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E-5.  Elect r ic Potent ial  
 
 

Teach i n g No t es 
 
TH E M AI N POI NT 
 

1. Understand t he connect ion between t he electric potential and the potential energy of a point 
charge sitting in an external potential, as summarized by Uof q = qVext  and Wby you = q(Vf - Vi). 

  
2. Calculate potent ial  di fferences by integrat ing the E-f ield over  a chosen path. 

 
 
 
SAMPL E L ESSON PL AN 
 

Mini-Lecture........................10 minutes. 
Discussion Quest ion 3 ........20 minutes in groups. 
Problem 5 or  1 .....................20 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 
Problem 7 or  6 .....................20 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 
Problem 4 .............................20 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 

 
 
 
GENERAL  T EACH I NG SUGGESTI ONS 
 
Damage control.  For  many 7B students, the meaning of the elect r i c potent ial  never  real l y sinks in.  
I n my opinion, t he reason is that  we real ly need more t ime to cover this r ich topic.  Alas, more t ime is 
not  for thcoming.  Make i t  known to your students that  they wi l l  have to do some ext ra potent ial  
problems on t heir  own, perhaps more ext ra problems than they have been doing up to now.  ElbyÕs 
book The Portable TA, Volume 2, is an excel lent  resource in t his sit uat ion.  For  those who donÕt  have 
this book, there wi l l  be plent y of worksheet  problems left  after  sect ion is done. 
 
Plan of attack.  There are two ski l l s l isted under The Main Point  of this worksheet .  I  canÕt  help but  
not ice how apparent ly di fferent  t hese ski l ls are---how different  they must  seem to beginning 
students, that  is.  We GSI s can easi ly draw connect ions between t he var ious facets of the elect r i c 
potent ial ; however , be aware that  this kind of  mature understanding wi l l  not  be emerging in your  
student s dur ing the next  week. 
 
People have di fferent  ideas as to which facet  of elect r i c potent ial  makes for  t he best Òlead-in,Ó t he 
best Òangle of fi rst approach.Ó  As for  myself, I  bel ieve that  the best way to teach elect r ic potent ial  in 
the shor t  t ime we have avai lable is to make contact  with t he studentsÕ general ly excel lent  
understanding of work and energy conservation.  This is why the Sample Lesson Plan above focuses 
on Discussion Question 2, wit h i ts intui t ive gravi tat ional analogy, and Problems 1, 5, 6, and 7, each 
of which involves a dynamics problem.  After  set t ing up several problems of the famil iar  form K1 + 
U1 = K2 + U2, where U is now found from the rule Uof q = qVext , students wi l l  have a feel for  the 
meaning of potent ial .  Once the meaning of V star ts to sink in, i t  is safe to explore fur t her  the 
connect ions between E and V.  (Problems 4, 6, and 7 involve integrat ing E to find V.) 
 
I n keeping with this approach, the Sample Mini -Lecture below, which is already rather  long, 
postpones discussion of t he precise relat ionship between E and V.  This wi l l  have to emerge as the 
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student s work t hrough the problems.  When t he students reach Problem 7 or  6 (see t he Sample 
Lesson Plan above), you wi l l  probably have to give everyone a br ief (1 minute or  so!) spiel  leading to 

      

!  

V
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$ .  Suggested star t ing point :  simply appeal to 
      

!  

U 2 " U 1 = " F #ds
1

2

$  from 7A. 

 
By the way, student s general ly Òl ikeÓ the relat ion Uof q = qVext , not  only because i t  relates the elect r ic 
potent ial  to something they already understand, but  also because i t  Òlooks l i keÓ Fon q = qEext .  This 
resemblance goes a long way towards making both relat ions feel natural .  DonÕt  let  i t  escape your  
student sÕ not ice. 
 
For  other  ideas on how to explain elect r ic potent ial , you might  want  to check out  Chapter  35 of The 
Portable TA, Volume 2.  See especial ly Answer 35-2, and par t  (c) of Answer  35-1. 
 
The ghost of Coulomb’s Law.  Natural l y I  frown on any use of the formula U = q1q2/4! "0r .  Always use 
Uon q = qVext . 
 
Potential energy of a system of charges.  There are no problems on this worksheet  involvi ng t he 
potent ial  energy of a system of charges: 

    

!  

