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Astrocurriculum 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 theirôs curriculum to best work within their unique 

educational program. 
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Do you know how to count stars in the night sky? 

 

Authors: Polish Team 

 
 

IŜǊŜΩǎ ŀ ǎƛƳǇƭŜ ŀǎǘǊƻƴƻƳƛŎŀƭ ƻōǎŜǊǾŀǘƛƻƴ 
 
LΩƳ ǎǳǊŜ ŜǾŜǊȅƻƴŜ ƻŦ ǳǎΣ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ ƴƛƎƘǘ ǎƪȅΣ Ƙŀǎ ǿƻƴŘŜǊŜŘ Ƙƻǿ Ƴŀƴȅ ǎtars they can 

see. It sometimes seems that there are so many of them that ƛǘΩǎ impossible to count them. 

However, stars are easy to count and when we do that, we can learn a lot of interesting 

things about the Earth and the universe. 

Count how many stars you can see  

Get ready ς make a paper tube 

 
You can use a tube from paper kitchen towels  or make one yourself, using cardboard or       a 

transparent plastic tube. It should be 20-22 cm in length and 4-6 cm in diameter. If counting is 

difficult because you can see too many stars, make the tube a little longer or narrower. 

Measure the length and diameter of your tube and write it down in the observation report 

below. If you prefer to make observations with both of your eyes, make two tubes (they need 

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

same fragment of the sky . 
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Write down the date and the place of your observation in the report. 

 

You can give Earth coordinates and height above the sea level or the exact name of 

the place where you carry out the observation. 

 

Wait until the night falls  

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

hours before sunrise. Also, ŘƻƴΩǘ ŎŀǊǊȅ ƻǳǘ ƻōǎŜǊǾŀǘƛƻƴǎ ƛŦ ǘƘŜǊŜΩǎ aƻƻn in the sky. 

 

            (4) Estimate the sky cloudiness 

When it gets dark, take the report with you , go out and estimate, more or less, how much sky 

is covered with clouds: 0%, 25%, 50%, 75% or 100%. Write down the result  in the  report.    If 

ǘƘŜǊŜΩs over 50% of the sky covered with clouds, you should wait for another with less 

cloudiness. 

 
 
Find a place for observations  

 

The place should be far away from light, like for example street lights. Before you start 

counting, let your eyes get used to the dark. You need about 10-15 minutes. 



 

 

 
 

 
 
Count the 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 

result in the repƻǊǘ ŀǎ ΨŀǊŜŀ мΩΦ ¢ƘŜƴ ŎƘƻƻǎŜ ŀƴƻǘƘŜǊ ŀǊŜŀ ƛƴ ǘƘŜ ǎƪȅΣ Ŏƻǳƴǘ ǘƘŜ ǎǘŀǊǎ ŀƎŀƛƴ 

ŀƴŘ ǿǊƛǘŜ Řƻǿƴ ǘƘŜ ǊŜǎǳƭǘ ŀǎ ΨŀǊŜŀ  нΩΦ 5ƻ ǘƘŜ  ǎŀƳŜ ǳƴǘƛƭ ȅƻǳ Ŏƻǳƴǘ ǎǘŀǊǎ ƛƴ мл-20 different 

ŀǊŜŀǎΦ     ¢ƘŜ ƳƻǊŜ ŀǊŜŀǎ ȅƻǳ ƘŀǾŜΣ ǘƘŜ ƳƻǊŜ ŀŎŎǳǊŀǘŜ Ŧƛƴŀƭ ǊŜǎǳƭǘ ȅƻǳΩƭƭ ƎŜǘΦ /ƘƻƻǎŜ areas 

at different height above the horizon and in different directions, even if you ŎŀƴΩǘ see very 

many star ǘƘŜǊŜΦ ¸ƻǳ ƳƛƎƘǘ ǎŜŜ ƻƴƭȅ ƻƴŜ ƻǊ ƴƻ ǎǘŀǊǎ ƛƴ ƻƴŜ ŀǊŜŀΦ 5ƻƴΩǘ ǿƻǊǊȅΣ ƛǘΩǎ ƴƻǘ ŀ 

mistake, write down what you can see in the report. 

 
 
Estimate how many stars you can see.    

  

Dƻ ōŀŎƪ ƘƻƳŜ ŀƴŘ ǳǎŜ ŀƭƭ ǘƘŜ ǊŜǎǳƭǘǎ ȅƻǳΩǾŜ ǿǊƛǘǘŜƴ Řƻǿƴ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǘŀǊǎΦ 

CƛǊǎǘΣ Ŏƻǳƴǘ ŀƭƭ ǘƘŜ ǎǘŀǊǎ ƛƴ ŀƭƭ ǘƘŜ ŀǊŜŀǎ ȅƻǳΩǾŜ Ǝƻǘ ƛƴ ȅƻǳǊ ǊŜǇƻǊǘΦ 5ƛǾƛŘŜ ǘƘŜ ƴǳƳōŜǊ ȅƻǳ 

get by the number of areas and in this way, ȅƻǳΩƭƭ know how many stars on average you 

could see through your tube (tubes). Put this number, together with the length and 

ŘƛŀƳŜǘŜǊ ƻŦ ȅƻǳǊ ǘǳōŜ ƛƴǘƻ ǘƘŜ ŦƻǊƳǳƭŀ ƛƴ ǘƘŜ ǊŜǇƻǊǘΦ !ŦǘŜǊ ȅƻǳ ŎƻƳǇƭŜǘŜ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ȅƻǳΩƭƭ 

get the number of stars which you can see in the sky in the place where you carried out 

your observations. Double check for mistakes. 

What do your results mean? 

Does everyone see the same number of stars? 

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

results. They can be different. What does it mean? tŜƻǇƭŜΩǎ eyesight differs. Those with 

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

you can see over 2000 stars. And what if we ΨƛƳǇǊƻǾŜΩ our eyesight using binoculars or a 

ǘŜƭŜǎŎƻǇŜΚ ¸ƻǳΩƭƭ ǎŜŜ ŜǾŜƴ ƳƻǊŜ ǎǘŀǊǎΦ ²ƛǘƘ ǘƘŜ ōƛƎƎŜǎǘ ǘŜƭŜǎŎƻǇŜǎΣ ȅƻǳ Ŏŀƴ ǎŜŜ Ƴƛƭƭƛƻƴǎ ƻŦ 

stars. If so, how many stars are there in the universe? Astronomers estimated that there 

are about 1022 (ten thousand billion billion stars). LǘΩǎ hardly imaginable and can be 

compared to the number of grains of sand on all the beaches all around the world. 

 

 



 

 

Can you see the same number of stars everywhere in the world?   

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

ŀƴŘ ŜǾŜƴ ƻƴ ǘƘŜ ǎŜŀΦ 9ǾŜǊȅ ǘƛƳŜΣ ȅƻǳΩƭƭ ƎŜǘ ŀ ŘƛŦŦŜǊŜƴǘ ƴǳƳōŜǊ ƻŦ ǎǘŀǊǎΦ ²ƘȅΚ .ŜŎŀǳǎŜ ƻŦ 

light pollution. In large cities, the night sky is as bright as if there was full moon. While in 

the country, far away from cities, you can see over 2000 stars, in centres of very big cities 

you can see under 300. 

 

 
We count stars ς observation report  

Date(day ς month ςyear;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) 

 
area no1:  area nro11:    

 

area no 2:  area no 12:    

 

area no 3:  area no 13:    

area no 4:  area no 14:    

 

area no 5:  area no 15:    

 

area no 6:  area no 16:    

 

area no 7:  area no 17:    
 

area no 8:  area no 18:    

 

area no 9:  area no 19:    



 

 

 

area no 10:  area no 20:    

 

Total number of counted stars (T):    
 

Average number of stars you could see through your tube (A):  (T divided by 

the number of areas) 

Total number of stars visible in the sky (N): 
 
 
 
Formula: 

 
 

Put your 

data:  

 

Give your result: 

  



 

 

Astronomical observations 21st June 2016 

ΨwŜŀŎƘ ǘƘŜ {ƪȅΩ 9Ǌŀǎmus + Project 
 

Authors: Polish Team 

 
 

Task 1 

5ŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ƭƻŎŀƭ ƳŜǊƛŘƛŀƴ ōȅ ƻōǎŜǊǾƛƴƎ ǘƘŜ ǎƘŀŘƻǿ Ŏŀǎǘ ōȅ ŀ ƎƴƻƳƻƴ όǘƘŜ έƘŀƴŘέ 

of sundial) 

¶ we set or dig in the gnomon (a wooden stick or metal rod) on the playground and 

we draw circles around the gnomon; 

¶ we observe the shadow which changes its location and we mark the points in 

which the shadow intersects with the circles; 

¶ we join the two points on the same circle with a line and we determine the centre 

of the segment; 

¶ we draw a line from the point where the gnomon is set to the centre of the 

segment- this is the local meridian; 

¶ we mark the north and the south. 
 

Task 2 

Determining the East and the West on the plane of the horizon. 

We have determined the North and the South in Task 1- we mark them on the ground 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. 

¶ we measure the height of the gnomon; 

¶ we observe the changing length of the shadow and we mark its shortest segment- 

we measure the length of the shadow; 

¶ Method 1- we draw a right- angled triangle and we mark the angle between one 

cathetus (the length of the shadow) and hypotenuse ( the direction of 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 the angle; 

¶ Method 2- using trigonometric functions we calculate the tangent of the angle 



 

 

between the direction of the sunrays' incidence and the shadow cast by the 

gnomon. From mathematical formula tables we read the measure of the angle 

(the height of 

the Sun over the horizon).  
 

