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Based on observations with the 2-m RCC telescope of Rozhen National

Astronomical Observatory operated by Institute of Astronomy, Bulgarian

Academy of Sciences.

http://www.nao-rozhen.org Photo: P. Markishky



In 2011 a group of students from our school won a prize in the competition “Catch a star 2011”.

The prize was an one-hour observation with 2-m RCC telescope of the Bulgarian National

Astronomical Observatory — Rozhen.

We decided to observe the galaxies NGC 4258 and NGC4725.
Our idea was:
* To measure the redshift
*To determine the Hubble constant

*To find the age of the Universe



Henrietta Leavitt discovered the
TIMNMEILINE A8 relation between the luminosity
and the period of Cepheids
(variable stars). Using this relation
it is possible to measure the
distance to galaxies with Cepheids.

Vesto Slipher was the first to
observe the shift of spectral
lines in galaxies, making him
the discoverer of galactic
redshifts. This allows us to
measure the speed at which
galaxies are receding from
Earth.

Edwin Hubble identified Cepheid variables
in Andromeda Nebula. He proved
conclusively that these nebulae were too SR
distant to be part of the Milky Way and
were, in fact, entire galaxies outside our
own.



http://www.google.bg/url?sa=i&rct=j&q=vesto+slipher&source=images&cd=&cad=rja&docid=vg1tkPJsVnZ2hM&tbnid=H2iG9dimBRZFLM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.phys-astro.sonoma.edu%2Fbrucemedalists%2Fslipher%2F&ei=pUekUd2iDunC0QW9ooGQAQ&bvm=bv.47008514,d.ZWU&psig=AFQjCNEe3hl4QiUl7yPZpndDJukwNB6qJQ&ust=1369807137346413
http://www.google.bg/url?sa=i&rct=j&q=edwin+hubble&source=images&cd=&cad=rja&docid=4ZZsZLuVtViCPM&tbnid=XB6NEeomXLpmkM:&ved=0CAUQjRw&url=https%3A%2F%2Fwww.spacetelescope.org%2Fabout%2Fhistory%2Fthe_man_behind_the_name%2F&ei=R0mkUeXTF-S40QXrioGwCg&bvm=bv.47008514,d.ZWU&psig=AFQjCNE_qkdsZig3tIxLIodb0d34PM99iw&ust=1369807536545174

Edwin Hubble
formulated the
empirical Redshift
Distance Law of
galaxies, nowadays
termed simply Hubble's
law.

Georges Lemaitre was the
first to apply Albert Einstein's
theory of general relativity to
cosmology. He proved that
the theory of the expansion

of the Universe does not
contradict the theory of
General relativity.

Arno Penzias Robert and
Wilson detected the
microwave background
radiation. Its existence has
been predicted by George
Gamow in 1948. This
discovery proves the Big
Bang theory.


http://www.google.bg/url?sa=i&rct=j&q=Georges+Lema%C3%AEtre&source=images&cd=&cad=rja&docid=jP-xctfKK-bAoM&tbnid=d7atHUQLgKMfAM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.rugusavay.com%2Fgeorges-lemaitre-photos%2F&ei=hEukUYmXMqWb0QWDxYDAAw&bvm=bv.47008514,d.d2k&psig=AFQjCNEiZtm-QrTUgYZVablwnuzNacUSIw&ust=1369808116755901
http://www.google.bg/url?sa=i&rct=j&q=arno+penzias+and+robert+wilson&source=images&cd=&cad=rja&docid=gJkT0X4ipahJwM&tbnid=3EdwR3PmKrb0UM:&ved=0CAUQjRw&url=http%3A%2F%2Fcosmictimes.gsfc.nasa.gov%2Fonline_edition%2F1965Cosmic%2Fmurmer.html&ei=l02kUdHABOmd0QXIr4DABw&bvm=bv.47008514,d.d2k&psig=AFQjCNFupKOGHcN1IkAOi-7MQw0JDba3tA&ust=1369808659802517

Some information:

v —velocity of radiating object;
17 .

