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Barnard’s Star

m Location: Ophiuchus

m Coordinates: 1757m48.5 +4°41'36"(12000)
m Apparent Magnitude: V = 9.54 (variable)

m Spectral Class: M5V (red dwarf)

m Proper Motion: 10.3377/7/ arc-seconds/year
m Parallax: 0.5454 arc-seconds

m Distance: 5.980+0.003 light-years

m Radial Velocity: —110.6 km/second

m Rotation Period: 130.4 days
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Astrometry with CCDs

m Requirements:
— An image showing the object to be measured.
— At least three reference stars in the image.
— An astrometric catalog of reference stars (UCAC2).
— Approximate coordinates for the image.
— Software written for doing astrometry.

m Data also needed:
— Observer’s latitude, longitude, and time zone.
— The dates and times images were made.



Celestial Sphere Plane Tangent

to Celestial Sphere



(a,0) —> (X))

m \When you shoot an image, you're mapping the
celestial spherical onto a plane surface.

m This occurs for all the stars in the image, both
the target stars and the reference stars.

m The standard (X, Y) coordinates of a star at
(a,0) for an image centered on (a,,0,) are:

X = (coso sin(a-a,))/d
Y = (sin0, cosO cos(a-d,)- cosQ, sind)/d

where d = coso, cosd cos(a-a,)+sind, Sinod.



Standard Coordinates

l+Y
(0,0)
@,
-X (0,0) +X
R

This represents a plane tangent to the sky.

Each star at some («,0) has standard coordinates (X Y).




Celestial Sphere Plane Tangent

to Celestial Sphere



CCD Image

This represents an image captured by a CCD camera.
Each star in the image has a location (x, y).



The CCD Image

m Known properties of the image:
— Approximate center coordinates: (d,,0g)-
— Approximate focal length of telescope = £

m Unknown properties of the image:
— Offset distance in x axis: X e

— Offset distance in yaxis: Vet
— Rotation relative to north-at-top = p.



Standard Coordinates "

ccD lmage

e image is offset, rotated, and scaled
with respect to standard coordinates.



Reference stars

m Astrometric catalogs are lists of stars with
accurately measured (a,0) coordinates.

— Guide Star Catalog (GSC)
— USNO A2.0
— UCAC2 or UCAC3

m Astrometric catalogs often list mi/lions of stars.

m We use the reference stars in the image to link
image coordinates to standard coordinates.

® A minimum of three reference stars are needed.



aadard LOPTS

By offsetting, rotating, and scaling standard coordinates, we
can link each reference star with its counterpart in the image.



What do we know?

m We know:
— Three or more reference stars in the image.
— Approximate coordinates of image center (a,,0,).
— For each reference star, its (a,0) coordinates.
— For each reference, its standard coordinates (X, Y).

— For each reference, we measure (x, y) from the
Image.

— For target object(s), we measure (., ) coordinates.

= We want:
— The (a,0) coordinates of the target object.




(X)) = (X))

m [0 offset, rotate, and scale coordinates:
— X = xcosp/F+ ysinp/F + Xoffset/F
— Y = xsinp/F+ ycosp/F + Vygeer | F

m But we do not know p, £, or the offsets.
m However, for each reference star, we know:

— (X, ¥) standard coordinates, and
— (X, ) image coordinates.



Linking the Coordinates

m Suppose we have three reference stars.

m For each star, we know (x, ) and (X )).
- Xi=axy+tbyyt+cand Yi=adq+ady+ 71
- X=axt+tbpr+tcand V,=d6c+dy+ 17
- X;=ax+bp+cand Vs=ax+dads+r.

m Three equations, three unknowns — solvable.

m In the X axis, we solve for a, b, and ¢

m In the Y axis, we solve for d, ¢ and /.




Computing Target Coordinates

m From reference stars, we find g, b, ¢, d, e, and 1.
m The standard coordinates of the target are:

B )(target = aXtarget + bytarget T C, and

B ytarget = charget + eytarget + f
m Given (X Y) for the target, it's (q,0) is:

— 0 = arcsin((sind,+ Yc0sd,)/(N1+X 2+ Y2)), and

— d = dy + arctan(X/(coso,+ Ysind,)).

m Ta-da!



