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A Brief Explanation of the Journal Article on Planetary Magnitudes
By Tony Mallama
After seventeen years of study, a paper entitled ‘Comprehensive Magnitudes and Albedos of the Planets, with Applications to Exo-Planets and Planet Nine’ was published in the professional journal Icarus. That rather long title is
shortened here to ‘CM’. The CM journal paper was written for specialists, so I prepared this brief article to explain
its major contents for the general reader.
Brightness measurement is one of the principal techniques for research on astronomical objects. The brightness, or
‘magnitude’, of a planet is important because it relates to the heat balance between the surface of the planet, its
atmosphere and outer space. Magnitudes are also listed in astronomical almanacs and magazines to guide observers. The CM paper provides a complete and accurate listing of the magnitudes of all the planets (including the Earth)
over a wide range of colors for the first time.
During the course of the investigation, my colleagues and I noticed significant variations in the magnitudes of nearly
all the planets, some of which that had not been described before. One notable example is the enhanced brightness
of Mars during its global dust storms. Another is the mysterious brightness increase of Neptune which began during
the 1980s but is not understood even to this day.
Additionally, we studied the brightness of the planets as functions of their illumination phases which resemble
those of the moon. These variations of brightness with phase provided new insights into some of the planets. The
surface of Mercury was found to be about as rough as that of the moon. A layer of sulfuric acid droplets was revealed above the cloud tops of Venus. These acid droplets produce a Venusian rainbow similar to the rainbows we
see here on Earth.
Besides the eight known planets there is evidence for another large body in the solar system. This planet has not yet
been detected because it lies far beyond all the others. The hypothetical object has been termed Planet Nine and it
is currently the subject of an intensive telescopic search. If P9 does indeed exist it would appear as a mere pinpoint
of light, like a distant star. In the CM paper we estimated the brightness and color of P9 which may help in the detection of the remote planet.
In recent years astronomers have discovered many additional planets circling other stars many light years away. The
CM paper uses the information that we distilled from the planets Mercury through Neptune and applies it to the
search for these ‘exo-planets’. The article also tells how those distant bodies may be understood by comparing their
magnitudes to those of the solar system planets.
So, the CM paper is a universal guide to the brightness characteristics of all planets, whether known or still to be
discovered. Moreover, the study applies to the family of bodies that reside within our solar system and to the uncounted multitude of planets which populate our galaxy.
2016 October 1
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Astronomy-Related Photographs from our Trip to Europe
By Marty Mullet
The Amalienburg, Hofburg Palace,
Imperial Palace, Vienna, Austria.
Built in 1575-1577. Note the items
above and below the clock face.

Vertical (or mural) sundial on the face of the building.

Lunar clock showing current phase of the moon.
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Rijksmuseum, Amsterdam, Netherlands. Celestial Globe, built in 1645-1648. Note that thee constellations are reversed,
since the images are from the ‘outside’ of the heavens. Ursa Major, Leo and Cancer are visible.

As close as I can determine, this is (L to R) Serpens,
Hercules and Ophiuchus.

Detail of celestial globe.
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Measurement of Sagita
By George Trimble

Grinding your own telescope mirror is an enjoyable and rewarding experience. With the most rudimentary tools,
anyone can produce a high quality optical instrument at home with surface precision of a few millionths of an inch.
It is astonishing that the required optical perfection needed to form a sharp image is attainable to anyone with the
desire, motivation and time. The hardest part of grinding a perfect telescope mirror is not the grinding. It is the
measuring that is the challenge.
Most makers will start with the choice of the size of their objective mirror (or perhaps this choice was made for
them when they inherited a glass blank). The next decision will naturally be to choose a focal ratio. I found a deal
on a 10” diameter Pyrex® blank on eBay, and because of my interest in planetary viewing, I chose f/10 as my target
focal ratio. The focal ratio is the focal length (FL) divided by the mirror diameter (D):
f = FL/D
To calculate the focal length, solve algebraically:
f * D = FL
In my case, the focal length will be:
10*10” = 100”
It is known from experiment that a concave spherical mirror will produce an image at a distance from the mirror’s
surface equal to the focal length when the radius of curvature, (R), of the mirror’s surface is two times the focal
length:
R = 2*FL
In my case:
R = 2*100”
R = 200”
My mirror will require a reflective surface that would fit perfectly against the surface of a sphere with a radius of
200” – that’s a diameter of 400” (33.3 feet!)
Refer to the diagram below. What is shown is a rectangular cross section through the center of a circular glass mirror-blank of diameter (D). Shown also is the circular cross section of a sphere of radius (R) intersecting our disc such
that both top edges of the rectangular cross section are touching the circumference of the circle.
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The intersection of the two geometric objects defines the glass that needs to be removed by grinding to leave an
optical surface of the dimensions required for our purpose. Here, note that many circles of different radii can be
made to intersect the glass as shown. However, circles of differing radii will result in differing areas of overlap between the shapes:

