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point charges

objects; 1D, 2D

How a charged particle 
behaves under electric field.
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22-2  Electric Field

The particles do not touch:
How can particle 2 push on particle 1?

How can there be such an action at a distance?
How does particle 1 “know” of the presence of particle 2?

?

• The explanation that we shall examine here is this: Particle 2 
sets up an electric field at all points in the surrounding space, 
even if the space is a vacuum (→ ε

0
).

• If we place particle 1 at any point in that space, particle 1 
knows of the presence of particle 2 because it is affected by 
the electric field particle 2 has already set up at that point.

• Thus, particle 2 pushes on particle 1 not by touching it. 
Instead, particle 2 pushes by means of the electric field it has 
set up.

distorts the E of q
2



 We can define the electric field at some point 
near the charged object (Q), such as point P in 
figure, as follows: 

September 27, 2021 4PHY102 Physics II © Dr.Cem Özdoğan

• The electric field, E, is a vector field: it consists 
of a distribution of vectors, one for each point 
in the region around a charged object. 

22-2  Electric Field

Vector Algebra

 A positive test charge q0, placed at the point P will 
experience an electrostatic force, F.

 The electric field at point P due to the charged 
object is defined as the electric field, E, at that point:

The SI unit for the electric field is 
the Newton per coulomb (N/C).

• The electric field exists independently 
of the test charge: it existed both 
before and after the test charge was 
put there.

• Assumption in the defining procedure: 
the presence of the test charge does 
not affect the charge distribution on 
the charged object. → No disturbance 
on charge distribution.
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22-3  Electric Field Lines

Field lines: useful way to visualize electric field E

The relation between the electric field lines and electric field 
vectors:

 At any point, the direction of a straight field line or the 
direction of the tangent to a curved field line gives the 
direction of E at that point.

 The field lines are drawn so that the number of lines per unit 
area, measured in a plane that is perpendicular to the lines, 
is proportional to the magnitude of E.

4

6

• Thus, E is large where field lines are close together and 
small where they are far apart.
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22-3  Electric Field Lines

tangent
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22-3  Electric Field Lines

tangent
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22-3  Electric Field Lines

AK Lecture Notes
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22-4  The Electric Field due to a Point Charge
• To find the electric field due to a point charge q (or 

charged particle) at any point at a distance r from the point 
charge, we put a positive test charge q0 at that point.

The electric field vectors 
at various points around a 
positive point charge.

 Therefore, the net electric field at the position of the test charge is 

 The direction of E is directly away from the point charge if 
q is positive, and directly toward the point charge if q is 
negative. The electric field vector is:

 The net, or resultant, electric field due to more than one 
point charge can be found by the superposition principle. 
 If we place a positive test charge q0 near n point charges 

q1, q2, . . . , qn, then, the net force, F0, from the n point 
charges acting on the test charge is

Vector Algebra

Getting smaller when away from
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Compare to Gravitational to Electric Fields

Gravitational 
Force:
(Units: Newtons = N) 

Gravitational 
Field:
(Units: N/kg)

Given the Field, 
Find the Force:

Find the Force:
(Vector Form)

g=-
GM
r2

F =-
GmM
r2

F =mg

Electric 
Force:
(Units: Newtons = N) 

Electric Field:
(Units: N/C)

Given the Field, 
Find the Force:

Find the Force:
(Vector Form)

E =
kQ
r2

F =
k q Q
r2

F =qE

22-4  The Electric Field due to a Point Charge
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Example, The net electric field due to three charges:

Thus, the net electric field at the 
origin is in the positive direction of the 
x axis and has the magnitude

22-4  The Electric Field due to a Point Charge

target point

From the symmetry of Fig. 22-7c, we 
realize that the equal y components of 
our two vectors cancel and the equal x 
components add.
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22-5  The Electric Field due to an Electric Dipole

where z is the distance between the point and 
the center of the dipole.

• Electric dipole: two point charges +q and –q 
separated by a distance d.

