AP Physics - Coulomb's Law 

We’ve learned that electrons have a minus one charge and protons have a positive one charge.  This plus and minus one business doesn’t work very well when we go in and try to do the old major figuring stuff out  deal– it’s kind of arbitrary thing, see.  So we need a really useful unit of charge.  

Well, we got one.  It is your basic standard unit of charge; a thing called a Coulomb (C).

The symbol for charge is  Q   however   q  is used as well.

One Coulomb is equal to the charge of 6.25 x 10 18 electrons or protons.

The charge of a single electron is  - 1.60 x 10-19 C.  The charge of a proton is  + 1.60 x 10-19 C.

The Coulomb is a large amount of charge, so it is very common to use micro Coulombs and milli Colulombs.

1 mC = 10-3 C

1 (C = 10-6 C

· What is the charge of 1.35 x 1017 electrons?

This is a simple dimensional analysis type o’problemo.
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Coulomb’s Law: Charged objects exert forces on one another.  This is very similar to what happens with gravity between two objects that have mass.  Recall that Newton’s universal law of gravity can be used to calculate the force between two objects that have mass.  It turns out that there is a similar law that can be used to calculate the force between two objects that have charge.

This law is called Coulomb’s law.  Here it is:
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F is the force exerted between the two charges.  q1 and q2 are the two charges.  (Note, we  will actually use the absolute value of the charges -  we simply don’t care about whether they are positive or negative.)  r is the distance between the two charges and 
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 is called Coulomb’s Constant.  It is similar to the universal gravitational constant.

The value for Coulomb’s constant is:
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Coulomb’s law in most physics books is usually written in a slightly different form:
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where
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But we won’t use that form, because the wonderful AP Physics folks use the first one that the Physics Kahuna gave you.


The force between two charged objects can be either attractive or repulsive, depending on whether the charges are like or unlike.

We will also assume that the charges are concentrated into a small area – point charges.

Example Problems:
· Two point charges are 5.0 m apart.  If the charges are 0.020 C and 0.030 C, what is the force between them and is it attractive or repulsive?
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The force is repulsive  - both charges are positive.

· A force of 1.6 x 10-3 N exists between 2 charges; 1.3 (C and 3.5(C.  How far apart are they?
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Electric Force and Gravity:  Both gravity and the electric force are fundamental forces.  

The equations for the gravity and the electromagnetic force have the same form; they are both inverse square relationships.
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and    
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Where the 
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  term is the constant for Coulomb’s law and G is the constant for the law of gravity.

There are four really significant differences in the two forces:

· Gravity is always attractive. The electromagnetic force can be either attractive or repulsive.

· Gravity is much weaker.

· Gravity has a much greater range within which it is a significant force.

· The electric force can be shielded, blocked, or cancelled.  You cannot do any of these things with the  gravity force.

The force of gravity is around 1040 times smaller than the electromagnetic force.  This can be seen in a comparison of the two proportionality constants.  
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 = 8.99 x 109 Nm2/C2 for the electric force

G  = 6.67 x 10-11 Nm2/kg2 for the gravitational force

The two constants differ by a factor of 1020!

Gravity extends out to great distances.  The sun is 92 million miles away from the earth, yet the force of gravity is large enough to cause the earth to be locked in an orbit around the sun.  Now for electricity, the force between two charges drops off very quickly with distance.  This is because the magnitude of the two charges is very small – at the most, maybe a few Coulombs.  But with gravity, we are dealing with enormous masses  - the mass of the sun is 1.99 x 1030 kg!  Because of these large masses, even though the gravity constant is very small, the force of gravity between really large masses ends up being a really big force that reaches out over distances of billions and even trillions of kilometers.

Let us compare forces in a hydrogen atom.  The hydrogen atom is made up of a proton and an electron.  The two particles attract each other because they both have mass and they also have opposite charges.

