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Objetivos

Objetivo principal desta aula é realizar uma revisão da primeira aula com o 
MATLAB para fins de continuidade da disciplina

Bibliografia:

1 https://www.mathworks.com

2 Notas de aula

https://www.mathworks.com/
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MATLAB

• Programação simplificada e eficiente em alto nível, possuindo uma interface
interativa, fácil de usar propiciando rapidez no desenvolvimento de programas

• Computação vetorizada: MATLAB = MATRIZES E VETORES

• Funções implícitas através de linhas de comando

• Menus de ajuda tanto na instalação quanto online

• Excelente capacidade gráfica

• Ferramentas como SIMULINK

• Muitos toolboxes

Principais Características
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Operação Símbolo Exêmplo
Adição + 5 + 3 = 8
Subtração - 5 – 3 = 2
Multiplicação * 5 * 3 = 15
Divisão à Direita / 8/4 = 2
Divisão à Esquerda \ 8\4 = 4/8 = 1/2
Exponenciação ^ 5 ^ 2 = 52 = 25

Revisão de Conceitos

Operações Elementares
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Comando Descrição Exêmplo
format short Ponto fixo 4 dígitos

decimais
>> 352/9
ans =

39.1111

format long Ponto fixo 14 dígitos
decimais

>> 352/9
ans = 
39.111111111111114

format short e Notação científica 4 
dígitos decimais

>> 352/9
ans =

3.9111e+01

format long e Notação científica 15 
dígitos decimais

>> 352/9
ans =   
3.911111111111111e+01

format bank Dois dígitos decimais >> 352/9
ans =

39.11

Formatos de Display
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Função Descrição
abs(x) Valor absoluto de x
sqrt(x) Raiz quadrada de x
sign(x) Retorna -1 se x<0 , 0 se x = 0 e 1 se x>0
rem(x,y) Retorna o resto da divisão x/y
exp(x) Calcula ex

log(x) Calcula o logarítmo de x na base e
log10(x) Calcula o logarítmo de x na base 10
round(x) Arredonda x ao inteiro mais próximo
fix(x) Arredonda (ou trunca) x ao inteiro mais próximo de 0
floor(x) Arredonda x ao inteiro mais próximo a -∞
ceil(x) Arredonda x ao inteiro mais próximo a + ∞

Funções Intrínsicas
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Função Descrição
sin(x) Calcula o seno de x (x em radianos !)
cos(x) Calcula o cosseno de x
tan(x) Calcula a tangente de x
asin(x) Calcula o arco-seno de x (x entre -1 e 1)
acos(x) Calcula o arco-cosseno de x (em radianos)
atan(x) Calcula o arco-tangente de x 
sinh(x) Calcula o seno hiperbólico de x
cosh(x) Calcula o cosseno hiperbólico de x

Cont. …
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Operação Resultado
c1 + c2 (a1 + a2) + i(b1+b2)
c1 - c2 (a1 - a2) + i(b1-b2)
c1"c2

|c1|

Função Descrição

conj(x) Calcula o complexo conjugado de  x = a + ib

angle(x) Calcula o ângulo de fase (radianos) de x = a + ib

real(x) Calcula a parte real de x = a + ib

imag(x) Calcula a parte imaginária de x = a + ib

abs(x) Calcula o valor absoluto (módulo) de x = a + ib

Funções e Operações com Números Complexos

a1a2 + b1b2
a22 � b22

+ i
a2b1 � a1b2
a22 � b22

<latexit sha1_base64="3GLcXCrGsW9eM0m7MrB6IWQ81Vs=">AAACNHicbVDLSgMxFM34rPVVdekmWAShtMwMgi4LbgQ3FewD2nG4k2ba0MyDJCOUYT7KjR/iRgQXirj1G0zbEbTtgYSTc8/l5h4v5kwq03w1VlbX1jc2C1vF7Z3dvf3SwWFLRokgtEkiHomOB5JyFtKmYorTTiwoBB6nbW90Nam3H6iQLArv1DimTgCDkPmMgNKSW7rp+QJICq4Frl3xXMtz7Uw/7Xu76k3uDFcwwz3867O1B1cxLHG6pbJZM6fAi8TKSRnlaLil514/IklAQ0U4SNm1zFg5KQjFCKdZsZdIGgMZwYB2NQ0hoNJJp0tn+FQrfexHQp9Q4an6tyOFQMpx4GlnAGoo52sTcVmtmyj/0klZGCeKhmQ2yE84VhGeJIj7TFCi+FgTIILpv2IyBJ2O0jkXdQjW/MqLpGXXLLNm3Z6X62YeRwEdoxN0hix0geroGjVQExH0iF7QO/ownow349P4mllXjLznCP2D8f0DATGnUw==</latexit><latexit sha1_base64="3GLcXCrGsW9eM0m7MrB6IWQ81Vs=">AAACNHicbVDLSgMxFM34rPVVdekmWAShtMwMgi4LbgQ3FewD2nG4k2ba0MyDJCOUYT7KjR/iRgQXirj1G0zbEbTtgYSTc8/l5h4v5kwq03w1VlbX1jc2C1vF7Z3dvf3SwWFLRokgtEkiHomOB5JyFtKmYorTTiwoBB6nbW90Nam3H6iQLArv1DimTgCDkPmMgNKSW7rp+QJICq4Frl3xXMtz7Uw/7Xu76k3uDFcwwz3867O1B1cxLHG6pbJZM6fAi8TKSRnlaLil514/IklAQ0U4SNm1zFg5KQjFCKdZsZdIGgMZwYB2NQ0hoNJJp0tn+FQrfexHQp9Q4an6tyOFQMpx4GlnAGoo52sTcVmtmyj/0klZGCeKhmQ2yE84VhGeJIj7TFCi+FgTIILpv2IyBJ2O0jkXdQjW/MqLpGXXLLNm3Z6X62YeRwEdoxN0hix0geroGjVQExH0iF7QO/ownow349P4mllXjLznCP2D8f0DATGnUw==</latexit><latexit sha1_base64="3GLcXCrGsW9eM0m7MrB6IWQ81Vs=">AAACNHicbVDLSgMxFM34rPVVdekmWAShtMwMgi4LbgQ3FewD2nG4k2ba0MyDJCOUYT7KjR/iRgQXirj1G0zbEbTtgYSTc8/l5h4v5kwq03w1VlbX1jc2C1vF7Z3dvf3SwWFLRokgtEkiHomOB5JyFtKmYorTTiwoBB6nbW90Nam3H6iQLArv1DimTgCDkPmMgNKSW7rp+QJICq4Frl3xXMtz7Uw/7Xu76k3uDFcwwz3867O1B1cxLHG6pbJZM6fAi8TKSRnlaLil514/IklAQ0U4SNm1zFg5KQjFCKdZsZdIGgMZwYB2NQ0hoNJJp0tn+FQrfexHQp9Q4an6tyOFQMpx4GlnAGoo52sTcVmtmyj/0klZGCeKhmQ2yE84VhGeJIj7TFCi+FgTIILpv2IyBJ2O0jkXdQjW/MqLpGXXLLNm3Z6X62YeRwEdoxN0hix0geroGjVQExH0iF7QO/ownow349P4mllXjLznCP2D8f0DATGnUw==</latexit><latexit sha1_base64="3GLcXCrGsW9eM0m7MrB6IWQ81Vs=">AAACNHicbVDLSgMxFM34rPVVdekmWAShtMwMgi4LbgQ3FewD2nG4k2ba0MyDJCOUYT7KjR/iRgQXirj1G0zbEbTtgYSTc8/l5h4v5kwq03w1VlbX1jc2C1vF7Z3dvf3SwWFLRokgtEkiHomOB5JyFtKmYorTTiwoBB6nbW90Nam3H6iQLArv1DimTgCDkPmMgNKSW7rp+QJICq4Frl3xXMtz7Uw/7Xu76k3uDFcwwz3867O1B1cxLHG6pbJZM6fAi8TKSRnlaLil514/IklAQ0U4SNm1zFg5KQjFCKdZsZdIGgMZwYB2NQ0hoNJJp0tn+FQrfexHQp9Q4an6tyOFQMpx4GlnAGoo52sTcVmtmyj/0klZGCeKhmQ2yE84VhGeJIj7TFCi+FgTIILpv2IyBJ2O0jkXdQjW/MqLpGXXLLNm3Z6X62YeRwEdoxN0hix0geroGjVQExH0iF7QO/ownow349P4mllXjLznCP2D8f0DATGnUw==</latexit>

