Maple VI Commands to Generate Solutions to N-Body Problem








Euler's Solution (Collineur)


> restart:with(plots):with(plottools):with(DEtools):


First, state each of the equations at the very beginning, giving them names eq1-eq8.


> eq1_1:=D(x1)(t)=vx1(t):


> eq1_2:=D(y1)(t)=vy1(t):


> eq1_3:=D(vx1)(t)=-(m2*(x1(t)-x2(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(x1(t)-x3(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2):


> eq1_4:=D(vy1)(t)=-(m2*(y1(t)-y2(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(y1(t)-y3(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2):


> eq2_1:=D(x2)(t)=vx2(t):


> eq2_2:=D(y2)(t)=vy2(t):


> eq2_3:=D(vx2)(t)=-(m1*(x2(t)-x1(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(x2(t)-x3(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq2_4:=D(vy2)(t)=-(m1*(y2(t)-y1(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(y2(t)-y3(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq3_1:=D(x3)(t)=vx3(t):


> eq3_2:=D(y3)(t)=vy3(t):


> eq3_3:=D(vx3)(t)=-(m1*(x3(t)-x1(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2)-(m2*(x3(t)-x2(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq3_4:=D(vy3)(t)=-(m1*(y3(t)-y1(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2)-(m2*(y3(t)-y2(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


Next, I named all the initial values that will be used in several parts of the rest of the program.


Initial values for Mass 1


> m1:=10000:


> ix1:=x1(0)=100:iy1:=y1(0)=0:ivx1:=vx1(0)=0:ivy1:=vy1(0)=10*sqrt(5/4):


Initial values for Mass 2


> m2:=10000:


> ix2:=x2(0)=0:iy2:=y2(0)=0:ivx2:=vx2(0)=0:ivy2:=vy2(0)=0:


Initial values for Mass 3


> m3:=10000:


> ix3:=x3(0)=-100:iy3:=y3(0)=0:ivx3:=vx3(0)=0:ivy3:=vy3(0)=-10*sqrt(5/4):


> IV:=[ix1,iy1,ivx1,ivy1,ix2,iy2,ivx2,ivy2,ix3,iy3,ivx3,ivy3]:


Now, we use the same process as in the simplier 2-body problem. 


> gg1:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..250,[IV],scene=[x1(t),y1(t)],stepsize=1.0,scaling=constrained, arrows=none):


I think that these problems are a little more complicated, so that Maple can not intergrate the functions for some large t.


> gg2:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..250,[IV],scene=[x2(t),y2(t)],stepsize=1.0,scaling=constrained, arrows=none):


> gg3:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..250,[IV],scene=[x3(t),y3(t)],stepsize=1.0,scaling=constrained, arrows=none):


This, in affect, has a domino affect on the rest of the problem.


> g:=dsolve({eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4,ix1,iy1,ivx1,ivy1,ix2,iy2,ivx2,ivy2,ix3,iy3,ivx3,ivy3}, {x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)}, type=numeric,  output=listprocedure):


> gx1:=subs(g,x1(t)):gy1:=subs(g,y1(t)):gx2:=subs(g,x2(t)):gy2:=subs(g,y2(t)):gx3:=subs(g,x3(t)):gy3:=subs(g,y3(t)):


> for i from 1 by 1 to 250 do px1[i]:=gx1((i-1)):py1[i]:=gy1((i-1)):pic1[i]:=pointplot([px1[i],py1[i]],symbol=circle,axes=boxed):px2[i]:=gx2((i-1)):py2[i]:=gy2((i-1)):pic2[i]:=pointplot([px2[i],py2[i]],symbol=circle):px3[i]:=gx3((i-1)):py3[i]:=gy3((i-1)):pic3[i]:=pointplot([px3[i],py3[i]],symbol=circle):end do:


> display(seq(display([gg1,gg2,gg3,pic1[i]],pic2[i],pic3[i]),i=1


> ..250),insequence=true,scaling=constrained);








Lagrange's Solution (Rotating Equalateral Triangle)


restart:with(plots):with(plottools):with(DEtools):First, state each of the equations at the very beginning, giving them names eq1-eq8.


