Tishk international University
Faculty of Science
N Information technology Department

Chapter TWO
Electric Potential and Potential Difference

Dr. Bestoon Mustafa
GENERAL PHYSICS Il
Weeks 3-4

Fall 2023/24

Date




Outline

1. Electric potential energy

2. Electric potential energy of point charges

3. Electric potential

4. Potential difference (voltage)

5. Relationship between potential difference and electric field
6. Motion of charge in a uniform electric field




Objectives

Understanding Electric potential energy

Understanding the concept of electric potential and potential difference
Potential difference in daily life
Motion of charges is affected inside electric field




1. Electric potential energy i,

When a charged particle moves in an electric field, the field exerts a force that can do work on
the particle.

The force on a particle moves the charges from point a to point b, the work done by the force

is given by a line integral Point charge moving in

a uniform electric field

b } , b + T \,.
W._,, = / F-dl = f Fcosd dl (work done by a force) }; K
i il

This work can always be expressed in terms

of electric potential energy. Mathematically, we can say:

iy

ki

W = — AE, ——

The work done by the electric force
15 the same for any path from a to b:
W, ., = —AU = g,Ed

a—r

* Note: when the charge moves, the potential energy converts to kinetic energy.

Figure 1 a charged particle is

displaced along the electric field .@
\ i

direction. Work is done by the field.
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Continue

Suppose a positive charge of +q is placed in a uniform electric field as in figure 2.1. The charge |
+q has its maximum electric potential energy just near the positive plate at point 1 and after it

is released, Its electric potential energy decreases as it changes into kinetic energy.
W = —AE,
W =Fd and F, =qE

qEd = —(Ep; — Epyq)
qE (dy —d;) = —(Ep; — Epq)
qE dy — qEd, = Epy — Ep,

Hence the electric potential energy (Ep) of a charge g in a uniform electric
field is;

EP — QEd

E ; is measured by joule (J).




2. Electric potential energy of point charges

The electric potential energy of a system of two point charges, of the same sign, is
equal to the work done by the electric force to move the charge q from r to infinity.

We said

EP = ‘IEd

By substituting the value of E in the above formular, we obtain,

q14>

r

EP=k

g1 g2
O O

Figure 2 point charges have
potential energy

or

Note: this quantity can be either positive or negative depending on the sign

of q.
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Example 1
N

Find the potential energy of a system of point charges of q1 =20 pC and g2 = -10 uC when they are

= 20 cm apart. How does the potential energy changes if we separate charges to a

distance of , = 40 cm.

Their potential energy when they are r, = 20 cm apart is Qs 9
E =992 _gy10° N m (20x10° C)(—le:EJ"C) @ ra Q

P i CZ (0.2 m)
E,= -9J

_ o o
their potential energy when they are r, = 40 cm apart is @ - O

6 v 1010
ED:]\qlqz S0 wc.N m? (20107 C)( 10,_<]O __C_.)_:_4.5J
Iy 2 (0.4 m)

The potential energy has increased (Ep, > Ep;; because the potential energy of unlike charges

Increases as we separate them apart. '@



3. Electric potentiai
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Electric potential, V , is defined as: the electric potential energy per unit charge. And it is
equal to the work done by an electric field in carrying a unit positive charge from

infinity to point a.

Mathematically, we can say: E
P

For a point charge at point a, by substituting the value of E from above equation, we

obtain: qq
Ep . kT& a} ql qD

L-"E = =
g g + Q
q O—
thus (oft a
’ — — ) :
Vo =K O——O
r r
Fig.3 Electric potential of |
1Velt = 1]/C charge q at point a. x@

V is measured by volt, and
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Example 2

Two charges of 5uC and -10uC are placed at the corners of an equilateral
triangle of single length of 10 cm. Determine the electric potential at point a.

Solution:

The net electric potential at point a is the algebraic sum of electric potential
due to both charges, then.

(. g N-m? |5x10°C

V, =kil=19x10 =45x10°V 1=5/C =104
! hoo C? ) 107" m
{ r -6
V,, =k&2 =[9x10° N'L_f ‘w"_l'O € - ox10%V
2 | c ) 107 m

V, =V, +V,, =(4.5x10° V)+(-9x10° V) = 4.5x10°V
V, ==4.5x10° V
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4. Potential difference (voliage)

Potential difference Is the work that has to be done to transfer a unit positive charge from one
point (for example A) to the other (example B), denoted by AV and measure by volts.

