Electric Current

Ohm’s Law
V = IR
Charles Augustin de Coulomb Law




        q1                  r          q2
The force between the two charges is given by
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k can be evaluated by considering the interaction between two wires carrying a current.
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From this one can evaluate the permittivity of free space, 
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Knowing that 
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To explain current, one needs to know the mass and charge of the electron.

Millikins Oil Drop Experiment found 
q = 1.6 x 10-19C

Thomson then found the e/m ratio  


Normally wire is made from copper, as copper has the atomic configuration [Ar]4s13d10.

In a lattice of copper, electron clouds overlap, especially the 4s1. This is a free electron and it can move between atoms. Each copper atom produces one free electron.



        +                  +                   +


        +                  +                   +
Each Cu atom provides one electron.
Density of Copper = 8.29 g /cm3
Atomic Mass Of Copper = 63.5 g / mol

So n = 8.5 x 1022 Electrons / cm3
If the electrons were only under F, they would accelerate all the tome, and the current would increase, but that doesn’t happen something prohibits there motion.

Causes Of Resistance

· Melting / Pulling (to make the wire, which creates non-uniform lattices).
· Gains 
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, lattices at different angles.




· Impurities even with 99.99% purity, one in 105 atoms isn’t Cu.
· Temperature, atoms in metal vibrate due to temperature, increasing the likeliness of scattering electrons.

Scattering
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                                                     F 
We have thermal motion of the electron
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Random motion of the electron in the metal due to heat. If an electric field is established in the metal, the electrons are under F= qE and we get a current (drift velocity).

These conclude in




A


In a time interval dt, each particle moves a distance of vd dt, where vd is the drift velocity.

Current is defined as 
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Also
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So 
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We can define the more general current density.
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To calculate vd, suppose after a scattering an electron went from u=0 to v=vd
As 
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Where 
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is the conductivity measured in 
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Resistivity 
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e.g.
Consider a length of copper wire 1m long

With a diameter if 1mm

Carrying a current of 1A

Copper has a resistivity of 1.72 x 10-8 
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We have 
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To know the voltage, 
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And 
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(Using n from above)
The drift velocity is small compared to the thermal velocity. The key in current flow is not the velocity but the amount of charges involved.
One of the causes of resistance is temperature, and we have an empirical relation:
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Where 
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Resistivity at 20C, T0=20C

For some metals 
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 so a 100C rise in temperature gives an increase of 50% in resistivity. 
We have 
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So 
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So resistance 
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The resistance of the wire above is 0.02
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For an ohmic material
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                                          Gradient is 1/R                


                                                Raise in temperature. 
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For an non-ohmic material i.e a semiconductor
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If an electron of charge q and mass me is moved by a force F, F=qE.





Then the current can be worked out.
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