Announcements 2/23/10

PS 5 will be posted later today. (With 5 hours of office hours
yesterday, didn’t get it finished.)

Reading for today: 23.2, 23.3 up to “Got It?” 23.1 (we are
skipping p. 389 and example 23.3; we are doing much more
with dielectrics than Wolfson does)

Reading for Thursday: 23.4 but not example 23.5; 24.1

Dr. Bennett Lorber, professor at Temple School of Medicine,
will speak about careers in academic medicine Wednesday
(tomorrow) 4:30 p.m. SC 199.

Feedback questionnaire from last week:

« Many helpful suggestions

« Common thread: pace in optics was good, pace in electricity so
far has been fast

« Adjusting pace (material also gets easier)

« At end of class today, will ask you to write down a quick
response

» Life science applications are not all in the book (or any
introductory physics textbook); lecture notes online, if there is a
topic for which you would find a more detailed handout useful,
let me know

» Learning strategies detailed in syllabus

o | know this timeslot is difficult; scheduled at this time to
minimize conflicts with biology & chemistry classes; feel free to
bring a snack if you want!



Key ideas from last time

Goal of this section:
Understand how energy is stored '1;1 charge arrangements
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Electric potential energy of a pair of charged particles U Cb;largesz

energy required to bring them from at rest infinitely far apart to
at rest in their final position.

Think of moving ¢, from infinitely far away to its final location.

An external force must do work to change the energy of the
system. Particles are at rest, so energy is all potential:
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Adding another charge causes an additional change in energy;
use superposition to find the potential produced by both q; and

qa.



Charging a capacitor

 Both plates (“electrodes’) begin electrically neutral

 Both plates are at same potential, as there is no charge around
and hence E = 0.

* Battery: internal chemical reaction gives one terminal a
negative charge, other terminal a positive charge

 Conductors have free electrons that can move in response to an
electric field — if nonzero AV, p, there must be an E!

* Electrons will move to reduce electric potential energy, so that
AU 45 = qAV 4p 1s negative (like rolling downhill)
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—> charge flows when capacitor plates are connected to battery
terminals with conducting wires

Negatively charged electrons move to higher potential!
(positively charged ions move to lower potential)
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How much energy can we store in the charged capacitor?

Depends on:
» potential difference between plates AV, (equals AV )

« amount of charge on positively charged plate +Q (Total charge
of capacitor is zero!)

Find relationship between Q and AV, then use that to find total
energy

Capacitor electric field: like two very large sheets of charge with
opposite sign
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The plates of a parallel plate capacitor are separated by a
distance d. The plates are given charges +Q and —Q and
then the charged capacitor 1s disconnected from the
battery. If we pull the plates apart, increasing the distance
between them, which of the following change?

1. The electric field between the plates AV
2. The potential difference between the plates e ¥
3. The capacitance of the capacitor
4. Both the electric field and the potential difference
5. Both the electric field and the capacitance
@Both the potential difference and the capacita@

7. All three
8. Need more information
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Consider a parallel plate capacitor whose plates are given
charges +0Q and —Q and then the charged capacitor is
disconnected from the battery. To then increase the
separation between the plates:

@ive work must be done by a mechanical f@
eparate the plates

2. the plates will move apart if not fixed in place
3. neither (1) nor (2) 1s correct
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Consider a parallel plate capacitor whose plates are given
charges +0Q and —Q and then the charged capacitor is
disconnected from the battery. If we then increase the
separation between the plates, the electric potential energy
of the arrangement of charge on the capacitor is
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The lasers in the NOVA laser fusion experiment deliver
10'* W of power (roughly 100 times the total power
output of all the world’s electrical power plants) when on,
but the lasers are only on for 10 s at a time. The energy
to power the lasers 1s supplied by a bank of capacitors
with total capacitance of 0.26 F, and the efficiency with
which the energy 1s converted to light energy is about
0.17%. How much charge is on the positive terminals of
the capacitors when fully charged?
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The charge densities on the outside and inside of
a cell membrane are £6. Accounting for the

polarization of the material between the charge
layers, the strength of the total electric field

between the charge layers 1s { @
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