Solve problems involving electric potential energy

Calculate the potential energy of a system of pair of charged particles
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Three identical positive point
charges are located at fixed points in
space. Then charge g, is moved from
its initial location to a final location
as shown in the figure. Four different
paths, marked (a) through (d), are
shown. Path (a) follows the shortest
line; path (b) takes g, around q5; path
(c) takes g, around g; and g,; path

(d) takes g, out to infinity and then to
the final location. Which path requires
the least work?

a) path (a) d) path (d)

b) path (b) e) The work is
th the same for

¢ pathi ) all the paths.
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3.24 In molecules of gaseous sodium chloride, the chloride ion has one
more electron than proton, and the sodium ion has one more proton than
electron. These ions are separated by about 0.236 nm. How much work
would be required to increase the distance between these ions to 1.00 cm?
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A proton is released from rest in electric field
300.0 N/C pointing to positive x-direction.
Calculate the change in electric potential
energy if it moved 10.0 cm making an angle
60.0° with the electric field.
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3.00 pC

0.250 m
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3.33 Two point charges are located at two corners of a
at two corners of a rectangle, as shown in the figure.
a) What is the electric potential at point A?

b) What is the potential difference between points A and B?
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A negative electric charge of ¢ = —20uC 1s placed on the x — axis at point x = 2.0 m.
Find the eleetric potential at x = 5.0 m.
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3.34 Four identical point charges (+1.61 nC) are placed at the corners
of a rectangle, which measures 3.00 m by 5.00 m. If the electric

500m potential is taken to be zero at infinity, what is the potential at the
geometric center of this rectangle?

3.00 m
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©3.77 A charge of 0.681 nC is placed at x = 0. Another charge of
0.167 nC is placed at x;, = 10.9 cm on the x-axis.

a) What is the combined electric potential of these two charges at
x = 20.1 cm, also on the x-axis?

b) At which point(s) on the x-axis does this potential have a minimum?
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©3.78 A point charge of +2.00 pC is located at (2.50 m,3.20 m). A
second point charge of —3.10 pC is located at (—=2.10 m,1.00 m).
a) What is the electric potential at the origin?

b) Along a line passing through both point charges, at what point(s)
is (are) the electric potential(s) equal to zero?
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©3.81 Two fixed point charges are on the x-axis. A charge of —3.00 mC is
located at x = +2.00 m and a charge of +5.00 mC is located at x = —4.00 m.

At what position(s) on the x-axis is V(x) = O?
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0 q; A charge of q, = 0.829 nC is placed at r; = 0 on the x-axis. Another charge of g, = 0.275 nC
is placed at r, = 11.9 cm on the x-axis. At which point along the x-axis between the two
charges does the electric potential resulting from both of them have a minimum?
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A proton is placed between two parallel conducting plates in a vacuum (Figure 3.6).
The difference in electric potential between the two plates is 450 V. The proton is
released from rest close to the positive plate.

PROBLEM
What is the kinetic energy of the proton when it reaches the negative plate?
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3.25 A metal ball with a mass of 3.00x 10 kg and a charge of +5.00 mC
has a kinetic energy of 6.00 x10° . It is traveling directly at an infinite plane of
charge with a charge distribution of +4.00 C/m’. If it is currently 1.00 m away
from the plane of charge, how close will it come to the plane before stopping?
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3.27 How much work would be done by an electric field in moving a proton
from a point at a potential of +180. V to a point at a potential of —60.0 V?
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3.28 What potential difference is needed to give an alpha particle
(composed of 2 protons and 2 neutrons) 200. keV of kinetic energy?
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3.48 Two parallel plates are held at potentials of +200.0 V and —100.0 V.
The plates are separated by 1.00 cm.

a) Find the electric field between the plates.

b) An electron is initially placed halfway between the plates. Find its
kinetic energy when it hits the positive plate.
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3.65 An insulating sheet in the xz-plane is uniformly charged with a charge
distribution & = 3.50 x10~° C/m? What is the change in potential

when a charge of @ = 1.25 pC is moved from position A to position B
in the figure?




