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Abstract : This simulation illustrates the convergence of the
bisection method of finding the root of an equation f[x] O.

m INPUTS: Enter the Following

Functionin f[x] O

nael= f [X_]:=Xx"3-0.165%x"2 +3.993 % 10" -4;

Range of 'x' you want to see the function

In[471:= Xp = -0. 02;
Xe = 0.12;

in[9l= curve = Pl ot [f [X], {X, Xp, Xe}, Pl otLabel »
"Entered function on given interval", TextStyle - {FontSize » 11}1;
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Lower initial guess

inso:= X; = 0. 0;

Upper initial guess
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1= Xy = 0. 11;

Maximum number of iterations

In(52]:= Npaxi num = 30;

Counting from the left, enter the number of the root desired

In[53:= nunT oot = 2;

m SOLUTION
4= maxi =f [Xp];
mni =f[Xp];
step = (Xe -Xp) /10;

Do[If[f[i]> maxi, maxi =f [i]];
Iffli]<mni, mni =f[i1], {i, Xp, Xe, Step}l;
tot =maxi -nini;
mni =mni -0.1xtot;
maxi = maxi + 0.1=xtot;

Check first if the lower and upper guesses bracket the root of the equation
ine1l:= f [X) ]

oue}= 0. 0003993

ine2:= f [Xy]

oue2}= -0. 0002662

In63):=  %ox %80
ouea= -1. 06294 x 107
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ine4l:= Show[Gr aphi cs[Li ne[{{xy, maxi }, {Xy, mni}}]]1, curve,
Graphi cs[Line[{{x;, maxi }, {X;, mini}}]], Axes - True, Pl ot Label -
"Entered function on given interval with upper and | ower guesses",
Text Styl e » {Font Si ze » 11}7;

Entered function on given interval wth upper and |ower guesses
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m True Solution

Thisisthe solution found by Mathematica

ines:= xact ual = Root [f [x], nunTt oot ]
outjes}= 0. 0623776

m Value of root as a function of iterations

Here the bisection method algorithm is applied to generate the values of the roots, thrue error, absolute relative true error,
approximate error, absolute relative approximate error, and the number of significant digits at least correct in the estimated
root as a function of number of iterations.

ine6l:= Array [Xr, Nuyaximuml;

in7:= For [i =1; xu=xXxy; XI =X, i <= Npaximm | ++,
Xr[i]=u+xl)/z2; If[fxr[i]]=*f[xu]l <0, xI =xr[i], xu=xrT[i]]]
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m Absolute true error
ine8:= Array [Et, Nupaxinmml;

ine9:= For [i =1, i <= Ngaximum | ++, Et [i ] = Abs[xactual -xr [i]]]

m Absolute relative true error
inf7ol:= Array[et, Nuyaxinuml;

inf7il= For [i =1, i <=Npaximum | ++, €t [i ] = Abs[Et [i ] /xactual %1007]]

m Absolute approximate error
inf721:= Array [Ea, Nuaxinmuml;

inf73l= For [i =1, i <=Nmaximum | ++, |f[i <=1, Ea[i]l =0, Ea[i] =Abs[xr[i]-xr[i -1111]

m Absolute relative approximate error
inf741:= Array[ea, Nuaxinuml;

inf7sl:= For [i =1, i <=Npaximum 1| ++, | T[i <=1, ea[i] =0, eal[i] =Abs[Ea[i]/xr[i]*100]1]]

m Significant digits at least correct
infzel:= Array [si gdi g, Nuaximuml;
in77k= For [i =1, i <=Npaximum | ++, | f[(€a[i] 25) || (i <=1),
sigdig[i]1=0, sigdig[i] =Floor[(2-Log[10, Abs[ea[i]1/0.5]1)11]
m Graphs

infzel= xrplot =Table[xr [i 1, {i, 1, Nmaximum}];
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inf7e:= Li st Pl ot [xrpl ot, PlotJoined - True,
Pl ot Range -> Al l, AxesOrigin-> {1, Mn[xrplot]},
Pl ot Label ->"Estinmated root as a function of nunber of iterations"];

Esti mated root as a function of number of iterations
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ingol:= Etplot =Table[Et [i 1, {i, 1, Nmaximum}]1;



nbm_gen nle_sim_biscon.nb

in1:= Li st Pl ot [Et pl ot, Pl otJoi ned » True,
Pl ot Range -> Al l, AxesOrigin-> {1, Mn[Etplot]},
Pl ot Label ->"Absolute true error as a function of nunmber of iterations"];

Absol ute true error as a function of nunber of iterations
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ing2:= etplot =Table[et [i 1, {i, 1, Nmaximm}];
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inB3]:= Li st Pl ot [etpl ot, PlotJoined » True,
Pl ot Range -> Al l, AxesOrigin-> {1, Mnfetplot]}, PlotLabel ->
"Absolute relative true error as a function of nunber of iterations"];

Absolute relative true error as a function of nunber of iterations
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inea:= Eapl ot = Table[Ea[i ], {i, 1, Nmaximum}];
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ines]:= Li st Pl ot [Eapl ot, Pl ot Joi ned -» True,
Pl ot Range -> Al |, AxesOrigin -> {1, Mn[Eaplot]}, PlotlLabel ->
"Absol ute approximte error as a function of nunber of iterations"];

Absol ute approximate error as a function of nunber of iterations
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inisel:= eapl ot = Tabl e[eali ], {i, 1, Npaximum}];
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ing7]:= Li st Pl ot [eapl ot, Pl otJoi ned -» True,
Pl ot Range -> Al l, AxesOrigin-> {1, Mn[eaplot]},
Pl ot Label ->"Absolute relative approxi mate error
as a function of nunber of iterations"];

Absol ute rel ative approxinate error as a function of nunber of iterations
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inesl:= Si gdi gpl ot = Tabl e[sigdig[i], {i, 1, Npaxi mum}]1;

in9l:= << Graphi cs™ Graphics’
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ingop= Bar Chart [si gdi gpl ot 1;
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