
How Math Met Reality

Note:

The purpose of this presentation is to give someone who doesn't know anything about Relativity or Spacetime and give them the foundational
building blocks to understanding Einstein's General Theory of Relativity and the observational and experimental evidence that's put forward for the
theory.
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Note: Well, this is the story all about how, math and reality got turned upside down.

Special Theory:

c ± v = c



General Theory:

c ± v ≠ c

Note: The battle for your mind and control of the sky

Note:

To understand the scope and history;

two important concepts:

Note:

https://byjus.com/physics/kinematics-examples-in-real-life/

Kinematics

Dynamics

Kinematics and Dynamics is a very important concept in physics

Kinematics - Measurements and predictions of future motion based on the measurements. NO regard for causal mechanism

Dynamics - Predictions of future motion based on actual forces in a system

https://byjus.com/physics/kinematics-examples-in-real-life/


Note:

Changes in velocity over time

Change in location over time

Acceleration

No casual mechanism, just when/where and how fast

https://byjus.com/physics/kinematics-examples-in-real-life/

Note:

If a guy jumps off a tall building, we want to know when, and with what speed, he will land. We don’t ask why this guy is ending it all today;
that is a question for the psych department. So we don’t answer everything. We ask very limited questions about inanimate objects, and we

1) v = v0 + at

2) Δx = ( v+v0

2
)t

3) Δx = v0t + 1
2 at

2

4) v
2 = v

2
0 + 2aΔx

https://byjus.com/physics/kinematics-examples-in-real-life/


brag about how accurately we can predict the future.
- Shankar, 2019 Fundamentals of Physics,

We can tell you all about the motion re: from the time of displacement to impact, but not the casual mechanism. Analogous to gravity.

You can take partial derivatives wrt to time to figure out the acceleration at any given moment

Notes:

Dynamics; understanding the WHY part of the motion

Analogy:

Dynamics - Why the man jumped?

What was the casual force?

Accounting for actual forces



Note:

Foci - S and S'

ε - eccentricity varies from 0 - 1

0 = perfect circle

1 = straight line



Note: Intro to Kinematics of the sky

Measurements of how long takes its for a light in the sky for it to return to its original location of the first measurement.

Go to interactive slide - Kepler's Casual mechanism

Kinematic

Supposed to produce a velocity of 30 km/s

little m's cancel out

only constants and proportional ratios to those constants

Kinematics disguised as dynamics



Note: Attempts to test the dynamics of the Kepler and Newtonian model i.e. Does Earth have a velocity to begin with so we can know our math,
when applied to the sky has physical meaning?

Note: Attempts to test the dynamics of the sky:

No correction angle / no velocity

Particle !=> Must assume light travels faster in the water to make up for the lack of correction angle



Note: Michelson-Morley (1887)

Testing Newtonian Dynamics of the solar system

The output of Kepler and Newton's equations is that the Earth must be moving at a velocity of 30 km/s

Wave !!=> Must be carried in the opposite direction of motion by aether bouncing around in the telescope.

=> Earth is stationary wrt aether wind (0.8 arcsecond drift)



Note:

Expected: 30 km/s
Measured: 5 - 6 km/s

Michelson's conclusion - more test would needed to be done throughout the year to determine the cause of the 5 - 6 km/s i.e. would the speed
increase or decrease wrt the Earth's position in its orbit around the sun.

Kepler predictions the Earth slows and speeds up twice a year



Note: Einstein interpretation of MMX

Claimed Earth's orbital velocity couldn't be measured because linear motion is relative, not absolute.

Absolute space slide:

No absolute space for linear motion

Gamma Factor: Length contraction and time dilation



Note:

Recapping now:

What we're witnessing in history is attempts to measure Earth's velocity around the sun

When experiment doesn't confirm hypothesis, physics is redefined to conform to hypothesis

Special notion for to treat high velocities as "Relativistic velocities" and give them special rules; length contraction and time dilation

Because established theories to keep the concept of Newtonian Dynamics alive, despite overwhelming experimental evidence that the Earth is
stationary, everything now has to be canonized through the lens of Relativity



Note:

1915 Proposal for introducing a "General Theory" to include gravitation and acceleration through the equivalence principle.