R
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Removing the glass is easy. Removing glass in a way that leaves an optically perfect spherical surface is also deceptively simple. The trick of the thing is getting a surface that approximates the one sphere out of the infinite available, that has the radius of curvature (R) that we desire! Remember, R/2 will be the desired focal length (FL), and focal length divided by mirror diameter (D) is the focal ratio we seek (f/10 in my case).
So the first hurdle for the novice to overcome in grinding his own mirror is the problem of how to calculate how
much glass to remove and how to measure this with accuracy. The depth from the original surface to the final surface as measured at the center of the disc is known as the sagita. The sagita is the target depth to which we must
remove glass to attain the focal ratio we desire. We must know this target number before we begin grinding, and
we will need a means to measure our progress as we grind. This is easier than one may first guess, and should pose
no obstacle to a beginner. Refer to the next diagram.

Note that the radius of curvature of the circle (R) is labeled, I’ve dropped a vertical line from the center of the circle
to the base of the concavity, I’ve labeled the greatest depth of the amount of glass that needs to be removed as (s)
(this is the sagita), and I’ve labeled the vertical side of triangle formed in the circle as R-s. Convince yourself that the
length of the triangle’s vertical side is, in fact, R-s.
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We will work with the triangle in this diagram in an effort to solve for the value of the sagita, (s).
Note that the horizontal side of the triangle has a length equal to half the diameter of the mirror, D/2. Note also
that the hypotenuse of the triangle has a length equal to the radius of the circle, (R).
Refer to the following diagram. Here, I’ve reoriented the right triangle in standard position, for clarity, by rotating
and flipping. We will now use the Pythagorean theorem to calculate the required value of (s):

R

D/2

R-s

2

2

2

Hypotenuse = base + side
2

2

R =(R-s) + (D/2)
2

2

2

R - (D/2) = (R-s)

2

√(R2 - (D/2)2) = R-s
R - √(R - (D/2) ) = s
2

2

Sagita Formula!

In my specific case:
200 - √(200 – (10/2) ) = 0.06251 inches (just a touch over 1/16”)
2

2

That’s a very small amount of glass to remove!
We now need a physical means by which to measure how much glass we are removing as we grind.
In the first stage of grinding, called “hogging-out”, specific grinding techniques are used to establish the depth we
wish to target, and a rough first approximation of the spherically shaped surface. Below are three photos of the
simple tool we build to accomplish this task:
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This tool is a simple depth gauge. You need not build one. Simple automobile feeler gauges will suffice, however,
the dial gauge indicator used for this tool is more accurate and will be needed to build your spherometer tool later.
After placing the assembled tool down on a flat surface (a “reference flat” – mine is a slab of polished marble) and
turning the bezel ring to bring the zero label to the needle position, the tool is ready to measure sagita. In the last
picture above, note how the indicator reads 0.063, when read off of the red scale (0.001*63 = 0.063). I’ll remind you
that my target sagita was 0.06251, so I’m just a bit too deep.
The tool shown in the above photos will get the sagita depth right, but will be inadequate for measuring whether or
not the shape of the surface is correct. Refer to the next diagram to see why.

The mirror in the above diagram has the proper sagita, but a very poor surface shape. To measure the surface shape
of your mirror in later grinding and polishing stages, you will need a spherometer (which I describe next), and eventually a simple, homemade slit lamp for the even more sensitive Foucault knife-edge test (perhaps a show-and-tell
at a future meeting, or the topic of another article).
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To test the surface at points other than center, one must have a smaller tool, so that all edge supports are equidistant from the point being measured. A spherometer is the tool for this job.
The spherometer is essentially a tripod support for the dial gauge indicator. Mine was made with a v-belt pulley
fitted with a brass central hole adapter so that the dial indicator would fit snugly. Each of the three radial arms was
drilled at an equal distance from center to accept a ¼” bolt with a cylindrical Allen head. The bolts were secured
with nylon lock nuts. Note the cylindrical stand-offs used as spacers. Into the Allen head recesses, were epoxied
three ¼” steel balls. The steel balls ensure that only point-contact is made with the glass. This apparatus allows almost any point on the surface of the glass to be compared with any other. The goal, of course, is to create an invariant surface from point-to-point (a perfect sphere). The dial indicator should not budge, no mater where the tool is
pushed around on the surface of the glass.
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The spherometer is not just used for point-to-point surface comparisons, but may also be used to measure the local
sagita for the region under measurement. To do so, we must first work out the mathematics for the individual tool.
You can skip to the end and just use the formulae, if you like! Refer to the diagram below:

