Astronomical Measurements in Ancient Greece
IAU OAD Project TF2E Final Report

Astronomical Measurements in Ancient Greece
(project TF2E)

Final report
Introduction — Project goals

Although it is not widely known to students and the public, the ancient Greek
philosophers had made a number of accurate astronomical measurements and created
successful models in an effort to describe the wonders of the Cosmos. With the power of
the human mind they carried out reasonable estimates of the sizes of the earth, the moon
and the sun and the distances of the sun and moon from the earth.

This project’s aim is two-fold.

Firstly it aims at bringing this knowledge to the secondary education students, who,
by carrying out these measurements, will appreciate how an innovative mind can explore
the universe from our little planet. The students will carry on exploring the universe
beyond the earth, moon and sun and by analysing their observations will evolve their
knowledge of the universe and change any alternative ideas held to the scientific accepted
ones.

Secondly, it is this project’s aim to support these students in reaching out the
community and spreading this knowledge to the public so that everyone can realize that
the cosmos is not far out of reach but is within everybody’s grasp to explore it even from
their own backyard, as the Ancient Greek astronomers did.

1. Short summary

A series of workshops was designed to support students of the senior High School
(called Lyceum) of Nea Zichni to get acquainted to the acomplishments of ancient Greek
philosophers regarding astronomy. The students were taught according to this teaching-
learning sequence and made measurements of the size of the Earth, the size and the
distance of the Moon, and the size and the distance of the Sun. At the end of the spring
term the participating students formed a report on the work they did in the project.

An 8-inch telescope was purchased with the appropriate accessories for observing the
Moon, the Sun, the solar planets and other objects of the night sky and taking images of
them. It was used by the students to observe sunspots during daytime and for other sky
objects during nightime.

In the context of another environmental project, which also was carried out at our
school, an excursion to the city of Kastoria was made, at which students from this project
participated. A small portable telescope lent to us by the Center of Natural Sciences of
Serres was carried there but during our stay in Kastoria heavy clouds were covering the
sky not allowing for any descent observations.

Two short evaluation tests were constructed; one for measuring the students’
conceptual evolution throughout the project and one for measuring the students’ attitude
towards astronomy. They were put together in a single looking test and were administered
to the students at the beginning of the project (pre-test), at the end of the spring term as a
mid-test and at the end of the fall term (post-test). The results were compared among the
three instances to determine the successfulness of the project for the students of our
school. This test is presented at the end of this report.

The participating students visited neighbouring schools and presented their work and
experience with the project. They also raised interest for astronomy inside our school by
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presenting their work to the rest of our school students, too. The same evaluation tests
were also completed by students of all these schools before and after our students’
presentation to check for either an increase in field knowledge understanding or attitude
change towards astronomy. The students’ answers were processed and the results are
presented in section 3.

A web site has been created for the project which presents the objectives, the events

and other information relevant to the project. The address of the site is
http://lyk-n-zichn.ser.sch.gr/ADMire

and the site was constantly updated and enriched with new material as the project

evolved.

The project participated in the summer festivities of the local municipality by
organizing an open astronomy evening. During the event, which took place on 16" July,
Asst. professor K. Tsiganis gave an invited talk, our school students’ work was presented
to the public and a local amateur club called Astropili provided telescopes, which,
together with our school telescope guided people from the local community to the
wonders of the Universe. The event was a great success and will be repeated every
summer and on other possible occasions.

Our telescope was equipped with a secondary guiding system to lock upon stars and
provide stable guidance to the telescope, necessary for carrying out astrophotography.
This allowed our students to take pictures of constellations and deep sky objects during
the fall term. An introduction to the standard data reduction techniques was also given on
using bias, dark and flat frames. The best images of our student efforts on some night sky
objects are published at the project’s website.

2. Reaching our goals

The first goal of the project was accomplished by incorporating the project in the
context of the Spring Term course of the Greek curriculum called “Project”. Within this
course 19 students learned the fundamental elements of earth and sky motion and
attempts were made to restore any misconceptions inherited by their surroundings.
Measurements of the sizes of the Earth, Moon and Sun and their distances were carried
out and observations of the sun at normal class hours and sky observations at evening
sessions were made.

To evaluate the students’ field knowledge evolution as well as to check for attitude
changes two short tests were constructed. They were put together in a single looking test
and were administered to the participating students at the beginning of the project (pre-
test), at the end of the spring term as a mid-test and at the end of the fall term (post-test).
This test is presented in the end of this report.

The first five questions were testing the students’ attitude towards astronomy. A five
level rubric was used to score the answers to these questions. Each answer received score
points equal to the level of the rubric indicated by the student, namely 1, 2, 3, 4 or 5.
Since in the last three questions of this test the highest score was showing a high dislike
for astronomy, these three question scores were reversed for the final calculation of the
score of the students in the attitude test.

The remaining eight questions were testing the field knowledge of the students in the
specific areas which were discussed within the context of this project. Each answer was
evaluated independently by two teachers and rated from 0 to 1 according to the
correctness and completeness of the answer. This scale was composed of eleven levels,
namely 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.
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The students’ scores were averaged for every test instance and were compared among
the three instances to determine the successfulness of the project for the students of our
school who participated in the project. The average students’ scores are shown in the

following table and are graphically represented in Pictures 1 and 2.

Nea Zichni Lyceum Pre test Mid test Post test
Attitude 1.81 4.02 4.47
Field knowledge 0.35 0.64 0.72
Table 1. Average student scores for the participating students of Nea Zichni Lyceum
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Picture 1. The participating students’ attitude evolution throughout the project
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Picture 2. The participating students’ field knowledge evolution throughout the

project
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A significant improvement is observed in both the students’ attitude towards
astronomy and their relevant field knowledge throughout the whole project duration. This
improvement is also verified by a statistical analysis through paired samples t-tests
comparing pre- and mid-test scores, mid- and post-test scores and pre- and post-test
scores. All tests show that the case for no improvement in any comparison can be rejected
with greater than 99% confidence.

The improvement seems to be great in the first part of the project (from pre-test to
mid-test) and quite small in the second part (from mid-test to post-test), as can be shown
from the above graphs. This can be attributed to the fact that the initial scores in the pre-
test were low, allowing for a great improvement afterwards, whereas the mid-test scores
were above the middle point of the corresponding scales allowing for only modest
improvements. To correct for this effect and better assess the improvement on both parts
of the project we calculated the so-called Hake gain for both the attitude and field
knowledge improvement in mid and post-tests. The Hake gain is defined as the normal
gain divided by the maximum gain which can be achieved in each case:

Hake gain = (final score — initial score) / (maximum score — initial score) X 100%
and the average Hake gains for both the attitude and field knowledge tests are shown in
table 2.

Nea Zichni Lyceum Pre test to Mid test | Mid test to Post test | Pre test to Post test
Hake gain (%) Hake gain (%) Hake gain (%)
Attitude 69.28 45.92 83.39
Field knowledge 44.62 22.22 56.92

Table 2. Hake gains for the participating students of Nea Zichni Lyceum

In essence, Hake gain shows the percentage of students who changed attitude towards
astronomy or corrected their initial knowledge about astronomy during the project. Hake
gains below 30% are considered to be small , between 30% and 60% are considered to be
of medium level to significant and above 60% are considered to be very significant.

As can be seen from the above table, there is a very significant total attitude
improvement towards astronomy throughout the whole project. This improvement was
mostly accomplished in the first part, but also appeared during the second part. This is
expected since the excitement produced by the initial contact with a subject such as
astronomy is likely to drive an initial wave of positive attitude towards astronomy. This
attitude improvement will then decline but will remain present as students gain a better
understanding of the subject and get engaged in challenging activities, like
astrophotography.

A similar trend is also observed in the field knowledge evolution: there is a greater
improvement in the first part of the project and a smaller one in the second part. This is
expected since there was no new knowledge offered to the students in the second part and
the improvement can only be attributed to the fact that the students used some of their
knowledge again and thus acquired a better understanding.

The second aim was accomplished by supporting the participating students along with
invited university experts to present their techniques and findings at a series of public
lectures to the students of the other schools of the district and the local community during
the local cultural festivities in the summer of 2013. The participating students presented
their work to the rest of the students in their class, students of the Draviskos High School
and students if the Nea Zichni high School. All these students completed the same
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attitude and field knowledge test before and after the presentation and their answers were
scored as described above.

