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Good Occultation Article in the September issue 

of Sky and Telescope

Be sure to read this good article, on pages 34-40; in it, Marc Buie describes the 

motivation for, and execution of, large occultation campaigns for exploring objects 

throughout the solar system, especially for the Trojan asteroids that are targets of 

NASA’s Lucy mission.

I will talk mostly about occultations by Near-Earth Asteroids (NEAs) but will also 

show other results, and how IOTA observers make the observations.



Lucy Target Occultations, Early 2024
from   https://lucy.swri.edu/occ/predictions.html

The Southwest Research Institute (SwRI) is 

also interested in occultations by other 

Jupiter Trojan asteroids, to extend the 

science that will be obtained by NASA’s 

Lucy mission.



The Chicxulub Impact

10km NEA (or 6km comet) hit shore of Yucatan 65 million years ago.

Over 70% of plant and animal species perished from the blast, worldwide

wide fires (from impact debris re-entering the atmosphere), and the collapse

of photosynthesis in the cold dark years that followed. The dinosaurs died, and 

now humans rule, because dinosaurs didn’t have a space program and 

didn’t know about planetary defense.



Outline
• IOTA & Asteroidal Occultations Introduction & History

• The 1975 Jan. 24 Occ’n of  Gem by Eros

• The 2019 July Occ’n by Phaethon, 1st small NEO occ’n

• The 2019 Sept. 29th Phaethon Occultation in California

• Phaethon occultations in 2019 Oct. and 2020 Oct.

• Improvement of Phaethon’s orbit – A2 acceleration

• More Opportunities in 2023

• First Observed Occultation by Apophis, 2021 Mar. 7

• Almost lost it – 2nd Positive Occ’n, 2021 Mar. 22

• 2021 April Occultations – Apophis Orbit Nailed

• Predictions of upcoming occultations

• How to observe/time/record occultations

• Conclusions

• Additional Resources



IOTA and Asteroidal Occultations Introduction
• The observer network that became IOTA formed in 1960’s

• to visually observe lunar grazing occultations with mobile efforts

• 1975 January 24 occultation of  Gem by (433) Eros, a first event

• The mobile techniques to observe lunar grazes, were used effectively to 

observe asteroidal occultations in the late 1970’s

• Starting in the 1980’s, IOTA began recording occultations with video 

equipment, improving the observations

• Using stars and the Earth’s rotation to pre-point stationary telescopes at 

multiple unattended locations with timed recording became possible

• Working with the NASA PDS Small Bodies Node and the Minor Planet 

Center, IOTA archives all asteroidal occultation observations

• ESA’s Hipparcos and Gaia missions have greatly improved prediction 

accuracy, resulting in a large increase in observed occultations

• The sizes, shapes, and accurate positions of several hundred asteroids 

have been determined

• Dozens of close double stars have been discovered, the diameters of 

several stars have been measured, and some asteroidal satellites have 

been discovered, and several characterized.

 



Lunar Occultation Geometry

B – Has no occultation (a miss)
C – Tangent path, a Grazing Occultation 
A – Total Occultation

IOTA started in the early 1960’s by observing lunar 

occultations, especially grazing ones



Lunar Profile from Graze of delta Cancri – 1981 May 9-10

Alan Fiala, USNO, obtained the first video recording of 

multiple events during this graze, with 7 D’s and 7 R’s

Circled dots are Watts’ predicted limb corrections

Expeditions like this inspired a generation of young

amateur astronomers before & after the Apollo missions

A good example of a graze is

shown by a composite video of the    

                2017 Mar. 5th Aldebaran graze 

                 at https://vimeo.com/209854850

During the 4

min., the Moon

moved 250 km

so the vertical

scale is about

40 times the 

horizonal scale



Starting in 1965, cable systems were developed for 

observing grazing occultations, first at USNO, then by 3 

clubs in California (Riverside, Santa Barbara, and Mount 

Diablo Astronomical Society), and Milwaukee, Wisconsin

This is a Riverside A.S. expedition near Adelanto in 1966. Mobile observation 

was needed since graze paths were narrow. The observations were visual, 

with audio tones recorded at the central station for this cable system.
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Grazing occultation analyzed with Watts profile data

