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The time dependent Schrodinger equation for one spatial dimension is of the form
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We provided in ref . 2  a complex FORTRAN algorithm to deal with complex wave functions pertinent to the solutions of eq(1). Another FORTRAN code is provided here to find the time evolution of an initial Gaussian distribution  ~ exp (-α(x-x0)2 )  confined within an infinite well.  
The problem is posed in the following form. At time t=0 the shape of the original function  Ψ(x,t=0) =  u(x) is given analytically.

Suppose now that u(x) is superposition of eigen functions of the potential
U(x)  ( the infinite well of width L).
Then  

   u(x) =∑ n cn φn (x)                                                           .         (4)
Where     

       φn (x)  = (2/L)1/2 sin ( kn x)                          ,                        (5) 
and     kn = (nπ/L)   , n=1,2,3…  ,
with energies            En =( kn)2 /2                                      .          (6)

The coefficients 

cn = ∫ u(x) φn  dx     ,      0 ≤ x ≤ L                                            (7)
The time dependent wave function is given by the superposition

Ψ(x,t) = ∑ n cn exp(-i Ent) φn (x)                                         .  (8)

Example :

The original wave function is

u(x)=anorm*exp(-alfa*(x-.5)**2)
The normalization factor (anorm ) is calculated first along with the coefficients cn and the energies En .
anorm=  1.88898063

i,cn,en=   1     0.936E+00    0.493E+01

i,cn,en=   2    -0.424E-07    0.197E+02

i,cn,en=   3    -0.348E+00    0.444E+02

i,cn,en=   4    -0.376E-07    0.790E+02

i,cn,en=   5     0.492E-01    0.123E+03

i,cn,en=   6    -0.295E-07    0.178E+03

i,cn,en=   7    -0.165E-02    0.242E+03

i,cn,en=   8     0.873E-07    0.316E+03

i,cn,en=   9     0.884E-03    0.400E+03

i,cn,en=  10    -0.215E-07    0.493E+03
The real part Ψ(x,t) is plotted at intervals  t=0 , ∆t , 2∆t,     ….

where ∆t=0.135 .
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Fig 1.   0 , dt, 2dt , 3dt
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Fig 2.   4dt, 5dt, 6dt, 7dt 
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Fig 3. t= 8dt , 9dt,  10dt , 11dt
c gaussian wave packet

      complex psi  ,factori ,sumpsi ,psit

      real kn

      dimension cn(50),en(50)

      data alfa ,nbasis,nx,nt/20.,10, 20, 6/

      external psi

      psinor(x)=anorm*exp(-alfa*(x-.5)**2)

      phi(x)=sqrt(2.)*sin(kn*x)

      pi=2.*asin(1.)

      factori=cmplx(0.,1.)

c finds normalization constant of the gaussian

      call aintg(alfa,anorm)

      print*,'anorm=',anorm

c      call plot(alfa,anorm)

      do 10 i=1,nbasis

      call coef(i,pi,anorm,alfa,cni,energy)

      cn(i)= cni

      en(i)=energy

      print 110,i,  cn(i) ,en(i)

10    continue

      e1sq=pi**2/2.

      e2sq=4.*pi**2/2.

      print*,'.5*pi**2 ,.5*4.*pi**2=',e1sq,e2sq

      print*,'   '

      tscale=1./en(1)

      tf=4.*tscale

      dt=tf/float(nt)

      dx=1./float(nx)

c do 15 - time loop nstept

      do 15 i=0,3

      t=dt*float(i)

      do 20 j=0,nx

      x=dx*float(j)

      psit=0.

      do 40 i2=1,nbasis

      kn=float(i2)*pi

      psit=psit+cn(i2)*exp(-factori*en(i2)*t)*phi(x)

40    continue

      print 100,t,x,real(psit),aimag(psit)

20    continue

      print*,'    '

15    continue

100   format('t,x,real,aimag=',4(3x,e10.3))

110   format('i,cn,en=',i4,1x,2(3x,e10.3))

      stop

      end

      function psi(alfa,x)

      psi=exp(-alfa*(x-.5)**2)

      return

      end

      subroutine plot(alfa,anorm)

      psin(x)=anorm*exp(-alfa*(x-.5)**2)

      xi=0.

      xf=1.

      n=60

      dx=(xf-xi)/float(n)

      do 10 i=0,n

      x=xi+dx*float(i)

      print 100,x ,psin(x)

10    continue

100   format(1x,'x,psi=',2(3x,e10.3))

      return

      end

      subroutine energy(alfa,anorm,e)

      psin(x)=anorm*exp(-alfa*(x-.5)**2)

      d2psi(x)=(psin(x+dx)-2.*psin(x)+psin(x-dx))/dx**2

      xi=0.

      xf=1.

      nstep=200

      dx=(xf-xi)/float(nstep)

      sum=0.

      do 10 i=1,nstep

      x=xi+dx*float(i)

      sum=sum+(-.5)*(dx/2.)*( psin(x)*d2psi(x)+ psin(x-dx)*d2psi(x-dx))

10    continue

      e=sum

      return

      end

      subroutine coef(i,pi,anorm,alfa,cni,E)

      real k

      psinor(x)=anorm*exp(-alfa*(x-.5)**2)

      phi(x)=sqrt(2.)*sin(k*x)

      k=float(i)*pi

      nstep=1000

      dx=1./float(nstep)

      sum=0.

      do 10 j=1,nstep

      x=dx*float(j)

      sum=sum+ (dx/2.)*(phi(x)*psinor(x)+ phi(x-dx)*psinor(x-dx) )

10    continue

      cni=sum

      E=k**2/2.

c      print*,'i,cn=',i,cni

      return

      end

      subroutine aintg(alfa,anorm)

      external psi

      xi=-3.

      xf=3.5

      nstep=200

      dx=(xf-xi)/float(nstep)

      sum=0.

      do 10 i=1,nstep

      x=xi+dx*float(i)

      sum=sum+(dx/2.)*( psi(alfa,x)**2  +   psi(alfa,x-dx)**2 )

10    continue

      anorm=1./sqrt(sum)

      return

      end

