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Lecture Nine, Ten: The Newton’s laws

Dr. Tasneem Hassan, Dr. Alaa Mustafa

Newton Law

The study of motion is called Mechanics, kinematics only describes the way
objects move—their velocity and their acceleration. Dynamics is the study of how
forces affect the motion of objects and systems. It considers the causes of motion
of objects and systems of interest, where a system is anything being analyzed. The
foundation of dynamics is the laws of motion stated by Isaac Newton (1642—
1727). Newton’s Laws we begin the study of how motion occurs in the real world.
The relation between force and acceleration was given by Isaac Newton in his
three laws of motion, which form the basis of elementary physics.

These laws provide an example of the breadth and simplicity of principles under
which nature functions. They are also universal laws in that they apply to situations
on Earth and in space.

+ Foundations of Newtonian Mechanics Three fundamental quantities:
(i) Mass
(ii) Motion

(iii) Force

Law 1

Everybody continues in its state of rest or of uniform rectilinear motion
except if it is compelled by forces acting on it to change that sate.
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Law 2

The change of motion is proportional to the applied force and takes place
in the direction of the straight line along which that force acts.

9 4GS aa e g Ao 55 3al) a5 58l Alana pa Lia b Ll aruad) Joadh ety
dlasal) slad) (udly ¢ 6S



1 Axaly 1 sy 380 Bala/ A oY) Alda jal) / ciladaly 1) and

Lecture Nine, Ten: The Newton’s laws

Dol S O AL Aaaly ) Aal)
sl dlasa a JIS) )l U8 anadl e < 5D

Sl Unit for Force

(kg)(sgz) =1(gs—;m

This combination of units is called a newton (N)

Units for Mass, Acceleration, and Force

System Mass Acceleration Force

SI kilogram (kg) meter/second’ (m/s?) newton (N)
CGS gram (g) centimeter/second” (cm/s?) dyne (dyn)
BE slug (sl) foot/second? (ft/s?) pound (Ib)
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Examples of Forces

One of the most familiar forces is the weight of a body, which is the
gravitational force that the earth exerts on the body. (If you are on another planet,

your weight is the gravitational force that planet exerts on you).

Newton’s second law tells us that a force must act to produce this
acceleration. If a 1-kg body falls with an acceleration of 9.8 m/s? the required force

has magnitude
F =ma=(1kg) (9.8 m/s?)=9.8 kg.m/s?> =9.8 N

The force that makes the body accelerate downward is its weight. For
all masses near the earth’s surface, the earth exerts a downward gravitational force

which is known as the weight of the mass and has a magnitude given by

w=mg , (Magnitude of the weight of a body of mass m)
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In general the force from the surface will have a perpendicular (normal)

component which we call the normal force (N) of the surface.



1 Al el 3l 3ala/ (¥ Ada sall / cilpaly 1) acid

Lecture Nine, Ten: The Newton’s laws

o 358 aneall ady Cogns D (8 Lo mhan e aus gl s die (NG seadl Jadll 5558 e
A3 sanll 3l

w

w

A taught string (a string “under tension”) exerts forces on the objects which
are attached to either end. The forces are directed inward along the length of the
string.) In our first problems we will make the approximation that the string has no
mass, and when it passes over any pulley, the pulley’s mass can also be ignored. In

that case, the magnitude of the string’s force on either end is the same and will

usually be called (T string’s tension).
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Newton’s Second Law and Momentum

Newton actually stated his second law in terms of momentum: “The
instantaneous rate at which a body’s momentum changes are equal to the net

force acting on the body” But what is the momentum p
p=mv

With m the mass, and v the velocity of the body. We therefore rewrite the Second

Law as
Fret = dp/ dt
=d/dt (mv)
Fret = m dv/ dt
=ma
Law 3

To every action there is always an equal and contrary reaction; or the
mutual actions of any two bodies are always equal and oppositely directed
along the same straight line.
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ZFy=ma'

Fy = FN — mgcos8

ma = FN — mgcos8
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