NODAL ANALYSIS

In nodal analysis, nodes are selected on the circuit and Kirchhoff’s Current Law is used to write a system of equations based on those nodes. We will attempt to use nodal analysis to solve the example circuit by designating two nodes:
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We will begin by writing the Current Law equation for node 1:

5A = I1 + I2 ( 5A = VR1/R1 + VR2/R2
Notice that we can assign whatever direction we like to the currents, so long as the equation reflects those assignments. Since we know from the previous methods what these directions will be, we can assign them correctly to prevent issues later.

Voltage is a measurement of electric potential difference; it is the comparison of electric potential between two points. Generally we designate ground to be zero electric potential, but we can measure from other points, and in this case we will do so. We will take node 2 to be our reference node; all voltages will be relative to the voltage at this node during nodal analysis. If the circuit on which nodal analysis is being performed has a node that connects to ground, this node should be chosen as the reference node in order to simplify the math.

With this reference node, we can now create expressions for VR1 and VR2 to expand our equation. The technique for this is like a partial implementation of Kirchhoff’s Voltage Law where we only look at voltages in the section from node 1 to node 2.

V1 – VR1 – 5V = V2
V1 – VR2 = V2
We can rearrange these to be in terms of VR1 and VR2:

VR1 = V1 – V2 – 5V

VR2 = V1 – V2
Notice how the expression V1 – V2 recurs in these equations. We will condense this into the voltage difference V12 and solve for the value of this voltage difference.

5A = (V12 – 5V)/R1 + V12/R2 = V12/10Ω – 5V/10Ω + V12/20Ω = 3V12/20Ω -.5A

( V12 = 110/3 V.

Expanding V12 back out, we see that V1 – V2 = 110/3 V. What this means is that voltage increases by 110/3 volts as we move from node 2 to node 1. Since the only element between those nodes is the current source, we know that it is the origin of this voltage change, so we can definitively say that the voltage across the current source is 110/3 V. Remember that this is a voltage rise, not a voltage drop, so when including it in equations that deal with element voltages, its sign is opposite that of most elements.

Now that we know the voltage across the current source, we can use Kirchhoff’s Voltage Law to find the voltage across the other elements easily. Taking the left loop:

-110/3 V + VR1 + 5V = 0 ( VR1 = 95/3 V

This is equivalent to the 190/6 V we got from superposition analysis after changing current convention. We have now triple-checked our answer and confirmed that superposition, mesh, and nodal analysis can all be used to solve for unknowns in a circuit.
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