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Vector Quantities Scalar Quantities
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1) Scalar Quantities: Al l) cgas)

> A scalar Is any positive or negative physical
guantity that has magnitude only.

18 Lgtiash 4 pa Lgdua gil AS Al ciliasd) A

) Examples length, mass, and time
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2) Vector Quantities: dgaiall ciladl

> A vector Is a guantity that possesses magnitude

and d i reCtion . Line of Acuon
-.___l — Head /

Lgaladl g Lgiad 43 e Lgsua il a3l (A1 cpall] (2

g Examples force, displacement, and acceleration
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Vector Operations Slgaial) Jo dllee

» Multiplication and Division of a Vector by a Scalar
Al das b dgaia daS dand g i

» Vector Addition AL el

» Vector Subtraction  .awayiz ok




Multiplication and Division of a Vector by a Scalar. Ifa
vector 18 multiplied by a positive scalar, its magnitude 1s increased by that
amount. Multiplying by a negative scalar will also change the directional
sense of the vector. Graphic examples of these operations are shown
N Fig 2-20 0055 e ol A g dnloh LaSy Agatia DS iy pa 130 1 Dol Ay Agaia aS danidy oy
8l (A ddahadl) ALY e 5o LaS ALY Ayl oladl il () (5 omes Al Apual Ay L g

7




Vector Addition ALY aandl

Vector Addition. When adding two vectors together it is important
to account for both their magnitudes and their directions. To do this we
must use the parallelogram law of addition. To illustrate, the two
component vecfors A and B in Fig. 23 are added to form a resafltant
vecfor R — A + B using the following procedure:

- First join the tails of the components at a point to make them
concurrent, Fig. 235,

- From the head of B, draw a line parallel to A Draw another line
from the head of A that is parallel to B. These two lines intersect at
point  to form the adjacent sides of a parallelogram.

- The diagonal of this parallelogram that extends to P forms R, which
then represents the resultant vector R — A + B, Fig. 2 3c.
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R=A+B

Parallelogram law

(1) (b) (c)

Fig, 2-3




We can also add B to A, Fig. 2—4a. using the triangle rule, which i1s a
special case of the parallelogram law, whereby vector B is added to
vector A in a *head-to-tail” fashion, i.e., by connecting the head of
A to the tail of B, Fig. 2—4bH. The resultant R extends from the tail of A to
the head of B. In a similar manner, R can also be obtained by adding
A to B, Fig. 2—4c. By comparison, it is seen that vector addition is
commutative: in other words, the vectors can be added in either order,
e, R=A +B=B + A.

lh g cdlbiuall g ) gia OB (e Aald Ala A Al g Euliial) Bacld aladinly (4-2) JSA A LS A L) B 4Ll ¢Sy LS
1 AY) Galy ) JgY) Gd (e Bdiaall R (A Aaaally AY) Gily Ladaa) (ul ) Juagis A 4aiall I B 4xdiall ddlaly
R=A+B=B+A

R=A+B R=B+A
Triangle rule Triangle rule
(b) (c)

Fig. 24
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As a special case, if the two vectors A and B are cellinear, i.e., both
have the same line of action, the parallelogram law reduces to an
algebraic or scalar addition R =.A + B, as shown in Fig. 25,

Claiocal) (g ) gia (eid (b AL Bl i Lagd () (g) aalg ddial e B g A Olgaiall S 13 Aald Allas
1 (5-2) JSad A LS AL g) g pan ) iy

R=A+B

—_— <
A B

R=A+ 18

Addition of collinear vectors

Fig. 2-5

11



Vector Operations Slgadal o Dllas

(b)

(a)

u+v=v+u -
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Vector Subtraction

ALY £kl

R'=A-B=A+(—-B)
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Vector Addition of Forces

Lalad) o 68l gan

» Finding a Resultant Force
» Finding the Components of a Force

» Addition of Several Forces

6 580 dluasa ala

(5 58 i ya Sl

X R YN
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Vector Operations Glgadal) Ao cllae

» Finding a Resultant Force s A dlana ala)

Resultantof the two

FoaF +F forces acting on the hook.
(b) R=F) ¥

(4)
Parallelogram law Triangle law
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Vector Operations

cilgaiall Lo el

» Finding the Components of a Force

s S8 L ya Al
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» Addition of Several Forces TRCRE I
FR — (Fl -+ F2)+F3
F, + F; Fi + F
#
F,
F, o
F3 F;y
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Fr = (F; + F»)+F;
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Procedure for Analysis

Problems that involve the addition of two forces can be solved as
follows:

Parallelogram Law. | —okdsiaall ol 5a 5l

* Two “component™ forces F; and F; in Fig. 2-10¢ add according to
the parallelogram law, yielding a resultant force Fg thal forms the

diagonal of the parallelogram.

® If a force F is to be resolved into componenis along two axes
u and v, Fig. 2105, then start at the head of force F and construct

‘ lines parallel to the axes, thereby forming the parallelogram. The

(b) sides of the parallelogram represent the components. F, and F,.

