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Scientific Method 
for gaining new knowledge 
(scientific laws and theories) 
 
1. Recognize a Question or a  

Problem 
 

2. Hypothesis (make a guess) 
 

3. Make a Prediction of the 
consequences if the  
hypothesis is correct 
 

4. Perform an Experiment to  
test the prediction 
 

5. Find a simple rule or formula  
to express this new knowledge 

 
Example 
Which has a bigger mass, a heavy  
or a light stone? 
 
Go through all the 5 steps above. 
 
 
 
1.  

 
 

2.  
 
 

3.  
 
 

4.  
 
 

5.   
 

±m -¼ Û G - G Û - f zÅ -¾¤ ü 
ÁïÅ-‚-GÅ¼-q-GôP-ºwï¾-»ôP-fzÅ-ÅÞü 
(±m-¼ÛG-GÛ-VôÅ-ZÛh-hP-Iâz-hômü) 
 
1]iÛ-z-º¤-hrh-GŸÛ-hï-PôÅ-º²Ûm-‚ïhü 
 
2]¼GÅ-qºÛ-Iâz-hômü (±ôh-hqG-‚ïhü) 
 
3]G¾-ÆÛh-¼GÅ-qºÛ-Iâz-q-hï-»P-hG-ŸÛG-»Ûm-
m-hïºÛ-XïÅ-ºƒÅ-n¤Å-ÇSôm-hqG-‚ïhü 
 
4]zdG-hrh-‚ïh-hï-ÇSôm-hqG-hï-±ôh-¿e-‚ïhü 
 
5]ÁïÅ-‚-GÅ¼-q-hï-ºIï¾-zXôh-fÞz-ÇÀh-OÛG-GŸÛ-
º¤-¯ÛÅ-ˆÛ-¾¤-¾ÞGÅ-Gô-dôGÅ-zhï-qô-ŸÛG-º±¾ü 
hq ï - ¤± ô m ü 
བོང་ཚད་ག་གི་ནང་ཆེ་བ་ཡོད་དམ་ ༡༽ 
དངོས་པོ་'ིས་པོ་ཞིག་དང་ཡང་ན་ ༢༽ དངོས་པོ་ཡང་མོ་ཞིག་། 
 
GôP-GÛ-Gô-¼Û¤-¿k-qô¼-»P-B¼-G¸ÛGÅ-hGôÅü 
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Measuring 
to measure means to compare  
with a Unit 
 
Length measuring 
 
How many feet? 
How many steps? 
 
International 
 
 
 
 
 
 
 
 
 
 
The Basic Unit of length is  
1 meter (1 m) 
 
 
Time measuring 
 
 
 
 
 
 
 
After 1 Day or 24 Hours we find the 
sun at the same position in the sky. 
1 hour = 3’600 seconds 
 
The Basic Unit of time is  
1 second (1 s)   
 
 
 

±h - º W¾ - »G ü 
±h-ºW¾-»G-mÛ-¯Û-GŸÛ-GP-ŸÛG-hP-zÇkÝ¼-z-¾-Gôü 
 
¼ Û P - ± h - ± h - º W¾ - »G ü 
 
wÛ-‡Û-G-±ôhü 
Gô¤-q-G-±ôhü 
 
M¾ - u Û º Û ü  
 
 
 
 
 
 
 
¼ Û P - ± h - ˆ Û - GŸ Û - ¯ º Û - ¯ Û - GŸ Û - m Û -  1 ¤ Û -
‡¼ - » Û m ü  
 
 
 
h ÝÅ -±h - º W¾ - »G ü 
 
 
 
 
 
ZÛm-GTÛG-G¤-Vß-±ôh- 24 XïÅ-¾-m¤-¤D¼-ZÛ-
¤ºÛ-GmÅ-ÇePÅ-GTÛG-¼P-¤fôP-GÛ-»ôhü 
Vß-±ôh- 1 =  Ç+¼-VG- 3600 
 
h ÝÅ -± ô h - ˆ Û - GŸ Û - ¯ º Û - ¯ Û - GŸ Û - m Û - Ç +¼ -
VG - 1 » Û m ü 
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Mass 
Commonly understood as:  
A certain amount of matter,    
(Quantity of matter in an object) 
 
 
Symbol: m 
  
 
Basic Unit: 1 kg (kilogram) 
 
Measurement 
by comparing  
 
 Balance  
 
 
 
 
 
 
 
 
 
 
 
   
1 kg = 1’000 g (gram) 
 
1 t (ton) = 1’000 kg 
 
 
Questions 
 
1.  5 kg = ? g          4. 2’000 g = ? kg  

2. 4’000 kg = ? t   5. 2 t = ? kg           

3. 4’000 kg = ? g  6. 2 t = ? g              
 

1kg 

¿ U Û h - ± h ü 
uÛ¼-zbP-GÛ-Gô-hôm-mÛü 
Mã-µμÅ-¤-ZÝP-z-ŸÛG-¾-Gô-hGôÅ-bïü 
(ºzï¤-G¸ÞGÅ-mP-Mã-µμÅ-¤P-ZÝPü) 
 
¤±ôm-dGÅü   m 
 
GŸÛ-¯ºÛ-¯Û-GŸÛü  1 kg (;Û-¾ô-ºGÛ-¼¤ü) 
 
±h-GŸÛ-zÇkÝ¼-bï-ºW¾-HÛ-»ôhü 
 
ÆP.ü   ºzï-¾m-ÅÛü 
 
 
 
 
 
 
 
 
 
 
1 kg    = 1000 g (ºGº-¼¤) 
 
1 t(=ômü)= 1000 kg  
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Mass properties 
 
Masses are constant 
(In our daily life experience)  
1kg of bread on earth and 1kg  
of bread on the moon is the same  
amount of bread in both places  
  
  
Inertia 
Masses are inert 
They don’t like to change their 
movement (direction and speed). 
There is a tendency to resist.  
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
Mass and Force 
There is attraction between two  
Masses.  
Our earth is a big mass and attracts  
us. This force we call weight.  
 
