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Comparison of the depth of lunar crater calculated from the shadow length of the crater depending on
altitude of the sun at different time.
Chalida Wutthi-anan
e-mail:m4connect@gmail.com

Piboonbumpen Demonstration School

The present study aimed to examine and compare the depth of the lunar crater calculated from the length of the
shadow on the lunar crater which changes depend on the altitude of the sun at different time of the night. A telescope
(Orion 10”) and a cell phone (Asus: A600CG) were used to take images of two craters; Goclenius (depth 1.5 km) and
Macrobius (depth 3.9 km), every hour from 21:46 — 04:46 on the night of 10" of November 2014 (ICT).The pixel lengths
of the shadow on the crater were measured by ImagelJ program. The pixel lengths were then converted to kilometers by
using the rule-of-three in arithmetic. The shadow was compared to the width of the control crater in the same image, in
which the actual width is already known. Due to the fact that the apparent shadow length we observed could be shorter

than the real shadow due to the observation angle to the normal of the crater, we have to multiply the length that we
1
cos(latitude )x cos(longitude)

originally converted to km by (latitude and longitude are coordinates of the lunar crater). The

altitude of the sun on the crater (o was then calculated by wusing the following equation:

c0s(CS) = cos(PC)cos(PS)+sin(PC)sin(PS)cos(CPS)

Figure 1. The diagram illustrates the part of the moon
used to calculate the altitude of the sun on the crater. C
is the crater, E is the sub-earth point, P is the lunar pole,

S is the sub-solar point and T is the terminator which

cquator

divides the illuminated part from the dark part on the

moon.
Ulurminated side

e

. . Height
The relationship tan f =———— was used to
Shadow length

calculate the depth of the lunar crater.

Figure 2. The diagram shows the altitude of the sun on the

crater’s relationship with the shadow length and the depth of

Height, b

the lunar crater.

Shadow length, =



Results revealed that the calculation of the depth of the Goclenius crater (depth, 1.5 km) at 03:46am, with the
altitude of the sun of 1.93°, has the highest error at 18.13% and the errors of calculation weren’t directly variation with
the time so the errors are caused by the measurement of the shadow’s length using pixel units by utilization ImagelJ
program. While The calculation of the Macrobius crater (depth, 3.9 km) at 04:46am, with the altitude of the sun of 0.85°,
has the highest error at 74.74% and the errors were increasing directly variation with the time since 01.46 am till 04.46
am. Where the altitude of the moon were between 65°-72° during the observation at 01.46-04.46 am so the errors weren’t
caused by variation of atmosphere which make the images be twist but the cause of high error is, in comparing to the
Goclenius crater, the Macrobius crater was positioned closer to the terminator and therefore had a very small altitude of
the sun. When the time passed, the altitude of the sun became smaller. Since the altitude of the sun was very small, the
length of the shadow casted by the crater’s rim was elongated and might surpass the width of the crater. However, we
could only observe the shadow length within the width of the crater which appears to be shorter from reality, thus the

depth of the crater calculated by the apparent shadow’s length also be shallower.

I-—-— L apparent —-—I
ol

"
-
-
A—-—————,
| L real 1
= |

Figure 3. The diagram shows the model of the altitude of the sun, the apparent shadow length and the real shadow length

on Macrobius crater.
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Abstract
This research calculates the diameter of asteroids. Photos were taken from PROMPT 8§ in Cerro Tololo Inter
American Observatory (CTIO) and data were analyzed. The result showed that 423 Diotima, 41 Daphne and
121 Hermione asteroids have diameter 207.4 km, 195.0 km and 286.4 km and that it is not the same with their real
diameter that were 0.69%, 12.06% and 37.02% in order.
Introduction
Asteroids are litter stones in the space. They move around the sun. The asteroids that are located between Mars
and Jupiter is called asteroid belt. C-type Asteroids are the asteroids that reflect little light from the sun. They are harder
to see. It’s major component is carbon. They have 75% of all asteroids and they have albedo 0.03 to 0.09. We calculated
the diameter by comparing flux of sun with the flux of asteroid.
Methods
1. Finding the data about asteroids C-Type from the data that was based in the website below.
http://en.wikipedia.org/wiki/List_of notable asteroids and http://ssd.jpl.nasa.gov/sbdb_query.cgi#x
2.The Researcher chose 3 of asteroids from C-Type namely , 423 Diotima that was been observed and followed from
17-19 August 2557, 41 Daphne that was been observed and followed from 24-25 August 2557 and the last is
121 Hermione that was been observed and followed from 1-4 September 2557. Photos were taken in filter clear for 3
images and use 30 second per image.
3. Images were analyzed using the aperture photometry.

Reference 1. .+ ™ . Y .