Parallax: Mission Iriizessihle Difficult

m Goals:
— Repeatedly measure o and 6 for a year.
— Attain accuracy ~1% the expected parallax.
— Reduce and analyze the measurements.

m Problems to overcome:
— Differential refraction displacing stars.
— Instrumental effects of all kinds.
— Under- and over-exposure effects.
— Errors and proper motion in reference stars.




Shooting Images

When to shoot

— If possible, near the meridian.

— If possible, on nights with good seeing.

— If possible, once a week, more often when star 90° from Sun.
Filters

— To minimize differential refraction, use V or R.
Reference stars

— Select reference stars with low proper motion.
— Set exposure time for high signal-to-noise ratio.
Target star

— Do not allow image to reach saturation.

How many images?

— Shoot as many as practical to shoot and reduce.



Extracting Coordinates

m In AIP4Win, semi-automated process
— Observer must exercise oversight.
— Check/verify all ingoing parameters.
— Select an optimum set of reference stars.
— Supervise extraction and processing.
— Inspect reported data.
— Check discrepancies and anomalies.
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GEetting started:..

Image Display Control

ia! [2] BarnStar-001¥40s.fit

L & : e

]

¥ Magnitude Measurement Tool v2.3.24

Werify your perzonal obzerver information___



Observer Properties...

OBSERYER = BYY LYONS MMTOD
Obzereer |0 Code

Lyong, OR Obzerver geographic location

72 3634 44 Obzerver's longitude P 12 -1ve]

+44 47 273 Ubzerver's latitude [5 15 -ive)

T * | Time £one used in FITS header

| 0.0 Clock Correction as true-log [zecs]




Instrument Properties...

INSTRUMENTS = BYY LYONS MMTI
I'-.l'll:::':::E r._ J F. :D |:| El El T E'IE': cope |: |: |:| |: dmera
#-asis Piel Count

200 Telescope Aperture [mm]

prp— _ _ : *f-axiz Fizel Count
20.0% Central Obzcuration [Percent] e

| 311.0 Faocal Length [mm] He-ariz Pisel Size [mm]

-amiz Pisel Size [mm]

] Mumber of Filkers

1.300 Gain [electrons/adu]

CVEBYHI List of Filkers —
| 10.500 R.0. Noize [electrons mnz]

0.007 Drark. Current [electrons/pieel/sec]




Image Selection...

SELECT IMAGES. ..

s Dizk Files i~ On-Screen Images

Select DISK FILES_ ..

B arnStar-001% 20 fit
Select Dizk Files B arnStar-00A0 204 f
B arnstar-0
B arnStar-00:
[T Calibrate fles when opening BarnStar-005
B arnStar-006
B arnStar-O
Fick an Image for Star Selection B arnStar-0
B arnS5tar-009 20 fit
B arnStar-01 W20 fit
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Observer T [nztruments T |mages

T Aperture T

APERTURE = Default ¥alues

E16E.0
B0 Aperture
3.0 | Inner Annulus
15.0  Duter &nnulus =¥
20,0 Zero Paint
10.563 +0.003 250 207
Recall... | Sawve az... | Clear |

Starz T

T Execute

Aperture = 6.0
{* Prafile

9.0 > Annuluz > 15.0
(" Curve af Growth (" SMHR

LB i

Optimize the photometry zettings. .




7! [1] BarnStar-001¥20s.fit [_ =]

»
. - ; ! -

Select the, _ta__rgj ét 6bjé'cfﬁ.'.

-
* - g -

Aperture

STAR DATA = BARNSTAR UCAC?Z (11 BEF STARS).STAR

Target = ariabl

Star 1 of 11 Edit Tols

j [ R 7 57 51 95 [~ Enable Star Editing
j Fiter 1 of 4 = | ooo0 | =] oooo add | [Deie| | son |

Starz Selected = 1




/) [1] BarnStar-001¥20s.fit I =]

Select the. feference stars... ’ 5

=¥ Magnitude Measurement Tool ¥2.3.24

Star 11 af 11
j | C11 | F11 17674528 +14 47118 ; Star Editing
j Filter 1 of 4 | [0.000 | 0.000

Stars Selected = 12



Image Display Control
1age Lispay i) [7] BarnStar-006¥20s.fit

[ it |

User Bl it

I 18.952 l-238.8??

