Electric Field

Electric field

» Space surrounding an electric charge (an energetic
aura)

« Describes electric force
« Around a charged particle obeys inv,erse-square law
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Electric Field

Electric field direction
« Same direction as the force on a positive charge
* Opposite direction to the force on an electron
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The Field Formulation
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ELECTRIC FIELD

e Qualitatively

* The region of space around a charge where it can exert a
force of electrical origin on another charge.

e Quantitatively

* The intensity of ELECTRIC FIELD at any point is defined as the
force exerted per unit charge by a positive test charge kept at
that point.
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E = lim s
qo_>0\q0)




2.2.1 Fields lines and Gauss’s law

A single point charge g, situated at the origin

1 q,
>

E(F) =
( ) 472'80 r
Because the field falls off Iikel/r2 ,the vectors get shorter as | go

father away from the origin,and they always point radially outward.

This vectors can be connect up the arrows to form the field lines.
The magnitude of the field is indicated by the density of the lines.

f , 3

strength length of arrow strength density of field line



2.2.1(2)

1.Field lines emanate from a point charge symmetrically in all
directions.

2.Field lines originate on positive charges and terminate on
negative ones.

3.They cannot simply stop in midair, though they may extend
out to Iinfinity.

4.Field lines can never cross.

Figure 2.14 Equal charges Figure 2.15

Equal but opposite charges



ELECTRIC LINES OF FORCE

* Are imaginary lines of force such that the tangent to it at any point
gives the direction of electric field at that point.

* A positive point charge free to move will move in the direction of
electric field and a negative point charge will move in a direction
opposite to the direction of electric field along an electric line of
force.



The lines of force to represent uniform electric field
are as shown below

=1 St I LRl W

The electric lines of The electric lines of
force due to point force due to point
charge q <0 are as charge q > 0 are as

shown below shown below




PROPERTIES OF ELECTRIC LINES OF FORCE

* Start from a positive charge and end in a negative charge.

* The tangent to it at any point gives the direction of electric
field at that point.

* They never intersect each other
* They tend to contract longitudinally and expand laterally.

* They always enter or emerge normal to the surface of a
charged conductor.

* They are close together in regions of strong electric field and
far apart in regions of weak electric field.



Electric Field

Both Lori and the
spherical dome of the
Van de Graaff generator
are electrically charged.




ELECTRIC FLUX

Is the total lines of force passing
normal to a given surface

e = | E.S
S
(I)E = E A for uniform electric field

Electric flux is a scalar quantity



2.2.1 (3)

Since in this model the fields strength is proportional to the
number of lines per unit area, the flux of E ( [E-da) is
proportional to the the number of field lines passing through
any surface .

The flux of E through a sphere of radius r is:

EﬁE da = j (O| F)-(r’sin6 do do =g
472'80 r &0

The flux through any surface enclosing the charge isd/&o
According to the principle of superposition, the total field is
the sum of all the individual fields:

= -V [ﬁE-dazZ([ﬁE-déFZ(iqi)
i=1 1 i=1 =1 ©0

A charge outside the surface would contribute nothing to the
total flux,since its field lines go in one side and out other.



GAUSS” THEOREM

States the total electric flux through a
closed surface (surface integral of
electric field over a closed surface) is
equal to 1/¢, times the total charge
enclosed by the surface.

Mathematically

. .1
§ E.dS = _(qenclosed)
S 50



2.2.1 (4)

Gauss’s Law in integral form [ﬁl? -da = iQem

)

Turn integral form into a differential one , by applying the
divergence theorem

—_

[,ﬁ E.da= j (V-E)dr

surface volume
Cgenc j (— )dT
volume €0
, . . - 1
Gauss’s law in differential form V.-E=—p

&0



2.2.3 Application of Gauss’s Law

Example 2.2 Find the field outside a uniformly charged sphere

of radius a
Sol: .1

Eﬁ E-da=—Q

surface €0
(a) E point radially outward ,as does dd
— Gaussian -+,

[ﬁ E .da = J“ E‘da Jurac Figure 2.18

surface

(b)E is constant over the Gaussian surface
[ |Eda=|E| [f] da=|E[4zr
surface surface

Thus ‘E‘47zr2:iq ':>E= 1 qf

&0 472'80 r2




2.2.3(2)

1. Spherical symmetry. Make your Gaussian surface a
concentric sphere (Fig 2.18)

2. Cylindrical symmetry. Make your Gaussian surface a
coaxial cylinder (Fig 2.19)

3. Plane symmetry. Use a Gaussian surface a coaxial
the surface (Fig 2.20)

Gaussian
pillbox

Gaussian
surface

:Gaussian surface

Figure 2.18 Figure 2.19 Figure 2.20




2.2.3(3)

