Flipping Physics Lecture Notes:

== Electric Potential - But, What IS It?
@% http://www.flippingphysics.com/electric-potential-what-is-it.ntml

To better understand electric potential, let’s take a step back and look at gravitational potential
energy.

Let’s set the horizontal zero line at the ground. When | hold a 6.8 kg ball at a height of 1.5
meters above the zero line, we can determine the gravitational potential energy of the Earth-
ball system.

PE,, = mygh = (6.8)(9.81) (1.5) = 100.062 ~ 1.0 x 102J

And we can divide that gravitational potential energy by the mass to get the gravitational
potential energy per kilogram of that location.

100.062J J

— =14.715= 15—
= 6.8kg kg
We can do the same thing with a 2.7 kg ball also at 1.5 meters above the ground.
PE,, =mgh =(2.7)(9.81)(1.5) = 39.7305 ~ 4.0 x 101J

39.7305J J

And a 0.145 kg ball also at 1.5 meters above the ground.
PEy, = m3gh = (0.145)(9.81) (1.5) = 2.1337 ~ 2.1J

= —2'1337J =14.715 = 15i

0.145kg kg
As long as the object is located 1.5 meters above a horizontal zero line here on the surface of
planet Earth, the gravitational potential energy of the Earth-object system per kilogram is
always the same. In fact, the object does not even need to be there for that height above the
ground to have a gravitational potential of 15 J/kg.

Now we can switch to electric potential energy and electric potential.

If we have two, 12 nC point charges a distance of 2.0 meters apart, we can calculate the
electric potential energy of the two-charge system:

g1=0q, = +12nC( ) =+1.2x10°8C

1x10°nC

9 -8 -8
_ kq!{% _ (9% 10°) (+2.2 ;0 ) (+1.2x10°) = +6.48 x 107 ~ +6.5 x 10-7J

Ue
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And, when we remove one of the two charges, we can calculate the electric potential of a

location 2.0 meters from the remaining charge: _ e
Ue +6.48x1077J J
V=-=2= = +54= = +54V R
q +1.2 X 10_8C C ,’ // ,” 84V RN N
) Pl N
The electric potential 2.0 meters from a 1.2 nC charge is 54 J/C ; Do T ey v
or 54 volts. N A
! <5
Alternatively, we could use the equation for the electric potential | |\ t2ec, ™
of a point charge: PN S
\ ~ == /I
kg (9x10°)(+1.2x1078) N
Vpolntcharge: T: 2 :+54V \\\ \\‘_\‘_ﬂ’;, )

~__ e =

When viewed from a global perspective, the Earth has similar concentric spherical surfaces of
uniform gravitational potential.’

G Gmym> G

mym - s : m

Ug = - 12 L = Gravitational Potential = ——
r m, r

Knowns: Rg = 6.371 x 10%m; Mg = 5.97 x 102*kg
6m  (6.67x10711)(5.97 x 1024)

Gravitational Potentialg, =

“Re 6.371 x 106
M M
= Gravitational Potentialg, = -62,501, 805;—9 (ﬁ) ~ —63%

Gm (6.67 X 10‘11) (5.97 X 1@24) M

Gravitational Potentialyg, = “SR- =" 2) (6 371 106) 31@
E . X

G 6.67 x 10°11)(5.97 x 1024 M7

Gravitational Potentialzg, = —3; = _( 3 (6 37)1( 196) ) ~ —21@
E 8wk | ) X

-

. -16 M/kg

-

-
P -21 MJ/kg
,’—— -
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" NASA Earth Fact Sheet Webpage
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