From a grazing occultation of Antares observed from Bardoc, 
Western Australia, on 2009 February 17



Grazing occultation analyzed with Kaguya profile data

Same Antares graze as shown in the previous slide. Currently available 
LRO data are even better. Since grazes can now be predicted so well, 
there is little new we can learn from them, so few try them now. But they 
are interesting to watch and close double stars can be discovered.



The more stations that can be 

deployed, the better the resolution 

of the asteroid’s shape



Many Occultations of Interesting Main Belt Objects
Technology now allows observers to record 

transient astronomical phenomena more 

precisely and to fainter magnitudes than ever 

before. A small, inexpensive, yet very sensitive 

camera (RunCam Night Eagle Astro) will allow 

you to participate in IOTA’s programs to 

accurately record occultations and eclipses, to 

measure the sizes and shapes of hundreds of 

asteroids, discover duplicity of both close 

double stars and asteroids with satellites, and 

measure the angular diameters of many stars. 

Occultations provide excuses for travel, or you 

can just observe them from home, to further 

astronomical knowledge. Some use specially-

made easily-transported telescopes; there is 

room for innovative design & construction of 

equipment & software to record asteroidal 

occultations.

2011 July 19 occ’n of LQ Aquarii by 

the Binary Asteroid (90) Antiope

Near left: 10-in 

suitcase tele-

scope deployed 

for an asteroidal 

occultation in

the Australian

Outback.



Remote Stations for Asteroidal Occultations
• Separation should be many km, much larger than for grazes, so tracking times 

& errors are too large

• Unguided is possible since the prediction times are accurate enough, to 
less that 1 min. drift-through time = ¼ (FOV)

• Point telescope beforehand to same altitude and azimuth that the target 
star will have at event time and keep it fixed in that direction

• Plot line of target star’s declination on a detailed star atlas; Guide 8 or 9, or 
C2A can be used to produce the charts

• From the RA difference and event time for the area of observation, calculate 
times along the declination line

• Adjust the above for sidereal rate that is faster than solar rate, add 10 seconds 
for each hour before the event; done automatically by Guide & C2A

• Can usually find “guide stars” that are easier to find than the target

• Find a safe but accessible place for both the attended & remote scopes

• Separation distance limited by travel, set-up, & pre-pointing time, but we have 
had success with software to control small Win10 computer recordings; then 
the main limit is battery life, which can be several hours

• Sometimes it is better to have remote sites attended for starting equipment 
later (allows larger separations) and security, if enough people can help



Example of Guide8 Pre-Point Chart



January, 2008 Occultation of (13) Egeria

When Multiple Lightcurve Models Exist, Occultation Data Can 

Help Distinguish Which Is The Better Fit

Model 1 Model 2
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Discovery of Satellites of Asteroids
Trojan Asteroid (911) Agamemnon, 

observed by Steve Conard, Gamber, MD

7/10/2023



Sky Plane Plot for the Occultation of SAO 60804 by 

the Trojan asteroid (911) Agamemnon on 2012 Jan. 19

The other chords that defined the
object’s shape were made from
mobile sites with mighty mini’s

Satellite



Identification of Asteroid Rings!
(10199) Chariklo [and recently, (50000) Quaoar

Observation of occultations by Trojans, Centaurs & KBO’s are now

some of the most valuable events; these are sought especially by 

the Paris Obs. Lucky Star Program and SwRI’s RECON network.