These students’ scores were averaged for every test instance and were compared
among the two instances to determine the successfulness of the project for the students of
our school who did not participate in the project and the students of the other two schools.
The average students’ scores are summarized in the following table and are graphically
represented in Pictures 3 and 4.

Pre test Post test
Nea Zichni Lyceum
Attitude 1.72 3.16
Field knowledge 0.31 0.40
Draviskos High School
Attitude 1.60 3.11
Field knowledge 0.26 0.34
Nea Zichni High School
Attitude 1.56 3.10
Field knowledge 0.23 0.31

Table 2. Average student scores for the non-participating students of Nea Zichni
Lyceum and the students of the Draviskos and Nea Zichni High Schools
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Picture 3. Attitude evolution of students not participating in the project

It is evident from these results that there exists a significant improvement in the
attitude towards astronomy of all students exposed even briefly through one lecture to
astronomy. This improvement is also verified through a statistical analysis of the students
scores with a paired samples t-test from pre to post-test for all three schools at the 99%
confidence level. The corresponding Hake gains are shown in Table 3.

The field knowledge evolution does now show such an improvement. This is expected
since there was only one lecture fiven to them by our students. A statistical analysis with
paired samples t-tests, however, reveals that this very small improvement is real at a
significance level of 99%. This is attributes to the fact that most of the students showed a
small but steady improvement of their test scores with very few decreases, which
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statistically yields an effect with high confidence. The corresponding Hake gains for the
field knowledge evolution are also shown in Table 3.
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Picture 4. Field knowledge evolution of students not participating in the project

Pre- to post- test
Hake gains
Nea Zichni Lyceum

Attitude 0.44

Field knowledge 0.13
Draviskos High School

Attitude 0.44

Field knowledge 0.11
Nea Zichni High School

Attitude 0.45

Field knowledge 0.10

Table 3. Hake gains of students not participating in the project

Overall the above results show a remarkable success of the project in raising the
students’ interest and knowledge in astronomy. In particular, the students were stimulated in
getting engaged in scientific activities related to astronomy and observing and taking pictures
of sky objects through a telescope. This resulted in a increase in their interest about
astronomy and subsequently in an increase in their related field knowledge. This is also
evident from the students’ small essays about their experience with the project, which are
published in the project’s web site. Furthermore, this excitement was also passed to the local
community through the students’ families (a couple of citizens owing telescopes contacted
the school in an effort to organize more observing nights) and through the presentation of the
students’ work in the local summer festivities.

3, 4 and 5. Deviations and challenges. Recommendations for improving the impact of
the project

The original planning for the project was closely followed with no deviations during
implementation. The students participated promptly and were very excited to be part of the
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project. This made the implementation easy and no significant problems were faced. The
greatest challenge was to get the students to present their work to other students and the rest
of the local community. This proved only partially successful since the participating students
did make their presentations to other students in our school and other high schools, but did
not present the project themselves publicly in front of the rest of the community in the
astronomy day in the summer festivities. This was finally presented to the public by the
coordinator of the project with the students being among the audience.

A restriction of this project is that it dealt with only a very small part of astronomy
and the participating students were only partly exposed to the astronomical knowledge. A
more systematic approach, with a regular astronomy course and hands-on activities with the
telescope both at class hours and at evening sessions would greatly enhance the students’
acquired knowledge and their abilities to carry out observations. There are plans to connect
the school computer laboratory with the telescope so that it can be placed at the roof of the
building and people from inside the school can remotely access it and observe sky objects
without climbing on the roof of the school at night (only positioning of the telescope is
currently supported with remote operation of camera and CCD but without any remote focus
support). Furthermore, if the above approach is applied to high school students, who are not
as heavily burdened with classes as Lyceum students, and can work on astronomy for 4-5
years before leaving school to enter university, stable groups of students can be formed
which can act as bright active nuclei attracting others to the group. Unfortunately the students
who participated in this project were already in the second grade of Lyceum during the
school year 2012-2013 and this school year (2013-14) are very busy preparing themselves for
the pan-Hellenic exams for entering the university. For this reason, students from the first
grade of our school also participated in astrophotography, in the last part of the project in the
fall term.

Despite these deficiencies, the project was very successful and accomplished all its
goals, as was discussed in the previous section of this report. It is due to this success that
activities of this project will continue to be implemented in the following years, like earth
radius measurements, evening sky observations and astrophotography and summer astronomy
nights, even without having any formal obligation. Furthermore, the cooperation with
neighboring high schools will be tightened in all the above activities with the aim to form
groups of students actively interested in astronomy. Cooperation will also be strengthened
with Astropili, a club of amateur astronomers in Serres, who are trying to raise interest for
astronomy among the students of the Technological Education Institute of Serres and the
citizens of the city along with the local UNESCO branch.

6. Recommendations for expanding the project

As mentioned above, although the project formally reached completion at the end of
2013, it will be continued over the next years with other students coming to the Nea Zichni
Lyceum. It will also be expanded to the neighboring high school students through
cooperation with physics teachers of these schools and equipment sharing so that students
will appreciate the beauty of astronomy sooner and will be more actively involved in
astronomical activities.

At a later stage perhaps a local network of schools and other groups of people
interested in astronomy, like Astropili, could be formed, which can coordinate astronomical
events and facilitate equipment sharing throughout the whole county of Serres. A web site
containing astronomical information on objects, techniques and events, providing access to
services like equipment sharing or remote observing and facilitating communication between

Page 7 of 80



Astronomical Measurements in Ancient Greece
IAU OAD Project TF2E Final Report

members of the astronomy network could act as the link bringing together all those people
interested in astronomy and promoting astronomy development locally.

Such a web portal could also act as a link in uniting other similar efforts thoughout the
globe and facilitate communication among groups which can thus become parts of an
international network of schools, universities, research organizations and various groups
promoting the development of astronomy worldwide. The OAD can be a vital part of this
network, which can initially be formed by the groups which have been supported so far in
implementing astronomy oriented projects. This international network would mostly facilitate
the exchange of information (scientific, technical, observational, computational etc), the
implementation of remote observations through the use of remotely operated fully automated
telescopes, the mobility of people through visitor exchange programs and cooperation among
people from all over the world in carrying out international projects, such as measuring the
earth radius by doing simultaneous object shadow measurements in varius places on the

earth.

7. Financial report

Below is a table summarizing the financial management

include taxes).

of the project (all costs

Date Invoice Reason Cost Remarks
7 Feb. 2013 821-06-1142543-G Received 3000,00 | Grant for TF2E project from
Grant OAD through ABSA, a
member of the Barclays
group
7 Feb. 2013 | 821-06-1142543-G Bank 13,00 Commission  of  ABSA
commission (0,44% of 3000 euro = 13,2
euro, charged 13,00 euro)
27 Feb. 2013 96 — Kokapidng X. | 3-day 400.00 | The trip cost 750.00 euros,
Ayyehog excursion to 350.00 of which were paid by
Kastoria the environmental project
(for an which was also funding the
environmental excursion.
project and The accommodation
astronomical expenses in Kastoria and
observations). insurance expenses were paid
in full by the environmental
project.
14 Mar. 2013 | 04758010100067221 | Camera 299,00 | Nikon D3000 with a 18-55
— EATA for | purchase VR automatic lense.
ITAAIZIO Computers
AEBE
13 Apr. 2013 AETI-TX-00135 — | Telescope 1701,00 | Telescope SkyWatcher
TEXAMIIOYPAX purchase 200mm, Celestron CG-5
AHMHTPIOZ & XIA mount, neximage 5 CCD
O.E. camera, filters, adaptors and
lenses.
13 Apr. 2013 AEII-TX-00136 ~ — | Binoculars 139,00 | Celestron skymaster 15x70
TEAMIIOYPAX purchase and binoculars
AHMHTPIOX & XIA | transportation
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O.E.

costs

8 Jul. 2013

002667 -
Ziomponoviog  Kaov.

