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Sunspots and Earthquakes

José Santiago
Sabana Llana Middle School, Rio Piedras, Puerto Rico
Teacher: Maria Hernandez, RBSE ‘99

Abstract

My science teacher, Mrs. Herndndez, attended an astronomy workshop at the National Optical Astronomy
Observatory (NOAO) in Arizona. When school started, she got us involved in the project, and | was motivated to
carry out thisinvestigation. | wasinterested in astronomy, particularly, in solar activity, and | asked myself if there
was arelationship between the number of sunspots and earthquakes. Personally, | | believethereis, so | started my
investigation with the help of the solar telescope prepared at NOAO, aCD-ROM that processes images from RBSE
(vacuum telescope at Kitt Peak, Arizona), and the Internet. | studied sunspots and earthquakes from 1989 to 1998.
I madealist of the earthquakesthat occurred during that decade and the number of sunspots, three months before and
threemonthsafter each earthquake. After analyzingdata, my hypothesiswascorrect. Dataseemsto support that there
is a connection between the number of sunspots and the occurrence of earthquakes, therefore, | plan to repeat this
investigation next year, improving data and increasing the number of earthquakes to be studied.

Introduction

| wasmotivatedto carry out thisinvestigation after my scienceteacher received aseminar inastronomy at the National
Optical Astronomy Observatory (NOAO). | was interested, particularly, in solar activity. | started asking myself
whether therewasany relationshi p between the number of sunspotsand earthquakes. | think thereis, therefore, | chose
this topic.

Problem
Is there arelationship between the number of sunspots and earthquakes?

Hypothesis
| think there is a connection between the number of sunspots and the occurrence of earthquakes.

Methodology

Fromtheyard of my school, | started aday by day count of the number of sunspotswith the help of asolar telescope
made at NOAO. Then | made adeeper study of sunspotswith the help of aCD-ROM that processesimagesfrom the
RBSE (vacuum telescopein Kitt Peak, Arizona). Fromtheseimages| studied thelatitude, thelongitude, the measure
of sunspots and how long they lasted. Afterwards, | went on the Internet at web sites: http://science.msfc.nasa.gov/
ssl/pad/solar/greenwch/spot_num.txt and http://www.neic.cr.usgs.gov/neis/eglist/last_bigl0.html. From theseweb
sites| obtained alist of the earthquakesthat took place from 1989 to 1998, and the number of sunspots three months
before and three months after each earthquake. Then | prepared a graph to investigate if there was any connection
between the number of sunspots and the occurrence of earthquakes.

Conclusion

Accordingtotheanalysisof data, in 9 out of 10 earthquakesstudied, therewasin anincreasein the number of sunspots
before the earth’ s movement. Data seems to support my hypothesis that there is a connection between the number
of sunspots and the occurrence of earthquakes.

Projections

Next year, | planto repeat thisinvestigation (Phasell) in order to do further research on thistopic, nevertheless, | will
try to improve data. First, | will include the month in which the earthquake took place, and | will also increase the
number of earthquakes to be studied.
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Sunspots and Hurricanes

Carlos F. Ramirez
Sabana Llana Middle School, Rio Piedras, Puerto Rico
Teacher: Maria Hernandez, RBSE ‘99

Abstract

Last summer our professor Maria Hernandez attended a workshop on sunspots at Kitt Peak, Arizona. From the
knowledge acquired at this workshop, she started to develop with us a project to study sunspots. She gave us a
workshop on how to use the solar tel escope and the datawe obtained from it. These experiences and, given the fact
that each and every year, during hurricane seasons, our island has to be aert to these atmospheric phenomenons, |
was motivated to investigate if there was a connection between these and sunspots. | based my investigation over
aperiod of twenty-one (21) years, from 1979 to 1999, making use of the solar telescope and the Internet, studying
sunspots and hurricanes with the objective of establishing a relationship between both. After analyzing data, |
conclude that sunspots do not affect the amount of hurricanes. Nevertheless, | look forward to contune studying
sunspots because they could explain other phenomenathat affect our planet.

Introduction

This project comesforth after Mrs. Maria Herndndez, our science teacher, gave us aworkshop on how to use asolar
telescope and how to manage the datawe obtained fromit. The hurricanes of the past seasonsintruiged mealot, and
so | decided to investigate if sunspots had any effect on the amount of these atmospheric phenomenathat occur each
year. | based my investigation over thelast twenty-one (21) years, from 1979 to 1999, hoping that results answer my
guestion of whether sunspots affect hurricanes.

Problem
Is there arelationship between sunspots and the ammount of hurricanes that occur yearly?

Hypothesis
Sunspots affect the amount of hurricanes that take place each year.

Methodology

For thisinvestigation, | studied sunspots with the solar telescope. Then | used a CD-ROM from NOAO (National
Optical Astronomy Observatories) to obtain information about sunspots. After that, | went on the Internet to seek
information about the hurricanesthat had taken placethroughout theyears 1979 to 1999; obtaining alist that included
dates, air pressure, and categories. | looked for additional information on sunspotsto be able to analyze the amount
of thesein relation to the amount of hurricanesin the past twenty-one (21) seasons. | compared the data making use
of charts and graphs.

Data Analysis

Dataindicatesthat thereisno connection between sunspots and the amount of hurricanesinthedifferent seasons. As
it can be observed, in seasons where there were agreater or less number of hurricanes also reflected agreater or less
number of sunspots, indistinctly. It can’'t beestablished, therefore, that to agreater or lesser number of sunspotsthere
isagreater or lesser number of hurricanes. In other words, in seasons where there were many hurricanes (up to 19),
datareflectsfew sunspotsin some seasons, and agreater number of theminothers. The samehappensin seasonwhere
there were asmall number of hurricanes.
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Conclusion

Having analyzed data and obtained the results of my investigation, | conclude that there is no relationship between
sunspots and the amount of hurricanesthat can occur each year. In other words, that the number of sunspots has no
effect on the amount of hurricanes in a season.

Projections

| consider that thisinvestigation is of great importance becauseit allowsthe study of the relations between sunspots
and atmospheric phenomena. Neverthelesstheresults of my investigation, | am still interested in studying sunspots
andtheir relationship, if any, with hurricanesfrom other aspects, such as: density and water vapor. Onthe other hand,
| expect to investigate if thereis any relationship between sunspots and other phenomenathat affect our planet; for
example, solar radiation.
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Identifying Unknown Solar Absorption Lines

Todd Faner and Regan Wilson
Grosse Pointe North High School, Grosse Point, Ml
Teacher: Ardis Maciolek, RBSE ‘98

Abstract

Sections of the solar absorption spectrum from 3400-6270 Angstroms were examined by using an on-line database
to find absorption lines that were unidentified. By querying the Vienna Atomic Line Database, a synthetic solar
spectrumwascreated. Thecomparison between the synthetic and actual absorptionlinesrevealed solar linesthat were
identified as specific el ements. Features were evaluated to determineif they were blends and their positionsverified
withrespecttoknownlines. Somepreviously- identifiedlineswererevised. Seventeen new identificationsandforty-
four revisions were discovered.

Introduction

Despite one hundred years of research into the solar spectrum, there are still many absorption featuresthat have not
been identified. These absorption features directly correspond to identities of elements. Sincethelast time (1970's)
that major identifications were made on these lines, much work has been done on all the of the atomic spectrum,
especially recently with new lineidentifications being madein the Rare Earth and transition elements. This project
used a synthetic spectrum to identify unknown absorption lines in the real spectrum of the sun.

Hypothesis

Previously unknown absorption lines of transition metals and rare earth elements in the sun can now be identified.
Inaddition, all solar model scurrently factor out unidentifiedlines. Thesenew identificationswill affect theelemental
abundance estimates so future solar models will have to be revised.

Procedure

Thefirst step of the processwasto meet with Professor Donald Bord of the University of Michiganand learn generally
about the solar spectrum and how to identify elements by their absorption lines. Professor Bord then explained how
to submit a query to the Vienna Atomic Line Database (or the VALD).

The VALD isacollection of atomic line parameters of astronomical interest and it also providestoolsfor selecting
subsets of linesfor typical astrophysical applications. Lineidentification, chemical composition and radial velocity
measurements, model atmosphere calculations, etc. 1naddition, the BASS 2000 web site, and the Photometric Atlas
of the Solar Spectrum could be used to examine the lines in the current spectrum.

After examining the solar spectrum the query starting point was placed in the ultraviolet range, because the line
density isgreater and there are more unidentified features. Thisareaa so haslesstelluric lines, absorption bandsthat
are caused by molecules in the Earth’ s atmosphere. Since these aren’t caused by the photosphere of the sun, using
them in the data is out of the question because they are distinctly a foreign piece of information. Also, they are
molecular or polyatomic bands, so their activity clearly differs from that of the atomic linesin the sun.

Withall thisin mind aquery to the ViennaAtomic Line Database (V AL D) was made through the use of email. Using
“Extract Stellar” mode, the default parameters were solar, so few changes needed to be made. VALD would create
asynthetic spectrumfor the portion queried, with all linesidentified, according to their known behavior on Earth. This
would allow the unidentified featuresin the solar spectrum to be identified.

Data
Ten separate queries were made to the VALD, three of which were returned to be unusable. The datawere returned
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without any lines and a message that that portion of the spectrum was unusable. The first queries were madein the
lower regions, or ultraviolet, and the querieswould go higher up each time, ending with aspot just below theinfrared
range. The areas in the green portion of the visible light were determined unusable. There were too many large
absorption features. The large absorption features block out the smaller unidentified lines, making them truly
unidentifiable. The whole data spreadsheet was seventeen pages, so for the purposes of this paper, two shorter
spreadsheets were created. The first has all the newly- identified lines, and the second lists lines believed to be
incorrectly identified in the original published research, along with their proposed new identities.

For each spreadsheet, the first column has the observed line position in angstroms. The second column hasthe line
position of the created spectrum in angstroms. And the third column has the difference between the two. The next
isthe elemental identification column. This gives the element and its ionization number. The ionization number of
oneis neutral, number two would be missing one electron, number 3 would be missing two el ectrons, etc.