c1
c2

<latexit sha1_base64="qCs5APJKJzX6kobN7lhSio+fMFU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0GXBjcsK9gFtCJPppB06mYR5CDXkS9y4UMStn+LOv3HaZqGtB+7lcM69zJ0TZZwp7Xnfzsbm1vbObmWvun9weFRzj0+6KjWS0A5JeSr7EVaUM0E7mmlO+5mkOIk47UXT27nfe6RSsVQ86FlGgwSPBYsZwdpKoVsbxhKTnIR+YVuzCN261/AWQOvEL0kdSrRD92s4SolJqNCEY6UGvpfpIMdSM8JpUR0aRTNMpnhMB5YKnFAV5IvDC3RhlRGKU2lLaLRQf2/kOFFqlkR2MsF6ola9ufifNzA6vglyJjKjqSDLh2LDkU7RPAU0YpISzWeWYCKZvRWRCbZJaJtV1Ybgr355nXSbDd9r+PdX9ZZXxlGBMziHS/DhGlpwB23oAAEDz/AKb86T8+K8Ox/L0Q2n3DmFP3A+fwCfapL+</latexit><latexit sha1_base64="qCs5APJKJzX6kobN7lhSio+fMFU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0GXBjcsK9gFtCJPppB06mYR5CDXkS9y4UMStn+LOv3HaZqGtB+7lcM69zJ0TZZwp7Xnfzsbm1vbObmWvun9weFRzj0+6KjWS0A5JeSr7EVaUM0E7mmlO+5mkOIk47UXT27nfe6RSsVQ86FlGgwSPBYsZwdpKoVsbxhKTnIR+YVuzCN261/AWQOvEL0kdSrRD92s4SolJqNCEY6UGvpfpIMdSM8JpUR0aRTNMpnhMB5YKnFAV5IvDC3RhlRGKU2lLaLRQf2/kOFFqlkR2MsF6ola9ufifNzA6vglyJjKjqSDLh2LDkU7RPAU0YpISzWeWYCKZvRWRCbZJaJtV1Ybgr355nXSbDd9r+PdX9ZZXxlGBMziHS/DhGlpwB23oAAEDz/AKb86T8+K8Ox/L0Q2n3DmFP3A+fwCfapL+</latexit><latexit sha1_base64="qCs5APJKJzX6kobN7lhSio+fMFU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0GXBjcsK9gFtCJPppB06mYR5CDXkS9y4UMStn+LOv3HaZqGtB+7lcM69zJ0TZZwp7Xnfzsbm1vbObmWvun9weFRzj0+6KjWS0A5JeSr7EVaUM0E7mmlO+5mkOIk47UXT27nfe6RSsVQ86FlGgwSPBYsZwdpKoVsbxhKTnIR+YVuzCN261/AWQOvEL0kdSrRD92s4SolJqNCEY6UGvpfpIMdSM8JpUR0aRTNMpnhMB5YKnFAV5IvDC3RhlRGKU2lLaLRQf2/kOFFqlkR2MsF6ola9ufifNzA6vglyJjKjqSDLh2LDkU7RPAU0YpISzWeWYCKZvRWRCbZJaJtV1Ybgr355nXSbDd9r+PdX9ZZXxlGBMziHS/DhGlpwB23oAAEDz/AKb86T8+K8Ox/L0Q2n3DmFP3A+fwCfapL+</latexit><latexit sha1_base64="qCs5APJKJzX6kobN7lhSio+fMFU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0GXBjcsK9gFtCJPppB06mYR5CDXkS9y4UMStn+LOv3HaZqGtB+7lcM69zJ0TZZwp7Xnfzsbm1vbObmWvun9weFRzj0+6KjWS0A5JeSr7EVaUM0E7mmlO+5mkOIk47UXT27nfe6RSsVQ86FlGgwSPBYsZwdpKoVsbxhKTnIR+YVuzCN261/AWQOvEL0kdSrRD92s4SolJqNCEY6UGvpfpIMdSM8JpUR0aRTNMpnhMB5YKnFAV5IvDC3RhlRGKU2lLaLRQf2/kOFFqlkR2MsF6ola9ufifNzA6vglyJjKjqSDLh2LDkU7RPAU0YpISzWeWYCKZvRWRCbZJaJtV1Ybgr355nXSbDd9r+PdX9ZZXxlGBMziHS/DhGlpwB23oAAEDz/AKb86T8+K8Ox/L0Q2n3DmFP3A+fwCfapL+</latexit>

q
a21 + b21

<latexit sha1_base64="8V4BVhsx8nVrycUneOmnJdIn8CM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUQZcFNy4r2Ae0MUymk3boZBJnboQair/ixoUibv0Pd/6NkzYLbT1wuYdz7mXunCARXIPjfFtLyyura+uljfLm1vbOrr2339Jxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK5yv/3AlOaxvIVxwryIDCQPOSVgJN8+7Ol7BRnx3bsaPsNB3ie+XXGqzhR4kbgFqaACDd/+6vVjmkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9PoJPjFKH4exMiUBT9XfGxmJtB5HgZmMCAz1vJeL/3ndFMJLL+MySYFJOnsoTAWGGOdR4D5XjIIYG0Ko4uZWTIdEEQomsLIJwZ3/8iJp1aquU3Vvzit1p4ijhI7QMTpFLrpAdXSNGqiJKHpEz+gVvVlP1ov1bn3MRpesYucA/YH1+QOSQ5Pt</latexit><latexit sha1_base64="8V4BVhsx8nVrycUneOmnJdIn8CM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUQZcFNy4r2Ae0MUymk3boZBJnboQair/ixoUibv0Pd/6NkzYLbT1wuYdz7mXunCARXIPjfFtLyyura+uljfLm1vbOrr2339Jxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK5yv/3AlOaxvIVxwryIDCQPOSVgJN8+7Ol7BRnx3bsaPsNB3ie+XXGqzhR4kbgFqaACDd/+6vVjmkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9PoJPjFKH4exMiUBT9XfGxmJtB5HgZmMCAz1vJeL/3ndFMJLL+MySYFJOnsoTAWGGOdR4D5XjIIYG0Ko4uZWTIdEEQomsLIJwZ3/8iJp1aquU3Vvzit1p4ijhI7QMTpFLrpAdXSNGqiJKHpEz+gVvVlP1ov1bn3MRpesYucA/YH1+QOSQ5Pt</latexit><latexit sha1_base64="8V4BVhsx8nVrycUneOmnJdIn8CM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUQZcFNy4r2Ae0MUymk3boZBJnboQair/ixoUibv0Pd/6NkzYLbT1wuYdz7mXunCARXIPjfFtLyyura+uljfLm1vbOrr2339Jxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK5yv/3AlOaxvIVxwryIDCQPOSVgJN8+7Ol7BRnx3bsaPsNB3ie+XXGqzhR4kbgFqaACDd/+6vVjmkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9PoJPjFKH4exMiUBT9XfGxmJtB5HgZmMCAz1vJeL/3ndFMJLL+MySYFJOnsoTAWGGOdR4D5XjIIYG0Ko4uZWTIdEEQomsLIJwZ3/8iJp1aquU3Vvzit1p4ijhI7QMTpFLrpAdXSNGqiJKHpEz+gVvVlP1ov1bn3MRpesYucA/YH1+QOSQ5Pt</latexit><latexit sha1_base64="8V4BVhsx8nVrycUneOmnJdIn8CM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUQZcFNy4r2Ae0MUymk3boZBJnboQair/ixoUibv0Pd/6NkzYLbT1wuYdz7mXunCARXIPjfFtLyyura+uljfLm1vbOrr2339Jxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK5yv/3AlOaxvIVxwryIDCQPOSVgJN8+7Ol7BRnx3bsaPsNB3ie+XXGqzhR4kbgFqaACDd/+6vVjmkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9PoJPjFKH4exMiUBT9XfGxmJtB5HgZmMCAz1vJeL/3ndFMJLL+MySYFJOnsoTAWGGOdR4D5XjIIYG0Ko4uZWTIdEEQomsLIJwZ3/8iJp1aquU3Vvzit1p4ijhI7QMTpFLrpAdXSNGqiJKHpEz+gVvVlP1ov1bn3MRpesYucA/YH1+QOSQ5Pt</latexit>

c⇤1
<latexit sha1_base64="hi7kbWrpwdumd+hFLtdhGbxUCQU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvHisYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqAacJ9yM6UiIUjKKVOmzgPWYXs0G15tbdOcgq8QpSgwLNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHuWKhpx42fzc2fkzCpDEsbalkIyV39PZDQyZhoFtjOiODbLXi7+5/VSDG/8TKgkRa7YYlGYSoIxyX8nQ6E5Qzm1hDIt7K2EjammDG1CFRuCt/zyKmlf1j237t1f1RpuEUcZTuAUzsGDa2jAHTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gDGGI8h</latexit><latexit sha1_base64="hi7kbWrpwdumd+hFLtdhGbxUCQU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvHisYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqAacJ9yM6UiIUjKKVOmzgPWYXs0G15tbdOcgq8QpSgwLNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHuWKhpx42fzc2fkzCpDEsbalkIyV39PZDQyZhoFtjOiODbLXi7+5/VSDG/8TKgkRa7YYlGYSoIxyX8nQ6E5Qzm1hDIt7K2EjammDG1CFRuCt/zyKmlf1j237t1f1RpuEUcZTuAUzsGDa2jAHTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gDGGI8h</latexit><latexit sha1_base64="hi7kbWrpwdumd+hFLtdhGbxUCQU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvHisYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqAacJ9yM6UiIUjKKVOmzgPWYXs0G15tbdOcgq8QpSgwLNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHuWKhpx42fzc2fkzCpDEsbalkIyV39PZDQyZhoFtjOiODbLXi7+5/VSDG/8TKgkRa7YYlGYSoIxyX8nQ6E5Qzm1hDIt7K2EjammDG1CFRuCt/zyKmlf1j237t1f1RpuEUcZTuAUzsGDa2jAHTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gDGGI8h</latexit><latexit sha1_base64="hi7kbWrpwdumd+hFLtdhGbxUCQU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvHisYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqAacJ9yM6UiIUjKKVOmzgPWYXs0G15tbdOcgq8QpSgwLNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHuWKhpx42fzc2fkzCpDEsbalkIyV39PZDQyZhoFtjOiODbLXi7+5/VSDG/8TKgkRa7YYlGYSoIxyX8nQ6E5Qzm1hDIt7K2EjammDG1CFRuCt/zyKmlf1j237t1f1RpuEUcZTuAUzsGDa2jAHTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gDGGI8h</latexit>

a1 � ib1
<latexit sha1_base64="puCh7NmEwDuNooGxRCpilu9isV4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY8FLx4r2A9olyWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MJXCWIy/vdLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijessJK3k01p3EoeScc3878zhPXRiTqwU5S7sd0qEQkGLVO6tKAXIgwIEG1hut4DrRKSEFqUKAZVL/6g4RlMVeWSWpMj+DU+jnVVjDJp5V+ZnhK2ZgOec9RRWNu/Hx+7xSdOWWAokS7UhbN1d8TOY2NmcSh64ypHZllbyb+5/UyG934uVBpZrlii0VRJpFN0Ox5NBCaMysnjlCmhbsVsRHVlFkXUcWFQJZfXiXtyzrBdXJ/VWvgIo4ynMApnAOBa2jAHTShBQwkPMMrvHmP3ov37n0sWkteMXMMf+B9/gD13Y8x</latexit><latexit sha1_base64="puCh7NmEwDuNooGxRCpilu9isV4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY8FLx4r2A9olyWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MJXCWIy/vdLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijessJK3k01p3EoeScc3878zhPXRiTqwU5S7sd0qEQkGLVO6tKAXIgwIEG1hut4DrRKSEFqUKAZVL/6g4RlMVeWSWpMj+DU+jnVVjDJp5V+ZnhK2ZgOec9RRWNu/Hx+7xSdOWWAokS7UhbN1d8TOY2NmcSh64ypHZllbyb+5/UyG934uVBpZrlii0VRJpFN0Ox5NBCaMysnjlCmhbsVsRHVlFkXUcWFQJZfXiXtyzrBdXJ/VWvgIo4ynMApnAOBa2jAHTShBQwkPMMrvHmP3ov37n0sWkteMXMMf+B9/gD13Y8x</latexit><latexit sha1_base64="puCh7NmEwDuNooGxRCpilu9isV4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY8FLx4r2A9olyWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MJXCWIy/vdLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijessJK3k01p3EoeScc3878zhPXRiTqwU5S7sd0qEQkGLVO6tKAXIgwIEG1hut4DrRKSEFqUKAZVL/6g4RlMVeWSWpMj+DU+jnVVjDJp5V+ZnhK2ZgOec9RRWNu/Hx+7xSdOWWAokS7UhbN1d8TOY2NmcSh64ypHZllbyb+5/UyG934uVBpZrlii0VRJpFN0Ox5NBCaMysnjlCmhbsVsRHVlFkXUcWFQJZfXiXtyzrBdXJ/VWvgIo4ynMApnAOBa2jAHTShBQwkPMMrvHmP3ov37n0sWkteMXMMf+B9/gD13Y8x</latexit><latexit sha1_base64="puCh7NmEwDuNooGxRCpilu9isV4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY8FLx4r2A9olyWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MJXCWIy/vdLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijessJK3k01p3EoeScc3878zhPXRiTqwU5S7sd0qEQkGLVO6tKAXIgwIEG1hut4DrRKSEFqUKAZVL/6g4RlMVeWSWpMj+DU+jnVVjDJp5V+ZnhK2ZgOec9RRWNu/Hx+7xSdOWWAokS7UhbN1d8TOY2NmcSh64ypHZllbyb+5/UyG934uVBpZrlii0VRJpFN0Ox5NBCaMysnjlCmhbsVsRHVlFkXUcWFQJZfXiXtyzrBdXJ/VWvgIo4ynMApnAOBa2jAHTShBQwkPMMrvHmP3ov37n0sWkteMXMMf+B9/gD13Y8x</latexit>