Refere nce 2

g1’ 121 Hermione

-

Reference 3
)

.
.
A1DaphRgs = G - 0
Rbfer.e'nce 1 :
-
Referénce 2 - - Reference 3

Figure 1shows 423 Diotima Figure 2shows 41 Daphne Figure 3shows121 Hermione
and reference star and reference star and reference star

4. The apparent magnitude of asteroids were calculated based on flux of asteroids and it’s magnitude constant.
Magnitude constant was calculated from flux and apparent magnitude of referent star.

m =-=25logf +C
m is apparent magnitude
f is flux of asteroids and referent star

C is magnitude constant

5. The apparent magnitude of asteroids were used to calculate it’s diameter

a

Sun Earth Asteroid

Figure 4 shows the light of the sun

First find flux of the sun on asteroids. Second find luminosity of asteroids. Third find flux of asteroids on the earth. Forth
find flux of the sun on the earth and divided flux of asteroids on the earth by flux of the sun on the earth and then
I change flux to magnitude and use this equation to find radius of asteroids variable R.



m

m —mg = —2.510g<

is apparent magnitude of asteroids

Mg is apparent magnitude of the sun

a
R

is reflection of light from asteroids(albedo)

is radius of asteroids(AU)

a-R*r?
47272

Tg is distance between the sun and the earth(AU)

A
T

is distance between the earth and the asteroids(AU)

is distance between the sun and the asteroids(AU)

6. The diameter of the asteroids have been calculated by the used of it’s radius and then compared to it’s real diameter
from the data based in the website http://ssd.jpl.nasa.gov/ to find an error

Result

The result showed that the apparent magnitude of 423 Diotima 41 Daphne and 121 Hermione are 13.03, 12.92
and 12.25. The Researcher used albedo 0.06 from the average of albedo C-Type asteroid in website
http://nssdc.gsfc.nasa.gov/planetary/text/asteroids.txt and use distance in website http://ssd.jpl.nasa.gov/and stellaium

program.

Table 1 shows apparent magnitude of sun, asteroid and distance

apparent apparent Distance between | Distance between | Distance between
Asteroid magnitude of magnitude of the sun and the the sun and the the earth and the
the sun the asteroids earth(AU) asteroids(AU) asteroids(AU)
423 Diotima -26.78 13.03 1.000 3.066 2.664
41 Daphne -26.78 12.92 1.000 2.765 2.279
121 Hermione -26.78 12.25 1.000 3.457 2.629
. . a-R%rf
Use table Icalculate in equation m — mg = —2.5log (4A2r2
A
Table 2 show radius of asteroid
Asteroid Radius (Km)
423 Diotima 103.7
41 Daphne 97.5
121Hermione 143.2
Conclusion

423 Diotima,41 Daphne and 121Hermione asteroid have the diameter of 207.4 km, 195.0 km and 286.4 km(in
order) and their diameter that the Researcher obtained is in error compared to their real diameter that are 0.69%,
12.06% and37.02% in order.

Discussion

After I observed asteroids from Cerro Tololo Inter-American Observatory (CTIO) from the image I have taken
of the asteroid using the filter clear. The time the data were being analyze I encountered problems because I can’t use the
images that [ have taken for the reason that the images were not that clear. After analyzing the data I then calculated the
apparent magnitude of the reference star and have compared it to the calculated apparent magnitude of asteroids. After
that using apparent magnitude of asteroids to calculated diameter of asteroid and error from data base. The Researcher
hopes that the research paper will be of a good help for other aspiring researchers for the further study and reference in
finding the diameter of the asteroids that has been mentioned in this research.
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The Study of Moon Albedo by Using Lux meter
Supinya Poonperm
Supinya7051@gmail.com
Teacher Boonsong Henngam

“Piboonpumpen” Demonstration School, Burapha University

Abstract

The current study investigates the moon albedo by operating lux meter. The purpose of the study is to
examine the moon albedo by comparing the moon luminosity received from the sun and the moon luminosity reflected
from the sun to the earth. The findings of the study revealed the calculated moon albedo value of 0.11 with the error
from the true value of 8.33%.
Keywords: Moon albedo, Luminosity, Flux

Introduction

Currently, moon albedo has become the topic of interests for the astronomers all around the world.
Accordingly, the understanding about moon albedo may lead to more knowledge about the moon’s surface energy and
its chemical conditions. Whereas most of studies about the moon albedo have obtained their data from the high-tech
and costly instruments such as satellites and superior telescopes, this study used lux meter to obtain the data.

Therefore the results of the study may not be as accurate as those obtained from other studies.

Methodology

Data Collection

A spherical black cylinder with a height of 1 inch and 1.5 inches in diameter was made and then was
connected to the sensor of the lux meter. After measuring the flux of the sun and moon by using telescope to gather
the moon light, the data was collected during the full moon day at altitude 30, 45 and 60 degrees from August to
November, 2014 at 67/4 Moo 7. Klang Dist. Rayong, Thailand.
Calculation Procedures

1. Calculate the luminosity of the moon reflected from the sun to earth (LM) from 7 v =y 272735
When F, is the flux of the moon reflected from the sun to earth. The unit is Lux.

