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Friends, as we start a new year, I
want to recognize the contributions of some long-time members.
Former member Marty Edwards
recently returned a very nice star
atlas, Becvar’s Atlas of the Heavens – Atlas Coeli 1950.0, that was
given to him and his brother, Bill
Edwards, by CVAS when he and
his family moved from the area in
1966! (See photos page 12.) He
also sent us some vintage Valley Skywatcher issues and
several photographs from the very early years of CVAS. We
send Marty our sincere thanks, and I send him my sincere
apologies for the delay acknowledging his donation.
Tony Mallama has donated three fine books with an
astronomical bent, written by Dennis E. Taylor: We are
Legion, For We are Many, and All These Worlds. We’ll keep
these in the warm room at Indian Hill where they will be
available for loan to CVAS members.
We’ve also had several members, often anonymously, contribute with financial donations to CVAS. So I
want to thank each of you and all of you for your part in
keeping CVAS alive and well! We wouldn’t be the same
without you.
Also, I want to congratulate Sam Bennici for receiving the Backbone Award at our November meeting. Sam has
quietly been one of our most reliable and industrious members at work sessions at the Hill for 37 years. He has demonstrated a willingness to help with every project without
fanfare or reward. Please join me in recognizing Sam’s
contributions to CVAS.
Lastly, Ron Baker has asked to step aside as editor of
the Skywatcher due to time constraints. Ron has been our
editor for the last seven years and has developed a firstclass, professional newsletter that is second to none. Thank
you, Ron, you’ve set the bar very high!
- Marty Mullet
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Observer’s Log
By George Gliba

An Unexpected Leonid Meteor Outburst &
a Lucky Geminid Meteor
The last few months of 2017, we have had several great starlit
nights up at our Screech Owl Hill Observatory and cabin at Mathias,
West Virginia. Although I did less formal meteor observing than usual
this past year, that was because I was watching several variable stars
and/or just sight seeing with the naked-eye and the 12 x 63 binoculars
mostly. The Milky Way was a spiritual experience on the better nights
that had a LM = 6.6 or better. I still saw several nice meteors, incidentally.
In October, I was able to get three good hours of formal meteor
observing watching the Orionid Meteor Shower on October 20/21 and again on October 26/27. I
saw a total of 17 Orionids. The best hour was from 05:03-06:03 UT on October 20/21 when 11
Orionids were observed. For both nights, no fireballs were seen, but 10 meteors of 1st magnitude or brighter were seen. A handful of STA and NTA meteors were also seen, as well as a few
meteors from other minor meteor showers, and a dozen sporadics (SPO). Not a bad showing for
the Orionids.
Unfortunately, I was clouded-out for the peak of the Leonid Meteor Shower this year, but I
was lucky to catch an unexpected outburst on the morning of November 20th. It was cloudy that
night, so I went to bed early. I wasn’t planning on observing in the morning hours. It was an
unusually cold night. When I got up around 4:30 AM EST to put another log in the fireplace, I
looked out and saw that it was beautifully clear out. So, I decided to dress like a fireman (my
Dad was a volunteer fireman) and go out and try to get in a good hour of post-maximum Leonid
meteor observing before the morning twilight started to interfere greatly.
I was rewarded by seeing what was probably part of an older dust trail that was not predicted. I was also able to get in a good hour with clear LM = 6.5 skies. From 9:42 to 10:42 UT I
was able to see 11 Leonids. The average Leonid was a relatively bright 1.6 magnitude and left a
train. I also saw 3 NTA, 3 STA, 1 NOO, 1 AMO, and 9 SPO meteors. There were also seen a
beautiful -2, a very nice -1, and two good 0 magnitude Leonids. It was cold out with a 6º F wind
chill, but it was well worth it. I’m glad I didn’t go back to sleep after I put that last log on the fire
(which I almost did).
Although I was almost completely clouded out for the Geminid Meteor Shower, I was lucky
to incidentally see one nice 1st magnitude blue-green Geminid on December 12th while looking
for a couple of variable stars from our backyard in downtown Greenbelt, Maryland under badly
light-polluted skies. Better than seeing none I’d say. Overall, it was not a bad year for meteor
observing.
It was also a year with three fairly bright comets, 45P/Honda-Mirkos-Pajdusakova, 41P/
Tuttle-Giacobini-Kresak, and C/2015 V2 Johnson, which were 6th, 6.2, and 7.5 magnitudes
respectively. In 2018 I think that we are overdue for a bright naked-eye comet or supernova. So,
keep looking up.
Editor’s Note:

Minor Meteor Shower Abriviations
STA - Southern Taurids
NTA - Northern Taurids
NOO - November Orionids AMO - Alpha Monocerotids
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Astrophotography
By Russell Swaney

Twin Quasar Image

·

The image on the following page was taken with the 10 inch F4
Schmidt-Newtonian at Indian Hill.

