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Preface 

 

An occultation (pronounced “Occ-kull-tae-shun”) occurs when the Moon, asteroid or other planetary 

body eclipses a star momentarily blocking its light.  Occultation observations have been used for 

hundreds of years by sailors to determine time and their position at sea. Modern occultation 

observations are routinely used to refine the orbit of the Moon, analyze the positions of stars 

and the coordinate system they represent, detect new stellar companions, pinpoint the position 
of X-ray and radio sources, determine the size and shape of lunar mountains, determine the 

angular size of stars, and the recent hot area of determining the size and shape of asteroids in 

our solar system. In 1988, Pluto’s atmosphere was discovered by the occultation technique. In 

March 1977, the occultation of a bright star by the planet Uranus resulted in the discovery of its 
ring system. This ring system might actually have been seen indirectly by the discoverer of 

Uranus, William Herschel, as he noticed faint stars dim as the planet passed close by.  

Occultation observations are fun to observe. There is perhaps nothing more exciting than 
watching a star vanish and return from behind a lunar mountain, or to see the star disappear 

for several seconds as an asteroid passes in front of it. Anyone with a small telescope, tape 

recorder or camcorder and shortwave radio can make valuable scientific observations to help 

determine the size and shape of asteroids and to aid in new discoveries about these mysterious 
objects, including some of the elusive small moons that orbit them. 

This observer’s manual is the first comprehensive book of its kind to assist beginning observers 
get started in occultation observations. This manual also shows advanced observers the latest in 

video and GPS time insertion techniques. It is a How To guide in observing total and grazing 

occultations of the moon, asteroid occultations and solar eclipses. Whether you are an observer 
with a small telescope or an experienced observer with a video system, this book will show you 

how to set up your equipment, predict, observe, record, report and analyze occultation 

observations whether you are at a fixed site or have mobile capabilities. 

The International Occultation Timing Association (IOTA) and its worldwide sister organizations 

(Europe, Australia/New Zealand, Japan, Asia/India, Mexico, South America) are here to assist 

you. We have online Internet discussion groups and observers are in contact with each other 
nearly every day planning for the next occultation expedition or sharing ideas on new 

equipment, software and new techniques. IOTA and several of its members have web pages 

loaded with occultation information and methods, tips, software, predictions and results of 

observations. The Internet has simplified occultation observations with predictions and results 
now online. Equipment advances (especially video) along with accurate star and asteroid 

positions have resulted in an explosion in occultation observations in the past ten years. 

Whereas between 1978 and 1998 less than 20 successful asteroid occultations were observed 

each year, now there are over 150 successful asteroid events observed worldwide annually by 
numerous teams of observers.  

The novice occultation observer will find basics of occultations including how to observe and to 

record them accurately using simple, inexpensive equipment. Advanced observers will find video 
methods of recording occultations. This includes the use of the GPS satellites along with video 

time inserters that can provide frame by frame analysis of observations providing timings 

accurate to several hundredths of a second ! 



The potential for new discoveries continues with every new occultation observation. 

Astronomers, both professional and amateur, are encouraged to get involved in this exciting 

field and get in on the one of several online occultation discussion groups to see what events 
are likely to occur in their area. Information on how to get involved with IOTA and contact 

information is given in Appendix A, along with the many IOTA organizations worldwide.  

Please join us. 

Richard Nugent                                                                                                 
Editor, IOTA Observer’s Manual                         

Executive Secretary                                           

International Occultation Timing Association 

Acknowledgments 

A project on occultations such as this is the product of decades of effort and work by the 
hundreds of worldwide occultation observers, expedition leaders, software originators, and 

many others. Without the dedicated efforts of these individuals, the modern occultation 

program would simply not exist. Dr. David Dunham is the founder and only President of 

IOTA/USA, leading the way in the occultation program in North America for over 45 years. Many 

pioneers have carved out the methods and techniques of occultation observing including: Hal 
Povenmire, Paul Maley, Dr. Wayne Warren Jr., Robert Sandy, Richard Wilds, Tom Campbell, Dr. 

