
TOPIC-­SPECIFIC	
  LEARNING	
  GOALS	
  
E&M	
  II	
  

	
  
	
  

The	
   following	
   list	
   of	
   learning	
   goals	
   reflects	
   the	
   topics	
   and	
   skills	
   that	
   were	
  
emphasized	
   in	
   the	
   recent	
   transformed	
   E&M	
   II	
   courses	
   at	
   CU	
   Boulder.	
   	
   They	
   are	
  
organized	
  in	
  terms	
  of	
  their	
  order	
  of	
  presentation	
  in	
  Griffiths.	
  
	
  

	
  
	
  

Griffiths	
  Ch	
  7:	
  (Maxwell’s	
  Equations,	
  EMF,	
  inductance,	
  boundary	
  conditions)	
  
	
  
	
  

Students	
  should	
  be	
  able	
  to:	
  
	
  

1. …apply	
   Stokes’	
   Law	
   and	
   the	
   Divergence	
   theorem,	
   and	
   be	
   able	
   to	
   use	
   them	
   to	
  
convert	
  equations	
  from	
  differential	
  to	
  integral	
  form	
  (and	
  vice-­‐versa),	
  as	
  well	
  as	
  
interpret	
  the	
  physical	
  meaning	
  of	
  the	
  resulting	
  terms	
  (e.g.,	
  What's	
  a	
  flux?	
  What's	
  
a	
  divergence?	
  What	
  does	
  the	
  curl	
  tell	
  you?)	
  

	
  

2. …write	
   down,	
   and	
   explain	
   in	
   words	
   and	
   pictures,	
   the	
   full	
   set	
   of	
   Maxwell's	
  
Equations.	
   This	
   includes	
   recognizing	
   which	
   are	
   relevant	
   for	
   solving	
   a	
   given	
  
problem,	
  and	
  correctly	
  using	
  them	
  to	
  generate	
  a	
  solution.	
  In	
  particular,	
  students	
  
should	
  be	
  able	
   to	
  use	
  the	
   integral	
   form	
  of	
  Faraday’s	
  Law	
  to	
  determine	
   induced	
  
electric	
  fields;	
  and	
  the	
  Maxwell-­‐Ampere	
  law	
  to	
  find	
  induced	
  magnetic	
  fields.	
  	
  

	
  

3. …determine	
   the	
   total	
   resistance	
   or	
   conductivity	
   of	
   a	
   material	
   for	
   sufficiently	
  
symmetric	
  geometries,	
  calculate	
  the	
  total	
  current	
  flowing,	
  and	
  apply	
  Ohm’s	
  Law	
  
(J	
  =	
  σE)	
  to	
  relate	
  the	
  current	
  density	
  to	
  the	
  electric	
  field.	
  

	
  

4. …state	
  the	
  continuity	
  equation	
  in	
  differential	
  and	
  integral	
  forms,	
  explain	
  how	
  it	
  
is	
   an	
   expression	
   of	
   charge	
   conservation,	
   and	
   understand	
   its	
   implications	
   in	
  
steady-­‐state	
  situations	
  for	
  quantities	
  such	
  as	
  J	
  and	
  E.	
  

	
  

5. …know	
  how	
  electromotive	
  force	
  is	
  defined,	
  and	
  be	
  able	
  to	
  compute	
  EMF	
  (either	
  
motional	
  or	
  Faraday-­‐induced)	
  for	
  a	
  variety	
  of	
  situations	
  (typically	
  with	
  known	
  or	
  
easily	
  computed	
  fields).	
  	
  

	
  

6. …relate	
  mutual	
   and	
   self-­‐inductance	
   to	
  magnetic	
   flux	
   and	
   the	
   resulting	
   induced	
  
EMF	
  and	
  currents,	
  and	
  find	
  the	
  mutual	
  and	
  self-­‐inductance	
   for	
  a	
  situation	
  with	
  
sufficient	
  symmetry.	
  

	
  

7. …set	
   up	
   and	
   then	
   solve	
   the	
   differential	
   equations	
   describing	
   time-­‐dependent	
  
circuit	
   quantities	
   (such	
   as	
   current,	
   charge,	
   voltage	
   differences)	
   for	
   simple	
  
networks	
  of	
  resistors,	
  capacitors,	
  and	
  inductors;	
  and	
  with	
  AC	
  or	
  DC	
  drivers.	
  

	
  

8. …work	
   with	
   complex	
   exponentials	
   in	
   circuit	
   analysis	
   (phasor	
   diagrams),	
   and	
  
translate	
  between	
  complex	
  (imaginary)	
  solutions	
  and	
  physically	
  real	
  quantities.	
  

