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Abstract: Many aspects of amateur astronomy can slip outadh for people who have health issues or
injuries that adversely influence endurance, liftaapacity, or mobility. This is partly becausadiaap
access has not been an emphasis in the desigraté@amastronomy equipment. One of the greatest
barriers to accessibility is the position of theigce when an astronomical telescope is pointedrtb
various parts of the sky. Often, the eyepieceashigh, too low, or at the wrong angle to be asités

by people living with certain disabilities; partlady by people using wheelchairs. When my health
prevented using conventional amateur astronomypetgnt in the 1980's, | invented a number of
improvements that made astronomical observing &otbgraphy possible. While | invented these items
purely out of necessity, the average healthy pefsond that the same items were more convenient to
use than equivalent existing items. Making suemg available to other amateur astronomers became
the primary basis for founding Versacorp in 19&3nce then, | began to think of ways that a large
aperture (but affordable) telescope might be caméd to be more accessible to a person such as one
with my progressive condition. More recently, knogvfriends and acquaintances who use wheelchairs
has increased the motivation to develop simplecastl effective concepts for affordable large apertu
telescopes having an eyepiece position that caictessed from a wheelchair or similar mobility devi
Basic specifications for several specific “accegsiblescope” designs are presented in this wQnke

of these telescopes has a large 56 cm aperturéisashelign is applicable to even larger apertusch
"accessible telescopes” would be useful at pulddiering events, since they provide a way for mosiif

all handicapped people (who can get there) togpaie. For many astronomical objects, there is no
substitute for a direct, visual view through a selepe. If local skies are dark, a large apersikery
useful. An "accessible telescope" is also by didim a telescope thanyonecan conveniently use from
a seated position. Therefore, “accessible tele=xiogre useful to a wide variety of people. Thisi
“defensive publicationthat operates to prevent third party patentingrof patentable material herein.

It is supported by numerous unpublished but vési@ariority documents dating back to the 1980°s.
Upon publication of this material, only that whistpatentablemay enter the public domain. All that is
covered byCopyright(text, photos, artwork) shallot enter the public domain. All Rights Reserved.

Contents:
1.0) IntroductionAccessible Telescopes: Their Necessity and Dpglidations. 2
1.1) Accessible Telescope Trade Space and Congeiitsllustrations) 2
1.2) Assumptions for Wheelchair Size, and Rangé&/6f Observer Eye Heights 14
2.0) Accessible Telescopes: Basic Descriptionsvad Families of Telescope Designs 15
2.1) Description of Large Aperture Accessible Maetif Newtonian Telescope. 15
2.2) Accessible Telescope with Fixed Eyepiece msida House or Other Structure 19
3.0) Accessible Telescopes: Strawman and Baseksgbs 19

3.1) Accessible Large Aperture (40 cm Class) MedifNewtonian: (Several Versions) 20
3.2) Accessible Long Focal Length Refractor Telpsc@focal plane inside building) 40

3.3) Relay Lenses to Increase Observer ClearartbeBxisting Telescopes 41
4.0) Conclusions (for Modified Newtonians, Fixedelpiece Telescopes, Relay Lenses 46
5.0) Claims Disclosure, Scope, Disclaimer, Remarks 7 4

6.0) Appendices: (Telescope TypBgview Link, Sample Planet Images, Vendor Data) 52

-1-



1) Introduction: Accessible Telescopes: Their Necsisy and Dual Applications.

When people have health issues or injuries thagraely influence endurance, lifting capacity, or
mobility, many aspects of amateur astronomy cgnait of reach. This is in large part due to
the design of commercial equipment that is mark&deximateur astronomers.

Throughout many decades, a number of people, imgdutie late well known Russell W. Porter,
have designed telescopes that accommodate leseftialum health conditions. Some of the
related concepts, including fixed positions for thlescope focus, have made their way into
many well known extremely large aperture telescdpatprofessional astronomers still use.

When | was bedridden for a few months in late 197%8rked on concepts for telescopes that
could be accessed when very weak, and even onewitlyepiece position that could be used
from a bed. Since then, | emphasized simpler dsdigat have fixed indoor eyepieces, but that
are not necessarily accessible from a bed. Sorttesé proved to be novel, and others did not.

Later, when my mobility was reduced to the poinbftén needing a walker, | began to think of
ways that a large aperture (but affordable) telesenight be configured to be more accessible.
More recently, knowing friends and acquaintanche Wwe and work from wheelchairs has
increased the motivation to come up with simple evst effective concepts and designs for
affordable (as in, affordable relative to the apertconsidered) large aperture outdoor telescopes
having eyepiece positions that are accessible wbeelchairs or similar mobility devices.

An "accessible telescope” would be extemely usafplublic viewing events, since this would
provide a way for most if not all handicapped pedmho can get there) to participate. For
many astronomical objects, there is no substimta direct, visual view through a telescope.
And if local skies are dark, a large aperture sfuidfor observing deep sky objects.

An "accessible telescope” is also by definitioelagcope thaanyonecan conveniently use from
a seated position. Therefore, such a telescopeeisll to a very wide variety of people.

1.1) Accessible Telescope Trade Space and Concemtgh{ Illustrations)

The trade space for an accessible telescope irchyatecal design, maximum practical aperture,
physical size, eyepiece accessibility, and mangradispects. Basic requirements specific to
large aperturaccessiblgelescopes that are useful to people with a waoktlisabilities include:

* Eyepiece position low enough to be accessiblmfeoseated position, regardless of aperture.
* Eyepiece position low enough to be accessibla bgated person with severe scoliosis.

* Variable eyepiece angle that minimizes how mugeeson must move their head or neck.

* Variable eyepiece angle, also for the purposaccbmmodating users of different heights.

* Clearance for a manual wheelchair, motorized Wdteser, or other common mobility device.

* Finger clearance for grip rings on a low cost elebair that lacks tilted wheels.

* Accessible focus control that can be operatedt wary little force.

* Ease of use, small enough to fit through intedoors or move in mini-van or smaller vehicle.
* Safety features to minimize risk to eyes fromideatal operation of a motorized wheelchair.
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There are many ways to implement (or modify) tedgss to provide accessible eyepiece
positions. Each has its advantages and disadwes)tagd each is associated with a maximum
practical aperture, f/ratio, or field of view. Qrd few concepts are compatible with providing a
large aperture accessible telescope at relatieglycbst. Some are novel, and some are not.

1.1.1) Small Telescope on Table or Overhanging PieThe most basic approach is to simply
place a small telescope on a table, then roll aelehair up to the table to use the telescope. In
order to reduce the required range of head and metion, a variety of eyepiece angles (for
viewing objects at different elevation angles) mravided by simply looking straight through the
telescope, or by using diagonal mirrors or prishas provide a variety of (or variable) eyepiece
angles. Commonly available optical path deflectogles include 45, 60, and 90 degrees.

Two diagonal mirrors can be used together in sevleEn a continuously variable eyepiece angle
is desirable. A tabletop telescope imposes limitsiperture, so it is not covered in detail.

¥

Figure 1.1.1A Small telescope and cat on table; Telescopeloxtireyepiece position.

LEFT: When deployed on a table, this Questar 3.&kdvtov-Cassegrain telescope is accessible to more
than just people! This feline telescope userigvoatching.

RIGHT: An accessible telescope requires an eyepfetds low enough to access from a seated paositio
The shown eyepiece angle works at all elevatiomesngHowever, this alone is not enough. A peison

a wheelchair cannot get as close to the telescapminas | am in this picture, since the wheelcfaot

rest will be in the way. Also, some users of whkalrs or other mobility devices cannot lean fordvas
much as shown here. | built this compact 20 cn6ft8lescope in 1989. It can be stored and tratespo

in its mount, along with eyepieces and other aaress It weighs only 13 kg including the mount.

1.1.2) Variable Angle Fold Mirror. A variable angle fold mirror is useful in conjdion with

most concepts and designs in this work. The masfulirange of angles are dependent on other
aspects of the telescope. There is also moreghaunt just angle. For example, a variable angle
fold mirror for a fast f/ratio modified Newtoniaaléscope (see 1.1.7), must be designed in a way
that its front interface does not block the outdgesof an f/4 (or even faster) light bundle.

This imposes requirements that cannot be met bijail@ dual angle or variable angle fold

mirrors. For example, the simple practice of usiag diagonal mirror assemblies in series adds
two optical surfaces to the system for each regiomhich the optical path angle is varied, and
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two diagonal mirrors in series generally will ngtionally accommodate an f/4 light bundle.

Another consideration is the precision with whikbbk front interface, the mirror, and eyepiece
holder (or relay lens assembly) must be aligneti vaspect to each other. The front and rear
parts of the assembly must both move at equal angté respect to the mirror, so that the

mirror is effectively tilted half the angle at whithe focal plane end of the assembly is tilted.
Yet another consideration is that construction ngsheavy enough to support the eyepieces
(and possibly cameras) that are used where theligidle exits the variable angle fold mirror.

Still another consideration is that the light pftid angle must be variable, not merely dual.

This means that the mechanism must maintain alightheoughout the range of adjustment, as
opposed to only at each end of the range. Twabkriangle fold mirror assemblies are useful
with a relay, since this provides a wide rangeyapéece positions and angles in 3-dimensional
space. The angle of deviation for the light pathlso important. Since a unique type of variable
angle fold mirror is best suited to modified Newtontelescopes shown in part 1.1.7, the shown
version has fold angles between 58 and 105 degmdws) are well suited to the application.

& 2018 Jeffrey R. C harles, All Rights Reserved

Figure 1.1.2A. Variable Angle Fold Mirror (VAFM): Version hawin58 to 105 degree range.
This variable angle fold mirror can deviate théntigath to any angle between 58 and 105 degreles. T
LEFT figure shows the fold mirror set for a 58 degytight path fold angle, and shows that the hausin
fully encloses the light path. The CENTER figuh@ws the fold mirror set for 105 degrees, and shows
overlap between different housing parts. Showntfiaterface is T-thread since a 1.25" OD barrefica
accommodate the shown f/4 light bundle. The afagleach end of the housing is maintained relatve
the mirror. Here, coaxial gear sectors are tieghich end (red sector for front, green for baakg, mesh
with two 2-stage idler gears tied to the mirror mouFor clarity, the mirror is shown tied to thaffted
housing. RIGHT: In practice, the front is besttpdrthe main housing. Simpler ways to synch. esgl
are to use cams, or a long screw that’s fixed fieremce to the mirror, with right hand threads ae end
and left hand on the other. As the screw is turnaditive tilt for both ends of the unit changeialy.

1.1.3) Long Refractor. Another accessible telescope concept is simpdyractor telescope
having a tube long enough to provide an eyepieséipn far enough from its pier or tripod that
the eyepiece is accessible. A folded refracton aifixed eyepiece near the polar axis assembly
is another option. The maximum practical apertaira good (affordable) refractor is limited.

1.1.4) Relay lens.One simple solution is to extend the back focusbnventional Cassegrain

focus far enough out to provide adequate clearaAcelay lens can be used for thiBhis
design has been prototyped and testéee below. Also see relay lens test resulpam 3.3.)
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Figure 1.1.4A Relay lens prototype being tested on a Celeg@o® cm (8") f/10 SCT, 180818.
These photos show testing of a simple relay lessmably on a Celestron C8 Schmidt-Cassegrain
telescope (SCT). The angle of the relay can beglaxith respect to the telescope in order to pet
appropriate eyepiece height and angle needed face@essible telescope, and can also be used @n eith
side of the telescope. For example, in the LEFage, the telescope is pointed well east of thehsont
meridian, and the eyepiece is at a low positioth wWie diagonal mirror at the end tilted up. TiBis
suitable for an observer who can move their headnack to some degree. If a person can’t move thei
head much, the relay can swivel upward and theodialgat the outer end can be rotated so that the
eyepiece suits the observer. The RIGHT image slioavelescope pointed just west of the meridian.
Here, the relay is positioned in a way that thepes@e points horizontally, for access by a persbo w
has a lower eye position relative to the grounte €yepiece height i&riablein most configurations.
This is important foaccessible telescopdsecause an observehair is less likely to interfere with
observing when the eyepiece is at or closetioreontalorientation than when it is oriented vertically.

In order to be useful in providing an accessiblepasce position for observers using wheelchairs
and other mobility devices, a relatively long relags assembly is required to move the eyepiece
position far enough from the telescope to providedyclearance between the telescope with its
mount, and a wheelchair, etc. The pictured redaynily 46 cm (18") long, but can be lengthened
simply by using extension tubes between the reagds, or by using longer focal length relay
lenses. The latter is practical with slow f/ragtescopes such as the pictured Celestron 8 SCT.

When such a long relay assembly is used on a tgdesaf this relatively small size, it must be
supported by a wire or spring cable (etc.), andumterweight (shown just right of the telescope)
should be used in at least one location on the sifgpside. The design works on an equatorially
mounted telescope such as this one, but is befitedso altitude over azimuth mounted scopes,
since the rear cell angle and position do not ceasgmuch with respect to the tripod.

1.1.5) Optical Path Through Altitude Axis. For more convenient access to the eyepiece, a
Cassegrain or folded refractor telescope on atudétiover azimuth mount that has an optical
path through the altitude axis can provide consisted accessible eyepiece positions, provided
the eyepiece is far enough from the telescope anthtn This used to be more common in
commercial scopes than it is today. Now, sucHestepe is expensive (an existing scope and
mount must be modified), and it also has a limfteldl of view. This design is pictured below.
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Figure 1.1.5A Drawing of "accessible" 30.6 cm aperture f/1l&gqle SCT with relay lenses.
By adding relay lenses to slower f/ratio telescopesh as this 30.6 cm /10 Meade Schmidt-Cassegrain
telescope (SCT), it is possible to accommodate aatated position and clearance for a wheelchair o
other mobility device. When the telescope is fertmodified as shown, to provide a light path tigtou
the elevation axis of its mount (and then usedtilazamuth mode), the eyepiece can remain at alfixe
height regardless of where the telescope is pointédte sky. Multiple diagonals can be used ineseat
such slow f/ratios for flexibility. This design $imany advantages for accessible astronomy. Haoweve
due to characteristics of an f/10 SCT, including telatively small size of its primary baffle tulbeld

of view (FOV) is limited. Specifically, when usisgmple achromatic relay lenses, the useful FOVafor
20 cm f/10 SCT is only about 0.6 degrees, whichdia@es to about 63x magnification with an average
orthoscopic or Plossl eyepiece. Useful FOV de@gésr larger apertures, to 0.5 degrees for a 25 cm
SCT, and 0.4 degrees for a 30 cm SCT. Fortuna®€)y, of a 25 cm or larger SCT can be increased by
at least 50% if ED glass is used in the relay Isenseif the relay optics are more complex. Here,
conventional SCT is modified to include an interfeddl mirror to direct light out the elevation (&lide)
axis. Arelay lens assembly is used to providarelece for an observer in a wheelchair, rollatogtber
mobility device, while retaining a low eyepiece pios. etc. It is moderately compact. A 20 cmsren
can be portable enough to transport in a compactTais design provides atcessible telescop
moderate to large aperture, while providing goodagimlity. The eyepiece height can be lower than 1
meters, regardless of where the telescope is gbirkbe eyepiece height can be varied via the n®unt
tripod, by swiveling the relay tube, by using exien tubes between diagonal mirror(s) and eyepiarce,
etc. There is clearance to allow use of eitherlsyebservers, while still providing several incloés
finger clearance between a conventional low costeMhair and the telescope mount or tripod. Ar80 c
telescope is shown here, but the concept is afgidida smaller apertures, and to larger apertupds at
least 41 cm (largest available consumer SCT). iBedee in the “Relay Lens” section of part 3, belo
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1.1.6) Fixed Focal Plane An "accessible telescope” that is set up in athalthe eyepiece is

in a comfortable indoor or outdoor location is d@rtway to provide good eyepiece access. A
refractor is well suited to an indoor eyepiece beeahe objective can be closer to a feed mirror
on the roof than is the case for reflector telessopr his in turn reduces the required pointing
mirror size versus the telescope aperture and anuaitesd field of view. This design is described
here, and also in a later chapter, though it isengbhasized as much as larger aperture designs.
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Figure 1.1.6A Cross-section view of telescope built into builylifeed mirror assembly detail.

A telescope having an indoor eyepiece locatiorery convenient, but usually must be limited in term

of aperture. This drawing shows a pointing (feadyor assembly that is used on a roof, and thes as

flat steering mirror to effectively point the tetepe. The LEFT drawing is a polar end view, wiiile
RIGHT drawing is a side cross section. The optoasd of the refractor objective shown on the right
points at the celestial pole, and the ellipticaldenirror is tilted to select declinations betwed8 to -48
degrees. The entire assembly is rotated abowthjeetive lens optical axis (via a ring bearingptint

and track in right ascension. For safety, a shutith a solar filter in it is always closed unlessnotely
opened by an observer. The width of the shownihgus about 27 cm, and the tube passes through the
roof just in front of the objective lens. The tuddends down into the habitable area, and hasibleo

wall where it passes through an attic. The spated®en the tube walls can be temperature contrasled
minimize tube currents. If the yard around a bogds wide enough, a telescope with a similar amirr
assembly could simply be positioned outside, settepiece end fits through a masked window opening.

In 1989, | developed improvements that made fixgpreces practical for larger aperture indoor
and outdoor telescopes. One version is an unasttwff-axis Newtonian with a fixed primary
mirror down low, and a flat pointing mirror on alewated equatorial mount for pointing. It was
designed in four sizes: 12.7 cm f/10.5, 18 cm #71@3 cm f/11.5, and 32 cm f/12.9. Small sizes
are very portable. In any version, the primaryrarican (but need not) be in a separate housing
that can sit on the ground, and have remote comtobdbrized collimation that is operable from

by the eyepiece. The taller baffled pointing nmi@ad eyepiece assembly is one to a few meters
from the primary mirror, depending on focal lengfhe most portable version is a 12.7 cm /9.6
off-axis Newtonian in which the primary and poirgtimirrors are in the same compact 122 cm (4
foot) long unit (upper left, Fig. 1.1.6B). Anothaortable version is based on a folded refractor.
Back then, the maximum aperture was 32 cm becaeadarngest “affordable” blank | could find
for a pointing flat was the Coulter 44.5 cm (17 Blgnk. Large versions were / are intended to
be compatible with indoor and outdoor focal plameations. An alternate version of this design
used a pointing flat with a small tapered and ashgknter hole to accommodate faster f/ratio
primary mirrors that are not off-axis (right inset~ig. 1.1.6B). In any design, two diagonal
mirrors (and/or variable angle fold mirrors) canused to vary eyepiece height and angle.
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Figure 1.1.6B Modular fixed eyepiece telescopes with latitadgistment | designed in 1989.
These off-axis Newtonian ‘scopes use a fixed prynmairror, and a pointing flat on an equatorial mbun
In the modular version, the primary mirror is iseparate housing on the ground and the pointingomir
and focal plane are in a taller assembly, onefewameters away, depending on focal length. Thevsho
18 cm f/10.7 version works as an accessible tepesc&tructure that supports the eyepiece andipgint
flat spans an area wide enough for a wheelchaio VAFM’s are added to the original version for more
variation in eyepiece heights and angles. Thecselfained 12.7 cm /9.6 at upper left has enowgtkb
focus to use a diagonal to vary eyepiece anglek bafunds due to not being able to get medicat ta
prior years was the sole reason that one or motfeesk telescopes was not built way back in th®'$98

Since these telescopes were designed, others mdieiéy designed a few similar items, and
(fortunately) had funds to build them. One examgla large accessible telescope at a Texas
university. One difference is that my annular piog flat was on an equatorial mount (designed
before alt-az tracking practical for amateur fla)t the Texas flat is on an alt-azimuth mount.

1.1.7) Modified Newtonian. The design emphasized most herein is a modifeagtbhian
telescope having an “accessible” eyepiece. Thsageh provides a larger aperture than most.

In some versions of the modified Newtonian desilga,secondary mirror reflects light from the
primary at an unconventional angle (or even a b&iangle, at the expense of adding some
complexity to tilt the secondary mirror at half tfae of the focal plane angle). This provides a
relatively low eyepiece position, even when thedebpe is pointed at high elevation angles. In
addition, use of a second flat mirror near focugesat possible to swivel the eyepiece position.
In some cases, the eyepiece angle can be a bétaduitain low to moderate elevation angles.
However, the variable angle fold mirror mentionéd\e can normalize the eyepiece angles.
The last major difference between a modified andreational Newtonian is that the eyepiece
position is well beyond half the width of a wheeaohrom the telescope and mount, for better
accessibility. The secondary can be smaller itakw(-120 to -600 mm FL) Barlow lens is used.
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Figure 1.1.7A Drawing of "accessible" 56 cm aperture /3.7 rfiediNewtonian telescope (1.0)
By using unconventional angles for the secondaryamand focuser, a modified Newtonian design
provides araccessible telescogeving a large 56 cm (22") aperture, while alsovjgling some degree

of portability when used with a truss and/or duakirtube design. The eyepiece can be as low as 43"
above the ground when the telescope is pointedrattz The eyepiece also has good lateral clearanc
from the telescope structure, providing space foolaserver in a wheelchair. There is enough clesra
to accommodate use of either eye by the obserele wroviding adequate finger clearance between th
wheelchair and telescope. Focuser can rota8 a&bout primary mirror axis to provide better gigee
heights at various elevation angles. Native eyspangle is not necessarily orthogonal to telesebpe
low to moderate elevation angles. However, a tégiangle fold mirror (VAFM, shown by eyepiece)
provides more intuitive orthogonal eyepiece posgio A 56 cm aperture telescope is shown herehleut
concept is applicable to other apertures, depenminghich parts are customized. In this embodiment
the rocker box and primary mirror assemblies aedl@lv and narrow enough to facilitate transporain
typical minivan, and (with focuser removed) rollitige telescope through a doorway as narrow as. 2'-6"
The primary mirror box is deep enough to facilitsterage of the entire secondary mirror and focuser
base assembly. This telescope hasralarge aperture, but at f/3.73, it requires a caoraector and

well corrected eyepieces. The side light path@swike and focuser can be made from moderate cost
refractor parts. In this version, a finder scope be built-in as shown, with its image visiblehe main
eyepiece. Finder scope mirrors can slide or flips shown. Observers can choose between the finde
image, main telescope image, or the finder imagelapped with the telescope image. Mirrors arrdnge
as a pentaprism provide matching image orientamhcan reside in area shaded by secondary. Twin
truss poles are inspired by Jim Stevens’ 19905"¥/4.5 Newtonian telescope that Thomas Bopp used
to incidentally co-discover comet Hale-Bopp. Distabout this and other scopes are in parts 2i8wbe
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Figure 1.1.7B Drawing of "accessible" 40 cm aperture /5 miedifNewtonian telescope (5.0).
By again using unconventional angles for the seapnohirror and focuser, this modified Newtonian
provides araccessible telescogeving a large aperture, while also providing saiegree of portability.
The eyepiece can be as low as 43" above the gnobied the telescope is pointed at the zenith. The
eyepiece also has good lateral clearance fronmethedope structure, providing space for an obsénvar
wheelchair. There is enough clearance to accomtaank® of either eye by the observer, while still
providing ample finger clearance between the whnegtand the telescope. A wheelchair with slanted
wheels will provide even more finger clearance40Acm aperture telescope is shown here, but the
concept is applicable to apertures up to at le@dsindif more parts are customized. In this embedim
the primary mirror box is deep enough to facilitsterage of the secondary mirror assembly. This
version is preferred in some ways because it lgds performance, and at f/5, it does not need highly
corrected eyepieces. It can also be used witackityg platform (shown at bottom) and still havieva
eyepiece position. The side light path enclosucefaouser can be made from low cost refractor
telescope parts. At lower elevation angles, vessioith unusual secondary mirror angles are best us
with a 60 deg. (or variable) diagonal Detailsdesign of this and other scopes are in partsk&i@w.
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Figure 1.1.7C Drawing of "accessible" 42 cm aperture f/3.96dfied Newtonian telescope.
This telescope is optically more conventional, toetchanically less conventional. It is compact,thist

is at the expense of some performance. Here,sotional Newtonian telescope design is used in
conjunction with a structure thean bederived partly from modifying a Hubble Optics mbamd truss
assembly (or using circa 1992 RTMC mast telescopeept). Unfortunately, a very large (45.5% dia.)
secondary mirror is needed to provide clearanceliservers in wheelchairs, rollators, or other ksimi
size mobility devices. This design providesaggoessible telescopeth a large aperture, while

providing better portability. The eyepiece carmalsdow as 42.8" when the telescope is pointedeat th
zenith, but the eyepiece also has 2 cm (3/4")|&ssal clearance from the telescope mount. Tiils s
provides space for an observer in a wheelchairpitless margin. There is clearance to accommeoda
use of either eye by the observer, while still jpdong about 1.7" (4 cm) finger clearance between
conventional low cost wheelchairs and the telescdpe/heelchair with slanted wheels provides much
more finger clearance. A wheel bumper near theboof the telescope mount (not shown) can further
prevent pinched fingers. A 42 cm aperture telesgsshown here, but the concept is applicable to
smaller apertures, and to apertures up to at ke if the secondary obstruction percentage is
enlarged further or diagonal angle altered. Thib@diment is more portable, but at f/3.96, it tetwls
need a coma corrector and well corrected eyepidteslong throw coma corrector (LTCC) is usedhwit
a4l cm (16.0") primary mirror, an /3.47 primagutd be used with a 45% diameter secondary mirror,
while also providing clearance for a tracking ptath. Details for this and other telescope desagesn
parts 2 - 3, below. This is the “4th Version”. AB8.47 design with LTCC (next page) is “18th versi.

