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Solar System 
Our solar system consists of a cen- 
tral Sun, which is orbited by nine  
planets (and their moons), an aste- 
roid belt and many comets. 
  
The Sun is a medium-sized star.  
It is orbited by the following  
(in order from the Sun): Mercury,  
Venus, Earth, Mars, the asteroid  
belt, Jupiter, Saturn, Uranus,  
Neptune and Pluto. The first four  
planets (Mercury, Venus, Earth  
and Mars) are small, rocky planets.  
After the orbiting belt of small rocky,  
metallic asteroids are four gas giants  
(Jupiter, Saturn, Uranus, and  
Neptune). The ninth planet is Pluto,  
a small, rocky planet  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Z Û - ¤º Û - E Û ¤ - M ã h ü  
P-±ôºÛ-ZÛ-¤ºÛ-EÛ¤-Mãh-ˆÛ-hˆÛ¾-¾-ZÛ-¤-»ôh-q-hPü 
hï¼-G¸º-Ç+¼-hGÝ-hP-hï-±ôºÛ-¹-zü G¸º-Ç+¼-ºi-zºÛ-
Gm¤-lôºÛ-Ç+ô¼-fG-hP-hÝ-z-¤WâG-¼ÛP-ÅôGÅ-ˆÛ-Ç+ô¼-z-
Mz-ˆÛ-»ôhü 
Z Û - ¤ - mÛ-Ç+¼-¤-Vï-VßP-ºƒÛP-®¤-ŸÛG-»Ûmü hï¼-GÁ¤-
GÅ¾-n¤Å-ˆÛ-ºDô¼-Bôh-‚ïh-ˆÛ-»ôhü (ZÛ-¤-mÅ--Gô-
¼Û¤ü) ¿ËG-qü q-ÅPÅü º²¤-zÞ-JÀÛPü ¤ÛG-h¤¼ü 
G¸º-Ç+¼-ºi-zºÛ-Gm¤-lôºÛ-Ç+ô¼-fGü wÞ¼-zÞü Çtïm-
qü Gm¤-M¾ü ¤±ô-M¾-hP-GÁÛm-M¾-zTÅ-»Ûmü 
G¸º-Ç+¼-hP-qô-zŸÛü (¿ËG-qü q-ÅPÅü º²¤-zÞ-
JÀÛP-hP-¤ÛG-h¤¼-n¤Åü) VßP-VßP-hP-ƒG-lô-Tm-
»Ûmü VßP-VßP-hP-ƒG-lô-Tm-HÛ-G¸º-Ç+¼-ºi-zºÛ-
Gm¤-lôºÛ-Ç+ô¼-fG-GÛ-XïÅ-ÅÞ-½ÀâPÅ-G¸ÞGÅ-Tm-HÛ-Ç+¼-
Vïm-zŸÛ-»ôhü (wÞ¼-zÞü Çtïm-qü Gm¤-M¾ü ¤±ô-
M¾ü) G¸º-Ç+¼-hGÝ-q-GÁÛm-M¾-hï-VßP-VßP-hP-ƒG-
lô-Tm-HÛ-G¸º-Ç+¼-ºi-z-ŸÛG-»Ûmü 
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The Sun 
The Sun is a medium-sized star. It  
is powered by nuclear reactions that  
occur in its hot, pressurized core. In  
temperatures of about 20 million  
degrees, hydrogen nuclei are fused  
together to become heavier helium  
atoms, releasing tremendous  
amounts of energy. It is this energy  
that gives us heat and light.  
In the 4.5 billion years since the Sun  
formed, it has used up about half of  
its initial hydrogen supply.  
 
The Sun will start to die in about 4-5  
billion years. 
 
 
 
 
 
 
 
 
 
 
The Inner Planets 
The inner planets are relatively small  
planets composed mostly of rock.  
They are:  
Mercury, Venus, Earth, and Mars.  
These planets have few or no moons.  

Z Û - ¤ ü  
Z Û - ¤ - mÛ-Ç+¼-¤-Vï-VßP-ºƒÛP-®¤-ŸÛG-»Ûmü mÝÅ-ÁÝGÅ-
hï-hG-ZÛ-¤-±-qô-hP-Gmôm-ÁÝGÅ-¢¼-zÇeàm-HÛ-hzÞÅ-ÅÞ-
µμÅ-ˆÛ-ºHã¼-z-¾-zdïm-mÅ-‚ãP-z-ŸÛG-»Ûmü ±-±h-Å-
»ü 20 -(degree) mP-»P-½ÀâP-GÛ-¿eï-lÝ¾-n¤Å-
¤Z¤-hÝ-zŸÝ-z-¾-zdïm-mÅ-Èï-¾Û-»¤-ŸïÅ-qºÛ-ºhÝÅ- 
lÝ¾-¿YÛh-q-ŸÛG-bà-ºHã¼-XïÅ-IPÅ-ºzô¼-È-TP-Vï-zºÛ-
mÝÅ-ÁÝGÅ-JÀôh-ˆÛ-»ôhü mÝÅ-ÁÝGÅ-hïÅ-P-±ô¼-iôh-hP-
ºôh-GZÛÅ-vôh-ˆÛ-»ôhü ZÛ-¤-VGÅ-q-mÅ-¸ÞP-¾ô-Pô-
FG-FÛG-Vïm-qôü 4.5 ®¤-ºIô-GÛÅ-»ôh-q¼-zdïm-ZÛ-
¤¼-fôG-¤¼-»P-½ÀâP-GÛ-hGôÅ-¤Dô-mÅ-xïh-;-®¤--zïh-
uôh-‚ïh-¸Ûm--q-»Ûmü  
ZÛ-¤-¾ô-Pô-FG-FÛG-Vïm-qôü 4–5 mP-mÝÅ-ÇeôzÅ-
Z¤Å-GÝh-ºIô-»G-ºGô-º²âGÅ-ˆÛ-¼ïhü 
Z Û - ¤º Û - G ¸ ÞGÅ - h‚ Û zÅ ü 
 
 
 
 
 
mP -¤¼ - » ô h - qº Û - G ¸º -Ç +¼ ü  
mP-¤¼-»ôh-qºÛ-G¸º-Ç+¼-n¤Å-G¸º-Ç+¼-VßP-z-hP-
hï-hG-wï¾-Vï¼-ƒG-lôÅ-Iâz-q-»Ûmü 
hï-hG-mÛü  
¿ËG-qü q-ÅPÅü º²¤-zÞ-JÀÛP-hP-¤ÛG-h¤¼-zTÅ-
»Ûmü G¸º-Ç+¼-hï-hG-¾-¹-z-D-ÁÅ-hP-¤ïh-q-»P-
»ôhü 
 
□ ¿ËG-qü 
□ q-ÅPÅü 
□ º²¤-zÞ-JÀÛP- 
□ ¤ÛG-h¤¼- 
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1. Mercury   
is small, hot, has almost no  
atmosphere and no moon.  
 
2. Venus    
the hottest planet, is almost as big  
as the Earth, but has an extremely  
thick, unbreathable atmosphere  
(and no moon). 
 
3. The Earth   
is the third planet from the Sun.  
It has one large moon. 
 
4. Mars    
is a small, red planet with a thin  
atmosphere and two tiny moons. 
  
The asteroid belt is a group of small,  
rocky objects. Most of these objects  
orbit the Sun in a belt between Mars  
and Jupiter, but some are in other  
orbits.  
There are about 40’000 asteroids  
over 2.4 km in diameter. The biggest  
asteroid (called Ceres) is 930 km  
wide. A large asteroid may have hit  
the Earth 65 million years ago cau- 
sing the extinction of the dinosaurs.  
The collision would have caused  
major changes in the Earth's  
climate, killing the dinosaurs plus  
many other groups of animals and  
plants that couldn't adapt to the  
changes. 

1] ¿ ËG - q ü 
hï-VßP-VßPü ±-qôü ½ÀâP-D¤Å-¤ïh-q-hP-¹-z-»P-
¤ïhü 
2] q -ÅPÅ ü 
hï-G¸º-Ç+¼-±-ÁôÅ-hP-hï-»Û-Vï-VßP-º²¤-zÞ-JÀÛP-
hP-ºi-qô-»ôhü »Ûm-m-»P-hï¼-½ÀâP-D¤Å-È-TP-
GÛ-¤fÞG-qô-hPü hïºÛ-mP-hzÞGÅ-GbôP-¾ïm-‚ïh-
¤Û-fÞzü (¹-z-»P-¤ïhü) 
3] º²¤ - z Þ - J À Û P ü  
ZÛ-¤-mÅ-G¸º-Ç+¼-GÅÞ¤-q-hï-»Ûmü hï¼-¹-z-Vïm-
qô-ŸÛG-»ôhü  
4] ¤ ÛG - h¤¼ ü 
hï-VßP-VßPü ¤hôG-h¤¼-qô-»ôh-q-¤-¸h-½ÀâP-
D¤Å-Æz-qô-hP-¹-z-VßP-PÞ-GZÛÅ-»ôhü 
 
G¸º -Ç +¼ - º i - zº Û - G m¤ - l ô º Û - ºD ô¼ -
fG - mÛ-ƒG-lô-Tm-HÛ-hPôÅ-qô-VßP-Pô-DG-»Ûmü hPôÅ-
qô-hï-n¤Å-wï¾-Vï¼-ZÛ-¤¼-ºDô¼-Bôh-‚ïh-Ç+zÅ-G¸º-
Ç+¼-¤ÛG-h¤¼-hP-G¸º-Ç+¼-wÞ¼-zÞ-GZÛÅ-hz¼-HÛ-
ºDô¼-¾¤-mP-hP-D-ÁÅ-ºDô¼-¾¤-GŸm-hÝ-»P-‚ïh-
ˆÛÅ-»ôhü  
uÛ¼-wï¾-Vï¼-G¸º-Ç+¼-ºi-zºÛ-Gm¤-lôü 40000 ®¤-
»ôh-q-hP-hï-±ôºÛ-Ç+ïh-fÛG-n¤Åü 2.4 ;Û-¾ô-¤Û-‡¼-
»ôhü G¸º-Ç+¼-ºi-zºÛ-Gm¤-lô-Vï-ÁôÅ-hïü(Åï-¼ïÅü) 
D-ŸïP.ü 930 ;Û-¾ô-¤Û-‡¼-»ôhü G¸º-Ç+¼-ºi-zºÛ-
Gm¤-lô-Vïm-qô-ŸÛG-GÛ-º²¤-zÞ-JÀÛP-ºhÛ¼-¾ô-Pô-Å-»ü 
65 ÇSôm-wôG-»ôh-ÆÛh-q-hP-hï-¾-zdïm-mÅ-‡-mô¼-Åô¼-
n¤Å-¯-ÇeôP-zbP-»ôhü lÝP-D-hïÅ-º²¤-zÞ-JÀÛP-ºhÛºÛ-
Gm¤-GÁÛÅ-¾-ºHã¼-z-Vïm-qô-zbP-»ôh-ÆÛh-q-hP-hï-¾-
zdïm-mÅ-‡-mô¼-Åô¼-hP-¯Û-ÁÛP-¤P-qô-ŸÛG-¤ïh-q-z¸ôÅ-
»ôh-ÆÛh-q-¼ïhü 
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The Gas Giants 
Beyond the asteroid belt are the  
gas giant planets, Jupiter, Saturn,  
Uranus, and Neptune. These mostly 
gaseous planets are far from the  
Sun and much larger than the inner  
planets. They are each orbited by  
systems of rings and many moons. 

