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Homework 6
The following procedure compute R_{nn} for the integral of f(x) over [a,b]
with(Student[Calculus1]);
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Problem 1a 
  
Note the limit of  x^(-1/4)*sin(x) as x -> 0 is 0.  Because maple perceives there is a singularity, I 
needed to do the first part of the integration without using the built-in package.
f:= proc (x)
local u;
if (x<>0) then u:=x^(-1/4)*sin(x) else u:=0; fi;
return(u);
end proc;

plot(f(x),x=0..1);
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> > A:=(f(0)+4*f(0.125)+f(0.25))*0.25/6+ApproximateInt(f(x),x=0.25.
.1,method=simpson,partition=3);

trueValue1a:=evalf(int(f(x),x=0..1));

abs(A-trueValue1a);

Problem 3b
f:= t -> t^2/(1+t^4);

trueValue3b:=evalf(int(f(t),t=0..1));

A:= ApproximateInt(f(x),x=0.0..1.0,method=simpson,partition=4);

abs(A-trueValue3b);
0.0000089316

Problem 4a
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g:= x -> 1/(1+x^4);

trueValue4a0to1:=evalf(int(g(t),t=0..1));

B:= ApproximateInt(g(x),x=0.0..1.0,method=simpson,partition=9);

abs(trueValue4a0to1-B);

We did the integral from 1 to infinity in Problem 3b)
f:= t -> t^2/(1+t^4);
trueValue411toInfinity:=evalf(int(f(t),t=0..1));

A:= ApproximateInt(f(x),x=0.0..1.0,method=simpson,partition=9);

abs(A-trueValue3b);

Let's compare
X:=A+B;

trueValue := int(g(x),x=0..infinity);

evalf(abs(X-trueValue));
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Problem 1a
since diff(y*cos(t),y) is cos(t), which is bounded in absolute value by 1, there is a uniques solution, 
which is easily found to be e^sin(t)
f:= t -> exp(sin(t));

diff(f(t),t)-f(t)*cos(t);
0

f(0);
1

Problem 2a
Since diff(exp(t-y),y)=-exp(t-y) and $exp(-y) goes to infinity as y goes to -infinity, we see Theorem5.4 
does no apply. It is easy to solve though,
giving 
f:= t -> ln(exp(t)+exp(1)-1);

simplify(diff(f(t),t)-exp(t-f(t)));
0
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f(0);
1

Problem 3a
Since diff(t^2*y+1,y)=t^2 is bounded for t in [0,1], the Lipschitz condition is satisfied, so theorem 5.6 
applys to show the problem is well-posed.
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Problem 1a and 3a
f:= (t,y) -> t*exp(3*t)-2*y;

h:=0.5;
w0:=0;
w1 := w0+h*f(0,w0);
w2:= w1+h*f(h,w1);

trueSolution := t-> t*exp(3*t)/5-exp(3*t)/25+exp(-2*t)/25;

for j from 0 to 2 do
abs(w||j-trueSolution(h*j));
od;

0.
0.2836165218
2.098677050

Problem 5a
f := (t,y) -> y/t -(y/t)^2;

h:=0.1;
w[0]:= 1.0;
t:=1.0;
for j from 1 to 10 do
w[j] := w[j-1] + h* f(t,w[j-1]);
t:= t+h;
print(t,w[j]);
od:
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Problem 7a
trueSolution := t -> t/(1+ln(t));

t:=1.0;
for j from 1 to 10 do
t:= t+h;
print(t, abs(trueSolution(t)-w[j]));
od:

Problem 13a
trueSolution(1.25);
(w[3]*(1.3-1.25)+w[2]*(1.25-1.2))/0.1;
Error:= abs(trueSolution(1.25)-(w[3]*(1.3-1.25)+w[2]*(1.25-1.2))
/0.1);

1.021956907
1.014976968

trueSolution(1.93);
(w[10]*(2.0-1.93)+w[9]*(1.93-1.9))/0.1;
Error:= abs(trueSolution(1.93)-(w[10]*(2.0-1.93)+w[9]*(1.93-1.9))
/0.1);

1.164390171
1.163473178


