v

)
i

ntal cansta

Manjunath.R




Calculations and Interpretations of The Fundamental Constants

"The only true wisdom is in knowing you know nothing."

— Socrates

By
Manjunath.R
#16/1, 8th Main Road, Shivanagar, Rajajinagar, Bangalore560010, Karnataka, India
*Corresponding Author Email: manjunath5496@gmail.com

*Website: http://www.myw3schools.com/




Throughout all of the formulations of the basic equations of gravitation, quantum mechanics,
electromagnetism, the nuclear physics and their application to the real world, there appear again
and again certain fundamental invariant quantities called the fundamental physical constants —
which are generally believed to be both universal in nature and have constant value in time. This
book discusses the calculations and Interpretations of the Fundamental Constants which
consistently appear in the basic equations of theoretical physics upon which the entire scientific
study rests, nor are they properties of the fundamental particles of physics of which all matter is
constituted. The speed of light signifies a maximum speed for any object while the fine-structure
constant characterizes the strength of the electromagnetic interaction. An accurate knowledge of
fundamental constants is therefore essential if we hope to achieve an accurate quantitative
description of our physical universe. The careful study of the numerical values of the fundamental
constants — as determined from various experiments — can in turn determine the overall

consistency and correctness of the basic theories of physics themselves.

| do not know what | may appear to the world, but to
myself | seem to have been only like a boy playing on the
seashore, and diverting myself in now and then finding a
smoother pebble or a prettier shell than ordinary, whilst

the great ocean of truth lay all undiscovered before me.

Isaac Newton




A set of fundamental invariant quantities that describes

v

the strengths of all the interactions and the physical
properties of all the particles observed in nature and
appearing in the basic theoretical equations of physics

"It Takes Fundamental Constants To Give Us Our Universe, But They Still Don't Give Everything."

The speed of light (c)

(ultimate speed limit)

. A
186,000 miles per second

The conversion factor between the time dimension and the three space

dimensions in our 4 dimensional space-time

If particles with intrinsic mass exceed the speed of light, then c loses its special
status, giving rise to a host of other problems elsewhere in the world of physics,
where c has been used in calculations, such as the equation in Albert Einstein's

theory of special relativity that expresses the equivalence of mass and energy:

E=mc?2

Planck's constant (h)

{tells about the behavior of the particles and

the waves on the atomic scale}

One of the smallest constants used in quantum mechanics that sets the
scale for quantum phenomena
(6.626 070 15 x107%* J Hz™?)

Planck's constant defines the amount of energy that a electromagnetic radiation photon can

carry - according to the frequency of the electromagnetic wave in which it travels

Newtonian gravitational constant (G)

N
4 h

The basis of our understanding of non-

relativistic gravity

The Boltzmann constant (kg) relates
temperature to energy. It is a fundamental
constant of physics occurring in nearly every
statistical formulation of both classical and
quantum physics. It is named after Austrian
physicist and philosopher Ludwig Boltzmann,

one of the pioneers of statistical mechanics.

One of the earliest fundamental constants that defines the strength of

gravitational force

The constant relating the force of gravitational attraction
between two objects to the product of their masses and
the inverse square of the distance between them in Sir

Isaac Newton's universal law of gravitation:

\

Gm1m2

rz

6.673 x 101N m? kg2




The idea of Quantum foam was
PLANCK FORCE:

devised by John Wheeler in 1955

The amount of force required to accelerate one Planck mass by one Planck acceleration:

Planck force = Planck mass x Planck acceleration

AN LSV

The maximum force value that
Fplanck = 1.2103 x 104 N

can be observed in nature

v

appears in the Albert Einsteinian field equations describing the properties of a gravitational field surrounding
any given mass:

) ) energy-momentum tensor
Einstein tensor = 8z x

Planck force
\ _/
Y

The Planck force describes how much or how easily space-time is curved by a given amount of mass-energy.

The amount of energy possessed by a Schwarzschild Black Hole is equal to its mass multiplied
by the square of the speed of light: E =Mc?, where: ¢ is not just the constant namely the
maximum distance a light can travel in one second in vacuum but rather a fundamental feature of

the way space and time are unified to form space-time.

Fp; This means: Half of the Planck force is responsible for confining
E= anck X r

> S _ 2GM
the energy E =Mc? of the Black Hole to a distance rs=

Cz
The value of h is about 0.6 trillionths of a trillionth

of a billionth of 1 joule-second.




. ) __2GM
Any object with a physical radius < will be a Black Hole.

C2

h h
Ap AX > AE At >—
2 2
Planck momentum x Planck length = A Planck energy x Planck time = A
The Planck time is the time it takes for light to traverse a Planck length. The Planck mass is so large because the

gravitational force in this universe is very weak

The Planck mass is approximately the mass of a
black hole where quantum and gravitational effects
are at the same scale: where its reduced Compton
wavelength and half of its Schwarzschild radius are

approximately the same.

,th /hG
If ? is confined to the volume of a cube of size = it will form a black hole. In fact, this is
C

thought to be the smallest possible mass limit for a black hole and at

_ AG )
Distance = [—
C
. |nG
Time = =3 > it is thought that quantum gravitational effects will be very significant.
5
Energy = hi Space-time would become chaotic quantum foam. Matter and antimatter
G _ would be constantly created and destroyed.
Space-time would become quantized (which would cause violations of
‘ Lorentz invariance).
at




The attempt to understand the Hawking radiation has a profound impact upon the understanding
of the Black Hole thermodynamics, leading to the description of what the black hole entropic

energy is:

Black Hole Entropic Energy = Black Hole Temperature x Black Hole Entropy

Mc?
Es=Tsn X Sgn =

This means that the entropic energy makes up half of the mass energy of the Black Hole. For a
Black Hole of one solar mass (Mg = 2 x 10% kg), we get an entropic energy of 9 x 104 joules —

much higher than the thermal entropic energy of the sun. Given that power emitted in Hawking

.. . dMCZ dES
radiation is the rate of energy loss of the black hole: P = — m = 2 X— T The more

power a black hole radiates per second, the more entropic energy being lost in Hawking

radiation. However, the entropic energy of the black hole of one solar mass is about 9 x 1046

joules of which only 4.502 x 10 ~2° joules per second is lost in Hawking radiation.

_ Fplanck
=X

E
3 4

I's

1
This means: 2 th of the Planck force is responsible for confining the entropic energy Es = (TgH X

2GM
cz

Sen) of the Black Hole to a distance rs= A photon sphere or photon ring is an area or

region of space where gravity is so strong that photons are forced to travel in orbits. The radius

of the photon sphere for a Schwarzschild Black Hole: r = This equation entails that

cz '
photon spheres can only exist in the space surrounding an extremely compact object (a Black

Hole or possibly an "ultracompact” neutron star).

1
This means: 3 rdof the Planck force

E =hv E= Fplanck %
- 3 times the radius of the photon sphere
The first "quantum" expression in history —

stated by Max Planck in 1900

equals the amount of energy possessed

by a Schwarzschild Black Hole.




. "Nature shows us only the tail of the lion. But there is no doubt in my mind that the lion belongs
Radiation Constants: / Y J
with it even if he cannot reveal himself to the eye all at once because of his huge dimension. We see

him only the way a louse sitting upon him would." — Albert Einstein

Fundamental physical constants characterizing black body radiation. The first radiation constant

hc
is c1 = 2mthe? = 3.7417749 x 1071 Wm?, the second is ¢, = . 1.438769 x 102 mK, where: h is
B

the Planck constant c is the speed of light in vacuum and kg the Boltzmann constant.

Radiation

N
4 h

Heat flows through space by means of electromagnetic waves

(elementary charge )* l 2.G
(Planck charge)? 4 00

Fine structure constant:
Planck charge
2 1 elementary charge = — ZoGo

= =—-7,G
* 4meghc 4 020

{ Sommerfeld’s constant } e

1
o= Z x impedance of free space x conductance quantum = 0.0072973525693

expresses the strength of the electromagnetic interaction between

v

elementary charged particles.

2

e
(elementary charge )2 If PR were greater than 0.1, stellar

(Planck charge)?

v

fusion would be impossible and no place

in the cosmos would be warm enough for

carbon-based life as we know it.
When | die my first question to the Devil will be: What is the

meaning of the fine structure constant?

— Wolfgang Pauli




Planck units

The ultra-high-energy cosmic ray observed in 1991 had a

,hc5
measured energy of about 2.5x1078 G

Planck mass

Mpianck =

hc
o 2.176434 x 108 kg

Planck length

’flG _ -
Lprlanck = C_3 = 1.616255x 10 35 m

At which all the fundamental forces are

unified.

Planck time

’flG
trianck = g = 5.391247 x 10 * s

Quantum effects of gravity dominate physical

interactions at this time interval.

Events happening at the

Planck scale are
undetectable with
current scientific

technology

Planck temperature
AcS At this t ture, th length of emitted
TPIanck — - — 1416784 % 1032 K IS empe?ra-ure € wavelength of emitte
GkB thermal radiation reaches the Planck length.
Planck charge Qplanck = /ATeghic = 1.875546 x 1078 C ~ 11.7¢
Planck area 2 _hG 0
Lpjanck = = =2.6121x10 " m
Planck volume 1363
L anck = = 4.2217 x 107105 3
Planck momentum B he3
MpianckC = = =6.5249 kg-m/s
Lplanck G
Planck energy
h hcS At which quantum effects of gravit
mPIanckC2 — - - 19561 % 109J wnicn quantum etTrects ot gravity
tplanck become strong.
Planck force MpJanckC? h ct

= —=1.2103 x 10“ N

Lplanck Lplanck tplanck

e |tis the gravitational attractive force of two bodies of one Planck
mass each that are held one Planck length apart
e ltis the electrostatic attractive or repulsive force of two Planck units

of charges that are held one Planck length apart.




Planck power m c? h c?
PlanckC™ _ = =3628x102W

T 42
tplanck tPlanck

Planck denSity m 5 The density at which the Universe can no longer
Pl k C y g
3 = =5.1550 x 10% kg/m®
LPlanck hG

be described without quantum gravity

Planck acceleration =

_ ¢ _ e 51 /2
= =5.5608 x 10°* m/s
tplanck hG

Planck frequency

1 c>
— = [—=1.8549x 108 s
tplanck hG
Planck current q Aten 6
Planck _ 0 —3479x10% A
tplanck G
Planck voltage 2 4
m C C
Planck> _ = 1.43 x 107V
dPlanck 41ey G

hcS
For energies approaching or exceeding < = 1.22 x 101° GeV , gravity is problematic
and cannot be integrated with quantum mechanics. A new theory of quantum gravity is

necessary. Approaches to this problem include:

e String theory (point-like particles are replaced by one-dimensional infinitesimal vibrating strings — smaller
than atoms, electrons or quarks)
e M-theory (The Mother of all theories or Mystery — an 11 dimensional theory in which the weak and strong

forces and gravity are unified and to which all the string theories belong)

A theory that extends general theory of relativity by quantizing spacetime—predicts

that black holes evolve into white holes

e Loop quantum gravity (a theory of quantum gravity which aims to merge quantum mechanics and
general theory of relativity)
. Non-commutative geometry (abranch of mathematics concerned with a geometric approach to noncommutative algebra)

e Causal set theory (an approach to quantum gravity that tries to replace the continuum spacetime structure of

general relativity with the spacetime that has the property of discreteness and causality)

e  The study of how things influence one other

e The study of how causes lead to effects




_/

The idea of quantum foam arises out of Albert
Einstein's idea that gravity is caused by the warping

Martin Bojowald

A

\_

and curving of spacetime /

A German physicist who developed the application of loop

quantum gravity to cosmology

\

-

The incorporation of a standard model into the

framework of the quantum gravity

Loop Quantum Gravity

(quantized space and time)

String Theory

Does not attempt to unify fundamental

interactions

Attempts to unify all four fundamental

interactions

Approaches the quantum gravity assuming

the aspects of general relativity

Approaches the guantum gravity assuming

the aspects of quantum theory

Does not require a super-symmetry

Grand unification theory

l

Fundamental symmetries existed at the

beginning of the universe and then broke
as the temperature dropped - just as
H,0 which looks the same in every
direction, freezes into ice, which has

distinct directions.

Expanding matter

l

White hole

I Quantum transition

Black hole

T

Contracting matter

The Coulomb constant "
4TtE

is a proportionality constant in
electrostatics equations. It was

named after the French

physicist Charles-Augustin de

Coulomb who introduced

Coulomb's law.




Newton's law of gravitation:

£ Gm1 m,
G -
r2
G — Proportionality constant
m4m;
Fee =2
r
m1=my = 1kg
1 The universal gravitational constant is numerically
r=1m
Fc=G equal to the Force of attraction between two unit
masses placed at a unit distance apart.
Because E=mc?:
GE E,
Fe="arz
c*r
1 . .
E,E, N Proportionality constant
Fc x Planck
G 2
r
Ei=Ex=1J
_ The reciprocal of Planck force is numerically
r=1m 1
Fo=— equal to the Force of attraction between two unit
Fplanck energies placed at a unit distance apart.