Example 2.3 Find the electric field inside the cylinder which
contains charge density as © =Kr

Solution: E
Gaussxan surface
|
[ﬁ E-da =—Qenc /’} i J
g0 000 gl P
surface
\ el
The enclosed charge is Figure 2.21

A r 2. 2
Qenc = | pd7 = | (kr')(rdrdpdz) = 27kl | r'dr =§7zk|r3

[ﬁE.da:I\E\da:\E\jda:\E\Zﬁrl (by symmetry)

thus -
ERerl =2 27kr8 > E= 1 k2

) 3 350




2.2.3 (4)

Example 2.4 An infinite plane carries a uniform surface charge.o
Find its electric field.

Solution: Draw a "Gaussian pillbox
Apply Gauss’s law to this surface

|
€0
surface

By symmetry, E points away from the plane
thus, the top and bottom surfaces yields

Figure 2.22

| E-da=2A[E]
(the sides contribute nothing)
1 - O .
2A‘E‘=—GA —> E=_——n

80 2‘90




2.2.3 (5)

Example 2.5 Two infinite parallel planes carry equal but opposite
uniform charge densities =o .Find the field in
each of the three regions.

Solution:
The field is (o/g0 ), and points to the right, between the plane
elsewhere it is zero.

\\ S
\ \ —
\ (/go) +(/ ) HTae,)
Fneldof
(I (1D (111) T left plate
Fleldof

\\
\\‘\ — > =7 right plate

.
+o/ —o/ +(%50+o (Ago)— _(/ 50)

Figure 2.23 Figure 2.24




2.3.1 introduction to potential

Any vector whose curl is zero Is equal to the gradient of some
scalar. We define a function:

V(p)=-[, E-dl

Where @ is some standard reference point ; V depends only on the
point P. V is called the electric potential.

b - a_- - b
V(b)—V(a):—J'lgE-dI —(—ng-dl j:-ja E - di
The fundamental theorem for gradients

V(b)-V(a) :j:(VV)-dr

SO j:(VV)-dr:—j:E-dr —

m
|l

-VV




2.3.2 Comments on potential

(1)The name
Potential is not potential energy

e —

F=qgE=-qVV AU =F - X

V: Joule/coulomb U : Joule



2.3.2 (2)

(2)Advantage of the potential formulation
V Is a scalar function, but E Is a vector guantity

V(r) E=E,X+ Eyy+E,Z
If you know V, you can easily getE: E=-VV.

Ey. Ey, E;are not independent functions
OEx © 5Ey OE, @ aEy OBy © O,

= — SO , ,
VxE=0 oy  OX oy oz 0z  oX

@

@ ®
0y 0, By =0,0,Ey = 0,0,E, =0,0,E, =0,0,E, =0,0,E, => 8,E, =0,E,



2.3.2 (3)

(3)The reference point 9

Changing the reference point amounts to adds a constant to
the potential

V(p)—— =—j E-dl - j E-dl =K +V(p)
(Where K is a constant)

Adding a constant to V will not affect the potential difference
between two point:

V'(b)—V'(a) =V (b) -V (a)

Since the derivative of a constant Is zero: VvV =VV'
For the different V, the field E remains the same.

Ordinarily we set V() =0



2.3.2 (4)

(4)Potential obeys the superposition principle

F=R+F+- . F=QE

Dividing through by Q
E=F+E,+--

Integrating from the common reference point to p ,
V=V;+V,+---

(5)Unit of potential
Volt=Joule/Coulomb

F :newton F.x:Joule

F=qe=qVV — %
V u — Joule/Coulomb

G



2.3.2 (5)

Example 2.6 Find the potential inside and outside a spherical
shell of radius R, which carries a uniform surface
charge (the total charge is q).

solution:
Ein =0 Eout = 47350 rqz f
for r>R: ]
v e ai-gh g oL
for r<R:
V(R)= 47350 x V(D=V(R) 47350 :



2.3.3 Poisson’s Eq. & Laplace’s Eq.

V-E=£=V.(-VV)=-V¥

!

m S

-VV

Poisson’s Eq. V4V = —%

k>
I
o

VA =0 Laplace’s eq.




