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INTRODUCTION 3. Kinematics: Kinematics deals with space, time

In physics, the branch which deals with the study of state of
rest or motion caused by the action of forces on the bodies
is called ‘mechanics’.

Engineering mechanics applies the principles and laws
of mechanics to solve the problems of common engineering
elements.

NeEwTONIAN MECHANICS

Newtonian mechanics or classical mechanics deals with the
study of the motion of macroscopic objects under the action
of a force or a system of forces.

Branches of Newtonian Mechanics

1. Statics: It is the study of forces and conditions of
equilibrium of bodies at rest subjected to the action
of forces.

2. Dynamics: It is the branch of mechanics which deals
with the study of motion of rigid bodies and the co-
relation with the forces causing and affecting their motion.
Dynamics is divided into Kinematics and Kinetics.

relationship of a given motion of body and not at all
with the forces that cause the motion.

4. Kinetics: The study of the laws of motion of material
bodies under the action of forces or kinetics is the
study of the relationship between the forces and the
resulting motion.

Some of the definitions of the idealizations used in engi-
neering mechanics are as follows:

1. Continuum: It is defined as continuous nonspacial
whole which has no empty spaces, and no part is
distinct from the adjacent parts. Considering objects,
in this way, ignores that the matter present in the
object is made of atoms and molecules.

2. Particle: A particle is a body which has finite mass,
but the dimensions can be neglected.

3. System of particles: When a group of particles
which are inter-related are dealt together for studying
the behaviour, it is called a system of particles.

4. Rigid body: A solid body which does not undergo
any deformations under the application of forces is
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called a rigid body. In reality, solid bodies are not
rigid, but are assumed as rigid bodies.

5. Matter: It is anything which occupies space.

6. Mass: It is a measure of inertia. The mass of a body is
the quantity of matter contained in it, and is the sum
of the masses of its constituent mass points.

DErFORMATION OF BobDYy

A body which changes its shape or size under the action of
external forces is called deformable body.

Action and Reaction

Action and reaction occurs when one body exerts a force on
another body, the later also exerts a force on the former. These
forces are equal in magnitude and opposite in direction.

Tension

It is the pulling force which is acting through a string when
it is tight. It acts in the outward direction.

> <

Tension

Thrust

It is acting in the inward direction and it is the pushing force
transferred through a light rod.

< >

Thrust

FORCE

Force may be defined as any action that tends to change
the state of rest or uniform motion of a body on which it is
applied. The specifications or characteristics of a force are:

1. Magnitude

2. Point of application

3. Direction (force is a vector quantity)
4. Line of action

Force is a vector quantity since it has a magnitude and a
direction (scalar quantities have only magnitudes and no
directions).

The direction of a force is the direction, along a straight
line passing through its point of application, in which the
force tends to move the body on which it is applied. The
straight line is called the line of action of the force. For
the force of gravity, the direction of the force is vertically
downward.

1. System of forces: A system of forces or a force system
is the set of forces acting on the body or a group of
bodies of interest. Force system can be classified
according to the orientation of the lines of action of
the constituting forces. It is shown as follows:

System of Forces

I
Coplanar Non-coplanar
| (Space forces)

v v

Collinear Concurrenet

Concurrent

Non-concurrenet Non concurrenet

Parallel l Parallel General

Non-parallel
general
lee Unlike
arallel arallel
P P Like Unlike
parallel parallel

2. Coplanar and non-coplanar (spatial) force
systems: In a coplanar force system (Figure (a)), the
constituting forces have their lines of action lying
in the same plane. If all the lines of action do not
lie in the same plane, then the corresponding forces
constitute a non-coplanar force system (Figure (b)).

T 90

@) (b)

3. Collinear force system: In a collinear force system
(figure), the lines of action of the entire constituting
forces will be along the same line.

Ya

4. Concurrent and non-concurrent force systems: If
the lines of action of all the forces in a force system
pass through a single point, then the force system is
called a concurrent force system (Figure (a)), else it is
called as a non-concurrent force system (Figure (b)).

Ya

Z»"/ Zn'/
(@) (b)



Chapter 1 ® Introduction—Forces and Equilibrium | 3.7

5. Parallel and non-parallel (general) force systems: In
aparallel force system (Figure (a)), the lines of action of
the entire constituting forces are parallel to each other.
If the line of action of at least one constituting force is
not parallel to the line of action of another constituting
force in a force system, then the force system is called
‘non-parallel force system’ (Figure (b)).

