
Electromagne,sm:	  The	  basic	  concepts	  
•  Electric	   charge	   is	   conserved.	   This	   is	   one	   of	   the	   fundamental	   symmetries	   of	   nature	  

(just	  like	  mass	  conserva,on).	  
	  
•  Charge	  is	  quan,zed	  as	  a	  mul,ple	  of	  the	  electron	  or	  proton	  charge:	  	  

•  The	   rate	   of	   flow	   of	   electric	   charge	   is	   called	   electric	   current	   and	   is	   measured	   in	  
Amperes.	  	  

	  
•  All	   charges	   observed	   in	   nature	   are	   mul5ples	   of	   these	   fundamental	   charges.	  

Although	   the	   standard	   model	   of	   the	   proton	   depicts	   it	   as	   being	   made	   up	   of	  
frac,onally	   charged	   par,cles	   called	   quarks,	   those	   frac,onal	   charges	   are	   not	  
observed	   in	   isola,on	   but	   always	   in	   combina,ons	   which	   produce	   +/-‐	   the	   electron	  
charge.	  

•  An	  isolated	  single	  charge	  can	  be	  called	  an	  electric	  monopole.	  

	  
	  



Coulomb’s	  Law	  
•  Formulated	  by	  Charles-‐Augus,n	  de	  Coulomb	  (1736	  –	  1806)	  	  
•  Like	  charges	  repel,	  unlike	  charges	  a<ract.	  
	  
•  The	  electric	  force	  ac,ng	  on	  a	  point	  charge	  q1	  as	  a	  result	  of	  the	  presence	  of	  

a	  second	  point	  charge	  q2	  is	  given	  by	  Coulomb's	  Law:	  

	  where	  ε0	  =	  permi=vity	  of	  free	  space	  
	  
•  Coulomb's	   law	  describes	  a	  force	  of	   infinite	  range	  which	  obeys	  the	  inverse	  square	  

law,	  and	  is	  of	  the	  same	  form	  as	  gravita,on	  in	  Newtonian	  physics.	  



Electric	  field	  
•  Electric	  field	  is	  defined	  as	  the	  electric	  force	  per	  unit	  charge.	  The	  direc,on	  of	  the	  field	  is	  

the	  direc,on	  of	  the	  force	   it	  would	  exert	  on	  a	  posi,ve	  test	  charge.	  The	  electric	  field	   is	  
radially	  outward	  from	  a	  posi,ve	  charge	  and	  radially	  in	  toward	  a	  nega,ve	  point	  charge.	  	  

	  
	  
	  

•  Since	  the	  measured	  electric	  field	  can	  depend	  on	  your	  reference	  frame,	  a	  more	  
general	  defini5on	  comes	  from	  the	  Lorentz	  force	  law:	  The	  electromagne,c	  force	  
on	  a	  test	  charge	  at	  a	  given	  point	  and	  ,me	  is	  a	  certain	  func,on	  of	  its	  charge	  q	  and	  
velocity	  v,	  which	   can	   be	   parameterised	   by	   exactly	   two	   vectors	  E	  and	  B,	   in	   the	  
func,onal	  form:	  

	  
	  
•  E	  is	  the	  electric	  field	  
•  B	  is	  the	  magne5c	  field	  
	  	  	  	  	  	  	  



Gauss’s	  Law	  	  
•  Formulated	  by	  Carl	  Friedrich	  Gauss	  (1777	  –1855)	  
•  The	   total	  of	   the	  electric	  flux	  out	  of	  a	   closed	  surface	   is	  equal	   to	   the	  charge	  enclosed	  

divided	  by	  the	  permi=vity.	  

•  The	  electric	  flux	  through	  an	  area	  is	  defined	  as	  the	  electric	  field	  mul,plied	  by	  the	  area	  of	  
the	  surface	  projected	  in	  a	  plane	  perpendicular	  to	  the	  field.	  Gauss's	  Law	  is	  a	  general	  law	  
applying	  to	  any	  closed	  surface.	  

	  
•  A	   more	   formal	   statement	   is	   the	   integral	   form:	  

The	   area	   integral	   of	   the	   electric	   field	   over	   any	  
closed	  surface	  is	  equal	  to	  the	  net	  charge	  enclosed	  
in	  the	  surface	  divided	  by	  the	  permi\vity	  of	  space.	  	  

•  Gauss'	   law	   is	   a	   form	   of	   one	   of	   Maxwell’s	  
equa5ons.	  	  


