
HEAT CONDUCTION FORMULATION IN CARTESIAN COORDINATE SYSTEM 

Fourier Law of Conduction(in x direction) ; 
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Substituting Fourier law of conduction into the First law of thermodynamics for solid in differential cartesian element 
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If internal energy be approximated as 
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If it is assumed that thermal conductivity coefficient is independent of time and homogeneous in all direction
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HEAT CONDUCTION FORMULATION IN GENERAL COORDINATE SYSTEM 

 



For a general coordinate system a path dS can be expressed as a function of cartesian coordinate system as 
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If the relation between orthagonal coordinate system  ),,( 321 uuu and cartesian coordinate system ),,( zyx  is given as 
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Then the differential lengths dx,dy and dz can be obtained as: 
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Substituting these back into the path equation 
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Heat transfer in orthagonal coordinate system becomes: 
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In this case general first law of thermodynamics for this coordinate system becomes: 
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Example case: 

Relation between cartesian coordinate system and cylindrcal coordinate system given as: 
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ru =1  f=2u   zu =3 , The scale factors: 
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Relation between cartesian coordinate system and spherical coordinate system given as: 
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BOUNDARY CONDITIONS 

 
For a differential surface element 
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Energy balance at the surface:  Heat supply=heat loss 
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can also be specified, such as: 

T=f(x,t) on S or T=0 on S 

In addition to the surface type of boundary, interphase of the contacting surface can also specify a boundary 

(Heat conduction through solid 1)=(heat conduction through solid 2)=(heat transfer across the gap) 
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SEPARATION OF VARIABLE METHODS FOR HOMOGENEOUS AND NON- HOMOGENEOUS HEAT CONDUCTION 

Let us consider cartesian coordinate system heat conduction equation 
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Assume a separation of variables in the form: 

)(),,(),,,( tzyxtzyxT G=y in this case above equation becomes: 
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Then separated functions becomes: 

0),,(
),,(),,(),,( 2

2

2

2

2

2

2

=+
µ

µ
+

µ

µ
+

µ

µ
zyx

z

zyx

y

zyx

x

zyx
yl

yyy
 

0)(
)( 2=G+

µ

Gµ
la t

t

t
 

The other side can also be separated the similar way such as: 
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Substitution of this equation into above differential equation yields: 
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General solution of the equation becomes: 
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PROBLEM 1 HOMOGENEOUS SOLUTION; CARTASIAN COORDINATES 
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Boundary conditions 
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This equation has n coefficients. In order to solve these coefficients, we will use properties of orthogonal functions. 
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PROBLEM 1 MATLAB SOLUTION 
function   [T] = T1(x,t,L,H,alpha)  

            T=0;  

            for  m=1:20  

            beta=beta1(m,L,H);  

            T=T+CN1(beta,L,H)*cos(beta*L)*exp( - beta*beta*alpha*t);  

            end  

 
function  [C] = CN1(beta,L,H)  

            y=@(x) F1(x).*cos(beta*x);  

            %hazēr integral programē kullanēldē 

            C1=quad(y,0,L);  

         N=(L*(beta*beta+H*H)+H)/(2*(beta*beta+H*H));  

            C=C1/N;  

end  

 
function  [beta] = beta1(m,L,H)  

            PI=4*atan(1);  

            x1=(m - 1)*PI+0.0000001;  

            x2= x1+PI/2 - 0.000001;  

            beta=bisection(@(x) func1(x,L,H),x1,x2);  

end  

 

function  xr=bisection(f,xl,xu)  

% bisection root finding method  

maxit=100;  

iter=0;  

es=0.0000001;  

ea=1.1*es;  

while ((ea>es)&&(iter<maxit))  

    xr=(xl+xu)/2.0;  

    iter=iter+1;  

    if  xr~=0 ea=abs((xu - xl)/(xu+xl))*100; end  

    fxl= f(xl);  

    fxr= f(xr);  

    test= fxl*fxr;  

    if  test == 0.0      ea=0;  

    elseif  test < 0.0  xu=xr;  

    else                xl=xr;  

    end  

end  

if (iter>=maxit) fprintf( 'Maximum number of iteration is exceeded  result might not be 

valid","MAKSĶMUM NUMBER OF ITERATION WARNING');  

end  

end  

 

function  [F] = F1(x)  

            F=1.0;  

end  

 

function  [f] = func1(beta,L,H)                       

            f=(beta*L)*tan(beta*L) - H*L;  

end  



 

function  [N] = N1(m,L,H)  

            beta=beta1(m,L,H);  

            N=(L*(beta*beta+H*H)+H)/(2*(beta*beta+H*H));  

end  

 

 

PROBLEM 1 JAVA SOLUTION 
import java.util.*;  

import java.awt.*;  

import java.applet.Applet;  

import java.awt.event.*;  

import javax.swing.*;  

 

public class HT_duvar1  

{public double x0,x1,x2;  

 int n;  

public double fx(double beta,double L,double H2)  

{  return (beta*L)*Math.tan(beta*L) - H2*L;  

}  

public HT_duvar1()  

{x1=0.00001;n=0;}  

public double dfx(double x,double h,double L,double H2)  

{ // derivative  

  return ( - fx((x+2.0* h),L,H2)+8.0*fx((x+h),L,H2) - 8.0*fx((x - h),L,H2)+fx((x -

2.0*h),L,H2))/(12.0*h);  

}  

 

public double beta(double L,double H2)  

{n++;  

double x1=(n - 1)*Math.PI+0.0000001;  

 double x2=  x1+Math.PI/2 - 0.000001;  

double xacc=1.0e - 10;  

double EPS=1.0e - 10;  

double h=0.0001;  

i nt MAXIT=100;   

int j;  

double dfr,dx,dxold,fr,fh,fl;  

double temp,b,a,r;  

fl=fx(x1,L,H2);  

fh=fx(x2,L,H2);  

System.out.println("x1 ="+x1+"fl="+fl+"x2="+x2+"fh="+fh);  

if ((fl > 0.0 && fh > 0.0) || (fl < 0.0 && fh < 0.0))  

System.out.println("n = "+n+"x1="+x0+"x2="+x2+" no roots existed in the given region ");  

if (fl == 0.0) return x1;  

if (fh == 0.0) return x2;  

if (fl < 0.0)   { a=x1;b=x2;}  

else            { b=x1;a=x2;}  

r=0.5*(x1+x2); //orta nokta deĵeri  

dxold=Math.abs(x2 - x1);  

dx=dxold;  

fr=fx(r,L,H2);    

dfr=dfx(r,h,L,H2);  

for (j=1;j<=MAXIT;j++)  

{  

if ((((r - b)*dfr - fr)*((r - a)*dfr - fr) > 0.0) || (Math.abs(2.0*fr) > Math.abs(dxold*dfr)))  

    { //ikiye bºlme  

   dxold=dx;  

      dx=0.5*(b - a);  

      r=a+dx;  

      if ( a == r && fr>EPS) {x1=r+ 1.0e -5;return r;} //ºz¿m!!!! 

    }  

else{ //Newton - Raphson  

   dxold=dx;  

      dx=fr/dfr;  

      temp=r;  

      r - = dx;  

      if ((temp == r) && fr<EPS) {x1=r+1.0e -5;return r;}  //ºz¿m!!!!! 

    }  

if ((Math.abs(dx) < xacc)&& fr<EPS) {x1=r+1.0e - 5;return r;} //ºz¿m!!!!! 

fr=fx(r,L,H2);  

dfr=dfx(r,h,L,H2);  

if (fr < 0.0)  

a=r;  

else  

b=r;  



}  

System.out.println(" Maximum iteration number is exceeded ");  

x1=r+1.0e - 5;  

return r; //program never reaches here  

}  

public double X(double x,double beta)  

{return Math.cos(beta*x); }  

 

public double N(double beta,double L,double H2)  

{double a=(L*(beta*beta+H2*H2)+H2)/(2*(beta*beta+H2*H2));  

 return a;  

}  

 

public double F(double x)  

{//T=0 daki sēcaklēk daĵēlēmē 

 double a=1.0;  

 return a;  

}  

public double fa(double x,double beta,double L,double H2)  

{  

return X(x,beta)*F(x);  

}  

  

public double integral(double beta,double L,double H2)  

    {    //Gauss Kronroad integrali  

     //eps hata miktarē 

     double eps=1.0e - 8;  

     int n=20;  

        int Aused=0;  

     boolean sonuc;  

     double a=0;  

     double b=L;  

        double integral=0;  

        double A[][];  

        int Aw = 0;  

        double toplamhata = 0;  

        double[] c;  

        double[] xg;  

        double[] xk;  

        int nn = 0;  

        int ng = 0;  

        int i = 0;  

        int j = 0;  

        int h = 0;  

        double v = 0;  

        double k1 = 0;  

        double k2 = 0;  

        double intg = 0;  

        double intk = 0;  

        double ta = 0;  

        double tb = 0;  

        Aw = 4;  

        A = new double[n - 1+1][Aw - 1+1];  

        nn = 61;  

        ng = 15;  

        c = new double[nn];  

        xk = new double[nn];  

        xg = new double[nn];  

        //Gauss katsayēlarē 

        xg[0] = 0.007968192496166605615465883474674;  

        xg[1] = 0.018466468311090959142302131912047;  

        xg[2] = 0.028784707883323369349719179611292;  

        xg[3] = 0.038799192569627049596801936446348;  

        xg[4] = 0.048402672830594052902938140422808;  

        xg[5] = 0.057493156217619066481721689402056;  

        xg[6] = 0.06597422988218049512812851 5115962;  

        xg[7] = 0.073755974737705206268243850022191;  

        xg[8] = 0.080755895229420215354694938460530;  

        xg[9] = 0.086899787201082979802387530715126;  

        xg[10] = 0.092122522237786128717632707087619;  

        xg[11] = 0.096368737174644 259639468626351810;  

        xg[12] = 0.099593420586795267062780282103569;  

        xg[13] = 0.101762389748405504596428952168554;  

        xg[14] = 0.102852652893558840341285636705415;  

        c[0] = 0.999484410050490637571325895705811;  

        c[1] = 0.996893484074649540271630050918695;  

        c[2] = 0.991630996870404594858628366109486;  



        c[3] = 0.983668123279747209970032581605663;  

        c[4] = 0.973116322501126268374693868423707;  

        c[5] = 0.9600218649683075122168710255817 98;  

        c[6] = 0.944374444748559979415831324037439;  

        c[7] = 0.926200047429274325879324277080474;  

        c[8] = 0.905573307699907798546522558925958;  

        c[9] = 0.882560535792052681543116462530226;  

        c[10] = 0.85720523354606109895865851 0658944;  

        c[11] = 0.829565762382768397442898119732502;  

        c[12] = 0.799727835821839083013668942322683;  

        c[13] = 0.767777432104826194917977340974503;  

        c[14] = 0.733790062453226804726171131369528;  

        c[15] = 0.69785049479331579 6932292388026640;  

        c[16] = 0.660061064126626961370053668149271;  

        c[17] = 0.620526182989242861140477556431189;  

        c[18] = 0.579345235826361691756024932172540;  

        c[19] = 0.536624148142019899264169793311073;  

        c[20] = 0.49248046 7861778574993693061207709;  

        c[21] = 0.447033769538089176780609900322854;  

        c[22] = 0.400401254830394392535476211542661;  

        c[23] = 0.352704725530878113471037207089374;  

        c[24] = 0.304073202273625077372677107199257;  

        c[25] = 0.254636926167889846439805129817805;  

        c[26] = 0.204525116682309891438957671002025;  

        c[27] = 0.153869913608583546963794672743256;  

        c[28] = 0.102806937966737030147096751318001;  

        c[29] = 0.05147184255531769583302521 3166723;  

        c[30] = 0.000000000000000000000000000000000;  