 

¿ U Û h - ± h - ˆ Û - E h - V ô Å ü 
 
¿ U Û h - ± h - n¤Å - ºH ã¼ - ¿ k ô G - ¤ ï h - q - Ÿ Û G -
¼ ï h ü 
(hÝÅ-Mãm-¤Û-±ïºÛ-Z¤Å-¥ôP-ü) 
Å-ÇeïP-GÛ-zG-¾ïz- 1Kg hP-¹-ÇeïP-GÛ-zG-¾ïz- 
1Kg  Å-GmÅ-GZÛÅ-;¼-zG-¾ïz-¤P-ZÝP-GTÛG-
¤±ßPÅ-¼ïhü 
 
z ï ¤ -GÁ Û Å ü 
¿ U Û h - ± h - n¤Å - ºG Ý ¾ - ¤ ï h -¼ ï h ü 
hï-±ô-ºGÝ¾-Bôh-ˆÛ-ºHã¼-z-¾-¤Û-hGº-Çeïü (D-
xôGÅ-hP-¤HôGÅ-±hü) 
hï-±ô¼-ºGôG-Lô¾-‚-MãºÛ-¼P-GÁÛÅ-»ôhü 
 
 
 
 
 
 
 
 
¿ U Û h - ± h - h P - Á ÝGÅ ü 
¿UÛh-±h-¿km-qºÛ-hPôÅ-qô-GZÛÅ-ˆÛ-hz¼-¾-ºfïm-
ÁÝGÅ-»ôhü 
P-±ôºÛ-ÅºÛ-Gô-¾-ºhÛ-¿UÛh-±h-¿km-qºÛ-GôP-zÞ-Vïm-qô-
ŸÛG-»Ûm-q-hP-ºhÛÅ-P-±ô-ºfïm-bï-GmÅ-»ôhü 
ÁÝGÅ-hï-¾-P-±ôºÛ- ¿ Y Û h - ± h -ŸïÅ-zXôh-ˆÛ-»ôhü 
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Force 
A force is a push or pull upon an  
object. It is an interaction between  
two objects. 
 
 
 
 
 
 
 
 
 
Symbol: F 
 
Basic Unit: 1 N (Newton)  
 
Gravity Force, Weight 
 
 
 
 
 
 
 
 
 
 
 
 
A mass of 100g is attracted by 
the big mass of the Earth with a  
force of roughly 1N 
 

M [kg] ~F [N] 
1  
5  
 200 

35  
 

Force measurement  
with a spring 

Á ÝGÅ ü 
ÁÝGÅ-mÛ-ºzï¤-G¸ÞGÅ-ÇeïP-ºfïm-ÁÝGÅ-hP-ºzÞh-
ÁÝGÅ-»ôh-q-¾-zdïm-mÅ-»Ûmü hï-mÛ-ºzï¤-G¸ÞGÅ-
GZÛÅ-ˆÛ-hz¼-wm-±ßm-¿eôÅ-¼ïÅ-ˆÛ-ºƒï¾-z-ŸÛG-¼ïhü 
 
 
 
 
 
¤±ôm-dGÅü  F 
 
GŸÛ-¯ºÛ-¯Û-GŸÛü  1 N ( mÛºÞ-=ômü) 
 
ºfïm-ÁÝGÅü ¿YÛh-±hü 
 
 
¿kï¤-¯Ûz-M-¤-º¤-ÅÛ-qÛ-¼ÛP-GÛ-ÁÝGÅ-±h-ºW¾-HÛ-
»ôhü 
 
ºfïm-ÁÝGÅ-ˆÛ-¤Û-¤¼-ºfïm-HÛÅ-»ôhü 
 
 
¿UÛh-±h- 100g ¿km-qºÛ-hPôÅ-qô-ŸÛG-ÅºÛ-Gô-¾ºÛ-
¿UÛ-±h-Vïm-qô-hïÅ-ÁÝGÅ- 1N ®¤-HÛ-¼P-xôGÅ-ÅÞ-
ºfïm-HÛ-»ôhü  
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Vectors 
Vector quantities have a size or  
magnitude and a specified direction. 
Vectors are often represented by  
arrows. 
  
A Force is a Vector.  
 
 
 
 
  Gravity Force 
 
  
 
 
 
 
 
 
 
 
 
 
Scalar 
Scalar quantities have a size or  
magnitude, but no direction is  
specified.  
 
Exercise 
Which is true? 
 
 Scalar Vector 
Mass   
Force   
Displacement   
Time   
Price   
 

10N 

F 

10N 
20N 

 
¶ ïG - c ô¼ ü 
¶ ïG - c ô¼ - Eôm-ºzô¼-ŸïÅ-q-hï-¾-Vï-VßP-»P-
m-zôPÅ-±h-hP-D-GÅ¾-xôGÅ-zTÅ-»ôhü 
¶ïG-cô¼-n¤Å-Mãm-hÝ-Åï-¤hº-fÛG-GÛ-¤±ôm-HÛ-
»ôhü 
 
Á ÝGÅ -mÛ- ¶ ï G - c ô¼ - HÛ-hqï-¤±ôm-ŸÛG-¼ïhü 
 
 
ÅºÛ-Gô-¾ºÛ- º f ï m - Á ÝGÅ ü 
 
 
 
 
 
 
 
 
 
ÅD ï -¾¼ ü 
ÅDï-¾¼-Eôm-ºzô¼-ŸïÅ-q-hï-¾-Vï-VßP-hP-
zôPÅ-±h-»ôh-ˆP-D-GÅ¾-HÛ- x ô GÅ -¤ ï h ü 
 
¢ ô P - ±m ü 
GÁ¤-GÅ¾-zhïm-q-GP-»Ûm-PôÅ-º²Ûm-hGôÅü 
 

 ÅDï-¾¼ü ¶ïG-cô¼ü 
¿UÛh-±hü   
ÁÝGÅü   
GmÅ-ÇtôÅü   
hÝÅ-±ôhü   
GôP-±hü   
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Questions 
What is the difference? 
(Explain what happens) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Exercises 

10
N

 

10N 

10N 

+ 4N 

4N -4N 

4N 2N 

2N 

-2N 

-2N 

4N 

4N 

-2
N

 

4N
 

+ 

+ 

+ 

+ 

+ 

+ 

= 

= 

= 

= 

= 

= 

= 

 
i Û - z ü 
Eh - q¼ - G -¼ ï - » ô h - ¤ ï h - G¸ Û GÅ -
¼ ô GÅ ü 
GP - º‚ ã P - z - h ï - ºI ï¾ - z Á h -GmP -
¼ ô GÅ ü 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
¢ ô P - z l¼ - G mP -¼ ô GÅ ü 

4N 

4N 
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Questions 
Explain what happens if the follo- 
wing forces act on the objects? 
How big is the net force? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Which forces act on an object  
 just lying on the ground? 
 
