PHYS 1444 — Section 003
Lecture #6

Monday, Sept. 19, 2005
Dr. Jaehoon Yu

«  Electric Potential Energy
o Electric Potential
0 Electric Potential and Electric Field

Today’s homework is homework #4, due noon, next Monday!!
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Announcements

e | have all but 3 of you on the distribution list
— Please come and check if you are in doubt..

o Homework #3

— Problems 20 - 24 have been removed from the list since it
Involves dielectric, a type of material you haven't learned
yet

— These will, however, be re-issued when we learn dielectric
In CH24.
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Electric Potential Energy

» How would you define the change in electric potential energy U,— U,?
— The potential gained by the charge as it moves from point 4 to point 6.
— The negative work done on the charge by the electric force to move it from ato 6.

- g
o Let's consider an electric field between two parallel H
: +——-
plates w/ equal but opposite charges -
— The field between the plates is uniform since the gap is T
small and the plates are infinitely long... I &
S~ 0
 What happens when we place a small charge, +q, High~[F3 b | Low
- " n potential ¥~ | potential
on a point at the positive plate and let go* -
— The electric force will accelerate the charge toward I 1
negative plate. What energy does the charged particle . L
gain? o
* Kinetic energy el
T ~—12
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Electric Potential Energy

« What does this mean in terms of energies?
— The electric force is a conservative force.
— Thus, the mechanical energy (K+U) is conserved

under this force.

— The charged object has only the electric potential

energy at the positive plate.

— The electric potential energy decreases and

— Turns into Kinetic energy as the electric force works
on the charged object and the charged object

gains speed.

» Point of greatest potential ener

—‘ Positive chargel

—|Negative charge |
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Electric Potential

« How Is the electric field defined?
— Electric force per unit charge: F/q

 \We can define electric potential (potential) as
— The electric potential energy per unit charge
— This is like the voltage of a battery...

o Electric potential is written with a symbol V

— If a positive test charge g has potential energy U, at
a point a, the electric potential of the charge at that
point IS U

V, =—=
g
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Electric Potential
Since only the difference in potential energy is meaningful,
only the potential difference between two points is
measurable

What happens when the electric force does “positive work™?
— The charge gains kinetic energy
— Electric potential energy of the charge decreases

Thus the difference in potential energy is the same as the
negative of the work, W, ., done on the charge by the electric
field to move the charge from point a to b.

The potential difference V, Is
U b U a _ _Wba
4 4
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A Few Things about Electric Potential

« What does the electric potential depend on?
— Other charges that creates the field

— What about the test charge?
* No, the electric potential is independent of the test charge

« Test charge gains potential energy by existing in the potential created by other
charges -

 Which plate Is at a higher potential?
— Positive plate. Why?
* Since positive charge has the greatest potential energy on it. -
— What happens to the positive charge if it is let go?
* |t moves from higher potential to lower potential
— How about a negative charge?
* Its potential energy is higher on the negative plate. Thus, it moves from negative

E

a b Low
potential

—————

+ + + + + + + + A+ + + + + + 1
Y Y Y Y Y Y A
< E

plate to positive. Potential difference is the same. _ _ _
Zero point of electric potential

 The unit of the electric potential is Volt (V). can be chosen arbitrarily.

* From the definition, 1V = 1J/C.
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Example 23 -1 i
A negative charge: Suppose a negative charge, such 3
as an electron, is placed at point b in the figure. Ifthe s =0
electron Is free to move, will its electric potential energy :

Increase or decrease? How will the electric potential
change? =

* An electron placed at point b will move toward the positive plate
since It was released at its highest potential energy point.

» [t will gain kinetic energy as it moves toward left, decreasing its
potential energy.

 The electron, however, moves from a point b at a lower potential
to point a with at a higher potential. AV=V_-V >0.

 This Is because the potential is generated by other charges.
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Electric Potential and Potential Energy

« What is the definition of the electric potential?
— The potential energy difference per unit charge

« OK, then, how would you express the potential energy that a
charge g would obtain when it is moved between point a and
b with the potential difference V,,?

