CHAPTER 8

8.1
>> Aug = [A

Here’s an example

eye(size(A))]

session of how it can be employed.

>> A = rand(3)
A =
0.9501 0.4860 0.4565
0.2311 0.8913 0.0185
0.6068 0.7621 0.8214
>> Aug = [A eye(size(A))]
Aug =
0.9501 0.4860 0.4565 1.0000 0 0
0.2311 0.8913 0.0185 0 1.0000 0
0.6068 0.7621 0.8214 0 0 1.0000
82 (a)[4]:3x2 [B]:3x3 {C}:3x1 [D]:2x4
[E]: 3x3 [F]:2x3 LGl 1x3

(b) square: [B], [E]; column: {C}, row: .G

(©a,=70b,=17,d,=undefined, e, =2,f,=0,g,=6

(d)
5 8 15
(1) [E]+[B]=|8 4 10 () [A] + [F] = undefined
6 0 10
3 2 ] 28 21 49
(3) [BI-[E]=|-6 0 4 (4) 7(Bl=|7 14 49
2 0 -2 14 0 28
25 13 74
(5) [C]T:[3 6 1} 6) [E][B]=36 25 75
28 12 52
9 2
54 76
.4 -1
(7) [Bl[A]l=|41 53 @) [D] = 37
28 38 o s
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4 3 7
(9) [A][C] = undefined (10) [11[B]=|1 2 7
2 0 4
66 19 353
A1) [ET[E]1=|19 29 46 (12) [CT'[C] = 46
53 46 109

8.3 The terms can be collected to give
0 -7 5||x 50
0 4 7]ix1=1-30

—4 3 —7||xy| |40

Here is the MATLAB script:

A=[0-75;,047;-43 -7];
b = [50;-30;40];
x = A\b
AT = A’
AT = inv(A)
Results:
X 3
-15.1812
-7.2464
-0.1449
AT =
0 0 -4
-7 4 3
5 7 -7
Al =
-0.1775 -0.1232 -0.2500
-0.1014 0.0725 0
0.0580 0.1014 0

8.4 (a) Here are all the possible multiplications:

A=[6 -1;12 8;-5 4];
B=[4 0;0.5 2];

c=[2 -2;3 1];
AB=A*B

AC=A*C

BC=B*C

CB=C*B
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AB =
23.5000 -2.0000
52.0000 16.0000
-18.0000 8.0000
AC =
9 -13
48 -16
2 14
BC =
8 -8
7 1
CB =
7 .0000 -4.0000
12.5000 2.0000

(b) [B][A] and [C][A] are impossible because the inner dimensions do not match:
(2x2) * (3x2)
(c) According to (a), [B][C] # [C][B]

8.5

>> A=[3+2*1 4;-i 1]
>> b=[2+1i;3]

>> z=A\b

Z=
-0.5333 + 1.40001
1.6000 - 0.53331

8.6

function X=mmult(Y,Z)

% mmult: matrix multiplication
% X=mmult(Y,Z)

% multiplies two matrices
% input:

% Y = first matrix

% Z = second matrix

% output:

% X = product

if nargin<2,error('at Tleast 2 input arguments required'),end
[m,n]=size(Y);[n2,p]=size(Z);
if n~=n2,error('Inner matrix dimensions must agree.'),end
for i=1:m
for j=1:p
s=0. ;
for k=1:n
s=s+Y(i,k)*Z(k,3);
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end
X(i,3)=s;
end
end

Test of function for cases from Prob. 8.4:

>> A=[6 -1;12 8;-5 4];
>> B=[4 0;0.5 2];

>> C=[2 -2;3 11];

>> mmult(A,B)

ans =
23.5000 -2.0000
52.0000 16.0000
-18.0000 8.0000

>> mmult(A,C)

ans =
9 -13

48 -16

2 14

>> mmult(B,C)

ans =
8 -8
7 1

>> mmult(C,B)

ans =
7.0000 -4.0000
12.5000 2.0000

>> mmult(B,A)

??? Error using ==> mmult
Inner matrix dimensions must agree.

>> mmult(C,A)

??? Error using ==> mmult
Inner matrix dimensions must agree.

