Announcements 2/11/10 (posted with class notes)

Posted on web site: schedule of SA sessions, review session, and
office hours

Posted on web site: PS 4 (one or two more problems coming)
detailed information about upcoming midterm, exams from
Physics 4L 2008.

We do have class both Tuesday and Thursday the week of the
exam, but there is no lab that week to give you some extra time.

Lab next week:

There is a prelab assignment, but Monday and Tuesday lab
attendees don’t need to do warmups 4, 5, 6 before lab; just do
warmups 1,2, 3, read, and write a summary paragraph. Bring
your textbook to lab.

Reading for next week:
Next Tuesday: 22.2, omitting “Continuous charge distributions”
and Ex. 22.6 and 22.7, and 22.3 only up through “Got it?” 22.6

Most likely, no additional reading for next Thursday.



Key ideas from last time

Worked out electric fields of sphere and very long rod
Field line representation: draw lines that show direction of field

everywhere, spread out as field gets weaker . P
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Polarization:
in an electric field, electron density in most materials shifts a
little bit to produce a separation of charge — a dipole moment
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The electric charge per unit area is +o for plate
1 and -0 for plate 2. The magnitude of the elec-
tric field associated with plate 1 is o / 2¢,, and
the electric field lines for this plate are as shown.
When the two are placed parallel to one an-
other, the magnitude of the electric field 1s

1. o/ €, between, O outside

o [ €, between, o / 2¢, outside.
zero both between and outside.

4o / 2¢, both between and outside.
none of the above.
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Physics 4 Spring 09; February 2; More Gauss's Law 2/2, Question 3 CT 3895
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An electrically neutral dipole is placed in an ex-
ternal field. In which situation(s) is the net force
on the dipole zero?
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2. (C) E»~
3. (b) and (d)

4. ii‘andici

6. some other combination
7. none of the above

Physics 4L Spring 2010; February 11; Electric potential 2/11, Question 1 CT 3894
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Electric potential difference

Now we’re going to use these electric fielcls that we have painstakingly found to work out
the expression for electric potential energy.

We want to be able to solve problems using electric potential energy rather than forces
because energy is a scalar while force is a vector, so generally it'’s much easier to solve
problems that don’t require vectors.

Think again about gravitational potential 2nergy. Consider putting yourself at the top of a \E}
frictionless hill on a sled and sliding down — you could find your speed at the bottom by
determining the force that was exerted on you and the sled, or you could simply calculate

the change in potential energy to find the change in kinetic energy. (Hopefully all of you

have had the chance to do some experiments like this recently ... presumably without

bothering to record or analyze the data!)

We want to do the same here — we want to find a way to calculate electric potential energy
and use that instead of electric fields and forces.

In the lab this week you’ve already started working through a qualitative picture. Those of
you who have already been to lab have seen that electric potential energy decreases as a
charged particle has its kinetic energy increased by an electrical force, just like
gravitational potential energy decreases as a massive object has its kinetic energy
increased by the gravitational force.
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How can we find a quantitative expression for potential energy? We find the work done
moving between two points when the electrical force is the only force acting on a charged
particle. The work-energy theorem tells us that if the electrical force is the only force, then
the charged particle’s kinetic energy will change by the amount of the work done.

Therefore this must also equal the amount of potential energy lost by the charged particle,
or the opposite of the change in potential energy.

W, = AK =AU 3

E
(AUAB is the change in electric potential energy going from A to B)

So, let’s calculate the work done by the electric force and this will give us the corresponding
change in potential energy.



However, once again we’d like to have a way to understand the effect of the sources of the
electric field that is separate from the amount and sign of the charge feeling the field.
Although all masses feel the same directicn force from the Earth, different signs of charge
feel different directions of force from a source charge. We defined the electric field, as the
force per charge, to let us characterize the effect that the sources would have on a positive
charge feeling the force, and then we know that the force on a negative charge is the
reverse.

In the same way we define a quantity that is change in electric potential energy per charge

AU ;3

AVAB = ——— where once again q refers to the charge feeling the effect of the

q

electric field, not the source charges that are producing the electric field

Confusingly enough, it’s called electric potential difference. NOT the same as potential
energy! (You would think physicists could be more creative! At least electric field and force

have different names.....)

What is this analogous to? Think again about gravity:

Near the surface of the earth, change in gravitational potential energy is

AU, = mgAh

So the analogous quantity “gravitational potential difference” would be

A G
AUss _ gAh
m

So let’s calculate this. We said that the change in potential energy was the opposite of the
work done by the electrical force. For constant electric field we can find the work as the dot
product of force and displacement:

E = . o .
W= =FeAr,; =qE ® A¥,z = qEAr, 5 cos 0
Therefore for constant electric field

AU W5
AV, =—4E = =—E e AF,; =—EAr,; cos0

q q




This says that the potential difference between two points (in a constant electric field) is
given by the strength of the field multiplied by the component of the vector from one point

to the other that is parallel to the electric field.

Potential differences are what we measure — units are volts! Use measured voltage across
a cell membrane to work out the electric field in the membrane: -

CT: sign

Problem: strength of E




If the inside of a cell membrane is negatively charged and the
outside is positively charged, the potential difference from the
outside to the inside is:

, Avoo-’- (N
1. negative
2. positive
3. need more information
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