1, is the distance from the earth to the moon. The unit is Meter.

. 2
*Notation Must be divisible the moon flux by the light gathering power ratio earlier. From | Telescopediameter
Lux meter diameter

2. Calculate the luminosity of the moon which receives from the sun (L,) from L = zR’F,

When g, is sun flux. The unit is Lux.

R is moon radius. The unit is Meter.

3. Calculate the moon albedo (4) from 4 = Ly
Lm



Results

From the collect data of sun and moon flux can show in the graph.

Sun Flux Moon Flux
130,000 0.25
125,000 * - 0.2 *
= 120,000 =z
5 115000 . " 2 oas * ™
2 * e} - E—
= 110,000 [ ] > =
z 0.1
g o500 a 2
100,000 re " - 0.05
95,000 = + ¥ :
90,000 0
30°E 45 B0E | 60W | 45°W | 30°W 30°E 45°E 60E | 60'W | 45W | 30W
+10/8/2014 | 113,600 | 114,000 | 125,500 | 102,100 | 95800 | 95700 +10/8/2014 016 02
m8/9/2014 | 98,000 | 110,680 114,700 | 100,200 | 99,500 = 97,700 ®8/9/2014 013 0.13 0.15
6/11/2014 | 100,100 | 114,900 | 110,800 | 116,700 | 99,200 | 98,900 6/11/2014 0.1 0.14 0.13 0.15 0.12 0.12

*Notation Cannot collects the data in 8 Oct 2014

From the calculate moon albedo can show in the table.

Altitude Day/Month/Y ear
Times (Degree) 10/08/57 08/09/57 08/10/57 06/11/57 Average
1 30 0.12 0.11 N/A 0.10 0.11
2 45 N/A 0.10 N/A 0.11 0.11
3 60 0.13 0.11 N/A 0.12 0.12
Total Average 0.11
Conclusions

The moon albedo calculation revealed the value of 0.11 with the error from the true value of 8.33%.

Discussions
The results from the calculation show the moon albedo is 0.11. It may be said the moon has the same ability
to reflect the light as coal, because the albedo is close to another. The calculated moon albedo was found less than the
real. The difference may be because of the clearness of the sky, at the time the data was collected and the telescope
light absorption. In addition, another constraint of the study is the weather changes in each month which caused some
data missing. Instead of the constraints mentioned, more studies under this topic should be conducted to enrich the
pull of comprehension about the moon albedo.
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Studying the Orbital Period of the Moon
Pancharee Anujorn
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Advisor Jiraporn Kakaew
Pua School Nan Thailand

This research aims to find the orbital period of the moon by the relationship between the moon’s
orbital period, the time that the moon uses to come back to pass the observer’s meridian again and the earth’s
sidereal period. This research finds that the average orbital period of the moon is 36541 minutes or 25.38
days. The research also reflects that there is an error from the standard orbital period of the moon (27.322)
that is about 7.124%. This research calculated angular velocity and have got the distance of the moon from the
earth and found out that the orbit eccentricity of the moon is 0.0494.

Introduction

The moon is the onlv earth's natural satellite. The distance of the moon from the earth is almost
384,403 km. Its orbit inclination is 5.145°and orbit eccentricityis0.0554. The moon’s orbital period is 27.322
days.

The earth is one of the planets in the solar system. The mass of the earth is5.9722Xx 10%* kilograms. Its
sidereal rotation period is 23.934 hours. Its equatorial inclination is 23.4393 degree.

Procedure

1. Finding the observer’s meridian. First set sharp pole at the ground and observe sharp pole’s shadow. The
the shortest shadow is the meridian that was been observed (Figurel).Then mark a line of the shortest shadow.
2. Set tool for observing by setting the optical tube parallel to the observer’s meridian (Figure 2). After that

we look to the moon through the optical tube and wait for the moon to pass the front of the optical tube (pass
meridian’s observer) and then start to count the time.

Figurel: sharp pole’s shadow Figure2:set tool for oBserving

3. Observe the moon that passed through the observer’s meridian again in the following day and then record
the time (7).

. o111 . .
4. Use this equation = - —— tocalculate the moon’s orbital period. -
From the figure3 we get equation relationship 2 equation Dogtn  Ofereer e

. .8 _ 360° 360°
The first equation is - = —— become 6-TX——)

TN T £
.8 360° 360° O

The second equation is TET g become 0= (T-B)X—) '

1 1
From 2 equation 0 =0 become M ==—

E T
0 is the an angular displacement of the observer and
the movement of the moon from A to B. (Degree)

T is the time that the moon moves from A to B or the time Figure3: circle orbit

l The center
of the earth

““The orbit
of the moon

that was used for the observation of the moon to come back and to pass the observer’s meridian again
(Minute)