c1 = a1 + ib1
<latexit sha1_base64="RB12RS7l7NBvW1PN6/QOYTJiBdQ=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRZBEMpECroRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Np43rdT2tjc2t4p71b29g8Oj9zjk7ZOMkVZiyYiUd2QaCa4ZC3DjWDdVDESh4J1wvH93O9MmNI8kU9mmjI/JkPJI06JsVLgujTA6A4R268QDwMcuFWv5i2A1gkuSBUKNAP3qz9IaBYzaaggWvewlxo/J8pwKtis0s80SwkdkyHrWSpJzLSfLy6foQurDFCUKFvSoIX6eyMnsdbTOLSTMTEjverNxf+8XmaiWz/nMs0Mk3T5UJQJZBI0jwENuGLUiKklhCpub0V0RBShxoZVsSHg1S+vk/Z1DXs1/FivNrwijjKcwTlcAoYbaMADNKEFFCbwDK/w5uTOi/PufCxHS06xcwp/4Hz+ADeckWA=</latexit><latexit sha1_base64="RB12RS7l7NBvW1PN6/QOYTJiBdQ=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRZBEMpECroRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Np43rdT2tjc2t4p71b29g8Oj9zjk7ZOMkVZiyYiUd2QaCa4ZC3DjWDdVDESh4J1wvH93O9MmNI8kU9mmjI/JkPJI06JsVLgujTA6A4R268QDwMcuFWv5i2A1gkuSBUKNAP3qz9IaBYzaaggWvewlxo/J8pwKtis0s80SwkdkyHrWSpJzLSfLy6foQurDFCUKFvSoIX6eyMnsdbTOLSTMTEjverNxf+8XmaiWz/nMs0Mk3T5UJQJZBI0jwENuGLUiKklhCpub0V0RBShxoZVsSHg1S+vk/Z1DXs1/FivNrwijjKcwTlcAoYbaMADNKEFFCbwDK/w5uTOi/PufCxHS06xcwp/4Hz+ADeckWA=</latexit><latexit sha1_base64="RB12RS7l7NBvW1PN6/QOYTJiBdQ=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRZBEMpECroRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Np43rdT2tjc2t4p71b29g8Oj9zjk7ZOMkVZiyYiUd2QaCa4ZC3DjWDdVDESh4J1wvH93O9MmNI8kU9mmjI/JkPJI06JsVLgujTA6A4R268QDwMcuFWv5i2A1gkuSBUKNAP3qz9IaBYzaaggWvewlxo/J8pwKtis0s80SwkdkyHrWSpJzLSfLy6foQurDFCUKFvSoIX6eyMnsdbTOLSTMTEjverNxf+8XmaiWz/nMs0Mk3T5UJQJZBI0jwENuGLUiKklhCpub0V0RBShxoZVsSHg1S+vk/Z1DXs1/FivNrwijjKcwTlcAoYbaMADNKEFFCbwDK/w5uTOi/PufCxHS06xcwp/4Hz+ADeckWA=</latexit><latexit sha1_base64="RB12RS7l7NBvW1PN6/QOYTJiBdQ=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRZBEMpECroRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Np43rdT2tjc2t4p71b29g8Oj9zjk7ZOMkVZiyYiUd2QaCa4ZC3DjWDdVDESh4J1wvH93O9MmNI8kU9mmjI/JkPJI06JsVLgujTA6A4R268QDwMcuFWv5i2A1gkuSBUKNAP3qz9IaBYzaaggWvewlxo/J8pwKtis0s80SwkdkyHrWSpJzLSfLy6foQurDFCUKFvSoIX6eyMnsdbTOLSTMTEjverNxf+8XmaiWz/nMs0Mk3T5UJQJZBI0jwENuGLUiKklhCpub0V0RBShxoZVsSHg1S+vk/Z1DXs1/FivNrwijjKcwTlcAoYbaMADNKEFFCbwDK/w5uTOi/PufCxHS06xcwp/4Hz+ADeckWA=</latexit>

c2 = a2 + ib2
<latexit sha1_base64="r8JsxVnyMSkwnKt3sKKFGOWN/rg=">AAAB+XicbVDLSgMxFL2pr1pfoy7dBIsgCGWmCLoRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+7ncmTGmeyCczTZkfk6HkEafEWClwHBrU8R0mtl9hHgb1wKm6NXcBvE68glShQDNwvvqDhGYxk4YKonXPc1Pj50QZTgWbVfqZZimhYzJkPUsliZn288XlM3xhlQGOEmVLGrxQf2/kJNZ6God2MiZmpFe9ufif18tMdOvnXKaZYZIuH4oygU2C5zHgAVeMGjG1hFDF7a2Yjogi1NiwKjYEb/XL66Rdr3luzXu8rjbcIo4ynME5XIIHN9CAB2hCCyhM4Ble4Q3l6AW9o4/laAkVO6fwB+jzBzw8kWM=</latexit><latexit sha1_base64="r8JsxVnyMSkwnKt3sKKFGOWN/rg=">AAAB+XicbVDLSgMxFL2pr1pfoy7dBIsgCGWmCLoRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+7ncmTGmeyCczTZkfk6HkEafEWClwHBrU8R0mtl9hHgb1wKm6NXcBvE68glShQDNwvvqDhGYxk4YKonXPc1Pj50QZTgWbVfqZZimhYzJkPUsliZn288XlM3xhlQGOEmVLGrxQf2/kJNZ6God2MiZmpFe9ufif18tMdOvnXKaZYZIuH4oygU2C5zHgAVeMGjG1hFDF7a2Yjogi1NiwKjYEb/XL66Rdr3luzXu8rjbcIo4ynME5XIIHN9CAB2hCCyhM4Ble4Q3l6AW9o4/laAkVO6fwB+jzBzw8kWM=</latexit><latexit sha1_base64="r8JsxVnyMSkwnKt3sKKFGOWN/rg=">AAAB+XicbVDLSgMxFL2pr1pfoy7dBIsgCGWmCLoRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+7ncmTGmeyCczTZkfk6HkEafEWClwHBrU8R0mtl9hHgb1wKm6NXcBvE68glShQDNwvvqDhGYxk4YKonXPc1Pj50QZTgWbVfqZZimhYzJkPUsliZn288XlM3xhlQGOEmVLGrxQf2/kJNZ6God2MiZmpFe9ufif18tMdOvnXKaZYZIuH4oygU2C5zHgAVeMGjG1hFDF7a2Yjogi1NiwKjYEb/XL66Rdr3luzXu8rjbcIo4ynME5XIIHN9CAB2hCCyhM4Ble4Q3l6AW9o4/laAkVO6fwB+jzBzw8kWM=</latexit><latexit sha1_base64="r8JsxVnyMSkwnKt3sKKFGOWN/rg=">AAAB+XicbVDLSgMxFL2pr1pfoy7dBIsgCGWmCLoRCm5cVrAPaIchk2ba0ExmSDKFMvRP3LhQxK1/4s6/MW1noa0H7uVwzr3k5oSp4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+7ncmTGmeyCczTZkfk6HkEafEWClwHBrU8R0mtl9hHgb1wKm6NXcBvE68glShQDNwvvqDhGYxk4YKonXPc1Pj50QZTgWbVfqZZimhYzJkPUsliZn288XlM3xhlQGOEmVLGrxQf2/kJNZ6God2MiZmpFe9ufif18tMdOvnXKaZYZIuH4oygU2C5zHgAVeMGjG1hFDF7a2Yjogi1NiwKjYEb/XL66Rdr3luzXu8rjbcIo4ynME5XIIHN9CAB2hCCyhM4Ble4Q3l6AW9o4/laAkVO6fwB+jzBzw8kWM=</latexit>

