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Book Introduction

This book has been carefully designed to meet the requirements of students and professionals preparing for a wide
range of competitive examinations in Mechanical Engineering. It comprehensively covers the core subjects commonly
included in State PSC Lecturer/Assistant Professor examinations, GATE, Engineering Services Examination
(ESE), State AE & JE recruitments, PSU technical recruitment examinations, DRDO, ISRO, University and
Polytechnic Lecturer recruitment examinations, as well as M.Tech. and Ph.D. entrance examinations conducted
by IITs, NITs, and Central Universities.

The book contains carefully selected multiple-choice questions with detailed explanations to strengthen conceptual
understanding and improve problem-solving skills. The questions have been designed across different cognitive
levels—including remembering, understanding, application, and analysis—to help students develop both
theoretical knowledge and examination confidence.

The content has been organized subject-wise according to the latest examination trends, enabling systematic
preparation and quick revision. It serves as a comprehensive practice resource for self-study, classroom learning, and
competitive examination preparation.

Acknowledgment

This book has been prepared with due care and based on the official syllabus prescribed for various Mechanical
Engineering competitive examinations, including the UPPSC syllabus covering the core thirteen subjects. During
the preparation of this book, the author consulted various standard textbooks, technical references, academic
publications, and publicly available educational resources. The author sincerely acknowledges the valuable
contributions of researchers, educators, and subject experts whose work has helped enrich the quality and accuracy of
this publication. Every effort has been made to present the content in an original, student-friendly, and examination-
oriented manner.
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1. Engineering Mechanics

Q1. A force system in which all forces act along lines
that are parallel to each other and lie in the same
plane is called.
(a) Coplanar concurrent force system
(b) Non-coplanar concurrent force system
(c¢) Coplanar parallel force system
(d) General spatial force system
Ans. c | Sol. : A coplanar parallel force system consists of
forces whose lines of action are parallel and lie in a
single plane, such as loads acting on a simply supported
beam.
Q2. The condition for equilibrium of a rigid body in a
plane requires:
(a) ZFx =0 only
(b) XFy =0 only
(c) XM =0 only
(d)XFx=0,XFy=0,and XM =0
Ans. d | Sol. : Complete static equilibrium in two
dimensions requires that the algebraic sum of horizontal
forces, vertical forces, and moments about any point
must all be zero.
Q3. According to Lami’s theorem, three coplanar
concurrent forces keeping a body in equilibrium are
proportional to:
(a) Their magnitudes
(b) Their directions
(c¢) The cosines of opposite angles
(d) The sines of opposite angles
Ans. d | Sol. : Lami’s theorem states that each force is
proportional to the sine of the angle between the other
two forces acting at the point of concurrency.
Q4. The magnitude of the axial force developed in the
connecting rod ABis closest to:

FRICTIONLESS SURFACES

CRANK (4))
4 =0A =250 mm

(a) 1.49 kN (Compression)
(b) 1.83 kN (Compression)
(c) 2.41 kN (Compression)
(d) 3.00 kN (Compression)
Ans. a| Sol. : Vertical coordinate of point A:
Y4 = 0Asin30° = 250 X 0.5 = 125 mm
Angle of connecting rod with the horizontal:

— cin—1 (35) ~ 12°
B = sin c00) ~
At pin A, three concurrent forces are in equilibrium:
e External force F; = 2kN (horizontal),
e Axial force in crank F,,
e Axial force in connecting rod F;.
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Applying Lami's theorem,
R K
sin138°  sin 150°

E _Z(Sin150°)_2< 0.5 ) 1.49 kN
37 ®\sin138°/ ~ “\0.6691)

Since the force acts toward the joint, the connecting rod
is in compression.

QS. A couple produces:
(a) Translation only
(b) Rotation only
(¢) Both translation and rotation
(d) No effect on the body
Ans. b | Sol. : A couple consists of two equal and
opposite parallel forces separated by a distance,
producing a pure rotational effect without translation.
Q6. The angle of friction is defined as the angle
between:
(a) Normal reaction and resultant reaction
(b) Applied force and weight
(c) Weight and normal reaction
(d) Friction force and applied force
Ans. a | Sol. : The angle of friction is the angle made by
the resultant reaction with the normal reaction when the
body is on the verge of motion.
Q7. The coefficient of friction is equal to:
(a) tan @
(b)sin @
(c)cos @
(d) cot @
Ans. a | Sol. : The coefficient of friction (W) is equal to
the tangent of the angle of friction (), i.e., = tan .
Q8. The angle of repose is the angle at which a body
just begins to slide on an inclined plane. It is equal to:
(a) Angle of inclination
(b) Angle of friction
(c) Complement of angle of friction
(d) Twice the angle of friction
Ans. b | Sol. : The angle of repose is numerically equal to
the angle of friction because both correspond to the
limiting equilibrium condition.
Q9. Which of the following surfaces is most likely to
reach the limiting friction condition first, thereby
governing the possibility of slipping of the clamp?

Fin DRIVING FORCE

CTURAL
/—WEDG/STEELCOLUMN

N COEFFICIENT OFSTATIC
FRICTION, pgp = 0.25
I

SURFACE 1;
COEFFICIENT OF STATIC
FRICTION, gy = 0.15

STEEL CLAMP BODY

SCAFFOLDING
STRUCTION\ ’

—_—

Ao fn
0 SURFACE 3:
h COEFFICIENT OF STATIC
P4=50 kN T FRICTION, g3 = 0.20
Ry
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(a) Surface 1 (u=0.15)
(b) Surface 2 (u=10.25)
(c) Surface 3 (u=0.20)
(d) Surfaces 2 and 3 simultaneously
Ans. a | Sol. : The surface with the lowest coefficient of
static friction reaches the limiting friction state first
because
Fnax = uN

For the given surfaces,

e Surface 1: u = 0.15

e Surface 2: u = 0.25

e Surface 3: u = 0.20
Since

0.15 < 0.20 < 0.25,

Surface 1 has the least frictional resistance and is
therefore the critical interface where slipping is most
likely to initiate.
Q10. The centroid of a semicircular area of radius R
lies at a distance of:

(a) %R
(b) E
(©)5-
(d)=
Ans. ¢ | Sol. : The centroid of a semicircular area is

. 4R oL .
located at a distance gfrom its diameter along the axis of

symmetry.

Q11. The centroid of a rectangular area lies at:

(a) One-fourth of its dimensions

(b) One-third of its dimensions

(c) The geometric centre

(d) The top corner

Ans. ¢ | Sol. : Due to symmetry, the centroid of a
rectangle coincides with its geometric centre.

Q12. The centre of gravity of a uniform circular disc
is located at:

(a) Radius/2 from the centre

(b) Diameter/4 from the centre

(c) Circumference

(d) Its geometric centre

Ans. d | Sol. : For a homogeneous circular disc, the
centre of gravity lies exactly at its geometric centre.
Q13. The centroid of a triangle lies at:

(a) Midpoint of a side

(b) Circumcentre

(c) Intersection of medians

(d) Intersection of altitudes

Ans. ¢ | Sol. : The centroid of a triangle is the common
intersection point of its three medians.

Q14. The centre of gravity of a body depends upon:
(a) Shape and mass distribution

(b) Colour of the body

(c) Surface roughness

(d) Temperature only
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Ans. a | Sol. : The centre of gravity is determined by the
geometry and distribution of mass within the body.
Q15. A perfect frame satisfies the condition:

(a)m=2j
(bym=2j -3
(©)m=j-1
(d)m=3j-2

Ans. b | Sol. : For a plane pin-jointed truss to be perfect,
the number of members (m) and joints (j) must satisfy m
=2j-3.

Q16. The method of joints in truss analysis is based
on:

(a) Rotational equilibrium only

(b) Dynamic equilibrium

(c) Equilibrium of forces at each joint

(d) Energy principles

Ans. ¢ | Sol. : The method of joints applies £Fx = 0 and
>Fy = 0 at each joint to determine unknown member
forces.

Q17. A member carrying no force under a given
loading condition is called a:

(a) Compression member

(b) Tension member

(c) Redundant member

(d) Zero-force member

Ans. d | Sol. : Zero-force members exist in trusses to
maintain stability and may not carry load for certain
loading configurations.