U sys = qi qj 4"#0r
pairs i ,j

$ .  I  have t r ied teaching this topic in 

the past , but  eventual l y I  decided to drop i t .  Speaking for  myself, I  found i t  qui te impossible, in t he 
ten minutes I  had at  my disposal , to meaningful l y distinguish between the potent ial  energy of a 
system of point  charges and the potent ial  energy of a single charge sit t ing in t he potent ial  field 
created by an ext ernal system of point  charges.  Even among those students who do understand t he 
distinct ion, many become confused by t he simi lar i t ies between the formulas that  ar ise in t he two 
types of problem. 
 
 
 
SAMPL E M I NI -L ECT URE AND B OARD SUMM ARY 
 
LetÕs t hink for  a minute about  t he elect r i c field.  What  is i t , and what  i s i t  good for? 
 

The elect r i c f i el d E 
 

Wh at  i s i t ? 
Wh at  i s i t  good f or ? 

 
What  i s t he elect r i c field? 
 

The E-f i el d i s a vector  at t ached t o ever y poi n t  i n  space. 
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I tÕs created by a charged object . 
 
What  i s t he elect r i c field good for? 
 

Once you  k now  t he E-f i el d cr eated by an  ob ject , you  can  f i n d t he f or ce on  an y poi n t  
char ge t h at  h appens t o be ar ou n d. 

 
F on q = qEobj ect  

 
So the elect r i c field is created by a charged object ; i tÕs a vector  at tached to every point  in space; and 
you use i t  to find the force on a point  charge near  the object . 
 
Now weÕre going to have a new kind of field, related very closely to t he elect r ic field.  They had to 
give i t  a new name, so they cal led i t  the elect r ic potent ial .  The Òelect r i cÓ part  i s because the elect r ic 
potent ial  is related to the elect r i c field, and the Òpotent ialÓ par t  is because the elect r i c potent ial  is 
related to potent ial  energy, as we wi l l  see. 
 
So: 
 

The elect r i c poten t i al  V. 
 

Wh at  i s i t ? 
Wh at  i s i t  good f or ? 

 
What  i s t he elect r i c potent ial , V? 
 

The elect r i c poten t i al  i s a nu m ber  at t ached t o ever y poi n t  i n  space. 
 

(Not a vector .  Easy, huh?  No components.) 
 

 
 
L ike t he elect r i c field, t he elect r i c potent ial  is created by a charged object . 
 
What  i s t he elect r i c potent ial  V good for? 
 

Once you  k now  t he elect r i c poten t i al  V cr eated  by an  object , you  can  f i n d t he poten t i al  
ener gy of  an y poi n t  ch ar ge t h at  happens t o be ar ou nd . 
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Uof  q = qVobj ect  

 
So the elect r ic potent ial  is created by a charged object ; i tÕs a number at tached to every point  in space; 
and you use i t  to find t he potential energy of a point  charge near the object . 
 
So this is the fi rst  thing to know about  the elect r ic potent ial :  Uof q = qVext .  Elect r i c fields tel l  you t he 
force on a point  charge; the elect r ic potential tel ls you t he potential energy of a point  charge. 
 
Ear l ier  I  said that  the elect r i c potent ial  V was closely related to the elect r i c field E.  Maybe you can 
begin to see why t hey are related, from what  IÕve said so far .  (Think about  t he relat ionship between 
force and potent ial  energy.)  WeÕll  get  into the speci fics of this relat ionship as we work t hrough t he 
worksheet .  I n the meant ime, I Õl l  summarize the key formulas on the r ight  here, including t he 
formula for  the potent ial  V created by a point  charge Q: 
 

Uof  q = qVext  
Vcre ated by Q = Q/4! " 0r . 

 
This looks l i ke t he expression for  the elect r i c field of a point  charge, but  t r y not  to let  that  confuse 
you!  Note that  t he denominator  i s r , not  r 2. 
 
 
 
 
REMARK S ON TH E DI SCUSSI ON QUESTI ONS AND PROBL EMS 
 
Discussion Question 1 
 

This question works best after  t he students have been doing elect r ic potent ial  for  a whi le.  Now 
is not  t he t ime to be deal ing wit h del icate sign issues, so I  would not  star t  wi th i t .  (See the 
Sample Lesson Plan above.)  Probably the students should save i t  for  t heir  exam studyi ng. 