• Common arrangement in Nature: molecules, 
antennae, …

• Define “dipole moment” vector p: from –q to +q, 
with magnitude qd

Electric Dipole
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22-5  The Electric Field due to an Electric Dipole
Video: Electric Dipole


PHY102-FİZİKII.1.A-week2_2
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From symmetry, the electric field E at point P (and also the fields E+ and E- due to 
the separate charges that make up the dipole) must lie along the dipole axis, 
which we have taken to be a z axis. From the superposition principle for electric 
fields, the magnitude E of the electric field at P is

The product qd, which involves the two 
intrinsic properties q and d of the dipole, is the 
magnitude p of a vector quantity known as the 
electric dipole moment, p,of the dipole.

22-5  The Electric Field due to an Electric Dipole

assumption

polarization!
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Example, Electric Dipole and Atmospheric
 Sprites:

We can model the electric field due to the 
charges in the clouds and the ground
by assuming a vertical electric dipole that 
has charge -q at cloud height h and charge 
+q at below-ground depth h (Fig. 22-9c). If q 
=200 C and h =6.0 km, what is the 
magnitude of the dipole’s electric field at 
altitude z1 =30 km somewhat above the 
clouds and altitude z2 =60 km somewhat 
above the stratosphere?

Sprites (Fig. 22-9a) are huge flashes that occur 
far above a large thunderstorm. They are still not 
well understood but are believed to be produced 
when especially powerful lightning occurs 
between the ground and storm clouds, 
particularly when the lightning transfers a huge 
amount of negative charge -q from the ground to 
the base of the clouds  (Fig. 22-9b).

22-5  The Electric Field due to an Electric Dipole

Left as exercise
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22-6  The Electric Field due to a Continuous Charge

qpoint charge

 For a line of charge, for example, we would report the linear charge density (or 
charge per unit length) , whose SI unit is the coulomb per meter.

 Table 22-2 shows the other charge densities we shall be using.

 

Uniform charge 
distribution

When we deal with continuous charge distributions, it is most convenient to express 
the charge on an object as a charge densitycharge density (λ,σ,ρ) rather than as a total charge.

Q

Q

Q

line

area

volume

 = Q/A

 = Q/V

 = Q/L

regular shaped 
objects
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Key Concepts
• The equation for the electric field set up by a 

particle does not apply to an extended object with 
charge (said to have a continuous charge 
distribution).

22-6  The Electric Field due to a Continuous Charge

 

 Because the individual electric fields dE have different 
magnitudes and point in different directions, we first see 
if symmetry allows us to cancel out any of the 
components of the fields, to simplify the integration.

irregular shaped objects

dq =  dL
dq =  dS
dq = dV

dq

 To find the electric field of an extended object at a 
point, we first consider the electric field set up by a 
charge element dq in the object, where the element 
is small enough for us to apply the equation for a 
particle. 

Assumption: 
divide into 
small parts

|d E⃗|=
k|dq|

r2

 Then we sum, via integration, components of the 
electric fields dE from all the charge elements.

differential charge
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E Due to a Line of Charge: Field on bisector: Field on bisector 

cosq =
a
r

=
a

(a2 + x2 )1/2

Adjacent
Over
Hypotenuse

22-6  The Electric Field due to a Continuous Charge

 

point P at 
the middle
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22-6  The Electric Field due to a Continuous Charge
Video: Line of Charge
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E y=kλ a ∫
−L /2

L /2
dx

( a2+x2 )3/2
=kλ a[

x

a2√ x2+a2 ]
−L /2

L /2

=
2kλL

a √4 a2+L2Integrate: Trig Substitution!

Point Charge Limit: L << a

E y=
2 kλL

a√4 a2+L2
≈

kλL

a2
=

kq

a2

Coulomb’s
Law!

E y=
2 kλL

a√4 a2+L2
≈

2kλ
a

Line Charge Limit: L >> a

Nm2

C2

1

m

C

m

é

ë
ê

ù

û
ú =

N

C
é

ëê
ù

ûú

Units Check!

