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plane motion; impulse and momentum (linear and angular) and energy formulations; Lagrange's equation.

Mechanics of Materials: Stress and strain, elastic constants, Poisson's ratio; Mohr's circle for plane stress and plane strain; thin
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Vibrations: Free and forced vibration of single degree of freedom systems, effect of damping; vibration isolation; resonance;
critical speeds of shafts.

Machine Design: Design for static and dynamic loading; failure theories; fatigue strength and the SN diagram; principles of the
design of machine elements such as bolted, riveted and welded joints; shafts, gears, rolling and sliding contact bearings, brakes
and clutches, springs.

Section 3: Fluid Mechanics and Thermal Sciences

Fluid Mechanics: Fluid properties; fluid statics, forces on submerged bodies, stability of floating bodies; control-volume
analysis of mass, momentum and energy; fluid acceleration; differential equations of continuity and momentum; Bernoulli’s
equation; dimensional analysis; viscous flow of incompressible fluids, boundary layer, elementary turbulent flow, flow through
pipes, head losses in pipes, bends and fittings; basics of compressible fluid flow.

Heat-Transfer: Modes of heat transfer; one dimensional heat conduction, resistance concept and electrical analogy, heat transfer
through fins; unsteady heat conduction, lumped parameter system, Heisler's charts; thermal boundary layer, dimensionless
parameters in free and forced convective heat transfer, heat transfer correlations for flow over flat plates and through pipes, effect
of turbulence; heat exchanger performance, LMTD and NTU methods; radiative heat transfer, Stefan- Boltzmann law, Wien's
displacement law, black and grey surfaces, view factors, radiation network analysis

Thermodynamics: Thermodynamic systems and processes; properties of pure substances, behavior of ideal and real gases;
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flow models, simple queuing models, PERT and CPM.
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79. GATE-PIL 2014 55
80. GATE-P.I. 2013 55
81. GATE-P.I. 2012 55
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TS-PGECET
106. TS-PGECET 2024 120
107. TS-PGECET 2023 120
108. TS-PGECET 2022 120
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115. AP-PGECET 2024 120
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131. Karnataka PGECET 2013 100
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133. Karnataka PGECET 2010 100
134. TANCET
135. TANCET 2016 120
136. TANCET 2017 120
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NTA CUET-PG
138. NTA CUET-PG 2024 80
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142. Total 9959




Trend Analysis of Mechanical Engineering
Through Pie Chart and Bar Graph

Industrial and Engineering
Maintenance Mechanics. 282
Engineering, Theory of
437 T T Machines, 480

Machine
Design, 230

Production
Thechnology, Material

1012 Science, 288

10



ENGINEERING
MECHANICS

H Equilibriam .aaacGaniistiamsiisisiisitasistssssisisivsiss 11-23
B Friction .isiadieasamianmessssssissiadiesiainiiioipisisssiie s g =34
B Trniss And FERAMEE il assisasasssssssonssnassosssissnsossstassnsssstassnsssorsss Sl
B Centroid And MOMENT ...citiiassssosimmssssossnssisssonisissassssanasasassoss 45-47
. KHEIRALICE M Pt Ches N st snnsssinnisssnnrabineitstiosaransiuros 48-50
B Kinematics Of Rigid Bodies ....ccounieicnniensnnesisnnnsesnarssanssesnes 51-59
B Kinctics Of PArticles ... cccascmsssansmssssasississssssssssssrnssssssss 00-08
B Kinetics Of Rigid Bodies ..........cccvmicccriiiicienienisissasicsnnsneesees 69-84
m Principle of virtual work And Simple Machines ................... 85-86

m Simple Harmonic Motion And Projective Motion ................. 87-89




EQUILIBRIUM

Free Body Diagrams

Free-body diagram of a body isolated from a
system involves the following
(a) Only external forces acting on the body
(b) Both external and reactive forces acting on
the body
(c) External forces acting on the body and its
deflection caused by them
(d) The body free from all forces, deflections and
deformations
NTA CUET PG 07.09.2022
Ans. (b) : A free body diagram isolates a body from its
surroundings. It shows all the forces acting on that
body. These forces can be categorized into.
e External forces- Forces applied to the body from
outside the system.
e Reactive forces- Forces exerted by the body's
surroundings in the response to the external forces.
By including both type of forces acting on the body.
2. The figure shows a structure with supports.
The correct free body diagram when the
supports are removed is

-

@ P 1.:

e B B O I

OFETHTI 2
s

() T Eam T -t N

[GATE-XE-2021: 2M]

3.

An attempt is made to pull a roller of weight W
over a curb (step) by applying a horizontal
force F as shown in the figure,

The coefficient of static friction between the
roller and the ground (including the edge of the
step) is p. Identify the correct free body
diagram (FBD) of the roller when the roller is
just about to climb over the step.

Ans. (a) : From structure With supports,

o S ]
f_lT

So, it can also drawn,

(@) | F
I".
M
(© (d) W
F I
> i
0
R
W T T S
[GATE-2020 : Set-1I: 1M]
Ans. (¢) :
"A
Weigh =W
Note:
(i) When the cylinder is about to make out of the

(i)

(iii)

curb, it will lose its contact at point A, only contact
will be at it B.

At verge of moving out of curb, roller will be in
equilibrium under W, F and contact force from B
and these three forces has to be concurrent so
contact force from B will pass through C

Even the surfaces are rough but there will be no
friction at B for the said condition FBD

/--

.\,

Consider two point masses m = 10 kg and M =
30 kg connected by a massless inextensible
string passing over a massless and frictionless
pulley with radius a = 100 mm as shown. The
masses are released from rest and move
vertically under the action of gravmé Let
acceleration due to grav1ty, g = 10 m/s". The
tension (in N) in the string is

Engineering Mechanics
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!

[GATE-XE 2020:1M]

Ans. (150 to 150) : F— acceleration of the system

For 30 kg,
|
Me
Mg - T=Mf (D)
For 10 kg,
T - mg = mf ...(i)

By equation (i) and (ii), we get —
M+ m)f=Mg—-mg=gM-m)

(o)
f= g
M+m
f:(ijlo
30+10
F = 5m/s’
From equation (ii),
T-mg= mf
T=mf+mg=10x5+10x10=150 N
T=150N

5. A force F is acting on a bent bar which is
clamped at one end as shown in the figure.

L

The CORRECT free body diagram is

\\_I“.
P e
A

P

@ ) F

[GATE-2016; Set-I111: 1M]
Ans. (a) : Free Body diagram (F B D) —
Fixed support should be replaced by horizontal reaction,
vertical reaction and momenltt.

fensbily

[ sindall®

\ M
6. A beam is subjected to an inclined

concentrated load as shown in the figure below.
Neglect the weight of the beam.

The correct Free Body Diagram of the beam is

/

(a)

/

(b)

Engineering Mechanics
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(©)

(d) (

[GATE-PI 2016: 1M]

Ans. (b) :

(Fuly

e At simple hinged support, no translation motion is
possible but beam is free to rotate about hinge.

e And at roller support translation motion only in the
plane of rolling is possible and motion beam is free
to rotate.

7. A small spherical ball fails at a normal load of

10 kN under the arrangement as shown below.

The vertical force F required to crush the ball

{F e WFady

is
100 51‘_“___-J
¥
e
) Ilinge
(a) 11.6 kN (b) 6.0 kN
(c) 3.5kN (d) 3.1 kN
|GATE-XE 2009: 1M]

Ans. (d) :
Given,

A small spherical ball falls at a normal load of (N) = 10
kN
Taking moment at point 'O’,
ZMQ = O
N x 30 =F cos15° x 100
10x30

~100xcos15°
F=3.1kN

8. The figure shows a pair of pin jointed gripper

tongs holding an object weighing 2000 N. The
co-efficient of friction (u) at the griping surface
is 0.1XX is the line of action of the input force
and YY is the line of application of gripping

force. If the pin-joint is assumed to be
frictionless, the magnitude of force F required
to hold the weight is

X - - ] I L

G

2N
(a) 1000 N (b) 2000 N
(c) 2500 N (d) 5000 N
[GATE-2004: 2M]
Ans. (d) : Given that,
Weight of object (W) =2000 N —T
Coefficient of friction (n) = 0.1 S
Taking moment about point A,
M,
Rx150-Fx300=0 '“""“I «—I—u
R =2F FBD of objec N
2puR =2000 MR 2000 N
2ux2F =2000
F=5000N
2000 N

9. An automobile of weight W is shown in Figure.

A pull 'P' is applied as shown. The reaction at
the front wheels (location A) is

x
",
.

! Tr"
— ._.-"_\
.r"‘-r
s

f”/ 4
W Pb W Pb
a) ——— b _+_
(a) o (b) o
W Pa
A4 d) —
© 3 b ( ) 2
[GATE-2000, 2M]
Ans. (b): — %,
Ry+Ry=W . H
Taking moment about B, ._-l.'-’nfl- ]
= Mp=0 200
Rox2a=Wxa+Pxb hnH__;
RA = E.}.P_b
2 2a
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m Coplanar Equilibrium Analysis
10.

The moment of the resultant of two concurrent
forces with respect to a center in their plane is
equal to the algebraic sum of the moments of
the components with respect to the same
center". This statement is known as
(a) Newton's Theorem
(b) D'Alembert's Theorem
(c) Lame's Theorem
(d) Varignon's Theorem
AP PGECET 30.05.2024, Shift —I1
NTA CUET-PG 07.09.2022
AP PGECET 11.05.2018, Shift-11

Ans. (d) : “Varignon’s theorem” states that the sum of]
the moments of several concurrent forces about a point
is equal to the moment of the resultant of those forces.
Or alternately, the moment of a force about a point
equals the sum of the moments of its components.

11. A rigid massless tetrahedron is place such that
vertex O is at the origin and the other three
vertices A, B, and C lie on the coordinate axes
as shown in the figure. The body is acted on by
three point loads, of which one is acting at A
along x-axis and another at point B along y-
axis. For the body to be in equilibrium, the
third point load actiyg at point O must be

(a) Along z-axis

(b) In x —y plane but not along x or y axis
(c) Iny -z plane but not along y or z axis
(d) In z —x plane but not along z or x axis

[GATE-2024: 1M]
F.
‘5‘5“\‘5‘“

/|

e
5 "'_}"-—}_l':
/ / f"f .
7

F=R
For the body to be in equilibrium, the three forces can
be coplanar, parallel or concurrent.
12.  The force acting at a point A is shown in figure.
The equivalent force system acting at point B is
5,

Ans. (b) :

(a) Force 3000 N in same direction and 6000 Nm
clock wise moment

(b) Force 3000 in opposite direction and 6000
Nm clock wise moment

(c) Force 3000 N in opposite direction and 6000
Nm counter clock wise moment

(d) Force 3000 N in same direction and 12000
Nm counter clock wise moment

AP-PGECET 30.05.2024, Shift-11

Ans. (a) :

000 M

Taking moment at point B, Mg = 3000 x 2 Nm clock
wise Mg = 6000 Nm clock wise
FBD of given figure by shifting 3000N at point B,

A

—T—)]L’HK'IH'

2

3000 M l

[——
From above figure net force at point B,

M N

Fg =3000N (Towards right)

13.  Match List I with List II:
List-1 List-I1
(A) | Line of action | (I) Parallel
lying on the same forces
line
(B) | Lines of action | (I) | Concurrent
parallel to each forces
other
(C) | Lines of action | (IIT) | Non-
intersecting at a Coplanar
point forces
(D) | Lines of action | (IV) | Collinear
lying on different forces
planes or in space

Choose the correct answer from the options
given below:
(a) (A)-(IV), (B)-(I), (C)-(II), (D)~(I1I)
() (A)-(I), (B)-(ID), (C)-(IV), (D)-(11T)
() (A)-(IID), (B)-(IV), (C)-(ID), (D)~(I)
(d) (A)-(I), (B)-(IID), (C)-(D), (D)-(IV)
NTA CUET PG 14.06.2023

Ans. (a) : Collinear forces - The force whose line of]
action lying on the same line.

Parallel forces - The force whose line of action parallel
to each other.

Concurrent forces - The force whose line of action
intersecting at a point.

Non coplanar forces - The force whose line of action
lying on different planes or in space.

Engineering Mechanics
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14. If three forces acting on a rigid body are in
equilibrium, then they must:
(a) be all parallel
(b) meet at a point
(c) meet at a different point
(d) never meet
NTA CUET PG 14.06.2023
Ans. (b) : If three forces acting in a one plane upon a
rigid body, keep it in equilibrium, they must be meet in
a point.
15. Force are called concurrent when their lines of
action meet in
(a) One point
(c) Plane

(b) Two points

(d) Perpendicular planes
TS-PGECET 30.05.2023, Shift-1
Ans. (a) : Concurrent force- The forces which meet at
one point are known as concurrent forces. The
concurrent forces may or move be collinear.

OR

The sun of mass moment of inertia of the mass about
their centre of gravity is equal to the mass moment of]
inertia of the body

k=./hh,
16.

A concurrent force system means that
(a) All the forces pass through a single line
(b) All the forces are parallel to each other
(c) At least two forces intersect at a point
(d) All the forces pass through a single point
NTA CUET PG 07.09.2022
Ans. (d) : A concurrent force system means that all the
forces acting on a body intersect at a single point.

17. A square plate is supported in four different
ways (configurations (P) to (S) as shown in the
figure). A couple moment C is applied on the
plate. Assume all the members to be rigid and
mass-less, and all joints to be frictionless. All
support links of the plate are identical.

“El; & i " "T—E
\ = //,"’" 5 i

\ "

. (5,

The square plate can remain in equilibrium in

its initial state for which one or more of the

following support configurations?

(a) Configuration (P)  (b) Configuration (Q)

(c) Configuration (R) (d) Configuration (S)
[GATE-2022 Set-I: 1M]

(%7

Ans. (b,c,d) : Configuration (P) :
|

'r/_F .-\ 5

1
iy
Therefore, it is structure and stable system will be in
equilibrium. But, we know equilibrium is a state of the
body where all the forces are of the same magnitude
making the net resultant zero. This is called static

concurrent equilibrium.
ie.,

%,

.

I|
But the given square plate has couple moment C which
will be the disturbing action for the concurrent forces
and the square plate (configurations P) due to this action
cannot be remain in equilibrium. Hence, cannot be

remain in equilibrium.
Configuration (Q) :

| |

i
Here, the forces acting on the square plate is countering
the action of couple moment C. Due to this counter
action of forces (F) to resist the couple moment C, the
square plate will remain in equilibrium.

ie.

F

i F

F |

‘I.

Forces (F) giving counter clockwise moment and couple
moment C giving clockwise moment. Hence, will

remain in equilibrium.

Engineering Mechanics
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Configuration (R) :

Similarly as we discussed above, here also the forces
(F) resisting the couple moment C which is in clockwise

direction by providing the anticlockwise moment.
ie.

e

Frr—tete
Hence, will remain in equilibrium.
Configuration (S) :

|
In the above arrangement, due to couple moment C, the
reactions forces will try to counter the clockwise
rotation which in result bring the arrangement in
equilibrium or stable position

Hence will remain in equilibrium.

18. If an elevator of gross weight of 1000 N starts
to move upward with a constant acceleration
and acquires a velocity of 6 m/s after traveling a
distance of 6 m, what approximate tension the
cable of the elevator needs to support?

(a) 1000 N (b) 1300 N
(c) 1500 N (d) 2000 N
NTA CUET PG 07.09.2022

Ans. (b) : Given,
Weight (w) = 1000 N

g =10 m/s22
The mass of the elevator

W =mg
w1000
1

g
Acceleration of the elevator,
The equation of motion,
v:=u’+ 2as
Given,
v =6 m/s, u= 0 (starts from rest)
s=6m
Substitute the values, we get
(6)’=0+2xax6
36 =12a
a=3m/s

= 100kg

Now,
The tension in the cable,
Net force = Tension (T) — Weight (W)
ma=T-W
T=W +ma
=1000 + 100 x 3
T=1300N

Consider the following statements:

A. Two couples in the same plane can be
added algebraically

B. Coplanar and concurrent forces are the
ones which do neither lie in one plane nor
meet at a point

C. Non-concurrent forces are the ones which
do not meet at a point

D. A single force may be replaced by a force
and couple.

Which of the following statement are correct?

(a) A,Band D (b) B,Cand D

(c) A,BandC (d A,CandD

AP PGECET 19.07.2022, Shift-11

Ans. (d) : Statement (A) — Couple can be represented

by vectors, and these vectors can be added algebraically

to find the resultant couple.

(This statement is true)

Statement (B) — Coplanar forces lie in the same plane

and concurrent forces meet at point.

(This statement is false)

Statement (C) — Non-current forces are the ones which

do not meet at point.

(This statement is true)

Statement (D) — This is a fundamental principle in

mechanics, known as the principle of transmissibility.

(This statement is true)

20. What will be the minimum number of unequal
forces required for maintaining a body in static
equilibrium?

(a) 2

(b) 3

(c) 4
(d) Depends upon the
inclinations of the forces
NTA CUET PG 07.09.2022

Ans. (b) : For a body to be in static equilibrium, the net

force acting on it must be zero. This means that the

vector sum of all forces acting on the body should be
equal to zero.

19.

magnitudes  and
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e Two forces:- It's impossible for two unequal forces
to balance each other and result in a net force of
Zero.

e Three forces:- If three forces are acting on a body,
it is possible to arrange them in a way that their
vector sum is zero.

In accordance to Varignon's theorem, the

algebraic sum of moment of the two force

about any point in their plane is equal to

(a) Zero

(b) The moments of the minimum force about the
same point

(¢) The moments of the maximum force about
the same point

(d) The moments of their resultant about the
same point

21.

TS PGECET 2021
Ans. (d) : Varignon's theorem states that the algebraic
sum of the moments of a system of coplanar forces
about any point is equal to the moment of the resultant
force about the same point.
22. A two force member in equilibrium is one in
which
(a) Forces act at two points and forces are
collinear
(b) Forces act at two points and member is
always straight
(c) Forces act at two points but the member is
free to carry moment at any point
(d) Forces acts at one point and moment acts at
second point

[GATE-XE 2021: 1M]

Ans. (a) :

P P

Forces are in equilibrium. Both the side force is P. Line
of action of all the forces act along the same line are
collinear forces.

Tt

collinear
A 30 kg smooth, solid sphere rests on two
frictionless inclines as shown in the figure. The
magnitude of contact force in N acting at the
point A is (take acceleration due to gravity g =
9.81 m/s* and consider both sphere and inclines
to be rigid) .
[round off to two decimal places]

23.

[GATE PI-2021: 1 M]

Ans. (147 to 147.30) : Given,
m =30 kg
g=9.81 m/s*

N,

mg

Using Lami's theorem,
N, B (30x9.81)
sin(90°+60°)  sin90°
NA=147.15N

24. A beam of negligible mass is hinged at support
P and has a roller support Q as shown in the

figure.

L2 %

|. Sm am
F 5]

*
A point load of 1200 N is applied at point R, the

magnitude of reaction force at support Q is __
N.

[GATE-2020; Set-II: 1M]

Ans. (1500) : Given,

1200 W

e
Ro="?
M, =2
1200%5 ~Rq x 4 =0
Ro=1500 N

25. For a system of co-planar parallel forces to be

in equilibrium

(a) The resultant force must vanish alone is
sufficient

(b) The resultant couple must vanish alone is
sufficient

(c) Both resultant force & resultant couple must
vanish

(d) Both resultant force & resultant couple must
non zero value

AP PGECET 29.09.2020, Shift-11

Ans. (¢) : A system in which all the forces acts in the
same plane is termed as coplanar force system. For any
system of coplanar forces to be in equilibrium both
resultant force and resultant couple must vanish i.e.
Zero.
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26. A truss with two bars PR and QR, making
angles o and B, respectively, with the vertical,
is shown in the figure below. The connections
at P, Q and R are hinged connections. The
truss supports a body of weight W (in N) at R

as shown. The tension in the bar QR (in N) is

(@) Wsinf Wecosp
cos(a+f) cos(a+f)

© Wcos a ) Wsm o
cos(a+f) sin(a+3)

[GATE-2020;Set-11:2M]
[GATE PI-2020: 2M]

/ LI

W
FBD

Applying Lami's theorem,
PR°. QR W
sin(180—PB)  sin(180—a) sin(a+p)
Wsin(180—a)
Rz V™ =

sin(o+B)
_ Wsina
~sin (a+B)
Hence, the tension in the bar QR = M
sin (o +p)

27. The figure shown an idealized plane truss. If a
horizontal force of 300N is applied at point A,
then the magnitude of the force produced in

member CDis____ N.

[GATE-2019, Set-11: 1M]
Ans. (0) : Consider joint B, )

:>FBC:0

Now considering joint C,
Fu

|
= FDC =0
Form the figure AB and BD are collinear. So, Rgc = 0
and AC and CE are collinear then Rcp =0
28. A force which combines with two or more
forces to produce equilibrium is called
(a) resultant (b) equilibrium
(c) couple (d) moment
Karnataka PGCET 2019

Ans. (b) : ® Equilibrium is the state of a system where
the net force and net torque are zero.

® Resultant is a single force that replace multiple forces
and has the same effect.

® Couple is a pair of equal and opposite parallel forces.
® Moment is the turning effect of a force.

29. A body is acted upon by a concurrent force
system. It can be brought to equilibrium by the
application of
(a) a collinear force equal in magnitude and

opposite to the direction of the resultant force
(b) a force acting on suitable line and a moment
along the direction of the force
(c) a force acting on anywhere along a suitable
line
(d) a force acting anywhere on the body
AP PGECET 03.05.2019, Shift-11

Ans. (a) : To bring a body acted upon by a concurrent
force system to equilibrium if the collinear force equal
in magnitude and opposite to the direction of the
resultant force.

30. Resultant of two equal forces is equal to either

of them. The angel between the force is

(a) 0° (b) 60°

(c) 90° (d) 120°

Karnataka PGCET 2019

Ans. (d) : For the resultant of two equal forces to be
equal to either force, the force must be acting at an
angle such that they partially cancel each other out. This
occur when the angle between then is 120 degrees.

31. A spring scale indicates a tension T in the right
hand cable of the pulley system shown in the
figure, Neglecting the masses of the pulleys and
ignoring the friction between the cable and
pulley, the mass M is

Spring scale
M |

2T

@ = T(1+¢*)
g

g

(b)
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TS PGECET 30.05.2018, Shift-I
Ans. (¢) : The pulley system has 4 segments of rope
supporting the mass (M).

Each segment carries a tension (T).

Since there are 4 segments.

The total force supporting M is 4 Tp.

Mg =4Tu
4T

M=—np
g

Where, p = friction coefficient that is negligible.
32. A bar of uniform cross section and weighing
100 N is held horizontally using two mass less
and inextensible strings S1 and S2 as shown in
the figure.

Rigid support

The tensions in the strings are
(@)T;=100Nand T,=0N
®)T;=0Nand T, =100 N
(c)T{=75Nand T,=25N
(d)T;=25Nand T,=75N
[GATE-2018; Set-1: 1M]

Ans. (b) : FBD of given bar-string system,
Given,
Bar weight, = 100N
e
] T I
F!- o
N , |
e 1 e LT ]
Mg
From FBD,
T,+T,=100 ... (1)
Taking moment about point A,
L L
T1><0+T2><2 ng2
T2 = Mg
T,=100N
From equation (i),
T,+T,=100
T, +100=100
T1 =0N
Hence, the tension in the strings are T, = 100 N & T, =
ON

33. Considering the coordinate system shown in
the figure, a force of magnitude 10 kN has x-
component of — 6 kN. Possible y-component (s)
of the force is/are

1:

s A

(a) +8 kN only
(c) + 8 kN and — 8 kN

(b) +5 kN only
(d) +5kN and —5 kN
[GATE PI-2018: 1M]

Ans. (¢) : Given that,

Magnitude of force, F = 10 kN
x-component of force, F, =— 6 kN
y-component of force, Fy = ?

We know that,

Resultant force,

F=+/F +F
10=+,/6" +F,

100 =36+F>
F, =264
F, =£8kN

Hence, possible y-component of the force, + 8kN and —
8kN.

34.

A couple produces

(a) Translatory motion

(b) Rotational motion

(c) Translatory and rotational motion

(d) Linear motion

AP PGECET 11.05.2017, Shift-11

Ans. (b) : Couple :- A pair of equal and opposite forces

acting on a rigid body, tending to produce rotation.

35. The forces, which meet at one point and their
lines of action also lie on the same plane, are
known as
(a) Coplanar concurrent forces
(b) Coplanar non-concurrent forces
(c) Non-coplanar concurrent forces
(d) Non-coplanar non-concurrent forces

TS PGECET 2017

Ans. (a) : The forces, which meet at one point and their

lines of action also lies on the same plane is known as

coplanar concurrent forces.

36.

Geometrical method of addition of two vector
is called
(a) triangular method
(b) parallelogram method
(c) both
(d) none of the above

TANCET 2017
Ans. (¢) : Geometrical method of addition of two vector
is called triangular and parallelogram method.

37.

Two forces are acting at an angle of 120° the
bigger force is 40 N, and the resultant force is
perpendicular to the smaller one. The smaller

force is
(a) 20N (b) 30N
(c) 40N (d) 35N
AP PGECET 11.05.2017, Shift-I1

Engineering Mechanics

19

YCT



Then,
o =120°-90° = 30°

It mean resultant makes an angle of 30° with the bigger
force F,

Now, AACD
. DC
sino. = —
AD = Length of Fz =40N (given)
DC = Length of F,
F, = E,sin30°

Ans. (a) : According to question, Ans. (b) :
If smaller force is 151 and bigger force is Fz and resultant !
force is F, .
X
_1_ T

1

It's magnitude is,

Now, along side (1), it is Pi

along side (2), it is 2P ]

along side (3), it is %Pi

along side (4), it is 4P j

There force, the net force vector is =—2P1 + —2P 3

- (—2P)2+(—2P)2=\/8? =2J2P

40. A rigid ball

For two non-zero vectors A and B , if A+Bis
perpendicular to A-B , then

(a) The magnitude of Ais twice the magnitude
of B

of weight 100 N is suspended with

the help of a string. The ball is pulled by a
horizontal force F such that the string makes
an angle of 30° with the vertical. The
magnitude of force F (in N) is

100 N

[GATE-2016; Set-1: 1M]

(b) The magnitude of A is half the magnitude of
B

(c) A and B cannot be orthogonal

(d) The magnitudes of Aand B are equal

[GATE PI-2017: 1M]

Ans. (d) : We know that,

For an two vectors which are perpendicular to each
other than their dot product is equal to zero.

Hence, the magnitudes of A and B are equal.

(A+B)-(A-B)=0

Ans. (55 to 60) :

LA,
1 I

Applying Lami's theory,

F

T 100

sin150° sin90° sin120°

P 100sin150°  100sin(90°+60°)  100cos60°
A-B=B-A sin120° sin(90° +30°) c0s30
|K|Z _|§|2 -0 F=5774 N
|_| |_| 41. Figure 9 shows the two equal forces at right
Al=B

39.

Four forces, P, 2P, 3P and 4P act along the

sides taken in order of a square. The resultant
force is

direction is

angles acting at a point. The value of force R
acting along their bisector and in opposite

(a) Zero (b) 22P R P
(C) 2P (d) \/§P Figure - 9
Karnataka PGCET 2016 -
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(a) P2 (b) 2P
P
c) \2P d)y —
(© (d) 7
Karnataka PGCET 2015

Ans. (¢) : If two forces acting at a right angle and their
effect are neutralized by the third force which bisect
them, then the magnitude of the resultant force.

R =/P? +Q* +2PQcosH

— JP? +P> +2PPcos90°
=v2P* +0

-\2P

42.

If a constant force f applied on an object P,
displaces it by a distance d, inclined at an angle
0 to the direction of forcef , then the work
done by the force f is

(1) div(f xd)

) fX(curla)‘

(3) |fxd

4) fd

(a) 1 (b) 2
(© 3 (d) 4

[GATE PI-2015: 1M]
Ans. (d) : According to the given question,

The work done by the force f applied on object P,
W =f-dcos®

Where, W = work done
f = force
d= displacement

0 = angle between force and direction of motion.

If, 0=0°
w=f-d
43. A weight of 500 N is supported by two metallic

ropes as shown in the figure. The values of
tensions T; and T, are respectively

e e P
; ; P

200N

(a) 433 N and 250 N (b) 250 N and 433 N
(c) 353.5Nand 250 N (d) 250 N and 353.5N
AP PGECET 03.05.2019, Shift-1I
[GATE-2015; Set-III, 1M]

500N SO0M
Applying Lami's theorem,
T T, 500
sinl20° sin150° sin90°
T = 500xsin120°  500sin(90°+30°)
: sin90° sin90°
_ 500c0s30° _ s00x V3
sin 90° 2
T,=433N
_ 500sin150° _ 500sin(90°+60°)
sin 90° sin 90°
=500 cos60°
= SOOxl
2
T, =250 N

44. A ladder AB of length 5 m and weight (W) 600
N is resting against a wall. Assuming
frictionless contact at the floor (B) and the wall
(A), the magnitude of the force P (in newton)
required to maintain equilibrium of the ladder

1S

[GATE-2014; Set-IV: 2M]

Ans. (399 to 401) :
Ri—> A/

Taking moment about B.
R, x3=Wx2.5cos0

4
600x2.5x—
R, = 5 20090 _ 400 N
3 15
ZFHZO
RA*P:()
P:RA
P=400N
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Common Data for Questions 45 and 46:
Two steel truss members, AC and BC, each
having cross sectional area of 100 mm’, are
subjected to a horizontal force F as shown in
figure. All the joints are hinged.

