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Abstract: Reviews of telescopes and long focal length canesisherein are from a cumulative
series of reviews that incorporate my own user @apions, and in some cases measurements, of
several telescopes and lenses over a period okalorty years. The emphasis is on optical tube
assemblies (OTA’s). There are a few side by saeparisons, but not a full comparison matrix,
since it obviously was not possible to own or othse access all of the reviewed items at once.
Emphasis is on Cassegrain telescopes, but somes ghewvtonian, refractor) are also covered.
Some reviews examine telescope light baffle problesimce these are among the most common
non-optical flaws in commercial telescopes. lewa tases, camera lenses are tested to assess
usefulness as telescopes. The content assumesdlats are familiar with the basic differences
between various types of telescopes, including Miksand Schmidt Cassegrain telescopes. A
few telescope reviews may still be in other pafte eclipsechaser.com and versacorp.com web
sites. These will gradually be migrated to thespre work, which may later be supplemented
with other reviews. In general, reviews herein@aered according to ascending aperture size.
One chapter of this work covers telescope accessetich as star trackers, Barlows, ADC's, etc.
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1.0) Introduction (Telescope Types, Optical Figures, Spherical Adierm Correctors, etc.)

This introduction is a brief review of differentoigs of telescopes. It also briefly covers the
optical figures specific to most basic types, aneches on spherical aberration correctors.

1.1) Types of telescopes

There are three basic types of telescopes, butiadngf variations within each type. Each was
considered as a candidate foraacessible telescogeototype. These are summarized below.
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1.1.1) Refractor. A refractor telescope consists of a lens (twmore elements) at the front, a
lens cell, a tube or other support structure, baffa focuser, and an eyepiece and/or camera
interface. A diagonal mirror or prism is often dge provide more comfortable viewing angles
at the eyepiece. Variations of refractors incltygees of glass used in the lens, whether the light
path is folded, and whether or not field flatteniegses are used for wide field astrophotography.

1.1.2) Newtonian A Newtonian is one of the most elegant telesagsgns. It consists of a
concave primary mirror with a paraboloidal optiigure, 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 cagfion with a corrector lens (corrector is
usually at the front), and whether or not comaeximg, etc., lenses are used relatively near the
focal surface. Some variations may also utilizeamventional secondary mirror angles.

1.1.3) CassegrainA Cassegrain has a concave primary mirror ab#tok, a convex secondary
mirror at the front, light baffles, and a suppdrtisture. The primary mirror usually has a hole in
its center to permit light reflected from the sedary mirror to exit the rear of the telescope.
Variations include optical figures of the primarydasecondary mirrors, and whether a spherical
primary mirror is used with front or rear refragfispherical aberration correction optics. The
latter is usually called a catadioptric telescopast catadioptrics have a Maksutov or Schmidt
corrector at the front. (Larger Schmidt testeddyétt Others have a concave secondary mirror,
and still others may fold the light path to oneestdit in front of the primary mirror. Cassegrain
telescopes are comparatively small and light, sihedolded light path can fit in a shorter tube.

1.2) Correcting Spherical Aberration in Variations of Each Type of Telescope

When a singleefractinglens element having only spherical surfaces idg byatself, it will

produce an image that has both spherical aberratidrchromatic (or color) aberration. If two
lenses of appropriately different types of glagswsed, and these lenses both have appropriately
paired curvatures, it is possible to correct alnatistipherical aberration, and to correct chromatic
aberration so that two different colors reach foauthe same longitudinal position. Appropriate
correction for two colors reduces the severitylabenatic aberration for other colors, but does
not completely correct it. When at least one Ismaade of extra low dispersion (or “ED”) glass,
chromatic aberration is reduced a bit more. Theases, each of appropriately differing glass
types, can bring three different colors to the séas. Such lens is called an apochromat.

When areflectortelescope hasg@imary mirror in the range of f/ratios that most are accustomed
to (/2.8 to f/6 for a Newtonian telescope, f/Z# for a Cassegrain telescope) the optical figure
of the mirror cannot be spherical unless correabibspherical aberration is provided by means
including a corrector lens, or the optical figufeanother mirror such as a secondary mirror.

In all designs, a balance must be struck betwekieaag diffraction limited performance in the
center of the image, the amount of coma alloweaffvaxis parts of the image, and complexity.

A conventional Newtonian telescope uses a concgeesic primary mirror figure (specifically,
a paraboloidal mirror figure) rather than a spharane, though spherical mirrors have been used
for extremely small aperture, slow f/ratio versigis cm /10, for example).
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If the primary mirror of a larger aperture or fadfeatio Newtoniantelescope does not have a
paraboloidal aspheric figure, it will not providegh resolution images. That is, unless the
spherical mirror is used with a refracting corre@l@ment, such as a Schmidt or Maksutov
corrector. Such correctors are most often usetlouein front of the primary mirror, but a few
telescopes use smaller corrector lenses that eaeld relatively close to the focal plane.

In their various forms, Cassegrain telescopes nibgaua variety of mirror figures and refracting
corrector components. Four Cassegrain designsgiCid, Dal-Kirkham, Ritchey-Chretien,
Presman Camachel) use no refracting corrector efsnae all, since the figures of their primary
and secondary mirrors alone adequately correcikemsgherical aberration. Other Cassegrain
telescopes use refracting corrector elements. eltmay consist of a large corrector element out
in front of the primary mirror, a mangin (i.e. sadosurface) mirror, or smaller corrector lenses
that are relatively close to the focal plane. Haah its advantages and disadvantages. More
details about this are in section 3.0.1: “Basic@ypf Small Telescopes and Mirror Lenses”.

1.3) Design Considerations for Complex Telescopes

The Cassegrain design is one of the most difftculinplement properly, because there are more
optical and mechanical details to consider. Softbeomost 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 the myrbaffle, and any retaining flange in front of
the primary mirror, will all appear to be closethe same size when viewed from the focal plane.

But in a catadioptric Cassegrain telescope haviingra corrector lens, it is usually better if the
primary mirror isslightly oversized, and if the primary light baffle OD &een from the center of
the focal plane) appears to flghtly smaller than the other light baffles, while theenand

outer edges of the secondary baffle should appdagdlightly larger than other baffle elements.
These details ensure that, for the axial imageettience pupil is defined by the aperture stop in
the front corrector lens cell, plus the outer bamgaf the secondary baffle. This minimizes
longitudinal distortion of the exit pupil when anlpfocal length (low power) eyepiece is used.

In reviews that follow, the importance of propghii baffle design in a Cassegrain telescope will
become evident. This is because improper baffggdecan impair performance of a telescope,
even if the optics are excellent. Appendix A, wiiollows the reviews, includes details about
several light baffle design errors in telescop@s kihave | owned or otherwise had access to over
time. Most catadioptric telescopes are mass pestiLgD if design errors are found in a sample,

it often (unfortunately) means that the error waplemented in numerous telescopes that many
may have paid good money for. Some baffle errarshe corrected in an existing telescope; but
other errors cannot be corrected without “startuagr” with at least new optical coatings.

1.4) Telescope Sizes.

Telescopes are available in a variety of shapesiaed. Amateur telescope apertures range
from less than 3.6 cm up to more than a meter.eMommon sizes range from 6 cm to 31 cm,
though telescopes as large as 61 cm are getting coonmon. A good part of the reviews are
for small aperture (10.2 cm or smaller) telescapeslenses, since these are the most portable.
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2.) Conventions, List of Reviewed Telescopes; Sumary of Selected Results; Astro Images

2.1) Conventions:Some reviews start with a brief list of qualitydgmerformance criteria, with
ratings (0 to 5, 5 being best; or Poor to Exce)lémteach category. Conventions are similar to
those in the telescope and photographic industiResziewing telescopes and camera lenses in
the same document can cause some confusion uolegsntions and a few terms are explained.

2.1.1) Telescope ConventionsThe aperture and focal length of a telescopsisily expressed

in terms of the aperture, followed by the f/ratiultiplying the aperture by the f/ratio provides
the focal length. For example, a 18.0 cm f/15s&dpe will have a focal length of 2,700 mm
(180mm*15). The f/ratio is simply the ratio of thperture to the focal length, and differs from
the “T” (or transmission) value often used in cirsography. Some Cassegrain telescopes may
have up to half an f/stop less transmission vdiae what their f/ratios would indicate.

2.1.2) Camera Lens ConventionsCamera lenses are usually specified in termealflength
and f/ratio. To determine aperture, simply divide focal length by the f/ratio. For example, a
500 mm /8 camera lens will have an aperture 0 &2m (500/8). However, some better mirror
lenses are designed to approximate the “T” (tragsiom) value for the specified f/ratio. Here,
such lenses may have apertures close to 10 pdacget than what the f/ratio would indicate.
This is common in vintage Nikon mirror lenses. $@mensions are for Nikon mount versions.

To help track of the telescope and camera lenssteaiperture is usually specified in centimeters
(except in summary tabledut focal length is specified in mm, or is falled by the letters “FL”

2.1.3) Image Quality Information for Telescopes an€Camera LensesSpecifications and

image quality information are usually shown atlleginning of each review summary. In the
area that summarizes image quality, an extra romfofmation is shown for camera lenses that
is not shown for telescopes. This informationrigtcally shown under the following criteria:
ShVid = Maximum aperture that no axial aberratiseen with a 4 mm eyepiece.

ShAx = Maximum aperture that axial aberrationrtfigrain limited” (or 7 micron pixel limited)
Sh34 = Maximum aperture at which off-axis abéoret at corner of 4.3 aspect area acceptable.
FAFm = Max. aperture to illuminate full format wens barrel cutoff (or % mirror lens ap. used)
FA34 = Max. aperture that illum. 4:3 aspect ofiat w/o cutoff (or % mirror lens aper. used)
UseAt = Maximum aperture for sharp, well illumindtenage over 4:3 aspect area of FX format

2.1.4) Review Status Indication:Many telescopes below either have been reviewddanini
review has been either started or completed. Heweome telescopes are still on a short list of
scopes to finish writing up review results for.atss is shown in the right column of the list of
reviewed scopes in part 2.2, below. An asterislafter “complete” indicates some values TBR.

2.1.4) Review Photos:Compared to the number of reviews, there areplestos. The number
of reviewed telescopes is too great to include @hof each in the available time. Images are
included in parts of the appendix that cover samgior light baffle flaws, since it is difficult to
communicate some of that without illustrations.séimple pictures, relative magnification may
be referred to as a "percent crop”. This reladdbepixel scalewhen a browser is set to display
photos at 100 percent of the posted size. Hbtghe percentage of the original image format.
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2.2) List of Reviewed Telescopes, with Status of Ha&keview:

3.) Telescopes (& Camera Lenses Used as Teless)psp to 6.4 cm Aperture:

3.1) Specwell 8x20 Monocular with Microscope Attamnt (used for astro imaging)

3.2) Leica 50 mm f/1.4 Summilux-M ASPH lens (ussdaelescope!)
3.3) Coronado PST, 4.0 cm /10 integrated sol@stzpe

3.4) Rokinon 300 mm /6.3 compact mirror lens (cearlens used as telescope)
3.5) TeleVue 60 ED refractor (6.0 cm /6)

3.6) Ednar/Pentax Mirror Scope 500 (500 mm FL f/8)

3.7) Tamron 500 mm f/8 Mirror Lens (used as a tzps)

3.8) Nikon 500mm /8 Reflex Nikkor-C (used as a$elope)

3.9) Celestron C65 (1980's version)

3.10) Nikon 300 mm /4.5 ED Nikkor lens

3.11) Vivitar 800 mm f/11 Solid Cat Mirror Lens @gsas a telescope)
3.12) Sologor/Vivitar 600 mm f/8 “stovepipe” lens

3.13) Vivitar 600 mm /8 modular “telephoto” lenssged as telescope)
3.14) Ad Astra lll, 7.8 cm Maksutov-Cassegrain setgpe

3.15) Vivitar 500 mm /6.3 telephoto lens

4.) Telescopes (and Camera Lenses Used as Telpsspfrom 8.0-9.9 cm Aperture:

4.1) B&L 800 Mirror Lens and Telescope (8.0 cm fAbrid)

4.2) Kasai Pico-8 Maksutov-Cassegrain telescofidqi®. f/11.2)
4.3) Leica 560 mm /6.8 Telyt-R lens (used as tzips)

4.4) Questar 3.5 Mak-Cass telescope (8.9 cm f/14.4)

4.5) Celestron 90 Mak-Cass telescope (9.0 cm f/11)

4.6) Meade ETX-90 Mak-Cass (9.0 cm f/14.4)

4.7) Nikon 1000 mm f/11 Reflex Nikkor-C (used aeseope)

4.8) Vernonscope 94 mm f/7 triplet refractor tetgse (9.4 cm /6.9)

5.) Telescopes (and Camera Lenses Used as Telpssdfrom 10.0-11.9 cm Aperture:

5.1) Nikon 500 mm /5.0 Reflex Nikkor lens (usedaasastrograqgph)
5.2) Soligor/Vivitar 800 mm f/8 "stovepipe" leng)(@ cm /8, used as telescope)
5.3) Tokina/Vivitar 800 mm f/8 “telephoto” lens (D0cm f/8, used as telescope)
5.4) OTI Quantum 4 Mak-Cass telescope (10.0 cn) f/15
5.5) Bausch & Lomb Criterion 4000 Schmidt-Cassegteiescope (10 cm /12)
5.6) Edmund 101.6 mm /15 doublet refractor (vietadpjective lens)
5.7) Meade 2045 LX-3 Schmidt-Cassegrain (SCT) teles (10.2 cm 1/10)
5.8) Meade ETX-105 Mak-Cass telescope, UHTC verEl®® mm f/14)

6.) Telescopes of 12.0 cm and Larger Aperture:
6.1) Celestron 5 Schmidt-Cassegrain (SCT) teles¢tp& cm /10)
6.2) Intes MN56 Maksutov-Newtonian telescope (12/f/6)
6.3) “Mystery Mak" Mak-Cass telescope (13.0 cm #1580 brand name)
6.4) Intes MN61 Maksutov-Newtonian telescope (1&r0f/6)
6.5) OTI Quantum 6 Mak-Cass telescope (15.0 cm7T)16
6.6) Astro-Tech AT6RC Ritchey-Chretien astrograph.2 cm /9)
6.7) Skywatcher 180 Mak-Cass telescope (18.0 ch) f/1
6.8) Celestron 8 Schmidt-Cassegrain (SCT) teles@&2 cm f/10)
6.9) Celestron Ultima 11 SCT telescope (27.9 cd)f/1

7.) Telescope Accessories of Note that are Alse\Rewed:
7.1) Trackers /7.1.1 AstroTrac TT320x 7.1.2 Fornaghirack Il Mount

7.1.3 iOptron SkyTracker  7.1.4 Vixen Polarie

7.2) Optical Accessories / 7.2.1 ZWO Atmospherisfd@irsion Corrector (ADC)
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2.2.1) Telescope and Camera Lens Specification anérfformance Summary Table:

This table summarizes the specified aperture, nmmedsaperture, obstruction size (when present),
dimensions, central resolution, contrast, ghostamgl, maximum useful f/ratio (when adjustable).

Sec| Telescope/Lens Spgc. KL Act. Obs Wide Hligh Long (Vght|Caoint] Bim/ Usq

No.[ Make/Model | Apet. /4 (mm) Aper. (%) (mm) (mm) (mm) (¢) REEIr..|Ghst at f{ Notes
3.1 |Specwell 8x20[ 20.0 NA NA 200 ¢ 32 3b 91 19 HExc R-G FKair [NAndo
3.2 |Leica 50/1.4 SIk 36.8 1.40 51.6 3¢6.5 [0 5B.5 0.5 $2.5 |[B&|VG+|Good 1.7 DfLt1}
3.3 |Coronado PST| 40/0 10.0 400 490.0 ([0 pO 134 B8O {1305 Exc| G |IealSolarT
3.4 |Rokinon 300/683 476 6J3 300 53.0 p1 65 p5 [/4 P50 |VG |G |G | @Ip$
3.5 |TeleVue 60 ED 60 6.0 360 600 P g1 108 258 1340|Exc VgE |Ex@|DafLtd
3.6 |[Ednar MS500| 62 8J0 500 66.0 b2 81 104 136 [/72| G |Fair |F®(SBhAD
3.7 |Tamron 500/8 | 62.p 8)0 500 67.0 b2 B4 P2 P3 680 |VG |G |G [8.0 B8hpO
3.8 |Nikkor-C 500/8| 62.% 8.0 50p 72|10 33 91 1p1 152 953 VgE NMGir R&0 (83 CA
3.9 |Celestron C65| 65]0 12.6 816 65.0 B5e J9e [86e [300e|650p G| & |1E.4Erct.Im
3.10|Nikon 300/4.5| 66.f 4p 300 64.7 0 §0 9B.5 193 1110|VgE | G | GB (WI2p2x
3.11| Vivitar 800/11 | 72.7 11J0 800 720 %6 1p8 119 118 1498| G | Guir |E1. w/hoogl
3.12| Vivitar 600/8 s| 75.0 8p 600 750 p 90 93 556 1873 |VG NGc Bd.dw/o hd.
3.13| Vivitar 600/8t | 75.0 8.0 60D 750 O 94 1P7 452 1P30 VgE MEG |9.0(Modul
3.14| Ad Astra lll 78.0 9.7p 760 75/0 44 100 1p4 189 990 Exc |G |9GYHDifLtd
3.15| Vivitar 500/6.3| 79.4 6.8 50D 79,3 P 95 95 425 100 Gvgr Haair |10.9 Sym63
4.1 |B&L 800/10 801100 800 72)0 56 9 102 1p5 900 P-F F-G FaiO|Hybrid
4.2 |Kasai Pico-8 80 1112 900 79.0 38 98 110 247 1140|Bad |Poor|P2J wicap
4.3 |Leica 560/6.8 | 824 6)8 50 834 [0 98 98 526 1816|VgE |[Exc MG 2A-GS
4.4 |Questar 3.5 89)0 14.4 1280 §9 B2 108 186 P74 1499 Exc| VG | G |DuglexX
4.5 |Celestron 90 900 1 10p0 8%.0 B8 121 130 [97 1476 F-G|Fa@| 11|Sph.Ab
4.6 |Meade ETX 90 90.p 1414 13p0 87.0 B7 110 136 P83 1271VQE| G |1GA4|PIstTpp
4.7 |Nikkor 1000/11 90.9 11|0 1000 10L.0 #6 236 130 235 1930 VG | G [11.]Filt.W.
4.8 |Vernonsc. 94/71 94)0 7|0 644 93.0 (0 1223 130 $H21 4404 Exc | VGE\N6.9|w/ring
5.1 [Nikkor 500/5 10 5.0 500 111 H4 125 1B6 190 1725 |Fair |G =& |w/35hd
5.2 |Sol/Viv.800/8 | 100 8.0 80p 100 0 110 1p0 812 3180 VgE Exc [Y&(QVivfls
5.3 [Tok/Viv. 800/8| 100 8.0 800 100 @ 116 1BO 5r1 2815 Fair FRair|16.Q Vivfl9
5.4 |OTlI Quantum4 100 150 1500 100 B6 131 121 360e P95Q EXz| F-G|15.0 Heavy
5.5 |B&L Crit. 40001 101.6 1240 1200 10De 34 120e 1B30e 305ee@@| Fair| Fail 12.p VrSmp
5.6 |Edmund 101/1% 101.6 1%.0 1524 101.6 (0 114 {14 (416 (45@0 &2 | G |15.Q HmMg
5.7 [Meade2045LX8 102 10.0 10p0 99.0 #6 120 130 p64 2200 VG |F-G |10.J AllMet
5.8 [Meade ETX 106 10% 14.0 140 1p2 B3 127 153 340e p04Q Exc| VG |14.QUHTC
6.1 [Celestron 5"/1Q 127.01Q.0 1250 146.0 |42 146 [159 |305 =060 G | G [10.0 Ltwt
6.2 [Intes MN56 5/ 127|0 6J0 762 12).0 5 216 159 [49 5675 Exx| G |6.0(57Helk
6.3 |Mystery Mak 5' 1300 15(4 2000 125.0 49 159 168 437 454®|Roor| Poof 154 PrBalD
6.4 [Intes MN61 6/ 150|0 60 9(0 15P.0 19 253 178 937 7945 E3c | F-G| 6.0| BestRp
6.5 [OTI Quantum § 150(0 1.7 2500 150.0 33 190 {78 TBD TBD|E& | G |16.41 GdBaf
6.6 |AstroT. AT6R{ 1520 9.0 1370 152.0 50 1P0 203 498 3500|VG | &G | 9.0(Astrog
6.7 [SkyWatcher 180 180.0 15.0 27400 172.0 (34 218 P28 |541 |728) \G | G |15.0 PrBafD
6.8 [Celestron 8"/1Q 203.2 1Q.0 2032 2(3.2 |34 232 p45 |457 #B&0) G | G |10.0 w/TpA
6.9 |Celestron Ult11 27910 1(.0 2790 279.0 36.4 817 B30 [IBReflPxc| G [ G | 10.(25kgn




2.3) Sneak Preview of Selected Telescope Review Resu

Even though data from some aspects of the reviass1bt been integrated into the matrix for
the present document, it was possible to rank sufrttee above telescopes in terms of maximum
useful magnification (in good seeing) and planetargge quality. Results may surprise some:

The list below is ordered by aperture. Rankingsiaicolumns for each tested attribute.
Rankings (1 is best) are for contrast, real detaélx. useful magnification, etc:

Telescope [/ Specification / Contrast /Ariges/ Best Mag / Max.Useful Mag / Notes
* TeleVue 60 /6.0 /6 ED Refr /03/12 /144218x / Custom 1.65mm, 2.5 Nag.
* Ad Astra llI [ 7.81/9.7Mcass /07/11 /24/217x/ 3.5 mm Nagler
*B&L 800 /8.0 f/10 Hybrid /14/14 /089x160x / OR9,0R5 (others,yr) 120x?
* Kasai Pico-8 /8.01f/11.2 MCass /15/ 15004/ 100x / OR9, 5 Bad Img. (at 74mm) Worst
* Questar 3.5 /8.9 1/14.4 MCass / 04 / 07 248273s / 7mm Nagler,1.5xB
* Celestron 90 /9.01/11.0 MCass / 12/ 13114/ 167x / OR9, ORG6; Astig. + spherical ab.
*Vernon. 94 /9.4 1/6.85 Refr /05/08 /230&58x /2.8 Tak, 2.5 Nag.
* Meade 2045  /10.2/f/10 SCTel /08/10 /16200x / OR6,5 (other yr)
* Meade Etx 105/ 10.5 f/14 MCass /06 /06 /24245x / OR6 (other year)
* Celestron 5 /12.7 f/10 SCTel. /10/05 0R@ 357x / 4.8mm, 3.5mm Nagler; Slt. astig.
* Intes MN56 /12.7 f/6 MakNwt / 02 / 04 / 272805+ / 2.8mm Tak. HI OR, 2.5 Nagler
* Mystery Mak  /13.0 f/15.4 MCas/ 13/ 09 /9/ 222x / 15.5RG, OR9, 7Nag, Others
* Intes MN61 / 15.0 f/6 MakNwt / 01 /01 /321894x / 2.8Tak,2.5N,16w/7xB Best
* Skywatcher 180/ 18.0 f/15 MCass /11 /03 /30886x / OR9, 7 Nag SensitiveToTubeCur
* Celestron 8 /20.3 f/10 SCTel. /09/02 PR9 423x / 7mm, 4.8mm Nagler

These results cover only image quality, but thegenia influenced by more than just the optics.
As we will seelight bafflesand mechanical alignment stability also play digant roles.

24 Sample Lunar and Planetary Images

The sample lunar and planetary images below agadetd to show the difference in performance
between telescopes of various apertures. Most taken during similar atmospheric turbulence
(or “seeing”) conditions, and about half were takem the same location. One of the Mars
images is with an extremely large 1.5 meter telpsctor purposes of showing the diminishing
return for large increases in aperture that ofésnilts because of atmospheric conditions.

The majority of planetary images here are singf@sexres, as opposed to being stacked images.
Where stacked images are used, the stacks coh&ssdhan 3 or 4 different images. The
images provide some of the information that sonmapgemay be looking for when evaluating a
telescope. For reference, when each telescopesealsvisually, it was not unusual to visually
observe twice as much detail than what is shovtherplanetary photo with the same telescope.

Most of the planetary images below are througlstelpes that have relatively few design and
implementation flaws. Image anomalies caused Bigdeand implementation flaws are covered
mostly in Appendix A. The reviews immediately fol the lunar and planetary images.
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Fig. 2.4A.Moon, with TeleVue 60 ED Telescope. Pentax Q camaeprime focus. Most larger
telescopes (excluding poor quality units like P&azan provide lunar images at least this good.
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Fig. 2.4B. Mars Imaged with different telescopes. LEFT: Mars AL@. 2003, Vernonscope 94 mm f/7
refractor. Afocal image, taken by pointing camana lens into eyepiece. CENTER: Mars, throughsinte
MN61 150 mm f/6 Mak-Newtonian with Barlow, mounted photo tripod (no sidereal drive used) in
8/2018. RIGHT: Afocal picture taken though 1.5 emdelescope at Mount Wilson, CA, 16 Aug. 2003.

Fig. 2.4C. Jupiter.LEFT: Imaged with TeleVue 60 mm /6 ED refractdeteope in 7/2018. CENTER:
Taken with Questar 3.5 Maksutov-Cassegrain telesaop/2018. RIGHT: Afocal image with Celestron
8 Schmidt-Cass. telescope in 7/2006. Has mosil datia noise from older camera. These are natyan
“stacked” images. Visually, planets usually loddoat twice as sharp as the photos from each tgdesco

Fig. 2.4D. Saturn. LEFT: Imaged with TeleVue 60 mm ED refractor telgse 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.
Color balance is different on all three of the tighost images because a different camera was used.
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3) Small Telescopes (and Camera Lenses Used as $etpes) up to 7.9 cm Aperture:

Small telescopes have had a following for some.tifigs is partly because it is easier to
transport a small telescope, and the telescopégee with you is the one that will get used.
Numerous small telescopes have been availablesfadiks, ranging from converted camera
lenses to the high end Questar 3.5 inch (89 cm)sMiak-Cassegrain telescope.

This chapter is limited to even smaller telescoppscifically those smaller than 8 cm aperture.
Some of these small telescopes are even more fmotkeam 9 cm class telescopes made by
Celestron, Meade, and Questar. The emphasis@assegrain telescopes and mirror lenses
(because these are smaller), though one refraxéon@e is briefly reviewed for comparison.

Limiting the lineup in this section to telescopasaier than 8 cm aperture, and emphasizing
Cassegrains, reduces the number of considereddples to only a few, though the number
grows a little if we go back in time and also lagksome better known telescopes of yesteryear.

Figure 3A. Some of the small telescopes and photographionienses reviewed in this chapter. Most
of the mirror lenses have been adapted to accapdatd telescope eyepieces. From left to right:

* Rokinon 300 mm /6.3 mirror lens (Nikon mount)ttvicustom made 0.965" diagonal

* Ednar Mirror Scope 500, with its standard 45 @egroof prism and 20 mm eyepiece

* Tamron Adaptall 500 mm /8 mirror lens

* Nikon 500 mm /8 Nikkor-C mirror lens

* Vivitar 800 mm /11 Solid Catadioptric mirror Ien

* TeleVue 60 ED refractor

* Ad Astra lll Maksutov-Cassegrain telescope.

Among the many older small aperture telescopey,fegr are reviewed or discussed because
they were not very compact for their aperture. é&@mple, Meade made an 8 cm Cassegrain
telescope in the 1980's, but its physical sizeneasnuch different than that of their 9 cm f/11
Maksutov Cassegrain telescope. Others are nawed because their performance usually was
not very good. For example, many 8 cm /5 doutd&actors had severe chromatic aberration.
When all of these telescopes are excluded, weettrevith only a hand full of older small scopes.

If we limit the list of both old and new telescopmdy to physically small ones that are (or were)
relatively well known, and to those then be adapted tose standard eyepieces, we are left
with only a few. A few camera lenses that | hasedias telescopes are also listed here:
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* Ad-Astra lll, a 78mm 1/9.75 Maksutov-Cassegraiarh the 1970's (reviewed in some detail)

* B&L 800, an 80 mm f/10 Cassegrain telescope (carag to newer Kasai Pico-8 in chapter 4).
* Celestron C65 (1980's version), a telescopephatides an erect image (briefly reviewed).

* Ednar Mirror Scope 500 (also sold as Kenko, Peretc.; briefly reviewed).

* Kasai Pico-6 (similar scope also sold as MightkMliessted here, but not reviewed).

* Kasai Pico-8 (similar scope also sold as Mightikvieeviewed and compared in detail).

* Nikon 300mm /4.5 ED Nikkor (camera lens w/eyammeadapter for comparison, not reviewed)
* Nikon 500mm f/8 Reflex-Nikkor (camera mirror lerwiefly reviewed).

* Vivitar 800mm /11 Solid Catadioptric (camera noir lens; reviewed in moderate detail).

* Various brands 60-73mm class short focal lendihr&fractors (one reviewed in this section).

In the reviews that appear in later chapters, tiseful” or “working” aperture is the lesser of:
A.) The maximum aperture that provides an acceptat@ddium to high magnification image, or,
B.) The maximum aperture that is actually utiliZedthe axial image, based on the light baffle
design. The latter is usually the same as whaifesned to as the "working" aperture.

Figure 3B. Three small amateur telescopes of similar apettat were made in different eras.
Unfortunately, quality has declined over the yedfsom left to right, the pictured telescopes are:

* Ad Astra lll, a high quality 7.8 cm Maksutov-Caggain telescope from the late 1970's.

* Bausch & Lomb 800, a low cost hybrid Cassegrairran camera lens and telescope from the 1990's.
Finder scope is custom addition. Standard telesdoes not have a finder scope or a way to attaeh o
* Kasai Pico-8, alisappointingly awfuMaksutov-Cassegrain telescope | acquivedin 2018. In
general, a telescope performs better than a cdemwsdhat is used as a telescope tbistonedoes not.

