Radar Observ ations of an Asteroid 1991JX

Y asuhiro Koyama, Makoto Y oshik awa, T ak ahiro Iwata, Junichi Naka jima, and Mamoru Sekido

Kashima Spac e Rese ar ch Center, Communications Rese ar ch Lab or atory, Kashima, Ib ar aki 314

Akiko M. Nak amura, Hisashi Hirabayashi, T atsuaki Okada, and Masanao Ab e

Institute of Spac e and Astr onautic al Science, Sagamihara, Kanagawa 229

T oshiyuki Nishib ori

T okyo Metrop olitan Col lege of Aer onautic al Engineering, Ar akawa, T okyo 116

Tsuko Nakamura

National Astronomic al Observatory, Mitaka, T okyo 181

and

Steven J. Ostro, Donald K. Y eomans, Dennis Choate, Reginald A. Cormier, Ron Winkler,

Raymond F. Jurgens, Jon D. Giorgini, and Martin A. Slade

Jet Pr opulsion Lab or atory, California Institute of T e chnolo gy, Pasadena, CA 91109, USA

Abstract

By taking an opp ortunity of a close approach of an asteroid 6489 (=1991 JX) to the Earth

at 0.034 AU in June 1995, test observ ations of the radar echo from the asteroid were carried out

under an international collab oration among the US, Russia and Japan. W e rep ort the detection of

the radar echoes from the data obtained with 34m antenna at Kashima. The asteroid 6489 b ecame

the �rst solar system ob ject observed by means of radar technique in Japan and it was a quite

imp ortant step towards the future radar observations of asteroids. Although the observations

were short duration for test and demonstration purp oses, we could retrieve information ab out

the size and re ectivity of the asteroid.

1. Intro duction

An asteroid 6489 (=1991 JX) approached the Earth in June 1995, and the closest distance from Earth

reached 0.034 AU which was the closest approach since its discov ery and for at least next two centuries.

T aking this opp ortunity

, the �rst attempt to detect radar echo signals re ected by an asteroid in Japan

was made. This was part of the �rst attempts to carry out an inter-continen tal radar exp eriment. 34m

antenna at Kashima Space Research Center (KSRC) of Communications Research Lab oratory (CRL) and

64m antenna at Usuda Deep Space Center (UDSC) of Institute of Space and Astronautical Science (ISAS)

were used as receiving stations along with other stations in Ukraine and in Germany

. Among these four

stations, radar echo signals were detected from data observed at Kashima on June 15 and at Evpatoria

(Ukraine) on June 13, 14, and 15. In this pap er, we rep ort the observ ations and results obtained at

Kashima.

2. Exp eriments

High p ower radio signals transmitted towards the asteroid 1991 JX from a 70m antenna at Goldstone,

which is one of worldwide telecommunication facilities op erated by Jet Propulsion Lab oratory (JPL) for

tracking of deep space spacecraft, were re ected by the asteroid and then received by a 34m antenna at

Kashima. Since our ob jective was to detect the radar echo from an asteroid for the �rst time in Japan and

to ensure the feasibility of conducting international asteroid radar exp eriments, a sinusoidal wave form

2

was transmitted in Left-Hand-Circular-Polarization without any of the mo dulation normally used for time

delay measurements and two dimensional imaging (Ostro, 1993). T ransmitted signal was controlled its

frequency so that the received signal at Usuda stay at a target frequency 8510.0001MHz. It was done by

using a-priori information of the asteroid’s orbit and the Earth’s rotation. Since Kashima is lo cated ab out

200km east of Usuda, received signal at Kashima had a small extra doppler shift changing by ab out 1

Hz/min.

At Kashima, the received signals were down-converted to ab out 10 kHz and sampled at 48 kHz

sampling rate after a low-pass-�lter. The low-pass-�lter is built-in in a DA

T digital data recorder unit,

which has a cut frequency at 20 kHz. The digitized data were recorded on a DA

T tap e. Both Right-Hand-

Circular-Polarization and Left-Hand-Circular-Polarization data were recorded. A DA

T tap e can record

two data channels for two hours. The con�guration of the observation system is shown in Figure 1.

Figure 1. Blo ck diagram of the observation system set-up used at Kashima.

3. Data Analysis and Results

Observations were made on June 14 and on June 15, 1995 for two to three hours each, ab out a week

after the closest approach of the asteroid to the Earth. After the observations, the data recorded on a

DA T tap e were transferred to a PC through a parallel interface and then to an UNIX workstation through

an Ethernet network. Power sp ectra of the signal were calculated from 2 seconds of data duration at

frequency resolution of 0.5 Hz, and then integrated for 10 minutes by comp ensating the doppler-shift.