Eq. Princ. = Mathematically expresses an equivalence between acceleration and gravitation as a warping of Spacetime

Correspondence principle - If Newton is backwards compatible Kepler, then Einstein must be able to derive Newtonian approximations from
Spacetime curvature

By taking a partial derivative from the spacetime metric g_mu_nu, you can reduce the field equations to Newtonian approximations re: objects at
low velocity or mass.

This is important because it's the mathematical expression extending Newtonian dynamics of the solar system to giving physical meaning Einstein's
geometric expression of spacetime, from which the Newtonian dynamics emerge.

The true test of the equations has not yet been fulfilled, this is just setting the stage for how they would go about testing these equations in a
meaningful way.

Let's take a few moments to learn some of the key concepts of the the general theory.



Note: How to conceptualize Spacetime

Reuse length contraction and time dilation as effects of a gravitational field or acceleration.

t = proper time
t' = dilated time wrt to proper time

x = proper distance
x' = length contracted distance wrt proper distance

In Relativity theory, there's said to be no absolute ref. frame. This means the suffix of "proper" given to time and distance when applied to a
coordinate system, is said to be arbitrary.

For geometric convenience, proper time/distance are always in the rest frame.

In an example of a rotating frame, one might choose the center of the frame to compare velocities radially outward from that stationary fixed point of
ref.



Note: Transformations

What we looked earlier is a more geometrical approach to conceptualizing Relativity theory's emergent second-order effects, i.e. Length contraction
and time dilation.

In the Special Theory, these effects are a result of relative velocity.

In the General Theory, the effects are due to be in close proximity to a gravitational field, which distorts spacetime to the same magnitude of velocity
in the special theory.

Note: Through a Relativistic Principle called the Equivalence Principle, the two theories are linked mathematically. The experience of gravity is
equivalent to the experience of acceleration. The Equivalence Principle states that the force experienced by an observer in an accelerated frame is
equivalent to the force experienced due to a gravitational field caused by the mass of the body generating the gravitational field.



By derivative work: Pbroks13 (talk)Elevator_gravity2.png: Markus Poessel (Mapos) - Elevator_gravity2.png, CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=4381205

Note:

In General Relativity, gravity is expressed as a field of influence distributed over the entirety of curved Spacetime.

Spacetime is a continuous manifold of Space and Time used make a single fourth dimensional coordinate system of x(space), y, z, t(time) that's
expressed by differential calculus and differential geometry.

The benefit of this infinite manifold cordinate system or geometry is that for analytical purposes, any location in manifold can be infinitesimally
zoomed in to such that a flat localized portion can be used so only the gravitational influence of the bodies in question is considered.



Note:

Now that a basic rundown has been given, we'll look at a couple of equations to familiarize ourselves with what they are describing so we don't get
too lost in the abstraction.

Additional info: Generalizes the mass density to a 4x4 tensor by multiplying the mass density by the speed of light squared, which equals the
energy density.

Tuv - Mass, energy and momentum, and the
conservation thereof, which cause spacetime
curvature. Additionally, the flux and pressure of a
body or energy can be accounted for by using
the tensor to measuring the amount of
conservation in the system.

8πG/c4 - A proportionality constant using Newtonian gravity (G) to describe the distribution of energy and momentum as a function of
spacetime curvature. This distribution ratio is what provides the covariant extension of Newtonian gravity to the concept of spacetime
curvature. As the mass of a body, in the Einsteinian sense will distort space and time as a unified manifold called "Spacetime" that
produces things like the illusion of gravity, reference frame dependent second-order effects of length contraction and time dilation.

More Notes on G:

G is more like a volumetric pressure value per cubic centimeter that falls off at /r^2. Especially how it's applied in the abstraction of a
gravitational field. It would be like a density gradient in a fluid medium. g would be a localized effect of that gradient.



