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Objetivos da Aula

Objetivo Principal

» Ajustar curva de modelo matemadtico em dados experimentais de um Oscilador Harmoénico Amortecido

Objetivos Secundarios
» Aprender o basico da linguagem do Software Mathematica® - parte numérica: listas e graficos
» Ajustar curva tedrica em dados experimentais

» Analisar qualidade do ajuste pelos residuos

Desafios

» Levantar os graficos de energia potencial, energia cinética e energia total mecéanica do sistema
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Atividades da aula

Assistir aos Tutoriais

» Video 2 - Basico do Mathematica Il (dados numéricos, listas, importando dados, graficos de experimentos)

» Video 3 - Ajuste de curva em experimento de MHS

Fazer Pesquisa Bibliografica

» Energias no Movimento Harmonico Amortecido (amortecimento proporcional a velocidade) caso subcritico

Entregavel
» Seguir roteiro do slide a seguir

» Entregar notebook no ClassRoom com o nome T# G§§ aula2.nb (# = num turma, §§ = num grupo)
(Exemplo: entregavel do grupo 8 da turma 3 =2 T3_G08 _aula2.nb

» Nao esquecer de incluir CABECALHO NO NOTEBOOK COM OS NOMES E E-MAIL DOS INTEGRANTES DO GRUPO
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Roteiro

No Mathematica:

[HY

Importar dados do arquivo fornecido MHA _§§.txt (§§ = numero do grupo) e gerar seu grafico

2. Propor modelo matematico analitico que descreve o experimento e gerar grafico juntamente com a curva experimental
(ndo precisa usar solucao de EDO — pode usar funcao analitica definida diretamente: f[x_] = x0*Sin[...]...)

3. Ajustar manualmente os parametros do modelo (usando Manipulate)

4. Desenvolver rotina para minimizacao da soma dos quadrados dos residuos (ajuste automatico) e andlise da qualidade do ajuste

5. Obter o valor da constante de mola (k) e da constante de amortecimento (b) com a respectiva incerteza
(se necessario, considerar incerteza ZERO para os parametros ajustados, levar em consideragdo a incerteza da massa informada)

6. Comentar e formatar o notebook (utilizando células de texto e divisdes de se¢des em locais apropriados)
(explicar o que foi feito em cada célula, explicar os graficos e interpretar os resultados e citar referéncias utilizadas)
7. Desafio: (em secao separada no final do notebook):

Gerar grafico com as curvas de energias potencial, cinética e mecanica, a partir da funcao do modelo ajustado nos dados experimentais. Discutir a relagao
entre as curvas e a formacao de “platds” na curva de energia mecanica total

Pesos:
1-3) 2,0 pontos; 4) 4,0 pontos; 5) 2,0 pontos; 6) 2,0 pontos; 7) 2,0 pontos (adicionais)
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Dados Fornecidos

Dados experimentais de MHA:

» Arquivo MHA_§8§.txt (§§ = numero do grupo) 7] MHA_O6xt - BlocodeNotas ~ — O X
= experimento massa-mola com amortecimento por fluido Arquivo  Editar Formatar Exibir  Ajuda
= duas colunas (tempo [s], x [m]) . 0.10021 ~
8.1 8.898416
8.2 f.8881588
» MHA_01, MHA 05, MHA 06 9.3 0.e717747
8.4 8.8516217
8.6 0.00368182
» MHA_ 02, MHA_03, MHA_04, MHA 07, MHA 08 0.7 -9.8194119
m = 0.0710 + 0.0005 kg 0.8 ~0.0406436
8.9 -8.8585608
1. -9.8721485
» MHA_09, MHA_10 1.1 _0.0800903
m = 0.872 + 0.015 kg 1.2 -0.09810558
1.3 -9.8782409
1.4 -8.86900829 .
Ln1,Cc 100%  Windows (CRLF) UTF-8
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Dicas

Modelo e energias:
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Dicas

Comando FindMinimum para ajuste automatico

v Basic Examples 4
Find a local minimum, starting the search at x = 2:

FindMinimum .

Juttl= {-3.28837, X+ 3.425621

FindMinimum[x Cos[x], {x, 2}]

FindMinimum [, x] nzl= Plot[x Cos[x], {x, &, 28}]

searches for a local minimum in £, starting from an automatically selected point. 20

10F
FindMinimum [ f, {x, xa}] st /\\ /\ /\
searches for a local minimum in £, starting from the point x= xg. OulfeF e, - - -
. 5 \y 15 20
{0
FindMinimum £, {{x, xo}, {v, »o. ...}l

searches for a local minimum in a function of several variables.