First observed occultation by a NEA, 

1975 Jan. 24,  Gem occulted by Eros

Left, map of observers & sky plane plot from the 1976 Icarus paper. Right, modern 

sky plane plot of the chords fitted to Eros’ shape model derived from NEAR-

Shoemaker data. This was the first occultation by ANY asteroid that was observed 

from multiple stations. Especially, the stations deployed by the Pioneer Valley 

Colleges led by Brian O’Leary was the first successful coordinated effort to observe 

such an event by mobile observers. A crucial observation, now known to be a false 

negative, resulted in the wrong squashed shape shown by O’Leary et al.  It would 

be 44 years before an occultation by another NEO would be observed.

from O’Leary et al., 

Icarus, Vol. 28, pp. 

133-146 (1976) 



• (3200) Phaethon was the first asteroid to be discovered by a spacecraft (IRAS). 

• Phaethon is the parent body of the Geminids meteor stream that puts on one of 

the largest annual meteor displays

• This mysterious object may be a (nearly) dead comet nucleus, or a very active 

asteroid, throwing off boulders like has been observed on Bennu by OSIRIS-REx

• Phaethon is an Apollo asteroid with a perihelion of only 0.14 AU, <half Mercury’s, 

with aphelion 2.4 AU in the Main Belt. The extreme thermal changes near 

perihelion likely drive its shedding of pebbles and dust, creating the trail imaged by 

the Parker Solar Probe. Small non-gravitational forces on its orbit have been 

detected.

● JAXA’s DESTINY+ spacecraft plans to launch 

in 2024 and fly by Phaethon in 2025 -see 

https://en.wikipedia.org/wiki/DESTINY+

● Radar observations show Phaethon to be 

nearly spherical with a diameter of nearly 6 km

● Thermal IR data give a diameter of ~4.5km

(3200) Phaethon



First Occultations by (3200) Phaethon described at PDC 2021

The 1st occultation, of 7.3-mag. SAO 40261 whose path crossed the southwestern USA on 2019 July 29, was found by Isao Sato 

in Japan. The orbit was refined by the planetary ephemeris team at JPL that provided a prediction that was much more accurate 

than expected. Almost 70 telescopes were set up, 8 by SwRI and the rest by IOTA, to record the event from a span of 45 km, with 

the 6 central stations recording the event. The scopes at 20 unattended stations were pre-pointed to the alt/az of the occultation 

using Guide star charts with the “pre-point line of declination” plotted. We hope that new plate-solving techniques will enable more 

to make these multi-station deployments; we seek help in finding solutions that work with simple video systems in the field. Five 

more Phaethon occultations were observed in late 2019 and one in 2020 that resulted in a 3-times reduction of the error of the 

determination of the A2 non-gravitational parameter of Phaethon’s orbit, with a table of the observed events on the lower left.

Left: Sky-Plane plot of

central timings fitted to 

Sean Marshall’s Phaethon 

shape  model.

Right: Map showing 

planned observer lines,

central California.

2019 July 

29

2019 July 

29

R. Nolthenius 

Light-curve

Of the 2019 July 29 occ’n



2019 July 29 Phaethon occ’n, all successful chords



Phaethon Orbit A2 Determinations
(units au/d^2 x10-15)

The A2 term for most NEO’s is caused by the Yarkovsky effect,

but for Phaethon, mass loss due to strong thermal heating near 

perihelion is likely the main driver, as evidenced by the Geminids

& the Phaethon dust trail imaged by the Parker Solar Probe.



We should keep close tabs on Phaethon since its A2 term could change; its rubble 

pile structure could change with the severe thermal shocks it suffers, so such a 

change might alter the orbit period enough to be a concern in 200 years.

MOID = Mean Orbit Intersection Distance

Although Phaethon’s MOID with Earth

goes to zero 2217, there is no risk

of impact then since the period in

the orbit is known well enough

that the Earth and Phaethon

will not arrive at the MOID

point at the same time.

In any case, there

should be some great

Geminid showers in the

early 23rd century. At 6km 

across, Phaethon is almost 

as large as the object that 

wiped out the dinosaurs.