The magnitude of the electron/proton charge is 1.60 x 10-19 C.  The distance between them in a hydrogen atom is around 5.3 x 10-11 m.  For the mass of an electron we’ll use 9.1 x 10 –31 kg.  For the mass of a proton we’ll use 1.7 x  10 –27 kg.

We can now calculate the force of gravity between the two particles:
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(Pretty small, ain’t it?)

Next, we solve for the electromagnetic force.
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Looking at the two forces, we see that gravity is much weaker.  The electromagnetic force is 2.2 x 1039 times bigger!

Gravity vs Electricmagnetic Force: Gravity fields and electric fields are both similar and different at the same time.  Here is a handy little table to organize things:



Gravity Force



Electricmagnetic Force
Attracts



attracts and repels

inverse square law


inverse square law

surround objects


surround objects

cannot be shielded


can be shielded

incredibly weaker


enormously stronger

Superposition Principle: When we have more than two charges in proximity, the forces between them get more complicated.  But, please to relax, even though things seem complicated, they actually ain’t and it is fairly simple to work things out.  The forces, being vectors, just have to be added up.  We call this the superposition principle.

Superposition Principle  (  The resultant force on a charge is the vector sum of the forces exerted on it by other charges.
Let’s look at a system of three charges.  The charges are arranged as shown in the drawing.  q1 is 3.00 m from q2.  q2 is 4.00 m from the q3.  (We immediately spot this as one of those “345” triangle deals, so we know that q1 is 5.00 m from q3).  What is the net force acting on q3?

[image: image1.wmf]19

172

1.6010

1.35102.0610

1

xC

xexC

e

-

-

æö

=

ç÷

èø


q3 is attracted to q2 (they have opposite charges) and repulsed by q1 (they have the same charge).  The two force vectors have been drawn and labeled, F23 and F13.
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The net force on q3 is F23 + F13.

The first step is solving the problem is to find the magnitude of the 2 forces:
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The next step is to break the two vectors down into their horizontal and vertical components and add the two vectors in the x and y directions.  This gives us the components of the resultant vector, FX and FY:
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Now we can find the resultant force:
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Now we can find the direction or the resultant force:
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Isn’t it great to solve these problems?  Let’s do another!

· [image: image51.wmf]q

q

32 cm

Two 0.25 g metal spheres have identical positive charges.  They hang down from light strings that are 32 cm long commonly attached to the ceiling.  If the angle the strings form with the vertical is 7.0(, what is the magnitude of the charges?
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First let’s draw a FBD for the forces on one of the spheres:

There are three forces: the tension T in the string holding the sphere up, the electric force FE, and the weight of the sphere mg.

Because the system is static, the sum of the forces must be zero.

The forces in the x direction are:
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The forces in the y direction are:
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Now things become simpler, we can use this last equation to find the tension.  Armed with the tension we can find the electric force.  Using the electric force we can find the charge on the sphere.  Let’s go ahead and find the tension.
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Now we find FE:
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Coulomb’s law is next:
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The 2 charges have the same value; we need to find the distance between the two spheres r.

We can see that half of r is l sin(.  So r is 2l sin (.
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But the two charges are the same, so:
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Dear Cecil:


Often when you put your clothes in the dryer you discover they stick together because of static electricity. But if you put a sheet of Bounce or Cling Free in the dryer, somehow it neutralizes the static electricity. Maybe I should just be glad my clothes don't stick together, but I'm curious. How precisely do Bounce and Cling Free work? --Michael T. Preston, Washington, D.C.





Cecil responds:


They, uh, lubricate. I know, doesn't seem like a very direct approach to the problem. That's the way science is. From the point of view of drama what you want is New and Improved Cling Free with Antimatter, in which the static electricity particles are annihilated by the antistatic antielectricity antiparticles, leaving only a hint of April freshness. In your dreams. What really happens is that static electricity is created when your clothes rubs together. As much as 12,000 volts' worth, in fact. If only we could harness this resource! I'll get on it as soon as I perfect the wintergreen Life Savers reading lamp.





