Analysis of Hyades Double Star |
Occultation: 70 Tau (R659)

on 2016 Jan 19
using Limovie

Tim Haymes

BAA Lunar Section Occultation coordinator [10-15min]



Introduction

 The BAA Lunar Section Occultation Sub-section, have reported non-
instantaneous events since the 1970’s through the pages of the Lunar
Section Circular. (listed in Appendix-1)

* Project “Fade” was introduced around that time - prompted by IOTA.
* There are about 17 BAA reports found in the LSC (visual and video)

* Video observations of “occultation doubles” are co-ordinated “Globally” by
Brian Loader in New Zealand

* Phil Denyer recorded a step event for SAO 146725 on 2014 Feb 2
e Alex Pratt recorded a step-event for R944 on 2014 Mar 09 [2.8s]
* | report my first clear step event: 70 Tau on 2016 Jan 19 [0.4s]

These are known double stars, and useful for data analysis.
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/ PSF-Frame photomety / Object: Distance=338600km Velocity=127m/zec

R 944 2.83 sec
Courtesyji: Alex Pratt

Events Compared

P

— Estimation for Component's Magnitude —
Assuming magnitude of Pair i= 5.90 MHag.
Eztimated Hagnitude

Fir=t Ewvent : 6.80 +-— 0.05 Hag.
1000 Second Event @ 6.52 +/— 0.03 Mag.

—Statistical analvsis of Light Intensity—

Average Stdv n

Light Curve - Aperture Fhotometry, Background Mode Combined : 2022 .4 139.0 =9
Step 17702 98.8 70
Background: 7931 89.5 48

Hoise Lewel (H-5) Upper Lower
First event: 0.1848 0.1314
Second event: 0.1011 0.0916
2000 0 Tn:iltal elvent a IIJ . DBDIAL D.' IJ!Sl'I"I : : . : : .
1800 1850 1500

Frame Ma.1813.0 / Frame Centre= hhrms(Field1)s, Frame End= s[Figld2): / Event centre=Frame chetre -0.019: +/-0.003z / Contactdngle=0.0deg

1500

ZC 659 ; 2010 January 1 ; Tim Haymes / Aperture-Field photometry / Object: Distance=375000km Yelocity=500m/sec
— Estimation for Component's Magnitude ——

‘Assuming magnitude of Pair is 4.96 Mag.
=88 900 . A de of P iz 4.96 M
ﬁ I Estimated Magnitude
First Event : §5.74 +/—- 0.05 Mag.
Second Event 5.69 +/— 0.03 Mag

—Statistical analysis of Light Intensity-—
Average Stdv. n_

Combined 716.1 65.1 20
Background: 14.9 9.2 20
Noise Level (Ns/S) Upper  Lower
First event: 0.1903 0.0000
" Second event : 0.0000 0.0255
500 Total event: 0.0928 0.0131
2500 2600 2700 2800 2900 3000 e
Ho frame times entered .L 3
400 e ,’
300 D CCO AOD AA '
N 0oJ 40UV IT15
— 7n T"\l IIF:
L = /0 lauri
100
0

950

Tim Haymes - ESOP35 - L ,
Frame No.950.0 / Frame Centre= 67h60m00.000s, Frame End= 00.000s / Event centre=Field centre -0.218s +/-0.002s / Contacténgle=0.0deg



The Observation of 70 Tau

The recording was made at field level (50 fps) using WAT-910HX and a 30cm F/4 Newtonian, EQ6, recording to Digital

Tape with a Sony TRV 22E camcorder. Conversion to AVI was by FireWire Express Card, and Windows Movie maker. The
OS was W7

= WAT 910HX setting 1/50%
= WAT 120N+ setting HIGH-1

Before occultation Step down in brightness Limovie mask

Tim Haymes - ESOP35 - University of Surrey, England 2016



LiIMovie Current Version Is 0.9.98.2a

asm Light Measurement tool for Cccultation bservation using Video Recorder [Limovie 0.9.898.23

File Edit Option  Tools Software Update

B
5

:g Automatic software update

Thiz program iz Wer 0998 2a. -
Thiz program iz the newest vergion. Update iz not necessary.