Tom van Flandern, Steve Preston, Walter Morgan, Walt Robinson, Don Stockbauer (USA), Dr. 

David Herald (Australia) Edwin Goffin, Hans Bode, Eberheard Riedel, Gordon Taylor (Europe), 

Dr. Mitsuru Soma, Dr. Isao Sato (Japan) and numerous others.  

Special thanks is due to the contributors Dr. David Dunham, Dr. Joan Dunham, Paul Maley, Guy 

Nason, Walt “Rob” Robinson, Arvind Paranjpye, Dr. Roger Venable, Dr. Wayne Warren, Jr., 

James W. Young and Trudy E. Bell who submitted material in their field of expertise included in 
the chapters in this book. Thanks is due to all of these individuals and the thousands of 

observers who for the past 50 years have traveled worldwide and braved the elements with 

numerous equipment and other hardships to make solar eclipse and occultation observations. 

Lydia Lousteaux, assistant editor proofread the entire book and made numerous suggestions 
and changes including the rewriting of whole paragraphs. As Editor in Chief and contributing 

author of the IOTA Occultation Observer’s Manual, I take full responsibility for the layout, 

content and accuracy of the information presented. Nevertheless, in a project of this size some 

errors may have gone undetected. Please direct any errors or corrections to me at 
RNugent@wt.net. Good luck in your occultation observing!   

                                                                                    

 

 
                                                                                   Richard Nugent 

                                                                                   Houston, Texas                                                                                              

 
 



 
Contributors: 
 
      Trudy E. Bell 
 
   Dr. David Dunham 
 
       Dr. Joan Dunham 
 
   Paul Maley 
 
   Guy Nason 
 
   Richard Nugent 
 
   Walt “Rob” Robinson 
 
   Arvind Paranjype 
 
   Dr. Roger Venable 
 
   Dr. Wayne Warren 
  
       James W. Young 

 
 
 
 

 



                                             Table of Contents 
        
1   INTRODUCTION TO OCCULTATIONS………………………………………………..........  10 
 
1.0 Introduction 
   1.1 Scientific Uses of Occultations………………………………………………………………….  10 
   1.2 The International Occultation Timing Association, IOTA……………………………………… 12 
   1.3 The International Lunar Occultation Center (ILOC) Closes……………………………………  16 
   1.4 Occultation Firsts………………………………………………………………………………..  17 
   1.5 IOTA Goals and Objectives …………………………………………………………………….  21 
         1.5.1 Double Stars……………………………………………………………………………….  22 
         1.5.2 Satellites of Asteroids……………………………………………………………………..  22 
 
2   OBSERVING PREREQUISITES   
  
   2.1 Skills…………………………………………………………………………………………….  24 
   2.2 Resources……………………………………………………………………………………….  24 
         2.2.1 Expenses…………………………………………………………………………………..  25 
   2.3 Personal Considerations and Behavior….………………………………………………………  25 
   2.4 What if Something Goes Wrong?................................................................................................  27 
   2.5 Observing Post-requisites ………………………………………………………………………  27 
  
3   TYPES OF OCCULTATION PROJECTS ……………………………………………………  28 
  
   3.1 Total Occultations ……………………………………………………………………………..  28 
   3.2 Methodology …………………………………………………………………………………..  29   
         3.2.1 Equipment ……………………………………………………………………………….  30 
         3.2.2 The Telescope ……………………………………………………………………………  30 
         3.2.3 Short Wave Receivers ……………………………………………………………………  33 
         3.2.4 Recorders ………………………………………………………………………………...  34 
         3.2.5 Equipment Check List ……………………………………………………………………  34 
   3.3 How to Observe a Total Occultation……………………………………………………………  35 
   3.4 Reducing the Observation (quick overview)……………………………………………………  39 
   3.5 Sending in Your Observations (quick overview)……………………………………………….  40 
   3.6 Double Stars …………………………………………………………………………………….  40 
   3.7 Safety Considerations …………………………………………………………………………..  41 
  
