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Flectric Field and Electric Potential

As electrons collect on an object, it becomes negatively charged. As electrons leave
an object It attains a positive charges. Charges interact with each other:
9 Sz = 0 Often when you remove clothes from the
=S o clothes dryer, they seem to stick together.
St This Is because some of the clothes have

gained electrons by rubbing against other
clothes. The clothes losing electrons

— @ 9 — become positive. 'I_'he negative clothes are
attracted to the positive clothes.

- @® @

Like charges repel
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Surrounding every
charge is an electric
field. Through the
electric field, a
charge is able to
push or pull on
another charge.




School of Basic and Applied Science

Curse Code : BSCP2003

Course Name: Electricity and Magnetism

Flectric Field and Electric Potential

Check out these static electricity video clips

«Static electricity at a gas station

*\/an de Graaf Generator’s effect on human hair

eStatic on Baby’s hair

*Kid gets static going down a slide

«““Cat abuse” by static electricity
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A conductor is a material which allows an electric
current to pass. Metals are good conductors of
electricity.

An Insulator is a material which does not allow an
electric current to pass. Nonmetals are good
conductors of electricity. Plastic, glass, wood, and
rubber are good insulators
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http://video.google.com/videoplay?docid=-6088001709677817655&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=-8343739153200173007&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=-8343739153200173007&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=-8343739153200173007&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=-8343739153200173007&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=220962315328885264&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=-6791957266706691681&q=static+electricity&hl=en
http://video.google.com/videoplay?docid=-2298813131737818393&q=static+electricity&hl=en
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Electric Field and Electric Potential
How are static charges detected?

A ¢ Knob B i) Notice the position of the leaves

7/

|¥| _ + ., on the electroscope when they

—

Metal rod

-/_  + /. are [} uncharged, [J negatively
7 = */+  charged, and [@ positively

t charged.

- + A+

1 3
. F—Metalleaves
‘ - . i

| |
Electrons move  Electrons move

awayfromknob  toward knob

Name of the Faculty: Dr. Md. Shahzad Khan Program Name: B.Sc. Electricity and Magnetism




School of Basic and Applied Science

Curse Code : BSCP2003 Course Name: Electricity and Magnetism

Potential Due to a Point Charge

Start with (set V=0 at oo and V.=V at R) ET ds
f g f 0 90 g i
AV =V, -V, =—J'_ -dgz—j (E cosO")ds:—J'R Edr
| 1
We have
1 ¢
E= —
4re, r’ 2
Then
| 1] 1
0-V=—" [ dr= H SR}
Arg, "Rr Arey | T g 4re, R
SO
vV()=— 3
Argy 1
A positively charged particle produces a positive electric
potential.
A negatively charged particle produces a negative electric

potential
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Potential due to a group of point charges

Use superposition

v=-[E-d=-[E =DV,

For point charges

v=yv =1 ya&
i=1

The sum is an algebraic sum, not a vector sum.
E may be zero where V does not equal to zero.

V may be zero where E does not equal to zero.
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Flectric Field and Electric Potential

4. Which of the following figures have V=0 and E=0 at red point?
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Potential due to a Continuous Charge Distribution

Find an expression for dq:
dg = Adl for a line distribution
dg = odA for a surface distribution

| dqg = pdV for a volume distribution
, . Represent field contributions at P due to point
/ charges dq located in 1theddistribution.
; dv =~
Arg, 1

Integrate the contributions over the whole
distribution, varying the displacement as needed,

vzjdvzljdq

Arrey T
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Example: Potential Due to a Charged Rod

A rod of length L located along the x axis has a uniform linear charge density A. Find
the electric potential at a point P located on the y axis a distance d from the origin.

op
_ dq = Adx [
Start with 1 dq 1 Adx d
dVv = B 2 2N1/2
A, ¥ Argy, (X°+d7)
) d A ! ' |
then = = X _ 2 2172\ |-
/ V = [dv !47% e In(x+ (2 +d2)¥2)]; “
= In(L+ (12 +d?)"?)—Ind] N
4rg, [\
2 2\1/2 d r
So V- A In I =18+ d )
4re, d
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Potential Due to a Charged Isolated Conductor

According to Gauss’ law, the charge resides on the
conductor’s outer surface.

Furthermore, the electric field just outside the
conductor is perpendicular to the surface and field
inside is zero.

Since
V. —V, =—jf£-d§’=o

Every point on the surface of a charged conductor
in equilibrium is at the same electric potential.

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

R
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Calculating the Field from the Potential

Suppose that a positive test charge g, moves through a displacement ds
from on equipotential surface to the adjacent surface.

The work done by the electric field on the test charge is W = —dU = -q, dV.
The work done by the electric field may also be written as

Then, we have ™4 v — ¢ E(cosd)ds E cosd = —%—V
s

So, the component of E in any direction is the negative
of the rate at which the electric potential changes with E =~
distance in that direction.

If we know V(X, Y, 2),
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Electric Potential Energy of a System of Point Charges
AU =U,; -U; =-W :IJ—'J-AP:qIE-AP
5 /

|\/\/app — W AU =U, -U, =W, ‘

d;
Start with (set U=0 at co and U,=U at r)
V-1 &
Arcg, 1 ‘
We have d:
1 qQ
U = qZ = 12z

Argy, T

If the system consists of more than two charged particles,
calculate U for each pair of charges and sum the terms
algebraically.

1
U=U,+U;+U, = (qu2 +q1q3 +q2q3)
ey, Iy I3 I3
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~ Summary
Electric Potential Energy: a point charge moves from i to fin an AU =U, -U, =-W
electric field, the change in electric potential energy is
Electric Potential Difference between two points i and fin an U, U AU
electric field: AV =V, -V, :7_?27
Equipotential surface: the points on it all have the same electric
potential. No work is done while moving charge on it. The electric
field is always directed perpendicularly to corresponding
equipotential surfaces. Lo 1 q
r) = 4
Finding V from E: 4rey ¥
; L & i Avsﬂ:—ff-dé’ -
otential due to point charges: q ' n n
. p 8 0 v :Zvi _ 1 Zi
Potential due to a collection of point charges: i1 Arey, T T,
Potential due to a continuous charge distribution: " jdv 1 qu
Potential of a charged conductor is constant everywhere inside r Cdme,? 1
the conductor and equal to its value to its value at the surface.
o oV oV oV oV
Calculatiing E from V: E=—l I~ 3l & U =qV = 1 @0,
Electric potential energy of system of point charges: Arey 1
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