D. Keffer, MSE 301, Dept. of Materials Science & Engineering, University of Tennessee, Knoxville

Exam 111 Solutions
Administered: Wednesday, November 10, 2023
22 points

For each problem part: 0 points if not attempted or no work shown,
1 point for partial credit, if work is shown,
2 points for correct numerical value of solution

Problem 1. (12 points)
Consider the following circuit.
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Circuit analysis is performed by using Kirchoff’s Current & Voltage laws. Kirchoft’s current law
states that the sum of the currents entering and leaving any node must sum to zero. So for the bottom
node, Kirchoff’s current law provides the following equation.

_11+12+l3:0

where i denotes current. Kirchoff’s voltage law states that in a loop the sum of the voltages is zero.
The application of Kirchoff’s voltage law to the right and left loops respectively yields

Rlil + Rziz = El + EZ
_Rziz + R3i3 = _E2

where R denotes a resistance and E denotes an applied voltage. Consider an example where the
following values are assigned: R, = 40,R, = 30,R; = 20,E; = 60,E, = 40

(a) Write this set of equations in matrix notation, Ax = b. Identify all three quantities, A4, x and b.
(b) Calculate the determinant of A.

(c) Calculate the rank of A.

(d) Calculate the rank of 4|b

(e) How many solutions are there to this problem?

(f) Calculate the currents.
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Solution:
(a) Write this set of equations in matrix notation, Ax = b. ldentify all three quantities, 4, x and b.

The three independent equations can be written in matrix form as:

-1 1 1711 0
R1 RZ 0 iz = E1+E2
0 —R, Rillis —E,

To solve the remainder of this problem we can write a short script in a file called xm3p01_f23.m.

clear all;
clc;
format long;

n = 3;
A = zeros(n,n);
x = zeros(n,1l);
b = zeros(n,1);
R1 = 40;
R2 = 30;
R3 = 20;
E1l = 60;
E2 = 40;
A=[-111

R1 R2 O

0 -R2 R3]
b = [0; E1+E2; -E2]

detA = det (A)

rankA = rank (A)
rankAb =rank ([A,Db])
invA = inv (A);

X = 1invA*Db

This script generated the following results.

>> xm3p01 £23

A =
-1 1 1
40 30 0
0 =30 20
b =
0
100
-40
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detA = -2.600000000000000e+03
rankA = 3

rankAb = 3

% =

1.461538461538461
1.384615384615385
0.076923076923077

(b) Calculate the determinant of A.

detA = -2.600000000000000e+03

(c) Calculate the rank of A.

rankA = 3

(d) Calculate the rank of 4|b

rankAb = 3

(e) How many solutions are there to this problem?

This is one solution to this problem.

(f) Calculate the currents.

The currents are given by

x = [1.461538461538461
1.384615384615385

0.076923076923077]

i, = 1.46,i, = 1.38,i; = 0.078
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Problem 2. (10 points)
Consider the same circuit as was shown in problem one. However, this time the values of i, R, and
E; are unknown. We know the values of the other currents, resistances and applied voltages as follows:
i; = 2.0,i3 = 1.0,R; = 40.0,R; = 30.0,E, = 20.0
(a) Is this system of equation linear or nonlinear?
(b) What numerical technique is appropriate for solving this problem?
(c) Solve for the values of i,, R, and E;. (6 points)
Solution:
Kirchoff’s voltage and current laws can be written as
filin, i, R) = =iy + i +i3=0
f2(i1,i3,Ry) = Ryiy + Ryl —Ey —E; =0
f3(i1, 12, Ry) = —Ryi; + R3iz + E; = 0
() Is this system of equation linear or nonlinear?

This system of equations is nonlinear because of terms like R,1,.

(b) What numerical technique is appropriate for solving this problem?
Multivariate Newton-Raphson Method.

(c) Solve for the values of i,, R, and E;.

To solve the remainder of this problem we can write a short script in a file called xm3p02_f23.m. We
will take our initial guesses from problem 1.

clear all;

clc;

format long;

% initial guess

12 = 1.434782608695652;

R2 = 25.0;
El = 35.0;
x0 = [1i2; R2; E1];

tol = 1.0e-6;
iprint = 1;
[x,err,f] = nrndn(x0,tol,iprint)

In the input subroutine for nrndn.m, | put the following code

function £ = funkeval (x)

o

o°

these two lines force a column vector of length n

o\

= max(size (x));

ol
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f = zeros(n,1);

% enter the functions here

i2 = x(1);

R2 = x(2);

El = x(3);

il = 2.0;

i3 = 1.0;

R1 = 40.0;

R3 = 30.0;

E2 = 20.0;

f(1) = -il + i2 + 1i3;

f(2) = R1*1il1l + R2*i2 - E1 - E2;
f(3) = -R2*1i2 + R3*i3 + E2;

To execute the script, at the Matlab command prompt, | typed

>> xm3p2 f23

which yielded the following result:

>> xm3p2 f23

iter = 1, err = 5.8%9e+01 £ = 4.76e+01
iter = 2, err = 2.31e+01 £ = 3.27e+01
iter = 3, err = 8.96e-12 £ = 5.84e-12
x =
1
50
110
err = 8.963734347849735e-12
f = 5.843179051646255e-12

The error indicates that the value converged. So the missing current, resistance and voltage are
i 1.0
Rz =1 50.0
E, 110.0

E:




