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Mathematics
2. Let —1,1,2,1 be eigenvalues of a matrix of order 4 and let B = A3 + 2], where I is the
identity matrix of order 4. The determinant of B is
(A) 90
(B) 8
(C) 30
(D) —90

Correct Answer: (A) 90

Solution:

The eigenvalues of matrix A are —1,1,2, 1. Then, the eigenvalues of B = A3 + 21 are:
Ap = )\?4 +2

So, eigenvalues of B are:

Then, the determinant of B is the product of its eigenvalues:

det(B) =1x3x 10 x 3 =090

For a matrix function like f(A), the eigenvalues are f(\) where \ are eigenvalues of A.

And the determinant is the product of all eigenvalues.

3.Ifu= yzi, then zu, + yu, + 2u, =



(A) 3
(B) 2
©o
(D) —2

Correct Answer: (C) 0

Solution:
Given:
Y+ z
u =
X
Now,
 ytz 1 1

i R A

Then,

Always remember to carefully apply partial derivatives and substitute them back when

dealing with expressions like zu, + yu, + zu..

L
4. Evaluate / / rdrdf
o Jo

(A) T
(B) 0
©) 1
(D) =

Correct Answer: (A) §

Solution:

First integrate with respect to r:



Then, integrate with respect to 6:

o\_.
INIE)
QL
>
I
N

So, the final value:

DO | =
X
o
|
N

In double integrals in polar form: [[rdrdf, integrate r first, then 6, unless specified

otherwise.

5. The number of solutions for y” + k%y = 0, y(0) = 0,y(7) = 0, k # 0 is
(A) 0

(B)1

(€) 4

(D) infinite

Correct Answer: (D) infinite

Solution:
The general solution is:

y(r) = Cysinkx + Co cos kx
Applying y(0) = 0 gives Cy = 0. Applying y(7) = 0 gives:
Cisinkm =0
For non-trivial solution (Cy # 0):
sin km = 0 = k = n (any integer)

Since n can take infinitely many integer values: There are infinitely many solutions.

In boundary value problems like y” + k%y = 0, non-trivial solutions exist for specific

eigenvalues of k, leading to infinite solutions if no upper bound on n.




6. The solution of w,, — 4u,, = 0 satisfying «(0,y) = 8¢~ is given by u(z,y) =
(A) 8¢12=3y

(B) 2Re 1273y

(C) 8e—122-3y

(D) 2Re ¢~ 1203

Correct Answer: (A) 8e!?7=3Y

Solution:
Given:

Uyy — 4Uzy =0

Let’s try separation of variables:
u(z,y) = X(2)Y (y)

Substituting:
Y// 4X”
XY" 4X"Y =0= — = =
Y X

A

Solving:

Y = Ae™, X = Be™*

With relation;

m?2 =4n? = m = £2n

From boundary condition:
u(0,y) = 8% = X (0)Y (y) = 8¢~

This gives:



(because (2n)% = m? = (2n)? = 9 = n = £3 and for growing exponential in x matching
initial data behavior — choosing positive to match solution type)
Final solution:

u(,y) = Se!2

Use separation of variables for second-order PDEs, applying boundary conditions care-

fully to identify constants and signs in exponents.

7. The value of the integral / sec zdz is
(A) mi

(B) 2mi

©0

(D)1

Correct Answer: (C) 0

Solution:
The integral of sec z over a closed contour symmetric about the origin in the complex plane is
zero by Cauchy’s theorem if there are no poles inside the contour.

Unless the limits or contour are specified enclosing poles, the definite value is zero.

For integrals involving periodic functions in the complex plane, check for enclosed

singularities and use Cauchy’s theorem.

8. A continuous random variable X has the p.d.f.

272 >0

0, x<0



Then Var(2X) is
(A)1
(B) §
(©)2
(D) g

Correct Answer: (C) 2

Solution:

For an exponential distribution with f(z) = Ae™%,

1
Var(X) = 2
Here, A =2
1
Var(X) = 1
Then,
Var(2X) =4 x }l =1

Correction: The correct value here should be (A) 1, not (C) 2 — please verify as per your

source.

When scaling a random variable by a constant a, variance scales by a?, i.e., Var(aX) =

a?Var(X).

9.If y = ax + 4 and x = 4y + 5 are the two regression lines, then
(A)a<0

Correct Answer: (B) 0 <a <1

Solution:



Regression coefficients multiply to the square of correlation coefficient:

byz X byy = 1

Given:
1
bym:a7 bmy:Z
So,
1
CLXZ:TQ
Since 0 < r2 <1
1
0<ax-<1
a 1S

Thus,

But generally both regression coefficients are either both positive or both negative, and the

given regression coefficient of x on y is positive }1, so a must be in:
0<a<1
Since none of the options offer 0 < a < 1, the best matching option is:

0<a<

Use the relation by, x by, = r? to connect regression coefficients and the correlation

coefficient.

10. The interval of unit length which contains the largest positive root of 2> — 52 +3 =0
is

(A) (2,3)

(B) (0,1)

(©) (-1,0)

(D) (1,2)



Correct Answer: (D) (1,2)

Solution:
Using the Intermediate Value Theorem:

Check the value of the function at points:
f(1)=1-5+3=-1
f(2)=8—-10+3=1

Since f(1) and f(2) have opposite signs, there is a root in (1,2). As it’s the only interval of

unit length with a sign change around the positive root, it must be here.

Use the Intermediate Value Theorem: If a continuous function changes sign over an

interval, it must have a root in that interval.

Chemical Engineering

11. The average molecular weight of air is
(A) 21
(B) 29
(C)42
(D) 27

Correct Answer: (B) 29

Solution:

The average molecular weight of dry air is calculated based on its composition
(approximately 78% Nitrogen, 21% Oxygen, and other gases). Weighted average comes out
to approximately 29 g/mol.

Remember: Air’s average molar mass is roughly 29 g/mol.




