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1. What is science? 
 

 

 

 

 

 

 

 

Activities and aims of science: 

 

� Believes in the order of nature 

� Describes and analyzes this order 

� Seeks to find the causes of this order 

� Tries to express the order of nature in 
laws, which are often written in the lan-
guage of mathematics 

� It enables us to make predictions (e.g. 
monsoon, eclipses, motions) 

� It is useful to build technological objects 
(trains, mobiles…). Unfortunately it can 
be misused in harmful applications 
which cause suffering. 

 

 

 

 

The way science works is sometimes by making 
a hypothesis about an interesting problem. So 
ISAAC NEWTON made the hypothesis that 
masses (material bodies) always attract each 
other: The earth attracts the moon and the 
moon attracts the earth. A human body and the 
earth attract each other. The sun and the plan-
ets attract each other, and so on. 

 

 

 

Newton was also able to give an exact mathe-
matical formula to calculate such gravitational 
forces. Until now his theory has not been proven 
wrong, we are therefore convinced that it has a 
high degree of truth. But science can never 
prove that such a law is absolutely and always 
true! There is the possibility that some day we'll 
find a special situation, when Newton's law has 
to be changed. 

 

 

 

 

 
1 1 1 1 ±m±m±m±m----¼ÛG¼ÛG¼ÛG¼ÛG----ŸïÅŸïÅŸïÅŸïÅ----qºÛqºÛqºÛqºÛ----hômhômhômhôm----GPGPGPGP----»Ûm»Ûm»Ûm»Ûm----m¤üm¤üm¤üm¤ü    
±m-¼ÛG-mÛ-ºIô-z-¤ÛÅ-¼P-º‚ãP-D¤Å-ˆÛ-GmÅ-
¾ÞGÅ-dôGÅ-MãºÛ-ºhÝm-q-ŸÛG-¾-¸ï¼ü ±m-¼ÛG-hP-
¤ÛºÛ-¼ÛG-GŸÝP-GZÛÅ-ºGô-±ßGÅ-¤Z¤-»Ûmü  
 
±m-¼ÛG-GÛ-‚ïh-ÇKô-hP-h¤ÛGÅ-»Þ¾ü 

• ¼P-º‚ãP-D¤Å- Û̂-Gô-¼Û¤-¾-»Ûh-VïÅ-qü 
• Gô-¼Û¤-ºhÛ-¾-ºIï¾-zXôh-hP-hrh-q-

‚Å-qü 
• Gô-¼Û¤-¾-º‚ãP-DÞPÅ-±ô¾-zü 
• ÍP-¯ÛÅ- Û̂-¾¤-mÅ-Gô-¼Û¤-ºhÛ-¾-PïÅ-Æô¾-

ŸÛG-±ô¾-fzÅ-‚Å-qü 
• hïÅ-P-±ô¼-GmÅ-±ß¾-¤P-qôºÛ-Ç+ô¼-ÇSôm-

mÅ-ÁïÅ-fÞz-q-»ôP-GÛ-»ôhü hqï¼-m-V¼-
hÝÅ-hP-G¸º-º²Ûm-hP-ºGÝ¾-zBôh-¿e-zÞü 

• hï-ºyâ¾-VÅ-¤P-qô-z¸ô-Mã¼-zïh-uôh-Vïm-
qô-»ôhü (¤ï-ºDô¼-hP-¾G-ºEï¼-D-hq¼-
¾-ÅôGÅ-qü) ºôm-ˆP-zïh-uôh-¾ôG-qºÛ-
hzP-GÛÅ-ÇkÝG-zÇS¾-¤P-qôºÛ-Mã-»P-VGÅ-
ˆÛ-»ôhü 

±m-¼ÛG-GÛ-¾¤-mÅ-hPôÅ-qôºÛ-GmÅ-¾ÞGÅ-ÁïÅ-Mã¼-
Ç+zÅ-¼ï-±ôh-hqG-‚ïh-hGôÅ-ˆÛ-»ôhü hï-zŸÛm- 
Isaac Newton HÛ-±ôh-hqG-GÛ-fôG-mÅ-zÁh-
±ß¾-ŸÛG-¾-hPôÅ-G¸ÞGÅ-GZÛÅ-ˆÛ-hz¼-ºfïm-
ÁÝGÅ-»ôh-q-¼ïhü ÅºÛ-Gô-¾-hP-¹-z-GZÛÅ-ˆÛ-hz¼-
ºfïm-ÁÝGÅü ¤Û-hP-ÅºÛ-Gô-¾-hz¼-ºfïm-ÁÝGÅü ZÛ-
¤-hP-G¸ºÛ-hz¼-ºfïm-ÁÝGÅ-zTÅ-Åôü 

Newton HÛÅ-ºfïm-ÁÝGÅ-±ô¾-Vïh-ÍP-¯ÛÅ- Û̂-
¾¤-mÅ-PïÅ-Æô¾-ŸÛG-ˆP-Çeôm-»ôhü h-z¼-DôP-GÛ-
Iâz-Çeôm-hï-¾-ºGG-q-ÅÞÅ-ˆP-‚Å-»ôh-q-¤-¼ïhü 
hï¼-zdïm-DôP-GÛ-±ôh-hqG-hï-VïÅ-zhïm-q-hP-
»P-hG-ŸÛG-¾-PôÅ-º²Ûm-‚Å-ˆÛ-»ôhü  ºôm-ˆP-
±m-¼ÛG-qÅ-hï-ºi-zºÛ-±ôh-hqG-hP-PïÅ-Æô¾-¾-
m¤-ŸÛG-ºHãå¼-z-ºIô-ÆÛh-q-ŸÛG-bà-¯Û-GÛ-»ôhü hï-
zŸÛm-ZÛm-GTÛG-P-±ô¼-GmÅ-ÇePÅ-h¤ÛGÅ-zÅ¾-

Science is a human effort to 
gather and to assemble know-
ledge about nature. It is as old 
as human culture. 
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Religions, on the other hand, believe in absolute 
truths, because they try to answer the question 
WHY and WHAT FOR we are here on earth.  

 

Science only wants to answer the question 
about HOW things are made, HOW they work. 

 

 

What about Buddhism? 

 

 

 

2. Science and Society 

 
 

Scientific progress is not 
easily accepted by 
society, when its new 
ideas are contrary to 
traditional beliefs.  

Following the greek 
philosopher ARISTOTLE 

for nearly 2000 years, 
Christian dogma 
pretended our earth was 
the center of the 
universe. 

The system of the world was geocentric. 

 

 

 

 

 

 

 

ŸÛG-½‰ïh-hï- Newton HÛ-zÁh-±ß¾-hï-¾-ºHã¼-z-
GbôP-hGôÅ-ÆÛhü  
 

»P-VôÅ-mÛ-hPôÅ-»ôh-GmÅ-±ß¾-¾-»Ûh-VïÅ-‚Å-q-
¤-¸h-¤Û-n¤Å-º²¤-JÀÛP-mP-TÛºÛ-xÛ¼-ÇÀïzÅ-q-
ÅôGÅ-¾-¾m-MG-fzÅ-‚ïh-ˆÛ-»ôhü  
±m-¼ÛG-GÛÅ-hPôÅ-qô-n¤Å-VGÅ-±ß¾-hP-hï-hG- 
GÛÅ-¾Å-;-‚ïh-±ß¾-¾-¾m-MG-fzÅ-‚ïhü 

 
mP-VôÅ-ˆÛ-fôG-mÅ-ÇoP-±ß¾-GP-»ôh-h¤ü 

 
 
 

2 2 2 2 ±m±m±m±m----¼ÛG¼ÛG¼ÛG¼ÛG----hPhPhPhP----¤ÛºÛ¤ÛºÛ¤ÛºÛ¤ÛºÛ----uÛuÛuÛuÛ----±ôGÅü±ôGÅü±ôGÅü±ôGÅü    
 

±m-¼ÛG-GÛ-GÅ¼-Çeôh-hP-»¼-MÅ-¾-¤ÛºÛ-uÛ-±ôGÅ-
ˆÛÅ-¤ôÅ-q-‚ïh-ˆÛ-»ôh-q-¤-¼ïhü ÇS-¤ôºÛ-Gô¤Å-
GÁÛÅ-hP-»Ûh-VïÅ-¾-ºG¾-¹-VGÅ-ˆÛ-»ôhü  

Greek  Û̂-¤DÅ-hzP-Iâz-¤fº-¬-z- Aris-

totle HÛ-XïÅ-ÅÞ-ºƒP-Çeï-¾ô-ZÛ-ÇeôP-®¤-¼ÛP-»Û-ÁÝºÛ-
VôÅ-¾ÞGÅ- Û̂-ÅºÛ-Gô-¾-mÛ-ºWÛG-dïm-D¤Å-ˆÛ-¿eï-z-hï-
z¯ÛÅ-ˆÛ-»ôhü º²¤-JÀÛP-ºhÛ-Å-GŸÛºÛ-¿eï-z¼-z¸ÞP-
z-ŸÛG-¾-PôÅ-º²Ûm-‚ïh- Û̂-»ôhü 
 
 
 
 
 

1. »Û-ÁÝ-¤-‚ãP-GôP-¾ô- 300¼ÛP- Aristotle HÛÅ-

ºWÛG-dïm-D¤Å-ˆÛ-GmÅ-ÇePÅ-hqï-¼ÛÅ-fôG-Çeôm-

qü   

2. ¹â¤-G¸ÞGÅ-hqï-¼ÛÅ-ˆÛ-xÛ¼-ÇeôP-q-»Ûm-qü 

3. ¹â¤-G¸ÞGÅ-HÛ-ÇeïP-hÝ-Ç+¼-¤-GmÅ-qü 

4. hÐPÅ-Áï¾-¹â¤-G¸ÞGÅ-ÇeïP-hÝ-G¸º-hP-ZÛ-¤-Mã-

zü   

ÍÛ-f¼-ŸïÅ-q-mÛ-z¼-ÇoP-GÛ-ÇeôP-V-MôP-¤Dm-HÛ-MÝ-µÅ-         

ÁÛG-»Ûmü 
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When Copernicus in 1543 published his idea of 
a heliocentric system, the church authorities 
were dissatisfied.  

