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ABSTRACT 

This paper presents the astrometry and orbit calculations for the dwarf planet 134340 
Pluto (MPC packed designation D4340) based on data taken at Hunters Hill Observatory 
(MPC/IAU Observatory code E14) between 10 March 2007 and 10 April 2007.  The 
result is compared to the data returned by the Minor Planet Centres Ephemeris service 
[1] and discusses in detail all components of the targets orbital elements.  Additional 
discussion is provided on the current status of the Kuiper Belt. 

ABOUT PLUTO  

Pluto, newly classified as a Dwarf Planet by the IAU in 2006, was discovered by Clyde 
Tomaugh on photographic plates taken at Lowell Observatory located in Flagstaff, Az, USA on 23 
January 1930.  Tombaugh used ÔÈÅ ρσȱ !ÂÂÏÔÔ ,Á×ÒÅÎÃÅ ,Ï×ÅÌÌ 4ÅÌÅÓÃÏÐÅ (figure 1) in a 
programme designed specifically to search for a distant planet under the directorship of Dr V. M. 
Slipher, the director of Lowell Observatory at that time. 

 
Figure 1 :  4ÈÅ ρσȱ !ÂÂÏÔÔ ,Á×ÒÅÎÃÅ ,Ï×ÅÌÌ ÔÅÌÅÓÃÏÐÅ ÕÓÅÄ ÂÙ #ÌÙÄÅ 4ÏÍÂÁÕÇÈȢ   

Image Credit: Lowell Observatory 
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Pluto is a small solar system object of some 2300 km diameter with 3 moons - Charon at 1175 
km, and 2 small possibly captured objects Nix and Hydra each between 45 and 160km in 
diameter.   Charon was first discovered by James Christy on 22 June 1978 based on bumps 
observed in the shape of Pluto on several photographic plates.  It was later confirmed through 
photometric/lightcurve analysis when the system orbital plain was calculated to cross our view 
with the eclipse events observed between 1985 and 1990. 

The 2 recently discovered moons of Pluto, Nix and Hydra, were first observed by Hal Weaver, 
!ÌÁÎ 3ÔÅÒÎ ÁÎÄ ÔÈÅÉÒ ÔÅÁÍ ÕÓÉÎÇ ÔÈÅ (ÕÂÂÌÅ ÓÐÁÃÅ ÔÅÌÅÓÃÏÐÅȭÓ !#3 ÃÁÍÅÒÁ ÏÎ ρυ -ÁÙ ςππυȢ  4ÈÅ 
Pluto system is located in the heart of the Kuiper belt [2] and it is also referred to/classified as a 
Trans Neptunian Objects.  An image of the system is provided at figure 2. 

 
Figure 2:  Hubble image revealing the new moons.   

Image Credit: NASA/ESA/JHU/APL/SwRI 

The Pluto system orbits the sun in a highly inclined and elliptical orbit that crosses across the 
orbit of Neptune.  Observations have shown that Pluto has an inclination of some 17 degrees to 
the ecliptic plain and a period of 248 years.  We also know that its orbit is in a 3:2 resonance with 
that orbit of Neptune such that Pluto and Neptune never approach closer then 17AU of each 
otÈÅÒȢ  ! ÐÌÏÔ ÏÆ 0ÌÕÔÏȭÓ ÏÒÂÉÔ ÁÇÁÉÎÓÔ ÔÈÅ ÍÅÁÎ ÍÏÔÉÏÎ ÏÆ .ÅÐÔÕÎÅ ÉÓ ÓÈÏ× ÁÔ ÆÉÇÕÒÅ σȢ 

 
Figure 3:  0ÌÕÔÏȭÓ ÏÒÂÉÔ ÐÌÏÔÔÅÄ ÁÇÁÉÎÓÔ ÔÈÅ ÍÅÁÎ ÍÏÔÉÏÎ ÏÆ .ÅÐÔÕÎÅ ÁÎÄ ÔÈÅ ÏÔÈÅÒ ÇÉÁÎÔ ÐÌÁÎÅÔÓ  

Image Credit: Bill Arnett, Nine Planets 



 HET609 

Page 3 

2000  

  

HUNTERS HILL OBSERVATORY 

Hunters Hill Observatory is fitted with a Meade 0.36m LX200GPS Schmidt Cassegrain Telescope 
(SCT) operating at between f/4  and f/10 depending on the target and camera in use.   
Observations performed at f/4 and f/5.6 are carried out through a Meade f/3.3 Focal Reducer 
(FR).  Imaging is performed by either an SBIG ST-8E CCD camera fitted with a Kodak KAF1602E 
CCD or an SBIG ST-9E CCD fitted with a Kodak KAF0261E CCD.  The ST-8E is fitted with an SBIG 
CFW-8 filter wheel fitted with Schuler BVRI filters meeting the specifications defined by Michael 
S Bessell. 

 
Figure 4:  Hunters Hill Observatory interior view 

The equipment is permanently setup in a roll top observatory constructed from a modified metal 
garden shed.  Telescope and Imaging control is via the observatory PC which is linked to the 
home LAN via CAT5 cable.  The PC operates under Windows 2000 Professional Operating System 
(Service Pack 4) and runs ACP4 version 4.2 written  by Bob Denny of DC3 [11].  ACP4 is the 
automation package that allows the observatory to run unattended all night.  It controls the 
telescope directly through a Serial interface and the camera via MaxIm DL/CCD version 4.5.   

