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SUPERCOMOVING GASTROPHYSICS

THE ORIGINAL EQUATIONS
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SUPERCOMOVING GASTROPHYSICS

THE ORIGINAL EQUATIONS
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SUPERCOMOVING GASTROPHYSICS THE ORIGINAL EQUATIONS
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SUPERCOMOVING GASTROPHYSICS

THE ORIGINAL EQUATIONS

Pyl _
Py +V(m0 =0

i pu) o (-
o +V-(pi®i+pl) = p (-VP)

‘9(5’5) cV([oE+pli) = pii- (-VO)+ (T~ 1)
4
% + V- (Su) =0
ot

dr, -
ar "o
dﬁﬂ - VP
dt

p = gas density

u = gas velocity

D = gas pressure

E = total gas energy

S = gas entropy

¢ =internal gas energy

I' = cooling

L =heating

® = total gravitational potential
0,,, = total matter density (DM+ gas)
D, = total pressure (DM + gas)

A = cosmological constant
Tpy = dark matter particle position
u,,, =dark matter particle velocity
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SUPERCOMOVING GASTROPHYSICS

THE ORIGINAL EQUATIONS

Ip e _
Py +V(m0 =0
d pu V.=
(at ) +V-(pu®u+p1) = p (-Vo)
‘9(5’5) cV([oE+pli) = pii- (-VO)+ (T~ 1)
4
% + V- (Su) =0
ot

dr, .
thM = Upy
é@%__v¢
dt

additional/closure equations:

1
E=¢c¢+—u’
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SUPERCOMOVING GASTROPHYSICS

THE ORIGINAL EQUATIONS

P (i _
Py +V (pu) =0
i pu) o (-
o +V-(pi®i+pl) = p (-VP)
‘9(5’5) eV ([0E+pli) = pii (VD)4
4
) + V- (Su) =0
ot
AD =4'7TG(pt0t+
dr,, -
i
dﬁﬂ__vq)
dt

Note:
the total energy E does not contain gravitational energy,
but it is being taken care of in the energy conservation equation!

(C-L)
additional/closure equations:
P
E=¢e+—-u
2
p=(y-1)pe
S = pf_l
__ L Tk
(y=-Dum,
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

supercomoving physical
variable variable
dt
dT - —2
a
. r
X = —
a
Vv = au-ar
_ 3
p X - a p

= a
Dy p useful relations:
e, = a’e .
- 25
T _ a2T v=a X |
X i _i —ﬁ?c-Vf
S = g dt|, dt|, a *
X
1
. V ==V
H = aa r= Vs

a(t) can be any function of time!
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

supercomoving physical
variable variable
dt
dT = —2
a
. r
X = —
a
Vv = au-ar

“ we now have to re-write all differential equations... “

j § .
¢, = a’|l @+ —adx?
2
= as
P, p useful relations:
£ = a’e .
— 2—»
) v=a X
. = aT o o] a-
3y-8 E =5 —;X'fo
Sx —_ a S r | X
B . V =—V
H = aa r= Vs

a(t) can be any function of time!
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SUPERCOMOVING COORDINATES
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES
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_pl _a. 1 H .
“ra at P =V (o) + 5V, (0)
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES
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SUPERCOMOVING COORDINATES

ot
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

‘é’(;u) +V-(pﬁ®ﬁ+pi) =p (—VCD)“
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

‘é’(;u) +V-(pﬁ®ﬁ+pi) =p (—VCD)“

4,
7P
ar|,

leave it as it is...will cancel automatically ;-)
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

‘é’(;u) +V-(pﬁ®ﬁ+pi) =p (—VCD)“

R - o leave it as it is...will cancel automatically ;-)
V-(pu®u+p1)=Vp+V'pu®u

=Vp+ﬁV-(pﬁ)+13px(lﬁ-Vxﬁ)
a a
1 1. -
=Vp+uV- (pu)+3px(u-qu)
a a
- 1 1, . -
=Vp+uV: (pu) azpk(az<v+ >.qu)
=Vp+uV - (pii)+ i@p (12<v qu+.’}-[5?-V\u))
a a
- R | 1. - a- -
=Vp+uV-(pu) 3px(zv qu+x-VXu)
a a a
1 1. -
=Vp+uV-(pu)+ sz(zv qu+K)
a a
- 1 1. Ir-
=Vp+uV-(pi)+ 3px(2v Vx([v+5-[3c])+K)
a a a
=Vp+uV-(pi)+ ﬂp({a Vy+—v-VHx+K
a a a
—Vp+ V- (pi)+ 13px(lj Vi+ Ly fc+1<)
a a )
- - 1 1. S
=Vp+uV-(pu)+3px(3v va+3.’}-[v+K)
a

