PHYS 1004 		Jan 10th 2018
Lecture 1: Electrostatics, Coulombs’ Law and Charge Density


Electric Charge
· There are two types of charge: positive and negative
· Net charge is the sum of individual charges
· [bookmark: _GoBack]An electrically neutral object has equal amounts of positive and negative charge
· The symbol for quantity of charge is q or Q
· The net electric charge of an isolated system remains constant

Atoms and Ions
· A neutral atom has the same number of protons and electrons, so that it has zero net charge
· An ion is an atom with unequal numbers of protons and electrons, so that it has a nonzero net charge
· Anion – net negative charge (more electrons)
· Cation – net positive charge (fewer electrons)

Electrons
· Each electron orbiting the nucleus has a mass of 9.11 x 10-31 kg and a negative electric charge
· The magnitude of the charge on the electron exactly equals the magnitude of the charge on the proton
· The electrons are mobile and are the charge carriers

The Unit of Charge: The Coulomb
· The Coulomb is the SI unit of charge, symbol C.
· It is defined as the charge which flows when a current of 1 ampere flows for 1 second
Electric current is the rate of flow of charge

Elementary Charge
· The magnitude of the electric charge on the proton and neutron is called the elementary charge, e
· In the SI system, the magnitude of e is 1.602x10-19 C
· The electron has a charge of –e

Quantization of Charge
· Proton has charge +e
· Electron has charge –e
· The charge on the proton or electron is the smallest amount of free charge that can exist
·  All other charges must be an integer multiple of e.  

Electrostatics
· When we transfer charge, it is the relatively mobile electrons which move
· We can charge non-conductors up by either 
· Adding extra electrons (giving a net negative charge) or
· Removing electrons (giving a net positive charge)




QUESTION: A neutral object is charged to +3.0 µC.  How many electrons are transferred, and in which direction?






The object has a positive charge. Electrons are transferred from the object.

Polarization
· When the charges in an electrically neutral object are separated from one another, the object is polarized

Conductors
· Materials in which some of the electrons are loosely bound to the nuclei are Electrical Conductors
· In metals, some electrons are so loosely bound that they are not associated with any particular nucleus
· These Free Electrons make metals particularly good electrical conductors
· copper is a particularly good conductor

Insulators
· Insulating materials do not have free electrons
· All of the electrons are tightly bound to their nuclei and are not free to move about
· Typical insulators
· Wood, glass, most plastics, paper

Semiconductors
· Have intermediate electrical conductivity.
· Typical semiconducting materials
· Silicon, germanium, InP, GaAs (known as III-V semiconductors from their position in the periodic table)
· The semiconductors can have their properties altered by doping with small amounts of other elements (e.g. Boron, Phosphorus)
· This makes them extremely important in technology

Charging By Contact
· It is possible to transfer charge between insulators by rubbing them together
· The charge on the insulators can then be transferred to other objects
· Glass on silk, glass is +ve and silk is –ve
· Bakelite on fur, fur is +ve and bakelite is –ve

Electron transfer

Electrons on the conducting sphere are free to move. They flow to the rod, to neutralize the positive charge.




Now the positive charge is distributed over both rod and sphere.




Moving the rod away leaves the conducting sphere positively charged.
· Charge by contact: the object becomes charged with the same sign
· The same process occurs for negatively charged rod in contact with a neutral sphere – electrons transfer to the sphere, which becomes negative

Grounding or Earthing
· Under most conditions the earth is a good electrical conductor
· Electrons from a negative charged object tend to flow “to earth” or “to ground”
· Electrons tend to flow from earth to a positively charged object






			Electron flow					Neutral

Charging by Induction
· A non-contact method
· The charged rod is brought up close to the metal sphere
· The charges in the rod exert an electrical force on the charges in the metal 
· The metal is polarized, so negative charges flow towards the positive rod

· Quickly ground one side of the sphere

· Electrons move up from the earth, to neutralize the positive side of the conducting sphere




· Break the earth contact before the sphere is completely neutralized. Sphere is now overall negatively charged