* Label all the known and unknown force magnitudes and the angles
on the sketch and identify the two unknowns as the magnitude and
direction of Fg, or the magnitudes of its components.

b a
C Trigonometry. | <Ekal ae

* Redraw a half portion of the parallelogram to illustrate the
triangular head-to-tail addition of the components

Cosine law:
C=vVA" + B® - 2AB cosc¢

Si,r‘\c S B C * From this triangle, the magnitude of the resultant force can be
sina sinb sinc determined using the law of cosines. and its direction is

determined from the law of sines. The magnitudes of two force
components are determined from the law of sines. The formulas
ag. 2-10 are given in Fig. 2-10c.
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Jalal) 43,

Cosine law:

C=VA* + B* — 2AB cos ¢
Sine law;

A _ B e

sina sinb sinc

Feg. 2-10
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o Alanall g il jal) g gl e laiall (5 3) gha ciial amiy )
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For Remember

Fx =F cos ©
Fy =F sin ©

& .4 ( b ¢
Law of sines — =
- sin@~ sinf - siny

7 2 2
a- =b*+ c¢* = 2bccosa
. . 2 2 .,
Law of cosines | b° =c¢“4a“—2cacosp

) ) )
c“=a"+b"—=2abcosy
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Examples

ALy

Example (1):

The screw eye in Figure Is subjected
to two forces, F1 and F2. Determine
the magnitude and direction of the

resultant force.

A s 1)k
O 8 ) oty JSAd) (2 il gall (& sl
O gl dlasa sladl g )a8a s, F2 ,F1
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Solution:

115°
E |

[
f-'z'. G 100 ™

150 N

(c)

23




Fr = V(100 N)> + (150 N)* — 2(100 N)(150 N) cos 115° COS s

= V10000 + 22 500 — 30 000(—0.4226) = 212.6 N

= 213N

ISON _ 212.6N

SIN Gsi@

sin @ sin 115°

sin 6 = o0 1Y (0.9063)
212.6 N " }

= 39.8°
¢ = 39.8° + 15.0° = 54.8°

=

24




Example (2):

Resolve the 200 N force shown
acting on the pin Into components
In the (2) X and Y directions, and

(b) x" and Y directions.

:(2)Ja

O () JOAIG Adal) (5528 200 3581 Jla
(X,Y) Grosaall olad) 2 )

(X,Y) Crosaall oladl 8- o
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Solution:

F, =200Cos40 =153.2N

F, =200 Sin 40 = 128.5 N

—‘<

200 N

26



F, _ 200N

sin 50°  sin 60°

K

sin 50°
;-'=200N( )= 177 N
sin 60°
F, 200 N

—|

sin 70°  sin 60°

sin 70°
200'N( : )=217 N

sin 60°

27




Example (3):

The force F action on the Frame shown has a magnitude 500 N and is to be resolved
into two components acting along struts AB and AC. Determine the angle O,

measured below the horizontal, so that the component F 4 is directed From A

toward ¢ and has a magnitude of 400 N.

F = S00 N

:(3)J%a

o S e ) el o 08 500 Ledad Gl S Ao g5 A (F) S
AR gaal) Jiud Qs 3N (©) 49 dad sl (AC, AB) (ale ) slad)
Lhads (C) Al (A) 0 4gaia (AC) sainll olad) B 558l 48 o83 81 llig
¢ i 400
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\
6 60\‘:
30°
400 N = S00 N
E.s sin ¢ sin 60°
/ 00N 400 N
i = in 60° = 0.6928
sin ¢ (500 N) sin
b = 43.9°
S00 N
@ = 180° — 60° — 43.9° = 76.1° <%°
FAB 500 F=500N

sin(0)  sin(60) Fag=561N

29



Example 4: Determine the magnitude of the component force F in Fig. 2-13a and the magnitude
of the resultant force FRif FRis directed along the positive yaxis.

,%ﬂ\yJJM sladily dadi Cuils ) FRM‘ sladi) g (@) M‘gAF ;\-.\SJAS‘ BIKI PYEVWEN

y Solution:
}r
F _ 2001b Fr _ 2001b
sin 60°  sin 45° sin 75°  sin 45°
(b) (c)

F=2451b

=
|

273 1b
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Example 5: Forces F1 and F2 act on the bracket as shown. Determine the
projection F, of their resultant R onto the b-axis.

sl o R Aasall go Aaill) Fy A pal) qua)  JS&IL gdagall s 3ad) Ao (U figall F, F, OLsRN

F2=80N

Solution. The parallelogram addition of F, and F3 is shown in the figure.
Using the law of cosines gives us

R* = (80)* + (100)* — 2(80)(100) cos 130° R = 163.4 N

The figure also shows the orthogonal projection F, of R onto the b-axis. Its
length is

F,=80+ 100 cos 50° = 1443 N Ans.
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Home work 1 1 A ly

The ring shown is subjected to two forces F1 and F2. If it is required that the

resultant force have a magnitude of 1 kN and be directed vertically downward.
Determine

(a) the magnitude of F1 and F2 provided that © = 30¢
(b) the magnitude of F1 and F2 if F2 is to be a minimum.

1 bldie 58 Legilaaa culS 1Y) | (F1,F2) Oisdl Al jma Adiall 48l
D) ¢ JEuY ol Lgalad) g (1 g gls

(0 =300) dad ¢} U lo (F1,F2) sl dadd (i)

CSan L sl (F2) 858 dad 0983 ol Ligllaa ¢S 131 (F1,F2) oisdl dad (o)
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Home work 2 2 Am ol

Determine the magnitude of the resultant force acting on the screw eye and
its direction measured clockwise from the xaxis.

X Lsna (e delud) @ jie o@QM&L@A@U&A\&QSﬂw\M\J\&%!
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