Task 4 

Showing the difference in solar time between partner schools 

We must determine at what hour of the official time the shadow is the shortest (that is 

when the true solar midday is at the observation point in each partner country). The official 

ǘƛƳŜ ƛǎ ǘƘŜ ǘƛƳŜ ȅƻǳ Ŏŀƴ ǎŜŜ ƻƴ ȅƻǳǊ ǿŀǘŎƘ ŀƴŘ ƛǘΩǎ ōŀǎŜŘ ƻƴ ǘƛƳŜ ȊƻƴŜǎΦ LǘΩǎ ǘƘŜ ƘƻǳǊ ŦƻǊ 

ǘƘŜ ƳƛŘŘƭŜ ƳŜǊƛŘƛŀƴ ƛƴ ŜŀŎƘ ǘƛƳŜ ȊƻƴŜΦ CƻǊ tƻƭŀƴŘ ƛƴ WǳƴŜ ƛǘΩǎ ол  ̄9Τ ŦƻǊ wƻƳŀƴƛŀΣ ƛǘΩǎ пр9Τ 

ŦǊ ¢ǳǊƪŜȅΣ ƛǘΩǎ пр 9Τ ŦƻǊ ǘƘŜ /ŀƴŀǊƛŜǎΣ ƛǘΩǎ мр 9Φ ǘƻ ǎǳƳ ǳǇΣ ǿŜ ǿŀƴǘ ǘƻ ǿǊƛǘŜ Řƻǿƴ ŀǘ ǿƘƛŎƘ 

hour official time the shadow is the shortest (the true solar midday is). 
 

Task 5 

Calculating the Wolf number 

The Wolf number is a quantity that measures the number of sunspots and groups of 

sunspots present on the surface of the sun. It determines how active our star is. Solar 

activity changes every 11 years and it can influence us in a number of ways, for example it 

has influence on how quickly satellites on the low orbit around the Earth gets lower. 

How to calculate te Wolf number R? 

R= k*(10g+p) (a) 

g - numer of groups of sunspots 

p ς total numer of sunspots 

k ς fixed ratio, for amateur observations k = 1 

1. Set the telescope to see the whole face of the Sun clearly and sharply. 

2. Count how many groups of sunspots you can see. 

3. Count the total numer of sunspots you can see. 

4. Use the formula (a) to calculate the Wolf number. 

5. Fill in the table with your results. 
 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Sunspots


 

 

WOLF NUMBER FOR A GIVEN DAY 

 

l/p NUMBER OF GROUPS 

OF SUNSPOTS g 

NUMBER OF 

SUNSPOTS p 

FIXED RATIO k WOLF NUMBER 

R 

LEVEL OF 

ACTIVITY 

1      

 

LEVELS OF ACTIVITY: 

 

0 ς 11 (1) ς no activity 

12 ς 30 (2) ς low activity 

31 ς 60 (3) ς low activity 

61 ς 100 (4) ς average activity 

101 ς 150 (5) ς average ς hih activity 

151 ς 200 (6) ς high activity 

>200 (7) ς very high activity 

 
 



 

 

Lunar Eclipse ς Stellarium workshop 
 

Authors: Polish Team 

 
 

Objectives: 
 

Lƴ ǘƘƛǎ ǘŀǎƪΣ ǿŜΩƭƭ ƭŜŀǊƴ ǿƘȅ ǿŜ Ŏŀƴ observe the eclipse of the Moon only during some full 

ƳƻƻƴǎΦ ²ŜΩƭƭ ƭŜŀǊƴ ŀōƻǳǘ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŜŎƭƛǇǎŜǎ ŀǎ ǿŜƭƭ ŀǎ Ƙƻǿ  ŀƴŎƛŜƴǘ ǎŎƛŜƴǘƛǎǘǎ 

predicted eclipses. 

 

How to carry out the task: 
 

[ŜǘΩǎ Ǝƻ ōŀŎƪ ǘƻ оǊŘ aŀǊŎƘ нллт ǿƘŜƴΣ ŀǘ млΦол ǇƳΣ ǇŀǊǘƛŀƭ eclipse began. 
 

