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About
Photometry JH

Photometry JH is any integral part of SSP4Datag2.exe and is used with the SSP-4 photometer to reduce raw data to
standard J magnitude and J-H index It has five main sections which are:

Comparison/Variable Star Stores magnitude, color indices,

Database and Editor location, spectral type and catalog
(variable, comparison or
transformation star). The other
calculator modules get the
pertinent data from this database.
There are three separate
databases for Variable/Comp
stars, Transformation stars and
SOE Blue/Red star pairs.

Extinction Coefficient module  [[computes K' for the j and h
magnitudes

Transformation Coefficients module||computes the transformation
coefficients used to derive the
finished magnitudes and color
indices from the instrument values

SOE Coefficient module computes K"jh from the
obsenvation of Blue-Red star pairs.

Final Data Reduction module [[computes the finished magnitudes
and color indices

Plot Data module plots JH, color index data and fast
file data with basic analytic tools
for finding time of minimum, O-C
parameter, phase plots and Fourier
analysis. In addition, it can
generate AAVSO extended format
data files for uploading to the
WebObs site.

Check the SSPDatag.com website for the most current version of SSP4Datag2 and Photometry JH

The Photometry JH programs are written in Liberty Basic version 4.03. For more information about this basic compiler go
to: Liberty Basic Home Page

This help file was written for Photometry JH version 1.0.
Optec, Inc. makes no warranties either expressed or implied about Photometry JH.
Photometry JH is copyrighted and unauthorized copies are prohibited by law. You can make copies of Photometry JH for

your own use but it must be run on a single PC. Each edition of SSP4Dataqg2 is serial numbered. You can find the serial
number in the SSPDataq Program Launcher main window.
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Requirements

Photometry JH installs with SSP4Dataq2. See the help file for SSP4Dataq?2 for more details.

The program should run on any Windows based computer from WIN 95 to Windows 7. The program uses very little of the
system resources and should not interfere with any other operating programs. While is is not necessary to hawe the
SSP-4 photometer to use Photometry JH, the user would have to create some separate data entry program in order to
input raw data in the proper columns format. SSP4Datag2 creates the proper formatted raw data files when used with the
SSP-4 photometer to acquire photometric data.
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Installing

Installing the Software

The various files that make up Photometry JH are installed with SSP4Dataq2. See "Installing the Software" in the
SSP4Dataq?2 help file for the proper procedure to install the program and a description of the dlls and runtime program.

The default directory path for the installed files is: C:\SSP4Datag2

Problem with Computers set for Asian Regions

It is necessary that the PC be set for English localization. Computers set for Chinese, Korean or Japanese language
localization will not work with this program.

Description of Files

In addition to the files listed for SSPDataq3, the following apply to Photometry2:

Star Database JH.tkn is a program extension that allows you to enter and edit position and magnitude values for the
variable/comparison, SOE (Second Order Extinction) and transformation stars.

Extinction JH.tkn program extension that allows you to reduce a raw data file containing comparison star
observational data to derive the extinction coefficients.

SOE JH.tkn program extension that allows you to reduce a raw data file containing Blue/Red star pair observational data
to derive the K"jh extinction coefficient.

Transformation JH.tkn a program extension that allows you to reduce a raw data file containing transformation star
observational data to derive the transformation coefficients.

Reduction JH.tkn program extension that allows you to reduce a raw data file containing comparison and variable star
obsenvational data to derive standard J magnitude and J-H color index.

ShowData JH.tkn program extension that is used to display reduced data in graphical format. It also has facilities to
produce AAVSO formatted files for submission to the AAVSO. Data files have a .var extension.

pPPparms_ JH.txt is a text file that contains observer location, extinction and transformation coefficients.

Star Database JH.txt is a text file that contains Comparison and Variable star data such as name, type, RA/DEC,
J magnitude andJ-H index.

Transformation Database JH.txt is a text file that contains star name, type, RA/DEC, J magnitude and J-H
color index for stars used in the calculation of transformation coefficients.

SOE Database JH.txt is a text file that contains star name, type, RA/DEC, J magnitude and J-H color index for
stars used in the calculation of the SOE coefficients K"jh.

Photometry JH.chm this help file.
Photometry2 JH.pdf this help file in pdf format. Some diagrams are cut off in width

Star Database JH.old is a backup text file that contains position and magnitude information for comparison and
variable stars. It is created each time the Data Editor is entered and data saved.
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SOE Database JH.oldis a backup text file that contains position and magnitude information for the SOE stars. It is
created each time the Data Editor is entered and data saved

Transformation Database JH.oldis a backup text file that contains position and magnitude information for the
Transformation stars. It is created each time the Data Editor is entered and data saved.

Sample Extinction JH.raw iS a sample raw data file to demonstrate use of the Extinction and Reduction
Photometry modules.

Sample Standard Variable.raw asample raw data file.
Sample Standard Variable.var

Sample Standard Variable.txt This is the AAVSO compatible file for uploading to their web site data from
Sample Standard Variable.var. The fileis generated by the Plot Data module in Photometry JH.

Sample SOE.raw is a sample raw data file that contains observations of a Blue/Red star pair over several hours to derive
K"jh. .

Sample Transformation.raw iS a sample raw data file to demonstrate use of the Transformation module.

Starting

The various photometry modules are launched with the SSP4Dataq2 program launch window. Any or all of the modules
can be opened at the same time.

Data Acquisition and Control Fhotormetry
’ SsF4Datags ] ’ otar Database Editor
| SSP4Datag2Help | [ Extinction

=0E

License Holder

Transformation

|
|
SN 100 ’ Feduction
|
|

Optec, Inc
Flot Data
Fhotometry Help
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Methodology/Procedures

Original Source Document

The principals and methods used in the data reduction are mostly derived from "Astronomical Photometry" by Arne A.

Henden and Ronald H. Kaitchuck. The book is published by William-Bell, Inc. and is in its second printing. It is strongly
recommended that the user obtain this comprehensive handbook about the subject and read it before attempting to use
this software. Both William-Bell (804-320-7016) and Optec have many books on the shelve ready to be delivered to the
scientifically inclined.

Astronomical Photometry

The single mast import book for any photometrist

ASTRONOMICAL PHOTOMETREY A Text and Handbook for the Advanced Amateur
and Professional Astronomer, Henden and Kaitchuck, 9.50" by 6.00", 392 pages,
hardbound, Stock Mo. 17330, 529.95.

Photometry, the measurement of light flux, is one of the most fundamental and
oldest research techniques employed in astronomy. It is also an area where valuahle
contributions can be made by amateur astronomers using small telescopes. Most
people who do photometry have leamed the hard way, because how-to books in this
field are very few and often incomplete. This book is intended to fill this gap for both
amateur and professional astronomers who wish to learn the techniques of photoelectric photometry.
It begins with an overview of photometry and its history, followed by an explanation of photometric
systems and how they are defined. There are three chapters dealing with statistics. required
calculations and the processing of the observational data. These chapters, and their related
appendices, contain many worked examples to aid the beginner. There are step-by-step instructions
on the design and constriction of the photometer head, and two chapters on the associated
electronics. The book ends with outlines of some practical observing techniques, suggestions for
research projects, and useful appendices of difficult to find information. This book will be an excellent
self-contained reference for interested amateur astronomers, astronomy graduate students, or

professional astronomers learning photoelectric photometry for the first time.

Procedures Standard Slow Variable

The program is limited to differential photometry for J and H colors only. This methods requires the user to take
measurements of the variable star bracketed by measurements of a nearby comparison star. Because extinction K' and
K" is used in the calculation to derive exoatmospheric magnitudes, it is not necessary that the comparison and variable
star be very close together. Usually, 5 to 10 degrees is sufficient. For example, using the J and H filters the following
format is suggested for a quick observation:

SKYj SKYh Cj Ch Vj Vh (Cj Ch SKYj SKYh
where C is the comparison star measured with the J and H filters and V is the variable star measured with the same
filters. There always needs to be paired readings with the J and H filters. Any unpaired readings will cause the program to

stop and post an error message. Proper photometry technique requires both J and H filter to be used in an observation.

Example: C;j Ch Vj Vh Vh Cj Ch will not work because of the extra Vh
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Since the raw data file is in standard text format, any errors can be easily repaired with NOTEPAD. With the above
example, the user would just delete the line with the extra unpaired Vh measurement. Do not use Word or any other editor
that will insert control codes into the file unless you want to ruin it.

Tip: The order of colors is not important for JH photometry . Cj Ch or Ch Cj give the same results.

Check star measurements are ignored in the reduction as long as they are not marked with a C in the catalog column.
Normally, they are marked with a Q.

There are three types of SKYs to use on Photometry2: SKYNEXT, SKY and SKYLAST. SKYNEXT applies to all variable
or comparison star measurements that come after to the next SKY or SLYLAST. SKY is applied to all measurements that
come before and after. SKYLAST is applied to all measurements that come before. Straight line interpolation as described
in equations 3.23-3.26 in "Astronomical Photometry" are used to calculate the sky value to be applied to each comparison
or variable star measurement based on time. Using the same J and H example abowe, an ideal order for taking a quick
variable star reading would look as follows:

SKYNEXT] SKYNEXTh Cj Ch Vj Vh SKYj SKYh Gj Ch Vj Vh Cj Ch SKYLAST] SKYLASTh

All magnitudes and indices in the tables are reported to 2 decimal places, 0.01 magnitude. The final results are reported
to 3 decimal places.

A raw data file can contain multiple variable and comparison star readings as long as they are bracketed properly with the
appropriate SKYs. The reduction module will allow the user to associate the appropriate comparison star to each variable.
Once reduced, the finished standard magnitude can be appended to the variable star data file.

The standard error is not calculated when using this procedure since not enough data is available for the calculation. See
Procedures Slow Variable with Error Limits for a procedure which allows for standard error to be calculated.

Is is always necessary to take both J and H readings since the proper reduction to finished magnitudes cannot
be made with just one filter reading.

Procedures Slow Variable with Error Limits

In order for the standard error G to be calculated at least three variable star observations are needed in a sequence. A
suggested sequence for JH photometry would be

SKYNEXT] SKYNEXTh Cj Ch Vj Vh Vj Vh SKYj SKYh Vj Vh Vj Vh Cj Ch SKYLAST] SKYLASTh

There are four variable star readings in this sequence and this is commonly referred to as the STANDARD method.

Procedure for SOE stars

To observe SOE star pairs no Johnson standard comparison stars need to be obsenved since the calculation is done only
with instrument b and v magnitude. Only star pairs 1 degree or closer with widely differing spectral class are necessary
since the calculation is done only with instrument b and v magnitude. The blue star should have a spectral class of A or B
and the red star should be F or G. It is necessary to separate every Blue-Red observation with a SKY reading. It is
suggested that the SKY reading be done directly after the observation of b and v for the two stars. See example below.

SKYNEXT] SKYNEXTh Bluej Blue-h Red- Red-h SKYj SKYh Bluej Blue-h Red Red-h...........
.(obsene star pair every 20 minutes until sufficient differential air mass is accumulated) . . . ... ... SKYLAST]
SKYLASTh

where Blue-x is the blue star and Red-x is the red star.

It is not necessary to do the b magnitude reading first or to do the blue star first but it was done this way in the sample
file sample SOE.raw.
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Usually, it will take about three hours of obsening to get a good K"jh. Start with the star pair at 20 degrees altitude to get
around 2.5 air mass to start and continue obsening until the altitude is near 60 degrees or abowe.

Plot of airmass for elevation

elevation [degrees)

0 b 10 15 20 15 30 35 40

airmass

About Time

All dates are calculated in Julian (J2000.0) epoch format and reported to 4 decimal places. The SSP4Datag2 data
acquisition program uses the PC clock for time-stamping the data. A time zone addition or subtraction is used to convert
the local PC time to GMT or UT. Normally, the PC clock is synchronized to a internet time standard for UTC (Coordinate
Universal Time) using one of the many "atomic" clock programs available. | use the one freely available from the NIST
Internet time Senvice (ITS).

| use the term UT (Universal Time) which really should be referred to as UT1 the principal form of Universal time based on
observation of distant quasars instead of the sun. See wikipedia for more information about time standards.