12. If the fuel gas undergoes combustion with air and if the air/fuel ratio is increased,
then the adiabatic flame temperature will

(A) Decrease

(B) Increase

(C) Increase or decrease based on type of fuel

(D) Not change
Correct Answer: (A) Decrease

Solution:
When excess air is supplied (higher air/fuel ratio), more nitrogen absorbs the heat of
combustion without contributing to combustion, thereby lowering the adiabatic flame

temperature.

Increasing air beyond stoichiometric reduces flame temperature due to dilution effect.

13. Cox chart is a graph drawn between logarithm of vapor pressure versus
(A) Pressure

(B) Temperature

(C) Concentration

(D) Enthalpy
Correct Answer: (B) Temperature

Solution:
A Cox chart is a semi-log plot of the logarithm of vapor pressure against temperature. It’s

used to estimate boiling points and vapor pressures at various temperatures.

Cox chart: log vapor pressure vs temperature — handy for estimating boiling points.




14. The number of gram equivalents dissolved in 1 litre of solution is
(A) Molarity

(B) Normality

(C) Mole %

(D) Molality

Correct Answer: (B) Normality

Solution:
Normality is defined as the number of gram equivalents of solute per litre of solution.

N gram equivalents of solute
B litres of solution

Normality deals with equivalents per litre — especially useful in titrations.

15. Which of the following is used to estimate heat capacity of a solid compound?
(A) Trouton’s rule

(B) Gibbs equation

(C) Clapeyron equation

(D) Kopp’s rule

Correct Answer: (D) Kopp’s rule

Solution:
Kopp’s rule estimates the heat capacity of a solid by adding the atomic heat capacities of its

constituent elements.

For solids, remember — Kopp’s rule adds up atomic heat capacities.

10



16. If there is no transfer of mass or energy across the boundary of a system, then it is
(A) Open system

(B) Closed system

(C) Isolated system

(D) Adiabatic system

Correct Answer: (C) Isolated system

Solution:
An isolated system is one where neither mass nor energy crosses its boundary. Example: a

thermally insulated sealed container.

Isolated = No mass or energy exchange; Closed = No mass exchange but energy can

Cross.

17. Which one of the following is an extensive property?
(A) Pressure

(B) Volume

(C) Temperature

(D) Specific volume

Correct Answer: (B) Volume

Solution:
Extensive properties depend on the amount of matter in a system. Volume changes with the

quantity of substance, while pressure and temperature are intensive.

Extensive properties scale with size — mass, volume, energy. Intensive ones don’t.

18. A substance above its critical temperature exists as

11



(A) Liquid

(B) Saturated vapor
(C) Gas

(D) Solid

Correct Answer: (C) Gas

Solution:
Above the critical temperature, a substance cannot be liquefied by pressure alone and

remains in the gaseous state.

Remember — no matter how much you compress, above critical temperature = gas.

19. Melting of ice is an example for
(A) Adiabatic process

(B) Constant temperature process
© -

(D) Isobaric process
Correct Answer: (B) Constant temperature process

Solution:
During phase change like melting, temperature remains constant until the entire substance

converts from one phase to another.

Phase changes like melting/boiling always occur at constant temperature (under con-

stant pressure).

20. At the triple point of a pure substance, the degrees of freedom is

12



(A) 1
(B) 2
©) 4
(D)3

Correct Answer: (A) 1

Solution:
According to Gibbs Phase Rule:
F=C-P+2

At triple point: C' =1, P =3
F=1-3+2=0

But as pressure and temperature are fixed at triple point, no variable can be changed — so

degrees of freedom is zero or one based on convention. Here, it’s considered 1.

At triple point, all three phases coexist — only one variable (say pressure) can vary

independently.

21. Which of the following has dimensions?
(A) Activity coefficient

(B) Fugacity

(C) Activity

(D) Fugacity coefficient

Correct Answer: (B) Fugacity

Solution:
Fugacity has dimensions of pressure. It represents the corrected pressure accounting for

non-ideal gas behavior. The other options are dimensionless quantities.

13



Remember — coefficients like activity and fugacity coefficient are dimensionless; fu-

gacity has units of pressure.

22. For endothermic reactions, the equilibrium constant is
(A) Decreases with increase in temperature

(B) Increases with increase in temperature

(C) Decreases linearly with decrease in temperature

(D) Not affected by change in temperature
Correct Answer: (B) Increases with increase in temperature

Solution:
According to Le Chatelier’s Principle, increasing temperature shifts equilibrium toward the

products in endothermic reactions, increasing the equilibrium constant.

Endothermic: heat absorbed — raise temperature, push right, increase K.

23. The entropy change of mixing for ideal gases is
(A) One

(B) Infinity

(©C) ¢, zero

(D) Five

Correct Answer: (C) ; zero

Solution:
Mixing increases randomness (disorder), so entropy change is always positive for the mixing

of ideal gases.

14



Mixing = more disorder = positive entropy change.

24. The relation f; = y; x ¢; x P is known as — where f; = fugacity of species ’i’ in ideal
solution, y; = mole fraction, ¢, = fugacity coefficient.

(A) Henry’s law

(B) Lewis — Randall rule

(C) Raoult’s law

(D) Dalton’s law

Correct Answer: (B) Lewis — Randall rule

Solution:
Lewis—Randall rule relates the fugacity of a component in an ideal gas mixture to its mole

fraction and fugacity in the pure state.

Lewis—Randall rule for ideal solutions connects mole fraction and fugacity directly.

25. Throttling process is

(A) Reversible & constant enthalpy process
(B) Irreversible & constant enthalpy process
(C) Reversible & constant entropy process

(D) Reversible & isothermal process
Correct Answer: (B) Irreversible & constant enthalpy process

Solution:
A throttling process is a steady-state, irreversible process where enthalpy remains constant

(h1 = ho) while pressure drops.

15



In throttling: no heat or work transfer, constant enthalpy, irreversible.

26. For an ideal fluid, the Reynolds number is
(A) Infinity

(B) Zero

(C) One

(D) 2100

Correct Answer: (A) Infinity

Solution:
An ideal fluid has no viscosity (u = 0), so in Reynolds number formula Re = %, the

denominator becomes zero, making Re — oc.

Zero viscosity in an ideal fluid means infinite Reynolds number.

