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Calculation of Galaxy’s Distance with Supernova la
By Wasutin Khodkaew
Pua School
266 Mu 8, Tambol Pua, Amphoe Pua, Nan, 55120, Thailand
billybeller@gmail.com

Abstract

This research calculates the distance from the Earth to the Supernova la CSS121008. CSS121008
was detected at RA 1h 42m 44, Dec +21 39’ 28.4” on 8 October 2012 and was classified as Supernova la.
The distance is calculated from photos taken in V filter by PROMT 5 telescope at Chile between 12 and
25 October 2012 and magnitudes were measured by comparing with a reference star, with
the maximum brightness determined to be 16.9. Using this magnitude, the distance to the supernova
CSS121008 and the parent galaxy is measured at 550+10 million light years.

1. Introduction

There are many galaxies in the universe and there are many procedures that can calculate
distance from the Earth to the galaxies. For the galaxies that are not far from
the Earth, astronomers can calculate the distance by many theories such as parallax, period of binary
star, radial velocity of galaxy, rotate velocity of galaxy, etc but the distance with these theories are
incorrect for the galaxies that are so far from the Earth. For those galaxies, astronomers calculate by
observation with Supernova type la because there is less deviation than another procedure.

A Type la Supernova typically results from the violent explosion of the White Dwarf Star in
a close binary star system. There are Red Giant Star and the White Dwarf Star in
the system. The Red Giant’s masses are transferred to the White Dwarf. When mass of
the White Dwarf is more than 1.38 solar mass, the White Dwarf will violently burst called Supernova
Type la. The minimum absolute magnitude is -19.3.

The relation between absolute magnitude and apparent magnitude can be used to calculate
distance with equation m-M=5logd-5 where m is apparent magnitude, M is absolute magnitude and d
is the distance in parsec.

This research calculated the distance from the Earth to the Supernova la CSS121008. The data
used for calculation are the photographs of CS5121008 taken by Prompt 5 telescope at Chile.

2. Method

The data about Supernova Type la is from www.cbat.eps.harvard.edu/lists/
RecentSupernovae.html. When a new Supernova Type la was discovered, its image would be taken
remotely via PROMPT 5 telescope at the Cerro Tololo Inter-American Observatory (CTIO). Five exposures
were taken each day with each exposure lasting 150 seconds. The photos used in this research were
taken between 12 and 25 October 2012. The Supernova type la was studied in this research
is CS5121008 at RA 1h 42m 44.8s DEC +21 39’ 28.4".

After five exposures were combined, the flux of C55121008 and a reference star was measured
by aperture photometry tool, the magnitude was calculated three times from two different reference
stars. The average flux will be used to calculate apparent magnitude.
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Obtain apparent magnitude of the reference star (RA 1h 41m 38.8s DEC +21 38’ 46.7”) in
V filter from catalog GSC 2.3. The reference star’s apparent magnitude is 16.51.

Substitute apparent magnitude of the reference star, flux of the reference star and flux of
CSS121008 into the equation to calculated CSS121008’s apparent magnitude
m; -m,=-2.5logf; /f,)
Plot graph between apparent magnitude of CS5121008 and time for calculating maximum
brightness of CS5121008.
Substitute the minimum apparent magnitude into the equation m-M=5logd-5 (M is absolute
magnitude, M =-19.3) in order to calculate the distance from the Earth to C55121008.

3. Results
The figure below shows the light curve between apparent magnitude of CS5121008 and time.

° 2 . s s 10 12 1 1
P — i 7 . 5 i i date

-

apparent magnitude

4. Discussion

From the light curve, the maximum brightness of CS5121008 is 16.9 magnitude. Substitute
the magnitude into the equation m-M=5lod-5, M=-19.3. The distance from the Earth to CSS121008 is
17044 million parsecs or 550+10 million light years.

The error in the photometry process in this measurement is estimated by repeating the
photometry with a different reference star. The error in the magnitude measurement is estimated to be
about 0.1, which translated into about 10 million light years.