- izv-(pﬁ)ﬂpx(3v-v,\_a+ﬂﬂv+1<)
a a
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

d( pu .=
‘ ( )+V°(pu®u+p1) = p (-VO)
ot
A.1+A.2+B "
1 SRS _ap 1 1 (1o 1 e
—pll- v+ =—+dx|-K|+i—=+—V. p +uV-(pi)+—=p| =V Vi+ —H+K
JL([ a’ a’ T } ) gt a° *Px (p) a“ox(a3 T d )
=ﬁ@+uv-(pu)+13px([—}{\7 lgﬁv+'a'?c]—K +16prx+13px(13\7-vx\7+13}[\7+1()
t a a > dT a ; a a
=ﬁ(ap+V-(pﬁ))+a3 px([—"z;[* %—+d§c -K +a16VXpX+13px(al3§-V_x\7+al35-[\7+K)
1 H_. 1o 1 1 1. o 1, .
=—pll-Vv+——+ax|-K|+—-V.p+—p| =V Vi+—HV +K
a3px[ a’ 9T at +Px a’ px(aS v d )
=i3px [—j{§+£+di +16prx+1?px(1317-vxﬁ+135-[\7)
a a a a a a a
H_. 1w 1 1 1
= p|-T5 V@V Vs S HY [+ V
a’ Px a’ a® or a’ T4 at <Px
1 1 ov 1 - - 1
=—p| = —+—=v-Vy+ax|+—V
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

‘é’(pu) +V-(pﬁ®ﬁ+pi) =p (—VCD)“

ot
—pV(I)=—i2 IVV((I);—laaxz)
a \a” 2
——i()p V.9 +14pXVx(aax2)
a a
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at 2¢°
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a
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

‘ﬁ(Pﬁ) LV

p (pﬁ®ﬁ+pi) = p (-VO) “

A+B=C

[}

pxﬁ-i-px‘_;.vx‘_;-i-vxpx =pX(_VX¢X)
i(p.v)

o +V.(pV®V)+V p. =p.(-V.¢,)
d(p,7)

VT @V +p.T)=p.(-V.0)
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

d( put) Y i(p,V) =
‘ P + V-(pu X u+ pl) =p (—VCI)) Oﬁ’i +V, - (va v+ pxl) =p.(-V.¢.)
A+B=C
1ov 1. . 1 1
a3px(a3(9T+aSV VXV+CI.X +EV px—a_%px(—sv ¢ +CZX)
1ov 1. . 1 1 e
px(a30’)T+a3v va+ax)+aSV p.=p (—a3Vx¢x+ax)
1ov 1. - 1 1
Px(cfaT““agV’VXV +yvxpx =p (—a3vx¢x)
p(jva Vﬁ)w p.=0,(-V.0,)
P +pV Vi+V.p =p(-V.9,)
Ao
P5) 5 (07 @5) 4,0, =p.(-V.4)
a(f)x‘j) e v T
o t Vx(va Qv+ p, 1) =p.(-V.9,)
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

a(gtE) +V-([pE+p]b7) =pii-(—V(I))+(r—L)
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

a(gtE) +V-([pE+p]b7) =pii-(—V(I))+(r—L)

rather than inserting supercomoving coordinates
we are going to derive the energy conservation...