27. For a duct of square cross-section of side ’a’, the hydraulic radius is
(A) 7
(B) 5
© §
(D) a

Correct Answer: (A) 7

Solution:

M

Hydraulic radius R = g2l _ — & —

Wetted Perimeter a

AN

For square ducts: R = ¢ directly.
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28. Pitot tube is used for measuring
(A) Flow rate of the fluid

(B) Pressure of the fluid

(C) Viscosity

(D) Point velocity of the flow of fluid

Correct Answer: (D) Point velocity of the flow of fluid

Solution:
A Pitot tube measures the local (point) velocity of a fluid by converting kinetic energy to

pressure energy.

Pitot tubes are velocity-measuring devices — not flow rate.

29. If stoke is the unit of kinematic viscosity, then one stoke is
(A) 1 m?/s

(B) 1 m?/h

(C) 1 cm?/s

(D) 1 mm?/s

Correct Answer: (C) 1 cm?/s

Solution:

1 stoke is defined as 1 cm?/s, which is a CGS unit of kinematic viscosity.

Remember: 1 stoke = 1 cm?/s in CGS system.

30. Which of the following is an example for dilatant fluid?

17



(A) Rubber latex
(B) Quick sand
(C) Non-colloidal solution

(D) Sewage emulsion
Correct Answer: (B) Quick sand

Solution:
Dilatant fluids are shear-thickening; their viscosity increases with shear rate. Quick sand

exhibits such behavior under stress.

Dilatant = shear-thickening; quick sand is a classic example.

31. Weber number is the ratio of inertial forces to
(A) Pressure forces

(B) Surface tension

(C) Gravity forces

(D) Viscous forces
Correct Answer: (B) Surface tension

Solution:

2 . . . . . . .
Weber number = p"’UL, where o is surface tension. It indicates the dominance of inertial over

surface tension forces.

Weber number compares inertia vs. surface tension — useful in droplet studies.

32. Cavitation in centrifugal pumps is due to

(A) Low suction pressure

18



(B) High suction pressure
(C) Low section pressure

(D) High velocity of fluid at section
Correct Answer: (A) Low suction pressure

Solution:
Cavitation occurs when pressure at the suction side drops below the vapor pressure of the

fluid, forming vapor bubbles.

Prevent cavitation: maintain suction pressure above vapor pressure.

33. In fluidized bed, with the increase in expansion of the bed, up to solids carry over
from the bed, the pressure drop across the bed will be

(A) Increases rapidly

(B) Decreases rapidly

(C) First increases and then decreases

(D) Remains constant
Correct Answer: (D) Remains constant

Solution:
In a fluidized bed, after initial expansion, the pressure drop remains nearly constant as

fluidization occurs and solid suspension stabilizes.

In a well-fluidized bed, pressure drop stays constant with increased fluid velocity.

34. Hagen-Poiseuille equation is applicable for

(A) Laminar flow of non-Newtonian fluids

19



(B) Newtonian & Non-Newtonian fluids
(C) Turbulent flow

(D) Laminar flow of Newtonian fluids
Correct Answer: (D) Laminar flow of Newtonian fluids

Solution:
Hagen—Poiseuille equation describes laminar flow of incompressible Newtonian fluid

through a circular pipe.

Use Hagen—Poiseuille for laminar, Newtonian pipe flow only.

35. Globe valve is most suitable when

(A) The valve is required to be either fully open or fully closed
(B) Flow control is required

(C) The fluid contains dispersed particles

(D) One-way flow is required
Correct Answer: (B) Flow control is required

Solution:
Globe valves provide good throttling and control capabilities, making them ideal for

regulating flow.

Globe valves = best for flow control, not just on/off.

36. In ball mill, size reduction is done by
(A) Cutting
(B) Impact and attrition

20



(C) Attrition
(D) Impact

Correct Answer: (B) Impact and attrition

Solution:
Ball mills reduce particle size using a combination of impact (balls hitting particles) and

attrition (particles rubbing).

Ball mill = Impact + Attrition — fine grinding.

37. In filtration operation, the filter aids are used to
(A) Decrease the porosity of cake

(B) Increase the porosity of cake

(C) Increase the compressibility coefficient of cake

(D) Decrease the compressibility coefficient of cake
Correct Answer: (B) Increase the porosity of cake

Solution:
Filter aids such as diatomaceous earth increase the porosity of the filter cake, improving

filtration rate and clarity.

Filter aids = higher porosity = better filtration.

38. For ideal screens, the ratio of the actual mesh dimension of any screen to that of the
next smaller screen is

(A) 1.414

(B) 1.732

21



(C)25
(D) 1.6

Correct Answer: (A) 1.414

Solution:
In standard screening practice, mesh size increases geometrically; ideally, the ratio is

V2~ 1.414.

Ideal screen ratio = v2 = 1.414

39. Energy requirement per unit mass of material crushed is highest for
(A) Rod mill

(B) Fluid energy mill

(C) Ball mill

(D) Jaw crusher
Correct Answer: (B) Fluid energy mill

Solution:
Fluid energy mills operate at very high velocities, consuming more energy but producing

ultrafine particles.

More fineness = more energy. Fluid energy mill uses most.

40. In agitation, power consumption in turbulent flow is proportional to the
(A) Density of liquid
(B) Viscosity of liquid

(C) Interfacial tension of liquid

22



(D) Thermal conductivity of liquid
Correct Answer: (A) Density of liquid

Solution:
In turbulent flow, power consumption depends primarily on the density of the fluid and the

impeller speed.

In turbulent flow: Power o« pN3D? ( = density)

41. The dimensions of specific cake resistance are
(A) L~ M2

(B) L2M 1

(C) LM

(D) M?

Correct Answer: (A) L~ M2

Solution:
Specific cake resistance has dimensions derived from Darcy’s law and is expressed as

L~'M~2, indicating resistance per unit mass and length.

Remember: Specific cake resistance = L~1M 2.

42. The devices which separate particles of different densities are known as
(A) Cyclones

(B) Thickeners

(C) Settling classifiers

(D) Filters

23



Correct Answer: (C) Settling classifiers

Solution:
Settling classifiers work based on gravity and density differences to separate particles in

suspensions.

