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E-1.  CoulombÕs Law 
 
 

Teaching Notes 
 
THE MAIN POINT 
 

1. Build intui t ion about  elect rostat ics.  (ÒOpposites at t ract ,Ó ÒForce fal ls off wit h distance,Ó et c.) 
  
2. Begin to use t he pr inciple of superposit ion.  (This wi l l  be a recurrent  theme from now on.) 
  
3. Re-acquaint  students wi th vector ial  reasoning and t he mechanics of vector  addit ion. 
  
4. Reinforce techniques from Physics 7A (free-body force diagrams, et c.) 

 
 
 
SAMPLE LESSON PLAN 
 

Discussion Quest ion 2 ........15 minutes in groups, 5 minutes GSI -led discussion &  boardwork. 
Problem 2 .............................10 minutes in groups, 5 minutes GSI -led discussion &  boardwork. 
Problem 1 .............................15 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 
Problem 4 .............................20 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 
Problem 5 .............................10 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 

 
 
 
GENERAL TEACHING SUGGESTIONS 
 
The perils of Coulomb’s Law.  Several  years ago, a 7B exam problem asked students to calculate t he 
force of at t ract ion between two charged plates of area A with separat ion D and respect ive charges +Q 
and -Q.  When I  graded this problem, I  discovered t hat  near ly 20% of the students gave t he answer  
as Q2/4πε0D2. 
 
This doesnÕt  have to happen.  Emphasize r ight  from the beginning t hat  CoulombÕs Law is only 
direct ly appl icable to point charges.  (See the Sample Mini-Lecture below.)  And after  t he students 
have completed Problem 4 (see Sample Lesson Plan above), draw thei r  at tent ion to t he fact  t hat  the 
force between t he rod and the point  charge does not turn out  to be Qq/4πε0d2, or  Qq/4πε0(d+L/2)2, or  
anyt hing simple l ike that .  For  ext ended charged objects, you general l y have to break them up into 
point  charges and integrate.  (I t  is impor tant  to keep GaussÕs Law under your  hat  for  now.) 
 
As discussed in t he Electrostatics Overview, the real problem wit h CoulombÕs Law is that  i t  
undermines t he studentsÕ abi l i ty to learn the field concept.  (And ul t imately, the reason t hat  one fi ft h 
of the students in 7B could not  calculate the force between two charged plates was that  they had not  
internal ized the not ion of an elect r i c field.) 
 
However  that  may be, i t  is hard to imagine a pedagogical  road t hrough elect rostat ics that  does not  
star t  at  CoulombÕs Law.  So evident ly we are stuck with i t ---for one section anyhow. 
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Problem-solving technique.  I n some of the problems, force diagrams are especial ly important .  DonÕt  
pass up the chance to emphasize good technique here.  (For  example, students wi l l  find i t  di fficul t  to 
get  star ted on Problem 1 unless t hey draw a separate force diagram for , say, t he left -hand charge.) 
 
Vectors.  You may be surpr ised by how rusty your  students are at  working wi th vectors.  As you move 
around from group to group, make sure everyone is get t ing back up to speed.  Needless to say, you 
cannot  learn elect rostat ics wi thout  being able to t hink vector ial ly! 
 
Calculus.  Yes, your  students have al l  had calculus.  What  t his means is that  i f you give them a l ist  
of 20 integrals, t hey wi l l  methodical ly evaluate them in perhaps 45 minutes.  What  this doesn’t mean 
is t hat  they understand integrat ion concretely as adding up l i t t le bi ts of stuff. 
 
For  t hat  mat ter , even grant ing an inst inct ive understanding of integrat ion, setting up integrals in 
physics is a completely di fferent  ski l l  from evaluat ing integrals in calculus---and a compound ski l l  at  
that .  Fir st you have to set  up a coordinate system, and this in i t sel f normal ly requi res some arm-
twisting at  t he level  of 7B.  Then t here is a knack to choosing a Ògener icÓ piece of the charge 
distr ibut ion to serve as dQ.  Then there are some rat ios to convert  dQ into dx (or  da or  dv).  And t hen 
there is some geometry.  How l i t t le this has to do wi th actual ly evaluat ing integrals!  And yet  thatÕs 
what  your  students think calculus is al l  about . 
 
I n the beginning, almost no one wi l l  be able to set  up integrals proper ly, and this wi l l  be frust rat ing 
for  everybody (yourself included).  As a result , you may be tempted to take t he path of least  
resistance, skipping most  of the problems t hat  require integrat ion.  DonÕt !  Pract ice is the only 
solut ion.  Refer  your  students to Andrew ElbyÕs excel lent  book, The Portable TA, Volume 2, which 
includes plenty of elect rostat ics problems requi r ing integrat ion. 
 
By the way, I  would also recommend that  you yourself dip into AndyÕs book from t ime to t ime!  The 
solut ions he provides are marvelously complete, and they wi l l  give you lot s of ideas for  how to 
present  di fficul t  mater ial . 
 