E is sidereal rotation period of the earth or the time that uses for observing the movement around the center of
the earth. (23.934%60 = 1436.04minute)

M is orbital period of the moon (Minute)

5.Calculate to find the angular velocity from w = z?ﬂ

Q is the angular velocity (radian/second)
T is the period (in this T is orbital period of the moon (M))
M

6. Take angular velocity to find the distance of the moon from the earth in each day by equation r3 = (Z)—Z

Where G stands for Newton's law of universal gravitation (6.673%x 1071 N m’ kg_z)



r is the distance of the moon from the earth (meter),M is the mass of the earth (5.9722x 10%* kg.)
w is the angular velocity (radian/second)

7.Take the moon’s distance from the earth in order to find its orbit

Tq—Tp .
is th
7a byr,, is the

radius at perigee T, is the radius at apogee a is length of semi-

-
R
axis| Center Focus

eccentricity with the use of the equatione =

major axis and e is eccentricity

Figure4 : ellipse orbit

Results
Time use by the Orbital period Angular velocity Distance of the | Note
Date observer to (radian/second)
observe the moon of the moon (0= 2?“) moon from the
to come back and | (M)(minute) earth (meter)
pass the observer’s 3 _ GM
meridian (rs = wz)
again(T)(minute)
1Aug.-2Aug. 2014 i
1496 35,830 9.323%x 10 360,000,000
2Aug.-3Aug. 2014 1494 37.020 2.829% 1076 367,900,000
3Aug.-4Aug. 2014 1496 35,830 2.923x 107° 360,000,000
4Aug.-5Aug. 2014 1497 35.260 2.970x 107 356,200,000
5Aug.-6Aug. 2014 1499 34.190 3.063x 1076 348,900,000 Perigee
6Aug.-7Aug. 2014 1499 34.190 3.063x 107 348,900,000 Perigee
7Aug.-8Aug. 2014 1496 35,830 2.923x 107° 360,000,000
31Aug.-1Sep. 2014 1496 35,830 2.923x 107° 360,000,000
2Sep.-3Sep. 2014 1495 36.410 2.880x 107 363,900,000
10ct.-20ct. 2014 1493 37,640 2.782x 1076 372,000,000
20ct.-30ct. 2014 1491 38,960 2.688x 1076 380,700,000
30ct.-40ct. 2014 1492 38290 2.735% 1076 376,300,000
40ct.-50ct. 2014 1490 39 660 2.640x 1076 385,200,000 Apogee
Average 36,540 - -
Standard deviation 1,494 - -
Summary

The average orbital period of the moon is 36540 minute or 25.38 day and in error from the standard orbital period of
the moon (27.322) is about7.124%.The distance of the moon is change every day so its orbit isn’t circle. The orbit of
the moon is ellipse and the orbit eccentricity is 0.0494.
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A Study of Speed and period of the rotation of Saturn’s ring
Miss Sidarat Khamphakdee
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Abstract
This study is to compare between the speed and the period of rotation surrounding the inner and outer rim of Saturn’s
ring by taking pictures of Saturn’s ring spectrum and find the redshift and the blueshift. The objectives of this study are to
(1) study the speed and the period of the rotation of Saturn’s ring, (2) apply skill of science process and technology to search
information needed, and (3) learn research process using astronomy research process. The research tool is a spectrograph form
Thai National Observation, Nakhonratchasima province. The data are examined with the use of mean (X) and standard deviation
(S.D.). After studying, it can be seen that the rotation speed of the inner rim is 8.134 kilometers per second (S.D. = 0.668) and the
period is 16.075 hours per round (S.D. 1.344). The rotation speed of the outer rim is 7.970 kilometers per second (S.D. = 1.161)
and the time is 30.757 hours per round (S.D. = 4.277). It can be seen that the rotation speed of the inner rim of the Saturn’s ring is
more than the rotation speed of the outer rim, but the rotation period of the inner rim is less than the outer rim. It’s consistent with
the third Kepler’s law.
Introduction
Saturn is an outer ring planet in the solar system. It is bigger than the earth nine times. When looking through a
telescope, the ring surrounding the Saturn is seen. This is very stranger than other planets. It is so beautiful and outstanding that it
is called ‘the queen of astronomy’. The speed and period of the rotation of the inner rim and outer rim are very important and
interesting topic.
Methods
1. Spectrum of Saturn’s ring is taken pictures by the telescope by Mr.Samanchan Chandaiam, (Thai National Observation,

Nakhonratchasima province.)