Anunplog

Electric cable
50m purchase

44,90

Electric cable 50m for
operation of the telescope far
from the school building

8 Jul. 2013

787 — Xotlnkoiiio
Kop. Auntpa

Memory card
purchase

7.63

Memory card for use with the
Nikon camera

(By mistake the invoice also
contains network cables, not
associated with this project —
only the memory card cost
which is 7.63 euros is written
in the column for the cost of
this invoice instead of the
total of 19.93 euros)

17 Jul. 2013

5655 - HOTEL
LEON Ohya
Xavolidov & X1A EE

Accomodatio
n for invited
speaker

30,00

Accomodation for invited
speaker. Meal and
transportation expenses were
provided by the municipal.

27 Aug. 2013

810 — XotlnxoArio
Kop. Auntpa

Telescope-
laptop
interface
cables

22.50
(cost 1is
23.37
with
0.87
discount

)

Two USB cable extensions
for remote control of our
Nikon and Neximage
cameras from a laptop, 30m
network cable for network
connectivity of the laptop
used to control the telescope
with the school network.

(By mistake the invoice also
contains a network switch
and electric switches, not
associated with this project —
only the USB and network
cable costs which are 23.37
euros is written in the column
for the cost of this invoice
instead of the total of 50.00
euros)

30 Aug. 2013

TAA-T-00312 —
TEXAMIIOYPAX
AHMHTPIOZ & ZIA
O.E.

Finder
purchase

121,00

Finder to be used as a
secondary guiding system
along with the CCD camera
already purchased

30 Aug. 2013

TAA-T-00313 -
TEXAMIIOYPAX
AHMHTPIOZ & XZIA
O.E.

Finder mount,
polar  finder
and
astrophotogra
phy book
purchase

129,00

Finder mount for secondary
guiding system, polar scope
for accurate polar alignment
and astrophotography book
for working on
astrophotography with
students in the fall 2013 term.

27 Sep. 2013

160 — I. IATPIAHZ-
B. MIIOYTZIOY
O.E.

Summer event
catering

92,97

Late invoice for refreshments
treats and consumables of our
astronomy night at the
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| summer festivities.

31 Dec. 2013 Total expenses 3000,00 | Total income 3000,00

The rest of the expenses for the summer festivities (sound system hire, lights, printed material
etc) were paid by the local municipal authorities. Also, the invited speaker meals and travel
expenses and telephone costs and other printing material of the project were provided by the
secondary schools committee of the local municipal of Nea Zichni provided that a similar
amount of money from the grant will be spend on purchasing accessories for the telescope of
the school. This is the reason that at the end of the summer the telescope was equiped with a
secondary guiding system and a polar scope to provide accurate telescope guidance for
astrophotography.

8. Copies of invoices and receipts

The invoices and receipts mentioned in the table of section 7 are included in the following
pages 11 to 28.

9. Project resources

Materials produced specifically for this project and used throughout this project include the
worksheet used by the students to carry out and complete their measurements, the test
administered to the students to evaluate their attitude towards astronomy and their field
knowledge in the areas addressed by this project and the presentations created by the students
to disseminate their work. This material is also included in the pages after page 29 following
the invoices and receipts. At the end, short statements in English from the students about their
experience with the project are also included. More material about the project, like
photographs of students at work, photographs of astronomical objects taken by the students
(Sun, planets, stars, constellations, deep sky objects) and other information is available in the
project’s website at the address
http://lyk-n-zichn.ser.sch.gr/ADMire
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In total we debit ZAR 37,149, 30

Additional Information
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TZAMNOYPAXZ AHMHTPIOZ & XIA O.E.
EIAH AZTPONOMIAZ - EKAOZEIX

OEZZAAONIKH : MoAutexveiou 45405 (Aabadika), TK.54625, TnA.: 2310 533902, 2310 541826 Fax: 2310 550672
NOHZIZ : 60 XAM. 080U @eo/vikng-Géppng, TK.57001, TnA.: 2310 471441

AOHNA : Mavemommpiou 56,TK.10678, TnA.; 210 3845102, 210 3842080

A.®.M.: 081956280 A.0.Y.: B' @eooahovikng

http://www.astronomy.gr email: astronomy@planitario.gr

HMEPOMHNIA 13/4/2013

S e s

R R

ENQNYMIA:

; ENAITEAMA: NMAA
 AIEYOYNZH: NEA ZIXNH

62042 NEAZIXNH ZEPPQN

THA: (23240)22204
| FAX: (2324020029

Noyapiaopds owewg EONIKHE TPAMNEZAS
' AHMOZICY_4

TENIKO AYKEIO NEAS ZIXNHZ

AOY

Kpdrnon Anuoociou ﬂpovrm 4%

MAPATHPHZEIZ
EZO®AHZH TAA140/1-4-13

A®M : 090384085
A Zeppwv

Elce':ri!pa 0

ﬂAhpwd& 0



AHM. TEAMMOYPAS & ZIA O.E.
EIZAFQrEZ EIAQN AZTPONOMIAZ - EKAOZEIZ

Yriok/pa 3: Aviwvn Tpiton 15-17, T.K. 57001, i.: 2310 541 826, 2310 533 902, fax: 2310 550 672, MNuAaia

‘Edpa: MoAutexveiou 45, mA.: 2310541603 , T.K. 54625, OEZZANONIKH

Yrok/po, 1: Maveriomuiou 56, T.K. 10678, A.: 210 3845 102, fax: 210 3842030, AOHNA
Yror/ua 2: 6° xAu. 0800 Beo/vikng - ©€pung, evidg Tou K. A E. M. T. “NOHEIZ", T.K.570 01, mA.: 2310471 441, OEZ/NIKH
A.®.M. 081956280 - AOY A" OEZIAAONIKHZ (B° A’ T" @EZXZAAONIKHE)

-mail: planitario@astronomy.gr
small R s onomy

DEZTAAONIRHE

MAavnTaplo

EIAOZ MAPASTATIKOY No MAPAZTATIKOY HMEPOMHNIA
-
AeATio AnooToAng - Tip.MNwAnong TAA-T-00140 1/4/2013 J
A
STOIXEIA MEAATH SXETIKA MAPASTATIKA FKOMOZ AIAKINHZHE
' I 2
(" KOAIKOX: 108434 ) MAZ-TX-00091 19/3/2013 Nainon
ENQNYMIA: TENIKO AYKEIO NEAT ZIXNHE L TPOMOZMNAHPOQMHE —t— TPOMOZANOSTOAHE —
EMAFTEAMA: NIAA Emi MoTmoel Courier )
AIEYO/ZH : NEA ZIXNH > ~
NMOAH : 62042 NEA ZIXNH TOMOS AMOZTOAHS: ANT.TPITZH 15-17
THA. : (23240)22204 FAX: (23240)20029 NEA ZIXNH
ADM : 090384085 AOY: A Zeppiwv TOMNOZ MNAPAAOZHZ:

: S\ 62042 NEA ZIXNH J
= ~
' gt e A a z :  EKMTOIEDS =

KQAIKOE  MEPITPA®H EIAOYE M/M MO:X. TIMH KA®. AZIA
/ % AZIA ®MA
SKBKP2001 THAESK."SKYWATCHER 200mm BK"(only tube) TEM 1 31220 0,00 0,00 312,20 23,00
CE93711 NEXIMAGE 5 SOLAR SYSTEM IMAGER TEM 1 21868 0,00 0,00 218,68 23,00
TVBLW—2125 BARLOW 2x TeleVue TEM 1 104,88 0,00 0,00 104,88 23,00
BA-2459281 ®IATPO ASTROSOLAR SAFETY FILM,20x30cm TEM 1 21,14 0,00 0,00 21,14 23,00
AQ7300 OIATPO ZEAHNHZ TEM 1 10,57 0,00 0,00 10,57 23,00
BA-2458275 @IATPO UHC-S NEBULA 1,1/4" TEM 1 55,28 0,00 0,00 55,28 23,00
916-9045 TPODOAQTIKO SWITCHING 12V,2A TEM 1 16,26 0,00 0,00 16,26 23,00
CE93402 T-RING "NIKON" TEM 1 15,47 0,00 0,00 1547 23,00
BA-2458141  ANTAITTOPAS IA MPOBOAH "OPFA-1" TEM 1 4715 0,00 0,00 47,15 23,00
CE91518 STHPIZH POMMOTIKH CG-5 TEM 1 581,30 0,00 0,00 581,30 23,00
.
L o
APXIKHAZIA ASIAEKMTQZHZ MPOZO.EKMT. ZYN.KA®.ASIAZ  OMA  IYN.ASIAZEIAQN EZOAA ®.J1A. ESOAON MAHPQTEO
( 1.382,93 0,00 0,00 1.382,93 318,07 1.701,00 0,00 N 0,00 1.701,00 )
I
MPOHI. YMIOAOINO  NEO YMOAOINO  IYN.MOZOTHTAS  QPAENAPSHE OPATAPAAOZHE OTHE O NAPAMABON

