Lunar Occultations of Double Stars

Limb plot, with current solution




(Brian Mills — 25 fps)

(Michael O’Connell — 100 fps)

Double star? / single star?
Magnitudes of the component stars
Duration / Separation
Position Angle



85 Lunar occultation predictions : Occult v.4.2025.7.25

with Prediction ... " Set Output filter # Mag limit adjustment...

1. Select site for predictions

Leeds site
-3.61004,51.81055.8

Use home

Set home
Leeds

Use single

Right-click on prediction for further options

Occultation prediction for Leeds

E. Longitude - 1 - Latitude 5_

-5 0.010" 325.

o

multiple: ARal,2
a close double.
NSV 1345, 3.€3,
22 §5.1 r €0
Atlas = 27 Tauri
is multiple: Aal,k2
is a close double.
= NSV 1345, 3.€:
21 44 3€.5 D
is double: AB
Apr 30 20 25 §.8 D
812 is triple: AB 8.7
812 is a close double.
Apr 30 21 59 18.7 D 7 ] .4 7- 14+
77224 is double: ** 8. .3 0. 0. dT
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77224 has been reported as non-insta neous
Apr 30 23 25 43 m 772€7cK 8.3 7 14+
772€7 is double: ** 8.5 B. 0.10" 311.0
772€7 has been reported as non-instantaneous
Apr 30 23 28 17.€ D 840cRK0 €.3 5.5 14+
840 is double: ** 7.3 7.3 0.050"
240 has been reported as non-instantaneous

Lunar occultation predictions — double stars - Occult

2. Star cat. 3. Objects
O xz Stars

O XZ <mag 9 () Planets
) XZ <mag7 [ Asteroids

) XZ <mag4 (] Grazes only

[] Fiter search to sites in fle | ) ZC Doubles only

Alt. 1ll4m; Telescope dia 30

S, dT = +0.01lsec
ervations are highly desired
, IType SPB, Period 2.42¢€€ days

22 23 15 74 -48N 2S1 330

S, dT = -0.02sec

vations are highly desired

7 305

27 281
-lsec : AB,C

e highly desired

43 14
+0.1l€sec

e\') show Recording Timer 2 Weather forecasts...

4. Set UT dates

(OCc 154).

44

(OCc 711).

44

(OCcl2€7) .

Observations
313 10N 3

Observations

313 87N 80

Observations

@) Help X Ext

5. Events for Site

Starting at
-6hrs O Occultations
Ohrs ©
+6hrs O

2 Short OQutput
+12hrs ()

‘r:l Apply Filter




with Prediction ... ¢ Set Output

1. Seld Mouc <
FythAREXN3 e e
Reps
lepsold Phato
Anstoteles
Atles
Lavoisier Alescandar
Archimedes Posidonius
Copemicus
= 27 i Hevelius
5€0 is multiple: Aa
5€0 is a close doub R(’S:C"’:' w3
5 iRl
5 NSV 1345, 3.6 b b N
= 55 1 ¢ -2 Maumo Hipparchus
= 27 Tauri Prolemasus
Albategnius
Fracastonus
Purbach
.............. : s
1,20255.8(8.0) Lagrange
Desaiiize,
Lacront
Moon map
Place event into Recd .
Place next 10 events i Schiller  LOPGOMCN e
Select time offsets for Clavius
Star details
Double and Variable g Newton

Double star predictions - Occult



85! Catalogue details for stars : Occult v.4.2025.7.25
with Details... ©) Help X Exit
Star
g 812 Gaia double
812 Dinplay dutails 2l doubies
Lunar Asrenmdal _Orhercatalogs
O zc O Hipparcos O PPMx = 27 36 36.837  PM = -0.0128"
() SAD () Tycho-2
0 XZ (O ucaca

0.00276s

7.98, Mb = 0.00, Mr 0.00 Spectrum F8
closest star within 2'

with mag diff <2.0

Double star orbit
Year 33 5 ReDraw Use today

Double star details

Star is the mean position of AB

Nams Cmpt Yrl Yr2: PAl A2
HO 22€ 2B 1887 2015: 230.0 9S1.0:

22¢€ AB,C S 2001: 274.0 277.0:

HO 22¢ AB,C

374.00000 O0.€17000 57.€000 84.4000 2097.00000 0.41000 318.1000

5-year ephemeris
WDS Discoverer codes Year PA Sep Year PA
HO Hough, G.W. et al 28 0