Best-observed 

Phaethon occultation



This well-observed occultation

had an unexpected large path 

shift





Occultations by NEAs in North America during 2023
to mag. 12.0 (to mag. 13.0 for Phaethon; 3 chances for it highlighted)

This map is adopted from 

one that we published in 

the Royal Astronomical 

Society of Canada’s Ob-

server’s Handbook for 

2023. It is also available 

on IOTA’s NEA 

occultations page at 

https://occultations.org/

publications/rasc/2023/n

am23NEAoccs.htm along 

with much more about 

NEA events worldwide. 

For more predictions, see 

https://occultations.org/

publications/rasc/2023/A

CM2023.htm . IOTA will 

prioritize the NEAs with 

uncertain futures given in 

ACM2023 #2312 presen-

ted on Monday in the NEO 

I session, & mission 

targets

https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm
https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm
https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm
https://occultations.org/publications/rasc/2023/ACM2023.htm
https://occultations.org/publications/rasc/2023/ACM2023.htm
https://occultations.org/publications/rasc/2023/ACM2023.htm




Apophis will pass near the geosat ring on 2029 April 13  

It will be about 3rd mag. as seen from Europe and Africa

The approach will be about 0.1 lunar distance,

It’s the closest approach by an asteroid this large in 1000 years

2013 radar observations showed Apophis to be 340m across

An impact would destroy everything within 25 km, and produce 

severe damage out to 300 km from the impact point





2021 Occultations by (99942) Apophis from PDC 2021-1

Much information about past observed Apophis occultations ia at 

http://iota.jhuapl.edu/Apophis2021.htm. 

The 1st observed event on March 7th benefitted from a JPL prediction based on radar data from Mar. 4-6; the star was 8.4-mag. NY Hydrae, an

eclipsing binary with high Gaia RUWE.

Left: Stations near Oakdale, Louisiana with the planned lines; Green dots mark positive sites, 

red dots mark sites that had no occultation (negatives).

Right: Residuals from the

first 5 Apophis occultations

from the JPL 214a orbit that

gave 0 weight to Mar. 7 since

the star’s Gaia RUWE was 

high. The high-precision orbit,

with radar & occultations, 

retired the risk of impact with

Earth for at least a century.

marginal detection, not used

Above, the 2 pre-pointed 8cm Dunham      Above, the 3 positive light curves for the March 7th .

unattended systems that recorded                            occultation.

positives; 3 others they deployed had misses.



2021 Occultations by (99942) Apophis from PDC 2021-2

The 1st observed event on March 7th benefitted from a JPL prediction based on radar data from Mar. 4-6; the star was NY Hydrae, 

Hydrae, an eclipsing binary with high Gaia RUWE. On 2021 Mar. 22, 

R. Venable recorded the occultation of a 10.0-mag. star from 5 loca-

tions with large pre-pointed telescopes in Florida (below); he covered 

the east side of the predicted (JPL207) path while others covered the 

west side. To the right is Venable with one of his 14-in. Fastar (f/2.1) 

SCT’s with specially-built low mount that adds stability and facilitates 

quick set-up. His fence of telescopes extended just far enough east to 

catch the critical occultation observation (green dot, positive) while the 

others were negative (red dots). With this effort, Venable saved 

Apophis’ accurate orbit that helped retire its risk of impact; the subse-

quent events listed on the previous slide secured the orbit. Venable’s 

subsequent deployments of his systems have led to other NEA occul-

tation successes, especially for Didymos and Dimorphos, see later

Slides.

Above right, April 11 near Farmington, NM, light curve of the 

the occultation of a 10.1-mag. star by Apophis, by 

Kai Getrost, recorded with 100 frames per second with a 

QHY 174M GPS camera attached to a 20-inch Dobsonian 

telescope. Effects of Fresnel diffraction are evident.

See the next talk by Damya Souami for the remarkable

Reduction of Apophis’ orbital errors from the addition of 

IOTA’s asteroidal occultation observations.
 