Note: Rows and Columns

The indices are matrixes

0 = time
1 = x
2 = y
3 = z

Guv - The Einstein tensor, derived from the combination of the Ricci tensor, the Ricci scalar, and the metric tensor (g_uv). It
characterizes the curvature of spacetime induced by the distribution of mass-energy, including both mass and velocity, which are
treated as energy in general relativity. This tensor determines the gravitational field and how it distorts spacetime.

λguv - The term λ represents the cosmological constant, now interpreted as dark energy, driving the accelerated expansion of the

universe. When combined with the metric tensor guv, it contributes to the overall curvature of spacetime. This term represents the
energy density of empty space and; used for large-scale structure and dynamics of the universe.





Note: Recap: What did we just learn?

In Newtonian dynamics re: the solar system the causal mechanism for bodies in motion is gravity, which is equivalent to a centripetal force, at least
mathematically. This in Newtonian gravity, this centripetal force can be thought of as "mass attracting mass".

However, these dynamics, were starting to fail to explain certain celestial phenomena, i.e. the perihelion precession of Mercury for example.

To give a more accurate approximation of gravity, a new system of mathematics was proposed to explain things on a "Relativistic scale" where
higher-order approximation using a ratio of the speed of light squared can be used to explain these phenomena that appear to be anomalous on the
Newtonian scale.

Using this method of general approximations, Spacetime curvature and geodesics along said curvature become dominate explanation of solar
system and cosmological dynamics.

Instead of mass attracting mass producing a velocity to describe an circular or elliptical orbit, a velocity can be produced by a body traveling along a
curved geodesic. The free-fall speed aka orbital velocity will be determined by spacetime curvature.

Conceptually, you can think of it like this; the steeper the curvature, the fast the velocity of the body moving along that geodesic.

Note: a few more things of note;

Now that we know how gravity and spacetime curvature work conceptually, let's discuss a few more things of note

Relativity is mathematically structured in absolute differential calculus. This means that metrics in the field equations can be swapped out. Example:
The metrics that measure spacetime curvature can be swapped for flat or curved metrics, depending on what conditions you need to satisfy. You
can also change the conservation tensors.

Now that's not to say differential calculus can't be useful. I-Beam analogy

Tensors are supposed to represent physical quantities, such as mass or energy, at points in the spacetime coordinate system. They describe how
these quantities vary from point to point and are used to establish relationships, including angles, between objects, reflecting the gravitational
influence or spacetime curvature caused by the distribution of mass and energy within spacetime.

There's a variety of metrics to choose from, we'll go over the more relevant ones now.



Note:

One of the units of measurement that will be discussed

A degree (1°) is a unit of angle measurement, equal to 1/360th of a full rotation.

•60’ arcminutes in a degree.

•3,600” arcseconds in a degree



•3,600,000mas milliarcseconds in a degree.

•3,600,000,000uas microarcseconds in a degree

"Viewed at high power from the bottom of our ocean of air, a star is a living thing. It jumps, quivers, and ripples tirelessly, or swells into a ball of
steady fuzz. Rare is the night (at most sites) when any telescope, no matter how large its aperture or perfect its optics, can resolve details
finer than 1 arc second. More typical at ordinary locations is the 2-or-3-arc-second seeing, or worse."

- MacRobert, (1995) Sky & Telescope, 89, 40

Note:

"Viewed at high power from the bottom of our ocean of air, a star is a living thing. It jumps, quivers, and ripples tirelessly, or swells into a ball of
steady fuzz. Rare is the night (at most sites) when any telescope, no matter how large its aperture or perfect its optics, can resolve details
finer than 1 arc second. More typical at ordinary locations is the 2-or-3-arc-second seeing, or worse."

- MacRobert, (1995) Sky & Telescope, 89, 40

Note: Standard viewing conditions. +2 to 3 arcseconds



Note: Last section re: Doppler shift and how it relates to redshift.

0:00



Note: How the spectral shift in light is measured.

Telescope -> Prism -> Rainbow -> Analyze



Note:

What did we just learn?

the abstract mathematics is redefining gravity as gravitation, which is a distribution of energy over a coordinate system which manifest as temporal
pockets of curvature in the coordinate system to explain celestial motion.

