White Paper on Parallel Circuits
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A parallel circuit is one in which the current has multiple paths for return to the battery.  By KCl we know that current into a device must equal current out of a device.  
Consider the connection point A and B as a device.  The current into A is IT for I total).  But, the current out goes two ways some into R1 and some into R2.  So by KCL 

IT = I1 + I2

The current splits.  Now ….How does it split?  Imagine a voltmeter on R1 at points A and B.  Since it is assumed all wires require no (or negligible) energy to get through, the total voltage VT is across R1 and R2.  By Ohm’s Law

VT = I1 *R1   and VT = I2* R2

So, the current through R1 is gotten from 

I1= VT/R1  and I2 = VT/R2     (see the magic circle)

Now let’s look at the “equivalent” circuit [How the battery sees things.].
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Here IT = VT/RT and

IT = I1 + I2 so  VT = VT   +   VT 
                         RT   R1         R2

If we divide both sides by VT we get

1   =    1   +   1
RT      R1     R2
This is the famous (or notorious) reciprocal equation.  Resistors in parallel can be replaced by one total resistance RT from the equation above.  If you have 3, 4, 5 etc. in parallel you just add on the reciprocals.  Now you see the importance of the 1/x key on the calculator.  

If we limit our view to two resistors the equation will simplify (lots of algebra) to 

RT =      R1*R2       (or product /sum)
             R1 + R2

Sometimes this equation is easier to use and the same as the reciprocal for two resistors.  Let’s look at an example with numbers…
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In summary, in parallel circuits:

(1) Voltage on parallel parts is equal.
(2) Current divides into each branch of a parallel circuit.
(3) The total resistance of a parallel combination is always less than the smallest in the parallel circuit.
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