THE VALLEY
SKYWATCHER
The Official Publication of the
Chagrin Valley Astronomical Society
Est. 1963

CONTENTS

President’s Corner

Articles
Bruce Krobusek

2

In Memory Of Bruce Krobusek

5

On The Size Of Chords

9

Thoughts On The Solar Apex

26

Regular Features
Observer’s Log
Notes & News
Reflections
Constellation Quiz
Reflections (Continued)

3
4
8
28
30

CVAS Officers
Marty Mullet
George Trimble
Steve Fishman
Joe Maser
Steve Kainec
Sam Bennici
Dan Rothstein
George Trimble

President
Vice President
Treasurer
Secretary
Director of
Observations
Observatory
Director
Historian
Editor

CVAS
PO Box 11
Chagrin Falls, OH 44022
www.chagrinvalleyastronomy.org

Friends, we are all saddened by the recent passing
of longtime CVAS member
Bruce Krobusek.
Bruce was president in
the early days of the club,
shepherding it through the
times when its future was
not assured. He filled many
offices for many years and
continued to contribute to our success after he
relocated to Rochester, New York.
An avid observer, Bruce was an author on
several publications with fellow CVAS members. We
will surely miss him.
As we turn the corner to spring, we have a
multitude of projects and improvements to make at
the Hill. Our observatory director, Sam Benicci, has
suggested using our meeting dates as daytime
workdays. I understand that everyone won’t be
available every month, but do try to attend at least
one work session this year. Along those lines, if you
wish to use the Hill and need training on the telescopes, please let me or Sam know. We will be
happy to schedule a couple of evenings to get you
comfortable with opening and closing the buildings
and operating the telescopes.
For this issue’s Observer’s Log, I changed
gears and made a list of some of my favorite lunar
targets. I’ve been surprised at times at the interesting objects that I simply never took the time to
find. Best of all, there’s something to see every
night. Give it a try and let me know what you think.
I’d especially like to hear of your impressions of the
challenge objects. As always, your comments are
welcome at Skywatcher.reply@gmail.com.
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Bruce Krobusek
1954 - 2018

High Flight
Oh! I have slipped the surly bonds of earth,
And danced the skies on laughter-silvered wings;
Sunward I've climbed, and joined the tumbling mirth
Of sun-split clouds, --and done a hundred things
You have not dreamed of --Wheeled and soared and swung
High in the sunlit silence. Hov'ring there
I've chased the shouting wind along, and flung
My eager craft through footless halls of air...
Up, up the long, delirious, burning blue
I've topped the wind-swept heights with easy grace
Where never lark or even eagle flew -And, while with silent lifting mind I've trod
The high untrespassed sanctity of space,
Put out my hand, and touched the face of God.
- John Gillespie Magee, Jr
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Observer’s Log
By Marty Mullet

Lunar Targets
Name

Coordinates

Size Day

Comments

Petavius
Boussingault,
Boussingault A*
Messier, Messier A
Dorsa Barlow
Theophilus,
Cyrillus, Catharina
Rupes Altai
Vallis Alpis
Regiomontanus,
Regiomontanus A
Mons Piton
Davy Catena
Rupes Recta
Mons Pico
Clavius
Hesiodas A
Schiller
Gassendi
Schiller-Zucchius
Basin
Aristarchus
Plateau
Bailly*

25.3S 60.4E
70.4S 54.7E

177 km
131 km

2,15
3,16

Crater with fractured floor
Superimposed crater

1.9S 47.6E
15.0N 31.0E
13.2S 24.0E

11 km
120 km

3,17
4,18
5,19

Ricochet impact craters
Wrinkle ridge
3 nearby craters of different ages

24.3S 22.6E
49.0N 3.0E
28.0S 0.6W

427 km
166 km
124 km

6,20
7,21
8,22

Prominent lunar escarpment
(Alpine Valley) Lunar graben
Sm. crater on central peak

40.6N 1.1W
11.1S 6.6W
21.8S 7.8W
45.7N 8.9W
58.5S 14.1W
30.1S 17.0W
51.8S 40.0W
17.6S 40.1W
56.0S 45.0W

25 km
52 km
110 km
25 km
225 km
15 km
179 x 71
101 km
335 km

8,22
9,23
9,23
9,23
10,24
10,24
12,26
11,25
13,25

Isolated lunar mountain
Crater chain of 23 tiny craterlets
(Straight Wall) Lunar fault
Basin ring fragment
Lg. crater with sm. craters on floor
Concentric crater
Elongated impact crater(s)
Crater with many rilles on floor
Ancient basin, easily overlooked

26.2N 50.8W

200 km

12,26 Tilted crustal block

66.5S 69.1W

303 km

12,26 Largest near-side crater

* - Denotes item may not be visible under unfavorable libration.