Execute

Guide star shift: 0.04, -0.61 Delta mag: 0.051



@) Astronomical Image Processing for Windows - Licensed to Richard Berry

File Edit Wiew Uklities Calibrate Measure Enhance Transform  Color  Mulb-Image  Preferences  Window  Help

s | L | i B (| 2252 |

Current Active Image
ﬁ[1] Barnard's Star [2DDEI-D?-2eﬂ

Dizplay I Defaults | Imager |

f#) AIP Datalog

Save toFile  Clear Log

ATPANin 2. 3. 20 Mammitude Measurement Tool

Lstrometric Coordinates in Text Format

Seg#rfulian Day:Focal[nwm]:PA[d.d]:Ra[d.d]:Dec[d.d]Parns;DCrns ;Ra[hhonss. 55 ] ;DEC[ddunss. 5] rFileNane
000;2455249.050544;910, 5965175, 95581 :1105.076; 754, 793269, 449947 : 4, 722495;0.143;0.129;17 57 47.99;+04 43 Z1.0;Barnitar-001v40s.fit
001:2455249,051771;910,6030;175.9753,1108. 661754, 430269, 4400444, 7225258;0.191;0.120;17 57 47.99;4+04 43 21.1:;Barnitar-002¥40s. £it
00z;2455249,052995;910.6550;175.9717;1105.461 ;754,861 ;269,449952;4,722513;0.1589;0.1534;17 57 47.99;+04 43 Z1.0;Barnitar-003V40s.fit
003:2455249, 054213911, 1095175, 99661108, 550755, 446269, 4400444, 722497 :0.193;0.124;17 57 47.99;+04 43 21.0;Barnitar-004¥a0s. £it
004;2455249,055451;911.0357;175.9587;1105.214;756.093; 269, 4499554, 722526;0.135;0.085;17 57 47.99;+04 43 Z1.1:;Barnitar-005vV40s.fit
005:2455249, 056678910, 8073, 175.9798,1107. 991 755,015,269, 440045 4, 722510;:0.150;0.194;17 57 47.99;+04 43 21.0;Barnitar-006¥40s. £it
006;2455249.057694;911.0055;175.9534;1105.114;754,7585; 269, 4499654, 7225330, 229;0.195;17 57 47.99;+04 43 Z1.1:;Barnitar-007v40s.fit
007 :2455249, 059120910, 8345 176.0042;,1107. 833754, 798,269, 440037 4, 722501 :0.095;0.135;17 57 47.98;+04 43 21.0;Barnitar-005¥40s. £it
005;2455249.060336;911.3006;175.9977;1107.555; 753, 962269, 4499544, 722527;0.140;0.119;17 57 47.99;+04 43 Z1.1;Barnitar-009vV40s.fit
009:2455249,061574;910, 9462 176.0037 1108, 264; 754, 841269, 4400644, 722507 0.121 ;0. 12317 57 47.99;+04 43 21.0;Barnitar-010¥4a0s. £it
010;2455249. 062801 ;911.08583;175.9922;1105.296;754,916; 269, 4499444, 722504;0.224;0.129;17 57 47.99;+04 43 21.0;Barnitar-011v40s.fit

Uzer Black w'hite ————
| 0.0 | 255.0
LI (L (I
+_B| Change
L0 ) —r—

-B I <-Slow Fast-»

Auto indh ax
Default B Mo

[~ Dizplay Image as Negative

Auto

Giarnma Zoom 011:2455249,064025:911.0002;175.9862:1108.570;:754.815;269. 4499564, 722522:0.238:0.078:17 57 47.99:+04 43 21.1:BarnStar-012v40s.fit

| 1.00 [E00x 012;2455249, 065255;910,9324; 175, 96961108, 494; 755, 032; 269, 4499774, 7224684;0.158;0.316;17 57 47.99;+04 43 20.9;Barnitar-013v40s. fit
N N R 013;2455249, 066481910, 9808;175. 99031108, 495755, 556 269, 449960 4. 722528:0. 216:0.259:17 57 47.99:4+04 43 21.1:BarnStar-014V40s. fit
014;2455249.067706;911.3478;176.0156;1109. 037;755. 180269, 4499454, 7225000, 241;0.165;17 57 47.99;+04 43 21.0:BarnStar-015V40s.fit

et Pie] 0152455249, 068935910, 5734; 175, 98561108, 984; 754, 785 269, 449945 4, 722515:0.145:0.159:17 57 47.99:4+04 43 21.1:BarnStar-016V40s. fit
" » - 016;2455249.070150;910.6105;176.0106;1109.112;754. 831269, 4499354, 722539;0.130;0.079;17 57 47.98;+04 43 21.1:BarnStar-017v40s.fit