FindMinimum [{£, consh, {{x, 3o}, {3, yol, ...} Extract the value of x at the local minimum:

searches for a local minimum subject to the constraints cons. war= x f. Last[FindMinimum[x Cos[x], {x, 2}1]

oufil= 3.42562
FindMinimum [{f, cons}, {x, ¥, ...}]

starts from a point within the region defined by the constraints.
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D i Ca S Find a constrainad fit:

n1}= model = a Cos[wt];
n2i= data=Table[{t, Cos[2.1t]}, {t, 8, 18, .25]}] + RandomReal[.1, 41];

Comando FindFit para ajuste automatico Fit to the modeal with positive amplitude and frequency between 1 and 2:

2= fit = FindFit[data, {model, {a>®, 1<w<2}}, {a, w}, t]

Out3= {a =+ @.B64565, w=+ 2.1

FI n d F lt UPDATEDIN 12 Compare the fitted model to the data:

n4= Show[Plot[model /. fit, {t, @, 18}], ListPlot [data, PlotRange - All]]

FindFit[data, expr, pars, vars) e 5 Ts a. 0

finds numerical values of the parameters pars that make expr give a best fit to dara as o5 . A

a function of vars.

The residuals show a pattern, indicating that the frequency constraint is too

FindFit[data, {expr, cons}, pars, vars] strict:
finds a best fit subject to the parameter constraints cons. 5}~ residuals =
Apply [Function[{t, v}, Evaluate[{t, v - model /. fit}]], data, 1];

ng= ListPlot[residuals, PlotRange - All]

0.5 .
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Find parameters in a differential equation model that give the best fit:

[}
D I Ca S n1}= sol = First[x /. NDSolve[{x""[t] + .33 x"[t] +.72x[t]"*3 =8,
¥[@] =2, x"[@] =0}, x, {t, 20}]11;

times = N[Range [0, 180] /5];
data = Transpose[{times, sol[times] + RandomReal[.1, 18111];
1p = ListPlot [data, PlotRange » ALL]

Comando FindFit para ajuste automatico 204
15(
1o} aY
_ . usf, . "
- - s :' "-- e
. s 5 20
FindFit UPDATED IN 12 b el
-15 -

Define a model so the solution for a set of parameters (v, a, &) is reused for allx
values:
FindFit[data, expr, pars, vars]
. . . , nZl= model[y ?NumberQ, a_ ?Number(, b ?Number(] :=
finds numerical values of the parameters pars that make expr give a best fit to dara as (model[y, a, b] = First[x /. NDSolve[{x''[t] + y x'[t]+ax[t] +bx[t]*3 =
. 8, x[8] =2, x"[@8] =0}, x, {t, 20}11);
a function of vars.
Find the fit with tolerance appropriate to the precision of the solutions of the ODE:

X s n3l= fit = FindFit[data, model[y, a, b] [x],
FindFit[data, {expr, cons}, pars, vars] {{¥, -1}, {a, .1}, {b, 1}}, x, PrecisionGoal - 4, AccuracyGoal - 4]
finds a best fit subject to the parameter constraints cons. 3= [ - ©.341258, 3= 0.0361483, b 0.712254]

Show the fitted model with the data and the residuals:
n4r= [Show[Plot[model [y, a, b] [x] /. fit, {x, @, 28}], 1p], ListPlot[
Transpose[{times, data[[All, 2]] - (model[¥, a, b] [times] /. fit}}]11}

20
1.5

1.0 2 SR
__ros e e
Outfd}= 5 DOS[ 3 e

o5 \/5 Sag_5 20

-1.0
-1.5
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Dicas

FindFit gives the parameter estimates:

Comando FindFit para ajuste automatico .

lations

m

data=Table[{i, Exp[RandomReal[{i -1, i}1]1}, {i, 18}]:

)= FindFit[data, Exp[a + bx], {a, b}, x]

outZE [ =+ -2.72683, b= 1.247547
FlndFlt UPDATED IN 12

MonlinearModelFit allows for extraction of additional information about the fitting:

3= nlm = NonlinearModelFit [data, Exp[a + bx], {a, b}, x]

ouEr FittedModel | 272603:«1ex
FindFit[data, expr, pars, vars] )
finds numerical values of the parameters pars that make expr give a best fit to dara as

a function of vars. Extract the parameter estimates:

nj¢}= nlm["BestFitParameters"]

FindFit[data, {expr, cons}, pars, vars] Ouiél= {a - -2.72603, b 1.24764}

finds a best fit subject to the parameter constraints cons.
Extract additional results and diagnostics:

nj5l= nlm[{"BestFit", "FitResiduals", "ParameterTable"}]