 

¦ǎƛƴƎ ǘƘŜ ǘƛƳŜ ŎƻƴǘǊƻƭ ƳŜƴǳΣ ƭŜǘΩǎ ǿǊƛǘŜ Řƻǿƴ ǘƘŜ ǘƛƳŜǎ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇƘŜƴƻƳŜƴŀΥ 
 

¶ the beginning of partial eclipse:  

¶ the beginning of total eclipse:  

¶ the end of total eclipse: 

¶ the end of partial eclipse: 

 



 

 

Before partial eclipse beginǎ ŀƴŘ ŀŦǘŜǊ ƛǘ ŜƴŘǎΣ ǘƘŜǊŜΩǎ ǎƻ-ŎŀƭƭŜŘ ǇŜƴǳƳōǊŀƭ ŜŎƭƛǇǎŜΦ LǘΩǎ ŎƻƴƴŜŎǘŜŘ 

ǿƛǘƘ ŀ ǾŜǊȅ ǎǳōǘƭŜΣ ŀƭƳƻǎǘ ƛƴǾƛǎƛōƭŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ aƻƻƴΩǎ ƭƛƎƘǘΦ ¢Ƙŀƴƪǎ ǘƻ {ǘŜƭƭŀǊƛǳƳ ŀƴŘ ǘƘŜ 

ƭƻŎŀǘƛƻƴ ƳŜƴǳΣ ǿŜ Ŏŀƴ ΨǘǊŀǾŜƭΩ ǘƻ ¢ƘŜ aƻƻƴ ŀƴŘ ƻōǎŜǊǾŜ ǘƘŜ {ǳƴ ŦǊƻƳ ƛǘǎ ǎǳǊŦŀŎŜΦ 

 

Underline the correct answer: 
 

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

ǘƻǘŀƭ ŜŎƭƛǇǎŜΣ ōύ ǇŀǊǘƛŀƭ ŜŎƭƛǇǎŜΣ Ŏύ ŀƴƴǳƭŀǊ ŜŎƭƛǇǎŜΣ Řύ ŎŀƴΩǘ ǎŜŜ ŀƴȅ ŜŎƭƛǇǎŜ 
 

  



 

 

Phases of the Moon 
 

Authors: Polish Team 

 
 

Objectives 

²ŜΩƭƭ ƭŜŀǊƴ ŀōƻǳǘ ǇŜǊƛƻŘƛŎŀƭ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ aƻƻƴΩǎ ŦŀŎŜΦ ²ŜΩƭƭ ŎƘŜŎƪ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ƻŦ ŀ 
given phase of the Moon with the time when it can be observed. 

 

How to carry out the task 

Task 1 

¦ǎƛƴƎ {ǘŜƭƭŀǊƛǳƳ ŀƴŘ ǘƘŜ ǎƪȅ ƛǘ ǎƘƻǿǎΣ ŎƘŜŎƪ ƛŦ ǘƘŜǊŜΩǎ ŀƴȅ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŦŀŎŜ ƻŦ 
the Moon and the time when you can see it in the sky. 

 

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

 

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

ω Changing the time in the ǘƛƳŜ ƳŜƴǳΣ ŎƘŜŎƪ ǿƘŀǘ ǘƛƳŜ ǘƘŜ aƻƻƴ ƛǎ ǾƛǎƛōƭŜΣΤ Ǉǳǘ έ Ҏέ ƛƴ ǘƘŜ 

table below. Change the date in the program to get the face of the Moon like in the 

illustrations and complete the table. 

 

  



 

 

Table ς faces of the Moon 

 

Task 2 

Using the results from task 1, underline the correct answer. 

In full moon, the Moon rises: 

a)at the sunrise, b)at midday, c)at the sunset, d) at midnight. 

In full moon, the Moon sets: 

a)at the sunrise, b)at midday, c)at the sunset, d) at midnight. 

In the first quarter, the Moon rises: 

a)at the sunrise, b)at midday, c)at the sunset, d) at midnight. 

In the last quarter, the Moon sets: 

a)at the sunrise, b)at midday, c)at the sunset, d) at midnight. 

The Earth seen from the Moon: 

a) is in the same phase,  b)is in the opposite phase, c) is always in full earth , d) is always in 

new earth. 

  



 

 

 

INNER PLANETS ς OUTER PLANETS 
 

 

Author: 

 

 

hǎǿŀƭŘƻ DƻƴȊłƭŜȊ

 

Revision: 

 

bŀȅǊŀ wƻŘǊƝƎǳŜȊ 

 

Scientific Advisor: 

 

Alfred Rosenberg 

 

Illustrations: 

 

LƴŞǎ .ƻƴŜǘ 

 

 
 

 

 

The Planets 

Planets are celestial bodies 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 naked eye. 

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 planets. The great 

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 planets around other stars. 

The Inner Planets. 

The inner planets are those whose orbits, 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 and their circles around the sun are completed in less 

than a year, around 88 and 225 days, respectively. 



 

 

One consequence of being inner planets is that we will always see them in the sky 

near the sun but not at midnight. For this reason the observation of Mercury is complicated 

by its proximity to the Sun. Mercury can be observed for only 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 with a largest 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 and yellow 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 it closer 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 atmosphere 90 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 phases, which change 

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 seen from our planet will be larger or smaller. This 

phenomenon is known as the phases of 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 a phase change is accompanied by a change in the apparent 

size of the planet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

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 the Earth, it 

goes above or below the solar disc. But sometimes, when Venus crosses the ecliptic (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 a rare phenomenon; the next one will 

take place on 5 June 2012 and it can be observed from the Pacific. 

