
Who are we? 

ORION was founded in April 1974, 

by a group of scientists at the 

United States Department of 

Energy facilities in Oak Ridge, 

Tennessee. Our original goal was 

to perform correlated, 

instrumented observations of 

atmospheric and astrophysical 

phenomena. Since then, we have 

expanded in many directions, 

including optical and radio 

astronomy and instrument design. 

Have a look at 

https://orionastronomy.wordpress. 

com/ 
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 Mark Littmann is a University of Tennessee professor of 
journalism.  He holds two endowed professorships: the Hill 
Chair of Excellence in Science Writing and the CCI Board 
of Visitors Professorship.  He teaches three different 
courses in how to write about science for the general 
public.
  Littmann received a B.S. in chemistry and literature at 
MIT, an M.A. in creative writing at Hollins College, and a 
Ph.D. in English at Northwestern University.  Before joining 
UT in 1991, he directed a large planetarium in Salt Lake 
City for 18 years and taught astronomy at the University of 
Utah and Loyola University in Baltimore.
  Littmann's most recent works are a play, two books, and 
a planetarium show.  Little Lessons for Lina is a play about 
Caroline Herschel, the first woman to be a professional 
astronomer.  Totality: The Great American Eclipses of 2017 
and 2024 (Fred Espenak, coauthor) is a book for the 
general public.  Eclipse 2017 is a book for children ages 
8-14.  And Eclipse: The Sun Revealed is planetarium star 
program produced and internationally syndicated by program produced and internationally syndicated by 
Nashville’s Sudekum Planetarium.
 Littmann is the author of four other books about 
astronomy that have won four national awards.
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More About ORION 

ORION is an amateur science and astronomy 
club centered in Oak Ridge, TN that was 
founded in April 197 4 by a group of scientists 
at the United States Department of Energy 
facility in Oak Ridge, Tennessee. We serve 
Oak Ridge, Knoxville, and the counties of 
Anderson, Knox, and Roane. 

ORION's mission is to support science 
research, teaching, and amateur astronomy in 
East Tennessee, and therefore we are closely 
associated with and support TAO by 
volunteering to host their public events, share 
our knowledge of the skies with a variety of 
telescopes, and help provide intellectually 
stimulating programs at the observatory. 
ORION works to share the wonders of the 
cosmos and the culture of science to people 
from all walks of life. 

Members are scientists, engineers, 
technicians, and others with varied talents and 
expertise. Over half have telescopes, many 
are amateur radio operators, and some have a 
technical interest in astrophotography. 

ORION has working relationships with several 
organizations, including museums and 
amateur astronomy groups. 

Membership is open to individuals who will 
actively contribute their time and ideas. Our 
annual membership dues are $20.00 and 
student discounts are available. 

.. 
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New ORION Board and Officers 

The 2019 ORION Board was elected by 
ORION membership at our Feb. 20 meeting. 
Candidates' names had been read at the 
January meeting, and were read again 
before the election. Election of the 
candidates was unanimous. The board 
selected the new officers for 2019. 

Congratulations to our new Board and 
Officers: 

David Fields {President) 
Juan Carbajo and Don Spong (Vice 
Presidents and Program Chairs) 
Linda Fippin {Secretary) 
Bob Edwards {with backup Noah 
Frere)-Treasurer 
Jaclyn Waymire -- Newspaper Publicity & 
Trapezium 

with 

Rob Fowler - Videographer 
Owen Hoffman - {Obed Outreach and Oak 
Ridge Star Parties coordination) 
Ted Stryk (RSCC Liaison) 

We anticipate a great year! If you have 
ideas for programs or activities, please let us 
know! 







Introduction to the Art & Astronomy Series: Several times this 
year, I’ll present an article on an astronomical curiosity 
complemented by and enriched with some artistic form. There 
will be a discussion of telescope resolution and binary stars 
precipitated by a Robert Frost poem, another on emission, 
reflection, and absorption nebulae and feature some 
astrophotography, followed by an astronomical analysis of 
Vincent Vincent Van Gogh’s "The Starry Night" displaying some 
profound insight.

Significantly more than half (perhaps as much as 85%) of the 
stars you see with your naked eyes are binaries—two stars 
appearing as one, but are actually close together because they 
are gravitationally bound (though some may be optical binaries 
or visual doubles* and only appear close together by chance 
because of viewing alignment). The term was first used by Sir 
William Herschel in 1802, but may refer to multiple star 
systems, not just those with two stars. Close-in binary systems systems, not just those with two stars. Close-in binary systems 
having an orbital period of less than 30 years means that they 
are less than 10 AU (1490 million km) apart. Some are loosely 
bound: the triple star system, Alpha Centauri has one of its 
stars 13,000 AU from the other two with a period of a 
half-million years. Some are tighly bound: Spica’s two stars are 
so close (0.134 AU or 20 million km) that the orbital period is 
only 4 days. Some popular binary star systems areonly 4 days. Some popular binary star systems are Algol 
(β-Persei, the Demon Star), Alpha Centauri, Antares 
(α-Scorpii), β-Lyrae, Rigel (β-Orionis), Sirius (the Dog Star), 
and Spica. [For more details about these star systems, see 
http://www.novacelestia.com/space_art_binary/binary_star_sys
tems.html.]