 
 

 

The controversy became 
dramatic, when Galileo 
Galilei began to  propagate 
heliocentric ideas in Italy 
around 1610.  

There was a now famous 
trial against him and he was 
for some time imprisoned. 

 
 
 
 

 

Another reason for a fight between traditional views 
and scientific progress was the idea of evolution. 

Modern archaeology has analyzed the remains of 
human-like beings and concluded that we humans 
are the result of a slow  evolution which began about 
4 million years ago. It started from creatures which 
looked somehow like apes. 

This again was in conflict with biblical texts which 
hold that God created the earth and put us humans 
in our present form into this world. 

 

So religious dogma has 
often been in 
contradiction with the 
findings of science. 

 

Does Buddhism also 
have such conflicts with 
scientific ideas? Would 
you allow science to 
question some 
Buddhist beliefs? Are 
there beliefs and truths 
which are untouchable? 

       
xÛ-¾ô- 1543 ¾ô¼- Copernicus ŸïÅ-qºÛ-¤DÅ-

hzP-GÛÅ-ºhôh-±ß¾-GÅ¼-q-ŸÛG-Çeôm-q¼-GŸÛGÅ-

m-ºWÛG-dïm-HÛ-D¤Å- Û̂-VGÅ-¼Û¤-mÛ-ZÛ-¤-¿eï-z¼-

z¸ÞP-z-ŸÛG-z¯ÛÅ-ˆÛ-»ôhü hïÅ-»Û-ÁÝºÛ-VôÅ-q-¤P-

qô-ºhôh-„Àô-¤Û-DïPÅ-q-VGÅ-q-¼ïhü 

 
 
 
ÍÛ-‡-¾Û-mP-¤DÅ-hzP- Galileo Galilei »ÛÅ-xÛ-

¾ô- 1610 ¾ô¼- ˆÛ-¿e-z-hï¼-Mz-Bô¼-hP-Ez-

Gh¾-zbP-z¼-zdïm-»Û-ÁÝ-hP- Copernicus 

GZÛÅ-ˆÛ-hz¼-»ôh-qºÛ-ºG¾-¹-hï-ºyâG-bà-xÛm-q-

¼ïhü hï-Ç+zÅ- Galileo ¾-FÛ¤Å-fôG-mÅ-z®ôm-

º²âGÅ-ˆP-‚Å-q-¼ïhü  

 

»P-Mã-¤±m-GŸm-ŸÛG-GÛ-fôG-mÅ-zÁh-m-Æô¾-Mãm-

hP-±m-¼ÛG-hz¼-ºG¾-¹-»ôP-Aïm-mÛ-ÆôG-VGÅ-

ˆÛ-¼Û¤-ºHã¼-HÛ-¿e-z-¾-zdïm-mÅ-»ôP-GÛ-»ôhü hïP-

hÝÅ-ÁÝ¾-µÅ-hrh-¼ÛG-q-±ôÅ-h-¿eºÛ-¤Û-n¤Å-¾ô-Å-

»-zŸÛ-®¤-ÇSôm-¾-‚ãP-zºÛ-vïºÞºÛ-¼ÛGÅ-ŸÛG-¼Û¤-

ºHã¼-xÛm-mÅ-‚ãP-z-ŸÛG-¾-PôÅ-º²Ûm-‚ïh-ˆÛ-»ôhü 

ºhÛ-»P-»Û-ÁÝºÛ-VôÅ-¾-ºG¾-¹-»ôh-q-ŸÛG-»Ûmü GP-

¾-¸ï¼-m-»Û-ÁÝºÛ-VôÅ-ˆÛ-zÁh-±ß¾-¾-º²¤-JÀÛP-hP-

¤Û-n¤Å-h;ôm-¤VôG-GÛÅ-CææÝm-q-ŸÛG-z¯ÛÅ-ˆÛ-»ôhü 

hï-hP-hï-ºi-zºÛ-VôÅ-ˆÛ-¿e-z-¤P-hG-ŸÛG-±m-¼ÛG-

GÛ-¼ÛG-GÅ¼-¾-ºG¾-¹-»P-»P-»ôP-zŸÛm-q-¼ïhü  

mP-VôÅ-hP-±m-¼ÛG-hz¼-hï-ºiºÛ-ºG¾-¹-»ôP-GÛ-

»ôh-h¤ü mP-qºÛ-»Ûh-VïÅ-¾-±m-¼ÛG-GÛ-fôG-mÅ-

iÛ-ŸÛz-‚ïh-q-¾-PôÅ-¾ïm-»ôh-h¤ü »Ûh-VïÅ-hP-

hPôÅ-ºƒï¾-GmÅ-±ß¾-D-ÁÅ-¾-iÛ-ŸÛz-‚ïh-¤Û-VôG-

q-»ôh-h¤ü 
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3. Scientific measurements 
Galileo Galilei said that the book of nature was 
written in the language of mathematics. To do 
mathematics, we need data, which have to be 
measured. Observing and measuring are the 
most important scientific activities, be it in free 
nature or in a laboratory.  

 

 

Data are numbers with a unit, e.g. : 

Reading of a fever thermometer:    37°C 

Speed of a car:                               50 km/h 

Weight of a person:                        64 kg 

 

 

Once we have collected data, we try to under-
stand what they tell us. For this it is often very 
useful to represent them in a GRAPH. 

 

 

 

Simple example of measuring and graphing: 

We have 5 bricks and a scale. We put brick after 
brick on the scale and determine each time the 
weight. We may then collect the  measured 
weights in a table: 
Number of bricks 1 2 3 4 5 

Weight in kg      

 

 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

3 3 3 3 ±m±m±m±m----¼ÛG¼ÛG¼ÛG¼ÛG----GÛGÛGÛGÛ----¾¤¾¤¾¤¾¤----mÅmÅmÅmÅ----±h±h±h±h----ºW¾ºW¾ºW¾ºW¾----züzüzüzü    
JË-¾Û-¾ïºô-JË-¾Û-¾ï-GÛÅ-¼P-º‚ãP-D¤Å-ˆÛ-hïz-n¤Å-ÍP

¯ÛÅ-ˆÛ-Ç+h-»ÛG-fôG-mÅ-ƒÛÅ-»ôh-ŸïÅ-zÁh-»ôhü ¯ÛÅ

MG-Vïh-¾-P-±ô¼-IPÅ-fô-hGôÅ-ˆÛ-»ôhü ºôm-ˆP-hï- 

ºiºÛ-IPÅ-fô-n¤Å-±h-ºW¾-hGôÅü ¼P-º‚ãP-D¤Å

»P-m-zdG-hrh-DP-GP-¼ÞP-mP-zdG-ŸÛz-hP-±h

ºW¾-Mã-mÛ-±m-¼ÛG-GÛ-‚ïh-ÇKô-G¾-Vï-ÁôÅ-GZÛÅ-»Ûmü 

IPÅ-fô-mÛ-±h-GŸÛ-»ôh-qºÛ-ÍP-;Û-ŸÛG-»Ûmü hqï¼-mü 
  ±h-ºW¾-VÅ-ˆÛ-ÇeïP-hÝ-G¸ÞGÅ-qºÛ-±-z-¿e-zü 37

o
C 

  ÇoÝ¤-ºDô¼-HÛ-¤HôGÅ-±hü             50km/h 

  ¤Û-ŸÛG-GÛ-¿YÛh-±hü               

64kg 
GôP-GÛ-IPÅ-fô-hï-¿e-zÞ-¼ÞG-¼ÞG-z¸ôÅ-bï-hïºÛ-Ç+ô¼-

ÁïÅ-fzÅ-‚ïh-qºÛ-Vïh-Gô-dôGÅ-hqï-¼ÛÅ-ŸÛG-ºƒÛ-

Mã-mÛ-zïh-uôh-Vïm-qô-»ôhü 

±h-ºW¾-ÇePÅ-hP-Gô-dôGÅ-hqï-¼ÛÅ-z¸ô-

ÇePÅ-ˆÛ-¯ÛÅ-hqï-ÇezÅ-zhïü 
P-±ô¼-Åô-wG 5 hP-M-¤-ŸÛG-»ôh-q-hï-mÅ-Åô-wG-¼ï-

¼ï-Wï-¤P-hÝ-zbP-Çeï-¿YÛh-±h-GÁ¤-HÛ-¼ÛºÞ-¤ÛG-mP-ƒÛÅü

hï-mÅ-Gô-dôGÅ-hqï-¼ÛÅ-ŸÛG-ƒÛÅü  
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We now represent these data in graphical form. 
We are free in the choice of what we'll represent 
on the horizontal x-axis and what on the vertical 
y-axis. Here the weight depends on the number 
of bricks, and usually the dependent variable is 
represented on the y-axis. 

