A Uniform Gravitational Field

@ We could define a gravitational field in
much the same way we have defined the

o e e e ot electric field:
y cl -avitational
S . .
¥ Afl‘p /ﬁ:;,muonul E _ on q/ g) _ onm
el |e g m

(note that m/s? = N/kg)
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A Uniform Gravitational Field

@ We could define a gravitational field in
much the same way we have defined the
electric field:

=2 =

5 F
E_ onq

(note that m/s? = N/kg)

@ The gravitational field near the earth is
nearly uniform (=~ 9.8 N/kg) much like the
electric field in a capacitor.
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A Uniform Gravitational Field

Small variations in g on the earth’s surface are of interest.
http://www.physlink.com/news/072403GraceGravityField.cfm
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A Uniform Gravitational Field

@ The work done by gravity on a falling
The gravitational field does work partICIe IS

on the particle. We can express the

Y work as a change in gravitational °
potential energy. Wgrav = FgArcos 0° = mgy; — mgy;
Y, K
o Gravitational
Afl;g " field
G

¥l |€ g ; g

A /-
0 L

The net force on the particle is down.
It gains kinetic energy (i.e., speeds up)
as it loses potential energy.
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A Uniform Gravitational Field

@ The work done by gravity on a falling
The gravitational field does work part|C|e |S

on the particle. We can express the

Y work as a change in gravitational
potential energy. Wgrav = FGAr COSs 0O = mgyl — mg}/f
i s ravitation: [ .
Afl;ﬁ_ e 9 \We can turn this into potential energy by
il |8 g ; g
. Vi, AUgrezv = —Wgrav = mgyrs — mgy;

The net force on the particle is down. Y If we deﬁne UO as the pOtential energy at

It gains kinetic energy (i.e., speeds up)

as ll ]o?s»[‘)mcmiu] energy. y — 0 we get

Ugrav = UO + mgy
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A Uniform Electric Field
@ The gravitational field near the earth always

points towards the earth, in a capacitor the
electric field always points towards the

negative plate.

The electric field does work on the
particle. We can express the work as
a change in electric potential energy

Electric field *

0 P
The particle is “falling”
in the direction of E.

Spring 2010 4/15

Neil Alberding (SFU Physics)



A Uniform Electric Field

@ The gravitational field near the earth always
points towards the earth, in a capacitor the

The electric field does work on the

particle. \‘\'c c;m. Lj\.prc:l\":{\i: \\‘:I‘kr“u\\ ~ . )
# change inclectric potengl encrey: electric field always points towards the
Electric field .
: negative plate.
. . @ Instead of y, define s towards the positive
o —0 plate from s = 0 at the negative plate. A
? H'H H 112 ”
S positive particle “falls” towards s = 0.
£
0

The particle is “falling”
_in the direction of E.
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A Uniform Electric Field

The electric field does work on the
particle. We can express the work as
a change in electric potential energy.

Electric field *

The particle is “falling”
in the direction of E.

Neil Alberding (SFU Physics)

@ The gravitational field near the earth always
points towards the earth, in a capacitor the
electric field always points towards the

negative plate.

@ Instead of y, define s towards the positive
plate from s = 0 at the negative plate. A
positive particle “falls” towards s = 0.

@ The work is

Wejec = FeArcos0° = gEs; — qEs¢
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A Uniform Electric Field

@ The gravitational field near the earth always
e o points towards the earth, in a capacitor the
# change n clecric poreng il encrey electric field always points towards the
negative plate.

Electric field *
f

. . @ Instead of y, define s towards the positive
—® —@ plate from s = 0 at the negative plate. A
Far positive particle “falls” towards s = 0.
S B e Theworkis
0 sk 5;
The particle is “falling Welec _ FeArCOS Oo _ qESI _ qESf

in the direction of E.

@ We can turn this into potential energy by
AUgec = —Wejec = qEss — gEs;
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A Uniform Electric Field

@ The gravitational field near the earth always

e o points towards the earth, in a capacitor the
a change in electric pulun\_-i;xl energy. e|eCtI’iC ﬁeld a|W8.YS pOintS ’[OWB.I’dS the

Electric field
/

negative plate.

