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!  Top'Level:'Electric'field'strength'is'
proportional'to'net'charge,'and'inversely'
proportional'to'distance'from'the'charge'

!  Next'Level:'Electric'flux'through'a'surface'is'
proportional'to'charge'enclosed'

!  Implications:'Electric'field'lines'start'and'end'
on'charges'



!  Conceptually:'Add'up'
field'lines'poking'out'of'
closed'surface'

! Mathematically:''
Integrate'the'dot'
product'of'the'electric'
field'and'the'
infinitesimal'area'vector'
over'a'closed'surface'



!  Top'Level:'Magnetic'field'lines'always'make'
closed'loops'

!  Next'Level:'Net'magnetic'flux'through'any'
closed'surface'is'zero'

!  Implications:'There'are'no'magnetic'
monopoles'



!  Conceptually:'
Any'magnetic'
field'line'goes'
all'the'way'
through'a'
closed'volume'
(or'stays'
completely'
within'it)'



!  Top'Level:'A'changing'magnetic'field'produces'
an'electric'field'

!  Next'Level:'The'EMF'around'a'loop'(or'the'
circulation'of'the'electric'field)'is'proportional'to'
the'rate'of'change'of'the'magnetic'field'flux'
through'the'area'enclosed'

!  Implications:'Changing'magnetic'fields'drive'
currents'that'oppose'the'change'in'magnetic'
field'



!  Conceptually:'Measure'the'
change'in'the'number'of'
magnetic'field'lines'passing'
through'a'loop'

!  Mathematically:''Integrate'the'
dot'product'of'the'magnetic'
field'and'the'infinitesimal'area'
vector'over'a'surface,'take'the'
derivative,'and'relate'to'the'
integral'of'the'dot'product'of'
the'electric'field'and'the'
infinitesimal'vector'tangent'to'
the'loop'over'a'closed'loop'
around'the'edge'of'the'surface'



!  Top'Level:'Magnetic'field'strength'is'
proportional'to'current,'and'inversely'
proportional'to'distance'from'the'current'

!  Next'Level:'The'circulation'of'the'magnetic'
field'is'proportional'to'the'current'enclosed'

!  Implications:'Moving'charges'make'magnetic'
fields'



!  Conceptually:'Add'up'the'
current'flowing'through'a'
surface'

!  Mathematically:''Integrate'
the'dot'product'of'the'
magnetic'field'and'the'
infinitesimal'vector'
tangent'to'the'loop'along'
a'closed'loop'and'relate'to'
the'current'that'passes'
through'the'loop'



!  Top'Level:'A'changing'electric'field'produces'a'
magnetic'field'

!  Next'Level:'The'circulation'of'the'magnetic'field'
around'a'loop'is'proportional'to'the'rate'of'
change'in'the'electric'flux'through'the'area'
enclosed'

!  Implications:'Changing'electric'fields'make'
changing'magnetic'fields'make'changing'electric'
fields'make'changing'magnetic'fields…'



!  Conceptually:'Measure'the'
change'in'the'number'of'electric'
field'lines'passing'through'a'loop'

!  Mathematically:''Integrate'the'
dot'product'of'the'electric'field'
and'the'infinitesimal'area'vector'
over'a'surface,'take'the'
derivative,'and'relate'to'the'
integral'of'the'dot'product'of'the'
magnetic'field'and'the'
infinitesimal'vector'tangent'to'
the'loop'over'a'closed'loop'
around'the'edge'of'the'surface'








