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About the rotation curves of spiral galaxies, a program

Is this the end of the journey?

  Mgal 0.2953724315 10 11 > #mean surface density > rho:=[seq(Mgal*evalf(8*l*(M[i]+M[i+1])/Pi/((d[i+1]+d[i+2])^2

>

  fv(x),x=0..1,title=`The rotation curve of Milky Way on the disk`,labels=[`distance from the center R*kpc`,`(V*100km/s)`]); > F:=[seq([(i-1)/31,f[i]/V],i=1..32)]: > > g:=x->Spline(F,x): > plot({g(x),fv(x)},x=0..1,color=[red,black]); > > #The second member of the linear system, coming from observed velocities. BB:=Vector([seq(w*g(d[i])^2/d[i],i=1..k),1]): #w as the meaning of the inverse of the mass M of the galaxy > #calculus of mass as function of w C:=evalf(MatrixVectorMultiply(invA,BB),30): > #search of w=wmin and w=wmax such that all the mass are >=0 wnul:=seq(evalf(solve(C[i]=0,w)),i=1.,evalf(C[i],15))],i=1..k-2)]:, , 0.5740575241300 10 -10 0.469177057255007 10 -8 0.30394016978535919 10 -7 for an extended Milky Way, (always without spherical halo)

  trunc(a*x)+1]+(a*x-trunc(a*x))*(f[trunc(a*x)+2]-f[trunc(a*x) +1]))/V end: > plot(fv(x),x=0..1,title=`The rotation curve of Milky Way on the disk`,labels=[`distance from the center R*kpc`,`(V*100km/s)`]); > > F:=[seq([(i-1)/33,f[i]/V],i=1..34)]: > g:=x->Spline(F,x): > plot({g(x),fv(x)},x=0..1,color=[red,black]); > #The second member of the linear system, coming from observed velocities. > BB:=Vector([seq(w*g(d[i])^2/d[i],i=1..k),1]): #w as the meaning of the inverse of the mass M of the galaxy > C:=evalf(MatrixVectorMultiply(invA,BB),30): > #search of w=wmin and w=wmax such that all the mass are >=0 > wnul:=seq(evalf(solve(if n1=0 then n1:=j else n2:=j fi fi; od: if n1=0 then print(`il_y_a_des_masses_negatives`) else if wnul[n1]>wnul[n2] then wmax:=wnul[n1];wminim:=wnul[n2] else wmax:=wnul[n2];wminim:=wnul[n1] fi; fi: wmax:=evalf(wmax,15);wminim:=evalf(wminim,15); wm:=evalf((wmax+wminim)/2,15);wmax-wminim; (subs(w=wm,evalf(C[i],15)),i=1..k):M[1..3];MM:=[seq([d[i],s ubs(w=wm,evalf(C[i],15))],i=1..k-2)]: , , 0.5690259176508 10 -10 0.465064286684057 10 -8 0.30127473812319455 10 -7 > plot(MM,style=point,symbol=circle); > MasseGalaxie:=evalf(0.23*10^10*V^2*R/wm,5): print(`Masse_de_la_Galaxie`,MasseGalaxie,`en_Masses_Solaires`); , , Masse_de_la_Galaxie 0.22072 10 12 en_Masses_Solaires >evalf(0.23*10^10*V^2*R/wmax,8),evalf(0.23*10^10*V^2*R/wminim,8); , 0.22071236 10 12 0.22071236 10 12 > #no problem at the end of the curve > Mgal:=MasseGalaxie;#for R=25 kpc := Mgal 0.22072 10 12 > #mean surface density rho:=[seq(Mgal*evalf(8*l*(M[i]+M[i+1])/Pi/((d[i+1]+d[i+2])^2 -(d[i]+d[i-1])^2)/(R*10^3)^2),i=2..(k-1))]: > #log-density curve i:='i':Rho:=[seq(ln(rho[i]),i=1..(k-2))]: i:='i':courbelog:=plot([[R*(d[i]+d[i+1])/2,Rho[i]]$i=2..k-2], title=`log-density curve in Ms/pc^2`): > with(stats):Digits:=5:s:=trunc(k/6); liste:=[[seq(R*(d[i]+d[i+1])/2,i=s..(k-5))],[seq(Rho[i+1],i=s-