Sagita, as measured on mirror surface
with spherometer tool

If we wish to sample a smaller portion of the surface of the mirror for a sagita measurement using our spherometer,
say a section of diameter (d), we make a slight modification to the sagita formula previously derived in order to calculate the target sagita as measured using our tool of diameter (d).
Use the general sagita formula:
s = R - √(R – (D/2) )
2

2

Now, substitute (d), the diameter of the spherometer, for (D) the diameter of the whole mirror:
s = R - √(R – (d/2) )
2

2

Recognize that d/2 is just r, the radius of the spherometer:
s = R - √(R – (r) )
2

2

we will return to this at the end…

The next task is to determine the radius of the device we built, as measured from its geometric center.
We may then use this value to calculate the target sagita we seek, as measured with the spherometer.
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The geometric center may differ a very small bit from the center of the pulley because we may have slight inaccuracies in the placement of the drilled holes. To determine the spherometer radius, we will resort to trigonometry. Refer to the following diagram, which represents the three ¼” ball feet of the spherometer (I’ve exaggerated the deviation from the ideal equilateral triangle):

Make measurements of distances a, b, and c using outside calipers. Subtract ¼” from each measurement to accommodate the extra 1/8” that each end of the line exceeds the center of the ¼” balls. Each measurement is thus adjusted to a center-to-center measurement between balls. These measurements represent the distances between
points of glass contact for our device. Below is a table containing my measurements. Your measurements will differ
from mine, of course.
Measured Leg

My Measurement

Subtract ¼”

On-Center Distance

a

3.2981”

0.25”

3.0481”

b

3.3113”

0.25”

3.0613”

c

3.3185”

0.25”

3.0685”

Next, I show geometrically how to find the center of the circle that contains three given points. Our strategy will be
to take this generic geometric method and convert it into the language of algebra for use in obtaining a specific,
exact solution for our data.
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Choose any two legs of the triangle to work with. Use a compass and ruler to bisect each of the two lines in typical
fashion. The intersection of these two bisectors will intersect at the center of the circle that contains all three
points. Using a compass with the point at the newly found center, draw the circle that contains the three points,
and measure the radius of this circle with a ruler.
We next convert this approach to the language of algebra, so we may pursue an exact, numerical solution.
Since we have a triangle with 3 sides of known length, we may use the Law of Cosines to solve for the angles.
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Refer to the triangle below:

The Law of Cosines states:
2

2

2

2

2

2

2

2

2

c = a + b – 2ab*cos γ
a = b + c – 2bc*cos α
b = a + c – 2ac*cos β
Each of the above equations may be solved for their respective angles. Substituting the measured side values returns the value of the indicated angle in degrees. For example:
-1

2

2

2

cos ((a - b - c ) / (– 2bc)) = α
Substituting my data, from the table above, and solving I get

γ = 60.2986 degrees
α = 59.6375 degrees
β = 60.0638 degrees
for the angles of the triangle formed by the feet of my spherometer.
We now use the angle alpha to construct the equation of the line for side (b):
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This triangle was constructed by dropping a line from the vertex at (C) perpendicular to the base (c) of the triangle
in the previous diagram.
The slope, (m) of the line (b) is:
m = (Δy / Δx)
m = bsinα / bcosα
m = bsin(59.6375) / bcos(59.6375)

(In my specific case)

Remembering that from the slope equation may be developed the equation of a line:
m = (Δy / Δx)
m = (y2-y1) / (x2-x1)
m(x2-x1) = (y2-y1)
m(x2-x1) + y1 = y2

The Equation of a line
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Lets allow corner (A) to sit at the origin (0,0) of a Cartesian coordinate system.
This makes (x1,y1) = (0,0) in our equation of a line:

m(x2-0)+ 0 = y2
m(x2) = y2
But m = bsin(α) / bcos(α) (as found above) and substituting:

bsin(α) / bcos(α)(x2) = y2

equation of the line (b)

As we did in the geometric construction above, we will find the perpendicular bisector of this line.
From geometry we know that the perpendicular bisector of any line of slope (m) has a slope equal to the negative
reciprocal of (m):

m’ = -1/m
m’ = - bcos(α) / bsin(α)

