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Fig.1. Optical layout of a slitless spectrograph 

mounted on the Cassegrain reflector. 

Beginning in 1996, the facilities of the Terskol Observatory (the Northern 

Caucasus, 3100 m asl) have been heavily used for studies of Solar System 

small bodies. The available small and medium-sized telescopes (Zeiss-2000 

and Zeiss-600, as well as Celestron 11” and Meade 14”) provide good 

enough opportunities for long-term astrometric, photometric, spectroscopic, 

and other observations of these objects. In addition, many advances in this 

field came from the development and use of specific instruments and 

techniques [1]. A special attention is given to the monitoring and study of 

potentially hazardous objects - Earth-approaching asteroids and comets.  

 

Astrometry  
 

Precise astrometric data acquired during observations of near-Earth objects 

at Terskol have been routed directly to the IAU Minor Planet Center for 

analysis. In 2003-2013, positions of more than 200 NEOs were detected.  

 

Figure 2 shows CCD images of asteroid 2012 QG42, which were taken using 

the low-resolution spectrograph; it demonstrates asteroid’s and stars spectra 

within the field of view; bad pixels and cosmic ray hits have been removed.  

Fig 7. An averaged spectrum of 2007 PA8 (red curve) together 

with the spectra of the Sun (green curve), of a standard star 

(black curve) and an extraterrestrial standard star (blue curve).  

Spectroscopy 
 

Spectra of asteroids have been obtained by using a low-resolution imaging 

spectrograph attached to the Zeiss-600 telescope (Fig.1). 

Objects were observed down to V magnitude of 15, with individual exposure 

times of 10-30 s; their spectra were recorded over the wavelength range from 

300 to 900 nm.  

Light curves of asteroids were obtained using the convolution of observed 

spectra with photometric filters transmission curves (s. below).  

Johnson / Bessell filters                                        ECAS filters  (ECAS-the Eight-color Asteroid Survey) 

 

 

 

 

 

 

 

 

From observations of standard stars, extinction-corrected magnitudes and 

color indices of asteroid were calculated. Furthermore, spectra of solar-type 

stars were used to obtain the relative reflectance spectra for each asteroid. 
 

In 2012-2013, observations of 2007 PA8, 2012 QG42, 4179 Toutatis, 1998 

QE2, 2002 OD20, and other PHAs were performed.  

Analyses of the spectra obtained have allowed the majority of these objects to 

be classified as S-type (Fig. 4, 6 ).  

CONCLUSIONS 
 

Small- and medium-aperture telescopes, equipped with CCD cameras and 

additional instruments, still provide good enough opportunities for long-term 

astrometric, photometric, polarimetric, and other observations, especially for 

follow-up photometry and spectroscopy of near-Earth objects.  

 

The telescopes Zeiss-2000 and Zeiss-600 at the Terskol Observatory have been 

successfully used for follow-up astrometry and spectroscopy of Earth-

approaching asteroids and comets. Some progress in studying of NEOs has been 

made by using a slitless UBVR spectrograph at the 60-cm telescope. Appropriate 

data-analysis techniques developed have been applied to determine spectral 

classes, relative reflectance and other parameters of asteroids. 

 

To date, a number of NEOs were classified regards to their spectral types. 

Moreover, spectral properties calculated agree good enough with those obtained 

by other authors. 
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2012 QG42  
 

This PHA (roughly 0.23 km in diameter) approached Earth within 7.4 

lunar distances (0.0191 AU) on Sep 14, 2012 . Observations, which were 

performed on Sept 11-12, 2012, allowed us to classify it as a S-type 

asteroid (U-V≈1.3

 
0.3, v-x≈0.1

 
0.2 ) (s. Figs. 9, 10). 

 

TAXONOMIC CLASSIFICATION TECHNIQUE 
 

The taxonomy introduced by Tedesco et al. [3] uses the minimum number  

of observable parameters necessary to account for the physical processes 

being classified, i.e. the strengths of the two principal absorption features 

found in asteroid visual-wavelength-range spectra and the albedo. 

