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Physics 104
Chapter 23

Lecture No. 02



The Electric Field
Example : Electric field of a single point charge.

(a) Calculate the magnitude and direction of the electric field at a point 
P which is 30 cm to the right of a point charge Q = -3.0 x 10-6 C.

E = (9.0 X 109 N‐m2/C2)(3.0 X 10‐6 C)
(0.30 m)2

E = 3.05 X 105 N/C towards the charge
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(b) due to a positive charge Q, each 30 cm from P.
Solution: Substitution gives E = 3.0 x 105 N/C. The 
field points away from the positive charge and 
towards the negative one
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Example
• A charge                         is located at the origin of the x axis. A

second charge is also on the x axis 4 m from
the origin in the positive x direction

(a) Calculate the electric field at the midpoint  P of the line joining the 
two charges.

(b) At what point      on that line is the resultant field zero?



Example ‐ Solution
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(a) Since q1 is positive and q2 is negative, at any point between
them, both electric fields produced by them are the same
direction which is toward to q2. Thus,

The resultant electric field E at P is
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(b) It is clear that the resultant  E  can not be zero at any point between q1 and 
q2 because both  E1 and E2 are in the same direction. Similarly E   can 
not be zero to the right of q2 because the magnitude of q2 is greater then q1
and the distance r is smaller for q2 than q1. Thus,  can only be zero to the 
left of q1 at some point      to be found. Let the distance from        to q1 be x.
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Example

+ - 2q1q

2 0 . cm 3 0 . cm

A
Two point charges, q1=1.0 C and q2=-4.0 C, 
are placed 2.0 cm and 3.0 cm from the point A 
respectively as shown in the figure.

Find
a)   the magnitude and direction of the electric 

field intensity at point A.
b)   the resultant electric force exerted on q =4.0 

C if it is placed at point A.
(Given Coulomb’s constant, k = 9.0 x 109 N 
m2 C-2)
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Example

- - 2q1q

2 0 . cm 3 0 . cm

A

Two point charges, q1=-1.0 C and q2=-4.0 C, are placed 2.0 cm 
and 3.0 cm from the point A respectively as shown in the figure.

Find
a)   the magnitude and direction of the electric 

field intensity at point A.
b) the resultant electric force exerted on 
q =4.0 C if it is placed at point A.

(Given Coulomb’s constant, 
k = 9.0 x 109 N m2 C-2)
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The electric field strength at point A due to the charges is given by

2A1AA EEE



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10



Example
Three charges are placed on three
corners of a square, as shown above.
Each side of the square is 30.0 cm.
Calculate the electric field strength at
point A. What would be the force on a
6.00 µC charge placed at the point A?
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Example: solution
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Example: solution



23-7  Motion of a Charged Particle in a Uniform Electric Field

Consider a particle with charge q and mass m, moving in a region of 
space where the electric field E is constant.
As always, the force on a charge q is F = qE = ma.
Constant acceleration, 
a = F/m = (qE /m)
and will move in a parabola. ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

+  +  +  +  +  +  +  +  +  +  +  +  +

-
F

E
•If E is uniform (that is, constant in 
magnitude and direction), then the 
acceleration is constant.
• If the particle has a positive charge, then its 
acceleration is in the direction of the electric 
field. 
•If the particle has a negative charge, then its 
acceleration is in the direction opposite the 
electric field.
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A positive point charge q of mass m is released from rest in a 
uniform electric field E directed along the x axis. Describe its 
motion.
we can apply the equations of kinematics in one dimension

Taking xi = 0 and vxi = 0
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The kinetic energy of the charge after it has 
moved a distance x = xf - xi, is

We can also obtain this result 
from the work–kinetic energy 
theorem because the work done 
by the electric force is 
Fex = qEx and W = ∆K
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Figure below shows the path of an electron q which enters 
the uniform electric field between two parallel metal plates 
with a velocity vo .