Fine structure constant:

ez

Stoney mass =
410G

(Stoney mass)?

o=

Zg

4m X hc X gravitoelectric gravitational constant

v

impedance of free space

2Rk "~ 2 xvon Klitzing constant

(Stoney mass)? e?

v

(Planck mass)? Q& anck




elementary charge

Stoney mass = Planck mass x
y Planck charge

AX AP = h
X =
p= 2
h
AE At>—
2

/ Planck length x Planck momentum

AX Ap >
2
Planck energy X Planck time
AE At>
2
v
Ap - Planck length
Planck momentum AX
AE - Planck time
Planck energy — At

Gravitoelectric gravitational constant: &g = G

41tG

Gravitomagnetic gravitational constant: g = =z The speed of gravitation:
g
1

Cq =
’ V Eghg

10




The Schwarzschild radius of the Stoney mass:

2Gmg _ 2G e2
s = -

C2

c2 4 41y G

-
'

4hc X fine structure constant

Planck force = >
I's

Optical Telescope —l

A telescope that is designed to collect visible light

If we take the mass of electron as m, when it is moving with velocity v, then

Me

m=

s

where me is the rest mass of the electron and m is the relativistic mass.

ez
If m = Stoney mass = :
4110 G

Hypernova

l

an exploding star that produces even
more energy and light than a supernova

Schwarzschild radius of electron

v=c |1— - -
2 X Classical electron radius

/

N
Y

Velocity a electron must travel so that its relativistic mass to be equal to Stoney mass

11




The Compton wavelength of the Stoney mass:

2ntxPlanck length

Ac

~ VFine structure constant

The time it takes for a planet to

complete one spin around its axis

The Hawking radiation temperature is: is called its rotation period.
_ hcd
B 8TEGMkB
o2
If M = Stoney mass = :
41T€0G

\_ %
v
Tors = Planck energy
B 8mkgVFine structure constant
Planck temperature
Ten =

- 811\/Fine structure constant

Observatory: A place where telescopes and other astronomical

instruments are housed and used.

12



, hcS
If a hot body were to reach the temperature of G the radiation it would emit would have a
B

hG
wavelength of /C—S at which quantum gravitational effects become relevant.

Planck temperature which equals about 100 million million million million million degrees,

’th
denoted by Trianck = G2 is the unit of temperature in the system of natural units known as
B

Planck units. The Planck temperature is thought to be the upper limit of temperature that we

know of according to the standard model of particle physics — which governs our universe.

In physics the Stoney units form a system

A fundamental limit of quantum theory in

of units named after the Irish physicist combination with gravitation — first
George Johnstone Stoney, who first ot = hcS _ C2 introduced in 1899 by German physicist Max
Planck — -
proposed them in 1881 GkZB 2TtLplanck Planck together with his introduction of what

today is known as the Planck length, the

Planck mass and Planck time.

hG
where: Lpianck = /C—s is the Planck length and c> is the second radiation constant. This means:

C2 C2
Trianck X Lpianck €an never be less than or greater than P but :2—.
Tt g1

When the gold particles were smashed together, for a split second, the temperature reached 7.2
trillion degrees Fahrenheit. That was hotter than a supernova explosion. That was the hottest
temperature that we have ever actually encountered in the Large Hadron Collider (the world's

largest and most powerful particle accelerator).

The universe was

2
=+/a x Planck length at Tpianck about 1073 seconds

Stoney length = "
4TtEC . .
after the big bang explosion.

o Cy At this time, the entire universe

Trianck X Stoney length =
was roughly one-billionth of

the diameter of a proton.

13



5
C
Planck density h_Gz is very large —

about equivalent to 102 solar masses
squeezed into the space of a single
atomic nucleus. At Planck time after

No temperature —> No heat exchange.

Hagedorn temperature
{1.7x102 K}

The temperature at which hadronic matter
is no longer stable and must either
"evaporate" or convert into quark matter —

as such — it can be thought of as the

the Big Bang explosion, the cosmic
mass density was thought to have been
approximately 5.1550 x 10% kg/m?®.

one, then

e When the velocity of the particle v is very small compared to velocity of light c, then‘C’—2 IS

negligible compared to one. Therefore,

m=mMmo

v2
e Ifthe velocity of the particle v is comparable to the velocity of light c, then ’ 1-— pr) is less than

m> mp

If the velocity of a particle v is equal to velocity of light c, then it possesses infinite mass.

"boiling point™ of hadronic matter.

Gmim
Fo=——p— CELE
r 4Ttenr2
mim, hAc
Fe=———x= E = 9192 hc
Mpjanck T E= 2 2
dplanck T

M1= M2 = Mplanck
M1 > Mpjanck aNd M2 < Mpjanck

—_ 2
%% =qplanck —— | Fe= =
r

A

( )

01= 02 = Opianck

01> Oplanck and 2 < Qplanck

elementary charge

Planck = Tomrm—
g Vfine structure constant

14




The rest mass energy of any particle is defined by the Albert Einstein's mass energy equivalence

relation: Erest = Moc? = KeTthresnold, Where: mo is the mass of a stationary particle, also known as

the invariant mass or the rest mass of the particle and Tinreshoid implies the threshold temperature

below which that particle is effectively removed from the universe. All particles have an intrinsic
myc? ¢

= —, where: vc and Ac denote the quantum
h Ac

real internal vibration in their rest frame: vc =
mechanical properties of a particle (i.e., the Compton frequency and Compton wavelength of the

particle).

C
huc = = = KgTihreshold

Ac

Ac X Tthreshold = C2

where: ¢ is the second radiation constant and is related to the Stefan—-Boltzmann constant (also

4

T Cy .
known as Stefan's constant) by: ¢ = . This means:

4
15¢;

1
Ac ¢ ———
Tthreshold

The Compton wavelength of the particle is inversely proportional to the threshold temperature

below which that particle is effectively removed from the universe.

C2
Trlanck X Lplanck = ——
2T

)LC X Tthreshold
2T

Trlanck X Lpianck =

AN
4 A

(Ac X Tthreshold) > (Trianck X Lpianck)

h
s X ke =2 X L3,,0c= 2 X Planck area, where: ¢ = e is the reduced Compton wavelength of the particle. This
0

means: The Schwarzschild radius of the particle times the reduced Compton wavelength of the particle is never

smaller than a certain quantity, which is known as Planck area.

15




If the reduced Compton wavelength of the particle = Stoney length:

h Ge?2
mgc ] 4Tggct
Mplanck

Mo

~ VFine structure constant

N /
e

Mass a particle must possess so that its reduced Compton wavelength to be equal to Stoney length

2 -
Efest = Moc? x huc

\ J
Y

Tt X Schwarzschild radius of the particle

Erest = Planck energy \/

Compton wavelength of the particle

Tt X Schwarzschild radius of the particle

Erest = Stoney mass x ¢? \/

Fine structure constant X Compton wavelength of the particle

Sunspot

If the Schwarzschild radius of the particle = Stoney length: A cooler region of the Solar surface -

which looks dark in comparison to the

2Gmgy Ge?2 hotter material around it.
c? 4TIEC*

vFine structure constant xPlanck mass
Mo =
2

\ J
Y

Mass a particle must possess so that its Schwarzschild radius to be equal to Stoney length

Planetary Nebula —l

A shell of gas ejected by a relatively low-mass star that is in the process of dying and becoming a white dwarf

16



2 2
mp] kC mgC
Planck temperature = ————— Planck temperature =
kB va kB
_ 12 2
Planck area = Lp,nck Ls

Planck area = —
(04

_13
Planck volume = Lp;,nck

'E
S
Planck volume = 3

(04
h ha
Planck energy = Planck energy = ——
tplanck ts
MplanckC’ _ Mg c?
Planck force = —— Planck force = L
LPlanck S
h
Planck force = Planck force =
LPlanck tplanck sts
Planck momentum = Mpjanck C Planck momentum = —S€
JVa

m
Planck density = w

Planck

Lo amg
Planck density = —
Ls

Planck acceleration =
tPlanck

. cva
Planck acceleration = ——

Astronomical transit is a phenomenon when a

celestial body passes directly between a larger

ts
Planck frequency = cVa
Y L anck Planck frequency = »
MplanckC’ _mg c?
Planck power = ——— Planck power = :
tplanck S
e ms= Stoney mass /
e Ls=Stoney length = elementary Charge « Planck mass
e ts=Stoney time Planck charge
e o = Fine structure constant L elementary charge S "
SES anck leng

Planck charge

elementary charge
= X Planck time
Planck charge

/

body and the observer.

17




hc
PLANCK MASS: Mpanck = /E = 2.17647 x 10 ® kg, where: ¢ is the speed of light in a vacuum,
G is the gravitational constant, and h is the reduced Planck constant.

Mplanck _
my

n Number of particle masses that make up one Planck mass.

2
MplanckC”  KBTplanck
mgc? kg Tthreshold

=n

Trianck = N X Tthreshold

Tpianck
Ac X Tthreshold = C2 Ao X —2BEK = ¢,

Co

v

= XN
TPlanck

This means: The Compton wavelength of the particle is directly proportional to the number of

particle masses that make up one Planck mass.

Planck charge \/ﬁ _ €0 _ Vacuum permittivity
Planck mass 0 Eg Gravitoelectric gravitational constant

electron charge
= —1.75882001076x10* C/ kg

electron mass

proton charge

=+ 9.58 x 10" C/ kg
proton mass

18




When negatively charged electrons move in electric and magnetic fields the following two laws apply:

N
F=e¢e(E+vxB Lorentz force law
* ¢ (E+v>xB)— Lorentz force la me _ electronmass _ (E+vXB)
dv ; ~— ? " electron charge a
e F=meaa= mea — Newton's second law of motion g
—_—

E The Planck length = 1.616255 x10°* m

R } hen equal: v= B is the scale at which classical ideas about
®  Fmagnetic = eBv

gravity and space-time cease to be valid

and quantum effects dominate.

HoC _Vacuum permeability x Planck speed

Fine structure constant = —
Rk 2 xvon Klitzing constant

Vacuum permeability X Planck speed

Stoney mass = \/ x Planck mass

2 x von Klitzing constant

The gravitational coupling constant is a constant characterizing the gravitational attraction
between a given pair of elementary particles. ag is typically defined in terms of the gravitational

attraction between two electrons. More precisely,

2 2
_Gmg  mg

= where: me is the invariant mass of an electron
hc Mpianck

e ms = Stoney mass

m3
oG =0 X — .
m% e (o = Fine structure constant

Mplanck — 1

Mme \/(X_G

Number of electrons that make up one Planck mass =

19



The Compton wavelength of electron:
1 Co
— _C Ace = X
}LC'e =nx TPlanck _< V (XG TPlanck
N—
he o O 1 The Compton wavelength of the electron is inversely proportional to the
Ce X ——
vV aG square root of gravitational coupling constant.

41tG
Gravitational characteristic impedance of free space = —— —
Cg ——» | Speed of gravitation

Quantum of circulation: Half the ratio of the Planck constant to the mass of the electron.

¢y = first radiation constant

The intrinsic energy of the electron is

inversely proportional to the

h
Qo= = 3.636 947 5516 x 10 * m? st
2me
C1
Erest = MeC? =
rest e 4-1'[Q0
1
Erest Q_o

Quantum of circulation

h h _ |«
QO = = = —_ X —
2me 2,/0G Mplanck aGg 2mg

h

e ms = Stoney mass

e o = Fine structure constant

Ace =
meC

is the cutoff below which quantum field theory (which can describe particle creation and

annihilation) becomes important. _2h _

2Qp _
C

2Qo+/€oMo

20



The classical electron radius is sometimes known as the Compton radius or the Lorentz radius
or the Thomson scattering length is a combination of fundamental physical quantities that define
a length scale for problems involving an electron interacting with electromagnetic radiation. The
classical electron radius is defined by equating the electrostatic potential energy of a sphere of

charge e and radius re with the intrinsic energy of the electron:

2
e
= MeC?
4MEQGTe
e2
l'e = ————— = Fine structure constant x reduced Compton wavelength of the electron
4TEGMEC
2 xL
€ _ & XLplanck

le

- 4"'["*30\/0(_G MplanckC? B \/a_G

- /
e

(04
fe = e Stoney length = 2.8179 x 10 *m
\} G

- For an electron, the Thomson cross-section is

AX Ap = 5 numerically given by:
[ A \ 81‘[1‘%
oT =
A T :
X mMgC
2 8t o
ot = — X — X (Stoney length) 2
3 oG

AP o xc Classical electron radius = Bohr radius x (Fine structure constant)
mgpC ~ AX

Classical electron radius

Fine structure constant = X
Bohr radius

21



Bohr radius:

_4megh® _ R _ h

mee? meCa /&G MplanckC &

N /
Y

L The mean radius of the orbit of an electron
_ UPlanck
ao = ag X around the nucleus of a hydrogen atom at its
ground state (lowest-energy level)
5.29177210903%10 ' m
€o h? £
Tmee2 T 2mg’ €2

2g9 X Quantum of circulation X von Klitzing constant
ao =

T

N _/
V

2 X Quantum of circulation X von Klitzing constant
do =

T C2

Wien's Displacement Law

The product of the peak wavelength and the temperature at
hpeakx T =D which a blackbody radiates is constant — which means the
peak of the radiation shifts to shorter wavelengths as the

temperature increases.

hc Cy

4.9651kg  4.9651

Wien's constant: b =

c2=4.9651b } The second radiation constant is 4.9651 times the Wien's constant

22



Radiation density constant:

a=

40 8m°kg 8m°k
— = B _— 8 -75657 %10 m?K
c 15c¢3h3  15c;

40 4‘1T4C1

a=—=—""7" 1ot
c  15¢5 Ho%o

where: o is the absolute permeability of free space and &g is the absolute permittivity of free space.