 

 

 

 

 

 

 

 

 

 

 

±Ŝƴǳǎ ǘǊŀƴǎƛǘ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ {ǳƴΦ !ǳǘƘƻǊΥ hΦ DƻƴȊłƭŜȊ 

The name of Venus comes from the Roman goddess of beauty and love. It is the planet 

most similar 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 concentrations of 

carbon dioxide in atmosphere causes what is called greenhouse effect, resulting in a bigger 

ƛƴŎǊŜŀǎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ƛǘǎ ǎǳǊŦŀŎŜΣ ŀƭƳƻǎǘ пулȏ/Φ Lǘǎ ŘŜƴǎƛǘȅ ƛǎ ǎƻ ƘƛƎƘ ǘƘŀǘ ǎƻƭŀǊ 

radiation doesn't reach the surface of the planet, being reflected into 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 days, and surprisingly retrograde, that is to 

say, it turns in the opposite direction to the rest of planets 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 given star, 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 circle has ŀ ослϲ ŀƴŘ ŀ 

ǊƛƎƘǘ ŀƴƎƭŜ фл ϲΦ 9ŀŎƘ ƎǊŀŘŜ ƛǎ ŘƛǾƛŘŜŘ ƛƴǘƻ сл ŀǊŎƳƛƴǳǘŜǎ όсл ϥύΦ CƻǊ ŜȄŀƳǇƭŜΣ м 9ǳǊƻ Ŏƻƛƴ ǎŜŜƴ 



 

 

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 car seen 100 km away would have an angular 

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 reach of 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 Telescope. It will also be observed 

the planet change face, both on the size and 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 los Muchachos Observatory, which 

are contained in the folder /Venus/ in our website www.iac.es/peter. For processing them 

ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜ άǇŜǘŜǊψǎƻŦǘέ ǇǊƻƎǊŀƳΣ which can be downloaded on the same website and 

installed in our computer. 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 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 represented 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 away from us. 

PROCEDURE 

1st part. Diameter of Earth 

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

U1_imagenes_Venus.zip, where are contained all this activity images. Then we will run the 

άǇŜǘŜǊψǎƻŦǘέ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǇǊƻƎǊŀƳ ŀƴŘ ǿŜ ǿƛƭƭ ƻǇŜƴ ǘƘŜ ŦƻƭŘŜǊǎ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ƛƳŀƎŜǎΦ 

¢ƻ Řƻ ǘƘƛǎΣ ǿŜ Ƴǳǎǘ ŎƭƛŎƪ ƻƴ ǘƘŜ άCƛƭŜέ ǘŀō ŀƴŘ ǘƘŜƴ άƻǇŜƴ ŦƛƭŜέΦ ¢Ƙe maximum number of 

images we can open at the same time is around 15. 

 



 

 

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, exposure 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. 

 

Please be aware that the object we want 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. 

 

To increase the area we want to study (in our case, the planet), we must click on the 

ZOOM tab and, with the left-hand mouse button pressed, we make a square around the 

planet in order to increase the specific area for our measurements. 
 

 



 

 

By using the measurement tool, located in DISTANCES tab, we measure the diameter 

of the planet from one end 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 telescope is 0,278 arcsecs per pixel (see ASTRO tab). The software 

enables to convert to arcsecs, but we will use pixels in this practice. 

NOTE: One pixel is each light-sensitive cell composing the chip (CCD) of the astronomical 

camera, similar to the digital 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 lies 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. 
 

 

 

 

 

 

 

 

 

 

 

 

 

This measurement is going to be taken with each image, obtaining 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 the ASTRO tab, we can calculate the planet diameter, in 

kilometres, for any given date. We just have to multiply the measurement obtained by the 

scale and the result will be given in kilometres. 

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

    (pixel)   

      

902a000      

      



 

 

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 measure of 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 the purpose 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 a mean value, that is to say, we add up the five values and we divide 

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 pixels in one 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 because of the different sunlight received. When we see the planet surface fully 

ƛƭƭǳƳƛƴŀǘŜŘΣ ǿŜ ǎŀȅ ǘƘŀǘ ƛǘǎ ǇƘŀǎŜ ƛǎ млл҈ όŎƻƴŎŜǊƴƛƴƎ ǘƘŜ aƻƻƴ ǿŜ Ŏŀƭƭ ƛǘ άCǳƭƭ aƻƻƴέύΦ 

When half of the Moon is illuminated, its phase is 50% (first quarter or last quarter). And 

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 and solar eclipse in the case of the Moon (the Moon would 

be between the Sun and us. This may only happens on a New Moon). 



