Ch. 17

Electric Forces and Fields

Properties of electric charges

· Only two types of charge have been discovered – positive (due to protons) and negative (due to electrons).  Charge on a proton exactly equals the magnitude of the charge of an electron.
e = 1.60 X 10-19 C

e = elementary charge (magnitude of the charge of a proton or electron)

C = coulomb; SI unit for charge

· Electric charge is always conserved.  When an object carries no net charge it is said to be electrically neutral.  When charge is transferred from one object to another, the first object will lose the exact amount of charge that the second object gains.
· Charge is quantized.   Charge on a proton or electron is the smallest amount of free charge (e).  Any charge greater than e will be of some integer multiple of e.  Robert Millikan first demonstrated this in his famous oil drop experiment.
· Like charges repel and unlike charges attract.  Charges exert forces on other charges.  This force is directly proportional to the product of the two charges and inversely proportional to the square of the distance between the two charges (Coulomb’s law).  Coulomb’ law is covered in more detail below.
Conductivity of solids
· Materials can be classified based on their ability to transfer electric charge.  
1. Conductors are materials in which electric charges move freely (metals).  
2. Insulators (nonconductors) are materials in which electric charges do not move freely (glass, rubber, wood, etc.).  
3. Semiconductors are insulators in their pure state but can be made to be excellent conductors by adding small amounts of other atoms to them (this is called doping).  Silicon and germanium are two common semiconductors.  Semiconductors are very useful in electrical devices since their properties can be changed by doping.  In this chapter we will focus on insulators and conductors and in chapter 24 we will focus on semiconductors.
Polarization of molecules in an insulator

· A surface charge can be induced on insulators by polarization of the molecules that are near a charged object.  As shown below, if a charged object is brought near an insulator, the electron cloud shifts in such a way that one side of the molecule will have a slight positive charge and the other a slight negative charge.  The molecules will always orient themselves so that there is an attractive force between the charged object and the polarized object.
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Charging by contact 

· Insulators and conductors can be charged through direct contact (charging by contact).  For example a rubber rod can be given a negative charge by rubbing it with rabbit fur.  Electrons are transferred from the fur to the rod.  The rod now having excess electrons will be negative and the fur now having a deficiency of electrons will be positive.  A neutral, ungrounded conductor can also be given a charge through direct contact with an object that already has a charge.  As shown in the diagram below, whenever a conductor is charged by touching it with another charged object, the newly charged object will have the same sign of charge as the original object. 
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Charging by induction

· Conductors can also be charged by induction.  Charging by induction means that the charging rod is brought close to the conductor, but NEVER touches it.  As shown in the diagram below, if the electroscope is not grounded, it will remain neutral but be temporarily polarized while the charging rod is near.  This redistribution of charge will result in the leaves of the scope being positively charged.  If the electroscope is grounded during induction, charge will be transferred.  The net effect once the grounding wire is removed is that the conductor (electroscope) will be left with a charge that is opposite in sign of the charging object.
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Calculating electric force

· Coulomb’s law is used to calculate the magnitude of the electric force between two charged objects.  The direction of the force depends upon the signs of the charges.  Coulomb’s law states that the magnitude of the electric force is directly proportional to the product of the two charges and inversely proportional to the square of the distance between the charges (inverse square law).  The electrostatic force is similar to the gravitational force except that the electrostatic force relates charges rather than masses, can be either attractive or repulsive, and is much stronger than the gravitational force.  Remember that force is a vector quantity so you must take into account direction when necessary.  
                                   [image: image4.png]


 
    k=8.99 X 109 N m2/C2
Example 1:

Three charges are fixed in position as shown below.  What is the magnitude and direction of the force acting on the 15 (C charge by the other two charges?
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Example 2:
As shown below, two 25.0 g spheres are hanging from lightweight strings that are each 35.0 cm in length.  Each has the same charge.  They repel each other and make an angle of 5.00( to the vertical.  What is the magnitude of the charge on each sphere?

