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2.1 Introduction

3

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑎𝑎𝑎𝑎𝑎𝑎 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =
𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =

𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑜𝑜𝑜𝑜
𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎 𝑋𝑋 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑜𝑜𝑜𝑜
𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎 𝑋𝑋 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

z

x

y
𝑖𝑖𝑖𝑖

𝑗𝑗𝑗𝑗

𝑘𝑘𝑘𝑘
𝑟𝑟

Time and distance

𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡ℎ𝑒𝑒 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒐𝒐𝒐𝒐 𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩

Mass

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
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2.2 Newton's Law

1- A body remains at rest or in uniform motion unless 
acted upon by force. It is known as Inertia.

3- If two bodies exert force on each other , these forces 
are equal in magnitude and opposite in direction.(F1=-F2)

=∆𝑃𝑃

F1 F2

2- A body acted upon by a force movies in such a manner 
that the time rate of change of momentum equals the 
force. (F=∆𝑃𝑃 = 𝑑𝑑

𝑑𝑑𝑑𝑑
(𝑚𝑚𝑚𝑚) )

https://thephysicscrew.com/inertia/
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2.2 Newton's Law

𝑭𝑭𝟏𝟏 = −𝑭𝑭𝟐𝟐 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝑙𝑙𝑙𝑙𝑙𝑙 𝑜𝑜𝑜𝑜 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁.

𝒅𝒅𝒅𝒅𝟏𝟏

𝒅𝒅𝒅𝒅
= −𝒅𝒅𝑷𝑷𝟐𝟐

𝒅𝒅𝒅𝒅
from 2nd law of N.

𝒎𝒎𝟏𝟏
𝒅𝒅𝒅𝒅𝟏𝟏
𝒅𝒅𝒅𝒅

= −𝒎𝒎𝟐𝟐
𝒅𝒅𝒗𝒗𝟐𝟐
𝒅𝒅𝒅𝒅

𝒎𝒎𝟏𝟏𝒂𝒂𝟏𝟏 = −𝒎𝒎𝟐𝟐𝒂𝒂𝟐𝟐 𝒂𝒂𝒂𝒂 𝒂𝒂 =
𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

But 𝒎𝒎 is positive quantity , so this mean the acceleration vectors 
are oppositely directed   
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2.2 Newton's Law

𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

In regard , the body mass

𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

𝑭𝑭 = 𝒎𝒎𝒎𝒎 𝑾𝑾 = 𝒎𝒎𝒎𝒎



2.3 Frames of References

7

https://youtu.be/3yaZ7lkQPUQ

https://youtu.be/3yaZ7lkQPUQ


2.4 Equation of Motion

8

Newton’s equation 𝐹𝐹 = 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

can be expressed alternatively as :

𝐹𝐹 =
𝑑𝑑(𝑚𝑚𝑚𝑚)
𝑑𝑑𝑑𝑑

= 𝑚𝑚
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑚𝑚 ̈𝑟𝑟

𝐹𝐹(𝑟𝑟, 𝑣𝑣, 𝑡𝑡) 𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑎𝑎 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑎𝑎 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃



Problem of Block Sliding
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Example1:
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If a block slides without friction down a fixed , inclined plane with 𝜽𝜽 = 𝟑𝟑𝟑𝟑° , what 
is the block’s acceleration ? Find the velocity of the block after it moves from rest 
to a distance  x𝟎𝟎 down the plane?
Solution:
From the figure , there are two forces acting on the block
1- The gravitational force Fg.
2- The plane’s normal force N pushing the block upward 
on the block.
So the total force is constant:
𝑭𝑭𝒏𝒏𝒏𝒏𝒏𝒏 = 𝑭𝑭𝑭𝑭 + 𝑵𝑵

𝒂𝒂𝒂𝒂 ,𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 = 𝒎𝒎𝒓̈𝒓𝒎𝒎𝒓̈𝒓 = 𝑭𝑭𝑭𝑭 + 𝑵𝑵
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒃𝒃𝒃𝒃 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒊𝒊𝒊𝒊 𝒙𝒙 𝒂𝒂𝒂𝒂𝒂𝒂 𝒚𝒚.
𝒚𝒚 − 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 −𝑭𝑭𝑭𝑭 𝒄𝒄𝒄𝒄𝒄𝒄𝜽𝜽 + 𝑵𝑵 = 𝟎𝟎 … … … . (𝟏𝟏)
𝒙𝒙 − 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝑭𝑭𝑭𝑭 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 = 𝒎𝒎𝒙̈𝒙 … … … . (𝟐𝟐)

