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Kirchoff’s equations:
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Enter (at the second solver site)
I3 R5-I2 R4+V2+V1-I5 R4=0
 I4 R3-V3-I3 R5=0
-I1 R1-I2 R4+V2=0
I2-I1-I5=0
 I3+I5+I4=0
and solve for
I1
I2
I3
I4
I5
for a symbolic solution which is:
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In the present case, let’s let R1=1,R2=2,R3=3,R4=4.R5=5,V1=1,V2=2,V3=3.
A numerical solution for the currents is:

The solutions for the currents are:

(i1,i2,i3,i4,i5)=(122/267,103/267,-31/89,112/267,-19/267)

If you leave the voltages as variables, the following result obtains:
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Which clearly shows you can’t predict the current directions before hand in all situations.

A final example. (revised)
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(abcfa): +I3 R5 + I1 R1 +V1 - I5 R2 =0
(bchb): +I4 R3 - V3 + I6 R5 - I3 R5 =0

(fcdef): -I1 R1 - I2 R4 + V2 =0

(chdc): -I6 R5 - I7 R6 =0

@b: I5 + I3 + I4 =0

@ h: I6 -I4 - I7 =0

@f: I2 - I1 - I5 =0

Let R1=1, R2=2, R3=3, R4=4, R5=5, R6=6

Let V1=1, V2=2, V3=3
The solutions for I are shown below.
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Reduction of circuits
It is possible with many simple circuits to reduce the circuits without Kirchoff’s laws.

Let me show you some examples of how to do this:
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Reduce this circuit in a step-wise method recognizing series and parallel combinations of resistors:

Step 1:
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The last step in finding the equivalent resistance is then clear.

If you would like to see a numerical example of this, let

the resistors be the value of the number that I’ve assigned to them. Then
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The final step is to calculate the equivalent resistance of the last 2:
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You can work backwards from here to find the current through each resistor. It is somewhat important to be able to recognize these series and parallel combinations of resistors. The same technique also works for capacitors.

in fact, it the same only different …. what is the equivalent capacitance of this circuit?
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where each of the capacitances is given in (f? (without doing further calculations)

The answer after you think about it for a while is clearly 0.43 (f.

Let’s do the same thing for a similar arrangement of capacitances:
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The first reduction is:
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Then
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You can calculate this equivalent capacitance:
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The equivalent capacitance is then given by:
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Ok, what about this circuit?
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Without calculation, if the numbers represent Ohms, then the equivalent resistance is 

11.29(
Unfortunately, these types of identifications (i.e. the connection between capacitive and resistive circuits in the analysis) is of limited utility which is why they’re probably not often shown.
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