Occultations helped retire the risk of Apophis

Evolution in time of our knowledge of the average Yarkovsky acceleration for 99942 

Apophis. The light blue data represent the early theoretical estimates from approximate 

models of the physical properties of Apophis1. The other data are measurements 

enabled by the collection of more optical and radar astrometry. On the horizontal axis, 

close encounters with the Earth (enabling collection of accurate astrometry) are marked. 

The inset shows the last estimates compared to our value, in red, obtained from all the 

observations available on March 15, including the occultation observed on March 7, 2021.

For more, see https://www.cosmos.esa.int/web/gaia/iow_20210329.

Gaia Image of the week,

2021 Mar. 29. “Apophis’ 

Yarkovsky acceleration

improved through stellar

occultation” – D is the 

solution that adds the 

occultation results.

https://www.cosmos.esa.int/web/gaia/iow_20210329


Improvement of Apophis 

Ephemeris from Occultations

(D. Souami, ACM2023)



Occultations by the Didymos/Dimorphos System, 2022-2023

Sky plane plot of the 

Didymos occultation of 

an 11.2-mag. star in 

Japan, 2022 Oct. 18, 

one of the better-

observed Didymos 

occultations.

Sky-plane plot of the first 

observed occultation by 

Dimorphos, upper left, shortly 

before the occultation by 

Didymos, R. Venable, 

Crawford, FL, 2022 Oct. 19.

Far right: Lionel Rousselot’s

light curve of the 2023 Jan 21

Occ’n by Didymos and Dimor-

phos near Perigueux, France

Several other Didymos occ’ns have been observed around the world; 

for more about results from them, especially on the orbits, see papers by Chesley 

(PDC 2023; ACM 2023); and about ACROSS by Souami et al. (ACM 2023). 

More Didymos/Dimorphos occultations can be observed in 2024.

Sky plane plot of the occultation of a 9th-

mag. star by Dimorphos and Didymos, 

observations organized by ACROSS in 

France by P. Tanga et al., 2023 Jan. 21.



This NEA occultation late last year was

successfully recorded by Steve Messner

from a site on the predicted

central line in Minnesota.

Fortunately, the actual

path error was much

smaller than expected,

allowing this

single-station

success.



1st Observed Occultation by 2001 CC21, NEA flyby target of Hayabusa2

Below: Fresnel 

Diffraction 

Model fitted

To Ida’s Light 

Curve with PyOTE



Occultation of 8.4-mag. SAO 164452 (= HIP 106281) by (2102) Tantalus, 2023 May 7

(2102) Tantalus is a 1.4-km PHA in a highly

inclined (64 to the ecliptic) orbit that won’t be 

in radar range again until 2038. This bright event 

provided a chance to record an occultation with 

easily-transported 8cm systems, like those we used

for Apophis in 2021 March. IOTA members Ted Blank,

and David and Joan Dunham, deployed and pre-

pointed 10 of these systems near Socorro, N. Mex.,

to cover most of the 1- path error zone while Norm Carlson set up his larger (20cm) scope on the predicted center.

We used a predicted 2-km diameter for our planning but later we found a better recently-published radar diameter of 

1.4 km; also, the real error was much less than 1-. Next time, we’ll have more concentration near the center.

On 2022 Nov. 26, IOTA member Steve Messner recorded the 1st occultation by 7-km NEA (1866) Sisyphus in Minn.



Diagram by Dave Herald using the Occult4 program. For more, including the videos, please visit 

https://www.youtube.com/watch?v=w_Cc5Or1FFw . Gaia confirmed the duplicity from the small 

wobble of the center of figure, finding a period of 1.3 days. On 2022 May 16, Nosworthy and Gault 

found from another occultation that (172376) 2002 YE25 is likely a binary with 3-km objects about 15 

km apart; see 

http://hazelbrookobservatory.com/ye25/#:~:text=Introduction,is%20probably%20two%20smaller%20objects. 

https://www.youtube.com/watch?v=w_Cc5Or1FFw
http://hazelbrookobservatory.com/ye25/#:~:text=Introduction,is%20probably%20two%20smaller%20objects


IOTA Observations of Occultations by Comets

On 2022 February 8, 3 amateur observers in Europe 

working with IOTA obtained what we believe to be 

the first unambiguous observations of an occultation 

by the nucleus of a comet, 28P/Neujmin 1. 