The wide variety of time standards in the world makes using a "standard" some what difficult in a program of this nature.
The AAVSO uses UT time (really UT1) and Julian date based on the number of days and fractions of a day since January
1, 4713 BC Greenwich noon. For February 11, 2010, 22:51:0.0 (Hr:Min:Sec) (UTC time reference) the Julian number is
2455239.45208. To simplify the writing of such a large number, the IAU decided at the General Assembly in 1976 that the
new standard equinox J2000.0 should be used starting in 1984. This standard epoch defines day zero to be started at
January 1, 2000, noon (Terrestrial Time). Thus, the above sample date is 3694.45208 a slightly easier number to manage.

Tip: To convert the J2000 date reported in SSPDataq3 to the long version, add 2451545.0 to the result.

The difference between UT and UTC is slight but meaningful for some scientific pursuits. By international convention, the
difference between the two time scales should not exceed 0.9 seconds. For most purposes this difference should not
matter for users of this program.

Another source of error, is that the algorithm used in this program to compute J2000 from UT time and date does not take
into account the 2 leap seconds that have been added to UTC since the year 2000. However, the program only reports
J2000 dates to a resolution of 0.0001 days which is equivalent to 8.6 seconds. So, a 2 second error should not matter in
the end results. The raw data files report the UT (really UTC time if synchronized to time signals) to 0.001 seconds so
that other program could make use of the better time resolution.

Heliocentric Julian Date
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Both the Julian and Calendar dates/time used in the RAW files is current earth centric time as described above. The
AAVSO will accept uploaded files in the extended format using JD (Julian Date) or HCD (Heliocentric Julian Date). If using
a senice other than the AAVSO, it would be necessary to report the time of observations in HJD which is the commonly
accepted format. In the Data Reduction module, it is possible to select this option in the Edit Coefficients window.
Selecting HJD will convert the JD date to HJD and write the VAR file using that protocol. The calendar date in the VAR file
is still left in current JD and not conwerted. The difference between JD and JHD is only about 16 minutes maximum
depending on the position of earth in our orbit when the observation is taken. There is nothing in the VAR file to designate
whether JD or JHD is used so it is necessary that the user be careful and not switch between formats on a whim. The
PPparms2.txt file stores the selection of JD or JHD.

About Filters/Colors

SSP4datag? is designed to work with colors in the standard JH systems of Mauna Kea Observatories (MKO).

Filter Specifications:

| FILTER ||Center Wavelength” passband |
| J || 1.250 microns || 0.20 microns |
| H || 1.650 microns || 0.30 microns |
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Comp/Variable Star Data Editor

All VARiable, COMParison, Check (Q'Check), SOE and TRANSformation stars need to be entered in the Star Data
database if they are going to be observed. The entered parameters for position, magnitude and color indices are used in
the reduction process to obtained standard V magnitude, U-B, B-V, V-R, and V-l index.

In the Photometry2 menu selection of SSPDataq3, select Variable/Comp Star Data Editor. When the data editor
window opens select from the File menu either the Variable/Comp/Check, Transformation or SOE star database.

The Star Data Editor module with the star Database JH.txt database opened showing comparison and variable
stars is shown below.

MName Tvpe BEAh (Z0007 CEZ (20007 J J-—H
I FE= W ZZhE3m Z= ledE50mzZs8 = 3.93 o.00 A
SAD10O02372 Z Z2Zh 4mdcss= 1Ed1Zml19= Z.49 -o.o1
ZIMI CET W OZhl%mzls - Zd58m37= o.oao o.ono
2A01100&88 Z Olhd4lmZ &= EdZSml4d= Z.1=3 o.&3
EETA LYER W 12hE&0m E= 33dZ1lmdss=s 3037 o.ono
TEZA Z leh3zembEe=s Fg2d4emEo= o.ono o.o0
E AQR W7 Z2Z2h43md4%= -15d17m 4= -0.1l& o.ono
SAO191858 Z Z2ZhZZmEE8=s -Z21d &m 1= Z.06 o.&58
L ey = W Zlh3em Z= 4EdZZmZS = -0.Z0 o.o0
ZET =EM 57 O07h 4m &= Z20d34ml13= Z.40 o.ono
SAOTE143 Z OchlEmz3 = Z22dZ9mEE = Z2.&813 o.&51
F. LYR W 12hEE5mz0= 43d56madE = -0.74 o.o00 —
TE TAU W OZhE3mzZ 9= 11dzZ4mzz = 1.72 o.ono I

h m = =1 i =

’ Select Star ] ’ Newr Star ] ’ Delete Star ] [Save Changes

Open Variable/Comp Star Data

Select a star to edit by double clicking on the line in the list box. The information for that star will then be copied to the
edit text boxes located just below the listbox. The user can then type over any information if necessary with new
parameters.

A comparison star is indicated by a C in the Type column and a variable star is indicated by a V.

Important: Every star must be designated by a C or a V in the Type column.

It is strongly suggested that all RA and DEC coordinates be for Epoch 2000. Most sky and telescope control programs
such as GUIDE 9.0, most beloved by this user, can be set for this Epoch.

Position for RA is entered in hours, minutes and seconds with seconds rounded to the nearest whole number.
Position for DEC is entered in degrees, minutes and seconds with seconds rounded to the nearest whole number. If the

DEC position is south of the equator, enter a minus sign in the degrees box preceding the value. A "-0" is acceptable for

Free CHM Help documentation generator



http://www.projectpluto.com/
http://www.helpndoc.com

stars just south of the equator.

For the comparison stars, enter the accepted V magnitude and as many color indices that you care to record Enter data
to the nearest 0.01 magnitude. It is not necessary to enter this data for the variable stars, but an approximate magnitude
and color index entry could be made for informational purposes.

Once the star has been edited, select the Save Changes button to copy the changes back to the listbox. The star data
will remain in the edit boxes until another star is selected for edit or a new star is added to the list.

To delete a star, bring the contents of the star into the edit boxes as described above and the select the Delete Star
button.

To enter a new star, press the Enter New Star button. The text "NEW STAR" will be printed in the star name box. At this
point, continue to type new parameters into the boxes including typing over the "NEW STAR" text with the actual star
name. Names are limited to 12 characters only. When the boxes are completed, press the Save Changes button to copy
the contents to the list box. Initially, the new star will be added to the bottom of the list. Once the Star Data Editor is
closed and then reopened, the new star will be listed in proper alpha/numeric order.

Important: The Save Changes button only copies the contents of the edit boxes to the listbox. The information is not
saved to disk yet.

Open Transformation Star Data

Stars used to find the rho and lambda coefficients are listed in this database. Since the methods used in Photometry JH
are for differential photometry, the cluster method is highly suggested. That is, all the stars observed should be close
together.

There are many standard star catalogs to choose from but not all are based on MKO stars. Also, many of the published
catalogs are for stars that are too faint for use with this instrumentation. Sky atlas programs such as Guide 9.0 can also
be used to find standard magnitudes of stars. At the end of this help file, there are several pages which can be of help
finding appropriate standard stars.

Edit, delete and enter new stars as described in Variable/Comp Star Data. The only real difference is that Type refers to
spectral type and is entered for informational purposes only and could be left blank if so desired.

Open SOE Star Data

Blue/Red star pairs used to find the K"jh coefficient are listed in this database. These stars should be spectral type A or
B for the blue star and G or K for the red star. They should also show little or no variability of course and be close to the
same magnitude. Most important the star pairs should have a separation of 1 degree or less for best results.

Edit, delete and enter new stars as described in Variable/Comp Star Data. The only real difference is that Type refers to
spectral type and, unlike the Transformation Star Database, is important to enter correctly. The Spectral type is used to
sort the stars into Blue and Red pairs during the data reduction in the SOE Coefficient Module.

Important: Every star must be designated by a Spectral Code in the Type column. Only A & B types can be used for
the Blue star and G & K types for the red star.

Saving Data to Disk

As mentioned abowe, pressing the Save Changes button only copies the contents of the edit boxes to the listbox. The
data is not saved to disk.

Important: Select Save Data File from the File menu in order to save your changes to the Star Data.txt file. The old file
is saved and renamed Star Data.old in case you screw up.

UBVRIJKL Catalog

The following are scanned views of Table 2 as presented in Communication No. 63 of the Communications of the Lunar
and Planetary Laboratory. The original work was done under a National Science Foundation, NASA and Office of Naval
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Research grants so the images are not copyright protected. Higher resolution images of these pages are available in the
folder UBVRIJKL Cat.
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2 UBVRIJKL PHOTOMETRY OF BRIGHT S1

BRIGHT STAR PHOTOMETRY
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Table 1. The AAVSO near-IR primary standards.
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20902 03 24 1937 +49 51 402 2411 -2601 Fsl 182 087 062 056 047 — 32
23288 03 44 4822 +24 17 22.1 2073 -4400 BV 546 552 550 551 564 — 1
29139 04 35 5524 +16 30 335 6278 -18935 KSII 085 -186 -264 -280 -298 -293 |
30836 04 51 1236 +05 36 184  -362 103 B2 360 404 409 414 415 416 |
31398 (4 56 5962 +33 09 579 363 -1854 K30 269 021 051 066 08 — 3
34085 05 14 3227 -08 12 059 1.87 056 BSlae 012 023 022 021 0I5 008 |
34029 05 16 4136 +45 59 528 7552 -427.11 G4 008 -1.34 -1.73 -1.81 -1.87 -1.87 |
37763 05 31 5302 -76 20 215 14319 28774 K2 517 328 276 266 258 — i
48915 06 45 0892 -16 42 580 -54605 -1223.14 AIV  -146 -130 -132 -132 -135 -137 |
60178 07 34 3586 431 53 178 -20633  -148.18 A2V 15 155 154 133 181 — :
61421 07 39 1812 405 13 300 -71658 -103460 FsIV 034 041 061 D65 068 — :
62509 07 45 1895 +28 01 343 62569  -4596 KOIMb 114 051 099 -L11 -115 -119 |
69267 08 16 3092 409 11 080 4680  -4865 K4l 35 105 030 016 001 — :
84999 09 50 5936 +59 02 194 -29444  -15175 FAV 380 314 302 299 297 293 |
85444 (9 51 2869 -14 50 478 18.68 -21.88  G7II 412 261 212 24 — — |
87901 10 08 2231 +11 58 019 -24940 491 BV 135 157 158 kol 16l — ¢

(Table I continned on following pages)
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Table 1. The AAVSO near-IR primary standards, continued.