 
 
 
7. How much force acts on each  

of the 4 wheels? 
 
 
 
 

50N 50N 
50N 50N 40N 50N 50N 30N 50N 

30N 4kg 4kg 
1. 2. 3. 4. 
5. 

iÛ-zü 
G¾-bï-GÁ¤-GÅ¾-ÁÝGÅ-n¤Å-hPôÅ-qôºÛ-ÇeïP-wôG-
m-G-¼ï-‚ãP-GÛ-»ôh-¤ïh-ºIï¾-zÁh-GmP-¼ôGÅü 
Eôm-zÇkô¤Å-ÁÝGÅ-Vï-¾ôh-WÛ-®¤-»ôh-h¤ü 
6]Å-ÇeïP-GmÅ-»ôh-qºÛ-hPôÅ-G¸ÞGÅ-
hïºÛ-ÇeïP-ÁÝGÅ-GP-ºi-ŸÛG-GÛ-ÁÝGÅ-Aïm-
»ôh-h¤ü 
ºDô¼-¾ô-zŸÛ-qô-¼ï-¼ï-¾-ÁÝGÅ-WÛ-®¤-wôG-GÛ-»ôh-
h¤ü 
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Questions 
The girl weights 300N. Show the  
scale reading for each case. 
 

i Û - z ü 
zÞ-¤ô-hïºÛ-¿YÛh-±h 300N¼ïhü GÁ¤-GÅ¾-
GmÅ-ÇePÅ-¤Û-ºi-z-n¤Å-ˆÛ-±h-WÛ-®¤-»Ûm-
±ß¾-Çeôm-hGôÅü 

1 

2 

3 
4 

5 
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Questions 
1. When the painter stands in the  
    exact middle, the left scale reads  
    600N. Fill in the reading on the  
    right scale.  
 
 
 
 
 
 
 
 
 
 
2. The painter stands near the  
     right rope. Fill in the reading on  
     the right scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. The painter is hanging on the  
     right end. Fill in the reading on  
     the right scale. 
 

i Û - z ü 
1]¯Û-GbôP-¤Dm-hï-hˆÛ¾-PôÅ-ÅÞ-¾P-mÅ-»ôh-
mü ¾G-q-G»ôm-¾-»ôh-qºÛ-»ô-VÅ-ˆÛ-±h-mÛ 
600N¼ïhü G»Å-ˆÛ-±h-hï-GP-»Ûm-º±¾-
hGôÅü 

3ü¯Û-GbôP-¤Dm-hï-G»Å-xôGÅ-¾-hrP-»ôh-mü 
¾G-q-G»Å-xôGÅ-¾-»ôh-qºÛ-»ô-VÅ-hïºÛ-±h-
GP-»Ûm-º±¾-hGôÅü 

2ü¯Û-GbôP-¤Dm-hï-G»Å-xôGÅ-ˆÛ-fG-qºÛ-Zï-
ºI¤-hÝ-¾P-»ôhü G»Å-xôGÅ-ˆÛ-»ô-VÅ-hïºÛ-
±h-WÛ-»Ûm-º±¾-hGôÅü 
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4. The man weights 1000N and  
     stands in the middle of a board  
     that weights 200N. The ends of  
     the board rest on a bathroom  
     scale. Fill in the weight reading  
     of each scale.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. When the man moves to the left,  
    the scale closest to him reads  
     850N. Fill in the weight reading  
     of the other scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Questions 
 

¤Û-¿Yh-±h-1000N»Ûm-q-GTÛG-ÁÛP¾ïz-200N-

»Ûm-q-GTÛG-GÛ-hˆÛ¾-¾-¾P-»ôhü ÁÛP-¾ïz-
HÛ-¤fº-¸Þ¼-GZÛÅ-qô-»ô-VÅ-GZÛÅ-ˆÛ-ÇeïP-¾-
GmÅ-»ôhü 
»ô-VÅ-GZÛÅ-qôºÛ-ÇeïP-¿YÛh-±h-G-±ôh-»ôh-¤ïh-
º±¾-hGôÅü 

G¾-ÆÛh-¤Û-hï-G»ôm-xôGÅ-ÅÞ-ºIô-z-mü Dô-
¼P-GÛ-Zï-ºI¤-hÝ-»ôh-qºÛ-»ô-VÅ-hïºÛ-±h-
850N¼ïhü »ô-VÅ-GŸm-hï-¾-¿YÛh-±h-G-
±ôh-»ôh-¤ïh-º±¾-hGôÅü 
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Questions 
The woman supports a 100N load. 
How much force must she exert? 
(pictures 1, 2 and 3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How many strands of rope support  
the 600N weight? 
 
What is the force in the end held by  
the man? 

fG-qºÛ-@P-G-±ôh-ˆÛ-¿YÛh-±h600Nhï-ºhïGÅ-
ˆÛ-ºhÝG-G¤ü 
¤Û-hïºÛ-º²Ûm-qºÛ-fG-qºÛ-Çoï-hï-¾-ÁÝGÅ-WÛ-®¤-
»ôh-h¤ü 

1 
2 3 

4 iÛ-zü 
BïÅ-h¤m-hïºÛ-¿YÛh-±h-100N®¤-»¼-
ºhïGÅ-»ôhü BïÅ-h¤m-hïºÛ-ÁÝGÅ-WÛ®¤--
Mz-hGôÅ-Å¤ü  
¼Û-¤ôü 1 hP 2 hP 3 zTÅ-¾-
¿eôÅü 
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How big is the Force Fz  in 
the following situations? 

GÁ¤-GÅ¾-GmÅ-ÇePÅ-n¤Å-¾-ÁÝGÅ-ˆÛ-Vï-
±h-G-±ôh-»Ûm-m¤ü 
 2. 1. 3. 4. 

5. 
600N 

Fz 
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Repetition 
1.  What is the unit and symbol 
 for 
a)  mass  
b) time  
c) length 
d) force? 
 
2. What properties do you 
 know about mass? 
 
3. What is the difference bet-  

ween a vector and a scalar. 
 
4. How does the  

reading on the  
scale compare  
to her weight? 

 
 
 
5.  Which rope must  

be stronger? 
 
 
 
 
 
 
 
 
 
 
6. How big is the force in  the  

rope on the right site? 
 
