Patrick Moore’s Practical Astronomy Series

For other titles published in this series, go to
www.springer.com/series/3192



So You Want
a Meade LX
Telescope!

How to Select and Use the LX200
and Other High-End Models

Lawrence Harris

@ Springer



Lawrence Harris

Stowupland

UK

Lawrence @astronomer.plus.com

ISSN 1431-9756

ISBN 978-1-4419-1774-4 e-ISBN 978-1-4419-1775-1
DOI 10.1007/978-1-4419-1775-1

Springer New York Dordrecht Heidelberg London

Library of Congress Control Number: 2010925109

© Springer Science+Business Media, LLC 2010

All rights reserved. This work may not be translated or copied in whole or in part without the written
permission of the publisher (Springer Science+Business Media, LLC, 233 Spring Street, New York, NY
10013, USA), except for brief excerpts in connection with reviews or scholarly analysis. Use in connection
with any form of information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed is forbidden.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are
not identified as such, is not to be taken as an expression of opinion as to whether or not they are subject
to proprietary rights.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Acknowledgments

Books take time to be written. During that time, various people are called upon to
help resolve the puzzles and queries that arise. Many people helped me arrive at the
end of this project, so I want to acknowledge that help here.

I am indebted to Richard (Dick) Seymour, Andrew Johansen, Mike Weasner,
and Jason Ware for their sterling work, reading drafts of the components of Chap. 2
and offering several useful suggestions based on their own expertise of the LX
scope series. Their help during the writing of the PEC section was unsurpassed.

Rather than merely using my own images I posted a request for contributions
and was delighted with the quality of images supplied to me. I regret that only a few
could be selected because of space limitations. My thanks to all who responded.

My grateful thanks to Ray Gralak, the author of PEMPro who kindly agreed to
check the draft of the PEC software section for errors. Terry Platt helpfully checked
Chap. 9 and provided some interesting pictures.

Dr. R.A. Greiner and Dr. Clay are in a class of their own when it comes to expertise
of the mechanics and operations of the LX200/LX400 series of telescopes. Both are
credited elsewhere, but must be thanked here for their valuable contributions.

John Watson and Maury Solomon of Springer have been instrumental in helping
me to get this book suitably prepared for publication. Their patience with my end-
less queries has lasted a long time and I am very grateful.

My better half, Marion has read this book as a nonastronomer to check that I
have not been throwing astronomical acronyms around too excessively. Apart from
that, never have we drunk so much tea and coffee each day as during the final run
toward chapter submission. The book would not have happened had she not been
more than patient with me.

Any errors that get through, however, are mine.



Contents

1 INtroduction............cocooiiiiiiiiiiiiiiieeeee e
Computers and ASTTONOMY .....cccverrvierieriieenieeieenteeieenieesteeseesreeseesneenne
Look Before You Leap! ......cooeeviiiiienieiieeieeeete e
Advancing from BinoCulars .........c.ceevierieiniinieinieiieenie e
TeIESCOPE TYPES .ttt ettt ettt sttt sttt sabe e esane e

Small Refractors........cocvevuieieriiniiniiiiinieieeeente et
RefTactor ACCESSOTIES ......eeuveiieieiiriieniieienieetentete sttt
REFIECTOTS ..ottt
MOVING ON UP ettt sttt sttt st e
Telescope Suppliers” Web Sites ........cocveerieriierieniiienieiiierieeee e
Enter the Goto HandboX .......c..ccccoiviiiniiiiiniiiiieieicieccecnceeee
Star and Polar ATIGNMENL........ccccuervieriiiiiinieeieeeeeee et
Mid-TANZE SCOPES -.eerevieneieeirieiieeieerite ettt et et e et e rbe et eebeesabeenbee s
Wedges for Imaging.........coceevieriiiniiiiieieeieereecee e
The Importance of a Balancing SysStem ..........ccecueeveeviiinienieineenieeeene
Equatorial Head ..........cooveviiiiiiiiiiiiiieeeeeeeee e
Autoguiding Accessories for Imaging ........cocccevvveeveeniiiinienieineenieeeene
Your Idal SCOPE ....ccuviiiieiiiiiieie ettt
Time/Date Latitude/Longitude Entry.........ccccceviieiiiniiinieniieiieenieeeene
FOCUSINZ ..ttt et
COIIMALION ..ottt ne e
Polar ATGNMENt......cccuiiiiiiiiiiieeieeie et
DIIVE ACCUTACY ..evviiiiieiieeiiieiie ettt ettt e s e
Periodic Error COrreCtion.........cocueveeieniieienieiineeieeeeieseenieeee e
TeleSCOPE MOUNLS ...c..eeeiiieiiieiieeieeite ettt ettt et e s
The Final Telescope Upgrade! .........cooveeviiniiniiinieiieeiesieeeesie e

