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Astracurriculum description

The purpose of this curriculum is to enable students to develop and apply knowledge of
the universe and compare the conditions, properties, and motions of bodies in space.
Emphasis shall be placed on concepts of the solar system, historical astronomy, the earth
as a system in space, the earth/moon system, the sun as a star, and stars.

Teachers are encouraged to adjust their6 s iculum to best work within their unique
educational program.
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see.lt sometimesseemsahat there aresomanyof themthat A (inGpassibleto countthem.

However, stars are easy to count and when we do that, we can learn a lot of interesting
things about the Earth and theniverse.

Count how many starsoy can see

Get readyc make a papetube

You can use a tube from paper kitchen towels or make one yourself, using cardboard or a
transparentplastictube. It shouldbe 20-22 cmin lengthand4-6 cmin diameter.If counting is
difficult because yo can see too many stars, make the tube a little longer or narrower.
Measure the length and diameter of your tube and write it dowrthia observation report

below. If you preferto makeobservationswith both of youreyes maketwo tubes (theyneed

to be exactly the same) and put them firmly together. Be careful, your eyes should see  the

same fragment of the sky

= 20-22 cm =-»



Write down the date and the place of your observation in rgort.

You can give Earth coordinates and height above the sea letred exact name of
the place where you carry out the observation.

Wait until thenightfalls

You can start counting stars no sooner than two hours after sunset and no later than two

hours before sunrise. AlsR 2 Y Qi OF NNEB 2dzi 20RAiBtNEGBkyli A2y a AT

(4) Estimate the sky cloudiness

Whenit getsdark,takethe report with you, goout andestimate,more or less,how muchsky
is covered with clouds: 0%, 25%, 50%, 75% or 100%. Write down the result in the réport.

0 K Ssha%ef50% of the sky covered with clouds, you should wait for another with less
cloudiness.

Find a placéor observations

The place should bar away from light like for example street lights. Before you start
counting, let your eyes get used toetliark. You need about 115 minutes.



 JoR/Qclafio

Countthe stars

When your eyes get used to the dark, you can start counting. Put the tube (or tubes) to

your eye (eyes) and look at the sky. Count how many stars you can see and write down your
resultinthere NIi | & WI NBIF mMQd ¢KSy OK22aS | y2iKSNJ
FYR 6NARGS R2g6y (GKS NBadzZ G a Wl N®idiffereatQd 52 |
I NBI & o ¢tKS Y2NBE I NBFa &2dz KI @SareasKS Y2 N
at different heightabovethe horizonandin different directions,evenif youO I \se@\ery

manystari KSNBS® | 2dz YAIKG 4SS 2yfteée 2yS 2N y2 ai
mistake, write down what you can see in tieport.

Estimate howmany stars you can see.

3 2 2 2 5 4
5 21+ |3 4| = 6
3 4 3 3 0

D2 o0l 01 K2YS |yR dzaS Iff (GKS NBadzZ ta &2dz2Q@dS
CANBRGE O2dzyd Iff GKS &adGdIFrNm Ay Fff (GKS | NBI &
get bythe numberof areasand in thisway, & 2 digfofv how manystarson averageyou
could see through your tube (tubes). Put this number, together with the length and
RAFYSGSNI 2F @2dzNJ dzoS Ayia2 GKS F2NXNdzZ I Ay (K
get the number of stars which yourtaee in the sky in the place where you carried out
your observations. Double check foistakes.

What do your results mean?

T

Does everyone see the same numbestafrs?

Ask other people to carry out this observation in the same place as you did. Compare yo

results. Theycan be different. What doesit mean?t S 2 L#y&ighidiffers. Thosewith

good eyesight can see weaker stars, so they camseeof them. With very good eyesight,

you canseeover 2000stars.Andwhat if we WA Y LINER &&ightusingbinocularsor a

0SSt Sa02LISK |, 2dzQff aSS S@Sy Y2NB adlNE® 2 AGK
stars. If so, how many stars are there in the universe? Astronomers estimated that there

are about 162 (ten thousand billion billion stars).L @h@rdly imaginableand can be

comparedo the number of grains of sand on all the beaches all aroundnibwd.
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Can you see the same number of stars everywhetteeinvorld?

Try doing the same task in different places: in the city, in the country, immihientains

YR S@Sy 2y (KS &aSkreo 9@0SNE GAYS:I @&2dzxfft 23S
light pollution. In large cities, the night skyaisbright as if therewasfull moon. While in

the country,far awayfrom cities,you canseeover 2000stars,in centresof verybig cities

you can see undeB00.