 
 
 
 
 
 
 
 

 
Jupiter   
(the 5th planet from the Sun) is the  
largest and the most massive planet. 
 
Saturn   
(the 6th planet from the Sun) has  
the biggest rings; Saturn is the  
second-largest planet. It is also the  
least-dense planet. 
 
Uranus   
(the 7th planet from the Sun) has a  
rotational axis that is tilted almost 90° 
from the other planets. 
 
Neptune   
(usually the 8th planet from the Sun)  
has the strongest recorded winds in 
our Solar System. 
 
Pluto 
Pluto is a small, cold, rocky planet.  
It is the smallest planet in our Solar  
System. It has a very eccentric orbit.  
Pluto is usually the ninth and  

½ À P Å -G¸ ÞGÅ - T m -H Û - Ç +¼ - V ï m ü  
G¸º-Ç+¼-ºi-zºÛ-Gm¤-lôºÛ-ºDô¼-fG-XïÅ-ÅÞ-
½ÀPÅ-G¸ÞGÅ-Tm-HÛ-Ç+¼-Vïmü wÞ¼-zÞü Çtïm-qü 
Gm¤-M¾ü ¤±ô-M¾-zTÅ-»ôhü ½ÀPÅ-G¸ÞGÅ-
Tm-HÛ-G¸º-Ç+¼-n¤Å-w¾-Vï¼-ZÛ-¤-mÅ-MP-±h-
¼ÛP-qô¼-GmÅ-»ôh-q-hP-hï-n¤Å-mP-¤¼-»ôh-qºÛ-
G¸º-Ç+¼-n¤Å-¾Å-Ÿï-iG-GÛ-Vï-z-»ôhü hï-n¤Å-
¾-Mãh-¾¤-HÛ-¾¤-¾ÞGÅ-hP-¹-z-¤P-qôÅ-ºDô¼-
Bôh-‚ïh-ˆÛ-»ôhü 
 
 
 
 
w Þ ¼ - z Þ ü 
(ZÛ-¤-mÅ-¯ÛÅ-G¸º-Ç+¼-¿S-qü)hï-G¸º-Ç+¼-Vï-
ÁôÅ-»Ûmü 
Ç t ï m - q ü 
(ZÛ-¤-mÅ-¯ÛÅ-G¸º-Ç+¼-iâG-qü)hï-¾-Mãh-¾¤-
Vï-ÁôÅ-»ôhü G¸º-Ç+¼-Çtïm-q-hï-Vï-ÁôÅ-GZÛÅ-q-
»Ûmü hï-»P-G¸º-Ç+¼-¤fÞG-±h-VßP-ÁôÅ-»Ûmü  
Gm¤ -M¾ ü  
(ZÛ-¤-mÅ-¯ÛÅ-G¸º-Ç+¼-zhÝm-qü)hï¼-¼P-ºDô¼-
HÛ-±PÅ-fÛG-hï-hG-‡ÛG-¼Ûü 90 ®¤-G¸º-Ç+¼-
GŸm-mÅ-ºEôGÅ-»ôhü 
¤± ô - M¾ ü 
(ZÛ-¤-mÅ-¯ÛÅ-G¸º-Ç+¼-zMh-qü)hï-¾-P-±ôºÛ-
ZÛ-¤ºÛ-EÛ¤-Mãh-mP-fô-ºGôh-‚Å-qºÛ-¿ËG-q-ÁÝGÅ-
Vï-ÁôÅ-hï-»ôhü 
GÁ Û m - M¾ ü 
G¸º-Ç+¼GÁÛm-M¾-mÛ-IP-¤ô-hP-ƒG-lô-Tm-HÛ-
G¸º-Ç+¼-ŸÛG-»Ûmü hï-P-±ôºÛ-ZÛ-¤ºÛ-EÛ¤-Mãh-
mP-mÅ-G¸º-Ç+¼-VßP-ÁôÅ-hï-»Ûmü hï-¾-ÇKô¼-¤ô-
¤-»Ûm-qºÛ-ºDô¼-¾¤-»ôhü uÛ¼-G¸º-Ç+¼-GÁÛm-
M¾-hï-G¸º-Ç+¼-hGÝ-q-hP- 
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farthest planet from the Sun. Some- 
times, Pluto crosses orbits with  
Neptune and for a while, Neptune is  
the planet farthest from the Sun.  
Pluto was the last planet to be dis- 
covered. It was found by Clyde  
W. Tombaugh in 1930. Very little is  
known about Pluto. Pluto is orbited  
by one small moon, Charon.  
Charon was discovered by Jim  
Christy in 1978 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
My  
 Very  
  Excellent  
   Mother  
    Just  
     Sent  
      Us  
       Nine  
        Pizzas. 

ZÛ-¤-mÅ-MP-fG-¼ÛP-ÁôÅ-»Ûmü ±¤-¼ï-G¸º-Ç+¼-
GÁÛm-M¾-HÛ-hÝÅ-»Þm-fÞP-fÞP-ŸÛG-GÛ-¼ÛP-G¸º-
Ç+¼-¤±ô-M¾-HÛ-ºDô¼-¾¤-zL¾-z-¾-zdïm-mÅ-
G¸º-Ç+¼-¤±ô-M¾-ZÛ-¤-mÅ-fG-¼ÛP-ÁôÅ-VGÅ-ˆÛ-
»ôhü G¸º-Ç+¼-GÁÛm-M¾-hï-G¸º-Ç+¼-±P-¤ºÛ-
mP-mÅ-¤fº-¤-½‰ïh-q-¼ïhü hï- Clyde W. 
Tombaugh ¾-xÛ-¾ôü 1930 ¾ô¼-½‰ïh-q-ŸÛG-
¼ïhü G¸º-Ç+¼-GÁÛm-M¾-¾-ºDô¼-Bôh-‚ïh-¤Dm-
¹-z-GTÛG-¾Å-¤ïh-q-hP-hï-¾-V-¼ôm-¸ï¼ü ¹-z-
V-¼ôm-mÛ-xÛ-¾ôü 1978 ¾ô¼-ºWÛ¤-;-¼ÛÅ-‡Û-¾-
½‰ïh-q-¼ïhü 
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Questions 
 
In our Solar System, which  
planet is closest to the Sun? 
 • Mercury     • Venus • Earth 
 
What is the hottest planet in our  
Solar System? 
 • Mercury      • Venus    • Mars 
 
Where do most asteroids orbit? 
 • Between Venus and Earth 
    • Between Earth and Mars 
    • Between Mars and Jupiter 
 
Which statement applies to the  
gas giant planets? 
 • They each have many moons and  
     rings 
    • They all have rings, but only some 
     have moons 
    • They all have moons, but only  
     some have rings 
 
How many moons orbit Pluto? 
  • None • 1     • 2 
 
What are comets made of? 
 • Rock and metal 
    • Ice, gas, and dust 
    • Gamma rays 
 
What is a meteorite? 
  • A small body travelling through  
    space 
    • A rock falling through the Earth's  
    atmosphere 
    • A rock that fell through the atoms- 
    phere and landed on Earth 

i Û - z ü  
P -± ô º Û - Z Û - ¤ º Û - E Û ¤ - M ã h - m P -G¸º -
Ç +¼ - Z Û - ¤ - h P - fG - Z ï - Á ô Å - GP -¼ ï h -
h¤ ü 
-   •¿ËG-qü  •q-ÅPÅü  •º²¤-zÞ-JÀÛP.ü 
P - ± ô º Û - Z Û - ¤ º Û - E Û ¤ - M ã h - m P - mÅ -G¸º -
Ç +¼ - ± - Á ô Å - h ï - G P -¼ ï h - h¤ ü 
   •¿ËG-qü  •q-ÅPÅü  •¤ÛG-h¤¼ü 
G¸º -Ç +¼ - º i - zº Û - G m¤ - l ô - n ¤Å -GP -
h Ý - º D ô¼ - B ô h - ‚ ï h - ˆ Û - » ô h ü   
  •q-ÅPÅ-hP-º²¤-zÞ-JÀÛP-GÛ-z¼-hÝü 
  •º²¤-zÞ-JÀÛP-hP-¤ÛG-h¤¼-HÛ-z¼-hÝü 
  •¤ÛG-h¤¼-hP-wÞ¼-zÞ-»Û-z¼-hÝü 
GÁ¤ -GÅ¾ - n ¤Å - mÅ -± Û G - O æ z - G -¼ ï -
½ À P Å -G¸ ÞGÅ - T m -H Û - Ç +¼ - V ï m - n¤Å -
¾ - º W â G -G Û - » ô h ü 
 •DôP-±ô-¼ï-¼ï-¾-¹-z-hP-zÇ+ô¼-fG-¤P-qô-»ôhü 
 •DôP-±ô-±P-¤-¾-zÇ+ô¼-»ôh-q-»Ûm-»P-D-ÁÅ-
¾-¹-z-»ôhü 