CGancel # Glose

Update |

09932 -

“ergion hiztory of Limovie.

m

bk [ 900 05 ®rEkE

Thiz werzion has new feature for the new lunar occultation archivine tool developed by Dave Herald.
When clicking the new button named " Copy CSW", the entire measurement data =et in the
measurement window is copied to clipboard.

“fou can paste the data set to archiving tool with simple operation.

ook [ 007 3 sk

Mew function:

(1) Automatic identification with OCCULT's prediction file.

(2 Butomatic diffraction calculation with the parameters from prediction file.

ok ()9 07 De dokkkk
Mew function:
(1) Reading GHS-05D's time stamp.
21 Diffraction fitting for inteerated exposure video.
available from: More —> Aszteroid timing guide
3 Automatic caloulation of event time.
available from: Graph —» Diffraction -> Maenitude calc

“Limawie File Farmat (for wer)
Y Filenarme :

Time",,.."Centre of ,"End of
Detect” " wTI™,"Frame™ “F
Mo, Field1™,"Field2™ "H",~

i
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o OFF (" Measue  f
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b m  s[Fieldl] [Field?
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— | P Db ©op, |3t Tracking Pazzed Paint [Frame. ] .
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How is Limovie Installed?

* No installation required ! (but avisynth might be needed for big files)
* File Source: | obtained my copy from Brian Loader and Jan Manek
* Just copy the exe file to a directory like: C:\limovie09982a\limovie.exe

 Create short-cut for the desktop (XP, w7)

* Documentation — very little Il Alex Pratt, Jan Manek and Brian
Loader were all most helpful.



1)

2)

3)

Limovie Settings

PSF Photometty OFF
(untick the box)

Field Measure ON

Use the scroll bar to advance the
time nearer the event

Software Update

Limovie File Format (for Ver 03 26 later) 7
“FileName : C:¥Users¥Tim¥Documents¥ Lunar Oces U
“Video System : PAL , FrameRate=25 00"
" Time”,..” Centre of ,"End of",.."Result”,..” Object N
“Detect”,"VTI","Frame”,"Frame”,,"Sound”,"Mea
“MNo.”,"Signall ™" Signal2” "H","M"," 5" ,.." /Frame”,

>

m

TR

Gamma Reverse Correction

(¢ OFF " Measure " Field

h m

| End Time of Field Exposure [Field1=Centre of Frame}

»
— More
100 | et

4)

Click on the star to add the mask

23006 1900

s [Field1] [Field2]

Threshold 51| 52

/
032430384 3

[67 [30 [oo.000 [oo.000 Wﬂp Kiwl

v [O:¥Users¥Tim¥ Documents¥_Lunar Occs¥2016-01-"

Curent Frame) [ ] Tmi] | [ Measuremen : LoadCsv| |l
634 |«| - |-1Dsec’ .1sec| _1F[| S l . I 3re 1500s] 1050ce| | 1Frome| DELL, START 5TOP | Datafiemove | SaveTorsv:fie || Captue| Dpenavi ey s I
Posii Linked Tracki = Form of BKG ber of Pisels / Radius | .
v | E ]| P o L e | (|| e | Ssioon 01 st
» B Pain [V Photomet ¢ Avoid Sunlit Face ven Measurement / View Optior
St ——— | =l [s4 — ——l——|——PI - st || Rl e 0ad Show Field | o Fr::nseh;:e
oY ar | racking asse ull .
0dd PWHM ) CPQSHOMORY | -~ anchor T Estimateduiag : Direction petting o ™ FieldMeasue 1 25.00
Frame |3435.9 ¢ Signall | @ Diift _-__I reshold lFr.ame1 IF"E‘”A":“" Width Gap F!ad—iisj lnnf'_] Duter b;iel‘:é \D’;’i:afrhst Current Object
/ af Value {5—;] ﬁi‘ IEL [s—j 'D—j ’B_LJ 8 =~ 25 j & Odd first Graph I—A—_,J
: :
5) Star Track set to Anchor =
6)Form of mask = meteor/lu Imb
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7) START



