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(A paper presented at the 2000 IAPPP Big Bear Photometry and CCD Imaging Symposium)

ASTEROID PHOTOMETRY OF (321) FLORENTINA
AT NORTH PINES OBSERVATORY

Gary J. Frey
P.O.Box 1114
Mayer, AZ 86333

e-mail: gfreynpo@mindspring.com

Abstract

This paper provides a description of North Pines Observatory in Mayer, Arizona and the results
of the author's first attempt to determine the rotational period of an asteroid. These observations clearly
demonstrated the previously-known 2.869 hour period of (321) Florentina, and displayed a light curve
amplitude of 0.61 magnitude in December, 1999.

Background — North Pines Observato

For the past 15 years, I have performed photometry of variable and binary stars. [Ref. 1-6, 8] All
of this photometry was performed with B, V, R, and I filters and reduced to the standard Johnson
system, so that the data could be collaborated with others. In 1999, I attended the Minor Planets
Amateur-Professional Workshop Conference at Lowell Observatory in Flagstaff, Arizona and became
very interested in the photometry aspect of asteroids. Brian Warner gave an interesting talk about
asteroid photometry, and that attracted me to give it a try. [Ref. 7]

North Pines Observatory (NPO) is located in
Mayer, Arizona, 85 miles (53 km) north of Phoenix
and is situated at an elevation of 4,531 feet (1,381
meters). The West observatory (Figure 1, left) is a
6-meter (19 ft) dome which houses a 20 inch (51
cm) aperture f:10 Classical Cassegrain telescope on
a massive German equatorial mount, originally
constructed and use for many years by the late
Richard Lines and his wife, Helen. It is now used
for visual viewing by Prescott College Astronomy
classes, Elder Hostel groups, Boy Scouts and Girl
Scouts, the Prescott Astronomy Club, and a public
Open House each year during Astronomy Week. At

Figure 1. North Pines Obse.rv atory Is times, a CCD camera is attached and used to record
Located In Mayer, Arizona. occultations.

The East observatory at NPO (on right in Figure 1) is a 5-meter (16 ft) dome which houses a
second 20 inch (51 cm) computer-controlled telescope, used for photometry. This is also an f:10
Classical Cassegrain telescope, on a fork mount with an open-truss tube that I designed and built six

years ago (Figure 2).

2001 IAPPP WESTERN WING SYMPOSIUM BIG BEAR LAKE, CALIFORNIA
G. Frey - Asteroid Photometry 27

© LA.P.P.P. Communications * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2001IAPPP..84...27F

FZ001rAPPP. .84 . 27F!

Figure 2. No.2-20 inch (51 cm)  Figure 3. The Author In The Observatory Control Room.
Cassegrain Used For Photometry. Multiple PCs Are Used To Monitor Various Functions.

Three computers are located in the 5-meter dome: one for telescope control, one for the CCD
camera on a 4-1/4 inch (108 mm) f:4.5 finder telescope, and one for the CCD camera on the 51 cm (20
inch) Cassegrain scope. Telescope control is provided by an open-loop stepper motor system with a
pointing accuracy of 3 arcminutes, and is capable of 20-minute unguided exposures. These three
computers and dome rotation are operated from a control room 150 feet from the observatory (F igure 3).
Three other computers (one for display of previous CCD images, one for Guide 6 software star charts,
and one for internet access) are also located in the control room, along with the hot chocolate and
cookies. There are three security-type video cameras used in conjunction with the computers to operate
the telescope and align the dome slit (Figures 4 - 6).

Figure 4. TV Camera Image Of Alignment Figure 5. TV Image Used To Align the Dome
Star Field. Slit with the Telescope.

Figure 6. Fisheye View of Moving Telescope.
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list, I found (321)

After looking at several commercial CCD cameras, I decided to build the Cookbook 245 camera
Florentina, which had a reported period of 2.87

(Figure 7). [See Cookbook Camera web page in References at end of this paper.] I felt that a very good

To determine which asteroid would be

suitable for evaluation, I found a list of

is used as an f:3.3 system for CCD imaging, by employing the Optec MAXfield 0.33 focal reducer
Reviewing this

(telecompressor), which does not have any vignetting or aberrations; the stars at the edge of the field are

CCD camera could be built for a substantially lower cost, and I found out that this camera works
extremely well. (IMPORTANT FEATURE...IF IT BREAKS, I CAN FIX IT !!). The 51 cm £:10 scope

Figure 7. Cookbook CCD Camera Is Used With Optec Filters AndMAXﬁeld Reducer At

"Rotational Periods of Asteroids" (Figure 8) on
the Uppsala Astronomical Observatory web site

[See References at the end of this paper].

hours and was indicated as having a very

Cookbook CCD Camera For Photome
reliable synodic rotation period.