000 IR WWN ===

vii



viii

2

3

Contents
Meade LX200GPS/LX400 Series Telescopes...........cccoocveevevereeneenennen. 17
Getting SATEEA ..euveeeieiiieeiie ettt sttt ettt e be e 17
What’s in @ NamMeE? .....ccc.eeiiiiiiiiieiiieieeeete ettt 17
Meade LX200GPS and LX400........cccccoeririerieieeieee et 18
What You Get in the BOX .....oooiiiiiiiiiiiiiiiiiieieecce e 19
LX200GPS and LX400 Connector Panels...........cccccevvernieniiniennienneen. 21
The Equatorial Wedge..........covveeieriiiiiieieiieenieeitesee et 23
Field Derotator ...cccueeiuvieiieeieeiteeeeeite ettt et 24
Power ConSIAETations ........c.eerieeieeniieiiieniieriee sttt ettt 25
SUN WAINING! .ottt et 26
GPS RECEIVETS....c.uviiiiiiiieiieeieete ettt 26
First Visual Observing Sessions: Finder Adjustment,
Focusing, COIIMAatiON.......c.c.ocueiieriieieniieienieieneeeceeeee e e 27
FOCUSING ...t 28
Hartmann or Bahtinov MasK.........coccoviiiniiniiiniinieniececceeeeeeee 29
Changing SPEEd ......c.cevuiirieriiieiieeieee ettt ettt 29
LX400 (and LX200GPS with Care) Handbox Removal ........................ 30
COIMALION ..evttiiiiiiiie ettt ettt et et e esaee e 30
LX400 COIlMAtiON .....eevieeiiiiiieeieeiie ettt ettt 32
AutoStar Suite OPETAtIONS ......ccc.eerrveerieeriieniiesieente et ette e esieesaeesiee e 32
AutoStar Suite UPAALes .......ccueevuiiiiieriiniieiesieesiteeie ettt 34
Connection tO AUIOSTAT SUITE .......ccceeeveeeiiieeiiiieeieecee ettt 34
Telescope CONLIOL .......ooiuiiiiiiiiieieete et 35
MENU TTEE ...ttt ettt et et 36
Updating ASU and FIrMWare ...........ccceevvieriiiiienieniieiieeieenieeieeeeeee 37
Upgrading FIrMWATe ...........oocueiiiiiiiiiiiiiiierieeieeeeeeee et 38
Use the Latest FIrMWAre .........coocuevvieeniiiiienieiieeieeieesieetese e 38
Restoring a Corrupted HandboX .........cccceceviiiiiniininiieninicncienccieee 38
Free User SOftWare .........coouiiiiiiiiiiiiiiieieeeeeeeet e 39
Telescope ALIGNMENT .....c..coeeiiiiiiriiiiiiieieeeeeeee e 39
Goto SYNChroNIZAtion .......c.ccovieeiriiiiiniieieniierenteese ettt 40
Training the DIIVE ......cccooiiiiiiiiiiceeec e 40
SMATE MOUNT ...ttt sttt et 41
TeStNZ SMT ..ottt 42
(@111 (o) s TN 7: 15 (o RN 42
Daytime Planetary VIEWING ........ccccccuieieniriieniiieniiieneeeneereeeereseeaene 42
Yahoo TeleSCOPE GIOUPS......cc.eevuieriieriieeiieniteeteeite et esiee sttt st 43
Commercial Servicing Facilities.........ccccoivvieririiniininiieiinieicnieieneeee 44
SUMIMATY © ettt sttt ettt et e bt e st esatesabeesbbeebeesbbeebeesaneenne 44
Accessories, Greatand Small.............................oooiiiiiiiiiie 47
Replacement SCIEWS ......cccuiiiiiriiiiieiieeieeite ettt sttt 47
An Equatorial WedZe? ........cooieriiiiiinieeeeiieeeeee et 47
Astro-Engineering UK ..ot 50
TeleSCOPE HOUSE ....covuvieiiieiiieiieeieee ettt 50

Milburn WEde........ccuerieniiriiiiiieieeicieeeeeeeeec e 50



Contents ix

Balance Rails and Weights..........cocuviriiiiiiniiiiiiicieesieeese e 51
DeW HEALETS ...c..eeuieiiiieiieieeieeee ettt 51
Dew ShIields ....c..cooiiiiiiiiieiieeee e 52
AUtogUIAING TelESCOPES ....vvirurieiieriiieriieeieenite ettt sttt e e 52
FOcal REAUCETS.......coueiiiiiiiiiieiieciec et 53
Barlow (EXtender) UNitS ........ccceeeiieeeiiiieeiiie e esiie e eveeesvee e e e 54
CCD Cameras: Main and GUIde ...........cooeceerieieniininieeenieieneeieeeeiene 55
FAIERLS ottt 57
SOFEWATE ...c..evviiiciiiiieteetee ettt e 57
Adaptive Optics UNILS ...c..cocueeuieiiirieiieieiieienieeeenieere e 58
ODSEIVALOTIES .....evvenieeureiieireniieteeteete ettt et st saeenesae e e sbeenesreeanesaneaeens 58
Dehumidifiers......cc.ooeeiiriieiiinieiieeiee et 62
Hartmann MaskK..........cccooiiiiiiiiiiiieiceeceecceee et 63
Bahtinov Mask .......ccoociiiiiiiiiiiiiicieeeceee et 63
4 Balancing and Polar Alignment................c.cccoceviiinininninnincnenee 65
EqQuatorial WedZes .......c.eeeiiiiiirieiiieriieeeeite ettt 65
Setting Up YOUT “SCOPE ...uveevieriiiiieeieeriie ettt ettt e 67
Getting an Approximate Polar Alignment...........c.ccccceveevenienienieniennennenne 68
Balancing in Declination..........c..coccecuievieniriienieieniiieneecneereeeeieeeeiene 69
Declination AXis Balance ........c..ccoceceeiviienieiininniniccneencceeneeieeee 69
Vertical Balance ............ccooveiiiiiiiiiiiniiitecceceeeeeeeeee 70
Horizontal Balance............c.cccoccevieiiiiiininiiniciinicccecceeeeeeseeeee 73
Right Ascension Axis Balance............cccocevieviininniniininieniicnccieee 74
Precise Polar ALIGNMENt ......cc.cocuiiiiiiieiiiniiiieniiececeneccneeeeeee e 74
Visual and CCD Monitoring of Polar Alignment Adjustments.............. 75
Demonstrating East to West, North to South
Misalignment EIrors .........cocooeivieiiiiiniinienieieneeeceeeeeeeeneeeesie e 75
Manual Adjustment of the Polar AXiS .......cccceceveeviiniieniriieninieneeienene 76
AzZIMuth AdJUSTMENT.....coiiiiiiiiiiiieiieieeeecee et 76
Reiterative AdJUStMENtS .......cc.eecuieieriieieniiiieneeeeseere et 77
Adjusting the EIevation............ccccecvevieiiniiiiiinieiineieneceneeeeeeieeeeiene 78
Software Aid in Polar AligNment .............coceeviiiniienieniieenieeeenieeeeeeeee 78
INEXE STAZE ..ottt ettt et sttt st e e st e beesaneeane 79
5 Essential Software for Basic Operations.................cccccoovvrieninienienennen. 81
Supplied Control SOftWATE......c...covieiiiiiiieiiieie e 81
The ASCOM INItIAIVE...c..cocviriieiiriieiieieie ettt 82
Initial Connection to your Hardware ............c.ccocenieiiniininieniniiiincieene 84
USING MAXII DL........c..oooiiiiiiiiiiiiiieeeeeeee ettt sttt 84
Operations With MaxIm DL ...............cccoccvieviniieneniieienieieneeeeeenens 85
Camera CONIOL......cc.eeciiriieiiiieiieieteeeee ettt 87
Configuring the Scope: Taking Control........c..cccccoeevinieiinienenieieneeieene 88
Guide Camera FOCUSING......cooueiriiriiiniiiieeiteeieeite ettt 90
MaxIm DL Telescope Header Settings.........ccccoceeevevieceniienienieneeienceeeae 90