Challenge Objects:
Ina Caldera
Marth
Catena Yuri

18.6N 5.3E
31.1S 29.3W
24.4N 30.4W

3 km
7 km
5 km

8, 23 D-shaped volcanic caldera
10, 24Concentric crater
11, 25Crater chain in Mare Imbrium

These targets are arranged from lunar East to West (right to left as you look at the moon in the
sky). Most of them are best viewed at local sunrise and sunset when the terminator is near the
object. If you are unfamiliar with the lunar coordinates, try www.fullmoonatlas.com for a moon
map to help find your way around. Any size telescope will work for the main list. The challenge
objects will need at least 8” of aperture and steady skies. Use as much magnification as conditions allow. “Day” signifies number of days after new moon for ideal viewing.
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Notes & News
A Letter From Larry Boros

4-18-18
Thank you, Marty, for all of your work and involvement as
President of CVAS. It is greatly appreciated.
Wow!!! George Trimble and member contributors have done an
amazing job on the latest Valley Skywatcher. The contributors,
Martin Mullet, George Gliba, Russ Swaney, Jim Deasey, Tony Mallama,
and George Trimble provided a lot of very interesting information.
Much appreciated. I never realized the amount of technology involved in sundials!
Also special thanks to Ron Baker for seven years of publishing the Skywatcher.
Contributing time and effort to CVAS is always a true labor
of love.
This edition of the Skywatcher once again shows that there is
so much to learn and, to some extent, that mysteries are the most
fun. Like, what is “Dark Matter?”
Markay and I attended fantastic projected shows at the Bishop
Planetarium in Bradenton Florida on the 13th. Here is a link to
their website that lists the shows.
http://www.southfloridamuseum.org/the-planetarium/planetarium-showdescriptions/
I believe we mischaracterize “dark matter” by including the
word “matter.” Instead we should describe it as “zones of inexplicable gravity” that are the equivalent to huge amounts of mass. The
effect could be caused by folds in space time or the presence of
extra dimensional parallel universes or someone cornering the market on Higgs Bosons. Figuring that out is the fun part.
Right now it is 78 degrees and sunny here on the Gulf Coast
on Longboat Key. It makes me feel downright guilty missing all of
the global warming in Lake and Geauga Counties. Hope to see all of
you in June.
Larry Boros

Editor’s Note: I think I speak for all those mentioned in your kind letter when I say
“Thank you, Larry.” Bring sun when you come back, will you? - GLTIV
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In Memory Of Bruce Krobusek
By Tony Mallama
Bruce A. Krobusek was born in Cleveland on October 16, 1954.
He learned about the CVAS while a student at Kenston High School.
Bruce quickly rose through the ranks and became a top-notch observer
and a club leader. During a low period in our history Bruce held the
CVAS together when only a few members were attending meetings. He
was the Director of Observations for three consecutive years while he
and other observers were actively contributing to astronomical research. He also served as President in 1972 and received the club’s
Backbone Award that year.
Bruce married his first wife, Bobbie Grenig, in 1975. They lived
in Ravenna while he studied engineering at Kent State University.
Bruce visually timed the eclipses of a great many binary stars in the
1970s because those were important to the study of astronomy at the
time. Bobbie published a poem titled ‘Astronomy Widow’ in the Skywatcher. The rhyme attested
to Bruce’s devotion to science but also foretold the demise of their marriage.
Bruce married Susan Fraser in 1985 and they remained lifelong companions. The couple
moved to Rochester NY where he worked for Techtronix on software for test and measurement
equipment. At the same time he built his own successful business developing applications programs for engineering.
Besides astronomy, Bruce had several other interests including artistic photography. He
was the site photographer at Sonnenberg Gardens and Mansion, a New York State Historic Park
in Canandaigua, for many years. He and Susan both loved cars, and Bruce was an officer of the
Greater Rochester Triumph Touring Club. Ever an eccentric, Bruce also wore kilts as everyday
apparel.
Bruce kept pace with technology when visual observing as a tool for science receded in
importance. He purchased one of the first CCD cameras available to amateurs and used it to
time eclipses of Jupiter’s and Saturn’s satellites from the 1990s through the early 2000s. Those
results were published in Icarus, the same professional journal where Carl Sagan submitted his
findings. During the 2010s he recorded the first CCD photometry for the planets on the new
Sloan magnitude system and those important results also appeared in Icarus.
In preparation for the CVAS 50th anniversary celebration a few years ago, Bruce and I
updated the document ‘We Observe’, which tells of the club’s history since its founding in 1963.
Bruce also contributed generously to the club’s North Observatory Automation Fund that year.
During the Sloan observation program Bruce learned that he had an advanced stage of
cancer. This life-threatening illness did not deter him from astronomy though. He completed his
Sloan observations of Mercury through Neptune while undergoing surgeries, chemo therapy and
radiation therapy.
Bruce regained his health after the procedures and therapies. He and Susan even traveled
to Nebraska for the solar eclipse of 2017. However, Bruce re-entered the hospital in March of this
year because of complications from his cancer treatments. While his health failed, he never lost
interest in astronomy, even at the very end.
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Bruce told me he was going to ask the hospital staff to take him to a window where he could see
Venus in the evening sky. A few days later, on April 15, he passed away.
Bruce Krobusek was the all-time top observer, a devoted supporter and a true friend of
the CVAS.

Bruce in 1976 with his prized 10-inch Cave Astrola Deluxe telescope in his
fold-off-roof observatory. He designed and built a photoelectric photometer
from scratch for this scope.

