!'_ Chapter 25

Electric Potential




i Electrical

Potential Energy

= \When a test charge is placed in an
electric field, it experiences a force

IF:qOE

s [ he force Is conservative and the work
by the electric field is F-ds = gq,E-ds

= The potenti
systemis c

AU =

al energy of the charge-field
nanged by

B
Ug U, =0, | E-ds



i Electric Potential Energy, final

= Because (,E Is conservative, the line
Integral does not depend on the path
taken by the charge



i Electric Potential

= The potential energy per unit charge, U/q,,
IS the electric potential
= The potential is independent of the value of q,

= The potential has a value at every point in an
electric fielc

. o U
= | he electric potential Is V =q—




i Electric Potential, final

= The potential is a scalar quantity
= Since energy Is a scalar

= As a charged particle moves in an
electric field, it will experience a change
In potential
AU

AV = 0 :—IEE'ds




i Work and Electric Potential

= Assume a charge moves in an electric
field without any change In its kinetic
energy

= The work performed on the charge Is
W =AV =g AV



i Units

1V =1J/C

= VIS avolt

= |t takes one joule of work to move a 1-
coulomb charge through a potential
difference of 1 volt

s In addition, 1 N/C =1 V/m

= This indicates we can interpret the electric
field as a measure of the rate of change
with position of the electric potential



i Electron-Volts

= Another unit of energy that is commonly used

In atomic and nuclear physics is the electron-
volt

= One electron-volt is the energy a charge-
field system gains or loses when a charge of
magnitude e (an electron or a proton) is
moved through a potential difference of 1 volt
= 1eV=1.60x10"]



Potential Difference In a
i Uniform Field

= The equations for electric potential can
be simplified if the electric field Is
uniform:

B B
Ve =V, =AV = | E-ds =—E| ds = -Ed
= The negative sign indicates that the

electric potential at point B is lower than
at point A




Energy and the Direction of
i Electric Field

= When the electric field Al —F
IS directed downward,
point B is at a lower
potential than point A

= When a positive test q
charge moves from A B()—
to B, the charge-field
system loses potential

energy v




i Directions, cont.

= If g, IS negative, then AU is positive

= A system consisting of a negative
charge and an electric field gains
potential energy when the charge
moves In the direction of the field
= In order for a negative charge to move in

the direction of the field, an external agent
must do positive work on the charge



Charged Particle in a Uniform

‘_L Field, Example

A positive charge is
released from rest and
moves Iin the direction
of the electric field

The change in potential
IS hegative

The change in potential
energy is negative

The force and
acceleration are in the
direction of the field




EXAMPLE 25.1  The Electric Field Between Two Parallel Plates of Opposite Charge

A battery produces a specified potential difference between
conductors attached to the battery terminals. A 12-V battery
1s connected between two parallel plates, as shown in Figure
25.4. The separation between the plates is d = 0.30 ¢m, and
we assume the electric field between the plates to be uniform.

Find the magnitude of the elec- tric field between the plates.

|Vg— V|l 12V

K= ;
d 0.90 X 10 2 m

= 40X 10°V/m




EXAMPLE 25.2 Motion of a Proton in a Uniform Electric Field

A proton 1s released from rest in a uniform electric held that
has a magnitude of 8.0 X 10* V/m and is directed along the
positive x axis (Fig. 25.5). The proton undergoes a displace-
ment of 0.50 m in the direcaon of E. (a) Find the change in
electric potenual between points A and B.
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EXAMPLE 25.2 Motion of a Proton in a Uniform Electric Field

AV=—Ed= — (8.0 %X 10*V/m)(0.50 m)

= —4.0x 10tV

(b) Find the change in potential energy of the proton for
this displacement.

Solution

1"1!)?= q”ﬁv= Fﬂv
= (1.6 X 10717 C)(—4.0 X 10*V)

= —64X1071%]



EXAMPLE 25.2 Motion of a Proton in a Uniform Electric Field

The negatve sign means the potental energy of the proton
decreases as it moves in the direction of the electric field. As
the proton accelerates in the direction of the field, it gains ki-
netic energy and at the same time loses electric potential en-
ergy (because energy is conserved).

Exercise Use the concept of conservation of energy to find
the speed of the proton at point B.

Answer 2.77 % 105 m/s.



‘L Question 25.1

How much work is done (by a battery, generator, or
some other source of electrical energy) in moving Avo-
gadro’s number of electrons from an initial point where
the electric potential is 9.00 V to a point where the po-
tential is — 5.00 V7



‘L Question 25.1- Solution

AV=-140V  and  Q=-N,e=—(602x10%)(160x107)=-9.63x10* C

AV = % so  W=0QAV=(-9.63x10* C)(-14.0 J/C)=[135 M]