Q18. In a pin-jointed truss, members are assumed to
carry:

(a) Bending moments only

(b) Axial forces only

(c) Shear forces only

(d) Torsional moments only

Ans. b | Sol. : Ideal truss members are two-force
members and therefore carry only axial tension or
compression.

Q19. Taking the origin (0’ 0) at the bottom-left
corner of the section as shown in the figure, the y-
coordinate of the centroid of the composite section is
closest to:

I b =900 mm ] Top Flange (Plate 3)
0 | | t3=20mm
Web (Plate 2) 150 mm External Stiffener Plate
t,=16mm | /_ (Plate 4)
Wy =250 mm
t;=16 mm
Hiotar = 1000 mm
H=900 mm 600 mm
Edge Stiffener l
(Angle Section L50x50x6)
Y S 200mm "
1
= [ l I ~1 Bottom Flange (Plate 1)
o X | I 900 i t;=20mm
I 1
by =1200 mm
(a) 495 mm
(b) 510 mm
(c) 542 mm
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(d) 565 mm
Ans. b | Sol. : Areas:
e Bottom flange:
Ay = 1200 x 20 = 24000 mm?

e Two webs:
A, = 2(1000 x 15) = 30000 mm?

e Top flange:
Az =900 x 25 = 22500 mm?

Total area,
A = 24000 + 30000 + 22500 = 76500 mm?

Centroid locations from the bottom:
¢ Bottom flange:
y; =10 mm

e Webs:

1000
Yy, = 20+T= 520 mm

e Top flange:
25
y; =20+ 1000 + - = 1032.5 mm

Using
Y
y= A
5= 24000(10) +30000(520) + 22500(1032.5)

76500

y =~ 510 mm

Q20. A force of 100 N acts at a perpendicular distance
of 0.5 m from a point. The moment about the point is:
(2) 25 N'm

(b) 50 N-m

(c) 100 N-m

(d) 200 N'm

Ans. b | Sol. : Moment = Force X Perpendicular distance
=100 x 0.5=50 N-m.

Q21. The unit of coefficient of friction is:

(a) N

(b) N'm

(c) m/s?

(d) Dimensionless

Ans. d | Sol. : The coefficient of friction is a ratio of
frictional force to normal reaction and therefore has no
units.

Q22. For impending motion, the frictional force is
equal to:

(a) Zero

(b) uN

(¢) N/u

(d) wN
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Ans. b | Sol. : At the limiting condition, the frictional
force attains its maximum value, F = uN.

Q23. The centroid of a straight line segment lies at:
(a) One-third of its length

(b) Midpoint of the segment

(¢) One-fourth of its length

(d) One end of the segment

Ans. b | Sol. : The centroid of a uniform straight line lies
exactly at its midpoint due to symmetry.

Q24. A truss member subjected to pulling action is
known as a:

(a) Compression member

(b) Torsion member

(c) Tension member

(d) Shear member

Ans. ¢ | Sol. : A member experiencing axial elongation
under load is called a tension member.

Q25. In rigid body kinetics, Newton’s second law for
rotation about a fixed axis is expressed as:

(a) F=ma

(b) M=la

(c) M=lo

(d) F=la

Ans. b | Sol. : The rotational analogue of Newton’s
second law states that the net moment equals the mass
moment of inertia times angular acceleration.

Q26. A force system in which the resultant force and
resultant moment are both zero is said to be in:

(a) Dynamic equilibrium

(b) Stable equilibrium

(c) Static equilibrium

(d) Neutral equilibrium

Ans. ¢ | Sol. : Static equilibrium exists when the
algebraic sum of all forces and moments acting on a body
is zero, satisfying XF = 0 and XM = 0.

Q27. A body subjected to three coplanar non-parallel
forces will remain in equilibrium only if the forces
are:

(a) Equal in magnitude

(b) Concurrent

(c) Parallel

(d) Perpendicular

Ans. b | Sol. : For equilibrium under three non-parallel
coplanar forces, their lines of action must intersect at a
common point; otherwise, an unbalanced moment will
exist.

Q28. The principle of transmissibility of force states
that:

(a) A force can be replaced by any larger force in the
same direction

(b) A force may be moved anywhere on its line of action
without changing the external effect on a rigid body

(¢) Forces always act through the centroid

(d) The resultant force depends on the point of
application only
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Ans. b | Sol. : The transmissibility principle applies to
rigid bodies and states that shifting a force along its line
of action does not alter its external mechanical effect.
Q29. If two forces of 10 N and 15 N act at right
angles, the magnitude of their resultant is:

(@) 5N

(b) 18.03 N

(c)25N

(d) 125N

Ans. b | Sol. : The resultant is R = V(102 + 15?) = V325 =
18.03 N according to the Pythagorean theorem.

Q30. The resultant external load acting on the truss
(excluding support reactions) has a magnitude closest
to:

ASMMETRICAL TRUSS LOADING ANALYSIS N
100 kN @
H 60 kN e |
R 40 kN
30 —
= F
£
3 £ .
o] (3]
A
Rax ./ B ¢ D D Ro.x
7 )
Rigidie—4.0 m—>«—4.0m—>«—4.0m—>«—4.0m—>
Pin iRay Roller
i 12.0m Support
(a) 150.0 kN
(b) 164.8 kN
(c) 172.5 kN
(d) 186.6 kN

Ans. a| Sol. : Resolve the 100 kN inclined force:
Horizontal component:
E, = 100sin30° = 50 kN(«)

Vertical component:
F, = 100cos 30° = 86.6 kN({)

Resultant horizontal force:
YF, =40 —-50 =—-10kN

(10 kN towards the left)
Resultant vertical force:
XF, = —(60 + 86.6) = —146.6 kN

Magnitude of resultant:
R =/(=10)2 + (—146.6)2
R =100 + 21491.6 = V21591.6 ~ 146.9 kN

The closest option is:

Q31. The frictional force developed between two
surfaces before motion begins is called:

(a) Rolling friction

(b) Kinetic friction

(c) Limiting friction

(d) Viscous friction
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Ans. ¢ | Sol. : Limiting friction is the maximum static
friction that acts just before the body starts moving.
Q32. The coefficient of friction is defined as the ratio
of:

(a) Applied force to weight

(b) Limiting friction to normal reaction

(c) Normal reaction to limiting friction

(d) Frictional force to area of contact

Ans. b | Sol. : The coefficient of friction is given by pu =
F/N, where F is limiting friction and N is the normal
reaction.

Q33. The angle of friction is the angle between:

(a) Weight and normal reaction

(b) Applied force and friction force

(c) Resultant reaction and normal reaction

(d) Weight and resultant reaction

Ans. ¢ | Sol. : The angle of friction is the angle made by
the resultant reaction with the normal reaction at
impending motion.

Q34. For a body resting on a rough inclined plane,
motion will begin when the angle of inclination
becomes equal to:

(a) Angle of repose

(b) Angle of projection

(c) Angle of contact

(d) Angle of inclination of the force

Ans. a| Sol. : The angle of repose is the maximum
inclination at which a body remains at rest and is equal to
the angle of friction.

Q35. Rolling friction is generally:

(a) Greater than sliding friction

(b) Equal to sliding friction

(¢) Less than sliding friction

(d) Independent of surface conditions

Ans. ¢ | Sol. : Rolling friction is much smaller because
rolling motion avoids continuous surface interlocking
and deformation associated with sliding.

Q36. The centroid of a uniform semicircular area lies
on its axis of symmetry at a distance of:

(a) 2R/x from the center

(b) 4R/37 from the diameter

(c) R/2 from the diameter

(d) 3R/4 from the center

Ans. b | Sol. : The centroid of a semicircular area is
located at 4R/3x from its base diameter along the axis of
symmetry.

Q37. The centroid of a rectangle lies at:

(a) One-fourth of its dimensions

(b) The midpoint of its diagonals

(c) The top-right corner

(d) The base center

Ans. b | Sol. : The diagonals of a rectangle bisect each
other, and their intersection gives the centroid.

Q38. The centre of gravity of a body is the point
through which:

(a) The resultant friction acts

(b) The normal reaction acts
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(c) The entire weight of the body is assumed to act

(d) The applied force always passes

Ans. ¢ | Sol. : The centre of gravity is the point at which
the total gravitational force on the body may be
considered concentrated.

Q39. For a homogeneous body, the centre of gravity
coincides with the:

(a) Neutral axis

(b) Elastic center

(c) Centroid

(d) Shear center

Ans. ¢ | Sol. : In a body of uniform density, the centroid
and centre of gravity occupy the same location.