Develop a method such as schematic representations to compare the equipotential surfaces due to a point charge, two identical charges,
and two different charges

Equipotential surface
negative

Equipotential surface

Equipotential surface
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3.5 The amount of work done to move a positive point charge g on

an equipotential surface of 1000 V relative to that done to move the

charge on an equipotential surface of 10 V is

a) the same. ¢) more.

b) less. d) dependent on the distance the charge
moves.
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point B find the work done
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3.13 Which one of the following statements is not true?

a) Equipotential lines are parallel to the electric field lines.
b) Equipotential lines for a point charge are circular.
c) Equipotential surfaces exist for any charge distribution.

d) When a charge moves on an equipotential surface, the work done
on the charge is zero.
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Relate the component of the electric field along a certain direction Es to the
change in the electric potential along that direction (Es =-dV/ds) and use this relation

to solve problems

Concept Check 3.7

Suppose an electric potential is
described by V{x, y, 2) = —(5x* + y + 2)
in volts. Which of the following
expressions describes the associated
electric field, in units of volts per
meter?
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The electric potential in some region is given by V(x, ¥) = 3x — 2y“. Find the
y—component of the electric field associated with this potential at point (1,2)
in space. Note: S| — units are used in this problem.
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3.49 A 2.50-mg dust particle with a charge of 1.00 pC falls at a point
x = 2.00 m in a region where the electric potential varies according to
V(x) = (2.00 V/m?)x* — (3.00 V/m’)x’. With what acceleration will
the particle start moving after it touches down?
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3.50 The electric potential in a volume of space is given by

V(x,y,z) = X* + xy° + yz. Determine the electric field in this region
at the coordinate (3,4,5).

Suppose that the voltage at a point is given ABDally ey Al die AL Sl gl O o y58)
by the equation (V(x,y,z) = 8x — 9y + 5z%)
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Develop a mathematical equation to describe the electric potential of a point charge
or many point charges or distributions of different charges

i m““ 2 ool e-.DJi 3.7
i q; """"""""" q ? peds 331 JS o) 3 pul)iadam il gl e (8% allas) aslipgSU) gyl 33l Loy U usl

s =+4.0uCs .q3 = —3.0 pCs.q, = +2.0 pCy.q; = +1.0 pC o an, ¥ acbaze)) slis )
b=4.0m, . a=6.0m clalul) suc cilim il ping &

alat
Sadam bt gl o 03810 allaadl 1ig) G50 480 gl 23l L

Let’s calculate uthe electric potential energy of a system of four point charges, shown in
Figure 3.31. The four point charges have the values g, = +1.0 pC, g, = +2.0 pC, g, = —3.0 uC,
and g, = +4.0 pC. The charges are placed witha = 60 mand b = 40 m.

Q@ —x PROBLEM
What is the electric potential energy of this system of four point charges?
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©3.43 Four point charges are arranged in a square with side length 2a,
where a = 2.70 cm. The charges have the same magnitude, 1.50 nC;
three of them are positive and one is negative as shown in the figure.
What is the value of the electric potential generated by these four
point charges at point P = (0,0,¢), where ¢ = 4.10 cm?
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3.85 A solid conducting sphere of radius R, = 1.206 m has a charge of
Q = 1.953 pC evenly distributed over its surface. A second solid
conducting sphere of radius R, = 0.6115 m is initially uncharged and
at a distance of 10.00 m from the first sphere. The two spheres are

momentarily connected with a wire, which is then removed. What is
the charge on the second sphere?
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3.71 Two metal spheres of radii r, = 10.0 cm and r, = 20.0 cm,

respectively, have been positively charged so that both have a total
charge of 100. pC.

a) What is the ratio of their surface charge distributions?

b) If the two spheres are connected by a copper wire, how much
charge flows through the wire before the system reaches equilibrium?