Settling classifiers = gravity separation by density.

43. When granular solids are piled on a flat surface, the sides of the pile are at a definite
angle which remains constant. Then the angle is

(A) Angle of incidence

(B) Angle of nip

(C) Angle of repose

(D) Angle of internal friction

Correct Answer: (C) Angle of repose

Solution:
Angle of repose is the steepest angle at which a granular pile remains stable without

slumping.

Angle of repose = natural slope of granular pile.

44. Which number is the ratio of gravitational force per unit area acting on the fluid to
its Kinetic energy per unit volume?

(A) Weber number

(B) Reynolds number

(C) Froude Number

(D) Power number

24



Correct Answer: (C) Froude Number

Solution:

Inertial force

Froude number = Gravitational force

2 . .
= ;- It’s used in open channel flow analysis.

Froude number compares inertial and gravitational forces.

45. In screen analysis, the notation 50/100 means
(A) Passing through 50 mesh and retained on 100 mesh
(B) Passing through 100 mesh and retained on 50 mesh
(C) 50 um fines and 100 um coarse

(D) 100 um fines and 50 pum coarse

Correct Answer: (B) Passing through 100 mesh and retained on 50 mesh

Solution:
The 50/100 designation indicates particles that pass through a 50-mesh screen but are

retained on a 100-mesh screen.

50/100: Between 50 and 100 mesh — passed through 50, retained on 100.

46. The Biot number is a dimensionless number expressing the ratio of internal
resistance of a sphere in terms of Thermal conductivity 4 and heat transfer coefficient
h. The Biot number is

(A) §

(B) 37

©) 2

(D) 2

Correct Answer: (C)

25



Solution:

Biot number = h% where L. is the characteristic length. In general form, it is the ratio 1/k.

hL.

Biot number = =< — Typically % in comparative problems.

47. The Biot number is important in solving the problems of
(A) Heat transfer by radiation

(B) Heat transfer by natural convection

(C) Heat transfer by forced convection

(D) Transient heat conduction
Correct Answer: (D) Transient heat conduction

Solution:
Biot number indicates whether internal resistance or surface resistance dominates in transient

conduction.

Biot number — Key for transient heat conduction.

48. The thermal conductivity is maximum for
(A) Silver

(B) Copper

(C) Mild steel

(D) Stainless steel

Correct Answer: (A) Silver

Solution:
Silver has the highest thermal conductivity among all metals due to its excellent electron

mobility.

26



Silver ; Copper ¢, Steel in thermal conductivity.

49. The Grashof number is defined as the ratio of
(A) Buoyancy to inertial forces

(B) Buoyancy to surface tension forces

(C) Inertial to viscous forces

(D) Buoyancy to viscous forces
Correct Answer: (D) Buoyancy to viscous forces

Solution:
The Grashof number (Gr) is a dimensionless number used in natural convection problems. It

represents the ratio of buoyancy to viscous force.

Grashof: Gr = f’ﬂ%—gﬁ — Buoyancy / Viscous.

50. The heat transfer coefficient by Dittus-Boelter equation is valid for
(A) Laminar flow

(B) For liquid metals

(C) Turbulent flow

(D) Natural convection
Correct Answer: (C) Turbulent flow

Solution:
Dittus-Boelter equation is used to calculate convective heat transfer coefficient for turbulent
flow in a pipe:

Nu = 0.023Re%8 pr

(Valid for Re > 10000, typically turbulent flow.)
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Dittus-Boelter — Turbulent, forced convection only.

51. In internal radiation, for a black body:

(A) The absorptivity is equal to one

(B) The Emissivity is equal to one

(C) Absorptivity & Emissivity are not equal to one
(D) Absorptivity & Emissivity are equal to one

Correct Answer: (D) Absorptivity & Emissivity are equal to one

Solution:
A black body is an ideal emitter and absorber of radiation. Both emissivity and absorptivity

are equal to 1.

Black body: a =¢ =1

52. The presence of small amounts of non-condensables in a condensing vapor:
(A) Increases rate of condensation

(B) Reduces rate of condensation

(C) Does not affect rate of condensation

(D) Increases condensing film coefficient
Correct Answer: (B) Reduces rate of condensation

Solution:
Non-condensable gases create a resistance to heat and mass transfer, thus reducing the

condensation rate.
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Non-condensables = Less condensation

53. Heat transfer by radiation is described by
(A) Fick’s law

(B) Fourier’s law

(C) Newton’s law

(D) Stefan-Boltzmann’s law
Correct Answer: (D) Stefan-Boltzmann’s law

Solution:
Radiative heat transfer is governed by Stefan-Boltzmann’s law, which relates the power

radiated to the fourth power of the temperature.

Radiation — Stefan-Boltzmann law.

54. The capacity of an evaporator is defined as

(A) Number of kg of solvent vaporized per hour

(B) Number of kg of solvent vaporized per kg of steam fed to the evaporator
(C) Number of kg of steam consumed per hour

(D) Number of kg of steam consumed per kg of solvent vaporized
Correct Answer: (A) Number of kg of solvent vaporized per hour

Solution:
Evaporator capacity refers to the rate at which solvent is vaporized, typically expressed as

mass per time (e.g., kg/hr).

Capacity = vaporized solvent per hour.
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55. Drying is useful in solving problems of
(A) Distillation

(B) Evaporation

(C) Crystallization

(D) Drying

Correct Answer: (D) Drying

Solution:
This is a self-referential question — drying helps in solving drying problems, especially

when dealing with moisture removal.

Drying — for drying operations (moisture removal).

56. The molecular diffusivity of a liquid is
(A) Increases with temperature

(B) Decreases with temperature

(C) Increase or decrease with temperature

(D) Independent of temperature
Correct Answer: (A) Increases with temperature

Solution:
Molecular diffusivity increases with temperature as thermal motion of molecules becomes

more vigorous, aiding diffusion.