From the Valley Skywatcher Volume 54-3
Summer 2017.
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Bruce Krobusek’s Published Research:
Minima of Eclipsing Variables. Information Bulletin on Variable Stars, 1975.
Minima of Eclipsing Variables. Information Bulletin on Variable Stars, 1977.
Eclipses of Saturn’s Satellites. Journal of Geophysical Research, 1996.
The Radius of Jupiter and its Polar Haze. Icarus, 2000.
Precise Timings of Galilean Satellite Eclipses and Assessment of the E5 Ephemeris. Icarus, 2000.
CCD Photometry of Galilean Satellites. Journal of the Association of Lunar and Planetary Observers, 2002.
The PHEMU97 Catalogue of Observations of the Mutual Phenomena of the Galilean satellites of
Jupiter. Astronomy and Astrophysis, 2006.
Assessment of the Resonant Perturbation Errors in Galilean Satellite Ephemerides using Precisely
Measured Eclipse Times. Icarus, 2010.
Large Brightness Variations of Uranus at Red and Near-IR Wavelengths. ArXiv, 2015.
Validation of “Sloan Magnitudes for the Brightest Stars” and Suggestions for Observing with
Small Telescopes. Journal of the American Association of Variable Star Observers, 2015.
The Secular and Rotational Brightness Variations of Neptune. ArXiv, 2016.
Comprehensive Wide-band Magnitudes and Albedos for the Planets, with Applications to Exoplanets and Planet Nine. Icarus, 2017.
Additional Notes:
Susan Krobusek, Ian Cooper, Dan Rothstein and Tom Quesinberry contributed to this article. Ian
plans to attend the memorial service in Canandaigua NY and the club is sending flowers. An
audio interview with Bruce for the club’s 25th anniversary can be heard on the “We Observe 50th Anniversary Edition” disk.
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Reflections
Astronomy—Themed Poetry

To -- -- --. Ulalume: A Ballad
The skies they were ashen and sober;
The leaves they were crispéd and sere—
The leaves they were withering and sere;
It was night in the lonesome October
Of my most immemorial year;
It was hard by the dim lake of Auber,
In the misty mid region of Weir—
It was down by the dank tarn of Auber,
In the ghoul-haunted woodland of Weir.
Here once, through an alley Titanic,
Of cypress, I roamed with my Soul—
Of cypress, with Psyche, my Soul.
These were days when my heart was volcanic
As the scoriac rivers that roll—
As the lavas that restlessly roll
Their sulphurous currents down Yaanek
In the ultimate climes of the pole—
That groan as they roll down Mount Yaanek
In the realms of the boreal pole.
Our talk had been serious and sober,
But our thoughts they were palsied and sere—
Our memories were treacherous and sere—
For we knew not the month was October,
And we marked not the night of the year—
(Ah, night of all nights in the year!)
We noted not the dim lake of Auber—
(Though once we had journeyed down here)—
We remembered not the dank tarn of Auber,
Nor the ghoul-haunted woodland of Weir.
And now, as the night was senescent
And star-dials pointed to morn—
As the star-dials hinted of morn—
At the end of our path a liquescent
And nebulous lustre was born,
Out of which a miraculous crescent
Arose with a duplicate horn—
Astarte's bediamonded crescent
Distinct with its duplicate horn.

Editor’s Note:
See Discussion
on page 30

And I said—"She is warmer than Dian:
She rolls through an ether of sighs—
She revels in a region of sighs:
She has seen that the tears are not dry on
These cheeks, where the worm never dies,
And has come past the stars of the Lion
To point us the path to the skies—
To the Lethean peace of the skies—
Come up, in despite of the Lion,
To shine on us with her bright eyes—
Come up through the lair of the Lion,
With love in her luminous eyes."
But Psyche, uplifting her finger,
Said—"Sadly this star I mistrust—
Her pallor I strangely mistrust:—