HD RA [2000) Dec pmra pmdec Sp.Cl v J H K L L' no
masiyr mas/yr
89484 10 19 5843 +19 50 285 2049 -1540  KIII 261 010 050 058 075 — 3
89758 10 22 1974 +41 29 583 -8047 3410 Mom 305 012 068 082 054 -1.00 1
102647 11 49 03.58 +14 34 194 49902 -11378 A3V 214 202 199 198 — — 1
103095 11 52 58.77 +37 43 07.2 400369 -581464 GBVp 645 487 446 438 43 — 12
107250 12 19 5436 -00 40 00.5 -59.14 -2313 A2V o ot R o s U o e i R
113415 13 03 4612 -20 35 00.6 14213 3l4  FWV 558 460 428 426 — — 1
114710 13 11 5239 +27 52 415 -80195 EB268 OW 426 319 292 288 287 287 1
121370 13 54 4108 +18 23 518 -6095 -358.10 GOV 268 171 141 137 133 — 3
124897 14 15 39.67 +19 10 56.7 -109343 -199943 KIII 004 -221 -290 -299 -3.10 -308 1
128167 14 34 4082 +29 44 425 18832 13272 EXV 446 370 351 349 347 347 |
135742 15 17 0041 -09 22 585 -96.39 -2076 B8V 261 276 279 280 284 285 1
147165 16 21 1132 -25 35 341 -1003 -1803 B2 28 249 144 242 242 241 |
147394 16 19 4444 +46 18 48.1 -13.15 3931 BV 380 420 427 430 — 43 1
148513 16 28 3398 +00 39 54.0 697 6795 Kdlllp 539 28 216 202 187 — 1
148786 16 31 0837 -16 36 458 -4457 -3804  GEII 428 276 232 226 218 2N 1
156014 17 14 3888 +14 23 25.0 -70 310 M5Ib 348 -229 -3.14 -337 371 370 1
161096 17 43 2835 +04 34 023 -4067 15880 K2 277 050 040 021 015 — 1
164136 17 58 30.15 +30 11 214  -048 323 PFAa 441 346 325 321 315 317 1
172167 18 36 5634 +38 47 01.3 201.03 28747 A0V 003 000 000 000 000 000 1
175190 18 55 07.14 -22 40 168 11034 3079 K3 49 273 210 202 191 — 1
186791 19 46 1558 +10 36 47.7 1572 -308 K3l 272 032 038 05 — — 1
188947 19 56 18.37 435 05 003  -34.00 -2760  KOII 38 216 170 163 152 15 |1
(Table I comtinued on following page)
Table 1. The AAVSO near-IR primary standards, continued.
HD R4 (2000) Dec pmra pmdec Sp.ClL 4 J H K L L' nore
masiyr masiyr
197345 20 41 2591 +45 16 492 1.56 155 Allae 1.25 09 091 089 080 — 3
197989 20 46 12.68 +33 58 129 35617 33028 KO 25% 073 019 010 002 — 3
202850 21 17 2495 +39 23 409 043 -361 B 423 387 383 380 373 372 1
203387 21 22 1480 -16 50 044 3083 526 GEII 428 284 238 224 — 218 1
212593 22 24 3099 +49 28 350 512 337 BA 457 430 427 425 423 422 |
212943 22 27 5152 +04 41 444 7729 30735 KOO 479 293 237 230 22 221 1
216956 22 57 39.05 -29 37 201 32922 -16421 A3V 1LI6 104 103 100 100 09% 1
217906 23 03 4646 +28 04 580 187.76 13761 M2l 242 -119 205 222 239 238 1
218045 23 04 4565 +15 12 190 6110 4256 BW 249 252 252 252 250 — 3

I UKIRT bright standard hnp:/ffwww jach.hawail. edu/JACpublic/UKIRTYastronomy/calib/bright_srds.himl
2 Elias, et al., 1982 Astron. J, 87, 1029
3 Vrba, Joyce, and Strom 1981, private communicalion

UKIRT Bright Standards

VERY BRIGHT STANDARD STARS - OUTDATED

copied from: http://www.jach.hawaii.edu/UKIRT/astronomy/calib/phot cal/bright stds.html
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The table below lists data that have been outdated by more recent results. See other
links available from the calibrations homepage for further information on how the
current system relates to previous UKIRT photometric systems, colours, choice of
standard stars, etc. The stars listed here are generally too bright for modern work at
JHK and the data were obtained using filters sets that are quite different from current
filters.

An asterisk after the BS number denotes a Mauna Kea (primary standard);
JHKLL'M magnitudes for these objects should be accurate to +/- 0.01 mag.
Magnitudes of other stars are derived from the NASA catalogue and should be

accurate to +/- 0.05 mag. - 6 October 1994
BS# RA (2000) Dec Sp.Cl. V J H K L L' M N Q
9088 0 02 10.1 +27 04 56 G2V 5.75 4.37 3.95 3.87
3 005 20.1 -5 42 27 KIIIT 4.61 2.88 2.34 2.21 2.18 2.08 2.18
15 0 08 23.2 +29 05 26 B8IV 2.06 2.33 2.33 2.37 2.39 2.41 2.46
27 0 10 19.2 +46 04 20 F2II 5.03 4.05 3.84 3.81 3.75 3.74
33 0 11 15.8 -15 28 05 F7V 4.89 3.95 3.68 3.63 3.59 3.58
39 0 13 14.1 +15 11 01 B21IV 2.83 3.40 3.43 3.50 3.50 3.49 3.57
74 0 19 25.6 -8 49 26 KI1II 3.56 1.67 1.12 0.98 0.80 1.08 -0.44
88 0 22 51.7 -12 12 34 G2V 6.39 5.32 5.00 4.90 4.92
153 0 36 58.2 +55 53 49 B21IV 3.66 4.24 4.40 4.45
163 0 38 33.3 +29 18 43 G8III 4.37 2.84 2.33 2.21
168 0 40 30.4 +56 32 15 KOIITI 2.23 0.42 -0.25-0.46
193 0 44 43.5 +48 17 04 B5IIIe 4.54 4.66 4.71 4.75 4.73
219 0 49 06.0 +57 48 58 GOV 3.44 2.35 2.02 1.96
269 0 56 45.1 +38 29 58 ALV 3.87 3.57 3.50 3.49 3.48
321 1 08 16.3 +54 55 14 G5V 5.17 3.80 3.40 3.34 3.30
337* 1 09 43.9 +35 37 14 MOIITI 2.06-0.92-1.73-1.87-2.01-2.02-1.76 -2.04 -2.09
343 1 11 06.1 +55 09 00 A7V 4.33 4.02 3.97 3.79
382 1 20 04.8 +58 13 34 FOIa 4.98 3.47 3.12 3.10 2.91 2.83 2.79
458 1 36 47.8 +41 24 20 F8V 4.09 3.11 2.84 2.80
489 1 41 25.8 +5 29 15 K3IITI 4.44 2.13 1.44 1.26 1.12
531* 1 49 35.0 -10 41 11 F3IITI 4.67 3.90 3.89 3.84 3.84
544 1 53 04.8 +29 34 44 Fo6IV 3.41 2.51 2.25 2.21
553 1 54 38.3 +20 48 29 A5V 2.64 2.50 2.43 2.38
603 2 03 53.9 +42 19 47 K3IID 2.26 0.02-0.70-0.81-0.88-0.75-0.60 -1.20 -0.70
612 2 04 29.4 -29 17 49 B9.5p 4.69 5.01 5.05 5.10 5.07
617 2 07 10.3 +23 27 45 K2III 2.00 0.10-0.49-0.64-0.74-0.66-0.6 -0.84 -0.85
620 2 08 29.2 +37 51 33 A5IV-V 4.82 4.55 4.48 4.51
696* 2 25 15.9 +56 36 37 B2Iae 6.25 5.58 5.43 5.33 5.32 5.30
718* 2 28 09.5 +8 27 36 BOIII 4.28 4.41 4.42 4.43 4.43 4.41 4.37
740 2 32 05.1 -15 14 01 F41V 4.75 3.87 3.63 3.58 3.54 3.54
788 2 42 14.9 +40 11 38 F9V 4.91 3.97 3.69 3.60 3.53
799 2 44 11.9 +49 13 43 F8V 4.12 3.34 3.07 2.98 2.96
818 2 45 06.1 -18 34 21 FeV 4.47 3.62 3.38 3.34 3.38
911 3 02 16.7 +4 05 23 MIIITI 2.53-0.65-1.6 -1.65-1.76 -1.57 =-1.70
921 3 05 10.5 +38 50 25 M41I 3.39-0.78 -1.93-2.13 -1.9 -2.0 -2.5
937 3 09 04.0 +49 36 48 GOV 4.05 2.97 2.66 2.63
996 3 19 21.6 +3 22 13 G5V 4.83 3.64 3.35 3.27 3.19
1017 3 24 19.3 +49 51 41 F5Ib 1.79 0.87 0.60 0.56 0.50
1040 3 29 54.8 +58 52 44 AQ0Iae 4.54 3.22 2.87 2.78 2.64 2.55
1084 3 32 55.8 -9 27 30 K2V 3.73 2.25 1.77 1.69 1.60 1.67
1101 3 36 52.3 +0 24 06 F9V 4.28 3.22 2.90 2.84
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1112
1140%
1144
1165
1203
1231

BS#

1302
1318
1380
1457*
1473
1543
1552%

1641%
1656
1713%
1708*
1729
1765
1790
1791
1852
1855
1865
1903
1931
1937
1948
1983
2007
2047
2061*
2085

2216
2219
2286
2318
2421
2491%*
2540
2560%*

2643
2653
2693
2827
2845
2852
2882
2890%*
2930
2943%
2990%*
3034

3
3

w w w

oD DD D DD

42
44
45
47
54
58

RA

10
14
24
35
38
49
51

06
07
14
16
19
21
25
26
32
31
32
36
33
38
40
44
48
54
55
56

14
15
22
24
37
45
52
57

03
03
08
24
27
29
30
34
39
39
45
48

42.6 +59 58
48.1 +24 17
09.7 +24 50
29.0 +24 06
07.9 +31 53
01.7 -13 30
(2000) Dec
50.5 -41 59
23.6 -10 15
05.7 +17 26
55.2 +16 30
09.4 +12 30
50.3 +6 57
12.3 +5 36
30.8 +41 14
27.0 +18 38
32.2 -8 12
41.3 +45 59
08.4 +40 05
45.7 -0 22
07.8 +6 20
17.5 +28 36
00.3 -0 17
55.8 -7 18
43.7 =17 49
12.7 -1 12
43.5 -2 39
53.0 -7 12
45.5 -1 56
27.8 =22 26
34.9 -4 05
22.9 420 16
10.3 +7 24
24.2 -14 10
52.6 +22 30
22.6 +29 29
57.6 +22 30
43.9 -28 46
42.7 +16 23
08.9 -16 42
47.3 +33 57
16.5 +58 25
30.4 +29 20
01.4 -23 50
23.4 -26 23
05.6 -29 18
09.0 +8 17
06.6 +31 47
42.3 =37 20
35.9 +31 53
09.9 +34 35
18.1 +5 13
18.9 +28 01
05.1 -25 56

10
22
21
18
01
31

37
23
38
33
39
41
18

04
42
06
53
57
57
59
27
57
06
20
07
28
47
34
54
40
34
25
04

24
53
49
48
57
58
40
21

14
00
35
11
21
04
23
18
04
30
34
14

K4Ib
B7IV
B8V
B7IIIe
BlIb
MOIII

DN DN oo ;g

Sp.Cl. V

A9V
K3III
ATV
K5IIT
A6V
Fov
B2III

(SN N o N NN

B3V
G4v
B8Iae
G4I1I
G21IV
B2IV-V
B2III
B7ITI
BOIII
BOV
FOIb
BO0Iae
o9V
A4V
091
FoVv
G4v
GOV
M2Ta
F1IIT

WO U WN D WERENDNRERERE DO O U W

M3III 3.
G8III 4.
M3IIIab2.
GOV 6.
AQIV 1.
AlV -1.
A3III 3.
G5III 4.

G4v
B3Iab
F8Ia
B5Ia
B8Ve
FOV
G4v
A2V
F3III
F5IV
KOIIIb
BOVe

S PO PO DNDNNDE WO

.76 2.
.46 5.
.64 5.
.87 2.
.85 2.
.95 0.

.93 4.
.87 2.
.80 4.
.85-1.
.27 4.
.19 2.
.69 4.

.17

.00 3.
.12 0
.08-1.
.71 3.
.73 5.
.64 2.
.65 1.
.23 2.
.62 5.
.58 2.
.70 2.
.81 4.
.80 4.
.05 2
.60 2.
.97 4.
.41 3.
.50

.71 3.

28-0.
35 2.
88-0.
39 5.
93 1.
46-1.
60 3.
34

.93 4.
.02 3.
.84 0.
.45 2.
.90 3.
.18 3.
.65 5.
.58 1.
.90 4.
.38-0.
.14-0.
.50 4.

.23 0

.21 2

74 1.
52 5.
78 5.
93 2.
65 2.
10-0.

29 4.
97 2.
48 4.
86-2.
02

35 2.
04 4.

79 3.

34-1.
62 3.
08

17 2
96 1.
75 2.
15 5.
08 1.
08 2.
41 4.
53

69 2.
83 4.
39 3.

10 2.

37-1
59 2.
80-1.
29 5.
90 1.
30-1.
30 3.

89 4.
21 3.
78 0.
57 2.
00 3.
50

55 5.
53

06

44-0.
51-0.
38 4.