 
 
 
 
 
 

zB¼ - ¢ ô P ü 
1] GÁ¤-¾-z;ôh-q-n¤Å-ˆÛ-¯Û-GŸÛ-hP-¤±ôm-dGÅ-G-
¼Û-¼ïhü 
;] ¿UÛh-±hü 
D] hÝÅ-±ôhü 
G] ¼ÛP-±hü 
P] ÁÝGÅü 
2] Eôh-ˆÛ-ÁïÅ-qºÛ-¿UÛh-±h-ˆÛ-Eh-VôÅ-n¤Å-GP-hP-
GP-»Ûmü 
3] ¶ïG-‡¼-hP-ÅDï-¾¼-HÛ-hz¼-¾-Eh-q¼-G-¼Û-»ôhü 
 
4] ¤ôºÛ-¿YÛh-±h-fÛG-ÁÛP-GÛ-±h-GŸÛ-hP-zÇkÝ¼-bï-WÛ-¿e¼-
>ÀôG-hGôÅ-Å¤ü 
 
 
 
 
5] GÁ¤-HÛ-fG-q-GZÛÅ-¾Å-GP-GÛ-z®m-q-»ôh-h¤ü 
 
 
 
 
 
 
 
 
 
6] G»Å-xôGÅ-ÅÞ-zÇem-qºÛ-fG-q-hï-¾-ÁÝGÅ-WÛ-®¤-Vï-
¾ôh-»ôhü 
 



Physics: Kinematic + Dynamic  Page 16 

12.9.2011 H. Meyerhans and W. Nater 

Aristotle 384-322 BC 
 
 
 
 
 
 
 
 
 
 
He thought:  
The speed of falling objects  
depends on their weight.  
Every motion is caused by a force.  
 
Copernicus 1473-1543 

 
In his theory the simplest way to  
explain the movement of sun, 
moon and planets was to assume 
that the earth circles the sun. 
 
Galileo Galilei 1564-1642 

 

Í ï -¼ Û Å - ‡ ô - ‡¾ ü 384 -322 BC 
 
 
 
 
 
 
 
DôP-GÛ-zÅ¤-±ß¾-¾ü 
hPôÅ-qô-¿ËàP-¤Dm-n¤Å-ˆÛ-¤HôGÅ-±h-mÛü hï-hG-GÛ-
¿YÛh-±h-¾-dïm-HÛ-»ôhü 
G»ô-¤GÝ¾-f¤Å-Th-ˆÛ-Aïm-mÛ-ÁÝGÅ-»Ûmü 
 
D ô - q ô¼ - m Û - DÅ ü 1473  – 1543  
 
 
 
 
 
 
DôP-GÛ-z¿e-Iâz-mPü ZÛ-¤-hPü ¹-zü G¸º-Ç+¼-
n¤Å-ˆÛ-¤GÝ¾-zBôh-ºIï¾-zXôh-‚ïh-ÇÀ-ÁôÅ-mÛü º²¤-
JÀÛP-GÛ-ZÛ-¤-¾-zÇ+ô¼-z-ºDô¼-zºÛ-zhïm-q-º²Ûm-»G-hï-
»Ûmü 
 
G ï -¾ Û -¾ Û º ô ü  G ï -¾ Û - » ï ü  1564 - 1642 
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He found that all objects fall at  
the same speed. He tested his  
hypothesis by experimenting. 
 
 
Galileo’s inclined Planes  

 
 

 
 
 
 
 
 
 
 
 
 
DôP-GÛ-ÁïÅ-dôGÅ-¾-hPôÅ-qô-±P-¤-¤HôGÅ-±h-
GTÛG-¤±ßPÅ-ˆÛ-¤¼-¿ËàP-GÛÅ-»ôhü DôP-GÛ-¼P-
GÛ-Iâz-¤fº-hï-Z¤Å-ŸÛz-‚Å-bï-zdG-hrh-‚Å-
»ôhü 
 
G ï -¾ Û -¾ Û º ô - » Û ü  GÅ ïG - Ç À ô G - qº Û - f P -
¤ ü 
 fÞ¼-GÅïGü ¤¼-xôGÅü 
   ¤HôGÅ-±h-ºw¼-HÛÅ-»ôhü 
 
 
 
 
 
fÞ¼-GÅïGü »¼-xôGÅü 
  ¤HôGÅ-±h-Z¤Å-ˆÛÅ-»ôhü 
 
 
 
 
fÞ¼-GÅïG-¤ïh-mü 
 ¤HôGÅ-±h-¾-ºHã¼-z-»ôh-h¤ü 
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A ball rolling down an incline on 
the left tends to roll up to its initial 
height on the right. The ball must 
roll a greater distance, as the angle 
of incline on the right is reduced. 
 
 
 
The less the upward slope, the  
more slowly the ball loses its speed.  
In the extreme case where there is  
no slope at all, when the plane is  
horizontal the ball should not loose  
any speed.  

 
 
In the absence of retarding forces,  
the tendency of the ball is to move 
forever. 

 
 
The property of an object tending  
to keep moving straight ahead he 
called inertia.  

G»ôm-xôGÅ-ˆÛ-GÅïG-ÇÀôG-ÇeïP-qô-¾ô-ŸÛG-¤¼-¿kïz-
¼Û¾-‚Å-q-hïü G»Å-xôGÅ-ˆÛ-GÅïG-ÇÀôG-ÇeïP-
»¼-¿kïz-¼Û¾-‚Å-bï-fôG-¤¼-HÛ-¤fô-±h-¾-zBôh-
fÞzü WÛ-ÆÛh-G»Å-xôGÅ-GÅïG-ÇÀôG-GÛ-Iâ-¸Þ¼-
VßP-PÞ¼-ºHã¼-z-zŸÛmü qô-¾ô-hï-MP-±h-Vï-z-hï-
zŸÛm-¿kïz-¼Û¾-fïzÅ-hGôÅü  
 
WÛ-ÆÛh-»¼-xôGÅ-fÞ¼-GÅïG-Z¤Å-q-zŸÛmü hï-
ÆÛh-ˆÛ-qô-¾ô-hïºÛ-¤HôGÅ-±h-Z¤Å-LÝh-h¾-hÝ-ºIô-
GÛ-»ôhü ¤±¤Å-¼ï-GmÅ-±ß¾-D-ÁÅ-¾ü GÅïG- 
ÇÀôG-¤ïh-qºÛ-fP-¤-Ç‰ô¤Å-qô-ŸÛG-GÛ-ÇeïP-qô-¾ô-»ôh-
q-hïºÛ-¤HôGÅ-±h-m¤-»P-Z¤Å-LÝh-¤Û-ºIôü 
 
