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0.1.1. “vector.rb“
class Vector < Array
def +(a)
sum=Vector.new
self.each_index{/k/
sum/k/=seltlk/+alk]/
/
return sum
end
def -(a)
diff=Vector.new



self.each_index{|/k/
dift{k/=selflk]-alk]
/
return diff
end
def *(a)
if a.class==Vector
product=0
self.each_index{/k/
product+=selflk/*alk]
/
else
product=Vector.new
self.each_index{/k/
productlk/=selflk/*a
/
end
return product
end
def/(a)
if a.class==Vector
raise
else
quotient=Vector.new
selfeach_index{/k/
quotient[k/=selflk}/a
/
end
return quotient
end
end
class Array
def'to_v
return Vector(*self]
end

end



0.1.2. “Ibody.rb”
require "vector.rb”
class Body
attr_accessor -mass, -pos, -vel
def initialize(mass=0,pos=Vectorl0,0,0], vel=Vector[0,0,0])
@mass,@pos,@vel=mass, pos, vel
end
def evolve(integration_method,dt,dt_dia,dt_out,dt_end)
time=0
@nsteps=0
e _Init
write_diagnostics(@nsteps,time)
t_dia=dt_dia-0.5*dt
t_out=dt_out-0.5%*dt
t_end=dt_end-0.5%*dt
while time<t_end
send(integration_method,dt)
time+=dt
@nsteps+=1
Iftime>=t_dia
write_diagnostics(@nsteps,time)
t dia+=dt dia
end
If time>=t_out
simple print
t_out+=dt_out
end
end
end
def acc
r2=@pos*@pos
r3=r2*sqrt(r2)
@pos*(-@mass/r3)
end
def forward(dt)

old_acc=acc



@pos+=@vel*dt
@vel+=old_acc*dt

end

def leapfrog(dt)
@vel+=acc™0.5*dt
@pos+=@vel*dt
@vel+=acc™0.5*dt

end

def rk2(dt)

old_pos=pos

half vel=vel+acc*0.5*dt
@pos+=vel*0.5%dt
@vel+=acc*dt
@pos=old_post+half vel*dt

end

def rk4(dt)

old_pos=pos

a0=acc

@pos=old_pos+vel*0.5*dt+a0%*0. 125*dt *dt
al=acc

@pos=old_pos+vel*dt+al*0.5*dt*dt

aZ=acc
@pos=old_pos+vel*dt+(a0+al*2)*(1/6.0)*dt*dt
@vel=vel+(a0+al*4+a2)*(1/6.0)*dt

end

def yo4(dt)
=[1.851207191959657,-1. 702414383919315]
leapfrog(dt*d[0])
leapfrog(dt*d/[1])
leapfrog(dt*d[0])

end

def yo6(dt)
=/ 0.784515610477560e0,
0.235573213359357e0,
-1.17767998417887e0,
1.81518632068391e0]



foriin 0.2 do
leapfrog(dt*d[i])
end
leapfrog(dt*d/3])
foriin 0.2 do
leapfrog(dt*d/2-i])
end
end
def yoS(dt)
d=[ 0.104242620869991e1,
0.182020630970714el,
0.157739928123617e0,
0.244002732616735¢1,
-0.716989419708120e-2,
-0.244699182370524e1,
-0.1615682374150097e1,
-0.17808286265894516e1]
foriin 0.6 do
leaptfrog(dt*d[i])
end
leapfrog(dt*d/[7])
foriin 0.6 do
leapfrog(dt*d/6-1])
end
end
def ms2(dt)
If @nsteps==0
@prev_acc=acc
rk2(dt)
else
old_acc=acc
Jjdt=old_acc-@prev_acc
@pos+=vel*dt+old_acc*0.5*dt*dt
@vel+=old_acc*dt+jdt*0.5%*dt
@prev_acc=old_acc

end



end
def ms4(dt)
If @nsteps==0
@apS3=acc
rk4(dt)
elsif @nsteps==
@apZ2=acc
rk4(dt)
elsif @nsteps==
@apl=acc
rk4(dt)
else
apO=acc
Jdt=ap0*(11.0/6.0)-@ap1*3+@ap2*1.5-@ap3/3.0
sdt2=ap0*2-@ap1*5+@ap2*4-@ap3
cdt3=ap0-@apl*3+@ap2*3-@ap3
@pos+=vel*dt+(ap0/2.0+jdt/6.0+sdt2/24.0)*dt *dt
@vel+=ap0*dt+(dt/2.0+sdt2/6.0+cdt3/24.0)*dt
@ap3=@ap2
@ap2=@apl
@apl=ap0
end
end
def ekin
0.5*(@vel*@vel)
end
def epot
-@mass/sqrt(@pos*@pos)
end
def'e_init
@e0=ekin+epot
end
def write_diagnostics(nsteps,time)
etot=ekin+epot
printf("at time t=%g after %d steps ‘¥n",time,nsteps)
printf(" E_kin= %.3g¥n" ekin)