We count stars; observation report

Datg(day¢ month gyear;time)

Place

Cloudliness

Tube:length (L) cm; diameter(D)

cm; type(underline):

single double

(attention: if you wear glasses, add 1.5 cm to the length) Counting stars:

The number of stars you can see through your tube in different places in the sky:

(attention: choose minimum 10 areas)

areanol; areanroll:
areano 2: area nol2:
areano 3. area nol3:
areano4: area nol4:
areano5: area nolbs:
areano 6: area nole6:
areano?7: area nol7:.
areano 8: area nols:
areano9: area nolo:
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areano 10: area no20:
Total number of counted staf3):

Awerage number of stars you could see through ytoie (A)
the number ofareag

Total number of stars visible in the sky)(

812 8xLxL
N=—-=xA= = A
Formula: D? DxD

Put your

data:

Give youresult:

Erasmus+
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Astronomical observations 21st June 2016
WwSI OK { m& +PrpjectQ 9 NI &

Authors: Polish Team

Task 1

5SGSNXYAYAYT GKS €20t YSNARAIY o0& 20aSNBAY3
of sundial)

1 we set or dig in the gnomon (a wooden stick or metal rod) on the playground and
we draw circles around thgnomon

1 we observethe shadowwhichchangests locationandwe markthe pointsin
which the shadow intersects with th@rcles;

1 wejointhe two pointsonthe samecirclewith aline andwe determinethe centre
of the segment;

1 we draw a line from the point wherne gnomon is set to the centre of the
segment this is the locaimeridian;

1 we mark the north and theouth.

Task 2

Determining the East and the Wesi the plane of the horizon.

We have determined the North and the South in Taskd mark them on the gund and we mark
the remaining East and West as well as NE, NW, SE, SW.

Task 3

Measuring the height of the Sun over the horizon at solar midday and calculating
the latitude of the position of our observation.

1 we measure the height of thgnomon;

1 we observehe changing length of the shadow and we mark its shortest segment
we measure the length of thehadow;

1 Method 1- we draw a rightangled triangle aneve mark the angle between one
cathetus(the lengthof the shadow)andhypotenuse( the directionof the
incidence of sunrays). It is the angle of the height of the Sun over the horizon
and at the same time the angle in which the sunrays fall on the Earth. We take a
protractor and we read thangle;

1 Method 2- using trigonometric functions we calculate thentgent of the angle
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betweenthe direction of the sunraysincidenceandthe shadow casbythe
gnomon. From mathematical formula tables we read the measure of the angle
(the heighof

the Sun over the horizon).

Task 4

Showing the difference in solar timbetween partner schools

We must determine at what hour of the officialtime the shadowis the shortest (that is

when the true solar midday is at the observation point in each partner country). The official
GAYS Aa GKS GAYS @&2dzalloyr a8SRS 22¢y (eA2YdSNJ | @1yiSGiKD
GKS YARRES YSNARAIY Ay SIOKOTAYSNI @98y LR KR
FNJ ¢dzN] Sex AdGQa np 9T F2NJ GKS /FyFNASazZ AdQ
hour official time the shadow is the shortest (the true solar mididay

Task 5
Calculating the Wolf number

The Wolf number is a quantity that measuresthe number of sunspotsand groups of
sunspots present on the surface of the sdihdetermines how active our star is. Solar
activity changes every 11 years and it can influenca asnumber of ways, for example it
has influence on how quickly satellites on the low orbit around the Earthlgets.

How to calculate te Wolf number R?
R=k*(10g+p) (@)
g - numer of groups of sunspots
p ¢ total numer of sunspots
k ¢ fixed ratio, foramateur observations k = 1

Set the telescope to see the whole face of the Sun clearlylaaugly.
Count how many groups of sunspots you saa.

Count the total numer of sunspots you csee.

Use the formula (a) to calculate the Wolfmber.

Fill in the able with youresults.

o s wnhPRE
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https://en.wikipedia.org/wiki/Sunspots

WOLF NUMBER FOR A GIVEN DAY

NUMBER OF GROU| NUMBER OF FIXEIRATIO k
OFSUNSPOTSg SUNSPOTS

WOLF NUMBE
R

LEVEL OF
ACTIVITY

LEVELS OF ACTIVITY:

0¢11(1)¢ no activity

12¢ 30(2) ¢ low activity

31¢ 60(3)¢ low activity

61¢ 100(4) g average activity
101¢ 150(5) ¢ averagec hih activity
151¢ 200(6) ¢ high activity

>200(7) ¢ very high activity
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Lunar Eclipse Stellarium workshop

Authors: Polish Team

Objectives:
Ly GKA&a GFailz dseriethe déclithseNthe Bdod only &uring soghe full
Y22yao 2SQff fSIFENY lFo2dzi GKNBS RAFFSNByd GelL

predictedeclipses.

How to carry out the task:

[ SG§Qa 3I2 o6F 01 G2 oNR al Nedpsehbegar. ¢KSy> |G wmnd

3 GKS GAYS O2yiNRf YSydzz fSiQad 4NARGS R25

the beginning of partiaclipse
the beginning of tota¢clipse
the end of totalkeclipse

the end of partiakclipse

T e S
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Before partial eclipsebegin | YR | FiSNJ -Dlf § $RAE EIS Y Kz HED & S
GAGK I OSNE AdoGfSs Ftvy2ad AYOAaA0tS OKFy3aS Ay (

f20FGA2y YSydzZ ¢S Oly WiNl}@StQ (2 ¢KS az22y | yR ?

Underlne the correct answer:

During penumbral eclipse, an observer on the Moon can see:

G2dFKt SOfALASYT 00 LINIAFE SOtALASE OO0 | yydz |
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Phases of the Moon

Authors: Polish Team

Objectives

2 SQft £ SI Ny | o3Sdai ALYS NiIRK2SR AaC@l2fy QK [Fy OS® 2 SQf £
given phase of the Moon with the time when it can be observed.