New Solar Line |dentifications

Observed Features | Virtual Features| Query Difference | Elemental ID
Wavelength (A) Wavelength (A) | Wavelength (A)
3400.232 3400.25 0.018 Ce?2
3401.344 3401.343 -0.001 V1
3401.858 3401.859 0.001 Os1
3410.791 3410.797 0.006 Mn 1
3411.977 3411.958 -0.019 Ni 1
3416.782 3416.69 -0.092 Fe2
3420.598 3420.601 0.003 Ni 2
3427.522 3427.556 0.034 Fel
3430.955 3430.91 -0.045 Col
3431.072 3430.979 -0.093 Gd 2
3431.185 3431.189 0.004 Tm?2
3435.593 3435.546 -0.047 Scl
3439.872 3439.828 -0.044 Ce?2
3446.612 3446.605 -0.007 Til
3499.269 3499.255 -0.014 Ni 1
6265.6 6265.612 0.012 Mn 1
6269.977 6269.967 -0.01 Fe2

Analysis

After aweek’ sturn-around timefor each VALD query, the synthetic spectrum was compared to the actual spectrum.
Thefeaturesin the observed spectrum were matched to their corresponding linesin the virtual spectrum. To identify
the unknown lines, agraph of that portion of the spectrum would be obtained using the Photometric Atlas of the Solar
Spectrum, areference book that plotted the entire spectrum on paper and the BASS 2000 web site. Thisweb site had
the entire spectrum online. The position and range of the portion in question could be changed in seconds, saving
valuable time.
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Solar Line Revisions

Observed Features |Virtual Features |Query Difference Previous New
Wavelength (A) Wavelength (A)  |Wavelength (A) Elemental ID |Elemental ID
3400.019 3400.106 0.087 Gd 2 Cr2
3401.173 3401.067 -0.106 Ni 1 Gd 2
3401.530 3401.538 0.008 Fel Ni 1
3402.074 3402.071 -0.003 Col Gd 2
3402.552 3402.564 0.012 NH V1
3402.900 3403.081 0.181 Zr2 Gd 2
3403.271 3403.271 0 Fel Th1l
3404.31 3404.3539 0.0439 Mo 1 Fel
3405.371 3405.205 -0.166 NH Crl
3406.121 3406.094 -0.027 NH Ca?2
3408.505 3408.447 -0.058 Fel Ca?2
3409.671 3409.588 -0.083 Col Fel
3409.948 3410.01 0.062 NH Cr?2
3412.887 3412.865 -0.022 NH Col
3413.270 3413.275 0.005 NH Gd 2
3413.410 3413.471 0.061 Zr2 Ni 1
3413.650 3413.652 0.002 NH Fel
3415.443 3415.429 -0.014 Cr2 Fel
3416.512 3416.566 0.054 Fel Ce?2
3416.869 3416.857 -0.012 Fel Ce?2
3417.066 3417.058 -0.008 NH V1
3417.359 3417.273 -0.086 Rul Crl
3420.108 3420.17 0.062 NH Fe2
3422.496 3422.499 0.003 Fel(Gd?2) Col
3422.759 3422.753 -0.006 Cr2 Gd 2
3422.759 3422.759 0 Ce?2 Col
3423.715 3423.704 -0.011 Ni 1 Ni 1
3423.839 3423.838 -0.001 Co?2 Ni 1
3423.994 3423.989 -0.005 Fel Ni 1
3424.713 3424.613 -0.1 NH Rel
3425.446 3425.305 -0.141 Fel Ni 1
3426.912 3426.988 0.076 NH Fel
3427.612 3427.72 0.108 Crl Ni 1

If the lines had double-peaks, round tips, misshapen slopes, fat bottoms, or were asymmetrical at all, the VALD
identification could not be taken as absolute. These blends, or features that are more than one line near the same
position, that add together to produce an asymmetrical feature. Blends were ruled out and taken as unidentifiable.
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The position of the VALD line would need to have an acceptabl e agreement in position with the observed line, and
the unknown observed line would need to have the correct placement between two known features, to assure it was
asingleline, and be good-looking. If these checks had passed, the VAL D’ sidentification of theline could be assured
as proof positive.

Thedifferencesbetween theposition of thelinesinthe query and theactual spectrumwererecorded onthe*identified
lines’ spreadsheet.

Therewerelinesin the observed spectrum already identified in 1966, but the VALD definition of the line disagreed.
In some cases, the observed feature would have a question mark after it. Thisindicated that the line was thought to
be of that identification, but it wasn't an absolute. Thelineswherethisoccurred were Fe 1 or Fe 2. In the past decade,
there have been intensive studies on theiron lines in the solar spectrum in Sweden. Since the VALD is updated to
this, and the observed features book is rather outdated, the VALD definition was taken. On lines that didn’t agree,
and didn’t have a question mark after them, the lines bracketing that feature were examined. If they were identified
in both the VALD and the observed spectrum, and, were an acceptabl e distance away from the linein disagreement,
thentheVALD definition wastaken. If thelinedidn’t meet the above parameters, the observed definition wastaken,
becausetheVALD could not be used unlessit waswithout areasonable amount of error. The solar spectrumresearch
was dated 1966, and the VAL D model has revisions made, as of the 1993 solar model. Thisisthe reasoning behind
favoring the VALD definition during disagreements.

Thedifferencesin line positions of the observed and virtual spectrawere figured next. Thiswas easily accomplished
by subtracting the observed from the virtual. Using this, the standard deviation was cal culated for the observed and
virtual spectrum’s known and newly identified line differences. Standard deviations of the differences from the
known versus the newly identified lines were compared. The standard deviations of the new identifications were
smaller than and in good agreement with the standard deviations of the known lines.

The standard deviation derived from all the known lines was 0.047. The standard deviation from all the newly-
identified lines was 0.035.

After counting the number of unidentified linesin the sun, they totaled 6126 lines. Factoring in the seventeen lines
which wereidentified by thisresearch, the changein the number of unidentified linesin the solar spectrumis0.28%.

Conclusions

Seventeen new lineswereidentified: rare earth elements (cerium 11, gadolinium 11, thallium I1) and transition metals
(vanadiumI, osmium|, manganesel, nickel 1&11,ironll, cobalt I, scandium|I, andtitaniumI) werefound. Thiscaused
achange in the number of unidentified linesin the solar spectrum of 0.28%.

Forty-three line identifications were revised involving thirteen transition metals and four rare earth elements.
Because of the discoveries of these new and revised lines, changeswill have to be made to the current solar model.

Extensions

In the future, the plan will be to process more queries, and identify more elements. This will provide even more
evidence of how the current solar model needsto berevised. A next step will beto cal culate the abundances of these
newly identified elements.
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The Effect of Sunspots on Temperature and Ultraviolet Rays

Jessy Farrell, Heather McPherson, and Yasmin Afsar
Chenery Middle School, Belmont MA
Teacher: Elizabeth Chait-Sanghavi, RBSE ‘98

Abstract

Our group wasinterested in the effect sunspots have on Earth. We decided to focus on two subjects. temperature and
ultraviolet (UV) rays. When we started this project, we hypothesized that when the sunspot index rises, both
temperature and the UV ray index would rise aswell. We show that temperature does rise and fall with the sunspot
index, but that the connection between the UV index and sunspot index isweaker. To help usfind information, we
decompressed images on WinZip from Kitt Peak Solar Observatory, and analyzed them on Scion Image.

Introduction

Wewanted to find out if the sunspot index affected both the UV index and the average annual global temperature on
Earth. Our hypothesiswasthat the greater the sunspot index, the greater the UV index and the average annual global
temperature. During a sunspot minimum, we think that the Earth’s average annual temperature will decrease, and
more UV rays will escape the sun. Heat and radiation will thus affect the Earth.

Most peoplelooking for the cause of global warming have pointed to the greenhouse effect. They have missed some
crucial scientific data: the radiation from the sunisnot constant. Thisfact isimportant because climate modelsused
by greenhousetheory proponentsused to assumethat the sun’ sradiancewas constant. With thisthought in hand, they
could ignore solar influences.

Theassumption that the sun’ sradianceisconstant isnot valid. Further research reveal ed astrong connection between
global temperature on Earth and sunspots. When a solar minimum occurs, temperature on Earth is cooler, with the
opposite occurring during a maximum. Researchers point out that the half degreerisein global temperature over the
last 120 years occurred before 1940, before the sharp increase in greenhouse gas emissions that has taken place over
recent decades. Also, using ancient tree rings, scientists can show that seventeen out of nineteen warm spellsin the
last 10,000 years coincided with peaks in solar activity.

Thelittleice age, from 1650 to 1850, affected mostly the Northern Hemisphere. Temperaturesin thisperiod fell 2°F
below today’ saveragetemperatures, causing canalsin Veniceto freeze, glaciersto advance, and major crop failures.
Thishappened during atimewhen the sun wasat asolar minimum. From 1645to0 1715, thesunwasin astagereferred
to as the Maunder Minimum. During thistime, the sun had few spots and little magnetism.

When the sun began to emerge from thisminimum in the early 1700’ sthe Earth warmed up, ending thelittleice age.
Since 8,700 B.C., there have been ten major cold spells, similar to the Maunder Minimum. Nine of these cold spells
have coincided with a sunspot minimum.

Changes in the sun’s radiation strongly affect the Earth and contribute to global warming. One widely discussed
connection isthe effect of the sun’ sradiation on components of the Earth’ satmosphere. Since sunspots give off UV
radiation, we assumed that the greater the sunspot index, the greater the UV index.

Ultraviolet radiation is one of the components of the light spectrum. It has many effects, not only on humans but on
other natural features. For example, coral reefsturn beautiful colorswhen exposedto UV radiation. Excessexposure
to UV radiationisconsidered harmful to human health. 1tisassociated with skin cancer, cataracts, and other diseases.
Exposure to UV radiation is more intense at higher altitudes and many pilots are becoming concerned about the
potential health hazards they face because of their work.

Our research did not reveal many studies on the connection between the sunspot index and UV rays on Earth. We
hopethat our project will stimulate aseriesof other studiesthat will helpimprove knowledge about thisrel ationship.
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We decided to explore the relationships between sunspots and global temperature and UV rays because of their
potentially bad effectsonthe Earth. A riseinthe sunspot index may lead to higher temperaturesand greater radiation
exposure on Earth.

