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CHAPTER 1

Introduction



Introduction
d What i1s Mechanics?

Mechanics : is the science which describes and predicts the conditions of
rest or motion of bodies under the action of forces.

deformations are usually
small and do not appreciably
affect the conditions of
equilibrium or motion of the
tructure under consideration.

Mechanics of Materials
resistance of the
structure to failure is
concerned

[ Mechanics ]
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Introduction
d What i1s Mechanics?

Mechanics is the foundation of most
engineering sciences and is an indispensable
prerequisite to their study.

Mechanics is an applied science - it
IS not an abstract or pure science but
does not have the empiricism found
In other engineering sciences.




O What is Dynamics?

* Dynamics is that branch of mechanics which deals with the
motion of bodies under the action of forces.

« The study of dynamics in engineering usually follows the study
of statics, which deals with the effects of forces on bodies at

rest.



Introduction
O Fundamental Concepts

Space- is the geometric region
occupied by bodies. Position in
space is determined relative to
some geometric  reference
system by means of linear and
angular measurements.

Time -is a measure of the
succession of events and is

considered an absolute quantity
in Newtonian mechanics

Fundamental
Concepts

Force - represents the action of
one body on another. A force is

characterized by its point of
application, magnitude, and
direction, i.e., a force is a vector
quantity.

Mass is the quantitative
measure of the inertia or
resistance to change in motion
of a body.

In Newtonian Mechanics, space, time, and mass are absolute concepts, independent of each other. Force,
however, is not independent of the other three. The force acting on a body is related to the mass of the body and the

variation of its velocity with time.

In Relativistic Mechanics, where the time of an event depends upon its position, and where the mass of a body
varies with its velocity.



Introduction
O Fundamental Concepts
In Newtonian Mechanics : You will study the conditions of rest or motion of

particles and rigid bodies in terms of the four basic concept we have
Introduced.

Particle is a very small amount of A rigid body is a combination of a large
matter which may be assumed to number of particles occupying fixed
occupy a single point in space. positions with respect to each other.
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Introduction
O Fundamental Principles

Newton’s First Law

If the resultant force on a particle is zero, the particle will remain
at rest or continue to move in a straight line.

Newton’s Second Law
A particle will have an acceleration proportional = .,
" Prop [FzmaJ

to a nonzero resultant applied force.

Newton’s Third Law

The forces of action and reaction between two particles have the same
magnitude and line of action with opposite sense.

Newton’s Law of Gravitation
. , Mm GM
Two particles are attracted with equal F=G— , W=mg , g=—;
and opposite forces, r R
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Introduction
d Systems of Units

/ 0
a=1 m/s®

-
—

'm=1 kg

a=9.81 m/s2

F=1N

m=1kg ‘

W=981 N

Length Time Mass Force
\ J
|
Three base units The fourth must be
may be chosen compatible with
arbitrarily Newton’s 2nd Law.

 International System of Units (SI Units): In this system,
the base units are the units of length, mass, and time, and
are called, respectively, the meter (m), the kilogram (kg),
and the second (s). The unit of force is called the newton
(N) and is defined as the force which gives an
acceleration of 1 m/s” to a mass of 1 kg.

{ 1IN = (1kg)(lsm2) -1 kgs'zm }
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Introduction
d Systems of Units

Name Length Time Mass Force
[nternational meter second kilogram ‘newton* |
System of Units (m) (s) (kg) (N)
(SH (kgrm)
52

U.S. Customary foot second slug* pound

(FPS) (ft) (s (lb_-_s_l'_) (Ib)

ft

*Derived unit.



Introduction
d Systems of Units

m = 11lbm m = 1 slug

1 i &
U.S. Customary Units: The base units are the units (323 slug) (32.2 Ibm)

of length, force, and time. These units are,
respectively, the foot (ft), the pound (lbf), and the
second (s). The pound is defined as the weight of a

platinum standard, called the standard pound, W =11Ibf W = 32.2 Ibf
which is kept at the National Institute of Standards | |

and Technology outside Washington and the mass / ‘ , {
of which is 0.45359243 kg. a=g=322ft/sec

Y. 2 a =1 ft/sec?
a = ‘3_23 il;-f_sec e r N
F=11bf F=11bf - Islug 11bf . Ibf -s?
— _ — Ml = siag = =
TJ- 1 ]I::..Ijl L) v 1ft/s 2 ft

1 (32.2 Thm) \. Yy

(522 slug)