> eq1_1:=D(x1)(t)=vx1(t):


> eq1_2:=D(y1)(t)=vy1(t):


> eq1_3:=D(vx1)(t)=-(m2*(x1(t)-x2(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(x1(t)-x3(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2):


> eq1_4:=D(vy1)(t)=-(m2*(y1(t)-y2(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(y1(t)-y3(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2):


> eq2_1:=D(x2)(t)=vx2(t):


> eq2_2:=D(y2)(t)=vy2(t):


> eq2_3:=D(vx2)(t)=-(m1*(x2(t)-x1(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(x2(t)-x3(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq2_4:=D(vy2)(t)=-(m1*(y2(t)-y1(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(y2(t)-y3(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq3_1:=D(x3)(t)=vx3(t):


> eq3_2:=D(y3)(t)=vy3(t):


> eq3_3:=D(vx3)(t)=-(m1*(x3(t)-x1(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2)-(m2*(x3(t)-x2(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq3_4:=D(vy3)(t)=-(m1*(y3(t)-y1(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2)-(m2*(y3(t)-y2(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


Next, I named all the initial values that will be used in several parts of the rest of the program.


Radius of rotation, mass, and magnitude of velocity


> r:=100:


> m:=10000:


> a:=sqrt(m/(sqrt(3)*r)):


Initial values for Mass 1


> m1:=m:


> ix1:=x1(0)=r:


> iy1:=y1(0)=0:


> ivx1:=vx1(0)=0:


> ivy1:=vy1(0)=a:


Initial values for Mass 2


> m2:=m:


> ix2:=x2(0)=-r/2:


> iy2:=y2(0)=r*sqrt(3)/2:


> ivx2:=vx2(0)=-a*sqrt(3)/2:


> ivy2:=vy2(0)=-a/2:


Initial values for Mass 3


> m3:=m:


> ix3:=x3(0)=-r/2:


> iy3:=y3(0)=-r*sqrt(3)/2:


> ivx3:=vx3(0)=a*sqrt(3)/2:


> ivy3:=vy3(0)=-a/2:


> IV:=[ix1,iy1,ivx1,ivy1,ix2,iy2,ivx2,ivy2,ix3,iy3,ivx3,ivy3]:


Now, we use the same process as in the simplier 2-body problem. 


> gg1:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..250,[IV],scene=[x1(t),y1(t)],stepsize=1.0,scaling=constrained, arrows=none):


I think that these problems are a little more complicated, so that Maple can not intergrate the functions for some large t.


> gg2:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..250,[IV],scene=[x2(t),y2(t)],stepsize=1.0,scaling=constrained, arrows=none):


> gg3:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..250,[IV],scene=[x3(t),y3(t)],stepsize=1.0,scaling=constrained, arrows=none):


This, in affect, has a domino affect on the rest of the problem.


> g:=dsolve({eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4,ix1,iy1,ivx1,ivy1,ix2,iy2,ivx2,ivy2,ix3,iy3,ivx3,ivy3}, {x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)}, type=numeric,  output=listprocedure);


> gx1:=subs(g,x1(t)):gy1:=subs(g,y1(t)):gx2:=subs(g,x2(t)):gy2:=subs(g,y2(t)):gx3:=subs(g,x3(t)):gy3:=subs(g,y3(t)):


> for i from 1 by 1 to 250 do px1[i]:=gx1((i-1)):py1[i]:=gy1((i-1)):pic1[i]:=pointplot([px1[i],py1[i]],symbol=circle,axes=boxed):px2[i]:=gx2((i-1)):py2[i]:=gy2((i-1)):pic2[i]:=pointplot([px2[i],py2[i]],symbol=circle):px3[i]:=gx3((i-1)):py3[i]:=gy3((i-1)):pic3[i]:=pointplot([px3[i],py3[i]],symbol=circle):end do:


There is definetely something funky going on with gg2.  I don't think maple can attach a value for all t's, so it gives up.  


Then, when trying to show the whole animation, some of the values are missing.  And, this causes the following errors.  


> display(seq(display([gg1,gg2,gg3,pic1[i]],pic2[i],pic3[i]),i=1


> ..250),insequence=true,scaling=constrained);








Richard Montgomery's Figure Eight


restart:with(plots):with(plottools):with(DEtools):First, state each of the equations at the very beginning, giving them names eq1-eq8.