. . @ Instead of y, define s towards the positive
—0® —0 plate from s = 0 at the negative plate. A
/¥ positive particle “falls” towards s = 0.
S | . @ The work is
0 sk 5;
e direcion of £, Wejec = FeArcos0° = gEs; — gEs¢

@ We can turn this into potential energy by
AUgec = —Wejec = qEss — gEs;

@ Again we can write:
Uelec = Uo + qES
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The Potential Energy of Point Charges (29.2)

@ We now come back to the force between two point charges.
Again, we will use Coulomb’s law. This time we are seeking
potential energy for a system of two charges.
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The Potential Energy of Point Charges (29.2)

@ We now come back to the force between two point charges.
Again, we will use Coulomb’s law. This time we are seeking
potential energy for a system of two charges.

@ As two like charges repel each other the force between them
decreases. So, we need the integral form of our work equation

X X1 qige qige (1 1
W, = F. — a1 1= —_ ey _
elec j,; 1 on 20X j; 4meg X2 dx drieg \Xr X
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The Potential Energy of Point Charges (29.2)

@ We now come back to the force between two point charges.
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potential energy for a system of two charges.
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@ The change in potential energy is —Wejec and, if we set Uy =0
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The Potential Energy of Point Charges (29.2)

@ We now come back to the force between two point charges.
Again, we will use Coulomb’s law. This time we are seeking
potential energy for a system of two charges.

@ As two like charges repel each other the force between them
decreases. So, we need the integral form of our work equation

X X1 qige qig2 (1 1
W, = F. — a1 1= —_ ey _
elec j,; 1 on 20X j; 4meg X2 dx drieg \Xr X

@ The change in potential energy is —Wejec and, if we set Uy =0
then

1 qig
47’(60 X

Uelec =

@ This also works for two opposite charges and for charged spheres.
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The Potential Energy of Point Charges (29.2)

@ We now come back to the force between two point charges.
Again, we will use Coulomb’s law. This time we are seeking
potential energy for a system of two charges.

@ As two like charges repel each other the force between them
decreases. So, we need the integral form of our work equation

X 1 g Qg (1 1
Weiee = | Fi on20x = DR gy = NI~
elec j,; 1 on 20X j; 4meg X2 X drieg \Xr X

@ The change in potential energy is —Wejec and, if we set Uy =0
then

1 qig
47’(60 X

Ue/ec =

@ This also works for two opposite charges and for charged spheres.
@ For multiple charges just add the potentials of every pair.
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The Zero of Potential Energy

Two particles with total energy £, >0 @ The zero of gravitational potential
can move apart forever. Their kinetic energy is the center of the earth...or

energy is K, as r — . ) .
| the surface if you cannot make it to
Energy

the center.
E, £
max K:)o
0 : =7
El ¥.

“Potential energy *,

Two particles with total enefgy E <0
are a bound system. They can’t get
farther apart than r

max*®
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The Zero of Potential Energy

Two particles with total energy £, >0 @ The zero of gravitational potential
€41 MY pait TorCyen, THEmine iy energy is the center of the earth...or
energy is K, as r — oo . .

- the surface if you cannot make it to

i the center.
E, L
Fo K. @ If you put two charges really close
0 ' = together the force becomes really
E, ¥ large, maybe a more sensible zero is

r = oo rather than r = 0.

@ If we define Uy as the value at infinity
then our Ugyec is just the “amount of

Two particles with total energy E, < 0 interaction” (ie. it is relative to zero).
are a bound system. They can’t get

farther apart than r

max*®

“Potential energy *,
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The Zero of Potential Energy

Two particles with total energy £, >0 @ The zero of gravitational potential
€41 MY pait TorCyen, THEmine iy energy is the center of the earth...or
energy is K, as r — oo . .

: the surface if you cannot make it to

i the center.
E, L
Fo K. @ If you put two charges really close
0 ' = together the force becomes really
E, ¥ large, maybe a more sensible zero is

............ . r = oo rather than r = 0.
i @ If we define Uy as the value at infinity
:. then our Ugyec is just the “amount of
Two particles with total energy E, < 0 interaction” (ie. it is relative to zero).
are a bound system. They can’t get . o
farther apart than r. @ The tricky bit is that now we have
" negative potential energies.

“Potential energy *,

max*®
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The Electric Potential (29.4)

The potential at

i @ We introduced the concept of electric
field to solve our “action at a distance”
j\/_\ The source charges alter
{\ﬂ;\? the space around them by problem. A charge alters the space
f@\a e, Bl e gl around it and other charges interact

®@\Source charges Wlth the f|e|d

g+sources

//\\//\\ If charge g is in the potential,
%_//_\\ the electric potential energy is
/\/\ U =qV
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The Electric Potential (29.4)

ey Iggi‘;‘p;ﬂ;“ @ We introduced the concept of electric
field to solve our “action at a distance”
@y\g thospacerarouni ey problem. A charge alters the space
/ék\ creating an electric potential. around |t and Other ChargeS interaCt
with the field.