·

It is a stacked composite of 12 – four minute exposures with an
SBIG 8300 CCD.

·

The box within the image is a pull-out enlargement.

The Twin Quasar (also known as Q0957+561 A/B) was the first gravitationally lensed
object to be identified. It lies about 10 arc minutes north of NGC 3079, in Ursa Major.
First imaged in 1979 it shows as two images (separated by 6 arc seconds), the result of
gravitational lensing caused by a galaxy (YGKOW G1) that is in the line-of-sight between Earth
and the quasar.
Gravitational lensing was predicted by Einstein, but he said it would never be seen (apparently he underestimated observers).
The quasar has a redshift of z = 1.41 (8.7 billion LY) and YGKOW G1 has a redshift of z =
0.355 (3.7 billion LY).

A couple of things I find most amazing:
1. The lensing galaxy is about 1 arc second off Image B, which results in a 417 ± 3
day time lag between the two images.
2. The unbelievable Luminosity of the quasar – if our Sun were placed at that
distance it would appear as a 45th magnitude object (the James Webb Telescope
will “only” be able to image to 34th magnitude)!

10” Schmidt-Newtonian Telescope
F4 Schmidt-Newtonian on a Celestron CGE Mount.
Used by Russ Swaney to make the images on the
following pages. Indian Hill, Huntsburg Township, OH.
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Positive Image, Prepared & Submitted By Russ Swaney
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Inverted Image, Prepared & Submitted By Russ Swaney
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Winter Astronomy Links
By Martin Mullet
Since I seem to do much less observing in winter, I thought I’d use this issue to share
some of my favorite astronomy links:
http://apod.nasa.gov/apod/astropix.html

Astronomy Picture of the Day

http://www.universetoday.com/

Universe Today – Space and Astronomy News

http://spaceweather.com/

News and information about meteor showers, solar
flares, auroras, and near-Earth asteroids.

http://www.amsmeteors.org/

American Meteor Society. News and reporting site
for meteors, bolides, and fireballs.

http://sky-map.org/

Sky chart from the SDSS. A bit cumbersome to get
started, but excellent chart. Shareware.

http://observing.skyhound.com/

Observing at Skyhound. Excellent site for objects
sorted by month. From easy to very challenging
objects. One of the best for finding targets.

http://www.solstation.com/stars.htm

Notable nearby stars, sorted by distance.

http://www.hawastsoc.org/deepsky/constellations.html
Hawaiian Astronomical Society. Sorted by
constellation.
http://www.nckas.org/carbonstars/

North Central Kansas Astronomical Society.
Extensive list of carbon stars.

http://www.cruxis.com/scope/limitingmagnitude.htm
Telescope Limiting Magnitude Calculator
http://www.cloudynights.com/classifieds/

Classified ads for astronomers. It also has forums,
articles, and reviews. A wealth of information here.

http://www.gi.alaska.edu/AuroraForecast/NorthAmerica/
Aurora information and forecast
http://www.constellation-guide.com/constellation-names/
Constellation information
http://www.mvobservatory.com/Revision2/Index.htm
http://www.blackriverastro.org/
http://www.acaoh.org/
https://cuyastro.org/
http://clevelandastronomicalsociety.org/
https://www.cmnh.org/

Our neighboring clubs
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Reflection Neubulae
By Martin Mullet

Reflection Nebulae for Winter Astrophotography

Name

R.A.

Dec.

NGC 1333
IC 349
IC 405
NGC 1931
Sh2-279
NGC 1999
NGC 1985
NGC 2023
M 78
NGC 2170
IC 444
IC 447
VdB 81
NGC 2261
Sh2-297

03 29 02
03 46 00
05 16 05
05 31 24.8
05 35 16.2
05 36 27
05 37 48
05 41 38
05 46 46.7
06 07 31.3
06 31 12
06 31 12
06 32 54.23
06 39 10
07 05 13

31 20 54
23 54 00
34 27 49
34 15 12
-04 47 07
-06 43 18
31 59 20
-02 15 32
00 00 50
-06 23 53
23 06 34
10 02 00
7 19 58.7
08 45 00
-12 19 00

Constellation Mag. App. Size

Perseus
Taurus
Auriga
Auriga
Orion
Orion
Auriga
Orion
Orion
Monoceros
Gemini
Monoceros
Monoceros
Monoceros
Canis Major

