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PH 112 Capacitance January 31, 2005   MJM
Two Capacitance Remarks

A. Energy stored in a capacitor.   Since V = PE/charge = work/charge we can find the work needed to move an element of charge dq across a potential difference V



dW = (work/charge)
charge , or    dW = V dq  (work to move dq across potential difference V)

We know that C = q/V, where V is the voltage across a capacitor, and q is the charge on one plate. We can then sub in V = q/c to dW


dW = V dq = q/C  dq  .

We get the stored energy by integrating the charge q from 0 to Q:


W = Ustored = 0 ( Q  q dq/C =   Q2/(2C) .  

Ustored can be written this way or in two other ways by playing with C = Q/V



Ustored = Q2/(2C) = 1/2 CV2 = 1/2 QV   (energy stored in a a capacitor)

B. Introducing a dielectric material between the plates of a capacitor always increases the capacitance.  This is desirable and is done in almost all commercial capacitors using paper, oil, wax, plastic, etc. We will try to show why without using almost no equations. Start with two charges as in the diagram below. These charges are equal and opposite. They are the ends of a dipole in the dielectric.


 voltage over here is 

negative, from the 2 charges
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voltage here is positive








from the two charges

I hope you will agree that to the left of the dotted line, the two charges will create a negative potential, due to the fact that V = kq/r, and the negative charge is closer to points on the left. On the right of the line, the positive charge is closer so the potential will be positive (ok, maybe not very big, but positive)
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Co = Q/Vo when empty

When a dielectric is inserted

in a capacitor with fixed charge Q
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on the plates, dipoles are formed.





With dielectric and same Q, The sketch shows 3 of them.
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V < Vo due to dipoles

Each dipole creates a negative potential




creating opposite voltage.

to its left, and positive potential to 

its right.








Then C = Q/V > Co = Q/Vo