Synchronizing the Telescope with the SKY .........ccccecerieiiniiniininiiniee 91



Contents

SOIVING AN TMAZE ..c.eveeniieiiiieiieeieeteeeee ettt e 92
Camera OrientatioN ..........cocueeuieieriieienieienieere sttt ere e s eeeenens 93
SYNCRIONIZAION ...ttt 94
Field Calibration ..........cccoevieiiiieniieieieieeeeeeee e 95

IMAZE PrOCESSING ..couviiiiiiiieiiieeiieeteeteee ettt sttt 95
Camera COOIING ....covuveriiiriieeiierte ettt ettt 96
FIat TMAZES ...veeevveeiieeiieeiteee ettt 96
Bias IMages ...coouveiiieiiieieeeeee e 97
Dark TMAaGES ...cvveeeeeiiiieiieeieeie ettt 98

TIY SOME GOLOS ...t 99

Software Adjustment of Periodic Error and Polar Alignment............. 101

Measuring Periodic EIror............coceoieviiniiiininiiniicieccneciceeeeeeeiee 101
What Is PE and Why Do You Need to Fix It? ......ccccoccooiniininicninnnnn. 102
Essential Previous Checks .........ccoeeierieiiinieiiinieiieieieeeenceeeneeeeeee 102

Out-0f-the-BoX IMaZES ...cc.veriiiiiiiiiiiieeieeieeeeee et 103
How Long Can You EXPOSe?.......ccceecieriiriiniiiiniiiieeeieeeeceeeneereee 105

Measuring and Correcting Your PE ..ot 105
PEC SEUINES +eevveeiieriiieiteeieeite ettt ettt ettt 106
The DEtails ......cccuirieriiiieiiiieeeeeeeee et 107
Consequences of the PEC Table Adjustment..........c..cccceeverenienieneennenns 108
Periodic Error Management by SOftware ...........ccecceevveinieniieineeniennneen. 109

Finding a Suitable Star............ccccooieviiiiniiiinicccceeeeeee 110

Using the Simulated HandboX ........cc.coceviiieniiiiniiiiiiinicienicieeeeiee 112
HandboX SEttNES ....cc.veevvieriiiiiiiiieie ettt 113
Collecting Raw Data: A Caution .......c..cccceveevvirieniniieienieeneeeeeeiene 113

Analyzing Your PE Data..........cccoocieiiiiiiiniiiiiicccneccneeeeeeseeee 115
Uploading the New PE Correction Curve..........ccceeeecveneenieneenieneennenns 117
Check the Result .......cocoeiiiiiiiiiiiiiiiceeecreeee e 117
Refining YOUr CUIVE ......oouiiiiiiiiiiiicicieeeceeec e 118

What 2 Good PEC MEANS ........ccueeieiieiiiiiieiieicnccienecreseereeeere e 121

Adjusting the Sidereal DITVe........coceevieriiiiiiiiiieiceeee et 121

Polar Alignment: The Importance of Being Accurate ...........cccceceecveeeennnne 122
Software Polar AlIgnment...........ccccocuevieiiiniiiinienineeieneeeeeeeeeenene 123

Further References ........c.cocuevieiiiiieiiinieieeccecccecceeeeeee e 125

AUOGUIAING ..ot 127

Principles of AUtOUIAING ......cocvieieiiieiiiiiieiiececeeeeeeeeeee e 127

Backlash...c..coooiiiiii e 129

Autoguiding Error Magnitudes ...........ccccoeeveenieveniinineenenieieneeieneeene 129