QIME Jetiey R Cnanes Al Rigs Resawved
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Figure 1.1.7D Drawing of "accessible" 41 cm aperture /3.4 ified Newtonian telescope.
This telescope is optically less conventional,hethanically more conventional. It is very compact
but this is at the expense of some performancealthe fast f/ratio primary mirror. This versiogas a
“Long Throw Coma Corrector” (LTCC), which also furuns as a weak Barlow lens, field flattener, and
back focus distance extender. The effective negdtical length of the LTCC can be very weak (o th
order of -600mm in some versions) which allowsibe located up to, or even beyond, 30 cm from the
focal plane. This places its mounting interfacé&amt of the focuser, diagonal attachment, anp®ee,
where the optimum distance from the primary migan be maintained regardless of the focus setting.
Another benefit of the LTCC is that it can add agdr even more than) 109 mm of back focus to the
system, while only increasing the focal length dldoBx. This preserves relatively wide field viewyi
capability when 2" eyepieces are used. In thstilation here, the additional back focus providgdhe
LTCC permits use of a shorter focal length primaiyror, while also allowing use of a slightly sneall
secondary mirror, and a shorter distance betwezprimary and secondary. The latter makes it pessi
to add a tracking platform under the telescopeauttsignificantly raising the eyepiece height abthat
shown in the previous figure (1.1.7C). An LTCCaalacilitates further reduction in secondary mirror
size if a tracking platform is not needed. Ifeddt the front of the telescope structure can taged, it

will provide avariable eyepiece height at most elevation angles. Invension, when clearance with or
w/o diagonal permits, observer can be orientedheavheelchair faces telescope. This is “18th vefsi
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Figure 1.1.7E Drawing of "accessible" 31.7 cm aperture f/4podBtable Newtonian telescope.
This telescope is optically more conventional, ats® mechanically conventional. It is compact, thig

is at the expense of considerable aperture. lerenventional Newtonian telescope design is used i
conjunction with a conventional yet compact stroetinatcanbe based on conventional designs (or the
“mast telescope” concept.) Unfortunately, a vargé (46.0% diameter) secondary mirror is needed to
provide clearance for observers in wheelchairsatais, or other similar size mobility devices, yetain

a low eyepiece position. In this version, a comaector may be used with a 38 mm amici prism2i a
housing for wide field, and a regular diagonal barused with or without a weak or strong Barlowslen
for high magnification viewing. This design progglaraccessible telescopeth moderate aperture,
while providing good portability This design also works with a separate trackingfptan, as shown

The eyepiece can be as low as 38.9" (42.9" wittkig when the telescope is pointed at zenithihoeit
eyepiece also has 1.3 cm (1/2") less than optinatendl clearance from the telescope mount. THis st
provides space for an observer in a wheelchaierds clearance for the observer to use eitheryeye
still providing about 2.0" (5 cm) finger cleararoetween a conventional low cost wheelchair and the
telescope. A wheelchair with slanted wheels presichore finger clearance. A wheel bumper near the
bottom of the mount (not shown) can protect batlydrs and the ground level tracker. A 32 cm apertu
telescope is shown here, but the concept is afydica smaller apertures, and to apertures up leaat

56 cm if the secondary obstruction percentagelerg®ed further. This version is moderately porabl
and at f/4.55, it may not always need a coma ctorex well corrected eyepieces. The side f/4i§ht|
path enclosure and focuser can be made from lotwefractor parts. As in most versions, a finder
scope can be built in (as in the 22"), with its geaisible in the main eyepiece. A flip-in pentapr (or
mirrors arranged as a pentaprism) provide the sarage orientation as the telescope, and residesm a
shaded by secondary mirror. Details for this wdeg design are in parts 2-3, below. Itis VerdibA.
This is one of the most likely versions to be usguiactice, since it can be used with a small kerc
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1.2) Assumptions for Wheelchair Size, and Range of iéelchair Observer Eye Heights

The purpose of this section is to compile dimensian a few different types of mobility devices
(namely, wheelchairs and rollators) and the digtatmve the ground that the eyes of various
people may have when using such mobility devides envisioned that, over time, assumptions
below will be replaced by actual measurements opfeewith mobility related disabilities.

The assumed range of observer height for adudtdest 10 inches to 6 feet 2 inches. The 4 foot
10 number is used because | was acquainted widrae@entral American adults of about this
height who went to a church | once attended. ¢feoto arrive at valid numbers, an additional
reduction 3 inches is assumed for people who meg kavere scoliosis or certain types of spinal
fractures that have been fused. The objective @rive at the lowest eye height that is likely to
be encountered. | will start with my own eye heigieasurements and then offset from there.

Assumptions for Wheelchair and Telescope User (Obser) Attributes:

The basic assumptions shown below are used tceaatiga minimum required lateral clearance
from the telescope mount structure, and the rahggeoheights that may be encountered.

Assumptions for Eye Heights of Various People; FuHeight vs Seated Height:

Tallest: 6 feet 2 inches (74"), eye height is 32-@3ove rigid seat.

Myself: 5 feet 8.5 inches (69"), eye height is 30~8bove rigid seat.
Shortest: 4 feet, 10 inches (58"), eye height i226above rigid seat.
Shortest with severe scoliosis: (58"), eye heigl#4" above rigid seat.
Conclusion: Range of eye heights for different sgqteople is about 9 inches.

Assumptions for Minimum Lateral Observer ClearanceRequirement of 14.75" to 15.50":

* Typical wheelchair or rollator width: 26.0" (Obsed range is 24.5 to 26.5)

* Wheelchair wheel grip rim finger clearance, minim: +2.0" (if wheels not slanted)

* Wheelchair user eye preference offset: +1.25f (biaihter-ocular distance) (16.25" half width)
* Typical wheelchair and rollator seat width: 17(€dnge is 17.0 to 18.0)

* Typical maximum side bias for seated person:™16.25" - 1.5" allows 14.75" half width)

* Results above impose a minimum lateral eye tes@pe clearance of: 14.75"

* Some designs assume a larger minimum eye toctgpesclearance of 15.5".

Other mobility device dimensions that are applical#, since clearance must be allowed:

* Typical wheelchair wheel grip ring diameter: 21.0

* Typical wheelchair wheel diameter: 24.0"

* Typical wheelchair seat height: 19.0" (slightigher than test wheelchair)

* Typical wheelchair arm rest height (for wheelesdiaving arm rests): 30.0"

* Typical wheelchair push handle height: 36.0"

* Typical rollator push handle height for good postwith average to tall user: 37.0"
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Note: Push handles are the most likely parts obhility device to get caught on a telescope
focuser (or relay, if used), especially when asebpe is pointed at low to moderate elevation
angles. Therefore, it is best to slowly roll ughe eyepiece, use the telescope, then back girectl
away from the eyepiece a little, and after that) to one side while leaving the immediate area.

Assumptions Driving the Requirement for the Lowes{(43 inch) Zenith Eyepiece Height:

* Shortest test camp stool or chair height (flegibéat): 14" (many are at least 1" higher)
* My lowesteye height when seated with back straight oncsip stool or chair: 43.0"
* Lowest and highest eye heights for people ontdlest camp stool or chair: 37", 45".

* Test wheelchair flexible seat height: 18.0~18l&it many seats are a little higher.
* My eye height when seated with back straighi st tvheelchair: 50.0"
* Lowest and highest eye heights for people onwdstelchair: 43", 52". (ADA ref: 43" to 51")

* Test rollator rigid seat height: 21.0", but mawylator seats are lower.
* My eye height when seated with back straightest tollator: 52.0"
* Lowest and highest eye heights for people onrkttor: 45", 54".

* Estimated minimum user eye height when on wheetcd3.0" (Also minimum per ADA ref.)
* Estimated typical user eye height when on wheslcd7.0" (5'-3" person, 19" seat height)

* Estimated maximum user eye height when on wheg@lch2.0" (Max. is 51" per an ADA ref.)
* Estimated minimum adult eye height that shouldahbeommodated: 43.0"

* Estimated minimum eyepiece height, with margindaeven ground: 42.0"

2.) Accessible Telescopes: Basic Descriptions of Twamilies of Telescope Designs

The sections that follow cover two specific strawna@signs for accessible telescopes. The
purpose of this exercise is to show that it is fadeto make such telescopes. In fact, if | could
still use machine and other power tools, | probalayld have built one long ago.

2.1) Description of Large Aperture Accessible Modid Newtonian Telescope

The emphasis of this design is to provide a lapgtare telescope having an eyepiece that is
accessible from a wheelchair, while also requianginimum of head and neck motion. A
significant emphasis is to achieve the lowest gmate eyepiece position possible (down to as
low as 42 or 43"), since a person in a wheelchaumally can’t raise their eye height. There are
many simple and obvious waysraise the eyepiece position for taller observers wheressary.

The purpose of an "accessible telescope” is to malassible for handicapped people in
wheelchairs (or other mobility devices) to view plesty and other objects through even a large
aperture telescope, without having to transfemimtizer chair or tip their head very much. Such
a telescope would be useful at public viewing esesihd maybe some can own one. People
using wheelchairs could then access large apdglegcopes having wide fields of view, just
like everyone else. By definition, a wheelchaicessible telescope #soa telescope that
almostanyonecan use from a seated position, no matter wheredbpe is pointed in the sky.
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As of early 2018, the concept for this type of setgpe had matured enough that | approached a
well known telescope mirror manufacturer about ougpon the primary and secondary mirrors.
| also informed them about what the mirrors woudduised for, but never heard back from them.

After some brief research and a few calculatiomgtérmined that the maximum practical size
for anaffordable"accessible telescope” is probably in the 40 cénirfth) aperture range. The
reason for this is that 40 cm is close to the Isirgperture for which eonventionalDobsonian”
ground board and rocker box can fit through a 2 6omch door (assumed 27.75" clearance), and
it is also the largest aperture for which a suga@dcondary mirror is readily available.

A 40 cm aperture is in the sweet spot for strikangalance between fixed distances such as the
required lateral eyepiece clearance, and designreggents that include the maximum allowable
eyepiece height versus the maximum secondary nsizer versus available secondary mirrors,
and controlling cost. It is possible to achiev@acm aperture and still fit through a 2 foot 6hinc
door, but many aspects of the design have to mssentional, which increases cost.

In order to provide good eyepiece clearance froantelescop&ithoutusing a Barlow lens that
would limit the field of view, the present desigasha large maximum secondary mirror diameter
of about 44 percent of the telescope apertures isha relatively large obstruction, but it is not
unprecedented. It is roughly equivalent to thermlgtion percentage for some commercial
telescopes, including the vintage Meade 4 inch 8&¢Bmidt-Cassegrain Telescope (SCT).

If a custom larger secondary mirror is used in gnajion with a custom lower profile mirror cell
and rocker box assembly (similar to certain paftsipdesign for an 8 inch /3.6 Newtonian
telescope | built in 1989) then it would be possitad push the aperture up to 56 cm (22").

However, since | can no longer fabricate majorsid@pe components myself, the aperture
emphasized here will be about 40 cm, as this midlgessible to build the telescope from mostly
conventional components that multiple vendors aanige; or even from second hand parts.

In practice the most likelyaperture to be implemented first may be in therB2ange and the
secondary obstruction diameter may be up to 47epef the telescope aperture. Telescopes in
this aperture range that also have large obstngtend to have simple designs, and can be used
with separate low profilstar tracking unitdhat are used between the telescope and the ground

Even a 40 cm class aperture is well below the "kfmethe aperture size at which galaxies begin
to visually look almost as good as 1970's era d&gphotographs. This knee for such views of
galaxies is in the 56 to 61 cm (22 to 24") apertarege. However, many other deep sky objects,
including globular star clusters, will look exceiten a 40 cm aperture telescope.

Conventional telescopes up to 42 cm aperture teathade by Starmaster (TM) have a 66 cm
(26 inch) square rocker box, and a similar sizeigdoboard at the bottom. This does not include
wheel supports, which would add 2~8 cm to the widfither brands have 69.2 cm (27.25")
rocker boxes, including protrusions. Unconventiaesigns such as the Hubble Optics 40 cm
telescope are more compact, having a smaller 56.@22") rocker assembly and base width.
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2.1.1) The Present Design for a circa 40 cm Class Mified Newtonian Reflector Telescope

The present design for a large aperture accedsilescope is a 40 cm class modified Newtonian
configuration. The bottom part of the telescope imalike or similar to any other Newtonian in
a Dobsonian style altitude over azimuth mount (g be compatible with third party tracking
systems), but some design variations are less otional from the secondary mirror onward.

In higher performance embodiments, the secondampntilt angle is unconventional, so it
reflects light path downward at about 30 to 32 degr(this narrow range of angles appears to be
optimum this far), when compared to a normal r@igle secondary mirror configuration.

The angle is intended to reduce the height of ylepiece position, including when the telescope
is pointed at a high elevation angle. One or mddktenal flat mirrors, which may each consist
of a conventional “star diagonal” mirror attachment variable angle fold mirror (VAFM), may
be also used by the focal surface in order to pia comfortable and adjustable eyepiece angle.

When the telescope is pointed at the zenith andgodal mirror is used near focus, the eyepiece
height for a 40 cm /5 telescope can be lower thameter (and can obviously be higher), when
the eyepiece is oriented horizontally so the uaarlook straight ahead to see into the telescope.

Eyepiece height is relatively consistent for sutgetbove 40 degrees elevation angle. At 30 deg.
elevation angle, eyepiece height may be as hi@8asn with a diagonal, and can be lower if
needed. It can also be higher (>105 cm) in som&ames for low elev. angles. (Fig. 1.1.7A, etc).

The eyepiece position gets still lower as the dlexaangle decreases for viewing objects near
the horizon, but the center of the diagonal nee¢s below about 63 cm, and the diagonal can be
angled upward to compensate. After the lengthtgpial high eye relief eyepiece is added, the
worst case low eyepiece height becomes ~76 cm, lasehers can look down a moderate angle
to see into it. If the telescope (or at leastdbeondary mirror and focuser) can rotate about the
primary mirror optical axis (or be angled), eyepiéeight will be variable, and can be higher..

Another difference from an ordinary Newtonian tetgse is that the secondary mirror minor axis
is relatively large, being up to roughly 44 percefthe telescope aperture. The maximum
commonly available secondary mirror size (aboutmh8minor axis) is another situation that
limits the maximum practical (when it must be affaiple) telescope aperture to about 40 cm.

The large secondary mirror is used to provide atl87.5 cm (14.75") of lateral clearance
between an observer's eye and the telescope rockewithout resorting to a Barlow lens to
increase back focus distance. This preservesittefield capabilities of a standard Newtonian
telescope. This distance provides clearance ¥areelchair and the observer’s fingers, while
also accounting for each person’s eye preferefbe. design is optimized to minimize required
neck motion, since many with spinal cord injuriesynbe unable to tip or turn their head much.

To use the telescope, the observer’'s wheelchaott@mr mobility device) is rolled up next to the
telescope rocker box, facing more or less towaedatimuth of the telescope's optical axis. A
diagonal mirror and eyepiece are then positioneetty in front of the observer's eye.
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It is never necessary to look upward when usingdlescope, but its use is enhanced for objects
at low to moderate elevation angles if an obsesrable to look downward up to 30 degrees, and
even more so if it is possible for an observeetmlforward a little. A fold mirror and weak
Barlow lens (to provide more back focus) can belwgleen an observer can’t look downward.

A telescope design having an optical path thatgsasght through the elevation axis would be
easier to use, because the eyepiece height resc@mistant regardless of the elevation angle.
However, this is not very practical with a Newtantalescope. It is practical (and was once
more common) with Cassegrain telescopes (see 1bliba Cassegrain of similar aperture costs
more, weighs more (wood construction is less comraomd has a much smaller field of view.

Owing to the large secondary mirror, planetary gantince of the described embodiment of an
accessible 40 cm class Newtonian telescope may béesimilar to that of an unobstructed 16.5
to 18 cm (6.5 to 7 inch) aperture telescope, dweltwge amount of energy being in the first
diffraction ring, because of the larger seconddstction. However, deep sky performance
with the 40 cm telescope will be superior to tetgms having considerably smaller apertures.

In terms of weight, if the mount and structuredctO cm telescope are @jnventionadesign,
and made from wood (including if made by a compsugh as Starmaster), it may weigh only
slightly more than their standard 42 cm (16.5")#/BX series telescope. The components are
beyond my own lifting capacity, but not beyond lifttng capacity of most people. Specifically:

* Rocker box and ground board weight: 14.5 kg (32 |

* Mirror box weight: 14 kg (31 Ibs)

* Mirror and cell weight: 17.3 kg (38 Ibs)

* Mirror transport box weight: 5.5 kg (12 Ibs; nudrt of scope, not in total)

* Secondary cage assembly: 5 kg (11 Ibs) 7.2 kgl{dpfor accessible version)

* And for the accessible version: Side light patid focuser assembly: 2.7 kg (6 Ibs)

* Total weight: 55.7 kg (123 pounds), which is damito weight of a C14 and mount, w/o tripod.
Comment: Weight can be reduced by over 30 pergensing standard light-weighting methods.

Regarding dimensions, the estimated telescopedutrass assemblgngthranges from 109 cm
(43 inches) to 152 cm (60"), and the envelope efehtire assembled 40 cm /5 telescope and
mount (when pointed at zenith) measures roughlyxl@6 x 66 cm (67 x 26 x 26"). This is
based on conventional design. An f/4 or fastesis@rmay be as short as 129 cm (51").

The assembled f/5 telescope envelope can be retuesdittle as 165 x 53 x 53 cm (65 x 21 x
21") if more unconventional parts are used. Thegilemost likely to be implemented uses a few
unconventional parts to reduce the rocker box aodrgl board widths to about 56 cm (22").

The telescope can also be lighter than a conveadtaesign by using thinner material or having
cutouts in key places. Details, including basiecsiications, follow the next subsection.

Many of the concepts and details discussed indiisiment can be scaled with aperture. For

example, the physical size (and observer cleardncea)larger or smaller aperture telescope will
be influenced by the same attributes that are dgsmlin light of a 40 cm aperture instrument.
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2.2) Accessible Telescope with Fixed Eyepiece Insidea House or Other Structure.

My own design for a “built-in telescope” design mamained relatively unchanged in concept
for decades, but a few specifics have recently imecmore defined. One detail that imposed
limitations on the maximum affordable aperture Weescost ofing bearingsto support the
rotating quasi heliostat (or other feed mirror)emsbly, and the maximum size of lathes that are
plentiful enough to contribute to lower ring bearinterface fabrication costs.

Specifically, the inside diameter affordablecrossed roller ring bearings is in the 150 mm to
160 mm range. Since a wall thickness of at leastr6(nearly 1/4 inch) is needed for the tube
where it runs through the bearing (if it is to sogghe weight of the feed mirror and its
enclosure), the maximum aperture is limited to leetw12.7 cm and 14 cm (5.0 and 5.5").

The reason the recommended aperture is limitedhthizh is because the inside of the telescope
tube forward of the objective must also provide sariearance for off-axis parts of the light
path, plus light baffles. This additional clearame needed to reduce the effects of boundary
layer currents at the tube walls and light baffles.

This means that the best available objective widly be a 5 inch /25, but a 15 cm /20 could
work if stopped down to 14 cm (f/21.8). Detail®abthis are in part 3.2, below.

Maximum sizes for a ring bearing versus two apertizes have been evaluated. In reality, it is
likely that the larger 160 mm ring bearing (onljoaflable second hand) would be used even for
a 12.7 cm (5") objective, since this would betestuce boundary layer effects in the tube. A
minor axis of 16.5 cm (6.5") should still be adetgufar the feed mirror, and this sightly smaller
mirror should take less time to adjust to differemhperatures. Spring loaded shock absorbers
can be used at the upper polar end of the assdasbig Figure 1.1.6A) to reduce oscillation.

3) Accessible Telescopes: Strawman and Baseline Des.

The sections that follow cover specific strawmasigies for accessible telescopes. The purpose
of this exercise is to show that such telescopegassible. In fact, if | could still use machine
tools, 1 would have built one long ago. Most detai the following sections are not in metric
units. Additional information, including vendortddor selected parts, are in the Appendices.

Accessibility is determined by a number of factokéany are accommodated at the expense of
other attributes, including the size of the secopndastruction. Details to consider include:

* Eyepieceheightis one of the most important considerations. Migsbmmodate down to 43".

* Eyepieceangleis important for observers having numerous fussatebrae that limit motion.

* Means of tracking, whether integrated into theumo(expensive), or via a tracking platform.

* Width of rocker box. For a 16" telescope, thasmazary from 21" to 27.25". Smaller is better.

* Physical size and weight, including fitting thigludoorways; fitting in vehicles, on walker, etc.
* Ease of setup, time to set up, and physical dépab or knowledge needed to set up telescope.
* General access and safety features, includingalgty for people in motorized wheelchairs.
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3.1) Accessible Large Aperture (40 cm Class) ModifteNewtonian Reflector: Versions

Methods of Accessibility for Large Aperture Moddiédlewtonian telescope include:
* Modified Newtonian having large secondary mirrand long focuser extension on side.
* Folded light path with large secondary mirrorg@ed flat mirror even lower on side.

3.1.1) SPECIFICATION (Example, based on version Jnd iteration 5.0, from below):

Version 5.0: 44% Secondary Obstruction, Tilted 2Dwith 16.0" {/5.00 Primary Mirror.
*16.0" 1/5.00 primary mirror: 80.00" (2032 mm) faldength.

* Tolerance for primary mirror f/ratio is from f&5 to 1/5.02.

* 7.0" secondary mirror minor axis, optimized f@& 8egree reflection.

* 2" diagonal mirror attachment used by eyepiecen@ need to turn head).

* Ground board and rocker box width shall not extc22.0"

* Lateral clearance between user's eye and roakerdoat least 15.5"

* Maximum aperture: 16.0~16.5" (Baseline for thiside is 16.0")

* Maximum secondary obstruction (44%): 7.0" (6.&fus, for 16.0")

* Half width of telescope assembly (custom paresdys11.0"

* Half width plus larger 15.5" lateral user cleacar(11+15.5) = 26.50"

* Fastest f/ratio based on secondary size alor@e5(26.8) = 1/3.90

* Fastest f/ratio if add diagonal (1.25+2.75"): (29/6.8) = 1/4.30

* Adjust for optical path direction: 1/COS32 ([26]51.179) = 31.24"

* Additional optical path distance from 2nd diagbtmaeyepiece: 2.75"

* New f/ratio after account for angle: (31.24+2.33-99)/6.8 = {/5.00

* Required focal length after diagonal added: 80(@032 mm)

* Optical distance from primary to secondary: (883B.99) = 46.01"

* Optical path distance from secondary to diago8al24" (26.50 lateral)

* Height reduction due to 58 deg. reflection: 3¥*2WN32 (.53) = 16.55

* Eyepiece distance above primary when at zen#6:00-16.55) = 29.45"

* Primary is realistic 12.55~13.55" above ground48r43" eyepiece height.

* Maximum tube assembly length (estimated): 58'7(t#)

* Maximum telescope envelope when pointed at zeBithx 22 x 22" (170 x 56 x 56 cm)
* Minimum / Maximum elevation axis height (estimdfe26.0" (66 cm)

* Primary mirror height above ground (min.) 12.§6bnventional slightly higher)
* Maximum eyepiece height at zenith (eyepiece loorial): 42.0"

* Estimated weight if design mostly convention&31lbs (55.7 kg)

* Estimated weight if design mostly unconventiori@&l:lbs (33.6 kg)

Remarks: This design can be tweaked to work with.8" f/4.87 mirror, but at the expense of a
slightly higher eyepiece position, or by reducihg tateral user clearance from 15.5" to 14.75".
This is shown in version 5.1 below. Likewise, takescope envelope can be reduced slightly (by
about an inch in length) by using a 16" {/4.87 @ynmirror.

Conclusion:
* The design above IS feasible with secondary olestyn of 44%, and no Barlow is needed.

-20-



3.1.2) BASIS FOR SPECIFICATION (User Attributes, plus Several Versions):

In this subsection, a few design versions will beven to illustrate why certain approaches are
practical, while others are not. One version shlbw that a secondary as small as that in a
conventional Newtonian telescope is not practiéal. additional version will show that the
simplest approach, including a fast primary andrgd but conventional 45 degree secondary
mirror tilt, do not provide adequate clearance fitbim telescope without making the secondary
mirror larger than what is desirable. Units forandimensions below aret metric in order to
be consistent with the units used by most domésigscope manufacturers.

Assumptions for Wheelchair and Rollator Attributes:

* Typical wheelchair or rollator width: 26.0" (18falf width)

* Wheelchair grip rim finger clearance, minimum:.@2(requires 15" half width)
* Wheelchair user eye preference offset: +1.2528'6half width)

* Typical maximum side bias for seated person:™faiows 14.75" half width)
* Results above impose a minimum lateral eye tes@pe clearance of: 14.75"
* Some designs assume a larger minimum eye toctgpesclearance of 15.5".

* Test wheelchair seat height: 18.0", but many vdtesr seats are higher.

* Estimated typical user eye height: 47.0" (foB5person)

* Estimated worst case low eye height (shortergresith scoliosis, etc.) 43.0"

Assumptions for Most Basic Telescope Specifications

* Useful clear aperture of primary and secondamyans is 5 mm less than substrate size.

* Full width of 40.64 cm primary substrate assurf@dight bundle, to prevent clipping.

* Primary mirror is up to 44.5 mm thick, and oftegt flat or meniscus type.

* Max. half width of telescope ground board is 13maller half widths (down to 11") possible.

* Secondary mirror having a minor axis no largerthvhat is commonly available: 18 cm (7").

