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E-3.  GaussÕs Law 
 
 

Teaching Notes 
 
THE MAIN POINT 
 

1. Develop an intui t ive understanding of elect r ic flux. 
  
2. Become convi nced, through a study of examples, that  the net  flux outward t hrough a sur face 

reflects the net  charge enclosed. 
  
3. Learn to apply GaussÕs Law as a computational  tool  in highly symmet r ic situat ions. 

 
 
 
SAMPLE LESSON PLAN 
 

Discussion Quest ion 1 ........30 minutes in groups. 
Discussion Quest ion 2 ........10 minutes in groups. 
Problem 1 .............................30 minutes in groups, 20 minutes GSI -led discussion &  boardwork. 
Problem 2 .............................20 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 

 
 
 
GENERAL TEACHING SUGGESTIONS 
 
The flux concept.  Pr ior  to understanding GaussÕs Law, ! E = qencl/"0, student s must understand what  
flux is.  Teaching t he flux concept  is our  important  fi rst job.  Bear in mind t hat  flux ideas wi l l  
reappear as the course progresses, in connect ion wit h FaradayÕs Law, inductance, and the 
displacement  cur rent .  I f  you short -change your  students on t his idea now, i t  wi l l  hur t  them later . 
 
Quite apart  from i ts role in elect rostat ics, flux i s an important  concept  that  appears in al l  branches 
of physics and engineer ing.  Fluid dynamics and the heat  flow equat ion are obvious examples.  
Remember t hat  one of our  main goals in 7B is to educate future engineers; natural ly t hen, 
understanding t he flux of a vector  field through a sur face is an important  par t  of our  studentsÕ 
educat ion. 
 
For  some ideas on how to teach elect r i c flux, you might  want  to check out  Andrew ElbyÕs book, The 
Por table TA, Volume 2.  See especial ly the answer to Question 34-2.  Refer  your  students to this book  
as wel l . 
 
Always calculate flux di rectly from the integral  defi ni tion.  I n teaching Physics 8B one semester , I  
decided that  my students would not  have t ime to gain a real understanding of elect r i c flux.  I  also 
knew that  they would not  be tested on the flux concept  per  se.  So I  taught  GaussÕs Law pr imar i l y as 
a tool for  calculat ing fields, and I  tended to wr i te i t  on the board as ÒEA = qencl/"0.Ó  Of course, t he 
student s had to be careful  then about  how to interpret  the ÒEAÓ term. 
 
For  Physics 7B, the students wi l l  have to understand flux bet ter  than t hat .  So I  would recommend 
that  any t ime the students have to calculate the flux t hrough a sur face direct ly---as in par t  (e) of 
Problem 1---then you make them star t  wit h the integral .  Have t hem star t  out  with 
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Then have them ask the questions: 
 

I s the magnitude of E the same at  al l  point s of t he sur face?  I f not , then maybe t ry another  
sur face.  I f  so, t hen pul l  out  that  constant  value E. 

I s the angle between E and da the same at  al l  points of the sur face?  I f not , maybe t r y another  
sur face.  I f  so, t hen pul l  out  that  constant  factor  cos #. 

 
And so on.  I t  wi l l  take a long t ime for  many students to catch on to flux integrals---but  at  least i t  
may help i f  you make t hem star t  t he same way every t ime. 
 
A computational  tool?  I n 7B we spend a lot  of t ime teaching our  student s how to calculate E-fields 
using GaussÕs Law.  This is strange, given t hat  Òin real  l i feÓ GaussÕs Law is near ly useless in t his 
regard.  St range as i t  may be, however , you can bet  that  t hese kinds of problems wi l l  appear on t he 
studentsÕ exams.  So you wi l l  have to fal l  in l ine and emphasize E-field calculat ions in sect ion. 
 
I ssues i n teaching E-field cal culations.  LetÕs take stock of where your students are at  t his point .  
They are only just  beginning to internal ize the field concept .  They have never done a sur face 
integral , or  i f they have, then they general l y didnÕt  understand what  they were doing.  Now youÕre 
expect ing them to use GaussÕs Law as par t  of a sophisticated argument  leading to the E-field 
strength.  This wi l l  be an uphi l l  bat t le.  Here are some issues to think about  as you observe your  
student s in the classroom. 
 