Ya Ya
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6. Like parallel and unlike parallel force systems: In

a like parallel force system (Figure (a)), the lines of
action of the entire constituting forces are parallel to
each other and act in the same direction. In an unlike
parallel force system (figure), the lines of action of
the entire constituting forces are parallel to each
other, where some of them act in different directions.
Ya
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System of Forces

Force System Examples

1. Collinear Forces on a rope in a tug

of war.

2. Coplanar parallel System of forces acting on
a beam subjected to vertical

loads including reactions.

3. Coplanar like Weight of a stationary train on

parallel the rail when track straight.
Coplanar Forces of a rod resting against
concurrent a wall.

Coplanar, Forces on a ladder resting

non-concurrent
forces

Non-coplanar
parallel

Non-coplanar
concurrent
forces

Non-coplanar
non-concurrent
forces

against a wall when a person
stands on a rung which is not
at its centre of gravity.

The weight of the benches
in a classroom.

Forces on a tripod carrying a
camera

Forces acting on a moving
bus.

According to the magnitude of the constituting forces,
force systems can also be classified as: (a) System of
equal forces—all the constituting forces has the same
magnitude; and (b) System of unequal forces—all the
constituting forces do not have the same magnitude.

7. Representation of a force: Graphically, a force
may be represented by the segment of a straight line
with arrowhead at one end of the line segment. The
straight line represents the line of action of the force,
and its length represents its magnitude. The direction
of force is indicated by placing an arrowhead on this
straight line. The arrowhead at one end of the straight
line segment indicate the direction of the force along
the line segment. Either the head or the tail may be
used to indicate the point of application of the force.
Note that all the forces involved must be represented
consistently as shown in figures below.

v fof

@ (o)

RESOLUTION OF A FORCE INTO
A FoRcE AND A COUPLE

3

A given force ‘P’ applied to a body at any point ‘4’ can
always be replaced by an equal force applied at another point
‘B’ together with a couple which will be statically equiva-
lent to the original force. To prove this, let the given force
‘P’ act at ‘A’ as shown below. Then at B, we introduce two
oppositely directed collinear forces each of magnitude ‘P’
and parallel to the line of action of the given force ‘P’ at 4.

p P
P
P
\’ P \‘
@ (b) ©

It follows from the law of superposition that the system
in Figure (b) is statically equivalent to that in Figure (a).
However, we may now regard the original force ‘P’ at ‘4’,
and the oppositely directed force ‘P’ at B as a couple of
moment M = Pa. Since this couple may now be transformed
in any manner in its plane of action as long as its moment
remains unchanged, we may finally represent the system as
shown in Figure (c), where the couple is simply indicated by
a curved arrow and the magnitude of its moment. It will be
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noted that the moment of the couple introduced in the above
manner will always be equal to the product of the original
force ‘P’ and the arbitrary distance ‘e’ that we decide to
move its line of action. This resolution of a force into a force
and a couple is very useful in many problems of statics.

RESULTANT OF A SYSTEM
OoF CoPLANAR FORCES

Parallelogram Law of Forces

When two concurrent forces ‘P’ and ‘Q’ are represented in
magnitude and direction by the two adjacent sides of a par-
allelogram as shown in the following figure, the diagonal of
the parallelogram concurrent with the two forces, ‘P’ and
‘Q’ represents the resultant R of the forces in magnitude
and direction.

If P and Q are two forces making an angle 6 with each
other, then

R=/P?+ 0% +20Pcos6

06—«
Q R Q
orc P 709
(180 — 6)
P+QcosO |
o =tan™! _Qsin6
P+Qcosf

0O R P

sina  sin@ sin(6 —a)

Resultant of Multiple Forces Acting
at a Point

Let XH = Algebraic sum of resolved part of the forces along
the X-axis.
2V = Algebraic sum of resolved part of the forces along

the Y-axis
R=\EHP+EV)?
Y,
Fi
0 X
Fa

V
tanf = g—H where 0 is the angle which the resultant vector
R makes with the X-axis.

Triangle Law of Forces

The resultant of two forces can be obtained by the triangle
law of forces. The law states that if two forces acting at a
point are represented by the two sides of a triangle, taken
in order, the remaining side taken in an opposite order will
give the resultant.

180 - y

0O P R

sina  siny sinf

Coplanar Force System

It can be classified into collinear, concurrent, parallel, non-
concurrent, and non-parallel type of force system.

