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Q.1: Three 5 kg masses attached to a light rod ABCD are spun on a frictionless horizontal plane at
600 rpm (10 Hz) about a pinion. What is the maximum force induced in the rod due to spinning?

Pinion

0.5 m 0.5 m 0.5 m

ABCD

[12 Marks CSE–2004]

Sol: Given a light Rod ABCD

C B A

Frinctionless

600 rpm

0.5 m 0.5 m 0.5 m

Mass of A = Mass of B = Mass of C = 5 kg

Span on the horizontal plane

SYLLABUS
Engineering mechanics: Units and Dimensions, SI Units, Vectors, Concept of Force, Concept of particle and rigid
body. Concurrent, Non- Concurrent and parallel forces in a plane, moment of force free body diagram, conditions
of equilibrium, Principle of virtual work, equivalent force system. First and Second Moment of area, Mass moment
of Inertia. Static Friction. Kinematics and Kinetics: Kinematics in cartesian Co-ordinates, motion under uniform and
non-uniform acceleration, motion under gravity. Kinetics of particle : Momentum and Energy principles, collision
of elastic bodies, rotation of rigid bodies.

ENGINEERING MECHANICSUNIT-1
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 = 600 rpm = 
2 600

60
 = 20  rad/s

Force acitng on the rod (F) = centrifugal force due to mA, mB, mC

FA = mA
2R = 5 × 2[20 ] 1.5 

F = mA × 1.5 ×  2 + mB × 1.0 ×  2 + mC × 0.5 ×  2

F =     25 (20 ) 1.5 1 0.5

F = 59217.63 N   59.22 kN

Q.2: A component of a machine is subjected to a system of coplanar forces shown in the figure.
Neglecting friction, determine the magnitude of force P to keep the component in equilibrium.
Also determine the magnitude and direction of the reaction at the hinge at B.

B

100 kN

120º 90º
150 kN

A

60º

40º

P

C

30º AB = 120 mm
BC = 100 mm

[12 Marks CSE–2005]

Sol:

B

100 kN

120º 90º
150 kN

A

20º

40º

P

C

30º

40º
60º

Y
X

Ry

Rx

For equillibrium

xF = 0

– 150 – Pcos20º + Rx = 0 …(i)

AB = 120 cm

BC = 100 cm

yF = 0

+ 100 + RY – Psin20º = 0 …(ii)

BM = 0

 – 100 × [ABcos30º] – 150 × [ABsin30º] + Pcos20º [BCsin40º] + Psin20º [BCcos40º] = 0

Put AB = 120 mm
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BC = 100 mm

 we got P = + 223.92 kN

From eqn (i) and (ii), we got,

Rx = 360.41 kN  Ry = – 23.41 kN

Rx


R

Ry

tan  =
y

x

R 23.41
R 360.41

     = 3º43'  clockwise from x axis

Q.3: Determine product of inertia of right-angled triangle with respect to x- and y-axes.
[20 Marks CSE–2005]

Sol: Ixy = x ydA

y =
xh 1
b

  
 

dx (b, 0)

xb

(0, h)

hy

y = h[i –(x/b)]xTaking a strip element of dx thickness at distance

Ixy = x y dA
stripx = x

stripy =
y
2

dA = ydx

Ixy =
yx y dx
2
 
    = 

b 2

0

xy dx
2  = 

2b

0

x xh dx1
2 b
      

=
b2 3 2

0

h x 2x dxx
2 b b

 
     = 

2 2 4 3

2

h b b 2b
2 2 4b 3b
 

  
 

=
2 2h b 1 1 2
2 2 4 3

    
 = 

2 2h b
24

 [Ans.]

Q.4: State the D’Alembert’s principle. Use the principle to determine the natural frequency of a
machine component shown in the figure.

m
A 2k B

Weightless
bar

Hinge

C

4m

a a 2a

0

[12 Marks CSE–2005]

Sol: D' Alemberts principle: The principle states that the sum of the differences between the forces
acting on a system of mass particles and the time derivatives of the momentum of the system
itself along any virtual displacement consistent with the constraints of system, is zero.

i i i i
i

(F m a ) . r 0  

where Fi = Total applied force (excluding constraint force) on i th particle.
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