8n’kg 4mic,
= £
15¢3  15c3 Ho%o

\ J
Y

—_1 - -23
kg = p— K€ = 1.3807 x 107~ J/IK

Cq
kg =—— €
B=31180Db V Moo

Magnetic flux quantum:
O = h
0T Ze
Conductance quantum:
s 2e? where: e is the elementary charge.
0="
O x Go=¢

23



@y x Go = +/Fine structure constant X Qpjanck

Magnetic flux quantum X Conductance quantum
Planck charge = =
VFine structure constant

von Klitzing constant:

= h _ h
K=" —
e2  $3G3

h h
Rk=—=

2 = 2
e a X dPlanck

Conductance quantum:

2
2e? _ 20 X pjanck _ 2
Go = - -

h h Rk
The magnetic coupling constant:
_gohc _ mh A fundamental physical constant
T 2e2 Cpoe? characterizing the strength of the
magnetic force interaction
_ghc _ 1 _ m% _ Lg _ té

- 2 - 2 - 2
4a 4'mPlanck 4LPlanck 4tPlanck

Bohr radius is about 19,000

. . . Bohr radius
times bigger than the classical B= - -
16 xclassical electron radius

electron radius

24



v Ho€o Hg€g
Time is relative
Ho€p = Ug€g
If Gravity travel at the Speed of Light
€
It changes with speed and in the presence o _Zg
. Hg &0
of gravity

| The Planck charge /4me,fic is approximately

11.706 times greater than electron charge.

h
(DOXGOXRK:E

Magnetic flux quantum x Conductance quantum x von Klitzing constant = Quantum / Charge Ratio

h
®g x Gg xRk = -
VFine structure constant Xqpjanck
X Gop X R .
¢02+K = Electron mass-to-charge ratio
0

Planck charge: Qpianck = +/4Teo hic

2 )
= 4meghc=2h |[—
APlanck ° \j Ho Planck conductance = 4x 0
Ko
€ h
dplanck Qplanck = 41 o «
tPlanck Ko  tPlanck A
%
~

€
Planck current x Qpianck = 47 /u—o x Planck energy
0

€ 1 €
Planck current x Qpanck = 47 /u—o X (Qpianck * Planck voltage) =4n [=>
0

Planck resistance Lo
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Impedance of free space:

Ko
Zo = ot = ’—
0= Ho £

Admittance of free space:

C11291anck = Z_ = 2h x YO
0

ZRKe2
dPlanck = ZO

,2R ,ZR
Qplanck = € Z—K = ¢o Go Z—K
0 0

Stefan—Boltzmann law:

The radiative power of a black body is proportional to the surface area and to the fourth power of the black body's temperature

P =goT*A

Emissivity

Stellar Planck constant:
hs=2xMxR xCs

e M : mass of the neutron star

e R:radius of the neutron star

e Cs: the characteristic speed of the particles in the neutron star

For all substances: e <1

For a perfect black body: € = 1

Stellar Stefan—Boltzmann constant:

Luminosity of the galaxy

°” Area of the galaxy x (Effective Kinetic temperature of the stellar gas of the galaxy)#
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Rydberg constant:

mee* Fine structure constant o
Ro=-75—"35 = : =10973731.6 m
8gjch 41 XBohr radius

=

R = 1 |Ho x Fine structure constant
“ "4 .]g vonKlitzing constant x Compton wavelength of the electron

Rydberg energy:
he R mec? g % Fine structure constant
CRe=—"— [— _—
€0 von Klitzing constant
Rydberg frequency:
R Compton frequency of the electron [ . Fine structure constant
C Reo = - -
4 €0 von Klitzing constant

Rydberg wavelength:

1 4 € , von Klitzing constant X Compton wavelength of the electron
\’ Ho

Reo Fine structure constant

Hartree energy:

Ko ., Fine structure constant -
— X = 4.3597447222071 x 10718 ]

mec?
Enh=2R,hc=— .
2 g9  vonKlitzing constant
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Fine structure constant

0 —

41t XBohr radius

2

. e .
Fine structure constant = ———— = 4z x Bohr radius x R
APlanck

N _
—~

e
/4T x Bohr radius X Re

Qplanck =

Fine structure constant

0 —

41t XxBohr radius

Fine structure constant = : = 4zt x Bohr radius x R,
Bohr radius

N _
—

1 Classical electron radius

4m (Bohr radius )3

\/Classical electron radius

0

Fine structure constant

0 —

41t XxBohr radius

Conductance quantum X impedance of free space

Fine structure constant = = 47t x Bohr radius x R

\

4

-

_ Conductance anedance of free space

0 —

161 X Bohr radius

ASo+ Spn>0

o /
e

The sum of the entropy outside the black hole and the total black hole entropy never decreases and typically

increases as a consequence of generic transformations of the black hole.
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Nernst-Simon statement

The entropy of a system at absolute zero temperature either vanishes or becomes independent of

the intensive thermodynamic parameters

The Bohr magneton is defined in SI units by:

eh _ Faraday constant XxPlanck angular momentum _ va Xqpjanck X Qo

B =
H 2mg 2 X molar electron mass 2T

_ $0XGoX Qo

HE 21

9.27400968 x10 24JT*
2T up

boXGo

Conductance quantum =

The Nuclear magneton is defined in SI units by: EN _ Me
HB Mp

eh Faraday constant XPlanck angular momentum i
= = 5.050783699 x10 2JT 1

N =
2 2myp 2 X molar proton mass

uN = x Planck charge x reduced Compton wavelength of proton

Fine structure constant
4UpEq

Planck angular momentum = Mpjanck X € X Lpjanck = 72

mgX C X Lg
Planck angular momentum = ——
o
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Black Hole: A great amount of matter packed into a very small area where gravity is intense enough to

prevent the escape of even the fastest moving particles. Not even light can break free.

T t T he>
emperature — =

P B 81TGMkB

TgH — Mplanck
Tplanck 8nmM
M 3¢t
Densit = =
Y7 PR 3 T 32nG3M2

3

Evaporation time of a black hole:

480c2V
W= The

t \'
—— =480 x 54—
tplanck Lplanck

2
PBH __ Mplanck
PPlanck 32mM?2

5
c . .
where: pplanck = Y] is the Planck density.

The rate of evaporation energy loss of the black hole:

dMc? hc®

P=- =
dt 15360mG2M?2

2
P - Mpjanck
Pplanck 15360TtM?2

5
C
where: Ppianck = ’ is the Planck power.

4-T[kBM2
Entropy — Sgp=—75—""
Mpjanck

Sy _ 4mtM?

)
SPlanck  Mplanck

30

/ If the star core's mass is more than\
about three times the mass of the
Sun, the force of gravity

overwhelms all other forces and

produces a black hole.

where: Spianck = kg is the Planck entropy.




Tplanck
* Ten= si:c

_ PPlanck
* PR T aon

_ Pplanck
15360T

SBH = 41 X Splanck

hc
IfM= /E — Planck mass:

IfV = LPlanck —s Planck volume:

tev = 480 X tpianck =

480tg
Va

Compton shift:

If AX = Stoney length:

\_

AL =
eC

h
\/& X Lpjanck = m_ec (1—cosb)

(1—cos0)

0=cost(l- m)

/

hd

The wavelength shift of the scattered photon in an angle of = cos™ (1 ——V;(T;a) is equal to the Stoney length.

Second radiation constant: c; =

2T hc 21 X Planck angular momentum X Planck speed

kg

Planck entropy
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If AN = classical electron radius:

o
The wavelength shift of the scattered photon in an angle of 6 = cos™ (1— o ) is equal to the Classical electron radius .
T

If AXA = Bohr radius:

41'[80 flz h
> (1—cos0)
mee meC

1
0= -1 1-—
cos  ( P )

\ J
Y

1
The wavelength shift of the scattered photon in an angle of 6 = cos™ (1— Py ) is equal to the Bohr radius .
T

First radiation constant: ci; = 4n°hc?

¢1 = 4n? x Planck angular momentum x (Planck speed) 2
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Spin-statistics connection theorem:

e Fermions (such as electrons and protons) having a half integer spin must be described by
Fermi-Dirac statistics
e Bosons (such as photons and helium-4 atoms) having an integer spin must be described

by Bose-Einstein statistics.

The time it takes for light to travel a distance equal to ZS—ZM:

2GM _ 1
7= X =

c2 C

PPlanck %
2

E=

T1

5
C
where: E is the energy of the black hole and Ppianck = 3 is the Planck power.

The time it takes for light to travel a distance equal to Stoney length:

o= Ls _‘/ax Lplanck
, = —> - Y27 Plancx
C C

T2 :\/a X tplanck

The time it takes for light to travel a distance equal to —
e

h 1 h 1
2
MeC C  MgC vUc

h
3= =2Qo X 1o X €0
me 2 ¥
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1= 2mhc?

hc
C2=—
2 kg
c
= 2ncks
C2

C
C—1 = 2n x Planck speed x Planck entropy
2

Unruh temperature:

_ ha
- 2mtkgc

Tu

where: h is the reduced Planck constant, a is the local acceleration, c is the speed of light and kg

is the Boltzmann constant.

e aof2.47 x 10%° m/s? corresponds approximately to a Ty of 1 K.

e aof 1 m/s? corresponds approximately to a Ty of 4.06 x1072! K.

ha c, _ Planck angular momentum X a X ¢,
U= -
€1 C1

Hawking-Unruh temperature:

__hs
- 2mkgc

Th

where: g is the surface gravity of a black hole.

_ €2 8+Ho%0

Th
412
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PCT theorem

All interactions are invariant
under the Charge, parity and time
reversal symmetry

The vacuum energy density or dark energy density is defined as:

c* A = cosmological constant
81tG

|
X
>

EA =

The mass density corresponding to the vacuum energy density is expressed as:

€A

A="
p c2

The act of tearing space apart resulting in a sort

of "reverse singularity" — where space and time

If dark energy gets stronger and stronger over time, it can either be reborn or can disappear into
will eventually overcome gravitational force of attraction .
o nothingness.

and then everything is torn apart. Big Rip

AN

4 N

The ultimate fate of the universe — in which the matter of the universe and even the fabric of spacetime
itself — is progressively torn apart by the expansion of the universe at a certain time in the future — until

distances between single atoms will become infinite.

—

o the cosmological constant from General theory of Relativity
Dark energy <

o the zero-point energy inherent to space from quantum field theory

—
maintains a constant energy density and would cause all galaxies to recede from each other at

speeds proportional to their distance of separation.

h, c Quantum Field Theory and the standard model of particle physics
G, c General Theory of Relativity (geometric theory of gravitation) and the standard model of cosmology
h, ks Quantum Statistics and Modern quantum physics
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Second radiation constant:

_hC _ NAh
"k Nakp

C2 XC

Na = Avogadro number (the number of particles that are contained in one mole of a substance)

{6.02214076 X 1023}

_ Molar Planck constant % 1
Ideal gas constant VHo€o

F _ Nae _ Molar electron charge

R~ Na kg " Ideal gas constant

X C2

> |

£
hc

F K

]
— = — X C2,/ o€
R _ 2 24/ Ho€o

where: F is the Faraday constant and Kj is the Josephson constant.

h _ Molar Planck constant
2me 2 XMolar electron mass

Quantum of circulation =

The Avogadro number is named after the Italian scientist Amedeo Avogadro — who — in
1811 — first proposed that the equal volumes of gases under the same conditions of

temperature and pressure will contain equal numbers of molecules.
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h 2Gme
X

me c?

