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Table 1 Specifications of the telescope and CCD detector

Parameter Value
Approximate focal length 1330 cm
F-Ratio 13
Diameter of primary mirror 100 cm
CCD field of view 71 x 7.1
Size of pixel 13.5 pm X 13.5 pm
Size of CCD array 2048x2048 pixel
Approximate angular extent per pixel 0.209”
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Table 2 Distributions of observations
Ariel Umbriel Titania Oberon Miranda

Date Total No. Filter
No. No. No. No. No.
2016-11-20 21 21 21 21 21 21 I
2016-11-21 75 75 75 75 75 75 I
2016-11-22 7 7 7 7 7 10 I
2016-11-23 75 75 75 75 75 75 I
Total 248 248 248 248 248 181 I
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Fig.1 Images and intensity distributions of Miranda before (left) and after (right) halo removal
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Fig.2 Distributions of O — C residuals of Ariel, Umbriel, Titania, Oberon, and Miranda
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Table 3 Statistics of O — C residuals for five satellites

Object <O —C>ra/" SDgra/’ <O-C >prc/” SDprc/”

Ariel 0.027 0.013 —0.007 0.012
Umbriel 0.024 0.009 —0.003 0.012
Titania 0.021 0.008 0.020 0.011
Oberon 0.024 0.008 —0.001 0.012
Miranda 0.021 0.030 0.001 0.022
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Fig.3 Distribution of O — C residuals with respect to observational epochs for different orders
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Table 4 Statistics of O — C residuals for different orders

Orders <O —C >ra/” SDra /' <O-C >prc/’ SDprc/”

orderl 0.018 0.031 0.004 0.024
order2 0.023 0.030 —0.000 0.023
order3 0.021 0.030 0.001 0.022
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Table 5 Statistics of O — C residuals for different ephemerides

Object  Ephemeris < O —C >ga/’ SDra // <O-C >prc/’ SDoprc /”

JPL 0.027 0.013 —0.007 0.012

Ariel L15 0.030 0.020 —0.011 0.020
E13 0.021 0.017 —0.009 0.012

JPL 0.024 0.009 —0.003 0.012

Umbriel L15 0.023 0.011 —0.002 0.013
E13 0.020 0.013 0.018 0.012

JPL 0.021 0.008 0.020 0.011

Titania L15 0.019 0.008 0.004 0.010
E13 0.031 0.012 0.024 0.012

JPL 0.024 0.008 —0.001 0.012

Oberon L15 0.028 0.008 0.001 0.011
E13 0.027 0.008 0.007 0.012

JPL 0.021 0.030 0.001 0.022

Miranda L15 0.014 0.032 0.012 0.031
E13 0.020 0.044 —0.002 0.024

KOHH T BATHRIREI S5 2R 5 b L RSB0 Eds (1t A, I O — CFAME S bR
HEZEIARL A 7. AT B BRI S, ASCHORILRATE/NIO — CF AT /N
GREC AR OEAA AR YT L TR Al 5 At 27 28 R B 0 I e SR AT 4 Ao
LA, AHR X0 AT H 20 4 J5 e OR A5 22 TR 1) v ks R AR A B e AT &

5 258

A SO R T RS A 3 R L 248 CCD R G 34T T Ab BRI A7 B N 5 E
NoF R T LI 2 e A BE 45 B DL K SR Gaia DRIE R FIA A TR B R 148 LT T 907
E3N B A IZRIPL. E13FIL1SH, BRI 5, JPLS &AL &/ 515 I if.
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Table 6 Comparisons with other observations

Object Reference Image No. < O — C >gra/” SDra /' < O — C >prc/” SDprc /"

[4] 1754 —0.096 0.140 —0.006 0.153
8] 269 —0.030 0.090 0.000 0.130
Ariel
[7] 80 0.043 0.110 —0.074 0.110
This work 248 0.027 0.013 —0.007 0.012
[4] 1746 —0.090 0.146 —0.011 0.145
8] 389 —0.020 0.090 0.040 0.120
Umbriel
[7] 255 0.025 0.090 —0.069 0.110
This work 248 0.024 0.009 —0.003 0.012
[4] 1726 —0.088 0.151 —0.008 0.153
8] 673 —0.010 0.080 0.000 0.090
Titania
[7] 523 —0.009 0.030 —0.014 0.030
This work 248 0.021 0.008 0.020 0.011
[4] 1714 —0.088 0.164 —0.030 0.150
8] 835 —0.020 0.080 0.020 0.090
Oberon
[7] 578 —0.001 0.030 —0.019 0.040
This work 248 0.024 0.008 —0.001 0.012
[4] 1452 —0.080 0.156 0.006 0.161
8] 15 —0.080 0.100 0.310 0.090
Miranda
7 - - - - -
This work 181 0.021 0.030 0.001 0.022

KHIPLII AR 4 R R 58 BEKRLEKRG MO — CH-FHE A
1£0.027" (Ariel: 0.027”#1—0.007"; Umbriel: 0.024”#1—0.003"; Titania: 0.021”F10.020";
Oberon: 0.024”#1-0.001"; Miranda: 0.021”#10.001"). XJ T R4 B2 K, Az B il &
RS FE L 170.015" 5 X T MirandaK 5, K55 AT LLIA $0.0307. AT H)a R R T
BRI R A B AR T RS

Bogt O E RS RO DR B A T4 4 VR b1 I3 B RS
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Experimental CCD Positional Observations of the
Five Major Uranian Satellites

XIE Hua-jiao? PENG Qing-yu’? WANG Na!? MA Shuail*?
(1 Department of Computer Science, College of Information Science and Technology, Jinan
University, Guangzhou 510632)
(2 Sino-French Joint Laboratory for Astrometry, Dynamics and Space Science, Jinan University,
Guangzhou 510632)

AsstracTt Two hundred and forty-eight CCD frames, observed by using 1 m telescope
at Yunnan Observatories for four consecutive nights, have been reduced to derive the
precise positions of the five Uranian major satellites (Ariel, Umbriel, Titania, Oberon,
and Miranda). The positions of satellites are measured with respect to the stars in Gaia
DRI1 (Data Release 1), a newly published star catalogue. Then we make a comparison
between the observed and theoretical positions of the satellites. The theoretical posi-
tions of the satellites are retrieved from JPL (Jet Propulsion Laboratory) ephemeris
(while the position of Uranus is obtained from DE431). Our results show that the
mean values of (O — C) (observed values minus calculational values) do not exceed
0.027” in both right ascension and declination for the five satellites (Ariel: 0.027” and
—0.007"; Umbriel: 0.024” and —0.003"; Titania: 0.021” and 0.020”; Oberon: 0.024"
and —0.001”; Miranda: 0.021” and 0.001”). The dispersion in each direction is better
than 0.015” for the first four Uranian satellites, and 0.030” for Miranda.

Key words astrometry, techniques: image processing, planets and satellites: individ-
ual: Ariel, Umbriel, Titania, Oberon, Miranda
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