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E-6.  Capacitance 
 
 

Teaching Notes 
 
THE MAIN POINT 
 

1. Understand t hat  capacit ance is determined by t he geometry of the conductors. 
  
2. Calculate capacitance for  simple systems of conductors. 
  
3. I nt roduce elect rostat ic energy density and energy storage in capacitors. 

 
 
 
SAMPLE LESSON PLAN 
 

Discussion Quest ion 1 ........10 minutes in groups. 
Mini-Lecture I .....................10 minutes, centered around answer ing Discussion Questions 1 &  2. 
Problem 3 .............................20 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 
Problem 2 .............................10 minutes in groups, 10 minutes GSI -led discussion &  boardwork. 
Mini-Lecture I I ....................5 minutes.  (I nt roduce elect rostat ic energy, i f  necessary.) 
Problem 7 .............................10 minutes in groups. 
Mini-Lecture I I I ..................5 minutes.  (I nt roduce dielect r i cs and E = E0/κ, i f necessary.) 
Problem 5 .............................25 minutes.  Do par ts (b) - (d), t hen just  calculate C by C = q/V. 

 
 
 
GENERAL TEACHING SUGGESTIONS 
 
Geometr i c nature of capaci tance.  Students see t hat  the defini t ion of capaci tance is C = q/V, and i tÕs 
no wonder  they get  the idea that  capacitance depends on how much charge is on the plates, or  on t he 
potent ial  di fference between t he plates.  I tÕs in t he defini t ion!  The chal lenge then is to convey the 
idea that  capaci tance is a geometr ic not ion.  I tÕs as i f some shapes are more effect ive at  holding 
charge than others.  ThatÕs t he idea behind Discussion Questions 1 and 2. 
 
Strategy for  cal culating capaci tance.  Emphasize a standard strategy for  finding t he capacitance of 
an arrangement  of conductors (such as paral lel  plates or  concent r ic cyl indr ical  shel ls).  ElbyÕs book 
The Portable TA, Volume 2 does a good job wi th t his.  (See Chapter  36.)  HereÕs how the st rategy is 
laid out  in Problem 3 of t his worksheet : 
 

Imagine that  t he conductors car ry charges ±q. 
Find t he result ing elect r ic field. 
I ntegrate that  field from one conductor  to the other , in order  to find the potent ial  di fference V 

between the conductors. 
I t  wi l l  always t urn out  that  V and q are proport ional.  The proport ional i ty constant  q/V is cal led 

the capacitance, and depends only on geomet r ic factors (and dielect r ic constants i f dielect r i cs 
are present ). 
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Energy in el ectr i c fields.  The idea t hat  elect r i c and magnet ic fields store energy becomes more and 
more impor tant  as the course progresses.  So do not  neglect  t he problems on t his worksheet  deal ing 
with energy storage in capacitors.  (See t he Sample Lesson Plan above.) 
 
As to why capacitors store energy in the fi rst  place, be sure to emphasize both points of vi ew: 
 

Work done to charge the capaci tor .  Since the charges on t he plates repel  each other , i t  t akes 
work to cram them together  t here.  When you do 75 J worth of work on the capacitor , you can 
think of t hose 75 J as being stored in the capacitor .  (You could get  them back, for  example, 
by let t ing t he charges flow back off the plates.) 
 
Energy stored in the electr i c field of the capaci tor .  When you charge up a capacitor , you 
create an elect r ic field in the capacitor .  Since elect r i c fields store energy in each cubic 
cent imeter  of space, the region in which the capacitorÕs field is non-zero yields a cer tain store 
of energy. 

 
Dielectr i cs.  For  dielect r ics, the basic rule is t hat  the field in a dielectr i c i s reduced by a factor  κ:  E = 
E0/κ.  This is t he one fact  that  student s should remember .  I t  provides a rat ionale for  the fact  that  
dielect r i cs increase capacit ance, and i t  Òinser tsÓ nicely into the standard st rategy for  calculat ing 
capaci tance. 
 