[image: image1.emf]
Electric fields
· The electric force, like the gravitational force, is a field force since charged objects exert forces on other charged objects without direct contact.  An electric field is produced by any charged object and exists in the space around it.  If a second charge is placed at some point in the field, the force on the second charge can be calculated if the strength of the field at that point is known (F=Eq).  This makes calculation of the electric force at a point easier, just like it is easier to calculate the force of gravity on earth (mg) using the earth’s gravitational field (g) rather than Newton’s universal law of gravitation (Fg=Gm1m2/r2).   The chart below shows the similarities and differences between gravitation forces and electrostatic forces.
	Gravitational Forces 
	Electrostatic Forces 
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· G = 6.67 x 10-11 Nm2/kg2 is VERY small 

· gravity is a weak force 

· inverse square force 

· attractive only 
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· k = 9 x 109 Nm2/C2 is VERY large 

· electrostatic forces are strong 

· inverse square force 

· attractive and repulsive 

	Gravitational Field 
	Electrostatic Field (+ charge) 
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· gravitational field strength, g 

· g's vector nature points towards the center of the planet 

· each surface represents a unique value for g 

· g is measured in N/kg (or m/sec2) 
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· electric field strength, E 

· E's vector nature points away from a positive charge or towards a negative charge 

· each surface represents a unique value for E 

· E is measured in N/C 


· [image: image17.wmf]The magnitude of the electric field produced by a charge is directly proportional to the magnitude of the charge and inversely proportional to the square of the distance from the charge to the specified point in space (E=kq/r2).  The direction of the electric field is the same as the direction of the electric force that would be exerted on a small positive charge (away from a positive charge, toward a negative charge). 
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· Electric field lines are often used in diagrams to help visualize the strength and direction of the electric field in a region of space around charges or charged objects.  The separation among the arrows indicates the relative strength of the field (as separation increases field strength decreases) and the direction of the field is indicated by the direction of the arrows (same direction as force on positive charge).  When electric field lines are drawn, the following rules must be followed:
(1) lines begin at positive charge (or infinity) and terminate on a negative charge (or infinity),
(2) the number of lines drawn leaving a positive charge or approaching a negative charge is proportional to the magnitude of the charge, and
(3) no two field lines can cross each other.  
Diagram (a) below illustrates the electric field lines around opposite charges, (b) around two positive charges, and (c) in between the plates of a parallel plate capacitor.
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Calculating electric fields due to point charges

· As stated above, the magnitude of the electric field due to a point charge can be calculated using the equation E=kq/r2.  The direction of the field depends on the sign of the charge producing the field (directly away from a positive charge, directly toward a negative charge).  Since electric fields are vector quantities, if more than one point charge is present the net electric field is found by the vector sum of the fields produced by each charge.
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Example 3:
Three charges are arranged as shown below.  Calculate the magnitude and state the direction of the net electric field 3.0 cm to the right of the 5.00 (C charge.
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Example 5:

A uniform electric field of strength 20,000 N/C is directed along the positive x-axis.  Determine the magnitude and direction of the force and the initial acceleration for an electron placed in the field.  Then, determine the magnitude and direction of the force and initial acceleration for a proton placed in the field.
Conductors in electrostatic equilibrium
· When an isolated (not grounded) conductor contains excess charge (positive or negative), the charge will distribute itself on the surface of the conductor according to its shape.  Once there is no net movement of the charge, the conductor is said to be in electrostatic equilibrium. 
· Characteristics of conductors that are in electrostatic equilibrium 
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Electric field is zero everywhere inside the conductor – so you are safe inside (see the Faraday Cage pictures below)

2. Any excess charge resides entirely on its outer surface – see diagram to right

3. Electric field is perpendicular to the surface

4. On irregular shaped objects, the excess charge accumulates where the radius of curvature is smallest (at sharp points).  This is one of the reasons that lightning rods work to protect buildings.  The charge accumulates at the sharp tip and then escapes into the atmosphere thereby discharging the building so the lightning is not so likely to strike.                                    
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Protection from shock inside the conductor due to the charge all positioned on the outside of the metal cage!  The electric field (E) is zero inside the conducting cage, but is very powerful on the outer surface and extends outward from that surface.





Notice the person inside – touching the inner surface of the Faraday Cage!





A person-shaped Faraday Cage – shielding him!








