Physics 2140 Homework #5
5 problems

Solutions

> 1.
Consider a proton (charge e = 1.6 x 107! C) and an electron (charge —e). Assume PE,, = 0.

(a) Before doing any calculations, would the potential energy increase or decrease if the two
charges are moved farther apart?

(b) What is their potential energy if they are separated by a distance of 1071 m?

(c) What is their potential energy if they are separated by twice the distance?

(d) If the electron moves from the first distance to the second, find APE. Does the potential
energy increase or decrease?

(e) Suppose PE,, =5 x 107! J instead. How does your answer to part (d) change?

Answer:

(a) The two charges are attracted to each other, so moving them farther apart is what they
would not do spontaneously; thus the potential energy should .

(b) The potential energy of two point charges is

PE — kq%h + PE.

In this case PE,, = 0, and

(1.6 x 1079 C)(—1.6 x 1072 C

PE = (9 x 10%) [0

) _[Ca30x10 %7

(c) If the two particles are twice as far above, so that d = 2 x 1071 m, then

(1.6 x 1071 C)(~1.6 x 10~ C
2 x 10-10

PE = (9 x 10%) ) _ ] —1.15x 1078

This is half the value in part (b), but only because PE., = 0; you could choose a different
baseline so that (c) would be one-third of (b), or one-tenth, or whatever you like.

(d) The change in potential energy is the final minus the initial. Thus if we move the electron
from the first position to the second, then

APE = —1.15 x 1078 ] — (=2.30 x 1078 J) = 1.15 x 107¢ ]
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This is positive, which means the potential energy increases, as predicted in part (a).

(e) If we change the baseline, then (b) becomes 2.70 x 107'® J and (c) becomes 3.85 x 10718 J,
but their difference part (d) | remains the same: APE = 1.15x 108 J. Differences in potential
energy are the physically relevant quantity, and the choice of baseline, being an arbitrary choice,
can't change the physics of the situation.

> 2.

When an electron moves from some location A to some other location B, the electric field
does 3.94 x 107 J of work on it. Find the potential difference AV = Vz — V4 between the
two points.

Answer:
If the field does work on the charge, then the charge must be losing potential energy, specifically
APE = —3.94 x 1071 J. The potential difference between the two points which the electron
occupies is given by

APE  —394x107"]
g  —16x10"19C
Thus the electron is moving to a higher potential (because the change in potential is positive).

AV = =246V

> 3.
An electron-volt (1eV) is the energy an electron (charge —1.6 x 107 C) gains by moving
through a potential difference of 1 volt.

(a) How many joules is this?

(b) How many electron volts of energy does it take to pull an electron away from the proton
in a hydrogen atom? Assume the electron starts off 1.05 x 107 m from the proton, and we
end up with the electron very far away from the proton (basically at infinity).

Answer:

(@) When a charge ¢ moves through a potential difference of AV it gains potential energy
APE = qAV. If an electron is to gain potential energy, it must move to lower potential (rolling
downhill is what it doesn't like to do), so AV = —1V in this case, in which case the electron
gains energy

APE = (=16 x 1077 C)(-1V) =16 x 107" ]

And therefore [1eV = 1.6 x 1077 J ‘

(b) We can think of the proton as the source and the electron (the moving charge) as the target.
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First, the proton creates a potential of a point charge. Assuming that V, = 0, the potential
created by the proton is V' = k<, where e is the charge of the proton and d is the distance
from the proton. If the electron starts out 1.05 x 107'%m from the proton, then it is starting at

potential

1.6 x 10719C
V = (9 x 10 Nm?/C? =13.7
(9> 107N/ ) 0 S 5 m v

When it moves to infinity, it is at zero potential (because we said V., = 0). Therefore to tear
the electron away from the proton requires you to move it through a potential difference of
AV =0V —13.7V = —13.7V, and since it takes 1eV of energy to move an electron through
one volt of potential difference, it requires of energy to tear the electron away.

> 4.

What is the potential 2m from a 4 uC charge if
(a) the potential at infinity is zero?

(b) the potential at infinity is 5 V?

(c) the potential 1 meter from the charge is 5V?

Answer:
The potential a distance d from a point charge is

q
V=k=+4+Vg
d+
(a)
94 x 107°
(b)

4% 107
V= (9x 109)XT +5=[18.005kV

(c) In this case we are not told what V, is, but have to solve for it. We know that the potential
isb5Vifd=1m, so

4 %107

5:k%+voo — Vm:5—k%:5—(9x 10°) = = —35.995 kV
and therefore
9 4 x 107°
V(d =2m) = (x10°)——— = 35.995kV = 18KV = 35.995kV = —17.995 kV

You were expecting 2.5V maybe? :) Potential is only inversely proportional to d when V, = 0,
not in general.



> 5.

Four negative charges, ¢ = —3nC, sit on the four corners of a square with side a = 1m.
Find the potential at the center of the square, if Vo = 0V. Also, what is the electric field
at the center of the square?

Answer:
If Vo = 0, then the potential at a point due to several point charges is the sum of the potentials
due to each individually. In each case, the four charges are all 1/\/§ = 0.71m from the target,
so the potential at the center due to one is

q

3% 107
Vi=kd=(0x 1oy {(Z3 2 107)

0.71

and so the total potential at the center is four times this, or | =152V |.

The electric field at the center of the square is zero: the field of each charge is cancelled out by
the electric field from the charge on the opposite corner. Remember that the electric field is the
negative derivative (slope) of the potential: the center must be a flat spot point of minimum or
maximum potential.

= —-38.03V

For your amusement, here's a plot of the potential for this configuration in the xy—plane, which
| got by plotting

Viag) = —k ( L 1 . 1 . 1 )
Y q VR JE-12+ VR -12 Szt (y—1)

using Mathematica: Our interpretation of negative charges as “holes” seems a little more apt

after seeing this graph, no?