Asteroid Selection

1AL 178 dddv.11Q0L,
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CCD Image And Star Magnitude Calibration

Dr. Arne Henden of the U.S. Naval Observatory in Flagstaff performed an experiment in which
unfiltered CCD images of M67 (using a specific area of calibrated star magnitudes and color index) of
maximum exposure were sent to him for analysis by various observers. The intent was to determine the
variations in CCD cameras and their spectral response. The test results from about 30 people are
published by Dr. Henden on the USNO web page [see References]. The images were analyzed, and an
equation for the V and R response of each system is presented. These results indicate why unfiltered
CCD images give different magnitude values for various objects.

Using the calibrated field from the USNO (Figure 9), I generated several unfiltered CCD images
of 1.0, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 6.0 min. exposures on M67. Analysis of the images was
performed with the object of obtaining a signal-to-noise ratio of greater than 100 for a 14.5 magnitude
star (expected brightness for the asteroid). The final results indicated an unfiltered exposure of 3.0
minutes (180 seconds) was satisfactory (Figure 10). .
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Figure 9. USNO M67 Reference Star Field.

Asteroid Imaging And Data Reduction With Automatic Software

Asteroid (321) Florentina was imaged on Universal (UT) dates of Dec. 7, 1999 (2 h UT) for 82
images and Dec. 8, 1999 (6 h UT) for 108 images (Figures 11 and 12). (The asteroid is indicated by the
arrows.) Several dark frames and flat fields were also taken. Asteroid image acquisition was performed
automatically, using Richard Berry's Cookbook Camera software AP245PLUS. [See References for
web page.] The multi-image function of the program was set to take an image exposed for 180 seconds
and then wait 60 seconds before taking the next exposure. Since the telescope runs in an open-loop
drive system, a very accurate polar alignment and precision drive gears allows the scope to run all night
without requiring tracking corrections, and the asteroid was maintained in the camera field of 12 x 15
arcminutes.
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Figure 11. Asteroid (321) Florentina Imaged Figure 12. Asteroid (321) Florentina Imaged
on 12-07-99 at 2 h UT. on 12-07-99 at 6 h UT.’

To evaluate the preliminary light curve, a program called PHOTOMET, also by Richard Berry,
was used. (Note: the PHOTOMET functions are now included in the AIP4WIN software — ed.) In this
program, master dark frames and master flats are generated first. Then a comparison star, check star,
and the asteroid are selected in the first image. The program then pulls in each asteroid image, subtracts
the master dark frame, flat fields the image and performs annular photometry on the comparison star,
check star, and asteroid to remove the sky background. This process is continued until all images in a
LOG.DAT file are completed. The program automatically tracks the asteroid as it moves across the
field.

A preliminary light curve of the asteroid and check star is generated and displayed on screen
(Figure 13), with the data saved in an Excel spreadsheet format for further evaluation. The flat light
curve of the check star (upper line) indicates that the comparison star is not a fast variable. The
PHOTOMET light curve is not saved, but can be printed using the "Print Screen" feature on the PC
keyboard. Importing the Excel formatted data, and using a program called AUTOPLOT.EXE by Lew
Cook, a similar output curve is generated (Figure 14). This curve can be saved, analyzed, and displayed
as needed.

Ay or Varntahle an heck
- BRMS Ree (C~K> g.8104 - -

Figure 13. PHOTOMET Light Curve.
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Figure 14. Data Plot For Asteroid (Top) And Comparison Star (Bottom).

To obtain accurate asteroid photometry and determine a light curve period, a group of LONEOS
reference stars were imaged on the same night as the asteroid; these results (Figure 15) were then used to
determine a magnitude vs. intensity relationship so that the comparison stars in the asteroid image field
(Figure 16) will have accurate magnitudes.

Cookbook 245 CCD Camera images are saved in a specific Cookbook format; they must be
converted into FITS format to be used in other data analysis programs. A program called CB245, by
Richard Berry, can be used to automatically reformat the Cookbook images into FITS format images,
using script files and batch file commands (Figure 16).

