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Parallelogram Law
- Trigonometric method
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Example 1:-
The screw eye in the figure at the left is subjected
to two forces Fl and Fz.

Determine the magnitude and direction of the
resultant force.
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Example 2 :- \coo <\ 3o
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The ring below is subjected to F, and F,. If we STy o

want a resultant force of 1kN and directed vertically
downward, determine the magnitude of@an@if 0 = 30°.
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Rectangular/Cartesian Components MethodA
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Determine the x and y Cartesian components of the F, and F,
forces acting on the boom. Put each force in the Cartesian
vector form.

F,=200N Y
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Example 3 :-

The link in the figure is subjected
to two forces, F, and F,
Determine the resultant magnitude

F = 400N A

and orientation of the resultant force. <7
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Problem # 3 Fé _ oo W

Knowing that a = 35°, [),):'/ﬂ._ Gvy ]Q ujlﬂ\. Heg = 3‘56
Determine: The resultant of the three forces shown Qoo Sin 35 NS
Py = Goe G535 T HI1-S
X QQSO\VQ P F_—éj — c—6‘00 %‘\'Y\%% _ —3"{)"(') N\
o Goo G5 3
G S0 — - ’
e _ . 229,
wifl anly With HE = 20_em™ o0 * Ry =Ty = 281 T 257
+ Ug)l-5 = loo2-& N

]:[')( = Boo G 206 -_—

F'Pj = Z)_:J = lez-9 + [2%-F —Suy.|

Fy = Roo SN 20 =
. — 86 2

|

25 * FQ— - R\ooz-g)z—i— @@-2)2 — loe §-5 N

CUI’/ﬂ\_ QQ])e ll)'./m\, H#Z = = 20 + 39

F;x: oo (0s 55 = 22_3_;4 N

Snss = 3F-F N ~1 86-2 14§10
Fz}: Hop N = 4 B = K)_an, T = 5
PR
TAKFK
PR x

CREATED BY ENG AHMAD SABR| ; +974 5572 4426 FOR THE FULL COURSE ,CHECK OUT: http://Lnx-org-in/



2.7. Cartesian Vectors

:) Unit Vectors in Coordinate Directions:
A { , i : Unit vector in the x-direction
A J ,J : Unit vector in the y-direction

k , k : Unit vector in the z-direction
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Direction of a Cartesian Vector
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2.9. Coordinates of Relative Position Vectors 2.10. Force Along a Line
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Example

The roof is supported as
shown. If the cables exert
forces of F,g = 100 N and
Fac =120 N on the wall
hook at A, determine the
magnitude of the resultant
force acting at A.

H = CO/O/Ll)

g= Cuyo,0) (=

C= CUr2,0)
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: Step (B) Identify the absolute position vectors:

e = s £ N
g = on = @c+l)) + L4k
= 0B = ke +0di o LK)
L = Ll'g ~+ 2 J o) ):
Vo= 0© C +
: Step (C) | ldentify the position vectors of the mechanical elements

-E.é= Ff.s“?ﬁ = ('—4\: + (o \;—(43),;

c
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| Step (D) | Find the unit position vectors
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— .Q_.C; B L ; +2) -4 K
UHC, = v Q_., =T s ‘ Identify the magnitude and direction of the resultant
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Tl'y Yourself Identify the absolute position vectors

Given: Two forces are acting on a
flag pole as shown in the
figure. F3 = 700 N and F¢ =
560 N

Find:  The magnitude and the
coordinate direction angles
of the resultant force.

Step (C) | !dentify the position vectors of the mechanical elements

Step (A) | Identify the absolute coordinates of all points ( x,bg, z)

Step (D) Find the unit position vectors
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Step (E) | Identify the force vectors Step (G) | Identify the magnitude and direction of the resultant

Step (F) Find the resultant force
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Determine the magnitude ( R ) and direction (

0 ) of the resultant force
resolving the force vectors into Cartesian
components (using the projection method).
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PROBLEM 2.43

Two cables are tied together at C and are loaded as shown.

Determine the tension (a) in cable AC, (b) in cable BC.
SOLUTION -

umrll,
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PROBLEM 2.35

Knowing that o = 35°, determine the resultant of the | l
three forces shown.
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Q=60N

P=40N

Fig. 1 Parallelogram law
applied to add forces P and Q.

Fig. 2 Triangle rule applied to
add forces P and Q.

Fig. 3 Geometry of triangle rule
applied to add forces P and Q.

C x
\\2236
Q=60N \ \
(-] \/
/// D
A /

Fig. 4 Alternative geometry of
triangle rule applied to add forces P
and Q.

-

Sample Problem 2.1

Two forces P and Q act on a bolt A. Determine their resultant.

STRATEGY: Two lines determine a plane, so this is a problem of two
coplanar forces. You can solve the problem graphically or by
trigonometry.

MODELING: For a graphical solution, you can use the parallelogram
rule or the triangle rule for addition of vectors. For a trigonometric solu-
tion, you can use the law of cosines and law of sines or use a right-triangle
approach.

ANALYSIS:

Graphical Solution. Draw to scale a parallelogram with sides equal
to P and Q (Fig. 1). Measure the magnitude and direction of the resultant.
They are

R =98 N a =35 R =98N «£35°

You can also use the triangle rule. Draw forces P and Q in tip-to-tail
fashion (Fig. 2). Again measure the magnitude and direction of the resul-
tant. The answers should be the same.

R =98 N a =35 R =98N «£35°
Trigonometric Solution. Using the triangle rule again, you know
two sides and the included angle (Fig. 3). Apply the law of cosines.

2

R’ = P* + Q° — 2PQ cos B
R> = (40 N)* + (60 N)* — 2(40 N)(60 N) cos 155°
R = 9773 N

Now apply the law of sines:

sinA _ sinB sinA sin 155°
0 R 60N 9773N

(D

Solving Eq. (1) for sin A, you obtain

i A = (60 N) sinl155°
97.73N
Using a calculator, compute this quotient, and then obtain its arc sine:
A = 15.04° a=20° + A = 3504°
Use three significant figures to record the answer (cf. Sec. 1.6):
R =977 N £35.0°

Alternative Trigonometric Solution. Construct the right triangle
BCD (Fig. 4) and compute

CD = (60 N) sin 25° = 25.36 N
BD = (60 N) cos 25° = 5438 N
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