0,00

( o )

10 ][ 2:32:58up

] o

ANAAYZH O.I.A. KATA ZYNTEAEZTH

MNAPATHPHZEIZ *Taepnopedpara tafiSedouy yia |

: PLACHO Kat PE TV VBV Tou ayopadT

% ®NA i(AOAPH ASIA ASIA®MNA XYNOA. ASIA

23,00 1.382,93 318,07 1.701,00
0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00

° FAT ENHMEPQNOYME OTI BAZE| TOY NOMOQY N. 2472/97 THPOYME TA MPOZQMIKA ZTOIXEIA ZAZ ZTO APXEIO MAZ KAI EXETE NPOZBAZH ZE AYTA ZYMOQNA ME TO NOMO,
* TIAKAGE AIADCPAAMO THN MAPOYZA ZYNAANATH, EYMOONEITAI PHTQZ OTI APMOAIA EINAI TA AIKAZTHPIA GEZZAAONIKHE.
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ZEIPA/APIOMOX

A.D.M.: 081956280 A.0.Y.: B' Becoakovikng

TZAMIMOYPASZ AHMHTPIOZE & ¥IA O.E.
EIAH AZTPONOMIAE - EKAOZEIX
OEXZAAONIKH : lMoAuteyveiou 45,40c (Aadadika), TK.54625

NOHZIZ : 60 XAM. 0ol Oea/vikng-Béppnc, TK.57001, TnA.:
A@HNA : NavemgTnpiou 56,TK.10678, Tnh.: 210 3845102, 210 3842080

. Tnh.: 2310 533902, 2310 541826 Fax: 2310 550672
2310 471441

http://www.astronomy.gr email: astronomy@planitario.gr

Anodei & gi onpaing

AET-TX-00136 HMEPOMHNIA

EITOIXEIA XYNAAAAZOMENOY

ENQNYMIA:

FENIKO AYKEIO NEAZ ZIXNHS

EMAITEAMA:  NMAA
AIEYOYNXZH: NEA ZIXNH

THA :
FAX:

TPANEZA-TAMEIO

62042 NEAZIXNH  SEPPON
(23240)22204 ADM :

090384085
(23240)20029 AOY:

A Zeppwv

APIOMOZ EMITATHE

Aoyaplaopag dpeng EONIKHE TPAMEZAZ

AHMOZIOY 4

Kpatnon Anpogciou MpoiovTwy 4%

ADQF: Ekato Tpiavra Evwid Eupw

13/4/2013

AZIA : 139,00 EUR

NMAPATHPHZEIX
EZODAHZH TAA141/1-4-13

HM. AH=HZ nozo
135,53
3,47
ZYNOAO: 139,00 EUR

MNARpwoe o



M. TEAMMOYPAZ & ZIA O.E.
AFQrEZ EIAQN AZTPONOMIAZ - EKAOZEIZ
fok/pa 3: Avrivn Tpiton 15-17, T.K. 57001, mA.: 2310 541 8286, 2310 533 902, fax: 2310 550 672, Muhaia
5pa: MoAutexveiou 45, i 2310541603, T.K. 54625, QEZZANONIKH
nox/ua 1: Maveruotmuiou 56, T.K. 10678, TnA.: 210 38 45 102, fax: 210 3842030, ASHNA

TIoK/HA 2: 6° M. 050U Oeo/vikng - @6punG, evidg Tou K. A E. M. T. “NOHZIZ™, T.K 57001, mA: 2310471441, OEZ/NIKH

A.®.M. 081956280 - AQY A" ©EZZAAONIKHE (B” A’ T’ ©EZZAAONIKHE)

FAavnTaplo

SGEZLIAAOMIKEHE

e-mail; planitario@astronomy.gr
POTOTYIIO
EIAOZ MAPASTATIKOY No MAPASTATIKOY HMEPOMHNIA
>
AeATio AnooToAng - Tip.MwAnonc TAA-T-00141 1/4/2013 ]
\
STOIXEIA EAATH EXETIKAAPASTATIKA IKOMOZ AIAKINHIHE
o= .
KQAIKOE: 108434 w MAZ-TX-00104 29/3/2013 NwAnon .
ENQNYMIA: TENIKO AYKEIO NEAS ZIXNHE TPOMOE MAHPOMHE ——— TPOMOZ ANOZTOAHE —
EMAFTEAMA: NMAA Eni MioTdoe! Courier
AIEYO/ZH: NEA ZIXNH <
NOAH : 62042 NEA ZIXN -
2 TOMOS AMOSTOAHz;  ANT-TPITZH 15-17
THA. : (23240)22204 FAX: (23240)20029
ADM: 090384085 AOY: A Zeppiw TOMOZ NAPAADZHE:  MEA ZIXNH
L : o 62042 NEA ZDXNH o
- EKnTQSEE | % |
KQAIKOZ  MEPITPA®H EIAOYE M/M MOX. TIMH KA®. A= o
% Azt O ATA ona
CE71009 KIAATA "SKYMASTER" 15x70-BIG BIND TEM 1 12900 23,26 24,39 80,49 23,00
\ Lo
APXIKHAZIA ASIAEKMTOZHE MPOSO.EKMT. SYN.KAG.ASIAZ  ®MA  IYN.ASIASEIAON EZOAA @IAESOAON TMAHPQTEO
104,88 24
( - 39 0,00 80,49 18,51 99,00 32,52 7,48 139,00 )
SYN.MOZOTHTAZ QPAENAPZHZ QPATMAPAAOZHE OE HE O MAPANABON

MPOHT™. YTIOAQINO  NEG YNOAQITNO

( o )

ANAAYZH ®.M.A. KATAZYNTEAEZTH

1.701,00

e J

MAPATHPHZEIZ *Taepmopetpara tagideiouy yi

apIao|o KAl PE TNV EUBUVN TOU ayopagT

% ®MA KAGAPHAZIA ASIA®INA ZIYNOA. ASIA
23,00 113,01 25,99 139,00
0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00

N
N

« TAZ ENHMEPQNOYME OTI BAZEITOY NCMQY N. 247297 THPOYME TA NPOZQMIKA ZTOIXEIA ZAZ ZTO APXEIO MAZ KA| EXETE MPOZBAZH ZEAYTAZYMPOQNAME TO NOMO.
s TIAKAGE AIA®OPA AMO THN NMAPOYZA ZYNAAAATH, SYMOQNEITAI PHTQZ OTI APMOAIA EINAI TA AIKAZTHPIA ©EZTANONIKHE.

F44BOB353F30C9EE317BC38C4542C42D6400E24A 0015 00004244 1304011644 EPX10019335

Enionpog AvtinpdgwTiog
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LIAHPOIIOYAOX KQN. AHMHTPIOX
HAEKTPOAOTIKO YAIKO - ®OTIZEMOE
A®M: 016287511 - AOY: Z' @EZ/NIKHE
KENTPIKO: 60 XAM XAPIAAQY - OEPMHZ, OEXZ/NIKH
T. 2310 472201, 2310 472121, 2310 319932 - F. 2310 472162
www.skd.gr - info@skd.gr YIIOK/MA 1: KON. KAPAMANAH 155, EZ/NIKH T. 2310 321143 - F. 2310 323590
MéAog tov opidov ITIPOMHA A E. YIIOK/MA 2: KON. KAPAMANAH 157, @EZ/NIKH T. 2310 305916 - F. 2310 323590

