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Cover Story: Pages 33-37
Our cover features the William Optics

Star 71, an f/4.9 apochromatic refractor
that Dr. James Dire judged “the best in
its size available anywhere.” The Star
71’s patented optical design uses five
elements (FPL-53) in three groups to
produce color-free, pin-point images
across a flat field. Although the Star 71
was designed with digital imaging in
mind, it’s also an excellent wide-field
visual tool when matched with the
optional WO star diagonal and a quality
1.25-inch eyepiece. The background
image of the Rho Ophiuchi Nebula was
captured with the Star 71 mated to an
SBIG ST-2000XCM CCD camera.
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Dr. Robert Majewski is a retired engineer living in Las Vegas. He has an M.S. and
Ph.D. degrees in Physics from the University of Illinois. His career involved testing and
calibrating a number of imaging electro-optical systems at the Hughes Aircraft
Company and Raytheon Missile Systems. His hobbies include high-resolution plane-
tary imaging and exoplanet transits.

Austin Grant, a high-school Chemistry and Biology teacher, is a self-described per-
petual hobbyist, experienced in such areas as building computers and repairing arcade
equipment. Austin stumbled into astronomy several years ago and it soon became his
primary interest. Being a child of the digital age, it didn’t take long for him to find dig-
ital astro-imaging and he sold his last pinball machine to fund his current imaging rig.
Austin shares his passion for stargazing with his students and is in the process of
building a school astronomy club.

Greg Marshall is an amateur astro-photographer and the owner of Wa-chur-ed Observatory,
a small business that offers both astro-photo art and tools for astronomy.  He has an MS
degree in Computer Science and 35 years of experience in electronics engineering, special-
izing in image processing. He is also director of the Astro-Imaging SIG of Rose City
Astronomers in Portland, Oregon and will be a speaker at the Oregon Star Party in August,
2014. The actual observatory houses an AP Mach1 mount, QSI583wsg camera, and several
scopes, including a 25 year old 5.6-inch AP triplet refractor.

Sean Melehan is an Associate Editor at Astronomy Technology Today and is an amateur
astronomer who lives on LakeMacquarie, NSW, Australia, with his wife Sarah-Kate and daughter
Savannah-Rose. Deep sky observing is Sean’s burning interest, and he loves nothing better than
to sketch at the eyepiece. He is also a former journalist who learned his craft at the bush paper The
Singleton Argus before working for the Newcastle Herald for 20 years. He left the ailing newspa-
per industry in 2012 to pursue a career in geology and is a second-year student at The University
of Newcastle, where he is completing a Bachelor of Science, majoring in Earth Sciences.

Dr. James Dire has an M.S. degree in physics from the University of Central Florida and M.A.and Ph.D. degrees
from The Johns Hopkins University, both in planetary science. He has been a professor of physics astronomy
at several colleges and universities. Currently he is the Vice Chancellor for Academic Affairs at Kauai
Community College in Hawaii. He has played a key role in several observatory projects including the Powell
Observatory in Louisburg, KS,which houses a 30-inch (0.75-m) Newtonian; the Naval Academy observatory
with an 8-inch (0.20-m) Alvin Clark refractor; and he built the Coast Guard Academy Astronomical Observatory
in Stonington, CT, which houses a 20 inch (0.51-m) Ritchey–Chrétien Cassegrain telescope.



The William Optics
Star 71 Refractor

William Optics has done it again!
Just when I thought they had developed
the perfect optical design for astronom-
ical imaging with their Gran Turismo
(GTF) 81-mm and 102-mm refractors,
they have developed a new telescope de-
sign even more impressive than the last.
The GTF 81 refractor is a five-element
apochromatic refractor (Apo) with a
f/5.9 focal ratio, essentially a triplet ob-
jective with a built-in two-element field
flattener (see ATT July/Aug 2013),
while the GTF100 uses the same optical
design operating at f/6.9 (see ATT
Sept/Oct 2013). What more could an
astronomical imager want? How about a
five-element, flat-field Apo operating at
f/4.9! That’s exactly what you’ll get with
the new William Optics Star 71 refrac-
tor.

The WO Star 71 is, as the number
in the model implies, a 71-mm objec-
tive apochromatic refractor. The new
patented optical design uses five ele-
ments of FPL-53 fluorite glass in three
groups to produce color-free, pin-point
images across a flat field. The telescope
is powder coated white with gold ac-
cents (Image 1). The bare optical tube
assembly (OTA) weighs a mere 4.5
pounds!

The Star 71 comes with a nice gold
15-cm long Vixen-style dovetail plate
(Image 2) and a pair of tube rings. I was

quite impressed by the engineering de-
tail in the OTA, and even more im-
pressed that the engineering detail was
also very apparent in the tube rings.
These rings were incredibly lightweight,
but strong and were tapped on the top
and bottom. The OTA comes with a
small dovetail base plate for a finder-
scope that can be mounted with two
screws on either the top left or top right
side of the OTA! My Orion 9x50 cor-
rect-image finderscope/bracket fit per-
fectly into this base plate. The telescope

comes with a 2.5-inch rack-and-pinion
focuser with a normal and a 10:1 slow-
speed knob on the right side and a nor-
mal speed knob on the left side
containing the unique William Optics
English and metric temperature gauge.
A locking screw on the bottom of the
focuser keeps the focuser from shifting
under load during long-exposure as-
trophotography.