 •DôP-±ô-±P-¤-¾-¹-z-»ôh-q-»Ûm-»P-±P-¤-¾-
zÇ+ô¼-¾¤-¤ïh 

GÁ Û m - M¾ -¾ -¹ - z - G - ± ô h - ˆ Û - ºD ô¼ -
B ô h - ‚ ï h - ˆ Û - » ô h ü  
  •GTÛG-ˆP-¤ïh-qü • 1  • 2 
h Ý - z - ¤ W â G -¼ Û P - n¤Å -G -¼ ï Å - O æ z - q -
» Û m - m¤ ü 
  • ƒG-lô-hP-¿UGÅ-¼ÛGÅü 
  • ºEGÅ-qü ½ÀPÅ-G¸ÞGÅ-hP-lÝ¾ü 
  • »P-¸ï¼ü  
Gm¤ - l ô - ¤ ï - º z¼ - Ÿ ï Å - q - GP -¼ ï h - h¤ ü  
□ G¸ÞGÅ-VßP-VßP-ŸÛG-z¼-ÇoP-Mãh-ºIô-zü 
□ ƒG-lô-º²¤-JÀÛP-GÛ-½ÀâP-D¤Å-Mãh-¿ËàP-qü 
□ ƒG-lô-ŸÛG-º²¤-JÀÛP-GÛ-½ÀâP-D¤Å-Mãh-¿ËàP-bï-

º²¤-JÀÛP-ÇeïP-ºzz-qü 
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Real and scaled Distances of the  
Planets  
 

  
Real Distance  
from the Sun 

(average) 
 

Scaled Distance  
from the Sun 

(average) 

Steps, 1/2 m  
Each 

(from previous 
planet) 

 
 
 
 
 

Z Û - ¤ - mÅ -MP - ±h - P ô -
¤ ü 

(uÛ-Ç‰ô¤ü) 
 

Z Û - ¤ - mÅ -±h - º W¾ -  
zº Û - MP - ±h ü(uÛ-Ç‰ô¤ü) 

 

¼ Û ¤ - q ü 
(¼P -G Û - Ç S ô m - h Ý - » ô h -
qº Û - G ¸º -Ç +¼ - mÅ -¤ Û -
‡¼ - x ï h - ; ü) 
 

 Sun ---- ---- ---- 

 Mercury 58 million km  6 m 12 

 Venus 108 million km  11 m 10 

 Earth 150 million km  15 m 8 

 Mars 228 million km  23 m 16 

 Jupiter 778 million km  78 m  110 

 Saturn 1’427 million km  143 m  130 

 Uranus 2’871 million km  287 m 288 

 Neptune 4’497 million km  450 m  326 

 Pluto 5’913 million km  591 m  280 
 

Questions 
 
1. How long does it take for  
 light to travel from the sun to  
 our earth?  
 
2. How long does it take for  
 light to travel from the sun to  

G¸º -Ç +¼ - n ¤Å - ˆ Û - M P - ± h - - P ô - ¤ - h P -
± h - º W¾ - z º Û - M P - ± h ü  
 
 

1] G¾-bï-ºôh-ZÛ-¤-mÅ-º²¤-JÀÛP-z¼-ºIâ¾-
zŸÝh-‚ïh-q-»Ûm-m-hÝÅ-±ôh-G-±ôh-ºGô¼-ˆÛ-»ôh-
h¤ü 
2]ZÛ-¤-mÅ-G¸º-Ç+¼-wÞ¼-zÞ-z¼-ºIâ¾-zŸÝh-
‚ïh-q-¾-ºôh-¾-hÝÅ-±ôh-G-±ôh-ºGô¼-ˆÛ-»ôh-h¤ü 
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 Jupiter? 
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Real and scaled Sizes of the  
Sun and Planets 
 

 
 

Real Diameter 
Scaled 

Diameter 
Earth 

Diameters 

 
Ç + ï h - f Û G - P ô - ¤ ü ±h - º W¾ - z º Û -

Ç + ï h - f Û G ü 
º²¤ -J À Û P - G Û - Ç + ï h -

f Û G ü 
 

Sun 
  

1’392’000 km 1392 mm 109 

 
Mercury 4’878 km  5 mm 0.38 

 
Venus 12’104 km 12 mm 0.95 

 
Earth 

  
12’756 km 13 mm 1 

 
Mars 6’794 km 7 mm 0.53 

 
Jupiter 142’796 km 143 mm 11 

 
Saturn 120’660 km 121 mm 9 

 
Uranus 51’118 km 51 mm 4 

 
Neptune 49’523 km  50 mm 4 

 
Pluto 2’300 km 2 mm 0.18 

 
 
 

Z Û - ¤ - h P -G¸º -Ç +¼ - n ¤Å - ˆ Û - V - ± h - P ô -
¤ - h P - ± h - º W¾ - z º Û - V - ± h ü  
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Comets  
are small, icy bodies that orbit the  
sun. They are made up of a solid  
nucleus (ice, gas, and dust), a  
gaseous coma surrounding the 
 nucleus, and extremely long tails  
(both dust and gas tails).  
 
Comets have very eccentric orbits.  
As comets go around the Sun, the  
tail always faces away from the sun  
due to pressure from the solar wind.  
The dust tail is only visible when  
the comet is relatively near the Sun. 
 
  
 
 
 
 
 
 
 
 
 
Meteoroids  
are small bodies that travel through  
space. Meteoroids are smaller than  
asteroids; most are smaller than  
the size of a pebble.  
 
A meteor is a meteoroid that has  
entered the Earth's atmosphere,  
usually making a fiery trail as it falls. 
A meteor shower is a phenomenon  
in which many meteors fall through  
the atmosphere in a short time.  
 
 

h Ý - z - ¤ W â G -¼ Û P ü 
hÝ-z-¤WâG-¼ÛP-mÛ-VßP-VßP-hP-ºEGÅ-G¸ÞGÅ-Tm-»Ûm-
q-hPü hï-n¤Å-ZÛ-¤-¾-ºDô¼-Bôh-‚ïh-ˆÛ-»ôhü hï-
n¤Å-¤FïGÅ-G¸ÞGÅ-Tm-HÛ-¿eï-GmÅü(ºEGÅ-qü 
½ÀPÅ-G¸ÞGÅ-hP-lÝ¾ü)½ÀPÅ-G¸ÞGÅ-Tm-HÛ-ºôh-ÇKô¼-
ŸÛG-GÛ-¿eï-GmÅ-¾-¤fº-Ç+ô¼-»ôh-q-hP-È-Th-¼ÛP-zºÛ-
¤WâG-¤-n¤Å-ˆÛ-Iâz-q-ŸÛG-»Ûmü(lÝ¾-hP-½ÀPÅ-
G¸ÞGÅ-Tm-HÛ-¤WâG-¤-GZÛÅ-;ü) 
hÝ-z-¤WâG-¼ÛP.n¤Å-¾-ÇKô¼-¤ô-¤-»Ûm-qºÛ-ºDô¼-¾¤-
»ôhü 
hÝ-z-¤WâG-¼ÛP.n¤Å-ZÛ-¤¼-ºDô¼-Bôh-‚ïh-qºÛ-Ç+zÅ-ZÛ-
¤ºÛ-½ÀâP-ˆÛ-Gmôm-ÁÝGÅ-¾-zdïm-mÅ-¤WâG-¤-n¤Å-dG-
bà-ZÛ-¤ºÛ-¿kôG-xôGÅ-ÅÞ-D-Gbh-mÅ-ºIô-»Û-»ôhü lÝ¾-
HÛ-¤WâG-¤-hï-hÝ-z-¤WâG-¼ÛP.n¤Å-ZÛ-¤ºÛ-Zï-ºI¤-hÝ-
ÇÀïzÅ-Ç+zÅ-¤fôP-fÞz-ˆÛ-»ôhü 
 
 
 
 
Gm¤ - l ô - ¤ ï - º z¼ ü  
Gm¤-lô-¤ï-ºz¼-mÛ-z¼-ÇoP-hÝ-ºIâ¾-zŸÝh-‚ïh-qºÛ-
G¸ÞGÅ-VßP-¾-¸ï¼ü Gm¤-lô-¤ï-ºz¼-n¤Å-hÝ-z-¤WâG-
¼ÛP.¾Å-VßP-z-»ôhü w¾-Vï-z-lô-ÉâG-¾Å-VßP-z-»ôhü 
Gm¤-lô-¤ï-ºz¼-n¤Å-º²¤-zÞ-JÀÛP-GÛ-½ÀâPÅ-D¤Å-mP-
hÝ-º²â¾-qºÛ-Ç+zÅ-hï-n¤Å-¾-Gm¤-lô-¸ï¼ü uÛ¼-hï-
n¤Å-¿ËàP-Ç+zÅ-¤ï-¿e¼-ºz¼-zºÛ-XïÅ-ÁÝ¾-z¸ôÅ-ˆÛ-
»ôhü Gm¤-lôºÛ-ƒG-V¼-hï-mÛ-¤Pôm-±ß¾-»Ûm-q¼-zdïm-
Gm¤-lô-¤P-qô-º²¤-zÞ--JÀÛP-GÛ-½ÀâPÅ-D¤Å-Mãh-¿ËàP-
GÛÅ-»ôhü 
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A meteorite is a meteor that has  
fallen to Earth. These objects have  
survived a fiery fall through the  
Earth's atmosphere and have lost  
a lot of mass during that process. 
 
Kepler and the Elliptical Orbits 
Kepler believed firmly in the Coper- 
nican system. In retrospect, the  
reason that the orbit of Mars was  
particularly difficult was that  
Copernicus had correctly placed  
the Sun at the center of the Solar  
System, but had erred in assuming  
the orbits of the planets to be  
circles. Thus, in the Copernican  
theory epicycles were still required  
to explain the details of planetary  
motion.   
 