Q40. The centroid of a triangular area is located at:
(a) Half the height from the base

(b) One-third the height from the base

(¢) Two-thirds the height from the base

(d) One-fourth the height from the base

Ans. b | Sol. : The centroid of a triangle lies at a distance
h/3 from the base or 2h/3 from the opposite vertex.
Q41. The method commonly used to determine the
forces in all members of a truss simultaneously is:
(a) Method of sections

(b) Method of joints

(c) Graphical method

(d) Virtual work method

Ans. b | Sol. : The method of joints applies equilibrium
equations at each joint to determine member forces
systematically.

Q42. The method of sections is particularly useful
when:

(a) Forces in all members are required

(b) Only support reactions are needed

(c) Forces in a few specific members are to be
determined

(d) The truss is indeterminate

Ans. ¢ | Sol. : The method of sections allows direct
evaluation of selected member forces without analyzing
the entire truss.

Q43. what is the net change in the bending moment
between sections immediately to the left of Cand
immediately to the right of C?

1.0m 5l 2.0m »le 3.0m N|
r ’ L M M i
’2 PITITTITLR =Ry,
A ——— ==l >
%3 ?—W 7 D

| vom ) Lom | 10m |

e L0m 4.0m > 3.0m >
SFD >
BMD e

(a) Increase of 30 kN-m
(b) Decrease of 30 kN'm
(c) Increase of 100 kKN'm
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(d) No change in bending moment
Ans. b | Sol. : A concentrated applied couple causes an
instantaneous jump in the bending moment diagram
(BMD) without affecting the shear force diagram.
At section C, the applied moment is:

M; =30kN-m

Since the applied couple is clockwise, using the
conventional sign convention (positive sagging moment),
the bending moment diagram experiences a negative
jump equal to the magnitude of the applied couple.
Therefore,

AM = =30 kN -m

Hence, the bending moment decreases by 30 kN-m as the
section crosses point C.

Q44. A truss member subjected to compression is
known as:

(a) Tie

(b) Cable

(c) Strut

(d) Link

Ans. ¢ | Sol. : A strut is designed to withstand
compressive forces within a truss system.

Q45. For a perfect plane truss, the relationship
between the number of members (m) and joints (j) is:

(a)m=]j
(b)m=3j-2
(c)m=2j-3
(dm=j+1

Ans. ¢ | Sol. : A stable and statically determinate plane
truss satisfies the condition m = 2j — 3.

Q46. If a truss member carries zero force under a
given loading condition, it is called a:

(a) Redundant member

(b) Dummy member

(c) Zero-force member

(d) Secondary member

Ans. ¢ | Sol. : Zero-force members maintain structural
stability and geometry even though they do not carry
load for a particular loading case.

Q47. At a joint of a truss, if only two non-collinear
members meet and no external load acts, then both
members are:

(a) Compression members

(b) Tension members

(c) Zero-force members

(d) Redundant members

Ans. ¢ | Sol. : Equilibrium requires both non-collinear
members to carry zero force when no external load or
support reaction is present at the joint.

Q48. The support that provides only one reaction
perpendicular to the supporting surface is a:

(a) Fixed support

(b) Hinge support

(c) Roller support

(d) Built-in support
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Ans. ¢ | Sol. : A roller support permits movement along
the supporting surface and provides only one normal
reaction.

Q49. The resultant of two equal forces acting at an
angle of 120° is:

(a) Equal to each force

(b) Zero

(c) Twice each force

(d) Half of each force

Ans. a| Sol. : For two equal forces F inclined at 120°, R
= \(F? + F2 + 2F%c0s120°) = F.

Q50. The frictional force during actual sliding motion
is called:

(a) Static friction

(b) Limiting friction

(¢) Kinetic friction

(d) Rolling resistance

Ans. c | Sol. : Kinetic friction acts when relative motion
already exists between contacting surfaces and is
generally smaller than limiting friction.

QS1. A body is subjected to three coplanar
concurrent forces of 30 N, 40 N, and 50 N. If the first
two forces act mutually perpendicular, the system will
be in equilibrium when the 50 N force acts:

(a) Along the direction of the 30 N force

(b) Opposite to the resultant of 30 N and 40 N forces

(¢) Perpendicular to the resultant of 30 N and 40 N forces
(d) Parallel to the 40 N force

Ans. b | Sol. : The resultant of 30 N and 40 N
perpendicular forces is \/(302 +40%) =50 N. For
equilibrium, the third force must be equal and opposite to
this resultant.

Q52. A 200 N block rests on a rough horizontal
surface with coefficient of static friction 0.3. The
minimum horizontal force required to initiate motion
is:

(a) 40N

(b) SO0N

(c)60 N

(d) 80N

Ans. ¢ | Sol. : Limiting friction = uN = 0.3 x 200 = 60 N.
Motion begins when the applied force equals the limiting
friction.

Q53. A ladder leans against a smooth wall and rests
on a rough floor. The friction force acting at the wall
is:

(a) Equal to the ladder weight

(b) Zero

(c) Maximum

(d) Equal to the floor friction

Ans. b | Sol. : A smooth wall offers no frictional
resistance; therefore, only a normal reaction acts at the
wall.

Q54. Two forces of 100 N and 150 N act at an angle of
60°. The magnitude of their resultant is:

(a) 180N

(b) 218N

www.teachtoindia.com

Mechanical Engineering

(c)250 N

(d) 300 N

Ans. b | Sol. : R =(100% + 1502 + 2x100x150xc0s60°) =
V47500 ~ 218 N.

Q55. The centroid of a semicircular area of radius R
from its diameter lies at:

(a) R2

(b) 2R/m

(c) 4R/3n

(d) 3R/4

Ans. c | Sol. : The standard location of the centroid of a
semicircle from its base diameter is 4R/37.

Q56. What is the magnitude of the instantaneous
acceleration of the 20 kg block?

R=0.6m

m =20 kg|| Block

Py

Start
(a) 0.8 m/s*downward
(b) 1.6 m/ s?downward
(c) 4.8 m/s*downward

(d) 9.6 m/ s?downward
Ans. b | Sol. : Since the cable is inextensible and there is
no slipping between the cable and the inner drum,

Aeaple = T

Ground

Given,
r=02ma=8 rad/s’

Therefore,
Apjock = 0.2 X 8 = 1.6 m/s*

The ideal pulley changes only the direction of motion,
not the magnitude of acceleration.
Hence,

Aplock = 1.6 I'Il/S2

Q57. A 500 N block on a 30° inclined plane has a
coefficient of friction 0.2. The friction force available
is:

(a) 50N

(b) 86.6 N

(c) 100N

(d) 120N

Ans. b | Sol. : Normal reaction N = 500 cos30° =433 N.
Friction = uN = 0.2 x 433 = 86.6 N.

QS8. For a body in complete equilibrium under a
coplanar force system, the required conditions are:
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(a) ZFx =0 only

(b) ZFy = 0 only

(c) XM =0 only

(d)ZFx=0,XFy=0,andEM =0

Ans. d | Sol. : Translational and rotational equilibrium
together require all force components and moments to
balance.

Q59. The centroid of a rectangular plate of
dimensions 8 m x 4 m is located at:

(@) (2m, I m)

(b) (4 m, 2 m)

(¢) (8 m, 4 m)

(d) (6 m, 3 m)

Ans. b | Sol. : The centroid of a rectangle lies at its
geometric center, i.e., (8/2, 4/2).

Q60. In a simple truss, if m is the number of members
and j is the number of joints, the condition for perfect
framing is:

(a)m=]j
(b) m=2;
(c)m=2j-3
(dm=3j-2

Ans. ¢ | Sol. : A plane truss is perfectly framed when the
number of members satisfies m = 2j — 3.

Q61. The angle of friction for a surface with
coefficient of friction 0.577 is approximately:

(a) 20°

(b) 30°

(c) 45°

(d) 60°

Ans. b | Sol. : tan ¢ = p=0.577. Therefore, ¢ = 30°.
Q62. A body weighing 1000 N is pulled horizontally
with a force of 400 N. If p = 0.5, the body will:

(a) Move with acceleration

(b) Remain at rest

(c) Move at constant velocity

(d) Experience zero normal reaction

Ans. b | Sol. : Maximum friction = 0.5 x 1000 = 500 N,
which exceeds the applied force of 400 N. Hence, the
body remains stationary.

