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Rosette Nebula by Olivier Prache 
Always an enticing target for imagers, the Rosette, a giant H II region in the winter constellation Monoceros, is 
comprised of five NGC objects. Four relate to the nebulosity and one to the open cluster near its center, which 
was discovered by John Flamsteed in 1690.  Distance: 5,000 light years. The magnitude +9.0 nebula needs a dark 
sky for visual detection. In 2019, the Rosette Nebula was made, by law, the official state astronomical object of 
Oklahoma. 
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WAA April Meeting 

Friday, April 8 at 7:30 pm 

David Pecker Conference Room, Willcox Hall, Pace 
University, Pleasantville, or On-line via Zoom 

The Amazing Variability of the T Tauri 
Stars 

F.M. Walter 
Stony Brook University 

The T Tauri stars are 
young pre-main se-
quence stars of about 
solar mass, with ages of 
a few million years. They 
are protostars - still col-
lapsing from their natal 
dust clouds and not yet 
stably fusing Hydrogen 
in their cores. As indi-
cated by the namesake 
of the class, these are 

variable stars. But all stars, including the Sun, are var-
iable. What is so special about the T Tauri stars? 

The talk will summarize some recent observations of 
pre-main sequence stars, motivated in large part by 
the high cadence, long term monitoring afforded by 
TESS, the Transiting Exoplanet Survey Satellite. Alt-
hough designed to find exoplanet transits, TESS 
watches about 8% of the sky at any one time contin-
uously for about 27 days, so it sees everything. 

From above the atmosphere there are no day/night 
cycles, no weather to interrupt observations, and no 
twinkling except what the stars do on their own. TESS 
observations of stellar variability, coupled with 
ground-based spectroscopy, have given us fantastic 
new insights into the environments of these proto-
stars. 

Professor Walter has a PhD is in Astronomy from the 
University of California at Berkeley, has been teaching 
astronomy at Stony Brook University since 1989. He 
studies the birth and death of stars and stellar mag-
netic activity (stellar weather) using telescopes in 
Arizona, Chile, Hawaii, and in Earth orbit. 

Call: 1-877-456-5778 (toll free) for announcements, 
weather cancellations, or questions. Also, don’t for-
get to visit www.westchesterastronomers.org. 

WAA May Meeting 

Friday, May 13 at 7:30 pm 

David Pecker Conference Room, Willcox Hall, Pace 
University, Pleasantville, or On-line via Zoom 

The Night of the Shooting Stars 

Joe Rao 
Associate and Guest Lecturer at the Hayden Planetar-
ium, Contributing Editor of Sky & Telescope 

Find the Zoom link to our lectures at 
www.westchesterastronomers.org 

Starway to Heaven Star Party 

Meadow Picnic Area Parking Lot, Ward Pound Ridge 
Reservation, Cross River, NY 

April 23. Rain/cloud date April 30 

New Members 

David Brady Ridgefield 
Ava De Pascale White Plains 
Mark Lewis Pine Bush 
Richard Link Ardsley 
Barbara Phillips Hartsdale 

Renewing Members 

Rick Bria Greenwich 
Brian Carroll Ossining 
Emily Dean Pelham 
Joseph Depietro Saddle River 
Charles Fulco Millsboro 
Louise Gantress Mt. Kisco 
Mayan Moudgill Chappaqua 
Robert Rusinko Tarrytown 
Francesca Varga Pleasantville 
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ALMANAC For April 2022 

Bob Kelly, WAA VP for Field Events 
 

     
New 1Q Full 3Q New 
Apr 1 Apr 9 Apr 16 Apr 23 Apr 30 

 
Miss the Planets in the Evening Sky? 

Mercury is on a mission to fix that. We get our best 
views of Mercury for 2022 in the evening sky during 
the second half of April. Greatest elongation is on the 
29th, when Mercury will be at magnitude +0.3. The 
innermost planet sets as late as the end of evening 
twilight from 22nd into early May. It’ll be higher in 
the sky and easier to find earlier in twilight. Mercury 
makes a nice pairing with the Pleiades for a few days 
around the 29th. Use binoculars for the best view. All 
this starts with Mercury at superior conjunction with 
the Sun on the 2nd. It’ll leave the field of view of the 
Solar and Heliospheric Observatory’s C3 camera by 
the 10th. Mercury’s brightness will be greatest at su-
perior conjunction at magnitude -2.0, decreasing for 
the rest of the month as the percentage of that plan-
et that’s lit by the Sun decreases. 

Meanwhile, Not-as-Early-in-the-Morning 

Like your favorite college marching band, the other 
bright planets make lovely formations in pre-dawn 
sky. With daylight time in effect, it’s easier to wake 
up and see these planets. The parade stays low in the 

eastern sky, but Venus is so bright it calls attention to 
the lineup.  

Saturn has passed Venus and heads to a close con-
junction with Mars on the 5th. Jupiter vies for atten-
tion, passing vastly brighter Venus on the 30th. Can 
you get both in one view through a telescope? At 
least one study showed the human brain gets very 
excited when two or more bright dots in the sky are 
in the center of the eye’s field of view. How early in 
the month can you see all four morning planets, with 
Jupiter entering the scene from the lower left? 
[Neptune is only a telescopic object , at magnitude 
+7.9.] 

Venus is past greatest elongation and slowly gets 
lower in our skies. Later in the month, Venus rises 
just a bit earlier than the start of twilight, and main-
tains that schedule consistently through July.  

Lunacy 

It can be hard to catch a star going behind the Moon, 
but it’s especially difficult when the Moon is nearly 
full. This month’s event is a +2.3 magnitude star being 
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covered by the bright limb of a 92%-full Moon. 
Deschubba, the middle of the three stars in the trun-
cated claws of the Scorpion, will be occulted on the 
19th between 2:18 a.m. to 3:04 a.m. EDT. 

There are two New Moons in April, on the 1st and the 
30th. Druids and Wiccans take note. 

Meteors 

The Lyrids can be a very good meteor show. This 
year, it maxes out on the 22nd with peak time in day-
light. The morning waning Moon makes it harder to 
see fainter meteors. If you’re already out on the 
mornings of the 22nd or 23rd you could see a few 
crumbs of Comet  C/1861 G1 Thatcher brightly zip 
across the sky. 

Comets  

C/2021 O3 PANSTARRS might get as bright as magni-
tude +5 in late April. It’ll be very low in the western 
skies right after sunset, making it hard to see. It’s 
near Mercury and the star clusters of Taurus, particu-

larly the Pleiades, as the month ends and they leave 
the evening sky. 

I’m Not Traveling for this Eclipse 

There is a partial solar eclipse on the 30th, visible 
from southern South America and the southern 
Pacific Ocean. About fifty percent of the Sun will be 
covered at maximum eclipse as seen from Earth.  

Satellites 

The world is even more interested than usual at the 
coming and goings at the International Space Station 
[but for the wrong reasons-Ed.]. It’s easily visible in 
evening skies through April 6th, then in the morning 
skies after the 23rd.  

