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25.1 Electric Potential and Potential Difference
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e Potential difference in uniform electric field.
* Electric potential point charge.
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Electric potential

Potential and Potential Energy

The potential is characteristic of the field only,
independent of a charged particle that may be
placed in the field. Potential energy is
characteristic of the charge-field system due to an
interaction between the field and a charged
particle placed in the field.




Electric Potential and Potential Difference

- B 1B -8
Vg — Vg =AV= —J F.ds = —J Eds(cos0°) = —| Eds
& & -
CE
&
AV = —Ed W= gAV

that the SI unit of electric field (N/C) can also be expressed

In volts per meter: v

R
e = av=1-L
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Potential difference and electric
potential

* The potential difference AV= V/,- V, between two
points Aand Bin an electric field is defined as the
change in potential energy of the system when a test
charge is moved between the points divided by the

test charge g,:

AU [
AV= = — | E-ds

q’f} et .'1.




Electric Potential Energy

* Electrical potential energy is the energy contained
in a configuration of charges. Like all potential
energies, when it goes up the configuration is less
stable; when it goes down, the configuration is

more stable.

e The unitis the Joule.




25.3 Electric Potential and Potential Energy Due
to Point Charges

"E:’_} The electric potential is a
Ve — Va = — ’ E - 45 measure of potential
i energy per unit charge,
the Sl unit of both electric
potential and potential
difference is joules per
= coulomb, which is defined

] , 1 1 as a volt (V)
Yo ~ Ve = ke |- o

T"@ — Tﬂ = _;I:EIEFJ 3 = k,
|'&

For a group of point charges, we can write
the total electric potential at P as

The two dashed circles represent V= |r|f i
v

intersections of spherical equi- = g

potential surfaces with the page. : ‘



Electric Potential and Potential Energy Due
to Point Charges

The electric potential energy of a
pair of point charges: can be found as
follows:

AU= W= gAV — U—0= gq (n,f—l = D)
12

q U=k 19

Mo

The mwo dashed circles represent
intersections of spherical equi-
potential surfaces with the page.



Electric Potential and Potential Energy Due
to Point Charges

The potential energy of this the total potential energy of the system

E?'EI‘.E]'I.'!. of charges is given by of three Charges
Equation 25.14.

+
i = h{(‘j’lﬁ"ﬂ + E‘F = @)
g "y Yo



The Electric Potential Due to Two Point Charges
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The Electric Potential Due to Two Point Charges

As shown in Figure 25.10a, a charge ¢:5 2.00 uC is located at the origin and a charge .5
26.00 pC is located at (0, 3.00) m.

(A) Find the total electric potential due to these charges at the point P, whose
coordinates are (4.00, 0) m.

(B) Find the change in potential energy of the system of two charges plus a third charge
@5 5 3.00 pC as the latter charge moves from infinity to point P (Fig. 25.10b).

¥ 1

. i i
= —6.00 pC — —6.00 pC Ve = K, — T
T T 0 T
3.00 m 3.00 m
2,00 pC l 2.00 wC  5.00 uC S
l & P-_ x o 0 Lf = @2V
~— 400 m —= «— 4.00 m 4-‘
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The Electric Potential Due to Two Point Charges

Example: The potential Due 1o Two Point Charges
}'1
6 uC

3m

2uC 4m X
—i =

(a) Find Vp.
; , ‘@ a4 )
V., =k, [—+ J]

|"| e

LA

3 — el
r o onm2 | 2107 C 6x10C
V, = 8.99x 10° Mz [ _

A S

= —6.29% 107V

(b) Find the work required to bring a 3 pC charge from oo to P.

W =gV, =(3x107°CH-6.29x10° V) =-189 %1077
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Potential difference due 4gadia il gl 54
to point charge
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25.4 Obtaining the Value of the Electric Field from
the Electric Potential

If the electric field has only one component
E, =-dV /dx
Two things about E and V:

* The electric field points in the direction of
decreasing electric potential.

* The electric field is always perpendicular to the
equipotential surface.




Electric Field and Electric Potential

If the charge distribution creating an electric field
has spherical symmetry such that the volume
charge density depends only on the radial
distance r, the electric field is radial.

daVv

E = ——
' er




Electric Potential

(A) Calculate the electric potential at points a and b on the xaxis.
(B) Calculate the work to remove the charge q, from point a to b.

A0 sl e i Al e 1, Al Glaag b, g okl vie o 5eSl) agadl ded L
0l S b A a e asd € 25107 b a8 g ddad Jail J shuall Jadl) ol
e r,=1m,r,=0.1m,q=1x10°C
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Electric Potential

Vv

a

- K, X — 9000 Volt
ra

V, = K, - = 90000 Volt
Iy

V,, =V, —V, =90000—9000 = 81000 Volt

U, =q,V,, =25x10"" x81000 = 0.02 Joule

Jall




The Electric Potential Due to a Dipole

An electric dipole consists of
two charges of equal &P
magnitude and opposite sign T
separated by a distance 2a as j‘ R
shown in Figure. The dipole is 7
along the xaxis |—=!—H—ﬁ——|
and is centered at the origin. '
(A) Calculate the electric
potential at point Pon the y . B
: ESN =4 [ _r’r - _{’r )= (0
aXIS. : ' ..Lr ;| "'nl,.-'"-,!",!':. N }-_. II'I..".:,!"E_:. N "|.I'I
(B) Calculate the electric
pot.er.mal at pomt Ron the Vo= S % _ k( 4,9 ):  2kga
positive xaxis. L roao o xta

(W] [n
X- — a




Summary aedall

The potential difference AV = V- V, between two points Aand

Bin an electric field is defined as the change in potential energy

of the system when a test charge is moved between the points @J@ﬁ\ el e
divided by the test charge g,:

V=K 32
I q Al e r d8lie 2 4dadh dic 2gall e

B ) A O q ind Jiil Jsdaall Jaddl sl pa gl A8 o

U =0oVas




Thank You
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