Q63. The centroid of a quarter-circle of radius R
measured from each straight edge is:

(a) 4R/3n

(b)R2

(c) 2R/n

(d) 3R/4n

Ans. a| Sol. : The centroid coordinates of a quarter-circle
are both equal to 4R/3m.

Q64. The method commonly used to determine forces
in individual truss members one joint at a time is:
(a) Method of sections

(b) Method of joints

(¢) Virtual work method

(d) Energy method

Ans. b | Sol. : The method of joints applies equilibrium
conditions at each pin joint to determine member forces
sequentially.
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Q65. A force of 80 N acts at 60° to the horizontal. Its
horizontal component is:

(a) 40N

(b) 693 N

(c) 80N

(d)20N

Ans. a | Sol. : Horizontal component = 80 cos60° =40 N.
Q66. A uniform rod has its center of gravity exactly at
its midpoint. This indicates that the rod is:

(a) Non-homogeneous

(b) Symmetrical and homogeneous

(c) Tapered

(d) Subjected to external loading

Ans. b | Sol. : For a uniform and symmetrical body, the
center of gravity coincides with its geometric center.
Q67. A truss member carrying a tensile force of 25 kN
is classified as:

(a) Compression member

(b) Zero-force member

(¢) Tie member

(d) Strut member

Ans. ¢ | Sol. : Members subjected to tensile forces are
called ties, whereas compression members are called
struts.

Q68. A block on a rough surface is on the verge of
sliding. At this condition, friction is:

(a) Less than uN

(b) Greater than uN

(¢) Equal to uN

(d) Zero

Ans. ¢ | Sol. : At impending motion, friction reaches its
maximum value called limiting friction, equal to uN.
Q69. The centroid of a circular area of diameter 10
cm lies at a distance of:

(a) 2.5 cm from the circumference

(b) 5 cm from the center

(c) At the geometric center

(d) 10 cm from the edge

Ans. ¢ | Sol. : Due to complete symmetry, the centroid of
a circle coincides with its geometric center.

Q70. In the method of sections, a maximum of how
many unknown member forces should be cut for
direct solution using equilibrium equations?

(a) One

(b) Two

(c) Three

(d) Four

Ans. ¢ | Sol. : In planar trusses, only three independent
equilibrium equations are available; therefore, at most
three unknown member forces can be determined
directly.

Q71. A force system in which all forces are parallel
and lie in the same plane is called:

(a) Coplanar concurrent system

(b) Coplanar parallel system

(c) Non-coplanar system

(d) General force system
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Ans. b | Sol. : In a coplanar parallel force system, all
forces act in a single plane and remain mutually parallel.
Q72. A 600 N crate rests on a floor with p = 0.25. The
limiting friction force is:

(a) 100N

(b) 125N

(c) 150N

(d) 200 N

Ans. ¢ | Sol. : Limiting friction = uN = 0.25 x 600 = 150
N.

Q73. The center of gravity of a body shifts when:

(a) The material density changes non-uniformly

(b) The body is perfectly symmetrical

(c) The body remains homogeneous

(d) The body is unloaded

Ans. a| Sol. : Non-uniform mass distribution changes the
location of the center of gravity.

Q74. A pin-jointed truss has 8 joints. For perfect
stability, the required number of members is:

(a) 11

(b) 13

(c) 16

(d) 18

Ans. b | Sol. : For a perfect plane truss, m = 2j — 3 =2(8)
— 3 =13 members.

Q75. Two equal forces of 100 N act at 120° to each
other. Their resultant is:

(a) 100N

(b) 1732 N

(c) 200N

(d) Zero

Ans. a | Sol. : R="(1002 + 1002 + 2x100x 100xc0s120°)
= 10000 = 100 N.

Q76. A simply supported beam is subjected to two
equal and opposite horizontal forces acting along the
same line but separated by a distance. The resulting
effect on the beam is:

(a) Pure translation

(b) Pure rotation without translation

(¢) Both translation and rotation

(d) No effect on the beam

Ans. b | Sol. : Two equal and opposite parallel forces
separated by a distance form a couple. A couple produces
a pure moment causing rotation without any resultant
force or translation.

Q77. A rigid body is in equilibrium under three
coplanar non-parallel forces. If two forces intersect at
a point, the third force must:

(a) Be parallel to either force

(b) Pass through the same point of intersection

(c) Be perpendicular to both forces

(d) Have zero magnitude

Ans. b | Sol. : For equilibrium under three non-parallel
coplanar forces, the lines of action of all three forces
must be concurrent; otherwise, an unbalanced moment
will exist.
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Q78. A force of 100 N acts at 60° to the horizontal.
Another force of 80 N acts horizontally in the opposite
direction. The horizontal component of the resultant
force is:

(a)30N

(b) 50N

(c)20N

(d) 70N

Ans. a| Sol. : Horizontal component of the first force =
100 cos 60° = 50 N. Resultant horizontal force = 50 — 80
=-30 N, indicating 30 N opposite to the positive
direction. Magnitude is 30 N.

Q79. A body remains in equilibrium under a system
of coplanar forces. If XFx =0 and XFy = 0 but XM #
0, the body will:

(a) Remain completely at rest

(b) Translate without rotating

(c) Rotate without translating

(d) Experience no acceleration

Ans. ¢ | Sol. : Zero resultant force prevents translation,
but a non-zero moment produces angular acceleration,
causing rotation.

Q80. The principle of transmissibility of forces is
applicable only when analyzing:

(a) Deformation of bodies

(b) Internal stresses

(¢) External effects on rigid bodies

(d) Thermal expansion

Ans. ¢ | Sol. : The principle states that a force can be
moved along its line of action without changing the
external effect on a rigid body, though internal stresses
may change.

Q81. A block on a rough inclined plane is just about
to slide downward. Increasing the angle of inclination
slightly will:

(a) Increase the normal reaction and decrease friction
(b) Decrease both normal reaction and frictional force
(c) Increase frictional force beyond its limiting value
(d) Keep friction unchanged

Ans. b | Sol. : Increasing the inclination reduces the
normal reaction. Since limiting friction equals uN, the
maximum available friction also decreases.

Q82. Two blocks of equal weight are placed on
horizontal surfaces with coefficients of friction 0.2
and 0.4 respectively. If the same horizontal force is
applied to both, the block with p = 0.2 will:

(a) Require greater force to move

(b) Experience identical friction

(c) Move earlier than the other block

(d) Remain stationary while the other moves

Ans. ¢ | Sol. : Lower coefficient of friction produces a
smaller limiting friction force, so motion begins earlier.
Q83. The angle of friction is 30°. The coefficient of
friction is approximately:

(a) 0.577

(b) 0.866

(c) 1.000
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(d) 0.500

Ans. a| Sol. : p=tan ¢ = tan 30° = 0.577.

Q84. For self-locking in a screw jack, the condition is:
(a) Helix angle greater than angle of friction

(b) Helix angle equal to 90°

(¢) Angle of friction greater than helix angle

(d) Coefficient of friction equal to zero

Ans. ¢ | Sol. : Self-locking occurs when friction prevents
reverse motion, requiring the angle of friction to exceed
the helix angle.

Q85. A ladder rests against a smooth vertical wall and
a rough floor. If the coefficient of friction at the floor
decreases, the ladder is more likely to:

(a) Rotate about its center

(b) Slip outward at the base

(c) Move upward along the wall

(d) Remain unaffected

Ans. b | Sol. : Reduced floor friction lowers resistance to
horizontal motion, causing the base to slip away from the
wall.

Q86. A body placed on a rough surface experiences an
applied force less than the limiting friction. The
frictional force developed is:

(a) Equal to uN

(b) Zero

(¢) Equal to the applied force

(d) Greater than the applied force

Ans. ¢ | Sol. : Static friction is self-adjusting and matches
the applied force until the limiting value uN is reached.
Q87. The centroid of a semicircular area lies:

o . 2R
(a) On its diameter at a distance —

. . . 4R
(b) On its axis of symmetry at a distance ;from the

diameter
(c) At the geometric center of the circle

: R .
(d) At a distance Efrom the diameter

Ans. b | Sol. : The centroid of a semicircular area is
located on the axis of symmetry at gfrom the base

diameter.