2.3.4 The Potential of a Localized Charge Distribution

E=-W  V-Vo=— Edr' V=0

)
rq 1 9 _ 19
V(r)= 472'6‘0 o 12 dr’ = Areg 1’| Amey T
/ '
« Potential for a point charge R
19 . /
V(P)_47zgo R R—‘r rp‘ 7
P
« Potential for a collection of charge /
n
__ 1 5% R-lf-r - R,
V(P) 47Z'EOZR| | ‘I p‘ . .:q’/



2.3.4 (2)

 Potential of a continuous distribution

for volume charge for a line charge for a surface charge
oq = pdr oq=Ad/ 0qQ=ocda
P A _ o
V (P) = 4%0] dr V(P)_4ﬂgoj d¢ V(P)= 47&90] da
« Corresponding electric field [ -V 1 _ R ]
R R2

A

E(P) = ' 5da
472'80 R ﬂ/df ( ) 47250 R2

_ 1
E(P)=7— ijpdr E(P) =



2.3.4 (3)

Example 2.7 Find the potential of a uniformly charged spherical
shell of radius R.

Solution:
V(=7 j da’, r2=R%+z%-2Rzcosé’
72'6'0
4V (2) = GJ‘ R? Slné?dé’dgo
\/R +7%2 —2Rzcos@’
= 27R%s j Sin¢ do’
0\/R2+22 2Rz cos 6’

T

— 27R%c (%\/RZ +7%2 2Rz cosH’)

0

_ 27nRo

(\/R2+22+2Rz—\/R2+z —2Rz)

V4
= JR+2)? - (R-27]




2.3.4 (4)

V(z)z%‘z[(RH)—(z—R)]:%, outside
V(2) =9 [(R+2)—(R-2)]=29 . inside

2502 80



 Is the surface of a charged conductor an
equipotential?

» Is the electric potential constant everywhere inside a
charged conductor and equal to its value at the
surface?



Electric Potential Difference on the Surface of
a Charged Conductor in Equilibrium

* Let A and B be points on the surface

of the charged conductor ++
* Let ds be the displacement from A ~ i
* E is always perpendicular to the X" -
displacement ds. N —
So, E - ds =0 B
* Therefore, the potential difference —~—t . ..
between A and B is also zero —*X ) tA
X

AV :—J'EE-ds:O



Electric Potential Difference on the Surface of a
Charged Conductor in Equilibrium

* Vis constant everywhere on the surface of a charged
conductor in equilibrium

* AV =0 between any two points on the surface

* The surface of any charged conductor in electrostatic
equilibrium is an equipotential surface



What about the inside of a charged
conductor?

* E=0 inside the conductor in equilibrium
*E-ds=0

AV :—J'EE-ds:O

* Therefore, the electric potential is constant everywhere
inside the conductor and equal to the value at the surface.



* r<R

* r=R

* >R

Note:

Solid Conducting
Sphere

V=kg/R  E=0
V=kgq/R  E=kQ/R2

V=kqg/r E=kQ/r?

* Vis a Scalar related to energy

e Eis a Vector related to force.

+ +
+ +
i /
(a) [+ R +i
+ + :
+ B |
+ 7+ + :
|
|
v |
. kQ
| o
k,Q | |
(b) R |
|
|
|
|
|
T
|
|
|
| k0
E o
2
(c)
N
R

©2004 Thomson - Brooks/Cole



Irregularly Shaped Conductors

* The charge density is high where the radius
of curvature is small

* The electric field is high at sharp points

& s .
© 2004 Thomson - Brooks/Cole



Irregularly Shaped Conductors

* The field lines are
perpendicular to the
conducting surface

- The equipotential surface’ - « 3 ==
are perpendicular to the POl N ¢
field lines

©2004 Thomson - Brooks/Cole



Electric Potential =What we used so far!

U
* Electric Potential V=—
%
AU B
* Potential Difference AV = — = —I E-ds
9 A
* Potential for a point charge V = ke q
r
* Potential for multiple point charges V = keZi
i ri
* Potential for continuous charge dq
distribution V = ke —



PRINCIPLE OF A CAPACITOR

* Capacitor is based on the principle that the
capacitance of an isolated charged conductor
increases when an uncharged earthed conductor is
kept near it and the capacitance is further increased

by keeping a dielectric medium between the
conductors.



CAPACITANCE OF A PARALLEL PLATE CAPACITOR

Electric field between the plates,

E=06/¢,
But c=Q/A
- E=Q/Ag,

Potential difference between the two
plates, V= Ed = Qd/A g,

Capacitance, C=Q/V
C=Ag,/d




CAPACITANCE OF A PARALLEL PLATE CAPACITOR
WITH A DIELECTRIC SLAB

When a dielectric slab is kept between the plates
COMPLETELY filling the gap

E’ = E,/K where K is the dielectric constant of the
medium.

Potential difference
V' = E'd = E,d/K=Qd/K g,A
Capacitance C' = Q/V’' =K g,A/d = KC

“.when a dielectric medium is filled between the plates
of a capacitor, its capacitance is increased K times.



DIELECTRIC STRENGTH

*Dielectric strength of a dielectric is the
maximum electric field that can be applied
to it beyond which it breaks down.