(for simplicity we drop all subscripts)

COMPUTATIONAL COSMOLOGY gl]%




SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

&(gtE) + V- ([pE + pli) = pii- (-V®

)+(r-1)

j;+(\7-V)\7=—V¢—:)Vp
ov a—;+p\7-(\7-V)17=—p\7-V¢—lp\7-Vp
P V- (p7g) = pv -V + V- (p7)

_ ov - - - - -

v —+pv-(V-V)i=-pv-V¢-v-Vp > V- (py)=v-Vp+pV-v
19(pv?) 1,0 1 . . ~ _ _ - 1‘9<p"2) v 1 ,0p
LAP) 1200, 1 ()= L2 (57) - (i) 09 (09) -9 () w7 £ S0 g B L

19(0v') 1 ,[ap NI ) B} B} 3 B}
2aT_2V2[&T+V'(Pv)]+zv'(pvzv)=‘v'(9"¢)+¢V'(PV)‘V'(1’V)+1’V"’

1&(,0\/2) 1 - - - ~ -

2 +5V-(pv2v)=—V-(pv¢)+¢V-(pv)—V-(pv)+pV-v

a 2

% <5; )=—V-(p\7¢+p\7+;pv2§)+¢v-(p\7)+pv-\7
& 2

% <§; )=—V-(p§¢+pﬁ+;pvzﬁ)—¢zﬁT)+PV‘V

continued on next page...
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

d(pE) s

> V- ([pE + pli) = pii- (-V®@)+ (- L)

internal energy conservation:

- e -
> JAYARY =(—paT—pv Vs—psﬂ-[[3y—5])

-V pv¢+pv+;pvv +va

-V- pv¢+pv+;pvv ¢ (— ——pv Ve - peH[3y - 5])

-V

pv¢+pv+;pv v)—gb—p—pv Ve - peH[3y-5]

-V- pv¢+pv+;pvv ¢ (é(pg Z;)") pv-Ve-peH|[3y-5]

oT oT oT

-V- pv¢+pv+;pv v+p£v) ¢&p ((pg)—eap)+sV-(p§)—ps}[[3y—5]

|
|
|
|
. (pv¢+ pie Lo v) 0% (a(pg)—sap)—(V-(psﬁ)—sV-(pﬁ))—ps}[[Sy—S]
|
|
|
|

oT or or
- - é’ -
-V pv¢+pv+;pv2v+p£v) ¢&p pg a’;+8V (pv) - peH |3y -5]
U B ps ap -
v 1 ()| - peH |3y -5
5 &T oV + pv + PV psv) ¢07T p [ﬁT (pv)} peH [3y-5]
(9 % . - 9
; :?)T -V- pv¢+pv+;pv2v+psv) ¢5p_£_ eH[3y-5]
continued on next page...
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES
&(SE) +V-([pE + pli) = pti- (-V®) + (T - L)
t

2 (9T
(ps 1 5 PV
or 2 or

ps+ pv

V~([pE+p]\7)=

V- ([pE +pJ) -

V~([pE+p]\7)=

V- ([oE + p]) =

—7—/)85‘[[3)/ 5]

1
VY + py + VV+ EV
‘| ove+ pv 2;0 p) T ar

-V- (pv¢+pv+;pv v+pev) —p—peﬂ-[ [37-5]
(pv¢+pv+ PE+— pv v) ——ps.’]-[ [37-5]

=V (pvg+[pE + pv) - ¢E—p55{[3y—5]

-V-(pv¢)- ¢ﬁ - peH |3y -5]
-V (pve)+ ¢V - (pv) - peH[3y - 5]
—¢V - (pv)—pv -V + ¢V - (pv) - peH |3y -5]

~pv -V - peH[3y-5]
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

d(pE) s

V- ([pE + pli) = pii- (-V®@)+ (- L)

op.E = 5
“ ([;‘XT v (B, p.JF) = 0.7V 6~ Hpe,[37-5]

2 aT -V- (pv¢+pv+;pv v+pev) T—W—peﬂ[&/ 5]
07
(Of;g ; 5; -V- (pv¢+pv+;pv v+pev) —p—peﬂ-[ [37-5]
p5+ pv
-V (pv¢+pv+ PE+— pv v) ——ps.’]-[ [37-5]
-V (ov¢+[pE + pl¥) - ¢£-p55{[3y-5]
J pE - -
(5T ) V- ([0E + p]v) =—V~(pv¢)—¢ﬁ—p£5-[[3y—5]
a(g’f) V- ([PE + plv) ==V - (pvg) + ¢V - (ov) - peH 3y - 5]
a(gf) V- ([0E + pi)==¢V - (pV) - pv - Vo + ¢V - (pv) - peH [ 3y - 5]
a(g’f) V- ([0E + plv)=-pv - V- peH[3y - 5]
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