Q88. Removing a circular hole from a rectangular

plate shifts the centroid:

(a) Toward the hole

(b) Away from the hole

(¢) To the geometric center of the rectangle

(d) Vertically downward only

Ans. b | Sol. : The removed area is treated as negative

area, causing the centroid of the remaining section to

move away from the hole.

Q89. For a homogeneous body placed in stable

equilibrium, the center of gravity occupies:

(a) The highest possible position

(b) The lowest possible position

(c) A position independent of geometry

(d) A position outside the body

Ans. b | Sol. : Stable equilibrium corresponds to

minimum potential energy, achieved when the center of

gravity is at its lowest position.
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Q90. The centroid of an L-shaped section is best
determined using:

(a) Direct integration only

(b) Polar coordinates

(c) Method of composite areas

(d) Finite element analysis

Ans. ¢ | Sol. : Complex sections are conveniently divided
into standard geometric shapes, and the composite area
method is applied.

Q91. A cone and a cylinder have equal base radius
and height. The center of gravity of the cone lies:

(a) Higher than that of the cylinder

(b) Lower than that of the cylinder

(c) At the same height

(d) Outside the cone

Ans. b | Sol. : The centroid of a solid cone is at h/4 from
its base, whereas that of a cylinder is at h/2.

Q92. The centroid of a triangular lamina is located at:
(a) Midpoint of each side

(b) One-third of the altitude from the base

(c) Two-thirds of the altitude from the base

(d) At the circumcenter

Ans. b | Sol. : The centroid lies at the intersection of
medians and is located one-third of the altitude above the
base.

Q93. In a symmetric body with uniform density, the
centroid and center of gravity:

(a) Always differ

(b) Coincide

(c) Depend only on external loading

(d) Cannot be determined analytically

Ans. b | Sol. : Uniform density ensures that the geometric
centroid coincides with the center of gravity.

Q9%4. A truss member carrying zero force under a
particular loading condition may become a load-
carrying member when:

(a) The material changes

(b) Support conditions remain unchanged

(¢) The loading pattern changes

(d) The member length increases

Ans. ¢ | Sol. : Zero-force members depend on geometry
and loading conditions; altered loading can activate such
members.

Q95. At a joint in a plane truss, three members meet,
two of which are collinear and no external load acts at
the joint. The third member is:

(a) In compression

(b) In tension

(c) A zero-force member

(d) Subjected to bending

Ans. ¢ | Sol. : Equilibrium requires the non-collinear
member to carry zero force when no external load is
applied at that joint.

Q96. The method of sections is preferred over the
method of joints when:

(a) Forces in all members are required

(b) The truss is statically indeterminate

10
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(c) Forces in only a few specific members are needed
(d) Dynamic loading exists

Ans. ¢ | Sol. : The method of sections directly determines
forces in selected members without analyzing the entire
truss.

Q97. A pin-jointed plane truss has 10 joints and 17
members. Its determinacy status is:

(a) Stable and determinate

(b) Unstable

(c) Stable and indeterminate

(d) Mechanism

Ans. a| Sol. : For a plane truss, m = 2j — 3. Here, 17 <
2(10) — 3 = 17. Equality holds, so it is just determinate.
However, actual stability depends on geometry; if
properly triangulated, it is stable and determinate.

Q98. In a simply supported symmetric truss carrying
a central load, the member forces on either side of the
center are:

(a) Independent of symmetry

(b) Equal in magnitude and opposite in nature

(c) Zero throughout

(d) Randomly distributed

Ans. b | Sol. : Structural symmetry and symmetric
loading produce equal force magnitudes in corresponding
members, though one may be in tension and the other in
compression.

Q99. If a truss member is subjected to bending
moments in addition to axial force, the fundamental
assumption violated is:

(a) Material homogeneity

(b) Small deformation theory

(c) Pin-jointed connection assumption

(d) Static equilibrium

Ans. c | Sol. : Ideal truss analysis assumes frictionless pin
joints so that members carry only axial forces. Bending
indicates violation of this assumption.

Q100. A solid cylinder and a solid sphere of equal
mass and radius roll down an incline without slipping.
Which reaches the bottom first?

(a) Cylinder

(b) Sphere

(c) Both simultaneously

(d) Cannot be determined

Ans. b | Sol. : The sphere has a smaller mass moment of
inertia ratio (2/5)mr?than the cylinder (1/2)mr?,
resulting in greater acceleration.

Q101. A force that causes clockwise rotation of a
beam section is considered to produce a:

(a) Positive bending moment

(b) Negative bending moment

(c) Zero bending moment

(d) Torsional moment

Ans. b | Sol. : According to the conventional sign
convention, a clockwise bending effect at a section
produces a negative bending moment, resulting in a
hogging curvature.
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Q102. A simply supported beam carrying a
concentrated load at its midpoint experiences
maximum bending moment at:

(a) Left support

(b) Right support

(¢) Midpoint of the beam

(d) One-fourth span from the support

Ans. c | Sol. : For a centrally loaded simply supported
beam, the maximum bending moment occurs at the
center and is equal to WL/4.

Q103. The point on a beam where the bending
moment changes its sign is called:

(a) Neutral axis

(b) Point of contraflexure

(c) Centroid

(d) Shear center

Ans. b | Sol. : The point of contraflexure is the location
where the bending moment changes from positive to
negative or vice versa.

Q104. For a simply supported beam subjected to a
uniformly distributed load over the entire span, the
shear force diagram is:

(a) Rectangular

(b) Triangular

(c) Parabolic

(d) Circular

Ans. b | Sol. : Under a uniformly distributed load, shear
force varies linearly along the beam, producing a
triangular shear force diagram.

Q105. The slope of the bending moment diagram at
any section of a beam is equal to:

(a) Load intensity

(b) Deflection

(c) Shear force

(d) Reaction force

Ans. ¢ | Sol. : The fundamental relation dM/dx = V states
that the rate of change of bending moment with distance
equals the shear force.

Q106. The slope of the shear force diagram at a
section is equal to:

(a) Bending moment

(b) Load intensity

(¢) Deflection

(d) Flexural rigidity

Ans. b | Sol. : The relation dV/dx = —w indicates that the
slope of the shear force diagram equals the negative of
the load intensity.

Q107. A cantilever beam carrying a point load at its
free end has maximum bending moment at:

(a) Free end

(b) Midspan

(c) Fixed end

(d) One-third length from the fixed end

Ans. ¢ | Sol. : The fixed end resists the entire loading
effect and therefore experiences the maximum bending
moment equal to WL.

11
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Q108. For a rotating rigid body, the normal
acceleration of a point at radius r is:

(a) ra

(b) ro

(c) rw?

driw

Ans. ¢ | Sol. : Normal or centripetal acceleration is given
by a,, = rw?, directed toward the axis of rotation.
Q109. The SI unit of bending moment is:

(a) N

(b) N/m

(c) N'm

(d) N/m?

Ans. ¢ | Sol. : Bending moment is the product of force
and perpendicular distance, so its SI unit is newton-metre
(N-m).

Q110. The resultant of a uniformly distributed load
acts at:

(a) One-fourth of the loaded length

(b) Midpoint of the loaded length

(c) One-third of the loaded length

(d) Free end of the beam

Ans. b | Sol. : The equivalent concentrated load of a UDL
acts through the centroid of the distribution, which is at
its midpoint.

Q111. Kinematics is primarily concerned with the
study of:

(a) Forces causing motion

(b) Motion without considering forces

(c) Energy transformations

(d) Material properties

Ans. b | Sol. : Kinematics describes displacement,
velocity, and acceleration without reference to the forces
producing the motion.

Q112. The time rate of change of angular
displacement is called:

(a) Angular acceleration

(b) Linear velocity

(c) Angular velocity

(d) Torque

Ans. ¢ | Sol. : Angular velocity is defined as ® = do/dt,
representing the rate of change of angular displacement.
Q113. A simply supported beam subjected to equal
and opposite moments at its ends experiences:

(a) Constant shear force

(b) Constant bending moment

(c) Zero bending moment

(d) Parabolic bending moment

Ans. b | Sol. : Pure bending exists when only end couples
act, producing a constant bending moment throughout the
beam.

Q114. For a rigid body undergoing pure rotation
about a fixed axis, the linear velocity of a point at
distance r from the axis is:

(a) v=r/®
(b)v=o/r
(c)v=ro
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(d) v=rw?