3.0.1) Basic Types of Small Telescopes and Mirrtuenses
Telescopes and mirror lenses in this and the riegiter utilize six different design approaches:

A.) Modified Maksutov-Cassegrain: The Kasai Pideseopes fall into this category, as does the
original 1970's version of the Celestron 90. ThekButov corrector curvature at the secondary
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mirror spot provides a final f/ratio of about f/{riot the usual f/15). This r®ot the optimum
curvature for a Maksutov corrector. Therefore,fdster f/11 f-ratio is achieved at the expense
of failing to fully correct spherical aberratioithis is practical in extremely small telescopes,
because the angular size of the Airy disk is fdalhge. If properly implemented, this design can
provide good views of terrestrial objects as weltlee moon and planets. However, my sample
of the Pico-8 may be the worst telescope I've &aged, and is almost useless on planets. The
vintage 250 mm /5.6 Lentar mirror lens is a Maksu€ass, and it also has spherical aberration.

B.) Optimized Maksutov-Cassegrain: The Ad-Astradlescope of the 1970's is of this design.
The Maksutov corrector is designed to provide tb&t loorrection of spherical aberration (this
usually causes the secondary spot to provide &1G#assegrain focus) but the secondary mirror
spot has a longer radius of curvature than theofasie corrector, to provide /9.75. Samples of
the Ad-Astra I've seen are diffraction limited, tigh the secondary obstruction is large enough
(about 44 percent of the aperture diameter) theatrther diffraction ring is fairly bright. Some
later Ad-Astra scopes had greenish mirror coatingased by oxidation from a volatile adhesive.

C.) Erect Image Gregorian Maksutov-Cassegrain:drlggnal Celestron C65 of the 1980's is the
only popular small aperture telescope of this desighe Maksutov corrector is located beyond
the focus of the primary mirror, and oriented whke convex side toward the front. The C65
provides an erect image at Cassegrain focus, soeating prism is not needed for the terrestrial
viewing for which the C65 was designed. If usethvai 0.965" eyepiece of 40mm focal length,
the C65 provides enough eye relief for just aboybae with eyeglasses. It has a few design
flaws, including a tendency for the long second=ffle to fall off.

D.) Sub-Aperture Spherical Aberration Correctore B&L 800 telescope is an unusual though
inexpensive design with a flat front optical windaavspherical primary mirror, a flat secondary
mirror, and refracting lenses inside the primarffleaube that both correct spherical aberration
and increase the focal length 3 to 4 fold over dfdahe primary mirror. Its mechanical design is
elegant, but spherical aberration is not fully eoted and it has some field curvature. Correction
is adequate for viewing and photographing the mbahijs not quite good enough for planets.

E.) Full Aperture Corrector Combined with Sub-Ajpeet Optics: The Ednar Mirror Scope 500,
and most mirror lenses, including Vivitar 800 mmi&¢&at lens, fit this category. All have full
aperture optics at the front, and smaller optiah@primary baffle tube area, with the latter also
being used in part to flatten the field. Lensethid type were initially designed to be compact
camera lenses, so most usually are not diffradimomed in the center of the field.

F.) Refractor with One or More Extra Low Dispersi{&D) Elements: The Nikon 300mm /4.5
ED Nikkor and certain short focal length ED refaastshare this design. The Nikkor has more
elements to provide a flat field, though field féaters are available for some short focal length
refractors. The ED Nikkor lenses I've tested havebeen diffraction limited even in the center
of the field unless stopped down to about /6.8, rhast short focal length ED refractors are
diffraction limited at full aperture.

Schmidt correctors have seldom been used in tgdesaar lenses smaller than about 10 cm,
partly because the corrector would be very thmdividual reviews start on the next page.
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3.1) Specwell 2.0 cm, 8x Monocular with Microscopetfachment (used for imaging)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs €36 / Width / Height / Length / Weight / Notes
2000mm / NA /51.6/20.0mm / None -0- / 32.0/ 36.0 / 91.0 / 79qg /

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost/ CamShake / Notes 2 (No S/N)
Excellent/ V Good / Good / Fair / @od Fair / Poor |/ DifSpikeSomeSub;.

It has been said that: “the telescope you have yaithis the one that gets used”, and this has
proved to be true in practice. Back around 19&#&ught a Specwell 8 x 20 monocular with its
microscope attachment, and have often had it weétewer since. The minimum focus distance
is an extremely close 30 cm, and the physicalgizee monocular itself is very small. Optical
quality is good for the intended magnification ofhy8x, and it even has a little overhead. Since
the time | acquired this monocular, other manufietihave introduced correct image 8 x 21
finder scopes that work about as well, exceptttiney have a reticle and do not focus as close.

There have been occasions when declining healtlvie@a with work was significant enough
that | did not feel up to looking into whether astomical events such as eclipses or occultations
were coming up, then I'd be blind-sided when eventh as a partial solar eclipses occurred at
work. Having the Specwell monocular with me athstimes made it possible to view and image
such events via eyepiece projection. Conjuncta®e at times imaged via the afocal method.

Figure 3.1A.Projecting a partial solar eclipse via monocubdugto of projected eclipse image.
LEFT: On 23 Oct 2014, a partial solar eclipse wagrbgress when | arrived at work. The
eclipse happened while a large sunspot group veitsiej so it was more dramatic than most
partials. Here, the Specwell 8 x 20 monocularsisduto project an image of the eclipse onto
some paper that is used as an impromptu projesticeen on my walker. The monocular is held
in a way that my hand shades the projection “s¢raeyund the image. RIGHT: Close up photo
of projected image that is rotated and flippeddpraximate the orientation of the eclipse in the
sky. There is some distortion of the sun’s circsl@ape due to the angle of the projection versus
the camera position, but it is far better than hgwio picture at all of this memorable event. A
few passers by stopped to look at the projectiamduhe brief time it took to take this picture.
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3.2) Leica 50 mm f/1.4 Summilux-M ASPH Lengused as a telescope, believe it or not!)

Specifications(measured values in mm are shown instead of ghddispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs 1b$3%6 / Width / Height / Length / Weight / Notes
36.8mm /f/1.40/51.6 /36.5mm / None -0- / 535/ 605/ 525 /335¢g /

Image Quality (measured): Thresholds for (see section 2.1.8dbnitions of each column):
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Leica S’IxM 4264258 24 14 24 38 31 1.7 VG+ ResSatRings

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost / CamShake / Notes 2
Excellent/ V Good / High /V Good/V Goo¥ /Good/ Excel [MaxUsefulF:1.4

It is not often that one thinks of a 50 mm focaldtéh camera lens as a telescope, but the Leica 50
mm /1.4 Summilux-M ASPH lens is noted here becausgust barely capable of imaging the
rings of Saturn, both at full aperture and at f/1This is unusual for a 50 mm /1.4 lens, and
requires a resolution close to 500 lines per mdlien. The moon looks acceptable in the same
lens, but there is slight longitudinal chromatieahtion, as one might expect. It is unlikely that
anyone will want to use a 50 mm FL lens as a telescbut the Summilux is noted here just
because it actually (sort of) works as one. Ofseyuit costs as much as a high end telescope.

. A :ﬁ' :

Figure 3.2A. Saturn and moon, using Leica 50 mm Summilux &na “telescope objective”.
LEFT: These cropped images of Saturn were takem aviteica 50 mm FL /1.4 Summilux-M
ASPH lens. A microscope objective and extensioesulere used behind the lens to provide an
effective focal length of about 2.500 mm. The kdiens was used at full aperture for the upper
left image, and at f/1.7 for the image just taright. The lower left image is a stack of about 3
images. The photo just right of the stacked image a ruler (millimeter scale), imaged from a
distance of 5 meters with the same optics. RIGKH®@on, with same optics that were used for
Saturn images. The extreme right image shows adeaic GX7 camera attached to the setup.
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3.3) Coronado PST, Integrated Solar Telescopd cm /10, pre-Meade version)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
40.0 mm / /10.0/400/40.0 mm / None /- -0 60.0 / 134 / 380 /1305g /

Image Quality (measured; SN 95245)
C. Resol. / E. Resol. / Contrast/ Flare /dBho / Ghost / CamShake / Notes (Dif. Limited)
Excellent / V Good / Good / Good / Fair Fair / Good /SomeHadCoatFail

Build and performanceis summarized in this table:

* Build Quality / Materials: 4 / Brass tube with anodized aluminum rear housing.

* Optical Quality / Details: 4 / Sharp images, but some ghosting in the filt&sigeet spot”.
Summary Notes:

* Build is a 4 instead of a 5 only because the édelome aspects is good but not excellent, and
because some units developed coating degradaadmide them useless unless repaired.

* Optical quality is shown as a 4 because thesresobvious ghost images in parts of the field.
* Pluses:Integrated solar telescope with tunable filtelatreely compact size, complemented by
good matching eyepieces, built-in sun finder, lowefor sub-Angstrom Hydrogen-Alpha filter.
* Minuses: Not enough back focus for a camera unless a Badased, some ghosting.

The Coronado PST is no ordinary telescope. Insieadthe closest thing to an “idiot proof”
Hydrogen Alpha solar telescope that has ever bestemit’s all integrated into a 4 cm scope.

The objective lens at the front has coatings tbatesas the energy rejection filter (to keep out-of
band wavelengths from fogging the image or hedtiegnside of the telescope) a built-in solar
finder, internal focusing, and a tunable Hydrogépha filter, for which the tuning ring has a
stop at the optimum setting, depending on solatiat Doppler effects. Turning the filter ring

to slightly short of the stop accounts for Dop@#ects. There is no risk of leaving the solar
energy rejection filter off because it is built-iAnd the images are great. The PST shows more
than just prominences. It also shows Hydrogen Alfg@atures on and in front of the solar disk.

The PST has a 1.25 inch eyepiece holder, andaosaaksilable in a CAK (Calcium line) version.
Coronado offered (and maybe still offers) a liné@&Max” eyepieces that are optimized to
minimize spherical aberration in the 650 nm ramgeopposed to the usual 550 nm. CeMax
eyepieces are made in focal lengths of 12, 182&nmim, and a 2x Barlow was also offered.
After having compared CeMax eyepieces to otheriegep on the PST, | can say that | have
seen a difference, especially with the 12 mm. Chblax eyepieces work better on the PST.

Capturing solar images with the PST can be dongsing a camera in afocal mode, where the
camera lens is pointed into the eyepiece, or bhyguaiBarlow lens to provide enough back focus
for a camera having a removable lens. The latteally provides pictures with fewer artifacts.

Some early PST telescopes developed what some caléging “sickness” that compromised the
energy rejection and out of band cleanup filteeffgcts of the telescope. When this developed,
the telescope had to be sent in for repair. THEIR&quired second hand previously had this
problem, and had been sent in for repair by itsiptes owner. It has worked fine since then.
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3.4) Rokinon 300 mm /6.3 Compact Mirror Lens(used as telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
47.6 mm [/ /6.3 /300/51.0 mm /31.0 mm/6A%5.0 / 65.0 / 74.0 /2509 /58 filt

Image Quality (measured) Thresholds for (see section 2.1.3dbnitions of each column):
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Rokinon Mir. E215H1382 OKuvid 8.0 8.0 60perc 70perc 8.0 G+ rgeentObs

C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes 2
V.Good / Good / Good / Good / Goodrdir / Fair / No Tripod Socket

Summary:

* Build Quality / Materials: 3 / Metal lens mount, lens barrel mostly plastictmagod mount.

* Optical Quality / Details: 3- / Reasonably good resolution and color saturatesus size.
Summary Notes:

* Build is 3 because most of the lens barrel hagissrplastic and there is no tripod socket.
However the lens has an adequately solid feel @asbnably good focus damping.

* Optical quality is a 3- because large (61% diametentral obstruction influences the image.
* Pluses: Smallest “telescope” | use regularly; good imagelity vs physical size, fits Nikon.

* Minuses: Mostly plastic construction, no tripod mount (lius a “lens”, not a telescope).

The Rokinon 300 mm /6.3 mirror lens lacks a trigogket, so it was not initially considered as
a compact telescope. However, it has enough lmksffor a custom made compact diagonal
attachment, and its central optical performanagod enough to provide a decent lunar (or solar
eclipse) image. It can also reveal limited planetketail. This lens is reviewed here because,
when adapted to a tripod mount and combined wdbramercial or custom eyepiece holder, it
can be made into an extraordinarily compact telgscad his is useful when there is no space to
for a conventional telescope while traveling, etc.

The clear aperture at the front of the lens is B, lut the secondary light baffle is configured in
a way that only 51 mm of the aperture is used imiog the central image. This is often done in
mirror lenses to reduce vignetting. It is goodcpicee in mirror lenses, but not in telescopes that
are intended for planetary viewing. Details ors twie in review of 500 mm /8 Nikkor-C lens.

The Rokinon lens works well on Micro 4/3 and AP&iats. It is even capable of covering the
full FX format, but vignetting is more obvious imat case. Minimum focus is close: 1.1 meters!

| was going to use the Rokinon 300 mm lens withist@m 90 degree diagonal mirror and an 18
mm eyepiece (17x magnification) at the 2017 tadédrseclipse, but had to use an Ednar Mirror
Scope 500 (reviewed below) instead, after heakbrance acquisition issues consumed all time
I'd have used for projects like this. (Some in & may be laughing at the privatized American
healthcare system because of such long standingiailedpread healthcare availability issues
that Europe had corrected decades ago. Well, teedgughing until we get it right over here!)
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3.5) TeleVue 60 ED Compact Refractor Telescopé cm f/6)

Specifications(measured values in mm are shown instead of fhddispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
60.0mm / /6.0 /360/60.0 mm / None @- -/ 81.0 / 108 / 258 /13409 /
Image Quality (measured, SN 1001629)

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost / CamShake / Notes (Dif. Limited)
Excellent/ Fair /VG-Exc/V Good/V Good/ Eetc/ Fair-Good / NoFocusLock

Build and performanceis summarized in this table:

* Build Quality / Materials: 4 / Aluminum tube with metal draw tube and helicatiser.

* Optical Quality / Details: 4 / Acceptably symmetrical Airy pattern after collinfield curvat.
Summary Notes:

* Build is a 4 instead of a 5 only because the dbigld in my sample could slide too easily, so it
fell backwards when the telescope was pointedugek of provision for precise collimation by
the user (when it is likely that it will lose catiation with thermal cycling) is another factor.

* Optical quality is shown as a 4 because fieldrature is significant, (enough to see in a 12 mm
eyepiece) yet no field flattener is available. @thspects of the optical quality are very good.

* Pluses: Compact size, good lunar and planetary performaacsis aperture, good contrast and
minimal artifacts on crescent moon with earthshimeepbservable false color for most subjects,
helical focuser minimizes vibration when focusietescope while it is on a light tripod.

* Minuses: Field curvature obvious even on Micro 4/3 fornsdight glow around bright objects,
my sample needed collimation, high price, no fdogg, slight lateral focuser play (which would
not be issue if it had focus lock!), telescope #oslides on tripod socket rail even when lock
screw tight, logo is on delicate label; draw tubshort, so plan on getting 1.25" extension tube.
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Fig. 3.5A Compact TeleVue 60 ED refractor telescope, showanted on a Vixen Polarie star tracker.
| use a flip cap on the front to minimize time thia objective lens is exposed to the elements.

The TeleVue 60 ED refractor is a 6 cm /6 ED dotlééractor telescope that utilizes a heavy
aluminum optical tube. It was not the small tetgmecl had initially decided to buy, based on a
list of what | wanted to do with a small telescopet the physical size of the TV 60 was enough
smaller than the telescope | had my sights on ¢g B6 ED) that | got a used TeleVue instead.

Mechanically, the TeleVue 60 has a solid feels Bomewhat heavy for its small size because its
tube is aluminum, and parts of it are fairly thiok.small helical focuser at the back has an
adjustment range of about 17 mm, but the telesbhape draw tube that extends the focus range
by another 53 mm. When the draw tube is pullethaliway out and a diagonal is used, the
TeleVue 60 can focus down to just over 3 meters.

The sole rear interface is a 1.25" eyepiece holdéere is no threaded interface for heavy
accessories. A less common version with a 2" fecuss made at some point in the past, but |
have not seen it in current TeleVue literature e Tiont of the dew cap is threaded for 77 mm
camera lens filters, and the tripod socket is oailahat can slide front to back a few centimeters
The fitting that holds the rail “looks” too smatiut it does not have any wobble in practice.

The TeleVue 60 delivers planetary images that are good, especially when considering the
small physical size and the fast 1:6 f/ratio of tdlescope. No false color is visible on any plane
except Venus, and the image of Jupiter is veryclddave used it at magnifications as high as
218x by using a custom 1.65 mm equivalent focajtleryepiece. Image quality is much better
in the 150x range, but it's nice to know that tld®2 magnification range is possible.

There is considerable curvature of field, and soorea off-axis, so the format size will be
limited when using the TeleVue 60 for photographydoes well on a small sensor camera such
as a Pentax Q or Q7, and small cameras like thresee good match for the small telescope size.

The TeleVue 60 does only fair at the edges of tihed¥/3 digital sensor format because of field
curvature. Corners of the APS format may be pughitoo far, depending on the subject. Field
curvature is fairly obvious in any eyepiece hawniield stop larger than about 12 mm. No field
flattener is made for the TeleVue 60 that | knowinft it would be a very useful accessory.

Optical glasses used in the 2 element objectiv&epeclose to the vest by TeleVue, but since
the instruction manual includes precautions abrpbsing the front element to water spray or
other forms of moisture, it is probably safe tousmss that one element is a synthetic fluorite, like
or similar to FPL-53. The color correction is aod for it to be FPL-51. Contrast is also good.

When looking at the objective lens from the fodahg while a strong light is just to one side to
strongly back light it, it has an unusual appeaganostead of the usual slight haze or cloudiness
you might expect when viewing even the best of naew optics under such harsh light, the
backlit features of the TeleVue 60 objective leresaamultitude of small round spots that each
look somewhat brighter than the rest of the let& 3mall round spots are all of remarkably
consistent size, with each being about 1 mm in dtem
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3.5.1) Initial TeleVue 60 Collimation Adventures

The tested TeleVue 60 telescope was acquired usededed some tweaking before it could
provide a symmetrical star image or satisfying ptary images. Even though there was no trace
of tampering, it was not collimated when | receiviednd upon inspection, it was evident there
had not been any tampering at all. Thermal cyatixglains it all based on the following:

The TeleVue 60 was initially so far out of alignmhémat there were parts of two diffraction rings
on one side of the Airy disk, and no trace of afffyattion rings or segments on the other. Tilt

of the objective cell has no repeatable adjustmbrgtead, three button head screws are in small
recesses under the sliding dew shield. The slidewg shield in my sample also moved so easily
that it fell backwards when | pointed the telescapeso | added some felt to increase resistance.

Loosening the button head screws (which TeleVeeditire discourages) allows the entire lens
cell to tilt, but then it must be held at the propk angle while all three button head screws are
evenly tightened. Theoretically, this should emsgiccomplish by placing appropriate “thickness
gauges” in a groove behind the lens cell. In jpcacit was not this easy with my sample. This
is because the lens cell tilt angle required foppr collimation results in enough tilt of the lens
cell that the cell’s tilt will invariably decrease the screws are even moderately tightened.

The solution was to make a small crescent shapaidlpaasher that could fit into the screw
hole, right next to the collimation screw that abe farthest from the front of the main tube to
achieve proper tilt of the lens cell. When insgmext to the correct side of the screw, the brass
partial washer keeps the screw from moving in adtiion parallel to the optical axis as it is
tightened. Shims were then added in the gap betéeefront cell and the tube at clock angles
corresponding to the other two collimaton screwke partial washer for one screw, plus shims
corresponding to the others, keep thermal cyclioghfgradually causing the screws to creep
back to the positions they were in when | receitvedtelescope. Originally, the cell had no tilt at
all. After adjustment, the telescope providedrametrical Airy pattern at the center of the field.

Now that we’ve covered that little adventure, wa o#ove on to the next telescope.
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3.6) Ednar/Pentax Mirror Scope 500 (500 mm f/8 camera lens and 25x visual telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
62.5mm / /8.0 /500/66.0 mm /34 mm / 52%81.0 / 104 / 136 /7729 |/

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Ednar MirSc 5800046 OKvid 8/0 8.0  50perc 60perc 8.0 F-G  Mlal&b

C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes 2
Good / Good [/ Fair /Fair-Good/ GoodPdor /  Poor / No Photo Tripod S.

Summary:

* Build Quality / Materials: 4- / Aluminum mechanical components with rubber fogup.

* Optical Quality / Details: 3- / Slight spherical aberration. Some samples héver @aber.
Summary Notes:

* Build quality is similar to vintage “made in Jagamirror lenses, such as those marketed by
Tokina. Focus is smooth, but has very little dargpiThe method used to mount the 45 degree
prism in its housing can result in some reflecamomalies developing over time due to oil
migration. To prevent fungus growth, this mustreoted by removing and cleaning the prism.

* Optical quality is a 3- because there is soméatian in optical quality between samples. All
have a slight amount of spherical aberration tingitd the maximum practical magnification to
between 50 and 80x, but some have slightly asynicaétberrations at the center of the image.
* Pluses: Compact size, attractive industrial design, scirewyepiece has secure fit, optical
guality is adequate for lunar, solar, and terraktiewing at low to medium magnification; can
be used as camera lens when the combined prisapiegg assembly is removed from the back.
* Minuses: Slight spherical aberration limits usefulnessdtanetary viewing, some variation in
optical quality between samples, limited selecbbeyepieces due to proprietary thread size.

The Ednar Mirror Scope 500 has been marketed unday names over the years, including
Ednar, Jason, Kenko, and Pentax. It is a 500 r@mnivror lens that includes a matching 45
degree correct image prism and a screw-in (prapgighread) 20 mm eyepiece. Ednar, Jason,
and Pentax versions have T-thread (M42 x 0.75 rbat)the Kenko has P thread (M42 x 1 mm).
In the 1980's, an optional 1.5x converter was etfdor the Kenko version. Mirror Scopes were
also available in a 300mm f/5 version, but resolutf the 300 mm left something to be desired.

The front of the Mirror Scope 500 is threaded toeqpt 72 mm filters. Minimum focus distance
is about 2.5 meters. The standard 20 mm eyepresgdes a magnification of 25x. The shorter
10 mm FL eyepiece that comes with the 300 mm versfdhe Mirror Scope provides a 50x
magnification when used in the Mirror Scope 50BwerE is no provision to attach a finder scope.

A mirror scope 500 is one of those optical gadfss you may feel you just have to pick up and
look at due to its still unique industrial desig@ptical quality is satisfactory but not outstargdin

| used one to view ingress during the 2012 Verassit, and it exhibited the “black drop effect”
until almost 20 seconds later than the highestiuésa telescope | was using that day.
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3.7) Tamron 500 mm /8 Adaptall Mirror Lens (used as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
62.5mm / /8.0 /500/67.0mm /35mm /520684.0 / 92.0 / 93.0 /680 g/ w/NikAd

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Tamron AdAIl 906694 OKvid 8.0 8.0 60perc 70perc 8.0 G+  SlfAxis

C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes 2
V.Good / Good / Good [/ Good / Fair Gbod / Fair /Focusto 1.7m:; 82 filt.

Summary:

* Build Quality / Materials: 4- / Almost all components except optics are madaetal.

* Optical Quality / Details: 4 / Image that is comparable to high end lensesogped down..
Summary Notes:

* Build is 4- instead of 5 because the barrel latreely thin, and it can flex enough to distoréth
mirror and adversely impact image quality under s@incumstances. Includes nesting hood.
* Optical quality is 4 due to some asymmetry irr st@ages, while flare is acceptably low and
consistent. However, the thin barrel can caus@oeany reductions in image quality.

* Pluses: Good image quality vs size, flare is low enouglde for crescent moon or total solar
eclipse, measured aperture exceeds specified epectase focus, rear filters, some models have
tripod mount; nesting lens hood is long enoughctoally be useful, well integrated with case.
* Minuses: Some asymmetry in star images, construction niogtd little too light, black outer
covering on fitted case is delicate and flakesasftase ages.

The Tamron 500 mm /8 Adaptall lens is a compacttsharp mirror lens that can focus down to

about 1.7 meters. It has an oversized front apethat is a little larger than the 67 mm diameter
area that is utilized for imaging at the centethaf focal surface. This additional aperture igduse
only for off-axis parts of the image. This redugemetting but does not completely eliminate it.

Resolution and contrast are comparable to a 500/81hikkor-C mirror lens, though sharper
photos may result from a Nikkor because it hasawiee tripod mount. Flare is more consistent
than most mirror lenses, so it can capture adedgonages of the crescent moon with earthshine.

There is some variation between samples of the diaB®0 mm lens. The best samples are
almost diffraction limited at the center of the geawhile others have visible astigmatism or
asymmetrical aberrations. However, samples with siperrations still tend to produce central
spot sizes less than twice the size of what thg éisk would be in a diffraction limited image.

There are at least two versions of the Tamron 500ff8 lens. One has a rotating tripod mount,
and the other does not. There is also a differanbew the Adaptall mount receiver assembly
attaches to the back of each version. A 350 mr6 #/Brsion of the Tamron Adaptall mirror lens
was also made, but it is not evaluated here dits targer central obstruction.
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3.8) Nikon 500 mm /8 Reflex Nikkor-C Mirror Lens (used as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
62.5mm /8.0 /500/ 72.0 mm /38 mm /53P91.0 / 101 / 152 /953 g /RABYfi

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt ConbBtes 1
Nikon Reflex 565068 OKvid 8.0 8.0 53perc 62perc 8.0 VGood8f CA

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost / CamShake / Notes
VG-Excel / Good /V Good / Good / Poor [/ Faif Good [/ Almost Dif. Ltd.

Summary:

* Build Quality / Materials: 4+ / Almost all parts except optics are made of metacise feel.

* Optical Quality / Details: 4 / Reasonably good resolution & color saturatiorerage flare.
Summary Notes:

* Build is 4+ instead of 5 only because focus haslamping and central obstruction is large.

* Optical quality is 4 due to some asymmetry irr st@gages, and flare is too uneven for a TSE.
* Pluses: Good image quality vs physical size, measuredtafeexceeds specified aperture,
rear filters, solid feel, solid tripod mount.

* Minuses: Some asymmetry in Airy pattern, uneven flare caddersely affect eclipse images.

The 500 mm f/8 Reflex Nikkor-C is one of the fimsirror lenses that I tried using as a compact
telescope. Its performance for this is not bacefaryday use. It provides good low to medium
magnification (28 to 56x) images of wildlife andtimoon, but struggles when imaging planets
at 100x or more. It can easily image the belt3ugiter or the rings of Saturn, but it can’t quite
image detail in Jupiter’s belts, or details suclhasdark Cassini division in Saturn’s rings.

The Nikkor has a solid casting for its tripod mquand is one of the better compact mirror lenses
in terms of resistance to camera shake. The mmifimecus distance of 3.9 meters is close
enough to view and photograph birds, but is aistadt for photographing small insects. The
Nikkor is not as compact as most 500 mm /8 mikeases, but its images are better than most.

To reduce vignetting, the Nikkor lens has an 83 awar aperture. This is considerably larger
than the 72 mm diameter area that is utilizedrfaging at the center of the focal plane. The
additional aperture is used only for off-axis parftshe image. This helps reduce vignetting.
This limited use of the available aperture at theter of the focal surface works well in camera
lenses, but it is not a practice that should bel is¢elescopes that are intended for high
magnification (i.e. narrow field of view) imagingecause it reduces the working aperture in the
center of the field, which in turn reduces bothttieoretical and actual angular resolution.

When the primary mirror is strongly illuminatedshows numerous subtle concentric marks that

are reminiscent of the look of a flat surface thas turned on a lathe. These do not appear to
impact the image, since scattered light is miniozahpared to other mirror lenses or telescopes.
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3.9) Celestron C65 Maksutov-Cassegrain (Mak-Cass) Tescope(1980's version)

Specifications(estimatedrsalues in mm are shown instead of published spedien different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
65.0 mm /f/12.6/816 /65.0 mm / 23 est35% / 79 est/ 86 est/ 300 est/ 6509 est /

Image Quality (measured; SN TBD)
C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes
Good [/ Fair | Good [/ Fair [/ d&do/ Good / Poor [ MaxUsefulF: 10

Summary:

* Build Quality / Materials: 2 / Plastic optical tube and light baffles. Plastgdical focuser.

* Optical Quality / Details: 3- / Considerable variation in samples. Some are gemde bad..
Summary Notes:

* Build quality is just fair. The plastic opticibe is adequate, but its length was sized so that
half of the focus range is not useful (focuses watt infinity), and this pushes the close focus
distance out to about 3 or 4 meters. The low gatin2 is because the unusually long and heavy
secondary baffle fell off of the Maksutov correctoisome samples, where it can scratch mirror
coatings. Focusing rotates the back of the OTAhedC65 is not well suited to photography.

* Optical quality is a 3- because there is soméatian in optical quality between samples.
Some samples provide diffraction limited imagesilevbthers have asymmetrical central spots.
The latter is probably a result of the plastic tabsembly failing to provide adequate alignment.
* Pluses: Erect image without using any attachments, lorglftength allows use of long eye
relief eyepieces, which is very useful for peopkawing eyeglasses. To this day, there is nothing
else like it that can provide good eye relief icoanpact telescope for eyeglass wearers.

* Minuses: Variation in optical quality between samples, setary baffle subject to falling off

in some samples, rotation of rear cell while fongss complicates use for photography.

The Celestron C65 is a true Gregorian Maksutov-€ssn telescope that provides an erect and
correctly oriented image at the eyepiece withoatrteed for a diagonal or any other attachment.
It does this by reversing the Maksutov correctothed the convex side is toward the front. This
obviously places the concave rear surface of thectr toward the back, where the secondary
mirror spot is also concave. This in turn meaas the tube must be longer than that of the
average 65 mm aperture Cassegrain, because théligtlle reflected from the primary mirror
must reach focus and then begin to diverge agdordod reaches the secondary mirror surface.

The eyepiece holder at the back accepts 0.965'lengep The long focal length and absence of
prisms near the eyepiece provides an extraordynagehn low magnification image. The long
focal length also makes it practical to use lorfgeal length eyepieces such as a 25 mm
orthoscopic or the Meade 40 mm MA. When the C65 used with the latter eyepiece, it
proved to be the only telescope that my mom was &ble to successfully use with glasses on.
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3.10) Nikon 300 mm /4.5 ED Nikkor Lenqused as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
66.7mm /f/45 /300/ 66.7mm / None-0- /80.0 / 935 / 193 /11109 hMg

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt ConMetes 1
Nikon ED 226301 6.8 5.0 6.3 7.5 5.6 5.6-6.3 VG No def glg.

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost / CamShake / Notes 2
V Good /V Good /V Good/V Good/ Fair-G/&x/ V Good [Dif. Itd. at f/6/8

Summary:

* Build Quality / Materials: 4+ / Almost all parts except optics are made of metacise feel.

