
Gauss’	
  Law	
  

                     CU Boulder 2013	
  

0B	
  –	
  Gauss’	
  Law	
  
	
  
	
  
Topics:	
  Gauss’	
  law,	
  symmetries,	
  electric	
  field	
  from	
  a	
  line	
  charge	
  distribution.	
  
	
  
Summary:	
  Students	
  consider	
  the	
  symmetry	
  of	
  a	
  line	
  charge	
  distribution	
  to	
  argue	
  for	
  
why	
  the	
  electric	
  field	
  is	
  entirely	
  in	
  the	
  radial	
  direction,	
  and	
  why	
  a	
  Gaussian	
  cylinder	
  
is	
  needed	
  to	
  solve	
  for	
  the	
  electric	
  field	
  (instead	
  of	
  a	
  sphere	
  or	
  a	
  cube).	
  	
  Students	
  are	
  
then	
   asked	
   to	
   recall	
   Gauss’	
   law	
   in	
   integral	
   form,	
   find	
   the	
   charge	
   contained	
   in	
   a	
  
section	
  of	
  wire,	
  and	
  solve	
  for	
  the	
  electric	
  field.	
  
	
  
Written	
  by:	
  Michael	
  Dubson,	
  Charles	
  Baily	
  and	
  Steven	
  Pollock.	
  
	
  
Contact:	
  Steven.Pollock@Colorado.EDU	
  
	
  
Comments:	
   Students	
   should	
   be	
   able	
   to	
   complete	
   these	
   tasks	
   within	
   15	
   minutes.	
  	
  
This	
  is	
  meant	
  to	
  be	
  a	
  short	
  review	
  activity,	
  so	
  the	
  time-­‐estimate	
  is	
  based	
  on	
  students	
  
already	
   having	
   a	
   reasonable	
   familiarity	
  with	
   using	
   Gauss’	
   law	
   to	
   solve	
   for	
   a	
   field.	
  	
  
The	
   wording	
   in	
   this	
   version	
   is	
   slightly	
   altered	
   from	
   the	
   original,	
   which	
   was	
   less	
  
explicit	
   about	
  having	
   them	
  make	
  symmetry	
  arguments	
   for	
   the	
   lack	
  of	
   longitudinal	
  
and	
   tangential	
  components.	
   	
  Many	
  of	
  our	
  students	
  were	
  more	
   inclined	
   to	
  argue	
   in	
  
terms	
   of	
   the	
   curl	
   (or	
   closed	
   line	
   integral)	
   of	
   an	
   electrostatic	
   field.	
   	
   Some	
  
misinterpreted	
  the	
  vectors	
   in	
  the	
  diagrams	
  as	
   field	
   lines,	
  and	
  argued	
  that	
  they	
  can	
  
only	
   begin	
   and	
   end	
   on	
   charges.	
   	
   Many	
   had	
   difficulty	
   briefly	
   articulating	
   their	
  
reasoning	
   on	
   the	
   symmetry	
   questions,	
   but	
   the	
   final	
   calculations	
   were	
   fairly	
  
straightforward	
   for	
   them.	
   	
   In	
   pre-­‐tests	
   for	
   this	
   class,	
   and	
   post-­‐tests	
   for	
   the	
   first	
  
semester,	
  a	
  significant	
  number	
  of	
  students	
  have	
  stated	
  that	
  the	
  field	
  could	
  be	
  solved	
  
for	
   using	
   Gauss’	
   law	
   and	
   a	
   non-­‐symmetric	
   surface,	
   but	
   that	
   we	
   don’t	
   use	
   such	
  
surfaces	
  because	
  the	
  integral	
  would	
  be	
  too	
  difficult	
  to	
  calculate.	
  	
  All	
  of	
  this	
  indicates	
  
that	
   students	
   for	
   the	
   most	
   part	
   have	
   the	
   rote	
   application	
   of	
   Gauss’	
   law	
   down,	
  
without	
   necessarily	
   having	
   a	
   strong	
   grasp	
   of	
   the	
   important	
   role	
   of	
   symmetry	
   in	
  
using	
  it	
  to	
  solve	
  for	
  the	
  field.	
  	