: the surrounding of outer rim rotating to the earth
: the surrounding of inner rim rotating to the earth
: the surrounding of inner rim rotating out of the earth

: the surrounding of outer rim rotating out of the earth

2. The data are assessed with the use of AudeLa program to study the redshift and the blueshift of the two rims by H-Ol wave
spectrum and calculated by the following these equations :

= A e ) V=G1Jr)cose

When V, = Speed radius
A\ = The different of wave length rounding rotating to and out of the Earth
A = The wave length averaging surrounding rotating to and out of the Earth

¢ = Light speed (300,000 kilometers/second)



3. To find the one round of turning around rotation period of the ring is the length of the outer ring circle and the inner ring
circle and divided by the speed found. After that it is changed into hour per round unit to find the rotation speed and time of all
the ten rings each. And then the rotation speed and period are taken to find the average. Finally, the data are taken to calculate and
compare, conclude and discuss.

According to the data analyzed with the use of the program, the H-Ol wave length can be read as the following examples:

PR FI T il [ E i ) e
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6563.961 Angstrom / 6562.681 Angstrom
|

The figure No.4 (The data No.1) The figure No.1 (The data No.1)

The surrounding of inner rim rotating out of the observer The surrounding of outer rim rotating to the observer

Result

Table : Comparison of the average of rotation speed and period of the inner and outer rim of the Saturn’s ring

Rim Rotation speed (kilometers per second) S.D. Rotation period (hour per round) S.D.
Inner 8.134 .668 16.075 1.344
Outer 7.970 1.161 30.757 4277

After studying, it can be seen that the speed of rotation surrounding the inner rim is 8.134 kilometers per second and the
period of rotation is 16.075 hours per round and the speed surrounding the outer rim is 7.970 kilometers per second and the period
of rotation is 30.757 hours per round. In conclusion, the rotation speed of the inner rim is more than the outer rim and the rotation
period is less than the outer rim.

Discussion

From the study, it meets that the rotation speed of the inner rim of the Saturn’s ring is more than the outer rim, but the
rotation period is less than the outer rim because the radius length is less than. It’s consistent with the third of Kepler’s law said
that “the square of the orbital period is proportional to the cube of the distance from the center”. That is the speed of rotation is
increased when the orbital period decreases.
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The study of the distance of the nebula from the angular distance relation
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Abstract

The objective of the distance measurement of the nebula in this research is to study the method in
astronomy which will be used in the distance measurement of celestial objects. There are 2 ways from the
analyses: Angular distance and radius measurement of nebula from Light Echo in V838 Mon nebula by using
the database of photographs taken from Hubble Space Telescope and Measure radius of nebula from
assessing stellar wind in NGC 2244 (Rosette Nebula) by using the database of photographs taken from SAO-
DSS. According to the study, I found that the distance from the earth to V838 Mon nebula is 2.20 + 0.40 kpc
and the distance from the earth to Rosette Nebula is 2,100 & 300 pc.

Introduction

Phenomenon of Light Echo is the travelling of light to various points in nebula area and make us
found the nebula appear larger. We can use the expansion rate of nebula based on the movement of light to
analyze for the angular distance and the radius, then to find the distance of V838 Mon nebula to the earth.
The second method is the study of the distance of the nebula from assessing stellar wind in NGC 2244
(Rosette Nebula). According to the study of Bengt Stromgren we found that a star which is in the central of
nebula has spectral type O which radiates high-energy ray especially ultraviolet ray. This causes the process
of ionization of hydrogen surrounding. The electrons of the hydrogen released into free electrons so we can
not see that area called H II Region or Stromgren sphere. We can find its size from the assessment of the
fixed stars radiation in the center and use it to find out the distance of nebula to the earth.

Methods
The study of the distance of nebula from the angular distance from the phenomenon of Light
Echo in V838 Mon Nebula

Picture 1 showed the rate of travelling of light
1. Find out the radius from the study of the rate of the light we get the radius(s) of nebula at various

times.

2. Find out the angular distance (A0) which the light travel to in each range of time from SAOImage
DS9 software.

3. Find out the distance from the earth to nebula (d) from equation d = j

4. Repeat steps 1-3 with other ranges of time needed to study the rate of the light movement. Then
take the distance from each range to find out the average. The results are in Table 1.

Date t(s) AB (rad) s (km) d (kpc)
6Jan 2002-20 May 2002 | 11,577,600 | 6.15 x 103 | 3.471 x10" 1.80
6Jan 2002-2 Sep 2002 20,649,600 | 1.01 x 10* | 6.190 x10"3 2.00
6Jan 2002-17 Dec 2002 | 29,808,000 | 1.27 x 10* | 8.936 x10' 2.20
20 May 2002—-17 Dec 2002 | 18,921,600 | 6.57 x 10* | 5.672 x10'° 2.80
Average 2.20+0.40
Table 1 showed the angular distance and the distance from the earth to Nebula V838 MON

Result and Discussion
According to the distance measurement of the V838 MON Nebula, I found the problems of error
from the angular measurement. When I took all ranges of time to find out the average, the distance was 2.20
+ 0.40 kpc but the distance from the database was 6.6 kpc
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The study of the distance from the angular distance measurement of nebula from assessing the
stellar wind in NGC2244 (Rosette Nebula)

1. Find out the angular distance of the star which is in the central of nebula with the boundary of
Stromgren sphere by SAOImage DS9 software.

