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Mechanics: Definitions

Definitions
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Mechanics: Definitions (cont.)
Definitions: Type of Bodies
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Mechanics: Newton’s Laws

Newton’s Laws
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Mechanics: Newton’s Laws (cont.)

Newton’s Laws
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Mechanics: Units

Units

SI UNITS U.S. CUSTOMARY UNITS
DIMENSIONAL
QUANTITY SYMBOL UNIT SYMBOL UNIT SYMBOL
Mass M kilogram kg slug —
Length L Base < meter® m Base [ foot ft
Time i units | second 8 units < second sec
Force F newton N pound b
*Also spelled metre.
(SD) (U.S))
F=ma F=ma

So:

1N =(1 kg) (1 m/?)
I N=1kg-m/s?

1 1b= (1 slug) (1 ft/sec?)
1 slug = (1 Ib-sec?/ft

* 1 N is the force which will accelerate 1 kg at 1 m/s?
* 1 slug 1s the mass which a 1-1b force will accelerate
at 1 ft/sec?




Mechanics: Gravitation

Newton’s law of gravitation

my mi, m2 = the masses of the two
F F i :
( ; S S Oees ~) particles
| r . ! r = the center-to-center distance

between the particles

The magnitude F of the mutual force of attraction is

= Gmrm

where G isthe universal gravitation constant.
G =6.673(101%) m3/(kg*s?)




Mechanics: Gravitation (cont.)

Special case: mass m on surface of Earth

From F=G ™2 e have

F=G el =m(G )

R2
or W =mg

where W 1s the magnitude of the force of gravitational attraction
G m.
R2
6.673(10711)5.976(10%)
[6371(107)]?

(the weight of m) and g = 1s the acceleration of gravity.

= 9.825 m/ s?

g:




Mechanics: Gravitation (cont.)

Special case: mass m on surface of Earth (cont.)
3.439(107°)4.095(10%°)
[3959 (5280)]°

US.: g= =32.23 ft/sec?

These are absolute values of g relative to a nonrotating Earth.
The commonly values for analyses relative m m
to the rotating Earth are:

2=9.81 m/s? 7 Standard value at sea level

g=322ft/ secz_-and a latitude of 45° 2

F W §
Note that W = mg may be obtained from Newton's Second
Law applied to a particle of mass m which 1s allowed to fall
freely near the surface of the Earth.




Mechanics: Gravitation (cont.)

Special case: Effect of Altitude h.
R2
(R+h)?

9=

where g, IS absolute acceleration nonrotating earth at sea
level as afunction of latitude (degrees)

h is altitude above the surface of the earth.
Ristheradius of the earth. (R = 6.371(10°) m)
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Mechanics: Gravitation (cont.)

Special case: Effect of a Rotating Earth (Sea-level condition)

:.fl
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Z
i

- Relative to rotating earth
(International Gravity Formula)

30 60
Latitude, degrees




Mathematics: Review of Vectors

Review of Vectors
Scalar quantity: Magnitude only. Example: 5 lbs

Vector quantity: Magnitude and direction.
Example:

Three types of vectors:
free: Maybe moved to any location.
sliding: Maybe moved to any location along its line of action.
fixed: May not be moved.

Notation: Bold will be used to denote a vector (V, F).
Lightface italics will be used to denote a scalar (V, F).




Mathematics: Review of Vectors (cont.)

Addition of Vectors P and Q

Triangle Rule
R=P+Q

Parallelogram Rule
R=P+Q

Substraction Rule

P—Q=E+(-Q)

14



Mathematics: Review of Vectors (cont.)

Commutative Law

P+Q=Q+P

Associative Law

15
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Mathematics: Review of Vectors (cont.)

Unit vectors i, j, K V=V.+V,+V,

=Viit+tV,j+Vk

= Vcosb:i+ VcosB,j+ Vcos@ -k
=V (coséki+ cosB,j+ cos@ k)
=V({i+mj+nk)

P+m?+nt=1

[, m, n = direction cosines of V




Mathematics: Review of Vectors (cont.)

Rectangular Components
y

Vi and V), are the x- and y-
scalar components of V.

L*\ — LT COS 9
Vy=Vsm6

17
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Mathematics: Review of Vectors (cont.)

Dot or Scalar Product
P-Q=PQcosl

May be regarded as

Magnitude of P times component

QO cos@of Q in the direction of P.

Magnitude of Q times component
P cos@ of P in the direction of Q.




Mathematics: Review of Vectors (cont.)

From the dot product definition

P 'Q_(Pﬁri_'_ PJ,] + P; k) ' (Q\I T Q"J +Q:k)
= P, Q_r + PF Q}, + P. Q:




Mathematics: Review of Vectors (cont.)

Cross or Vector Product
P x Q :PQSiHQEH
where e, 1s a vector perpendicular

to the plane formed by P and Q 1n
the right-hand sense.

From the definition,

ixj=k jxk=i kxi=]j
jxi=—-k kxj=- ixk=-j
ixi=jxj=kxk=0




Mathematics: Review of Vectors (cont.)

PxQ=(Pyit Pyj+ P-K)x(Ocit+ Oyj+ O:-Kk)
=(Py Q- = P: Q)i+ (PO = Px Q) j + (Px Oy — PyO) Kk

This cross product may be evaluated from the determinant

i j Kk
PxQ=|P. P, P:
O Oy 0O




Mathematics: Accuracy and Approximation

Accuracy and Approximation
Answers 1n statics will be displayed to three significant figures
(four 1f the number begins with a one).

Answer displayed Answer displayed
on calculator on paper

4.13459 4.13
4.13594 4.14

1.33333... 1.333 or (4/3)
0.96592 0.966
934.25 934

279,340 279,000

Be sure to store intermediate results in the calculator storage
registry so as to avoid roundoff errors.

22
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Mathematics: Accuracy and Approximation

Useful Approximation
sind= 6 ~_
cos@= 1 j for small &1n radians | < 0.2 radians
tand = 9"""!*'; < 10 degrees

0 (deg) @ (rad) cosd sind tan&

1 0.017453  0.999848  0.017452  0.017455
10 0.174533  0.984808  0.173648  0.176327
20 0.349066  0.939693  0.342020 0.363970

Note: Contrary to our usual rule, here we are displaying more

than three significant figures so that differences may be
observed.




Problem Solving : Guidelines

Guidelines
Real System

Approximations - Neglecting small weights,
assuming that a force distributed

| over a small area 1s a
Physical Model concentrated load, simplification

of joint properties in a truss, etc.
Approximations - Small angle assumptions
(cosd— 1, sinf =6, tand — 0),
Mathematical Model curve fitting of a given data, etc.

\

SOLUTION (by algebraic, graphical, or computational