How to carry out the task
Task 1

PaAy3 {GStfIFNRdzY YR (KS aile Al akKz2gasxs OKSO|
the Moon andthe time when you can see it in the sky.

wCheck the Internet or the calendar for the next full moon and the date of the new moon
before it.

wPut the date into Stellarium and check what the Moon looks like on this day at midnight.

wChanging the timeinthe A YS YSydzz OKSO| ¢KIFdG GAYS GKS a?
table below. Change the date in the program to get the face of the Moon like in the

illustrations and complete the table.
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Tablec faces of the Moon

liczba dni
po newiu

thudniem

®

peinia

ostatnia kwadra

3

o
\ z
e

plerwsza kwadra

pelnia

Task 2

Using the results from task tinderline the correct answer.
In full moon, the Moon rises:

a)at the sunriseb)at midday, c)at the sunsed) at midnight
In full moon, the Moon sets:

a)at the sunriseb)at midday, c)at the sunsed) at midnight
In the first quarter, the Moon rises:

a)at the sunrisep)at midday, c)at the sunsed) at midnight
In the last quarter, the Moon sets:

a)at the sunrisep)at midday, c)at the sunsed) at midnight
The Earth seen from the Moon:

a) is in the same phase, b)is in the opposite phase, ayayslin full earth , d) is always in
new earth.
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INNER PLANEJOUTER PLANETS

Author: haglfR2 D2yIlt fSi
Revision: bl &Nl w2RNN3IdAzST
Scientific Advisor: Alfred Rosenberg lllustrations: Ly Sa . 2y Si

The Planets

Planets are celestialddlies orbiting the sun in elliptical orbits. Unlike the stars, the
planets do not have their own light but reflect the sunlight. The brightest, like Venus or
Jupiter, can be seen perfectly in the sky at first sight as very bright stars (more than any
night star). However, we need optical instruments to find other planets, such as Uranus
and Neptune. Our solar system consists of eight planets (after relegating Pluto to dwarf
planet status in 2006), six of which, including The Earth, are visible to the eg&ed

Are there planets around other stars? The answer to this question is yes. The process
of star formation is similar to what originated the Sun. So many of them have had to form
proto-planetary disks These discs are stellar remnants forming planetse @reat
distances from us and proximity to the stars around which they orbit make impossible, for
the moment, any direct vision. Through various methods of research and the study of light
coming from the stars, they have been found hundreds of planetsraetather stars.

The Inner Planets.

The inner planets are those whoeebits, that is to say, paths travelling around the
sun, are closer to the star than the one around our planet, the Earth. That means that only
Mercury and Venus are inner planets anditt@rcles around the sun are completed in less
than a year, around 88 and 225 days, respectively.

Erasmus+



One consequence of being inner planets is that we will always see them in
near the sun but not at midnight. For this reason the observation of Mgrsuicomplicated
by its proximity to the SurMercury can be observed fanly a brief period during either
morning or evening twilight

On the contrary, Venus is best observed than Mercury due to its larger orbit and it
can be observed from Earth witHargest sun separation. Venus can be easily be seen even
3 hours will may see up to 3 hours after sunset or 3 hours before sunrise.

At first glance Venus appears as the brightest object in the sky after the Sun and the
Moon. It appears as a very bright apellow light point. When its brightness is higher, it is
even visible in sunlight, provided we know where to look.

Seeing Mercury with a telescope is quite difficult. For example, at twilight when we
point with a telescope to that planet, we must do itosér to the horizon, so the
atmospheric turbulence prevents us from seeing clearly its surface morphology. However,
this is not the case of Venus, which appears higher in the sky once the sun is below the
horizon. Nevertheless, this planet has an atmosegh80 times denser than the Earth,
which prevents from seeing any surface characteristics. At best, some structure in its
surface may be observed, but only with the appropriate filters.

Through a small telescope Venus can be easily seen to have phasds chdmge
appearance every week. These phases are similar to the Moon, when illuminated by the
sunlight as it rotates around our planet.

The Moon is not always equally illuminated. Depending on its position relative to the
Sun, the illuminated portion seefrom our planet will be larger or smaller. This
phenomenon is known as theghasesof the Moon. With Venus it happens something
similar, but it's not only the phase that changes but also the distance that separates us from
the planet. This way, in Venus hgse change is accompanied by a change in the apparent
size of the planet.

VENUS PHASES

superior conjunction

¥ e

-
D O @

inferior conjunction
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The orbit of Venus is slightly inclined to the one of the Earth. This causes that in
inferior conjunctions which means that the planet is between the Sun and Eaeth, it
goes above or below the solar disc. But sometimes, when Venus crossssiptie (orbital
plane of the Earth around the Sun), the planet passes in front of the solar disc, and it must
be observed by using suitable solar filters. This is aphsnomenon; the next one will
take place on 5 June 2012 and it can be observed from the Pacific.

