Electric Field Calculations

updated – May 2005

Overview:

To find:

· forces: use force formula. Add up multiple forces as vectors

· electric fields: either (i) use e fields formula and add them up as vectors or 
 


or (ii) if you know the total force, just use ( = F/q

· energy: (i) between two point charges – use the formula. If one moves, you would use the same method as with gravity (Ef – Ei : based on different r values)
(ii) in between parallel plates: use (E = q(V

· electric potential (voltage): (i) at a distance from point charges: just find the potential due to each charge and add them up (as scalars)
(ii) in parallel plates, use ( = V/d

· acceleration: find Fq. Set it equal to Fnet = ma

· velocity: either (i) use acceleration (from above)

 

 and use distance or time with our normal motion formulas


or (ii) use conservation of energy (Eq = -(Ek. This is most commonly  between parallel plates, but there is no reason why one can’t also use the formulas as we did for gravity. [A mass at distance r is moving at speed v  away from mass M. How fast will it be going at distance r2?] Just replace mass with charge.

· work: to move a charge along a field line: use W = q(V (assuming that you know the difference in electric potential – which is really easy to figure out anyway).
work: to move two point charges together or apart – see “energy” above and use W = (E.
The sign on W will be based on common sense: + if you have to do some exertion to oppose the natural motion of the charge. E.g. two electrons want to repel each other and move away. To oppose this and force them together would be positive work.

Examples:
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…zoom in on the top red arrows at point T
These arrows represent the forces on T from A and B, they could also represent the electric field at point T due to charge A and charge B. Both forces and fields are added up using vector addition.
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Notice that due to symmetry, the horizontal components of the two forces cancel out, leaving only the vertical components. 

The total force is the vertical component x 2.
<now it seems similar to a mass hanging from a rope>
1. What is the force on the small charge T?
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(This is only true for point charges. For multiple charges just ( them, for non-point objects, you have to ( over all of the points that make it up. There are standard formulas that have been calculated for certain geometries.)

F AonT = 9.0 x 109 Nm2/C2 (3.0 x 10-6 C) (1.0 x 10-9 C)   / (0.4 m)2

= 1.688 E-4 N

FATy = FAT cos 30o = 1.46 E-4 N

by symmetry FATy = FBTy
(Total force = 2 x FATy = 2.92 E-4 N

2. What is the electric field at T?

method 1: F = q(    since we know what the force is, we can use this …
(due to A and B at T = FAB/qT 
 
     = 2.92 E-4N / 1E-9 C
 
    = 2.923 x 105 N/C

Note that the electric field depends only on the charge that is producing it, not on any test charge that is measuring it (you can also see this in the equation below). The point T only comes into the equations as the location where the field is being measured.


method 2: (total = ((i
(due to A at T = kqTqA/r2qT  = kqA/r2

( this is the field at some location due to a
 





source charge (distribution) (called A here).
 


= (9.0 E9 Nm2/C2)(3.0 E-6 C) / (0.4m)2
 


= 1.688 E5 N/C

y-component of (A = (A cos30 = 1.46 E5 N/C
Add y-components from A and B to get (AB = 2.923 x 105 N/C

* The same answer!
(The electric field is accurate only when you place a test charge in it – i.e. a  charge that is much smaller than the one producing the field. If you place a large charge in the field it will distort it, affect it by its mere presence. The results will differ. This also applies to gravitational fields.)

3. What is the electric potential energy at T?
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 What does this equation mean? 

It tells us how much energy is used to move qT from infinity to a distance r from qA.  

Ee = 9.0 x 109 Nm2/C2 (3.0 x 10-6 C) (1.0 x 10-9 C)   / (0.4 m)
     = 6.752 E-5 J

Charge B ‘causes’ the same potential energy…

EAB = 2 x 6.752 E-5 J = 1.35 x 10-4 J

How much energy is required to move from T to M?

4. What is the electric potential at T? at M? 
Is it zero at M? No, the electric potentials just add up. Use this to determine the amount of work needed to move charge qT from T to M since Work = (E = q(V

V = kq / r
VAT = (9.0 E9) (3.0 E-6 C) / (0.4m) = 6.75x 104 V 
(yikes! why so huge?)
VAB at T  = 2 x 6.75x 104 V = 1.35  x 105 V

VAM = (9.0 E9) (3.0 E-6 C) / (0.2m) = 1.35  x 105 V

VA+B at M = 2 (1.35  x 105 V) = 2.70 x 105 V


Work required to move qT from T to M = q(V = (1.0 E-9 C)( 1.35  x 105 V) 
 


= 1.35 x 10-4 J

So it takes  the same amount of energy to move a charge from infinity to T as it does from T to M. 
hmmm… 

Note: Coulomb’s constant ‘k’ is also written as 
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where (o = 8.8542 x 10-12 F/m (Farad/metre). 
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or (o is the permittivity of free space. This describes how electric fields propagate in a vacuum. For electric fields in matter, (o is replaced by ( for that material.

There is a similar quantity for magnetism:

(o = 4( x 10-7 Wb/A-m

When you multiply (o by (o you get 1/c2 . Light is inextricably linked to electric and magnetic fields … 
c = 299792458 m/s

You can see this in Maxwell’s Laws (below):

 Wikipedia has an excellent overview of them.
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