· There are now more electrons on the sphere, so it has an overall negative charge
· This is charging by induction
· The sign of the induced charge is the opposite to the charged rod used originally
· Charge spreads over the conductor to give uniform charge density



Aircraft Refuelling
· When an aircraft flies, it charges up as the air rubs on the outer surface
· When it lands, it still has this charge
· The rubber in the tyres acts as an insulator, so the static charge cannot escape to earth
· If a large metal object, such as a refuelling tanker gets too close to the aircraft, then the charge on the aircraft might leap from aircraft to tanker (an artificial lightning bolt). The aircraft must be grounded first to remove the charge.

The Electroscope
· A device to demonstrate the existence of charge







QUESTION:  A positively charged ball is brought close to an electrically neutral isolated conductor. The conductor is then grounded while the ball is kept close. If the ground connection is first removed and then the ball is taken away what is the net charge on the conductor?

There is no contact therefore, it is charging by induction. Results in an opposite charge to the initial object hence, the conductor becomes negatively charged



Forces Between Electric Charges
· Like charges repel one another; unlike charges attract one another.

Repulsive Force


Attractive Force


Coulombs Law
· The electrostatic force F exerted by one point charge q1 on another point charge q2 is given by



· The radial unit vector, r , extends on an axis between the two particles
· The quantity  is a constant known as the permittivity of free space 
· (HRW calls it the permittivity constant) 

· Like charges repel each other
· Unlike charges attract each other
· A positive value for the force indicates repulsion (movement away from each other)
· A negative value indicates attraction, movement towards each other

The Coulomb Constant
In some textbooks, the Coulomb Constant k is used
k has a value of 8.99×109 N.m2/C 





Net Force on a Charge
· The net force on a charge due to all of the other charges around it is
· It is a vector sum, so there is the possibility of cancelation of the forces



Directions of Vectors
· We can specify vector directions using unit vectors.
· A unit vector has a magnitude of one and no units


Unit vector in the +ve x direction

Unit vector in –ve x direction

The Shell Theorem
· A shell of uniform charge attracts or repels a charge outside the shell. 
· The shell of charge acts as if was a point charge, with all charge concentrated at the centre





· If there is a charge inside the shell, then there is no net electric force on that charge

No electric force inside the sphere


This can be proved by integrating all of the forces on any point of space within the shell due to the charge at the surface of the shell

Multiple Charge System
· If the system has several charges, then each charge exerts a force on all the others



· The net force is the vector sum of pairwise interactions
· We assume that each charge does not interfere with the effect of any other charge (screening effects)

QUESTION: The charges are of the same magnitude, and the spacing is constant. What is the direction of the net force on the central charge?




Repelled by left hand charge
									Net force: Right
Attracted towards right hand charge





Calculate the magnitudes of the forces








Two Dimensions
· The net force exerted on charge q3 is the vector sum of the forces exerted by q1 and the force exerted by q2









Free Body Diagram
· The forces exerted on an object.
· Choose convenient coordinate system
· Try to have as many force vectors along principle axes as possible







· Two Dimensional Problem
· Three charges in a plane.
· Find the net force on q1






· We choose a coordinate system where as many forces as possible are aligned along either the x axis or the y-axis.









		General expression:

· For the force of q3 on q1, which is attractive, the radial unit vector r, is along the x axis, so 






· For charge 2, we have to transform the vector into two components parallel with the x and y axes.











· So the net force in the x direction is


· The net force in the y direction is


· Calculate F21






· Calculate F31





· Now calculate the net force in the x direction





· Now calculate the net force in the y direction




· Now calculate the net force using Pythagoras’ theorem






· Now calculate the angle with respect to the positive x-axis









Variable Force: Variable Acceleration
· In the previous problems, we are calculating an instantaneous force applicable ONLY at that instant, with those particular values of distances between charges.
· As soon as ANY of the distances changes, all of the forces must be recalculated






· You can calculate the instantaneous acceleration (at t= 0) from Newton’s Second Law
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