>

  trunc(a*x)+1]+(a*x-trunc(a*x))*(f[trunc(a*x)+2]-f[trunc(a*x) +1]))/V end: > plot(fv(x),x=0..1,title=`The rotation curve of Milky Way on the disk`,labels=[`distance from the center R*kpc`,`(V*100km/s)`]); > F:=[seq([(i-1)/35,f[i]/V],i=1..36)]: > g:=x->Spline(F,x): > plot({g(x),fv(x)},x=0..1,color=[red,black]); > #The second member of the linear system, coming from observed velocities. > BB:=Vector([seq(w*g(d[i])^2/d[i],i=1..k),1]): #w as the meaning of the inverse of the mass M of the galaxy > C:=evalf(MatrixVectorMultiply(invA,BB),30): > #search of w=wmin and w=wmax such that all the mass are >=0 > wnul:=seq(evalf(solve(MasseGalaxie:=evalf(0.23*10^10*V^2*R/wm,8): print(`Masse_de_la_Galaxie`,MasseGalaxie,`en_Masses_Solaires`); , , Masse_de_la_Galaxie 0.25217007 10 12 en_Masses_Solaires >evalf(0.23*10^10*V^2*R/wmax,8),evalf(0.23*10^10*V^2*R/wminim,8en_Masses_Solaires >evalf(0.23*10^10*V^2*R/wmax,8),evalf(0.23*10^10*V^2*R/wminim,8); , 0.31246770 10 12 0.31246772 10 12 > #no problem at the end. > Mgal:=MasseGalaxie;#for R=40 kpc :Fosué and also Huang, the Keplerian mass of the Milky Way is around 0.5 10^12 solar mass. So the radius of the disk of the Milky Way seems to be around 40 kpc, (no need of a hypothetical halo). > > #Thus : no need of a spherical halo to explain the flatness problem. Moreover the plane of dwarf galaxy satellites could be understood. > #This program is robust and fast! If the galaxy is now in a universe, it is not difficult to modify this program (a correction from 1% to 3% for the mass which is less than the uncertainties coming from velocities). > #with k=160, total time is less than 200 seconds. Is this the end of the trip? > #Now let us go to Andromeda.

>

  =[seq([(i-1)/29,f[i]/V],i=1..30)]: > g:=x->Spline(F,x): > plot({g(x),fv(x)},x=0..1,color=[red,black]);#well > #The second member of the linear system, coming from observed velocities. BB:=Vector([seq(w*g(d[i])^2/d[i],i=1..k),1]): > #calculus of mass as function of w C:=evalf(MatrixVectorMultiply(invA,BB),30): > #search of w=wmin and w=wmax such that all the mass are >=0 wnul:=seq(evalf(solve(if n1=0 then n1:=j else n2:=j fi fi; od: if n1=0 then print(`il_y_a_des_masses_negatives`) else if wnul[n1]>wnul[n2] then wmax:=wnul[n1];wminim:=wnul[10 -10 0.334487997012523 10 -8 0.21668667076291949 10 -7 > plot(MM,style=point,symbol=circle); > MasseGalaxie:=evalf(0.23*10^10*V^2*R/wm,5): print(`Masse_d'Andromède NE`,MasseGalaxie,`en_Masses_Solaires`); plot([seq([R*(d[i]+d[i+1])/2,Rho[i]],i=1..k-2)], title=`log-density curve in Ms/pc^2`); >densitéAndromède_NE:=[seq([R*(d[i]+d[i+1])/2,Rho[i]],i=1..k-2

  trunc(a*x)+1]+(a*x-trunc(a*x))*(f[trunc(a*x)+2]-f[trunc(a=x->Spline(F,x): > plot({g(x),fv(x)},x=0..1,color=[red,black]);#well > #The second member of the linear system, coming from observed velocities. BB:=Vector([seq(w*g(d[i])^2/d[i],i=1..k),1]): #w as the meaning of the inverse of the mass M of the galaxy > #calculus of mass as fonction of w C:=evalf(MatrixVectorMultiply(invA,BB),30): > #search of w=wmin and w=wmax such that all the mass are (subs(w=wm,evalf(C[i],15)),i=1..k):M[1..3];MM:=[seq([d[i], SW 0.23660 10 12 en_Masses_Solaires >evalf(0.23*10^10*V^2*R/wmax,8),evalf(0.23*10^10*V^2*R/wminim,8); , 0.23660608 10 12 0.23660608 10 12 > Mgal:=MasseGalaxie: seq([R*(d[i]+d[i+1])/2,Rho[i]],i=1..k-2)]: > >plot([densitéAndromède_NE,densitéAndromède_SW,densitéVL_30],colo r=[black,red,cyan], title=`comparaison des densités de la Voie Lactée et d'Andromède NE et SW`); > #the surface densities are similar up to 24 kpc from the center; the color and mass are respectively for Andro_NE, Andro_SW, Milky Way, [black,red,cyan], [.24964e12,.23660e12,.25217007e12]; so Milky Way and Andromeda are twin galaxies. This fact is new since 2014.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

