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Defining a Field: Why?

® Electricity is a non-touching force like gravity.
However, it is MUCH stronger than gravity
(by 38 orders of magnitude).
B As a result gravity is only noticeable
when it comes from HUGE objects (like a planet).
® Since planets are much bigger than we are,
you have to move distances compared 1o planetary
radii to see it change much, so it looks constant.
® Because the of larger strength of electricity
it changes a lot over shont distances,
We need to have a way to keep track of this.
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Defining a Field: How?

® The idea of a field 1s 10 fill space with information
about what a particle would do if' it found itsell
at any point.

B Al each point in space we place an arrow showing
the direction of the force o Il..b-'l-{'thLL[ would Fr:t,l
if it were there, 2
(The Cheshire Cat principle)

®m In prnciple, we fill space
with these arrows.

& In practice, that would make
it hard 1o see what's going on F

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 it would feel
a force towards the center of the earth

: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

® For convenience in describing the effect of lots of
charges we introduce the electric ficld.

® The electric field at a point in space is the force a
test charge would feel if it were placed at that
point, divided by the magnitude of the test charge.

® The “electric field™ is the set of all vectors at every
point in space.

® The field 15 independent of the test charge used
to measure it.

5. F 5
EiFy= % 'Lv=‘-’ﬂ*)

an (test charge g placed at the point 1) 9

Definition of Fields

B A fiefd is 0 concept we use to describe anvthing that varees in
space. 1t is a sct of values assigned to ench point in space
{e.g., temperature or wind speed)

A force field is an idea we use for non-touching forces

It parts a foree vector st each point in space,
summarizng the effect of all objects that would
exert o foree on a particular object placed at that point.

B A grovitationad, elecieic, or mageetic fTeld is o foree Geld
with something (a “coupling strength™) divided out so the
field no longer depends on what test object is used.

SEuming
. 4 that the force Is measured
414111 Physics 122 by placing the object at r.

Representing electric fields

m Field arrows
— An arrow showing the direction and magnitude of the
field is 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
44111, Density of lines Physics 122 12
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Representations: a single charge
: F Field y | ¢t ’
Fiehd | - lines |
veglons o . .
. Carefull Field lines
L follow the direction
- . of the field.
They da NOT follow
i - the magnitude. 13

Field patterns

m 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

a9 Ty @ —q

 _ k, f{rﬂl 74 k, qr\Q " k, q‘ﬁ"‘ ie k, f_;f}* F 4

+Fy L+ Fy L,

! |

F, A
r r r [
where
F o= digance fom 0, o g o= direation fmem 2 teg (Mag. 1, no units!)
r, = distance from {3, iog 5. = divection foom 2, 104 (Mag. 1, no unitsl)
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Making sense .5;!,.\

® Notice that F_/y does NOT depend on ¢/
® For one source charge

Fake@, g R_kO
voow 9 K

® For many sources

s "_1? o+ 1"":':']: n+ J""':G Fot o E = L - & r -rLCZQ2 f2+7k(;?3fa+...
3

K Fy 'y g K 2

m Why not? Why did I label E with a g?
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Simulation

m hitp://phet.colorado.edu/en/simulation/
charges-and-fields
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