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2.2.4 The curl of the Electric field

= 1
F=— 17
ATrE T4

dl = drt + rd00 + rsin 6 ¢

Tb 5 ™ 1 q 1 gq -
f dl = f s dr = — -
7 7 Amegr dtey T y
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2.3 Electric Potential
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2.3.1 Introduction to Potential

o The goal 1s to simplify the problem from a vector equation to a scalar
one.

o We have previously shown

Vxﬁ=0<=>j£§-df=0

o 'This allows us to define a scalar function called Electric Potential

-

T
V(F)=—f§-df
0

Where O is some standard reference point.

“Z'A ? J’ ) "7 g .
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2.3.1 Introduction to Potential

o The potential difference between two
points 7 and 7 is given by

- -

L2 N L .
E-dl+j E-dl
o0

~ ey ~ - —
t—"g./\__/:/, / Chapter 2: Electrostatics 5
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2.3.1 Introduction to Potential

o But we also know that the potential difference between two points 75
and 7 is given by the fundamental theorem of gradients

-

T2

V() = V(#) = f VV - dl

-

™

o Therefore, the electric field can be written as a gradient of a scalar

function
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2.3.1 Introduction to Potential

Can the electric field E = x % + Xy Y + ZZ be realized.

A static electric field must satisfy VXE = 0

N\ N\

X y Z
VXE=|d/dx d/dy d/0z

X Xy Z
_(az axy)A_I_(ax 6Z)A +(6xy (’)x)A_ s = 0
—\oy " 9z/) "6z " ax)” T \ax " ay)? T

Chapter 2: Electrostatics 7
2.3 The Electric Potential (V)




2.3.2 Comments on the potential

o Name origin

o Potential and Potential Energy are completely different things and they should
have different names, but it is used for historical reasons. Although there is a
connection as we shall see later.

o Advantage of using the potential

o As we have said earlier finding the potential first usually make the problem easier.

To find the electric field you just take the gradient of the potential (E = —VV)

kX
o This is amazing!! We can get E (three components) from a scalar V (one
component)

o 'This is the case because the three components of E are not really independent

XK = .C. = = — — L
since VXE = 0 (i.e 0z~ ox’ 9z 9y and oy ox
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2.3.2 Comments on the potential

o The choice of the reference point O
o The choice of reference point O is kind of arbitrary.

o Changing reference points only adds a constant to the potential.

DR r = e r= > 0= o A
V'@)=—[,E-dl=—[,E-dl— [,/ E-dl=V(7) + constant
o Changing reference will not affect the potential difference

Vi) = V() =V(Ey) +c— V() —c= V() — V()

o Changing reference will not affect the electric field
EE=-VVW =-VWV+c)=-W+0=E

o We usually choose the refence point at 0 and set it to zero (i.e. V(O = o) = 0).
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2.3.2 Comments on the potential

o The potential obeys the super position principle
o The choice of reference point O is kind of arbitrary.

o Changing reference points only adds a constant to the potential.

- -

i r
V@) == [[Brdl= = [ (E+Ey ) dl = )+ Vo) +
0 0

o Units of the potential

Volt =]/C = Nm/C
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2.3.2 Comments on the potential

Find the potential inside and outside a spherical shell of radius R with a uniform surface
charge of total q.

We can easily show using Gauss’s Law that

*We choose the reference point at infinity.

Now, forr = R |
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2.3.2 Comments on the potential

Find the potential everywhere for a spherical shell of inner radius a and outer radius b
with a uniform volume charge of total q.

Chapter 2: Electrostatics
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2.3.4 The potential of a localized charge distribution

We will reduce the two equations needed for finding the electric field into one equation
for the potential

VXE=0< E = —VV

Hence, Gauss’s Law 1n the differential form gives
V-E= —V-VVzp/eO
Or 1t gives what is called Poisson Equation

V2V = —p/e
In regions of space were there is no charge density, the above equation reduces to
Laplace equation

V2V =0
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2.3.4 The Potential of Localized Charge Distribution

Based on the assumption that the reference point is at infinity:

The potential of a point charge q:

q 1 gq
Aiey | — 7|  dmegr

V() =

The potential of a collection of point charges:
N

1 ; 1 :
V) = Y e = u
Ameg L |¥ — 13|  Amey La 7

1=1 =1

The potential of a continuous charge distribution:
| dq
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2.3.4 The Potential of Localized Charge Distribution

Find the potential of a uniformly charged spherical shell of radius R.

da' = R*sin0'd0'd¢’;r' = R;r = \/R2 + z2 — 2Rzcos@’

V) = — j o) 4y

7

2T T

1 o
= R?%sin0'd6’'do’
4meg oj oj VR2 + z2 — 2Rzcos0’ ¢

V) oR? [ sinf'd@’ oR? [ sinf@'do’
Tr) = =
2€g ) VR2 + z2 — 2RzcosO'  2€g ) VR2 + z2 — 2Rzcos0’
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2.3.4 The Potential of Localized Charge Distribution

R du i
V() =— j \/R2+Zz+u
260 5 2RzVR? + z2 + u ZEOZ i
V@) = (JRZ +22 + 2Rz —\[R? + 72 — 2Rz)
€0Z
V() = (J(R +2)2 = /(R = 2)?)
fO.RZ
—
>N €oZ
V(r) =4 IR
— Zz<R
L €0
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2.3.5 Summary of Electrostatics

All derived from Coulomb Law and Superposition principle

@ y\: )”'/-; ; Chapter 2: Electrostatics 17
BIRZEIT UNIVERSITY 2.3 The Electric Potential (V)



2.3.5 of Electrostatics Boundary Conditions

L @ | | s
B - Eli_elow - E =0

above 0 above  “below
The normal component of E is The tangential component of E is
discontinuous continuous
—_— e 0' P
Eabove B Ebelow = it
e0
. - ~ - —
B T apter 2: Electrostatics
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