Methods

There were many difficult but rewarding moments during this project. When we first learned to use WinZip32 to
download images, and to use Scion Image, we were unsure of ourselves. These programs are used to analyzeimages
of the sun. WinZip32 decompresses theimages, and Scion Image allows us to analyze them. Now that the project is
over, we are experts at using these programs to find sunspot indexes.

Forinformationon UV rays, our group wrotetoacommercial firm asking themwhat unitsthey usedintheir UV index
datatables. Their response was not helpful. On the Internet, we found awide range of sites when we searched the
topic of “UV data” and “historical temperature.” We were excited to find the information and printed out much of
it to improve our understanding of the data and to determine what connections there may be between the series.

Results

The basic data set we assembled isreported below. For selected years starting in 1856, the data cover the average
annual global temperature, thesunspotindex, and (whenavailable) theUV index. What thesedatashow isarelatively
strong association between sunspots and temperature.

These data provide support for both of our hypotheses. During periods when the sunspot index was high, the
temperature and UV index were greater than they were when the sunspot index was at a minimum. For example, in
1996, 1997, and 1998, the sunspot indexeswere 8.6, 21.5, and 64.3, respectively. Theaveragetemperaturesfor those
three years were 14.22, 14.43, and 14.57 degrees Celcius. The UV indexes aso rose, 267.6951, 271.7949, and
278.6275.

Thethreeindexes generally rose and fell together. In 1996, a sunspot minimum, the average temperature was 14.15
degrees Celsius, lower than it was in 1999, at 14.5. The sunspot indexes for those two years were 23 and 70,
respectively. Looking at our long-term data, we can see clearly the 11-year cycles. When the sunspot index rises, so
does the temperature on Earth. From this pattern, we can predict warm weather this year.

Conclusion

Based on our data, we can conclude that the sunspot index does affect both average annual global temperature and
the UV Index. The evidence shows support for our hypothesis that it would be colder on Earth during a sunspot
minimum and warmer during asunspot maximum. Thereisal so evidencethat arisein the sunspot index isassociated
with arisein the UV index.

In the abstract, we noted that the UV index increased when the sunspot index increased but that the relationship was
weaker. During 1995, the sunspot index decreased to 17.5 whilethe UV index increased to 307.043. Thiswasan odd
result but we did not believe that it was reason to doubt the overall trend in the data.
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YEAR TEMPERATURE | SUNSPOT UV INDEX
(degrees C) INDEX
1856 13.64 4.3 -
1857 13.53 22.7 -
1858 13.58 54.8 -
1859 13.77 93.8 -
1860 13.6 95.8 -
1861 13.59 77.2 -
1862 13.47 59.1 -
1863 13.74 44 -
1864 13.54 47 -
1865 13.75 30.5 -
1866 13.8 16.3 -
1867 13.69 7.3 -
1868 13.8 37.6 -
1869 13.71 74 -
1870 13.68 139 -
1871 13.64 111.2 -
1872 13.79 101.6 -
1873 13.72 66.2 -
1874 13.6 44.7 -
1875 13.57 17 -
1876 13.59 11.3 -
1877 13.87 12.4 -
1878 13.99 3.4 -
1879 13.71 6 -
1880 13.72 323 -
1885 13.66 52.2 -
1890 13.61 7.1 -
1900 13.86 9.5 -
1910 13.54 18.6 -
1920 13.77 37.6 -
1930 13.85 35.7 -
1940 13.98 67.8 -
1950 13.8 83.9 -
1960 13.99 112.3 -
1970 13.97 104.5 -
1980 14.1 154.6 -
1990 14.34 142.6 -
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1991 14.29 145.7 -

1992 14.15 94 .3 -

1993 14.19 54.6 -

1994 14.26 29.9 226.346
1995 14.38 17.5 307.043
1996 14.22 8.6 267.6951
1997 14.43 21.5 271.7949
1998 14.57 64.3 278.6275
1999 14.1 93.4 310.0826
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Sunspots and Flight Safety

Kirby Tyrrell, Catherine Caruso and Emilie Anderson
Chenery Middle School, Belmont MA
Teacher: Elizabeth Chait-Sanghavi, RBSE ‘98

Abstract

How the sunspot number affectsthe safety of air travel was studied. Research was conducted to determineif during
the solar maximum pilots have more trouble navigating airplanes than at any other time. The hypothesis for this
question was that the chances were higher of crashing during the solar maximum. After doing a substantial amount
of research using the Internet, the phone, and Scion Image, the hypothesis was proved correct.

Introduction

Research on how the sunspot number affects flight was conducted. The question asked was, is it more difficult to
navigate airplanes during the solar maximum than any other time? The hypothesisfor this question was that during
the solar maximum, airplanes are affected more and the number of navigational problems (crashes) does increase.

To helpinvestigatethe question, information wasfound on the I nternet on how planes navigate. Planesare controlled
by threemethods, pil otage, dead reckoning, and radio navigation. Pilotageisthesimplest way of navigating; itiswhen
the pilot keeps on course by following landmarks. Before taking off the pilot makes an aeronautical chart to show
landmarks. When he passesover them, hechecksthem off onthechart. If hedoesnot passdirectly over them, heknows
heisoff course. Thismethod of navigation could not beaffected by solar activity becauseitisnot controlled by power-
driven instruments such as radios or satellites.

The second method of navigation is dead reckoning. This method is used when there are few or no perceptible
landmarks. Thismethod ismore complicated than pilotage. In thismethod the pil ot does need instruments, one could
use a clock, compass, and asmall computer for figuring out difficult math problems. The pilot uses a chart to plan
aroute before he flies. He also calculates how long it will taketo reach thetarget if he flies at a constant speed. The
computer allowsthe pilot to revise his course in case thereiswind. If the planeis over alocation at the correct time
thepilot knowsheison course. Sincethepil ot doesuseinstrumentssuch asacompassit could beaffected by sunspots,
this navigational method is more risky during the solar maximum. Geomagnetic storms could affect the magnetic
north, on which the compass is based.

Thethird method of navigation isradio navigation. Airplanesuseradio systemsnamed L ORAN and OMEGA. These
systemsare heavily affected during solar maximums since solar activity can upset radio wavelengths. The OMEGA
system containseight stationsthroughout theworld. Airplanesreceivevery low frequency signalsfromthesestations
to determine their positions. During solar activity, the station can give incorrect information to navigators causing
them to be three or four miles off course. If pilots are aware of a solar storm, they will switch to a back-up system,
but sometimes they are not aerted fast enough. Thisis how sunspots can affect air navigation.

Methods

Tobegintheproject,theFAA, TheFederal Aviation Administrationwascalled. Inspeakingto Net Preston, ahistorian
at the FAA, information on number of planesthat had crashed out of the number launched during the years 1997 and
1999 in themonths January, May, and September was obtained. Tointerpret the datamoreeasily, it wasfirst putinto
aratio to find the percents. Then it was converted into fractions over 100,000 so that the numbers would be more
understandable.

The next step wasto find the sunspot index for the same months and years asthe crash data. This step was compl eted
using Scion Image to analyze images from the Kitt Peak Observatory in Arizona. The fifth day of each month was
used to find an average. This was the research that took the longest, because there were many sunspots to count.
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Therewas also agreat deal of information on the Internet that assisted in writing theintroduction of thisreport. Itis
helpful that thisyear isthe solar maximum becausethere seemsto bealot moreinformation onthelnternet than other
years. All of these factors helped in writing the report.

Results
See graphs attached

Conclusion

From the data, one can conclude that sunspots do influence the navigation of airplanes and they may increase the
number of plane crashes in the United States. In January 1997 the sunspot index was 5.6 and the number of plane
crashes per one hundred thousand planeslaunched was only 3.3. In January 1999, the sunspot index was44.4 and the
number of plane crashes per one hundred thousand was 4.8. During the month of May 1997, the sunspot index was
11.6 and the number of plane crashed was 5.8. Then during May 1999 the sunspot index was 62.5 and the number
of planecrasheswas11.6. During themonth of September 1997, the sunspot index was 19.4 and thenumber of crashes
was 5.3. During September 1999 the sunspot was 71 and the number of plane crashes per one hundred thousand was
11.5. Fromthisdata, there appearsto be arel ationship between the sunspot index and plane crashes. For almost every
month when the sunspot index became higher, the number of plane crashes rose as well. It also proves that the
hypothesis was correct.

One complication to the project was that starting in May 1997 the number of plane crashes decreased and kept
decreasing until January 1999. Sinceit is unknown what happened in 1998 a conclusion cannot be made about why
this happened. Thisisthe only problem encountered during this project.
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The Connection Between Sunspots and Power Outages

Natasha Feden and Alicia John
Chenery Middle School, Belmont MA
Teacher: Elizabeth Chait-Sanghavi, RBSE ‘98

Abstract

Wehavefrantically searched for information on how the number of sunspotsaffect thenumber of power outages. Our
hypothesis was that the number of sunspots did affect the number of power outages. We used the Internet, Scion
Image, WinZip, our computer lab at school and Ms. S. We feel that we proved our hypothesis very well.

Introduction
We did a project on the connection between the sunspot index and the number of power outages.

Power outages affect our daily lives. People use power to cook, run the dishwasher and refrigerators. We also use
itforlight, entertainment (watching TV), communication (tel ephones) and computers. They want to beableto predict
power outages. |f researchers and scientists were able to grant us that, people would prepare themselves with
flashlights, candles and batteries. Maybe understanding the connection will help people be prepared in their daily
lives.

Wethink that the answer to our question will bethat more sunspots cause more power outages. Wethink thisbecause
sunspots cause solar flares/winds that cause the radios to have static. Maybe more solar wind/flareswill cut off the
power also.

Sunspots are disturbances on the sun’ s surface. They look like dark regions on the sunin pictures. They look dark
because they make the area around them is cooler. Sunspots follow an 11 year cycle. During those 11 years, there
Isasolar maximum and solar minimum. A solar maximum iswhen the sunspot index isthe highest. Theyear 2000
isasolar maximum. Therefore, our questionwill beof particular concernthisyear. Thesolar minimumiswhenthere
isthe least number of sunspots. The most recent minimum was in 1996.

