AP Physics – Electric Potential Energy 
Indulge the Physics Kahuna for a bit of a quick review of some vital previously covered material. The importance of the earlier concepts will be made clear as we proceed. 

Work takes place when a force acts over a distance.  
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The unit for work is the joule (J).  A joule is a newton ( meter.   
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Potential energy from gravity is   
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The force of gravity acting on an object with mass is always directed towards the center of the earth.  

Remember?

When you lift an object you do work on it.  As its height is increased, its potential energy increases.  The work that you do lifting it is equal to the increase in potential energy of the thing.

Imagine a skyscraper.  An object that is on the 75 floor has more potential energy than does an object on the 2nd floor, true?
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If we move an object from the 10th floor to the 20th floor, we’ve  (a) done work on it and (b) increased its potential energy.

If we move an identical object from the 25th floor to the 35th floor, we’ve (a) done work on it and (b) increased its potential energy.

In fact we’ve done the same amount of work on both occasions and we’ve increased the potential energy of the object by the same amount, true?

We’ve done ten floors worth of work and increased the potential energy ten floors worth.

We could make it even more general by looking at potential energy changes per kilogram.  Then we wouldn’t have to worry about the objects all having the same mass.  We would be dealing with a change in potential energy per  kilogram.

Analyzing changes in gravitational potential energy doesn’t turn out to be terribly useful in dealing with gravity, energy, and work.  So why did the Physics Kahuna waste your precious time with the pointless discussion?

Well, it isn’t useful for gravity fields, but it is terribly useful when dealing with electric fields.

Looking at an electric field around a charged object we find that we also have work being done and potential energy changes being made when we move charged objects about.

We have a comparable situation to that of gravity when we have two opposite charges.  We have a large charge Q.  Placed near this charge is a small test charge q.  As we increase the distance between q and Q,  we have to do work to move the charge and we increase its potential energy .

If the charges are the same, then we have a different situation.  It takes work to move the test charge closer to the other charge (the force is repulsive between them).  As the two charges move closer together, the potential energy increases.
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Electric Potential Energy:  Let’s go ahead and develop an equation for the potential energy of a charge in an electric field.  

Let’s look a simple situation with two charges.  Now, deriving an equation for electrical potential energy sounds too hard.  We haven’t studied anything about electrical potential energy, have we?  Oh, ye, of little faith.  We don’t need to study anything special, we already know all that we need to in order to figure this out. 

We know that potential energy is force times distance.
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The force acting between the electron and the proton is:
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We can plug in Coulomb’s law for the force in the potential energy equation. 
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So there it is.  An equation for electrical potential energy:


[image: image6.wmf]12

0

1

4

E

qq

U

r

p

=

Î


· An electron in a hydrogen atom is at its lowest energy state.  It is at a distance of 5.29 x 10-11 m from the proton in the nucleus.  What is its potential energy relative to the proton?

We can look up the charges for the particle, although by now, you probably know what they are by heart.  Anyway, here are the charges:
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Work in the Electric Field:  Earlier we mentioned that work was done when a particle was moved from one point to another in an electric field.  This is accompanied by an increase in the charge’s potential energy (the charge that gets moved).

If the two charges are unlike:  

Pull the charges apart – increase potential energy (just like with gravity).

Push the charges together -  potential energy decreases.

If the two charges are the same:  

Pull the charges apart - decrease the potential energy.

Push together - potential energy increases.

The important thing here is that the work done in moving the charge is equal to the potential energy difference between the two points 

The critical thing is the change in displacement – the difference between the starting point and the final position of the charge.  We don’t care about what the actual distance between the charges is.

We know that work is:    
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The force exerted on a test charge in an electric field is:




[image: image13.wmf]F

E

q

=




[image: image14.wmf]FqE

=


We now put these two equations together and we get:
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This gives us an equation for the work done in an electric field in moving a charge form one position to another:
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W is the work done in Joules, q is the charge of the test charge (not the charge making the field), E is the electric field strength, and d is the displacement of the charge.
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In the drawing to the right, we have a uniform electric field of strength E.  A charge is moved from point A to point B, which is a distance d.  The work needed to do this is given by the equation we just developed.

The magnitude of the work done in moving the charge is equal to the change in potential energy.  Therefore we can write:
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The negative sign simply means that the potential energy will increase if the charge is negative or decrease if the charge is positive.


We recall the equation for work:
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We plug this into the equation for the change in potential energy.
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This is another useful equation.

Potential Difference: We can make things even more general.  Instead of looking at the total potential energy, we can look at the potential energy per Coulomb of charge.

This, the potential energy per charge, is called potential difference.

Potential Difference  (   Change in potential energy per Charge 

The symbol for potential difference is (V  or V.
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If we look at the equation for potential energy and divide both sides by the charge q, then we get the potential difference.
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We divide both sides by q (which is mathematically legal).
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This equation is commonly rearranged to this form:
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This is the equation that you will have available for the AP Physics Test.  Notice also that the electric field can be expressed in units of V/m as well as N/C.

Here is the formal definition for potential difference between points a and b:

Potential difference is the change in potential energy as a charge q is moved from a to b divided by the charge q.

If  
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On the AP Physics Exam, the equations for potential energy are combined together into one, looks like this:
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And of course, the work is equal to the change in potential energy, so


[image: image28.wmf]12

0

1

4

qq

WqV

r

p

==

Î


The unit for potential difference is the volt (V).  The volt is a joule/Coulomb.
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A potential difference of one volt means that it takes one joule of energy to move a one Coulomb charge in the field.  A potential difference of 1000 V means that it would take 1000 J to move 1 C of charge in the field.