For Milky Way, with R=25 kpc and we spline the curve of velocities. > donneesVL26:=[[0, 0], [.20, 233.0], [.38, 268.92], [.66, 250.75], [1.61, 217.83], [2.57, 219.58], [3.59, 223.11], [4.60, 231.24], [5.08, 230.46], [5.58, 230.01], [6.10, 239.61], [6.57, 246.27], [7.07, 243.49], [7.58, 242.71], [8.04, 243.23], [8.34, 239.89], [8.65, 237.26], [9.20, 235.30], [9.62, 230.99], [10.09, 228.41], [10.58, 224.26], [11.09, 224.94], [11.58, 233.57], [12.07, 240.02], [12.73, 242.21], [13.72, 261.78], [14.95, 259.26], [15.52, 268.57], [16.55, 261.17], [17.56, 240.66], [18.54, 215.31], [19.50, 214.99], [21.25, 251.68], [23.78, 259.65], [26.22, 242.02

  

	>			
	> #f :=	[	0. 2.3300 2.6892 2.5075 2.1783 2.1958 2.2311 2.3124 2.3046 2.3001 2.3961 , , , , , , , , , ,	,
		2.4627 2.4349 2.4271 2.4323 2.3989 2.3726 2.3530 2.3099 2.2841 2.2426 , , , , , , , , ,	,
		2.2494 2.3357 2.4002 2.4221 2.6178 2.5926 2.6857 2.6117 2.4066 2.1531 , , , , , , , , ,	,
		2.1499 2.5168 2.5965 2.4202 , , ,	]

]]:nops(%); 35 > f:=map(u->evalf(op(2,u)/100,5),donneesVL26);

> #For Andromeda NE R:=30;V:=2.35; f:=[0,2.,2.1,2.25,2.3,2.4,2.3,2.35,2.35,2.4,2.45,2.5,2.5,2.5,2.55 ,2.5,2.45,2.4,2.35,2.35,2.35,2.4,2.35,2.3,2.35,2.4,2.4,2.35,2.35, 2.35,2.

  

1,2.25,2.3,2.4,2.4,2.5,2.6,2.7,2.5,2.45,2.4,2.45,2.5,2 .4,2.35, 2.15,2.2,2.25,2.3,2.3,2.3,2.27,2.25,2.23,2.2,2.25,2.3,2.35,2.

  

Some recent studies show that the Kepler radius of these two galaxies, with a halo of dark matter, would be of the order of 40 to 50 kpc with a Kepler mass of the order of 0.5 10 ^ 12 solar masses. Our results confirm these facts but without halo of dark matter.

Why? It is a long story of mathematical errors in the use of the theory of integration. Even if for about 6 years, one of the errors is corrected by the use of the functions of Bessel, there are still others. A disk of matter is not a sphere! Until now we worked with the Newton theory of the gravitation. But it is probably that relativistic theories could provide similar results. Indeed the Einstein theory and also the conformal theory have been tested by many scientists around the world. A first problem, the speed of light is finish. Another problem, we worked with a spiral galaxy in an empty universe. The first problem has an aftermath, not for the relativist gravitation but for the trip of Gaston with his gaffophone because the radius of the Milky Way is greater than 50 000 light years. Probably this journey is a dream.

The second problem, with a spiral galaxy in an empty universe, is difficult to overcome. Indeed the equality between the inertial mass mI and the gravitational mass mG is a consequence of the Newton's Laws but in Einstein gravitational theory it is a basic principle. How to explain that mI is not null in an empty universe? In a non-empty universe and endowed with the Mach's principle, it is possible. But we have a small aftermath: the Kepler's law, so the Kepler's radius, don't exist. Nevertheless we have another radius, the radius of attraction of the galaxy which was defined by J. M. Souriau (cf. Mizony 2005). I made a calculus for the Milky Way in a de Sitter universe 20 years ago, the relativist corrections are very small, for example the mass is around 1% heavier. Since, many scientists made also alternative proofs (cf. Mannheim, Marmet, Cooperstock , … , and these last years a Chinese group and an Australian). All, they find, using different forms for the disk and often Einstein equations, similar results: the Bessel's functions, similar mass, …, with no need of a dark matter halo. So no "core-cusp" problem for the "vast rotating disk of dwarf galaxies surrounding the Andromeda galaxy".

As a conclusion we have to note that the mass of the twin galaxies for the same radius from 30 to 38 kpc are similar and in the interval [2.3 10^11, 3.5 10^11] times the solar mass.

The creation of the "dark matter" fiction is similar to the "gaffophone" story.