Chapter 4
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The Laws of Motion 4S_al) ¢yl 68
\\_—_"/
The concept of force

The force 1s what cause any change in velocity of an object.
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Or
The force is what cause an acceleration. & il Cauall a3 5all

The force is a vector quantity.

Its units are N = kg m/s> and its dimensions are MLT"



Fundamental Forces

1- Gravitational forces alwa¥) ¢ dall 5 68
(between two objects) abwa¥) (i
2- Electromagnetic forces 4suubliaa g ¢Sl 5 ol
(between two charges) <Usdd) ¢
3- Nuclear forces 4395l 5 sal
(between two subatomic particles) cleswal) 453y
4- Weak forces 4l s gdll
(Those arise in certain radioactive decay processes)
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Field forces
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Contact forces
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—1- Newton’s First Law ¢hgil Jg¥) o od@l)
It states that:
If an object does not interact with other objects, it is possible to
identify a reference frame in which the object has zero acceleration.
OR: In the absence of external forces, an object at rest remains at rest
and an object in motion continues in motion with constant velocity
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When no force acts on an object, the acceleration of the object is zero.

S (g gbe pral) £l aedl) Ao B e Aa LA B g8 3ga g e B

<« The mathematical form : __
The net force=0 or >F=0

Mass of inertia

It is the resistance of an object to change its velocity
A0 pu il anad) da glia (A
Newton’s first law sometimes called The law of inertia



- Newton’s Second Law (gl (AU ¢ o38)

It states that:

The acceleration of an object is directly proportional to the net force
acting on it and inversely proportional to its mass.
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The mathematical form:

e ——
or
2F =ma, , 2F,=ma, ,

2F =ma,



Example Ex. 5.1 page 116in the book
 —

A hockey puck having a mass of a 0.3 kg slides on the horizontal,
frictionless surface of an ice rink. Two hockey sticks strike the puck
simultaneously, exerting the forces on the puck shown in the figure. The
force F, has a magnitude of 5 N and the force F, has a magnitude of 8 N.
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Determine both the magnitude and direction of the puck’s
acceleration.  4sle i ial) (i g8l (e U ks gall amialdl £ Ll sladil g laia a2 )
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Answer

T —
F. =5c0s(—20) +8c0s(60) = 8.7 N | X s oladl b g sill Ao
x=i=£=29m/s2 X gaa oladl 4 gl
m

F, =5sin(-20)+8sin60 =52 N [y b i mas
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Gravitational Force and Weight &l i) 5 68

Gravitational Force:
It is the attraction force that the Earth exerts on an object.
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Weight F:
It is the gravitational force acting on an object.

e s (o 55 (A Al 58

Weight is a vector quantity

Units of weight: N = kg m/s?

Dimensions: MLT2
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Weight
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It 1s the amount of substance

included 1n an object
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Scalar quantity
Unit 1s kg
Dimension is M

Constant every where

It 1s the gravitational force

acting on an object
aluad (& Y1 a3 68 (A

Vector quantity
Unitis N
Dimensions are MLT

Depends on the location
OlSal) (Ao aalias



3- Newton’s Third Law (s s+ Gl ¢ 3lal)

It states that:

If two objects interact, the force F;, exerted by object 1 on object 2 is
equal in magnitude and opposite in direction to the force F,; exerted
by object 2 on object 1

or 0 B

The action force is equal in magnitude to the reaction force but
opposite in direction
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The mathematical form:
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Fy, = - F,



- Analysis Models Using Newton’s Second La

It is the vector sum of all forces acting on an object.

Equilibrium forces

The forces are said to be in equilibrium if:
The net force=0 or 22XF=0

At equilibrium forces: (sl &) A A
1- Acceleration =0 a5 gben £ jludl)
2- Velocity remains constant (uniform) 448 (5 de )



Example 5.6: The Runaway Car Page:(124&125)

A car of mass mis on an icy driveway inclined at an angle 0 as in Figure 5.11a.
(A) Find the acceleration of the car, assuming the driveway is frictionless.
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Apply these models to the car:

ZFX =mg sinfd =ma, (1)
Solve Equation (1) for a.

a, =gsinfd (2)

(B) Suppose the car is released from rest at the top of the incline and the distance from
the car’s front bumper to the bottom of the incline is d. How long does it take the front
bumper to reach the bottom of the hill, and what is the car’s speed as it arrives there?
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The particle under constant acceleration model, —23d) g181 8 jluud) dadia dual (&1 2 3 (a3




Solve for £,

C- Find the final velocity of the car with v, = 0:

a, dad (o (2) alaal) cpa iy gailly
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Example 5.7: One Block Pushes Another Page:(125&126)

Two blocks of masses m, and m,, are placed in contact with each other on a frictionless,

horizontal surface as in the figure. A constant horizontal force F is applied to m, as
shown.

(A) Find the magnitude of the acceleration of the system. . -

First model the combination of two blocks as a single
particle under a net force. Apply Newton’s second law to
the combination in the x direction to find the acceleration:

ZFX =F = (m; + m,)a,

. : .
Ay = [ ] (1) b ©

m1+m2

—,

(B) Determine the magnitude of the contact force between the two blocks.
Apply Newton'’s second law to m,:

Z Fy =Pz =mpay,  (2)
Substitute the value of the acceleration a. given by Equation (1) into Equation (2):
mj
P = mpay = F (3)

m1+m2




Apply Newton'’s second law to m,:

ZFXZF_PIZZF_P21=m1aX (4)

Solve for P:and substitute the value of a.from Equation (1):

F ]:xﬁ1+m2—/ﬁn1

Poh=F—m{a,=F—m
12 19 1[m1+m2 m; + m,

This result agrees with Equation (3), as it must.
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Example 5.9: The Atwood Machine  Page:(129)

When two objects of unequal mass are hung vertically over a frictionless pulley of
negligible mass as in the figure, the arrangement is called an Atwood machine. The
device is sometimes used in the laboratory to determine the value of g. Determine the
magnitude of the acceleration of the two objects and the tension in the lightweight string.
According to this sign convention, the y component of the net

force exerted on object 1 is T - m,g, and the y component of / HI |

the net force exerted on object 2 is m,g -T. T/ 'f

From the particle under a net force model, apply Newton’s T4

second law to object 1: ]
ZFy:T_m1g=m1ay (1) ‘ ! :{ mEy ]

Apply Newton’s second law to object 2:

g

Z Fy =mg —T =mzay, (2) B b
Add Equation (2) to Equation (1), noticing that 7 cancels:
—mq g + mpg = mlay + mzay

Solve for the acceleration:
mz_ml

ay= mq +m, & (3)




Substitute Equation (3) into Equation (1) to find 7:

T=m1(g+ay>—[ ] (4)

m1+m2

Homework:
19, 40