The orbits of the planets are  
ellipses, with the Sun at one focus  
of the ellipse (The Sun is not at the  
center of the ellipse).  

m¤-¤Dº-mÅ-¿ËàP-qºÛ-lô-n¤Å-º²¤-zÞ-JÀÛP-ÇeïP-¿ËàP-
qºÛ-Gm¤-lô-n¤Å-»Ûmü hPôÅ-qô-hï-hG-º²¤-zÞ-JÀÛP-
GÛ-½ÀâP-D¤Å-Mãh-¤ï-¿e¼-ºz¼-zºÛ-PP-¿ËàP-»ôh-ŸÛP-
º±ô-fÞz-q-‚ãP-»ôh-qü »Ûm-»P-Mãh-¼Û¤-hïºÛ-¼ÛP-¿UÛ-
±h-wôm-Vïm-qô-ŸÛG-z½ÀGÅ-q-¼ïhü 
; ï z -¾¼ - h P - º W ô P - h ‚ Û zÅ - T m -H Û - ºD ô¼ -
¾¤ ü 
;ïz-¾¼-HÛ-;ô-qï¼-mÛ-;ïÅ-HÛ-¾¤-¾ÞGÅ-¾-»Ûh-VïÅ-
zdm-qô-»ôhü hï¼-zB¼-ŸÛz-‚ïh-Ç+zÅ-G¸º-Ç+¼-¤ÛG-
¤¼-HÛ-ºDô¼-¾¤-hï-h¤ÛGÅ-zÅ¾-HÛ-DG-qô-»ôh-qºÛ-Mã-
¤±m-mÛ-;ô-qï¼-mÛ-;Å-ˆÛ-ZÛ-¤-hï-ZÛ-¤ºÛ-EÛ¤-Mãh-ˆÛ-¿eï-
GmÅ-ÅÞ-zŸG-»ôh-q-¾-zdïm-mÅ-‚ãPü »Ûm-»P-G¸º-
Ç+¼-n¤Å-ˆÛ-ºDô¼-¾¤-ÇKô¼-ÇKô¼-»Ûm-q¼-º²Ûm-q-hï-
mô¼-ºFâ¾-Áô¼-»ôhü ‚Å-®P-;ô-qï¼-mÛ-;Å-ˆÛ-¤Þ-Eãh-
ÇKô¼-fÛG-GÛ-Iâz-¤fº-hï¼-h-hÝP-G¸º-Ç+¼-HÛ-G»ô-
ºGÝ¾-Ç+ô¼-ºIï¾-zÁh-ŸÛz-y-hGôÅ-ˆÛ-»ôhü  
 
G¸º-Ç+¼-n¤Å-ˆÛ-ºDô¼-¾¤-n¤Å-ÇKôP-h‚ÛzÅ-¿e¼-
»ôh-q-hP-ZÛ-¤-mÛ-ÇKôP-h‚ÛzÅ-hïºÛ-xôGÅ-GTÛG-ÅÞ-
»ôhü(ZÛ-¤-mÛ-ÇKôP-h‚ÛzÅ-hïºÛ-¿eï-GmÅ-ÅÞ-¤ïhü) 
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The Seasons and Axis Tilt 
The Earth's seasons are not caused  
by the differences in the distance  
from the Sun throughout the year  
(these differences are extremely  
small). The seasons are the result  
of the tilt of the Earth's axis.  
 
 
  
 
 
 
 
 
The Earth's axis is tilted from per- 
pendicular to the plane of the ecliptic  
by 23°. This tilting is what gives us  
the four seasons of the year: spring,  
summer, autumn and winter. Since  
the axis is tilted, different parts of  
the globe are oriented towards the  
Sun at different times of the year.  
 

m¤ - h ÝÅ - hP -G ô -¾º Û - ±PÅ - f Û G - ºE ôGÅ - q ü 
m¤-hÝÅ-n¤Å-º²¤-zÞ-JÀÛP-hP-ZÛ-¤ºÛ-z¼-HÛ-MP-±h-¾-
Eh-q¼-»ôh-q-¾-zdïm-mÅ-‚ãP-¤ïhü(Eh-q¼-hï-hG-È-
TP-GÛ-VßP-VßP-»Ûmü) m¤-hÝÅ-n¤Å-Gô-¾ºÛ-±PÅ-
fÛG-ºEôGÅ-q-¾-zdïm-mÅ-‚ãP-z-ŸÛG-»Ûmü 
 
 
 
 
 
 
 
Gô-¾ºÛ-±PÅ-fÛG-»ôh-q-hï-ZÛ-¤ºÛ-Mã-¾¤-HÛ-fP-¤-»Û-
fh-¾PÅ-mÅ-DÞG-¸Þ¼- 23 ºEôGÅ-»ôhü ºhÛ-
ºEôGÅ-q-¾-zdïm-mÅ-P-±ô¼-m¤-hÝÅ-zŸÛ-»ôP-GÛ-»ôhü 
hrÛh-;ü h‚¼-Dü Çeôm-D-hP-hGÝm-Dü Gô-¾ºÛ-
±PÅ-fÛG-ºEôGÅ-q-¾-zdïm-mÅ-Gô-¾ºÛ-V-ÁÅ-¤Û-ºi-
z-n¤Å-hÝÅ-¤Û-ºi-z¼-ZÛ-¤¼-D-Gbh--ˆÛÅ-»ôhü 
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Summer is warmer than winter  
(in each hemisphere) because the  
Sun's rays hit the Earth at a more  
direct angle during summer than  
during winter and also because the  
days are much longer than the  
nights during the summer. During  
the winter, the Sun's rays hit the  
Earth at an extreme angle, and the  
days are very short. These effects  
are due to the tilt of the Earth's axis. 
 

 
  
Same energy but  more spread 
out, means less heating. 
 
 
 

 
 
 
Same energy but more concentra- 
ted means greater heating. 

h‚¼-D-hï-hGÝm-D-¾Å-iô-z-»ôh-(ÅºÛ-Gô-¾ºÛ-xïh-V-¼ï-
¼ï-mP-)GP-»Ûm-¸ï¼-m-ZÛ-¤ºÛ-ºôh-hï-º²¤-zÞ-JÀÛP-ÇeïP-
wôG-Ç+zÅ-DÞG-¸Þ¼-fh-;¼-h‚¼-hÝÅ-¤P-z-hP-hGÝm-
hÝÅ-ZÝP-z-»ôh-q-hPü »P-h‚¼-hÝÅ-±m-¤ô-¾Å-ZÛm-
¼ÛP-z¼-»ôh-q¼-zdïm-‚ãP-GÛÅ-»ôhü  hGÝm-hÝÅ-ZÛ-
¤ºÛ-ºôh-hï-º²¤-zÞ-JÀÛP-ÇeïP-wôG-Ç+zÅ-¸Þ¼-DÞG-¤fº-
¸Þ¼-PP-wôG-GÛ-»ôh-q¼-zdïm-ZÛ-¤ô-fÞP-PÞ-»ôhü Eh-
VôÅ-hï-hG-Gô-¾ºÛ-±PÅ-fÛG-ºEôGÅ-q-¾-zdïm-mÅ-
‚ãP-GÛ-»ôhü 
 
 
 
 
 
 
 
 
mÝÅ-ÁÝGÅGTÛG-q-hï-Ez-ºhï¾-Vï-¼Þ-ºIô-z-»Ûm-m-±-
iôh-VßP-hÝ-ºIô-ˆÛ-»ôhü 
 
 
 
 
 
 
 
 
 
mÝÅ-ÁÝGÅ-GTÛG-q-Ç‰ÛP-qô-Vï-¼Þ-ÇkÝh-q-»Ûm-m-±-iôh-Vï-
¼Þ-ºIô-ˆÛ-»ôhü 
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Solstices 
The solstices are days when the Sun  
reaches its farthest northern and  
southern declinations. The winter  
solstice occurs on December 21 and  
marks the beginning of winter (this is  
the shortest day of the year). The  
summer solstice occurs on June 21  
and marks the beginning of summer  
(this is the longest day of the year).  
 
 
Equinoxes 
Equinoxes are days in which day  
and night are of equal duration. The  
two yearly equinoxes occur when  
the Sun crosses the celestial equator.  
The vernal equinox occurs in late  
March (this is the beginning of spring  
in the Northern Hemisphere and the  
beginning of fall in the Southern  
Hemisphere); the autumnal equinox  
occurs in late September (this is the  
beginning of fall in the Northern  
Hemisphere and the beginning of  
spring in the Southern Hemisphere).  
 

Questions 
1.  Are the Earth's seasons caused  
 by the difference in distan- 
 ce from the Sun throughout the  
 year or the tilt of the Earth's  
 axis?  
 
2.  During which season do the  
 Sun's rays hit the Earth at the  
 most direct angle?  
 
 

h‚¼ - hG Ým -H Û - Z Û - ¿ k ô G ü 
h‚¼-hGÝm-HÛ-ZÛ-¿kôG-mÛ-ZÛ-¤-hï-‚P-xôGÅ-hP-¿Ëô-xôGÅ-
ˆÛ-ºEôG-±h-fG-¼ÛP-ÁôÅ-Å¼-ÇÀïzÅ-qºÛ-ZÛm-¤ô-n¤Å-
»Ûmü hGÝm-HÛ-ZÛ-¿kôG-hï-xÛ-¹- 12 HÛ-±ïÅ- 21 ¾-
‚ãP-GÛ-»ôh-q¼-zdïm-hGÝm-D-hï-mÅ-ºGô-º²âGÅ-ˆÛ-
»ôhü(ZÛm-hï¼-¾ô-GTÛG-mP-ZÛm-fÞP-ÁôÅ-»ôhü)     
h‚¼-HÛ-ZÛ-¿kôG-mÛ-xÛ-¹- 6 ±ïÅ- 21 ¾-‚ãP-GÛ-»ôh-
q¼-zdïm-h‚¼-D-hï-mÅ-ºGô-º²âGÅ-ˆÛ-»ôhü (ZÛm-
hï¼-¾ô-GTÛG-mP-ZÛm-¼ÛP-ÁôÅ-»ôhü) 
 