* Telescope components small and light enoughverage person without disabilities to handle.
* Barlow lens is not required to provide adequadgaKance, since a Barlow reduces field of view.
* Telescope “go to” capability (if a scope hasistilisabledin order to provide better eye safety.

3.1.3) Design Versions and Iterations

Even though a conventional Newtonian desigmoispractical for an accessible telescopth a
small secondary obstructiqmvhile also not using a Barlow lens, since it isrFOV), certain
versions with secondary obstructidasger than 40 percent are workable. A few versions for
conventional designs are shown to illustrate tbisgp One important consideration is keeping
the secondary obstruction to a reasonable size, toeigh it is a larger than conventional size.

The secondary must be large with any accessibliggtmation that does not use a Barlow lens,
but the secondary obstruction must be kept wédivb&0 percent of the telescope aperture in
order to prevent serious reduction in performaneetd diffraction, plus exit pupil anomalies.

A maximum secondary minor axis of 44 percent wésalkely specified. Another consideration
is that the largest commonly available secondaryars have a minor axis of only about 18 cm.
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The simplest approach for an accessible Newtomrig@sdtope may at firseento be a fast f/ratio
primary mirror (between /3 and f/4.2), combinedha relatively large diameter secondary
mirror. However, as shown below, this doeswork as well as an unconventional design.

Specifically, the minimum lateral clearance diseanequired from the eye of a person in a
wheelchair, including allowing for eye preferencel avheelchair finger clearance, is 14.75", and
15.5" is better. The base and rocker box widthrafownventionatl6 inch Dobsonian is about

26". Rocker box width remains 10" wider than pniynaairror for moderately larger apertures.

This means that, for@nventionaddesign 16" telescope, the lateral distance fraactnter of
the telescope to the observer's eye is 13 + 140r27.75" from the optical axis. Adding a
diagonal mirror near the eyepiece (necessary swhieelchair can be sideways, next to the
telescope) increases this distancableastanother 2.75", for a total of 30.5" (27.75 + 2.75)

It must also be kept in mind that thr@ximumeyepiece height goal is 43", and 42" is prefemned
order to allow for uneven ground by the telescolpeaconventionalbdesign, the primary mirror
surface is up td2" above the ground, to provide clearance betweehdhbk of the mirror cell
and the mount base when the scope is pointed iougadirections. This means the maximum
primary to secondary distance is limited to 30" (d¢epiece height - 12" mirror height).

Working backwards to arrive at a viable focal léngte see that the optimum focal length is the
30" maximum allowable mirror spacing, plus the 3@bserver clearance from the optical axis.
This results in a focal length of 60.5" (1537 mripr a 16" mirror, the resulting f/ratio is f/3.78.
Unfortunately, when we divide the 30.5" observelacance by the 3.78 focal ratio, we arrive at a
secondary mirror minor axis of 8.07". This exce®dgercent of the primary mirror diameter!

If the primary mirror f/ratio is slowed to work \kita 44 percent secondary mirror diameter (7.0"
substrate, with 6.8" being useful as a mirror stefathe f/ratio becomes 1/4.49 (30.5/6.8). This
results in a primary mirror focal length of 71.84Nhen the 30.5" distance from the secondary to
focus is subtracted, we see that the distance bettine primary and secondary must be 41.34".
But there is more. The primary mirror is 12" abdive ground. Adding 12" to the 41.34" mirror
spacing results in an eyepiece height of 41.34"+d2%3.34". This much eyepiece height is out
of reach for almost any short to average heighdgem a wheelchair. My own eye height in a
test wheelchair is up to 50", and | am near avehagght and can also sit up straight.

The secondary obstruction candmeallerif the rocker boxwvidth is reduced, and if theistance
between the ground and primary mirror is reduc&chievingbothrequires amnconventional
telescope structure that may provide less proted¢tiothe primary mirror. In this example, we
will assume use of a Hubble Optics telescope frameimilar. It is ~22" wide, and the primary
mirror is about 8" above the ground. The changdsace the observer clearance to 28.5" optical
distance from the optical axis, and the allowedary to secondary spacing becomes 34" (42-
8"). This results in a focal length of 62.5" (28.84), and an f/ratio of f/3.91. When we divide
the 28.5" user clearance by the f/3.91 f/ratio awese at a secondary mirror minor axis of 7.29".
This requires a 7.5" secondary substrate. The utigin is 47 percent. Thereforecanventional
Newtonian telescope design is not quite optimunaftarge aperture accessible telescope.
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Onesolutionis to use amnconventionatecondary mirror tilt angle of about 29 to 30 @éeg:

This reflects the light path down 30~32 degrees,paned to the usual right angle reflection in a
Newtonian telescope. This provides a better tatween the allowed primary to secondary
spacing, and observer clearance from the optigal akhis design works with a 16" /5 mirror.

Even though a circa 40 cm aperture telescope iertihasis, other apertures will be shown to
illustrate that the concepts and designs can Hedsadappropriate variables are accounted for.
To set the stage, the following table shows thgeasf rocker box widths for different apertures.

Aperture: Conventional Small Rocker Box UnconvengionPrimary M. Height
20 cm (8.0") 14.5" 12.0" 11.5" 6.5~9.5"

25 cm (10.0") 17.5" 14.5" 14.0" 6.8~10.0"
32cm (12.5") 20.5" 17.5~18.0" 17.0" 7.0~10.5"
37 cm (14.5") 22.5" 19.5~20.0" 19.0" 7.7~12.0"
38 cm (15.0") 23.0~25.0" 20.0" (Tscope m8.5) 19.5" 7.9~12.5"

41 cm (16.0") 24.5~27.25"  21.0" 20.5" 8.0~13.5"
46 cm (18.0") 28.0~29.25"  23.5" 23.0" 9.9~15.4"
51 cm (20.0") 30.0~31.25" 25.5" 25.0" 10.8~17.2"
56 cm (22.0") 32.0~33.25" 28.0" 27.25" 12.7~19.1"
61 cm (24.0") 34.0~35.25"  30.0" 29.5" 14.5~21.0"

To evaluate different designs, we will start witle targest practical telescope (22" with compact
but unconventional mount) and then progress tolemapbertures, but emphasize a 16" aperture.

Version 1.0: 43.2% Sec. Obst., 30 Deg. (22.0" f/3.¢rimary; coma corrector) (Backup ¢
Maximum aperture: 22.0" (Baseline for this desig22.0") f/3.685.

Tolerance for primary mirror f/ratio is from /3.6@ f/3.71.

Maximum secondary obstruction (43.2%): 9.5" (9.8fuk for 22.0") (8.3ca=38.6%,/3.6 49.4sp)
Half width of unconventional compattlescope assembly (custom parts used): 13.6"

Half width plus slightly larger 15.0" lat. user atg(13.6+15.0) = 28.60" phys (-1.5cc) 27.10" opt.
Fastest f/ratio based on secondary size alonet@®r3) = f/2.914

Fastest f/ratio if add diagonal (1.25+2')/529.85/9.3) = {/3.210

Required focal length after diagonal added: 70(€Z94 mm)

Distance from primary to secondary (for conventldvewtonian): (70.62-29.85) = 40.77

Adjust for 1/COS30 ([28.60phys]*1.155) = 33.02" {dp2x 29d. = 58; 90-58=32 deg. f/perpen.)
New f/ratio after account for angle (33.02-1.5 caroe=31.52); (31.52+2.75=34.27)/9.3=1/3.685
Required focal length after diagonal and angle ddd.07 (2059 mm) (w/o re-optim. spacing)
New distance from primary to secondary: (81.07-34gt) = 46.80

Eyepiece height reduction due to 60 deg. reflec®3102*SIN30 (0.50) = 16.51"

Eyepiece distance above primary when at zenith8(4%6.51) = 30.29

Allows primary to be 11.71~12.71" above ground_{2+48' eyepiece height. (Trackeron't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 12.7"
Primary to secondary distance plus mirror height99' eyepiece height.Barely meetseq'mt.)
Designis feasiblewith 43.2% secondary obstruction, no Barlow. Buist useAlt-Az tracking
Remarks: Purpose of this version is to show i023aperture practical for accessible telescopes.
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Version 1A: 42.5% Sec. Obst., 30 Deg. (20.0" f/4.¢Rimary; coma corrector)

Maximum aperture: 20.0" (Baseline for this desg20.0") f/4.019 (f/3.791.if 8.8 ca sec.38.1eh)
Tolerance for primary mirror f/ratio is from /4.Q0 f/4.03.

Maximum secondary obstruction (42.5%): 8.5" (8.8fuk for 20.0") (if sec. 8.8 useful: {/3.791)
Half width of unconventional compattlescope assembly (custom parts used): 12.8"

Half width plus slightly larger 15.0" lat. user atg(12.8+15.0) = 27.80" phys (-1.5cc) 26.30" opt.
Fastest f/ratio based on secondary size alone88{#63) = f/3.169 (7.8 sec =1./3.724 w/diag)
Fastest f/ratio if add diagonal (1.25+2°)/%29.05/8.3) = f/3.500 (8.8 sec = /3.30dab)
Required focal length after diagonal added: 70(@@78 mm) (8.8 sec = 66.02"; 9.3 = 62.47")
Distance from primary to secondary (for conventlddewtonian): (70.00-29.05) = 40.95

Adjust for 1/COS30 ([27.80phys]*1.155) = 32.11" {dp2x 30d. = 60; 90-60=30 deg. f/vert.)
New f/ratio after account for angle (32.11-1.5 caroe=30.61); (30.61+2.75=33.36)/8.3=1/4.019
Required focal length after diagonal and angle ddf@.39 (2042 mm) (w/o re-optim. spacing)
New distance from primary to secondary: (80.39-833t) =47.03 (8.8 sec = 75.82"; 42.16")
Eyepiece height reduction due to 60 deg. reflecté@11*SIN30 (0.50) = 16.05"

Eyepiece distance above primary when at zenithO376.05) = 30.98(8.8 sec = 26.11 trkr fjt
Allows primary to be 11.02~12.02" above ground_f2#48' eyepiece height. (Trackeron't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 12.0"
Primary to secondary distance plus mirror height98' eyepiece heightBarely meetsnin.)
Designis feasiblewith 43.2% secondary obstruction, no Barlow. Buist useAlt-Az tracking
Remarks: Purpose of this version is to show i02@perture practical for accessible telescopes.

Version 1B: 43.1% Sec. Obst., 30 Deg. (18.0" f/4.28imary; coma corrector)

Maximum aperture: 18.0" (Baseline for this desigi8.0") f/4.293 (f/4.411.if 7.3 ca sec 42.7¢eh)
Tolerance for primary mirror f/ratio is from f/4.28 1/4.31. (f/4.128.if 7.8 ca sec. 37.6eh)
Maximum secondary obstruction (43.2%): 7.75" (%Bful, for 18.0")

Half width of unconventional compattlescope assembly (custom parts used): 11.8"

Half width plus slightly larger 15.0" lat. user atg(11.8+15.0) = 26.80" phys (-1.5cc) 25.30" opt.
Fastest f/ratio based on secondary size alone88{2h5) = f/3.373 (7.3sec=f/3.842w/d;fn79.38)
Fastest f/ratio if add diagonal (1.25+2)/%28.05/7.5) = f/3.740  (7.8sec=f/3.591w/d:4n31)
Required focal length after diagonal added: 67(2201 mm) (7.8 sec = 64.73"; Fin. FL:74.31)
Distance from primary to secondary (for conventldvewtonian): (67.32-28.05) = 39.27

Adjust for 1/COS30 ([26.80phys]*1.155) = 30.95" {dp2x 30d. = 60; 90-60=30 deg. f/perpen.)
New f/ratio after account for angle (30.95-1.5 carne=29.45); (29.45+2.75=32.20)/7.5=1/4.293
Required focal length after diagonal and angle dddé.28 (1963 mm) (w/o re-optim. spacing)
New distance from primary to secondary: (77.28-32@t) =45.08 (7.8 sec = 74.31"; 42.11")
Eyepiece height reduction due to 60 deg. reflec®95*SIN30 (0.50) = 15.48" (4.411,79.39)
Eyepiece distance above primary when at zenith08+%5.48) = 29.60(7.8 sec = 26.63 trkr fjt
Allows primary to be 12.40~13.40" above ground_f2#48' eyepiece height. (Trackeron't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 11.0"
Primary to secondary distance plus mirror height6@' eyepiece height. Hasily meetsnin.)
Designis feasiblewith 43.2% secondary obstruction, no Barlow. Buist uséAlt-Az tracking
Remarks: Purpose of this version is to show i018perture practical for accessible telescopes.
1C: Coulter 17.5" f/4.5 mirror can be used in thisfaguration. Max. eyepiece height is 42.13".
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2nd Version: Small 35% Secondary Obstruction, 45 Dg (16" f/5.55 primary mirror):
Maximum aperture (see below): 16.0~16.5" (Baselanetis design is 16.0")
Maximum secondary obstruction (35%): 5.5" (5.3 ukdbr 16.0")

Half width of telescope assembly: 13.0"

Half width plus minimum user clearance (13+14.72)7=75"

Fastest f/ratio based on secondary size: (27.75#/5.05

Fastest f/ratio if add diagonal (1.25+2)%30.5/5.5) = f/5.55

Minimum focal length with diagonal added: 88.80"

Distance from primary to secondary: (88.80-30.58-30"

Primary to secondary distance exceeds maximum abteeyepiece height. Therefore:
Design NOT feasible if secondary obstruction is 3a%d no Barlow. (Eyepiece too high.)

Version 2A: 44% Secondary Obstruction, 45 Deg. (16f/4.4 primary mirror, std. mount):
Maximum aperture (see below): 16.0~16.5" (BaseloneHis design is 16.0")

Maximum secondary obstruction (44%): 7.0" (6.8 ukdbr 16.0")

Half width of telescope assembly: 13.0"

Half width plus minimum user clearance (13+14.72)7=75"

Fastest f/ratio based on secondary size: (27.75¢7/3.96

Fastest f/ratio if add diagonal (1.25+2)%30.5/7.0) = f/4.36

Focal length with diagonal added: 69.71"

Distance from primary to secondary: (69.71-30.8p=21"

Primary to secondary distance plus mirror heeggtteeds maximum allowable eyepiece height
Design is NOT feasible if sec. obstruction 44%ess| and no Barlow. (Eyepiece too high.)

3rd Version: 44% Secondary Obstruction, 45 Deg. (16/4.19 primary; compact mount)
Maximum aperture (see below): 16.0~16.5" (BaseloneHis design is 16.0")

Maximum secondary obstruction (47%): 7.0" (6.8 ukdbr 16.0")

Half width of unconventional compattlescope mount assembly: 11.0"

Half width plus minimum user clearance (11+14.725=7/5"

Fastest f/ratio based on secondary size: (25.75#/3.79

Fastest f/ratio if add diagonal (1.25+2')/%28.5/6.8) = f/4.19

Focal length with diagonal added (f/4.19): 67.Q47Q3 mm)

Distance from primary to secondary (and eyepiedgghbh@bove primary); 67.04-30.5 = 36.54"
Primary mirror height when using low profile basel altitude axis (Hubble Optics): 8.0"
Primary to secondary distance plus mirror heigit54" (Exceeds Min. Eyepiece Height)
Designbarelyis NOT feasible if sec. obstruct. 44% or less, aodBarlow. (Eyepiece too high.)

4th Version: 45.5% Sec. Obst., 45 Deg. (16.5" f/&Primary; compact mount) (Backup )
Maximum aperture (see below): 16.0~16.5" (Baselanetis design is 16.5")

Maximum secondary obstruction (45.5%): 7.5" (7.&fuk for 16.5")

Half width of unconventional compattlescope mount assembly: 11.0"

Half width plus minimum lateral user clearance (14#%5) = 25.75"

Fastest f/ratio based on secondary size alone/%252) = 1/3.60

Fastest f/ratio if add diagonal (1.25+2)/%28.5/7.2) = f/3.9616.0" would be /4.08; 7.25 sec.)
Focal length with diagonal attachment added (f/8.66.34' (1657 mm)
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Distance from primary to secondary (and eyepiedtghibh@bove primary); 65.34-30.5_ = 3484
Primary mirror height when using low profile basel altitude sector (Hubble Optics): 8.0"
Primary to secondary distance plus mirror heig@t84' (Barely Meets Min. Eyepiece Height)
DesignlS just barely feasibld secondary obstruction enlarged to 45.50 Barlow needed.

5th Version (Ver. 5.0): 44% Sec. Obstruction, 29 Op (16" f/5 primary) (Original Baseling
Maximum aperture: 16.0~16.5" (Baseline for this gess 16.0") f/5.00.

Tolerance for primary mirror f/ratio is from f/4.94 1/5.00.

Maximum secondary obstruction (44%): 7.0" (6.8 ukdbr 16.0")

Half width of telescope assembly (custom parts used0" (10.5 unconv. structure for /4.91)
Half width plus larger 15.5" lateral user clearafitg+15.5) = 26.50"

Fastest f/ratio based on secondary size alone&s{68) = 1/3.90

Fastest f/ratio if add diagonal (1.25+2°)/%29.25/6.8) = f/4.30

Adjust for 1/COS32 ([26.50]*1.179) = 31.24" (No&x 29 deg. = 58 deg.; 90 - 58 = 32 deg.)
New f/ratio after account for angle: (31.24+2.75:883/6.8 = {/5.00

Required focal length after diagonal and angle ddé@.00 (2032 mm)

Distance from primary to secondary: (80.00-33.996:01 (circa 46.00)

Height reduction due to 58 deg. reflection: 31.2M%® (.53) = 16.55

Eyepiece distance above primary when at zenithOQ4%6.55) = 29.45"

Allows primary to be realistic 12.55~13.55" abovewgrd for 42 - 43eyepiece height at zenith.
Design IS feasible with secondary obstruction dfe44nd no Barlow.Tracker fitsw/low pr mt)
Remarks: Design can work with 16" or 16.5" f/4.8ifror if eyepiece slightly higher. See V5.1.

Version 5.1: 42.5% Secondary Obstruction, 29 Degl§.5" f/4.87 primary) (Backup %
Maximum aperture: 16.0~16.5" (Baseline for this gess 16.5") f/4.87.

Tolerance for primary mirror f/ratio is from /4.86 1/4.91.

Maximum secondary obstruction (42.5%): 7.0" (6.8fuk for 16.5")

Half width of telescope assembly (custom parts uskedo”

Half width plus larger 14.75" lateral user cleam(tl+14.75) = 25.75"

Fastest f/ratio based on secondary size aloneZ/%#%8) = 1/3.79

Fastest f/ratio if add diagonal (1.25+2.75"): (ZB&H8) =_/4.19

Adjust for 1/COS32 ([25.75]*1.179) = 30.36"

New f/ratio after account for angle: (30.36+2.75:433/6.8 = {/4.87

Required focal length after diagonal and angle dof@.36 (2041 mm)

Distance from primary to secondary: (80.36-33.1#y=25 (circa 47.25)

Height reduction due to 58 deg. reflection: 30.36f& (.53) = 16.09

Eyepiece distance above primary when at zenith2676.09) = 31.16"

Allows primary to be realistic but tight 11.84" al@oground for 43.0eyepiece height.
Design IS feasible w/secondary obstruction of 42.886l no Barlow. (Tracker firs w/low pr. mt)
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Version 5.2: 44% Secondary Obstruction, 30 Deg (16//5.12 primary)
Maximum aperture (see below): 16.0~16.5" (Basebnt6.0) f/5.12.
Maximum secondary obstruction (44%): 7.0" (6.8 ukdbr 16.0")

Half width of telescope assembly: 13.0"

Half width plus minimum 14.75" lateral user cleazarf{13+14.75) = 27.75"
Fastest f/ratio based on secondary size: (27.75#/4.08

Fastest f/ratio if add diagonal (1.25+2.75"): (36.8) = f/4.49

Adjust for 1/COS30 ([27.75]*1.155) = 32.05"

New f/ratio after account for angle: (32.05+2.75:884/6.8 = 1/5.12
Required focal length after diagonal added: 81(2281mm)

Distance from primary to secondary: (81.92-34.8@y-2" (~47.10) P-S
Reduction due to 60 deg. reflection: 32.05*SIN306-02

Eyepiece distance above primary when at zeniti(B1.

Design allows primary mirror to be up to realis}i®" above ground.
Design IS feasible with secondary obstruction ¢f44nd no Barlow.
However, this design is less favorable than V. 8ifice eyepiece is higher.

Version 5.3: 44% Secondary Obstruction, 30 Deg. (18/4.91 primary)
Maximum aperture (see below): 16.0~16.5" (Basebnt6.0)

Maximum secondary obstruction (44%): 7.0" (6.8 ukdbr 16.0")

Half width of telescope assembly: 11.0"

Half width plus larger 15.5" lateral user clearafte+15.5) = 26.50"
Fastest f/ratio based on secondary size: (26.50£6/3.90

Fastest f/ratio if add diagonal (1.25+2.75"): (Z3&28) = f/4.30

Adjust for 1/COS30 ([26.50]*1.155) = 30.61"

New f/ratio after account for angle: (30.61+2.75:383/6.8 = 1/4.91
Required focal length after diagonal added: 78(8695 mm)

Distance from primary to secondary: (78.56-33.3@p20" (~45.20) P-S
Maximum primary to secondary distance IF /5.0 41l@nger FL): 46.60 Nom
* If /5, focus is 33.36 to 34.00 from secondarystD= (46.00-46.60) !
Reduction due to 60 deg. reflection: 30.61*SIN305:30

Eyepiece distance above primary when at zenitl2@9.

Design allows primary mirror to be up to realist®. 10" above ground.
Design IS feasible with secondary obstruction ¢f44nd no Barlow.
However, this design is less favorable than V. 8Sifice eyepiece is higher.

Version 5.4: 44% Secondary Obstruction, 30 Deg. (1&4.78 primary) (smallest 5x version)
Maximum aperture (see below): 16.0~16.5" (Basebnt6.0)

Maximum secondary obstruction (44%): 7.0" (6.8 ukdbr 16.0")

Half width of telescope assembly: 11.0"

Half width plus minimum 14.75 lateral user cleamtl+14.75) = 25.75"

Fastest f/ratio based on secondary size: (25.75#/3.79

Fastest f/ratio if add diagonal (1.25+2.75"): (28.8) = f/4.19

Adjust for 1/COS30 ([25.75]*1.155) = 29.74"

New f/ratio after account for angle: (29.74+2.75582/6.8 = 1/4.78
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Required focal length after diagonal added: 76(4942 mm)

Distance from primary to secondary: (76.45-32.5@8-95" (~44.00) P-S
Maximum primary to secondary distance IF /5.0 §3d&nger FL):

* If 1/5, focus is 32.50 to 34.00 from secondarystD= 46.0 to 47.5

Reduction due to 60 deg. reflection: 29.74*SIN3D4=87

Eyepiece distance above primary when at zenitl289.

Design allows primary mirror to be up to realist®.92" above ground.

Design IS feasible with secondary obstruction &f44nd no Barlow.

However, this design is less favorable than V. 8Sifice it has less user clearance.

6th Version: 42% Secondary Obstruction, 30 Deg. (16" f/5.12 primary)
Maximum aperture (see below): 16.0~16.5" (Basebnto.5)

Maximum secondary obstruction (42%): 7.0" (6.8 ukdbr 16.5")

Half width of telescope assembly: 13.0"

Half width plus minimum lateral user clearance (18#%5) = 27.75"
Fastest f/ratio based on secondary size: (27.75#/4.08

Fastest f/ratio if add diagonal (1.25+2.75"): (36.8) = f/4.49

Adjust for 1/COS30 ([27.75]*1.155) = 32.05"

New f/ratio after account for angle: (32.05+2.75:883/6.8 = 1/5.12
Required focal length after diagonal added: 81(2281 mm)

Distance from primary to secondary: (84.48-34.8@p-68" (49.70)
Reduction due to 60 deg. reflection: 32.05*SIN306-02

Eyepiece distance above primary when at zenitl8633.

Design allows primary mirror to be up to 7.34" abground.

Design barely NOT feasible if secondary obstruct@fbo, and no Barlow.
Design is feasible with 44% obstruction, but wordduire a custom secondary size.

7th Version: 40.0% Secondary Obstruction, 30 Deg(17.5/16.5 f/4.5/4.78 primary)
* Assumption is low profile 22" rocker box width:

Maximum aperture (see below): 16.0~17.5" (BasebnE7.5)

Maximum secondary obstruction (40%): 7.0" (6.8 ubef

Half width of telescope assembly: 11.0"

Half width plus minimum 14.75 lateral user cleamtl+14.75) = 25.75"
Fastest f/ratio based on secondary size: (25.75#/3.79

Fastest f/ratio if add diagonal (1.25+2.75"): (28.8) = f/4.19

Adjust for 1/COS30 ([25.75]*1.155) = 29.74"

New f/ratio after account for angle: (29.74+2.75:580/6.8 = {/4.78

* Amount of 17.5" f/4.5 primary mirror utilized #4.78: 16.48"

Required focal length after diagonal added: 78(2800 mm)

Distance from primary to secondary: (77.75-32.5@p25" (~45.30) P-S
Reduction due to 60 deg. reflection: 29.74*SIN3D487

Eyepiece distance above primary when at zenitlR830.

Design allows primary mirror to be up to margin&2' above ground.

Design IS feasible with secondary obstruction ¢f44nd no Barlow.

This design is less favorable than V. 5.0, sinegptimary mirror weighs more.
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8th Version: 44.0% Sec. Obst., 34.5 Deg. (16.0" fBR primary; compact mount) (low cos}
Maximum aperture: 16.0~16.5" (Baseline for this gess 16.0") f/4.52.

Tolerance for primary mirror f/ratio is from f/4.48 1/4.52.