2. The central star has spectral type O. When we compare with the temperature table and luminosity
the temperature is 42,000 K and the luminosity is 499,000Le. Then find out the wavelength which the central
star and obtained was 69 nm.

3. Find out the energy which the central star. The energy which the central star released is 2.88 x 10
18 ]

4. Find out photon numbers. Photon numbers is 6.65 x 10%s™!

5. Find out the coefficient of the recombination of proton and electron which o will vary to the
surface temperature. The coefficient of the recombination is 6.817 x 102 m3s!

6.When we know all variable values, we can find out the radius of Strdmgren sphere from the
equation

3N\ =2
£ = () X OV
The radius of Stromgren sphere is 9.25 pc. Find out the distance of nebula but the angular distances
of each side are not equal. I have to find each side to average so it is much accuracy as the photograph. And

we can find out the distance of nebula.

Picture 2 showed the Stromgren sphere and stars in each side around the sphere

Result and Discussion
According to the study, I found that the distance of NGC2244 (Rosette Nebula) is 2,100 = 300 pc.
But the distance from data base is 1,600 pc. This error is caused of the analysis of the angular distance of
Stromgren sphere. As the central star radiates ultraviolet ray, it causes Stromgren sphere which the radius of
each side are not equal.
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SR DD RERIZ KB/ TILEHDRE

G (B 3) [BREMNIRIE A = 2T v T ¢ 7 @]

1. #EZE (Abstract)

S ST RAPEIL Y E RCHET 201446 A 3 HE 9 HIZEII S 4172 M101 & M100 D43
{5 2 AT U CH R OR G R A HE L R FRBE Fy 77 —RICE Db DL 722 LT 2
SR OZIBEE 2 F I Uz, 248RFNIEEERED BT Y | Ny TVOIERIN SNy TV ER
ERE LT,

2. BB9(Purpose)

M101 1383 < FEEO F M THIERD & O FEEL 7.470.6Mpc(Kelson et al.1996)M100 (15 &
DIEED J5 4 CHEREIE 16.1+ 1.3Mpc(Ferrarese et al.1996) T 5, HREEANEEEN O 30 2 8L 9 5
LR TNVERERET D,

3. Aix(Method)
& BLRTS - B A
M101 (RA:14h03m12s, DEC:+54d20m54s) - 2014 4-6 A 3 H (600sXx1)
M100 (RA:12h22m54s, DEC:+15d49m20s) - 2014 46 H 9 H (1200sX 3)
O BUNAEE - Bithds
PEIX D ERICE 27 imsE (2.0m SO EimES)
AR PR #y s MALLS (Grating 1800, 0.87, R=7000)

VE 7 a AZdZ7 AV BESEFRLED IRAF AL, ¥—75l% - 75 v NEIY 217
~7- ET, Fe-Ne-Ar OB ANRE Li-ar Y Y o2V TREREEZITo72, 2721,
IINABRERNZ K D ALY RV OIRETIEITAT > TWORW, EHTFICIXESL K CE O [0 5 gL
HY 7 b makali'i) ZH L. HBEH(6563 AOFRIRBE. 77 7HiEE2 AV CHlE L,
M100 (B L Tk m vy MED/NS v o 72728, 1200s S O Wi % 3 #e LabET,

FRT D BRRfer & IR EvITH &2 ER Oy TOVER) & L THBIOBEFRIZH Y B. DR THEE D,
v=Hyr --(3.1)

FRRT I HAF DD HRIBEEVIX, Yol A e, B SN EEZA, HER ECOFFIEER A2, LT

(8.2 TEHE D, VIZKERITKT 2 41 (Heliocentric radial velocity) T 5 DT, #R{%

(2T D %RIBHEvIZ@E.)RAE FAWTHIE Lz, LbZZhZRiE, R Th b,

A_AO

V=
c N

- (3.2)

v=V +9coslcosb+232sinlcosb+ 7sinb ---(3.3)
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4. $5R(Result)

WEBFEEZ LR TH10, BEE 5 BHIE L CTRRME & F/MEZBROZ 3 DOMEO FEE
ERBHOH DR L L, HEAOFHMEIL, M101 1% 6568A(Fig.1), M100 1% 6596A(Fig.2)
Llpotn, T E2,=6563A #(3.2)UTRA L, & 51233 THiE L@ X, M101
347km/s, M100 TiX 1460km/s & 72> 7=,