Getting Good Guide Stars: Choose Your Guide

£SCOPE CArCTULLY ...eovviiiiiiiiiiieee e 130

FIBXUTE ..ottt 130

Bright Guide Star..........cocoeiiiiiiiiiiieiieieceeccce e 131

Guide Camera EXPOSUTE .....c.c.eeviiriiiniieiieeniieeieeite et 131



Contents xi

Gusts and MitrOr FIOP.....cc.coiiiiiiiiiiiiiieeeecec et 132
Correction COmMMANAS ........oovveerieriiierienieeniteeeeeeeeesiee sttt st seesee e 132
MaxIm DL Guide SEttNES ....cccveeruvieriieiiiiiieiienieesiteeie et 133
The Importance of the Aggressiveness Setting.........ceeveerveeneeriieereenieennne 134
The Maximum MOVeE SELHNE .......eevvieriiriieiniieiieeie ettt 134
The Minimum Move SEttNg........coceerieriieinieniieie ettt 134
DEC Compensation SELHINE ........ccceeeuieeeriiriienieienieeieneereseereseeneseeeneens 135
LX200GPS and LX400 Series PEC........cccccceoieoiiinininineneneneneeneeneenen 135
A MINE REVIEW ..ottt 135
GUide Lo GIaphs......cocveeeieiiienieeiierieeeesteee ettt sttt st e 136
Sample GUIde SENES .......eevuieriieriieeieeriie ettt ettt 136
Configuring the AUtOZUIAET .........cceevuieiiriiiiiiriieiirccereeeeeeeeee e 137
Focusing and Centering the Autoguider ..........c.c.cocceeenieninienenienieneenenns 137
Guide Star Dark Calibration ........c.c.covveevieenieniieenieiieeree et 140
Calibration of AULOGUIAET .......eevuiiriiiriiiiieeriieeiceee ettt 140
AULOZUIAING TESL...eeueiiiiieiieiiieeiie ettt sttt e 142
Mind Where You Walk! ......cocooriiiiiiiiiiiieeiceeee e 145
What Follows is a Cautionary Tale!...........ccocceeviiriieniiinienieiienieeene 145
REFEIENCES ....eeiieiiieiie e ettt 145
8 Using Advanced Software ..............c.occeiieienieiierieeeee e 147
A Day (Night?) inthe Life.......cccocooiiiiniiiiiiicceeeeeee 148
ASTTOMEITICA ettt ettt ettt ettt et e be et e et e saneenaee s 148
Asteroid, Comet, and Supernova Detection...........ccoceeveerciieneeniieeneeniiennne 152
COD-INSPECLOT ...ttt ettt ettt ettt ettt et et e sbe e 155
Pole AlignMax/FOCUSMaX ........cocceeuieiiniiriiniieiineeieeeeie e 158
ASITOATL 1.ttt ettt sttt ettt 159
MAXII DL ...ttt ettt 159
ACP Observatory Control Software SUite ...........ccceeveeverceenercienennennen. 161
MUTELASKING ! .ottt 169
SUMIMIATY © vttt ettt et et e bt e st esabesabeesabeebeesbteebeesaneenne 170
CCDCOMMANGET .......eiiuiieiieeieeniie ettt ettt ettt et et e sbeesaee e 170
MPO CONNECLIONS ..c.vtienvieeiiieiieeieeiee ettt sttt ettt et e e e saneeeee s 171
CCDAUOPIIO ...ttt 172
PHD GUIING ..ottt 173
Additional SOftWATE .......ccoviiiiiiriiiiiieieee e 173
GPS CONLIOIZ ...ttt 173
SKYTOOISZ.....eiiiieiteiee ettt ettt ettt ettt et 175
TRESKY (V) ettt 175
COD-NAVIALOT ..ttt ettt ettt ettt et saeeesbeesare e 175
COD-SEACK .ttt et 175

9 Adaptive OPLICS.......c.oovieiiiiieieiieeee e 177
Limitations of Guide SCOPE USE.......cccueevueeriiriiiiiieiiieniienieeseesie et 177

Active and Adaptive Optics: The Principles........c..ccccovveevinieieniecinicnnenne 178



Xii

10

11

Contents

One Guide CaMETa........coeeviriieiinieiieeetteeesie ettt ae e 179
Professional AppliCation..........cc.cecvevuieieriiriienieienceiene et 179
Amateur EQUIVAIENLS ...c...ooviiiiiiieiieeie ettt 179
Starlight Xpress “Active Optics” Unit (SX AO) ....covvvevienieinienienneene 181
Telescope FOcal Ratio.........eevuieriiiiiiiniiiiienieeiecie e 183
CCD GUide CameTa ......coueeuiieieiieieniieienieeteseere ettt 183
Assembling the Uit .......ccccueiiiiiniiiiiiiiiiieie e 183
Cable Configuration.........ccevvierieerieeniienieeee ettt 184
Software CONNECION..........cccevuirvierieiiereeieneete et 184
Focusing the SX AO Guide Camera..........cooceeeeeenienieeenieniieenieenieenieenee 185
Dark Frame Calibration of the Autoguider...........cccoeceevvienieniieenieeneenne. 186
Full Calibration of the Adaptive Optics Unit........ccccoeecverieiineeneeneennene. 186
Bump Calibration............coeveiiierieriieenieeeenic et 188
Calibrate SX A ....couiviiiiiieieicceetetee e 189
FAISE TSt .t s e 189
Results and SUMMATY .....oooveeiiiiiiiiieeieeeee e 189
MESSIEE 92 e 190
Ready fOr M27 ..ottt 191
Background SX AO Settings .......ccccoceevvereerierienenieieneeieeeereee e 192
CONCIUSIONS .....ouiiieiieiiiieete ettt 193
A Guide to Weather Satellites.................cccooeoieiiiniininininininncens 195
A Brief History of Weather Satellites ........c..cccceeveeeieniiiiinieiineeieneeee. 196
The Cold War AGreement ..........ccueevueerueeriienienieeniieeieeite e 198
Weather Satellite OTDILs .......cevveeriirriiiniirieerieeie e 198
What Do the Images Show?.........coccoviniiiniiiiceceeceee e 200
Visible Light, Infrared, and Water Vapor Images .........c...cccccevueenueenne. 200
Polar Orbiting Weather Satellites...........coceeverieiinieiiniieiinicieeceee 203
NOAA POlar OrDItersS. ... .eevuveeeieriieiiieriie ettt ettt sttt 204
Receiving and Decoding NOAA Weather Satellite Images...................... 205
Hardware and SOftware...........ccccoooevieiinieiinieenccccece e 207
Websites with Current a.p.t. IMagery.........coeceevceeevieniieenieieeienieeeeee, 207
Geostationary Weather Satellites: Image Formats...........ccocceeveerieeneennne. 208
GEONETCast: A Worldwide SyStem ........cccceevuerrieniernienienieenieeseenae 210
Animating Geostationary Weather Satellite Images .........c.ccceeeerveenieenee. 212
Some Features Seen in Satellite Imagery.........coocueeveeniiinieniienniicnieneene 212
Some LX200 and LX400 Projects............c.ccccoverieireienieieeeeeeee e 215
Lunar Impact STUAIES ......covvieiiiiieiiieieeieesteeeete e 215
Searching for Extrasolar Planets..........c.cccoocevviiniiiiiiniiiinienceiciceeee 217
COomMEt IMAZING......eevuiiiiiiiiieiie ettt e 218
ASITOIMEITY ..vieitieiiieeiie ettt ettt et ettt e st et e bt e st e bt e sbe e bt e sabeenaeenaees 221
Deep SKY PICTUIES ....eeiiiieiieiieeeeeeeee et 222
Andrey BatChvarov ..........occoovieriiiiiinieeeiceec e 222