Sketching t he field fi rst .  I mpress upon your students t he fact  t hat  they cannot  possibly use 
GaussÕs Law coherent ly wi thout  a picture of t he elect r i c field in front  of them.  The fi rst  step in 
any elect r i c field calculat ion, whether  i t  involves GaussÕs Law or  not , is to understand what  t he 
field looks l i ke. 
 
Organizing t he calculat ion.  IÕm going to digress for  just a second here, and share something IÕve 
learned about  the minds of beginning physics students.  To a beginning student , al l  ÒformulasÓ 
have the same character .  For  example, students often do not  distinguish between an equation 
and an expression.  (This is because equat ions do not  speak to them in English yet .)  More subt ly, 
they also fai l  to dist inguish between a der ivation and the computations t hat  cont r ibute to i t . 
 
The fi rst  t ime this makes l i fe di fficul t  is in Physics 7A.  There the students learn that  F equals 
ma.  But  then again, F also equals -kx, and i t  also equals Gm1m2/r2.  So many formulas for  F!  Of 
course, we graduate students conceptual ize dynamics problems in a very structured way; we 
categor ize things.  We star t  wi th t he fundamental  relat ionship Fnet=ma, then we go away and 
use a diagram to help us compute Fnet, perhaps using special ized formulas l i ke F=-kx, and so on.  
Our  student s donÕt  have t hese kinds of categor ies yet . 

 
L ikewise, think about  the structure of an E-field calculat ion involvi ng GaussÕs Law.  We star t  
with the fundamental  relat ionship ! E = qencl/"0.  Then we go away and compute ! E from the basic 
defini tion 

    

!  

" E = E #da
surface

$$ .  Then we go somewhere else and compute qencl from the given 

distr ibut ion.  Final l y, we inser t  t he result s of these computat ions into t he fundamental  
relat ionship, and solve t he resul t ing equation for  E. 
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Fundamental relat ionships versus basic defini t ions, computat ions versus der ivat ions, formulas 
versus equat ions.  This is al l  mixed together  in the studentÕs mind.  We can help, though, by 
careful ly structur ing and organizing our  calculat ions at  the board. 
 
For  example, you might  star t  by wr i t ing GaussÕs Law on the middle board.  Then move to the 
left -hand board to calculate the flux di rect ly.  Then move to the r ight -hand board to calculate the 
enclosed charge di rect ly.  Then return to the middle board with your  results, and finish the 
algebra.  (When you move to the left -hand board, consider  put t ing a t i t le at  t he top:  ÒCalculat ing 
the flux di rect ly,Ó for  example.  And simi lar ly for  the r ight -hand board.) 
 
Choosing Gaussian sur faces proper ly.  GSIs usual ly t ry to emphasize the impor tance of choosing 
the r ight  sur face for  a problem.  This is cer tainly important .  But  i t  i s just  as important , i f not  
more impor tant , to know how to recognize a sur face that  doesnÕt work.  After  al l , pragmat ical ly 
speaking, you canÕt  always expect  to draw the r ight  sur face on the fi rst  t r y; so you had bet ter  
know how to spot  a fault y choice.  More fundamental ly speaking, you canÕt  real l y say that  you 
understand why any given idea is r ight , unless you can also explain why compet ing ideas are 
wrong. 
 
When helping your students to evaluate Gaussian sur faces, you wi l l  be concerned pr imar i l y wit h 
the usual two issues:  constancy of | E|  over  t he sur face, and constancy of cos # on t he sur face.  
However , somet imes more subt le issues ar ise.  Dur ing my second semester  of teaching 7B 
I ntensive Discussion Sect ions, I  not iced that  some students, when asked to find the elect r i c field 
at  a cer tain point , would draw Gaussian sur faces that did not touch that point.  I t  wasnÕt  that  
they were fi rst  finding a funct ional form for  E, and planning t hen to special ize i t  to the point  in 
question.  (How nice t hat  would be!)  I t  was that  t hey simply didnÕt  real ize t hat  the ÒEÓ that  you 
pul l  out  of the integral  is t he value of E on the sur face youÕre i ntegrati ng over .  I tÕs something to 
watch out  for , as you walk  around checking on people dur ing sect ion. 
 