There were three proofs given by Einstein himself to give validity to his abstractions. The terms and conditions are as follows:

I) Perihelion Precession of Mercury

II) Deflection of Light Rays (Gravitational Lensing)

III) Gravitational Redshift of Light

Note: Starting with perihelion precession of Mercury

perihelion

light ray deflection

gravitational redshift



Note:

In 1846, Urbain Le Verrier, observed and recorded a perihelion precession of Mercury as it orbits the sun. He calculated a perihelion precession to
be 5600 or 1.25° arcseconds per century.

Newton with mass-attracting mass on light as a corpuscle prediction was off by 43 arcseconds

Relativity Theory was able to derive the full 1.25 degree as an effect of spacetime curvature due to the Sun's gravitational field based on the
conditions from the Schwarzschild metric.

At least, that's the story we're told. We'll circle back to the metric in a bit, before we do that though, let's look at Einstein's first attempt to solve
precession using his General Theory.

Actual observed value: 5600 arcseconds per century

Newtonian gravity post-diction: 5557 arcseconds per century

Relativity theory post-diction: 5600 arcseconds per century



Why is this minuscule amount of deviation important?

The a body's perihelion remains fixed wrt pure gravitational forces, which are bound to the inverse square of the gravitational potential between the
bodies.

i.e. the precession indicates a casual mechanism outside of "gravity" where only gravity is supposed to be acting.

After accounting for planetary perturbation i.e. gravitational tug-of-war between the planets, an unaccounted amount of 43 arcseconds remained

Postdiction vs prediction, no real value here in terms of proving the relationship that this truly meaningful and covariant with Newtonian dynamics of
the solar system.

Gerber:
Ψ = 24π3a2/(τ 2c2(1 − ε2))

Einstein:
ε = 24π3a2/(T 2c2(1 − e2))
Note:

24pi^3 is a constant multiplier; gives the geometry of the orbit from which the eccentricity output will be the deviation from a perfect circle

Gerber, 1898
Einstein, 1915

Gerber: Gravitation propagates @ c

Einstein: Spacetime curvature due to the gravitational field of the sun is causing the precession

Who's right? Mathematically they give the same prediction, only different mechanisms

A familiar notion; Einstein's math and theory differ from Lorentz's aether theory only in the theoretical explanation. The math is identical.

a = semi-major  axis 

e = eccentricity of the orbit

T = orbital period (periodicity) 



Note: More aptly accepted canonized version:

Imposing conditions on the calculations to give the observed amount:

Solution Conditions:

By using a spherical symmetrical coordinate system, Schwarzschild was able to establish points in based based on center of mass and polar angle
to describe the spacetime distortion around the sun due to its gravitational field.

By using these mathematically imposed ideal conditions to give higher order approximations based on the second-order Relativistic effects of
length contraction and time dilation, something like gravitational lensing or orbital precessions can be described with a higher degree of precession.

ds
2 = −c

2 ⋅ dτ = −(1 − rs/r)c2 ⋅ dt2 + (1 − rs/r)−1 ⋅ dr2 +

Spherically symmetric

No charge potential

Stationary, non-rotating

Static spacetime metric, not dependent on time

Treats orbital body as a photon (massless)



Note:

Does any of that have any physical meaning? So far in the kinematic stage and we're dealing with a theory that's said to be the causal mechanism
of another theory that couldn't explain the phenomena either.

Let's continue and see if can find sum substantiation of the concepts put forward to explain the sky observations as we continue

I) Perihelion Precession of Mercury

II) Deflection of Light Rays (Gravitational Lensing)

III) Gravitational Redshift of Light

Note: Starting with perihelion precession of Mercury



Note:

General Relativity predicts a spatial displacement, i.e. spacetime curvature around the gravitational field of a body. In the case of the sun, its
gravitational field should displace light by 1.75 arcseconds whereas the Newtonian prediction was .87 seconds of arc.

Additionally, without getting into the quantization of light; the two theories have different conceptualizations of what light is.

For simplicity, let's look at it in terms of "mass attracting mass" theory makes a different prediction than the spacetime curvature theory.

