111 PHYS (GENERAL PHYSICS 2)
CHAPTER 25: Electric Potential
LECTURE NO. 5
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25.1 Electric Potential and Potential
Difference

(a) A positive test charge q-,
experiences a downward force
due to the electric field E”. If the
charge is moved upward a distance

AU = mgd
d, the work done by the electric E
field -q-Ed. At the same time the
electric potential energy of the i 3

system increases by q-Ed. The o -1 | j\

situation is analogous to that of s Fnig

an object in gravitational field. (b) If
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a ball is lifted against a force exerted '

By gravity, the gravitational potential
Energy of the system increases.




25.1 Electric Potential and Potential
Difference

When a charge g is placed in an electric field E created by
some source charge distribution. Then there is an electric
force gE acting on the charge. If the charge is free to move,
it will response to the electric force. Therefore, the
electric field wiII be doing work on the charge.

W,, = F,-ds = ¢E -ds.
v"Work is dot product of two vectors E and ds
E.ds =E ds cos®

The work done to move a charge g from point A to point B

Wine = deSCOSH W=fqudscosH




25.1 Electric Potential and Potential
Difference

The internal work W;,,; done in a system is equal to the

negative of the change in the potential energy —AUof the
system.

U= —fqudscosH = —qffEdscosH

»The unit of work and energy is joule

»1joule=1N.1m

»Potential energy is scalar quantity

because it is a dot product of two vector




25.1 Electric Potential and Potential
Difference

* A charged object can have potential energy by virtue of
its location in an electric field.

 Work is required to push a charged particle against the
electric field of a charged body.

* When an electric field moves a positive charge toward
the electric field, the electric potential energy of the
positive charge decreases.

* When an electric field moves a negative charge against
the electric field, the electric potential energy of the
negative charge decreases.




25.1 Electric Potential and Potential
Difference

~1If we push a single charge against an electric
field, we do a certain amount of work. If we push
two charges against the same field, we do twice
as much work.

» Two charges in the same location in an electric
field will have twice the electrical potential
energy as one; ten charges will have ten times
the potential energy.




25.1 Electric Potential and Potential

Difference
Electric potential (or the potential) V :

Electric potential is electrical potential energy per
charge.

V =kq/d
v' At any location the potential energy per charge (Electric

potential V) whatever the amount of charge will be the
same.

v The unit of potential is volt (V)
1 what is the equivalent unit for volt?
[ the electric potential is a scalar of a vector quantity?




25.1 Electric Potential and Potential

Difference

Potential difference AV :

The potential difference between two points A and B in an
electric field is defined as the change in electric potential
energy of the system when a charge g is moved between
the points divided by the charge.

AU B
AV:VB_VA:_:_f EdS
q A

When the distance between A and B is d and ©6=180-
AV=Vg—-V,=Ed
v'The electric field is a measure of the rate of change of
the electric potential with respect to position.

E=AV/d




25.1 Electric Potential and Potential
Difference

The relation between work done on the charge and the
potential

If the agent moves the charge from A to B without
changing the kinetic energy of the charge, the agent

performs work that changes the potential energy of the
system: .

AU =W
'.'Vzg - V= qm hence, W= V.q




25.1 Electric Potential and Potential
Difference

Electron volt (eV)
A unit of energy commonly used in atomic and nuclear
physics.

» is defined as the energy a charge—field system gains or
loses when a charge of magnitude e (that is, an electron
or a proton) is moved through a potential difference of
1V.

1 eV=160X10719C-V=160x10"1]




25.1 Electric Potential and Potential
Difference

@ uick Quiz 25.1 In Figure 25.1, two points ® and ®) are located within a region
~ inwhich there is an electric field. (i) How would you describe the potential dif-
f ference AV= Vg — V7 (a) Itis positive. (b) Itis negative. (c) Itis zero. (ii) A
negative charge 1s placed at @ and then moved to ®. How would you describe
- the change in potential energy of the charge-field system for this process:




Analysis Model: Particle in a Field
(Electric)

Examples:

* an clectron moves around the nucleus in the electric field estab-
lished by the proton in a hydrogen atom as modeled by the Bohr
theory (Chapter 42)

* a hole in a semiconducting material moves in response to the elec-

tric field established by applying a voltage to the material (Chap-
ter 43)



Example 23.5 A Suspended Water Droplet

* A water droplet of mass 3.00 x 1072 kg is located in the
air near the ground during a stormy day. An atmospheric
electric field of magnitude 6.00 x 10° N/C points
vertically downward in the vicinity of the water droplet.
The droplet remains suspended at rest in the air. What is
the electric charge on the droplet?

Write Newton's second law from the particle in equilibrium model
in the vertical direction:

F=0 — F—F =0
2.h .

q(—E) — mg =0
_ Mg (3.00 X 10" *kg)(9.80m/s*)
1 E 6.00 X 10°N/C

= —4.90 x 10°°C




Example: Electric Field Due to Tow
Charges

A charge g, = 7.0 uC is located at the origin, and a second
charge g, = — 5.0 uC is located on the x axis, 0.30 m from
the origin (Fig. 23.14). Find the electric field at the point P,

which has coordinates (0, 0.40) m.
¥




Solution

(7.0 X 107°C)

Iql I ) <9
E, = k,—— = (8.99 X 10" N-m~/C?= :
S i m ) T (0.40 m)?2
= 39 X 10° N/C
. @ . . a (50X 1078C)
Es = k, |q“.,| = (8.99 X 10 N-m=/C=?) — - —
) re” (0.50 m)?

= 1.8 X 10° N/C
Vector E1 has only y component in the positive direction
then: E =30 x10% N/C

While vector E2 has x component in the positive
direction, and y component in the negative direction

then: E, = (1.1 x 10°i — 1.4 x 10%j) N/C

The resultant field E at Pis the superposition of E| and Eq:

E=E +E = (11x10% +25 x 10°j) N/C

The magnitude of E 2.7 » 107 N/C. at angle ¢ =66 ©




Example 23.6 Electric Field Due to Two
Charges

Charges ¢, and ¢, are located on the x axis, at distances @ and b, respectively, from the
origin as shown in Figure 23.12.

(A) Find the components of the net electric field at the point P, which is at position (0, ).
O

(B) Evaluate the electric field at point Pin the special case that |¢,| = |¢,| and @ = &.

C) Find the electric field due to the electric dipole when point Pis a distance y >> a from the origin.



Solution 23.6 (A)

| 1| |
E, =k o =k, — s
T ﬂ."—l—.-}l
|~‘;-‘2| |El’2|
EE= kw & =kr’ 9 o
'rg E?-+:].-
E, =k o | cos pi + k ] sin ¢
= : : i : 11
] “a® + y° “a® + y° J
s . A .
E_;Zkf.% cﬂsﬂi—kﬁ,‘,q—gg sin @
b Y- b= y
: : . |"f1|
(1) E,=E,+ Ey,= k — 5 cosd + k,
a- ty
|!?1|

b +

sin 6




Solution 23.6 (B)

(3) E =k tif = cosfl + k, LE? = cosfl = 2k, lf;' = cosf
2 2
a -I—J;‘ a -l-i'p“ a ‘|‘j.‘“
E =k, Elj' 5 sinf — k, Ef} = sinf = ()
' a- +y a + y
(4) cosh="=—"——
r (c.a +}1)

9
E, = % — [( ! ] p——t

I L ) [ 5] 0y
a® + y* a’ + 1,")"‘

Solution 23.6 (C)

1 2aq
(5) E= RFT—S