Double star details - Occult




1,0 WOS O5270+27EF HO 226ARE (Zir2ilda)

#* Display of WDS and Interferometric Catalog details : Occult v.
with List... @) Help X Exit © coogiesy
Search for :
WDS entries
RA Dec Name

05270+2737HO 22¢cAB

05270+2737HO 22¢€AB,C
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WDS & IF Catalogue, variable star details and orbit - Occult




DPCI CC( () C DS Al 4 ANC
J pta-es.de/U ged 0 A
Occult Watcher, ver. 5.4.0.1 - Z92 (UTC +01:00 DST)
¥ Synchronise now :' Configuration | 4% Add-ins v| == Help ~ ﬂ: LUﬂal’ OCCUltatIDﬂS ICDI' OCCUltWEItChEF, "'..'r"l 20.0 X
Asteroid Name Ev Show Tangra Repcr‘ts
My Events &' Create C2A Occultation Map DC:UH.’: Path

C:\Users‘\Alex-14'\Documents \Occult4

5.~  Compare Star Catalogue Positions (Occult)

U Open Event in Occult IMPORTANT: While the Lunar Occultations for OccultWatcher addin is

e loaded you will not be able to update Occult. You will need to stop
~ Find Add-ins OccultWatcher before updating Occult.
Al vents - B _ Site Altitude: 114 2 m Aperture: 28 3 cm

Mag Limit Adj.: U e m

Feed Ud:
L [IBEROC Events]
# you center shadow 1-sigma 2 & 3-sigma limits hﬁp - fwWwiw iota-es .dE [:| "r..,' FE‘E‘d EUﬂ:' D{S ot
(42195) 2001 DO17 occults TYC 6301-00382-1 Eventtime: 23:18:39 UT
- - ) Error in time 1 sec
Position: In the 1-sigma zone, 2 km outside the shadow path
- . Max duration: 1.7 sec
here are cumently no announced stations for this event - -
| OK . Cancel
Show online map with stations & View details on the web Qﬁa'.'r:- Google -,, - - e

AT ( At1Q Ad ¢ () 0 g



DPCA CC( . C | AN d A 1€
) DLA-ES. U ' Ped () ' )
Occult Watcher, ver. 5.4.0.1 - Z92 (UTC +Q1-00.DCTY
¥ Synchronise now _';1 Configuration Conﬂgur’ation h 4
Asteroid Name E - . ) = — .
e Evente General Eventfiters Otheroptions Predictionfeeds Observation planner
Astervidal occultations predictions
The OccultWatcher experience wouldnt be possible without the people publishing
predictions computed with Dave Herald's Occult. Please select from the list below the
feeds you want OccultWatcher to monitor for you.
Planet Satellites (Global)
LinOccult Personal Predictions
All Events

L [IBEROC Events]
§ you center shadow

(42195) 2001 DO17 occults TYC 6301

Position: In the 1-sigma zone, 2 km outside t|

Show online map with stations

Personal Predictions

Lunar Occultations of Close Double Stars

NEA (Global)

Lunar Occultations
Total Lunar Occultations of suspected double stars. The filtering is done at the

Probability

o X

Shadow Widt

time of the synchronisation so you need to have your comect cooridinates set
before you synchronise.

Horizons (JPL=60)

Urd hitp://www iota-es.de/OWFeed/EurcDls txt

Moon altitude:  15° @72°

foon distance: 119°

oK Cancel

gﬁa'u‘e Google Earth” kml file

( ' AU( AUC ’ / P

ﬂ View station sorts




ult Watcher, ver. 5.4.0.1 - 792 (UTC DST)

mchronise now 481 Configuration #." Add-ins ~

port All Events to Excel

g View Target Star in 'Google S

75764 [R ] (292) n Add to 'My Events' | Constellation:

" e m
75764 is quadruple: | 3.2 2 C7 ) 4.0, B, 59.U, ec Star attitude:
64 is a close doubl 5 ) Sun altitude:

Lunar occultations add-in - OccultWatcher



o

with Prediction ... /" Set Output filter # Mag limit adjustment... @ show Recording Timer Weather forecasts... ©) Help X Exit
1. Specify a single site Iocatnocn 2. Star cat. 3. Objects 4. Set UT dates 5. Events for Site
o ” Site name Year Month  Day Starting at
@ Stars y o
lon 01 36 280 OW.LunarOcc 0 xz B Stat 2025 2| Aug 15 -Rhre () —
() XZ <mag 9 Planets 2| ks [
Lat 53 50 150( Apet{cm) 28 =2 - < | A . 85’ Moon map : Occult v.4.2025.8.3 — O X
) *| (O XZ <mag7 | Asteroids End [2025 | Aug 1
Altitude (m) 114 O XZ <mag4 (7] Grazes only with Map... ©) Help X Exit right-click to set number of stars pk

Use Site files Year Month Day Ti

OZ Doubles only
Right-click on prediction for further options

Occultation prediction for OW.LunarOcc

E. Longitude - 1 3€ 28.0, Latitude 653 50 15.0, Alt. 1ll4m; Telescope dia

day Time P Star Sp Mag Mag % Elon Sun Moon CA PA VA

Yy m d h m < No D v ¥V 11} Alt Alt Az O = o

26 Aug 16 1 22 45.2 R 757€4SF0 7.6 62- 92 33 957 838 248 287
757€4 is quadruple: AB 7.81 5.€7 0.80" 98.2, dT = +1.2sec : AB,C 7.€ 13. L
757€4 is a close double. Observations are highly desired ‘

25 Aug l€ 3 15 10.8 r 75804cF8 8.€ 8.3 §1- 891 48 124 7SN 2€€ 258

76804 is double: ** $.3 §.3 0.10" 115.0, dT = +0.l18sec

-]
75804 has been reported as non-instantaneous (OCc 2) OCbservations are

Lunar Occultations Add-in — OccultWatcher - Occult




Analogue camera -
GPS - NTP
25 fps (frames) — 50 fps (fields)

IOTA VideoCapture

OccuRec
292

Digital camera —
GPS - NTP

Up to 1000 fps
(Region of Interest)

DVTI Camera Control Tool,
SharpCap

222

File format —
i\ W.V-\"AW.\ ) A%

Recording double star occultations



{: Graph

/ PSF-Frame phatometry / Object; Distance=3

00k m Velocity

magnitude of Pairis 7.3

mated Magnitud

Limovie — (AVI files)

Fresnel diffraction analysi
Magnitude estimates

———
4350 0

5100

s / Event centre=Frame cnetre -0 /-0.00 Contactangle=0.0deg

ADYV to AVI converter
(DVTI+CAM team)

Frame

+15ec

point  Save Image

- Y A Width
<[ | Min M

* Part
a - Noise Reduction | Reset
+105eq| Radius[3™ = Hilight Entire

Correction for absorption

v Information Object

Copy ta Cli T1.=] [30] Imaee | |; Diffraction Analysis

v 1D

L

1]
s
Spectral Effect
CCD |ICX4284LL | _Graph
Star |GO v|or BV |0.ESD
Object's Movement
Distance Shadov
393.0
km 1777 mis
Frame range of Star & BKG
Appearance before Step after
52333 Fix| [ 121|200
Intermidiate ajr] afe] 4f»
23301 1 D [480 [o
Disappearance 4] ] <

81.2 Fix

Magnitude Calc
Frame Range for Processing
30 0 Selectirea
4| | <] DataNum |61
Central Time of Event
Component 1 [Single Star]
Frame Number  Offset Time
4881.0 + |-
Error(1 sigma) +- 1 millisecond
Component 2 [Double Star]
Offset Time + |1242 millisec
Speed of Fresnel Pattern
Rate Contact Angle
1.0000 0.0 degree

v Double Star Analyzing
Step Hight Time Difference

=l=420 1250
|~ v
101 millisecond
Star's Angular Diameter
milli arc second
Intensity at event centre:
Processing
* for Dccultation for Grazing