Image 3 shows the telescope with
the drawtube completely cranked out.
The graduated drawtube indicates the
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Image 1 - The beautifully crafted William Optics Star 71 five-element apochromatic
refractor. Note the temperature gauge built into the focus knob.



focuser has 35 millimeters of travel. The
drawtube terminates in male M48
threads to which a Canon EOS T-ring
adapter can be attached. Many CCD
cameras also attach using M48 threads,
so I had no difficulty mating the WO
Star 71 to both of my SBIG CCD cam-
eras (Image 4).

Since the Star 71 was designed with
digital imaging in mind, the telescope
does not come with a diagonal. The
scope will not accept a 2-inch diagonal
since there is insufficient back focus
with this unique optical design for that
much additional optical path. William

Optics does have an optional 1.25-inch
diagonal that attached to the M48
threads on the drawtube (Image 3). The
diagonal can rotate 360 degrees and has
a locking screw to hold it in place. At
first, I was concerned that I could not
use my longer focal length 2-inch eye-
pieces with this telescope. But then I re-
alized that because its focal length is a
mere 348 millimeters, I probably would
predominantly use my Tele Vue 15-mm
Plössl (23×), 12-mm Nagler (29×) and
5-mm Nagler (70×) eyepieces, all which
have 1.25-inch barrels. Each provided
exceptional views with this telescope. In

addition, I borrowed a friend’s (thanks
Tom) 6-mm (58×) and 3.7-mm (94x)
Tele Vue Ethos eyepieces, a step up from
my short focal length Naglers. The lat-
ter provided very respectable magnifica-
tion for this small telescope.

The Star 71 arrived the morning of
a full Moon; not the best evening ap-
proaching to test the instrument. How-
ever, I just happened to have a solar
filter that fit the optical tube perfectly.
So I decided to do a little solar observ-
ing and imaging. With the current solar
maximum, there was a plethora of
sunspots to explore.
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Image 2 - This view of the Star 71 highlights the retractable
dew shield, two-speed focuser with locking screw, and the
gold dovetail plate.

Image 3 - The William Optics Star 71 has a graduated draw-
tube with 35 mm of travel and includes a finderscope mount-
ing base which can be positioned on either side of the tube.
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Finding the Sun was easy, even
without a finder on the telescope.
Watching the shadow of the OTA on
the ground assisted in pointing it to-
wards the Sun. When the shadow of the
OTA showed the smallest image of the
scope’s diameter, I knew it was pointed
at the Sun. My best eyepieces were at
my observatory 26 miles away, but I al-
ways keep backup eyepieces stashed in
my myriad telescope cases. A 32-mm
Plössl eyepiece provided a 4.6-degree
field of view (FOV) at 11×, allowing me
to center the Sun and then switch to a
9-mm Plössl, yielding 39× with a 1.4-
degree FOV. The views of the sunspots
were excellent, and I could 
easily make out sunspot umbras and
penumbras.

Next I removed the diagonal and at-
tached a Canon T3i DSLR camera to
the telescope, using the Canon adapter
that came with it. Although the focuser
on the Star-71 has 35 mm of travel, I
only had to move the focuser 1-2 mm
from the focus position with the diago-
nal and eyepiece to achieve focus with
the camera. This demonstrated another
engineering feat in the design of this in-
strument for use with Canon EOS
DSLR cameras and the optional WO
diagonal! Image 5 shows a 1/1000 s ex-
posure of the Sun and the sunspot de-
tail obtained. I cloned the Sun’s image
and populated it along both axes to
show the FOV with the Canon camera.
Since the Sun is approximately 0.5 de-
grees across, the field spans 3.5 degrees

from left to right.
A week later, during the third-quar-

ter Moon, I took the telescope out to a
dark observing site and mounted it side-
by-side with my Stellarvue 70-mm f/6
ED doublet refractor (see ATT
Nov/Dec 2011) on the mount pictured
in Image 1. Although the 70-mm scope
has a longer focal length, it was close
enough to the Star-71 for a good side-
by-side comparison. I moved two 1.25-
inch eyepieces back and forth between
the two scopes to compare them visu-
ally: a Tele Vue 15-mm Plössl, and a
Tele Vue 5-mm Nagler. Physically, the
Star 71 should demonstrate better color
correction and a flatter field than the
ED doublet. That is exactly what I ob-
served.

Image 4 - The WO Star 71 with a CCD camera mounted in the
author’s observatory.

Image 5 - The Sun captured with the WO Star 71 using a
Canon EOS T3i DSLR camera. The author cloned the Sun’s
image to demonstrate the field of view with this camera-tele-
scope combination.