Qo Xrs=

Gh Planck volume
Qoxrs=2nc—2:2n

Planck time

0o XTrs

Planck volumetric flow rate = Q >
Tt

Energy

_ i
—— Specific energy

Planck Energy

= ifi — 2
Planck mass Planck Specific energy = ¢

Planck specific energy = (Planck speed) 2

Hawking radiation temperature:

T hc3 6 x 100 K Solar mass
== X
B 8nGMkp Mass of the black hole
Unruh temperature:
T, = ha
’_> Black hole's gravitational acceleration u- 2mkgC
C4

Ifa= ;

4GM

Tu=TeH

The temperature of the vacuum — observed by an isolated observer accelerating at the Black hole's

4
gravitational acceleration of g = 4CG—M m/s? is Hawking radiation temperature.
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2GM hc3

rsx Ty = X

STUPBRT 2 7 gnGMkp
C2
<X Tpy =——
S BH 81'[2
. Ca Co
This means: rs x Tgn can never be less than or greater than — but = —.
812 812
Unruh temperature = _ha_
2T[kBC
If Unruh temperature = Planck temperature:
ha
Trlanck = 2 1tknc a=2m X aplanck
TKB
If a = Planck acceleration:
Ty = haplanck — | 1= Tplanck
2TKkgC U 21T
2e
e Josephson constant: K; = T
2e2

h
e Magnetic flux quantum: ¢o = 2o

Conductance quantum: Go = Y

h
Resistance quantum: Ro =——
Kixdo=1 2e

GoxRo=1
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Modified Newtonian dynamics

Schwarzschild radius of electron: Hypothesis proposing a modification of Newton's
law of universal gravitation to account for observed
2Gmg . .
rs= 2 properties of galaxies
Cc

The threshold temperature below which the electron is effectively removed from the universe:

mec?
Tthreshold =
kg
2Gm3
I's X Tthreshold =
kg

~

ag X Co
Is X Tthreshold = ———
Irradiation
KE=exV l

KE =+va X Qplanck X V The process by which an object is exposed to

KE v radiation
— = x
Eplanck VPplanck

If V = Planck voltage:

KE = \/& X Eplanck

Planck voltage:

Planck energy ct
Planck charge N 41e )G

VPplanck = = +/Planck force X Coulomb constant

Planck current:

IPlanck = = G

Planck time

Planck charge _ 4megc® _ [Planck force x Planck specific energy
Coulomb constant
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Planck pressure:

Planck force ¢’ h _ o?h s
= =73 = ——=4.633x10""Pa
Planckarea hG* Lpjapck tPlanck Lgts

Ipianck =

Most of the matter in the Universe is dark

Dark Matter — nonluminous and it looks like a matter

Why does it gravitate as ordinary matter does, and thus slows the expansion of the universe?

o@n
N N,
N

classical electron radius % h

[pianck =

Ipianck = :
ane Bohr radius Lg ts

Planck frequency

v €oko

Planck acceleration =

Ace= = 2 X Magnetic flux quantumx Electron Charge to mass ratio X ,/|,€,

meC
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Both Albert Einstein's and Sir Isaac Newton's theories of gravitation have a problem when they

encounter quantum mechanics and that problem involves the very nature of space and time.

hG
/c_3 = Lpianck — @ fundamental limit to space

hG

c_5 = tplanck — a fundamental limit to time

S= kBInW
\ J
M -

A measure of statistical disorder of a system

This equation takes pride of
place on the Ludwig Eduard
Boltzmann's grave in the

Zentralfriedhof, Vienna.

_/
If S = Planck entropy = kg:
W = e = 2.718281828459045
. Planck charge 4meyG
= = /4mhce, X
Planck capacitance Planck voltage Thce, "
e -/

—

Planck capacitance = Coulomb constant x Planck length

l

4T, 4T 4T

_bof _Fo Planck specific energy= Z—i x (Planck speed) *
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_ _ Planck charge.
e O =nexe N If 1 = Planck current = 5~ >~
dQ dn, dPlanck _ dne x @
< E = ? xe > tplanck dt
dn, dne — 1
I = dt xe dt \/atPlanck
\~ /
1
Rate of flow of electrons = ——————
/ \ Stoney time

"The infinite is nowhere to be found in reality,

no matter what experiences, observations, and Standard gravitational parameter:

knowledge are appealed to"
p=GM

= David Hllbery For Planck mass:

-

=Gm =VG X h X c
GMsun u Planck
\ \ J
For Stoney mass:
Heliocentric gravitational constant iw=Gms= \/g GMpianck =V X G X A X ¢

Classical electron radius:

1 2
[e = xe

 4TEgmeC2
The threshold temperature below which the electron is effectively removed from the universe:

MmeC

Tthreshold = ————
kg

o XCop

Fe X Tthreshold =
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Bohr radius:

h
do =
meCQ

C2
a0 X Tthreshold =
2Tt

Black Hole Density:

2 2
PBH = Prlanck X DPlanck = Prlanck X s
T 32mM2 T 32ma M2
e2
IfM=ms= :
4mey G DBH = PPlanck
32T o
The rate of evaporation energy loss of the black hole:

2 2

Mplanck mg

P=P X —————— =P X
Pland ™ 15360mM2 ™" 15360 T a0 M2
ez
IfM=ms= .
4meG _ Pplanck
15360 T
eZ
4mtM?  _4maM? | IfM=ms= ;
Black hole Entropy: Sgx = Spianck X — = > 4me( G
m m
Planck S

43
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2 2
mPl k 4tM
P x SgH = Pplanck X — > X Splanck X 2
15360TTM Mplanck

N _/
V

b xS Planck power x Planck entropy _ kgc®
X = p—
B 3840 3840G
rn%’lanck 4mM?
pBH X SeH = PPlanck X N2 X Splanck X —
32mM Mplanck

N _/
e

Planck density x Planck entropy _ kgc®

8 ~ 8hG2

PBH X SBH =

Rydberg wavelength:

1 _ 8g3h3c

Roo™ Rydberg constant B mee#

A XT _Begh’c i Mec®
Roo threshold — mee4 kB

\ J
Y

2C2

ARoo X Tthreshold = ?
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2Gme 1
X
c? 4TtEgMe C2

s X TIe=

2
I's X Ie = 20‘]-‘Planck

{ s X re = 2 x Fine structure constant x Planck area }

2Gme h
s X ag = > X
c MeCQ
2
2L
s X ap = Pé?nck

2 X Planck area
Fine structure constant

s Xap =

Mach's Principle

The inertia of the mass is caused by all other masses in the entire universe
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- /

81 XPlanck area

}\'ROO x rS = az
8TL2
}\R I's = o3 -

Science aims at constructing a world which shall be symbolic of the world of commonplace experience.

= Arthur Eddington

o enath = L Ge? Coulomb constant
o oney length=Ls= |—— =€
y leng S 4Tty Ct Planck force
3 _ T Ge? Ho
toney time =Ts= |—— =e
° y S 411E,CO 41t X Planck force

c= Lplanck — 5 —

\/ Planck specific energy
tplanck ts

W c_ 1 _ Ls _ Planckspeed
Refractive index: n=— =

VvV  Vglg VXtg \
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First radiation constant:

(Stoney length)?

C1 = 4n? x Planck angular momentum x -
(Stoney time)?

Bohr's Quantization Rule:
L=nh

electron angular momentum

n=
Planck angular momentum

Forn=1:

Electron angular momentum = Planck angular momentum

Second radiation constant:

hc _ molar Planck constant % Stoney length
Co=T"—7"—

kg Ideal gas constant Stoney time

Stoney time

Radiation Constant = 4 x Stefan-Boltzmann constant x
Stoney length

hc3

Black hole temperature: Tgy = ———
P B 8nGkgm

The threshold temperature below which the particle of mass myg is effectively removed from the universe:

mgc?

Tihreshold =

kg

2
TPlanck
8Tt

TBH X Tthreshold =
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__ Kardashev scale

Classification of alien civilization based on how much energy an extraterrestrial civilization uses

e Type I civilization (planetary civilization): A civilization capable of using and

storing all of the energy resources available on its planet.

v

o Type Il civilization (stellar civilization): A civilization capable of using and
controlling all of the energy resources available in its planetary system or all of the
energy that its star emits.

e Type Il civilization (galactic civilization): A civilization capable of accessing

and controlling all of the energy resources available in its galaxy.

Qox T h mc?
X =
0 threshold Zme kB
C; _ CLg
Qo % T threshold = =
7/ 4”080 ZtS

White's Energy Formula: T

C=ExT

> Culture evolves as the amount

e Eisameasure of energy consumed per capita per year of energy harnessed per capita
e T isthe measure of efficiency of technical factors utilizing the energy per year is increased

o  C represents the degree of cultural development

_
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5 b q-3(1+w)

a o t3(1+w)

1
e Radiation dominated universe (w = 3 ):

T Planetary engineering

axtz l

p X a_4 The development and application of

technology for the purpose of influencing

o Non-relativistic matter dominated universe (w = 0): the environment of a planet

2
axts3

p X 3_3

e Darkenergy dominated universe (w=—1):

A
ax thWithH=\/;

Terraforming

A
4 h

The hypothetical process of deliberately modifying the Planet's atmosphere,

temperature, surface topography or ecology to be similar to those of Earth in order

to make it suitable for human life
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Geoengineering

2 N
Fc = Gme / \

The gravitational force between 2 electrons is:

The electrical force between 2 electrons is: Planetary engineering applied to Earth

B — magnetic coupling constant

The electric field E is related to the electric force F that acts on an electron charge e by:

E =

@ |

F= \/a Oplanck E

e Habitable Planet: A Planet with an environment hospitable to life.
e Biocompatible Planet: A Planet possessing the necessary physical parameters for life to

flourish on its surface.

eh mec* _ e
uB X Tthreshold = X — — X(C2XC
me kg 4T
T e Cq1
B X lthreshold = —— X C2 X
H 41T 21th

pB X Tthreshold = C2 321T3RK
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If M = Me.
_ Mplanck Mplanck
TeH = Trianck X “enM Teu = Thlanck X —————
8mme
Tew = Tplanck
BH= — _ —
8m,/ag
2 2
PBH = PPlanck X Mpjanck PBH = PPlanck X Mplanck
T 32mM2 T 32mm3
PPlanck
BH=
P 321og
MBlanck MBlanck
P = Pplanck X ———2DCX_ P = Ppanec x —anck
T 15360mM?2 " 15360Tm3
p= Pplanck
15360mag
4mM? 4mm3
SBH = Splanck X — SeH = Splanck X —
Mpjanck Mpjanck
SeH = 47 Spianck 0G
ac — Gravitational coupling constant

V X Vpnase = €2 = (Planck speed) ? = Planck specific energy

Planck length

Since the particle speed v < ¢ for any particle that has mass — according to Albert Einsteinian special

theory of relativity, the phase velocity of matter waves always exceeds c, i.e. Vpnase > Planck speed

Stoney length

y Stoney time

VPhase =

VPhase = ;
Planck time

< Stoney length

e V

Stoney time
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The strong coupling constant

One of the fundamental parameters of the Standard Theory of particle physics that

defines the strength of the force that holds protons and neutrons together

The electrostatic repulsion between 2 electrons is described in quantum electrodynamics
as the result of an exchange of a virtual photon between the 2 electrons.

A particle with a mass m, when at motion, has an energy of E = \/pZC2 + mgc*. But for photons

E =+/p?c? + 0 = pc since they are never at rest; they always move at the speed of light.
p

\—> Energy « momentum Requirement for masslessness

e? e?
MeC? = r = Classical electron radius = >
4TEyr 4TtEgMeC
) Gm% Schwarzschild radius of electron Gmg
= r= =
MeC » 2 c2

1 eV is the energy that an electron acquires when it is accelerated through a voltage of one volt.

me x Hartree velocity x Bohr radius

h

{Planck angular momentumy}

1 keV =1000 eV
1 MeV = 1000 keV
1 GeV =1000 MeV
1 TeV =1000 GeV

Rydberg constant sets the
magnitude of the various

allowed electron energy

levels in atoms such as

hydrogen.
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At energy of 14,000 GeV (i.e., 15,000 times the mass of a proton in units of energy):

The velocity of the proton is 0.999999998c (so almost equal to c).

r

\ J

Distance between 2 electrons at which

equal to intrinsic energy of proton

gravitational potential energy between them is

2
Gmg

mPIanckC2 =

I's

r= \/ electron gravitational coupling constant X ?

-

~

J

Distance between 2 electrons at which

gravitational potential energy between them is

equal to Planck energy

My studies of the natural sciences have particularly involved that

part of physics which looks at the atomic world.