5. Conclusion

The calculation of the distance between the Earth and the Supernova Type la C55121008 at
RA 1h 42m 44.8s Dec +21 39’ 28.4"" is 550110 million light years. Since supernova occurs in a star inside
a galaxy, this means that the distance to the host galaxy is also 550+10 million light years.
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Ellipticity of galaxies in Fornax cluster
Toon-yarat Rattanaprapa
Pua School, Nan, Thailand
peteratauspert@hotmail.com
Abstract

This research is the studying about ellipticity of all 15 elliptical galaxies in Fornax cluster which is NGC 1339,
IC 1919, NGC 1344, NGC 1374, NGC 1379, NGC 1387, NGC 1389 NGC 1427, IC 2006, NGC 1428, NGC 1399, NGC
1351, NGC 1404 and ESO 358-10 from PROMPT telescopes by using contour method and full width at half maximum
technique, there are 3 EO-type galaxies 7 E1-type galaxies 3 E2-type galaxies and 2 E3-type galaxies

Introduction

Galaxies cluster is a group, cluster or super cluster of galaxies. Milky Way and nearby galaxies are in the Local
group which is width at about 4 million light years. Milky Way has large Magellan cloud, small Magellan cloud and some
dwarf galaxies as its natural satellite. The nearest galaxy cluster is Virgo cluster which is about 50 million light years away
from Milky Way. Others galaxy clusters such as Coma cluster which has about 10,000 galaxies at 300 million light years
away from Milky Way and Hercules cluster at 500 million light years away from Milky Way.

Fornax cluster is a galaxy cluster in Fornax constellation. It’s about 62 million light years away from Milky
Way. Fornax cluster is smaller than Virgo cluster and has 58 galaxies, 15 galaxies are elliptical galaxies, so I would like to
research for the ellipticity of galaxies in Fornax cluster by using Hubble’s galaxy classification. Hubble’s classification
divined galaxy into spiral, spiral bar and elliptical. Spiral galaxies are also divined as Sa Sb and Sc spiral bar galaxies as
SBa SBb and SBc for the elliptical galaxies it has divined in 7 types, EO-E7.

Procedure

Acquire galaxies’ images from the PROMPT 5 telescope at the Cerro Tololo Inter-American Observatory
(CTIO), which has a field of view 10 arcminutes using an exposure time of 300 seconds in filter V. Use full width at half
maximum technique (FWHM) to set contour then use ellipse tool of the SAO Image ds9 software to find major axis and
minor axis of galaxies for use in Hubble’s classification to classified galaxies

Find the ellipticity of galaxies by FWHM (Full width at half maximum) technique by set the contour line round

the area that the value is half of the max value of the galaxy. Use ellipse tool to find major axis and minor axis of galaxy

b
for Hubble’s classification in this formula 10 X (1 — —) (a is a major axis and b is a minor axis).
a
The result of Hubble’s classification shows as the numbers from 0-7 the number represented the ellipticity of

galaxy from less ellipticity to the most elliptical. This formula was created by Edwin Hubble, an American astronomer.

Image 1 elliptical galaxies type EO, E3, E5 and E7



Result and Discussion

Ellipticity of galaxies in Fornax cluster from SAOimage DS9 software by Hubble’s classification show in the

table
Type Galaxy Hubble’s classification Result

NGC 1374 0.1
EO NGC 1379 0.2
NGC 1387 0
IC 1919 1.7
NGC 1339 1.7
IC 2006 1.4
El NGC 1427 1.8
NGC 1399 1.3
NGC 1382 1.1
NGC 1404 1.3
NGC 1389 2.5
E2 NGC 1428 2.3
ESO358-10 2.4
E3 NGC 1344 32
NGC 1351 33

Conclusion

There are 3 EO-type galaxies such as NGC1374, NGC 1379 and NGC 1387, 7 El-type galaxies such as
IC 1919, NGC 1339, IC 2006, NGC 1427, NGC 1399, NGC 1382 and NGC 1404, 3 E2-type galaxies such as NGC 1389,
NGC 1428 and ESO358-10 and 2 E3-type galaxies such as NGC 1344 and NGC 1351.

From the table, Fornax cluster has no E4 type or more galaxies so Fornax cluster is a galaxy cluster that has less
ellipticity galaxies.

