UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


1.0 Electrostatics
·  Lecture objectives

1) Explain the charging of objects in terms of properties of negatively charged electrons which are relatively free to move.

2) Describe the forces that charges exert on each other

3) Explain how a charged object can attract objects having zero net charge

4) Define an electric field as a region in which an electric charge experiences a force of electrical origin and draw the electric fields around point charges and between charged parallel plates

5) Describe one hazard and one useful application of static charge 
____________________________________________________________________

1.2 Electric Charge, Q 

The unit of electric charge is the Coulomb (abbreviated C). Ordinary matter is made up of atoms which have positively charged nuclei and negatively charged electrons surrounding them. Charge is quantized as a multiple of the electron or proton charge: 



The influence of charges is characterized in terms of the forces between them (Coulomb's law) and the electric field and voltage produced by them. One Coulomb of charge is the charge which would flow through a 120 watt lightbulb (120 volts AC) in one second. Two charges of one Coulomb each separated by a meter would repel each other with a force of about a million tons! 

The rate of flow of electric charge is called electric current and is measured in Amperes. 

The SI unit for quantity of electricity or electric charge is the coulomb, which represents approximately 6.24 × 1018 elementary charges (the charge on a single electron or proton). The coulomb is defined as the quantity of charge that has passed through the cross-section of an electrical conductor carrying one ampere within one second. The symbol Q is often used to denote a quantity of electricity or charge.
  There are two types of charges: positive and negative. Like charges repel and opposite charges attract
There exist in nature two types of charges: positive and negative. The force between them is such that like charges repel and opposite charges attract. For example, two positive charges brought near each other will be pushed away from each other. On the other hand, one positive charge and one negative charge brought near each other will be pulled towards each other. It is this principle on which all electrostatics is based. 

  In general, a material is either a conductor or an insulator. A conductor allows electric charge to travel through it easily; an insulator does not. 

Each type of material has a different arrangement of atoms, electrons, and protons. The particular arrangement of a material's atoms can be very advantageous for electric charge to travel through it. Metals, for instance, are very good conductors. Charges can flow through a metal with very little resistance. The particular arrangement of a material's atoms can by disadvantageous, however. Rubber, for instance, has its atoms arranged such that it is very difficult for electric charge to flow through it. Rubber is considered to be an insulator


  A person's body acts as a conductor. 
Surprisingly, a person's body allows electric charge to travel through it easily. It is for this reason that one must be careful not to plug in the radio while in the bathtub: electric charges from the outlet can run through your body, electrocuting you. 


  When certain types of materials are rubbed against other certain types, charge may be transferred from one to the other.
Each object contains charge. For most objects, the number of negative charges equals the number of positive charges, giving a net charge of zero. These charges are free to move, however. When certain types of materials are rubbed against each other, the material's atoms are arranged such that some of the charges from one material will be transferred to the other material. This gives both objects a net charge. One object will be positively charged, the other will be negatively charged. For example, when a teflon rod is rubbed against silk, charge is transferred.

  When an uncharged object is placed near a charged object its charges rearrange themselves. Those charges attracted to the charged object move towards the charged object and those charges repelled move away. This effect is known as polarization. 
As discussed before, most objects are uncharged. An uncharged object means that the total number of positive charges equals the total number of negative charges. The net charge on the object is zero. When an uncharged object is polarized as described above, its net charge remains zero. No additional charge is put on the object. What does happen, however, is the charges inside the object rearrange themselves. When a negatively charged object, for instance, is placed near an uncharged object, the negative charges move away from the charged object and the positive charges move towards the charged object. It is this effect that makes the uncharged object act as if it is charged. 


  Charges on a conductor tend to gather at sharp points. 
For several complex reasons, the charges on a conductor will gather at sharp points. A metal cone, for instance, which has been charged will have a lot of charge at the point, and much less charge elsewhere.

	1.2 Forces of Electric Charge 

· F = kq1q2/r2, where F = electrostatic force, k = Coloumb's constant, q1 = first charge, q2 = second charge, and r = the distance between the two charges. 

As can be seen from the formula, the force between two charged objects depends on the amount of charge and the distance between the charges. It should be noted that a negative force using the equation above indicates that the force is attractive, and a positive force indicates that it is repulsive.

  Each type of material allows electric charge to flow through it to a certain extent. The measure of how receptive a material is to electric current is called the conductivity. Those materials with a high conductivity are called conductors. Those with a low cuductivity are called insulators.

 All materials have a certain conductivity. The conductivity of a material depends on the materials arrangement of free electrons. Below is a chart of some common materials and their conductivities. 

	Material 
	Electrical Conductivity (1/(ohm*m)) 

	

	Silver 
	60 x 106 

	Copper 
	60 x 106 

	Lead 
	5 x 106 

	Wood 
	10-8 - 10-14 

	Glass 
	10-10 - 10-14 

	Hard Rubber 
	10-13 - 10-16 

	

	Values taken from Tipler, Paul A. Physics, Third Edition. 1991
  When certain types of materials are rubbed against other certain types, charge may be transferred from one to the other. The amount and type of charge is determined by the Triboelectric Series.