8.7

function AT=matran(A)

% matran: matrix transpose

% AT=mtran(A)

% generates the transpose of a matrix
% input:

% A = original matrix

% output:

% AT = transpose
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[m,n]=size(A);
for i = 1:m
for j = 1:n
AT(3,1) = A(i,3);
end
end

Test of function for cases from Prob. 8.4:

>> matran(A)

ans =
6 12 -5
-1 8 4
>> matran(B)
ans =
4.0000 0.5000
0 2.0000
>> matran(C)
ans =
2 3
-2 1
8.8

function B = permut(A,rl,r2)
% permut: Switch rows of matrix A with a permutation matrix
% B = permut(A,rl,r2)

% input:

% A = original matrix

% rl, r2 = rows to be switched

% output:

% B = matrix with rows switched

[m,n] = size(A);

if m ~= n, error('matrix not square'), end

if rl == r2 | rl>m | r2>m
error('row numbers are equal or exceed matrix dimensions')
end
P = zeros(n);
P(ri1,r2)=1;P(r2,r1)=1;
for i = 1:m
if i~=rl1 & i~=rz2
P(i,i)=1;
end
end
B=P*A;
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Test script:
clc
A=[1 2 3 4;56 7 8;9 10 11 12;13 14 15 16]
B = permut(A,3,1)
B = permut(A,3,5)
A =
1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16
B =
9 10 11 12
5 6 7 8
1 2 3 4
13 14 15 16
??? Error using ==> permut

row numbers are equal or exceed matrix dimensions

Error in ==> permutScript at 4
B = permut(A,3,5)

8.9 The mass balances can be written as

(@5 01y =035 = Oy o
=056 + (03 + 0y +055)c, =0
— 0536, +(Q5; +034)c3 = Q3¢03
=056, — 03403 040y — 05,65 =0
—05¢ — 0556, +(Qs4 +0s5)c5 =0

The following MATLAB script can then be used to solve for the concentrations

clear, clc, format compact
Q01=5;c01=10;

Q03=8,;c03=20;
Q15=3;Q12=3;Q25=1;Q24=1;Q23=1;
034=8,;Q31=1,;
Q44=11,;Q55=2;Q54=2;

Q@ = [Q15+Q12 0 -Q31 O O;

-Q12 Q23+Q24+4+Q25 0 0 O;

0 -Q23 Q31+Q34 0 O;

0 -Q24 -Q34 Q44 -Q54;

-Q15 -Q25 0 0 Q54+Q55];

Qc = [Q01*c01;0;Q03*c03;;0;0];
c = Q\Qc
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11.5094
11.5094
19.0566
16.9983
11.5094

8.10 The problem can be written in matrix form as

0866025 0 05 0 0 O]|[F 0
0.5 0 0866025 0 0 OIF| [-1000

—0.866025 —1 0 -1 0 O|lF 0
05 0 0 0 -1 oflH,[ | o
0 1 0.5 0o 0 0|V 0
0 0 —0866025 0 0 —1||V, 0

MATLAB can then be used to solve for the forces and reactions,

clc; format compact, format short g
A = [0.866025 0 -0.5 0 0 0O;

0.5 0 0.866025 0 0 O;

-0.866025 -1 0 -1 0 O;

-0.5 000 -1 0;

0.5 0 0 0;

-0.866025 0 0 -17;

[0 -1000 0 O O 0]°';

A\b

Mo OO
hiloer

-
I

-500
433.01
-866.03
0

250

750

Therefore, F, = —500, F, = 433.01, F, = —866.03, H, = 0, V, = 250, and V, = 750

8.11

clc; format short g

k1=10;k2=30;k3=30;k4=10;

ml=1;m2=1;m3=1;

km=[(1/ml)*(k2+k1l),-(k2/m1),0
-(k2/m2),(1/m2)*(k2+k3),-(k3/m2)
0,-(k3/m3),(1/m3)*(k3+k4)]

x=[0.05;0.04;0.03];

kmx=-km*x
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km =
40 -30 0
-30 60 -30
0 -30 40
kmx =
-0.8
-5.5511e-17
0