        //Kronrod katsayēlarē 

        xk[0] = 0.001389013698677007624551591226760;  

        xk[1] = 0.003890461127099884051267201844516;  

        xk[2] = 0.006630703915931292173319826369750;  

        xk[3] = 0.009273279659517763428441146892024;  

        xk[4] = 0.011823015253496341742232898853251;  

        xk[5] = 0.014369729507045804812451432443580;  

        xk[6] = 0.016920889189053272627572289420322;  

        xk[7] = 0.0194141411939423811734089510501 28;  

        xk[8] = 0.021828035821609192297167485738339;  

        xk[9] = 0.024191162078080601365686370725232;  

        xk[10] = 0.026509954882333101610601709335075;  

        xk[11] = 0.028754048765041292843978785354334;  

        xk[12] = 0.0309072575623877624 72884252943092;  

        xk[13] = 0.032981447057483726031814191016854;  

        xk[14] = 0.034979338028060024137499670731468;  

        xk[15] = 0.036882364651821229223911065617136;  

        xk[16] = 0.038678945624727592950348651532281;  

        xk[17] = 0.04037 4538951535959111995279752468;  

        xk[18] = 0.041969810215164246147147541285970;  

        xk[19] = 0.043452539701356069316831728117073;  

        xk[20] = 0.044814800133162663192355551616723;  

        xk[21] = 0.046059238271006988116271735559374;  

        xk[22] = 0.047185546569299153945261478181099;  

        xk[23] = 0.048185861757087129140779492298305;  

        xk[24] = 0.049055434555029778887528165367238;  

        xk[25] = 0.049795683427074206357811569379942;  

        xk[26] = 0.050405921402782346840 893085653585;  

        xk[27] = 0.050881795898749606492297473049805;  

        xk[28] = 0.051221547849258772170656282604944;  

        xk[29] = 0.051426128537459025933862879215781;  

        xk[30] = 0.051494729429451567558340433647099;  

        for(i=nn - 1; i>=nn/ 2; i -- )  

        {c[i] = - c[nn - 1- i];}  

        for(i=nn - 1; i>=nn/2; i -- )  

        { xk[i] = xk[nn - 1- i]; }  

        for(i=ng - 1; i>=0; i -- )  

        { xg[nn - 2- 2*i] = xg[i];  

          xg[1+2*i] = xg[i];  

        }  

        for(i=0; i<=nn/2; i++)  

        { xg[2*i] = 0; }  

        k1 = 0.5*(b - a);  

        k2 = 0.5*(b+a);  

        intg = 0;  

        intk = 0;  

        for(i=0; i<=nn - 1; i++)  

        { v = fa((k1*c[i]+k2),beta,L,H2);  

          intk = intk+v*xk[i];  



          if( i%2==1 )  

          {intg = intg+v*xg[i];}  

        }  

        intk = intk*(b - a)*0.5;  

        intg = intg*(b - a)*0.5;  

        A[0][0] = Math.abs(intg - intk);  

        A[0][1] = intk;  

        A[0][2] = a;  

        A[0][3] = b;  

        toplamhata = A[0][0];  

        if( topl amhata<eps )  

        {  

            sonuc = true;  

            integral = intk;  

            Aused = 1;  

            return integral;  

        }  

        Aused = 1;  

        for(h=1; h<=n - 1; h++)  

        {  

            Aused = h+1;  

            gir(A, h, Aw);  

            toplamhata = toplamhata - A[h - 1][0];  

            ta = A[h - 1][2];  

            tb = A[h - 1][3];  

            A[h - 1][2] = ta;  

            A[h - 1][3] = 0.5*(ta+tb);  

            A[h][2] = 0.5*(ta+tb);  

            A[h][3] = tb;  

            for(j=h - 1; j< =h; j++)  

            {  

                k1 = 0.5*(A[j][3] - A[j][2]);  

                k2 = 0.5*(A[j][3]+A[j][2]);  

                intg = 0;  

                intk = 0;  

                for(i=0; i<=nn - 1; i++)  

                {   v = fa((k1*c[i]+k2),beta,L,H2);  

                    intk = intk+v*xk[i];  

                    if( i%2==1 )  

                    { intg = intg+v*xg[i];}  

                }  

                intk = intk*(A[j][3] - A[j][2])*0.5;  

                intg = intg*(A[j][3] - A[j][2])*0.5;  

                A[j] [0] = Math.abs(intg - intk);  

                A[j][1] = intk;  

                toplamhata = toplamhata+A[j][0];  

            }  

            cik(A, h - 1, Aw);  

            cik(A, h, Aw);  

            if( toplamhata<eps )  

            {break;}  

        }  

        sonuc = toplamhata<eps;  

        integral = 0;  

        for(j=0; j<=Aused - 1; j++)  

        { integral = integral+A[j][1];}  

        return integral;  

    }  

    public void gir(double A[][],int n,int Awidth)  

    {  

        int i = 0;  

        int p = 0;  

        double t = 0;  

        int maxcp = 0;  

        if( n==1 )  

        { return; }  

        for(i=0; i<=Awidth - 1; i++)  

        {   t = A[n - 1][i];  

            A[n - 1][i] = A[0][i];  

            A[0][i] = t;  

        }//end of for  

        p = 0;  

        while( 2*p+1<n - 1 )  

        {   maxcp = 2*p+1;  

            if( 2*p+2<n - 1 )  

            {   if( A[2*p+2][0]>A[2*p+1][0] )  

                { maxcp = 2*p+2; }  



            }  

            if( A[p][0]<A[maxcp][0] )  

            {   for(i=0; i< =Awidth - 1; i++)  

                {   t = A[p][i];  

                    A[p][i] = A[maxcp][i];  

                    A[maxcp][i] = t;  

                }  

                p = maxcp;  

            }  

            else  

            { break; }  

        } //end of while  

    }  

 

    public void cik(double A[][],int n,int Awidth)  

    {  

        int i = 0;  

        int p = 0;  

        double t = 0;  

        int kk = 0;  

        if( n==0 )  

        {return;}  

        p = n;  

        while( p!=0 )  

        {   kk = (p - 1)/2;  

            if(  A[p][0]>A[kk][0] )  

            { for(i=0; i<=Awidth - 1; i++)  

                { t = A[p][i];  

                  A[p][i] = A[kk][i];  

                  A[kk][i] = t;  

                }  

                p = kk;  

            }  

            else  

            {break;}  

        }  

    }  

public double Cn(double beta,double L,double H2)  

{return 1.0/N(beta,L,H2)*integral(beta,L,H2);}  

 

public double teta(double L,double H2,double alfa,double x,double t)  

{ double tt=0;  

  double ln=0;  

  for(int n=1;n<20;n++)  

  {    

   ln=beta(L,H2);  

   double c1=Cn(ln,L,H2);  

   System.out.println("Cn="+c1+"lambda="+ln+"n="+n);  

   tt+=c1*X(x,ln)*Math.exp( - ln*ln*alfa*t);}  

  return tt;   

}  

 

     public static void main (String args[])   

     { //fb f=new fb();  

       double L,H1,H2,alfa, x,t;  

       L=Double.parseDouble(JOptionPane.showInputDialog(" L (m) : "));  

       H2=Double.parseDouble(JOptionPane.showInputDialog(" H2=h1/k  (1/m) : "));  

       alfa=Double.parseDouble(JOptionPane.showInputDialog(" alfa   : "));  

       x=Double.parseDouble(JOptionPane.showInputDialog("         x = (m) : "));  

       t=Double.parseDouble(JOptionPane.showInputDialog("         t = (sn) : "));  

        

       HT_duvar1 ht=new HT_duvar1();  

       JOptionPane.showMessageDialog(null," teta  = "+ht.teta(L,H2,alfa,x,t),  

       "duvarda zamana baĵlē ēsē transferi  : ",JOptionPane.PLAIN_MESSAGE); 

       System.exit(0);  

     }  

}  

 

 
PROBLEM 2 HOMOGENEOUS SOLUTION; CARTASIAN COORDINATES 
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PROBLEM 2 

MATLAB SOLUTION 

function   [T] = T2(x,t,L,H1,H2,alpha)  

            T=0;  

            for  m=1:20  

            beta=beta2(m,L,H1,H2)  

            C2=CN2(beta,L,H1,H2)  

            T=T+C2*(beta*cos(beta*x)+H1*sin(beta*x))*exp( - beta*beta*alpha*t);  

            end  

 

function  [C] = CN2(beta,L,H1,H2)  

            y=@(x) F2(x).*(beta*cos(beta*x+H1*sin(beta*x));  

            C1=quad(y,0,L);  

            N=0.5*(L*(beta*beta+H1*H1)*(L+H2/(beta*beta+H2*H2)+H1);  

            C=C1/N;  

end  

 

function  [beta] = beta2(m,L,H1,H2)  

            PI=4*atan(1);  

            x1=(m - 1)*PI+0.0000001;  

            x2= x1+PI/2 - 0.000001;  

            beta=bisection(@(x) func2(x,L,H1,H2),x1,x2);  

end  

 

function  [F] = F2(x)  

            F=1.0;  

 end  

 

function  [f] = func2(beta,L,H1,H2)  

            f=tan(beta*L) - beta*(H1+H2)/(beta*beta - H1*H2);  

 

 

PROBLEM 2 JAVA SOLUTION 
import java.util.*;  

import java.awt.*;  

import java.applet.Applet;  

import java.awt.event.*;  



import javax.swing.*;  

 

public class HT_duvar2  

{public double x0,x1,x2;  

 int ix;  

public double fx(double beta,double L,double H1,double H2)  

{   double e=beta*L;  

    double B=H1*L;  

 return (beta*L - H1*H2*L/beta)*Math.tan(beta*L) - (H1+H2)*L;  

}  

public HT_duvar2()  

{x1=0.00001;ix=0;}  

public double dfx(double x,double h,double L,double H1,doub le H2)  

{ // T¿rev hesabē 

  return ( - fx((x+2.0*h),L,H1,H2)+8.0*fx((x+h),L,H1,H2) - 8.0*fx((x - h),L,H1,H2)+fx((x -

2.0*h),L,H1,H2))/(12.0*h);  

}  

 

public double beta(double L,double H1,double H2)  

{ix++;  

//lineer olmayan denklemin kºk¿ : ikiyebºlme- Newton Raphson me todu  

//genislet(L,H1,H2);         //kºk sēnērlarēnē saptar 

double x1=(ix - 1)*Math.PI+0.0000001;  

 double x2=  x1+Math.PI/2 - 0.000001;  

double xacc=1.0e -10; //iterasyonlar arasēndaki fark, bu rakamdan  

// k¿¿k olduĵunda ºz¿me ulaĸtēĵēmēzē kabul edeceĵiz 

double  EPS=1.0e - 10;  

double h=0.0001; //t¿rev step b¿y¿kl¿ĵ¿ 

int MAXIT=100;  //Maksimum iterasyon sayēsē 

int j;  

double dfr,dx,dxold,fr,fh,fl;  

double temp,b,a,r;  

fl=fx(x1,L,H1,H2);  

fh=fx(x2,L,H1,H2);  

System.out.println("x1 ="+x1+"fl="+fl+"x2="+x2+"fh="+fh);  

//Bºlgemizde kºk deĵeri varmē kontrol et 

if ((fl > 0.0 && fh > 0.0) || (fl < 0.0 && fh < 0.0))  

System.out.println("n = "+ix+"x1="+x0+"x2="+x2+"verilen sēnērlar iinde kºk deĵeri yok"); 

if (fl == 0.0) return x1;  

if (fh == 0.0) return x2;  

if (fl <  0.0)   { a=x1;b=x2;}  

else            { b=x1;a=x2;}  

r=0.5*(x1+x2); //orta nokta deĵeri  

dxold=Math.abs(x2 - x1);  

dx=dxold;  

fr=fx(r,L,H1,H2);   //fonksiyonun r noktasēndaki deĵeri 

dfr=dfx(r,h,L,H1,H2); //fonksiyonun t¿revinin r noktasēndaki deĵeri 

for (j=1 ;j<=MAXIT;j++)  

{  

if ((((r - b)*dfr - fr)*((r - a)*dfr - fr) > 0.0) || (Math.abs(2.0*fr) > Math.abs(dxold*dfr)))  

    { //ikiye bºlme  

   dxold=dx;  

      dx=0.5*(b - a);  

      r=a+dx;  

      if ( a == r && fr>EPS) {x1=r+1.0e -5;return r;} //ºz¿m!!!! 

    }  

else{ //Newton - Raphson  

   dxold=dx;  

      dx=fr/dfr;  

      temp=r;  

      r - = dx;  

      if ((temp == r) && fr<EPS) {x1=r+1.0e -5;return r;}  //ºz¿m!!!!! 