Oh, hasten! oh, let us not linger!
Oh, fly!—let us fly!—for we must."
In terror she spoke, letting sink her
Wings till they trailed in the dust—
In agony sobbed, letting sink her
Plumes till they trailed in the dust—
Till they sorrowfully trailed in the dust.
I replied—"This is nothing but dreaming:
Let us on by this tremulous light!
Let us bathe in this crystalline light!
Its Sybilic splendor is beaming
With Hope and in Beauty to-night:—
See!—it flickers up the sky through the night!
Ah, we safely may trust to its gleaming,
And be sure it will lead us aright—
We safely may trust to a gleaming
That cannot but guide us aright,
Since it flickers up to Heaven through the night."
Thus I pacified Psyche and kissed her,
And tempted her out of her gloom—
And conquered her scruples and gloom:
And we passed to the end of the vista,
But were stopped by the door of a tomb—
By the door of a legended tomb;
And I said—"What is written, sweet sister,
On the door of this legended tomb?"
She replied—"Ulalume—Ulalume—
'Tis the vault of thy lost Ulalume!"
Then my heart it grew ashen and sober
As the leaves that were crispèd and sere—
As the leaves that were withering and sere,
And I cried—"It was surely October
On this very night of last year
That I journeyed—I journeyed down here—
That I brought a dread burden down here—
On this night of all nights in the year,
Oh, what demon has tempted me here?
Well I know, now, this dim lake of Auber—
This misty mid region of Weir—
Well I know, now, this dank tarn of Auber—
In the ghoul-haunted woodland of Weir."
Said we, then—the two, then—"Ah, can it
Have been that the woodlandish ghouls—
The pitiful, the merciful ghouls—
To bar up our way and to ban it
From the secret that lies in these wolds—
From the thing that lies hidden in these wolds—
Had drawn up the spectre of a planet
From the limbo of lunary souls—
This sinfully scintillant planet
From the Hell of the planetary souls?"
— EDGAR ALLAN POE
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On The Size Of Chords
By George Trimble
About 150 C.E., in the first chapter of his Mathematike Syntaxis,
Claudius Ptolemy wrote On the size of chords, wherein he described
how he went about preparing the worlds first trigonometric tables. In
his own words:
“We do this so that we may not merely have the amounts
of the chords tabulated unchecked, but may also undertake to
readily verify them by computing them by a strict geometrical
method. In general we will use the sexagesimal system for our
arithmetical computations, because of the awkwardness of the
[conventional] fractional system. Since we always aim at a
good approximation, we will carry out multiplications and divisions only as far as to achieve a result which differs from the
precision achievable by the senses by a negligible amount.”
– Translation by G.J. Toomer
Before he could write the most successful textbook on astronomy ever written, Ptolemy
had to provide the mathematical tools that would be needed to make progress.
To say it was the most successful textbook on astronomy is no exaggeration. It was the
last word on astronomy for almost 1,400 years, replacing all previous works. It was not supplanted until 1543 with the publication of De revolutionibus orbium coelestium by Nicolaus
Copernicus.
The original title in ancient Greek: Mathematike Syntaxis (Mathematical Treatise,) later
became: He Megale Syntaxis (The Great Treatise). The ancient Greek superlative form of
‘megale’ (great) is ‘megiste’ (greatest), from which derives the Arabic name al-majisti. We are
lucky to have this great work preserved for us by the Arabs through translation; otherwise it
would have been lost to Western civilization. From the Arabic name we have the modern English
title of the work: Almagest. It is truly: The Greatest.
Studying the methods of Ptolemy gives us a means to connect with the deep history of
astronomy, and gives us a better appreciation of the convenient, modern tools that we take for
granted today. There are not many who have pre-computed their own tables of sine, cosine and
tangent functions before relying on them to do mathematics in their pursuit of astronomy. We
rely on the fact that these values live quietly within our calculator’s memory.
Unlike the modern trigonometric functions which are based on right triangle ratios, the
chord function is based on an isosceles triangle inscribed in a circle with one apex at the center
of the circle, and the other two resting on the circumference. The side of the triangle with both
endpoints on the circumference is known as a chord of the circle. The other two sides are radii of
the circle. The chord function gives the ratio of the length of the chord to the radius of the circle.
The value of this ratio is characteristic of the angle at the apex of the triangle situated at the
center of the circle. It is independent of the size of the circle.
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The chord function is a close mathematical relative of the sine function. It is related to the
sine function by a factor of two: if instead of the inscribed angle we use half the inscribed angle,
and instead of the chord length we use half the chord length, then the sine function is the result.
For this reason the sine function is also known as the half-chord function.

Like all trigonometric functions, the chord function is of value for solving for unknown
angles or side lengths of a triangle, given known angles or side lengths. The solution, however,
relies on knowing the ratio between sides for any given central angle ahead of time. For the
chord function to be of ready value for applications in astronomy, a precompiled table of chord
values is needed for every angle. Ptolemy is credited with giving us the first trigonometric tables.
Again, in his words:
“For the user’s convenience, then, we shall subsequently set out a table of their
amounts, dividing the circumference into 360 parts, and tabulating the chords subtended by the arcs at intervals of half a degree, expressing each as a number of parts
in a system where the diameter is divided into 120 parts. [We adopt this norm] because of its arithmetical convenience, which will become apparent from the actual
calculations. But first we shall show how one can undertake the calculation of their
amounts by a simple and rapid method, using as few theorems as possible, the same
set for all.”
– Translation by G.J. Toomer
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So begins the greatest astronomy text book ever written. Let’s follow Ptolemy as he proceeds, and see what his words can still teach us, echoing down the ages from some 2000 years
ago:
Refer to the follow series of drawings that I have prepared as you read what follows.
Imagine that I prepared them as compass and rule drawings. (All bold text in quotations hereafter is from the translation by G.J. Toomer.)
“First, then, let there be a semi–circle ABG about center D and on diameter ADG.
Draw DB perpendicular to AG at D. Let DG be bisected at E, join EB, and let EZ be made
equal to EB. Join ZB.”
Of the final diagram at left, Ptolemy continues:
“I say that ZD is the side of a [regular] decagon, and
BZ the side of a [regular] pentagon.
[Proof:] Since the straight line DG is bisected at E, and a
straight line DZ is adjacent to it, GZ*ZD + ED2 = EZ2 ”
Ptolemy assumes of his educated reader that this statement is too obvious to bother proving. He assumes it is selfevident. I will walk you through my proof of this, so that we may
then pick back up with Ptolemy. Refer to the following diagrams.
Ptolemy claims that:
GZ*ZD + (ED)2 = (EZ)2
Where GZ, for example, is understood to be the length of
the line segment and multiplications are indicated by an asterisk.
Referring to the first term, GZ*ZD, we may understand
this as two lengths, multiplied. We are free to imagine these
lengths arranged perpendicular to one another and joined at
their endpoints such that the multiplication of the two yields an
area. Notice, in red, how I have set my compass point at Z and
adjusted the arm spread to length ZD and traced out an arc to
intersect a perpendicular to ZD at Z. The figure thus constructed
is a rectangle with area GZ*ZD.
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The second term of Ptolemy’s equation is (ED)2. This too may be interpreted as the area of
a small square, ED*ED, by similar reasoning:

Finally the third term, (EZ)2, may be interpreted as the area of a large square:

Ptolemy’s equation may be written graphically as follows:
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Rectangle

Small Square

Large Square

When we superimpose all the shapes on the same diagram, we have what follows:

And taking the relevant shapes off to one side to work with alone, we have what follows:
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From this figure, it important to remember that ZD = ZD’, so the shape shown below in
red must be a square:

Remember, too, that ED = ED” making the figure shown below in red a square as well:
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The figure outlined in red below is also a square, since it was constructed that way:

From these truths, the following must arise: Since ZE = ZE’ and ZD = ZD’ then DE must
equal D’E’ as shown below:
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And remembering, from the original construction, that E was located by bisecting DG, so
DE = EG and, therefore by substitution, EG = D’E’:

Since ZD’ and the side opposite are part of a rectangle, they must be equal to each other
in length, as shown below:
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Also, since we previously found that ZD = ZD’ we have the following sides also equivalent
as marked below:

From all of the above, we may conclude the two rectangles outlined below in red must be
equal and have equal areas, since they both have 2 corresponding sides:
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Let’s return to a previous drawing, shown again below, to follow another train of thought:

Remembering that DE is the side of a small square, then by inspection of the drawing
the following sides must all be equal:
Therefore the two shapes outlined below in red must both be squares of equal proportions
and areas:
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To the areas of the original drawing that remain unlabeled we assign the following designations that represent the areas of the shapes that contain them:

Finally, by inspection we note that: b + e = a:
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We may now show that Ptolemy was right in claiming that GZ*ZD + (ED)2 = (EZ)2.
As before, we may rephrase his equation with words:
The rectangle + the small square = the large square:

Large Square

Small Square

Rectangle

We may rephrase this by substituting the smaller areas which comprise the above–mentioned shapes by reference to the following diagram:

rectangle + the small square = the large square
(c+a+a) +

(b)

=

(a+a+b+c)

[remembering that b + e = a]

or, simplified:
c+2a+b = c+2a+b
Showing that Ptolemy is correct: GZ*ZD + (ED)2 = (EZ)2
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Now lets pick up where we left–off with Ptolemy:
“But (EZ)2 = (BE)2”
“And (EB)2 = (ED)2 + (DB)2”
Therefore “GZ*ZD + (ED)2 = (ED)2 + (DB)2”
Therefore “GZ*ZD = (DB)2”
Therefore “GZ*ZD = (DG)2”

(Since EB = ZE)
(By the Pythagorean Theorem)
(By substitution)
(subtracting ED2, common)
(Since DB = DG, both radii of circle)

“So ZG has been cut in extreme and mean ratio at D.”
Here again Ptolemy assumes much of a modern reader. This statement is cryptic and will
require some explanation. What he is talking about is something known in mathematics as “the
Golden Mean.” It is a special ratio revered by the ancients. He is stating that the line ZG has
been divided at D in such fashion that the whole length is to the greater part as the greater part
is to the lesser. That is to say their ratios are equal:
GZ/DG = DG/ZD
Rearranging:
GZ*ZD = (DG)2

(which was his conclusion above)

Ptolemy next remembers a lesson from Euclid’s Elements:
“Now since the side of the hexagon and the side of a decagon, when both are
inscribed in the same circle, make up the extreme and mean ratios of the same
straight line, and since GD, being a radius, represents the side of the hexagon, DZ is
equal to the side of a decagon.”
To understand Ptolemy’s point, let’s take the original line AG with midpoint D and construct a complete circle centered on D. Next, within this circle we will construct a hexagon remembering that the side of a hexagon inscribed in a circle has a side length equal to the radius
(DG in this case):
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We will next construct a decagon within a circle of the same radius and show that the side
length of the decagon is DZ as claimed.
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Ptolemy is correct in deducing that DZ is the side of a regular decagon.
Now, remembering that DG = BD, Ptolemy continues:
“Similarly, since the square on the side of the pentagon equals the sums of the
squares on the sides of the hexagon and decagon when all are inscribed in the same
circle, and in the right–angled triangle BDZ, the square on BZ equals the sum of the
squares on BD, which is the side of a hexagon, and on DZ, which is the side of a decagon, it follows that BZ equals the side of a pentagon.”
Study the following diagram to see what Ptolemy means in deducing that BZ must be the
side of a pentagon. Notice how triangle BDZ, which we have already established as having sides
of a decagon and hexagon, has a hypotenuse equal to the side of a regular pentagon. The
Pythagorean Theory guarantees the sum of the squares on the sides must equal the square on
the hypotenuse, as shown.

Now for Ptolemy’s masterstroke:
“Since, then, as I said we set the diameter of the circle to 120 parts, it follows
from above that:”
DE = 30 parts
(DE)2 = 900 parts
BD = 60 parts
(BD)2 = 3600 parts
EZ2 = EB2 = 4500 parts
Therefore EZ = 67;4,55 parts