China’s orbiting outpost, Tiangong, is visible in the 
morning skies later in the month. There are three tai-
konauts aboard. China plans to launch two additional 
experiment modules this year to expand the station, 
and increase the number of crew to six. 
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Member Profile: Everett M Dickson 
 

Home town: Long Island City 
(Queens), NY – currently living in 
Dobbs Ferry, NY. 

Family: My wife Karen Odom is a 
Senior Writer for Westchester 
Magazine. My son Wesley owns 
and operates Guardian Computer 
Management in Purchase. Daugh-
ter Brooke is Director of Privacy 
Management & Compliance for 
the US Department of Energy. 

How did you get interested in 
astronomy? Growing up in Long 
Island City, my bedroom window 
faced southeast. The only constel-
lation I could see was Orion. Be-
cause of light pollution, the plan-
ets were off limits. I wanted to 
see the planets. 

Do you recall the first time you looked through a 
telescope? What did you see? The first time I looked 
through a telescope I saw the Moon. That was so 
great to see the shadows and some contents of the 
Moon craters. 

What’s your favorite object(s) to view? Saturn. 
Hands down! 

What kind of equipment do you have? I have an 
Orion StarBlast 4.5 EQ which, includes 15-mm and 6-
mm eyepieces. A Bushnell Deep Space Series 
675 x 60 Refractor with a 30-mm eyepiece and a 2x 
Barlow lens. A Celestron SkyMaster Series 15 x 70 
Long Eye Relief binocular. 

What kind of equipment would you like to get that 
you don’t have? Actually, I would like to use the 
equipment I have more efficiently, but a smartphone 
camera mount for my Android phone would be help-
ful. 

Are there areas of current astronomical research 
that particularly interest you? Asteroid mining in the 
future. 

What do you do (or did you do, if retired) in “real 
life”?  I am a retired Managing Director of Sales for a 
now defunct computer manufacturer. I have also 

taught Computer Science 
at Westchester Community 
College (5 years as an 
Adjunct Instructor). I was 
also a Senior Technical 
Trainer for several compa-
nies including an IBM 
Company – Catapult, Inc. 

Have you read any books 
about astronomy that 
you’d like to recommend? 
The usual intro books like 
The Backyard Astronomer 
by Terrence Dickinson and 
Astronomy For Beginners 
by Alan MacRobert. 

How did you get involved 
in WAA? My wife gave me 
a membership as a birth-

day present many years ago. 

What WAA activities do you participate in? Monthly 
lectures, star parties, the annual members’ picnic, 
and the special presentations announced over the 
year. 

Besides your interest in astronomy, what other avo-
cations do you have? Micro Computers, Advanced 
EXCEL use in Data Analysis. 

Provide any other information you think would be 
interesting to your fellow club members, and don’t 
be bashful! Carl Sagan was the signer of my Work 
Study Reports as an undergraduate at Cornell 
University.  

 

WAA Members: Contribute to the Newsletter!  
Send articles, photos, or observations to  
waa-newsletter@westchesterastronomers.org 

SkyWAAtch © Westchester Amateur Astronomers, 
Inc. 

Editor: Larry Faltz 
Assistant Editor: Scott Levine 
Almanac Editor: Bob Kelly 
Editor Emeritus: Tom Boustead 

mailto:waa-newsletter@westchesterastronomers.org
mailto:waa-newsletter@westchesterastronomers.org
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HOUSE JOINT MEMORIAL 54 

48th legislature 

STATE OF NEW MEXICO 

First session, 2007 

A JOINT MEMORIAL 

DECLARING PLUTO A PLANET AND DECLARING MARCH 13, 2007, "PLUTO PLANET DAY" 
AT THE LEGISLATURE.

WHEREAS, the state of New Mexico is a 
global center for astronomy, astrophysics and 
planetary science; and 

WHEREAS, New Mexico is home to world 
class astronomical observing facilities, such as 
the Apache Point observatory, the very large 
array, the Magdalena Ridge observatory and 
the national solar observatory; and 

WHEREAS, Apache Point observatory, oper-
ated by New Mexico state university, houses 
the astrophysical research consortium's three-
and-one-half meter telescope, as well as the 
unique two-and-one-half meter diameter 
Sloan Digital Sky Survey telescope; and 

WHEREAS, New Mexico State University has 
the state's only independent, doctorate-
granting astronomy department; and 

WHEREAS, New Mexico State University and 
Dona Ana county were the longtime home of 
Clyde Tombaugh, discoverer of Pluto; and 

WHEREAS, Pluto has been recognized as a 
planet for seventy-five years; and 

WHEREAS, Pluto's average orbit is three bil-
lion six hundred ninety-five million nine hun-
dred fifty thousand miles from the sun, and its 
diameter is approximately one thousand four 
hundred twenty-one miles; and 

WHEREAS, Pluto has three moons known as 
Charon, Nix and Hydra; and 

WHEREAS, a spacecraft called New Horizons 
was launched in January 2006 to explore Pluto 
in the year 2015; 

NOW, THEREFORE, BE IT RESOLVED BY 
THE LEGISLATURE OF THE STATE OF 
NEW MEXICO that, as Pluto passes overhead 
through New Mexico's excellent night skies, it 
be declared a planet and that March 13, 2007 
be declared "Pluto Planet Day" at the legisla-
ture.

 

This actually happened, just like Oklahoma adopting the Rosette nebula as its official astronomical object (see 
this issue’s cover) and Utah doing the same for the Beehive cluster (see page 17). When they ask a student in 
New Mexico “How many planets are there in the solar system?” does the kid have to consult an ephemeris to 
get the right answer? “There are eight, but in two hours there will be nine but just for another 12 hours. Then 
there will be eight again, until tomorrow.” On the other hand, the time the New Mexico legislature took doing 
this was time not spent passing a tax increase. 

We think these are the only two officially designated state astronomical objects. Ohio has an asteroid named 
after it (439 Ohio, discovered in California in 1898). In 1996 Utah designated Dubhe (α Ursa Majoris) as its “cen-
tennial star” to celebrate the 100th anniversary of its statehood. A legislator claimed that Dubhe is 100 light 
years from the Sun, so its light shining on Utah in 1996 would have been emitted in 1896, the year of statehood. 
The only problem is that Dubhe is 123 light years distant (the Hipparcos catalog came out in late 1997, after the 
designation was passed). Indiana designated an anniversary star for its statehood bicentennial in 2016, this one 
Scheat (β Pegasi). Closer, but still not spot on. The distance is 196±2. But what did you expect from a state 
whose House of Representatives passed a bill in 1897 fixing the value of pi at 3?    LF    
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Astronomy 101: Exit Pupil 

When observing, the goal is to get as much light into 
your eye as possible. Having a telescope with a larger 
aperture obviously helps, but for optimal results, es-
pecially at low powers, you need to understand the 
“exit pupil.” 

The exit pupil, originally called the Ramsden disc, is 
the actual image of the objective as produced by the 
eyepiece. It is the location where every point in the 
visual field passes. The eyepiece’s maximum field of 
view is seen at the exit pupil. Even more important, 
the illumination of the image is the greatest at that 
point, the so-called “field of full illumination.” 