 

 

 

 

 

As we of course expected, the values of the 
weight go up when the number of bricks in-
creases. This is quite obvious! We also see that 
the increase of weight is quite regular and we 
may even draw a straight line through the points 
of the graph. 

 

We say that the relation between weight and 
number of bricks is linear. They are propor-
tional to each other. 

 

It is an exception that the graph is a straight line. 
If we observe any natural process by measuring 
and draw a graph of the data, we will mostly find 
other curves than a straight line! Examples of 
natural processes could be: A stone falling, a 
force decreasing, etc 

 

One more example for measuring and 
graphing 

 

 

 

 

 

 

 

 

 

If we take one of those torches you get now on 
the market for 60 or so Rs and which can be 
charged by the force of your hand, we can try to 
answer this question: How does the light of the 
torch decrease with time, once it is fully 
charged?  

With a special instrument we measured every 5 
minutes how much light came out of the torch: 

time in minutes 0 5 10 15 20 25 30 35 

Quantity of 
light 

20 13 8 5.5 3.5 2.3 1.5 1 

Now we draw the graph and try to understand 
what it tells us.(you can use back side) 

uÛ-ÇePÅ-‚Å-m-¼ÛºÞ-¤ÛG-GÛ-IPÅ-fô-GZÛÅ-ºyh-fÛG 

-hP-GŸÝP-fÛG-GP-¼ÞP-hÝ-zŸG-m-ºIÛGºôm-ˆP-

ºhÛ¼-¿YÛh-±h-hï-Å-wG-HÛ¤P-ZÝP-¾-¼G-¾ÞÅ-q¼-

zdïm-GŸm-¾-dïm-qºÛ-IPÅ-fô-hï-Mãm-hÝ-GŸÝP-

fÛG-GÛ-ÇeïP-¾-zŸG-Æô¾-»ôh-q¼-ÅôP-ºhÛ¼-GŸÝP-

fÛG GÛ-ÇeïP-¿YÛh-±h-zŸG-Çeï-hqï-¼ÛÅ-ƒÛÅü 

P-±ôÅ-zÅ¤-q-zŸÛm-Å-wG-Wï-¤P-hÝ-ºIô-z-zŸÛm-

¿YÛh-±h-ˆP-V-¤Z¤-fôG-ºw¼-HÛ-»ôh-q-¼ïhü‚Å-

®P-hqï-¼ÛÅ-ˆÛ-ÇeïP-±ïG-n¤Å-ºfÞÅ-Ç+zÅ-fh-fÛG-

ŸÛG-Iâz-q-¼ïhü  

Gô-dôGÅ-hqï-¼ÛÅ-hï-fh-fÛG-»Ûm-m-IPÅ-fô-GZÛÅ-

ˆÛ-hz¼-ºƒï¾-z-hï-¾-fh-;¼-ºƒï¾-z-ŸïÅ-¸ï¼ü 

IPÅ-fô-GZÛÅ-wm-±ßm-¤±ßPÅ-qô-ºhÝG-ŸïÅ-zXôh-

m-ºIÛGü 

ºhÛ¼-Gô-dôGÅ-hqï-¼ÛÅ-hï-fh-fÛG-ÁÛG-»Ûm-q-m!Û-

h¤ÛGÅ-zÅ¾-Tm-ŸÛG-»Ûmü G¾-bï-P-±ôÅ-¼P-

zŸÛm-GmÅ-ÇePÅ-hqï¼-m-lô-¿ËàPÅ-q-hP-ÁÝGÅ-

±h-ZÝP-hÝ-ºIô-z-ÅôGÅ-GP-»P-¼ÞP-z-ŸÛG-¾-±h-

ºW¾-z-hP-IPÅ-fô-n¤Å-¾-hqï-¼ÛÅ-ÁÛG-ºƒÛ-mü 

P-±ô¼-fh-fÛG-¾Å-ºGÝG-fÛG-¤P-z-»ôP-ÆÛhü 

 
±h-ºW¾-z-hP-hqï-¼ÛÅ-ƒÛ-qºÛ-hqï-±ôm-
GŸm-ŸÛG 
G¾-bï-P-±ôÅ-Fô¤-mÅ-ÇKô¼- 60 ®¤-‚Å-qºÛ-¾G-
qÅ-¤ï-ÁÝGÅ-vôh-fÞz-qºÛ-JÀôG-ŸÝ-ŸÛG-ZôÅ-q-»Ûm-m-
GÁ¤-GÅ¾-iÛ-z-DG-¾-¾m-ºhïzÅ-fzÅ-‚ïh-fÞzü  
JÀôG-ŸÝ-hï-¾-¤ï-ÁÝGÅ-V-±P-vh-»ôh-m-hÝÅ-±ôh-hP-
zÇeàm-bï-¤ï-ÁÝGÅ-Wï-ZÝP-hÝ-ºIô-ÇePÅ-WÛ-ºi-»Ûm-m¤ü 
 
»ô-VÅ-h¤ÛGÅ-zÅ¾-ŸÛG-zïh-uôh-‚Å-mÅ-Ç+¼-¤- 5 
¼ï-xÛm-qºÛ-XïÅ-ÅÞ-JÀôG-ŸÝ-mÅ-¤ï-ÁÝGÅ-WÛ-®¤-fôm-HÛ-»ôh-
¤ïh-±h-ºW¾-zü 
h-P-±ôÅ-Gô-dôGÅ-hqï-¼ÛÅ-ÁÛG-ƒÛÅ-mÅ-hïÅ-G-¼ï-zÁh-
ˆÛ-»ôh-¤ïh-ÁïÅ-fzÅ-‚-Mãü 
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A measurements in ancient times: What is 
the size of the Earth? 

The size of the earth was probably first meas-
ured about 235 BC in Egypt by the scientist 
ERATOSTHENES. He worked as librarian at the 
University of Alexandria and wrote many books 
about philosophy, geography and mathematics.  

Here is how he found the circumference of the 
earth. He was very astonished to note that, on 
the longest day of the year, a tower in Syene did 
not have a shadow – while another tower in Al-
exandria had a shadow. 

 

He only could explain this by accepting that the 
Earth is round: 

 

 

 

 

 

 

 

 

 

 

Knowing the distance between the two places 
and measuring the angle of 7° between  the 
tower in Alexandria and the direction auf the 
sun's rays, he found that the earth must have a 
circumference of about 50 times the distance 
between the two cities. 

 

So he found: 

Circumference of the 
Earth  

= 50x800 km  

= 40000 km 

 

ÇS-¤ôºÛ-±h-ºW¾-ÇePÅü ÅºÛ-Gô-¾ºÛ-V-±h-G-

¼ï-»Ûm-m¤ü  
ÅºÛ-Gô-¾ºÛ-V-±h-ºW¾-¤Dm-HÛ-GP-¸G-hP-qô-mÛ-

È-¾¤-»Û-ÁÝ-¤-ºFâPÅ-qºÛ-¾ô- 235 ÇSôm-¾-‚ãP-qºÛ- 

Egypt ˆÛ-±m-¼ÛG-q-ÍÛ-¼-bô-ÅÛ-fÛm-ŸïÅ-q-hï-¼ïhü 

DôP-Íï-¾ïG-²ïm-^Û¼-»ºÛ-mP-»ôh-qºÛ-G®ßG-¾G-

DP-ŸÛG-GÛ-hqï-¤²ôh-DP-hÝ-hqï-¤²ôh-hô-h¤-qºÛ-

xG-¾Å-GmP-Ç+zÅ-Åï¤Å-D¤Å-¼ÛG-q-hP-Å-

GÁÛÅ-¼ÛG-q-hP-ÍP- Û̄Å-zTÅ-ˆÛ-hïz-¤P-qô-¯ô¤-

»ôh-q-¼ïhü ºhÛ¼-DôP-GÛÅ-ÅºÛ-Gô-¾ºÛ-¤fº-ºDô¼-

¼ÛP-±h-º±ô¾-ÇePÅ-Ç+ô¼-Çeôm-»ôhü DôP-GÛÅ-»-

¤±m-Tm-HÛ-GmÅ-±ß¾-ŸÛG-G¸ÛGÅ-GmP-‚ãP-z-mÛ-

¾ô-GTÛG-GÛ-ZÛm-¼ÛP-ÁôÅ-Ç+zÅ- Syene ŸïÅ-qºÛ-

IôP-Eï¼-mP-»ôh-qºÛ-¿UôG-¤D¼-¾-IÛz-mG-¤fôP-

Mã-¤ïh-q-hP-    (Alexandria) mP-»ôh-qºÛ-¿UôG-

¤D¼-HÛ-IÛz-mG-¤fôP-Mã-»ôhü  

ºhÛ-ºIï¾-zÁh-MG-Mã¼-ÅºÛ-Gô-¾-hï-¿Àâ¤-G¸ÞGÅ-

»Ûm-q-DÅ-¾ïm-hGôÅü  

Å-GmÅ-GZÛÅ-ˆÛ-hz¼-z¼-fG-hP-Íï-¾ïG-²ïm- Û̂-

»ºÛ-mP-»ôh-qºÛ-¿UôG-¤D¼-hP-ZÛ-ºôh-wôG-xôGÅ-

hz¼-¸Þ¼-±h----    70  »Ûm-q-ÁïÅ-XïÅ-¯ÛÅ-zMz-Çeï-

ÅºÛ-Gô-¾ºÛ-¤fº-ºDô¼-¼ÛP-±h-mÛ-È-¾¤-Å-GmÅ-

GZÛÅ-ˆÛ-hz¼-z¼-fG-hïºÛ-¿kz- 50 ®¤-»Ûm-

hGôÅ-q-ÁïÅ-q-¼ïhü 

‚Å-®P-¤fº-ºDô¼-¼ÛP-±hü    =  50 x 800 km

         =  40000 km 

¸Þ¼-±h-ºW¾-VÅü 
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4. Review, Questions, Exercises 
 