EIAOZ MAPAETATIKOY ' YEIPA APIOMOE. HMEPOMHNIA

AA TIMOAOTIO MOAHETHE : 002667 08/07/2013 13:01:00

IXETIKANAPAEXTATIKA

e . ZTOIXEIA HEA_ATH : ZTOIXEIA [TAPAAHIITH
KQATKOTD 5-0353 e ENONYMIA
EAONYMIA  TENIKO AYKEIO NEAYL ZIXNHE ENATTEAMA
AIEYOYNDH N.ZIXNH REM
TIONH NEA ZIXNH [OY
ENATTEAMA N.I.A.A. OAQE /API®
A.%2.M. 090384085 ONH /TK
A0 A’ ZEPPON T HA 23240/22204 THA.
' i  PKOTON-ATAKII iR 7 e
O S T PO P T R MO i FROTOE=ATAKTN
TOIOE $OPTQEHE AIICOHKH YIIOKATAXT EKITQEZH NEAATH 0 2 TPONOE [DAHPOMHE METPHTOIS
KQAIKOS OEPITPASH ; MON o i ".’ﬁmma 3 o8 AT L
43.0302 KAPOYAT METAA. MIKPC KARQAIO 3*1,5 50M TEM 1,00 & 3650000 36,50 0,000 36,50 23
i .
= : TYNOAC EKITOXHS 0,00
=
S TYNOAC AGAPO 36,50
g TYNCONO $IiA 8,40
5 TEMIKO LYNOMO 44,90
% : KPATHEEITL 0]
ANANYYH @ .I1.A. ENIRAPYINEEIED 0,00
GIA PELATH : AEIA IIOZOZTO IIOZ0O &IIA $I12 ENIRAPYNEEIL 0,00
0,00 36,50 23,00 8,40 =
l o'ool : . g I TEAIKH AZIA 44,90
r
e e s e

YMOK. K. KAPAMANAH 157 MAPAAABH
*AAAATEEZ AIANIKHEZ NOAHIHE AE NMNONTAI XOPIZ ANOAEIZH
*TA EMMOPEYMATA TAZIAEYOYN MA AOTAPIAZMO KAI ME KINAYNO TOY MEAATH
*F1A KAOE AIAOOPA APMOAIA EINAI TA AIKAZTHPIA OEZZAAONIKHZ




-t hetchoice

COMPUTER TECHNICGCAL SUPPORT

Technology on Demand

Ztotyeio MNapootatikou

OPQTOTYIIO

XatinkahAia Kau. Anuntpa

YnooTtnpiEn, Eunopio H/Y npovpauudatwy
Ynnpeoiec Internet kar TNAENIKOIVWVIEC
MpounBewe 3 T.K. 54627 ©Oesocaiovikn

TnA. : 2310502695 ©af : 2310514547
A.®.M. : 079290555 A.0.Y. : A Oeocalovikng
www.netchoice.ar, email : info@netchoice.ar
sales@netchoice.qgr, support@netchoice.ar

A.AnooToAfg TipoAdyio

AAT 787 HMEP/NIA 08/07/2013 QPA 17:16

Ztoixeio Avtioupfaddopgvou

Ztoiyeia Biakivnong kai anoatodrg

ZXETIKA MNMAPAZTATIKA :

KQAIKOZX : 1027
EMQNYMIA : FENIKO AYKEIO NEAX ZIXNHZ ZKONOZ ATAKINHEZHE : Mpog NwAnon
TOMNOZ ®OPTRIHE : EAPA MAZ
EMAFTEAMA : N.FLAA TOMOE NMPOOPIZMOY : Néa Zixwi
OAOZ/APIO. : Néa Ziyvi
MOAH : Néa Zuxvi T.K. 60042 Néa Zuyvi
THAE®QNO : 2324022204 TPOMNOE AMOZTOAHE : NapaAaRn ano NeraTn
A.D.M.: 090384085 TPOMOZ MAHPQMHX : Toig MeTpnToig
2.0V, : A ZEPPQMN EKNTQIH MEAATH : 0,00
ZToI eid npoidvtwy UNNPETIV
Atia ‘Exntwon Atia A |
Kuwbixdg Mepiypagpd M.M  Toodtnta TipA Mpo Ekntwong % Mood Mewd Eknswong o |
006486 DATCH CORD UTP CAT.5 5M BLUE Tem o 5 2,00 10,00 0,00 0,00 10,00 23
006485 FLASH MICROSD PNY 8GB ADAPTER HC Tep. i 6,20 6,20 0,00 0,00 6,20 23, |
|
|
| |
|
[pony. Ynohaino 0,00 5 : 6
b 5 ; Uv. noad i
' Néo  Yndhoino 0,00 Z0v. nosétnrag ArtioAoyia
AvdAuvon @.MA. Avaduon afiwv napaotatikou :
16,20 SIA 23% 3,73 |
AZIA MPO EKMNTQZHZ 16,20 i
EKMNTQZH 0,00 |
A=IA META THN EKMNTQZH 16,20 |
A .13
Mapatnprioeig S ?
TEAIKH A=IA 19593 |

EC50F10217C1AB4AEB25CD96C955DDESCFBF7ABC 0003 00006641 1307081734 EMZ07020535

Ta epmropeipara TafiId£0ouY yia AOYApIao UG KAt PE KivBUvo, EuBivn kol £§08a TOU ayopacTr} TapauévovTag oy KUPISTITA pag pEXpl oMKIg
£foAROEWS Toug. Ze kde mepimTwon KaBuoTEPNONG TG £56QANONG, TEpav Tou Xpdvou Trou avaypa@eTal OTe TIHOAGYIO OQEIAETal
0 VOMINOG TOKOG UTTEPMHEPiaG. METGQOPG TOU EUTTOPEDHATOS TTPOG ETNOKEVN 1) AVTIKATAOTOON Kai avTioTpoQa, Yivetal pe euBivh
ka1 £fodoa TOU ayopodTi. lia KGBe Biagopd wou @a wpokliwel appddia givar 7o BikaoTipra Bsooahovikng.

cwm Wma [ﬁa AVAYA »softine Singular Logic‘ e 1;1 e
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AEYKO: MEAATHZ - POZ:

AITOAEIEH
IHHAPOXHX
YITHPEXIQN

N:  B655-

,
e

640 08 [TAPAAIA O¢PYNIGY KABAAA &
GR 640 08 OFRINIO BEACH, KAVALA- HELLAS
~ THA. 0594/31347 FAX 0594/31227 .
A.9.M. 093602990 .

\S
AGEQPHTA BALEI THE A.¥.0. HOA. 1071025-2-2000 AOY EAEY@IOARE

EAEXOZ

AQTIZTHPIO - KITPINO:

= S E
e Qg | o {oVRIO row L aowa Q
Ovouatenavupo C/O ROM PERSONS

(enico Ao |\ e J

Irhe - & T =

NEAS DNANHE - T

ADM. Gf)@ 28‘{QBS§ _____ , A %
7 ] Evoikio - Room DO

A.Q.Y. "é,. 2‘?’?{"0’?0 Mpwwo - Breakfast

""""""""""""""""""" Mndp - Bar

AIKAIOAOTHTIKA Dyl

XPEQZEQN TnAépuwvo - Phone
wg ATLY.
Eotiatdpio-Restaurant

ﬂ‘b‘ wg ATLY.

Aldgopa - Various

"""""""" wg A.TLY.

ZUvoho NuEpag
Total Day

Apy. .-

Huep/via AQLENG oo
Hiep/viarAve G . = 8

Huep/via karaywpnong oto

YMOTPA®H YMAAAHAOQY

Mpooal&non 20% 3ng kAivng
Third bed 20% increase

Mpeoadinaon 10% ya
napapovi 1-2 nuépeg
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Astronomical Measurements in Ancient Greece

General Lyceum of Nea Zichni
Spring 2013

Aim

Combining observations of the Earth, the Moon and the Sun with geometry and
trigonometry knowledge, we will repeat the measurements carried out by Ancient Greek
philosophers in order to estimate the radius of the Earth, the Moon and the Sun and the
distances between the Earth and the Moon, and the Earth and the Sun.

Introduction

Casual sky observations reveal that heavenly bodies trace the same paths year after year.
But only these observations do not suffice to estimate the sizes or the distances of these
objects. In fact, up to 150 years ago we were not even aware of the true size of the
Universe in which we live. Modern observations which estimate the diameter of the
Universe at approximately 28 billion light years are based on older measurements of
smaller distance scales (distances of far away galaxies), which are based on older
measurements of even smaller distances (distances of nearby galaxies), which rely on
smaller distance measurements (distances of far away and nearby stars), which were
made possible only after distance measurements of our own solar system objects were
carried out. Therefore, our cosmic distance scale ladder was initially founded on the
pioneering efforts of the people who first were able to measure the distances between the
Earth and its closest massive object, the Moon, and the Earth and its closest star, the Sun.
These measurements were first carried out about 2500 years ago, by Ancient Greek
philosophers, like Eratosthenes from Cyrene (276 — 196 B.C.) and Aristarchus from
Samos (310 — 230 B.C. approx.). Eratosthenes held the view that the Earth was spherical
long before Galileo made a similar proposal and with simple observations was able to
accurately measure the radius of the Earth. Aristarchus suggested, long before
Copernicus put forward his model of our solar system, that the Sun was at the center of
the known Universe and that the Earth and the planets revolved around the Sun, while the
stars are at huge distances from the Sun. Using this model he was able to measure the
sizes of the Moon and the Sun and estimate their distances from the Earth.