* Optical Quality / Details: 4 / Reasonably good resolution & color saturatiorerage flare.
Summary Notes:

* Build is 4+ instead of 5 only because the helfoalus mechanism has a little backlash.

* Optical quality is 4 due to some asymmetry irr st@ages, and visible chromatic aberration in
images of many subjects at apertures wider thantdl®8. Works for piggyback photos at f/5.
* Pluses: Good image quality vs physical size, close fosofid feel, solid tripod mount.

* Minuses: Some asymmetry in star image; does not becommdlifbn limited until about /6.8.

The 300 mm /4.5 ED Nikkor was one of my most fretly used small “telescopes” between
1995 and when my condition prevented having thaisia to even rarely use a telescope in the
early 2000's. The 300 mm ED Nikkor lens was angsed with two of my inventions (and thus,
Versacorp products) to convert it into a versaglescope. These inventions and products are:
the DiaGuider, a combined adjustable off-axis guatel flip mirror; and the VersaScope (TM)
Adapter, which used a 1.5x Questar-Dakin Barlove lemorking at 2.2x) to provide enough back
focus to use the DiaGuider behind the lens. Coetbimith these items, the 300 mm ED Nikkor
was used to both view and photograph the 24 Octdl985 total solar eclipse in Thailand. A
few years later, when | set up 300 mm ED Nikkohwviite same accessories for public viewing
of comet Hale-Bopp at CalTech, a few people cometetitat they liked the 32x view in the 300
mm ED Nikkor lens better than their views throubl targer neighboring telescopes.

As a telescope, performance of the 300 mm f/4/S\i{or is more than adequate for everyday
use. It provides good low to medium magnificat{@i to 54x) images of wildlife and the moon,
and can reveal some planetary detail even whenarsexhd 100x. However, diffraction limited
performance is not reached until the lens is stdgmevn to about f/6.8. For a telescope, the 300
mm ED Nikkor does not do quite as well as the 500 amron or Reflex Nikkor mirror lenses,
but the ED Nikkor also performs well (and has adafratio) for deep sky astrophotography.

The 300 mm /4.5 ED Nikkor uses two solid castif@gsthe rotating tripod mount that is located

fairly near the back end, so it has good resisttmcamera shake. The minimum focus distance
of 2.5 meters is close enough to view and photdgragny different subjects.
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3.11) Vivitar 800 mm f/11" Solid Cat” Mirror Lens (used as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
72.7mm /f/11.0/800 /720 mm /40 mm /560108 / 119 / 118 / 1498 g/ w/hood

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Vivtar SolCat 44845072 OKvid 11.0 11.0 70perc 80perc 11.0 G argk C. Obs.

C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes 2
Good / Good [/ Good [/ Fair [ rFai/ Fair / Excel [/Haze on 1 element

Summary:

* Build Quality / Materials: 4 / Almost all components except optics are madeealvy metal.

* Optical Quality / Details: 3- / Reasonably good resolution/color saturation;ungven flare.
Summary Notes:

* Build is 4 instead of 5 only because one elemetgted in the original assembly process.

* Optical quality is 3- due to some asymmetry iarsimages, and flare is too uneven for a TSE.
* Pluses:Long focal length, reasonable image quality vssptat size, rear filters, solid feel,
reasonably solid rotating tripod mount, eye catgldasign (if you are into that sort of thing).

* Minuses: Asymmetry in star images, uneven flare is issuefescent moon and eclipse pix.

In the 1970's, Perkin-Elmer partnered with ViviiBonder & Best) to manufacture and market
what is commonly referred to as a solid catadiogaik.a. "solid cat") lens. Well known
versions are the Vivitar 600 mm f/8 and 800 mm &blid cats. The Vivitar 800 mm f/11 Solid
Cat lens is a multi-element lens that is looseleloeon a 680 mm f/12 Perkin-Elmer mirror lens.

In practice, performance of a good sample of atengolid Catadioptric lens is similar to that of
conventional mirror lenses made by camera manufastisuch as Minolta and Nikon, and is
somewhat better than conventional mirror lenseketad as Soligor or Vivitar (etc.) products.

The reviewed sample of the 800 mm solid cat lem®idiffraction limited, but it has more than
adequate resolution the film photography for whialkias designed. It is a little soft for crop
sensors (Micro 4/3, etc.), but is reasonably skarp 24 MP class full frame digital sensor.

Resolution and contrast of the 800 mm f/11 soltdeas is a little better than that of a low cost
imported mirror lens, but not as good as betteraniens such as a Reflex Nikkor-C or Tamron
500 mm. Build quality is good, with a nicely darddeel to the focus. The minimum focus
distance is about 7 meters. The front thread istamdard, but the back accepts 35.5 mm filters.

Vivitar Solid Cat lenses have about the same phi&agth as conventional mirror lenses of
similar focal length and aperture, but are healiee. diameter of the solid cat lens cell is
relatively large when compared to its useful aperturhis is necessary because the heavy helical
focusing threads must encircle the entire lensmalBeandits cell, as opposed to being part of
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the lens cell itself. Build quality is good ane ttocus ring has a smooth, damped feel.

Since the solid cat lenses were manufactured rhare40 years ago, it is not unusual for some
samples to have coating degradation. Some refesanention that the units actually made by
Perkin-Elmer had a higher susceptibility to thiartlothers, but | can’t confirm if it is true. [Some
may even have separation between elements 3 aBthde the location of the cemented surfaces
is subject to TWO passes of the light, separateonlie a big problem if it develops.]

According to the patent, the optical design ofsbkd cat lens was intended to provide more
optical surfaces that could be used to correctrabens. The term "solid catadioptric” is in
conflict with having more optical surfaces than sosther mirror lenses.

This is because the 800 mm /11 solid cat lensiisally solid. It isn’t made from a single solid
piece of glass. Far from it, in fact. The maimyof the lens actually consists of four elements,
three of which are as wide as the full apertutes ¢éven possible that at least one element is
even plastic, being made by a company then knowh/ & Precision Lens". In addition to
these larger elements, the Vivitar lens also hasessmall refracting optics at the back.

The 800 mm f/11 version of the Solid Cat consi$thee thick full aperture air spaced lenses,
with the air spaces being very thin. The air spanake it possible for each surface to have a
different curvature. The rear full aperture eletisrannular and has an aluminized back surface
that forms the primary mirror. The secondary miigorface is on a separate, smaller diameter
optic that is cemented to the center of the frafitdperture lens. A few small elements are in
the back, surrounded by the before mentioned anfullaaperture element.

The front element is actually a small element tzet a reflective surface on its front side that
serves as the secondary mirror. This elementented to the center of the second element,
which is a bi-convex lens of about 10 mm centaskieéss. The entrance pupil is at this second
element. The third element is a fairly thick elernnat has a concave front surface that is not
far from the radius of the second element’s redasa. The forth element is annular, and the
mirror coating on its back side is the primary wirsurface. It is cemented to the third element.

In addition to the main 4 elements, some smalleacéng elements are mounted in a conical
cell that resides in the center hole of the anriolidh element.

When light passes through the solid cat lens,sspa through the elements in this order: Light
first enters an annular area of element 2, thesgsathrough elements 3, and 4. The light reflects
from the mirror surface at the back of elemenhéntpasses forward through elements 4, 3, 2,
and 1. At this point, the light reflects from timérror surface at the front of element 1, and
passes back through elements 1, 2, and 3. Thieelis at the center of element 3 and passes
through the rear lenses that reside in the cewlerdf element 4, then goes on to the focal plane.
This represents a lot of passes through quite aafet glass optical surfaces. When combined
with the effects of a central obstruction largearttb0 percent, the contrast is understandably low.

Performance Details: The 800 mm Solid Cat is noy geod for long exposure corona shots
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though, because it failed the "Crescent Moon T@&e photo 0763), which is less rigorous than
the "Half Moon Test". So there is no need to eveadhalf moon test on Monday.

The issue on the crescent moon test is that tlsehas a 1.5-2 mm radius flare artifact in the
center when a bright object is in the field of viéWhis artifact would result in a 3-4 mm
diameter ring in the center of the moon duringlitytalt would start to become detectable in a
1/2 second exposure. So, not a good lens to usaftrshine on the moon during totality. (Need
a long exposure for that anyway.)

The Solid Cat flare artifact is about 1 percenbaght as the bright feature in the image. This is
brighter than artifacts from most other slow mirmses, but not as bad as artifacts in fast
mirror lenses such as the 500 mm f/5 Nikkor. Hb®ut the same brightness as artifacts from a
Nikon 1.5x tele-converter, but not as bad as atsfé&rom a Nikon 2x tele-converter.

The Solid Cat was close to diffraction limited, I diffraction pattern was biased into a coma
fan shape that was about 3 diffraction rings igten This could be due to de-centering issues.

There is no visible light between the diffractiamgs, which means that bright scattering is well

controlled. It split both components in the Lyrauble-Double, but the coma was visible. In a

picture of the moon (#765), | could see that tmatdimb was well defined at the bottom and up
to the 3:00 position, but the limb became lessngefitoward the 2:00 position and up to the top.
This is due to the coma fan, which runs more @ teward a 1:00 position in the picture.

The lens is stated to be f/11. With 72 mm of uéitlaperture on-axis, the actual f-stop comes out
to f/11.11. But when you consider the 40 mm secgndbstruction, the resulting aperture area is
only equivalent to a 59.87 mm un-obstructed apertdn additional 11 percent is probably lost
to the coatings (same as having 0.943 as muchuapextea) so the final “effective” aperture is
56.5 mm, for a transmission value of f/14.1. Thasween in star tests, since stars looked dim.

After evaluating the Solid Cat lens and seeing tihate is some coma from de-centering, my
impression is that the Solid Cat concept, as implaed in the Series 1 Solid Cat lenses, may be
just a gimmick. One of the claims is that the cgitsurfaces cannot get out of alignment, but in
reality they can to the same small extent thabssjble in any other mirror lens, since the
primary and secondary mirror surfaces are not erséfime optical substrate. [[Haze.]]

One little known fact about the Vivitar 800 mm f/$blid Cat lens is that it can be adapted to
certain medium format cameras. In my sample, theiiy stop can be moved to almost an inch
past the infinity mark and still maintain adequelsarance between the second full aperture
element and the rear element groups. The rear ategneups have a negative focal length (and
therefore act like a Barlow lens), so the full wiackaperture is available even if the focus is
adjusted to provide a significantly longer backuedistance.

Ultimately, it was found that the back focus cobextended to about 3mm farther than what is
needed to work when close coupled to a Pentax &xiera, and the modified 800 mm lens
covers almost the entire 6x7 format, due in path&extended back focus distance!

Now we’ll cover the less desirable aspects of @ Bm Solid Cat lens, and ways that some of
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these can potentially be corrected in an existarge.

The three full aperture elements in the VivitalidéQat are intended to provide superior
correction of aberrations, but in my sample, eddhese elements had enough centering and
other flaws that the result was simply a lens toald be "tuned"” to have different aberrations.
The "tuning" is done by rotating the larger elersemith respect to each other.

At one extreme, the solid cat lens had strong mstiggm and a lesser degree of other aberrations,
but provided high contrast for features larger tthenspot that is formed when imaging a point
light source such as a star. At the other extrehgelens had no astigmatism at all, but instead
had severe spherical aberration, which loweredrasttThere was no rotational position that
could produce a diffraction limited image.

All three elements were marked with a line down sige when the lens was made, but it was
obvious that the front element had rotated a Mithen the front spanner ring was first installed. |
eventually came up with a very slightly differeatational combination that produced a
somewhat better image than the original alignment.

Other detrimental aspects could not be alteredekample, my sample had haze on the back of
the front element. Seeing this, the lens was desabked to see if the haze could be removed.
However, the haze was found to be permanent, appiared to a case of the lens not quite
having been fully polished prior to adding the Adating. The haze was very consistent and
there was no trace of fungus.

Vivitar 800 mm f/11 Solid Cat Flaws (and correcspwhere practical):

A.) Solid cat optics initially produced a relatiyéghrge and asymmetrical central spot, w/coma.
* FIXED by slightly rotating the three full apertielements with respect to each other. The
resulting image still is not quite diffraction lited. (But, it is a camera lens, not a telescope.)

B.) Back side of front element has significant haze a 2 mm gray spot.
* NOT corrected. Appears surface may have been édRedl prior to adequate polishing. Gray
spot was covering a small area having no AR coating

C.) Light baffles reduce 75 mm clear aperture t&d f@m working aperture at center of field.
* NOT changed, can't be changed. Not unusual faiomlens that is made for photography.
Outer parts of aperture are utilized in off-axistpaf field.

D.) 40 mm secondary obstruction is over half of Z2é&5 mm working aperture diameter.

* NOT changed, can't be changed. Large obstrudcsiom prevent fogging at edge of format, and
the baffles seem to be somewhat effective for this.

E.) No provision to attach a finder scope.

* NOT ccorrected. The Solid Cat lens was desigoduoe a camera lens, not a telescope.

F.) Minimum focus distance is about 22 feet (6.7m).

* MODIFIED to focus to 18 ft (5.5m). Even 22 ftgood for an 800 mm lens from the 1970's!
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3.12) Soligor/Vivitar 600 mm f/8 “Stovepipe” Lens(used as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
75.0mm / /8.0 /600/ 75.0mm / None @- -/ 90.0 / 93.0 / 556 /1873 gohd

Image Quality (meas.) Thresholds for:

Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 Us&bnt/F Notes 1 (56 mm hood)
Soligor T Lng 9692397 11 10 1m1 10 10 V Rdvgrnastig; mn.frdgl
Vivitar T Lng 66133 12 11 1111 10 11 V-Rdvgrnastig; R/G, lowcf8

C. Resol. / E. Resol. / Contrast/ Flare o6dBh/ Ghost / CamShake / Notes 2
VG-Excel / V Good /V Good/V Good / Good / Exé¢. VGood [ MaxUsefulF: 10~11

Summary:

* Build Quality / Materials: 4 / Almost all components except optics are metil;delicate.

* Optical Quality / Details: 3- / Resolution not as good as tele. version; vamatietw. samp.
Summary Notes:

* Build is 4 instead of 5 mainly because the irisaimanism is typical for lenses in its price range.
* Optical quality is a little soft at f/8, but difiction limited by f/16. Less flare at f/11 thd8.f

* Pluses: Good image quality (when stopped down enoughatixaly light and easy to handle.

* Minuses: Astigmatism and some spherical aberration fromt&8/11, best image quality not
reached until f/16; 60 cm long lens does not bagakn for transport; non-standard front thread.

The Vivitar 600 mm f/8 “stovepipe” lens is optigal “long” (i.e. not telephoto) lens that is
physically 100 mm longer than the modular “telef@&00 mm f/8 lens. It is 556 mm long and
has a rotating tripod socket. It does not breakrdfor transport, but it is not particularly heavy.
The iris diaphragm in this and most other revieveoed) FL refracting lenses (except Leica 560
mm) is a “pre-set” type, where one ring sets thertape and the other manually stops it down.

Compared to other types of Vivitar, Tokina, or §olirefracting lenses of 600 mm or longer
focal length, performance is about average. beiser than “telephoto” versions of the 800 mm
lens, but not as good as the telephoto versioheoWVivitar 600 mm /8 lens. Image quality is
acceptable for full frame terrestrial photos by@atdél 1, but the lens must be used at nearly /16
for optimum performance on crop sensor camera asidflicro 4/3. Minimum focus is 13 m.

As a visual telescope, rich field (i.e. wide fielohw magnification) views are acceptable wide
open, better at f/11, and diffraction limited ababf/16. Wide open, predominant aberrations
are moderate spherical aberration, longitudinabictatic aberration, and astigmatism, combined
with lesser amounts of other aberrations that cateseamages to have an irregular shape, though
still a relatively small angular size. Flare itatevely low because there are only two air to glas
surfaces. As with the 560 mm Leica lens, off-amiage quality is a little below average at wide
apertures due to a lack of any type of field flaittg (etc.) lenses near the back.
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3.13) Vivitar 600 mm f/8 Modular Telephoto Lens(used as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
75.0mm / /8.0 /600/ 75.0mm / None @- -/ 94.0 / 127 |/ 452 /[/1930¢g/

Image Quality (measured) Thresholds for:

Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comdibies 1
Vivitar Tele. 37901302 9.5 8.0 10est 1llest 10est 8.0 VG+ gt lens
Vivitar Tele. 37901615 11.0 9.0 10est 1lest 10est 9.0 VG+ ol/&ull frm

C. Resol. / E. Resol. / Contrast/ Flare odsh/ Ghost / CamShake / Notes
VG-Excel / V Good /V Good/V Good / Good /V Gobd Good+ [/ MaxUsefulF: 9.5

Summary:

* Build Quality / Materials: 4+ / Almost all components except optics are madaetal.

* Optical Quality / Details: 3 / Image quality comparable to high end lensedpipged down.
Summary Notes:

* Build is 4+ instead of 5 only because the iriscmanism is typical for lenses in its price range.
* Optical quality is a little soft at /8, but drtiction limited by f/11. Flare is acceptably low.

* Pluses:Very portable when disassembled and stored staisdard case, long lens hood nests
around lens when stored in case, built-in sighlsn&ter minimum focus. Better than average
optical quality for a long telephoto lens of lowrtmderate price, especially if stopped down.

* Minuses: Some spherical aberration at maximum aperturgyraatism (SN ..1615) persisting
into smaller apertures, but smaller than Airy Diogkf/11; fine threads on lens segment assembly
ring increase time required to assemble the letisarfield; non-standard front thread size.

The Vivitar 600 mm /8 modular lens is a telephiaias that is physically about 10 cm shorter
than “stovepipe” versions of 600 mm f/8 lensesbrétaks down into two parts that store neatly in
its compact case. Compared to other types of &iyitokina, or Soligor tele lenses, it performs
well. At f/11, its image quality compares everhigher end lenses such as a 560 mm /6.8 Leica
Telyt-R. It does not equal an ED Nikkor unlessdugeabout 1 f/stop slower than the Nikkor.

The Vivitar 600 mm f/8 lens is good wide opamfilm, but falls short fodigital unless stopped
down to f/9.5. Wide open, it has astigmatism dighsspherical aberration. Optimum image
quality is between f/10 and /11, where the centralge is diffraction limited. Astigmatism can
then be detected in a de-focused image, but iswidént in a focused image. Flare is relatively
low, and off-axis image quality is better than age due to field flattening lenses near the back.

The lens has a good rotating tripod mount, andtsighlinimum focus distance is 10 m, which is
closer than the 13 m of a “stovepipe” versionshef 800 mm lens that were covered earlier.
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3.14) Ad Astra Ill Maksutov-Cassegrain Telescop€7.8 cm /9.75)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
78.0mm /f9.75/760/ 75.0 mm /33 mm /44P46100 / 104 / 189 / 990g /Dif.Ltd

Image Quality (measured; SN 3F0261, 3F0315)
C. Resol. / E. Resol. / Contrast/ Flare / Blod Ghost / CamShake / Notes
Excellent/ Good | Good / Good /V Good teix/ Fair-Good /2.3 m Min Focus

Summary:

* Build Quality / Materials: 4+ / Almost all components except optics and an @-are metal.

* Optical Quality / Details: 5- / Large obstruction, but near textbook diffractlonited image.
Summary Notes:

* Build is 4+ instead of 5 only because moderatidiicate labels are used for logo in center of
corrector, and for the distance scale. Tripod sbiskalso well in front of CG when camera used.
* Optical quality is diffraction limited, and thatge (by percentage) central obstruction is the
only thing that degrades the image in comparisamt&PO refractor of the same aperture.

* Pluses: Diffraction limited image, compact size, close &13ninimum focus distance, well
made with good mechanical heft and feel, propryegaiick release diagonal and camera adapter
on some models (some may love it, some may hateaitf)era adapter has 48 mm filter holder.

* Minuses: Labels used for logo and distance scale, smpbdrimount is well in front of CG, no
means to mount finder scope (in some models), ggpdlagonal only has 20 mm clear aperture,
causing vignetting with wide field 1.25" eyepiecesl except lack of a finder mount are minor.

In the mid 1970's the late Max Bray showed us vehsrhall, affordable, high quality telescope
should be like, but few seemed to notice. Thestalpe is the Ad Astra lll, a 78 mm {/9.75
Maksutov-Cassegrain that was also sold as a cdemesa Unlike most small, moderately priced
telescopes, the Ad Astra lll is diffraction limitgoroviding an almost “Questar-like” image.

The biggest feature of the Ad Astra lll is its @gti Unlike almost every other small Mak-Cass
faster than /15, the Ad Astra has a differentwadif curvature on its secondary mirror spot than
it does on the rest of the corrector. The corrdetos curvature is near that of an /15 Mak, but
the secondary spot has a longer radius of curvaypeovide the f/9.75 f/ratio. These attributes
reduce spherical aberration. As a star is de-feugyht is visibly transferred to the diffraction
rings, rather than just into a blur. The lightflesf are also well designed, which is a rare thing.

In the late 1970's Kimball (same company that mglkgs organs) acquired Ad Astra, and full
page ads for the Ad Astra lll were run in Sky amfleScope magazine. The price was as low as
similar size offerings by larger telescope makbus,the Ad Astra never took off. At the time, |
had never seen one in person at a telescope starg\where else, but a Montana newspaper had
a photo of one in an article about the 26 Feb. 18# solar eclipse. In about 1984, a customer
brought one into a telescope store where | workeshow it off. It was nice. In his sample (and
in another sample a friend gave me), an in-focaisistage is diffraction limited and symmetrical
(SN ..315 or almost symmetrical (SN ..261). Infoedsed images, the outer edge is only slightly
harder inside focus than outside. The Ad Astrandivides good images of Saturn up to 217x.
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A few versions of the Ad Astra were made beforevission that was widely advertised. In all
versions, a helical focuser at the front movesMia&sutov corrector forward or back. This is by
design. Max Bray said he deliberately avoidedgtesthat moved the primary mirror via a rear
focus knob. He used front helical focusing instdértause mirror slop (image shift) that occurs
when sliding a mirror thimble on a primary baffidée results in too much misalignment for the
image quality Max wanted. Another aspect he didmention is that back focus with respect to
the optics can be reduced if the primary mirrarasmoved to adjust focus. And collimation is
permanent because the outer edge of the centanedrpmirror registers directly to the tube.

Early models of the Ad Astra lll have a singlersteelical focus thread, so it takes several turns
of the front cell to focus from infinity down tog¢lminimum focus distance. Later versions have
multiple start helical threads of about 8 mm pitdthe tapered front cell has flutes neatly
machined into its side. In most models, the micelt is a casting, and other parts are machined
from aluminum tubing. Some versions have blacisfirall over, while others have natural
aluminum finish in the flutes on the front celldaon parts of the rear quick release grip ring.

Another area models vary is the means used tahadtatar diagonal or camera coupling. Early
models have T-thread on the back, and a diagoraraera coupling screws directly onto the
back. The diagonal has a screw to lock its rgpasition. The widely advertised version of the
Ad Astra lll has a quick release ring on the bdek pushes a flexible ring, into a proprietary
groove on the front of fittings for the matchingrstiagonal and camera coupling attachments.

When the Ad Astra Ill was still available new, nidtyer anti-reflection coatings (as opposed to
Magnesium Fluoride) were just starting to appeaa éew smaller telescopes. These were not
used on Ad Astra telescopes, and Max explainedhiea¢ was a good reason for it. At the time,
multi-coating processes that were cost effectigar{acosting less than the telescope!) caused the
glass being coated to get quite hot. The heatamasgh that Max was concerned it could undo
some of the benefit of previous annealing of tlesg) so he avoided the multi-coatings. Heating
glass that is only used as a lens is one thinaatiktgglass that includes a mirror surface (which
must be about 4 times more accurate than a refgpstirface) is something else entirely. The
main concern was that the corrector could take canaber that would introduce astigmatism.

The physical size of the Ad Astra Ill is small egbuthat it can be taken more places than many
other telescopes or similar or larger apertureartt go where a C90 or Pico 8 cannot, since it has
a precision feel, and good enough optics that geapl wantto bring it along. It is also shorter
than either scope, and the difference in lengthase pronounced when using a diagonal. With

a diagonal, the Ad Astra is still smaller than ertbf the mentioned scopes without a diagonal.

The Ad Astra lll is infinitely better than the impged Mak-Cass telescopes of similar aperture.
The comparison reveals just how bad the importieddepes really are. The Ad Astra lll is a
telescope that should be introduced again, artebitld be made right, just like it was made right
the first time around. This means that it, aneégsential parts, should be made in the USA,
and/or in one of the few other countries that gnlbw how to manufacture good telescopes.

In the 1970's, a visionary telescope maker showwat & small telescope can do, and what one
should be like. His design shows “how it shoulddoee”. Now, it's just a matter of a company
that knows how to buildoodtelescopes having the vision to pick up the badl eun with it.
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3.15) Vivitar 500 mm /6.3 Telephoto Lengused as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
79.4mm / /6.3 /500/ 79.3 mm / None @- -/ 95.0 / 95 / 425 /1700¢g/

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Vivitar Tele. 70186 9.5 11 9.5 11 13 9.5 11 V- RAVGnAst;Sym63

C. Resol. / E. Resol. / Contrast/ Flare o6ddh/ Ghost / CamShake / Notes
Far / Farr |/ Fair / F-GoodFair / Fair / Fair/ SmlL.Tps; MaxUsefulF: 10.0

Summary:

* Build Quality / Materials: 3 / Almost all parts except optics are metal, bl mount small.
* Optical Quality / Details: 2 / Image quality is average at best, but star imageund at f/6.3.
Summary Notes:

* Build is a 3 because the tripod mount is ridiadty small and the iris mechanism is delicate.
* Optical quality is soft at /6.3, though a stardge is round, contrast is low at wide apertures.
* Pluses: Star images are round, though a little large adiniformly colored at maximum
aperture; tapered barrel design could make it &meec of attention in a retro lens display.

* Minuses: Spherical aberration with astigmatism and longitablchromatic aberration, with
the latter two persisting into smaller apertureg vaith artifacts becoming smaller than the Airy
disk by about f/11; non-standard front thread size.

The Vivitar 500 mm {/6.3 telephoto lens is a relaly light weight design, in that it uses the
same relatively small focus mechanism as some I83/85 and 200 mm f/3.5 lenses. It has an
interesting taper along most of its length, maktrane of Vivitar's more unusual looking lenses.
The lens hood is a metal 99 mm diameter screweippstd design that adds 59 mm of length.

The tripod socket is a ridiculously small chromtérfg with less than a 30 mm diameter. The
small tripod mounting surface almost makes camesiesinevitable, but the lens can be used to
more advantage if the tripod socket fitting is rened, and the tapped 1/4-20 hole that secures the
fitting to tripod mount casting is instead usedhastripod mount. Minimum focus is 10.5 m.

The image characteristics are unusual, in thaletne has spherical aberration and astigmatism,
combined with chromatic aberration that is obviatall apertures wider than f/11. However, at
the maximum aperture of /6.3, the image of aistaymmetrical, with two opposing sectors of
its edge being pale green, and the other two sebging pale red. Upon stopping down slightly,
the round image gives way to a plus sign shapett@ded and green artifacts become more
saturated. The image begins to round out againeagberration artifacts shrink to a size smaller
than the Airy disk at about f/11. Contrast is laiall apertures wider than /10 to f/11.
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4.) Telescopes (and Camera Lenses Used as Telescpfresn 8.0-9.9 cm Aperture:

Figure 4A. Some of theefractingtelescopes and camera lenses reviewed in thistaed
chapters. From left to right, the pictured telgg@and lenses are:

* Nikon 300 mm /4.5 ED Nikkor (reviewed in chapt@x[not yet pictured]

* Leica 560 mm 1/6.8 Telyt-R modular lens (reviewadhis chapter)

* Vivitar 600 mm f/8 “stovepipe” lens (reviewed aiapter 3)

* Vivitar 600 mm /8 modular telephoto lens (reviesvin chapter 3)

* Vernonscope 94 mm f/7 Refractor telescope (ree@wmn this chapter) [not yet pictured]

[Figure 4B]

Figure 4B. Someeflectingtelescopes and mirror lenses reviewed in thistehap.eft to right:

* B&L 800 mm f/10 Hybrid Cassegrain camera lens teldscope

* Kasai Pico-8 Mak-Cass telescope * Questar 3.5 MuaksCassegrain telescope

* Meade ETX 90 Mak-Cass telescope * Nikon 1000 mbi fReflex Nikkor-C mirror lens
* Celestron 90 Mak-Cass telescope (lower rightting®t yet pictured]
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4.1) B&L 800 mm Mirror Lens and Telescope (8.0 cm /10 Hybrid)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
80.0mm /f/10.0/800 /72.0mm /40 mm / 569%95.0 / 102 / 195 / 900¢g /

Image Quality (measured; P/N 61-8080)
C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes
Poor-Fair/ V Good [/F-Good / Fair [/ Fair FHair / Good / MaxUsefulF: 10

Summary:

* Build Quality / Materials: 3 / Almost all parts except the optics are metasjgieis simple.

* Optical Quality / Details: 2 / Residual spherical aberration, significant offsaberrations.
Summary Notes:

* Build is only a 3 because the secondary bafftath the aperture to 72 mm. Front and rear cell
threads are also a loose fit to the tube. Thiscearse collimation instability with rough handling.
* Optical quality is shown as a 2 because attenggiincorrect all spherical aberration with

small lenses near the back of the telescope daggaonmide as much full field resolution as
would be the case for a full aperture correctdrant. But the low price reflects this simplicity.

* Pluses: Compact size, close minimum focus distance, goedhanical heft and feel, built-in
low profile 1.25" eyepiece and camera adapter fimterminimizes back focus, comes with
diagonal and 2 eyepieces, has a comparatively t@me,acceptable lunar and terrestrial images.
* Minuses: Residual spherical aberration limits planetaryqrenance, off-axis aberrations limit
full frame photo resolution, large central obstrmct secondary baffle clips aperture to 72 mm.

The B&L 800 is an interesting hybrid telescope tbaks like an ordinary SCT on the outside,
but has very different optics on the inside. Thenpry mirror has a slightly slower f/ratio than
most, and the secondary mirror is flat rather th@img convex. Spherical aberration is corrected
with small lenses that reside inside the primafid#ube. Correcting spherical aberration with
only a few small lenses close to the focal surfaselts in considerable off-axis aberration.

The B&L 800 provides satisfying terrestrial anddummages below about 80x magnification, but
the image gets soft at higher magnifications. 3diftness is particularly obvious on planets. The
mechanical feel of the telescope is unusually gooduch a small, low priced telescope.