.22 0

89 1.
50 5.
81 5.
94 2.
65 2.
72-0.

11 4.
39 2
43 4.
64-2.

15 2.
09 4.

.65 3.

42 3.

73-1.
33 3.

99 2.
84 2.
29 5.
95 1.
1 2.
45 4.

47 2.
53 4.
06 3.

95 2.

.20-1.

08 1.
70-1.
00 4.
88 1.
32-1.
23 3.

.37 2.

55 4.
25 3.
53 0.

68 1.
51
84
94 2.
66 2.
92-1.

08 4.

.28 2.

43
80-2.

.96

07 2.
14 4.

68 3.
37 3.

.21 0.

81-1.
28

.22 5.
.23 2.

30 2.
03

90 2.
40 5.
88 1.
19 2.
52 4.

.47
.28 2.

31 2.

42 2.

45

02 2.
-4.

90 2.

41-1.
94 1.
88-2.
94 4.
90

32-1.
17

31 2.

52
26 3.
41 0.

.58 2.
.04
.32
.16
.52 1.
.85
.65-0.

11-1.
09 3.

47

5.64 5.

92
66
00

07
17

98 2.

05
15 4.

70 3.
26

15 0.
87-1.

22
32 2.

90
55
81
13
57

30
40 2.

92
48
87

64
82
02
87 4.

35-1.

27 2

20
32 0.
54

52

66
15-1.
72

-0.

.39
93-2.
.93

16

.35

36

37-1.

.24 2.

27

.27

.82

64

.92

77

.76

.05
.80

.35

.95

.29

.24

.44

38

38

.27

.54

.66
19-1.
.60

09

-3.

0.
-1.

-0.

-1

55
4
Q

03 -3.09
06 -0.3
94 -1.93
.13 =5.70
7 -1.9
2 -2.3
.42 -1.36
.06

76 -0.73
.24 -1.21
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3113 7
BS#

3176 8
3185 8
3188* 8
3249 8
3314 8
3398 8
3454 8
3465 8
3522 8
3569 8
3578 8

3650
3748*
3842
3871
3873
3881
3888*
3903*

O W W W W W WO

3982*10
4013 10
4023 10
4030 10
4039 10
4069*10
4101 10
4127 10
4133 10
4232 10

4295*11
4357 11
4369 11
4382 11
4432 11
4471 11
4517 11
4523 11
4534*11
4540 11
4550 11
4554*11

4608 12
4689*12
4757 12
4785 12
4786 12
4825 12
4828*12
4845 12
4883 12
4902 12

57

RA

07
07
08
16
25
35
41
44
52
59
58

12
27
38
44
45
48
50
51

08
13
14
16
17
22
27
32
32
49

01
14
16
19
30
36
45
46
49
50
52
53

05
19
29
33
34
41
41
44
51
54

40.1 -30 20
(2000) Dec
45.8 +21 34
32.6 -24 18
35.6 -2 59
30.9 +9 11
39.6 -3 54
28.1 -7 58
05.2 +3 23
45.0 +10 04
35.8 +28 19
12.4 +48 02
43.8 -16 07
17.5 +14 59
35.2 -8 39
01.4 -43 11
12.1 -27 46
51.0 +23 46
35.3 +46 01
59.3 +59 02
28.6 =14 50
22.3 +11 58
24.7 =33 01
44.1 -42 07
32.2 +23 30
14.5 +23 06
19.7 +41 29
38.9 +9 45
11.7 +14 08
48.6 +9 18
37.4 -16 11
50.4 +56 22
06.4 +20 31
58.1 -7 -8
20.4 -14 46
18.8 -3 00
56.9 -0 49
51.5 +6 31
31.0 =40 30
03.5 +14 34
41.6 +1 45
58.7 +37 43
49.8 +0 33
12.5 +8 43
54.3 -0 40
51.8 -16 30
44.5 +41 21
23.2 =23 23
39.5 -1 26
53.0 +10 14
59.4 +39 16
41.8 +27 32
21.1 -9 32

04

54
15
02
08
23
56
55
54
51
30
58

46
31
27
10
27
15
19
48

02
55
19
11
22
58
45
14
24
37

56
25
07
43
13
26
46
01
19
53
08
07

59
00
56
27
48
58
08
44
26
20

A2V

Sp.Cl.

Glv
FoIT
G2Ib
K4TIIT
AQV
Al
B3V
Al
G8V
ATIV
Fov

GOV
K3II
G8II
ABV+F7
G1lIT
GO0.5V
F21IV
G7III

B7V
Glv
A2V
G21IV
F8v
MOIII
AQ
MIIII
BlIb
K2III

AlvV
A4V
A8IV
G8III
K3I1IT
G8III
MITIIT
G5V
A3V
FoVv
G8V
AQOVe

G8III
A2IV
BOV
GOV
G5IT
FOV
AQV
GOV
GOIIT
M3III

<

N oY WN B DD WOYDNDN w w U oy WU U Wwo w0 oY W oo 0w w s N

DO W NN WD

.79

.14
.81
.34
.52
.90
.72
.30
.66
.95
.14
.86

.51
.98
.50
.79
.98
.09
.80
.12

.35
.38
.85
.97
.82
.05
.04
.46
.85
.11

.37
.56
.14
.56
T
.30
.03
.91
.14
.61
.45
.44

.12
.89
.95
.26
.65
.65
.88
.95
.94
.79

.34 4

4.14 3.

BN O 0w N

P S NOYO D D WO N W s P Wb (3]

SN WE NN R O

NP W wwN

11 1.
.39 2.
.08 0.
.92 3.
.80 5.
.70 4.
.83 5.
.59 4.
.84 2.
.71 4.

17 4.

.00 3.
.72 3.
.63

.04 3.
.14 3.
.61 2.

.53

.35 5.
.81 3.
.79 4.
.80 4.
.12-0.
.08 6.
.10 1.
.18 4.
.06 0.

.34 2.
.91 5.
.68 1.
.10 1.
.57 2.
.05 0.
.76 3.
.02 1.
.63

.92 4.

.43 1.
.79 3.
.01 3.
.23 2.
.23 0.
.05 1.
.69 4.

4.91 4.

w

.71 3.
.19 0.

.23 4

91 3.
98 1.

30 0.
92 3.
81 5.
82 4.
85 5.
14 4.
77 2.
41 4.

75 4.

51 3.
35 3.

71 3.
02 2.
12 2.

07 5.
76 3.
46 4.
52 4.
68-0.
10 6.
25 1.
22 4.
42 0.

30 2.
77 5.
07 0.
33 1.
12 2.
25 0.
39 3.
99 1.

44 4.

95 1.
78 3.
03 3.
95 2.
81 0.
90 1.

55 4.
44 3.
32 0.

.21 4.

83 3.
93 1.
32 2.
16-0.
93 3.
81
87
89
07 3.
71
38

69 4.

39
26 3.

.15

67
99 2.
04

.60 1.

01
75 3.
40 4.
49
82-0.
12
02 0.
26 4.
27 0.

27 2.
79 5.
94 0.
16 1.
04 1.
08-0.
32

98

.33

38 4.

89
77 3.
03 3.
84
70 0.
85 1.
68
50
34 3.
14-0.

15

75
91 1.
22 2.
01
93 3.

98

59

19 3.

97 2.

62

32 4.

94-1.

90
27
17

29
72
85
08
97
05

34 4.

.33

77 3.
02

63
84

31 3.
02

93
20 2.30

94

.05 5.03

-1.44 -1.49

.33

15

93 2.93
2.01

.69 3.72

42

00-0.64 -1.

1.31
2.06
0.20

.24 3.35

34 4.41

77 3.77

.69 4.68

24 3.34

03 -1.

.33 2

.84 1.

.32 2.

.62 0.
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4905
4915

BS#

12
12

4935*13
4983*13

5028

13

5054*13

5056
5072
5110

13
13
13

5107*13
5191+*13

5192
5235

5270
5287
5288
5301
5304
5315
5329

13
13

14
14
14
14
14
14
14

5340*14

5384
5404
5435

14
14
14

5447*14

5471
5487
5511
5530
5531
5568
5570

5586
5602
5634

14
14
14
14
14
14
14

15
15
15

5685*15

5712
5747

15
15

5793*15

5867
5868
5914
5928
5933

BS#
5953

5993
5996

15
15
15
15
15

16
16
16

6084*16
6092*16

6094
6095
6117

16
16
16

54
56

RA

03
11
20
23
25
28
34
34
47
49
54

02
06
06
10
10
12
13
15
23
25
32
34
41
43
46
50
50
57
57

00
01
07
17
23
27
34
46
46
52
56
56

RA

00
06
07
21
19
24
21
25

01.7 +55 57
01.6 +38 18
(2000) Dec
46.0 -20 34
52.3 +27 52
35.7 =36 42
55.5 +54 55
11.5 -11 09
25.7 +13 46
47.7 +37 10
41.5 -0 35
32.3 +49 18
26.6 =34 27
41.0 +18 23
31.7 +9 41
22.2 =26 40
40.8 -36 22
50.4 -16 18
23.9 425 05
53.7 -10 16
28.9 +51 47
39.6 +19 10
15.2 +1 14
11.7 +51 51
04.6 +38 18
40.7 +29 44
57.5 =37 47
03.5 -5 39
14.9 +1 53
41.1 -15 59
52.6 -16 02
27.9 21 24
10.9 -4 20
58.3 -8 31
56.6 +40 23
18.0 +24 52
00.3 -9 22
09.2 -36 51
49.7 +29 06
41.2 +26 42
11.2 +15 25
26.5 +7 21
40.4 +42 27
53.0 -29 12
27.1 +15 39
(2000) Dec
19.9 -22 37
48.3 =20 40
03.3 -14 04
11.2 -25 35
44.4 +46 18
01.2 -39 11
55.1 +19 09
24.9 +14 02

35
06

59
41
44
31
41
43
57
46
48
02
52

11
56
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07
30
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30
03
29
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37
30
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6136*16
6134*16

6141

16

6147*16

6165
6171
6175
6212
6272

6324
6353
6378

16
16
16
16
16

17
17
17

6406*17

6410
6441
6506
6538
6548
6556
6601

17
17
17
17
17
17
17

6603*17

6601
6616
6623
6629
6698

17
17
17
17
17

6705%17
6707*17

6746
6748
6758
6771
6806
6823
6869
6913
6917

18
18
18
18
18
18
18
18
18

7001*18

7061

18

7120%18

7167
7178

BS#

7230
7235
7236
7264
7314
7330
7340
7345
7377
7429
7469
7477
7488

18
18

19
19
19
19
19
19
19
19
19
19
19
19
19

28
29
30
31
35
36
37
41
54

00
05
10
14
15
20
26
32
34
34
43
43
43
47
46
47
59
56
58

05
06
05
07
09
15
21
27
25
36
45
55
58
58

RA

05
05
06
09
16
21
21
19
25
34
36
37
41

33.8 +0 39
24 .4 -26 25
12.4 -25 06
08.2 -16 36
52.9 -28 12
21.3 =2 19
09.4 -10 34
17.1 +31 36
35.9 -41 09
17.3 +30 55
32.1 -0 53
22.6 -15 43
38.8 +14 23
01.8 +24 50
34.1 -19 19
46.0 +34 41
00.9 +34 16
36.6 +9 35
56.0 +12 33
46.9 -7 04
28.3 +4 34
46.9 -7 04
33.5 =27 49
27.5 427 43
53.5 +2 42
01.5 -9 46
36.3 +51 29
30.1 +30 11
48.4 -30 25
23.6 =36 01
43.2 +12 00
20.9 49 33
37.4 +38 27
12.8 -20 23
18.5 -2 53
58.1 -25 25
58.7 +29 49
56.2 +38 47
39.6 +20 32
07.0 =22 40
46.8 +13 54
56.5 +32 41
(2000) Dec
41.0 -15 39
24.5 +13 51
14.8 -4 52
45.7 -21 01
22.0 +38 08
29.8 -34 59
40.3 =17 50
38.8 +37 19
29.8 43 03
05.3 +7 22
26.4 +50 13
56.6 +49 17
02.9 +17 28