Themore sunspotsthere are, themorelikely wewill have solar flares. Solar flaresare bursts of magnetic energy that
shoot upfromthesun. Hugeamountsof heat andlight aregiven by theseflaresthat turninto solar winds. If thisenergy
reaches Earth, it can affect Earth’s magnetic field and disrupt radio reception.

Webelievethat sunspots cause power outages becausein March 1989, ageomagnetic storm hit Quebec Hydro Power
System. This caused the power to go out for more than twelve hours. This occurred during a solar maximum.

Methods

Weused KPVT datato find our information on sunspot indexesfor February, July, and November. We chosethese
months because we wanted to do the beginning, middle, and end of each year. December and January weretoo close
to each other so we did February and November. KPVT data are images of the sun taken from a vacuum telescope
in Kitt Peak, Arizona. We chose the years 1996 and 1999 because they were the sunspot minimum and closeto the
sunspot maximum respectively.

Toview KPVT data, wefirst had to decompressthefiles. WinZip extractsthefilesso that we canlook at them. Scion
Image helped usto view our data and find the sunspot index. We used the formula 10 times the number of groups
plus the number of sunspots to find the sunspot index.

We also went on the World Wide Web. We found a website about sunspots which gave very good background
information. The website was http://www.fcc.gov/Bureaus/Engineerng_ Technology/Filings/Network_Outage/
1996/report.html. Or you could have 1999 instead of 1996. Next, we discovered a website listing major power
outages. We got them for 1996 and 1999. We e-mailed Robert K. (the author of the website) but he was unable to
help us.
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Results
See attached graphs and tables.

Conclusion

Wewill share our conclusion drawn fromthe previously stated data. Noticethat the number of power outagesin 1996
isl14. In1999itis22. Thatisnearly double. InFebruary, noticethat in 1996 the average sunspot index isO. However,
in 1999 itis43.6. Thekey dataisthat when the sunspot index is high with an average of 63.23 in 1999, the power
outages become more frequent, with atotal of 51 outagesin three months. However, we noticed that in 1996, where
there was a sunspot index average of 6.77 the number of power outages decreased by about 6 |ess outages!

Wereceived ane-mail fromRaobert K. of the Federal Communi cations Commission, and author of websiteon outages,
that the power outages were really telephone outages. After a day of panic, we pointed out that telephones use
electricity. When Ms. S. said that what we had was all right we were so relieved. That was only one of the many
problems. Another problem wasthat if we raised our hand, Ms. S. was not always available to help us until it was
timeto go. Thismeant that we had to think of answersto some of the questions on our own. A third problemisthat
our schedules conflicted and we could not get together often. This caused some of usto “zone out” and get irritated
with one another. This also caused usto work on some parts of our project alone. A fourth problem wasthat in the
beginning when we started this project, it took us awhole period to open up 1 image of the sun on Scion Image. We
solved this last problem with alot of practicel Now we can get an image in 10 seconds.

Wewould have changed this project by doing adifferent question! Thisquestionisincredibly hardto prove, because
we can not go around theworld asking peopl eif they had power outages. Evenif we could, wewould haveto subtract
the power outages that were caused by blizzards or winds knocking down telephone poles. Itisreally impossibleto
be absoloutely sure of what caused each power outage. Then we would have to say that it was in asolar maximum
and prove that the sunspots caused it.

To solve the time problems, we should have a schedule where we will have 3 minutes when we can ask Ms. S.
questions. We should also plan ahead and set certain times where we can get together. Now our conclusion comes
toan end. But, be prepared for power outages this year. Especially since April isthe maximum of the maximum.

AVERAGE SUNSPOT I NDEX POWER OUTAGES
1996 1999 1996 1999
February 0 43.6 | | February 17 11
July 7.3 72.8 | | July 14 22
November 13 78.3 | | November 15 18
Total Averages 6.77 63.23 | | Total 46 51
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THE NUMBER OF POWER OUTAGES AND SUNSPOT INDEX FOR JULY 1999
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THE NUMBER OF POWER OUTAGES AND SUNSPOT INDEX FOR FEBRUARY 1996
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A Search for Novae in the Andromeda Galaxy - Year Two Results

Ken Phelps, Catherine Provenzano and the Nova Search 2000 Research Group
Grosse Pointe North High School, Grosse Point, Ml
Teacher: Ardis Maciolek, RBSE ‘98

Abstract

The second year of this Nova Search project had two purposes: to follow up on four of the novae from last year's
observations and to analyze two new sets of data. The four novae from last year were all seenin the last epoch (16)
and it wasn't certain whether they would still bevisible. Of thefour epoch 16 novae, two continued to be seeninthe
new datafields. Light curvesfor thosetwo were recal culated and their type was changed from NC to NB. Ten new
novae were discovered. Of these, light curves for two could be cal culated and they were found to be Type NB. The
mosaicsof novatypesand novalocationswererevised. Thetotal of twoyearsof classresearch hasproduced 31 novae
with an average magnitude of 16.20 and arange of 15.23-17.69. Type NA novae, with fast decay light curves tend
to be more centrally located in the galaxy.

Background and Purpose

The purpose of the Nova Search project wasto follow up on four of the novae from last year’ s observations and al so
taketwo new setsof data(called epochs) from thislast year and analyze both of them. Four novaelast year were seen
in the last epoch (16) and it wasn't certain whether they would still bevisible. Theidea of finding novaeisto seeif
thereisany pattern to wherein agalaxy they occur and if thereisapattern to what types are found and how they are
distributed.

New Procedures

The Nova Research Team set some new procedures thisyear. Some previously discovered novae have been hard to
find again. To locate novae on the images more easily a new scale column was created in the data table. It lists the
scale values used to see the novae. Another new data column was added to all new observations thisyear: standard
stars. These are the numbers of designated comparison stars used to determine the magnitude of anova.

Data Tables, Revised and New

TheDataTablescontain many terms. Looking acrossfromlefttoright it reads; nova, subraster, epoch, UT (universa
time), right ascension, declination, magnitude, and scale. The column labeled “nova’ lists that nova's assigned
number. The subraster isthe area of the galaxy where the novawas seen. The Andromeda Galaxy imageiscut into
sixteen of these for easier observation. The epoch isthe day that each image was taken. Universal Timeisequal to
thetimein Greenwich (the zero degreelineof longitude- the prime meridian). Thereason that the observationisdone
inUT (universal time) isso peopleobservingfrom all areasof theworld can haveastandard timefor easier comparing
between observers. The x and y are the image coordinates of the nova.

There are two sets of datatables. Thefirst set isthe Nova Data 1999 table, containing Novae 1-21. It will not be
published here, dueto space constraints. Thisyear someimprovementswere madein magnituderevisions, and some
minor errors were corrected. The scale column was added.

The Nova Data 2000 table lists Novae 20 and 21 again, this time with new observations added from this year's
research. Novae 22 —32 are new discoveries from this year.

Analysis

The standard stars already had a predetermined magnitude and arange of error, determined by NOAO. After using
NIH Image to calculate the magnitude of the nova, the computer was asked to recal culate the magnitude of the
comparison stars. The number it came up with was subtracted from the real magnitude on the standard star charts.
Thus, animageerror was produced. Then theerror of the standard star charts (standard star error) was combined with
theimageerror of the novamagnitudes, and using the squareroot of the sum of their squaresdivided by 2, acombined
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error was reached.

Thelight curve graphs were made with magnitude on the Y - axis, and the time between the images were taken, was
ontheX-axis. If thenovaonly appeared on oneimage, it had no X value, soit couldn’t be plotted, and inturn, couldn’t
be determined what typeit was. The numbers of the magnitudes were made negative to ensure the graph went in the
correct direction, which was decreasing. Error barswere made using thelargest combined error for each nova. Three
different typesof curvefits, suggested by the NOAO, weretried. Includedinthesewereafirst, second, and third order
polynomial. Since anovacan’t go up and down in magnitude more than once in the time frame that was examined,
the objective here was to get a curve that only showed one cycle. The R*2 value in the curve fit options, was the
determining factor in which graphsto use. The closer the valueisto 1.000, the better the fit. So, if two graphs both
looked acceptable, which ever had a closer R*2 to 1.000 was the one that was chosen.

At thispoint, thetype of novawasdetermined asNA, NB, or NC. Then, for every novafound, itsposition was plotted
onthesubraster maps. Next, al thedotsfrom the new novaethat were on the separate subraster mapsweretransferred
onto the main map, which was a composite of the Andromeda Galaxy. These maps will be available for inspection
on the astronomy class web page at:

http://north.gp.k12.mi.us/~maciol a/webpages/

Four new light curve graphs were made. All four were determined to be type NB novae. Combining two years of
data, the average magnitude of the novaewas 16.20 and they ranged from 17.69t0 15.23. They are shown onthe next

page.

Conclusions and Extensions

Two of the four novae seen in epoch 16 were found again and new magnitudes and light curves were calcul ated for
them. Based on the new analyses, they were changed from what they had been previously classified (Type NC) to
TypeNB. Ten new novaehavebeen discovered. Two of theten had multipleobservations, solight curveswereplotted
for them. They were both classified as Type NB.