22-6  The Electric Field due to a Continuous Charge

E Due to a Line of Charge: Field on bisector: Field on bisector 

 

away from the rod: point charge near by the rod: infinite rod
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Calculate the magnitude of the electric field at 
point P.

Px

L a
dx

dE

22-6  The Electric Field due to a Continuous Charge

E Due to a Line of Charge: : Field on x-axis directionField on x-axis direction

 

E
x
=-kq/(a(-L+a))

Now, if a>>L
E

x
=-kq/a2 (point charge)



x

 Compute the direction & magnitude of E at the origin.
y
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E Due to Arc of Charge
• Figure shows a uniformly charged rod of charge -Q 

bent into a circular arc of radius R, centered at (0,0).

y

x



d

R
kE x
l

= E y=
kλ
R

–Q

E net = 2
kl
R

E = E x
2 + E y

2

22-6  The Electric Field due to a Continuous Charge

 

450

 Which way does net E-field point? 

λ=
Q
L

=
Q

2πR /4
=

2Q
πR

circumference/4

dq=λRdθ (dq=λds)
dEx=dE cosθ=

kdq
R

cosθ

Ex=∫
0

π /2
kλRcos θ

R2
dθ=

kλ
R
∫
0

π /2

cos θdθ
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E of a Charged Circular Rod

Fig. 22-11 (a) A plastic rod of charge Q is a circular 
section of radius r and central angle 120°; point P is the 
center of curvature of the rod. (b) The field components 
from symmetric elements from the rod. 

Our element has a symmetrically located 
(mirror image) element ds'  in the bottom half 
of the rod.
If we resolve the electric field vectors of ds
and ds'  into x and y components as shown in 
we see that their y components cancel (because 
they have equal magnitudes and are in 
opposite directions).We also see that their x 
components have equal magnitudes and are in 
the same direction.

22-6  The Electric Field due to a Continuous Charge

ds=Rdθ

target
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E Due to a Ring 1) Define: We can mentally divide the ring into 
differential elements of charge that are so small that 
they are like point charges, and then we can apply     
                        to each of them.

22-6  The Electric Field due to a Continuous Charge

 This differential charge sets up a differential 
electric field dE at point P, a distance r from the 
element.

2) Adding: Next, we can add the electric fields set 
up at P by all the differential elements. 

 The vector sum (Σ→ ∫) of the fields gives us the 
field set up at P by the ring.

 Let ds be the (arc) length of any differential 
element of the ring.

 Since  is the charge per unit (arc) length, the 
element has a charge of magnitude
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E Due to a Ring All the dE vectors have components parallel and 
perpendicular to the central axis:

22-6  The Electric Field due to a Continuous Charge

3)Integrating: Finally, for  the entire 
ring,

 The parallel components are

Side view

 The perpendicular components (to z-axis) are identical in 
magnitude but point in different directions, so they sum 
up to zero.

Top view



 The figure shows one such ring, with radius r and radial width dr. If   is 
the charge per unit area, the charge on the ring is
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22-7  The Electric Field due to a Continuous Charge

E Due to Charged Disk
 We need to find the electric field at point P, a distance z from the disk along its 

central axis.

 Integrating: We can now find E by integrating dE over the surface of the 
disk— that is, by integrating with respect to the variable r from r =0 to r =R.

This is the electric field produced by an infinite  sheet of uniform 
charge.

If we let R →∞, while keeping z finite, 
the second term in the parentheses in 
the above equation approaches zero, 

and this equation reduces to1/R→ 0

 Define & Adding: Divide the disk into concentric flat rings and then calculate 
the electric field at point P by adding up (that is, by integrating) the 
contributions of all the rings. 