B.DXN D, Ny T AERIE M101 T 43~51km/s/Mpe, M100 T 83~98km/s/Mpc & 72 > 7-,

797 Lo M101 411 fits 1 [
X:10680 Y: 1075 oA S -6 WAVE: 886770 (Anesteom] - SE
TIMIRERL [ (0 |2 190 2. (1050 3 (95 1S ) BSAISOmA: 1240 G WD AT 2Bl X ] VG, T
. ySERE: [ 77 3] 174 . (1@ (2] 102 /2] | MADSCERE 7146 bid
- o
o M) J 1\\( | ¥
WWW WM%W«W ‘JMM oA w«w’\m\ JRITLT
-7 u__ \ﬂ'
) bse0.0 b se0.0 Lo 1 1 1 - - - -
W Tiogst ron] a0 w0 S0 S0 .0 .
WAYE [Argst roa]
. - B 7
Fig.1 MI101 fihr Fig.2 MI100 fhr

5. &%(Discussion)

ABFFE T Ny TOVESBITERI OME I Lo TikED, 22T, /v 7VEHIT Hubble
Space Telescope Key Project C 72+ 8km/s/Mpcll & ST\ 5, Hy = 72% (3. 1)U A L T
B D %IBHE T M101 TiX 490~576km/s, M100 Tl 1070~1250km/s & 72> T 5,

2T, RIREICIETE S Do TE XS, M101 ITETROITEHICH Y . M100 115 &
DEEFHICE L T D, —i%IZ, ST OB ITIT %R F*(Hor)u% Y[R LD E ) e & D
OS2 TCH 100km/s FRORFBEENAE T 5, T2 ER T 5 72 01213 IR H )Y 1000km/s
I BT REVRENDH HE

L7235 T, M101 IFERITRICH I 30 2 T AN T3 A U CREFLEFE SR L TS 728D, BIfF
SINDHIBHE LV /NE <, M100 1T & DEEIHICER L TWD Z LICL2EENH L &
&z b s (Fig.d),

AHFINEG

op

=
?|<'_

> AN
. < > -;
M101
) 2 SNEE

Fig.3 #WRI L2156 5%

6. 5% (Reference)

[1] Wendy L. Freedman et al, Apj, 553:47-72, 2001 May 20

[2] Houjun Mo et al.,”Galaxy Formation and Evolution”, pp.34

ABFFRINZ T2 THIT Y ERILEDORBAEFAEEIBLINT — 2 Z2THWN T, B & gt =
FEELTHES E L, RELRNLBILHL LT ET,
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HEKIZKDHBDUTUVADEILLS -EFEMBIZL2BN LS U EOEE-
LT HA, AR, AL, A MR, T B+ (2 4F),
AR, FRBERSSF, b ot (148) [kl KSR AP e 2 R )

1.[XCdHIZ
KEBIZZ2HIRONDIN? ZUTKBEORENPLERI B DN TWDENOTEE S TWD. £z, BE
DKE FIZITHRNN 72 &, KD B - T2IEBRS B2 o TV A, Z 2T, B AN 2R E R, k2
DEADKIZR ST FE FHRIMEE RO DLEBEN S S 1256, BRI ED L D BREBNEZ D00, %
FUTKEBITIEEEN LN LICBRT 200X Tn 5. ZOEBRTIE, KB BIZE L FET 2 FEE
MEREmnEWnWbns8kh 7 o mE TS,
2. B84
ARFEBRTIE, BEOFERL Y ZEHE(LEZDO VT TH720L, 87 U AaOEEZFHI2N
T U7 RKICR LTI TR v 7 VAl R - BEORARDEIMRE L, ST O E Y T2 &
X DOEALDEN & USB BESEE & 7B T TAMEE 2 - TR 5.
3. ERALEHM FE KESE
BT om GRS =B HE), ARBRE, ~1 Ly 7 ZRBRE, vV a8, MR EEE 6 &,
W DR DO RBHER K, T 0, B — ), B — LR X
4. HEomT
INEFTOERIVLED T U AOERRENEDNY LT T57201C, BEEZELITMT L.
BRANCAEAFIR U = 2T VBIRIZER D T v % A, B EAI 2 WL CE D 5. RIS, Y A U, SR
FERY AU 100 0%, LA 1 — LV, iIREBE & B — VOIS CHHEET 5. ik&IZ, 7
Y b EHOCTREZERDY B L, BRUK CUeif itk BRI L.
5. RERAE
DB oaREt e 21y hELThEYy NHEBETS. £ty b2 oOREBIOLHEZNE
WABETS.
2) 4 ROAIRBREL, TNTNgED T a1 vy b e, 10 0L E& M L7 RK 2 3 8E o 1
N5 2em DFTETAN, VU 20 ET 5. A9l 2 L7-BHIE, B0 % 09%mita S 5 7=

DTHD.
N NA Ly 7 ZREBRE I, B T o mRE AR 1y b ERERKE AN, REEMTA7-DICT LI R
ANEBZOTH.