14
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46
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7503 19 41 48.8 +50 31 31 GLIII 5.96 4.85 4.53 4.50 4.40 4.50
7504 19 41 51.8 +50 31 03 G2.5V 6.20 5.06 4.75 4.67 4.64 4.63 4.69
7525*%19 46 15.5 +10 36 48 K3II 2.72 0.32-0.38-0.55 -0.62 -0.78 -0.82
7557 19 50 46.9 +8 52 06 A7V 0.77 0.39 0.25 0.22 0.20 0.20
7602 19 55 18.7 +6 24 24 G8IV 3.71 2.19 1.72 1.65 1.62 1.71
7615%19 56 18.3 +35 05 00 KOIII 3.89 2.16 1.70 1.63 1.52 1.54 1.65
7710 20 11 18.2 -0 49 17 B9III 3.23 3.40 3.38 3.39 3.34 3.41
7736 20 14 31.9 +36 48 23 A2V 4.97 4.58 4.46 4.47 4.43 4.50
7773 20 20 39.7 -12 45 33 B9V 4.76 4.83 4.86 4.85 4.85 4.85

7776 20 21 00.6 -14 46 53 F8V+AO0 3.08 1.45 0.98 0.89 0.81 0.95
7779 20 22 27.4 -42 02 59 AQV 5.59 5.58 5.58 5.58

7796 20 22 13.6 +40 15 24 F8I 2.20 1.16 0.78 0.72 0.67

7834 20 29 23.6 +30 22 07 F5II 4.01 3.21 2.94 2.87

7847 20 30 59.1 +36 56 09 F5I 6.19 4.15 3.51 3.32 3.28 3.44
7906 20 39 38.2 +15 54 43 BI9IV 3.77 3.85 3.88 3.84

7914 20 40 45.1 +19 56 07 G5V 6.45 5.36 5.02 4.97

7924*20 41 25.8 +45 16 49 A2Iae 1.25 0.98 0.93 0.87 0.80 0.80
7949*%20 46 12.6 +33 58 13 KOIII 2.46 0.75 0.27 0.09 0.02

7950 20 47 40.5 -9 29 45 AlvV 3.77 3.71 3.70 3.69 3.67 3.69 3.67
8028*20 57 10.3 +41 10 02 AlV 3.94 3.79 3.76
8085 21 06 53.7 +38 44 57 K5V 5.21 3.10 2.44 2.35

8086 21 06 55.2 +38 44 30 K7V 6.03 3.53 2.83 2.70

8097 21 10 20.5 +10 07 53 FOp 4.69 4.28 4.18 4.13 4.12 4.13

8115 21 12 56.1 +30 13 37 G8III 3.20 1.16 1.09 0.98 1.15
8130 21 14 47.4 +38 02 44 F21V 2.99 2.70

8143*21 17 24.9 +39 23 41 BII 4.23 3.87 3.83 3.80 3.73 3.72 3.68
8146 21 17 55.0 +34 53 49 B2V 4.43 4.40 4.32 4.15 3.86

8167*21 22 14.7 -16 50 05 G8III 4.28 2.84 2.38 2.24 2.18 2.25
8204 21 26 39.9 -22 24 41 G41I 3.74 2.35 1.98 1.87 1.82 1.76 1.90
8206 21 24 55.4 +49 19 24 BY 6.58 6.50 6.55 6.56 6.58
8255 21 34 46.5 +38 32 03 KOIII 4.90 3.09 2.61 2.44

8278 21 40 05.4 -16 39 45 FOp 3.68 3.20 3.07 3.04 3.03 3.02 3.06
8283 21 41 32.8 -14 02 51 Glv+GOv5.18 4.11 3.75 3.65 3.57 3.72
8316*21 43 30.3 +58 46 48 M2Iae 4.08 -2.24-2.27-2.15 -3.84 -4.59
8371 21 54 53.0 +56 36 41 BS8I 5.80 3.91

BS# RA (2000) Dec Sp.Cl. Vv J H K L L' M N o]
8402 22 03 18.7 -2 09 19 B7IV 4.69 4.83 4.84 4.80

8414 22 05 46.9 -0 19 11 G2I 2.96 1.48 1.09 0.97 0.86

8430 22 07 00.6 +25 20 42 F5V 3.76 2.97 2.78 2.69 2.59 2.59 2.70
8431 22 08 22.9 -32 59 19 A2V 4.50 4.38 4.35 4.35 4.34

8454 22 09 59.2 +33 10 42 F5III 4.29 3.35 3.10 3.09

8477 22 14 38.5 -41 22 54 G5V 6.23 5.09 4.76 4.70 4.68 4.75
8498 22 15 58.1 +37 44 56 K3II 4.13 1.12 1.01

8499 22 16 49.9 -7 47 00 G8III 4.16 2.61 2.12 2.03 1.92

8538 22 23 33.5 +52 13 45 G8III 4.43 2.69 2.21 2.07 1.95

8541*22 24 30.9 +49 28 35 BII 4.57 4.30 4.27 4.25 4.23 4.22 4.22
8551*22 27 51.5 +4 41 44 KOIII 4.79 2.93 2.37 2.30 2.22 2.21 2.31
8573 22 30 38.7 -10 40 41 AOIV 4.82 4.95 4.97 4.95 4.96

8574 22 30 01.7 +32 34 22 B9.5V 5.63 5.69 5.70 5.69

8576 22 31 30.3 -32 20 46 AQV 4.29 4.27 4.27 4.26

8585 22 31 17.4 +50 16 57 AlV 3.77 3.75 3.75 3.75

8597 22 35 21.3 -0 07 03 B9IV-V 4.02 4.18 4.22 4.22 4.21
8634 22 41 27.6 +10 49 53 B8V 3.40 3.51 3.56 3.59 3.62
8641 22 41 45.3 +29 18 27 AlIV 4.79 4.81 4.82

8665 22 46 41.5 +12 10 22 F6III-IV4.2 3.22 2.92 2.86

8709 22 54 38.9 -15 49 15 A3V 3.27 3.11 3.10 3.07 3.05 3.06
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8717 22 55 13.6 +8 48 58 AlV 4.90 4.90 4.90 4.93

8728*22 57 39.0 -29 37 20 A3V 1.16 1.04 1.03 1.00 1.00 0.96 0.94

8729 22 57 27.9 +20 46 08 G2IV 5.49 4.36 4.03 3.97

8775*%23 03 46.4 +28 04 58 M2II 2.42-1.19-2.05-2.22-2.39-2.38-2.19 -2.54 -2.¢61
8781*23 04 45.6 +15 12 19 B9V 2.49 2.50 2.51 2.52 2.53 2.53

8830 23 12 32.9 +49 24 23 FOV 4.52 3.95 3.77 3.71

8832 23 13 16.9 +57 10 07 K3V 5.56 3.86 3.21 3.18

8892 23 22 58.1 -20 06 02 KOIII 3.97 2.06 1.48 1.36 1.31

8905*23 25 22.7 +23 24 15 F8III 4.40 3.07 3.00 2.97 2.97

8911 23 26 55.9 +1 15 20 A0 4.94 4.91 4.97 4.98 4.97

8965 23 38 08.1 +43 16 05 B8V 4.29 4.50 4.47 4.55 4.58

8984 23 42 02.7 +1 46 48 ATV 4.50 4.10 4.00 3.94

9045 23 54 23.0 +57 29 58 G2 4.54 2.10

9088 00 02 10.1 +27 04 56 G2V 5.75 4.35 3.95 3.87

BS# RA (2000) Dec Sp.Cl. Vv J H K L L' M N o]

Finding Standard Star Magnitude with Guide

Guide 9.0 is an excellent program for telescope control, target identification and resource for astronomical data.

For the bright stars in the Bright Star Cataolg (HR, BSC or BS prefix), one can use the resources in Guide 9.0 to find V
magnitude U-B, B-V, Rc-Ic and V-Ic indices in the Johnson-Cousins system and with links to find J and H magnitudes.

1: Select Go to - -> Star --> Yale(Bright Star)
2: Enter the Bright Star Number and hit Enter
3: Right click on the star and select More Information

4: Note the Color V magnitude, B-V and V-Ic index.
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]
L

Comments from the Catalog:
Hipparcos #109176

[ ]: 22 07 00.47
+25 20 42.2
[ ]
in Johnson ¥: 3.77
Magnitude derived from ground-based observations
85.28 * 0.63 milli g
in RA: 296.53 = 0.59 milli shyear
in dec: 27.29 £ 0.58 milli shyear
:4.294 = 0.004
:3.822 £ 0.004
colour: 0.435 + 0.007
ohnson B-¥ source is ground-based observations
Color index [V-]] in Cousins" system: 0.51 £ 0.03
Median magnitude in Hipparcos system [Hpmag]): 3.8678 £ 0.0006
Scatter on Hpmag is 0.004 magnitudes
Hpmag is based on ¥9 observations
Hpmag at maximum [bth percentile]: 3.86
Hpmag at minimum [95th percentile]: 3.87
his system had been previously identified as multiple in
he Hipparcos Input Catalog
+24 4533
FoY

Spectral type is from miscellaneous sources

from the Hipparcos catalog:

5: Click on Click Here for SIMBAD data which will bring up the SIMBAD Astronomical Database
(http://simbad.u-strasbg.fr/'simbad/)

If you don't have or want to get Guide 9.0, then you can access the SIMBAD query web page directly at:
http://simbad. u-strasbq.fr/simbad/sim-fid

6: Scroll down to the external archives section and select the link that has the 2MASS prefix for the star name. This will
bring up a data page that will give IR magnitudes and color indicies.

IMPORTANT: | have found that the JH magnitudes listed under the 2MASS database do not always
agree with the UKIRT standards. The filter transmissions for J & H filters used in the 2MASS instrument
are reasonable close to the Optec JH filters so I'm not sure of the reason why. Use this source with
caution.
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External archives :

Archive data at HEASARC - Hich-Energy Astrophysics Science Archive Research Center

Data at WED - NASATPAC Extragalactic Database

Catalogue information from VizieR -

Generic search by coordinates (radis: 6 arcsec)

AGH+25 2653 BD+24 4533

HD 210027 HIC 109176

IRC +30485 LSPM J2207+2520

FEM 114048 1RXS J220700.9+4252045

WDS J22070+425214

CCDM J22070+2520A FES 831 GJ G486

HIP 1059176 HR 6430 TRAS 22(C
2MASS J22070067+2520424 HLTT 52972 NSV 140:
SA0D 90238 TYC 2208-2471-1 USHO-B1.
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Extinction Coefficients

The atmospheric extinction coefficients for j and h magnitudes are derived in this program module using the methods
described in Appendix G.1 of "Astronomical Photometry". A single comparison star is observed through differing air mass
as the star mowes in time. The comparison star need not be associated with a variable star observation but could be
obsened separately and still be part of the raw data file. K'j and K'h are computed from the data Kl'jh is found by

subtraction in the other reduction programs.

It is first necessary to enter any extinction stars into the Star Database JH.txt file using the Star Data Editor. Use "C" for
the Type entry. Magnitude and index entries can be left blank. Accurate magnitudes entries are not necessary but could
still be made if the use wishes to use it for a comparison star.

The Extinction Coefficient module with a sample star loaded and plotted is shown below.

¥ Extinction Coefficients for J H - Differential Photometry

—-_—— U E=—— Instrument Magnitudes
HA X 5 h 5 h Ishnw j]lshnw h]
Z598.T74 Z.310 171 -5.58
Z9&6_.81 Z.30S 514 -5.78B -5
Z04.68 1,928 1Ee9 -5.57
Z04.7T6& 1.928 s07 -6.T8 o
21l9.99 L1.514 Z01 =-5.76 -
320.08 L1.512 ESE -6.594 5 &
SZ2E5.43 1.410 184 =5_ 66
ZZ26.81 L1.409 E&Z -5.87 )
33T7.70 1.z&a9 196 -5.73 ]
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Setup

The only setup parameter that needs to be entered is the obsenrver's location on this planet. Select Setup in the menu bar
and then select Location. Enter exactly as shown in the dialog box the obseners Longitude and Latitude.
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= - [B]x]

use decimal format

Longitude

®E Ou 55.4

Latitude

®mn Os 4z .9

Example: N42.2 is a valid location entry for latitude. Do not use + or - for North and South latitude.