The B&L 800 was introduced in the 1990's, and waslable for some time after that. Even
though it was not billed as being highly compatcis smallerthan the Kasai Pico-8 and many
other “compact” scopes, and it is relatively ligithe tube has a diameter of 95 mm and a length
of 164 mm. The focus knob adds another 31 mma total length of 195 mm with no diagonal.

The B&L weighs only 0.9 kg, not counting a diagoaakyepiece. The built-in combined 1.25"
eyepiece / diagonal holder and camera adaptefanteat the back of the telescope protrudes
slightly less than the focus knob. The removaldgahal prism is relatively close coupled to the
telescope, so the physical length with a diagondleyepiece is also fairly short. On it's box, it
is called a "Mirror Lens with Added Accessoriegither than a telescope.
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The B&L 800 comes with a 1.25" diagonal prism and tnediocre eyepieces (18 and 30 mm)

that provide visual magnifications of 27x and 44ixalso comes with a T-mount (M42x0.75 mm
thread) camera coupling that allows the camera tatated without using the small screws on a
camera T-ring. A 1/4-20 tripod mount is at thelhachich permits use of a third party dew cap.

Image quality is good up to about 70x, fair up @x,%and acceptable up to maybe 120x to 160Xx,
depending on the subject. At higher magnificatjaifraction from the large 40 mm secondary
obstruction has about as much effect on the imadkearesidual spherical aberration and
moderate chromatic aberration. At a given magaiion, the B&L images are a little better than
those from a 300 mm ED Nikkor lens, Ednar Mirroofe 500, or an unmodified Kasai Pico-8.

Focusing is accomplished with a small knob at theklihat moves the primary mirror. The
minimum focus is only 2.75 m from the front optieahdow, and there is almost no backlash.

Build quality is good, and the entire mechaniclktassembly is metal. Threads on the front and
rear cells feel a bit loose if the cells are rentbeeinstalled, but removing the optical cells & n
something the average user would do. | have fouygktlooking at the compact and seemingly
rugged B&L optical tube just for fun, but wishirigorovided sharper images.

The B&L 800 was introduced when film cameras wespytar, but smaller format digital
cameras (APS and Micro 4/3) adapt well to the B&IO &y simply using a standard 1/25" to
T-thread camera adapter that fits where the didgmranally does. When combined with an
appropriate T-ring and the included camera couplimg makes two ways to mount small digital
cameras: Via the included camera coupling, or \tlard party T-thread to 1.25" adapter.

The flat front window of the B&L 800, as well asthear correction lenses, are anti-reflection
coated, but might not be multi-coated. On the ottaad, reflections from the front window of
the B&L look dimmer than reflections from the Pi8dvlaksutov corrector. The sub-aperture
correcting lenses in the primary baffle tube ac dsist seal to keep dust out of the optical tube.

The primary and secondary mirrors appear to hamedsrd aluminum coating. Mirror coating

on my second hand B&L scope is quite durable, watiding a thorough cleaning to remove
slight haze. Collimation adjustment is at the selewy mirror, and it retains collimation well.

A telescope's box is not usually worth mentionimgy, the B&L 800 box is fairly small and has a
custom cut Styrofoam insert that accommodatesafleedope with a diagonal and two eyepieces.
After cutting out an additional area for a thira&piece, | found myself using the box as a case
because it provides adequate padding, and is nch hauger than a conventional case would be.

That covers the basics. Next, we will briefly cotlee few undesirable aspects, and how some
can be corrected in an existing sample of the B&Q &lescope.

4.1.1) B&L 800 Telescope, Details About Undesirabl&spects (and fixes, where possible)

The B&L 800 telescope does not include a findepscoor does it include any tapped holes that
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can be used to mount a finder bracket. This limstsisefulness as an astronomical telescope.

However, its simple mechanical design makes itiptesgor a person of reasonable (but better
than average) mechanical skill to temporarily aretully remove the primary mirror (along

with its attached mirror thimble) and tap holesha rear cell that can be used to mount a finder
scope. The alternative to modifying a B&L 800 likés is to use adhesive to mount a finder.

4.1.1.1) List of B&L 800 Telescope Flaw&nd corrections, where practical

A.) Outer 3 percent (1.2 mm) of primary mirror lammed down edge, but this has little effect on
the central image. Fortunately, this part of pryrmairror is not used for the axial image at long
subject distances (see item C). However, the aatge of the primary mirror is used at close
subject distances, and for off-axis parts of thagm

* Status for corrections to telescope hardware: NOffected, can't be corrected unless mask off.

B.) Optical design does not fully correct for spbalraberration.
* Status: NOT corrected. (But it is a low cosesdope and camera lens, not a Questar.)

C.) Secondary mirror and secondary baffle clipsgedpe aperture to 72 mm at center of field.
* Status: NOT corrected. (Not uncommon for cameres) and obstruction is already large.)
Measured by placing transparent ruler on frontcopg and viewing it from focal plane.

C.) Large 40 mm central obstruction exceeds 50gmetrof 72 mm working aperture diameter.
* Status: NOT corrected and cannot be correctedlaif/secondary has to be large.)

E.) No mounting holes for a finder scope bracket.
* Status: FIXED by temporarily removing primary mar and tapping holes in rear cell.
* Adhesive can be used to mount light finders sagthow cost astronomical red dot finders.

F.) Soft plastic front lens cap fits so air-tighat it is difficult to remove quickly. (This is ho

actually a flaw, since you can'’t really fault a méacturer for making a front cap that fits well!)
* Status: FIXED by adding small air hole near frentd of cap to let air in as cap removed.
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4.2) Kasai Pico-8 Mak-Cass(8.0 cm f/11.2) The Worst Telescope | Have Evemed.

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
80.0mm /f/11.2/900 /79.0 mm /30 mm / 38%08.0 / 110 / 247 |/ 1140g /w/cap

Image Quality (measured)
C. Resol. / E. Resol. / Contrast/ Flare /dabo/ Ghost / CamShake / Notes
Abysmal / Poor / Poor / Poor [/ PdoGood / Fair / Plastic Rear Cell

Summary::

* Build Quality / Materials: 1 / Aluminum tube, but plastic rear cell. Poor buguality.

* Optical Quality / Details: 0/ Turned down primary mirror edge, apparent s@fatighness..
Summary Notes:

* Build is only a 1 because of numerous defects déna covered below. Everything from a bad
internal paint job to a full turn of backlash a¢ locus knob. It seems that if it was possibledo d
something in the wrong way, it was done in the wgrasy in this Kasai Pico-8 telescope.

* Optical quality is shown as a 0 (lowest possiialegng) because the telescope was not even
useful for terrestrial observation above about B&gnification, and was lousy for astronomical
observation at any magnification. The aperturetbdme masked down to 72~74 mm to be of
any use for astronomy at all, due to a severeheidown edge on the primary mirror.

* Pluses: Moderately compact size, Vixen dovetail is heavguggh to be a good paperweight.

* Minuses: Very bad build quality that is not confidence imspy, even for a paperweight.
Details are below, because the list of minusesaddng to include in this summary.

Details: The Kasai Pico-8 is without a doubt thestitelescope I've ever owned. It is incapable
of producing a spot smaller than about an arc mifygs, an arc minute!) in diameter. It also
has very poor light baffles. The primary bafflesim stops or visible threading on the inside of
its front half, and there is no secondary bafflalat This causes serious veiling flare. Minimum
focus distance is way out at 8 meters, which iy destant for a telescope of this small size.

The cause of the huge 1 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&hdo 74 mm or less; preferably to 72 mm.
Even when the Pico-8 is stopped down, its imag#ilisvashed 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 obsittngn the Kasai Pico-8? Not so small when
you consider the USEFUL aperture of the telescofie obstruction measures 30 mm, as seen
from the focal plane (caused by the front end efghimary baffle tube being too close to the
secondary mirror spot), and measured via a traaspauler right at the front of the telescope.
Given that the useful aperture is only 72 mm torifd, the obstruction is a relatively large 40
percent (30/74). That's as large as the obstruatisome photographic mirror lenses.
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And there is more. Black paint inside the tuberisven and badly blistered, as though painted
by a child in grade school. (Who knows, being miad&hina, maybe it was!) In addition, the
primary mirror has small holes in its reflectiveating. The glass where the coating holes are
looks white rather than clear, as though it isfaly polished. The plastic rear cell also lets th
primary mirror assembly ring like a tuning fork wiever a camera with a mechanical shutter is
used, so it has often been impossible to get gbotbg through the Pico-8 with such a camera.

| bought the Pico-8 telescopewthrough a dealer, rather than get a lower cosharoe 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 responsaichlly, when | ordered the Pico-8, it was one
of the few times | gave a dealetreeads up” that | was reviewing the telescopenage quality

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

The Pico-8 reminded me of the aberrations my C@0 bat the Pico 8 is worse, in that its
spherical aberration is at least 2x worse tharC9@, even when stopped down to 74 mm. You
can see image flaws on stars at even 30x, andnihgei is not useful at all above about 100x.

Image quality is only slightly better than the \tari 800 mm /11 Solid Cat lens, and flare is far
worse because of the lack of a secondary bafite, &h 800 mm /8 Soligor lens from the
1970's, stopped down to /13, will beat the Picon&lanets any day. Images from a 1000 mm
f/11 Reflex Nikkor are vastly superior to thosenfrthe Pico-8, but the Nikkor is a lot heavier.

Some of the Pico-8 spherical aberration arises fisimg a non-optimum prescription for the
Maksutov corrector. A Maksutov corrector workstheken its radius of curvature is fairly
small. This corresponds to a secondary spot aunedlhat increases the focal length by a factor
of 7 or 8 over that of the primary mirror, so with f/2 primary mirror, Cassegrain focus would
become f/14 to f/16. But in the Pico-9, the fdealgth is only increased 5.6 times, to f/11.2.

Thecheapway to get f/11.2 is to change the radius of cumeaof the entire Maksutov corrector
so that the secondary spot has the correct ratHosvever, correctors of this shape prevent full
correction of spherical aberration, or result ieess chromatic aberration if modified to correct
spherical aberration. The Pico-8 also has additiaherrations that are just from sloppy
telescope making. These include the severely dudiogyn edge on the primary mirror.

The superior Ad-Astra 3 achieved its /9.75 Casaegiocus by using a conventional Maksutov
corrector, but then figuring the secondary spdtaee a different radius of curvature. This is the
only way to do a fast f/ratio Mak right. An Ad-Aatis slightly heavier than the Pico-8, but not
any larger. The Ad-Astra with its low profile diaggl is actually a littlshorterthan the Pico-8.

At night, the Pico-8 can do just OK, but only ietle are not any bright stars in the field. But
even at 45x, a bright star has a visible glow adatin Part of this might be because the mirror
finish does not look fully polished, having hundsexf polishing marks that can scatter light.

The moon looks OK in the Pico-8 at 45x, but onli if positioned in the eyepiece field so that
it is not overwhelmed by flare from the shiny primméght baffle. (The baffles cause flare even
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on the moon!) Spherical aberration is evidenvanel00x. Here, the moon's image starts to get
sharp, but contrast drops just as it is gettinget@harpest. This is what spherical aberration
does. Lunar photos came out about like what youdiharily get with a 4 cm aperture refractor.

The Pico-8 probably wouldot be a viable total solar eclipse lens, due tofdlhe scattered light
inside the primary baffle tube. If masked to 72 nitrmight work for short exposures of the
inner corona, prominences, and Baily's beads,thbm't work for earthshine on the moon, etc.

The Kasai Pico-8 may be the worst optic | everegt regard to its ability to image earthshine
on the moon without excess glare. The glare istwshen the sunlit part of the moon is just
outside the field of a Micro 4/3 camera. Somehdd tould be improved by adding baffle stops
inside the primary baffle tube, much like what éstually did with my C90 in the early 1980's.

It is fairly certain that the Pico-8 would not be to sharply imaging the ISS when it transits the
sun, due to its spherical aberratidhthe Pico-8 had been implemented correctly, it ddave
been something. A properly implemented versionldite good for long focal length photos
from a compact tracking mount, and (if sharp) waalkb be a good guide scope and planetary
scope. But the Kasai Pico-8 isn’t any of thosadhi Instead, it's being used as a paperweight.

As in some of my other telescope reviews, less tiemirable aspects of the telescope are listed
here, along with any fixes or corrections that seegto improve performance:

4.2.1) Kasai Pico-8, Details About Numerous Flaw@nd corrections, where practical):

A.) Optics have spherical aberration, turned dovwmary mirror edge, and other aberrations.

* Status for hardware corrections: NOT fully cotext: Outer 6-10% of primary mirror has a
severely turned down edge. This causes a 2~3 auatendiameter glow around star images and
radically lowers planetary contrast. Masking thienary mirror edge significantly improves
performance, but reduces the aperture to 72-76anudhit still is not quite diffraction limited.

B.) Primary mirror has a few small spots (holesaating, some up to 1 mm wide) near one
edge. Mirror substrate glass looks frosted (rati@n smooth) in these spots.

* Status: NOT corrected and can't be correcteassiBly from incomplete polishing before
coating and/or impurities in the coating chamber.

C.) Primary mirror has numerous thin sleeks thaeap concentric with points around its edge.
These are too consistent (were made by machingue been made after mirror was installed.
* Status: NOT fixed and can't be fixed. Possiloni incomplete polishing before coating.

D.) Focus knob has a FULL TURN of backlash.
* FIXED by adding custom 0.015" thick brass wasimeade from shim stock, under focus knob.

E.) Black paint on inside of the oprical tube istdred in large areas. This is obvious to anyone

looking at the telescope, and jgsteams "cheap"
* Status: NOT corrected, other than flaking offdggint that could get on mirror or into camera.
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F.) Finder bracket screw projects into tube farugioto damage primary mirror.
* Status: FIXED by shortening screw and limitingvi@rd motion of primary mirror.

G.) Plastic finder dovetail shoe gusset cause®fitwfit crooked in dovetail mount.
* Status: FIXED by filing gusset. Finder could ros lined up to scope otherwise.

H.) Vixen dovetail has extremely sharp and jaggeters that can easily cause cuts.
* Status: FIXED by filing corners of dovetail, bigsults in loss of black finish where filed.

l.) Built-in camera T-adapter has too much backigclips 2 mm of aperture.
* NOT fixed. Caused by excess primary baffle lenggtdiameter and back focus. See Item L.

J.) One collimation screw lacks enough travel toiee proper collimation.
* Status: FIXED by making custom 0.015" thick braksm washer from shim stock.

K.) No secondary baffle at all, so light can fogrezrs of frame.
* Status: NOT fixed (yet). Custom part neededcdbeary baffle diameter should be 30-32 mm.

L.) Inside of primary baffle tube has no effectaugti-reflection threads or paint, etc.
* Status: NOT fixed (yet). Causes low contrastgmaespecially if subject backlit. (I may try
using a blackened coil spring as a spiral baffip 3t

M.) Front of primary baffle is too close to secondalncreases real world obstruction.
* Status: NOT fixed. Increases functional centfastruction from 27.2 mm to 30 mm.

N.) Front end of primary baffle tube has dent aardé bur.
* Status: FIXED by filing and painting affected paf baffle tube.

0.) Minimum focus distance is 25 feet (7.6m). T$eems too distant for a small telescope.
* Status: NOT corrected, and can't be changed witlemgthening tube about 3 mm.

P.) Plastic rear cell and adjustable rear primaryamthimble support can vibrate.

* Status: NOT fixed, and probably can't be fixdRlules out mechanical shutters. Caused by thin
cross section of plastic rear cell, combined withwvItollimation adjustment (via tilting entire
primary mirror and baffle assembly) is implemented.

The Kasai Pico-8 has a disappointing number ofglaMany are from poor implementation, and
could be corrected during manufacture viaeisicquality control measureslf a Pico-8 owner is
not willing to put in the time needed to addressesal of its serious shortcomings, the Pico-8
would be an unacceptable excuse for a telescopeth& most part, it again comes down to
implementation. Based on my sample, the Picogdaly made, period. A 20 year old B&L

800 is much nicer in some ways. Manufacturersyadlstelescopes could learn a thing or two by
looking at the comparatively superior mechanicaigie and implementation of a B&L 800 mm.

This review may be updated if | get access to sebPico-8 sample, or another new telescope of
similar or smaller size. However, many photonsehgene under the bridge in the months since
acquiring the Pico-8. Theoor quality of each newmportedtelescope sample I've reviewed
herein could also be the quality of the telescbpéytoumay get. The Kasai Pico 8nstthe

only importedtelescope to be @oor quality. Most reviewed scopes from China wererpoo
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4.3) Leica 560 mm f/6.8 Telyt-R lengused as a telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
82.4mm / /6.8 /560/ 82.4mm / None-G- / 98.0 / 98.0 / 526 /1816¢g/

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Leica TelytR 2849409 11.0 95 11.0 11.0 95 10.0 Exc 2 ABuBf.

C. Resol. / E. Resol. / Contrast/ Flare /ddho/ Ghost / CamShake / Notes 2 (MxUF:9.5)
VG-Excel/ Good / Excel /V Good /V Good /dex / Fair-Good / Unbalanced TP Skt

Summary:

* Build Quality / Materials: 4+ / Almost all components except optics are madaetal.

* Optical Quality / Details: 4- / Image that is comparable to high end lenses$ogfmed down..
Summary Notes:

* Build is 4+ instead of 5 only because the tripodunt is so close to the back that the lens is
severely unbalanced. The focus also lacks anydf/fiae control. Round iris is a good feature.
* Optical quality is a little soft at /6.8, butftliaction limited by f/11. Flare is quite low..

* Pluses:More image snap at /9.5 to f/11 than Vivitar,.e600 mm lenses; very light weight.

* Minuses: Image wide open is too soft for planetary obs@éovatno fine focus control.

The Leica 560 mm /6.8 Telyt-R is a modular refiagtens that uses the same focus assembly
as the Leica 400 mm lens of the same f/ratio. foheser is a “follow focus” of sorts, in that
focus is adjusted by pressing a button while mdynséding the focus mechanism forward or
back, then releasing the button when a desiredsfeetting is reached. There is no helical focus.
This is somewhat difficult to use for amateur astroy, but it is workable if focus is set to just
past infinity, then the eyepiece is moved in antlafan eyepiece holder for fine tuning focus.

The Leica 560 mm is reviewed here because, evergthibs optics consist only of a cemented
doublet that may not even use ED glass, the intggevides at f/11 is diffraction limited. It
also has unusually low flare, thanks to only twe tar glass surfaces and well designed baffles.
The iris also has numerous blades, so the apesteféectively round at any setting. The weight
is only 1.8 kg, and it feels almost like a featiwien setting it up. Minimum focus is about 6 m.

The tripod mount looks almost like an afterthoudpeing located close to the back of the lens.
This makes it front heavy (and spongy) when used tipod. This can be fixed by mounting
the lens on a rectangular metal bar of about 38agth that has a tripod mount near its center.

When the 560 mm /6.8 Telyt-R is used at f/9.5lowsr, its images are comparable to those of
an ED Nikkor lens of similar focal length, used/&t8 to f/8. The Telyt-R image has notably
more snap than images from a Tokina, Vivitar, digdo, etc., lens of similar focal length, but
the modular 600 mm Vivitar lens comes close. Mygia did not come with a case, but | found
that the “medium” sized rectangular Promaster ttipase works well as a soft case for the lens.
This allows the 560 mm lens to be stored and tiamsg in its fully assembled configuration.
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4.4) Questar 3.5 Maksutov-Cassegrain Telescop®.9 cm /14.4)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
89.0 mm /f/14.4/1280/89.0 mm /30 mm /3486108 / 186 [/ 274 /14999 /Dplx

Image Quality (measured; SN 1-DP-Z-8086-BB)
C. Resol. / E. Resol. / Contrast/ Flare /dabo/ Ghost / CamShake / Notes (159h w/o ep)
Excellent / Good /V Good / Good /aifF / Good / Fair / Light Weight

Summary:

* Build Quality / Materials: 5- / Almost all components except the optics are meta

* Optical Quality / Details: 5/ Residual spherical aberration, significant offssaberrations.
Summary Notes:

* Build is a 5- because a few things that couldehbgen corrected over the years have not been
corrected. These include that noticeable imagé diniing focusing can develop over time, and
the retainer for the fork mount that attaches ®pgblar axis is still of very light construction.

* Optical quality is a 5 because it is as goodt @is in a commercial amateur telescope.

* Pluses: Excellent image quality, compact size, light wejgihose 3 m minimum focus, built-in
flip mirror, metal tripod mount, eyepieces securyew in, built-in switchable Barlow lens,
built-in sliding dewcap, some versions have startshand moon map, built-in solar filter for
finder, mount has smooth slow motion controls ttmhot require use of manual lock levers.

* Minuses: High price, too delicate to leave unattended imyreettings, proprietary camera
coupling and eyepiece threads, incompatible withesbeavy cameras unless used with a cradle.

Most who are into amateur astronomy have probaddydof the Questar 3.5 telescope. When
seeing one for the first time, it is hard to imagthat most of its features were developed in the
1950's. This is because it does not seem outdat@t even though it is not a “go to” telescope.
The optical quality is superb, and it is the ons€egrain | have used other than an Ad Astra lll
in which | have seen almost “textbook” diffractitmited Airy patterns when looking at stars.

The Questar 3.5 is fun to either look at or uske mhanual slow motion controls on its mount
and sidereal drive motor base work smoothly, amglnbt necessary to lock anything down when
the telescope is pointed in the desired directigunst let go of the slow motion controls and the
telescope stays put. Another plus is that the stm#ion controls also have safety clutches. So,
if anyone tries to just grab the telescope tubeshew it by hand, the clutches prevent damage to
the slow motion controls. The Questar an almostansmooth metal finish. This is nice to

look at, but it can feel pretty cold to the touchabsib zero degree winter night.

| was impressed enough by a Questar that it wastdbe only high priced gadget | owned

during the late 1980's, which were not exactly gpears economically because | could not get
health insurance, and thus medical care. | wasakedfor Questar during this time, because it
was a product I could be enthusiastic about. Tatey employed a manager that terminated most
of the individual dealerships, and (predictably)e@ar went Chapter 11 only a few years later.
This may be partly because some dealers they lsek &1 Questar &ell againstrather than sell.
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The Questar OTA dimensions and weight are showmeghmut it is still compact and lightweight
with the motor base (178w, 356h, 210d, 3541 ghatsifitted case (229w, 420h, 245d, 6107 Q).

During the time | was still a dealer, Questar idtroed the PowerGuide Il as an optional upgrade
in new telescopes. When installed, it replacedstardard 115 V AC clock motor with a small
DC gear motor and electronics that could run thest®pe for up to 24 hours on a 9 Volt battery.
The electronics look very similar to those usedanly versions of Celestron Ultima telescopes
that were not computer controlled “go to” telescpe

The PowerGuide Il has a power switch, a hemisp{i¢oeth or South) switch, and a drive rate
switch with lunar and sidereal drive rates. Allabserver needed to do was to turn on the
power, polar align, and then the scope would tra&kcompact hand control plugged into the
bottom of the Questar motor base for guiding.all much needed tactile feedback on its fast,
slow, and declination control buttons. The ded¢loramotor was an optional accessory.

The PowerGuide Il could be ordered with a brand Qawestar, but Questar also offered retrofit
the PowerGuide Il to an existing Questar telesecopant for a reasonable (for Questar) price.

The PowerGuide Il was superseded by the PowerGliicethe mid teens of the 21st century.
The PowerGuide Il is also available on new Quettimscopes, and it can he retrofitted to
existing Questar fork mounts. Unfortunately, tlesvBerGuide Il does not operate the telescope
drive unlessthe hand control is plugged in (so I'm told by Gia&). And, the hand control uses a
touch screenpwhich haso tactile feedbackAnyone who has guided deep sky astro photos can
see how a touch screen ia@n-starterfor manually guided astrophotography, since yatca
even tell where on the touch screen you have tcht@for fast or slow) withouboking away

from the guide star arldoking atthe touch screen. Also, looking at a light emgtscreen is

not the best thing to do when trying to keep traickvhat could be a relatively dim guide star!
Some people, including me, can’t reliably use &hoscreen due to tremor or other reasons.

So, in the opinion of some customers, that mayhage been one of Questar’'s better moves.
Others may love it, since it is rumored to be “gbdnabled, even though the telescope mount
itself is not go to enabled as yet. In the pasiespar was slow to embrace even as much change
as going to LED’s in an illuminated reticle eye@gebut they may have tried to jump too far into
tech with the PowerGuide lIl, at least in the viefasome. Having to attach a touch screen hand
controljust to enable basic trackindpes not seem very convenient. Attaching two stéamn

small battery and a compact old school drive coorg@nables tracking with an older mount.

| was going to get a PowerGuide Il added to my @uesount in 2017, until | found it was no
longer available, and the PowerGuide Il is timdy option. So now, | often just use my Questar
in alt-azimuth mode with no drive running at alidause its slow motion controls to periodically
re-center objects. A Questar with no all-inteiipattery powered drive lacks the convenience of
a TeleVue 60 or Ad Astra on a Vixen Polarie, soGhestar has been used less of late.

Apart from the PowerGuide Il shortcomings, the §ae 3.5 is a well made telescope that is fun
to use for observing wildlife or astronomical oligedt balances well with modern (small) digital
cameras on the back. A Questar has also provideshigy'good” ISS solar transit photo to date.
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4.5) Celestron 90 Maksutov-Cassegrain Telesco@.0 cm f/11)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
90.0 mm /f/11.0/1000/89.0 mm /34 mm /38%121 / 130 / 197 /14769 /

Image Quality (measured)
C. Resol. / E. Resol. / Contrast/ Flare /ddho/ Ghost / CamShake / Notes
Fair-Good / Fair /| Fair [/ Fair |/ @b/ Good / Poor [/ Spherical Aber.

Summary:

* Build Quality / Materials: 3- / Most parts except optics and baffles are metappy focus.

* Optical Quality / Details: 2+ / Residual spherical aberration, significant flare.

Summary Notes:

* Build is a 3 because even though the front alad ngbe sections are both metal, the focus has a
huge amount of play, and this results in major ienslgift while focusing. Both light baffles are
plastic, and the primary baffle is not of an optrmdesign.

* Optical quality is only a 2+ because the C90 $@me spherical aberration, astigmatism, flare.
* Pluses: Optics are adequate for terrestrial or lunar vigyvsemi-compact size versus aperture,
close minimum focus, thick castings for front aedrmrparts of tube, solid camera interface.

* Minuses: Spherical aberration limits planetary performagiaezy over 120x), very significant
image shift from excessive play in focus threadslensized 3.75" primary mirror limits working
aperture to 89 mm, included eyepieces and diagoeadmall 0.965" size, rather than 1.25" size.

The Celeston C90 (1970's version) is a 9 cm f/1kdvutov-Cassegrain telescope. A C90 was
my first Cassegrain telescope, but was not oneetésiron’s best efforts. The C90 has an f/ratio
of f/11, but unlike the Ad Astra lll telescope, ttaglii of curvature for the C90 secondary mirror
spot and the Maksutov corrector are the same rébidts in Maksutov corrector curvatures that
arenot optimum for correcting spherical aberration. Febly, C90 images have a significant
amount of spherical aberration. My sample alsodalight amount of on-axis astigmatism.

Early versions of the C90 came in a very compaaivpbd case that was covered with a black
overlay. Later versions came in less compact lmmided plastic cases. Standard accessories
included a 0.965" star diagonal, an 18 mm Kellryepeece, and a 2.5x achromatic Barlow lens.

The camera interface on the back has the same"128Ahread that the visual back on a C8 has,
so it can directly accept the original Celestroepmgce projection tube. The original C90 camera
adapter was a short machined part about 3 cm latdhed T-threads on the back.

A C90 camera adapter with rotating T-threads wasduced in the early to mid 1980's, but the
front end of some of these attached via only agpiieto the back, and some of these separated
with changing temperatures. Meade then came dhtavcompatible adapter that used threads
throughout, and it inspired more confidence.

The C90 has a primary baffle tube that does narekvery far in front of the primary mirror. At
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the front of this baffle tube, a flat ring that bks some of the stray light that can get past edges
of the secondary baffle on the back of the Maksuatmvector. Unfortunately, this rotan
optimized baffle design, and stray light enteringuad the secondary baffle can flood the edges
of the 35 mm camera format when taking picturesaddition, stray light reflected from the
relatively smooth inside surface of the primaryfleafube causes obvious flare terrestrial photos.
This was intolerable.

Since | had a background with some camera reppgreence by the time | acquired my C90, |
decided to get into the telescope and modify tivaany light baffle. | extended the baffle
forward by adding a conical section about 2.5 cnglthat was made from sheet metal and
epoxy, then painted black. | also added a baffip 6ng behind the original stop. The latter
stop complicated using the Barlow lens, but it paffdn performance. The modifications
greatly reduced flare in my C90. While | was at tapped some holes in the C90 barrel that
could be used to adapt it to a Quantum 4 motor.base

Planetary images from the C90 just never seemedttin, and the sloppy C90 focus amplified
camera shake in photos. | improved on the lagtexdaling a focus lock screw, but locking focus
before every photo is not very convenient. Buhptary image quality obviously stayed the
same. | eventually sold both the C90 and the Qumadt motor base and got a used Questar 3.5.

I've since seen other C90 samples. All have abmisame amount of spherical aberration as
the one | used to own, but some lad less astigmat{3nly one had no visible astigmatism at all.

4.5.1) Possible Historical Significance of the Celesn 90

| have often wondered if introduction of the C9@htihave been a pivotal event in the amateur
astronomy industry, in that it may have been Cedes firstmediocretelescope. Performance
of the C90 is marginal when compared to Celestit©m’'& And only a few years after the C90
came out, other telescope makers successfully teatitelescopes of similar size.

After the high quality Ad Astra Il telescope wenft the market only a few years after the C90
was introduced, a vacuum was created in the doonssiall telescope market. There were no
affordablesmall domestic Cassegrain telescopes on the matitket than the C90, and the
Russian (then Soviet Union) MTO scopes were not gemmon. It was not long before other
manufacturers took advantage of this vacuum andrbegintroduce small Cass. telescopes.

It was an unusual market situation, because theditB0t even set the bar high enough to
require that other manufacturers provgted image quality Instead, even a telescope with the
sameoptical performance as a C90, buthoutthe extreme image shift, would be satisfactory
for many customers.