Note:



Note:

Einstein's proposed derivation for the deflection
angle

k = Big G

M = Mass of the sun

c = SoL

r = radius of the sun

Solar eclipse in 1919 May 29

Crommelin, Sobral Brazil

Eddington, Island of Principe off the west coast of Africa

Crommelin's data: unusable due the thermal expansion and contraction due to the temperature differential during the eclipse.

Two Eddington plates with poor star distribution

Only observed in the solar limb or one solar radii

Already assumed to a medium there of gas and plasma, electric field and magnetic, unknown pressure, etc



Eddington and Crommelin set out with 16 photograph plates and 16 ref. plates to the Principe off the west coast of Africa, and Sobral, Brazil,
respectively.

All of Crommelin's photographs and ref. plates are said to be unusable due the thermal expansion and contraction due to the temperature
differential during the eclipse.

2 of 16 plates were said to be usable by Eddington. Zero of his ref. Plates were usable. Ref. plates taken a year prior and with different material
from that which was used by Eddington in 1919.

Due to the the clouds, and weather, the visibility factor really effected Eddington's observations.

Note: Silberstein @ the R.A.S/R.S. meeting states:

Subsequent observations yielded similar results,

NEVER OBSERVE OUTSIDE OF THE SOLAR LIMB <- CORRECTION

Discussed at the Nov 6. 1919 R.A.S. & R.S. Eclipse meeting

If there is starlight displacement there must also be redshift observed in accordance with the magnitude of the gravitational field that
caused the displacement.

to establish cause and effect with deflection and redshift, renowned spectroheliograph operators, Chares St. John and John Evershed
were tasked with making the observations

Over a year of observations various celestial transits to find redshift that gives an agreement with Einstein's equations.



Without a redshift detection to accompany the starlight displacement, it cannot be stated as scientific fact that spacetime curvature caused by the
gravitational field of the sun altered the geodesic path of light unless it can be successfully shown that the frequency shift is accompanied.

Never found any redshift that agreed with Einstein

Silberstein points out that the lensing effect is contingent on a gravitational field altering spacetime to change the geodesic path of
light

This interaction has to produce a frequency shift proportional to the magnitude of the of the gravity field.

Without spacetime gravitational fields, there can be no spacetime curvature and the theory would lack the ability to explain orbits in
the Newtonian or Keplerian

No redshift = no gravitational field => no curvature

Geodesics = straight = no & no curve = orbit



Note:

Look into guy who derived it first

Kinematics, no casual mechanism implied only a proportional ratio

Edward Dowdye Jr.

LEAST ACTION PRINCIPLE

R = Gaussian sphere; allows the electric field of a body with radius R to be calculated by assuming proportionality with the electric
flux through a closed sphere and the surface charge.

Changing G from a mass gravitational field to an electric field gradient

Replacing G as the mechanism entirely.

Why it was so important for the redshift to accompany the lensing

With no established cause and effect someone can come along and derive the same thing with different dynamics and you can't
refute it

The equation was derived from the assumptions of a minimum energy path of light in a plasma atmosphere exposed

to the gravitational gradient field of the sun.

Made his own derivation based off plasma and classical mechanics instead of spacetime curvature

Least Action

DeltaTheta: Change in angle in radians

G: Gravitational Constant

M: Mass of the sun



Gauss's law states that the electric flux through a closed surface (such as a Gaussian sphere) is proportional to the electric charge enclosed by that
surface.

By using a Gaussian sphere as the closed surface, the symmetry of the problem can often be exploited to simplify the calculation of the electric flux
and thus find the electric field produced by a given charge distribution.

Dowdye Jr, EH. “Gauss’s Law for Gravity and Observational Evidence Reveal No Solar Lensing in Empty Vacuum Space,” 8121:62–71. SPIE,
2011.

Note:

I) Perihelion Precession of Mercury

II) Deflection of Light Rays (Gravitational Lensing)

III) Gravitational Redshift of Light

Modern radio interfomertry confirms the same, only at the solar limb

Non-mutually exclusive proof of GR has been put forward as mutually exclusive proof

Works off proportional ratios relative to the the size of the assumed radius.



