Solution of  dv/dt = - g + (k/m) v2  (version 2)
by Reinaldo Baretti Machín
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e-mail : reibaretti2004@yahoo.com
To solve numerically two Taylor series are built

 xn = xn-1 +  vn-1*dt    +.5*a(vn-1)*dt**2               (1)

vn =v n-1 + a(vn-1)*dt + .5*(da(vn-1)/dt)*dt**2      (2)

The aceleration at the nth interval is

(dv/dt)n = a(vn) = - g + (k/m) (v2)n                       (3)

and its derivative

da(vn)/dt) = 2(k/m) vn (dv/dt)n = 2(k/m) vn a(vn)    (4)

data

Initial conditions x0=0. ,vo=0.  , k=1.E-2 N(s/m)2 ,  m=0.5 kg, g=9.8m/s2
The trajectory plot
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velocity plot
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x0,v0=  0.  0.

 vterminal=  22.1359444

   0.000E+00     0.000E+00     0.000E+00

   0.136E+00    -0.899E-01    -0.133E+01

   0.271E+00    -0.359E+00    -0.264E+01

   0.407E+00    -0.806E+00    -0.394E+01

   0.542E+00    -0.143E+01    -0.521E+01

   0.678E+00    -0.222E+01    -0.645E+01

   0.813E+00    -0.317E+01    -0.764E+01

   0.949E+00    -0.429E+01    -0.879E+01

   0.108E+01    -0.555E+01    -0.988E+01

   0.122E+01    -0.696E+01    -0.109E+02

   0.136E+01    -0.851E+01    -0.119E+02

   0.149E+01    -0.102E+02    -0.128E+02

   0.163E+01    -0.120E+02    -0.137E+02

   0.176E+01    -0.139E+02    -0.144E+02

   0.190E+01    -0.159E+02    -0.152E+02

   0.203E+01    -0.180E+02    -0.159E+02

   0.217E+01    -0.202E+02    -0.165E+02

   0.230E+01    -0.225E+02    -0.170E+02

   0.244E+01    -0.248E+02    -0.176E+02

   0.257E+01    -0.272E+02    -0.180E+02

   0.271E+01    -0.297E+02    -0.185E+02

   0.285E+01    -0.322E+02    -0.188E+02

   0.298E+01    -0.348E+02    -0.192E+02

   0.312E+01    -0.374E+02    -0.195E+02

   0.325E+01    -0.401E+02    -0.198E+02

   0.339E+01    -0.428E+02    -0.200E+02

   0.352E+01    -0.455E+02    -0.203E+02

   0.366E+01    -0.483E+02    -0.205E+02

   0.379E+01    -0.510E+02    -0.206E+02

   0.393E+01    -0.539E+02    -0.208E+02

   0.407E+01    -0.567E+02    -0.210E+02

   0.420E+01    -0.595E+02    -0.211E+02

   0.434E+01    -0.624E+02    -0.212E+02

   0.447E+01    -0.653E+02    -0.213E+02

   0.461E+01    -0.682E+02    -0.214E+02

   0.474E+01    -0.711E+02    -0.215E+02

   0.488E+01    -0.740E+02    -0.216E+02

   0.501E+01    -0.769E+02    -0.216E+02

   0.515E+01    -0.799E+02    -0.217E+02

   0.529E+01    -0.828E+02    -0.217E+02

   0.542E+01    -0.858E+02    -0.218E+02
FORTRAN code

c    fall with friction - eq of motion:  mdv/dt=-mg+kv**2

c employs a taylor series to order dt**2 for the position and velocity

      real k ,m

      a(v)= -g + (k/m)*v**2

      dadt(v)= 2.*(k/m)*v*a(v)

      k=1.e-2

      m=0.5

      g=9.8

      vscale=sqrt((m*g)/k)

      tscale=vscale/g

      nstep=5000

      dt=2.4*tscale/float(nstep)

      kprint=int(float(nstep)/40.)

      kount=kprint

c     initial conditions

      x0=0.

      v0=0.

      t=0.

      print*,'vterminal=', vscale

      print*,'    '

      write(6,100)t, x0, v0

      do   10 i=1,nstep

      t=dt*float(i)

      x1=x0+  v0*dt    +.5*a(v0)*dt**2

      v1=v0 + a(v0)*dt + .5*dadt(v0)*dt**2

      if(i.eq.kount)then

      kount=kount+kprint

      write(6,100)t,x1,v1

      endif

      x0=x1

      v0=v1

10    continue

100   format(2x,e10.3,4x,e10.3,4x,e10.3)

      stop

      end

