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Development of Self-Directed Astronomical Learning Program
for Estimating Stellar Temperature Using Broad-Band Imaging Data

PEERY LEPBEEY-ES BT - BAEGBY - ZFREZT
Nobunari ITOH, Tomohiko YAMAGATA, Masaru HAMABE,
Shingo NISHIURA and Hiroyuki MITO

Abstract: New educational guidelines coming into effect in 2011 have resulted in more
high school students than before taking earth science classes because the guidelines
mean students at most high schools need to take at least three basic science courses.
With more students beginning to study earth science, it is important to provide offective
learning materials for promoting astronomical education. The development of effective
teaching materials is vital to support teachers who have little information about
astronomical learning materials. Color is one of the most essential characteristics of
stars as well as magnitude, and it has a close relationship with stellar surface
temperature. As stellar color differences can easily be seen by the naked eye, the cause of
stellar color difference is considered to be a theme familiar to high school students.
However, fewer materials are available on stellar surface temperature than on stellar
magnitude. To remedy this, we have developed an astronomical learning program for
estimating stellar surface temperature by comparing the observed stellar flux in the B,
V, R, and I, bands with blackbody spectra. We used archived image data made public by
the National Astronomical Observatory of Japan as the data set. In this program,
students can semi-automatically estimate stellar temperature by inputting the stellar
brightness from each band into a spreadsheet containing a macro program. To evaluate
the usefulness of the learning program, a trial run with the program was carried out at
the open seminar held by Mie University. Thirty-seven high school students from grade
one to three participated in the trial. None of the participants had taken astronomy
classes at their high schools. The program received a favorable response from more than
90% of the experimental participants. Accordingly, our program will prove to be effective
even for students who have little knowledge of astronomy.

Key words: astronomy learning material, stellar surface temperature, high school, data
analysis, self-learning
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Development of the Teaching Material for High-School Students to
Determine Seellar Cluster Age Based on a Color-Magnitude Diagram

B OEEBEXY-AORMS-EEBF-AEB B
xBH FO-& ok BT

Tadashi HARA, Masamitsu GOSHIMA, Toshihiro HORAGUCHI,
Reiko FURUSHO, Osamu OHSHIMA., Yasushi YADOUMARU
and Osamu KANAMITSU

Abstract. The HR diagram is an important concept in the Japanese high-school textbook.
The teaching material described herein is based on the characteristics and the zges of a
globular cluster and an open cluster. In order to encourage students to measure as many stars
as possible in making the diagram, a color-magnitude diagram was utilized. rather than the
standard HR diagram. The image data used were originally generated for scientific purposes
of cluster research. To enable students to easily undertake the photometric measurements,
the image data are pre-processed using the educational image analysis software Makali'i. By
comparing the shape of the diagram with the theoretical curves of star clusters a: several
different ages, students can determine the ages of the clusters of two different types. Based on
results from a questionnaire which was taken after the class work. it was confirmed that the
use of scientific image data with FITS format did not negatively impact students
understanding, and also increased the interest of more than 80% of the students.

Key words: high school, astronomy education, FITS data, color-magnitude diagram, Maka-
lii. research activity
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Teaching Material for High School Students to
Calculate the Age of the Universe

EAHAEE -dEHF—-ZF 2P -THEEY
Shingo NISHIURA, Yoshikazu NAKADA,
Hiroyvuki MITO and Takashi MIYATA

Abstract:
ure the age of the universe using a simple assumption is introduced. Any high school

A method for creating teaching material for high school students to meas-

teacher with a personal computer connected to the Internet can create this teaching
material. Utilizing photographs of external galaxies with known red shift, we can
estimate the age of the universe assuming that all of the galaxies are of the same size as
The fact that the simple

assumption and simple material can provide an estimate of the age of the universe

the Milky Way (our galaxy), ie, 30.0kpc in diameter.

should impress many high school students. This teaching material has already been
applied with positive benefit to about 1,000 high school students studying astronomy

in the Kiso Observatory, Institute of Astronomy, University of Tokyo.

Key words:

age of universe, Hubble constant, Hubble's law, astronomical education,

teaching materials of astronomy, Internet, high school
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Development of and Practice with Teaching Materials to Study
Hubble’s Law Based on Galactic Spectra

=} Fol.82 g -R.ABEXS-BOMEEY-4¢ % BS
& H B T - R EAET - PAOFITS 7 —F% 95 I—7F
Tadashi HARA, Koji HATA, Masamitsu GOSHIMA, Toshihiro HORAGUCHI,

Osamu KANAMITSU, Reiko FURUSHO, Kentaro YAJI and PAOFITS WG

Abstract:
servational data of galactic spectra were developed. These materials were presented to

New teaching materials for the study of Hubble's law utilizing ob-

high school students of one of the authors, an astronomy and Earth sciences teacher,
and the educational effects were assessed. In the past, printed spectra were used Lo
obtain the Hubble constant in many teaching materials and consequently it was
difficult for students to determine the radial velocities of galaxies correctly, and to
determine the Hubble constant quantitatively. In contrast, our teaching materizls use
observational data themselves and make students measure the spectra with their
personal computer, with the result that students intuitively understand the relationship
between wavelength shift of spectral lines and the radial velocity of galaxies. A
questionnaire distributed to the students after the educational exercise revealed that
our teaching material increased the interest of the students in modern astronomy.
Key words: high school, astronomy education, FITS data, galactic spectrum, Hubble's
law, Makali'i
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Trial Experiment on Detecting Lunar Parallax Using Partial Solar Eclipse Images

—Estimate of Relative Positions of Observation Points—

REERY
Nobunari ITOH

Abstract: A trial experiment for estimating minute lunar parallaxes among multiple
observation points was carried out by using images of the partial solar eclipse on May
21, 2012, Images were collected from websites that provide several images of the partial
solar eclipse taken at different times, and 284 images taken at 37 observation points
were selected. The analysis results indicate that the estimated lunar parallaxes at 25 out
of the 37 positions were consistent with theoretical values within 20", The most effective
source of error was uncertainty as to the observation time, and time correctior. could
reduce errors to around 6.5, This finding shows that it is possible to detect minute lunar
parallaxes and relative positions among observation locations tens of kilometers apart
from each other by using images of a partial solar eclipse not taken at the same time but
taken sequentially. The trial experiment also indicates that pictures of a partial solar
eclipse taken at multiple locations are applicable as astronomical educational material
for detecting lunar parallaxes, and that they allow us to draw a relative location map of
the shooting points.

Key words: partial solar eclipse, lunar parallax, relative position, digital camera
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