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Hierarchy of Fine-Struciore Constunis

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

Cuamity Symbol Value in our universe

Speed of ligh ¢ 209,792,458 m 5!
Gravititional constant G 6.673 % 107"t kgt 572
{Reduced) Planck constant [ 105457148 = 107 m? ky s~

Planck mass-energy

Maas of clectron; proton; neution
Muss of up; down; strange quark
Ratio of electron to proton mass
Giravitational coupling ¢onstant
Hyperclurge coupling constant
Wenk coupling constant

Strong force coupling constant

Fine structurne constant

Higgs vacuum expectation value
QUD scale

Yukawa couplings

Hubhle constant

Cosmological constant (energy density)
Amiplitude of primordial fuctuations
Total matier mass per photon
Baryonic mass per photon

1.2209 = 1077 MeV
0.511;938,3: 9396 MeV
(Approx.) 24; 4.8 104 MeV
(1836151

59« 0~

1/98.4

1/29.6

01187

AT (13T an low energy)
2462 GeV

= 200 MeV

Listed in [52]

T1 kmfs/Mpe (roday)

pa =123 % 107 %e1y?

2x 105

=4V

== (L6] eV
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UsIVERSITY OF SUSSEX
PHysics AND ASTRONOMY EXAMINATIONS SUB-BOARD
Table of Physical Constants

Rrvined Jamuary 2008

Electron rest mass fite 9109 = 107 kg
Proton rest mass M, 16726 = 1075 kg
Electronic charge e 16022 = 1™ C
Speed of light in free space IS 20079 = 10f m s
Permeability of free space Ty drx 10~ Hm-?
Permittivity of free space & 885 « 10 Fm*
Planck's constant h 6626 = 105 1s
Reduced Planck's constant h=h/2 10546 = 10-% 1

hie 197.33 MeV im
Boltzmann's constant kg 1.3807 = 105 1 K-!
Gas constant R =kglmyg 8250 = 104 1 kg' K?
Molar gas constant R 8.315 J mol ™ K!
Avogadro's number Na 6072 « 10°° mol™*
Standard molar volume 22414 = 107 m* mal~!
Unified atomic mass unit (**C scale) w 0315 MeV/e* = 1660538x 107 kg
Mass of hydrogen atom LT 1.0078u = 16735 » 1077 kg
Bohr magneton e 0274 w 107 A mdor 1T
Muclear magnetan e 5051 % 10F Amtar J T
Proton magnetic moment My 27028
Meutron magnetic moment Hn -1.91300 %
Bohr radius [ 5202 x 107" m
Fine structure constant a = f{dzeolic) (137.04)7°
Compton wavelength of electron Ao = hf(mec) 24263 x 107 % m
Rydberg's constant R, 1.0074 = 107 m~*

R _he 13.606 «\V
Stefan-Boltzmann constant a 5671 = 10— Wm—= K4
Radiation density constant a=dafe 7561 = 10" ) m—= K4
Gravitational constant (5 6673 = 10-'' N m* kg*

Rest masses of some leptons and hadrons in MeV /i~

e” 0.5110, p* 10666, = 1777, 7" 134.98, o™ 130,57, K 403.7, K" 497.7, 4 547, D" 1865, D™ 1869,
p938.3, n 9396, A" 11157, £ 1169, X" 1193, £~ 1197, =7 1315, =~ 1321, 1 1672, 2" 91187 = 1(F,
W 80 .41x 107

Quark | Charge [, 5§ © B T Mass
(GeV /)
" T 0 0 0 0 ~0008
d |- - 0 0 0 0 ~0006
c |+ 00 +1 0 0 ~135
s |- o -1 0 0 0 ~011
t |+ o 0 0 0 +1 1743
b - 00 0 -1 0 4.2
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Astrophysical Data

1 astronomical unit
1 parsec
Luminosity of Sun
Mass of Sun
Radius of Sun
Mass of Earth
Radius of Earth

Al
pc
L
M
R:
Mg
Re

1496 = 10 m
3086 = 100 m
385 « 10 W
1.080 = 10 kg
6.96 « 10° m
50742 = 10% kg
6.3781 = 10% m

Other data and conversion factors

1 Angstrom

1 fermi

1 harn

1 pascal

1 standard atmosphers

Standard acceleration due to gravity
1 electron volt

Wavelength of 1 &\ photon

eV he
eV ke

101 m
m—:l.'i i

10-% m?

1 Mm~*

1.0132 = 10° Pa
0807 ms?
16022 = 107 )
B.065  10% m~!
11604 = 10° K
12300 x 10~ m

Trigonometrical identities

sin|f + ) = sin(d) cos( @) + cos(#) sinfd)
cos(@ + &) = cos{#) cosfd ) — sin( &) sin(g)
sinee + sin 3 = Zein é[u + 17} n::si[ri — 1)
eoae + 008§ = 2eos Ha + F) cos 3o — 7)
cos — o8 7= 2sin %1“ + [#)sin 51.5 — )
In a triangle ABC, a/sin A = b/ sin B = ¢/sin ™
and o = I# + & — Aecos A

Prefixes
T = tera = 104
G = gigs = 10°
M = mega = 10°
k = kilo = 10"
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€ = centi = 102
m = milli = 10
f = micre = 107
n = nano = 107"
p = pice = 10~
f = femto = 10-1%



Conceptual Map: Equilibrium Ethics

[ MORAL REALITY ]

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

| |
----------- ERACTHRE -===-ce==-.. .

|
[ EQUILIBRIUM ]
(Dynamic Moral Calibration)

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

[ ETHICAL ACTION ]

(Balance Preserved Across Scales)

122



G158 CUBMAT thealis Ay A

[ A3l &ls]
|
|

[4ladl 33541 ] [l G389 ]
a jluall 22 gall B3 gaawll e A3 g yall
ogs (alaadl =y
ALl ) Alfanll el Y
I I
wSH)
|
|
[o)s]

(Al 83T 5 a)
|

| | I
Oy agaa] [eleia¥! Bladl] [ 291 dysha i ]

slaY) e aalal) Dt Jisl)
sl e 28l Ll

|
PEREUY
(&) xal) sae L giae 3 5il))

123



124



125