Superposit ion problems.  I n a problem that  cal ls for  the method of superposit ion, such as 
Problem 6, student s wi l l  somet imes t ry to apply GaussÕs Law direct ly to t he net charge 
distr ibut ion.  One problem here is that  such students are fai l ing to vi sual ize the net  elect r i c field 
(which is usual ly pret t y complicated-looking).  As always, encourage them to sket ch t he field 
fi rst .  Bear in mind also that  these problems requi re a huge amount  of parsing on t he par t  of the 
student s.  I t  wi l l  t ake t hem a whi le to get  the hang of i t .  An added di fficul ty for  many students 
wi l l  be t he need to t hink Òfunct ional lyÓ---fi rst  der ivi ng a functional  expression for  E(r), say, and 
later  special izing this to r  = R/2.  Drawing separate diagrams for  the var ious phases of the 
calculat ion is a good idea here. 
 
Mathemat ical  sophisti cat ion.  Do not  int roduce any curvi l inear  coordinate systems for  evaluat ing 
sur face integrals.  I n fact , for  t he purposes of this worksheet , do not  even per form any real  
sur face integrat ion!  Our  job is hard enough r ight  now without  t hat . 
 
Al l  of the sur face integrals for  this worksheet  boi l  down to 

  

! 

da"" .  And this, I  tel l  t he students, 

means ÒAdd up al l  the l i t t le pieces of area.Ó  They then real ize that  
  

!  

da""  is none other  than the 

area of t he sur face-por t ion in question.  (Later  in the course, when we come to inductance, there 
wi l l  be problems which require an honest to goodness sur face integrat ion.) 
 
Note t hat  the student s general l y wi l l  have to integrate cont inuous charge distr ibut ions in order  
to find the total  charge enclosed by a Gaussian sur face.  (See Problem 5.)  This wi l l  take some 
pract ice, so sti ck  to the constant -$ problems at  fi rst .  (See the Sample Lesson Plan above.) 
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Terminology.  When i t  comes to vi sual izing charge distr ibut ions and Gaussian sur faces, some 
students have more t rouble t han others.  I t  may help i f you use a clear  and consistent  
terminology here.  Technical l y speaking, a sphere is a two-dimensional object , whereas a bal l  is 
three-dimensional .  I f we just  say ÒsphereÓ for  everyt hing, then weÕre not  being clear . 
 

I f I  mean something l i ke...  Then I  t r y to say...  
a marble    Òbal lÓ or  Òsol id bal lÓ 
the skin of a bal loon   Òthin spher ical  shel lÓ 
a peach with no pi t    Òthick spher ical  shel lÓ 
a dr ink ing straw   Òthin cyl indr ical  shel lÓ 
a rol l  of paper  towels   Òthick cyl indr ical  shel lÓ 
a Duraflame¨  log   Òsol id cyl inderÓ 

 
The character  of GaussÕs Law.  GaussÕs Law is unl ike any of t he laws of physics your students have 
encountered up to now.  For  one t hing, i t  is a pret t y convoluted statement .  And for  another  t hing, 
the students arenÕt  used to laws t hat  al low t hem (or  require t hem) to make arbi t rary choices.  I tÕs 
also di fficul t  in that  we spend as much t ime tel l ing them GaussÕs Law is t rue for  any sur face as we 
do tel l ing t hem that  the sur face t heyÕre using is wrong!  I  l i ke to say, ÒGaussÕs Law is t rue for  any 
sur face, but  i tÕs only useful  when the sur face and the field are simple enough.Ó 
 
 
 
SAMPLE MINI-LECTURE AND BOARD SUMMARY 
 
I t  should not  be necessary for  you to lecture more than a minute or  two at  t he star t  of sect ion.  Wr i te 
out  GaussÕs Law, with al l  the terms labeled (ment ion that  ÒfluxÓ means ÒflowÓ).  Say a word or  two 
about  what  flux means, and summarize the meaning of GaussÕs Law in one sentence:  something 
l ike, ÒThe net  elect r i c flux outward through an imaginary closed sur face reflect s the amount  of 
elect r i c charge contained wi thin the sur face.Ó  Emphasize t hat  GaussÕs Law is t rue for  any sur face, 
but  t hat  i tÕs only useful  for  calculat ing elect r i c fields when the sur face and the field are simple 
enough.  Emphasize also t hat  the sur faces weÕre talking about  here are imaginary sur faces, and not  
physical  object s. 
 
