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Kirchoff's Laws 2
It will always be possible, using Kirchoff's laws, to produce enough equations
relating the currents in a given circuit that you can then solve algebraically to figure
out what each individual current is. This particular sort of algebra is called solving a "system of linear
equations:" a "system" meaning several of them, and "linear" meaning that, fortunately for us, none of the
variables are squared or multiplied by each other.

We will use the strategy of substitution: we first solve one equation for one of its variables, then substitute
the expression that that variable is equal to into the other equations and solve one of them for an expression
for another variable. In theory, you can pick any equation with which to start the substitution, but it will
make life easier if you use the principle of least messiness: solve the simplest-looking equation first, and if
possible solve it in the direction that doesn't have fractions.

So, for example, yesterday's homework extracted these three
equations from the circuit on the right:
   I3 = I1 + I2
   3I2 = 5I1
   3I2 + 2I3 = 3
In solving these, I judge the second equation to be the "least
messy". Solving it for I1, I get:
   I1 = .6I2
I then substitute into the other equations:
   I3 = .6I2 + I2 = 1.6I2
   3I2 + 2I3 = 3
The top equation is now the least messy; I substitute it into the third to get:
   3I2 + 2(1.6I2) = 6.2I2 = 3
This tells me that I2 = .48 A. I can then plug this back into my equations to find the others:
   I1 = .6(.48) = .29 A
   I3 = 1.6(.48) = .77 A
When looking for the least messy equation: equations with bare numbers in them are the most messy, and
after that equations with more variables are more messy.

. 1 Solve the following system of equations, finding the value of each variable.

z + 2x + 3y = 10
x = 2y
x + y = z



. 2 Use Kirchoff's Laws to write three equations relating the currents in this
circuit, and solve for each current. Batteries are 1.5 V and bulbs are 1 Ω.

. 3 Do the same for this circuit.

. 4 Challenge: This problem has a slight twist to it: there are two paths to
the bottom, but one has an extra battery giving you a slight boost, so
that you have a larger total potential drop over all the bulbs. Find each
current. Then, find the voltage at the middle.