I 2-2.?2533-1.24?54 x

U2 =

, [1.88219, 3.12207, 16.2154, 24,9685,

" 184.88, 222.486, 588.695, -66.68084, -132.326, 27.82517,
Estimate 5Standard Error t5tatistic P-Value

a -2.72603 0410164 _6.64618 0000161446
b 124764 0.0413878 301597 1.58529x 107
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v Examples (s

Dicas

Uncertain numbers of different sizes and uncertainties:

. n[1}= Around[1.3421, 8.812]
Comando Around para expressar e propagar incertezas

outfi} 1.342 =e.812

2= Around[-1.3421 -16~_7, 1.2 - 18*_8]
EXPERIMENTAL

Arou nd NEW IN 12

ouizE (-1.34 =p.12) k187

nz= Around [RandomReal[{-1, 1}], 18~-8]
OutfdlE @.2822663 (38 - 18
Around|[x, 4]

represents an approximate number or quantity with a value around x and an uncertainty d. Perfarm operations with Around objects:

n[i}= Around[1, .1] 4+ Around[2, .4]
Around|x, {d_, d. 1] w1 3.8 =8.3

represents a number or quantity with a value around x and asymmetric uncertainties d_, 4.
nz2}= Exp[Around[2, .1]]

Outi2l= 7.4 =8.7

Plot a list of Around objects:

n1l= ListPlot[{Around[1, .1], Around[2, .2], Around[3, .3]}]

20 I

2.5

z0 I

Oulfif= 1.5
1.0 I
0.5
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Dicas

Analise de residuos — exemplo |

Srep —» —0.0002 : 0.0006
50 - 8.7687 +0.8018
Sve — 0.061 +8.005
wd - 3.37436 +0.00024

\/—v NSR = ©.183494 %
0 2 4

55 = 0.e621094
X2 = 441.992
ix2 = 185.939

8 10
t(s)
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Di
Srep - - 0.00008 + o.ee825
,re , 20 = 9.7865 +0.0003
Analise de residuos — exemplo Il 6v@ - 0.0559 1 0.0025
wd = 3.37424 +e.00011
b - 0.00884 +e.ee021
NSR = 0.180237 %
55 = 0.812744
X2 = 98.6185
ix2 = 22.3387

4 6 8 10
t(s)

« Experimental — Modelo — Residuos

100 150
contagem

[=]

— Residuos Ruido experimental Incerteza experimental
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Srep —» —0.000013 : a.000023

D .
56 - 0.78510 : 0.peees

Analise de residuos — exemplo Ill 6v8 > -0.00006 = 0.0003

wd - 3.5600029 +8.e0e0138
b > 0.008768 +0.008021

NSR = 9.181437 %
55 = 9.800155986
x2 = 1.11268
ix2 = 1.82675

6 8 10
t(s)

+ Experimental — Modelo — Residuos

20 30 40 50 60 70
contagem
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Dicas

&ve —» 1.81388 + 0.00006

....

l w@ — 3.73090 t 0.000a7
"' hl‘;iiﬂ 1;11 1;1{ 1 [Igig‘Hl;Jl.J_ﬁ.}. LUILGLLULULLULERUULLEDLLERL RV LT LY, b > 0.871616 + e.e00019
r'”:!“t” H’{ TR O [ c - ©8.874514 + 6.000015
iR

ii
flslf.....

|

il

i

| HH :;epjea;iif;';?ztaf@z?
Analise de residuos — exemplo IV ” llj, it g0 -0. .

NSR = ©.123042 %
55 = 8.582419
x2 = 109.821
ix2 = 2.68136

500 1000 1500 2000
contagem
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Dicas

Analise de residuos

Residuos = diferenca vertical, ponto a ponto, entre a curva experimental e a curva do modelo matematico
Ruido experimental = sinal de alta frequéncia da curva experimental (noise), obtido por pelo filtro passa alta
NSR = noise to signal ratio = razdao entre a 0 RMS do ruido a amplitude maxima dos dados experimentais

SS = sum of squares = soma dos quadrados dos residuos

SN = soma dos quadrados do ruido experimental

%2 = pseudo-Chi-squared com referéncia ao ruido = SS/SN

ix2 = pseudo-Chi-squared incluindo incerteza experimental informada = (SS/N +inc?)/(SN/N + inc?)

N = ndmero de pontos experimentais

inc = incerteza informada (desvio padrdao médio vertical dos dados)
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