The resultant of a general coplanar system of forces may
be: (a) single force, (b) a couple in the system’s plane or in
a parallel plane, or (c) zero.

Collinear Forces
The resultant of a collinear force system (R) can be deter-
mined by algebraically adding the forces.
R=XF=F +F,+F,
A F, B F, C  Fq

>

v

CoPLANAR CONCURRENT
FORCE SYSTEM

Y

64

03
S
The analytical method consists of resolving the forces into
components that coincide with the two arbitrarily chosen

axes.
Y F, =PcosO +Qcosh, +ScosOy

2F, = PsinQ, +0sin6, — Ssin b,

R=\(ZF)? +(ZF,) | Its angle with

£
> Fx

and the resultant

respect to the X-axis is given by o = tan™! (



Chapter 1 ®» Introduction—Forces and Equilibrium | 3.9

Coplanar Parallel Force System
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Resultant of the parallel forces ‘P’, ‘Q’ and °S” are R = ZF
=P+0+S
XM, = Rx
XM, — sum of the moments of the forces ‘P, ‘Q’ and
S’ about point 0.

R = Pxp + QxQ + Sx;

CoPLANAR NON-CONCURRENT,
NON-PARALLEL FORCE SYSTEM

As in the case of an unlike parallel force system, the result-
ant may be a single force, a couple in the plane of the system

R=\(E ) +(25)
2 f,

X

or zero. The resultant is given by

tano =

and its angle o with the X-axis is given by

[¢]

x /1
| a\ b/ c| /d
P Q S
Distributed force system: Distributed forces (or loads) are
those force that act over a length, area, or volume of a body.

On the other hand, a concentrated force (point load) is a
force which acts on a point.

SOLVED EXAMPLES

Example 1
The resultant of two concurrent forces ‘3P’ and ‘2P’ is R.
If the first force is doubled, the resultant is also doubled.
Determine the angle between the forces.
Solution
R=[(3P)* +(2P)*> +2x3Px2Pxcosa]"?
=Px[13+12cosa]"’? 1)

a, being the angle between the forces.
2R =[(6P)* +(2P)* +2x 6P x 2P xcosa]"?
=[40+24cosa]"? )
From Egs. (1) and (2), we have
2P[13+12cosa]V? = P[40 + 24 cosa]"?

or
2[13+12cosa] =[40+24cosa]

cosa = —l, a =120°.
2

Example 2

A weight ‘w’ is supported by two cables. At what value of
‘@, the tension in the cable is minimum?

0

(N

Solution

[’} 60°

T,sin 0+ T,sin 60° = w
T\cos =T, cos60°
7 - T, cosO

cos 60°
=T,sin0+ 2T, cos 0 - sin60° = w

=T,sin@+ 2T|cos 6. sin60° =w

=27, cos6

Tlsin0+ \/STTlcosG:w

%zOlecos9+\/§Tl(—sin9)=0

Ty cosO = \/ng sinf

1
tanf = —
Vg

0=30°.

Example 3

An electric fixture weighing 18 N hangs from a point C by
two strings AC and BC as shown in the following figure.
The string AC is inclined to the vertical wall at 40° and BC
is inclined to the horizontal ceiling at 50°. Determine the
forces in the strings.
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Direction for solved examples 5 and 6:

Solution Example 5

It can be deducted that ZDCA =40 and ZBCD=40°, so that =~ 1Ne tension in the wire OR will be:

ZACB = 80°. (A) 519.6N (B) 625N
ZACE = 180° — 40° = 140° (€) 630N (D) 735N
ZBCE = 180° — 40° = 140° Solution

Tor ~ Tpg _ 600
sin(180—60)  sin(180—-30) sin90

Using sine rule:

n 1, 18
sin40) sin40 sin80 Top T, 600
; sin60 sin30 sin90
_18xsind0 05N
sin80 The tension in the wire OR,
p o 18xsind0 o ;
and, sins0 . . TOR=3004/3=519.6 N
Hence, the correct answer is option (A).
Example 4