(DE is half the radius)
(DB is a radius)
(the sum of the squares of DE and BD)
(sexagesimal notation, the square root of 4500)
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In the sexagesimal notation of Ptolemy, the semicolon is the “sexagesimal point” and the
first number to the right is the 60ths place and the next number to the right of that, separated by
a comma is the 3600ths place. So, converting to decimal:
67 + 4/60 + 55/3600 = 67+.06666 +.01527 = 67.08194
Compare his result to the result you get for the square root of 4500 on your calculator.
“And by subtraction [of DE from EZ], DZ = 37;4,55 parts.” (37.08194 parts)
“So the side of a decagon, which subtends 36º, has 37;4,55 parts where the
diameter has 120 parts.”
Remembering that the chord function is the ratio of the chord length to the radius of the
circle, the value of the chord function will then be:
37.08194 / 60 =.618032
Ptolemy’s table entry is:
0;37,4,55
Translated to decimal:
0 + 37/60 + 4/3600 + 55/216000 = .618032
Note that the convenience of using a circle of diameter 120 is that the division by the
radius of 60 of 37;4,55 yields 0;37,4,55. It is the equivalent of moving the decimal point to the
left when dividing by 10 in base ten. Here we move the sexagesimal point left in base 60 when
dividing by 60. Ptolemy was brilliant.
Ptolemy continues:
“Again, since”
DZ = 37;4,55 parts
(DZ)2 =1375;4,15 parts
DB2 = 3600 parts
So BZ2 = DZ2 + DB2 = 4975;4,15 parts
Therefore BZ = 70;32,3 parts

(1375.070274 parts in decimal)

(70.534178 parts in decimal)

“Therefore the side of a pentagon, which subtends 72º, contains 70;32,3 parts
where the diameter has 120 parts.”
So the value of the chord function at 72º is:
70;32,3 / 60 = 0;70,32,3 (Which is, indeed, the entry in his table of chords.)
Or 1.175569 in decimal
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“It is immediately obvious that the side of the [inscribed] hexagon, which subtends 60º and is equal to the radius, contains 60 parts.”
The chord function for 60º is therefore:
60/60 = 0;60,0

(his table entry)

Or simply 1 in decimal.
Ptolemy then goes on to establish the values of the chord function for the square and
triangle, whose sides subtend angles of 90º and 120º respectively.
Ptolemy has thus far given chord function values for angles 36, 72, 60, 90, and 120 degrees. He then demonstrates how to find the chord function for the supplement to the above
angles: (180-angle). He thus supplies values for 144, 108 and 120 degrees. Ultimately he uses
numerous geometric tricks to establish the chord function values of all angles down to ½ degree!
One may argue that you can produce a table of chords by simply drawing the central
angle in question with a protractor, and connecting the intersections of the angle’s rays where
they meet the circumference of the circle to form a chord. One could measure the chord and the
radius of the circle that it is inscribed in and form the ratio. The problem with this approach is
that the precision is limited to the tools you used to make the drawing and take the measurements. Ptolemy’s approach yields a ratio. You can perform the division out to as many decimal
places that you need for the desired precision of your calculation!
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Thoughts On The Solar Apex
By George Gliba
By a lucky coincidence the Solar Apex, which is the direction of
the Sun’s motion through the Milky Way, is nearly the same as the
location of the Lyrid Meteor Shower radiant , which peaks on Earth Day
Morning, April 22nd. What better time than while watching for meteors
from the annual Lyrid Meteor Shower, to think of the Earth moving with
the Sun toward the same location in Space.
This inspired me to write a poem a few years ago.

Earth Day Morning
Earth Day Morning
Moving with the Sun
Together in Space
Towards the Place
Among the Stars
Where Meteors Come
– G.W. Gliba
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Editors Note:
George Gliba was clouded out for the Lyrid maximum on Earth Day morning, April 22nd.
However, he observed 16 Lyrids in two hours on the morning of April 21st from 1:04 AM to 3:04
AM EDT at Mathias, West Virginia with a limiting magnitude of around 6.4 magnitude. The
average Lyrid was a rather faint 3.6 magnitude. Still not a bad show, he said.
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Constellation Quiz
By Dan Rothstein

This month’s questions:
1. Locate Hill’s obsolete constellation Arguilla the Eel.
2. Where is Royer’s Sceptrum et Manus Iustutiae.
3. What stars make up Ziwei, the Chinese border called the Eastern Wall?
4. Identify Brustwehr’s asterism called Pluteum.