By examining the locations of the novae, there is no obvious reason why they are distributed thisway, other than to
conclude that where there are more stars, there are likely to be more novae. However, when looking at the type
distribution, al the fast (NA) novae tended to be located nearer the center.
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Light Curves of Novae - Year 2000

Light Curve of Mova 20

Light Curve of Nova 21
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NOVA ANALYSIS CHART 2000

Image | Standard S.S. |Combined| Fit Fit Nova
Nova| Error Stars Error Error |Method|Correlation| Type
20 0.02 |95, 97, 103 0.09 0.07 P2 0.995 NB
20 0.24 |95, 97, 103 0.09 0.18 P2 0.995 NB
20 0.06 |95, 97, 103 0.09 0.08 P2 0.995 NB
20 0.00 |95, 97, 103 0.09 0.06 P2 0.995 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
21 0.15 |107, 110 0.10 0.13 P1 0.853 NB
22 0.00 |10, 12,17 0.06 0.04 P1 0.424 NB
22 0.06 |10, 12,17 0.06 0.06 P1 0.424 NB
22 0.60 |10, 12,17 0.06 0.43 P1 0.424 NB
22 0.09 |10, 12,17 0.06 0.08 P1 0.424 NB
22 0.15 |10, 12,17 0.06 0.11 P1 0.424 NB
22 0.29 |10, 12,17 0.06 0.21 P1 0.424 NB
22 0.40 |10, 12,17 0.06 0.29 P1 0.424 NB
22 0.28 |10, 12,17 0.06 0.20 P1 0.424 NB
22 0.30 |10, 12,17 0.06 0.22 P1 0.424 NB

23 0.01 |10, 12,17 0.06 0.04
24 0.04 |22, 23,24 0.06 0.05
25 0.03 |24, 18, 19 0.06 0.05
26 0.18 |84, 89, 91 0.08 0.14
27 0.12 |63,72,73,74| 0.1 0.12
28 012 |72,73,74 0.06 0.09
29 0.03 (103, 97, 95 0.09 0.07
30 0.15 |95, 97, 103 0.09 0.12
31 0.14 |106, 108,109 | 0.09 0.12 P1 0.354 NB
31 0.10 |106, 108,109 | 0.09 0.10 P1 0.354 NB
31 0.16 |106, 108,109 | 0.09 0.13 P1 0.354 NB
31 0.13 |106, 108,109 | 0.09 0.11 P1 0.354 NB
31 0.70 |106, 108,109 | 0.09 0.50 P1 0.354 NB
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The Correlation of the Location of Novae in the Andromeda Galaxy with
Respect to the Duration of their Light Curves

Matt Harriger
Harry A. Burke High School, Omaha, NE
Teacher: Tom Gehringer, RBSE ‘98

Abstract

Novae in M31, the Andromeda galaxy, were located in images received from the 0.9 meter telescope at Kitt Peak
National Observatory. Novae were located using the “blinking” method. Magnitude readings were taken for each
epoch that a nova appeared in and light curves were developed for each nova. The location of the novae within the
galaxy was then studied to determine where the greatest concentration of novae occurred. The location of novae
relative to the duration of their light curve was also studied.

Purpose

The question to be addressed in thisresearch iswhether novaein the central part of M 31, the Andromedagalaxy, are
distributed evenly throughout the area or are found in greater concentration in specific areas.

Procedure

Novaearelocated onimages of the central portion of M31 provided by the National Optical Astronomy Observatory
through the Use of Astronomy in research-Based Science Education program. Images are provided on CD-ROM.
Imagesweretaken on 18 nightsover aperiod of about threeyears. TheNIH Imageprogramisused to stack theimages
chronologically and switch rapidly between theimages. Any star which appearsin oneimage and not in the previous
image is considered to be a possible nova.

After verification, magnitudereadingsare taken for each novausing amacro for theNIH Image program. Themacro
uses the known magnitudes of several standard stars within an image as calibration, then reads the magnitude of the
nova. Light curvesfor each nova are then developed showing magnitude of the nova over time.

Thelocation of each novaisthen plotted onalargeimageof M31toallow study of thedistribution of thenovae. Novae
are compared with their proximity to the core of the galaxy to determine where the greatest concentration of novae
lies.

Controls and Error Analysis

Nova candidates were checked to ensure that they really were novae and not artifacts from the CCD chip used in
capturing the image. The program was used to zoom in on possible novae to ensure that they had fuzzy edges as
opposed to sharp rectangular edges. Sharp edges mean a CCD artifact.

Also, possiblenovaethat appearedin only oneepochwere not used becausethey aremorelikely to be something other
than novae appearing in more than one image. Novae appearing in only one image were aso of little use to the
research.

Many of thelight curves obtained had a shape that differed from the generally accepted shapefor anovalight curve.
Thisismost likely duetothelargegapsof timebetween someimages. |nthosegapsitisnot knownwhat themagnitude
of the novais, leading to the strange light curves.

The sporadic nature of theimagesal so leadsto some error in determining the actual duration of the nova, asthe point
at which it fades out of view is not known exactly, but only to the date of the last epoch the nova appeared in. This
error must be accepted in this research, asthereis no way to eliminate it using the available data.
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Data

Table1 liststhe magnitudes of all novae in each epoch they werevisiblein. The X, Y pixel coordinate of each nova
and the julian date of each epoch is also given.

Nova Epoch Magnitude X Y Light Curve Graph
F5e2-7 2 17.50 362 39 Figure 1
F5e2-7 3 17.81 362 39 Figure 1
F5e2-7 4 17.80 362 39 Figure 1
F5e2-7 5 17.64 362 39 Figure 1
F5e2-7 6 17.71 362 39 Figure 1
F5e2-7 7 17.53 362 39 Figure 1
F5el0-16 10 16.68 276 36 Figure 2
F5el0-16 11 16.76 276 36 Figure 2
F5el0-16 12 16.26 276 36 Figure 2
F5el0-16 13 16.52 276 36 Figure 2
F5el0-16 14 17.02 276 36 Figure 2
F5el0-16 15 17.25 276 36 Figure 2
F5el0-16 16 17.26 276 36 Figure 2
F6el0-17 10 15.67 131 340 Figure 3
F6el0-17 11 15.70 131 340 Figure 3
F6el0-17 12 15.84 131 340 Figure 3
F6el0-17 13 16.02 131 340 Figure 3
F6el0-17 14 16.47 131 340 Figure 3
F6el0-17 15 16.55 131 340 Figure 3
F6el0-17 16 16.86 131 340 Figure 3
F6el0-17 17 17.05 131 340 Figure 3
F6el4-17 14 16.49 378 493 Figure 4
F6el4-17 15 16.48 378 493 Figure 4
F6el4-17 16 16.41 378 493 Figure 4
F6el4-17 17 16.27 378 493 Figure 4
F7e3-8 3 15.87 412 489 Figure 5
F7e3-8 4 15.85 412 489 Figure 5
F7e3-8 5 15.76 412 489 Figure 5
F7e3-8 6 16.04 412 489 Figure 5
F7e3-8 7 16.06 412 489 Figure 5
F7e3-8 8 17.89 412 489 Figure 5
F7e10-13 10 15.81 117 438 Figure 6
F7e10-13 11 15.66 117 438 Figure 6
F7e10-13 12 16.51 117 438 Figure 6
F7e10-13 13 16.70 117 438 Figure 6
F7e10-15 10 16.34 228 467 Figure 7
F7e10-15 11 15.51 228 467 Figure 7
F7e10-15 12 18.15 228 467 Figure 7
F7e10-15 13 18.42 228 467 Figure 7
F7e10-15 15 18.3 228 467 Figure 7
F7e10-15 15 18.65 228 467 Figure 7
F10e3-7 3 16.12 194 12 Figure 8
F10e3-7 4 16.14 194 12 Figure 8
F10e3-7 5 16.06 194 12 Figure 8
F10e3-7 6 16.26 194 12 Figure 8
F10e3-7 7 16.38 194 12 Figure 8
Flle2-7 2 15.75 69 30 Figure 9
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Analysis

Light curvesfor each novawere devel oped using Microsoft Excel. Theselight curvesareshowninfigures1through
12. Themagnitudevaluesfor each epoch and corresponding julian datewereinserted in atable and the chart function
of the program was used to make an X, Y scatter style graph. Thistype of graph simply connected the points with
straight lines, giving a good indication of the general trend of the magnitude.

Duration of each novawas approximated by the difference between thejulian date of thefirst epoch inwhichthenova
appeared and thejulian date of thelast epochinwhichthenovaappeared. Thelocationsof thenovaewerethen plotted
on an image of the galaxy, along with their durations. Visua inspection was used to determine whether or not a
correlation existed between the location of nova and its duration.

Conclusions
Twelve novae were discovered in the Andromeda Galaxy. Their magnitudes were determined for each epoch they
werevisiblein. Their durationswere compared with their [ocationsinthegal axy to determineif acorrelation existed.

No correlation was found between location and duration of light curve. Novaeat similar distancesfrom the core had
widely varying durations. However, those novae that were very distant from the core had the longest light curves.
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The Search for Novae in the M31 Galaxy

Ben Nascenzi
Cranston East High School, Cranston, RI
Teacher: Howard Chun, RBSE ‘99

Abstract

55 possible novae were discovered in the Andromeda (M31) Galaxy. 18 data fields taken at Kitt Peak Observatory
by a 0.9-meter telescope from 1995-1999 were scrutinized for stars that showed a sudden brightening or appeared
from nowhere and disappeared a short time later.

Purpose
The purpose of this research project was to search for novae in the Andromeda Galaxy.

Procedure

The National Optical Astronomy Observatories supplied digital images on a RBSE CD-ROM. The CD contained
imagestaken of M31on 18 nights, irregularly spaced from September 1995to July 1999. All pictureswereten-minute
exposures through a Hafilter at 656.3nm.

Theimageswere analyzed using software provided on the CD-ROM: Scion Image Beta 3 for the Windows 9x-based
system. Special Macroswritten for this program allowed theimporting of “*.FITS’ files, the extension under which
the images were saved.

TheM31 galaxy wasdivided into 16 sections, or fields. Each field contained 18 files, one for each epoch. Thetimes
for the Epochs were as follows:

epoch 1 3-Sep-95
epoch 2 18-Jun-97
epoch 3 23-Jul-97
epoch 4 24-Jul-97
epoch 5 25-Jul-97
epoch 6 31-Jul-97
epoch 7 1-Aug-97
epoch 8 18-Nov-97
epoch 9 6-Jun-98
epoch 10 24-Jul-98
epoch 11 25-Jul-98

epoch 12 26-Aug-98
epoch 13 5-Sep-98
epoch 14 14-Oct-98
epoch 15 30-Oct-98
epoch 16 11-Nov-98
epoch 17 27-Jan-99
epoch 18 20-Jul-99

Using the Scion Image program, the first of the 18 epochs of each field was imported. Then, using the “rescale”
command, the x,y values of the image were modified to a minimum value of 75, and maximum val ues of 200-1250,
where the highest y values were set to view the areain the center of the galaxy (Fields 6, 7, 10, 11), and the lower
y values were set to view novae on the outer skirts of the galaxy. Once the rest of the epochs were imported under
the proper scale, a“stack” was created. This created a single slideshow of all the images.