The LX200GPS Telescope is fitted with a software controllable focusing unit and ACP provides 
auto focus via a 3rd party software called FocusMax.  Each image is automatically downloaded 
and plate solved via Pinpoint 4, also supplied by DC3.  The main telescope is guided via a 
piggybacked 0.1m Meade SCT (fitted with a Meade f/6.3 FR when the main scope is operating at 
f/4 or f/5.6)  and Starlight Xpress MX716 CCD camera. 

The telescope setup can deliver image resolutions as outlined in Table 1. 
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Table 1:  Image Resolution (binning 1x1) 

Camera Pixel Size f-ratio  Resolution 
ɉȰȾÐÉØÅÌɊ 

ST-8E ω Ø ω ʈÍ f/10  0.5 

ST-8E ω Ø ω ʈÍ f/4  1.32 

ST-9E ςπ Ø ςπ ʈÍ  f/5.6  2.00 

COLLECTING THE DATA 

The observatory is primarily involved in photometric measurement of Minor Planets in a search 
for Asynchronous Binaries.  When observing conditions are not suitable for this work the 
observatory is tasked to take AAVSO variable stars images and a SN search.  The observatory is 
also a member of the MicroFun team looking for Extra Solar planets via gravitational 
microlensing and will switch to those observations when high priority targets are identified in 
the galactic bulge observing season. 

The observatory is automated so adding Pluto as a target was as simple as adding it to the 
ÏÂÓÅÒÖÉÎÇ ÓÃÒÉÐÔ ×ÈÅÒÅ ÉÔȭÓ ÅÌÅÍÅÎÔÓ ×ÅÒÅ ÅØÔÒÁÃÔÅÄ ÆÒÏÍ ÔÈÅ -0#/2"ȢÄÁÔȟ ÐÏÓÉÔÉÏÎ ÃÁÌÃÕÌÁÔÅÄ 
and the telescope pointed.  Pluto is currently located in the Milky Way making it difficult at times 
to identify and measure.  The observatory took a series of images (1 per hour) on most clear 
nights while the target is above Air mass 2.  The images were calibrated by subtracting a library 
dark and dividing by a library flat as they were loaded into an application called Astrometrica [3].  
This application plate solves the images using any one of a selection of astrometric catalogues.  
The one chosen in this case was the UCAC2 catalogue as it has the highest accuracy astrometry 
(+/ - πȢπςȱ for stars magnitude 10 to 14 and +/- πȢπχȱ ÆÏÒ ÓÔÁÒÓ ÁÔ its photometric limit of 
magnitude 16) [8].  Other catalogues such as the newer USNO B1 were considered and although 
they contain far more stars than the UCAC2 catalogue (more than a billion compared to the 49 
ÍÉÌÌÉÏÎ ÉÎ 5#!#ςɊȟ ÔÈÅ ÁÓÔÒÏÍÅÔÒÉÃ ÅÒÒÏÒÓ ÁÒÅ ÁÌÓÏ ÈÉÇÈÅÒ ÁÔ πȢςȱ [8]. 

As Hunters Hill uses a focal reducer there is some field curvature in its images at f/4 so a cubic 
rather than linear solution was selected.  The astrometric position of each object in the field is 
measured and compared to the catalogue for the image EPOCH taking into account each objects 
ÐÒÏÐÅÒ ÍÏÔÉÏÎ ÁÎÄ ÒÅÓÕÌÔÅÄ ÉÎ Á ÆÉÔ ÅÒÒÏÒ ÏÆ ͯ πȢρȱ 2-3 ÉÎ 2! ÁÎÄ $%#Ȣ  4ÈÅ ÆÉÔ ÁÃÃÕÒÁÃÙ ÉÓ 
determined by the Gaussian PSF fit of each of the objects in the image which in turn is dependant 
on the sampling for each object based on its SNR and the Images resolution (see Figure 5).   

 
Figure 5:  Sample star image and Gaussian PSF curves.  Under sampled (left), Critical Sampled 

(middle) and Over sampled (right) 
Image Credit:  Herbert Raab [7] 
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Once the images have been solved they are then aligned to allow the user to blink them.  Blinking 
the images allows the user to detect moving objects.  Pluto was positively identified by running a 
known object overlay (a feature of the Astrometrica software) on top of the images.  This overlay 
ÅØÔÒÁÃÔÓ ÄÁÔÁ ÆÒÏÍ ÔÈÅ -0#ȭÓ -0#/2"ȢÄÁÔ ÆÉÌÅ ÁÎÄ ÐÌÏÔÓ ÔÈÅ ÔÁÒÇÅÔÓ ÐÏÓÉÔÉÏÎ ÏÎ ÔÈÅ ÉÍÁÇÅÓ ÂÁÓÅÄ 
on the images timestamp.  Once a target is selected, Astrometrica will automatically measure and 
display the astrometric position of the centre of the target object (Gaussian PSF fit) and output a 
position in MPC format (see Figure 6). 

 
Figure 6:  Astrometrica measuring window 
Image Credit: http://www.astrometrica.at/  

The data extracted by Astrometrica for Pluto from images taken during the observing period are 
shown in Table 2. 

Table 2:  Pluto Astrometric Observations (E14) 

Time  RA(J2000) Dec(J2000) Mag Band 

2007 03 10.67241  17 54 47.54 -16 29 31.2   14.4  R  

2007 03 10.77865  17 54 47.86  -16 29 30.5    14.4 R  

2007 03 13.66288  17 54 55.49 -16 29 09.6     14.6 R  

2007 03 13.75770  17 54 55.72 -16 29 09.0      14.5 R  

2007 04 08.67925  17 55 13.61  -16 25 54.3       13.6 R  

2007 04 09.63778  17 55 12.55  -16 25 47.4       13.5 R  

2007 04 10.80630  17 55 11.10  -16 25 39.0        13.8 R  


