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GENERAL INSTRUCTIONS

1. The examination is of 3 hours (180 minutes) duration.
2. The paper consists of 65 questions carrying a total of 100 marks.

3. Sections include: (i) General Aptitude (15 marks) and (ii) Aerospace Engineering

subject section (85 marks).
4. Question Types:

* MCQs — Multiple Choice Questions with one correct option.

* MSQs — Multiple Select Questions with one or more correct options.

* NATs — Numerical Answer Type, where a number is to be entered using the
virtual keyboard.

5. Marking Scheme:

* MCQs: +1 or +2 marks for correct; —1/3 or —2/3 negative for wrong.
* MSQs: +1 or +2 marks for correct; no negative marking.

* NATSs: +1 or +2 marks for correct; no negative marking.

6. Only the on-screen virtual calculator is permitted; personal calculators are not al-

lowed.

7. Use of mobile phones, smartwatches, or any electronic devices is strictly prohibited.




Q1. “You are delaying the completion of the task. Send ................ contributions at the

earliest.”

(A) you are
(B) your
(C) you're
(D) yore

Correct Answer: (B) your

Solution:
Step 1: Understand the sentence meaning.
The blank must be filled with a word that shows possession of the contributions. The

sentence is about “contributions belonging to you.”

Step 2: Check each option.

(A) you are — Incorrect. This expands to “Send you are contributions,” which is
grammatically wrong.

(B) your — Correct. This denotes possession: “your contributions” = the contributions
belonging to you.

(C) you’re — Incorrect. This expands to “you are,” leading to “Send you are contributions,”
which is nonsensical.

(D) yore — Incorrect. “Yore” means “time long past,” which does not fit.

Step 3: Final check.
Only “your” makes the sentence correct: “You are delaying the completion of the task. Send

your contributions at the earliest.”

Final Answer:

your (Option B)




Remember: “your” shows possession, while “you’re” means “you are.” Always check

whether the sentence requires possession or contraction.

Q2. References : ................ :: Guidelines : Implement (By word meaning)

(A) Sight

(B) Site

(C) Cite

(D) Plagiarise

Correct Answer: (C) Cite

Solution:

Step 1: Understand the analogy.

We need a word that connects to “References” in the same way “Implement” connects to
“Guidelines.”

- Guidelines are implemented. - References are cited.

So the correct relationship is: References : Cite.

Step 2: Check each option.

(A) Sight — Refers to vision, not connected to references. Incorrect.
(B) Site — Means a place/location, irrelevant here. Incorrect.

(C) Cite — Correct. To “cite references” means to mention references.

(D) Plagiarise — The opposite of citing; it means copying without credit. Incorrect.

Step 3: Confirm analogy.

Guidelines : Implement :: References : Cite

Final Answer:



Cite (Option C)

“Cite” means to quote or mention as an authority or example. In academic writing,

always cite references instead of plagiarising.

Q3. In the given figure, PQRS is a parallelogram with PS =7 cm, PT =4 cm and PV =5

cm. What is the length of RS in cm? (The diagram is representative.)

P g
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Correct Answer: (B) ?

Solution:

Step 1: Interpret the perpendiculars.

From the figure, PT L QR. Since PS || QR, the perpendicular distance (height) between the
parallel lines PS and QR equals PT = 4 cm.

Also, PV 1 RS, so PV is the height to side RS.

Step 2: Use equal-area expressions of a parallelogram.
Area of PQRS using base PS: A = (base) x (height) = 7 x 4 = 28 cm?.
Area using base RS: A= RS x PV = RS x 5.
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Step 3: Equate the two areas and solve for RS.

RS x5=28 = RSz?(zm.

Final Answer:

For any parallelogram, area = (any side) x (perpendicular height to that side). If two

different heights are given to two different sides, equate the two area forms.

Q4. In 2022, June Huh was awarded the Fields medal. He was also a poet, did not win any
medals in the International Mathematics Olympiads, and dropped out of college. Based only

on this information, which statement can be inferred with certainty?

(A) Every Fields medalist has won a medal in an International Mathematics Olympiad.
(B) Everyone who has dropped out of college has won the Fields medal.

(C) All Fields medalists are part-time poets.

(D) Some Fields medalists have dropped out of college.

Correct Answer: (D) Some Fields medalists have dropped out of college.

Solution:
Step 1: Translate the facts.