F rom the RHCP data, the radar echo was detected with a p eak Signal-to-Noise-Ratio of 8:70 varying with

time. The echo signal had a broad frequency width in spite the transmitted signal was a pure tone signal

b ecause of the rotation of the target b o dy . T otal p ower of the received echo signal can b e evaluated by

integrating the p ower sp ectra over the frequency and compare it with the p ower of receiving system noise

from a bandwidth of 0.5 Hz. Figure 2 shows the time variation of the total p ower of received radar echo

and its frequency width for ab out two hours from 15:30 UT, 15 June, 1995. The frequency width of the

echo was derived from the width of the p ower sp ectrum of the signal level at 2:83 times the standard

deviation of the noise which gives the probability of false signal detection of 0:01.

Time lab el in the �gure indicates the b eginning of the 10 minutes of integration p erio d. As shown in

the �gure, the echo signal disapp eared twice around 16:26 and 16:49. The cause of the latter interruption

of the signal is due to a mechanical problem rep orted from the transmitting station, whereas the cause of

the former interruption is not known yet. Apart from these two signal interruptions, there is still some

time v ariation in the total p ower and the frequency width of the received echo signal, which indicates the

target b o dy has irregularity of shap e and roughness on its surface.

T otal p ower of a radar echo signal has a relation with an e�ective cross section, � , of a target asteroid

expressed by the following equation.

3

Figure 2. T otal p ow er of the received radar echo and its frequency width.

4

P

r

=

P

t

G

t

G

r

� �

2

4� R

2

t

� 4� R

2

r

� 4�

(1)

Here, P

t is the transmitting signal p ower, G

t is the gain of the transmitting antenna, and R

t is the

distance of the asteroid from the transmitting station. P

r

, G

r and R

r are similar parameters for the

receiving path, and � is the wave length of the radar signal. On the other hand, the p ow er of the noise,

N , can b e evaluated by an equation,

N = k

B

T B (2)

where k

B is the Boltzmann constant, T is the system noise temp erature of the receiving station, and

B is the frequency width of the noise to b e ev aluated which is 0:5 Hz in this case. Before the observations

each day

, calibration measurements of the receiving system were p erformed by using two calibrated dummy

sources and CAS-A. As results of these measurements, G

r and T were measured as 65:5 dB and 56:8 K,

resp ectively

. During the observ ations on June 15, R

t and R

r were roughly equal to 0:0474 AU, and � was

0:0353 m. P

t and G

t are 470 kW and 74:3 dB, resp ectively

, according to the sp eci�cations of the 70m

antenna at Goldstone. Using these parameter values, the Signal-to-Noise-Ratio of 41:3, which is the p eak

value in the Figure 2, corresp onds to � of 0:0828km

2

. If the re ectivity of the asteroid is assumed as 0:5,

and the shap e of the asteroid is assumed as a sphere, the diameter of the sphere b ecomes � 460m.

The size of the asteroid can also b e evaluated from the frequency width of the received echo signal if

the rotation p erio d of the asteroid is known. If the maximum dimension of the asteroid p erp endicular to

its apparent rotation axis is D , and its apparent rotation angular velocity is ! , then the doppler frequency

width �f b ecomes,

�f =

2D ! sin�

c f

0

(3)

where f

0 is the frequency of the central frequency of the received echo signal, c is the velocity of light,

and � is the angle b etween the apparent rotation axis and the direction towards the receiving station seen

from the asteroid. F rom the optical observation, the rotation p erio d of the asteroid is known as ab out 6

hours (Hudson and Ostro, 1995). F rom the Figure 2, �f is 4 Hz �0:5 Hz most of the time, which leads

D sin� = 240m � 30m. This result is consistent with the results obtained from the equation (1), if the angle

b etween the apparent rotation axis of the asteroid and the radial vector of the asteroid from the receiving

station was small. The indep endent investigations on the data observed at Goldstone suggested the angle

was ab out 20 degrees (Hudson and Ostro, 1995), which is quite consistent with our results.

4. Concluding Remarks

The radar echo signals from an asteroid was detected and analyzed from the data obtained by the 34m

antenna at Kashima. It was the �rst but a successful and hence a imp ortant step towards the future radar

observations in Japan. Although the observ ations were short duration, the capability of the observation

facilities for asteroid radar exp eriments was satisfactory demonstrated. Based up on this encouraging

success, opp ortunities of further radar exp eriments will b e considered for many near earth asteroids in

coming years.

Acknowledgmen ts

W e would like to thank all the colleagues in Communications Research Lab oratory

, Institute of Space

and Astronautical Science, and Jet Propulsion Lab oratory who made this radar exp eriment p ossible.

References

Ostro, S. J., \Planetary radar astronomy

," Rev. Modern Phys., 65, pp. 1235-1279, 1993

Hudson, R. S. and S. J. Ostro, \Radar-Based Physical Mo dels of Earth-Crossing Asteroids," abstracts to

the 27th annual meeting of the Div. Planetary Sci., Americ an Astron. Soc., 1995