5.6
13
6
10.1
7
9.5
12.5
8.3
7

6' x 3'
30' x 30'
37' x 10'
3' x 3'
40' x 25'
2' x 2'
1' x1'
10' x 10'
8' x 6'
2' x 2'
32' x 32'
25' x 25'
30' x 35'
2' x 1.5'
7' x 7'

Comments

Merope Nebula
Flaming Star
Little Orion Nebula
Running Man Nebula

Dreyer's Nebula
Hubble's Variable Nebula
part of Seagull Nebula

Editor’s Note:
For those of you who need a reminder (like me) of what a reflection nebula is, I’m including the following snippet from the Wikipedia article on the topic, with a citation following:
“In astronomy, reflection nebulae are clouds of interstellar dust which
might reflect the light of a nearby star or stars. The energy from the nearby
stars is insufficient to ionize the gas of the nebula to create an emission nebula,
but is enough to give sufficient scattering to make the dust visible. Thus, the
frequency spectrum shown by reflection nebulae is similar to that of the illuminating stars. Among the microscopic particles responsible for the scattering are
carbon compounds (e. g. diamond dust) and compounds of other elements such
as iron and nickel. The latter two are often aligned with the galactic magnetic
field and cause the scattered light to be slightly polarized.”
Reflection nebula. (2017, January 18). In Wikipedia, The Free Encyclopedia.
Retrieved 15:28, February 12, 2018, from https://en.wikipedia.org/w/
index.php?title=Reflection_nebula&oldid=760613967

Of further interest, Hubble’s luminosity law for reflection nebulae describes the relationship between the angular size R of the nebula, and the apparent magnitude m of the star associated with it by the following formula:
5 log(R) = -m + k
(where k is a constant that depends on the sensitivity of the measurement.)
- GLTIV
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Notes & News
A Letter From Jim Deasey

Gents,
Greetings from snowy Rochester! I attended my first
www.rochesterastronomy.org meeting last Friday. I certainly miss
the meetings I had with you guys. I look forward to dropping in
from time to time. This club is kind of neat. It has an observatory in a little town called Ionia, NY south of Rochester, and they
meet in the science building at R.I.T during the winter months.
The skies are better at the hill, and Observatory park, but not bad
here.... Maybe consider a road trip some time over the summer? It
would be neat to get the groups together. There were approximately
60 people at the meeting I attended. I don't know if that's good,
bad, or normal, but certainly wasn't as "intimate"(?) for lack of a
better term as our group.
Anyway, I also wanted to send a note of thanks to Ron for doing
such a wonderful job on the skywatcher. I loved reading them, and
will miss receiving them from him.
Thank you Ron for putting so much of yourself into them. It was
definitely appreciated. Best of luck where your travels take you.
Job well done!
George, I look forward to reading your upcoming issues!
Let me know if you need another observatory wall put up at the
hill. Give me enough time to figure out a place to stay, and I'll
be there! : )
Be safe, stay warm, and (as one of our astronomy icons, Jack
Horkheimer used to say) "keep looking up!"
Best regards,
Jim Deasey

Editor’s Note:
We will all miss you Jim! Visit when you can. Thanks for the Letter.
A big “THANKS” from all of us at CVAS to Ron Baker, for his long and distingushed service to
the club in his role as Editor of The Valley Skywatcher!
Thanks also to Steve Kainec for an excellent lecture on lunar months at our last meeting. His
lecture was well received and stimulated some good discussion. Nice job Steve!

-GLTIV
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Book Reveiw
By Tony Mallama

