Why | Think the
Farth is a Globe



Who am | (Mick West)

* Retired Videogame Programmer
 Started ContrailScience.com in 2007
* Metabunk.org in 2010

* Investigating Flat Earth since 2015

* Escaping the Rabbit Hole in 2018



| think the Earth is a Globe because:

It’s the best model
to explain what | see
and measure



Comparing Models - Criteria

* Consistent with observations

* Lacking inconsistent observations

e Accuracy in predictions and explanations
* Simplicity, Occam’s Razor,

e Utility, is it used to do useful work?






What are the models?

Flat Model Standard Model

Varies NOT TO SCALE https://www.solarsystemscope.com/



https://www.solarsystemscope.com/

Standard Model — Earth and Solar System

* Earth is an oblate spheroid about 4,000 miles in radius
* Earth has an atmosphere, smoothly decreasing in pressure

* The Moon is a spheroid, about 1,000 miles in radius, 250,000 miles
away, no atmosphere, orbiting the Earth

* The Sun is very big, and millions of miles away
* The Earth and the other planets orbit the sun
e Stars are trillions of miles away



Standard Model — Light and Photos

* Cameras and eyes produce similar
Images

* Light enters the camera through a
focal point, makes an image

* Light travels in straight lines over
short distance

* Light is refracted (bent) towards the
denser medium



But which standard model?

*Basic — Just describes or gives rough
numbers

*Intermediate — Accurate and gives useful
numbers

* Advanced — Highly accurate, often complex
and unnecessary



Example — The Shape of the Earth

* Basic — A Sphere
* Works for things like rough distances
* Works for calculating horizon curve and obscuration

* Intermediate — An Oblate Spheroid, WGS84

* Needed for accurate navigation and surveying
* Used by GPS

* Advanced — A geoid, with irregular land surfaces.
* Very accurate navigation
e Surveying and prospecting



Example: Force of Gravity (standard model)

Basic:
Force acts downwards

Intermediate
Force is between two masses

Advanced
Force is a bending of spacetime



Example: Lines of Sight in Air

* Basic:
 Straight lines (no refraction)

* Intermediate
* Average constant downwards refraction (“Standard” refraction)

* Advanced
» Refraction varies based on temperature and humidity gradients
* More so close to the ground, especially water



Basic and intermediate lines of sight



Intermediate: Lines of sight



Advanced lines of sight



Perspective

* Basic: Converging parallel lines, useful simplification
for art

* Intermediate: Image size = Actual size / Distance
* Intermediate+: Light paths intersecting an image plane

* Advanced: The results of 3D ray tracing with air and
lens refraction (photos.)



Basic Perspective



Intermediate Perspective

"The Painter's Manual” - Albrecht Durer, 1538






SAME AS....
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Image size = Actual size / Distance



Intermediate/Advanced Perspective

YOU CAN
TEST THIS!



Consequences of real perspective

 Basic perspective (converging parallel lines) comes from intermediate
perspective. It’s not a law, it’s just one consequence

* |If there is a line of sight to something, and it’s big and/or bright
enough, then you can see it

* Perspective does not hide things.



Beware of Rhetorical models!

* Rhetorical model = just a description
 Lower level than even basic models.
e Often used in memes:

* Example: “In the globe model water is curved, but water in a glass is
flat, so the globe model is wrong”

* Rhetorical model’s don’t specify quantities or equations
e Ask “HOW MUCH?”

e Curve over 3” of water is about 0.000000018”, or 18 billionths of an
inch. Not visible, so a glass of water does not invalidate the globe.



Beware of incomplete models



https://en.wikipedia.org/wiki/Fluid mechanics#Fluid statics



https://en.wikipedia.org/wiki/Fluid_mechanics

https://en.wikipedia.org/wiki/Hydrostatic equilibrium



https://en.wikipedia.org/wiki/Hydrostatic_equilibrium

https://en.wikipedia.org/wiki/Hydrostatics



https://en.wikipedia.org/wiki/Hydrostatics




Explains why the atmosphere has pressure and does not fly off into space.



“LEVEL"




LEVEL

* BASIC
* |t’s flat, horizontal.
 INTERMEDIATE
* At right angles to a plumb line
* Always parallel to a spirit level
* Varies by location
* ADVANCED
* Geopotential isosurface, or something.



OLD SURVEYING BOOKS AGREE
LEVEL = CURVED

(ON LARGE ENOUGH SCALES)



A Treatise on Surveying, Containing the Theory and Practice: , John Gummere, 1853, page 239



A Treatise of Practical Surveying, Robert Gibson, 1777




A treatise on surveying and navigation - Robinson, Horatio
N, 1858



A Treatise on Surveying - Part |, by Middleton and Chadwick, 1899



"A Text-book of Plane Surveying", Raymond, 1901

40. Curvature and refraction. The effect of curvature and
refraction is shown as follows: In the exaggerated figure let A
be a point in the line of sight of a
level telescope. Let FD be a normal
to the earth’s surface, at some distance
K, — approximately equal to AB,
GF,or AD, — from the instrument.
The level line through A cuts the
normal at B, while the horizontal
line of sight cuts it at D, DB is