One mnemonic that  IÕve always used for  dielect r ics is the Òε 0 to εÓ rule.  That  i s, i f you are in a region 
that  is enti rely fi l l ed with a single dielect r i c of strength κ, t hen al l  you need to do is find out  where 
an ε0 comes in and replace i t  wit h an ε = κε0.  For  instance, in an elect r i c field, t he ε0 is on t he bot tom, 
so the field strength decreases by a factor  of κ.  For  capaci tance, t he ε0 is in the numerator , so the 
capaci tance increases by a factor  of κ. 
 
Students l i ke the formula C = κC0.  Of course, the basic idea t hat  dielect r ics increase capacitance is 
sound, but  emphasize t hat  t he formula C = κC0 only holds when the capaci tor  i s enti rely fi l l ed with a 
single dielect r ic of strength κ.  The C = κC0 formula does have i ts uses, however, since i t  gives r ise to 
the t r ick  of Problem 5 par t  (a). 
 
One t iny suggestion about  board technique.  Over t he years I  have watched many GSI s struggl ing to 
draw a ÒκÒ in such a way as to dist inguish i t  from a Òk.Ó  I t  never works.  Whenever I  am wr i t ing at  
the board---and even when I  am solvi ng problems for  myself on paper---I  wr i te kappas as cursive kÕs. 
 
 
SAMPLE MINI-LECTURE AND BOARD SUMMARY 
 
M ini -Lecture I .  Discuss capacit ance and answer Discussion Quest ions 1 and 2 in the process.  The 
impor tant  t hing is to convey in physical terms why capacitance is a geomet r ic not ion. 
 
The reason I  l ike Discussion Question 1 is t hat  par t  (b) cannot  be answered on t he basis of any 
formula.  You just  have to understand what  capacitance means. 
 

Capacitance is the ability a system of conductors to hold charge. 
 
One way to understand whatÕs going on is to real ize that  charges donÕt  just magical ly accumulate on 
these objects.  You have to force t he charges onto t hem, because i f i t  were up to t he charges, t hey 
would l ike to repel each other , not  crowd together  on some oi lcan. 
 
What  this means is t hat  you would have to hook the oi lcan up to a bat tery or  something in order  to 
put  charge on i t .  A strong bat tery would result  in lots of charge ending up on the oi lcan, and a weak 
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bat tery would result  in very l i t t le charge ending up on the oi lcan.  So we may expect  that  t he charge 
that  ends up on t he oi lcan wi l l  be proport ional to t he strength of t he bat tery t hat  put  t hem there:  
symbol ical ly, 
 

Q = kV 
 
where k  is some constant . 
 
What  could this constant  of proport ional i t y be?  To get  some idea, letÕs compare two di fferent oi lcans, 
one large and one smal l .  (Draw this.)  I f you hook up bat ter ies of equal strength to the two oi lcans, 
then i t  seems plausible that  more charge wi l l  end up on the large oi lcan.  I nt ui t i vely, i t  wi l l  be easier  
to put  the charges on a large oi l can, because when t he oi lcan is large, t he charges can stay far  away 
from each other , which is what  they l i ke.  (Draw charges close together on small can, far apart 
on large can.) 
 
This shows that  the amount  of charge you get , for  each volt  of bat tery strength, is larger  for  t he large 
oi lcan, and smal ler  for  the smal l  oi lcan.  But  the amount  of charge you get  for  each volt  of bat tery 
strength is 
 

Q/V = kV / V = k, 
 
the proport ional i ty constant .  So the proport ional i ty constant  k is large for  a large oi lcan, and smal l  
for  a smal l  oi lcan. 
 
So making the oi l can larger  makes k larger .  How about  changing the length of t he handle?  That  
wi l l  probably change k too, because i t  wi l l  probably change t he abi l i ty of the oi lcan to hold charge.  I n 
general  then, 
 

k depends on the shape of the oilcan. 
 