Sum-Squared Error | 21131211

Fit to Diffraction Curve




Observations editor : Michael.dat : Occult v.4.2025.8.3

o
File.. _J Submit report... Double star report... Light curve report... LiMovie... ©) Help
3 View : O Report Edit: Header Sites & Names © Events Reduce & Plot LRO-LOLA
Events
1. Event time & type 2. Star 3. Timing methods. Circumstances 4. Observer
Year Month Day Today ZC 13982 — Method of Timing & recording (use the left box, or both Station (site
2025 =5 =14 = SAD 98552 is Video ftime insert) +frame an A 30.0cm at - [0 2
Hour  Min Second XZ 14247 double Time source Ob » 2
20 5| |48 5-| 885 Camera GPS (using 1PPS output, NOT screen display) server A : Michael
|dentify star WDS/IF/Var
PE PE application [ PE is NOT camera corrections |
Event type ] ) o mir PE not relevant to the method of timing [eg Video]
© Disappear () Reappear For unidentified stars only i S B
") Blink ) Hash ) Miss GSC R e
- = No remarkable circumstances
Started Stopped () Other format: RRRRNNNNN
Solar S Stability Transparency Certainty
Graze event [ ol:;la - Sy Good Good Sure that the event occumed
— net
ouble stars WDS [AB ; a
i Sep=0 Limb-corrected residual
OL‘";’rk limb e S Preceding (west) component A DA =193 o oA e
ark lim right limb () Umbra -
stk 3 S/N ratio Light leve Durn (sec Temperature 014 6109 7.3
ent = ; \
Arange events © by Number O by TEL Delet Comments [notarchived] No accented characters Add as Replace
ReNumber Sort - _ i new event selected
by Date by OBS selected
1l 2025 5 42048 8.85 R 1352ADD EG G 1 W 11 AR
2 2025 5 4204810.1 R 1352BDD S 1 E 2 3 4 AR

Lunar observations editor .dat file - Occult




8! Double Star Report : Occult v.4.2025.8.3

with Report... ©) Help X Exit

2025May 4 at20h48m [ ocrr oo
R1392 DD 2025 May 4 at 20h 48m

Star = R1392
Observer = Michael

Telescope = 30.0cm at - 6 KIEHE 53 BN

Double star details from the XZ catalogue
Star is the mean position of the following pair
A 2477 1912 2013: 236.9 3.0: ©.300 ©.500: 7.46 9.18: R 1392

Positions from orbit, on event date

CCT 6038 PA = 13.70, Separation = 0.427"

T (bright) secs  8.85 Observation details

T ffaint) - T (bright) secs 1.25
T (faint) secs = 10.100

- Or - Nostepevent ||

. Retrieve LiMovie plot .
from the Clipboard

Save light curve

Email message

Star Mag
Event

PA =
AA =

1

b =
RV =

Scale
CCT

CA =
%I1lum =

Alt
Tl
T2-T1

® F Ok

= 7.32
=DD
61.095
44 247
= 7.327
-3.471
9.2096
= 9.999
= 60.58
43N
53%
= 49
= 8.85
1.250

*

Set as default
cc addresses

[ a BCC copy will be sent to your Email Inbox ]

Preview report Save and Email report Save report

Lunar observations editor - Double star report .txt file - Occult




N

VECTOR
SEPARATION

N TRy
SN OSTAR 2
: S

Fia. 5. A single occultation measurement of a double star gives
only the vector separation V1; star 2 could be anywhere along the
vertical dashed line. A second measurement gives V2 and locates
star 2 precisely.

Measuring the position angle (PA) and separation of a double star




8- Solve for double star PA and separation : Occult v.4.2025.8.3 — X

File..  with Observations ... _:, Magnitude calculator @) Help X bat leb Plot Wlth current solutjon
Plot scale . . -
Import from Read a Plot width = 1.28"
ob ati Paste an soluti Solve Maanify
servalion  pservation ution 4Pt Maondy
file(s) file scale x5
Event
Year Mth Day Star ID Show List
2025 5 L R1392 WDS &IF Equivalents

Details of an observation

T1(secs) T2 (secs) limb
(brighter )  (fainter ) PA v cct Scale slope
27.33 31.3 42 601 0.081 79.31 0.998 0
£ £ o 5 5 J7 -
Swap T1, T2 Year Mt Day Observer
2025 5 - B Mills
Librations | 7.20 b -342 AA 25741
Circumstances CA 24N %llum 53% At 45
Add Replace Delete Review limb slope

Solution is based on only 2 observations. Change times by a small amount to estimate the emor.
St_'-p =0.362" PA=2354 — Plot nominal ] Occult 4. 2025.8.3

Mean Date: 2025.34 — unceranties

|_] Visual uncerts & — 1.20" —_—
Checked events are used for the solution Observations Legend
(] # Year M D Observer Tl T2 T2-T1 P.R. RV CCT slope * 1 0. 8.85 Michae
0 2025 5 4 Michael 2.85 10.10 1.25 €1.10 0.20%¢ €0.58 2.07 1 7.33 1, 27.33, B Mills
12025 5 4 B Mills 27.33 31.31 3.98 42.€0 0.0819 79.31 ).45 1 7.2

Solving the PA and separation of R 1392 - Occult




Mills — O’Connell
Durations:

BM 3.98s
MOC 1.25s

PA:
23.54°

Separation:
0.362”

Mags :

BM
7.85
8.31

MOC
7.92
8.21

WDS

W05 09245+1808

(FHR2014a)

Period 250 years

The magnitudes, PA and separation of R 1392 — 2025 May 4



PA and separation of double star XZ 32105

RA Dec Mag. Date Observers Note
diff.