On 2022 Dec. 19, IOTA observers worked with Lucky Star & others to 

record the 1st multi-chord occultation by 29P/Schwassman-Wachmann 

1 (SW1). IOTA observed at least 2 more SW1 events, on 2022 Dec 29 

in NM and 2023 May 7 in the UK. But for the best info. about SW1 

occultations, see Buie et al.’s ACM 2023 E-Poster #2445.



2022 Jan. 25 Occultation of SAO 110026 by (877) Walkure, 
Close Double Star Resolved and Accurately Measured

In 1984, D. Evans recorded a lunar occultation of SAO 110026 

(= UCAC4 480-002385) photoelectrically at McDonald Obs., 

showing the star to likely be double with a sep. of 0.05ʺ. For the 

2022 event by Walkure, Paul Maley video recorded occultations 

of both components, shown in his light curve above. Also obser-

ving near Tucson was Norm Carlson, while D. and J. Dunham

deployed 3 pre-pointed 8cm systems. On the left is the sky plane

Plot of the timings, with station numbers: 1, Dunham1, Picacho Peak; 2, Carlson; 3, the predicted center; 4, Maley star 

1; 5, Maley star 2; 6, Dunham2, Rillito; and 7, Dunham3, Cortaro. The Walkure shape model used for the fit is DAMIT 

#1096. IOTA has discovered many doubles during asteroidal occultations, see MNRAS https://arxiv.org/abs/2010.06086.



Total lunar occultations for ChesMont AS, Elverson, PA

See IOTA’s Mid-Atlantic Occultations page:

http://iota.jhuapl.edu/exped.htm (includes some lunar grazes).

Compute your own predictions using IOTA’s free Occult program, see 

http://www.lunar-occultations.com/iota/2023iotapredictions.pdf .

http://iota.jhuapl.edu/exped.htm
http://www.lunar-occultations.com/iota/2023iotapredictions.pdf


Lunar Grazing Occ’n in Elverson, PA area 

The graze, of 7.7-mag. SAO 109599, will occur Aug. 6 at 2:08 am EDT 15 from the 

north cusp of the 73% sunlit waning Moon, at alt. 37 in the southeast (az. 119).

No occultation will occur at the green northern limit line shown since the

lunar profile is low, see http://iota.jhuapl.edu/20230806SAO109599.jpg 

observing stations need to be 2.0 to 3.0 km southeast of the line to see it.

http://iota.jhuapl.edu/20230806SAO109599.jpg


Lunar Grazing Occ’n Aug. 6, wider area view

A file that can be used with Google Earth (GE) to plot the northern limit line is at 

http://iota.jhuapl.edu/20230806SAO109599.kmz . Use GE’s measuring tool (click on the 

ruler symbol at the top of the GE display) to find locations 2.0 to 3.0 km southeast of the 

line. High magnification (large f-ratios), clean optics, and good transparency are needed to 

observe stars like this in the glare of a gibbous Moon. The star may be a close double.

http://iota.jhuapl.edu/20230806SAO109599.kmz


Asteroidal occultations over/near Elverson, PA - OW

Computed with Occult Watcher, a free download from

http://www.occultwatcher.net/ - you can set magnitude and 

distance limits to filter out events you are less likely to try.

http://www.occultwatcher.net/


From the RASC Observer’s Handbook and 

https://occultations.org/publications/rasc/2023/nam23MBspecialoccs.pdf. 

https://occultations.org/publications/rasc/2023/nam23MBspecialoccs.pdf


Table of information for 

events on the map on the 

previous slide.