> eq1_1:=D(x1)(t)=vx1(t):


> eq1_2:=D(y1)(t)=vy1(t):


> eq1_3:=D(vx1)(t)=-(m2*(x1(t)-x2(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(x1(t)-x3(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2):


> eq1_4:=D(vy1)(t)=-(m2*(y1(t)-y2(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(y1(t)-y3(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2):


> eq2_1:=D(x2)(t)=vx2(t):


> eq2_2:=D(y2)(t)=vy2(t):


> eq2_3:=D(vx2)(t)=-(m1*(x2(t)-x1(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(x2(t)-x3(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq2_4:=D(vy2)(t)=-(m1*(y2(t)-y1(t)))/((x1(t)-x2(t))^2+(y1(t)-y2(t))^2)^(3/2)-(m3*(y2(t)-y3(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq3_1:=D(x3)(t)=vx3(t):


> eq3_2:=D(y3)(t)=vy3(t):


> eq3_3:=D(vx3)(t)=-(m1*(x3(t)-x1(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2)-(m2*(x3(t)-x2(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


> eq3_4:=D(vy3)(t)=-(m1*(y3(t)-y1(t)))/((x1(t)-x3(t))^2+(y1(t)-y3(t))^2)^(3/2)-(m2*(y3(t)-y2(t)))/((x2(t)-x3(t))^2+(y2(t)-y3(t))^2)^(3/2):


Next, I named all the initial values that will be used in several parts of the rest of the program.


Radius of rotation


> r:=1000:


> m:=1:


> a:=sqrt((8*m2+2*m)/(8*r)):


> 


Initial values for Mass 1


> m1:=m:


> ix1:=x1(0)=-0.97000436:iy1:=y1(0)=0.24308753:ivx1:=vx1(0)=-0.46620369:ivy1:=vy1(0)=-0.43236573:


Initial values for Mass 2


> m2:=m:


> ix2:=x2(0)=0.97000436:iy2:=y2(0)=-0.24308753:ivx2:=vx2(0)=-0.46620369:ivy2:=vy2(0)=-0.43236573:


Initial values for Mass 3


> m3:=m:


> ix3:=x3(0)=0:iy3:=y3(0)=0:ivx3:=vx3(0)=0.93240737:ivy3:=vy3(0)=0.86473146:


> IV:=[ix1,iy1,ivx1,ivy1,ix2,iy2,ivx2,ivy2,ix3,iy3,ivx3,ivy3]:


Now, we use the same process as in the simplier 2-body problem. 


> gg1:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..10,[IV],scene=[x1(t),y1(t)],stepsize=0.01,scaling=constrained, arrows=none):


I think that these problems are a little more complicated, so that Maple can not intergrate the functions for some large t.


> gg2:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..10,[IV],scene=[x2(t),y2(t)],stepsize=0.01,scaling=constrained, arrows=none,linecolor=blue):


> gg3:=DEplot([eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4],[x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)],t=0..10,[IV],scene=[x3(t),y3(t)],stepsize=0.01,scaling=constrained, arrows=none,linecolor=red):


This, in affect, has a domino affect on the rest of the problem.


> g:=dsolve({eq1_1,eq1_2,eq1_3,eq1_4,eq2_1,eq2_2,eq2_3,eq2_4,eq3_1,eq3_2,eq3_3,eq3_4,ix1,iy1,ivx1,ivy1,ix2,iy2,ivx2,ivy2,ix3,iy3,ivx3,ivy3}, {x1(t),y1(t),vx1(t),vy1(t),x2(t),y2(t),vx2(t),vy2(t),x3(t),y3(t),vx3(t),vy3(t)}, type=numeric,  output=listprocedure);


> gx1:=subs(g,x1(t)):gy1:=subs(g,y1(t)):gx2:=subs(g,x2(t)):gy2:=subs(g,y2(t)):gx3:=subs(g,x3(t)):gy3:=subs(g,y3(t)):


> for i from 1 by 1 to 80 do px1[i]:=gx1((i-1)/5):py1[i]:=gy1((i-1)/5):pic1[i]:=pointplot([px1[i],py1[i]],symbol=cross,axes=boxed):px2[i]:=gx2((i-1)/5):py2[i]:=gy2((i-1)/5):pic2[i]:=pointplot([px2[i],py2[i]],symbol=diamond):px3[i]:=gx3((i-1)/5):py3[i]:=gy3((i-1)/5):pic3[i]:=pointplot([px3[i],py3[i]],symbol=circle):end do:


There is definetely something funky going on with gg2.  I don't think maple can attach a value for all t's, so it gives up.  


Then, when trying to show the whole animation, some of the values are missing.  And, this causes the following errors.  


> display(seq(display([gg1,gg2,gg3,pic1[i]],pic2[i],pic3[i]),i=1


> ..80),insequence=true,scaling=constrained);


