
White Paper on Series Circuits
In nature there is the concept of conservation.  By this I don’t mean saving trees and fishes (although a noble cause). I mean the fundamental laws of Physics:

(1) Conservation of Energy

(2) Conservation of Charge


Even Einstein disn’t dispute the conservation of energy, he extended it to include that mass and energy are interchangeable through E-mc2 .  In any closed system (that means no outside influence) mass/energy remain constant.  It can change forms, but it is neither created nor destroyed.

Similarly charge in a closed system is constant.  If I pull an electron (- charge) off an atom, the atom is left + charged for a net change of zero!  There is nothing that “eats” or “spits” charge.  So if a device is neutral to start, and 10 electrons go into the device, 10 electroncs must come out.  They can not just disappear!  If we remove charge form one terminal of a battery, we must add charge at the other terminal to maintain conservation of charge.  Now, it does not have to be the exact same charge.  We don’t have yellow, green and blue electrons.  They are not like M&Ms.  All electrons are equal.  The charge actually moves very slowly through the wire ( about 10-6 meter/sec).  But, the effect is felt very quickly near the speed of light (300x106 meter/sec).  This effect is the electromagnetic field.  The same thing that projects our radio and TV across empty space.  In a section of TV coaxial cable the speed is about 200x106 meter/sec.  
It is easy for us to use the simple model of thinking of the charge moving from one terminal to the other and the net result is the same if a marked charge really did move along that path.  The Physics of the situation is that the field in the wire effects the charge all along the circuit.

Now, let us apply conservation of charge to a circuit.
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Figure 1:

If we take 1 Coulomb of charge from the + terminal of the battery and move it to R1, then 1 Coulomb must leave R1 and enter the ammeter!  Similarly, the 1 Coulomb leaves the ammeter and enters the – lead of the battery.  One coulomb left the battery and one Coulomb returns to the battery – conservation of charge.  Now, if we do this every second , then a current of 1 Ampere goes through R1 then the ammeter and returns to the battery.  All parts of the circuit have the exact same current!  This circuit is called a series circuit since the current must pass in sequence through each device .  Therefore 

I from bat  = IR1 = Iammeter =I Lamp
This is one form of a law developed by a scientist names Kirchoff.  It is known as Kirchoff’s Current Law (KCL). 
“Current into a point (or device) equals current out of a point (or device).”

This also makes it clear why we want to always put an ammeter in series with any device to measure the current value.  That way all charge flows through the meter and is counted.  
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Similarly, let us look at a circuit from the energy stand point. Consider the  series circuit before.  I we remove 1 Joule of energy from the battery to move 1 Coulomb through the circuit, where will it be used?  If we expended all the available energy in R1, there would be nothing left to move the charge through the circuit.  We know this is not possible, so only a fraction of the energy will be used to “push” the charge through R1, a fraction for R2 and a fraction for R3.  When the charge returns to the battery, the energy will be expended.  Since voltage is Joule/Coulomb, for a fixed charge value the voltage is related directly to the energy.  Since  the voltage VT is the available electrical potential then

VT = V1 + V2 + V3

Is a statement of energy conservation.  This is also known as Kirchoff’s Voltage Law (KVL).  Each of the voltages V1, V2, V3 is called a potential difference or voltage drop.  We would measure these by placing a voltmeter across each device as below,
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Each meter will take a small sample of the current, hence the charge and thereby the Joules/Coulomb required to move through each resistor.  To do this the question becomes which lead of the meter goes on each end of the resistor to get a proper reading?
Consider this—Why would the charge move from point A to Point B in a circuit?

The current, assumed here to be the flow of a + charge, is moving toward the – terminal. So… Point A must be more + than point B, and C must be more positive than D, etc.  This leads to a polarity for voltage measurement as above.

Another  consideration is how do we calculate the values of V1, V2, V3?  Well we have Ohm’s Law, V=IR and since the current is the same in each resistor


VT=I *R1 + I *R2 + I *R3
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This is another form of KVL.  It also shows that the voltage drop around a series circuit equals the total applied voltage.  If we consider how this circuit looks viewed from the battery, the circuit would look like below.  The battery outputs a current, I, into a total circuit resistance.  From KCL we know this circuit is the same as in the prior series circuit.  So

I *RT= I *R1 + I *R2 + I *R3 And when we divide out the current term, I,  we get
RT= R1 + R2 + R3

So we see the complex series circuit could be replaced with RT and the battery would provide the same current as when the three resistors are there.

Let’s look at an example calculation with real numbers.
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