 The Triboelectric Series is a list of materials which determines which materials will become positively charged and which will become negatively charged when rubbed together. A sample portion of the Series is shown below. To read the chart, those materials nearer the top will become positively charged and those nearer the bottom will become negatively charged. For instance, when Teflon is rubbed against silk, the Teflon becomes negatively charged and the silk becomes positively charged. 

Positive Charge
· Human hair

· Nylon

· Wool

· Silk

· Paper

· Cotton

· Wood

· Hard rubber

· Teflon

Negative Charge
  An uncharged object placed near a charged object becomes polarized. 

As discussed before, most objects are uncharged. An uncharged object means that the total number of positive charges equals the total number of negative charges. The net charge on the object is zero. When an uncharged object is placed near a charged object, its net charge remains zero. No additional charge is put on the object. What does happen, however, is the charges inside the object rearrange themselves. When a negatively charged object, for instance, is placed near an uncharged object, the negative charges move away from the charged object and the positive charges move towards the charged object. It is this effect that makes the uncharged object act as if it is charged.

   Charges on a conductor tend to gather at sharp points.

 
Due to the properties of electric fields and conductors, the charges on a conductor will gather at sharp points. A metal cone, for instance, which has been charged will have a lot of charge at the point, and much less charge elsewhere. 
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Paper shavings attracted by a charged CD


1.3 Charge induction
Charge induction occurs when a negatively charged object repels electrons from the surface of a second object. This creates a region in the second object that is more positively charged. An attractive force is then exerted between the objects. For example, when a balloon is rubbed, the balloon will stick to the wall as an attractive force is exerted by two oppositely charged surfaces (the surface of the wall gains an electric charge due to charge induction, as the free electrons at the surface of the wall are repelled by the negative balloon, creating a positive wall surface, which is subsequently attracted to the surface of the balloon). You can explore the effect with a simulation of the balloon and static electricity.
1.4 Coulomb's law
The electric field surrounding a point charge is given by Coulomb's law:
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where

Q is the charge of the particle creating the electric field, 

r is the distance from the particle with charge Q to the E-field evaluation point, 
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is the Unit vector pointing from the particle with charge Q to the E-field evaluation point, 
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is the vacuum permittivity. 

Coulomb's law is actually a special case of Gauss's Law, a more fundamental description of the relationship between the distribution of electric charge in space and the resulting electric field. Gauss's law is one of Maxwell's equations, a set of four laws governing 

1.5 Electric Field

Electric field is defined as the electric force per unit charge. The direction of the field is taken to be the direction of the force it would exert on a positive test charge. The electric field is radially outward from a positive charge and radially in toward a negative point charge. 

If the charged particle can be considered a point charge, the electric field is defined as the force it experiences per unit charge:
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where
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is the electric force experienced by the particle 

q is its charge 
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 is the electric field wherein the particle is located 

1.6 Electric Field : Point Charge

	The electric field of a point charge can be obtained from Coulomb's law: 
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The electric field is radially outward from the point charge in all directions. The circles represent spherical equipotential surfaces.
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The electric field from any number of point charges can be obtained from a vector sum of the individual fields. A positive number is taken to be an outward field; the field of a negative charge is toward it. 
1.7 Electric Field: Parallel Plates

If oppositely charges parallel conducting plates are treated like infinite planes (neglecting fringing), then Gauss' law can be used to calculate the electric field between the plates. Presuming the plates to be at equilibrium with zero electric field inside the conductors, then the result from a charged conducting surface can be used: 
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	This is also consistent with treating the charge layers as two charge sheets with electric field
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in both directions. 
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1.8 Static electricity
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Before the year 1832, when Michael Faraday published the results of his experiment on the identity of electricities, physicists thought "static electricity" was somehow different from other electrical charges. Michael Faraday proved that the electricity induced from the magnet, voltaic electricity produced by a battery, and static electricity are all the same.

Static electricity is usually caused when certain materials are rubbed against each other, like wool on plastic or the soles of shoes on carpet. The process causes electrons to be pulled from the surface of one material and relocated on the surface of the other material.

A static shock occurs when the surface of the second material, negatively charged with electrons, touches a positively-charged conductor. Or Vice-Versa.

Static electricity is commonly used in xerography, air filters, and some automotive paints. Static electricity is a build up of electric charges on two objects that have become separated from each other. Small electrical components can easily be damaged by static electricity. Component manufactures use a number of antistatic devices to avoid this.

When different materials are brought together and then separated, an accumulation of electric charge can occur which leaves one material positively charged while the other becomes negatively charged. The mild shock that you receive when touching a grounded object after walking on carpet is an example of excess electrical charge accumulating in your body from frictional charging between your shoes and the carpet. The resulting charge build-up within your body can generate a strong electrical discharge. Although experimenting with static electricity may be fun, similar sparks create severe hazards in those industries dealing with flammable substances, where a small electrical spark may ignite explosive mixtures with devastating consequences.
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