Limovie data FIELDS are collected

asure| ultation bserv

File Edit Option  Tools Software Update

~,00,00,00000,,,~9 4,-09568,,1824,169¢
988.0"'”'"77 00,00000,,79,,-6539375,,1620,168¢
988 5,"","" 00,00,00000,,.-7 8,.-65 9375,,1830,16¢
37,60,00000,,12,356803,1610,16847,
9895"””"400000000 ..... 300,36803,,1852,1685"
i 228,45780,16139,16868,

1) Click on GRAPH

135 67658 16‘241687'
43,67659,1833,16908,
93‘2.0” ki 37 00 00000,,-16.1,,43627,,1533,168¢
9925,""."",00,00,00000,,.-137,43627,,1815,169"
—3.1,3.1041,,1612,1692(
828,1692(
w1845,1700;

.-2 8. 70108 18?‘21702
~-65,70108,1599,1681¢

9960, .~ 67.02,00000,,-1 9.3 2641,,1844.1707¢
/ Aperture-Field photometry / 9965,7","",00,02,00000,,103,.3 2841,,1604,1669¢
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4 | |]|||l1|i||plll !’ !II t. > |i.;' |'i| -
B00] I. Bee b ¥ L% < N
L Gamma Reverse Correction
— More
500 —! | & OFFC Measure ¢ Field |1.00 ,—WJ
400 End Time of Field Exposure [Field1=Centre of Frame]
m s[Field] [Field2] Threshold 51/ 52
00 |_ [60 [o0.000 o0.000 [_-—I wkw >
- v |[C¥Users¥Tim¥Documents¥_Lunar Occs¥201 =
= Measurement
li= = i ‘ Capins |\ Open V] ol e =
100 '«l p I_msecl -TSecl _m' > | | 1Frs 18EC*' 10sec+ 1Flama| EL| START |STOP|Da Flemovel SaveToCSV- Fllel apture | Open Copy C5V Mt o |
i} Pt L ; Position Linked Tracking PSF Form of BKG-Area Numbeéraf Pixels / Radius :
T P e L wes s s e el o 1.DD ::;lue X Center Tracking || [~ Linl  Passed-|Framel Frame2 | | & Tracking " Standard Apertunle ckgound Star Image [3D] | Updats Settlngltems‘
. 341 [30 ' Paint il | = Photometr € Avoid SunlitEace Even |21 Measurement / View Option
—— | v=[270 [270 a Ei Bt e s los e 222 ShowField | Interval [ DS";""
_ - Y i Li didth . . — = Star Tracking Passed Point [Frame.) Frame [45 442 > Frame Rate
R 1 seaelT 4 o M o s | o |2z fr chirBtn | cioc D e [ oo 3% |~ anchor [ Bstmatedtiack Diection Seting | || 2t yadivs to memoried = 2500
W Data Moise Reduction zet | v ¢ Sienalt || @ Drift Radius Thieshold |Frame] rame? : - = .
L = (E : e anal Ti adius Threshol ! Field Order Current Object
Radlus’_:‘ J J _Hilight ||| ' Entire| & nfamation Ohject |'154~2| ¢ Signal2 | ¢ OFF [___J I_:'] t W[-l@__l Fﬂ ‘__l [?dgi fgnf‘r_] Ic%er;l " Even first Graph I—A—
F il’;ow ;magep'of Cllck;d D_U_mt Save Image | Copy to GlipBoard | J J [30] Imaze Diffracti0n| Identification | ’_ JJ Ilue—l WV Fized TV - CsY =] =l L, @ Odd first 4 |
produce Aperture Position
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LOOk ClOsely at the graph 3 Star Image [301] ‘ Update Setting ltems
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Viewing the gra