Maximum secondary obstruction (44%): 7.0" (6.8 ukdbr 16.0")

Half width of unconventional compattlescope assembly (custom parts used): 11.0'1s25)
Half width plus slightly larger 15.0" lateral usgdearance (11+15.0) = 26.00"

Fastest f/ratio based on secondary size alonedd{68) = 1/3.82 (7.2 sec: 1/3.61)
Fastest f/ratio if add diagonal (1.25+2')/§28.75/6.8) = 6.8: 1/4.23 (7.2 sec: 1/3.99)
Adjust for 1/COS21 ([26.00]*1.071) = 27.85" (Nofx 34.5 deg. = 69 deg.; 90 - 69 = 21 deg.)
New f/ratio after account for angle: (27.85+2.75:680/6.8 = /4.50

Required focal length after diagonal and angle ddd2.00 (1829 mm)

Distance from primary to secondary: (72.00-30.6@140

Height reduction due to 69 deg. reflection: 30.a0¢&EL (.36) = 10.97"

Eyepiece distance above primary when at zenith4(410.97) = 30.43"

Allows primary to be tight 11.57~12.57" above grodod42 - 43 eyepiece height.

Primary mirror height when using standard profiesd and altitude sector: 12.5~13.0

Primary to secondary distance plus std. mirror teid2.93 (Barely meets min. eyepiece height)
DesignlS just barely feasiblevith secondary obstruction of 44%, and no Barlow.

Design better allows for std. 12.25" half widthusture w/7.5" secondary (47% obs); see 9th iter.
Remarks: 16" (40.6 cm) /4.5 mirrors may be legsessive because many are on used market.
The purpose of this version is to show if a 16 S/dirror is practical for accessible telescopes.

Eyepiece heights for alternate versions having entional secondary mirror angles:

/4.0 eyepiece height if 7.0" (6.8) secondary mii(g1%) at 45 deg: (64.0 - 30.6) + 12.5 = 45.9"
f/4.0 eyepiece height if 7.5" (7.2) secondary mig/%) at 45 deg: (64.0 - 32.4) + 12.5 =44.1"
/4.5 eyepiece height if 7.5" (7.2) secondary mig/%) at 45 deg: (72.0 - 32.4) + 12.5 =52.1"

9th Version: 47.0% Sec. Obst., 29 Deg. (16.0" f/2%rimary; compact mount) (Backup 4
Maximum aperture: Baseline for this design is 1&4!52 (w/coma cor., on 6" EQ platform)
Tolerance for primary mirror f/ratio is from f/4.48 1/4.52.

Maximum secondary obstruction (47%): 7.5" (7.2 ukdbr 16.0") [27.25 lat clearance. needed]
Half width of conventional compadelescope assembly (custom parts used): 12.25"

Half width plus slightly larger 15.0" lateral usgear (12.25+15.0) = 27.25" (-1.5 cc) 25.75" opt.
Fastest f/ratio based on secondary size alone7%2ipt /7.2) = 1/3.58 (6.8 sec: 1/3.71)
Fastest f/ratio if add diagonal (1.25+2')/§28.50 opt /7.2) = 6.8: f/3.96 (6.8 sec: f/4.19
Adjust for 1/COS29 ([27.25phys]*1.143) = 31.15" (dp2x30.5d.=61; 90-61=29 deg. f/perpen.)
New f/ratio after account for angle (subtracting doma cor): (28.65+2.75=32.40)/7.2 = f/4.50
Required focal length after diagonal and angle ddd2.00 (1829 mm)

Distance from primary to secondary: (72.00-32.41) 589.60

Height reduction due to 68 deg. reflection: 31.15¢% (.485) = 15.10"

Eyepiece distance above primary when at zenith6(825.10) = 24.50

Allows primary to be realistic 12.50" (18.5 w/edatp) above ground: 37 - 4&yepiece height.
Primary mirror height when using standard profiesd and altitude sector: 12EB(5 if eq. pla)
Primary to secondary distance plus std. mirror iteid3.00 (Barely meets min. eyepiece height)
DesignlS feasiblewith secondary obstruction of 44%, and no Barl@ampatible w/Tracker.
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10th Version: 43.3% Sec. Obst., 45 Deg. (15.0" fB0 primary; compact mount) (“TScope”)
CommentOriginal telescope mirror height is 8.5", eyepiece at 84itjor separation is ~55.5".
Maximum aperture: 15.0" (Baseline for this desigi5.0") f/4.50. (Orig. scope circa 72" tall.)
Tolerance for primary mirror f/ratio is from /4.46 f/4.51. (Note: 35% 5.25" sec only 12.5" clr)
Maximum secondary obstruction (43.3%): 6.5" (6.8fuk for 15.0")

Half width of conventional but compattlescope assembly (custom parts NOT used): 10.0"
Half width plus slightly larger 15.0" lateral usgdearance (10+15.0) = 25.00"

Fastest f/ratio based on secondary size alondd{#s2) = f/4.03

Fastest f/ratio if add diagonal (1.25+2')/§27.75/6.2) = f/4.48

Required focal length after diagonal added: 67(2@07 mm)

Distance from primary to secondary (and EP heigbwva primary): (67.20-27.75) = 39:45
Allows primary to bampossible2.55~3.55" above ground for 42 -"48/epiece height.

Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 8.5"
Primary to sec. distance plus mirror height: 47.98/ay abovemin. EP height) (50.5" w/35% s)
Design isNOT feasibldby a wide margin) with secondary obstruction 8326, and no Barlow.
Remarks: 14.5 15.0" aperture is largest aperture/fich compact ver. ship costs reasonable.
The purpose of this version is to show if 15" apextf/4.5 is practical for accessible telescopes.
Notes: Base is 20.0" wide and mirror box is 18iage, not counting elevation axis sectors.
Trade space for 15.0" includes if tracking vs dmeter with this or with modified 12-14" SCT.

11th Version: 46.7% Sec. Obst., 45 Deg. (15.0" fB0 primary; coma corrector) (“TScope”)
Maximum aperture: 15.0" (Baseline for this desigi5.0") f/4.50.

Tolerance for primary mirror f/ratio is from f/4.46 f/4.51.

Maximum secondary obstruction (46.7%): 7.0" (6.€fuk for 15.0")

Half width of conventional but compattlescope assembly (custom parts NOT used): 10.0"
Half width plus slightly larger 15.0" lateral usgear (10.0+15.0) = 25.00" (-1.5 cc) 23.50" opt.
Fastest f/ratio based on secondary size alone&s@#&37) = f/3.51

Fastest f/ratio if add diagonal (1.25+2')/526.25/6.7) = f/3.92 (But 4.5x6.7=30.15 (20&at.))
Required focal length after diagonal added (assumén: 67.50 (1715 mm)

Distance from primary to secondary (and EP heigbwva primary): (67.50-30.15) = 3735
Allows primary to be 4.65~5.65" above ground for-488' eyepiece height. (Tracker won't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 8.5"
Primary to secondary distance plus mirror heigbt88' (DoesNOT meet min. eyepiece height)
Design isNOT feasiblgby almost 3") with secondary obstruction of 46, &#&d no Barlow.
Existing TScope 15" /4.5 can work if secondaryatonventional angle, batajor modif. req.
Remarks: 14.5-15.0" (36.8 cm) aperture is largpsttare for which shipping costs reasonable.
The purpose of this version is to show if a 15@8réure is practical for accessible telescopes.

Version 11A: 45.0% Sec. Obst., 45 Deg. (15.0" f/4Al(primary; coma cor., compact mount)
Same as Version 11, except has faster primary nard odd size 6.75" (6.5" useful) secondary.
Fastest f/ratio if add diagonal (1.25+2')/§26.25/6.5) = f/4.04. FL: 60.57" (1539 mm)
Distance from primary to secondary (and EP heigbva primary): (60..57-26.25) = 34:32
Allows primary to be 7.68~8.68" above ground for-483' eyepiece height. (Trackeron't fit.)
Notes: Base is 20.0" wide and mirror box is ~18dliase, not counting elevation axis sectors.
Trade space for 15.0" includes if tracking vs dmeter with this or with modified 12-14" SCT.
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12th Version: 45.0% Sec. Obst., 45 Deg. (14.5" f#4L primary; compact mount)

Maximum aperture: 14.0~14.5" (Baseline for this gess 14.5") f/4.41.

Tolerance for primary mirror f/ratio is from /4.38 1/4.42.

Maximum secondary obstruction (45%): 6.5" (6.3 ukdbr 14.5")

Half width of unconventional compattlescope assembly (custom parts used): 10.0"

Half width plus slightly larger 15.0" lateral usgdearance (10+15.0) = 25.00"

Fastest f/ratio based on secondary size alondd@#s3) = 1/3.97

Fastest f/ratio if add diagonal (1.25+2')/§27.75/6.3) = f/4.41

Required focal length after diagonal added: 63(2624 mm)

Distance from primary to secondary (and EP heigbtva primary): (63.95-27.75) = 36.20
Allows primary to be tight 5.80~6.80" above ground42 - 43 eyepiece height.

Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 7.5"
Primary to secondary distance plus mirror heigBt7@’ (Slightly above min. eyepiece height)
Design igust barely NOT feasiblevith secondary obstruction of 45%, and no Barlow.
Remarks: 14.5" (36.8 cm) aperture is largest apeftr which shipping costs reasonable.

The purpose of this version is to show if a 14 &réure is practical for accessible telescopes.
(f/4.5 epc. height with 6.5" (6.2) sec. mir. (458645 deg: (65.25-27.90) = 37.35"(+7.5)= 44.85)
Notes: Base is 19.7" wide and mirror box is 17 dpiage, not counting elevation axis sectors.
Trade space for 14.5" includes if tracking vs dmeter with this or with modified 12-14" SCT.

13th Version: 45.0% Sec. Obst., 45 Deg. (14.5" fM/. primary; coma corrector)

Maximum aperture: 14.0~14.5" (Baseline for this gess 14.5") f/4.17.

Tolerance for primary mirror f/ratio is from f/4.16 1/4.20.

Maximum secondary obstruction (45%): 6.5" (6.3 ukdbr 14.5")

Half width of unconventional compattlescope assembly (custom parts used): 10.0"

Half width plus slightly larger 15.0" lateral usgear (10.0+15.0) = 25.00" (-1.5 cc) 23.50" opt.
Fastest f/ratio based on secondary size alone&s@#33) = 1/3.97

Fastest f/ratio if add diagonal (1.25+2')/§26.25/6.3) = f/4.17

Required focal length after diagonal added: 60(4335 mm)

Distance from primary to secondary (and EP heigbvva primary): (60.42-26.25) = 3417
Allows primary to be 7.83~8.83" above ground for-488' eyepiece height. (Tracker won't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 7.5"
Primary to secondary distance plus mirror height64' (Easily meets min. eyepiece height)
Designis feasiblewith secondary obstruction of 45%, and no Barld®ut tracker won't fit.)
Remarks: 14.5" (36.8 cm) aperture is largest apeftr which shipping costs reasonable.

The purpose of this version is to show if a 14 &réure is practical for accessible telescopes.
(f/4.5 epc. height with 6.5" (6.2) sec. mir. (458645 deg: (65.25-27.90) = 37.35"(+7.5)= 44.85)

Version 13A: 46.6% Sec. Obst., 45 Deg. (14.5" f/Al(primary; coma cor., compact mount)
Same as Version 11, except has faster primarysizéds.75" (6.5 useful) secondarBatkup 3
Fastest f/ratio if add diagonal (1.25+2')/§26.25/6.5) = f/4.04. FL: 58.56" (1487 mm)
Distance from primary to secondary (and EP heigbwva primary): (58.56-26.25) = 32:31
Allows primary to be 9.69~10.69" above ground for-488' eyepiece height. (Trackemightfit.)
Notes: Base is ~19.6" wide and mirror box is 17difase, not counting elevation axis sectors.
Trade space for 14.5" includes if tracking vs dmeter with this or with modified 12-14" SCT.
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14th Version: 44.0% Sec. Obst., 45 Deg. (12.5" fB. primary; compact mount)

Maximum aperture: 12.0~12.5" (Baseline for this gess 12.5") f/5.00.

Tolerance for primary mirror f/ratio is from f/4.98 1/5.02.

Maximum secondary obstruction (45%): 5.5" (5.3 ukdbr 12.5")

Half width of unconventional compattlescope assembly (custom parts used): 8.8"

Half width plus slightly larger 15.0" lateral usgearance (8.8+15.0) = 23.80"

Fastest f/ratio based on secondary size alone8{Z33) = f/4.49

Fastest f/ratio if add diagonal (1.25+2')/§26.55/5.3) = f/5.01

Required focal length after diagonal added: 62(6390 mm)

Distance from primary to secondary (and EP heigbwa primary): (62.62-26.55) = 3597
Allows primary to be tight 6.03~7.03" above ground42 - 43 eyepiece height.

Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 7.0"
Primary to secondary distance plus mirror heig@t94' (Barely meets min. eyepiece height)
Designis just barely feasiblavith secondary obstruction of 44%, and no BarlGwkr won't fit)
Remarks: 12.5" (31.7 cm) aperture is largest apeftr which mount can fit on walker seat.
The purpose of this version is to show if a 12 5&réure is practical for accessible telescopes.
Notes: Base is 17.0" wide and mirror box Ib<4" square, not counting elevation axis sectors.
Trade space for 12.5" includes if tracking vs dmeter with this or with Meade 12" LX200 SCT.

15th Version: 44.0% Sec. Obst., 45 Deg. (12.5" fi8 primary; coma cor., compact mount)
Maximum aperture: 12.0~12.5" (Baseline for this gess 12.5") f/4.73

Tolerance for primary mirror f/ratio is from /4.7a /4.75.

Maximum secondary obstruction (45%): 5.5" (5.3 ukdbr 12.5")

Half width of unconventional compattlescope assembly (custom parts used): 8.8"

Half width plus slightly larger 15.0" lateral usgear (8.8+15.0) = 23.80" (-1.5 cc) 22.30" opt.
Fastest f/ratio based on secondary size alone88{&23) = f/4.21

Fastest f/ratio if add diagonal (1.25+2')/§25.05/5.3) = f/4.73

Required focal length after diagonal added: 59(@801 mm)

Distance from primary to secondary (and EP heigbwva primary): (59.08-25.05) = 3403
Allows primary to be 7.97~8.97" above ground for-488' eyepiece height. (Tracker won't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 7.0"
Primary to secondary distance plus mirror height03' (Easily meets min. eyepiece height)
Designis feasiblewith secondary obstruction of 44%, and no Barl{®But tracker won't fit.)
Remarks: 12.5" (31.7 cm) aperture is largest apeftr which mount can fit on walker seat.
The purpose of this version is to show if a 12 5&réure is practical for accessible telescopes.

Version 15A: 46.0% Sec. Obst., 45 Deg. (12.5" f/&%rimary; coma cor., compact mount)
Same as Version 13, except has faster primaryszeds.75" (5.5 useful) secondarBatkup 2
Fastest f/ratio if add diagonal (1.25+2)/85.05/5.5)= f/4.55. FL:56.93" (1446 mn)3=f4.37
Distance from primary to secondary (and EP heigbtva primary): (56.93-25.05) = 31:88
Allows primary to be 10.12~11.12" above ground_f2+48' eyepiece height. TGO tracker fs.)
Comment: 13" f/4.38 should also work, if used wth" (46%; 5.72" utilized) secondary mirror.
Notes: Base is ¥7.0" wide and mirror box is16.4" square, not counting elevation axis sectors.
Trade space for 12.5" includes if tracking vs dmeter with this or with Meade 12" LX200 SCT
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16th Version: 44.6% Sec. Obst.; 29 deg. (11.2" /b primary; compact mount) (used mir.)
Maximum aperture: 10.0~11.2" (Baseline for this gess 11.2") f/6.75 (75.6" FL)

Tolerance for primary mirror f/ratio is from f/6.70 f/6/80.

Maximum secondary obstruction (40.0%): 5.0" (4.&fuk for 11.2")

Half width of unconventional compattlescope assembly (custom parts used): 8.00"

Half width plus slightly larger 15.0" lateral usgearance (8.00+15.0) = 23.00"

Fastest f/ratio based on secondary size alonedd{2B7) = f/4.89

Fastest f/ratio if add diagonal (1.25+2')/§25.75/4.7) = f/5.48

Adjust for 1/COS37 ([23.00]*1.252) = 28.80" (Nofx 26.5 deg.=53; 90-53=37 deg. f/perpen.)
New f/ratio after account for angle: (28.80+2.755%)/4.7 = f/6.713

Required focal length after diagonal and angle dddg.19 (1910 mm)

Distance from primary to secondary: (75.19-31.58B3:64

Height reduction due to 53 deg. reflection: 23.00t% (.602) = 13.84"

Eyepiece distance above primary when at zenith64433.84) = 29.80

Allows primary to be generous 12.2-13.2" above gobfor 42 - 43 eyepiece height.

Primary mirror height with low profile base, altikel sector (MastTel.Con.) / Tracker: 7.0 / 13.0"
Primary to secondary distance plus mirror height83 / 42.80 (Below min. eyepiece height)
Designis feasiblewith secondary obstruction of 44.6%, and no Barl@ompatible w/Tracker
Remarks: 11.2" (28.5 cm). Sec. mir. tilted 26.5.de5" round secondary (49%) barely works.
The purpose of this version is to show if an 1R@8rture is practical for accessible telescopes.
Notes: Base is 16.0" wide and mirror box is 14d)iage, not counting elevation axis sectors.
Trade space for 10.0" includes if tracking vs dmeter with this or with modified 11-12" SCT.

17th Version: 45.0% Sec. Obst., 45 Deg. (10.0"_f primary; compact mount)

Maximum aperture: 10.0~11.2" (Baseline for this gess 10.0") f/6.00 (60.0" FL)

Tolerance for primary mirror f/ratio is from /5.98 /6.01..

Maximum secondary obstruction (45.0%): 4.5" (4.&fuk for 10.0")

Half width of unconventional compattlescope assembly (custom parts used): 7.25"

Half width plus slightly larger 15.0" lateral usgearance (7.25+15.0) = 22.25"

Fastest f/ratio based on secondary size alone2%2P2) = {/5.30

Fastest f/ratio if add diagonal (1.25+2°)/%25.00/4.2) = f/5.95

Required focal length after diagonal added: 59(2512 mm)

Distance from primary to secondary (and EP heigbwva primary): (59.95-25.00) = 3495
Allows primary to be tight 7.05~8.05" above ground42 - 43 eyepiece height.

Primary mirror height when using low profile basel altitude sector (Mast Tel. Concept): 7.0"
Primary to secondary distance plus mirror height98' (Slightly below min. eyepiece height)
Designis feasiblewith secondary obstruction of 45%, and no Barld®ut tracker won't fit.)
Remarks: 10.0" (25.4 cm) aperture is largest apeftar which transport by 1 person is practical.
The purpose of this version is to show if a 10 @8réure is practical for accessible telescopes.
Notes: Base is 14.5" wide and mirror box is 12dpiage, not counting elevation axis sectors.
Tracker probably will fit under a 10" /5.0 telegpepand achieve eyepiece height at or below 43".
Trade space for 10.0" includes if tracking vs dmeter with this or with modified 8~11" SCT.
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Telescopes with “Long Throw” Tunable Coma Corrector/ Weak Barlow Lens (LTCC)

The following examples show how use of a “long Wireoma corrector (LTCC) that has a weak
Barlow effect (1.5x or less) makes it possibledduce the size of the secondary mirror. For
these examples, a tunable combined coma correatiot .&x Barlow lens with a negative

600mm focal length is used at a distance of 300fram the focal surface. Including index of
refraction effects, this adds 109 mm of back fatisiance, which in turn permits use of a smaller
secondary mirror. This makes it practical to ugd® alegree secondary mirror. Tuning in the lens
is not merely compensating for the back focus oious eyepieces and cameras. Here, tuning
also provides a way to vary the distance betweerhattig throw optical elements in a way that
corrects coma at one extreme, and restores adiffralimited on-axis performance at the other.
No commercial optical system like this currentlysts, so it would have to be manufactured.

18th Version: 45.3% Sec. Obst., 45 Deg. (16.0" f&; long throw coma cor., compact mt.)
Maximum aperture: 16.0~16.5" (Baseline for this gess 16.0") /3.47

Tolerance for primary mirror f/ratio is from 1/3.46 1/3.48.

Maximum secondary obstruction (45.3%): 7.25" (7u@Bful, for 16.0")

Half width of unconventional compattlescope assembly (custom parts used): 11.0"

Half width plus slightly larger 15.0" lateral usgear (11.0+15.0) = 26.00" (-4.3 ltcc) 21.70" opt.
Fastest f/ratio based on secondary size alone/27105) = f/3.078 {42.4%=1/3.6, 59.33, 44.2}
Fastest f/ratio if add diagonal (1.25+2°)/%24.45/7.05) = {/3.468 {40.9%=f/3.76, 62.1",.96h)
Required focal length after diagonal added: 55(4209 mm) [LTCC FL is 83.23" (2114 mm)]
Distance from primary to secondary (and EP heigbva primary): (55.49-24.45) = 3104
Allows primary to be 10.96~11.96" above ground_{a#48' eyepiece height. (Tracker may fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): +9.3"
Primary to secondary distance plus mirror height34' (Easily meets min. eyepiece height)
Designis easily feasiblevith secondary obstruction of 45%, and LTQ&nd tracker fits!)
Purpose of this version is to show if 16.0" w/LT@f2ctical for accessible telescope wi/tracker.

19th Version: 44.0% Sec. Obst., 45 Deg. (12.5" f24; long throw coma cor., compact mt.)
Maximum aperture: 12.0~12.5" (Baseline for this gess 12.5") f/4.24

Tolerance for primary mirror f/ratio is from f/4.24 1/4.26.

Maximum secondary obstruction (44%): 5.50" (5.26&fuk for 12.5")

Half width of unconventional compattlescope assembly (custom parts used): 8.8"

Half width plus slightly larger 15.0" lateral usgear (8.8+15.0) = 23.80" (-4.3 ltcc) 19.50" opt.
Fastest f/ratio based on secondary size alone&s{E25) = 1/3.714

Fastest f/ratio if add diagonal (1.25+2')/§22.25/5.25) = 1/4.238 {42%=f/4.41, 55.074'9.8"}
Required focal length after diagonal added: 52:9¥846 mm) [LTCC FL is 79.46" (2018 mm)]
Distance from primary to secondary (and EP heigbwa primary): (52.98-22.25) = 30.73
Allows primary to be 11.27~12.27" above ground_f&+48' eyepiece height. (Tracker fits.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): +7.0"
Primary to secondary distance plus mirror heigit73' (Easily meets min. eyepiece height.)
Designis feasiblewith secondary obstruction of 44%, and LTCC. (bonwf. tracker fits.)
Purpose of this version is to show if 12.5" w/LT@f2ctical for accessible telescope wi/tracker.
Version 19A: 42.3% Sec. Obst.; TScope structure: 810" f/4.20, LTCC): Pri. f/4.19-4.22 OK
Sec. Obs. 5.5" (5.3 useful); 22.25/5.30=f/4.198%841386mm)-22.25=32.33 (10.67cl) 39.33ep
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3.1.3.1) Applying Similar Design Principles to Largr (not always accessible) Telescopes:

This section shows how unconventional secondargomangles can be used to lower the focal
plane and eyepiece position in evarger telescopes. In apertures over 28", this matyalways
result in a low enough focal plane for arcessible telescop@thout excessively increasing the
secondary size. Fatherobservers, it may make the difference betwstanding on the ground
or having to use tll ladderto use the telescope. Examples here are for #86lewtonian.
The first example (V20) shows the eyepiece heighich is too high) when lateral clearance is
enough for a wheelchair. The next example (V2bnis having conventional lateral clearance.
The third (V22) is a 3-mirror system, but Versid2is accessiblethanks to aeflectiverelay.

20th Version: 44.4% Sec. Obst., 20 deg. 36.0" f/1(¢3.94~4.01) primary; coma corrector.
Maximum secondary obstruction (44.4%): 16" (15.6fuk for 36") Secondary i®und

Half width of conventional “Star Splitter” telesapssembly (no custom parts used): 23.0" (est.)
Half width + slightly larger 15.5" lat. user clr3215.5)=38.50phys (-1.5cc) 37.0optical dist.
Fastest f/ratio if add diagonal (1.25+2)/§39.75915.5) = f/2.565. Req'd FL: 92.322345 mm)
Distance from primary to secondary (for conventidd@wtonian): (92.32 - 39.75) = 52.57"
Adjust for 1/COS50 ([38.50phys]*1.556)_= 59"9qNote: 2x20d.= 40; 90-40=50 deg.f/perpend)
New f/ratio after acct f/angle (59.91-1.5comacd@841); (58.41+2.75= 61.)85.5 = f/3.946
Required FL after diagonal and angle added: 14238BD8 mm) (w/o re-optim. spacing)

New distance from primary to secondary: (142.04.16 sec-FP optical distance) = 80.88
Eyepieceheight reductiordue to 40 deg. reflection: 59.91*SIN50 (0.64288-51"

Eyepiece distance above primary when at zenith8@88.51) = 42.37

Allows primary to be only 0.63" above ground for42' EP height. (Not “accessible” height.)
Primary mirror height, using standard “Star Spiittease and alt. sectors (estimate): 22.0"
Primary to eyepc. dist. (42.37) + pri. mir. hei¢gP2.0): 64.37 eyepiece height (exceeds ac. min)
Is NOT “accessible” w/44.4% sec. no Brlw. Needp stiwol but not laddeNo eq. plat. w/o lad.
Purpose of version to show if 36" aperture pratfma‘no ladder” and accessible telescopes.