A 3-inch telescope is all that’s needed to see the individual 
stars. To introduce the concept of splitting a point of starlight 
into its stellar components, let’s see how the New Hampshire 
poet, Robert Frost (1874-1963), described it in “The 
Star-Splitter” published in 1923. (“Frost, an avid amateur 
astronomer, believed that every town should have its own 
telescope. The humorous tale recounted in this poem 
illustrates how the presence of a telescope, like a compelling illustrates how the presence of a telescope, like a compelling 
work of art, will change people, and entire communities, for the 
better.” [Galileo’s World: An Exhibition without Walls, University 
Libraries: The University of Oklahoma, 
https://galileo.ou.edu/exhibits/star-splitter]) It’s a narrative 
poem about a farmer who loved the night skies so much that 



The distance-most, discernible car lights (near the 
left-right center) appears close because the 8x digital 
zoom was used (Samsung Galaxy Note 5). Typical 
headlamp separation is about 4.5 ft. The Free Ruler 
1.7b5 application was used to measure the headlight 
separation (5 pixels, becoming 0.625 pixel after 
compensating for zoom magnification), and the distance 
to the camera (500 ± 89 pixels or 17.8% measurement to the camera (500 ± 89 pixels or 17.8% measurement 
uncertainty). From simple ratio and proportion from the 
perspective in the photograph, the distance to the camera 
is 500 px (4.5 ft/0.625 px) or 3600 ft. With the uncertainty, 
this is 0.68 ± 0.12 mile. This agrees extremely well with 
the odometer measurement of 0.7 ± 0.05, as well as the 
intuited estimate of 0.5 to 1.0 mile from extensive 
experience in estimating distance from flying airplanes.experience in estimating distance from flying airplanes.

Consider an important example—the angular resolution 
of the human eye. The pupil of the eye gathers light 
(which is focused it on the retina). At night, the eye dilates 
and the pupil size increases from about 2 or 3 mm to 
about 5 mm, especially for older folks. The rod-dominated 
night vision (skotopic) is most sensitive to green-blue light 
(498 microns), so using the slightly dilated pupils at night, 
the dithe diffraction-limited resolution of a healthy eye is about 
0.42 arc-minute or 25 arc-seconds—the size of Mars at 
perihelion opposition.

Qualitatively, it is easy to see in the photograph that those 
headlamps will recede to a single point, which would be a 
lot farther than can be seen in the photograph. There are 
several other factors that play into the resolution, like 
glare and ambient light. It will be easier to apply the 
Rayleigh criterion to observing stars through a telescope 
on a moonless night. As shown earlier, naked eye 
resolution requires objects to be separated by more than resolution requires objects to be separated by more than 
25 arc-seconds. Using the same wavelength of light, the 
angular resolution of a typical refractor is 4.953/A, where 
A is the aperture in inches:

1-inch glass 4.95 arc-sec
2-inch   2.48
3-inch  1.65
4-inch  1.25
6-inch  0.83 

Also known as the Rayleigh criterion for spatial resolution 
(1879), it is the minimum angular distance between two distant 
objects that an instrument can discern resolvable detail. This 
happens when the diffraction maximum of one image coincides 
with the first diffraction minimum of a second image. If the 
separation distance is greater, the two points are resolved but if 
it’s smaller they are not resolved.

The angular resolution (radian), θ = 1.22 λ/D, where λ is the The angular resolution (radian), θ = 1.22 λ/D, where λ is the 
wavelength of light and D is the aperature of the lens.

[For a mathematical discussion of this[For a mathematical discussion of this Airy disc formula, see 
the following references, especially if you are curious about the 
1.22 factor often seen in the formula, it has a lot to do with the 
zeroes of the first order Bessel function: 
https://en.wikipedia.org/wiki/Airy_disk, as well as more sedate 
references: 
https://courses.lumenlearning.com/austincc-physics2/chapter/2
7-6-limits-of-resolution-the-rayleigh-criterion/ and 7-6-limits-of-resolution-the-rayleigh-criterion/ and 
https://opentextbc.ca/physicstestbook2/chapter/limits-of-resolut
ion-the-rayleigh-criterion/]

A practical example of angular resolution is an approaching 
car’s headlights at night. When too distant, the two lights 
appear as a single blob of light, but as they approach, the eye’s 
ability to resolve the two lights becomes better. The photograph 
below was taken shortly after sunset (9 p.m.) while traveling 
northbound on Pellissippi Parkway near Maryville, TN (May 16, 
2019).



For example, Sirius is a binary comprised of a hot bright star 
(A1) Sirius A star close to it’s dim White Dwarf companion 
separated by 3 to 11 arc-seconds. In principle, a 2-inch 
telescope can do it, but because of staggering glare, a larger 
scope is usually necessary. Still, a 4-inch scope can do it 
(https://florin.myip.org/blog/how-see-sirius-b)

__________________________________________________
*“The well-known summer jewel*“The well-known summer jewel Albireo (β Cygni), the gold and 
green pair Almach (γ Andromedae), and the orange and blue 
suns of 24 Comae Berenices are the color-contrast leaders.” 
[“Pretty Double Stars for Everyone” by Alan Adler, Sky & 
Telescope (July 26, 2006), 
https://www.skyandtelescope.com/observing/celestial-objects-t
o-watch/pretty-double-stars-for-everyone/. The article contains 
A A Table of 42 Double or Multiple Stars.]