Z Û m - ¤±m -¤Z¤ - h ÝÅ ü  
ZÛm-¤±m-¤Z¤-hÝÅ-mÛ-ZÛm-hP-±m-GZÛÅ-hÝÅ-»Þm-¼ÛP-
±h-GTÛG-q-»Ûm-qºÛ-hÝÅ-»Ûmü ¾ô-¼ï-mP-ZÛm-¤±m-
¤Z¤-hÝÅ-GZÛÅ-¼ï-‚ãP-GÛ-»ôh-q-hP.ü hï-ZÛ-¤-m¤-
¤DºÛ-Ç+ïh-fÛG-L¾-q-¾-zdïm-mÅ-‚ãP-GÛ-»ôhü hrÛh-
;-ZÛm-¤±m-¤Z¤-hÝÅ-mÛ-xÛ-¹- 3 ¹-¤WâG-(ºhÛ-
Ç+zÅ-ÅºÛ-Gô-¾ºÛ-xïh-VºÛ-‚P-xôGÅ-ÅÞ-hrÛh-;-ºGô-
º²âGÅ-ˆÛ-»ôh-q-hP-ÅºÛ-Gô-¾ºÛ-xïh-VºÛ-¿Ëô-xôGÅ-ÅÞ-
hrÛh-;-µμôGÅ-ºIô-ˆÛ-»ôhü)Çeôm-D-¤Z¤-hÝÅ-mÛ-xÛ-¹- 
9 ¹-¤WâG- (ºhÛ-Ç+zÅ-ÅºÛ-Gô-¾ºÛ-xïh-VºÛ-‚P-
xôGÅ-ÅÞ-hrÛh-;-µμôGÅ-ºIô-ˆÛ-»ôh-q-hP-ÅºÛ-Gô-¾ºÛ-
xïh-VºÛ-¿Ëô-xôGÅ-ÅÞ-hrÛh-;-ºGô-º²âGÅ-ˆÛ-»ôh) 
 
i Û - z ü 
1]º²¤-JÀÛP-GÛ-m¤-hÝÅ-¤Û-ºi-hï-ZÛ-¤-hP-º²¤-JÀÛP-
z¼-HÛ-MP-±h-¾-Eh-q¼-»ôh-q-¾-zdïm-mÅ-‚ãP-»ôh-
h¤ü »P-m-Gô-¾ºÛ-±PÅ-fÛG-ºEôGÅ-q-¾-zdïm-mÅ-
‚ãP-»ôhü 
 
2]m¤-hÝÅ-G-¼ï-Ç+zÅ-ZÛ-¤ºÛ-ºôh-hï-º²¤-JÀÛP-¾-¸Þ¼-
DÞG-fh-;¼-PP-wôG-GÛ-»ôhü 
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The Moon 
The moon is Earth's only natural  
satellite. The moon is a cold, dry orb  
whose surface is studded with cra- 
ters and strewn with rocks and dust .  
The moon has no atmosphere.    
 
 
 
 
 
 
 
 
 
 
The same side of the moon always  
faces the Earth. The far side of the  
moon was first observed by humans  
in 1959 when the unmanned Soviet  
Luna 3 mission orbited the moon and  
photographed it. Neil Armstrong and  
Buzz Aldrin (on NASA's Apollo 11  
mission, which also included Michael  
Collins) were the first people to walk  
on the moon, on July 20, 1969.  
   
 
 
 
 
 
 
 
 
 
 
 
 
Size 
The moon's diameter is 3 476 km   
(a bit over a quarter of the Earth's  
diameter).  

¹ - z º Û - I ô P - ºE ï¼ ü 
¹-z-mÛ-º²¤-JÀÛP-GÛ-¼P-‚ãP-ºDô¼-Ç+¼-ŸÛG-»Ûmü ¹-z-
mÛ-IP-¤ô-hP-È-TP-GÛ-Ç+¤-qô-»Ûm-qºÛ-¹â¤-G¸ÞGÅ-Tm-
ŸÛG-»Ûm-q-¤-¸hü hïºÛ-xÛ-PôÅ-ÅÞ--ƒG-lô-hP-lÝ¾-ÅôGÅ-
z=¤-»ôhü ¹-zºÛ-IôP-ºEï¼-¾-½ÀâP-D¤Å-¤ïhü 
 
 
 
 
 
¹-zºÛ-xôGÅ-GTÛG-G-hÝÅ-»Ûm-»P-º²¤-JÀÛP-¾-D-
Gbh-ˆÛ-»ôhü ¹-zºÛ-xÛ-PôÅ-hï-hP-qô-xÛ-¾ô- 1959 
¾ô¼-¤Û-¤ïh-qºÛ-ºDô¼-Ç+¼-(Soviet Luna 3 

mission)hï-¹-zºÛ-IôP-ºEï¼-¾-ºDô¼-Bôh-‚ïh-qºÛ-
Ç+zÅ-ºi-hq¼-MG-»ôh-q-¾-zdïm-mÅ-¤fôP-»ôhü 
mÛ¾-Í¤-Å-côP- (Neil Armstrong) hP-zÅ-Íï¾-
iÛm-(Buzz Aldrin) GZÛÅ-ºDô¼-Ç+¼-(NASA's 
Apollo 11 mission) mP-»ôh-q-¤-¸h-DôP-±ôºÛ-
¤Z¤-¤-ÍÛ-D¾-;ô-¾Ûm-Å-(Michael Collins) 
»P-»ôh-qºÛ-DôP-±ôÅ-xÛ-¹- 7 ±ïÅ- 20 xÛ-¾ô- 
1969 ZÛm-¹-zºÛ-IôP-ºEï¼-ÇeïP-Gô¤-q-hP-ÁôÅ-ÇtôÅ-
»ôh-q-¼ïhü 
 
 
 
 
 
 
V -±h ü  
¹-zºÛ-Ç+ïh-fÛG-mÛ-;Û-¾ô-¤Û-‡¼- 3476 »ôhü (º²¤-
JÀÛP-GÛ-Ç+ïh-fÛG-¾Å-zŸÛ-V-GTÛG-®¤-»ôh-qü)  
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The gravitational tidal influence of the  
Moon on the Earth is about twice as  
strong as the Sun's gravitational tidal  
influence.  
 
 
 
 
 
 
 
 
 
Mass and Gravity 
The moon's mass is (7.35 x 1022 kg),  
about 1/81 of the Earth's mass.  
 
  
 
 
 
 
 
 
 
  
Temperature 
The temperature on the Moon  
ranges from daytime highs  
of about 130°C to night time lows  
of about -110°C  
 
Atmosphere 
The moon has no atmosphere. On the  
moon, the sky always appears dark,  
even on the bright side (because there  
is no atmosphere). Also, since sound  
waves travel through air, the moon is  
silent; there can be no sound trans- 
mission on the moon.  

¹-zºÛ-hÝÅ-½ÀzÅ-ÁÝGÅ-Aïm-HÛ-ºfïm-ÁÝGÅ-hï-º²¤-JÀÛP-
ÇeïP-ZÛ-¤ºÛ-hÝÅ-½ÀzÅ-ÁÝGÅ-Aïm-mÅ-¿kz-GZÛÅ-ˆÛ-Vï-z-
»ôhü 
 
 
 
 
 
 
¿ U Û - ± h - h P - º f ï m - Á ÝGÅ ü 
¹-zºÛ-¿UÛ-±h-mÛ-(7.35 x 1022 kg)»Ûm-q-hP-hï-
º²¤-JÀÛP-GÛ-¿UÛ-±h- 1/81 ®¤-»Ûmü  
 
 
 
 
 
 
 
± -±h ü 
¹-zºÛ-IôP-ºEï¼-HÛ-±-±h-mÛ-ZÛm-¤ô¼- 130°C hP-
¤±m-¤ô¼-±-±h- -110°C ®¤-»ôhü 
 
½ À â P - D¤Å ü 
¹-zºÛ-IôP-ºEï¼-ÇeïP-½ÀâP-D¤Å-¤ïhü ¹-zºÛ-IôP-
ºEï¼-ÇeïP-ºôh-wôG-qºÛ-xôGÅ-hï-»Ûm-»P-hïºÛ-m¤-¤Dº-
mÛ-dG-bà-mG-DÞP-»Ûmü(hï-½ÀâP-D¤Å-¤ïh-q-¾-zdïm-
mÅ-‚ãP-»ôhü) hï-¤-¸h-OºÛ-½ÀzÅ-hï-½ÀâP-Mãh-ºIâ¾-
zŸÝh-‚ïh-ˆÛ-»ôh-q¼-zdïm-¹-zºÛ-ÇeïP-O-ºIâ¾-zŸÝh-
‚ïh-¤Û-fÞzü 
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The origin of the moon 
Some scientists believe that the  
moon was formed from the material 
ejected after the Earth collided  
with a Mars-sized object. This  
ejected material coalesced into the  
moon that went into orbit around  
the Earth. This catastrophic colli- 
sion occurred about 60 million  
years after Earth itself formed  
(about 4.3 billion years ago). This  
is determined by the radioisotope  
dating of moon rocks  
 
Tides 
Tides are periodic rises and falls of  
large bodies of water. Tides are  
caused by the gravitational inter- 
action between the Earth and the  
Moon (and sun). The gravitational  
attraction of the moon causes the  
oceans to bulge out in the direction  
of the moon. Another bulge occurs  
on the opposite side. Since the  
earth is rotating while this is happe- 
ning, two tides occur each day.  
 
 
 
 
 
 
Questions 
 
1. Do we always see the same  
 side of the moon from Earth? 
 
2. Does the moon have an  
 atmosphere? 
 

¹ - z º Û - º ‚ ã P - D ÞPÅ ü 
±m-¼ÛG-q-ºGº-ŸÛG-GÛÅ-¹-z-mÛ-G¸º-Ç+¼-¤ÛG-¤¼-HÛ-
Vï-VßP-ºi-zºÛ-hPôÅ-µμÅ-ŸÛG-hP-º²¤-JÀÛP-mÅ-xÛ¼-
ºhô¼-‚Å-qºÛ-Ç+¼-µμÅ-ŸÛG-lÝP-fïzÅ-‚ãP-mÅ-VGÅ-q-
ŸÛG-¾-ºhôhü xÛ¼-ºhô¼-‚Å-qºÛ-Ç+¼-µμÅ-hï-¹-z-hP-
GTÛG-bà-ºhÝÅ-bï-º²¤-JÀÛP-¾-ºDô¼-zBôh-‚Å-Åôü 
Aïm-Pm-HÛ-lÝP-fïzÅ-hï-º²¤-JÀÛP-VGÅ-(VGÅ-¾ôü 
4.3 billion  ÇSôm-¾ü) mÅ-¾ô-Å--»-iâG-zTß-®¤-HÛ-
XïÅ-¾-‚ãP-z-»Ûmü hï-¼ï-‡Û-ºô-Í-Åô-‡ôz-iï-
‡ÛP.(radioisotope dating )fzÅ-¾¤-HÛ-fôG-mÅ-
¹-zºÛ-lô-¾-dôGÅ-ŸÛz-‚Å-bï-ÁïÅ-q-ŸÛG-»Ûmü  
 
h ÝÅ -½ À z Å ü 
hÝÅ-½ÀzÅ-mÛ-hÝÅ-hP-hÝÅ-ÅÞ-Vß-Vïm-n¤Å-¾-ºwï¾-ºIÛz- 
º‚ãP-z-ŸÛG-¾-Gôü hÝÅ-½ÀzÅ-mÛ-ÅºÛ-Gô-¾-hP-¹-zºÛ- 
(ZÛ-¤-) z¼-HÛ-ºfïm-ÁÝGÅ-¾-zdïm-mÅ-º‚ãP-z-ŸÛG-
»Ûmü ¹-zºÛ-ºfïm-ÁÝGÅ-¾-zdïm-mÅ-M-¤±ô-ºzÞ¼-hÝ-
fôm-bï-¹-zºÛ-xôGÅ-ÅÞ-G»ô-z-hPü ºzÞ¼-GŸm-ŸÛG-
¿kôG-xôGÅ-ÅÞ-G»ô-z-»Ûmü hï-º‚ãP-Ç+zÅ-ÅºÛ-Gô-¾-
¼P-ºDô¼-‚ïh-zŸÛm-»ôh-q¼-zdïm-ZÛm-¼ï-¾-hÝÅ-½ÀzÅ-
±¼-GZÛÅ-º‚ãP-Pôü  
 