American Eclipse
By David Baron (2017, W.W. Norton and Company, NY, NY)
Memories of last summer’s Great American Eclipse are still fresh
and vibrant for many in the CVAS. Some traveled long distances to
observe the precious moments of totality while others stayed in the
Chagrin Valley to view the partial phases. Club members who enjoyed
those experiences might like this tale of another American eclipse from
long ago.
David Baron’s account of the event that occurred in 1878 is first
rate. Descriptions of the solar eclipse itself and the refractor telescopes
used to observe it will be very familiar to astronomy enthusiasts. Adding immeasurably more, though, are Baron’s narratives about famous scientists of the day who
traveled to the eclipse. Their backgrounds and their intrepid journeys into the untamed American
west are real-life adventure stories.
The three principal characters in American Eclipse are Maria Mitchell, Thomas Edison and
James Craig Watson. The first two need no introduction. James Watson, on the other hand, is
now almost forgotten but in his day he was a leading astronomer who specialized in asteroid
discovery. He was also convinced that a planet called Vulcan revolved very closely around the
Sun. Its existence had been inferred from anomalies in the orbit of Mercury. Watson intended to
detect this hypothetical planet by direct telescopic observation when the stars appeared during
totality. For that reason he traveled to the frontier town of Separation, Wyoming.
Thomas Edison eventually became known for his inventions, of course, but at that stage in
his career he wanted to establish himself as a scientist. Edison was not well educated and many
professional scientists dismissed him as a mere tinkerer. So, he invented an extremely sensitive
thermometer that could register the feeble heat from a single star. He intended to use the device
for measuring heat from the solar corona. Practically nothing was known about the corona in
those days, so a heat measurement was considered to be a very important diagnostic tool.
Edison joined the team led by Henry Draper (the astrophotography pioneer) which was located
at the railroad town of Rawlings, Wyoming.
Maria Mitchell led an all-woman expedition to the outskirts of Denver. Mitchell was an
instructor at Vassar College and she computed the ephemeris of Venus each year for the Naval
Observatory’s Astronomical Almanac. On another level though she was passionate about promoting the role of women in science. Mitchell and her team did not attempt any complicated observations during the eclipse. They were there to demonstrate to the public and to journalists that
women could participate in scientific activities.
Other notables at the eclipse included the famous telescope maker, Alvin Clarke, and
renowned astronomers Simon Newcomb, Samuel Langley, Norman Lockyer and Charles Young.
Many more traveled west for the eclipse, mostly by train. They were a brave group who took
their chances with violent train robbers and hostile Indians.
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Many of those present at the eclipse recorded their impressions with drawings and by the
written word. They reported partial phase phenomena such as cooling temperatures, color
changes in the landscape, crescent shaped pinhole images of the Sun, the appearance of Venus
in the sky and the eclipse shadow racing toward them over the high peaks of the Rocky Mountains.
The total phase was given over to scientific measurement and photography. Bystanders
from the local populace reacted just as bystanders do today with hushed voices during totality
and loud shouting and applause when the Sun returned.
When the day was done Thomas Edison‘s instrument had apparently recorded heat from
the solar corona. In fact, the thermometer was so sensitive that it went off-scale. This gave the
inventor the scientific praise that he craved. Years later, though, Edison admitted that the measurements were of little value because they were not reproducible.
James Watson reported sighting not one, but two new planets near the Sun! As with
Edison, this feat embellished Watson’s scientific reputation at the time but the acclaim did not
last. As we know today his observations were erroneous. Searches at later eclipses revealed no
trace of these Vulcan planets. Eventually, Einstein’s theory of relativity explained Mercury’s
anomalous motion and Watson became one of astronomy’s forgotten figures.

By H. Dassell [Public domain], via Wikimedia
Commons, Public Domain
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Despite these shortcomings, the eclipse proved to be part of a turning point for American
science. Previously the European nations looked down on what they considered our meager
capabilities and achievements. However, most of the expeditions had successfully recorded important data from the eclipse. Furthermore, the outpouring of scientists who ventured into the
Wild West and their gritty resolve made a deep impression.
Maria Mitchell gave public lectures about the eclipse in the coming years and those too
had a positive impact. More Americans understood, appreciated and wanted to support scientific
activities. Opinions in America and in Europe began to change. Our country would soon be
known as a scientific contender and, eventually, as the science leader of the world.
David Baron’s American Eclipse is a wonderful telling of this story. His well-written narrative is complemented by many drawings and photographs from the period. These illustrate the
eclipse itself, the telescopes used to observe it, the western locales that were visited and the
astronomers who journeyed there. I highly recommend this book to readers interested in solar
eclipses, observational astronomy and American science.

From the public domain book Total Eclipses of the Sun, by Mabel Loomis Todd.
This volume contains terrific descriptions and summaries of total solar eclipses from ancient times until
its publication date of 1894, with emphasis on the 1800s. The book can be accessed on-line at
https://archive.org/stream/totaleclipsesofs00todd#page/n0/mode/2up
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About The New Look For The Valley Skywatcher
By George Trimble, Interim Editor

The burgundy color was inspired by our
website, and the dark lavender was chosen to
harmonize as part of a calm, analogous color
scheme to create visual balance. To me it is
reminiscent of the night sky.
Major headings are in the Candara
typeface, chosen for its bold, simple elegance
and readability both on-screen and in print. It
is clean and eye-catching without being showy.
While body text is historically of the
serif family of typefaces for ease of readability
in print, I have chosen Verdana, a beautiful
sans-serif typeface. Recent research has
shown that it is easier to read than traditional
serifed fonts (like the time honored Garamond)
when read on a computer screen. I anticipate
that many readers read our periodical as a PDF
on their computer, iPad, or other handheld
device.
Regular Features such as the Observer’s
Log, and Astrophotography sections were not
changed, in a nod of gratitude to our past, and
to my predecessors. Nothing breeds appreciation for the work of previous editors more than
having to step into the role! Thank you, Ron
Baker, for your seven years of dedicated service to our club.
Of course, the ever-popular Constellation Quiz will remain so long as we are so
fortunate to have Dan Rothstein continue to
pour his tremendous effort into this wonderful
and enlightening column.