	
  

9. …calculate	
  the	
  total	
  energy	
  contained	
  in	
  electromagnetic	
  fields	
  from	
  the	
  energy	
  
densities,	
   as	
   well	
   as	
   compute	
   the	
   power	
   and	
   energy	
   flow	
   in	
   AC	
   circuits	
   (by	
  
considering	
  the	
  energy	
  stored	
  in	
  the	
  fields,	
  and	
  dissipated	
  in	
  resistors).	
  

	
  
	
  



10. …understand	
  how	
   to	
   translate	
  between	
  E-­‐	
   and	
  B-­‐fields	
  and	
   the	
  auxiliary	
   fields	
  	
  	
  	
  
D	
  &	
  H,	
  in	
  terms	
  of	
  the	
  polarization	
  and	
  magnetization	
  of	
  a	
  material,	
  and	
  be	
  able	
  
to	
   set	
   up	
   appropriate	
   boundary	
   conditions	
   to	
   determine	
   E,	
   B,	
   D	
   &	
   H	
   at	
   the	
  
interface	
  of	
  two	
  different	
  media.	
  

	
  
Griffiths	
  Ch	
  8:	
  (Conservation	
  laws	
  for	
  charge,	
  momentum	
  &	
  energy)	
  
	
  

Students	
  should	
  be	
  able	
  to:	
  
	
  	
  
1. …physically	
   interpret	
   the	
   continuity	
   equation	
   (LG	
   7.4),	
   and	
   be	
   able	
   to	
   use	
   the	
  

divergence	
  theorem	
  to	
  express	
  it	
  in	
  both	
  integral	
  and	
  differential	
  forms.	
  
	
  

2. …recall	
  how	
  Poynting's	
  theorem	
  is	
  derived	
  (what	
  assumptions	
  go	
  into	
  it,	
  and	
  the	
  
basic	
  mathematical	
  manipulations),	
  and	
  be	
  able	
  to	
  physically	
  interpret	
  and	
  use	
  S,	
  
along	
  with	
  the	
  energy	
  density,	
  to	
  solve	
  problems	
  involving	
  the	
  transfer	
  of	
  energy	
  
through	
  electric	
  and	
  magnetic	
  fields.	
  

	
  

3. …qualitatively	
  use	
  the	
  expression	
  for	
  momentum	
  volume	
  density,	
  and	
  explain	
  its	
  
connection	
   to	
   conservation	
   of	
   momentum	
   in	
   EM	
   systems	
   (and	
   similarly	
   for	
  
angular	
  momentum	
  volume	
  density).	
  

	
  
Griffiths	
  Ch	
  9	
   (9.1-­9.3):	
   (Electromagnetic	
  waves,	
   reflection	
  and	
   transmission,	
  
models	
  for	
  index	
  of	
  refraction,	
  EM	
  waves	
  in	
  conductors)	
  
	
  

Students	
  should	
  be	
  able	
  to:	
  
	
  

1. …construct	
   general	
   solutions	
   to	
   the	
   wave	
   equation,	
   in	
   1-­‐D	
   to	
   3-­‐D	
   (including	
  
superposition	
   solutions	
   which	
   might	
   not	
   look	
   like	
   the	
   canonical	
   "traveling	
  
wave").	
  For	
   traveling	
  waves,	
   students	
   should	
  be	
  comfortable	
  working	
  with	
   the	
  
usual	
   elements	
   such	
   as	
   wavelength,	
   wave	
   vector,	
   frequency	
   and	
   angular	
  
frequency,	
  period,	
  phase,	
  polarization,	
  and	
  velocity.	
  

	
  

2. …derive	
  the	
  traveling	
  wave	
  equation	
  (and	
  thus	
  its	
  solutions)	
  in	
  free	
  space	
  and	
  in	
  
matter,	
   starting	
   from	
   Maxwell's	
   Equations.	
   	
   This	
   would	
   include	
   deriving,	
  
understanding,	
   and	
   using	
   the	
   connections	
   between	
   E	
   and	
   B	
   (and	
  wave	
   speed,	
  
wavevector,	
  and	
  polarization	
  directions)	
  as	
  they	
  arise	
  from	
  Maxwell's	
  equations.	
  

	
  

3. …interpret	
  and	
  work	
  with	
  plane	
  wave	
  solutions	
  in	
  complex	
  notation,	
  and	
  move	
  
back	
  and	
  forth	
  between	
  this	
  notation	
  and	
  the	
  real	
  (physical)	
  wave	
  formulas,	
  as	
  
well	
   as	
   apply	
   concepts	
   from	
   previous	
   chapters	
   (S,	
   energy,	
   momentum	
   and	
  
angular	
  momentum	
  densities)	
  in	
  the	
  context	
  of	
  EM	
  plane	
  waves.	
  