Acknowledgement
This work made use of the PROMPT robotic telescopes at the Cerro Tololo Interamerican Observatory. The
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Abstract

This work determines the Large Magellanic Cloud’s distance using the period-
luminosity relation of the Cepheid variable star. I acquired data from the PROMT 5
telescope and used the catalog of Cepheid from the OGLE database to locate the
Cepheid variable star. I measured light curve of one Cepheid variable star which is in
the Large Magellanic Cloud, then took the magnitude and the period-luminosity
relation, to calculate the distance. I found the distance of the Cepheid variable star to
be about 158,000 light-years.

1. Introduction

There are many methods to determine the distance of celestial objects. These
include using radar, parallax, redshift or type Ia supernovae for galaxies, and the
Cepheid variable stars. Each method is suitable for different celestial objects for
example parallax can be use to find the distance of nearby stars but type Ia
supernovae for galaxies can be used for more distant stars. This method also needs an
Ia Supernova to occur but the Cepheid variable stars don't have this qualification. In
this research, I determined the Large Magellanic Cloud’s distance by using the period-
luminosity relation of the Cepheid variable star. This is the same method used by
Edwin Hubble to discover galaxies other than the Milky Way.

The Cepheid variable star can be used to determine the distance of a galaxy or
a cluster from earth. The period of Cepheid variable star is related to the luminosity of
the star, which can be used as standard candle. Distance can then be calculated using
the distance modulus.

The purpose of this research was to determine the distance of the Large
Magellanic Cloud using Cepheid variable star. I used the variable data of one Cepheid
variable star which is in the Large Magellanic Cloud and used data from the PROMT 5
telescope in Chile.

2. Method

I acquired data about the Cepheid variable star from PROMT 5 telescope at the
Cerro Tololo Interamerican Observatory (CTIO) and used the catalog of Cepheid from
the Optical Gravitational Lensing Experiment (OGLE) to locate Cepheid variables in our
data. I performed photometric analysis of one Cepheid with one reference star, and
got the magnitude of the reference star from the USNO-A2.0 database.

When I located the variable star and the reference star, then I took the image
to photometry and got the apparent magnitude of the variable star to compare with
the magnitude of the reference star. Then I took the average magnitude of the
variable to plot a light curve of the variable star. Graphs of the variable star reveal the
period magnitude of Cepheid variable star. I took the period magnitude of the variable
star to determine the absolute magnitude from the equation: M = -2.80 log P -1.43,
which is given by the graph showing the apparent magnitude and period of Cepheid
variable star. Because apparent magnitude is related to the absolute magnitude from



the equation <m> - <M> = -5 log d -5, absolute magnitude is directly related to the

average luminosity of the star too. Therefore, a correlation between the period of

Cepheid variable star and the average luminosity is log % = 1.15log P + 2.47, when

Lo is luminosity of the sun. It can be written in terms of the absolute magnitude:
M = -2.80 log P -1.43.

Finally I calculated the distance from the equation of absolute magnitude and
apparent magnitude: m-M = 5log d -5

3. Results

I took the data to phometry and create X, Y graphs. The X-axis is the time in
Julian Date and the Y-axis is the magnitude of the stars. From the graph, the data is
not contiguous because some information is missing, but the periods of variable star
can clearly be seen and they reveal light curves of the variable star because the
magnitude of the variable star moves up and down over time.

GCVS: V3457 light curve
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Figurel: Light Curve of GCVS: V3457 variable stars

Figure 1 reveals that the period magnitude of GCVS: V3457 variable star is 23.5
days and the average apparent magnitude is 13.2.

4. Discussion

I found the absolute magnitude from the period of the variable star. By
equation: M = -2.80 log P -1.43, when M is absolute magnitude and P is the period of
variable star. So the absolute magnitude is -5.27.

Then I substituted the average apparent magnitude (m) and the absolute
magnitude of GCVS: V3457 variable stars (M) in equation: m - M = 5 log d -5. I solved
the equation above to obtain the distance (d) of 48,300 parsec or 158,000 light years.