= c - speed of light;

AM - red or blue shift;

A - wavelength

v=Hr V - velocity of galaxy;

H - Hubble constant;

r - distance to the galaxy;
t - the age of the Universe;

The Ha line are photons, emitted in the electron
n=z > transition from n =3 to n = 2 in hydrogen atom.
- VWV HBline- fromn=4ton=2.
rze The process is reversible for both Ho and HB’s lines.

https://en.wikipedia.org/wiki/H-alpha



On 25 June , 2012 the spectra of galaxies were taken. The video

b/

conference, organized by Dr. Galin Borisov allowed the students to

observe the process from the beginning until the end.




NGC 4725 1s a bared spiral

galaxy with a single arm located

40 million light-years away in

Coma Berenices. (7)

NGC 4258 1s a spiral galaxy in
the constellation Canes Venatici.
It 1s at a distance

of about 22 to 25 million

light-years away from Earth.



http://helixgate.net/ngc4725-S.html
//upload.wikimedia.org/wikipedia/commons/3/3f/Messier_Object_106.jpg

These are the unprocessed spectra of the both
galaxies.




Processing the spectrums includes
deriving wave length and true
intensity from the images. Therefore
a star- spectrophotometric standart
is used - 58 Aquilae.

This process goes beyond our
abilities. Because of that Dr. Borisov
helped us with processing the

spectrumes.

Here is the data

Edit

RN R

Viewy

Inserk

E1 Microsoft Excel - n4725_spr
B9 Microsoft Excel - n4258_ =7 File

=] Eile

Edit

YWiew

RR=N" NERE = Nt

Insert  Fo

=

Calibri

- 11

v
B

Zalibri - 11 07 A
A B C
A B 1 (510" m spr

1 & 107" spr 2 | 4501,39 390118
2 | 4501,39 107443 | 3 | 450572 368077
3 | 450572 99po3 s |4 | 4510068 358838
4 | 4510,06 100358 [ 2 | 49144 338287
5 | 45144 9g4g8,7 | 6 | 451873 4710677
5 | 451873 911319 | ] 454307 357192
7 | 452307 oom4z25 | 8| 45274 271048
8 | 45274 913226 | 9 |4531,74 339637
9 | 4531,74 904348 | 10 4536808 375718
10 | 4536,08 927g0,1 | 11| 434041 407837
11| 454041 897e0,5 | 12 454475 42000
12 | 454475 83601,3 | 19] 449,08 339162
13| 4549,08 8os554,2 | 14 455342 360612
14 | 455342 o9g1sg.9 | 19| 455775 381318
15 | 4557 75 8EE03 4 | 15| 45962,04 383505
16 | 4562.09 &7E39.5 | 7| 428643 3615138
17 | 456643 044534 | 18] 457076 364438
168 | 4570,76 823106 | 9] 49751 39453
19 | 45751 go4s55 | 20| 457943 56BE7 9
o0 | 457943 esgsnp |21 498377 38418
21| 4583,77 827163 | 22 48881 3749037
27 | 45881 8o0s5E5.4 | 29 498244 377195
23 | 4592 44 AR2ED 4 24 | AR0F 7R 38900 7
24 | 4595 78 83570 2




200000

180000

160000

140000

120000

100000

80000 -

60000 -

40000

20000

0

4500

T
5000

T
5500

Here are the relations

between intensity and
wavelength. Abscissa-
wavelength; in angstroms.
Ordinate- intensity; in

notional values.
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Below are shown the lines Ha and HP of hydrogen.
Purple lines show the location of Ho and H3 if the source was at a halt.

Green lines represent the current location of the same lines in the NGC4725
spectrum.The distance between green and purple lines represents Redshift, AA, and AAg
for NGCg4725.
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The Balmer series is characterized by the
electron transitioning fromn=3ton =2,
where n refers to the radial quantum
number or principal quantum number of
the electron.

The transitions are named sequentially
by Greek letter: n=3ton=2is

called H-q, 4 to 2 is H-B.

The same method is applied to
NGC 4258.

Ha=6586 A HB=4871 A



An ambitious task such as defining the age of the Universe cannot be solved
using data from two galaxies only. For that matter we need data from numerous
galaxies. Inthe beginning we were planning to use information about the speed
and distances to 20 other objects. In our research we stumbled upon this website:

http://astro.wku.edu/astrio6/HubbleLaw.html

This website helped us measure the required vaIues rather thanJust copy them.
Here is how:

By clicking the edges of the diameter of

the galaxy we get the angular size in
milliradians.



http://astro.wku.edu/astr106/HubbleLaw.html

Clicking the Ha or HB line in a spectrum, the software gives us a
corresponding value.