21st Version: 44.4% Sec. Obst., 15 deg. 36.0" {/80.03.94~4.01) primary; w/coma corrector.
Maximum secondary obstruction (44.4%): 16" (15.6fuk for 36") Secondary i®und

Half width of conventional “Star Splitter” telesapssembly (no custom parts used): 23.0" (est.)
Half width + too small (for accessible) 7" lat. ¢¢3+7.0)=30.00phys (-1.5cc) 28.50ptical dist.
Fastest f/ratio with diag. (1.25+2.7%28.5 (31.2515.5) = /2.016. Req'd FL: 72.581844 mm)
Distance from primary to secondary (for conventidvwewtonian): (72.58 - 31.25) = 41.33"
Adjust for 1/COS60 ([30.00phys]*2.000)_= 60"q0lote: 2x15d.= 30; 90-30=60 deg.f/perpend)
New f/ratio after acct f/angle (60.00-1.5comacd@850); (58.50+2.75= 61.285.5 = f/3.952
Required FL after diagonal and angle added: 1423&13 mm) (w/0 re-optim. spacing)

New distance from primary to secondary: (142.26.25 sec-FP optical distance) = 8101
Eyepieceheight reductiordue to 30 deg. reflection: 60.00*SIN60 (0.86611=96"

Eyepiece distance above primary when at zenith0(861.96) = 29.05(Only 7" lat. clearancg
Allows primary to be 12.95~13.95" above ground @#48" EP height. (Tracker won't fit.)
Primary mirror height, using standard “Star Spiittease and alt. sectors (estimate): 22.0"
Primary to eyepc. dist. (29.05) + pri. mir. heigP2.0): 51.05 eyepiece height (exceeds ac. min)
Design NOT *“accessible” w/44.4% sec, no Briw. Needdadder/stlEq. plat. tight w/o step stl.
Remarks: Purpose of version only to show if 36"rape practical for fio laddet telescopes.
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One version below folds the light path down to jaistve the altitude axis, then out the side via a
fold mirror. This provides a focuser position tigtlose to the structure and orthogonal with the
OTA. The fold mirror near the focuser can be fédmut of the way so a second optical path
below it can be used to provide accessible telescopéa a folded reflective relay that does not
introduce false color. A large secondary obstarcis compatible with an axial reflective relay.
The secondary mirror can (but need not) be a thimuar one that is supported by its center hole.

22nd Version: 44.4% Sec. Obst., 10 deg. 36.0" f/0.03.98~4.03) primary; coma corrector.
Maximum secondary obstruction (44.4%): 16" (15.66ful, for 36") Secondary reund

Half width of conventional “Star Splitter” telesapssembly (no custom parts used): 23.0" (est.)
Half width + too small (for access.) -3.3" lat. (23-3.3)=19.70hys (-1.5cc) 18.20ptical dist.
Fastest f/ratio with 70 deg. fold mirror, focus2rbf (2.0m+4.5fb")+18.2: (24/15.65) = {/1.578
Required focal length after diagonal added: 56(8243 mm)

Distance from primary to secondary (for conventidvewtonian): (56.82 - 24.70) = 32.12"
Adjust for 1/COS70 ([19.70phys]*2.924)_ = 57"'g0lote: 2x10d.= 20; 90-20=70 deg.f/perpend)
New f/ratio after acct f/angle (57.60-1.5 comacd6=10); (56.10+6.50= 62.505.65 = f/4.000
Required FL after diagonal and angle added: 1443858 mm) (w/o re-optim. spacing)

New distance from primary to secondary: (144.00.66 sec-FP optical distance) = 81.40
Eyepieceheight reductiordue to 20 deg. reflection: 57.60*SIN70 (0.939A413

Eyepiece distance above primary when at zenith4(8%4.13) = 27.27(Has 3" lat. clearance
Allows primary to be 14.73~15.73" above ground 2#48" EP height. (Tracker won't fit.)
Primary mirror height, using standard “Star Spiittease and alt. sectors (estimate): 22.0"
Primary to EP vert. dist. (27.27) + pri. mir. hei@®2.0): 49.27 eyepc. height (exceeds ac. min)
Design NOT *“accessible” w/44.4% sec, no Briw. Needdadder/stIEq. plat. tight w/o step stl.
22A: Accessible ifSwap 70d mir, f/>18x4.5" (folded) reflective rel&P height= (37.3~)39.97
Remarks: Purpose is to show if 36" aperture praktar “no laddef andaccessible telescopes.

23rd Version: 46.4% Sec. Obst., 30 deg. 28.0" {/3L{2..98~3.02) primary; coma corrector.
Maximum secondary obstruction (44.4%): 13.0" (1&s@ful, for 28") Secondary dliptical.

Half width of unconventional compact telescope agsg (no custom parts used): 17.0"

Half width + slightly larger 15.0 lat. clr (17+15#£82.00 phys (-1.5cc) 30.500ptical dist.
Fastest f/ratio with diag. (1.25+2.7%30.5 (33.2512.7) = f/2.618. Req'd FL: 73.311862 mm)
Distance from primary to secondary (for conventidvwewtonian): (73.31 - 33.25) = 40.06"
Adjust for 1/COS30 ([32.00phys]*1.155)_= 36"9Blote: 2x30d.= 60; 90-60=30 deg.f/perpend)
New f/ratio after acct f/angle (36.95-1.5comac@545); (35.45+2.75= 38.202.7 = {/3.008
Required FL after diagonal and angle added: 842P39 mm) (w/o re-optim. spacing)

New distance from primary to secondary: (84.22.98&ec-FP optical distance) = 45'47
Eyepieceheight reductiordue to 30 deg. reflection: 36.95*SIN30 (0.500)841"

Eyepiece distance above primary when at zenith4{@%8.47) = 27.00(Has 15" lat. clearance
Allows primary to be 15.00~16.00" above ground f2+48" EP height.

Primary mirror height, using compact low profilesbaand alt. sectors: 18.0"

Primary to EP vert. dist. (27.00) + pri. mir. hei@h8.0): 45.00 eyepc. height (exceeds ac. min)
DesignNOT quite accessibM/46.4% sec, no Brlw. Needs no ladder. Eq. fitstw/o step stl.
23A: But designS accessiblé42.2" eyepiece height):ifLong Throw Coma Corrector” used.
Remarks: Purpose is to show if 28" aperture praktar “no laddef andaccessible telescopes.
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Figure 3.1.3.1A Drawing of 91.4 cm (36") aperture f/4 modifiedWdenian ‘scope (V22, 22A)
By using a more extreme unconventional angle fersgcondary mirror, a larger modified Newtonian
design provides focal plane and eyepiece positmmnsnough to permit use without a ladder (such as
would normally be needed with a 36" Newtonian), ttwt telescope is not “accessible” to people with
disabilitiesunlessa few other measures are taken. The eyepiebe staindardfocus position can tilt,
and be as low as 49.3" above the ground when kasctepe is pointed at zenith. The large secondary
mirror is shown as a thin annular mirror that iparted by its center, but more conventional roflgus
can be used instead. As shown, the secondarymsrtitted only 10 degrees. Another mirror (oofo
mirror) near the focuser can be tilted to refléght straight out the side of the telescope. Tétis the
focuser have a conventional orthogonal orientatidh respect to the telescope OTA. However, the
eyepiece does not have enough lateral clearancetfre telescope to provide space for an observar in
wheelchair. Fortunately, additional improvemeras make even a 36 inch Newtongamd “accessible
telescope”. For example, the mirror nearest the focuser cdiiggeed out of the way, so that the light
path can travel down closer to the ground, wheodlary optics can enable the focal plane to be low
enoughand have enough clearance to make the telesaopessible The large secondary obstruction
makes it practical to use the showefiectiverelay system that uses annular mirrors and does no
introduce false color to the image. A VAFM faalis tilting the relay tilt to provide variable gyece
heights and angles. A Long Throw Coma Corrredt@iGC) can be used in addition to or instead of the
relay to enhance accessibility. With these add#jdhere is enough clearance to accommodate use of
either eye by an observer in a wheelchair, whilembviding adequate finger clearance between the
wheelchair and telescope. A second variable dotdemirror (VAFM) provides more intuitive eyepiece
positions at the “accessible” port, even if thevghoelay is not used. A large 91 cm /4 telescispe
shown here, but the concept is applicable to aipertures and f/ratios, depending on which pa#ds ar
customized. In this embodiment, the rocker box amtiary mirror assemblies are conventional “Star
Splitter” items, but shallower and narrower struetuwill enhance performance. At f/4, this telgsco
requires a coma corrector and fairly well correagepieces for wide field observing. Details &libis
telescope are in part 3.3.1 (above) and detailstadtber scopes are in parts 2 and 3, includingfeBl 3.
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This next and final version shows that a convemtiddewtonian, including one faster than /4,
and that has a customary (smaller) secondary asing can be used withraflectiverelay
“attachment” that simply fits the telescope focus€éhe relay has means to connect an eyepiece
or diagonal with eyepiece at the opposite endac¢difate the clearance to provide arcessible
telescope A reflective relay works best when there is ald fmirror inside (as in the alternate in
Fig. 3.1.3.1A), since any fold mirror inside théaseis subject to &iple pass by the light path.

24th Version: 32.0% Sec. Obst., 45 deg. 14.5" f/Q@rimary; reflective relay and coma cor.
Maximum aperture: 12.0~12.5" (Baseline for this gess 12.5") f/3.60 (Tolerance 3.58~3.63)
Maximum secondary obstruction (24%): 4.0" (3.8 ukdbr 12.5")

Half width of unconventional compattlescope assembly (custom parts used): 8.7~8.8"

LW sec. cell w/shallow focuser; off-axis distanGell: 7.25; Focuser: 9.75 Focus: 10§ Ax.
Focus clears lower structure by 1.7" (10.5-8.8)814eeded for 15.5" lateral observer clearance.
Fastest f/ratio: direct / diag / diag+c.cor: 10.%/3/2.84 / 13.25/3.7: f/3.581 / 11.75/3.7: 3.176.
Required focal length after diagonal added: 44(1637 mm) Specification is /3.6; 45.00
Distance from primary to secondary (and EP heigbwva primary): (45.00-10.50) = 3450
Allows primary to be 7.5~8.5" above ground for 423* eyepiece height. (Tracker won't fit.)
Primary mirror height when using low profile basel altitude sector (Mast Tel Concept): 7.7"
Primary mirror height when using low profile basel altitude sector (With Tracker): 11.2"
Primary to secondary distance (34.5) plus 7.7 ~ fiteor height;_42.26- 45.70 (Track not fit)
However, eyepiece height with tracker becomes 4192 + 45.0-13.25) if focus 13.25 off ax.
Lateral clearance with reflective relay (13.25 foeul4.0 relay + 1.25 diag = 28.5 [-8.7]) = 19.8"
Designis feasiblewith secondary obstruction of 32%, and no Barl{®ut tracker barely fits)
Purpose of this version is to show if a 12.5" f{A&iéh relay practical for accessible telescopes.

| 8.7 13.2

Figure 3.1.3.1B Drawing of 31.7 cm (12.5") /3.6 Newtonian telepe w/reflective relay (V24)
This conventional Newtonian makes use of a refleatelayattachmento provide accessibility. The
front end of the telescope is counterbalanced ratades to provide variable eyepiece heights. AWA
(shown in right view) provides variable eyepiecglas when needed. This is the “24th version”.
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3.1.4) Results from Development of the above TelegsVersions:

The exercises above from which several telescopgmieare derived provide a set of guidelines
that should result in an appropriate maximacoessibleeyepiece height range for telescopes of
different configurations. The precise theoreticamula for each type would result in a smooth
curve if plotted in a graph for optimum f/ratio sas aperture. However, since larger standard
(and less expensive) secondary mirrors are oftariadle only in 6.35 mm (1/4 inch) increments
for the minor axis, real world values will deviatgghtly from an exact match for the optimized
f/ratio that would be represented by a smooth cuiMee tables and lists below show real world
values (those closest to optimized value) for sswarthe designs that have been considered.

3.1.4.1) Emphasized designs for Newtonian and moaifi Newtonian accessible telescopes:
* Conventional Newtonian, but with larger than usight angle secondary mirror.

* Modified Newtonian having an unconventional sedary mirror reflection angle.

* Either telescope type, but with a coma corretitat increases back focus by about 4 cm.

* Either telescope type, but with Long Throw Comari@ctor, for 211 cm additional back focus.
* Any of the above telescope types, but with akiag platform added under the telescope.

- The table below shows optimum f/ratio and foealgth vs aperture for selected configurations.
Table 3.1.4.1A. Telescope Configuration (top row)svoptimum f/ratio and secondary size
Aperture Std. Newt / Central // Mod. Newt/ Cent. //

Inches (cm) / fINo/ FL”/ Obs% // f/INo / FL” / Obs% // Comments(Std w/LTCC)

*8.0 (20cm) / f/7.50/60.0/47% // NA  / NANA // Mod. Newt: less benefit in small size
*10.0" (25) / f/5.95/59.5/45% // 1/6.50 / 65.44% /| Standard Newt. is Version 17
*12.5"(32) / f/4.55/56.9/46% // NA /NA / NA/ Standard Newt. is Version 15A
*13.0" (33) / f/4.37156.8/45% // NA /NA / NA/ Stdis V 19A. TScope if <17/3" wide
*14.5" (37) / 1/4.04/58.6/47% [/ NA /NA / NA/ Standard Newt. is Version 13A
*15.0" (38) / f/4.04/60.6/45% // NA [/ NA /NA/ Standard Newt. is Version 11A
*16.0" (41) / f/14.00/64.0/47% [/ f/5.00 /80.44% /I Mod Newt is V5; f/4.5 OK at 30 deg.
*16.5" (42) / 1/3.96 /1 65.3/45% [/ 1/4.87 | 80.45% // Version 4, /4.5 OK at 30 deg.
*18.0" (46) / 1/3.31/59.6 / 49% // 1/4.29 | B7.43% /| Modified Newt. is Version 1B
*20.0" (51) / f/2.99/59.8/49% // 1/4.02 |/ 80.43% // Modified Newt. is Version 1A
*22.0"(56) / NA [/ NA /NA // 1/3.69 /81.043% /| Mod Newt is V1 (f/4.12 FL too long)
*24.0"(61) / NA [/ NA /NA // 1/3.40 /81.644% /| Base too wide for res. interior doors.
Note 1: Focal length must be about 8 cm shortes&tracking mount under std. tel. structure.

3.1.4.2) Fixed Eyepiece Telescopes

Fixed eyepiece telescope, indoor focal plane redrag/pm: 12.7 cm (5") /25 largest cost effect.
Fixed eyepiece, outdoor off-axis reflector w/pt.miil8 cm 1/10.7 best for high lat; 23 cm f/low It
Fixed eyepiece scope, outdoor axial reflector w/psncia /8 best for high lat; 32 cm f/low lat.
Fixed eyepiece, indoor ax/off-ax reflector w/pt.m82 cm f/8~12.9 may be largest cost effective

3.1.4.3) Relay LensegRecommended lenses vs. accessible telescofmy/ leak application)
Part No. / Diameter / Focal L. / Back F.L. / CtrThk/ EThk / Vendor / Notes(2 lenses/relay)
AC254-250-A / 25.4 1 250.000 / 246.700 / 6.00 0.2 horlabs / Compact for f/12~15 high mag
L-AOCO044 / 31.500 / 250.000 / 246.490 / 7.22 | §.Rbss Optical / Compact for f/10 relay
L-AOC234 / 40.000 / 249.100 / 244.190 / 8.80 / §.®bss Optical / Best univ. (f/6.5 or slower)
L-AOC237 / 40.000 / 350.000 / 347.490 / 7.30 / 5.®bss Optical / Best img/clearance w/f/10
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3.2) Accessible Long Focal Length Refractor Telescefdfocal plane inside building, etc.)

SPECIFICATIONS FOR BASELINE 12.7 cm (5.0") APERTURESIGN:

*5.0" f/25 achromatic doublet objective lens.

* 6.5" minor axis mirror (9.19 major axis; fullyiiminates to +24 dec.).

* Fold mirror is enclosed in 11 x 11 inch octagohausing, TBD" long.

* 150 mm x 210 mm x 25 mm (NEW) IKO cross rollelabeag to support feed mirror.

* Hollow shatft for optical path from mirror is 5.5{140 mm) ID, 150 mm OD.

* Small north bearing at end of mirror housing soiped by pneumatic pistons.

* Main telescope tube has OD of 6.0". Inside limath fiberglass sheet.

* Quter tube (in part through attic) has OD of atb@u

* Part of telescope tube below ceiling has OD 6ft8.3.5 inches.

* Focuser is Unitron or modified Orion focuser witimer draw tube.

* Front aperture side of mirror housing has 6.5devplate glass window.

* Window is 5.5" from optical axis, and parallel dptical axis.

* To fully illuminate down to -35 declination, wilnav south height must be:

** (5.5*Tan35)+(2.75*[1/COS35]) or: (3.85+3.36) =2F (2.75=S. opt. path rad)

* To fully illuminate up to +40 declination, windonorth height must be:

** (5.5*Tan40)+(2.5*[1/COS40]) or: (4.62+3.26) =88" (2.5=N. opt. path rad.)

** Therefore, window clear aperture shall be aste&.0 x 16.0"

** Window substrate shall be between 6.5 x 16.51 &0 x 17.5".

** Allowance for bearing interfaces shall be 2.6"douth, 1.0" to north.

* Feed mirror housing length shall be approximat2.0 to 21.5" long (may vary w/details).
** North bearing shaft and its weather-proofing lsldd an additional 2".

** Clearance from 4/12 roof at 40 lat shall be ¥#obusing base CL is 8" beyond roof)
* Total housing + path length including roof cleaca, north bearing: 31.5" (may vary).
* Housing has built-in deployable solar filter gt of ring bearing, for safety and solar obs.

SPECIFICATIONS FOR ALTERNATE 14 cm (5.5") APERTUREESIGN:

*6.0" /20 (stopped down to 5.5" f/21.8) achromsatoublet lens.

*7.0" minor axis (9.90 major axis; fully illumines$ to +22 dec.)

* Fold mirror is enclosed in 11 x 11 inch octagohausing, TBD" long.

* 160 mm x 220 mm x 25 mm (USED) THK cross rolleabing to support feed mirror.
* Hollow shatft for optical path from mirror is 5.80147.5 mm) ID, 160 mm OD.

* Main telescope tube has OD of 7.0". Inside limath fiberglass sheet.

* Quter tube (in part through attic) has OD of §"110".

* Window clear aperture shall be at least: 6.3 017

* Window substrate shall be between 7.0 x 17.5" &5dx 18.5".

* Feed mirror housing length shall be approximat2.0 to 21.5" long (may vary w/details).
* Total housing + path length including roof cleaca, north bearing: 32.5" (may vary).
* Other specifications are same as for baselingdes

Additional information, including vendor data fa¥lscted parts, is in Appendix D.
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3.3) Relay Lenses to Increase Observer Clearance WwiExisting Telescopes

Several relay lens tests were performed with rpaital hardware to obtain empirical results.
Empirical tests were also performed because | damiently have access to optical design
software (that | know how to use), and becauseebdly had a good idea of what was practical.
Tests were performed with an Intes MN61 (15 cm K@ksutov Newtonian telescope that has
excellent optics, and with a Celestron 20 cm f/OX $iaving good optics. Moving and setting
up either telescope was not trivial, given my ctindi Several types of tests were emphasized:

* Determine minimum focal length for an achromatay that provides adequate performance.
* Determine maximum useful field of view (FOV) thedn be obtained vs telescope type / f/ratio.
* Determine the optimum (simple) achromatic rekayd configuration for planetary viewing.

* Determine if reducing, unity, or magnifying rellgnses work for both deep sky and planets.

An iris was included in the relay lens assemblgrvide a way to simulate different telescope
f/ratios. The prototypes and test results are sanzed below, and followed by conclusions.

Figure 3.3A. Relay lens prototype on Intes MN61 (150mm f/6)islatov Newtonian telescope.
LEFT: Prototype “Unity Magnification” relay lens sembly (described below), shown on a 15 cm /6
Maksutov Newtonian telescope. RIGHT: The relayjes enough lateral clearance from the telescope
and tripod to accommodate a wheelchair or similag sobility device, including the rollator pictute

here. The eyepiece height and angle are varigbtethting the telescope, swiveling the diagonatoni

by the eyepiece, or varying the height of the tipo telescope mount. The diagonal can also be ase
different distances from the end of the relay asdgmvhich in turn permits some of the extensiobetu
length to be between the diagonal and eyepieceariable angle fold mirror (VAFM) can also be used.
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Figure 3.3B. Design and Construction of Unity Magnificationl&eAssembly Prototype.

Since | can’t use machine tools, the prototypetbdase made from optics and hardware | had on hand o
could purchase. The top picture shows the asseatlily minimum length. The bottom one shows the
unit disassembled. A camera coupling (or a flipramiwith one) can be substituted for diagonalgtttr

3.3.1) Test 1: High Magnification (2:1) Relay Lens 8sembly Prototype:

* First lens is a 100 mm x 31 mm (working at 29 manhromatic finder scope objective.
* Second lens is Ross Optical 200 x 40 mm achroredtjced to 35 mm, working at 29 mm.
* Iris diaphragm is BETWEEN lenses.

3.3.1.1) Test Results for High (2:1) MagnificatiorRelay Lens Set:

* Acceptable planetary images at /8 or slowgginal telescope aperture.

* Acceptable full diameter lunar image at f/8 ongi telescope aperture.

* Acceptable 16 mm Nagler eyepiece field at f/1Glower original telescope aperture.

* System has significant coma at wider apertures €5)

* Optical system limited telescope to about f/@0@/29; due to working diameter of 200 mm).
3.3.2) Test 2: Strong De-Magnifying (1:2 Focal Redet) Relay Lens Assembly Prototype:

* First lens is Ross Optical 200 mm x 40 mm achmpmeluced to 35 mm, working at 29 mm.
* Second lens is a 100 mm x 31 mm (working at 29)raalromatic finder scope objective.
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* Iris diaphragm is BETWEEN lenses. (This is thghhmagnification assembly used in reverse.)
3.3.2.1) Test Results for Strong (1:2) De-Magnifym Relay Lens Set:

* Acceptable planetary images only at /10 or sloagginal telescope aperture.

* Acceptable full diameter lunar image at f/12 amg telescope aperture.

* Acceptable 16 mm Nagler field ONLY at f/15 or gler original telescope aperture.

* System has SEVERE coma, due to short 100 mm feogth achromatic lens.

* Optical system limited telescope to about f/7.5.

* This much focal length reduction with simple ammmatic lenses is impractical for wide field.

3.3.3) Test 3: Moderate Magnification (1.25:1) Relalzens Assembly Prototype:

* First lens is Ross Optical 200 mm x 40 mm, redutme35 mm, working at 32 mm.
* Second lens is Thorlabs 250 mm x 50 mm, workingZamm (limited by Ross 200 mm)
* Iris diaphragm is IN FRONT OF First lens (Ros926m)

3.3.3.1) Test Results for Moderate (1.25:1) Magmndfation Relay Lens Set:

* Acceptable planetary images at f/7 or slowgginal telescope aperture.

* Acceptable full diameter lunar image at /6 ongi telescope aperture.

* Acceptable 16 mm Nagler eyepiece field with ff7stower original telescope aperture.
* System allowed telescope to operate at almokapérture (200/32 = /6.25).

3.3.4) Test 4: Weak De-Magnifying (1:1.25 Focal Reder) Relay Lens Assembly Prototype:

* First lens is Thorlabs 250 mm x 50 mm, workingatmm (limited by Ross 200 mm)
* Second lens is Ross Optical 200 mm x 40 mm, reduc 35 mm, working at 32 mm.
* Iris diaphragm is BEHIND Second lens (Ross 200)mm

3.3.4.1) Test Results for Weak (1:1.25) De-Magnityg Relay Lens Set:

* Acceptable planetary images at /8.5 or slomeginal telescope aperture.

* Acceptable full diameter lunar image at /8.5gumial telescope aperture.

* Acceptable 16 mm Nagler field with /10 and slovesiginal telescope aperture.

* Optical system limited telescope to about f/t8€ to 32 mm working diameter of 250 mm).

3.3.5) Test 5: Unity Magnification (1:1) Relay Len®ssembly Prototype:
* Both lenses are Meade 210 mm x 31 mm (working@amm) finder scope objectives.
* 25 mm aperture iris diaphragm is BETWEEN lens@&ont sides of lenses face each other.)

* Maximum 25 mm aperture of iris limits all testeglescopes to working f/ratio of /8.4.
* Unity magnification system was tested on botle$WIN61 Mak. Newt. and Celestron 8 SCT.
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3.3.5.1) Test Results for Unity (1:1) Magnificatio Relay Lens Assembly (180818):

* Acceptable planet images at /8.4 or slowag. scope aperture (limit is relay assembly iris).

* Excellent planet images at f/10.7 or slower osigope aperture (aperture adjusted w/relay stop)
* Acceptable full diameter lunar image at /8.4gotielescope aperture (limit is relay assem. iris).
* Very good full diameter lunar image at f/10.0gprielescope aperture (f/ratio of Celestron 8).

* Excellent full diameter lunar image at f/10.7grielescope aperture (limit is relay iris setting)

* Acceptable 16 mm Nagler field with f/10.7 andwkr orig. aperture. Some field curvature.

* Optical system limits fast telescope to about4/@lue to 25 mm wkg. dia. of 2120 mm lenses).

* Field curvature evident at f/10.7 or faster. (Psimple field flattener to one end of assembly.)

* Slight fringing in outer half of 16 mm Nagler fég due partly to low cost finder scope lenses.

