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The Gray Goo Scenario

@ The first assembler is
created to convert organic
matter into other materials.

Each new unit follows
€ the same programming

TRgl 4 instruction to consume
== %} and multiply.
) £3.
The assembler is ¢ 1

= 3
programmed to f TS
create new units i
identical to itself. i S s

A
The manufacturing rate @ +552 e
becomes exponential S

producing greater and 5]

greater numbers of Eventually_ the assemblers

assemblers. would strip the Earth of all

organic matter, leaving only

nanomachines behind.
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QUANTUM
———. w . FIELDS

time

ELECTRON FIEED

virtual photon

Physical Scope B 1 time

Higheaseste than Vacuum
Stateor Ground State

electron-electron scattering

Energy
24 Q-fields + Higgs

State Scope

EVERY POINT IN SPACE =

2-D Quantum Fields

Hierarchy of Fine-Strucrure Constanis

Constants of Standard Models of particle physics and cosmology. taken from
Reference [8]. Note that the electric, weak and strong coupling consianis indicated are
different from the low-enerzy definitions of Egs. (2.1), {2.5), and (2.6).

Quantity Symbaol Value in our eniverse

Speed of light c 209,792,458 ms ™!
Gravitational constant G 66735 1071 md kg~ 572
{(Reduced) Planck constant h 105457148 = 107 m? kys!
Planck mass.enerpy mpp = e G 12200 % 107 MV

Mass of electron; proton; neutron Mgl 1 My 0.511;938.3; 939.6 MeV
Miss of up: down; strange quark Mlgs g my, (Appron ) 240 4.8 104 MeV
Ritio af electron to proton mass B (1836.18)71

Gravitational coupling constant ag=miimy  59x 107

Hypercharge coupling constant a) 1/98.4

Wk coupling constant a3 11206

Strong foree coupling constant ay =ay 01187

Fine structure constant a= g’#‘-’;‘; 279 (1137 an low encrgy)
Higgs vacuum expectation value (] 246.2 GeV'

QCI seale Agen = 200 MeV

Yukawa couplings = «Zm e Lisied in [82]

Hubble constant H T1 kmis/Mpe (1oday)
Cosmological constant {energy density ) Alpp) pa=I(23x% 10-dery?
Amplitude of primordial flectuations Q 2% 103

Total matter mass per photon 2 =4V

Baryonic mass per photen Baryos = (161 ¥V
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1 astronomical unit
1 parsec
Luminosity of Sun
Mass of Sun
Radius of Sum
Mass of Earth
Radius of Earth

Astrophysical Data
pc
M

Mg

1.496 x 10'' m
3086 % 10 m
385 x 10% W
1.980 x 10 kg
6.96 = 10° m
50742 3 10° kg
6.3781 x 10° m

Other data and conversion factors

1 Angstrom
1 fermi

1 barn

1 pascal

1 standard atrmosphere

A
frm
b
Pa

Standard acceleration due to gravity o

1 electron wolt

&V e
& /kp

Waselength of 1 eV photon

1 M2

1.0132 = 10° Pa
G807 ms*
16022 = 107 3
B.065 s 10° m~!
1.1604 = 10° K
12390 x 107~ m

Trigonometrical identities

sinf{f + ) = sin(@) cos( @) + cos{d) sinfd)
cos(f + i) = cos(f) cos(d) — sin(#) sin(g)
sl o+ sin (3 = 2ein i[u + 13} I.'(x‘%[rl — i

cos o + o8 F = 2eos Ho + ) cos 3o — 7)

ooE o — oo 7 = 2 sin 121“ + [3)5in %1.! — )
In a triangle ABC, a/sin A = b sin B = ¢/ sin”

Prefizes
T = tera = 10¥
G = giga = 10°
M = mega = 10°
k = kilo = 107
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and a = ¥ + 2 — 2ecos A

¢ = centi = 107
m = milli = 10~*
= micrs = 107
n = nano = 10°*
p = pice = 107
f = femta = 1016



Conceptual Map: Equilibrium Ethics

[ MORAL REALITY ]

[ Moral Absolutism ] [ Moral Relativism ]
Rigid Rules Unlimited Flexibility
Context Ignored No Anchors
Mechanical Justice No Accountability