+8yda GNIyard Ay FTNRyd 2F GKS {dzy o |

The name of Venus comes from the Roman goddess of beauty and love. It is the planet
most simiar to Earth on certain aspects: both have almost the same size, mass, gravity and
density. But there are also significant differences. Venus has an extremely high atmospheric
pressure, 92 times higher than the Earth. This high density and elevated coatcam of
carbon dioxide in atmosphere causes what is called greenhouse effect, resulting in a bigger
AYONBIFaS 2F GSYLISNIGdzZNE Ay AGA& adzNFFOSsT | fY
radiation doesn't reach the surface of the planet, being refldat@o space or absorbed
by the atmosphere. As we couldn't see the surface of the planet it was impossible to
calculate its rotation period. Nowadays and with the help to the radar, it is known that the
planet rotation on its axis is carried out in 243 gagnd surprisingly retrograde, that is to
say, it turns in the opposite direction to the rasitplanets in the Solar System.

Sky distances. Angles.

Angles are used in astronomy to express the sky distances. When we say the Moon is
40 degrees from a givestar, what we are really describing is the angle between our arms
when we point one to the moon and other to the star. This way you can describe any celestial
object extent and location.

Angles are measured in degrees, minutes and arcseconds. A cirdle hasc nc YR |
NAIKG Fy3atsS dbn cd 9FOK INIRS Aad8 RADGARSR Ayd?2

Erasmus+



from side to side of a basketball court, has an angular diameter of about 1 arcmin. Every
arcminute is divided into 60 arcseconds (60"). A eansl00 km away would have an ategu
diameter of 8 arcsec (8").

Some celestial objects can provide angles references that will help us. For example,
both the Sun and the Moon have 0.5 diameter degrees (30 arcminutes); a large crater on the
Moon can reaclof 1' (1 arcmin) size and a very distant planet as Uranus presents about 3"

(3 arcsec) size. To see such a small angle is needed increase greatly the image and that is why
we use telescopes.

ACTIVITY 1:
SIZE ESTIMATION OF VENUS AND PHASES CALCULATION
OBJECTIVES

This activity is for the students to familiarise with astronomical images, using basic
tools of the image analysis software, obtaining an estimated result of the planet physical
size, using astronomical images obtained with Liverpool Telescopid.dtso be observed
the planet change face, both on the simed the phase over the months.

INSTRUMENTS AND MATERIAL

For this practice we are going to use selected images from Venus obtained in
different dates with the Liverpool Telescope Roque de losichos Observatory, which
are contained in the foldeiVenus/in our websitewww.iac.es/peter. For processing them
S oAttt dzaS GKS whichandedpwindadadson thaNE@nid Wébafte and
installed in our computer. The tool we will use theshis he one for measuring distances.

METHODOLOGY

Each astronomical image will be examined. Then we will measure the planet size, as
well as the part of the illuminated planet in order to calculate its phases. We will obtain a
data table that will be regesented on graph so it can be deduced the size variation of the
planet depending on its distance, as well as the phase variation as it moves$ramays.

PROCEDURE
1st part. Diameter of Earth

The first thing to do is to download and unzip in our computiére file

Ul imagenes_Venus.ziphere are contained all this activity images. Thenwilerun the
GLISGSNWpaz2FGé¢ AYF3IAS FylLfteara LINRPINIY YR 6S ¢
¢t2 R2 (0KA&X 6S Ydzad Of A O1 2 ¢ makifsn nantbarofS¢ G 6
images we can open at the same time is around 15.
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Once we have loaded all the images in the program, we can obtain information of
each of them by clicking the ASTRO tab: date and hour the image was taken, as well as the
used filter, eposure time in seconds, the arcsec/pixel scale, etc. This information together
with the previously obtained measurements is very important as this will help us to get the
necessary data for the purpose of this practice.

&S

verdiod Tl copa

enus
[2007-03-17T06:04:0+.201
to2e

EENC
(L0392
(e

Please be aware that the object waant to study, Venus in this case, may not be in
the centre of the image. You can increase the viewing window or reduce the image size
(ZOOM tab) to see it in full.

i S VEm S G Fnd (s s vmes Smd Smee me Do Toud o S )

To increase the area we want to study (in our case, the planet), we must click on the
ZQODM tab and, with the lethand mouse button pressed, we make a square around the
planet in order to increase the specific area for our measurements.
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By using the measurement tool, locateddiSTANCHE&b, we measure the diameter
of the planet from one ed to the other. We have to measure the larger distance between
the planet limbs. The result can be obtained in two units: pixels and arcsecs. It really
doesn't matter, because as we have seen in the image information, the image scale
obtained with this téescope is 0,278 arcsecs per pixel (#€IRQab). The software
enables to convert to arcsecs, but we will use pixels in this practice.

NOTE: Oneixel is each lighisensitive cell composing the chip (CCD) of the astronomical
camera, similar to the digat cameras that we normally use to take pictures. For example:

a 7 megapixel camera has a chip containing 7 millions of very small photosensitive cells
with the size of few microns. The difference between our digital cameras and the
astronomical cameras elé in the bigger sensitivity of these last ones. Moreover,
astronomical cameras are in black and white and refrigerated with liquid nitrogen to avoid
the electronic noise in the image.

© FITS Workbench 1.0 =)
divo Vo Inagen

o Ayada

@m0 e e e e e w0 e (e | Ao Ftos | Zoom, Denas |k

| S AT R T T e T S TR T R S e

This measurement is going to be taken with each imageaioistg a table with the
planet diameter in pixels for all of them. Given that we are able to know the each image
date and scale in km/pixel using tA&STR@ab, we can calculate the planet diameter, in
kilometres, for any given date. We just have to mujtifhe measurement obtained by the
scale and the result will be given in kilometres.

