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Application
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The tension in the cable supporting
this person can be found using the
concepts in this chapter




Scalar triple product

*AxB= (A +Aj+A,i)x(Bj+B,j+ B,

* AXB = {AyBZ - AZBV}/' +(A,B,- AB)j+ (AXBy - AyBX/k
l Ji k
e AX B = Ax Ay AZ
B, B, B,

A, A, A,
e AXB.C = Bx By BZ
c, C, G,
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Scalar Product of Two Vectors

» The scalar productor dot product between
two vectors Pand Qs defined as

PeQ=PQcosd (scalar result)

« Scalar products:

- are commutative, PeQ=QeP
- are distributive, |3 (,+Q,)=PeQ,+PeGq,
- are not associative, ( ) = undefined

« Scalar products with Cartesian unit components,
PeQ= (PXT+ P,j+ PZIZ)o (QXT+QyT+QZIZ)

fei=1 jej=1 kek=1 Tej=0 jek=0
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Scalar Product of Two Vectors: Applications
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» Angle between two vectors: Q
PeQ=PQcosd=PQ,+P,Q, +PQ, ,
PQ, +PQ, +P
cos@ = Q+RQ +RQ, P
PQ

 Projection of a vector on a given axis:
P,. = Pcosé =projection of P along OL

PeQ =PQcosd

PeQ

=Pcosd =P, y

» For an axis defined by a unit vector:
P, =Pel
=P, cos6, + P, cosé, +P, coso,
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Mixed Triple Product of Three Vectors

» Mixed triple product of three vectors,
S o (P xQ)=scalar result

 The six mixed triple products formed from S, P, and
Q have equal magnitudes but not the same sign,

Se(PxG)=Pe(Gx5)=Ge(SxP)
:—§c((j>< P):—|30(§x(§):—(jo(|5x§)

 Evaluating the mixed triple product,
Se(PxQ)=5,(P,Q, —P,Qy )+S,(P,Qy — PQ;)
+5,(PQy —PyQy)
Sy Sy S
P, Py P,
Qx Qy Q;
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Resultant of Two Forces

force: action of one body on another;
characterized by its point of application,
magnitude, line of action, and sense.

Experimental evidence shows that the
combined effect of two forces may be
represented by a single resultantforce.

The resultant is equivalent to the diagonal of
a parallelogram which contains the two
forces in adjacent legs.

Force is a vector quantity.
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Addition of Vectors rcome Evonane
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o

Trapezoid rule for vector addition

Triangle rule for vector addition

Law of cosines,
R? = P? +Q% -2PQcosB

R=P+Q
* Law of sines,
sinA _sinB _sinC
P R Q

Vector addition is commutative,
P+Q=Q+P

\Vector subtraction

(a) (b)
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Resultant of Several Concurrent Forces
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e Concurrent forces. set of forces which all
pass through the same point.

A set of concurrent forces applied to a
particle may be replaced by a single
resultant force which is the vector sum of the
applied forces.

 Vector force components. two or more force
vectors which, together, have the same effect
as a single force vector.
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Sample Problem
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SOLUTION:

 Find a graphical solution by applying
the Parallelogram Rule for vector
addition. The parallelogram has sides
In the directions of the two ropes and a
diagonal in the direction of the barge

A barge is pulled by two axis and length proportional to 5000 Ibf.

tugboats. If the resultant of

the forces exerted by the - Find a trigonometric solution by
tugboats Is 5000 Ibf directed applying the Triangle Rule for vector
along the axis of the barge, addition. With the magnitude and
determine the tension in each direction of the resultant known and
of the ropes for o = 45°. the directions of the other two sides
parallel to the ropes given, apply the
Law of Sines to find the rope tensions.

Discuss with a neighbor how
you would solve this problem.



Mechanics for EngIneers:

Sample Problem
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 Graphical solution - Parallelogram Rule
with known resultant direction and
magnitude, known directions for sides.

T, =37001bf T, = 2600Ibf

« Trigonometric solution - Triangle Rule
with Law of Sines

T, T,  5000Ibf

sin45° sin30° sin105°

Ty =36601Ibf T, =2590Ibf
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What If...? rcome Evonane

o
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« At what value of o would the tension in rope
2 be a minimum?