1. What is the meaning of "geocentric" and "heliocentric"? What is the difference between these 
two views of the world? 

 

2. Which was the hypothesis Newton made concerning gravitation? 

 

3. We feel that our body has a weight. What is the reason for this weight, according to Newton? 

 

4. If we put a pot of cold water on a gas cooker and measure its temperature every minute we 
find the following data: (time = 0 is the starting time). 

 

Time in min 0 1 2 3 4 5 6 7 8 

Temperature °C 21 29 39 55 76 90 98 98 98 

  

 Graph these data and write a short comment: What does the graph tell us?  

       How will the graph probably continue if we put off the gas flame? 

 

5. Yearly rainfall in Karnataka was measured for many years and is listed in the Internet. Here 
we have, as an example, the period from 1981 to 1990: 

YEAR 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Coastal Karnataka, Rain mm per year 3271 3376 3654 2491 2431 2470 2825 3596 3092 2703 

Interior Karnataka, Rain  mm per year: 764 590 819 551 421 551 504 797 655 489 

 

Draw yourself a suiting coordinate system and represent the data of the two Karnataka regions. 
Tell us what you can read from the graphs by writing a short comment. 

 

6. Draw a horizontal line AB of length 8 cm. Beginning in point A at your left, draw a line AC of 
length 14 cm which makes an angle of 38° with AB. Join C and B. You get a triangle ABC. 
Measure its third side (in mm and cm) and the 3 angles of the triangle.  

How much is the sum of the 3 angles you measured? 

 

7. If Eratosthenes in Alexandria had measured 8° instead of 7° for the angle of the shadow, 
which circumference would he have found for the earth, and which diameter? 

 

8. The wheel of a bicycle has a diameter of 700 mm. How far has the bicycle traveled after 10 
turns of the wheel? 

 

 

9. If you hold a 1 Rupee-
coin before your eye, you 
can just cover the height of 
a tree, which stands in 
front of you. Can you find 
the height of the tree?  

(The drawing is not to 
scale, of course). 
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4 zB¼4 zB¼4 zB¼4 zB¼----¢ôP¢ôP¢ôP¢ôP----ü iÛü iÛü iÛü iÛ----zü ¢ôPzü ¢ôPzü ¢ôPzü ¢ôP----±mü±mü±mü±mü    

    
1 Å-GŸÛ-¿eï-z¼-z¸ÞP-z-hP-ZÛ-¤-¿eï-z¼-z¸ÞP-z-ŸïÅ-qºÛ-Gô-hôm-GP-»Ûmü hï-GZÛÅ-ˆÛ-hz¼-Eh-z¼-GP-»ôh-h¤ü 

2 mÛºÞ-‡m-HÛÅ-ºfïm-ÁÝGÅ-hP-ºƒï¾-zºÛ-±ôh-hqG-GP-‚Å-Å¤ü 

3 P-±ôÅ-Åô-ÅôºÛ-G¸ÞGÅ-qô-¾-¿YÛh-DôG-ŸÛG-»ôh-q-º±ô¼-fÞzü mÛºÞ-‡m-HÛ-zÅ¤-±ß¾-¾-  

   GŸÛGÅ-m-¿YÛh-DôG-ºhÛ-Mã-¤±m-GP-¾-zdïm-mÅ-‚ãP-P¤ü 

4 G¾-bï-Çoôh-ŸÛG-GÛ-mP-Vß-IP-¤ô-ŸÛG-„ÀâGÅ-mÅ-½ÀPÅ-fz- Û̂-ÇeïP-hÝ-zŸG-bï-Ç+¼-¤-¼ï-     ¼ïºÛ-XïÅ-¾-±-
±h-ºW¾-z-»Ûm-m-GÁ¤-GÅ¾-IPÅ-fô-n¤Å-Çeômü 

Time in min 0 1 2 3 4 5 6 7 8 

Temperature °C 21 29 39 55 76 90 98 98 98 

    
IPÅ-fô-ºhÛ-¾-Gô-dôGÅ-hqï-¼ÛÅ-ŸÛG-ºƒÛ-hGôÅü hqï-¼ÛÅ-hï-mÅ-Gô-z-GP-¾ïm-fÞz-z¤ü G¾-bï-¤ï-zÅh-q-
»Ûm-m-hqï-¼ÛÅ-hï-¤Þ-WÛ-¿e¼-ºfÞh-h¤ü 

5 ¾ô-¤P-¼ÛP-;¼-a-‡-;ºÛ-¿S-ÇkïºÛ-mP-¾ô-¼ïºÛ-V¼-qºÛ-ºzz-±h-ÍÛm-‡¼-mï‡-mP-fô-zÇ+ôÅ-»ôhü ºhÛ¼-¼ïºÞ-¤ÛG-mP- 
1981 mÅ- 1991 z¼-V¼-qºÛ-ºzz-±h-Çeôm-»ôhü 

YEAR 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Coastal Karnataka, Rain mm per year 3271 3376 3654 2491 2431 2470 2825 3596 3092 2703 

Interior Karnataka, Rain  mm per year: 764 590 819 551 421 551 504 797 655 489 

    
¼ïºÞ-¤ÛG-mP-»ôh-qºÛ-IPÅ-fô-hï-¾-Gô-dôGÅ-hqï-¼ÛÅ-ŸÛG-ƒÛÅ-mÅ-Gô-z-GP-¾ïm-fÞz-¤Ûm-±ÛG-D-ÁÅ-mP-
ƒÛÅü 

6 8cm  ‚Å-qºÛ-ºyïh-fÛG- AB ƒÛÅü  A mÅ- 14cm  ‚Å-qºÛ-fÛG-hÝ¤- AC  ƒÛÅ-q-hï- AB ¤Z¤-hÝ-
¸Þ¼-±h- 380 ‚Å-q-ŸÛG-hGôÅü  C hP- B ºfÞh-m-¸Þ¼-GÅÞ¤-¤-ŸÛG-Iâzü GŸôGÅ-GÅÞ¤-q-hïºÛ- (mm 

hP- cm) ¼ÛP-±h- hP-¸Þ¼-GÅÞ¤-HÛ-¸Þ¼-±h-ºW¾-Mãü ¸Þ¼-GÅÞ¤-HÛ-zÇkô¤Å-fôz-G-±ôh-»Ûm-m¤ü 

7 G¾-bï-ÍÛ-¼-bô-Åô-fÛm-HÛÅ-Íï-¾ÏïG-²ïm-^Û¼-»ºÛ- (Alexandria) mP-»ôh-qºÛ-¿UôG-¤D¼-hP-IÛz-mG-GZÛÅ-ˆÛ-
hz¼-¸Þ¼-±h-ºW¾-z-hï- 70  HÛ-±z-¾- 80 »Ûm-m-ÅºÛ-Gô-¾ºÛ-¤fº-ºDô¼-¼ÛP-±h-hP-±PÅ-fÛG-G-±ôh-
»Ûm-m¤ü 

8 @P-ºDô¼-GÛ-ºDô¼-¾ôºÛ-±PÅ-fÛG- 700 mm ¼ïhü ºDô¼-¾ô-hïºÛ-Ç+ô¼-z- 10 ¾-z¼-fG-G-±ôh-zBôh-h¤ü 

9 G¾-bï-Eïh-¼P-GÛÅ-¿UGÅ-ÇKô¼-ŸÛG-¤ÛG-GÛ-
¤hÝm-hÝ-zŸG-mÅ-ÁÛP-ÇkôP-ŸÛG-bG-bG-
z;z-fzÅ-‚Å-q-»Ûm-m-ÁÛP-ÇkôP-hïºÛ-
hqPÅ-±ô¾-fÞz-z¤ü (G»Å-ˆÛ-hqï-¼ÛÅ-¾-
G¸ÛGÅü)  
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5 Some more measurements 
from Antiquity 

 

 

I like to speak about measurements which were 
made in ancient times because it is astonishing 
how modern and accurate the picture of the world 
of those old cultures were. 