Ag 3

-3 L
45. If F = 1 kN, the magnitude of the vertical
reaction force developed at the point B in kN is
(a) 0.63 (b) 0.32
(c) 1.26 (d) 1.46
[GATE-PI 2012: 2M]
[GATE-2012: 2M]
Ans. (a) :
S —
FBD,

Using Lami's theorem,

46. The maximum force F in KN that can be
applied at C such that the axial stress in any of

the truss members DOES NOT exceed 100

MPa is
(a) 8.17 (b) 11.15
(c) 14.14 (d) 22.30

[GATE-PI 2012: 2M]
[GATE-2012: 2M]

Ans. (b) : Given that,

Cross-sectional area of member = 100 mm?®
Maximum stress = 100 MPa

Using lami's theorem,

T, T, F

sin135° sin120° sin105°
T,=0.7320F and T, = 0.8965 F
As the value of T, is greater than T,
The maximum stress will occur at truss AC.
So, maximum load
GOmax = 100 MPa
TZ = Omax ¥ A
0.8965 F =100 x 100
F=11.154 kN
An irregular planar

47. body in space is acted
F=(2i+j)N at position
moment M =3kNm at
f,=(-20)m. The
equivalent force F, and moment M, at the
origin are

upon by a force
r, :(f + 2])m and a

position corresponding

(a) F,=(2i+ j)N; M, =(3k)Nm
(b) E =i+ j)N; M, =0Nm

(c) F, =(2i-j)N; M, =(—6k)Nm
(d) E =i +j)N; M, = (6k)Nm

[GATE-XE 2012: 1M]

Ans. (b) : Corresponding equivalent force is always
equal to the acting force.

T S Fo=(20+ )N
sin(135°) s1r.1105 sin120 Moment Mo —xF
_sinl35° - -
' §in105° Moment in the k direction whereas point in i and j
T,=0.732 kN direction so moment at the origin = 0.
Now considering forces at point B 48. Three forces acting on a particle are given as
Por sy : Fi=Gi+6j)N, F,=(i+4k)Nand F;=(i +
v 6j + 16k) N,
s Where i, j, k are the unit vectors along
;’r I Cartesian coordinate axes. Which one of the
Lo/ following statements is true?
v (a) Forces are coplanar and the particle is in
o¥ equilibrium
I" (b) Forces are coplanar but the particle is not in
By resolving vertical forces (va = 0) equilibrium L
(c) Forces are not coplanar but the particle is in
Rp — T, c0s30°=0 equilibrium
Rp =T, cos30° (d) Forces are not coplanar and the particle is not
Rp =0.732 cos30° in equilibrium
Rg=0.63 kKN [GATE-XE 2010: 1M]
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Ans. (b) : Case-I :

Coplanarity check,

The forces are coplanar if the scalar triple product is
Zero.

560
det|-1 0 4|=5(0-24)-6(-16-4)
1 6 16

=—120+120=0

Since the determinant is zero, the forces are coplanar.
Case-II :
Equilibrium check,
For equilibrium, the cross product must be equal,
1. FxE =24i-20j+6k
2. E xE =-24i+20j-6k
Since these are not equal, the forces are not in
equilibrium.
Conclusion:
Forces are coplanar but not in equilibrium.
49. If three nonparallel forces are in equilibrium
they
(a) must be concurrent but need not be coplanar
(b) must be coplanar but need not be concurrent
(c) must be both concurrent and coplanar
(d) need not have zero as the geometric sum of

the force vectors

T, 600

sin120°  sin90°
_ 600sin120°  600sin(90°+30°)  600cos30°
sin90° sin90° sin90°

= 600x§:3ooﬁ

AB

=519.6~520 N
Tap =520 N
_ 600sin150°
ACT sin90P

_ 600sin(90°+60°)  600cos 60°
sin90° sin90°

= 600><l:300
2

Tac=300N
A spring scale indicates a tension T is the right
hand cable of the pulley system shown in figure
below. Neglecting the mass of the pulleys and
ignoring friction between the cable and pulley
the mass m is:

R L S DA

51.

T =pri n-;T

siale

[GATE-XE 2008: 1M]
Ans. (a) : If three nonparallel forces are in equilibrium T
they must be concurrent. If the forces are not | M |
concurrent, they will create a net torque, and the rigid T T(l + e4n)
body will not be in equilibrium. (a) — (b)
50. If point A is in equilibrium under the action of g g
the applied forces, the values of tensions T,g AT
and T, ¢ are respectively (c) — (d) None of the above
i g
[GATE- 1995: 2M]
7y Ans. () :
NI
(a) 520 N and 300 N (b) 300 N and 520 N I sprin
(c) 450 N and 150 N (d) 150 N and 450 N '
Karnataka PGECET 30.05.2018, Shift-1
Karnataka PGECET 2020
[GATE-2006: 2M] | |tp
Ans. (a) : ’
?
.'k _// I
\ ow
k¥ o mg
Lo i In equilibrium ny =0 [T +4 —}
T+2T+T-mg=0
Applying Lami's theorem, 4T =mg
T, T, _ 600 m2T
sin120°  sin150° sin90° g
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FRICTION

XMl Problems Involving Dry

Friction

A square block of side 1 m and mass 10 kg is
resting on a horizontal surface. The coefficient
of static friction between the block and the
surface is 0.75. A horizontal force P acts on the
block as shown in the figure. The force P is
gradually increased from zero until the block
either slides or topples. The maximum value of
h (in m, rounded off to two decimal places) for
which the block slides without toppling is
.. Take the acceleration due to gravity g=
10 m/s’.

h

TN
[GATE-XE 2024: 2M]
Ans. (0.66 to 0.68) : The maximum Force P that can be
applied without sliding,
Pmax = l"’N

=0.75x 10 x 10

=75N
The maximum moment that can be applied without
toppling.

M :mg% (L=1m)
_10x10
2
=50 Nm
Therefore,

Equating the moment of force P to the maximum
moment
75h=50
pe 20
75
h=0.67m
Hence, the maximum value of h for which the block
slides without toppling is 0.67 m.
53.  Dry friction between a pair of bodies does not
depend upon
(a) Surface roughness of the bodies
(b) Types of the materials of the bodies
(c) Contact area of the bodies
(d) Type of the material of the smaller body
NTA CUET PG 07.09.2022

and all the surfaces are assumed to be
frictionless. R represents reactions force, if any,
between the bodies.

0

W
The correct free body diagram of the body P is

W by [ Wp
(@) P * (b) +
K|

© |Wp (@ |Wp
. "}

] |w,

[GATE-2020; Set-II: 1M]
[GATE PI-2020: 1M]

Ans. (b) : As the body Q is placed on the ground and
the body P is placed on the top of it.
Since, bodies are at rest and frictionless.
Therefore, no frictional forces to be considered and
body P has only one interface in contact with body Q.
The force associated with body P are the weight the
body P and the normal force exerted by body Q.

Where,
R = Normal force exerted by body Q on body P.
Wp = Weight of body P
55.  Frictional force encountered
commencement of motion is
(a) Limiting friction (b) Kinematic friction
(c) Frictional resistance (d) Dynamic friction
Karnataka PGECET 2020
Ans. (d) : Dynamic friction is the frictional force
encountered after the commencement of motion.

after

Ans. (¢) : The main source of friction is the irregularity
of the surface in contact. The co-efficient of friction
between a given pair of substances is largely
independent of the area of contact between them.

54. The figure shows two bodies P and Q. The body
Q is placed on the ground and the body P is
placed on top of it. The weights of P and Q are
Wp and W, respectively. The bodies are at rest

56. The maximum frictional force which comes in
to play when a body just begins to slide over
the surface of the other body, is known as:

(a) Static friction
(b) dynamic friction
(c) Limiting friction
(d) coefficient of friction
AP PGECET 11.05.2018, Shift-11
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Ans. (c) : The frictional force is independent of the area
of contact of the surfaces. When one body is just on the
point of sliding over the other body, the maximum force
of friction is being exerted, this is called the limiting
friction.
57. The friction experienced by a body, when in
motion is known as
(a) Rolling friction (b) Limiting friction
(c) Dynamic friction (d) Static friction
AP PGECET 11.05.2017, Shift-11
Ans. (¢) : When a body is moving relative to another
body, the friction experienced by the body is dynamic
friction.
58. Pick up wrong statement about friction force
for dry surfaces. Friction force is
(a) Proportional to normal load between the
surfaces
(b) Dependent on the materials of contact surface
(c) Proportional to velocity of sliding
(d) Independent of the area of contact surfaces
TS PGECET 2017
Ans. (c¢) : Friction force between solids, such as a mass
on a spring, or a block on a table, is generally
proportional to the normal force, not velocity.
59. A block of mass m rests on an inclined plane
and is attached by a string to the wall as shown
in the figure. The coefficient of static friction
between the plane and the block is 0.25. The
string can withstand a maximum force of 20 N.
The maximum value of the mass (m) for which
the string will not break and the block will be
in static equilibrium is kg.
Take cos® = 0.8 and sin0 = 0.6.
Acceleration due to gravity g =10 m/s

Ans. (5) : Given,

Coefficient of static friction (i) = 0.25
cosf = 0.8 and sinf = 0.6
Tmax =20N
g =10 m/s’
We know that,
Friction force (F) = pu x N
[N = Normal reaction mg cos0]
=0.25 xmg cosf =0.25 x 10m x 0.8
=2m

As per condition of equilibrium,
mg sin® = 20 + friction force
mx 10 x0.6=20+2m

6m=20+2m
4m =20
m=5kg

60. A wardrobe (mass 100 kg, height 4 m, width 2
m, depth 1 m), symmetric about the Y-Y axis,
stands on a rough level floor as shown in the
figure. A force P is applied at mid-height on the
wardrobe so as to tip it about point Q without
slipping. What are the minimum values of the
force (in newton) and the static coefficient of
friction p between the floor and the wardrobe,
respectively?)
i

_ 2m]

4m

(a) 490.5 and 0.5
(c) 1000.5 and 0.15

(b) 981 and 0.5
(d) 1000.5 and 0.25
[GATE-2014; Set-IV: 2M]

Ans. (a) : Given that,

2m

4m

77777077777

y
FBD,

Ilm

mg
Mass of wardrobe (m) = 100 kg
Height (h) =4 m

Width (b) =2 m

Depth (d)=1m

Taking moment about point Q

> M, =0

Px2-mgx1=0
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mg 100x9.81
2
When the wardrobe is just to slide,
P = umg
490.5 = x 100 x 9.81
u=0.5
A block R of mass 100 kg is placed on a block S
of mass 150 kg as shown in the figure. Block R
is tied to the wall by a massless and inextensible
string PQ. If the coefficient of static friction for
all surfaces is 0.4, the minimum force F (in kN)
needed to move the block S is

P= =490.5N

61.

P Q

R

5 L »F

R R

R

(b) 0.88
(d) 1.37
[GATE-2014; Set-I: 2M]

o

(a) 0.69
(c) 0.98

Ans. (d) : Given that,

TTITTI AT TITTT]
Mass of block R : (m;) = 100 kg

Mass of block S : (m,) = 150 kg
Coefficient of friction (n) = 0.4
FBD of Block (R)

T=uN, ... (i)
F:HN1+HN2 (IV)
F = p(m;g) + p(m; + my)g

= W(2m; + my)g

=0.4(2x 100 + 150) x 9.81
=13734N

F=1.37kN

62. A 1 kg block is resting on a surface with
coefficient of friction p = 0.1. A force of 0.8 N is
applied to the block as shown in the figure. The

friction force is

(LEN . 1k

7
(@ 0 (b) 0.8 N
(c) 0.98 N (d) 1.2N

[GATE-2011: 2M]

Ans. (b) : Given that,

DE2l kg
PRI Ty

Mass of block (m) =1 kg

Coefficient of friction (p) = 0.1

Applied force (P) = 0.8 N

We consider F is friction force

FBD,

M
&

[LEM

mg

In equilibrium condition,

i N F= 08 N
63. A block weighing 981 N is resting on a
horizontal surface. The coefficient of friction
) between the block and the horizontal surface is
mg p = 0.2. A vertical cable attached to the block
And FBD of block (S) : . provides partial support as shown. A man can
e pull horizontally with a force of 100 N. What
will be the tension, T (in N) in the cable if the
— man is just able to move the block to the right?
g T
T TR I T _.-. — F 1
i
.E;._._“_____‘ 100 N
v umi2
o | maE i i T T
In equilibrium condition, (a) 176.2 (b) 196.0
N; =mg (1) (c) 481.0 (d) 981.0
And, Nz = (ml + mz)g .. ...(11) [GATE-2009: lM]
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Ans. (¢) :

Given,
W =981 N
n=0.2
Fs=100N
Number of vertical forces-
2F,=0
T+ RN -W=0
Normal reaction,

Ry = 100 =500N
0.2
Tension T =981 — 500
T=481N
A homogeneous cubic block of side L and
weight 200 N resting on a horizontal floor is
acted upon by a force of 100 N at an angle of
60° to the horizontal as shown in the figure. If
the coefficient of friction is 0.3, the magnitude
of the frictional force between the block and
the floor is

{7 Fs=puRy}
[T=W-Ry]

64.

N

N &

-

P i T T
L

R
(@) ON (b) 50N
(c) 86N (d) 100N

[GATE-XE 2008: 2M]

Ans. (b) : Given,

Weight of block = 200 N

Force = 100 N at an angle of 60° to horizontal
coefficient of friction (i) = 0.3

Frictional force between the block and the floor = ?
Now,

100 i 1 e DRl

| (e} cosafly

et
i

N
Where, N is the normal reaction between block and
horizontal plane.

D F, =0

.. N=200 + 100 sin60°
Maximum value of static frictional force
Fs = H,N

=0.3 (200 + 100sin60°) = 86 N
We know that,
When applied force in tangential direction is less than
the maximum force then the frictional force is equal to
applied force.
. F=100 cos 60° =50 N
65. A block of mass 5 kg is thrust up a 30° inclined
plane with an initial velocity of 4m/sec. it
travels a distance of 1.0 m before it comes to
rest. The force of friction acting on it would be

[GATE-1994: 1M]

F + mgsini”

L mgeosiie

Mass of the block (m) =5 kg

Inclination angle (0) = 30°

Initial velocity (v) =4 m/s

Distance travelled (d) = 1.0 m

Let the force of friction be F and height be h the
maximum height raised by the block is

h.x = d sin® = dsin30°
hyox = d =0.5m
2
Form energy conservation,

%mv2 =fxd+mgdsin30°

f:%5(4279.81)

f=155N

E Application of Friction
66.

A car travelling at a speed of 60 kmph came to
rest in 6s after the brakes are applied. The
minimum coefficient of friction between the
wheels and the road would be
(a) 0.107 (b) 0.227
(c) 0.3 (d) 0.417

TS PGECET 11.06.2024

Ans. (¢) : Given data,
Final speed (v) = 0 m/s
Initial speed (u) = 60 km/hr.

:60><im/s
18

=—m/s
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Time (t) = 6 second

Minimum coefficient of friction, p, = ?
We know that,

vV=u-—at

Ozﬂ—ax6
3

2 . . .
a= ?5 m/s’ (De-accelerating/breaking condition)

F,=F
Hsmg = ma
a
Hs= —
g
1, :éxL =2.777 x 0.101
9 98
ps=0.28 11 0.3
Hence, minimum coefficient of friction between the
wheels & the road is 0.3
67. A uniform rod AB is in equilibrium when
resting on a smooth groove, the walls of which
are at right angles to each other as shown in
figure. What is the relation between 0 and ¢ in

degrees?
(a) 6=45°+¢ (b) 6=45°-¢
(c) 6=90°—-¢ (d) 6=90°+¢

AP-PGECET 30.05.2024, Shift-11

In ABCD, using property of triangle
/BCD + /BDC = ZGBE
¢ +90°=180°— 0
0=90°-¢
A block of mass m = 10 kg is lying on an
inclined plane PQ. The mass is restrained from
sliding down the inclined plane by a force F.
The coefficient of friction between the block
and the inclined plane is 0.3. Take the
acceleration due to gravity as 10 m/s’. The
smallest force F (in N) required to prevent the
block from sliding down is (rounded off
to one decimal place).
l”

[GATE-XE 2023: 2M]

68.

F (5]

Ans. (23.0 to 25.0) : Given,
Mass (m) = 10 kg
n=0.3

mi &ind}

N = mg cos0

N =10 x 10 x cos30°

N =100 x 0.866 = 86.6N
Maximum frictional force Fgicion

Ffriction: “N

Ffrjctjon: 0.3 x 86.6 =25.98N
Now,
Component of the gravitational force

mgsind = 10 x 10 x sin30°

mgsin® =100 x 0.5=50 N
Smallest force F required to prevent sliding

F+ Ffriction =mg sin®

F= (mg Sine) - (Ffriction)

=50-25.98

=24.02 N
The smallest force F required to prevent the block from
sliding down approx 24 N.
69. Two rigid massless rods PR and RQ are joined
at frictionless pin-joint R and are resting on
ground at P and Q, respectively, as shown in
the figure. A vertical force F acts on the pin R
as shown. When the included angle < 90°, the
rods remain in static equilibrium due to
Coulomb friction between the rods and ground
at locations P and Q. At = 90°, impending slip
occurs simultaneously at points P and Q. Then
the ratio of the coefficient of friction at Q to
that at P (ug /pp) is (round off to two
decimal places).

[GATE-2022; Set-1: 2M]
Ans. (5.70 to 5.80) : Given that,

AR

4y

P \.L'TL'-.{{\““\T{%;T'E\ Q
At 6 =90°, slip occurs simultaneously at point P and Q.
12

tand =—
¢ 5
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5
And, tany=—
v 12

FBD at point (P),

Angle of static friction is the angle between resultant

900N

The coefficient of static friction between the
block and surface is _(round off to two decimal
places).

[GATE-2021; Set-II: 2M]

A block of negligible mass rests on a surface
that is inclined at 30° to the horizontal plane as
shown in the figure. When a vertical force of
900 N and a horizontal force of 750 N are

and normal reaction so, Ans. (0.1728) : -
tan (90° - ¢) = p,
cot ¢ =L,
1 _5
b = tan(e) 12
FBD at point Q, pe—— 750N
I..
ES ™
I FBD,
: G ™
b R
tan(90 — y) = g R
cot ¥ = Lq
Ko = 1 = 2 N
C tan(y) 5
12
Ko 5 12x12 144
[T 5%5 25 -
12 In equation condition
Fo _576 25 =0
n, u, N cos30° + N sin30° = 750 ..(1)
70. If the maximum angle at which an object can va =0
rest on a inclined plane wit.hout slidin.g dO.Wl.l is sin30° + N c0s30° = 900 -..(ii)
30 degree, then the ?oefﬁ.ment of static friction | |pivide equation (i) and (ii),
between the two bodies will be Ncos30°+ Nsin30° 750
(a) Greater than 0.5 (b) Less than 0.5 . - =—
(c) 0.5 (d) 0.3 —U, sin 30°+ Ncos30° 900
NTA CUET PG 07.09.2022 B us\/§ +1 5
Ans. (a) : C_oefﬁgient of static friction, - o+ NE) 3
e 1 =0.1728
Hs 1 72. Which among the following statements is true
p, =—==0.577 for a body moving on a dry surface under the
NG action of applied forces ?
71.

(a) Kinetic-friction force is zero.

(b) Kinetic-friction force is equal to the static-
friction force

(c) Kinetic-friction force is greater than the

applied, the block is just about to slide.

static-friction force
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(d) Kinetic-friction force is lower than the static-
friction force.

[GATE-XE 2020:1M]

Ans. (d) : Kinetic friction acts when surfaces are sliding
over each other and is generally lower than static
friction, which resists the start of sliding. Static friction
can adjust up to a maximum value, when kinetic friction
is constant once motion begins.

73.  The block of mass m = 10 kg is held in place
along the incline by the force F applied via a
pulley arrangement as shown. The coefficient
of static friction between the block and incline
is 0.65. The range of F (in N) for which the
block will remain at rest is (use acceleration
due to gravity g = 10 m/s%)

(a) 6.3t0106.30
(c) 0to53.15

(b) 0to 106.30
(d) 53.15 to 106.30
[GATE-XE 2019-2M]

(@) W p, —tan@ ® W u, +tan0
1+p, tan® 1-p, tan®

© W p, —tan@ d W u, +tan@
1-p, tan® 1+p, tan®
IGATE-XE 2018: 2M]

Ans. (b) :

Wieosg

Where,

P = Horizontal effort

N = Normal Reaction

us = Coefficient of friction
Now,
PcosB = Wsin6 + N (Parallel to the incline) ...(1)
And,
N = Psin 6 + Wcos0 (Perpendicular to the incline)
Put the value of N in equation (i),

PcosO = Wsin0 + p (Psin® + Wcos0)

Ans. (¢) : Given, Pcosb = Wsinb + pPsind + pWeos6
Or, PcosO — pPsin® = WsinO + p;Wcos6
P(cosO — i, sinB) = W (sin0 + p,cosO)
[(sin6+ 0
- (sin®+p, cos )
| (cos0—p,sin0)
[ cosO(tan 6+
pow |08 (tan®+p,)
cosO(1—p, tan)
m=10kg, w=100 N - ’
My = 0.65 p—w | Httand
g =10 m/s* | 1-p tan®
0=30°" 75. A body of mass (M) 10 kg is initially stationary
2F = wsin® + f on a 45° inclined plane as shown in figure. The
2F = w sinO + uN ...(1) coefficient of dynamic friction between the
N = w cosf ..(ii) body and the plane 0.5. The body slides down
Solving equation (i) and (ii), we get— tl}e plane and attalps a velocity of 20 m/s. The
F~53.15N distance travelled (in meter) by the body along
So, the range of force fis 0 < F <53.15 the plane is
74. A horizontal effort P is applied to raise a block
of weight W on a rough surface inclined at an
angle 0 with the horizontal. If p, is the
coefficient of static friction between the block 15e
and the surface, the minimum effort P required
to impend the upward motion of the block uR«
along the surface is R
Rlock
f_,...--’" ~ N mg cos 45
1 mg sin 45 meg
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(a) 56 to 59
(c) 76 to 79

(b) 66 to 69
(d) 86to 89
TANCET 2017

Ans. (a) : Given,

Mass of body (M) = 10 kg
Velocity (v) =20 m/s
Inclined (0) = 45°
Friction (1) = 0.5

We know that,

The FBD of diagram is shown below
M

y mg costh
mg

Now applying force balance,
mg sin® —umg cosd = ma
a = g(sinB —pcosh)
=9.81 x (sin45° —0.5c0s45")
a=9.81x(0.7071 — 0.3535)
a=3.4688 m/s’
The elistance covered by body
V2 =u’+ 2as
(20)*=0+2 x 3-4688 x S

g__ 400
2x3-4688
S =57-69m

76. Two systems shown below start from rest. For

the system shown on the left, two SON blocks

are connected by a cord. For the system shown

on the right, the SON block is pulled by a S0N

downward force. Neglect friction. Which of the

following is true?
i ——

| M —,—/}J

o K.

(a) Block A and C have the same acceleration.
(b) Block C will have a larger acceleration than
block A.
(c) Block A will have a larger acceleration than
block C.
(d) Block A will not move.
[GATE-XE 2015]
Ans. (b) :Let, a; = acceleration of block A,
a, = acceleration of block C.
For Left side figure:

50 N block m :ﬂ ~5.1kg
9.81

Net force on each block: F=mg - T
Both blocks have the same acceleration a;

Acceleration, a, = B 225 4 omys?
m 5.1
For right side figure:
i

{ |‘~I|.'H

ll
S0
Block, m= ﬂ =5.1kg
9.81
Net force, F, = S50N
Acceleration a, =— =55—0 ~9.8m/s’

Contusion Block C (a, = 9.81 m/s®) has greater
acceleration than block A (a; = 4.9 m/s?)

77. A force F =2 N is applied on a block of mass M
= 0.5 kg as shown in the figure. The block is
constrained to move along the horizontal
direction in a guideway. Find out the distance
(in meters) travelled by the block in 2 s starting
from rest. Neglect any friction between the
block and the guideway.

.-’J F

-

£ 1l
M~
0

&

[GATE-XE 2013: 1M]

Ans. (3.9 to 4.1) : Given,
IT

6ol

£

Applying Newton's second law,

F costl

F=M.a
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?3)
F 2cos60° (2
"M 05kg 05
a=2m/s’
Now, the distance travelled, the block start from rest.
So, the initial velocity u=0
The distance traveled after time t = 2 s can be,

gravitational acceleration g = 9.81 m/s’ and
neglect all friction)

(b) 62.5N

1
S=ut+—at’ (a) 552N
(¢) 743N (d) 86.2N
S=0x24Lxox2? [GATE-XE 2010: 2M]
2 Ans. (a) : Given,
S:lx2><4:4meters Mass OfblockP:6kg
2 Mass of block Q =10 kg
S =4 meters Angle of incline = 60°
The block travels 4 meters in 2 seconds. g=9.8 m/s’
78.  Three connected railway coaches A, B and C of | |For block P,
masses my, mg and m,, respectively are being
pulled by a locomotive with force F over a d
horizontal track. The coaches may be assumed
to move on frictionless wheels with negligible
air resistance. The tension in the connector
between coaches A and B is ) 4
fe cos 3
s Ll ] A | F
QO 0O 00 O O bxg
6gsin30°-T=6xa (1)
(a) F For block Q,
(b) FmA/(mA +mg + mc) T
(¢) Fmp/(my + mg + mc)
(d) F(mp + mc)/(ms + mp + mc)
[GATE-XE 2012: 1M] |
mi R m, = i,
Ans. (d) R 31 LY 6 L 8
FBD of block B
—»a
I, &— i, — .
My = M + My + Me T-10g=10a -+ (i)
Acceleration of the entire system Value of a from equation (ii),
T
am F F a=—-g
mtotal mA + mB + mC . . 10 . .
Tension between A and B Putting in equation (i),
Tap = (mp +mc) x a 6g sin30° — T = 6x(%gj
F
Tap = (Mg + mg) X ——————— e
A = (mp + mc) m, +m, +m, Simplifying,
T .
Tan = F(m, +m) ?—O+T=6g+6gsm30°
AB =
(m, *my +mc) 16T
79. Two blocks P and Q are connected by a string, 10 =58.86+29.43
which passes over a pulley as shown in the 16T = 88.29 x 10
figure. The block P is sliding on an inclined ~ oor
. . 16T = 882.9
surface. Ignoring the masses of the string and B
the pulley, the tension in the string is (use T=55181~552 N
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80. A block of length a and height b rests on a
rough inclined plane (coefficient of friction p)
as shown below. The angle a, of the inclined
planed is slowly increased. The condition that
the block will topple due to its own weight

before it begins to slide is

a
/‘H%
~
}

__.2?

a
b) —>
()bu

@ <i-n

[GATE-XE 2009: 2M]

(a) %<u

© > 1-u

Ans. (a) :

W W COEIT w

For a block not to slide when toppling occurs —

Fiax = UN = uw cosa

1 WCOs o > W sina

U >tan o ...(1)

When the block topless then taken a moment of about
point O.

. b a
wsinox——wcosox—=0
2 2
. b a
= SinOLX—=CoSOLX—
2 2

...(i)

From equation (i) and equation (ii),

a
= tano =—
b

:>>a
P

81. A block of weight 500 N is about to move up
the plane due to a horizontal force of 800 N.
The coefficient of static friction between the

contact surfaces is

HH N

(a) 0.15
(c) 0.33

(b) 0.25
(d) 0.53
[GATE-XE 2008: 2M]

Ans. (d) : Given,
8

=

d}#\‘.
B

_';'“l:ll..'u'i ()

Y

From above diagram—

800 co0s30° = uN + 500 sin30°
(Where, N = Normal Reaction)

N =800 sin30° + 500 cos30°

NE

+500x —
2

()

zgooxl
2

N =400 +250 /3
N=833N
Value of, (N) =833 N
By putting the value of ‘N’ in equation (i), we get—

800x§:u><833+500><%

400~/3 = p x 833 +250

On solving,
pn=20.53
82. A block of mass M is released from point P on

a rough inclined plane with inclination angle 0,
shown in the figure below. The coefficient of
friction is p. If p < tan 0, then the time taken by
the block to reach another point Q on the
inclined plane, where PQ =S, is

2s
gcosO(tan O —p)
2s
gcosO(tanO+p)
2s
gsine(tane—u)
2s
gsinO(tan 0+ p)

(a)
(b)
(c)
(d)

[GATE-2007: 2M]
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Ans. (a) : Resolving force along the inclined plane and
normal to the plane.

Normal angle = Mgcos® =N

Inclined plane angle = Mgsinf — f=Ma

So v f=puN

Mgsind — uMgcosb = Ma

a = gsinB — pgcosO

a=gcos0 (tand — p)

"+ Velocity equation in this surface of sliding

L
s=ut+—at
2

1
But,u=0, s=—at’

2s
t= /—
a

2s
t= |—— =
\/ gcosO(tan®—p)

Two masses are attached to the two ends of a
cable which passes over two frictionless pulleys
as shown in the figure.

(acceleration due to gravity = g)

83.