With the slope of our perpendicular bisector in hand, we need only find the coordinates of one point on this new
line in order to write its equation. The intersection of line (b) and its perpendicular bisector is a point belonging to
both lines, so if we can find the coordinates of the midpoint of line b, we will also have the required coordinates for
a point on the perpendicular bisector. Refer to the next diagram, as well as the very last drawing of this paper as
you proceed.
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The above triangle was formed by dropping a line from the midpoint of (b) perpendicular to the base (c). We can
find the coordinates of the midpoint of (b) by finding the values of the sides of this new triangle, (z1) and (v1). Note
that the hypotenuse of this new triangle has a value of b/2, since it is the result of a bisection of (b).
sinα = v1/(b/2)
(b/2) sinα = v1
cosα = z1/(b/2)
(b/2) cosα = z1
Our perpendicular bisector of line (b) has slope m’ = -1/m and contains the point (z1,v1). The equation of that line
will therefore be:
m’(z2-z1) = (v2-v1)
m’(z2-(b/2) cosα) = (v2-(b/2) sinα)
and substituting the previously derived value of m’ gives:
(-bcos(α) / bsin(α))(z2 -(b/2) cosα) = (v2 -(b/2) sinα)
(-bcos(α) / bsin(α))(z2 -(b/2) cosα) + (b/2) sinα = v2

Important!
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Now, line (c) is understood to coincide with the x axis and has one endpoint (A) at the origin. So its midpoint will be
at (c/2), and its perpendicular bisector will be just be the vertical line through c/2.
We are interested in the intersection of the two perpendicular bisectors, as these define the center of the circle that
contains the ball feet of our spherometer, so we are interested in solving the equation:
(-bcos(α) / bsin(α))(z2 -(b/2) cosα) + (b/2) sinα = v2
for v2 when z2 = c/2

from the table of my data, c = 3.0685 and b = 3.0613. Also, α = 59.6375 degrees so:
v2 = 0.8751679

in my specific case

So that the coordinates for the center of the circle are
(c/2, v2)

(In General)

(1.53425, .8751679)

(for my instrument specifically)

A line drawn from this center to the origin of our coordinate system at (A) is the required radius of our circle, and is
the hypotenuse of the right triangle with legs of lengths c/2 and v2 (1.53425 and 0.8751679 in my case). Next, we
use the Pythagorean theorem to find the radius, (r):
2

2

r = (c/2) + (v2)

2

r = √((c/2) + (v2) )
2

r = 1.76631

2

(for my spherometer)
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Assembling the final formula in general format for use by all:
r = √((c/2) + ((-bcos(α) / bsin(α))(c/2 - (b/2) cosα) + (b/2) sinα) )
2

2

Where c and b are your measured values of the on-center distances between balls on your spherometer, and α is
found from:
2

2

2

a = b + c – 2bc*cosα
-1

2

2

2

cos ((a - b - c ) / (– 2bc)) = α

Law of cosines for a

2

Solved for α
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Now, the value of r, the newly found radius of the spherometer, is used in the sagita formula previously modified
for use with diameter, (d)
(-I told you we would return to that)
s=R-

√(R2 – (d/2)2)

s = R - √(R – (r) )
2

2

For my primary mirror, R = 200 (radius of curvature of mirror), and for my spherometer r = 1.766312, so:
s = 200 – √(200 – 1.766312)
2

s = 0.00779978

My spherometer will be zeroed on a reference flat, then will read .008 when any measurement is taken anywhere
on the mirror surface if my mirror is a segment of a perfect sphere of the proper radius of curvature!
You only need the boxed equations, along with your spherometer measurements and telescope specifics to make
these calculations.

Happy grinding!
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A s t r o p h o to g r a p h y
M8 Lagoon Nebula
By Sam Bennici

Center of the Lagoon Nebula, M8. This 54 minute manually guided
exposure was recorded with an 8-inch SCT and Starlight Express CCD.
FOV roughly 12 X 8 arcmins.
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O b s e r v e r ’s Lo g
A Night at Indian Hill
By David Mihalic
A friend and I took a trip out to the Hill on Friday, September 2nd. The Clear Sky Clock promised clear skies and
PERFECT transparency! Seeing was predicted to be average. As the sun set, Mars and Saturn could be seen soon
thereafter in the southwest, at 22 degrees and 26 degrees altitude respectively.
A quick look at Mars showed a small red disk with no surface details visible at a somewhat meager 10 arc second
diameter. Saturn was not quite so disappointing but again the "average" seeing did not even reveal the Cassini division. It was interesting though to see the "Rival of Mars", Antares very close by in Scorpio.

