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Notes – 18.7 Conductors and Electric Fields in Static Equilibrium

1.  Conductors contain free charges (i.e. electrons) that move ____________.  When excess charge is placed on a conductor or the conductor is put into a static electric field, charges in the conductor quickly respond to reach a steady state called electrostatic ___________________.

2.  The free charges move until the field is ________________ to the conductor’s surface.
[image: ]
3.  A conductor placed in an electric field will be _______________.  A very important point is that the charges will rearrange themselves such that no ________________ exists inside the conductor.  If there were a field inside the conductor, free charges in the conductor would continue moving in response to that field until it was neutralized.

4.  Properties of a Conductor in Electrostatic Equilibrium
1.  The electric field is inside a conductor is _________.
2.  Just outside a conductor, the electric field lines are ________________ to its surface, ending or beginning on charges on the surface.
3.  Any excess charge resides entirely on the ______________ of a conductor.
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5.  Two metal plates with equal, but opposite, excess charges.  The field between them is ____________ in strength and direction except near the edges.


6.  Applications of Conductors
[image: ]
[image: ]A.  On a very sharply curved surface, the charges are so concentrated at the point that the resulting electric field can be great enough to remove them from the surface. As the top left diagram shows, this is because, at sharp points, the repulsive forces (F) of neighboring charges are not as parallel to the surfaces on which the charges reside.  Lightning rods work best when they are most pointed. The large charges created in storm clouds induce an opposite charge on a building that can result in a lightning bolt hitting the building.  The induced charge is bled away continually from the concentrated charge at the top of a lightning rod, preventing the more dramatic lightning strike.
B.  On the other hand, smooth surfaces are used on high-voltage transmission lines and Van de Graaff generators, for example, to avoid leakage of charge into the air.

[image: ]C.  Another device that makes use of some of these principles is a Faraday cage. This is a metal shield that encloses a volume.  All electrical charges will reside on the outside surface of this shield, and there will be no electrical field inside.  A Faraday cage is used to prohibit stray electrical fields in the environment from interfering with sensitive measurements.  
D.  During electrical storms if you are driving a car, it is best to stay inside the car as its metal body acts as a Faraday cage with zero electrical field inside. If in the vicinity of a lightning strike, its effect is felt on the outside of the car and the inside is unaffected, provided you remain totally inside. This is also true if an active (“hot”) electrical wire was broken (in a storm or an accident) and fell on your car.


Equations and Helpful Information:

Prefixes:   n=10-9		µ = 10-6		m = 10-3		
qelectron = -1.6x10-19C						k = 8.99x109Nm2/C2
			w = mg	
vf = v0 + at	   vf2 = v02 + 2aΔx		acentripetal = mv2/r

Practice – 18.7 Conductors and Electric Fields in Static Equilibrium

1.  Calculate the linear velocity and the angular velocity  of an electron assuming it orbits a proton (even though technically it does not) in the hydrogen atom, given the radius of the orbit is 0.530 x 10–10 m.  You may assume that the proton is stationary and the centripetal force is supplied by Coulomb attraction.  me = 9.11 x 10-31 kg






2.  An electron has an initial velocity of 5.00 x 106 m/s in a uniform 2.00 x 105 N/C strength electric field.  The field accelerates the electron in the direction opposite to its initial velocity. 
A.  What is the direction of the electric field? 





B.  How far does the electron travel before coming to rest? 





C.  How long does it take the electron to come to rest?


Solutions:
1.  2.18 x 106 m/s, 4.12 x 1016 rad/s
2. A. In the direction of the electron’s initial velocity
    B. 3.56 x 10-4 m
    C. 1.42 x 10-10 s

Practice – 18.8 Electrostatic Applications


1.  Sketch the electric field between the two conducting plates shown below using the principles of electric fields and charges in and around conductors.  Assume the top plate is positive and an equal amount of negative charge is on the bottom plate.  Also indicate the distribution of charge on the plates.
[image: ]









2.  What is the direction and magnitude of an electric field that supports the weight of a free electron (me = 9.11 x 10-31 kg) near the surface of Earth?  Discuss what the small value for this field implies regarding the relative strength of the gravitational and electrostatic forces.













3.  Earth has a net charge that produces an electric field of approximately 150 N/C downward at its surface. 
A.  What is the magnitude and sign of the excess charge, noting the electric field of a conducting sphere is equivalent to a point charge at its center?  REarth = 6371 km









B.  What acceleration will the field produce on a free electron near Earth’s surface? 









C.  What mass object with a single extra electron will have its weight supported by this field?






4.  The practical limit to an electric field in air is about 3.00 x 106 N/C.  Above this strength, sparking takes place because air begins to ionize and charges flow, reducing the field. 
A.  Calculate the distance a free proton must travel in this field to reach 3.00% of the speed of light, starting from rest.  mp = 1.67 x 1027 kg, c = 3.00 x 108 m/s 











B.  Is this practical in air, or must it occur in a vacuum?
















Solutions:
2.  5.58 x 10-11 N/C toward the Earth’s surface
3. A. -6.77 x 105 C		B. 2.63 x 1013 m/s2 upwards		C. 2.45 x 10-18 kg
4. A. 0.141 m	
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Figure 18.48
38. Sketch the electric field lines in the vicinity of the conductor in Figure

18.49 given the field was originally uniform and parallel to the object's
long axis. Is the resulting field small near the long side of the object?

