Phy213: General Physics III 4/26/2007
Chapter 24 Worksheet 1

The Electric Potential and Potential Difference:

1. Two point charges are held at the corners of a rectangle as shown in the figure. The lengths
of sides of the rectangle are 0.050 m and 0.150 m. Assume that the electric potential is defined
to be zero at infinity. SO - —————— —— = |A

a. Determine the electric potential at corner A. | |

1 ( 5x10°°C | 2x10°C

Ans. V(A) =
4rme,\ 0.150m 0.050m

]=+6.0x104é BL— - ———— - a0

b. What is the potential difference, Vg - VA, between corners A and B?

1 ( 5x10°C , 2x10°°C

Ans. V(B) =
ns. V(B) 0.050m ' 0.150m

j=+7.8x105é
dre,

AV=V(B)-V(A) = -7.8x10° 2-6.0x10% 1=-8.4x10° ¢
c. What is the electric potential energy of a +3 uC charge placed at corner A?
Ans. U(A) = qV(A)=(3.0x10°C)(6.0x10*Z)= 0.18 ]

2. Consider 2 concentric charged conducting spheres, R;=0.1 m and R, =0.2 m respectively.
The electric potential of the inner sphere is +4V and the outer sphere is -6V.

a. Determine the equation for the electric

potential for the following regions associated -6V
with the spheres:
i) r<R;:
_ +4V,
Ans. Since E = 0, V=constant=+4 V
i) Ry <r<R, &
Ans. Since V transitions from +4 to -6 V,
AVRrir2 = -10V. Applying Gauss’s Law to R,

obtain the form of E(r):

- 1 _
0 = [z [

The electric potential referenced from r = R; is:

r 1 3tq Gorer (1 1
AV =V-V__=-E(rdr = - inner 4y = | inner || 2 _ 1
inner o_[ ( ) £47Z€o];[ r.2 £47Z€0}(r le

Since Vouer is -10 V lower than the center of the sphere, we can substitute an equivalent

set of values for AV which will be easier to work with: Vipner’ = + 10V and Vouter'= 0V
(AVRisr2 = OV - 10V = -10V). The shifted electric potential (V') then becomes:

et 4ze R, TEr

(0]

_E qinner j — +10 V = Vl(r)= Ejinner] - 10 V

Substituting the original potential values leads to: V(r)= (j”merr] -16V
TE

(o]
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Quick Check:
(1) Whenr =R; = 0.01 m: V(R,) = Ginner | _ 16 V = +4 V. Solving for the total
4rme,R,
charge on the inner sphere: Ginner=2.22x10711 C

(2) When r = R, = 0.02 m and Ginner=2.22x10 C:

V(R,) = Gier || 1) 16 V = -6 V. The equation checks for R;<r<R,.
’ R

dre, 5

i) r>R,

Ans. According to Gauss’ Law, the total electric flux is equal to the enclosed charge for any
closed surface. Since the charge has the same magnitude on each sphere, Qenciosed = 0 for
a closed sphere where r<R, — E = 0 outside sphere 2 and therefore:

V(r) = constant= -6V (assuming there are no additional stray charges around...).

b. Determine the equation for the electric field for the following regions associated with the
spheres:
i) r<R;

Ans. Since there is no enclosed charge for any Gaussian surface inside of the inner sphere,
application of Gauss’s Law leads to E = 0.

i) Rt <r<R;

Ans. The electric field is related to the spatial derivative of the electric potential: E = —?j—\h
r

Using the equation for the electric potential above: E(r)= —i M-m Vv fr= q‘”“erz ?r
dr{ 4zer 4rer

Alternatively, Gauss’ Law could have been applied directly.

i) r>Ry
Ans. Since V(r) = constant= -6V outside the outer sphere, there is no electric field (E=0).
c. What is the electric potential at point P, located 1 m from the center of the spheres?
Ans. Since V(r) = constant outside the outer sphere, V(P) = -6 V.
d. How much work is needed to take an electron at infinity and place it at point P?

Ans. W_ .= - AU = -Q o, V(P) = -9.6x107"° J.

00—y

e. What is the surface charge density for the each of the spheres?

Ans. Sphere 1: o, = g - = 1.8x10°5.
47R] m
Sphere 2: o, = 9 = 4.4x10° <

47R3
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3. Consider a charged parallel plate capacitor (air filled) with a charge of 1.5 uC (q) on each of
its plates and a plate distance of 1x10™ m. The potential difference between the plates is 120 V.

+

+ + + + +

a. Calculate the magnitude and direction of the electric field between the plates.

ans. E=-Vi- AV 1.2x10° 8§
dx AX
b. What is the difference in electric potential energy between an electron placed very close to the
left plate compared to the right plate?

Ans. AU = QueqronAV = 1.9x107],

Note, the total potential energy difference between the plates for all charge already present is

(1.5x10'6c)(1220vj = 9.0x10” J

equal to: AU = gAV,,

4. A fixed point charge, q; = -2.0 x 10 C is located in space.

a. What is the electric potential difference between infinity (i.e. a long way away) and a position
0.1 m away from q;?

Ans. V= —3 — _18x10°V
Are r

b. How much work is required to bring a second charge, q> = -1.0 x 10 C from infinity to a
position 0.1m away from q,?

Ans. W = -qV = -(-1.0x10°C)(-1.8x10°V) = -0.18 ]

c. How much work is required to bring g, from 0.1m to 0.05m away from q;?
Ans. W = -qAV = -(-1.0x10"°C)[-3.6x10°V+1.8x10°V |= -0.18 ]

d. If both g; and g, are fixed at a separation distance of 0.05m, at what position is the electric
potential equal to zero?

Ans. Electric potentials add together for individual charges as scalars not vectors. Since both
charges have the same sign, there is no position where the absolute potential is zero
(except infinity)...

5. A proton (fixed) and an electron (initially at rest but free to move) are located alone and
separated by a great distance (but are even farther away from anything else).

a. How much work does the proton perform to “pull” the electron to a position of 5.29x107!' m
away from the proton?

eZ

Ans. W = = 4.4x107"®)
dre r
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b. Apply the Conservation of Energy, determine the kinetic energy of the electron when it is
located 5.29 x 10 m from the proton.

Ans. W = -AU = AK = 4.4x107'%]
c. Estimate how fast the electron is moving when it gets there?

Ans. AK = K= imv? = 4.4x10"°] = v = 3.1x10°®

6. The electric potential difference across the outer membrane of a biological cell (thickness =
6.0 nm) is 70 mV. The inside of the cell is more negative than the outside. When an “ion
channel” embedded in the cell membrane is activated a water-filled pathway is opened and ions
can flow through the channel.
a. What is the magnitude of the electric field inside this ion channel?
Ans. ‘E‘ = AV 1.2x10°Y

AX

b. How much electrical work would be performed on a Na* ion as it is “pulled” through the
channel? Assume that only the electric potential drives the ion across the membrane.

Ans. W = -gAV= 1.1x10%]

c. How many Na* ions would cross the channel if the total charge movement from outside to
inside is 25 pC?

Ans. N =3 = 1.6x10° Na* ions
e

d. How much electrical work would be performed on to drive all of the Na* ions in (c) through
the channel? Assume that the electric potential difference across the cell remains constant.

Ans. W = -gAV= 1.8x107"]

e. Starting from rest, how fast would you expect a Na* ion to be traveling when it reaches the
other end of the ion channel? Assume that the Na* ion encounters no resistance and all
potential energy is converted into work.

Ans. AK =W = Imv’ =1.1x10%°) = v = 7602