GeOorge Hall......ooiiiiiiiiiieie e 222



Contents xiii

Hilary JONES ..ccvveeueiiiiiiiiiie et 223
Bill NOTDY ..ttt 224
Richard RODINSON.........ooiuiiiiiiiiiiiiiieeetecee e 225
Stuart TROMPSON ...cc.veiiiiiiiiiiiieiteeie ettt 225
Charles TIUMP. ......oovieiiiiiee et 227
Merope and Its NebUIOSILY .......ceveeriienieriienieeieeiteeieeee e 227
TWILZNE FLALS oottt et 227
PrOCESSING ....eeiiieiieeiie ettt 228
AULNOT’S INOTE ..ottt ettt e e s 230



About the Author

Lawrence Harris retired from his job as a British government space scientist following
nearly two decades at the leading edge of space research. For almost 20 years,
Harris has been a columnist writing about weather satellites and space research in
some of the top astronomical publications. He has also contributed extensively to
astronomical society magazines. Harris is the proud owner of several Meade LX
telescopes, including the top end LX400 telescope.

XV



Chapter 1

Introduction

Perhaps every generation of astronomers believes that their telescopes are the best
that have ever been. They are surely all correct! The great leap of our time is that
computer-designed and machined parts have led to more accurately made compo-
nents that give the astronomer ever better views. The manual skills of the craftsman
mirror grinder have been transformed into the new-age skills of the programmer
and the machine maker. (The new products did not end the work of craftsman tele-
scope makers, though. Many highly skilled amateur/professional opticians contin-
ued to produce good-quality mirrors that are still seen today.) Amateur-priced
telescopes are now capable of highly accurate tracking and computer control that
were once only the province of professionals. This has greatly increased the pos-
sibilities of serious astronomy projects for which tailor-made software has been
developed. Add a CCD camera to these improved telescopes (see Chap.3), and you
bring a whole new dimension to your astronomy (see Fig. 1.1).

But first, a word of caution. Unless you are already familiar with astronomy and
basic telescopes, it is not wise to start spending large amounts of money on a well-
featured telescope. Such an instrument might otherwise be subsequently abandoned
due to a perceived overcomplexity coupled with a waning interest. For absolute begin-
ners, many seasoned amateurs would recommend that the first purchase of an instrument

L. Harris, So You Want a Meade LX Telescope!, Patrick Moore’s Practical Astronomy Series, 1
DOI 10.1007/978-1-4419-1775-1_1, © Springer Science+Business Media, LLC 2010



2 1 Introduction

Fig. 1.1 NGC7380 100 min total exposure using a 12-in. (30-cm) Meade LX400 telescope,
Starlight Xpress SXV-HIC one-shot color camera, and Starlight Xpress Adaptive Optics unit
(image credit: Lawrence Harris)

for astronomy should be a pair of binoculars. A pair of 10 x50 binoculars
(10 refers to the magnification, and 50 refers to the aperture diameter in millimeters)
provides an excellent instrument for an introduction to the hobby. Binoculars are
totally portable, so they can be taken into your back garden or to darker skies out
of town. Here, they will give outstanding views, showing significantly more than
the naked eye, and offer the best visual introduction to the night skies. They should
reveal much fainter and often more colorful stars as well as the steady shining light
of planets, star clusters, and even an asteroid or two. A vague patch of light
resolves, becoming the Andromeda Galaxy; the Pleiades or other well-known star
clusters all take on a whole new appearance. Your familiarity with the sky is likely
to improve to the point where you can identify the brighter stars and several planets.
Binoculars offer the chance to test your interest in the night sky without spending
anything more than about $80. A good star atlas is also helpful!

Having had your appetite whetted by at least a trial period with a pair of binoculars,
you may well decide to move on and buy an actual telescope. Again, a word of
caution here! A decent small telescope — see Fig. 1.2 — that can enable you to see
fainter deep space objects and provides a manually controllable mount may cost
about $250. This is surely preferable to the possibility of spending over $4,000 on
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Fig. 1.2 A small refracting telescope on a low-cost mount. This telescope includes a small
finder telescope, a right-angled prism, two low-cost eyepieces, a weight balance arm, and
manual drives

an instrument that could fail to maintain your interest. An excellent way forward is
to chat about your ideas with your local astronomical society. There will always be
members that have significant experience using medium-sized telescopes, if not
larger ones, and such societies may even be able to offer suitable telescopes on
temporary loan. At the very least, you should be able to join others using a well set
up scope and to experience its capabilities.