1) Click PART
2) Then expand the detail

j i (=lois
/ Aperture-Field photometry /
.
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i ¢
- i " . 1
00—y " .:’ LR £ st . ¥
SR R et
ol JE ~ .
-] PR TRl - Sase S
tlael e I g
500p-ste *
400 -
+
30 ":.J"'
.
200
100 *
Sy, . +
o e at? *
i L ;:.7.-'"7;*.%5*.&9’%
o T T T T
Gurrent-  Luminous G| [ A Line — Widthr Correction for abzorption J
Py T | 1l Sca\el_zl MinMax | | [ Axis || @ pan == Hj'DIS;
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[~ Reproduce fiperture Position

oh

/ Aperture-Field photametmy A

[w Show Image of Clicked point
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Now the analysis

1)

2)

3)

4)

Click on Diffraction to get the
box on the right hand side

Enter 400ms in the Double
Star analysing

Click on a point at frame 900
on the step event.

HIT Fit Diffraction Curve

Eg Graph = &

-| |
" Fresnel Diff... = =T 2

|\

/ Aperture-Field photometry / Object; Digtance=384401km Velocity=700m/sec

800 LI
700} +
go0f, |+
BO0| * *s *
400 *
200
200

100 *

350
Frame Mo.988.0 / Frame Centre= 77h00m00.000s, Frame End= 00000z / Event centre=Field centre -0,140g +/-0.003z / Contactdngle=0.0deg

Current—

Luminous ﬂ

= . -
Cereection for abzorption | ellass

Y s Lire Width
Jﬂ Scale’_:l Mln Max v Bx & Pat

Frame  Intenzity

W D
,W l— 1DSec| 15ec| +156ec +‘IDSec| Radlusl_:l J J T_““gitf SeEntite| 7 nformation

[vw Show Image of Glicked point

[~ Reproduce Aperture Pozition

Moise Reductian| RBSBJF D
Object

Save Image| Copy to ClipBoard | J J [30] Imaee Diffractionl Identification | I_JJ

J

Spectral Effect

CCO |IG=4238LL Graph

Star |F5 | ar B |D.38

Object’s Movement
Distance Shadow's Yelocity

| 364401 e |700.0 -

Frame range of 5tar & BKG
Appearance before Step  after

16 Fel 41 o [
Intermidiate ,:_q LT_»] ﬂ,__q
73 D[z o iz

Dizappearance 4| v] «|»] o
41 M Magnitude Calc
Frame Range for Processing

[~ Selectbrea
JI_J ﬁ,_J DataNum’_

Central Time of Event
Component 1 [Single Star]
Frame Mumber  Offset Time

988.0 + | 140 e ond
Ernror[1 sigma) +i- millizecond
Component 2 [Double Star]

Offset Time  + millizecond

Speed of Fresnel Pattern
Rate Contact sngle

1.0000 0.0

| ~Pouble Star Analyzing

dearee

Step Hight Time Difference
=] D
-|_ID.-| milligecond

[~ Star's Angular Diameter

—I milli arc second

Intensﬂy at event centre; X

Processing

{* for Occultation ¢ for Grazing

Sum-Squared Emror

IJ | Fit b Diffraction Curve |




Refinements

1)
2)
3)

Change the Step Height

Change the Time Difference (step)
Try to minimise the Sum-Squared
Error

Speed of Fresnel Pattern
Fate Contact &ngle

1.0000 0.0 deqree

|+ Double Star Analyzing

Step Hight Time Difference
ﬂjﬁ o
1 0 millizecond

| Star's Angular Diameter

—|| mill arc second

|r'|tE=r'|3It_'.-' at event centre: | f
Proceszsing
(¢ for Dcculkation € far Grazing