Mathematically, potential difference between two points is defined as the work done on a
positive charge by external force dividing by the magnitude of the charge.

E,
So potential difference is: AV =V, — V. b - 2 -
E E - F c{-
And v, = =2 and =2 . . -
q q
Figure 4 a point charge, q, is displaced by
pr EP& ﬂEP Wab an external force F, from point a to point b.
vb T iz — T — - Point a (positive terminal)
q q q q _
Wab

P e Wap = q(Vp — V) e

[__ionotn s
CMPE - TIU I 10

Point b (negative terminal)




Continue

: E
We said, V = —
q
.4
By substituting the E value, we get V=k =
Example 3

A particle of charge q = 5 uC is displaced from a point at potential 700 V to a point of potential 50
V. What work is done by the external force, W,,, and the electric force W,?

700v  50v
The charge is displaced from a point of high Thus, the work done by the electric force is + e |~
potential to a point of low potential. The work the opposite of W, + G‘) 9 _
done by the external force is
W, = 3.25x10J He=|_
wexl - Q(Vb pe Va)
This means that the potential energy of the + -
W, = (6x10°C) (50 V-700V) charge decreases, if it is displaced parallel to ~
he direction of the electric field, as is shown + -
- 3 the direction of the electr ,
Weq = = 325107, in the figure. @
&
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Example 4

Calceolate the work done when a charge of g1=2uC is moved from point a to point b under the
effect of charge g=50 uC as shown below:

- » r=03m b
Solution: g G :
Wpa == —V,) r.=02m
q q 1 1
Wi =qq | kT —k— |=k Ll o
ba Ch[ o . ] CllQ[Tb . J ad g,
g N-m? o e LS 1
W, =| 9%10 (2x107% ) (50%10% ) =
C? 0.3m 02m
Wba =—1.5J

The negative sign means the work done by the electric field is positive, so that the
potential energy f the system decreased

!,\\
1]
1
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S. Relationship between potential difference and electric field =072

* WWe can make a relation between E and V.
* This principle occurs for any two plates bring together connected to
a source (battery).

Mathematically, electric field can be
represented as following,

E_V
- d

Figure 5 the direction if the uniform electric field due to a charged parallel-plate

CMPE - TIL capacitor is directed from the positive plate towards the negative plate.
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6. Motion of charge in a uniform electric field =7

when a particle of charge q and mass m is released in a uniform electric field, it
experiences an electric force as shown in figure below, if the only force acting on it
is the electric force we can use Newton’s law in the form:

F, =ma + | E
Substituting the value if Fe, we obtain, -
—_ + q =
5 N — _ lqlE ® |
|Q|E:ma a = m +| m:mass -
a is the magnitude of the acceleration of the particle. + _

* Note: we have ignored the gravitational force acting in the
particle. In some cases where gravitational force is not be small
compared to electric force, we should take this force into account
too.

+$

Its direction is the same as the electric field direction if the charge is positive as its
direction is opposite the electric field direction if the charge is negative.



Example 5

A positive charge of q = 10 uC and mass, m = 10 kg is placed near the positive plate, as
shown in the figure. What is the acceleration and velocity of the particle just before striking

the negative plate? Assume the electric field is uniform, the voltage of the battery is U = 10*
Vand the distance between the plates is 5 cm (ignore the effects of gravitation).

—+ + + + +
3
5
I

——_J
i i |
Ignoring the gravitational force acting on the charge the The velocity can be found using ('!
acceleration is given by s 5
V' =vp+2ad where vy=0
a=—=’q£ where E—9 then 5 2
iy = v=+2ad = y2(2x10° m/s)5 x102 m)
__lgld_ (107 0uoty v=14x10% m/s
md (10 kg)5x10% m)
a=2x10" mys*
CMPE - TIU



TION,
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An object of charge -10uc and mass 50 mg remains in equilibrium in an uniform electric
field. Find the magnitude and direction of the electric field.

Solution

The gravitational force acting on the object is downwards.
So the electric force must be upwards. The electric field is

directed downwards (see the figure). We can write
+ + 4+ + +

E=F "
e g IqIE mg ﬁ\Fe
-6 .
e_Mg_ (50x10 kg)_(610 Nkg) E .
q| -10x107° C| {jme
E=50 N/C | | | I I

(=



Conclusion

We explored the idea of electric potential energy in the context of point
charges, understanding how it relates to electric potential and the concept of

potential difference or voltage.

The relationship between potential difference and electric fields was
elucidated, demonstrating how these factors influence the motion of charges

in uniform electric fields.
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