AP Physics - Electric Fields
The earth is surrounded by a gravity field.  Any object with mass will have a force exerted on it by the earth’s gravity (and it will exert an equal force on the earth – third law, natch).  This is fairly simple to picture in one’s mind.  You have the earth pulling things down with the force of gravity, but because the force of gravity is so weak, we don’t have to worry about the force of gravity between objects that are in the earth’s gravity field.  

This is not true for electric charges.  If you have a group of them, the forces they exert on each other are significant and we can’t ignore them.  It would be like having 3 or 4 planets scattered around in a volume a thousand times smaller than the solar system.  They would all exert tremendously large forces on each other.  Because of this we have to treat electric forces between charges way different than how we treat gravitational forces between masses.

Electric Lines of Force: An electric field exists around any charged object in space.  A second charged object brought into this field will experience a force according to Coulomb's law.  Of course this is also true for gravity.  Objects with gravity are surrounded by a gravity field.  The thing is that gravity fields aren’t very useful (because gravity is pretty simple), but electric fields are.

The electric field E is a vector quantity.  It has both magnitude and direction.  The direction of the field is the direction a small positive charge would be subject to.  

In the drawings below, Q represents the charge causing the field.  q represents a small test charge.  In this first case, Q is positive and the test charge is positive.
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In the example above, a positive charge Q exerts a force on a small positive test charge q.  The direction of the force is away from Q.

If we move the test charge to a new location, the force exerted on it will have a new direction, but it will still be away from Q.

[image: image11.wmf]Electric 

Field E

Proton in

   field

Direction

of force on 

proton

F

E


We can represent the field and the direction of the forces it will exert by drawing in lines that show how the forces would be directed.  We call these electric lines of force.  

Electric lines of force  (  lines drawn so that a tangent to the line shows the direction of the electric force.

1. The number of lines per unit area is proportional to the strength of the field.

2. Where E (the electric field strength) is large, the lines will be close together.  Where E is small, the lines will be far apart.

The electric field around a single point positive charge would look like this:
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The direction of the arrows is the direction of the force that would be exerted on a positive test charge placed at that point.  The lines show that any positive charge in the field would experience a force that wold be directed directly away from the positive charge in the center.

The lines of force around a negative charge would look like this:
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Note:  the direction is towards the source of the field.  This is because a positive test charge would be attracted to the negative charge in the center.

Here are electric lines of force between two positive charges:
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Lines of force between two unlike charges:
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Field Intensity: The field intensity is a measure of the strength of an electric field.  It is represented by the symbol E.
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Here, E represents field intensity, F represents the force in Newtons acting on a test charge q0, which is a test charge that is being acted upon.  This charge, q0, is not the charge that has set up the field! q0 is a test charge that is in the field made by Q (which is some other charge)!
The unit for the field intensity is a 

  or   N/C.

Electric lines of force are very useful to figure out what sort of forces will act on charges in a given electric field.

You can quickly determine the direction of a force acting on a charged particle due to an electric field.  In the above example (in the drawing) there is a uniform electric field E.  A proton will experience an electric force from the field, FE as shown in the drawing below.
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An electric field surrounds a positive charge.  Two small positive test charges are placed in the field; one at point a and the other at point b.  We can determine the direction of the forces acting on the test charges and also determine their relative magnitudes.  The force on the particle at a will be greater than the force at b because the lines of force are closer together where a is located.  Closer lines of force means a bigger force.

· An electric field has a field intensity of 2.0 x 104 N/C.  If the force acting on a test charge is 6.2 N, what is the magnitude of the test charge?

This is a simple plug and chug problem.
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Once we can find forces, we can use Newton’s laws to calculate all sorts of wondrous things.  Like velocity or acceleration!

· [image: image16.wmf]An electron travelling at 2.3 x 105 m/s with a direction as shown in the drawing enters a uniform 280 N/C electric field.  (a) Analyzing the electric lines of force, what is the direction of the force acting on the particle?  (b) What is the magnitude of the force? (c) What is the acceleration acting on the electron? (d) If the electron travels a distance of 3.0 mm in the field, what is the distance it will be deflected from its original path?

(a) The direction of the force will be down.  The arrows on the lines of force show the direction of a force acting on a positive test charge.  Since the electron has a negative charge, the force will be in the opposite direction.

(b) We know the charge of an electron, so we can figure out the force acting on it.
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(c) We can use the second law to find the acceleration.  We’ll need the mass of the electron, but we can look that up.
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(d) The electron is moving horizontally at a constant velocity.  It will be accelerated downward by an electromagnetic force and also by gravity.  Looking at the acceleration from the electric field, we can see that the acceleration from gravity is way way smaller, so we can ignore gravity -  it is totally insignificant.  (Hey, what is a lousy 9.8 m/s2 compared with 1013 m/s2?)