Hint: Use the triangle rule and think about
how changing a changes the magnitude of T.,.
After considering this, discuss your ideas with
a neighbor.

« The minimum tension in rope 2 occurs when

T, and T, are perpendicular.
5000 Ib

ot T, =(50001bf )sin 30° T, = 2500 Ibf
T, = (50001bf )cos 30° T, = 4330Ibf
o =90°—30° o =60°
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Rectangular Components of a Force: Unit Vectors
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* It’s possible to resolve a force vector into perpendicular

components so that the resulting parallelogram is a
rectangle. F, and Ify are referred to as rectangular
vector components and

—

F=F+F

Define perpendicular unit vectors 1 and j which are
parallel to the xand y axes.

Vector components may be expressed as products of
the unit vectors with the scalar magnitudes of the
vector components.

F=Fi+F,]

F.and F are referred to as the scalar components of F
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Addition of Forces by Summing Components

 To find the resultant of 3 (or more) concurrent
forces,

R=P+Q+S
 Resolve each force into rectangular components,
then add the components in each direction:

Ryl +RyJ =Pyi +P, j+Qui +Qyj+S,i +Sy ]
= (P +Qu + SN +(P, +Q, +5, )i
 The scalar components of the resultant vector are

AR,j e equal to the sum of the corresponding scalar
components of the given forces.

Ry =P +Qy + Sy Ry =Py +Qy +35y

A G A « To find the resultant magnitude and direction,

R,i
A R
R=\Rg+Ry O=tant Y
X y RX

bluoy dnolg-dwaigll &S



Mechanics for EngineerssStatics

Sample Problem

F, =150 N

F,=100 N

l"_‘; - I H) \

Four forces act on bolt A as shown.
Determine the resultant of the force
on the bolt.
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SOLUTION:

» Resolve each force into rectangular
components.

 Determine the components of the
resultant by adding the corresponding
force components in the x and y
directions.

 Calculate the magnitude and direction
of the resultant.
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Sample Problem
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SOLUTION: Resolve each force into rectangular components.

| \ forcre mag X —comp y—comp
| ST Jrﬁ 150 +129.9 +75.0
I 0SS O
(Fy sin 200 . |80 ~27.4 +75.2
5 N . (F4 cos 15°)i
' (Fy sin 15%)] IF} 110 0 —-110.0
¥r.; F, | 100 +96.6 -25.9
R, =+199.1 Ry =+14.3
Oy » Determine the components of the resultant by
- ————— \; =——: R adding the corresponding force components.
. R, =(143N)j Jr= 099130 salculate the magnitude and direction.
= R =+/199.12 +14.32 R =199.6N
tan o — 14.3N R
I 199.1N a==
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Moment of a Force About a Point

A force vector is defined by its magnitude and
direction. Its effect on the rigid body also depends
on it point of application.

The moment of Fabout Ois defined as
M 0= rxF

The moment vector M, is perpendicular to the
plane containing Oand the force F.

Magnitude of M, measures the tendency of the force
to cause rotation of the body about an axis along

Mo Mg =rFsind = Fd

The sense of the moment may be determined by the

right-hand rule.
Agr]\y force F’that has the same magnitude and

direction as £, is equivalentif it also has the same line
of action and therefore, produces the same moment.

M,




Moment of a Force About a Pomt

Two-dimensional structures have length and breadth but
negligible depth and are subjected to forces contained in
the plane of the structure.

The plane of the structure contains the point O and the
force £ M,, the moment of the force about Ois
perpendicular to the plane.

If the force tends to rotate the structure
counterclockwise, the sense of the moment vector is out
of the plane of the structure and the magnitude of the
moment is positive.

If the force tends to rotate the structure clockwise, the
sense of the moment vector is into the plane of the
structure and the magnitude of the moment is negative.

(b) My =—Fd
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Varignon’s Theorem

« The moment about a given point O of the
resultant of several concurrent forces is equal
to the sum of the moments of the various
moments about the same point O.

F’X(ﬁl+|f2+...): rx Ifl+l_">< |E2 +---

« Varigon’s Theorem makes it possible to
replace the direct determination of the
moment of a force F~by the moments of two
or more component forces of ~.