(a1a2 � b1b2) + i(a1b2 � a2b1)
<latexit sha1_base64="VZ81ewM88MIZpARP6RklI/QRVeU=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVWsSSFEGXBTcuK9gLtCHMTCft0MkkzEyEEvoCbnwVNy4UcevenW/jJM1CqwcGfr7/HM6cH8ecKe04X1ZpZXVtfaO8Wdna3tnds/cPuipKJKEdEvFI9jFSlDNBO5ppTvuxpCjEnPbw9Drze/dUKhaJOz2LqReisWABI0gb5NsnNeS7yG/Cc4h9F/vN+hnLEM6RMQyt+3bVaTh5wb/CLUQVFNX27c/hKCJJSIUmHCk1cJ1YeymSmhFO55VhomiMyBSN6cBIgUKqvDS/Zg5PDRnBIJLmCQ1z+nMiRaFSsxCbzhDpiVr2MvifN0h0cOWlTMSJpoIsFgUJhzqCWTRwxCQlms+MQEQy81dIJkgiok2AFROCu3zyX9FtNlyn4d5eVFtOEUcZHIFjUAMuuAQtcAPaoAMIeABP4AW8Wo/Ws/VmvS9aS1Yxcwh+lfXxDfZfl6E=</latexit><latexit sha1_base64="VZ81ewM88MIZpARP6RklI/QRVeU=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVWsSSFEGXBTcuK9gLtCHMTCft0MkkzEyEEvoCbnwVNy4UcevenW/jJM1CqwcGfr7/HM6cH8ecKe04X1ZpZXVtfaO8Wdna3tnds/cPuipKJKEdEvFI9jFSlDNBO5ppTvuxpCjEnPbw9Drze/dUKhaJOz2LqReisWABI0gb5NsnNeS7yG/Cc4h9F/vN+hnLEM6RMQyt+3bVaTh5wb/CLUQVFNX27c/hKCJJSIUmHCk1cJ1YeymSmhFO55VhomiMyBSN6cBIgUKqvDS/Zg5PDRnBIJLmCQ1z+nMiRaFSsxCbzhDpiVr2MvifN0h0cOWlTMSJpoIsFgUJhzqCWTRwxCQlms+MQEQy81dIJkgiok2AFROCu3zyX9FtNlyn4d5eVFtOEUcZHIFjUAMuuAQtcAPaoAMIeABP4AW8Wo/Ws/VmvS9aS1Yxcwh+lfXxDfZfl6E=</latexit><latexit sha1_base64="VZ81ewM88MIZpARP6RklI/QRVeU=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVWsSSFEGXBTcuK9gLtCHMTCft0MkkzEyEEvoCbnwVNy4UcevenW/jJM1CqwcGfr7/HM6cH8ecKe04X1ZpZXVtfaO8Wdna3tnds/cPuipKJKEdEvFI9jFSlDNBO5ppTvuxpCjEnPbw9Drze/dUKhaJOz2LqReisWABI0gb5NsnNeS7yG/Cc4h9F/vN+hnLEM6RMQyt+3bVaTh5wb/CLUQVFNX27c/hKCJJSIUmHCk1cJ1YeymSmhFO55VhomiMyBSN6cBIgUKqvDS/Zg5PDRnBIJLmCQ1z+nMiRaFSsxCbzhDpiVr2MvifN0h0cOWlTMSJpoIsFgUJhzqCWTRwxCQlms+MQEQy81dIJkgiok2AFROCu3zyX9FtNlyn4d5eVFtOEUcZHIFjUAMuuAQtcAPaoAMIeABP4AW8Wo/Ws/VmvS9aS1Yxcwh+lfXxDfZfl6E=</latexit><latexit sha1_base64="VZ81ewM88MIZpARP6RklI/QRVeU=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVWsSSFEGXBTcuK9gLtCHMTCft0MkkzEyEEvoCbnwVNy4UcevenW/jJM1CqwcGfr7/HM6cH8ecKe04X1ZpZXVtfaO8Wdna3tnds/cPuipKJKEdEvFI9jFSlDNBO5ppTvuxpCjEnPbw9Drze/dUKhaJOz2LqReisWABI0gb5NsnNeS7yG/Cc4h9F/vN+hnLEM6RMQyt+3bVaTh5wb/CLUQVFNX27c/hKCJJSIUmHCk1cJ1YeymSmhFO55VhomiMyBSN6cBIgUKqvDS/Zg5PDRnBIJLmCQ1z+nMiRaFSsxCbzhDpiVr2MvifN0h0cOWlTMSJpoIsFgUJhzqCWTRwxCQlms+MQEQy81dIJkgiok2AFROCu3zyX9FtNlyn4d5eVFtOEUcZHIFjUAMuuAQtcAPaoAMIeABP4AW8Wo/Ws/VmvS9aS1Yxcwh+lfXxDfZfl6E=</latexit>



9 Prof. Paulo S. VarotoSEM 0530 – Problemas de Eng. Mecatrônica II

Função Descrição

clear (clear all) Remove todas as variáveis da memória

clear x, y, z Remove apenas as variáveis x, y e z da memória

who Lista as variáveis correntes do workspace

whos Lista as variáveis e seus tamanhos e classes

what Lista arquivos .m, .mat e .mex do diretório de trabalho

clc Limpa a janela de comando (histórico é perdido !)

Comandos Úteis para o Workspace
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Definição de Vetores e Matrizes

O segredo para programação eficiente no MATLAB é o uso de operaçoes de 
VETORIZAÇÃO 

>> x = [0 1 2 3 4 5]          % vetor linha
x =

0     1     2     3     4     5

>> x = 0:5                    % vetor linha
x =

0     1     2     3     4     5

>> x = [0 1 2 3 4 5]' % vetor coluna, (0:5)'
x =

0
1
2
3
4
5

o operador apóstrofo, ‘ , ou transposto transforma
vetores linha em coluna e vice versa
detalhe:  ‘ é o transposto conjugado,
use,  .’ , para transposição sem conjugação
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>> z = [i; 1+2i; 1-i] % vetor coluna
z =

0 + 1.0000i
1.0000 + 2.0000i
1.0000 - 1.0000i

>> z.' % transposto sem conjugação
ans =

0 + 1.0000i   1.0000 + 2.0000i   1.0000 - 1.0000i

>> z' % transposto com conjugação
ans =

0 - 1.0000i   1.0000 - 2.0000i   1.0000 + 1.0000i

>> (z.')' % mesmo que (z').' , ou, conj(z)
ans =

0 - 1.0000i
1.0000 - 2.0000i
1.0000 + 1.0000i

Cont. …
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Comando Descrição

A(:,n) Elementos de todas as linhas da matriz A

A(n,:) Elementos de todas as colunas da matriz A

A(:,m,n) Elementos de todas as linhas entre colunas m e n

A(m:n,:) Elementos de todas as colunas entre linhas m e n

A(m:n,p:q) Lista as variáveis e seus tamanhos e classes

Comando Descrição

length(v) Número de elementos em v

size(A) Ordem da matriz A (retorna um vetor linha [m,n])

reshape(A,m.n) Rearranja A(m,n) em A(r,s) (rxs = mxn)

diag(v) Cria uma matriz diagonal com elementos de v 

diag(A) Cria um vetor com elementos da diagonal de A

Convenção: letras minúsculas para vetores e maísculas para matrizes

Operações com Matrizes
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Comando Descrição

mean(v) Valor médio dos elementos de v

min(v) Valor mínimo de v

sum(v) Soma dos elementos de v

sort(v) Ordena elementos de v em ordem crescente

dot(a,b) Calcula o produto escalar entre a e b

cross(a,b) Calcula o produto vetorial entre a e b

inv(A) Calcula a inversa de A

linspace(a,b,N) Vetor iniciando em a terminando em b com N elementos

Cont. …
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Solução de Sistema Linear de Equações

2

6664

a11 a12 · · · a1n

a21 a22 · · · a2n
...

...
. . .

...
an1 an2 · · · ann

3

7775

8
>>><

>>>:

x1

x2
...
xn

9
>>>=

>>>;
=

8
>>><

>>>:

b1

b2
...
bn

9
>>>=

>>>;
<latexit sha1_base64="Kvwx+IZfZJhBF6JXubI+6wrSNYI="></latexit><latexit sha1_base64="Kvwx+IZfZJhBF6JXubI+6wrSNYI="></latexit><latexit sha1_base64="Kvwx+IZfZJhBF6JXubI+6wrSNYI="></latexit><latexit sha1_base64="Kvwx+IZfZJhBF6JXubI+6wrSNYI="></latexit>

[A]{x} = {b}
<latexit sha1_base64="eDa6F4Mp4CPfSL8RCaTNcggnf/A=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9CJUvHisYD8gCWWz3bRLN5uwuymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt7W2vrG5tV3Zqe7u7R8c2kfHHZVkktA2SXgieyFWlDNB25ppTnuppDgOOe2G47uZ351QqVgiHvU0pUGMh4JFjGBtpL5te7eBnz/5BbpBfh76Rd+uOXVnDrRK3JLUoESrb3/5g4RkMR WacKyU5zqpDnIsNSOcFlU/UzTFZIyH1DNU4JiqIJ9fXqBzowxQlEhTQqO5+nsix7FS0zg0nTHWI7XszcT/PC/T0XWQM5FmmgqyWBRlHOkEzWJAAyYp0XxqCCaSmVsRGWGJiTZhVU0I7vLLq6TTqLtO3X24rDUbZRwVOIUzuAAXrqAJ99CCNhCYwDO8wpuVWy/Wu/WxaF2zypkT+APr8weW6JLr</latexit><latexit sha1_base64="eDa6F4Mp4CPfSL8RCaTNcggnf/A=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9CJUvHisYD8gCWWz3bRLN5uwuymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt7W2vrG5tV3Zqe7u7R8c2kfHHZVkktA2SXgieyFWlDNB25ppTnuppDgOOe2G47uZ351QqVgiHvU0pUGMh4JFjGBtpL5te7eBnz/5BbpBfh76Rd+uOXVnDrRK3JLUoESrb3/5g4RkMR WacKyU5zqpDnIsNSOcFlU/UzTFZIyH1DNU4JiqIJ9fXqBzowxQlEhTQqO5+nsix7FS0zg0nTHWI7XszcT/PC/T0XWQM5FmmgqyWBRlHOkEzWJAAyYp0XxqCCaSmVsRGWGJiTZhVU0I7vLLq6TTqLtO3X24rDUbZRwVOIUzuAAXrqAJ99CCNhCYwDO8wpuVWy/Wu/WxaF2zypkT+APr8weW6JLr</latexit><latexit sha1_base64="eDa6F4Mp4CPfSL8RCaTNcggnf/A=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9CJUvHisYD8gCWWz3bRLN5uwuymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt7W2vrG5tV3Zqe7u7R8c2kfHHZVkktA2SXgieyFWlDNB25ppTnuppDgOOe2G47uZ351QqVgiHvU0pUGMh4JFjGBtpL5te7eBnz/5BbpBfh76Rd+uOXVnDrRK3JLUoESrb3/5g4RkMR WacKyU5zqpDnIsNSOcFlU/UzTFZIyH1DNU4JiqIJ9fXqBzowxQlEhTQqO5+nsix7FS0zg0nTHWI7XszcT/PC/T0XWQM5FmmgqyWBRlHOkEzWJAAyYp0XxqCCaSmVsRGWGJiTZhVU0I7vLLq6TTqLtO3X24rDUbZRwVOIUzuAAXrqAJ99CCNhCYwDO8wpuVWy/Wu/WxaF2zypkT+APr8weW6JLr</latexit><latexit sha1_base64="eDa6F4Mp4CPfSL8RCaTNcggnf/A=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9CJUvHisYD8gCWWz3bRLN5uwuymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt7W2vrG5tV3Zqe7u7R8c2kfHHZVkktA2SXgieyFWlDNB25ppTnuppDgOOe2G47uZ351QqVgiHvU0pUGMh4JFjGBtpL5te7eBnz/5BbpBfh76Rd+uOXVnDrRK3JLUoESrb3/5g4RkMR WacKyU5zqpDnIsNSOcFlU/UzTFZIyH1DNU4JiqIJ9fXqBzowxQlEhTQqO5+nsix7FS0zg0nTHWI7XszcT/PC/T0XWQM5FmmgqyWBRlHOkEzWJAAyYp0XxqCCaSmVsRGWGJiTZhVU0I7vLLq6TTqLtO3X24rDUbZRwVOIUzuAAXrqAJ99CCNhCYwDO8wpuVWy/Wu/WxaF2zypkT+APr8weW6JLr</latexit>

>> x = A\b

>> x = inv(A)*b
>> x = A^(-1)*b

8
>>>>>><

>>>>>>:

a11x1 + a12x2 + a13x3 + · · ·+ a1nxn = b1

a21x1 + a22x2 + a23x3 + · · ·+ a2nxn = b2

a31x1 + a32x2 + a33x3 + · · ·+ a3nxn = b3

...
...

