nf- = T[string_] := Style[string, FontFamily —> "TeX Gyre Pagella", FontSize - 20]
customStyle = {
PlotStyle - Thickness[0.006],
Frame -» True,
FrameStyle -» Black,
FrameTicksStyle - {Directive[l8, FontFamily —> "TeX Gyre Pagella'"],
Directive[l18, FontFamily —> "TeX Gyre Pagella"]},
ImageSize - {550, 350}
};
o[t_, D_] :=Sqrt[2D t]
(*n[t_,z_]:=1/Sqrt[4 1t A tler(-z"2/(4A t)) %)
ndense[z_, t_, D_] :=1/ Sqrt[2 r o[t, D]*2]e*(-(z)*2/ (2 o[t, D]*2))



2 Isg.nb

- - Solve[dd D[D[1/ Sqrt[tcle*(-(z)*2/(2ct)), z], z]-D[1/ Sqrt[tc]le”r(-(z)*2/(2ct)), t] == 0, c]
(» age of galaxy, tG = 4.5 % 10717 sx%)
d := 107 (-15)
logt :=19
Plot[
{ndense[z, 107 (logt -2), d],
ndense[z, 107 (logt-1), d],
ndense[z, 10" logt, d]},
{z, -300, 300},
PlotLabels - {T["10'" s"], T["10'® s"], T["10'°® s"]},
Evaluate@customStyle,
PlotRange - All]

2

ouf* J= {{c - 2dd}, {c - Z?}}

0,080 T
0.025} h |
0.020 ]

y j(1015§ |
a010§ | 101's
0.005] I 1101 s
0.000¢ — | =T 1101 s

300 -200 -100 0 100 200 300



In[

Outf

Out[

Outf

In[

Outl

Outl

Outf

Outf

In[

Out[

Out[

Outf

Ooutf

Isg.nb

D[D[ndense[z, t, 1], z], z]
D[ndense[z, t, 1], t] /| Expand
b // FullSimplify

z? z2

B_At e_4t 4

= - +
4\/;‘(3/2 8\/;t5/2

QO T o
1

2

e_4t e_4t 22

= = +
4\/;t3/2 8\/;t5/2

-0

]

)= Integrate[ndense[z, t, dd], {z, —H, H}] /. H:> 300 /. dd » 10/ (-14)
Solve[% == 0.99, t]
Integrate[ndense[z, t, dd], {z, —H, H}] /. H:=> 300 /. dd :» 10/ (-15)
Solve[% == 0.99, t]

1500000 OOO]

JE

- Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for
complete solution information.

= Erf[

{{t > 6.78232x 10'"}}

1500000000 \/E]
Ve

- Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for
complete solution information.

J= Erf[

- {{t > 6.78232 x 10*%}}

;= Integrate[ndense[z, t, dd], {z, —H, H}] /. H:=»> 300 /. t:» 10714 /. dd:» 107 (-15)y

gerit = Solve[% == 0.5, y]

T["lg E crit:"]

9+ LoglO[y /. gcrit]

150 /10
e
|4

- Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for

complete solution information.

~{{y > 989149.}}
»-1g E crit:

- {14.9953}

3



4 Isg.nb

inf+ = FullSimplify[Integrate[ndense[z, t, dd], {z, —H, H}], Reals]

\/J \/t_ Erf[ﬁ]

dd t

outf* J=

In[* J:=
Tl0:=1.5%10"6

nratlo :=0.028
nrat9 :=0.341
nrat7 :=0.631

((10/ (nrat1e/ nrat9))-1)ri1e
% * 31536 000

ouf- -1.81179 x 10°

ouf- - 5.71365 x 10*°



