This lesson needs a bit of restructuring still.
Updated: May 3, 2005

Course: SPH4U1

Unit: Fields

Lesson 5: Title: Electric Fields 

Outline for teaching:

1. overview: Force, field, equipotentials

2. g and (
3. calculations. (students do as practice / drill).

4. field oddities (points, conductors, …)

5. computer time: 
(1) field applet
(2) assignment topics

6. homework Giancoli p 475 #24,  p 477 #41, 44

Preliminaries: go over assignment (hand out)

Lesson:

Once you go beyond the equations for the central forces [ie. forces that go out equally in all directions as 1/r2 ], one has to assume that there is one large charge (or mass) and one small charge (mass). Denoted as M and m in gravity formulas.


The large charge (mass) is the source of the field and any other mass placed in this gravitational field experiences a force. The small one is the test charge (mass).  You have to make sure that you don’t get the two confused. The test charge is small enough that it doesn’t appreciably affect the fields. 
Elucidation: (i) Draw the fields  around a + 2 (C charge.
(ii) Put another +2 (C charge nearby and draw the fields. They have changed! 
(iii) Now draw a +2 (C charge with a +1nC charge nearby. This really does not affect the fields at all.


This is why when we talk about gravitational field we have

Gravitational Field (intensity):
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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); 
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(( = kqs/r2 
units: N/C
( similar to gravity again!


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. This is why you only need one charge to create the electric field. The charge that measures/experiences the field is so small that it doesn’t affect it.

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).

Test charge: when we work with fields (electric or grav.) we only need one mass /charge to be the source of the field. To have a force of gravity, you need two objects. To have a grav. field, you just need one. To detect and calculate the fields, we have a small test mass or test charge. This test object must be much smaller than the object generating the fields, so that it doesn’t affect them.

Normally charges are micro-Coulombs or larger. A test charge will always be +1nano-Coulomb (positive and 1000 times smaller than the other charges).

Hey, this is already above – fix it!
Draw electric field lines for various configurations:
(1 point charge (+) and (–), (two like, (two unlike, (point charge and charged plane conductor, (parallel plates and fringing field

Where can you get a total electric field = 0 ?
(i) where there are no charges
(ii) at r = (
(iii) between two like charges.

CHECK AND FIX THIS:

page 343 #1-4, p 347 #3, 5 (#14?)

read sections 7.1 to 7.3

Worked out problem:

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

Two charges qA = +6(C and qb = +2(C are fixed 25 cm apart.

Find the location where the electric field is 0.

Solution: let x be the location where ( = 0, measured from qA.  [ 0 < x < 25cm]
Where the total field = 0,  (A(x) = (B(x)   Note that here we are not really specifying signs. In effect, we are just taking looking at the magnitudes of the two electric fields.

Put in numbers and solve.

Answer : x = 15.68 cm. 

Wait: There is another solution to the quadratic formula: x = 59 cm What does this mean? IF you can sketch the electric fields somehow, you’ll see that there is another place where both are equal ... 59 cm from A. At this location (A = (B, but they are pointing in the same direction, so the total field is not zero. (It might have been better to put in (A(x) = ‑ (B(x) )
Method 2: ratios:  6 / (6+2)  * 25cm . This doesn’t work, because of the r2 in the denominator of (.
(6 / ((6 + (2) works!

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.  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). 
Need a worked out example of a force produced by an electric field.
a) Calculate the electric field 5 cm from a –20(C point charge. 
b) An electron is placed 4 mm away. (i) What is the force on the electron? (ii) What is the acceleration of the electron at this instant? What is the velocity of the electron? (anything – not given)

April 28, 2005

Electric Fields and conductors

1. In normal (static) conditions the electric field is always perpendicular to the surface of a conductor.

Remember that fields exert forces.
Consider a field line at an angle to a positively charged surface . It will have parallel and perpendicular components.  The parallel component of the field vector will exert a force on the freely moving electrons in the metal. F = q( 

The electrons will move to the left which makes the left side more negative and the right side more positive – this will make a stronger positive field from the right side – straightening up the vector.  The electrons will move along the surface of the metal until the charges are rearranged so that there is no parallel component. 
Since the electrons are in the metal, the force on them cannot make them follow the lines off into space.

2. There is no electric field inside a conductor. 

3. Shielding (see page 347)

a) You can shield a small object from external fields (charges) by putting it in a metal cage. There are no electric fields inside a conducting metal case.

b) You cannot shield or isolate a charge from the rest of the universe. Shield in metal: the inner positive charge will attract negative charges to the inside of the metal shield. This leaves the outside positive – which then makes fields to continue. Not true – apparently if the shielding is grounded it will work. You will add more negative charges to neutralize the positive outside of the metal shielding.


4. charges on irregularly shaped objects, accumulate on points, why? high fields there dissipate charge. Sharp points dissipate charge. Spherical objects can hold more charge and hold onto it longer.
<now parallel plates, then practice questions, then applets. Then EPE, Work, Voltage and Equipotential lines>

I know that electric fields are stronger at sharp edges or sharp points on

a conductor.   Why?

Look at two situations. One, a very large conducting sphere. If you get close enough to the surface, the curve looks like it disappears. Just like the earth looks flat to us. Because the sphere has the same curvature everywhere, the charge distribution will be the same everywhere. The repulsive electric forces acting between electrons will act to push electrons away mostly in the horizontal direction. Most important, there is essentially no vertical component to the electrical force on any individual electron.

Now, put a conducting pole with a very sharp tip on the surface pointing straight up. Perhaps do this by "hooking" the surface and pulling it up. Then you have a smooth transition between the sharp tip of the pole and the flat psuedo horizontal surface of the sphere. Think of the electron on the very tip of the pole. It is being repulsed most by the electrons right next to it (below it on the pole). Those electrons are being pushed upwards by the electrons directly below it, etc. Now the largest component of the repulsive electrical force on the electron on the tip is mostly in the vertical direction, trying to push the electron off the pole. There is very little component of the electrical force in the horizontal direction.

Make a drawing with equally spaced electrons in both situations, draw the electrical forces and their components and this will be come clearer. Note that because the forces on the horizontal part of the surfaces "push" the electrons near the pole towards the pole, and hence up the pole, the charge distribution on the pole is greater than on the surrounding spherical surface. If it doesn't become clear, let me know and I'll be glad to send you a simple sketch.

Dan Beeker

Undergraduate Physics Lab Coordinator

Physics Department, Indiana University
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