Sikg

10Hkg

For the other mass 50kg:
T-50g=>50a

!

i
_II:7

From equation (i) & (ii), we get —
100g — 50g = 100a + 50a

50g =150a
a=g/3
84. Bodies 1 and 2 shown in the figure have equal

mass m. All surfaces are smooth. The value of
force P required to prevent sliding of body 2 on
body 1 is

Bindy 2

(b) P=+2mg
(d) P=mg
[GATE-2001: 2M]

(a) P=2mg
(c) P=2«/§mg

Ans. (a) : Let,

The acceleration for both bodies be a L equal relative

acceleration and normal force be NC (common for both

bodies).

Body 2
¢

Boddy |

A\\N

Body considering body (2),
mg cos45° = mg sin45°

_ oy o .

The acceleration of the 100 kg mass is And, N=mg cos457 + ma sin43 (l)

(a) g (b) g/2 N= \/5 mg ....(11)

(c) g/3 (d) g/4 For Body (i),

[GATE-XE 2007: 1M] P — N sin45° = mg
Ans. (c¢) : For the 100 kg mass, . p= mg+l
100g—T=100a .. (i) 2
:
T : P=mg+ \/Emg
1{Hht \/5
From equation (i) and (ii), we get —
(b P=2mg
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TRUSS AND FRAMES

- Basics of Truss

Which of the following beam (s) is/are statlcally
indeterminate?
P, l P,

@ [ o
M
®) [ )
P, P, l
(c) [n 0|
o e
]'.|
v |
(d) 4 e | |
i ezt
[GATE-2024: 2M]
Ans. (¢, d) : Statically indeterminate structures are

those structures that cannot be analyzed using statics or
equations of equilibrium.
. ?

1

PR
H-—'-: Py
Ko ""H" o

Number of unknown = 3
Number of equilibrium equation = 2
86. A plane truss has four members and four
joints. The truss is
(a) Perfect

(¢) Redundant

(b) Deficient
(d) Rigid
AP-PGECET 30.05.2024, Shift-I11

Ans. (b) : Given,
Number of member (n) =4
Number of joints (j) = 4

We know that,
n=2j-3
n=2x4-3
n=>5
n given <1 obtained

Hence, the truss is deficient.
87. For a statically determinate plane truss, the
relation between the number of members (n)
and number of joints (j) is expressed by

n Method of Joints

A truss structure is loaded as shown in the
figure below. Among the options given, which
member in the truss is a zero-force member?

Ao

= 1000 N

'¢/ A‘F i LS
"é 1 m %‘_—,
(a) BD (b) BC
(c) BA (d) AD

[GATE-2025: 1M]
Ans. (a) : At joint B, AB & BC are collinear, BD is
non-collinear
= BD is a zero force member.

89.

In the truss shown in the figure, member AC is
an inextensible string, other members are rigid,
and ABCD is a square with each side of length
a. The maximum value of force F (in kN) for
will

remain in static
. (Rounded off to 2

which the truss
equilibrium is
decimal places

ey

L

Fooshl

Condition of equilibrium,

(@) n=2j+1 (b) n=2j+3 2Fx =0 ‘
(c) n=2j-3 (d) n=2j-1 Fcps60°—100 kKN=0 (1)
TS PGECET 2021 | |F sin60° =0 o (i)
Ans. (c) : The equation n = 2j —3 applies to statically| | |[According to equation (i),
det inate pl t
“e[:heerg’ma © Prane e F cos60° =100 [ c0s60° = %)
e 2j represents the total number of members connected F
to all joints and — =100
e 3 represent the three reaction forces (two horizontal| || 2
and one vertical) F =200 kN
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90. A pin-jointed truss has a pin support at the
point E and a roller support at the point F. A
horizontal force P is applied at pin H as shown
in the figure. Which one of the members is in

compression?
1]

(a) EF
(c) EG

(b) FG
(d) EH
[GATE-XE 2024: 2M]

Ans. (¢) : Given,

The truss with members EF, FG, GH, HE, and diagonal
EG

Joint H:

Horizontal force P is applied at H Let the force in
member HE be Fyg, in HG be Fyg and in EG be Fig.
Horizontal force Balance:

H o

P e

F,., sint

If Fgg is positive and the force acts to resist the
horizontal force P, then Frg is in compression,
Thus, member EG is in compression.

91. A truss ABC loaded at B with a force of 10 kN
as shown in the figure. The force in the
member AC is:

g X 10KN
= C
e i
(a) SkN (b) 10 kN
(¢) 7.5kN (d) 2.5kN
NTA CUET PG 14.06.2023
Ans. (a) :
BIOKN
By symmetry-

Force in member AB and CB will be same.
RA = RC =5KN

C,

Fpc = 5v/2 cos45°

FDC = 5\/5)(L

V2
FDC =5kN
.. The force in the member AC is 5 kN.

At Joint

( cos45° = !

%)

92. A figure shows a pin-joined plane truss loaded
at the point 'M' by hanging a mass of 100 kg.
The member LN of the truss is subjected to a
DY FE =0, Fg=P ) load of
Vertical force balance: K L M
ZFy:O , F=F,.sin0 =
Joint G : Assume Fgg is in compression,
e Pt G N CJ1o0ke
i
(a) zero
F. sin@l (b) 490 N in compression
2 (c) 981 N in compression
Fy (d) 981 N tension
ZF —0, F,, —F,.cos0=0 AP PGECET 29.05.2023, Shift-11
* Ans. (a) :
FHG = FEG cosO K L M
From equation (i), =
P = Fgg cosO
2F =0
Frg — Feg . sinf =0 N Cl1ooke
FFG = FEG sin® =
Determine compression or tension, 0
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Take points in condition of equilibrium

ZFh =0

YF,=0

K L M
N

2F,=0

Fxp —Fu =0

Frr=Fm

YF,=0

FLN =0
.. The member LN of the truss is subjected to zero
load.

93. In the three-member truss shown in the figure,

AC = BC. An external force of 10 kN is applied
at B, parallel to AC. The force in the member

BCis
— WL
45"
(a) zero (b) 10 kN (tensile)

(c) 10 kN (compressive) (d) 7.07 kN (tensile)
[GATE-2022; Set-II: 2M]

Ans. (b) : 10 kN (tensile)
€<— |0 KN

94. A two-member truss PQR is supporting a load

W. The axial forces in members PQ and QR
are respectively

(a) 2W tensile and NEYY compressive
(b) 3W tensile and 2W compressive
(c) NEYY compressive and 2W tensile

(d) 2W compressive and V3W tensile
[GATE-2016; Set-1: 2M]

o
R

FBD (Considering forces at point Q),
¥
i

W

By resolving vertical forces (va
Trq c0s60° + W =0
TRQ =-2W
Trq = 2W compressive
By resolving Horizontal forces, [z f,
TPQ + TRQ sin60° =0
Tpg =— (2W) sin60°
Tpg = NER (Tensile)
For the truss shown in figure, the magnitude of

the force in member PR and the support

reaction at R are respectively
106 K

]

95.

(a) 122.47 kN and 50 kN
(b) 70.71 kN and 100 kN
(c) 70.71 kN and 50 kN

(d) 81.65 kN and 100 kN

[GATE-2015; Set-I: 2M]

Ans. (¢) : FBD:
461 kN
Ik
S0kN —SE2 P
4 m
g, = & 455
ﬂ: 4m A
PQ=QR xtan45=4m
Considering moment at Q,
2M,=0
100 Cos60° x 4 =R, x 4
R, =50kN
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Again, XM, =0

QH = 50kN

Method-1 :

Hence, force in member QR = 50kN

Drawing free body diagram of R, we have
-

1
oy Floy in 45

45" Fg €05 45

S0 kM

SO kM S0 ki
By resolving horizontal forces (2 F, =0,),
Fr c0s45-50=0

50
Por =
" cos45°
F,x =70.71kN

Hence, the correct option is (c).

96. Find the force (in kN) in the member BH of the
truss shown.

98. For the pin jointed truss, find the axial force (in
kN) in the member 2-5.

1.5m 1.5m

1.5m

Y20 kN
[GATE-XE 2014: 1M]

Ans. (0 to 0) :

e & — ] 5 —

T kN

AAEANRAARRY

=
r

Member 2-5,

Axial force in the member 2-5 =0

It does not contribute to the structural load, since two
forces at joint are collinear then third will have zero
force.

< 99. The force in the member PR for the truss
S f,.f:f}"‘:;"-“_ shown is
B_ A -{; } NUD N T
3 ; { Py im
A _x’/ Ty, ;"IEIT. la -;" x :
AN dm H m . m {F 4m SN R 5 =
’C:w -':;* r -'!f..-';-'}-_)/
A, MIKN 4OKN ADKN T Im
[GATE-XE 2015] P L
Ans. (Zero) : For joint ‘I’ i . ‘
FI{ m
Fy, (a) 12 kN Tensile (b) 12 kN Compressive
1 (c) 15 kN Tensile (d) 15 kN Compressive
|GATE-XE 2011: 2M]
F. Ans. (d) :
Since, three members (or forces) meet at joint I, force
Fic and Fyy are collinear, Im
e The force Fiz will be zero.
For joint B, 3m
AtT,
o i - [0 kN
Fiy cOS® 10 kN €
{. ' i
Now, consider the forces Fgy and Fgy, similarly for 3 im
joint B, since the force Fpc and Fap are collinear, Fgy
will also be zero. Thus, the force in member BH is zero. F,; sinp dm
97. 1In a statically determinate place truss, the fig. (1) fig. (2)
number of joints (j) and the number of 3
members (m) are related by From above fig (1) tan ¢ = 2
(a) j=2m-3 (b) m=2j+1 Frr cos¢p+ 10 kN =0 sing=3/5
(c) m=2j-3 (d m=2j-1
[GATE-2014; Set-1V: 1M] | | g - —10__50 cosp=4/5
Ans. (c) : For a statically determinate plane truss, the 4/5 4
relationship between the number of joints (J) and|||From fig. (1),
number of member (m) is given by Frpsin ¢ + Frs =0
m:2J_3 FTS:_FRTSIH(I)
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Ey =%x3=30/4, Frs=7-5kN
FRT:—IZ-S kN
F,, sing

o3 F.cos g
F.. ¢os ¢

E'.-:-,- EEi -]

From fig. (2)

FRT Sin ¢ = FRQ Sin (I) + FPR
From fig. (2)

Frrcos ¢ + Frgcos ¢ =0

....(i)

FRQ =—Fgr
Fro=-(~12-5)
Frqo=12-5kN

We have,
Frr=-12.5,
Fro=125

So, from equation (ii)

L1253 2 12:5x2 + Fy
5 5

3 3
—12'5><g—12'5§=FPR
-3
?(125+125):FPR

-3
For :?(25)

FPR:73 x5=—15kN
Fpr =—15 kN. Or 15 kN compressive

100. A truss consisting of members AD, DC, AB, BD
and BC is subjected to a vertical force of 120 N
at joint B as shown in the figure. The member
AD, DC and are each of 1 length. The
magnitude of force in the member BD is

C
(a) 0 (b) 20v2N
(c) 40N (d) 120N
[GATE-XE 2010: 1M]
Ans. (a) :
lHU\
= ‘
g [
D

In the truss, member AD and DC are collinear.

As a result, the force in member BD will be zero.

This is because, at any joint where three member or
forces meet, if two of them are collinear, the third
member must have zero force.

Thus, for joint D, where members AD and DC are
collinear, the force member BD is determined by the
vertical load applied at joint B, while the force in
member BD is zero.

101. Consider a truss PQR loaded at P with a force
F as shown in the figure.
The tension in the member QR is
F
-H-H-"-\.
-\-\-H-H"\-\.
%K o
(a) 0.5F (b) 0.63F
(¢) 0.73F (d) 0.87F
[GATE-2008: 2M]
Ans. (b) :
From figure,
tan 45° _PS = PS
QS «x
PS=x - s yrp
L x =B T
an30° = 2> s T
RS R .
RS =+/3PS=1.732x

Taking moment about point Q,
R1 x0+Fx x = R2>< 1.732x

R, =0.366F
From equation (i), Ry =F - R,
R; =F —0.366F
R; =0.633F

From figure,
PR sin30° =R, (1))
PR c0s30° = Tension in QR

From equation (ii),

R, 0.366F

sin30°  sin30°

Hence the tension in the number QR is,
Tor = PR c0s30°

0.366F
= x c0s30°
R §in30°
_ 0.366F
R tan 30°
TQR =0.63 F

Zero force Members

102. In the truss shown in the figure, all the
members are pin jointed to each other. The
members AB, BD, DE and DC have the same
length. For the given loading, which of the
following is the correct statement?
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(a) BD is a zero-force member, and AB and ED
are in compression

(b) AB is in tension, ED is in compression, and
BD is a zero-force member

(c) AB and DC are in tension, and BC is in
compression

(d) ED is in tension, and DC and BC are in
compression

[GATE-XE 2022: 1M]

Ans. (b) : At joint C,
F(B H
Fepsina

F = Fcgsina
At joint B,

s ]
4
(A

/x
Fgg cosa = Fpe cosa
Fgg = Fac
ED and DC are collinear,
Hence, FBD =0
FBA = FBCsin(X + FBE Sina
FBA =F+ FBESiH(X
Hence, it will cause tensile stress in AB,
Joint E,

™,
‘&‘r
X

1-\.

Hence, the reaction force Rg and the force Fgp will

induce compression in the member ED.

103. The members carrying zero force (i.e. zero-
force members) in the truss shown in the
figure, for any load p > 0 with no appreciable
deformation of the truss (i.e. with no
appreciable change in angles between the
members), are

(a) BF and DH only
(b) BF, DH and GC only
(c) BF, DH, GC, CD and DE only
(d) BF, DH, GC, FG and GH only
[GATE-2020; Set-I: 1M]

Ans. (¢) : According to above diagram,
Consider at a joint 3 members are meet out of them 2
are collinear therefore force in 3™ member will be zero.
Consider no load reaction at that joint.
FGC :0, FFB: 0 and FHD =D
F H

A B C ( :
i.e., forces in the member GC, FB, HD is equal to zero
Now, considering joint E.

FEH = RE
There is no horizontal force,
FDE =0

Also considering joint D, we can say that force in
member CD =0

Fue= 0 (already known)

m Method of Section

104. Which method would be most appropriate for
determining the force transmitted by a given
intermediate member of a truss?

(a) Method of joint
(b) Graphical method
(c) Method of section
(d) Member-force method
NTA CUET PG 07.09.2022

Ans. (¢) : The method of sections involves dividing the

truss in two sections and analyzing the forces acting on

each section, using the conditions of equilibrium to

determine the forces in the members.

105. The truss shown is subjected to a force P. All
member of the truss have the same length L.

The reaction at A and force in member AB are
B P

5

Engineering Mechanics

40

YCT



PV3 P3

(a) 1 and— (b) TandT
() PV3 andB (d) PandB
4 4
[GATE-XE-2021: 2M]
Ans. (a) :

For equilateral triangle,

hzﬁa
2

h=Bp
2

Taking moment at A,

B3

RQXZL:PXTL

3
Re=--F

Now vertical forces,
RA + RQ =0

Ry = —[%}P = R, :(g.PJ downward

F.ainpne

(Where, a=1L)

(0

F

T unshl”

RA = FAB sin60°

B3

J3
5P T ey
PZZFAB

P
FABZE

106. For the truss shown in the figure, the forces F,
and F, are 9 kN and 3 kN, respectively. The
force (in kN) in the member QS is

3 iy 3 b

All dimensions are in m 3
4

AT
'SF 3 2|

(a) 11.25 tension (b) 11.25 compression
(c) 13.5 tension (d) 13.5 compression
AP PGECET 29.09.2020, Shift-11

Section through PQ, QS & ST

tan6=i
1

=53.13°
Considering L.H.S of section (1),

D F,=0
-9+ Tgq+sinf=0
9
¢ 5in53.13°

A pin-joined truss has a pin support at A and a
roller support at C. All the members are made
of same material and have the same cross-
section. Neglect the self-weight of the members.
Due to the applied loading shown, the total
number of zero force members is

=11.25 kN (Tension)

107.

211

[GATE-XE 2020:2M]

=

L i_l
fe=3Im—ke—3m——3m-3|

Member AE, AB, EF, EB, BC, FD and CD are zero
force member.

108. A truss is composed of members AB, BC, CD,
AD and BD, as shown in the figure. A vertical
load of 10 kN is applied at point D. The
magnitude of force (in kN) in the member BC
is

10KM

[GATE-2019; Set-II: 2M]
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Ans. (5 kN) : According to question,
FBD,

Tk

In equilibrium,

Resolving vertical forces (ny = 0)
RA + RC =10

Taking moment about point A,

M, =0 [P+

R.x2x—-10x=0
R, =5kN

Using sine rule,
fope 5

sin45°  sin45°

FBC =5kN
109. For the truss shown in the figure, the
magnitude of the force (in kN) in the member

SR is
e
W ! *h it
i
1 o i
A ) u ! .{;
(a) 10 (b) 14.14
(c) 20 (d) 28.28
[GATE-2015; Set-I1: 2M]
Ans. (¢) :
Rk
W W 4 ’
w
1m /
]
|1
T m T m T dm
FBD,
Rk
W v £3 R
K, — 8]
Ap u T Fs
im - Teni * Im Bt
R

Taking moment about point P

YM, =0 [# S
30x2 ~ Ro x3= 0
Rq = 20kN

Considering force at point R
F R

R, =20kN

By Resolving vertical forces [2Fy = 0]
Frrcos45-Ry=0

By resolving horizontal forces (XFy = 0)
FSR + FRT sin45=0

Fsg = —204/2 sin 45 = —20N

Fsr =20 kN compressive

110. A two member truss ABC is shown in the

figure. The force (in KkN) transmitted in
member AB is

ﬁ;l_ —

10 kN

Iy

Ans. (18 to 22) :

A 1m

i+ .

[GATE-2014; Set-II: 1M]

0fm

T 10kN

K.,
From equilibrium condition of forces,
> F =0
Ran T+ Ren =0
D F =0
RAV + RCV =10 kN
Taking moment about point C,
> M. =0
10 x 1 +RAH><O.5:0
RAH =—-20kN
Ren =20 kN

()

[From eq". (i)]
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FBD of joint B,

Fun I Fa

[ kN
From equilibrium condition of forces,

D F =0

W
p 2
i

Fag+Rau=0

Fag = —Ran
=—(20)

FAB =20kN

Analysis of Frame

111. A three-hinge arch ABC in the form of a semi-
circle is shown in the figure. The arch is in
static equilibrium under vertical loads of P =
100 kN and Q = 50 kN. Neglect friction at all
the hinges. The magnitude of the horizontal
reaction at B is KN (rounded off to 1

decimal place).
am "l" im

Ll .

(a) T
8 b
0 ‘*
(O !
7 L I|
l: ™\,
©| >
(d) A
~ r &
o e &

[GATE-2023:1M]

Ans. (¢) : Given option analysis and option (¢) is follow
parameters of frames consisting of rigid bars connected

F a
[
S
/ by pin joints one of the frame is non-rigid.
g i+ 2’ 1
[
A () Vi
r}/iﬂlv Lm Srr 'zf.:'.]'/.
[GATE-2024: 2M] & & £ 2]
113. The lengths of members BC and CE in the

Ans. (37.0 to 38.0) : Initially, taking moment about
hinged point C,

> M =0

Ay x12-100x9-50%x3=0
12A,=1050

A, =87.5kN

Free Body diagram for left half section,

I

|
Sp—
//-"_,_,.,- 4
g

Vs

=
Ym

Now, taking moment about point B
DM, =0
Ay x6-87.5%x6+100%x3=0
Ay x 6=225
A,=375kN
D F =0
A,—By=0
B,=A,=375kN

frame shown in the figure are equal. All the
members are rigid and lightweight, and the
friction at the joints is negligible. Two forces of
magnitude Q > 0 are applied as shown, each at
the mid-length of the respective member on

which it acts.

Which one or more of the following members
do not carry any load(force)?

(a) AB (b) CD

(c) EF (d) GH

[GATE-2022 Set-1: 2M]
Ans. (b, d) : If at a joint 3 members are meeting and
two are collinear then in 3™ member force will be zero.

FGH:()

112. The options show frames consisting of rigid
bars connected by pin joints. Which one of the

frames is non-rigid?

YCT
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114. A frame differs from a truss on the following
point, when
(a) Members of the frame are pin-connected
(b) A force can be applied at any point of a

member of the frame
(c¢) Members of the frame are known as two-
force members
(d) Members of the frame cannot transmit moments
NTA CUET PG 07.09.2022

Ans. (d) : Member of the frame can transmit moments.

In frame, members can transmit moments in addition to

axial forces, where as in a truss member can only

transmit axial force, which is a key difference from
trusses.

115. A structure, along with the loads applied on it,
is shown in the figure. Self-weight of all the
members is negligible and all the pin joints are
friction-less. AE is a single member that
contains pin C. Likewise, BE is a single
member that contains pin D. Members GI and
FH are overlapping rigid members. The
magnitude of the force carried by member CI
is kN (in integer).

1K
[GATE-2022; Set-I: 2M]

Ans. (18 to 18) : Given that,
From figure,

AB=3m
BE=4m
DE =2E
GE = 6m

In order to find force in member CI split the truss from
member CI.
Forces after splitting the section,

3 IkN

4N
Applying equilibrium condition at point E, taking
moment about point E

M, =0 )

4xGE+2CD-F; xCD=0
According to similarity triangle,

()

co_aB
DE BE

CD=%><2=1.5m

From equation (i), we get—

4x6+2x15-F; x1.5=0

F,=27/1.5

F; =18 kN

116. The frame shown comprises members ABC,
BE, BF, and DEF. It is pin supported at A and
D. Members BE and BF are pin connected to
ABC and DEF. The vertical load P is applied at
C. The force in the member BF is

"

-

(a) Compressive P
(c) Compressive 2P

—21 —-i
(b) Tensile P
(d) Tensile 2P
[GATE-XE 2019-2M]

Ans. (d) : Given that,

i F cos30

Considering point B,
FBF sin30° =P
1
P FBF2
Fgr = 2P (Tensile)
117. The frame comprises members ABC, CD and
BEDF. This frame is fixed at A, and the
connections between the three members are
pins. Load P is applied at F. Which of the
following statements is TRUE ?

o | l|-|-|I | —--l
& (1] i
{¥

7 ] y

JF
|'._|' | —'l+
(a) ABC and CD are two-force members
(b) CD is the only two-force member
(c) BEDF and CD are two-force members
(d) ABC is the only two-force member
[GATE-XE 2019-1M]
Ans. (b) : A two force member in equilibrium is one in
which forces act of two points and forces are collinear.
The two forces acting on it must be equal in magnitude,
opposite in direction and collinear meaning they must
lie along the same straight line.

o

L

. i

E
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{04) CENTROID AND MOMENT

OF INERTIA

Moment of Inertia

118. Moment of inertia of a hollow rectangular
section as shown in the below figure about x-x
axis, is:

(a) (BD¥12 — (bd*/12) (b) (BDY/12 — (bd*/12)
(c) (BD*/36)— (bd’/36) (d) (BD?/36)— (bd*/36)
Karnataka PGECET 2020

Ans. (b) : We know that,
MOI is the second moment of area or mass.
I = Ixsz
MOI indicates the distribution of particles about the

reference axis:
Now according to the figure,

Ies = (Lex)sp — (kx)ba

+D/2 +d/2

Iog = '[ y*-Bdy - J y* -bdy
-D/2 -d/2

L e

12 12

119. The length to radius ratio ! of a solid cylinder

r
such that the moments of inertia about the
longitudinal and transverse axis are equal is

@1 (b 3 © 5 @ 2
Karnataka PGCET 2019

Ans. (b) : Let's denote the length of the cylinder as /
and the radius as r
1. Moment of inertia about the longitudinal axis

Ilong = %mrz

2. Moment of Inertia about the Transverse Axis

Lirans = ém(3r2 +12)

lmr2 :im(Br2 +lz)
2 12
2mr’ —mr*  m/? mr® m/?
_— = == =
4 12 4 12

2 L

—

3
_Jar

120. The moment of inertia of a thin disc of mass m
and radius r, about an axis through its centre

of gravity and perpendicular to the plane of the

disc is

mr’ mr’
a b
(@) 2 (b) r

mr’ mr’
[¢ d
(© 5 (d) g

Karnataka PGCET 2019

Ans. (a) : The moment of inertia I of a thin disc of mass
m and radius r, about an axis perpendicular to the plane
of the disc and passing through its centre is given by.

I:lmr
2

This formula is derived from the integral of mass
distribution over the disc area
121. The polar moment of inertia is:
(a) the ML.I. of an area about an axis parallel to
centroidal axis
(b) equal to M.I. of an area squared
(c) equal to M.I. of an area doubled
(d) the M.I. of an area about a line or axis
perpendicular to plane of the area
Karnataka PGCET 2018
Ans. (d) : The polar moment of inertia is the moment
of inertia of an area about a line as axis perpendicular to
the plane of the area. If measure the resistance of a
shape to twisting about that axis.
122. Ratio of moment of inertia of a rectangle and
that of a triangle, having same base and height
with respect to their bases will be
(a) 2:1 (b) 3:1
(c) 4:1 (d5:1
TS PGECET 30.05.2018, Shift-1

Anzs. (¢) : Using the parallel axis theorem Igg = Icg +
Ar
= IXX + Ar2

3 2
o= 24 bxdx(ij
12 2

el
Consider rectangular section of base b and height d

L5

— |

Moment of inertia of the rectangular section about x —x

/ axis passing through the C.G of the section
/ 3
L_ \/g I = b.d
r 12
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.. The ratio of moment of inertia of a triangle and that

of rectangle same base and height about their bases will
be

Ratio

bd’
1

123. The moment of inertia of a thin rod of mass 'm'
and length 'l' about an axis through its centre

of gravity and perpendicular to its length is

(a) ml/4 (b) ml%/6
2 2
(c) ml/8 (d) ml7/12
TS PGECET 2017

Ans. (d) : The correct formula for theorem of inertia I
of a thin rod of mass m and length / about an axis
through its centre of gravity and perpendicular to its
length is:

2
- m/
12

The figure shows cross-section of a beam
subjected to bending. The area moment of

inertia (in mm®) of this cross-section about its
base is

125.

[GATE-2016; Set-1: 2M]

Ans. (21439) : We know that,
Moment of inertia of rectangle about x—x axis is
bd®
I=—
12
Using parallel axis theorem,
Ly = L + Ay’
Net moment of inertia
I'= (L) rectangle — (Ixcircle [ Tx = Ieg + Ayz]

3
|24 baqoy? —[i(d)‘#fdleoz}
12 64 4

Ans. (b) : Given that,

Moment of inertia.eif)out X-X axis
Ixx = (I ReCtangle)xx - 2(I square + Ahz)

3 4
I, =£_2 3 AR’
12 12

L 60x(120)° —2[ix(30)4 +30x30x302}
12 12

I, = 6.8850x10° mm*
127. Centre of gravity of a circular segment with a
height of r units and base of 2r units is

2r 4r 4r 2r
a) — (b)) — c) — d —
@ 3n ®) 2n © 3n @ 4n
Karnataka PGCET 2011
Ans. (¢) : For a circular segment with a height h and

base b, where h = r and b = 2r the center of segment is
given by

. 4
Centre of gravity = il
3n

So, the correct answer from the provided options is
_ 4
3n
Moment of inertia of rectangular section of
width b and depth d is
bd’ b’d
a b) —
(a) . (b) D

128.

db? bd?

c) — d) —

(© 5 (d) D
Karnataka PGCET 2011

Ans. (d) : To find the moment of inertia of a rectangular
section with width b and depth d about its centroidal
3

axis, is — .
12

3

So, the correct answer

10x20° - - 129. A rigid body shown in the fig. (a) has a mass of
_{ +10><20><(10)2:||:—><84 +—x8§ xloz} 10 kg. It rotates with a uniform angular
64 4 velocity '@'. A balancing mass of 20 kg is
=26666.6 — 5227.61 attached as shown in Fig. (b) the percentage
I, =21438.99 increase in mass moment of inertia as a result
126. The value of moment of inertia of the section of this addition B e
shown in the figure about the axis-XX is @
- +I “' 1 mm A 208 mm
. e E A =
il i 1990 am
- ®
s Wkp
(a) 8.5050 x 10°mm®*  (b) 6.8850 x 10° mm* (a) 25% (b) 50%
(c) 7.7625 x 10° mm*  (d) 8.5725 x 10° mm* (c) 100% (d) 200%
[GATE-2015; Set-I11: 2M]| [GATE-2004: 2M]
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Ans. (b) : Given that,

™ 18 kg

i |
1090 i
Mass of the body (m;) = 10 kg o
Mass of the blancing body (m;) = 20 kg
Radius of rotation (r;) =200 mm = 0.2 m
And, (r;) = 100mm = 0.1 m
We know that, mass moment of inertia
[=mr
Case-I: when balancing mass is not attached.
L= mr’ =10 x (0.2)* = 0.4 kgm’
Case-II: When balancing mass is attached
L=mr +m,r;
=10 x (0.2)*>+20 x (0.1)*
=0.4+0.2=0.6 kgm’
Presentence increase in mass moment of inertia

L _06-04

x100 100

1

= 92 100=2x100 = 50%
04 4

130. The second moment of a circular area about
the diameter is given by (D is the diameter).

D’ 7D’
(a) : (b) T
nD* nD*
© 32 @ 64

[GATE-2003: 1M]

Ans. (d) : We know that,
Polar moment of inertia perpendicular to the plane.

ol B
Fy ‘\\
#

i
\

'] !
\ |

\\&_ /

By perpendicular axis theorem,

3
L
Triangle, ! 36
IS _hb’
\ vy %
,a} I =0.11R*
Semicircle, { i\ .
. A I, =—R*
[} ' 8
0 - N I, =0.055R*
uarter circle, \
fgf=* [ —=0.055R*
yy

131. The area moment of inertia of a square of size 1
unit about its diagonal is

1 1
(@) 3 (b) 2
1 1
(©) o (d s

[GATE 2001: 1M]

Ans. (¢) : Square can be divided into two triangles,
A H

ABDC,
BC?=BD?+ CD*=a’ +a’ =24’
BC = ax/E
N\ N,

J" 1‘\k'\. 'Illllr I‘\.-.". h= i
N 7 O\l "

__-" Y i .

E ::IZX)I(: Ly (S.(.)., I, it Iiys; symmetrical Mass morﬂent of inertie.l-of the square about the diagonal
nd342 2 =2 X% [ " MOI of triangle, (Iiiangle)base = % ]
XX A 3
Shape Figure l\%ment of inertia, 2(a2 )(\75)
_bd T
Rectangle | | . dlb23 Lsquare = % [ a=1]
vt T = | o
—— 12
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KINEMATICS OF

PARTICLES

A. Dimensional Translational

Motion

132. A thin disc and a thin ring, both have mass M
and radius R. Both rotate about axes through
their centre of mass and are perpendicular to
their surfaces at the same angular velocity,
then which of the following is true ?