Figure 3.3.5.1A. Results with Celestron 8 telescope & unity magatfon relay lens prototype.
These results with a prototype relay lens assembly Celestron 8 SCT show that little if any
observable image quality is lost when using an @mete relay lens assembly to provide camera or
eyepiece accessibility for a slow f/ratio telescopée LEFT image of the moon is close to full fam
an APS format Fuji X-T10 digital camera. The twBRER RIGHT images are 50% crops from left
image. LOWER RIGHT is a 200% (2x original sizepmiof Saturn (just a single photo; not a stack).
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3.3.6) Conclusions from Relay Lens Test Results
Conclusions below address both optical attributesapplication t@ccessible telescopes
3.3.6.1) Conclusions Related to Relay Lens OpticAltributes:

* Best images were obtained with unity magnificatrelay or slightly magnifying (25%) relay.

* All versions of unity magnification relay lensstgms had moderate curvature of field.

* All versions of de-magnifying relay lenses hadvature of field and severe coma.

* {/8 is fastest original telescope aperture fosthelay lens results vs simplicity.

* Unity relay lens results were almost indistinduable from original scope at f/10.7 or slower.

* Relay system on C8 impractical for wide field&/epieces due to weight and complexity.

* Working relay lens aperture of at least 31 mmdeekfor good 1.25" eyepiece edge brightness.
* Working achromatic relay lens paraxial f/ratiof6f or slower needed for good image quality.

* Working relay lens paraxial f/ratio of f/8 or sler needed for very good image quality.

* Working relay lens paraxial f/ratio of f/10~10.7 flower needed for excellent image quality.

* Simple (2 element) field flattener recommendeddne end of all tested relay lens assembilies.
* If field flattening lenses used at only one esldpuld be at end with shortest FL relay lens.

* Relay lenses of 250 mm focal length will haveslégld curvature than 210 mm FL test lenses.
* Best relay doublet i250 mm FL, 35~40 mm dia. achromatic I€étescontrol lens thickness).

* Excellent results should be possible at f/9.0hw@60 mm focal length achromatic relay lenses.
* High performance with greater clearance possabl#9.2 with 350 mm FL achro. relay lenses.
* Lenses should be made to resolve close to thiealdimit (finder scope lens not good enough).
* Original telescope f/ratio of 8 or slower wilhtit paraxial f/ratio of >31 mm CA relay lens.

* Due to simple relay lenses having slow f/ratigs.ampractical for most Newtonian telescopes.
* Relay lens system works best with /8 RC or fAOT telescopes, and slower Mak (etc) scopes.
* Housing ends may be made from T-thread extensibas, Thorlabs 30 mm tubes, or other.

3.3.6.2) Conclusions Related to Relay Enabling &nhancing Handicap Accessibility:

* Lateral extensions of 50 cm (20") or even mowefaeasible with an /8 or slower telescope.

* Lateral extension is adequate to facilitate haagiaccess to appropriately mounted telescopes.
* Due to weight, it is best to size relay lens syss$ for 1.25" or smaller eyepiece barrels.

* Maximum well illuminated field of view with InteMN61 and relay was about 1 deg. in tests.
* Minimum test magnification having good Intes MNfay results was 45x (16 mm Nagler).
* Maximum FOV with Celestron 8 SCT and 2x 210/2&yavas 0.55~0.6 deg. (1.1x lunar dia).
* Minimum practical magnification with CelestronSECT is about 63x (32 mm otho or plossl).
* Maximum field of view with Meade 12" (305 mm) f#ISCT and relay will be 0.4 degrees.

* Minimum practical magnification with Meade 12 Wie about 94x (32 mm ortho or plossl).

* Maximum practical FOV for large SCT can be iresed 50%, but at considerably more cost.
* Intes MN61 with relay can provide adequate pullewving of moon, if relay limits to /8.4.

* Maximum practical aperture for public viewing efitire moon at once is 8" (C8 or equiv.).

* Folded Newtonian design (uses very large secofhaay be practical with or without relay.

* Best telescope to use with relay for planets @y 80 mm f/15 Malkgnly if properly baffled

* Best handicap access telescope to use with fetayeep sky / other obs. is C8 or larger SCT.
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4.0) Conclusions:

* |t 1S feasible to design and buidstcessible telescopefRarity may be due to lack of interest.

* Since accessible telescopes are more convergeaverage users than conventional designs,
the market for such telescopes may be many tinmgsrighan the disability community itself.

* A variable angle fold mirror that works with f&F faster telescopes can enable more flexibility.

4.1) Conclusions for Accessible Large Aperture Modiéd Newtonian Reflector:

* Accessible modified Newtonian telescopes rangipdo / beyond 56 cm aperture are feasible.
* Implementation cost is only slightly higher theonventional designs. Most additional cost is
in a larger secondary mirror, and the extensioneédetween the secondary mirror and focuser.
* If a commercial vendor makes such telescopes hasipingconveniencenay widen market.

* Design benefits from low magnification, long twdarlow / corrector up taeg 600 mm FL.

* Implementation possible as new build telescope®y modifying front of existing telescopes.

* In telescopes with unstable collimation, collinogt controls should be accessible from front.

* Additional modified Newtonian conclusions are @dtn part 3.1, above.

4.2) Conclusions for Refractor having Fixed Indoor P, Eyepiece, Eyepiece Turret, etc.:

* 140 mm (5.5") is largest feasible aperture ve,dost 12.7 cm is easier to accommodate.

* Ring bearing size/cost and outer tube size vecsasmon machinist lathe size are cost drivers.
* Larger apertures are possible, but are expertsiugoared to conventionaltdoortelescopes.

* Coverage from -29 to +29 degrees declinatioméstiare minimum requirement.

* Coverage from -35 deg to +40 deg desirable fqraupatitudes.

* Coverage from at least -48 deg to +48 deg delsiriao lower latitude. (BASELINE)

** Effective aperture is only 5.0 x 2.2t +48 deg with 6.5" minor axis / 9.2" major axis mirror.

* Optical window shall accommodate unobstructedogppath from -48 deg. to +48 deg. dec.

* Mechanical feed mirror motion shall accommodaterf at least -48 to + 48 deg. declination.

* Feed mirror housing on roof should be as smafi@ssible, since is unusual item for a roof.

* Feed mirror housing shall be weather proof, totg@ct the feed mirror and internal mechanisms.

4.3) Conclusions for Using Relay Lenses with Convannal or Modified Telescopes:

* Relay lenses provide one of the easiest wayadiithte accessibility with existing telescopes.
* Empirical tests show itS feasible to ussimplerelay lenses with /8 and slower telescopes.

* Two facing relay lenses providing unity or slighincreased magnification work best vs cost.
* Precision achromatic lenses (as opposed to fiadepe objectives) provide better results.

* Relay lens focal length of about 250 mm is claseptimum for slow f/ratio (f/10) telescopes.
* Faster f/ratios can be accommodated with ED oDAPlay optics (Borg 45 mm, for example).
* Some eye protection (in case of accidental opmraif motorized wheelchair) can be provided
by suspending a relay assembly from two points) tieng break-away fitting at telescope end.
* Eyepiece position may be easier to adjust ifalsle angle fold mirror(s) used with relay lenses.
* For planetary viewing, it is important to useraerly designed telescope (see Appendix A).
* Additional relay lens conclusions are summarizegart 3.3.6, above.
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5.0) Claims Disclosure, Scope, Disclaimer, Remarkand Appendices:

This section includes a disclosure of certain aspand is more or less written like patent claims
(but may not be as formal or constrained as pataimhs), plus a statement about the scope of
this work as alefensive publicatianA disclaimer and various appendices are aldodiec.

5.1) Claims Disclosure:This material covers several concepts, desigrsjraprovements
that can provide practicakccesdo telescopes for people with disabilities, andemmnvenient
access for the general population. What is claiarecbut a few of many enabling attributes:

1.) An optical system comprisinga housing and least two achromatic, ED, or apouhtic

lens groups and/or concave mirrors that are orlewith their front sides facing each other (or a
triplet relay lens instead of two facing lens greyfurther comprising appropriate interfaces and
parts, whereby one end of the optical system resdight from the focal surface of a telescope
or similar article, and forms a real (relayed) imadg said focal surface at its opposite end.

2.) Apparatus according to claim 1, further compgsone or more fold mirrors (as needed), and
an eyepiece, camera, or similar article to obstreemage formed by the relay lens assembly.
3.) Apparatus according to claim 1, further compggwo variable angle fold mirrors (one at or
near each end) that can also be rotated abouptlealboaxis of the original or folded light path,
said fold mirrors providing a wide range of eyepi@ositions and angles in 3-dimensional space.
4.) Apparatus according to claim 1, further compgsa flip mirror, eyepiece turret, or both.

5.) Apparatus according to claim 1, where the ir@alge is formed at a sufficient distance from a
telescope or similar article that said image canliserved by a person, including a person in a
wheelchair or other mobility device, by means okgapiece, camera, or similar article.

6.) Apparatus according to claim 1 or 5, having nse® insert extension tubes between the relay
lens groups to increase the physical clearancdaged\by the optical system.

7.) Apparatus according to claim 1, further compgsan iris diaphragm to control the aperture.
8.) Apparatus according to claim 1, further compgsauser interchangeable relay lens groups.

9.) Apparatus according to claim 1, further compgsone or more field flatteners, as needed.
10.) Apparatus according to claim 1, further corsipg a field stop, finder objective, flip mirror
and reticle that can assist with subject acquisigiod focusing of a telescope or similar article.
11.) Apparatus according to claim 1, further corsipg a telescope and an altitude over azimuth
mount, wherein the optical path passes througimihent’s elevation axis to reach the relay lens.
12.) Apparatus according to claim 1, further corsipg means to suspend the weight of the relay
optical system and its enclosure, also comprisibgeak away junction near the telescope that
will separate if excess pressure is applied tetlepiece, for purposes including reducing risk of
eye injury if a person in a motorized mobility desiaccidentally moves their device forward.

13.) Apparatus according to claim 1, further corsipg remote control focus mechanism that can
be operated by an observer, including an obsenvamnobility device.

14.) A telescope comprisinga flat feed mirror that rotates about an axis lperep earth’s polar
axis and tilts about an axis perpendicular to thlarpaxis, further comprising a support structure,
a telescope objective lens or mirror, an optic#h faffle or enclosure, a focuser, and means to
observe the image formed by the objective at tbalfsurface by means of eyepiece, camera, etc.
15.) Apparatus according to claim 14, wherein fewdor assembly is enclosed, weatherproofed,
and located on the roof of a habitable structurghér comprising shock absorbers at polar end.
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16.) Apparatus according to claim 14, wherein thical path enclosure is double walled,
insulated, and air conditioned to reduce the thegraaient along the enclosed optical path.
17.) Apparatus according to claim 14, wherein theaf plane is located in a habitable structure.
18.) Apparatus according to claim 14, wherein #lescope eyepiece overhangs an observing
area enough that the image is observable by amarsa a wheelchair or other mobility device.
19.) Apparatus according to claim 14, wherein Wyepeece angle is variable in height and angle.
20.) Apparatus according to claim 14, 18, or 19emn the pointing feed mirror and telescope
objective are in separate portable modules thasetrap at prescribed distances from each other.
21.) Apparatus according to claim 14 or 20, whetkenfeed mirror has a hole in its center to
provide a light path for light from a telescopeattjve or mirror in front, to a focal plane behind.
22.) Apparatus according to claim 20 or 21, wheraf plane is located in a habitable structure.
23.) Apparatus according to claim 14 or 21, withecbve and feed mirror in one portable unit.

24.) A telescope comprisinga Newtonian primary mirror with its support, a@edary mirror

with its support, a structure, a mount, a focuarrextension between the telescope structure and
focal surface, and means to observe the focalsikfa an eyepiece, camera, or similar article.
25.) Apparatus according to claim 24, further casipg an articulated extension and focuser
that tilts about the secondary mirror, said seconduarror tilting at half the rate of the focuser.
26.) Apparatus according to claim 24, further casipg a flip mirror, eyepiece turret, or both.

27.) Apparatus according to claim 24, wherein sxi@nsion between the telescope structure and
focus is long enough that the focal surface iefayugh from the bulk of the telescope (etc.) that
the image at focus can be observed by a persowirealchair or other mobility device.

28.) Apparatus according to claim 27, wherein #g@sadary mirror is large enough to reflect the
entire converging light bundle from the primary rairto the center of the focal surface.

29.) Apparatus according to claim 24, wherein #@sadary mirror is oriented at an angle other
than 45 degrees, so it reflects the light bundenaangle biased toward the back of the telescope.
30.) Apparatus according to claim 24, further casipg at least one variable angle fold mirror
that is capable of providing eyepiece angles odhagwith reference to the telescope, even
when the telescope secondary mirror is orientedrdatg to claim 29.

31.) Apparatus according to claim 24, further casipg a weak negative achromatic or APO

lens (Barlow) that is located less than 0.6 time$acal length from the focal surface, whereby
back focus is increased (yet secondary mirror easnaller) without excessively reducing FOV.
32.) Apparatus according to claim 24, further casipg a coma corrector.

33.) Apparatus according to claim 32, where theaoprrector also acts as a Barlow lens
(including, but not limited to, the Barlow lensdtaim 31) to increase back focus distance.

34.) Apparatus according to claims 32 or 33, wineceirrector lenses are switchable, or tunable
in spacing, to adjust between full coma correctiod a normal diffraction limited central image.

35.) A mirror assembly comprising: A housing, a tilting mirror, an articulated eyegeholder

with camera interface, and a synchronizing mecianighereby the mirror tilts at half the rate of
the articulated eyepiece holder, thereby providirmgntinuous range of optical path fold angles.
36.) Apparatus according to claim 35, wherein @bpath fold angles encompass a continuous
range of at least 58 to 105 degrees, and/or wh#reiryepiece holder has means to adjust focus.
37.) Apparatus according to claim 35, wherein thi@g mirror is a roof mirror having two front
reflecting surfaces that provide reflection chagastics of a 90 degree Amici roof prism, that is
also (by virtue of being a mirror rather than aprj compatible with a variable eyepiece angle.
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38.) Apparatus according to claim 37, wherein tioatfand rear housing interfaces are offset so
that the axial light bundle does not intersect3@alegree corner where both mirrors meet.

39.) Apparatus according to claim 35, having atfegrerture, mirror size, and optical path length
that is compatible with (i.e. does not obstrudiyat bundle as fast (e.g. convergent) as 1/3.6.
40.) Apparatus according to claim 35, wherein thiew@ated eyepiece section includes a light
baffle that blocks illumination of an eyepiece diddy light that is not reflected from the mirror.
41.) Apparatus according to claim 35, wherein toatfinterface can attach directly to industry
standard hardware. (For example, interface cantheebd or another standard interface.)

42.) Apparatus according to claim 35, wherein tyepece holder attaches via industry standard
threads. (For example, Leica M39 thread permi¢said.eica M and other mirrorless cameras.)

5.2) Scope:

This disclosure is considered as illustrative @f phinciples of one or more inventions. Further,
since numerous modifications and changes will tgaxaticur to those skilled in the art, it is not
desired to limit the invention(s) to the exact damgtion, operation, and appearance as shown
and described, and accordingly all suitable modiioms and equivalents my be resorted to
without thereby departing from the basic principdéshe invention(s). It will be further
understood that the invention(s) are susceptibEdfodiment in many various forms, some of
which are illustrated in the accompanying drawiagd photos, and that structural details and
modes of fabrication herein set forth may be varieigrchanged, and combined to suit particular
purposes and still remain within the author’s inienconcepts. The foregoing also applies to
any associated communications, including commuioieatfor the purpose of obtaining parts or
cost estimates for various elements. Upon puliiclasure that may include formal publication,
this document is &efensive publicationthat operates to prevent third party patentingryf
patentable material herein. It provides enabliegcdptions for a variety of novel items, and is
supported by several unpublished but verifiablenigi documents dating back to the 1980's. On
publication, only that herein which patentablemay enter the public domain. All that is covered
by Copyright(text, photos, artwork) shallot enter the public domain. All Rights Reserved.

5.3) Disclaimer:

All information in this document and any and allitsfattachments, appendices, or related
communications are based on my own experiencesmaa®ative work and/or second hand knowledge
about designs published by others, and is prowd#tbut warranty as to its value or accuracy foy an
purpose. Concepts and designs disclosed heremdeseloped with emphasis on a certain range of
eyepiece heights and angles, and do not addresssaegts of the ADA or other disability related
regulations. Nothing herein is asserted to be Aldfpliant. Applicable disability, safety, etc.
regulations, must be consulted when providing uddicess to a telescope, including any and all
essential or ancillary aspects required to accéssena telescope is set up. A patent search wadonet
in association with this material. Accordinglycdnnot be asserted that any given design, or aepact
design, is in the public domain rather than beiag pf a prior, active, patent. Readers are advige
conduct a reasonable patent search before “maksngg, or selling” anything described herein Tikis
not a medical, legal, or ADA document, nor is iitten by anyone with such experience. It mustheot
used as a medical, legal, or accessibility refexerithis document is not intended to be a substfturt
professional regulatory, legal, or medical advibiver disregard or delay seeking such advice lsecau
of anything read in, or inferred from, this documenany related communications or appendices. The
Author shall be held harmless with regard to al ¥ imagined damages perceived to be relateligo t
material. This document contains a lot of inforimatand is not asserted to be free of inadvertaot.e
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5.4) Remarks:

This document isiot intended to provide all of the answers concermiogessible telescopes
Instead, it is intended to be a starting point fiwhich others can make further improvements,
with such improvements being part o€eeative Common&s opposed to being patented) that
can help lower the cost atcessible telescopé&w all who would benefit from them.

It is hoped that in the near teragcessible telescopesll be something that astronomical
societies in various cities can afford to acquinedify, or build, then temporarily or permanently
make such telescopes available to members of sabitlty community during at least public
viewing nights, or at star parties held at accésddrations. It is further hoped that the cost of
some accessible telescopes will become low endwaghrtdividuals living with disabilities who
want an accessible telescope will be able to aftore of at least small to moderate aperture.

It is also hoped that those working to provide asttde telescopes, and those of us in the
disability community that may use them, will wodgether in a spirit of unity. For example,
initial versions ofaccessible telescopesay by necessity be limited to a “best effort"tthaay

not necessarily be ADA compliant. From these ahigfforts, more can be learned about the
range ofeye heights and angledgthin the disability community that it is desitaland practical

to accommodate. From here, further improvemenideamade. At the same time, those of us
in the disability community should not “carry ar@urulers” in order to try and impose every
detail of ADA rules on good faith efforts by mamygrovide accessible telescopes. To do so
would remove all incentive for people to work todianakingaccessible telescopesailable.

This document is further intended to show that stmregs benefitting the disability community
can originatewithin the disability community. There is no "us andntfielividing people living
with disabilities from those without disabilitidst there is a difference in thiée experiencef
each population. Many of us who live with disalekt have fixed incomes, or have had logistical
difficulties with ADL'’s or transportation that thgeeneral population probably cannot fully grasp.

Many products that are made for the disability camity are disproportionately expensive, and
beyond the financial reach of many with disabiitieho lack significant financial assistance.
Some products for people with disabilities seemast the proverbial arm and a leg - an arm and
a leg that some in the disability community may imate. Howeveif the market for disability
related products is open to more manufacturdrsay helpower the cost of products useful to
people with disabilities. A few things may improsigances for bringing this about. Namely:

Patents (to protect inventions) have long beenexpensivand exacting to be prosecuted by the
vast majority ofindividual people This severely limits the percentage of the papoih that has
incentive to put time or resources into inventirfgince individuals can rarely afford patents any
more, it is largeorporationsthat often end up with patents for things tindividualsmay have
alreadyinvented unlesswe as individuals render our own intellectual peoly unpatentableia
defensive publicatioor other means. Onfgreventing a monopoly on patentable IP by large
corporationscan allow costs to be controlled. This make®ggible forsmallcompaniegeven
those that can’t afford patent&) competan providing products to the disability community.
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Here’s one example of high patent fees: In 20G®mprehensive patent application I'd filed
earlier - was abandonatlelybecause patent fees were too high. | had foredis25 drawing
figures and several hundred pages of text, to nidkemal enough for a patent, but could not
afford radically increased fees. Patent feesit@jahore than $8,000 would have been required
with the response to the Patent and Trademark&f#d O) in order for it to be accepted. | had
been awarded 9 patents up to that time, but by, 288&ady high patent fees had climbed out of
sight. Patents are even less obtainable for pewpéefixed income, which is my situation now.

Therefore, one purpose of this document iBypass the patent systettogether, and place that
herein which igatentablento thepublic domain This should make it possible fimore
manufacturers toompetdan providingaccessibléelescopes. Upon publicatiammly that herein
which ispatentablemay enter the public domain. All that is covebydCopyright(text, photos,
artwork) shallnot enter the public domain. All Rights Reserved.ingdelescopes is a relatively
peripheral andow priority activity for most with disabilities, since amatestronomy requires
some of what little time and endurance is leftrafing care oéssentialsuch as ADL's.

However, others within and without the disabilignemunity may have ideas for improvements
in areas that are essentialtaly life, and that thereby havenader market If these ideas are
also made available througdlefensive publicationr other means, it can potentialbwver the
costof the resulting product by keeping multinationatporations frontornering the market

What is needed is@eative commonthat is by and for the disability community. dwe who
bear the brunt dfigh prices when too few companies can competause of patents obtained
by large corporations and multinational conglomesat(Only they can afford patents any more.)

If concepts, ideas, and inventions for items thatuseful to the disability community areade
available to_allvia defensive publication and other meanpraéventgpatenting of the disclosed
material, and thereby helps make it possiblesioallercottage industries to produce products
that large corporations may not want to bother witless they can charge exorbitant prices.
That's my soapbox on the matter of inventions dhniginate within the disability community, and
that may also be useful to people within the digglmommunity and maybe beyond.

This document represents only some of the coneeqatslesigns | developed over time, and that
may be applicable taccessible telescoped#/luch of my material was developed in the 1980's,
but most was never built or brought to market, shastly to an ongoing lack of funds. (I won't
be able to make or market the related equipmenteither, for this plus medical reasons.)

Additional astronomical telescope material from 1880's (and since) may be added later. If
any want to donate toward further effort in maksugh material public, | may set up a PayPal
button at some point. Disclosing such materialdaéensive publication wouldot be for profit,

but | won't be setting up a nonprofit organizateither, owing to the effort and costs involved.

Most telescopes herein are too large to be trategpor set up by a person using a wheelchair.
A goal is to refine smaller scopes so one in a Vahed can set up and use them w/o assistance.

Clear skies, Jeffrey R. Charles
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6.0) Appendices
6.1) APPENDIX A: Types of Telescopes, Review Likn Sample Lunar / Planetary Images

There are three basic types of telescopes, butiadngf variations within each type. Each type
was considered as a candidate fonacessible telescogmototype. The three basic types are:

* Refractor. A refractor telescope consists of a lens (twmore elements) at the front, a lens
cell, a tube or other support structure, a focusafles, and an eyepiece and/or camera interface.
A diagonal mirror or prism is often used to provamore comfortable viewing angle for the
eyepiece. Variations of refractors include typkeglass used in the lens, whether or not the light
path is folded, and whether or not field flatteniegses are used for wide field astrophotography.
* Newtonian. A Newtonian telescope is one of the most eletgdascope designs. It consists of
a concave primary mirror with a paraboloidal ogticgure, a flat secondary mirror to direct the
light path to one side, and a support structuréHeroptics. Variations of the Newtonian include
whether a spherical primary mirror is used in cagjion with a corrector lens (the corrector is
usually at the front), and whether or not comaeximg, etc., lenses are used relatively near the
focal surface. Some variations in this documeihizatunconventional secondary mirror angles.
* Cassegrain A Cassegrain telescope consists of a concaveapyimirror at the back, a convex
secondary mirror at the front, and a support stinectThe primary mirror usually has a hole in its
center to permit light that is reflected from tleecndary mirror to exit the rear of the telescope.
Variations include optical figures of the primaryasecondary mirrors, and whether spherical
mirrors are used with a front or rear refractingesjcal aberration correction optics. The latser i
usually called a catadioptric telescope. Mostdiafarics have a Maksutov or Schmidt corrector
at the front. (Larger Schmidt tested better.) €d8topes have a concave secondary mirror, and
others (including one shown in this material) foié light path in front of the primary mirror.

The Cassegrain design is one of the most difftculinplement properly, because there are more
optical and mechanical details to consider. Softbkeomost frequent design errors made in
commercial Cassegrain telescopes are related l@thdaffles. In a proper light baffle design,
the back of the secondary baffle, front of primlaajfle, and any retaining flange on the front of
the primary mirror, will all appear to be closethe same size when viewed from the focal plane.

In a catadioptric Cassegrain telescope havingra frorrector lens, it is usually bneficial if the
primary mirror is slightly oversized, and if tharpary light baffle OD (as seen from the center of
the focal plane) appears to flghtly smallerthan the other light baffles, while the inner and
outer edges of the secondary baffle should appdae slightly larger than other baffle elements.
These details ensure that, for the axial imageettience pupil is defined by the aperture stop in
the corrector lens cell, plus the outer boundahefsecondary light baffle. This minimizes
longitudinal distortion of the exit pupil when anlpfocal length (low power) eyepiece is used.