Image Date Measurement |Scale (km/pix) Diameter (km)

(pixel)

902a000
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906e000

918i000

924f000

934i000

You will probably see that the result obtained is not the same on each image. That
doesn't mean that the planet is growing or retreating like a balloon, but we haven't taken
into account the error made when measuring.

In sciences, when a measurof a given quantity, either a distance, time,
temperature, etc., is obtained you must specify the mistake made carrying out that
measure, such as accuracy, quality of instrumentation, etc. In this unit we are not taking
into account the mistake, since @éhpurpose is to have an initial contact with basic tools
used by an astronomer.

As it's possible to obtain five different measures for the diameter of Venus, what we
need to do is to obtain mean value that is to say, we add up the five values and wéeldiv
it by 5. This will be our value for the planet diameter. In a book or in the internet, look up
the real value (understood as the most accurate measure so far), in order to know how
close you are to that value. Think that you have only calculated pixelse photograph
of a planet and knowing the scale and the distance we can know its size, even if it is millions
of kilometres far from us.

2nd part. Phases of Venus.

We had already discussed that as well as the Moon, Venus and Mercury present
phases beause of the different sunlight received. When we see the planet surface fully
AffdzYAylFiSRZ ¢S ale GKFEG AdGa LKFaAS A& wmnm:
When half of the Moon is illuminated, its phase is 50% (first quarter or last quartat). A
finally if the side that we observe is not illuminated by the Sun, its phase is 0%. In this last
case, it could only be observed when moving in front of the Sun. This phenomenon is called
transit in the case of planets argblar eclipsen the case oftie Moon (the Moon would
be between the Sun and us. This may only happens on a New Moon).

Erasmus+



Well, we are going to calculate the phase presented by Venus on each one of the five
images. To do this, we shall only make an additional measure for each imagee@hige
is to count the pixels illuminated in a straight line going from the centre of the planet to
the limb, as it'sndicated in the image below. .

In other words, we have to measure the illuminated wedge width. What we really
want to determine is the illuminated planet portion, so we must divide this zone width by
the planet size diameter, and the result will be represented as percentage.

PHASE = A/ D x 100

where:

A = llluminated zone width measure

D = Planet diameter measure (amed in the previous section)

A (pixel) D (pixel)
Image A /D x 100 (%)

902a000

906e000
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918i000

924f000

934i000

Once results are obtained, you will notice how the phase gkaras the planet moves
away from us.

Outer planets.

Outer planets are those whose orbits, that is to say, paths travelling around the sun,
are further to the star than the one around our planet, the Earth. So, Mars, Jupiter, Saturn,
Uranus and Neptune arauter planets. The farther they are from the Sun, it takes longer
to turn around the Sun, so we can therefore findnslational periods up to 2 years, as it's
the Mars case, and 164 years féeptune.

Unlike inner planets, we can observe outer planetsnadnight, at any height over
the horizon and not necessarily near the Sun. Mars, Jupiter and Saturn are bright and easy
to see; on the contrary, Uranus and Neptune are much further away and shine less, so we
will need binoculars to observe them.

Seen fromthe Earth, planets can have different positions relative to the Sun,
depending on whetherhtey are inner or outer planets.

As inner planets, outer planets are not visible duringabejunction, when they are
moving behind the Sun. This planet disappegiasts for couple weeks. Outer planets
don't present inferior conjunction as inner planets, because they don't go between the Sun
and us (that's why only Mercury and Venus produce sotardits).

Having a larger orbit than the Earth one, when a plangt iee opposite direction of
the Sun, that's to say, when the planet is on the eastern horizon, once the Sun has set on
the western horizon, it's said to be apposition ¢ in the opposite direction to the Sun
and it coincides roughly on the date itkser to us (it can vary from a few days because
orbits aen't circular but elliptical).

In outer planets there is a great difference between the distance of the planet with
respect to Earth when it's in conjunctianbehind the Surg or in oppositiong in the
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opposite direction to the Sun This big difference between distances makes the planet to
be seen through the telescope with apparent sizes very unequal, mostly Mars, the closest
to them.

INNER AND OUTER PLANETS

Inner planets

Mars (considered by the Romans as war godhasfourth planet from the Sun and
Ffaz2 (y2s6y |da GKS aNBR LI IySi¢ o0SOlFdzasS 27F Al
9FNIK YR A0 NRGOIFIGS& 2y Ala FEA& AYy Hn K |y
produces a seasah cycle, similato the Earth.

Mars mass is 11 times less than Earth. Since Mars has less mass than Earth, the
surface gravity on Mars is less than the surface gravity on Earth. The surface gravity on
Mars is only about 38% of the surface gravity on Earth. In other wardmydividual with
a weight up to 75 kilograms on Earth, on Mars would weigh around 28 kilograms. Martian
atmosphere is very thin, mainly consisting of carbon dioxide. With a very low density, the
planet surface pressure is less than dnendredth of ours It has two small satellites,
Phobos and Deimos with a diameter of about 23 and 11.6 kilometres respectively.
Interestingly, all outer planets, together with Earth, have satellites, but inner planets don't.
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ACTIVITY 2
APPROACHING AND RECENDING TOLANEPMARS. OPPOSITION.