Now, when we have two objects, we can run t he same arguments, and we wi l l  get  t he same resul t .  
The abi l i t y of the pair  of objects to hold a cer tain charge ±Q, given a cer t ain potent ial  di fference V 
between t hem, wi l l  depend on the geometry:  the shape of each object , as wel l  as t heir  or ientat ion 
relat ive to one another .  This abi l i t y to hold charge is what  we cal l  t he capaci tance.  (Sounds l i ke 
Òcapacity.Ó) 
 
To make a long story shor t , since in par t  (b) we have not  changed t he geometry of the oi l can-chain 
arrangement , we have not  changed the abi l i ty of the arrangement  to hold charge.  That  i s, we have 
not  changed the capaci tance.  I t  is sti l l  3.8 pF, or  more suggest ively 3.8 pC / V. 
 
By the way, i f the charge on the objects is now ±210 pC, this must mean that  the bat tery connect ing 
them has potent ial  
 

V = q/C = 210 pC / (3.8 pC / V) = 55 V. 
 
As for  par t  (c), ÒWhat  are some ways in which you might  al ter  t he capacitance of this system?Ó, as we 
discussed, anyt hing you do to change the geomet ry of the system wi l l  tend to change t he capacitance.  
You could move the chain fur t her  away from the oi l can, or  rotate the oi l can in relat ion to the chain, 
or  bend the chain, or  dent  the oi lcan. 
 
I n Discussion Question 2 we t ry to understand bet ter  how one feature of t he geomet ry influences t he 
capaci tance:  namely, the separat ion between the objects.  The basic idea here is t hat  when you put  
the pieces closer  together , then t he -q charges on one piece begin to help with the job of holding t he 
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+q charges on the other  piece.  They do some of the bat teryÕs work for  nothing.  So the same bat tery 
can force a larger  charge onto the objects, which is just what  we mean by t he objects havi ng a larger  
capaci tance. 
 
Mini -Lecture I I .  Br iefly discuss energy storage in elect r i c fields.  I n a sense we are present ing the 
students wit h a new fact  of nature, which is that  elect r i c fields store energy in each cubic cent imeter  
of space.  The amount  of energy stored in each cubic cent imeter  depends on the st rength of t he 
elect r i c field in that  region.  Specifical ly, we have 
 

uE = (1/2)ε0E2. 
 
The quant i t y uE is an energy densi ty, wit h unit s of Joules per  cubic meter . 
 
Any t ime you charge up a capacitor , there is an elect r i c field between t he plates.  (Draw picture.)  
Since there is an elect r i c field in the region between the plates, there is energy stored in each cubic 
cent imeter  of space between t he plates.  We can think of t his energy as being stored in the capacitor .  
There is a general  formula for  comput ing the elect rostat ic energy stored in a capaci tor : 
 

U = (1/2)CV2 
U = Q2/2C. 

 
(To get  the second formula from the fi rst , you just use C = Q/V.)  These UÕs are energies, not  energy 
densit ies; t hey have unit s of Joules. 
 
Mini -Lecture I I I .  Draw pictures of dielect r i c mater ials on the molecular  scale, both before and after  
polar izat ion, and explain why t hey diminish elect r ic fields.  You might  want  to look at  t he text , 
sect ion 31-6, for  some ideas on this. 
 
Keep this one br ief (a few minutes).  The idea is simply to mot ivate t he formula E = E0/κ.  The 
students wi l l  explore the effect  of dielect r ics on capacitors as they work t hrough the problems. 
 
 
 
 
REMARKS ON THE DISCUSSION QUESTIONS AND PROBLEMS 
 
Discussion Question 1 
 

The very idea that  some conductors can hold more charge t han others, for  a given Òeffor tÓ to put  
i t  there, has probably never occur red to your  students.  This quest ion gives you a chance to 
explain t his idea.  But  do your explaining after  they have had a chance to get  par t  (b) wrong.  
(See the Sample Lesson Plan above.) 
 
See Mini-Lecture I  above for  some suggestions as t o what  to cover  in your  explanat ion of t his 
question. 
 
One of t he t r icky things about  capacitance is t hat  when we int roduce t his topic, i t  is never  very 
long before we wr i te out  the defini t ion C = q/V.  When the students see a formula l i ke this, they 
natural l y t hink of q and V as independent  quant i t ies.  According to this view, i f you double q, 
then you double C.  I f you double V, then you cut  C in half.  This is a t roublesome pedagogical  
issue. 
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I f you are looking for  an analogy to help put  t hings r ight , you might  want  to use densi ty, defined 
as ρ = M/V.  The density of a substance is an int r insic propert y of the substance, and i t  doesnÕt  
depend on the mass of your  sample or  the volume of your  sample.  I n t he same way, t he 
capaci tance of an ar rangement  of conductors is an int r insic property of the system, and i t  doesnÕt  
depend on the charges or  t he potent ial  di fference. 
 