(a) The ring has higher kinetic energy
(b) The disc has higher kinetic energy
(c) The ring and the disc have the same kinetic
energy
(d) Kinetic energies of both the bodies are zero
TS-PGECET 30.05.2023, Shift-I

Ans. (a) : We know that,

Moment of inertia of the ring about an axis passing

through centre and perpendicular to the plane

Iring = mR2
1

_ 2
disc 5 mR

I

. 1
Kinetic energy (k.E) = Elco2

I = Moment of inertia

® = Angular velocity
So, that angular velocity of thin disc and a thin ring is
same and kinetic energy is depends on moment of]
inertia.
If moment of inertia is more than the kinetic energy is
also more

Iring > Idisc
(K~E)ring > (K'E)disc
A circular disc rolls without any slip on an
inclined plane. The ratio of rotational kinetic
energy to the total energy is
(a) 173 (b) 2/3
(c) 1/4 (d) 12
TS PGECET 03.08.2022, Shift-I

Ans. (a) : The moment of inertia circular disc about its
central axis.

133.

I= %mRz, where R = Radius of the disc.

For rolling without slipping the,
v =R (where o angular velocity)
The translational kinetic energy is

1
(K'E)trans = Esz

2

. .. 1
The rotational kinetic energy K, = EI(D
(K.E)po = 1[1 mszmz
. rot 2 2

l 2.2
(K.E)ot = Z mR

1,
(K.E)or = Z mv

The total kinetic energy
(K'E)Total = (K~E)lrans + (K'E)rol

1
= Emvz+—mv2

(K-E)rou = %mvz

The ratio of rotational kinetic energy to the total energy

|
(K’E)rot — va = 1
(K’E)toml é sz 3
4
134. A point mass is shot vertically up from ground

level with a velocity of 4 m/s at time, t =0. It
loses 20% of its impact velocity after each
collision with the ground. Assuming that the
acceleration due to gravity is 10 m/s” and that
air resistance is negligible, the mass stops
bouncing and comes to complete rest on the
ground after a total time (in seconds) of
(a) 1 (b2
(c)4 (d) o

[GATE-2018; Set-I: 2M]

Ans. (¢) : For first rebounding,

v=u-+at
0=4-10t
t=04s
5.1
a b, W i i i L
Tl u
U=SME ottt s
From, v>=u’-2gs
2 2
u 4
§=—= =0.8m
2g  2x10

After 20% loss of initial velocity,
u' =80%ofu=0.8u=0.8 x4
u' =32ms

v'=u'+ at'
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0=3.2-10t'

t’:£=0.32s
10
u"=0.8u"=0.8 x3.2=2.56m/s
V":u"_,’_at"
0=256-10t"
t"=0.256s

So, t,t',t" are forming a GP series,
total = 2(t+t'+t"+......0)

time= 2[0.4+0.32+0256+ ....+0]
TP
1-0.8

Total time =4 s

135. The following figure shows the velocity-time
plot for a particle traveling along a straight
line. The distance covered by the particle from
t=0tot=Ssis m.

i

Welociny litvs)
i

Y 1 -
| s i - 5]
Teme (5]

[GATE-2017 Set-1 : 1M]

Ans. (10) :

0

Welocity (m/s)

Time(s)
In the velocity time graph, plot the distance covered by
the particle traveling along a straight line is the sum of
area covered from t = 0 to t = Ssec.
So distance covered by the particle is area of region.
Area of AABJ + Area of rectangle BCIJ +Area of
ACDK + Area of rectangle CKHI + Area of ALDE +
Area of rectangle LEGH

:lxlxl—i—lxl+lx3xl+lxl+lx2><2+2x2
2 2 2

=05+1+15+1+2+4=10m
Distance covered by the particle from t = 0 to t = Ssec is
10m.

136. A ball of mass 0.1 kg, initially at rest, is
dropped from height of 1 m. Ball hits the
ground and bounces off the ground. Upon
impact with the ground, the velocity reduces by
20%. The height (in m) to which the ball will
riseis___ .

[GATE-2015; Set-I: 2M]

Ans. (0.64) : Given,

Mass of ball (m) = 0.1 kg

Height (h)=1m

Reduction in velocity after impact =20%

If, v; = Velocity before just impact
v, = Velocity just after impact
Than velocity just before impact

vi=42gh =/2x9.8x1
vi =4-429 m/s
.. Reduced velocity after impact = 100-20 = 80%
v, =0-8%x4-429 =3.54
We know that,
Kinetic energy remaining after the impact will be equal
to the potential energy attained at a height

1
Emv2 =mgh

%XOJ@54Y=OJx981xh

h=0.639

h=0.64

137. A bullet spins as the shot is fired from a gun.

For this purpose, two helical slots as shown in

the figure are cut in the barrel. Projections A

and B on the bullet engage in each of the slots.
Gun Barrel a Bullet

= =< o=

Helical slots are such that one turn of helix is
completed over a distance of 0.5 m. If velocity
of bullet when it exits the barrel is 20 m/s, its
spinning speed in rad/s is .

[GATE-2015; Set-111: 2M]

Ans. (251 to 252) : Given that,
One turn helix length (/) = 0.5 m
The bullet rotation length is
s=05m
Bullet when it exits the barrel (v) = 20 m/s
We know that,
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and clutches, springs.

Section 3: Fluid Mechanics and Thermal Sciences

Fluid Mechanics: Fluid properties; fluid statics, forces on submerged bodies, stability of floating bodies; control-volume
analysis of mass, momentum and energy; fluid acceleration; differential equations of continuity and momentum; Bernoulli’s
equation; dimensional analysis; viscous flow of incompressible fluids, boundary layer, elementary turbulent flow, flow through
pipes, head losses in pipes, bends and fittings; basics of compressible fluid flow.

Heat-Transfer: Modes of heat transfer; one dimensional heat conduction, resistance concept and electrical analogy, heat transfer
through fins; unsteady heat conduction, lumped parameter system, Heisler's charts; thermal boundary layer, dimensionless
parameters in free and forced convective heat transfer, heat transfer correlations for flow over flat plates and through pipes, effect
of turbulence; heat exchanger performance, LMTD and NTU methods; radiative heat transfer, Stefan- Boltzmann law, Wien's
displacement law, black and grey surfaces, view factors, radiation network analysis

Thermodynamics: Thermodynamic systems and processes; properties of pure substances, behavior of ideal and real gases;
zeroth and first laws of thermodynamics, calculation of work and heat in various processes; second law of thermodynamics;
thermodynamic property charts and tables, availability and irreversibility; thermodynamic relations.

Applications: Power Engineering: Air and gas compressors; vapour and gas power cycles, concepts of regeneration and reheat.
I.C. Engines: Air-standard Otto, Diesel and dual cycles. Refrigeration and air-conditioning: Vapour and gas refrigeration and heat
pump cycles; properties of moist air, psychrometric chart, basic psychrometric processes. Turbomachinery: Impulse and reaction
principles, velocity diagrams, Pelton-wheel, Francis and Kaplan turbines; steam and gas turbines.

Section 4: Materials, Manufacturing and Industrial Engineering

Engineering Materials: Structure and properties of engineering materials, phase diagrams, heat treatment, stress-strain diagrams
for engineering materials.

Casting, Forming and Joining Processes: Different types of castings, design of patterns, moulds and cores; solidification and
cooling; riser and gating design. Plastic deformation and yield criteria; fundamentals of hot and cold working processes; load
estimation for bulk (forging, rolling, extrusion, drawing) and sheet (shearing, deep drawing, bending) metal forming processes;
principles of powder metallurgy. Principles of welding, brazing, soldering and adhesive bonding.

Machining and Machine Tool Operations: Mechanics of machining; basic machine tools; single and multi-point cutting tools,
tool geometry and materials, tool life and wear; economics of machining; principles of non-traditional machining processes;
principles of work holding, jigs and fixtures; abrasive machining processes; NC/CNC machines and CNC programming.
Metrology and Inspection: Limits, fits and tolerances; linear and angular measurements; comparators; interferometry; form and
finish measurement; alignment and testing methods; tolerance analysis in manufacturing and assembly; concepts of coordinate-
measuring machine (CMM).

Computer Integrated Manufacturing: Basic concepts of CAD/CAM and their integration tools; additive manufacturing.
Production Planning and Control: Forecasting models, aggregate production planning, scheduling, materials requirement
planning; lean manufacturing.

Inventory Control: Deterministic models; safety stock inventory control systems.

Operations Research: Linear programming, simplex method, transportation, assignment, network

flow models, simple queuing models, PERT and CPM.
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THERMODYNAMICS

Basic Concepts

1. Differential scanning involves
measurement of

(a) Weight change

calorimetry

(b) entropy

(c) heat (d) vapour pressure
IGATE-XE 2024: 1M]
Ans. (¢) Differential scanning calorimetry is a

technique used to measure the heat flow into or out of a
sample as it is heated or cooled.

This is allow the determination of thermal transitions
such as melting, crystallization and glass transitions,
based on the amount of heat absorbed or released by the
sample during these process.

2. According to the Joule's law of a perfect gas,

the internal energy is a function of

(a) pressure only

(b) absolute temperature only

(c) specific volume only

(d) absolute entropy only

TS PGECET 06.11.2024

Ans. (b) According to Joule's law the internal energy of
a perfect gas is a function of absolute temperature only,
and is independent of pressure and volume change.
This is because in an ideal gas, there are no
intermolecular forces of attraction and repulsion, and
the collision are perfectly elastic.

3. In a polytropic process, heat rejected is given

by
Yy-n
(a) 1 x Work done on the system
y—
(b) Y 0 x Work done on the system
y—
Yy-n
(c) x Work done on the system
Y
Yy—-n
(d) x Work done on the system
n
TS PGECET 06.11.2024
Ans. (a) For the first law of thermodynamics
Q=AU+ W,
Now, Polytropic process
PV'=C
Work-done for a polytropic process,
W = PV, -PV,
I-n
—mR[T T) ...()
I-n
We know that
C,—-Cy=Rand G
v
coe R
y—-1
AU = mCV(T2 — Tl)

From equation (i) -

R (1-n)

AU = my_l(T ~T)= W(y )
(v—n)
W(Y—l)

Q—AU+W—W{1+EIY__?H=

0- 0y
Q= "= » work done on the system
4. The slope of curve on p-V diagram for different
processes

(a) decreases in negative direction with the
increase of polytropic index

(b) increases in negative direction with the
increases of polytropic index

(c) decreases in negative direction with the
decreases of polytropic index

(d) does not change with the
polytropic index

increase of

TS PGECET 06.11.2024

Ans. (b) : According to given question. The Slope at
curve on p-V diagram for different processes Increase in
negative direction with increases of polytropic index.
Polytrophic Index,

n=0

PV’=C

P = C, Isobaric

n=1

PV'=C

PV = C, Isothermal

1< y<w

PV" = C, Polytropic

N=y

(PV'=C ) Adiabatic

(n = o0)

PV*=C

V = C, Isochoric
(O — 10r 20r 30r 40r 5) = Expansion process.
(O—1'"or 2'or 3'or 4' or 5')= Compression process
Hence,

nT = Slope T in (—ve) axis

5. An ideal gas at 27°C is heated at constant

pressure till the volume becomes three times.

The temperature of the gas will be

(a) 81°C (b) 627°C

(c) 900°C (d) 1173°C
AP-PGECET 30.05.2024, Shift-11

Ans. (b) : Given,

V1 = V, V2 = 3V
T,=27°C=27+273=300K
. PV =nRT
When, P=C
Then, Voc T

Thermodynamics
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vV, T

1 __1

V2 T2

T, = 300x3V
v

T,=900K

T,=900-273 =627°C

T,=627°C

6. Which of the following is not an extensive

property?

(a) Pressure

(c) Energy

(b) Volume
(d) Entropy
AP-PGECET 30.05.2024, Shift-11
Ans. (a) : Extensive property:- Extensive properties
are physical properties that depend on the amount of|
matter.
Some examples — Volume, mass energy,
Intensive properties:- Intensive properties are physical
properties that do not depend on the amount of matter.
Same examples — Density, Temperature, Pressure.
7. Heat and work is
(a) intensive properties
(b) extensive properties
(¢) point functions
(d) path functions
AP PGECET 29.05.2023, Shift-11

Ans. (d) : Heat and work is path functions
Heat Work
I | '[ 2
1 Q, P W,
11 1
§—3 V—
Q. =>0,>Q, W =W, =W,

8. Adiabatic bulk modulus of a substance is

defined as
1(ov oP
o5, 0-E)
oP
@ (%)

1(ov
@3
v\ 0P g
[GATE-XE 2023: 1M]
Ans. (d) : Adiabatic bulk modulus is given by,

=

9. Read the following
properties:
(A) Pressure is an extensive property.
(B) Specific internal energy is

property.

(C) Enthalpy is extensive property.
(D) Temperatures is intensive property.
(E) Specific heat is intensive property.
Choose the correct answer from the options
given below:

statements for some

intensive

(a) (A), (B), (C), (E) only
(b) (B), (O), (D), (E) only
(c) (A), (C), (D) only
(d) (A), (D), (E) only
NTA CUET-PG 14.06.2023

Ans. (b) : Intensive properties:- These properties are

independent of mass.

Example:- pressure, density, specific internal energy,

specific heat etc.

Extensive properties :- These properties are dependent

of mass.

Example:- volume, enthalpy, energy etc.

10. A new temperature scale in degrees N is to be
defined. The boiling and freezing on this scale
are 400 °N and 100 °N respectively, then what
will be the reading on new scale corresponding
to 60 °C?
(a) 120 °N
(c) 220 °N

(b) 180 °N
(d) 280 °N
TS-PGECET 30.05.2023, Shift-I

Ans. (d) :
Bonling point
005N

100%¢

N.-. . ——— ¢

A
Freszing
Point

N-LFP C-LFP

UFP-LFP UFP - LEP
N-100 C-0
400-100 100—0
N-100 60

300 100
N—100 =300x0.6
N =180+100

=280°N

11.  Which of

properties?

(1) Temperature

(3) Internal energy

(a) 1,2,3 and 4 (b) 3 and 4 only

(c) 2 and 3 only (d) 2 and 4 only
TS-PGECET 30.05.2023, Shift-1

the following are extensive

(2) Viscosity
(4) Entropy

Ans. (b) : Intensive properties: Intensive properties

are those that are independent of the size or mass of]

system such as temperature pressure density etc.

Extensive properties: Extensive properties are those

whose values depend on the size or mass of the system

such as mass (m), volume (v) and total energy (E) etc.

e Heat and work is not properties.

o FEach specific properties are intensive property.

e The ratio of two extensive properties are intensive
properties.

Thermodynamics
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12. Which of the following is an extensive property
of a system?
(a) Density

(c) Temperature

(b) Pressure
(d) Total mass
[GATE-XE 2023: 1M]
Ans. (d) : Pressure, temperature and density are
intensive properties whereas total mass is an extensive
property.
13.  Which one of the following is an intensive
property of a thermodynamic system?
(a) Mass (b) Density
(c) Energy (d) Volume
[GATE-2022 Set-I1: 1M]
Ans. (b) : Intensive Properties — These are defined as
the properties whose value is not dependent on the mass
of system i.e. independent of mass of system.
Example : Density
Extensive Properties — These are defined as the
properties whose value is not dependent on the mass of]
system i.e. independent of mass of system.
Example : Mass, Energy, Volume
14. Heat flow into a system is
flow out of the system is
(a) positive, positive  (b) negative, negative
(c) negative, positive  (d) positive , negative
AP PGECET 19.07.2022, Shift-11
Ans. (d) : Heat flow out of a system is taken as negative
while heat flow into a system is taken as positive.
15. The absolute zero pressure will be
(a) when the molecular momentum of the system
becomes zero
(b) at sea level
(c) at the temperature of — 273 K
(d) at the centre of the earth
TS PGECET 03.08.2022, Shift-I
Ans. (a) : The absolute zero pressure will be when the
molecular momentum of the system becomes zero.
16. What Changes the energy of dilation may
causes to a body?
(a) Changes the shape
(b) Changes the size
(c) Changes both shape and size
(d) Does not affect shape and size
NTA CUET-PG 07.09.2022
Ans. (b) : Energy of dilation is related to a change in
volume or size of a body while keeping the shape
unchanged. Dilation involves uniform expansion or
contraction in all direction which alters the size of the
body but not its shape.
For example, when a material undergoes thermal
expansion, its size changes due to dilation, but its
overall shape remains the same.
17. Thermal efficiency of heat engine cycle is
defined as
(a) Net Work input/Total Heat output
(b) Net Work output/Total Heat input
(c) Total Heat output/Net Work input
(d) Total Heat input/Net Work output
AP PGECET 19.07.2022, Shift-11

and heat

Ans. (b) :

Thermal efficiency = NetLIW
Total heat input

The efficiency of a heat engine is defined as the ratio of|
the net work done by the engine in one cycle to the
amount of heat absorbed by the working substance from
the source.
18. Ice Kkept in a well-insulated thermos flask is an

example of which system?

(a) Closed system

(b) Isolated system

(c) Open system

(d) Non - flow adiabatic system

AP PGECET 28.09.2021, Shift-11

Ans. (b) : Heat and work cannot be transferred into the
ice kept in a well insulated thermos flask.
Hence, it is an isolated system.

19. When the heat transfer into a system is more

than the work transfer out of the system, then.

(a) The internal energy of the system remains

constant

(b) The internal energy of the system decreases

(c) The internal energy of the system increase

(d) Cannot be predicted

AP PGECET 28.09.2021, Shift-11

Ans. (¢) : When heat is transferred in a system, it means
that energy is being added to the system. On the other
hand, when work is transferred out of the system, it
means that energy is being taken away from the system.
Therefore, if the heat transfer in to the system is more
than the work transfer out of the system, the system is
gaining more energy than it is losing.
Now, This result in an overall increase in the internal
energy of the system.

20.  Air is being forced by the bicycle pump into a
tyre against a pressure of 4.5 bars. A slow
downward movement of piston can be
approximated as.

(a) Isobaric process (b) Adiabatic process
(c) Throttling process  (d) Isothermal process
AP PGECET 28.09.2021, Shift-11

Ans. (d) : Isothermal process:- An Isothermal process
in which the temperature of a system remains constant.
The transfer of heat into or out of the system happens so
slowly that thermal equilibrium is maintained.

Y=—=
lsothermnd Compaession
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21.  Which of the following thermodynamic system
is an example of Ice kept in a perfectly
insulated container
(a) Non-flow adiabatic system
(b) Closed system
(c) Open system
(d) Isolated systems

TS PGECET 2021
Ans. (d) : Isolated system neither mass nor energy
crosses the boundary of the system. When ice is kept in
well insulated thermo flask it is considered an example
of an isolated system

22. If the time taken by a system to execute a
process through a finite gradient is infinitely
large, the process,

(a) Becomes reversible
(b) Remains irreversible
(c) Becomes Isothermal
(d) Becomes adiabatic
AP PGECET 28.09.2021, Shift-11

Ans. (a) : The process has finite gradient i.e. a fixed
temperature or pressure difference. The time available is
infinitely large. This large time can be taken as the
process is large enough. So due to finite temperature
difference, the process will be irreversible because
reversible processes have zero gradient.

23.  The energy of an isolated system
(a) Is always decreasing (b) Is always constant
(c) Is always increasing (d) Cannot be predicted
AP PGECET 28.09.2021, Shift-11
Ans. (b) : In an isolated system, there is no mass and
energy interaction across the system boundary.
Therefore, mass and the energy of the isolated system is
constant.
For an isolated system, dQ = 0 and dW =0
From the first law of thermodynamics,
dQ=AE +dW
AE=0
E = Constant
Therefore, the energy of an isolated system is always
constant.
24.  The process where there is no work transfer is
involved is
(a) Adiabatic expansion
(b) Isothermal expansion
(c) Polytropic expansion
(d) Free expansion
TS PGECET 24.09.2020, Shift-I

Ans. (d) : Free expansion is the process where there is
no work transfer.

25. A new temperature scale (°N) has been
proposed where the normal freezing and
normal boiling points of water are marked as
500 °N and 100°N, respectively. If the
temperature of a system is measured to be 0°N,
its temperature according to the Celsius scale
(in °C) is .

[GATE-XE 2020:1M]

C = °C temperature scale
Now, at C=0, N =500 and C =100, N = 100 put the
value from equation (i)

500=ax0+b
b=500 L. (ii)
And,

ax 100+ 500 =100
100a =— 400

_ 400

100

a=-4 L (iii)

From equation (i) we can write the new temperature
scale as,

N=-4C+500 ... (iv)
At
N =0, Put the value from equation (iv),
—4C+500=0
—4C=-500
C=125
26.  Which of the following are intensive properties

I.  Kinetic Energy
II. Specific Enthalpy
III. Pressure

IV. Entropy

Select the correct answer in the following for
above options
(a) Tand III

(¢) LI and IV

(b) I and III
(d) Mand IV
TS PGECET 24.09.2020, Shift-I
Ans. (b) : Intensive properties:- The properties of]
matter that do not depends on the size or quantity of
matter in any way are referred to as an intensive
property of matter. Temperature, density coleus,
melting and boiling point specific enthalpy, pressure.
27. In a polytropic process described by PV" =
constant, if n = 0, the process is called as
(a) isobaric (b) isochoric
(c) isothermal (d) isentropic
[GATE-XE 2020:1M]
Ans. (a) : For a polytropic process with n =0,
The process is defined by,

PV'=C
n=20
P=C

This means constant pressure or isobaric process.
28. Hot coffee stored in a well-insulated thermos

flask is an example of

(a) isolated system

(b) closed system

(c) open system

(d) non-flow adiabatic system

AP PGECET 03.05.2019, Shift-11

Ans. (a) : When hot coffee stored in thermos flask is an
example of isolated system. Because when the flask is
closed, the coffee as well as heat can not come out from
flask body surface.

29. Which of the following is an intensive
Ans. (125 to 125) : From the new temperature scale, thermodynamic property ?
N=aC+b . (1) (a) Enthalpy (b) Internal energy
Where, (c) Entropy (d) Pressure
N = °N temperature scale [GATE-XE 2019-1M]
Thermodynamics 14 YCT



Ans. (d) : Intensive Property:-
An intensive property is one that does not depend on the
mass of the substance or system.
Examples — Temperature (T), pressure (P) and density.
e Pressure is an intensive thermodynamic property.
30. The internal energy of an ideal gas is function
of
(a) pressure only
(b) absolute temperature only
(c) pressure and volume
(d) pressure, volume and temperature
TS PGECET 30.05.2018, Shift-I
Ans. (b) : The internal energy of an ideal gas is function
of absolute temperature only.
e The ideal gas is defined as a gas that obeys the
following equation of state-
PV =RT
The internal energy of an ideal gas is a function of
temperature only. That is u = u (T) using the definition
of enthalpy and the equation of state of an ideal gas h =
u+PV=u+RT.
Since R is a constant and u = u (T) it follows that, The
enthalpy of an ideal gas is also a function of
temperature only.

34. In a Carnot cycle heat is rejected at constant
(a) volume (b) temperature
(c) pressure (d) entropy

TS PGECET 30.05.2018, Shift-I

Ans. (b) :
8
T [ {‘;' . 2
" —
S W
7 b 3
0. ;
s, B oS
T-8 diagram

A Carnot cycle consists of four process.
1—>2 Reversible isothermal heat addition.
2—>3 Reversible adiabatic expansion of gas.
3—>4 Reversible isothermal heat rejection.

4—>1 Reversible adiabatic compression of the gas.

31. See beck effect is used in

(a) thermistors

(b) thermocouples

(¢) RTD

(d) hot wire sensors

TS PGECET 30.05.2018, Shift-I

Ans. (b) : See beck effect is used in thermocouples.
The see beck effects is used to measure temperature
with great sensitivity and accuracy (see thermocouple)
and to generate electric power of special application.

35. Heat is closely related with
(a) Liquids (b) Entropy
(c) Temperature (d) Enthalpy
AP PGECET 11.05.2018, Shift-11

Ans. (c¢) : Heat is closely related to temperature as heat
is a form of energy transfer between system or object
due to a temperature difference when heat is added to or
removed from a system. It offer causes a change in
temperature. However, it can also influence other
properties, such as entropy and enthalpy depending on

32. Area of p-v diagram for the Carnot cycle ||the process.
represents 36. A perfect gas 27°C is heated at constant
(a) heat supplied pressure till its volume is doubled. The final
(b) heat rejected temperature is
(c) work done (a) 54°C (b) 654°C
(d) temperature drop (c) 108°C (d) 327°C
TS PGECET 30.05.2018, Shift-I TS PGECET 2017
Ans. (¢) : _ Ans. (d) : Given,
- T,=27°C=300 K
V1 =V
V2 =2V
As the gas is heated at constant pressure
P=C
So, Applying Charles's law
-V Drimgram & — L
We know that, vV, T
Work done (W) = PAV wWOOT
The arc under the P-V diagram represents the work — ==
done. V300
33. Isentropic process is T, =600 K =327°C

(a) reversible adiabatic
(b) irreversible adiabatic
(c) frictionless fluid flow process
(d) quasi-static process
TS PGECET 30.05.2018, Shift-I
Ans. (a) : Isentropic process is a reversible adiabatic
process.

37. Absolute zero temperature is taken as
(a) —273°C (b) 273°C
(c) 237°C (d) -373°C

AP PGECET 11.05.2017, Shift-11

Ans. (a) : Absolute zero is the low temperature possible
in the universe, where there is no heat or motion. It’s
represented as 0 K, —273.15°C and —459.67°F.
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38. Work done in an adiabatic process between a
given pair of end states depends on
(a) The end states only
(b) Particular adiabatic process
(c) The value of index 'n'
(d) The value of heat transferred

TS PGECET 2017
Ans. (a) : End states are determined by internal energy
(U) levels at those states.

ie. dQ=dw +du
For an adiabatic process dQ = zero
Therefore, |dW| =|dQ|

In words, work done in an adiabatic process depends
only on the end states.

39.  Which of the following is an intensive property
of a thermodynamic system ?

(a) Volume (b) Temperature
(c) Mass (d) Energy
TS PGECET 2017
Karnataka PGCET 2015

Ans. (b) : Intensive properties are independent of mass.
Example:- pressure, temperature, density etc.

40. Work done in a free expansion process is

(a) Zero (b) Minimum

(c) Maximum (d) Positive

TANCET (Auto) 2016

Ans. (a) : The work done in a free expansion process is
zero. This is because there is no external pressure and
no heat transfer during a free expansion. As we know
that, free expansion into a vacuum or an insulated
evacuated chambers.

41. In a reversible adiabatic process, the ratio of
T{/T, is equal to
(a) (P/Po)" " (b) (Po/Py)" "
(©) (Vv () VoV
Karnataka PGCET 2016
Ans. (a) : For adiabatic reversible process
PV’ =c
P V' =P, V/ (1)
And the ideal gas equation
PV =nRT ....(iD)
y _DRT
P

Putting this in equation (i) we get,

¥ ¥
P, (HI;TI ] =P, (HI;TZ J
1 2

P1177T17 = leinzy

v_ Pz 1=y
Pl

GIERCIE

|

42. Which of the following thermodynamic
properties is NOT an intensive property of a
thermodynamic system:
(a) Pressure

(c) Density

(b) Temperature

(d) Volume

[GATE-XE 2016: 1M]

Ans. (d) : Volume depends on the extent or mass of the

system.

43. A heat exchange process in which product of
pressure and volume remains constant is
known as
(a) Adiabatic process
(c) Isentropic process

(b) Throttling process
(d) Hyperbolic process
AP PGECET 2016
Ans. (d) : Hyperbollic Process:- A heat Exchange
process in which product of pressure and volume
remains constant is known as a hyperbolic process.

