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Introduction 
In 1970, French astronomer Antoine Labeyrie pub-

lished a paper detailing a tool for the study of double 
stars. Labeyrie’s background in holography aided his 
understanding of atmospheric speckles, or as he called 
them, “the grainy structure observed when a laser beam 
is reflected from a diffusing surface” (Labeyrie 1970). 
He suggested exposing speckle-affected images of dou-
ble stars using a high-speed camera. This technique, 
known as speckle interferometry, allows astronomers to 
circumvent resolution limitations due to the 
“instantaneous image broadening ... or erratic displace-
ment of the image,” otherwise known as astronomical 
seeing (Vernin 1995). Based on the premise that 
“speckle-affected images contain more information on 
smaller features than long exposure images with a 
blurred speckle,” speckle interferometry captures many 
short exposure images of double stars to take full ad-
vantage of the aperture of the telescope (Labeyrie 
1970). 

Many new double stars were discovered by the Eu-
ropean Space Agency’s Hipparcos satellite, starting in 
August 1989. Hipparcos was the first space mission 
dedicated to “measuring positions, distances, motions, 
brightness, and colors of stars” (Erickson 2015). The 
satellite was named in honor of Greek astronomer Hip-
parchus and abbreviated from High Precision Parallax 
Collecting Satellite to Hipparcos (Watson 1997). Data 
collected by Hipparcos resulted in a star catalog consid-
ered to be “the most accurate database of stellar posi-
tions ever produced” (Schilling 2004).  

After achieving its goal as a pioneer for astrometric 
research, the Hipparcos observations were completed in 

March 1993. Michael Perryman, the project scientist 
and operations manager of the mission, offers insight 
on Hipparcos in The Making of the World’s Greatest 
Star Map (2010). He documents that Hipparcos’ suc-
cess was due to the work of over 2,000 individuals. 
When the Hipparcos mission was planned in the 1980s, 
computational abilities were not yet advanced enough 
to reduce the data. Trusting Moore’s Law, the increased 
computational capacity by the early 1990s made data 
release available (Perryman 2010). 

Hipparcos made observations of more than 100,000 
stars, many of which were doubles. Of the 12,000 dou-
ble stars observed, Hipparcos discovered 3,406 new 
systems (Mason et al. 1999). Shortly after the Hippar-
cos results were published in 1997, astronomers began 
follow-up observations on the newly discovered double 
stars. Some of these showed the beginnings of apparent 
orbits, and prominent double star astronomers such as 
Elliott Horch on the 3.5-Meter WIYN telescope at Kitt 
Peak National Observatory, Yuri Balega on the 6-Meter 
BTA-6 telescope in Zelenchuksky, Russia, and Andrei 
Tokovinin on the 4.1-Meter SOAR telescope in Chile 
worked to compile additional measurements and deter-
mine these apparent orbits.  

 By now, astronomers have added many observa-
tional points beyond the original data published from 
Hipparcos in 1997. Many of the Hipparcos discoveries 
have proven to be binaries, some with short orbital peri-
ods. As a result, some of these observed doubles now 
have calculated orbits. This current study adds another 
observational point to the binary HIP 4849. Out of the 
12 Hipparcos discoveries that now have published or-
bits and were also observed during the 2013 run at Kitt 
Peak National Observatory, we chose HIP 4849 based 
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on its well-defined orbit with multiple plotted points.  
The two goals of this study were to contribute a 

new position angle and separation to the published ob-
servations of HIP 4849, and serve as a pilot and com-
panion project for a further study on the remaining 11 
Hipparcos discoveries with known orbits observed at 
Kitt Peak. 

Instrumentation, Observations, Calibration, 
and Reduction 

Telescope 
The binary HIP 4849, also identified as WDS 

01024+0504, was observed on October 18, 2013 at 
6:25:27 UT from Kitt Peak National Observatory. The 
observations were made on Kitt Peak’s 2.1-Meter tele-
scope, shown in Figure 1, which has a focal length of 
16,200 mm (Genet et al. 2015b). The 2.1-Meter tele-
scope is primarily used for imaging and spectroscopy 
(2.1-Meter Telescope on Kitt Peak 1998). 

The instrumentation for Kitt Peak’s 2.1-Meter tele-
scope has undergone several upgrades since its crea-
tion. Originally equipped with an imaging camera and 
several spectrographs, it now includes modern infrared 
(IR) array cameras and spectrometers, the GoldCam 
Spectrograph, a charge-coupled device (CCD) imager, 
and the Phoenix infrared spectrometer (2.1-Meter Tele-
scope on Kitt Peak 1998). Since Kitt Peak’s 2.1-Meter 
telescope did not include the high-frame-rate, low-read 
noise camera needed for speckle interferometry obser-
vation, the observers supplied their own speckle inter-
ferometry camera (Genet 2013). The camera was at-
tached to the acquisition guider unit and dwarfed by the 
2.1-Meter telescope as shown in Figure 1.  