OBJECTIVES

In the previous activity, students established an initial contact with image analysis
software measurement tools. In this practice we're going to reinforce the skills they
acquired, by measuring the apparent size of ateo planet when approaching or moving
away from it, trying to calculate the closest approaching date to Earth.

INSTRUMENTS AND MATERIAL

For this practice we are going to use a selection of images of Mars which have been
taken over several months with théiverpool Telescope Roque de los Muchachos
Observatory. These images are contained in the folddiars/ in our website
www.iac.es/peterd C2 NJ 0 KS AYI3S&a LINRPOSadaaAy3ad oS gAff
can be downloaded and installed in our computer the same website. The tool we will
use the most is the one for measuring distances.

METHODOLOGY

Each astronomical image will be examined. Then we will measure the apparent size of the
planet. We will obtain a data table that will be represented on grapbrder to deduce

the size variation during the months and we'll try to calculate the date of closest
approaching.

PROCEBURE

The first thing to do is to download and unzip in our computer the file
Ul _imagenes_Marte.zipyhere are contained all the imageg're going tostudy. Then
S oAff 2LISy GKS GLISGSNPpaz2Fdé LINPINXY YR (K

© FITS Workbench 1.0
Auchivo
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Once we have loaded all the images in the program, you can obtain information of
each of them by clicking the ASTRO tab: image date and hour was takernjrexppo® in
seconds, etc. This information is very important as this will help us to get the necessary
data for the purpose of this practice.

O FITS Workbench 1.0
rch Ver Imagen Ayuds

As we have done in the previous activity, we're going to use the zoom to increase the
planet size The zoom is very important in this step because, as you will see, the planet
appears small, due to its remoteness.

We will also use th®ISTANCHESb tool and we will measure the planet diameter
from one end to the other. This measurement must be domenflone pole to the other.
The phases of Mars are not like in Venus. Some months before and after the opposition
(when Mars shows all its surface fully illuminated) we can see a small portion of one side
of the planet (given its proximity) and, thereforeewan see a part of the area not
illuminated by the Sun, offering us a small phase similar to the Mooay3 tHefore and
after Full Moon.

We want to see how the apparent size of the planet changes its distance from the
Earth and to determine the closesta@aching moment. So, we are going to obtain a data
table with the date on which the image was taken, as well as thegt apparent size in
arcsecs.
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Image Date Size Size

370j000

383a000

4079000

430e000

438c000

445e000

455i000

470f000

506g000

In these images the Astro tab doesn't have the scale of arcsecs per pixel, which is
needed for estimating the apparent angular size of Mars. The sathllee the same as the
activity 1:0.27837 arcsecs per pixel.
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We will finally represent the data on a graph, so that we can check how the planet
apparent size increases and decreases whenagdting or moving away from us.

If you look at the images yawiill see that the planet surface is not always the same,
as it is the Moon case. Since Mars has a rotational period higher than ours, over the days
we can observe surface portions that cannot be seen on other images. We could also find
out which martian grface parts can be observed in the images (particularly those where
Mars shows a larger size), by using a surface map.

TEACHER'S GUIDE

This unit is designed for student with no previous knowledge of trigopnometry. They
just have to know measurement lengtimits. For graphical representation it would be
useful an Excel workshe@tr any other similar program).

It's not expected that the student will get an equal result to the real one (understood
as the most accurate magnitude value), just an acceptable cxqipation. It is also
intended to teach them to use different computing tools &udying astronomical images.

Now we are going to show the results of each activity, as well as the graphs. It should
be noted that results do not have to be the same obtailgy the teacher or student, they
are jug a reference.

In some tables a column with real value ofgndude for measuring is added.

ACTIVITY 1. (1st PART) VENUS SIZE

Measure
Image Date Scalékm/pix) Diameter(km)
902a000 19/09/2007 152,3 82,5 12565
906e000 28/09/2007 129,6 94,5 12247
918i000 27/10/2007 91,6 137,6 12604




924000

01/11/2007

85,9

145,3

12481

934i000

16/11/2007

74,9

167,9

12576

The mean diameter obtained for Venusi&.495km. A vey close value to the real one
which 5 12.103 km.

w Data obtained from the information provided by the image.

w Data obtained from the measure made by the student.

w Data obtained from the relevant calculations.

ACTIVITY 2. (2nd PART) VENUS PHASES

A (pixel) D (pixel)
Image A/Dx100 (% REAL VALU
902a000 38,5 152,3 25,3% 23,3%
906e000 37,9 129,6 29,3% 30,8%
918i000 46,6 91,6 50,7% 49,7%
9241000 46,9 85,9 54,5% 52,4%
934i000 46,1 74,9 61,5% 59,6%
¢ KS & Nislpliage valuds for each day (and for the La Palma location, where images

were taken) have been obtained by nigithe astronomical ephemerides application
form ofthe National Astronomical Observatory

(http://www.oan.es/servidorEfem/formulario.html
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If we represent all the data obtained and Venus phase real values, we can see how
this increases as the planet moves away from us, going from 23% to 60% of the illuminated

disc.

