
Professor	Jasper	Halekas	
Van	Allen	70	
MWF	9:30-10:20	Lecture	
	



¡  Midterm	#1	this	Wednesday	Feb.	26		
§  In	this	room,	during	normal	class	time	
§  Covers	all	sections	of	Ch.	7-9.2	except:	
▪  No	questions	on	8.2.4	(angular	momentum)	and	8.3	
(magnetic	forces	do	no	work)	

¡  Equation	Sheet	posted	
§  Review,	print	out,	annotate	as	desired,	and	bring	to	
exam	

¡  Practice	midterms	and	solutions	posted	



Position	&	Source:	Position	vector	!,	source	vector	!′,	separation	vector	∆! = ! − !′	
	
Fundamental	Theorems	of	Vector	Calculus:		
∇!! ! ∙ !" = ! ! − !(!)		 	 ∇ ∙ ! !" = ! ∙ !"			 (∇×!) ∙!" = ! ∙ !"		
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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	
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!
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Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
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EM	Waves:									! !, ! = !! cos ! ⋅ ! − !" + ! !							! !, ! = !!
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Fields	in	Matter:		! = !/!"#$%&		 	! =  !!! + !						!! = ! ∙ !					!! = −∇ ∙ !							!! = !!
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								∇ ∙ ! = !!	 	 ! ⋅ !" = !!_!"# 	
	 	 								∇×! = !! + !!

!" 		 	 ! ⋅ !" = !!!"# +
!
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Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
	
Ohm’s	Law	and	EMF:				! = !!	 ℇ = (!/!) ⋅ !"		 ℇ!"#$"%&' = − !!!
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EM	Waves:									! !, ! = !! cos ! ⋅ ! − !" + ! !							! !, ! = !!

! cos ! ⋅ ! − !" + ! !×! 	
!
! = ! = !

!!!!
										 ! = !

!!!!!!									 ! = ! ! ! = !! = !
!!!!!!!!											 ! = !

!! = !
!!!!!!!!	 						

! = !
! = !

! 	
	









Fields	in	Matter:		! = !/!"#$%&		 	! =  !!! + !						!! = ! ∙ !					!! = −∇ ∙ !							!! = !!
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																																			! = !/!"#$%&	 	! = !
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! −!					!! = !×!				!! = ∇×!		 																			

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

!" 		 	 ! ⋅ !" = !!!"# +
!
!" ! ⋅ !"	

	
Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
	
Ohm’s	Law	and	EMF:				! = !!	 ℇ = (!/!) ⋅ !"		 ℇ!"#$"%&' = − !!!
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Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
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Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
	
Ohm’s	Law	and	EMF:				! = !!	 ℇ = (!/!) ⋅ !"		 ℇ!"#$"%&' = − !!!

!" 	
	
Inductance:			! = !!!

!!
= !!!

!!
		 ! = !!!

!!
	 ℇ!"#$%&# = −! !"!"	

!"
!" = ℇ!	

	
Continuity	of	Charge/Current:			!"!" = −∇ ∙ !		 !!!

!" = −∇ ∙ !!	
	
Energy	&	Momentum:										! = !

!!
!×! 		 !!" = !

! !!!! + !!
!!

											!!" = !!" !"									
!!" = !! !!!! − !

!!!"!! + !
!!
(!!!! − !

!!!"!!)	 	! = !! !×! = !!!!!						!!" = ! !"								
!"
!" = − ! ⋅!" − !!!"

!" 	 	 	 	 									!!!"!" = −∇ ⋅ !   !" !"!" = 0	 	
! = !!!"#!

!" = ! ⋅!" − !!!"
!" 	 ! = ∇ ⋅ ! − !!

!" 		
!!
!" = ∇ ⋅ !    !" ! = 0	

	
EM	Waves:									! !, ! = !! cos ! ⋅ ! − !" + ! !							! !, ! = !!

! cos ! ⋅ ! − !" + ! !×! 	
!
! = ! = !

!!!!
										 ! = !

!!!!!!									 ! = ! ! ! = !! = !
!!!!!!!!											 ! = !

!! = !
!!!!!!!!	 						

! = !
! = !

! 	
	





Images	show	boundary	conditions	for	case	w/		
no	free	charge	or	current	at	the	boundary	



Fields	in	Matter:		! = !/!"#$%&		 	! =  !!! + !						!! = ! ∙ !					!! = −∇ ∙ !							!! = !!
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Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
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(Double	this	for	a	reflecting	surface)	
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Linear	Materials:		! = !!!!!		 	 ! = !! = (1+ !!)!!! = !!!!!		
																																					! = !!!	 		! = !! = 1+ !! !!!		
	
Boundary	Conditions:				∆!! = !!																∆!|| = 0		 	 ∆!|| = ∆!||	
	 	 	 									∆!|| = !!×!				 		∆!! = 0		 	 ∆!! = −∆!!		 	
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