Surn-S quared Emor |1 43029

—— - -— T O T T T

E Graph

/ Aperture-Field photometry ¢ Object; Diztance=384407 km Velocitp=F00m/sec
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350
Frame Mo.948.5 / Frame Centre= E7hE3m00.000=, Frame End= 00.000z / Event centre=Field centre -0.153z +/-0.002z / Contactdngle=0.0deg
*

o * " T
* . P 4’ b
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Some additional factors Cct deg SV m/s

le Jan 15% 22 30 15%.2 D 6585F7 6.6 3 81+ 128 48 224 345 132 105 142 +3.1 +6.5 +1.3-2.5 _Z8B5 -45.7 4 25 37.3 15 5& 28 3345 T7a0.0
Be5% = 70 Tauri

€55 is triple: RAa 2k 7.74 W.00 0.05%"™ 145.5, d4dT = +0.325ec - BB ©.4 13.4 123" 335.5, dT = -403sec

2558 i3 & close double. Chserwvations are highly desired

iﬂFresnel Dif-'F..lE' =) | X
- Spectral Effect

§ || CCD |notconsiderss - Eraph|

1) CCD spectral characteristics

2) Star Spectral type

3) Magnitude difference

4) Object Movement: DISTANCE and VELOCITY ~ Ref (a)

Star |FS > | o BY |EI.EE|EI

Object's Movement

: Chztance Shadow's Velocity
¢ 284407 AOF.0
; krn mézec

Shadow velocity = SV x Cos(Cct)
=507 m/s Ref (d)
Object D|stance is taken from Sky Map Pro

Frame range of S5tar & BKG
Appearance before Step  after

I

3000 M

Contact Angle; the difference between the normal to the lunar limb and the direction of lunar motion. valies 274 1
range between -180 and +180. Disappearance have values i the range +90 to -90; reappearances are in the :
f | Dizappearance 4] ¢ 4| ¢] 4] ]

range 90 to 180, or -90 to -180. The sign of indicates whether the star is to the north (+'ve) or south (- | 158 Ei -
've) of the direction of motion. i : ﬂ Magnitude Calc |

- - [ — au - - - - " v . " - oTa

References:

a) A Guide to Video Recording Lunar Occultations - Alex Pratt

b) BAAJ V122, No3 [ June 2012] Lunar Occultation of double stars — A Pratt

c) JOA V1 No2 - Light Curve of the 1978 Aldebaran Graze Cine Film.— T.Haymes
d) Jan Manek — private communication



And finally

/ &perture-Field photometry / Object: Distance=375000km Velocity=527m/sec

s

800},

7008 |8

500] 4
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400

300

200

100

300 ' ' ' ' 350
Frame No.949.5 / Frame Centre= 17h60m00.000s, Frame End= 00.000s / Event centre=Field centre -0.192s +/-0.002s / Contacténgle=0.0deq

0":{ | ,3
:‘}i e
°
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rame ensity o 2| 4] ™ Daa Noise Reduction | Reset| ID
I 495 I 897 1USec| -15ec +1Seo| +1USea| Iusl_:] _J _l ! VHi“ghtrl_, & Entue v Information Object:

v Show Image of Clicked point
[~ Reproduce Aperture Position
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Save Image l Copy to ClipBoard | :I _I [3D] Image Diffractionl Identification IF— _' _J

Speclral Effect

Graph l 7

CCD |ICX428aLL I

“ Star IFB _I or BV IUSSU

~Obiect's Movement-
Distance Shadow's Yelocity

' |375000 o AR i

Frame range of Star & BKG
Appearance before Step after

o7 F|l 31 o [0
Intermldaalt_e N RIS R I
[382.7 3 o [n
Disa earancel__1_|__>] ;]'—j_»j I—<—_j_L|
| 38

_F_"d Magnitude Calc |

—Frame Range for Processing

r_ ['33— [ Selecttrea
L]LI _‘_]_’_I DataNum]""1
~Central Time of Event

Component 1 [Single Star]
Frame Number  Offset Time

I949.5 + {192 Gisecond

Error(1 sigma) +-|2 millisecond

Component 2 [Double Star]
Offset Time + {193
—Speed of Fresnel Pattern
Rate Contact &nale
|1.0000 0.0