70

Venus Phase Variation

60

= ]

e

50
40

/'

30

e

Phase(%)

f

——Real values

20
10

—e—Measuerd values

0

05/09/2007

15/09/2007 1
25/09/2007 -
05/10/2007
15/10/2007 1
25/10/2007 A

04/11/2007 A
14/11/2007 A
24/11/2007

ACTINTY 2

APPROACHING AND RECENDING TO THE PLANET MARS. OPPOSITION.

Image date Size in arcsec
370j000 04/08/2005 115
383a000 02/09/2005 14,5
4079000 13/10/2005 19,6
430e000 02/11/2005 20,7
438c000 07/11/2005 20,4

Erasmus+




445e000 19/11/2005 19,0
455i000 02/12/2005 17,0
470f000 21/01/2006 10,6
5069000 02/03/2006 7,0

The opposition of Mars happened on November 7th 2005, when the Sun, Earth and
Mars were aligned. The closest approaching of Mars to us took place 9 diays,ben
October 29th 2005, when Mars and our planet met at a distance of 69,422,386 km. Let us
remember that Mars has an elliptical orbit that causes an approaching of our planet to the
red planet few days before or after the opposition.

On the graph wean clearly check that the biggest planet apparent size took place
some days before November 2nd, date where the fourth image was taken.

Mars apparent size

N
o

AN

o

B

Size in arcsec
pre

T

1710712005
05/09/2005 -

25102005 -
1412/2006

O2/02/2006
24/03/2006

For further information, please visit our websiteww.iac.es/peter
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DISTANCES'(fiart). GALAXIES

| dzi K2N)Y haglfR2 D2yl tfSI
Review: b @ NI w2 RNN3dzS1

Scientific Advisor: Alfred Rosenberg llustrations: Ly Sa . 2y Si

Measuring the distance to the stars

LGOa O2YLIX AOFGSR G2 RS{SN)EYad notitka&l tRRik a G I y O
These distances have to be measured indirectly, in the same way we measure the distance to
objects that are on the other side of a gorge without having to go through it. This method is
called parallax, and thanks to it we can estimméhe distance in which close objects can be
F2dzyRd 126 R2S8Sa (KA& YSOIK2R 62NJ] &K LGO& GOSN
now close one eye and see which objects are behind the finger, try again but now with the
other eye closed and you wike that now behind the finger there are other objects. The
YSGK2ROa olaAra Aa Ay GKS RA&GI ybésBlingbdweenS Sy i K
the two points from which we observe the finger and what there is behind it.

Thanks to years of expernce, we have memorized that the greater or lesser angle at
which we observe objects close to us, using the stereoscopic vision that having two eyes gives
us, is inversely proportional to the distance that separates us from these objects. For example,
if we bend our arm and look at the thumb alternately with each eye, we realize that the vision
angle increases, however, it decreases as we move the finger away when we stretch the arm.

In order to estimate the distance to a tree on the other side of a gospat we need to do is

to observe it from two different positions, moving several meters. If we measure the angle
that the tree forms from the two positions and we know the distabeéween such positions
(baseline), we will obtain a triangle through whisle can, by basic trigonometry, know the
distance that separates us from the trégo find out the distance to a star, we have to use a
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very long baseline, for example, the Earth's orbit diameter. If we take a nearby star
photograph and we wait 6 months take another picture of the same star, the Earth will have

moved half of its orbit, therefore, the distance between the two points where the photographs

were taken is two Astronomical Units. Astronomical Unit(AU) is the average distance

between the Surand Earth, ie, if the Earth's orbit radius were circular, it would be nearly 150

million km. Through this way, we are observing the star position from two places that are

about 300 million km far from each other. In the photos, we will detect, that taessire not

exactly in the same position relative to the farthest stars, generally weaker. This apparent shift

in the star position is calleparallaxd t | N} f f F E 6h 0o A& GKS 202S850iGC
due to the change of the observer placement

To find out the distance to a star, we have to use a very long baseline, for example, the Earth's
orbit diameter. If we take a nearby star photographd we wait 6 months to take another
picture of the same star, the Earth will have moved half of its orbit, therefore, the distance
between the two points where the photographs were taken is two Astronomical Units. An
Astronomical Unit(AU) is the averagdistance between the Sun and Earth, ie, if the Earth's
orbit radius were circular, it would be nearly 150 million km. Through this way, we are
observing the star position from two places that are about 300 million km far from each other.
In the photos, wewill detect, that the stars are not exactly in the same position relative to the
farthest stars, generally weaker. This apparent shift in the star position is qadiedlax
tIFNFEEfFTE oh0 Aa (GKS 2062S850G0a I LI &dbseiver OKI y 3
placement
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arcsecond parallax and the most distant stars have increasingly smaller parallax.

The stars distances are so huge that is not convenient to measurastronomical
units. When we measure the parallax distances is convenient to use the distance unit
called parseg that is equivalent to 206,265 AU (On the next page you will find more
information of this number). In other words, one parsec is the digtainom which we
g2dz R 4SS (GKS 9FNIKO& 2NDBAG NIRAdzA 6AGK Ly |
accuracy, this system is only useful to calculate stars distances over 30 parsecs far from us.