𝒙̈𝒙 =
𝑭𝑭𝒈𝒈
𝒎𝒎 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 = 𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 𝒂𝒂𝒂𝒂 ,𝑭𝑭𝑭𝑭 = 𝒎𝒎𝒎𝒎



Example1:
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𝟐𝟐𝒙̇𝒙𝒙̈𝒙 = 𝟐𝟐𝒙̇𝒙 𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽
𝑩𝑩𝑩𝑩𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 𝟐𝟐𝒙̇𝒙

𝒅𝒅
𝒅𝒅𝒅𝒅

̇𝒙𝒙𝟐𝟐 = 𝟐𝟐 𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽
𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

̇𝒙𝒙𝟐𝟐|𝟎𝟎
𝒗𝒗° = 𝟐𝟐 𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 𝒙𝒙|𝟎𝟎

𝒙𝒙°

𝒗𝒗°
𝟐𝟐 = 𝟐𝟐 𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 𝒙𝒙°

𝒗𝒗° = 𝟐𝟐 𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 𝒙𝒙°
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12

Consider that the coefficient of static fraction between the block and plane in 
Example 1 is 𝝁𝝁𝒔𝒔=0.4 , at which angle  𝜽𝜽 will the block start sliding if it is initially at 
reset.
Solution:
The static fractional force has the approximate 
Max. value

𝑭𝑭𝒏𝒏𝒏𝒏𝒏𝒏 = 𝑭𝑭𝑭𝑭 + 𝑵𝑵 + 𝒇𝒇

𝒂𝒂𝒂𝒂 ,𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 = 𝒎𝒎𝒓̈𝒓

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒃𝒃𝒃𝒃 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒊𝒊𝒊𝒊 𝒙𝒙 𝒂𝒂𝒂𝒂𝒂𝒂 𝒚𝒚.

𝒚𝒚 − 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝟎𝟎 = −𝑭𝑭𝒈𝒈𝒄𝒄𝒄𝒄𝒄𝒄 𝜽𝜽 + 𝑵𝑵… … … . (𝟒𝟒)

𝒙𝒙 − 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒎𝒎𝒙̈𝒙 = 𝑭𝑭𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 − 𝒇𝒇… … … . (𝟑𝟑)

𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 = 𝝁𝝁𝒔𝒔𝑵𝑵

𝒎𝒎𝒓̈𝒓 = 𝑭𝑭𝑭𝑭 + 𝑵𝑵 + 𝒇𝒇

𝑨𝑨𝑨𝑨 𝒕𝒕𝒕𝒕𝒕𝒕 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 , 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘 𝒃𝒃𝒃𝒃 𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖
𝒕𝒕𝒕𝒕 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌 𝒕𝒕𝒕𝒕𝒕𝒕 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 𝒂𝒂𝒂𝒂 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓.
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Just before the block starts to slide, the acceleration 𝒙̈𝒙 = 𝟎𝟎 ,𝑺𝑺𝑺𝑺

𝑨𝑨𝑨𝑨 𝒕𝒕𝒕𝒕𝒕𝒕 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 , 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘 𝒃𝒃𝒃𝒃 𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖
𝒕𝒕𝒕𝒕 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌 𝒕𝒕𝒕𝒕𝒕𝒕 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 𝒂𝒂𝒂𝒂 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓.

𝒇𝒇𝒔𝒔 = 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 = 𝝁𝝁𝒔𝒔𝑵𝑵 … … … . (𝟓𝟓)

By substituting eq (5) in (2)  and eq(4) 

𝒎𝒎𝒙̈𝒙 = 𝑭𝑭𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 − 𝝁𝝁𝒔𝒔𝑭𝑭𝒈𝒈 𝒄𝒄𝒄𝒄𝒄𝒄 𝜽𝜽… … . (𝟔𝟔)

𝒙̈𝒙 = 𝒈𝒈 (𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 − 𝝁𝝁𝒔𝒔𝒄𝒄𝒄𝒄𝒄𝒄 𝜽𝜽) … … . (𝟕𝟕)

𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽 = 𝝁𝝁𝒔𝒔 𝒄𝒄𝒄𝒄𝒄𝒄 𝜽𝜽 … … … … . … . (𝟖𝟖)

𝝁𝝁𝒔𝒔 =
𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔
𝒄𝒄𝒄𝒄𝒄𝒄 𝜽𝜽 = 𝒕𝒕𝒕𝒕𝒕𝒕 𝜽𝜽 𝜽𝜽 = 𝒕𝒕𝒕𝒕𝒕𝒕−𝟏𝟏 𝝁𝝁𝒔𝒔
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