Illustration 1: Stellarium screen capture showing orientation of Mars, Saturn and Antares.

Transparency did in fact turn out to be as predicted. It was the best I'd seen at the Hill in quite some time. The usual
summer targets presented themselves exceptionally well despite the usual light domes from surrounding communities.
One non-DSO highlight for the evening was an Iridium flare that appeared at around 9:19 pm. near Zeta Cygni. It
was at Alt. 52 degrees and Az. 102 degrees at first appearance. The satellite was Iridium 56 which appeared at
around 0 magnitude. While watching the satellite track, I was fortunate to also see a short-trail meteor heading
east! It was one of three that I saw that evening.
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O b s e r v e r ’s Lo g
A Night at Indian Hill (Cont.)
We spent a good part of the night running down the prominent DSO and switching back and forth between the native f/10 focal ratio of the CPC800 (about 0.8 degrees) and using the f/6.3 focal reducer, which yields about 1.1 degrees. The focal reducer is definitely essential for viewing M31 and the Double Cluster in Perseus which we studied
for some time.
One of my benchmarks for a night of good viewing (good transparency and minimum light pollution) is how well
globular clusters appear. Messiers 13, 92 and 15 were fantastic. The more southerly globulars (M4, 80, 10, 12 etc.)
were mostly dimmed in the glare from Middlefield but even they showed up better than usual. I had no difficulty
visualizing the entire Teapot asterism this night. During my prior time out most of it was invisible.
I spent a good part of the evening swapping out OIII and H-beta filters trying to see which worked better on things
like the Ring and the Dumbbell nebulae. Interestingly, the OIII filter didn't do much to help the Veil Nebula, whereas
the last time I was at the Hill under poor transparency, it worked much better. I'm not sure what influences such
effects.
At some point we decided per usual to sit in the camp chairs and haul out the binoculars. My personal goal for the
last two seasons is the make up visual landmarks in the sky to help me find various DSO. Messier 13 is pretty easy of
course but nearby M92 is quite a bit harder, though I've finally come up with something. There is a bright pair of
stars between and above Pi and Eta Hercules that stand out well in binoculars. A short hop over and you can easily
find M92.

Illustration 2: Stellarium screen capture showing location of M13 and M92.
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O b s e r v e r ’s Lo g
A Night at Indian Hill (Cont.)
One last globular that turned out to be a great binocular object was Messier 28. I actually stumbled on this by accident while scanning the Lagoon and Trifid nebulae. A short hop to the left and there it is, right next to Kaus Borealis,
the very top of the Tea Pot. I'm sure I've looked at this through my telescope before but I've never scanned for it
with binoculars. It's actually quite bright in the binos.

Illustration 1: Stellarium screen capture showing the location of Messier 28, and the Lagoon and Trifid nebulae.

Overall the evening of September 2 was one of the best I’ve ever had at the Hill. With the dew heater battery
getting weaker by the minute we ended up checking out the Blinking Planetary and the Blue Snowball nebulae and
called it a night.
Editor’s note: David used a robotic Slooh telescope and CCD camera to record a photograph of the Blue Snowball
Nebula NGC 7662. The photo appears on the cover page of this issue.
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O b s e r v e r ’s Lo g
Edge-On Winter Galaxies
Compiled By Marty Mullet
Galaxy Coordinates

Type

Mag

Size(') Size(kly)

Dist.(Mly)