A é’_S =§ _ﬂ*.VxS
ot|, Jdt|, a

_BI_ds g
Jlr dt a

B divs
Jr a~ a
1 9/ 5,5 a-

=— S)-—x-V.S
az&T( X) a *

=L2[(3)/ 8)a37'9aS +a’? 95, e X-V.S
a Jar| a ’

0= a3y‘10[(3y -3)

[V.(
=w[v(
(V. (85

B V-(Sﬁ)=lVX[ s, (v+5{3c)]

a

= a5 (v + 31&)]

PEEUEVAR

X

S.7)+ HV - (5.%)]
S¥)+ HSV, X+ Hi-V S,
S.¥)+3HS, + Hx- V.S, |

1
=a "V -

X

- Hx- VXSX] + a”-l‘)[vx (S.V)+3HS, + Hx- VXSX]

=(3y-8) ~Hx-V .S +V - (SV)+3HS + Hx-V.S,
=(37-8) o (8.)+ 3545,

_dS, -

- (SV)+(3y=5)78,
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES
A ~
— +V (Su) =0 £+ V (S V)=-HS [3y-5]
JT
B A _dzys V- (Si)=1V, [ R (v+5{3c)]
ot|, Jdt|, a a
_BI_ds g - 3V'IOVX[SX(V+.’H3()]
ar dt a et _
_HS 1 _ang [V (8.7)+ HV, -(5.7)]
drd® a " = *V'O[vx (S7)+ HSV, ¥+ Hi- V.S, ]
1 d 3y-8 a =, y-10
= (@7S) VS = a7V, (8,5)+ 3H8, + Hi- V8]
=L2[(3)/—8)a37'9aS +a® f;SX Za”'sﬁ'VxSx
a3y'10[(3 8)FHS, + SX—ZHS?-VXSX]

0= a3y‘10[(3y -3) - Hx- VXSX] + a”-l‘)[vx (S.V)+3HS, + Hx- VXSX]

=(3y-8) ~Hx-V .S +V - (SV)+3HS + Hx-V.S,
=(37-8) o (8.)+ 3545,

_dS, -

- (SV)+(3y=5)78,
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

[s0 -t - 2]
C
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

[s0 -t - 2]
C

neglect total pressure...
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

| Ad =41G(p,, - p,)

A B
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

| a2 =4aG(p, —p,)

A<D=12Ax(¢§—aax2)
a a
LN
at "t 2a "
1 a
A -6
at o 2a
1 i

a 3
1 _
= ?Ax(p)» - 4‘7[G(ptot - pA)
1 4nG
= ?Ax¢x - T(px,mt - px,A)

*this is the only point where cosmology enters!

1 cll 471G > 2nd Friedmann equation*
aG
N 3a( (P = Pa ))

B

4nG
4JrG(pm,—pA)= T (Px,m:—px,/\)

3
a

A=B
1 4nG 4nG
a4 Ax¢x - a3 (px,rot - px,A) = 7(px,tor - px.A)

qu)x = 4‘7TGa(px,wr - ﬁx,tot)
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

| a2 =4aG(p, —p,)

4nG
J; a(ptot_pA))

Ax(Px _4‘7rG(ﬁtot - pA)

1 4nG
= TAX¢X - 7(px,mt - va/\)

Ax¢x = 4JTGa(px,t0t B /_)x,zoz)

B

4nG
4JTG(me - p/\) = %(px,wt - px,A)

A=B

1 4nG 4G
aTAX¢X - Z; (px,rot - px,A) = 7(px,tor - px,A)

qu)x = 4‘7TGa(px,wr - ﬁx,tot)
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SUPERCOMOVING COORDINATES

| Ad =41G(p,, - p,)

Ax¢x = 4JTGa(px,tot B /_)x,zoz)
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