It seems typical for a Westerner like me to choose 
examples from Greek antiquity. It is, however, well 
possible that knowledge about the sizes and dis-
tances of Earth, Moon and Sun was found earlier in 
Mesopotamia or in India, at a time when Lord Bud-
dha lived. 

 

 

 

The size of the moon 

 

Sometimes, during a lunar eclipse when, by 
"chance", Sun, Earth and Moon are exactly aligned, 
our planet casts its shadow onto the moon. This 
shadow always has a circular form and this obser-
vation helped Eratosthenes to think that the earth 
must be a sphere.  

 

Never the shadow had a straight edge or had the 
form of line, so our planet cannot be flat! This didn't 
prevent scientists and common people to believe 
1000 years later, that the earth was flat and warn 
Columbus of falling down at the edge when he went 
too far…. 

 

 

 

 

 
5555 Gmº Gmº Gmº Gmº----zôºÛzôºÛzôºÛzôºÛ----hÝÅhÝÅhÝÅhÝÅ----ˆÛˆÛ̂ÛˆÛ----±h±h±h±h----GŸÛGŸÛGŸÛGŸÛ----ºW¾ºW¾ºW¾ºW¾----ÇePÅÇePÅÇePÅÇePÅ----DDDD----ÁÅÁÅÁÅÁÅ----

üüüü    

h-¼ÛP-P-Gmº-ÇS-¤ôºÛ-hÝÅ-¾-¤Û-n¤Å-ˆÛ-±h-ºW¾-
zbP-Ç+ô¼-¼ôz-®¤-zÁh-ºhhô-‚ãP-GP-¸ï¼-mü Dô-
¼P-±ôÅ-±h-ºW¾-zºÛ-º²¤-JÀÛP-GÛ-ºV¼-ÇoP-»-
¤±m-¿e-zÞ-»ôh-¾ü ±h-n¤Å-hïP-hÝÅ-hP-ºi-z-ŸÛz-
±GÅ-qô-»P-»ôhü hï¼-zdïm-ÇS-¤ôºÛ-¤Û-n¤Å-ÁÛÅ-Mãh-
»G-qô-»ôh-q-Áïh-fÞzü P-mÝz-xôGÅ-M¾-DzÅ- Û̂-¤Û-
ŸÛG-»Ûm-qºÛ-Aïmü P-¼P-GÛ-hqï-¤±ôm-ÇS-hÝÅ-JËÛ-¼Û-
ÅÛºÛ-M¾-DzÅ-mÅ-ºhïzÅ-OæG-‚ïh-mÛ-¼P-zŸÛm-¿e-zÞ-
¼ïh-¾ü GTÛG-‚ïh-m-ÅºÛ-Gô-¾ü ZÛ-¤-hPü ¹-zºÛ-Vï-
VßP-hP-wm-±ßm-z¼-fG-GÛ-ÁïÅ-‚- Gmº-ÇS-¤ô-   
hÝÅ-hPü »P-M-G¼-hÝ-Çeôm-q-zTô¤-¿km-ºhÅ-Ÿ¾-
zŸÝGÅ-qºÛ-Ç+zÅ-»ôh-ÆÛh-q-¼ïhü 
   
¹¹¹¹----zºÛzºÛzºÛzºÛ----VïVïVïVï----VßPVßPVßPVßP----üüüü    

uÛ¼-ZÛ-¤ü ÅºÛ-Gô-¾-hP-¹-z-GÅÞ¤-qô-iP-fÛG-TÛG-
mP-ÇÀïzÅ-h;º-»Pü ¹-º²Ûm-HÛ-hÝÅ-Ç+zÅ-ZÛ-¤-hP-
ÅºÛ-Gô-¾-hP-¹-z-GÅÞ¤-qô-hï-iP-fÛG-TÛG-mP-ÇÀïzÅ-
ˆÛ-»ôhü hï-hÝÅ-ÅºÛ-Gô-¾ºÛ-IÛz-G¸ÞGÅ-¹-zºÛ-fôG-
ºwôGÅ-ˆÛ-»ôhü »Ûm-mºP-IÛz-G¸ÞGÅ-hï-hÝÅ-dGÅ-
bà-ÇKô¼-¤ô-»Ûm-qºÛ-Aïm-±m-¼ÛG-q- Eratosthenes HÛ-
zÅ¤-±ß¾-¾-ÅºÛ-Gô-¾-mÛ-¹¤-¼Û¾-¼ïh-zTh-GÅÞPÅ-Åô-
ü 

ÅºÛ-Gô-¾Å-IÛz-G Þ̧GÅ-mÛ-m¤-»P-fh-;¼-hP-¸Þ¼-
ºhôm-q-hP-fÛG-¿e-zÞ-¤Û-‚ãPü hï¼-zdïm-P-±ôÅ-ÅºÛ-
Gô-¾-ºhÛ-¾ïz-¾ïz-¤-»Ûm-q-ÁïÅ-fÞzü ÁïÅ-‚-ºhÛ-
»ôhmºPü ¾ô-1000GôP-¾-±m-¼ÛG-q-hP-¤Û-w¾-z-
n¤Å-ˆÛ-ÅºÛ-Gô-¾-mÛ-¾ïz-¾ïz-ŸÛG-¾-PôÅ-º²Ûm-‚ïh- Û̂-
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Comparing the radius of 
the earth's shadow with 
the radius of the moon in 
the picture of the lunar 
eclipse, you can yourself 
find out (you can use a 
compass for that) : 

 

Radius of Earth      ≈  ………   times the radius of 

the Moon. 

(the sign  ≈     means: "approximately" or "roughly") 

 

So, if the radius of our planet is 6400km, the radius 
of the moon will be: ……………..km. 

 

 

How far is the Moon from Earth? 

 

I suggest the following activity for the next night, 
when the Moon is visible and between half and full. 

 

Activity:  

Prepare a small peace of paper by making a nice, 
round hole of diameter 5mm in its middle. Look at 
the moon and hold the paper so that the Moon ap-
pears in the hole. You will see that the moon fits 
nicely into the opening if you choose a certain dis-
tance d between your eye and the hole. 

 

 

You should find that, very roughly said, the distance 
d will be about 100 times the diameter of the hole. 
Now we conclude that the distance D from your eye 
to the Moon is, accordingly, also 100 times the di-
ameter of the Moon, that is: 

 

Distance of the Moon ≈ 100 x 3400km = 340000km 

 

The actual distance D is a bit  larger, 380000km. Our 
measurement was rough, but it gave us good approxima-

tion. 

 

 

»ôh-¾ü Columbus ŸïÅ-qºÛ-¤Û-hï-Å-fG-¼ÛP-qô¼-
ºIÛ¤Å-ºIâ¾-‚ïh-qºÛ-hÝÅ-¾-¤Û-n¤Å-ˆÛ-DôP-¾-ÅºÛ-Gô-
¾-mÅ-¿ËàP-»ôP-zTÅ-Zïm-zl-zbôP-»ôhü 
 
 
 
¹-º²Ûm-HÛ-¼Û-¤ô-mP-mÅ-ÅºÛ-Gô-¾ºÛ-IÛz-mG-ˆÛ-xïh-
±PÅ-fÛG-hP-¹-zºÛ-xïh-±PÅ-fÛG-GZÛÅ-hz¼-G¾-
bïVï-VßP-ºIm-m-ü ¼P-PôÅ-mÅ-º±ô¾-mÅ-ÁïÅ-fÞzü 
 
ÅºÛ-Gô-¾ºÛ-xïh-±PÅ-fÛG  ≈ ¹-zºÛ-xïh-±PÅ-fÛG-¾Å-¿kïz- 
(¤±ôm-dGÅ-  ≈ ºhÛ-mÛ- ºi-zô-È-¾¤-GTÛG-q-¾-¤±ômü) 

 

G¾-ÆÛh-P-±ôÅ-G¸º-ˆÛ-xïh-±PÅ-fÛG-mÛ-6400 km 

»Ûm-m- ¹-zºÛ-xïh-±PÅ-fÛG-mÛ……........ km »Ûm-môü 

 
¹¹¹¹----zzzz----mÛmÛmÛmÛ----ÅºÛÅºÛÅºÛÅºÛ----GôGôGôGô----¾¾¾¾----mÅmÅmÅmÅ----z¼z¼z¼z¼----fGfGfGfG----GGGG----±ôh±ôh±ôh±ôh----ÅÅÅÅ----¾¾¾¾----»ôh»ôh»ôh»ôh----üüüü    

z¼-fG-hï-ÁïÅ-Vïh-GÁ¤-GÅ¾-Oæz-¾Å-hï-‚ïh-hGôÅü 
¤±m-¤ô-Gm¤-¾-¹-z-Á¼-zºÛ-hÝÅ-ÁÛG-¾ü hï-»P-¹-z-
mÛ-xïh-;-hP-GP-±¼-z¼-hGôÅü 
 