We know at least one person (June Huh) is both a Fields medalist and a college dropout.

Step 2: Test each option.
(A) False. June Huh is a Fields medalist who did not win any IMO medal = counterexample.

(B) Not inferable. From one dropout who won, we cannot conclude that all dropouts won the

Fields medal.



(C) Not inferable. Knowing one medalist is (or was) a poet does not imply all medalists are
poets.
(D) True. “Some” means “at least one.” Since June Huh is a Fields medalist who dropped

out, the statement holds with certainty.

Final Answer:

(D) Some Fields medalists have dropped out of college.

Quick Tip

In logical inference questions, “some” means “at least one.” A single confirmed example
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is enough to establish such statements, while universals (“every”, “all”’) require proof

for all cases and are easily refuted by one counterexample.

QS. A line of symmetry is a line that divides a figure into two parts in a way such that each
part is a mirror image of the other part about that line.

The given figure consists of 16 unit squares arranged as shown. In addition to the three black
squares, what is the minimum number of squares that must be coloured black, such that both

P@ and M N form lines of symmetry? (The figure is representative.)

P /H

(A)3



(B) 4
)5
(D) 6

Correct Answer: (C) 5

Solution:

Step 1: Understand the two symmetries.

- PQ is the vertical line through the centre of the 4 x 4 grid, so reflection in PQ) pairs
columns 1 <» 4 and 2 <> 3.

- M N is the diagonal from the bottom—left corner to the top-right corner (the anti-diagonal).

Reflection in M N swaps a square at (r,c) with (5 —c¢, 5 —r).

Step 2: Consequence of having both symmetries.

If a square is coloured, then reflecting it in P@) must also be coloured; reflecting in M N must
also be coloured. The two reflections together generate a 90° rotation, so a coloured square in
a general position forces an orbit of four distinct squares; with both reflections present here,
the orbit becomes up fo eight positions unless the square lies on an axis (no given black

square lies exactly on an axis).

Step 3: Track the orbit of one given black square.
Label rows from top to bottom 1, 2, 3, 4 and columns from left to right 1, 2, 3, 4. From the
picture, the three black squares occupy (for example) (1,2), (2,1), and (4, 3). Applying

reflections in PQ and M N to any one of these produces the same orbit of 8 positions:

{(1,2),(1,3),(2,1),(2,4), (3,1),(3,4), (4,2), (4,3) }.

Hence, to satisfy both symmetries, all these 8 squares must be black.

Step 4: Count additional squares needed.

Already black = 3 (given). Total required in the orbit = 8.

= Additional squares to colour =8 — 3 = 5.

Final Answer:



When multiple symmetry lines are required, take one coloured square and generate its

full orbit under the reflections. The minimal completion colours exactly the orbit; the

rest can remain white.

Q6. Human beings are one among many creatures that inhabit an imagined world. In this
world, some creatures are cruel. If it is given that the statement “Some human beings are not
cruel creatures” is FALSE, then which of the following statements can be logically inferred
with certainty?

(1) All human beings are cruel creatures.

(i1) Some human beings are cruel creatures.

(111) Some creatures that are cruel are human beings.

(iv) No human beings are cruel creatures.

(A) only (1)

(B) only (ii1) and (iv)

(C) only (i) and (i1)

(D) (i), (i) and (iii)

Correct Answer: (D) (i), (ii) and (iii)

Solution:

Step 1: Negate the given false statement correctly.

The statement “Some humans are not cruel” has logical form 3z (Human(z) A =Cruel(z)).

Its negation (which must be true) is V2 (Human(z) = Cruel(x)) i.e., all humans are cruel.

Hence (i) is true.

Step 2: Use existence of humans.



Humans are said to be “one among many creatures,” so humans exist. From (i), if humans

exist and all of them are cruel, then some humans are cruel. Thus (ii) is true.

Step 3: Translate to ‘“some cruel are humans.”
Since at least one human exists and every human is cruel, there exists at least one creature

that is both cruel and human. Therefore (iii) is true.

Step 4: Reject the contradictory option.

(iv) “No human beings are cruel” contradicts (i), hence it is false.

Final Answer:

(D) (i), (i4) and (i)

The negation of “Some A are not B” is “All A are B.” From universals plus existence,

you can immediately infer the corresponding existential statements.

Q7. To construct a wall, sand and cement are mixed in the ratio 3 : 1. The costs per unit of
sand and cement are in the ratio 1 : 2. If the total cost of sand and cement is ¥ 1000, what is

the cost (in rupees) of cement used?