We need to figure out the length of time it will be accelerated.  It is moving through a field – this is when it will be accelerated – a distance of 3.0 mm.  We know the horizontal speed, so we can find the time to travel that distance.
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Armed with the time, we can find the distance it will be displaced.
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So the electron will be deflected downwards a distance of 2.1 mm as it travels through the field.

This problem looked really horrible, even the Physics Kahuna must admit this, but it actually turned out to be quite simple.  Other than the 
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 equation, the problem dealt with a force, an acceleration, a constant velocity over a given distance, and a displacement caused by a force.  All of which is stuff you’ve done before.

Electric  Fields and Objects:  The electric charge on an object, such as a conductive sphere, say for example, always is on the outside of the object.  It is on the outer surface.  Why is this so?

Well, it’s very fundamental.  The free electrons repel each other.  This means that they try to get as far away from one another as they possibly can.  In order to do this, they collect on the outside surface and spread out.  If they were on the inside, they would be closer together, so they don’t do that.
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The Ballad of One-Eyed Mike


This is the tale that was told to me by the man with the crystal eye, 


As I smoked my pipe in the camp-fire light, and the Glories swept the sky; 


As the Northlights gleamed and curved and streamed, and the bottle of "hooch" was dry. 


A man once aimed that my life be shamed, and wrought me a deathly wrong; 


I vowed one day I would well repay, but the heft of his hate was strong. 


He thonged me East and he thonged me West; he harried me back and forth, 


Till I fled in fright from his peerless spite to the bleak, bald-headed North. 





And there I lay, and for many a day I hatched plan after plan, 


For a golden haul of the wherewithal to crush and to kill my man; 


And there I strove, and there I clove through the drift of icy streams; 


And there I fought, and there I sought for the pay-streak of my dreams. 


So twenty years, with their hopes and fears and smiles and tears and such, 


Went by and left me long bereft of hope of the Midas touch; 


About as fat as a chancel rat, and lo! despite my will, 


In the weary fight I had clean lost sight of the man I sought to kill.





'Twas so far away, that evil day when I prayed to the Prince of Gloom 


For the savage strength and the sullen length of life to work his doom. 


Nor sign nor word had I seen or heard, and it happed so long ago; 


My youth was gone and my memory wan, and I willed it even so. 


It fell one night in the waning light by the Yukon's oily flow, 


I smoked and sat as I marvelled at the sky's port-winey glow; 


Till it paled away to an absinthe gray, and the river seemed to shrink, 


All wobbly flakes and wriggling snakes and goblin eyes a-wink.





'Twas weird to see and it 'wildered me in a queer, hypnotic dream, 


Till I saw a spot like an inky blot come floating down the stream; 


It bobbed and swung; it sheered and hung; it romped round in a ring; 


It seemed to play in a tricksome way; it sure was a merry thing. 


In freakish flights strange oily lights came fluttering round its head, 


Like butterflies of a monster size -- then I knew it for the Dead. 


Its face was rubbed and slicked and scrubbed as smooth as a shaven pate; 


In the silver snakes that the water makes it gleamed like a dinner-plate. 





It gurgled near, and clear and clear and large and large it grew; 


It stood upright in a ring of light and it looked me through and through. 


It weltered round with a woozy sound, and ere I could retreat, 


With the witless roll of a sodden soul it wantoned to my feet. 


And here I swear by this Cross I wear, I heard that "floater" say: 


"I am the man from whom you ran, the man you sought to slay. 


That you may note and gaze and gloat, and say 'Revenge is sweet', 


In the grit and grime of the river's slime I am rotting at your feet.








"The ill we rue we must e'en undo, though it rive us bone from bone; 


So it came about that I sought you out, for I prayed I might atone. 


I did you wrong, and for long and long I sought where you might live; 


And now you're found, though I'm dead and drowned, I beg you to forgive." 


So sad it seemed, and its cheek-bones gleamed, and its fingers flicked the shore; 


And it lapped and lay in a weary way, and its hands met to implore; 


That I gently said: "Poor, restless dead, I would never work you woe; 


Though the wrong you rue you can ne'er undo, I forgave you long ago." 





Then, wonder-wise, I rubbed my eyes and I woke from a horrid dream. 


The moon rode high in the naked sky, and something bobbed in the stream. 


It held my sight in a patch of light, and then it sheered from the shore; 


It dipped and sank by a hollow bank, and I never saw it more. 


This was the tale he told to me, that man so warped and gray, 


Ere he slept and dreamed, and the camp-fire gleamed in his eye in a wolfish way -- 


That crystal eye that raked the sky in the weird Auroral ray. 





--- Robert Service
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