44. Which one of the following effects is the
working principle of a thermocouple?
(a) Thomson (b) Seebeck

(c) Peltier (d) Meissner

[GATE-XE 2016: 1M]

Ans. (b) : Thermocouple :- The thermocouple is based
on the principle of seebeck effect. A thermocouple is an
electrical device which is used for measuring the
variation in temperature. So it has to work on some kind
of thermoelectric effect.

e A thermocouple is an electrical device containing
junctions of two dissimilar metal joints. It is used as
temperature sensors.

e Since the thermocouple wires consist of two

dissimilar metals (with unique resistivities) each leg

of the thermocouple has a wunique resistance
associated with it these resistances increase with
longer or narrower gauge thermocouple wire.

Choose the wrong statement

(a) Energy is said to degraded each time it flows
through a finite temperature difference.

(b) To increase work capacity of energy
transferred by heat transfer from high
temperature to low temperature, temperature
difference should be increased.

(c) The actual work which a system is always
less than the reversible work.

(d) None of the above.

45.

AP PGECET 2016

Ans. (b) : Heat is a form of energy that transfers from

higher temperature to lower temperature. Heat transfer

always occurs from hot to cold. Increasing the
temperature difference will not increase the work
capacity of energy transferred by heat transfer.

46. An ideal gas of mass m is contained in a rigid
tank of volume V at a pressure P. During a
reversible process its pressure reduces to P;.
Following statements are made regarding the
process.

(P) Heat is transferred from the gas.

(Q) Work done by the gas is zero.

(R) Entropy of the gas remains constant.

(S) Entropy of the gas decreases.

Among the above statements, the correct ones
are
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(a) P and R only.
(¢) Q and R only.

(b) P, Q and R only.
(d) P,Q and S only.

[GATE-PI 2016: 2M]
Ans. (d) : For constant volume process to decrease
pressure, temperature has to be decreased. So heat has
to be transferred from the gas.

mass (m), pressure (P), and volume (V) is fixed,
P +|
2
v

As change in volume is zero. Work done by the gas is

also zero.

Entropy of the gas decreases as system is losing heat.

So, P, Q, S are correct.

47. The sum of internal energy (U) and the product

of pressure and volume (p, v) is known as

(a) Work done (b) Entropy

(c) Enthalpy (d) None of these
Karnataka PGCET 2015

8

Ans. (¢) : H=U+PV

Where, U = internal energy
PV = product of pressure and volume
H = Enthalpy.

48. If the value of n = 0 in the equation PV" = ¢,
then the process is called
(a) Isobaric process (b) Adiabitic process
(c) Isochoric process (d) Isothermal process
Karnataka PGCET 2015
Ans. (a) :
rt
1 2
: : >V
v v,
Given
PV"=C andn=0
PV’=C
P=C
This process is constant pressure process (Isobaric
process)

49. In a new temperature scale, the boiling point
and freezing point of water are given as 100
units and 300 units respectively. The reading of

0 units on the new scale corresponds to

Ans. (d) : Given data,
°pscale °C scale
Boiling point: 100°p 100°C
Freezing point: 300°p 0°C
(1] i
100N LT
HIYN (15
°C-LFP  °p-LFP
UFP-LFP UFP-LFP
Where, LFP = Lower Fixed Point
UFP = Upper Fixed Point
°C-0° 0°-300°
100°-0° 100°-300°
°C=150°

50. A certain mass of gas at 0°C is expanded to 81
times its original volume under adiabatic
conditions. If ratio of specific heats of the gas, y
=1.25, the final temperature of the gas is
(a) —235°C (b) —182°C
(c) 91°C (d) 0°C

[GATE-XE 2012: 2M]

Ans. (b) : Given,
T,=0°C
V2 =81 V1
y=125
AQ=0

CP

—=y=1.25

CV

For, Reversible Adiabatic expansion,

T (v
Tl VZ

T 1 1.25-1 1 0.25
2

i) L)

T2 =91 K

T,=-182°C
A sample of gas with initial average Kkinetic
energy, E is heated from 27 °C to 327 °C. The
average kinetic energy after heating is
(a) E (b) 2E
(c) 27E (d) 327E

[GATE-XE 2012: 2M]

51.

Ans. (b) : Given,

Temperature before heating, T, = 27°C = (27 + 273) =
300 K

Temperature after heating, T, = 327°C = (327 + 273) =
600 K

(a) 0°C (b) 50°C We know that,
(c) 100°C (d) 150°C Boltzman's constant, (k)
AP-PGECET 2015 | |K.E before heating
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K.E = é><k><T
2

E = %xkx300

E, =450k
K.E after heating

(D)

E,= %xkx600

E, =900 K
From equation (i)
K.E=2XxE;
K.E=2E
52. Identify the group containing the appropriate
match of items in List-1 and List-11.
List-I List-11
K | A jet engine in | P Closed system
flight
L | Water being | Q Control volume
heated in a
sealed
container
M | Internal R Intensive
energy property
N | Specific S Extensive
entropy property
(a) K-P,L-Q; M-R; N-S
(b) K-Q; L-P; M-R; N-S
(c) K-Q; L-P; M-S; N-R
(d) K-P; L-Q; M-S; N-R
[GATE-XE 2011:1M]
|Ans. (c):
K | Ajetenginein flight | Q | Control volume
L | Water being heated in | P | Closed system
a sealed container
M | Internal energy S | Extensive property
N | Specific entropy R | Intensive property
53. Match the items in Group I for their
correctness with the corresponding appropriate
terms given in Groups II and III.
GROUP 1 GROUP II GROUP II1
P. Pressure | 1. Path dependent | X. Intensive
quantity property
Q. Heat 2. Path independent | Y. Extensive
quantity property
(a) P,1,X (b) P.2.X
(c) Q,1.X (d QY

[GATE-XE 2010: 1M]
Ans. (b) : Pressure is a intensive property and a
property is point function and not a path function.
54. For an ideal gas undergoing a throttling

process 1-2 which of the following relationship
holds?

P _T

(@ T, =T, T,

(b)

Y(2-1)
P (T
(c) P__(T J (d)

2 2

P,
P

h_ T
P, T

[GATE-XE 2009: 1M]

Ans. (a) : In throttling process, enthalpy = constant
Ah=0
For an ideal gas equation (i) reduces to
Crx(T,-T)=0
T,=T,

On a T-S diagram, the slope of the constant
volume line for an ideal gas is
(a) less than that of constant pressure line
(b) more than that of constant pressure line
(c) less than that of constant enthalpy line
(d) equal to that of constant enthalpy line

[GATE-XE 2009: 1M]
Ans. (b) : T-S diagram the slope of the constant
volume line for an ideal gas is more than that of
constant pressure line.
For constant pressure line,

C,dT
T

(ﬁj _S
ar), T

And for constant volume line

(8) &
ar ), T

Slope on T-S diagram

(de T (de T
— | =—and | —| =—
s ), ¢, as), ¢,

Hence the slope of constant pressure line is more than
constant volume line as.

C,>C,
Air (y = 1.4) is compressed ideally form an
initial state of 1 bar, 300 K to a final
temperature of 600 K. The value of the
pressure in bar is
(a) 2
(c) 7.2

55.

ds=

56.

(b) 3.7
d 113
[GATE-XE 2009: 1M]

Ans. (d) : P, =1 bar
T, =300k
T, =600 k
y=14
We know that,
Y

P2 _ TZ ﬁ
Pl Tl

1.4
P, = 1><(@j1'4 " bar
300
P,=11.3 bar
In a throttling process
(a) temperature always remains unchanged.
(b) temperature always increases.
(c) temperature always decreases.
(d) temperature may increase, decrease or remain
unchanged.

57.

[GATE-XE 2008: 1M]
Ans. (d) : In a throttling process the temperature change
depends on the nature of the fluid and the conditions of
the processes. Throttling refers to the expansion of fluid
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through a valve or orifice, where the pressure decrease
without doing work and without heat exchange. For
same fluid like ideal gas the temperature can remains
constant, while for other, such as real gases (like
refrigerants), the temperature can increase or decrease
depending on the specific properties and the process

conditions.

58. Match items from groups I, I_I, 111, I\_7 and V. _

fEMk| tinigne [ Alsoda | LRS-
(a) F-G-J-K-M
E-G-I-K-N
(b) E-G-I-K-M
F-H-I-K-N
(c) F-H-J-L-N
E-H-I-L-M
(d) E-G-J-K-N
F-H-J-K-M

[GATE-2006: 2M]

Ans. (d) : Heat:-

. When heat is added to the system, it is positive.
. Heat transfer is path function.

. Heat is not a property.

. Heat is inexact differential

. Heat is boundary phenomena.

. Heat is energy in transit.

Works:-

. Work transfer is path function.

. It is not a property.

. It is inexact differential.

. It is boundary phenomena.

. When work is added to the system, it is negative.
. Work is energy in transit.

AN A W -

QN B W=

59. An isolated thermodynamic system executes a
process. Choose the correct statement (s) from

the following:
(a) No heat is transferred
(b) No work is done

(c) No mass flows across the boundary of the

system

(d) No chemical reaction takes place within the

system

[GATE-1997: 2M]

Ans. (a,b,c) :

Isolated system
Miss transler = 0

Energy transfer = 0

Heat transfer = 0 Work trunsfer
{6} = 0y (&W = 0}

So, for an isolated system,

e No work is done.
o No mass flows across the boundary of the system.

® No heat transfer take place in or out from the system.

60.
List I List I1
(A) | Heatto work | (1) | Nozzle
(B) | Heat to lift | (2) | Endothermic
weight chemical
reaction
(C) | Heat to strain | (3) | Heat engine
energy
(D) | Heat to | (4) | Hot air
electromagnet balloon/evapora
ic energy tion
(5) | Thermal
radiation
(6) | Bimetallic strips

[GATE-1997: 2M]

Ans.(A-3,B-4,C-6,D-5):
(A) | Heat to work (3) | Heat engine
(B) | Heat to lift | (4) | Hot air
weight balloon/evaporation
(C) | Heat to strain | (6) | Bimetallic strips
energy
(S) | Heat to | (5) | Thermal radiation
electromagneti
c energy

61. The definition of 1 K as per the internationally
accepted temperature scale is
1
a
® 100"
point and normal freezing point of water

the difference between normal boiling

(b) ;h the normal freezing point of water
273.15

(c) 100 times the difference between the triple
point of water and the normal freezing point

of water
1
d) ———— of the triple point of water
@ 573167 pep
[GATE-1994: 1M]
Ans. (d) The definition of 1 k as per the

internationally accepted temperature scale is one kelvin

1
1k) is formally defined as ————— of triple point of]
(1k) y 573167 ple p

water.

System, Property, Internally
Reversible Process

62. A thermodynamic system is considered to be an

isolated oneif

(a) mass transfer and entropy change are zero

(b) entropy change and energy transfer are zero

(c) energy transfer and mass transfer are zero

(d) mass transfer and volume change are zero

AP PGECET 03.05.2019, Shift-11

Ans. (¢) An isolated system is isolated from
surrounding with respect to mass and energy i.e. mass
and energy can nor cross the system boundary as show
below.
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Isolmted
svalem

. System
houndary
m=1

But in isolated system is the entropy generation is

possible and always positive.

63. Which of the following thermodynamic
properties shows a discontinuity during a
second-order phase transition?

(a) Volume (b) Enthalpy
(c) Entropy (d) Heat capacity
[GATE-XE 2016: 1M]

Ans. (d) : Heat capacity shows a discontinuity or

singularity during a second - order phase transition,

unlike other properties that remain continuous.

64. The thermodynamic property, X,

thermometer varies with temperature, t,

according to the relation t = ax” + b, where t is

in °C, x is in cm, and a & b are constants. At
ice point (0°C) and steam point (100°C), the
values of x are 5 cm and 20 cm, respectively.

of a

(a) 1
(c) 3

(b) 2
(d) 4

[GATE-2005: 1M]
Ans. (d) : Four clockwise cycles can be created
including two constant volume processes and two at
constant pressure process

II'l.. T l II'

ST i, ST ) S el e

Toe T
1\\_.&" (%) :
L \
PN

¥ i | r
Inl :I:—‘-F—l‘_‘-: -

Corle 3 kS

Ideal and Real Gases
67.

The equation for the state of real gas in terms
of reduced form is

) 3 3
When the thermometer is brought in contact - 1\ =
with a heated body, the value of x is recorded @ | P V2 (3Vf 1) 8T,
as 15 cm. The temperature of the heated body r
in °C is 3
(a) 83.3 (b) 73.3 () | P.+—|(3V,-1)=8T,
(c) 63.3 (d) 53.3 \A
|GATE-XE 2011:2M] 3
Ans. (d) : G1V§:n, ) | P —— (3V +1) =8T
t=ax"+b oy? ! !
Now,t=0,x=5cm f
0=ax5*+b (1) 3
Now, t =100 & x =20 cm @ | P.——|(3V,-1)=8T,
100=b x 20° + b (i) \4
Solving equation (i) and (ii) TS PGECET 06.11.2024
X a=0.267,b=-6.67 Ans. (a) For real gas used Vander Waals equation,
Then,
t=0.267 x X"~ 6.67 P+-2 |(v—b)=RT e
At, x=15cm ( vzj( ) ®
t=0.267 x 15° — 6.67 We know that,
t=153.405 Pressure, Temperature & volume in reduced from,
t~53.3°C P T \V4
65.  The polytropic index n of an isochoric process || Pr = P T = T ° Vi :7
is equal to e e ©
(a) zero (b) one _ 2 A 8PV,
(¢) minus one (d) infinity and,a=3P.V; , b= 3 R= 3T
[GA,TE'XE 2007: %M] All values put in equation (i),
Ans. (d) : For a general polytropic process PV" = 5
constant. PpPe + 3P ve VooV Ve | _ 8PV TT
In case of an isochoric process the value of this n is V? r'e 4 3T, r-c
taken equal to infinity. -
66. A reversible thermodynamic cycle containing
only three processes and producing workisto|||P. + 3 P.V 8P.V,
be Zonstrucl:ed. The constrI:lints are:g f 0 3V -1)-55= %X Tp
(i) there must be one isothermal process (\/ )
(ii) there must be one isentropic process L Ve
(iii) the maximum and minimum cycle
pressures and the clearance volume are fixed Pt 3 (3V,-1)=8T
(iv) polytropic processes are not allowed. Then v’ ! f
the number of possible cycles are
Thermodynamics 20 YCT



68. Two rigid, impermeable containers A and B are
filled with an ideal gas. They are allowed to
exchange heat only with each other and not
with the surroundings. P,V,N, and T represent
the pressure, total volume, number of moles,
and temperature, respectively. At equilibrium,
which of the following conditions is/are
necessarily satisfied?

(Subscripts A and B represent properties of the
gas in the respective containers.)

(a) Pa=Pp (b) To=Tg
© PV, _ P,V ) P_A:&
NA NB VA VB
[GATE-XE 2024: 1M]
Ans. (B;C) : As the system reaches to thermal
equilibrium
So,
TA = TB
We know that,
P,V, =N,RT,
T — PAVA
A
N,R
And,
P,V = N RT,
— PBVB
, =225
N;R
TA = TB
PAVA _ PBVB
NA NB
69. A rigid tank, initially at 1 bar and 300 K,

contains 5 moles of 0,, 4 moles of N, , and
3 moles of H, . From this tank, 2 moles of O,
are removed Keeping the temperature constant.
Assuming ideal gas behaviour, the final partial
pressure of O, (in bar) inside the tank is
(rounded off to the three decimal
places).
Use R = 8.314 J/mol.K Molecular weights of
H,, N, and 0, are 2 g/mol, 28 g/mol, and
32 g/mol respectively.
[GATE-XE 2024: 1M]
Ans. (0.249 to 0.251) : Given data,
State I, P, =1barand T, =300 k
5 moles O, + 4 molesO, + 3 molesO,
State II,
P2 =7
T,=300K
3 moles O, + 4 moles O, +3 moles O,

PV =) nRT

(5+4+3
100xV=-———=
1000

)><8.314><300

P, = X, P2

x83.33

P, =
> 34443
P, =24.99 kPa = 0.249 bar

Pressure of an ideal gas is increased by keeping
temperature constant. The Kkinetic energy of
molecules
(a) Decreases
(b) Increases
(¢) Remains same
(d) Increases or decreases depending on the
nature of gas

AP PGECET 19.07.2022, Shift-11
Ans. (¢) : We know that,
The kinetic energy of molecules of an ideal gas is

70.

E= 3 NK,T
2
Where,

N = The number of molecules,

Kg = The Boltzmann constant

T = Temperature of gas

By the above expression it is clear that E depends on the
temperature but not on the pressure, volume and nature
of the gas.

Then, on increasing the pressure by keeping the
temperature constant, the kinetic energy of molecules
remains same.

71.  On the basis of the ideal gas equation and van
der Waals equation, the temperatures of a gas
at pressure 10 MPa and specific volume 0.005
m’/kg would be, respectively
(Assume gas constant R = 0.3 kJ/(kg K), a =
0.18 m® kPa/kg” and b = 0.0014 m*/kg)

(a) 166.67 K and 235.89 K
(b) 166.67 K and 206.40 K
(c) 166.67 K and 267.21 K
(d) 166.67 K and 240.90 K
[GATE-XE 2022: 2M]

Ans. (b) : In ideal gas
PV =RT
10x10°%0.005 = 0.3x1000xT
T=166.67 k

On the basis of Vander Waals equation

[p+%j(v—b)=RT

a=0.18x1000 m® pa/kg’
b=0.0014 m’/kg

0.18x1000

05)’

T=20640K

|:10><106>< ](0.005—0.0014)=0.3><1000xT

B 72. A cylinder of volume 1 m® contains a mixture
V=0.2993 MJ of CO, (20% by mol) and Q. (80% by mol) at

P,V = ZHRT 100 kPa and 300 K. This cylinder is connected

(3 4 +3) to a 1 MPa pressure line carrying N, at 300 K.

P, x0.2993 = ~——-=x8.314x300 The cylinder is filled isothermally till the
pressure of gas mixture inside it becomes 500

P,=283.33 kPa kPa, and then the filling is stopped. The
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amount of N, gas that has entered the cylinder

is (in mole, 2 decimal places).

The universal gas constant is 8.3145 J/(mol K).
[GATE-XE-2021: 1M]

Ans. (159 to 162) : Given,
Initial pressure P; = 100 kPa = 100x10° Pa
Final pressure P, = 500 kPa = 500x10° Pa

Initial mole fraction of CO,, (X)., =0.2

o,

=0.8

02

Volume of the cylinder, V=1 m’

The constant temperature maintained T =300 K
Let the total number of moles of CO, and O, be n;.
Then from the ideal gas equation of state we have

Initial mole fraction of O,, (xl)

PV
n, =
R,T
. 100x10° x1
' 8.3145%300
n, = 40.09

Let the total number of moles CO,, O, and N, after
filling of N, be nj.
Then from the ideal gas equation of state, we get

P,V
1’12 =
R,T
0 500%10° x1
’ 8.3145%300
n, = 200.45

Therefore, the number of moles of N, that has entered
the cylinders.

=200.45-40.09 =160.36
For a real gas passing through an insulated
throttling valve, the outlet temperature of the
gas with respect to the inlet temperature.
(a) is always higher
(b) is always lower
(c) may be higher, lower or same
(d) is always same

73.

[GATE-XE-2021: 1M]

Ans. (¢) : The Joule’s Thomson coefficient for a
substance is given by

(%)
My P ).

It may be noted that a substance will produce cooling
effect due to throttling if its p; > 0 and vice-versa. For a
real gas the value of L can either be greater than or less
than effect. Therefore, the throttling of a real gas may
either produce a cooling effect or heating effect
depending on weather the value of its Joule-Thomson
coefficient is greater than or less than 0.

74. A cylinder of volume 0.1 m’ is filled with 100

mol of propane (C;Hg) at 2 MPa. If propane is
assumed to obey the van der Waals equation of
state, then its temperature is K(1 decimal
place).
The van der Waals constants for propane are:
a = 939.2 kPa (m‘/kmol)> and b = 0.0905
m’/kmol. The universal gas constant is 8.3145
J/(mol K).

[GATE-XE-2021: 2M]

Ans. (320.0 to 323.0) : Given,

Volume, V=0.1 m’
Number of moles, n =100 mol = 0.1 k mol
Pressure, P =2 MPa = 2000 kPa
Vander Waal's constants,

a=939.2 kPa (m*/k mol)*

b = 0.0905 m’/k mol
universal gas constant, R = 8.3145 J/mol.k

= 8.3145 kJ/mol k

The molar volume occupied by the gas,

VvV 0.1
V=—=—
n 0.1
=1 m*/k mol

Let the temperature of the gas be T.
The Vander waal's equation of state given,

(p+;)(v—b)

R
939.2

12

8.3145
=321.51K

Superheated steam at 1500 kPa, has a specific

volume of 2.75 m*/k-mol and compressibility

factor (Z) of 0.95. The temperature of steam

is__ °C (round off to the nearest integer)

(a) 522 (b) 471

(c) 249 (d) 198
[GATE-2021;Set-1:1M]

T=

(200+ j(1—0.0905)

75.

Ans. (¢) : Given,
Pressure (P) = 1500 kPa

Specific Volume (\_/) =2.75 m’/k-mol

Compressibility factor (Z) = 0.95
Temperature (T) of the steam = ?

We know that,
PV =ZxnRT
pY _ZRT
o
PV =ZRT [*- n=1]
1500 x 2.75=0.95 x 8314 x T
T=52226K

=(522.26 -273) °C
T =249.26°C = 249°C
76. In a mixture of gas there are 0.1 kmol of
oxygen (0,) , 0.1 kmol of nitrogen (N,) and 0.8
kmol of methane (CH,). If the molar mass of
0,, N, and CH, are 32 kg/kmol and 16 kg/kmol,
respectively, then the mass fraction of N, in the
gas mixture is

(a) 0.100

(c) 0.148

(b) 0.170
(d) 0.680
[GATE-XE 2020:2M]

Ans. (¢) : Mass of O, present (m), =(n)_ (M)OZ
—0.1x32
~32kg

Mass of N, present (m)Nz =(n),.-(M),_
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=0.1x28
=2.8kg

Mass of CH, present, (m)_, =(n),, .(m),,
=0.8x16
=12.8 kg

Therefore, the mass fraction of N, in the mixture

. (m)y,
(m),, +(m)y, +(m)g,,
2.8

T32+28+128
28

18.8

=0.148
A 4-m’ reservoir contains 10 kg of a real gas at
200 K. If this gas follows the van der Waal’
equation of state with a = 0.0687 m®. kPa/kg’,
b = 0.00657 m*/kg and R = 0.187 kJkg.K, then
the reservoir pressure (in kPa) is
(a) 93.5 (b) 94.6
(c) 95.7 (d) 101.3

[GATE-XE 2020:2M]

77.

Ans. (b) : Vander waal's equation of state is
a .
(p+?j(v—b): (D)
Now,
szzim3 /kg=0.4m’ / kg
m 10
Therefore, from equation (i)
+ 0.0687 (0 4-0. 00657) 0.187x200
(0.4)’
P =94.6 kPa
78.  For an ideal gas, a constant pressure line and a

constant volume line intersect at a point, in the
temperature (T) versus specific entropy (s)
diagram. C, is the specific heat at constant
pressure and Cy is the specific heat at constant
volume. The ratio of the slopes of the constant

du=CydT [ V=C]
Tds = C,dT
dr] T
ds |y, C,
If, P=C
Tds =dh - Vdp
dh=C,dT [ P=C]
Tds = C,dT
ar] T
ds |, G,
(dt/ds), (T/C,), ¢
Ratio, = =—
(dT/ds),  (T/C,), C,

79. One kg of an ideal gas (molecular weight = X)
occupies a certain volume V at temperature T
and pressure P;. Four kgs of another ideal gas
(molecular weight = 2X) is added to the first
gas keeping the volume V and temperature T
same as before. The final pressure is
(a) 2P, (b) 3P,

(c) 4P, (d) 5P,
[GATE-XE 2019-1M]

Ans. (b) : The number of moles of the gas with

molecular weight X, n, =—

The number of moles of the gas with molecular weight

4 2
2X, nz—2X X

Hence, the mole fraction of the gas with molecular
weight X,

L_m _UX 1
" n,+n, 1.2 3
X X

And the mole fraction of the gas with molecular weight
2X,

pressure and constant volume lines at the point n, 2/X 2
of intersection is X, = n, +n, 7 273
(a) ﬁ (b) C_p XX
C Cy Now, the partial pressure of a gas is proportional to its
P mole fraction. Let the final pressure be P. Now, for the
Cp -Cy d Cy given volume and temperature the given mass of gas
© Cy (@) C. with molecular weight X exerts a partial pressure of P;.
p Therefore,
[GATE-2020; Set-1:1M] P, = x,P
Ans. (d)
P P
P=—1=—L=3P,
x, 1/3
80. If one mole of H, gas occupies a rigid container
with a capacity of 1000 litres and the
temperature is raised from 27°C to 37°C, the
change in pressure of the contained gas (round
If v=C off to two decimal places), assuming ideal gas
Tds = du + Pdv behaviour, is Pa. (R =8.314 J/mol.K)
Tds=du [GATE-2019; Set-I1: 2M]
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Ans. (83.14 Pa) : Given data,

Tl =27°C
T, =37°C
V=1m

R =28.134 J/mol.K

For the ideal gas,

P,V =nRT,

P,V =nRT,

(P,-P)V =nR(T,-T))

AP x1=1x8.314(37-27)
AP =83.14Pa
An ideal gas has a molar mass of 40 kg/kmol.
Take R = 8.314 kJ/kmol.K. At a pressure of 2
bar and a temperature of 300 K, the volume (in

m’) of 1 kg of this gas (up to 2 decimal places)
is

81.

[GATE-XE 2018: 1M]

Ans. (0.30 to 0.32) :
M = 40 kg/kmol
R=8.314kJ/kmolK, p=2bar=2x10"Pa
T=300K m=1kg
Hence, the number of moles,

n=" - ol =L 1000 mol

M 40 40

Now, the equation of state is,

pV =nRT

V= nRT

p
1 8.314%300x1000
_ 40
2x10°
=031 m’

82. According to Kkinetic theory of gases, the

absolute zero temperature is attained when

(a) Volume of the gas is zero

(b) Pressure of the gas is zero

(c) Kinetic energy of the molecules is zero

(d) Specific heat of gas is zero

TS PGECET 2017

Ans. (c¢) : According to kinetic theory of gases kinetic

energy of the molecules is zero at absolute zero

temperature because molecules of gas directly
proportional to temperatures.

83. The volume and temperature of air (assumed
to be an ideal gas) in a closed vessel is 2.87 m’
and 300 K, respectively. The gauge pressure
indicated by a manometer fitted to the wall of
the vessel is 0.5 bar. If the gas constant of air is
R =287 J/kg' K and the atmospheric pressure
is 1 bar, the mass of air (in kg) in the vessel is
(a) 1.67 (b) 3.33
(c) 5.00 (d) 6.66

[GATE-2017;Set-11: 2M]

Ans. (¢) : =5kg
Now, use the ideal gas law to find the mass is:
_ PV

~ RT

(P + P ) (V)
RxT
B ((0.5bar+1bar)x(2.87)m3)
287J / kg — K x 300K
(1.5x10°Pa)x2.87m’
86100J /kg
_ 4305x10° _

86100
The vander Waals equation of state is given as,

m=

84.
[p+izj(v—b)=RuT, where p in bar, v in
v

m*/kmol and T is in K.

for a1r, the constants, a and b, are 1.368
bar.(m’/kmol)> and  0.0367  m’/kmol.
respectively. A1r is contained in a system at 160
K and 0.08 m‘/kmol. If p, is the pressure
calculated using ideal gas equation of state and
p, is pressure calculated using vander Walls
equation of state, then p,/p, is equal to
(a) 1.78 (b) 1.52
(c) 1.28 (d 1.0

|[GATE-XE 2017]

Ans. (a) : We know,

R,T
Pigeat = T
For ideal gas,
P1 OF Pigeat = W@a ~16628 kPa

We know, 1 bar =10’ = 10° kPa
Now, Vander Waals equation

(p-irizj(v—b):RuT
A\
1.368x10?

~ pvw +

{ (0.08)"

S P2 OF Pyy = 9346.47 kPa

. &or Pigeal _ 16628
p, D, 934647

Air contains by volume 79% N, (molecular
weight = 28 kg/kmol) and 21% O, (molecular
weight = 32 kg/kmol). A stream of air flows at
32°C, 1 bar, at a rate of 2m’/s and is mixed
with another stream of O, flowing at 0.4 kg/s.
The molecular weight of the mixture (up to 2
decimal places) is

}x (0.08-0.0367) =8.314x160

85.