 

Adapted from J.B. Sidgwick, Amateur Astronomer’s Handbook 

The exit pupil (EP) can be calculated in two ways. 

𝐸𝑃 =
𝐸𝑦𝑒𝑝𝑖𝑒𝑐𝑒 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

𝑇𝑒𝑙𝑒𝑠𝑐𝑜𝑝𝑒 𝑓/ 𝑟𝑎𝑡𝑖𝑜
 

or, alternatively, 

𝐸𝑃 =
𝑇𝑒𝑙𝑒𝑠𝑐𝑜𝑝𝑒 𝑎𝑝𝑒𝑟𝑡𝑢𝑟𝑒

𝑀𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛
 

A little algebra will show you that these are actually 
the same equation, considering that  

𝑀𝑎𝑔𝑛𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 =
𝑇𝑒𝑙𝑒𝑠𝑐𝑜𝑝𝑒 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

𝐸𝑦𝑒𝑝𝑖𝑒𝑐𝑒 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
 

and 

𝐹𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ = 𝐴𝑝𝑒𝑟𝑡𝑢𝑟𝑒 × 𝑓/ 𝑟𝑎𝑡𝑖𝑜 

For example: you have an 8-inch SCT with an f/10 
optical system (a Celestron C8 or Meade LX-90). The 
diameter is 200 mm and focal length is 2000 mm. 
With a 25-mm eyepiece, the magnification is 
2000/25=80X. The exit pupil will be 25/10=2.5 mm 
(or alternatively 200/80=2.5 mm).  

Why is this important? If the exit pupil is larger than 
the diameter of your eye’s pupil, some of the light 
from the telescope will fall on your iris and not on 

your retina, reducing the brightness of the image. A 
young person has a maximum dark-adapted pupillary 
diameter of perhaps 8 mm, but as we get older, our 
pupillary dilation is reduced, so that senior observers 
may have maximum dark-adapted pupillary diame-
ters of 4 mm or even less. Consider a 10-inch 
(250 mm) f/4 Dobsonian with one of those monster 
31-mm Televue Nagler Type 5 eyepieces giving 32X 
for wide-field observing. The exit pupil is 31/4=7.75 
mm. You won’t get all of the light from this optical 
system onto your retina unless you’re young. You 
should consider a longer focal-length eyepiece with a 
bit higher magnification if you are interested in max-
imum image brightness (and it might cost less than 
the $700 Nagler, unless it’s an Ethos!). 

For high-power eyepieces, the exit pupils can be very 
small. That 8-inch f/10 SCT with a 9-mm eyepiece giv-
ing 222X will have an exit pupil of just 0.9 mm. Some-
times finding the exit pupil can be difficult as your 
eye searches for the narrow optical path. This isn’t a 
problem for experienced observers, but newcomers 
sometimes can’t find the image. With a large exit pu-
pil at low power, it’s easier to intercept part of the 
light beam and then to find the right position to see 
the full image. Try to use eyepieces with large (but 
not too large) exit pupils when initiating newcomers 
at outreach events. 

Binoculars are labeled with the magnification and the 
objective diameter. A 7X50 binocular has an exit pupil 
of 7.14 mm, while a 10X50 has an exit pupil of 5 mm. 
That’s generally the reason that 10X50 binoculars are 
recommended for astronomy: unless you’re young, 
you are wasting some of the image with a 7X50, illu-
minating your iris and not your retina. Orion sells 
2X54 ultrawide angle binos. The exit pupil is 27 mm. 
Most of the light is not entering your eye! 

The exit pupil is independent of the eyepiece’s ap-
parent field of view. That is, a 52-degree Plössl will 
have the same exit pupil as an 82-degree Nagler of 
the same focal length. If you match your eye position 
to the exit pupil (that is, at the eye relief distance) 
you will see the full apparent field of view. Backing 
away may still keep the image in focus, but you will 
lose some of the periphery of the field. 
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Astronomy 101: April Fool’s Version 

 

The Lagrangian of the Standard Model of particle physics 

Simply solve this and you will understand everything about matter in the universe 

ℒ = 

 

 

Oops. Except for dark matter, of which there is four times as much as regular matter. 

Here’s the much simpler Lagrangian for dark matter: 

ℒ = ? 
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Deep Sky Object of the Month: Messier 87
 

Messier 87 

Constellation Virgo 

Object type Elliptical Galaxy 

Right Ascension J2000 12h 30m 32.0s 

Declination J2000 +12 20’ 24.7” 

Magnitude 8.7 

Size 7.2 x 6.8 arcminutes 

Distance 16.4 Mpc (53.5 MLY) 

NGC designation 4486 

Discovery Messier, 1781 

A giant in every respect, M87 is now famous for the 
Event Horizon Telescope image of its supermassive 
(6.5 x 109 M


) black hole, which emits a jet of parti-

cles at relativistic speeds, making it one of the bright-
est radio sources in the sky. Visual observers may 
think they see the jet but they are observing two faint 
galaxies just west of M87 (NGC 4478 and NGC 4476).  

Among its many giant attributes, M87 weighs about 
2.4 x 1012 solar masses, nearly an order of magnitude 
larger than M31, and has at least 12,000 globular 
clusters orbiting within 25 arcminutes of its core, 
compared with 460 around M31 and fewer than 200 
around the Milky Way.  

 

Visibility for M87 

10:00 pm EDT 4/1/22 4/15/22 4/30/22 

Altitude 43.60 52.24 58.99 

Azimuth 136.00 131.51 154.31 

M87 is in the heart of the Virgo galaxy cluster, and not 
far from concentrations of galaxies in Leo and Coma 
Berenices.  The brightest spring galaxies are highlighted 
in the May 2012 SkyWAAtch, page 3. 

 

 

https://westchesterastronomers.org/wp-content/uploads/2018/06/May2012.pdf
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Webb, the Early Universe and Infinity Larry Faltz 

 

Hubble eXtreme Deep Field (STSi) 

Like you, I’m eagerly awaiting the first scientific im-
ages from the James Webb Space Telescope. They are 
supposed to come sometime around the beginning of 
summer. Among Webb’s inaugural targets will be the 
Hubble eXtreme Deep Field (XDF), a tiny square of 
the sky, 4.7 arcminutes on a side, in the southern 
constellation Fornax. 

Over a decade of observations, two of the HST’s cam-
eras acquired two million seconds of data (555 hours 
or 23.15 days) of this small area, revealing over 7,000 
galaxies as faint as magnitude 31.2. The most distant 
ones are seen in a universe that’s only 450 million 
years old, a look-back of over 13.3 billion years. Light 
from these early objects is red-shifted into the infra-
red because of the expansion of the universe.1 At a 
red shift of 12, potentially the farthest galaxies that 
XDF detected, the hydrogen-alpha line at 656.28 na-
nometers appears at 8,531.64 nm (8.53 microns), at 
the border of the “mid” and “far” infrared. If the ear-
liest stars and galaxies formed at z=20, the Hα line in 
those objects would appear at nearly 14,000 na-
nometers (14 microns).  