Determine the resultant of the coplanar concurrent force = Example 6

system shown in the following figure. The tension in the wire ‘PR’ will be

B
: 100N (A) 575N (B) 300N
150 N :/{ (C) 275N (D) 400 N
I o
v30\'\' 20 X Solution
o 450
7% The tension in the wire ‘PR’,
| 250N T,p= 600 sin30 = 300 N
200N | . .
Hence, the correct answer is option (B).
Solution
$F_= 100 cos 20 + 250 cos45 — 200 cos 70 — 150 cos 30 =xample 7
=72.44 N A point is 1loca.ted at (.—.6, 2, 16) with respect to the origin (0,
SF, =100 sin20 — 250 sin45 — 200 sin70 + 150 sin 30 0, 0). Specify its position.
’ 255 N (1) In terms of the orthogonal components.
T (ii) In terms of the direction cosines.
Resultant R = \/(ZFX )*+(XF,)? (iii) In terms of its unit vector.
=\72.44> +255.5> = 265N Solution oo
o | 2B,
Its inclination a =tan™
>,
) 0(0, 0, 0)
= tan™! (—255 5) =74°
72.44 The components of the vector OA are:

Since Xy is negative, the angle falls in the fourth quadrant. = (=6 — 0) = —6 along the X-axis

~. Angle made with X-axis is 360° — 74° = 286° (Counter- (2 —0) =2 along the Y-axis
clockwise). (16 — 0) = 16 along the Z-axis
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Position vector, r = —6i + 2j + 16k

(In terms of the orthogonal components.)

Magnitude, » = \/(—6)% +22 +16% =17.2

Direction cosines are:
6
[ =cosf, =———=-0.3488
17.2

m= cosGy =i =0.1163
17.2

n=cosf, = 16 =0.9302
17.2

r=(17.20)i + (17.2m)j + (17.2n) (In terms of the direction
of cosines.)

Example 8

Consider a truss ABC with a force ‘P’ at A as shown in the
following figure.

5 /A45° 30°~_C

o A

The tension in member CB is:

(A) 0.5P (B) 0.63P
(C) 0.073P (D) 0.87P
Solution

Consider point 4. For equilibrium, resolving the forces:

T,,cos45°+ T, cos60—P=0

T

"5 Sin45=T,.sin60 solving.

2\3P

Hence, T3 = —F——F—
AB (\/g+\/§)

Balancing of forces at point B gives T, cos45 =T

r _(L
BC — \/g+\/§

JP =0.633P.

Example 9

A man sitting in a wheelchair tries to roll up a step of 8 cm.
The diameter of the wheel is 50 cm. The wheelchair together
with the man weighs 1500 N. What force he will have to
apply on the periphery of the wheel?

Solution

The free-body diagram (given above) shows the horizontal
force applied by the man, the weight 7 acting at the centre
of the wheel and the reaction R at the point P. (The reaction
at O will be zero at the instant the wheel being lifted up).

From the geometry:
b*=r*—(r—h)*=2rh—h?
=2x0.25x0.08 — (0.08)
S b=0.1833m
Taking moments about the point P,
-FQ2r—h)+wb=0

Wb
2r—h

1500
Where W = Load on one wheel = T .

F = Force applied on one wheel.

1500
Ty X833 37 475

F= = =32732 N.
2x0.25-0.08 0.42

MOMENT oF A FORCE

The product of a force and the perpendicular distance of the
line of action of the force from a point or axis are defined as
the moment of the force about that point or axis.

o P
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In the figure, the moment of force P about the point O
or about the Y-axis is P X ». Moment may be either clock-
wise or anti-clockwise. In the given figure, moment tends to
rotate the body in anti-clockwise direction.

The right hand rule is a convenient tool to identify the
direction of a moment. The moment M about an axis may
be represented as a vector pointing towards the direction of
the thumb of the right hand, while the other fingers show the
direction of turn, the force offers about the axis (clockwise
or anti-clockwise).

Y

N

Varignon’s Theorem of Moments

It can be proved that AOX4A + AOXB = AOXC. This illus-
trates Varignon’s theorem of moments.

Moment of the force Q about X =Twice the area of AOXA.
Moment of force P about X = Twice the area of AOXB. R is
the resultant of P and Q. Moment of the resultant about X is
= Twice the area of the triangle OXC.

The theorem may be stated as follows: The moment of a
force about any point is equal to the sum of the moments of
components about the same point.

MOoOMENT oF A COUPLE

Two parallel forces having the same magnitude and acting
in the opposite directions form a couple.
Moment of the couple is the algebraic sum of the moment
of the forces involved in it about a point.
Fq

O v
Moment of the force 1?1 *about O = 04X 17{

Moment of the force E >about O = OB X (—]72)
=—O0BxF,.