Extra cost for equipment for observing occultations

• If you have a telescope and cell phone, - $0 – for visual observing. It’s best to use 2 

cell phones, one to record and one to generate audible time ticks, like those from the 

“Time The Sat” app. Time to about 0.1s is available with other free apps, like “GPS 

Test” -Androids and “GPS Diagnostic” –iPhones (they also give geographical 

coordinates), & web sites like www.time.gov, but they don’t have audible signals.

• If you have an astronomical CCD and computer to record images with it, - $0 – 

using the drift scan method. Use Dimension 4 or similar to synch your computer 

clock to accurate UT time 2 to 3 minutes before you start your exposure for the 

occultation. http://www.asteroidoccultation.com/observations/DriftScan/Index.htm

• If you have a computer but not a CCD, for video, - $20 – for a device to mount one 

of the cell phones to the eyepiece of the telescope and the other phone for time, like 

the first option; see https://www.youtube.com/watch?v=1Df34Hwsm4M .

• Better than a cell phone (gain 3+ magnitudes), -$224 – for a sensitive camera (IOTA 

Runcam), Startech frame grabber, Supercircuits PA6 microphone, TAB adapter, & 

9V battery to record cell phone (or WWV, if you have a shortwave radio) time ticks.

• For video time insertion (more convenient for analysis), the best option is the IOTA-

VTI for $279. The British GPSBOXSPRITE3 video time inserter costs £120 but 

doesn’t have the IOTA-VTI’s error checking.

• Use whatever you have – ANY observation is much better than none!

http://www.time.gov/
http://www.asteroidoccultation.com/observations/DriftScan/Index.htm
https://www.youtube.com/watch?v=1Df34Hwsm4M
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Visual Timing with Shortwave Radio (for WWV) and

cassette audio tape recorder (now can use cell phone video, for the 

audio recording, & “Time the Sat” app for audible time signals)



Visual timing

▪ Best:  Smartphone 

timing app which syncs 

to UTC via NNTP

▪ Stopwatch

▪ Cellphone stopwatch app 

(elapsed time only)

▪ Video or CCD is 

preferred, but any timing 

is better than no timing!

“Timestamp”

by Emerald-

Sequoia

for iPhone

“Time The Sat”

satflare.com

for Android

More information on using the 
“Time the Sat” app is on the next 
page, including how to obtain 
the most accuracy (smallest time
error), and generate audible 
time ticks. I assume that “Timestamp”
has the same capabilities, but I don’t
have an iPhone so I can’t say.



Using “Time The Sat”

“Time The Sat”

satflare.com

for Android

I assume that “Timestamp” by Emerald-Sequoia has capabilities 
similar to those that I describe below for “Time the Sat”, but I don’t 
have an iPhone so I can’t test it.

With “Time the Sat”, go to the 3 dots in the upper right; pressing it gives 
some important options described below:

ReSynch (NTP) resynchronizes; you want to do that less than a minute before 
you start to observe.

Select NTP Server: The different servers have different accuracies, depending 
on your location. Try them out, to see which one gives the smallest “TAcc” 
(time accuracy) and keep it selected (the “>” on the left shows the selected 
one). A TAcc of 50 ms or less is preferred. In the USA, time.nist.gov often 
gives the smallest TAcc.

Audio Time: – selecting it causes audible clicks each second, with the # of seconds of the minute 
announced each 10 seconds, and the minutes of the hour are given at the start of each minute.

Exit: Very important, as this is the only way to exit the app, as far as I can tell. Using the usual 
“back” button of the cell phone just adds another time and doesn’t actually go back to exit. 

“Time the Sat” also gives coordinates, longitude, latitude, and altitude above sea level, that you 
also need for reporting your occultation observation.



Drift Scan Timing with an Astronomical CCD Camera
http://www.asteroidoccultation.com/observations/DriftScan/Index.htm

If you have an astronomical CCD camera, you can time occultations!