                                                           
1
 The formula for redshift is 

𝑧 =
𝜆

𝜆0
− 1, 

where λ0 is the unshifted wavelength and λ is the redshift-
ed wavelength. Solving for λ is simply λ=(z+1) λ0. Even 
though cosmology is inherently esoteric, sometimes all you 
need is algebra! 

Hubble’s camera can’t see IR wavelengths longer 
than 1,700 nanometers. MIRI, the Mid-Infrared In-
strument on Webb, will be able to image out to 
28,000 nanometers (28 microns). Webb’s larger, IR-
optimized mirror, its ultra-sensitive cameras and spe-
cial filters should make it possible to observe the first 
objects in our universe that shined by their own light.  

 

The HST’s spectral sensitivity as applied to the XDF. The wave-
length ranges of its filters are shown. 

 

MIRI=Mid-infrared instrument; FGS/NIRISS=Fine Guidance 
Sensor/Near InfraRed Imager and Slitless Spectrograph; 

NIRSpec=Near-Infrared Spectrograph; NIRCam=Near Infrared 
Camera. Figure adapted from NASA. 

We take it for granted now that the universe, at least 
the part we can see, is finite. Beyond the galaxies of 
the XDF, and eventually even the eyes of the Webb, is 
a diffuse non-light-emitting gas of neutral hydrogen 
and helium, with essentially inconsequential amounts 
of deuterium and lithium. Going further back in time, 
the next thing that we can “see” is the cosmic micro-
wave background, the plasma of protons and elec-
trons at a temperature of 3000 K, with a red shift of 
1,096. At this time, just 380,000 years after the Big 
Bang, the universe had cooled enough through ex-
pansion for the plasma to form neutral atoms. The 
Big Bang’s photons, with a blackbody spectrum peak-
ing around 800 nanometers (if we were there, we’d 
see a reddish glow) were freed to travel through 
space at the speed of light. These photons have 
themselves been redshifted by the expansion, 
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stretched to a wavelength peaking at 2.4 millimeters 
in the microwave band. We detect them as the 2.7 K 
microwave background. It’s the only radiation that 
covers the entire sky. By definition, that “object,” the 
so-called “surface of last scattering,” is receding from 
us at the speed of light. Galaxies with redshifts of 
z=12 are flying away from us at 93% of the speed of 
light. 

There’s a subtle mental shift that takes place when 
we think about truly distant cosmic objects. Although 
we measure cosmic distances beyond the solar sys-
tem in light years, the most distant cosmic objects are 
thought of just in terms of time: years in the past, 
years after the Big Bang. The actual physical distance 
has little importance. As it happens, it’s physically 
longer in light years than the time measured in years 
because of the physical expansion of the universe.  

 

The comoving coordinate system at two different times. Two 
galaxies (one at 0,0 and the other at 5,5) remain at the same co-
ordinates, but the coordinate grid expands by a scale factor R(t). 

The physical distance between the two galaxies changes. 

Cosmologists use a “co-moving” coordinate grid to 
define space. The rationale for this is based on the 
fact that at every time in its history the universe has a 
scale at which it is isotropic and homogeneous. At 
early times, say before the CMB, the homogeneity 
might be at the level of atoms, while now it is at the 
level of galaxy clusters. We can set a coordinate sys-
tem that encompasses all of space, so as space ex-
pands, the grid simply expands with it. The location of 
objects on the coordinates of the grid does not 
change over time, but their actual distance changes 
with a “scale factor,” usually denoted as a or R(t). By 
convention, at the current time, R(t)=1. The scale fac-
tor was larger in the past and will be smaller in the 

future.2 The evolution and expansion of the universe 
has turned the atoms into galaxies, but they maintain 
their place on the co-moving grid. 

We can use the scale factor to determine the actual 
physical size of the universe at different times from 
the simple equation  

𝑅(𝑡) =
1

(1+𝑧)
. 

For example, the size of the universe at z=12 is just 
one thirteenth of its current size. But what can we 
say about its current size in units we understand? 

Were we to somehow freeze the universe and in-
stantly lay a ruler out to that z=12 galaxy, we’d meas-
ure its “co-moving” distance. Edwin Hubble showed 
that, for relatively close galaxies, the recession veloci-
ty was a function of the distance times the constant 
which bears his name. Galaxies at high redshift are 
receding at relativistic speeds and so additional cor-
rections of special relativity need to take place. In 
addition, factors such as the actual value of the 
Hubble constant,3 the exact amount of matter, dark 
matter and energy in the universe and the universe’s 
actual geometry affect the result. Online calculators 
such as one from Edward Wright at UCLA 
(is.gd/CosmoCalc) can provide the results. For our 
z=12 galaxy, its actual distance from us is 32 billion 
light years, reminding us that the universe is physical-
ly bigger than we might think from just equating its 
age in years to its size in light years. 

The physical radius of the universe within the cosmic 
microwave background (z=1,096) is 45.512 billion 
light years.4 Might the actual universe be even big-
ger? Everything earlier than the CMB is receding from 
us faster than the speed of light. There should be a 
neutrino background radiation that formed about 
one second after the Big Bang. It would have a tem-

                                                           
2
 The rate of change of the scale factor is also important 

for cosmology. The Hubble Constant is equal to the time 
derivative of the scale factor divided by the scale factor 
itself: (ȧ/a). See “The End is Coming” in the December 2020 
SkyWAAtch for more information on how it’s derived. 
3
 Which ranges from 67 to 75 km s

-1
 Mpc

-1
 depending on 

the type of measurement (near vs. far universe). This is the 
so-called “Hubble tension.” 
4
 Taking the Hubble constant to be 69.8 and the values for 

matter (dark plus baryonic) to be 28.6% and dark energy to 
be 71.4% of the total energy in a flat universe. 

https://www.astro.ucla.edu/~wright/CosmoCalc.html
https://westchesterastronomers.org/wp-content/uploads/2020/11/December-2020.pdf
https://westchesterastronomers.org/wp-content/uploads/2020/11/December-2020.pdf
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perature now of 1.95 K. Prospects for detecting it are 
slim, but one experiment, PTOLEMY, has been de-
signed to make the detection. See “Neutrinos from 
the Big Bang” in the August 2015 SkyWAAtch. Did 
cosmic inflation in the first 10-35 seconds of creation 
result in a universe far larger (maybe even 1080 times 
larger) than what we can detect from the photons 
reaching us from the CMB?  

As I thought about the dimensions of the universe, I 
recalled the cosmological problem embodied in 
what’s known as “Olbers’ Paradox.” Simply stated, 
“Why is the sky dark at night?” If the universe is infi-
nite in time and space, as was once thought, then 
every line of sight will eventually reach the surface of 
a star. The light will have had an infinite amount of 
time to reach us, and so even if its intensity is re-
duced by 1/r2, some light from each point in space 
will register, and we should perceive the entire sky as 
bright as the surface of the Sun. But it’s not. I guess 
one could state that this is astronomy’s Prime 
Directive: Night shall be darker than Day! 