[GATE-XE 2017]

Ans. (29.0 to 30.0) : We know that,
1 kmol = 22400 m’
Hence, molecular welght of N, = 28/22400 kg/m® =
0.00125 kg/m’
And molecular We1ght of 0, = 32/22400 kg/m’ =
0.00143 kg/m’
Hence, the mass of N, present in 1 m’® of air,

(m), |y =0.79 % 0.00125 kg = 9.875 x 10 * kg

Thermodynamics

24

YCT



And the mass of O, present in 1 m’ of air,
(m)O7|V =0.21 x 0.00143 kg = 3.003 x 10~* kg

Therefore, the mass of N, present in 1 kg of air,
9.875x10”*

m = =0.7668 k
( )NZ . (9.875+3.003)x104‘ g
And the mass of O, present in 1 kg of air,
3.003x107*
m = =0.2332 k
( )OZ . (9.875+3.OO3)><104 s

The number of moles of N, present in 1 kg of air,
0.7668
(n)y, =55

The number of moles of O, present in 1 kg of air,
02332

(1’1)02 -

Therefore, the mole fraction of N,

kmol = 0.0274 kmol

kmol = 0.0073 kmol

(X), =027 _ 7896
N 0.0274+0.0073
And mole fraction of O,,
(X), =200 _ 504
% 0.0274+0.0073

Hence, the molecular weight of air is given by
M, =(X)o, (M), +(X),, (M),
=0.2104 x32 + 0.7896 x 28

= 28.84 kg/kmol
Hence, the characteristic gas constant of air is

o R B3I ol K = 288.28 J/kmol.K
M. 28.84

Now, let the mass flow rate of air at 32°C or 305 K, 1

air

bar, at a flow rate of Q = 2 m’/s be, M.

Therefore,
pQ = l'i'lairXRair xT
5
e = P9 1002 5 975 kess

R, T 288.28x305

This stream mixes with another stream of O, flowing at
0.4 kg/s.
The number of moles of air flowing per second in the
mixture,

(n), = 2275 0.0789 kmol
a 28.84

The number of moles of O, flowing per second in the
mixture,

04
(n)o2 =% =0.0125 kmol

Therefore, the mole fraction of air in the mixture,

X)air = % =0.8632
0.0789+0.0125
And the mole fraction of O,,
(X), =025 _ 1368
% 0.0879+0.0125

Hence, the molecular weight of the mixture
Mmixrurc = (X)air (M)air + (P()Oz (1\/1)02
=0.8632 x 28.84 + 0.1368 x 32 kg/kmol
=29.27 kg/kmol
86. An equimolar mixture of two ideal gases (A, B)
expands isentropically in a nozzle. The gas
mixture enters the nozzle at 300 kPa, 400 K
and exits at 100 kPa. Assuming the mixture to

be an ideal gas, the exit temperature of the gas
mixture (in K) is

Cp (kJ/kg-K)

Molar mass
(kg/kmol
Gas 28.013 1.04
A
Gas 2.016 14.21
B

[GATE-XE 2016: 2M]
Ans. (286 to 297) : The molar mass of the gas mixture,
Mmixlure = MAXA + MBXB
= (28.013 x 0.5 + 2.016 x 0.5) kg/kmol =
15.015 kg/kmol
For mass of gas A present in 1 mole of the mixture,
Mppmot = 0.5 % 28.013 kg = 14.0065 kg
For mass of gas B present in 1 mole of the mixture,
Mpjme = 0.5 X 2.016 kg = 1.008 kg
Therefore, the mass of Gas A present in 1 kg of the
mixture,

14.0065

14.0065+1.008
And the mass of gas B present in 1 kg of the mixture,

1.008

14.0065+1.008
Hence, the specific heat of the mixture,

(CP)A+mB

kg =0.9329 kg

mA\mass =

kg =10.0671 kg

mB\mass =

mass (CP )B

mass

m,

mass

(CP)mixture =
mA mass

(Cp)mixture = 1.9237 kJ/kg.K
Therefore, the molar specific heat at constant pressure
of the mixture,
(CP)mixlure\molar = (CP)mixture x Mmixlure = 28884 kJ/kmOlK
Hence, the molar specific heat at constant volume of the
mixture,

(Cv)mixture\molar

+ my

R = (28.8%84 — 8314)

P)mixture\molar -

kJ/kmolK

=20.57 kJ/kmol.K
Therefore, the adiabatic index,
— (CP )mixture molar  __ 28884
! (CV )mixrurc molar 20.57
y=14

For an isentropic process of an ideal gas we have,
-1

T, _ P,

Tl Pl
1.4-1
14

T, = 400 x (mj '
300

T,=2923K
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87. The absolute temperature of an ideal diatomic
gas is quadrupled. What happens to the
average speed of molecules?

(a) Quadruples
(b) Doubles
(c) Triples
(d) Increases by a factor of 1.41
AP PGECET 2016
Ans. (b) : From Maxwell-Boltzmann statistical theory

the average speed of molecules of an ideal gas at the
temperature T is given as,

ST

mm
Where, m is the mass of molecules and K is Boltzmann
constant.
Now, if the temperature from T becomes 4T.
Then,

avg

v, = 8k x 4T
Tm

Vavg =2 Sk_T
m

Vavg =2x Vavg,

88. An ideal gas mixture of oxygen (molecular
weight = 32 kg/kmol) and carbon dioxide
(molecular weight = 44 kg/kmol) has a mass
composition of 40% and 60% respectively. If
the total pressure is 200 kPa, the partial
pressure of oxygen (in kPa)is

[GATE-XE 2015]
Ans. (95.66 kPa) : Mass composition of O, =40%
.' (nfl)oz :40g
Mass composition of CO, = 60%

- (rn)coz =60g

f moles of
Mole fraction of O, (X),, = number of molesof O,

total moles
40

Y
40 60

—+
30 44
Using Dalton’s law of partial pressure,
(Partial pressure) O, =(X),, X P,

=0.4783%200 kPa
=95.66 kPa

The Vander Waals equation of state is

(X)o,

89.
(p +izj(v —b) = RT, where p is pressure, v is
\ 4

specific volume, T is temperature and R is
characteristic gas constant. The SI unit of a is
(a) J/kg-K (b) m’/kg
(c) m’/kg-s* (d) Pa/kg
[GATE-2015; Set-II: 1M]
Ans. (¢) : From the Vander Waals equation,

[p+%)(v—b):

For the unit of pressure and (a/v*) should be same,

. . a
.. unit of p = unit of vz

kg (kg)2 xa
m-s’ m’
a=m’/kg—s’
90. A mixture of ideal gases has the following
composition by mass :
N, 0, CoO,
60% 30% 10%

If the universal gas constant is 8314 J/kmol-K,
the characteristic gas constant of the mixture
(in J/kg-K) is

[GATE-2015; Set-II1: 2M]

Ans. 274 10276): R, ——— =814 _ 296905 1
M, 28 kgK
R, = -84 598125
© M, 32 kgK
Ry = -84 1e5954 T
C M, 44 kgK

mNZRNz -i-mOzROZ + mCOZRCO

mix

my +m, +me,
_ 0.6x296.928 +0.3x259.8125+0.1x188.955

0.6+0.3+0.1
=275.9960 J/kg K
91. The gas constant (R) is equal to the
(a) Sum of two specific heats
(b) Difference of two specific heats
(c) Product of two specific heats
(d) Ratio of two specific heats
Karnataka PGCET 2015

Ans. (b) : We know that,
Mayer’s equation for an ideal gas,
R=C,-C,

Where R is gas constant.

C, is specific heat of the gas at constant pressure.

C, is specific heat of the gas at constant volume.

92. Temperature of nitrogen in a vessel of volume 2
m’ is 288 K. A U-tube manometer connected by
the vessel shows a reading of 70 cm of mercury
(level higher in the end open to atmosphere).
The universal gas constant is 8314 J/kmol-K,
atmospheric  pressure is 1.01325  bar,
acceleration due to gravity is 9 81 m/s’ and
density of mercury is 13600 kg/m The mass of
nitrogen (in kg) in the vessel is__

[GATE-2015;Set-1:2M]
Ans. (4.4 to 4.6) : Temperature of Nitrogen (T) =288 K
Reacting of manometer (h) =70 cm= 0.7 m

Universal gas constant (K) = 8314 J/kmol K
Atmospheric pressure (P,,,) = 1.01325 bar = 101.3 kPa

Density of mercury (p,) = 13600 kg/m’
Volume of vessel (V) =2 m’
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Now, Mercury gauge pressure = py, X h x g
=13600 x 0.7 x 9.81
=93.39 kPa

"+ Absolute pressure (P) = 101.3 + 93.39

=194.6 kPa
V=2m |
70 cm
O= L
'N. | |
e
| i —Hg

We know that, o

Ideal gas equation,

PV=mRT ... @)

Where, R is specific gas constant,

R
Molar mass
R= % =0.296kJ / kgK
Value of R putting in the equation (i),
m:ﬂ: 194.6x2 _ 4.56ke
RT 0.296x288
m=4.56 kg

93. For a gas obeying the equation of state given by

(P +12]V =RT, the values of the critical
v

volume and the critical temperature are 0.004

m’/kg and 100°C, respectively. If the value of

the gas constant is 250 J/(kg.K), then the value

of the constant ‘a’ is (N.m4/kg2).

Note that the critical point is the point of

inflection on the critical isotherm.

(a) 1243 (b) 0.75

(c) 186.58 (d) 248.67

[GATE-XE 2014: 2M]

Ans. (c) : As the critical point is the point of inflection
on critical isotherm,

[a—Pj =0 . G)
oV )i
Given,
(P+izjv:RT ... (ii)
\%

From equation (i), differentiating P w.r.t v at constant
temperature, we get,

a
b
Substituting the value of P in equation (ii), we get
22 =RT
v
o 2a=250 x 373 x 0.004
= a=186.58

94. The molecular weight of a mixture is 38.4
gm/mol. The mixture is composed of methane
and carbon-dioxide gases. The atomic weights
of the elements C, H, and O are 12, 1, and 16

gm/mol, respectively. The mole fraction of

methane (Xpethane) IS and that of

carbon-dioxide (Xcarbon dioxide) IS

(a) Xmethane = 02, Xcarbon dioxide — 0.8

(b) Xmethane = 08, Xcarbon dioxide — 0.2

(C) Xmethane = 03, Xcarbon dioxide — 0.7

(d) Xmethane: 07: Xcarbon dioxide = 0.3

|GATE-XE 2014: 1M]
Ans. (a) : Molecular weight of CH, (M) = 16 gm/mol
Molecular weight of CO, (M;) =44 gm/mol
Molecular weight of mixture (My,x) = 38.4 gm/mol
M = Mx; + MyX,, where x; and x, are the mole
fractions of CH, and CO, respectively.
384=16%x;+44 %,
16 x; +44 (1-x,) =38.4
16 x; +44 — 44 x, =384
-28x,=-5.6

Mole fraction of CHy (x;) = 0.2
Mole fraction of CO, (x,) = 0.8
95. In the Vander Waals equation of state given

below:

(p+izj(v—b)=RT
v

The constant a represents the effect of

(a) attractive forces between molecules

(b) repulsive forces between molecules

(c) deviation from molecules being spherical

(d) finite size of the molecule

[GATE-XE 2013: 1M]

Ans. (a) : The Vander Waals law is based on the
plausible reasons that real gases deviate from the ideal
gas law. The ideal gas law treats gas molecules as point
particles, which are neither attracted or repelled for, real
gases, Vander Waals provided for intermolecular
attraction, by adding to the observed pressure p in the
equation of state a term a.

(p+%j(v—b):RT

In the equation a represent attractive forces between the
molecules.

96. Which of the following processes, shown in the
figure below, represents the throttling of an
ideal gas?

(a) 1to2
(c) 1to4

(b) 1to3

(d) 1to5

IGATE-XE 2013: 1M]
Ans. (a) : For ideal gas enthalpy is a function of]
temperature, i.e., dh = nC,dT.

And in throttling, the enthalpy remains constant,
therefore the temperature remains same.

In the graph, the line depicting constant temperature is
1-2.
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97. For an ideal gas as a working fluid for a given
heat input Q, the process that gives the
maximum work among the following four
processes is

(a) isothermal

(c) constant pressure

(b) constant volume
(d) isentropic
|GATE-XE 2013: 1M]

Ans. (a) : From the first law of thermodynamics,
Q=AU+W
W=Q-AU
For an isothermal process, dT =0
W=Q
For an isochoric process, dV =0
W=0
For a constant pressure process,
W=Q-AU
=nC,AT —nC,AT
=n(C,-C,) AT
For an isentropic process,
Q=AU+W
TAs=AU+W
W =-AU
Therefore, the work done is the maximum in an
isothermal process.

98. Which material has the lowest specific heat
capacity at room temperature?
(a) Water (b) Mercury
(c) Copper (d) Silver
[GATE-XE 2012: 1M]

Ans. (b) : Specific heat capacity:- This is the amount
of energy needed to raise the temperature of 1 kg of a
material by 1°C.

E=mxCx 6
Where,

E = Energy (J)

C = specific heat capacity (J°C ' kg )

6 = change in temperature (°C)

m = Mass (kg)
The specific heat capacity of substances at room
temperature and atmospheric pressure is given below,

Substance Specific heat capacity
U ke K
Water 4186
Mercury 140
Silver 900
Copper 385

99. One kilomole of hydrogen (M = 2 kg/kmol) is
mixed with certain number of kilomoles of
argon (M = 40 kg/kmol) such that the mass
fraction of argon in the resultant mixture is 0.8.

The number of kilomoles of argon in the

mixture is
(a) 0.05 (b) 0.10
(c) 0.15 (d) 0.20

[GATE-XE 2011:2M]

Ans. (d) : Let number of kilo moles of argon in mixture
=X

mg, =m, +myg =my +m,

The mass fraction of each component becomes,
my, = NH:MH:

mf _ Ar 1’nAr NArMAr 4OX

= = = =0.8
m my +m, N, M, +N, M, 2+40x

total

Hence, number of kilo moles of argon in mixture is, x =
02 .

100. Consider three identical tanks A, B and C,
shown below. What is the pressure p in tank C?

Tank A
Lm'
x kg nitrogen

Tank B
1o’
¥ kg oxygen

'ank C
L
x kg nitrogen +

y kg oxygen

1 bar, 308 K 1 bar, 30K MK, p="
(a) 1 bar (b) 1.5 bar
(c) 2 bar (d) 2.5 bar

[GATE-XE 2011:1M]

Ans. (¢) : For Tank A,

PAVA:I]ARTA

1 x1=n, xR x300
1

n,=——
300R
For Tank B,
PBVB = HBRTB
1 x1=ng xR x300
0 = 1
® 300R
For Tank C,
PC VC =1N¢ RTC

PCVC:nCXRX300
S Nec=ny +ng
1XPC:(HA+HB)XRX3OO

P. = LJr; x300R
300R  300R
P. = x300R
300R
Pc=2 bar
101. Specific heat at constant pressure (C,) of

Helium is 5.19 kJ/Kkg and its molecular mass
is 4 kg/kmol. The specific heat at constant
volume, in kJ/Kkg, is
(a) 1.11
(c) 3.11

(b) 2.11
(d) 4.11
[GATE-XE 2011:1M]

Ans. (¢) : Given,
C,=5.19 kJ/Kkg, m =4 kg/kmol
We know that,
C,-C,=R
C,=C,—-R =5.19-(8.314/4)
C,=3.11 kJ/Kkg

102. An ideal gas is known to obey following
relationships; u =200 + 0.718 T and Pv = 0.287
(T + 273), where u is specific internal energy
(kJ/kg), T is temperature (°C), P is pressure
(kPa) and v is specific volume (m*/kg). Specific
heat (in kJ/kg-K) at constant pressure is

(a) 0.287 (b) 0.431
(c) 0.718 (d) 1.005
[GATE-XE 2010: 1M]
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Ans. (d) : We know that, 104. An ideal gas (y = 1.39) flows in a pipeline at 450
h=u+Py °C and 20 bar. A rigid, insulated and initially
Ce (T + 273) = 200+0.718T + 0.287(T + 273) = evacuated vessel is connected to the pipeline
i7§'35+1’005T through a valve. The valve is now opened and
e T = 0°C the gas is allowed to fill the empty vessel. The
Cp=1278.35/273 kI / ke-K final temperature of the gas in the vessel is
=1.019 kl/kg-K (a) 247 °C (b) 450 °C
The closest answer among the given options is 1.005 (c) 625°C (d) 732°C
kJ/kg-K . [GATE-XE 2009: 2M]
103. A mixture of Freon and air is supplied for ||Anps, (d) : Initial temperature,
cleaning a chalpber. The mixture contains 70% T, = 450°C = (450 + 273) = 723 K
by volume of air and 30% by volume of Freon. Final t ¢ T, =9
Specific heat ratios for Freon and air are 1.1 || & ‘emperature, 1=
and 1.4 respectively. Molecular mass of Freon ||V~ 1.39
is 200 g/mole and that of air is 30 g/mole. [|Now,
Temperature of gas is 300 K. If, universal gas ||T,=v x T, =1.39 x 723
constant is 8.314 J/mole-K, specific heat ratio T, =1004.97 K = 732°C
of the mixture is
(a) 1.16 (b) 1.21 105. An equi-molar mixture of nitrogen (y = 1.4)
(c) 1.25 @ 1.31 and helium (y = 1.67) is initially at 5 bar and
[GATE-XE 2010: 2M] 300 °C. The mixture is expanded adiabatically
Ans. (b) : to a pressure of 2 bar. The final temperature of
Component | Percent | Mole Molecu | Mass the mixture is
volume | fraction | lar of (a) 149 °C (b) 200 °C
F 30% | 03 200 200% (c) 230%C (d) 524 °C
feon ° : gmole | 0.3 — [GATE-XE 2009: 2M]
60 g Ans. (a) :
Air 70% 0.7 30 30x n (C,) +n,(C R R
g/mole | 0.7 = (Co)yy = 1 P)l 1 P)zzl[yl 4 Jao )
2lg n, +n, 2 y, -1 y,-1
R . R 1.4 1.67
R, =—2 :mJ/g.K:O.ZW J/gK =2 —+—
M, 30 2 \14-1 1.67-1
R . . =2.996 R
(C,),, = Yarlar _1AX0277 1) 9695 1/ K ’
air_l 1.4-1 (C ) :nl(CP)1+n1(CP)2 :l( RO + Ro ]
\% i s
R . mx n, +n 2\y, -1 -1
(Cy)y =—2 1 =% J/gK=0.69257/gK b B h
air T R
R, 8314 70(141 1 : 1)21966R°
=0 890 oK 004157 T/gK A=l 167-
Mieon 200 Therefore, ymix=1.5
R, . . Therefore,
(Cp)ieon = Vivon T ieon _ 1.1>0.04157 J/gK=0.45727 J}|g.K )
freon 1 1 1 - 1 P i) 2 [Ej
Vmix 1.5
R, . T,=T| =% =(300+273)x| — K=422K
(Cy)kreon = ““0“1:010f1517 J/gK=04157J/gK. : I{Plj ( )X(Sj
freon T
mair (CP )air + mfrccn (Cp )frcon T2 _ 422 — 273 — 149 C
Now, (Cp),pixure = M +m 106. An ideal gas undergoes expansion according to
air © " reon process PV"® = constant. The temperature of
_ 21x0.9695+60x0.45727 J/eK the gas during the expansion process
21+60 (a) does not change
=0.59J/gK (b) increases
Therefore,
C 0.5 (c) decreases
. (Cp)misture = =1.21 (d) changes depending on the initial condition
(Cmixre 04875 [GATE-XE 2009: 1M]
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Ans. (b) : Given,
n=0.5
For a polytropic process of an ideal gas,

g

o
o |

)

| o

PZ Pl
1 Pl PZ

Now, for an expansion process P; > P,,
Therefore,

T,>T,
Hence, the temperature of the gas during the expansion
process is increases.

107. The ideal gas law is valid for

(a) inert gases

(b) gases at high pressure and high temperature

(c) gases at low pressure and low temperature

(d) gases at low pressure and high temperature

[GATE-XE 2009: 1M]

Ans. (d) : The ideal gas law is valid for gases at low
pressure and high temperature.

Common Data for Questions 108-109

A thermodynamic cycle with an ideal gas as

working fluid is shown below.
|Tl
o

400 kPa

PV = Constant

100 kPa

£

>\

lim v

108. The above cycle represented on T-S plane by

(a)

14

(b)

(©)

(d)

Tk

[GATE-2007: 2M]

Ans. (¢) : In the given (P-V) diagram process:
(1 —2) — Isobaric compression
(2 —3) — Isochoric heat addition
(3 — 1) — Isentropic expansion
.. Cycle on (T — S) diagram.
] Y

109. If the specific heats of the working fluid are
constant and the value of specific heat ratio is
1.4, the thermal efficiency (%) of the cycle is
(a) 21 (b) 40.9
(c)42.6 (d) 59.7

[GATE-2007: 2M]

Ans. (a) : From the above (T — S) diagram.
Heat supplied, Qs =c, (T; — T,)
Heat rejection, Qg = ¢, (T = T,)

Efficiency of the cycle,
n= 1 _&
Qs
_ S (Tl B T2 )
C, (T3 - Tz )
RV
(P ; — P, )
Since, process (3 — 1) is isentropic,
So, PV, =PV,

Vi=@)" =2.692 m’
4100(2.692—1)
300
1.4x1.692

3
=0.2104

n=21.04%

n=1-1.

=1

Thermodynamics

30

YCT



110. The specific heats of an ideal gas depend on its
(a) Temperature
(b) Pressure
(c) Volume
(d) Molecular weight and structure
[GATE-1996: 1M]

Ans. (d) : The specific heat of an ideal gas.

c :ﬂand c, _ R
Poy—1 v—1
Where,

R = Gas constant and depends upon molecular weight
as

R
M
and y depends upon the molecular structure, i.e.

R = [M = Molecular weight]

Mono-atomic, diatomic and poly-atomic.

111. The slopes of constant volume and constant
pressure lines in the T-S diagram are ..........
and ....... respectively.

[GATE-1994, 2M]

Ans. (Higher, Lower) :
For unit mass of substance, the entropy changes are,

dT

dS=c, T (For constant volume)

dS=c d—T

and ,

(For constant pressure)

Therefore, slope of the constant volume line on T-S
diagram.

ar_T
s c,
And slope of the constant pressure line T-S diagram,
dT T
s
T r

5, (5.}, (S.),
Since, ¢, > c,, the above expression indicate that
constant volume line on T-S diagram is steeper than
constant pressure line working between the same
temperature limits.

Hence, the slopes of constant volume and constant
pressure lines in the T-S diagram are higher and lower
respectively.

“ Zeroth Law of Thermodynamics

112. For the measurement of thermodynamic

property known as temperature, is based on

(a) Zeroth law of thermodynamics

(b) First law of thermodynamics

(c) Second law of thermodynamics

(d) Third law of thermodynamics

AP PGECET 29.09.2020, Shift-11

Ans. (a) : The measurement of thermodynamic property
of temperature is based on Zeroth law of
thermodynamics.
The Zeroth law of thermodynamics :- If two bodies
are each in thermal equilibrium with same third body,
then they are also in equilibrium with each other.
Thermal equilibrium means that when two bodies are
brought into contact with each other and are separated
by a barriers that is permeable to heat from one to the
other.
113. The basis for measuring thermodynamic

properties of temperature is given by

(a) zeroth law of thermodynamics

(b) first law of thermodynamics

(¢) second law of thermodynamics

(d) third law of thermodynamics

AP PGECET 11.05.2017, Shift-IT

Ans. (a) : Zeroth law of thermodynamics is the basis of]
temperature measurement.
114.

Air with enthalpy of 100 kJ/kg. is compressed
to a pressure and temperature where enthalpy
becomes 200 kJ/kg. The loss of heat from
compressor if 40 kJ/kg. Neglecting kinetic and
potential energies, the energy required for air
flow rate of 0.5 kg/s is
(a) 30 kW

(c) 70 kW

(b) 50 kW
(d) 90 kW
AP-PGECET 2015

Ans. (¢) : Given,
Q=40kJ/kg
h; =100 kl/kg
h, =200 kl/kg
Air compressor steady flow of the energy equations is

hj +W=h,+Q
Per kg work required is
W=(h—h)+Q
= (200 - 100) + 40
=100 + 40
W =140 kJ/kg

Therefore, The power required for the air mass flow is
P=140x0.5
P=70 kW
Hence, for mass flow rate of 0.5 kg/s, the work required
is 70 kW.
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FIRST LAW OF

THERMODYNAMICS

Introduction

115. Air inside a rigid, thermally-insulated tank
undergoes stirring as shown in the figure
below. Which one of the following options is
correct?

-l Elirren

Lpid. thermally
insilinlexl Link

b
Aar

(a) The enthalpy of the air increases while the
entropy of the air remains constant
(b) Both the enthalpy and the entropy of the air
remain constant
(c) Both the enthalpy and the entropy of the air
increase
(d) The enthalpy of the air decreases while the
entropy of the air increases
[GATE-2025: 1M]
Ans. (¢) : Insulated cylinder (Q) =0
Rigid cylinder (dV) =0 = W, =PdV =0
Stirrer energy is converted to gain in energy of the gas
i.e., temperature of gas increases. Since air is treated as
an ideal gas, both internal energy and enthalpy
increases.
The increase in temperature of air is an indication of
increase in entropy of air.
AtV=C
Pl Tt = T,>T, &P, >P,

(dS) =c_In L —Rin il
system P Tl Pl

117. Given below are two statements : One is
labelled as Assertion (A) and the other is
labelled as Reason (R).

Assertion (A) : First law of thermodynamics is
the law of conservations of energy.
Reasons (R) : First law of thermodynamics is
related to irreversibility in a system.
In the light of the above statements, choose the
most appropriate answer from the options
given below:
(a) Both (A) and (R) are true and (R) is the
correct explanation of (A)
(b) Both (A) and (R) are true but (R) is NOT the
correct explanation of (A)
(c) (A) is true but (R) is false
(d) (A) is false but (R) is true
NTA CUET-PG 14.06.2023

Ans. (c) : First law of thermodynamics is based on law

of conservation of energy

dQ=dU-dwW

Where dW is work done on the system.

This statement, the first law of thermodynamic is

related to irreversible in a system is false.

The first law of thermodynamics is concerned with the

conservation of energy and is applicable to all process,

regardless of weather they are reversible or irreversible.

118. Joule's law states that the specific internal
energy of a gas depends only on
(a) the pressure of the gas
(b) the volume of the gas
(c) the temperature of the gas
(d) the density of the gas

AP PGECET 29.09.2020, Shift-11

Ans. (¢) : Joule's law states that the specific internal
energy of a gas depends on the temperature of the gas,
because the internal energy of a gas is independent of its
pressure and volume. This is because there are no
intermolecular force of attraction and repulsion in an
ideal gas.

116. Joule's experiment states that for a cycle

process

(a) Change of pressure is proportional to
temperature change

(b) Change of volume 1is proportional to

temperature change
(c) Change of internal energy is proportional to
temperature change
(d) Sum of all heat transfer is proportional to sum
of all work transfer
AP-PGECET 30.05.2024, Shift-11
Ans. (d) : Joule’s conducted a series of experiments
which showed the relationship between heat and work
in a thermodynamics cycle for a system.

(Zw)cycle =1J. (ZQ)cycle
Where, J = Joule’s equivalent.

119. The statement which is NOT a consequence of
the first law of thermodynamics is
(a) Heat is a path function
(b) Energy is a property of a system
(c) Energy of an isolated system is not conserved
(d) A perpetual motion machine of the first kind
is not possible
[GATE-XE 2018: 1M]
Ans. (c) : The first law of thermodynamics is energy of
an isolated system is not conserved.
120. According to first law of thermodynamics,
(a) mass and energy are mutually convertible
(b) heat and work are mutually convertible
(c) Carnot engine is most efficient
(d) heat flows from hot substance to cold substance
AP PGECET 11.05.2018, Shift-1I
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Ans. (b) : The first law of thermodynamics.
“For a closed system undergoing a cycle net heat
transfer is equal to network transfer”
2Q=XW
So, now
Heat and work are mutually convertible.
121. Which of the following statements are TRUE
with respect to heat and work?
(i) They are boundary phenomena
(ii) They are exact differentials
(iii) They are path functions
(a) both (i) and (ii) (b) both (i) and (iii)
(c) both (ii) and (iii) (d) only (iii)
[GATE-2016; Set-1: 1M]

Ans. (b) : Heat:-

1. When heat is added to the system, it is taken as
positive.

2. Heat transfer is path function.

3. Heat is not a property.

4. Heat is inexact differential.

5. Heat is boundary phenomena.

6. Heat is energy in transit.

Works:

1. Work transfer is path function.

2. It is not a property.

3. It is inexact differential.

4. Tt is boundary phenomena.

5. When work is added to the system, it is taken
negative.

6. Work is energy in transit.

122. Steam enters a well insulated turbine and
expands isentropically throughout. At an
intermediate pressure, 20 percent of the mass is
extracted for process heating and the
remaining steam expands isentropically to 9
kPa. Inlet to turbine: P =14 MPa, T = 560 °C,
h = 3486 kJ/kg, s = 6.6 kJ/(kg. K)

Intermediate stage: h = 2776 kJ/kg

Exit of turbine: P = 9 kPa, hy= 174 kJ/kg, h, =
2574 kJ/kg, s, = 0.6 kJ/(kg.K), s, = 8.1
kJ/(kg.K).

If the flow rate of steam entering the turbine is
100 kg/s, then the work output (in MW)
is

[GATE-2015; Set-1: 2M]
Ans. (123.56 to 127.56) : Given,

h, = 3486 kJ/kg, h, = 2776 kl/kg
h3 =?

