8 February 2016

THECORY

lo
y' =1l+y/t, 1<t < 1.1, y(t)=2t+tInt

Theoreti cal sol uti on

Cl ear [t ]

gt _1:=2t +t Log[t];
Sinplify[D[g[t], t]1-1-g[t]/t]
y=9I[1];

Print ["Initial value yg = ", VY]

0
Initial value yg = 2

RK4
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flt .,y l:i=1+y/t;
a=1 b=1.1;n=1;1 =0.1; t =1;
X2 =N[g[t]]; x3 =Abs[y-x2]; y=0[1];

Print ["Initial value yo = ", x2];
Do[Print ["STEP : ", i]; kl=1f[t, y]; Print["ky =", NI
k2 =f |t | Ikl'Print"k ", N[k2, 7171;
=flte sy == ["kz = ", N[k2, 71;
k3= f[t+ | kz]- Print ["ks = ", N[k3, 711:
= + —, + . = ' ) ’
2 It °
kd =f [t +1, y+I k3]; Print ["ks = ", N[k4, 711;
1
X=y+g| (k1 +2k2+2k3+k4);
t =t +1;
X1 = N[X];
y =X; X2 =N[g[t]]; X3 =Abs[x1-x2];
Print["time : ", t1, ", nunerical : ", x1, ", thi

Initial value yg = 2.
STEP : 1
k, = 3.000000
ko = 3.047619
ks = 3.049887
kg = 3.095444
time : 1.1, nunerical : 2.304841
, theoretical : 2.304841, error : 2.715153x10°’

Tayl or order n=2:

Vier=VYi+l f (t, y)+l 221" (t,y)/2,
wher e :
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.- Clear [t]; dear [y];
flt .,y l:i=1+y/t;
f'[t ,y 1:=0+(tf[t,y]l-y)/t"2
Print ["f’ (t,y) =",
frrt,yl, " =", Sinplify[f’'[t, yl]]
-y +t <1+tx) 1
t2 t
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Cl ear [X]
f[X_ 1:=5qrt[l+x"4]
th = N[Integrate[f [x], {X, 0, 0.6}11;

Print ["Theoretical value : ", th]
Theoretical value : 0.6076419
P[x_]:=Interpol ati ngPol ynom al [

{{0, f[0]}, {0.3, f[0.371}, {0.6, f[0.6]}}, X]
nunl = N[l ntegrate[P[x], {X, 0, 0.6}]1;

Print ["Interpolating Polynomal : ", Expand[P[x]]]
Print ["Approxi mation : ",
nunml, ", error =", Abs[nunl-th]]

| nt erpol ati ng Polynomial : 1. -0.07776516 x + 0. 3041264 x?
Approxi mation : 0.6078994, error = 0.0002574261

COVPOSI TE SI MPSON



Cl ear [Xx]

f[X 1:=5qrt[l+x"4]
nN=6; a=0; b=0.6; h=0.1;
Print[a, " , ", f[a]]
StrO=f[a] +f[b]; SbO=Str0; Strl1=0; Sbl =0; Sbh2 =0;
Do[a +=h; I f [EvenQ[i ], Sb2 +=f [a], Sbl +=f [a]]; Print [a
Print [b, " , ", f[b]]

1
Sb = > h (Sb0+4 Sb1+2Sb2);

Print ["Conposite Sinpson I (f)=", N[Sb], "

o , 1

0.1 , 1
0.2 , 1
0.3 , 1
0.4 , 1.
0.5 , 1
0.6 , 1.
Conposite

. 00005
. 0008
. 004042

012719

. 030776

062826
Si npson | (f)=0.6076446

Absol ute error -2.616439x10°°
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Absol ut e
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Cl ear [Xx]

Print ["Theoretical solution : ",

NSol ve[x"2-5==0, x]]

f[Xx ]:=x"2-5

Print ["f (x)=", f[x], ", f’"(x)=", D[f[x], X]]

Pl ot [f [x], {X, -3, 3}, PlotStyle > {Red, Thick},
AxesLabel - {"x", "f (x)"},

BaseStyle » {FontFam ly - "Arial", FontSize » 14}]