R’
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22-7  The Electric Field due to a Continuous Charge

not uniform

magnitude



-    -   -    -  -

+  +   +   + +

+  +   +   +  +

E

-    -   -    -  -

E
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22-8  A Point Charge in an Electric Field

Example: Ink-Jet Printing

 

When a charged particle, of charge q, is in an 
electric field, E, set up by other stationary or 
slowly moving charges, an electrostatic force, 
F, acts on the charged particle as given by 
the equation: 

External 
Field

target

Force on 
target 

particle

Δy
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Example, Motion of a Charged Particle in an Electric Field

22-8  A Point Charge in an Electric Field

F
g
 & F

EX  : constant E → constant 
acceleration

+

-
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22-9  A Dipole in an Electric Field
• When an electric dipole is placed in a region 

where there is an external electric field, E, 
electrostatic forces act on the charged ends of 
the dipole.

• If the electric field is uniform, those forces act in 
opposite directions and with the same 
magnitude F =qE.

• Although the net force on the dipole from the 
field is zero,  and the center of mass of the 
dipole does not move, the forces on the 
charged ends do produce a net torque   on the 
dipole about its center of mass.

• The center of mass lies on the line connecting 
the charged ends, at some distance x from one 
end and a distance d-x from the other end.

The net torque is: 
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Potential Energy
• Potential energy can be associated with the 

orientation of an electric dipole in an electric field.
• The dipole has its least potential energy when it is 

in its equilibrium orientation, which is when its 
moment p is lined up with the field E.

• The expression for the potential energy of an 
electric dipole in an external electric field is simplest 
if we choose the potential energy to be zero when 
the angle   (Fig.22-19) is 90°.

• The potential energy U of the dipole at any other 
value of   can be found by calculating the work W 
done by the field on the dipole when the dipole is 
rotated to that value of  from 90°.

22-9  A Dipole in an Electric Field

U
f
-U

i
=ΔU=-W
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-

-

-

-

-

-

-

-

-

-

=45°

t1 =pE sin 45° + 45° + 45°( ) =pE sin 135°( ) =0.71pE

t 2 =pE sin 45°( ) =0.71pE

t 4 =pE sin - 45°( ) =0.71pE

t 3 =pE sin - 135°( ) =0.71pE

t1 =t 2 =t 3 =t 4

1 and 3 are “uphill”.
2 and 4 are “downhill”.
U1 = U3 > U2 = U4
U1 =- pE cos 135°( ) ==+0.71pE

U 3 =- pE cos - 135°( ) ==+0.71pE
U 4 =- pE cos - 45°( ) ==- 0.71pE

U2 =- pE cos +45°( ) ==- 0.71pE

(a) all tie; 
(b) 1 and 3 tie, then 2 and 4 tie

http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/
index.html

22-9  A Dipole in an Electric Field

Left as exercise
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Example, Torque, Energy of an Electric Dipole in an Electric Field

22-9  A Dipole in an Electric Field

initially 0; p||E

U
f
-U

i

(+) positive value→ 
work done on the system
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1. (10)  Figure (a) shows two charged particles fixed in place on an x-
axis with separation L. The ratio q1/q2 of their charge magnitudes is 
4.00. Figure (b) shows the x component Enet,x of their net electric 
field along the x axis just to the right of particle 2. The x axis scale is 
set by xs= 15.0 cm. (a) At what value of x >0 is Enet,x  maximum? (b) 
If particle 2 has charge -q2 = -3e, what is the value of that maximum?

22 Solved Problems

E
net,x

(x=10)=0

L is found
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22 Solved Problems

Next: first derivative of E with respect to x should be equal to 0
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22 Solved Problems
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2. (16) Figure shows a plastic ring of radius R = 50.0 cm. Two small 
charged beads are on the ring: Bead 1 of charge +2.00 µC is fixed in 
place at the left side; bead 2 of charge +6.00 µC can be moved along 
the ring. The two beads produce a net electric field of magnitude E at 
the center of the ring. At what (a) positive and (b) negative value of 
angle θ should bead 2 be positioned such that E = 2.00 x 105 N/C?