5. Conclusion

This determination of the Large Magellanic Cloud’s distance used the period-
luminosity relation of the Cepheid variable star. I found the distance of Large
Magellanic Cloud about 48,300 parsec or 158,000 light years.
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Stellar density as a function of Galactic Latitude in the Milky Way Galaxy

near Galactic Longitude 0.
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Abstract

This project studies on the stellar distribution of Milky Way galaxy. Starting from 7 September,
2012 to 15 January, 2013. The purpose is to study the star density per square arcmin near galactic
longitude 0. The Research has found that the stellar density decrease as the galactic latitude increases, with
the maximum stellar density at 23.3 stars per square arcmin around galactic latitude 10 degrees.

Introduction

Milky Way Galaxy is the galaxy that contains our solar system. We can see the Milky Way
galaxy on the sky appears as a cloud of light. Milky Way galaxy contains hundreds of billions of Stars.
And our solar system is one of them. A disk-shaped galaxy has varying stellar density according to galactic
latitude. Milky Way galaxy is a spiral-barred galaxy and the arms extended from a central four arms.

Directly in the galactic plane are lane of dust and gas which can obscure light from stars. But if
we look to the Scorpio and Sagittarius, Milky Way can be seen in the area, a vast and bright. This is
because we are looking through the center of the galaxy.

Method

1. Determine the galactic longitude to study here is the galactic longitude 0, because it is the
center of the galaxy. Then the data on the position group of stars. Convert the galactic coordinate system
(Latitude, Longitude) to Equatorial coordinate system (RA, DEC). Divided by longitude at 0, 1, and the
longitude 359 will shoot 13 shots. The latitudes are 30, 20, 10, 0, -10, -20, -30, -40, -50, -60, -70, -80 and
-90 degrees.

2. Ordered PROMPT4, PROMPTS5 telescopes in Chile (CTIO: Cerro Tololo Inter-American
Observatory) with the field of view of 10 arcmin. Exposure for 120 seconds using R filter.

3. Prepare the images for counting stars.
4. Make a table 100 channels on the transparency to facilitate and accuracy of information.

5. Determine the minimum brightness that can be observed in this study and define that to be the
cutoff magnitude (maximum magnitude of stars that will be counted).

6. Count total number of stars brighter than the cutoff magnitude, divided by the area to calculate
stellar density per square arcmin.

Result

The cutoff magnitude is set to be 17. The information is divided into the density of the number
Stellar per square arc minute of longitude 359, 0 and 1 (Figure 1. ) and an average density of Stellar per
square arc minute of longitude 0 (Figure 2).
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Figure 1, The density of Stellar per square arc minute of longitude 359, 0 and 1
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Figure 2, An average density of Stellar per square arc minute of longitude 0

Discussions

Geometry of the spiral galaxy should suggest that stellar density should be highest near the
galactic plane. However, due to dust band and gas that runs through the plane of Milky Way Galaxy, the
brightness of stars decreases, also known as interstellar extinction. Data analysis on this research has
shown that the central bulge of the galaxy should extend to around galactic latitude of 30 degrees, beyond
which the stellar density decrease to almost constant when looking directly out of the galactic plane.

Conclusion

Study the star density per square arcmin near galactic longitude 0. The latitude is 30 to -90
degrees. The maximum stellar density is found to be at galactic latitude -10 with the average stellar
density 23.3 stars per square arcmin.
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Orbital Period of Eclipsing Binary of Variable Star V357 Peg

Rattanawadee Tekavong

Abstract

This project studies the orbital period of the eclipsing binary system V357peg at coordinate
RA 23h45m35.06s Dec +25 28' 28.94". The variation in apparent magnitude of the system is
recorded at different phases and constructed into a light curve that can be used to measure the
orbital period of the binary system. The variable period of the system is measured to be 0.8 days.

Introduction.