Cl ear [X]

gix_J:=Sinmplify[x-f[x]/ (2X)]

Print ["Ri ght hand-side: x-f (x)/f’ (x) =", g[X]]
X =2;

Print ["Initial value : ", X]

Doy = g[X];

Print[i, " , ", N[y, 1011; x=y, {i, 1, 3}]

Theoretical solution : {{x - -2.236068}, {x - 2.236068}}
f(x)==5+x2, f’ (x)=2Xx
f(x)

X
. . 5 2
Ri ght hand-side: x-f (x)/f’ (x) = 2+))((
Initial value : 2
1 , 2. 250000000
2 , 2.236111111

3 : 2.236067978
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Cl ear [Xx]

Print ["Theoretical solution : ",

NSol ve[x"3 -7 ==0, x]]

f[X ]:=x"3-7

Print ["f (x)=", f[x], ", f’"(x)=", D[f[x], X]]

Pl ot [f [x], {X, -3, 3}, PlotStyle > {Red, Thick},
AxesLabel - {"x", "f (x)"},

BaseStyle » {FontFam ly - "Arial", FontSize » 14}]

Cl ear [X]

gix_J1:=Sinmplify[x-f[x]/ (3x"2)]

Print ["Ri ght hand-side: x-f (x)/f’ (x) =", g[X]]
x=1.7;

Print ["Initial value : ", X]

Doy = g[X];

Print[i, " , ", N[y, 1011; x=vy, {i, 1, 3}]

Theoretical solution : {{x - -0.9564656 -1. 656647 1},
(X - -0.9564656 + 1. 656647 1}, {X - 1.912931}}

f(x)=—7+x3, f’ (x)=3x2

-10}
20,
-30-

. : 7 2 X
Ri ght hand-side: x-f (x)/f’ (x) = T + 3
Initial value : 1.7
1 : 1.940715
2 : 1.913327

3 : 1. 912931
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Theoreti cal Val ue

Cl ear [X]

f[X_ 1:=5qrt[1l+x"2]

tv=Integrate[f [x], {X, 0, 0.5}];

Print ["Theoretical value =", th]; Print[" "];
Theoretical value = 0.5201144

Nuneri cal Val ue

COMPOSITE TRAPEZOIDAL

Clear|[T];
F[X ] :=Sgrt[l+x"2];
b-a
a=0;b=0.5;n=——;
0.1
StrO=f[a] + F[b]; SbO =Str0; Strl1 =0; Sb1 =0; Sb2 =0;

Do[a += h; Strl1 += f[a], {1, 1, n-1}]
1
Str = > h (StrO + 2 Strl) ;

Print["Composite Trapezoidal I (f)="", N[Str], " Absc

Conposite Trapezoidal | (f)=0.5204872
Absol ute error =0. 000372798
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30
y' =1l+y/t, 1<t< 1.1, y(t)=2t+tInt

Theoretical sol uti on

A ear [t ]
gt _1:=2t +t Log[t];

Sinplify[D[g[t], t1-1-g[t]/t]
Print ["Initial value yo = ", N[g[1]]1]

0
Initial value yo = 2.

RK3
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Clear [f]; dear [g];
gt 1:=2t +t Log[t]; f[t_,y ]:=1+y/t;a=1;, b=1. 1;

Print ["time step : ", |]

x2 =N[g[t]]; X3 =Abs[y-x2]; Print["Initial value yg =
Do[Print [*STEP : ", i1; kl=f[t, y]; Print["ky =", N[
I

k1 i
]; Print ["ko = ", N[k2, 711:

|
k2=f[t+§, y + 5

k3=f[t+], y-1 xkl+2 1| k2]; Print ["ks = ", N[k3

t =t +]; t1=N[t]; x2=N[x, 7]; y=X; x2=N[g[t]];
Print["tinme : ", t1, " num: ", x1, " th : ", x2

time step : 0.1
Initial value yg = 2.
STEP : 1
k,; = 3.000000
ko = 3.047619
ks = 3.099567
time : 1.1 num: 2.304834
th : 2.304841 er : 7.142951x10°