- - o 017:2455249,071377:910.9298;175.9992:1109, 331754, 735 269, 449931 : 4. 722565:0.223:0.119:17 57 47.98:4+04 43 21.Z:BarnStar-018V40s. fit

0168;2455249. 072604911, 0697 ;175.9907 1109, 513;753.353; 2659, 449945 ;4. 7225030, 130020617 57 47.99:+04 43 21.0;Barnitar-019v40s. fitc
019:2455249, 073819911, 0027 175.9981 1109, 025,754, 455260, 4490184, 722552,:0.161 0,126,217 57 47.983:+04 43 Z1.Z:Barnitar-020V40z.fit

36.0 63.0

Magnitude Measuren
Observer I Instrume

=) Check then save the astrometry report...
I Lyonz, OR
I 122 36 34.44
| +44 47 273

I a7 j Time Zone uzed in FITS header

620

I 0. Clock, Corection as true-log [zecs]

Recall... | Saveas...l Clear |

Yerify pour personal observer information....



Examination

m Copy data to Excel (or other spreadsheet)
— Importing is easy when text data is delimited.
— Check the “canaries”: focal length, position angle.
— Check the residuals in o and 6.
— Compute (a,0) mean and standard deviation.
— Plot individual and mean positions.

m Long term
— Plot the individual and mean positions for all nights.
— Apply lessons learned to future observations.



Importing a text file...

as dekermined that wvour data is Fix
If this is correct, choose Mext, or choose the data bype that |:u:'_|: describes wour data,
iJriginal data type
Choose the file bype that best describes wour data:
(¢ Delimited - Characters such as commas or tabs separate each Field.
{ " Fixed width - Fields are aligned in columns with spaces between each Field.

Skart impatk ak raw. | 3 File: arigin:

e . 3. 24 II:u.m:LTu-.l-- IIeas
Sogqff;Julian Dav:Focal [mm] ;
jnD;E4ff*49_ﬂ433;l,l4TL

9_051157;:1474.




Astrometry data imported into Excel...

k1 Microsoft Excel - BS Astrometry log.xls

\E_] File Edit Wiew Insert Format Tools Data  window Help  Adobe PDF Type a question forhelp = _ & X
NEHS SR ¥l 4B B A1 R R N R N AN Rl -ef arial -0 -|B I U § 9y 9 0 .00 -&-A-B & Snaglt [ | Window | 11%5
015 - e
A B | = [ i] | E | F | [ H [ | J [ [ | L M [ N o [ r [ o [ T