Both Criterion (then associated with the Bauschagnb name) and Meade introduced 10 cm
SCT'’s, and Meade also introduced 8 cm and 9 cmeg@aais telescopes. In this situation, and
following a few later product gaffes, Celestrondyrally lost market share, Meade expanded, and
the rest is history.
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4.6) Meade ETX-90 Maksutov-Cassegrain Telescope OT@Q.0 cm 1/14.4)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
90.0 mm /f/14.4/1300/87.0 mm /32mm /37P6110 / 136 / 283 / 1271g /

Image Quality (measured, UHTC version, no S/N)
C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes
Excellent/ Good / Good /Good / Fair Gbod / Poor /Plastic Tripod Mt.

Summary:

* Build Quality / Materials: 3 / Tube and front cell are metal, but a good déabak is plastic.

* Optical Quality / Details: 4 / Some minor axial aberrations, significant offsaaberrations.
Summary Notes:

* Build is a 3 because the secondary baffle lithes aperture to 87 mm, and plastic is used for
important parts including tripod mount support staue; focus threads (might) also be plastic.

* Optical quality is shown as a 4 rather than a&e8duse of residual aberrations that may result in
part from the primary baffle tube not being palaléh the axis of the telescope tube.

* Pluses: Compact size, light weight,. close minimum focigahce, built-in low profile flip
mirror with 1.25" eyepiece holder and camera adapterface, low profile finder scope.

* Minuses: Primary baffle tube is not parallel with tube afasal obstruction), secondary baffle
clips aperture to 87 mm, plastic tripod mount gt is too unstable for photography without
camera shake, lower front of flip mirror housinggen and admits light / contaminants, no S/N.

The Meade ETX-90 Maksutov-Cassegrain telescopa mastal front cell, a thin wall metal tube,
a plastic rear cell, and a plastic flip mirror beih a metal eyepiece holder and camera adapter
interface. The slightly larger ETX 105 is of siariconstruction, except that it has a metal rear

cell in front of its plastic flip mirror housingThe plastic flip mirror housing on both includes th

tripod socket, and the resulting flex in the plastiakes the telescope susceptible to excessive

vibration when using a camera with a mechanicattshu

The ETX-90 is the first of what could be called Me& optically “good” telescopes. Unlike the
earliest Meade SCT's, every Meade ETX series Maks@assegrain telescope | encountered
has had good optics. The Meade ETX-90 providesiderably more resolution than the f/11
version of the Celestron 90 Mak-Cass, but doegjnipé equal a Questar 3.5.

The ETX-90 may have compared more favorably taQbestar 3.5 if it was not for the fact that
the inside diameter of the ETX-90 secondary ligiftlb is too small, so it effectively clips the
working aperture to about 87 mm. The Sky Watcl8€ review herein covers this particular
light baffle design flaw in detail. The ETX 105sha similar, but lesser, secondary baffle flaw.

Meade made other Mak-Cass telescopes of similatuapeand f/ratio, but different mechanical
characteristics. Most of these optically perfotmowat as well as an ETX-90, but one model has a
secondary baffle that clips its aperture to ab@uin8n, which is more clipping than in the ETX.
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4.7)  Nikon 1000 mm f/11 Reflex Nikkor-C Mirror Lens (used as a telescope).

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
90.9 mm /f/11.0/1000/101.0 mm/46 mm /469136 / 130 / 235 /19309 /39fw

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Nikon Reflex 140017 OKvid 11.0 11.0 53perc 60perc 11.0 VG Ti&ingSpot

C. Resol. / E. Resol. / Contrast/ Flare [/ Bitod Ghost / CamShake / Notes
V Good /V Good /V Good/V Good/ Fair [/ GoddFair-Poor /101mm CA; RFiltW

Summary:

* Build Quality / Materials: 4+ / Almost all parts except the optics are metadcpgion feel.

* Optical Quality / Details: 3+ / Star images have slight asymmetrical trianguaps..
Summary Notes:

* Build is a 4+ vs 5 because triangular star imagdgate possible optical component stress.

* Optical quality is 3+ due to slightly triangulatar images, but planetary detail is still visible.

* Pluses: Reasonably good image quality in spite of odd sbegtar images, measured aperture
exceeds specified aperture by 10 percent, certisttction size comparable to that of some
small telescopes, reasonable focus damping, lbu88imm filter wheel, compact for capability.
* Minuses: Asymmetrical star images, residual aberrationd lntanetary performance.

The Nikon 1,000 mm f/11 Reflex Nikkor-C is a mirdens that | hoped would work well as a
telescope. As has been the case ever since oataikers put mostvalk-in camera storesut of
business, the only way to get access to a lenrg tbdut is to buy it or rent it. In the day ok

in camera stores, one could just go to a largeecastore and inspect a lens in person. This
made it possible to zero in on the best lens bdfayeng even one of them, then to only buy the
lens that was best suited to what it would be dsedSadly, the days when walk-in camera
stores (and many other types of brick and mortaes) are long gone. But the online retailers
that put camera stores out of business are natrtbe who get my money now. Most reviewed
lenses were acquired from individuals who soldrtbein equipment on eBay, not from dealers.

The 1,000 mm /11 Reflex Nikkor-C lens has a baidlity that most telescope manufacturers
(except Questar and a few others) can only dreanit bias the fine finish of any Nikkor camera
lens, and includes a built-in 4-position filter vethe Filters in the wheel are: L37 (UV), Yellow

48, Orange 56, and Red 60. The camera mount s@8tdegrees, with detents at both positions.

As a visual telescope, the 1,000 mm Nikkor is \ggd at low to medium magnifications, but
struggles to pull in much fine planetary detatlhds better planetary images than Cassegrain
telescopes of similar or smaller aperture thairaported from China, but that isn’t saying much.
Flare was consistent enough that the Nikkor maydadul for total solar eclipse images. It
provides outstanding images of the moon, thougtetisesome flare around a crescent moon if it
is overexposed enough to reveal earthshine onatelpat is not directly illuminated by the sun.

-48-



4.8) Vernonscope 94 mm f/7 Triplet Refractor Telesqee (9.4 cm 1/6.9)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
940 mm /f/7.0 /644/ 93.0 mm / None @- -/ 123 / 130 / 521 /4404 g /.

Image Quality (measured; no S/N)
C. Resol. / E. Resol. / Contrast/ Flare /dato/ Ghost / CamShake / Notes (Slt FId Curv)
Excellent / V Good /V Good/V Good/V Good /dek /  Excel. [/ Added Iris Dia.

Summary:

* Build Quality / Materials: 4 / All parts except optics are metal. Has a Uni2bflocuser!

* Optical Quality / Details: 4- / Slight residual spherical aberration, and pogsbine wedge.
Summary Notes:

* Build is a 4 because .. TBD

* Optical quality is shown as a 4 because .. TBD

* Pluses: Moderately compact size (very compact after | riiediit), draw tube in Unitron 2"
focuser provides a wide range of back focus digtsand very close minimum focus distance.
* Minuses: No AR coatings on rear surface of objective, sghg around bright objects, some
asymmetrical false color, heavier than averageslidong dew shield (until | added one), no S/N.

This mini-review of the Vernonscope 94 mm refractdt cover some aspects of two versions.
* The first is the more common original versiongdan
* The second is the lightweight (or “LW") version.

The main differences between the original and Méuersions included the thickness of the
cemented triplet objective lens, the type of olyeckens cell, and the type of rings used.

A light baffle just forward of the center of thebtulimits the axial aperture to about 93 mm. A
Vernonscope 92 mm telescope had been on the maskedrior to the 94 mm, so it is possible
the same tube was used for both. The 92 mm hadta tube, while the 94 mm has a blue tube.
The baffle was fixed when | made other modificasiom the OTA, as noted later in this review.

The original version of the 94 mm has a thick lenkens cell with collimation adjustment, and
conventional tube mounting rings. The LW versisesian objective lens that is about 3 mm
thinner, and a cell that has no collimation adjustitn The LW uses a clamshell type tube ring.
Optically, there were obvious differences betwdenttvo samples | used. The LW objective |
had showed obvious spherical aberration unlespstbdown to an aperture of about 80 mm.

My own version of the Vernonscope 94 mm is unusodhat it is a LW tube assembly that |
modified to use the thicker objective lens from thiginal version. This came about because the
thin lens in my LW did not have acceptable planetaage quality unless stopped down, and
Vernonscope informed me that this was not supptised the case. | was a Vernonscope dealer
when | ordered the LW94, but ceased to work in tlagiacity after moving a short time later.
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By the time | received my LW 94 and evaluated ég@rmance, Vernonscope had no other LW
objectives left, but they did have one of the arajiobjectives in which the back surface of the
rear element had been re-figured a little aftbad been coated and cemented. This meant that
there were no AR coatings on the rear surfaceebtijective lens group, but it was a normal
objective in other respects. And it didn’'t have #pherical aberration my LW objective had.

At the time, | could still use machine tools, swés no problem to modify the front cell of the
LW tube to accept the thicker lens. The lens wasyaite collimated when placed in the non-
adjustable front cell of the LW 94, but collimatiaas quickly achieved by removing the front
cell and filing a slight angle onto the front oétbuter tube, then re-installing the lens celle Th
rotational orientation of the lens obviously neettele maintained from then on. The image
was not quite a textbook Airy pattern, possibly @upart to why the lens had been re-figured.

| also modified my Vernonscope to have a little enback focus, a sliding dew shield, and an iris
diaphram that is adjustable between /7 and /3% @lick stops at every full f/stop. This makes
it practical for use as a long FL camera lens, gihatiis a bit heavy compared to a tele camera
lens. The tube was shortened to 483 mm for aretnarior to 1991 total solar eclipse in Mexico.

Image quality of the full thickness lens of thegamal 94 mm (and my hybrid version) is very
good for its day, but it is not quite as good affaaction limited /15 achromatic objective lens
of the same aperture. It has less false colordbes not quite have the fine detail of an f/15.

The Vernonscope 94 mm objective lens (as otheekensmde by Astro Physics at the time) is not
a true apochromat. This is partly because twh®flements are not made of glass that differs
enough to cause 3 colors to come to a common fodsing this is the definition of an APO.)

Instead, the 94 mm objective brings only two cotora common focus. However, instead of
being corrected to bring C and F (blue and red)rsaio a common focus, the lens is designed to
bring a blue-violet color and red to a common foclsaddition, the glass used results in
significantly less difference between the commarebliolet and red focus, and the differing
green focus, than would be the case for a simpbestement achromatic lens.

Since blue-violet is brought to about the same $axsired, violet light is closer to being in focus
than is the case for a C-F corrected objectivemlined with the above glass characteristics,
this results in a smaller violet glow around brigght sources, particularly in photographs.

Visually, blue-violet and red being at a commonu®does not offer as much of an advantage.
This is because the human eye is about equallytsen® C and F light, but it is less sensitive to
blue-violet light than it is to red light. Thissdts in slight visible red fringing on some sulbgec

However, as a whole, the triplet lens providesdsatblor correction than that of a conventional
doublet. It would be interesting to see what aalismnage would be like in such a triplet that is
optimized to bring C and F light to a common focltsmay not do as well for photos, but it
might have a slight edge visually, in that it migéplace the relatively bright visible red fringing
with a dimmer violet fringe that has far less extdsan fringing from a conventional doublet.
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5.) Telescopes (and Camera Lenses Used as Telescpfresn 10.0-11.9 cm Aperture

[Figure 5A]

Figure 5A. Someefractingtelescopes and camera lenses reviewed in thigeshdpeft to right:
* Tokina 800 mm f/&elephotdens

* Vivitar 800 mm f/8 “stovepipe” lens

* Edmund 101.6 mm f/15 telescope objective with.¢@bjective and cell are at front of long
piece of aluminum irrigation pipe shown at the ewte right of this circa 1981 photo.)

[Figure 5B]

Figure 5B. Someeflectingtelescopes and mirror lenses reviewed in thistehap.eft to right:
* Nikon 500 mm /5.0 Reflex Nikkor mirror lens

* Meade 2045 LX3 102 mm /10 Schmidt-Cassegraiesebpe

* Meade ETX 105 mm f/14 Maksutov-Cassegrain telpsco
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5.1) Nikon 500 mm /5.0 Reflex Nikkor Mirror Lens (used as an astrograqph)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
100.0 mm / /5.0 /500/111.0 mm /60 mm / 54%125 / 136 / 190 /1725 g/ w/35hd

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Nikon Reflex 182863 MedV 5.0 5.0 65perc 75perc 5.0 Good Splaftsec

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost/ CamShake / Notes
Fair [ Fair /| Excel / Good /od? [/ Fair / Good /116mm CA, 35 hood

Summary:

* Build Quality / Materials: 4+ / Almost all components except optics are madaetal.

* Optical Quality / Details: 4- / Reasonable resolution; minimal vignetting, somewuen flare.
Summary Notes:

* Build is 4+ instead of 5 only because there idotus lock and the central obstruction is large.
* Optical quality is 4- due to some spherical abgon, and flare is too uneven for a Total Sol E.
* Pluses: Good image quality vs size and weight, no faldercoear 39 mm filters, solid feel,
solid tripod mount. (Very small and light compatedyigantic 500 mm /4 Sigma mirror lens!)

* Minuses: Some spherical aberration, uneven flare could raélyeaffect eclipse images.

The 500 mm f/5 Reflex Nikkor mirror lens is onetloé few relatively fast lenses of 500 mm or
longer focal length that is light enough to suctidbsuse on a portable star tracker rather than a
telescope mount. It is the first lens of more tB&A mm focal length that | successfully used for
unguided “deep sky” photos from within a major ci few sample images are at this link:
http://www.eclipsechaser.com/eclink/image/strtltin

The 500 mm f/5 Nikkor was never intended to bdestmpe. And it was never intended to be
used with small format digital cameras, since nofithese existed when the lens was made.
Nonetheless, the 500 mm f/5 Reflex Nikkor lens waaklequately for lunar imaging. It does not
produce very good planetary images because iti@asgé spherical aberration that dimmer parts
of a star image from it can approach 5 arc secondsdth. This corresponds to 40 lines per
millimeter, which is not bad for a lens designedatkes ago, mainly for use with high speed

film. On Micro 4/3 and larger format digital carasr the Nikkor produces reasonably good astro
photos, and it can resolve objects such as thenebgla in relatively short 1 minute exposures.

For terrestrial use, the contrast is a bit low.likénmany mirror lenses, focusing is via a helical
focuser at the back, so the minimum focus dist@éd® meters. | was going to sell my 500 mm
f/5 lens because | now use a lighter Tamron 500ff@mmore.

However, | kept the Nikkor because it may not &&llvery much due to it having had a slight

amount of fungus etching on the primary coatingsiaven before | acquired it. This problem
has not gotten worse because | think | got alftingus cleaned off.
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5.2) Soligor/Vivitar 800 mm f/8 "Stovepipe" Lens(10.0 cm /8, used as telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
100.0 mm / /8.0 /800/100.0 mm / None /- -@ 110 / 120 / 812 /3180¢g/

Image Quality (measured) Thresholds for:
Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1
Vivitar Long 10991 15 9.0 10 11 10 9.0 Exc. BestSample

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost/ CamShake / Notes
VG-Excel /| Good [/ Excel /V Good/V Good/dek / V Good [ Dif. Ltd. f/13~22**

Summary:

* Build Quality / Materials: 4- / All components except the optics are metalthgeight.

* Optical Quality / Details: 3 / Spherical aberration, off-axis aberrations, addycolor sat.
Summary Notes:

* Build is a 4- because the delicate iris mechanstygpical for lenses in this price range, and
because the threads used to assemble the lenseasmnbugh that they are easy to cross thread.
* Optical quality is a 3 for astronomical applicats because the image is a little soft at full
aperture, but becomes diffraction limited by f/@3/22,** depending on the sample. However,
for terrestrial use, performance at maximum aperigiadequate and color saturation is good.

* Pluses: Good color saturation, diffraction limited at f/{Soligor) to f/15 (Vivitar), lightweight
for focal length and aperture, tapered tube reducksne, (slowly) separates into two parts for
transport, rotating tripod mount, has enough back$ to use as telescope, looks cool!

* Minuses: Residual spherical aberration limits planetarygrenance. Vivitar sample has some
axial astigmatism, but the Soligor does not. (*¥ar 10939 is worse.) Off-axis aberrations are
an issue for full frame astro photos, but usuadiyyterrestrial photos; iris diaphragm is delicate.

In the 1960's and 1970's, Soligor and Vivitar afteBOO mm f/8 lenses with optics consisting
only of a cemented doublet at the front end. Tiesnt that the lenses were not true “telephoto”
lenses, in wich negative focal length elements tdvtlae back permit the physical length of the
lens to be shorter. Instead, the optical designsim@ilar to that of an achromatic telescope. As
a result, the physical length of the lens is altbatsame as the focal length. Many call these
“stovepipe” lenses, because their long and tapeaeckls look a lot like a stovepipe.

While the mechanical components appear to be icinti all respects except for the type of grip
on the focus ring (Soligor has scallops, Vivitas lkaurling) there is a wide variation in the
optical quality between brands, and between samyté the Vivitar brand. In the 1970's, |
was partial to Soligor lenses. This is becausen élough photography magazine tests showed
that Vivitar lenses were slightly sharper than &mliversions of the exact same lens, my own
experience was exactly the opposite, in that | dotlnat Soligor lenses had better optical quality.
A notable exception is that Vivitar made a stunnthgugh large, 20 mm wide angle that (unlike
most of their other lenses) was not of the samieaplesign as the closest Soligor equivalent.
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This review covers three different samples of thkgdr and Vivitar 800 mm “stovepipe” lenses.
The table below compares these to the “telephatoSions of the Vivitar and Tokina 800 mm
lenses. In all, this chapter considers five ddfégr800 mm /8 T-mount preset lens samples.

* Soligor 800 mm /8, SN 9690336, an 800 mm “Stapep lens.

* Vivitar 800 mm f/8, SN 10991, an 800 mm “Stovegipens.

* Vivitar 800 mm f/8, SN 10939, an 800 mm “Stovegipens.

* Tokina 800 mm /8, SN 8200506, an 800 mm “Telephidens.

* Vivitar 800 mm /8, SN 379000933, an 800 mm “Tteto” lens.

Performance threshold data for all five lense®mgared here. None of them are diffraction
limited at maximum aperture. The diffraction liedtaperture is in the “ShVid” column.

Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comdisies 1

Soligor Long 9690336 13 8.0 10 11 10 80 E Sharpest Samp
Vivitar Long 10991 15 9.0 10 11 10 9.0 Exc. MinimalVig
Vivitar Long 10939 22 19 20 11 10 19.0 VG TriangStarimg
Tokina Tele 8200506 16 11 11 11 10 16 \% RVGrnAstLca
Vivitar Tele 379000933 18 13 13 11 10 16 Vv RVGrnAstLca

A Soligor 800 mm f/8 lens was my first “good” tetepe. It was not diffraction limited at full
aperture, but neither was the 6 cm f/11.6 Jasoaatefr that my brother and | had shared in our
youth. A few months before getting the 800 mm @wilj | had acquired a used Tasco 7.5 cm
f/12 Newtonian reflector. It was not bad even tanpts, but its aperture size was limiting.

The 800 mm Soligor has almost twice the apertuza af the Tasco 7.5 cm, and | could use it at
low magnifications. Using a telescope of 10 cnmriype telescope at low magnification is not
something I'd been able to do before. | was imgeddy views in the 15x to 25x range. | also
used the 800 mm to view planets at 89x and 133xit loiid not become diffraction limited

unless stopped down to about 60 mm, so its planetews were similar to those of the Tasco.

The Soligor 800 mm /8 lens is also outstandingaiddlife photography, even at full aperture.
This was in the days of film photography. For moddigital photography, the 800 mm does
better if stopped down to just past f/10. Thissaldwn on false color and increases resolution.

In the early 1990's, | sold my 800 mm lens to nuother to help finance getting a Veronscope 94
mm refractor. The Vernonscope was sharper, batkied the contrast and color saturation of
the Soligor 800 mm lens when used for wildlife ggyaphy.

In the early years of the 21st century, | was &blagain afford an 800 mm lens. | could not find
the Soligor anywhere, but found a Vivitar versi@N(10991) on eBay. When | used the Vivitar
for visual observation, it did not impress me as$oligor lens had, and it had to be stopped
down to /15 (rather than /13) for diffraction litad performance. The Vivitar had slight
astigmatism, while the Soligor did not. This wasfrmed later, when my brother and | used
both lenses in side by side comparisons.
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Up to the point | acquired the Vivitar 800 mm I8N 10991), | had not seen any truly “bad”
samples of the 800 mm “stovepipe” lenses from ®olay Vivitar. But that changed when |
bought aseconadVivitar 800 mm lens in 2018, to use as a backupraaybe a loaner. The
second Vivitar 800 mm (SN 10939) was on a differantd much lower, plane than the others.

The second Vivitar 800 mm lens has a 7 mm longab@.5 mm diameter air bubbles in the
balsam between the elements. (This defect wadisdbsed by the seller.) The bubbles are
located about 20 mm from one edge, and there separation of the balsam around them A
defect like this caonly happen at the time of manufacture, and it is Inetsame as “separation”.

At full aperture, the second Vivitar lens also proedtriangular star images almost 20 arc
seconds across, with the brightest part being exaamner. The triangular shape gets smaller as
the lens is stopped down, but the lens does neigea diffraction limited image until stopped
down to between /20 and /22.

The brightest part of the image is considerablgtier than the triangular artifact even at wide
apertures, and the defect may not be obvious iestial photos. However, it is obvious in star
images. Loosening the lens retaining ring didhedp, so it imota case of “pinched” optics.
Seeing this sample is why it is noted that theebmaawide variation between different samples.
But, agoodsample of an 800 mm stovepipe lens is a “keepeat’ hay be useful for a lifetime.

Details for the modular “telephoto” version of ¥Mevitar 800 mm ff/8 lens are covered next. A
Tokina branded sample of the same telephoto lessaiga tested.
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5.3) Tokina/Vivitar 800 mm /8 "Telephoto" Lens (10.0 cm f/8, used as telescope)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
100.0 mm / /8.0 /800/100.0 mm / None /- -@ 116 / 130 / 571 /2315g/

Image Quality (measured) Thresholds for:

Make Model Serial No. ShVid ShAx Sh34 FAFm FA34 UseAt Comibies 1

Tokina Tele 8200506 16 11 11 11 10 16 V RVGrnAstLca
Vivitar Tele 379000933 18 13 13 11 10 16 \Y RVGrnAstLca

C. Resol. / E. Resol. / Contrast/ Flare /dBho/ Ghost/ CamShake / Notes
Fair / Fair / Fair [/ Good Roor [/ Fair / V Good / Dif. Ltd. at f/16

The telephoto versions of the 800 mm f/8 lensesbeamore easily separated into two parts than
is the case for the “stovepipe” version,, for easensport. A threaded ring holds the two main
parts of the lens together, not too unlike the forghe Vivitar 600 mm modular lens covered in
an earlier chapter. Like the 600 mm version, éhephoto 800 mm lenses have built-in sights.
Build quality is similar to, and maybe even adthetter than, the 800 mm “stovepipe” lenses.

The assembled length of the 800 mm telephoto knensiderably shorter than the “stovepipe”
version, with the length being 571 mm (22.5") rativan 812 mm (32"). The optical design of
the telephoto version is 4 elements in 4 groupshere is no balsam between any of the
elements. The appearance of the telephoto veisimore refined (but less impressive) than the
stovepipe. Both samples have minor coating defactthe front surface of the rear element.

Unfortunately, the optical design of the 800 mnepéloto lens is flawed, because red is brought
to a significantly different focus than green ataebresulting in obvious red fringing. The
fringing would probably be visible even in film iges at full aperture, but would be reduced
enough for film by f/11. However, for digital, tihens has to be stopped down to /16 (Tokina)
to f/19 (Vivitar) to provide a digital image withbabvious color fringing. The Vivitar has to be
stopped down more than the Tokina because it has amaxis astigmatism than the Tokina
version of the same lens. Inspection of elemantke Vivitar lens show that the astigmatism is
only in one element, so it does not help to rotete element with respect to another.

When the 800 mm telephoto lenses are compared: toetst two out of three 800 nstovepipe
lenses, the stovepipe versions eearly better. And the difference is in tbptical designin

that the telephoto version is not designed as agethe stovepipe version. This means that the
telephoto versions may have less variation betwgaenples (since none of them are very good).
However, the third stovepipe lens (Vivitar SN 10pBSinferior to the 800 mm telephoto lenses,
which shows that there can be a wide variation betwsamples of the stovepipe version.

The telephoto version of the 800 mm lens work<tikedly well for wide field observation of

stars and deep sky objects, but red fringing valbbvious on the moon even at low to moderate
magnifications unless the lens is stopped dowrbtwef/16. The fact that none of the elements
are cemented may help the lens better tolerateganpe extremes or rough handling.
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5.4) OTI Quantum 4 Mak-Cass Telescopg10.0 cm f/15)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
100.0 mm / f/15.0/ 1500 / 100.0 mm/ 36 mm / 36%131 /121 dia/ 360e /29509 est/

Image Quality (measured; SN not recorded, but was version witial coatings)
C. Resol. / E. Resol. / Contrast/ Flare /dabo/ Ghost / CamShake / Notes
Excellent /V Good [/ Fair-G [/ Fair-G/V Goo¥ [Good/ V Good [/ Heavy mount

Summary:

* Build Quality / Materials: 4+ / Almost all metal except for optics and focustpedint so-so.

* Optical Quality / Details: 5- / Exit pupil distortion affects some low magnifiat images..
Summary Notes:

* Build is a 4+ because the primary baffle tube@ases the secondary obstruction to 36 percent,
and because the blue paint on the tube and mount garticularly durable. It is also heavy.

* Optical quality is shown as a 5- because thesotitbn of the primary baffle in the secondary
mirror causes longitudinal distortion of the exifpl with long focal length_(32 mm) eyepieces.
* Pluses: High resolution, mount slow motion controls ardlyséaced for terrestrial viewing,
mount bolt pattern fits Celestron 8 wedge.

* Minuses: Average to low contrast, exit pupil distortionggjece position cannot be rotated,
eyepiece is sideways when used as a spotting sg@sefrom its mount, friction fit eyepiece
holder, non-standard 36 TPI threads used instedetlmfeads, heavy for a 10 cm telescope.

The OTI Quantum 4 telescope was a unique prodwusxdnme ways. It borrowed some attributes
from Questar, but went beyond the minimal limitai®f a Questar 3.5 in a few specific ways.
The basic optical tube assembly is a 10.0 cm aeftl5 Maksutov-Cassegrain. One notable
difference between it and most other smaller Caagetelescopes is that its primary mirror is
f/2.5 rather than f/2.0. The slower primary ingesthe size of the diffraction limited field.

The OTA itself was available as the “Quantum 1®Qit,the most popular version was the
“Quantum 4", which has a flip mirrmontrol boxon the back that also (like Questar) includes a
flip-in visual Barlow lens. The Quantum 4 accep®5 inch eyepieces in a friction fit eyepiece
holder. The construction is fairly heavy, with thgical tube having a 2.3 mm wall thickness.

The back of the Quantum 4 has threads for a prigpyieamera coupling. The camera coupling
is specified as having T-thread (42 mm diametes7% @m pitch thread), but the actual coupling
hardware has a 36 TPI pitch thread of a slightlglsen diameter than a true 42 mm T-thread.

The back focus required for a camera was long e@mthag the photo focal length was 1800 mm.

The Quantum 4 was available with or without enhdrazmatings. The one | used had enhanced
coatings. In spite of only 10 cm of aperture, @k provided good images of many deep sky
objects. A dim view of M51 through it with a 16 nfonig eyepiece is memorable to this day.

The OTI Quantum 4 had some unusual image attripatesit took some digging to find out
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why. To this day, | am not absolutely certainteé tause, but I'm reasonably sure about it. The
Quantum 4 performed really well at magnificatiom®0x or more, including when used with a
16x Konig eyepiece. However, when | used at arfmagnification eyepiece such as a 32 mm
Brandon, the image took on an odd quality. It aashough my eye was trying to focus on two
things at once. Looking at the images also gaviengression of double image that were only
separated about the same as the visible threshaddaution even though | could not actually
see two distinct images. It was most pronouncesiober images, when using the OTI solar filter,
but it was also visible on other subjects. It @leemed to change a little with eye centering.

The owner of the telescope, my friend the late &duwibeski, had the same impression. My
vision was 20/10 at the time, and this didn’t happ&th other scopes. Before | could determine
a cause for the odd low magnification image, Ldumeed his Quantum 4 telescope to the dealer
and bought a Questar 3.5 instead. (He was alsogedth the Q4 polar legs.) Future inspection
of the Quantum 4 to find a cause for the odd inatrédutes then had to happen at the dealer.

My first clue came when | looked into the eyepiboé&der when no eyepiece was installed. As |
moved my eye side to side, | became aware thatdbendary obstruction was not defined by the
secondary baffle. Instead, it was defined by thatfend of the primary baffle tube, as seen in
the reflection from the secondary mirror spot. Téfgection of the baffle moved in relation to
the outside of the aperture when my eye centeragahanged even a little. After this, | put in a
32 mm eyepiece and looked at the sky. As my eggedeg changed, there was an impression
that a faint but large shadow was moving arounttiénfield. Next, | placed a transparent ruler in
front of the telescope and looked at it from theafglane. This confirmed the likely cause:

The Quantum 4 has a 100 mm aperture, and it igifotats small 33 mm central obstruction.
However, when | looked into it from the back, thensparent ruler in front indicated that the
obstruction is really 36 mm, and that the front ehthe primary baffle tube causes the enlarged
obstruction. lIts reflection in the secondary ogespnore of the aperture width than is the case
for the secondary baffle, so the latter isn’t VisibThis causes some longitudinal distortion im th
exit puplil, since the image of the aperture isarothe same plane in the pupil as the image of
the central obstruction. This would be hard taagotvhen the exit pupil is small, but when the
size of the telescope is small and focal lengthafeyepiece is long, the longitudinal distance
between features in the exit pupil is larger. Theantum 6 does not share this minor flaw.

The Quantum 4 single arm fork mount and motor baseone of my favorite gadgets. The OTA
can be detached from it without tools, and thelsiagm design provides a versatile platform for
various cameras or astrographs for astrophotograbéyen used a 4"x5" film camera on it once.
After my friend returned his Quantum 4, | bougle @uantum 4 motor base from the dealer. |
could not afford a Quantum 4 OTA at the time, sdapted my C90 to the mount.