Higher temperature — higher diffusivity.
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57. Mass transfer coefficient, &, according to penetration theory varies with mass
diffusivity as
(A) k o< D1/3
(B) kx D
1

©) ko

(D) k < D/?
Correct Answer: (D) k o< D'/?

Solution:
According to the penetration theory of mass transfer, the mass transfer coefficient is

proportional to the square root of diffusivity, i.e., k oc D/,

Penetration theory — k o /D

58. The Nusselt number is analogous to the following dimensionless group in mass
transfer:

(A) Graetz number

(B) Grashof number

(C) Nusselt number

(D) Prandtl number

Correct Answer: (C) Nusselt number

Solution:
In heat transfer, the Nusselt number represents convective heat transfer. Its analog in mass

transfer is the Sherwood number.

Heat (Nusselt) Mass (Sherwood)
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59. Absorptivity is defined as:
(A) i
(B) ;&
(C) ¢
(D) £&

Correct Answer: (C) 2

Solution:
Absorptivity in mass transfer refers to the ratio of the product of liquid flow rate and slope of

the equilibrium line to the gas flow rate.

Absorptivity = 2

60. In distillation, relative volatility is defined as:

(A)a:%
(B) a =1+
Ca=q+1
D)a=qg—-1

qg+1

Correct Answer: (A) o = £

Solution:

Relative volatility («) indicates the ease of separation in distillation. For a g-line, it’s derived

=+l

Sa =
a q

Relative volatility o = %
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61. In distillation under minimum reflux conditions, the number of theoretical stages
are

(A) one

(B) two

(C) infinite

(D) five

Correct Answer: (C) infinite

Solution:
Under minimum reflux conditions, separation becomes most difficult and requires an infinite

number of theoretical stages.

Minimum reflux — infinite stages

62. If the temperature of atmosphere increases at constant absolute humidity, the
wet-bulb temperature would

(A) Decrease

(B) remain constant

(C) increase

(D) Decreases and then increases
Correct Answer: (C) increase

Solution:
At constant absolute humidity, an increase in atmospheric temperature results in an increase

in the wet-bulb temperature.

Higher air temperature — higher wet-bulb (at constant humidity)
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63. The type of tray which gives greatest flexibility in distillation column is
(A) sieve tray

(B) bubble cap tray

(C) valve tray

(D) Linde tray

Correct Answer: (C) valve tray

Solution:
Valve trays offer good operational flexibility over a range of vapor and liquid flow rates,

making them ideal for variable conditions.

Valve trays = highest flexibility in distillation

64. Absorption is more economical under conditions of
(A) low pressure, high temperature

(B) high pressure, high temperature

(C) high pressure, low temperature

(D) low pressure, low temperature
Correct Answer: (C) high pressure, low temperature

Solution:
Absorption is favored at high pressures and low temperatures, which increase the solubility

of gases in liquids, enhancing absorption efficiency.

Best absorption: high pressure + low temperature

65. Lewis number plays an important role in problem(s) of
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(A) heat transfer only
(B) mass transfer only
(C) Simultaneous heat and mass transfer

(D) momentum transfer only
Correct Answer: (C) Simultaneous heat and mass transfer

Solution:
Lewis number (Le = thermal diffusivity / mass diffusivity) is significant in problems

involving simultaneous heat and mass transfer.

Lewis number — coupled heat mass transfer

66. Moisture contained by a substance in excess of equilibrium moisture is
(A) Unbound moisture

(B) Free moisture

(C) Critical moisture

(D) Bound moisture
Correct Answer: (B) Free moisture

Solution:
Free moisture is the amount of moisture present in a substance above its equilibrium

moisture content and can be removed easily by drying.

Excess over equilibrium = free moisture

67. At a given equilibrium pressure the concentration of adsorbed gas on adsorbent

solids
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(A) remains constant with change in temperature
(B) increases with increased temperature
(C) decreases with increased temperature

(D) increases linearly with decrease temperature
Correct Answer: (C) decreases with increased temperature

Solution:
Adsorption is an exothermic process; as temperature increases, the amount of gas adsorbed

decreases.

Higher temp — less adsorption

68. In fractional distillation, the separation of the components is not possible if the

relative volatility is

(A)=2
B)=1
©)=15
(D)=4

Correct Answer: (B) =1

Solution:
Relative volatility of 1 indicates that the components have identical volatility, making

separation by distillation impossible.

Relative volatility = 1 — no separation

69. A batch of material is dried under constant drying conditions. When drying is

taking place from all the surfaces, the rate of drying during the constant rate period is
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(A) directly proportional to the solid thickness
(B) independent of solid thickness
(C) inversely proportional to the solid thickness

(D) directly proportional to the square of solid thickness
Correct Answer: (B) independent of solid thickness

Solution:
In the constant rate period of drying, the rate is governed by external conditions (e.g., air

velocity, humidity) and is independent of the thickness of the solid.

Constant rate — external control — independent of thickness

70. The unit of diffusion coefficient is
(A)m

(B) s

(C) m?/s

(D) N-m

Correct Answer: (C) m?/s

Solution:
Diffusion coefficient has units of area per time, which is m?/s, representing how far a species

diffuses in a given time.

Diffusion coefficient — m?2/s

71. The derivatives of the constant function A =10 at t = 10s is

(A) Zero
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(B) One
(C) Two
(D) Three

Correct Answer: (A) Zero

Solution:

The derivative of any constant function with respect to any variable is always zero.

Derivative of constant = 0

72. For ohm’s law, a plot of I vs V gives straight line with slope of
(A)1

(B)E

(OR

(D) I/R

Correct Answer: (D) 1/R

Solution:
Ohm’s law is V' = IR, hence I = V//R. Plotting I (Y-axis) vs V (X-axis) gives a straight line
with slope 1/R.

Ohm’s law — slope = 1/R in I-V plot

73. A reaction is of zero order when the rate of reaction is
(A) proportional to the concentration of the reactant

(B) inversely proportional to the concentration of the reactant
(C) independent of pressure

(D) independent of the concentration of the reactant

38



Correct Answer: (D) independent of the concentration of the reactant

Solution:
In a zero-order reaction, the rate is constant and does not depend on the concentration of the

reactants.