To press the point  somewhat , i f you measure the density of water  using a 50-gram sample, youÕll  
get  1 gram per  cubic cent imeter .  But  i f  you measure the densit y using a 200-gram sample, 
youÕre not  going to get  4 grams per  cubic cent imeter  as your densit y!  I tÕs t rue t hat  t he mass has 
gone up by a factor  of 4, but  then so must  t he volume have gone up. 

 
 
Discussion Question 2 
 

The capaci tance of a system of conductors depends on i ts geometry.  To say anything more 
detai led than t his i s di fficul t .  But  t his question addresses one geometr ic factor  whose influence 
on t he capacit ance is pret ty understandable:  the plate separat ion. 
 
To save t ime, the Sample Lesson Plan above does not  assign t his problem to t he students.  
I nstead, you answer i t  yourself in the course of Mini-Lecture I .  This is not  real ly the best  
approach, but  i t  may be your only choice i f you are behind. 

 
 
Discussion Question 3 
 

There are two kinds of answers to look for  here.  One answer star ts by observi ng t hat  t he 
dielect r i c reduces the field between the plates (for  a given charge ±q), and hence decreases the 
potent ial  di fference between t hem, so that  q/V is larger . 
 
Another  kind of answer makes contact  wit h Discussion Question 2.  This i s the answer t hat  says 
something l ike, the negat ive poles of the molecules near the posit ive plate wi l l  help wit h the job 
of holding the posit ive charges there.  The molecules do some of the bat teryÕs work, so that  for  a 
given bat tery st rength, more charge can be held on the plates.  Thus q/V is larger  wit h the 
dielect r i c. 

 
 
Discussion Questions 4 and 5 
 

This question and Discussion Quest ion 5 are meant  to give the students a more intui t ive 
understanding of the paral lel  and ser ies addit ion rules for  capacitors.  Even t hough we havenÕt  
done circui ts yet , we can use our  understanding of conductors and capacitors to solve these 
problems.  For  example, t he students donÕt  need to know that  the potent ial  around a closed loop 
in a cir cui t  i s zero.  You should point  them to the fact  that  t he potent ial  drops across the two 
capaci tors are the same, however , by appeal ing to the fact  that  the two ÔtopÕ plates are connected 
by a wire (i tsel f a conductor !), and therefore wi l l  be at  the same potent ial .  The same goes for  the 
two Ôbot tomÕ plates.  Therefore, the potent ial  di fferences across the two capacitors are equal .  
Knowing that , the paral lel  addit ion law wi l l  emerge natural l y.  
 
For  t he ser ies capacitors, the key is t hat  t he r ight  plate of capacitor  1 and the left  plate of 
capaci tor  two are connected by a conductor .  The two plates and wire should have a net charge of 
zero, and therefore t he charge that  each capacitor  holds wi l l  be equal. 
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Probl em 1 
 

This is a simple run-t hrough of t he basic capacitance formulas.  I f you have t ime, you might  
assign t his problem fi r st as a warm-up. 

 
 
Probl em 2 
 

This is a good problem to do in sect ion.  But  I  think i t  is bet ter  to do Problem 3 fi rst, which lays 
out  the standard st rategy for  calculat ing capaci tance.  You can have the students do Problem 2 
immediately afterwards, so t hat  t hey have a chance to apply the standard strategy t hemselves.  
(See the Sample Lesson Plan above.) 
 
Not ice that  this problem uses a simple context  to review a number of the ski l ls students have 
learned dur ing the last  few weeks:  field sket ching, superposit ion, calculat ing fields, using Fon q = 
qEext , and integrat ing E to find a potent ial  di fference.  This is one reason why you should ei ther  
do this problem in sect ion or  encourage t he students to pract ice wi th i t  at  home. 
 
