VA for NLS soliton using a Gaussian ansatz
NS r li tential

> restart;

| > interface(showassuned=0):;

Ansatz of the form u(x,t) = A(x,t) * exp(I*phi(x,t))
> A = B(t)*exp(-(x-xi(t))"2/(2*Wt)"2));

> phi = d(t)*(x-xi (t))22+c(t)*(x-xi (t))+b(t);
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Lagrangian: (I/2)(u u*_t - u_tu*) + (1/2) u_x u*_x - (1/2) |u|"4 = A*2 phi_t + (1/2)*

(A_X"2+A"2 phi_x"2) -(1/2)*AN4A+V*AN2

> LA = A2*diff(phi,t) + (1/2)*(diff(A x)"2+A2*di ff(phi, x)"2) -
(1/2)*AM4 + \FAN2;
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Take out t-dependence so we can compute Leff

> subl :=diff(B(t),t)=Bp,diff(d(t),t)=dp,diff(c(t),t)=cp,diff(w
(t),t)=wp,diff(b(t),t)=bp,diff(xi(t),t)=xip:

> sub2 := xi(t)=xi,b(t)=b,B(t)=B,c(t)=c,d(t)=d, WM(t)=w

> LA2 : = subs({subl, sub2}, LA);




(x—§)2

2
_uu:zﬁ(e 2w J(mﬂx—gf—zd(x—axw+aﬂx—®-ﬂmw+bm 4)

2wt 2
#(e_%r +g2x232(e%]2
2 2

_|_

Leff = integral of Lag, we need to assume that a>0 and xi real to be able to evaluate
integrals

> assune(w>0);

assunme(c>0);

assune( xi >0);

assune( b>0);

assunme(d>0);

Leff := int(LA2,x=-infinity..infinity);
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Put back t-dependences so that we can do Euler-Lag

> subil := Bp=diff(B(t),t),dp=diff(d(t),t),cp=diff(c(t),t),
wp=(di ff(w(t),t)), bp=(diff(b(t),t)),xip=(diff(xi(t),t)):

[ > subi 2 = xi=xi(t),b=b(t),B=B(t),d=d(t),c=c(t),w=w(t):

Euler-Lagrange eqs

> dLwp : = subs({subil, subi?2},diff(Leff,w)):;

> dLbp : = subs({subi 1, subi 2},diff(Leff,bp)):;

> dLcp : = subs({subil, subi?2},diff(Leff,cp)):;

> dLdp : = subs({subil, subi?2},diff(Leff,dp)):;

> dLBp : = subs({subi 1, subi2},diff(Leff,Bp)):;

> dLxi p: = subs({subi 1, subi 2},diff(Leff,xip)):;

> eql :=diff(dLwp ,t)=subs({subi 1, subi?2},diff(Leff,w);
> eq2 := diff(dLbp ,t)=subs({subi 1, subi?2},diff(Leff,b));
> eq3 = diff(dLcp ,t)=subs({subil, subi2},diff(Leff,c));
> eqd :=diff(dLdp ,t)=subs({subi 1, subi?2},diff(Leff,d));
> eqb := diff(dLBp ,t)=subs({subil, subi?2},diff(Leff,B));
> eq6 := diff(dLxip,t)=subs({subil, subi?2},diff(Leff,xi));
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Sove Euler-Lag ODEs simultaneously
> sol : =sol ve({eql, eq2, eq3, eq4, eqgb, eq6}, {diff(B(t),t),diff(d(t),t),
diff(c(t),t),diff(wmt),t),diff(b(t),t),diff(xi(t),t)}):

> eqw = diff(w(t),t)=subs(sol,diff(wt),t));
> eqgb := diff(b(t),t)=subs(sol,diff(b(t),t));
> eqc :=diff(c(t),t)=subs(sol,diff(c(t),t));
> eqd := diff(d(t),t)=subs(sol,diff(d(t),t));
> eqB := diff(B(t),t)=subs(sol,diff(B(t),t));
> eqgxi = diff(xi(t),t)=subs(sol,diff(xi(t),t));
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Obtain equation for position

: = subs({eqc}, dlff(eqX| t));
ode_xi : i&(t)——Qi

de?

> ode_xi
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=Obtain guation for width
> ode w:=diff(wt),t,t)=sinplify(subs({eqd, eqw},diff(rhs(eqw),t))
);
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[ Now apply conservation of mass to solve for B(t) as a function of w(t)
> A2 = subs({subl, sub2}, Ar2):;

> Mass (= int (A2, x=-infinity..infinity);
> BM : = sol ve(Mass=M B) : ;
> BMp : = subs({w=w(t)},BM1]);
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Width equation with conservation of mass

> ode_w2: =expand(si nplify(subs(B(t)=BM, ode_w)));
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d
ode_w?2 := —5 w(t) = -w(t) Q
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