Therefore, ¥, =-0.8, ¥, =0, and ¥;=0m/s".
8.12 Vertical force balances can be written to give the following system of equations,

mg+k,(x, —x)—kx; =0

myg +ky(x; — xy) —ky(x, —x,) =0
myg+ky,(xy —x3)—k3(x3—x,)=0
myg +ks(xs —x,) —ky(xy —x3)=0
msg —ks(xs—x,)=0

Collecting terms,

k+k, —k, X mg

—ky,  ky, t+ky —k X, myg
—ky  ky+k,  —k, Xyt ={mgt

—k,  kyt+ks —ks||x, myg

—ks ks || x5 msg

After substituting the parameters, the equations can be expressed as (g = 9.81),

130 —-50 0 0 0 [[x] [539.55
~-50 120 -70 0 0 ||x,| |73575
0 —70 170 —100 0 |{x;}=1588.60
0 0 —100 120 —20||x,| |73575
0 0 0 20 20||xg| [882.90

The solution can then be obtained with the following MATLAB script:

clc; format short g

g=9.81;
ml=55;m2=75;m3=60;m4=75;m5=90;
k1=80;k2=50;k3=70;k4=100;k5=20;
A=[k1l+k2 -k2 0 0 O

-k2 k2+k3 -k3 0 O

0 -k3 k3+k4 -k4 O
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0 0 -k4 k4+k5 -k5

0 0 0 -k5 k5]

b=[ml*g m2*g m3*g m4*g m5*g]"
x=A\b

A =
130 -50 0 0
-50 120 -70 0

0 -70 170 -100 0
0 0 -100 120 -20
0 0 0 -20 20

539.55
735.75
588.6
735.75
882.9

43.532
102.39
133.92
150.11
194.26

8.13 The position of the three masses can be modeled by the following steady—state force balances

0=k(x, —x,)+mg—kx
0=~k(x; —x,)+m,g—k(x, —x;)
0=myg—k(x;—x,)

Terms can be combined to yield

2kx; — kx, =mg
—kx, +2kx, —kxy = m,g
—kxy +kxy =myg

Substituting the parameter values

20 —10 0 |[x 19.62
—-10 20 —10|yx,1=1729.43
0 —10 10 ||xs 24.525

A MATLARB script can be used to obtain the solution for the displacements

clc; format short g
g=9.81;k=10;
K=[2*k -k 0;-k 2*k -k;0 -k k]
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m=[2;3;2.5];

mg=m*g
x=K\mg
K:
20 -10 0
-10 20 -10
0 -10 10
mg =
19.62
29.43
24 .525
X=
7 .3575
12.753
15.205

8.14 Just as in Sec. 8.3, the simultaneous equations can be expressed in matrix form as

11 1 0 0 0 |[i,] 0

0 -1 0 1 —1 0 |lig 0

o 0 -1 0 0 iy 0

0o 0 0 0 1 {lis[ ] 0

0 R52 *R32 0 *R54 *R43 i54 0
R, —Rs, 0 —Res 0 0 Iy Vi—Y%

11 0 o o0lfi,] [0

“1 0 1 -1 0lliy| |0
0 0 —1 0 0 1|l |0
o 0 0o o 1 —1]ig] |o
0 5 =20 0 -5 —2|lig,| |0
10 =5 0 =25 0 0||is] [150

This system can be solved with MATLAB,

clc; format short g, format compact
format compact
R12=10;R52=5;R32=20;R65=25;R54=5;R43=2;
V1=150;V6=0;

A=[1 11 0 0 O;

0 -101 -1 0;

00 -100 1,

Oo0O0O01 -1,

0 R52 -R32 0 -R54 -R43;

R12 -R52 0 -R65 0 0]

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual
may be displayed. reproduced or distributed in any form or by any means. without the prior written permission of the
publisher, or used beyond the limited distribution to teachers and educators permitted by McGraw-Hill for their
individual course preparation. If you are a student using this Manual, you are using it without permission.