“Lunar Occultation Observations of Double Stars — Report #3” B. Loader et al
(Journal of Double Star Observatlons, Vol 8, No 4, Oct 1, 2012) — University of South Alabama, USA

Washington Double Star catalogue
Interferometric Catalogue
(USNO)

Micrometer
Photography
Interferometer
Occultation

Period 88.95 years
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A New Double Star from Lunar Occultation:
X7 103822

Alex Pratt

International Occultation Timing Association / European Section (IOTA/ES)
British Astronomical Association (BAA)
MPC 292 - Leeds, England
alex.pratt@bcs.org.uk

X103822 : 2019 April 12 : A. R, Pratt / PSF-Frams photometry / Object: Distance=367000km Velocd:
.

tination for Componsnt's Hagqnitude --
ning maaqnitude of Pair iz 10.30 Hag
x nated Magnatude
First Event : 11.51 +/- 0.13 Mag
Second Event : 10.73 4= 0.06 Mag

—Statistical analysis of Light Intensity-—
Averaqe d n
Combined 3 77 31
Step 3 9 r 10
Backqro : 3 & 16
Hoise L= {H-3) Lovar
E t -1 t 0.2619 0. 2566
Second t 0.1258 0 1033
Total svent 0.0862 0.0693

1
100

Star X7 103822 =TYC 1373-37-1
- GSC 01373-00037
= 2MASS J07403872+2052502
~ Gaia DR2 673152977377071616

Coord. (J2000) 7h 40m 38.72s, 20° 52' 50.11"
Spectral type ?

Derived double data:

Mag A 10.7 £ 0.1 (V)

Mag B 1.5+ 0.1 (V)

Lpoch 2019.28

Separation = ().27

PA at epoch between 21 and 201 deg

X7 103822 — 2019 April 12 — A new double star - JDSO




2025 March — Paris — joint meeting — ‘History of Astronomy’
Société astronomique de France (SAF)
Society for the History of Astronomy (UK)

OES ETo,
\0“ Q‘J‘
S
o

o)

* 531a0°

M,

sy'“cn‘mi: ASTRONOMIQUE DE FRANCE
b4 COMMISSION DESIETOILESIDOUBLES

o0 COM,
£

Philippe Laurent - Patrick Wullaert

Serendipity!
The OLED Project
OLED AGRUPACION ASTRONOMICA WA] - ferEs soleTivEs Q
r o8 AL g 2€S)$l;%TNEOMIQUE
DE FRANCE
’ @ Ocultaciones Lunares de Estrellas Dobles

i . e : }5“ ® Commission
sl Occultations Lunaires d'Etoiles Doubles  Seciedad e

Federacion de Asociaciones

Astrondmicas de Espaiia

l des Etoiles

Espanola Doiibles
https://sites.google.com/aam.org.es/oled/

de Astronomia
[ v ] [ s ]
[ reorr

i cocvens e Qi cwescs e

Enrique Velasco




With thanks to...

Tim Haymes - Oliver Klos - Jan Manek — Brian Mills - Michael O’Connell

Discovery: 1998-07-27 / J. Broughton / Reedy Creek / 428 Pauline Loader (b. 1942, England) is a
former Secretary and Treasurer of the Royal Astronomical Society of New Zealand and was once head
of the Variable Star Section. Around 2003 she developed the Beeper Box device for timing visually
observed occultations.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Discovery: 1998-07-29 / J. Broughton / Reedy Creek / 428 Brian Loader (b. 1935, England) is a
retired science teacher who worked as a programmer at the USNO Black Birch Station in New
Zealand. In 1980 he joined the RASNZ where he set up programs monitoring Jovian satellite events

and double stars occulted by the moon. He was a prolific occultation observer for 50 years and
became a Fellow of the society.
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