Ans. ¢ | Sol. : The tangential velocity of a point in
rotational motion is given by v = ro.

Q115. The relation between angular acceleration o
and tangential acceleration at is:

(a)at=a/r
(b) at=ra
(c) at=r1%a
(d) at=or

Ans. b | Sol. : Tangential acceleration is directly
proportional to the radius and angular acceleration,
expressed as at = ra.

Q116. The centripetal acceleration of a rotating
particle is:

(a)ro

(b) rw?

(c) o/t

(d) r’o

Ans. b | Sol. : Centripetal acceleration acts toward the
center of rotation and is given by ac = rw?.

Q117. A rigid body undergoes general plane motion.
The motion can always be represented as:

(a) Pure translation only

(b) Pure rotation only

(c) Translation combined with rotation

(d) Oscillatory motion only

Ans. ¢ | Sol. : General plane motion is equivalent to
translation of a reference point combined with rotation
about that point.

Q118. The kinetic energy of a rotating rigid body is:
(a) lo

(b) I»?

(c) Ylo

(d) lw?

Ans. d | Sol. : Rotational kinetic energy is expressed as
KE = %l

Q119. A wheel of radius 0.5 m rolls without slipping
at 4 m/s. Its angular velocity is:

(a) 4 rad/s

(b) 6 rad/s

(c) 8rad/s

(d) 10 rad/s

Ans. ¢ | Sol. : For pure rolling, v = rw. Thus, w =
4/0.5 = 8rad/s.

Q120. The SI unit of mass moment of inertia is:

(a) kg'm

(b) kg/m?

(c) kg'm?

(d) N'm?

Ans. ¢ | Sol. : Mass moment of inertia is the product of
mass and the square of distance from the axis, giving the
unit kg-m?.

Q121. For rolling without slipping, the relationship
between linear velocity v and angular velocity o is:

(a) v=r/o
(b)v=o/r
(c)v=ro
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(d)v=r*w

Ans. ¢ | Sol. : In pure rolling motion, the translational
velocity of the center equals the product of angular
velocity and radius.

Q122. The angular momentum of a rigid body
rotating about a fixed axis is given by:

(a)H=Iw
(b)H=1Ia
(c) H=mo
(d) H=mr?

Ans. a | Sol. : Angular momentum about a fixed axis
equals the product of moment of inertia and angular
velocity.

Q123. The theorem stating that the moment of inertia
about any axis equals the moment of inertia about a
parallel centroidal axis plus Md? is known as:

(a) Varignon’s theorem

(b) Lami’s theorem

(c) Parallel axis theorem

(d) Perpendicular axis theorem

Ans. ¢ | Sol. : The parallel axis theorem is expressed as |
=1G + Md?, where d is the distance between the two
parallel axes.

Q124. If the shear force diagram of a beam crosses
the zero axis, the bending moment at that section is:
(a) Always zero

(b) Always maximum or minimum

(c) Always constant

(d) Undefined

Ans. b | Sol. : Since the slope of the bending moment
diagram equals shear force, zero shear indicates an
extremum in bending moment.

Q125. For a simply supported beam with span L
carrying a uniformly distributed load w over the
entire span, the maximum bending moment is:

(a) wL¥4

(b) wL?/8

(c) wL¥12

(d) wL?/16

Ans. b | Sol. : The maximum bending moment occurs at
the center of the beam and is equal to wL?/8 for a full-
span uniformly distributed load.

Q126. A simply supported beam of span Lcarries a
uniformly distributed load over its entire length. The
maximum bending moment occurs at:

(a) One-fourth of the span from the left support

(b) Mid-span

(c) At the left support

(d) At both supports

Ans. b | Sol. : For a simply supported beam subjected to a
uniformly distributed load over the entire span, the shear
force becomes zero at the center, and hence the
maximum bending moment occurs at mid-span.

Q127. A point of contraflexure in a beam is the point
where:

(a) Shear force is maximum

(b) Load intensity is zero
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(c) Bending moment changes sign

(d) Slope becomes zero

Ans. ¢ | Sol. : A point of contraflexure is a location on the
beam where the bending moment changes from positive
to negative or vice versa, indicating a reversal in the
curvature of the beam.

Q128. The area under the shear force diagram
between two sections of a beam represents the:

(a) Load intensity

(b) Slope of the beam

(c) Change in bending moment

(d) Deflection of the beam

Ans. ¢ | Sol. : The change in bending moment between
two sections is equal to the area under the shear force
diagram over that interval.

Q129. For a cantilever beam carrying a point load at
its free end, the maximum bending moment occurs at:
(a) Free end

(b) Mid-span

(c) Fixed end

(d) One-third span from the fixed end

Ans. ¢ | Sol. : In a cantilever beam, the bending moment
increases from zero at the free end to its maximum value
at the fixed support.

Q130. If the shear force at a section of a beam is zero,
then the bending moment at that section is generally:
(2) Minimum

(b) Maximum or minimum

(c) Zero

(d) Constant throughout the beam

Ans. b | Sol. : The condition dM/dx=V=0indicates that
the bending moment is at an extreme value, which may
be either a maximum or a minimum.

Q131. A rigid body differs from a deformable body
because:

(a) It has zero mass

(b) It possesses infinite strength

(c) The distance between any two points remains
constant

(d) It cannot rotate

Ans. ¢ | Sol. : In rigid body mechanics, deformation is
neglected, and the relative positions of all particles
within the body remain unchanged.

Q132. The angular velocity of a rotating body is
directed along:

(a) Tangential direction

(b) Radial direction

(c) Axis of rotation according to the right-hand rule

(d) Direction of linear acceleration

Ans. ¢ | Sol. : Angular velocity is a vector quantity whose
direction is determined by the right-hand thumb rule
along the axis of rotation.

Q133. For pure rolling motion of a wheel, the
relationship between linear velocity vand angular
velocity ois:

(a) v=o/r

(b) v=r/®
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(c) v=ro

d) v = rw?

Ans. ¢ | Sol. : In pure rolling without slipping, the
translational velocity of the center equals the product of
radius and angular velocity.

Q134. The moment of inertia of a rigid body depends
upon:

(a) Only its mass

(b) Only its shape

(c) Distribution of mass about the axis of rotation

(d) Gravitational acceleration

Ans. ¢ | Sol. : Moment of inertia is determined by how
the mass of the body is distributed relative to the chosen
axis.

Q135. According to Newton’s second law for
rotational motion:

(a) Torque equals force multiplied by velocity

(b) Torque equals angular momentum

(¢) Torque equals moment of inertia multiplied by
angular acceleration

(d) Torque equals mass multiplied by acceleration

Ans. ¢ | Sol. : The rotational form of Newton’s second
law is given by 1=Ia, where lis moment of inertia and ais
angular acceleration.

Q136. The radius of gyration of a body is defined as:
(a) Distance from centroid to support

(b) Equivalent distance at which entire mass may be
assumed concentrated without changing moment of
inertia

(c¢) Distance between two parallel axes

(d) Maximum dimension of the body

Ans. b | Sol. : Radius of gyration represents the distance
from the axis at which the total mass can be imagined to
be concentrated while preserving the same moment of
inertia.

Q137. A particle moves in a circular path with
constant speed. Its acceleration is:

(a) Zero

(b) Tangential only

(c) Radial inward only

(d) Radial outward only

Ans. ¢ | Sol. : Even at constant speed, the direction of
velocity changes continuously, producing a centripetal
acceleration directed toward the center.

Q138. The unit of angular acceleration in SI system
is:

(a) rad/s

(b) rad/s?

(c) m/s?

(d)N'm

Ans. b | Sol. : Angular acceleration is the rate of change
of angular velocity with respect to time and is measured
in radians per second squared.

