April 4, 2011 Physics 122 Prof. E. F. Redish

B Theme Music: Joni Mitchell

Electricity
H Cartoon: Bob Thaves

Frank & Ernest

Frank and Ernest

“ Y + SRR ‘WD‘:} 1 THOUGHT I HAD THE

 ANSWER TO THE

ME+ MEANIHG Of LIFE,

(i AT AT mr\m &J BUT EVERYTHING
J *-E f\’ + ﬁﬂ\’f’h/au cnngg;wp

SN " tl' — l0-15
| i
4 e =] —— E-mad FancE @ THECOMICS COM

Copyright (c) 1994 by Thaves. Distributed from www.thecomics.com.
4/4/11 Physics 122 1




Outline

m Quiz 7: Electric charge and force
mILD 4: Field

B Definition of a Field

m Examples
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Defining a Field: Why?

m Electricity 1s a non-touching force like gravity.
However, it 1Is MUCH stronger than gravity
(by 38 orders of magnitude).

B As aresult gravity is only noticeable
when 1t comes from HUGE objects (like a planet).

B Since planets are much bigger than we are,
you have to move distances compared to planetary
radi1 to see 1t change much, so 1t looks constant.

B Because the of larger strength of electricity
it changes a lot over short distances.
We need to have a way to keep track of this.
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Defining a Field: How?

B The idea of a field is to fill space with information
about what a particle would do 1f 1t found 1tself
at any point.

B At each point in space we place an arrow showing
the direction of the force a test-obj ect would feel
if 1t were there. | ‘
(The Cheshire Cat principle)

B In principle, we fill space
with these arrows.

B In practice, that would make
it hard to see what’s going on

so we only draw a few representative ones.
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An example: Gravity

B At any point near the surface of the earth,
if I put a test object of mass m 1t would feel
a force towards the center of the earth

F... =mg

B In order to have our information not depend
on our test object, we don’t put the force,
but the force / (mass of the test object).

grav. field of earth = FE%% =g
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Electric Fields

B For convenience in describing the effect of lots of
charges we introduce the electric field.

B The electric field at a point in space 1s the force a
test charge would feel 1f 1t were placed at that
point, divided by the magnitude of the test charge.

B The “clectric field” is the set of all vectors at every
point 1n space.

B The field 1s independent of the test charge used
to measure it.

I = - .
E(r) = A F, = 9E(")
v (test charge q placed at the point 1) 9




Definition of Fields

B A field 1s a concept we use to describe anything that varies in
space. It is a set of values assigned to each point in space
(e.g., temperature or wind speed).

B A force field is an 1dea we use for non-touching forces.
It puts a force vector at each point in space,
summarizing the effect of all objects that would
exert a force on a particular object placed at that point.

B A gravitational, electric, or magnetic field 1s a force field
with something (a “coupling strength’) divided out so the
field no longer depends on what test object 1s used.

— —

~ Facting onm I—E» _ Facting ong Field is the value at_ a position
g= m - In space “ r“ assuming
9 that the force is measured
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Representing electric fields

m Ficld arrows
— An arrow showing the direction and magnitude of the
field 1s shown at many points (not all — why?)

— Magnitude can be shown by

» Length of arrow
» Color of arrow

m Field lines

— Lines are drawn following the field arrow
step by step. The lines only show the direction of the
field (they are tangent to the lines at each point).

— Magnitude can be shown by
» Color of lines
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Representations: a single charge
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Careful! Field lines
wees e iy > : follow the direction
e of the field.
g They do NOT follow
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Field lines for a dipole |
(colored by strength)




Field patterns
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B For multiple charges, the field results from the
sum of the fields from the individual charges.
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In Equations

F=F  +F . +F  +F __+..
g Qlﬁq Q,—q Qsﬁq Qs —1
_kaQ L keOQ, - keaQ; - K0Q, -
= r+ r, + ry+ r, +
q 2 1 r2 2 rz 3 I‘2 4
[ 2 3 4

where
r, = distancefrom Q, toq r, = direction from Q, to g (mag. 1, no units!)
r, = distancefrom Q, to g r, = direction from Q, to q (mag. 1, no units!)

414/11 Physics 122 16



Making sense %r "\s

m Notice that F /g does NOT depend on g/
B For one source charge

_ . F
F = querl E q _ kCQl

=—= I,
q r12 q r12 1
B For many sources
_’:quQlf_l_quQZi:_l_quQBfé_Fm E :Fq:kCQlf_l_kCQZF_I_kCQB%_'_

2 1 2 2 2 q 2 1 2 2 2
rl r2 r3 q rl r2 r3

B Why not? Why did I label £ with a ¢g?
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Simulation

B http://phet.colorado.edu/en/stmulation/
charges-and-fields
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