Anyway, if you can create static electricity by rubbing, you can not create it by not rubbing. to 





(Work with me on this.) Assuming (a) not drying the clothes or (b) hanging them on the line be dried by God's healing sunlight aren't viable options, you can eliminate rubbing by means of strategically Anyway, if you can create static electricity by rubbing, you can not create it by not rubbing. (Work with me on this.) Assuming (a) not drying the clothes or (b) hanging them on the line to be dried by God's healing sunlight aren't viable options, you can eliminate rubbing by means of strategically applied lubricants. A quart of 30-weight during the rinse cycle? Don't be an amateur. Better to use the waxy compound impregnated in sheets of Bounce or Cling Free and liberated by the dryer's heat. You wax skis, you wax floors, you wax poetic (well, I do), so why not clothes?





Here's why not: after a while you get dingy wax buildup. In the oh-what-a-tangled-web-we-weave way of high technology, you can try to minimize this latest problem by means of "optical brighteners." This is not a new idea. You ever hear of bluing? You know what the idea behind it was? You made your clothes whiter than white, or at least not yellow, by dyeing them blue. The sophisticated version available today involves adding chemicals that fluoresce under the ultraviolet light of the sun, giving the colors a vibrant glow. Of course it's an illusion, but Buddha teaches us that everything is an illusion. Some may see only laundry; I see a metaphor for life.





--CECIL ADAMS





OZYMANDIAS





In Egypt's sandy silence, all alone, 


Stands a gigantic Leg, which far off throws 


The only shadow that the Desart knows:-- 


"I am great OZYMANDIAS," saith the stone, 


"The King of Kings; this mighty City shows 


"The wonders of my hand."--The City's gone,-- 


Nought but the Leg remaining to disclose 


The site of this forgotten Babylon. 


We wonder,--and some Hunter may express 


Wonder like ours, when thro' the wilderness 


Where London stood, holding the Wolf in chace, 


He meets some fragment huge, and stops to guess 


What powerful but unrecorded race 


Once dwelt in that annihilated place. 





---------Horace Smith





From Shakespeare’s Henry V





If we are mark'd to die, we are enow�To do our country loss; and if to live,�The fewer men, the greater share of honour.�God's will!    I pray thee, wish not one man more.�By Jove, I am not covetous for gold,�Nor care I who doth feed upon my cost;�It yearns me not if men my garments wear;�Such outward things dwell not in my desires:�But if it be a sin to covet honour,�I am the most offending soul alive.�No, faith, my coz, wish not a man from England:�God's peace! I would not lose so great an honour�As one man more, methinks, would share from me�For the best hope I have. O, do not wish one more!�Rather proclaim it, Westmoreland, through my host,�That he which hath no stomach to this fight,�Let him depart; his passport shall be made�And crowns for convoy put into his purse:�We would not die in that man's company�That fears his fellowship to die with us.�This day is called the feast of Crispian:�He that outlives this day, and comes safe home,�Will stand a tip-toe when the day is named,�And rouse him at the name of Crispian.�He that shall live this day, and see old age,�Will yearly on the vigil feast his neighbours,�And say 'To-morrow is Saint Crispian:'�Then will he strip his sleeve and show his scars.�And say 'These wounds I had on Crispin's day.'�Old men forget: yet all shall be forgot,�But he'll remember with advantages�What feats he did that day: then shall our names.�Familiar in his mouth as household words�Harry the king, Bedford and Exeter,�Warwick and Talbot, Salisbury and Gloucester,�Be in their flowing cups freshly remember'd.�This story shall the good man teach his son;�And Crispin Crispian shall ne'er go by,�From this day to the ending of the world,�But we in it shall be remember'd;�We few, we happy few, we band of brothers;�For he to-day that sheds his blood with me�Shall be my brother; be he ne'er so vile,�This day shall gentle his condition:�And gentlemen in England now a-bed�Shall think themselves accursed they were not here,�And hold their manhoods cheap whiles any speaks�That fought with us upon Saint Crispin's day.�
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