2.5.4 capacitors
With the capacitor, we have two plates with different charges on them. The potential difference between the plates is given by:
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You also know that the electric field is generally expressed by Coulomb’s law:
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It’s pretty easy to then go from there and develop the expression for the definition of capacitance:
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where 
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It is also not too hard to see that at least in fairly standard cases, we expect the capacitance to not include a charge – dependent term … especially in the case where 
[image: image5.wmf]r

 is a constant since:
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in such cases. There can, however, be no guarantee that this will always be the case.
 I think we ought to look at the capacitance of the parallel-plate diode.
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but 
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and
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So, we have:


[image: image10.wmf](

)

1/2

3/2

2e

geo0

m

2eV

m

CV

Q

JAd

geo

uV

QAdCC

r

===Þ==


I’m not going to say that the capacitance will never show a charge  dependence … indeed, there must be non-linear dielectrics which might do just this. However, we’ll not run into them in this course. The moral to the story is this: if your capacitance does not show charge independence, check your calculations.

I do believe that there is no geometry complicated enough so that a charge-dependence will occur with the capacitance. On the other hand, I probably need to qualify this with the word “simply connected:” or something like that. Some really weird fractal structures might be able to give unusual effects.
For several simple systems, it’s not too hard to calculate the capacitance. 
I’ll give you examples.

I: parallel plate capacitor:
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This is what you’ll often see as the geometrical capacitance, although if your cell geometry can not be modeled as a parallel plate capacitor, the geometrical capacitance may be different.

II: A coaxial cable
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We define here the capacitance per unit length.

III: A single sphere:
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IV: a double sphere:
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Another point, incidentally, about capacitance is that you’re always going to want to make sure it’s positive. If your measurement of capacitance provides a negative number, you may need to correct for sample holder impedance or perhaps you’re trying to measure beyond the resolution of your instrument. But in your typical analogue device, you ought not see a negative capacitance. It is, however, not completely impossible to have an effective negative capacitance in some semiconductor devices. In this course, we’ll not calculate such a thing.
See:

http://216.239.41.104/search?q=cache:EahDqeDFnKcJ:arxiv.org/pdf/cond-mat/9806145+negative+capacitance&hl=en&start=1&ie=UTF-8
http://zapport.eecs.berkeley.edu/~boser/publications/seeger03b.pdf
In the world of pretty weird devices, it is also worth mentioning that yes there is a device that does produce an effective “negative” resistance …  this is relative to the slope of an IV curve, rather than an absolute value.

http://www.tpub.com/neets/book7/26a.htm
We’ll also not calculate such a thing in this course.

We can also calculate fairly easy the work required to charge a capacitor, and thus the energy stored in a capacitor:
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this is the amount of work required to move a single dq across a constant potential. After the charge is moved, of course, the potential changes. This is given by:
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So to charge up a capacitor to a total charge Q, you have:
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For a parallel plate capacitor of area A and plate separation d, you can easily calculate the energy density:
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You’ve all seen this expression before. A warning about it, though, is that it’s easy to forget that factor of ½, so be very careful.

You can, by the way, buy your own “Joule capacitors” at our standard place:

http://search-desc.ebay.com/search/search.dll?query=joule+capacitor&ht=1&sosortproperty=1&from=R10&sotextsearched=2&BasicSearch=++
_1139148144.unknown

_1139148950.unknown

_1139150084.unknown

_1139151407.unknown

_1139151444.unknown

_1139151565.unknown

_1139151312.unknown

_1139149777.unknown

_1139149957.unknown

_1139149619.unknown

_1139148260.unknown

_1139148907.unknown

_1139148239.unknown

_1139148056.unknown

_1139148121.unknown

_1139124124.unknown

_1139147854.unknown

_1139122491.unknown