OæzOæzOæzOæz----¾Å¾Å¾Å¾Å----    

ÁôG-zÞ-VßP-VßP-ŸÛG-zI-OÛG-‚ïhü hïºÛ-hˆÛ¾-hÝ-ÍÛ-DÞP-

ÇKô¼-ÇKô¼-ŸÛG-z¸ôÅü ÍÛ-DÞP-hïºÛ-hˆÛ¾-fÛG-mÛ-6 mm 

hGôÅü ÁôG-zÞ-hïºÛ-ÍÛ-DÞP-mP-mÅ-¹-z-¾-¿eôhü G¾-bï-¤ÛG-

hP-ÁôG-zÞºÛ-ÍÛ-DÞP-z¼-HÛ-z¼-fG (d) ÇÀïzÅ-hÝÅ-ü ¹-z-

mÛ-ÍÛ-DÞP-mP-hÝ-¼m-qô-PP-mÅ-¤fôP-fÞz-ˆÛ-¼ïhü 

 
z¼-fG hï-mÛ-ÍÛ-DÞP-ÇKô¼-ÇKô¼-HÛ-hˆÛ¾-fÛG-¾Å-w¾-Vï¼-

¿kïz-100 ®¤-Vï-z-»ôh-q-¼P-PôÅ-mÅ-Áïh-fÞzü hï-zŸÛm-

¤ÛG-hP-¹-zºÛ-z¼-fGü  »P-¹-zºÛ-hˆÛ¾-fÛG-¾Å-w¾-

Vï¼-¿kïz-100 ®¤-»ôh-hGôÅü 

 
¹-zºÛ-z¼-fG-≈ 100 x 3400km = 340000km 

PôÅ-»ôh-z¼-fG-mÛ-380000 km »Ûm-qÅ-P-±ôÅ-±ôh-

hqG-‚ïh-z¼-fG-¾Å-TßP-®¤-Vï-z-»ôhü »ÛmºP-P-

±ôÅ-±ôh-hqG-‚ïh-q-ºhÛ-»P-È-¾¤-ºi-qô-»ôh-ü    
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How far is the Sun from the Earth? 

 

It was Aristarchos who first measured and calcu-
lated this distance. His thinking was as follows: To 
wait until the Moon is exactly a half Moon: 

 

At this very moment, considering the triangle SMT, 
the angle at M must be exactly 90°, a right angle. 
Aristarchos measured also, as well as he could, the 

angle  α  between the directions to the Moon and to 
the Sun. He found an angle of 87°. Now he was 
very good at calculating triangles and he could find 
out that the distance of the Sun was about 20 times 
the distance of the Moon. 

 

So Aristarchos' distance was 20x380000km  ≈ 8 
million km..This was very far off the distance of 150 
million km we know today. The reason for this is 
that he was not yet able to measure accurately 

enough the angle α. Today this measurement 
would give 89.8° instead of 87°. 

 

You see: By quite simple scientific reasoning it is 
possible to have a good knowledge about the di-
mensions in our solar system. 

 

 

6. Mass, Inertia, Weight and 
Force 

 

The difference between mass and weight 

 

At this very moment 2 or  3 astronauts are living in 
the ISS (the International Space Station). There 
they live as if they were completely weightless. If 
they take a ball of, say, mass 1kg in their hands, 
this ball has no weight! If the astronaut lets the ball 
go, it will freely float in front of him and not fall any-
where. When one astronaut throws the ball towards 
the other astronaut, he will feel a resistance of the 
ball against this throwing. We say: The mass has 
inertia. It "wants" to stay where it is, it doesn't begin 
a motion without being pushed. But once the mass 
is in motion, it will keep this motion, because it 
doesn't "want" to stop just by itself, without a force 
stopping it. This also is a result of inertia. 

 
ZÛZÛZÛZÛ----¤¤¤¤----hPhPhPhP----ÅºÛÅºÛÅºÛÅºÛ----GôGôGôGô----¾¾¾¾----z¼z¼z¼z¼----¾¾¾¾----z¼z¼z¼z¼----fGfGfGfG----GGGG----±ôh±ôh±ôh±ôh----»ôh»ôh»ôh»ôh----h¤üh¤üh¤üh¤ü    

ZÛ-¤-hP-ÅºÛ-Gô-¾ºÛ-z¼-fG-®ÛÅ-HG-¤Dm-fôG-¤-hï- 
Aristarchos¼ïhü  DôP-GÛ-zÅ¤-ŸÛz-‚ïh-zÇeP-Ç+ô¼-
Áïh-q-Vïhü ¤±m-¤ô-Gm¤-¾-¹-z-xïh-;-bG-bG-»ôh-
±h-z¼-hÝ-ÇKÝG-hGôÅü 
hÝ-±ôh-hï-Dô-m¼ü ¸Þ¼-GÅÞ¤-¤- SMT¾-V-zŸG-mü 
¸Þ¼-DÞG M mÛ-90° bG-bG-hGôÅü hï-¸Þ¼-DÞG-G»Å-
q-ŸÛG-»Ûmü Aristarchos ˆÛ-ZÛ-¤-hP-¹-zºÛ-hz¼-ˆÛ-
¸Þ¼-DÞG α GP-¾ïGÅ-q¼-º±ô¾-fz-‚ïhü ¸Þ¼-DÞG-
hï-mÛ-87° ½‰ïh-q-¼ïhü DôP-¼P-¸Þ¼-GÅÞ¤-HÛ-®Û-¾-
¤DÅ-qô-»ôh-qÅü DôP-GÛ-ZÛ-¤ºÛ-z¼-fG-mÛ-¹-z-hP-
ÅºÛ-Gô-¾Å-hz¼-GÛ-z¼-fG-¾Å-¿kïz-20 ®¤-Vï-z-
»ôh-zTÅ-º±ô¾-fÞzü  
 
hï-»Ûm-hÝÅ- Aristarchos HÛ-º±ô¾-zºÛ-z¼-fG-mÛ- 
20x380000km  ≈ 8 million km.¼ïhü   »ÛmºP-
z¼-fG-ºhÛ-hïP-ÅïP-±ïm-¼ÛG-q-¾-½‰ïh-qºÛ-z¼-
fG150 million km hP-¤Û-¤fÞm-q-¼ïhü hïºÛ-Mã-
¤±m-mÛ-Dô-¼P-GÛ-¸Þ¼-DÞG α.bG-bG-º±ô¾-¤Û-fÞz-
qºÛ-Aïm-¼ïhü hïP-ÅP-¸Þ¼-DÞG- α. mÛ-87° ±z-hÝ-
89.8° »Ûm-môü 
hï¼-zdïm- ±m-¼ÛG-HÛ-zÅ¤-ŸÛz-ÇezÅ-zhï-qô-D-ÁÅ-
PôÅ-mÅ-»P-P-±ô¼-ZÛ-¤ºÛ-EÛ¤-Mãh-ˆÛ-V-±h-HÛ-ÁïÅ-‚-
¾ïGÅ-qô¼-fôz-fÞz-zôü 
 
6 6 6 6 GhôÅGhôÅGhôÅGhôÅ----±hü zï¤±hü zï¤±hü zï¤±hü zï¤----GÁÛÅü ¿YÛhGÁÛÅü ¿YÛhGÁÛÅü ¿YÛhGÁÛÅü ¿YÛh----±h±h±h±hü ÁÝGÅüü ÁÝGÅüü ÁÝGÅüü ÁÝGÅü    
h-¿e-»P-¤Dº-Bôh-q-2 »P-3 M¾-uÛºÛ-z¼-ÇoP-Å-±ÛGÅ-hÝ-

GmÅ-Çkôh-‚ïh-zŸÛm-»ôhü DôP-±ô¼-¿YÛh-±h-¤ïh-q-¿e-zÞ-±ô¼-ˆÛ-

»ôh-q-¼ïhü G¾-bï-DôP-±ôÅ-qô-¾ï-GhôÅ-±h-1 kg‚ïh-q-ŸÛG-¾G-

bà-¾ïm-Vïhü qô-¾ï-hï-»P-¿YÛh-±h-TÛG-ˆP-¤ïh-q-¼ïhü G¾-bï-

¤Dº-Bôh-q-GTÛG-GÛÅ-qô-¾ï-hï-¾G-mÅ-¾ôÅ-mü hï-Dô-¼P-GÛ-

¤hÝm-hÝ-¿kÛP-ˆÛ-¼ïh-ü Å-¾-¿ËàP-ˆÛ-¤-¼ïhü hï-Ç+zÅ-¤Dº-Bôh-

q-ŸÛG-GÛ-qô-¾ï-hï-¤Dº-Bôh-q-GŸm-qºÛ-xôGÅ-ÅÞ-ºwP-z-»Ûm-

mü DôP-¾ºP-qô-¾ï-hï-G»ÞG-Vïh-ºGôG-Aïm-¥ôP-fÞz-ˆÛ-¼Ûhü 

hï¼-zdïm-GhôÅ-±h-¾-zï¤-GÁÛÅ-ºHã¼-ºGôG-¼P-zŸÛm-»ôh- 

¿ËÛP-ºWGÅ ÅÞ-GmÅ-qºÛ-hPôÅ-qô-n¤Å-qô-¾ï-¿e-zÞ-hï-¼P-Åô¼-

GmÅ-q-hP.ü ºGÝ¾-zBôh-GbôP-qºÛ-hPôÅ-qô-hï-¤Þ-¤fÞh-mÅ-

ºGÝ¾-zBôh-GbôP-GÛ-»ôhü hPôÅ-qôºÛ-GmÅ-ÇePÅ-ºHã¼-q-

ÇePÅ-Vh-ÁÝGÅ-Mz-hGôÅ-ü hï-»P-zï¤-GÁÛÅ-Aïm-¼ïhü  
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Inertia means: A mass at rest will stay at rest and 
a mass in motion will keep its (straight) motion, 
unless a force acts on the mass. 