The Stack was then animated to search for the novae. Novae wereidentified by starsthat would “ blink” into and out
of existence, or current stars that would fade into nothing.

The Hafilter removes all but one wavelength of light used for observing. The novae emit the majority of their light
at this wavelength, therefore making them easier to detect by using thisfilter.

Once dll the possible novae for thisfield were identified, itslocation was recorded by determining their “x,y” pixel
coordinates.
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Control and Error Analysis

Therewere several scenariosthat eliminated fal se novapossibilities. One of the factors was the edges of the picture.
Onsomeepochstheedgesof thedatawascorrupted. No datacoul d betakenintheseareas. Another way of eliminating
false novaeis by zooming in on the object. When magnified, square or rectangular shapesindicate bad/fal se novae.

To verify authenticity, each field was examined three times, each using adifferent scale. Thiswas used to verify the
existing novae and to search for new ones. This was done to accurately verify the found novae, and to make this
experiment repeatable.

Many of the novae found appeared for only one image only. Due to the sporadic dates the images were taken, it is
possible that these are novae.

Due to technical problems inherent within the actual program, values for magnitudes and Right Ascention and
Declination could not becal culated, thusmakingit difficult to comparetheseresultswith resultsfound by Garavaglia,
etal.

Data
Field # [#of Novae X, Y) Epoch Dates

1 1 453, 59 10-11

2 0

3 2 338, 116; 423, 510 1-10; 2-8

4 0

5 4 277, 37; 167, 129; 362, 38; 458, 97 9-18; 17-18; 2-9; 8-14

6 13 34, 20; 171, 213; 132, 340; 112, 473; 126, 449; 134, 358; 2-9;17-18; 9-18; 1-2; 16-17; 9-11;

376, 494; 416, 454; 451, 444; 510, 424; 481, 425; 466, 327; 468, 402 12-18; 14-17; 11; 11; 11; 11; 11

7 6 104, 90; 412, 490; 412, 488; 230, 467; 117, 437; 6, 447 14-17; 3-9; 3-8; 10-14; 10-12; 1

8 2 188, 186; 29, 377 1,17

9 2 456, 236; 373, 48 11-12; 11-12
10 8 221, 48; 165, 107; 194, 12; 290, 145; 480, 440; 476, 115; 423, 93; 496, 56 18; 7-8; 3-8; 11; 1; 13-10; 18; 11
11 9 16, 405; 374, 397; 410, 165; 380, 331; 257, 218; 69, 30; 204, 121; 38, 82; 97, 158 16; 14-18; 2-10; 8; 31; 2-7; 3-8; 8; 18
12 3 434, 21; 392, 402; 43, 237 1-17; 2-8; 2-6
13 1 476, 190 5-12
14 1 426, 226 3-17
15 1 193, 470 13-18
16 2 15, 214; 95, 170 12-18; 2-8

Analysis and Conclusion

Fifty-fivenovaewerelocated and verifiedintheentirerange of images. Field six contai ned themost amount of novae,
having 13 identified novae. The next highest amount of novaewere discoveredinfields10and 11. Thesefieldswere
located toward the center of the galaxy. Refer to the chart below. Astaken from the data discovered, it is apparent
that novae tend to form closest to the center of agalaxy. In comparison to the search conducted by Garavaglia, et al,
49 more novae were discovered. That search, however, contained novae which were not discovered in this search.
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The Correlation of Active Galactic Nucleus Type with Distance as
Determined by the Redshift of Spectral Signatures

Ryan Westerlin
Harry A. Burke High School, Omaha, NE
Teacher: Tom Gehringer, RBSE ‘98

Abstract

Spectroscopy isakey tool in the study of astronomy. Determining distances of objectsiscrucial becauseit informs
astronomersof the possibleoriginsand evolution of theuniverse. ActiveGalactic Nuclei arethe main objectsstudied
intheproject. Theseobjectsincludeelliptical galaxies, starburst galaxies, radiogalaxies, BL Lac objects, and quasars.
My research asksthe question, “Istheir any correlation between distance to the object and itstype?’ My hypothesis
isthat, indeed, these objects exist at different distances. To provethis, | first had to classify each object according
to its spectrum. Once each object was classified, their redshift, an indication of distance, was calculated. After
determining the redshift, the actual distances to the objects were found by applying Hubble’'s Law. There appears
to be acorrelation between the type of object and its distance from Earth. Dueto the finite speed of light, objects at
greater distances are further in the past. The findings may indicate an evolution of galaxies.

Purpose

The purpose of this research project was to identify different objects according to their type, then determine their
redshift and distance.

Procedure

Most of the spectrawere obtained with the 2.1-meter telescope at Kitt Peak National Observatory, located about 40
mileswest of Tucson, Arizona. Additional spectrawere also obtained with the 3-meter telescopeat Lick Observatory
and the 3.5-meter tel escope at A pache Point Observatory. The spectracover the entire optical spectrum (what we can
seewith our eyes) aswell aspartsof theultraviolet and infrared. These spectrawere provided by the National Optical
Astronomy Observatories on a CD-ROM as part of The Use of Astronomy in Research Based Science Education
program.

The objectsidentified are from the FIRST survey and are given the prefix “FFS’. The FIRST survey (which isan
acronym for “Faint Images of the Radio Sky at Twenty-centimeters’) isaradio survey of aportion of the night sky
with the Very Large Array (VLA) radio telescope in New Mexico. Assembled by Dr. Sally Laurent-Muehleisen at
the Lawrence Livermore National Laboratory, this catalog contains objects which emit radio waves. These spectra
were obtained by Dr. Laurent-Muehleisen to identify these newly discovered radio sources. Becausethey emit radio
waves, dliptical galaxies, starburst galaxies, quasars, BL Lac objects and other types of AGN are numerous.

Spectroscopy isakey tool in the development of my research. Spectroscopy isthe study of “what kinds’ of light we
see from an object. It is a measure of the quantity of each color of light (or more specifically, the amount of each
wavelength of light). Infact, most of what we know in astronomy is due to spectroscopy. Spectroscopy isdone at al
wavel engths of the electromagnetic spectrum, from radio waves to gamma rays; but optical light iswhat | used.

Not only are spectra used to determine an object’ sidentity, but also its distance. Spectroscopy is used to determine
an object’ svelocity towards or away from usviathe Doppler effect. The Doppler effect on light is similar to that of
sound. Asan object emitting light movestowards you, the wavel engths become shorter (i.e., they become bluer; the
light is said to be blueshifted). Conversely, if the object is moving away from you, the wavelengths of emitted light
become longer (i.e., the light is redshifted). This shift isreadily noticeablein the emission or absorption linesin an
object’s spectrum. The amount of shift is given by the following equation:

z = (Aobs/Arest) -1
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In the above equation, “lobs” isthe observed wavelength of an emission or absorption line (i.e., what you measure
from the spectrum), Irest ” isthe “rest” wavelength of aline (i.e., what you would measure if the object were not
moving) and “z" istheredshift of the object. It isimportant to note that a redshifted spectrum isnot only shifted but
is also stretched. The separation between any two lines therefore increases with redshift. However, the ratio of the
wavel engths of the two lines does not change; that is, if you take the ratio of the above equation for two lines at the
same redshift (e.g., lines“A” and “B"), the (1+2z) redshift term cancels out, giving:

AAobs/ABobs=AArest/ A B rest

Theobjects observed wavelengthsarefound by using the Graphical Analysisprogram by Vernier Software. Thetwo
strongest emission lines are determined, then, by utilizing the examine button on the program, the exact data point
isrecorded. Next, theratio of these two objectsis calculated and it isthen compared to an emission lineratio chart:

Emission Line Ratios

Lya CIV [CHI] MgIl HP [O1I] Ha
Lya
CIv 128
ciuy  1.57 1.23
MglIl 231 1.81 1.47
HP 4.01 3.14 2.55 1.74
[omor 4.13 3.23 2.62 1.79 1.03
Ha 5.41 4.24 3.44 2.35 1.35 1.31

Once the ratio was found, | determined what two elements were present based on the following chart:

Lya 1213
CIV 1549
[CTI] 1909
MgIl  2796,2803
HB 4861
[OTI] 4959,5007
Ha 6563

After using the redshift formula, the final redshift could be determined by using actual rest wavelengths versus
observed wavel engths. From the derived redshift, the vel ocity of the objects could be determined using thefollowing
equation:

v = cz(1+ 0.52)/(1+2)
where “c” isthe speed of light (3.0 x 10° km s1). The distance can then be determined by Hubble's Law:
d=v/Hp

where“d” is distance in Megaparsecs and Hg is Hubble' s constant of 75 km s'1. Conclusions were drawn from the
distances of the objects studied.

Controls and Error Analysis

There are certain factorsthat must be considered when analyzing the data. Onefactor that may give afalse distance
isthe Hubble's constant used. | used 75 km s'1 while some astronomers use anywhere from 50-100 km s1 . This
would give afalse distance in my charts.

Another possible room for error deals with the earth’s atmosphere and other galaxies. It is possible that some
absorption lines are false because the earth’s atmosphere is distorting the readings. It is also possible that while
looking at an object’ s spectroscopy, the emission and absorption lines are off because another galaxy isinterfering.

The final possible error that could occur is solving the mathematical equations correctly. One little error in
determining thedistance or redshift of an object can providefalseinformation. Thisiscountered by placing theobject
on the redshift chart. If it follows the pattern as the other objects, then the datais most likely correct.
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Data

These are thefollowing data pointsthat | have used to conduct my research. There are many more datapointsonthe
RBSE CD-ROM not used in my research. The one offset data point isthe farthest object known in our universefrom
NASA.