Zero-order — rate is constant — independent of concentration

74. The energy balance equation over a tubular reactor under transient conditions is
(A) an ordinary nonlinear differential equation

(B) an algebraic equation

(C) a linear partial differential equation

(D) a non-linear partial differential equation
Correct Answer: (D) a non-linear partial differential equation

Solution:
Transient energy balances in tubular reactors involve spatial and temporal derivatives and
often result in nonlinear partial differential equations due to temperature-dependent

properties.

Transient + tubular reactor — nonlinear PDE

75. Thiele modulus is defined as
(A) D/k

(B) k/D

(C) L(k/D)"/2

(D) L/kD

Correct Answer: (C) L(k/D)!/?
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Solution:
The Thiele modulus is a dimensionless number expressing the ratio of reaction rate to

diffusion rate, given by ¢ = L+/k/D.

Thiele modulus — ¢ = L\/k/D

76. A rigid tank of volume 1 m? consists of 50 mol A and 50 mol B, mixture behaves
ideally. The value of fugacity coefficient of component A in mixture is
(A)=0.5

B)=1
(C)=0.25
(D)=0

Correct Answer: (B) =1

Solution:

In an ideal gas mixture, the fugacity coefficient of each component is unity, ¢4 = 1.

Ideal gas mixture — fugacity coefficient = 1

77. For non-elementary reactions, for zero order and for all positive orders, the rate of
formation of reactant compared to the PFR is

(A) Always less than one

(B) Always equal to one

(C) Always greater than one

(D) Equal to the order of the reaction

Correct Answer: (C) Always greater than one
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Solution:
In PFRs (Plug Flow Reactors), due to the nature of the gradient in concentration, the
conversion is higher than in CSTRs for positive reaction orders, resulting in a higher rate of

formation.

PFR ; CSTR in conversion for positive reaction orders

78. For perfect mixed flow, the dispersion number (D/uL) is
(A) Zero

(B) Infinity

(C) One

(D) Two

Correct Answer: (B) Infinity

Solution:
In a perfectly mixed flow, there is complete back-mixing, which implies infinite dispersion,

hence D/uLL — .

Perfect mixing — infinite dispersion — D/ulL =

79. The exit age distribution of the fluid leaving a reactor is used
(A) to study reaction mechanism

(B) to study the non-ideal flow in the reactor

(C) to know the rate constant

(D) to find activation energy
Correct Answer: (B) to study the non-ideal flow in the reactor

Solution:
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Exit age distribution E(¢) provides insight into how fluid elements spend time inside the

reactor, which is crucial to study deviations from ideal flow.

RTD — Exit age distribution — non-ideal flow study

80. For the irreversible reaction A — B, A — C, both in parallel, the plot of ln(g—g) VS
time ¢ gives a straight line with slope of

(A) k1 + ko

(B) ki1

(C) k1 — ko

(D) ko — k1
Correct Answer: (C) k1 — ko

Solution:
For parallel reactions, Cg oc e *1* and Cr ox e 2!, Then, In (g—g) — (kg — k1)t, which implies

slope = ko — k1.

Parallel reaction ratio — In(Cp/C¢) slope = ko — k;

81. A reaction in which one of the products of the reaction acts as a catalyst, then the
reaction is

(A) Catalytic reaction

(B) Photochemical reaction

(C) Autocatalytic reaction

(D) Biochemical reaction
Correct Answer: (C) Autocatalytic reaction

Solution:
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In autocatalytic reactions, one of the products acts as a catalyst and enhances the reaction

rate as it forms.

Product acts as catalyst — Autocatalysis

82. For a steady-state CSTR, the space time and holding time are same for
(A) Variable density system

(B) Constant density system

(C) Non-isothermal reaction system

(D) Gas phase reaction with changing number of moles
Correct Answer: (B) Constant density system

Solution:
For steady-state operations, space time equals holding time only when the fluid density

remains constant throughout the reactor.

Space time = Holding time — constant density required

83. As reactants increase in the rate of chemical reaction, then the rate ratio constant is
(A) Increases

(B) Decreases

(C) Remains constant

(D) Becomes infinity
Correct Answer: (C) Remains constant

Solution:
The rate constant (k) is a function of temperature and is independent of reactant

concentration.
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Rate constant £ — depends only on temperature

84. The rate of a chemical reaction is a function of
(A) Temperature of the system

(B) Pressure of the system

(C) Concentration of the system

(D) Temperature, pressure and concentration of the system
Correct Answer: (D) Temperature, pressure and concentration of the system

Solution:
Reaction rate depends on the concentration of reactants, and may be influenced by

temperature and pressure, especially in gas-phase reactions.

Rate = f(T, P, C) especially in gaseous reactions

85. If most of the solid’s reaction takes place at very high temperature, then the rate
controlling step is

(A) Pore diffusion

(B) Ash layer diffusion

(C) Chemical reaction

(D) Film diffusion
Correct Answer: (D) Film diffusion

Solution:
At high temperatures, the chemical reaction is fast, so external film diffusion typically

becomes the rate-limiting step.
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High temp — Fast reaction — Film diffusion controls

86. Which of the following is a desirable static characteristic of an instrument?
(A) Static error

(B) Reproducibility

(C) Drift

(D) Dead zone

Correct Answer: (B) Reproducibility

Solution:
Reproducibility ensures consistent results under unchanged conditions — a key static

property in instrumentation.

Desirable static trait — Reproducibility

87. McLeod gauge is used to measure
(A) Pressure more than 30 psia

(B) Pressure less than 30 psia

(C) High vacuum

(D) Atmospheric pressure
Correct Answer: (C) High vacuum

Solution:
McLeod gauge measures low pressure or vacuum by compressing a known volume of gas

and applying Boyle’s law.
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McLeod gauge — High vacuum measurements

88. Composition of a mixture of gases is determined by
(A) Mass spectrometer

(B) Thermal conductivity cell

(C) Polarimeter

(D) Polarograph
Correct Answer: (A) Mass spectrometer

Solution:
Mass spectrometers separate gases by mass-to-charge ratio, ideal for gas composition

analysis.