Camera System 
Inspired by the U.S. Naval Observatory’s success-

ful speckle observations of binaries using a portable 
image intensified charged coupled device (ICCD) 
speckle camera, a more portable, low-cost camera sys-
tem, seen in Figure 2, was developed that featured an 
EMCCD camera (Genet 2013). The primary benefit of 
an EMCCD camera over an ICCD camera is that the 
“electron multiplication (EM) boosts the signal to a lev-
el where the high speed read noise is insignifi-
cant” (Genet et al. 2015a). The front-illuminated Andor 
Luca-R EMCCD had a quantum efficiency of about 
50%, a dark noise of 0.05 electrons/pixel/second, and a 
read noise well under one electron RMS. The speckle 
camera system had a magnification of approximately 8x 
to provide an overall focal length of 129,600 mm and 
an F/ratio of 61.7 when attached to the 2.1-meter tele-
scope (Genet et al. 2015b). The employed Andor Luca 
R EMCCD had “10 μ square pixels in a 658x496 pixel 
array” (Genet et al. 2015c). 

Observations 
The National Optical Astronomy Observatory’s 

Time Allocation Committee granted eight nights of ob-
serving time to a team of university students and sup-
porters. The team tested the equipment and conducted 
their observations on the nights of October 16th through 
23rd, 2013 at Kitt Peak National Observatory (Genet et 
al. 2015b). 

Calibration 
Observations were calibrated with data collected 

from multiple observations of six binaries with previ-
ously published orbits. The camera angle and plate 
scale were determined by comparing the data collected 

Figure 1. Kitt Peak 2.1-Meter Telescope (arrow denotes the 
EMCCD camera) 

Figure 2. Camera System used at Kitt Peak 
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from the run with observed binaries with measured or-
bits (Wallace 2015). On the week of the observations, 
the camera angle was established as -11.0492° from 
true north and the plate scale was found to be 0.01166″ 
per pixel. Internal precision for the run was determined 
to be 0.027° and 0.00226″, while the overall accuracy 
was determined to be 0.4138° and 0.0147″. These val-
ues were taken from the statistical analysis of five cali-
bration binaries made during the run (Wallace, 2015). 

Reduction 
HIP 4849 observations were reduced with Plate-

Solve 3.44, developed by David Rowe to create an au-
tocorrelogram and power spectral density display of the 
double star, shown in Figure 3 (Rowe & Genet 2015). 
The autocorrelogram provided data on the position an-
gle and separation between the stars. The Gaussian 
Lowpass was set to a 30-pixel radius while the Gaussi-
an Highpass was set to a 3-pixel radius. The high and 
lowpass filters are important as they improve the signal
-to-noise ratio of the images. These filters included the 
maximum amount of useful data while excluding all 
unwanted noise.  

Results 
The single FITS Cube was reduced six times using 

PlateSolve 3.44 Speckle Reduction tool. The annulus 
size and center of the target star were selected manual-
ly, producing the angle (θ) and separation of the binary 
(ρ) values as shown in Table 1. Note that the values for 
the standard deviation and standard error reflect only 
the internal precision of manually locating the reduction 
annulus to match the first airy null. These values do not 
account for any other sources of error that may result 
from calibration, instrumentation, et cetera. 

        
Figure 3. (Left): Autocorrelogram of the Binary HIP 4849; (Right): Power Spectral Density of the Binary HIP 4849 

Reduction o " 

1 79.23 0.724 

2 79.44 0.724 

3 79.31 0.723 

4 79.36 0.725 

5 79.21 0.730 

6 79.38 0.723 

Mean 79.32 0.725 

Standard Devia-

tion 
0.09 0.003 

Standard Error ± 0.04 ± 0.001 

Table 1. Reduced Data for HIP 4849 (taken from the 
manual data set) 
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Discussion 
The autocorrelogram provided the position angle 

and separation of the secondary star relative to the pri-
mary star. HIP 4849 was compared with previous ob-
servations provided by the U.S. Naval Observatory. 
Using Microsoft Paint, it was determined that there 

were 0.2" in 97 display pixels. Therefore, the ratio of 
pixels per arcsecond was determined to be 485:1. This 
pixel ratio was calculated from the scales shown on the 
margins in Figure 4. Given the separation distance and 
angle found using PlateSolve, the distance in both the x 
and y direction was calculated in arcseconds. Once 
these values were converted to pixels, they were used to 
plot the binary (marked as a plus symbol in Figure 4). 
Our observation of HIP 4849 was plotted on the orbit 
showing previous observations and one subsequent ob-
servation. The location of our added observation in Fig-
ure 4 was only 0.0277" (13 pixels) away from the pre-
dicted orbit of the system.  

To further evaluate the results of this study, the pre-
dicted values for the separation and position angle of 
the binary were determined. This was done using a bi-
nary calibration Excel spreadsheet which solves Kep-
ler’s equation for any given date. This spreadsheet, cre-
ated and provided by Jack Drummond, can calculate the 

position of the secondary star given all published orbits 
(Drummond 2011). When the October 18, 2013 date 
was entered into the spreadsheet, it calculated a position 
angle for 81.0° and separation of 0.742″ for HIP 4849, 
marked as a dash on Figure 4. This small deviation is 
consistent with the other small deviations made by oth-
er observers since the binary’s discovery. 

Conclusion 
By analyzing a 2013 observation made at Kitt Peak 

National Observatory of HIP 4849, this study accom-
plished the goal of adding a new point to the orbital 
ellipse of the binary. The plotted point did not deviate 
from patterns observed in previous research. The re-
search served as a successful pilot project by highlight-
ing the processes required for an expanded study on 11 
additional binaries discovered by Hipparcos and ob-
served in the Kitt Peak run.  
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