 
 
Discussion Question 2 
 

When you work through a problem l i ke this, you wi l l  eventual l y come up wit h an expression l i ke 
W = Q#V, or  something l i ke that .  This is a fair l y convenient  relat ion, so you might  want  to draw 
your  studentsÕ at tent ion to i t  afterwards.  I  l i ke to use the form Wby you = Q (Vf - Vi). 
 
I t  might  help your students to see the big pict ure i f you ask them why we had to do work to move 
the point  charge.  I f they answer, Òbecause we went  from a low potent ial  to a high potent ial ,Ó say 
thatÕs fine, but  press them for  a force / field answer .  Remind t hem of t he analogy wit h 
gravi tat ional potent ial :  You have to do work to increase the gravi tat ional potent ial  energy of a 
basebal l , and t he reason is t hat  gravi tat ional potent ial  energy is just another  way of account ing 
for  gravi tat ional forces. 
 
L ikewise, the elect r ic field in our  problem cer tainly exer ts a force on the par t icle.  So in order  to 
move t he par t icle from the ini t ial  point  to t he final  point , we must exer t  our  own force, equal and 
opposite to the elect r ic force.  Exer t ing this force over  the distance involved means doing work.  
ThatÕs how our  such-and-such Joule expendit ure came about . 
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To us GSIs, t he field and the potent ial  are pract ical ly interchangeable.  But  remember , to the 
students, potent ial  is some new thing.  They may not  even real ize t hat , in addit ion to an elect r ic 
potent ial , t here is an elect r ic field running around here. 

 
 
Discussion Question 3 
 

This question touches on some of the r ich mathemat ics involved in the elect r i c potent ial :  path 
independence of the work in a conservat ive force field, and or t hogonal i ty of the equipotent ials to 
the field l ines.  (Ask about  path independence as a fol low-up to par t  (a).) 
 
However , apart  from int roducing these mathemat ical  ideas, make i t  a point  to develop your  
student sÕ physical intui t ions about  potent ial .  The analogy between t he equipotent ials and the 
contours on a topographic map is especial l y helpful .  Have your student s stare at  t he ÒmapÓ unt i l  
they can see that  there are two ÒmountainsÓ and one Òcrater .Ó  Then sketch on the board a 3-D 
view of the topography. 
 
Par t  (c) gives you an opportunity to ment ion t hat  field l ines are always perpendicular  to 
equipotent ials.  This is one way to explain why i t  t akes no work to move from B to C.  When you 
move from B to C along t he equipotent ial  (your  choice i f you wish), you are always cut t ing 
perpendicular  to t he field.  This means that  the field does no work on t he charge.  Consequent ly, 
you donÕt  have to do any work ei ther . 
 
Probably t he students wi l l  have forgot ten that  a force does no work when i t  is perpendicular  to 
the path.  Remind them of this wit h some examples.  For  example, i tÕs easier  to move sideways 
across an ocean cur rent  t han i t  i s to go against the flow.  (Remember that  i f youÕre ever  caught  in 
a r ipt ide.) 
 
When you work through a problem l i ke this, you wi l l  eventual l y come up wit h an expression l i ke 
W = Q#V, or  something l i ke that .  This is a fair l y convenient  relat ion, so you might  want  to draw 
your  studentsÕ at tent ion to i t  afterwards.  I  l i ke to use the form Wby you = Q (Vf - Vi). 
 
I t  might  help your students to see the big pict ure i f you ask them why we had to do work to move 
the point  charge.  I f they answer, Òbecause we went  from a low potent ial  to a high potent ial ,Ó say 
thatÕs fine, but  press them for  a force / field answer .  Remind t hem of t he analogy wit h 
gravi tat ional potent ial :  You have to do work to increase the gravi tat ional potent ial  energy of a 
basebal l , and t he reason is t hat  gravi tat ional potent ial  energy is just another  way of account ing 
for  gravi tat ional forces. 
 
L ikewise, the elect r ic field in our  problem cer tainly exer ts a force on the par t icle.  So in order  to 
move t he par t icle from the ini t ial  point  to t he final  point , we must exer t  our  own force, equal and 
opposite to the elect r ic force.  Exer t ing this force over  the distance involved means doing work.  
ThatÕs how our  such-and-such Joule expendit ure came about . 
 
