Lesson16.

4.4. A Resistive Circuit Problem
A typical example involving a system of linear equations can be found in the resistive circuit of  Figure 4.8. 
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Figure 4.8.
The goal is to solve for the node voltages 
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 as functions of the input voltages 
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 and the input current 
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Using Ohm’s Law (
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=

) and Kirchhoff’s current law (“KCL”), we can write expressions for the sum of currents at each node of interest. KCL states that the total current entering any circuit node must sum to zero. In Figure 4.8, the resistor currents are written as 
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 and are arbitrarily defined in the directions as drawn. Writing three KCL equations for the currents entering each node (and noting that currents drawn as leaving the node are written mathematically as negative numbers) gives:
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At node (:   
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At node (:   
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We will now rewrite these three equations in terms of voltages using Ohm’s Law. Note that in these types of problems, it is often easier to write the equations in terms of conductances, 
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, instead of resistances, 
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), and Ohm’s Law may be rewritten as
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. Thus: 
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(4.13)

Substituting these expressions for 
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 through 
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 into Equations (4.6) – (4.8) gives
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(4.16)
These expressions can be rearranged into a system of three equations with three unknowns:
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(4.17)

This equation has the form AX = C and may be solved by the use of MATLAB’s inv function or by MATLAB’S Gauss Elimination method as shown in Example 4.2.
The following script solves for the node voltages for the following circuit values:



[image: image28.wmf]12345

121

2200,10k,6900,9100,3300

12V,3.3V,2mA

RRRRR

VVI

=W=W=W=W=W

===


% Example_4_5.m 
% Resistive Circuit Problem
% This program solves for the internal node voltages for the circuit 

% shown in Figure 4.8.

% The conductances G are in units of siemens

% The node voltage V are in units of volts

% The currents I are in units of amps 

clear; clc;

g1 = 1/2200; g2 = 1/10000; g3 = 1/6900; g4=1/9100; g5=1/3300;

V1 = 12; V2 = 3.3; I1 = .002;

% Put the problem into standard form AX=C:

A = [ g1+g2+g3  -g2  -g3;  -g2  g2+g4  -g4;  -g3  -g4  g3+g4+g5 ];

C = [ V1*g1; I1; V2*g5 ];

X = A \ C ;

% print the results

fprintf('V1=%5.1f V   V2=%5.1f V   I1=%5.1e A\n',V1,V2,I1);

fprintf('g1=%8.5f S  g2=%8.5f S  g3=%8.5f S\n',g1,g2,g3);

fprintf('g4=%8.5f S  g5=%8.5f S\n',g4,g5); 

fprintf('\n\n');

fprintf('  Node #     v (volts)  \n');

fprintf('  -------------------------\n');

for n=1:length(C)

   fprintf('  %3i     %9.1f\n', n,X(n));

end

-----------------------------------------------------------------------------------------------
Program results:

V1= 12.0 V   V2=  3.3 V   I1=2.0e-03 A

g1= 0.00045 S  g2= 0.00010 S  g3= 0.00014 S

g4= 0.00011 S  g5= 0.00030 S

Node #     v (volts)  

 --------------------------

    1          12.6

    2          20.3

    3           9.0

>>
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