Object Redshift Distance (light

years)
Quasars
Q FFS 0859+3802 0.305 3,391,550,578
Q FFS 1723+5236 2.525 11,097,446,115
Q FFS 1054+2703 1.402 9,187,485,141
Q FFS 0301+0118 1.225 8,657,267,094

BL Lac Object

B FFS 0758+2705 0.11 1,355,935,666
B FFS 1052+4241 0.15 1,810,721,206
B FFS 1412+2978 0.12 1,471,511,710
B FFS 1707+3975 0.16 1,921,309,686
Radio Galaxy

R FFS 0040+0125 0.23 2,661,552,788
R FFS 0742+2622 0.17 2,030,670,775
R FFS 0148+0019 0.092 1,144,707,763
R FFS 1718+4278 0.188 2,224,454,810

Elliptical Galaxy

E FFS 0934+2413 0.07 880,924,985
E FFS 1534+2513 0.05 635,719,382
E FFS 1317+4115 0.08 1,001,595,273
E FFS 1325+3955 0.09 1,120,983,502

Starburst Galaxy
S FFS 2341+0018 0.305 3,391,550,578

Analysis

There were 50 AGN objects verified according to their type and 17 verified according to their distance and redshift.
Thequasarshad the highest redshift and distance out of thefivedifferent typesof objects. Theredshift of theseobjects
ranged from 0.305-2.525. Their distance was also calculated. The distance of the closest quasar to earth was 3.3
billion light years and the one farthest away was 11 billion light years.

The radio galaxies came next in descending order. Object FFS 0148+0019 had aredshift of 0.092 and a distance of
1.14billionlight years. Object FFS0040+0125 contained aredshift of 0.23 and adistance2.7 billionlight years. The
onestarburst galaxy discovered wasobject FFS 2341+0018, had aredshift of 0.305, and adistanceof 3.4 billionlight
years.

Thefourth type of object analyzed wasabl lac object. Theredshift onthefour objectswasrelatively similar, having
redshifts ranging from only 0.11-0.16. The distances were also close together. The distances averaged about 1.6
billion light years for the bl |ac objects.

Thefinal typeof AGN wasan elliptical galaxy. Thisobject wasthefound to bethe closest to earth. Theredshift was
only anaverageof 0.07. Thefarthest distancewasalsoonly 1.1 billionlight years, the closest object 0.63 billion light
years.
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Conclusions

After determining theredshift and corresponding distancesto the different types of objects, adefinite correl ation was
found to exist between active gal actic hucleustype and distance. Quasarswere found to be most distant followed by
radio galaxies, starburst galaxies, BL Lac objects, and elliptical galaxies. The accompanying graph indicates the
relationship between distance and object type.

Thisrelationship could indicate an evolution of galaxiesover time. A quasar isthe most active of these object types
and it isthought that it isthe result of massive amounts of material being pulled into asupermassive black holeat the
center of ayoung galaxy. Asthe supply of material dwindles, the power of the quasar lessens.

Further study couldinclude anincreasein the number of objects studied to determineif the correlation of object type
withdistanceisindeedtrue. Itispossiblethat what theresultsshow iscoincidencedueto thelimited number of objects
studied. Other surveys of deep sky objects could be analyzed.

Acknowledgments

I would like to thank Mr. Tom Gehringer, my Astronomy instructor, and Dr. Travis A. Rector, National Optical
Astronomy Observatories, Tucson, AZ USA.

References
Baade, Walter. Evolution of Stars & Galaxies. Harvard University Press: Cambridge, Massachusetts, 1963.

Berry, Adrian. The Iron Sun: Crossing the Universe Through Black Holes. E.P. Dutton: New Y ork, New Y ork, 1977.

Bondi, Hermann. Cosmology Now. Taplinger Publishing Company: New Y ork, New Y ork, 1973.

Rector, Travis. AGN Spectroscopy: Studying Natures Most Powerful “Monsters’. RBSE Journal: Tucson, Arizona, 1999.

Sullivan, Walter. Black Holes: The Edge of Space, The End of Time. Anchor Press/ Doubleday: Garden City, New Y ork, 1979.

2000 v1.0 The RBSE Journal 35



S

“

it

Figure 1

Typical Quasar Spectrum

36 The RBSE Journal

2000 v1.0



....... e — —

.

Deter}r;nining‘ Redshift

- Calcium II (observed)

3933A - Calcium Il (rest)

4243/

1.40E+10

o

: | 4243A (Observed)
2 '"ﬂedshlﬂ~(z)'=w§gé3A (Rest) -1=0.079

E Figure 2

The Relationship of Redshift to Distance

1.20E+10

1.00E+10

8.00E+09 -

Light Years

6.00E+09

4.00E+09

2.00E+09 +—

0.00E+00

0

1 2 3 4

Redshift, z

Figure 3

2000 v1.0

The RBSE Journal

37



Investigating and Categorizing AGN Objects

Karyn Beaudry, Stephanie McClain, Ryan McCusker and Ethan Robinson
Cranston East High School, Cranston, RI
Teacher: Howard Chun, RBSE ‘99

Abstract

130 Active Galactic Nucleusobjects (AGNSs) inthe Faint Imagesof the Radio Sky at Twenty cm (FIRST) survey were
studied. 80 were determined to be quasars, 8to be BL Lacs, 4 to beradio, 10 to be elliptical, and 10 to be starburst,
inaddition to 8 possible new category and 10 undefined objects. The datastudiedwasintheform of spectral profiles,
featuring the emission lines of the objects. The datawasthen examined to determine several things: therelationship
of distance and luminosity of quasars, whether this luminosity was constant, whether there is any evolutionary
progression of the objects, and classifying the possible new category objects. There appears to be a quadratic
relationship between redshift and luminosity: the greater the redshift, the greater the luminosity, and therefore the
younger thequasar. Luminosity for quasarswas not constant. All objects other than quasarswere scattered between
redshift values of 0 and 0.3 with no clustering of the particular types, which seems to indicate that there is no
evolutionary sequence among these types of galactic objects.

Purpose

The purpose of this project was to classify the 130 objectsin this portion of the FIRST survey, and to discover any
new relationships among them.

Procedure

Using the Graphic Analysis program, the researchers studied the spectral profile (which includes the continuous
spectrum and emission and absorption lines; seefig. 1 through 5) of AGN objectsin the FIRST survey, scattered in
the sky over 10,000 square degreesof theNorth Gal actic Cap (White 1997). Theprofileswereexaminedto determine
valuesfor redshift, calciumbreak, andtheratioof H to Oy, aswell asto decidewhether emission lineswerenarrow,
broad, weak, strong, or not present. Theemission linesarestudied using the* full width, half max” (FWHM) method.

“FWHM isthe width of the emission line at the halfway point between the base of the line (i.e., at the level of the
continuum) and the peak of theemission line. 1n some casesthe base of the emission line can be difficult to estimate
becausethe continuumisnot flat. Whilesomewhat arbitrary, linesthat have FWHM greater than 25 A are considered
to be broad, whilelineswith FWHM lessthan 25 A arenarrow.” (Rector 22) Tofind thewavel ength of theemission,
the average of the two FWHM valuesistaken, resulting in the value for the center of the emission line.

Redshift isfound by comparing the FWHM of two of the object’ semission lines. After the values are obtained, the
larger isdivided by thesmaller. Theresulting number iscompared to known ratios of non-redshifted emission lines.
If the numbers are close, one divides the redshifted values by the non-redshifted values of these lines. The number
obtained, minus one, is the redshift value.

The calcium break isafeature of most kinds of active galactic nuclei objects. Theflux continuum risesdramatically
around the Call wavelength. Beforethis“break” thereisavery noticeable doublet of absorption lines, whichisthe
Call absorptionline pair. Because these are absorption lines, they could have been produced anywhere between the
object and the observer, perhaps by an intermediate dust cloud. Because of this the redshift values obtained by
analyzing them cannot betrustedto bethetrueval ues, but they can betaken asaminimum possibleval ues. Tomeasure
the calcium break, one determines an average flux level before and an average one after the break and finds the
percentage change (subtract the smaller from the larger and divide by the larger).

After finding fairly reliable datafor all of these, one can attempt to determine what kind of object (out of elliptical,
starburst, radio, quasar, and BL Lac) oneis examining. Elliptical galaxies (fig. 1) have a calcium break usually
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between 40% and 50%, arefairly nearby with redshifts of lessthan 0.1, and have no strong emission lines. Starburst
galaxies (fig. 4) have calcium breaks less than about 40%, strong but narrow emission lines, and can be somewhat
more distant, with redshifts less than 0.5, and have a Hg to Oy ratio of about 1. Radio galaxies (fig. 2) have all of
the same characteristics as starburst except that the emission lines are not necessarily as strong and the H/O ratio is
much lessthan 1. Quasars (fig. 3) areimmediately recognizabl e as they have no calcium break and broad emission
lines, and al so have high redshift values (higher, usually much higher, than 0.5). BL Lacs(fig. 5) have no emission
lines, calcium breaks less than 40%, and can have any redshift.

Controls and Error Analysis

There are several potential sourcesof error. Themajor oneisthat the datacannot beentirely trusted. Many factors,
from sensor noise to intervening dust clouds, can cause the data to be inaccurate. Also, the emission lines are
somewhat subjective: where one person seesone, another may seenoise, and no number can betreated asbeing exact.
To reduce error, the redshift number was used to find several valid emission linesin one object; if other confirming
wavel engthswere not found, the number was considered suspect. The FWHM method wasal so used to reduceerror,
aswasthe “statistics’ function in the Graphic Analysis program, which produced a number for the average val ue of
acertain area of the data, for use in calculating the calcium break. Some objects (such as BL Lacs) have no strong
emission lines, which creates a problem in finding redshift; in these cases weak emission lines were used, but it is
difficult to distinguish these from noise.

Data
See attachments.

Analysis

After the objects were identified as accurately as possible, and then classified as one of the five different radio
emissions objects, comparison of the data was made concerning the relation of various trends identified within the
data and within the five classification groups. Two projects analyzed the relation between redshift (age) and
luminosity, using the equations d=[cz(1+0.5z)/Ho(1+2z)] tofind distance, v/ic=((z+1)2-1)/((z+1)?+1) tofind vel ocity,
and L=4pfd?(1+z)2 to find Luminosity using distance, redshift, and flux. Theflux wasfound by integrating between
4,000 and 8,000 Angstroms for each electromagnetic spectrum. The Hubble constant used (Hg) was 25 km/s/ 1
million LY (Fraknoi 513). One project analyzed the data for possible evolutionary patterns; and the final project
identified similar characteristicsin 8 similar objects with myriad absorption lines.