Amedeo Avogadro

M 2GM
c2

Sun 1.99 x 10*° kg 2.95x 10°m

Jupiter 1.90 x 10%" kg 2.82m
Earth 5.97 x 10%* kg 8.87x103%m
Moon 7.35 x 10% kg 1.09 x 10 m
Saturn 5.683 x 10%° kg 8.42x10tm
Uranus | 8.681 x 10% kg 1.29%x 10t m
Neptune | 1.024 x 10% kg 1.52%x 10t m
Mercury | 3.285 x 10 kg 4,87 x10%m
Venus 4.867 x 10* kg 7.21x103m
Mars 6.39 x 10% kg 9.47 x 10%m
Human 70 kg 1.04 x 102 m
Planck mass | 2.18 x 108 kg 3.23x10%m

(Twice the Planck length)

Stellar gas constant = Avogadro constant x Stellar Boltzmann constant
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The relativistic energy of an electron can be expressed in terms of its momentum in the expression:

E=+/p2c? + m2c*

- 2,2 2
E‘\/p ce+ O(GEPlanck

hc3
If p = Planck momentum = ?z
E = Eplanck \/ 1+ g

N /
Y

Relativistic energy a electron must possess so that its momentum to be equal to Planck momentum

Stoney energy:
rrlPlanckleD] Kk
Es = msc? = Va anc
tPlanck
> msts
2
ts
Stoney temperature:
Tplanck X Mplanck
Eplanck Ty =
To=— \/— 8tM
kB kg
Ts = va X Ttanck Ty m 82X
StXaxM
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Today's universe in Planck and Stoney units

Age 13.8 x 10° years 8.08 x 10%9t t

g Y Planck 8.08 x 10% s

Va

Diameter 8.7 x 10% m 5.4 x 10° Lpjanck Lg

5.4 x 1081 —=

Va

Mass 3x10%k approx. 10%° m m
g PP Planck approx. 10% =

Va

: 27 =3

Density 9.9 x 107“" kg-m 18 x 10-123 m;’lanck 18 x 10128 x r;ls
Planck LS

Temperature 2.725K 1.9 x 1073 Thianck 3 Tg

1.9x 10> =2

(Temperature of the cosmic va

microwave background
radiation)

: —52 2 1 o
Cosmological 1.1 x10™"m 2.9 x 10-122 _ 2.9 x 10122 F
constant Planck S

Hubble constant 22x10 181

118 x 105! 118 x 1061 Y%

tplanck ts

Planck ch densit Planck charge _ [c104mg, 1 9 1
anck charge density = = =

g y Planck volume h2G3 tlzalanck VG x Coulomb constant

o 1
Planck charge density = = X
g y t% VG X Coulomb constant

55




Planck energy density =

-

Planck energy _ c¢

7

Planck volume  G2h

/

Y

Planck energy density =

Mplanck

_ X mg

2 - 2
Lplanck X tplanck  Ls X t5

Planck force density =

Planck force

h

Planck volume L. 1 tplanck

Planck force density =

L¥t

5
a2 h

S 'S

Hartree Energy:

ohc ao = Bohr radius
En=2Rshc=
2mag
Hartree Force:
Hartree Energy
Fh=

Bohr radius

ahc

h —
2ma

re = classical electron radius

a’hc

h= 2
2Trg
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ahc _ ahc _

eZ

Fn=

T2maZ a%  4meyal
e Zo= impedance of free space
e Go= conductance quantum
ZoGohC
Fh=—"—>—
8mag
Hartree Momentum:
h _ o?h
Pn= ag Te Rk = von Kilitzing constant
h
Pn= 2
4Rk Te
Hartree Time:
(= h h
"TEp,  2Re he
_ tplanck —_ ts
th

4MRooLplanck  4TMRooLs
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e Enxth= h
® phXap=nh

En X th=pnxao

do

En = X —

h = Ph th

. Hartree velocity
Hartree velocity: Planck speed =

Fine structure constant

dp 41
Vh=E—=0a0XC¢C

th
_aLplanck _ @ Ls
Vh = =
tPlanck ts
2
_ 5 _ mth
Erest = MeC” = 2
a

The threshold temperature below which the electron is effectively removed from the universe:

2

meC molar electron mass % V}ZI

Tthreshold = = =
fhresho kg ideal gas constant o?

N _J
e

molar electron mass " viag

Tthreshold =
ideal gas constant Te
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c1 = 4n? x Planck angular momentum x (Planck speed) 2

(Hartree velocity)?

¢1 = 4n? x Planck angular momentum x — >
(Fine structure constant)

ZTEhV%IaO
GL=—""——
I'e
hc _ molar Planck constant % Hartree velocity
Co=r"——" ;
kg ideal gas constant Fine structure constant

The Compton wavelength of the electron

Fine structure constant

= 2 x Quantum of circulation x -
meC Hartree velocity
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h
AXAp=> =
p 2
h
AE At> —
2
/ Bohr radius x Hartree momentum\
AX Ap =
2
Hartree energy X Hartree time
AE At>
2
Sir Isaac Newton's famous Law of
Universal Gravitation states that the
force of gravitation is proportional to
1
- — which
(radius of the planet)?
implies that if a radius of the planet
shrinks by a factor of 2, then the AP = Bohr radius
force of gravitation at its surface Hartree momentum Ax
must rise by a factor of 4.
AE - Hartree time
Hartree energy = At
c* a3vi
Planck force = — =——,
G Grg
A c® v _advik _ Lg
anc ower=—=—"—_-——-_ -
P G Go® Gr3 ts
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Black hole surface gravity is given by:

9BH = GM

Planck force .
2 = Black hole mass x Black hole surface gravity

gsH _ MPlanck
aplanck 4M
hc,
IfM = Mplanck = E
JeH = dPlanck
BH 4
ez
IfM=ms= .
411G
JeH = dPlanck
BH=" —
4/a
Lorentz factor:
1 . . .
y = A term by which relativistic
V2 .
1—C—2 mass, time and length changes
for an object in motion

The Lorentz factor is always greater than 1 but it grows towards infinity as the object's velocity

approaches the speed of light.
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If v = Hartree velocity:

3 1
T2
_ Mo
* e
M2 Fi truct tant :
— Ine Structure constant =
e L=Lovl—a? 4 X magnetic coupling constant
Aty
o At=
1—a?
o KE =moc?( -1

1—-a?

The wavelength of a relativistic particle is given by:

C
Ifv=—
c? 2
A= |5 — 1
v A=Ac
If v=Vh:
1 a
A=he [ —1=% |[Z2—1
o I'e

B — magnetic coupling constant
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Hartree Temperature:

63

_En _ hc (04
" kB kB 2mag
Ca
h —_—
21'[30
Hartree electric potential:
E 4R P
Vi = =2 = 4Roo x ¢ x Dp = —2—2
e v Ho€o
4R VH @
Vi = coVh *¥0
_Eh_Ex a _ Dyvp (04
" e e 2mag Tag
Hartree pressure:
Epn ahc 1
Ph="3 ~ =3
\ ag 2magy Qg j
o h
=Vh X —
h h ag
Hartree current:
I e e e ohc e X Vp
=—X == X— =
" h " h dg " dg




Hartree charge density:

13
€ _ a2 dplanck
3 3
ap I'e
Hartree electric dipole moment:
e XTe
exap=

o2

N J

~

Hartree electric dipole moment = 0 2 X Qpanck X Te

The gravitational force between 2 electrons:

Gmg
Fe =
r2
ahc,
If Fc = Hartree Force = —-:
ap
ahc Gm3
az ~ r2

aG
r= |—xap=+4 XB X ag X ao
o

N /!
—~

Distance between 2 electrons at which gravitational force between them is equal to Hartree force
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The electrical force between 2 electrons:

. e
E =
4Ttggr2
ahc,
If Fe = Hartree Force = —-:
ap
ahc e?

N /

Distance between 2 electrons at which electrical force between them is equal to Hartree force

Quantum Chromodynamics Units:

QCD Length:
Laco = . = reduced Compton wavelength of the proton
p
QCD Time:
oo 1
mpc Compton angular frequency of the proton
QCD mass:

Mqcp = Mp = 1.673 x 107% kg

QCD energy: Eqcp = myc?

QCD Temperature:

Eqc

Tocp =
B

D
= the threshold temperature below which the proton is effectively removed from the universe
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h
AE At>—
2

/ AE At >—EQCD X tocp \
- 2

AE - tqcop
Eqcp At
h h
Lqcp X tgep X Mgep = —— X —— X My

2

Mpjlanck X Lplanck X tPlanck
/Proton gravitational coupling constant

Locp X toep X Moep =

Astronomical range Typical units
Distances to satellites kilometers
Distances to near-Earth objects lunar distance
Solar mass
Planetary distances astronomical units, gigameters
Solar mass 1
Distances to nearby stars parsecs, light-years
Jupiter masses | 1048
Distances at the galactic scale kiloparsecs
Earth masses | 332950
Distances to nearby galaxies megaparsecs
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ahc
If F = Hartree force = —-:
Eh)
dgvp
E=—>
Tag
A mpc?
Loco X Tocp = —— X
. . mpc kg
L T 2
cp X lgcp = —
QCD QCD 21T
Lqcp
Q —c
tqQcop
Lplanck _ Ls _
—=C —=C
tPlanck ts

LQCD = Lplanck = 5
toqcp  Planck  ts
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Lacp | Lpianck

C1= 2rth x

tocp  tplanck

Eqcb = Maqep X €2

Locp Ls
Eqcp = Mocep QCb , =S
tqcp s
The electrical force between 2 protons is given by:
=T 4TtE (T2
Ifr= Loco:
e2
FE=———
4TE LéCD
: Eqcp
Fe = Fine structure constant x
Lqcp

The gravitational force between 2 protons is given by:
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If r = Loco:

Gmp

Fc = >
Lacp

Eqcp
QCD

Fe = Proton gravitational coupling constant x

The critical density of the universe:

3H?
81tG

Peritical =

c5

If peritical = Planck density = E:

8T
H= D —
3 X tplanck

If the galaxy is taken to be spherical and the mass within the radius R is M, the circular rotational

GM
velocity at distance R is given by: Vrot = /T Thus, if viot is constant, it follows that M o R, so that

the total mass within radius R increases linearly with the distance from the centre.
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mev? 3KgT

kg ideal gas constant
V=3x— xT=3x X
me molar electron mass

_ 3v121 > T
0(2\/0(_(; Tprilanck

V2

e vy = Hartree velocity and ac = Electron gravitational coupling constant

e o= Fine structure constant and Tpianck = Planck temperature

meVv

I
@D
<

€ .
v2 =2 x — x V= 2 x electron charge to mass ratio x V
Me

Faraday constant
vZ=2x xV
molar electron mass

\_ J
Y

gg = Gravitoelectric gravitational constant V2= 2V X X&
oG X &g
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Radiation density constant:

40 _ 40 X1tocp

c Lqcp
If | = Hartree current:
e . dne
- X - —xe
T dt
dt h
1
Rate of flow of electrons = ——
Hartree time

Space debris

Extremophiles s A N

Artificial objects in space that

are orbiting Earth but no longer

Organisms capable of living in extreme environments serve a useful function

Precisely because Mars is an environment of great potential biological interest,
it is possible that on Mars there are pathogens, organisms which, if transported

to the terrestrial environment, might do enormous biological damage.

- Carl Sagan

~
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The volume of the black hole:

v 41TR§
BH =
3
% 32T M3
BH __ %
VPlanck 3 m%’lanck
If M = Mplanck:
327 Vplanck
VBH = f

IfM=ms= \/a X Mplanck-

3

VBH = .
The surface area of the black hole:
ApH = 4-1TR§
—
If M = Mplanck:
ABH _ M? AsH= 16T X Aplanck
—A =161 x —mz
Planck Planck <
If M =ms:
AsH= 16T X 0. X Aplanck
K
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=

C =
vV €oMo
tqcp
Loco=

;

€oMo

The Compton wavelength of the electron:

Ace= 2T X o X ag

ahc
En x Xc,e=¥ X (21 x a % ao)
N /
V

En X Ace= a’hc

ahc

Enhx Locp=— X

dp

N

h

mpc

J

~

electron mass

Enh X Locp= o?hC x

proton mass

En X Locp=

1836.
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Hartree energy:

ahc mecat
Eh=—""=o0hc x

o ),
e

Enh = a’meC?
Eh ez ZOGO _ Th
meC dPlanck 4 Tthreshold

hG
Enh X Lplanck = OLZmeC2 X C_3

ac = electron gravitational coupling constant

{ EnX Lpianck = o Jag hc }

Enx Ls = (lzmec2 x ( \/& Lplanck )

N Wy
Y

5
Enx Ls= 02 \/ag AC

Hartree energy x Rydberg wavelength = 2hc
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2Gme
En X rs = 02mec? x
C2

\ J
Y

Enx rs = 202 x g X AC

2
_GPlanck — - X — -
Fe = ———— ,/Proton gravitational coupling constant Electron gravitational coupling constant
) g g g g

hc
Fe = I‘_Z \/Proton gravitational coupling constant X ,/Electron gravitational coupling constant

aZh
1836.15267343

"there are no arbitrary constants ... nature is

o EnXtoep =
so constituted that it is possible logically to
lay down such strongly determined laws that
* EnXtoanck =0 ‘/a_G h within these laws only rationally determined

5 constants occur (not constants, therefore,
o Enxts== O(E \/O(—G h whose numerical value could be changed

without destroying the theory)."

— Albert Einstein
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AL = (1 — cosb)

meC

If AL = Locp:

m
The wavelength shift of the scattered photon in an angle of @ = cos™ (1— 21-mel

) is equal to the
p

QCD length.

e
|hXt CD:—XEh X
© h my, c?

N J
Y

me exo?