) 4 RKDOAFZRERE 1T AT 3B D4 FR A uvCS, uvC, uvA, £, 734 L v 7 ZRERE I AN T3 BHT nf &
L, FNENICE 1 ONE BT 5.
5) B BAMEE, USB BAMRERIC L AR EBIEE1T .

x1 FKERICERLEX

SRR KR (m) BRE (w/ai]  BREOA TR fifi %
IR C 200~290 2.11 uvCS R AT TH) 70 AR C ZRBHT IR L 7=,
iS40 200~290 1. 66 uvC BEEHT T uvCS & 0 b3SV ERIMIR 2 B L T2,
RAMER A 390~400 0.55 uvA uvCS, uvC &3& 9 R DLEIR A 2 BE L7z,
EESTa 400~760 0. 08 f AT DN % B LT
KL - - nf HBREET NI =0 A CAR, BOREEZT-.
6. EERHER

FEBRIE, 2014 4E 2 7 13 H2v5 2014 4E 4 10 HE T 89 BT 7=, 7ok, FEBRIEE N ORI, 4
S HRIBETEE 6 5 (uvCS DFEHTEEAME A BET U726 D) 1% 20~30°C, 5= 0 F 72 2 00 BT HEE 1T 30
~50CTho7-.
- EFEMBECOBRRER
EIAMEE TR L7280 F A DEEIZH B Z2 0, BRSOV EER O TV WD D
YA EENENE A, REECOEI G %2, RO L IR, RER21CF DT,
REAZIEDEE (%) =(TIELE=-YRXBDO%H) = (BEtO<AED%) x 100
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K2 BFEMRTHELEHEI S VEORELRILDEE

PR R uvCS uvC uvA f nf

A DELDEIE (%) 12.8 10.3 6.8 5.5 2.5
69. 6

B OZELDEIE (%) (%2) 12.6 12.4 11.1 7.2

A, BOEHDOZE{LDOEE (%) 12.8 16. 2 9.8 9.1 4.0

XA, BOBAHOELOES (%) 1L BRAFOAEBOELLEYARDAI) + (HAMOA & BO~AHDE X100 Dtfi%

L TR

¥F 2 D uvCSB OFREHT, FEBREICKE SERBBRIFIZN, ZAIMUC L2 b DO TH D LBIETE RN,

TaEh) b Lieno Tz =

- USB BEMMER COEIRHER

wCS: DB ENIEL 720, BNEEER R LN 7o
2L AR, ERTREEIARDHL. FHNIHON
7L TR ZD. BRI 72 R IT wvA K0 5k . '
bl (K1) . 1 uCS-ADEH (£ : EBET & BRK)

uwvC: A DBEAENEEL 70, BOWBESN R S o7z, ' : e
KR LV bR (K2).

uvA: B OFBIAE NI 720 FHINTER DV, IR uvC
X Rbi.

FOOFBHENES 720, BOBLEN A bl otz b
ANH D, FEITER DN,

nf: EAOFBHEN 2 720, RIELITER DOV LRk & 13
WHZERWBERN R oD KOs UL T & [FRR
Elbnlz (K3) .

HEAE T,

7. ER

B PEMEEIC L D REBIZE T, ZLOE ST uvC>uvCS >
uvA>f>nf OEIZ/2~72. TS DOFERN S, miE &R T X
DN (FHBMFER 2014) , 2RIMR C O8RAMER A L /KIT, 860 0 T U O AL 2 et &8 5 ATREME N w2
EMRMERTE -, ARl EFBEMEIIC K VAR LY L LSBT0, B ORE, mEDOKM1Z
5o TWRWR EEBDENE B D DIZIIAR 5T~ 272, 5%, B OBA L Lk K LERE
T TV RERH D,

SHROBE

FESERE INOIRFE 1T, S8IMNEIRERERE 6 B (uvCS OFEHZE) 1 20~30°C, I E 0 F 72 5 Yoo B
FEE (uvC, uvA, £, nf OFEHIMHH) 1X 30~50°C T, R|IEIZL > THEZLL TS, ZD7=DE URE
DHERESRMOREZ TKITIR LSS T Al L, BEICK DB E~DEETEDL 5
HDODPFRDVLENRDD.

Tz, BT U AOERIZHD, BOBLAIIMeONE, BB EEFo THEXIEDD D
&, KEDBREICOESIT AT DICEZREBIC L TEAME AU TH LR ENHETHD.

A A D FEERT uvCS-B OB R RIT T2, ZOJRRERDPENRUC L D DI EWIETERND T, FRHE
DRBE ZRRDT TR, BMERLMLETHDLEEZTND.

8. & XHk

« K XA AT H R (2013) & KICK B8P T a0k, HARRLHS 2013 4

FENEISRIY 2 =Ty g VIR TR 172, 173

« KHEXFE AP AR FEHEREES (2014) @ & KIZE D80 T DA 2, <1 Science Edge

2014 Abstract 359~362

9. Bt

ZOEBMEEED D ) T, BFHMEEFEOE TSI, FT-0ERT R AL F&o7,
R R B B R AT R E O ERRICEH LET. H 0 R E S TSV E L

3 nf-BQ D (£ : EEXAT : RERER)
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