...
. . .

...
...

an1x1 + an2x2 + an3x3 + · · ·+ annxn = bn
<latexit sha1_base64="+MYJP/8evZQWyEXXAPn6SBqfo5Q="></latexit><latexit sha1_base64="+MYJP/8evZQWyEXXAPn6SBqfo5Q="></latexit><latexit sha1_base64="+MYJP/8evZQWyEXXAPn6SBqfo5Q="></latexit><latexit sha1_base64="+MYJP/8evZQWyEXXAPn6SBqfo5Q="></latexit>

MATLAB
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Autovalores e Autovetores

Da Álgebra Linear:

Um escalar l é denominado autovalor de uma matriz [A] (nxn) se existir um vetor
não nulo {x} tal que 

[A]{x} = �{x}
<latexit sha1_base64="y98PjcJksWvQRCiMhawCzI6wHqU=">AAACAHicbVDLSsNAFL2pr1pfVRcu3AwWwVVJpKAboeLGZQX7gCSUyWTSDp08mJmIJWTjr7hxoYhbP8Odf+M0zUJbDwycOeceZu7xEs6kMs1vo7Kyura+Ud2sbW3v7O7V9w96Mk4FoV0S81gMPCwpZxHtKqY4HSSC4tDjtO9NbmZ+/4EKyeLoXk0T6oZ4FLGAEay0NKwf2deukz06ObpCDtc5HxfXYb1hNs0CaJlYJWlAic6w/uX4MUlDGinCsZS2ZSbKzbBQjHCa15xU0gSTCR5RW9MIh1S6WbFAjk614qMgFvpEChXq70SGQymnoacnQ6zGctGbif95dqqCSzdjUZIqGpH5Q0HKkYrRrA3kM0GJ4lNNMBFM/xWRMRaYKN1ZTZdgLa68THrnTctsWnetRrtV1lGFYziBM7DgAtpwCx3oAoEcnuEV3own48V4Nz7moxWjzBzCHxifPxMflgY=</latexit><latexit sha1_base64="y98PjcJksWvQRCiMhawCzI6wHqU=">AAACAHicbVDLSsNAFL2pr1pfVRcu3AwWwVVJpKAboeLGZQX7gCSUyWTSDp08mJmIJWTjr7hxoYhbP8Odf+M0zUJbDwycOeceZu7xEs6kMs1vo7Kyura+Ud2sbW3v7O7V9w96Mk4FoV0S81gMPCwpZxHtKqY4HSSC4tDjtO9NbmZ+/4EKyeLoXk0T6oZ4FLGAEay0NKwf2deukz06ObpCDtc5HxfXYb1hNs0CaJlYJWlAic6w/uX4MUlDGinCsZS2ZSbKzbBQjHCa15xU0gSTCR5RW9MIh1S6WbFAjk614qMgFvpEChXq70SGQymnoacnQ6zGctGbif95dqqCSzdjUZIqGpH5Q0HKkYrRrA3kM0GJ4lNNMBFM/xWRMRaYKN1ZTZdgLa68THrnTctsWnetRrtV1lGFYziBM7DgAtpwCx3oAoEcnuEV3own48V4Nz7moxWjzBzCHxifPxMflgY=</latexit><latexit sha1_base64="y98PjcJksWvQRCiMhawCzI6wHqU=">AAACAHicbVDLSsNAFL2pr1pfVRcu3AwWwVVJpKAboeLGZQX7gCSUyWTSDp08mJmIJWTjr7hxoYhbP8Odf+M0zUJbDwycOeceZu7xEs6kMs1vo7Kyura+Ud2sbW3v7O7V9w96Mk4FoV0S81gMPCwpZxHtKqY4HSSC4tDjtO9NbmZ+/4EKyeLoXk0T6oZ4FLGAEay0NKwf2deukz06ObpCDtc5HxfXYb1hNs0CaJlYJWlAic6w/uX4MUlDGinCsZS2ZSbKzbBQjHCa15xU0gSTCR5RW9MIh1S6WbFAjk614qMgFvpEChXq70SGQymnoacnQ6zGctGbif95dqqCSzdjUZIqGpH5Q0HKkYrRrA3kM0GJ4lNNMBFM/xWRMRaYKN1ZTZdgLa68THrnTctsWnetRrtV1lGFYziBM7DgAtpwCx3oAoEcnuEV3own48V4Nz7moxWjzBzCHxifPxMflgY=</latexit><latexit sha1_base64="y98PjcJksWvQRCiMhawCzI6wHqU=">AAACAHicbVDLSsNAFL2pr1pfVRcu3AwWwVVJpKAboeLGZQX7gCSUyWTSDp08mJmIJWTjr7hxoYhbP8Odf+M0zUJbDwycOeceZu7xEs6kMs1vo7Kyura+Ud2sbW3v7O7V9w96Mk4FoV0S81gMPCwpZxHtKqY4HSSC4tDjtO9NbmZ+/4EKyeLoXk0T6oZ4FLGAEay0NKwf2deukz06ObpCDtc5HxfXYb1hNs0CaJlYJWlAic6w/uX4MUlDGinCsZS2ZSbKzbBQjHCa15xU0gSTCR5RW9MIh1S6WbFAjk614qMgFvpEChXq70SGQymnoacnQ6zGctGbif95dqqCSzdjUZIqGpH5Q0HKkYrRrA3kM0GJ4lNNMBFM/xWRMRaYKN1ZTZdgLa68THrnTctsWnetRrtV1lGFYziBM7DgAtpwCx3oAoEcnuEV3own48V4Nz7moxWjzBzCHxifPxMflgY=</latexit>

e, o vetor {x} é denominado autovetor correspondente ao autovalor l. 

De forma análoga temos o problema de autovalores e autovetores generalizado

[A]{x} = �[B]{x}
<latexit sha1_base64="zexPzSgUIpPcBTc/2GmthPhD4+Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5JIQTdC1Y3LCvYBSSiTyaQdOnkwMxFLKLjxV9y4UMStP+HOv3HaZqGtBwYO59zDnXv8lDOpLOvbKC0tr6yuldcrG5tb2zvm7l5bJpkgtEUSnoiujyXlLKYtxRSn3VRQHPmcdvzh9cTv3FMhWRLfqVFKvQj3YxYygpWWeuaBc+m5+YM7RhfI5ToXYOdqpvTMqlWzpkCLxC5IFQo0e+aXGyQki2isCMdSOraVKi/HQjHC6bjiZpKmmAxxnzqaxjii0sunN4zRsVYCFCZCv1ihqfo7keNIylHk68kIq4Gc9ybif56TqfDcy1mcZorGZLYozDhSCZoUggImKFF8pAkmgum/IjLAAhOla6voEuz5kxdJ+7RmWzX7tl5t1Is6ynAIR3ACNpxBA26gCS0g8AjP8ApvxpPxYrwbH7PRklFk9uEPjM8fFqOXHg==</latexit><latexit sha1_base64="zexPzSgUIpPcBTc/2GmthPhD4+Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5JIQTdC1Y3LCvYBSSiTyaQdOnkwMxFLKLjxV9y4UMStP+HOv3HaZqGtBwYO59zDnXv8lDOpLOvbKC0tr6yuldcrG5tb2zvm7l5bJpkgtEUSnoiujyXlLKYtxRSn3VRQHPmcdvzh9cTv3FMhWRLfqVFKvQj3YxYygpWWeuaBc+m5+YM7RhfI5ToXYOdqpvTMqlWzpkCLxC5IFQo0e+aXGyQki2isCMdSOraVKi/HQjHC6bjiZpKmmAxxnzqaxjii0sunN4zRsVYCFCZCv1ihqfo7keNIylHk68kIq4Gc9ybif56TqfDcy1mcZorGZLYozDhSCZoUggImKFF8pAkmgum/IjLAAhOla6voEuz5kxdJ+7RmWzX7tl5t1Is6ynAIR3ACNpxBA26gCS0g8AjP8ApvxpPxYrwbH7PRklFk9uEPjM8fFqOXHg==</latexit><latexit sha1_base64="zexPzSgUIpPcBTc/2GmthPhD4+Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5JIQTdC1Y3LCvYBSSiTyaQdOnkwMxFLKLjxV9y4UMStP+HOv3HaZqGtBwYO59zDnXv8lDOpLOvbKC0tr6yuldcrG5tb2zvm7l5bJpkgtEUSnoiujyXlLKYtxRSn3VRQHPmcdvzh9cTv3FMhWRLfqVFKvQj3YxYygpWWeuaBc+m5+YM7RhfI5ToXYOdqpvTMqlWzpkCLxC5IFQo0e+aXGyQki2isCMdSOraVKi/HQjHC6bjiZpKmmAxxnzqaxjii0sunN4zRsVYCFCZCv1ihqfo7keNIylHk68kIq4Gc9ybif56TqfDcy1mcZorGZLYozDhSCZoUggImKFF8pAkmgum/IjLAAhOla6voEuz5kxdJ+7RmWzX7tl5t1Is6ynAIR3ACNpxBA26gCS0g8AjP8ApvxpPxYrwbH7PRklFk9uEPjM8fFqOXHg==</latexit><latexit sha1_base64="zexPzSgUIpPcBTc/2GmthPhD4+Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5JIQTdC1Y3LCvYBSSiTyaQdOnkwMxFLKLjxV9y4UMStP+HOv3HaZqGtBwYO59zDnXv8lDOpLOvbKC0tr6yuldcrG5tb2zvm7l5bJpkgtEUSnoiujyXlLKYtxRSn3VRQHPmcdvzh9cTv3FMhWRLfqVFKvQj3YxYygpWWeuaBc+m5+YM7RhfI5ToXYOdqpvTMqlWzpkCLxC5IFQo0e+aXGyQki2isCMdSOraVKi/HQjHC6bjiZpKmmAxxnzqaxjii0sunN4zRsVYCFCZCv1ihqfo7keNIylHk68kIq4Gc9ybif56TqfDcy1mcZorGZLYozDhSCZoUggImKFF8pAkmgum/IjLAAhOla6voEuz5kxdJ+7RmWzX7tl5t1Is6ynAIR3ACNpxBA26gCS0g8AjP8ApvxpPxYrwbH7PRklFk9uEPjM8fFqOXHg==</latexit>

onde [B] é uma matriz quadrada de ordem n.