Q139. The centroidal axis theorem is commonly used
to determine:

(a) Linear velocity

(b) Shear stress
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(c) Moment of inertia about parallel axes
(d) Friction coefficient
Ans. ¢ | Sol. : The parallel-axis theorem enables
calculation of moment of inertia about any axis parallel
to the centroidal axis.
Q140. For a simply supported beam with a central
point load W, the maximum bending moment is:
(a) WL/2
(b) WL/4
(c) WL/8
(d) WL
Ans. b | Sol. : The reactions at both supports are W/2,
giving the maximum moment at mid-span as
(W/2)(L/2)=WL/4.
Q141. The slope of the bending moment diagram at
any section is equal to:
(a) Load intensity
(b) Shear force
(¢) Deflection
(d) Bending stress
Ans. b | Sol. : Mathematically, dM/dx=V, indicating that
the slope of the bending moment diagram equals the
shear force.
Q142. If a beam is subjected to no external load
between two points, the shear force diagram in that
region is:
(a) Parabolic
(b) Inclined straight line
(c) Horizontal straight line
(d) Vertical line
Ans. ¢ | Sol. : In the absence of loading, shear force
remains constant, resulting in a horizontal line on the
shear force diagram.
Q143. The instantaneous center of rotation of a rigid
body in plane motion is the point:
(a) Having maximum acceleration
(b) Having zero velocity at that instant
(c) Located at the center of mass
(d) Having zero angular velocity
Ans. b | Sol. : At the instantaneous center, the velocity is
momentarily zero, and the body may be considered to
rotate about that point.
Q144. The kinetic energy of a rotating rigid body is
given by:
(a) %mvz
®) lw
(c) %I w?
(d) mgh
Ans. ¢ | Sol. : Rotational kinetic energy depends on the
body's moment of inertia and the square of its angular
velocity.
Q145. For a body undergoing general plane motion,
the motion consists of:
(a) Translation only
(b) Rotation only
(¢) Translation and rotation simultaneously
(d) Oscillation only
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Ans. c | Sol. : General plane motion is a combination of
translational motion of one reference point and rotational
motion about that point.

Q146. The shear force just to the left and right of a
concentrated load on a beam:

(a) Remains unchanged

(b) Changes suddenly by the magnitude of the load

(c) Becomes zero

(d) Changes linearly

Ans. b | Sol. : A point load causes an abrupt jump in the
shear force diagram equal to the magnitude of that load.
Q147. The angular momentum of a rotating rigid
body about a fixed axis is:

(a) mo

(b) lo

(c) Ia

(d) mro

Ans. b | Sol. : Angular momentum about a fixed axis is
the product of moment of inertia and angular velocity.
Q148. For pure rotational motion about a fixed axis,
all particles of the body have the same:

(a) Linear velocity

(b) Tangential acceleration

(c) Angular velocity

(d) Centripetal acceleration

Ans. ¢ | Sol. : Every particle in a rigid body rotating
about a fixed axis shares the same angular velocity,
though their linear velocities differ according to radius.
Q149. A uniformly distributed load acting on a beam
produces a bending moment diagram that is:

(a) Linear

(b) Rectangular

(c) Parabolic

(d) Circular

Ans. ¢ | Sol. : Since the shear force varies linearly under
a uniformly distributed load, the bending moment, being
its integral, follows a parabolic variation.

Q150. For efficient structural performance, long
slender members in a truss are preferably designed to
carry:

(a) Compression loads

(b) Torsional loads

(c) Bending loads

(d) Tensile loads

Ans. d | Sol. : Slender members are less susceptible to
failure in tension, whereas compression members may
fail by buckling.

Q151. A simply supported beam of span 6 m carries a
uniformly distributed load of 4 kN/m over the entire
span. The maximum bending moment developed at
the center of the beam is:

(a) 12 kN'm

(b) 18 kN'm

(¢) 24 kKN'm

(d) 36 kN'm
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Ans. b | Sol. : For a simply supported beam carrying a
UDL over the entire span, M, ,,, = wL?/8. Thus,

Mg = 4 X 62/8 = 18kN-m.

Q152. A simply supported beam of length 8 m carries
a point load of 20 kN at its mid-span. The shear force
immediately to the left of the load is:

(a) OkN

(b) 1I0kN

(c) 20 kN

(d)—10 kN

Ans. b | Sol. : The reactions at both supports are equal to
10 kN. Therefore, the shear force just to the left of the
central load is +10 kN.

Q153. A cantilever beam of length 3 m carries a
concentrated load of 15 kN at the free end. The
bending moment at the fixed end is:

(a) 15 kN'‘m

(b) 30 kN'm

(c) 45 kN'm

(d) 60 kN'm

Ans. ¢ | Sol. : For a cantilever with an end load, the
fixed-end moment is M=PL=15x3=45kN-m.

Q154. A section of a beam experiences a positive
shear force. The corresponding bending moment
diagram in that region will:

(a) Remain constant

(b) Decrease linearly

(c) Increase linearly

(d) Become parabolic

Ans. ¢ | Sol. : Shear force is the rate of change of bending
moment. A positive constant shear force causes the
bending moment to increase linearly.

Q155. A simply supported beam carries a uniformly
distributed load throughout its span. The shear force
diagram is:

(a) Rectangular

(b) Triangular

(c) Parabolic

(d) Circular

Ans. b | Sol. : Under a UDL, shear force changes linearly
along the span, producing a triangular shear force
diagram.

Q156. A rigid body rotates about a fixed axis with
constant angular acceleration of 2 rad/s If the initial
angular velocity is 4 rad/s, its angular velocity after 5
s is:

(a) 10 rad/s

(b) 12 rad/s

(c) 14 rad/s

(d) 16 rad/s

Ans.c|Sol.:Usingw =wpg+at,w=4+2%x5=
14rad/s.

Q157. A wheel rotating at 600 rpm is brought to rest
uniformly in 20 s. The angular deceleration is:

(a) 1.57 rad/s?

(b) 2.14 rad/s?

(c) 3.14 rad/s?
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(d) 4.71 rad/s?

Ans. ¢ | Sol. : Initial angular velocity
=600x21/60=20mrad/s. Hence, a=(0-20m)/20=-11~-
3.14rad/s>.

Q158. A particle moving in a circular path of radius 2
m has a speed of 6 m/s. The centripetal acceleration
is:

(a) 9 m/s?

(b) 12 m/s?

(c) 18 m/s?

(d) 24 m/s?

Ans. ¢ | Sol. : Centripetal acceleration a, = vZ/r =
62/2 = 18m/s2.

Q159. A flywheel increases its angular speed from 10
rad/s to 30 rad/s while rotating through 80 radians.
The angular acceleration is:

(a) 4 rad/s?

(b) 5 rad/s?

(c) 6 rad/s?

(d) 8 rad/s?

Ans. b | Sol. : Using w? = w3 + 2a#, 30% = 10? +
2a(80), giving a = 5rad/s>.

Q160. The moment of inertia of a rigid body
determines its resistance to:

(a) Linear motion

(b) Translational acceleration

(¢) Angular acceleration

(d) Gravitational force

Ans. ¢ | Sol. : Moment of inertia is the rotational
analogue of mass and measures resistance to changes in
angular motion.

Q161. A disc of mass 5 kg and radius 0.4 m rotates
about its central axis. Its mass moment of inertia is:
(a) 0.2 kg'm?

(b) 0.4 kg'm?

(c) 0.6 kg'm?

(d) 0.8 kg'm?

Ans. b | Sol. : For a solid disc, [ = %mr
~X 5 X 0.4% = 0.4kg

Q162. A beam section where the shear force changes
sign corresponds to:

(a) Point of contraflexure

(b) Maximum bending moment

(c) Zero slope

(d) Fixed support

Ans. b | Sol. : The bending moment becomes maximum
or minimum at sections where the shear force passes
through zero.

Q163. A cantilever carrying a uniformly distributed
load over its entire length exhibits a bending moment
diagram that is:

(a) Linear

(b) Rectangular

(c) Parabolic

(d) Triangular

2:
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Ans. ¢ | Sol. : Since the load is uniform, shear varies
linearly and bending moment varies parabolically.
Q164. A rigid body in plane motion simultaneously
translating and rotating is said to undergo:

(a) Pure translation

(b) Pure rotation

(c) General plane motion

(d) Helical motion

Ans. ¢ | Sol. : General plane motion consists of a
combination of translation and rotation within the same
plane.

Q165. A rotating machine component experiences
angular displacement 0 under constant angular
acceleration o from rest. The final angular velocity is
given by:

(a) o=at

(b) w? = 2a6

() w=Vab

(d) w? = ab

Ans. b | Sol. : The rotational kinematic equation for
constant acceleration and zero initial velocity is w? =
2a0.

Q166. A rigid body has an angular acceleration of 3
rad/s*> and moment of inertia of 4 kg-m?. The applied
torque is:

(a) 6 N'm

(b) 9 N'm

(c) 12N'm

(d) 15N'm

Ans. ¢ | Sol. : Newton’s second law for rotation gives
T=l10=4%3=12N-m.