Answers to last issue’s questions:
1. Above the tail of the Serpent, which lies above Scutum, is the V-shaped obsolete constellation, now just an asterism, known as Poniatowski’s Bull. It is wedged-in between the right
shoulder of Ophiuchus, the Eagle Aquila and Serpens Cauda, the stars now belonging to
Ophiuchus. It lies a few degrees southeast of ß Ophiuchi (Cebalrai). It was created in 1777 by
the former rector of Vilnius University and director of the Royal Observatory of Vilnius (now in
Lithuania), Abbe Marcin Odlancki Poczobutt. He invented it to honor his king Stanislaw August
Poniatowski, monarch of Poland and Lithuania. The King was a noted patron of the arts and
sciences, and the bull was a feature of the family’s coat of arms. Its stars were picked because
of their resemblance to a miniature version of the V of the Hyades, the horns and face of Taurus,
which seems to be charging east toward the Milky Way. Some of its stars had been part of the
earlier River Tigris. The right (western part of the V) starts at 68 (the point of the V at 4.4 mag),
north to 67 (mag 4.0), 66 (4.6), and much further north 71 (5th) and 72 (3.7). The eastern part
of the V is 70 (4.0), and 73 (6th), all in Ophiuchus. Cebalrai and γ Ophiuchi lie in the body of the
little bull. Poczobutt published a catalog of 16 stars in this group, but Bode later scraped together
no fewer than 80. The five brightest stars of the face (except 70) and γ were once thought (no
longer) to belong to the loose open cluster Collinder 359, or Melotte 186. To the right of the bull
(one degree northeast of ß) is the beautiful open cluster IC 4665. 70 Ophiuchi is a fine yellow
and orange double which has a very short 88 year period, and 67 is a blue and white pair. But
the most famous star in the little bull is Barnard’s Star, the faint (absolute magnitude +13.4) red
dwarf, the second closest star to our sun, with the highest proper motion of any charted star,
moving 10 arc seconds annually.
2. The Assyrians and Sumerians were responsible for many of the first incarnations of our
modern zodiacal constellations, which were subsumed into the Babylonian tradition, found on
cuneiform tablets. The first formal list of their constellations was the Three Stars Each texts
appearing about the 12th century BCE, which divide the heavens into three parts; the northern
hemisphere, the equatorial region, and the southern hemisphere. Each region belonged to a
different god. The divisions were at 17 degrees north and south, so that the sun spent exactly 1/
3 of the year in each region. About 1000 BC they were reworked on the basis of more accurate
observations, including more circumpolar and zodiacal constellations. These are known as the
MUL.APIN after the first Babylonian constellation Apin, the Plough, which is our current
Triangulum plus γ Andromedae. This catalog lists 17 or 18 constellations in the zodiac (the path
of the Moon). By about the 7th century BCE this set had been reduced to 12 equally spaced
signs, which were later borrowed by the Egyptians and then the Greeks. The first one was
MUL.MUL, the Pleiades in Taurus, which in the early to middle Bronze Age was near where the
Vernal Equinox was located, not yet into Aries as in classical Greek times. Contrary to its name,
the Hired Man was represented in the heavens by the familiar ram or lamb of Aries. By the time

The Valley Skywatcher * Spring 2018 * Volume 55-2 * Page 28

ofspring in the Middle East, light has triumphed over darkness and as such new life is celebrated.
In the fields and folds, the spring is the time of nature’s abundance when the majority of animals
(lambs, kids, and cattle) bear their young and the harvest is brought in, before the oppression of
the summer season. The name of the Hired Man refers to the hired labor (freeman rather than
bondsman) used to bring in the springtime barley harvest. Purposely, both the word “man” and
“sheep” are pronounced “lu” expressing the dual nature of the constellation. In the Greek tradition, it appears as the horned lamb with the golden fleece, possession of which conferred kingship, its radiant fleece pointing to the solar nature of the lamb. In many of these societies the
king’s coronation, at the start of their year, occurred at this time. The Great Swallow, or exalted
bird, refers to the neck of our Pegasus (around ε) plus the western fish (the southwestern part)
of Pisces. The Swallow may recount how a dove brooded an enormous egg, which was found
floating in the ocean by two fish, from which the Syrian goddess was born (also part of the
Greek myths). The remainder of Pegasus the Square, was the Babylonian “field”, a barley field
divided by a series of irrigation ditches, its omens foretelling the nature of the coming harvest.
Some of this is taken from Babylonian Star-lore by Gavin White.
3. The Southern Cross, commonly used to find the South Celestial Pole, includes the four
brightest stars of Crux (our smallest constellation): α (Acrux), β, γ (Gacrux), and δ The head of the
cross points outward, away from the south celestial pole and has been recognized since preChristian times. It was used to represent the four pagan virtues: Justice, Fortitude, Temperance,
and Prudence. There are two other prominent crosses nearby which are commonly confused with
the Southern Cross and do not align with the south celestial pole. The first is commonly called
the False Cross. It is 25 degrees west northwest of the true cross and is a little larger (the upright of the true cross is only six degrees long), so it tends to grab the attention of new observers first. It lies to the west, straight south of Canopus, its four 2nd magnitude stars being κ and δ
Velorum, and ε (Avior) and ι (Aspidiske) Carinae. The true cross has a kite shape while the false
cross is more of a diamond shape where the cross bar (Aspidiske and δ Velorum) is not at a right
angle to the upright. The Diamond Cross is closer to the pole than the false cross and almost
parallel to it, composed of four other dimmer stars in Carina: θ (in the midst of the Southern
Pleiades) and β (Miaplacidus, its only 1st magnitude star) being the upright, and ω and υ
Carinae being the crossbar. All three crosses lack a central star at the junction of the upright and
the crossbar.
4. Our modern star Deneb, appears as Arided in the Alfonsine Tables (a table of planetary
positions used before Kepler) as a corruption of the Arabic term Aridif, which comes from Al Ridf,
the “hindmost”. A more modern Arabic interpretation is Al Dhanab al Dajajah, the hen’s tail,
which became Denebadigege, or Denebedgege, or Deneb Adige. Germen astronomer Bayer
changed it to Arrioph, with an alternate title of Gallina, which was subsequently Latinized by Cary
into Arion. Arion may refer to the mythological musician Arion, who along with Orpheus, were
famous lute players, and who were both turned into swans after their deaths. Arion supposedly
was robbed by the crew of the ship he was riding in and thrown overboard. He was rescued by
dolphins, riding one back to the shores of Greece. Our star Deneb was once referred to as the
pope’s nose, the posterior part of a bird’s body, from which the tail feathers grow. From Allen’s
Star Names.
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Reflections (Continued)
Astronomy—Themed Poetry

