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Physics 132

Prof}ﬁm

B. Dreyfus
B Theme Music: R.E.M., Electrolite

m Cartoon: Randall Munroe, xkcd

CAN I PLUG IN MY
EXTENSION CORD

OVER HERE?
\ o
wHy? |

A LARGE SOLAR FLARE COULD
DENT THE EARTHS MAGNETIC
FIELD INWARD. THE EARTH'S
SPIN (OULD THEN INDUCE A
STRONG CURRENT IN ANY LONG
CONDUCTORS, MELTING THEM
AND STARTING FIRES.

BY EXTENDING YOUR POWER
CORD, YOU COULD KILL US ALL.

REAWY?

WARN
YOUR
FRIENDS.

THAT WAS MEAN.

LISTEN, S0MEBQDY
HAS To KEEP THE
MYTHBUSTERS IN
BUSINESS,

NEXT SEASON
SHOULD BE FUN.
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Consider what happens

with an insulator

B We know that charges separate
even with an insulator.

B This still reduces the field
inside the material, just not to 0.

B The field reduction factor 1s
defined to be x (the dielectric
constant).
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How a dielectric atfects
capacitance

B The dielectric decreases the electric field
(for a given charge)

B This decreases the potential difference
across the capacitor (for a given charge)

B This increases the capacitance of the
capacitor



How a dielectric atfects
capacitance

m Capacitance without a dielectric:
C=¢,A/d
m Capacitance with a dielectric:

C = ke A/d



Energy stored 1n a capacitor

B The potential difference across a capacitor
1s measured 1n volts (Joules per coulomb)

m This represents the work 1t takes to move
one unit of charge from one plate to the
other

mAU=gAV



Energy stored 1n a capacitor

B The capacitance C = O/AV

B How much energy does it take to charge a
capacitor from 0 to O?

mIfAU=qgAV, and AV = Q/C,
can we just say that AU = Q*/C



Remember the potential energy
stored 1n a spring...

B Hooke’s Law: F = kAx
B Work = FAx
m But U=% kx?



Why the %2

— Work = FAx
— But 1n this case, F 1sn’t constant!
— Integrate!

F Vs (fox) x




Similarly for a capacitor

— Work (for some charge g) = gAV
— But 1n this case, AV 1sn’t constant!

— Integrate!

AV

Y OAV



Energy stored 1n a capacitor

mU="%Q0AV

B And since C = Q/AV
mU=02C

mU=1/2 C(AV)?



Mechanics—Stat mech

B We started with Newtonian mechanics

— Looking at one object, or a small number of
objects

B Then we went on to statistical mechanics
— Looking at a large number of objects

— Considering probability, random motion,
entropy



Mechanics—Stat mech

m Electricity

— So far we’ve also been looking at a small
number of objects

B What happens when we combine electrical
interactions with thermo / stat mech?

— Debye length

— Nernst potential



Electrostatics 1n a vacuum

B Coulomb’s law: electric field (around a
point charge) is proportional to 1/r2

B So 1t decreases as you get farther away, but
never goes to zero



Electrostatics 1n a salt solution

B lons can move around to “screen” charges,
so the electric field 1s reduced

solution. The schematic shows the
the DNA molecule and the positive
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Debye length

B Once again, it’s energy vs. entropy!
m Effect of energy (forces):

— electrical attraction
m Effect of entropy (random motion):
— making everything spread out

B Debye length = how far out do we have to
g0 before the electric field goes essentially
to zero?



Debye length
equations

B Charge embedded 1n
an 10nic solution.

— Ion charge = ze

— Concentration = ¢,

— Temperature = T Ap =

— Dielectric constant =

B The 1on cloud cuts off
the potential