    }  

if ((Math.abs(dx) < xacc)&& fr<EPS) {x1=r+1.0e -5;return r;} //ºz¿m!!!!! 

fr=fx(r,L,H1,H2);  

dfr=dfx(r,h, L,H1,H2);  

if (fr < 0.0)  

a=r;  

else  

b=r;  

}  

System.out.println("Maksimum iterasyon sayēsē aĸēldē"); 

x1=r+1.0e - 5;  

return r; //program buraya gelmemeli  

}  

public double X(double x,double beta, double H1)  

{return beta*Math.cos(beta*x)+H1*Math.sin(beta*x);}  



 

pub lic double N(double beta,double L,double H1,double H2)  

{double a=0.5*(beta*beta+H1*H1)*(L+H2/(beta*beta+H2*H2))+H2;  

 return a;  

}  

 

public double F(double x)  

{//T=0 daki sēcaklēk daĵēlēmē 

 double a=1.0;  

 return a;  

}  

public double fa(double x,double beta,double L,double H1,double H2)  

{  

return X(x,beta,H1)*F(x);  

}  

  

public double integral(double beta,double L,double H1,double H2)  

    {    //Gauss Kronroad integrali  

     //eps hata miktarē 

     double eps=1.0e - 8;  

     int n=20;  

        int Aused=0;  

     boolean sonuc;  

     double a=0;  

     double b=L;  

        double integral=0;  

        double A[][];  

        int Aw = 0;  

        double toplamhata = 0;  

        double[] c;  

        double[] xg;  

        double[] xk;  

        int nn = 0;  

        int ng = 0;  

        int i = 0;  

        int j = 0;  

        int h = 0;  

        double v = 0;  

        double k1 = 0;  

        double k2 = 0;  

        double intg = 0;  

        double intk = 0;  

        double ta = 0;  

        double tb = 0;  

        Aw = 4;  

        A = new dou ble[n - 1+1][Aw - 1+1];  

        nn = 61;  

        ng = 15;  

        c = new double[nn];  

        xk = new double[nn];  

        xg = new double[nn];  

        //Gauss katsayēlarē 

        xg[0] = 0.007968192496166605615465883474674;  

        xg[1] = 0.018466468311090959142302131912047;  

        xg[2] = 0.028784707883323369349719179611292;  

        xg[3] = 0.038799192569627049596801936446348;  

        xg[4] = 0.048402672830594052902938140422808;  

        xg[5] = 0.05749315621761906648172168 9402056;  

        xg[6] = 0.065974229882180495128128515115962;  

        xg[7] = 0.073755974737705206268243850022191;  

        xg[8] = 0.080755895229420215354694938460530;  

        xg[9] = 0.086899787201082979802387530715126;  

        xg[10] = 0.092122522237786128717632707087619;  

        xg[11] = 0.096368737174644259639468626351810;  

        xg[12] = 0.099593420586795267062780282103569;  

        xg[13] = 0.101762389748405504596428952168554;  

        xg[14] = 0.102852652893558840341 285636705415;  

        c[0] = 0.999484410050490637571325895705811;  

        c[1] = 0.996893484074649540271630050918695;  

        c[2] = 0.991630996870404594858628366109486;  

        c[3] = 0.983668123279747209970032581605663;  

        c[4] = 0.97311632250112626 8374693868423707;  

        c[5] = 0.960021864968307512216871025581798;  

        c[6] = 0.944374444748559979415831324037439;  

        c[7] = 0.926200047429274325879324277080474;  

        c[8] = 0.905573307699907798546522558925958;  

        c[9] = 0.8825605357920 52681543116462530226;  



        c[10] = 0.857205233546061098958658510658944;  

        c[11] = 0.829565762382768397442898119732502;  

        c[12] = 0.799727835821839083013668942322683;  

        c[13] = 0.767777432104826194917977340974503;  

        c[14] = 0.7337 90062453226804726171131369528;  

        c[15] = 0.697850494793315796932292388026640;  

        c[16] = 0.660061064126626961370053668149271;  

        c[17] = 0.620526182989242861140477556431189;  

        c[18] = 0.579345235826361691756024932172540;  

        c[19]  = 0.536624148142019899264169793311073;  

        c[20] = 0.492480467861778574993693061207709;  

        c[21] = 0.447033769538089176780609900322854;  

        c[22] = 0.400401254830394392535476211542661;  

        c[23] = 0.352704725530878113471037207089374;  

        c[24] = 0.304073202273625077372677107199257;  

        c[25] = 0.254636926167889846439805129817805;  

        c[26] = 0.204525116682309891438957671002025;  

        c[27] = 0.153869913608583546963794672743256;  

        c[28] = 0.10280693796673703014709675 1318001;  

        c[29] = 0.051471842555317695833025213166723;  

        c[30] = 0.000000000000000000000000000000000;  

        //Kronrod katsayēlarē 

        xk[0] = 0.001389013698677007624551591226760;  

        xk[1] = 0.003890461127099884051267201844516;  

        xk[2] = 0.006630703915931292173319826369750;  

        xk[3] = 0.009273279659517763428441146892024;  

        xk[4] = 0.011823015253496341742232898853251;  

        xk[5] = 0.014369729507045804812451432443580;  

        xk[6] = 0.0169208891890532726275722894203 22;  

        xk[7] = 0.019414141193942381173408951050128;  

        xk[8] = 0.021828035821609192297167485738339;  

        xk[9] = 0.024191162078080601365686370725232;  

        xk[10] = 0.026509954882333101610601709335075;  

        xk[11] = 0.02875404876504129284 3978785354334;  

        xk[12] = 0.030907257562387762472884252943092;  

        xk[13] = 0.032981447057483726031814191016854;  

        xk[14] = 0.034979338028060024137499670731468;  

        xk[15] = 0.036882364651821229223911065617136;  

        xk[16] = 0.038678945624727592950348651532281;  

        xk[17] = 0.040374538951535959111995279752468;  

        xk[18] = 0.041969810215164246147147541285970;  

        xk[19] = 0.043452539701356069316831728117073;  

        xk[20] = 0.044814800133162663192 355551616723;  

        xk[21] = 0.046059238271006988116271735559374;  

        xk[22] = 0.047185546569299153945261478181099;  

        xk[23] = 0.048185861757087129140779492298305;  

        xk[24] = 0.049055434555029778887528165367238;  

        xk[25] = 0.0497956 83427074206357811569379942;  

        xk[26] = 0.050405921402782346840893085653585;  

        xk[27] = 0.050881795898749606492297473049805;  

        xk[28] = 0.051221547849258772170656282604944;  

        xk[29] = 0.051426128537459025933862879215781;  

        xk[3 0] = 0.051494729429451567558340433647099;  

        for(i=nn - 1; i>=nn/2; i -- )  

        {c[i] = - c[nn - 1- i];}  

        for(i=nn - 1; i>=nn/2; i -- )  

        { xk[i] = xk[nn - 1- i]; }  

        for(i=ng - 1; i>=0; i -- )  

        { xg[nn - 2- 2*i] = xg[i];  

          xg[1+2*i] = xg[i];  

        }  

        for(i=0; i<=nn/2; i++)  

        { xg[2*i] = 0; }  

        k1 = 0.5*(b - a);  

        k2 = 0.5*(b+a);  

        intg = 0;  

        intk = 0;  

        for(i=0; i<=nn - 1; i++)  

        { v = fa((k1*c[i]+k2),beta,L,H1,H2);  

          intk = intk+v*xk[i];  

          if( i%2==1 )  

          {intg = intg+v*xg[i];}  

        }  

        intk = intk*(b - a)*0.5;  

        intg = intg*(b - a)*0.5;  

        A[0][0] = Math.abs(intg - intk);  

        A[0][1] = intk;  



        A[0][2] = a;  

        A[0][ 3] = b;  

        toplamhata = A[0][0];  

        if( toplamhata<eps )  

        {  

            sonuc = true;  

            integral = intk;  

            Aused = 1;  

            return integral;  

        }  

        Aused = 1;  

        for(h=1; h<=n - 1; h++)  

        {  

            Aused = h+1;  

            gir(A, h, Aw);  

            toplamhata = toplamhata - A[h - 1][0];  

            ta = A[h - 1][2];  

            tb = A[h - 1][3];  

            A[h - 1][2] = ta;  

            A[h - 1][3] = 0.5*(ta+tb);  

            A[h][2] = 0.5*(ta+tb);  

            A[h][3] = tb;  

            for(j=h - 1; j<=h; j++)  

            {  

                k1 = 0.5*(A[j][3] - A[j][2]);  

                k2 = 0.5*(A[j][3]+A[j][2]);  

                intg = 0;  

                intk = 0;  

                for(i=0; i<=nn - 1; i++)  

                {   v = fa((k1*c[i]+k2),beta,L,H1,H2);  

                    intk = intk+v*xk[i];  

                    if( i%2==1 )  

                    { intg = intg+v*xg[i];}  

                }  

                intk = intk*(A[j][3] - A[j][2])*0.5;  

                i ntg = intg*(A[j][3] - A[j][2])*0.5;  

                A[j][0] = Math.abs(intg - intk);  

                A[j][1] = intk;  

                toplamhata = toplamhata+A[j][0];  

            }  

            cik(A, h - 1, Aw);  

            cik(A, h, Aw);  

            if( toplamhata<eps )  

            {break;}  

        }  

        sonuc = toplamhata<eps;  

        integral = 0;  

        for(j=0; j<=Aused - 1; j++)  

        { integral = integral+A[j][1];}  

        return integral;  

    }  

    public void gir(double A[][], int n,int Awidth)  

    {  

        int i = 0;  

        int p = 0;  

        double t = 0;  

        int maxcp = 0;  

        if( n==1 )  

        { return; }  

        for(i=0; i<=Awidth - 1; i++)  

        {   t = A[n - 1][i];  

            A[n - 1][i] = A[0][i];  

            A[0][i] = t;  

        }//end of for  

        p = 0;  

        while( 2*p+1<n - 1 )  

        {   maxcp = 2*p+1;  

            if( 2*p+2<n - 1 )  

            {   if( A[2*p+2][0]>A[2*p+1][0] )  

                { maxcp = 2*p+2; }  

            }  

            if( A[p][0]<A[maxcp][0] )  

            {   for(i=0; i<=Awidth - 1; i++)  

                {   t = A[p][i];  

                    A[p][i] = A[maxcp][i];  

                    A[maxcp][i] = t;  

                }  



                p = maxcp;  

            }  

            else  

            { break; }  

        } //end of while  

    }  

 

    public void cik(double A[][],int n,int Awidth)  

    {  

        int i = 0;  

        int p = 0;  

        double t = 0;  

        int kk = 0;  

        if( n==0 )  

        {return;}  

        p = n ;  

        while( p!=0 )  

        {   kk = (p - 1)/2;  

            if( A[p][0]>A[kk][0] )  

            { for(i=0; i<=Awidth - 1; i++)  

                { t = A[p][i];  

                  A[p][i] = A[kk][i];  

                  A[kk][i] = t;  

                }  

                p = kk;  

            }  

            else  

            {break;}  

        }  

    }  

 

public double Cn(double beta,double L,double H1,double H2)  

{return 1.0/N(beta,L,H1,H2)*integral(beta,L,H1,H2);}  

 

 

public double teta(double L,double H1,double H2,double alfa,double x,double t)  

{ double tt=0;  

  double ln=0;  

  for(int n=1;n<20;n++)  

  {    

   ln=beta(L,H1,H2);  

   double c1=Cn(ln,L,H1,H2);  

   System.out.println("Cn="+c1+"lambda="+ln+"n="+n);  

   tt+=c1*Math.exp( - ln*ln*alfa*t)*X(x,ln,H1);}  

  return tt ;   

}  

 

     public static void main (String args[])   

     { //fb f=new fb();  

       double L,H1,H2,alfa,x,t;  

       L=Double.parseDouble(JOptionPane.showInputDialog(" L (m) : "));  

       H1=Double.parseDouble(JOptionPane.showInputDialog(" H1=h1/k  (1/m) : "));  

       H2=Double.parseDouble(JOptionPane.showInputDialog(" H2=h2/k  (1/m) : "));  

       alfa=Double.parseDouble(JOptionPane.showInputDialog(" alfa   : "));  

       x=Double.par seDouble(JOptionPane.showInputDialog("         x = (m) : "));  

       t=Double.parseDouble(JOptionPane.showInputDialog("         t = (sn) : "));  

        

       HT_duvar1 ht=new HT_duvar1();  

       JOptionPane.showMessageDialog(null," teta = "+ht.teta(L,H1,H 2,alfa,x,t),  

       "duvarda zamana baĵlē ēsē transferi  : ",JOptionPane.PLAIN_MESSAGE); 

       System.exit(0);  

     }  

}  

 
 
PROBLEM 3 HOMOGENEOUS SOLUTION; CYLINDRICAL COORDINATES  
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Seperation of variables: 
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J0 and Y0 in this equation called Bessel functions. In Figure 1 behavior of bessel functions are given as a plot. 
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Before going any further, let us look at some properties of bessel functions. Bessel functions can be defined as series. 