Constellation/Notes

Edge-on Galaxies
NGC 891

02hr 22.6min +42° 21‘ Sb

10.81 13

125

32

And

NGC 1532

04hr 12.1min -32° 52‘ SBb

10.65 13

165

45

Eri

NGC 3115

10hr 05.2min -07° 43’ S0

9.87

70

33

Sex

Spindle Galaxy

NGC 3628

11hr 20.3min +13° 35’ Sb

10.28 15

110

25

Leo

Hamburger Galaxy

NGC 4244

12hr 17.5min +37° 48‘ Sc

10.88 17

70

15

CVn

Caldwell 26

NGC 4517

12hr 32.8min +00° 07‘ Scd

11.10 10

90

30

Vir

NGC 4565

12hr 36.3min +25° 59‘ Sb

10.42 16

205

44

Com Needle Galaxy

NGC 4594

12hr 40.0min -11° 37‘ Sa

8.98

9

75

30

Vir

M104 Sombrero Galaxy

NGC 4631

12hr 42.1min +32° 32‘ SBcd

9.7

15

115

25

CVn

Whale Galaxy

NGC 4656

12hr 44.0min +32° 10‘ SBm

10.96 15

110

25

CVn

Hockey Stick

NGC 4762

12hr 52.9min +11° 14’ S0

11.12 9

140

55

Vir

Paper Kite Galaxy

NGC 5866

15hr 06.5min +55° 46’ S0

10.74 5

70

50

Dra

NGC 5907

15hr 15.9min +56° 20‘ Sc

11.12 13

185

50

Dra

7

Knife Edge Galaxy

Nearly Edge-on Galaxies (less than 45°)
NGC 247

00hr 47.1min -20° 46‘ Scd

9.67

21

50

8.1

Cet

NGC 253

00hr 47.6min -25° 17‘ SBc

8.04

28

105

13

Scl

Sculptor Galaxy

NGC 2683

08hr 52.7miin +33° 25‘ Sb

10.64 9

80

0

Lyn

UFO Galaxy

NGC 3034

09hr 55.9min +69° 41‘ Irr

9.30

11

40

12

Uma

M 82 Cigar Galaxy

NGC 3109

10hr 03.1min -26° 10‘ SBm

10.39 19

25

4.1

Hya

NGC 3556

11hr 11.5min +55° 40‘ SBc

10.69 9

115

45

Uma

M 108

NGC 3623

11hr 18.9min +13° 06‘ Sa

10.25 10

70

25

Leo

M 65

NGC 4088

12hr 05.6min +50° 33‘ Sbc

11.15 6

90

55

Uma

NGC 4192

12hr 13.8min +14° 54‘ Sab

10.95 10

155

55

Com

NGC 4216

12hr 15.9min +13° 09’ Sb

10.99 8

130

55

Vir

NGC 6503

17hr 49.5min +70° 09’ Sc

10.91 7

35

17

Dra

M 98

Lost-in-space Galaxy
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P r e s i d e n t ’s C o r n e r
By Marty Mullet
Friends,
Our summer at the Hill has been much more productive this year. We’ve had several clear nights after our meetings
and we continue to upgrade our facilities. As you’ve probably noticed, we repainted the warm room, and are installing an electric heating element to keep it warm without the issues of a kerosene heater. We’ve also upgraded
our security system to provide us with continuous coverage and remote access. As our observing season winds
down and the latest term of offices comes to an end, I wish to thank those members who are such an integral part
of the maintenance and operations of CVAS. The list is much too long to include here, but know that your contributions to our success are valued and appreciated.
I’ve enclosed in this issue a list of edge-on galaxies that are visible sometime during the night in December, January,
and February. Disclaimer: This assumes at least one night per month of clear moonless skies! I selected edge-on
galaxies because I think they show more contrast to the background sky and are therefore easier to find and observe, especially for beginners. Many of these are showpieces while others are a bit more obscure. All of them are
obtainable in a 8” scope with decent viewing conditions, although more aperture will generally provide more detail.
If you get the opportunity to run through the list, let me know how difficult it is and I’ll make adjustments on future
categories. Astrophotographers can send in their results and we’ll display them in a future issue. As always, your
comments, opinions, sketches, observing results, and astrophotographs are welcome at:
Skywatcher.reply@gmail.com
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C o n s t e l l at i o n Q u i z
By Dan Rothstein
This month’s questions:
1. The flag of which country has 27 stars, each representing one of its regions, plus an extra?
2. The leech makes a brief appearance among the constellations. Find it.
3. What stars make up the asterism the coffin?