Figure 15. LONEOS Reference Star Field Figure 16. Asteroid (321) Florentina Imaged
Imaged On Same Night Was Used For On 12-07-99 At2 h UT.
Magnitude Comparison.
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The corrected FITS image of the LONEOS stars, along with each asteroid image are entered into
a program called CANOPUS, by Brian D. Warner, by which the LONEOS stars and comparison stars
and asteroid are measured using annular photometry and the sky background is subtracted. The program
then calculates the instrumental differential magnitude of the selected comparison stars from the
LONEOS stars and assigns a magnitude value to each comparison star. The asteroid instrumental
differential magnitude from the corrected comparison stars is calculated from each image and saved in a
datafile (Figure 17).

Session #3
Details for: Florentina({321)

Start Dates 12/8/99
Color Band: V

Delta Comp: -14.90
Delta Dist: 14.27

Telescope: 207"£/3.3 North Bines
rocal Len: 66.00

Camera! Cookbook 245

Texp (C): 0

Exp. {s): 180

Compl: 1223-127¢% Y

Comp2: 1223-115% Y

Comp3: N

Compd N

Comp5: N

Rafl: JGC 2296 4 Y

Ref2: UGC 2296 7 Y

Ref3: UGC 2296 6 Y

Retd: N

Ohservation Data:

Cate ut ™ ciL c2 c3 c4 (1] [+ % c-C
127 8/1999% 02:17:01 14.60 14.71 15.15%5 99.90 99.50 935.90 14.93 0.330
12/ 8/19%9 (02:18:21 14.69 14.71 15.19 99.90 93,80 93.90 14.95 0.260
12/ 8/1999 02:23:41 14.358 14.77 15.16 99.90 99.80 98.90 14.96 0.385
12/ 8/199 02:27:01 14.76 14.71 15.16 99.90 99,80 9S.90 14.94 0.155
12/ 871959 02:29:21 14.69 14.7C 15.14 99.%50 93.50 9%.90 14.92 0.23C
12/ 8/19%9 02:33:41 14.74 14.71 15.13 99.90 93.%0 9§.90 14.92 0.18C
127 8/1999 02:37:01 14.89 14.73 15.14 99.90 95.50 99.90 14.94 0.045
12/ 871999 02:40:21 14.87 14.73 15.18 99.90 93,50 99.90 14.96 0.08%

15.72 ~-0.035
14,93 -0.200

12/ 8/1999 €2:43:41 15.76 1.5.45 16.00 93.90 99.90 99.99
12/ 8/19%9% €2:47:C1 15.13 14.73 15.13 99.90 93.90 99.9)

12/ 8/1999 03:17:02 14.78 14.72 15.08 99.
12/ 8/1999 03:20:22 14.66 14.66 15.00 99. 99.90 §9.%0
127 8/1999 03123342 14.59 14.67 15,02 99.5C 99.90 99.3%0
12/ 871999 03:27:02 14.54 14.65 15.07 99.9C 59.90 93.90
12/ 8/1999% 03:30:22  14.57 14.68 15.04 99.9C 99.90 99.%0

99.90 §9.90 14.%0 0.120

14.93 0.170

12/ 8/1999 €2:%0:21 15.17 id4.76 15.15 99.30 99.50 99.92 14.96 -0.215
12/ 8/1999 €2:53:41 15.11 11.72 15.09 99.30 99.90 99.9) 14.91 -0,20%
12/ 8/199% 02:57:01 15.08 14.70 15.04 99.30 99.90 99.399 14.87 -0.210
12/ 8/1999 (3:00:22 15.09 14.68 15.08 959.5%0 99.90 99.390 14.88 -0.210
12/ 871999 03:03:42 15.05 14.70 15.10 959.%0 99.50 99.90 14.90 -9.150
12/ 8/1999 03:07:02 14.94 14.70 15.07 99.30 99.90 99.90 14.08 -0.055
12/ 8/1999% 03:10:22 14.86 14.€7 14.97 99.30 39.90 99.90 14.82 -D.040
12/ 8/1999 03:13:342 14.80 1l4.€8 15.08 99,90 39.90 99,90 14.88  0.080