Q167. The kinetic energy of a rotating body depends
on:

(a) Only mass

(b) Only radius

(c) Moment of inertia and angular velocity

(d) Linear momentum

Ans. ¢ | Sol. : Rotational kinetic energy is KE =

%I w?involving both inertia and angular speed.

Q168. A simply supported beam of span 4 m carries
two equal point loads symmetrically placed. The
maximum bending moment occurs:

(a) At the supports

(b) At the midpoint between the loads

(c) Under the left load only

(d) Under the right load only

Ans. b | Sol. : For symmetric loading, the region between
the loads experiences constant maximum bending
moment.

Q169. The area under the shear force diagram
between two sections of a beam represents:

(a) Slope of the beam

(b) Deflection of the beam

(c) Change in bending moment

(d) Strain energy

Ans. ¢ | Sol. : The integral of shear force with respect to
distance gives the change in bending moment.
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Q170. A body of mass 8 kg moving at 5 m/s rotates
with no angular motion. Its kinetic energy is:
(a)501J

(b)80J

(c) 1007]

(d) 12017

. o 1
Ans. ¢ | Sol. : Translational kinetic energy = Emvz =

%x8x25=100].

Q171. A rotating shaft completes 1200 revolutions in
one minute. Its angular velocity is:

(a) 407 rad/s

(b) 207 rad/s

(c) 607 rad/s

(d) 80z rad/s

Ans. a| Sol. : Angular velocity = 1200 X 2 /60 =
40mrad/s.

Q172. A point on the rim of a rotating wheel
experiences both tangential and normal acceleration.
If angular velocity is constant, the tangential
acceleration is:

(a) Maximum

(b) Equal to normal acceleration

(c) Zero

(d) Infinite

Ans. ¢ | Sol. : Tangential acceleration depends on angular
acceleration. With constant angular velocity, angular
acceleration is zero.

Q173. The point in a beam where bending moment
changes sign is called:

(a) Neutral axis

(b) Point of contraflexure

(c) Centroid

(d) Shear center

Ans. b | Sol. : The point of contraflexure is where the
bending moment passes through zero and changes from
positive to negative or vice versa.

Q174. A rod of length 2 m rotates about one end with
angular velocity 5 rad/s. The linear velocity of the free
end is:

(a) Sm/s

(b) 8 m/s

(c) 10 m/s

(d) 12 m/s

Ans. ¢ | Sol. : Linear velocity isv =rw =2 X 5 =
10m/s.

Q175. For a rigid body under rotational equilibrium,
the necessary condition is:

(a) ZF =0 only

(b) M = 0 only

(©)XF#0and XM =0

(dXF=0and XM =0

Ans. d | Sol. : A rigid body is in complete equilibrium
only when both the resultant force and the resultant
moment acting on it are zero.

Q176. A simply supported beam of span 6 m carries a
uniformly distributed load of 20 kN/m over the entire
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span. If a concentrated load of 30 kN acts at mid-
span, the maximum bending moment is:

(a) 90 KN‘m

(b) 105 kN-m

(c) 120 kN'm

(d) 135 kN'm

Ans. d | Sol. : The UDL produces a maximum moment of
wlL?/8 = 20 X 62 /8 = 90kN-m. The central point load
produces PL/4 = 30 X 6/4 = 45kN-m. Hence, the total
maximum bending moment is 90 + 45 = 135 kN-m.
Q177. For a simply supported beam subjected to a
uniformly distributed load throughout the span, the
shear force diagram is:

(a) Rectangular

(b) Triangular

(c) Parabolic

(d) Circular

Ans. b | Sol. : Under a constant distributed load, shear
force varies linearly along the beam length, producing a
triangular shear force diagram.

Q178. A cantilever beam of length L carries a point
load W at its free end. The bending moment at a
section located at distance x from the free end is:

(a) Wx

(b) W(L - x)

(c) WL

(d) Wx?/2

Ans. a | Sol. : Considering the free-end segment, the
moment at a section x from the free end equals W x x,
giving a linear bending moment variation.

Q179. The point of contraflexure in a beam is the
location where:

(a) Shear force is maximum

(b) Deflection is maximum

(c) Bending moment changes sign

(d) Slope becomes zero

Ans. ¢ | Sol. : A point of contraflexure exists where the
bending moment passes through zero and changes from
sagging to hogging or vice versa.

Q180. A simply supported beam experiences zero
shear force at a section. Which statement is most
appropriate?

(a) Bending moment must also be zero

(b) Bending moment is likely to be maximum or
minimum

(¢) Deflection must be zero

(d) Slope must be infinite

Ans. b | Sol. : Since dM /dx =V, a zero shear force
indicates an extremum of the bending moment diagram.
Q181. A rigid body rotates with constant angular
acceleration o. If its initial angular velocity is wo, the
angular velocity after time t is:

(&) @ =wo + at

(b) o =t + &

(c) o =ot?

(d) ® = o — at?
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Ans. a | Sol. : Rotational kinematics directly gives the
relation @ = wo + ot for uniform angular acceleration.
Q182. A wheel accelerates from rest at 2 rad/s2. The
angular displacement after 5 s is:

(a) 10 rad

(b) 20 rad

(c) 25 rad

(d) 30 rad

Ans. ¢ | Sol. : Using 8 = wyt + %atz, with wo = 0, we
obtain 8 = 0.5 X 2 X 25 = 25rad.

Q183. For a rigid body in pure rolling motion, the
velocity of the point in contact with the ground is:
(a) Maximum

(b) Equal to translational velocity

(c) Zero

(d) Twice the translational velocity

Ans. ¢ | Sol. : In pure rolling, translational velocity and
rotational velocity cancel at the contact point, making its
instantaneous velocity zero.

Q184. A disc rotates with angular velocity ®. The
tangential acceleration of a point at radius r is zero
when:

(@Aw=0
®)a=0
(c)r=0

(dDo=a

Ans. b | Sol. : Tangential acceleration is given by a; =
ra. It becomes zero when angular acceleration a is zero.
Q185. The centripetal acceleration of a point on a
rotating rigid body is directed:

(a) Tangentially to the path

(b) Away from the center

(c) Toward the center of rotation

(d) Vertically upward

Ans. ¢ | Sol. : Centripetal acceleration always acts
radially inward and maintains circular motion.

Q186. A flywheel increases its speed from 100 rpm to
300 rpm in 20 s. Assuming uniform acceleration, the
angular acceleration is approximately:

(a) 0.52 rad/s?

(b) 1.05 rad/s?

(c) 2.09 rad/s?

(d) 3.14 rad/s?

Ans. b | Sol. : Converting rpm to rad/s gives w: = 10.47
rad/s and w2 = 31.42 rad/s. Therefore, @ = (31.42 —
10.47)/20 = 1.05rad/s?.

Q187. For a rigid body rotating about a fixed axis, the
kinetic energy is proportional to:

(Ao

(®) lo

(c) lw?

(d) P

Ans. ¢ | Sol. : Rotational kinetic energy is KE = %I w?,
showing proportionality to Iw?.
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Q188. A body of mass m moves in a circle of radius r
with angular velocity o. Its kinetic energy can be
expressed as:

(a) mro

(b) % mriw?

(c)) mriw

(d)) 3 maw?

Ans. b | Sol. : Since linear velocity v = rm, kinetic energy

1 1
becomes KE = Em(ra))2 = Emrzwz.

Q189. A beam carries a triangular load increasing
uniformly from zero at one end to w at the other. The
shear force diagram will be:

(a) Linear

(b) Parabolic

(c¢) Cubic

(d) Constant

Ans. b | Sol. : Since load intensity varies linearly,
integrating it produces a parabolic variation of shear
force.

Q190. The bending moment diagram corresponding
to a uniformly distributed load on a simply supported
beam is:

(a) Linear

(b) Rectangular

(c) Parabolic

(d) Cubic

Ans. ¢ | Sol. : A constant load produces linear shear
variation, and integration of linear shear gives a parabolic
bending moment diagram.

Q191. A beam segment has a constant positive shear
force. The bending moment variation over that
segment is:

(a) Constant

(b) Linear increasing

(¢) Parabolic increasing

(d) Exponential

Ans. b | Sol. : Since dM/dx =V, a constant positive
shear force produces a linearly increasing bending
moment.
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