4   PREDICTIONS …………………………………………………………………………………… 43 
  
   4.1 Lunar Occultation Workbench ………………………………………………………………….  43 
         4.1.1 How to obtain Lunar Occultation Workbench  Software ………………………………  50 
   4.2 OCCULT ……………………………………………………………………………………….  50 
         4.2.1 Sample Total occultation output generated by Occult  …………………………………..  51 
         4.2.2 Eclipses and Transits ……………………………………………………………………..  54  
         4.2.3 Asteroid event predictions ………………………………………………………………..  56 
         4.2.4 Ephemerides and Mutual Events …………………………………………………………  60 
         4.2.5 Record and Reduce ……………………………………………………………………….  61   
         4.2.6 Baily’s Beads ……………………………………………………………………………..  61 
         4.2.7 How to obtain OCCULT Software ……………………………………………………….  61 
         4.2.8 How to Obtain Predictions ………………………………………………………………..  61 
   4.3 Royal Astronomical Society of Canada Observer’s Handbook ………………………………...  61 
   4.4 Standard Station Predictions – IOTA Website …………………………………………………. 63 



         4.4.1 Standard Station Predictions and Your Location …………………………………………  64 
   4.5 Training and Simulation ………………………………………………………………………..  65 
         4.5.1 Simulation Software ……………………………………………………………………...  65 
   4.6 Results and Reporting Observations ……………………………………………………………  66 
         4.6.1 IOTA Website Publications ………………………………………………………………  66 
         4.6.2 Reporting Your Lunar Occultation Observations ….. ……………………………………  66 
         4.6.4 Asteroid Occultation Reporting …………………………………………………………..   66 
  
5   LUNAR GRAZING OCCULTATIONS ………………………………………………………  69 
  
   5.1 Introduction …………………………………………………………………………………….  69 
   5.2 Scientific Value of Grazes ……………………………………………………………………..  71 
         5.2.1 What to Expect When Observing a Graze ……………………………………………….  73 
   5.3 The Lunar Limb Profile ………………………………………………………………………..  73 
   5.4 Observing Grazes ………………………………………………………………………………  74 
   5.5 Elevation Correction …………………………………………………………………………..  76 
   5.6 How to Apply the Limit Line Correction ……………………………………………………..  79 
   5.7 Grazing Occultation Predictions ………………………………………………………………  82 
         5.7.1  Overview of Predictions ………………………………………………………………..  83 
         5.7.2  Column  Data …………………………………………………………………………..  84 
         5.7.3  Limb Profile Predictions ………………………………………………………………..  86 
         5.7.4  Using Lunar Occultation Workbench for  Predictions of Grazes ………………………  89 
         5.7.5  Using OCCULT  for  Predictions of Grazes ……………………………………………  91 
         5.7.6  Reading Occult’s Lunar Limb Profile Plot …………………………………………….  95 
         5.7.7  How to Station Observers for a Graze ………………………………………………….  96   
   5.8 How to Plot Graze Path Limit Lines ………………………………………………………….  96 
         5.8.1 Google Earth Maps ……………………………………………………………………..         100 
   5.9 Graze Profile Use ……………………………………………………………………………..  101 
   5.10 Finding the Time of Central Graze ………………………………………………………….  102 
   5.11 Organizing Grazing Occultation Expeditions ……………………………………………….  103 
         5.11.1  Preparation ……………………………………………………………………………  104 
         5.11.2  Site Selection …………………………………………………………………………  104 
         5.11.3  Observer Notification and Preparation ……………………………………………….  105 
   5.12  Expedition Results and Reporting ………………….………………………………………  106 
   5.13 Other Tips for Making a Successful Graze Expedition …………………………………….  106 
         5.13.1 Reasons for Failure ……………………………………………………………………  109 
   5.14 Approximate Reduction and Shift Determination …………………………………………..  110 
  