G¾-ÆÛh-z;G-ºGôG-‚ïh-¤Dm-HÛ-ÁÝGÅ-¤ïh-q-mü 
qô-¾ô-hï-dG-bà-G»ô-¤GÝ¾-‚ïh-»G-GÛÛ-¼P-zŸÛm-
hP-¿kmü 
 
hPôÅ-qô-n¤Å-ˆÛ-¼P-zŸÛm-HÛ-GôP-hÝ-fh-;¼-G»ô-
¤GÝ¾-‚ïh-»G-Eh-VôÅ-hï-¾ü z ï ¤ -GÁ Û Å -¸ï¼ü 
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Isaac Newton 1642-1727 

 
Newton showed that the universe 
runs according to natural laws. 
He refined Galileo’s idea and made 
it its first law, appropriately called 
the law of inertia. 
 
Newon’s first law of motion 
 
 Every object continues its  

state of rest, or of uniform  
 motion in a straight line,  
 unless it is compelled to  
 change that state by forces  
 impressed upon it.  
 
 
Questions 
 
1.  What is the test for whether  
 or not a moving object is in  
     equilibrium? 
 
2. If you push on a crate with 
 a force of 100N and it slides 
 at a constant velocity, how 
 much is the friction acting 
 on the crate?  

Í Û - ÅG ü m Û º Þ - ‡ ô m ü 1642 – 1727 
 
 
 
 
 
 
 
mÛºÞ-‡ôm-HÛ-zÇem-hôm-¾ü ºWÛG-dïm-HÛ-D¤Å-ºhÛ-
¼P-º‚ãP-GÛ-VôÅ-ZÛh-¿e¼-ºIô-±ß¾-»ôhü  
DôP-GÛ-Gï-¾Û-¾Ûºô-GÛ-z¿e-±ß¾-¾-ºHã¼-zTôÅ-‚Å-bï-
¼P-GÛ-VôÅ-ZÛh-hP-qô-z¸ôÅ-q-hï-¾ü z ï ¤ -
GÁ Û Å - ˆ Û - V ô Å - Z Û h -ŸïÅ-¤ÛP-¼m-qô-hï-dGÅü 
 
m Û º Þ - ‡ ô m - H Û - G» ô - ¤G Ý ¾ - H Û - V ô Å - Z Û h -
h P - q ô ü  
 
WÛ-ÆÛh-GmÅ-ÇePÅ-¾-ÁÝGÅ-Aïm-HÛ-Çoôm-bï-ºHã¼-
¿kôG-¤-xÛm-z¼ü hPôÅ-qô-»ôPÅ-µμôGÅ-¤Þ-¤fÞh-
P¾-GÅôºÛ-GmÅ-ÇePÅ-¾-GmÅ-q-hPü »P-mü 
fh-;¼-fÛG-GÛ-ÇeïP-V-Ç‰ô¤Å-ˆÛ-G»ô-¤GÝ¾-mP-
GmÅ-ˆÛ-»ôhü 
 
i Û - z ü  
 
1] ¤GÝ¾-zBôh-Tm-HÛ-hPôÅ-qô-GP-ŸÛG-hô-
¤Z¤-»ôh-¤ïh-WÛ-¿e¼-dôGÅ-hGôÅ-Å¤ü 
 
2] G¾-ÆÛh-Eôh-ˆÛÅ-ÁÛP-Oô¤-ŸÛG-ÁÝGÅ-mÛºÞ-
‡ôm-zM-f¤-qÅ 100N ºwÞ¾-z-hPü hï-¤HôGÅ-
±h-zdm-qô¼-ÁÝh-MãG-‚ïh-q-mü hï-¾-ºGôG-ÁÝGÅ-
WÛ-®¤-HÛ-¾Å-‚ïh-ˆÛ-»ôh-h¤ü 
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Motion 
 
 
 
 
 
Everything moves. Even things 
that appear at rest move. They 
move relative to the sun and stars. 
When you are sitting on a chair, 
your speed is zero relative to the 
earth but 30km/s relative to the  
sun.  
 
Speed 
Speed is a measure of how fast  
something moves, measured by 
a unit of distance divided by a unit  
of time. 
 
   distance  d 
 Speed =    = 
      time  t 
 
 
Instantaneous Speed 
A car does not always move at the 
same speed. It may travel along a  
street at 50km/h, slow down to  
0km/h at a red light and speed up  
only to 30km/h because of traffic. 
You can tell the speed of the car 
at any instant by looking at its  
speedometer.  
The speed at any instant is the  
Instantaneous speed.       
 
 

G» ô - ºG Ý ¾ ü 
 
 
hPôÅ-qô-f¤Å-Th-ºGÝ¾-HÛÅ-»ôhü hPôÅ-qô-GP-
ŸÛG-P¾-GÅôºÛ-n¤-q-ÇoP-»P-ºGÝ¾-HÛÅ-»ôhü 
hï-±ô-ZÛ-¤-hP-Ç+¼-±ôGÅ-¾-zdïm-bï-ºGÝ¾-z-»Ûmü 
¼P-ZÛh-@Ýz-ˆG-ŸÛG-GÛ-ÇeïP-hÝ-zÇkh-hÝÅ-º²¤-
JÀÛP-¾-zdïm-bï-¼P-GÛ-¤HôGÅ-±h->Àh-;ô¼-»Ûm-
»P-ZÛ-¤-¾-zdïm-bï-¤HôGÅ-±h-f¼-‡Û-;Û-¾ô-¤Û-‡¼-
q¼-ÅïGÅ-Dï‡-(30Km/s)»Ûmü 
 
¤H ôGÅ -±h ü 
¤HôGÅ-±h-mÛ-GP-ŸÛG-¤HôGÅ-¾ôh-ºGÝ¾-HÛ-»ôh-
¤ïh-ˆÛ-±h-ºW¾-»G-hï-»Ûmü ±h-ºW¾-zbP-mÛ-
MP-±h-ˆÛ-¯Û-GŸÛ-hï-hÝÅ-±ôh-ˆÛ-¯Û-GŸÛ-»ÛÅ-zGôÅ-
hGôÅü 
 
 
 