(A) 400
(B) 600
(C) 800
(D) 200

Correct Answer: (A) 400

Solution:
Step 1: Let variables represent quantity and unit costs.

Let the quantities be 3z (sand) and = (cement).



Let unit cost of sand be c; then unit cost of cement is 2c.

Step 2: Write the total cost equation.
Total cost = 3x - ¢ + x - 2¢ = 5ex = | 1000.
Hence cz = | 200.

Step 3: Compute cement cost.

Cement cost = quantity x unit cost = z - 2¢ = 2(cx) = 2 x | 200 = | 400.

Final Answer:

When mixture and price ratios are given, assign variables to quantity ratio and unit-price

ratio; the total cost becomes a simple sum of “quantity x unit price” terms.

Q8. The World Bank has declared that it will not offer new financing to Sri Lanka until the
country has an adequate macroeconomic policy framework. It adds that Sri Lanka needs
structural reforms for stabilisation and to tackle root causes of the crisis. The crisis has
starved the country of foreign exchange and led to shortages of essentials. The Bank is
repurposing existing loans to ease shortages. Based only on this passage, which statement

can be inferred with certainty?

(A) According to the World Bank, the root cause of Sri Lanka’s crisis is a lack of foreign
exchange.

(B) The World Bank has stated that it will advise Sri Lanka about how to tackle the root
causes.

(C) According to the World Bank, Sri Lanka does not yet have an adequate macroeconomic
policy framework.

(D) The World Bank has stated that it will provide additional funds for essentials.
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Correct Answer: (C)

Solution:

Step 1: Key facts from the passage.

(1) No new financing until Sri Lanka has an adequate macroeconomic policy framework.
(i1) World Bank will repurpose existing loans (not add new funds).

(iii) Crisis = shortage of foreign exchange and essentials.

Step 2: Test each option against the text.

(A) Says the root cause is lack of foreign exchange. The passage says the crisis has caused a
forex shortage (an effect), not that forex shortage is the root cause = cannot be inferred.
(B) Passage says Sri Lanka “needs to adopt structural reforms,” but does not say the Bank
will advise how to do so = not certain.

(C) If new financing is withheld until an adequate framework is in place, it implies such a
framework is not yet in place = certain.

(D) It is repurposing existing loans, not providing additional funds = false.

Final Answer:

(C) According to the World Bank, Sri Lanka does not yet have an adequate macroeconomic policy fran

Quick Tip

For “inferred with certainty” questions, stick strictly to what is explicitly stated or un-
equivocally implied. Words like additional, advise, or claims about root cause need

explicit support.

QY. The coefficient of 2% in (z — 1)3(z — 2)3 is equal to _____.

(A) 33
(B) -3
(C) 30

11



(D) 21
Correct Answer: (A) 33

Solution:

Step 1: Expand each cubic (or recall coefficients).
(x—1)% =23 — 322 + 32 — 1.
(x—2)% =23 — 622 + 122 — 8.

Step 2: Collect contributions to the z* term.

In the product, z# arises from pairs whose degrees sum to 4:

e 23 (from first) x z (from second): 1-12 = 12.

e 12 (from first, coeff —3) x 22 (from second, coeff —6): (—3)(—6) = 18.
e 1 (from first, coeff 3) x 23 (from second, coeff 1): 3-1 = 3.

No z* term exists in either factor, so no other contributions.

Step 3: Sum the contributions.

12+ 18+ 3 =33 = coefficient of z* = 33.

Final Answer:

Quick Tip

To find a single coefficient in a product, avoid full expansion. Identify term pairs whose

degrees add to the target degree and sum their coefficient products (a discrete convolu-

tion).

Q10. Which one of the following shapes can be used to tile (completely cover by repeating)
a flat plane, extending to infinity in all directions, without leaving any empty spaces in

between them? The copies of the shape used to tile are identical and not allowed to overlap.
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(A) circle

(B) regular octagon
(C) regular pentagon
(D) rhombus

Correct Answer: (D) rhombus

Solution:
Step 1: Recall tiling (tessellation) rules.
A shape can tessellate (tile) the plane if copies can cover the entire plane without gaps or

overlaps. Typically, only shapes whose angles are divisors of 360° can tile regularly.

Step 2: Analyze each option.