Bessel function Jn(z) can be defined by using the following series: 
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Where g=0.577216.. is the Euler-Mascheroni constant. The Bessel function Yn(z) is given by: 
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When n=n is a positive integer, the solution Jn(z) and J-n(z) are not independent: thery are related by: 
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After this introduction to bessel function, boundary conditions can be applied now: 
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This equation has n coefficients. In order to solve these coefficients, we will use properties of orthogonal functions. 
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  Depends on value of F(r), this integration can be solved by using numerical or analytical methods. 
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PROBLEM 3 MATLAB SOLUTION 
function  [f] = func3(beta,H,b)  

            f=(beta*b)*besselj(1,beta*b) - H*b*besselj(0,beta*b);  

 end  

 

function  [beta] = genislet(x0,H,b)  

            x1=x0+0.01;  

            x2= x1+0.00001;  

            f1=func3(x1,H,b);  

            f2=func3(x2,H,b);  

            j=0;  

            NTRY=200;  

            FACTOR=1.01;  

            while  ((f1*f2>0) && (j<NTRY))  

              x2=x2+FACTOR*(x2 - x1);  

              f2=func3(x2,H,b);  

              j=j+1;  

            end  

            beta=bisection(@(x) func3(x,H,b),x1,x2);  

 end  

 

 

function  xr=bisection(f,xl,xu)  

% bisection root finding method  

maxit=100;  

iter=0;  

es=0.000000001;  

ea=1.1*es;  

while ((ea>es)&&(iter<maxit))  



    xr=(xl+xu)/2.0;  

    iter=iter+1;  

    if  xr~=0 ea=abs((xu - xl)/(xu+xl))*100; end  

    fxl= f(xl);  

    fxr= f(xr);  

    test= fxl*fxr;  

    if  test == 0.0      ea=0;  

    elseif  test < 0.0  xu=xr;  

    else                xl=xr;  

    end  

end  

if (iter>=maxit) fprintf( 'Maximum number of iteration is exceeded  result might not be 

valid","MAKSĶMUM NUMBER OF ITERATION WARNING');  

end  

end  

 

 

function  [beta] = beta3(m,H,b)  

            x0=0;  

            for  i=1:m  

            x0=genislet(x0,H,b);  

            beta(i)=x0;  

            end  

 end  

 

function  [C] = CN3(beta,H,b)  

            y=@(r) r.*F3(r,b).*besselj(0,beta*r);  

            C1=quad(y,0,b);  

            J0=besselj(0,beta*b);  

            N=J0*J0/2*b*b*(H*H+beta*beta)/(beta*beta);  

            C=C1/N;  

 end  

 

 

function  [F] = F3(r,b)  

            F=1.0;  

 end  

 

function   [T] = T3(r,t,H,b,alpha)  

            T=0;  

            m=2;  

            beta=beta3(m,H,b);  

            for  i=1:m             

            C1=CN3(beta(i),H,b)  

            T=T+C1*besselj(0,(beta(i)*r))*exp( - beta(i)*beta(i)*al pha*t);  

            end  

end  

 

PROBLEM 3 JAVA SOLUTION 

import java.util.*; 
import java.awt.*; 
import java.applet.Applet; 
import java.awt.event.*; 
import javax.swing.*; 
 
public class HT_silindir1 
{ 
double x0,x1,x2; 
int ix; 
 
public HT_silindir1() 
{ 
ix=0;  
x1=0.0; 
} 
 
public  static double fx(double beta,double H,double b) 
{return beta*b*Mathd.J(1,beta*b)/Mathd.J(0,beta*b)-H*b;} 
 
public  static double dfx(double x,double h,double H,double b) 
ϑ κκ¢ǸǊŜǾ ƘŜǎŀōƤ 
  return (-fx((x+2.0*h),H,b)+8.0*fx((x+h),H,b)-8.0*fx((x-h),H,b)+fx((x-2.0*h),H,b))/(12.0*h); 



} 
public double F(double r) 
{return 1.0;} 
 
public double N(double beta,double H,double b) 
{double J0=Mathd.J(0,beta*b);  
 double N1=J0*J0/2.0*b*b*(H*H+beta*beta)/(beta*beta); 
 return N1; 
} 
public double fa(double r,double beta) 
{ 
return r*F(r)*Mathd.J(0,beta*r); 
} 
public double integral(double beta,double b1) 
    {    // Gauss Kronroad integrali 
      κκ ŜǇǎ Ƙŀǘŀ ƳƛƪǘŀǊƤ 
     double eps=1.0e-8; 
     int n=20; 
        int Aused=0; 
     boolean sonuc; 
     //integral limits 
     double a=0; 
     double b=b1; 
        double integral=0; 
        double A[][]; 
        int Aw = 0; 
        double toplamhata = 0; 
        double[] c; 
        double[] xg; 
        double[] xk; 
        int nn = 0; 
        int ng = 0; 
        int i = 0; 
        int j = 0; 
        int h = 0; 
        double v = 0; 
        double k1 = 0; 
        double k2 = 0; 
        double intg = 0; 
        double intk = 0; 
        double ta = 0; 
        double tb = 0; 
        Aw = 4; 
        A = new double[n-1+1][Aw-1+1]; 
        nn = 61; 
        ng = 15; 
        c = new double[nn]; 
        xk = new double[nn]; 
        xg = new double[nn]; 
        κκDŀǳǎǎ ƪŀǘǎŀȅƤƭŀǊƤ 
        xg[0] = 0.007968192496166605615465883474674; 
        xg[1] = 0.018466468311090959142302131912047; 
        xg[2] = 0.028784707883323369349719179611292; 
        xg[3] = 0.038799192569627049596801936446348; 
        xg[4] = 0.048402672830594052902938140422808; 
        xg[5] = 0.057493156217619066481721689402056; 
        xg[6] = 0.065974229882180495128128515115962; 
        xg[7] = 0.073755974737705206268243850022191; 
        xg[8] = 0.080755895229420215354694938460530; 
        xg[9] = 0.086899787201082979802387530715126; 
        xg[10] = 0.092122522237786128717632707087619; 
        xg[11] = 0.096368737174644259639468626351810; 
        xg[12] = 0.099593420586795267062780282103569; 
        xg[13] = 0.101762389748405504596428952168554; 
        xg[14] = 0.102852652893558840341285636705415; 
        c[0] = 0.999484410050490637571325895705811; 
        c[1] = 0.996893484074649540271630050918695; 
        c[2] = 0.991630996870404594858628366109486; 
        c[3] = 0.983668123279747209970032581605663; 
        c[4] = 0.973116322501126268374693868423707; 
        c[5] = 0.960021864968307512216871025581798; 



        c[6] = 0.944374444748559979415831324037439; 
        c[7] = 0.926200047429274325879324277080474; 
        c[8] = 0.905573307699907798546522558925958; 
        c[9] = 0.882560535792052681543116462530226; 
        c[10] = 0.857205233546061098958658510658944; 
        c[11] = 0.829565762382768397442898119732502; 
        c[12] = 0.799727835821839083013668942322683; 
        c[13] = 0.767777432104826194917977340974503; 
        c[14] = 0.733790062453226804726171131369528; 
        c[15] = 0.697850494793315796932292388026640; 
        c[16] = 0.660061064126626961370053668149271; 
        c[17] = 0.620526182989242861140477556431189; 
        c[18] = 0.579345235826361691756024932172540; 
        c[19] = 0.536624148142019899264169793311073; 
        c[20] = 0.492480467861778574993693061207709; 
        c[21] = 0.447033769538089176780609900322854; 
        c[22] = 0.400401254830394392535476211542661; 
        c[23] = 0.352704725530878113471037207089374; 
        c[24] = 0.304073202273625077372677107199257; 
        c[25] = 0.254636926167889846439805129817805; 
        c[26] = 0.204525116682309891438957671002025; 
        c[27] = 0.153869913608583546963794672743256; 
        c[28] = 0.102806937966737030147096751318001; 
        c[29] = 0.051471842555317695833025213166723; 
        c[30] = 0.000000000000000000000000000000000; 
        κκYǊƻƴǊƻŘ ƪŀǘǎŀȅƤƭŀǊƤ 
        xk[0] = 0.001389013698677007624551591226760; 
        xk[1] = 0.003890461127099884051267201844516; 
        xk[2] = 0.006630703915931292173319826369750; 
        xk[3] = 0.009273279659517763428441146892024; 
        xk[4] = 0.011823015253496341742232898853251; 
        xk[5] = 0.014369729507045804812451432443580; 
        xk[6] = 0.016920889189053272627572289420322; 
        xk[7] = 0.019414141193942381173408951050128; 
        xk[8] = 0.021828035821609192297167485738339; 
        xk[9] = 0.024191162078080601365686370725232; 
        xk[10] = 0.026509954882333101610601709335075; 
        xk[11] = 0.028754048765041292843978785354334; 
        xk[12] = 0.030907257562387762472884252943092; 
        xk[13] = 0.032981447057483726031814191016854; 
        xk[14] = 0.034979338028060024137499670731468; 
        xk[15] = 0.036882364651821229223911065617136; 
        xk[16] = 0.038678945624727592950348651532281; 
        xk[17] = 0.040374538951535959111995279752468; 
        xk[18] = 0.041969810215164246147147541285970; 
        xk[19] = 0.043452539701356069316831728117073; 
        xk[20] = 0.044814800133162663192355551616723; 
        xk[21] = 0.046059238271006988116271735559374; 
        xk[22] = 0.047185546569299153945261478181099; 
        xk[23] = 0.048185861757087129140779492298305; 
        xk[24] = 0.049055434555029778887528165367238; 
        xk[25] = 0.049795683427074206357811569379942; 
        xk[26] = 0.050405921402782346840893085653585; 
        xk[27] = 0.050881795898749606492297473049805; 
        xk[28] = 0.051221547849258772170656282604944; 
        xk[29] = 0.051426128537459025933862879215781; 
        xk[30] = 0.051494729429451567558340433647099; 
        for(i=nn-1; i>=nn/2; i--) 
        {c[i] = -c[nn-1-i];} 
        for(i=nn-1; i>=nn/2; i--) 
        { xk[i] = xk[nn-1-i]; } 
        for(i=ng-1; i>=0; i--) 
        { xg[nn-2-2*i] = xg[i]; 
          xg[1+2*i] = xg[i]; 
        } 
        for(i=0; i<=nn/2; i++) 
        { xg[2*i] = 0; } 
        k1 = 0.5*(b-a); 
        k2 = 0.5*(b+a); 
        intg = 0; 
        intk = 0; 



        for(i=0; i<=nn-1; i++) 
        { v = fa((k1*c[i]+k2),beta); 
          intk = intk+v*xk[i]; 
          if( i%2==1 ) 
          {intg = intg+v*xg[i];} 
        } 
        intk = intk*(b-a)*0.5; 
        intg = intg*(b-a)*0.5; 
        A[0][0] = Math.abs(intg-intk); 
        A[0][1] = intk; 
        A[0][2] = a; 
        A[0][3] = b; 
        toplamhata = A[0][0]; 
        if( toplamhata<eps ) 
        { 
            sonuc = true; 
            integral = intk; 
            Aused = 1; 
            return integral; 
        } 
        Aused = 1; 
        for(h=1; h<=n-1; h++) 
        { 
            Aused = h+1; 
            gir(A, h, Aw); 
            toplamhata = toplamhata-A[h-1][0]; 
            ta = A[h-1][2]; 
            tb = A[h-1][3]; 
            A[h-1][2] = ta; 
            A[h-1][3] = 0.5*(ta+tb); 
            A[h][2] = 0.5*(ta+tb); 
            A[h][3] = tb; 
            for(j=h-1; j<=h; j++) 
            { 
                k1 = 0.5*(A[j][3]-A[j][2]); 
                k2 = 0.5*(A[j][3]+A[j][2]); 
                intg = 0; 
                intk = 0; 
                for(i=0; i<=nn-1; i++) 
                {   v = fa((k1*c[i]+k2),beta); 
                    intk = intk+v*xk[i]; 
                    if( i%2==1 ) 
                    { intg = intg+v*xg[i];} 
                } 
                intk = intk*(A[j][3]-A[j][2])*0.5; 
                intg = intg*(A[j][3]-A[j][2])*0.5; 
                A[j][0] = Math.abs(intg-intk); 
                A[j][1] = intk; 
                toplamhata = toplamhata+A[j][0]; 
            } 
            cik(A, h-1, Aw); 
            cik(A, h, Aw); 
            if( toplamhata<eps ) 
            {break;} 
        } 
        sonuc = toplamhata<eps; 
        integral = 0; 
        for(j=0; j<=Aused-1; j++) 
        { integral = integral+A[j][1];} 
        return integral; 
    } 
    public void gir(double A[][],int n,int Awidth) 
    { 
        int i = 0; 
        int p = 0; 
        double t = 0; 
        int maxcp = 0; 
        if( n==1 ) 
        { return; } 
        for(i=0; i<=Awidth-1; i++) 
        {   t = A[n-1][i]; 