Both telescopes performed well on
Saturn with the 5-mm Nagler. The
color and clarity were notably better
with the five-element William Optics
telescope. In the Star 71, this eyepiece

provided 69× magnification; plenty to
see the rings in their splendor, the
Cassini Division, and lots of dark space
between the rings and the planet. I
could even make out Saturn’s darker
polar hood. In addition, Titan and three
smaller Saturnian moons were easy to
spy. If I had brought my 2x Barlow, I
could have pushed the telescope to its
maximum usable magnification (using
the thumb rule that the maximum us-
able magnification of a telescope is 2 ×
d, where d is the objective diameter in
mm). I’ll have to try that next time.

Using the 5-mm Nagler, I viewed
many Messier objects with the Star 71
including globular clusters M4, M13,

M22, and M28; planetary nebulas M27
and M57; and bright nebulas such as
M8 and M20. Theoretically, all Messier
objects should be visible in a 71-mm re-
fractor as this is about the same size tel-
escope Charles Messier used, albeit with
much better optics. The most impres-
sive object I observed was Omega Cen-
tauri, the largest globular cluster in our
skies. Countless stars were resolved with
the 5-mm eyepiece, and the cluster
filled the entire field of view.

The 15-mm eyepiece delivered less
magnification with a FOV slighter
greater than two degrees. This combi-
nation made most of the Messier objects
appear like tailless comets. No wonder
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Image 6 - The Lagoon Nebula, M8, captured by the author with
a 90-minute exposure using a single-shot color CCD camera.

Image 7 - Emission nebula IC4592 and the star Nu Scorpii
captured with a 150-minute exposure using a single-shot color
CCD camera.
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Messier wanted to catalog all objects
that might interfere with his search for
comets! Perhaps the most joy I obtained
with this telescope occurred with the
15-mm eyepiece when I panned across
the myriad Sagittarius star fields. From
my dark-sky site, the contrast between
bright Milky Way regions and large dark
nebular complexes was stunning.

This telescope was designed for dig-
ital imaging, so that is what I tested
next. I mounted the telescope in my ob-
servatory piggyback atop my 4-inch
f/7.9 Apo on a Paramount ME German
equatorial (Image 4). I guided with one
CCD camera attached to the 4-inch
Apo and another attached to the WO
Star 71. With its fast optics and wide
FOV, the Star 71 is the perfect instru-
ment to image large nebulas like the
Rosette Nebula, Elephant Trunk Neb-
ula, and the Heart and Soul Nebulae, or
large galaxies like M31 and M33. These
are not well positioned in the mid-sum-
mer for imaging, so I targeted several
nebular complexes along the southern
summer Milky Way.

My first target was M8, the Lagoon
Nebula (Image 6) in the constellation
Sagittarius. This 90-minute exposure
certainly captured the detail I was ex-
pecting. Unfortunately, I did not have a
good sharp focus. I discovered my nor-
mal focusing procedure failed because I
wasn’t used to imaging with such a short
focal length telescope. With short expo-
sures since the stars were so small, nei-
ther my eye nor the software readily
detected changes when I adjusted the
focus. Prior to the next image run, I
took myriad multi-minute exposures to
ensure I had the optimum focus.

I keep my observatory air condi-
tioner thermostat set to 80°F. During
the subsequent image runs, I noted the
ambient temperature dropped 10° from
the end of twilight until I packed it in.
The telescope maintained its focus over
this temperature range with no correc-
tions required!

My next test object was IC4592
(Image 7) in the constellation Scorpius,
a bright nebula surrounding the binary
star Nu Scorpii (also known as Jannah).
The FOV with the SBIG ST-2000XCM
CCD camera on the Star 71 is approxi-
mately 2.0 × 1.5 degrees, so this nebula
quite nicely fits onto the CCD chip.
The exposure was 150 minutes. Note
the pin-point-sharp stars I captured
with the proper focus compared to the
previous image. This is the only nebula
I have ever imaged with blue, yellow
and brown colors in it; perfectly cap-
tured by the WO Star 71.

My last test image was that of the
Rho Ophiuchi Nebula (Image 8). The
prominent “triple” star in this image is
Rho Ophiuchi, although the primary is
actually a double not resolved in the
image. So it is really a quadruple star!
The blue nebula surrounding Rho ex-
tends throughout the Star 71’s field of
view and beyond. This nebula was cap-
tured with a 180-minute exposure.

I believe these images demonstrate
the wonderful potential of this out-
standing instrument. Truly the Star 71

is the best optical design offered by
William Optics and definitely the best
in its size available anywhere. Its small
size makes it a great travel telescope, its
unique high-quality optics make it a
great imaging instrument, and its short
focal length and fast optics allow imag-
ing of large objects unable to be cap-
tured in longer focal length telescopes.
William Optics has another winner
with the Star 71!
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Image 8 - This three-hour exposure of the Rho Ophiuchi Nebula captures a stun-
ning field of view most refractors are unable to match.
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