To us GSIs, t he field and the potent ial  are pract ical ly interchangeable.  But  remember , to the 
students, potent ial  is some new thing.  They may not  even real ize t hat , in addit ion to an elect r ic 
potent ial , t here is an elect r ic field running around here. 
 
For  par t  (e), which asks the students to draw field l ines, here are some things you want  to hear  
in your  student sÕ explanat ions: 
 

ÒIÕm drawing the field l ines perpendicular  to t he equipotent ials.Ó 
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ÒThere must be a negat ive charge in the middle of t he crater , because a posit ive test  charge 
would want  to fal l  into i t .Ó 

ÒThe charges have to be here in the cir cles, where t he field becomes intense, and IÕm making 
the l ines begin and end on the charges.Ó 

 
 
Discussion Question 4 
 

This question works best after  the students have been doing elect r i c potent ial  for  a whi le.  (See 
the Sample Lesson Plan above.)  Probably t he students should save i t  for  their  exam studyi ng, 
when i t  may help t hem to see t he relat ionships between the elect r i c potent ial  and t he rules for  
conductors. 
 
Students may be incl ined to give over ly mathemat ical  answers to this question.  I t  would be far  
bet ter  i f they could cal l  on the int ui t ions they gained in answer ing Discussion Quest ion 3.  One 
moral of that  quest ion is that  the elect r i c field is strong where the potent ial  var ies quickly from 
place to place, and the elect r ic field i s weak where t he potent ial  var ies slowly from place to place.  
Hey, that  means t hat  t he elect r i c field is zero where the potent ial  doesn’t vary at all from place to 
place. 
 
This argument  i s informal , but  i t  shows the kind of physical understanding weÕre looking for .  I t  
would be a happy day i f your  students could give an explanat ion l ike t his.  So I  would not  hound 
them wit h der ivat ives and so on.  I f people are get t ing i t , you can offer  to summarize t heir  
intui t ions by means of the formulas Ex = -$V/$x, Ey = -$V/$y, Ez = -$V/$z. 

 
 
Problem 1 
 

Problem 1 is simi lar  to Problem 5.  So i f you do Problem 1 in sect ion, donÕt  bother  doing Problem 
5 also.  (See t he Sample Lesson Plan above.) 
 
I n set t ing up any problem of this k ind, mi r ror  the approach we took with elect r ic fields, where we 
wrote Fon q = qEext .  That  is, use Uof q = qVext , rat her  t han U = q1q2/4! "0r .  (See the General  
Teaching Suggestions above, under  Plan of attack.)  Admit tedly, i t  may be easier  to do this 
problem with U = q1q2/4! "0r , but  for  si tuat ions l i ke those in Problems 5 - 7 this approach wi l l  
prove unwieldy. 
 
I t  may help to sol idi fy t he (scalar) field concept  i f you use Òact iveÓ language in descr ibing this 
problem:  ÒThe stat ionary proton produces the ext ernal potent ial .  The movi ng proton feels i t .Ó 
 
Organize your work careful ly when you present  t his problem at  the board, and make sure to ask 
for  the studentsÕ input . 

 

  

!  

E i = E f

K i +U i = K f +U f

 

 
After  set t ing up t he problem along these l ines, have the students tel l  you what  al l  t he terms are. 
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Problem 2 
 

This problem is not  included in the Sample Lesson Plan above, even t hough i t  is t he only 
problem on t he worksheet  in which we determine E from the funct ional form of V.  This omission 
is unfor t unate.  However , integrat ing E to find V is usual ly fel t  to be a more impor tant  ski l l , and 
i t  is cer tainly one t hat  takes longer  to learn.  So i f your  7B course is fol lowing the usual  
emphasis, t hen you probably wonÕt  want  to spend sect ion t ime on Problem 2. 
 
Note t hat  this is also t he only problem on t he worksheet  in which the students calculate the 
potent ial  of a cont inuous charge distr ibut ion by direct  integrat ion of dV = dQ/4! "0r .  This topic is 
somet imes emphasized in 7B, but  because t ime is pressing, you may simply have to relegate this 
topic to homework problems and office hours. 
 
I n any case, i f  you do decide to cover  Problem 2 in sect ion, you might  want  to use Problem 3 as 
an int roduct ion. 
 