"717 Double StalA aly

millisecond

degree |

; W StalsAngular Dfs

:’El_ milli arc second "

| Intensity at event centre: 7?5-0 % |
~Processing ;
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Data added

ZC 659 ; 2010 January 1 ; Tim Haymes a’.&per’ture-Field photometry / Object: Distance=375000km Yelocity=500m/sec

— Estimation for Component's Magnitude —
300 Assuming magnitude of Pair is 4.96 Mag.
Eséimateg Magnitudg s s
‘e : irst Event < +/— 0. ag.
1) Use the Identification 200 Second Event :  5.69 +-/— 0.03 HMag.
dlalogue —Statistical analysis of Light Intensity-
70077 Average Stdw n
Combined 716 .1 65.1 20
Background: 14.9 9.2 20
800 Noise Level (Hs/5) Upper Lower
First event: 0.1903 0.0000
Second event : 0.0000 0.0255
_ _ 500 { Total event: 0.0928 0.0131
Line . Wiidth orrection for abzorption | ,:|DSEJ 1
W Axis || g pat . : :
W Diata _ P}‘mse Feduction | Rﬂset||3 I "
Hilight ||| © Enfe 5 Nomation g 400 & .:J
IRRC P
[30] Image Diffrau:tiu:un| Hentlfication I_JJ L/ P
300 = |
200
100
0

Ll 1 1 1 9]50
Frame No.950.0 / Frame Centre= 67h60m00.000s, Frame End= 00.000s / Event centre=Field centre -0.218s +/-0.002s / Contacténgle=0.0deg
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Year/ month[1]
1977 05
1978 12
1979 04
1979 06
1981 04
1983 09
1983 09
1988 Qr
1989 0T
1990 09
2007 11
2012 03
2012 04
SAO 146725
SA095456(R944)
SA097340

Omega Leonis

Observer, Location

T Haymes (Salford)

T Haymes | D Gavine {Scotland)
M Taylor (Wakefield)

M Ratcliffe (Newbury)

L Hall (Leicester)

T Haymes (Maidenhead)

S.C Pattinson (S Croydon)

T Haymes (Maidenhead)

T Haymes [Maidenhead)
AWells (Birmingham)

A Elliott (Lytham St Annes)

G North (Bexhill-on-5ea)

AR Pratt (Leeds)

2014 Feb 2

2014 Mar 9.9
2014 Mar 11.9
2014 Mar 13.9

Star

SAO 095791
Aldebaran
ZC 0672

ZC 0034

ZC 0015

BO +14 2243
BD +23 1779
A 14011

X 16618
ZC0844
Regulus
HIFET 508
ZC3524

VID
VID
VID
EYE

P. Denyer

A. Pratt

Date [2]

1977 -Mar-27
1978-Aug-26
1979-Feb-05

1979-Nov-29

1983-Apr-19
1988-Apr-24
1989-Jun-10
1990-Mar-04
2007-Oct-07
1996-0ct-17
2011-Nov-06

STEP 0.96s
STEP 2.8s
Haymes+Pratt WIDE 18s

Ray Pearce 1to1.5s

Appendix -1, some reported “fade” events (UK)

Description /notes

D then R for 3 55 and brightening +D
Fade 1 sec GRAZE on Cine Film

- fade at immersion with flash”

Fade of 2-3 sec at GRAZE

Fade Confirmed Double [3]
Fade spurious ?
Faded

Faded aver 0.5 sec VISUAL

Step event, 0.5 mag drop, 3 sec [3]
Query of event at 22-210UT [4]

Gradual GRAZE: 7 D/R Pairs VIDE!
Slep 0255 VISUALZ216 mm_x 93
Step04s  VIDEOC confirmed

2014-02

2014-04



Thankyou for your attention.

Any Questions please... ?