Tracking accuracy of the Q4 mount is not all theddjdue to a spur gear drive, but for terrestrial
or other alt-azimuth use, it has no equal. Thglsifork arm design permits the azimuth slow
motion control to be on the left side of the mowatyour hands just fall into place on the slow
motion knobs. It is somewhat less optimized aragajial mount, but it is still workable. The
mount is relatively heavy, but it has the same miagrbolt pattern as a Celestron 8 motor base.
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5.5) Bausch & Lomb Criterion 4000 Schmidt-Cassegrai (SCT) Telescope(10 cm /12)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
101.6 mm //12.0/ 1200/ 101.6 mm/ 35 mm / 34%20est / 130est / 305est / 9509 est /

Image Quality (measured; SN’s not recorded)
C. Resol. / E. Resol. / Contrast/ Flare /ddho/ Ghost / CamShake / Notes
Fair-Good / Fair [ Fair [/ Far /o@ / Good / Good / All metal tube

Summary:

* Build Quality / Materials: 3 / AlImost all parts except optics are metal, bigame inaccuracy.

* Optical Quality / Details: 3-/ Wide variation between samples; but not as wsltbaMeade.
Summary Notes:

* Build is a 3 because several finishing touchesglisas dress nuts vs hex nuts) were omitted.

* Optical quality is a 3- due to a wide variatioatlyeen samples, and many are only fair to good.
* Pluses: Compact size, lighter than other Cassegrain tepescof similar or slightly smaller
aperture (not counting Questar), small secondasyrottion (for a small f/12 Cassegrain), close
minimum focus distance, comes with diagonal arldast one eyepiece, moderate price, samples
| have seen in person have good lunar and temkstrages, reasonable deep sky and planetary.
* Minuses: Wide variation in optical quality between sampléses not use standard SCT rear
threads, requires dedicated low profile diagon@dcess polar declinations if used on its mount;
fork mount polar shaft interface is not accuratede and has a lot of play if screw comes loose.

A few years after Celestron introduced the somewtediocre C90 Mak-Cass telescope, other
manufacturers began offering telescopes in thari@merture range. Speculation as to why is in
the review of the C90 telescope in chapter 4.

The small telescope introduced by Criterion (thesoaiated with the Bausch & Lomb name) is
the Criterion 4000, a 101.6 mm f/12 Schmidt-Cassedgelescope (SCT). The B&L Criterion
4000 is unusual for an SCT, in that it is f/12 eatthan f/10. When used as a camera lens, this
gives it almost as much “reach” as a Celestrorubthe Criterion 4000 has a smaller size (due in
part to having 25 mm less aperture), lighter weight lower price. An /12 design also permits
use a smaller secondary mirror, resulting in a Enaecondary obstruction.

The Criterion OTA proved to be comparatively ligi#t the time, it was the only 100 mm
aperture OTA that was light enough to be pracfmamost people to bring along on a hike.

(The Meade 10 cm /10 SCT was a great deal heauvrerformance of the Criterion 4000 is
average. Images from are better than a C90, bt ik considerable variation between samples.

Less than admirable attributes of the CriterionGid@lude a fit and finish that is not quite up to
par with the Meade 10 cm. For example, an ordihasynut is visible between the focus knob
and the optical tube. The corrector lens is asdyfthin and delicate, though it might not be any
thinner than a C5 corrector. The Criterion 4000 loa used for deep sky observing. It provided
visual images of M51 and M57 that were as good @st imther telescopes of similar aperture.
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5.6) Edmund 10.16 cm /15 doublet refractofvintage telescope objective lens)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
101.6 mm //15.0 / 1524 /101.6 mm/ None / -0 114 / 114 / 1416 /45009 est/

Image Quality (measured; no S/N)
C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes
Excellent /V Good /V Good / Good /V Good /W&l / V Good /Home made tube.

Summary:

* Build Quality / Materials: 2, 3+ / Kludged to start with, but improved over timeiie made)
* Optical Quality / Details: 5-/ Typical false color for f/15 doublet, but symme#t images.
Summary Notes:

* Build is a 2, then 3+ because it started out gkal using only hose clamps to attach the OTA
to the mount. But then it was improved on by bogself and others who owned if over time.
* Optical quality is a 5- because even though pianyamages have outstanding detail, false
color is typical for a 10 cm f/15 refractor, witb\waous violet glow around planetary images.

* Pluses: Amazing planetary detail for aperture, small disenéube and pier store under a bed.
* Minuses: Medium to low contrast for terrestrial photos,ddnbe with only 1.25" focuser, tall
and relatively heavy pier has some vibration indysmall 75 mm clock drive gear.

This is a telescope | built myself from various gaments and aluminum irrigation pipe in 1980.
| actually owned it twice, and still wish | had iThe first time | had to sell it was out of finaaic
necessity in the mid 1980's. Years later, it wsedised in the newspaper and | bought it again.
While it was owned by others, tube rings and alkclirive were added. After acquiring it again,

| made some improvements to the drive. But théad to sell it again when | moved from
Arizona to California to start a new job. | wadiggt renting only a room, so there was no place
to keep the telescope, so | put it on consignmetiia Telescope”, a telescope store in Arizona.

Images from the Edmund 4" f/15 achromatic objecl&res have an obvious violet glow around
bright objects, but the violet color becomes ldsdaus with longer periods of observation, since
my eye would gradually become less sensitive t&isual resolution on planets is outstanding,
revealing festoons and other features within Jupiteelts. Planetary photos through it are OK,
but it is obvious that the violet haze lowers castra little on photos of small planetary features.

Resolution is also outstanding for terrestrial viayy but the contrast seems a bit low due to
atmospheric haze being compounded by the violet fram the objective. Contrast in wildlife
photos is a bit lower than photos taken with an 800 f/8 Soligor camera lens, probably
because the air spaced refractor has more aiass gurfaces, and slightly less effective AR
coatings. But during “golden hour” shortly befetenset, atmospheric turbulence often settles
down and the telescope can really pull in detaifront-lit subjects.

The Vernonscope 94 mm f/7 triplet refractor | haged since then has less false color, but it
does not quite seem to have the snap of the fléScape for fine planetary detail.
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5.7) Meade 2045 LX-3 Schmidt-Cassegrain Telescofi.2 cm f/10)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs /©b/ Width / Height / Length / Weight / Notes
102.0 mm //10.0 /1000 /99.0 mm /46 mm / 46%20* / 130 / 264 /22009 est/

Image Quality (measured; SN on motor base: 428578)
C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes
V.Good / Good [/ Fair-G / Fair-G / GoodGbod / Good [ All metal tube

Summary:

* Build Quality / Materials: 3+ / Almost all components except the optics are meta

* Optical Quality / Details: 3+ / Wide variation between samples. Some very gomtiesbad.
Summary Notes:

* Build is a 3+ because the threaded interface bebhnthe front and rear cells and the thin wall
tube are very loose, which can lead to loss ofroalion if either cell comes partly unscrewed.
The secondary obstruction is an unusually largpet6ent.

* Optical quality is only a 3+ because there iSERY wide variation in the quality of different
samples. One sample could not produce a star isragéler than 20 arc seconds, due entirely to
spherical aberration, while other samples areatiffon limited. | suspect that, from some error
in manufacture, the former had an optical flateast of a Schmidt corrector. It was the worst
telescope I'd ever seen in the 1980's, and helddikinction until | got a Kasai Pico-8 in 2018.
* Pluses: Solid build except for fit of front and rear celtstube, OTA includes tripod thread for
use as spotting scope when removed from fork m@acgpts standard SCT accessories, close
minimum focus distance, acceptable lunar and teraésnages, drive operates on 12 Volts DC.
* Minuses: Variation in optical quality between samples, tigkly heavy for a 10 cm SCT, stiff
focuser, large secondary obstruction results iniooeel planetary images, average contrast, low
clearance behind rear cell when scope pointedléstt@ pole requires dedicated 1.25" diagonal

The Meade 2045 has been available in differenioessover the years. The OTA remained
relatively unchanged, but the motor base in eadgats used 115 V AC clock motors. The
reviewed LX3 model runs on 12 Volts DC. Weightiwibhe motor base is 6350 g (14 Ibs).

The OTA is relatively heavy for a 10 cm SCT, bulighter than the average Mak of the same
aperture. The standard 2"-24 SCT threads on ttenwatal rear cell can accept relatively heavy
accessories, but the mount gets in the way of laxgeessories at high or low declinations. But
when used apart from the mount as a spotting socofeephoto lens, large accessories fit well.

The rear sides of the OTA are threaded for the fookint interface castings, the top has holes for
a finder scope bracket, and the bottom has a tiiptedface plate. However, there are no extra
holes for accessories such as counterweights iggglgack camera mount. The focus knob is
somewhat stiff and mushy. This is not unusual fealle SCT’s, because these typically don’t
utilize ball bearings in the focus mechanism inwag that Celestron SCT’s do. A Meade 2045
is not a telescope that wows you when you seaitalood sample can perform reasonably well.
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5.8) Meade ETX-105EC Mak-Cass Telescod@0.5 cm /14, version with UHTC coatings)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
105 mm /f/14.0/1470/102 mm /34 mm /3380127 / 153 / 340* /20409 est/

Image Quality (measured, UHTC version; no S/N on OTA)
C. Resol. / E. Resol. / Contrast/ Flare /dabo/ Ghost / CamShake / Notes
Excellent/ Good /V Good /V Good/ Fair bd&l / Poor /Plastic Tripod Mt.

Summary:

* Build Quality / Materials: 3+ / Main tube is metal, but other important parts glastic.

* Optical Quality / Details: 5- / Very good planet images, but some asymmetry g pattern.
Summary Notes:

* Build is a 3+ because the PLASTIC flip mirror Isdug also incorporates the tripod interface,
and this makes for very unstable use as a telepbosy excessively exaggerating camera shake.
The secondary baffle limits the real world apertior&é02 mm at the center of the focal surface.

* Optical quality is shown as a 5- only becausedhe a little asymmetry in the Airy pattern, in
comparison to telescopes such as the Questar e &d Astra lll.

* Pluses: Diffraction limited optical performance that prdes noticeably more planetary detail
than 90 mm telescopes, reasonably compact fopédwae and performance, relatively close
minimum focus distance, reasonably small centratraistion, moderately good light baffles.

* Minuses: Integral plastic flip mirror box and tripod mousttucture flexes too much, lower
front of flip mirror housing is open and admitshitgand contaminants, mount is noisy and takes a
long time to align in comparison to manual aligningiman “old school” equatorial fork mount.
Poor clearance for camera at moderate to high @evangles due to mount’s large top surface.

The Meade ETX 105 OTA has very good if not exceltgstics. However, its benefit cannot be
fully utilized because plastic is used in the imggear flip mirror housing and the tripod mount.
The actual tripod threads are brass, but the saatbstround the thread inserts is plastic. If the
ETX mount is also considered, using the Meade E0X dan become downright frustrating.

Use of noisy motorized slewing is required for ahligent. This means it should not be set up late
at night in the city, since the motors can wakeneighbors. The only practical way to use the it
on the mount proved to be manually pointing it @3 would if the OTA was on a simple photo
tripod. But | got a decent manually tracked imafjthe ISS by using the scope this way in 2008.

If considering only the OTAwith its plastic flip mirror box, it still falls shotiecause the tripod
mount is not stable, and the lower front of thp fhirror box is open to the elements.

But if the OTA is considered all by itself, maybélwa custom machined metal rear cell and
tripod mount, it could be a really good telescofiehas enough more resolution than a Questar
that it would be worth hanging on to if it was pb$sto make a custom metal back end for it.
Unlike the ETX 90 and 125 OTA’s, the ETX 105 was widely sold as a spotting scope. Too
had, since this would make it possible to bettdizatwhatcould be a good 105 Mak-Cass OTA.
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6.) Telescopes of 12.0 cm and Larger Aperture:

[Fig. 6A]

Figure 6A. Some of the domestic and Russian telescopesaredtian this and other sections.
The left three were made in the USA, and the rigig was made in Russia. From left to right:
* Questar 3.5 Maksutov-Cassegrain (shown for sereparison; reviewed in chapter 4)

* Celestron 5, a 127 mm /10 Schmidt-Cassegragst@pe (reviewed in this chapter)

* Celestron 8, a 203 mm /10 Schmidt-Cassegragst@pe

* Intes MN56, a 127 mm f/6Maksutov-Newtonian telgse

Figure 6B. Some of themportedtelescopes reviewed in this and other sectionsstf these
did notdo as well as vintage domestic or Russian telescopeft to right, these telescopes are:
* Kasai Pico-8 (reviewed in chapter 3 with otheradinelescopes; covered further in Apndx. A).
* Mystery Mak, a 13 cm f/15.4 Maksutov-Cassegraithwo brand name. This telescdped
amazingly poor light baffles. These were improvadefore the telescope was worth using.

* Astro-Tech AT6RC, a 15.2 cm f/9 astrograph. Thes the best of the bunch in some ways.
* Sky Watcher 18 cm /15 Maksutov-Cassegrain tapsc A nice looking telescope that (sadly)
has two types of light baffle design errors thatitiits performance, though not too severely.
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6.1) Celestron 5 Schmidt-Cassegrain (SCT) Telescoff2.7 cm 1/10)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act./ C. Obs b€ / Width / Height / Length / Weight / Notes
127.0 mm //10.0 /1250 / 126.0 mm/ 53 mm / 4294146 / 159 / 305 /1700 g/ wi/o fndr

Image Quality (measured; SN 500956)
C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes
Excellent / Good / Good / Good /V Goods6od / Good-VG / Some FX vig.

Summary:

* Build Quality / Materials: 3+ / Significant play in mount’s lower right ascensioushing..

* Optical Quality / Details: 4- / Some astigmatism in tested sample (but it wapéaed with).
Summary Notes:

* Build is a 3+ because the secondary baffle islatively large 42 percent, the fork mount motor
base has visible play in the lower right ascenbashing, and because the fork base is retained
on the polar shaft only by an E-ring, which has smartical play. The OTA itself would be a 4.
* Optical quality is shown as a 4- because thesdme astigmatism. CaveBlut the test sample
had been tampered wijthnd looked almost like it had been in muddy waterok 2 days to fix

it, including restoring acceptable rotational aedtering orientations of secondary and corrector.
* Pluses: Lightweight (1700 g OTA, 5900 g with mount), o@tiquality in test sample supports
over 300x magnification, focus knob turns easig§l vibration when focusing), baffles effective
even when pointed within 10-20 degrees of the slmse 3.7 meter minimum focus distance.

* Minuses: Motor base diameter is large compared to teles@gigmatismgee caveat large
central obstruction (but effective baffling), tedepe is back heavy even with 1.25" diagonal.

The Celestron 5 (a.k.a. C5) has been availableamymersions. This review is limited to the
12.7 cm /10 Schmidt Cassegrain telescope thatmeae when most Celestron telescopes still
had the orange and light brown color scheme.

As for the entire telescope with fork mount: Thigimal version of the C5 had a very compact
motor base with an outer diameter of only abouth8 This made the entire telescope more
portable, because the original C5 could fit inidyfalim case, even a “carry on” size case.

Later, the diameter of the C5 motor base was isei@to be the same size as the C8 motor base,
since this allowed it to share the same mountinggdadtern as the C8. The problem with this
arrangement was that this made the C5 “thickedna dimension, which made it a little less
portable. This all but ruled out the C5 comforyalitting carry on luggage. It also complicated
using a smaller tripod with the C5, and this redugertability of the C5 compared to the C8.

Later, when Celestron introduced the C90 Astro matdebase had a small (~18 cm) diameter

similar to the original C5 motor base. But the @&&n't very sharp, and Celestron never took
advantage of the small C90 motor base size anght#rn by going back to the original smaller
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C5 motor base size. If this had been done, thedD&l potentially have been used on a compact
tripod, just like a C90. Leaving the C5 with ag@amotor base size left the market without an
affordable, truly portable quality telescope in th® 13 cm aperture range. This opened the
door for Meade and Criterion (by then B&L) to indiece telescopes in the 10 cm aperture range.

But apart from the motor base, the C5 OTA is siaadl light enough that it is practical to use it
on a tripod as small as a Gitzo Studex, and (fwal) on a tripod head as small as the Gitzo R3.

In the early years, a separate tripod adapter @gdned to use early versions of thrangeC5
OTA on a tripod. Even in the late 1970's, thhangeversion of the C5 was only available as an
astronomical telescope with the (larger) fork mamotor base.

Back then, if one wanted a Celesctron 5 OTA byfitee only option was a black OTA with a
gold band around the back that included the Celestame and other information. The black
version was sold as a telephoto lens, and it latkedapped holes needed to mount a finder

scope bracket. This was problematic if one watdeget a C5 OTA for astronomical use on a
different telescope mount, or to use a C5 OTA ggadting scope. In the 1990's, Celestron at
long last corrected this when they began to incMiken-compatible dovetails with C5 OTA's.

The original C5 is an area that I've wanted toGekestron bring back a “blast from the past”,
while incorporating some modern features. An iaeal version of the C5 would use a compact
motor base, but incorporate a sidereal drive (mayidar to that in the Ultima) that can run
several hours on a 9 Volt battery. Ideally, th@akmotor base would have a worm drive, even if
the worm wheel is only 90 to 100 mm in diametehe Teclination setting circles should be flat
or recessed (as on an older C5) since flat ciarledess likely to inadvertently be misaligned.

A quick release for the OTA would be useful, but a® necessary if the motor base is small. It
would also be better if the OTA went back to thigioal rear casting, since the original OTA
had a more compact appearance and was comparaashto handle.

Accessories could include a table top wedge sinuoléine vintage one, a compact tripod not too
unlike the Meade ETX tripod, and an adapter platedapt a compact C5 base to a C8 wedge.
An alternative to an adapter plate would be toipomte three shallow protrusions on the side
of a compact motor base that have threaded hadeditithe bolt pattern of a C8 wedge. A
compact mount can even be oval, as long as itrrewan at least one dimension in order to
reduce the overall envelope.

A telescope like the original C5 would potentidily faster and easier to set up than is the case
for computerized “go to” telescopes. Setting upahiginal C5 does not involve making noise
like that which results from having to use slewmgtors to acquire alignment stars. Just a
simple and silent manual polar alignment is alt teaequired to set up for serious observing.

| did not acquire a C5 until 2018. After usin@iwhile, | can see that, in the late 70's, it would
have been a better choice than a C90. | strudglede deep sky objects in my C90 that are easy
to see in a C5. But a C5 would have cost overawg much as my used C90 did back then, and
the cost in terms of work hours needed to pay f6bavas higher then than was the case later.
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6.2) Intes MN56 Maksutov-Newtonian Telescop€l2.7 cm /6)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
127.0 mm/ /6.0 /762 /127.0 mm /32 mm /2546216 / 159 /749/5675 g/ wi/cs ring

Image Quality (measured; SN 9.313)
C. Resol. / E. Resol. / Contrast/ Flare /[ddho/ Ghost / CamShake / Notes
Excellent/ Good /V Good / Good /V Good fcEek / Excel /LP 57mm helical foc

Summary:

* Build Quality / Materials: 4+ / Almost all components except the optics are meta

* Optical Quality / Details: 4 / Very slight spherical aberration, significant-afis coma.
Summary Notes:

* Build is a 4+ rather than 5 because focuser h#ado tube via oversized holes, and there are
no eccentrics to prevent large lateral changesaander position if removed for maintenance.

* Optical quality is shown as a 4 because thestight spherical aberration and the coma-free
field is very small.

* Pluses:Very sharp with relatively high contrast imagesnpact size for Mak-Newt, small
central obstruction, low profile helical focusesstenough back focus for camera, second draw
tube and long 1.25" adapter to adjust back focstdce; light clamshell ring; baffles relatively
well designed (but long); primary mirror has edggsk to reduce flare; minimal tube currents.
* Minuses: Larger and heavier vs SCT of same aperture, sagnetting from small secondary,
image not as sharp vs aperture as Intes MNG61.

The Intes MN56 is a lighter weight design versusrape than the Intes MN61. The Intes MN56
tube has less wall thickness, but includes sevaternal light baffle stops.

TBD, weighs less than Mystery Mak and has radidadiiger images. (...)
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6.3) Mystery Mak, a 13 cm f/15.4 Maksutov-Cassegrain Telescope w/Boand Name

Specifications(measured values in mm are shown instead of fhealispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
130.0 mm / f/15.4 / 2000 / 125.0 mm/ 61 mm /49%159 / 168 / 437 [ 45409/

Image Quality (measured; no S/N)
C. Resol. /E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes
V Good / Good / Poor |/ Poor /Fair-AoGood / Excel. [/Poor baffle design

Summary:

* Build Quality / Materials: 3 / Almost all parts except optics are metal, butleés very poor.

* Optical Quality / Details: 2 / Only slight spherical aberration, but significflare f/baffles.
Summary Notes:

* Build is a 3 because build may be a bit heavhantnecessary, and light baffle design is very
poor, being close to a tie for the worse bafflavd ever seen. But the mount interface is good.
* Optical quality is shown as a 2 partly becaussligiht spherical aberration, but mostly due to
flare from the excessively smooth interior surfagethe primary baffle tube. Optical quality
would be 3 (which isn’t bad) if the baffle issu@s aorrected.

* Pluses: Average image quality (but only after light bafflesign errors corrected), solid
interface fitting for mount fits contour of thickall tube and is very stable.

* Minuses: Extremely poor light baffle design lowers contrastl increases secondary
obstruction size to 49 percent, which reduces intagdity across the board; slight spherical
aberration, rear accessory interface is only 1e3&piece holder (no threads for mounting heavy
accessories); gummy feeling focus mechanism, mimrfacus is a very distant 30 m, no S/N.

This nameless imported telescope is referred thea¥Mystery Mak". It was acquired used, and
looks like most of the Chinese-made Mak-Cass telgss in the same aperture class. | bought it
partly because | wondered if it might be a protetgp pre-production model (so it would be an
interesting piece), and it was also fairly inexpesas Due to its severe light baffle flaws, | rgall
do hope that it is @rototype and that the manufactudearnedsome lessons from its poor light
baffle performancéeforegoing into production!

Mechanically, theMystery Makit 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.
The tube wall is about 2 mm thick, and the cellsath end are metal. Its minimum focus is a
very distant 30 meters (unusually distant), whiculd reinforce therototypetheory. It weighs
4540 grams (10 Ibs!), which is 2.5 times heavianth Celestron 5 Schmidt-Cassegrain OTA.

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.
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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 typibeblem 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 tools, | 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
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6.4) Intes MN61 Maksutov-Newtonian Telescopgl5.0 cm 1/6)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
150.0 mm //6.0/900 /150.0 mm /28 mm /196253 / 178 /937 /7945 g/ wl/o rings

Image Quality (measured; no S/N)
C. Resol. / E. Resol. / Contrast/ Flare /dabo/ Ghost / CamShake / Notes
Excellent / Good / Good / Fair-G / ExceV Good/ Excel [/ Sharpeston planets

Summary:

* Build Quality / Materials: 4 / Almost all parts except the optics are metal,ibguite heavy.

* Optical Quality / Details: 5/ Best central image quality of any telescope lehaver used.
Summary Notes:

* Build is a 4 instead of 5 because the Intes MMGlieavy (7945 g w/o rings), and because the
three rear Maksutov corrector retainers have vthy tontact area, placing pressure on the
corrector edge that could potentially result inpgimng with even moderately rough handling.

* Optical quality is a 5 because it doesn’t often getter than this for planetary observation.

* Pluses: Excellent optical quality and small central obstron, 2" Crayford focuser can handle
heavy eyepieces (and even relay lenses) in splightfappearance; minimal tube currents.

* Minuses: Very heavy for 15 cm telescope; rings are heatian clamshell ring like that on
MN56, back focus distance too limited to use cammatiaout adding Barlow lens; poor dust seal
around corrector, and especially in focuser; soigeetting from small secondary mirror; light
baffle effectiveness is only fair; no S/N.

The Intes MN61 is a 15.0 cm /6 Maksutov-Newtonidth a heavy tube and excellent optics.
The sample | have has been my “gold standard” leovgiary observation. When paired with an
Atmospheric Dispersion Corrector (ADC) and highlgud8arlow lens (such as a TeleVue
PowerMate, to provide the back focus needed fok@€), it provides clearer planetary images
than any other telescope | have used that is kessttvice its aperture.

The MNG61 includes a front light and dew shield.isT$hield is essential in avoiding stray light.
Focuser seems light, but worked well with 46 cngloslay lens prototype. Etc. (...)

There is less to say (other than “Wow!) when ast@pe is this good!
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6.5) OTI Quantum 6 Maksutov-Cassegrain Telescop@ 5.0 cm 1/16.7)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
150.0 mm / f/16.7 / 2500 / 150.0 mm/ 50 mm /33%178 / 178 /| 5xx /32009 est/

Image Quality (measured; SN not recorded)
C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes
Excellent /V Good / Good /Good /V Good Géod/  Excel /Heavy mount

Summary:

* Build Quality / Materials: 4+ / Almost all metal except for optics and focustjyedint so-so.

* Optical Quality / Details: 5/ Almost textbook Airy Pattern, but contrast seemitie low.
Summary Notes:

* Build is a 4+ because the blue paint on the OTA mount is not particularly durable, and
because the telescope is very heavy for a 15 cnsiak-Cassegrain.

* Optical quality is shown as a 5, even though casttis a little lower than in a Questar or a
refractor, possibly because the corrector lensrggaseem to have relatively high reflectivity.

* Pluses: High resolution, mount slow motion controls ardlyeéaced for terrestrial viewing and
OK for astronomy; mount bolt pattern fits Celestigh(TBR) wedge.

* Minuses: Average contrast, eyepiece position cannot beéedt&yepiece is sideways when
used as a spotting scope apart from its mount, acamipgely insecure friction fit eyepiece holder,
non-standard 36 TPI threads used instead of Tdbrdeeavy for a 15 cm telescope.

This review of the Quantum 6 is based on several star parties that my friend Larry Grampp
and | had at each others homes in the late 190'saly 1980's. At the time, Larry had a
Quantum 6, while | had a Celestron 90 that was rrembiaon a Quantum 4 motor base, plus a
Soligor 800 mm f/8 lens that | used as a telescdpd.980, | added a home grown 10.2 cm /15
refractor that was based on an Edmund air spagedtode lens.

The Quantum 6 was fairly heavy owing in part tdatge motor base, but it had a good feel in its
focus mechanism and the slow motion controls omisor base. The feel wasn't as good as a
Questar, but it had a better feel than anything Eled encountered except a Questar. | liked the
fact that you did not have to deal with tightenatgmps when letting go of the slow motion
controls. The Quantum 6 lacked any means to guggyback camera mount, but Larry came

up with a home grown version that was workable.

The Quantum 6 performed very well on planets, aondided respectable views of some brighter
star clusters, nebulae, and galaxies. It showghti better planetary images than my 10.2 cm
refractor when the seeing was good, but my refraadged out the Quantum 6 by the slightest
margin when seeing was poor. The only time thecédr was more satisfying on planets than
the Q6 in good seeing was during the ring planesing of Saturn. During this event, the rings
looked razor thin in my refractor, but looked treckn the Q6 because more light was in the first
diffraction ring due to the 33 percent diametrichstruction. We could see the rings for one
extra day before and after the ring plane crossirige refractor than in the Quantum 6.
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6.6) Astro-Tech AT6RC Ritchey-Chretien Astrograph(15.2 cm /9)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
152.0 mm / /9.0 /1370 /152.0 mm /76 mm /50%190 / 203 / 498 /55009 /

Image Quality (measured; no S/N)
C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes
VGood /VGood / Good / Good / Good o¢0d / V Good+ /RC Astrograph

Summary:

* Build Quality / Materials: 3 / AlImost all parts except optics are metal; focuseo-so.

* Optical Quality / Details: 3+ / Residual central astigmatism, minor off-axis aggons.
Summary Notes:

* Build is a 3 because the tube is somewhat heauytlae focuser is so-so. The tube is certainly
impressive, but it is not necessarily optimizedeinms of weight distribution. Baffles are good.

* Optical quality is 3+ because there is some redidstigmatism on-axis (seen visually), even
after collimation. Secondary obstruction is laeg@ugh to impair planetary performance, but
since this is a low cost astrograph and not a pdaypéelescope, this does not lower its rating.

* Pluses: Good wide field performance typical of a Ritchdyr&€ien, good back focus distance,
three extension tubes included to optimize backdgpuery good light baffles, includes 2"
focuser with 1.25" adapter and attached Vixen doledriginal box is adequate for transport.

* Minuses: Residual on-axis astigmatism at high visual magaiifons, but it probably is not
enough to impact photos; somewhat heavy for itstapee 50 percent central obstruction, no SN.

The Astro Tech AT6RC is marketed as an astrogragtter than as a visual telescope, so good
visual performance at high magnification is notaaned feature. Given its large 50 percent
diametrical central obstruction, it would not baligtic to expect high resolution planetary
images from it, owing to the large amount of endhgt is in the diffraction rings. But most
samples of the AT6RC | have seen are diffractiontéd. Its just that its images will invariably
have a lot more visible diffraction rings than thesrage telescope.

The AT6RC comes with a dual speed 2" Crayford fechswving 34 mm of travel. Since this is
not enough travel to accommodate a variety of lbacks distances, the telescope also comes
with three threaded extension tubes that fit betvtbe focuser and the optical tube assembly.
There are two tubes of 25 mm length, and one 50u@  Using the 50 mm tube between the
focuser and OTA, plus the included 1.25" to 2" ddatends to accommodate visual observation
with most standard 1.25" diagonals. Use of aléegion tubes is needed for straight through
viewing, and even these may not be enough for gi@hing with certain eyepieces.

The main purpose of the AT6RC is to be an astrdygrdis light baffles reduce stray light over a
large area of the focal surface, though this thatexpense of the above noted large central
obstruction. The telescope is capable if ilumimgi&an image circle larger than 50 mm. The
back focus distance behind the OTA is 150 mm ghsly more. An RC telescope generally
makes a good astrograph. The AT6RC performs adielguaspecially in light of its low price.
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6.7) Sky Watcher 180 Maksutov-Cassegrain Telescop@8.0 cm f/15)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
180.0 mm //15.0/2700/172.0 mm/59 mm /34/228 / 228 | 541 /7260 g/ w/o fndr

Image Quality (measured; no S/N)
C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes (AftBafMod)
VG-Excel/ Good / Good / Good- / Fair-& Good / VG-Excel / Baffle design errors

Summary:

* Build Quality / Materials: 3 / Most parts except optics and one baffle are inletd tube thin.

* Optical Quality / Details: 4- / Some glow around bright objects, some off-axisrediions.
Summary Notes:

* Build is a 3 because, even though front and caatings look well made (but poorly painted),
tube is very thin, and Vixen dovetail attaches ONDbYhe tube. Also has baffle issues: Primary
baffle too long, secondary baffle too small at fraentral obstruction is larger than necessary.

