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¡  Verify	Faraday’s	law																					for	electric	
dipole	radiation:	

Position	&	Source:	Position	vector	!,	source	vector	!′,	separation	vector	∆! = ! − !′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! ! ∙ !" = ! ! − !(!)		 	 ∇ ∙ ! !" = ! ∙ !"			 (∇×!) ∙!" = ! ∙ !"		

	
Cartesian	Coordinates:	 !" = !"! + !"! + !"!	 !" = !" !" !"	
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Spherical	Coordinates:	 ! = ! !"#$ !"#$,		! = ! !"#$ !"#$,		! = ! !"#$	
	
!" = !"! + ! !"! + ! !"#$ !"!	 !" = !!!"#$ !" !" !"	
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Cylindrical	Coordinates:	 ! = ! !"#$,		! = ! !"#$,		! = !	
	
!" = !"! + ! !"! + !"!	 !" = ! !" !" !"	
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Tensor	Math:				(! ⋅ !)! = !!!!"! 						(! ⋅ !)! = !!"!!! 	
	
Lorentz	Force:	! = !(! + !×!),		 	 On	Wire:	!!"# = !(!"×!)	
	
Maxwell’s	Equations:	∇×! = − !!

!" 	 	 ! ∙ !" = − !
!" ! ⋅ !"	

		 	 	 				∇ ∙ ! = !/!!	 	 ! ⋅ !" = !!"#/!!	
	 	 	 				∇×! = !!! + !!!! !!!" 		 ! ⋅ !" = !!!!"#  + !!!! !

!" ! ⋅ !"	
	 	 	 				∇ ∙ ! = 0	 	 	 ! ∙ !" = 0	

Position	&	Source:	Position	vector	!,	source	vector	!′,	separation	vector	∆! = ! − !′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! ! ∙ !" = ! ! − !(!)		 	 ∇ ∙ ! !" = ! ∙ !"			 (∇×!) ∙!" = ! ∙ !"		

	
Cartesian	Coordinates:	 !" = !"! + !"! + !"!	 !" = !" !" !"	
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Spherical	Coordinates:	 ! = ! !"#$ !"#$,		! = ! !"#$ !"#$,		! = ! !"#$	
	
!" = !"! + ! !"! + ! !"#$ !"!	 !" = !!!"#$ !" !" !"	
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Cylindrical	Coordinates:	 ! = ! !"#$,		! = ! !"#$,		! = !	
	
!" = !"! + ! !"! + !"!	 !" = ! !" !" !"	
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Tensor	Math:				(! ⋅ !)! = !!!!"! 						(! ⋅ !)! = !!"!!! 	
	
Lorentz	Force:	! = !(! + !×!),		 	 On	Wire:	!!"# = !(!"×!)	
	
Maxwell’s	Equations:	∇×! = − !!

!" 	 	 ! ∙ !" = − !
!" ! ⋅ !"	

		 	 	 				∇ ∙ ! = !/!!	 	 ! ⋅ !" = !!"#/!!	
	 	 	 				∇×! = !!! + !!!! !!!" 		 ! ⋅ !" = !!!!"#  + !!!! !

!" ! ⋅ !"	
	 	 	 				∇ ∙ ! = 0	 	 	 ! ∙ !" = 0	



¡  Verify	Ampere’s	law																					for	electric	
dipole	radiation:	

Position	&	Source:	Position	vector	!,	source	vector	!′,	separation	vector	∆! = ! − !′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! ! ∙ !" = ! ! − !(!)		 	 ∇ ∙ ! !" = ! ∙ !"			 (∇×!) ∙!" = ! ∙ !"		

	
Cartesian	Coordinates:	 !" = !"! + !"! + !"!	 !" = !" !" !"	
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Spherical	Coordinates:	 ! = ! !"#$ !"#$,		! = ! !"#$ !"#$,		! = ! !"#$	
	
!" = !"! + ! !"! + ! !"#$ !"!	 !" = !!!"#$ !" !" !"	
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Cylindrical	Coordinates:	 ! = ! !"#$,		! = ! !"#$,		! = !	
	
