24.1-24.3

#11: Potential

Potential energy can be defined
for a conservative force

Gravity

I = mg  Constant acceleration

If you move from point A
U,=mgh ® and come back to point A,
then work done =0

Work done W = U,

init

Uy = -AU

Potential energy is only a
U =0 eomm— function of the position



24.1-24.3

#11: Potential

Potential energy can be defined
for a conservative force

W=U.

init

- Uppr = -AU

A particularly useful quantity is the

work (and/or U) per unit charge If you move from point A

and come back to point A,

We call this the electric potential, then work done = 0

or often just potential, V
W= q Vinit -q Vﬁnal

V=2 U=q.V
a 1o W= -gAV

—_

f’ = C]E Somewhat analogous to Force
and Electric Field
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Potential and potential energy are not the same

Potential I/ Potential Energy U
(1;*4;‘1’1537) Scalar field defined everywhere Of an object or objects
S| Unit of is J/C = Volt (V) S| Unit of Joules (J)

1800 Voltaic pile = 1st battery

5 A Dbattery uses chemical reactions to

create a potential difference between two
points (terminals).

Connecting a conductor between the
terminals allows charge to move from
higher to lower potential. The change in
potential energy of the charges is
converted into thermal energy (heat/light).

Electrolyte

Zinc

Copper }l Element

The work that is done is proportional to the amount of
charge that moves between the potential difference.

W =-qAV



Why do | need 6 batteries?

Electromotive force (emf) is a function of the
chemical properties of the battery.

Adding batteries in series allows for a range of
emf (potential differences) to be achieved using

the same type of battery.

Higher input potential differences are
advantageous for some electrical circuits.

A car battery uses 6 cells within a single
battery to create a potential difference of 12 V.

'
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We move a proton from point i to point f in a uniform electric field. Is
positive or negative work done by (a) the electric field and (b) our force?

(c) Does the electric potential energy increase or decrease? (d) Does the
proton move to a point of higher or lower electric potential?




Equipotential surface

V'is a constant at all points
dW =—-dU = —-q,dV =0 on equipotential surface
Electric field always points perpendicular to equipotential surface

dW =-q,dV =F *ds = g E * ds

To find W=-AU, we have to integrate Fds or gE-ds
f =
W=-AU=U,-U,=q,[ E-ds

Equipotential surface

Field line

(b) (c)



Which of these diagrams is correct?

Diagram 1 Diagram 2
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Electric potential of a point charge
dW =—-q,dV = q,E *ds

W=—q, [ dV=q,[ Eeds
V.-V, = [ E«ds

Integrate from distance r away to « (where V=0)

E°d§=( : %)ds
dme, s

Higher (uphill) o0

potential V — q @
r 2
dme, v " s

|

' Lower (downhill)

: potential q 1 1

- Vo=m |
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-t |

& —_— @

i S V = 1 q Works whether |

<—"A4" r

dme, r  gistor-




Two charges (q=5uC) are arranged at the opposite corners of a
square. How much work is done in moving one of the charges to
an empty corner?

A B
VVAB=C]0(VA_VB)=kq.qo_kM + Dm:'>‘.\

Py g

r =~(03) +(03)° =043m \ 0.3 m

r, =03m T Iy
W =kag- i_i b Y J‘
AR = K{q %(FA FB) 03m
m”° 1 1
W,, = (9 x 1O9NC2)(5 x107°C)(5 x 10-6c)( Yoy .3m)

W,z =-02INm=-0.21J Work is done by the force W = Fdcos6

W>0 If the motion is in the same direction of the force
W =-APE ™ PE reduces if W>0



In the scenarios below, red dots represent positive charges and
purple dots represent negative charges with the same magnitude.
Rank the scenarios by the magnitude of the potential at the origin.
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3. Scenario 3

4. Scenario 4

The potential is a scalar field (just
a number)

Potential from a distribution of point
charges is just the sum of the potential
from each charge

m=2%



In the scenarios below, red dots represent positive charges and
purple dots represent negative charges with the same magnitude.
Rank the scenarios by the magnitude of the electric field at the origin.
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Charges are arranged at the corners of a rectangle as shown,
what is the potential at points A, B, and C?

-1 nC 1nC .
i — 20cm T’”Y V=Vt Vs+V,+Vs
i ~1nC ~1nC
oom Vy =k 1€ EIC) L InC | (21nC)
i r r r r
oo P QP V,=0 V,=0
+1nC B C -1nC
r, =V10? +15> = 18.0cm r, = 10*+5> =11.2em
-9 -107°C -9 -107°C
C=k10 C+k( )+k10 C+k( )
A15m A18m dlm 05m

V. = k(—l0.0 x 107 g) =-90V
m



