
ELECTRICITY AND MAGNETISM
(PHYS 231)

Lecture 3: Electric Field and electric dipole
 

Aug 26, 2024
Homework Due 11 pm Aug. 28

Lab starts this week !
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How Do Charges Interact?

Coulomb’s Law

�⃑�!→# = 𝑘
𝑞!𝑞#
𝑟#

�̂�!# 𝑞!

𝑞#

𝑟!# = 	𝑟	�̂�!#

How do charges interact without direct contact?

Step 1
Charge 𝑞! modifies the  properties of space  around it.
Step 2
Another charge 𝑞" senses how the space has been modified. 
Step 3
The electric response of 𝑞" is to experience a Coulomb force �⃗�!→".

Electric Field



How Do Charges Interact?

Spiderman v.s. Mosquito

Step 1
Spiderman creates a web around him.
Step 2
Mosquito senses the web but it’s too late...
Step 3
Mosquito gets trapped due to the force from the 
spider web.

o Electric Field is just like an invisible & infinite spider web!
o The electric force on a charged object is exerted by the electric field 

created by other charged objects.
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What is a Field?

Mathematically
A field 𝑓(𝑥, 𝑡) is a function of space and time. 
Physically
A field is a REAL thing, i.e., it carries energy, mass, 
momentum, obeys equation of motion, etc.

Modern Perspective from Quantum Field Theory
• Electric field (or light) is a vector field.
• The “God particle”, Higgs boson, is a scalar field.
• Electron is a “spinor” field.
• Gravity is a “tensor” field.

In summary, everything is a field!
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Electric Field of  a Point Charge

x

y

The field produced by a negative point 
charge points toward the charge.

The field produced by a positive point 
charge points away from the charge.

𝐸 is a vector!



Consider 
1) the electric field 𝐸! generated by a point charge 𝑞! 
2) a test charge 𝑞"
3) The displacement between 𝑞! and 𝑞" is 𝑟!"

Recovers Coulomb’s law!
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Electric Field of  a Point Charge

�⃑�!→# = 𝑞#𝐸! 	 = 𝑞# 𝑘
𝑞!
𝑟#
�̂�!# = 𝑘
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Electric Field Superposition

Net electric field from multiple point charges

𝐸 =+
$

𝐸$ =+
$

𝑘
𝑞$
𝑟$#
	 �̂�$

o 𝐸$  is the electric field at P generated by charge 𝑞$.
o Electric fields add like vectors (because they are!).

Place a test charge 𝑞 at P, it will experience a force �⃗� = 𝑞𝐸!
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Calculating Electric Field

For a discrete set of point charges 𝑞!, 𝑞", 𝑞%, …

1) Calculate the electric field for each of them. 
2) Sum the fields up. 

𝐸 =.
$

𝐸$ =.
$

𝑘
𝑞$
𝑟$"
	 �̂�$

Q: What if charges are NOT point-like but are distributed continuously?
     e.g. a uniformly charged stick/ring/plane/cloud…

A: We only know how to deal with point charges. If there’s no point charge, we will create one!
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Electric Field for a Ring of  Charge

(Example 21.9 on Page 697)

Charge 𝑄 is uniformly distributed around a 
conducting ring of radius 𝑎. Find the electric 
field at a point P on the ring axis at a 
distance 𝑥 from its center.

Step 1   Create our own point charge
Consider an infinitesimal segment 𝑑𝑠 and 
treat it as a point charge dubbed 𝑑𝑄.

Step 2   Identify the charge amount of 
𝑑𝑸
Step 3   Calculate 𝑑𝑬, the electric field 
contribution of 𝑑𝑸
Using the E-field formula of point charge

Step4    Sum over the contributions 
from all other 𝑑𝑸.
Perform an integration of 𝑑𝐸 for the entire 
ring.