Three parameters (U-V and υ – x color indices and visual geometric albedo) 

were calculated and used to determine taxonomic classes of PHAs. 

 U-V and υ – x colors were obtained through mathematical convolution of 

the spectra with the filter transmission curves.   

Figure 6 (taken from [3]) shows the U-V vs υ – x color-color plot for the 

full sample of data used in [3] (357 asteroids). Colored circles indicate the 

three PHA, which were observed at Terskol and identified with the S 

taxonomic class. 

Figure 3 depicts the low-resolution spectra of asteroid 1998 QE2 extracted 

from a series of CCD images, which were taken on 4 June 2013. The 

relative reflectance spectrum calculated (Fig. 4) allows one to place  this 

asteroid in the C-class  

Fig. 2 

Fig. 3 

Fig. 5. Composite light curve of asteroid 2013 ET 

www.minorplanetcenter.net 

Fig 8. Relative albedo curve of 2007 PA8  

Fig 9. Reflectivity spectrum of 2012 QG42  Fig 10. Extraterrestrial spectrum of 2012 QG42  

The imaging device usually mounted on the telescope 

along with the grating spectrograph is a PixelVision 

camera based on a 1024 x 1024 SITeSI003AB CCD 

with 24 micron pixel size. When mounted at the 

Cassegrain focus of the telescope, the pixel size is 

0.63 arcsec, providing a field of view of 10.8 arcmin. 

Use of 2x2 binning to reduce readout time to an 

acceptable level results in an effective pixel size of 

1.3 arcsec, which is often larger than the size of the 

seeing disk.  

The spectrograph can provide a moderate signal-to-

noise ratio for stars up to magnitude 16. A more 

detailed description of the instrument is given by 

Zhilyaev et al (2012) in [2]. 

 

Appropriate observing and data-analysis techniques developed have been 

applied to derive asteroid’s properties from spectrophotometric observations. 

A special attention was given to the taxonomic classification of Earth-

approaching asteroids because in most cases their physical properties are 

previously unknown.  

2007 PA8  
 

We have carried out low-resolution spectral observations of  2007 PA8 

which has been classified as a "Potentially Hazardous Asteroid" (PHA) by 

the IAU's Minor Planet Center. This asteroid (roughly 1.6 km in diameter) 

came within 0.043 AU (6.5 million km, 17 lunar distances) to the Earth on 

November 5, 2012.   

Observations, which were performed on October 06-08, 2012, allowed us to 

classify it as a S-type asteroid (U-V= 1.34, v-x= 0.10) (s. Figs. 7,8). 

 

http://newton.dm.unipi.it/neodys 

Accuracy achieved in positions of 

NEOs (17m-18m) is about 0.1”-0.7” 

Starting in 1996, precision photometric measures of many near-Earth asteroids 

have been carried out at Terskol. The revealed light curves allow one to 

calculate lightcurve amplitude and rotation period of asteroids . 

Fig. 4 

Photometry 

2013 ET  
 

It was discovered by the Catalina Sky Survey on March 3, 2013. This 

asteroid made a very close approach (2.5 lunar distances) to Earth on 

March 9, 2013.  

We have carried out photometric observations of 2013 ET on March 6-7 

and 7-8, 2013 when it reached a magnitude of 15.7 and 15.1, respectively. 

From these observations, a rotational period of ~2.7 h was determinated. 

Fig. 6 

Long-term astrometric observations  

of NEOs allow one to sufficiently well 

calculate their orbits and to improve 

predictions about close encounters  

with Earth. 

Especially in 2012-2013,  a special 

attention was given to the monitoring 

of potentially hazardous asteroids  

4179 Toutatis and 99942 Apophis. 
Positions of Earth and Apophis on their 

orbits on 1 April 2029. 