S0

90

14.36¢  0.320
14.86 0.290

Kttt It (¢ | A

Figure 17. CANOPUS Data File.
Composite Asteroid Light Curve

The composite light curve of (321) Florentina obtained on Universal Dates December 7 and 8
1999 UT showed a rotational period of 2.869 hr + 0.008 hr (£29 sec), with an amplitude of 0.61
magnitude (Figure 18). The published period is 2.87 hr, as indicated in the Uppsala "Rotational Periods
of Asteroids" data listing. This light curve was corrected for light travel time to the Earth. Data
supplied by the MPO2000 Viewing Guide software indicated that asteroid (321) Florentina is about 18
miles (11.3 km) in diameter. On the date of imaging, the asteroid was about 1.861 AU (17,300,000
miles) from the Earth at about 14.2 magnitude.
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Figure 18. Asteroid (321) Florentina Composite Light Curve.

Asteroid light curves are not as stable or reproducible as stellar light curves. This is due to the
ever-changing surface features due to the rotation of an asteroid, demonstrated by the NASA NEAR
spacecraft images of (433) Eros shown in Figures 19 and 20. Also, the relatively fast movement of an
asteroid constantly changes the Earth-Sun-Asteroid relationship, and therefore, the asteroid illumination
constantly changes, as seen from Earth. It is usually assumed that asteroids have settled down into a
single pure rotational axis and do not tumble as they rotate. It has been determined that the more dense
the asteroid, the faster the rotation. This is based on the physical relationship that an asteroid will spin
only as fast as it can. Any faster rotation and the cohesive strength of the material is not high enough

and the asteroid will fly apart.

2001 IAPPP WESTERN WING SYMPOSIUM
G. Frey - Asteroid Photometry

BIG BEAR LAKE, CALIFORNIA

© I.A.P.P.P. Communications * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2001IAPPP..84...27F

FZ001rAPPP. .84 . 27F!

Figure 19. Composited Spacecraft Images of Asteroid 433 Eros, Showing Rotation.
(Courtesy NASA.)

NEAR Approach to Eros

Range = 1800 km
Figure 20. NEAR Spacecraft Images of Asteroid 433 Eros, Showing Different Aspects.
(Courtesy NASA.)
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Examples of images produced at North Pines Observatory showing the Cookbook 245 CCD
camera capabilities are reproduced in Figures 21 through 23.

- Figure 21. M51 (3 min Exposure).

Figure 22. NGC 4565 (3 min Exposure).
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Figure 23. M57 Ring Nebula (3 min Exposure).

Concluding Remarks

In conclusion, it appears that the NPO telescope and CCD 245 Cookbook Camera system, used
with PHOTOMET and CANOPUS software, can produce very accurate light curve results. The next
step will be to determine the asteroid absolute magnitude based upon the Johnson system. An Optec
stepper motor filter selection system and V, B, R, and I filters will be used to calibrate asteroid data to
the standard Johnson system.
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Internet Web Pages And Software Resources
Richard Berry's Cookbook CCD Camera Web Page (AP245PLUS. CB245, And PHOTOMET Software)

http://wvi.com/~rberry/cookbook.htm
Optec, Inc. Web Page (Photometers. Filters, MAXfield Focal Reducer)

http://www.optecinc.com/astronomy/index.html

Uppsala Astronomical Observatory Web Sites
Home Page: http://www.astro.uu.se/

Planetary Systems Group: http://www.astro.uu.se/planet/
Asteroids: http://www.astro.uu.se/planet/asteroid/
Rotational Periods of Asteroids: http://www.astro.uu.se/~classe/projects/rotast_eng.html

CCD Image Comparison And M67 Reference Field By Dr. Arne Henden at USNO, Flagstaff

e-mail: aah@nofs.navy.mil
Lew Cook's Center For Backyard Astronomy (CBA)-California Web Pages (AUTOPLOT Software)

AutoPlot.exe Software: http://www.geocities.com/lcoo/autoplot.htm
Lew's CBA CCD Projects page: http://www.geocities.com/Icoo/lewccd.html

Minor Planet Observer - MPO2000 Viewing Guide Software
http://www.minorplanetobserver.com/

Brian D. Warner - (CANOPUS Software) -- see MPO200 web site above, or the following
BDW Publishing

17995 Bakers Farm Rd.

Colorado Springs, CO 80908

Phone: (719) 481-0557

FAX: (719) 481-0833

e-mail: brianw_mpo@compuserve.com

NASA - Near Earth Asteroid Rendezvous (NEAR) Spacecraft Mission to (433) Eros
http://near.jhuapl.edw/
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