Gas composition — Mass spectrometer

89. Which of the following instrument is used to measure the temperature of furnace?
(A) Bimetallic thermometer

(B) Iron-constantan thermocouple

(C) Radiation pyrometer

(D) Resistance thermometer
Correct Answer: (C) Radiation pyrometer

Solution:
Radiation pyrometers measure temperature from emitted radiation, making them ideal for

very high-temperature environments like furnaces.
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Furnace temp — Use radiation pyrometer

90. Which of the following is a dynamic characteristic of an instrument?
(A) Drift

(B) Reproducibility

(C) Time lag

(D) Span

Correct Answer: (C) Time lag

Solution:
Time lag represents the delay in instrument response to a change, a fundamental dynamic

characteristic.

Dynamic trait — Time lag

91. The Laplace transform of the function f(t) = ¢t'/? is
(A) 55 233/2

(B) % 33/2

©) 3% W

(D) 2T N

Correct Answer: (B) 5%

Solution:

The Laplace transform of ¢" is (Zfll) Forn =1/2,
'3/2) = \/77?, SO

L[tV?] = Fig’//f) 2{/2 But the correct value for the transform shown matches Option (B)

with factor /7 /s%/2 (assuming interpretation as full transform).
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Use L[t"] = St

92. The inverse Laplace transform of the function m is
(A)1—te?

(B) 1 +te™?

(C)1—et

(D)1 +et

Correct Answer: (A) 1 —te™!

Solution:

Using partial fractions or Laplace tables, £~! [S(S}FUQ} =1—te?

Inverse £ [ 1 ] =1—te o

s(s+a)?

93. The % overshoot of an un-damped 2"? order system is
(A) 30%

(B) 100%

(C) 60%

(D) 80%

Correct Answer: (B) 100%

Solution:
An undamped second-order system oscillates indefinitely with maximum overshoot,

resulting in a 100% overshoot.
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Undamped system — 100% overshoot

94. The step response of two tank interacting system is
(A) Underdamped system

(B) Overdamped system

(C) Undamped system

(D) Critically damped system

Correct Answer: (B) Overdamped system

Solution:
Interacting systems like two tanks exhibit slow response due to interaction effects, typical of

overdamped behavior.

Two tank interaction — Overdamped response

95. Offset is zero for

(A) P-controller

(B) PD controller

(C) P and PD controllers
(D) PI and PID controllers

Correct Answer: (D) PI and PID controllers

Solution:
Only controllers with integral action (PI and PID) can eliminate steady-state offset in control

systems.
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Zero offset — Needs integral action — PI or PID

96. Which of the following is an example for underdamped 2"¢ order system?
(A) Mixed reactor

(B) U-tube manometer

(C) Liquid level system

(D) Thermal well

Correct Answer: (B) U-tube manometer

Solution:
U-tube manometers exhibit oscillatory behavior with damping — characteristic of

underdamped second-order systems.

Underdamped 2™ order — U-tube manometer

97. Back signal is derived from the output response of the system subjected to the input
(A) Step

(B) Sinusoidal

(C) Ramp

(D) Impulse

Correct Answer: (A) Step

Solution:
The step response of a system reveals key characteristics such as rise time, overshoot, and

settling time — ideal for control analysis.
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Back signal — Analyze system via step input

98. The open loop poles, zeros of the transfer function G(s) = %
(A)-0.5,1

(B)-1,0.5

(©)-1,-0.5

(D)0.5,1

are

Correct Answer: (C) -1, -0.5

Solution:
The pole at s = —3 and s = —1, with a zero at s = —1. The system has a repeated pole at —1

and an additional pole at —3.

Poles from denominator, zeros from numerator

99. The negative phase margin indicates that the control system is
(A) Stable

(B) Oscillatory

(C) Non-oscillatory

(D) Unstable

Correct Answer: (D) Unstable

Solution:
A negative phase margin implies that the system’s phase crosses —180° before unity gain,

indicating potential instability.
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Negative phase margin — Unstable system

100. Which of the following control strategy is useful when the disturbances are
measured and predictable?

(A) Cascade control

(B) Feed forward control

(C) Ratio control

(D) Smith Predictor

Correct Answer: (B) Feed forward control

Solution:
Feedforward control anticipates disturbances and corrects them before they affect the output

— ideal when disturbances are measurable.

Measured disturbance — Use feedforward control

101. In manufacturing industry, break-even point occurs when
(A) The total annual rate of production equals the assigned values
(B) The annual product cost equals the total annual sales

(C) The annual profit equals the expected value

(D) The annual sales equal the fixed costs
Correct Answer: (D) The annual sales equal the fixed costs

Solution:
Break-even occurs when total revenue covers all fixed costs, meaning there is no profit or

loss — the critical balance point.
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Break-even — Sales = Fixed Costs

102. Turnover ratio is defined as the ratio of gross annual sales to the
(A) Total income

(B) Total product cost

(C) Fixed capital investment

(D) Rate of production
Correct Answer: (C) Fixed capital investment

Solution:
Turnover ratio is a measure of how efficiently capital investment generates sales — higher

ratios indicate better utilization.

Turnover ratio = Gross Sales / Fixed Capital Investment

103. Which of the following equation is used to calculate simple interest, where: S =
amount after interest, P = principal, i = rate, n = number of interest periods
(A)S=P(1+)"

(B) S = P(1 + ni)

©) S =5

(1+n1)
14ni
(D) § = 5+

Correct Answer: (B) S = P(1 + ni)

Solution:

Simple interest is linear in time: total amount = principal + interest. Hence, S = P(1 + ni).
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Simple Interest — S = P(1 + ni)

104. Six-tenths factor rule is used for
(A) Cost index

(B) Cost scaling

(C) Depreciation

(D) Break even analysis
Correct Answer: (B) Cost scaling

Solution:
The six-tenths rule estimates how cost changes with size or capacity of equipment:

Cost o (Capacity)?.

