Engineering Mechanic (Statics)
First Part
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Addition of a System of Coplanar Forces Ay glsa 5 98 aAS aan

When a force is resolved into two components along the x and v axes, the

components are then called rectangular componenits. For analytical work

we can represent these components in one of two ways, using either scalar

or Cartesian vector notation.
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Scalar Notation. The rectangular components of force F shown in
Fig. 2—15a are found using the parallelogram law, so that F = F, + F,.
Because these components form a right triangle, they can be

determined from

F. = Fcos#f and F, = Fsin#
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Instead of using the angle #, however, the direction of F can also be
defined using a small “slope™ triangle, as in the example shown in
Fig. 2—15b. Since this triangle and the larger shaded triangle are similar,
the proportional length of the sides gives
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Here the y component is a negative scalar since F 1s directed along the
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Cartesian Vector Notation. It is also possible to represent the
x and v components of a force in terms of Cartesian unit vectors i and j.
Thev are called unit vectors because they have a dimensionless magnitude
of 1. and so they can be used to designate the directions of the x and v
axes, respectively, Fig. 2—-16.%

Since the magnirude of each component of F is alwayvs a positive guanfrity,
which is represented by the (positive) scalars F, and F,_. then we can
express F as a Cartesian vector,

F—= F.i+ F,j
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» Coplanar Force Resultants. 4 fia (5 52 Alana <
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Examples

Example (1):

Determine the X and y components
of F1 and F2 acting on the boom
shown. Express each force as

Cartesian vector.
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Scalar Notation.
Fi{, = —200sin30°N = —100N = 100 N« | F=20N

Fi, =200c0s30° N = 173N = 173 N1

F2x - 12 = 12 .
60N 13 B, 260N(l3) = 240N — x
B S ‘
Similarly, Fy, = 260 N(E) = 100N} F, = 260N

Cartesian Vector Notation. (a)

F, = {—100i + 173j} N

F, = {2401 — 1005} N

F, = 200 cos 30° N
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Example (2):

The shown screw eye in Figure is
subjected to two Forces, F1 and F2.
Determine the magnitude and direction

of the resultant Force.
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SOLUTION |

Scalar Notation.

F; = 600N

+
_)FRx = EFx
Fr. = 600 cos 30°N — 400 sin 45°N = 236.8 N —

+TFRy — sz

Fry = 600 sin 30° N + 400 cos 45° N = 582.8 N1
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F. = V(236.8 N)* + (582.8 N)*> = 629 N

s (582.8N
= dn

) = 67.9°
236.8 N
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SOLUTION I
Cartesian Vector Notation.
F, = {600 cos 30°i + 600 sin 30°j} N
F, = {—400 sin 45°1 + 400 cos 45°j} N

Fr = F + F, = (600 cos 30° N — 400 sin 45° N)i
+ (600 sin 30° N + 400 cos 45° N)j
= {236.8i + 582.8j} N

F. = V(236.8 N)Z + (582.8 N)2 = 629 N
582.8 N

6 = tan™"' < ) =61.9"

236.8 N
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Home Work d) ) gl

The end of the shown boom O is . i e e
subjected to three concurrent and (0) Jsddy gaeall Jyghill g3 4lgd Adadi

coplanar forces. Determine the | =) . %asiway 4la 48 SO (a0
magnitude and direction of the Alasal) olail g dad

resultant force.

F, =200 N
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Cartesian Vectors 40 30 ) cilgatiall
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Rectangular components of a Vector dadel! Abiwall S ol
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Magnitude of a Cartesian Vector. 6 Sl Aaial) dagd
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Unit Vector. baa gl daia «
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Addition and subtraction of Cartesian Vectors
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» Right-Handed Coordinate System cldlaay) alall ) o) sl <

Right-Handed Coordinate System. We will use a right-
handed coordinate system to develop the theory of vector algebra that
follows. A rectangular coordinate system is said to be righr-handed if the
thumb of the right hand points in the direction of the positive z axis when
the right-hand fingers are curled about this axis and directed from the
positive x towards the positive v axis, Fig. 2—21.
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15