NGC 1357 — Hydrogen a (6562.84) NGC 1357 — Hydrogen g (4861.34)
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We made an electronic table where we utilized formulae calculating Hubble's
constant and the age of the Universe. We input angular sizes and wave lengths
from the website as well as from our observation.



Results:

A B C D E F G H | J K L M N 0
— *

1 Galaxy ;;:%'lnj::; Hoo A HB A z,20HH, Z70Hg/H; d (Mpc)=s/a zaverage  y=cz km/s ;k:w,:f:./rﬁjpc H*10™; km?s/ly t;;f:s t.10°y At; 10y At 1072
2 | NGC3034 2.72 65555 '—_"f_— -0.001 -0.001 8.05 -0.001 -286.95 -35.48 -10.88) -0.87 -28  rejected blue shift

3 NGC1357 D.Br 6597.7 f 4879.3 0.005 0.004 27.50 0.005 1352.14 49.17 15.08 0.63 f -8 33 2537
4 | NGC2276 0.55r 6605.5 f 4890.2 0.007 0.006 33.85 0.006 1866.38 55,14 1692 036 18 7 a3
5 NGC2903 3.05' 6566.5 f 4861.3 0.001 0.000 1.21 0.000 84.51 11.72 359 2.63 g3 -58 3412
6 NGC3147 U.glr 6611.7 f 4902.7 0.007 0.009 24,18 0.008 2333.42 99.00 3037 031 10 15 229
7 NGC3368 247 f 6595.3 4866 0.005 0.001 8.91 0.003 887.22 99.61 056 031 10 15 231
g NGC3627 2.03r 6569.6 f 4863.7 0.001 0.000 10.58 0.001 229.32 21.68 6.65 142 45 -20 403
3 | NGC4775 0.52' b586.8 f 48777 0.004 0.003 4231 0.004 1053.85 2491 764 124 39 -14 203
10 NGC5548 D.34r 0662.5 f 4933.9 0.015 0.015 64.71 0.015 4515.73 69.79 2141 044 14 1 121
11| NGC6181 0.59 6600 f A888.7 0.006 0.006 31.29 0.006 1694.51 45.44 1394  0.68 22 3 12
12 NGC6643 D.33r 0584.4 f 4874.6 0.003 0.003 25.00 0.003 503.44 36.14 11.05  0.85 27 -2 4
13| NGC3310 D.3-4r 6571.1 f 4866.8 0.001 0.001 20.19 0.001 359.16 13.71 421 225 71 -46 2140
14 NGC4631 3.59r 0569.6 f 4860.6 0.001 0.000 .13 0.000 133.73 21.82 0.609 141 45 -20 391
15| NGC1832 U.?r 6596.9 f 4885.5 0.005 0.005 31.43 0.005 1525.04 43.52 1488 0.6 20 3 24
16 NGC2775 1.15r 0582.9 f 48824 0.003 0.004 18.97 0.004 1109.69 58.51 1795 0.53 17 8 a9
17| NGC3227 1.13r b598.5 f 4882.4 0.005 0.004 19.47 0.005 1466.00 75.30 2310 041 13 12 145
18 NGC3623 2.3'r 6591.4 f 4864.5 0.004 0.001 5.57 0.003 751.90 78.61 411 0.39 12 13 158
19| NGC3941 0.3}" 6593.8 f 4868.4 0.005 0.001 25.29 0.003 926.97 36.66 11.24  0.84 27 -2 3
20 NGC5248 1.3\3'r 0576.6 f 4869.1 0.002 0.002 12.02 0.002 555.70 46.22 1418  0.67 21 4 15
21| NGC5866 167 6586 f 4865.2 0.004 0.001 13.17 0.002 650.14 49.35 1514 0.62 20 3 27
22 NGC6217 D.?E' 0580.5 4873 0.003 0.002 28.95 0.003 765.03 26.43 811 117 37 -12 143
23 NGCo764 0.63 f 6600.8 f 4885.5 0.006 0.005 34.92 0.005 1614.11 46,22 1418 0.67 21 4 13
24| NGC7469 0.56 6650 f 4920.7 0.013 0.012 39.29 0.013 3823.22 97.32 29, 0.32 10 15 224
25 NGCAT25  our observation 6584 4874 0.003 0.0026 12.27 0.003 8751 71.38 2190 043 14 11 128
20 NGC4258 our observation | 6586 4371 0.004 0.0020 6.5 0.003 82898 120.14 36.85 0.26 3 17 284
27 taver= 25 .10 years At = 4 10° years tuniverse™ (25£4) .10° years
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Some explanations of the columns of the table:

d (Mpc) =s (kpc) [ a (mrad),
is the distance to the galaxy . We assume that all of these galaxies are
about the same size. From other methods we know that galaxies of the

type used in this project are about s =22 kpc.

1pc=3,26ly

We turned the units of Hubble’s constant, H, from km/s.Mpc to

10°® km/s.ly because these units are used in Bulgarian textbooks

t = (9,46.10*2 km/ly)/ H km/s.ly is the age of the Universe in seconds —
columnL

tin column Mis the age of the Universe in billion years.

The last two columns were made for calculations of the root mean
square error.



Analysis of the results

Taking a closer view of the particular galaxies in our research for

quite a small part of them the values got for the age of the
Universe coincide with the generally acknowledged. That refers to
the observed galaxy NGC 4258./ For NGC 4725, the number we
got for the age of the Universe is 14 billion years. It is perfectly the
same like the data from 2013 (23,77 billion years) / For NGC 4258,
the number we got is nearly twice lower. We searched for the
reasons for the incongruity.
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We checked if the spectrum has been
properly built..

After the comparison of the three
spectra it is noticed that the peeks of
their lines represent the same wave
lengths in each of the graphics /from
our observation, the authors of the
article® and the archive graphic used by
them/. That leads to the conclusion that
there is no mistake in the spectrum
built by us.
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Fig. 5. The black line shows the observed NGC 4258 nuclear spectrum, the green one the narrow lines used for subtraction; the residuals are drawn
in red. These residuals represent the Broad He Line. The left and the right panels refer, respectively, to archival and our own data.




Another explanation for the dispersion of the results we found:

http://www.astro.cornell.edu/academics/courses/astro2o01/hubbles [aw.htm

The expanding of the Universe is not the only motion in which the galaxies
take partin. Frequently to the velocity enlargement is considered to occur
either addition or deduction in the individual motion of each galaxy. It may be
due to the fact that the cloud, formed by the galaxies, has its own velocity.
The velocity of this particular motion is not that high. That causes the low
diversions from the age of the Universe.

We assume that the diversion in the results for NGC 4258 is due to the
reasons stated above.


http://www.astro.cornell.edu/academics/courses/astro201/hubbles_law.htm
http://www.astro.cornell.edu/academics/courses/astro201/hubbles_law.htm

*Significantly higher are the rates for the velocity of the galaxy clusters around
their gravity center. The mass of those clusters is immense and their orbital speed
may exceed 1000 km/s. They are the reason for the big digression from the age of

the Universe.

*Most probably that is the exact reason for the digression for NGC 2903,
3310, 3627, 4775 -

2. The average number for the age of the Universe [ 25+4 billion years / is close
to the generally accepted one /13,73+0,12 billion years, based on
observations of the cosmic microwave background (CMB) radiation,
according to the WMAP data from 2013/. Itis higher than the age of the
oldest star /13.2 billion years/. That comparison is one of the ways to verify

our calculations. We assume that they are quite acceptable for high-school
students.



Conclusion

The purpose of this project is educational, not scientific. It gives us a general
perception of methods and phases in scientific researches. Our
contribution is:

We used data from researching the NGC4725 and NGC4258 galaxies.

Processed results in an electronic table, that we made.

Used a statistic method, not graphical, for determining Hubble’s constant and the age of
the Universe. This gave us more realistic results.

The theory we used is available for students in middle schools.

We reckon that a practical activity such as determining the age of the
Universe would be a challenge for students in general as it was for us.



Sources:
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http://bg.wikipedia.org/wiki
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Magazine “Znanie"”; N4o, april 2013
G. Pastorini and others,Supermassive black holes in the Sbc spiral galaxies
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http://helixgate.net/ngc4725.html

http://www.astro.cornell.edu/academics/courses/astro20a/hubbles [aw.htm
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