Group Project

1 Picard Iteration
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restart:

Picard := proc(t0,y0,f,x,y)
y0 + int(f(t,y(t)),t=t0..x)

end:

Part a) Linear Example:
f= Xy ->vy,

y = x->1,
t0 = O
yo = 1:

zZ[0) =y
z[1 = X ->
Z[1](x);

z[2 = X >
Z[2](x);

z[3 = X ->
Z[3](x);

z[4 = X ->
z[4](x);

z = array(0..10);

z := array(0..10, [])

z0 = 1
Picard(t0,y0,f,x,z[0]):
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Part b) Nonlinear Example (with Unique Solution)
f= (xy) > xy2

y = Xx->0;
t0 = O:
yo = O:

z[0] =y,

fi= () oy

y:=0

z = array(0..10);

z := array(0..10, [])



20:=0

> Z[1 = x -> Picard(t0,y0,f,x,z[0]):
> zZ[1](X%);
> z[2] = x -> Picard(t0,y0,fx,z[1]):
> zZ[2](%);
Lo 1os
2 20
> z[3] = x -> Picard(t0,y0,fx,z[2]):
> Z[3](X);
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> plot(  {z[0](x),z[1](x),z[2](x),z[3 ]Jx) }x=0 .1,c olor= [red,b lue])
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1.3 Part ¢) Nonlinear Example (with Non Unique Solutions)
> f = (xy) -> 3*Y(2/3);
fi= (2, y) = 3y

>y = X->X-2;
Yy =z —x—2
> t0 = 2
> y0 = O
> z = array(0..10);

z := array(0..10, [])
> z[0] = v



20 =Y
> z[1] = x -> Picard(t0,y0,fx,z[0]):
> Z[1](x);
%(m72)(5/3)

Must be alittle more clever, so we do the calculations by hand

> z[2] = x -> Picard(t0,y0,fx,z[1]):

> Z[2](x);

Error,  (in limit) invalid limiting point
> z[3] = x -> Picard(t0,y0,fx,z[2]):

> Z[3](x);

Error,  (in limit) invalid limiting point

2 Analytical Solution of part b)

> restart:
> ode := diff(y(x),x) = xy(X)72;

ode := 8—‘1 y(z) =z —y(z)?
> ic = y(0)=1,

ic:=y(0)=1
> dsolve( {ode,ic },y(x));
(-3 F(§)2 32/3) 127 305/6)) AiryAi(1, z)
_ 5 + AiryBi(1, x)
3 F(§)2 3(1/6) 4 2 7 3(1/3)

y(z) = D)
(=3T(%)233/3) 1 27305/9) AiryAi(x)
— 3 5 + AiryBi(z)
3 F(§)2 3(1/6) + 27 3(1/3)

> simplify(%);
2 4 . 2
y(x) = —(3 AiryAi(1, z) F(g)2 32/3) — 2 AiryAi(1, 2) 7 30/%) 4 3 AiryBi(1, z) F(g)2 3(1/6)
2
+ 2 AiryBi(1, x) 7 3(1/3) /(—3 AiryAi(z) F(g )23(2/3) 42 AiryAi(z) m 3(5/6)

2
— 3 AiryBi(z) F(§)2 3(1/6) _ 2 AiryBi(z) 7 3(1/3))
> evalf(%);

—4.25336217 AiryAi(1, z) + 15.66816282 AiryBi(1, x)
4.25336217 AiryAi(z) — 15.66816282 AiryBi(z)

y(z) =—1.