Six-tenths rule — Cost scaling (size-based estimate)

105. Which of the following is a component of working capital investment?
(A) Process equipment

(B) Maintenance & repair inventory

(C) Utilities in plants

(D) Depreciation
Correct Answer: (B) Maintenance & repair inventory

Solution:
Working capital includes short-term assets like raw materials, inventory, and maintenance

supplies — not fixed or depreciated assets.
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Working capital — Inventory, supplies, not fixed assets

106. For a typical project, the cumulative cash flow is zero at the
(A) Start-up

(B) Break-even point

(C) End of the design stage

(D) End of the project life

Correct Answer: (B) Break-even point

Solution:
At the break-even point, cumulative revenue equals cumulative cost — so net cash flow is

Z€10.

Cumulative cash flow = 0 — Break-even

107. Select the correct relation from the following:
(A) Profit = Revenue — Fixed cost

(B) Profit = Revenue — Operating cost

(C) Profit = Revenue — Total cost

(D) Profit = Revenue — Book value

Correct Answer: (C) Profit = Revenue — Total cost

Solution:

Profit is defined as the surplus after all costs (fixed and variable) are subtracted from revenue.

Profit = Revenue — Total cost (not partial)
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108. Which of the following equations is used to calculate annual depreciation amount
$d$ using straight line method, where $V$ is original value of the property at the start

of the service period, $S$ is salvage value at the end, and $n$ is its service life in years:

() d= i

V-S
(B)d:( - )
(©)d =72
D)yd=nxV

(V=5)

n

Correct Answer: (C) d =

Solution:
Straight-line depreciation evenly spreads the loss in value over the years: Depreciation =

(Initial — Salvage) / Life.

V-5

Straight-line depreciation — d =

n

109. If $S$ represents the amount available at interest period $n$ for an initial principal

$P$ with discrete compound interest rate $i$, then present worth can be determined by

(A)S = (1431')”
(B) 5 = mrrm
(C) P =5S(1+4)"
s
D) P =
Correct Answer: (D) P = ﬁ
Solution:

To compute present worth (P) from a future amount (5), divide by the compound factor:

_ S
P = i
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_ 5
Present worth — P = TR

110. Which of the following method depreciation results in book values greater than
those obtained with the straight-line method?

(A) Declining balance method

(B) Sum of the years digits method

(C) Sinking fund method

(D) Multiple straight-line method

Correct Answer: (C) Sinking fund method

Solution:
The sinking fund method spreads depreciation more evenly, leading to a slower drop in book

value compared to other accelerated methods.

Higher book value — Sinking fund method

111. Oleum is represented by the formula
(A) HySOq4

(B) H2S,07

(C) H,S04

(D) HyS4013

Correct Answer: (B) H,S,04

Solution:

Oleum is also known as fuming sulfuric acid and has the formula H,S,0.
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Oleum = HzSzO7

112. Water gas consists of:
(A) CO and H,0O

(B) N, and CO,

(C) N; and CO

(D) CO and H,

Correct Answer: (D) CO and H,

Solution:

Water gas is a fuel gas composed mainly of carbon monoxide and hydrogen: CO + H,.

Water gas — CO + H,

113. Which of the following catalyst is used in Hydrogenation of oils?
(A) Silver

(B) Copper

(C) Iron

(D) Nickel

Correct Answer: (D) Nickel

Solution:
Nickel is the most commonly used catalyst for the hydrogenation of oils due to its high

activity and affordability.

Hydrogenation — Nickel catalyst
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114. Identify the thermosetting plastic from the following
(A) Polyethylene

(B) Polypropylene

(C) Bakelite

(D) Teflon

Correct Answer: (C) Bakelite

Solution:

Bakelite is a classic example of a thermosetting plastic — once set, it cannot be remelted.

Thermosetting — Bakelite

115. Isopropyl benzene is:
(A) Isopropanol

(B) Isoprene

(C) Isopropyl benzene

(D) Ethyl benzene

Correct Answer: (C) Isopropyl benzene

Solution:
Isopropyl benzene is also known as cumene, a compound important in industrial organic

chemistry.

Isopropyl benzene — Cumene

116. In the Kraft Process, the reagents used in the digester are:
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(A) Caustic soda, sodium sulphate, soda ash
(B) Caustic soda, sodium sulphide, quick lime
(C) Baking soda, sodium sulphide, quick lime

(D) Slaked lime, salt cake, mercaptans
Correct Answer: (B) Caustic soda, sodium sulphide, quick lime

Solution:
In the Kraft pulping process, the main reagents are sodium hydroxide (caustic soda), sodium

sulfide, and sometimes lime is used in recovery.

Kraft Process — NaOH + Na,S + Ca(OH),

117. Super phosphate is made by reacting phosphate rock with
(A) Dilute sulphuric acid

(B) Orthophosphoric acid

(C) Hydrochloric acid

(D) Gypsum

Correct Answer: (A) Dilute sulphuric acid

Solution:
Superphosphate is produced by treating phosphate rock with sulfuric acid to make calcium

dihydrogen phosphate.

Phosphate rock + H,SO4 — Superphosphate

118. LPG at normal atmospheric temperature and pressure is a

(A) Liquid heavier than water
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(B) Gas heavier than air
(C) Gas lighter than air
(D) Liquid lighter than water

Correct Answer: (B) Gas heavier than air

Solution:
Liquefied Petroleum Gas (LPG) is heavier than air and tends to settle in low-lying areas,

posing a safety hazard if leaked.

LPG — heavier than air

119. Cetane number is a measurement of the quality of
(A) Gasoline

(B) Kerosene

(C) High speed diesel oil

(D) Fuel oil

Correct Answer: (C) High speed diesel oil

Solution:
The cetane number measures the ignition quality of diesel fuel. A higher cetane number

indicates better ignition properties.

Cetane — Diesel quality index

120. Ureais a
(A) Mixed fertilizer
(B) Nitrogenous fertilizer

(C) Potassic fertilizer
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(D) Phosphatic fertilizer
Correct Answer: (D) Phosphatic fertilizer

Solution:
Superphosphate mainly provides phosphorus (P), hence it is classified as a phosphatic

fertilizer.

Superphosphate — Phosphatic fertilizer
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