And all these measurements in Ancient Greece were made without the use of telescopes
or other similar instruments, which allow for accurate observations. Moreover, the
observations of the time did not allow for easy verification and acceptance of the models
proposed by Eratosthenes and Aristarchus, so most people at the time held other views
for the Universe. We will repeat the measurements carried out by these pioneering
philosophers, demonstrating that the methods they suggested are correct and can yield
very accurate results when combined with modern techniques.

The Earth’s radius
This measurement was carried out by Eratosthenes using a very simple model for the
Earth and the Sun, according to which:



a) the Earth is spherical, as can be deduced from observations of the Earth’s shadow
on the Moon during eclipses of the Moon and by the way a ship setting out from a
port towards the open sea disappears in the horizon, and
b) the Sun is at infinitely large distance form the Earth so that its rays arrive at the
Earth parallel to each other.
Eratosthenes knew that at noon on one particular day (summer solstice) in the town of
Syene in Egypt (present-day Aswan) the Sun is reflected in the bottom of a deep vertical
well without casting any shadows on the water from the sides. Therefore, at that time the
Sun lies exactly at the zenith, directly over the town. But this never happened in
Alexandria, were Eratosthenes lived, and even at that time all objects in Alexandria cast
shadows. This cannot happen if the Earth is flat and the Sun is very far away and
Eratosthenes realized that the phenomenon was a direct consequence of the Earth’s
curvature and could be used to measure the Earth’s radius. Measuring the length of the
shadow of a vertical stick at Alexandria at noon on summer solstice he was able to
deduce that the sun rays were meeting the Earth with an angle of a=7,2 degrees (one
fiftieth of a complete circle).

- —oa= Alexandria

Syene Sunlight

He then used the relation:

Distance Syene-Alexandria _ 7,2°

Circumference of the Earth  360°
and was able to estimate the circumference of the Earth, after having the distance
between Alexandria and Syene measured and found about 805 km.

From the above what did Eratosthenes found for the circumference and the radius of the
Earth?

(measured values appear in red, bibliography values appear in blue)
Circumference of the Earth: 40250 km
Radius of the Earth: 6406 km

Which are todays accepted values?



Circumference of the Earth: 40074 km

Radius of the Earth: 6378 km

Measurement activities

In the Sahara desert, in Al Jaghbub there is a deep vertical well with water, which has
been observed every year at noon on the summer solstice not to cast any shadows in the
water from its sides. On the same day you happen to be at the village of Draviskos,
nearby Nea Zichni, and at noon, exactly when the sun is directly over Al Jaghbub, you
take a picture of a tree with its shadow, in order to repeat Eratosthenes measurements.

From the similar triangles ABI" and I'AE we see that



Tree height B Earth radius
Tree shadow length  Distance Draviskos-Al Jaghbub

as can be verified from the picture below.

Al Jaghbub

Triangles AT'B and TAE
are similar

Using a ruler measure the height of the tree and the length of its shadow from the above
photograph.

Height of tree: 7 cm

Length of tree’s shadow: 2 cm

In order to estimate the distance between Draviskos and Al Jaghbub you can use a map
from the Internet, like the one shown below. In this map measure the distance between
the two places in cm and then convert it to km, using the scale shown on the map.

Distance between Draviskos and Al Jaghbub on the map in cm: 13.4 cm

Length in cm of 500 km according to the map’s scale: 3.5 cm



Distance between Draviskos and Al Jaghbub in a straight line in km: 1914 km

3 JTirane o= Frisy

11200 pih.

Using the measurements you made above estimate the radius of the Earth:



Radius of the Earth: 6699 km
What’s the error in your estimate compared to the accepted value?

Error of estimate: 5%

Another way to do the same measurement is by utilizing the observation that on the day
of spring equinox the length of the day equals the length of the night. This happens
because at noon of this day the Sun is directly over the equator. Then, measuring the
angle at which the sun rays fall on Nea Zichni at that time, is a direct measurement of
Nea Zichni’s geographic latitude, as can be seen on the graph below.

At noon on spring equinox (13.00 p.m. local time on 20th March 2013) we measure the
height of a metal rod and then we place it vertical in the schoolyard and measure its
shadow. Write down your measurements:

Height of the metal rod: 79.2 cm
Length of its shadow: 68.9 cm

By using trigonometry (or constructing an orthogonal triangle and measuring the angles
on the construction) we find that the angle with which the sun rays meet the ground in

Nea Zichni and hence the geographic latitude of Nea Zichni. Write down your finding:

¢ =41.022 degrees



From software like Google Earth we can find that the latitude for the Lyceum of Nea
Zichni. What is it?

Nea Zichni latitude: 41.027 degrees

What is then the error in the estimate of the geographic latitude of Nea Zichni?

Error: 0.01%

From this result we can then estimate the circumference of the Earth since

Distance Nea Zichni-Equator _ 41,022°
Circumference of the Earth 360°

We use Google Earth to measure the distance from Nea Zichni to the equator. We find:
Distance of Nea Zichni to equator: 4543.6 km

Circumference of the Earth: 39874 km

Radius of the Earth: 6346 km

Error of measurement: 0.5%

This is a very accurate measurement indeed!

The size and the distance of the Moon

In order to measure the size of the Moon we will follow Aristarchus and use observations
of lunar eclipses. Aristarchus measured the time it took for the Moon to pass through the
Earth’s shadow during a total lunar eclipse and compared this time to the time it takes the
Moon to move in the night sky by one full lunar diameter. He found that this ratio is
about 8/3 and thus, if the Sun is infinitely far and the sun rays traveled parallel to each
other when reaching the Earth, this ratio is how larger the diameter of the Earth is from
the diameter of the Moon. So, using Aristarchus measurements, we find

Radius of the Moon: 2380 km

What is the today accepted value?
Radius of the Moon from bibliography: 3476 km

Why do you think there is a large error in this estimate?

The Sun is not infinitely far away and the sun rays cannot be though of as being parallel
over such large distances as the length of the shadow of the Earth. Therefore the model
used by Aristarchus needs to be corrected.

This model contains the following elements:



a) The Earth is spherical

b) the Sun is infinitely far from the Earth and the sun rays are parallel to each other when
they reach the Earth

c¢) the Moon revolves around the Earth so that at some point it comes inside the Earth’s
shadow and thus lunar eclipses happen

This model is described in the graph below.

Moon trajectory

However, the Sun is not infinitely far and the sun rays are not completely parallel. A
better model of a lunar eclipse is shown in the graph below, from which it can be inferred
that during a lunar eclipse the Moon traverses a distance smaller than the diameter of the
Earth.

Moon trajectory

In order to estimate the length of the shadow of the Earth compared to the Earth’s
diameter, it suffices to measure the distance of the shadow cast by a round metal coin
held against the Sun at a distance such that it just hides the solar disk. Such an
observation however is dangerous for the naked eyes and we therefore contact a similar
observation for the Moon, since, as already noticed by Ancient Greeks, the Moon and the



Sun subtend equal angles in the sky. This can also be seen in the picture below, since the
disk of the Moon is just equal to the disk of the Sun and covers it exactly in a solar
eclipse.