@ Where is the energy stored in electric
potential energy?

®@\

Source charges

//—\\//\\ If charge g is in the potential,
%_//_\\ the electric potential energy is
/\/\ U =qV

g+sources
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The Electric Potential (29.4)

The potential at
this point is V.

/\/\ The source charges alter
% the space around them by
/\/_\ creating an electric potential.
@

®@\

Source charges

g+sources

//\\//\\ If charge ¢ is in the potential,
%_//\\ the electric potential energy is
/\/\ U =qV

Neil Alberding (SFU Physics)

@ We introduced the concept of electric
field to solve our “action at a distance”
problem. A charge alters the space
around it and other charges interact
with the field.

@ Where is the energy stored in electric
potential energy?

@ We will treat the potential energy in
much the same way we treated the
field:
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@ We introduced the concept of electric
field to solve our “action at a distance”
problem. A charge alters the space
around it and other charges interact
with the field.

@ Where is the energy stored in electric
potential energy?

@ We will treat the potential energy in
much the same way we treated the
field:
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The Electric Potential (29.4)

iy @ We introduced the concept of electric
field to solve our “action at a distance”
j\/\ The source charges alter
%\ the space around them by problem. A charge alters the space
/(_;_)\/\ creating an electric potential. around |t and O’[hel’ Chal’geS interaCt
e~ with the field.

Source charges
@ Where is the energy stored in electric
potential energy?

If charge ¢ is in the potential, . . .
/&/\ tllée]‘ez;‘ié polellni:]pélll;'glz)lis o We Wl” treat the pOtentIa| energy n

Ugrsoures = 4V much the same way we treated the
' field:
force on q = |[charge q] x |alteration of space by source charge]
potential E = [charge q] X [potential interaction of source charge]
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The Electric Potential (29.4)

. @ How do we define this electric
The potential at potentlalf? It |S

this point is V.

/\/\ The source charges alter U
//x/\% the space around them by V g+sources

creating an electric potential. q
oo
T~ Source charges

//\\//_\\ If charge ¢ is in the potential,
%%\\ the electric potential energy is
R Uy = ¥
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The Electric Potential (29.4)

. @ How do we define this electric
The potential at potentlalf? It |S

this point is V.

ﬂ/\/\ The source charges alter U
//K\% the space around them by V g+sources

creating an electric potential. q

@

®

@

™~

Source charges

@ Like for E', the value of Vis
independent of the test charge q. The
1@ If charge q s in the potential, source charge makes the potential
/\/\/\ﬂi‘/{\\\ the electric potential energy is regard|eSS Of Other ChargeS

U =qV.

g+sources
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The Electric Potential (29.4)

. @ How do we define this electric
The po.len_ual at potentlalf? It |S

this poml is V.

ﬂ/\/\ The source charges alter U
//X/—% the space around them by V g+sources

creating an electric potential. q

@

®

@

™~

Source charges

@ Like for E', the value of Vis
independent of the test charge q. The
/\/\//_\\ If charge ¢ is in the potential, source Charge makes the pOtentiaI
/\/\/\ﬂifx\\ the e]CL[rlf E)[(:}EI]I! al energy is regard|eSS Of Other ChargeS
- @ The unit of electric potential is J/C or
Volts (V).

sources
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What Good is Electric Potential?

@ Electric potential depends only on source charges and their
geometry.

A positive charge speeds up AV=>0

as it moves through a negative

potential difference. Potential _‘» ( )_’

energy is transformed into., i f

kinetic energy. ... A positive charge slows

i down as it moves through a
4—@ Ye— positive potential difference.
Kinetic energy is transformed
Av<0 into potential energy.

Direction of increasing V/
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What Good is Electric Potential?

@ Electric potential depends only on source charges and their

geometry.

@ If we know the electric potential in a region of space we know the
interaction energy of any charged particle in that region (U = gqV).

A positive charge speeds up AV >0
as it moves through a negative
potential difference. Potential p—
energy is transformed into.,, i f
kinetic energy. Ty el
f i
-—O -
AV<0

A positive charge slows
down as it moves through a
positive potential difference.
Kinetic energy is transformed
into potential energy.

Direction of increasing V/
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@ Electric potential depends only on source charges and their

geometry.

@ If we know the electric potential in a region of space we know the
interaction energy of any charged particle in that region (U = gqV).

@ So, it can be highly useful to calculate the potential.
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What Good is Electric Potential?