 
ºy¾ - H Û - ¤H ô GÅ -±h ü 
¤ô-‡-ŸÛG-dG-bà-¤HôGÅ-±h-GTÛG-¼P-GÛ-ºGÝ¾-
HÛ-¤ïhü hï-Fô¤-¾¤-hÝ-ºIâ¾-zŸÝh-wÛzÅ-‡Û-;Û-¾ô-
¤Û-‡¼-q¼-Íºô¼-(50Km/h) ‚ïh-ÆÛh-hïü JÀôG-
h¤¼-zzÅ-±ßGÅ-ÅÞ-h¾-ŸÛP-º‚ô¼-Ç+zÅ-hïºÛ-
¤HôGÅ-±h-²Û-¼ô-;Û-¾ô-¤Û-‡¼-q¼-Íºô¼-(0km/h 

) »Ûm-q-hP-hï-mÅ-ºIÛ¤-ºIâ¾-º±P-ºGG-¾-
zdïm-mÅ-¼Û¤-HÛÅ-¤HôGÅ-±h-Çt¼-bï-hï-hÝÅ-hïºÛ-
¤HôGÅ-±h-f¼-‡Û-;Û-¾ô-¤Û-‡¼-q¼-Íºô¼- 
(30Km/h)»Ûmü 
¼P-ZÛh-mÅ-¤ô-‡-hïºÛ-ºy¾-HÛ-¤HôGÅ-±h-WÛ-»Ûm-
¤HôGÅ-±h-ºW¾-VÅ-¾-z¿eÅ-bï-zÁh-fÞzü 
GmÅ-Ç+zÅ-GTÛG-GÛ-¤HôGÅ-±h-¾-ºy¾-HÛ-
¤HôGÅ-±h-¸ï¼ü 

   MP-±hü   d 
   hÝÅ-±hü   t       
¤HôGÅ-±hü =   = 
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Questions 
1. As you read this, how fast are  
 you moving relative to the  
 chair you are sitting on?  
 Relative to the sun? 
 
2. What two units of measure- 
 ment are necessary for  
 describing speed? 
 
3. What kind of speed is registe- 
 red by an automobile speedo- 
 meter, average speed or  
 instantaneous speed? 
 
4. What is the average speed in  
 kilometers per hour of a horse  
 that gallops a distance of  
 15km in a time of 30min? 
 
5. How far does a horse travel if  

it gallops at an average speed  
of 25 km/h for 30min? 

 
6. In the following table, fill in the  
 distance we can travel in a  
 certain time with a certain speed.  
 
  Time 
  10min 30min 1.5h 1h 3h 

S
pe

ed
 12km/h      

30km/h      
60km/h      

 
7. Convert the following speed  
 values. 
 a) 36km/h =  ? m/s 
 b) 5m/s = ? km/h 
 c) 20m/s = ? km/h 
 d) 72km/h = ? m/s 

i Û - z ü 
1] Eôh-ˆÛ-ºhÛ->ÀôG-Ç+zÅ-@Ýz-ˆG-¾-zdïm-bï-
¤HôGÅ-¾ôh-WÛ-»Ûm-hP-ZÛ-¤-¾-zdïm-bï-¤HôGÅ-
¾ôh-WÛ-»Ûm-ƒÛÅü 
2] ¤HôGÅ-±h-ºIï¾-zXôh-‚ïh-Ç+zÅ-±h-
ºW¾-HÛ-¯Û-GŸÛ-GZÛÅ-G¾-Gmh-Vï-Çeïü hï-GZÛÅ-
GP-»Ûm-m¤ü 
3] ¤ô-‡ºÛ-¤HôGÅ-±h-ºW¾-VÅ-ˆÛ-¤HôGÅ-
±h-¼ÛGÅ-G-¼Û-fô-z;ôh-‚ïh-ˆÛ-»ôh-h¤ü V-Ç‰ô¤Å-
¤HôGÅ-±hü »P-mü ºy¾-HÛ-¤HôGÅ-±hü 
4] d-ŸÛG-MP-±h-wÛzÅ-‡Ûm-;Û-¾ô-¤Û-‡¼-
(15km )hÝÅ-±ôh-f¼-‡Û-¤Û-mÛ‡-(30min)¾-
MãG-GÛ-»ôh-q-»Ûm-mü hïºÛ-V-Ç‰ô¤Å-¤HôGÅ-±h-
WÛ-»Ûm-;Û-¾ô-¤Û-‡¼-q¼-Íºô¼-fôG-ƒÛÅü 
5] d-ºIÛ¤-ºIâ¾-‚ïh-¤Dm-ŸÛG-GÛ-V-Ç‰ô¤Å-
¤HôGÅ-±h-‡ôm-=Û-;Û-¾ô-¤Û-‡¼-q¼-Íºô¼-
(25km/h)»Ûm-q-ŸÛG-GÛ-Vß-±ôh-xïh-;-
(30min)MãG-q-»Ûm-mü hï-fG-¼ÛP-¾ôh-zBôh-
fÞz-z¤ü 
6] P-±ôÅ-¤HôGÅ-±h-GP-ŸÛG-GÛ-hÝÅ-±ôh-GP-
ŸÛG-mP-MP-±h-G-±ôh-ºIÛ¤-ºIâ¾-‚ïh-fÞz-¤Ûm-
GÁ¤-GÅ¾-¼ïºÞ-¤ÛG-mP-D-Ç+ôP-‚ïh-hGôÅü 
 
 
 
 
 
 
GÁ¤-GÅ¾-¤HôGÅ-±h-ˆÛ-ºzô¼-n¤Å-zXï-Nå¼-
GmP-¼ôGÅü 
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Working with the following units is 
recommended. 
 

speed time distance 
km/h h km 

or 
m/s S m 

 

8. A car travels 200m in 10s. 
 What is its speed? 
 
9. Use the speed  

triangle  to work  
out the time it  
would take  

 
 for a person jogging at a  
 speed of 3m/s to travel 3000m.   
 
10. Two runners race around a  

400m track. One runs steadily  
at 10m/s. The second runs  
slowly at the start but gets  
faster toward the end of the  
race. They both cross the  
finishing line at the same time. 
 

 a) What are the runners’ times  
     for the race? 
 

 b) What is the average speed  
     of the second runner? 

 
 c) Which runner reaches the   

    highest instantaneous speed? 
 