 

This "truth" is called Newton's first law of motion. 

 

 

 

So the ball thrown by the first astronaut will con-
tinue its motion. The second astronaut will feel a 
force, when the ball hits his head, although the ball 
has no weight! His head acts against the inertia of 
the moving ball (thrown by his friend) and makes 
the ball stop or even return. 

 

 

When the astronauts return back to Earth, they will 
feel that the ball (as well as their bodies) became 
heavy and that they feel now the attraction of the 
Earth. Masses now have weight! So masses only 
have weight when they are under the influence of a 
celestial body.  

 

We state : 

 

A mass has inertia : You need a force to put it into 

motion or to stop it, even if it has no weight. 

 

A mass has weight when it is under the influence 
of a planet, or a star or any other  mass. Weight is a 
force, it is something that pulls. 

 

 

The units of mass and weight (force) 

Masses are measured in kg. (kilogram). 1kg is the 
mass of 1 liter of water. 1 liter of water is the quan-
tity you need to fill this hollow cube with water. 

 

 

 
hPôÅ-G¸ÞGÅ-ºGÝ¾-¤ïh-h¤-»P-m-fh-fÛG-fôG-ºGÝ¾-

zBôh-GTÛG-¤±ßPÅ-PP-»ôh-q-±P-¤¼-hïºÛ-ÇeïP-ÁÝGÅ-

ˆÛÅ-zÇ+Ý¾-bï-ºHã¼-z-¤-xÛm-qºÛ-z¼-hÝ-hï-¿e¼-¤Þ-¤fÞh-hÝ-

GmÅ-ˆÛ-¼ïhü  

hï-mÛ-----mÝºÛmÝºÛmÝºÛmÝºÛ--------‡ôm‡ôm‡ôm‡ôm----HÛHÛHÛHÛ----ºGÝ¾ºGÝ¾ºGÝ¾ºGÝ¾----zBôhzBôhzBôhzBôh----IâzIâzIâzIâz----hômhômhômhôm----hPhPhPhP----qôqôqôqô----»Ûmü»Ûmü»Ûmü»Ûmü 

 
¤Dº-Bôh-qÅ-fôG-¤¼-G»ÞG-qÅ-qô-¾ï-hï-ºGÝ¾-zBôh-¤Þ-

¤fÞh-mÅ-GbôP-GÛ-¼ïhü G¾-bï-qô-¾ï-hï-¤Dº-Bôh-q-GŸm-

ŸÛG-GÛ-¤Gô-¾-wôG-qÅ-±hü qô-¾ï-hï-¿YÛh-±ïh-¤ïh-ˆP-DôP-

¾-ÁÝGÅ-ŸÛG-±ô¼-HÛÅ-¼ïhü DôP-GÛ-hzÞ-mÛ-qô-¾ïºÛ-zï¤-GÁÛÅ-

ˆÛÅ-ÇkôG-xôGÅ-ÅÞ-ÁÝGÅ-Mz-ˆÛ-¼ïhü hÛ-zŸÛm-qô-¾ï-hï-

ºGÝ¾-¤ïh-VG-ˆÛ-¼ïh-»P-m-w¼-¾ôG-ÆÛhü 

¤Dº-Bôh-q-n¤Å-ÅºÛ-Gô-¾ºÛ-fôG-xÛ¼-¾ôG-Vïhü Dô-m-±ôºÛ-

G¸ÞGÅ-qô-hP-qô-¾ï-GZÛÅ-;¼-ÇYÛh-hÝ-ºIô-z¼-±ô¼-HÛ-¼ïhü 

hïºÛ-Mã-¤±m-mÛ-Dô-¼P-±ô-ÅºÛ-Gô-¾ºÛ-ºfïm-ÁÝGÅ-ˆÛ-±ß¼-

ºfïm-q-¼ïhü h-GhôÅ-±h-n¤Å-¾-¿YÛh-±h-»ôh-q-¼ïhü 

Gm¤-¤DºÛ-G¸º-Ç+¼-HÛ-Aïm-mÅ-hPôÅ-qôÅ-GhôÅ-±h-

n¤Å-¾-¿YÛh-±h-»ôh-q-¼ïhü 

 
P-±ôÅ-zXôh-fÞzü 

GhôÅGhôÅGhôÅGhôÅ----±h±h±h±h----¾¾¾¾----zï¤zï¤zï¤zï¤----GÁÛÅGÁÛÅGÁÛÅGÁÛÅ----»ôhü»ôhü»ôhü»ôhü ¿YÛh-±h-¤ïh-»P-hPôÅ-qô-

n¤Å-ºGÝ¾-zBôh-zbôP-Vïhü »P-m- z;G-qºÛ-Vïh-mÝÅ-

ÁÝGÅ-ŸÛG-Mz-hGôÅü 

 
GhôÅGhôÅGhôÅGhôÅ----±h±h±h±h----¾¾¾¾----¿YÛh¿YÛh¿YÛh¿YÛh----±h±h±h±h----»ôhü »ôhü »ôhü »ôhü hï-»P-hPôÅ-qô-n¤Å-

G¸ºÇ+¼-hP-Ç+¼-¤-»P-m-GhôÅ-±h-Vï-z-»ôh-qºÛ-hPôÅ-

qô-ŸÛG-GÛ-Ez-ºôG-bà-ÇÀïzÅ-hÝÅü DôP-±ôÅ-fïm-ÁÝGÅ-ˆÛ-Aïm-

¿YÛh-±h-fôz-zôü hï¼-zdïm-¿YÛh-±h-»P-ÁÝGÅ-ŸÛG-»Ûmü 

fïm-ÁÝGÅ-ŸÛG-»Ûm-môü 

 
GhôÅGhôÅGhôÅGhôÅ----±h±h±h±h----hPhPhPhP----¿YÛh¿YÛh¿YÛh¿YÛh----±h±h±h±h----(ÁÝGÅ)ˆÛ(ÁÝGÅ)ˆÛ(ÁÝGÅ)ˆÛ(ÁÝGÅ)ˆÛ----±h±h±h±h----GŸÛüGŸÛüGŸÛüGŸÛü    

GhôÅ-±h-ˆÛ-GTÛG-Mã¼-±h-GŸÛ-mÛü ;Û-¾ô-JË-¼¤ kg »Ûmü 

1 kgmÛ-Vß-¾Û-b¼GTÛG-HÛ-GhôÅ-±h-hï-»Ûmü ¾Û-b¼-GTÛG-mÛ-

Çoôh-Ç‰àP-h‚ÛzÅ-Tm-ŸÛG-VßÅ-z;P-qºÛ-Vïh-Vß-Eôm-hGôÅ-

q-hï-»Ûm-môü 
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To have a clear distinction between mass and 
force, the scientific community has decided to intro-
duce: 

the unit of force 1 N   (1 Newton). 

 

It has been defined in this way: 

 

1 N   = Weight of the mass 100g ( 0.1kg)  

on Earth. 

So, to get the weight in Newtons, we have to multi-
ply the mass by ten (this is only an approximation, 
but quite a good one. Exactly speaking, on Earth 
0.1 kg weighs 0.981 N). 

 

 

If we could go on a journey to the moon and differ-
ent planets, taking a mass of 1kg with us, we would 
observe the following, using a spring balance with 
readings in Newton.  

 

So, if we could go around in the universe with a 
mass of 1kg in our hand, then we would feel no 
attraction, hence no weight, if there were no planets 
or other massive bodies around us. As soon how-
ever as we are near a big mass like a planet, or 
even standing on this planet, we would feel a force 
of attraction, a weight. This force could be meas-
ured in the unit Newton ( N ) if we had an instru-
ment with us, like a spring balance graduated in 
Newton. 

It is one of the important discoveries of Albert Ein-
stein that, if we are in a free fall towards an attract-
ing mass, then we have the impression of weight-
lessness. This sort of weightlessness cannot be 
distinguished from the " real " weightlessness we 
have, when there are no attracting bodies around 
us. 