» Rectangular Components of a Vector
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» Cartesian Unit Vectors. ¢ ) Baa gl) Aala o
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» Magnitude of a Cartesian Vector.
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» Coordinate Direction Angles
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» Unit Vector.
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u,y, = cosai + cos Bj + cos yk

cos’a + cos’ B + cos’y = 1

A=AuA
= Acosal + Acos Bj + Acosyk

= Ad+ A)j+ Ak |
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» Addition and subtraction of Cartesian Vectors 4 5,0l cilgatiall 7 sk g e <€
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For several concurrent forces )

A=Ai+ Aj+ Ak
B=2B8Bi+ B,j+ Bk

R=A+B=(A,+ B)i+ (A, + B)j + (4, + Bk
R'=A-B=(4,-B)i+ (A, ~B)j+ (A — Bk

Fr = XF = SFi + SFj + SFk |
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Examples ALl

Example (4): :(4)JGa
Express the force F shown in the JAIL Al F 380 oo e
Figure as a Cartesian vector. 5 LS Aaiag
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cos® @ + cos® B + cos? y = |

cos?® & + cos2 60° + cos245° = |

cos @ = V1 — (0.707)% — (0.5)% = =0.5
a = cos™! (0.5) = 60°
or a = cos” ' (—0.5) = 120°

F = Fcos ai + Fcos Bj + F cos vk

v

= 200 cos 60° Ni + 200 cos 60° Nj + 200 cos 45° Nk
= {100.0i + 100.0j + 141.4k} N
F=VF}+Fl +F? b

= V(100.0)* + (100.0)% + (141.4)% = 200 N
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Example (5): :(5)Jbie

Determine the magnitude and the il o4t 981 dlasa sladi) g dad o)
coordinate direction angles of the . JSaNy Aipsall Aalal) Ll o) jisi

resultant force acting on the ring In

the Figure

F, = (50i — 100j + 100k} N | F; = (60j + 80k} N

v

/

/
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Fp = 3SF = F; + F, = {60j + 80k} Ib + {50i — 100j + 100k} N

— {50i — 40j + 180k} N

F. = V(50) + (—40)2 + (180)2

= 191.0 N

F, = {50i — 100j + 100k} N

F, = [60j + 80k} N

/
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Fr = 50i — 40j +180k

wo = Fe _ S0 40 . 180
- N — 1 —
T Fe 1910 19107 T 191.0

= 0.2617i — 0.2094j + 0.9422k

cos a = (0.2017
cos B = —0.2094
cos y = 0.9422

a = T74.8°
B=102°
y=19,6°

Fr = [50i — 40j + 180K} N

2
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Example (6):

Two forces act on the hook shown in
the Figure. Specify the magnitude of
F2 and Its coordinate direction
angles of F2 that the resultant force
FR acts along the positive y axis and

has a magnitude of 800 N.
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F= FIuF,= Fi cos ayi + Fjcos 1] + Fj cos yik
= 300 cos 45°i + 300 cos 60° j + 300 cos 120° k
= {212.1i + 1505 — 150k} N

Fr = Foug, = Foli + Fouj + Fr K

~ F
20/
7 y
60°/
Y
= 300N

1
45°~
/R

Fr = (800 N)(+j) = {800j} N

X

FR — FI T F3
800j = 212.1i + 150j — 150k + Fo,i + Fa j + F».k
800j = (212.1 + F>)i + (150 + F»,)j + (=150 + F>_)k
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Fe=F, +F,
800j = 212.1i + 150j — 150K + Fo,i + F»,j + F».k
800j = (212.1 + F>,)i + (150 + F>,)j + (=150 + Fy.)k

0=212.1 = F, = -212.1 N 2
800 = 190 + Fy, Fa, = 650 N
0=-150+ F, F>.= 150 N

=212.1 =700 cos @, @ = cos” (
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650 = 700 cos B,

150 = 700 cos y,:
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Home work a) gl

Express the force F shown in
the Figure as a Cartesian L§ IS Aadial JAIL Adal) 3481 0 e

vector.

F= 125N
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