Potential difference is also called electric potential or voltage.
Potential difference is one of the most important concepts in physics when you are dealing with electricity, so you want to take special care to master the thing.  It is essential that you have a solid understanding about potential difference and how it works.

Charge moves because of the potential difference, (V.  The bigger the potential difference between two points, the more the charge will want to move.  

Electric potential is a scalar quantity.

Here are the equations that you will have to work with on the AP Physics Test:
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We’ll now make use of them to solve the odd problem or two.

· The potential difference between two points is 12.0 V.  What amount of work is needed to move a 2.00 (C charge within the field?


[image: image33.wmf]12

0

1

4

EE

qq

UqVUqVW

r

p

====

Î





[image: image34.wmf](

)

665

2.001012.024.0102.4010

WqVxCVxJxJ

---

====

 

· Two charged plates are 5.00 cm apart.  The electric field between them is 775 N/C.  What is (a) the potential difference between the plates and (b) what work is done moving an electron from one plate to another?

(a)  
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(b)  We know the electron’s charge, so this is fairly simple:
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· The voltage between two big charged up parallel plates is -120.0 V.  The plates are 2.50 cm apart.  What is the electric field between them?
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Notice that the Physics Kahuna has abandoned showing how the units all work out.  This is because in the electric world with all of its wacky units, it is just too much trouble.

Here’s what you do.  You put everything into standard units: meters, Newtons, joules, Coulombs, Volts, &tc.  Then you just put down the proper unit that the answer is supposed to have.

· A proton is released from rest in a uniform electric field, E = 8.0 x 104 V/m.  It is directed along the x axis.  It’s displacement is 0.50 m in the direction of the field.  (a) What is the change in potential difference?  (b) What is the change in electrical potential energy?  (c) What is its velocity after it traveled the 0.50 m?

(a)  We can find the potential difference since we know the electric field strength and the displacement.
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(b)  The potential energy is easy to find.  We know the charge of a proton and we know the potential difference it is exposed to.
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(c)  The proton’s potential energy will be converted into kinetic energy as it moves through the 0.50 m.   So we can set the kinetic energy equal to the potential energy and solve for the particle’s velocity.
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We can look up the mass of a proton.
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Potential Difference and Conductors: In a conductor electrons, for all practical purposes, are free to move about every which way but loose.  This means that there is no potential difference within a conductor from one point to another.  If one end of a wire has a potential difference of 12 V, the other end will also have a potential of 12 V.

We physics types say that all points in a conductor are at an equipotential.   When conductors are joined together, the charge ends up being evenly distributing throughout the newly formed conductive system.  The new conductor system will also be at an equipotential.  



The Gramaphone at Fond-Du-Lac





Now Eddie Malone got a swell grammyfone to draw all the trade to his store; 


An' sez he: "Come along for a season of song, which the like ye had niver before." 


Then Dogrib, an' Slave, an' Yellow-knife brave, an' Cree in his dinky canoe, 


Confluated near, to see an' to hear Ed's grammyfone make its dayboo. 


Then Ed turned the crank, an' there on the bank they squatted like bumps on a log. 


For acres around there wasn't a sound, not even the howl of a dog. 


When out of the horn there sudden was born such a marvellous elegant tone; 


An' then like a spell on that auddyence fell the voice of its first grammyfone. 





"Bad medicine!" cried Old Tom, the One-eyed, an' made for to jump in the lake; 


But no one gave heed to his little stampede, so he guessed he had made a mistake. 


Then Roll-in-the-Mud, a chief of the blood, observed in choice Chippewayan: 


"You've brought us canned beef, an' it's now my belief that this here's a case of 'canned man'." 


Well, though I'm not strong on the Dago in song, that sure got me goin' for fair. 


There was Crusoe an' Scotty, an' Ma'am Shoeman Hank, an' Melber an' Bonchy was there. 


'Twas silver an' gold, an' sweetness untold to hear all them big guinneys sing; 


An' thick all around an' inhalin' the sound, them Indians formed in a ring.








So solemn they sat, an' they smoked an' they spat, but their eyes sort o' glistened an' shone; 


Yet niver a word of approvin' occurred till that guy Harry Lauder came on. 


Then hunter of moose, an' squaw an' papoose jest laughed till their stummicks was sore; 


Six times Eddie set back that record an' yet they hollered an' hollered for more. 


I'll never forget that frame-up, you bet; them caverns of sunset agleam; 


Them still peaks aglow, them shadders below, an' the lake like a petrified dream; 


The teepees that stood by the edge of the wood; the evenin' star blinkin' alone; 


The peace an' the rest, an' final an' best, the music of Ed's grammyfone. 





Then sudden an' clear there rang on my ear a song mighty simple an' old; 


Heart-hungry an' high it thrilled to the sky, all about "silver threads in the gold". 


'Twas tender to tears, an' it brung back the years, the mem'ries that hallow an' yearn; 


'Twas home-love an' joy, 'twas the thought of my boy . . . an' right there I vowed I'd return. 


Big Four-finger Jack was right at my back, an' I saw with a kind o' surprise, 


He gazed at the lake with a heartful of ache, an' the tears irrigated his eyes. 


An' sez he: "Cuss me, pard! but that there hits me hard; I've a mother does nuthin' but wait. 


She's turned eighty-three, an' she's only got me, an' I'm scared it'll soon be too late." 





  * * * * 





On Fond-du-lac's shore I'm hearin' once more that blessed old grammyfone play. 


The summer's all gone, an' I'm still livin' on in the same old haphazardous way. 


Oh, I cut out the booze, an' with muscles an' thews I corralled all the coin to go back; 


But it wasn't to be: he'd a mother, you see, so I -- slipped it to Four-finger Jack. 





--- Robert Service
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