\,
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Kinematics of Particles

d UNITS CONVERSION TABLES

Table 1: Multiples and Submultiples of Sl units

Prefix | Symbol Multiplying Factor

exa E 10" 1000 000 000 000 000 000

peta P 10" 1 000 000 000 000 000

tera T 10" 1 000 000 000 000

giga G 10° 1 000 000 000

mega M 10° 1 000 000

kilo k 10° 1 000

hecto* h 107 100

deca* da 10 10

deci* d 107 0.1

centi c 10 0.01

milli m 10 0.001

micro u 10° 0.000 001

nano N 10~ 0.000 000 001

pico D 107" 0.000 000 000 001
femto f 107" 0.000 000 000 000 001
atto a 107" 0.000 000 000 000 000 001

* these prefixes are not normally used



Kinematics of Particles

d UNITS CONVERSION TABLES

Table 2: Length Units

Millimeters | Centimeters | Meters Kilometers Inches Feet Yards Miles
mm cm m km In ft yd mi
1 0.1 0.001 0.000001 0.03937 | 0.003281 | 0.001094 | 6.21e-07
10 1 0.01 0.00001 0.393701 | 0.032808 | 0.010936 | 0.000006
1000 100 1 0.001 39.37008 | 3.28084 | 1.093613 | 0.000621
1000000 100000 1000 1 39370.08 | 3280.84 | 1093.613 | 0.621371
254 2.94 0.0254 0.000025 1 0.083333 | 0.027778 | 0.000016
304 .8 30.48 0.3048 0.000305 12 1 0.333333 | 0.000189
914 4 91.44 0.9144 0.000914 36 3 1 0.000568
1609344 160934 4 1609.344 | 1.609344 63360 5280 1760 1
Table 3: Area Units
Millimeter Centimeter Meter Inch Foot Yard
square square square square square square
mm? cm m? in? ft* yd2
1 0.01 0.000001 0.00155 0.000011 0.000001
100 1 0.0001 0.155 0.001076 0.00012
1000000 10000 1 1550.003 | 10.76391 1.19599
645.16 6.4516 0.000645 1 0.006944 | 0.000772
92903 929.0304 0.092903 144 1 0.111111
836127 8361.274 0.836127 1296 9 1




Kinematics of Particles

d UNITS CONVERSION TABLES

Table 4: Volume Units

Centimeter Meter Liter Inch Foot UsS Imperial US barrel (oil)
cube cube cube cube gallons gallons
cm?’ m> Itr in’ ft US gal Imp. gal US brl
1 0.000001 0.001 0.061024 [ 0.000035 | 0.000264 | 0.00022 0.000006
1000000 1 1000 61024 35 264 220 6.29
1000 0.001 1 61 0.035 0.264201 0.22 0.00629
16.4 0.000016 | 0.016387 1 0.000579 [ 0.004329 | 0.003605 0.000103
28317 0.028317 | 28.31685 1728 1 7.481333 | 6.229712 0.178127
3785 0.003785 3.79 231 0.13 1 0.832701 0.02381
4545 0.004545 4.55 277 0.16 1.20 1 0.028593
158970 0.15897 159 9701 6 42 35 1
Table 5: Mass Units
Grams | Kilograms | Metric tonnes | Shortton | Longton | Pounds Qunces
g kg tonne shton Lton lb oz
1 0.001 0.000001 0.000001 | 9.84e-07 | 0.002205 | 0.035273
1000 1 0.001 0.001102 | 0.000984 | 2.204586 | 35.27337
1000000 1000 1 1.102293 | 0.984252 | 2204.586 | 35273.37
907200 907.2 0.9072 1 0.892913 2000 32000
1016000 1016 1.016 1.119929 1 2239.859 | 35837.74
453.6 0.4536 0.000454 0.0005 0.000446 1 16
28 0.02835 0.000028 0.000031 | 0.000028 | 0.0625 1




Kinematics of Particles

d UNITS CONVERSION TABLES

Table 10: High Pressure Units

Kilogram
Bar Pou n_d."square Kilopascal | Megapascal force! Millimeter Atmospheres
inch centimeter | of mercury
square
bar psi kPa MPa kgﬁ’cm2 mm Hg atm
1 14.50326 100 0.1 1.01968 750.0188 0.987167
0.06895 1 6.895 0.006895 0.070307 51.71379 0.068065
0.01 0.1450 1 0.001 0.01020 7.5002 0.00987
10 145.03 1000 1 10.197 7500.2 9.8717
0.9807 14.22335 98.07 0.09807 1 735.5434 0.968115
0.001333 0.019337 0.13333 0.000133 0.00136 1 0.001316
1.013 14.69181 101.3 0.1013 1.032936 759.769 1

Table 16: Temperature Conversion Formulas

Degree Celsius (°C)

(°F - 32) x 5/9

(K-273.15)

Degree Fahrenheit (°F)

"C x9/5) + 32

1.8 x K) - 459.67

Kelvin (K)

(

(

(°C + 273.15)

(°F + 459.67) = 1.8