There are generally four types of binary systems: visual binary, astrometric binary,
spectroscopic binary, and eclipsing binary; here we will learn about Eclipsing binaries. In an
eclipsing binary system, the two stars close together and cannot be resolved separately. The orbital
plane of the system lies almost parallel to the line of sight. However, we can observe the orbit of
eclipsing binary by the changing in apparent magnitude. As two stars orbit and block each other
from line of sight, the light observed is reduced and give a characteristic light curve of the system.
As the orbit comes back to the starting point, the light curve repeats and the time it takes for the
light curve to repeat is equal to the orbital period of the system.

V357peg is an eclipsing compact binary system where two stars orbit really close to each
other. Such system may have its physical characteristics, orbital period that changes over time along
with the system evolution. By studying orbital period, it can lead to calculating the system's mass,
orbital velocity, and separation. Furthermore, the orbital period can provide insight to the birth,
evolution and modeling of the star system.

Method.

1. Choose a variable star with visibility and period suitable for studying during September-
December 2012. V357 Peg is used to study the transition period. By courtesy of Assoc. Prof.
Boonraksa Soonthornthum In the database.

2. Take images using PROMPT telescopes (CTIO) with filter V, Exposure Length 10
seconds every 15 minutes.

3. Identify V357 peg and reference star from the images.
4. Obtain flux from the image.
5. Calculate the apparent magnitude of v357peg from Flux, using the formula

m2 =ml +2.5 log (f1) / (f2).

Where m?2 is the Apparent Magnitude of V357 peg.

ml is the Apparent Magnitude of reference star.



2 is Flux of V357 peg.
f1 is Flux of reference star.

6. Use the apparent magnitudes to create a light curve. Since the light curve is fragmented
and the phases do not match, period stacking must be used to generate a continuous light curve
spanning the entire period. Period stacking is done manually.

7. Graphs were analyzed for variable periods at Apparent Magnitude position to come close
to setting a starting point.

Results
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Discussion

After period stacking, we are now able to see the characteristic light curve of this binary
system. From the light curve we then can estimate the orbital period to be around 0.8 days, with
some uncertainties owing to Unfavorable weather conditions such as strong winds or the light from
the moon limit some observation. The period stacking process is also done manually and prone to
some errors.

Conclusion.

The study found that the variable star V357 peg has apparent magnitude varying from 8.2
to 9.1 with the variable period of about 0.8 days.
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Determination of the velocity of “comet c262p/McNaught-Russell” in October 2012
Napun Charoensinrungreung
Benchamaratrangsarit School
222 Choompol Rd, Tambol Namaung, Amphoe Maung, Chachoengsao, 24000 Thailand

Abstract

This project studies the motion of comet “c262p/Mcnaught-Russell” from 3 October to 31
October 2012. The comet is tracked and photographed with PROMPT telescope in Chile. The position of
the comet is then tracked over time and angular velocity is calculated. The velocity is measured to be
fluctuating during the study period with the angular velocity measured to be between 20.54-35.09
arcmin/day

Introduction

Comet is an object in solar system. It orbits around the sun, consisting of ammonia and ice
bordered mostly. Scientisis believe that comets carry the compound organic to the world. This research
was conducted to study the project of data collection and calculation velocity of the comet. And find out
the location that change, compared with stars.

Method

1. Find out the location of comet by making an approximate estimate of each day from the
http://ssd.jpl.nasa.gov/horizons.cgi which will tell the position RA and DEC of the unit in hours.

2. Ordered shooting 3,4,13,16,17,21,23,29 and 31 October, 2012 with the camera
PROMPT (Panchromatic Robotic Optical Monitoring and Polarimetry Telescopes) in Chile
(CTIO :(Cerro Tololo Inter-American Observatory)).

3. The photographs were brought to analyze the position of the comet in the images of using
techniques blink to observe point moving in the picture and when it was found. We would choose a
schedule the light of an object if the position cover the area more than 1 pixel we would use an average
instead.

4. In each day checked and noted how the comet has changed and recorded the time.

5. Bring the record from the note and calculated it and found out the velocity in the unit
of arcmin/day. It was separated from two to consider the change in the value of RA can be calculated from
15(s R4) cos Dec and the other part of the DEC calculated from Dec, —Dec, by At g the difference in the
time fffm the first point to the second point it has a unit in At
6. The resultant velocity is calculated in each day by velocity =,/y?, +

VZDEC Julian date.