	
  

4. …find	
  the	
  boundary	
  conditions	
  for	
  EM	
  waves	
  at	
  the	
  interface	
  of	
  different	
  media,	
  
starting	
  from	
  Maxwell's	
  Equations,	
  and	
  apply	
  them	
  to	
  solve	
  for	
  and	
  interpret	
  the	
  
reflected	
  and	
  transmitted	
  waves,	
  and	
  their	
  intensities	
  (including	
  understanding	
  
and	
  working	
  with	
  the	
  Brewster	
  angle	
  and	
  Snell's	
  Law).	
  

	
  

5. …understand	
  the	
  assumptions	
  that	
  go	
  into	
  simple	
  models	
  for	
  the	
  complex	
  index	
  
of	
  refraction,	
  and	
  the	
  associated	
  equations	
  for	
  the	
  dispersion	
  and	
  absorption	
  of	
  
electromagnetic	
  waves	
  in	
  dielectric	
  and	
  conducting	
  media.	
  

	
  



Griffiths	
  Ch	
  10:	
  (Potentials,	
  gauge	
  invariance,	
  retarded	
  time)	
  
	
  

Students	
  should	
  be	
  able	
  to:	
  
	
  

1. …compute	
  time-­‐dependent	
  fields,	
  given	
  the	
  scalar	
  and	
  vector	
  potentials.	
  
	
  

2. …qualitatively	
  explain	
  the	
  concept	
  and	
  basic	
  consequences	
  of	
  gauge	
  invariance.	
  
	
  

3. …understand	
  and	
  use	
  the	
  definitions	
  of	
  the	
  Coulomb	
  and	
  Lorentz	
  gauges,	
  and	
  be	
  
able	
  to	
  state/show	
  how	
  they	
  lead	
  to	
  solvable	
  wave	
  equations.	
  

	
  

4. …understand	
  the	
  meaning	
  of	
  retarded	
  time,	
  and	
  compute	
  and	
  interpret	
  potential	
  
functions	
  using	
  the	
  retarded	
  time	
  formalism	
  in	
  cases	
  of	
  very	
  simple	
  geometry.	
  

	
  
Griffiths	
  Ch	
  11:	
  (Radiation)	
  
	
  

Students	
  should	
  be	
  able	
  to:	
  
	
  

1. …identify	
  terms	
  in	
  mathematical	
  expressions	
  that	
  correspond	
  to	
  radiation	
  fields.	
  
	
  

2. …explain	
   and	
   justify	
   both	
   the	
  math	
   and	
   physics	
   of	
   the	
   “three	
   approximations”	
  
made	
  when	
  calculating	
  electric	
  or	
  magnetic	
  dipole	
  radiation.	
  

	
  

3. …use	
   and	
   explain	
   the	
  mathematical	
   forms	
   of	
   E	
   and	
   B	
   for	
   electric	
   or	
  magnetic	
  
dipole	
  radiation	
  fields,	
   including	
  computation	
  or	
  representation	
  of	
  energy	
  flow,	
  
intensity	
  and	
  power	
  (with	
  angular	
  and	
  radial	
  dependence).	
  

	
  

4. …derive	
  and	
  use	
  expressions	
  for	
  the	
  “radiation	
  resistance”.	
  
	
  

5. …qualitatively	
  describe	
  and	
  use	
  the	
  basic	
  Larmor	
  formula	
  for	
  radiation	
  from	
  an	
  
accelerating	
  point	
  charge.	
  

	
  
Griffiths	
  Ch	
  12:	
  (Relativity)	
  
	
  

Students	
  should	
  be	
  able	
  to:	
  
	
  

1. …clearly	
  describe	
  the	
  two	
  principles	
  of	
  relativity,	
  and	
  their	
  basic	
  consequences	
  
(e.g.,	
  the	
  relativity	
  of	
  simultaneity,	
  Lorentz	
  contraction	
  and	
  time	
  dilation).	
  

	
  

2. …use	
  Lorentz	
   transformations	
  and	
   four-­‐vector	
  notation	
   to	
  express	
  observables	
  
in	
  different	
  inertial	
  frames.	
  

	
  

3. …know	
  what	
  makes	
  a	
  quantity	
  invariant	
  in	
  the	
  context	
  of	
  relativity,	
  distinguish	
  it	
  
from	
   a	
   conserved	
   quantity,	
   and	
   use	
   both	
   concepts	
   to	
   compute	
   relativistic	
  
kinematics	
  problems.	
  

	
  

4. …interpret	
  and	
  sketch	
  space-­‐time	
  diagrams,	
  and	
  connect	
  them	
  to	
  mathematical	
  
formulas.	
  

	
  

5. …use	
   appropriate	
   transformations	
   to	
   convert	
   electromagnetic	
   fields	
   and	
  
potentials	
  between	
  inertial	
  frames.	
  