1 1 A dalalate o
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Total eclipse of the Sun, March 29, 2006, Adrasan, Turkey;
www.photomecting. de'asromecting/ index hem; Retrieved 127192011 Credit: Stefan Seip

If we then hold a 2 cent coin with a diameter of 1.9 cm, in front of our eye at such a
distance that the disk of the Moon matches the size of the coin we find that we have to
place the coin at approximately 2 meters and 5 centimeters away (2.05 m). In other
words, the ratio of the distance of the coin to our eye to the diameter of the coin is

length of coin shadow 205 cm _ 108

coin diameter 1,9 cm

It is apparent that the same holds for the shadows cast by the Earth and the Moon due to
the sun rays. Therefore the length of the shadow of the Earth equals to

Length of the shadow of the Earth = 108 x Diameter of the Earth

But the Earth is almost at the tip of the Moon’s shadow, as can be seen during solar
eclipses and therefore the length of the shadow of the Moon is equal to the mean distance
between the Earth and the Moon. Thus:

length of shadow of the Moon _ distance Earth-Moon _ 108
diameter of the Moon diameter of the Moon




As can be seen from the above graph, where the isosceles triangles AFE and ABC are
similar, the ratio of AG to FE is also the same. Thus

£;108
FE

and since the length of the shadow of the Earth is equal to the length of AG plus the
distance between the Earth and the Moon, we find that:

Length of Earth’s shadow = AG + distance Earth-Moon = 108xFE + 108xMoon diameter
or
108 x Earth diameter = 108 x ( FE + Moon diameter)
or
Diameter of the Earth = FE + Diameter of the Moon
Utilizing then the measurement carried out by Aristarchus and a more realistic model we
can estimate quite accurately the diameter of the Moon. In order to measure ourselves the
length FE we can use a photograph of a lunar eclipse, like the one below. In this we need
to estimate how large is the shadow of the Earth falling on the Moon compared to the
Moon’s diameter. This is the length FE in Moon diameters.
How long (in cm) is the diameter of the Moon in this photograph?
Diameter of the Moon: 8.2 cm
Draw a curve at the edge of the shadow of the Earth on the Moon. Then draw the circle
corresponding this arc (you can find the center of this circle by using two arc segments
and finding the point of intersection of the perpendicular lines passing through their
centers). Which is the diameter of this circle (in cm)?

Diameter of the shadow of the Earth: 20.5 cm

How many times longer is the diameter of the shadow of the Earth compared to the
diameter of the Moon?

Length of FE (in Moon diameters): 2.5



Using the value of the radius of the Earth you found earlier, how long is the diameter of
the Moon?

Diameter of the Moon: 3626 km
Radius of the Moon: 1813 km

What is your error compared to the accepted value?
Error in measurement: 4.3%

From the above measurements the distance of the Moon can be estimated, following
Aristarchus ideas. How far is the Moon from the Earth?

Distance between the Earth and the Moon: 391608 km

Which is the mean distance between the Earth and the Moon according to the
bibliography?

Mean Earth-Moon distance (bibliography): 384400 km
What is the error in your measurement?

Error in measurement: 1.9%



The size and the distance of the Sun

Aristarchus also found a way to estimate the distance of the Sun. His method relies on the
observation that when the Moon is at first or last quarter, the angle between the Sun, the
Moon and the Earth is a right angle as shown in the figure below.

Therefore the model used contains the following elements:

a) the Earth is spherical

b) the Sun is at a great distance from the Earth but not infinitely large, so that the sun rays
are not parallel to each other when they reach the Earth

c¢) the Moon revolves around the Earth

By measuring the angle Sun-Earth-Moon when the Moon is at the phase of the first or
last quarter and knowing the distance of the Moon, we can estimate the distance of the
Sun. However, this angle is very close to 90 degrees and any offset is very hard to
measure. Moreover it is also difficult to find the exact time when the Moon is at the first
or the last quarter, as can be realized from the pictures below.

the first quarter



the last quarter

Aristarchus himself measured this angle to be about 87 degrees. This measurement has a
large error. Later measurements by other Greek philosophers found this angle to
approximately 89.5 degrees, while modern more accurate measurements yield a value of
89.853 degrees. Therefore, according to the above graph

Distance Earth-Moon
Distance Earth-Sun

cosf =

and thus, using the distance of the Moon estimated above and the modern measurements
of 0, how long is the Sun away from the Earth?

Distance between the Earth and the Sun: 152635621 km
You have just measured the length of the Astronomical Unit!

What is the value accepted today?
Distance between Earth and Sun (bibliography): 149600000 km

What is the error in your estimate? 2%

We know, as stated above, that the angle subtended by the Sun as seen from the Earth is
the same as the angle subtended by the Moon as seen by the Earth. Therefore, the ratio of
the distance Earth-Sun to the diameter of the Sun is the same as the ratio of the distance
Earth-Moon to the diameter of the Moon:

distance Earth-Sun  distance Earth-Moon _ 108
diameter of the Sun  diameter of the Moon

From the above relation we can calculate the diameter and the radius of the Sun. We find
that:

Diameter of the Sun: 1413292 km
Radius of the Sun: 706646 km

You have just measured the radius of a star!



What is the currently accepted value?
Radius of the Sun (bibliography): 696600 km

What’s your error?  1.5%
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QUESTIONNAIRE ON ASTRONOMY

NAME: DATE:

Using the scale below indicate how much each of the following statements is true by
circling the appropriate number.

Not true at all A little true Somewhat true Very true Absolutely true

1 2 3 4 5
1. I enjoy Astronomy very much 1 2 3 4 5
2. | understand Astronomy easily 1 2 3 4 5
3. I don’t care at all to what happens beyond Earth 1 2 3 4 5
4. Astronomy is boring 1 2 3 4 5
5.1 (:\o not understand at all what happens beyond 1 2 3 4 5
Eart

6. Why Sun and Moon eclipses don’t occur approximately once a month since the Moon
is revolting around the Earth approximately once a month?

7. Why in the summer in Nea Zichni there are higher temperatures than in the winter?

8. Can we see Venus at midnight? Explain using a drawing.

Turn to the next page




9. Is it possible for a Sun eclipse to occur when the Moon is at first quarter? Explain with
a drawing.

10. What is the phase of the Moon during a Moon eclipse? Explain with a drawing.

Mark the following questions as Right (R) or Wrong (W) by circling the appropriate
letter and explain briefly your choice.
11. In the summer solstice the Sun is at the zenith of Nea Zichni. R W

12. In the spring equinox the Sun at noon is at the zenith of the equator. R w

13. When there is summer in Nea Zichni, the Earth is at the point of its path which is
closest to the Sun. R w



How! Eratosthenes measured the radius of the
Earth




Eratostiienes: blograpiy;

IHerwas born iniCyrene (in presenit=day: Libya)

He lived, worked and' diediin Alexandria, the capitall of
the ptolemaic Egypi.

He studied in Alexandria and claimead 1o alse have
studied for some years in Athens.

IHe' was| appointiedilibrarian by Piolemy the Srd of fihe
Alexandrian Library, succeeding Zenodoitos (236 B.C.)

IHernever goi married

In 194 B.C. herwas blinded and one year later hie stopped
eaiing and died.



HIS Work

IHe maade severallimportant contrputiens te; Vathematics anad
ne was a firrend of the fiamous mathematician Archlmedes.

Areund 225 B.C. he invented the amillary sphere, Whch Was
widely: used untiithe invention: of the' planetamnun i 18th
CEntury.

Areund 240 B.C. he estimatedl the circumierence ofi the Earth
Using the helight of the: Sun I’ the' summer Seistice: inl twe
different geographical lecations, Which lied 1 the'same

(appreximately) meridian: i Elephantine island near
Alexandria —Wwere the Sui was) at the zenith 1n: the sky-and

near Syene (present-day: Aswan i Egypt).
IHe invented the system off Earti’s parallell eycles.



IHe proposed that It IS pessible: te travel along a parallel
circle starting from lera and reach India; By sailing
aleng| the Atlantic. ©cean. Stravon, Wihes salvaged and
made this theery knewn ter us, alse added that durng
tAIS Jjeurney ene might meet unknoewni areas of land.

IHe alsol invented a way: off calculating prme AUmIREers,
kewWn as Eratesthenes rddle.

The termi Geegraphy is attrkuted ter Eratestienes



e measurement or the
clreymirerence of thie Eartii By,
Eratosthenes

One: off the most Important experments ever accemplished
I AUManRIstory Was the measurement of the
circumierence of the Earth by Eratesthenes ini e
century B.C. Eratostienes heard that in Syene (present-
day Aswan)) the sun at neen on the summer solstice
casts Its rays vertically: and illuminates; the lhotteni oii a
well. At the same: time: IR Alexandiia the sun's rays form
a 7° angle with the' vertcal direction,. IHe then measuread
the distance between| Alexandria — Syene: and: estimated
With' remarkalle accuracy: the circumierence. of the
Earth.