TIP: To get a sense of how the VS would
look in print, try changing the Page Display
Options in your PDF reader as follows:
In Adobe Reader choose:
“2-Up with Cover Page”
“Zoom to Fit Height”
In Foxit Reader choose:
“Facing Pages”
“Separate Cover Page”
“Fit Page”

Cover, Becvar’s Atlas of the Heavens – Atlas
Coeli 1950.0

I have chosen to include photographs of
contributors to help new members’ link faces
and names. I also think it adds personality and
visual appeal to the publication.
As ever, the periodical (like the club
itself) is nothing without the contributions of
its member-readers. Please commit to making
a yearly contribution of time by preparing
something for submission. Whatever it is, no
matter how small, it will be appreciated by the
rest of us as we grow and learn together!
Sample Page, Becvar’s Atlas of the Heavens –
Atlas Coeli 1950.0

The Valley Skywatcher * Winter 2018 * Volume 55-1 * Page 12

Sundial Theory & Construction
By George Trimble
The sundial is an ancient method of time telling. An understanding of the mysterious means by which it performs this function
requires a fairly sophisticated understanding of the workings of the
celestial sphere. We will begin with some basic astronomical facts and
knit these together to form an ever-more complex understanding.
Our ultimate goal will be to draw various types of sundials, and understand the geometry, trigonometry and astronomical basis underlying their design.
We must first accept the parallel postulate. This assumes that
light from the stars is so far away that it rains down on earth in parallel rays. The geometry of this situation, as it relates to the North Star,
is such that wherever you are on earth where the North Star is visible, its altitude from the northern horizon is the latitude of the observer. Try and convince yourself of this by reviewing the geometry in the following diagram:

I have previously shown that a rod with one end on the ground and the other end oriented
towards the North Star will lie parallel to the Earth’s own axis. The angle it makes to the ground
must be the observer’s latitude, as established in the previous paragraph. A disk situated on the
rod perpendicular to the axis, and of radius sufficient to reach the ground will support the rod,
and form the base of an imaginary cone with its apex situated at the end of the rod where it
rests on the ground pointing south. (See the accompanying diagram.) This cone forms the basis
of all equatorial mounts, as was described in greater detail in my previous article Understanding
and Building the Equatorial Platform, The Valley Skywatcher, spring 2017, Vol. 54-2. Please refer
to that article for detailed treatment of the geometry. The cone so described also forms the basis
for understanding the sundial.
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The flat base of the cone, oriented to the north with its axis of symmetry pointed at the
North Star is the face of the equatorial sundial. Just a disc of material which includes the base
of the cone is needed. The rest of the cone is removed but may still be imagined. (See the accompanying photo.) The surfaces of the disc, top and bottom, are marked with equal angle radial
lines marking the hours of the day: 360 degrees divided by 24 hours is 15 degrees per hour.

By User:Sputnikcccp~commonswiki (Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC-BY-SA-3.0 (http://
creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia Commons
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Because the plane of the disc is parallel to the plane of the equator, the sun will vary in
declination with respect to this plane by 23.4 degrees above or below, depending on the time of
year. It will thus cast a shadow of the rod on the
plane of the disc from above in the summer or
below in the winter. The time may thus be read
from the marked faces of the disc.
A simple equatorial sundial may be made
using a CD marked out in 24 15º radial segments,
front and back (in register). The central hole must
be filled with hot glue or a short cylinder of wood
through which a straight piece of coat hanger is
passed of sufficient length to ensure that the
angle the rod makes to the ground is equal to the
observer’s latitude. It is understood that the
radial line that extends to the edge of the device
where it is tangent to the ground plane is the
noon hour mark. The numbering of the radial
hours from earliest to latest hour runs clockwise
on the north-facing side, and counter clockwise
on the south-facing side.

