Write an outline of what you do when. Where sample calculations come in.

Updated: April 26, 2005

Course: SPH4U1

Unit: Fields

Lesson 5b: Title: Electric Fields 

Preliminaries:

Lesson:
This is not written as a lesson – instead it is a compendium of the next three topics. Some of it is duplicated in other lessons.
Last day we looked at Coulomb’s law and the electric (or coulomb) force due to electric charges. We saw that when you have more than one charge, the force due to all of them adds using vector addition (makes sense since force is a vector). [same principle as adding any other forces]
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	Electric Force:   
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	Gravitational Force:   
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	Electric Field     
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symbol: either E or (better: ( (must avoid confusion with energy. Sometimes potential energy uses the symbol U); unit N/C

Similar to gravity, electric fields produce forces on charges.

The direction of the field is the direction that a small positive test charge +q would ‘move’ (actually accelerate).
(i.e. away from a +Q and towards a –Q)
	Gravitational Field (intensity):
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symbol 
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unit: N/kg
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 is the intensity of the gravitational field
it is caused by a mass; and any other mass placed in this gravitational field experiences a force.

	likewise, 
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This is the electric field due to a point or spherical source qs . The direction is either towards the source charge or away, depending on the sign of the charges.
	from above:
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This is the gravitational field [intensity] due to a point mass, Ms, that is the source of the field

The direction is always towards the source mass


NOTES:

· Instead of drawing many short vectors all over the place for fields (see page 274), we draw field lines – it is more useful. See page 338, 339 [draw diagrams]

· Fields add up using vector addition.

· In all of the electric fields we imagine positive charges, things moving from positive to negative.
Why? Is this unrealistic? No! : protons, ions (in liquids, gases, accelerators), ( particles, holes in semiconductors.

· The rules for drawing field lines are the same as for magnetic fields (see box below) with the exception that electric field lines don’t have to be complete loops. 

· With more complicated geometries, the strength of the electric field does not correspond to the density of field lines! (I never knew this). It is illustrated by colour coding (see the cool pictures on page 340).


· Electric fields produce forces on charges. Look what happens on the surface of a charged conductor (piece of metal): If the field line is at some angle, it will have parallel and perpendicular components. The parallel component will cause the electrons to move along the surface of the metal, until the charges are rearranged so that there is no parallel component. 
( In normal (static) conditions the electric field is always perpendicular to the surface of a conductor. (Since the electrons are in the metal, the force on them cannot make them follow the lines off into space.)

· Electric field ( force ( acceleration, (the electric field lines are the same as the lines of force, or the lines that a charge will accelerate on. Electric field lines show the direction of FORCE, hence ACCELERATION of a test charge, NOT the VELOCITY (motion, where the charge will travel) of the charge. If the field line is curved, the acceleration will be tangential and the charge will move off of the line, and then it will experience a slightly different acceleration from the next region of the electric field …  The acceleration is constantly changing. (similar situation to circular motion – the acceleration vector does not show the path of the object).

Magnetic fields

· – I am totally confused by conflicting terminology. The textbook also deftly avoids the details of magnetic quantities.  So … we will ignore them.

Electric Fields:

1. various configurations: 1 point charge, two like, two unlike, point charge and charged plane conductor, parallel plates and fringing field

2. sample problems: p342 (( from q and r),  +q and +3q, where is (=0?

3. page 343 #1-3, p 347 #3, 5 (#14?)

4. read sections 7.1 to 7.3

5. There is no electric field inside a conductor. 
( shielding!  (page 347 – weird – positive charge inside a conductor.)

6. charges on irregularly shaped objects, accumulate on points, why? high fields there dissipate charge.
Sharp points dissipate charge. Spherical objects hold more charge and hold onto it longer.
	Electric
	Gravitational

	Electric Potential Energy
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(note: no negative sign)

At r = (  Eq = 0. This is the reference value.
The sign works out according to the signs of the charges. Like gravity, the sign is negative for attraction (and positive for repulsion).
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(Ee is the work done moving a charge q1 over some distance (r2 – r1) in a field produced by charge q2.

	Gravitational Potential Energy
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At r = (  Eg = 0. This is the reference value.
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This is the work done in moving a mass m some distance in a field produced by a mass M.


Note:

· As with Gravity, work is only done when moving a charge, q, along an electric field line, not across it.

· Note that this is NOT true of electric charges moving across magnetic field lines. 

Equipotential lines

· these are  lines of equal electric potential (voltage) not equal potential energy.

· They are always perpendicular to the electric field lines. 

· Moving a charge along an equipotential line keeps the charge at the same potential energy, so no work is done.

( DIAGRAM.

	voltage or …
electric potential = energy / charge


V = E/Q   (charge in general)

 V = kqs/r
(this is the potential due to the charge generating the field)
	gravitational potential (seldom used)




Do calculations for finding equipotential lines at r, 2r, 3r. Do voltages change linearly with r?

· Discuss: when is electric potential = 0 ? (at infinity, one point between + and – charges ... height above sea level).
When is electric field = 0? (at infinity, one point between two like charges ... slope).

Homework: 

Evaluation: 

future lessons: capacitance, …
volts and electron volts
shielding (Faraday)
Millikan experiment

REVIEW from Grade 11:


Magnetic Poles:


All magnets have two opposite poles – called north seeking and south seeking. Magnets are DIPOLES. Electric quantities can have monopoles (either positive or negative all by itself).


Law of magnetic poles – (same as law of electric charges): Opposite magnetic poles attract. Similar magnetic poles repel. � 


Magnetic Field Lines


Forces which act over a distance (like gravity) with no physical contact.  We think of a force field extending from the magnet, that gets weaker with distance.  �(Fmag ( 1/d2 – an inverse square force) – NO!





We represent this field with lines:�(i) the lines form complete loops. �(ii) the field lines come out of the N pole and go into the S pole. �(iii) the closer the lines are, the stronger the field is.  �(iv) field lines do not cross





Symbols for lines coming out of the page ( and going into it. (


Magnetic field lines can be mapped easily using iron filings, or small compasses.


Compasses point along the field lines.








The force generated by a magnetic field does not obey an inverse square law -- a fact. It obeys the force law associated with a dipole. When you ask for a "Why?" modern physics is at somewhat of a loss because there really isn't an easy answer.


For one thing, the strength of magnetic FORCE depends on the speed of the particle being pushed or pulled by the field.  Also, unlike gravity, magnetic force pushes sideways, perpendicular to the field direction. Gravitational force is just gravitational field multiplied by the mass being pushed or pulled.  Electric force is just electric field multiplied by the charge being pushed or pulled.  Magnetic force depends on the charge, speed, AND direction of the charge being pushed or pulled, as well as the strength of the field.  It is a very different kind of force.


As for "carrying" the field, it is known that photons of light transmit both electric and magnetic force.  In fact, light is waves made of oscillating electric and magnetic fields.


Dr. Ken Mellendorf


Illinois Central College


http://www.newton.dep.anl.gov/askasci/phy00/phy00332.htm
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