 
REMARKS ON THE DISCUSSION QUESTIONS AND PROBLEMS 
 
Discussion Question 1 
 

Par ts (b), (c), and (d) al l  fol low the same pat tern.  For  each par t , the students have to per form 
three tasks: 
 

Fir st, sket ch the elect r ic field created by t he pai r  of point  charges. 
Second, determine the net  elect r ic flux passing outward through t he given sur face.  This 

should be done quickly using t he mi racle of GaussÕs Law, ! E = qencl/"0. 
Thi rd, based on the field l ines, t ry to understand why the flux came out  to be t he way i t  did. 

 
I n par t  (b.i i i ), just have them t ry to explain why t he flux outward t hrough the sphere turned out  
to be posit ive.  There are plenty of field l ines coming in, and plenty of field l ines going out .  But  
where the field l ines are going out , t he field is stronger. 
 
I ni t ial l y at  least , I  think i t  wi l l  best int roduce basic flux not ions i f we deal wit h the net field in 
this way.  That  is to say, ini t ial ly I  would not  recommend asking students to vi sual ize the field as 
the sum of two fields, one of which clear ly has posit ive flux, the other  of which clear ly has zero 
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flux, and hence t he net  posit ive flux.  But  you might  pursue this in fol low-up discussions wit h 
student s who are progressing quick ly. 
 
I n par t  (c.i i i ), one way to understand why the flux comes out  to be zero would be to not ice t hat  
there are just as many field l ines coming in as t here are going out .  (And here the field strengths 
are symmetr ic, unl i ke in the case of t he sphere.) 
 
I n par t  (d.i i i ), t he flux comes out  to be zero because each given field l ine coming into the sur face 
eventual ly goes out .  (I n t ruth this also explains par t  (c.i i i ), but  i tÕs probably OK i f people give 
distinct  arguments in the two cases.) 

 
 
Discussion Question 2 
 

I n this question, you can int roduce the t r ick of drawing a more convenient  sur face through which 
to calculate t he flux---in t his case, a sphere.  Having drawn t he sphere, you might  ask t he 
student , ÒHow much flux passes outward through this sphere?Ó  After  the student  has answered 
based on GaussÕs Law, you might  ask, ÒOf that  flux, how much passes through the plane?Ó 
 
This quest ion shows t he usefulness of intui t ion in deal ing with the flux concept .  I t  i s safe to say 
that  none of your  students would be able to calculate ! plane di rect ly by integrat ing E da cos #. 

 
 
Discussion Question 3 

 
This question deals wit h t he issue of using GaussÕs Law to der ive elect r i c fields.  Par t  (a) i solates 
the task of total ing up the charge enclosed by the Gaussian sur face.  Par t  (b) is intended to 
forestal l  the use of GaussÕs Law in inappropr iate situat ions. 

 
 
Discussion Question 4 
 

A common mistake t hat  students make is t he overappl icat ion of GaussÕs Law to elect rostat ic 
problems.  I n par t i cular , they apply i t  to situat ions where the symmet ry of the problem is not  
sufficient  to use GaussÕs Law to ful l y determine the elect r i c field.  This problem t r ies to dr ive this 
point  home. 
 

 
Discussion Question 5 

 
GaussÕs Law is useful  when we have symmetry.  This problem lets student s find the general form 
of the elect r ic field in t he three cases where we have enough symmetry to ful ly determine the 
elect r i c field. 

 
 
Probl em 1 
 

This important  problem steps t he students t hrough the dr i l l  of calculat ing E-fields using GaussÕs 
Law.  After  the students have solved the problem, draw their  at tent ion to i ts structure.  Let  t hem 
know that  they wi l l  have to reproduce t his kind of reasoning Òfrom scrat chÓ many t imes 
throughout  t he semester .  Also, when you discuss the problem at  the board, organize and 
structure your  own calculat ion.  (See t he General  Teaching Suggestions above, under Organizing 
the calculat ion.) 
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Board organization for Problem 1 

 Calculat ing !  direct ly                         ! E = qencl/"0 Calculat ing qencl 
                ! label =...      ! label+! l id+! bot tom= qencl/"0         qencl=%L 
                  etc.                              etc.            et c. 

 
DonÕt  forget  to ask for  t he studentsÕ input  at  al l  phases. 

 
 
Probl em 2 
 

I n t his problem the students get  t he chance to run t he E-field dr i l l  for  t hemselves. 
 