I n par t  (b), i f a student  elects to find E by di fferent iat ing V(x), make sure to remind t hem that  
they are only finding one component  of E.  Ask t hem what  the y-component  is.  Of course, they 
should be able to answer very easily; the real point  of asking for  Ey is that  in doing so, you wi l l  
have reminded them that  E is a vector . 

 
 
Problem 3 
 

This problem can be very quick, since the potent ial  at  the or igin is just  zero.  I t  might  have been 
included in t he Discussion Quest ions, but  that  would have given away the answer . 
 
This problem might  serve as a good int roduct ion to the topic of calculat ing t he potent ial  of 
cont inuous charge distr ibut ions by integrat ing dV = dQ/4! "0r .  I t  could t hen be fol lowed by 
Problem 2. 

 
 
Problem 4 
 

This problem tests some of the same ski l l s t hat  Problems 6 and 7 do, wit h rules of conductors 
thrown in for  good measure.  This makes for  a good problem, but  since Problems 6 and 7 are 
more focused and lay out  t he steps in more detai l , I  would recommend doing one of them fi rst .  
(See the Sample Lesson Plan above.)  I f you run out  of t ime before get t ing to Problem 4, you 
might  ment ion that  i t  t ies together  a lot  of the recent  mater ial  (GaussÕs Law, conductors, 
potent ial) and would make for  good exam pract ice. 
 
Par t  (a) uses the t r i ck  of drawing a Gaussian sur face wit hin t he mater ial  of the t hick shel l .  
Students should have seen t his on Worksheet  E-4 Conductors. 
 
Before they can do any of par t  (b), student s must real ize that  they have to determine the elect r ic 
field strength in al l  of the var ious regions.  So t here is a GaussÕs Law sub-problem hiding 
between par ts (a) and (b). 

 
 
 
 
 
Problem 5 
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Problem 5 is simi lar  to Problem 1.  So i f you do Problem 5 in sect ion, donÕt  bother  doing Problem 
1 also.  (See t he Sample Lesson Plan above.) 
 
This is a problem where U = q1q2/4! "0r  isnÕt  much help, and Uof q = qVext , is real l y t he only way to 
go.  (See t he General Teaching Suggestions above, under Plan of attack.) 
 
I t  may help to sol idi fy t he (scalar) field concept  i f you use Òact iveÓ language in descr ibing this 
problem:  ÒThe charged annulus produces the ext ernal potent ial .  The gold nucleus feels i t .Ó 
 
Organize your work careful ly when you present  t his problem at  the board, and make sure to ask 
for  the studentsÕ input .  Draw and label t he INI TI AL and FI NAL situat ions, along the l ines of 
the diagram shown above under  Problem 1. 

 
 
Problem 6 
 

This problem gives the students exper ience calculat ing the potent ial  of a cont inuous charge 
distr ibut ion from the potent ial  of a point  charge, rather  than from an elect r i c field.  The potent ial  
method is bet ter  for  the annulus because we can ignore al l  of the vector  mess that  comes with 
integrat ing over  the field of a point  charge.  I t  never hur ts to go through another  detai led setup 
for  the integral  for  a charge dist r ibut ion one more t ime, ei t her . 

 
 
Problem 7 
 

L ike Problem 8, t his problem integrates the two main goals of the worksheet , by combining a V-
from-E calculat ion wit h an elect rostat ic energy conservat ion problem.  I  strongly recommend 
doing one or  t he other  of these in sect ion (see t he Sample Lesson Plan above). 
 
Students find i t  confusing t hat  for  an infini te l ine charge, the usual choice of V = 0 at  r  = !  wi l l  
not  work.  I  would not  ment ion i t  unless someone asks.  Wit h any luck i t  wonÕt  come up, since 
they are calculat ing di rect ly a difference in potent ial  by integrat ing from r  = D to r  = 5D. 

 
 
Problem 8 
 

L ike Problem 7, t his problem integrates the two main goals of the worksheet , by combining a V-
from-E calculat ion wit h an elect rostat ic energy conservat ion problem.  I  strongly recommend 
doing one or  t he other  of these in sect ion (see t he Sample Lesson Plan above).  

 
 
Problem 9 
 

Another  problem deal ing with dipoles, this t ime deal ing with t he potent ial .  I f you want  to do 
this problem, but  donÕt  have much t ime, you should give the potent ial  for  the dipole, and have 
them do par t  (c), which is another  problem that  calculates t he elect r i c field given a potent ial . 