4 . Where is Murmor Scuptile, the Bust of Columbus, and who created it?
Answers to last issue’s questions:
1. The region between Scorpius and modern Centaurus was described by Hipparchus (2nd century BCE) as Therion, a
wild animal, and by Ptolemy in Roman times as Bestia, the beast. It was probably based on the Babylonian figure of
the Mad Dog (Ur Idim- a large carnivore such as a lion, wolf or dog). To the Greeks it was some generic wild animal.
As such it was once part of Centaurus, impaled on a pole by the Centaur, holding it towards toward Ara the Altar,
offered as sacrifice. Ara was separated from Centaurus by Hipparchus in the 3rd century BCE, and the beast was first
listed as a constellation by Ptolemy. Another interpretation given by Eratosthenes is that it is Chiron’s Wineskin. A
third myth is that it represents the tyrant King Lycaon, who offered a meal of human flesh to the disguised Zeus, who
either destroyed him and all his 50 sons, or changed him into a wolf. The actual identification of Ptolemy’s name with
the Latin word Lupus, or wolf, didn’t actually occur until the 15th century, in the Alfonsine Tables. It lies southwest of
Scorpius, south of Libra and north of Circinus, partly in the Milky Way, and contains 127 stars brighter than mag 6.5,
with 30 in the 2nd to 3rd magnitude range. Only two of its stars have names, but they come from the Chinese. Alpha
Lupi (2.6 mag) is known as Yang Mun, or Men, which means South Gate. Beta is Ke Kwan, the cavalry officer. All their
asterisms in this region have titles pertaining to military affairs. Both α and β are part of the larger Chinese constellation of Qiguan, the Imperial Guards. South of Qiguan are troups massed for battle, with a general in a chariot, and
cavalry followed by infantry. The Arabs called this figure the Lioness, or Leopard, or Panther.
2. Hippocampus the Sea Horse was another creation the 18th century physician John Hill, introduced in 1754. It straddled the celestial equator southwest of Orion’s shield, south of the horns and front hooves of Taurus, along the present Taurus-Eridanus border east of Cetus. It included the area around 24, 32, 35, and 45 Eridani and 10 Tauri. This is
just northwest of where another obsolete grouping would be located: Psalterium Georgi, or Georges Harp (or Lute).
This group was created to honor George III, the Hannoveraner who brought William Herschel with him as a musician
and later sponsored his astronomical endeavors. Hill seems to have ignored the rich mythological history of the sea
horse. In Greek mythology, sea horses were the mounts of the Nereid nmyphs and other sea gods. Poseidon drove a
chariot drawn by 2 or 4, according to Homer and in the later tale of the Argonauts. In some mosaic art they were fish
-tailed horses, with the head and foreparts of a horse and the tail of a fish, with green scales and fish-fin shaped manes. There are lots of examples of them on painted vases and floor mosaics from Greece, Carthage, and Rome from
the 6th to 2nd century BCE.
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C o n s t e l l at i o n Q u i z ( C o n t. )
3. Leo Palatinus, the Palatine Lion, was created out of unformed (unused) stars between Antinous and Aquarius. Antinous was the boy lover of the Roman Emperor Hadrian who drowned, and much later, according to a drawing by
Mercator, who was shown being carried in the claws of Aquila. But first the lesson in European history. The Palatinate was one region of many in the Holy Roman Empire. The seven highest nobles in the Empire were called Electors,
because their one function in the Empire was to vote for the Holy Roman Emperor. It was 45 small regions located
along both sides of the upper Rhine, including the left bank province of Alsace along the present Franco-German border from south of Strasbourg to Karlsruhe; and the areas further north on both sides of the Rhine near the cities of
Mannheim and Heidelberg. The Palatinate was dissolved during the Napoleonic Wars when the Alsace region was
absorbed into France (1797) and the east bank regions were eventually subsumed into Bavaria after 1777. The lion
was always part of the Palatinate coat of arms, and has been retained even today in the flag of the German state of
Bavaria. Today it shares borders with France, Luxembourg and Belgium. It was composed of two groups of stars just
south of the Celestial Equator. In 1785 Karl-Joseph Kӧnig (1751-1809), a former Jesuit and court astronomer at the
observatory of Manheim, Germany from 1782-1786, invented this pair of figures to honor his patrons Karl Theodor
Prince Elector of the Court Palatine and Duke of Bavaria, and his wife Countess Palatine Elizabeth Auguste of Saxony.
One group was composed of 12 faint stars south west and west of Equuleus, southeast of Delphinus and east of Aquila, forming a royal monogram representing the intertwined script initials CT and EA. The other was two dozen 4th
magnitude stars south of the monogram, representing the figure of a lion with a crown on its head. The lion was
northwest of the line from β to ε Aquarius and east of the tip of the arrow of Antinous, running east from very near
the location of M2 to west of θ Aquila. Konig’s creation failed to impress Karl Theodor at the time, who didn’t increase the funding for the Mannheim observatory, but the flattery may have influenced why König was called to the
new capital Munich the year after when Karl Theodor inherited the crown of Bavaria and moved his capital. Kӧnig’s
Leo Palatinus was ignored by his contemporaries, appearing in König’s atlas only. When Bode didn’t put it in his atlas,
this sealed its fate. Later Lalande mentions it but doesn’t adopt it.
4. The only star visible to the naked eye which is indisputably green, according to Michael Bakich’s Cambridge Guide to
the Constellations, is β Librae, Zubenchamali, once the northern claw of Scorpius, but now the northern weight of the
balance scales. Evidently, he took a poll of other observers, some who agree and some who don’t. There seems to be
no explanation why observers see it as green. Is it the only such star? He doesn’t know, but there have been no other
reports of solitary green stars. The professionals say that there shouldn’t be. This star is spectral class B8 V, which
should make it look blue. Modern observers agree that “the only stars which appear definitely green are the close
companions of red stars, such as Antares itself,” according to Burnham’s Celestial Handbook, created by a contrast
effect where one star very close to another can change the apparent color of the second one. Webb says that “deep
green, like deep blue, is unknown to the human eye.” Allen calls it a pale emerald and Olcott calls it green. It is magnitude 2.6, which makes it brighter than α, Zubenalgenubi at 2.8 mag. Eratosthenes called it the brightest star in the
ancient Scorpion, but whether β has dimmed or Antares (now 1 mag brighter) has brightened is unknown. In Ptolemy’s time, he called them equal. Check it out for yourself. If it doesn’t look green, try binoculars. Many cultures have
seen the Libra asterism as a balance. The earliest reference is from the Chaldeans, and then the ancient Egyptians,
Hebrews, Persians, Chinese, and Indians. Then the Greeks stole the stars for the scorpion, but later the Romans stole
them back for the scales of Justice. Later, Arabians still referred to β as Kiffa Borealis, the northern scale tray, a mixture of Arabic and Latin terms.
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Notes and News
New Research by Authors Affiliated with the CVAS
The paper entitled Comprehensive Wide-Band Magnitudes and Albedos for the Planets, With Applications to ExoPlanets and Planet Nine, written by lead author Tony Mallama and co-authors Bruce Krobusek and Hristo Pavlov,
was published in the professional journal Icarus. Tony’s article on page 2 of this Skywatcher issue provides an overview of the research.
The journal-formatted version of the article (which is owned by Icarus) has been published on-line at http://
www.sciencedirect.com/science/article/pii/S0019103516301014. The final version of the manuscript (before
journal-formatting) has also been published on arXiv at https://arxiv.org/abs/1609.05048, where it is freely available to everyone.
The authors hope that the magnitudes and albedos in this paper will become the accepted reference values for the
planets. The Astronomical Almanac already uses those V magnitudes and phase curves for Mercury and Venus (with
slight modifications of their own) to compute the planets' apparent magnitudes for their physical ephemerides.