I I
----------- ERAFTIHES —r—recc-

|
[ EQUILIBRIUM ]
(Dynamic Moral Calibration)

[ Human Limits ] [ Social Context ] [ Long-Term Impact ]
Biology Culture Future Stability
Psychology History Ecology

|
|

[ ETHICAL ACTION ]

(Balance Preserved Across Scales)
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ELECTRON FIEED

virtual photon

Physical Scope B 1 time

Fectn

MighesStace than Vacunm
Stateor Ground State

electron-electron scattering

Energy

24 Q-fields + Higgs

State Scope

EVERY POINT IN SPACE -

2-D Quantum Fields

Hierarchy of Fine-Structure Constants

Constants of Standard Models of particle physics and cosmology, taken from
Reference [8]. Note that the electric, weak and strong coupling constants indicared are
different from the low-enerpy definitions of Egx. (2.1), (2.5), and (2.6).

Quamity Symbol Value in our universe

Speed of light ] 209,792,458 m 5"
Gravitational constant G 6.673 % 1071 md kgt 572
(Reduced) Planck constant h 105457148 % 107 m? kg 5!
Planck miss-cnergy mpp = RO 1.2209 % 107 MeV

Mass of electron; proton: neution M} T My 05119383, 239.6 MeV
Mass of up; down; strange quark iy sy, (Appron.) 24: 4.8; 104 MeV
Ratio of electron to proton mass B (1836.05) !

Gravitational coupling constant ag =mimh, 58 % 1071

Hypercharge coupling constant ay 17984

Weak coupling constant 5 126

Strong force coupling constant oy =y 01187

Fine structure constant o= ;‘-’#’;— 1279011037 a low energy)
Higgs vacuum expectation value [ 246.2 GeV

QCD scale Agen = 2 MeV

Yukawa couplings Ty = 2my v Listed in [52]

Hubhle constant H T1 kmis/Mpe (today)
Cosmolagical constant (encrgy density) Alpa) pa =23 x 107 Fev)?
Amplitude of primordial fluctuations @ 2x10-3

Total matter mass per photon £ =deV

Baryenic mass per photon Fraryoa = (61 eV
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Astrophysical Data

1 astronormical unit AU 1496 = 10" m
1 parsec pc 3.086 =« 10 m
Lurninosity of Sun L 3.85 x 10% W
Mass of Sun M 1939 = 10™ kg
Radius of Sun R: 6.96 x 10° m
Mass of Earth Mg 50742 x 10% kg
Radius of Earth Re 6.3781 = 10° m

Other data and conversion factors

1 ngstrom A 101 my

1 fermi frm 1015 m

1 barn b 10-2 mt

1 pascal Fa 1 Mm—?

1 standard atmaosghere 1.0132 = 10° Fa
Standard acceleration due to gravity g 0807 m s

1 electron velt ey 16022 = 107 1

v /e BOGS % 10° mt
eV k11604 x 10° K
Wauwelength of 1 &V photon 12390 x 107% m

Trigonometrical identities

sin(@ + @) = sin|d) oos( @) + cos{H) sind)
coa(# + i) = cos{f) cos{ @) — sin(#) sin($)
slne + sin 3 = 2sin é[u + 1) LTB%[I‘I —3)
ooaa +e0s 7 = 2eos Ho + 7) oos 3o — 4)
onE o — o8 7 = Fain 121“ + [ 8in __lli.! — )
In a triangle ABC, a/sin 4 = b/ sin B = ¢/ sin 7
and a? = I¥ + 2 — 2ecos A

Prefizes
T = tera = 10"
G = gigs = 10°
M = mega = 10°
k = kilo = 10¢
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Conceptual Map: Equilibrium Ethics

[ MORAL REALITY ]

[ Moral Absolutism ] [ Moral Relativism ]
Rigid Rules Unlimited Flexibility
Context Ignored No Anchors
Mechanical Justice No Accountability

I I
----------- ERAFTIHES —r—recc-

|
[ EQUILIBRIUM ]
(Dynamic Moral Calibration)

[ Human Limits ] [ Social Context ] [ Long-Term Impact ]
Biology Culture Future Stability
Psychology History Ecology

|
|

[ ETHICAL ACTION ]

(Balance Preserved Across Scales)
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