            A[n-1][i] = A[0][i]; 
            A[0][i] = t; 
        }//end of for 
        p = 0; 
        while( 2*p+1<n-1 ) 
        {   maxcp = 2*p+1; 
            if( 2*p+2<n-1 ) 
            {   if( A[2*p+2][0]>A[2*p+1][0] ) 
                { maxcp = 2*p+2; } 
            } 
            if( A[p][0]<A[maxcp][0] ) 
            {   for(i=0; i<=Awidth-1; i++) 
                {   t = A[p][i]; 
                    A[p][i] = A[maxcp][i]; 
                    A[maxcp][i] = t; 
                } 
                p = maxcp; 
            } 
            else 
            { break; } 
        } //end of while 
    } 
 
    public void cik(double A[][],int n,int Awidth) 
    { 
        int i = 0; 
        int p = 0; 
        double t = 0; 
        int kk = 0; 
        if( n==0 ) 
        {return;} 
        p = n; 
        while( p!=0 ) 
        {   kk = (p-1)/2; 
            if( A[p][0]>A[kk][0] ) 
            { for(i=0; i<=Awidth-1; i++) 
                { t = A[p][i]; 
                  A[p][i] = A[kk][i]; 
                  A[kk][i] = t; 
                } 
                p = kk; 
            } 
            else 
            {break;} 
        } 
    } 
 
 
public double Cn(double beta,double H,double b) 
{  double c1=integral(beta,b); 
   double NN=N(beta,H,b); 
   double N2=1.0/NN*c1; 
   System.out.println("c1="+c1+"NN="+NN+"N2="+N2); 
 return N2;} 
 
public void genislet(double H,double b) 
{ 
 κκƪǀƪ ƻƭŀƴ ōƛǊ ōǀƭƎŜ ōǳƭŀƴŀ ƪŀŘŀǊ ǾŜǊƛƭŜƴ ǎƤƴƤǊƤ ƎŜƴƛǒƭŜǘƛǊ 
 x0=x1; 
 x2=x1+0.00001; 
 int NTRY=200; 
 double a[]=new double[2]; 
 double FACTOR=1.01; 
 int j; 
 double f1,f2; 
 ƛŦ όȄм ҐҐ Ȅнύ {ȅǎǘŜƳΦƻǳǘΦǇǊƛƴǘƭƴόϦDƛǊƛǒ ŘŜƐŜǊƭŜǊƛ ȅŀƴƭƤǒ ǾŜǊƛƭŘƛϦύΤ 
 f1=fx(x1,H,b); 
 f2=fx(x2,H,b); 
 for (j=1;j<=NTRY;j++) { 
  if (f1*f2 < 0.0) {ix++;break;} 
  else  



  {f2=fx(x2 += FACTOR*(x2-x1),H,b);} 
 } 
} 
κκ  Ȅм ǾŜ Ȅн ƴƛƴ ȅŜƴƛ ŘŜƐŜǊƭŜǊƛ ƎŜƭŘƛ 
 
 
public double beta(double H,double b1) 
{ 
κκƭƛƴŜŜǊ ƻƭƳŀȅŀƴ ŘŜƴƪƭŜƳƛƴ ƪǀƪǸ Υ ƛƪƛȅŜōǀƭƳŜ-Newton Raphson metodu 
ƎŜƴƛǎƭŜǘόIΣōмύΤ         κκƪǀƪ ǎƤƴƤǊƭŀǊƤƴƤ ǎŀǇǘŀǊ 
double xacc=1.0e-млΤ κκƛǘŜǊŀǎȅƻƴƭŀǊ ŀǊŀǎƤƴŘŀƪƛ ŦŀǊƪΣ ōǳ ǊŀƪŀƳŘŀƴ  
κκ ƪǸœǸƪ ƻƭŘǳƐǳƴŘŀ œǀȊǸƳŜ ǳƭŀǒǘƤƐƤƳƤȊƤ ƪŀōǳƭ ŜŘŜŎŜƐƛȊ 
double EPS=1.0e-10; 
ŘƻǳōƭŜ ƘҐлΦлллмΤ κκǘǸǊŜǾ ǎǘŜǇ ōǸȅǸƪƭǸƐǸ 
ƛƴǘ a!·L¢ҐмллΤ  κκaŀƪǎƛƳǳƳ ƛǘŜǊŀǎȅƻƴ ǎŀȅƤǎƤ 
int j; 
double dfr,dx,dxold,fr,fh,fl; 
double temp,b,a,r; 
fl=fx(x1,H,b1); 
fh=fx(x2,H,b1); 
//System.out.println("x1 ="+x1+"fl="+fl+"x2="+x2+"fh="+fh); 
κκ.ǀƭƎŜƳƛȊŘŜ ƪǀƪ ŘŜƐŜǊƛ ǾŀǊƳƤ ƪƻƴǘǊƻƭ Ŝǘ 
if ((fl > 0.0 && fh > 0.0) || (fl < 0.0 && fh < 0.0)) 
{ȅǎǘŜƳΦƻǳǘΦǇǊƛƴǘƭƴόϦƴ Ґ ϦҌƛȄҌϦȄмҐϦҌȄлҌϦȄнҐϦҌȄнҌϦǾŜǊƛƭŜƴ ǎƤƴƤǊƭŀǊ ƛœƛƴŘŜ ƪǀƪ ŘŜƐŜǊƛ ȅƻƪϦύΤ 
if (fl == 0.0) return x1; 
if (fh == 0.0) return x2; 
if (fl < 0.0)   { a=x1;b=x2;}  
else            { b=x1;a=x2;} 
r=0.5*(x1+x2); //oǊǘŀ ƴƻƪǘŀ ŘŜƐŜǊƛ  
dxold=Math.abs(x2-x1);  
dx=dxold;  
ŦǊҐŦȄόǊΣIΣōмύΤ   κκŦƻƴƪǎƛȅƻƴǳƴ Ǌ ƴƻƪǘŀǎƤƴŘŀƪƛ ŘŜƐŜǊƛ 
ŘŦǊҐŘŦȄόǊΣƘΣIΣōмύΤ κκŦƻƴƪǎƛȅƻƴǳƴ ǘǸǊŜǾƛƴƛƴ Ǌ ƴƻƪǘŀǎƤƴŘŀƪƛ ŘŜƐŜǊƛ 
for (j=1;j<=MAXIT;j++)  
{  
if ((((r-b)*dfr-fr)*((r-a)*dfr-fr) > 0.0) || (Math.abs(2.0*fr) > Math.abs(dxold*dfr)))  
    ϑ κκƛƪƛȅŜ ōǀƭƳŜ  
   dxold=dx; 
      dx=0.5*(b-a); 
      r=a+dx; 
      ƛŦ ό ŀ ҐҐ Ǌ ϧϧ ŦǊҔ9t{ύ ϑȄмҐǊҌлΦллмΤǊŜǘǳǊƴ ǊΤϒ κκœǀȊǸƳΗΗΗΗ 
    }  
else{ //Newton-Raphson 
   dxold=dx; 
      dx=fr/dfr; 
      temp=r; 
      r -= dx; 
      ƛŦ όόǘŜƳǇ ҐҐ Ǌύ ϧϧ ŦǊғ9t{ύ ϑȄмҐǊҌлΦллмΤǊŜǘǳǊƴ ǊΤϒ  κκœǀȊǸƳΗΗΗΗΗ 
    } 
ƛŦ όόaŀǘƘΦŀōǎόŘȄύ ғ ȄŀŎŎύϧϧ ŦǊғ9t{ύ ϑȄмҐǊҌлΦллмΤǊŜǘǳǊƴ ǊΤϒ κκœǀȊǸƳΗΗΗΗΗ 
fr=fx(r,H,b1); 
dfr=dfx(r,h,H,b1); 
if (fr < 0.0)  
a=r; 
else 
b=r; 
} 
System.out.println("Maksimum iterasyon sayƤǎƤ ŀǒƤƭŘƤϦύΤ 
return 0.0; //program buraya gelmemeli  
} 
 
public  double teta(double t,double r,double alpha,double H,double b) 
{double tt=0;double ln=0; 
 for(int n=0;n<20;n++) 
 {ln=beta(H,b); 
  //System.out.println("ln = "+ln+" n = "+n); 
 double ffx=fx(ln,H,b); 
 double cn; 
  if(Math.abs(ffx)<1.0e-4) 
  { 
  cn=Cn(ln,H,b); 



  System.out.println("ln ="+ln+"Cn = "+cn+"  ix="+ix+"  x1="+x0+"x2="+x2+"fx="+ffx+"fa="+fa(1.0,ln)+"N="+N(ln,H,b)); 
  tt+=cn*Math.exp(-ln*ln*alpha*t)*Mathd.J(0,ln*r); 
  } 
 } 
 return tt;  
} 
 
     public static void main (String args[])   
     {   
       HT_silindir1 hts=new  HT_silindir1(); 
       double H,b,alpha,r,t; 
       alpha=Double.parseDouble(JOptionPane.showInputDialog(" alpha : ")); 
       H=Double.parseDouble(JOptionPane.showInputDialog(" H=h/k (1/m) : ")); 
       ōҐ5ƻǳōƭŜΦǇŀǊǎŜ5ƻǳōƭŜόWhǇǘƛƻƴtŀƴŜΦǎƘƻǿLƴǇǳǘ5ƛŀƭƻƎόϦ ǎƛƭƛƴŘƛǊ œŀǇƤ ō Ґ Υ ϦύύΤ 
       r=Double.parseDouble(JOptionPane.showInputDialog(" silindirik koordinat r = : ")); 
       t=Double.parseDouble(JOptionPane.showInputDialog(" zaman t = : ")); 
       JOptionPane.showMessageDialog(null," teta = "+hts.teta(t,r,alpha,H,b), 
       ϦǎƛƭƛƴŘƛǊŘŜ ȊŀƳŀƴŀ ōŀƐƭƤ ƤǎƤ ǘǊŀƴǎŦŜǊƛ  Υ ϦΣWhǇǘƛƻƴtŀƴŜΦt[!Lbψa9{{!D9ύΤ 
     }  
} 

 

PROBLEM 4 HOMOGENEOUS, STEADY STATE  SOLUTION; C ARTESIAN COORDINATES  
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This equation has n coefficients. In order to solve these coefficients, we will use properties of orthogonal functions. 
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PROBLEM 5 NON- HOMOGENEOUS, STEADY STATE  SOLUTION; C ARTESIAN COORDINATES  

SUPERPOSITION PRINCIPLE 
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New problem can be constitute as superposition of three homegenous problem 
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Solution of each homegenous problem can be carried out similar to the previous problem 
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PROBLEM 6 NON- HOMOGENEOUS, STEADY STATE SOLUTION; C ARTESIAN COORDINATES, HEAT GENERATION 
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This equation can be divided into two equation to define a homogeneous problem 
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PROBLEM 7 NON- HOMOGENEOUS, TIME DEPENDENT  SOLUTION; C ARTESIAN COORDINATES 
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The first part of the problem is solved as problem 2. 
 