North-facing side numbered clockwise
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South-facing surface numbered counter clockwise

Side view with north to the right.
Note that angle of the rod is 41.5
degrees to the ground - the latitude
of Eastlake, OH.
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The magic of the equatorial sundial is that it is carried around the earth as the earth turns,
maintaining its axial orientation to the North Star, and varying its axial orientation with respect to
the sun at the same rate that the earth turns: 15 degrees per hour, always keeping the plane of
its disc parallel to the Earth’s equatorial plane. This situation ensures that the shadow moves at
a constant velocity, covering equal angles in equal periods of time.
This situation is not true for the more common, garden variety horizontal sundial. (See
photo page 22.) Careful inspection of one of these devices will show that the hour lines are not
of equal angular spacing. The horizontal sundial may be understood to be a projection of the
radial lines of an equatorial sundial onto a horizontal surface. As with any projection, some features are retained and others distorted. In this case, projection results in distortions of the
angles between lines, but the lines remain straight.
Imagine that the disk of an equatorial sundial is made of glass and its surface lines are
marked with a black sharpie. It is illuminated at night by the light of the North Star, as it rains
down on earth in parallel rays. Assuming, for sake of argument, that starlight is strong enough
to cast a shadow, the shadow cast by the disk onto the ground to the south would coincide with
the lines of a horizontal sundial face. Mathematically this process may be accomplished as follows:
First using the equatorial dial face we solve for y, using some angle Theta of interest (here
the first 15 degrees from the noon mark.) We find this value to be y = R * TanTheta:
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Next, taking the side veiw of our dial, we solve for the distance D from the point on the
ground where the disc makes contact to the point on the ground where the rod makes contact.
We find this value to be D = R / SinLat:

We next look on the ground from above and view the lines of the projected image of the
equatorial sundial as cast with the light of the North Star, as described above. These lines are the
lines of the horizontal sundial. We note the triangle of interest in the following diagram is analogous to the same triangle utilized to find the value of y in the diagram before last. The two values, y, are shared between the two and are therefore equal. D in the following diagram is the
same value as D found in the above diagram.
We are now in a position to solve for alpha, the central angle of the triangle of interest on
the horizontal sundial. The equation relates the angle Theta of the equatorial dial (15 degrees) to
the analogous angle Alpha on the horizontal dial by the formula TanAlpha = TanTheta * SinLat.
The value of Alpha is isolated by taking the arctangent of TanTheta * SinLat. Solving for an angle
Theta of 15 degrees and Lat of 41.5 degrees gives Alpha of 10.1 degrees.
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One may then use the formula to calculate the angle to the next line over from the noon
mark by using 30 degrees instead of 15. Using this trigonometric approach will lead to a properly
laid-out horizontal sundial for the latitude in question.
An easier approach is to design the horizontal sundial by a graphical method, as presented
below.
On a large sheet of paper, or in your CAD software, draw a circle of arbitrary size. Subdivide the circle in 24 “wedges” of 15 degrees each, as shown. Draw a horizontal tangent line at
the base of the circle as shown.

Extend those radial lines that lie below the horizontal bisector of the circle on the right half
to intersect the horizontal baseline, as shown below. Draw a line from the point of tangency of
the circle and the horizontal baseline down to the left so that the angle is shy of 270 degrees by
your co-latitude (that’s the complement of the latitude or 90-Lat. 48.5 degrees in our case.)
Make the length of this line equal to the diameter of the circle. At the midpoint of this new line,
draw the perpendicular bisector and extend it down to the right far enough to cross the midline
of the drawing.
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Draw a line from the tangent point previously mentioned to intersect the line just drawn.
The new intersection is the vertex of the horizontal sundial from which all of the radial lines will
originate. Draw these radial lines from the new vertex up to the intersections of the horizontal
baseline and radial lines from the circle. Also draw a horizontal radial line as shown. It will not
intersect the baseline as do the others. See the drawing below for its approximate length.

Create one additional radial line extending to the right and directed below the horizontal.
It will make the same angle to the horizontal line as the horizontal line makes to the radial line
immediately above it. (See diagram below.) Create the edges of the horizontal sundial drawing,
as shown, by adding the horizontal and vertical lines shown in red in the following diagram.
Reinforce only that portion of the three radial lines (as shown below) that extend past the
side of the box, and then delete everything that lies outside of the box, as shown below. Create
a copy of your work and reflect a mirror image across the vertical midline to form a symmetrical
horizontal sundial plate, as shown.
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A circular border
centered on the
vertex may also be
used.
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Adding a border of arbitrary thickness and numbering the face as shown finishes the job.