!" = !"! + ! !"! + !"!	 !" = ! !" !" !"	
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Tensor	Math:				(! ⋅ !)! = !!!!"! 						(! ⋅ !)! = !!"!!! 	
	
Lorentz	Force:	! = !(! + !×!),		 	 On	Wire:	!!"# = !(!"×!)	
	
Maxwell’s	Equations:	∇×! = − !!

!" 	 	 ! ∙ !" = − !
!" ! ⋅ !"	

		 	 	 				∇ ∙ ! = !/!!	 	 ! ⋅ !" = !!"#/!!	
	 	 	 				∇×! = !!! + !!!! !!!" 		 ! ⋅ !" = !!!!"#  + !!!! !

!" ! ⋅ !"	
	 	 	 				∇ ∙ ! = 0	 	 	 ! ∙ !" = 0	

Position	&	Source:	Position	vector	!,	source	vector	!′,	separation	vector	∆! = ! − !′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! ! ∙ !" = ! ! − !(!)		 	 ∇ ∙ ! !" = ! ∙ !"			 (∇×!) ∙!" = ! ∙ !"		

	
Cartesian	Coordinates:	 !" = !"! + !"! + !"!	 !" = !" !" !"	
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Spherical	Coordinates:	 ! = ! !"#$ !"#$,		! = ! !"#$ !"#$,		! = ! !"#$	
	
!" = !"! + ! !"! + ! !"#$ !"!	 !" = !!!"#$ !" !" !"	
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Cylindrical	Coordinates:	 ! = ! !"#$,		! = ! !"#$,		! = !	
	
!" = !"! + ! !"! + !"!	 !" = ! !" !" !"	
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Tensor	Math:				(! ⋅ !)! = !!!!"! 						(! ⋅ !)! = !!"!!! 	
	
Lorentz	Force:	! = !(! + !×!),		 	 On	Wire:	!!"# = !(!"×!)	
	
Maxwell’s	Equations:	∇×! = − !!

!" 	 	 ! ∙ !" = − !
!" ! ⋅ !"	

		 	 	 				∇ ∙ ! = !/!!	 	 ! ⋅ !" = !!"#/!!	
	 	 	 				∇×! = !!! + !!!! !!!" 		 ! ⋅ !" = !!!!"#  + !!!! !

!" ! ⋅ !"	
	 	 	 				∇ ∙ ! = 0	 	 	 ! ∙ !" = 0	

Position	&	Source:	Position	vector	!,	source	vector	!′,	separation	vector	∆! = ! − !′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! ! ∙ !" = ! ! − !(!)		 	 ∇ ∙ ! !" = ! ∙ !"			 (∇×!) ∙!" = ! ∙ !"		

	
Cartesian	Coordinates:	 !" = !"! + !"! + !"!	 !" = !" !" !"	
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Spherical	Coordinates:	 ! = ! !"#$ !"#$,		! = ! !"#$ !"#$,		! = ! !"#$	
	
!" = !"! + ! !"! + ! !"#$ !"!	 !" = !!!"#$ !" !" !"	
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Cylindrical	Coordinates:	 ! = ! !"#$,		! = ! !"#$,		! = !	
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Tensor	Math:				(! ⋅ !)! = !!!!"! 						(! ⋅ !)! = !!"!!! 	
	
Lorentz	Force:	! = !(! + !×!),		 	 On	Wire:	!!"# = !(!"×!)	
	
Maxwell’s	Equations:	∇×! = − !!

!" 	 	 ! ∙ !" = − !
!" ! ⋅ !"	

		 	 	 				∇ ∙ ! = !/!!	 	 ! ⋅ !" = !!"#/!!	
	 	 	 				∇×! = !!! + !!!! !!!" 		 ! ⋅ !" = !!!!"#  + !!!! !

!" ! ⋅ !"	
	 	 	 				∇ ∙ ! = 0	 	 	 ! ∙ !" = 0	