No matter what price range you look at, any small telescope will be one of only a
few types: the refractor, the reflector, and various forms of the Schmidt-Cassegrain
telescope (usually referred to as an SCT) that uses an optical configuration that is
a combination of a main mirror, secondary mirror, and correcting plate. Another
advanced form, the Ritchey—Chrétien design, combines mirrors and lenses to elimi-
nate many of the major optical imperfections often experienced with lesser optics.

Small Refractors

The refractor essentially uses two lenses that refract (bend) incoming light rays,
bringing them to a real focus near the eyepiece. Refractors often have long tubes
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due to the focal length of the main objective lens and therefore can give the false
impression of being powerful. Focal length (and consequent magnification) is often
associated with power, although this is quite misleading. The most important
parameter of a telescope is its aperture — the diameter of its objective (in the case
of a refractor) or the diameter of the mirror (in the case of a reflector). It is this
dimension that defines the instrument’s light grasp. The larger the aperture, the
greater the light grasp. Because the light-gathering power is related to the actual
area that collects the incoming light, the telescope power changes as the square of
the diameter, so a 30-cm-diameter telescope has four times the light grasp of a
15-cm telescope. This desire to get ever larger telescopes is sometimes referred to
as aperture fever!

Refractors can become very costly as the aperture increases, mainly due to the
increasing cost of manufacturing high-quality optical components for the main
lens. Keen amateur astronomers often use refractors for planetary imaging, although
a good-sized reflector can provide an image of comparable quality. Viewing
through a high-quality refractor on a good mount can produce an excellent image.
A well-aligned, sturdy, good-quality mount is an important factor in obtaining the
best viewing conditions with any telescope. Spindly, wobbly mounts are liable to
be buffeted in the slightest breeze, causing multiple vibrations to any image and
really spoiling the viewing experience. The main limitation in image quality with
some refractors is the presence of chromatic (color) fringes or other aberrations.
The components of the main lens have to be extremely well matched to fully elimi-
nate, or at least minimize, such aberrations.

Buying a refractor with a basic mount in the $200+ price range should get you
a modest telescope of about 5 or 6 cm diameter that should be a significant
improvement to your observational experience. Setting up this type of mount is
usually accomplished within about 10 min, and a small collection of useful acces-
sories of nominal quality is invariably provided.

Refractor Accessories

The accessories box usually includes a right-angled prism (this acts as a diagonal
mirror) — see Fig. 1.3 — that slots into the near end of the telescope where the eye-
piece would normally go. The observer can then view in a more comfortable position
rather than contorting to view through the eyepiece at the rear end of the telescope
— especially when viewing something high in the sky. This particular box includes a
small finder and three eyepieces. Such a finder, designed to fit on the tube, usually
comes with even the smallest scopes and should be adjustable for alignment with the
main tube. A Barlow lens (used to increase the magnification of an eyepiece) may
also be included. It should be understood that at this level, the optics of each com-
ponent are probably adequate but unlikely to be sparkling. It is likely to be an intro-
ductory scope with some basic facilities to make using it fairly easy.
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Fig. 1.3 The accessories that come with a small telescope usually include a right-angled
prism. This enables the astronomer to view the heavens in a comfortable position rather than
getting a cricked neck

The telescope manual should describe basic astronomical principles and how
they apply to the setting up and alignment of your telescope; it might even include
simple polar alignment. By alignment, we are referring to the need to set the tele-
scope’s main rotation axis parallel to Earth’s own polar axis so that the telescope
can be driven by motor to keep pace with Earth’s rotation. The main operational
difficulty likely to be found with this type of low-cost scope is the fairly small field
of view. Although giving good views of the Moon, any attempt at finding galaxies
or other small targets can be daunting; however, it does enable you to discover
whether you want to move on with your interest in practical astronomy or settle
down to a life in the armchair with a book instead. Do seek advice and suggestions
from your local astronomical community.

If your interest in active astronomy develops, a basic telescope can quickly
lose its appeal, and you may soon decide to upgrade. You can probably sell such
a scope via various specialist Web forums or via your local society. By the time
you have developed a serious interest in observing, you can decide on the
option of simply spending more cash on a much better scope or trying out better
scopes via your local astronomical society with a view to possible later pur-
chase. Inevitably you are likely to appreciate the potential of a better scope, and
aperture fever can set in! Discuss your thoughts and ideas with fellow astrono-
mers. This might be at the local astronomical society meeting or better still at
a star party. If your luck is really in you might get a chance to see and try a good
amateur telescope owned by an enthusiast. This person will be able to tell you
far more than a chat with a dealer might reveal. Many specialist dealers are also
keen astronomers, and you might meet up with them at a star party.
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Reflectors

Aperture for aperture, reflectors are usually cheaper than refractors. The most common
design is the Newtonian reflector; this incorporates a small secondary plane mirror
that reflects light from the primary mirror, off-axis into an eyepiece. For apertures
of above 10 cm, the cost of producing a quality parabolic mirror (the shape of a
properly designed telescope mirror) is far less than that of producing a quality
combination achromatic lens. The cost of an accurately ground 25-cm mirror is but
a fraction of the cost of an equal-sized good-quality objective. Because of their rela-
tive cheapness, amateurs tend to move to reflectors when they decide to buy a better
and larger telescope. As with many experiences in astronomy, the better the mount,
the better the resultant image is likely to be.

