Announcements 2/25/10

In addition to Thursday evenings, I can schedule a Friday
afternoon or Monday afternoon time to go over general
questions about the previous two classes. Email me if interested.
Lab this week: Please wear a short-sleeved shirt (we will be
doing electrocardiography). (Layering is fine!) Lab materials are
all available in lab.

PS6 will be posted this afternoon.

Reading:

Today: Wolfson 24.2, 24.3 (“Plasmas”, “semiconductors,” and
“superconductors” are optional —you may find them
interesting!), and 24.4.

Optional additional reading on batteries posted on web site.

[24.5 is assigned as preparatory reading for lab after break.]

Thursday: 25.1-25.2. I encourage you to read before class.



Key ideas from last time

Dielectrics:

« When source charges of the field are fixed, electric field is
reduced due to polarization of the dielectric

« When potential difference across a capacitor or cell membrane
is fixed, more charge is placed on capacitor plates/ionic layers
around cell membrane to maintain same electric field

In both cases: Q@
« capacitance increases: C = x¥C, (C, is without dielectric) — AV
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Energy in capacitor is still Uc,p = QAV.yp, SO whether energy
increases or decreases depends on situation

Will finish discussing electrical signals from brain and heart in
lab



Two 1dentical capacitors are each given charge
+Q on their plates and then disconnected from
their batteries. A dielectric with K = 3 1s inserted
between the plates of capacitor 1. Capacitor 2 1s
filled with air. Compare the energies stored in
capacitors 1 and 2:
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A voltage is applied across a tube of salt
solution containing equal densities of moving
charges with charges +e and —e. The absolute
value of the drift speeds is the same for both
types of moving charge. The total current 1s
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1. Zero
2 Twice as much as is due to just the positive

harges.
3. Less than the current due to just the positive

charges, but not zero.
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What determines average speed? Why is it constant?

* Instead of accelerating steadily, mobile charges in a conductor
have constant average speed due to frequent collisions with
surroundings

» metal: moving electrons collide with positively charged nuclei

* ionic solution: moving ions (positive or negative) collide with
solvent molecules or other ions

» collisions transfer energy to surroundings — heats it up
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Suppose you want the proteins to move faster in
your gel so that your experiment will be done
sooner. You decide to double the voltage across
the gel. However, you don’t want to double the
current in the ionic solution to minimize heating
up the gel. How could you keep the current the
same while doubling the voltage?

1. Dilute the solution to half the original
concentration.

2. Make the gel twice as long from top to
bottom.

3. Reduce the cross-sectional area of the gel to
half its original area. ngﬁc‘e  douied

4. Both 1 and 2.

Q.Both 1 and3) L «*y\,a{/\’l)‘;!
6. Both 2 and 3.
@11 of 1,2, and 3.>
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You are running current through a gel that is 10 cm tall, 10 cm
wide, and 1 mm thick, filled with 0.01 mol/L NaCl solution
(6.023x10** ions/m’). The voltage from the top to the bottom of
the gel is 110 V and the current in it is 100 mA. Find the drift
speed of the ions in the gel.
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Consider applying a 10 V potential difference
across each of two pieces of the same material
(therefore same ML@{WHY p) with the same
cross-sectional area and different lengths, as
shown.

I )

- )

v

In which piece is the current greater?
1. The longer piece.
CF he shorter piece. )

3. The current is the same 1n both.
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