PAGE  
4

PH 112  MJM WS   Electric Potential 1  1/23/05       Name________________________  Box____

Background. 

Where we have a 'conservative' force, there is a potential energy present. Examples the PE of a mass at some height in a gravitational field (Ugr = mgh), and the potential energy of a spring (Usp = ½ kx2).

Earlier, (text, Chapter 11) we showed that the net work done on a body is the change in the kinetic energy:


Wnet = Kf - Ki  .

Where we have only a 'conservative' force acting, we can apply the conservation of energy


Ki + Ui = Kf + Uf .

This can be rearranged to read


(Kf-Ki) + (Uf-Ui) = 0  = (K + (U = 0 .   Or


(K = -  (U.
( Conservation of energy;  work done by a conservative force)

This says an increase in kinetic energy is accompanied by a decrease in PE, or a decrease in K means an increase in U. 

Exercise:  

a)  Find the speed in the air of a 2.0-kg block s dropped 

from rest and falling through a distance of 1.5 m

b) Find the work done on the block during its drop.

How did we first get Ugr = mgh?  We calculated the work done by gravity when a mass drops through a distance h. This is equal to the increase in its KE. But this work is also equal to the decrease in its PE.


Wgr  = ( F ( dr  = (F dr cos (    [ where ( is the angle between F and dr ]

F = mg  , directed down.   dr is element of displacement, also pointed down.  The angle between them is zero, so the work becomes Wgr = 0 ( h mg dr = mgh.  Then this work equals the increase of KE and also the decrease of PE.


W = mgh = (Kf - Ki) = -(Uf - Ui) .

The PE is decreased by mgh. If we say the final (lower) PE is zero, then the upper one is U = mgh.

 Exercise: Find the potential energy of two charges 

q1 and q2 separated by a distance R. We will take

both charges of the same sign, so the force is repulsive

between them.
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Method: We will hold q1 fixed, and let the repulsive


     R


dr

force push q2 away, all the way to infinity.





We will call the PE zero when q2 is at infinity.

a) Sketch and label the force F12 acting on q2 from q1.

Show it as an arrow.

Notice that dr points in the direction q2 will be displaced.

Find the angle between F and dr.

b) Use coulomb's law to write the force F12 .

c) Integrate to find the work done 

by this force to move q2 to infinity.


W = 

d) This work represents the increase of KE

of q2, and also the decrease of  Uelec between

the charges. Write down the expression for 

Uelec in terms of k, q1, q2, and R. 

(This should agree with the book on p. 905)

Exercise:  Now imagine that one proton (q = +1.6 x 10-19 C, m = 1.67 x 10-27 kg)

is fixed in position, and another proton is moving directly toward it 

with a speed of 3.70 x 103 m/s when it is 2.0 m from the first proton.

Use conservation of energy to find the speed of the moving 

proton when it is 100 nm from the stationary proton.

Electric potential.

The electric field is the force per unit charge, and likewise the electric potential V is the potential energy per unit charge.


E = F/q


V = Uelec/q

The electric potential energy between charges q1 and q2 separated by a distance r is :  Uelec = kq1q2/r.

When we got the expression for electric field due to a charge q at a distance r we took coulomb's law

F = kqq'/r2 and divided by the charge q' to get the force per unit charge a distance r from q. Now you are to do the same thing for the electric potential V.

Exercise:  Find an expression for the electric 

potential V at a distance r from a charge q1 .
Exercise: Find the electric potential at a distance 

of 0.01 m from a charge of 10 nC. 

(The unit of electric potential V is volts, 

and 1 V = 1 J/C.)

Exercise:  Show the unit N/C is also V/m :    

                1 N/C = 1 V/m

(next page)

Exercise: find the electric potential 

at point p1. 
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Find the electric potential at point p2.

It takes about 3 x 106 V/m to cause a spark in air (that's 'breakdown strength' of air)

If I accidentally draw a spark with my finger at a distance of 2 mm from a metal doorknob,

figure out an approximate potential difference between my finger and the doorknob.

Assume that there is a point charge Q on

my finger, estimate the size of the charge Q on

the end of my finger using your estimated 

potential difference (voltage) from the previous part.