Up —U, = a(Vy —Va) = Vi
— In other words, If an object with charge g moves through a
potential difference V,, its potential energy changes by qV,,.

S0 based on this, how differently would you describe the
electric potential in words?

— A measure of how much energy an electric charge can acquire in a
given situation

— A measure of how much work a given charge can do.
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Comparisons of Potential Energies

 Let’'s compare gravitational and electric potential energies
m 2m

+ —
L . Vb Vba ) Va
il 0 -
o
h i -
o
+ 20 _
i + —
(a) (b)
What are the potential energies of the rocks? What are the potential energies of the charges?
— mgh and 2mgh - QV,,and 2QV,,
Which rock has a bigger potential energy? ¢ Which object has a bigger potential energy?
— The rock with a larger mass — The object with a larger charge.
Why? e  Why?
— It's got a bigger mass. — It's got a bigger charge.

==

The potential is the same but the heavier rock or larger charge can do a greater work.




Electric Potential and Potential Energy

 The electric potential difference gives potential energy or
possibility to do work based on the charge of the object.

« S0 what is happening in batteries or generators?
— They maintain a potential difference

— The actual amount of energy used or transformed depends on how
much charge flows

— How much is the potential difference maintained by a car’s
battery?
« 12Volts

— If for a given period, the headlight 5C charge flows through the
lamp, what is the total energy transformed?
¢ E,=5C*12V=60 Umm... What is the unit?  Joules

— Ifitis left twice as long? E,=10C*12V=120J

Monday, Sept. 19, 2005 ';:'. PHYS 1444-003, Fall 2005 11

Dr. Jaehoon Yu




Example 23 -2

Electrons in TV tube: Suppose an electron in the picture tube of a
television set is accelerated from rest through a potential difference
V,=+5000V. (a) What is the change in potential energy of the
electron? (b) What is the speed of the electron (m=9.1x10-3kg) as a

result of this acceleration? (c) Repeat for a proton (m=1.67x10-2’kg) %

that accelerates through a potential difference of V,,=-5000V.

 (a) What is the charge of an electron?
- e=-1.6x10""C
« So what is the change of its potential energy?

AU = qVy, = eV,, =(-1.6x107°C )(+5000V )
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Example 23 -2

* (b) Speed of the electron?

 The entire potential energy of the electron turns to its kinetic
energy. Thus the equation Is

1
AK :Emevg ~0=W =-AU =-eV,, =
= —(—1.6x10—19c:)5ooov —8.0x10716 ]

-16
v = [2xeVes _ \/2><8.0><1031 do10Tm s
m 9.1x10"

« (C) Speed of a proton?

AK = %mpvﬁ —0=W =-AU =—{(-€)(-Vp, )} =—€V,, =8.0x107°]

-16
v :\/zxevba :\/2><8.0><10 08105/

m 1.67 x107%'

P
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Electric Potential and Electric Field
 The effect of a charge distribution can be
described in terms of electric field or electric
potential.

— What kind of quantities are the electric field and the
electric potential?

o Electric Field: Vector
o Electric Potential: Scalar

— Since electric potential is a scalar quantity, it is often
easier to handle with.
« Well other than the above, what are the
connections between these two quantities?

Monday, Sept. 19, 2005 @ PHYS 1444003, Fall 2005 14

Dr. Jaehoon Yu




Electric Potential and Electric Field

 The potential energy Is expressed in terms of a
conservative force

b _ —
Ub—Ua=—LF-dI

* For the electrical case, we are more Interested In

the potential difference:
U,-U, bF b -
Voo = Vo =Va = = :_ja?dl =—[ E-d
— This formula can be used to determine V,, when the

electric field is given. g T

o \When the field I1s uniform !
b _ ~ b

Vb—vaz—j =M =—Ej dl=-Ed o V,,=-Ed

Unit of the electric field in terms of potential? 3,re V/im  Can you derive this from N/C?
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