2 |Astrometric Coordinates in Text Format
3 |Seq# Julian Day Focal[mm] PA[d.d] Farget Yarget RA(decimal) DECidecimal) Rarms DECtms RAfhhmmss) DECiddmmss) Filenarne
4 1} 2455249.05 NM0.7577 176.0292 1108.009 75587 269.44993 4.722512 0.206 0.286 17 57 47.95 +14 43 21.0 BarnStar-001%20s.fit
4 | 1 2455249.051 910.6914 1759878 1108.448 754582 269.449976 4722493 0.129 0.413 /17 57 47.99 +H14 43 21.0 BarnStar-002%20s fit
B 2 2455249.052 910.9029 175.970 1108.29 754.921 269.449963 4.722505 0.165 0.355 17 57 47.99 +14 43 21.0 BarnStar-00320s.fit
7 3 2455249.054 911.4508 1756.573 1108.361 754.588 269.449995 472247 0.25 0.18317 57 48.00 +14 43208 BarnStar-004%20s.fit
8] 4 2455249.055 911.7439 175.9687 1108.577 756.159 269.449939 4722552 0.189 0.229/17 57 47.99 14 4321.2 BarnStar-005%20s.fit
9] g 2455249.056 10,6556 175.9618 1108.565 785.241 269449907 4.722545 0.27 0.298 17 57 47.95 +14 4321.2 BarnStar-006%20s.fit
10 5} 2455249.057 910.8012 175.9552 1108.531 7a4.767 269.449983 4.722468 0.25 0.244 17 57 48.00 +14 43208 BarnStar-00720s.fit
1 7 2455249.059 210.5651 176.0015 1108.018 754.967 259.449923 4722513 0.24 0.178/17 57 47.95 +14 43 21.0 BarnStar-008%20s.fit
2] g 2455249.06 10,4365 175.9702 1108.287 784.621 269.449975 4722577 0145 0.257 17 57 47.99 +14 43 21.3 BarnStar-009%20s.fit
13 9 2455249 061 910 6304 175 9787 1107618 754792 269 44998 4.722485 018 012417 57 48.00 +14 43209 BarnStar-010%20s fit
14 10 2455249.062 10,7607 175.9954 1108.215 785.205 259.449944 472257 0.219 0.2/17 57 47.99 +14 43 21.3 BarnStar-01120s.fit
15 11 2455249.063 911.651 175.9898 1107.924 755.604 269.449995 4722475 0.313 0.352/17 57 48.00 +14 43 20.9 BarnStar-01 220 fit
1B | 12 2455249 065 911.4264 176.0058 1108.208 THA.577 26944995 4722543 0.151 0.153 |17 57 47.99 +H14 43 21.2 BarnStar-013W20s fit
7] 13 2455249.066 910.7596 176.0108 1108.338 755.44 279.449953 4722517 0.202 0.123/17 57 47.99 14 43 21.1 BarnStar-014v20s.fit
18] 14 2455249.067 9127834 176.0043 1108.74 785,447 269449927 4722473 0.389 0.414 17 57 47.958 +14 43208 BarnStar-015%20s.fit
19 15 2455249.063 911.2181 176.0083 1108.578 755,38 269.449933 4722524 0.185 0.291/17 57 47.99 H14 43 21.1 BarnStar-016%20s.fit
20 16 2455249.07 910.3985 175.9885 1109.107 785.217 269.449974 4.722502 0.263 0.23 17 57 47.99 +14 43 21.0 BarnStar-017v20s.fit
2 17 2455249.071 910.7937 176.0167 1109.085 754.485 269.449948 4.722502 0232 0.197 17 57 47.99 +14 43 21.0 BarnStar-0184%20s.fit
22 18 2455249.072 210.0056 175.9565 1109.656 754.628 289.450003 4722472 0.364 0.233/17 57 48.00 +14 43208 BarnStar-019%20s.fit
23 19 2455249.073 910.2935 175.9888 1109.667 7a4.114 269.449955 472254 0.164 0.154 17 57 47.99 14 43211 BarnStar-020%20s.fit
24| 2694499585 47225119
25 0.627392588  0.020966727 2.75093E-05 3.3812E05 0089730609 0.087633807
2B 0.099035305 0121723269
27 |AIPAWIn w2 320 Magnitude Measurement Taal