 

The Aristotelian universe (Apian, Cosmographia, 1524) 

Reflecting on Olbers’ Paradox tells us about evolving 
notions of the size, structure and age of the universe. 
We think of it today as a mere curiosity, since we 
have pretty much settled on a description of cosmic 
evolution and we’re comfortable imagining a large-
scale cosmic web of galaxies and dark matter inter-
spersed with voids. We understand the implications 
of red shift and the CMB. But earlier generations of 
astronomers were in the dark, literally. 

The Aristotelian view of the universe, which held 
sway until the beginning of modern astronomy at the 
end of the 16th century, had the stars resident on the 
inside of a solid sphere, all at the same distance from 
us. Zeus wanted us to sleep at night, one supposes, 
so he populated the inside of the heavens with just a 
scattering of shining objects, useful for navigation, 
agriculture and entertainment. Beyond this surface 
was the realm of the Prime Mover, which was not an 
actual physical space. There was not a lot of disa-
greement among Greek philosophers about this ex-
planation. In the Sand Reckoner, Archimedes explicit-
ly rejected the idea of an infinite universe. He calcu-
lated its volume as 1063 grains of sand. The Roman 
philosopher Titus Lucretius Carus, in De rerum natura 
(On the Nature of Things), advanced the earlier Greek 
philosopher Democritus’ idea that everything was 
made of atoms. He drew the conclusion that “the 
sum total of the universe is everlasting, having no 
space outside it into which the matter can escape and 
no matter that can enter and disintegrate it by the 
force of impact…. In the depths of space there is no 
lack of room into which the walls of the world may 
crumble away or collapse under the impact of some 
other shock.” With one or two minor exceptions that 
went unheeded for two millennia, ancient philoso-
phers accepted a bounded cosmos, just as they had 
little objection to geocentrism. It seemed pretty ob-
vious. 

Copernicus referred to the “sphere of the fixed stars,” 
but he had some intuition that an infinite universe 
was possible. In De Revolutionibus, Book I Chapter 8, 
he discussed the movement of the Earth relative to 
the rest of the heavens, and asked whether there 
might be reasons why “the magnitude of the heavens 
would extend indefinitely.” Ultimately he decided to 
“leave to the philosophers of nature the dispute as to 
whether the world is finite or infinite.” Unlike 
Aristotle or Archimedes, he didn’t rule it out. But it 
wasn’t the main purpose of his work. 

The English astronomer Thomas Digges wrote an ap-
pendix in 1576 to a new edition of his father 
Leonard’s Prognostication everlasting (1555).5 The 
appendix was titled Perfit Description of the 

                                                           
5
 Leonard Digges may have invented the telescope, as de-

scribed (and reconstructed) by WAA’s John Paladini in the 
July 2021 SkyWAAtch, page 8 

https://westchesterastronomers.org/wp-content/uploads/2018/06/August2015.pdf
https://westchesterastronomers.org/wp-content/uploads/2021/11/July-2021.pdf
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Caelestiall Orbes according to the most aunciente 
doctrine of the Pythagoreans latelye revived by 
Copernicus and by Geometricall Demonstrations 
approved. The younger Digges expounded the idea 
that that space was infinite and showed a diagram 
that carries the label “This orbe of starres fixed infi-
nitely up extendeth hit self in altitude sphericallye, 
and therefore immovable the pallace of foelicitye 
garnished with perpetuall shininge glorious lightes 
unnumerable.” The idea of an infinite number of stars 
in a universe without bound was echoed by the mys-
tical, heretical Giordano Bruno, who wrote “of “in-
numerable suns, and an infinite number of earths.”  

 

The universe diagrammed by Thomas Digges (1576) 

Galileo’s telescopic discovery of an immense number 
of previously unseen stars in the Milky Way might 
have been taken as a hint of infinities in space and 
stars. Johannes Kepler, a supporter of both 
Copernicus and Galileo, was “filled with horror and 
fear” by the concept, as he described in De Stella No-
va in 1606. He argued against infinity again in his cor-
respondence with the Florentine after the publication 
of the Siderus Nuncius. 

In 1720, Edmund Halley read two papers before the 
Royal Society. By his time, the infinity of the cosmos 
seemed well-established. Halley wrote “The System 
of the World, as it is now understood, is taken to oc-
cupy the whole Abyss of Space, and to be as such ac-
tually infinite, and the appearance of the Sphere of 

Fixt Stars, still discovering smaller and small ones, as 
you apply better Telescopes, seems to confirm this 
Doctrine.”6 Halley suggested the paradox: “If the 
number of Fixd Stars were more than finite, the 
whole superficies of their apparent Sphere would be 
luminous.” Halley then argued that far away stars are 
simply too faint to be seen. A month later, Halley fol-
lowed up and expanded on the possibility of an infi-
nite number of stars, again claiming that the most 
distant stars are simply to faint to register in our 
eyes, telescope or no. He describes “a Very 
Metaphysical Paradox, viz. That the number of Fixt 
Stars must then be more than any finite Number, and 
some of them more than at a finite distance from 
others. This seems to involve a Contradiction, but it is 
not the only one that occurs to those who have un-
dertaken freely to consider the nature of the Infinite, 
which perhaps the very narrow limits of humane 
Capacity cannot attain to.”  

The problem was then taken up by the Swiss astron-
omer Jean-Phillipe Loys de Chésaux. In an appendix to 
his Traité de la comète qui a paru en décembre 1743 
et en janvier, février et mars 1744, he reiterated 
Halley’s arguments (although not acknowledging 
Halley, whose paper he might not have read) and 
concluded that there must be an interstellar fluid that 
absorbed starlight, enough to keep the most distant 
stars from being seen. He even calculated that this 
fluid was 33x1016 “more transparent” than water, but 
he determined that was enough to solve the problem 
of the dark night sky in an infinite universe. 

 

Left to right: Halley, Chésaux, Olbers 

Although the darkness of the night sky was addressed 
in more or less detail by later 18th and early 19th 
century astronomers, including Wright, Kant, Laplace 
and William Herschel, it was not until 1823 that the 
German physician and astronomer Heinrich Wilhelm 
Matthias Olbers formally stated the problem in an 

                                                           
6
 Italics as in the original. 
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essay Uber dei Durchhsichtigkeit des Weltraums (On 
the Transparency of Space).  

Should there really be suns in the whole infinite space, 
they can be at approximately the same distance from 
one another, or distributed in galactic systems. But their 
number will be infinite and consequently the whole sky 
should be as bright as the sun. Clearly, each line, which 
can conceivably be drawn from our eye, will necessarily 
end on any of the stars, and therefore each point on the 
sky would send to us starlight, that is, sunlight. 

Olbers’ solution to the problem was like that of 
Chésaux: space was not completely transparent. He 
calculates that removing one light ray out of 800 em-
anating from the star Sirius would be enough, if ex-
trapolated to all the other stars in the universe, to 
keep the night sky dark. 

Halley, Chésaux and Olbers defended their arguments 
with calculations, reflecting the evolution of astron-
omy into a mathematically-grounded science. 

