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Reference:

1. Theoretical Cosmology (Oxford Studies in Physics) by A.K. Raychaudhuri
page 169.
An empty universe ρ=0, satisfies the equation 

2R''/R +(R'/R)**2 +k/R**2 =0.     (1)

with k=0,  -1 or +1.

The equation is integrated suject to initial conditions (in each case of k)  , R0 =  0 .5 , V0 =0 .9         .
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FORTRAN CODE

c     cosmological expansion   august 12

c see page 179 Theoretical Cosmolgy Raychaudhuri

c with p and rho=0  2R''/R +(R'/R)**2 +k/R**2 =0.

      real kneg,kcero, kpos

      kneg=-1.

      kcero=0.

      kpos=+1.

c initial conditions  x(k=-1) ,y(k=0),z(k=+1)

      x0=.5

      v0=.9

      y0=x0

      z0=x0

      tscale=x0/v0

      nstep=2000

      tfinal=2.5

      dt=tfinal/float(nstep)

      kprint=int(float(nstep)/70.)

      kount=kprint

      x1=v0*dt+x0

      y1=v0*dt+y0

      z1=v0*dt+z0

      t=0.

      write(6,100)t,x0,y0,z0

      do 10 i=2,nstep

      t=dt*float(i)

      v1x=(x1-x0)/dt

      v1y=(y1-y0)/dt

      v1z=(z1-z0)/dt

      x2=2.*x1-x0 -.5*dt**2*(v1x**2/x1+kneg/x1)

      y2=2.*y1-y0 -.5*dt**2*(v1y**2/y1+kcero/y1)

      z2=2.*z1-z0 -.5*dt**2*(v1z**2/z1+kpos/z1)

      if(i.eq.kount)then

      write(6,100)t,x2,y2,z2

      kount=kount+kprint

      endif

      x0=x1

      x1=x2

      y0=y1

      y1=y2

      z0=z1

      z1=z2

10    continue

100   format(3x,'t,x,y,z=',3x,e10.3,3x,e10.3,3x,e10.3,3x,e10.3)

      stop

      end