Sadly, only a small percentage of Cassegrain tepescare properly baffled. This is covered in
some of my telescope reviews at this lihktp://www.versacorp.com/vlink/jcreview/telereywf

In the linked reviews, the importance of propehtibaffle design in a Cassegrain telescope will
become evident. This is because improper baffiggdecan impair performance of a telescope,
even if the optics are excellent. The appendithéolinked reviews covers this in more detail.
The next two pages are lunar and planetary imdgasmere taken through various telescopes.
Specifically, images taken with telescopes thageneral, are designed and built properly.
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Mars. Imaged with different telescopes. LEFT: Mars, 1igA2003, Vernonscope 94 mm f/7 refractor.
Afocal image, taken by pointing camera and lens eyepiece. CENTER: Mars, through Intes MN61
150 mm f/6 Mak-Newtonian with Barlow, mounted orofhtripod (no sidereal drive used) in 8/2018.
RIGHT: Afocal picture taken though a 1.5 metergetspe at Mount Wilson, CA on 16 Aug. 2003.

Jupiter. LEFT: Imaged with TeleVue 60 mm f/6 ED refractdeseope in 7/2018. CENTER: Taken

with Questar 3.5 Maksutov-Cassegrain telescop#2@1®. RIGHT: Afocal image through Celestron 8
Schmidt-Cass. telescope in 7/2006. Has most dbtgihoise from older camera. These are not fancy
“stacked” images. Visually, planets usually loddoat twice as sharp as the photos from each tgdesco

Saturn. LEFT: Imaged with compact TeleVue 60 mm ED refoat¢tlescope in 7/2018. CENTER:
Imaged with Celestron 8 SCT via relay lenses i88 RIGHT: Imaged with Celestron 8 SCT, circa
12/2003, on a night when atmospheric seeing camditivere a little better than average for my area.

-53-



6.1.1) Baffled by Telescope Light Baffles? So Al®ome Telescope Manufacturers!

Is the ultimate "planet killer" telescope an expeadlaksutov-Cassegrain telescope? You may
be surprised to find that it may not be. Sdarger Mak-Cass telescopes that enjoy a reputation
for excellent planetary images may, in reality, yide planetary images that arderior to far

less expensive Schmidt-Cassegrain telescopes (p&flsanilar aperture. The reason for this?

It is oftenpoor light baffle desigim the Mak telescopes. Several examples of paffiebdesign
were encountered when | inspected a relatively \&rday of catadioptric telescopes over time.

But people have been getting good planetary imagiasthese Maksutov-Cassegrain telescopes,
haven't they?” Perhaps. However, this may bdyplaecause people whhbink they have a good
"planetary" telescope will use their telescopegianetary imaging. Other people may in fact
havebettertelescopes for planetary observation and imagieigseldom use them for that
purpose because thdgn't thinkthey have a telescope with good planetary perfooma

In reality, if you have &SA-made3” Schmidt Cassegrain telescope (SCT), you maywel

have a planetary telescope thaguperiorto importedMaksutov Cassegrain telescopes of similar
to slightly smaller aperture that many use for ptany observation. A Celestron 8 or similar
SCT has a central obstruction that is 34 percettt@aperture width. And so do many Mak-
Cass telescopes! The Mak-Cass specglust admit it. As we will see, some large, expensive
Mak-Cass telescopes may, in terms of percentage, lbeger central obstructions than 8" SCT'’s.

We will start with the state of telescope lightftedf when | first got into amateur astronomy
decades ago. Back then, few if any telescopes wgrerted from China. For consumer
catadioptric telescopes, there were a fewer choi@sthere are today, bgwality was better.

(In the context of this material, “catadioptricséaeflector telescopes with refracting correcors.

Early on, there was Celestron, with its recenttyaduced C90 Mak-Cass and its well established
line of SCT's, in apertures of 5, 8, and 14 inchiBise C11 was then about to become the new kid
on the block. Another company, Criterion, made &gax SCT's in 6 and 8 inch apertures.

There was of course Questar, with their precisi®@aBd 7 inch Maksutov-Cassegrain telescopes
(12" was not out yet), and the newly formed Optibathniques (OTI), which made the Quantum
4 and 6 inch Maksutov-Cassegrain telescopes, aodhald an 8" telescope in their brochure.

Other than these, there was the Ad-Astra lll, ani8 Maksutov-Cassegrain, a few imported
Cassegrain telescopes that were made in Russrat{teeSoviet Union), and a few others.

A good percentage of the available catadioptriesiabpes that | was able to see in person were
notbaffled properly. But a few were algoodexamples of light baffling. The Questar 3.5, the
Quantum 6, and the Celestron 8 telescopes weresatedbook quality in terms of the diameter
and length of their internal light baffles. In mao$these, the interior surfaces of the light leeff
lacked adequate knife edge stops, so they wereynarty means baffled to perfection.

Other telescopes had light baffle flaws, but mosteanot as serious as flaws in later telescopes:
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* The original Celestron 90 Mak-Cass has a printeaffle tube that does not extend very far in
front of the primary mirror. At its front, there a flat ring that serves to block some of theddire
light that can get past the edges of the secorimdfle on the back of the Maksutov corrector.
Unfortunately, a flat ring at the front of a shprimary baffle tube is not an optimized design,
and stray light entering from around the secondaffle can flood the edges of the frame when a
35mm camera was used to take pictures. In addsioay light reflected from the inside surface
of the primary baffle tube caused obvious flareerial photos. This was intolerable for my
applications, so | extended the baffle forward gliag a conical section about 2.5 cm long that
was made from sheet metal and epoxy, then pairée#t.oThis greatly reduced flare in my C90.

* The OTI Quantum 4 has a 100 mm aperture, andtisdifor having a small 33 mm central
obstruction. However, if you looked into the telege from the focal plane at the back (while
holding a transparent ruler across the front) i wiavious that the obstruction was really 36 mm,
and that the front end of the primary baffle tuksswausing the enlarged obstruction. Given the
diameter of the front end of the primary bafflegult was too close to the secondary mirror spot
on the back of the Maksutov corrector. This cautgeckeflection in the secondary mirror spot to
occupy more than 1/3 of the telescope aperturenwidihe exit pupil had seemed odd when
using a Quantum 4, so | checked and found theebaaffie issue. It causes some longitudinal
distortion in the exit pupil, since the image o tielescope aperture is not on the same plane in
the pupil as the image of the central obstructibhe Quantum 6 does not share this minor flaw.

So, at the time, light baffle issues were compagftiminor. This would change in later years.

A short time later, Meade introduced an 8" Schn@ldssegrain telescope (SCT), the 2080, then
followed with a 10" SCT. The primary mirror in tB880 was advertised to be almost 2 percent
larger than the primary mirror in the CelestronBit there wer@therchanges. The primary
baffle tube was shorter and the secondary baffelarger. This gave the Meade 2080 a central
obstruction of almost 37 percent, while the Cetes8 obstruction was only about 34.4 percent.
This was not a big deal for most observers, bdéwiated from the comparatively optimized
design of the Celestron 8 light baffles. The light baffle changes were still many years away.

In the 1990's, Meade introduced the ETX serieglestopes. The ETX 105 was a well baffled
telescope, but in the smaller ETX 90, the secondaffye was too small. This clipped the outer
part of the light bundle from the primary mirroeducing the aperture used for the axial image
by more than 5 mm. Other telescopes from varioasufacturers would follow in the same
decade, but their light baffle flaws still were matge in terms of percentage.

After 2000, telescopes from China began to be mmomemon. Some people said they were good
telescopes and some said they were bad. | didawa an opinion one way or the other until |
bought a Chinese Mak-Cass in 2018. After thaad &n opinion, and it wasn’t a favorable one!

| found that the Chinese-made Mak-Cass telescaopstuped poor images for several reasons.
Later, | bought another Chinese Mak, then finatigther. These too were flawed, and their light
baffles were among the most significant flaws.t#s point, | was through with Chinese Maks.

It is here that our adventure of exploring “accefgato even “poorly made” telescopes begins!
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In order to help others avoid the same pitfalls mvlooking for a telescope, some design flaws
that | encountered are addressed in this sectioan’t say if other telescopes of the same brand
are agpoor as my samples. However, to purchase 3 Chinese-teégbcopes, then find thalt 3
have significant defectsnay speak volumes about Chinese Cassegraindapkesm general.

The flaws of each Chinese-made Mak-Cass telescapguired during and after early 2018 are
described below. The magnitude of some of thedlaway blow your mind. Some of the most
significant flaws are related tght baffles but one also had major optical flaws. Some baffl
flaws can be corrected; others cannot. Thinkithabrted Mak is a planet killer? It may not be!

Here are three real world examples of Chinese Mags@elescopes that | inspected in the last
year. The three examples are pictured below, desaribed in more detail after the photos.

Figure 6.1.1A. The Kasai Pico-8 | bought in 2018 hraanysignificant flaws. Where do | start?
LEFT: This Kasai Pico-8 was made in China. Ite$ as small as the 20 year old B&L 800 mm
below it, and it is not as sharp either. Howeltezould have been a better telescofpie had

been made properlylt has some of the most elementary design aiid fiaws I've ever seen.
CENTER: The focus knob had over 0.5 mm of end gdlayyery sloppy focus, and there is no
adjustment for focus knob play, while there isha B&L. | made a brass washer to correct this.
RIGHT: Bright reflections in primary light baffleibe cause obvious flare, even on the moon.
Primary baffle is also too close to the secondeiifgctively increasing central obstruction size.

Figure 6.1.1B. Kasai Pico-8 flaws... But wait, there’s more!
LEFT: Badly blistered painhsidethe optical tube. And this is a “brand NEW” telege!
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SECOND FROM LEFT: More blistered paint, and dagirst toward front (top sides of image).
CENTER: Pictured white spots are HOLES in the primmairror coating, not spots on surface.
SECOND FROM RIGHT: Detail dholesin primary mirror coating, along with possible faue
roughness. The mirror, as seen through the hol#gsimirror coating, appears to be white, as
though mirror was not fully polished before it wamated. On top of this, the mirror has a turned
down edge that causes the telescope to have aigpdarger than aarc minute! Planetary
viewing wasn’t even possible until the outer fewlimieters of the primary mirror were masked
off. Even then, the Pico-8 does not perform a3 asssome photographic mirror lenses.

RIGHT: The red dot finder dovetail does not propétlthe telescope, because its side gusset
gets in the way. The finder is then tilted so mtidt the dot can’t be adjusted to match the
telescope. It was fixed by filing the shown nohethe gusset so it can clear dovetail fitting on
the scope. Small telescopes can be accessibl#,rbay be good tavoid scopes like this one!

Vi

Figure 6.1.1C. Preparing to Measure Light Baffles; Bird After tying SW 180 Mak Baffle.
The simple setup shown here is used to measuedféwtive aperture and central obstruction
size of the pictured Sky Watcher (SW) 180 mm f/1&kButov-Cassegrain and other telescopes.
LEFT: To measure the real world aperture anditie baffles, a transparent ruler is placed in
front of the telescope, then the aperture is oleseander moderate magnification (but with a
small pupil lens) from the focal plane. Teste@sebpes are focused to infinity prior to making
measurements. Results of these tests for twactgles are shown in the next figure (6.1.1D).
CENTER: Testing the secondary baffle of the Skydhat (SW) 180mm /15 Mak-Cass. This
photo is taken from about 5 mm inward from the tefter edge of the Maksutov corrector at the
front of the telescope. It shows the secondaryanspot, as reflected from the primary mirror.
The small spot of bright light at the left is aéttenter of the focal plane. The spot of light is
beginning to be blocked by the tapered seconddfieband is extinguished when viewed from
another millimeter toward the outer edge of thafraperture. This indicates that the secondary
baffle (which is too small where it meets the s&@wg mirror spot) limits the aperture (as seen
from the center of the focal planghich is what counjgo 172 mm. The outer aperture visible
to the left of the bright spot (just left of baffleflection) is not being used. This blocks 9 petc
of the aperture. This conclusion is confirmed beglby other methods of testing for the problem.
RIGHT: Sharpened crop of small bird, photographedfjust over 20 meters, after the SW 180
light baffles were modified to reduce flare andjistly reduce the size of the central obstruction.
Original SW 180mages are all a little soft due to presumed prymairror surface roughness,

but spherical aberration correctioappears to beetter than averagér a Chinese-made Mak.
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These telescope entrance pupil images were takantfie center of the focal plane, at a back
focus distance that is equivalent to using a ty@taliagonal mirror attachment at the back. A
small aperture is used in the camera lens to geigindepth of field to identify components that
define the aperture and central obstruction in ¢éalescope.

UPPER LEFT: The primary light baffle in this un-bdeed 130 mm f/15.4 Mak-Cass telescope is
so long (and large at the front) that it defines ¢bntral obstruction, making it excessively large.
It obscures fully 61 mm (49 percent!) of the reakld telescope aperture diameter. Its effect is
compounded by the fact that ttree aperture of the telescope (as shown by the ridemly 125
mm, notthe 130 mm shown on the telescope be@each picture is scaled so the aperture will
go to the edges of each imageitimeets manufacturer specificationd)OWER LEFT: After
replacing the huge primary light baffle tube witimare appropriate one, the central obstruction
is reduced to only 46 mm, or about 37 percent.s 3ignificantlyimproved image quality. But
the smaller obstruction by the primary baffle bggrthat the primary mirror is not coaxial with
either its mirror thimble or the baffle tube, ewided by the oval shape of the central obstruction
after the telescope is collimated. This is a weakrof many Chinese-made Mak telescopes.
UPPER RIGHT: This Sky Watcher 180 mm f/15 Maksu@assegrain telescope Ha® design
flaws in its light baffles. As with the “Mystery &”, the front end of the primary baffle tube is
too close to the secondary baffle, given its frdiatneter. This results in an effective central
obstruction of 59 mm. The second design issueaisthe secondary baffle is too small where it
is cemented to the secondary mirror spot. Thigdithe real world aperture to only 172 mm.
Unfortunately, this second problem cannot be ctetedecause the edges of the secondary spot
probably would not survive removing the secondaffl® in order to modify or replace it. In
light of the working 172 mm aperture, the centfadtouction width is 34.3 percent (59/172) of
the aperture, which is tleame percentagas the central obstruction of a Celestron 8 SCT!
LOWER RIGHT: After modifying the front end of theimary baffle tube, the effective central
obstruction is reduced to about 56 mm. Not a ldiference, but it brings the linear obstruction
percentage down to about 32.5. More importandiglacing the front 20 mm of the SW primary
baffle tube with a slightly shorter and thinner liabe that also has a smaller inside diameter
reduces flare from stray light, compared to thgiogl primary light baffle configuration. The
primary mirror of the Sky Watcher 180 mm is nottqudo-aligned with its mirror thimble or the
primary baffle tube, but the error is not as bathas of the “Mystery Mak” noted above.
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6.1.1.1) Kasai Pico-8, 80 mm f/11.2 Mak-Cass. TNeorst Telescope | Have Ever Owned.

Details: The Kasai Pico-8 is without a doubt thestitelescope I've ever owned. It is incapable
of producing a spot smaller than about 2 arc me(es, 2 arc minutes!) in diameter. It also has
very poor light baffles. The primary baffle haswisible threading or stops on the inside of its
front half, and it has no secondary baffle at dtlis causes serious veiling flare. The minimum
focus distance is way out at 8 meters, which iy destant for a telescope of this small size.

The cause of the huge 2 arc minute spAtirned down edge on the primary mirrofl mistake
that people rarely made even when some made thainarrors at home. In all, the outer 4 mm
of the primary mirror (8 mm of its diameter) is sesy affected. The telescope won't produce an
acceptable APS format photo unless stopped dow6 tam, and planetary images are awash in
spherical aberration unless the Pico-8 is stopp&thdo 74 mm or less; preferably to 72 mm.
Even when the Pico-8 is stopped down, its imaggilisvashed out from the light baffle flaws.
The turned down edge on the primary mirror is Hikest tent pole, but not the only tent pole.

What about that so-called "small" secondary obsitnan the Kasai Pico-8? Not so small when
you consider the USEFUL aperture of the telescofie obstruction measures 29 mm, as seen
from the focal plane, and measured via a transpanésr right at the front of the telescope. But
given that the useful aperture is only 72 mm torifd, the obstruction is a relatively large 39
percent (29/74). That's as large as the obstiuatisome photographic mirror lenses.

And there is more. The black paint inside the tisidgadly blistered, as though painted by a child
in grade school. (Who knows, being made in Chimaybe it was!) In addition, the primary
mirror has small holes in its reflective coatinthe glass where the coating holes are looks white
rather than clear, as though it is not fully paéidh The plastic rear cell also lets the primary
mirror assembly ring like a tuning fork wheneveraanera having a mechanical shutter is used,
so it has often been impossible to get good phbiasigh the Pico-8 with such a camera.

| bought the Pico-8 telescope new through a detrer than get a lower cost no-name version
of this Chinese scope onlinethbughtthat if a Japanese trading company put their namee
scope, QC may be better. But this experience sinoaybe this is not so. | provided feedback to
Kasai via the dealer, but there was no responseichilly, when | ordered the Pico-8, it was one
of the few times | gave a dealetteads up” that | wageviewing the telescopdmage quality

of the Pico-8 is so poor that | can’t sell it, 86 quite literally being used aspaperweight!

6.1.1.2) Mystery Mak, a 130 mm f/15.4 Maksutov-Cassegrain with no Brantlame.

This nameless telescope is referred to as the 8vysfak”. It was acquired used, and looks like
most of the Chinese Mak telescopes in the saméuaparass. | bought it partly because |
thought it might be a prototype or pre-productioodel (so it would be an interesting piece), and
it was also fairly inexpensive. Due to its seMagbt baffle flaws, | reallydo hope that it is a
prototype and that the manufacturiearnedsome lessons frolmeforegoing into production!

Mechanically, theMystery Malkit is built like a tank, but it is clearly a Chsetelescope because
the rounded rear cell is exactly like that on satier Chinese Maks in the same aperture class.

-590-



The tube wall is about 2 mm thick, and the cellsaath end are metal. Its minimum focus is a
very distant 30 meters (unusually distant), whiculd reinforce therototypetheory.

TheMystery Makhas some spherical aberration that is obvious wberparing star images
inside and outside of focus, but aberration isswobad as to keep it from producing an Airy disk
with clearly defined and fairly symmetrical difftaan rings in than-focusimage. However, its
aperture is not really 130 mm. The front cell hasaperture of only 127 mm, and the back side
of the cell limits the aperture to 125 mm (duedfraction by the Maksutov corrector), so it is
really a 125 mm telescope. A telescope can’t mawee aperture than what its front cell admits.

But it was the light baffles that were its undointhe primary light baffle tube is very large in
comparison to the aperture of the telescope, athakei$ not taper down much toward the front.
Given its outer diameter, the primary baffle tubalmosthree timedonger than it should be!

Specifically, as seen from the focal plane, theeatibn of the front end of the primary baffle
tube in the secondary mirror spot causes the @feecentral obstruction to be a huge 61 mm in
diameter. The secondary baffle is a lot smallantthis, buthe size of the secondary baffle is
irrelevant when something else blocks the viewsdadge from the focal plan&siven the actual
125 mm aperture of the telescope, the 61 mm ceolbsttuction is a whopping 49 percent! | can
only hope that this was a prototype, becausesflight baffle flaw was iproductiontelescopes,
people would be very disappointed in the imageityyaspecially compared to what it could be.

It was possible to correct the primary baffle tyibeblem in terms of its effect on the central
obstruction. This reduced the working central nlztion to just under 46 mm, or 37 percent by
diameter. However, since | can't use machine toolg, | can't make a proper baffle tube to
replace the existing one, so | opted for a mardiafile like that in a C90, by adding a flat ring
with a center hole of the appropriate size asp gap. | kept the original baffle tube intact
because it is close to the most extreme exampa ekcessively long primary baffle tube | have
seen in person. It provideasgood example of a bad baffle design

6.1.1.3) Sky Watcher 180 mm f/15 Maksutov-Cassegma A “Wannabe” Planet Killer.

Planetary images in my Celestron 8 SCT lookedye@mbd during nights with good seeing, but
also looked fairly bad on nights with bad seeihgthe latter case, smaller apertures, and more
particularly, smaller central obstructions, seeitoeldelp with the seeing was poor. An Intes
MNG61, a 150mm f/6 Mak-Newtonian, with a tiny 19 pent (diameter) central obstruction, has
been my “gold standard” for planetary viewing, fneqtly providing sharp images north of 400x.
But it is heavy, and | have to use a Barlow lengdabenough back focus to use an Atmospheric
Dispersion Corrector (ADC). Thus began the setoch telescope with more back focus, yet
also having a small obstruction. Thus began thechefor a so-called "planet killer" telescope.

The Sky Watcher 180 mm Mak-Cass does not seemviddapec. for its central obstruction, but
a similar telescope by Orion is said to have aikedly small 41 mm (23 percent by diameter)
central obstruction. | went for the Sky Watcheeiothe Orion because Sky Watcher telescopes
have not had the rear cell O-ring problems thatidad people have had with other brands.
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| really wanted to like the 180mm Sky Watcher MaksuCassegrain scope. Unfortunately, it
hastwo of the three most common light baffle design exrddnly one of these can be corrected
in an existing telescope. The most common thress&aain light baffle design errors are:

A.) Secondary baffle is too small, and limits tipedure of the telescopd-or example, in the
B&L 800, the secondary baffle clips the apertur@2amm, rather than the claimed 80 mm. In
the Meade ETX 90, the secondary baffle clips thekimg aperture of the scope to about 84 mm.

B.) Primary baffle tube is too short, and allovgghtiin from around the secondary baffl€he
original f/11 version of the Celestron 90 Maksutassegrain telescope has this design flaw.

C.) Primary baffle tube is too longo its reflection in the secondary mirror causésdefine the
boundary of the central obstructiomhis may make the obstruction larger than a rfeaturer's

specifications. For example the Quantum 4 prinbaffle caused the central obstruction to be
36 percent rather than 33 percent. The "Mysteai'Mhoted abovéadthis problem in spades.

6.1.1.3.1) Two Light Baffle Design Errors in Sky Viitcher 180 mm Mak: Errors A & C:

The extent of design error i significant, partly because it compounds thebm caused by

the other design error (C). Specifically, the setaoy baffle is about 2 mm too small where it
meets the secondary mirror spot. This makes ibsajble for the outer 4 mm of the telescope
aperture radius (8 mm of the diameter) to contaliatthe central spot. This flaw is easy to see
if looking into the front of the telescope whilelaort focal length eyepiece and a diagonal are on
the back, and when the telescope is focused taityfi You can't look backwards into outer edge
of the aperture and see a reflection of any lightnfthe eyepiece. If you start a cm or two closer
to the center of the telescope aperture, then reovbhat light from the eyepiece is viewed from
closer and closer to the outer edge of the froattape, the eyepiece image will disappear when
you reach 4 mm to 5 mm from the edge of the apert{fPictures of this test are in Fig. 6.1.1C.)
The end result is that the benefit®percentof the front aperture area is lostt is functionally
only a 172 mm telescope on-axis, yet you have iy @@ound the weight of a 180 mm telescope.

The second problem is design error The primary baffle tube is about 20 mm too landight

of its relatively large outer diameter at the froithe baffle tube does not step or taper down
much toward the front, and it extends too far faxvaThe result is that the primary baffle tube
(viewed from the focal plane, as reflected in tbkeosmidary mirror spot, with a transparent ruler at
the front of the telescope to take measurementsesaan effective cental obstruction of 59 mm,
which is larger than the optical size that eventépered secondary baffle would appear to be.

Think that 180 mm Mak is a “planet killer” in commpon to a 203 mm SCT? Think again! I've
done side by side comparisons, and even on plahet§8 beats the 180 mm Mak hands down.

The reason the Mak images arterior to the C8 is obvious when you consider the abimye |
baffle design flaws. Remember the loss of therdit@m of aperture from design flaw A? This
sample of a 180 mm Mak is really a 172 mm scopeé size of the front aperture doesn't matter
if something else prevents seeing the edge ofptbtLae from the center of the focal plane
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Now, let's look at that 59 mm central obstructicenised by the excessively long (considering its
outside diameter) primary baffle tube. In termgefcentage, the central obstruction of the 180
mm Sky Watcher Mak must be calculated based oad¢helworking aperture of 172 mm.
Therefore, 59/172 = 34.30 percent central obswactiThis is virtually indistinguishable from

the 34.37 percent obstruction in a Celestron 8 S&@] for all practical purposes, the "planet
killer" Mak doesnot have a smaller central obstruction than a C8. ihds 23 mm (actually 31
mm) less aperture than a C8 SCT! (I don’'t knothi$ applies ta@ll Chinese 180 mm Maks, but
if you see one in person, you can inspect it inimthe same way as | did mibeforeyou buy.)

The Sky Watcher Mak tube wall is also fairly themd the Vixen dovetail is only attached in two
places. This flexes the tube and results in vikanat If the dovetail had the wider footprint okth
dovetail base plate of the "Mystery Mak" aboventhiee thin tube wall would not be an issue.
The minimum focus distance of the Sky Watcher 180 freally 172 mm) Mak-Cass is about 20
meters. This is somewhat distant when comparéetd1 meter close focus distance of a C8.

It was possible to correct the problem of the prinaffle tube being too long by simply cutting
off the front, filing it to have a tapered frontcgrihen adding a smaller diameter front section.
This reduced the real world central obstructiojugt under 56 mm. The new, smaller, central
obstruction is now defined by the secondary bafid/or primary mirror retaining flange. The
new obstruction is about 32.5 percent (56/172)t a&Nlouge difference, but every little bit helps.

It wasnot possible to correct the problem of the secondafffeobeing too small, partly because
the cement used to hold the secondary baffle icepteobably prevents removing the secondary
baffle (to modify it) without spoiling the mirroroating in the area where the baffle is attached.
The secondary baffle flawed and turns the Sky Watcher 180 mm into a 172 mesd¢epe.

6.1.1.4) But there's More: A “Glaring” Problem with the Primary Mirrors!