 
 
SAMPLE MINI-LECTURE AND BOARD SUMMARY 
 
I t  should not  be necessary for  you to lecture more than a few minutes at  the star t  of sect ion.  Even i f  
not  al l  of t he students have at tended a lecture on CoulombÕs Law, i t  should be enough simply to 
draw a picture of two point charges, label the drawing with terms from CoulombÕs Law, and 
write Coulomb’s Law next  to i t . 
 
Emphasize r ight  from the beginning t hat  CoulombÕs Law is only direct ly appl icable to point 
charges.  For  example, i f you have a charged crowbar  wit h charge Q1 and a charged comb wit h 
charge Q2 (draw a picture of this), then the force of one on the other  wi l l  not be given by 
Q1Q2/4πε0r2.  (Supposing you did want  to t ry using t his formula---what  value of ÒrÓ would you use?) 
 
You can return to t his point  when you assign Problem 4 (see Sample Lesson Plan above). 
 
 
REMARKS ON THE DISCUSSION QUESTIONS AND PROBLEMS 
 
Discussion Question 1 
 

Some students may point  out  t hat  mass is always posit ive, whereas charges can be posit i ve or 
negat ive.  This i s a rather  abstract  point , so you may want  to help your students zero in on i t s 
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physical meaning (namely, gravi tat ional forces are always at t ract ive, whereas elect rostat ic 
forces can be at t ract ive or  repulsive). 

 
 
Discussion Question 2 
 

This kind of setup often appears in 7B as a quant i t at ive problem (see Problem 2).  I  am always 
surpr ised by t he number of people who get  t he answer wrong.  Admit tedly the algebra is t r i cky, 
but  when I  graded such a problem on a midterm one summer, I  observed that  the algebra wasnÕt  
the real  problem.  The real problem was t hat  people werenÕt  slowing down to t hink about  the 
situat ion before diving in with formulas. 
 
Examining the t hree regions in turn is an excel lent  way to bui ld intui t ion about  t he compet ing 
factors of distance and charge in elect rostat ics.  Doing the discussion quest ion fi rst and the 
quant i tat i ve problem second also helps to enforce good problem-solving habit s (Òthink fi rst , 
calculate secondÓ).  Draw your  student sÕ at tent ion to this. 

 
Problem 1 
 

As in Physics 7A, be on the lookout  for  students who misinterpret  t he ÒxÓ in the spr ing formula 
ÒF = -kx.Ó  I t  may help i f people star t  by drawing two pictures:  one showing the relaxed spr ing of 
length L (wit h no charges at tached), and one just below that  showing t he spr ing of length D with 
the charges at tached.  Make sure they apply thei r  physical intui t ion and real ize t hat  D is greater  
than L!  (For  par t s (a) and (b).) 
 

Board organization for Problem 1 
Starting on left board: 

Pictures (spr ing relaxed, spr ing taut ) 
Force diagram for  left -hand charge 
Standard 7A approach (Fnet = ma) ⇒ Fspri ng - Fcoulomb = 0 

Now moving to right board: 
Fspri ng = kx (stock-formula version) 
Fspri ng = ks(D-L) 
Fcoulomb = Q1Q2/4πε0r2 (stock-formula version) 
Fcoulomb = QQ/4πε0D2 

Back to left board: 
ks(D-L) - Q2/4πε0D2 = 0 

 
Whenever you work a problem at  t he board, ask for  the student sÕ input  dur ing al l  phases.  For  
example, after  youÕve wr i t ten down CoulombÕs Law in the stock-formula version, donÕt  just  star t  
plugging in relevant  quant i t ies from the diagram.  Let  the students take you t here.  Ask 
something l i ke, ÒWhat  do I  put  in for  r?  What  does r  mean?Ó 
 
A technical aside:  I n par t  (c), the equat ion determining D is D3 - LD2 + (Q2/4πε0ks) = 0.  By 
sket ching this cubic, you can convi nce yourself that : 
 

I f Q2 < 16πε0ksL3/27 then t here are two stable configurat ions. 
I f Q2 = 16πε0ksL3/27 then t here is one stable configurat ion, at  D = 2L/3. 
I f Q2 > 16πε0ksL3/27 then t here are no stable configurat ions.  The two charges col lapse toward 

each other , and the spr ing is not  strong enough to stop them. 
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By cont rast, in par t s (a) and (b) t he system always has one stable configurat ion, as is int ui t i vely 
clear . 
 
This is not  real ly the k ind of thing you should waste sect ion t ime on, but  i t  canÕt  hur t  to have al l  
the informat ion at  hand. 