PROBLEM 8 NON- HOMOGENEOUS, TIME DEPENDENT  SOLUTION; C ARTESIAN COORDINATES 

 
 

t

txT

x

txT

µ

µ
=

µ

µ ),(1),( *

2

*2

a
 

Boundary conditions 

0

*

"
),(

q
x

txT
k =
µ

µ
-    x=0    t >0 

)),((
),( *

*

¤-=
µ

µ
- TtxTh

x

txT
k   x=L    t >0 

)(),( ** xFtxT =   t=0    0<=x<=L 

¤-= TtxTtxT ),(),( *
 

t

txT

x

txT

µ

µ
=

µ

µ ),(1),(
2

2

a
 

Boundary conditions 

0"
),(

q
x

txT
k =
µ

µ
-    x=0    t >0 



0),(
),(

=+
µ

µ
txHT

x

txT
  x=L    t >0 

)()(),( * xFTxFtxT =-= ¤   t=0    0<=x<=L 

 

)(),(),( xTtxTtxT ssH +=  

 

t

txT

x

txT HH

µ

µ
=

µ

µ ),(1),(
2

2

a
 

Boundary conditions 

0
),(
=

µ

µ

x

txTH   x=0    t >0 

0),(*
),(

=+
µ

µ
txTH

x

txT
H

H  x=L    t >0 

)()()()(),( * xTTxFxTxFtxT ssssH -+=-= ¤   t=0    0<=x<=L 

 

 

0
)(

2

2

=
µ

µ

x

xTss  

Boundary conditions 

k

q

x

xT 0")(
=

µ

µ
-    x=0        

0)(*
)(

=+
µ

µ
xTH

x

xT
ss

ss  x=L    t >0 

Solution: 

1

)(
C

x

xTss =
µ

µ
      21)( CxCxTss +=  

( )
h

q
xL

k

q
xTss

00 ""
)( +-=  

 

The first part of the problem is solved as problem 1. 
 
FINITE DIFFERENCE SOLUTION  
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Java solution: 
import java.io.*; 

 

class HT_xt_FDB 

{ public static double [] thomas(double a[][],double b[]) 

  {  
  //3 band matrix 

  int n=a.length; 

  double f[]=new double[n]; 
  double e[]=new double[n]; 

  double g[]=new double[n]; 
  double x[]=new double[n]; 

  for(int i=0;i<n;i++)     {f[i]=a[i][i];}  

  for(int i=0;i<(n-1);i++) {g[i]=a[i][i+1];}  
  for(int i=0;i<(n-1);i++) {e[i+1]=a[i+1][i];}  

  for(int k=1;k<n;k++) 

     {e[k]=e[k]/f[k -1]; 
      f[k]=f[k] -e[k]*g[k -1]; 

     }  

  for(int k=1;k<n;k++) 
     {b[k]=b[k] -e[k]*b[k -1]; 

     }  

  x[n-1]=b[n-1]/f[n-1];    

  for(int k=(n-2);k>=0;k--) 

      {x[k]=(b[k] -g[k]*x[k+1])/f[k];}  

  return x;       
  }  

  public static double [][] q(double k, double dx,double T[][]) 

  {  //heat transfer 
   int nx=T[0].length; 

   int nt=T.length; 

   double qi[][]=new double[nt][nx-1]; 
     for(int p=0;p<nt;p++) 

     {  for(int m=1;m<nx;m++) 

        { qi[p][m -1]=-k*(T[p][m] -T[p][m-1])/dx;} 



     }  
     return qi; 

  }  

           
  public static double [][] HT_xtcoz(double fi, double L,double t, double dt,double T0[],double alpha,double Bi1,double Bi2,double 

T1inf,double T2inf) 

  {  
  //  L duvar kalēnlēĵē 

  //  t maksimum zaman 

  //  dt zaman stebi    
  //  T1 x=0 t>=0 boundary temperature 

  //  T2 x=L t>=0 boundary temperature  

  int nx=T0.length; //x step sayēsē 
  //System.out.println(nx="+nx) 

  double A[][]=new double[nx][nx]; 
  double B[]=new double[nx]; 

  double dx=L/(nx-1); //x steb uzunluĵu 

  int nt=(int)(t/dt+0.001); 
  double Fo=alpha*dt/(dx*dx); 

  double T[][]=new double[nt+1][nx]; 

  for(int m=0;m<nx;m++) {T[0][m]=T0[m];}  
  for(int p=0;p<nt;p++) 

  { //t>0 wall temperatures 

 for(int m=0;m<nx;m++) 
    {  

   if(m==0) B[m]=(1.0-2.0*Fo*fi-2*Fo*Bi1*fi)*T[p][m]+2.0*fi*Fo*T[p][m+1]+2.0*Bi1*Fo*T1inf;  

   else if(m==(nx-1)) B[m]=(1.0-2.0*Fo*fi-2*Fo*Bi2*fi)*T[p][m]+2.0*fi*Fo*T[p][m -1]+2.0*Bi2*Fo*T2inf; 
   else  B[m]=fi*Fo*T[p][m-1]+(1.0-2.0*Fo*fi)*T[p][m]+fi*Fo*T[p][ m+1]; 

   if(m==0)  

   {A[m][m]=(1+2.0*Fo*Bi1*(1.0 -fi)+2.0*Fo*(1.0-fi));  
    A[m][m+1]=-2.0*(1.0-fi)*Fo;  

   }  

   else if(m==(nx-1))  
   {A[m][m]=(1+2.0*Fo*Bi2*(1.0 -fi)+2.0*Fo*(1.0-fi));  

    A[m][m-1]=-2.0*(1.0-fi)*Fo;  

   }  
   else 

   {A[m][m]=(2.0*Fo*(1.0 -fi)+1); 

    A[m][m-1]=-(1.0-fi)*Fo;  
    A[m][m+1]=-(1.0-fi)*Fo;  

   }  

    }  
    T[p+1]=thomas(A,B); 

  }  

  return T; 
  }  

        

  public static void main(String args[])  
  {  

   double T0[]=new double[81]; 

   double L=0.8; 
   // t=0 daki T0(x) sēcaklēk profili  

   int N=T0.length; 

   for(int m=0;m<N;m++) {T0[m]=300-300.0*Math.sin(m*Math.PI/N);} 
   double T1inf=100.0;  //x=0 da t>0 zamanē iin duvar sēcaklēĵē sēnēr ĸartē 

   double T2inf=25.0;  //x=L de t>0 zamanē iin duvar sēcaklēĵē sēnēr ĸartē 

   double h1=50.0;  //x=0 da t>0 zamanē iin duvar sēcaklēĵē sēnēr ĸartē 
   double h2=50.0;  //x=L de t>0 zamanē iin duvar sēcaklēĵē sēnēr ĸartē 

   double t=600.0; //sn toplam zaman 

   double dt=1.0; //sn gerek zaman adēmē 
   double dtplot=0.3; //sn her bir plotta bekleme zamanē 

   double alpha=8.4e-5; 

   double x0=0.0; 
    double xn=L; 

   double fi=0.5; 
   double k=200.0; 

   double dx=L/T0.length; 

   double h=250.0; 
   double Bi1=h*dx/k; 

   double Bi2=h*dx/k; 

   double T[][]=HT_xtcoz(fi,L,t,dt,T0,alpha,Bi1,Bi2,T1inf,T2inf); 
   double b[][]=Matrix.T(T); 

   double q[][]=q(k,dx,T); 

   timeplot p=new timeplot(T,x0,xn,dtplot,dt); 
   //timeplot p=new timeplot(q,x0,xn,dtplot,dt); 

      p.start(); 



  }  
}  

 

Matlab solution 
 function  x=gauss1(a,b)  

% Gauss elimination  

n=length(b);       

carpan=0;  

toplam=0;   

  for  k=1:n  

    %pivoting  

    p=k;  

    buyuk=abs(a(k,k));  

    for  ii=k+1:n  

      dummy=abs(a(ii,k));  

       if  dummy > buyuk buyuk=dummy;p=ii; end  

    end  

    if  p~=k  

      for  jj=k:n  

        dummy=a(p,jj);  

        a(p,jj)=a(k,jj);  

        a(k,jj)=dummy;  

        end  

      dummy=b(p);  

      b(p)=b(k);  

      b(k)=dummy;  

    end  

    %gauss eleme  

    for  i=k+1:n  

      carpan=a(i,k)/a(k,k);  

       a(i,k)=0;  

       for  j=k+1:n  

          a(i,j)=a(i,j) - carpan*a(k,j);  

       end  

           b(i)   =b(i)   - carpan*b(k);  

    end  

  end  

  %back substituting  

  x(n)=b(n)/a(n,n);  

  for  i=n - 1: - 1:1  

    toplam=0;  

    for  j=i+1:n  

      toplam=toplam+a(i,j)*x(j); end  

    x(i)=(b(i) - toplam)/a(i,i);  

  end  

end  

 

 

 
function  [T] = HT_xtcoz(fi,L,t,dt,TT,alpha,Bi1,Bi2,T1inf,T2inf)  

  %  L wall thickness  

  %  t maksimum time  

  %  dt time step    

  %  T1 x=0 t>=0 boundary temperature  

  %  T2 x=L t>=0 boundary temperature  

   nx=length(TT); %x number of steps  

   dx=L/(nx - 1);  

   nt=t/dt;  

   Fo=alpha*dt/(dx*dx);  

   for  p=1:nt  

    for  m=1:nx  

        if  p==1 T(p,m)=TT(m);  

        else  T(p,m)=0.0;  

        end  

    end  

   end  

   A=zeros(nx,nx);  

   B=zeros(nx);  

  for  p=1:nt  

    for  m=1:nx  

      if (m==1)  

          A(m,m)=(1+2.0*Fo*Bi1*(1.0 - fi)+2.0*Fo*(1.0 - fi));  

          A(m,m+1)= - 2.0*(1.0 - fi)*Fo;  

      elseif (m==nx)  

          A(m,m)=(1+2.0*Fo*Bi2*(1.0 - fi)+2.0*Fo*(1.0 - fi));  



          A(m,m- 1)= - 2.0*(1.0 - fi)*Fo;  

      else  

          A(m,m)=(2.0*Fo*(1.0 - fi)+1);  

          A(m,m- 1)= - (1.0 - fi)*Fo;  

          A(m,m+1)= - (1.0 - fi)*Fo;  

      end  

      if  m==1 

          B(m)=(1.0 - 2.0*Fo*fi)*T(p,m)+fi*Fo*T(p,m+1)+Fo*T1inf;  

      elseif  m==nx  

          B(m)=(1.0 - 2.0*Fo*fi - 2*Fo*Bi2*fi)*T( p,m)+2.0*fi*Fo*T(p,m - 1)+2.0*Bi2*Fo*T2inf;  

      else  

          B(m)=fi*Fo*T(p,m - 1)+(1.0 - 2.0*Fo*fi)*T(p,m)+fi*Fo*T(p,m+1);  

      end       

    end  

    W=gauss1(A,B);  

    for  m=1:nx  

     T(p+1,m)=W(m);  

    end  

  end  

 end  

 

 
 

PROBLEM 10 NON- HOMOGENEOUS, TIME INDEPENDENT SOLUTION; C ARTESIAN COORDINATES, TWO 
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Java solution: 
 import java.io.*; 

import visad.*; 

import visad.java3d.DisplayImplJ3D; 
import visad.java2d.DisplayImplJ2D; 

import java.rmi.RemoteException; 

 
class HT_plane_FD2 

{  

  public static double [] gauss_seidel(double a[][],double b[],double x[],double lambda) 
  {  

  //denklem sistemi ºz¿m¿ b iteratif gauss_seidel metodu metodu 

  //yakēnsama faktºr¿ lambda ile birlikte verilmiĸ form¿l    
  int n=a.length; 

  int imax=1000;//maksimum iterasyon sayēsē  

  double es=1.0e-10; 
  double dummy=0; 

  double ea=1e-1; 

  double sum=0; 
  double old=0; 



  int iter=0; 
  int sentinel=0; 

  //System.out.print("iter = "+(iter+1)+" "); 

  for(int i=0;i<n;i++) 
  {  dummy=a[i][i]; 

     for(int j=0;j<n;j++) 

       {a[i][j]/=dummy;}  
     b[i]/=dummy; 

  }  

  for(int i=0;i<n;i++) 
  {  sum=b[i]; 

     for(int j=0;j<n;j++) 

       {if(i!=j)sum -=a[i][j]*x[j];}  
     x[i]=sum; 

     //System.out.print(x[i]+ "  ");   
  }  

   //System.out.println();   

  iter++; 
  do 

  {  

  sentinel=1; 
  //System.out.print("iter = "+(iter+1)+" ");   

  for(int i=0;i<n;i++) 

     {  
  old=x[i]; 

  sum=b[i]; 

  for(int j=0;j<n;j++) 
     {if(i!=j) sum -=a[i][j]*x[j];}  

     x[i]=lambda*sum+(1.0-lambda)*old; 

     if(sentinel==1 && x[i]!=0.0 ) {ea=Math.abs((x[i]-old)/x[i])*100.0;}  
     if(ea<es) sentinel=0; 