28 |Astrametric Coordinates in Text Format
28 |Seq# Julian Day Focal[mm] PA[d.d] Ftarget Yiarget RA(decimal) DEC{decimal) Rarms DECrms RAfhhmmss) DECi{ddmmss) Filename
30| ul 2455249051 910.5968 175.9881 1108.076 754793 269.449947 4722498 0.143 0.129/17 57 47.99 H14 43 21.0 BarnStar-001A40s fit
3 1 2455249.052 910.603 175.9753 1108.661 754.43 269.449944 4.722528 IR E] 0.12 17 57 47.99 +14 43211 BarnStar-002%40s.fit
32 2 2455249.053 910.655 1759717 1108.461 754.861 269.449952 4.722513 0.189 0.134 17 57 47.99 +14 43 21.0 BarnStar-00340s.fit
33 3 2455249.054 9111095 175.9966 1108.58 755,446 269.449944 4.722497 0193 012417 57 47.99 14 43 21.0 BarnStar-004'40s.fit
34 4 2455249.055 911.0357 175.9587 1108.214 756.093 269.449953 4.722526 0135 0.088/17 57 47.99 14 43211 BarnStar-005%40s. fit
35 i 2455249.057 910.8973 175.9798 1107.991 755.015 269.449948 472251 0.15 0.194 17 57 47.99 +14 43 21.0 BarnStar-006%40s. fit
36| [5] 2455249.055 911.0055 175.9834 1108.114 754.785 269.449965 4.722533 0.229 0.195/17 57 47.99 +14 43 21.1 BarnStar-00740s.fit
37 7 2455249.059 910.8345 176.0042 1107.833 754.798 269449937 4.722501 0.025 013517 57 47.98 +14 43 21.0 BarnStar-008%40s.fit
38 8 2455249 06 911.3006 1759977 1107 555 753.962 269.449954 4722507 014 011917 57 47.99 04 43 21.1 BarnStar-009%40s fit
38 9 2455249.062 910.9452 176.0037 1108.264 754.841 209.449964 4.722507 0.121 0.123/17 57 47.99 +14 43 21.0 BarnStar-010%40s.fit
A0 10 2455249.063 911.0883 175.9922 1108.296 754.916 269.449944 4.722504 0.224 012917 57 47.99 +14 43 21.0 BarnStar-011%40s.fit
A1 11 2455249 064 911.0002 1759862 1108.57 754815 269.449956 4722522 0.238 0.0768/17 57 47.99 +H14 43 21.1 BarnStar-012%40s fit
42 12 2455249.065 9109324 175.9690 1108.494 755.032 2069.449977 4.722484 0.155 0.316/17 57 47.99 +14 43209 BarnStar-013v40s.fit
43 13 2455249.066 910.9303 175.9903 1108.495 755.556 26944996 4.722528 0.216 0.253/17 57 47.99 +14 43 21.1 BarnStar-01 440 fit
44| 14 2455249 068 911.3478 176.0156 1109.037 755.18 269.449945 47225 020 0.165 |17 57 47.99 H14 43 21.0 BarnStar-015%40s fit
45 15 2455249.069 10,5734 175.9856 1108.984 784.785 269.449945 4722515 0.145 0.159 /17 57 47.99 +14 43211 BarnStar-016%40s.fit
4B 16 2455249.07 910.8105 176.0108 1109.112 754.831 269.449935 4.722539 0.13 0.079/17 57 47.95 +14 43 21.1 BarnStar-01 7440 fit
47| 17 2455249.071 910.9298 1759992 1109.331 THA.735 269.449931 4722565 0223 0.119/17 57 47.98 14 43 21.2 BarnStar-018V40s fit
48 18 2455249.073 911.0697 175.9907 1109.513 763.353 269.449945 4.722503 0.13 0.206 17 57 47.99 +14 43 21.0 BarnStar-019%40s.fit
49 19 2455249.074 911.0027 1759951 1109.025 754,455 269.449315 4.722552 0.161 012617 57 47.958 +14 43 21.2 BarnStar-020%40s.fit
50| 269.44599434 47225176
51 0.213137535  0.014251584 1.30072E-05 2.0051E-05 0044433747 0.059415818
52| 0.046825863 0.072183555