printf(" E_pot= %.3g¥n" epot)
printf(" E_tot= %.3g¥n" etot)
printf(" E_tot-E_init= %.3g¥n" etot-@e()
printf(" (B _tot-E_init)/E_init= %.3g¥n", (etot-@e0)/@e0)
end
def'to_s
"mass = "+@mass.to_s+"¥n"+
"pos = "+@pos.join(", ")+"¥n"+
"vel ="+@veljoin(", ")+"¥n"
end
def pp
print to_s
end
def simple _print
printf("%25.16e¥n",@mass)
@pos.each!/x/
printf("%25.16e" x)
/
print "¥n"
@vel.eachl|x/
printf("%25.16e" x)
/
print "¥n"
end
def simple_read
@mass=gets.to_f
@pos=gets.split. map{|/x/| x.to_f\to v
@vel=gets.split. map{/x/ x.to_f'.to_v
end

end
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1.1.1. ”main.rb”
require "Ibody.rb"
include Math
method=["forward", "leapfrog”, "rk2" "rk4", "yo6", "yo8", "ms2", "ms4"|
dt=/1,0.1,0.01,0.001,0.0001]
method.each{|m/
printf("method= %s¥n".m)
dt.eachl/d/
printf("dt= %g¥n",d)
b=Body.new(1.0, Vector(1.0,0.0,0.0], Vector[0.0,1.0,0.0])

b.evolve(m,d.d,d d)
/
/
1.2. fER
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E_tot
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2.1.1. “main.rb”
require "Ibody.rb"
include Math
method=["forward", "leapfrog”, "rk2" "rk4", "yo6", "yo8", "ms2", "ms4"|
dt=[1,0.1,0.01,0.001]
method.each{|m/
printf("method= %s¥n".m)
dt.eachl/d/
printf("dt= %g¥n",d)
b=Body.new(1.0, Vector[1.0,0.0,0.0], Vector(0.0,1.0,0.0])
b.evolve(m,d, 10,10,10)

/
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3.1.1. “main.rb”
require "Ibody.rb"
include Math
method=["forward", "leapfrog”, "rk2" "rk4", "yo6", "yo8", "ms2", "ms4"|
dt=[0.001]
method.each{|m/
printf("method= %s¥n".m)
dt.eachl/d/
printf("dt= %g¥n",d)
b=Body.new(1.0, Vector[1.0,0.0,0.0], Vector(0.0,1.0,0.0])
b.evolve(m,d,4,4,1000)

/
/
3.2. FER
3.2.1. dt=1
dt=1
12
10 & —— forward
8 —— leapfrog
rk2
+
2 6 rkd
5 4 yo6
2 | ——vyo8
= —— ms2
— ms4
-2 [0} 200 400 600 800 1000 omese
t




3.2.2. dt=0.1

dt=0.1
—— forward
—— leapfrog
o rk2
'8| ——rk4
L
S — yob
——vyo8
—— ms2
— ms4
t
3.2.3. dt=0.01
t=0.01
04
0.35 I —
0.3 —— forward
" 025 —— leapfrog
;I 02 rk2
015 —rk4
0.1 —vob
0.05 —yo8
0 —— ms2
200 400 600 800 1000 ——ms4 |




3.2.4. dt=0.001

dt=0.001

0.3
0.25 ‘Jff_’_'_/_,_,_,_,_. —— forward
0.2 / leapfrog
k2
1 0.15 d
rk4
0.1 // — yo6
0.05

——vyo8

dE tot

0 —— ms2
0 200 400 600 800 1000 ——ms4 |

3.3. B
BETHDL t DENL —FRITKELS DT ENbnd, £/2, 0O t OfEIX dt 23K
EWEENEN, F2, —RICENRBZDIF—EFZT TR, HEHLHHLDOLH 5, dt
BINE L 72D & forward DIAMEIA & 7id 72135 6720,



4. [HE 4
WIIZE pos=(1.0,0.0,0.0) vel=(0.0,0.5,0.0) %, 1 OJHE 2 % THY L. fEFaH
B EER] €, MECAIE x 2 & o727 7 7ict L, £, B x, fEhicy 2L o7z
777 68iT, ZHXELLO 7T TR RNT DI L, B HEX, 3SHEEOI LD L
NTHRWARHT 2 UAR— M, Enafiolchriit L, £72, M L5277
%, dt=0.1 ¥ X, (ZAT 10 AETTER oG8, BOEEEZ 50, #E
dt Z#/hS< T2 L THE,)
4.1. v 7 A
4.1.1. “main.rb”
require "Ibody.rb"
include Math
method=["forward", "leapfrog”, "rk2" "rk4", "yo6", "yo8", "ms2", "ms4"|
dt=[0.001]
method.each{/m|/
printf("method= %s¥n".m)
dt.eachl/d/
printf("dt= %g¥n",d)
b=Body.new(1.0, Vector/[1.0,0.0,0.0], Vector/0.0,0.5,0.0])
b.evolve(m,d,0.1,0.1,25)
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