(A) Circle — Circles leave gaps when placed side by side; they cannot perfectly tessellate
the plane.

(B) Regular octagon — Regular octagons alone cannot tile the plane. They leave gaps,
which require squares to fill. Hence, they do not tessellate by themselves.

(C) Regular pentagon — Regular pentagons cannot tile the plane because their interior
angle is 108°, which does not divide 360°.

(D) Rhombus — A rhombus (a type of parallelogram) tiles the plane perfectly because

parallelograms tessellate the plane without gaps or overlaps.

Step 3: Conclusion.

The only option that satisfies the condition is the rhombus.

Final Answer:

Rhombus (Option D)

Quick Tip

All parallelograms (including rectangles, squares, and rhombuses) tessellate the plane.

Regular polygons tessellate only if their angles divide 360° evenly (like triangles,

squares, hexagons).
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Q11. If A and B are square matrices of order 3 such that |A| = —1 and |B| = 3, then [3AB]|

equals:

(A) —81
(B) —27
€ -9
(D) 81

Correct Answer: (A) —81

Solution:

Step 1: Recall two fundamental determinant properties for an n x n matrix.
(1) Multiplicativity: |AB| = |A||B].

(2) Scalar pull-out: |kA| = k™| A| (because multiplying a single row by k scales the
determinant by k; doing this to all n rows scales it by k™). For n = 3, |[kA| = k3| Al.

Step 2: Rewrite |[3AB| so the scalar can be extracted cleanly.

A convenient trick is to absorb the scalar into one factor:

|I3AB| = ‘(3A)B| = |3A| |B| (by multiplicativity).
Step 3: Apply the scalar rule to |3A| for a 3 x 3 matrix.

13A] = 33|A| = 27|A].

Step 4: Substitute the given determinant values and compute.
I3AB| = 27|A| «|B|=(-27)-3=-81.
~—
—27(—1)=—27

Step 5: Quick consistency checks.
e Since |A||B| = (—1) - 3 = —3, scaling the product AB by 3 should multiply the determinant
by 3% = 27 (order 3), giving 27 - (—3) = —81.

14



e Beware of the common error |[3AB| = (33)(|A||B|)(3%); the scalar 3 appears once (on AB),

not on both factors separately.

Final Answer:

For n x n matrices, a single global scalar £ outside a product contributes exactly a factor

k™ to the determinant, regardless of how you parenthesize the product.

Q12. Evaluate the limit

V14T -1
lim ———.
r—0 T

(A) 0
(B) &
()1
(D) 2

Correct Answer: (B) 1

Solution:

Method 1 (Rationalization — algebraic).

Step 1: Identify the form. As z — 0, numerator — 0 and denominator — 0 = 0/0
indeterminate.

Step 2: Multiply by the conjugate.

Vidz—1 Vito+1 = (I4z)-1 x
x \/1+x+1_x(\/1+x+1)_x(\/1+x+1)'

Step 3: Cancel x (for = # 0; the limit then follows by continuity).

1 1 1

:\/1—|—ZL‘—|-1 x—)O/ 1—|—1:2'
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Method 2 (Derivative viewpoint — limit definition).

Let f(t) = v/t. Then
\/1+x—1:f(1—|—:c)—f(1) fd+z)— f(1)

— > /(1).
x x (14+2x)—1 1’—>Of()
Sincef’(t)—L we etf’(l)—1
2/t 8 2’
Method 3 (Series expansion — binomial).
For |z| < 1,
2 3
T X T
ViFr=1+-—" 4+ ...,
Trelty Ty T
Hence ,
\/H—x_lzg_%—i_ :__E_|_ ___>1
x x 2 8 =0 2

Domain note. The expression is defined for x > —1 (so that 1 + x > 0), which includes a

deleted neighborhood of 0; therefore the limit process is valid.

Final Answer:

DNO|—

Quick Tip

For radicals, three fast routes often agree: (i) rationalize, (ii) view as a derivative via
the limit definition, or (ii1) use a binomial/Taylor series near the expansion point. Pick

whichever is quickest for the exam setting.

Q13. The value of

I /W/Q (sinz + cosz)? p
- x
0 V1 +sin2x

18:

(A0
(B) 1
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()2
(D)3

Correct Answer: (C) 2

Solution:

Step 1: Simplify numerator and denominator.

(sinz 4 cosz)? = sin z 4 cos? z + 2sinx cosz = 1 + sin 2.