 
 
 
 
 
 
iÛ-zü 
 
1] º²¤-JÀÛP-mÅ-¹-zºÛ-xôGÅ-GTÛG-dG-bà-¤fôP-
P¤ü  
 
2] ¹-z-¾-½ÀâP-D¤Å-»ôh-h¤ü 
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Stars in the sky 
 

 

 

 

 

 

 

 

 

 

 

 

North Circumpolar Stars 

m¤ -¤Dº Û - Ç e ï P - G Û - Ç +¼ - ¤ ü  
 
 
 
 
 
 

‚P -Ç o ï - h P - Z ï - z º Û - Ç +¼ - ¤ ü 
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Big Bear, Big Dipper 
The Big Dipper is pretty easy to find  
because its shape really looks like a  
water dipper. The Big Dipper is also  
part of a larger constellation.  
A constellation is a group of stars. 
  
 
 
 
 
 
 
 
The Big Dipper is also called the  
Big Bear. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
h ô¤ - V ï m ü V ß - B ô GÅ -V ï m - q ô ü  
Vß-BôGÅ-Vïm-qô-mÛ-½‰ïh-ÇÀ-Çeïü GP-»Ûm-Ÿï-mü hïºÛ- 
h‚ÛzÅ-G¸ÞGÅ-Vß-BôGÅ-hP-ÁÛm-bà-ºiü Vß-BôGÅ-Vïm-
qô-mÛ-Ç+¼-±ô¤-HÛ-V-ÁÅ-ŸÛG-»Ûmü  
Ç+¼-±ô¤-mÛ-Ç+¼-¤-±ôGÅ-q-ŸÛG-¾-Gôü  
 
 
 
 
 
 
Vß-BôGÅ-Vïm-qô-¾-hô¤-Vïm-»P-¸ï¼ü 
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North Star 
Look at the right side of the dipper. Touch  
the star on the upper lip of the Dipper with  
your thumb. Now stretch your hand up.  
Above your pinky is a most important star,  
the North Star. It is a bright sun far away.  
It is the only star that does not move du- 
ring the night or through the seasons. 

‚P - x ô GÅ -Ç +¼ - ¤ ü  
G»Å-xôGÅ-ÅÞ-zÇem-qºÛ-Vß-BôGÅ-ºhÛ-¾-G¸ÛGÅ-
ŸÛPü Vß-BôGÅ-ˆÛ-Çoï-¾-»ôh-qºÛ-Ç+¼-¤-hï-¾-Eôh-
ˆÛ-fï-zôP-GÛ-¼ïG-hGôÅü hï-mÅ-¾G-q-zBPÅ-
hGôÅü Eôh-ˆÛ-fï-VßP-GÛ-Zï-ºI¤-hÝ-»ôh-qºÛ-Ç+¼-
¤-hï-G¾-Vïm-HÛ-‚P-xôGÅ-Ç+¼-¤-¸ï¼-z-hï-»Ûmü 
hï-mÛ-fG-¼ÛP-hÝ-GmÅ-qºÛ-ZÛ-¤-ŸÛG-»Ûmü Ç+¼-¤-
hï-mÛ-¤±m-hP-m¤-hÝÅ-GP-¾-»P-ºGÝ¾-¤ïh-»Ûmü  
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Work sheet / North Circumpolar Stars 
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Orion 
                                                 

 

 

 

 

 

 

 

 

 

Lion 
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Sirius, the brightest star in our sky 
 

 

Questions 
 
1. Can we see Orion at 18:00? 
 
2. Can we see  Orion at 22:00? 
 
3. Where is the North-Star on our  
     map? 
 
4. Where can we find Cassiopeia  
    at 22:00? 
 
5. Where is the Big Dipper at 22:00? 
 
6. Can we see Leo tonight? 

i Û - z ü 
1] Vß-±ôh- 6 q-¾-P-±ôÅ- Orion ¤fôP-fÞz-z¤ü 
 
2] Vß-±ôh- 10 q-¾-P-±ôÅ- Orion  ¤fôP-fÞz-z¤ü 
 
3] P-±ôºÛ-Å-F-mP-hÝ-‚P-xôGÅ-Ç+¼-¤-G-q¼-ºhÝG-G¤ü 
 
4] Vß-±ôh- 10 q-¾-P-±ôÅ- Cassiopeia G-q¼-
¤fôP-P¤ü 
5] Vß-±ôh- 10 q-¾-Vß-BôGÅ-Vïm-qô-G-q¼-ºhÝG-G¤ü 
 
6] hï-¼ÛP-¤±m-¾-P-±ôÅ- Leo ¤fôP-fÞz-z¤ü  
 

Sirius  m¤ -¤Dº Û - Ç +¼ - ¤ - º ô h - ¤hPÅ -V ï -
Á ô Å - h ï - » Û m ü 
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Solution Date: 10th December, 470 north 

 
 
 

xÛ-¹- 12 ±ïÅ- 10 Vß-±ôh- 6 
Orion  ¤fôP-¤Û-fÞzü 

hzÞÅ-ÅÞ-‚P-xôGÅ-Ç+¼-¤ü 

xÛ-¹- 12 ±ïÅ- 10 Vß-±ôh- 10 

Big Dipper 

Cassiopeia 

Leo 

Orion 
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300 can be written as 3.102 
 
 
Convert  the following numbers 
 

5000 120000  600000000  

  7.103  23.104 
 
 

width = 100m  
 
 10? m 

width = 100000m  
 
 10? m 

width = 107 m  
 
 ?m 

width = 1013 m  
 
 ?m 

 

Decimal Power for big numbers 
(for big distances in astronomy) 

IPÅ-Vïm-n¤Å-ˆÛ-Vïh-hÝ-z T ß - ¸ Þ ¼ - z¯ ï GÅ -¤ ü(Mã-Ç+¼-
±m-¼ÛG-mP-GÛ-MP-±h-Vïm-qô-n¤Å-ˆÛ-Vïh-hÝü) 
IPÅ ü 300  m Û -  3*1002  ºhÛ-¿e¼-ºƒÛ-VôGü 
GÁ¤-GÅ¾-IPÅ-n¤Å-zXï-zOæ¼-GmP-¼ôGÅü 
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The Life and Death of Stars 
Astronomers believe that molecular  
clouds, dense clouds of gas located  
primarily in the spiral arms of gala- 
xies, are the birthplace of stars.  
Dense regions in the clouds collap- 
se and form "protostars". Initially,  
the gravitational energy of the  
collapsing star is the source of its  
energy. Once the star contracts  
enough that its central core can  
burn hydrogen into helium, it be- 
comes a "main sequence" star. 
 
Image of "Star Birth" Clouds in M16: 
 

 
 
 
 
 
 
 
 
 

 

 

Main Sequence Stars  
Main sequence stars are stars, like  
our Sun, that fuse hydrogen atoms 
together to make helium atoms in  
their cores. For a given chemical  
composition and stellar age, a stars' 
luminosity, the total energy radiated  
by the star per unit time, depends  
only on its mass. The more massive  
a main sequence star, the brighter  
and bluer it is. For example, Sirius,  

Ç +¼ - ¤ - hG -G Û - ± ï - h P - º hÅ -± ß¾ ü 
Gm¤-¼ÛG-¬-z-n¤Å-ˆÛ-ºhôh-±ß¾-¾ü Ç+¼-¤-hG-GÛ-fôG-¤ºÛ-
VGÅ-»Þ¾-mÛ-G®ô-zô-hGÝ-±ÛGÅ-ˆÛ-GTßÅ-ºDô¼-Tm-HÛ-V-ÁÅ-
mP-GmÅ-qºÛ-ºhÝÅ-lÝ¾-½ÀPÅ-G¸ÞGÅ-ˆÛ-vÛm-¤fÞG-qô-ŸÛG-
»ôh-q-hï-¾Å-Iâz-q-ŸÛG-»Ûm-q¼-ºhôhü vÛm-¤fÞG-qô-hï-
Z¤Å-q-¾-zdïm-mÅ-fôG-¤ºÛ-Ç+¼-¤-n¤Å-(Protostars 
)VGÅ-q¼-ºhôhü fôG-¤¼-Z¤Å-VGÅ-ºIô-zŸÛm-qºÛ-Ç+¼-
¤-hG-GÛ-ºfïm-ÁÝGÅ-hï-mÝÅ-ÁÝGÅ-ˆÛ-º‚ãP-DÞPÅ-»Ûm-q-»Ûh-
VïÅ-‚ïh-ˆÛ-»ôhü Ç+¼-¤-hï-GP-®¤-ºDÞ¤-q-hP-hïºÛ-hzÞÅ-ÅÞ-
»P-½ÀâP-(Hydrogen and Helium ) GZÛÅ-ºz¼-
fÞz-q-hP-hï-mÅ-Ç+¼-¤ºÛ-Mãm-¿km-G®ô-zô-hï-Iâzü  
Ç +¼ - ¤ - VGÅ -Ç e PÅ - ˆ Û - º i - hq¼ - Ÿ Û G ü ¾ ô - Å -
» ü 16 
 
 
 
 
 
 
 
 
 
 
 
M ã m - ¿ k m - G® ô - z ô º Û - Ç +¼ - ¤ ü 
 
Mãm-¿km-G®ô-zôºÛ-Ç+¼-¤-n¤Å-mÛ-P-±ôºÛ-ZÛ-¤-hP-ºi-zºÛ-Ç+¼-
¤ºÛ-¼ÛGÅ-»Ûm-ŸÛPü hï-±ôºÛ-hzÞÅ-ÅÞ-»P-
½ÀâP(Hydrogen)GÛ-lÝ¾-ym-DG-zŸÝ-ÆïÅ-‚ãP-Çeï-»P-½ÀâP-
(Helium )GŸm-hïºÛ-lÝ¾-ym-Iâzü Ç+¼-¤ºÛ-¾ô-hPü 
µμÅ-ˆÛ-Iâz-ÇePÅü Ç+¼-¤ºÛ-ºôh-¤hPÅü hÝÅ-ˆÛ-¯Û-GŸÛ-
GTÛG-¾-¤Eôm-Çkô¤-mÝÅ-ÁÝGÅ-GP-‚ãP-z-ÅôGÅ-Ç+¼-¤-¼P-
PôÅ-ˆÛ-¿UÛh-±h-¾-zdïm-HÛ-»ôhü Mãm-¿km-G®ô-zôºÛ-Ç+¼-¤-hï-WÛ-
®¤-¿UÛh-±h-Vï-z-»ôh-q-hï-zŸÛm-ºôh-¤hPÅ-»P-Vïü hqï¼-mü 
Sirius 
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the dog star, loca- 
ted to the lower left  
of the constellation  
Orion, is more mas- 
sive than the Sun,  
and is noticeably  
bluer.  