* Optical quality is shown as a 4- because theraase glow around bright sources than is case
for even a 30-year old SCT (may indicate surfacghoess), had moderate to low contrast (until
baffles modified to improve this), highly suscepgibo tube currents.

* Pluses: Reasonably good lunar, planetary, and terrestniatjes (but not as good as either 20
cm f/10 SCT sample it was compared to), works ¥eelimaging birds at a distance, smooth
focus mechanism (after | serviced it), impressovébk at (if you are into that sort of thing).

* Minuses: Central obstruction is same percentage as 20 SCT (too large for f/15 scope),
secondary light baffle needlessly clips workingrage to 172 mm, glow over and around bright
sources lowers planetary contrast, even compara@@year old SCT; heavy, minimum focus
distance is 20 meters, when a 20 cm SCT can faecabdut 11 meters; expensive, yet is no S/N.

| acquired a Sky Watcher 180 after finding thahplary images in my Celestron 8 SCT looked
really good during nights with good seeing, bubatsooked fairly bad on nights with bad seeing.
In the latter case, smaller apertures, and motepkarly, smaller central obstructions, seemed to
help when the seeing was poor.

Up to this time, an Intes MN61, a 150 mm f/6 Makwtienian, with its tiny 19% (diameter)
central obstruction, was the only telescope oflginto smaller size I'd encountered that could
actually beat my C8 for planetary imaging. The MNfas been my “gold standard” for
planetary viewing, frequently providing sharp imagerth of 400x. But it is heavy, and | have
to use a Barlow lens to get enough back focusrigktanospheric Dispersion Corrector (ADC).

Thus began the search for a telescope with moiefoaas and lighter weight, yet also having a
small obstruction. Thus began the search for @afled "planet killer" Cassegrain telescope.

| could not find a spec for the Sky Watcher 180 Maksutov-Cassegrain central obstruction,

but a similar telescope by Orion was said to hasmall 41 mm (23 percent by diameter) central
obstruction. | went for the Sky Watcher becausg \Blatcher telescopes have not had the rear
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cell O-ring problems that | had read people wenerttawith other brands. The Sky Wacher 180
can’t have an O-ring problem, since its rear ceiface has no O-ring at all!

| really wanted to like the 180 mm Sky Watcher Matks-Cassegrain scope. Unfortunately, it
hastwo of the three most common light baffle design exrddnly one of these can be corrected
in an existing telescope. It doest by any means have the worst baffle design erheesskeen

(far from it), but it does have two different typafserror. Because of this, the Sky Watcher 180
review (and Appendix A) are good places to disdigbs baffle design issues fany telescope

The most common three Cassegrain telescope lidgthé ll@sign errors are described here:
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 "Mysteaik'Mhoted abovéadthis problem in spades.

6.7.1) Two Light Baffle Design Errors in Sky Watcter 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 reovbkat 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.
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Think that 180 mm Mak is a “planet killer” in commmon to a 203 mm SCT? Think again! I've
done side by side comparisons, and even on plahet§8 beats this 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

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 thamd 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 mesc¢epe.

6.7.2) But there's More: A “Glaring” Problem with th e Primary Mirrors!

The flaw discussed here is not unique to the Skictéa 180. In fact, the SkyWatcher 180 has a
little lessof this flaw than most other “made in China” Cagaé telescopes I've encountered.

All three Chinese Maks evaluated in this work hglae over and around the planetary images

they form. This reduces contrast. The glare Isagt 4 times brighter, and significantly wider in
extent, than any glare around the planetary imafjegher C8 SCT that | compared to the Maks.
Glare in the Chinese Maks is even greater when aoedpto a Newtonian telescope.

The cause of this glare is not known for sure,lluuld not be surprised if it is from failure to

-74-



adequatelyine polishthe primary mirror before coating it. This impses is supported by the
appearance of the Kasai Pico-8 primary mirror gndhea occupied by coating holes, and the
"frosted" look that strong lighting causes the ot@ihinese primary mirrors to have.

The primary mirrors in my SCT's do NOT have thio4ted” look under similar lighting
conditions, and the coatings in my SCT’s are 30s/eld! The glare problem in Chinese Maks
that have it (which isll of them I've seen) cannot be corrected. Truergiiller" telescopes
don't have this much glare.

6.7.3) Collimation Instability in Some Chinese-Mad Maksutov-Cassegrain Telescopes

Another thing many Chinese Maks have given upabibty. 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 wégable in terms of collimation. Mirror mounts
were also robust, and did not oscillate enougldte@esely influence observations and photos.

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 baffl®euwill 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.

6.7.4) Other Shortcomings of this and Other Telesc@s that areMadein China

None of the reviewed Chinese-made telescopes leaiad sSUmMbers. Lack of a serial number is
highly unusual on an optical product as expenssvéha Sky Watcher 180 in particular. Lack of
a serial number is undesirable because therevgagdo for the manufacturer to retroactively
assess quality control based on serial numbertreard is no traceability for the telescope owner.
But maybe the latter is in keeping with the Commstidoctrine that is common in China!
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6.8) Celestron 8 Schmidt-Cassegrain (SCT) Telescof#0.32 cm 1/10)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
203.2 mm/ {/10.0 / 2032/ 203.2 mm/ 69.8 mm / 34/232 | 245 | 457 |/ 5680 g/ w/TpAd

Image Quality (measured; SN’s 429294, 807971)
C. Resol. / E. Resol. / Contrast/ Flare / Btod Ghost / CamShake / Notes
Excellent / Good / Good /Good /V Good 6ad@ / Excel [/ Good all-rnd. scope

Summary:

* Build Quality / Materials: 4+, 3 / Almost all parts except optics metal; older C&enstable.

* Optical Quality / Details: 4+ / Not quite textbook Airy pattern; susceptible tibé currents.
Summary Notes:

* Build is a 4+, then a 3 because early C8 telessapere built from heavier castings, and were
more stable. This made less difference in the @&h it did in the mount. Early C8's also had
a metal secondary holder and used fiber surfaeéisefrthan rubber) around the corrector edges.
Early OTA'’s had a short focus knob, which was mmmpatible with close coupled accessories.
* Optical quality is a 4+ because the Airy pattémmen seeing is good enough to see it) is not
quite textbook; has off-axis coma (like any SCT eW®idt corrector closer than primary ROC).

* Pluses: Excellent optical quality versus weight and priegatively close 11 meter minimum
focus distance, good integration with fork mount,ACcan be removed from fork mount, central
obstruction percentage is as small or smaller thanof many slower Maksutov-Cass. scopes;
collimation is not the big deal that many say ,jtasd collimation has remained stable for years.
* Minuses: Some samples are not as good as others, some smifigieom mirror thimble play
during focusing, off-axis aberrations limit fuleime deep sky photo resolution in off-axis areas.

The first time | looked through a Celestron 8 (@eC8) was in 1980. It was a pivotal moment in
my amateur astronomy experience. It was thetfire# I'd looked through telescope larger than
a Quantum 6, and the extra 5 cm of aperture ilC#lestron 8 made a significant improvement

in the visual appearance of deep sky objects. fif$teobject observed was M13.

A C8 was soon on my wish list, and | was finallyeato acquire a used one in 1983. After
getting a C8, my smaller scopes did not get as msehthough | still often used a Soligor 800
mm /8 camera lens as an RFT.

The Celestron 8 was fairly ubiquitous in its ealdys. In the larger astronomy clubs common in

big cities, one or more people had a C8. Most lymasl optics, though there was a lapse shortly
before Comet Halley, when production was appareatiyped up to meet higher demand, and a

few samples fell short of the norm. But in gene@8's from most periods have good optics.

The C8 may be one of the most under-appreciateddepes of our day. Most samples easily
provide better planetary images than the importedadled “planet killer” Maksutov-Cassegrains
of similar to slightly smaller aperture that peopéere been buying in droves. But in side by side
tests, the C8 wins. And a C8 will usually mainteatlimation better than the imported Maks.
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Contrary to popular opinion, the central obstrutii@rcentage for a C8 is similar to that of many
imported Mak-Cass telescopes that are promotepldmetary observation. This is based on
measuring the actual hardware, not the publishedsspAfter looking through both, | can only
assume that people who think the imported scope%gand” just have not looked through a C8.

A vintage Celestron 8 has a somewhat utilitarigmeapance in comparison to many more recent
telescopes, but it was also more practical in a waylimates with cold winters, the dull spatter
finish paint on the mount and both ends of the G3 A lot easier to deal with than the machined
mirror finish metal surfaces that are common onesomore recent telescopes.

The protruding center of the rear cell of a vint&@gealso helps provide better clearance for one’s
head when wearing a hat. This is not the casediore newer telescopes (including even newer
Celestron SCT scopes and larger imported Maksiinag a fairly flat back OTA surface.

Meade came out with a series of SCT’s in the eE8B0's, but | did not see a sample of a Meade
SCT that had optics comparable to a C8 until ah®94. Since then, the Meade SCT’s I've
seen have been relatively good. The Meade SCatiseemiewed here because | have not spent
enough time with a good sample to write about munch detail.
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6.9) Celestron Ultima 11 Schmidt-Cassegrain (SCT) Tescope(27.9 cm /10 SCT)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
Aper.Spec / f/Ratio / FL / Aper.Act. / C. Obs / @bgWidth / Height / Length / Weight / Notes
280.0 mm /{/10.0 / 2800/ 280.0 mm/ 102 mm / 36/4%d7 / 330 /5xx/12700g est/ w/rail

Image Quality (measured, Starbright coating version)
C. Resol. / E. Resol. / Contrast/ Flare / Biod Ghost / CamShake / Notes
Excellent / Good /| Good /Good /V Good 60d / Excel /

Summary: _ SUMMARY NOT DONE___

* Build Quality / Materials: 3 / Almost all parts except optics are metal, buheanaccuracy.

* Optical Quality / Details: 4 / Produces Airy pattern with slight asymmetry, lstigcattering.
Summary Notes:

* Build is a 3 because the motor base and fork drave some flex, and axes not perpendicular.
* Optical quality is shown as a 4 because star eadmave slight asymmetry and slight scattering.
* Pluses: Good optical quality versus weight and price, cadrdbstruction percentage is smaller
than Meade 25 cm, but not smaller than Meade 30ange format rear threads plus standard 2"-
24 rear threads; smooth focus action, motor diivms ion 9 Volt battery.

* Minuses: Some image shift from mirror thimble play whileetsing, one place on corrector
plate edge has mill edge of original glass rathantchamfer, motor base and fork arms barely of
adequate thickness, OTA front heavy on mount, ltamdrol cord can be caught by fork arm.

The Celestron Ultima 11 (not Ultima 2000) is they&st complete telescope | have owned or
used regularly. At the time | bought it used i®20l was on the fence between it and a Meade
12" f/10 LX 200 SCT. | chose the Ultima 11 becamseas 7 kg (15 pounds) lighter, and its 25
kg (55 Ib) weight (including the fork mount) waght at the upper limit of what I could lift by
myself. (My lifting capacity diminished only a feyears later, and | had to drop back to a C8.)

The Ultima 11 uses the same motor base as the &J8imso it is a little spongy for stabile images
if there is much wind. The tracking motor runsao8@ Volt battery, so there is no need to lug
around an extra power supply. For me, that wag advantage over the Meade, even though
the C11 does not have alt-azimuth tracking. Omgvback of the Ultima 11 mount is that the
declination setting circles protrude on either sgtethey can easily become mis-calibrated.

The Ultima 11 OTA differs from the original C11timat the center part of the tube does not
protrude on the back. This is somewhat of a digathge when using physically short eyepieces
in a 1.25" diagonal, because an extender is redjtirenove the eyepiece position back enough
to provide clearance for one’s head. (OTA desldgasthis always make me wonder of the
designer ever actually looked through a telescope!)

Image quality in my sample is very good. In readi@ seeing conditions, C11 planetary images
are better than those of almost any other comnigatescope I've used, though Intes MN61
images are close to being a tie. Compared to savsples of the Meade 25 cm /10 SCT I've
seen, the C11 is noticeably better on planets.pBkg performance is a little better as well.
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7.) Conclusions Concerning the Reviewed Telescop&isclaimer, etc:
Conclusions for each range of apertures can bagteftom each section.

Unexpectedly, user impressions from the telescap®tes | have seen in person has led to a
fairly general impression (and thus conclusion)ulzuality versus the country of manufacture.
Observed defects in some telescopes are both batidanechanical, with a good part of the
mechanical defects being related to light baffldee “baffling” details follow, in Appendix A.

It appears that making quality small telescopedieaeme a lost art, and this may be due in part
to excessive “exporting” of labor used for telesedgsign and manufacture. There is some
evidence for this when correlating telescope peréorce to the country of origin for each scope.

Small telescopes used to be of acceptable or evath guality, with the Ad-Astra lll being a
good example. This does not appear the case arey aj the reviewed 8 cm and smaller
Cassegrain telescopesw available newnonewere worth using for more than casual daytime
observation or low magnification viewing the modPlanetary performance was very poor.

If available telescopes in the 8 cm aperture rahg@ot have to be "stopped down" to provide a
good image, such telescopes would be worth udtog.astronomical observation, there is little
point in having a small telescope that is incapalblgroviding acceptable planetary images, then
having to lug around a slightly larger (and betitede) telescope for planetary viewing. Better to
just get the larger telescope, then chuck the afiggtting a smaller new (80 mm) scope, and be
done with it. And larger telescopes of similaigorialso appear to be inferior to vintage optics.

Several higher quality options are available inghghtly larger 9 cm aperture range. If smaller
telescopes cannot be manufactured with acceptabléygany more, it makes more sense to step
up to a 9 cm aperture. For the same price aseWweB0 mm and smaller offerings, it is usually
possible to get a used Celestron 90 or Meade ETXPA. These are much more satisfying, but
at the expense of a little more size and weighindney is no an object, the Questar 3.5 is an
excellent choice if one can get by with a visueldiof view that is limited to about 0.8 degrees.

7.1) Flaws that may be Common to Groups of Telescope What Does all of this 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 telescbpbave personally seen are desigpearly,

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.
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Domestic telescope makers may not even need swateadince in general, telescopesre
made properly when they were made here in the W8/, 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 desigrdfles! 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 maghifitsaof 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.

7.2) Disclaimer:

All information in this document and any and allitsfattachments, appendices, or related
communications are based on my own experienceisgmvided without warrantgs to its

value or accuracy for any purpose. Reviews hexe@mot complete, formal, or comprehensive
reviews like those at web sites dedicated to cametalescope reviews, nor am | a professional
camera, lens, or telescope reviewer. Any reviesvsih are a collection of my user impressions
of various telescopes and any lenses or accessioaiesiay be mentioned. Unless specifically
noted otherwise, where any details about any ptaghecnoted without quoting a manufacturer,
such details were often obtained by inspection @asarement of available product samples, and
do not represent the official specifications frony ananufacturer. This is not a repair manual or
a legal document, nor is it written by anyone vighal experience. It must not be used for a
repair, maintenance, or legal reference, or forratgted purpose whatsoever. Further, this
document is strictly informal material about lindtaspects of my experience with telescopes.

It does not provide design or repair advice, ndtiistended to be a substitute for professional
optical design, mechanical design, repair advicéegal advice. Always seek the advice of a
qualified professional in relation to any questommcerning repair, servicing, or other advice.
Never disregard professional advice or delay ikisgeprofessional telescope or lens repair or
maintenance or advice because of anything readiimferred from this document or any
associated documents or communications. The Authall be held harmless with regard to all
real or imagined damages perceived to be relatdddmr any related material. This document
contains a lot of information, and as such, itos asserted to be free of inadvertent error.
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8.0) Telescope Accessories of Note that are Also Reved:
This chapter includes reviews of telescope accessonther than telescopes or camera lenses.
8.1) Tracking Mounts: Comparisons Without Guiding
Star Tracker Tests, Reviews and Comparisons
Long Focal Length Deep-Sky Photography Without Guithg!
Copyright 2016, 2017, 2018, Jeffrey R. Charles,Rihts Reserved.

This section includes reviews of tracking mountshwletailed reviews of only a few of them.

8.1.0.1) Introduction:

Figure 8.1.0.1A Popular past and present tracking mounts. Théae have good payload
capacity. The four tracking mounts shown hereaeveewed or otherwise noted. These are:

* LEFT: AstroTrac TT320x star tracker. Optional @aohlignment scope immediately to its right.
* CENTER: Fornax LighTrack Il mount. Optional CGBlar alignment scope is to its upper left.
* UPPER RIGHT: Vixen Polarie tracker. Its optiomallar alignment scope is just to its left.

* LOWER RIGHT: iOptron SkyTracker. Its includedlpoalignment scope is just above it.
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Compact star trackers that are sized for use vaitheras and lenses (versus full size telescopes)
are very useful astrophotography accessoriesoufwant to travel light, all you may need is
your camera, a star tracker, and a reasonably hgaty tripod.

If a tracking mount tracks accurately enough farnjourposes without having to guide, there is
no need to bring a guide scope or even an autoguleme digital cameras can be programmed
to take long exposures at set times, which meanggo enjoy the night sky while the tracking
mount and camera are sitting there unattendedaletg numerous tracked astrophotos.

This review emphasizes only two of the more aceustdr trackers, though two more compact
but less accurate trackers are also briefly coveFext the trackers that are promoted as being
capable of providing respectahlaguidedresults with camera lenses up to 200 mm focaltkeng
on a full frame 35 mm digital camera (or fieldsvedw down to well under 15 degrees on other
formats), satisfactory results are defined hersithase averaging less than one pixel of
elongation in a star image during a 1 minute ungdieixposure. This high bar for performance
limits the present comparison to only a coupletaf sackers that | was able to obtain: The
AstroTrac TT320 series, and the Fornax LighTracKTlhese are reviewed in some detail.

This review only briefly covers a couple of smalierckers (iOptron SkyTracker, Vixen Polarie)
that are not as accurate. All of the tested tnackere purchased at customary prices on the new
and used market, so thisnet "paid"” review.

For comparison only, a fetelescope mountsre mentioned. Unguidedpneof the evaluated
telescope mounts tracked as well as either theAsdc or the Fornax LighTrack Il mounts. The
following ranks a few of the telescope and camexeking mounts | have used over the years in
terms of unguided accuracy. This is only a rankasgyopposed to definition of absolute tracking
accuracy. The iOptron and Vixen trackers haveyabbeen used enough to rank them here.

* Fornax LighTrack Il (about 1.8 arc seconds accutia 1 minute on first unit; 3 arc sec on 2nd)
* AstroTrac TT320x star tracker (2nd best; more [i&karc seconds accuracy, so far)

* Celestron Ultima 11 telescope mount with wormrgdrave (3rd best)

* Aus-Jena German equatorial mount with custominégtnal motor drive (4th best)

* Celestron 8 telescope with spur gear motor df8/eamples over the years) (5th place)

* Questar 3.5 telescope clock motor drive (two 1XEavhples over the years) (6th place)

* OTI Quantum 4 telescope motor drive (two 115V péam) (7th place; not particularly good)

* Small imported telescope mount with motor drigeh(place, and not very good)

Telescope mounts are only briefly mentioned bectheseare not as portable as the trackers, nor
are they as accurate when usethoutguiding. This review does not go into great dethout
why a tracking mount is needed for astrophotogragifough a few basics are covered below.

8.1.0.2) Purpose of Tracking Mounts in Astrophotogphy

Simple forms of astrophotography are possible witlinary cameras and even cell phone
cameras without using any form of star trackingnege include pictures of the crescent moon at
twilight, star trails or sequences (if camera @a long exposures), and other basic astro images.
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Things get more complicated when taking picturesaoistellations or nebulae in the night sky
with anything except an extremely wide angle lelRer example, if the object is to photograph
nebulae, a relatively long focal length is usuakyeded, as is a long exposure time. Longer
exposures are obviously needed at night becauseghtsky is dim, as are nebulae.

Since the earth rotates relative to the sun and,dtee sun and stars always appear to move
across the sky. Because of this motion, a suffitydong exposure of the stars will make them
look streaked in images taken from a simple caroera tripod.

The amount of image streaking from earth's rotatiem be significant. For example, if you take
even a short 1 minute exposure of a part of thitraigy near the celestial equator with a camera
and 200 mm lens on a tripod, images of the stdtdeiistreaked about 1 mm at the focal plane.

When the object is to obtain an image that is treb&ed, it is necessary to counteract rotation of
the earth Since the earth predictably rotatesroaxis defined by its north and south poles, it is
possible to align a telescope mount or star traskdhat its axis of rotation is parallel to the
earth's polar axis. Once this alignment is conepléte mount need only rotate at the same rate
as the earth, but in the opposite direction in ptddrack the stars. Stars are very distantheo t
parallax between a tracking mount and the eartiar jaxis is insignificant.

8.1.0.3) Tracking Accuracy

A simple tracking mount can provide good resulterposures up to a couple of minutes (and
sometimes longer) with a wide angle to normal canhems, provided that it is properly polar
aligned. As either the exposure time or the fteadth gets longer, it becomes more and more
important that the mount tracks accurately. Fardgaccuracy, a tracking mount should have
different tracking rates that correspond to rafanation for the sun, moon, or stars.

The earth makes one rotation relative to the swe ewvery 24 hours on average. However, since
the earth's orbit is not exactly circular, thera sight change in the solar rate throughout the
coarse of a year, but it averages 24 hours perldeysmall variation is not caused by any
change in earth's true rotation rate, but is irstzaused by libration as the earth moves faster or
slower in parts of its orbit. The slight variationsolar rate is insignificant for a tracking mount

Relative to the stars, the earth rotates aboutrdites faster per day, so a slightly faster tracking
rate is required. This faster tracking rate isezhthe sidereal rate. Here again, the earth's true
rotation rate is not different. Instead, the d#éfece is a result of the earth's orbit around time s
Each year, there is one more "sidereal day" thamtimber of solar days.

The earth has a constantly varying rate of rotatebative to the moon, but most mounts have a
lunar rate that is a good average. The differemcaused by motion of the moon relative to the
earth, combined with the earth’s rotation. Thealurate is slower than the other rates, and it
varies according to the moon's changing distaraa the earth, and from other factors.

Additional variations in the lunar rate are deperiam whether the moon is near the meridian or
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if it is closer to rising or setting. This depende is due to the moon being close enough to the
earth that its position relative to different oh&es on the surface of the earth can influence its
apparent rate of motion as the earth rotates. ol gart of the difference associated with the
moon's position in the sky is caused by the eattting in the same direction as the moon's
orbit. This has the effect of slowing the lunaereelative to an observer while the moon is up,
with the rate being slower when the moon is neamntleridian. The exact rate of lunar motion
relative to the stars depends on a combinatiohefrioon's position in the sky, the observer's
latitude, and other variables.

8.1.0.4) Tracking Mount and Telescope Mount Basics

When a proper tracking rate is selected on a tngckiount, the quality of the results are
dependent on a number of things. Some of the sigreficant are:

* Accuracy with which a tracking mount is polargaed.

* Stability of the tripod (etc.) supporting the ¢king mount.
* Quality of the camera lens, and accuracy of focus

* Periodic errorandbias errorof the tracking mount.

Inadequate polar alignment causes star imagesdtrdmked considerably in anguidedphoto.

In aguidedphoto, inadequate polar alignmeitdo causes star images to be streaked, but the
streaks in @uidedphoto appear to be centered around the guide Ataunstable tripod or head
can cause star images to appear enlarged or eeaked in unusual ways. A poor quality lens
will often cause asymmetrical star images, and paaurs results in enlarged star images.

Some fast f/ratio camera lenses will not perfornti fee astronomical imaging when used "wide
open™ at their maximum apertures. This does no¢sgarily mean that the camera lens is of
poor quality, since sharply imaging stars overfthleformat of a camera is one of the most
demanding tests of a lens. Many extremely fagtider{50 mm /1.2, 135 mm /2, etc.) may not
work well for astronomy wide open, but will ofterovk fine if stopped down 1.5 f-stops or so.
Stopping down also reduces vignetting, for les&e&l@ng at the image corners.

Periodic errorin a tracking mount causes streaked star imagesise the mount periodically
tracks slightly too fast or slightly too slow. 3Sustreaks usually are not very long if the mount is
properly polar aligned. If the mountnst polar aligned, periodic error may cause longegéag
streaks, or even a “stair step” appearance teeakstd star image. Deliberate misalignment is
one way that some people test telescope drivesracking mounts.Bias errorin a tracking
mount is an error in thaveragetracking rate that results in streaked imagesgbatonger with
exposure time. Some bias error will obviously fesuhe wrong rate is set on a tracking mount.

8.1.0.5) Camera Tracking Mounts Versus Telescop&sth Mounts

When | took up astrophotography decades ago, th@seno such thing as a commercial amateur
tracking mount (or even an affordable telescopentyahat was accurate enough to provide
good long exposure astro photos with even a metilephoto lens (200 mm) without guiding.
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The lack of tracking accuracy without guiding imrtumeant that an entire telescope and its
mount had to be transported to a dark site for ¢rermost basic deep sky astrophotography. A
piggyback camera mount is then used to attach @m@ato the side of a telescope, or sometimes
to the counterweight shaft on a German Equatorialiid (GEM).

Once everything is set up, the telescope can lbasa guide scope, and a drive corrector is
used to “speed up” or “slow down” the telescope@eamotor in order to compensate for the
drive's tracking errors. When | first got intoragthotography, the drive rate had to be controlled
manually, while looking in a reticle eyepiece tege guide star centered. My longest manually
guided exposure was 110 minutes. Today, mostuteg@ders instead of reticle eyepieces.

If a telescope is not accurately polar alignedf tire subject is relatively low in the sky, itagso
necessary to make corrections in declination. $octections compensate for slight polar
alignment errors and for atmospheric refractiohotBgraphs through a telescope are also
possible, by using either an off-axis guider oepagate guide scope.

Since a telescope mount must support the weigam @ictual telescope, the mount and its tripod
or pier must be relatively heavy, especially if takescope is of significant size or has an
extremely long focal length. To say the least ttoes not make for a very portable setup.

This is where a tracking mount comes in. A tragkimount, and the tripod used to support it,
need only be heavy enough to provide stabilitytiiercamera and lens it supports. There is no
need for an everyday tracking mount to be so héaatyit can support a medium to large
telescope. This makes a tracking mount much maortiple.

However, a tracking mount must track accuratelgroter to be of any benefit for long exposures
with long focal length lenses. Only a hand fulk@icking mounts are accurate enough for
unguidedphotos with moderately long telephoto lenses @000 mm). When performance
with a long focal length lens is needed, only a feaeking mounts have the required accuracy.

8.1.0.6) Details and Ancillary Equipment Common tdl'racking Mount Testing

The tested tracking mounts were used on both sandllarge tripods in order to arrive at the
lightest tripod that is adequate for a given fdeabth lens in various wind conditions. The quest
for a lighter tripod weight, and smaller equipmeolume in transport, is driven by my physical
condition. However, greater portability is somaththat anyone can benefit from. In my case,
everything has to be transportable in a singlevitign using a 4-wheel walker that has a seat and
various other means to transport items.

Test results so far have shown that, in calm avety low wind, each mount is adequately
supported by a Gitzo Reporter (i.e. Series 2) igelatripod and a sufficiently heavy low profile
head that is Series 1 or larger, such as the G1R@ally solid support for use in moderate wind
is provided by a Gitzo Studex (Series 3) or latgpod and a Series 3 or lardew profile head.

After being disturbed, settling times with a duabheera bracket carrying a 250 mm and 500 mm
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lens were 9 seconds with a Gitzo Reporter tripatia®1270 head, 4 seconds with a Gitzo
Studex tripod and a G1270 head, and less thandhdsavith a Gitzo Studex tripod and a Series
5 low profile head such as a PL5. Settling timesfaster when only one of the two cameras is
on the mount. | have not tested the dedicateditrganount wedges.

For critical tracking, a lighter tripod suffers fnothe distinct disadvantage that polar alignment
must be performedvery timethe center of gravity for the cameras is changguifgcantly, while
repeated polar alignment is not needed with lamg@ods and heads.

All tests to date were performed in calm to veny leind conditions. A 40 mm ball head was
initially used on each tracer, but | later usediz@G1270 head, then even a G1370 head, on
some of the larger trackers. At times, each tripedd was used with a dual camera bracket. A
dual camera bracket can support either two cameras)e camera and a small guide scope. My
smallest guide scope is based on a tiny 300 mi@ fixror lens.

8.1.0.7) Test Methodology and Overview of Tested dlints

The main purpose of this review is to compare dragking mounts that have an unguided
accuracy better than that of most low to moderagt amateur telescope mounts. The review is
also constrained by the range of mounts that lowam or otherwise have considerable access to
during the review period.

All of the above constrains the scope of rigorotissted mounts to only two:
* AstroTrac TT320X, and
* Fornax LighTrack .

Detailed levels of review are limited to these msum large part because most other portable
mounts | have been exposed to (or seen result9 fieemot accurate enough to provide good
unguided long exposure results with a long focaditk lens. If it's worth taking the time to do
something, it is (when possible) worth making timeeestment to do it right.

The scope of testing is simply an assessment oltsezbtained when like or similar cameras and
support equipment are used in similar conditionghtotograph the same object with either
mount. Details are in the side by side compargmtion, which is a work in progress, being a
cumulative part of this review that is will be adde over a considerable period of time. Now,
we will get to the specifics of each mount.

8.1.0.8) Tracking Mount Comparison Table

Wide | High [Long |[Wght. | Track [Spec. Accur.|Act. Accur.
Mount Make/Model [(mm |[(mm)|(mm)| (g) |Time (m)|(ArcSec/M) |(ArcSec/M)l Notes

AstroTrac TT320x 97 44 | 437( 1110 120 spec. 5" over 5m 3.@er m|Lead Screw
Fornax LighTrack Il [135 | 78 | 278 | 1310| 108 act| 2" over 5 m 2" per m [Friction Sec,
iOptron SkyTracker | 152 | 178 | 76 [ 1250| Continu] None Spe¢. _ ger m [80.0 Worm
Vixen Polarie 137 94 59 740| 120 (bap) 4"/2m (imp) " pem [57.6 Worm
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8.1.1) AstroTrac TT320X Tracking Mount with Polar Alignment Scope

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
* Physical size in mm: 97 wide x 44 high x 437 longeight in grams is: 1110

Summary:

* Build Quality / Materials: 3+ / Metal w/some plastic; guide rods unstable; ptgsblar scope.