Figure 18.49

39. Sketch the electric field between the two conducting plates shown in
Figure 18.50, given the top plate is positive and an equal amount of
negative charge is on the bottom plate. Be certain to indicate the
distribution of charge on the plates.
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Figure 1850
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that g = 00 C . (b) At what position between 3.00 and 8.00 cm s the -
total electric field the same as that for —2¢ alone? (c) Can the electric

field be zero anywhere between 0.00 and 8.00 cm? (d) At very large
positive or negative values of x, the electric field approaches zero in both
(a) and (b). In which does it most rapidly approach zero and why? (e) At
what position to the right of 11.0 cm is the total electric field zero, other
than at infinity? (Hint: A graphing calculator can yield considerable insight
in this problem.)

44. (a) Find the total Coulomb force on a charge of 2.00 nC located at
x=4.00 cm in Figure 18.52 (b), given that ¢ = 1.00 puC . (b) Find the

x-position at which the electric field is zero in Figure 18.52 (b).

45. Using the symmetry of the arrangement, determine the direction of
the force on g in the figure below, given that g, = g,=+7.50 pC and

qc=q4=—1.50puC. (b) Calculate the magnitude of the force on the

charge ¢, given that the square is 10.0 cm on a side and g = 2.00 uC .





image1.png
Fie Edit View Document Tools Window Help

Ba& € e W /m o0 wx -G B

)
Figure 18.30 When an electric field K is applied to a conductor, free charges inside the conductor move untilthe field is perpendicular to the surface. (a) The electiic field is a
vector quantity, with both parallel and perpendicular components. The parallel component () exerts aforce (F); ) on the free charge ¢ , which moves the charge unti

F|| =0 (b) The resuiting field is perpendicular to the surface. The free charge has been brought to the conductor’s surface, leaving electrostatic forces in equilibrium.

A conductor placediin an electric field will bé polarized! Figure 18.31 shows the result of placing a neutral conductor in an originally uniform electric
field. The field becomes stronger near the conductor but entirely disappears inside it.
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Figure 18.31 This illustration shows a spherical conductor in static equilibrium with an originally uniform electric field. Free charges move within the conductor, polarizing it,
until the electric field lines are perpendicular to the surface. The field lines end on excess negative charge on one section of the surface and begin again on excess positive
charge on the opposite side. No electric field exists inside the conductor, since free charges in the conductor would continue moving in response to any field until it was
neutralized.

Misconception Alert: Electric Field inside a Conductor

Excess charges placed on a spherical conductor repel and move until they are evenly distributed, as shown in Figure 18.32. Excess charge is
forced to the surface until the field inside the conductor is zero. Outside the conductor, the field is exactly the same as if the conductor were
replaced by a point charge at s center equal to the excess charge.
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2. Just outside a conductor, the electric field lines are perpendicular to its surface, ending or beginning on charges on the surface.
3. Any excess charge resides entirely on the surface or surfaces of a conductor.

The properties of a conductor are consistent with the situations already discussed and can be used to analyze any conductor in electrostatic
equilibrium. This can lead to some interesting new insights, such as described below.

How can a very uniform electric field be created? Consider a system of two metal plates with opposite charges on them, as shown in Figure 18.33.
The properties of conductors in electrostatic equilibrium indicate that the electric field between the plates will be uniform in strength and direction.
Except near the edges, the excess charges distribute themselves uniformly, producing field lines that are uniformly spaced (hence uniform in
strength) and perpendicular to the surfaces (hence uniform in direction, since the plates are flat). The edge effects are less important when the plates
are close together.

(

Figure 18.33 Two metal plates with equal, but opposite, excess charges. The field between them is uniform in strength and direction except near the edges. One use of such a
field is to produce uniform acceleration of charges between the plates, such as in the electron gun of a TV tube.

Earth's Electric Field

A near uniform electric field of approximately 150 N/C, directed downward, surrounds Earth, with the magnitude increasing slightly as we get closer to
the surface. What causes the electric field? At around 100 km above the surface of Earth we have a layer of charged particles, called the
ionosphere. The ionosphere is responsible for a range of phenomena including the electric field surrounding Earth. In fair weather the ionosphere is
positive and the Earth largely negative, maintaining the electric field (Figure 18.34(a).

In storm conditions clouds form and localized electric fields can be larger and reversed in direction (Figure 18.34(b)). The exact charge distributions
depend on the local conditions, and variations of Figure 18.34(b) are possible.

If the electric field is sufficiently large, the insulating properties of the surrounding material break down and it becomes conducting. For air this occurs
ataround 3x10° N/C. Air ionizes ions and electrons recombine, and we get discharge in the form of lightning sparks and corona discharge.
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