You may decide to advance directly from binoculars to a medium-sized scope,
in which case you are likely to be told by other amateurs to consider buying a
15-cm (6-in.) reflector — see Fig. 1.4. This is often considered to be an ideal size
for a first, more capable, telescope: the aperture is sufficient to see quite deeply into
space, yet the scope is light enough not to require heavy, expensive mounts. The
term deep space is used to refer to objects at increasingly large distances from our
own planet, often extragalactic objects that are exceedingly faint. With such a tele-
scope the heavens open up to you. The planets lose their mysteriously taunting tiny
spherical appearance, as revealed in lesser instruments, and show detail — probably
more than you may realize at first glance. Hundreds of asteroids become identifi-
able; lunar observations take on a far more serious meaning, and far fainter galaxies
come within your grasp.

Also coming into the range of medium-sized scopes is the 8-in. (20-cm) reflec-
tor, especially in the form of the SCT (mentioned earlier). Because of the consider-
ably greater facilities offered by these scopes, they are priced toward the higher end
of the price range of medium-sized scopes.

So far we have introduced a possible sequence of events; it starts with getting your
first pair of binoculars, on to a basic telescope, and to realizing that you want to
move on to an even better observing experience. A glance at the brochures and Web
sites (see below) of various telescope suppliers reveals useful information. First,
there are many individual telescopes and mounts in each price range, all catering to
the beginner, the enthusiast, and the advanced amateur. Second, you may find that
a specific telescope and mount combination is often available at marginally differ-
ent prices from different vendors. They may charge according to the after-sales
service that they offer; consequently, a general store price may be cheaper than a
specialist outlet, but you may wish to inquire about possible technical support after
purchase!
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Fig. 1.4 Bresser Messier N160 6-in. (15-cm) reflector. This is a very popular size, combining
portability with observing capability (image courtesy: Telescope House, UK)

Telescope Suppliers’ Web Sites

Some United Kingdom Suppliers

http://www.iankingimaging.com/
http://www.scsastro.co.uk/
http://www.sherwoods-photo.com/
http://www.telescopehouse.com/
http://www.telescopesales.co.uk/



8 1 Introduction

Some US Telescope Suppliers

http://www.celestron.com
http://www.meade.com/dealerlocator/index.html
http://www.skywatcherusa.com/

Enter the Goto Handbox

Many telescopes costing more than about $900 now include a goto facility. This
involves a small computer often located in a handbox, or a keypad, plugged into the
telescope’s mount — usually via a standard connector. The manual tells you how to
power up the mount, and then the handbox asks for the scope to be aligned, as a basic
requirement. Depending on the capabilities (and therefore price) of the system, you
have to enter some basic information that might include time (unless there is a built-
in clock to remember it), whether you are using UTC or local time, and your longi-
tude and latitude. Once these parameters have been entered, the next stages for the
user will involve a polar alignment followed by a star alighment using one, two, or
three stars. The experienced amateur soon masters these tasks, and for advanced
larger telescope users, there is software available to aid both star alignment and polar
alignment. More advanced telescopes often require less start-up intervention, as we
shall see. The LX400 is first powered up, then its self-identification GPS location is
measured, and it then stores the position where it was left pointing before power-off.

Consequently, it is virtually ready to go within a minute or two of power on.

Star and Polar Alignment

At the beginning of a session when you start aligning this type of telescope mount,
you have to accurately point the telescope at one or more known (and easily recog-
nizable) stars as requested by the handbox. The box can then synchronize its data-
base to your sky. Most handboxes include a database containing the known
positions of tens of thousands of bright reference stars, galaxies, and other targets.
Better accuracy can easily be achieved using three-star alignment, rather than the
far quicker one-star option. However, goto accuracy relies on good polar alignment
as well. This latter process is often performed using drift alignment, which is
described in a later chapter using real examples.

The whole mathematics and physics of computing star positions for driving your
telescope relies on the computer calculating positions that may assume that your
mount is horizontal and has an axis pointing to celestial north. Some degree of error
in these parameters can be tolerated, but the more accurately they are set, the better
should be the actual pointing when you activate the goto facility.

As discussed briefly, a beginner’s telescope with a basic mount can be bought
within the price range from perhaps $150 up to $400, depending on any offered addi-
tional facilities. The inclusion of a motor drive on one or both axes will have a marked
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effect on both usability and price. Of course, you can also consider buying second-
hand. It is surely much better to spend a nominal amount now, rather than discover a
loss of interest after spending several hundred dollars on something more advanced.

Mid-range Scopes

Even astronomers with high-end scopes usually keep a mid-range scope for wide
field imaging or viewing. A larger scope cannot provide a wide-field view of large
galaxies — unless a camera is mounted on the main tube pointing at the sky with a
telephoto lens attached! Good advice before buying a new mid-range scope is
clearly essential here. You need to know exactly what you plan to use the scope for
before you commit serious money to buying one. There is a huge choice of makes,
designs, quality of optics and construction, features of operation, sturdiness of
mount, and ease of use. There are entire books devoted to the purchase of this range
of telescopes.

When lunar eclipses are in the news, or perhaps a new, bright comet (and there
were a number of these during 2005-2008), you may prefer to use a small refractor
such as that illustrated in Fig. 1.5. This did not come with its own eyepiece,
although one or two other accessories were included. With a good focusing mecha-
nism built-in and a standard eyepiece fitting, it forms an excellent mid-range scope
and is also suitable for autoguiding a main telescope.

One can easily acquire small telescopes from second-hand sales at a local astro-
nomical society meeting. They may not be suitable for guiding a main telescope.
These are best suited to use as nominal viewing scopes because focusing facilities
may be limited and insubstantial — quite unsuitable for fitting a small camera. It is a
good idea to buy a quality mount for such telescopes. Do your research. It is impor-
tant to ensure that you specify the exact requirements that you have for your mount
in order to avoid any misunderstanding with dealers. A mount such as the HEQS5
with SynScan handbox — in its final form provides the computer facilities that many
find essential — see Fig. 1.6.