  
6   ASTEROID  OCCULTATIONS ……………………………………………………………..  111 
  
   6.1 Scientific Value ………………………………………………………………………………  112 
   6.2 Asteroid Satellites ……………………………………………………………………………  113 
   6.3 Equipment Needed …………………………………………………………………………...  116 
         6.3.1 Visual Observation and Timing ………………………………………………………..  116           
         6.3.2 Video Observation and Timing ………………………………………………………..  116 
   6.4 Methodology …………………………………………………………………………………  116 
         6.4.1 Analyzing the Event Before you try it …………………………………………………  117 
         6.4.2 What to expect when you make the observation ………………………………………  118  
         6.4.3 Example timeline ………………………………………………………………………  122                              
   6.5 Techniques …………………………………………………………………………………..  123            
         6.5.1 Visual ………………………………………………………………………………….  123 
         6.5.2 Video …………………………………………………………………………………..  124 



         6.5.3 Locating the Target Star Using Video …………………………………………………  125 
         6.5.4 Remote Video at Unattended Video Site(s) …………………………………………...  127 
         6.5.5 Image Intensified Video …………………………………………………………….. ..  129 
         6.5.6 CCD Camera Drift Scan ……………………………………………………………. ..  130 
         6.5.7 Photography ………………………………………………………………………… ..  131 
   6.6 Predictions …………………………………………………………………………………..  131 
         6.6.1 Overview ……………………………………………………………………………...  131 
         6.6.2 Using the Updates …………………………………………………………………….  133 
   6.7 Organizing Expeditions …………………………………………………………………….  135 
         6.7.1 Organizer/Coordinator ………………………………………………………………..  137 
   6.8 Training and Simulation ……………………………………………………………………  138 
   6.9  Results of Asteroid Occultations …………………………………………………………..  139 
   6.10 Safety Considerations ……………………………………………………………………..  139 
   6.11 Negative Observations …………………………………………………………………….  140 
   6.12 Reporting Observations ……………………………………………………………………  140 
         6.12.1 Report Form …………………………………………………………………………  140 
   6.13 Asteroid Occultation Profiles and Analysis …………………………………………….....  141 
 

7   SITE POSITION DETERMINATION …………………………………………………….  145 
 
   7.1 Accuracy Requirements …………………………………………………………………….  145 
         7.1.1 Definition ……………………………………………………………………………..  146 
   7.2 Determination of Elevation from USGS Topographic Maps ………………………………  147 
   7.3  Coordinate Determination Using Global Positioning System (GPS) ……………………...  148 
         7.3.1 How GPS Receivers Work …………………………………………………………....  149 
         7.3.2 GPS Errors ………………………………………………………………………….. ..  151        
         7.3.3 Using GPS Receivers ………………………………………………………………….  153 
   7.4 Coordinate Determination Using the Internet  ………………………………………………  154 
   7.5 Coordinate Determination Using Software Programs ……………………………………….  156 
   7.6 Elevation Determination Using the Internet …………………………………………………  158  
   7.7 Determining Position from USGS  1:24,000 scale Topographic Maps ……………………..  159 
         7.7.1 Locating Your Observing Site on the Map ……………………………………………  160 
         7.7.2 Numerical Example ……………………………………………………………………  162 
   7.8 Approximate Coordinate/Elevation Determination Using the Atlas & Gazetteer Maps ……  165 
  
  
8   TIMING STRATEGIES FOR OCCULTATIONS………………………………………….  168 

  
   8.1 Stopwatch method …………………………………………………………………………....  169 
         8.1.1 Stopwatch Errors ……………………………………………………………………….  170 
   8.2 Estimating Personal Equation ………………………………………………………………..  172 
   8.3 Timing a single occultation event ……………………………………………………………  174 
   8.4 Timing an Asteroid Occultation  …………………………………………………………….  175 
         8.4.1 Accuracy of your observations ………………………………………………………..  176 
         8.4.2 Best Stopwatches for Timing Occultations ……………………………………………  177 
         8.4.3 Calculating the duration and times of Disappearance and Reappearance …………….  177 
   8.5 Tape, Voice Recorder Method ………………………………………………………………  178 
   8.6 Tape recorder or digital voice recorder? …………………………………………………….  178 
   8.7 Eye and ear method ………………………………………………………………………….  181 
   8.8 Alternate methods for limited equipment ……………………………………………………  181 
         8.8.1 AM radio as a Time Standard ………………………………………………………….  182 