10.1

Unlike the equatorial sundial, the horizontal sundial has unequally spaced radial
hour markers. The geometric construction above resulted in the same angular
spacing as a sundial laid-out by the trigonometric calculation approach detailed
earlier in the article. The measured angle between 12 and 1, for example, is
10.1º for our latitude as predicted by the equations. For those who wish to use
the equations, the Excel formulae are given on the top of the next page. The top
three fields are user defined variables. the last three fields are calculated values.
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R
Lat
Theta

1
41.5
15

R
Lat
Theta

1
41.5
15

D
y
Alpha

=B1/SIN(RADIANS(B2))
=B1*TAN(RADIANS(B3))
=DEGREES(ATAN((B6/B5)))

D
y
Alpha

1.509160495
0.267949192
10.1

Spreadsheet Formulae Showing

Typical Output

The drawing should be divided and each half separated by the thickness of the style for improved accuracy, as shown above. If a rod is used instead of a style, this step is not needed.
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The style is a tiangular sheet of metal whose top edge is angled from the plate by the
number of degrees corresponding to the observer’s latitude. (A rod may serve the same purpose.) It points to the North Star for those in the northern hemisphere. It has its origin at the
vertex of the radial lines, and angles away to the north.

By Jeepika (Own work) [CC BY-SA 3.0 (https://creativecommons.org/
licenses/by-sa/3.0)], via Wikimedia Commons

My own homemade sundial. It was constructed with the trigonometric
approach described above, and acid etched on a zinc plate using a
laser toner transfer resist applied to the hot metal. (Photo by author.)
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Constellation Quiz
By Dan Rothstein
This Month’s Questions:
1. Locate the V-shaped constellation Poniatowski’s Bull
2. The Assyrians were responsible for the first incarnations of two of our zodiacal
constellations. They were the Hired Man and the Swallow. Name their modern counter
parts.
3. The Southern Cross is commonly used to find the South Celestial Pole. There are two
other prominent crosses nearby. Identify the stars in the False Cross and the Diamond
Cross.
4. Arided is another name for which 1st magnitude star, also known as “the hindmost” in
Arabic?
Answers to Last Issue’s Questions:
1. This is the most obscure reference to a constellation in any of these columns. The
constellation of Ceneus has appeared only once, on the celestial globe of Willem Blaeu, but if
anyone previous was responsible for its origin, I have been unable to find any references to it,
and its author is listed as unknown. Willem Blaeu (1571-1638) was a Danish cartographer, globe,
and map maker for the Dutch East India Company who lived in Amsterdam. He was a student of
Tycho Brahe. One thing he is known for is the 2nd variable star discovered, P Cygni. He sold
globes in pairs, one terrestrial and another a celestial globe. On his globe of 1603 were two new
constellations near the south celestial pole that appeared nowhere else: Ceneus and The Siren.
Ceneus is south of Lupus, beneath the front hooves of Centaurus. Siren is next to it, beneath the
belly of the centaur. On the other side of the Siren is the Southern Cross. The two replaced
Plancius’ constellations of Chamaeleon, Musca, and Triangulum Australe, with Ceneus probably in
the same space as the southern triangle. It is the figure of a warrior from Greek mythology,
Caeneus, who according to Ovid and Virgil started out as a woman. Caenis was the daughter of
the chieftain of the Lapith tribe of Thessily, in northern Greece. She was pursued and raped by
Poseidon, who to make up for the attack, granted her a wish. Her wish was to become a man so
she might never be wronged this way again. Poseidon grants her wish, at which time the spelling
of her name changes to Caeneus. The god also makes him invulnerable to any mortal weapon.
He becomes a hero in many myths, finally fighting in the war against the centaurs (in the Illiad),
which began from a drunken brawl in which the centaurs attempted to abduct all the women
from a Lapith wedding. After he kills many famous centaurs, being unable to wound him with
any weapon, the centaurs pile tree trunks on him, pounding him into the earth until he suffocates. After death he returns to female form where, in Virgil’s Aenid, he (she?) is seen in the
underworld alongside other dead warriors by Aeneus (one of the few to escape of sack of Troy,
becoming the founder of Rome).
2. Just like Nicholas LaCaille introduced constellations into the southern sky representing
scientific apparatus and technical inventions, Johann Bode emulated him in his Uranographia of
1801, by introducing his own, including the Electrical Generator, Machina Electrica, patterned
after a real device. In his own account in the companion catalog he wrote: “Since thus far no
monument to the important invention of electricity was consecrated among the stars, I placed
this new constellation east of the sculptor’s workshop….” Most of the stars of Machina Electrica
were so faint as to be barely visible with the naked eye. It lay in the southern sky west of β
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Fornax and east of α Sculptor, two of LaCaille’s constellations; south of central (υ) Cetus and
north of γ Phoenix. Bode appropriated stars from both Fornax and Sculptor, most from Sculptor,
which was halved in size. It had been discovered that electric charge could be held between