You may be surpr ised to discover how l i t t le some of this mater ial  has sunk in.  DonÕt  become 
frustrated i f you find yourself spending so much t ime on par ts (a) - (e) that  you never even get  to 
the capaci tance calculat ion. 

 
 
Probl em 3 
 

This problem lays out  the standard strategy for  calculat ing capaci tance.  Draw the studentsÕ 
at tent ion to the order ing of the var ious par ts of t he problem, and summarize the strategy on the 
board. 
 
A number of ski l l s are requi red in order  to apply the standard capacitance strategy:  field 
sket ching, field calculat ion, and integrat ing E to f ind potent ial  di fferences.  DonÕt  take i t  for  
granted that  al l  of your  students have mastered these ski l l s.  Look to see who is struggling.  I  
would defini tely go over  t his problem in detai l  in front  of the class, to reinforce how GaussÕ Law 
is used to find an elect r i c field and how a potent ial  di fference can be determined from an elect r ic 
field. 
 
Capacitance calculat ions are a common feature of 7B exams.  I f t he students want  more pract ice 
with this, refer  t hem to Problem 36-3 of The Por table TA, Volume 2. 

 
 
Probl em 4 
 

This problem shows where the energy is stored when we say that  Ôa capacitor  stores energyÕ.  I t  
also gives students pract ice comput ing energies in elect r i c fields and in capacitors. 

 
 
Probl em 5 
 

I f you want  your  students to do par t  (a) of this problem---viewing the system as a col lect ion of 
four  capacitors in ser ies, then using C = κC0 for  each of the four---then you wi l l  have to ment ion 
the rules for  combining capacitors in ser ies and in paral lel .  This i s not  a bad idea, but  unless you 
have a lot  of t ime, you may want  to have t hem do par ts (b) - (d) fi rst, so they can get  some 
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pract ice in applying t he standard strategy.  (To use the standard strategy in the presence of 
dielect r i cs, student s have to add E = E0/κ to step 2). 
 
A field sketch for  this kind of problem is worth a thousand words, so donÕt  let  t he students blow 
through par t  (c). 
 
I f you have the students solve t his problem wit h t he Òser iesÓ t r i ck, then you can ment ion to t hem 
that  Problem 6 gives them simi lar  pract ice. 

 
 
Probl em 6 
 

This problem is a lot  l i ke Problem 5, except  that  the Òparal lelÓ t r ick gets far  more at tent ion here 
than the Òser iesÓ t r i ck  got  in Problem 5.  So for  t he sake of teaching fundamentals, I  would 
recommend doing Problem 5 in sect ion rather  t han Problem 6.  Having done Problem 5, you can 
ment ion that  Problem 6 might  make for  good exam pract ice. 
 
A field sketch for  this k ind of problem is worth a t housand words, so i f you do t his problem in 
sect ion, donÕt  let  the students blow t hrough par t  (c). 

 
 
Probl em 7 
 

This problem appeared on a recent  7B exam. 
 
The two methods of solut ion referred to in par t  (a) are, fi rst of al l , t he standard strategy, and, 
second of al l , t he Òser iesÓ t r ick .  I  would recommend t he standard st rategy to my students. 
 
Note that  in order  to apply the standard strategy successful l y, students have to remember t hat  
E=0 within the conduct ing mater ial . 
 
I n order  to apply the Òser iesÓ t r ick successful ly, students have to t reat  the conduct ing slab as 
par t  of the wi re.  So in a sense, there are real ly just  two conductors in ser ies here. 
 
I f you insisted on viewing t he metal slab as a thi rd capacitor  in t he ser ies ar rangement , then you 
have to assign i t  a dielect r i c constant  k = ! .  I ts capacitance is t hen infini te, so i t  drops out  of t he 
ser ies-addit ion formula (1/!  = 0).  You can see why I  recommend the standard strategy. 

 
 
Probl em 8 
 

I f you want  to do this problem in sect ion, then you wi l l  have to cover the rules for  combining 
capaci tors in ser ies and in paral lel .  You may very wel l  decide to concent rate on other  topics 
instead.  (See t he Sample Lesson Plan above.) 
 