         8.8.2 Recording Assistant ……………………………………………………………………  182 
         8.8.3 U.S. Naval Observatory Master Clock …………………………………………………  183 
         8.8.4 WWV Voice Anouncements……………………………………………………………  183 

 8.8.5 GPS Time …………………………………………………………………………… …  183 
         8.8.6 WWV Alarm Clock …………………………………………………………………….  183  
   8.9 CCD Drift Scan Method for Asteroid Occultations ………………………………………….  184 
         8.9.1 Observational Methods …………………………………………………………………  186 
         8.9.2 Measuring Event Times ………………………………………………………………...  187 
   8.10 Video recording of occultations ……………………………………………………………..  188 
   8.11 Reducing times from Video …………………………………………………………………  191 
   8.12 Video Time Insertion ………………………………………………………………………..  194 
   8.13 GPS Time Insertion ………………………………………………………………………….  195 
         8.13.1 LiMovie Photometric Analysis of the Occultation …………………………………….  200 
   8.14 International Time and Time Standards ……………………………………………………..  205 
   8.15 Time Scale Definitions ………………………………………………………………………  206 
   8.16 Coordinated Universal Time …………………………………………………………………  207 
   8.17 Radio Propagation Delay …………………………………………………………………….  207 
   8.18 Time delay of sound ………………………………………………………………………….  208 
   8.19 Signal reception quality ………………………………………………………………………  209 
   8.20 Timings without shortwave time signals ……………………………………………………..  209 
  
9   COLD WEATHER OBSERVING ……………………………………………………………  211 

  
   9.1 Personal safety ………………………………………………………………………………..  211 
   9.2 Equipment in the Cold ………………………………………………………………………..  214 
   9.3 Batteries ………………………………………………………………………………………  215 
   9.4 Keeping Batteries Warm ……………………………………………………………………..  216 
   9.5 Care and Feeding of Batteries ………………………………………………………………..  217 
   9.6 Lithium batteries ……………………………………………………………………………..  217 
  
 10  UNATTENDED VIDEO STATIONS …………………………………………………………  219 
    
  10.1 Pointing the telescope and planning the expedition …………………………………………  219 
        10.1.1 Techniques of pointing the telescope. ………………………………………………….  220 
        10.1.2 The tracking method. …………………………………………………………………..  220 
        10.1.3 The drift-through method ………………………………………………………………  221 
  10.2 Equipment ……………………………………………………………………………………  227 
        10.2.1 Type of event …………………………………………………………………………..  227 
        10.2.2 Camera sensitivity ……………………………………………………………………..  227 
        10.2.3 Video field of view …………………………………………………………………….  228 
        10.2.4 Battery life ……………………………………………………………………………..  229 
  10.3 Timekeeping …………………………………………………………………………………  229 
        10.3.1 Observing Site …………………………………………………………………………  230 
        10.3.2 Observer’s Abilities ……………………………………………………………………  230 
        10.3.3 A Note about VCR’s …………………………………………………………………..  230 
  10.4 Site selection …………………………………………………………………………………  231 
        10.4.1 Lunar Grazing Occultations. …………………………………………………………..  231 
        10.4.2 Asteroidal occultations …………………………………………………………………  231 
        10.4.3 Using Private Property …………………………………………………………………  231 
        10.4.4 Concealing the Telescope and Equipment. …………………………………………….  232 
        10.4.5 Leaving a Note …………………………………………………………………………  233 
  10.5 Additional Applications …………………………………………………………………….  233 