Example: W87.0 is a valid location entry for longitude

Open File

Select File in the menu bar and then select Open File.

All of the comparison stars used in the raw data file will be listed in the combobox labeled Comp Star. Select the
comparison star intended for deriving the extinction coefficients. The Table will fill with values in similar fashion to TABLE
G.1 in Astronomical Photometry. The user is referred to that text for a complete description of the columns. The only
significant difference is that the hour angle (HA) column in Astronomical Photometry is in units of hours and the same
column in this program is in units of degrees.

The file sample Extinction.raw file can be opened to see how this module operates.

Tip : Hour angles measured east of the meridian would be from 359.99 to 270.00 (horizon) degrees and 0.00 to 90.00
(horizon) degrees west of the meridian.

Extinction Plots

Select either the show j or show h buttons to display a plot of the instrument magnitude verses air mass. These plots are
similar to Figure G.1 in Astronomical Photometry and the user is referred to the text for a more detailed understanding of
them.

Once plotted, the slope, intercept and standard error are listed in the Least-Squares Analysis box located below the plot.
The slope is equal to K' for the associated colors of j and h. Since the methods used in this program are for differential
photometry, the intercept value is ignored in the later data reduction. The standard error is a measure on how good the
data set is. Smaller is better.

Results

If the extinction results shown in the plots look good and the user wishes to use them in the further reduction process,
then select Send Computed Coefficients to Results found in the Coefficients menu. This control will move the plotted
slopes for j and h to the Results box.

Tip: The showj and h buttons must be selected in order to calculate the associated extinction coefficient.

To sawe these values to the PPparms JH.txt file, again select Coefficients in the menu bar and select Save Coefficients
in Results to PPparms JH. This is necessary if the user wishes to use these extinction coefficients in reducing the raw
data file further. However, if the results don't look good then the existing coefficients already stored in PPparms JH.txt
should be used. The new calculated values can be edited by typing over them in the Results box if you wish to fudge
them a little (not recommended).
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Second Order Coefficients

Normally for differential photometry, the second order term K" for j-h is set to zero which is the default value for
Photometry JH. However, if the user has determined by other means a different value, enter it here. The SOE Coefficient
module in Photometry JH can be used to find the true value of K"jh and sawe it to PPparms JH.txt.

Print Graphics

After the data is reduced and printed to the graphics box, the Print button will be enabled to allow output to a printer. The
current graph displayed along with the values in the least-squares analysis is printed.
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SOE Coefficent

The atmospheric second order extinction coefficient K" for j-h color index are derived in this program module using the
methods described in Appendix G.3 of "Astronomical Photometry". A Blue-Red pair of stars is observed through differing
air mass as the star mowes in time. A list of blue-red pairs is available in Appendix B of "Astronomical Photometry". For
convenience, a subset of this list plus some stars in higher declinations are available in the SOE Database JH.txt
database file.

The mathematical explanation for this coefficient is explained in section 4.4c of "Astronomical Photometry" starting on
page 90.

The default value for K"jh in PPparms JH is 0 and this value is used in later reductions unless a new value is calculated
with this module and stored in PPparms JH.txt.

A screen capture of the SOE K" Coefficient module with a sample star loaded and plotted is shown below.

3 SOF K" Coefficient - 1 H Differential Photometry

File Coefficients Help
[HR3982 | l[HDB9484
(3-ha (d-hi Alj=-h) z Alj-hi X
0.485 L.0g0 -0.E8986 Z.8572 -1.532
D.El0 1.087 =-0.E877 Z2.0Z22 =1.1&8& 07 -
0D.451 1.080 =0.589 1.365 =0 .804 L
D.421 L.0BZ -0.59L l.304 -0.770 | o
= ]
Afy-h) |
D2 g a e o oo oy s e e
1] =10 2.0
Lujehyx
SOE Stars Filae Rasults Laast-Squares Analysis
slope 0,003
SOE 2-1l-14 R.raw -Rh'jb= rn.nDB intercept -0.584 E
; standard srrogr o.0L=
.

Open SOE Stars File

The SOE coefficient program module works much like the extinction module. From the File menu selection open the raw
data file for the observed SOE star pair. The file is processed immediately and the results are posted in the listbox in
similar fashion to TABLE G.4 of Astronomical Photometry. The user is referred to that text for a more complete description
of the columns.

The blue star is first found and the b-vinstrumental color index data is used in column 1. Like wise, the red star j-h
instrumental data is used in column 2.

The file sample SOE JH.raw can be opened to see how this module works. The stars used in this example are (enter
star) (blue star) and (enter star) (red star).

Free CHM Help documentation generator



http://www.helpndoc.com

Derive Coefficient

In order to calculate the K"jh, press the plot button. A plot of A(j-h)X verses A(j-h) is show with the observational data
points plotted. In addition, the slope, intercept and standard error are displayed in the Least-Squares Analysis box.

The slope (K"jh) is also displayed in the text box for Results.

Results

To sawe these values to the PPparms JH.ixt file, select Coefficient in the menu bar and select Save Coefficient in
Results to PPparms. This is necessary if the user wishes to use this coefficient in reducing the raw data file further.
However, if the results don't look good then the existing coefficients already stored in PPparms JH.txt should be used. The
new calculated values can be edited by typing over them in the Results box if you wish to fudge them a little (not
recommended).

The menu selection See Saved K" Coefficient shows the currently saved value of K"jh in PPparms JH.txt. This value
would be exchanged for the new value in the Results box once you select Save Coefficient in Results to PPparms.

Print SOE Graphic

After the data is reduced and printed to the graphics box, the Print button will be enabled to allow output to a printer. The
current graph displayed along with the values in the least-squares analysis is printed.
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Transformation Coefficients

The transformation coefficients for J magnitude and J-H color indicex are derived in this program module using the
methods described in Appendix H of Astronomical Photometry. A set of standard stars with differing indices and located
close together are observed. The cluster should also be near zenith to reduce the effects of air mass. Normally, the
observation of stars to derive the coefficients are done infrequently. Since, the transmission for filters and the spectral
response of the detector usually change with temperature, a summer and winter set of coefficients would be a good idea.

Important: All stars observed should be listed in the Transformation Data Version 2 database which is accessed by the
Comp/Variable Star Editor

Important: Make sure you have valid extinction coefficients in the PPparms JH.txt file before processing the
transformation stars. These parameters are computed and stored using the extinction module.

The Transformation Coefficients module with a sample star file loaded and plotted is shown below.

¥% Transformation Coefficients for J H - Differential Photometry

(J-H) -
Star X J-H J=4a td=hdg I rho II lambda ]
HELETT l.09 0.74 1lO0.11 =0.3%9
HELTOS 1.04 0.32% 1l0.08 -0.46 105
HREL791 1.08 =0.03 10.0% =0.50 L
HEZZLE l.08 0.22 1l0.07 =0.4Z2
HELT 30 l.35 -0.0& 10.07 -0.81 I
L a )
£ o ]
Mo
as s oo e oo e bya o o byga o by g o by g o by g by
1.0 08 0.0 o5 1.0 1.5 Z0 Z5
J-H
Transformation Stars Fila Raesults Least-Squares Analysis
. (= A slope | 0.0l0
.T:ansfnrma:d.cn Z2-11-14 C.raw = Glﬂ. | S _1_25| intercept 10.08%
’ ] | ) | standard error 0.0L1ls pri

The default sample files Transformation Database JH.txt use standard data from the Johnson system.

Open Transformation Stars File

The transformation coefficients program module works much like the extinction module. From the File menu selection
open the raw data file for the transformation stars. The file is processed immediately and the results are posted in the
listbox in similar fashion to TABLE H.6 of Astronomical Photometry. The user is referred to that text for a more complete
description of the columns. Some of the columns have been omitted due to the size of the resulting table magnitude.

The file sample Transformation JH.raw can be opened to see how this module works. The coefficients generated
by this file are the default parameters used in the PPparms JH. txt file.
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Derive Coefficients

In order to calculate the transformation epsilon, press the show rho button. A plot of J-j, verses J-H is show with the
obsenvational data plotted. In addition, the slope, intercept and standard error are displayed in the Least-Squares Analysis
box.

In similar fashion, press the show lambda button to show a plot of (J-H) - (j-h), verses B-V. The slope, intercept and
standard error are also listed in the Least-Squares Analysis box.

Results

If the data looks good, select Transfer Computed Coefficients to Results from the Coefficients menu selection. The
values in the Results box can be edited by the user at this point but this is not suggested unless the user judges fudging
as OK.

Select Save Coefficients in Results to PPparms2 in the Coefficient menu selection to store these results. The new
results write over any previous results stored in PPparms JH. txt.

Print Graphics

After the data is reduced and printed to the graphics box, the Print button will be enabled to allow output to a printer. The
current graph displayed along with the values in the least-squares analysis is printed.

Free CHM Help documentation generator



http://www.helpndoc.com

Data Reduction

The final step in the reduction process is running the Data Reduction program module. If the proper differential photometry
procedure has been used in the observations and the coefficients have been correctly obtained, the reduction to finished V
magnitude and color index is reduced to the ultimate simplicity. The methods and results are similar to those described

in section 4.8 of Astronomical Photometry. The user is referred to that text for a more complete description of the process

The Data Reduction module with a sample stardata file loaded and reduced is shown below.

%% Data Reduction - J H Differential Photometry

uT net
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Open Raw Data File

From the File selection in the menu bar, select Open File and choose the appropriate raw data file containing your
variable and comparison stars. The raw file can contain more than one set of observations of the same or different
variable/comparison stars. After opening the file, select the variable and the associated comparison star from the
comboboxes contained within the Variable - Comparison group box near the bottom of the window.

Tip: Make sure the correct variable - comparison star pair is chosen or the reduction process will give funny results.
Select the Start button to reduce the observations. The intermediate results are posted in the list box in similar fashion
as shown in TABLE 4.1 of Astronomical Photometry. Unlike the table in the book, the table in Photometry2 has "- - -"
listed in place of blanks. The last five columns list the standard reduced magnitude J and color indices J-H. Finally, the
mean standard magnitude with standard error, mean color index with standard error and the mean Julian Date (J2000.0)
are posted in the Mean Standard Magnitude box.

Tip: If an observation consists of only one or two readings of the variable star, the error tolerance is posted as 0.000.
If a check star (Q Type) is also part of the RAW file data, it's magnitude can be computed as if it was a variable star. The

resulting magnitude and color indices can then be compared to the catalog values to see if they agree. If there is a
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significant difference from the catalog values, then the comparison star might be a suspected variable.

Under the Information pull down, the data in the Star Database can be retrieved for the stars included in the RAW data
file and the data compared to the results.

Save Data

If the reduced variable star data looks good, it can be saved to a new file or appended to an existing file. Either the
intermediate results or the mean results or both can be saved. While the mean results would be the likely data to save for
most long period variables, the intermediate results would be appropriate for a binary occultation or other short period
event.

Tip: Name new data files after the variable star and append data as you finish observations and reduction.
The default extension for the variable star saved data is fileName.var. Howewer, any file extension can be used if it
doesn't clash with some other program association. The file is written in simple text so that it can be opened and edited

with NOTEPAD or any other text editor. Don't use Word!

The format for the saved data file is:

Column Data Description

1 Calendar Date DD/MM/YYYY

2 Time HH:MM:SS

3 JD or HJD J2000.0 to four decimal places

4 J standard magnitude to 0.001

5 G, standard error, left blank if intermediate results are saved
6 J-H standard color index to 0.001

7 G,y standard error, left blank if intermediate results are saved

The exact character format is:

#,1,COMP STAR, VARIABLE STAR
DD/MM/YYYY HH:MM:SS JJJjJ.JJddd JJg.00o0 0.000 JH.000 0.000

The file header contains information that is important to the file for further processing. The start character "#" denotes the
beginning of the header line. The second character denotes either Julian Date "1" or Heliocentric Julian Date "0" is used
for the time and date.

