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Abstract : This simulation illustrates the slow convergence of
the bisection method of finding the root of an equation

f[x] O.

m INPUTS: Enter the Following

Functionin f[x] O

o= f [Xx_]1:=x"2-1

Range of 'x' you want to see the function
IN[210]:= Xp = =2;
Xe = 2;
inR121:= curve = Pl ot [f [X], {X, Xpb, Xe}, Pl otLabel »
"Entered function on given interval", TextStyle - {FontSize » 11}1;

Entered function on given interval
3

Lower initial guess

In[213)= X = -1. 25;
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Upper initial guess

In[214]:= Xy = -0. 5;

Maximum number of iterations

In[215]:= nnax| mum = 30,

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

In[216]:= nunt oot = 1;

m SOLUTION

In[217]:=

mexi =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

In[224]:=

out[224]=

In[225]:=

out[225]=

In[226]:=

out[226]=

fIx1]
0. 5625

f [Xu]
-0.75
%% %0
-0.421875
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in2271:= Show[G 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 w th upper and | ower guesses

m True Solution

Thisisthe solution found by Mathematica

in28l:= xactual = Root [f [x], nunTt oot ]

out228]= -1

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 afunction of number of iterations.

Inf2291:= Array [Xr, Npaxinuml;

ine3ol:= For [i =1; xu =Xy, Xl =X, | <= Nnaximum | ++,
Xr[i]l=xu+xl)/z72; If[f[xr[i]]=*f[xu] =<0, xI =xr[i], xu=xr[i]]l]
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m Absolute true error
in31:= Array [Et, Npaxi muml;

inR321= For [i =1, i <= Npaximum 1| ++, Et [i ] = Abs[xactual -xr [i ]]]

m Absolute relative true error
in(233):= Array[et, Npaximuml;

in34l:= For [i =1, | <= Nmaximum | ++, €t [i ] = Abs[Et [i ] /xactual *100]]

m Absolute approximate error
in3si= Array [Ea, Npaximuml;

in236l:= For [i =1, i <=nNpaximum | ++, | f[I <=1, Ea[i] =0, Ea[i ] = Abs[xr[i]-xr[i -11111]

m Absolute relative approximate error
In(237:= Array[ea, Npaxinuml;

ine3sl= For[i =1, i <=Nmaximum | ++, |f[i <=1, ea[i] =0, ea[i] =Abs[Ea[i]/xr[i]=*=100]1]

m Significant digits at least correct
in239:= Array[si gdi g, Nnaximuml;
in40:= For [i =1, i <=Nmaximum | ++, | 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

in241:= Xrplot =Table[xr [i 1, {i, 1, Nuaximum}];
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in242:= 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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in243i:= Etplot =Table[Et [i 1, {i, 1, Npaximum}1;
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in244:= 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 number of iterations
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in245:= et pl ot = Table[et [i 1, {i, 1, Npaximum}]1;
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in246:= Li st Pl ot [et pl ot, Pl otJoi ned -» 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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in2471:= Eapl ot = Table[Ea[i 1, {i, 1, Nmaximum}]1;
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in248:= Li st Pl ot [Eapl ot, Pl otJoi 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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in49:= eapl ot = Tabl e[eali 1, {i, 1, Npaximm}];
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in250:= Li st Pl ot [eapl ot, Pl otJoined - 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"];

Absolute relative approxinate error as a function of nunber of iterations
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in251:= si gdi gpl ot = Tabl e[sigdig[il, {i, 1, Nnaxi mum}]1;

In2521:= << Graphi cs” Graphi cs®
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in253;= Bar Chart [si gdi gpl ot 1;
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