Fig. 1.5 An 80-mm refractor: ideal for wide-field views, when fitted to a suitable equatorial
mount. Note the small CCD camera fitted to the eyepiece end of the telescope. In my case this
is used for autoguiding (see later)
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Fig. 1.6 The HEQS Pro SynScan mount with handbox controller

Wedges for Imaging

Although not essential for visual astronomy, a wedge is essential for imaging — see
Chap. 3 on accessories. It allows the telescope to be tilted at an angle that, when
equal to your latitude, allows the telescope to be driven on one axis only, instead of
the two that would otherwise be required. Once carefully polar aligned, the mount
should track reasonably well with any mid-range scope tubes fitted. Wedge adjust-
ment facilities on these mounts are basic, as one would expect, but they should
prove adequate for the job. The built-in software is an important consideration; this
version can be updated by downloading firmware from the appropriate site. The
handbox includes a large database of objects, but the main capability is the option
to connect it to a computer for control by third-party programs. Most importantly,
it can be controlled by Maxim DL, giving it huge versatility — see Chap. 5.

As with all mounts, a set of instructions is provided to aid the setting up of
the tripod, the fitting of the balance weights, preliminary adjustment of the
wedge to your latitude, and the operation of the handbox. Ensure that whatever
mount you buy, the tripod legs are set on a firm surface. If soft grass is used,
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it is likely that the legs will sink into the ground to some extent, due to the com-
bined weight of the scope plus equipment. It is possible to prepare a firm base even
in soft ground. Dig holes where the tripod legs will rest, and fill the holes with
stones, topped up with concrete. Small quantities of concrete are not expensive; a
bag of ready-mix can be bought. Alternatively, lay a concrete base for the whole
mount — an ideal solution. A firm base makes all the difference to ensuring good
tracking following your extensive efforts to align the telescope.

The handbox included with this HEQS5-SynScan version has a fairly comprehensive
menu for both initial setting up and optimizing, as well as routine observing. The
unit also includes periodic error correction (see Chap. 6) and the option for autogu-
ided observing. It is a common practice to mount a guide scope on the main scope
and have the guider provide frequent position corrections to the mount.

The Importance of a Balancing System

With the mount should come a balancing system, normally one or more heavy
weights that slide along the main axis — see also Fig. 1.6. Depending on the tele-
scope design, the declination axis is usually balanced by suitable positioning of the
main telescope fitted with either a camera or the eyepiece unit. Balancing is accom-
plished by cautiously releasing each locking control in turn, ensuring that there is
no resulting violent swing. Adjusting the positions of the equipment can then be
done. When properly balanced, the telescope and ancillary equipment should
remain stable in virtually any position. It is acceptable to have a slight imbalance
on the RA axis toward the east because the motors will drive westward at sidereal
rate. A slight imbalance ensures continuous contact with the drive mechanism.
Similarly, the declination axis can be left very slightly biased in either direction
(up or down). Any residual significant moving tendency will probably strain the
motors and should be avoided.

Equatorial Head

The equatorial head allows the fitting of a metal plate on which can be mounted the
main scope as well as a smaller guide scope. The latter, as will be explained in detail
later, can be used to monitor a guide star (which is not necessarily the target of the
main scope) and to detect any tracking anomalies produced by the mount’s imperfect
gear train. These anomalies are registered on a separate guide camera, and correc-
tions derived by the software are then fed to the mount’s autoguider input. These
small corrections help to keep the main target centered in the main scope, the process
being designed to produce a sharp image. In Chap.7, we explain the detailed pro-
cess of calibrating and running a guide scope with the LX series telescopes.
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Autoguiding Accessories for Imaging

Clearly, a telescope that offers the ability to autoguide is capable of producing
significant astronomical images, rather than merely snapshots of a region of the
sky. To do so, you need to buy a guide scope, such as that shown in Fig. 1.5, so
anticipate adding this to the cost of producing high-quality images. Also allow for
the extra cost of a guide scope CCD camera — see the unit fitted at the eyepiece end
of Fig. 1.5 — though these are now available at competitive prices. Another impor-
tant consideration at this stage is compatibility. If possible — and it usually is — try
to buy the whole CCD camera assembly at the same time. Many CCD cameras are
now fitted with a facility either already incorporating a guider or with a connector
for a proprietary cable for connecting to a proprietary CCD guide camera.

As your experience of using a larger size of telescope increases, you will realize
that several routine tasks could be made easier. Focusing, collimation, polar align-
ment, and date and time entry — these are a few of the tasks that must be checked
before any real telescope success can be achieved, unless you are simply looking
through the eyepiece! To have the telescope fulfilling its potential, almost every-
thing must be set correctly. The more advanced telescopes incorporate facilities to
make many of these tasks easy — or at least tolerable! A summary of these processes
is given below, with more detailed operational descriptions in later chapters.

Time/Date Latitude/Longitude Entry

The telescope’s computer has a built-in database that needs to be synchronized with
the actual sky if you wish to use the facilities such as gofo. With the telescope
powered on, the handbox will request basic data entry. First enter your time/date
and latitude/longitude where requested. Other parameters, as described in the
telescope’s manual, may be requested. One further entry — pointing it to at least one
known star — is usually enough to fully synchronize your telescope.

Focusing

Focusers come in various forms, and their effectiveness will relate to the cost of your
scope. There are simple mechanical types in which the eyepiece rack is moved back-
ward and forward along its optic axis until good focus is achieved. Better telescopes