Thus, the integrand becomes:

1 + sin 2«
———— = /1 +sin 2z.
v 1+ sin2x

Step 2: Simplify the expression inside the root.

1+sin2x =1+ 2sinzcosx.

Recall identity:

14 sin2z = (sinz + cosz)%.

So,
V1 +sin2z =sinz 4 cosx  (since both are nonnegative on [0, T]).

Step 3: Evaluate the integral.

/2
= / (sinz + cosz) dz.
0

/2 w/2
:/ sinxda:—i—/ cosz dzx.
0 0

/2 /2
= [—cosa:} + [sinx} )
0 0

Separate:

= (—cos(5) +cos0) + (sin(5) — sin0).

—(0+1)+(1-0) =2

Final Answer:

17



When integrals contain (sinz + cosx)? and /1 + sin 2z, try using the identity (sinz +

cosz)? = 1 + sin 2z. This often cancels and simplifies beautifully.

Q14. y = ae™* 4 be~™" is the solution of the differential equation:

dy
( )g—x—my—
(B)—y+my—0
dx

d2
©) d—;é +m?y =0
2

d
(D) =5 —m?y =0

d2y

Correct Answer: (D) — — m?y =0
dx

Solution:

Step 1: Differentiate once.

d
% = ame™* — bme” """
Step 2: Differentiate again.
2
% — am?e™® + bim?e ™",
T

Step 3: Compare with y.
Notice that:
d2
dx

<

= m? (aemz - befmx) = m?y.

[\V]

Step 4: Rearrange to standard form.

18



a2 "=
Final Answer:

d2y

gz "y =0

If the solution is a linear combination of exponentials e*?, the characteristic equation

roots are +m. Hence the ODE is y" — m?y = 0.

Q1S5. In rotary tiller, the total energy requirement for carrying out tillage will decrease if

(A) the bite length is increased
(B) the bite length is decreased
(C) the cone index of soil is higher

(D) forward speed of the machine is reduced
Correct Answer: (B) the bite length is decreased

Solution:

Step 1: Define bite length and power/energy.

For a rotary tiller, the bite length (b) is the distance along the direction of travel between
successive cuts made by the same blade path:

Vi

b:Nz

where V; = forward speed (m/s), N = rotor speed (rev/s), and z = number of blade paths
(effective blades per revolution per helical track). The average power required is P ~ Tw

(torque x angular speed) or, equivalently from the soil side,

P  (soil resistance) x (volume rate of soil cut).
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The total energy to cover a given field area Ais E = [ Pdt.

Step 2: Effect of bite length on soil volume cut and draft.
Smaller b (shorter bite) means each blade engages a thinner slice of soil per entry, reducing
instantaneous soil-chip thickness and the cutting force per blade (draft). For the same tilth

depth and width, reducing b distributes the total work over more, lighter cuts:
Fperblade¢ = T| = Pl = F|.

Hence decreasing b reduces the energy requirement.

Step 3: Why other choices do not reduce total energy.

(A) Increase b = thicker chip per cut = higher cutting force and torque = E 1.

(C) Higher cone index (harder soil) directly raises soil resistance = P and FE increase.

(D) Reduce forward speed V;: Instantaneous power P may drop (lower mass rate), but
operating time increases for the same area. The field energy F = (draft) x distance remains

roughly unchanged; often fuel/energy per area does not improve materially.

Final Answer:

B — the bite length is decreased

Quick Tip

. : V :
In rotary tillage, bite length b = N—’; To ease cutting and reduce energy, make b smaller
(e.g., increase rotor speed or decrease travel speed moderately), keeping agronomic tilth

acceptable.

Q16. The effectiveness of the turbocharger of a diesel engine increases when

(A) the ambient temperature increases
(B) the pressure ratio across the compressor decreases

(C) the load on the engine increases

20



(D) the displacement volume of the engine decreases
Correct Answer: (C) the load on the engine increases

Solution:

Step 1: Turbocharger basics.

A turbocharger extracts exhaust enthalpy to drive a turbine, which drives a compressor to
raise intake air density. Effectiveness (boost) grows with turbine power, which depends on

exhaust mass flow 7. and temperature/pressure:

Prurbine o< e Ahe.

Step 2: Link to engine load.
When load increases = more fuel injected = 7. and exhaust temperature rise = turbine
speed increases = compressor pressure ratio and air mass flow 1. Thus turbocharging

becomes more effective at higher load.