General Information
The CVAS website has information about upcoming astronomy events and activities in our area. There is a host
of astronomy-related information, and links to interesting and useful sites. Send comments and suggestions to the
webmaster, Russ Swaney
The Valley Skywatcher has a long tradition as the official publication of the Chagrin Valley Astronomical Society.
All material in this issue has been written and provided by individuals within our membership community. The CVAS
welcomes original articles and material from all members and friends, and this journal provides a unique opportunity to share interests. Published quarterly, the next issue will be available in January. If you would like to contribute
material to the publication please contact the editor, Ron Baker
Recent issues of The Valley Skywatcher are available on our website here.

Reflec tions
As is natural for an academic, when I want to learn about something, I volunteer to teach a course on the subject.
Steven Weinberg
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A u t h o r ’s I n d e x , Vo l u m e 5 3
Aaron Worley

Cover Photo: 2016 Transit of Mercury
Observer’s Log: 2016 Transit of Mercury

Dan Rothstein

Constellation Quiz

Dave (Rick) Skillman

Observer’s Log: Asteroid 4817 Gliba

David Mihalic

Cover Photo: M43/M42
Astrophotography: Mosaic Astronomical Images
Solar System Astronomy
Cover Photo: Blue Snowball Nebula
Observer’s Log: A Night at the Hill

Winter
Winter
Summer
Fall
Fall

George Gliba

Observer’s Log: 2016 Perseid Meteor Shower

Summer

George Gliba and
Peter Gural

A Possible New Meteor Shower Observed Near Beta Aurigae

Spring

George Trimble

Observer’s Log: Preparing for the Transit of Mercury
Measurement of Sagita

Spring
Fall

Marty Mullet

President’s Corner
Observer’s Log: A Frosty Night at the Hill
Observer’s Log: Carbon Stars
Observer’s Log: Edge-On Winter Galaxies
Astronomy-Related Photographs from our Trip to Europe

Ron Baker

Notes and News/Reflections

Russ Swaney

Astrophotography: Satellite Trails in Astrophotos

Sam Bennici

Cover Photo: M17 Omega Nebula
Astrophotography: M8 Lagoon Nebula
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Fall

Tony Mallama

That’s So Neptune!
A Brief Explanation of the Journal Article on Planetary Magnitudes
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Fall
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