The Recipe
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Step 2   Identify the charge amount of 𝑑𝑸

Concept of Charge Density
Extremely helpful when dealing with problems with a uniform charge distribution.

o For a uniformly charged line of length 𝐿, the linear charge density is             𝜆 = 𝑄/𝐿
o For a uniformly charged plane of area 𝐴, the surface charge density is         𝜎 = 𝑄/𝐴
o For a uniformly charged space of volume 𝑉, the volume charge density is   𝜌 = 𝑄/𝑉

In our case, 𝐿 = 2𝜋𝑎 and 𝜆 = "
#
= "

$%&

Then the charge carried by arc length 𝑑𝑠 is

𝑑𝑄 = 𝜆𝑑𝑠 =
𝑄𝑑𝑠
2𝜋𝑎
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Step 3   Calculate 𝒅𝑬

r
ax

dQr
r
dQEd ˆ

4
1ˆ

4
1

22
0

2
0 +

==
pepe



2222
0

22
0 4

1cos
4
1

ax
x

ax
dQ

ax
dQdEx

++
=

+
=

pe
a

pe

𝑑𝑄 = 𝜆𝑑𝑠 =
𝑄𝑑𝑠
2𝜋𝑎

a
pe

sin
4
1

22
0 ax
dQdEy +

-=

Point Charge Formula

The inversion-symmetric partner of 𝒅𝒔

The inversion partner contributes a same 𝒅𝑬𝒙, 
but an opposite 𝒅𝑬𝒚.

Only 𝑬𝒙 is non-zero, as enforced by symmetry!
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Step 4   Integration
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The inversion-symmetric partner of 𝒅𝒔
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When 𝒙 ≫ 𝒂

Q: What does the field from the ring of charge look like if we are very far away?
A: Well, you cannot tell a ring from a point, if we are really far away…

Conjecture: The field from a charged ring far away will resemble that of a point charge.
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Electric Field of a Point Charge!Electric Field of a Charged Ring
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Spherical chickens in a vacuum!



Other Examples

o Field of a Charged Line Segment                                        (Example 21.10, Page 697)
o Field of a Charged Disk                                                          (Example 21.11, Page 698)
o Field of two Oppositely Charged Infinite Sheets           (Example 21.12, Page 699)

These are all VERY CLASSICAL examples. 
Please reproduce the calculations after the lecture.
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Visualization of Electric Field

An electric field line is an imaginary line or curve drawn through a region of space so 
that its tangent at any point is in the direction of the electric field vector at that point.
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Field v.s. Field Lines

q

Plot of  Electric Field Plot of  Field Line

Field Magnitude = Length of arrows
Field Direction = Arrow directions

Field Magnitude = Line density/spacing
Field Direction = Tangent along the arrow
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Line Density = Field Magnitude

Field Magnitude = Line density/spacing
Field Direction = Tangent along the arrow

+𝑸                                                                   +𝟐𝑸
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Field Lines for Multiple Charges

o Field Direction = Tangent along the arrow

o Always begin on positive charges.

o Always end on negative charges or infinity. 

o No two field lines can cross since the field magnitude and direction must be unique. 18



Field Lines for Multiple Charges

How do the electric field lines look when far far far away from the charges?
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Electric Dipole

An electric dipole is a pair of particles separated by a small distance d, 
whose charges (q and –q) have equal magnitudes, but opposite signs.

The net force on an electric dipole in a uniform external electric field is zero.
20



Torque of a Dipole

The dipole tends to rotate clockwise               A torque 𝜏!

Dipole Moment 𝒑
o Magnitude: 𝑝 = 𝑞𝑑
o Direction: From negative charge
                          to positive charge
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Torque of a Dipole

Dipole Moment 𝒑
o Magnitude: 𝑝 = 𝑞𝑑
o Direction: From negative charge
                          to positive charge

In the form of vector product

Right-hand rule!
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• Addition & Subtraction
• Dot Product
• Cross Product
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Vector Algebra

Remember: Always do calculation at coordinate basis. 

or
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Electric Dipole in real world



Spoiler for Next Lecture
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Charles-Augustin de Coulomb
(1736 - 1806)

Johann Carl Friedrich Gauss
(1777 - 1855)