There is more. All three Chinese Maks evaluatexyalhave glare over and around the planetary
images they form. This reduces contrast. Thesgtaat least 4 times brighter, and significantly
wider in extent, than any glare around the playetaages of either C8 SCT that | compared to
the Maks. Glare in the Chinese Maks is even gredten compared to a Newtonian telescope.

The cause of this glare is not known for sure,lluuld not be surprised if it is from failure to
adequatelyine polishthe primary mirror before coating it. This impses is supported by the
appearance of the Kasai Pico-8 primary mirror endhea occupied by coating holes, and the
"frosted" look that strong lighting causes the ot@hinese primary mirrors to have. The primary
mirrors in my SCT's do NOT have this “frosted” lookder similar lighting conditions, and the
coatings in my SCT’s are 30 years old! The glagblem in Chinese Maks that have it (which

is all of them I've seen) cannot be corrected. Truerigiillers" don't have this much glare.

Another thing the Chinese Maks have given up isistya One of the selling points for a Mak
used to behat you never had to collimate it. The primanyrors used to be accurately fixtured
when attached to the mirror thimble, so Maks weable in terms of collimation. Mirror mounts
were also robust, and did not oscillate enougldte@esely influence observations and photos.
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But the Chinese made Maks cantilever the primaffyebtube and primary mirror out in front of
relatively thin collimating plates. This sacrifscthe collimation stability that was formerly
associated with Maks, and also increases susdéptibivibration. And it's aneedlessacrifice.
Because of this, you can feel some Chinese Mak ©ViRfate for a fraction of a second after
tapping them. This vibration also happens wheamera with a mechanical shutter is used!

Also, when the primary mirror optical axis is notarately fixtured to be coaxial with, or at least
parallel to, the primary baffle tube, the bafflbeuwill point at a slight angle toward one side
when the telescope is properly collimated. Thiunes margin in the baffle design, making the
baffle a little less effective. Proper mirror fixing always trumpflimsy collimation assemblies.

6.1.1.5) What Does this all Mean?

In summary, it means one may be better off withesl Wlomestic scope than a new imported one!
It is obvious that the Chinese Cassegrain telescbbave personally seen are desigpedrly,

and to a degree, implemented poorly. | can't steisame applies to Chinese made Newtonians
and refractors. But after being 3 for 3 on acagipoorly designed (and poorly implemented)
Chinese Maksutov-Cassegrain telescopes, and hpaidgvell over $1k for the lot, only to have
this experience, I'm not inclined to try other Cése telescopes any time soon, at least at current
prices. Theefractorsl have now are by TeleVue and VernonscolNeitheris made in China.

| will not get into how to correct the poor bafflesigns, since such advice should be reserved for
domestic telescope makers, and certain aspectebfaglvice might also be export controlled.
Domestic telescope makers may not even need swateadince in general, telescopesre

made properly when they were made here in the WA, Japan or Russia. Chinese copies of
Russian Mak Newtonians gave up many advantagdgedRtissian designs they were based on.

Want a good telescope? Buy scopexlein the USA, Japan or Russia. These are becoming a
endangered species, but are worth looking fomly to end up with a scope thabrks properly

It may even save money boly American You can buy a vintage USA-made SCT that may blow
away a 180 mm (functionally 172 mm) Chinese Makgifassegrain telescope: A used C8 with
the fork mount, tripod, and wedge often goes fes lihan just the OTA of a 180 mm Mak. A
used C8 OTA alone can cost even less, and is nkeredmparing apples with apples.

Also, a C8 is advertised to have 203 mm of aperaumd it reallydoeshave 203 mm of aperture.
No clipping of its aperture by improperly desigrmdfles! And it has much less glare over and
around planetary images, compared to the Chinese@4as telescopes I've seen in person.

It is worth checking out a telescope in perbeforeyou buy. Important things to check are in-
focus star images and planetary images at magmifitsaof at least 15x per cm of aperture. Star
tests thatlon’t look about the same on either side of best foansreveal if there is spherical
aberration that is not obvious in the in-focus imaf a star, but that could adversely impact the
contrast of planetary images. In this age of @fimarketing and fewer walk-in stores, this is
more difficult. But maybe you can see samplesavious telescopes at a local star partly.
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6.2) APPENDIX B: Servicing Celestron 8 SCT (and &ilar) Telescopes
Jeffrey R. Charles
First draft: 22 Sep. 2018. Revised: 23, 24 Sef820
Copyright 2018 Jeffrey R. Charles, All Rights Resek.

(This material is provided without warranty ast®walue or accuracy. Disassembling any telesogeneat your own risk

6.2.1) Introduction.

Occasionally, it may be necessary to clean or seiCelestron 8 or similar Schmidt-Cassegrain
telescope (SCT). This material covers only vasiagiofnon-computerized Celestron SCT's up
through the Ultima. Many aspects may apply to §teda 5, 9.5, and 11 SCT'’s of similar age.
Newer versions (Edge, etc.) are not covered bedalm@t own one and have not serviced one.

6.2.1.1) Versions of the Celestron 8 (up to the tirha):

Before getting into the actual process of servi@ar@elestron 8 (C8), we will first cover a few
variations of the C8 Optical Tube Assembly (OTAYldhe C8 fork mount motor base. Each
item is broken down into the aspects that diffdére Tollowing may not cover all variations:

6.2.1.1.1) Celestron 8 OTA Versions:

* Heavy castings, metal secondary mirror cell, metarector plate retainer, orange tube color.
* Thin castings, plastic secondary cell, metal ector plate retainer, orange tube color.

* Thin castings, plastic secondary cell, plastioector retainer, orange or black tube color.

* Heavy castings, plastic secondary cell, plasticector retainer, black tube color (Ultima).

6.2.1.1.2) Celestron 8 OTA Schmidt Corrector Plat€ell Versions:

* Thick casting, metal corrector retainer, 8 screfikger washers for corrector, no mirror slots.

* Thick casting, metal corrector retainer, 8 screfilger washers for corrector, two mirror slots.
* Thin casting, metal corrector retainer, 6 screfiier washers for corrector, two mirror slots.

* Thin casting, plastic corrector retainer, TBDesas, rubber washers for cor., two mirror slots.

6.2.1.1.3) Celestron 8 OTA Secondary Mirror Cell ¥rsions:

* Thick front casting, metal secondary cell, sea@nydsecured with center screw, collimated with
3 set screws (Removing collimating screws to add knobs NOdoremended with this version.)
* Thin front casting, plastic secondary cell, setany back plate pivots on raised surface at
center of secondary cell, and is secured only byhhee oval obutton heactollimating screws.

6.2.1.1.4) Celestron 8 OTA Focus Mechanism Versisn

* Thick casting, pin and fitting connection to pany, retaining screw inside short focus knob.
* Thin casting, pin and fitting connection to pringaretaining screw inside long focus knob.

* Thin casting, focus screw hard mounted to migelt, retaining ring inside long focus knob.
* Note 1: Celestron focus mechanisms retain thesofacus fitting with twin ball bearings.

* Note 2: Meade SCT telescopes do not have focaft ball bearings. Only have washers.

6.2.1.1.5) Celestron 8 Fork Mount Motor Base Versns: (Thick fork arms may be sand cast.)
* Thick round base casting, thick fork arms w/hoR#\C motors, spur gear, round power jack.
* Thin round base casting, thin ribbed fork armg) tAC motors, spur gear, oval power jack.

* Thin elongated base casting, thin ribbed fork grone AC motor, spur gear, oval power jack.
* Thin elongated base casting, thin ribbed fork srByers worm gear, oval power jack.

* Thick elongated base casting, thick fork armsrmwagear, runs on 9V battery (Ultima).
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6.2.2) Servicing the Celestron 8, Basic Steps:

This section covers servicing of the Celestron &\@T a basic level. Servicing the fork mount
motor base is not covered in this initial versidrhere were several versions of the fork mount.

6.2.2.1) Servicing the Celestron 8 OTA, Basic Step

Note: Servicing a C8 OTA may take between 1 andwi$) depending on what needs done. To
begin, you'll need a proper work space and a fepr@miate simple tools (Allen wrenches, etc.).

Figure 6.2.2.1A.Servicing a Celestron 8 SCT: Photos of some ofteps described below.
UPPER LEFT: Preparing the focus mechanism, toifatllater removal of primary mirror. A
retaining screw or ring (depending on model) mastdmoved from the end of the focus bolt
that is visible inside the brass fitting on theeselope. This version uses a retaining ring.
UPPER RIGHT: Schmidt corrector plate removed, s&ife place. A cover is recommended.
LOWER LEFT: C8 OTA with corrector plate removedrinfary mirror removal slots are at the
top and bottom of the photo for this model. C-rargund primary baffle tube must be removed.
LOWER RIGHT: Removing the primary mirror by tiltingso it will fit through the mirror
removal slots in the front cell, without marringetirror coating. Take care to keep the mirror
edge from hitting the cell or baffle tube, sincesttan cause chips. The OTA is pointed vertical
for this step. The focus bolt is toward the udpérof the photo, sticking out behind the mirror.
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6.2.2.1.1) Part 1: Preparing the Focus Mechanism:

* Set telescope focus within a turn or two of whigiie normally set when observing.

* Remove focus knob.

* Measure/note position of focus bolt end relatiwvdack end of brass focus fitting.

* Remove focus bolt retaining screw or ring (mustus so mirror toward back to remove ring).
* Clean threads at end of focus bolt (especialfpdus bolt is type with retaining ring).

* Take note of which focus direction moves mirronfard, but do not adjust focus very far.

* Replace focus knob.

* Prepare a safe, level, secure location in whicket the corrector plate and primary mirror.

6.2.2.1.2) Part 2: Removing the Schmidt CorrectoPlate:

* Secure telescope so that the front end of the @Ti&liably locked to be pointing straight up.

* Remove screws that are used to attach the Sclooidtctor retaining ring (at the front).

* Note rotational orientation of retaining ring@TA. Make marks if necessary.

* Remove Schmidt corrector plate retaining ring.

** |f ring is stuck to the corrector, do NOT fordeoff. Lift gently for a while (up to minutes).

* Note rotational orientation of the corrector tela to OTA. Make marks if necessary.

* Note the locations of any shims around the edglecorrector plate.

** |f corrector edge shims are loose, remove thewh @ote the position of each one.

* Securely grasp front of the secondary cell andNGEY lift Schmidt corrector out of telescope.
** |f the corrector is stuck, do NOT pull hard, pigr try to force it out. Instead:

** Re-attach the corrector retaining ring with sisrews, then back screws out about 1.5 turns.
*** Invert OTA so front end is down. After sitting few hours, the corrector should come loose.
*** Point OTA with front up again, securely lock place. Remove ring screws, ring, corrector.
* Set corrector with the attached secondary in,seure, clean place, with secondary down.

6.2.2.1.3) Part 3: Servicing the Secondary Mirro(ONLY DO THIS IF NECESSARY!):

* Removal or servicing of the secondary mirror lhayneeded if a lot of debris is inside scope.
* It is not necessary to remove the primary miifdhe secondary is all that requires service.

* Determine which type of secondary mirror cell y@8 has (see 6.2.1.1.3, above).

* Note the rotational position of the secondaryronirelative to its cell or the corrector plate.

* Prepare a short tube with a soft non-abrasivetfsorface (cotton, etc.) that is sized to fit desi
secondary baffle, yet only contact less than ddem of secondary mirror. The soft ended tube
should have a flange that is large enough thaselsendary baffle can rest on it, yet keep the soft
end of the tube from touching the secondary miosoa margin of 1 to 2 mm. OR:

** Prepare tapered shim stock band that fits arquerimeter of the secondary, to hold it (best).
* Prepare soft non-abrasive work surface that deeisdary mirror can safely fall onto.

* Hold the corrector assembly so that the secondarsoms pointing up.
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* 3A: If the secondary cell uses thrsst screwdor collimation, try these steps.

** Note the longitudinal position of the collimaticset screws to within 0.5 mm.

** | oosen and remove center screw that holds seaynahirror in place. Note how tight it was.
** |f secondary mirror rotates with the center sgrevenly tighten collimating screws a little.
** |f the secondary mirror still rotates, make arststock band to hold it by its perimeter.

* 3B: If the secondary cell uses three ovabotton headollimation screws, try these steps:

** Evenly loosen all 3 collimation screws (1 turaah) until they fall out of the front of the cell.
** Note tightness of first screw while loosening it

* Then, foreithertype of secondary mirror cell:

* When the secondary mirror is free, insert theppred soft ended tube into secondary cell so
that it barely does not touch the secondary miiverify that the soft end of tube is not touching
secondary mirror. If it touches, modify it, or {fife cell uses set screws for collimation) back off
the collimation set screws to provide clearandéhiqis to keep the weight of corrector plate
from resting on the secondary mirror surface veptepared soft ended tube.)

* After the above steps, invert the corrector platgle the soft ended tube is held in place.

* After the corrector has been inverted so its freide is up, slowly lift it off of the secondary
mirror, taking care not to laterally move the setamy mirror on the soft ended tube.

* When the secondary mirror is free, service ihasessary.

* Clean the secondary mirror cell in the area ndiyrevered by the mirror.

* If secondary cell uses set screws for collimati@turn the screws to their normal positions.

* Orient the Scnmidt corrector so that secondanmyaniwill point up when installed.

* Rotationally orient the secondary mirror so thas in its original orientation.

* Gently lower the secondary mirror into the secanydbaffle. (Shim stock band works best.)

* 3C: If the secondary cell ussst screwsor collimation, try these re-assembly steps.

** Install the center screw that retains secondanyor (install it from below), and screw it in.

** |f the secondary mirror rotates, use the shiotktband from step 3A to prevent rotation.

** \When the secondary mirror retaining screw ig jgisort of having any resistance, gently rotate
secondary mirror (using shim stock band) to feeligtents made by collimation screw tips.

** VVerify proper rotational secondary position atighten center screw to original tightness.

* 3D. If secondary cell uses oval loutton headcollimation screws, try these re-assembly steps:
** Place thin wire or allen wrench through one sciteole in front of secondary cell, and insert it
into a hole in the secondary mirror mounting plaeep it in place until first screw is installed.
** Insert a collimation screw into another hole agehtly thread it in about 2 turns.

** Verify that proper rotational orientation of s@edary mirror has been maintained.

** Insert a second collimation screw and thread itwo turns. Repeat with the third screw.

** Evenly tighten all collimation screws (1 turnag until all at their original tightness.

* Then, foreithertype of secondary cell:

* Verify secondary mirror does not tip, rattle,rotate when corrector cell is moved.

* Proceed with other steps of servicing telescagaieeded (see below).

* Collimate telescope after full re-assembly (seet R0O). Collimation may initially be WAY off.
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6.2.2.1.4) Part 4: Removing the Primary Mirror

* Remove the metal C-ring that is 8-10 cm behirglftont end of the primary baffle tube.

** Take care that ends of C-ring do not scratcimany baffle tube (can try sliding it on shims).

* Turn focus knob to move the primary mirror fonagamtil the focus bolt at the back is free.

** This may take a LOT of focus knob rotations.

* Carefully grasp the primary mirror thimble, tagiGREAT care not to touch the mirror surface.
* If the primary mirror thimble is free, slide ibfward and off of primary baffle, AND,

* Carefully tilt primary mirror so both it and foswolt will clear front corrector cell, AND,

* Carefully remove primary mirror, while orientingso its edges pass through any mirror slots.
* Carefully set the primary mirror in a secure,alesafe place, with its back end down.

** Note: The primary mirror is accurately cementedts thimble. Dmottry to separate them!

6.2.2.1.5) Part 5: Servicing:

* Perform service (cleaning, etc.) See other mfees for optical cleaning techniques.

* Do not attempt to clean mirrors unless they argy @nough to obviously impact image quality,
or if they have mud, mildew, or fungus on them.d ROT use acetone on any mirror surfaces.
* Inspect the Schmidt corrector plate for dirt, @aar fungus. Clean it if necessary.

* Remove focus knob from brass focus fitting (flespection and preparation for re-assembly).

* Remove focus knob assembly from back of telesdppemoving the 3 screws near its edge.

* Inspect the focus knob assembly and bearinggritrand clean and re-lube it if necessary.

* Inspect back of primary mirror thimble to enstinat it is free of grit. Clean it if necessary.

* Do not use thick, fibrous, or sticky grease omron thimble or primary baffle tube.

* Optional: Grind or file extreme tips of C-ringy tound off where ends will touch baffle tube.

6.2.2.1.6) Part 6: Preparing OTA for Re-assembly:

* Wash hands.
* Point the front end of OTA tube down, and blowanh air into it, to remove dust.
* Again secure telescope so front end of OTA is\pog up.

6.2.2.1.7) Part 7: Re-Installing the Primary Mirror:

* When picking up primary mirror by its thimble, t@orotational location of focus bolt.

* Carefully tilt and insert primary mirror into OT,Aeveling it after it is inside, AND,

* Carefully and slowly center the mirror in the OT#&nd slide it down over primary baffle tube.
* If needed, rotate primary mirror as it nears batkOTA, to align focus bolt with hole in OTA.
* Replace metal C-ring, taking care not to scratchary baffle tube or let it fall onto primary.
** OTA can be oriented so that it gcurelypointing UP at a 15 to 45 degree angle for thep st

6.2.2.1.8) Part 8: Attaching and Adjusting the Foasing Assembly.
* This step is best performed when the telescopeiénted so that it is pointing level.

* Screw the brass focus fitting onto the back ehthe focus bolt.
** In older C8's, take carmot to slide the focus bolt end fitting off of the mar thimble pin!
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* Turn focus fitting until previously measured bplsition is reached when focuser pushed in.
* Attach the focuser cover with its three screws] avenly finger tighten the screws.

* Attach the focus knob (this is a temporary step).

* Check focus knob for smooth action. If it is gbuor tight, adjust centering of focuser cover.
* Evenly tighten (but do not over-tighten) focub@using screws after adjustment is complete.
* After the focus works smoothly, remove the foéneb.

* Re-attach the focus bolt retaining screw or ritingn re-attach the focus knob.

* Run focuser back and forth several turns. Iggeugh, try adjusting the focuser cover again.
* Clean focus knob and back of OTA to remove any gecase. * Wash hands.

* Clean off the primary baffle tube OD and mirrbmhble OD,withouttouching mirror surface.
* Wash hands again.

6.2.2.9.1) Part 9: Re-installing the Schmidt Corretor Plate:

* 9A: Point front end of telescope OTA down, gentiwbidean air into it, to remove dust.

* Again secure the telescope so that the frontaridle OTA is pointing up.

* Securely grip the front of the secondary celgwlany new dust off of Schmidt corrector plate.

* Install the Schmidt corrector plate, being caléfurestore its proper rotational orientation.

* Look through corrector to inspect inside of telege, to see if entry of new dust was excessive.
** |f internal dust is excessive, remove the cotoeplate, then repeat steps 9A onward.

* Install any original shims around the edges ef 8thmidt corrector plate.

* Install the corrector plate retaining ring, beicayeful to restore proper rotational position.

* Check to be sure that the corrector plate retgiming is properly seated all the way around.

* Insert retaining ring screws, then evenly fingghten them.

** |f screws bind against some retaining ring holiésnay help to slightly enlarge such holes.

* Back off retaining ring screws 1/4 turn, lighttyess on retaining ring, then finger tighten again.
* Do not tighten corrector plate retaining ringeses beyond a “tight” variety of “finger tight”.

* Verify that the retaining ring is fully seateddathe corrector does not slide from side to side.

6.2.2.1.10) Part 10: Testing and Collimation:

* Star test telescope at different elevation angles

* Collimate if necessary. (Collimation may not beeded if secondary not disturbed.)

** Collimation should be done on a night with gogeking, be done only after the telescope has
adjusted to ambient temperature, and utilize avgithran elevation angle of at least 45 degrees.
* This completes servicing of your C8 OTA!

Comments: Collimating knobs are NOT recommendegubatsof proper servicing of a C8. When
collimation is properly set, it should remain smtyears. Many image flaws that sothank are
collimiation errors are actually caused by tubeents. Collimation knobs make it all to easy to
inadvertentlylose proper collimation adjustment!

6.2.2.2) Servicing the Fork Mount Motor Base.

This section is TBD. Method is highly dependentlos version of fork mount being serviced.
Clear skies, Jeff C.
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6.3) APPENDIX C: Optics and Potential Vendors foAccessible Telescope Components
(This section is not in a formal format. It is f@ference only. Vendor prices subject to change.)

Optics:

PRIMARY MIRRORS, LOCKWOOD, ZAMBUTO, WAITE RESEARCHDTHER:

* 20" /3.0 (Lockwood): $ * 20" /3.3 (Lockwood): $

* 16" f/4.0: (Waite Res.) $ * 16" /3.6: $4,000 (cper if slower f/ratio)
* 18" 1/3/3: $5,800 * 20" f/3.0: $8,000

* 20" f/3.3: $7,200 * 22" 1/3.0: $10,500 (Waite Rps.

Zambuto: 14.5" F/4.5 and longer $2,850.00

Size of telescope assembly must fit through 25-52B wide opening.
* 25.5 is width of average wheelchair, 28.0 is ceae for typical 2'-6" residential door.

Telescopes: Size and cost of available "stock" Dobsian telescopes with mounts

HUBBLE OPTICS: ( info@hubble-optics.com )
16.0: f/4.5: $2,495  16.0: f/5/0: $2,195  18.0: f/483,795  20.0: f/3.7: $5,595

Hubble Optics 16" mirror assembly dimensions:

Mirror Cell Frame OD: 19.50" (welded square of 1abigle bracket)
Telescope Width, Actual: 21.50" including protrusso

Telescope Width, Allowance: 22.0" including protorss.

For 18.0" version, add 2.0" to width (24.0 wide).

For 20.0" version, add 4.0" to width (26.0 wide).

PORTABLE TELESCOPES, Starmaster:

( http://www.loptics.com/starmaster/truss-scopespem ) ( starmaster@ckt.net )
16.5: f/3.7: 26.00" (Ground Board & Rocker Box) ¥ Lockwood EP Height: 64"
18.0: f/3.7: 28.00" (Ground Board & Rocker Box) B85 Lockwood EP Height: 69"

TEETER'S SUB-F/4 TELESCOPES:

16: /3.8: 27.25" (rocker box w/protruding hardwa$8,900 w/optics MAX SIZE
18" 1/3.7: 29.25" (rocker box w/protruding hardwp$d. 0,575 w/optics

20" f/3.5: 31.25" (rocker box w/protruding hardwg$d 2,700 w/optics

22" /13.3: 33.25" (rocker box w/protruding hardwg$d.4,800 w/optics

CONCLUSION: 16.5" is maximum aperture for a convemal design "accessible" telescope,
due largely to width of telescope base versusionéeloorway clearance in typical house, etc.

TELESCOPE LIGHT-WEIGHTING (reference):
https://www.menkescientific.com/18inchscope.pdf
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6.4) APPENDIX D: Basis for Refractor Specificatbns (vendor data, object declinations)
(This section is not in a formal format. It is f@ference only. Vendor prices subject to change.)

OBJECTIVE LENSES: (D&G Optical)
* 5" f/25 (baseline if not on porch): $795.00 BASEE
* 6" /20 $995.00

FEED MIRROR MAJOR AXIS REQUIREMENTS NOTES:

*5.0" (127 mm) aperture used at 0 deg. declinattdB8QRT2 = 7.07" (i.e. 5/COS45)

*5.0" aperture used at +24 declination: 5*(1/COB5H*1.836 = 9.180 (or just 5/COS57)
*5.0" aperture used at +28 declination: 5*(1/COB5%*1.942 = 9.708" (or just 5/COS59)

* 5.5" aperture used at +22 declination: 5.5*(1/G05= 5.5*1.788 = 9.836" (i,e, 5.5/COS56)

FEED MIRRORS: (Astro Systems, Waite Research oal@stiski Optics; Waite prices shown):
*5.00" (Major axis is 7.07") $600

* 5.50" (Major axis is 7.78") $690

*6.00" (Major axis is 8.48") $800

* 6.25" (Major axis is 8.84") NA

* 6.50" (Major axis is 9.19") $950 MINIMUM SIZE fo&5" at +24 Dec. BASELINE

* 7.00" (Major axis is 9.90") $1,150 MIN. SIZE {6t at +29 Dec; 5.5" at +22 Dec.

RING BEARINGS

(ID mm/OD mm /THICK/ TYPE / BRAND / NEW? / PREC/ Source):
*150.0/180.0/ 15.0/ Cross Roller / THK / N148.90 / eBay Kor
*150.0/210.0/25.0/ Cross Roller / IKO / Y185.00 / eBay USA
*160.0/220.0/25.0/ Cross Roller / THK / N148.90 / eBay Kor
*160.0/220.0/25.0/ Cross Roller / THK / N1.99 / eBay Kor
*200.0/260.0/ 25.0 / Cross Roller / IKO / N14B.99 / eBay USA

ASTRONOMICAL OBJECT DECLINATIONS:

* Sun in summer: +23 * Moon, farthest north: +28 Véga: +39
*M31: +41deg 16m * M51: +47deg 12m * M8: -24degn23
* M7: -34deg 48m *NGC 5128: -43deg 1m * Omega Cénuster: -47d 29m.

Clear skies to all who want them,

Jeffrey R. Charles

Change control information, for after initial putdtion date of 7 Oct. 2018:

181010: Updated Fig. 3.1.3.1A (36" scope), padagdtion; fixed typo p. 24; add para. to p. 51.
181012: Corrected typos on pages 63, 69. 1810d#etted typos on pages 37, 52, 62, and.63.
181024, 26: Clarified rotating focuser sector iavding on page 9, eyepiece height goal on p. 15.
Added “1C” to start of last line on page 24, whadvers telescope using 17.5" Coulter mirror.
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