Ih X toco=e x 0° X — =
"o m,  1836.15267343

. electron gravitational coupling constant
Ih X tocp=¢€ x a“ x . :
proton gravitational coupling constant
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h

e
Ih X tplanck = — X Ep X >
h Mplanck€

Ih % tpianck = € * a2 x \/electron gravitational coupling constant

e
Ih X ts= E X Ep % (\/& X tplanck)

N /
e

5
Ihxts=ex Q2x \/ electron gravitational coupling constant

Do x =L x S xE
X = —_— — X
0 h 2e fl h

{ Oy x lh=nEj }

Hartree energy

= (Fine structure constant) ? x ./electron gravitational coupling constant
Planck energy ( ) \/ & pns
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Hartree force — i Planck length
=0 X \/ electron gravitational coupling constant X

Planck force Bohr radius

Hartree force:

2 2
_a‘mec” 3
Fh=——"— =21«
=) Ace

mec?

1
Rest mass energy of electron = >

= x Hartree force x Compton wavelength of electron

2.3 2
mgc’> _ kgT
Fr== 216 = 27103 threshold
C2
) h
Eqcp X tplanck = mMpc” X >
MplanckC

Eqcp X trianck = \/ proton gravitational coupling constant X A

Eqco X ts = mpc2 X (\/& X 2
MplanckC

Eqco X ts = \/ Fine structure constant X proton gravitational coupling constant x
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, N
Eqcp X th = mpc” X —
En

Eqcp X th =

1836.15267343 X h
a2

Einstein’s Photoelectric Equation:

v

E= WO + KEeIectron

The energy required to eject the

electron from the metal surface

mev?

2

=h (v —v0)

vV=2,Qo(v—vg)

eVs =h (v —vo)

Vs =2 g (v —v0)

Aplanck X th =

C h

tPlanck a?mec?

N

~

C

Aplanck X th =

az\/electron gravitational coupling constant

79




C h
aplanck X tocp = X >
tplanck mpC

C

aplanck X tocp =

\/proton gravitational coupling constant

c , ,._eh
h X UB = O"MeC™ X
! 2me
£ a?x e xcq
hXUB =" 5
H 82
eh
Eh X pn = 0°mec? x
2myp

N
4 A

azxeXClxme_ a?x e xcqy
8m2 mp  14689.2213874 m?2

EhX“N:
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eh

Eplanck X uB = MPplanckC? X
Me

e X Cq

Eplanck % 1B =

\/electron gravitational coupling constant x 8m?

eh

Es x uB = \/& mF’IanckC2 X

N
4 A

Me

VFine structure constant x e X cq

Esx ps = —— - >
J electron gravitational coupling constant x 81

, . Planckpower _ ¢ _mgc? _ o _ amg

Planck intensity = = = X—=—5
Planck area hG2 tg L t2

(Planck force)?> _ 4m?x (Planck power)?
h First radiation constant

Planck intensity =

1
Planck power = o J/First radiation constant x Planck intensity
T
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. m3c* c*  _ 4hwd
Planck Intensity = > =
G?m§ rs
e oc = Compton angular frequency of the electron
e rs= Schwarzschild radius of the electron
eh

Eocp X ug = myC? x
Q u p 2m,

\/proton gravitational coupling constant X e X ¢4

Eqcp x ug = — =
© H \/electron gravitational coupling constant x 812
eh
Eqcp X pn = mpc? x
2mp
E e X Cq
CD X UN =
Q p 812
c ) eh
Planck X UN = MplanckC™ X
ancl 8 ancl 2mp
e X C1
Eplanck X N =

\/proton gravitational coupling constant x 812
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eh

Esxun= Vo MplanckC? X

N
4 A

VFine structure constant X e X ¢;

mp

Esxp

N = — :
\/proton gravitational coupling constant x 812

Planck Temperature:

T AcS
Planck = |7 >
\/ GKk%

T _ c? v hc N mec?
Planck = Gme ZT[kB kB

[ _ \/CZX Tthreshold W
Trlanck =
1 Tirs J)

"Fine Structure Constant: Fundamental numerical constant of atomic physics and quantum

) -

electrodynamics, defined as the square of the charge of the electron divided by the product of

Planck's constant and the speed of light."

— Steven Weinberg

A 4
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En h
Foxty=s —2 X —
ap Ep

Fn X th = o meC

A
a I

Fn % th = Fine structure constant x J electron gravitational coupling constant x Planck momentum

En h
Fh X tplanck = — X —
dp Eplanck

Fn X teianck = o® X electron gravitational coupling constant x Planck momentum

E axh
Foxqz Bhy Yaxh
dp Eplanck

7
Fn x ts = (2 x electron gravitational coupling constant x Planck momentum
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Reduced mass of hydrogen atom: )

<
memp, c H=Me

"= (Mme+mp) ~

-

[

\/electron gravitational coupling constant X \/proton gravitational coupling constant X Planck mass

(\/electron gravitational coupling constant + \/proton gravitational coupling constant)

Hartree Power:

a?mec?
Ph=Fn X vh= X 0oc
o
a*m3c*
Pn=
h

Ph = o* x Electron gravitational coupling constant x Planck power

Ph X teianck = o X Electron gravitational coupling constant x Planck energy

9
Phx ts = (2 x Electron gravitational coupling constant x Planck energy

"The fine-structure constant derives its name from its origin. It first appeared in
Sommerfeld's work to explain the fine details of the hydrogen spectrum. ... Since
Sommerfeld expressed the energy states of the hydrogen atom in terms of the constant

[alpha], it came to be called the fine-structure constant."

— John S. Rigden
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9 C % h
aplanck X Qo =
tPlanck 2mMe

mxc3

aPlanck X Qo = — :
Jelectron gravitational coupling constant

C h
Aplanck X Pg= ——— X —
tPlanck 2e

mic XPlanck voltage

APlanck X Do =

vFine structure constant

En % Qo = a?meC? X
2me

EQCD X Qo = mpC2 X
Me

Jproton gravitational coupling constant X c¢q

Eqco X Qo =

4t Jelectron gravitational coupling constant
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Eplanck X Qo = MPplanckC? X
2me

Cq1

Erlnck X Qo=——Fr——————————————————
4m<,/electron gravitational coupling constant

h

Es X Qo = va MpianckC? X

VFine structure constant X ¢;

[ ESXQ0=

‘L 4 Jelectron gravitational coupling constant J‘

A quantum fluctuation can create an proton antiproton pair with energy AE > 2myc? provided the fluctuation
h
lives less than the time At < E' In that time, the proton and antiproton can separate by a distance of order

AX = ¢ XAt. As they separate they gain energy eE x AX, in the electric field with strength E. If they gain
sufficient energy to compensate for their rest mass, they no longer have to annihilate: they can become real
particles. The condition for real proton— antiproton pair creation is therefore that the electric field be greater

than a critical value, Ecritica given by:

€ Ecritical X (C x ) = 2mp02

2
2mpc

3

2
4mpc

Ecritical =

he

A modern mathematical proof is not very different from a modern machine, or a modern test setup: the simple

fundamental principles are hidden and almost invisible under a mass of technical details.

— Hermann Weyl
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En h
Fh Xtoco= — X——
ap mpcC

a® x electron gravitational coupling constant xPlanck momentum

Fnh X tocp = —— -
E J/proton gravitational coupling constant

a* x Electron gravitational coupling constant x Planck energy

Pn X tocp = —— .
Q J/Proton gravitational coupling constant

Number of electron charges that make up one Planck charge:

Planck charge _ 1 2

n= = =
Electron charge +a \/ impedance of free space X conductance quantum

The radius of photon orbit: Any photon orbiting below this distance

will plunge into the black hole, while

photon that remains further away will
If M = Mplanck = %: spiral out towards infinity.

r =3 x Planck length
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The electric potential energy between 2 electrons:

2

(S

Ep =

4T[80r

If E, = Hartree energy:
2
2m 2 —_ €
"MeC™ = 41ier
Distance between 2 electrons at which
r= r_z the electric potential energy between
(04 .
them is equal to Hartree energy

The gravitational potential energy between 2 electrons:

Gm2
Ep = =
r
If Ep = Hartree energy:
2
a’mec? = Gme
r
™ ) )
Distance between 2 electrons at which the
r . . . .
f=—> gravitational potential energy between them is
2 X o2 >
equal to Hartree energy
S

/ "It doesn't matter how beautiful your theory is, it doesn't matter how smart you \

are. If it doesn't agree with experiment, it's wrong. "

— Richard P. Feynman

\_ /
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2

If = Planck energy = mpj,,cc€2 -
4TEQGT - -
Distance between 2 electrons at which
I _ the electric potential energy between
r = \/electron gravitational coupling constant X re _
them is equal to Planck energy
e2
If = Stoney energy = va MpjapciC?
4TEQT —~

Distance between 2 electrons at

which the electric potential energy

electron gravitational coupling constant
r= Xr .
Fine structure constant ¢ > between them is equal to Stoney
energy
_/
Gm3
If = Planck energy = mpj,ck€? -
r
™
Distance between 2 electrons at which the
— . r's o :
r= \/ electron gravitational coupling constant x ? >_ gravitational potential energy between
them is equal to Planck energy
_/
Gm3
If —= = Stoney energy = va MppanciC2 : /
r "Primitive life is very common
—— : and intelligent life is fairly rare.
electron gravitational coupling constant rg
r= X — g
Fine structure constant 2 Some would say it has yEt =
occur on Earth.”

R/_/ \ — Stephen Hawking |

Distance between 2 electrons at which the gravitational

potential energy between them is equal to Stoney energy
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Gmym,
Fo=—=—

2Gm,
c2 '

Because rs =

Fo = Fplanck x I's; XTs,

FPlanck

2 — Proportionality constant

Niels Bohr was a Danish physicist who is generally regarded as one of the foremost physicists of
the 20th century. He was the first to apply the quantum concept, which restricts the energy of a

system to certain discrete values, to the problem of atomic and molecular structure. For that work

he received the Nobel Prize for Physics in 1922. His manifold roles in the origins and development

of quantum physics may be his most-important contribution, but through his long career his

involvements were substantially broader, both inside and outside the world of physics.

In 1911, fresh from completion of his PhD, the young Danish physicist Niels Bohr left Denmark
on a foreign scholarship headed for the Cavendish Laboratory in Cambridge to work under J. J.
Thomson on the structure of atomic systems. At the time, Bohr began to put forth the idea that
since light could no long be treated as continuously propagating waves, but instead as discrete
energy packets (as articulated by Max Planck and Albert Einstein), why should the classical
Newtonian mechanics on which Thomson's model was based hold true? It seemed to Bohr that
the atomic model should be modified in a similar way. If electromagnetic energy is quantized,

i.e. restricted to take on only integer values of hv, where v is the frequency of light, then it
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seemed reasonable that the mechanical energy associated with the energy of atomic electrons is
also quantized. However, Bohr's still somewhat vague ideas were not well received by Thomson,
and Bohr decided to move from Cambridge after his first year to a place where his concepts
about quantization of electronic motion in atoms would meet less opposition. He chose the
University of Manchester, where the chair of physics was held by Ernest Rutherford. While in
Manchester, Bohr learned about the nuclear model of the atom proposed by Rutherford. To
overcome the difficulty associated with the classical collapse of the electron into the nucleus,
Bohr proposed that the orbiting electron could only exist in certain special states of motion -
called stationary states, in which no electromagnetic radiation was emitted. In these states, the

angular momentum of the electron L takes on integer values of Planck's constant divided by 27,
h
denoted by A = Py (pronounced h-bar). In these stationary states, the electron angular

momentum can take on values h, 2h, 3h... but never non-integer values. This is known as

quantization of angular momentum, and was one of Bohr's key hypotheses. He imagined the

h
atom as consisting of electron waves of wavelength A = = B endlessly circling atomic

meV

nuclei. In his picture, only orbits with circumferences corresponding to an integral multiple of

electron wavelengths could survive without destructive interference (i.e., r = could

meVv
survive without destructive interference). For circular orbits, the position vector of the electron r
is always perpendicular to its linear momentum p. The angular momentum L has magnitude
meVr in this case. Thus Bohr's postulate of quantized angular momentum is equivalent to mevr =

nh where n is a positive integer called principal quantum number. It tells us what energy level

the electron occupies. — - - -
For an electron moving in a circular orbit of radius r:

Since A =

h
= — (de Broglie relation), r
mevV P

hvy
pvp =— =hv = ho
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h
where A = P is the reduced Planck constant, ® = 2nv is the angular frequency and vp is the

phase velocity.

hv
V = —_—
PVp .

Since na = pr (quantization of angular momentum),

V=NXV,p

The velocity of the electron or the group velocity of the corresponding matter wave associated

with the electron is the integral multiple of the phase velocity of the corresponding matter wave

associated with the electron.

