Announcements 2/18/10

Handouts: midterm information, conductors in electric fields
No lab next week

PS 5 will be posted later and distributed in class on Tuesday.
If you didn’t do the feedback questionnaire on web site under

“Reading”, you can get part of the credit if you finish it by the
end of the weekend (I will reset the deadline to Sunday evening)



Key ideas from last time

Potential difference from A to B in a nonuniform electric field:
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In the field of a point charge or a spherical arrangement of
charge with charge O, this becomes
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Potential V(r) = potential difference from a reference point to
location r

Point charge/spherical arrangement: choose reference point
infinitely far away, giving

V(r)= kO
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Note that
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Equipotentials: surfaces of constant potential, perpendicular to E
— Any region where E = 0 is also at constant potential!
(inside hollow sphere of charge, inside conductor, outside
cell)
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Strategies for calculating potential difference AV sp:

« Identify starting and ending locations A and B

« If field between A and B is uniform or field of a point
charge/sphere, use that result

« If there are regions with zero electric field, break up the path
from A to B into segments and add up potential differences for

each segment
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Strategies are the same for potential, using the reference location
as the starting point

Potential can also be calculated by superposition — by adding
potentials of individual charges
Only case we will use this for is dipole: as Wolfson shows,
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Conductors in electrostatic equilibrium—Physics 4L Spring 2010
(See also Wolfson 21.6)

In a conductor (metal, ionic solution), many of the charges making up the conductor are free to
move anywhere in the conductor. As a result, in a steady electric field, they will move until there
is no electric force on them, or until they are at the surface of the conductor and can’t move any
farther.

Therefore, the total electric field due to all sources must be zero inside a conductor. If there was
a nonzero field inside the conductor, charge would keep moving until there wasn’t! The charge
on the surface of the conductor produces a field that exactly cancels the other electric fields
inside the conductor, and typically strengthens the electric field outside.
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Figure 28.16 A metallic object contains many so-called “free electrons™ — electrons that are not bound to a particular loca-
tion in the metal. (@) When the object is not subject to an electric field, there is no force on the electrons. (b) When an exter-
nal electric field is applied. the field accelerates these free electrons in a direction opposite that of the field. (c) The electrons
accumulate on the left side leaving positively charged ions on the right. The flow of electrons stops once the electric field set
up by the accumulated charges cancels the external field.

Figure from Mazur, Principles and Practice of Physics

Consequences:

1. There are no unbalanced charges in the interior of a conductor. (The conducting material is
made of equal amounts of positively and negatively charged matter, this means that negative and
positive charge are evenly distributed throughout the interior.)

* Any added charge on a conductor goes to the surface.

« If a conductor polarizes, again the unbalanced charge is only at the surface.

2. Conductors are equipotentials — the potential is constant throughout a conductor.



3. Right at the surface, the electric field must be perpendicular to the surface of a conductor. (If
there was a component of the electric field parallel to the surface, it would push charge along the
surface.)
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4. In a hollow empty conductor, the external electric field is also
canceled by the field of charges on the surface of the conductor.
So, inside a hollow empty conductor, the electric field is zero. This
is sometimes called “shielding”.

This principle is used to protect sensitive electrical systems and
measurements from unwanted electric fields — sensitive electrical
measurements, such as neurophysiology measurements of nerve
electrical activity, are encased in metal boxes.
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5. If there is charge inside a hollow conductor, then the electric
field in the empty part is not zero and charge from the conductor
collects on the inner surface of the conductor. The electric field is
still zero in the interior of the conductor.

(These consequences are no longer true if we have an electrical circuit around which current can
flow, which we’ll start to discuss in a couple of weeks.)
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A conducting sphere is placed in the electric field of a charged
particle of charge +¢,. Charge on the conducting sphere
consequently rearranges so that the electric field inside the
sphere is zero.

Compared to the electric field of just +qo, the total electric field
at A is

1. The same
2. Stronger
3. Weaker




A conducting sphere is placed in the electric field of a charged
particle of charge +go, and charge on the conducting sphere

consequently rearranges.
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The potential difference between points A and B, AV,p, due to
both the sphere and the particle, is
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A conducting sphere is placed in the electric field of a charged
particle of charge +q,, and charge on the conducting sphere
consequently rearranges.
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The potential difference between points A and B, AV, due to
both sphere and particle, is

—
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2. less than AV due to just the charged particle INVAE ,gé”o e
3. the same as AV,p due to just the charged particle A
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