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Foothold ideas:
Charge — A hidden property of matter =

B Matter is made up of two kinds of electrical
matter (positive and negative) that usually
cancel very precisely.

m Like charges repel, unlike charges attract.

m Bringing an unbalanced charge up to neutral
matter polarizes it, so both kinds of charge
attract neutral matter

B The total amount of charge (pos — neg)
is constant.
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Foothold ideas:

Conductors and Insulators
| Insulators
— In some matter, the charges they contain are bound
and cannot move around freely.
— Excess charge put onto this kind of matter
tends to just sit there (like spreading peanut butter).
® Conductors
— In some matter, charges in it can move around
throughout the object.

Excess charge put onto this kind of matter
redistributes itself or flows off
{(if there is a conducting path 1o ground).
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How do the forces between
charges behave?

B We know they fall off with distance. (How?)

m Let’s assume it's like gravity and falls like
the square of the distance.

B This is much casier to test than gravity and
was demonsirated in the lab by Coulomb in
the 1790°s.

®m Construct a hypothesis!
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Inventing an Electric Force Law ﬁ
m What law should we propose? F=?/R2

m What goes on top?

m We expect
— Fyq proportional to g (Why?)
— F.q proportional to QO (from N3)

~Feaq = Foxg

F
e a>Q Fosg a
R
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Coulomb’s Law
of Electric Force %

m All objects attract each other with a force
whose magnitude is given by

keq
o ig=Fgq= ‘Rz

m k. is put in to make the units come out right.
(MNeed N-m?/C? = kg-m*/(?-5?)
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Quantifying Charge

® Meed an operational definition.

| Charge is a new kind of quantity
(to M, L, T, add Q).

® Choose our scale:
A small object has a charge of | C( = 1 Coulomb)
if two identical such charges held at a distance of
1 m exert forces of @ x 107 N on each other.

m This corresponds to choosing the constant

k=9 % 10° N-m*/C2,
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What does a physics equation
tell us?

B Why do physics equations have so many
symbols?

B Why don’t physics equations distinguish
between constants and variables?

m Do the units really matter?
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Making Sense of Coulomb’s Law

®m Changing the test charge ——— ";!ﬂ.r".t\
]
LR

& Changing the source charge —

B Changing the distance -

m Interpret the sign

k{'fIQ
FQ—H? = Faap _-._,Rz
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Sample problem

® A red is rubbed so that it has a charge
of 4 4C on the tip. It is brought up
near o a charged pith ball hanging
from a string. As the rod approaches,
the ball is repelled. When the end of
the rod is just below the paint where i
the string is attached, the pith ball o
hangs atl 8 = 30°, The pith ball has a '
mass of 10 grams. How much charge
is on the pith ball?
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Multiple Charges: Superposition
® One charge is wo simple. Most of the time
there are lots of charges.
m What do we do if we have more than one

source charge creating forces on our test
charge?

Superposition: We calculate the force
each charge produces and add them like vectors
— just like we would any forces.

You do remember vectors, don’t you?
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Review of Vectors

(2-dimensional coordinates)
® We have 2 directions to specify. We must
— Choose a reference point (origin)
Pick 2 perpendicular axes (x and y)
Choose a scale

m We specify our x and y directions by
drawing little arrows of unit length in their
positive direction. | j

m A force vector 15 written

F=Fi+Fj=(.F)
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Adding Forces

® We define the
sum of two vectors
as if they were A
successive displacements.
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Adding Vectors: Methods

B There are 3 mathematical
ways to add vectors

—
head parallelogram coordinates
to tail rule
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