11

B=[0 0 0 0 O V1-v6]"'

I=A\B
A =
1 1 1 0 0 0
0 -1 0 1 -1 0
0 0 -1 0 0 1
0 0 0 0 1 -1
0 5 -20 0 -5 -2
10 -5 0 -25 0 0
B =
0
0
0
0
0
150
I =
3.8247
-3.2271
-0.59761
-3.8247
-0.59761
-0.59761

The results are i, = 3.8247, i,, = ~3.2271, i,, = —0.59761, i,, = ~3.8247, i, = -0.59761, and i,, = —
0.59761.

8.15 The current equations can be written as

—ly =l +is; =0
by —ls +iy3 =0
—lyy +is, =0

Iy — sy +igs =I5, =0

Voltage equations:

. V, =20 . Vs =V,

by = 35 lsqg = 15
Vz _V3 V3 _Vs

by = 30 l3s = 7
VoV, VeV

ly3 8 lsp = 10

) 140 -V

les = 3
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1 -1 1 0 0 0 0 0 0 0 0] 0
0 1 0 -1 1 0 0 0 0 0 0|y 0
00 0 0 -1 1 0 0 0 0 0| 0
00 -1 1 0 11 0 0 0 0||is 0
35 0 0 0 0 0 0 -1 0 0 0l[ig| [-20
03 0 0 0 00 -1 1 0 o0figt=1o0
0 0 0 0 8 0 0 0 1 —1 0]]ig 0
00 0 0 0 150 0 0 1 -1V 0
00 0 7 0 00 0 —1 0 1|V 0
0 0 10 0 0 0 0 1 0 0 —1|v, 0
0 0 0 0 0 0 5 0 0 0 1v] [140

A MATLAB script can be developed to generate the solution,

clc; format short g
R12=35;R52=10;R32=30;R34=8;R45=15;R35=7;R25=10;R65=5;
V1=20;V6=140;
A=[-1 -1

1
0

=
=

=
=

N

Ul
0000

B
00! ORROOOOO
H

PRI 0O0O0O0O0O0OOD
i L

w
ul
=
oOo0oO0Or 1 OO0OO0OO0OO0OO0O

N
(8]
OOoOXTOOO0OORrO ! O

OO0OO0O0O0OO0OXVOOO
A
w
N
OXTOO0OO0OO0OO0O ! OOR
OO0OO0OO0OXMOO0OO ! PO
w
N
OO0OO0OXTOO0OO0O ! POO
AO0O0O0OO0OO0OO0ORrRLOOO
OrOO0OOoO:
1
=

65
B=[0 000 -V1 000 O0O0Ve]',;
I=A\B

=
[—

I =
2.5107
-0.55342
1.9573
-0.42429
0.12913
0.12913
2.5107
107 .87
124 .48
125.51
127 .45

Thus, the solution is

i, = 2.5107 i,y = —0.55342 i, = 1.9573 i,=-042429 i, =0.12913
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i, =0.12913 i, =2.5107 V,=107.87 V, = 124.48 V, = 12551
V, = 127.45

8.16

clc;cl1f;format compact
Xx=[1441]; v=1[114 4];
[xt, yt] = Rotate2D(45, x, vy);

function [xr, yr] = Rotate2D(thetad, x, y)

% two dimensional rotation 2D rotate Cartesian

% [xr, yr] = rot2d(thetad, x, y)

% Rotation of a two-dimensional object the Cartesian coordinates
% of which are contained in the vectors x and y.

% input:

% thetad = angle of rotation (degrees)

% x = vector containing objects x coordinates

% y = vector containing objects y coordinates

% output:

% xr = vector containing objects rotated x coordinates
% yr = vector containing objects rotated y coordinates

% set up rotation matrix

thetar = thetad*pi/180;

r = [cos(thetar) -sin(thetar);sin(thetar) cos(thetar)];
% close shape

x =[x x(1)];, vy = [y y(1)];

% plot original object

hold on, grid on

fill(x, y,'b")

% rotate shape

z = r*[x;y];

% plot rotated object

xr = z(1,:); yr = z(2,:);

fill(xr, yr,'r');

title(sprintf('2D rotation through angle of %3.2f
degrees', 6 thetad))

xmin=min([x xr]); ymin=min([y yr]); xmax=max([x xr]);
ymax=max([y yrl])

axis([xmin xmax ymin ymax])

hold off

ymax =
5.6569
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2D rotation through angle of 45.00 degrees
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