I n some ways, the infini te sheet  is not  t he best problem to get  star ted on.  For  example, youÕll  
have to make sure people arenÕt  let t ing t heir  imaginary sur face touch the sheet  i t sel f. 
 
As people are working t hrough this problem, play devi lÕs advocate with t hem.  Draw a spher ical  
sur face that  encloses par t  of t he charged sheet , and make the group explain whatÕs wrong wit h 
that  choice. 
 
When you discuss the problem at  the board, organize and structure your own calculat ion.  (See 
the General  Teaching Suggestions above, under Organizing the calculat ion.) 
 

Board organization for Problem 2 
 Calculat ing !  direct ly                     ! E = qencl/"0 Calculat ing qencl 
              ! left  =...            ! left +! ri ght= qencl/"0         qencl=&A 
                etc.                         etc.            et c. 

 
As you work t hrough the problem on t he board, donÕt  forget  to ask for  t he studentsÕ input  at  al l  
phases.  Try a few ÒwrongÓ sur faces, and make someone explain why t hey donÕt  work. 

 
 
Probl em 3 
 

I n t his problem the students get  t he chance to run t he E-field dr i l l  for  t hemselves. 
 
As people are working t hrough this problem, play devi lÕs advocate with t hem.  Draw a spher ical  
sur face t hat  touches Point  A, and make the group explain whatÕs wrong with that  choice. 
 
When you discuss the problem at  the board, organize and structure your own calculat ion.  (See 
the General  Teaching Suggestions above, under Organizing the calculat ion.) 
 
 

Board organization for part (b) of Problem 3 
 Calculat ing !  direct ly                         ! E = qencl/"0 Calculat ing qencl 
                ! label =...      ! label+! l id+! bot tom= qencl/"0         qencl=$' R2L 
                  etc.                              etc.            et c. 

 
As you work t hrough the problem on t he board, donÕt  forget  to ask for  t he studentsÕ input  at  al l  
phases.  Try a few ÒwrongÓ sur faces, and make someone explain why t hey donÕt  work. 
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Probl em 4 
 

I n this problem the students get  the chance to run the E-field dr i l l  for  themselves.  Make sure 
they are sketching t he E-field. 
 
As people are working t hrough t his problem, play devi lÕs advocate wit h them.  Draw a cubical  
sur face t hat  encloses the shel l , and make t he group explain whatÕs wrong wit h t hat  choice. 
 
When you discuss the problem at  the board, organize and structure your own calculat ion.  (See 
the General  Teaching Suggestions above, under Organizing the calculat ion.) 
 

Board organization for part (c) of Problem 4 
 Calculat ing !  direct ly                         ! E = qencl/"0 Calculat ing qencl 
                !  =...                              etc.         qencl=$Vencl 
                  etc.             et c. 

 
As you work t hrough the problem on t he board, donÕt  forget  to ask for  t he studentsÕ input  at  al l  
phases.  Try a few ÒwrongÓ sur faces, and make someone explain why t hey donÕt  work. 

 
 
Probl em 5 
 

This is a di fficul t  problem.  Before tackl ing i t  wit h your  students, you might  want  to read the 
comments on Superposit ion problems in t he General Teaching Suggestions above. 
 
You should probably not  jump to this problem in your fi rst sect ion meet ing.  (See the Sample 
Lesson Plan above.)  You might  want  to suggest t hat  i t  would make for  good exam pract ice. 

 
 
Probl em 6 
 

I n t his problem the students get  t he chance to run t he E-field dr i l l  for  t hemselves. 
 
When you discuss the problem at  the board, organize and structure your own calculat ion.  (See 
the General  Teaching Suggestions above, under Organizing the calculat ion.) 
 
 

Board organization for part (b) of Problem 3 
 Calculat ing !  direct ly                         ! E = qencl/"0 Calculat ing qencl 
                ! label =...      ! label+! l id+! bot tom= qencl/"0         qencl=&A 
                  etc.                              etc.            et c. 

 
As you work t hrough the problem on t he board, donÕt  forget  to ask for  t he studentsÕ input  at  al l  
phases.  Try a few ÒwrongÓ sur faces, and make someone explain why they donÕt  work.  Also, t his 
problem cont inues to use symmet ry: the elect r ic field above the plate is the same magnit ude and 
opposite direct ion as the field below the plate. 
 