   //System.out.print(x[i]+ "  ");      

     }  
  //System.out.println();   

  iter++; 

  }while(sentinel==1 && iter<imax);   
  if(iter>=imax) System.out.println("Maksimum iterasyon sayēsē aĸēldē sonu geerli olmayabilir iter = "+iter); 

  return x; 

  }  
   

  public static double[] pivotlugauss(double a[][],double b[]) 

  { //kēsmi pivotlu gauss eleme yºntemi 
  int n=b.length;    

  double x[]=new double[n]; 

  double carpan=0; 
  double toplam=0; 

  double buyuk; 

  double dummy=0; 
  //gauss eleme 

  int i,j,k,p,ii,jj;  

  //System.out.println("Orijinal Matris :\n"+Matrix.toString(a)); 
  for(k=0;k<(n-1);k++) 

  { //pivotlama 

 p=k; 
 buyuk=Math.abs(a[k][k]); 

 for(ii=k+1;ii<n;ii++)  

 {  dummy=Math.abs(a[ii][k]); 
    if(dummy > buyuk) {buyuk=dummy;p=ii;} 

 }  

 if(p!=k)  
 { for(jj=k;jj<n;jj++)  

   { dummy=a[p][jj]; 

     a[p][jj]=a[k][jj];  
     a[k][jj]=dummy; 

   }  
   dummy=b[p]; 

   b[p]=b[k]; 

   b[k]=dummy; 
 }  

   //System.out.println("pivotlu Matris : k="+k+"\n"+Matrix.toString(a)); 

 //gauss elemeyi ºzme   
    for(i=k+1;i<n;i++) 

    {  carpan=a[i][k]/a[k][k]; 

       a[i][k]=0; 
       for(j=k+1;j<n;j++) 

       {   a[i][j] -=carpan*a[k][j]; } 



           b[i]   =b[i]   -carpan*b[k]; 
 }  

  }  

  //geriye doĵru yerine koyma 
  x[n-1]=b[n-1]/a[n-1][n-1]; 

  for(i=n-2;i>=0;i--) 

  {  
    toplam=0; 

    for(j=i+1;j<n;j++) 

    {  toplam+=a[i][j]*x[j];}  
    x[i]=(b[i] -toplam)/a[i][i]; 

  }  

  return x; 
  }  

         
  public static double [][] HT_planecoz( double L,double W,double dx, double Tx0,double Txn,double Ty0,double Tyn,double hx0,double 

hxn,double hy0,double hyn,double kc) 

  {  
  //  Assume dx=dy=const; 

  //  Temperature of 4 sides are known 

  int nx=(int)(L/dx+0.01); 
  int ny=(int)(W/dx+0.01); 

  System.out.println("nx="+nx+"ny="+ny); 

 
  int mx=nx; 

  int my=ny; 

  int mt=mx*my;     
  double A[][]=new double[mt][mt]; 

  double b[]=new double[mt]; 

  double x[]=new double[mt]; 
  double x1,x2,y1,y2; 

  // boundary conditions 

  int i=0,j=0; 
  for(i=0;i<my;i++) 

  {    

     for(j=0;j<mx;j++) 
     {  

  x1=dx*j; 

  x2=(L-x1); 
  y1=dx*i; 

  y2=(W-y1);     

  int k=i*my+j;  
  x[k]=((x1*Tx0+x2*Txn)/L+(y1*Ty0+y2*Tyn)/W)/2.0;   

 int kp1=(i+1)*my+j; 

 int km1=(i-1)*my+j; 
  // 1 

     if((i==0)&&(j==0)) {A[k][k]+= -(hy0*dx/kc+hx0*dx/kc+2.0);A[kp1][k]+=1.0;A[k][k+1]+=1.0;b[k]+=-hy0*dx/kc*Tx0-hx0*dx/kc*Ty0;} 

     // 4 
     else if((i==0)&&(j==(mx-1))) {A[k][k]+= -(hxn*dx/kc+hy0*dx/kc+2.0);A[kp1][k]+=1.0;A[k][k-1]+=1.0;b[k]+=-hxn*dx/kc*Txn-

hy0*dx/kc*Ty0;} 

     // 2 
     else if((i==(my-1))&&(j==0)) {A[k][k]+= -(hx0*dx/kc+hyn*dx/kc+2.0);A[km1][k]+=1.0;A[k][k+1]+=1.0;b[k]+=-hyn*dx/kc*Tyn-

hx0*dx/kc*Tx0;} 

     // 3 
     else if((i==(my-1))&& (j==(mx-1))) {A[k][k]+= -(hxn*dx/kc+hyn*dx/kc+2.0);A[km1][k]+=1.0;A[k][k-1]+=1.0;b[k]+=-hyn*dx/kc*Tyn-

hxn*dx/kc*Txn;} 

     // 7 
     else if(j==0) {A[k][k]+= -(2.0*hx0*dx/kc+4.0);A[kp1][k]+=1.0;A[km1][k]+=1.0;A[k][k+1]+=2.0;b[k]+=-2.0*hx0*dx/kc*Tx0;} 

     // 5 

     else if(i==0) {A[k][k]+= -(2.0*hy0*dx/kc+4.0);A[kp1][k]+=2.0;A[k][k-1]+=1.0;A[k][k+1]+=1.0;b[k]+=-2.0*hy0*dx/kc*Ty0;} 
     // 8 

     else if(j==(mx-1)) {A[k][k]+= -(2.0*hxn*dx/kc+4.0);A[kp1][k]+=1.0;A[km1][k]+=1.0;A[k][k-1]+=2.0;b[k]+=-2.0*hxn*dx/kc*Txn;} 

     // 6 
     else if(i==(my-1)) {A[k][k]+= -(2.0*hyn*dx/kc+4.0);A[k][k-1]+=1.0;A[k][k+1]+=1.0;A[km1][k]+=2.0;b[k]+=-2.0*hyn*dx/kc*Tyn;}  

     // i bºlge 
     else {A[k][k]+=-4.0;A[km1][k]+=1.0;A[kp1][k]+=1.0;A[k][k-1]+=1.0;A[k][k+1]+=1.0;} 

     }  

  }  
  //Text.print(A); 

  double T[][]=new double[ny][nx];    

  //double a[]=conjugate_gradient1.conjugate_gradient(x,A,b); 
  //double a[]=gauss_seidel(A,b,x,1.2); 

  double a[]=pivotlugauss(A,b); 

  for(i=0;i<ny;i++) 
  { for(j=0;j<nx;j++) 

   {  



    {int k=i*my+j;  
     T[i][j]=a[k];  

    }  

   }  
  }  

 

  return T; 
  }  

        

  public static void main(String args[]) throws IOException,RemoteException, VisADException 
  {  

   double a[][]=HT_planecoz(1.0,1.0,0.1,20.0,20.0,20.0,100.0,200.0,200.0,200.0,200.0,200.0); 

   Text.print(a); 
   ContourPlot pp=new ContourPlot(a,0.0,0.1,0.0,0.1,40, false,"x","y","T=f(x,y)"); 

   pp.plot(); 
   Plot3D.data(a,0.0,0.1,0.0,0.1,400,"x","y","T=f(x,y)"); 

  }  

}  

 

  
 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 

0.05 40.9 31.8 29.7 29.3 29.3 29.4 29.5 29.6 29.7 29.8 29.8 29.7 29.6 29.5 29.4 29.3 29.3 29.7 31.8 40.9 

0.10 52.0 57.9 58.7 59.0 59.3 59.7 60.0 60.3 60.5 60.6 60.6 60.5 60.3 60.0 59.7 59.3 59.0 58.7 57.9 52.0 

0.15 54.6 57.2 58.6 59.5 60.1 60.6 61.0 61.4 61.6 61.7 61.7 61.6 61.4 61.0 60.6 60.1 59.5 58.6 57.2 54.6 

0.20 55.7 57.5 59.0 60.1 61.0 61.6 62.2 62.6 62.8 63.0 63.0 62.8 62.6 62.2 61.6 61.0 60.1 59.0 57.5 55.7 

0.25 56.5 58.3 59.8 61.0 62.0 62.8 63.4 63.9 64.2 64.3 64.3 64.2 63.9 63.4 62.8 62.0 61.0 59.8 58.3 56.5 

0.30 57.5 59.3 60.9 62.2 63.3 64.2 64.8 65.4 65.7 65.9 65.9 65.7 65.4 64.8 64.2 63.3 62.2 60.9 59.3 57.5 

0.35 58.7 60.6 62.2 63.6 64.7 65.7 66.4 67.0 67.4 67.5 67.5 67.4 67.0 66.4 65.7 64.7 63.6 62.2 60.6 58.7 

0.40 60.1 62.0 63.7 65.2 66.4 67.4 68.2 68.8 69.2 69.4 69.4 69.2 68.8 68.2 67.4 66.4 65.2 63.7 62.0 60.1 

0.45 61.8 63.7 65.5 67.0 68.3 69.4 70.2 70.9 71.3 71.5 71.5 71.3 70.9 70.2 69.4 68.3 67.0 65.5 63.7 61.8 

0.50 63.6 65.6 67.5 69.1 70.4 71.6 72.5 73.1 73.5 73.8 73.8 73.5 73.1 72.5 71.6 70.4 69.1 67.5 65.6 63.6 

0.55 65.6 67.8 69.7 71.4 72.8 74.0 74.9 75.6 76.0 76.3 76.3 76.0 75.6 74.9 74.0 72.8 71.4 69.7 67.8 65.6 

0.60 67.9 70.2 72.2 73.9 75.4 76.6 77.6 78.3 78.8 79.0 79.0 78.8 78.3 77.6 76.6 75.4 73.9 72.2 70.2 67.9 

0.65 70.5 72.8 74.9 76.8 78.3 79.5 80.5 81.2 81.7 81.9 81.9 81.7 81.2 80.5 79.5 78.3 76.8 74.9 72.8 70.5 

0.70 73.3 75.8 78.0 79.9 81.4 82.7 83.7 84.4 84.9 85.1 85.1 84.9 84.4 83.7 82.7 81.4 79.9 78.0 75.8 73.3 

0.75 76.3 79.0 81.3 83.3 84.9 86.2 87.1 87.9 88.3 88.6 88.6 88.3 87.9 87.1 86.2 84.9 83.3 81.3 79.0 76.3 

0.80 79.7 82.6 85.1 87.1 88.7 89.9 90.8 91.5 92.0 92.2 92.2 92.0 91.5 90.8 89.9 88.7 87.1 85.1 82.6 79.7 

0.85 83.3 86.6 89.3 91.3 92.8 93.9 94.8 95.5 95.9 96.1 96.1 95.9 95.5 94.8 93.9 92.8 91.3 89.3 86.6 83.3 

0.90 86.5 91.3 94.2 96.0 97.2 98.2 99.0 99.6 100.0 100.2 100.2 100.0 99.6 99.0 98.2 97.2 96.0 94.2 91.3 86.5 

0.95 86.7 98.0 100.2 101.1 102.0 102.8 103.4 103.9 104.3 104.5 104.5 104.3 103.9 103.4 102.8 102.0 101.1 100.2 98.0 86.7 

1.00 71.2 56.8 53.7 53.2 53.4 53.7 54.0 54.2 54.4 54.5 54.5 54.4 54.2 54.0 53.7 53.4 53.2 53.7 56.8 71.2 
 

 

Matlab solution: 
 function  [T] = HT_plane_xy(L,W,dx,Tx0,Txn,Ty0,Tyn,hx0,hxn,hy0,hyn,kc)  

  nx=L/dx;  

  ny=W/dx;  

  mx=nx;  

  my=ny;  

  mt=mx*my;     

  A=zeros(mt,mt);  

  B=zeros(mt);  

  T=zeros(mt,mt);  

  % boundary conditions  

  for  i=1:my    

     for  j=1:mx    

     k=(i - 1)*my+j;    

     kp1=i*my+j;  

     km1=(i - 2)*my+j;  

     % 1 

     if ( i==1 && j==1 )  



         A(k,k)=A(k,k) - (hy0*dx/kc+hx0*dx/kc+2.0);  

         A(kp1,k)=A(kp1,k)+1.0;  

         A(k,k+1)=A(k,k+1)+1.0;  

         B(k)=B(k) - hy0*dx/kc*Tx0 - hx0*dx/kc*Ty0;  

     % 4 

     elseif ( i==1&& j==mx )  