Allusions in Poe’s Poem, Ulalume
“Much work has been done by scholars to identify all of Poe's allusions, most notably by Thomas
Ollive Mabbott, though other scholars suggest that the names throughout the poem should be
valued only because of their poetic sounds.The title itself suggests wailing (from the Latin
ululare). The name may also allude to the Latin lumen, a light symbolizing sorrow. The narrator
personifies his soul as the ancient Greek Psyche, representing the irrational but careful part of
his subconsciousness. It is Psyche who first feels concerned about where they are walking and
makes the first recognition that they have reached Ulalume's vault.
The bright star they see is Astarte, a goddess associated with Venus and connected with fertility
and sexuality. The "sinfully scintillant planet" in the original final verse is another reference to
Venus. Astarte may represent a sexual temptress or a vision of the ideal. Mount Yaanek, with its
"sulphurous currents" in the "ultimate climes of the pole", has been associated with Mount
Erebus, a volcano in Antarctica first sighted in 1841, although Yaanek's location is specified as
being in "the realms of the boreal pole", indicating an Arctic location rather than an Antarctic one
for the fictional counterpart. The Auber and Weir references in the poem may be to two contemporaries of Poe: Daniel François Esprit Auber, a composer of sad operatic tunes, and Robert
Walter Weir, a painter of the Hudson River School famous for his landscapes.”
From Wikipedia contributors. (2017, November 13). Ulalume. In Wikipedia, The Free Encyclopedia. Retrieved 20:32, April 26, 2018,
from https://en.wikipedia.org/w/index.php?title=Ulalume&oldid=810052317

Who is Astarte?
“Astarte (Greek: Astárte) is the Hellenized form of the Middle
Eastern goddess Astoreth (Northwest Semitic), a form of
Ishtar (East Semitic), worshipped from the Bronze Age through
classical antiquity. The name is particularly associated with her
worship in the ancient Levant among the Canaanites and
Phoenicians. She was also celebrated in Egypt following the
importation of Levantine cults there. The name Astarte is
sometimes also applied to her cults in Mesopotamian cultures
like Assyria and Babylonia.”
From Wikipedia contributors. (2018, February 23). Astarte. In Wikipedia, The Free
Encyclopedia. Retrieved 20:26, April 26, 2018, from https://en.wikipedia.org/w/
index.php?title=Astarte&oldid=827188114

One may readily see the
crescent Venus symbolism
both in the goddess
statuette’s headdress and
in the ancient zodiacal symbol for the planet Venus.
Statuette Goddess Astarte.
Louvre Museum [Public
domain or Public domain],
from Wikimedia Commons
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The skies they were ashen and sober;
The leaves they were crispéd and sere—
The leaves they were withering and sere;

Commentary and Astronomical Analysis
The first three stanzas strongly suggest fall. The forth stanza
confirms this.

It was night in the lonesome October
Of my most immemorial year;
And now, as the night was senescent
And star-dials pointed to morn—
As the star-dials hinted of morn—
At the end of our path a liquescent
And nebulous lustre was born,
Out of which a miraculous crescent
Arose with a duplicate horn—
Astarte’s bediamonded crescent
Distinct with its duplicate horn.

Senescent: from the Latin root word meaning to grow old. The
night is coming to an end. They are traveling east and notice
the glow of dawn as the birth of a ‘nebulous lustre.’ Birth is
often associated with east. Into the gloaming rises Venus, the
miraculous crescent. The duplicate horn refers to the headdress of the goddess Astarte (Venus) – which, while often
mistaken (or intentionally misrepresented) as horns, is actually an upended planetary crescent. Notably, the location of
the sun from this description is fairly well limited. It must be
greater than 6º below the horizon (the civil twilight line)
otherwise stars and planets would not be visible. It must be
above the 12º Nautical twilight line as it is here that a substantial visible gloaming occurs on the horizon, below this line
it is not truly dark enough for good astronomical work unless
the sun is lower than the Astronomical Twilight line at 18º
below the horizon, but there is not an obvious gloaming.

And I said—”She is warmer than Dian:
She rolls through an ether of sighs—
She revels in a region of sighs:

Diana: the goddess of the moon, among other things. Here he
compares the previously mentioned crescent body to the moon
These cheeks, where the worm never dies, making it clear that it is not the moon but Venus that is earlier
referenced. Having “…come past the stars of the Lion” and
And has come past the stars of the Lion
“come up through the lair of the Lion” both imply that Venus
has moved east out of the constellation of Leo and is now
To point us the path to the skies—
amongst the stars of Virgo. Retrograde motion with respect to
the stars is characteristic of the planets, the sun and the
To the Lethean peace of the skies—
moon. Notably, in the month of October, the sun would be
Come up, in despite of the Lion,
amongst the stars of Virgo or Libra and, so, close to the planet
Venus, as it always must be. The poem has good internal
To shine on us with her bright eyes—
consistency and astronomical sophistication.
She has seen that the tears are not dry on

Come up through the lair of the Lion,
With love in her luminous eyes.”
But Psyche, uplifting her finger,
Said—”Sadly this star I mistrust—

Venus misidentified as a star. Probably poetic license. In days
of yore, planets were known as wandering stars. The word
planet stems from the Greek word for “wanderer.”

Had drawn up the spectre of a planet
From the limbo of lunary souls—

Finally the miraculous crescent identified as a planet.

This sinfully scintillant planet
From the Hell of the planetary souls?”

— Commentary & Analysis by George Trimble
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