The Complete Dictionary of Arts and Sciences. Croker, et al., 1765






Surveying Fundamentals and Practices. 7t Ed. 2017

By definition, the curved surface of the sphere is
termed a level surface. The direction of gravity is per-
pendicular or normal to this level surface at all points,
and gravity 1s used as a reference direction for all sur-
veying measurements. The direction of gravity is easily
established in the field by a freely suspended plumb line,
which is simply a weight, or plumb bob, attached to

A horizontal length
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WHY | BELIEVE THE STANDARD MODEL

#1 — Latitude and Longitude



Latitude and Longitude Work

Specifies any point on Earth’s
surface

Fixed values, don’t change
Been used for navigation for
centuries

You use it for navigation, in GPS
in phone or car



Latitude = Distance from the Equator

* Latitude of the Equator is O0°
e Latitude goes from -90° (south of equator)
* To 90° (the North pole)

e 1° of latitude is about 69 miles

* (Polar circumference of Earth 24860 / 360 degrees
= 69.055)

* Verifiable with your car. Find a straight N/S
road.

* Basic = Sphere, Advanced = WGS84 Ellipsoid



Measuring Latitude with Polaris



Polaris, the wandering star, slightly

e Polaris is not fixed!

* And | don’t mean precession
 (although that’s real too)

e Polaris is not at 90°, it’s at 89.25°
* Take a star trail photo zoomed in, Polaris will make a little circle






Or just use your GPS

* We know it works from experience.

* Places have fixed latitude and longitude

* We see those latitude and longitude on the map

* Places don’t move

* Every measurement ever done with Polaris matches this.



Testing Latitude - Kansas



Testing Latitude - Australia



Advanced Latitude Observations — WGS&84

e 1° of Latitude is not exactly 69.055.
* It’s varies from 68.7 miles at the equator, to 69.4 at the poles
* You can see this in Google Earth, and in any mapping software






Advanced Latitude Observations — WGS&84

e 1° of Latitude is not exactly 69.055.

* It’s varies from 68.7 miles at the equator, to 69.4 at the poles
* You can see this in Google Earth, and in any mapping software
* You could in theory measure it yourself, but it’s a small change.
* The change in length matches the WGS84 Ellipsoid exactly

* So it’s consistent with the standard model, exactly

e But latitude is the LEAST of the problems for the flat model...



How Long is Longitude?






The Problem



Have you measured Australia?



There Can Be Only One!



Longitude is Time!

Harrison #4 Type Chronometer K1, Cpt. James Cook






Wait for local noon (time of highest sun)
See what time it is in London
Difference in minutes / 4 = Longitude
Example:
* Local noon is at 2:40PM London time
* Time difference is 160 minutes / 4 = 40° Longitude









If The Model Fits ...



Do models “assume™ things, like R

* For a model to work, there has to be a single value of a constant like the
radius of the Earth, R.

* You can work out what it is to fit the model.

* You can measure it

* Use the Flat Earth value, distance from North Pole to Equator, just /(rt/2)
* Or measure the dip of the horizon from a known altitude

* Or measure the hidden amount of distant mountain

* Or measure the length of sun shadows in three places

* Or survey the length of 1 degree of longitude

e All ’Ejhelse values of R measured are the same, consistent with the standard
mode



The Stars






The ISS

* The standard model works perfectly for the ISS

* Height and speed are correct for Earth Orbit, in the standard model

* You can check this. SpotTheStation.nasa.gov will tell you

* It’s always right, anywhere in the world

* You can triangulate the height, and hence the speed. Verify the model
* You can photograph it. Verify it’s the right size.









Angular Size of Sun and Moon



The Shadows on the Moon



Moonlight is Reflected Sunlight

* Not cold, just dim
e Spectrum is same as sunlight, adjusted by rock reflectivity

Ciocca & Wang, Moonlight, 2013



Day and Night regions on Earth






Gravity’'s Gradual Variations

* Decreases when close to equator (Centrifugal force)
* Decrease as you get higher (Universal Gravitation)
* Exactly as the standard model predicts.

SACRAMENTO, CA DENVER, CO ALBUQUERQUE, NM



Levelling with Mountains

You can do the math, angular size, etc, but Rainier should appear well above Jefferson



Stellar Parallax — Absence and Presence

* Expect to see Stars move relative to each other over a year?

* So even though they are moving fast
* They mostly move in the same direction
* And their relative movement is not visible over a year, or longer

e BUT, it is visible in some stars, notably Barnard’s star.
* By amateurs, using background stars
* (also lets you calculate the distance to sun!)



Green Flash — Sun is below the horizon

Atmosphere refracts light downwards,
toward more dense air

Downward bend raises up image
Shorter wavelength blue/green are
bent most, so are raised up most

This is not intuitive, but you can check it
with a prism (ask me later)






The dip of the horizon with altitude



Curve of horizon from low altitude



Canigou









The horizon obscuring Mountains

e Reasons why you can’t see something on a Flat Earth

* Maybe It’s behind waves

* Not when looking over an ocean from 10 feet to a 1500 ft
Mountain

Perspective???
* No. If there’s a line of sight, then you can see it.
Maybe fog or haze obscures it

* Clear view all the way to the horizon, and all the mountain above
it
Maybe it’s too far away and too small to see
* You can see the top. The top is smaller than the bottom.

Refraction curves light up
* Requires higher air to be more dense, but it’s demonstrably not.
e (see also: green flash)



Conclusion