Step 3: Eliminate distractors.

(A) T ambient T' = lower air density at compressor inlet, reducing delivered oxygen per
cycle; effectiveness |.

(B) | compressor pressure ratio means less boost (by definition), so effectiveness J|.

(D) Smaller displacement yields less exhaust energy at a given speed/load fraction,

weakening the turbo drive; effectiveness |.

Final Answer:

C — the load on the engine increases

Turbo “lives on” exhaust energy. More load = more exhaust enthalpy = more boost.

High ambient temperature or low pressure ratio works against it.
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Q17. In a thresher, the cylinder separation efficiency can be improved by increasing

(A) cylinder diameter
(B) cylinder speed
(C) cylinder—concave clearance

(D) feed rate
Correct Answer: (B) cylinder speed

Solution:

Step 1: Mechanism of separation.

Separation (detaching kernels from heads/pods) occurs via impact, rubbing, and shearing
between cylinder bars/spikes and the crop against the concave. The specific kinetic energy

imparted scales with the square of tip speed:

2
vip = TDN,  Ej o vgp,

where D is cylinder diameter and N is rotational speed (rev/s).

Step 2: Influence of parameters.

- Cylinder speed N 1 = v, T = stronger impact and better rubbing — higher separation
efficiency (until an optimum to avoid grain damage). - Cylinder diameter D alone, at fixed
N, slightly increases vy, but is not the standard operational lever; design change rather than
an in-field adjustment. - Cylinder—concave clearance 1 reduces contact intensity and
retention — poorer separation. - Feed rate 1 risks overloading, increasing mat thickness and

reducing exposure to bars — poorer separation.

Step 3: Practical rule.
Operators tune N upward from a nominal setting to improve separation until losses are
minimized without cracking grain—speed is the primary controllable that directly raises

separation.

Final Answer:

B — cylinder speed
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Quick Tip

For better separation, increase cylinder speed (within crop-specific limits) and keep

concave clearance and feed rate near their recommended values to avoid grain damage

and overloading.

Q18. In a 4-stroke single cylinder diesel engine, the inlet valve opens at 10° before TDC and
closes at 40° after BDC. The exhaust valve opens at 25° before BDC and closes at 15° after

TDC. The percentage of time for which both valves remain closed in one engine cycle is

(A) 32.29
(B) 40.97
(C) 46.53
(D) 75.01

Correct Answer: (B) 40.97

Solution:
Step 1: Fix angle reference and note the cycle length.
Take 0 = 0° at TDC between exhaust and intake (the valve-overlap TDC). One full 4-stroke

cycle spans 720° of crank rotation and ends at the next same TDC (720°).

Step 2: Map the inlet valve open interval.

Inlet opens 10° BTDC =- at —10° (i.e., 710° in the current cycle) and closes 40° ABDC of the
intake stroke. BDC of intake is at 180°; hence close at 180° + 40° = 220°. Therefore, inlet is
open on [710°,720°] U [0°,220°].

Step 3: Map the exhaust valve open interval.

Exhaust opens 25° BBDC of the power stroke. Power stroke is 360° — 540°; hence open at
540° — 25° = 515°. Exhaust closes 15° ATDC of the next TDC, i.e., at 720° + 15°. Within our
cycle this appears as it being still open on [0°, 15°] after 720°. Therefore, exhaust is open on

[515°,720°] U [0°, 15°].
Step 4: Find when either valve is open and complement.
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Union of open intervals:

[0,220] U [515,720].

Hence both valves are closed only on
220, 515),

whose length is 515 — 220 = 295°.

Step 5: Convert to percentage over the 720° cycle.

295
Percentage closed = 75g X 100 = 40.972% =~ 40.97%.

Final Answer:

Sketch the 0° — 720° timeline with TDC/BDC at 0, 180, 360, 540, 720°. Mark open/close

angles, take the union of “open” intervals, and subtract from 720° to get the closed

duration.

Q19. The torque available at maximum power developed by the tractor is 150 N m. If the

reserve torque is 20%, the peak torque that can be developed by the tractor (in Nm) is

(A) 100
(B) 120
(C) 180
(D) 210

Correct Answer: (C) 180

Solution:

Step 1: Recall definition of reserve torque.