 

 

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 image. This measure 

is to count the pixels illuminated in a straight line going from the centre of the planet to 

the limb, as it's indicated 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 = Illuminated zone width measure 
 

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

Image 

A (pixel) D (pixel) 

A / D x 100 (%) 

  

902a000    

    

906e000    



 

 

    

918i000    

    

924f000    

    

934i000    

    

 

Once results are obtained, you will notice how the phase changes as 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 are outer planets. The farther they are from the Sun, it takes longer 

to turn around the Sun, so we can therefore find translational periods up to 2 years, as it's 

the Mars case, and 164 years for Neptune. 

Unlike inner planets, we can observe outer planets at midnight, 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 from the Earth, planets can have different positions relative to the Sun, 

depending on whether they are inner or outer planets. 

As inner planets, outer planets are not visible during the conjunction, when they are 

moving behind the Sun. This planet disappearing lasts 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 solar transits). 

Having a larger orbit than the Earth one, when a planet is in the 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 in opposition ς in the opposite direction to the Sun -, 

and it coincides roughly on the date it's closer to us (it can vary from a few days because 

orbits aren'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 conjunction ς behind the Sun ς or in opposition ς in the 



 

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mars (considered by the Romans as war god) is the fourth planet from the Sun and 

ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ άǊŜŘ ǇƭŀƴŜǘέ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ǊŜŘŘƛǎƘ ŎƻƭƻǳǊΦ aŀǊǎ ƛǎ ŀōƻǳǘ ƘŀƭŦ ǘƘŜ ǎƛȊŜ ƻŦ 

9ŀǊǘƘ ŀƴŘ ƛǘ ǊƻǘŀǘŜǎ ƻƴ ƛǘǎ ŀȄƛǎ ƛƴ нп Ƙ ŀƴŘ от ƳƛƴΦ Lǘǎ Ǌƻǘŀǘƛƻƴ ŀȄƛǎ ƛǎ нрΦнȏ ǘƛǇǇŜŘ ǿƘƛŎƘ 

produces a seasonal cycle, similar to 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 words, an individual 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 one-hundredth 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. 

 

  



 

 

ACTIVITY 2 

APPROACHING AND RECENDING TO THE PLANET MARS. 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 an outer 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 the Liverpool Telescope Roque de los Muchachos 

Observatory. These images are contained in the folder /Mars/  in our website 

www.iac.es/peterΦ CƻǊ ǘƘŜ ƛƳŀƎŜǎ ǇǊƻŎŜǎǎƛƴƎ ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜ άǇŜǘŜǊψǎƻŦǘέ ǇǊƻƎǊŀƳΣ ǿƘƛŎƘ 

can be downloaded and installed in our computer on 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 graph in order to deduce 

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

approaching. 

PROCEDURE 

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

U1_imagenes_Marte.zip, where are contained all the images we're going to study. Then 

ǿŜ ǿƛƭƭ ƻǇŜƴ ǘƘŜ άǇŜǘŜǊψǎƻŦǘέ ǇǊƻƎǊŀƳ ŀƴŘ ǘƘŜ ƛƳŀƎŜ ŦƛƭŜǎΦ 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

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 taken, exposure time in 

seconds, etc. This information is very important as this will help us to get the necessary 

data for the purpose of this practice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 the DISTANCES tab tool and we will measure the planet diameter 

from one end to the other. This measurement must be done from one 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, therefore, we can see a part of the area not 

illuminated by the Sun, offering us a small phase similar to the Moon 3 days before 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 closest approaching moment. So, we are going to obtain a data 

table with the date on which the image was taken, as well as the planet apparent size in 

arcsecs. 

 



 

 

Image Date 

 

Size 

 

Size 

  

    

370j000    

    

383a000    

    

407g000    

    

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 scale will be the same as the 

activity 1:0.27837 arcsecs per pixel. 

 

 



 

We will finally represent the data on a graph, so that we can check how the planet 

apparent size increases and decreases when approaching or moving away from us. 

If you look at the images you will 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 surface 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 trigonometry. They 

just have to know measurement length units. For graphical representation it would be 

useful an Excel worksheet (or 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 approximation. It is also 

intended to teach them to use different computing tools for studying 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 obtained by the teacher or student, they 

are just a reference. 

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

ACTIVITY 1. (1st PART) VENUS SIZE 

 

Image Date 

Measure 

Scale(km/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 

     



 

 

924f000 01/11/2007 85,9 145,3 12481 

     

934i000 16/11/2007 74,9 167,9 12576 

     

 

The mean diameter obtained for Venus is: 12.495 km. A very close value to the real one 

which is 12.103 km. 

ω Data obtained from the information provided by the image.  

ω Data obtained from the measure made by the student.  

ω Data obtained from the relevant calculations. 
 

