Projectile motion with air resistance quadratic in speed
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The equations of motion are 

m dvx /dt = - c vx (  (vx)2   +  (v y )2 )1/2                                        (1)
m dvy /dt = -g  - c vy (  (vx)2   +  (v y )2 )1/2                                   (2)

We solve the system of equations using two Taylor series for each degree of freedom.
      x1=x0+v0x*dt+.5*dt**2*ax(v0x,v0y)

      y1=y0+v0y*dt+.5*dt**2*ay(v0x,v0y)

      vx=v0x+dt*ax(v0x,v0y)

      vy=v0y+dt*ay(v0x,v0y)

British units are used in ref 1.
Data mass = 0.32 lb/32.2 , v0= 100mph , (x0, y0)= (0.,0.) 
 c= 1.63E-5 lb (s/ft)2   Time of flight is approx  6.6 s .
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[image: image2.emf]Flyball without friction
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Time of flight approx= 7.9s   .
FORTRAN CODE

c flyball AMJP vol 55, 37 (1987)

      real m

      data x0,y0,c ,g /0.,0., 1.63E-5,32.2/

      ax(vx,vy)= -(c/m)*vx*sqrt(vx**2+vy**2)

      ay(vx,vy)= -g -(c/m)*vy*sqrt(vx**2+vy**2)

      pi=2.*asin(1.)

      theta0=pi/3.

      m=0.32/g

      v0=100.*1.467

      v0x=v0*cos(theta0)

      v0y=v0*sin(theta0)

      ts1=v0/g

      ts2=(1./g)*sqrt(m*g/c)

      tsmall=amin1(ts1,ts2)

      tlarge=amax1(ts1,ts2)

      dt=tsmall/300.

c      tf=2.*tlarge

      tf=6.6

      nstep=int(tf/dt)

      dt=tf/float(nstep)

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

      kount=kp

      print*,'tsmall,tlarge,dt,nstep=', tsmall,tlarge,dt,nstep

      print*,'   '

      print 100 , 0., x0,y0

      do 10 i=1,nstep

      t=dt*float(i)

      x1=x0+v0x*dt+.5*dt**2*ax(v0x,v0y)

      y1=y0+v0y*dt+.5*dt**2*ay(v0x,v0y)

      vx=v0x+dt*ax(v0x,v0y)

      vy=v0y+dt*ay(v0x,v0y)

      if (i.eq.kount) then

      print 100, t , x1,y1

      kount=kount+kp

      endif

      x0=x1

      y0=y1

      v0x=vx

      v0y=vy

10    continue

100   format(2x,'t,x,y=',3(3x,e10.3))

      stop

      end