John Herschel, son of William, objected to a light-
absorbing ether on thermodynamic grounds: the sub-
stance would be heated by light and would eventually 
have to release the energy in a manner that could be 
detected.7 Herschel, a consummate observer like his 
father, seemed little interested in the paradox, label-
ing it “metaphysical.” Among other theoretical argu-
ments advanced during the 19th century that seem 
to predict lines of evidence proposed today to ad-
dress various mysteries in physics and astronomy in-
clude that the shape of space is not Euclidean, that 
there are “dark stars” that absorb light (distinct from 
a universal light-absorbing ether), that the laws of 
physics change over time, and that the light intensity 
factor of 1/r2 needs to be modified for cosmic dis-
tances. This is forerunner of Modified Newtonian 
Dynamics as an alternative to dark matter. 

Einstein deemed space to be infinite and eternal, and 
threw in the cosmological constant to keep it that 
way, but he withdrew it in the face of Hubble’s evi-
dence in 1929. Once the expansion of the universe, 
and by inference the existence of a Big Bang, made 
the cosmos finite in time and space, Olbers’ Paradox 
lost its probative value, but there was one last gasp of 

                                                           
7
 Thermodynamics was a new science in the first decades 

of the 19th century. Sadi Carnot, the "father of thermody-
namics", published Reflections on the Motive Power of Fire 
in 1824. 

interest, from the Steady-State cosmologists. The 
Steady State theory accounts for the Hubble expan-
sion of a universe infinite in both space and time by 
postulating the creation of one hydrogen atom per 
cubic meter of space every 3 x 105 years (the result of 
a “C-field,” but basically, out of nothing), a rate suffi-
cient to keep the universe’s density constant. The 
theory was proposed in 1948 by Hermann Bondi, 
Thomas Gold and Fred Hoyle.  It was Bondi, in fact, 
who actually coined the term “Olbers’ Paradox.” The 
Steady State argument was simple: even though eve-
ry line of sight might fall on the surface of a star, the 
distant star’s light is, and always has been, red-
shifted beyond visibility or detection. The Steady 
State theory succumbed to the barrage of data that it 
couldn’t explain: observations of space-based infra-
red telescopes like IRAS (1983), quasar distances, 
counts of radio sources, details of the CMB, and per-
haps one truly incontrovertible event: the death in 
2001 of its most vocal and persistent proponent, Fred 
Hoyle. 

Infinity, big or small, challenges our reason. Infinity 
+1= infinity. There are an infinite number of points in 
a line one inch long and the same infinite number of 
points in a line ten inches long. Any large number you 
can think of, even a google (10100) or a googleplex 
(10google) is still closer to one than it is to infinity. 

The problems of the infinite have challenged man’s mind 
and have fired his imagination as no other single problem 
in the history of thought. The infinite appears both 
strange and familiar, at times beyond our grasp, at times 
natural and easy to understand.

8
 

Our universe is larger than we can see, far larger if 
cosmic inflation actually happened, which seems ra-
ther likely. Faster-than-light expansion of space dur-
ing those fateful few nano-yoctoseconds (10-32… the 
SI does not have a unique prefix for such a small 
number) means we can never detect, much less imag-
ine, the entire cosmos. If we add in the multi-
verse/cosmic landscape conjecture, which postulates 
as many as 10500 separate universes, each potentially 
infinite in size, we might choose to agree with Halley 
about the narrow limits of human capacity and even 
with Johannes Kepler, who said “The infinite is un-
thinkable.”   

                                                           
8
 Kasner & Newman, Mathematics and the Imagination, 

New York: Simon & Schuster, 1952, p. 35. 
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Images by Members 
 

Active Region 2936 on January 30, 2022 by John Paladini 

 

John used his venerable Edmund Scientific 3-inch f/15 refractor with a 
Baader K-Line Filter to grab these nice sunspots. The filter passes the 
Ca-K doublet at 394 and 395 nm, revealing the zone between the pho-
tosphere and the chromosphere. This filter must always be used with a 
strong neutral density pre-filter. It’s not for visual use: your eye can’t 
see below 400 nm. The image is a stack of 200 frames with a mono-
chrome ASI290 camera, tinted to a pleasant purple in post-processing. 

AR 2936 produced a large coronal mass ejection directed at the Earth. 
On February 1, the NOAA’s Space Weather Prediction Center (SWPC) 
released a warning about a possible G2 (Moderate) geomagnetic 
storm. Fortunately, the CME only created nice auroras on Earth for a 
couple of nights. 

Sunspot numbers are rising and as of early March are ahead of predic-
tions, as shown in this excerpt from the March 1 ISES Solar Cycle 
Sunspot Number Progression graph on the SWPC web site. You can 
look at the current graph at 
https://www.swpc.noaa.gov/products/solar-cycle-progression.  

Spectral transmission of the 
Baader K-line filter 

https://www.swpc.noaa.gov/products/solar-cycle-progression
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Messier 81 and 82 by Steve Bellavia 

 

The classic pair of Bode’s Nebula and the Cigar Galaxy is visible for much of the year because they are only about 
20 degrees from the pole. Even in late autumn, they are still well enough above the horizon to be worth a look. 
Johann Elert Bode first described these two “nebulous patches” in 1774, and they were quickly added to the 
next edition (1781) of Charles Messier’s catalog.  

The entry for M81 in the 1784 catalog, the version available on line, reads “Nebula near the ear of Ursa Major, 
on the parallel of star d, of the fourth to fifth magnitude; the position determined by this star. This nebula is a 
little oval, the center clear, and one sees it very well with an ordinary telescope of three feet and a half [feet fo-
cal length]. It was discovered in Berlin by M Bode on December 31, 1774 and by M Méchain in August 1779.” 
“Star d” is D Ursa Majoris in the Bayer catalog, 24 UMa in the Flamsteed catalog and HD 82210 in the Draper 
catalog. Its magnitude is given as 4.54, spectral type G9V. Not too different from our Sun. 

The entry for M82 reads “Nebula without star, near the preceding [entry]; both are seen at the same time in the 
field of the telescope, the latter less apparent than the former [M81]; its light faint and elongated; at one end is 
a telescopic star. View in Berlin, by M Bode, on 31 December 1774 and by M Méchain in August 1770.” 

The two galaxies are only half a degree apart and so can fit in a single eyepiece if you choose the right focal 
length for your telescope. Relatively small scopes can pull these galaxies in. As always, the darker the sky, the 
better. M81 is magnitude 6.4 and M82 is magnitude 8.4, but with a bit higher surface brightness aiding detec-
tion. 

Both M81 and M82 are 12 million light years away from us. The peculiar red emission from “starburst galaxy” 
M82 is due to substantial new star formation, aided by tidal interactions with the larger M82. 