ACTIVITY 2. (2nd PART) VENUS PHASES 

 

Image 

A (pixel) D (pixel) 

A / D x 100 (%) REAL VALUE 

   

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% 

924f000 46,9 85,9 54,5% 52,4% 

934i000 46,1 74,9 61,5% 59,6% 

 

¢ƘŜ άǊŜŀƭέ ±Ŝnus phase values for each day (and for the La Palma location, where images 

were taken) have been obtained by using the astronomical ephemerides application 

form of the National Astronomical Observatory  

(http://www.oan.es/servidorEfem/formulario.html). 

http://www.oan.es/servidorEfem/formulario.html


 

 

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. 
 

 

 

 

 

 

 

 

 

 

 

 

ACTIVITY 2 

APPROACHING AND RECENDING TO THE PLANET MARS. OPPOSITION. 

 

Image date Size in arcsec 

   

370j000 04/08/2005 11,5 

   

383a000 02/09/2005 14,5 

   

407g000 13/10/2005 19,6 

   

430e000 02/11/2005 20,7 

   

438c000 07/11/2005 20,4 

   



 

 

445e000 19/11/2005 19,0 

   

455i000 02/12/2005 17,0 

   

470f000 21/01/2006 10,6 

   

506g000 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 days before, on 

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 we can clearly check that the biggest planet apparent size took place 

some days before November 2nd, date where the fourth image was taken. 
 

 

 

 

 

 

 

 

 

 

 

 

 

For further information, please visit our website: www.iac.es/peter 

  

http://www.iac.es/peter


 

 

DISTANCES (1st part). GALAXIES 
 

!ǳǘƘƻǊΥ hǎǿŀƭŘƻ DƻƴȊłƭŜȊ 

Review: bŀȅǊŀ wƻŘǊƝƎǳŜȊ 

 

Scientific Advisor: Alfred Rosenberg Ilustrations: LƴŞǎ .ƻƴŜǘ 

 

 
 

 

 

 

Measuring the distance to the stars 

 

LǘȰǎ ŎƻƳǇƭƛŎŀǘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƻ ŀ ǎǘŀǊ ōŜŎŀǳǎŜ ǿe can not travel to it. 

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 estimate the distance in which close objects can be 

ŦƻǳƴŘΦ Iƻǿ ŘƻŜǎ ǘƘƛǎ ƳŜǘƘƻŘ ǿƻǊƪǎΚ LǘȰǎ ǾŜǊȅ ŜŀǎȅΣ ǊŜŀŎƘ ƻǳǘ ȅƻǳǊ ŀǊƳ ŀƴŘ ƭƛŦǘ ǘƘŜ ǘƘǳƳōΣ 

now close one eye and see which objects are behind the finger, try again but now with the 

other eye closed and you will see that now behind the finger there are other objects. The 

ƳŜǘƘƻŘȰǎ ōŀǎƛǎ ƛǎ ƛƴ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŜȅŜǎΣ ǘƘŀǘ ƛǎΣ ǘƘŜ ŘƛǎǘŀƴŎŜ ƻǊ baseline between 

the two points from which we observe the finger and what there is behind it. 

Thanks to years of experience, 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 gorge, what 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 distance between such positions 

(baseline), we will obtain a triangle through which we can, by basic trigonometry, know the 

distance that separates us from the tree. 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 

photograph and 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 average distance 

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, we will 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 called parallaxΦ tŀǊŀƭƭŀȄ όʰύ ƛǎ ǘƘŜ ƻōƧŜŎǘȰǎ ŀǇǇŀǊŜƴǘ ŎƘŀƴƎŜ ƛƴ Ǉƻǎƛǘƛƻƴ 

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 photograph and 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 average distance 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, we will 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 called parallax. 

tŀǊŀƭƭŀȄ όʰύ ƛǎ ǘƘŜ ƻōƧŜŎǘȰǎ ŀǇǇŀǊŜƴǘ ŎƘŀƴƎŜ ƛƴ Ǉƻǎƛǘƛƻƴ ŘǳŜ ǘƻ ǘƘŜ ŎƘŀƴƎŜ ƻŦ ǘƘe observer 

placement. 



 

 

 

aŜŀǎǳǊƛƴƎ ǘƘŜ ǾŜǊȅ ǘƛƴȅ ʰ ŀƴƎƭŜ ƛǎ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘΦ ! ƴŜŀǊōȅ ǎǘŀǊ Ƙŀǎ ƭŜǎǎ ǘƘŀƴ м 

arcsecond parallax and the most distant stars have increasingly smaller parallax. 

The stars distances are so huge that is not convenient to measure it in astronomical 

units. When we measure the parallax distances is convenient to use the distance unit 

called parsec, 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 distance from which we 

ǿƻǳƭŘ ǎŜŜ ǘƘŜ 9ŀǊǘƘȰǎ ƻǊōƛǘ ǊŀŘƛǳǎ ǿƛǘƘ ŀƴ ŀǇǇŀǊŜƴǘ ǎƛȊŜ ƻŦ м Φ 5ǳŜ ǘƻ ǘƘŜ ƭƛƳƛǘŜŘ ǘŜƭŜǎŎƻǇŜǎ 

accuracy, this system is only useful to calculate stars distances over 30 parsecs far from us. 