Result
Day/month/vear | Dec Ra Mag
Degree | Lipda | Philipda | Degrec | Lipda | Philipda

03/10/55 21 42 3.05 19 30 56.505 | 15.34
04/10/55 21 21 25.18 19 32 15.57 15.31
13/10/55 18 07 34.55 19 16 41.63 14.97
16/10/55 16 59 44.87 19 52 31.57 14.86
17/10/55 16 37 9.26 19 54 41.26 14.83
21/10/55 15 04 12.53 20 03 28.04 14.69
23/10/55 14 15 52.29 20 08 21.57 14.63
29/10/55 11 51 51.65 20 b1 5.36 14.45
31/10/55 11 03 27.41 20 29 45.02 14.39
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This picture showing the movement of the comet “c262p/Mcnaught-Russell” by the x- axis
shown the value Ra and y- axis are shown the value Dec with the table that shows the coordinates of the
comet

Diagram showing the velocity of
comet comet 26 :p/McNaught-

Diagram1 The diagram showing _E' Russell in October, 2012BC
the resultant speed of the comet %40 00
3,4,13,16,17,21,23,29,31 “c262p/McNaught- S 30.00 N
Russell” on October, 2012received. Em.l:u:l :
E 10.00
2 000
0.00 10.00 20.00 30.00 40.00

Julian date

Discussion
We have tracked the motion of comet “c262p/McNaught-Russell” in October. The angular

velocity is then calculated from the change in coordinate using the formula discussed above. The resulting
angular speed is as follows :

Day/montly/year | Velocity (arcmin/day) | We can see that the angular velocity increases slightly. From the
311072012 20,54 magnitude data, we also see that the comet also brighten up every day.
This means either the comet is orbiting closer to the Sun or the distance
4102012 2058 to Earth is decreasing.
13/10/2012 3405 One difficulty in determining the location is to find where the
17102012 3041 comet nucleus is. We solve this problem by choosing the brightest part
of the comet as the nucleus. In the case where more than one pixels tie
211072012 »7 for the brightest, we simply take the average as the position.
23/10/2012 2351 This study also has other limitations such as the relative
24/10/2012 21 61 position between Earth and the comet that would affect the position of
the comet. It is also possible there are other factors that might affect the
197102012 40 apparent speed of the comet.
31/10/2012 3500
Conclusion

The velocity is measured to be fluctuating during the study period with the angular velocity
measured to be between 20.54-35.09 arcmin/day.
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(L— R,cosH,)(L— R;cosH,) (L— RlcosHi)( L— chosHZ)
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(L— R;cosH; — chosHZ)tanAB = R,sinH,- R;sinH,
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3. T
B O EE ) SR O TFNE TR 2D 5,
O vTAT7 TV TRA Y ——XAOEREERIR THRIET 5,
@ Limovie TRA U — b — X DOAEJEIGH % EfEIZFFET D,
@ OccultDEffa SR L, XA U —b—XDNELFET D,
@ XAV —bE—XORE, FE (ay, 61) ZFET D,
® BRSNS OKBGOFOALEREE, R (asy 62) ZFESTO)REDY
KGR (C) ZRD D,
® cos d=sinasina:+cosaicosascos(§,—08 1) (1)
4. FER

B S CIXZ BRSO mifg L v 6, dbASHEOmE X v e, F14Eo_1 ) —1r—
AOEREBRIL TS, 553 DOFOEBITERETHDOLE ZAHBERA Y —E
— ZADAEPBE R TE TR0,
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0
0 % BRIl
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{ —200
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e

AR E —696,000(km)

L
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B (o)

B 1 ROE=KBHE

ROFVEORS ) —E—Xh b DARBHEE, WHBOFREEAA ) —E—XAER L =R OF Al 78
305y (BXE:H) AoDEZRD L., MEIEIROL-KEFE L TEFE (696, 000km) DEZRHLLTLY
%, BRBZTATEL DRSS Y —E—XZRHLTWS,