* Functionality / Details: 3+ / Easy to use in sidereal, but not other ratesgrpope poor.
Summary Notes:

* Build is a 3+ because the drive nut guide rodnam@oints are unstable, polar scope is plastic.
* Functionality is shown as a 3+ because of thiofahg: Drive nut guide rod instability can
influence accuracy, polar scope does not facilégtaccurate of alignment as CG5, etc., scopes;
setting mount up for solar or lunar rates is naitive and can’t be changed on the fly.

* Pluses: Second most accurate of tested trackers, gooogéygapacity, large tripod mounting
surface, thin profile for travel, some visual andlidle indication of tracking time remaining.

* Minuses: Drive nut guide rod instability degrades accuraxpensive polar alignment scope
does not retain alignment well and attaches witymats; setting rates other than sidereal not
intuitive, fast “partial resets” not possible ingtcritical applications; strain on 8x AA batteries

The AstroTrac TT320X is tracking mount that usestating drive screw to move a nut at the
end of a tangent arm that is attached to the caplatfarm. It is similar in concept to "barn
door" mounts that amateur astronomers have usedmey decades, except that, at a basic
level, the AstroTrac uses a finer thread pitche@serew, and uses a thrust surface for the polar
axis instead of a long shaft or hinge.

The AstroTrac also varies the speed of the drivevs@according to where the drive nut is located
along its length. Motor speed is automaticallyi@@to compensate for tangent error, which is a
tracking rate error that closely follows the cosnfiehe angle of the tangent arm with respect to a
right angle to the rotational axis of the driveeser

The AstroTrack is set up by attaching it to a tdpo wedge, plugging in the power, then
installing the polar alignment scope. At this gpyou roughly polar align it, then attach a
camera or other payload. Finally, accurate pdignaent is performed via the polar alignment
scope while the weight of the camera is on the mhoDbeployment of the AstroTrac drive
mechanism can be done either before or after psigimment. | deploy it before polar alignment
so the camera can be positioned prior to gettingr@ignment really accurate.

To deploy and activate the AstroTrac drive, yoat®the drive motor and drive screw assembly
until it stops about a 90 degree angle to the taingen. The direction you rotate it depends on if
you are in the north or south hemisphere. You phesh the power button and the drive motor
quickly spins the drive screw until the tangent anmwe nut is about 3 cm away from the motor
end of the drive screw. Pushing the same buttamagarts the mount tracking at sidereal rate.
Another button next to the start button rewindsdhee for purposes of resetting it for more
tracking, or for transport and storage. The othverbuttons are function buttons that double for
setting solar and lunar rates. Use of the fundbiattons for this purpose is not at all intuitive.
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[Figure 8.1.1A]

Figure 8.1.1A AstroTrac TT320X mount, and initial results db&d with it.

LEFT: The AstroTrac can carry a fairly heavy paglodlere, two large camera lenses are mounted on an
aluminum bar, which is in turn mounted on a 40 naih bead that is attached to the AstroTrac. Thie lef
lens is a 350 mm /4.8 Leica Telyt-R, and the riginis is a 300 mm /4.5 ED Nikkor, with a Nikon
TC-201 2x tele-converter. Both lenses are on Méd®cameras. These lenses are suitable for amola
lunar eclipse, but for deep sky photography, batter to use the 300 mm lens without the tele-edsy.

The picture of M51 below was taken with a much $endl80 mm lens, then cropped.

RIGHT: This extreme 100 percent crop of M51 is a stadkigfe 40 second exposures with dark frame
and what | call “gray frame” subtraction (wherefdeused sky is subtracted). Exposures were limied
40 seconds because tracking was not good enowgieahinute. The camera is a Panasonic GX7 with a
Voigtlander 180 mm f/4 Apo-Lanthar lens (disconed), used wide open at f/4. The lens did not quite
focus to infinity with its cheap Chinese Micro 48apter, so the adapter was later thinned to allow
infinity focus. Brighter stars look large due tmbkt de-focus combined with the extreme enlargamoén
this crop. The image was taken at the Riversidestepe Makers Conference (RTMC) near Big Bear,
CA on 27 May, 2016. It was my first attempt atngsihe AstroTrac for deep sky astrophotography.

8.1.1.1) Advantages and Disadvantages of the Asti@ac TT320x

Advantages of the AstroTrac include that it is ddpaf tracking with a relatively heavy camera,
and that it folds to a size that is small in twmdnsions, though fairly long (over 42cm) in the
other dimension. In concept, the AstroTrac shqguttvide good results, but a number of real
world shortcomings limit its usefulness for longpesures with long focal length lenses.
Disadvantages of the AstroTrac include the realdvsinortcomings noted below.

8.1.1.2) AstroTrac ldiosyncracies

The AstroTrac often tracks very well compared terean unguided C8 mount, but it still is not
as accurate as the Fornax LighTrack Il mount.uhtba couple of possible reasons why. It

comes down to the polar alignment scope and itpa@tipplus the relatively poor anchoring of
the guide rods that run parallel to the drive scr@le main shortcomings included:
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* Tendency of drive nut guide rods to tilt and "walut" of their anchor points.
** Details about this AstroTrac issue are covemedetail below.
* Polar alignment scope that seems somewhat klydgezut it mildly.

8.1.1.2.1) AstroTrac Drive Nut Guide Rod Instabilty

[Fig 8.1.1.2.1A]

Figure 8.1.1.2.1A Functional Idiosyncracies with My Sample of #&troTrac TT320X

Drive nut guide rod instability of sample AstroTkaET320X:

UPPER LEFT: When | received my used AstroTracdtiee nut guide rods had "walked out" of their
anchor points near the drive motor, leaving theoanhd of the threaded drive screw unsupported.
UPPER CENTER: Uneven guide rod positons at the@nobint, which is somewhat flimsy, given how
critical the guide rods are. It would not surpmmse if guide rod instability is common in this made
UPPER RIGHT: Plastic fitting at outer end of gurdels. When deploying and stowing the AstroTrac,
this fitting has moved up to 4 mm laterally, in leéstep” of the rods walking out of their anchoirs.
LOWER LEFT: Preparing to fix guide rod instabilitAstroTrac did not respond, so | was on my own.
LOWER RIGHT: The present fix for the guide rod aasitity included drilling small holes in the sides
the guide rods, very near the ends, then placing ipi the rods after they were installed, folloviogd
using super glue at the guide rod anchor pointsis improved performance, but is not a complete fix
Better guide rod stability will result from addisgme elongated metal guides just outboard of tidegu
rod anchor points, to support the guide rods frieeirtouter sides for the first 10 cm or so of thength.

In fairness, the AstroTrac was acquired used. Hewevhen | contacted the company about the
unit, they were not responsive. The initial quastivas simply if they could retrofit an
autoguiding port to the unit, but all | got wasartomated email about a ticket having been
originated, but then nothing after that. As okthiriting, it's been years, and still no response.
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When | first received the used AstroTrac, its guinigs had "walked out" of their anchor points
to such an extent that the outer end of the dieveve was not even in its plastic bearing. Since
AstroTrac had not responded to a previous simpéstipn, | was on my own in regard to this
problem. Fortunately, | have had considerable egpee with mechanical devices of similar to
greater complexity, though | can't use machinestaoly more.

The guide rod anchor problem wasnporarilycorrected with some effort by "walking" the
guide rods back into their anchor points, but thésnot last. The guide rods still had a tendency
to move slightly from side to side each time théréErac was stowed or deployed, and to again
walk out of their anchor points a little each tiniEhis was corrected to a mqrermanentdegree

by adding pins hat keep the rods from walking aydmd a certain point. | also made small
changes to reduce resistance required to movegtre’ac in and out of its stow position.

In the end, the AstroTrack generally did not perfas I'd hoped. It is fine for tracking the sun
or moon, and is useful for deep sky images withevdadgle to medium telephoto lenses. But it
has not yet tracked accurately enough for good dkgphotography with long FL lenses.

8.1.1.2.2) AstroTrac Polar Alignment Scope Idiosynacies

The AstroTrac polar alignment scope appears tabéar weak point. It attaches to the polar
scope interface ring only with magnets, and itlisoaeasy to bump it, which almost always
causes it to fall off. When | got the used Astadwith its polar scope, it was obvious that the
polar alignment scope had previously experiencdelst oneepic encounter with the ground
and possibly even pavement. To prevent mishapke whias using the AstroTrac, | looped a
rubber band around the polar scope barrel andttery holder. This kept the polar scope from
falling to the ground if it was bumped, but it wa8l unsettling to see it come loose so easily.

Also, while the AstroTrack polar alignment scoptcte is accurately set up, and the polar scope
ring on the AstroTrac maintains its alignment madiely well as it is moved about the mount's
polar axis, imaging results frequently have fiadtation.

The AstroTrack is the only medium to high costdsetgpe mount or tracker I've used in the last
35 years that | could not reliably polar align withown polar alignment equipment. My first
impression is that thinin plastic tubehat holds the polar scope objective lens can ladiitle

at the drop of a hat, which effectively moves tpéaal axis of the lens relative to the reticle.

When | first acquired the AstroTrac, the plan wasltimately use two mounts at once on rare

occasions | could get away from city lights. Timaximizes the number of pictures that can be
captured on a given outing. | was going to useAsteoTrac mount and one Fornax LighTrack
I mount. However, the AstroTrac and its polargegeemed to need a lot of tweaking.

Ultimately, | found that the best way to tweak ptimize an AstroTrac for deep sky photography

is to get a Fornax mount and leave the AstroTrdhencloset. So, | eventually decided to get
two Fornax LighTrack Il mounts instead of one. Hugnax mount is covered next.
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8.1.2) Fornax LighTrack Il Tracking Mount with Separ ate CG5 Polar Alignment Scope

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
* Physical size in mm: 135 wide x 78 high/deep 8 8/hg. Weight in grams is: 1310

Summary:

* Build Quality / Materials: 4 / Metal with plastic cover; drive capstan relalwvemall.

* Functionality / Details:  4-/ Easy to use, but tracking time less than spec¢inm® indicator.
Summary Notes:

* Build is a 4 because the drive capstan is aivaitsmall 4 mm and is no run time indication.

* Functionality is shown as a 4- instead of a S5/dyécause of the following: There is no run time
remaining indicator or audible warning for end wf time, and tracking time is less than in spec.
Error light does not always come on if trackinddalue to low voltage; all lights same color.

* Pluses: Most accurate of tested trackers, with first sarg@ing slightly better than the second.
Size and weight are not excessively more than cotripackers such as the iOptron; easy to use,
tracking rate is displayed and can be changedefiyth

* Minuses: Tracking time is less than spec (but spec chaafied| informed Fornax); no run
time remaining indication, no audible warning fodeof tracking, low voltage does not always
trigger error light, N/S hemisphere indicator liglare same color, polar scope ring hard to move.

The Fornax LighTrack Il is a friction drive trackirmount in which a smooth sector is driven by
friction via a capstan that is attached to a mbhauing accurately controlled speed. There are no
gear teeth to cause the usual type of periodig,gflrough small centering errors on the capstan
can theoretically cause some error. There is mgetat error to worry about, because the drive
surface is a sector. In practice, tracking with fiirst brand new unit has seems to be quite good.

Setup is extremely simple. Some steps are sitalaetting up the AstroTrac, except that the
LighTrack Il starts tracking as soon as power @liagd and it is turned on. Its status lights also
make it clear what tracking mode it is in. TheHhlgack Il mount is a good deal wider and
thicker than an AstroTrac, but it is not as lofidhe shorter length may help it fit into a smaller
case for transport and storage.

The Fornax LighTrack Il mount was acquired brand ngartly because | could not find any
used ones. In fact, being in the USA, | had neven seen a LighTrack Il mount in person until
| bought one. Exposure to the Fornax mount hadiqusly been limited to a couple of brief
reviews and a few pictures people posted online.

The Lightrack Il mount has two buttons that slew thount to the east or west. These buttons
exist mainly to reset the drive when the end ofdhee sector is reached, but the buttons can
also be used to center an object in the right asoenwithout having to loosen the tripod head
that is carrying the camera.

8.1.2.1) Fornax LighTrack Il Mount, Un-boxing and Initial Results
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[Figure 8.1.2.1A]

Figure 8.2.1A Un-boxing and initial setup of Fornax LighTratknount

LEFT: Un-boxing the Fornax LighTrack Il mount. ThgghTrack Il mount comes in a fairly compact
box. The custom cut dense foam in the box is sleitfay transfer to a carrying case, or the box wgh
foam can be used as a case of sorts.

CENTER: The Fornax mount comes with a manual,dett sheet, brochure, and a few very basic
accessories. The accessories include a cablpltigs into an automotive 12 Volt lighter jack, an
autoguider cable, a ring that secures a Celest@® @olar alignment scope to the Fornax mount, and
two 5mm socket head screws. It doesinclude a polar alignment scope, a separate 5.power plug,
batteries, or a battery holder for eight AA celldowever, the optional and compatible CG-5 polar
alignment scope does appear to be fairly stable.

RIGHT: Cluster of 3 cameras on the Fornax LighTrieckount. The left camera is an Olympus E-P3
with a Tamron 500 mm f/8 mirror lens. The cent@mera is a small Panasonic camcorder with a Nikon
3x converter, mounted on a slow motion head. Hmeera at right is an Olympus E-P2 with a Leica
250mm f/4 Telyt-R type 2 lens. The lenses and stamion head are all attached to a 200 mm wide Arca
compatible dovetail bar, which is in turn mountedsoMatthews 40 mm ball head. The ball head is
mounted directly to the Fornax mount, which isumtmounted on a Gitzo Reporter tripod and a
relatively compact G1270 head that acts as the &edipe M42 photo below was taken with all cameras
except the small camcorder attachd¢br the 2017 total solar eclipse, | mounted tiglLrack Il

on a Gitzo Sudex tripod and a large PL5 head, tised the G1270 head on the Fornax mount.

[Figure 8.1.2.1B.]

Figure 8.1.2.1B Initial Deep Sky Results with the LighTrack Il
LEFT: M42 nebula, taken with the Fornax LighTratkibunt and an Olympus E-P3 micro 4/3 camera
with a lightweight Tamron 500mm f/8 mirror lensiné&e this is a case of using a 500mm lens on alsmal
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format Micro 4/3 camera, the field of view for thél MFT format is equivalent to that of a 1,000mm
lens on 35 mm format. This 33 percent crop incdudss than half of the original image width, se th
cropped area has a field of view similar to thaa & 000 mm focal length on 35 mm format. This imag
was taken from the city, less than 15 meters floemiearest street light. It is a stack of thremidute
exposures. Two were at ISO 800, and the otheratvE0O 1600. A Hoya red "Intensifier" was used to
reduce light pollution effects by about 2 f-sto@his was my first attempt at imaging a nebula ik
LighTrack Il mount. A full resolution 100 percecriop of the same photo is at this link: _Link_TBD_
RIGHT: The Fornax LighTrack Il mount fits in thiesy compact (5x12x16 inch) case, along with a
small Gitzo Sport tripod (top) and G1270 head (Ioleé). The case also holds the polar alignment
scope (top) spare batteries (left), cables anceh@hmera bracket (center), a ball head (in blagkright
of center), and filters (bottom). The mount istkepthe padded box at center to protect it from
compression or surrounding hard surfaces. A heawpmod is used when there is no need to be this
portable.

8.1.2.2) Advantages and Disadvantages of the FosnhightTrack Il Mount

Advantages of the Fornax LighTrack Il mount ovex AstroTrack, etc:

* Shorter stored length than the AstroTrac.

* Easier to set up (except for stiff polar scopédro

* Ran 2 hours on batteries that would not powet fsstroTrac any more.

** This means [the] Fornax might get up to 14 holuosn 8 AA batteries.

* Slew/reset buttons for RA can be used in for eeng subject in RA.

* [Has] enough buttons and indicator lights thas ieasy to use.

* More accurate unguided tracking than anything élsver used.

* Nearly all pictures with LighTrack (not just hakire properly tracked.

* Cost with CG-5 polar scope is not much more thianaller, less accurate mounts.

Disadvantages:

* Polar scope support arm positioning is stiff (bfrce to move).

** However, the polar scope support arm is nottdé@n the second unit.

* Minimal operational documentation (but same glmesAstroTrac).

* Can accidentally press "south" button [and natwrit] if not careful.

* Small 57mm bearing surface on tripod or wedgé (fan enlarge w/plate).

8.1.2.3) Fornax LighTrack Il Idiosyncracies

Initially, the only disturbing thing the mount hdsne was to vibrate and make a sound like a cell
phone buzzing if slewing it to a start of stow piosi was attempted at a time when the batteries
were apparently running low. When it does thigs o longer capable of tracking without
changing the batteries, and the error light do¢slweays blink. | was concerned that such rapid
vibration of the motor could be hard on the drieeter, so | wondered if the mount might benefit
from shutting itself off when power is inadequaiestew the drive.

To date, the Fornax mount has only been useddeweral hours of tracking during the day and

at night. The first sample has thus far providdéugher percentage of properly tracked night sky
images than the AstroTrac, while the second sapgatierms about the same as the AstroTrac.
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As the Fornax mount was being used over time,itadtthat the upper and lower edges of the
drive sector surface started to look shiny compéweatie center. This gives the impression that
the capstan may intentionally have a slightly ladjameter at the ends than in the middle.

TBD Smaller than optimum drive capstan diametanfd vs 6 mm); no run time remaining
indication, does not run as long as indicated igiwal specification (107~108 m vs approx. 2h)

Variation between units. Polar alignment scope éoldo tight/stiff in one, OK in the other.

Run time shorter than specified.

[Figure 8.1.2.3A]

Figure 8.1.2.3A. Consequences of a shorter thaaifsgd tracking time at a total solar eclipse!
LEFT: Diamond ring at 2017 eclipse. The eclipseusoff by the edge of the frame because the
Fornax LighTrack Il mount stopped tracking 4 mirsubeefore this video frame was taken. The
actual tracking time proved to be only 107 mindene mount, and 108 minutes on the other.
This differs from the “approximately 2 hours” inetepecification. However, Fornax changed the
specification to match the actual run time afteférmed them what happened at the eclipse.
RIGHT: Run time remaining indication that | addedhe LighTrack Il mount after the eclipse.

8.1.2.4) Suggested Tweaks to Fornax LighTrack Il Munt

* Add run time remaining indication, with audibleaming when end of tracking imminent.

* Incorporate two lunar tracking rates. One formaaridian, one for when moon low.

* Use a different LED color (orange?) for S. herhisge setting, so obvious if selected.

* Reduce resistance needed to move polar alignseape interface arm. About 1 kg force OK.
* Offer optional accessory for fine declination piang (can be similar to heavy tripod leveler).
* Consider adding prompt auto shut off if motorleiatly vibrates from low battery power.

Until using the Fornax LighTrack Il, | didn't thirdn unguided image could be tracked this
accurately. It's a new experience. Hopefully, tighLrack Il mount will continue to perform
well as it is used over time.

The FMW-200 wedge may later be acquired and temgadhst a Gitzo PL5 tripod head. The
wedge could benefit from an adjustable post tisdbéad can rest on when set to an appropriate
latitude. One of my long standing polar alignmeetiods is to leave a tripod head or wedge set
at the correct angle, then level the tripod and entve wedge only in azimuth only to get polar
alignment. | use a 3 cm diameter ball bearing 8atasurface as the level (rather than a bubble
level) so leveling can be very accurate.
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8.1.3 iOptron SkyTracker Tracking Mount with Include d Polar Alignment Scope

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
* Physical size in mm: 152 wide x 178 high x 76d@ieep. Weight in grams is: 1250

Summary: _ SUMMARY NOT DONE__ TEST RESULTS NEEDED TO FINISH_

* Build Quality / Materials: 3+ / Metal with plastic battery cover; latitude heathtively small.
* Functionality / Details: 3+ / Reasonably compact, ease of use is average.

Summary Notes:

* Build is a 3+ because the latitude adjustmenthsdess stable than a medium size tripod
head, but it is integral to the unit and cannotdreoved; thin plastic battery cover, changing
batteries requires removing 4x AA battery holder.

* Functionality is a 3+ due to the following: Latde adjustment head is too light (as noted under

build) so unit can move over time; battery chargyesnot very easy, but are not required often.
* Pluses: Reasonably compact, polar scope is small enowghttdoes not significantly increase
storage and transport area required, (...)

* Minuses: Built-in latitude adjustment head is less stabhBntmany tripod heads, and since it
cannot be removed, it is a weak point in the mausiiability; envelope larger than spec, (...)

The iOptron SkyTracker (...)
The worm drive gear is an 80 mm diameter, 156 teatim wheel. (...)

The included case is on the small side. If theespaople who made this case were making
clothes, you should order the clothes in 1-2 slaeger than your actual size. (...)
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8.1.4 Vixen Polarie Tracking Mount with Optional Polar Alignment Scope

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
* Physical size in mm: 137 wide x 94 high x 59 Iteep. Weight in grams is: 740.

Summary: _ SUMMARY NOT DONE__ TEST RESULTS NEEDED TO FINISH_

* Build Quality / Materials: 3+ / Metal w/plastic battery cover; small drive geanlnt surface.

* Functionality / Details: 3+ / Easy to use, except polar alignment not as easyteer units.
Summary Notes:

* Build is a 3+ because the tripod mounting inteeféas small, due in part to rounded corners on
the front and back, the Polarie casting also flexk#le in thiscritical area. The finish is nice
and the unifeelssolid - except it flexes around the tripod mowomd of most critical places!)

* Functionality is shown as a 3+ because the Rolareasy to use for casual applications, but is
more difficult to set up than an AstroTrac or ForhaghTrack Il when accurate results needed.
* Pluses:More compact and lighter weight than other revigweunts (though this changes
when the large optional polar scope is considessd)eral indicators built-in, only requires two
AA batteries; batteries can be changed while @niin a tripod, no reset required.

* Minuses: Mounting surface around tripod socket is needjetssl small, and there is some flex
of the casting in this area, which reduces accur&jar alignment scope is an (expensive)
optional accessory, (...)

The Vixen Polarie (...)
For visual applications, the Vixen Polarie keptnglts centered in a TeleVue 60 ED telescope for

several minutes, even at magnifications slightigne200x. However, there was considerable
vibration each time the telescope was even toudhedo the small tripod mounting surface. (...)
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8.2) Optical Accessories

This section includes reviews of accessories ti@rporate optical elements or prisms. For
now, an Atmospheric Dispersion Corrector (ADC)his bnly optical accessory reviewed here.

8.2.1) ZWO Atmospheric Dispersion Corrector (ADC)

Specifications(measured values in mm are shown instead of fhdalispec’s, when different):
* Physical size in mm: _ wide x _ high x _ long.elght in grams is: _

Summary:

* Build Quality / Materials: 4- / Almost all parts except optics are metal; adpestdles small.

* Optical Quality / Details: 5- / No obvious degradation of image when prismsaeut!.
Summary Notes:

* Build is a 4- because the eyepiece holder idhdllygundersized, and adjust handles are delicate.
* Optical Quality is a 5- because the wedge priapear to be clear and accurate enough that it
is difficult to tell when the ADC is between theegyece and telescope when it is set to null.

* Pluses: Compact size, reasonably low cost, does whatsiijgosed to do very well.

* Minuses: Requires __ mm of extra back focus (can be issuBéwtonian) and is no optional
Barlow to increase back focus while minimizing mifigation; no manual or even URL for one.
There are not many other minuses, but it couldobserver-defined click stops.

8.2.1.1) What an ADC is, and what it DoeADC is as ADC does)

Atmospheric Dispersion Correctors (ADC’s) have basund in various forms for many years.
Early commercial ADC'’s consisted of sets of wedgsrps, with each prism correcting a certain
range of elevation angles. An ADC does this bpelising the color spectrum to the same
degree as, but in the opposite direction from, vih@tatmosphere does along the line of sight.

But there are other ways to make an ADC. Many aarastronomers may have been using
ADC'’s for decades without even knowing it! Someyrhave noticed that the “sweet spot” for
viewing planets at low elevation angles is notia tenter of the field of certain eyepieces. In
many cases, this is because lateral chromaticathmriin a high or low part of the eyepiece field
is compensating for atmospheric dispersion. Ackdd ADC does the same thing, except that
correction is not dependent on the position ofamel in the eyepiece field of view. An ADC is
more applicable now because today’s better eyepieaee less lateral chromatic aberration.

ZWO (and some other) Atmospheric Dispersion Coomsdhave two identical wedge prisms.
The prisms are rotated with respect to each otherder to adjust the wedge angle (and thus
dispersion) of the dual prisms. When the ADC idf@eno correction at all, the wedge in one
prism is oriented 180 degrees from that of thergbiniem. In these positions, the prism set acts
like a flat glass plate. But as one prism is edawith respect to the other, the combination of
both prisms becomes a wedge, and the angle of¢dgenvincreases as the prism is rotated.

When using an ADC, the wedge angle is only hathefrequired adjustment. The other half is
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theaxisof the wedge. The wedge mustdp#ically aligned with a vertical direction with respect
to the horizon. For this reason, an ADC is inigaalet up in such a way that the wedge angle of
both prisms is aligned to a purely vertical direatwith respect to the horizon.

When the ADC is adjusted, both prisms are rotatgthleangles, but they are rotated in opposite
directions. This keeps the axis if the wedge fatiog both prisms oriented correctly. Now that
we’'ve covered the basic concept of an ADC, we'liigo details about the ZWO ADC itself.

8.2.1.2) The ZWO ADC

The tested sample of the ZWO was purchased newAgena Astro. Contents of the box
included the ADC with its 1.25" adapters ONLY. Té&evere no instructions, no quick start
card, and no URL for where to download a manudlis 15 a major omission, even though a
PDF of the manual was acquired via a simple weltkeaAnd | had even given the dealer a
“heads up” that | would be reviewing the unit, whis something | rarely do.

The ZWO ADC consists of three basic parts. (Boidyrot, 1.25 adapter, 1.25 eyepiece holder.)
(..) TBD

When a planet is below about 25 degrees elevatigleaan ADC can make make more
difference than the telescope that is used. Fanpla the C8 beats the MNG61 if the ADC is
used on the C8, but not on the MNG61.

(..) TBD

Also to review (TBR):
8.2.2 Dakin 1.5x (Questar) / 1.7x (Vernonscope)@atens. (Long FL for less field curvature.)

8.2.3 TeleVue 5x PowerMate
8.2.4 Selected eyepieces? (Brandon, TeleVue 2.56yn@mim T1 Nagler, 16mm T5, etc?)
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9.0 Appendices.(Common Telescope Design Flaws, Maintenance ofGih, 8tc.)
9.1) Appendix A: Baffled by Telescope Light Baffles? Sére Some 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&fisanilar 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 imagi&sthese Maksutov-Cassegrain telescopes,
haven't they?” Perhaps. However, this may bdyplaetause 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 thasuperiorto 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 percetit@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 inchBise 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.
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Other telescopes had light baffle flaws, but mosteanot as serious as flaws in later telescopes:

* 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 blocks some of the stray lidtatt
can get past edges of the secondary baffle onatle &f the Maksutov corrector. Unfortunately,
this is not an optimized design, and stray lighteng around the secondary baffle can flood the
edges of the 35 mm camera format when taking mstutn addition, stray light reflected from
the inside surface of the primary baffle tube cdusavious flare terrestrial photos. This was
intolerable, so | extended the baffle forward bgliag 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. It techdor its small 33 mm central obstruction.
However, if you look into it from the back (whil®lkling a transparent ruler across the front) it is
obvious that the obstruction is really 36 mm, dmat the front end of the primary baffle tube is
causing the enlarged obstruction. Given the dianwdtits front end, the primary baffle tube is

too close to the secondary mirror spot on the loi¢ke Maksutov corrector. This causes its
reflection in the secondary to occupy more of therture width. The exit pupil seemed odd

when | used a Quantum 4, so | checked and fountatfike issue. It causes some longitudinal
distortion in the exit pupil, since the image o #iperture is not on the same plane in the pupil as
the image of the central obstruction. The Quaréuwhoes 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" Schni@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 secondafffe 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 motge in terms of percentage.

After 2000, telescopes from China began to be momemon. 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#$ 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 thedlavay 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, desoribed in more detail after the photos.

Figure 9.1A. The Kasai Pico-8 | bought in 2018 hmmanysignificant 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 9.1B. Kasai Pico-8 flaws... But walit, 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 dagirsd toward front (top sides of image).
CENTER: Pictured white spots are HOLES in the prinmairror coating, not spots on surface.
SECOND FROM RIGHT: Detail dholesin primary mirror coating, along with possible faue
roughness. The mirror, as seen through the holdgimirror 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 accessiblé,rbay be good tavoid scopes like this one!

Vi

Figure 9.1C. Preparing to Measure Light Baffles; Bird After Mfying 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 anditi 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 belby 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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Figure 9.1D.Before and after measurementdwyfstery Makand Sky Watcher 180 apertures.
These telescope entrance pupil images were takantfrie 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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9.2) APPENDIX B: Basic Servicing Celestron 8 SCTafd Similar) 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

9.2.1) 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.

9.2.1.1) 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:

9.2.1.1.1) 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).

9.2.1.1.2) 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.

9.2.1.1.3) 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.

9.2.1.1.4) 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.

9.2.1.1.5) 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).

-104-



9.2.2) 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.

9.2.2.1) Servicing the Celestron 8 OTA, Basic Step

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

Figure 9.2.2.1A.Servicing a Celestron 8 SCT: Photos of some oftlaps 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&iife 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 marringetmirror 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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9.2.2.1.1) 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.

9.2.2.1.2) 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.

** |If 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, pior 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,sadeure, clean place, with secondary down.

9.2.2.1.3) 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-abrasivetfsorrface (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 arqueriimeter of the secondary, to hold it (best).
* Prepare soft non-abrasive work surface that deemsdary 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 thisst 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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9.2.2.1.4) 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!

9.2.2.1.5) 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.

9.2.2.1.6) 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 isipog up.

9.2.2.1.7) 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

9.2.2.1.8) Part 8: Attaching and Adjusting the Fogsing 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 fokn®b.

* Re-attach the focus bolt retaining screw or ritggn 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 gesase. * Wash hands.

* Clean off the primary baffle tube OD and mirrbmhble OD,withouttouching mirror surface.
* Wash hands again.

9.2.2.1.9) 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 frontarile 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.

9.2.2.1.10) 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 recommendeubatsof proper servicing of a C8. When
collimation is properly set, it should remain samtyears. 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!

9.2.2.2) Servicing the Fork Mount Motor Base.(Not covered in this version.)

Appropriate service methods are highly dependentherversion of fork mount being serviced.
Clear skies, Jeff C.
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