11. Find out the missing values. 
 

speed time distance 
10km/h 3h  
 1.5h 18000m 
36km/h  72km 
80km/h 30min  
2m/s 10s  
 20s 30m 
4m/s 1.5s  
5m/s  150m 
 

8] ¤ô-‡-ŸÛG-GÛÅ-Ç+¼-VG-zTß-(10s)mP-¤Û-
‡¼-(200m)ºIÛ¤-ºIâ¾-‚ïh-ˆÛÅ-»ôhü ¤ô-‡-
hïºÛ-¤HôGÅ-±h-G-±ôh-»Ûm-m¤ü 
9] ¤Û-ŸÛG-GÛ-MãG-±h-(3m/s)mP-
(3000m)ºIÛ¤-ºIâ¾-‚ïh-ˆÛ-»ôh-±ïü G»ôm-
xôGÅ-ÅÞ-zÇem-qºÛ-¸Þ¼-GÅÞ¤-¤HôGÅ-±h-ˆÛ-¢ô¼-
fzÅ-zïh-uôh-zbP-Çeï-hÝÅ-±ôh-WÛ-®¤-ºGô¼-¤Ûm-
º±ô¾ü 
 
10] MãGÅ-¤Dm-GZÛÅ-ˆÛÅ-(400m)®¤-
MãG-qºÛ-Ç+zÅü MãG-¤Dm-GTÛG-GÛÅ-MãG-±h-
(10m/s)Gbm-qô¼-MãG-q-hPü MãG-¤Dm-
GZÛÅ-q-hïÅ-fôG-¤¼-h¾-qô¼-MãG-q-hP-¤fº-¤¼-
¼Û¤-HÛ-¤HôGÅ-ÅÞ-ºIô-zÅü MãG-¤Dm-GZÛÅ-;-
µμôGÅ-fÛG-¾-hÝÅ-¤Z¤-hÝ-º‚ô¼-z-¼ïhü 
 
;]MãG-¤Dm-HÛ-MãG-Ç+zÅ-hÝÅ-±ôh-WÛ-»Ûm-ƒÛÅü 
 
D]MãG-¤Dm-GZÛÅ-qºÛ-uÛ-Ç‰ô¤-¤HôGÅ-±h-G-
±ôh-»Ûm-m¤ü 
 
G]MãG-¤Dm-ÅÞ-»Û-ºy¾-HÛ-¤HôGÅ-±h-¤fô-
ÁôÅ-¾-ÇÀïzÅ-Å¤ü 
 
11] ¤-GmÅ-¤-±P-z-n¤Å-º±ô¾-hGôÅü 

s 

d 

t 
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Repetition 
 

1. What is your approximate  
 walking speed? 
 

2. You have to walk a distance 
of 12 km. How long will it take? 
 

3. You have been walking for 1h  
and 15 minutes. Approximately  
how much distance have you  
covered? 
 

4. How fast is the speed of sound? 
 

5. After seeing a lightning bolt 
you start counting. When you  
reach the number 10 you can  
hear the thunder. How far away  
was the lightning bolt?  
 

6. How fast is the speed of light? 
 

7. How far away from Earth is the 
nearest star? 
 

8. In an airplane with the speed of 
1000km/h, how long would it take  

 to travel from Earth to our sun? 
 

9. Somebody travels half of a  
distance of 240 km at 40km/h 
and the rest at 60km/h. What 
 is the average speed?  

zB¼ - ¢ ô P . ü  
 
1] Eïh-¼P-GÛ-Gô¤-q-Mz-qºÛ-¤HôGÅ-±h-±ôh-
hqG-‚Å-m-G-±ôh¼ïh-ºhÝG-G¤ü  
 
2] G¾-bï-Eïh-¼P-MP-±hü 12 km ºIô-z-
»Ûm-m-hÝÅ-»Þm-G-±ôh-ºGô¼-HÛ-»ôh-h¤ü 
 
3] G¾-bï-Eïh-¼P-Vß-±ôhü 1 hP-Ç+¼-¤ü 
15 ¼ÛP-Gô¤-q-Mz-mÅ-ºIô-z-»Ûm-MP-±h-G-±ôh-
ºIô-fÞz-z¤ü  
 
4] O-»Û-¤HôGÅ-±h-GP-¼ïh-h¤ü 
 
5] JÀôG-ºEãG-ŸÛG-¤fôP-zÅ-XïÅ-¾¤-ÅïP-
IPÅ-¯ÛÅ-qºÛ-Ç+zÅ-IPÅ-zTß-»Û-XïÅ-¾-ºƒâG-
Ç+h-fôÅ-q-»Ûm-m-¼P-ZÛh-JÀôG-ºEãG-ÅºÛ-GmÅ-
mÅ-MP-±h-¼ÛP-fÞP-G-±ôh-¾-»ôh-h¤ü  
 
6] ºôh-ˆÛ-¤HôGÅ-±h-GP-»Ûm-m¤ü  
 
7] Ç+¼-¤-Zï-ÁôÅ-hï-º²¤-zÞ-JÀÛP-mÅ-MP-±h-G-
±ôh-Å¼-»ôh-h¤ü 
 
8] G¾-bï-Gm¤-Iâ-ŸÛG-GÛ-¤HôGÅ-±hü 
1000km/h  »Ûm-m-Gm¤-Iâ-hï-º²¤-zÞ-JÀÛP-
mÅ-ZÛ-¤ºÛ-Å¼-ºIô-Vïh-hÝÅ-»Þm-G-±ôh-ºGô¼-HÛ-
¼ïh-h¤ü  
 
9] G¾-bï-¤Û-ŸÛG-GÛ-MP-±hü 240 km  
hïºÛ-xh-;-¤HôGÅ-±hü 40km/h  PP-ºIô-z-
hP-hïºÛ-¿ËG-¤-hï-¤HôGÅ-±hü 60km/h  PP-
ºIô-z-»Ûm-m-hïºÛuÛ-Ç‰ô¤-¤HôGÅ-±h-GP-¼ïh-h¤ü 
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Distance-time graph         MP -±h - h P - h ÝÅ -± ô h - ˆ Û - h q ï -¼ Û Å ü 
 
  Time 
  10min 30min 1h 2h 3h 

Sp
ee

d 30km/h      

60km/h      

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tell the story to the following graphs.  GÁ¤ -GÅ¾ - h q ï -¼ Û Å -¾ - G ¸ Û GÅ - b ï -

ºI ï¾ - z Á h - ƒ Û Å ü 

Distance (km) Time (h) 1 2 3 
0 50 
100 150 200 

Distance  

Time  Time  

Distance  

 



Physics: Kinematic + Dynamic  Page 25 

12.9.2011 H. Meyerhans and W. Nater 

Tell the story of the following graphs.  GÁ¤ -GÅ¾ - h q ï -¼ Û Å -¾ - G ¸ Û GÅ - b ï -
ºI ï¾ - z Á h - ƒ Û Å ü 

d[m] 

t[s] 

d[m] 

t[s] 

d[m] 

t[s] 

d[m] 

t[s] 

d[m] 

t[s] 

d[m] 

t[s] 

d[m] 

t[s] 

A 

B 

A 

B 

A 

B 

1 3 

5 6 4 

7 8 

d[m] 

t[s] 

2 

d[m] 

t[s] 

9 
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Exercise 
3 cars (car 1, car 2, car 3) travel  
between 3 villages  
(village A, village B, village C)  
 
a)  Which car travels from village A 

to village B and how long does 
it take? 