Technical information on Steve’s image can be found at https://www.astrobin.com/y1urce/0/. 

https://www.astrobin.com/y1urce/0/
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The Beehive (Messier 44) by Olivier Prache 

 

Known since ancient times, this cluster was originally called Praesepe, Latin for “manger.” It sits between the 
stars Asellus Borealis and Asellus Australis, donkeys that Dionysus and his tutor Silenus rode into battle against 
the Titans. They are feeding on hay in the manger. The cluster was included in Aratus’ Phaenomena, the oldest 
extant Greek astronomy text (275 BC), where it was called Achlus, or “Little Mist.” Hipparchus and Ptolemy not-
ed it. It was one of the first deep-sky objects that Galileo observed. With an integrated magnitude of 3.7, it 
should be easily visible to the naked eye in a dark sky. The Beehive is only 610 light years from Earth, one of the 
nearest open clusters. It’s not clear who first called it the Beehive; it was probably a 19th century appellation. 

Stephen James O’Meara points out that Cancer is the only constellation whose brightest stars are fainter than a 
Messier object in its borders. The mythology behind this is interesting. The great hero Hercules was the son of 
Alcmene, one of Zeus’ many conquests. When he was an infant, Zeus placed at the sleeping Hera’s breast so he 
could drink some of her divine milk in order to gain great strength. Hera suddenly awoke (maybe he bit her) and 
pulled Hercules away from her breast. Her milk spilled out into the sky, making the Milky Way (Latin via lactea, 
and the Greek word for milk is gala [γάλα], from which we get “galaxy”). Hera never forgave Hercules. The sec-
ond of Hercules twelve labors was to kill the nine-headed Lernean Hydra. Cancer was a crab sent by Hera to bite 
at his ankles to distract him. The crab failed to influence the battle, but Hera placed it in the heavens, rewarding 
it for its efforts but not giving it any bright stars as punishment for failure. 

Utah designated the Beehive Cluster as its official “astronomical symbol” (an actual beehive, accompanied by 
the word “Industry”, is on the Utah state flag). Said the Salt Lake City Tribune in 1996: "This symbol, composed 
of a hive of stars, transposes our beehive symbol to a new and grand level as we enter our second century as a 
group of people living in a place where we can still see, with our own eyes, the beautiful and dim features of the 
starry universe.” While much of Utah still has pristine skies, the conurbation stretching from Spanish Fork in the 
south to Salt Lake City and then to Ogden in the north is terribly light-polluted.
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NGC 7822 and Cederblad 214 in Cepheus by Gary Miller 

 

Gary has been sharpening his processing techniques. He writes “I've spent much of this winter re-processing im-
ages. I recently paid for Visible Dark, a three hour tutorial produced by Shawn Nielsen, which took me three days 
to get through. Instead of using the data he provided I used my data from this nebula. The tutorial was very 
good—I learned quite a bit about PixInsight.” Gary also sent a cropped image of the core of the complex (next 
page) that had additional processing. 

There are many overlapping emission nebula catalogs, mak-
ing it confusing at times to know which object is being de-
scribed, since they mainly give coordinates and not images. 
The entire region is identified as Sharpless (Sh) 2-171 in the 
1959 catalog of 312 H II regions. Cederblad (Ced) 214 is the 
bright core, listed in the 1946 “Catalog of Bright Diffuse 
Galactic Nebulae,” containing 330 objects. Other compo-
nents of this intricate region are cataloged in the Lynds 
Bright Nebula (LBN, 1125 objects) and Lynds Dark Nebula 
(LDN, 1802 objects) catalogues, and a central open cluster is 
listed in the 1956 Berkeley (Berk) catalogue of 104 clusters. 
Sh, LBN, LDN and Berkeley were compiled from Palomar Sky 
Survey images. The wispy nebulosity on the right is 
NGC 7822. At the bottom edge is HD 223274, a 5th magni-
tude class A0 star that’s in the foreground, 303 light years 
away. Just to its right is the cluster NGC 7727. 

SDSS image overlay of Cartes du Ciel. Grid is 0.5 degrees. 
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Cederblad 214 is an emission nebula associated with 
the cluster Berkeley 59. The emission is powered by 
BD +66 1673, an eclipsing binary on the edge of the 
cluster. This star is only 10th magnitude, but it is one 
of the hottest stars within 1 kiloparsec of the Sun. Its 
spectral class is O5V, with a surface temperature of 
nearly 45,000 K and luminosity about 105 times that of 
the Sun.  Stars that hot put out massive amounts of 
ultraviolet radiation and have enormous stellar winds, 
energizing and shaping the nebula. 

The stars in Berkeley 59 and the OB4 association were 
studied by a group from St. Mary’s University in 
Halifax, Nova Scotia. They determined that the cluster 
is about 2 million years old and is 883±43 parsecs dis-
tant (2878±140 light years). Their paper is Majaess, DJ, 
et. al., The Exciting Star of the Berkeley 59/Cepheus 
OB4 Complex and Other Chance Variable Star Discov-
eries, Journal of the American Association of Variable 
Star Observers, 36:90-109 (2008). It is on line at 
https://articles.adsabs.harvard.edu/pdf/2008JAVSO..36...90M.  

https://articles.adsabs.harvard.edu/pdf/2008JAVSO..36...90M
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Seagull Nebula by Steve Bellavia 

 

In the winter Milky Way at the border of Monoceros and Canis Major, IC 2177 is just under 8° northwest of Sirius 
and 2½° south of the bright open cluster M50. The whole area is teeming with open clusters and is worthy of 
scanning with a wide-field telescope from a dark site. The nebula itself is primarily a photographic object.  

This region of active star formation lies about 3,600 light years from Earth. The bright patch on the upper right is 
Sh2-297, abutting Lynd’s Dark Nebula (LDN) 1657. Steve’s technical details and an annotated overlay showing 
the various objects within the field are at https://www.astrobin.com/no3ms3/. 

The nebula was discovered by Welshman Isaac Roberts. A successful engineer, builder and businessman in 
Liverpool, Roberts became an avid amateur astronomer at age 50. Initially observing with a 7-inch Cooke refrac-
tor, he began to experiment with photography, first with portrait lenses and then with a Grubb 20-inch reflector 
that he purchased in 1885 and set up at his Merseyside home. The house had previously been owned by none 
other than Nathaniel Hawthorne, who was the American consul in Liverpool from 1853 to 1857. Opting for 
clearer skies elsewhere in England, Roberts moved his instruments to a home and observatory that he built in 
1890 in Crowborough, Sussex, on a hill at 780 feet elevation, one of the highest points in southern England. 
Sussex is mostly forested, even to this day, and much closer than Liverpool to London (Crowborough is just over 
an hour by train to Victoria Station) and to the Royal Astronomical Society in Burlington House on Piccadilly, to 
which Roberts had been elected a fellow in 1882. He was made a fellow of the Royal Society in 1890. Sir Arthur 
Conan Doyle, the creator of Sherlock Holmes, was born in Crowborough. 

