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# Questions (1 mark for each)

01.

A. 0.84 B. 0.92 C. 1.38 D. 1.5

02.

A. 65.63 B. 114.37 C. 245.63 D. 294.37

03.

A. 2.6 B. 4.2 C. 5.1 D. 8.7

04.

A. C.

B. D.

05.

A. 0.76 B. 1.08 C. 1.32 D. 2.32

06.

A. 1.8 B. 2.3 C. 10.6 D. 13.6

A uniform electric field of magnitude  
makes an angle  with a plan of surface area 

 as shown in the figure. The electric 
flux through this surface in ( ) unit is:  

E = 435 N/C
θ = 60∘

A = 35 cm2

N ⋅ m2 /C
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
field

+
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
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Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
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Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
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A; that is, VB % VA. Electric field lines always point in the direction of decreasing
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives
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(25.6)
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A; that is, VB % VA. Electric field lines always point in the direction of decreasing
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Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
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electric potential, as shown in Figure 25.2a.
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
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Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.
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The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
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most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
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region in which there is an electric field. The potential difference #V $ VB " VA is
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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For instance, an electron in the beam of a typical television picture tube may have a
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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mass m moves downward in the direction of the gravitational field g, the object–field
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
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moved to B. The change in potential energy of the charge–field system for this process
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
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mass m moves downward in the direction of the gravitational field g, the object–field
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For instance, an electron in the beam of a typical television picture tube may have a
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moved to B. The change in potential energy of the charge–field system for this process
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
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mass m moves downward in the direction of the gravitational field g, the object–field
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
field

7.00 μ C
+

14.00 μ C
16 nC

x

y

S ECT I O N  25 . 2 •  Potential Differences in a Uniform Electric Field 765

For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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F32 1.38

\theta 0.98 56.31

fx -0.35

fy -0.77

res 0.84

1.15 65.63 245.63
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A charged particle of mass  and charge 
 is projected with  in the 

positive -direction into a region of uniform electric field 
 pointing to the negative -direction as 
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before coming to rest in ( ) unit is: [ignore any 
gravitational effects]

6.64 × 10−27 kg
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.
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For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.
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25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives
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The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.
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Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
field

−

S ECT I O N  25 . 2 •  Potential Differences in a Uniform Electric Field 765

For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.

A

B

E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.

#V $ "E "B

A
  d s $ "E d

VB " VA $ #V $ ""B

A
 E&d s $ ""B

A
 (E  cos  0')d s $ ""B

A
 E ds

d

B

A

q

E

(a) (b)

g

d

B

A

m

Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
field

−
Pa a

S ECT I O N  25 . 2 •  Potential Differences in a Uniform Electric Field 765

For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.

A

B

E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.

#V $ "E "B

A
  d s $ "E d

VB " VA $ #V $ ""B

A
 E&d s $ ""B

A
 (E  cos  0')d s $ ""B

A
 E ds

d

B

A

q

E

(a) (b)

g

d

B

A

m

Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
field

−

S ECT I O N  25 . 2 •  Potential Differences in a Uniform Electric Field 765

For instance, an electron in the beam of a typical television picture tube may have a
speed of 3.0 ! 107 m/s. This corresponds to a kinetic energy of 4.1 ! 10"16 J, which is
equivalent to 2.6 ! 103 eV. Such an electron has to be accelerated from rest through a
potential difference of 2.6 kV to reach this speed.

▲ PITFALL PREVENTION 
25.3 The Electron Volt
The electron volt is a unit of
energy, NOT of potential. The
energy of any system may be
expressed in eV, but this unit is
most convenient for describing
the emission and absorption of
visible light from atoms. Energies
of nuclear processes are often
expressed in MeV.

Quick Quiz 25.1 In Figure 25.1, two points A and B are located within a
region in which there is an electric field. The potential difference #V $ VB " VA is
(a) positive (b) negative (c) zero.

Quick Quiz 25.2 In Figure 25.1, a negative charge is placed at A and then
moved to B. The change in potential energy of the charge–field system for this process
is (a) positive (b) negative (c) zero.

A

B

E

Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.

25.2 Potential Differences in a Uniform
Electric Field

Equations 25.1 and 25.3 hold in all electric fields, whether uniform or varying, but they
can be simplified for a uniform field. First, consider a uniform electric field directed
along the negative y axis, as shown in Figure 25.2a. Let us calculate the potential differ-
ence between two points A and B separated by a distance !s ! $ d, where s is parallel to
the field lines. Equation 25.3 gives

Because E is constant, we can remove it from the integral sign; this gives

(25.6)

The negative sign indicates that the electric potential at point B is lower than at point
A; that is, VB % VA. Electric field lines always point in the direction of decreasing
electric potential, as shown in Figure 25.2a.

#V $ "E "B

A
  d s $ "E d

VB " VA $ #V $ ""B

A
 E&d s $ ""B

A
 (E  cos  0')d s $ ""B

A
 E ds

d

B

A

q

E

(a) (b)

g

d

B

A

m

Figure 25.2 (a) When the electric field E is directed downward, point B is at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge–field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object–field
system loses gravitational potential energy.

Potential difference between
two points in a uniform electric
field

+

1

First Midterm Exam, 104 Phys, Thu. 05/10/2023	 	 	 Page  of  2 5



07.

A. 0.6 B. 3.1 C. 6.1 D. 9.4

08.

A. 1.55 B. 3.15 C. 6.25 D. 9.35

09.

A.

B.

C.

D.

10.

A. 1.8 B. 3.6 C. 18 D. 36

11.

A. B. C. D.

12.

A. the charge remains the same while the voltage increases.

B. the charge increases while the voltage drops.

C. both the charge and voltage decrease.

D. the charge remains the same while the voltage drops.

13.

A. 2.1 B. 4.4 C. 9.7 D. 13.7

J ⋅ m /C N ⋅ m /C

the electric potential increases by E /d .

the electric potential increases by Ed .

A potential difference of  is applied to a parallel-plate capacitor. The plates become fully charged 
with a surface charge density . The spacing between the plates in (µ ) should be: 

150 V
σ = 30 nC/cm2 m

An insulating solid sphere of radius 18 cm has a total positive charge of 22  uniformly distributed 
throughout its volume. The magnitude of the electric field at a distance of 9 cm from the center of the 
sphere in ( ) unit is:

μC

MV/m

For a charged particle that travels a distance  in the same direction of a uniform electric field :d E

C/J N ⋅ C/m

The electric field just above a large flat conducting sheet is 175 . The surface charge density on the 
sheet in (µ ) unit equals: 

kN/C
C/m2

At a point located  away from a positive point charge , the electric potential in  unit 
equals:

5.0 cm q = 10 nC (kV)

the electric potential decreases by E /d .

The unit Volt ( ) is equivalent to:V

An air-filled parallel plate capacitor is fully charged and 
then disconnected from the battery. The voltage was 
measured and found to be  between the plates as 
shown in the figure. If a dielectric is directly inserted and 
completely fills the space between the plates then: 

85 V

+85.0 

+85.0 

1

the electric potential decreases by Ed .
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14.

A. 33 B. 67 C. 150 D. 300

15. In the previous question (Q.14), which on of the following is true about the energy stored in each 
capacitor?

A. B. C. D.U1 < U2 = U3U1 > U2 > U3

Three capacitors are connected as shown in the figure. If 
all of the three capacitors have the same capacitance 

. Then the equivalent capacitance in   
unit equals:
(C = 100 nF) (nF)

−

+

V0

C1

C2 C3

1

U1 < U2 < U3 U1 > U2 = U3
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