@ Electric potential depends only on source charges and their

geometry.

@ If we know the electric potential in a region of space we know the
interaction energy of any charged particle in that region (U = gqV).

@ So, it can be highly useful to calculate the potential.
@ If a charged particle moves through a potential difference

(AV = V¢ - V) it will accelerate.

A positive charge speeds up AV=>0
as it moves through a negative
potential difference. Potential p—
energy is transformed into. i f
kinetic energy. Ty SEag
f i
() -
AV<0

OH—>

A positive charge slows
down as it moves through a
positive potential difference.
Kinetic energy is transformed
into potential energy.

Direction of increasing V
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What Good is Electric Potential?

@ If a particle moves through potential difference AV the potential
energy changes like
AU =qAV
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What Good is Electric Potential?

@ If a particle moves through potential difference AV the potential
energy changes like
AU =qAV

@ Conservation of energy gives

AK+gAV = 0
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What Good is Electric Potential?

@ If a particle moves through potential difference AV the potential
energy changes like
AU =qAV

@ Conservation of energy gives

AK+gAV = 0
Ki+qVi = Ki+qVi

@ Conservation of energy will be a useful tool in the problems we
solve in the coming weeks.
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The Electric Potential Inside a Parallel Plate Capacitor

(29.5)

@ Electric field inside this capacitor:

IE| = L = 500 N/C
n=—442 X 10" C/m? €0
d = 3.00 mm

n = +4.42 X 107° C/m*
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The Electric Potential Inside a Parallel Plate Capacitor

(29.5)
@ Electric field inside this capacitor:

IE| = L = 500 N/C
n=—442 X 10" C/m? €0
d = 3.00 mm

@ We already know that the electric
potential energy is

n = +4.42 X 107° C/m*

Uelec = qEs
where s is the distance from the
—s negative electrode.
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The Electric Potential Inside a Parallel Plate Capacitor

(29.5)

@ Electric field inside this capacitor:

IE| = L = 500 N/C
n=—442 X 10" C/m? €0
d = 3.00 mm

@ We already know that the electric
potential energy is

n = +4.42 X 107° C/m*

Uelec = qEs

where s is the distance from the
—_— s negative electrode.

@ The potential is then

V= Uelec — Es
q
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The Electric Potential Inside a Parallel Plate Capacitor

@ Electric potential increases linearly from the
negative plate towards the positive.

<

AV,

B il i
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The Electric Potential Inside a Parallel Plate Capacitor

@ Electric potential increases linearly from the
negative plate towards the positive.

@ If we define the negative plate as V_ =0,
then V. = Ed and the potential difference is

<

- AVe=V,.-V.=Ed

AV,

B R
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The Electric Potential Inside a Parallel Plate Capacitor

@ Electric potential increases linearly from the
negative plate towards the positive.

@ If we define the negative plate as V_ =0,
then V. = Ed and the potential difference is

<

i AVeg =V, -V_=Ed
av. @ Inthis example we have

AV = (500N/C)(0.0030m) = 1.5V

5B Rl il

This is the voltage across the capacitor.
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The Electric Potential Inside a Parallel Plate Capacitor

@ Electric potential increases linearly from the
negative plate towards the positive.

@ If we define the negative plate as V_ =0,
then V. = Ed and the potential difference is

<

i AVeg =V, -V_=Ed
sy, @ Inthis example we have

AV = (500N/C)(0.0030m) = 1.5V

|| IIII\IIIIII|I|

5B Rl il

This is the voltage across the capacitor.

@ Itis useful to express the field in terms of the
potential
_AVg

==
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Graphs, Equipotential Surfaces, Contour Maps, and

Elevation Graphs

V (volts) ‘

— plate
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! 1
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Potential graph Equipotential surfaces Contour map Elevation graph
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Making a Capacitor with a Certain Potential Difference

A battery is a source of
potential.

A battery is a source
of potential.
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The Negative Plate does not have to be Zero

(@ 100V 0V oV —100V  (¢) 50V -50V
7550 25 ¢ $~35 5075 ¢ £ 25 0-25 ¢
| | | | I | | | |
| | I | I | | | |
| | | | | | | | |
TR R R

5 | | I 5! I | S| | |
E | | I E | I | E | | |
| | | | I | | | |
1 | I | I 1 | | |
Lo N {0
| | | L | | | L] | | | L

+I
|

+I
|

+I
|

AV=50V AV=50V i i AV=50V
K A : i

The potentizlll difference between two The electric field inside is

points is the same in all three cases. the same in all three cases.
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