24



Reserve torque (%) is the percentage by which the peak (maximum) torque exceeds the
torque at rated speed (often the speed of maximum power):

Tpeak - Trated

x 100%.
Trated

Reserve torque =

Step 2: Plug values and compute.

Given Tiyeq = 150 Nm and reserve = 20%:

Tpeak = Traea (1 + 0.20) = 150 x 1.20 = 180 Nm.

Final Answer:

“Reserve torque” quantifies lugging ability: T = (1+1eserve) x Tryed. A 20% reserve

means the engine can deliver 20% more torque than at rated speed before stalling.

Q20. The statement which is not correct for the porous medium is

(A) Seepage velocity is always greater than the Darcy’s velocity
(B) Darcy’s velocity is not exclusively controlled by soil porosity
(C) Seepage velocity increases with increasing surface ponding of water

(D) Darcy’s velocity in unsaturated soil is always greater than that in saturated soil

Correct Answer: (D) Darcy’s velocity in unsaturated soil is always greater than that in

saturated soil

Solution:

Step 1: Darcy’s velocity vs seepage velocity.

Darcy’s velocity (vy) is the discharge per unit total area. Seepage velocity (vs) is the actual
velocity through pores:

(% .
Vg = E’ 7. = POrosity.
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Since n < 1, it follows that vs > v,. Therefore statement (A) is correct.

Step 2: Dependence of Darcy’s velocity.
Darcy’s velocity depends on hydraulic gradient and hydraulic conductivity (X'), not only on

porosity. Hence (B) is also correct.

Step 3: Effect of surface ponding.
If water ponds on the soil surface, the hydraulic head increases, increasing both Darcy’s and

seepage velocity. Hence (C) is correct.

Step 4: Unsaturated vs saturated soil.
In unsaturated soil, effective hydraulic conductivity decreases because part of the pore space
is filled with air. Therefore, Darcy’s velocity in unsaturated soil is actually lower than in

saturated soil, not higher. Hence (D) is incorrect.

Final Answer:

Always remember: seepage velocity is higher than Darcy’s velocity. In unsaturated

conditions, conductivity falls sharply, so Darcy’s velocity reduces compared to saturated

soil.

Q21. A sprinkler irrigation system has been designed for a crop with the water application
rate of 1.17cm h™! and sprinkler discharge of 1.3L s~'. The coefficient of discharge and
uniformity coefficient are 0.9 and 0.8, respectively. If the sprinkler spacing along the lateral

is 20 m, the lateral spacing in m is

(A) 14.4
(B) 16.0
(C) 18.0
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(D) 20.0
Correct Answer: (A) 14.4

Solution:

Step 1: Convert given data.

Sprinkler discharge:
q=13L/s=13x10"2m3/s.
Application rate:
011
1.17cm/h = 0.0117m/h = 03%007 = 3.25 x 1079 m/s.

Effective discharge:

Geit = g X Cg x Cy =1.3x 1072 x 0.9 x 0.8 = 9.36 x 10~ m3/s.

Step 2: Area served per sprinkler.
Area per sprinkler is
Qe 9.36 x 1074

Az et D00 XU oggm?
I,  3.25x 100 m

Step 3: Relating area to spacings.

Let sprinkler spacing along lateral = S,,, = 20m. Let lateral spacing = 5.

A= Sm X Sl.
Thus,
288
Final Answer:
14.4m

Quick Tip

In sprinkler design, the effective discharge must include both the discharge coefficient
and uniformity coefficient. Then, spacing is simply area per sprinkler divided by row

spacing.
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Q22. The average discharge, operating pressure and emitter constant of a drip emitter are

4L h™ !, 110kPa and 0.3, respectively. The type of emitter is

(A) orifice
(B) long path
(C) pressure compensating

(D) disc
Correct Answer: (C) pressure compensating

Solution:
Step 1: Use the emitter exponent for classification.
Most emitters obey ¢ = k£ P*, where x (emitter exponent) indicates sensitivity of discharge to

pressure. Typical ranges used in design manuals are:
x~1.0 laminar/capillary (long-path laminar)
x =~ 0.45-0.55 turbulent/orifice/vortex/disc

x ~ 0-0.1 pressure-compensating (nearly constant q)
An exponent x = 0.3 indicates strong pressure compensation (much lower than the

turbulent/orifice value).

Step 2: Match with given data.
Given z = 0.3 and a nominal discharge ¢ = 4 L h™' at a typical operating pressure
P = 110 kPa — these are characteristic of commercially available pressure-compensating

drippers (commonly rated 4 L h—! with low z).