ORIV A IIKBGYREE 696, 054km =+ 30km & R 72,

5. BELELYD

(1) Fk & OFERD 5 K H-£813696, 054km =+ 30km & >k 7,

Q) BIRf L TIERT OBPICH 2D TEBIZEL DAV —E— X2 L, HEO SN
KGR ERD TITX 20,

) AL D R A ZETE TWARNVD T, SSITHENEDL L AREMERH 5,

Z#URL

1) BT http://www. astro—hs. sakura. ne. jp/solar—eclipse/predcalc. pdf

2) BAEIEE Y 7 FOccult http://www. lunar—occultations. com/iota/occul t4. htm
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SRITEE Arp321 O FE EEH
EARBA, JHEEEQ ) By I RSB R 5 S s K SR

11T C®IZ

R BIE 8 FHIN G OME L T —~IIFEE L TWD, A TR LZZ L3 7eho
TR LTS Arp RIKTIXED L O R b DRDNKUTIR > 12D T A EIOMEEIT -T2,
SRIAT DAY NVIEE EHRD T2 DI 0 H 5 N 1m LU EOZmSE N LT T, LR KF
BRI R CE D 1.5m HFRIMRERESE 72 7= 1§ HRRER% 2 HOWPol % ffil8 T
H BV, SIEE Arp321 O#RfG & B ZIT o7, AENET —2 b FEEEZ RO T,
2Bk G & 8L - T 15

B G 38 HH]

22ﬁuM®mV#4mfuL®h B4 1 FREMLL EfRD Z &

. 15 &0 14 HRELL LSRR A BIxSR & L, Arp(1966) D

U A MR DT LT, [EREE |
[éﬂjﬁ”] Arp | ADHE RA dec $R:a] o) BB 1A
i 48 |14.842 [01h19m59.25|+12d20m38s| 3 x
BHA20124E1 H 27,28 H 147 | 12.28 |03h11m18.95|+01d18mS3s x
243 | 11,99 |08h38m24.1s|+25da5m17s| 3 x
L J) =R 82 |12.983 nahn:m.v: +25d11:35: 2 x
: B,VR % band % 60 P DFENT 5 L7z,
283 10,557 |09h17m26.9s|+41d59mass| 2 x
(E‘F"?E) 321 |11.817 [09h38m54.55|-04d51m05s | 7 [¢)
198 | 14,857 [10h59md6.0s|+17d39m10s| 2 x
| 138 |11917 [11h58m42.95|+25d02ma25s| 2 x
e 300 B 3 KT ORI OIS & LT, 238 | 12,628 [13h15m32.85|+62d07m37s| 2 x
[figdT]

s LToRITHE A N —D 9 b | Ha it A St B 7z 8 SRIN O 2470, Ny 7LD
BRI ClEBEZ R 72, (Ho=72km/s/Mpc)
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QB L7z Half 6, ARG EZRDT-,
A Z=TrH R A=Ha®} &K [nm]
Z="= V=T A REEEC & nm] (FE#)

@ LR IR R B . S DB 15 DI & R i
v==zc V=R IRERE A a1 1 B [km/s)]

c=Fi#[km/s]
@O~y TNVEBERRA L, @TRDFZREN S FREEZ KD 7=,
d=v/T2 d=FEE#[Mpc]

72=/ v )L TER
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WHFEOT S ZIXCHHERZERERE L L, Wbz To7, Sky ZHIDES. SRNOZB L%
FCLED 2 EaER, BORVERAZMAF B, BHREET-7, - OREESR
DEEZ KGEREF U ERE L TEREZRDT,

©® EEROER, %y@?ﬂﬁ%ﬁw ﬁﬂ%h%h@ Etk KD T,

=% [Bmagl,a= *—;——'—EE
m=a—25log(l/ bl L= _%E ST - 1, b= skyCDZFi’Jh_

@k 1= 5, B CHRT 2 A Sl 4 R eb 1=,
M=m=5log(l0/d]  m=8RTA0BTZR



w2 RO LB No.l & No.2 13 Ho SR A M2 DR, B2 RO D Z LR TE R
Mmololo, o 3 RIKDHEED V2 E & LTRD T,
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3 %% - T —-M
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