  We	
  have	
  included	
  an	
  optional	
  “challenge”	
  questions	
  at	
  
the	
   end,	
   to	
   see	
  directly	
   if	
   students	
   understand	
   the	
   idea	
   that	
  Gauss’	
   law	
  does	
  NOT	
  
work	
   for	
   cases	
   except	
   those	
   of	
   extremely	
   high	
   symmetry	
   (We	
   chose	
   a	
   case	
   here	
  
which	
   perhaps	
   has	
   enough	
   symmetry	
   to	
   be	
   tempting,	
   but	
   still	
   not	
   enough	
   to	
   use	
  
Gauss’	
   law	
   to	
   get	
   the	
   answer.	
   Thinking	
   about	
  Coulomb’s	
   law	
   should	
   convince	
   you	
  
that	
   the	
   field	
  will	
   be	
   somewhat	
   less	
   in	
   the	
   “finite	
   segment”	
   case	
   than	
   the	
   infinite	
  
wire	
  case,	
  even	
  at	
  this	
  symmetric	
  midpoint…)	
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A.	
  Symmetries:	
  Consider	
  a	
  long	
  straight	
  
wire	
   with	
   uniform	
   charge	
   per	
   unit	
  
length	
   λ .	
   	
   We	
   will	
   use	
   Gauss’	
   law	
   to	
  
determine	
   the	
   electric	
   field	
   around	
   the	
  
wire.	
   	
   Usually,	
   we	
   begin	
   by	
   assuming	
  
that	
   the	
   electric	
   field	
   around	
   the	
  
charged	
   wire	
   is	
   entirely	
   in	
   the	
   radial	
  
direction.	
  	
  
	
  
Give	
  a	
  brief	
  symmetry	
  argument	
  for	
  why	
  the	
  
electric	
   field	
   should	
  not	
   have	
  a	
   longitudinal	
  
component	
  (parallel	
  with	
  the	
  wire).	
  
	
  
	
  
	
  
	
  
	
  
	
  
Give	
   a	
   brief	
   symmetry	
   argument	
   for	
  
why	
  the	
  electric	
  field	
  should	
  not	
  have	
  a	
  
tangential	
   component	
   (circling	
   around	
  
the	
  wire).	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Assuming	
   the	
   electric	
   field	
   is	
   purely	
  
radial,	
   why	
   would	
   we	
   choose	
   an	
  
imaginary	
   cylinder	
   as	
   our	
   Gaussian	
  
surface?	
  	
  Why	
  not	
  a	
  sphere	
  or	
  a	
  cube?	
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B.	
  Here	
  is	
  Gauss’	
  law	
  in	
  differential	
  form:	
  	
  	
  	
   

∇ ⋅

E = ρ ε0 	
  

	
  

Now,	
  write	
  down	
  Gauss’	
  law	
  in	
  integral	
  form.	
  
	
  
	
  
	
  
	
  
	
  
	
  
Consider	
  an	
   infinitely	
   long	
  wire,	
  with	
  uniform	
  
charge	
  density	
  λ.	
  	
  What	
  is	
  the	
  total	
  charge	
  on	
  a	
  
small	
  section	
  of	
  this	
  wire	
  of	
  length	
  L?	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Use	
  Gauss’	
  law	
  in	
  integral	
  form	
  to	
  solve	
  for	
  the	
  electric	
  field	
  at	
  any	
  point	
  
around	
  the	
  wire.	
  	
  Briefly	
  define	
  any	
  symbols	
  you	
  use.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Challenge	
  Question	
  (for	
  really	
  fast	
  teams!)	
  If	
  the	
  wire	
  was	
  not	
  infinite,	
  
but	
   in	
   fact	
   was	
   ONLY	
   a	
   segment	
   of	
   length	
   L,	
   would	
   the	
   formula	
   you	
  
found	
   above	
   still	
   hold,	
   assuming	
   you	
   only	
   want	
   to	
   know	
   the	
   E	
   field	
  
around	
   the	
   exact	
   midpoint	
   of	
   the	
   wire	
   segment?	
  
Why/why	
  not?	
  	
  
	
  
	
   	
  
	
  

	
  

L	
  

E?	
  


