MESH ANALYSIS

Mesh analysis breaks a circuit down by designating “essential meshes” within the circuits. An essential mesh is a loop that does not have a smaller loop inside of it. Each mesh is given its own theoretical current. These mesh currents are used with Kirchhoff’s Voltage Law to write a series of equations that can be used to solve the circuit. Let’s see how mesh analysis works on the circuit we used for superposition analysis.
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There are two essential meshes in our circuit: the left and right loops. They have theoretical mesh currents I1 and I2, respectively. Where the meshes do not touch, the current through the elements will be the mesh current. Where the meshes overlap (the center wire), the current will be the sum of the two mesh currents. Notice that both mesh currents flow clockwise. This is standard practice when using mesh analysis, as it helps keep equations orderly.

To begin analysis, we apply Kirchhoff’s Voltage Law around each loop:

Loop 1: -5V + VR1 + VS2 = 0

Loop 2: -VS2 + VR2 = 0

Both of these equations involve a voltage drop across the current source. Just as the voltage source must have the specified voltage gap but can have any current flowing through it, the current source must have the specified current flowing through it but can have any voltage across it. Unlike resistors, an ideal current source has no relation between its current and voltage. How can we proceed from here? Our circuit is actually a special case for mesh analysis, because the current source lies between two meshes. When this happens, the method used to solve is to combine the two meshes into what is called a “supermesh” and to analyze this mesh using the smaller meshes’ currents. You may notice that this is very similar to the voltage source circuit from the superposition method; this is a good demonstration of how the three solution methods are different ways of exploiting the same underlying principles of circuit analysis. Tracing the perimeter with KVL, we get:
 -5V + VR1 +VR2 = 0 ( -5V= I1*R1 + I2*R2.
Now we can use the current source to our advantage by using it to define I1 and I2 relative to one another. Recall that the total current through shared paths is equal to the sum of the mesh currents on either side of that path. In this case, we know from the current source that the total current flowing from bottom to top must be 5A:

5A = -I1 + I2
The sign of I1 is negative in this equation because the direction of current flow we chose is opposite that of the current source. If we rearrange this equation in terms of I2: I2 = I1 + 5A, we can substitute into our supermesh equation: 
5V = I1*R1 + (5A + I1)*R2 ( I1 = -19/6 A
The negative sign of this current means that it flows opposite to the direction we chose for the mesh current. With the current, we can find the voltage drop easily using Ohm’s Law:

VR1 = I1*R1 = -190/6 V
This is the same answer we got from superposition analysis before reassigning current direction; we have confirmed our solution.
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