CHAPTER 16 – ELECTROSTATICS

ELECTRIC CHARGE

16.1 – Charges at Rest

· ex. shocked from the door handle of a car, walking on carpet, dry hair is brushed

· When an object shows effects of the type of as described above, we say that it has electric charge.

· The process that produces electric charges on an object is called electrification.
· Electrification is most apparent when the air is dry.

· Because the electric charge is confined to the object and is not moving, it is called an electrostatic charge.

· Static electricity is stationary electricity in the form of an electric charge at rest.  It is commonly produced by friction between two surfaces in close contact.

16.2 – Two Kinds of Charge
· We can detect the presence of an electrostatic charge by means of an instrument called an electroscope.
· The simplest kind of electroscope is a small ball of wood pith or Styrofoam suspended by a silk thread.

· All matter contains both positive an negative charges.

· Two pith balls that are negatively charged by contact with a charged rubber rod repel each other.

· If a negatively charged pith ball is brought near a positively charged pith ball, they attract each other.

· Basic law of electrostatics:  Objects that are similarly charged repel each other; objects that are oppositely charged attract each other.

16.3 – Electricity and Matter
· Each atom consists of a positively charged nucleus surrounded by negatively charged electrons.  

· Protons and neutrons are tightly packed into the very dense nucleus.

· All electrons surrounding the nucleus are alike.  They all carry the same amount of negative electric charge – one unit of negative charge per electron.  

· The electrons are retained in the atom structure by the electric attraction exerted by the positive nuclear charge.  The outer electrons of the atoms of metallic elements in particular are loosely held and are easily influenced by outside forces.

· ex. electrons are transferred from rabbit fur to a rubber rod which becomes negatively charged because it has a net excess of electrons and the fur becomes positively charged because it has a net deficiency of electrons

· ex.  electrons are transferred from glass to silk; glass becomes positively charged and the silk becomes negatively charged

· Electric charge is a scalar quantity.

16.4 – The Electroscope
· The vane electroscope consists of a light aluminum rod mounted by means of a central bearing on a metal support that is insulated from its metal stand.  When charged, the vane is deflected at an angle by electrostatic repulsion.  The angle of deflection depends on the magnitude of the charge.

· The leaf electroscope consists of very fragile strips of gold leaf suspended from a metal stem that is capped with a metal knob.  When electrified, the leaves diverge because of the force of repulsion due to their similar charge.

· A proof plane is frequently used with an electroscope to test or transfer charges.  The proof plane is a small metal disk with an insulating handle.

· When used to test a charge, the charged disk of the proof plane is brought into contact with an electroscope previously electrified with a known charge.  If the charge on the electroscope increases, the test charge is of the same sin as that on the electroscope.  If the charge on the electroscope decreases, the test charge is of the opposite sign as that on the electroscope.

16.5 – Conductors and Insulators
· A conductor is a material through which an electric charge is readily transferred.  ex. metals

· An insulator is a material through which an electric charge is not readily transferred.  Good insulators are poor conductors.  ex.  glass, mica, paraffin, hard rubber, sulfur, silk, dry air, plastics

· Liquid solutions and confined gases conduct electricity in a different way than solids.

· Metals have close-packed crystal structures.  The crystal lattice consists of positively charged particles surrounded by a cloud of free electrons.  This cloud of free electrons is commonly referred to as the electron gas.  These electrons are free to migrate throughout the crystal lattice.  Their migration gives rise to the high electric conductivity commonly associated with metals.

· A good conductor contains a large number of free electrons whose motions are relatively unimpeded within the material.

· An insulator is characterized by a lack of free electrons because even the outermost electrons are rather firmly held within the atom structure.

16.6 – Transferring Electrostatic Charges
· ex.  Suppose a rubber rod is charged negatively by rubbing it with fur.  If the rod is brought near the knob of an electroscope, the leaves diverge.  If the rod is removed, the leaves collapse; no charge remains on the electroscope.

· The charge that makes the leaves diverge is called an induced charge.  The electroscope is said to be charged temporarily by induction.

· ex.  A glass rod that has been rubbed with silk temporarily induces a positive charge on the leaves of an electroscope by attracting electrons up through the stem to the knob.

· Any conducting object, when properly isolated in space, can be temporarily charged by induction.  The region of the object nearest the charged body will acquire a charge of the opposite sign; the region farthest from the charged body will acquire a charge of the same sign.