Another often used distance unit is the light-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 light-year is equivalent to 63,240 AU and one 

parsec is 3.26 light-years. 

hǳǊ DŀƭŀȄȅ ά¢ƘŜ aƛƭƪȅ ²ŀȅέ 

hƴ ŀ ŘŀǊƪ ƴƛƎƘǘΣ ŀ ƭƛƎƘǘ ōŀƴŘ ŀŎǊƻǎǎ ǘƘŜ ǎƪȅ Ŏŀƴ ōŜ ǎŜŜƴ ǿƛǘƘ ǘƘŜ ƴŀƪŜŘ ŜȅŜΦ LǘȰǎ ƻǳǊ 

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 Sun, which rotate together in a giant 



 

 

whirlpool with gas and dust. There are billions of systems like the Milky Way spreaded 

through the universe. We call them galaxies. 

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 can 6 observe 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 Andromeda constellation. 

.ŜƛƴƎ ƛƳƳŜǊǎŜŘ ǿƛǘƘƛƴ ƻǳǊ ƎŀƭŀȄȅΣ ǿŜ ŎŀƴȰǘ ǎŜŜ ƛǘ ŀǎ ŀ ǿƘƻƭŜ ŀǎ ǿŜ ǎŜŜ ƻǘƘŜǊ 

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 know the size and shape it has. 

The Milky Way is disc-shaped 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 DŀƭŀȄȅΣ ǘƘŜ aƛƭƪȅ ²ŀȅΦ !ǳǘƘƻǊΥ hΦ DƻƴȊłƭŜȊ  

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) according to their shape, ie, according to their 

visual morphology. The galaxies can be divided into ellipticals, spirals, lenticulars and irregular 

galaxies. 

  



 

 

Approximately 70% of all galaxies in our nearby universe are elliptical. Its 

appearance is circular or 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 apparent aspect 

of the galaxy. Circular appearance galaxies are classified as E0. The more elliptical galaxy 

is like, greater number will have. 

 

Although they only represent 30% of all nearby galaxies, the spirals galaxies, are the 

most striking ones. They are easily distinguished by the presence of a disc-shaped 

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, known as bulge. 

Spiral galaxies are called this 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 its spiral 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 are easily 

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 represented as S0. 

 



 

 

Regular spirals gaƭŀȄƛŜǎΥ ¢ƘŜȅ ƘŀǾŜ ǎǇƛǊŀƭ ŀǊƳǎ ǘƘŀǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ƎŀƭŀȄȅȰǎ ŎŜƴǘŜǊ ǿƘŜǊŜ 

new stars are made. They are represented as Sa-c, where the lowercases show the 

opening level arm. Sa are galaxies that show more closed arms, almost completely 

closed; Sb, represent the more opened ones like our galaxy or Andromeda; Sc are the 

ones with completely open arms. 

 

Regular spiral galaxy example 

Barred spiral galaxies: They have a bar-liked star central group, which comes from the bugle. They 
are represented by the letters SBa-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 are ǘƘƻǎŜ ǘƘŀǘ ŘƻƴȰǘ Ŧƛǘ ƛƴ ƻǘƘŜǊ IǳōōƭŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦ 

Their appearance is chaotic and lot of gas and dust is mixed with young and old stars. 



 

 

!ǇǇŀǊŜƴǘƭȅ ǘƘŜȅ ŘƻƴΩǘ ƘŀǾŜ ōǳƎƭŜΣ ŀǊƳǎ ƻǊ ǎǇƛǊŀƭǎΦ {ƻƳŜ ƻŦ ǘƘƻǎŜ ƛǊǊŜƎǳƭŀǊ ƎŀƭŀȄƛŜǎ ŀǊŜ 

small spiral galaxies that have 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. Credits: Chris Schur. NASA Images 

 

ACTIVITY 

GALAXIES CLASSIFICATION 

OBJECTIVES 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŀŎǘƛǾƛǘȅȰǎ ƻōƧŜŎǘƛǾŜ ƛǎ ŦƻǊ ǎǘǳŘŜƴǘǎ ǘƻ ōŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ŀǎǘǊƻƴƻƳƛŎŀƭ 

images, getting to know the handling tools given by the image analysis software, 

recognizing and identifying the different galaxies shapes and classify them according to 

its morphology. To do all this, the students will use an images selection obtained by the 11 

Liverpool Telescope. They should also calculate, approximately, the galaxy size and be 

familiar with the different distance units. 

INSTRUMENTS AND MATERIALS 

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 site www.iac.es/peter. To 






