58 =
W 4 » W[\ Chart-Proper Mation 4 Combined Astrometry # BS2009-06-27 # BS 2009-07-16 4 BS2009-07-17 4 B52009-09-25 4 B52009-10-06 f BS2009-10-24 4 BS2009-11-01 4 BS2009-11-24 £ BS 2010-02-13 3BS 2010-02-20 |4l | L[JJ
Ready UM



Tools  Data windoyy Relp ~Adobe PLE
& |53 F| 9 - 2 = -5 &1l 4 100 - @ 2 Al -10 - B I U
- Check th i
Format ec e Ca na les LL
Focal[mm] PA[. d] *target ‘ftarget RAdecimal) DECidecimal)

24552249 05 9107577 176.0292 1105.003 75557 269 44993 4722512

455249 051 5910.6914 175.95875 1105.448 754,552 2684495976 4722493

455245 052 510.9029 175.9701 1103.25 7549 2654435673 4 722505

455245 054 911.4505 175,973 1105.361 /54 5585 265, 443596 472247

455249 055 911.7439 1759687 11058.577 756,159 269449939 LS Y

55249 056 5910.6556 175.9618 1105.565 755241 268.443507 4722545

455245 057 210.6012 1759552 1105.531 754767 265443553 4722465

455245 055 910.5651 176.0015 1105.018 754 967 2654435205 4722513

24552249 06 910 4365 1759702 11058.287 754 B 269449978 4 TL2RTT

455249 061 8910.6304 1759787 1107 .618 754,792 259 44995 4722485

455245 0652 210.7607 1759954 11058.215 755205 265.4435944 472257
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455245 065 911.2181 176.0053 11058.578 /55.38 265, 443535 4722524

2455249 .07 910.3935 17598385 1109107 755 217 2659449974 4 722502

455249 071 8910.7937 176.0167 1109.085 754,485 265.449945 4722502

455245 072 210.0056 175.9565 1109 656 754 525 265450005 472247

4552459 073 910.25935 175.9555 1109 667 754,114 265443555 472254
259 4499585 4 7225119

0.627392568  0.020966727 2. 75095E-05 3.3812E-05

0.023035305 01217253269

isUrement Toal

Format

Facal[mm] FA[d.d] #target target RAldecimal) DEC{decimal)
455245 051 910.55965 1759551 11058.076 754793 265.4435947 4722495
455245 052 210.603 175.9753 1105661 75443 265.443544 4 722528
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Proper Motion and Trigonometric Parallax of Barnard's Star
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The Next Steps...

m Model based on five parameters:
— Initial RA (J 2000.0)
— Initial DEC (J 2000.0)
— PM in RA
— PM in DEC
— Parallax
— These known from Hipparcos Mission

m Compute parameters from observations
— Solve matrix of observed (RA,DEC).
— Least-squares method for best fit to observations.



Computing a star’s position...

Onow = 032000.0 T Opm(Ynow—2000) + 7P,
Onow = 912000.0 T Opm(Yrow—2000) + 7P;

m (o, 0).,y = CUrrent coordinates

m (0, 0)35000.0 = Coordinates in J2000.0
® opy = annual proper motion in RA

m dpy = annual proper motion in Dec

m © = parallax of the star

m P_= parallax factor in a for time Y.,

(04

m P, = parallax factor in  for time Y.,
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Setup [J2000.0 = JDE 2451545.0]
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Trig Parallax [']:
Pbd in R ["40]:

Pk in De

Observed positions...
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. Trigonometric Parallax and Proper Motion

Setup [J2000.0 = JDE 2451545.0]

Initial D e
Trig Parallax [']:
Pbd in R ["40]:

Pk in De

2005-06-01
10

rrr-M-D D 20031

Graph Properties
Center B [d]:

Center Dec [d]

Size [d]:




. Trigonometric Parallax and Proper Motion

Setup [J2000.0 =.JDE 2451545.0]

Imitial Dec [deg]:
Trig Parallax [*
P in R

Pk in Dec

Time Span

2010-06-m

Parallax only...




. Trigonometric Parallax and Proper Motion

Setup [J2000.0 = JDE 2451545.0]

Initial R [deal:

S Proper motion only...

P in B

Pk in Dec

Time Span

20039-08-01

2010-06-0




. Trigonometric Parallax and Proper Motion
Setup [J2000.0 = JDE 2451545.0
Initial R [deal:
Initial D'ec [deg):
Trig Parallax [*
Phd in Ré

Pk in Dec

Time Span

Motion over 3 years...




. Trigonometric Parallax and Proper Motion
Setup [J2000.0 = JDE 2451545.0
Initial R [deal:
Initial D'ec [deg):
Trig Parallax [*
Phd in Ré

Pk in Dec

Time Span

Theory with qjoservations!




Small-Telescope Astrometry

m With a focal length ~1,000mm.

m Ordinary CCD with 6.4 micron pixels.

m Selected set of reference stars.

m Observation with multiple images.

m Using optimized exposure time.

m Routinely achieves 0.020 arcsecond accuracy.
m Sometimes achieves 0.010 arcsecond accuracy.



Resources







Pushing Astrometry
to the Limit

Thank You!

Richard Berry
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