 
 
Problem 2 
 

I n Discussion Quest ion 2, the students should have concluded that  the only stable point  l ies to 
the left of t he two charges.  I n my opinion, the easiest way to find this point  is to mark i t s 
locat ion at  some random spot  to t he left  of the charges, and t hen int roduce a distance D between 
the random spot  and the charge q1.  The distance D is the sought -after  unknown, and since i t  i s a 
distance, we know i t  must be posit ive.  (This wi l l  t el l  us which of the two roots to throw away 
later  on.) 
 
After  al l  is said and done, you can explain the significance of the negat ive root  for  D.  This 
solut ion refers to t he locat ion between t he charges where the force from q1 and the force from q2 
have the same magnitude.  Of course, the forces here both pul l  in the same direct ion, so we donÕt  
have a stable point . 
 
I n set t ing up t he algebra for  this problem, I  work wit h magnit udes only: 
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At  this point , some people cross-mult iply, expand, and use the quadrat ic equat ion.  I  prefer  to 

rearrange as 
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, t hen take t he square root  of both sides. 

 
 
Problem 3 
 

I n par ts (a) - (c), t he students determine that  gravi tat ional  forces between atomic const i tuents 
can normal ly be neglected.  This approach wi l l  t hen be adopted for  par t  (d), a standard uniform 
cir cular  mot ion problem. 
 
The way int roductory mechanics is somet imes t aught , student s come away wit h the impression 
that  ci rcular  mot ion problems are somehow qual i tat ively di fferent  from rect i l inear  mot ion 
problems.  Consequent ly, al t hough they may understand F=ma very wel l  in the rect i l inear  
context , t hey typical l y go formula hunt ing when faced with a cir cular  mot ion problem.  Natural l y 
this makes i t  di ffi cul t  for  them to solve any but  the simplest  problems. 
 
By cont rast , in our  DepartmentÕs Physics 7A course, every ci rcular  mot ion problem is t reated as 
Òjust another  F=ma problem.Ó  That  is, we take the same approach in cir cular  mot ion problems 
that  we do in rect i l inear  mot ion problems:  draw a force diagram, use the diagram to find Fnet, 



Physics 7B Teaching Notes for E1 (rev. 3.0)  Page 5 

 

and set  Fnet  equal  to ma.  I tÕs just  that  in uniform ci r cular  mot ion, the accelerat ion happens to be 
a = v2/r . 
 
Al though Problem 3 is a very simple ci rcular  mot ion problem, going through each of the steps in 
this general  process wi l l  presumably refresh t he studentsÕ memor ies bet ter  than an ad hoc 
solut ion would. 

 
Board organization for part (d) of Problem 3 

Starting on left board: 
Picture 
Force diagram for  elect ron 
Standard 7A approach (Fnet = ma) ⇒ Fcoulomb = mv2/r  

Now moving to right board: 
Fcoulomb = Q1Q2/4πε0r2 (stock-formula version) 
Fcoulomb = qpqe/4πε0a02 

Back to left board: 
qpqe/4πε0a02 = mv2/a02 
v=2πa0/T=2πa0f 

 
Here weÕre looking for  the frequency f. 

 
 
Problem 4 
 

Some of the General Teaching Suggest ions l isted above are especial ly relevant  to this problem:  
see the Perils of Coulomb’s Law as wel l  as t he comments on Calculus. 
 
Referr ing back to Andrew ElbyÕs book The Portable TA, Volume 2, you might  look in par t icular  at  
AndyÕs standard strategy for  set t ing up integrals over  charge dist r ibut ions---this st rategy fi r st  
appears in the solut ion to Question 33-3.  Try to fol low a strategy l i ke this any t ime you work one 
of these problems at  t he board---and, as always, draw your student sÕ at tent ion to what  youÕre 
doing. 

 
 
Problem 5 
 

I  would probably not  do this problem before doing Problem 4.  See the Sample Lesson Plan 
above. 
 
Some of the General Teaching Suggest ions l isted above are especial ly relevant  to this problem:  
see the Perils of Coulomb’s Law as wel l  as t he comments on Calculus. 
 
Referr ing back to Andrew ElbyÕs book The Portable TA, Volume 2, you might  look in par t icular  at  
AndyÕs standard strategy for  set t ing up integrals over  charge dist r ibut ions---this strategy fi r st  
appears in the solut ion to Question 33-3.  Try to fol low a strategy l i ke this any t ime you work one 
of these problems at  t he board---and, as always, draw your student sÕ at tent ion to what  youÕre 
doing. 
 
I f you happen to run out  of t ime before you get  to this problem, draw your student sÕ at tent ion to 
i t , and ask t hem to look at  i t  when they get  home.  Ask them to think about  how Problem 5 
di ffers from Problem 4, and how this is reflected in t he solut ion.  You can al l  discuss i t  br iefly at  
the star t  of your  next  sect ion. 
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Problem 6 
 

The point  of this problem is to give students exper ience working wit h t he vector ial  nature of 
CoulombÕs Law.  Make sure t hat  they know how to integrate over  a radial  unit  vector ! 