22 Solved Problems

E
1

E
2
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22 Solved Problems
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1)   What must be the distance between point charge Q1 = 
26.0 µC and point charge

Q2 = -47.0 µC for the electrostatic force between them to 
have a magnitude of
5.70 N?

[ d= 1.39 m]
 

 �

,3. (19) Figure shows an electric 
dipole. What are the 

   (a) magnitude and (b) direction  
of the dipole’s electric field at 
point P, located at a distance 
r>>d. 

located at distance     𝑟 ≫ ��?    [ a)          �    �𝒅
�����   � �

b) in the -  𝒋 direction ]

22 Solved Problems
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1)   What must be the distance between point charge Q1 = 
26.0 µC and point charge

Q2 = -47.0 µC for the electrostatic force between them to 
have a magnitude of
5.70 N?

[ d= 1.39 m]
 

4. (27) In Figure, two curved plastic rods, one of charge +q and the 
other of charge - q, form a circle of radius R = 8.50 cm in an xy-
plane. The x axis passes through both of the connecting points, 
and the charge is distributed uniformly on both rods. If q =15.0 
pC, what are the (a) magnitude and (b) direction (relative to the 
positive direction of the x axis) of the electric field E produced at 
P, the center of the circle?

22 Solved Problems

θ

ds=Rdθ

R
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22 Solved Problems
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5. (50) At some instant the velocity components of an electron 
moving between two charged parallel plates are vx=1.5x105 m/s 
and vy=3.0x103 m/s. Suppose the electric field between the plates 
is given by E=(120 N/C)j. In unit-vector notation, what are (a) 
the electron’s acceleration in that field and (b) the electron’s 
velocity when its x coordinate has changed by 2.0 cm?

22 Solved Problems



September 27, 2021 46PHY102 Physics II © Dr.Cem Özdoğan

6. (52) An electron enters a region of uniform electric field with an 
initial velocity of 40 km/s in the same direction as the electric 
field, which has magnitude E = 50 N/C. (a) What is the speed of 
the electron 1.5 ns after entering this region? (b) How far does the 
electron travel during the 1.5 ns interval? 

22 Solved Problems
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7. (84) In Fig. 22-63, a uniform, upward electric field E of 
magnitude 2.00 x103 N/C has been set up between two horizontal 
plates by charging the lower plate positively and the upper plate 
negatively. The plates have length L = 10.0 cm and separation d = 
2.00 cm. An electron is then shot between the plates from the left 
edge of the lower plate. The initial velocity V0 of the electron 
makes an angle θ = 45.0° with the lower plate and has a 
magnitude of 6.0x106 m/s. (a) Will the electron strike one of the 
plates? (b) If so, which plate and how far horizontally from the 
left edge will the electron strike? 

22 Solved Problems

projectile
PATH?

maximum height → v
y
=0

range equation



September 27, 2021 50PHY102 Physics II © Dr.Cem Özdoğan

22 Solved Problems
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22 Solved Problems
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22  Summary
Definition of Electric Field
•  The electric field at any point

Electric Field Lines 
•  provide a means for visualizing the 

directions and the magnitudes of  
electric fields

Field due to a Charged Disk
• The electric field magnitude at a point 

on the central axis through a uniformly 
charged disk is given by

Eq. 22-26

Field due to a Point Charge
• The magnitude of the electric field E 

set up by a point charge q at a 
distance r from the charge is

Eq. 22-1

Eq. 22-3

Field due to an Electric Dipole
• The magnitude of the electric field 

set up by the dipole at a distant 
point on the dipole axis is

Eq. 22-9

Force on a Point Charge in an 
Electric Field

•  When a point charge q is placed in 
an external electric field E

Dipole in an Electric Field
• The electric field exerts a torque 

on a dipole

• The dipole has a potential energy 
U associated with its orientation in 
the field

Eq. 22-34

Eq. 22-38

Eq. 22-28
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