· A charge can be transferred by conduction.  ex. touch the knob of the electroscope

· Any conducting object, properly isolated in space and charged by conduction, acquires a residual charge of the same sign as that of the body touching it.

16.7 – Residual Charge by Induction
· ex.  By bringing a positively charged glass rod near the knob of the charged electroscope, the leaves of the electroscope diverge even more.  When the charged rod is withdrawn, the leaves fall back to their original divergence and remain apart.

· When an isolated conductor is given a residual charge by induction, the charge is opposite in sign to that of the object inducing it.

16.8 – The Force Between Charges
· The charge on an object is considered to be located at a particular point called a point charge.
· The quantity of charge is measured in coulombs (C), named for the French physicist Charles Augustin de Coulomb (1736-1806).

· 1 coulomb = the charge on 6.25 x 1018 electrons

· 1 electron = 1.60 x 10-19 C

· The charge on one proton is 1.60 x 10-19 C and the sign of the Q is +.

· The coulomb is a very large unit of charge for the study of electrostatics, so it is convient to work with the microcoulomb (C).  1 C = 10-6 C

· Coulomb’s law of electrostatics:  The force between two point charges is directly proportional to the product of their magnitudes and inversely proportional to the square of the distance between them.
F = kQ1Q2/d2











k = 8.987 x 109 for a vacuum and 8.93 x 109 for air






d is distance in meters, F is force in Newtons, Q is charge in Coulombs

16.9 – Electric Fields

· The region surrounding an electrically charged body is an electric field.

· An electric field is said to exist in a region of space if an electric charge placed in that region is subject to an electric force.

· An electric line of force is a line so drawn that a tangent to it at any point indicates the orientation of the electric field at that point.  Electric lines of force originate at the surface of a positively charged body and terminate at the surface of a negatively charged body, each line of force showing the direction in which a positive test charge would be accelerated in that part of the field.  A line of force is normal to the surface of the charged conducting body where it joins the surface.

· The intensity, or strength, of an electrostatic field, as well as its direction, can be represented graphically by lines of force.  The electric field intensity is proportional to the number of lines of force per unit area normal to the field.  Where the intensity is high, the lines of force will be close together.  Where the intensity is low, the lines of force will be more widely separated in the graphically representation of the field.

· The electric field intensity, E, at any point in an electric field is the force per unit positive charge at that point.












E = F/q











E is the electric field intensity in N/C, F is the force in Newtons, Q is the test charge in


Coulombs

POTENTIAL DIFFERENCE

16.10 – Electric Potential

· A charge in an electric field experiences an electric force according to Coulomb’s law.  If the charge moves in response to this force, work is done by the electric field.  Energy is removed from the system.  If the charge is moved against the coulomb force of the electric field, work is done on it using energy from some outside source, this energy being stored in the system.

· If work is done as a charge moves from one point to another in an electric field or if work is required to move a charge from point to another, these two points are said to differ in electric potential.  The magnitude of the work is a measure of this difference of potential.

· The potential difference, V, between two points in an electric field is the work done per unit charge as a charge is moved between these points.

potential difference (V) = work (W)/charge (q)
The unit of potential difference is the volt (V).

· One volt is the potential difference between two points in an electric field such that 1 joule of work is done moving a charge of 1 coulomb between these points.

1 volt = 1 joule/1 coulomb
· millivolts (mV) = 10-3, microvolts (V) = 10-6, kilovolts (kV) = 103, megavolts (MV) = 106
· The electric field intensity is commonly expressed in terms of volt per meter and can be referred to as the potential gradient.  The potential gradient of an electric field is the change in potential per unit of distance.

· The potential of the earth is arbitrarily taken as zero.  Any conducting material connected to the earth must be at the same potential as the earth; that is, potential difference between them is zero.  Such an object is said to be grounded.

· The potential can be either positive or negative depending on the nature of the charge producing the electric field.

16.11 – Distribution of Charges
· Michael Faraday performed several experiments to demonstrate the distribution of charge on an isolated object.  He charged a conical silk bag and found that the charge was on the outside of the bag.

· From experiments with isolated conductors we can conclude that:

· 1.  All the static charge on a conductor lies on its surface.

· 2.  There can be no potential difference between two points on the surface of a charged conductor.

· 3.  The surface of a conductor is an equipotential surface.

· 4.  Electric lines of force are normal to equipotential surfaces.

