝑓 = !!!

!!!
+ !!!

!!!
+ !!!

!!!
	

	
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	
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Dirac	Delta	Function:	 𝛿! 𝑟 − 𝑎 𝑑𝜏 = 1	if	𝑎	contained	in	volume,	𝛿! ∆𝑟 = !
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Irrotational	Functions:		 ∇×𝐴 = 0	 𝐴 = ∇𝑓	 𝐴 ∙ 𝑑𝑙 = 0	
Solenoidal	Functions:		 ∇ ∙ 𝐹 = 0	 𝐹 = ∇×𝐴	 𝐹 ∙ 𝑑𝑎 = 0	
	
	
	
	
	



Electric	Field:	𝐸 𝑟 =  !
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∆𝑟 𝑑𝑙′	
	
Gauss’s	Law:	 𝐸 ⋅ 𝑑𝑎 = 𝑄!"#/𝜀!,			∇ ∙ 𝐸 = 𝜌/𝜀!,									 𝐷 ⋅ 𝑑𝑎 = 𝑄!_!"# ,		∇ ∙ 𝐷 = 𝜌!"## 	
	
Electric	Potential:	𝑉 𝑟 =  !
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𝑑𝑙′	

𝐸 = −∇𝑉,				𝑉 𝑏 − 𝑉 𝑎 = − 𝐸 ∙ 𝑑𝑙!
! ,			∇!𝑉 = −𝜌/𝜀!	

	
Laplace’s	Equation:	∇!𝑉 = 0 𝑖𝑓 𝜌 = 0	
	
Separation	of	Variables:		!
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= 𝐶!𝑍,	C1+C2+C3=0,	V	=	X(x)Y(y)Z(z)	
	
Separation	of	Variables	(Spherical):		𝑉 𝑟,𝜃 = 𝐴!𝑟! +
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𝑃! 𝑐𝑜𝑠 𝜃 =  1,𝑃! cos𝜃 = cos𝜃 ,𝑃! cos𝜃 = !!!"!!!!
!

		
	
Multipole	Expansion:	𝑉 𝑟 =  !
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Dipoles:	𝑝 = 𝑟!𝜌 𝑟! 𝑑𝜏′,			𝑝 = 𝑟!𝜎 𝑟! 𝑑𝑎′,				𝑝 = 𝑟!𝜆 𝑟! 𝑑𝑙′	
𝑉!"# 𝑟 = !
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 ,				𝜏 = 𝑝×𝐸,			𝐹 = 𝑝 ∙ ∇ 𝐸,					𝑃 = 𝑝/𝑣𝑜𝑙𝑢𝑚𝑒	
	
Boundary	Conditions:	∆𝑉 = 0, ∆𝐸 = !

!!
𝑛,				∆𝐷! = 𝜎! ,				∆𝐷|| = ∆𝑃||	

	
Work	and	Energy:	𝑊 = 𝑄∆𝑉,				𝑊!"!#$%&'$($)# =
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𝐸!𝑑𝜏	,				𝑊!"!#!!"#$%&'$(&") =
!
!

𝐸 ∙ 𝐷 𝑑𝜏	
	
Dielectrics:	𝐷 =  𝜀!𝐸 + 𝑃,			𝜎! = 𝑃 ∙ 𝑛,		𝜌! = −∇ ∙ 𝑃	
	
Linear	Dielectrics:		𝑃 = 𝜀!𝜒!𝐸,		 𝐷 = 𝜀𝐸 = 𝜀!𝜀!𝐸 = (1+ 𝜒!)𝜀!𝐸	
	
	