Our measurements

Eratestiienes used a very simple model for the earth and
the sun accerding to which

A) the earti IS spherical since. Its shadew on the mMoeon s
cyclical’ and because: of the Wway:a ship: dissappears In the
erizen When: salling away: firem: a harpeuiFand

B) the sun lies at an infinitely’ Iong distance: firem; the
eartinrso that the sun's rays reach our planet parallel to
eachi ether.



Measurng the length of the shadow: of an elhelisk and the
neight of the ebelisk at neon of the summer solstice In
Alexandria, Eratesthhenes was able to) estimate that the
[UIA'S rays reacied the' Earth at a 7,2° angle.



Then, from the analogy:
Distance Syene — Alexandria = 7.2°
Circumiference of the Earth 360°

e was ahble ter estimate the: circumierence of the Earth and
tS radius;, after the distance Syene — Alexandria Was
measured by speciallwalkers and found abeut 805 Km.

Erom the above, the circumiference of the earnth Is 40,250 km
and the radius; off the: eartni 1s; 6406 km.




In Libyan: Sahara, inf Al Jaghbul easis there: Is a well with
Water, Wihere It has been founadl that eveny year, on the aday: of
the summer solstice, the light from the sun: falls; straight Inte
the welllwithouit casting shadoews; frem the well's sides. At the
same day (June: 21st), firom a photegraph taken;in; Draviskes
We' repeated Eratesthenes experiment usingl the analegy.

iHelght of the tree —' Radius of the Earth . (1)
Lengthl off the shadoew:  distance Draviskes-AllJaghbuis




We found that the height of the tree Is
8.5 cm, the length of its; shadow. IS

2.4 ¢cm and using 1o Goegle Earta we
measured the distance: Draviskes-Al
Jaghbub and found it to be 1,865.85 km
as SeWN In’ the' picture: elow.




Erem; relatien (1) we:' estimated the radits of the earth to
pe egual to 6,608.3 km and i the guestion “hew: much
are you Inr enrer comparedite the accepted value* we
founal that eur error IS 252 km.



el foellowing stuaents
participatea.

Babou Theodera
Nikoela Apoestoelia
Aviamidour Panayiota
Liaeur Cleoneke
Pelielan fheodera
AydinitMigena



THE END



ASTRONOMICAL
MEASUREMENTS IN
ANCIENT GREECE

Section studied:

The size and the distance of the Moon



Aristarchus’ theory

* The Earth is spherical

» The Sun lies at an infinitely long
distance from the Earth and its rays
reach the Earth parallel to each other

» The Moon revolves around the Earth
so that at some point it lies in the
Earth’s shade and eclipses occur.



Based on this theory we implemented
our study

The mathematical formula which guided us In
all our measurements Is:

Diameter of the Earth = FE + Diameter of the Moon




Measurements

e The shadow of the
Earth is 2.5 times
greater than the
diameter of the
Moon




Measurements

 The Diameter of the Earth is 3.5 times greater
than the Diameter of the Moon




Measurements

» We used the Diameter of the Earth from
the results of the previous group:

6603 km
e The Diameter of the Moon is 3773 km

* The distance Earth — Moon Is
approximately 108 times larger:

407.499 km



Accepted values for our
measurements

* The Diameter of the Moon is 3476 km

* While the distance between the Earth and
the Moon is 384.403 km

Notice: We had a relatively small deviation



THE END

THANK YOU FOR YOUR ATTENTION !

Students:

Daphne Dimitriadou
Zoe Drossopoulou
Kalamari Kiriaki
Moutsiou Stefania
Pagona Chrysanthi
Charoupa Maria



The size and the distance of the Sun

The first estimate of the distance of the Sun and
Its diameter was carried out by

Aristarchus of Samos




Aristarchus of Samos

He was a Greek astronomer and mathematician.
He is the first scientist who suggested the
heliocentric model of the Solar System,
positioning the Sun instead of the Earth in the
center of the then known universe.




Distance and size of the Sun

Aristarchus observed the motion of the Moon
through the shadow of the Earth during an
eclipse of the Moon. He estimated that the size
of the Earth is 3 times greater than the diameter
of the Moon.




Distance and size of the Sun

Using Eratosthenes' estimation of the
circumference of the Earth of 42,000 km, he
conjectured that the Moon has a circumference
equal to 14,000 km. Today it is accepted that
the Moon has a circumference equal to

10.916 km.




Distance and size of the Sun

Aristarchus observed/claimed that the
sun, the moon and the earth form an
almost right angle at the moment of

first or the last quarter phase of the
moon.




Distance and size of the Sun

Aristarchus estimated that the angle
Earth-Moon-Sun was 87 degrees, using
geometry correctly but with
observational errors.

He concluded that the Sun was 20 times
further from the Earth than the Moon.
In reality the Sun is about 390 times
further than the Moon.




Distance and size of the Sun

He noticed that the Moon and the Sun have
approximately the same apparent size in
the sky when viewed from the Earth and
concluded that their diameters must be
proportional to their distances from the
Earth. Thus he conjectures that the Sun
had a diameter 20 times greater than the
diameter of the Moon, which is
computationally sound and logical, but is
also in error (since it is founded on data
which are in error). Nevertheless, his
estimation indicated that the Sun is clearly
larger than the Earth.



Our measurements

We used modern estimations of the angle
Earth-Moon-Sun at the moment of the
first or last quarter phase of the Moon:

¢p=89,853°

and used the results obtained from the

other groups and the relation:

Distance Earth-Moon
Distance Earth-Sun

cosp =



Our measurements

For the distance Earth-Sun we found:
155,907,054.1 km

which is very close to the accepted value
149,600,000 km

This distance is called
1 Astronomical Unit (1 A.U.)



Our measurements

Thus the Sun is 390 times further away
than the Moon and according to
Aristarchus' observations it has 390 times
greater diameter than the diameter of the
Moon.

Using Aristarchus’' observations and the
measurements of the other groups we
find that the diameter of the Sun is

1,470,593 km



Our measurements

Our results are very close to the
accepted value of

1,391,000 km

We have just measured the radius of
a star!



THE END

Participating students
Gerakis Ioannis
Goumagias Ioannis
Karipian Christos
Mitsios Christos
Moutaftsis Ilias
Skederi Jenis
Filippou Fotis




Student views

e This project i1s a fantastic experience
because you can learn a lot of things.
Such as we learn about astronomy and how
ancient Greeks measured the size of the
Earth. We learned about telescopes and
observed the Sun, the Moon and Saturn.

e I like looking at the sky. Learning more
about astronomy and using a telescope was
really exciting. 1 learned many exciting
things and how to use the shadows to
measure the radius of the Earth. 1 taught
my brother and his friends at junior high
school about i1t when we presented there!
I hope we will make more night
observations in the future.

e | was amazed that we measured the radius
of the Earth by measuring our shadows. |
also liked watching Saturn and the Moon.
I thought that the Earth is away from the
Sun 1n the winter and near the Sun iIn the
summer. But 1t’s the opposite! And
Columbus was not the first one to say
that the Earth i1s round.

e In this project 1 learned how to measure
the radius of the Earth, the Moon and the
Sun and how to recognize common
constellations. | enjoyed very much to
learn about the stars and the sky. My
father has a telescope and we never used



it. 1 will use 1t to observe the things |
learned. 1 liked that our school has a
telescope and want to make more
observations. It’s a pity that i1t snowed
In our trip to Kastoria and coyld not
observe anything.

This 1s a very exciting project. We
watched the Saturn with the rings, the
Sun with sunspots and the surface of the
Moon. We also learned how to measure the
radius of the Earth and the distance to
the Sun. After the project 1 study
pictures to identify the craters of the
Moon such as Aristarchus and
Eratosthenes.

I like astronomy and after the project |
like 1t more. 1 learned many new things
about the Earth, the Moon, the Sun, the
stars and the constellations. We observed
the Sun, the Moon and Saturn. It was
fantastic. Too bad i1t was cloudy In the
summer festival. Our teachers said we
will observe more this year.

In this project | learned about
astronomy. | liked observing with the
telescope and look forward to observing
again. | liked to measure the shadows,
too, but didn’t like to present to the
other children.
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