· 5.  Lines of force originate or terminate normal to the conductive surface of a charge object.

16.12 – Effect of the Shape of a Conductor
· A charged spherical conductor perfectly isolated in space has a uniform charge density, or charge per unit area, over the outer surface.  Lines of force extend radially from the surface in all directions and the equipotential surfaces of the electric field are spherical and concentric.

· The charge distributes itself according to the surface curvature, concentrating mainly around points.

16.13 – Discharging Effect of Points
· If this surface is reshaped to a sharply pointed end, the field intensity can become great enough to cause the gas molecules in the air surrounding the pointed end to ionize.

· In dry air at atmospheric pressure, a potential gradient of 30 kV/cm between two charged surfaces is required to ionize the intervening column of air.  When such an air gap is ionized, a spark discharge occurs.  Ex. lightning

· Ionization at sharp projections or sharp corners of the objects causes a slow leakage of charge producing a brush or corona discharge.  ex. St. Elmo’s fire

16.14 – Capacitors
· Any isolated conductor is able to retain an electrostatic charge to some extent.

· A combination of conducting plates separated by an insulator that is used to store an electric charge is known as a capacitor.  The area of the plates, their distance of separation, and the character of the insulating material separating them determining the charge that can be placed on a capacitor.  the larger the charge, the greater is the potential difference between the plates of the capacitor.  The ratio of charge Q to the potential difference V is a constant for a given capacitor and is known as its capacitance, C.  Capacitance is the ratio of the charge on either plate of a capacitor to the potential difference between the plates.

C = Q/V

C is the capacitance of a capacitor, Q is the quantity of charge on either plate, & V is the potential difference between the conducting plates.

The unit of capacitance is the farad (F), named in honor of Michael Faraday.

· The capacitance is 1 farad when a charge of 1 coulomb on a capacitor results in a potential difference of 1 volt between plates.  most commonly microfarads (F = 10-6) or picofarads (pF = 10-12)

16.15 – Dielectric Materials
· Faraday investigated the effects of different insulating materials between plates of capacitors.  ex. mica, paraffin, oil, waxed paper, glass, plastics, ceramics, & air

· Materials used to separate the plates of capacitors are known as dielectrics.  The ratio of the capacitance with a particular material separating the plates of a capacitor to the capacitance with a vacuum between the plates is called the dielectric constant, K, of the material.   (ex. dry air = 1.0006)  Dielectric constants are dimensionless numbers ranging from 1-10 for most materials commonly used in capacitors.

16.16 - The Effect of Dielectrics

· The molecules of some dielectrics have a permanent separation of their positive and negative centers of charge.  This property is described as a permanent electric dipole moment.  These molecules are called polar molecules, or dipoles.  When placed in an electric field, polar molecules tend to become aligned with the external field to a degree characteristic of the molecules.

· Other dielectrics are composed of molecules that are essentially nonpolar and that show no permanent electric dipole moments.  When placed in an electric field, these molecules can acquire a temporary polar character by induction.  While in the electric field, they have induced electric dipole moments.

· The surface near the positive plate of the capacitor acquires a negative charge and the surface near the negative plate acquires a positive charge.

· The electric field established in the dielectric slab by the surface opposes the external field E0 of the capacitor.  The opposing field is shown as Ed.  The net electric field E is the vector sum of the two fields E0 and Ed and is always a weaker field in the direction of E0.

E = E0 + Ed
· The net effect of a dielectric between the plates of a charged capacitor is to lower the potential gradient of the electric field.

· Capacitors are used in electronic circuits, ignition systems, and telephone equipment.

· Large capacitances are achieved by using large plate areas, insulators with high dielectric constants, and small separation of the plates.  Physical size limits the plate area while cost limits the choice of dielectric.  Dielectric strength of the insulator limits the reduction in spacing between the plates.

· The dielectric strength defines the quality of the material as an insulator; that is, the potential gradient it will withstand without being punctured by a spark discharge.

16.17 – Combinations of Capacitors

· For capacitors connected in parallel, the total capacitance is the sum of all the separate capacitances.

CT = C1 + C2 + C3
· In series:

Q = Q1 = Q2 = Q3
VT = V1 + V2 + V3
1/CT = 1/C1 + 1/C2 + 1/C3
For capacitors connected in series, the reciprocal of the total capacitance is equal to the sum of the reciprocals of all the separate capacitances.