Note:

Astronomical Obs HOWTO:

For example, light traveling against a gravitational field will be red shifted, as it loses energy to pass through the field. The wavelength increases
inversely proportional to the frequency decrease. This is what is said to maintain the constancy of c, even when it loses energy.

Split starlight into a rainbow

Spectrum study; assertions based on frequency shift predictions, which would result in color changes

Freq change = color change

Successful color predictions = the more likely people will believe your story about what happened to the light before it got to your
measuring device



Note:

The astronomical observations re: gravitational redshift during the 1918s to ~1940s can be summed as: trial and error with no real meaningful
results.

With that said, we'll skip right into the laboratory experiments of gravitational red shift.

Disaster, straight to the lab

Charles St. John, John Evershed

No spectrum shift matching GR predictions for other obs prior to 1919 eclipse

1919 eclipse, no spectrum shift in agreement with GR

Eddington was even attempting to jump shit, in 1918 Dec. he wrote to Weyl asking if his gravitational theory could explain why there
is no redshift





Note:

In 1960 and 1965, Pound-Rebka-Snider (PRS) conducted a series of experiments where electromagnetic radiation of a specific frequency was
emitted from the top of a 75ft tower with a detector at the bottom that would only accept energy of certain frequency.

The detector's only accepts energy at a certain frequency. The frequency it was set to, was the frequency that the energy would be shifted to
assuming Earth's gravitational potential from Big G.

1960, 65, Pound-Rebka-Snider

Emitted energy from top at specific freq

Expected gravitational freq shift from 75ft to 0

Mössbauer detector set to only accept a freq of the expect shift from 75ft

Successful detection



Note:

The detector received energy matching the prediction and Pound-Rebka-Snider were given the Nobel prize for confirming GR and gravitational
redshift.

However, their test also provided evidence that the speed of light going up and down the tower was different by an amount that would correspond to
a material object falling at 9.8 m/s^2

The experiment provides no distinction from Relativistic physics and classical physics

First paper titled "Apparent Weight of a Photon"

Second paper: "The present experiment is unable to distinguish between frequency and velocity shift"

Classical prediction c +-v != c

Relativity prediction c = c, with a freq change and wavelength change

The tubes were filled with helium



Note:

Atomic clock shuffle;

All suffer from the thing;

Can't distinguish between Relativistic effects and velocity shift;

Converts energy through ionization

Need to measure wavelengths



Note: The problem here is the experiment can't determine if c +- v = c or of it's != c by virtue of the detector only differentiating between frequencies.

PRS suggest doing another test with atomics clocks at the top and bottom of the tower to time when the signal is sent and received to verify the
correctness in their measurements.

Next slide ->



Note: No experiment like that has been done.

However, using a vertically orientated interferometer, the downward variance in c can be measured via fringe displacement.

Relativity predicts c is isotropic in all directions, including up and down.

Vertical interferometry should yield no fringe.

Both these YTers measured 2 fringes.

0:00



Note:

Chris Machado, repeats Grusenick's and Powerrak results by measuring 2.0 fringes with their vertical setup.

Conclusion: c is anisotropic and the theory of Relativity offers no new insights into the motion of celestial bodies or the behavior of light.



Note:

Relative motion through an electric or magnetic field produces electromagnetic retardation or acceleration.

This is known as the Stark and Zeeman effects.

https://youtu.be/47T1_5P8jtg @ 6:18 – 8:35

I) Perihelion Precession of Mercury

II) Deflection of Light Rays (Gravitational Lensing)

III) Gravitational Redshift of Light

https://youtu.be/47T1_5P8jtg


Note: Quantization of Light / Quantum Flaw

The physicality of the photon would be 300,000,000 m long.

Conclusion

Note:

The theories of Relativity offer no insights into the casual mechanism of the motion of the bodies in the sky.

It's purely a reification of the original kinematic mathematics that were to firstly attributed and imposed as dynamics of the motion of the celestial
bodies

Space and time are absolute;

SoL like any other wave, varies relative to the observer's velocity with a 1:1 ratio in v/c.