         A(k,k)=A(k,k) - (hxn*dx/kc+hy0*dx/kc+2.0);  

         A(kp1,k)=A(kp1,k)+1.0;  

         A(k,k - 1)=A(k,k - 1)+1.0;  

         B(k)=B(k) - hxn*dx/kc*Txn - hy0*dx/kc*Ty0;  

     % 2 

     elseif ( i==my && j==1)  

         A(k,k)=A(k,k) - (hx0*dx/kc+hyn*dx/kc+2.0);  

         A(km1,k)=A(km1,k)+1.0;  

         A(k,k+1)=A(k,k+1)+1.0;  

         B(k)=B(k) - hyn*dx/kc*Tyn - hx0*dx/kc*Tx0;  

     % 3 

     elseif ( i==my && j==mx)  

         A(k,k)=A(k,k) - (hxn*dx/kc+hyn*dx/kc+2.0);  

         A(km1,k)=A(km1,k)+1.0;  

         A(k,k - 1)=A(k,k - 1)+1.0;  

         B(k)=B(k) - hyn*dx/kc*Tyn - hxn*dx/kc*Txn;  

     % 7 

     elseif (j==1)  

         A(k,k)=A(k,k) - (2.0*hx0*dx/ kc+4.0);  

         A(kp1,k)=A(kp1,k)+1.0;  

         A(km1,k)=A(km1,k)+1.0;  

         A(k,k+1)=A(k,k+1)+2.0;  

         B(k)=B(k) - 2.0*hx0*dx/kc*Tx0;  

     % 5 

     elseif (i==1)  

         A(k,k)=A(k,k) - (2.0*hy0*dx/kc+4.0);  

         A(kp1,k)=A(kp1,k)+2.0;  

         A(k,k - 1)=A(k,k - 1)+1.0;  

         A(k,k+1)=A(k,k+1)+1.0;  

         B(k)=B(k) - 2.0*hy0*dx/kc*Ty0;  

     % 8 

     elseif (j==mx)  

         A(k,k)=A(k,k) - (2.0*hxn*dx/kc+4.0);  

         A(kp1,k)=A(kp1,k)+1.0;  

         A(km1,k)=A(km1,k)+1.0;  

         A(k,k - 1)=A(k,k - 1)+2.0;  

         B(k)=B(k) - 2.0*hxn*dx/kc*Txn;  

     % 6 

     elseif (i==my) A(k,k)=A(k,k) - (2.0*hyn*dx/kc+4.0);  

         A(k,k - 1)=A(k,k - 1)+1.0;  

         A(k,k+1)=A(k,k+1)+1.0;  

         A(km1,k)=A(km1,k)+2.0;  

         B(k)=B(k) - 2.0*hyn* dx/kc*Tyn;  

     % internal region  

     else      

        A(k,k)=A(k,k) - 4.0;  

        A(km1,k)=A(km1,k)+1.0;  

        A(kp1,k)=A(kp1,k)+1.0;  

        A(k,k - 1)=A(k,k - 1)+1.0;  

        A(k,k+1)=A(k,k+1)+1.0;  

     end  

     end  

  end  

   T=zeros(ny,nx);    

  B=B(:,1);  

  aa=linsolve(A,B);  

 for  i=1:ny  

 for  j=1:nx  

   k=(i - 1)*my+j;  

   T(i,j)=aa(k);  

 end  

end  

end  

 

 

 
>> [T]=HT_plane_xy(1.0,1.0,0.01,20.0,20.0,20.0,100.0,200.0,200.0,200.0,200.0,200.0); 

>> surf(T) 



 
 
PROBLEM 11 NON- HOMOGENEOUS, TIME INDEPENDENT  SOLUTION; C ARTESIAN COORDINATES, TWO 

DIMENSION 
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Java program: 

 
import java.io.*; 

import visad.*; 

import visad.java3d.DisplayImplJ3D; 
import visad.java2d.DisplayImplJ2D; 

import java.rmi.RemoteException; 

 
class HT_plane_FD_T 

{  

  public static double [] gauss_seidel(double a[][],double b[],double x[],double lambda) 
  {  

  //denklem sistemi ºz¿m¿ b iteratif gauss_seidel metodu metodu 

  //yakēnsama faktºr¿ lambda ile birlikte verilmiĸ form¿l    
  int n=a.length; 

  int imax=1000;//maksimum iterasyon sayēsē  

  double es=1.0e-10; 
  double dummy=0; 

  double ea=1e-1; 

  double sum=0; 



  double old=0; 
  int iter=0; 

  int sentinel=0; 

  //System.out.print("iter = "+(iter+1)+" "); 
  for(int i=0;i<n;i++) 

  {  dummy=a[i][i]; 

     for(int j=0;j<n;j++) 
       {a[i][j]/=dummy;}  

     b[i]/=dummy; 

  }  
  for(int i=0;i<n;i++) 

  {  sum=b[i]; 

     for(int j=0;j<n;j++) 
       {if(i!=j)sum -=a[i][j]*x[j];}  

     x[i]=sum; 
     //System.out.print(x[i]+ "  ");   

  }  

   //System.out.println();   
  iter++; 

  do 

  {  
  sentinel=1; 

  //System.out.print("iter = "+(iter+1)+" ");   

  for(int i=0;i<n;i++) 
     {  

  old=x[i]; 

  sum=b[i]; 
  for(int j=0;j<n;j++) 

     {if(i!=j) sum -=a[i][j]*x[j];}  

     x[i]=lambda*sum+(1.0-lambda)*old; 
     if(sentinel==1 && x[i]!=0.0 ) {ea=Math.abs((x[i]-old)/x[i])*100.0;}  

     if(ea<es) sentinel=0; 

   //System.out.print(x[i]+ "  ");      
     }  

  //System.out.println();   

  iter++; 
  }while(sentinel==1 && iter<imax);   

  if(iter>=imax) System.out.println("Maksimum iterasyon sayēsē aĸēldē sonu geerli olmayabilir iter = "+iter); 

  return x; 
  }  

   

  public static double[] pivotlugauss(double a[][],double b[]) 
  { //kēsmi pivotlu gauss eleme yºntemi 

  int n=b.length;    

  double x[]=new double[n]; 
  double carpan=0; 

  double toplam=0; 

  double buyuk; 
  double dummy=0; 

  //gauss eleme 

  int i,j,k,p,ii,jj;  
  //System.out.println("Orijinal Matris :\n"+Matrix.toString(a)); 

  for(k=0;k<(n-1);k++) 

  { //pivotlama 
 p=k; 

 buyuk=Math.abs(a[k][k]); 

 for(ii=k+1;ii<n;ii++)  
 {  dummy=Math.abs(a[ii][k]); 

    if(dummy > buyuk) {buyuk=dummy;p=ii;} 

 }  
 if(p!=k)  

 { for(jj=k;jj<n;jj++)  

   { dummy=a[p][jj]; 
     a[p][jj]=a[k][jj];  

     a[k][jj]=dummy; 
   }  

   dummy=b[p]; 

   b[p]=b[k]; 
   b[k]=dummy; 

 }  

   //System.out.println("pivotlu Matris : k="+k+"\n"+Matrix.toString(a)); 
 //gauss elemeyi ºzme   

    for(i=k+1;i<n;i++) 

    {  carpan=a[i][k]/a[k][k]; 
       a[i][k]=0; 

       for(j=k+1;j<n;j++) 



       {   a[i][j] -=carpan*a[k][j]; } 
           b[i]   =b[i]   -carpan*b[k]; 

 }  

  }  
  //back substitution 

  x[n-1]=b[n-1]/a[n-1][n-1]; 

  for(i=n-2;i>=0;i--) 
  {  

    toplam=0; 

    for(j=i+1;j<n;j++) 
    {  toplam+=a[i][j]*x[j];}  

    x[i]=(b[i] -toplam)/a[i][i]; 

  }  
  return x; 

  }  
   

        

  public static double [][] HT_planecoz( double L,double W,double dx, double Tx0,double Txn,double Ty0,double Tyn) 
  {  

  int nx=(int)(L/dx+0.01); 

  int ny=(int)(W/dx+0.01); 
  int mx=(nx-1); 

  int my=(ny-1); 

  int mt=mx*my;     
  double A[][]=new double[mt][mt]; 

  double b[]=new double[mt]; 

  double x[]=new double[mt]; 
  double x1,x2,y1,y2; 

  // boundary conditions 

  int i=0,j=0; 
  for(i=0;i<my;i++) 

  {    

     for(j=0;j<mx;j++) 
     {  

  x1=dx*j; 

  x2=(L-x1); 
  y1=dx*i; 

  y2=(W-y1);     

  int k=i*my+j;  
  x[k]=((x1*Tx0+x2*Txn)/L+(y1*Ty0+y2*Tyn)/W)/2.0;   

  int kp1=(i+1)*my+j; 

  int km1=(i-1)*my+j; 
  if(j==0)            {b[k]+=-Tx0;} 

     if(j== (mx-1))      {b[k]+=-Txn;} 

     if(i==0)            {b[k]+=-Ty0;} 
     else if(i==(my-1))  {b[k]+=-Tyn;} 

     A[k][k]+= -4.0; 

     if((i==0)&&(j==0)) {A[kp1][k]+=1.0;A[k][k+1]+=1.0;}  
     else if((i==0)&&(j==(mx-1))) {A[kp1][k]+=1.0;A[k][k -1]+=1.0;} 

     else if((i==(my-1))&&(j==0)) {A[km1][k]+=1.0;A[k][k+1]+=1.0;}  

     else if((i==(my-1))&&(j==(mx-1))) {A[km1][k]+=1.0;A[k][k -1]+=1.0;} 
     else if(j==0) {A[kp1][k]+=1.0;A[km1][k]+=1.0;A[k][k+1]+=1.0;} 

     else if(i==0) {A[k][k+1]+=1.0;A[k][k -1]+=1.0;A[kp1][k]+=1.0;} 

     else if(j==(mx-1)) {A[kp1][k]+=1.0;A[km1][k]+=1.0;A[k][k -1]+=1.0;} 
     else if(i==(my-1)) {A[km1] [k]+=1.0;A[k][k -1]+=1.0;A[k][k+1]+=1.0;} 

     else {A[km1][k]+=1.0;A[kp1][k]+=1.0;A[k][k-1]+=1.0;A[k][k+1]+=1.0;} 

     }  
  }  

  double T[][]=new double[ny+1][nx+1];    

  double a[]=conjugate_gradient1.conjugate_gradient(A,b); 
  for(i=0;i<=ny;i++) 

  { for(j=0;j<=nx;j++) 

  {if(j==0) {T[i][j]=Tx0;}  
    else if(i==0) {T[i][j]=Ty0;}  

    else if(j==nx) {T[i][j]=Txn;}  
    else if(i==ny) {T[i][j]=Tyn;}  

    else 

    {int k=(i -1)*my+(j-1); 
     T[i][j]=a[k];  

    }  

    }  
   

  }  

   return T;   
}   

  public static void main(String args[]) throws IOException,RemoteException, VisADException 



  {  double a[][]=HT_planecoz(1.0,1.0,0.05,20.0,20.0,20.0,100.0); 
     Text.print(a); 

  ContourPlot pp=new ContourPlot(a,0.0,1.0,0.0,1.0,40, false,"x","y","T=f(x,y)"); 

  pp.plot(); 
  Plot3D.data(a,0.0,1.0,0.0,1.0,400,"x","y","T=f(x,y)"); 

  }  

}  

 

 
 

 

 
public static void main(String args[]) throws IOException,RemoteException, VisADException 

  {  double a[][]=HT_planecoz(1.0,1.0,0.02,20.0,20.0,100.0,100.0); 

     Text.print(a); 

  ContourPlot pp=new ContourPlot(a,0.0,1.0,0.0,1.0,40, false,"x","y","T=f(x,y)"); 
  pp.plot(); 

  Plot3D.data(a,0.0,1.0,0.0,1.0,400,"x","y","T=f(x,y)"); 

  }  

 

 
public static void main(String args[]) throws IOException,RemoteException, VisADException 

  {  double a[][]=HT_planecoz(1.0,1.0,0.02,20.0,20.0,60.0,100.0); 
  ContourPlot pp=new ContourPlot(a,0.0,1.0,0.0,1.0,40, false,"x","y","T=f(x,y)"); 

  pp.plot(); 

  Plot3D.data(a,0.0,1.0,0.0,1.0,400,"x","y","T=f(x,y)"); 
  }  