Before becoming a nuclear consultant, John C. Mannone was 
a research chemist for Martin Marietta in Baltimore where he 
worked on Viking’s life detection systems and on Voyagers’ 
electro-explosives. John delights in sharing the technical 
aspects of astronomy, but also enjoys the literary arts. The two 
often fuse.



If we knew the mix of light pollution wavelengths, then we 
could design a filter to remove them.  That’s the approach 
of Lumicon, Meade, Celestron,  Baader, Optolong and 
other filter manufactures.  I’ve used several different light 
pollution filters, and am working with Djerdi Srdanov to 
evaluate which are the best to use at TAO.

MEASURING THE SPECTRA

Last weekend I went to ULast weekend I went to UT Knoxville and worked with 
Noah Frere to examine spectra from various sources.
Here is my photo of Noah observing the spectra of a Here is my photo of Noah observing the spectra of a 
hydrogen lamp.  It uses a high-voltage power supply.  I 
usually show my Astronomy classes such a spectra, and 
we use our classroom spectrographs to observe 
hydrogen emission.  One of the brightest spectral 
features is the H-alpha line (Balmer spectral series) at 
656 nm (6500 Angstroms).  This is the same wavelength 
we choose to observe with a solar telescope when we we choose to observe with a solar telescope when we 
want to see solar prominences.

Here is my photo of Noah observing the spectra of a 
hydrogen lamp.  It uses a high-voltage power supply.  I 
usually show my Astronomy classes such a spectra, and 
we use our classroom spectrographs to observe 
hydrogen emission.  One of the brightest spectral 
features is the H-alpha line (Balmer spectral series) at 
656 nm (6500 Angstroms).  This is the same wavelength 
we choose to observe with a solar telescope when we we choose to observe with a solar telescope when we 
want to see solar prominences.

We don’t always insert a favorite eyepiece and have a look 
through the telescope -- sometimes we add a camera.

THE LIGHT POLLUTION PROBLEM

Other times, we don’t even use an eyepiece or camera.  Other times, we don’t even use an eyepiece or camera.  We 
might want to examine the spectra of the light, to determine 
from where it comes and what it tells us.   Beginning close to 
home (light pollution), we find a lot of sources of unwanted 
light.  Sometimes it’s the headlamp of a thoughtless amateur 
astronomer, who looks at us with no awareness that his 
headlamp is shining into our eyes. 
More likelMore likely, the light pollution is emitted from badly-designed 
mercury or sodium-based glare bombs.  On the left is a sodium 
lamp, with its characteristic yellow color. On the right is a cheap 
glare bomb consisting of a high-pressure mercury lamp in the 
center, with a large phosphor-coated bulb surrounding it.  
Usually the cheapest have a mix of phosphors that tend toward 
daylight (blue, or high color temperature) that destroys night 
vision, interferes with sleeping, and bothers living things.vision, interferes with sleeping, and bothers living things.

Here’s what the sky might look like through a spectrometer, 
which shows the distribution of colors (spectral bands and 
lines) that taken together, constitute the light pollution. 



CHOOSING A FILTER FOR THE TAO SKIES

WWe may have taken our first steps at learning how to 
measure light pollution at TAO and understand the 
sources.  Then we can choose an appropriate light 
pollution filter, and test if it is the ‘best’.  Here is the 
lumicon chart that tries to suggest what filter might be 
best.  One starts by removing sodium and mid-range 
phosphor emission, but transmitting the H-alpha and  
stellar oxygen lines.stellar oxygen lines.

This is the transmission curve of the  Optolong 
Moon/Skyglow filter transmission.  ‘Green’ means keep 
the line, while ‘yellow’ means reject it. In general, this filter 
should do exactly what we want – but there are a lot of 
vendors, each claiming they have the best.  

The ‘best’ differers according to local light pollution and 
what celestial object we’re trying to observe – which 
planet, star, or nebulae.  That part of what makes 
astronomy challenging.

The entire hydrogen spectrum looks like this, although through 
Noah’s spectrograph, we adjust the grating to see selected 
regions of the spectrum, at higher resolution.

This is a photo of the experimental setup, with the This is a photo of the experimental setup, with the 
spectrometer eyepiece view captured by a camera coupled to 
the spectrometer, and displayed on a monitor.  That’s the 
Revolution Imager that Don Spong recommended to us at the 
ORION meeting a couple of months ago: 

TAKING THE SPECTROMETER OUT OF THE LAB

WWe got most of the equipment working, then Noah took it 
outside to try to capture some stellar spectra.  This is his result, 
captured using his Canon DLSR.

That’s a very cool first cut of a stellar spectra – thanks to Noah 
for sharing it.  He took about 18 photos and stitched them 
together.  It is a solar spectra, of course!
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