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The motion of a particle under the gravitational force in one dimension is worked numerically.

The equation of motion is 

 d2x/dt 2 = -GM/x2 . 

The initial conditions are x1 =6.36E6 m (radius of the Earth) , v1 =5E3 m/s .

The finite difference solution is

x3 = 2 x 2– x1 +  (dt2) ( -G M/ ( x2)2 ).

Plots of position and velocity vs time are given.
MATLAB code

%example motion under graviational force in one dimension 
rearth=6.37e6 ; G=6.67e-11 ;   M =5.98e24 ;
x(1)=rearth; v(1)=5.e3; v(2)=v(1);tscale=x(1)/v(1);
nstep=500; tf=1.1*tscale; dt=tf/nstep;
k=0;x(2)=v(1)*dt+x(1);
for t=[2*dt:dt:tf]
    k=k+1;
    x(k+2)=2*x(k+1)-x(k) - (dt^2)*(G*M/x(k+1).^2); 
    v(k+2)=(x(k+2)-x(k+1))/dt;
end
t=[0:dt:tf];
% plot(t,x),xlabel('t(s)'),ylabel('x(m)')
plot(t,v),xlabel('t(s)'),ylabel('v(m/s)')
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Plot of position x vs time.
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Plot of v vs time.