Algebraic sum of the moments,

=(OA-OB)x F (1)

But OA+ AB+BO =0

OA-OB = 4B
. Eq. (1), Becomes, M = ABXF.
F

(0] F
The resultant force is zero, but the displacement ‘d’ of the
force the couple creates a couple moment. Moment about
some arbitrary point is 0.

M=Fd +F,d,=Fd Fd,=Fd —d,). If point O is
placed in the line of action of force £, (or F)), then M = F\d
(or F,d).

Orthogonal components (scalar components) of force
‘F” along the rectangular axis, x, y and z axis are F, F, and
F, respectively. ’

F.=|F|cos0, F,= |F| cos 0,F, = |F| cos 6,, where cos 6,
(z), cos Gy(zm) and cos 6, (z,) are the direction cosines of the
force ‘F” and |F| is the magnitude of the force ‘F”.

|F| = J(F.)? +(F, ) +(F.)?
F=Fi+F,j+F.k=|F|(cos8,i+cos0,+cos0 k)

=|F| (li +mJ + nk), where i, / and k are vec-
tors of unit length along the positive x, y and z directions.

) 7|
If n is a unit vector in the direction of the force ‘/”, then
F=|F|n

Unit vector corresponding to the force vector F, F =

Equilibrium of Force Systems

A body is said to be acted upon by a system of forces in
equilibrium if the force system cannot change the body’s
stationary or constant velocity state. If the resultant is nei-
ther a force nor a couple. that is,

XF=0

IM=0
XF — Vector sum of all forces of the system
XM — Vector sum of the moments (relative to any point) of

all the forces of the system.

(1
2)
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Scalar equation equivalent to vector Eq. (1), in a rectan-
gular coordinate system, are
XF =0
IF,=0
XF =0
Scalar equation equivalent to the vector Eq. (2), are
IM =0
IM =0
M =0
IF ,XF, and ZF_ — Algebraic sum of forces in the x, y
and z directions, respectively.
M, ZMy and ZM_— Algebraic sum of moments in the
x, y and z directions, respectively.

EQuILIBRIUM EQUATIONS
FOR DIFFERENT COPLANAR
FORCE SYSTEMS
1. Concurrent coplanar force system:
XF,=0,%F,=0
2. Concurrent non-coplanar force system:
XF,=0,%F,=0,%F, =0
3. Non-concurrent coplanar force system:
XF =0, ZFy =0 and XM= 0 at any suitable point.
4. Non-concurrent non-coplanar force system:
F,=0,%F,=0,%F,= 0 and IM,= 0, ZM,= 0, ZM_= 0

ANALYSIS OF A SYSTEM
OF FORCES IN SPACE

A spatial force system may consist of a set of concur-
rent forces, parallel forces or non-concurrent non-parallel
forces. The resultant of a spatial force system is a force ‘R’
and a couple C, where:

|R = > (forces) and C = Z(moments)|

Concurrent Spatial Force System
Resultant R is given by

R=|(ZF. ) +(XF,)* +(ZF.)

with the direction cosines given by

F

cosf, = 2k
R

> F,

cosf, = R“V
cosf, = LF;
R

IF, XF, and XF, are algebraic sums of the components of
all the forces in the x, y, and z directions and 6, By, 0_ are
the angles which the resultant vector R makes with the x, y,
and z axes, respectively.

Parallel Spatial Force System

The resultant,

RZZFin :ZMX
R =2XM,

where x and z are the perpendicular distances of the result-
ant vector from the xy and yz plane, respectively. ZM_, M
are the algebraic sums of the moments of forces of the force
system about the x and z axes, respectively.

If F = 0, the resultant couple can be evaluated as,

C=JE M2 +(EM,)

>M

4

LM,

tan¢ =

Where ¢ is the angle made by the couple.

Non-concurrent, Non-parallel
Force System

The resultant, |R = \/(Z F, )2 + (Z F, )2 +(XF. )2 and cor-

responding direction cosines are:

SF,

X

cosf, = ,c080, =

> F,

cosh, =—=

and the corre-

C= (XM, +(XM, P +(EM,)

sponding direction cosines are:

M M
cosf, =X —*,cos, =X —-
C C

M
cosf, = L

1

where 60, By, and 6, are the angles which the vector rep-

resenting the couple C makes with the x, y and z axes,
respectively.
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1. A weight of 1900 N is supported by two chains of
lengths of 4 m and 3 m as shown in figure. Determine

the graph is 3, the distance travelled by the body in 6
seconds would be

the tension in each chain. (A) 40 m (B) 60 m
(C) 78 m (D) 80 m
6. Match the following:
List | List I
a. Two parallel forces acting on a 1. Collision

body moving with uniform velocity

b. A moving particle Forces in equilibrium

c. Two coplanar forces equal in 3. Kinetic energy
(A) 1200 N, 1300 N (B) 1100 N, 100 N magpnitude but opposite in
(C) 1100 N, 1200 N (D) 1520N, 1140 N CIIEEHE
2. Four forces of magnitudes 20 N, 40 N, 60 N and 80 N are d.  Co-efficient of restitution 4. Couple
acting respectively along the four sides of a square ABCD =~ Codes:
as shown in figure. Determine magnitude of resultant. abcd abcd
A 40N (A) 4 3 21 B)y1 2 3 4
N D © 2341 (D) None of these
« c 7. Two forces form a couple only when
(A) magnitude is same have parallel lines of action and
same sense.
(B) magnitude is different, have parallel lines of action
B but same sense.
A 20 N; (C) magnitude is same have non parallel lines of
80N action but same sense.
M (D) magnitude is same and have parallel lines of action
(A) 402N (B) 5042 N and opposite sense.
(C) 45V2 N (D) 60v2 N 8.
3. Match the following:
List | List Il

a. Two parallel forces actingon 1. Collision
a body moving with uniform
velocity

b. A moving particle 2. Forces in equilibrium

Two coplanar forces equal in 3. Kinetic energy
magnitude but opposite in

direction
d.  Co-efficient of 4. Couple Two steel truss members AC and BC with cross section
restitution area 100 mm? is subjected to a horizontal force P kN as
Codes: shown. in figure. Maximum value of P such that axie.ll
) a b c d a b o d stress in any of the members does not exceed 50 MPa is
(A4 3 2 1 B)1 2 3 4 (A) 10.15kN (B) 9.22 kN
< 2 3 4 1 (D) None of these (©) 7.921kN (D) 6.83 kN
4. If the resulting torque act on a system is zero, then 9 A ///////////////////////////////////// B
(A) linear momentum is conserved. 20° o
(B) angular momentum is conserved.
(C) both momentums are conserved. &

(D) None of these

5. The velocity-time graph of a body is passing through
the velocity axis with intercept of 4. If the slope of
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A weight of 200 N is hung using a cable as shown in
the figure. Tensions in portions of cable AC and BC are
respectively

1. A ladder 4B of length 5 m and weight (/) 600 N is
resting against a wall. Assuming frictionless contact
at the floor (B) and the wall (4), the magnitude of the

force P (in newton) required to maintain equilibrium of

the ladder is . [GATE, 2014]

7

T,

l 4m :I B

. Consider the plane truss with load P as shown in the
figure. Let the horizontal and vertical reactions at the
joint B be Hy and V', respectively and V. be the verti-
cal reaction at the joint C. [GATE, 2016]

L L

Which one of the following sets gives the correct val-
ues of Vy, Hyand V.2
(A) Vg=0,Hy,=0,V.=P
(B) Vy=PR2; Hy=0;V.=P/2
(C) Vg=P/2; Hy=P (sin 60°); V.= P/2
(D) Vg=P; Hy=P(cos 60°); V=0

. The magnitudes of vectors P, O and R are 100 kN,
250 kN and 150 kN, respectively as shown in the fig-
ure. [GATE, 2016]

(A) 59.6,171.7N
(C) 62.5,182.7N

(B) 62.4,176.8N
(D) 68.4, 187.9N

PRrREVIOUS YEARS’ QUESTIONS

Q

45°

90°
60°

R

The respective values of the magnitude (in kN) and
the direction (with respect to the X-axis) of the result-
ant vector are

(A) 290.9 and 96.0°

(B) 368.1 and 94.7°

(C) 330.4 and 118.9°

(D) 400.1 and 113.5°

. An assembly made of a rigid arm 4-B-C hinged

at end A and supported by an elastic rope C-D
at end C is shown in the figure. The members
may be assumed to be weightless and the lengths
of the respective members are as shown in the
figure. [GATE, 2016]

A D

4

Rigid arm l Rope

<
¢

> »le >
€ »1€ >l

L L

Under the action of a concentrated load P and C as
shown, the magnitude to tension developed in the rope
is

3P P
® ®)
©) %P D) J2p
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Exercises
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Previous Years’ Questions
1. 399 to 401 2. A 3. C 4. B
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