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A Little About Me

• Born/Raised: Grand Rapids, MI

• Undergrad: Chemistry, 1976, Rensselaer Polytechnic Institute (aka RPI not RIT)

• Grad: Applied Math, 1981, Cornell

• Postdocs:

– NSF Fellow, Math, NYU

– Visiting Lecturer, Math, Univ. of Illinois Urbana/Champaign

• Industry:

– AT&T Bell Labs, Math Research Center

• Academia: Princeton, 1990-present

• Hobbies/Passions:

– Soaring

– Tennis

– Astronomy

– Photography

– Math/Computation

– Local Warming, Purple America, etc.



10” Reflector, 4” Refractor, Telephoto Lens

https:/vanderbei.princeton.edu/images/NJP/MyEquipment.jpg


Move equipment outside.

https:/vanderbei.princeton.edu/tex/talks/AAAP07/equip2.jpg


Ready To Go...



Is The Earth Flat?

A Picture’s Worth a Thousand Words...

http://vanderbei.princeton.edu/images/Questar/LunarEclipse4.gif


http://vanderbei.princeton.edu/images/Questar/LunarEclipse4.gif


How Big Is Earth?

A picture I took of a sunset over Lake Michigan.



A close-up.

Using this picture, some geometry, and a little trigonometry, I was able to compute that the
Earth’s radius is about 5000 miles.



Geometry — If the Earth Were Flat!

α = β alternate interior angles are equal

β = γ alternate interior angles are equal

γ = δ angle of incidence equals angle of reflection (from Physics!)

δ = ε alternate interior angles are equal

Therefore,
α = ε.

The reflection dips just as far below the horizon as the Sun stands above the horizon.



Geometry — The Earth Is Not Flat
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D Draw a picture.

Label everything of possible relevance.

Identify what we know:

α Angle between horizon and top of Sun (mea-
sured from photo)

β Angle between horizon and “top” of Sun in re-
flection (measured)

h Height of “eye-level” above “water-level”.



What We Know (Measure!)

The Sun is 1/2◦ in diameter. Therefore, 1◦ equals 2× 317 = 634 pixels.
And so,

α = 69 pixels × 1 degree

634 pixels
= 0.1088 degrees

and

β = 29 pixels × 1 degree

634 pixels
= 0.0457 degrees.

And, we assume that eye level is
h = 7 feet

Hence... Earth’s radius is about 5,000 miles.



Which Is Further Away... Sun or Moon?



The Sun is about 400 times further away...



Halloween’s Blue Moon Oct. 31, 2020

https://vanderbei.princeton.edu/images/NJP/moon.html#Halloween


Crescent Moon 4:07pm Nov. 5, 2021

https://vanderbei.princeton.edu/images/NJP/moon.html#Toenail


Moon 1.1 sec

https://vanderbei.princeton.edu/images/NJP/moon.html#Pink


Moon and Mars

https://vanderbei.princeton.edu/images/NJP/moon.html#Pink


Moon and Mars 1.1 sec and 3.3 min

https://vanderbei.princeton.edu/images/NJP/mars.html
https://vanderbei.princeton.edu/images/NJP/mars.html


Mars Oct. 6 and 18, 2020

https://vanderbei.princeton.edu/images/NJP/mars.html


Jupiter and Saturn 32 and 67 min

https://vanderbei.princeton.edu/images/NJP/saturn.html#Best


Comet 103P / Double Cluster 1.2 min / 7,460 and 7,640 yrs

https://vanderbei.princeton.edu/images/NJP/103pHartleyComet.html


Looking Out Beyond Our Solar System



Distance Measurements

There are various ideas/methods for measuring distances.

The simplest is called parallax.

Using parallax, we can measure the distance to nearby stars.

For things further away, we need more clever/subtle methods.



Parallax: Distance to the Stars
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So why didn’t people believe Aristarchus? 
Because Aristotle had a killer argument for why Earth did 
not move. If Earth circled the sun, the stars should show 
a parallax effect—and this was not seen. As Earth circled 
the sun, Earth’s position relative to the stars should oscil-
late, causing the stars’ positions to oscillate once a year 
in the sky. This is explained in the figure opposite. The 
true situation is as shown at the top—just as Aristarchus 
envisioned it. Earth circles the sun once a year. Assume 
the stars and the sun remain at fixed positions. How does 
it look from Earth? We are riding on Earth, so it looks to 
us like Earth is not moving. 

It looks to us like the sun moves in a small circle of 
radius 1 AU around Earth once a year (that’s why it circles 
the celestial sphere once a year). The stars do not move 
relative to the sun, so as seen from Earth, stars must, like 
the sun, also seem to move in 1 AU circles over the course 
of a year. We should be able to see the stars trace these 
circles in the sky every year. These parallax circles repre-
sent the reflex motion of the stars relative to Earth pro-
duced by the motion of Earth as it circles the sun, creating 
changing viewing angles during the year to those stars 
(top right). If the distance from Earth to the sun is 1 AU, 
then the radius of all these parallax circles would also be 
1 AU. The angular radius of the parallax circle depends on 
the distance to the star. A nearby star has a larger angular 
oscillation in the sky as seen from Earth than a distant 
star (bottom right). 

If we look at a constellation, the nearby stars should 
oscillate more during the year than the distant stars. So 
the positions of nearby stars should shift during the year 
relative to more distant stars. The ancients thought that 
the stars were close enough that these oscillations should 

have been visible to the naked eye. But none were seen. 
Aristotle thought that proved Earth didn’t move. 

Aristarchus proposed an answer—no parallax effects 
were seen because the stars were infinitely far away. Paral-
lax effects get smaller the farther away the stars are. Put 
the stars twice as far away, and the parallax effects become 
half as large. Put them infinitely far away, and the parallax 
effects disappear entirely. It was almost the right answer. 