 

GhôÅ-±h-hP-¿YÛh-±h-GZÛÅ-z¼-h‚ï-z-GÅ¾-zô¼-

Çeôm-q¼-Vïhü ±m-¼ÛG-q-±ôÅ-ÁÝGÅÁÝGÅÁÝGÅÁÝGÅ----ˆÛˆÛ̂ÛˆÛ----±h±h±h±h----GŸÛGŸÛGŸÛGŸÛ----mÛÛmÛÛmÛÛmÛÛ----mÝºÛmÝºÛmÝºÛmÝºÛ----

‡ôm‡ôm‡ôm‡ôm----    (1 N)     »Ûm»Ûm»Ûm»Ûm----mômômômô-zTÅ-GÅÞPÅ-Åôü hïºÛ-Gô-hôm-mÛü 

 
-mÝºÛmÝºÛmÝºÛmÝºÛ--------‡ôm‡ôm‡ôm‡ôm    =    ÅºÛÅºÛÅºÛÅºÛ----GôGôGôGô----¾Å¾Å¾Å¾Å----fôGfôGfôGfôG----GhôÅGhôÅGhôÅGhôÅ----±h±h±h±h----100g  

( 0.1kg)  

 HÛ HÛ HÛ HÛ----¿YÛh¿YÛh¿YÛh¿YÛh----±h±h±h±h----hïhïhïhï----»Ûm»Ûm»Ûm»Ûm----môümôümôümôü     

hï¼-zdïm-¿YÛh-±h-n¤Å-mïºÞ-‡ôm-mP-fôz-Vïhü 

GhôÅ-±h-hï-¾-zTßºÛ-ºHã¼-hGôÅü (fz-¾¤-hïºÛ-Oæz-

ºƒÅ-È-¾¤-ºi-qô- 

»ôh-qÅü hï-zïh-uôh-‚ïh- Û̂-»ôhü PôÅ-»ôh-¾-ÅºÛ-Gô-

¾Å-fôG-0.1 kg ¾-¿YÛh-±h-0.0981 N »ôh-hôü) 

 
G¾-bï-P-±ô-hPôÅ-qô-GhôÅ-±h-1 kg ‚ïh-q-ŸÛG-ºEï¼-mÅ-

¹-z-hP-G¸º-Ç+¼-ºi-¤Ûm-mP-¾-ºIâ¾-‚ïh-mü ¿kï¤-¯Ûz-

M-¤-zïh-uôh-‚ïh-mÅ-hPôÅ-qô-hïºÛ-¿YÛh-±h-mÝºÛ-‡ôm-mP-

º±ô¾-fÞzü 

 
G¾-bï-P-±ô-hPôÅ-qô-GhôÅ-±h-1 kg ‚ïh-q-ŸÛG-ºEï¼-

mÅ--z¼-ÇoP-mP-ºIâ¾-‚ïh-hÝÅü G¾-bï-Zï-ºI¤-hÝ-G¸º-

Ç+¼-hP-hPôÅ-qô-GhôÅ-±h-Vï-z-¤ïh-mü P-±ôÅ-ºfïm-

ÁÝGÅ-º±ô¼-¤Û-fÞzü hï¼-zdïm-¿YÛh-±h-»P-¤ïh-hôü P-±ô-

hPôÅ-qô-Vï-z-G¸º-Ç+¼-ÅôGÅ-ˆÛ-Zï-ºI¤-hÝ-ÇÀïzÅ-¤-fGü 

»P-m-º²¤-JÀÛP-hïºÛ-fôG-Mãm-GmÅ-‚ïh-qºÛ-Ç+zÅü P-

±ôÅ-ºfïm-ÁÝGÅ-º±ô¼-fÞzü ¿YÛh-±h-»P-»ôhü ÁÝGÅ-hï-

mÝºÛ-‡ôm-(N ) mP-±h-GŸÛ-Mz-‚ïh-P-±ô¼-¾G-V-¿kï¤-¯Ûz-

M-¤-¿e-zÞ-hGôÅ-Åôü 

±m-¼ÛG-¤DÅ-q- Albert Einstein ¾GÅ-¾-GÅ¼-hÝ-

½‰ïh-qºÛ-GŸÝP-¾ÞGÅ-ŸÛG-mÛü G¾-bï-P-±ô-hPôÅ-qô-

ºfïm-ÁÝGÅ-Tm-ŸÛG-GÛÛ-fôG-¾ÎËôh-º²G-¤VôP-qºÛÛ-hÝÅü 

P-±ô¼-¿YÛh-±h-¤ïh-q-¿e-zÞ-º±ô¼-fÞzü ¿YÛh-¤ïh-º±ô¼-

z-hï-hP-PôÅ-»ôh-¿YÛh-±h-¤ïh-qºÛ-GmÅ-ÇePÅ-z¼-

ÇoP-¿e-zÞ-z¼-h‚ï-‚ïh-h;º-ºô-zTÅ-GÅÞPÅ-Åôü 
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Introduction to Science: First Test. Tashi Lhunpo.   
 

1. What do we mean by gravitation? 

 

 

 

 

2. We had 1 litre of water boiling in a kettle. Then we put the gas off and continued measuring 
the temperature. We found following data: (07.00h is the starting time). 

Time  07.00h 07.10h 07.20h 07.30h 07.40h 07.50h 

Temperature °C 98 98 82 61 50 43 

  

Graph these data.  

 Write a short comment:  

What does the graph tell us?  

How will the graph probably look,  

if we only had half a litre of water? 

  

 

 

 

 

 

3. Look at the point A which is given here. Draw a horizontal line AB of length 12 cm, beginning 
in point A, going to the right of A. Above AB draw a line which is parallel to AB having a dis-
tance of  6 cm from AB.  

Now in A draw a line which is perpendicular to AB. It will cut the parallel line in point D. In B 
draw a line which makes an angle of 60° with AB. It will cut the parallel in a point we call C. 

Now you have a figure ABCD with four sides. 

Measure and give all four sides and all four angles of this figure ABCD. How much is the sum of 
the four angles? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   A . 
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4. A water tank has a diameter of  90 cm. How much is its circumference?  

±m±m±m±m----¼ÛG¼ÛG¼ÛG¼ÛG----PôPôPôPô----vôhü z=ÛÅvôhü z=ÛÅvôhü z=ÛÅvôhü z=ÛÅ----¿Ëàm¿Ëàm¿Ëàm¿Ëàm----qô¼qô¼qô¼qô¼----xÛxÛxÛxÛ----¾ô¾ô¾ô¾ô---- 2005 ¹ 2005 ¹ 2005 ¹ 2005 ¹----zzzz---- 10 ±ïÅ 10 ±ïÅ 10 ±ïÅ 10 ±ïÅ---- 1 ZÛm 1 ZÛm 1 ZÛm 1 ZÛm----»ÛG»ÛG»ÛG»ÛG----MãGÅMãGÅMãGÅMãGÅ----hPhPhPhP----qôüqôüqôüqôü    
1| ºfïm-ÁÝGÅ-¸ï¼-m-GP-¼ïh-h¤ü hqï¼-zXôh-GÅÞ¤-ºƒÛ-hGôÅü 
... 
 
2| P-±ôÅ-Çoôh-ŸÛG-GÛ-mP-Vß-¾Û-‡¼-GTÛG-z;ô¾-bï-¤ï-zÅh-qºÛ-XïÅ-ÅÞ-VßºÛ-±-±h-ºW¾-bï- 
  GÁ¤-GÅ¾-IPÅ-fô-n¤Å-‚ãP-z-¼ïhü ºGô-G®ßGÅ-qºÛ-hÝÅ-±ôhü Vß-±ôh- 7 
hÝÅ-±ôhü 07.00h 07.10h 07.20h 07.30h 07.40h 07.50h 

±-±hü 98 98 82 61 50 43 

 

IPÅ-fô-ºhÛ-±ô¼-Gô-dôGÅ-hqï-¼ÛÅ-ÁÛG-ƒÛÅü 

hqï-¼ÛÅ-hïÅ-P-±ô¼-GP-Çeôm-m¤ü  
ºIï¾-zÁh-¤hô¼-®¤-ƒÛÅü 
 
G¾-bï-Vß-¾Û-‡¼-xïh-;-¤-GbôGÅ-¤ïh-m-hqï- 
¼ÛÅ-GP-ºi-ŸÛG-¤fôP-P¤ü  
hqï-¼ÛÅ-¼ôz-®¤-ƒÛÅü 
 
 
3| ºhÛ¼-vh-qºÛ-±ïG A ¾-G¸ÛGÅ-hP.ü  A mÅ-ºGô-G®ßGÅ-bï- 12cm  ‚Å-qºÛ-ºyïh-fÛG AB  ƒÛÅü  

AB  mÅ- 6cm  Å-¾- AB ¾- parallel  »Ûm-qºÛ-fÛG-GŸm-ŸÛG-ƒÛÅü  h-±ïG A mÅ- AB ¾- per-

pendicular »Ûm-qºÛ-fÛG-ŸÛG-ƒÛÅü  

fÛG-ºhÛÅ- AB ¾-  parallel »Ûm-qºÛ-fÛG-GÛ-ÇeïP-±ïG D ¾-Çoô¾ü B mÅ-fÛG-ÁÛG-ƒÛÅ-bï-fÛG-hïÅ- AB ¾-

¸Þ¼- 60
0 z¸ô-hGôÅü ¤-¸h-fÛG-hïÅ- AB ¾- parallel »Ûm-qºÛ-fÛG-GÛ-ÇeïP-±ïG C ¾-Çoô¾ü h-Eïh-¼P-¾-

GŸôGÅ-zŸÛ-Tm-HÛ-hqï-¼ÛÅ- ABCD »ôhü  

GŸôGÅ-hP-¸Þ¼-hï-±ôºÛ-±h-ºW¾-hGôÅü ¸Þ¼-zŸÛºÛ-zÇkô¤Å-fôzÅ-G-±ôh-»Ûm-m¤ü  

 

 

 

 

 

 

 

   A . 
 
4| Vß-¤²ôh-ŸÛG-GÛ-±PÅ-fÛG- 90cm  »Ûmü hïºÛ-¤fº-ºDô¼-¼ÛP-±h-G-±ôh-»Ûm-m¤ü  
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