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¢ƻŘŀȅΩǎ ¢ƻǇƛŎǎ 

ÅaŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ 

ÅThe speed of light 



Equations for Electricity and Magnetism 

ÅDŀǳǎǎΩ ƭŀǿ for electric fields 

 

 

 the electric flux out of a volume = (charge inside)/e0. 

ÅDŀǳǎǎΩ ƭŀǿ ŦƻǊ magnetic fields 

 

 

ÅThere is no such thing as magnetic charge: magnetic 
field lines just circulate, so for any volume they flow 
out of, they flow back into it somewhere else.   

0/E dA q eÖ =ñ

0B dAÖ =ñ



Equations for Electricity and Magnetism 

ÅElectrostatics:  (no changing fields) 

 
    around any closed curve: this means the work done against 

the electric field from A to B is independent of path, the 
field is conservative: a potential energy can be defined. 

 

ÅCŀǊŀŘŀȅΩǎ ƭŀǿ ƻŦ ƛƴŘǳŎǘƛƻƴ: in the presence of a changing 
magnetic field, the above equation becomes: 

 
    ǘƘŜ ƛƴǘŜƎǊŀƭ ƛǎ ƻǾŜǊ ŀƴ ŀǊŜŀ άǊƻƻŦƛƴƎέ ǘƘŜ ǇŀǘƘΦ  ! ŎƘŀƴƎƛƴƎ  

magnetic flux through the loop induces an emf. 

0E dÖ =ñ

( )/ /BE d d dt B dA d dtÖ =- Ö =- Fñ ñ



Equations for Electricity and Magnetism 

ÅMangnetostatics: 

 
    around any closed curve:  I  is the total current flow across 

any surface roofing the closed curve of integration. 

ÅBut is this the whole story?   

ÅFields changing in time changed the electrostatic equation, 
what about this magnetostatic equation? 

Å[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀ ǇŀǊǘƛŎǳƭŀǊ ŎŀǎŜΧ 

 

0B d ImÖ =ñ



Spherical Current 

ÅAt t = 0, a perfectly spherical ball of charge is 
placed at the center of a very large spherical 
conductor.  The charge flows away equally in 
all directions. What is the magnetic field 
generated? 

Å 1) It points outwards equally in all directions 

Å 2) Same but pointing inwards 

Å 3) It circles around the initial sphere 

Å 4) No magnetic field is produced by these 
currents 

 



¢ƘƻǎŜ {ǇƘŜǊƛŎŀƭ /ǳǊǊŜƴǘǎΧ 

ÅCannot produce a magnetic field! 

 

ÅThe configuration has perfect spherical 
symmetryτit would not be changed by 
turning it through an angle about any axis. 

ÅThe only fields satisfying this would point in or 
out along radii everywhereτbut that could 
only happen with a net magnetic charge (N or 
S) at the center.  {ƻΣ ƴƻ ŦƛŜƭŘ ŀǘ ŀƭƭΧ 



!ƳǇŝǊŜΩǎ [ŀǿ ŀƴŘ {ǇƘŜǊƛŎŀƭ /ǳǊǊŜƴǘǎ 

ÅImagine in 3D currents flowing spherically 
outward symmetrically from a ball of 
charge injected into a large conducting 
medium. 

ÅImagine a circular curve, like a crown, 
placed above the source. Clearly some of 
the current flows through a surface roofing 
this loop, so m0I is nonzero. 

ÅBut                   around the loop, because the 
field B is zero everywhere! 

Å{ƻ !ƳǇŝǊŜΩǎ ƭŀǿ ƛǎ ƴƻǘ ǘƘŜ ǿƘƻƭŜ ǎǘƻǊȅΧ  

0B dÖ =ñ



!ƴƻǘƘŜǊ !ƳǇŝǊŜΩǎ [ŀǿ tŀǊŀŘƻȄ  

ÅSuppose now a capacitor is 
being charged by a steady 
current in a wire.  

Å/ƻƴǎƛŘŜǊ !ƳǇŝǊŜΩǎ ƭŀǿ ŦƻǊ ŀ 
circular contour   around 
the wireτƛǘΩǎ ǎǳǇǇƻǎŜŘ ǘƻ 
be the same for any surface 
S roofing the circle, but we 
could choose S2, going 
between the plates, so no 
current crosses it!  

I 

http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg


          aŀȄǿŜƭƭΩǎ {ƻƭǳǘƛƻƴ  

ÅMaxwell knew Faraday had generalized the 
electrostatic law to include a time-varying magnetic 
field by adding the changing flux through the curve: 

 
ÅIŜ ƴƻǘƛŎŜŘ ǘƘŀǘ ǿƘŜƴ !ƳǇŝǊŜΩǎ ƭŀǿ ŦŀƛƭŜŘΣ ǘƘŜǊŜ ǿŀǎ 

a time-varying electric field through the surface 
roofing the curve, and suggested including it like this: 

 

 

Å(Writing                   , the electric flux.)  
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http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg


Why the Two Surfaces Give the Same Result  

ÅThe current  I  flowing 
through surface S1 is the rate 
of change of charge on the 
top capacitor plate, I = dQ/dt. 

ÅIf the plates are close, all the 
electric field from the top 
plate will point down, none 
will cross S1, so 

      and  
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Bottom line: the rate of change of electric 
flux through S2 = current through S1. 

I 

http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg


!ƳǇŝǊŜΩǎ [ŀǿ ŀƴŘ /ƘŀǊƎŜ /ƻƴǎŜǊǾŀǘƛƻƴ 

Å!ƳǇŝǊŜΩǎ ƭŀǿ Ŏŀƴƴƻǘ ǿƻǊƪ ōȅ 
itself for all surfaces spanning 
a circle like this: 

ÅThe surface S2 is drawn to 
avoid the current.  This is only 
possible because charge is 
piling up. The rate of change 
of electric flux just equals   
times how fast the charge is 
ǇƛƭƛƴƎ ǳǇΣ ŦǊƻƳ DŀǳǎǎΩ ƭŀǿΦ 

ÅThis must equal the ingoing 
currentτ   

I 

01/e

so the integral over S1 = that over S2. 

http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg


aŀȄǿŜƭƭΩǎ 9ǉǳŀǘƛƻƴǎ 

ÅThe four equations that together give a 
complete description of electric and magnetic 
ŦƛŜƭŘǎ ŀǊŜ ƪƴƻǿƴ ŀǎ aŀȄǿŜƭƭΩǎ ŜǉǳŀǘƛƻƴǎΥ 
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online notes 

Maxwell himself 
called this term the 
άŘƛǎǇƭŀŎŜƳŜƴǘ 
ŎǳǊǊŜƴǘέ: it 
produces magnetic 
field like a current. 

http://galileoandeinstein.physics.virginia.edu/more_stuff/Maxwell_Eq.pdf


Magnetic Field In Charging Capacitor 

ÅTaking the field between plates 
uniform, use 

 

 

ÅFor a disc surface between the 
plates, there is no current I through 
the surface, there is a changing 
electric field uniform over the area, 
generating a circular magnetic field. 

  

ÅFor the total plate area,  

Å. 
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