If you have a DSLR camera, you can also use it to time occultations; 
see http://occultations.org/observing/educational-materials/equipment/dslr/

http://www.asteroidoccultation.com/observations/DriftScan/Index.htm
http://occultations.org/observing/educational-materials/equipment/dslr/


Unistellar eVscope

Easy to use, but beware

This small easily-transported scope will find the target star for you, but its cost 

is high relative to other systems, and it relies on cell-phone time, which we’ve 

found can be in error by 0.5s. A GPS flasher can be added to give more 

accurate time, but it complicates the system and analysis. The 0.1s minimum 

exposure time rules out its use for most NEA occultations. We are 

investigating plate-solve techniques to help any telescope to get on target, but 

a practical solution for video systems has been elusive.



Occultation Observing Equipment - Video
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$149.00                   $79.00            

Kits without the IOTA-VTI



Current IOTA kits with VTIs, 
https://occultations.org/observing/recommended-equipment/iota-vti/

$550.00

The other

Items listed 

on the page

can be 

purchased

separately;

Ted Blank
tedblank@gmail.com

runs the 

IOTA store.



Occ2 Recording System
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Labeled picture TBS

Better, see http://www.occultationpages.com/events/Runcam_Mini.html

http://www.occultationpages.com/events/Runcam_Mini.html


GPS Video – IOTA VTI

Provides accurate (msec) timestamps

on every video frame

A cheaper alternative, using a raspberry-pi board, is under development,

and those with electronic skills can now build a precise timing flasher 

unit described by Aart Olsen at the online 2022 IOTA meeting.



IOTA Observing Manual
Available at IOTA’s main 

Web site,

http://occultations.org

The observing tab there, directly 

http://occultations.org/observing/

has the latest information about 

recommended software and 

equipment.

Other tabs are for joining IOTA, for 

our free publications, and meetings 

(“community”)

A good primer, especially for video 

occultation observing, is at 

http://occultations.org/documents/
OccultationObservingPrimer.pdf

Comprehensive,            but often out-of

date; see the links         to the right. 

http://occultations.org/
http://occultations.org/observing/
http://occultations.org/documents/OccultationObservingPrimer.pdf
http://occultations.org/documents/OccultationObservingPrimer.pdf


Conclusions
• The rare bright 2019 July 29th occultation was the first successful campaign for a small NEO; until 

Apophis in 2021, it was the smallest asteroid with multiple timed chords during an occultation. A 

large collaboration of amateur and professional astronomers enabled that success.

• The radar size and shape were verified, and the improved orbit allowed a good prediction for the 

next occultation, then subsequent events, and an improvement of Phaethon’s A2 non-gravitational 

parameter by a factor of 3.

• But recent observations show that sudden changes might occur to Phaethon’s orbit near perihelion, 

so more observations by this enigmatic object are needed.

• The occultation technique was successfully applied to Apophis, which is more than 10 times 

smaller than Phaethon, and also Didymos, further demonstrating the astrometric power of 

observations of NEO occultations for planetary defense; 

• Information about the sizes, shapes, rings, satellites, and even atmospheres of Kuiper Belt objects, 

Centaurs, Trojans, and other asteroids is proportional to the number of stations that can be 

deployed for occultations by them

• We encourage as many others as possible to time occultations by NEA’s, TNO’s and by other 

asteroids (and sometimes comets) from their observatories

• We want others to learn to make the necessary mobile observations, including the multi-station 

techniques pioneered by IOTA, to observe NEA and other occultations, to support planetary 

defense and asteroid science.

Please visit https://occultations.org/publications/rasc/2023/ACM2023.htm to get this 

presentation, and for links to IOTA’s, and other’s, Web sites that have predictions 

and much other information that will allow you, and others at your institution, to take 

part in this exciting field of astronomy. 

Contact: dunham@starpower.net; cell +1-301-526-5590 and

local IOTA member Bruce Hohenstein, BHolenstein@gravic.com .

https://occultations.org/publications/rasc/2023/ACM2023.htm
mailto:dunham@starpower.net
mailto:BHolenstein@gravic.com
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