0.6 + xsg, (8.1- 0.6) = 6.6

x=0.8
h; =174 + 0.8 (2574.174)
=2094 kl/kg

Wit =my (h; —hy) + mjy (h, — hs)

Woo = 10043486 — 2776} + 80 {2776 — 2094}
= 125560 kW
Woe = 125.56 MW

123. Heat and work are

(a) Intensive properties
(b) Extensive properties
(c) Point function

(d) Path function

[GATE-2011: 1M]
|Ans. (d) : Heat and work are path functions. |

First Law of Thermodynamics-
Closed System

124. During one cycle the working fluid in an engine
engages in two work interactions: 15 kJ to the
fluid and 45 kJ from the fluid, and three heat
interactions, two of which are known: 75 kJ to
the fluid and 40 kJ from the fluid. The
magnitude and direction of the third heat
transfer is
(a) 5 kJ from the system
(b) 55 kJ into the system
(c) 5kJ into the system
(d) — 5 kJ from the system

AP-PGECET 30.05.2024, Shift-I1

Ans. (d) : Given,

W, =-15kJ
W, =+45K]
Q,=+75kJ
Qy=—-40kJ
According to first law thermodynamics
2dQ=XdW

Qi+ Q:+ Q=W+ W,
75-40+Q;=-15+45
35+Q;=30
Q;=30-35
Q3 =— 5 kJ from the system
125. 1 kg of a substance receives 500 kJ heat and
undergoes a temperature change from 100 °C
to 200 °C. The average specific heat of the
substance during the process (in kJ/kg K) will

be
(a) 5 (b) 10
(c) 25 (d) 2.5

TS PGECET 06.11.2024

Ans. (a) Given,
Heat receives, Q = 500 kJ

Mass, m=1 kg
T,=200°C
T,=100°C

Temperature change AT =T, - T,
=200-100=100°C

S| =8y = 83 =S¢+ XS, = 6.6 We know that,
St XS = 6.6 Q =mCAT
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500=1xC x 100
=% _ 5k k
100

The average specific heat, C = 5 kJ/kg. K

126. The figure shows four different processes
labelled 1,2,3 and 4 for the same closed system
containing an ideal gas. The curves labelled T},
T, and T; are isotherms. For which one of these
four processes the magnitude of internal energy
change is the highest?

»
A

Frovsare [ Py

Yirlume | 1]

(b) Process 2

(d) Process 4

|GATE-XE 2024: 1M]

Ans. (a) : The internal energy is the function of]

temperature only

AU =C,AT

Now, Then the AT is highest for process 1.

127. A closed system containing an unknown
substance undergoes an adiabatic process
governed by the relation PV' = constant, where
P is pressure, V is volume, and y is the ratio of
specific heats. For this scenario, which of the
following statements is/are always TRUE?

(a) The substance is an ideal gas and process is
reversible

(b) The substance is a liquid and process is
reversible

(c) The substance is a non-ideal gas and process
is reversible

(d) The substance is an ideal gas and process is
NOT reversible

(a) Process 1
(c) Process 3

[GATE-XE 2024: 1M]

Ans. (a) : PV’ = constant, is ideal gas equation for
reversible adiabatic process.

128. A piston-cylinder arrangement shown in the
figure has a stop located 2 m above the base.
The cylinder initially contains air at 140 kPa
and 350 °C and the piston is resting in
equilibrium at a position which is 1 m above
the stops. The system is now cooled to the
ambient temperature of 25 °C. Consider air to
be an ideal gas with a value of gas constant R =

0.287 kJ/(kg.K).
The absolute value of specific work done
during the process is kJ/kg (rounded off
to 1 decimal place)
ey
Il m
=

2 m

[GATE-2024: 2M]

Ans. (58.0 to 61.0) :

Piston Arca

PikPa)

m

2 m

#(Vem)

Given,

P, =140 kPa

T,=623K

T, =298 K and let A, be the area of piston
By formula,

WioL=P,V-P,V,

Wi ,=mR (T, -Ty)
For constant pressure Process-

So, P -

TZ

T,=41533K

Wio=mR (T, - Ty)

Wi, =1x0.287 x (623 —415.33)
=59.6 kl/kg

129. The temperature of 10 g of liquid water (¢, =

4.2J/g.K) in an insulated container is raised by

5 K by stirring. The amount of heat
transferred to the water (in J) is
(a) 210 (b) 420
() 0 (d) 105

|GATE-XE 2024: 1M]
Ans. (¢) : As container is insulated so heat transfer is
zero the temperature is increases because at work
transfer.

130. A rigid tank of 2 m’ internal volume contains 5
kg of water as a saturated liquid-vapor mixture
at 400 kPa. Half of the mass of the saturated
liquid in the tank is drained out while
maintaining constant pressure of 400 kPa in
the tank. The final quality of the mixture
remaining in the tank is
(rounded off to two decimal places).

Use the following data for water:
[At 400 kPa: v; = 0.001084 m3/kg, vie = 0.46138
m’/kg, v, = 0.46246 m’/kg]

[GATE-XE 2023: 2M]

Ans. (0.90 to 0.95) : Given,

V=2m
m=5kg
P, =400 kPa

v
v=—= {Vt‘l + X Vi }
m

% =0.001084+x, 0.46138

x; = 0.8646
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my; = 0.8646 x5
my =4.323 kg
my =5-4.323kg=0.677 kg

mp :%x 0.677 =0.3385 kg

my, = mgy = 4.323 kg
4.323

0.3385+4.323

Xy = 0.93
A rigid closed tank contains 2 kg of an ideal gas
at 500 kPa and 350 K. A valve is opened, and
half of the mass of the gas is allowed to escape.
Then the valve is closed. If the final pressure in
the tank is 300 kPa, the final temperature in
the tank is K (in integer).
[GATE-XE 2023: 1M]

Xy

131.

Ans. (420 to 420) :
Rigid tank

Idealgas

H vilve
Given,

m; =2 kg
P, =500 kPa
T,=350K
m, =1 kg
P, =300 kPa
V=V,
m,RTl m,RT,
PP

1 2

2x350 1T,

500 300
T,=420K
Air at 400 K and 200 kPa is heated at constant
pressure to 600 K. Assuming that the internal
energy is a function of temperature only, the
magnitude of change in internal energy during

132.

jdﬁ = j C.dT
T,

I i
Au:jT (a+bT+cT?)dT

_ (17-17)  (13-77)
Au:a(Tz—Tl)+b e
~ (6002 —4002j
AU =19.686(600—400)+0.002 .
05 (6003 —4003)
+; 7
105 3

Au = 4390.2kJ / kmol

133. Consider a fully adiabatic piston-cylinder
arrangement as shown in the figure. The piston
is massless and cross-sectional area of the
cylinder is A. The fluid inside the cylinder is air
(considered as a perfect gas), with y being the
ratio of the specific heat at constant pressure to
the specific heat at constant volume for air. The
piston is initially located at a position L;. The
initial pressure of the air inside the cylinder is
Py > Py, where P, is the atmospheric pressure.
The stop S, is instantaneously removed and the
piston moves to the position L,, where the
equilibrium pressure of air inside the cylinder
is P, >> Py. What is the work done by the piston
on the atmosphere during this process?

i
i P -[ I Atimrphere
\IF, Pressiee 5
5 5 e F
= i =

(a) 0 (b) POA(LZ—Ll)
(© PlALlIHh (d) w
L, (1-7)

[GATE-2023:2M]

this process is kJ/kmol (rounded | |Ans. (b) : From the given data,
off to one decimal place). Vi=L;x A
Use the following data: V,=L,x A
Molar specific heat of air at constant volume : Wam = Po (V,— V)
¢, (kJ/kmol-K) =a+bT +cT* =Py (LLA—L,A)
Where T is temperature in K, a = 19.686 KJ/k =PA (L, - L))
mol-K, b = 0.002 kJ/k mol-K* and ¢ = 0.5 x 107 | 135 A piston-cylinder device initially contains 1 m’
KJ/kmol-K". of air at 200 kPa and 25 °C. Air expands at
- [GATE-XE 2023: 1M] constant pressure while a heater of 250 W is
Ans. (4389 to 4392) : C, =a+bT+cT? switched on for 10 minutes. There is a heat loss
A =19.686 kJ/kmol-K of 4 kJ during this process. Assuming air as an
b =0.002 kJ/kmol-K? ideal gas, the final temperature of air is
¢ =0.5%x10"° kJ/kmol-K° °C (rounded off to one decimal
T, =400 K place).
P, =200 kPa Use the following data for air: R = 0.287 kJ/kg-
T,=600K K, C, =1.005 kJ/kg-K
P, =P; =200 kPa [GATE-XE 2023: 2M]
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Ans. (85.0 to 88.0) : According to question, assuming
air as an ideal gas, the final temperature of air is-
(=} =}

I
o VI i
ol ot eeees ]
Given that,
Vi=1lm’
P, =200 kPa
T, =25°C=298K
W.=250 W
T =10 min = 600 sec
Qloss = —4k]
Form the first law of thermodynamics process
Q=W+ AE
Q=W.+ W4+ AU
Q=W,+pdV+ AU
For isobaric process,
AH = pdV + AU
Q=W,+AH
Q=W+ mCp (T-T))
T,=1,+ LW (D)
mC,
= PV, 200x10x1
RT, 287 %298
m=2.338 kg
T, - 298+(—4000+250><600j
2.338x1005
T,=360.136 K
Or T,=86.9°C
135. Which one of the following statements is
FALSE?
(a) For an ideal gas, the enthalpy is independent
of pressure.

(b) For a real gas going through an adiabatic
reversible process, the process equation is
given by PV’ = constant, where P is the
pressure, V is the volume and y is the ratio of
the specific heats of the gas at constant
pressure and constant volume.

For an ideal gas undersgoing a reversible
polytropic process PV'° = constant, the
equation connecting the pressure, volume and
temperature of the gas at any point along the

(c)

. P T .
process is —=m—, where R is the gas
R V

constant and m is the mass of the gas.

Any real gas behaves as an ideal gas at
sufficiently low pressure or sufficiently high
temperature.

(d)

[GATE-2023:2M]

Ans. (b) : We know that,
The process Pv' = C for reversible adiabatic process of|
the ideal gas.

136. An insulated rigid container is divided into two
parts by a thin partition. One part of the
container contains 6 kg of saturated liquid-
vapor mixture with a dryness fraction of 0.7 at
0.3 MPa. The other part contains 12 kg of
saturated liquid at 0.6 MPa of the same
substance. When the partition is removed and
the system attains equilibrium, the final
specific volume of the mixture is m’/kg
(round off to 2 decimal places).
Use the following property values:
At 0.3 MPa : v, =0.001073 m’/kg, vy = 0.60582
m3/kg
At 0.6 MPa : v, = 0.001101 m’/kg, v, = 0.31560
m’/kg

[GATE-XE 2022: 2M]

Ans. (0.13t0 0.15) :

DAMIPa DLEM P

w

Volume of part I,

(V1) =6{0.001073 + 0.7 (0.60582 — 0.001073)*}
=2.5463 m’

Volume of part 11,

(V,)=12x0.001101

=0.013212 m’
Total volume, V=V, +V,=2.5463 +0.013212
=2.559512 m’
Total mass, m=m; + m, =6+ 12
=18 kg
2.559512

Specific volume = =0.142165 m’/kg

=0.14 m’/kg

137. An insulated rigid tank of volume 10 m
contains air initially at 1 MPa and 600 K. A
valve connected to the tank is opened, and air is
allowed to escape until the temperature inside
the tank drops to 400 K. The temperature of
the discharged air can be approximated as the
average of the initial and final temperatures of
the air in the tank. Neglect kinetic and
potential energies of the discharged air.
Assume that air behaves as an ideal gas with
constant specific heat so that internal energy, u
= ¢, T and enthalpy, h = ¢, T. Then the final
pressure of the air in the tank is MPa
(round off to 2 decimal places).
Assume ¢, = 1.005 kJ/(kg K), y = ¢cp/e, = 1.4
[GATE-XE 2022: 2M]

Ans. (0.20 to 0.24) : For the initial conditions in tank
Pressure, (P;) =1 MPa

Temperature, (T;) = 600 K

Volume, (V) =10 m’

We know that,

PV =mRT

1x10°%10 = m, x287x600
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_1x 10°x10
' 287x600
m; = 58.07 kg
Form, the final condition in tank
Pressure, P, = ?
Volume, V, =10 m’
Temperature, T, =400 K
For using formula
PV =mRT
Pz x10 =m; x287x400
P, x10

m,=———
? 287x400
From, the conditions of air in pipeline
Mass (m,) = m; — m,
600 +400

Temperature (T,) = 2
T,=500 K
According to unsteady flow equation
mju; — mpU; = my, hp
¢y (58.07 x 600 —mj, x 400) = (m; — my) ¢, x 500
58.07 x 600 — m, x 400 = (m; — m,) x 1.4 x 500
58.07 x 600 — m, x 400
=58.07 x 1.4 x 500 —m, x 1.4 x 500
58.07 (600 — 1.4 x 500) = m, (400 — 1.4 x 500)
5807

m, =——
300

(my =19.35 kg)

From equation (i),

Px10 1935
287 %400

P, =222214Pa
P, = 0.22 MPa.

138. Air in a closed system undergoes a
thermodynamic process from an initial
temperature of 300 K to the final temperature
of 400 K. The specific heat of air at constant
volume, Cy varies linearly with the
temperature, T(@nK)as C, = (0.7 + 0.27 x
10°T ) kJ/(kg K).

Change in the specific internal energy of the air
in the system is kJ/kg (round off to 2
decimal places).

[GATE-XE 2022: 1M]
Ans. (79.00 to 80.00) : We know that,
du=C,dT
du=(0.7+0.27 x 107) dT
For the integrating with in limit

j du= j; 0.7+0.27x10° T)d

32

300

0.27x107 (400 ~300% )

W —u; = (0.7 x (400 — 300) +

139. The energy equation for a reversible non-flow
process can be expressed as &q = du + pdyv,
where q is the heat transfer per unit mass, u is
the internal energy per unit mass, p is the
pressure, and v is the mass specific volume.
This energy equation is not in exact differential
form. It can be made exact differential by
multiplying with the following integrating
factor: (T is the absolute temperature)

1 1 1 1
(@) B (b) - (©) T (d) o
|GATE-XE 2022: 1M]

Ans. (¢) : Energy equation,

8q =du+ Pdv
dq is path function so it is not exact differential dividing
both sides by T

dq_du_ Pdv
T T T
dq

As process is reversible so Tcan be written as ds

(change in entropy)
So, ds = du Pdv

T T
In this equation all term i.e. q, u, T, P & V are point

. . . 1
function so these are exact differential so are ?

140. In a piston cylinder arrangement, the cylinder
contains air at 320 kPa and 300 K. A constant
pressure process glven out 32 kJ of work, then
the change in volume is calculated as
(a) 0.1 m’ (b)032m
(c) 0.64m’ (d) 0.96 m®

TS PGECET 03.08.2022, Shift-I

Ans. (a) : Given,
P =320 kPa
WI—Z =32k]
We know that,
For the constant pressure process (1-2) work done
WI—Z =PdV
32=320dV

dv = 32 =0.1m’
320

141. A polytropic process is carried out from an
initial pressure of 110 kPa and volume of 5 m’
to a final volume of 2.5 m’. The polytropic
index is given by n = 1.2. The absolute value of
the work done during the process is kJ
(round off to 2 decimal places).

[GATE-2022;Set-1:1M]

Ans. (404.00 to 414.00) : Given,
Initial pressure (P;) = 110 kPa,

Initial Volume (V) =5 m’

Final Volume (V;) = 2.5 m’
Polytropic index (n) = 1.2

Work done during the process (W) = ?
Now, Polytropic process,

2 PV'=PV,) (1)
=70+9.45 So, putting the given value in equation (i)
u, —u; =79.45 kJ/kg 110 x (5)1»2 - P2(2.5)1'2
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110x(5)"*
Py=—-—7—
(2.5)
P,=252.7kPa
- Work done,
W= PV, -P,V, _ 110x5-252.7x2.5
n—1 1.2-1
=—-408.75kJ
So, W =408.75 kJ
142. Gas in a cylinder-piston device expands from

state 1 (P, V4, Ty) to state 2 ( P, ,V, ,T,). The
expansion process is polytropic, i.e., PV" =
constant, n # 1. Assuming the ideal gas
behaviour, the expression for the work done, W
by the system is given by

T2
(a) W= Pl\llln(?j

1

(b) W — P2V2 _Plvl
I-n

Vl
(c) W= Pl\llln(v—j

2

d) W= szzln(&]
P,

[GATE-XE 2022: 1M]

Ans. (b) : We know that,

Work done = IVV Pdv ... (1)
For polytrophic process,

PV'=C

P= ¢

Vn

So,

W= J- v < dv

V] Vll

V—n+1 Va
-n+1 v

W _ C[Vzln _Vllfn )

l1-n
C= szzn = P1V1n
N AV A
l1-n
W = szz _P1V1
I-n

143. Air at a pressure of 1 MPa and 300 K is flowing
in a pipe. An insulated evacuated rigid tank is
connected to this pipe through an insulated
valve. The volume of the tank is 1 m®. The valve
is opened and the tank is filled with air until
the pressure in the tank is 1 MPa.
Subsequently, the valve is closed. Consider air
to be an ideal gas and neglect bulk kinetic and
potential energy. The final temperature of air
in the tank is K(1 decimal place).

Specific heat capacity of air at constant

pressure, Cp = 1.005 kJ/(kgK) and
characteristic gas constant for air, R = 0.287
kJ/(kgK)

[GATE-XE-2021: 2M]

Ans. (418.0 to 422.0) : Given,

T;=300K, P;=1MPa, P, =0
P,=P;=1MPa

Cp=1.005 kJ/kg.K ,R=0.287 kl/kg.K
' Cy=Cp-R=0.718 kl/kg.K

C, 1005

y=—= =14
C, 0718
It is also given that the tank is initially evacuated,
(mcv)l =0

So, the work done and heat transfer during the process

are zero.

Let the final temperature of air inside the tank be T,

Therefore, the energy balance equation for the filling

process is (m_, ),.u, =h;(m_),

Where (m,), is the final mass of air inside the tank u, is

final the specific internal energy of air inside the tank.
CyTy = GpT;

T, :%Ti =T, =1.4x300K =420K
\%

144. Work done on a closed system is 20 kJ/kg, and
40 kJ/kg of heat is rejected from the system,
then its internal energy decreases by
(a) 20 kl/kg (b) 60 kj/kg
(c) —20 kJ/kg (d) — 60 kl/kg

AP PGECET 28.09.2021, Shift-11

Ans. (¢) : Given,

The work done on a closed system (3W) = 20 kJ/kg
Heat rejected from the system (6Q)= — 40 kl/kg
Change in internal Energy, AU = ?

According to first Law of thermodynamic

8Q = AU + 8W
AU =35Q — 8W
AU =— 40 + 20
AU =20 kl/kg

Here (—ve sign) indicate decrease in internal energy

only no need to [apply —ve sign]

145. A rigid tank contains 1.0 kg of pure water
consisting of liquid and vapour phases in
equilibrium at 10 bar. If the liquid and vapour
phase each occupies one half of the volume of
the tank, then the net enthalpy of the contents

of the tank is kJ (1 decimal place).
For saturated liquid and vapour at 10 bar, the
thermodynamic data table provides the

following values:

vi=1.127 x 10~ m*/kg, v, = 194.3 x 10~ m*/kg,

h; = 762.6 kJ/kg, h, = 2776.2 kJ/kg
[GATE-XE-2021: 2M]

Ans. (773 to 775) : Given,
Total mass of the liquid water-vapour mixture (m) = 1 kg
Sg;ﬂf{:iﬁc volume of saturate vapour (v,) = 194.3% 10°
m/kg
Specific volume of saturate liquid (v¢) = 1.27x107
m’/kg
Specific enthalpy of saturate liquid (hy) = 762.6 kJ/kg
Specific enthalpy of saturate vapour (hy) = 2776.2 kl/kg
Let the mass of liquid water and vapour present in the
mixture be my and m, respectively, so that

m¢+m, =m

mg=m-mg=1-mg

Thermodynamics

38

YCT



Since both the liquid and vapour phases occupy one half
of the value of the tank,
Therefore, Volume occupied by the liquid = volume
occupied by the vapour

M Ve = Mg Vg

My Vi = Mg Vg
(1-mg) ve=m, v,

A

m, =
Vi +V,

1.127x107

1.127x107 +194.3x10°°
Therefore, the enthalpy of the mixture,
H= mfhf + myg hg
= (1-mg) h¢+ m, h,
=[(1-0.0058) x 762.6 + 0.0058 x 2776.2]
=7743KkJ
A frictionless piston cylinder device contains 1
kg of an ideal gas. The gas is compressed
according to Pv'? = constant (P is pressure and
v is mass specific volume), from 100 kPa, 250
K, till it reaches a temperature of 500 K. The
heat transfer from the piston cylinder device to
its surroundings is kJ(2 decimal places).
The characteristic gas constant is 287 J/(kgK)
and the ratio of specific heat capacities is 1.4.
[GATE-XE-2021: 2M]

= 0.0058kg

146.

Ans. (56.80 to 62.78) : Given

The P — v relation for the polytropic process is Pv'~=

constant

Mass of the gas, M =1 kg

Initial pressure, P; = 100 kPa

Initial Temperature, T, =250 K

Final Temperature, T, = 500 K

The gas constant of the ideal gas, R = 287 J/(kgK)

The ratio of specific heat capacities, y = 1.4

Now, from the given polytropic process we have the

polytropic index. n=1.3

For a polytropic process Pv" = constant, the work done

by the system during a process 1-2 undergone by an

ideal gas is given by

mR (T, -T,)

n-1 )

Therefore, for the present process we have

1><287x(250—500)

1.3-1

If Cy is the specific heat capacity of the gas at constant
volume, then the change in internal energy during the
process.

W, =

=-239166.7 ]

1-2

AU =mC, (T, -T,) = ™R (1, —T1)=1x287x[%
=179375]

Let the heat transfer during the process undergone by
the closed system be Q;_,

Q., =AU+W,_, =(179375-239166.7)] = —59.79kJ

This means that the heat transfer from the piston —
cylinder device to the surrounding is 59.79 kJ

147. One kg of air, initially at a temperature of
127°C, expands reversibly at a constant
pressure until the volume is doubled. If the gas
constant of air is 287 J/kg.K, the magnitude of
work transfer is kJ (round off to 2
decimal places).

[GATE-2020, Set-I, 2M]

Ans. (114.6 to 115.0) : Given,
m = 1kg
T,=127°C
=127+ 273
=400K
P=C- V2 = 2V1
R =0-287 kJ/kg-K
W=P(V,-V)
=P, (2V,-V)
W= P1V1 = mRT1
W =mRT,;
=1 x0-287 x400
=114-80 kJ
148. A mass of 3 kg of Argon gas at 3 bar, 27 °C is

contained in a rigid, insulated vessel. Paddle
wheel work is done on the gas for 30 minutes at
the rate of 0.015 kW. Specific heat at constant
volume, C, for Argon is 0.3122 kJ/kg-K. The
final temperature of the gas (rounded off to one
decimal place) in kelvin is .
[GATE PI-2020: 2M]

Ans. (328.827) : Given,

Mass of Argon gas (m)= 3kg

Initial pressure (P,) = 3 bar

Initial temperature (T;) =27°C

Power of paddle wheel (P) =0.015 kW

Specific heat at constant volume, Cy =0.3122 kJ/kgK
According to first law of thermodynamics,

dQ=dW+dU [+ dQ=0]
—dW =dU
Paddle work,

dW =0.015 x 30x60 =27 kJ
Work done on system, dW=-27 kJ
dW =mc, (dT)
—mcy (Tz—Tl) =-27
_ 27
3x0.3122
T,=55.827+273
T,=328.8K

T,27

149. A closed system containing 8 kg of gas
undergoes an expansion process following the
relation PV'? = constant. The initial and final
pressures are 1 MPa and 5 kPa, respectively,
while the initial volume is 1m’. If the specific
internal energy of the gas decreases by 40 kJ/kg
during the process, the heat transfer (in kJ)
associated with the process (rounded off to 1
decimal place) is

[GATE-XE 2020:2M]
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Ans. (2610 to 2614) : We know that,
P,V =PV’

P, Vll'z =P2Vzl'2 [*" the polytropic index n =
1.2]

1

12
Vz = V1 [i]
PZ
. (1000)121“3
5

=827 m’
Now, the work done by the system is obtained as
— P1V1 — P2V2
n-1
~ 1000x1-5x82.7

1.2-1

=2932.5k]J
The total change in internal energy of the system

AU = The mass of the system x the change in
specific internal energy

AU =8 x (—40) k] =-320 kJ
Now, the first law of thermodynamics

Q=AU+W

Q=(-320+2932.5)kJ

Q= 2612.5k]

Temperature of nitrogen in a vessel of volume 2
m’ is 288 K. A U-tube manometer connected to
the vessel shows a reading of 700 mm of
mercury (level higher in the end open to
atmosphere.) The universal gas constant is
8314 J/kmol-K, atmospheric pressure is
1. 01325 bar, acceleration due to gravity is 9. 81
m/s’ and density of mercury is 13600 kg/m
The mass of nitrogen (in kg) in the vessel is

150.

151. A partlcular gas sample is 1n1tlally maintained
at 6000 cm® and 100 kPa. It is compressed
during a qzuasmtatlc process following the
relation PV® = constant. The compressron
continues till the volume becomes 2000 cm’.
The magnitude of the corresponding work
transfer (in kJ) (rounded off to 2 decimal
places is

[GATE-XE 2020:2M]

Ans. (1.15 to 1.25) : Given date,

=100 kPa

= 6000 cm’ = 0.006 m’

V,=2000 cm’ = 0.002 m’

The compression process follows a polytrophic relation
PV?
It means polytropic Index n = 2
Let the pressure after compression be P,

Then,
V 2
P,=P|—+
VZ

2
- 100{%)
0.002

=900kPa

For the work supplied in the polytrophic compression
process,

_PV,-PV,

a n-1

~900x0.002-100x0.006
2-1

\

W=120kJ

A plston-cyllnder system has an initial volume
of 0.1 m® and contains an ideal gas (¢, = 0.74
kJ/kg.K, R = 0.288 kJ/kg.K) at 1.5 bar and 298
K. The piston is moved to compress the gas

152.

(a) 4.56 kg (b) 5.46 kg until the pressure and temperature reach 10
(c) 4.34kg (d) 6.45kg bar and 423 K respectively. During this
Karnataka PGECET 2020 process, 20 kJ of work is done on the gas. The
Ans. (a) Given, magnitude of heat transfer (kJ) during this
Py = 1.013 bar process is
= 13600 kg/m’ (a) 134.8 (b) 36.2
I/: 2288314 (c) 8.2 (d) 3.8
=2m [GATE-XE 2019-2M]
h =700 mm of mercury. Ans. (d) : Given,
R = 8314 J/k-mol-K =298 K
Pressure, T,=423 K
P:?§200X981 ‘o0 P, =1.5bar= 1.5 x 10° N/m’
= . . _ 3
=93391.2Pa 0.1 m _
R =0.288 kJ/kg. K=288 J/kg. K
Actual Pressure, —0.74 kI/ke K
Poctual = Pam + P = 101325 + 93391.2 &= &
= 194716.2 Pa W=-20kJ
We know that, We know that,
actualV =mRT PV =mRT
_ PactualV = _Pl Vl
RT RT,
1947162><2 — 456ke ~1.5x10°x0.1
Sgan| 3314 288298
28 m=0.1748 kg
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From the first law of thermodynamics for a closed
system,

Q=AU+W

Q:mcv(T27Tl)+W

=0.1748 x 0.74 x (423 —298) — 20

=16.169 —20
=-3.8kJ
153. 85 kJ of heat is supplied to a closed system at

constant volume. During the next process, the
system rejects 90 kJ of heat at constant
pressure while 20 kJ of work is done on it. The
System is brought to the original state by an
adiabatic process. The initial internal energy is
100 kJ. Then the quantity of work transfer
during the process is
(a) 30kJ

(c) 20kJ

(b) 25kJ
(d) 15k
AP PGECET 03.05.2019, Shift-11
Ans. (d) : The P-V diagram of process is-

0 W

Given,
Q1 =85kl]
Q,=-90KkJ
W =20kJ
U, =100kJ
In process 1-2,
W1.2 =0
Qi =U,-U;
85=U,-100
U,=185k]J
In process 2-3,
Q23 =Wys+(U; - Uy
-90=-20+U;-185
U;=115kJ
Process 3-1 is adiabatic,
So, W3, +U;-U3=Q3,=0
W3, +100-115=0
W3_1 =15kJ
154. One kilogram of air is compressed at constant
temperature of 150 °C until its volume is
halved. Considering gas constant R = 0.287
kJ/kg-K for air, magnitude of heat rejected (in
kJ) in the compression process is
(round off to 2 decimal places)
[GATE PI-2019: 1M]

Ans. (84.14876) : Given,
Gas constant (R) = 0.287 kJ/kg K
Mass of air (m) =1 kg
Temperature (T) = 150 °C =423 K
Let initial volume = V;

Final volume V, = %Vl

Here,
AU = mCV (T2 - Tl)
T,=T,

So, AU=0
AQ =AW
For an isothermal process,

AW = Plvlln (%J

2

P
AW =mRT n| -
P2
For isothermal process,
PVi=P,V,

Oy

So, AW = mRT In [%J

1

AW =1 x0.287 x 423 In v
2xV,
=—84.14876 kJ
Q= AW=-84.15k]
Magnitude of heat rejected = 84.15 kJ

155. Air at 150 kPa and 323 K is filled in a rigid
vessel of 0.05 m’ capacity. For air, assumed as
an ideal gas, specific heat at constant volume is
0.7163 kJ/kg.K and the specific gas constant is
0.287 kJ/kg.K. Neglect kinetic and potential
energy changes. If 30 kJ of heat is added, the
final temperature (in K) of air (up to 1 decimal
place) is

[GATE-XE 2018: 2M]

Ans. (838.0 to 844.0) : Given,
P =150 kPa
V=0.05m’
R=0.287 kJ/kg K
T,=323k
¢,=0.7163 kl/kg K
We know that,
PV =mRT
PV 150x0.05

TTRT T 0287x323

m = 0.0809 kg

Q =30 kJ added,

Q=AU+W

Q=mc, (T, -T))+0 (Since W = 0 for this process)
30=10.0809 x 0.7163 x (T, —323)

T,=517.7+323

T,=840.7K

156. A stationary mass of gas is compressed without
friction from an initial state of 0.3 m* and 0.105
MPa to a final state of 0.15 m® and 0.105 MPa,
the pressure remaining constant during the
process. There is a transfer of 37.6 kJ of heat
from the gas during the process. How much
does the internal energy of the gas change?

