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What Is Mechanics ? &ssall L

> Mechanics Is the physical science which
deals with the effects of forces on the
objects.
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What is Mechanics?

Mechanics <&l

Dynamic <l Static <L)
a8 al) ale OsSad) ale
concerns the motion of bodies concerns the equilibrium of bodies
‘ under the action of forces
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Galileo (1564'1642) Archimedes (287'212 BC)
Stevenus (1548-1642)

|_Newton (1624-1727)



Basic Concepts i) s lia

Mechanics <&l

Rigid body mechanics

Fluid mechanics Deformable-body mechanics
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Fundamental Concepts:
*  Basic Quantities: Apilaad ciyas

length J skl

Length: length is used to locate the position of a point in space and thereby
describe the size of a physical system.
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Fundamental Concepts:

Time i gl

Time is the measure of the succession of events and is basic quantity in dynamics.
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Fundamental Concepts:

Mass o

Mass is a measure of the inertia of a body, which is its resistance to a change of velocity.

Mass can also be thought of as the quantity of matter in a body.
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Fundamental Concepts:

Force 5 il

Force is the action of one body on another. A force tends to move a body in the direction
of its action.
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Fundamental Concepts:

Particle PRSI

A particle is a body of negligible dimensions or it is a body whose dimensions are
considered to be near zero.
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Fundamental Concepts:

Rigid Body il ania

Rigid body : A body is considered rigid when the change in distance between
any two of its points is negligible.
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Fundamental Concepts:

Concentrated Force 538 5 b g8

Concentrated Force: represents the effect of aloading which is assumed to
act at a point on a body.
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Fundamental Concepts

Newton’s Laws of Motion

First Law:

A particle originally at rest, or
moving in a straight line with
constant velocity, tends to
remain in this state provided the

particle Is not subjected to an

unbalanced force
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Fundamental Concepts

Newton’s Laws of Motion

Second Law:
A particle acted upon by an

unbalanced force experiences

an acceleration a that has the
same direction as the force and a
magnitude that is directly
proportional to the force. The
proportional factor is the particle

mass (m)
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F = ma

F—s() -2,

Accelerated motion
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Fundamental Concepts Apalis) astrlia

Newton’s Laws of Motion A all oy gl oyl 68

Third Law:

: ] o Gl o i\l
For every action there is an o

SR 8 4 (g sha ¢ Jad ) Jad UK
slaiyl 4l ySlaa g

equal and opposite reaction

forccof Aon B
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orccof Bon A

Action - reaction
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Fundamental Concepts

Newton’s Laws of Motion

Law of Gravitational Attraction:

Is usually stated that every particle attracts
every other particle in the universe with a
force which is directly proportional to the
product of their masses and inversely
proportional to the square of the distance
between their centers.

F = force of gravitation between the two particles

(; = universal constant of gravitation; according to

my, my = mass of each of the two particles

r = distance between the two particles
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experimental evidence, G = 66.73(107"%) m? (kg-sz)
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Fundamental Concepts Apulis) pstrlia

Weight: Ol
In the case of a particle located at or | Jis 558 alual) Qs (oY)
near the surface of the earth, 558 Lewd Jiul el oladly
however, the only gravitational force |35 s Coslé ¢ dxa¥) 4ailal
having any sizable magnitude Is that aall (2 ) da
between the earth and the particle.
Consequently, this force, termed the
weight, will be the only gravitational
force considered in our study of

mechanics.

mM = OM./P

r-
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Example: Use Newton's law of universal gravitation to calculate the

weight of a 70-kg person standing on the surface of the earth.

Solution. The two results are
g o (66010 ")(5976:10(10)
s 6371-10%
W = mg =T0(981) = 687N

688 N

Ans.

Ans,

m =§.ﬂ kg
\

Al
S —_—
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Units of Measurement oaldl) Shas g

Sl Units: The International System of units
(A9 Silas gl) Al
U.S. Customary : The United States customary
system of units
(sSaaY) Claa gl) Al
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Units of Measurement o) Sjas g

Basic quantities : : dslay) 4l




Units of Measurement

Celdl) Sfaa g

TABLE 1-1 Systems of Units

Name Length Time Mass Force
International meter second kilogram newton*
System of Units N
S1 m s kg ( kg-m )
U.S. Customary foot second slug* pound
FPS (lb : sz)
ft s ft b
*Derived unit
SI units = 9.806 65 m/s*
¢ W) = m(kg) X g
US. units g = 32.1740 ft/sec?




Units of Measurement oebl) Slas g

Basic quantities : SI Units Aol @l

Length | Meter (m) (?) Sl Jskl

-~

Time Second (s) (<) 434l b ol

Mass | Kilogram | (Kg) | (sS) |alossbs| 4l

force Newton (N) (©) A gl 5 g&l)




Units of Measurement ol Silas g

TABLE 1-3 Prefixes

Exponential Form Prefix S| Symbol

Multiple

1 000 000 000 107 giga G

1 000 000 100 mega M

1 000 107 kilo k
Submultiple

0.001 107 milli m
0.000 001 107 micro M
0.000 000 001 107 nano n

* The kilogram is the only base unit that is defined with a prefix.
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Units of Measurement

EXAMPLE [ 1.1

SOLUTION

be applied:

Convert 2 km /h to m/s How many ft/s is this?

Since 1km = 1000 m and 1 h = 3600 s, the factors of conversion are
arranged in the following order, so that a cancellation of the units can

Qi 1000m\( 1K
-

_Eﬂﬂﬂm

= (.556 m/s Ans

3600

oeldl) &ijaa g

U fp M Aslus [S 2 Jon
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Units of Measurement oeldl) Shaa g

EXAMPLE | 1.3

Gl g e e g AU puatiall Jaws
:g{’.ﬂ\ ew\
(CFss e 6)(chs 1 50)- a
2(cfi g8 Lawa 0.6)(ale 400) - b
ol o 000 / 355 lawe 45 - ¢

Evaluate each of the following and express with SI units having an
appropriate prefix: (a) (50 mN)(6 GN), (b) (400 mm)(0.6 MN)’,
(c) 45 MN* /900 Gg.

SOLUTION
First convert each number to base units, perform the indicated
operations, then choose an appropriate prefix.

Part (a)

(50 mN)(6 GN) = [50(107) N|[6(10°) N|

= 300(10%) N?

B 1kN Y/ 1kN
=il w(mm)(mW)

= 300 kN° Ans.

NOTE: Keep in mind the convention kN* = (kN)* = 10° N%.
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Part (b)
(400 mm)(0.6 MN)* = [400(107) m | [ 0.6(10°) N |2
= [400(107) m] [ 0.36(10'%) N? |
= 144(10") m - N
= 144 Gm-N* Ans.

We can also write

I MN\/1MN
0y w2 — 0y .
144(10°) m* N? = 144(10°) m N}(mﬂm)(mﬂw)
= 0.144 m - MN* Ans.
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Part (c)

4SMN®  45(10°N)’

45(10'%)N*  45(10'%)N?

000Gg  900(10°) ke ~

900(109)kg 900 kg

_ 45(103)(10°)N3
= 50(10) N* /kg 900 ke
f1kN Y 1
= 50(10’ ( . )
(10°) ¥ 10° X/ kg
= S0kN°/kg Ans.

.
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