Problema Padrão
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Cont. ...

No MATLAB, autovalores e autovetores são calculados através dos comandos: 

[V,D] = eig(A,B)

>> A = [1 3 ; -2 9]

A =
1     3

-2     9
>> B = [-5 2 ; 8 0]
B =

-5     2
8     0

>> [V,D] = eig(A,B)
V =

1.0000    0.2483
0.0276    1.0000

D =

-0.2190         0
0    4.2815

[V,D] = eig(A)
>> C = inv(B)*A

C =
-0.2500    1.1250
-0.1250    4.3125

>> [V,D] = eig(C)

V =
-0.9996   -0.2409
-0.0276   -0.9705

D =

-0.2190         0
0    4.2815
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Exêmplo 1  – Ranqueamento de Páginas na Web

Objetivo: aumentar a eficiência de buscadores de páginas na internet

1 2 3

4 5 6

Internet com
6 páginas

• Autor da página 1 entende que as páginas 2, 4, 5 e 6 possuem ligação
• Autor da página 2 entende que sua página conecta com a 3 e 4

Objetivo principal: Encontrar a página mais importante para uma dada busca

Importância: Número de acessos (setas indicando a página !)
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Exêmplo 1 – Cont. ...

Montamos inicialmente uma matriz de ligações [A]

[A] =

2

6666664

0 0 0 0 1
2 0

1
4 0 0 0 0 0
0 1

2 0 0 0 0
1
4

1
2 0 0 1

2 0
1
4 0 1 1 0 1
1
4 0 0 0 0 0

3

7777775

<latexit sha1_base64="XScINnK8bSv6WERjq3uHwQIQ/8w="></latexit><latexit sha1_base64="XScINnK8bSv6WERjq3uHwQIQ/8w="></latexit><latexit sha1_base64="XScINnK8bSv6WERjq3uHwQIQ/8w="></latexit><latexit sha1_base64="XScINnK8bSv6WERjq3uHwQIQ/8w="></latexit>

1 2 3

4 5 6

1 2 3 4 5 6

Em seguida calculamos os autovalores e autovetores de [A]. Algebricamente

[A]{x} = �{x}
<latexit sha1_base64="dJsu1vHY7mo497ENutWya5ViWik=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMiLoRKm5cVrAP6Awlk8m0oZnMkGTEMtSNv+LGhSJu/Qt3/o1pOwttPRA4OeceknuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtACvKmaANzTSn7VRSHAectoLB9dhv3VOpWCLu9DClfox7gkWMYG2krr3fufK9/MEboUvkcZML8fTatStO1ZkAzRO3IBUoUO/aX16YkCymQhOOleq4Tqr9HEvNCKejspcpmmIywD3aMVTgmCo/n2wwQkdGCVGUSHOERhP1dyLHsVLDODCTMdZ9NeuNxf+8TqajCz9nIs00FWT6UJRxpBM0rgOFTFKi+dAQTCQzf0WkjyUm2pRWNiW4syvPk+ZJ1XWq7u1ppXZW1FGCAziEY3DhHGpwA3VoAIFHeIZXeLOerBfr3fqYji5YRWYP/sD6/AFx65Yy</latexit><latexit sha1_base64="dJsu1vHY7mo497ENutWya5ViWik=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMiLoRKm5cVrAP6Awlk8m0oZnMkGTEMtSNv+LGhSJu/Qt3/o1pOwttPRA4OeceknuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtACvKmaANzTSn7VRSHAectoLB9dhv3VOpWCLu9DClfox7gkWMYG2krr3fufK9/MEboUvkcZML8fTatStO1ZkAzRO3IBUoUO/aX16YkCymQhOOleq4Tqr9HEvNCKejspcpmmIywD3aMVTgmCo/n2wwQkdGCVGUSHOERhP1dyLHsVLDODCTMdZ9NeuNxf+8TqajCz9nIs00FWT6UJRxpBM0rgOFTFKi+dAQTCQzf0WkjyUm2pRWNiW4syvPk+ZJ1XWq7u1ppXZW1FGCAziEY3DhHGpwA3VoAIFHeIZXeLOerBfr3fqYji5YRWYP/sD6/AFx65Yy</latexit><latexit sha1_base64="dJsu1vHY7mo497ENutWya5ViWik=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMiLoRKm5cVrAP6Awlk8m0oZnMkGTEMtSNv+LGhSJu/Qt3/o1pOwttPRA4OeceknuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtACvKmaANzTSn7VRSHAectoLB9dhv3VOpWCLu9DClfox7gkWMYG2krr3fufK9/MEboUvkcZML8fTatStO1ZkAzRO3IBUoUO/aX16YkCymQhOOleq4Tqr9HEvNCKejspcpmmIywD3aMVTgmCo/n2wwQkdGCVGUSHOERhP1dyLHsVLDODCTMdZ9NeuNxf+8TqajCz9nIs00FWT6UJRxpBM0rgOFTFKi+dAQTCQzf0WkjyUm2pRWNiW4syvPk+ZJ1XWq7u1ppXZW1FGCAziEY3DhHGpwA3VoAIFHeIZXeLOerBfr3fqYji5YRWYP/sD6/AFx65Yy</latexit><latexit sha1_base64="dJsu1vHY7mo497ENutWya5ViWik=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMiLoRKm5cVrAP6Awlk8m0oZnMkGTEMtSNv+LGhSJu/Qt3/o1pOwttPRA4OeceknuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtACvKmaANzTSn7VRSHAectoLB9dhv3VOpWCLu9DClfox7gkWMYG2krr3fufK9/MEboUvkcZML8fTatStO1ZkAzRO3IBUoUO/aX16YkCymQhOOleq4Tqr9HEvNCKejspcpmmIywD3aMVTgmCo/n2wwQkdGCVGUSHOERhP1dyLHsVLDODCTMdZ9NeuNxf+8TqajCz9nIs00FWT6UJRxpBM0rgOFTFKi+dAQTCQzf0WkjyUm2pRWNiW4syvPk+ZJ1XWq7u1ppXZW1FGCAziEY3DhHGpwA3VoAIFHeIZXeLOerBfr3fqYji5YRWYP/sD6/AFx65Yy</latexit>
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Exêmplo 1 – Cont. ...

No Matlab
>> [A] = [0 0 0 0 1/2 0 ; 1/4 0 0 0 0 0 ; 0 1/2 0 0 0 0 ; 1/4 1/2 0 0 1/2 0 ; 1/4 0 1 1 0 1; 1/4 0 0 0 0 0 ]

A =

0         0         0         0    0.5000         0
0.2500         0         0         0         0         0

0    0.5000         0         0         0         0
0.2500    0.5000         0         0    0.5000         0
0.2500         0    1.0000    1.0000         0    1.0000
0.2500         0         0         0         0         0

>> [x,lambda] = eig(A)

x =

0.3771 + 0.0000i   0.5770 + 0.0000i   0.5770 + 0.0000i  -0.4895 + 0.0000i  -0.0000 + 0.0000i  -0.0000 - 0.0000i
0.0943 + 0.0000i  -0.1163 - 0.3262i  -0.1163 + 0.3262i   0.1699 + 0.0000i  -0.0000 + 0.0000i  -0.0000 - 0.0000i
0.0471 + 0.0000i  -0.3220 + 0.2629i  -0.3220 - 0.2629i  -0.1179 + 0.0000i  -0.7044 + 0.0000i  -0.7044 + 0.0000i
0.5185 + 0.0000i   0.1388 - 0.0633i   0.1388 + 0.0633i  -0.4375 + 0.0000i   0.6570 - 0.1870i   0.6570 + 0.1870i
0.7542 + 0.0000i  -0.1614 + 0.4529i  -0.1614 - 0.4529i   0.7052 + 0.0000i  -0.0000 - 0.0000i  -0.0000 + 0.0000i
0.0943 + 0.0000i  -0.1163 - 0.3262i  -0.1163 + 0.3262i   0.1699 + 0.0000i   0.0474 + 0.1870i   0.0474 - 0.1870i

lambda =

1.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i
0.0000 + 0.0000i  -0.1398 + 0.3924i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i
0.0000 + 0.0000i   0.0000 + 0.0000i  -0.1398 - 0.3924i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i
0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i  -0.7203 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i
0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i  -0.0000 + 0.0000i   0.0000 + 0.0000i
0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i   0.0000 + 0.0000i  -0.0000 - 0.0000i

4

1 2 3

4 5 6
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Exêmplo 2  – Vibrações Estruturais

Um problema de vibração estrutural livre e conservativo:

[M ]{ü}+ [K]{u} = {0}
<latexit sha1_base64="AhL3MVwGc3rRcj21DWkbvxy1uiE=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiCEJJRNSNUHAjiFDBXiAJZTKZtkMnkzAXoYTs3fgqblwo4tYXcOfbOG2z0NYfBj7+cw5nzh+mjErlON9WaWl5ZXWtvF7Z2Nza3rF399oy0QKTFk5YIrohkoRRTlqKKka6qSAoDhnphKOrSb3zQISkCb9X45QEMRpw2qcYKWP17Kp3G/iZH0WJynTu5/AYejfG0QYvoZ85ft6za07dmQougltADRRq9uwvP0qwjglXmCEpPddJVZAhoShmJK/4WpIU4REaEM8gRzGRQTa9JYeHxolgPxHmcQWn7u+JDMVSjuPQdMZIDeV8bWL+V/O06l8EGeWpVoTj2aK+ZlAlcBIMjKggWLGxAYQFNX+FeIgEwsrEVzEhuPMnL0L7pO46dffutNY4K+IogwNQBUfABeegAa5BE7QABo/gGbyCN+vJerHerY9Za8kqZvbBH1mfP5JPmgw=</latexit><latexit sha1_base64="AhL3MVwGc3rRcj21DWkbvxy1uiE=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiCEJJRNSNUHAjiFDBXiAJZTKZtkMnkzAXoYTs3fgqblwo4tYXcOfbOG2z0NYfBj7+cw5nzh+mjErlON9WaWl5ZXWtvF7Z2Nza3rF399oy0QKTFk5YIrohkoRRTlqKKka6qSAoDhnphKOrSb3zQISkCb9X45QEMRpw2qcYKWP17Kp3G/iZH0WJynTu5/AYejfG0QYvoZ85ft6za07dmQougltADRRq9uwvP0qwjglXmCEpPddJVZAhoShmJK/4WpIU4REaEM8gRzGRQTa9JYeHxolgPxHmcQWn7u+JDMVSjuPQdMZIDeV8bWL+V/O06l8EGeWpVoTj2aK+ZlAlcBIMjKggWLGxAYQFNX+FeIgEwsrEVzEhuPMnL0L7pO46dffutNY4K+IogwNQBUfABeegAa5BE7QABo/gGbyCN+vJerHerY9Za8kqZvbBH1mfP5JPmgw=</latexit><latexit sha1_base64="AhL3MVwGc3rRcj21DWkbvxy1uiE=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiCEJJRNSNUHAjiFDBXiAJZTKZtkMnkzAXoYTs3fgqblwo4tYXcOfbOG2z0NYfBj7+cw5nzh+mjErlON9WaWl5ZXWtvF7Z2Nza3rF399oy0QKTFk5YIrohkoRRTlqKKka6qSAoDhnphKOrSb3zQISkCb9X45QEMRpw2qcYKWP17Kp3G/iZH0WJynTu5/AYejfG0QYvoZ85ft6za07dmQougltADRRq9uwvP0qwjglXmCEpPddJVZAhoShmJK/4WpIU4REaEM8gRzGRQTa9JYeHxolgPxHmcQWn7u+JDMVSjuPQdMZIDeV8bWL+V/O06l8EGeWpVoTj2aK+ZlAlcBIMjKggWLGxAYQFNX+FeIgEwsrEVzEhuPMnL0L7pO46dffutNY4K+IogwNQBUfABeegAa5BE7QABo/gGbyCN+vJerHerY9Za8kqZvbBH1mfP5JPmgw=</latexit><latexit sha1_base64="AhL3MVwGc3rRcj21DWkbvxy1uiE=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiCEJJRNSNUHAjiFDBXiAJZTKZtkMnkzAXoYTs3fgqblwo4tYXcOfbOG2z0NYfBj7+cw5nzh+mjErlON9WaWl5ZXWtvF7Z2Nza3rF399oy0QKTFk5YIrohkoRRTlqKKka6qSAoDhnphKOrSb3zQISkCb9X45QEMRpw2qcYKWP17Kp3G/iZH0WJynTu5/AYejfG0QYvoZ85ft6za07dmQougltADRRq9uwvP0qwjglXmCEpPddJVZAhoShmJK/4WpIU4REaEM8gRzGRQTa9JYeHxolgPxHmcQWn7u+JDMVSjuPQdMZIDeV8bWL+V/O06l8EGeWpVoTj2aK+ZlAlcBIMjKggWLGxAYQFNX+FeIgEwsrEVzEhuPMnL0L7pO46dffutNY4K+IogwNQBUfABeegAa5BE7QABo/gGbyCN+vJerHerY9Za8kqZvbBH1mfP5JPmgw=</latexit>

matriz de 
massa

matriz de 
rigidez

vetor de deslocamentos

[[K]� �[M ]]{�} = 0
<latexit sha1_base64="AF2aw+kkUKyX0H/m0p3D3loZFRk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSURUTdCwY0gQgX7gCSUyWTSDp08mJkIJXTlxl9x40IRt36DO//GaZuFth4YOJxzD3fu8VPOpLKsb6O0sLi0vFJeraytb2xumds7LZlkgtAmSXgiOj6WlLOYNhVTnHZSQXHkc9r2B1djv/1AhWRJfK+GKfUi3ItZyAhWWuqa+45z46Fj5HKdCbBz63lu7qZ95o7QpdU1q1bNmgDNE7sgVSjQ6JpfbpCQLKKxIhxL6dhWqrwcC8UIp6OKm0maYjLAPepoGuOISi+fnDFCh1oJUJgI/WKFJurvRI4jKYeRrycjrPpy1huL/3lOpsILL2dxmikak+miMONIJWjcCQqYoETxoSaYCKb/ikgfC0yUbq6iS7BnT54nrZOabdXsu9Nq/ayoowx7cABHYMM51OEaGtAEAo/wDK/wZjwZL8a78TEdLRlFZhf+wPj8AQaTl4U=</latexit><latexit sha1_base64="AF2aw+kkUKyX0H/m0p3D3loZFRk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSURUTdCwY0gQgX7gCSUyWTSDp08mJkIJXTlxl9x40IRt36DO//GaZuFth4YOJxzD3fu8VPOpLKsb6O0sLi0vFJeraytb2xumds7LZlkgtAmSXgiOj6WlLOYNhVTnHZSQXHkc9r2B1djv/1AhWRJfK+GKfUi3ItZyAhWWuqa+45z46Fj5HKdCbBz63lu7qZ95o7QpdU1q1bNmgDNE7sgVSjQ6JpfbpCQLKKxIhxL6dhWqrwcC8UIp6OKm0maYjLAPepoGuOISi+fnDFCh1oJUJgI/WKFJurvRI4jKYeRrycjrPpy1huL/3lOpsILL2dxmikak+miMONIJWjcCQqYoETxoSaYCKb/ikgfC0yUbq6iS7BnT54nrZOabdXsu9Nq/ayoowx7cABHYMM51OEaGtAEAo/wDK/wZjwZL8a78TEdLRlFZhf+wPj8AQaTl4U=</latexit><latexit sha1_base64="AF2aw+kkUKyX0H/m0p3D3loZFRk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSURUTdCwY0gQgX7gCSUyWTSDp08mJkIJXTlxl9x40IRt36DO//GaZuFth4YOJxzD3fu8VPOpLKsb6O0sLi0vFJeraytb2xumds7LZlkgtAmSXgiOj6WlLOYNhVTnHZSQXHkc9r2B1djv/1AhWRJfK+GKfUi3ItZyAhWWuqa+45z46Fj5HKdCbBz63lu7qZ95o7QpdU1q1bNmgDNE7sgVSjQ6JpfbpCQLKKxIhxL6dhWqrwcC8UIp6OKm0maYjLAPepoGuOISi+fnDFCh1oJUJgI/WKFJurvRI4jKYeRrycjrPpy1huL/3lOpsILL2dxmikak+miMONIJWjcCQqYoETxoSaYCKb/ikgfC0yUbq6iS7BnT54nrZOabdXsu9Nq/ayoowx7cABHYMM51OEaGtAEAo/wDK/wZjwZL8a78TEdLRlFZhf+wPj8AQaTl4U=</latexit><latexit sha1_base64="AF2aw+kkUKyX0H/m0p3D3loZFRk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSURUTdCwY0gQgX7gCSUyWTSDp08mJkIJXTlxl9x40IRt36DO//GaZuFth4YOJxzD3fu8VPOpLKsb6O0sLi0vFJeraytb2xumds7LZlkgtAmSXgiOj6WlLOYNhVTnHZSQXHkc9r2B1djv/1AhWRJfK+GKfUi3ItZyAhWWuqa+45z46Fj5HKdCbBz63lu7qZ95o7QpdU1q1bNmgDNE7sgVSjQ6JpfbpCQLKKxIhxL6dhWqrwcC8UIp6OKm0maYjLAPepoGuOISi+fnDFCh1oJUJgI/WKFJurvRI4jKYeRrycjrPpy1huL/3lOpsILL2dxmikak+miMONIJWjcCQqYoETxoSaYCKb/ikgfC0yUbq6iS7BnT54nrZOabdXsu9Nq/ayoowx7cABHYMM51OEaGtAEAo/wDK/wZjwZL8a78TEdLRlFZhf+wPj8AQaTl4U=</latexit>

[K]{�} = �[M ]{�}
<latexit sha1_base64="ZyYR05cQ138ZGHUCsaPDc4ZdxCU=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiQi6kYouBFEqGAfkIQymUzaoZMHMxOhhK7d+CtuXCji1i9w5984bYNo64GBwzn3cOceP+VMKsv6MkoLi0vLK+XVytr6xuaWub3TkkkmCG2ShCei42NJOYtpUzHFaScVFEc+p21/cDn22/dUSJbEd2qYUi/CvZiFjGClpa6571x7bu6mfeaO0AVyuY4GGDk3P2rXrFo1awI0T+yCVKFAo2t+ukFCsojGinAspWNbqfJyLBQjnI4qbiZpiskA96ijaYwjKr18csoIHWolQGEi9IsVmqi/EzmOpBxGvp6MsOrLWW8s/uc5mQrPvZzFaaZoTKaLwowjlaBxLyhgghLFh5pgIpj+KyJ9LDBRur2KLsGePXmetI5rtlWzb0+q9dOijjLswQEcgQ1nUIcraEATCDzAE7zAq/FoPBtvxvt0tGQUmV34A+PjGy5jmeU=</latexit><latexit sha1_base64="ZyYR05cQ138ZGHUCsaPDc4ZdxCU=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiQi6kYouBFEqGAfkIQymUzaoZMHMxOhhK7d+CtuXCji1i9w5984bYNo64GBwzn3cOceP+VMKsv6MkoLi0vLK+XVytr6xuaWub3TkkkmCG2ShCei42NJOYtpUzHFaScVFEc+p21/cDn22/dUSJbEd2qYUi/CvZiFjGClpa6571x7bu6mfeaO0AVyuY4GGDk3P2rXrFo1awI0T+yCVKFAo2t+ukFCsojGinAspWNbqfJyLBQjnI4qbiZpiskA96ijaYwjKr18csoIHWolQGEi9IsVmqi/EzmOpBxGvp6MsOrLWW8s/uc5mQrPvZzFaaZoTKaLwowjlaBxLyhgghLFh5pgIpj+KyJ9LDBRur2KLsGePXmetI5rtlWzb0+q9dOijjLswQEcgQ1nUIcraEATCDzAE7zAq/FoPBtvxvt0tGQUmV34A+PjGy5jmeU=</latexit><latexit sha1_base64="ZyYR05cQ138ZGHUCsaPDc4ZdxCU=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiQi6kYouBFEqGAfkIQymUzaoZMHMxOhhK7d+CtuXCji1i9w5984bYNo64GBwzn3cOceP+VMKsv6MkoLi0vLK+XVytr6xuaWub3TkkkmCG2ShCei42NJOYtpUzHFaScVFEc+p21/cDn22/dUSJbEd2qYUi/CvZiFjGClpa6571x7bu6mfeaO0AVyuY4GGDk3P2rXrFo1awI0T+yCVKFAo2t+ukFCsojGinAspWNbqfJyLBQjnI4qbiZpiskA96ijaYwjKr18csoIHWolQGEi9IsVmqi/EzmOpBxGvp6MsOrLWW8s/uc5mQrPvZzFaaZoTKaLwowjlaBxLyhgghLFh5pgIpj+KyJ9LDBRur2KLsGePXmetI5rtlWzb0+q9dOijjLswQEcgQ1nUIcraEATCDzAE7zAq/FoPBtvxvt0tGQUmV34A+PjGy5jmeU=</latexit><latexit sha1_base64="ZyYR05cQ138ZGHUCsaPDc4ZdxCU=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiQi6kYouBFEqGAfkIQymUzaoZMHMxOhhK7d+CtuXCji1i9w5984bYNo64GBwzn3cOceP+VMKsv6MkoLi0vLK+XVytr6xuaWub3TkkkmCG2ShCei42NJOYtpUzHFaScVFEc+p21/cDn22/dUSJbEd2qYUi/CvZiFjGClpa6571x7bu6mfeaO0AVyuY4GGDk3P2rXrFo1awI0T+yCVKFAo2t+ukFCsojGinAspWNbqfJyLBQjnI4qbiZpiskA96ijaYwjKr18csoIHWolQGEi9IsVmqi/EzmOpBxGvp6MsOrLWW8s/uc5mQrPvZzFaaZoTKaLwowjlaBxLyhgghLFh5pgIpj+KyJ9LDBRur2KLsGePXmetI5rtlWzb0+q9dOijjLswQEcgQ1nUIcraEATCDzAE7zAq/FoPBtvxvt0tGQUmV34A+PjGy5jmeU=</latexit>