In 1453 Nicolaus Copernicus (1473–1543) published a 
sun-centered model based on Aristarchus’s work. In it he 
was able to explain in a simple manner the main motions 
seen in the solar system. Mercury and Venus oscillate back 
and forth ahead of and behind the sun as the sun circles the 
sky once a year. Copernicus said this is because they, like 
Earth, orbit the sun but are closer to the sun than Earth is. 

Before Copernicus, people had explained this motion 
with epicycles: The planet was supposed to circle a point 
that itself circled Earth. The big circle carrying the point 
was called the deferent, and the small circle around that 
point was called the epicycle. Venus and Mercury had 
large deferent circles exactly synchronized with the sun. 
Their epicycles produced their oscillations around the 
sun. The outer planets (Mars, Jupiter, Saturn) had big 
deferent circles that traced their slow orbits around the 
sky and epicycles with periods of one year each, which 
in reality showed the reflex (parallax) motion relative to 
Earth caused by Earth’s movement around the sun. The 

To the Stars

If we circle the sun (top), it should appear to us as if all stars 

execute circular motions. Observe a star on June 1 and February 

1; it is in different angular positions in the sky (top). Relative to 

us (bottom) it seems to execute a circular motion. Not to scale—

stars are much farther away.

 from the earth
ENGRAVER- Black back-
ground needs to match



Barnard’s Star



Barnard’s Star



Barnard’s Star



Barnard’s Star



Barnard’s Star



Barnard’s Star



Barnard’s Star Overlay



Barnard’s Star Closeup

The measured parallax is 0.5478 arcsecs. Corresponds to a distance of 5.97 lightyears.



Is The Universe Infinitely Big? – Olbers’ Paradox



Orion Nebula: M42 1,344 yrs

https://vanderbei.princeton.edu/images/NJP/m42.html
https://vanderbei.princeton.edu/images/NJP/m42.html


Dumbbell Nebula 1,360 yrs

https://vanderbei.princeton.edu/images/NJP/m27.html
https://vanderbei.princeton.edu/images/NJP/m27.html


Veil Nebula: NGC 6960 and 6992 2,400 yrs

https://vanderbei.princeton.edu/images/NJP/VeilNebula_cropped.gif


Western Veil: NGC 6960 2,400 yrs

https://vanderbei.princeton.edu/images/NJP/ngc6960.html
https://vanderbei.princeton.edu/images/NJP/ngc6960.html


Eastern Veil: NGC 6992 2,400 yrs

https://vanderbei.princeton.edu/images/NJP/ngc6992.html
https://vanderbei.princeton.edu/images/NJP/ngc6992.html


Ring Nebula: M57 2,567 yrs

https://vanderbei.princeton.edu/images/NJP/m57.html#SXV07
https://vanderbei.princeton.edu/images/NJP/m57.html#SXV07


Crescent Nebula: NGC 6888 5,000 yrs

https://vanderbei.princeton.edu/images/NJP/ngc6888.html


Jellyfish Nebula: IC 443 5,000 yrs

https://vanderbei.princeton.edu/images/NJP/ic443.html
https://vanderbei.princeton.edu/images/NJP/ic443.html


Rosette Nebula: NGC 2237 5,200 yrs

https://vanderbei.princeton.edu/images/NJP/ngc2237.html
https://vanderbei.princeton.edu/images/NJP/ngc2237.html


Eagle Nebula: M16 5,700 yrs

https://vanderbei.princeton.edu/images/NJP/m16.html
https://vanderbei.princeton.edu/images/NJP/m16.html


Crab Nebula Mar. 26, 2019 6,500 yrs

https://vanderbei.princeton.edu/images/NJP/m1_2006_2019.html
https://vanderbei.princeton.edu/images/NJP/m1_2006_2019.html


Crab Nebula Oct. 27, 2006 6,500 yrs

https://vanderbei.princeton.edu/images/NJP/m1_2006_2019.html
https://vanderbei.princeton.edu/images/NJP/m1_2006_2019.html


Bubble Nebula 9,100 ± 2,000 yrs

https://vanderbei.princeton.edu/images/NJP/ngc6735.html
https://vanderbei.princeton.edu/images/NJP/ngc6735.html


Globular Cluster M13 22,200 yrs

https://vanderbei.princeton.edu/images/NJP/m13.html
https://vanderbei.princeton.edu/images/NJP/m13.html


Looking Out Beyond Our Milky Way



The Andromeda Galaxy 2,450,000 yrs

https://vanderbei.princeton.edu/images/NJP/m31.html


M81 and M82 12,000,000 yrs

https://vanderbei.princeton.edu/images/NJP/m81.html


The Whirlpool Galaxy 31,000,000 yrs

https://vanderbei.princeton.edu/images/NJP/m51.html


The Whirlpool Galaxy 31,000,000 yrs

https://vanderbei.princeton.edu/images/NJP/m51.html


The Whirlpool Galaxy 31,000,000 yrs

https://vanderbei.princeton.edu/images/NJP/m51.html


The Leo Trio 32,000,000 yrs

https://vanderbei.princeton.edu/images/NJP/LeoTrioDSS.html


The Needle Galaxy (NGC 4565) 42,700,000 yrs

https://vanderbei.princeton.edu/images/NJP/ngc4565.html


https://vanderbei.princeton.edu/WelcomeToTheUniverseIn3D.com/
https://vanderbei.princeton.edu/WelcomeToTheUniverseIn3D.com/


Questions?

https://vanderbei.princeton.edu/WelcomeToTheUniverseIn3D.com/