Final Answer:

Pressure compensating (Option C)

Remember the rule of thumb: z =1 (laminar), x ~0.5 (turbulent/orifice), x ~0 (pressure-

compensating). Smaller = means discharge changes little with pressure.
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Q23. If the departure and latitude of a line are 70 m and —130 m, respectively, then the

whole circle bearing (WCB) of the line in degrees is

(A) 28
(B) 62

(C) 152
(D) 208

Correct Answer: (C) 152

Solution:

Step 1: Identify the quadrant using signs.

Departure +70 m = East. Latitude —130 m = South. Hence the line lies in the SE quadrant
(reduced bearing = S0 F).

Step 2: Compute the reduced bearing angle.

d 70
_Mdepl 0 5as46 = 9~ arctan(0.53846) ~ 28.3°,

tanf = -
MY Tag ~ 130

Step 3: Convert reduced bearing to whole circle bearing.

For the SE quadrant, WCB = 180° — 6. Thus,

WCB ~ 180° — 28.3° = 151.7° ~ | 152° |

Use signs to pick the quadrant: -+dep/+lat—NE, +dep/—lat—SE, —dep/—lat—SW,
—dep/+lat—NW. Then: NE = WCB = 6¢; SE = 180° — 0; SW = 180° + 0; NW =
360° — 6.

Q24. Match the Columns:
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1. Tensiometer | «. Consumptive use
2. Piezometer | b. Bernoulli’s equation
3. Lysimeter c. Soil moisture

4. Elbow meter | d. Hydrostatic pressure

5. Pitot tube | e. Volumetric flow rate

(A)l-c,2-b,3-a,4-e,5-d
B)l-c,2-d,3-a,4-e,5-Db
C)1-d,2-c,3-e,4-2a,5-b
MD)l-c,2-d,3-a,4-b,5-¢

Correct Answer: (B)1-c,2-d,3-a,4—-¢e,5-Db

Solution:

Step 1: Tensiometer. Tensiometer is an instrument used for measuring soil moisture tension.

= 1 — ¢ (Soil moisture)

Step 2: Piezometer. A piezometer measures hydrostatic pressure in fluids.

= 2 — d (Hydrostatic pressure)

Step 3: Lysimeter. Lysimeter is used for measuring actual evapotranspiration and
consumptive use of water.

= 3 — a (Consumptive use)

Step 4: Elbow meter. Elbow meter measures volumetric flow rate of fluid.

= 4 — e (Volumetric flow rate)

Step S: Pitot tube. Pitot tube is used to measure velocity of fluid based on Bernoulli’s
equation.

= 5 — b (Bernoulli’s equation)
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Final Matching:

1l—c¢, 2—d 3—a, 4—e, 5—0b

Option (B)

Quick Tip

While solving “Match the Columns”, recall standard uses of instruments in hydrology

and hydraulics. Each device is typically associated with one specific measurable prop-

erty.

Q25. The information needed for estimating the design flood using Rational formula is:

(A) cumulative infiltration
(B) antecedent moisture condition of soil
(C) shape factor of the catchment

(D) time of concentration of the catchment
Correct Answer: (D) time of concentration of the catchment

Solution:

Step 1: Rational Formula. The Rational formula for peak flood discharge is:
Q=C-i-A

where - () = Peak discharge, - C' = Runoff coefficient, - i = Rainfall intensity corresponding

to the time of concentration, - A = Area of catchment.

Step 2: Role of time of concentration. Rainfall intensity 7 is taken as the intensity
corresponding to the time of concentration of the catchment. This ensures that the entire

catchment contributes simultaneously to runoff.

Step 3: Eliminate other options. - (A) Cumulative infiltration — Not required in Rational

formula.
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- (B) Antecedent moisture condition — Affects runoff coefficient but not directly in Rational
formula.
- (C) Shape factor of the catchment — Not a direct parameter in Rational formula.

Hence, the critical factor is (D).

\ Time of concentration of the catchment\

The Rational method assumes uniform rainfall over the duration equal to time of con-

centration. Always focus on ¢. to select correct rainfall intensity.

Q26. The microbial death kinetics for a food suspension follows the equation:

No t—1
log ~9 — 1
Ny T T

where Vg = initial microbial load, N = microbial load after time ¢, ¢; 