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chapter two

Statics of Particles

Vectors

+ Vector. parameters possessing magnitude and direction
which add according to the parallelogram law. Examples:
displacements. velocities. accelerations.

* Scalar. parameters possessing magnitude but not
direction. Examples: mass. volume. temperature

P * Vector classifications:

- Fixed or bound vectors have well defined points of
application that cannot be changed without affecting
an analysis.

- Freevectors may be freely moved in space without
changing their effect on an analysis.

. - Shding vectors may be applied anywhere along their
line of action without affecting an analysis.

+ Equalvectors have the same magnitude and direction.

+ Negative vector of a given vector has the same magnitude
P and the opposite direction.

Addition of VVectors

+ Trapezoid rule for vector addition
+ Triangle rule for vector addition

* Law of cosines,
R? =P? + 0% -2PQcosB
R=P+(
* Law of sines.
sind_sinB_smC
O R 4

+ Vector addition is commutative,

P+0=0+P

-

Vector subtraction
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+ Addition of three or more vectors through
repeated application of the triangle rule

+ The polygon rule for the addition of three or
more vectors.

» Vector addition 1s associative.

P+0+5=(P+0)+5=P+(0+5)

* Multiplication of a vector by a scalar

Static of particles

Case one: Study of one force

If one force acted in one direction
Example: Find the resultant of force Fx
Solution:

F=Fx+Fy = Fx+0 =Fx

Example: Find the resultant of force Fy
Solution:

F=Fx+Fy = 0+Fy =Fy

If the force F has an angle with the x axis
Fx=F cos©

Fy=F sin ©
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Forces in a plane: Results of two forces

R=P?+Q?

<9=tan‘19
P
P
cosf = E P =Rcosé
sinezg Q=Rsindg
tan92_3|n9:95_9
cosé RP P

Results of two forces

Statics of Particles

Q=200 N

v

P=100N x

1- The law of sines:- the magnitude of the resultant forces cab be determined
from the law of cosines, and its direction is determined from the law of sines

Sine law:
AaA - B C
sina sinb sinc

Cosine law:
C =VA? + B> — 2AB cos ¢

Example: determine the magnitude of the resultant force and its direction

shown in fig. below

10°

F2=150 N

F1=100 N

\ 15°

v
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R=[100%+1502-2*100*150 cos115]°°

R=213 N

F2 R 150 213

sin@ sinll5 sin@ sinll5

sinQ:@sinMS 6 =39.8°
213

3-Rectangular components

Fly
‘p‘\ = EI\ I_lff = ‘_'} t
F2y
R
3] 3 —
R=.[R; +R, §=tan" L

F1=F1xi+Flyj
F2=F2xi+F2yj
F1y=F1 sinf1

F1x=F1 cos 01
F2y=F2 sin 62

F2x=F2 cos 02

a=60+15=548°

Statics of Particles

Example: determine the magnitude of the resultant force and its direction

R -=23F,
Rx=F1cos 60+F2 cos 45

=250 c0s60+375 c0s45
=390.17 N

Ry=F1 sin60- F2 sin45
=250 sin60-375 sin45

__________ F1

[

| F2
_________ I_________

' |

| |

01 |
| |
: 02 I
I | -
Fl1x F2x
A
F1=250 N
30°
450
F2=375 N
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=-48.66 N

—— R,
R=\/R; +R;  6=tan' R_i
R=393 N 0=-7.1

Example. The two forces act on a bolt at A. Determine their resultant.

y
A2 P=40N
>’

7\
. ,‘"f“ 20°

Q=60 N

* Trigonometric solution - Apply the triangle rule.
From the Law of Cosines,
R* =P’ 10> -2PQcos B
— (40N)? + (60N ) —2(40N (60N )cos155°

R=971.73N

From the Law of Sines,

sind smB

0 R
5i11_4=5i113£
R

=s5mn155° 00N

97.73N
A=1504°

o =20"+4
o =35.04°

Example : A barge is pulled by two tugboats. If the resultant of the forces
exerted by the tugboats is 5000 Ibf directed along the axis of the barge,
determine
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a) the tension in each of the ropes for a = 45°,

Statics of Particles

b) the value of a for which the tension in rope 2 is a minimum.

* Trigonometric solution - Triangle Rule
with Law of Sines
T, T,  5000Ibf
sin45®  sm30°  sinl05°

T} =36601bf T =25901bf|

+ The nunimum tension in rope 2 occurs when

T, and T, are perpendicular

T3 = (50001bf )sin 30° Ty = 25001bf
T; = (50001bf )cos 30° T, =43301bf
o =90°-30° o = 60°

Results of three or more forces

2-Method of projections

RI=PI+QI+SI R}-=P1:+Q1:+5J.
=3 F; =ZF}.

+ To find the resultant magnitude and direction.

R,
_ 2 2 R St
R=.4 Ry +Ry & =tan

X

5000 Ib

45° 30°\
105°
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Example : Four forces act on bolt A as shown. Determine the resultant of the
force on the bolt.

SOLUTION:
» Resolve each force nto rectangular components.

force | mag | x-comp| y-—comp
F | 150 +1299 +75.0

F| 80 -274 +752
F | 110 0| -1100
Fy | 100 +96.6 259

R, =+1991 RJ. =+143

* Determine the components of the resultant by

— x:l < addmg the corresponding force components.
LIN)] [ 190y Caleulate the magnitude and direction.
R=41991"+143*  [R=1996N
Lo 143N —
199.IN =