 

 

 

 

 

 

On the other hand, Proxima  
Centauri, our nearest neighbour, is  
less massive than the Sun, and is  
thus redder and less luminous.  

Death of an "Ordinary" Star 
Since stars have a limited supply  
of hydrogen in their cores, they  
have a limited lifetime.  
After a low mass star like the Sun  
exhausts the supply of hydrogen in  
its core, there is no longer any sour- 
ce of heat to support the core  
against gravity. The core of the star  
collapse under gravity's pull until it  
reaches a high enough density to  
start burning helium into carbon.  
Meanwhile, the stars' outer envelo- 
pe expands and the star evolves  
into a red giant. When the Sun be- 
comes a red giant, its atmosphere  
will envelope the Earth and our  
planet will be consumed in a fiery  
death. 

The Dog star  zTÅ-Ç+¼-±ô¤- Orion HÛ-ºôG-GÛ-
G»ôm-xôGÅ-ÅÞ-GmÅ-»ôhü hï-ZÛ-¤-¾Å-¿UÛh-±h-Vï-ŸÛP-ÇSôm-
¤hPÅ-ˆP-Vïü  
 
 
 
 
 
 
 
 
 
 
 
hï-¾Å-¿kôG-Çeïü Proxima Centauri mÛ-P-±ôºÛ-EÛ¤-
¤±ïÅ-Zï-ÁôÅ-hï-»Ûm-ŸÛPü hï-ZÛ-¤-¾Å-¿UÛh-±h-VßP-z-»ôh-q-
hPü h¤¼-¤hPÅ-Vï-ŸÛP-ºôh-VßP.ü 
 
u Û¼ - z bP -Ç +¼ - ¤ - n¤Å - ºhÅ -± ß¾ ü 
Ç+¼-¤-n¤Å-ˆÛ-hzÞÅ-ÅÞ-»P-½ÀâP-¤Dô-vôh-‚ïh-q-¾-¤fº-
¤±¤Å-»ôh-q¼-zdïm-hï-±ôºÛ-±ï-¾-»P-¤±¤Å-»ôhü 
¿UÛh-±h-VßP-zºÛ-ZÛ-¤-ºi-zºÛ-Ç+¼-¤-¾-hzÞÅ-ÅÞ-»P-½ÀâP-¤Dô-
vôh-‚ïh-»G-µμôGÅ-q-mü hïºÛ-hzÞÅ-ÅÞ-iôh-zCæm-fÞz-qºÛ-mÝÅ-
qºÛ-º‚ãP-DÞPÅ-¤ïh-q¼-zdïm-ºfïm-ÁÝGÅ-¾Å-Bôz-¤Û-fÞzü 
Ç+¼-¤ºÛ-hzÞÅ-hï-ºfïm-ÁÝGÅ-¾-zdïm-mÅ-Z¤Å-q¼-ºHã¼-bï-
¤fÞG-±h-GP-®¤-ÇÀïzÅ-q-hP-»P-½ÀâP-mG-µμÅ-ÅÞ-ºz¼-»G-
ºGô-z®ßGÅü hïºÛ-Ç+zÅ-Ç+¼-¤ºÛ-xÛ-¿tGÅ-GŸÛ-M-Vï-¼Þ-xÛm-q-
hP-Ç+¼-¤-h¤¼-¤hPÅ-Tm-HÛ-h‚ÛzÅ-G¸ÞGÅ-ŸÛG-bà-ºHã¼ü 
m¤-ŸÛG-ZÛ-¤-ºhÛ-h¤¼-¤hPÅ-Tm-HÛ-h‚ÛzÅ-G¸ÞGÅ-Vïm-qô-
ŸÛG-ºHã¼-±ïü hïºÛ-½ÀâP-D¤Å-ˆÛÅ-º²¤-JÀÛP-¾-¤fº-zÇ+ô¼-
‚ïh-q-hP-P-±ôºÛ-Mãh-Ç+¼-ºhÛ-ºhÅ-Mã-PïÅ-q-»Ûmü 
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During this brief phase of its exis- 
tence, which last only a few tens of  
thousands of years, the Sun will  
lose mass in a powerful wind.  
Eventually, the Sun will lose all of  
the mass in its envelope and leave  
behind a hot core of carbon imbed- 
ded in a nebula of expelled gas.  
The carbon core will eventually  
cool and become a white dwarf, the  
dense dim remnant of a once bright  
star. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
ZÛ-¤ºÛ-z;ôh-q-VGÅ-q-mÅ-h-hÝP-¾ô-zTß-yG-D-ÁÅ-¼ÛP-¾-hïºÛ-
¿UÛh-±h-w¾-Vï-z-½ÀâP-ÁÝGÅ-iG-qô-ŸÛG-GÛ-mP-¤ïh-q¼-VGÅ-
Mã-PïÅ-q-»Ûmü ¤f¼-fÞG-¾-ZÛ-¤ºÛ-¿UÛh-±h-»ôPÅ-µμôGÅ-
¤fº-zÇ+ô¼-‚Å-q¼-zdïm-mÅ-z½ÀG-ŸÛP-ZÛ-hzÞÅ-±-qô-mG-µμÅ-
hP-xÛ-hô¼-‚Å-qºÛ-½ÀPÅ-G¸ÞGÅ-mÛ-Ç+¼-vÛm-m¤-mÛ-zÞ-¾-( 
nebula ) ŸïÅ-q-hï-¿ËG-GÛ-»ôhü mG-µμÅ-¿km-qºÛ-hzÞÅ-
hï-¤f¼-fÞG-IP-¤ô-VGÅ-q-hPü (white dwarf ) 
ŸïÅ-q¼-ºHã¼-ŸÛPü hï-mÛ-ÇS-¤ôºÛ-ºôh-¤hPÅ-Tm-HÛ-Ç+¼-¤-
ŸÛG-hP-ºiü 
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Black Holes 
 
What is a black hole? 
A black hole is a region of space  
from which nothing can escape, not 
even light.  
 
To see why this happens, imagine  
throwing a tennis ball into the air.  
The harder you throw the tennis  
ball, the faster it travels when  
it leaves your hand and the higher  
the ball will go before turning back.  
If you throw it hard enough it will  
never return, the gravitational  
attraction will not be able to pull it  
back down. The velocity the ball  
must have to escape is known as  
the escape velocity and for the  
earth is about 11.2 km/s a second. 
 
As a body is crushed into a smaller  
and smaller volume, the gravitation- 
nal attraction increases, and hence  
the escape velocity gets bigger.  
Things have to be thrown harder  
and harder to escape. Eventually  
a point is reached when even light,  
which travels at 300’000 km/s is not  
travelling fast enough to escape. 
  
At this point, nothing can get out as  
nothing can travel faster than light.  
This is a black hole. 
 
Black holes were once massive  
stars that used up all their fuel. As  
they died out, they collapsed in- 
ward due to the pull of their own  
gravity.  
 

z Þ - G - mG - q ô ü  
z Þ - G - mG - q ô - G -¼ Û - » Û m - m¤ ü 
zÞ-G-mG-qô-mÛ-z¼-ÇoP-GÛ-V-ÁÅ-ŸÛG-»Ûm-¾ü hïºÛ-mP-GP-»P-
xÛ¼-fôm-‚ïh-¤Û-fÞz-ŸÛP.ü ºôh-ˆP-ƒôÅ-Áô¼-‚ïh-¤Û-fÞz-q-ŸÛG-
»Ûmü 
hï-G-ºi-‚ãP-¤Ûm-dôGÅ-ºhôh-mü ½ÀâP-D¤Å-mP-qô-¾ô-VßP-VßP-
ŸÛG-ºwïm-bï-ÁïÅ-fÞzü Eôh-ˆÛ-ÁÝGÅ-WÛ-®¤-HÛ-qô-¾ô-hï-ºwïm-q-
hï-zŸÛm-¾G-¤fÛ¾-¾Å-ºfôm-bï-¤f¼-fÞG-¤¼-¤-¿ËàP-z¼-fG-
¼ÛP-hÝ-zBôh-fÞzü G¾-ÆÛh-Eôh-ˆÛ-qô-¾ô-hï-ÁÝGÅ-iG-GÛ-ºwïm-
q-mü hï-¤¼-¿ËàP-¤Û-fÞzü GP-»Ûm-Ÿï-mü Gô-¾ºÛ-ºfïm-ÁÝGÅ-
ˆÛ-qô-¾ô-hï-¤¼-ºfïm-¤Û-fÞz-qºÛ-Aïm-HÛ-»Ûmü qô-¾ô-hï-PïÅ-q¼-
hÝ-ƒôÅ-Áô¼-fÞz-qºÛ-¥ã¼-±h-hï-¾-f¼ - z º Û - - ¥ ã¼ - ± h -¸ï¼-z-
hP-Gô-¾ºÛ-f¼-zºÛ-¥ã¼-±h-mÛü 11.2 km/s  ®¤-»Ûmü  
 
 
hPôÅ-G¸ÞGÅ-ŸÛG-Gmôm-z®Û¼-‚ãP-Çeï-zôPÅ-±h-WÛ-VßP-hÝ-xÛm-
q-mü ºfïm-ÁÝGÅ-WÛ-Vï¼-ºIô-GÛ-»ôhü hï-¾-zdïm-mÅ-f¼-zºÛ-
¥ã¼-±h-ˆP-WÛ-Vï¼-ºIô-GÛ-»ôhü hPôÅ-qô-n¤Å-f¼-fÞz-qºÛ-
Vïh-ÁÝGÅ-iG-ˆP-Vïm-qô-ŸÛG-GÛ-ºwïm-hGôÅü ¤f¼-fÞG-
GmÅ-ÇePÅ-ŸÛG-¾-ÇÀïzÅ-hÝÅ-ºôh-¾-¤HôGÅ-±h- 
(300’000 km/s)®¤-»ôh-ˆP-f¼--fÞz-qºÛ-Vïh-zBôh-
q¼-h;ºü  
 