Ty -
di = Upy
du
oM _ _ P
dt
du a . -\ 1| dv d(}&)
du__ 4Gy a) . L4 AN
dt az( ) al dt dt
-_9%5 @ 1dv ld(}&)
a’ a adt a dt
a. a. 1dv 1dHR)
=—72V—7 774-
a a adl a dt
a. a. 1dv 1(.dH dx
=-—V- X+737+* x7+5-[7
a a a dl a At dt
a. a_. 1dv - 2 dx
=——V-— X+ 5+ x[aa+a ]+——
a a a dl a adTl
a. a. 1dv _. a. adx
=——V-—— X+ XA+ — X+
a a a a a dT Qd}_‘j
=%ﬂ i d
a’ dT
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SUPERCOMOVING GASTROPHYSICS SUPERCOMOVING COORDINATES

iy _ - D _;
d oM ar ™
du dv
DM =_V(I) o =_Vx¢x
dt dT
- Lo (o, 1 .5
m ‘ v d(Hx —V¢=—VX(X—aax )
du=_az(‘7+5_&)+ldv+( ) a "\a 2
dt a al dt dt 1 1
==V, -an'ﬁ)
__ag @ 1dv 1d(IE) ( 2
a’ a adt a dt _ (1V . )
B =7 3 x¢x_ax
a. a. 1dv 1dI) a
=—72V—7 774-
a a adl a dt
a_ a . 1dv 1(.dH dx
=—— V- X+ 5+ I—+H =
a a a dl a At dt
a. a . 1dv - ) dx
=-S5 V-—X 7ﬁ+; x[aa+a]+;ﬁ
a a a A:B
——iﬁ—a—zi+id—‘7+ﬁ+a—2i+id—x 1 dv 1
a a a’ dT a a’ dT dx —3—v+ ;a=-(3vx¢x —dx)
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SUPERCOMOVING GASTROPHYSICS

SUPERCOMOVING COORDINATES

1 2
E =pe+—pu
P 2p

straight forward to proof...

1
E =pe +—pyV’
x = P, 2px

p.=(r-1p.e,

Sx=p€’j1
gx =;lk_BT
y=1)um,
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

ap.

0')T + Vx ) (va) = 0
Apy) |y (@7 +p1) = o, (-V.0)
T e A ;
Jp.E B B
L) oV, [0+ p.F) =0 (-V.0) - Hpe [37-5] (T~ L)
as. e = . )
7 V. (S.V) = S [3y-5]
Ax¢x = 4‘717Ga(px,tot - px)
dx ~
=5
av,,,
—DM vV
dT P
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

J
9Py +V,
JT

(0.7) =0

(py@7+p1) =P (-V.0.)

([P +pT)  =pi- (V0N Hpe[3r-5Ih (T, - L,)
(8.7) {-945.[37-5] |

‘ A ¢, =4nGa(p,.,, - P,)

— the only functional difference!
dx

= Vo (btw, 3y-5=0 for y=5/3)
v _ _y
dT S

COMPUTATIONAL

COSMOLOGY

N

AIP




SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

By o
T +V, (;&v)
Npv L -
(57): ) +Vx°(va ®v+px1)
d(p,.E,) .
2 V. - E
JT TV, ([px x+px]v)
%, +V_ - (SV)
ol

Ax¢x = 4‘717Ga(px,tot - px)

dx
dT
av,,,
dT

o, (-V.9,)

pv-(-V.9.)-Hpe [3y-5]+ (L. -L,)

-8 [3y - 5]

additional/closure equations:

1,

E =¢ + 5
p.=(r-1)p.e
Vo 5 - ppyx_1
) 11k,
V.4, C(r-1um,
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

to allow for the greatest flexibility we are
going to introduce new functions
allowing for an easy coding of:

1. cosmological equations

2. regular equations

...and we drop all subscripts
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

to allow for the greatest flexibility we are
going to introduce new functions
allowing for an easy coding of:

1. cosmological equations

2. regular equations

Note: all quantities are still “supercomoving”!

...and we drop all subscripts
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

g i
- +V (pv) =0
i(pv) =
= +V°(pv®v+p1) =p (-V9¢)
ol pE . =
(I;)t ) +V~([pE+p]v) = pv - (-V¢) - Hpe[3y -5]+(T - L)
‘;—f + V- (SV) = —HS[3y - 5]
additional/closure equations:
Ap =GaD i
E=¢€e+ Ev
- p=(y-1pe
ax.;; i .
dt = py—l
e Loes bk
Lot _(-yy) “Gnum,
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

1. cosmological equations

H =aa

dimension 1/T?