Another often used distance unit is thight-year, which is the distance that light travels in

one year, a very large unit, especially when we think that light moves in the vacuum space at
a speed of almost 300,000 km per second. A {igdr is equivalent to 63,240 AU and one
parsec is 3.26 lightears.

hdzNJ DI f F E&@8 G¢KS arfleée 2| &¢

A

hy | RFENJ] YyA3IKGZ I fA3IKEG olyR I ONR&aa (GKS
own galaxy, the Milky Way, which means road made of milk. Nowadays we call Milky Way
to a two hundred billion stars group, including our Suhjch rotate together in a giant
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whirlpool with gas and dust. There are billions of systems like the Milky Way spreaded
through the universe. We call thegalaxies

Actually, all celestial objects that we see with our naked eyes are our galaxy members,
although there are three exceptions: two small irregular galaxies that we cbheerve from
the southern hemisphere, called Magellanic Clouds; and Andromeda galaxy, that is seen with
naked eye as a faint light patch, very similar to our galaxy, in the Andl@c@nstellation.

. SAYy3 AYYSNASR G6AGKAY 2dzNJ IHtlE&zT 6S OF y
galaxies, or observe much of it due to dust and gas clouds that hides the light. We can only
take photos just over 10% of our galaxy, but it is enough to knevsitte and shape it has.
The Milky Way is disshaped and the Sun (and therefore also the Earth) is located
approximately midway between the center and the disc end, inside one of the spiral arms
it forms.

hdzNJ DI f I EéS (GKS aAfleée 2Fé&d ! dzikK2NY hod D2yl f
Galaxy Classification

In 1936 the astronomer Edwin Hubble devised a fairly simple system to classify the countless
galaxies he observed with professional telescopes. Hubble ordered galaxies in a diagram
(called Hubble sequence or Hubble tuning fork) adoay to their shape, ie, according to their
visual morphology. The galaxies can be divided into ellipticals, spirals, lenticulars and irregular
galaxies.

EO: ‘BE1 E2 E3 E4 ES E& EV




Approximately 70% of all galaxies in our nearby universe dliptical. Its
appearance is circular elliptical and no trace of gas, dust, or hot bright stars can be seen.
It does not have a spiral structure neither. Elliptical galaxies in the Hubble classification are
denoted by the letter E followed by a number from 0 to 7, indicating the apparqrécis
of the galaxy. Circular appearance galaxies are classified as EO. The more elliptical galaxy
is like, greater number will have.

GALAXIES CLASSIFICATION

ELLIPTICAL GALAXIES LENTICULAR GALAXY

. " - -

SPIRAL GALAXIES SPIRAL BARRED GALAXIES

PRy PR~

Although they only represent 30% of all nearby galaxiesspiilsgalaxies, are the
most striking ones. They are egsilistinguished by the presence of discshaped
component containing gas, dust and stars (many of them hot and bright). In addition, they
have another component in its center, very bright and composed by stars, kndourigges
Spiral galaxies are calleldis way because they have spirals structures extending from the
central bulge, where gas, dust and young stars are concentrated forming what we call
spiral arms It is easy to identify a spiral galaxy when we look at it it in sideways, when we
can see itspiral arms. Nevertheless, the dust is more visible on the galaxies which can be
observed by its sideway, because we will notice dark bands throughout the disc that
correspond to the zones where the dust is. Spiral galaxies are so bright that they &ye easi
seen from very long distances.

Among spiral galaxies, which are identified with the letter S in the Hubble
classification, we mainly distinguish three types:

Lenticular galaxies: those without spiral arms. They are represent8@ as
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Regular spirals§al EA S&Y ¢KSe& KIF @S &ALIANIE | Nya GKFEG O2
new stars are made. They are representedas, where the lowercases show the

opening level armSaare galaxies that show more closed arms, almost completely

closed;Sh represent tie more opened ones like our galaxy or Andromesiggre the

ones with completely open arms.

Regular spiral galaxy example

Barred spiral galaxies: They have alidaad star central group, which comes from the bugle. They
are represented by the letterSE-c, and like the previous types, the lowercases show how open
the spiral arms are. In this case the spiral arms come from the bars ends not from the galaxy bugle

like in the previous case.

Barred spiral galaxy example

Finally, the irregular galaxies aieK 2 8 S G KIF G R2y OG FAOG Ay 20GKS
Their appearance is chaotic and lot of gas and dust is mixed with young and old stars.
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small spiral galaxies thatave been distorted by another neighbor galaxy crash or

closeness. Magellanic Clouds, easily visible from the south hemisphere are a good

example.

Magellanic Clouds taken from Australia. Credisris Schur. NASA Images

ACTIVITY
GALAXIES CLASSIFICATIO
OBJECTIVES

¢tKS F2ft2Ay3 | OGAOAGEOa 202S0GA0OS Aa
images, getting to know the handling tools given by the image analysis software,
recognizing and identifying the different galaxies shapes and classify therdaw to

its morphology. To do all this, the students will use an images selection obtained by the
Liverpool Telescope. They should also calculate, approximately, the galaxy size and be
familiar with the different distance units.

INSTRUMENTS AND MARER

To carry out this activity we are going to use a galaxies images selection obtained
at different dates by the Liverpool Telescope Roque de Los Muchachos Observatory,
which are contained in the folder /Galaxies/ in our web siew.iac.es/peter. To

Erasmus+

T 2 N.

























