[M ]�1[K]{�} = �{�}
<latexit sha1_base64="6aADmbHgqXSVYAKft/tvXModiLI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxY0lE1I1QcCOIUME+IIllMpm0QyeTMDMRSsgfuPFX3LhQxK1bd/6N0zaCth64cDjn3pl7j58wKpVlfRmlufmFxaXycmVldW19w9zcask4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH1yM/PY9EZLG/FYNE+JFqMdpSDFSWuqa+861d5cd2rlz5bmZm/Spm8Nz6DL9RIDgj9Q1q1bNGgPOErsgVVCg0TU/3SDGaUS4wgxJ6dhWorwMCUUxI3nFTSVJEB6gHnE05Sgi0svG9+RwTysBDGOhiys4Vn9PZCiSchj5ujNCqi+nvZH4n+ekKjzzMsqTVBGOJx+FKYMqhqNwYEAFwYoNNUFYUL0rxH0kEFY6wooOwZ4+eZa0jmq2VbNvjqv1kyKOMtgBu+AA2OAU1MElaIAmwOABPIEX8Go8Gs/Gm/E+aS0Zxcw2+APj4xu42JvL</latexit><latexit sha1_base64="6aADmbHgqXSVYAKft/tvXModiLI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxY0lE1I1QcCOIUME+IIllMpm0QyeTMDMRSsgfuPFX3LhQxK1bd/6N0zaCth64cDjn3pl7j58wKpVlfRmlufmFxaXycmVldW19w9zcask4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH1yM/PY9EZLG/FYNE+JFqMdpSDFSWuqa+861d5cd2rlz5bmZm/Spm8Nz6DL9RIDgj9Q1q1bNGgPOErsgVVCg0TU/3SDGaUS4wgxJ6dhWorwMCUUxI3nFTSVJEB6gHnE05Sgi0svG9+RwTysBDGOhiys4Vn9PZCiSchj5ujNCqi+nvZH4n+ekKjzzMsqTVBGOJx+FKYMqhqNwYEAFwYoNNUFYUL0rxH0kEFY6wooOwZ4+eZa0jmq2VbNvjqv1kyKOMtgBu+AA2OAU1MElaIAmwOABPIEX8Go8Gs/Gm/E+aS0Zxcw2+APj4xu42JvL</latexit><latexit sha1_base64="6aADmbHgqXSVYAKft/tvXModiLI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxY0lE1I1QcCOIUME+IIllMpm0QyeTMDMRSsgfuPFX3LhQxK1bd/6N0zaCth64cDjn3pl7j58wKpVlfRmlufmFxaXycmVldW19w9zcask4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH1yM/PY9EZLG/FYNE+JFqMdpSDFSWuqa+861d5cd2rlz5bmZm/Spm8Nz6DL9RIDgj9Q1q1bNGgPOErsgVVCg0TU/3SDGaUS4wgxJ6dhWorwMCUUxI3nFTSVJEB6gHnE05Sgi0svG9+RwTysBDGOhiys4Vn9PZCiSchj5ujNCqi+nvZH4n+ekKjzzMsqTVBGOJx+FKYMqhqNwYEAFwYoNNUFYUL0rxH0kEFY6wooOwZ4+eZa0jmq2VbNvjqv1kyKOMtgBu+AA2OAU1MElaIAmwOABPIEX8Go8Gs/Gm/E+aS0Zxcw2+APj4xu42JvL</latexit><latexit sha1_base64="6aADmbHgqXSVYAKft/tvXModiLI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxY0lE1I1QcCOIUME+IIllMpm0QyeTMDMRSsgfuPFX3LhQxK1bd/6N0zaCth64cDjn3pl7j58wKpVlfRmlufmFxaXycmVldW19w9zcask4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH1yM/PY9EZLG/FYNE+JFqMdpSDFSWuqa+861d5cd2rlz5bmZm/Spm8Nz6DL9RIDgj9Q1q1bNGgPOErsgVVCg0TU/3SDGaUS4wgxJ6dhWorwMCUUxI3nFTSVJEB6gHnE05Sgi0svG9+RwTysBDGOhiys4Vn9PZCiSchj5ujNCqi+nvZH4n+ekKjzzMsqTVBGOJx+FKYMqhqNwYEAFwYoNNUFYUL0rxH0kEFY6wooOwZ4+eZa0jmq2VbNvjqv1kyKOMtgBu+AA2OAU1MElaIAmwOABPIEX8Go8Gs/Gm/E+aS0Zxcw2+APj4xu42JvL</latexit>

[V,D] = eig(K,M) [V,D] = eig(E) [E] = [M ]�1[K]
<latexit sha1_base64="o2R63im5qO1NnTwvwqlluH4ym/U=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURUS9CQQRBhAr2A9JYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNzq2Rv7zRUnEpC6yTmsWwFWFHOBK1rpjltJZLiKOC0GQwux37zkUrFYnGvhwn1I9wTLGQEayN17JJ35V94t/5DduSOvBu/Y5edijMBmiduTsqQo9axv9rdmKQRFZpwrJTnOon2Myw1I5yOiu1U0QSTAe5Rz1CBI6r8bHL4CB0YpYvCWJoSGk3U3xMZjpQaRoHpjLDuq1lvLP7neakOz/2MiSTVVJDpojDlSMdonALqMkmJ5kNDMJHM3IpIH0tMtMmqaEJwZ1+eJ43jiutU3LuTcvU0j6MAe7APh+DCGVThGmpQBwIpPMMrvFlP1ov1bn1MWxesfGYX/sD6/AFRQJIr</latexit><latexit sha1_base64="o2R63im5qO1NnTwvwqlluH4ym/U=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURUS9CQQRBhAr2A9JYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNzq2Rv7zRUnEpC6yTmsWwFWFHOBK1rpjltJZLiKOC0GQwux37zkUrFYnGvhwn1I9wTLGQEayN17JJ35V94t/5DduSOvBu/Y5edijMBmiduTsqQo9axv9rdmKQRFZpwrJTnOon2Myw1I5yOiu1U0QSTAe5Rz1CBI6r8bHL4CB0YpYvCWJoSGk3U3xMZjpQaRoHpjLDuq1lvLP7neakOz/2MiSTVVJDpojDlSMdonALqMkmJ5kNDMJHM3IpIH0tMtMmqaEJwZ1+eJ43jiutU3LuTcvU0j6MAe7APh+DCGVThGmpQBwIpPMMrvFlP1ov1bn1MWxesfGYX/sD6/AFRQJIr</latexit><latexit sha1_base64="o2R63im5qO1NnTwvwqlluH4ym/U=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURUS9CQQRBhAr2A9JYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNzq2Rv7zRUnEpC6yTmsWwFWFHOBK1rpjltJZLiKOC0GQwux37zkUrFYnGvhwn1I9wTLGQEayN17JJ35V94t/5DduSOvBu/Y5edijMBmiduTsqQo9axv9rdmKQRFZpwrJTnOon2Myw1I5yOiu1U0QSTAe5Rz1CBI6r8bHL4CB0YpYvCWJoSGk3U3xMZjpQaRoHpjLDuq1lvLP7neakOz/2MiSTVVJDpojDlSMdonALqMkmJ5kNDMJHM3IpIH0tMtMmqaEJwZ1+eJ43jiutU3LuTcvU0j6MAe7APh+DCGVThGmpQBwIpPMMrvFlP1ov1bn1MWxesfGYX/sD6/AFRQJIr</latexit><latexit sha1_base64="o2R63im5qO1NnTwvwqlluH4ym/U=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURUS9CQQRBhAr2A9JYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNzq2Rv7zRUnEpC6yTmsWwFWFHOBK1rpjltJZLiKOC0GQwux37zkUrFYnGvhwn1I9wTLGQEayN17JJ35V94t/5DduSOvBu/Y5edijMBmiduTsqQo9axv9rdmKQRFZpwrJTnOon2Myw1I5yOiu1U0QSTAe5Rz1CBI6r8bHL4CB0YpYvCWJoSGk3U3xMZjpQaRoHpjLDuq1lvLP7neakOz/2MiSTVVJDpojDlSMdonALqMkmJ5kNDMJHM3IpIH0tMtMmqaEJwZ1+eJ43jiutU3LuTcvU0j6MAe7APh+DCGVThGmpQBwIpPMMrvFlP1ov1bn1MWxesfGYX/sD6/AFRQJIr</latexit>
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Exêmplo 2  – Vibrações Estruturais
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