Heliocentric Julian Date or Julian Date

The AAVSO will accept uploaded files in the extended format using JD (Julian Date) or HCD (Heliocentric Julian Date). If
using a senice other than the AAVSO, it would be necessary to report the time of observations in HID which is the
commonly accepted format. In the Data Reduction module, it is possible to select this option in the Edit Coefficients
module. Selecting HJD in Edit Coefficients window will convert the JD date to HJD and write the VAR file using that
protocol. The calendar date in the VAR file is still left in current JD and not converted. The difference between JD and JHD
is only about 16 minutes maximum depending on the position of earth in our orbit when the obsenrvation is taken. There is
nothing in the VAR file to designate whether JD or JHD is used so it is necessary that the user be careful and not switch
between formats on a whim. The ppparms JH. txt file stores the selection of JD or JHD.

A Suggestion

Many different file naming conventions are possible. | suggest one consider naming and saving a single variable star
reading as star name + date.var and then saving again by appending the data to a file with the star name.var
only. In this way, you can examine all the data plots of the variable by opening the star name.var file in the Plot
module to see if the data is reasonable first. Once you verify that the data is good, you can the open the star name +
date.var file in the Plot module in order to produce the AAVSO compatible file for uploading.

It is also suggested that the extinction and raw files be named with the star name and date in a similar fashion so that

they can be matched to the finished var file. Sometimes it is necessary to be able to reprocess the data if an error is
found in the reduction due to an input error.
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Edit Coefficients

All of the values in PPparms JH.txt can be examined and changed using the PPparms2 coefficients window available
when selecting the Coefficients pull down in the Reduction module. Type in the text box to change coefficients and save
using the File selection.

File

Ky | n.2oo
K'y | 0188
K", | 0.000
D |-0.032
A | 1.049

select outputto wvar file using JD or HJD

[ 14D, Julian Date
HJD, Heliocentric JO
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Plotting Data

Data is displayed in graphical format with magnitude or counts making the Y-axis and Time making the X-axis such as
with a chart recorder.

The Plot Data module with the Betelgeuse.var data file loaded and plotted for J and H magnitudes
is shown below.

1% Plot Data - J H Differential Photometry |
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Lo = ) il ) k)
EsTcelgeuse. Var <.0004 w Q.10 W Enber Start Diate Ertes Max Mag
EI 5202.1550'@ -3.z #
:

To graphically analyze a data file, complete the following steps in order:

Time Scale

The X-axis is time in days:minutes:seconds format for defining each division of time. If 1.000h is selected for example,
each small division is equal to 1 hour and 95 hours of data is visible in the graphic box. Depending on which file type is
chosen (variable or Fast) the available time scale selections are customized for selection.
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Mag Scale

Each division of the Y-axis is equal to the magnitude value that is selected in the Mag Scale pull down. The available
selections are show in the following table.

Slow Time | 0.01 |
Scale | 0.05 |

| 0.10 |

Magnitude for | 0.50 |
each division | 100 |

PLOT

After a data file is loaded, the two large buttons located near the bottom center of the window will show a label depending
on the type of data file. If a slow data file is opened, a J will show on the top button for plotting J magnitude and Index
for plotting the color index will show on the bottom button.

When the Index button is selected, the available color indices in the data file will enable the associated buttons in the
Plot group box. Selecting any of those buttons will plot the color index data. Color Index and individual magnitude cannot
be plotted at the same time.

Move Date

The time scale (x-axis) can be mowed either right or left by pressing the arrow buttons in this box. The < or > buttons
movwe the scale by 10 divisions. The << or >> buttons mowe the time scale by 50 divisions. A specific start date can me
entered manually in the text box. The format for entering the date is dependent on if slow or fast mode plotting is used. In
the case of slow mode, the format should be J2000 date (XXXXxxxx). For fast mode, enter the time only not date in UT
format (HR:MIN:SEC.xxx). Make sure to include the colons that separate HR:MIN and MIN:SEC.xxx. Seconds can be
entered to three decimal places.

Move Mag

Similar to Mowe Date, the up and down arrow buttons move the magnitude or count scale (y-axis) up or down. The
maximum magnitude or count can also be entered manually in the text box.

Plot JH

If there are data for the JH pass bands in the opened file, the associated buttons will be enabled. After plotting the J
magnitude, select the Plot H button and that data will be displayed. If the chart is moved in time or magnitude only the J
magnitude data will be shown. It will be necessary to select the Plot H button again.

Plotting the color index work the same way as the Plot JH buttons. The color index button are only enabled when the
Index button is selected. Single color magnitudes cannot be plotted when the color index data is viewed.

Config Pull Down Menu

The pull down menu labeled Config allows the user to configure the way the data is plotted. Normally, the data is shown
as small dots that are not connected. If Plot Lines is selected, the data dots are connected by straight lines. This
sometimes makes the data more appealing visually. Plot Dots returns the data to unconnected dots. After a selection is
made, it is necessary to select the Plot H button to regenerate the graph.

When error limit data is available in the file for J magnitude and color index values, that information can be plotted when
Plot Std Error item is selected. The error is shown as a vertical bar running through the data point. The length of the line
represents the error value when read with the y-axis scale.

Cursor Pull Down Menu

Information about each data point can be seen by left clicking the mouse control on the point of interest. When this is
done, crossed lines are drawn on the plot with the intersection given by the cursor position. The magnitude(count) and the
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date are displayed above the graph.

There are two cursor modes available: Cursor A and Cursor B. Both cursor A and B show the magnitude(count) and date
abowe the graph but, if Cursor B is used, the magnitude(count) difference and time difference are also displayed on the
right side.

When Cursor A is used, the date and magnitude are also written to the Enter Start Date and Enter Max Magnitude
boxes. This feature can be used to manipulate the graph to expand the date or magnitude scale around some interesting
feature of the light curve. Select the button to the left of these boxes to change the x-y origin of the graph.

Cursor C is used to mark the time for a minimum or maximum. It is primarily used in the Eclipsing Binary Analysis.

The cursor intersecting lines are erased by right clicking the mouse control

Edit Pull Down Menu

Normally, the title of the graph is the file name. By selecting Edit Title, the user can change the title for printing purposes.
Additional information can be added to the plot by selecting the File Edit Info and then entering additional information.
This information is not saved but only shown on the plot for printing purposes or for saving the plot image.

A label can be added anywhere in the plot area by selecting Add Label and then entering the appropriate label. This label
is placed where the active Cursor (A or B) is positioned. It is necessary to place the cursor first before adding a label. The
label can be deleted by selecting Undo Label from this pull down. The Undo Label item can be selected repeatedly to
remowe labels created since the beginning.

Eclipsing Binary Analysis

This page is from SSPDataq3 (SSP-3 & SSP-5 Photometers) but is similar for the SSP-4. This page will be
updated to include actual J data.

The time of minimum and the O-C parameter for eclipsing binary stars can be found with this module. As described in
Astronomical Photometry on pages 266 to 269, the method of E. Hertzprung (1928, Bul Astr. Inst. Neth. 4, 179) is used to
derive the exact time of minimum for an eclipse observation. The example shown below is for | Boo (44 Boo) which has a
period of 0.2678159 days and an initial "working" Epoch of HJD 2439852.4903. The Eclipsing Binary Analysis
module only works with V data.
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The dip in the light curve showing the minimum is bracketed with the A and B cursors as shown. Make sure there is good
data beyond the cursor limits otherwise the results will be poor. The C cursor is used to pick the best minimum by eye.
When all three cursors are set, select the Update button to calculate time of mid eclipse. A gray line is drawn on the light
cune to indicate the position of the minimum. You can at this time, place the C cursor at this point and recalculate the
minimum to get a better determination. Intervals can be adjusted to higher values to improve accuracy but this depends on
the quantity and quality of the original data. See the text in Astronomical Photometry to gain a better understanding of this
method and what the values mean. All time calculated and displayed for JD2000 epoch as in keeping with the other
photometry modules. For the O-C calculation, the appropriate time protocol is for the original JD4713BC epoch but in the
reduced form: HJD - 2,400,0000.

After a good time of minimum is found, the O-C parameter can be calculated if the Epoch and Period are known. These
parameters for many eclipsing binary stars can be found at the Bob Nelson O-C page on the AAVSO web site. The
current link is: http://www.aavso.org/bob-nelsons-o-c-files.

Enter the Epoch and Period values in the appropriate text box and press the Update button again. The number of cycles
since the Epoch date and the O-C parameter are displayed

It is important to keep in mind the appropriate selection of Julian date. The default mode for Photometry2 is JD which
would be find for binaries which have a period of many days or years but would not be the correct choice for short period
binaries such as our | Boo example. In this case, the selection should be HJD (Heliocentric Julian Day) which is made
during the time of data reduction. The HJD flag is written to PPparms and the Plot Data module will pick that up and
display HJD along the time line. The Pull down menu Config would allow you to use JD2000 dates for entry and display in
the O-C boxes. When selected, the "24" in front of each box will be hidden. It is doubtful that this selection would be
made since all Julian dates for binary minimums are in the epoch 4713BC, but it is included for completeness.

Side Note
In the example of | Boo, the O-C parameter would seem to large but, considering that the original epoch and period were
first determined 45 years ago, the result is reasonable. The excel spread sheet found on the Bob Nelson O-C web page
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shows that the period has been changing over the years in a non-linear way. The current ephemeris for | Boo gives
55352.45676 for the epoch and 0.267819 for the period. Using these values in the Find O-C calculator results in 3966
cycles and a O-C value of -0.00461. This star needs to be followed.

Eclipsing Binary Ephemerides

A free Eclipsing Binary Ephemeris calculator giving timely information about upcoming minimum can be found at:
http://www.motl.cz/dmotl/predpovedi/

For a particular obsening site, many events can be displayed for selection. This program makes it hard to miss an
important eclipse.