FE

‐

vy

vx

θ

• When the electron enters the electric field , E the only 
force that acts on the electron is electrostatic force , FE=qE.

Charge moving perpendicularly to the field 
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 This causes the electron of mass m to accelerate downwards 
 with an acceleration a.

 Since the horizontal component of the velocity of the
electron remains unchanged as vxo , the path of the
electron in the uniform electric field is a parabola.

 The time taken for the electron to transverse the electric
field is given by

( )y
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0
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 The vertical component of the velocity vy , when the 
electron emerges from the electric field is given by 

 After emerging from the electric field, the electron 
travels with constant velocity v, where
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 The direction of the velocity v is at an angle

1 to the horizontal.tan y

x

v
v

  
   

 

21

 Please note that:
Vx = vxo



An electron enters the region of a uniform electric field with
vi=3.00x106 m/s and E= 200 N/C. The horizontal length of the
plates is l = 100 cm.
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If the separation between the plates is less than this, the 
electron will strike the positive plate.

23



Example ‐ Motion of a charged particle in an 
Electric Field

Determine the final velocity and kinetic energy of an electron
released from rest in the presence of a uniform electric field of
300 N/C in the x direction after a period of 0.5 ms.
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
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Example
An electron (mass m = 9.1x10‐31kg) is accelerated in the uniform field
E (E=2.0x104N/C) between two parallel charged plates. The
separation of the plates is 1.5cm. The electron is accelerated from
rest near the negative plate and passes through a tiny hole in the
positive plate. (a) With what speed does it leave the hole? (b) Show
that the gravitational force can be ignored. Assume the hole is so
small that it does not affect the uniform field between the plates.

The magnitude of the force on the electron is F=qE and is directed to 
the right.  The equation to solve this problem is

The magnitude of the electron’s acceleration is

Between the plates the field E is uniform, thus the electron undergoes a 
uniform acceleration

  
 

19 4
15 2

31

1.6 10 2.0 10 /
3.5 10

9.1 10e

C N CeEa m s
m kg





 
   



maqEF 

maqEF 

m
qE

m
Fa 
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Example (Continued)

• (b) Show that the gravitational force can be ignored.  Assume the 
hole is so small that it does not affect the uniform field between 
the plates. 

The magnitude of the electric force on the electron is

eF 

GF 

The magnitude of the gravitational force on the electron is

Thus the gravitational force on the electron is negligible compared to the electromagnetic force.

qE    19 4 151.6 10 2.0 10 / 3.2 10C N C N    

mg   2 31 309.8 9.1 10 8.9 10m s kg N    

eE 

Since the travel distance is 1.5x10-2m, using one of the kinetic eq. of motions,

2 2
0 2v v ax  15 2 72 2 3.5 10 1.5 10 1.0 10v ax m s        

Since there is no electric field outside the conductor, the electron continues moving with this speed 
after passing through the hole.
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Rank in order, from
largest to smallest, the
electric field strengths Ea
to Ee at these five points
near a plane of charge.

1.  Ea = Eb = Ec = Ed = Ee
2.  Ea > Ec > Eb > Ee > Ed
3.  Eb = Ec = Ed = Ee > Ea
4.  Ea > Eb = Ec > Ed = Ee
5.  Ee > Ed > Ec > Eb > Ea
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Exercise
1. Determine 

a)  the electric field strength at a point X at a distance 20 cm from a 
point charge Q = + 6µC. (1.4 x 10 6 N/C)

b)  the electric force that acts on a point charge q= -0.20 µC placed at 
point X. (0.28 N towards Q) 

2. + - 2q1q

20 cm

X

Two point charges, q1 = +2.0 C and q2 = -3.0 C, are separated by a 
distance of 40 cm, as shown in figure above. Determine
a) The resultant electric field strength at point X.

(1.13 x 103 kN C-1 towards q2)
b) The electric force that acts on a point charge q = 0.50 µC placed at X.

(0.57 N)

20 cm
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