electrodes on the inside and outside of a glass jar, similar to our modern capacitors. These
“Leiden Jars” were wired in series, similar in use as modern batteries, to store relatively large
amounts of electrical energy and release it for later use. Electricity came to be viewed as a phenomenon full of promise for new technologies, but the means of its production and storage remained limited. Devices to convert mechanical energy to electrical energy became indispensable
for generating electric currents for laboratory experiments. Some of the earliest examples used
rotating glass globes rubbed against a fixed piece of woolen fabric. In 1766 an electric generator
was created that used flat glass plates covered by metal foil instead of glass globes. However,
none of these designs proved practical to drive large-scale electrification schemes. This had to
wait until the discovery and utilization of electromagnetic induction in the 19th century. The
device shown in Bode’s Machina Electrica was a simple disk generator. Today this design is available for generating sparks of static electricity for demonstration purposes, called a Windhurst
Generator. I’ve used them at school and they can deliver a sizable jolt. Due to the influence of
Bode’s Uranographia, about half of 19th century atlases included this device, but by the end of
the century it had been discarded, its stars being redistributed to Fornax and Sculptor.
3. One should not confuse John Hill’s Scarabaeus for the Egyptian grouping of the same
name. The Egyptian version was another name for Cancer the Crab. About 2000 BCE the constellation of Cancer was described as a scarab or dung beetle, an emblem of immortality. It rolls
its dung into a ball and pushes it along the ground, laying its eggs inside to hatch one lunar
month later, representing renewal and resurrection. Also, its emblem had the phonetic value
Khepri, the first stage of the sun god, the sun just risen. This was related to the concept that the
celestial scarab beetle symbolically held the sun in its pincers and pushed the sun across the
heavens. As we have seen in previous quizzes, the 18th century apothecary and doctor John Hill
created 13 new constellations to fill some empty spaces on the celestial sphere. One he called
Scarabaeus, the Rhinoceros Beetle. He placed it between Ophiuchus, Scorpio, and Libra. It was
about 10 degrees north of the head (β) of Scorpio, 15 degrees east of Zubenelgenubi in Libra,
and west of ζ in the leg of Ophiuchus. The back of the beetle lay against the line of the leg which
ran from δ to ζ. The prominent horn of the beetle pointed toward this line, the body hanging
southward below it. The stars contained in it are: χ, ψ, ξ, 16, and 18 Scorpii, all wedged into the
corner along the border between the area farthest north in modern Scorpii and Ophiuchus, not
far west of M107.
4. Corona Firmiana is just another name for Corona Borealis, in one version the crown of
Ariadne, lying just above the Tropic of Cancer (23 degrees north declination). Again, it was an
attempt to curry favor of an important noble family, this time the Firmian family of Salzburg
(who originated in the Tyrol region of Italy), specifically Prince Archbishop Leopold Anton Freiher
von Firmian. It was morphed into this new form by Thomas Corbinianus, a Benedictine professor
of mathematics at the University of Salzburg, who lived in Augsburg, in his book Mercurii
Philosophici Firmianum descriptionem et cum Globi Coelistis, published in Frankfort in 1730. Little
is known of his life, since his only other academic output was entirely theological. Rather than
using unformed stars, it boldly appropriated the crown of the Ptolemaic constellation, but cradled
it from below (south) with two crossed staghorns, which were prominent features of the Firmian
coat-of-arms. Thomas called Firmian “the Apollo of Salzburg: the leader of the muses and director of their choir.” Unfortunately it didn’t work, and he got nothing from the Firmians and his
repurposing of the ancient crown was forgotten.
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Reflections
“We are part of this universe; we are in this universe, but perhaps
more important than both of those facts, is that the universe is in
us.”
-Neil deGrasse Tyson
Tonight I’ve watched
The moon and then
the Pleiades
go down
Editor’s Note:
Can the contents of this
poem, along with data to suggest
that Sappho wrote in Mytilene on
the island of Lesbos, and died
570 BCE, be used to determine
the time of year the poem was
written?

The night is now
half-gone; youth
goes; I am
in bed alone
- Sappho, Greek Poet

-GLTIV

Drinking Alone in the Moonlight
Beneath the blossoms with a pot of wine,
No friends at hand, so I poured alone;
I raised my cup to invite the moon,
Turned to my shadow, and we became three.
Now the moon had never learned about my drinking,
And my shadow had merely followed my form,
But I quickly made friends with the moon and my shadow;
To find pleasure in life, make the most of the spring.

Large blue and white Ming Dynasty
porcelain wine pot with pour spout
and dragon motif. Note how the poem
at right is shaped to approximate its
shape. Image in public domain.

Whenever I sang, the moon swayed with me;
Whenever I danced, my shadow went wild.
Drinking, we shared our enjoyment together;
Drunk, then each went off on his own.
But forever agreed on dispassionate revels,
We promised to meet in the far Milky Way.
- Li Bai, Chinese Poet
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