 
  

¢ ô P - z l¼ ü 
zŸôm-ºDô¼-GÅÞ¤ü{zŸôm-ºDô¼ü 1 zŸôm-
ºDô¼ü 2 zŸôm-ºDô¼ü 3} IôP-GÅïz-
GÅÞ¤ü{IôP-GÅïzü ;ü IôP-GÅïzü Dü 
IôP-GÅïzü Gü} HÛ-hz¼-ºIâ¾-zŸÝh- ‚ïh-
»ôhü 
;] zŸôm-ºDô¼-G-¼ï-IôP-GÅïz-;-mÅ-IôP-
GÅïz-D-z¼-ºIâ¾-zŸÝh-‚ïh-»ôh-q-hP-hÝÅ-»Þm-G-
±ôh-ºGô¼-»ôh-h¤ü 
 

1 

2 

3 

d [km] 

t [min] 

 10  20  30  0 

 10 

 20 

 30 

 40 

A 

B 

C 
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b)  Which car travels from village B 
 to village A and how long does 
 it take? 
 
 
c) How far away from village A are 
 all the cars after 16 minutes? 
 
 
d)  How far away from Village B are 
 car 1 and car 2 after 16 minutes? 
 
 
 
e) At what time does car 3 meet  

car 1 and car 2? 
 
 
f) What is the speed of the 3 cars? 
 
 
g) How can we see in the diagram 
 if a car is faster than another? 
 
 
 
h) After what time will car 2 reach 

village C? 
 

 
i) Which line would represent a 
 not moving car in village B?  

 
 
k) A car moves with 60km/h from 
 from village C to village B. How 
 long will it take ? 
 

 
 

D] zŸôm-ºDô¼-GP-GÛ-IôP-GÅïz-Dü mÅ-IôP-
GÅïz-;ü z¼-ºIâ¾-zŸÝh-‚ïh-ˆÛ-»ôh-h¤ü hïÅ-
hÝÅ-±ôh-G-±ôh-ºGô¼-HÛ-»ôh-h¤ü 
 
G] Ç+¼-¤ü 16 XïÅ-zŸôm-ºDô¼-n¤Å-IôP-
GÅïz-;ü mÅ-MP-±h-GP-Å¼-GmÅ-»ôhü 
 
P] Ç+¼-¤ü 16 XïÅ-IôP-GÅïz-Dü mÅ-
zŸôm-ºDô¼ü 1 hP-zŸôm-ºDô¼ü 2 GZÛÅ-MP-
±h-GP-Å¼-GmÅ-»ôhü 
 
T] hÝÅ-»Þm-G-±ôh-XïÅ-¾-zŸôm-ºDô¼ü 1 
zŸôm-ºDô¼ü 2 hP-zŸôm-ºDô¼ü 3 n¤Å-fÞG-
G¤ü 
 
V] zŸôm-ºDô¼-GÅÞ¤-HÛ-¤HôGÅ-±h-hï-G-¼ï-
¼ïh-h¤ü  
 
W] G¾-bï-zŸôm-ºDô¼-ŸÛG-GŸm-¾Å-¤HôGÅ-
q-»ôh-m-P-±ôÅ-¼Û-¤ôºÛ-mP-GP-ºi-‚Å-mÅ-¤fôP-
fÞz-z¤ü  
 
Z] hÝÅ-±ôh-G-±ôh-ˆÛ-XïÅ-ÅÞ-zŸôm-ºDô¼ü 2 
IôP-GÅïzü Dü ¾-º‚ô¼-HÛ-»ôh-h¤ü  
 
b] IôP-GÅïzü Dü mP-fÛG-G-¼ïÅ-zŸôm-
ºDô¼-ºIâ¾-zŸÝh-¤Û-‚ïh-ŸÛG-zbôm-fÞz-z¤ü  
 
f] zŸôm-ºDô¼-ŸÛG-GÛ-¤HôGÅ-±hü 
60km/h  PP-IôP-GÅïzü Gü mÅ-IôP-
GÅïzü Dü z¼-ºIâ¾-zŸÝh-‚ïh-q-»Ûm-m-hÝÅ-
±ôh-G-±ôh-ºGô¼-HÛ-»ôh-h¤ü  
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Exercise 
A car travels from village B to  
village A with a speed of 60km/h.  
10 minutes later a second car 
starts in village A in direction 
village B at 90km/h. 
After how many minutes and how  
far away from village A will they  
meet each other?  
 
  
 
 

¢ ô P - z l¼ ü 
GŸôm-ºDô¼-ŸÛG-IôP-GÅïz- D- mÅ-¤HôGÅ-
±h- 60km/h  ®¤-¾-IôP-GÅïz- ;- ¾-ºIÛ¤-
ºIâ¾-‚ïh-ˆÛ-»ôhü Ç+¼-¤- 10 XïÅ-¾-GŸôm-
ºDô¼-GŸm-ŸÛG-IôP-GÅïz- ;- mÅ-¤HôGÅ-±h- 
90km/h  ®¤-¾-IôP-GÅïz- D- xôGÅ-ÅÞ-ºIô-
ºGô-º®ßGÅ-q-¼ïhü 
IôP-GÅïz- ;- mÅ-MP-±h-WÛ-®¤-hP-Ç+¼-¤-G-
±ôh-XïÅ-¾-GŸôm-hï-GZÛÅ-ºyh-h¤ü d [km] 

t [min] 

 10  20  30  0 

 10 

 20 

 30 

 40 

A 

B 