  10.6 Videocamera Sensitivity and the Detection of Faint Stars …………………………………  234 
  
11   SOLAR ECLIPSES AND THE SOLAR DIAMETER ………………………………………  238 
  
  11.0 Introduction ………………………………………………………………………………….  238 
  11.1 Historical Measurements of the Sun’s Radius ……………………………………………….  238 
  11.2 Methods Used to Measure the Solar Diameter ………………………………………………  240 
  11.3 How IOTA Measures the Sun’s diameter During a Solar Eclipse …………………………..  242 
  11.4 The Total Eclipses of 1715 and 1925 ………………………………………………………..  246 
  11.5 The Eclipses of 1976 and 1979 ………………………………………………………………  248 
  11.6 The Eclipses of 1995, 1998, 1999, and 2002 ………………………………………………..  249 
  11.7 Observing Solar Eclipses ……………………………………………………………………  249 
  11.8 Eye and Telescope Safety ……………………………………………………………………  250 
  11.9 Observing Techniques ……………………………………………………………………….  251 
        11.9.1 Video …………………………………………………………………………………..  251 
        11.9.2 Video Field of View …………………………………………………………………  252 
  11.10 Site Selection ………………………………………………………………………………  252 
  11.11 Reporting of Observations …………………………………………………………………  253 
  11.12 Observing Hints and Suggestions ………………………………………………………….  253 
  
12   HALF A CENTURY OF OCCULTATIONS ………………………………………………  256  
 
  12.1 Introduction ………………………………………………………………………………….  256 
  12.2 The Beginning of Modern Occultation Observing …………………………………………..  256 
  12.3 Chasing the Moon’s shadow …………………………………………………………………  257 
  12.4 Pioneering successes and Chasing Star Shadows  ……………………………………………  258 
  12.5 Early Publicity ………………………………………………………………………………..  259 
  12.6 Of Cables and Radios …………………………………………………………………………  261 
  12.7 Strengths…and Weaknesses  …………………………………………………………………  262 
  12.8 The Founding of IOTA ……………………………………………………………………….  263 
  12.9  Pursuing the Shadows of Asteroids ………………………………………………………….  264 
  12.10 Notable Occultation Events …………………………………………………………………  269 
  12.11 Planetary occultations ……………………………………………………………………….  272 
  12.12 IOTA Worldwide …………………………………………………………………………….  273 
  12.13 A Half-Century of Grazes and Asteroidal Occultations ……………………………………..  276 
  12.14 Notable Recognition …………………………………………………………………………  279 
  
  
APPENDIX A.  OCCULTATION SOURCES AND FURTHER INFORMATION ……………..  281 
  
APPENDIX B.  REFERENCES ……………………………………………………………………  286 
  
APPENDIX C.  SAMPLE GRAZE PROFILE ……………………………………………………..  294 
  
APPENDIX D.  EQUIPMENT SUPPLIERS ………………………………………………………  297 
  
APPENDIX E.  COMPUTING A GRAZE PROFILE SHIFT FOR ACTUAL LOCATION ……..  303 
                          
APPENDIX F.  REPORT FORMS AND HOW TO REPORT OBSERVATIONS   ………………  309 
  
APPENDIX G.  EQUIPMENT SETUP CONFIGURATION ……………………………………..  332 
  
APPENDIX H.  WHERE TO SEND OBSERVATION REPORTS ………………………………  327 



  
APPENDIX I.    GLOSSARY ……………………………………………………………………..  330 
  
APPENDIX J.    DETAILS OF SHORTWAVE TIME SIGNALS FOR OCCULTATION TIMINGS  345 
  
APPENDIX K. USEFUL WEB ADDRESSES …………………………………………………..  350 
  
APPENDIX L. “WHY OBSERVE OCCULTATIONS” FLYER ………………………………  354 
  
APPENDIX M. IOTA/IOTA-ES ANNUAL MEETINGS …………………………………… …  357 
  
APPENDIX O.    CONSTANTS, UNITS AND COORDINATE SYSTEMS……………………..  359  
 
APPENDIX P.  TIPS FROM THE ARCHIVE OF IOTA OBSERVERS ………………………..  366 
                           
INDEX ……………………………………………………………………………………………...  373  
 