dimensionless
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

1. cosmological equations

- 3H? 3
e 2 3T -2Q H?
crit 8 G g 2 O 0
3H’ 7 P =P
=> G = 8prh.ys [—)
3QH?
- —r a=a(t)
3
= QH’ ,
8ap"” H =aa
_QH, 3
a’ 8mp"”
_ QH,” 3d’
a’ 8mp
» 3 3 1
= Q()Ho % => 4aG = EQOHoz —

dimension 1/T?

dimensionless

- A¢=§QOH§aptot_p

COMPUTATIONAL COSMOLOGY

AIP




SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

2. regular equations

dimension L3/M/T?

dimension M/L3
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

freedom to choose length, time, and mass scale

~ =
Il Il

st ™
o

aRal

o

3
I
3
3
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

freedom to choose length, time, and mass scale

= B, X
t= t, t

3
I
3
3

o o =
c >1-0 Bg
l_/ic

pO pc
Ec
P,

COMPUTATIONAL COSMOLOGY

AIP




SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

internal units

Ip. .
a Ve () =0
a(pC\_/:C) — — g
O’)tc +Vc‘(pcvc®vc+pc1) - pC (_VC¢C)
olp. E
—(g; ), Vo [pE+pl.) =p3.(-V.9.)-H pe[3y-5]+(T.-L.)
5, )
o'?tc * VC . (SCVC) - _j—[CSC[3y B 5] additional/closure equations:
Ag. =G.aD. E =€+ %ch
~ p.=(r-1pe,
Kepy _ 5 ¢ __P
dr, ™" “p
dv, __ 1 1k
d—;w=_vc¢c SC ()/—l)umpTc

c
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

1. cosmological units

Dc = pc,tot _1 = pc,DM + pc _1

H.=ai | a=Qua”+1a , a(t)=

B, = Dbox size
A
0 HO

pO = p = QOpcrit,O

=> p, defines m,,!

numerical integration...
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

1. cosmological units B, = box size
w - L
HO
Po = P = 2P0
G. = é Q, => p, defines m,)!

, a(t) = numerical integration...

o is constant as it is the comoving mean density!
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

1. cosmological units B, = box size
w - L
HO
Po = P = 2P0
G. = E Q, => p, defines m,)

Dc = pc,tot _1 = pc,DM + pc _1

H. =aa |, a= \/Qoa‘2 + A,a’ , a(t) = numerical integration...

Note:

we still have the freedom to measure B, H,, and p, in whatever units we fancy...
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

1. cosmological units B, = box size
w - L
HO
Po = P = 2P0
G. = E Q, => p, defines m,)

Dc = pc,tot _1 = pc,DM + pc _1

H. =aa |, a= \/Qoa‘2 + A,a’ , a(t) = numerical integration...

Note:

we still have the freedom to measure B, H,, and p, in whatever units we fancy...

[B,]

convenient choice: [H,]

[po] = ?

h™" Mpc
km/s
Mpc

h
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SUPERCOMOVING GASTROPHYSICS THE SUPERCOMOVING EQUATIONS

1. cosmological units B, = box size
w - L
HO
Po = P = 2P0
G. = %Qo => p, defines m,)

Dc = pc,tot _1 = pc,DM + pc _1

H. =aa |, a= \/Qoa‘2 + A,a’ , a(t) = numerical integration...

Note:
we still have the freedom to measure B, H,, and p, in whatever units we fancy...

[B,]

convenient choice: [H,]

[00]

h™" Mpc
km/s
Mpc
? ——>  #parts/cellvolume !?

h
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

1. cosmological units

B, = box size

t, =

ap, . ,
0')tc +VC-(PCVC) = O Py = P = R e
ip.V.) .
i +V, - (,Ocvc PV, + pcl) = p. (-V.9.)
0 chc _ .
% +V, - ([PCEC + Pc]vc) =pV. (-V.p.)-H. p.e[3y-5]+(T.- L)
as. ~
Jt, HVe (chc) - _g—[CSC[3y - 5] additional/closure equations:
3 E =¢ +lv 2
AC¢C =590a (IOC,DM +pc_1) ¢ ¢ Tyle
- p.=(r-1)p.e.
Pepy _ 5 o _p
dt. oM =
v, Lk
d;DM = _VC¢C c (Y—l)ump c
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SUPERCOMOVING GASTROPHYSICS

THE SUPERCOMOVING EQUATIONS

2. regular equations

66‘ = 4‘7-5Gp0t§

H =0 ,a=1
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