(a) —21.85kJ (b) 11.85KkJ
(c) — 11.85kJ (d) —52.12kJ
TS PGECET 30.05.2018, Shift-I
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Ans. (a) : Given,

AQ=-37.6kJ
P =0.105 MPa
V,=03m’
V,=0.15m’

Wi,=P(V,-V))

=0.105 x 10° x (0.15 — 0.3)

=-157501=-15.75kJ

We know that,

First law of thermodynamics,

AQ =AU+ WI—Z

-37.6 =AU + (- 15.75)

AU =-21.85k]

157. For a reversible isothermal expansion of one
mole of an ideal gas from state 1 to state 2 the
magnitude of work done is
(a) RT In (Pl/Pz) (b) P2V2 - PIV
(¢) Rin (V/Vy) (@ o

[GATE-XE 2018: 1M]

Ans. (a) : For isothermal process,

T = constant, AT =0, AU=0

Also for ideal gas the equation of state is % . Now the

work done for an infinitesimal expansion dV at a
pressure P is given by

dW =PdV
The work done from state 1 to state 2 is given by

w=[Pav=[" %d\/

= RTIVz l.dV [since T = constant for,
v V

=RTIn &
Vi

P
:RTln(—I] [since for an isothermal

2

an isothermal process ]

P
process of an ideal gas Y. B ]
Vi B

158. Consider the following statements for an ideal
gas undergoing a reversible non-flow process :
P. If the process is adiabatic, the change in
enthalpy of the gas is necessarily zero.

Q. If the process is adiabatic, the change in
entropy of the gas is necessarily zero.
R. If the process is isothermal, the change in
enthalpy of the gas is necessarily zero.
S. If the process is isothermal, the change in
entropy of the gas is necessarily zero.
Which one of the following options is valid ?
(a) Only P is correct
(b) Only S is correct
(¢) Only Q and R are correct
(d) Only P and S are correct
[GATE-XE 2018: 2M]

Ans. (¢) : The Enthalpy depends on the temperature and
the process is adiabatic and so the process is isentropic.

o For reversible adiabatic process, the entropy remain
constant.

e For isothermal process and ideal gas the change in

enthalpy of the gas is zero.

159. One kmol of an ideal gas at 300 K and 10 bar is
reversibly heated in a constant volume process
to 500 K. It is then reversibly and isothermally
expanded to 2 bar. Take C, = 20.8 kJ/kmol.K
and R = 8.314 kJ/kmol.K. The total heat
supplied (in kJ) to the gas (up to 1 decimal
place) is .

[GATE-XE 2018: 2M]

Ans. (1295.0 to 13000.0) : Given data,

n =1 kmol
T,=300k
P, = 10 bar = 10° Pa.
T,=500K
For the constant volume heating,
Ql =AU
Ql = HCVAT
Q;=1x20.8 x(500-300)kJ
Q;=4160kJ
For Isothermal Expansion,
P1V1 =n RT1
V=V, = l><8.l34x3(00x1000
10°
=2.492
1x8.134%x500% 1000
V3 =
2x10°
=20.785

Q=AU + jvz pdV

vV, .
Q2=P,Voin v [Since AU = 0]
2

Q,=1x8.314 x500 In 20.785

Q,=8817.6kJ

Then, the total amount of heat supplied,
Q=Q+Q
Q=4160+8817.6

Q=12977.6kJ

160. A paddle wheel is installed in a rigid insulated
tank containing 10 kg air (C, = 0.718 kJ/kg.K).
A torque of 100 N.m is applied on the paddle
wheel to rotate it at 60 revolutions per minute
for 2 minutes. At the end of the process,
increase in temperature of air in °C is
(a0 (b) 5.25
(c) 10.50 (d) 21.50

[GATE-XE 2017]

Ans. (¢) : Given,

m=10kg
C,=0.718 kl/kg K
N =60 rpm

T =100 N-m

t=2 min
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o=27N
=2x7mx60
= 377 rad/min
The angle turned,
0= ot
=377 %2
=754 rad
The work done on the system,
W=T.0
=100 x 754
=754001J
From the first law of thermodynamics,
Q=AU+W (For work done on the
system)
AU-W=0 (Since rank is insulated, Q =
0)
mC AT =W
AT= Y
m.C,
_ 75400
10x718
=10.50 °C
161. In a polytropic compression process, one kg of

an ideal gas having molecular weight of 40
kg/kmol is compressed from 100 kPa, 300 K to
400 kPa, 360 K. The magnitude of the work in
kJ for the process is
(a) 52.3
(c) 72.3

(b) 62.3
(d) 82.3
[GATE-XE 2017]

Ans. (d) : Given data,
m = 1 kg, M =40 kg/kmol
P, =100 kPa, T; =300 K
P, =400 kPa, T, =360 K
P1V1 = HRT1

100 x V, :ix8.314><300
40

V,=0.62355m’
Pz Vz = nRTz
i><8.314><36O
V, = 40
400
V,=0.187 m’
W = P1V1 _szz
y-1

11

Now, L: & !
1 Pl

mi12=""in4
Y
In12 y-1
In

0.131=2Y"1
¥
y=1.15
o — 100x0.623-400x0.187
1.15-1
—823kJ

162. Consider two system each containing 20 kg of
air at the same temperature and pressure. It is
desired to increase the temperature of the air in
both systems by 10°C. One system undergoes a
constant pressure heat addition process and the
other undergoes a constant volume heat
addition. The difference in the values of heat
transferred to the two systems in kJ is
(a) 30.5 (b) 44.2
(c) 57.5 (d) 73.2

[GATE-XE 2017]

Ans. (¢) : Given that,
m =20 kg

Air at the same temperature and pressure,

For constant pressure addition,

6Q; =dH - vdP (vdP = 0 and)

(dH = mepq.)

5Q; =dH = mCpdT
Q; = AH = mCpAT
For constant volume addition,
56Q, =dU +dW,
8Q2 =mCvdT
Q, =AU = mCvAT
Q- Qy=m(Cp—Cv) AT
=20x10 xR

For air,

R =0.287 kJ/kg.K
=20x 10 x0.287
=574
~57.5Kk]

163. A 1 m’ rigid vessel contains air at 200 kPa. A
vacuum pump is connected to the vessel in
order to control the pressure inside. The
volume flow rate of air through the pump is
maintained at a constant value of 0.1 ms. If
the pump operates for 10 seconds and the
temperature of the air is maintained constant
during operation, the pressure in the tank in
kPa after 10 seconds (up to 2 decimal places) is

dV =0 (dW = PdV)

[GATE-XE 2017]
Ans. (73.5 to 73.8) : We know that,

u]

Q-m

e

m m
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ln[&] =-0.1x10
ml
2 203678
ml
Now, PV=mRT
Bom VT,
Pl ml VZ Tl
For the tank V and T are constant,
P_mM 3678
1 ml
P, =0.3678 x 200 kPa
P, =73.56 kPa

164. A mass m of a perfect gas at pressure P; and
volume V)] undergoes an isothermal process.
The final pressure is P, and volume is V,. The
work done on the system is considered positive.
If R is the gas constant and 7 is the
temperature, then the work done in the process
is

A/ P

(a) PV, IHVT (b) -PV, lnP—;
V. P
¢) RTin—=% d) —mRTmh-2%
(©) v (d P

1 1

[GATE-2017;Set-11: 1M]
Ans. (b) : For Isothermal process. Involving Ideal Gas,

Work done, W = — '[: PdV

WhereP:m—RT
_ V:mRTdV
ViV
w=—mrr[" ¥
Vi V
W:—mRTln&

mRT:P1V1 :P2V2
Thus, w :_Pl Vl In %

1

P, .V P,
&:—1,we getin — =/n—L

1 2 1 2

P
Therefore, W =—P,V, /n P—l
2
The convention for Work done on the system (Positive)
is typically expressed as a negative value because the
system does work on the surroundings.

W= *Plvl In i

P2
Two streams of air (C, = 1005 J/kg.K) flow
through insulated pipes 1 and 2 with the
conditions as shown in figure. They mix in an
insulated pipe-3 and the mixture steadily exists

Since,

Hence,

165.

Neglecting the change in potential energy in all
the pipes, the exit area of the pipe-3 in m” (up
to 3 decimal places) is
1 kg
3 K
s

pipe-]

3 pl.|.'::'-.'5

: " 150 EPa
x —F 100 ow's
F; H
i ka's

:IIIIT'_-{. pipe-2

AU me's

[GATE-XE 2017: 2M]

CxA
%

Ans. (0.026 to 0.030) : m =

Where,

Ii’l = mass flow rate in (kg/s)
C = velocity in (m/s)

A = area in (m°)

v = specific volume in (m*/kg)

I;l =m; +m,
=1+3
=4 kg/s
Since system is insulated,

i i o
mi CpT1 +mo> CpTz =ms3 CpT3

m T, +m: T, =m; T,
1x300+3x400=4xT,

4 T5=1500
T;=375K
P3V3 = H3RT3

P3><V3:12n—93xRT3

150xv3:‘;—93x8.314x375

Y0717

1
. v, 3
Specific volume (v,)=—>=0.717 m’/kg
m3
0
X
Area(A)= Yy X
C
L 0.717x4
100

=0.0287

with a velocity of 100 m/s at 150 kPa.

A= 0.029m’

The molar specific heat at constant volume of

an ideal gas is equal to 2.5 times the universal

gas constant (8.314 J/mol K). When the

temperature increases by 100 K, the change in
molar specific enthalpy is ------- J/mol.

[GATE-2017: Set-I: 1M]

166.

Ans. (2908 to 2911) : Given,
Molar specific heat at constant volume,

C,=2.5R
Universal gas constant (E) =8.314 J/mol K
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Temperature rise (AT) =100 K
Specific enthalpy (AI_{) =7
We know that,
C,-C, =R
[ :E+Cv ~R+25R
C,=35R
Molar specific enthalpy change of ideal gas,
AH =nC,AT
AH = AH
n
AH = C,AT
=3.5%8.314x100
AH =2909.9J/mole

167. A plston cylinder device initially contains 0.4
m’® of air (to be treated as an ideal gas) at 100
kPa and 80 °C. The air is now isothermally
compressed to 0.1 m’. The work done during
this process is kJ.

(Take the sign convention such that work done
on the system is negative)

[GATE-2016; Set-II: 2M]

Ans (-55. 6 to —55.4) : Given data,
=0.4m’
=100 kPa
=80°C=(80+273)K=353K
V2 =0.1 m
So,
P-V diagram of isothermal process is,
|
|
Il
P | |
| |
| |
| |
I I
0l m 0.4 m
V—
We know that,
V.
W, ,=P,V,In—2%
12 = P1Vy v,
0.1
=100%x0.4 In—=-55.45kJ
0.4

168. The internal energy of an ideal gas is a function
of
(a) temperature and pressure
(b) volume and pressure
(c) entropy and pressure
(d) temperature only

[GATE-2016; Set-II1: 1M]

Ans. (d) : The internal energy of an ideal gas is a

function of temperature only.

169. A closed system undergoes a cyclic process. For
the net work done by the system on the
surroundings, which of the following
statements is FALSE:

(a) Net work is always zero
(b) Net work is $P dV if the process is reversible

(c) Net work can be negative

(d) Net work can be positive
[GATE-XE 2016: 1M]
Ans. (a) : For closed system undergoes a cyclic process.
For the net work done by the system on the
surroundings, when the net work done by the system is

not necessarily zero.

170. In a reversible, constant-pressure, non-flow
process, heat input is given by
(a) change in internal energy
(b) change in enthalpy
(c) change in entropy
(d) Work output
[GATE-XE 2016: 1M]

Ans. (b) : In reversible,
Constant - pressure non flow process

Q=AU+W

Q= AU+jfpdv
2

Q= AUerj1 dv

Q=U,-U; +p(V,-V))
Q=Uy+pVy)—(U;+pV))

Q=H,-H,
Q=AH
171. Air pressure inside a spherical balloon is
proportional to its diameter. The balloon

undergoes a reversible, isothermal, non-flow
process. During the process, the balloon
maintains its spherical shape, and the air inside
the balloon consumes 2 kJ of heat. Initial air
pressure inside the balloon was 120 kPa, while
the initial balloon diameter was 20 cm.
Assuming air to be an ideal gas, the final
diameter of the balloon (in cm) is

[GATE-XE 2016 2M]

Ans. (28to36): P D
Ideal gas, isothermal, non-flow process

8Q = dU + W
2
Q= L pdV (., dU=0)
2x10° :IlzpdV
2
2x103:j2&xDX“D dD
1 D1
2><103:M><I12D3dD
1
3 4Pz
J 100 2 120x10°x3.14 [D*
2x02 4 |
120x3.14 D‘-D*
= X
2x02 4
4 4
o.oozlzzw

=0.1008

D, =0316m=31.6cm
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172. Compressed air, at 1 MPa pressure, 400 K
temperature flows through a large pipe. An
evacuated, insulated rigid tank of 0.5 m’
volume is connected to the pipe through a
valve. The valve is opened to fill the tank and
the valve closes automatically when the tank
pressure reaches 1 MPa. Assuming ideal gas
behavior, the final air temperature in the tank
(in K) is

[GATE-XE 2016: 2M]
Show]n MH]C figure,

Ans. (555 to 565) :

| g #I0E

— = Ui

For the final air ttsmperatu.lryék in the tank in
H1 = +RT1 = Uy
CVTZ = (CV + R) Tl = CpTl

C,+R
T, :( VCV ]Tl =vT,

T,=1.4%x400K

T2 =560 K
An ideal gas undergoes a reversible process in
which the pressure varies linearly with volume.
The conditions at the start (subscript 1) and at
the end (subscript 2) of the process w1th usual
notation are: p; = 100 kPa, V,=0.2 m’ and p:=
200 kPa, V, = 0.1 m’ and the gas constant, R =
0.275 kJ/kg-K. The magnitude of the work
required for the process (in kJ) is

[GATE-2016; Set-1: 2M]

173.

Ans. (14.75 to 15.25) :

Initial Pressure (p;) = 100 kPa,

Final Pressure (p,) =200 kPa

Initial Volume (V;) =0.2 m

Final Volume (V,) = 0.1 m’

Gas Contant (R) = 0.275 kl/kg-K

Magnitude of the work = ?

Now, let the construction of figure in given condition

according.
MHkPaps

111 ey v

Work done is equal to area under p-V diagram,

Work = E(p1 +p,)x(V, - V,)

g Work:%(100+200)><(0.2—0.1) =15k

174. One kg of saturated liquid-vapor mixture of
water at 150 kPa (ur = 467 kJ/kg, v¢ = 0. 001053

m’/kg, u, =2520 kJ/kg and v, = 1.159 m */kg)
with quality of 0.7 is enclosed in a piston
cylinder assembly. Heat is added at constant
pressure to this system while a paddle wheel

transfers a work of 50 kJ.

The mixture eventually attains saturated vapor
state. The amount of heat added to the mixture
(in kJ) is

[GATE-XE 2015]

Ans (618.1 kJ) : Given,
=1kg ,P=150kPa
uf— 467 kl/kg , vi=0.001053 m’/kg
= 2520 kJ/kg, v, = 1.159 m’/kg
x =0.7, w=-50kJ
Up = Up + X.Ugg
=467+ 0.7 (2520 — 467)
=1904.1 kl/kg
Au=1u,; —u; = (2520 -1904.1) kl/kg = 615.9 kl/kg
Initial speciﬁc volume of the liquid-vapour mixture,
. V= Vg T X Vg
=0.001053 + 0. 7><(1 159 —0.001053) m’/kg
=0.811 m3/1<g

v, = v, = 1.159 m’/kg (final state is saturated vapour
state)
v=v,—v; =(1.159 - 0.811) m*/kg = 0.348 m*/kg

. AH = m(Au + PAv) (As, heat is added at constant
pressure)

=1x{(615.9) + 150 x 0.348} kJ = 668.1 kJ

. Q=AH + W (as W is the work, which is transferred
to the gas through a paddle wheel)

=(668.1 —50) kJ =618.1kJ

175. A gas expands following the relation PV" =
constant, from the initial state P,, V; to final
volume V, = 2V,. For the values of 'n'
mentioned below, maximum displacement
work is obtained for
(a) n=-1
(c) n=1

() n=0
(d) n=1.4
[GATE-XE 2015]

Ans. (a) : Given,
PV" = constant
Pressure & Volume of gas at initial and final state are
respectively Py, V; and P,, V,
For polytropic process,

PV =PV,
P (V,)
—== [+ V,=2V|]
PZ Vl
R_(2%)
P,V
i — 211
PZ
P
P, = 2—:‘
Work done for polytropic process, (n # 1) is given by,
_ PV, -PV,

n-1
_ P1V1 B (Pz X2V1)

n—1

1
PV q1-—-x2

_ 2

n—1
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()

__nl-n
W= PV, (—l 2 ]
n

For an isothermal process n = 1 and
PV =PV, =P,V, =Constant = K
The work done in isothermal process is given by,

w=["“pav
Vi

W:jf%d\/

=K lIn &
Vl

=PV, In 2V P V/in(2)
Vl
W=0.6931 P1V1
For the different values of n, work done is calculated by
the above formula,

n=0 n=-1 n=14
1-2! 2 1-1.4
W=P1V1( J werv |2 || wepv |22
-l P L
W=PVy W = 0.6054 P,V
W:1.5P1V1

So, the maximum displacements works corresponds to

W =1.5P,V, for whichn=-1

176. For an ideal gas with constant values of specific

heats, for calculation of the specific enthalpy,

(a) it is sufficient to know only the temperature

(b) both temperature and pressure are required to
be known

(c) both temperature and volume are required to
be known

(d) both temperature and mass are required to be
known

[GATE-2015; Set-1: 1M]

Ans. (a) : For an ideal gas with constant values of]

specific heats for calculation of the specific enthalpy it

is sufficient to know only the temperature.

For the specific enthalpy is given as,

h=u-+PV

.. PV=RT

S h=u+RT

=u(T)+RT =H(T)

For the calculation of the specific enthalpy, it is

sufficient to know only the temperature.

177. A well insulated rigid container of volume 1 m
contains 1.0 kg of an ideal gas [C, = 1000
J/(Skg.K) and C, = 800 J/(kg.K)] at a pressure of
10° Pa. A stirrer is rotated at constant rpm in
the container for 1000 rotations and the
applied torque is 100 N-m. The final
temperature of the gas (in K) is

[GATE-2015; Set-1:2M]

Ans. (1283.4 to 1287.4) :

Volume of container (V) = 1 m’

Mass of ideal gas (m) =1 kg

Specific heat of gas at constant pressure (C,) = 1000
J/kgK

Specific heat of gas at constant
J/kgK

volume (C,) = 800

" Work done (W)=T x 0
=100 x 21t x 1000 = — 628.318 kJ
Now ideal gas equation,
PIVI = mRT1
(Where, R = C, - C, = 0.2 kl/kg.K)
PV, 100x1
mR  0.2x1
According to 1% law of thermodynamics,
AQ—-AW =AU
0-(-628.318) =mC (T, -T))
0—(-628.318) =1x0.8(T, —500)
T,=1285.398 =1285.4K

=500K

1

178. A rigid closed vessel is initial filled with 2 kg of
water which is a mixture of saturated liquid
and saturated vapor states at 2 bar. The vessel
is placed in an oven which heats the mixture to
the critical state. Using the saturated and
critical property values from the table given
below, the heat transferred from the oven to

the vessel is kJ.

Pressure = 2 bar
Vim’/kg) | Vy(m’/kg) | Uy (kJ/kg) U,
(kJ/kg)
0.0010605 | 0.8857 504.49 2529.5
Critical pressure
Yc Uc
(m’/kg) (kJ/kg)
0.003155 2029.6
(a) 3035.8 (b) 3040.6
(c) 3036.2 (d) 3044.9

[GATE-XE 2014: 2M]

Ans. (b) : At P =2 bar,
ve=0.0010605 m*/kg
vy = 0.8857 m’/kg
up=504.49 kJ/kg
u, = 2529.5 kl/kg
u. = 2029.6 kl/kg
ve=0.003155 m’/kg
As the vessel is rigid, therefore the volume remains the
same. i.e, v = v,
So, V= Vet XV = Ve
2. v =0.0010605 + x (0.8857 — 0.001605)
0.003155 = 0.0010605 + x (0.8857 — 0.0010605)
x= 0.002367
u=1ur+t XU
=504.49 + 0.002367 x (2529 — 504.49)
=509.2831 kJ/kg
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Change in internal energy per unit mass = (u, — u)
=(2029.6 — 509.283) kl/kg = 1520.3 kJ/kg

Change in internal energy = 1520.3 x 2 kJ
=3040.6 kJ

179. A gas at a pressure of 500 kPa and volume of
0.75 m’ is contained in a cylinder-piston
assembly. When the piston moves slowly in the
cylinder, the pressure inside the cylinder varies
as V% If the final volume of gas becomes
doubled, then the work done by the gas, in kJ,
is

[GATE-PI 2014: 2M]

Ans. (240 to 250) : Given
Initial pressure P, = 500 kPa
Initial volume V; =0.75 m’
Variation at pressure,
Poc V"
Final volume, V, =2V, =1.5 m’
To find work done by the gas.
For the polytrophic process as,
PocV '
1

Poc—r

VI.Z
C
= 12
P x V1A2 _ C
This is polytrophic process withn= 1.2
Work done is given as

P1V1 _szz
n—1
P,V,"*=P,V,"? on put the values.
We get, P, as
500 (0.75)"* =P, (1.5)"2
P,=217.64 kPa
Work done = 500 x 0.7? ;2117.64 x1.5

Work done = 242.7 kJ

The maximum pressure and temperature is an
air standard diesel cycle are 44 bar and 1600 K,
respectively. If the minimum pressure and
temperature are 1 bar and 300 K, respectively,
then the cut-off ratio (the ratio of the volume at
the end of the heat addition process to that at
the beginning of the heat addition process) is
(a) 1.000 (b) 14.920
(c) 2.809 (d) 1.809

|GATE-XE 2014: 2M]

180.

Ans. (d) : Given,

P, =1 bar, P, =44 bar

T3 (Maximum temp.) = 1600 K

T; (Minimum temp.) = 300 K
According to the condition of entropic compression for
process (1-2) in diesel cycle.

1
T

T _ (P_] Z
1 Pl

T,
-

P. )
T2 B (_2] g Tl
Pl

T, = 2.95 x (300) = 885 K

For the process (2-3) in diesel cycle.
P = Constant
V. Vs
T2 T3
&—B:@:I.SOB ~1.809
VvV, T, &85

181. In a closed rigid vessel, air is initially at a
pressure of 0.3 MPa and volume of 0.1 m’ at
300 K. A stirrer supplies 100 kJ of work to the

air, while 20 kJ of heat is lost to the atmosphere

across the container walls. After these
processes, the temperature of air changes to
(a) 321.9 (b) 702.4
(c) 782.4 (d) 620.2

[GATE-XE 2014: 2M]

Ans. (d) : Given,
P1 =0.3 MPa
Vi=0.1m’
T,=300K
Q =-20 kJ {—ve since heat is lost to the atmosphere}
W =-100 kJ {—ve since work is done on the system}
From the first law of thermodynamics,
Q=AU+W
AU=Q-W
AU =[-20 — (-100)] kJ
AU =80 kJ
From the ideal gas law,
p1Vi=mRT,
0.3 x 1000 x 0.1 =m x 0.287 x 300
m=0.348 kg ...(11)
Now, from equation (i) and (ii),
AU = mC,AT
80=10.348 x 0.717 x (T, — 300)
T,=620.6 K
182. A small container has gas at high pressure. It is
placed in an evacuated space. If the container is
punctured, work done by the gas is
(a) Positive (b) Negative
(¢) Zero (d) ©
[GATE-XE 2014: 1M]
Ans. (¢) : A small container has gas at high pressure. It
is placed in an evacuated space. If the container is
punctured, work done by the gas is zero.
But when the container is punctured, the gas in the
container expands in the evacuated space. Until the
pressure inside the container and space becomes equal.
This represents the case of free expansion, and the work

.0

done by the gas, becomes zero.

183. A system undergoes a change from state 1 to
state 2. During this process, the change in the
internal energy is AU. The change in internal
energy of the system when executing the cycle
1-2-1 is equal to

(a) AU (b) 2AU
(c) Zero (d) —2AU
[GATE-XE 2014: 1M]
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Ans. (¢) : The change in internal energy of a system
undergoing a cyclic process is always zero,
The initial state 1-2-1 is a cyclic process and the final
state are the same hence the change is zero.

184. A thin insulating membrane separates two
tanks initially filled with nitrogen [mean C, =
21.6 J/(mol.K)|] and carbon-dioxide [mean C,
11.6 J/(mol.K)] as shown below.

il
L
LR T R R P
oo ALK

T ezl ™l
Tharand Sl

The membrane is ruptured and the gases are
allowed to mix to form homogeneous mixture at
equilibrium. During this process there are no heat
or work interactions between the tank contents
and the surroundings. The final temperature at
the equilibrium state in Kelvin is
(a) 344.1 (b) 306.3
(c) 325.0 (d) 346.1

[GATE-XE 2014: 2M]

Ans. (a) : Given,
For N, (Nitrogen),
n = 0.8
m; = 0.8 x 28 gm
CVI =21.6 J/mol.K
T,=350K
For CO, (Carbon-dioxide),
n,= 0.2
m, =0.2 x44 gm
CVZ =11.6 J/mol.K
T,=300K
As, there are no heat interactions between the tank
contents and the surroundings and also the work transfer
is zero.
o Q=0 and W=0
Therefore,
n;Cy AT = n,CyoAT,
0,Cyi(Ty — Tp) = myCyx(T, - Ty)
— 1’11(‘:V1’T1 +n2CV2T2
nlCVI + n2(jV2
0.8x21.6x350+0.2x11.6x300

T =
! 0.8x21.6+0.2x11.6
T;=344.1K

185. A cylinder contains 5m’ of an ideal gas at a
pressure of 1 bar. This gas is compressed in a
reversible isothermal process till its pressure
increases to 5 bar. The work in kJ required for
this process is

f

W =(1x10") x5 x ln[%j =-804.719 kJ

Note- —ve sign shows that work is done on the system.

186. In which of the following processes work done
(during the process) can be determined by

j pdv ?
(a) Isothermal
(c) Quasi-static

(b) Adiabatic
(d) Isentropic
Karnataka PGCET 2013
Ans. (d) : The work done can be
Determined by Quasi — static process.
W= .[ pdv

Quasi — static : - In a quasi-static process, the system

changes slowly enough to remain in internal
thermodynamic equilibrium.
187. A closed system containing an ideal gas

undergoes a cycle as shown in the figure shown
below. For the process 1-2, which one of the
following statements is true?

(a) Heat added :%pv
(b) Heat rejected = %pv
(c) Heat added = %pv

(d) Heat rejected = %pv
[GATE-XE 2013: 2M]

Ans. (b) : For the process 1-2
At the initial state (1), flow energy =p x v
At the final state (2), flow energy = 2p x v/2 = pv

* pv=nRT
d(pv) =nRdT
as the value of pv remains constant,
s dpv)=0
o 0Q =dU+sW (D)

For an ideal gas, the internal energy is a function of]
temperature only.
", dU = O(for the process 1-2)
5Q =86W
Work done for the process (1-2) = area under the

(a) 804.7 (b) 953.2 process (1-2),
(c) 981.7 (d) 1012.2 1w pv _ 3pv
[GATE-2013:1M] OW=xoxp+—r ==~
Ans. (a) : Given data, 3pv
P, =1 bar= 100 kPa 8Q=0W=="-
_ 3
;,/1: 55 gn 188. The isothermal compressibility of a liquid is 5 x
2 ar ] o ] 10° /kPa. If it is compressed at constant
.. The work done in a reversible isothermal process is temperature from 5000 to 10000kPa, what is
P, the ratio of final volume to initial volume, to
W=PV, P second decimal place accuracy?
2 [GATE-XE 2013: 2M]
Thermodynamics 49 YCT



	YCT GATE 2026 Mechanical Engineering Solved Papers Volume-1 [English Medium]-1-50
	YCT GATE 2026 Mechanical Engineering Solved Papers Volume-2 [English Medium]-1-50

