
Electrical Circuit

CAAM 335 · MATRIX ANALYSIS

Problem Set 2

Posted Wednesday, 16 January 2008. Due Wednesday, 23 January 2008.

1. [46 points]
Consider the following circuit with five resistors and one battery.
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Set up the first three steps of our usual modeling procedure: (1) potential drops, e = b − Ax; (2)
current in each resistor, y = Ge; (3) Kirchhoff’s current law, f = −By. Be sure to specify the values
of x, y, b, e, f , A, and B. Does B = AT ?

[Note: you do not need to set up and solve the system of linear equations.]

2. [28 points]
For each of the following matrices S, either compute the inverse (by hand) or demonstrate the inverse
does not exist by constructing an x "= 0 for which Sx = 0.

S =
(

1 2
0 1

)
, S =

(
2 1
5 3

)
, S =




0 1 1
2 1 4
−1 2 0



 , S =




1 2 3
3 5 8
5 1 6



 .

3. [26 points]
Computational comparison of various ways to solve Sx = f .

(a) There are two easy ways to solve the equation Sx = f for the unknown x in MATLAB:

x = inv(S)*f; and x = S\f;

Use the tic and toc commands to time these operations for random matrices S ∈ IRN×N and
f ∈ IRN (type help randn for details) for N = 100, N = 200, N = 400, and N = 800. Which
approach is faster? Can you guess why? (Note: To get accurate statistics, especially for smaller N ,
you might time several runs at once, then divide that total time by the number of runs.)

please see the next page

Set up the equations

e = −Ax− b, Kirchhoff’s voltage law (KVL)

y = Ge, Ohm’s law

AT y = −f Kirchhoff’s current law (KCL)
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KVL:

e1 = x1 − x2,

e2 = x2 − x3,

e3 = x3 − x5,

e4 = x2 − x4,

e5 = x4 − x5,

e6 = x5 − E.


e1
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e6

 = −


−1 1 0 0 0
0 −1 1 0 0
0 0 −1 0 1
0 −1 0 1 0
0 0 0 −1 1
0 0 0 0 −1




x1

x2

x3

x4

x5

−


0
0
0
0
0
E


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Ohm’s Law


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 =


1/R1 0 0 0 0 0

0 1/R2 0 0 0 0
0 0 1/R3 0 0 0
0 0 0 1/R4 0 0
0 0 0 0 1/R5 0
0 0 0 0 0 1/R6




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
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KCL:

i0 − y1 = 0,

y1 − y2 − y4 = 0,

y2 − y3 = 0,

y4 − y5 = 0,

y5 + y3 − y6 = 0.


−1 0 0 0 0 0
1 −1 0 −1 0 0
0 1 −1 0 0 0
0 0 0 1 −1 0
0 0 1 0 1 −1




y1

y2

y3

y4

y5

y6

 = −


i0
0
0
0
0


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Putting it all together: AT GAx = f −AT Gb.

(AT G)A

=


−R−1

1 0 0 0 0 0
R−1

1 −R−1
2 0 −R−1

4 0 0
0 R−1

2 −R−1
3 0 0 0

0 0 0 R−1
4 −R−1

5 0
0 0 R−1

3 0 R−1
5 −R−1

6




−1 1 0 0 0
0 −1 1 0 0
0 0 −1 0 1
0 −1 0 1 0
0 0 0 −1 1
0 0 0 0 −1



=


R−1

1 −R−1
1 0 0 0

−R−1
1 R−1

1 + R−1
2 + R−1

4 −R−1
2 0 0

0 −R−1
2 R−1

2 + R−1
3 0 0

0 0 0 R−1
4 + R−1

5 −R−1
5

0 0 0 −R−1
5 R−1

3 + R−1
5 + R−1

6



f − (AT G)b

=


i0
0
0
0
0

−


−R−1

1 0 0 0 0 0
R−1

1 −R−1
2 0 −R−1

4 0 0
0 R−1

2 −R−1
3 0 0 0

0 0 0 1 −R−1
4 0

0 0 R−1
3 0 R−1

5 −R−1
6




0
0
0
0
0
E

 =


i0
0
0
0

E/R6


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