By the de Broglie hypothesis, we see that:

Substituting nA = 2,

Quantum of circulation: Qo =

h

Me

pv ho MeVI = nh
= p__- |
A A
pv hv - nQo _2Qo
a = 7 Tr A
0=y = nQo _ nQo
r mr2 Areaofcircular orbit

2
MeV hv
- T

The classical description of the nuclear atom is based upon the Coulomb attraction between the

positively charged nucleus and the negative electrons orbiting the nucleus. Furthermore, we

consider only circular orbits. The electron, with mass me and charge e~ moves in a circular orbit

of radius r with constant velocity v. The attractive Coulomb force provides the necessary

acceleration to maintain orbital motion. (Note we neglect the motion of the nucleus since its

mass is much greater than the electron). The total force on the electron is thus
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Ze?
F= =
4TtE 2 r

F
where g0 = 8.854 x10°2 — s the permittivity of free space. F=on hTU
Ze? hv
— =-2nr—
4mEQr A
Substituting 2nr = nA,
Ze? Uz b _
amegr =U= Y The potential energy of the electron
The negative sign indicates that it requires energy to pull the orbiting electron away from the nucleus.

From the equation:

we can determine the kinetic energy of the electron (neglecting relativistic effects)

. nh
Substituting p = —

r )
nAv nhw nhv The Kkinetic energy of the electron

KE = - - . . ) hv
2r 2 2 is the integral multiple of =

The total energy of the electron E = KE + U is thus:

nhv
E=KE+U= + (— nhv)

2
nhv
E=——
2
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The frequency of photon absorbed or emitted when transition occurs between two stationary

states that differ in energy by AE, is given by:

AE  E;-E;

Vphoton =
P h h

where E; and E> denote the energies of the lower and higher allowed energy states respectively.

This expression is commonly known as Bohr's frequency rule.

1’12hU2 nlhvl
-

Uphoton =
h

N1V1 — N2V2 = 2Vphoton

In physics (specifically, celestial mechanics), escape velocity is the minimum speed needed for

2
an electron to escape from the electrostatic influence of a nucleus. If the kinetic energy m%v of

2
the electron is equal in magnitude to the potential energy% , then electron could escape
0

from the electrostatic field of a nucleus.

mev? _ Ze?
Orbital velocity: 2 ATEor
Ze?  mev? mev? _
= = nhv
4ATIEHT2 r 2

Ze? _ |nhv
Vorbital = Jp— - m
0% e e ,Znhv
l V = Vescape = m_ = 1/ 4nQ0U
e

Z xBohr radius

_|Z xclassical electron radius _ .
Vorbital = C = ¢ X Fine structure constant

r r
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) Z xBohr radius
Vorbital = Hartree velocity

r
Total energy of the electron:
2nr = n\
nhv Ze?  mev?
E=—" = (standing-wave condition)
2 4Tgyr2 r
+
E  nv
mec2  2vuc Ze? ) h
= Me?r A==
4ATtegT2 p
mec?
e .
e = is the Compton frequency of (de Broglie relation)
the electron. Ze? 412 l
—— SMeX— XTr
& 4Ttggr2 T2 / L = nA
V (Bohr’s postulate)

T? r3 where r. denote the Classical electron radius

% -

"The very nature of the quantum theory ... forces us to regard the space-time coordination and the claim of
causality, the union of which characterizes the classical theories, as complementary but exclusive features of

the description, symbolizing the idealization of observation and description, respectively."

— Niels Bohr

N 4
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. . . .. h
The moment of inertia of an electron in n™ orbit is: particle |e— A= = L » | wave
eV
| =n x mer?
Planetary Model failed to ;
n
explain stability of atoms in Mel = —
accordance with classical laws
of physics
2
n“h
=2 x ™ =22
v w
The acceleration of the electron: o
n= |—
v? h
a=—"—=mXV
r
- 21 |nhv _ 21 ,/2nQpu Plum Pudding Model failed to
u Me u explain large-angle deflections
of scattered alpha particles
e? 1
F=2Zx X —
4TEy 12

v

2

n . n
r =— x Bohr radius =
Z Zo

r ~N
. hc
F = Z x Fine structure constant x - -
) 2 X Area of the circular orbit
\§ /
Ze? _me n?h?

e 2 2
4megr? r  mgr? .
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Rydberg formula:
2 n%_n%
vphoton = Rydberg frequency x 2 ——
ning
For hydrogen atom: Z =1
n2—n2 ni | n2 | Series Name
vphoton = Rydberg frequency x —= 21
nin;
1l |2-w Lyman
5 o 2 |[3— Balmer
L= L Rydberg frequency x 22T
5 y g1req y n?nZ
3 |4-w Paschen
2.2 4 |5- Brackett
nin; (njv;—Nyvy)
Rydberg frequency =
2(n-nf)
5 [6— Pfund
6 | 7—o0 | Humphreys
e Area of ellipse (integral form):
jL Ldo
e Area of ellipse (geometrical form):
2nnh
Bohr-Sommerfeld quantization rule for angular momentum:
f Lde = 2nnh Bohr quantization rule

In the case of circular orbits: L is constant and

2T
7€dep=Lf dg = 2mnhA - L = nh
0

98




Hartree electric potential _ Eyp . dPlanck
Planck voltage e E
Total energy of the electron: < Planck
hcRew _  nhv
E=KE+U=- > - T
n 2 l
E
n = n3v oz X \/ electron gravitational coupling constant
“ 2c
- mev? Ze?
lonization energy =
r 4TtE 2
1 [n3v
a== [—
Electron charge x lonization potential V= Ze> _ Zac _ [nhv v
4megnh n me
The minimum energy required to

liberate the electron from the )
o Separation energy
binding of nucleus.

The energy needed to remove a proton or a neutron from an

Ground state — Excited state atomic nucleus.

First excitation potential = E> — E1

he Reg hcRe Rydberg formula for the spectrum of the hydrogen atom:
- > + > — —34+13.6=102¢eV
n; nfy 2.2 2
__nhynj _ 01
Second excitation potential = Es — E1 himex = (n%_n%)Roo Pin = Reo
hc Reo hc Ry _
- > + > — -15+13.6=121eV
1’13 n1 2
Amax - N3
Amin (n%_n%)
E=hv

Because E = mc?:
Bohr's model does not work for

systems with more than one electron.

The Planck constant relates mass to frequency.
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2
e =
Fine structure constant: Kj Rk h= 4
K2 R
2 2 2 I K
o= e — h K] — h K] @
2gpch  8gpC 8 ) Rk = von Klitzing constant

1

K; = Josephson constant

B Magnetic flux quantum

Nothing can better illustrate the positive and hectic pace of progress which the art of

experimenters has made over the past twenty years, than the fact that since that time, not only one,

but a great number of methods have been discovered for measuring the mass of a molecule with

practically the same accuracy as that attained for a planet.

- Max Planck

A0 = Oprevious — Ol now
If the fine-structure constant really is a constant, then any experiment should show that
Aa=0

Any value far away from zero would indicate that a. does change over time. So far, most experimental data

is consistent with o being constant.

Even if there is only one possible unified theory, it is just a set of rules
and equations. What is it that breathes fire into the equations and
makes a universe for them to describe? The usual approach of science
of constructing a mathematical model cannot answer the questions of
why there should be a universe for the model to describe. Why does

the universe go to all the bother of existing?

— Stephen Hawking
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The wavelength associated with an electron is related to the momentum of the electron by the de

h
Broglie relation: A = ;

h dp _ p? da . . : . "Drineing
- = x-== Sir I1saac Newton first presented his three laws of motion in the "Principia
A dt h dt . . . o . .
Mathematica Philosophiae Naturalis" in 1686. His second law defines a
force exerted on the electron to be equal to the rate of change in momentum
dp
of the electron: F = —
dt
2
F= p_ X — Q\
h dt
Me
Mrelativistic = : N . :
relativistic v2 The mass of the electron is not constant; it varies with changes in its velocity.
1=z
2 2 2 2 — 2~2
MyelativisticC” — MrelativisticY™ = Me™C
‘ On differentiation MrelativisticV AV + VZdMretativistic = C2dMirelativistic

v

l

dMrelativistic (C2 — V2) = MrelativisticV AV

l

dMrelativistic  MrelativisticVa
- s 2
dt (c2-v?2) dMyrelativisticC” _ dKE

l -~

3
Fe Mrelativistic X @ _ Mrelativistic?

2
1—-— Mg

mrelativisticc2 = meC2 + KE

For non-relativistic case (v << ¢):

F= mea

-
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Albert Einstein was a German-

. 3 2
In no experiment, Mielativistic? — P da

F= = — X ——

m3 h dt

matter exists both as a

born theoretical physicist, widely
acknowledged to be one of the

greatest physicists of all time.

particle and as a wave
simultaneously. It is
either the one or the

other aspect.

Einstein is known for developing
the theory of relativity, but he
also made important contributions

to the development of the theory

mZv? da
X — —

a

hmrejativistic dt

of quantum mechanics.

\
N

For nonrelativistic case (v << c):

mev? da
a= X

h dt

"It was an act of desperation. For six years | had struggled with the blackbody theory. I knew the

problem was fundamental and I knew the answer. | had to find a theoretical explanation at any cost,

except for the inviolability of the two laws of thermodynamics."

Irradiance is power per unit area.

- Max Planck

Just like Energy, TOTAL MOMENTUM IS ALWAYS CONSERVED

Classical Picture

Quantum Picture

Energy of EM wave ~ (Amplitude) 2

hc
Energy of photon = N
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The time will come when diligent research over long periods
will bring to light things which now lie hidden. A single
. 2 lifetime, even though entirely devoted to the sky, would not
An 'up' quark has a charge of +5 e .g _ ,y _y
3 be enough for the investigation of so vast a subject... And so

this knowledge will be unfolded only through long successive

Qup= + 2 e ages. There will come a time when our descendants will be
3 amazed that we did not know things that are so plain to
them... Many discoveries are reserved for ages still to come,
and a 'down’ quark has a charge of —% e when memory of us will have been effaced.
_ 1
Gdown =73 € — Seneca

o= Chzlp — 4ohc E = q%lown — anhc
E= 2 2 E= 2" g2
4TEGr Or 4TEyr Or
Qup X ddown __ 20hc
Fe= -
41eyr2 9r2

1 _ o

Hartree wave number = — = —

a9 Te

Hartree energy = Amo = 2ACRw» = a?MeC?
hwo = 2hCRx
Hartree frequency = 2 x Rydberg frequency
a N

hwo = (lzm(-:C2

Hartree frequency = o? x Compton angular frequency of electron
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E2 Electromagnetic wave consists of an

. . €0
e Energy density of electric field = > oscillating electric field with a
B2 perpendicular oscillating magnetic field.
e Energy density of magnetic field = —
2lo
- "What is known of [photons] comes from
Energy density of EM wave:
observing the results of their being created
2 2
goE + B or annihilated."
Uwave == -
2 2lo
- Eugene Hecht
E 1
C ===
B eokMo
Unave = £gE2 Uwave dOes not depend on the

Uparticle = NUmMber density of photons x hv

frequency of the wave

L’ depend on the frequency of the wave

| Uwave = Uparticle

"The more important fundamental laws

number density of photons « E2

and facts of physical science have all
been discovered, and these are now so
firmly established that the possibility of

their ever being supplanted in

A very small increase in temperature

4 . . . .
40T will result in a very large increase in

Radiation pressure =
the radiation pressure

consequence of new discoveries is
exceedingly remote.... Our future
discoveries must be looked for in the

sixth place of decimals."

- Albert A. Michelson, 1894

Hydrostatic Equilibrium:

gas and radiation pressure balance the gravity

Thermal Equilibrium:

Energy generated = Energy radiated
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Hartree pressure _ Ep % L anck

Planck pressure a3  Epjanck

~

Hartree pressure = o® x (electron gravitational coupling constant)  x Planck pressure

/

2 — n2n2
Erelativistic_ p-C + Elgest
2 — 12n2
Erelativistic - E%est =p=C
(Erelativistic - Erest) (Erelativistic + Erest) = pZCZ
N For non-relativistic case:
b
KE = X
(Mrelativistict Mrest) KE = Mrest V
2
|
2 da KE(m istict M dA
E= p-_¢gA L E= (Mrelativistic rest) « — g4
h dt h dt
hF For non-relativistic case:
KE =
(m ivistict Mrest) X — aa
relativistic rest dt Mrelativistic = Mrest
F = Mresta
B ha
KE = —ax
2X - dat where Kj is the Josephson constant
ha
KE =eV = Th
2 X — E
3kBT ha
KE = = T
2 2 X — —
dt dA
a=KivV X ——
3kgT % dA dt
a= - —
h dt
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Cherenkov radiation is the electromagnetic radiation emitted when a charged particle (such as

an electron) travels in a medium with speed v such that:

C
—<V<C(C
n

where ¢ is speed of light in vacuum, and n is the refractive index of the medium. We define the

ratio between the speed of the particle and the speed of light as:
\ 1 The emission of Cherenkov

¢ nxcos6 radiation depends on the refractive

The heavier the charged particle, the higher
kinetic energy it must possess to be able to emit index n of the medium and the
velocity v of the charged particle in

Cherenkov radiation. cosO =

nxv

that medium

Since the charged particle is relativistic, we can use the relation:

A =Ac VnZcos?0 — 1

IfA=Ac: The wavelength of the charged particle is

J2 equal to its Compton wavelength when
0=cost(—)

n V2
Cherenkov angle equals cos* (T )

The Cherenkov Effect is used as a tool in: Pavel Alekseyevich Cherenkov was a Soviet
. . physicist who shared the Nobel Prize in
e nuclear physics to detect solar neutrinos

¢ high energy experiments to identify the nature of particles SPRIES M 25 it (I AL T el

i . . Tamm for the discovery of Cherenkov
e astrophysical experiments to study the cosmic showers

radiation, made in 1934.
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"The element carbon can be found in more kinds of molecules than the sum of all other kinds of
molecules combined. Given the abundance of carbon in the cosmos — forged in the cores of stars,
churned up to their surfaces, and released copiously into the galaxy — a better element does not exist
on which to base the chemistry and diversity of life. Just edging out carbon in abundance rank, oxygen
is common, too, forged and released in the remains of exploded stars. Both oxygen and carbon are

major ingredients of life as we know it."