Roberts reported his discovery in the Astronomische Nachrichten, volume 147, page 87 (August 1898) in a brief 
note “Nebulae which are not recorded in the Catalogues, found upon Photographs by Isaac Roberts, D. Sc. 
F.R.S.” It reads, “Nebula in Monoceros in which the star 7.3 mag. BD.-10° 1848 is involved together with several 

https://www.astrobin.com/no3ms3/
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other faint stars. The nebula is irregularly round, bright, with a wide nebulous band across it in s.f. to n.p., direc-
tion. The nebula is about 13 minutes of arc in diameter; coordinates of the star for the epoch 1855 R.A. 6h 57m 
33.6s, Dec. south 10° 14.4’; mag. 7.3.” The 20-inch Grubb, which he used to make the image, and the 7-inch 
Cooke refractor are now in the Science Museum in London, installed on the original mount. 

Roberts’ most famous photograph was of the Andromeda Nebula. It was made in 1888. He received the Royal 
Astronomical Society gold medal in 1895. Roberts passed away in 1904 at the age of 75. 

 

Roberts’ 1888 photograph of M31 was probably the first photograph of a galaxy. It was 
made with a 5-inch aperture triplet portrait lens. From Isaac Roberts, Selection of 
Photographs of Stars, Star-Clusters, and Nebulae. 1899 (Linda Hall Library). A scanned 
copy of the book is on-line at https://is.gd/IsRbts.  

 

 

Roberts’ home and observatory, “Starfield” 

 

The 20” Grubb and 7” Cooke at Starfield 
(above) and at the Science Museum in London 
now (below) 

 

 

https://is.gd/IsRbts
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Research Highlight of the Month 
 

Poutanen, J, Veledina, A, Berdyugin, AV, et. al., Black hole spin-orbit misalignment in the X-ray bina-
ry MAXI J1820+070, Science 375:874-876 (25 February 2022) 

X-ray binaries consist of a black hole and a normal star in orbit around each other. All orbiting bodies spin on 
their axes, and in general the rotation axes of gravitationally-bound binaries are parallel to each other and per-
pendicular to the orbital plane. However, external forces can perturb the rotational axis. A good example is the 
tilt of Uranus’ axis 97.7° to the ecliptic (essentially the planet is lying on its side), thought to be due to collision of 
Uranus with an Earth-sized protoplanet early in the formation of the solar system.  

Black holes in binary systems form from supernova explosions. When the star explodes, it experiences a “natal 
kick” that can tilt the rotational axis or even eject the black hole from the binary system. If it remains bound to 
its partner star, mass transfer from the normal star into an accretion disk around the black hole can increase its 
rotation speed, as well as create X-ray emissions from the hot gas in disc. 

Using data from the MAXI imager on board the International Space Station, observations with optical telescopes 
in Hawaii and Spain, and the orbiting Neil Gehrels Swift Observatory, an international group based in Finland 
observed MAXI J1829+070, a binary system with a ~8 M


 black hole and a ~0.5 M


 star located about 10,000 

light-years from Earth. Polarization, photometry, and X-ray flux data were analyzed. The black hole’s rotational 
axis is offset more than 40° from the system’s orbital plane. Over time, mass accretion and tides will tend to rea-
lign the spin axis, so the “natal kick” is the likely mechanism for the offset. The offset at the time the black hole 
was formed was likely to be greater than it is now. 

 

Artist’s conception of the system MAXI J1820+070 (Science 2022) 

 

Geometry of the system from the observer’s 
perspective 

 

Probability distribution function for the 
misalignment angle 
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Member & Club Equipment for Sale 
 

Item Description 
Asking 
price 

Name/Email 

Astronomy 
Books 

From classic books on Astronomy and Astrophotog-
raphy to bios and science classics. Selling all as one 
unit. See the titles at  https://is.gd/cefbooks 

$50 Mike Cefola 
meteormik@aol.com 

Hard Case for 
8-inch SCT 

Celestron case originally housed a Celestron C8+.  
Image at https://is.gd/C8case. Excellent condition. 

$100 Mike Cefola 
meteormik@aol.com 

Celestron 
Nexstar 8i 
telescope 

8” Schmidt-Cassegrain go-to scope on single arm alt-
az mount. Excellent optics and mechanics, mild tube 
blemishes. Hand control, dew shield, tripod, diago-
nal, 40-mm Celestron Plossl eyepiece. 

$495 Jeffrey Jacobs 
jacobsfilm@gmail.com 

Meade 390 re-
fractor 
telescope 

90-mm f/11 doublet refractor in very good condition 
with several eyepieces, Barlow, aluminum tripod, 
accessory tray, straight-through finder. The unusual 
alt-az mount is very solid. An image of the mount 
head is here. Proprietary Meade interface between 
tube rings and mount (two thumb screws). Slow-
motions with flexible stalks. A few minor blemishes 
on the tube. A great lunar/planetary/double star 
telescope. 

$100 
WAA 
ads@westchesterastronomers.org 

Celestron 
Cometron 
telescope 

Small, lightweight 114 mm f/4 reflector. Red dot 
finder, 25 mm eyepiece. Dovetail. A starter scope for 
a smart child. No tripod (use a camera tripod). Excel-
lent condition. 

$50 WAA 
ads@westchesterastronomers.org 

ADM R100 
Tube Rings 

Pair of 100 mm adjustable rings with large Delrin-
tipped thumb screws. Fits tubes 70-90 mm. You 
supply the dovetail bar. Like new condition, no 
scratches. See them on the ADS site at 
https://tinyurl.com/ADM-R100. List $80. 

$50 Larry Faltz 
lfaltzmd@gmail.com 

Red acrylic 
screen shield 

9½ x 14 inch, 1/8 inch thick. For laptops with 17-inch 
diagonal screen. Four elastic bands (stronger and 
more durable than ordinary rubber bands). Un-
scratched. Use to reduce light trespass at star par-
ties. I retired the computer that needed this shield  

$15 Larry Faltz 
lfaltzmd@gmail.com 

Celestron 
X-Cel LX  
5 mm eyepiece 

6-element, fully coated, 60-degree field of view, eye 
relief 16 mm. Rubber pop-up eye guard and a rubber 
grip ring on the body.  An excellent planetary eye-
piece. Like new condition, may never have been 
used! Donated to WAA. Lists at $109.95. 

$50 WAA 
ads@westchesterastronomers.org 

Want to list something for sale in the next issue of the WAA newsletter? Send the description and asking price to 
ads@westchesterastronomers.org. Member submissions only. Please offer only serious and useful astronomy equipment. WAA reserves 
the right not to list items we think are not of value to members. 

Buying or selling items is at your own risk. WAA is not responsible for the satisfaction of the buyer or seller. Commercial listings are not 
accepted. Items must be the property of the member or WAA. WAA takes no responsibility for the condition or value of the item, or for 
the accuracy of any description. We expect but cannot guarantee that descriptions are accurate. Items subject to prior sale. WAA is not a 
party to any sale unless the equipment belongs to WAA (and will be so identified). Sales of WAA equipment are final. Caveat emptor! 

 

https://is.gd/cefbooks
https://is.gd/C8case
http://westchesterastronomers.org/wp-content/uploads/2021/11/Meade-390-Mount.jpg
https://tinyurl.com/ADM-R100
mailto:ads@westchesterastronomers.org