Thetwo projectsthat analyzed the luminosity of quasars and their possible relation to the redshift (age) identified a
possible relationship between the two characteristics. It was identified that the younger quasars, with greater
redshifts, had greater luminasity than the older quasars with smaller redshifts. Three curve fits were tried, linear,
polynomial, and quadratic. The quadratic curve fit provided the smallest Mean Square Error, and displayed a
noticeable underlying trend. Figures 8, 9, and 10 showed that the data points fall around the quadratic line curve
approximation, with relatively few deviant points.

Theproject which attempted to identify if therewasan evolutionary trend regarding thel ocation and age of the5radio
emissionsgroupsidentified that therewasno noti ceabl egrouping found among any of the5 groups. ReferenceFigure
6 displays that each category of radio emissions objects do not cluster but are distributed evenly between 0 and 0.3
z. When interpreting the data of the five groups as awhole, Figure 8, a quadratic curve fit was also present.

Theanalysis of the characteristics of the non-quasar objects that remained of the original 120 AGN Objects showed
that in eight particular objects the following trends were identified: the flux curve of each object took the form of
ahill with a peak approximately at 9000 Angstroms, alarge Call break of approximately 47.05%, and an unshifted
break of approximately 23.567% at 9300 Angstromsin each of the 8 objects. Thisbreak was not in the range of the
telluric absorption bands and mirrored the characteristics of the Call break.
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Data Table

Quasars New Category

File Redshift E-Line Width  Calll V (km/s) D (ly) File Redshift ~ E-Line Width  Calll ID? New Call ? Break V (km/s) D (ly)
301 2.48 57 NONE 1.74E+05 6.97E+09 1049 0.063 13 38% New category 40.3% 23.8% 90375 3.615E+09
722 1.624 81 NONE 1.62E+05 6.50E+09 1.953 25

732 1.438 NONE 1.58E+05 6.32E+09 1.524 25

733 1.441 NONE 1.58E+05 6.32E+09 1240 0.00088 10 46% New category 53.4% 19.9% 101230  4.049E+09
737 0.097 NONE 3.22E+04 1.29E+09 0.0013 14

738b 3.060 NONE 1.78E+05 7.14E+09 1317 0.0655 13 46% New category 45.7% 23.9% 100865  4.035E+09
740 0.712 NONE 1.25E+05 5.01E+09 19

738b 3.060 NONE 1.78E+05 7.14E+09 1325 0.074 19 46% New category 46.4% 24.6% 100498  4.020E+09
740 0.712 NONE 1.25E+05 5.01E+09 19

800 1.613 NONE 1.62E+05 6.49E+09 1411 0.076 15 38% New category 37.3% 25.4% 90807 3.632E+09
811 2.695 NONE 1.76E+05 7.04E+09 1534a 0.305 31 50% New category 46.7% 22.7% 105556 4.222E+09
816 1.393 NONE 1.57E+05 6.27E+09 1614a 0.065 47% New category 41.2% 21.0% 102074 4.083E+09
847 0.061 NONE 2.12E+04 8.49E+08 1649 undefined undefined ? New category 66.0% 271% undefined  undefined
859 0.302 NONE 7.79E+04 3.12E+09 BL Lacs

905 1.239 52 NONE 1.52E+05 6.08E+09 File Redshift ~ E-Line Width Calll ID? V (km/s) D (ly)

928 1.902 35 NONE 1.67E+05 6.70E+09 202 0.21 33 37% BL-Lac 6.02E+04 2.41E+09

955 2111 29 NONE 1.70E+05 6.81E+09 19

957 2.975 39 NONE 1.78E+05 7.12E+09 218a 0.175 22 39% BL-Lac 5.24E+04 2.10E+09

1001 3.7 19 NONE 1.81E+05 7.26E+09 15

1005 2.0 91 NONE 1.69E+05 6.76E+09 218b 1.65 15 42% BL-Lac 1.63E+05 6.52E+09 noisy:

1006 3.67 77 NONE 1.81E+05 7.25E+09 there were 13 hard to

1011 242 72 NONE 1.74E+05 6.95E+09 multipule 22 read

1019 1.75 80 NONE 1.65E+05 6.60E+09 red shifts 15

1030 1.75 see 1019 NONE 1.65E+05 6.60E+09 754 undefined none 11%? BL-Lac undefined  undeifined

1036a 3.64 43 NONE 1.81E+05 7.25E+09 758 0.476 14 19% BL-Lac 1.03E+05 4.11E+09

1036b 2.01 86 NONE 1.69E+05 6.76E+09 there were 19 Has a few e-lines

1039 0.79 NONE 1.31E+05 5.23E+09 multipule 43

1047 0.03 NONE 1.09E+04 4.36E+08 red shifts 43

1054 0.99 NONE 1.42E+05 5.68E+09 1036¢ 0.13 19 36% BL-Lac 4.12E+04  1.65E+09

1106 0.15 NONE 4.63E+04 1.85E+09 19

1112 1.5 NONE 1.60E+05 6.38E+09 62

1119 1.53 NONE 1.60E+05 6.41E+09 Radio

1131 1.855 NONE 1.67E+05 6.67E+09 File Redshift ~ E-Line Width Calll ID? V (km/s) D (ly)

1143 26 NONE 1.75E+05 7.01E+09 40 0.23 23% Radio 6.44E+04 2.58E+09

1144 2.6 NONE 1.75E+05 7.01E+09 742a 0.1715 19 40% Radio 5.16E+04 2.06E+09

1152 0.48 NONE 1.03E+05 4.13E+09 936 0.076 10 46% SB/Radio 2.59E+04  1.04E+09

1157 1.8 NONE 1.66E+05 6.63E+09 Normal

1210 1.95 NONE 1.68E+05 6.73E+09 File Redshift ~ E-Line Width Calll ID? V (km/s) D (ly)

1223 24 NONE 1.74E+05 6.94E+09 20 0.07 45% Normal 2.40E+04 9.62E+08

1238 24 NONE 1.74E+05 6.94E+09 701 0.5 24 48% Normal 1.06E+05  4.22E+09

1254 1.65 NONE 1.63E+05 6.52E+09 728 0.33 24 50% Normal 8.26E+04  3.30E+09

1257 1.5 NONE 1.60E+05 6.38E+09 934 0.05 13 55% Normal 1.77E+04  7.07E+08

1306 1.6 NONE 1.62E+05 6.48E+09 1412 0.1145 19 53% Normal 3.70E+04  1.48E+09

1318 0.05 NONE 1.77E+04 7.07E+08 1707 0.0769 14 51% Normal 2.62E+04  1.05E+09

1334a 1.35 NONE 1.56E+05 6.22E+09 Starbursts

1334b 0.18 NONE 5.35E+04 2.14E+09 File Redshift ~ E-Line Width Calll ID? V (km/s) D (ly)

1335 1.7 NONE 1.64E+05 6.56E+09 148 0.115 19 41% Starburst 3.72E+04  1.49E+09

1349 1.2 NONE 1.51E+05 6.03E+09 254 0.0665 24 22% Starburst 2.30E+04 9.18E+08

1351 2.15 NONE 1.71E+05 6.83E+09 715 0.36 14 44% Starburst 8.73E+04  3.49E+09

1359 1.83 NONE 1.66E+05 6.65E+09 there were 10

1406 2.56 NONE 1.75E+05 7.00E+09 multipule 24

1408 0.846 NONE 1.34E+05 5.37E+09 red shifts 38

1410 0.14 NONE 4.38E+04 1.75E+09 731 0.248 14 15% Starburst 6.80E+04  2.72E+09

1430 0.22 NONE 6.23E+04 2.49E+09 738a 0.2155 19 25% Starburst 6.14E+04  2.46E+09

1448 25 NONE 1.74E+05 6.98E+09 904 0.11 14 35% Starburst 3.58E+04 1.43E+09

1450 0.71 NONE 1.25E+05 5.00E+09 there were 24

1501 23 NONE 1.73E+05 6.90E+09 multipule 24

1517 0.137 NONE 4.30E+04 1.72E+09 red shifts 38

1533 0.76 NONE 1.29E+05 5.15E+09 1052 0.14 24 29% Starburst 4.38E+04  1.75E+09

1534b 31 NONE 1.79E+05 7.15E+09 53 Radio

1534c 1.29 NONE 1.54E+05 6.15E+09 24

1535 2.14 NONE 1.71E+05 6.83E+09 1615 3.54 43 47% Starburst 1.81E+05 7.23E+09

1537 0.46 NONE 1.01E+05 4.03E+09 there were 29 Radio

1545 1.77 NONE 1.65E+05 6.61E+09 multipule 19

1546 1.25 NONE 1.52E+05 6.10E+09 red shifts 19

1557 3.7 NONE 1.81E+05 7.26E+09 1655 0.075 19 37% Starburst 2.56E+04  1.02E+09

1602 1.78 NONE 1.65E+05 6.62E+09 1718 0.187 19 33% Starburst 5.51E+04 2.21E+09

1606 1.76 NONE 1.65E+05 6.60E+09 1725 0.062 19 41% Starburst 2.15E+04 8.61E+08

1608 3.97 NONE 1.82E+05 7.29E+09 2148 0.203 15 32% Starburst 5.87E+04  2.35E+09

1614b 1.55 NONE 1.61E+05 6.43E+09 2327 0.1 7 34% Starburst 3.30E+04  1.32E+09

1616 2.26 NONE 1.72E+05 6.88E+09 2346 0.078 14 47% Starburst 2.65E+04 1.06E+09

1619 2.35 NONE 1.73E+05 6.92E+09

1620 21 NONE 1.70E+05 6.81E+09

1627 2.54 NONE 1.75E+05 6.99E+09

1628 2.25 NONE 1.72E+05 6.88E+09

1630 0.18 NONE 5.35E+04 2.14E+09

1639 0.87 NONE 1.36E+05 5.43E+09

1641 275 NONE 1.76E+05 7.06E+09

1656 0.65 NONE 1.20E+05 4.81E+09

1658 211 NONE 1.70E+05 6.81E+09

1706 3.38 NONE 1.80E+05 7.20E+09

1708 1.34 NONE 1.55E+05 6.21E+09

1723 2.52 NONE 1.75E+05 6.99E+09

1724 0.6 NONE 1.16E+05 4.63E+09

2341 0.7 NONE 1.24E+05 4.97E+09
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luminosity vs. 2
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