
 

Circuits Nodal Analysis
Review lumped circuit models

Devices may be characterized by their i n
constitutive relations
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Remember constitutive laws are defined to relate the
voltage across a device to the current direction
into the positive end of the definedvoltage

with this convention Px Vilx is the p intothedevice
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Remember you mustalwayscold
voltages of the same polarity going
around the loop signs areimportant

U V2 V3 Derives from Faraday's law
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You must always addcurrents
with the same direction relative

tis to the node

Derives fromconservation ofcharge

Today How do we go about solving for circuit
voltages and currents in the general case
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start with an example to illustrate the challenge
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To fully solve this circuit we'd like to know

8 In it

So even this simple circuit has 213 12 unknowns
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what information do we have to solve the circuit

Constitutive KCL KVL around
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redundant redundant
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manymoredependentftp.Yetef loop equs
we will alwaysget 2B independentequs to solveand can thus always find the solution

However
1 This can be abigmeth problem 2Bequs grows
quickly with circuit site

2 Need to select 2B independentequs can be
tricky to figure out which loopequations to use

We'd like a method that is both small in scale solve
few eons and is easy to use givesneededindepequs
Node Method nodal analysis is one such
techniquesused by most circuit simulators

and most circuit designers
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Noddan alysis Ageneralorganized solutionmethod
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Label voltages at the remainingnodes with respect
to the reference These N 1 voltages are the primary
unknowns

Write KCL for all but the referencemode and
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Solve the N Iequations for the nodevoltages
Back solve usingdevicelaws for any branch
voltages or currents of interest

Our example with one added current source

3 node voltages
e senes

e it R Ry we alreadyknow

s move
as an unknown

R2 Rs ez I Solve for e ez
usinker
Defineconductance

Pdefine G Rxas reference
node
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we have 2 equations for our 2unknowns e ez
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Our demoexample G Gs 8 2 75 311
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This method Always works and is unambiguous
For an N node circuit we onlyneed to
solve N 1 or fewer simultaneous equations
Once we havethemodevoltages we can use
these the constitutive relations to get anyother voltage or current