Draly ephemeridas | Star ephemerides |
Date (local, before midnight)y =~ &> £ O # & B B o o X & 7
R ﬂ Update Soit  Delete Detaik  Find Foint  Sawa  Copy Sun  Moon  Chait Setup Help
i:atalu e anabe star | Dse [ ur ] 2= [ ax [ mA | DEC ] Type | Mag | Catalogue | Pts. | ObjMoon | Remaks
- GIOF7.08284q  2M31108 00 SSW 53 2013 103 8693 BRNO 1 3z
. ggm_zm& Y1182Al MINLE 00 Wiw 41 1EH 93 2587 BRNO 5 2
 PansEeD EE Peg M08 05 SSE B3 2223 163 EWP-04d 108400 ERNO 1 B
HE:Ag 231108 05 55w 43 204 06 9304 BRNO z 2
00:Ag ANx11408 05 S 46 1348 43 EwW P=05d 924919 BRNO 1 e
] CECvn ANZ148 05 wew 7 288 352 EA D=2 0k 971049 BRNO 1 B
Fillers SwLac 2131108 05 ESE 80 2254 379 EwWP-03d 8584  BRNO 1 ™
' Time of minkmom (UT) SV Equ AN31148 05 55w 49 2057 5B 9300 BRMNO 7 *
L - Y1470 Al 308 10 SwW 48 2004 118 7878 BN g Py
hom[240 2[t[70 S| |48 And M348 10 ESE 79 2312 369  EwWP=D3d 95103 BRND 1 7o
W e V572 Pet 231148 1.0 HE 42 36 5.0 ESEB BRNO 10 123
EF-Peg 3108 10 SSW 57 2127 137 7073 ERNO g 45"
v Alitide GSCIO770ERE 231108 15 wWow &4 2012 1023 EAD=Eh B8B83 BREA 200. 10 a
a = W 3B Cyg N30 15 wWSw E1 2029 34 EBP=09d E99E ERNO 1 53
b0 2] Sldug [co e, JM310E 15 S 53 o0 93 104104  BRNOD 8 Fia
7 B b iy GI7E1.1934 46 20131108 15 E 48 209 ZES 104110  BRNO g 11°
' L - S5k M348 15 ESE 48 204 20 104103  BRNO 1 109"
fiam |00 ﬂ ta [11.0 ﬂ mag | AB:And 231108 15 SS5E 84 2312 363 EWP=03d 95102 BRKA 205 1 7
ET Psc M08 15 SE 50 @57 107 90493 ERNO g o
I Raling [poirtz] B dind 231108 15 ENE 57 203 408 EWP-06d 8842 ERNO 1 nz
[ 2wt 2 OV Fsc 31108 20 SSE 51 013 56 106106  BRNO 1 e
= = B2 fand amanga 20 E 68 209 408 EwPs06d B99E BREKA_200. 4 n
I gkt ascension V 351:Peg 3118 20 S 63 235 157 8083  BANO 1 7
= AD:Cam 308 20 ME 43 428 530 45700 BRNO 1 132
& = ERVul 1311408 25 Wsw 54 21 278 7375  BRNOD 1 53
_ _ Y073 Cyg I8 25 W BD 2198 33T 8286 BRNO 1 B0
Dieclination CH And aNFiioe 25  SE 860X 402 9.740.0 BRMO 1 az
= = Y 579 Pei NINLE 25 EME 52 33 413 7979 BRND 7 b
W 407 Pag 348 30 SSwW Bl 2337 158 9397 ERND 1 7
™ Constelations [space sepmated] | V2 Pic M31108 30 SSW 49 2328 49 102104  ERNO 1 EE"
B Pei 231108 30 ENE 67 246 481 8510.3 ERNO 7 118
| _1|erTau 231143 30 ESE & 401 204 EAD=52h 103105  BRNO 1 134"
e SiLac M40 20 W B3 22E4 3O EWP=03d 8593 BRKA 2005 1 =
W Aaimuth [M2E-25-20 GR Tau 231148 30 ESE 43 401 204 EAD=52h 103108 BRKA 2. 5§ 134"
hom (45 %|to[270 2|deg |4QPuc 2311408 35 SSE 54 121 TE 8690 BRNO 1 a4°
L4
63 records found (55 varizble gtars) [T

An important web site with accurate ephemerides for many binary stars can be found at the Mt. Suhora Astronomical
Obsenvatory. In addition, they have a page for submission of observed time of minimum data. Click on the banner below:

LEATON

Mt;'Suhora Astronomlca[ Observat_

E _1|n_al Univers
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Phase Plot

This page is from SSPDataq3 (SSP-3 & SSP-5 Photometers) but is similar for the SSP-4. This page will be
updated to include actual J data.

Most times it is impossible to obtain a complete light curve in a single obsening session. With Phase Plot module, it is
possible to stack the varied segments of a light curve if an accurate or even approximate estimate of the period is known.
The example below of | Boo is the result of 4 different obsening sessions which almost gives a complete light curve
showing the primary and secondary eclipse. The var file should contain the complete data set since multiple files cannot
be read. If necessary, use NOTEPAD to cut and paste the various data sets to make one complete var file in
chronological order. The Phase Plot module only works with V data.

m | Phase Plot Analysis

18369 . 586 acart date

enter period

0.2678159

() day

Crhour O min

s Plot Data - U B ¥ R and | Differential Photometry

Magnitude
480

4.85 |
4.70 | o
475 g 9 .
apal  *
485 |
400 |
495 |

5.00 |

505 [

PE T ) ETEPENEN P EPEPEPE EPETET B BT BTN EPEPE EEPEE B NP RPN EPEPEE EPEPEITE EPEPIPEE I BT B

[a}
JOA2Ea 526

File imfrc I BT

Variable Star File Mowve Date

===

Erter Start Diste

_| ()

Time Scale Mayg Scale Howve Mag

Eriles Max Ha_g

#£

[T poo. var &.000m v 0.08

Flow UBRI

Load and display the file in the usual way and then open the Phase Plot Analysis window. The start date should already
be entered and, if you wish to change it, use the cusors A control to mowve the data set and establish a new start date.
The period should be available from Bob Nelson's web page at the AAVSO: http://www.aavso.org/bob-nelsons-o-c-files.

Fourier Analysis

The Fourier Analysis module is a link to a powerful tool for extracting period information from time series observations
containing gaps as common with PEP observations. The module allows for the extraction of a 2-dimensional array file that
contains time and associated magnitude information from .var files of any of the available colors J & H. These files are
then imported as "time-strings" into the program Period04 written by Patrick Lenz, Institute of Astronomy, University of
Vienna, for analysis. The Help file in Period04 is comprehensive and you are referred to it for further information about its
use. In addition there are tutorials in the folder labeled Period Tutorials along with a manual in pdf format.
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Important: In order to run Period04 it is necessary that the Java Runtime Environment (JRE) is installed. In case it isn't
installed on your computer, the free version can be downloaded from: http://java.com/en/download/index.jsp

To use, open a .var file into the main window of the Plot module and then select a color as shown below and press the
Make File button. You can sawe the file as a .txt or any other type desired. After the file is made and sawed, press the
Run Period04 button to bring up the Period04 program window and use the Import Time String button to bring in your
data.

= AER|

create Cime-string file

(O] B

| Make File |

| Fun PeriodOa |

The Period04 Homepage for news and updates is at: http://www.univie.ac.at/tops/Period04/

Copyright notice

Copyright (c) 2004-2008 Fatrick Lenz, Institute of Astronomy, Liniversity of Yienna

Fermission to use, copy, modify, and distribute this sofhware and its documentation for any purpose is hereby
granted without fee, provided that the above copyright notice, author staterment and this permission notice appear in
all copies of this software and related documentation.

THE SOFTWARE IS PROVIDED "AS-15" AND WITHOUT WARRAMTY OF ANY KIND, EXPRESS, IMPLIED OR
OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRAMTY OF MERCHANTABILITY OR FITMESS FOR A
PARTICULAR PURPOSE. IN MO EVEMT SHALL THE IMETITUTE OF ASTROMOMY OR THE UNINMERSITY OF WIEMNMA
OR PATRICK LEMZ BE LIABLE FOR ANY SPECIAL, INCIDEMTAL, INDIRECT OR COMNSEQUEMNTIAL DAMAGES OF
AMNY KIMD, OR ANY DAMAGES WHATSOEVER RESULTIMG FROM LOSE OF USE, DATA OR PROFITS, WHETHER
OR NOTADYISED OF THE POSSIBILITY OF DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR 1M
COMMECTION WITH THE USE OR PERFORMAMNCE OF THIS SOFTWARE.

Feriod(4 is based on Period98 (Copyright 1996-1983 by Martin Sperl).

Export AAVSO format

To upload your finished results to the AAVSO (American Association of Variable Star Obseners), the data needs to be in
the official AAVSO extended format. When in this format, the data can by uploaded via the WebObs Batch Upload Tool.

For detail information concerning this format and uploading data see: Official AAVSO Extended Format

Under the file pull down menu, you have the option to convert the SSP4Datag2 data file "variableName.var" to the
AAVSO format by selecting Export AAVSO format.
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ﬁ Export data in AAVS0 extended format EJ@[E

”G HEF: | variahble name

66168 | comparison name

[PGD | AAVSO observatary code
||na | chart name

14D [“JHJD Julian date type

| Make AAYSO Data

Enter the variable star name, the comparison star name, your obsening code supplied by the AAVSO, and the AAVSO
chart if used in the text boxes shown in the popup window. By default, the file name stripped of the var type is used for the
variable star name. If this is what is intended for the appropriate AAVSO file name, the correct variable star name can be
typed in the text box. Since the comparison star, observatory code and chart name information is not contained in the
variableName.var file, these items have to be entered manually. Once entered, the observatory code is saved to the
PPparms.txt file and entered automatically next time..

The export routine writes six parameter items at the head of the export file per AAVSO Extended format specification.
These are:

#TYPE=EXTENDED ' specified by AAVSO

#OBSCODE= ' observer identifier supplied by AAVSO

#SOFTWARE=SSPDATAQ3 VX.XX ' version X.XX entered automatically current with SSPDataqg3
program

#DELIM=, ' the comma is most often used to delimit fields in the
record

#DATE=JD or JHD ' 2451545 is added to the J2000 epoch day used in the VAR
file

#OBSTYPE=PEP ' Photo-Electric Photometry

G HER,2456525.6200,6.799,0.004,J,YES,STD,BS6168,na,na,na,na,l,na,na
G HER,2456525.6200,5.125,0.002,H,YES, STD,BS6168,na,na,na,na,1l,na,na

The sample file sample Standard g HER JH.txt is anexample of this format.
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Troubleshooting

IREX.txt

During the reduction process, certain intermediate results are written to a temporary file called TREx . txt. The file is
owverwritten each time a reduction program module is run and no backups are made. If your reduced data looks funny, you
may want to examine the file for clues about why.

If contacting tech support, it would be a good idea if you submit the IREXtxt file or files along with a statement of the
problem.

The contents of the file have no importance to the reduction process and are for diagnostic use only.

Common Problems
The number one problem for all programs like this is "if S..T goes in then S..T comes out". Good raw data is a must.

Errors in the raw files can jam the reduction process. These errors may be corrected using Notepad or similar text editing
program. Be careful to align all the columns the same and do not enter any control or other unprintable ASCII character.

A good understanding of the photometry reduction process is necessary. The book Astronomical Photometry by Henden
and Kaitchuck is a must have. Another good book on the topic is Photoelectric Photometry of Variable Stars by Hall and
Genet. These books and others are available from Optec, Inc. Organizations such as the AAVSO or the The Society for

Astronomical Sciences also have important information concerning photometry. For additional information and resources
about photometry go to Optec's Astronomical Photometry Resources page.

File Length Problem

The filedialog command in Liberty Basic V4.03 has a bug that limits the length of a file name with path to 127 characters.
If this length is exceeded the program will crash. The error code is shown bellow:

W x|

L] Funkime Errar: The parameter is incorrect, {05 errar 16r57 3
[} (see error.log For more information)

There is no solution at this time except to limit the file name length to 127 characters. New versions of Liberty Basic may
solve this problem when they are released.
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Resources

The SSP-4 was deweloped with a grant from the AAVSO in 2002. Below is a random list of resources that can be used to
further your understanding of the instrument.

AAVSO web page describing their Infrared obsening program:

http//www.aavso.org/infrared-photoelectric-photometry-program

Doug West was the key player in getting Optec, Inc. and the AAVSO together in the development of the SSP-4. His web
site describing his applications with an estimate of the precision of the instrument can be found at:

http//www.bellatrixobservatory.org/cvaal/28/

Jeff Hopkins is an active and accomplished observer who has used the SSP-4 in several obsening programs . His web
site is full of usefull information:

http//www.hposoft.com/astro/IR.html

Arne Henden now Director of the AAVSO wrote a very comprehensive paper titled JHK Standards for Small Telescopes. A
listing of Standard Stars for V, J, H, L, and K magnitudes is included. The link below to the SAO/NASA Astrophysics
Data System has the full text copy:

http//articles.adsabs.harvard.edu/ful/2002JAVSO..31...11H/0000011.000.html

A pdf copy of this paper is on the install CD.

Other interesting links:
http//arxiv.org/ftp/arxiv/papers/0805/0805.3739.pdf
http//www.aavso.org/files/publications/staff pubs/templeton ir aas.pdf

https//docs.google.com/viewer?a=v&q=cache:hg-pgP29YkYJ:hastingswireless.homeip.net/redmine/attachments/do
wnload/9/SSP-4Docs.pdft+ssp-4+photometer+optec&hl=en&gl=us&pid=bl&srcid=ADGEESinJw4V3kB IeHytcn
sEhwGHgN OkgjnXzexrPmqLdbT77 A4reHpzZIdHOCSsHurazOkLbICQR9-7Nb5nt6 Xv2c4rDmSQoGEgHe VW 6v
5pSHZBmJdnrAHGOmMXZvXtgoyvy7eTCY gdg&sig=AHIEtbQ2S35NFfVFQs9zE8K quO_yoTJqQ
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