ECE 109 - NODE ANALYSIS - INVESTIGATION 15
NODE EQUATIONS - A GUIDED TOUR

SUMMER 2007 A.P. FELZER

Todo "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

We showed in the last investigation how we can calculate all the circuit element voltages and
currentsin resistor circuits from the node voltages as follows

(1) First calculate the voltage drops across the resistors by subtracting the corresponding node
voltages

(2) Then make use of the resistor voltages to calculate the resistor currents

(3 And finaly make use of the resistor currentsto calculate the voltage source currents

Be sureto memorize thisresult if you haven't already.

The objective of thisInvestigation isto show how to use the following algorithm to calculate the
node voltages of resistor circuits like the following
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with all the voltage sources connected to a common reference -

(1) Choose areference node - usually at the negative terminal of the voltage source aswe've
donefor thiscircuit
(2) WriteKCL at each of the nodes - except those with voltage sources connected to the

reference - in terms of the currents|y, 1o, --- flowing through the resistors and current
sources as follows

(3) Expresstheresistor currentsin part (2) in terms of the node voltages V1 =Vs, V2 and V3

(4) Put your equationsin matrix form

(5) Solvefor the unknown node voltages either by hand, calculator or computer

(6) Make use of the node voltages to calculate the currents through and voltages across the
elements

Be sure to take alook at the Computer Demos on Node Equations.



1. Carry out the steps of the algorithm above to find the node voltages of the following circuit

1K
AN
Ol X @ x 4AO
VW3 | |
10 volts ! 2 3 5§4K
|

In particular
a. Choose areference node - already done
b. Write KCL equations at nodes 2 and 3 - the nodes that don't have a voltage source
connected to the reference. In particular, write the KCL equation at node 2 for currents |1

and |»> and the KCL equation at node 3 for currents 13, 14 and Is. Be sure to label which
equation is for which node as follows

Node KCL Equation
1

c. Makeuse of Ohm's Law to expressthe resistor currentsin your KCL equationsin terms
of the node voltages. Again be sure to label your equations as follows

Node Equation
1

d. Put your equationsin matrix form Note that we put a set of linear equations like these
2V1 +3Vy=5Vg
4A1-2Vo=0
in matrix form by writing them as follows
g So@ho_@\%o
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e. Solve for the unknown node voltages either by hand, calculator or computer. Do you
consider your results reasonable. Explain

Make sure to note that this method of analyzing genera resistor circuitsissimply a
generaization on our method for analyzing paralel circuits

2. Write and put in matrix form the node equations of the following circuit. Note that we put a
dot whenever two crossing wires are connected. Note that if no dot is drawn then crossing
wires are not connected
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3. Write and put in matrix form the node equations of the following circuit
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4. Write and put in matrix form the node equations of acircuit that you make up
5. Write and put in matrix form the node equations of the following circuit
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6. Giventhefollowing circuit with V1 =3 volts and V2 =2 volts
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a Findliandl»
b. Findl

7. Explain why we always end up with the same number of equations as unknowns when we
write node equations

8. Math Review: Givenapoint P inthe xy-plane with coordinates (-2, 3)
a. Sketch P intheplane
b. How far is P fromthe origin