GmÅ-ÇePÅ-hï-hÝÅü GP-»P-xÛ¼-ºhôm-¤Û-fÞz-Çeïü GP-»Ûm-
Ÿï-mü GP-GÛ-»P-ºôh-¾Å-¤HôGÅ-q-zBôh-¤Û-fÞzü ºhÛ-zÞ-G-
mG-qô-ŸÛG-¼ïhü  
 
hÝÅ-ŸÛG-¾-zÞ-G-mG-qô-n¤Å-ˆP-zÞh-µμÅ-»ôPÅ-µμôGÅ-zïh-uôh-
‚Å-¸Ûm-qºÛ-¿UÛh-¿km-Ç+¼-¤-DG-»Ûmü hï-±ô-ºhÅ-ºIô-Ç+zÅ-
¼P-GÛ-ºfïm-ÁÝGÅ-ˆÛ-mP-PôÅ-ÅÞ-ºfïm-q-ŸÛG-»Ûmü  
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It is very hard to see a black hole.  
Any object that gets too close to a  
black hole will be pulled inside it.  
We only know they are there be- 
cause of the effects they have on  
other objects that are near them.  
Any object, whether some dust, or  
a star, or anything, that gets too  
close to a black hole will be pulled  
inside it. As the objects fall toward  
the black hole, they heat up and  
get very hot. Scientists can use  
special instruments to detect the  
heat the objects give off. That is  
how we know a black hole must  
be there. (Some scientists believe  
that there is a black hole in our very  
own Milky Way.)  
 
Big Bang 
Georges Lemaitre, a Belgian astro- 
physicist and Catholic priest, came  
to be known as the "Father of the  
Big Bang". Lemaitre proposed that  
the Universe began as something  
hot and dense that exploded,  
causing space to expand outward.  
 
Today's Views 
What will happen with our  
Universe?  
Will it expand forever, expand to a  
certain size and stop, or will it stop  
and begin to collapse? Data sug- 
gesting that the Universe is expan- 
ding at an accelerating rate were  
published in 1998. For more than  
ten years astronomers studied the  
expansion of the Universe by mea- 
suring the red shift and brightness  
of distant objects. By 1998, enough  

 zÞ-G-mG-qô-mÛ-È-TP-¤fôP-h;º-Çeïü hPôÅ-qô-GP-ŸÛG-hïºÛ-Zï-
ºI¤-hÝ-º‚ô¼-±ïü hïÅ-¼P-GÛ-mP-hÝ-ºfïm-HÛÅ-»ôhü hï-±ô-hï-
¾-»ôh-hGôÅ-hôm-mÛ-hï-±ôÅ-¼P-GÛ-Zï-ºI¤-hÝ-»ôh-qºÛ-hPôÅ-qô-
GŸm-¾-Aïm-‚ïh-ˆÛ-»ôh-q-®¤-ÁïÅ-ˆÛ-»ôhü hPôÅ-qô-GP-»Ûm-
»Pü hqï¼-mü f¾-lÝ¾ü Ç+¼-¤-ÅôGÅ-G¾-ÆÛh-zÞ-GºÛ-Zï-
ºI¤-hÝ-ÇÀïzÅ-±ï-hïÅ-¼P-GÛ-mP-PôÅ-ÅÞ-ºfïm-HÛÅ-»ôhü 
hPôÅ-qô-hG-zÞ-GºÛ-xôGÅ-ÅÞ-¿ËàP-z-mü hï-±ô-¾-iôh-BïÅ-q-hP-
È-TP-±-qô¼-ºHã¼-HÛ-»ôhü ±m-¼ÛG-q-±ôÅ-ºyâ¾-VÅ-
h¤ÛGÅ-zÅ¾-ºGº-ŸÛG-zïh-uôh-‚ïh-hï-hPôÅ-qô-hï-±ôºÛ-iôh-WÛ-
¿e¼-JÀôh-ºIô¾-‚ïh-¤Ûm-dôGÅ-fÞz-q-»Ûmü hïºÛ-Mã-¤±m-HÛ-P-
±ôÅ-zÞ-G-hï¼-»ôh-q-ÁïÅ-fÞzü (±m-¼ÛG-q-ºGº-ŸÛG-GÛ-P-
±ôºÛ-hGÝ-±ÛGÅ-ˆÛ-mP-hÝ-»P-zÞ-G-ŸÛG-»ôh-q-ºhôhü) 
 
 
 
GÅ - f ô¼ - V ï m - q ô ü  
Belgium  mÅ-»Ûm-qÅ-Mãh-Ç+¼-hPôÅ-D¤Å-±m-¼ÛG-q-hP-
»ï-ÁÝºÛ-VôÅ-qü Georges Lemaitre  mÛ-GÅ-fô¼-Vïm-
qôºÛ-¿e-±ß¾-HÛ-GÅô¾-zÇeôh-q-qô¼-PôÅ-º²Ûm-‚ïh-ˆÛ-»ôhü DôP-
GÛ-zXôh-hôm-¾ü GP-ŸÛG-±-qô-hP-¤fÞG-qô-»ôh-q-ŸÛG-GÅ-
fô¼-‚ãP-Çeï-ºWÛG-dïm-fôG-¤¼-VGÅ-q¼-º²Ûm-ŸÛP.ü hïÅ-Aïm-
HÛÅ-z¼-ÇoP-xÛ-PôÅ-ÅÞ-WÛ-Vï¼-M-Bïh-ºIô-GÛ-»ôh-q¼-ºhôhü  
 
h ï P - h ÝÅ -ˆ Û - ¿ e - ± ß¾ ü  
P-±ôºÛ-ºWÛG-dïm-ºhÛ-¾-ºHã¼-z-WÛ-¿e¼-»ôP-GÛ-»ôh-h¤ü  
hï-Mãm-¤-Vh-q¼-WÛ-Vï¼-M-Bïh-ºIô-º¤ü »P-mü GP-®¤-
z¼-M-Bïh-xÛm-bï-ºHã¼-Mã-¤±¤Å-ºWôG-G¤ü »P-mü hï-
¤±¤Å-zŸG-Çeï-hï-ºhÅ-»G-ºGô-z®ßGÅ-Å¤ü xô-¾ôü 
1998 ¾ô¼-GmÅ-±ß¾-Çtï¾-GÅ¾-¿e¼-mü ºWÛG-dïm-HÛ-
D¤Å-ºhÛ-¥ã¼-qô-M-Bïh-ºIô-GÛ-»ôh-q-zÇemü ¾ô-zTß-®¤-¿ËG-
Gm¤-¼ÛG-¬æ-z-±ôÅ-ºWÛG-dïm-HÛ-D¤Å-M-Bïh-WÛ-¿e¼-ºIô-±ß¾-
h¤¼-qô-GmÅ-ºwô-hP-fG-¼ÛP-hÝ-»ôh-qºÛ-hPôÅ-qô-ºôh-¤hPÅ-
Tm-±ô¼-zdG-ŸÛG-‚Å-bï-ÁïÅü xÛ-¾ôü 1998 Çkôm-¾-±m- 
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information had been gathered to  
lead scientists to the startling  
discovery that the expansion of the  
Universe is not slowing but accele- 
rating. The collected data combined  
with information from other cosmo- 
logical studies strongly suggest that  
the Universe is filled with an uni- 
dentified form of energy (currently  
being called "dark energy" since we  
know nothing about it) that is cau- 
sing the expansion of the Universe  
to accelerate. If these observations  
and analyses turn out to be correct,  
the Universe would be expected to  
continue to expand forever. 
 
 

 
¼ÛG-q-±ô-¾-ÁïÅ-‚-GP-®¤-ŸÛG-»ôh-q¼-zdïmü DôP-±ô¼-
GÅ¼-ÁïÅ-‚ãP-z-ŸÛG-¾-ºWÛG-dïm-M-Bïh-¥ã¼-hÝ-ºIô-z-¾Å-
h¾-hÝ-ºIô-GÛ-¤ïh-q-ÁïÅü GmÅ-±ß¾-xôGÅ-zÇkÝÅ-‚Å-q-hP-
hï-zŸÛm-Gm¤-¼ÛG-GÛ-GmÅ-±ß¾-GŸm-¾-¿eôÅ-bïü ºWÛG-dïm-
HÛ-D¤Å-ºhÛ-PïÅ-q¼-¤ïh-qºÛ-mÝÅ-ÁÝGÅ-ˆÛ-DïPÅ-q¼-ºhôhü 
(hïP-ÅP-mÝÅ-ÁÝGÅ-hï-¾-mÝÅ-ÁÝGÅ-mG-qô-¸ï¼ü GP-»Ûm-Ÿï-
mü hïºÛ-Ç+ô¼-¾-GP-»P-ÁïÅ-ˆÛ-¤ïhü ) hïºÛ-Aïm-HÛ-ºWÛG-
dïm-M-Bïh-ºIô-ÇePÅ-hï-¥ã¼-qô-ŸÛG-»Ûm-q-ÁïÅü G¾-ÆÛh-ºhÛ-
ºiºÛ-dôGÅ-ŸÛz-hP-hrh-ŸÛz-n¤Å-zhïm-q-»Ûm-±ïü ºWÛG-
dïm-HÛ-D¤Å-ºhÛ-Mãm-¤Û-Vh-q¼-M-Bïh-ºIô-Mã-PïÅ-q-»Ûmü  