— Neil deGrasse Tyson

For a spherical star of uniform density, the
gravitational binding energy Eg is given by
the equation:

3GM?2
5R

Eg =

where G is the gravitational constant, M is the

mass of the star and R is its radius.

2GM . ] .
where rs = 2 is the Schwarzschild radius of

the star. Any star with Radius smaller than its

Schwarzschild radius will form a black hole.

IfR <rs: [Es| > 0.3Mc?

The star will form a black hole

The core pressure of a star of mass M and radius R is
given by:

5GM?2
4TR4

l

25Eg 25
=—— X pB
9V 9

core =

core — —

where pg is the gravitational binding energy density of
the star.

Subrahmanyan Chandrasekhar was an Indian-American
astrophysicist who spent his professional life in the United
States. He was awarded the 1983 Nobel Prize for Physics
with William A. Fowler for **...theoretical studies of the
physical processes of importance to the structure and

evolution of the stars"
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10Eg _ rg

3Mc2 R
_ 9PcoreV - Eg
25 )
Pcore :I‘_S
0.833pg R

2

Mc
where pe = v is the mass energy density of the star.

IfR<rs:

Pcore > 0833pE

The core density of the star is given by:

3M
mR3

Pcore =

The core temperature of the star is given by:

_ 5umyGM
core — 3kBR

The star will form

a black hole.

where kg is the Boltzmann constant,
p denotes mean molecular weight of
the matter inside the star and my is

the mass of hydrogen nucleus

4umyP
Peore X Tcore = PH " core > _ PcoreX Tcore X kp
kB PCOre -
4pmpy
_ 9Pcore _ 9 X PcoreX Tcore X KB
gz — —core — _
P 25 100pumy

William Alfred Fowler was an American
nuclear physicist, later astrophysicist, who,
with Subrahmanyan Chandrasekhar won the
1983 Nobel Prize in Physics. He is known for
his theoretical and experimental research
into nuclear reactions within stars and the

energy elements produced in the process.

The ideal gas equation PV = NkgT does not hold good for the matter present inside a star. Because, most
stars are made up of more than one kind of particle and the gas inside the star is ionized. There is no
indication of these facts in the above equation. We need to change the ideal gas equation, so that it holds

good for the material present inside the star. It can be shown that the required equation can be written as PV

ksT where p denotes mean molecular weight of the matter inside the star, M is the mass of the star

p T
X

Pcore Tcore

Hmy _—
and my is the mass of hydrogen nucleus.
ﬂ - kp - 4Pcore _<
MT pumy  PcoreTcore
—
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Planck force density =

Planck volume -

Planck force _ Planck pressure _ Planck pressure

0
Planck length Stoney length

_ Schwarzschild radius of proton

r=

2

The saddest aspect of life right now is
that science gathers knowledge faster

than society gathers wisdom.

Distance between proton and
electron at which the gravitational
>_ potential energy between them is

equal to intrinsic energy of electron

— Isaac Asimov MpC™ =

B Schwarzschild radius of electron

Distance between proton and electron

at which the gravitational potential

r=

and no electric charge

2 > energy between them is equal to
intrinsic energy of proton
_/
Black hole type Description Constraints
Schwarzschild has no angular momentum angular momentum = 0 electric charge =0

Kerr

does have angular momentum

but no electric charge

electric charge =0

Reissner—Nordstrom

has no angular momentum but

does have an electric charge

angular momentum = 0

Kerr—Newman

has both angular momentum

and an electric charge
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2

Mc
] dQ —— =TsH X Sen
Heat Capacity: C = aT
28
n Specific heat capacity of a black hole = — BH
ot — 2 — c .
Substituting dQ =dMc“and T = By GM-
. 8nkg GM?
Heat capacity of a black hole =— e
el e et oy o el il — e <
ecific heat capacity of a black hole = — = -
P pactty hc Black hole temperature

4mkg GM?
hc

BH =

On differentiation

81'[1(]3 GM
— X

3 dMc?

dSgH =

{ Ten x dSgn = dM02 }

"For the past forty-five years, Stephen and hundreds
of other physicists have struggled to understand the
precise nature of a black hole's randomness. It is a

question that keeps on generating new insights about

the marriage of quantum theory with general

relativity—that is, about the ill-understood laws of

guantum gravity."

— Stephen Hawking

Mc?
" TeH % SgH

On differentiation

Black holes are the harmonic oscillator of

quantum gravity.

(A. Strominger)

dMc?

= 2SBH

dMc? =2 (Ten x dSgH) + 2 (dTeH X SgH) =2 dMc? + 2 (dTeH X Sgh)

e Neutron Star has a hard surface; the curvature is large - but finite.

e Black Hole: No Surface — curvature is infinite at the centre.
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A photon of higher frequency causes the ejected photoelectron to

propagate faster. The energy of photon — converted into the kinetic

energy of the electron — is proportional to its frequency.

h,c,G, e g, Mg, My.....

Other constants

mt is impossible, using the currenh

laws of quantum mechanics and
the known behavior of gravity, to

determine a position to a

hG

precision smaller than [~

=

Fundamental dimensionless constants

o= —
41eg he

Magnetic coupling constant = 4—

mp
me

eZ

Gm3
hc

oG =

1

Planck units

hc
MPlanck =
G

hG

Lrianck = |—%
C3

hG
ks

Oplanck = / 4TEQAC

trlanck =

Me UN

proton gravitational coupling constant

Mp _UB _
_HB _

electron gravitational coupling constant

The Planck units simplify
the expression of physics
laws and are the universal
limits beyond which all the
known laws of physics
break down. In order to
comprehend anything
beyond it — we need new

unbreakable laws of

theoretical physics.

Theories of proton decay predict
that the proton has a half life on
the order of at least 1032 years. Till
date, there is no experimental

evidence of proton decay.
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If you wish to make

_ eh % 2Gme
an apple pie from HB X Ts = 2me 2

scratch, you must

first invent the

universe. g X Ts = V& X €1 X gplanck
B S —
4m? x Fplanck

— Carl Sagan
_eh 2Gmp _ va X cq X gplanck
N Ts = X—% = 2
2mp C 41t X Fplanck
A thinker sees his own actions as eh h
) ) B X do =
experiments and questions--as 2me  MeCa
attempts to find out something.
. . 2
Success and failure are for him g X a0 = eQo
answers above all B 2
: - aeQp
. =
2m2c
— Friedrich Nietzsche
2 2 2 2
Fo = Gmeg _ GEfest —  KBTthreshold
6= = =
r? ctr? Planck force X r?
Fo = 1 - (First radiation constant)? - HOSOT%hreshold
412X Planck force  (Second radiation constant)?2 r2
Gmj 1 First radiati tant)? T%
Fo = Planck — % (First radiation constant) % Mo€o” Planck
r2 4m2x Planck force  (Second radiation constant)? r2
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. Gm2 _ GEZ.4 _ h2vg
.= — —
r2 c4r? Planck force x r2

. c1 X Planck angular momentum
. Planck force X Acx r2

i GmZ _ G _ e?’hn?
Ty r2  4pd

Fe

2 2 2
Lplanck€“Cc1 _ Planckarea x e“ X ¢c;

T16m2pd r2Jeoly  16m2X pi X r2 X /g0 o

Gravitational redshift

The change in the wavelength of electromagnetic radiation photon in a gravitational field predicted by
general theory of relativity. A heuristic Newtonian derivation gives

AE GM
Z=—= — ——
E rc?

I do not feel obliged to believe that
the same God who has endowed us
with sense, reason, and intellect has

intended us to forgo their use.

— Galileo Galilei

[Letter to the Grand Duchess Christina]

{ Mc? = — z x Planck force x r }

Science, my lad, is made up
of mistakes, but they are
mistakes which it is useful to
make, because they lead little

by little to the truth.

— Jules Verne
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Gravitational waves are 'ripples' in space-time, generated by accelerated masses that propagate as
waves outward from their source at the speed of light. They were proposed by Henri Poincaré
(French mathematician, theoretical physicist, engineer and philosopher of science) in 1905 and

subsequently predicted in 1916 by Albert Einstein on the basis of his general theory of relativity.

Gravitational waves were first directly detected by the Laser Interferometer Gravitational-Wave
Observatory (LIGO) in 2015. Gravitational wave is to gravity what light is to
electromagnetism. It is the transmission of variations in the gravitational field as waves.
Predicted by Einstein's theory of general relativity, the waves transport energy known as
gravitational radiation. Two objects orbiting each other in highly elliptical orbit or circular orbit
about their center of mass comprises binary system. This system loses mass by emitting

E
gravitational wave (ripple in the geometry of space and time) whose frequency v = n <<

frequency of electromagnetic radiation and this is associated with an in-spiral or decrease in
orbit. Suppose that the two masses are m; and my, and they are separated by a distance "r"
orbiting each other in highly circular orbit about their center of mass. The rate of loss of energy

from the binary system through gravitational radiation is given by:

dE _ 32G* m?m3% (m;+m,) where G = 6.674 x 10 ** m® kg~* s ~? is the Newtonian gravitational

dt 5c> r> constant and ¢ = 3 x 10® ms?! is the speed of light in vacuum.

Gravitational radiation robs the energy of orbiting masses. As the

energy of the orbiting masses reduces, the distance between the masses

P=vx—o— decreases, and they orbit more rapidly. More generally, the rate of
2r
decrease of distance between the masses with time is given by:
2P
Fe = - dr _ 64G3m;m, (m;+m,)

Vv=——=
dt 5¢5 r3

where Fg is the force of gravitation between the two masses orbiting each other in highly circular orbit about their

center of mass. The loss of energy through gravitational radiation could eventually drop the mass m1 into the mass
mo. The lifetime of distance "r" between the masses orbiting each other in highly circular orbit about their center of
mass is given by:

5cor4

256G3m;m, (m;+m,) tiife =

tiife = r e _ 2P _ 8P Xtjfe
4 XV G_V_ r

114



The gravitational wave signal was observed by LIGO detectors in Hanford and in Livingston
on 14 September 2015. An exact analysis of the gravitational wave signal based on the
Albert Einsteinian theory of general relativity showed that it came from two merging stellar
black holes with 29 and 36 solar masses, which merged 1.3 billion light years from Earth.
Before the merger, the total mass of both black holes was 36 + 29 solar masses = 65 solar

masses. After the merger, the mass of resultant black hole was 62 solar masses.
What happened to three solar masses?

It was turned into the energy transported by the emitted gravitational waves. Using Albert
Einstein's equation E = mc?, where E is the energy transported by the emitted gravitational

waves, m is the missing mass (3 solar masses) and c is the speed of light, we can estimate the

energy released as gravitational waves:
The amplitude of gravitational

waves gets smaller with the E=(3x2x 1030 kg) x (3 x 108 m/s) 2
distance to the source.

E=5.4x10%]

This is roughly 10?* more energy than the complete electromagnetic radiation emitted by our sun.

E _ 5.4x10%
D =
h 6.626 x10734

=8.14 x 108051

e Gravity — Curvature of 4-dimensional (3 space + 1 time) space-time fabric produced by matter.

e Gravitational-waves — Ripples on 4-dimensional space-time produced by accelerated matter.

"Newton's law of gravitation. That's all you need (with a spot of calculus to crunch the numbers) to
work out how the Earth will orbit the Sun or how an apple will fall if you let it go at a certain height.
The only trouble is that Newton had no idea how this gravity thing worked. His model was simply:

There is an attraction between bits of stuff, and let's not bother about why."

Albert Einstein theorized that smaller masses travel toward larger masses, not because they are — Brian Clegg
"attracted" by a mysterious force called gravity, but because the smaller objects travel through f

space that is warped by the larger object.
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Natural science, does not simply describe and
explain nature; it is part of the interplay between

nature and ourselves.

Werner Heisenberg
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