Note-A-Rific: Potential Difference

Electric Potential Difference (Voltage)

If you place achargein an electric field and release it, the charge will begin to accelerate
from an area of high potential energy, to one of low potential energy.
e Thisisbecause thereis an electric force acting on the charge.

High Potential
Energy

Low Potential
Energy

If you want to move the charge from a position of low to high potential energy, you must
do work on the object against the electric field.
e Youwould caculateit using...
W =Fd
Remember from before that E = F/q > F =qE
So the change in potential energy of the charged object is...
W = qEd

Potential Energy of a charge dependson...
1. Chargeof theobject (W o Q)
2. Electricfield strength (W a E)
3. Distancethe object ismoved parallel to thefield lines (W a. d)

Example: A positive charge of 2.3 x 10°C is between two parallel plates. It is
close to the negative plate. The electric field between the two platesis 1500 N/C.
If we move the particle 2.0cm closer to the positive plate, how much work do we
need to do?

W = gEd = 2.3 x 10°C (1500N/C) ( 0.020m) = 6.9 x 10°J

The electric potential difference (voltage) isthe change in potential energy per unit
charge...

v=AE

q
The unit for voltage, JC, isgiven the name volt (V) in honour of Alessandro Volta



e Voltaisbest remembered for inventing the first electric battery, atopic we will be
covering shortly.

Example: What is the electric potential difference of a 3.4 C charged object that
gains 2.6 x 10°J asit moves through an electric field?

v = AE _ 26x10°J
q 3.4C

=7.6x10°V

Electric Potential in a Uniform Field

What is the potential difference (voltage) between two pointsin an uniform electric field?
e |If achargeisplacedinauniform field and is moved a distance, d, the change in
potential energy can be found with...

W =Fd
AEp:Fd
) Rememberthat...V:AFE
) So..VzF—d:—d
qa 9g

e Weadsoknowtha E=F/gso,V=Ed
e Thisformulaisusually written out asE = V/d.

Example: We have two parallel plates that are 16.0mm apart.
a) If wewant auniform field of 800 N/C what voltage must we apply to
the plates?
V = Ed
= (800N/C) (0.0160m)
V=128V
b) How much work do you need to do to move a helium nucleus (g = 3.2 x
10 C) from the negative plate to the positive plate?

v = AE
q
AE=V(q

=(12.8V) (3.2 x 10°C)
AE=41x10"]
c) Isthis energy kinetic or potential ?
Since | am moving a positive charge closer to the positive plate, it
will bein aregion whereit has higher potential energy.

With the formulas you now have there is great variety of questions you can do...



Y ou might think that the individual formulas are easy, but be careful. There'slots
of formulas to keep straight.
Try working through the following examples.

Example: An apha particle (see your data sheet) moves between two parallel
plates 2.7 x 10 m apart with a potential difference of 130 V between them. What
force acts on the particle?

E =V/d=(130V) / (2.7x10°m) = 4.8 x 103N/C € note the units can

asobeV/m!

E=F/q> F=Eq=4.8x10°N/C (3.2x 10°C) = 1.54 x 10°N

Example: An electron is accelerated from rest between two parallel plate, 4.0 cm
apart from each other. The potential difference between the plates has been set at
20V.
a) What isthe velocity of the electron when it reaches the positive plate?
e Weknow that the electron is going to be picking up alot of
Kinetic energy asit is attracted to the positive plate and
repulsed by the negative plate. We can calculate this energy
thisway...
V=AE/q > AE=VQq=20V (1.6x 10°C) =32 x 10" J

e Sincethe electron started from rest, any energy it gained must
be in the form of kinetic energy. We can figure out the velocity
of the electron thisway...

Ex=%mv? >

B,/ PE2x10") ) ‘
v=y Y= J AllxlO‘%g =2.1x10"m/s

e Noticethat thisis about 1% the speed of light. If wewerein a
university level course, we would probably have to redo our
calculations, taking into account Einstein’s Specia Theory of
Relativity, but you folks don’t need to worry about it in this
course.

b) What wasits velocity when it had only moved 1.0 cm away from the
negative plate?
Method 1
e First, let’s calculate the electric field between those plates...
E =V/d=(20V) / (0.040m) = 5.0 x 10° V/m < Notice that
the unitsfor electric field can be V/m or N/C

e Second, let’s calculate how many volts the electron has moved
through by going 1.0cm from the negative plate...
5.0x 10°V/m (0.010m) =5.0V



e Knowing the voltage (potential difference) the electron has
passed through and its charge, we can figure out the changein
energy...

V= %E > AE=Vq=(5.0V)(1.6x 10°C) =8.0x 10" J

e Finaly, we use that energy to figure out the velocity of the

electron...
_ |2E./ _ [2(8.0x107") _ 6
V=, /n_\/ Allxlo?’lkg_l'gxm m/s
Method 2

e Weknow that the electric potential (voltage) is spread out
evenly over the whole space between the plates. So, we could
set up aratio...

20V X

40cm  1.0cm
X =5.0V

e From thispoint on you do it the same as method 1.

Equipotential Lines

The solution of the above problem depends on the idea that the voltage is spread out
evenly.

. Equipotential lines show regions where the voltage is the same.

. They are always perpendicular to the field lines.
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e S0, if thetotal potential difference (voltage) between two platesis30 V over a
distance of 6.0cm, you could draw a diagram like this:



X -
w

e Remember this when you have to do questions involving a charged particle moving
part ways through an electric field.
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